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ABOUT THE COVER: 

Front - Clockwise from left, 1) Micron's 16 Meg DRAM 
wafer; 2) More than 4,000 Micron team members give 
painstaking attention to every step of the production pro­
cess; 3) Scanning electron microscope (SEM) photograph 
of Micron's DRAM mini-stack process; and 4) Micron's. 
Triple Port, Dual Port and 4 Meg DRAMs inSOJ, ZIP and . 
TSOP packages. 

Back - Micron's Boise, Idaho, corporate headquarters 
including three fabrication facilities. 
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IMPORTANT NOTICE 

Micron Technology, Inc., reserves the 
right to change products or specifica­
tions without notice. Customers are 
advised to obtain the latest versions of 
product specifications, which should 
be considered in evaluating a product's 
appropriateness for a particular use. 
There is no assurance that Micron's 
semiconductors are appropriate for any 
application by a customer. 

MICRON TECHNOLOGY, INC., 
MAKES NO WARRANTIES EX­
PRESSED OR IMPLIED OTHER THAN 
COMPLIANCE WITH MICRON'S 
SPECIFICATION SHEET FOR THE 
COMPONENT AT THE TIME OF 
DELIVERY. ANY CLAIM AGAINST 
MICRON MUST BE MADE· WITHIN 
NINETY (90) DAYS FROM THE DATE 
OFSHIPMENTFROMMICRON,AND 
MICRON HAS NO LIABILITY 
THEREAFTER. ANY MICRON LIA­
BILITY IS LIMITED TO REPLACE­
MENT OF DEFECTIVE ITEMS OR 
RETURN OF AMOUNTS PAID FOR 
DEFECTIVE ITEMS (AT THE BUYER'S 
ELECTION). 

PREFACE ' 
REV.A/9.2 

MICRON'S PRODUCTS ARE NOT 
AUTHO~DFORUSEASCRITICAL 
COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT 
THE EXPRESS WRITTEN APPROVAL 
OF THE PRESIDENT OF MICRON 
TECHNOLOGY, INC. AS USED 
HEREIN: 

A. LIFE SUPPORT DEVICES OR 
SYSTEMS AR~ DEVICES OR SYS­
TEMS WHICH (1) ARE INTENDED 
FOR SURGICAL IMPLANT INTO THE 
BODY, OR (2) SUPPORT OR SUSTAIN 
LIFE AND WHOSE FAILURE TO 
PERFORM WHEN PROPERLY USED 
IN ACCORDANCE WITH INSTRUC­
TIONS FOR USE PROVIDED IN THE 
LABELING CAN BE REASONABLY 
EXPECTED TO RESULT IN A 

. SIGNIFICANT INJURY TO THE USER. 

B. CRITICAL COMPONENT IS ANY 
COMPONENT OF A LIFE SUPPORT 
DEVICE OR SYSTEM WHOSE 
FAILURE TO PERFORM CAN BE 
REASONABLY EXPECTED TO CAUSE 
THE FAILUREOF THE LIFE SUPPORT 
DEVICE OR SYSTEM OR TO AFFECT 
ITS SAFETY OR EFFECTIVENESS. 

MicI'onTed,'101ogy, m., J8$8f\IM the right In change products or speeificationfl wilhouH'Iotlce. 
@1992, Micron Technology, Inc. 
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REV. 4192 

Dear Customer: 

Micron Technology, Inc., is dedicated to the design, 
manufacture and marketing of high quality, highly reliable 
memory components. Our corporate mission is 

"To be a world class team 
developing advantages for our customers" 

At Micron, we are investing time, talent and resources 
to bring you the finest DRAMs, SRAMs, VRAMs and other 
specialty memory products. We have developed a unique 
intelligent burn-in system, AMBYXM

, which evaluates and 
reports the quality level of each and every component we 
prodl;lce. 

We are dedicated to continuous improvement of all our 
products and services. This means continual reduction of 
electrical and mechanical defect levels. It also means the 
addition of new services such as "just-in-time" delivery 
and electronic data interchange programs. And, when you 
have a design or application question, you can get the 
answers you need from the source through one of Micron's 
applications engineers. 

We're proud of our products, our progress and our 
performance. And we're pleased that you're choosing 
Micron as your memory supplier. 

The Micron Team 

iii Micron Technology, Inc., reserves the right to change products or specifications wilhout notice. 
©1992, Micron Technology, Inc. 

AMByX .... is a trademark of Micron Technology, Inc. 
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ADVANTAGES 
Micron Technology brings quality, productivity and 

innovation together to provide advantages for our cus­
tomers. Our products feature some of the industry's 
fastest speeds and smallest die sizes. And we establish 
delivery standards based on your expectations, including 
JIT programs, made possible by ever-increasing product 
reliability. 

COMPONENT INTEGRATED CIRCUITS 
Micron Technology entered the memory market 14 

years ago first designing, then manufacturing dynamic 
random access memory (DRAM). From there, we devel­
oped high-performance fast static RAM (SRAM), multiport 
DRAM (VRAM and Triple Port DRAM), and a variety 
other memory products. 

As we bring progressive memory solutions to our 
customers, we enjoy recognition for our achievements. 
Micron's Triple Port DRAM was the first IC ever to 
incorporate a second, independent serial access port, 
allowing unparalleled flexibility in data manipulation. In 
1990, Micron's Triple Port received the 1990 "Product of 
the Year" award from Electronic Products magazine. 

SPECIALTY MEMORY PRODUCTS 
Beyond our standard component memory, Micron is 

introducing many revolutionary products that we expect 
will follow the Triple Port's tradition. From FIFOs to 
processors, Micron continues to forge ahead into new 
and exciting frontiers. 

We are pleased to be first to market with our compact, 
easy-to-install 88-pin IC DRAM Card. Ideal for laptop, 
notebook and other portable systems, Micron's IC DRAM 
Card offers both high density and low power within 
JEDEC and JEIDA specifications.* 

MILITARY CERTIFIED PRODUCTS 
As one of the few manufacturers of military-grade 

memory in North America, Micron is proud to provide a 
documented source inspection from wafer start to fin­
ished product. We've earned recognition from U.S. and 
European space agencies as well as Joint Army/Navy 

*See NOTE, page v. 
**For more information on Micron's AMBYXm , see Section 7. 
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certification for both our NMOS and CMOS process 
technologies. 

DIE SALES 
In addition to our durable packaging, Micron also 

provides memory devices in bare die form. These 
are increasingly in demand for commercial and military 
use in highly specialized applications. Micron's bare die 
products are available both in 6" wafers and wafflepacks. 

CUSTOM MANUFACTURING SERVICES 
For total project management, Micron offers added­

value services. These include both standard contract 
manufacturing services for system-level products includ­
ing .design, assembly, customer kitted assembly, compre­
hensive quality testing or shipping as well as complete 
turnkey services covering all phases of production. Our 
component and system-level manufacturing facilities 
are centrally located in Boise, Idaho, so the component 
products you need are readily available. 

QUALITY 
Without a doubt, quality is the most important thing 

we provide to every Micron customer with every Micron 
shipment. That's because we believe that quality must 
be internalized consistently at every level of our com­
pany. We provide every Micron team member with the 
training and motivation needed to make Micron's quality 
philosophy a reality. 

One way we have measurably improved both produc­
tivity and product quality is through our own quality 
improvement program formed by individuals through­
out the company. Micron quality teams get together to 
address a wide range of issues within their areas. We 
consistently and regularly perform a company-wide self­
assessment based on the Malcolm Baldrige National 
Quality Award criteria. We've also implemented statisti­
cal process controls to evaluate every facet of the memory 
design, fabrication, assembly and shipping process. And 
our AMBYX" intelligent burn-in and test system" gives 
Micron a unique edge in product reliability. 

Micron Technology, tnc., reserv9slhe right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 

AMBY)(1'M IS a trademark of Micron TechnolCIQY. Inc. 
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ABOUT THIS BOOK 

CONTENT 
The 1992 DRAM Data Book from Micron Technology 

provides complete specifications on all standard DRAMs 
and DRAM modules as well as specialty and derivative 
products based on our DRAM production process. 

The DRAM Data Book is one of three product data books 
Micron currently publishes. Its two companion volumes 
include our SRAM Data Book and Military Data Book. 

SECTION ORGANIZATION 
Micron's 1992 DRAM Data Book contains a detailed 

Table of Contents with sequential and numerical indexes of 
products as well as a complete product selection guide. The 
Data Book is organized into nine sections: 

• Sections 1-5: Individual product families. Each 
contains a product selection guide followed by 
data sheets. 

• Section 6: Application/technical notes. 
• Section 7: Summary of Micron's unique 

quality and reliability programs and testing 
operation, including our AMBYX=intelligent 
burn-in and test system.' 

• Section 8: Packaging information. 
• Section 9: Product ordering information, 

including a list of sales representatives and 
distributors worldwide. 

DATA SHEET DESIGNATIONS 

DATA SHEET MARKING 

DATA SHEET SEQUENCE 
Data sheets in this book are ordered first by width and 

second by depth. For example, the DRAM section begins 
with the 1 Meg x 1 followed by 4 Meg x 1 and all other xl 
configurations in order of ascending depth. Next come the 
x4 products, followed by x8, etc., as applicable to the 
specific product family. 

DATA SHEET DESIGNATIONS 
As detailed in the table below, each Micron product 

data sheet is classified as either Advance, Preliminary or 
Final. In addition, new product data sheets that are new 
additions are designated with a "New" indicator in the tab 
area of the front page. 

SURVEY 
We have included a removable, postage-paid survey 

form in the front of this book. Your time in completing and 
returning this survey will enhance our efforts to continually 
improve our product literature. 

For more information on Micron product Iitcraturl', or to 
order additional copies of this publication, contact 

DEFINITION 

Micron Technology, Inc. 
2805 East Columbia Road 
Boise, ID 83706 
Phone: (208) 368-3900 
FAX: (208) 368-4431 
Customer Comment Line: 
800-932-4992 (USA) 
01-208-368-3410 (Intl.) 

"Advance" This data sheet contains initial descriptions of products still under development. 

"Preliminary" This data sheet contains initial characterization limits that are subject to change upon full 
characterization of production devices. 

No Marking (Final) This data sheet contains minimum and maximum limits specified over the complete power 
supply and temperature range for production devices. Although considered final, these 
specifications are subject to change, as further product development and data character-
ization sometimes occur. 

"New" This data sheet (which may be either Advance, Preliminary or Final) is a new addition to 
the Data Book. 

NOTE: Micron's DRAM Data Book uses acronyms to refer to certain industry-standard-setting bodies. These are defined 
below for your reference: 
EIAIJEDEC-Electronics Industry Association/Joint Electron Device Enllineering Council. 
JEIDA-Japanese Electronics Industry Development Association. 
PCMCIA-Personal Computer Memory Card International Association. 

'Micron's Quality/Reliability Handbook is available by calling (208) 368-3900. 

'"REFACE 
~EV.419.2 v Micron Technology, Inc .. reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 
AMBY)(TM is a trademark of Micron Techl'lOlogy, Inc. 
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EXPANDED COMPONENT NUMBERING SYSTEM 

AA BB CC DODD FFF -GG ZZ ZZ 
--Ll.~ I -.L..L-L 
MT4C42560J-8 VL 

g~~~ I TT~ 
256K x 4 . 

AA - PRODUCT LINE IDENTIFIER 

Component Product .......................................................... MT 

BB - PRODUCT FAMILY 

DRAM .................................................................................. 4 
DPDRAM ............................................................................ 42 
TPDRAM ............................................................................ 43 
SRAM ................................................................................... 5 
FIFO ................................................................................... 52 
Cache Data SRAM .............................................................. 56 
Synchronous SRAM ........................................................... 58 

CC - PROCESS TECHNOLOGY 

CMOS .................................................................................. C 
Low Voltage CMOS ............................................................ LC 

DODD - DEVICE NUMBER 
(Can be modified to indicate variations) 

DRAM ............................................................. Width, Density 
DPDRAM ......................................................... Width, Density 
TPDRAM ......................................................... Width, Density 
SRAM .......................................................... Total Bits, Width 
CACHE ............................................................ Density, Width 
Latched SRAM ............................................. Total Bits, Width 
FIFO ............................................................. Width, Total Bits 
Synchronous SRAM ........................................ Density, Width 

E - DEVICE VERSIONS 
(Alphabetic characters only; located between 0 and F when 
required) 

JEDECTest Mode (4 Meg DRAM) ........................................ J 
Errata on Base Part .............................................................. Q 

FFF - PACKAGE CODES 

PLASTIC 
DIP ............................................................................. Blank 
DIP (Wide Body) .............................................................. W 
ZIP .................................................................................... Z 
LCC ................................................................................. EJ 
SOP/SOIC ....................................................................... SG 

PREFACE 
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Low Voltage, Low Power (Extended Refresh) 
80ns Access Time 
SOJ Package 

FFF - PACKAGE CODES (continued) 
QFP ................................................................................. LG 
TSOP (Type II) ................................................................ TG 
TSOP (Reversed) ........................................................... RG 
TSOP (Longer) ................................................................ TL 
SOJ ................................................................................. DJ 
SOJ (Reversed) .............................................................. DR 
SOJ (Longer) .................................................................. DL 

DIE 
Die ................................................................................ XDC 
Wafer .......................................................................... XWC 
Military Die ..................................................................... XD 
Military Wafer ................................................................ XW 

Ceramic 
DIP ................................................................................... C 
DIP (Narrow Body) ......................................................... CN 
DIP (Wide Body) ............................................................ CW 
LCC ................................................................................. EC 
LCC (Narrow Body) ...................................................... ECN 
LCC (Wide Body) ......................................................... ECW 
SOP/SOIC ....................................................................... CG 
SOJ ............................................................................... DCJ 
PGA ................................................................................ CA 
FLAT PACK ........................................................................ F 

GG - ACCESS TIME 
-5 ...................................................................... 5ns or 50ns 
-6 ...................................................................... 6ns or 60ns 
-7 ...................................................................... 7ns or 70ns 
-8 ................................ ~ ..................................... 8ns or 80ns 

-10 .................................................................. 10ns or 100ns 
-12 .................................................................. 12ns or 120ns 
-15 .................................................................. 15ns or 150ns 
-17 ................................................................................. 17nsl 
-20 ................................................................................. 20ns 
-25 ................................................................................. 25ns 
-35 ................................................................................. 35ns 
-45 ................................................................................. 45ns 
-50 (SRAM only) ............................................................ 50ns 
-53 ................................................................................. 53ns 

Micron T acilnology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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EXPANDED COMPONENT NUMBERING SYSTEM (continued) 

AA BB CC DODD FFF -GG ZZ ZZ 
-L.L.J. I --L..l....--'­
MT4C42560J-8 VL 

Micron 
DRAM 
CMOS 

256Kx 4 

~ITT~ 

GG - ACCESS TIME (continued) 
-55 ................................................................................. 55ns 
-70 (SRAM only) ............................................................ 70ns 

ZZ ZZ - PROCESSING CODES 
(Multiple processing codes are separated by a space and are 
listed in hierarchical order). 
Example: 
A DRAM supporting low power, extended refresh (L); low voltage 
(V) and the Industrial temperature range (IT) would be Indicated as: 
V L IT 

Interim .................................................................................. 1 
Low Voltage ......................................................................... V 
DRAMS 

Low Power (Extended Refresh) ......................................... L 
Low Voltage, Low Power (Extended Refresh) ................. VL 
Low Power (Self Refresh) ................................................. S 
Low Voltage, Low Power (Self Refresh) ......................... VS 

SRAMS 
Low Volt Data Retention ................................................... L 
Low Power ........................................................................ P 
Low Power, Low Volt Data Retention .............................. LP 
Low Voltage, Low Power ................................................ VP 

PREFACE 
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Low Voltage, Low Power (Extended Refresh) 
BOns Access Time 
SOJ Package 

zz ZZ - PROCESSING CODES (continued) 
Low Voltage, Low Volt Data Retention ............................ VL 
Low Voltage, Low Volt Data Retention, 
Low Power ..................................................................... VB 

EPI Wafer ............................................................................. E 
Commercial Testing 

O°C to + 70°C .............................................................. Blank 
-40°C to +85°C ................................................................ IT 
-40°C to + 125°C ............................................................. AT 
-55°C to + 125°C ............................................................. XT 

MIL-STD-883C Testing 
-55°C to + 125°C ......................................................... 883C 
-55°C to + 110°C (DRAMs) .......................................... 883C 
O°C to +70°C .............................................................. M070 

Special Processing 
Engineering Sample ........................................................ ES 
Mechanical Sample ........................................................ MS 
Sample Kit* .................................................................... SK 
Tape and Reel* ............................................................... TR 
Bar Code* ....................................................................... BC 

• Used in device order codes; this code is not marked on device. 

Micron Technology, Inc., reserves the right to change products or specifications loVithout notloe. 
@1992,MicronTechnology,lnc. 
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" 
NEW COMPONENT NUMBERING SYSTEM 

AA BB CC DDDDDD EE FFF -GG ZZ zz 
-L..L..L I --L-L...L-L 
MT4C1M16A1DJ~ VL 

Micron, I II I 11T ~ Low Voltage, L?w Power (Extended Refresh) 
DRAM - - BOns Access TIme 
CMOS SOJ Package 

1 Meg x 16 Data Sheet Defined 

AA - PRODUCT LINE IDENTIFIER 

Component Product .......................................................... MT 

BB - PRODUCT FAMILY 

DRAM .................................................................................. 4 
DPDRAM ............................................................................ 42 
TPDRAM ............................................................................ 43 
Synchronous DRAM .......................................................... 48 
SRAM ................................................................................... 5 
FIFO ................................................................................... 52 
Latched SRAM ................................................................... 56 
Synchronous SRAM ... ; ....................................................... 58 

CC - PROCESS TECHNOLOGY 

CMOS .................................................................................. C 
Low Voltage CMOS ............................................................ LC 

DDDDDD - DEVICE NUMBER 

Depth, Width 
Example: 
IM16 = 1 Megabit deep by 16 bits wide = 16 Megabits of total 
memory 

No Letter .......................................................................... Bits 
K ................................................................................. Kilobits 
M ............................................................................. Megabits 
G ............................................................................... Gigabits 

EE - DEVICE VERSIONS 

(The first character is an alphabetic character only; the 
second character i,s a numeric character only.) 
Specified by individual data sheet 

FFF - PACKAGE CODES 

Plastic 
DIP ............................................................................. Blank 
DIP (Wide Body) .............................................................. W 
ZIP .................................................................................... Z 
LCC ................................................................................. EJ 
SOP/SOIC ....................................................................... SG 

PREFACE 
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FFF - PACKAGE CODES (continued) 
QFP ................................................................................. LG 
TSOP (Type II) ................................................................ TG 
TSOP (Reversed) ........................................................... RG 
TSOP (Longer) ................................................................ TL 
SOJ ................................................................................. DJ 
SOJ (Reversed) .............................................................. DR 
SOJ (Longer) .................................................................. DL 

DIE 
Die ................................................................................ XDC 
Wafer .......................................................................... XWC 
Military Die ..................................................................... XD 
Military Wafer ................................................................ XW 

CERAMIC 
DIP ................................................................................... C 
DIP (Narrow Body) ......................................................... CN 
DIP (Wide Body) ............................................................ CW 
LCC (Narrow Body) ...................................................... ECN 
LCC ................................................................................. EC 
LCC (Wide Body) ......................................................... ECW 
SOP/SOIC ....................................................................... CG 
SOJ ............................................................................... DCJ 
PGA ................................................................................ CA 
FLAT PACK ........................................................................ F 

GG - ACCESS TIME 

-5 ...................................................................... 5ns or 50ns 
-6 ............. '" ...................................................... 6ns or 60ns 
-7 ...................................................................... 7ns or 70ns 
-8 ...................................................................... 8ns or 80ns 

-10 .................................................................. 10ns or 100ns 
-12 .,', .. , .... ,""', ... ,"', ..... ,', ......... , ....... " ...... "", .. 12ns or 120ns 
-15 .................................................................. 15ns or 150ns 
-17 ................................................................................. 17ns 
-20 ........... , ......... ,', ............ " ....... " ...... ""' .... ' ........ , ......... 20ns 
-25 " ......... " ........ " ......... , .... , ..... ,'" ......... " ...................... , 25ns 
-35 .. ,'," ................................... ,', ..... ,', ..... " ..................... 35ns 
-45 ... " .................................... ,"' ...... , ....... , .................... ' 45ns 
-50 (SRAM only) ............................................................ 50ns 

Micron TechnolGQY, Inc., reserves the right to change products or specifications without notice. 
©1992,MicronTechnology, Inc. 
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NEW COMPONENT NUMBERING SYSTEM (continued) 

AA BB CC 000000 EE FFF -GG ZZ ZZ 
-L..L-L I -L-L-L-L 
MT4C1M16A1DJ-8 VL 

Micron I II I 1 1T ~ Low Voltage, L~w Power (Extended Refresh) 
DRAM - - 80ns Access Time 
CMOS SOJ Package 

1 Meg x 16 Data Sheet Defined 

GG - ACCESS TIME (continued) 
-53 ................................................................................. 53ns 
-55 ................................................................................. 55ns 
-70 (SRAM only) ............................................................ 70ns 

ZZ ZZ - PROCESSING CODES 
(Multiple processing codes are separated by a space and are 
listed in hierarchical order.) 
Example: 
A DRAM supportIng low power, extended refresh (L); low voltage 
(V) and the Industrial temperature range (IT) would be indicated as: 
V L IT 

'Interim .................................................................................. 1 
Low Voltage ..... , ................................................................... V 
DRAMs 

Low Power (Extended Refresh) ......................................... L 
Low Voltage, Low Power (Extended Refresh) ................. VL 
Low Power (Self Refresh) ................................................. S 
Low Voltl!ge, Low Power (Self Refresh) ......................... VS 

SRAMs 
Low Volt Data Retention ................................................... L 
Low Power ........................................................................ P 
Low Power, Low Volt Data Retention .............................. LP 
Low Voltage, Low Power ................................................ VP 

PREFACE 
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ZZ ZZ - PROCESSING CODES (continued) 
Low Voltage, Low Volt Data Retention ............................ VL 
Low Voltage, Low Volt Data Retention, 
Low Power ..................................................................... VB 

EPI Wafer ..................................................... , ....................... E 
Commercial Testing 

O°C to + 70°C .............................................................. Blank 
-40°C to +85°C ................................................................ IT 
-40°C to + 125°C ............................................................. AT 
-55°C to + 125°C ............................................................. XT 

MIL -STD-883C Testing 
-55°C to + 125°C ......................................................... 883C 
-55°C to + 110°C (DRAMs) .......................................... 883C 
O°C to + 70°C .............................................................. M070 

Special Processing 
Engineering Sample ........................................................ ES 
Mechanical Sample ........................................................ MS 
Sample Kit' .................................................................... SK 
Tape and Reel' ............................................................... TR 
Bar Code' ....................................................................... BC 

• Used in device order codes; this code is not marked on device. 

Micron Technology, Inc., reserves the rlght to change products or specifications withoLrl notice. 
©1992,Micron Technology, Inc. 
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MODULE NUMBERING SYSTEM 

AA BB C DDDEE F GG HH 
-L -LJ...-1....L J.....L-L 
MT12D136GL-7 

70ns Access Time 
12 Components 1-____ _ Micron ~TTJTTTT Low Power (Extended Refresh) 

Gold Plating DRAM Module '--------
1 Meg 

AA - PRODUCT LINE IDENTIFIER 
Micron Technology Component Product ................ MT 

BB - NUMBER OF MEMORY COMPONENTS 

C-RAM FAMILY 
SRAM ........................................................................ 8 
DRAM ........................................................................ D 

DDD-DEPTH 

EE-WIDTH 

F - PACKAGE CODE 
DIP ............................................................................ D 
Gold Plate ................................................................. G 
ZIP ............................................................................. Z 
SiP ............................................................................. N 
SIMM ......................................................................... M 

PREFACE 
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x36 

GG - SPECIAL DESIGNATOR 
Low Power ................................................................. L 

HH - ACCESS TIME 
-10 ......................................................... 10ns or 100ns 
-15 ........................................................................ 15ns 
-20 ........................................................................ 20ns 
-25 ........................................................................ 25ns 
-30 ........................................................................ 30ns 
-35 ........................................................................ 35ns 
-45 ........................................................................ 45ns 
-6 .......................................................................... 60ns 
-7 .......................................................................... 70ns 
-8 .......................................................................... 8Ons 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©t992, Micron Technology. Inc. 
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IC DRAM CARD NUMBERING SYSTEM 

AA BB eeee DDD EE F -GG 
-L-L I _LL 1.....L 
MT12D88C136 -8 

Micron ---=:r-T I l~TL-
12 Components L-..-

SS-Pin DRAM Card --------'. 

SOns Access Time 
Special Designator 
x36 
1 Meg 

AA - PRODUCT LINE IDENTIFIER 
Micron Technology Component Product ................ MT 

BB - NUMBER OF MEMORY COMPONENTS 

CCCC - DRAM CARD DESIGNATOR AND PIN COUNT 
88-Pin DRAM Card ............................................. D88C 
60-Pin DRAM Card ............................................. D60C 

DOD-DEPTH 

EE-WIDTH 

PREFACE 
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F - SPECIAL DESIGNATOR 
3.3 Volts ..................................................................... V 

G - ACCESS TIME 
-5 .......................................................................... 50ns 
-6 .......................................................................... 60ns 
-7 .......................................................................... 70ns 
-8 .......................................................................... 80ns 

Mleron Technology, Inc., reserves the right to change products or specifications without notice. 
@1992,MlcronTechnology, Inc. 
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DYNAMIC RAMS PAGE 
MT4CI024 .......................................... 1 Meg xI FP ................................................................ 1-1 
MT4CI024 L ....................................... 1 Meg x 1 FP,LP ......................................................... 1-13 
MT4CI026 .......................................... 1 Meg x 1 SC ............................................................... 1-25 
MT4CI004J ........................................ .4 Meg x 1 FP ................................................................ 1-37 
MT4CI004J L .................................... .4 Meg x 1 FP, LP ......................................................... 1-49 
MT4CI006J ........................................ .4 Meg xI SC ............................................................... 1-61 
MT4C16MIAI ................................. 16 Meg xI FP, 4KR ...................................................... 1-73 
MT4LC16MIAI ............................... 16 Meg xI FP, 4KR, LV ............................................... 1-73 
MT4C16MIDI ................................. 16 Meg xI SC, 4KR ...................................................... 1-85 
MT4C4256 ............................................ 256K x 4 FP ................................................................ 1-87 
MT4C4256 L ......................................... 256K x 4 FP, LP ............ "......... ....... ............................. 1-97 
MT4C4256 VL ...................................... 256K x 4 FP, LP, LV ................ ; ...................... ; ......... 1-109 
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DRAM PRODUCT SELECTION GUIDE 

Memory Optional Pari Access Typical Power Dissipation Package and Number of Pins 
Configuration Access Cycle Number Time (ns) Standby Active PDlP ZIP SOJ TSOP Page 
1 Meg x 1 FP MT4Cl024 60,70,80 3mW 175mW 18 20 20 20 1-1 

1 Meg xl FP, LP MT4Cl024 L 70,80,100 0.3mW 150mW 18 20 20 20 1-13 

1 Meg xl SC MT4C1026 70,80 3mW 175mW 18 20 20 - 1-25 

4 Meg x 1 FP MT4Cl004J 60,70,80 3mW 225mW - 20 20 20 1-37 

4 Meg xl FP, LP MT4Cl004J L 60,70,80 lmW 225mW - 20 20 20 1-49 

4 Meg xl SC MT4Cl006J 70,80 3mW 225mW - 20 20 - 1-61 

16 Meg x 1 FP,4KR MT4C16M1Al 60,70,80 3mW 325mW - - 24 24 1-73 

16 Meg xl FP, 4KR, LV MT4LC16M1Al 60,70,80 lmW 125mW - - 24 24 1-73 

16 Meg x 1 SC,4KR MT4C16M1D1 60,70,80 3mW 330mW - - 24 - 1-85 

256Kx 4 FP MT4C4256 60,70,80 3mW 175mW 20 20 20 20 1-87 

256Kx4 FP,LP MT4C4256 L 70,80,100 0.3mW 150mW 20 20 20 20 1-97 

256Kx4 FP,LP,LV MT4C4256VL 100, 120 O.lmW 100mW - 20 20 20 1-109 

256Kx4 SC MT4C4258 70,80,100 3mW 175mW 20 20 20 - 1-121 

1 Meg x4 FP MT4C4001J 60,70,80 3mW 225mW - 20 20 20 1-133 

1 Megx4 FP,LP MT4C4001J L 60,70,80 lmW 225mW - 20 20 20 1-145 

1 Megx4 SC MT4C4003J 70,80 3mW 225mW - 20 20 - 1-157 

1 Megx4 FP,QCP MT4C4004J 70,80,100 3mW 225mW - - 24 - 1-169 

4 Megx4 FP,4KR MT4C4M4Al 60,70,80 3mW 325mW - - 24 24 1-183 

4Megx4 FP,2KR MT4C4M4Bl 60,70,80 3mW 400mW - - 24 24 1-183 

4Megx4 FP, 4KR, LV MT4LC4M4Al 60,70,80 lmW 125mW - - 24 24 1-195 

4Megx4 FP, 2KR, LV MT4LC4M4Bl 60, 70,80 lmW 175mW - - 24 24 1-195 

4Megx4 SC,4KR MT4C4M4Dl 60,70,80 3mW 325mW - - 24 - 1-207 

FP= Fast Page Mode, SC = Static Column Mode, LP = Low Power, Extended Refresh; QCP = Quad CAS Parity, 
LV = Low Voltage, 2KR = 2,048 Row Refresh, 4KR = 4,096 Row Refresh 
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MIC:RON PREFACE 
1-· ,",>",0<0""" PRODUCT SELECTION 

WIDE DRAM PRODUCT SELECTION GUIDE 
Memory Optional Part Access Typical Power Oissipation Package/Number of Pins 

Configuration Access Cycle Number" Time (ns) Standby Active ZIP SOJ TSOP Page 

512K x 8 FP MT4C8512 70,80,100 3mW 350mW 28 28 28 2-1 

512K x 8 FP, WPB MT4C8513 70,80,100 3mW 350mW 28 28 28 2-1 

512K x 8 FP,LP MT4C8512 L 70,80,100 1mW 350mW 28 28 28 2-15" 
512K x 8 FP, WPB, LP MT4C8513 L 70,80,100 1mW 350mW 28 28 28 2-15 

2Megx8 FP,4KR MT 4(L)C2M8A 1 60,70,80 5mW 400mW 28,32 28,32 2-31 

2Megx8 FP,4KR, WPB MT4(L)C2M8A2 60,70,80 5mW 400mW 28,32 28,32 2-31 

2Megx8 FP,2KR MT4(L)C2M8B1 60,70,80 5mW 400mW 28,32 28,32 2-47 

2Megx8 FP, 2KR, WPB MT4(L)C2M8B2 60,70,80 5mW 400mW 28,32 28,32 2-47 

2Megx8 FP, 4KR, S, LP MT4(L)C2M8A1 S 60,70,80 2mW 400mW 28,32 28,32 2-63 

2Megx8 FP, 4KR, WPB, S, LP MT4(L)C2M8A2 S 60,70,80 2mW 400mW 28,32 28,32 2-63 

2Megx8 FP, 2KR, S, LP MT4(L)C2M8B1 S 60,70,80 2mW 400mW - 28,32 28,32 2-81 

2Megx8 FP, 2KR, WPB, S, LP MT4(L)C2M8B2 S 60,70,80 2mW 400mW - 28,32 28,32 2-81 

64K x 16 FP,DW MT4C1664 70,80,100 3mW 225mW 40 40 40 2-99 

64K x 16 FP, WPB MT4C1665 70,80,100 3mW 225mW 40 40 40 2-99 

64K x 16 FP, DW, LP MT4C1664 L 70,80,100 lmW 225mW 40 40 40 2-115 

64K x 16 FP, WPB, LP MT4C1665 L 70,80,100 1mW 225mW 40 40 40 2-115 

64K x 16 SC,DW MT4C1670 70,80,100 3mW 225mW 40 40 40 2-133 

64K x 16 SC, WPB MT4C1671 70,80,100 3mW 225mW 40 40 40 2-133 

64K x 16 SC, OW, LP MT4C1670 L 70,80,100 1mW 225mW 40 40 40 2-151 

64Kx 16 SC, WPB, LP MT4C1671 L 70,80,100 1mW 225mW 40 40 40 2-151 

256K x 16 FP,DW MT4C16256 70,80,100 3mW 500mW 40 40 40 2-169 

256K x 16 FP,DC MT4C16257 70,80,100 3mW 500mW 40 40 40 2-169 

256K x 16 FP, DW, WPB MT4C16258 70,80,100 3mW 500mW 40 40 40 2-169 

256K x 16 FP, DC, WPB MT4C16259 70,80,100 3mW 500mW 40 40 40 2-169 

256K x 16 FP, DW, LP MT4C16256 L 70,80,100 1mW 500mW 40 40 40 2-191 

256K x 16 FP, DC, LP MT4C16257 L 70,80,100 1mW 500mW 40 40 40 2-191 

256K x 16 FP, DW, WPB, LP MT4C16258 L 70,80,100 1mW 500mW 40 40 40 2-191 

256K x 16 FP, DC, WPB, LP MT4C16259 L 70,80,100 1mW 500mW 40 40 40 2-191 

256K x 16 FP,ASY, DW MT4C16260 70,80,100 1mW 500mW 40 40 40 2-213 

256K x 16 FP, WPB, ASY MT4C16261 70,80,100 1mW 500mW 40 40 40 2-213 

1 Meg x 16 FP, DC MT4(L)C1M16C3 60,70,80 5mW 500mW - 42 44 2-229 

1 Meg x 16 FP,DW MT4(L)C1M16C5 60,70,80 5mW 500mW - 42 44 2-229 

1 Meg x 16 FP, DC, WPB MT4(L)C1M16C6 60,70,80 5mW 500mW - 42 44 2-229 

1 Meg x 16 FP, DW, WPB MT 4(L)C1 M16C7 60,70,80 5mW 500mW - 42 44 2-229 

1 Meg x 16 FP, DC,S, LP MT4(L)C1M16C3 S 60,70,80 2mW 500mW - 42 44 2-251 

1 Meg x 16 FP, DW,S, LP MT4(L)C1M16C5 S 60,70,80 2mW 500mW - 42 44 2-251 

1 Megx16 FP, DC, WPB, S, LP MT4(L)C1M16C6 S 60,70,80 2mW 500mW - 42 44 2-251 

1 Meg x 16 FP, DW, WPB, S, LP MT4(L)C1M16C7 S 60,70,80 2mW 500mW - 42 44 2-251 

FP = Fast Page Mode, SC = Static Column, LP = Low Power, Extended Refresh; WPB = Write Per Bit, DW = Dual WE, DC = Dual CAS, 
2KR = 2,048 Refresh, 4KR = 4,096 Refresh, S = Self Refresh, ASY = Asymmetrical Addressing 
'(L)C means device is available in both 5V Vcc (MT4CXXXXX) and 3/3.3V Vcc (MT4LCXXXXX) versions 
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DRAM MODULE PRODUCT SELECTION GUIDE 
Memory Part Optional Access 
Configuration Number Access Cycle Time (ns) 

256K x 8 MT2D2568 LP, LV' 60,70,80 

1 Megx8 MT2D18 LP, LV' 60,70,80 

1 Megx8 MT8D18 LP 60,70,80 

4 Meg x8 MT2D48 60,70,80 

4 Meg x8 MT8D48 LP 60,70,80 

16Megx8 MT8D168 60,70,80 

256K x 9 MT3D2569 LP 60,70,80 

1 Megx9 MT3D19 LP 60,70,80 

1 Megx9 MT9D19 LP 60,70,80 

4 Meg x 9 MT3D49 60,70,80 

4 Meg x 9 MT9D49 LP 60,70,80 

16 Meg x 9 MT9D169 60,70,80 

512K x 16 MT8D25632 LP, LV' 60,70,80 

1 Megx16 MT16D51232 LP,LV' 60,70,80 

2Megx16 MT8D132 LP, LV' 60,70,80 

4Megx16 MT16D232 LP, LV' 60,70,80 

BMegx16 MT8D432 60,70,80 

16Megx16 MT16D832 60,70,80 

512K x 18 MT10D25636 60,70,80 

1 Megx18 MT6D118 60,70,80 

1 Megx18 MT20D51236 60,70,80 

2Megx18 MT12D136 LP 60,70,80 

4Megx18 MT24D236 LP 60,70,80 

8Megx18 MT12D436 60,70,80 

16Megx18 MT24D836 60,70,80 

256K x 32 MT8D25632 LP,LV' 60,70,80 

512K x 32 MT16D51232 LP, LV' 60,70,80 

1 Megx32 MT8D132 LP, LV' 60,70,80 

2Megx32 MT16D232 LP, LV' 60,70,80 

4 Meg x 32 MT8D432 60,70,80 

8 Megx32 MT16D832 60,70,80 

256K x 36 MT9D25636 60,70,80 

256K x 36 MT10D25636 60,70,80 

512K x 36 MT18D51236 60,70,80 

512K x 36 MT20D51236 60,70,80 

1 Meg x 36 MT9D136 60,70,80 

1 Meg x 36 MT12D136 LP 60,70,80 

2Megx36 MT18D236 60,70,80 

2Megx36 MT24D236 LP 60,70,80 

4 Meg x36 MT12D436 60,70,80 

8Megx36 MT24D836 60,70,80 

256K x 40 MT10D25640 LP, LV' 60,70,80 

512K x 40 MT20D51240 LP, LV' 60,70,80 

1 Megx40 MT10D140 LP, LV' 60,70,80 

2 Meg x 40 MT20D240 LP, LV' 60,70,80 

LP = Low Power, Extended Refresh; LV = Low Voltage 
NOTE: All modules include FAST PAGE MODE cycle. 

xxiii 

Power Dissipation Package 

Standby Active SIMM SIP Page 

6mW 350mW 30 30 3-1 

6mW 450mW 30 30 3-11 

24mW 1,400mW 30 30 3-21 

10mW 550mW 30 30 3-31 

24mW 1,800mW 30 30 3-41 

24mW 2,200mW 30 30 3-51 

9mW 625mW 30 30 3-61 

9mW 625mW 30 30 3-71 

27mW 1,575mW 30 30 3-81 

12mW 775mW 30 30 3-91 

27mW 2,025mW 30 30 3-101 

27mW 2,475mW 30 30 3-111 

24mW 1,400mW 72 3-121 

48mW 2,800mW 72 3-133 

24mW 1,800mW 72 3-145 

48mW 1,824mW 72 3-157 

40mW 2,200mW 72 3-169 

80mW 2,240mW 72 3-179 

30mW 1,750mW 72 3-199 

18mW 1,250mW 72 3-209 

60mW 1,780mW 72 3-229 

36mW 2,500mW 72 3-249 

72mW 2,536mW 72 3-271 

52mW 3,100mW 72 3-283 

104mW 3,152mW 72 3-293 

24mW 1,400mW 72 3-121 

48mW 1,424mW 72 3-133 

24mW 1,800mW 72 3-145 

48mW 1,824mW 72 3-157 

40mW 2,200mW 72 3-169 

80mW 2,240mW 72 3-179 

27mW 1,575mW 72 3-189 

30mW 1,750mW 72 3-199 

54mW 1,600mW 72 3-219 

60mW 1,780mW 72 3-229 

27mW 2,175mW 72 3-239 

36mW 2,500mW 72 3-249 

54mW 2,052mW 72 3-261 

72mW 2,536mW 72 3-271 

52mW 3,100mW 72 3-283 

104mW 3,152mW 72 3-293 

30mW 1,750mW 72 3-303 

60mW 1,780mW 72 3-315 

30mW 2,250mW 72 3-327 

60mW 2,280mW 72 3-339 

'Contact factory regarding availability of low voltage versions. 
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IC DRAM CARD SELECTION GUIDE 

Memory 
Configuration 

512K x 16 

1 Meg x 16 

2 Meg x 16 

4 Meg x 16 

512Kx18 

1 Meg x 18 

2 Meg x 18 

4Megx18 

512K x 20 

1 Meg x 20 

2 Meg x20 

4 Meg x20 

256K x 32 

512K x 32 

1 Meg x 32 

2 Meg x ,32 

256K x 36 

512K x 36 

1 Meg x 36 

2 Meg x 36 

256K x 40 

512K x 40 

1 Meg x 40 

2 Meg x40 

PREFACE 
REV. 4192 

1 Megabyte 

2 Megabytes 

4 Megabytes 

8 Megabytes 

1 Megabyte 

2 Megabytes 

4 Megabytes 

8 Megabytes 

1 Megabyte 

2 Megabytes 

4 Megabytes 

8 Megabytes 

1 Megabyte 

2 Megabytes 

4 Megabytes 

8 Megabytes 

1 Megabyte 

2 Megabytes 

4 Megabytes 

8 Megabytes 

1 Megabyte 

2 Megabytes 

4 Megabytes . 

8 Megabytes 

Part 
Number 
MT8D88C25632 

MT16D88C51232 

MT8D88C132 

MT16D88C232 

MT12D88C25636 

MT24D88C51236 

MT12D88C136 

MT24D88C236 

MT12D88C25640 

MT24D88C51240 

MT12D88C140 

MT24D88C240 

MT8D88C25632 

MT16D88C51232 

MT8D88C132 

MT16D88C232 

MT12D88C25636 

MT24D88C51236 

MT12D88C136 

MT24D88C236 

MT12D88C25640 

MT24D88C51240 

MT12D88C140 

MT24D88C240 

xxiv 

Access Number of Pins 
Time (ns) Card Page 
60,70,80 88 4-1 

60,70,80 88 4-17 

60,70,80 88 4-33 

60,70,80 88 4-49 

60,70,80 88 4-65 

60,70,80 88 4-79 

60,70,80 88 4-93 

60,70,80 88 4-107 

60,70,80 88 4-121 

60,70,80 88 4-137 

60,70,80 88 4-153 

60,70,80 88 4-169 

60,70,80 88 4-1 

60,70,80 88 4-17 

60,70,80 88 4-33 

60,70,80 88 4-49 

60,70,80 88 4-65 

60,70,80 88 4-79 

60,70,80 88 4-93 

60,70,80 88 4-107 

60,70,80 88 4-121 

60,70,80 88 4-137 

60,70,80 88 4-153 

60,70,80 88 4-169 

Micron Technology, Inc., reserves the right to change products or specifications without notice 
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DUAL PORT DRAM (VRAM) PRODUCT SELECTION GUIDE 

Memory Access Part Access Power Dissipation Package and Number of Pins 

Configuration Cycle Number Time (ns) Standby Active SOJ SOG TSOP ZIP Page 

256Kx4 FP MT42C4255 80, 100 15mW 275mW 28 - - 28 5-1 i 

256Kx 4 FP, BW, LP MT42C4256 70,80,100 15mW 275mW 28 - - 28 5-3 

128K x 8 FP MT42C8127 60, 100 15mW 275mW 40 - - - 5-39 

128K x 8 FP, BW, LP MT42C8128 70,80,100 15mW 275mW 40 - 40/44 - 5-41 

256Kx 8 FP,BW MT42C8255 70,80 10mW 300mW 40 - 40/44 - 5-79 

256Kx8 FP,BW MT42C8256 70,80 10mW 300mW 40 - 40/44 - 5-111 

256Kx 16 FP,BW MT42C256K16A1 60,70,80 10mW 350mW - 64 - - 5-153 

FP = Fast Page Mode, BW = Block Write, LP = Low Power, Extended Refresh 

TRIPLE PORT DRAM PRODUCT SELECTION GUIDE 

Memory Access Part Access Power Oissipation Package/Number of Pins 

Configuration Cycle Number Time (ns) Standby Active SOJ SOG TSOP PLCC Page 

256Kx4 FP, BW, QSF pin MT43C4257 80, 100 15mW 500mW 40 - 40/44 - 5-155 

256Kx4 FP, BW, SSF pin MT43C4258 80, 100 15mW 500mW 40 - 40/44 - 5-155 

128Kx 8 FP, BW, QSF pin MT43C8128 80, 100 15mW 550mW - - - 52 5-201 

128K x 8 FP, BW, SSF pin MT43C8129 80, 100 15mW 550mW - - - 52 5-201 

256Kx 8 FP,BW MT 43C256K8A 1 60,70,80 f5mW 400mW - 64 - - 5-247 

FP = Fast Page Mode, BW = Block Write 
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APPLICATION/TECHNICAL NOTE SELECTION GUIDE 
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Technical Note 
TN-OO-01 

TN-OO-02 

TN-04-01 

TN-04-02 

TN-04-03 

TN-04-04 

TN-04-06 

TN-04-08 

TN-04-09 

TN-04-12 

TN-04-14 

TN-43-01 

TN-88-01 

AN-04-01 

Title Page 
Moisture Absorption in Plastic Packages 6-1 

Micron Tape and Reel Procedures 6-3 

DRAM Power-Up and Refresh Constraints 6-9 

MT4C1664 and MT4C1665 Compatibilities 6-11 

MT4C1664: 256 Kilobyte Memory System with Four RAS Lines 6-13 

MT4C1664: 256 Kilobyte Memory System with Four CAS Lines 6-15 

DRAM OE Controlled/LATE-WRITE Cycles 6-17 

DRAM Timing Parameters 6-19 

LPDRAM BBU Current vs. RAS Active Time (1 Meg) 6-21 

LPDRAM BBU Current vs. RAS Active Time (4 Meg) 6-23 

Low Voltage (3V) DRAM Design Issues 6-25 

MT 43C4257/MT 43C4258 Comparison 6-27 

88-Pin IC DRAM Cards 6-29 

Chips & Technologies' 82C456 VGA Controller Using MT4C1664 6-35 
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DRAM PRODUCT SELECTION GUIDE 

Memory Optional Part Access Typical Power Dissipation Package and Number of Pins 
Configuration Access Cycle Number Time (ns) Standby Active PDlP ZIP SOJ 
1 Meg x 1 FP MT4C1024 60,70,80 3mW 175mW 18 20 20 

1 Meg x 1 FP,LP MT4C1024 L 70,80,100 0.3mW 150mW 18 20 20 

1 Meg x 1 SC MT4C1026 70,80 3mW 175mW 18 20 20 

4 Meg x 1 FP MT4C1004J 60,70,80 3mW 225mW - 20 20 

4 Meg x 1 FP,LP MT4C1004J L 60,70,80 1mW 225mW - 20 20 

4 Meg x 1 SC MT4C1006J 70,80 3mW 225mW - 20 20 

16 Meg x 1 FP,4KR MT4C16M1A1 60,70,80 3mW 325mW - - 24 

16 Meg x 1 FP, 4KR, LV MT4LC16M1A1 60,70,80 1mW 125mW - - 24 

16Megx1 SC,4KR MT4C16M1D1 60,70,80 3mW 330mW - - 24 

256Kx4 FP MT4C4256 60, 70, 80 3mW 175mW 20 20 20 

256Kx 4 FP,LP MT4C4256 L 70,80,100 0.3mW 150mW 20 20 20 

256Kx 4 FP,LP,LV MT4C4256 VL 100,120 0.1mW 100mW - 20 20 

256Kx 4 SC MT4C4258 70,80,100 3mW 175mW 20 20 20 

1 Meg x4 FP MT4C4001J 60,70,80 3mW 225mW - 20 20 

1 Megx4 FP, LP MT4C4001J L 60,70,80 1mW 225mW - 20 20 

1 Megx4 SC MT4C4003J 70,80 3mW 225mW - 20 20 

1 Megx4 FP, QCP MT4C4004J 70,80,100 3mW 225mW - - 24 

4Megx4 FP,4KR MT4C4M4A1 60,70,80 3mW 325mW - - 24 

4Megx4 FP,2KR MT4C4M4B1 60,70,80 3mW 400mW - - 24 

4Megx4 FP, 4KR, LV MT4LC4M4A1 60,70,80 1mW 125mW - - 24 

4Megx4 FP, 2KR, LV MT4LC4M4B1 60,70,80 1mW 175mW - - 24 

4 Megx4 SC,4KR MT4C4M4D1 60,70,80 3mW 325mW - - 24 

FP = Fast Page Mode, SC = Static Column Mode, LP = Low Power, Ex1ended Refresh; QCP = Quad CAS Parity, 
LV = Low Voltage, 2KR = 2,048 Row Refresh, 4KR = 4,096 Row Refresh 

TSOP 
20 

20 

-
20 

20 

-
24 

24 

-
20 

20 

20 

-
20 

20 

-
-

24 

24 

24 

24 

-

Page 
1-1 

1-13 

1-25 

1-37 

1-49 

1-61 

1-73 

1-73 

1-85 

1-87 

1-97 

1-109 

1-121 

1-133 

1-145 

1-157 

1-169 

1-183 

1-183 

1-195 

1-195 

1-207 



DRAM 

FEATURES 
• Industry standard xl pinout, timing, functions and 

packages 
• High-performance, CMOS silicon-gate process 
• Single +5V ±10% power supply 
• Low power, 3mW standby; 175mW active, typical 
• All inputs, outputs and clocks are fully TTL 

compatible 
• 512-cycle refresh in 8ms 
• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• Optional FAST PAGE MODE access cycle 

OPTIONS 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 
Plastic DIP (300 mil) 
Plastic ZIP (350 mil) 
Plastic SOJ (300 mil) 
Plastic TSOP (300 mil)*** 

MARKING 

- 6 
- 7 
- 8 

None 
Z 
DJ 
TG 

NOTE: Available in die fonn (commercial or military) or rt)ilitary ceramic 
packages. Please consult factory for die data sheets or refer to Micron's 
Military Data Book. 

• Operating Temperature, T A 
Commercial (O°C to +70°C) None 
Industrial (-40°C to +85°C) IT 

GENERAL DESCRIPTION 
The MT4C1024 is a randomly accessed solid-state mem­

ory containing 1,048,576 bits organized in a xl configura­
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (AO -A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. READ and WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. If WE goes 
LOW prior to CAS going LOW, the output pin, data out (Q), 
remains open (High-Z) until the next CAS cycle. If WE goes 
LOW after data reaches the output pin, Q is activated and 

MT4C1024 
REV. 4/92 1-1 

1 MEG x1 DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

18-Pin DIP 20-Pin ZIP 
(N-1 ) (0-1 ) 

0 1 '-../ 18 ~ Vss "AS 1S-
CAS ,~ 2 

WE 2 17 ho 0 3 '::\-:. 4 Vss 
RAS 3 16 CAS o 5~' 

WE - ,~ 6 

"TF 4 15 AS' RAS 7 ~'.~ 8 TF" 

AO 5 14 A8 
NC 9 ~'.~ 10 NC 

A1 6 13 A7 
AO 11 ~',~ 12 A1 

A2 13 ~",~ 14 A3 
A2 7 12 A6 Vee 15 ~'.~ 16 A4 
A3 8 11 AS A5 17 ~',~ 18 AS 

Vee 9 10 A4 A7 19 ~',~ 20 AS 
-

20-Pih SOJ 20.;PinTSOP 
(0-1) (R-1 ) 

D 1 26 Vss W~~~ 26 :OVss 
WE 2 25 0 25 :00 

RAS 3 24 CAS RASa 3 24 :oCAS 
"TF 4 23 NC "TFa 4 23 :ONC 

NC 5 22 A9' NCa 5 22 :oA9' 

AO 9 18 A8 AOa 9 18 :0 A8 
Ai 10 17 A7 A1a 10 17 :oA7 
A2 11 16 A6 A2a 11 16 :0 A6 
A3 12 15 AS A3a 12 15 :0 AS 

Vee 13 14 A4 Vee a 13 14 :oA4 

'Address not used for RAS"-ONL Y refresh 
"TF = Test Function, V,N must not exceed Vcc+ 1 V for normal operation 
"'Consult factory on availability of reverse pinout TSOP packages 

retains the selected cell data as long as CAS remains LOW 
(regardless of WE or RAS). This late WE pulse results in a 
READ-WRITE cycle. 

FAST PAGE MODE operations allow faster data opera­
tions (READ, WRITE or READ-MODIFY -WRITE) within a 
row address (AO-A9) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RASfoliowed by a column address strobed­
in by CAS. CAS may be toggled by holding RAS LOW and 
strobing-in different column addresses, thus executing 
faster memory cycles. Returning RAS HIGH terminates the 
FAST PAGE MODE operation. 

Micron Technology, Inc., reserves the rIght to change products or specifications without notice'. 
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Returning RAS and CAS HIGH tenninates a memory 
cycle and decreases chip current to a reduced 'standby leveL 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 

(READ, WRITE, RAS-ONL Y, CAS-BEFORE-RAS (CBR), or 
HIDDEN refresh) so that all 512 combinations of RAS ad­
dresses (AO-A8) are executed at least every 8ms, regardless 
of sequence. The CBR refresh cycle will invoke the internal 
refresh counter for automatic RAS addressing. 

FUNCTIONAL BLOCK DIAGRAM 
FAST PAGE MODE 

WE~------------------------~----------~~~ 
CAS ~----------~I 

o 

AO 
Al 
A2 
A3 
A4 
AS 
A6 
A7 

AS 
A9 

RAS o------j 

MT4C1024 
REV.4f92 

)---r--::::=:--J-~----o Q 

MEMORY 
ARRAY 

--.0 Vee 

--.0 Vss 

'NOTE: WE LOW prior to CAS LOW, EW detection circuit output is a HIGH (EARL Y-WRITE) 
CAS LOW prior to WE LOW, EW detection circuit output is a LOW (LATE-WRITE) 

1-2 Micron Technology, Ino., reserves the right to change products or specifications wifuout notice. 
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TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARL V-WRITE 

READ-WRITE 

FAST-PAGE-MODE 1st Cycle 

READ 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

EARL V-WRITE 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

READ-WRITE 2nd Cycle 

RAS-ONL V REFRESH 

HIDDEN READ 

REFRESH WRITE 

CAS-BEFORE-RAS REFRESH 

MT4C1024 
REV. 4192 

HAS" CAS 
H H-+X 

L L 

L L 

L L 

L H-+L 

L H-+L 

L H-+L 

L H-+L 

L H-+L 

L H-+L 

L H 

L-+H-+L L 

L-+H-+L L 

H-+L L 

WE 
X 

H 

L 

H-+L 

H 

H 

L 

L 

H-+L 

H-+L 

X 

H 

L 

X 

1-3 

ADDRESSES DATA 

IR IC D (Dala In) Q (Dala Oul) 

X X Don't Care High-Z 

ROW COL Don't Care Data Out 

ROW COL Data In High-Z 

ROW COL Data In Data Out 

ROW COL Don't Care Data Out 

n/a COL Don't Care Data Out 

ROW COL Data In High-Z 

n/a COL Data In High-Z 

ROW COL Data In Data Out 

n/a COL Data In Data Out 

ROW n/a Don't Care High-Z 

ROW COL Don't Care Data Out 

ROW COL Data In High-Z 

X X Don't Care High-Z 

Micron Technology, Inc., reserves the right to change products or specifications wiltlout notice. 
©1992, Micron Technology, Inc. 
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MICRON MT4C1024 
1-· m,"oco",,, 1 MEG x 1 DRAM 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Any Pin Relative to Vss .................... -lV to +7V 
Operating Temperature, T A (Ambient) ......... O°C to +70°C 
Storage Temperature (Plastic) .................•.. -SsoC to + IS0°C 
Power Dissipation ...................................................... 600m W 
Soldering Temperature (Soldering 10 Seconds) ........ 260°C 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi­
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (Vcc = 5V ±1 0%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV S; VIN S; 6.5V 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (0 is disabled, OV s; VOUT s; 5.5V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READ/WRITE 
Average power supply current 
(RAS, CAS, Address Cycling: tRC = tRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL; CAS, Address Cycling: tpc = tpc (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling; CAS = VIH: tRC = tRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: tRC = tRC (MIN)) 

MT4Cl024 
REV. 4/92 1-4 

SYMBOL MIN MAX UNITS NOTES 

Vcc 4.5 5.5 V 1 

VIH 2.4 Vcc+1 V 1 

VIL -1.0 0.8 V 1 

II -2 2 ItA 

102 -10 10 ItA 
VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -6 -7 -8 UNITS NOTES 

Icct 2 2 2 mA 

Icc2 1 1 1 mA 

Icc3 90 80 70 mA 3,4 

Icc4 70 60 50 mA 3,4 

Icc5 90 80 70 mA 3 

Icc6 90 80 70 mA 3,5 

Micron Technology, Inc., reserves the right to change products or speCifications without notice. 
©1992, Micron Technology, Inc. 



MIC:RON MT4C1024 
1-· ",",oeoc"" 1 MEG x 1 DRAM 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A9, D CI1 5 pF 2 

Input Capacitance: RAS, CAS, WE CI2 7 pF 2 

Output Capacitance: Q Co 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) (Vcc = 5.0V ± 10%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE .cycle time 
FAST-PAGE-MODE READ 
or WRITE cycle time 

FAST-PAGE-MODE READ-WRITE 
cycle time 

Access time from liAS 
Access time from CAS 
Access time from column address 
Access time from CAS" precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS" hold time 
CAS precharge time 
CAS" precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to liAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS") 
Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 
Output buffer turn-off delay 
WE command setup time 

MT4C1024 
REV. 4/92 

-6 
SYM MIN 
tRC 110 

tRWC 135 
tpc 40 

tpRWC 60 

tRAC 
tCAC 
tAA 

tCPA 
tRAS 60 

tRASP 60 
tRSH 20 
tRP 40 

tCAS 20 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 20 
tCRP 5 
tASR 0 
tRAH 10 
tRAD 15 

tASC 0 
tCAH 15 
tAR 45 

tRAl 30 

tRCS 0 
tRCH 0 

tRRH 0 

tClZ 0 
tOFF 0 
twcs 0 

MAX MIN 
130 
155 
40 

65 

60 
20 
30 
35 

100,000 70 
100,000 70 

20 
50 

100,000 20 
70 
10 
10 

40 20 
5 
0 
10 

30 15 

0 
15 
55 

35 

0 
.. 0 

0 

0 
20 0 

0 

1-5 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 
175 ns 
45 ns 

70 ns 
, 

70 80 ns 14 
20 , 20 ns 15 
35 40 ns 
40 45 ns 

100,000 80 100,000 ns 
100,000 80 100,000 ns 

20 ns 
60 ns 

100,000 20 100,000 ns 
80 ns 
10 ns 16 
10 ns 

50 20 60 ns 17 
5 ns 
0 ns 
10 ns 

35 15 40 ns 18 

0 ns 
15 ns 
60 ns 

40 ns 

0 ns 
0 ns 19 

0 ns 19 

0 ns 
20 0 20 ns 20 

0 ns 21 

Micron Technology, Inc., reserves'the right to change products or specifications without notice. 
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AJlIC:F=lON MT4C1024 
1-· ,," " 1 MEG x 1 DRAM 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vee = 5V ±1 0%) 

AC .CHARACTERISTICS 
PARAMETER 
Write command hold time 
Write command hold time 
(referenced to 1!iAS") 

Write command pulse width 
Write command to RAS" lead time 
Write command to CAS" lead time 
Data-in setup time 
Data-in hold time 
Data-in hold time 
(referenced to 1!iAS") 

RAS" to WE delay time 
Column address 
to WE delay time 

CAS" to WE delay time 
Transition time (rise or fall) 
Refresh period (512 cycles) 
RAS to "CAS precharge time 
CAS setup time 
(CAS-BEFORE-RAS" refresh) 

"CAS hold time 
(CAS-BEFORE-RAS refresh) 

MT4C1024 
REV. 4192 

-6 
SYM MIN MAX 

tWCH 10 
tWCR 45 

twp 10 
tRWL 20 
tCWL 20 
tDS 0 
tDH 15 

tDHR 45 

tRWD 60 
tAWD 30 

tCWD 15 
ty 3 50 

tREF 8 
tRPC 0 
tCSR 10 

tCHR 10 

1-6 

MIN 
15 
55 

15 
20 
20 
0 
15 
55 

70 
35 

20 
3 

0 
10 

15 

-7 -8 
MAX MIN MAX UNITS NOTES 

15 ns 
60 ns 

15 ns 
20 ns 
20 ns 
0 ns 22 
15 ns 22 
60 ns 

80 ns 21 
40 ns 21 

20 ns 21 
50 3 50 ns 9,10 
8 8 ms 

0 ns 
10 ns 5 

15 ns 5 

Micron Technology, Inc., reserves the right to change products or speclflcations without notice. 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled.Vee = SV ±10%,f = 1 MHz. 
3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lOOl1s is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the tREF 
refresh requirement is exceeded. 

8. AC characteristics assume tT = Sns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

100pF. 
14. Assumes that tRCD < IRCD (MAX). If tRCD is greater 

than the maximum recommended value shown in this 
table, !RAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD ;:: IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a 

MT4C1024 
AEV,4192 1-7 

new cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

18. Operation within the tRAD (MAX) limit ensures that 
!RAC (MIN) and tCAC (MIN) can be met. tRAD 
(MAX) is specified as a reference point only; if tRAD 
is greater than the specified !RAD (MAX) limit, then 
access time is controlled exclusively by tAA. 

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition, and is not 
referenced to VOH or VOL. 

21. twcs, tRWD, tAWD and tCWD are restrictive 
operating parameters. If twcs ;:: twcs (MIN), the 
cycle is an EARLY-WRITE cycle and the data output 
will remain an open circuit throughout the entire 
cycle. If IRWD ;:: tRWD (MIN), tAWD ;:: tAWD (MIN) 
and tCWD ;:: tCWD (MIN), the cycle is a READ­
WRITE and the data output will contain data read 
from the selected cell. If neither of the above 
conditions is met, the cycle is a LATE-WRITE and the 
state of Q is indeterminate (at access time and until 
cAs goes back to VIH). 

22. These parameters are referenced to CAS-leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

Micron Technology, Inc., reserves the right to change products or spectflcations wlthout notice 
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READ CYCLE 

lAC 

tRAS lAP 

\ . tCSH . 
IRSH tRRH 

ICRP - tRCD tCAS 

:~ 
IAR I IRAD tRAL 

I~~-~ ~ :W/l{ ROW ~ COLUMN W///////////////////////,X ROW 
~ 

ADDR 

tRCS ~ 
:'i'111111111111111111111111111111/ VlIIIIIIIIIIIIIIIIIII/; 

IAA 

tRAG 

'CAG 10FF ~I 
~l 

OPEN VAllO DATA OPEN---a ~g~-

EARLY-WRITE CYCLE 

RC 

IRAS IRP I 
RAS 

VIH 
VIL 

- \ -
tCSH 

IRSH 

tCRP IRCD tCAS 

I 
CAS VIH 

VIL =~ 
IAR 

IRAQ IRAL 

I~ IRAH ~~ 
ADDR VIH 

VIL ~ ROW ~ COLUMN ~h( ROW 

tCWL II 
'RWL 

tWCR 

Iwes tWCH 

IWp 

J////////////// If///////////// 

~I 
tOHR 

! I 

I~ 
D ~:~ ~~~~V-AL-ID-D-AT-A~-~ 
a ~gr='-----~~~~~~~~~~~~~~-OPEN~~~~~~~~~~~~~~~-

1-8 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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RAS 

CAS 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

tCSH 

tCAS 

J·~;-CL-Z---"'''''-<~I 
Q ~gr ='---------- OPEN-------{I£~9t==~V~AL~ID~D~AT~A===:J OPEN--

V,H 
Vil -

j~ ,tcRP 

V,H 
Vil =~ 

FAST-PAGE-MODE READ CYCLE 

1-9 

t:ZJ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MT4C1024 
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RAs 

CAs 

ADDR 

WE 

0 

Q 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

VIH -
VIL _ 

V,H 
Vil 

V,H 
Vil 

V,H 
Vil 

V1H -
Vil ~----------------·----------------QPEN----------------------------------

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

Q ~gr ----------OPEN----------C@~~~f___----~l0(Jl~}_~--~~(]ID OPEN--

'lpC is for LATE-WRITE only. 

~ DON"TCARE 

~ UNDEFINED 

1-10 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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"RAS-ONL Y REFRESH CYCLE 
(ADDR = AO-A8; A9 and WE = DON'T CARE) 

Q ~gr ::------------OPEN-----------

-1~ 
ICPN 

~-BEFORE-"RAS REFRESH CYCLE 
(AO-A9 and WE = DON'T CARE) 

tRP tRAS RP RAS 

~. 
~ tCHR tAPe !cSR 

\l 

I"CHR 

Q ~gr -'--------------OPEN-----------

Q ~g~-'-----

HIDDEN REFRESH CYCLE 23 

(WE = HIGH) 

(READ) 

1-11 

(REFRESH) 

~ DON'T CARE 

Il8lll1 UNDEFINED 

Micron Technology, Inc., reserves the rlght to change products or specifications without notice. 
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DRAM 

FEATURES 
• Industry standard xl pinout, timing, functions and 

packages 
• High-performance, CMOS silicon-gate process 
• Single +5V ±10% power supply 
• Low power, .3m W standby; 150m W active, typical 
• All inputs, outputs and clocks are fully TTL 

compatible 
• Optional FAST PAGE MODE access cycle 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR), 

HIDDEN and BATTERY BACKUP (BBU) 
• 512-cycle extended refresh in 64rns 
• Low CMOS STANDBY CURRENT, 20011A maximum 

OPTIONS 
• Timing 

70ns access 
BOns access 
lOOns access 

• Packages 
Plastic DIP (300 mil) 
Plastic SOJ (300 mil) 
Plastic TSOP (300 mil)*** 
Plastic ZIP (350 mil) 

MARKING 

- 7 
- 8 
-10 

None 
OJ 
TG 
Z 

NOTE: Available in die form (commercial or military) or military ceramic 
packages. Please consult factory for die data sheets or refer to Micron's 
Military Data Book. 

• Operating Temperature, T A 
Commercial (O°C to +70°C) None 
Industrial (-40°C to +85°C) IT 

• Part Number Example: MT4C1024DJ-7 L 

GENERAL DESCRIPTION 
The MT4C1024 L is a randomly accessed solid-state 

memory containing 1,048,576 bits organized ina xl configu­
ration. During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (AO-A9) at a time. RASis used to latch the first 10 bits 
and CAS the latter 10 bits. READ and WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. If WE goes 
LOW prior to CAS going LOW, the output pin, data out (Q), 
remains open (High-Z) until the next CAS cycle. If WE goes 
LOW after data reaches the output pin, Q is activated and 

MT4C1024 L 
REV. 4192 1-13 

1 MEG x1 DRAM 
LOW POWER, 
EXTENDED REFRESH 

PIN ASSIGNMENT (Top View) 

18-Pin DIP 20-Pin ZIP 
(N-1 ) (0-1) 

D 1 'J 18 Vss 'A9 1 eo;-
CAS '0 2 

WE 2 17 Q Q 3 -::'1 

'°4 Vss 
RAS 3 16 CAS o 5~' 

WE - ,~ 6 

"TF 4 15 A9' RAS 7 ~'.o 8 TF" 

AO 5 14 AB 
NC 9 ~,,~ 10 NC 

A1 6 13 A7 
AO 11 0'.0 12 A1 

A2 13 ~,,~ 14 A3 
A2 7 12 A6 Vee 15 ~,,~ 16 A4 
A3 8 11 AS AS 17 ~'.o 18 A6 

Vee g 10 A4 A7 19 ~ 20 AS 

20-Pin SOJ 20-Pin TSOP 
(0-1 ) (R-1) 

D 1 26 Vss Da 1 26 TI Vss 
WE 2 25 Q WEEr 2 ' 25 TIQ' 

RAS 3 24 CAS RASa 3 24 TI CAS 
"TF 4 23 NC "TFCI 4 23 TINC 

NC 5 22 A9' NCa 5 22 :0 A9' 

"-

AO 9 18 A8 AOa 9 18 :oAB 
A1 10 17 A7 A1 CI 10 17 TIA7 
A2 11 16 A6 A2a 11 16 :0 A6 
A3 12 15 AS A3CI 12 15TIAS 

Vee 13 14 A4 Veea 13 14 TI A4 

'Address not used for RAS-ONL Y refresh 

"TF = Test Function. VIN must not exceed Vcc+1V for normal operation 
'''Consult factory on availability of reverse pinout TSOP packages 

retains the selected cell data as long as CAS remains LOW 
(regardless of WE or RAS). This late WE pulse results in a 
READ-WRITE cycle. 

FAST PAGE MODE operations allow faster data opera­
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO-A9) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RASfoliowed by a column address strobed­
in by CAS. CAS may be toggled by holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MODE operation. 

Micron Technology, Ino., reserves the right to change products or specifications without notice. 
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Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 

(READ, WRITE, RAS-ONL Y, CAS-BEFORE-RAS (CBR), or 
HIDDEN refresh) so that all 512 combinations of RAS ad­
dresses (AO-A8) are executed at least every 64ms, regardless 
of sequence. The CBR refresh cycle will invoke the internal 
refresh counter for automatic RAS addressing. 

FUNCTIONAL BLOCK DIAGRAM 
LOW POWER, FAST PAGE MODE 

WE~------------------~--------~~~r-________ ·I~;';;-~----~ 
CAS~--~--------------------+-----~----~~~ 

D 

AO 
A1 
A2 
A3 
A4 
A5 
AS 
A7 
AS 
A9 

RAS 0----1 

MT4Cl024I. 
REV,4192 

MEMORY 
ARRAY 

Q 

---.0 Vee 

---.0 Vss 

-NOTE: WE LOW prior to CAS LOW, EW detection circuit output is a HIGH (EARL V-WRITE) 
CAS LOW prior to WE LOW, EW detection circuit output is a LOW (LATE-WRITE) 

1-14 Micron Technology, Inc., reserves th$ right to change products or specifications without notice. 
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MIC:RON MT4C1024 L 
1-· "",owo" 1 MEG x 1 DRAM 

TRUTH TABLE 

FUNCTIDN 

Standby 

READ 

EARL V-WRITE 

READ-WRITE 

FAST-PAGE-MODE 1st Cycle 

READ 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

EARL V-WRITE 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

READ,WRITE 2nd Cycle 

RAS-ONL V REFRESH 

HIDDEN READ 

REFRESH WRITE 

CAS-BEFORE-RAS REFRESH 

BATTERV BACKUP REFRESH 

MT401Q24 L 
REV. 4192 

1m" ns 
H H--'-X 

L L 

L L 

L L 

L H-+L 

L H""'L 

L H-+L 

L H-+L 

L H-+L 

L H-+L 

L H 

L -+H-+L L 

L -+H-+L L 

H-+L L 

H-+L L 

WE 
X 

H 

L 

H-+L 

H 

H 

L 

L 

H-+L 

H-+L 

X 

H 

L 

X 

X 

1-15 

ADDRESSES DATA 
IR IC D (Data In) Q (Data Out) 

X X Don't Care High-Z 

ROW COL Don't Care Data Out 

ROW COL Data In High-Z 

ROW COL Data In Data Out 

ROW COL Don't Care Data Out 

n/a COL Don't Care Data Out 

ROW COL Data In High-Z 

n/a COL Data In High-Z 

ROW COL Data In Data Out 

n/a COL Data In Data Out 

ROW n/a Don't Care High-Z 

ROW COL Don't Care Data Out 

ROW COL Data In High-Z 

X X Don't Care HighcZ 

X X Don't Care High-Z 

Micron Technology, Inc., reserves the light to change products or specifications without notice. 
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MIC:RON' MT4C1024 L 
, 1-· '''''"'co"''"' 1 MEG x 1 DRAM 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Any Pin Relative to Vss .................... -IV to +7V 
Operating Temperature, T A (Ambient) ......... DoC to +70°C 
Storage Temperature (Plastic) .................... -SSoC to + IS0°C 
Power Dissipation ...................................................... 600m W 
Soldering Temperature (Soldering 10 Seconds) ........ 260°C 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi­
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (Vcc = 5V ±1 0%) 

PARAMETER/CONDITION 
Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV :::; VIN :::; 6.5V 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled; OV :::; VOUT:::; 5.5V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 
STANDBY CURRENT: (TTL) 
(RAS = CAS = VI H) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Single Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL; CAS, Address Cycling: IpC = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling; CAS = VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS (CBR) 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

REFRESH CURRENT: BATTERY BACKUP (BBU) 
Average power supply current during BATTERY BACKUP refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = IRAS (MIN) to 
111S; WE, ,AO-A9 and DIN = Vcc -0.2V or 0.2V (DIN may be left 
OPEN), IRC = 125J.ls (512 rows at 125J.ls = 64ms) 

MT4CI024l 
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SYMBOL MIN MAX UNITS NOTES 
Vcc 4.5 5.5 V 1 

VIH 2.4 Vcc+1 V 1 

VIL -1.0 0.8 V 1 

II -2 2 J.tA 

loz -10 10 J.tA 
VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -7 -8 -10 UNITS NOTES 
ICCl 2 2 2 mA 

Icc2 200 200 200 J.tA 

ICC3 75 65 60 mA 3,4 

Icc4 55 45 40 mA 3,4 

Iccs 75 65 60 mA 3 

Icc6 75 65 60 mA 3,5 

Icc? 200 200 200 J.tA 3,5, 
7, 24 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT4C1024 L 
1-· "'""OW""" 1 MEG x 1 DRAM 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A9, D Cll 5 pF 2 

Input Capacitance: RAS, CAS, WE CI2 7 pF 2 

Output Capacitance: Q Co 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vcc = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE READ 
or WRITE cycle time 

FAST-PAGE-MODE READ-WRITE 
cycle time 

Access time from RAS 
Access time from CAS 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column-
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in low-l 
Output buffer turn-oil delay 
WE command setup time 

MT4C1024L 
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-7 
SYM MIN 
'RC 130 

'RWC 155 
'PC 40 

'PRWC 65 

'RAC 
'CAC 
'AA 

'CPA 
'RAS 70 

'RASP 70 
'RSH 20 
'RP 50 

'CAS 20 
'CSH 70 
'CPN 10 
'CP 10 

'RCD 20 
'CRP 5 
'ASR 0 
'RAH 10 
'RAD 15 

ASC 0 
ICAH 15 
'AR 55 

'RAL 35 

'RCS 0 
'RCH 0 

'RRH 0 

'Cll 0 
tOFF 0 
'wcs a 

MAX MIN 
150 
175 
45 

70 

70 
20 
35 
40 

100,000 80 
100,000 80 

20 
60 

100,000 20 
80 
10 
10 

50 20 
5 
0 
10 

35 15 

0 
15 
60 

40 

0 
0 

0 

0 
20 0 

0 

1-17 

-8 -10 
MAX MIN MAX UNITS NOTES 

180 ns 
205 ns 
55 ns 

85 ns 

80 100 ns 14 
20 25 ns 15 
40 50 ns 
45 50 ns 

100,000 100 100,000 ns 
100,000 100 100,000 ns 

25 ns 
70 ns 

100,000 25 100,000 ns 
100 ns 
15 ns 16 
10 ns 

60 25 75 ns 17 
5 ns 
0 ns 
15 ns 

40 20 50 ns 18 

0 ns 

20 ns 
70 ns 

50 ns 

0 ns 
0 ns 19 

0 ns 19 

0 ns 

20 0 20 ns 20 
0 ns 21 

Micron Technology> Inc, reserves the right to change products or specifications wilhout notice. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) (Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to tiAS) 

tiAS to wr= delay time 

Column address 
to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (512 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CAS-BEFORE-RAS refresh) 

CAS hold time 
(CAS-BEFORE-RAS refresh) 

MT4C1024 L 
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SYM MIN 
twCH 15 

twCR 55 

twp 15 
tRWL 20 
tCWL 20 
tDS 0 
tDH 15 

tDHR 55 

tRWD 70 
tAWD 35 

tCWD 20 
tT 3 

tREF 

tRPC 0 
tCSR 10 

tCHR 15 

MAX MIN 
15 

60 

15 

20 

20 

0 

15 

60 

80 

40 

20 

50 3 
64 

0 

10 

15 

1-18 
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MAX MIN MAX UNITS NOTES 
20 ns 

75 ns 

20 ns 

25 ns 

25 ns 

0 ns 22 

20 ns 22 

75 ns 

100 ns 21 

50 ns 21 

25 ns 21 

50 3 50 ns 9,10 

64 64 ms 

0 ns 

10 ns 5 

15 ns 5 

Micron Technology, Inc., reserves the right 10 change products or specifications without nOllce. 
@1992,MlcronTechnology,lno. 



NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = SV ±1O%,f = 1 MHz. 
3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lOOlls is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the IREF 
refresh requirement is exceeded. 

8. AC characteristics assume IT = Sns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and Vrn). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between Vrn and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = Vrn, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

100pF. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD ~ IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a 
new cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tcPN. 

MT401,024L 
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17. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

18. Operation within the tRAD (MAX) limit ensures that 
lRAC (MIN) and tCAC (MIN) can be met. lRAD 
(MAX) is specified as a reference point only; if lRAD 
is greater than the specified tRAD (MAX) limit, then 
access time is controlled exclusively by tAA. 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. toFF (MAX) defines the time at which the output 
achieves the open circuit condition, and is not 
referenced to VOH or VOL. 

21. twcs, tRWD, tAWD and ICWD are restrictive 
operating parameters in LATE-WRITE, and READ­
MODIFY-WRITE cycles only. If twcs ~ twcs (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If IRWD ~ tRWD (MIN), tAWD ~ tAWD 
(MIN) and ICWD ~ tcWD (MIN), the cycle is a 
READ-WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions is met, the cycle is a LATE-WRITE and the 
state of Q is indeterminate (at access time and until 
CAS goes back to Vrn). 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

24. BBU current is reduced as tRAS is reduced from its 
maximum specification during the BBU cycle. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technol09Y, Inc. 
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READ CYCLE 

tRAS 'AP ~I 

AAS 
V,H 
VIL -

tCSH 

tASH IRRH 

teRP tACO teAs 

CAS 
V,H 
V,l =~ 

'AA 

IRAD tRAl 

I~ : tRAH .~I ~ ~ 
ADDR 

V,H 
V,l ~IjIIM AOW WIIII,,0 COLUMN WIIIIIIIIIIIIIIIIIIIIII;0< AOW 

IRCS ~ 

WE 
V,H 
V,l YI!/ilh'!/II!/II&lllllllulllll ~ 

'AA 

tRAG 

tCAC 

~I "elZ 'b 
- OPEN VALID DATA OPEN----

~ 

EARLY-WRITE CYCLE 

'Re 

tRAS 'RP 

RAS 
VIH -
VIL _ 

tCSH 

IRSH 

teRP tRCO teAS 

CAS VIH -
VIL _ 

'AR 
tRAD 

ADDR V,H 
V,l ROW AOW 

tWCR 

twes tWGH 

'WP 

Q ~gt-~----------------------------------OPEN------------------------------------

1-20 

mI DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT4C1024 L 
1-· "'"",COGne 1 MEG x 1 DRAM 

T4C1024L 
EV.4/92 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

RAS 
VIH -
V,L 

tCSH 

'I, tRSH 

tCRP tRCD teAs 

CAS VtH -
VIL _ 

tAR 

tRAD 

~ tRAH 

ADDR V,H 
V,L ROW ROW 

Q ~g~ =--------.--- OPEN'----------l~~~--~V_;,A~L1;;;D_;;DA_;.T;;;A---i OPEN--

ADDR 

FAST-PAGE-MODE READ CYCLE 

1-----------------t~M~S~P----------------I~ 

1-21 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology. Inc., reserves the right to change products or specifications without notice. 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 

a ~:~ :::::------------------ OPEN ------------------

RAS 
V,H 
v" 

CAS 
V,H 
v" 

AOOR V,H 
v" 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

'R--
tCSH *tpc / 'PRWC tASH 

I'" ICRP 
IRCD 

1~ ~~ 
tcp ~ tePN 

=--.1 tAR} r---
'RAD 

~II~ 
tRAL 

I··IASR. ~ 1·IASe. ~I ~II~II I 
:JIIIM ROW :WII);> COLUMN K"//IIII,1 COLUMN :WIIIII;> COLUMN ROW 

tRWD I I I I tCWL I I tRWL I I I 
I tRcsl I I~ ICWL I 

I tAWD 0 HO ~I~ tcwo-j -- lewo-- IT tew~ -
JI/I /I /I /1//1 //I / /I 

I,tts I~ ~~I ttls ~ I = ~ I_-
VALID DATA VALID DATA VALID DATA 

I 'AA I tAA I tAA 

I 
, 

I tCPA I tePA 
tRAe 

:OFF] I~ I teAe , I~ - J-toFF 
'CLZ- r 'eLl- r- teLZ- --

VALID rX"). 'liACiD L Ir-VAUo 
OPEN DATA DATA DATA OPEN--

*lpC is for LATE-WRITE only. 

[Zj DON'T CARE 

~ UNDEFINED 

1-22 Micron Technology, Inc., reserves the right to change products or specifications without notice 
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J' 
teAP 

"----' 

RAS-ONL Y REFRESH CYCLE 
(ADDR = AO-A8; A9 and WE = DON'T CARE) 

'RAS 'RP 

1 
, /RP<i~1 

~ 

J 

\ 

tASR . tRAH , 

ADDR ~:~ :::~r---RO-W -----,~!//#/#$$$$$$$&'$/~--RO-W --

Q ~g~ -,------------OPEN---------'------

---.J 

, 'RP 

.. tRPe. 

CAS-BEFORE-RAS REFRESH CYCLE 
(AO-A9 and WE = DON'T CARE) 

, . tRAS , . 'RP .11 • tRAS 

~ ~ 

tRPe tCPN tesR -I--='-~ - ICSR 

,I 

~CHR. 

Q ~g~ ---------------OPEN-------------

, 
'RP 

----1 
.tRP", 

~ 'CSR 

BATTERY BACKUP REFRESH CYCLE 
(AO-A9 and WE = DON'T CARE) 

125~s , 
, tRAS , , 'RP ,II 'RAS 

~ 
~ tRPe tesA -

I 

Y 
~ 

Q ~g~ -'--------------OPEN-------------

1-23 

~ DON'T CARE 

~ UNDEFINED 

Micron Tachnology, Inc., reserves the right to change products or specifications without nollce 
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MIC:RON MT4C1024 L 
1-· ",,,,,,w,n, 1 MEG x 1 DRAM 

ADDR ~:~::: 

Q ~g~ --------

MT4C1024L 
REV. 4/92 

.. 

HIDDEN REFRESH CYCLE 23 

(WE = HIGH) 

(READ) 

tRAS 

(REFRESH) 

tRAS 

~ OON'TCARE 

I2llllI UNDEFINED 

1-24 Micron Technology, Inc., r9S6IVSS the right to change products or specifications without notice. 
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DRAM 

FEATURES 
• Industry standard xl pinout, timing, functions and 

packages 
• High-performance, CMOS silicon-gate process 
• Single +5V ±10% power supply 
• Low power, 3mW standby; 175mW active, typical 
• All inputs, outputs and clocks are fully TTL 

compatible 
• 512-cycle refresh in 8ms 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR), 

and HIDDEN 
• Optional STATIC COLUMN access cycle 

OPTIONS 
• Timing 

70ns access 
80ns access 
lOOns access 

• Packages 
Plastic DIP (300 mil) 
Plastic SOJ (300 mil) 
Plastic ZIP (350 mil) 

MARKING 

- 7 
- 8 
-10 

None 
DJ 
Z 

NOTE: Available in die form (commercial or military) or military ceramic 
packages. Please consult factory for die data sheets or refer to Micron's 
Military Data Book. 

GENERAL DESCRIPTION 
The MT4C1026 is a randomly accessed solid-state mem­

ory containing 1,048,576 bits organized in a xl configura­
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (AO-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. If WE goes 
LOW prior to CAS going LOW, the output pin, data out (Q), 
remains open (High-Z) until the next CAS cycle. If WE goes 
LOW after data reaches the output pin, Q is activated and 
retains the selected cell data as long as CAS remains LOW 
(regardless of WE or RAS). This late WE pulse results in a 
REAQ-WRITE cycle. 

STATIC COLUMN operations allow faster data opera­
tions (READ, WRITE orREAD-MODlFY-WRITE) within a 
row address (AO-A9) defined page boundary. After the first 

MT4C1026 
REV. 4192 1-25 

1 MEGx1 DRAM 
STATIC COLUMN 

PIN ASSIGNMENT (Top View) 

18-Pin DIP 
(N-1 ) 

D 1 '-./ 18 

WE 2 17 

RAS 3 16 

"TF 4 15 

AO 5 14 

A1 6 13 

A2 7 12 

A3 11 

Vee 10 
--

Vss 

Q 

CAS 

AS' 

A8 

A7 

AS 

AS 

A4 

20-Pin SOJ 
(0-1 ) 

D 
WE 

RAS 
"TF 
NC 

AO 
Al 
A2 
A3 

Vee 

1 
2 
3 
4 
5 

9 
10 
11 
12 
13 

26 
25 
24 
23 
22 

18 
17 
16 
15 
14 

Vss 
Q 
CAS 
NC 
AS' 

A8 
A7 
AS 
AS 
A4 

'Address not used for FlAS·ONL Y REFRESH 

20-Pin ZIP 
(0-1 ) 

"TF = Test Function, V,N must not exceed Vcc+ 1V for normal operation 

read, any column address transition will result in new data 
out. Unlike the page-mode part, which requires CAS to be 
toggled for each successive PAGE-MODE access, the 
STATIC COLUMN part allows CAS to be left LOW for 
successive STATIC COLUMN accesses. Returning RAS 
HIGH terminates the STATIC COLUMN operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS (CBR) or 
HIDDEN refresh) so that all 512 combinations of RAS ad­
dresses (AO-A8) are executed at least every 8ms, regardless 
of sequence. The CBR refresh cycle will invoke the internal 
refresh counter for automatic RAS addressing. 

Micron Technology, Inc., reserves the right to change prOducts or specifications without notice. 
©1992, Micron Technology, Inc. 
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MICRON MT4C1026 
1-· m~,ococ,,"c 1 MEG x 1 DRAM 

FUNCTIONAL BLOCK DIAGRAM 
STATIC COLUMN 

WE~------------------~------~--r->~ _______ I~~l-----~ 
CAS~~------------------+---~~--~HL~ 

o 

AO ~1r1l"~==:; A10-

A2 

A3 

A4 

A5 
AS 
A7 

A8 

A9 

~~~hJ~M'iiiii.iirl~ ~ 512 

.,.l.... 

MEMORY 
ARRAY 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARL V-WRITE 

READ-WRITE 

STATIC COLUMN 

READ 

STATIC COLUMN 

EARL V-WRITE 

STATIC COLUMN 

READ-WRITE 

RAS-ONL V REFRESH 

HIDDEN 

REFRESH 

-L.-_____ -' 

+---0 Vee 

+---0 VSS 

'NOTE: WE LOW prior to CAS LOW, EW detection circuit output is a HIGH (EARL V-WRITE) 
CAS LOW prior to WE LOW, EW detection circuit output is a LOW (LATE-WRITE) 

ADDRESSES DATA 

~ ns- wt IR IC D (Data In) Q (Data Out) 

H H-X X X X Don't Care High-Z 

L L H ROW COL Don't Care Data Out 

L L L ROW COL Data In High-Z 

L L H-L ROW COL Data In Data Out 

1st Cycle L L H ROW COL Don't Care Data Out 

2nd Cycle L L H n/a COL Don't Care Data Out 

1st Cycle L L L ROW COL Data In High-Z 

2nd Cycle L L H-L n/a COL Data In High-Z 

1st Cycle L L H-L ROW COL Data In Data Out 

2nd Cycle L L H-L n/a COL Data In Data Out 

L H X ROW n/a Don't Care High-Z 

READ L -H---L L H ROW COL Don't Care Data Out 

WRITE L-H-L L L ROW COL Data In High-Z 

CAS-BEFORE-RAS REFRESH H-L L X X X Don't Care High-Z 

MT4C1026 
REV. 4192 1-26 Micron Technology, Inc .• reserves the right to change products or specffica1ions without notice. 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Any Pin Relative to Vss .................... -1 V to +7V 
Operating Temperature, T A (Ambient) ......... O°C to +70°C 
Storage Temperature (Plastic) .................... -SsoC to + lS0°C 
Power Dissipation ...................................................... 600m W 
Soldering Temperature (Soldering 10 Seconds) ........ 260°C 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi­
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1,3,4,6,7) (Vcc = SV ±10%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV ::;; VIN ::;; 6.SV 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled, OV ::;; VOUT ::;; S.SV) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -SmA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONOITION 
STANDBY CURRENT: (TTL) 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: STATIC COLUMN 
Average power supply current 
(RAS= VIL; CAS, Address Cycling: ISC = ISC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling; CAS = VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

IT4C1026 
EV.4192 1-27 

SYMBOL MIN MAX UNITS NOTES 
Vcc 4.S S.S V 1 

VIH 2.4 Vcc+1 V 1 

VIL -1.0 0.8 V 1 

II -2 2 ~ 

loz -10 10 ~ 
VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -7 -8 -10 UNITS NOTES 
Icc1 2 2 2 rnA 

Icc2 1 1 1 rnA 

ICC3 80 70 60 rnA 3,4 

ICC4 60 SO 40 rnA 3,4 

Iccs 80 70 60 mA 3 

ICC6 80 70 60 mA 3,S 

Micron Technology, Inc., reserves the right to change products or specifications without nollce. 
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PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A9, 0 CI1 5 pF 2 

Input Capacitance: RAS, CAS, WE CI2 7 pF 2 

Output Capacitance: Q Co 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vcc = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
STATIC-COLUMN READ 
or WRITE cycle time 

STATIC-COLUMN READ-WRITE 
cycle time 

Access time from RAS 
Access time from CAS 
Access time from column address 
RAS pulse width 
RAS pulse width (STATIC COLUMN) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (STATIC COLUMN) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 

Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in Low-Z 
Output buffer turn-off delay 

MT4C1Q26 
REV. 4192 

-7 
SYM MIN 
tRC 130 

tRWC 155 
tsc 40 

tSRWC 70 

tRAC 
tCAC 
tAA 

tRAS 70 
IRASC 70 
IRSH 20 
IRP 50 

tCAS 20 
ICSH 70 
ICPN 10 
tcp 10 

IRCD 20 
ICRP 5 
IASR 0 
tRAH 10 
IRAD 15 

IASC 0 
tCAH 15 
tAR 80 

tRAL 35 

IRCS 0 
tRCH 0 

tRRH 0 

tCLZ 0 
toFF 0 

MAX MIN 
150 
175 
45 

80 

70 
20 
35 

100,000 80 
100,000 80 

20 
60 

100,000 20 
80 
10 
10 

50 20 
5 
0 
10 

35 15 

0 
15 
90 

40 

0 
0 

0 

0 
20 0 

1-28 

-8 -10 
MAX MIN MAX UNITS NOTES 

180 ns 
205 ns 
55 ns 

100 ns 

80 100 ns 14 
20 25 ns 15 
40 50 ns 

100,000 100 100,000 ns 
100,000 100 100,000 ns 

25 ns 
70 ns 

100,000 25 100,000 ns 
100 ns 
15 ns 16 
10 ns 

60 25 75 ns 17 
5 ns 
0 ns 
15 ns 

40 20 50 ns 18 

0 ns 
20 ns 
100 ns 

50 ns 

0 ns 
0 ns 19 

0 ns 19 

0 ns 
20 0 20 ns 20 

Micron Technology, Inc., reserves the right to change products or specifications without notice 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) (Vee = 5V ±10%) 

AC CHARACTERISTICS 

PARAMETER 

Column address hold time EARL Y-
WRITE (referenced to RAS) 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

RAS to WE delay time 

Column address 
to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (512 cvcles) 

RAS to CAS precharge time 

CAS setup time 
(CAS-BEFORE-RAS refresh) 

CAS hold time 
(CAS-BEFORE-RAS refresh) 

Write inactive time 

Previous WRITE to column address 
delay time 

Previous WRITE to column address 
hold time 

Output data hold time from 
column address 

Output data enable from WRITE 

Access time from last WRITE 

Column address hold time 
referenced to RAS HIGH 

CAS pulse width in 
STATIC-COLUMN mode 

Output data hold from WRITE 

MT4C1026 
REV. 4/92 

SYM MIN 
tAWR 55 

twcs 0 
tWCH 15 

tWCR 55 

twp 15 
tRWL 20 
tCWL 20 
tDS 0 
tDH 15 

tDHR 55 

tRWD 70 

AWD 35 

tCWD 20 
tT 3 

tREF 

tRPC 0 
tCSR 10 

tCHR 15 

tWI 10 
tLWAD 20 

tAHLW 65 

tAOH 5 

tow tAA+5 

tALW 65 
tAH 5 

tcsc tCAS 

tWOH 0 

-7 

MAX MIN 

60 

0 

15 

60 

15 

20 

20 

0 

15 

60 

80 

40 

20 

50 3 

8 

0 

10 

15 

10 

30 20 

75 

5 

tAA+5 

75 

5 

tCAS 

0 

1-29 

-8 -10 

MAX MIN MAX UNITS N.DTES 

70 ns 

0 ns 21 

20 ns 

75 ns 

20 ns 

25 ns 

25 ns 

0 ns 22 

20 ns 22 

75 ns 

100 ns 21 

50 ns 21 

25 ns 21 

50 3 50 ns 9,10 

8 8 ms 

0 ns 

10 ns 5 

15 ns 5 

10 ns 

35 25 45 ns 

95 ns 

5 ns 

tAA+5 ns 

95 ns 

10 ns 

tCAS ns 

0 ns 

Micron Technology, !nc., reserves the right to change products or specifications without notice 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = SV ±lO%,f = 1 MHz. 
3. Ice is dependent on cycle rates. 
4. Ice is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of 100!!s is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the tREF 
refresh requirement is exceeded. 

8. AC characteristics assume tT = Sns. 
9. Vrn (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between Vrn and VIL (or between VIL 
and Vrn). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between Vrn and 
VIL (or between VIL and Vrn) in a monotonic manner. 

11. If CAS = Vrn, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

10OpF. 
14. Assumes that tRCD < tRCD (MAX). If tRCD is greater 

than the maximum recommended value shown in this 
table, tRAC will increase by the amount that tRCD 
exceeds the value shown. 

15. Assumes that tRCD ~ tRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a 

MT4C1Q26 
REV. 4/92 1-30 

new cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the tRCD (MAX) limit ensures that 
lRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

18. Operation within the tRAD (MAX) limit ensures that 
tRAC (MIN) and tcAC (MIN) can be met. lRAD 
(MAX) is specified as a reference point only; if lRAD 
is greater than the specified lRAD (MAX) limit, then 
access time is controlled exclusively by tAA. 

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition, and is not 
referenced to VOH or VOL. 

21. twcs, IRWD, tAWD and tCWD are restrictive 
operating parameters in LATE-WRITE, and READ­
MODIFY-WRITE cycles only. If twcs ~ twcs (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If tRWD ~ IRWD (MIN), tA WD ~ tA WD 
(MIN) and tCWD ~ tcWD (MIN), the cycle is a 
READ-WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions is met, the cycle is a LATE-WRITE and the 
state of Q is indeterminate (at access time and until 
CAS goes back to Vrn). 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

Micron Technology, Inc., reserves the right to change products or specifications Without notice. 
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4T4C1026 
tEV.4192 

READ CYCLE 

tRAD 

I~ ~I 
ADOR :W//~ ROW 

I~ 
J 

Q YOH -
VOL -

W//,@ 

'RCD 

I 
Wlllli 

OPEN 

'RAS 

'AR 

'RAL 

COLUMN 

teSH 

teAs 

tRCS IRSH 

'CAC 

'M 

'cu -I 

'RAC 

'RP 

'---

~ 

'---
ROW 

II ICRP 

tRRH I~ 
I 
~ 

I~ 
VAUDDATA }- OPEN-

EARLY-WRITE CYCLE 

m V'H v" 

AODR 
V,H 
v" 

CAS 
V,H 
v" 

RC 

'AAS 'RP 

--
'AWR 

tRCD 

I~ tRAH ~I AI 'CAH 

:J///M ROW COLUMN ROW 

'RAD IRSH 

I~ 
ICSH 

teAS 

=J 
'CWl 

lRWL 

~ twCH 

'WP 

I~~ 
- VALID DATA 

IOHR I 
twCR 

-----------OPEN------------

1-31 

fZ:j DON'T CARE 

Iillll UNDEFINED 

Micron Technology, Inc .. reserves the righllo change products or specifications without notice. 
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READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

tRAS _'R_P_ 

RAS VIH-
VIL-

tRAD tRAL 

tRAH 

ADDR COLUMN 

'CSH 

'RCD I 'cwo 
I 

'cs V1H -

'RCS I CAS VIL-

I tAWD 
'RWD -!-----C.:::.-=------II 

STATIC-COLUMN READ CYCLE 

tRAse 

'SC 'SC 

COLUMN COLUMN COLUMN 

II 'CAS 

II 
IRes --,- II 

Q ~gt=----'------+-----I!<J'lI 

1-32 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ADDR 

STATIC-COLUMN EARLY-WRITE CYCLE 
(CAS Controlled) 

Q ~gt :-------'----OPEN -------------------

ADDR 

STATIC-COLUMN EARLY-WRITE CYCLE 
(WE Controlled) 

Q ~gt_:------------OPEN --------------------

1-33 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MT4C1026 
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RAS 

ADDR 

CAS 
VIH-
VIL-

WE 

0 

STATIC-COLUMN READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

________________ '~RA~SC~ __________________ I~ 

I~ III~ 'ow 
'CLZ tWOH 

-h, -"I 

'M YY" 
VALIDDATA ~ I 'AOH I 

'RAC 'ALW 

1-34 

tCWL 

~~~R :w / /// /// / $///// / II /J 

VALID DATA 

'OFF -:1 

~ DONTCARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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I 
CAS ~:r:::: "'----' 

RAS-ONL Y REFRESH CYCLE 
(ADDR = AO-A8; A9 and WE = DON'T CARE) 

tAAS 'RP 

'I 
.l'r 

teRP "L'RPc_
1 

'---I 

\ 

tASA 'RAH I. 

ADDR ~:~ =_--RO-W --,b?U$#;l/jlj$$$$;l/$ff$ff/b:r---RO-W --

Q ~g~ -,--------------OPEN-------------

~-BEFORE-'RAS" REFRESH CYCLE 
(AO-A9 and WE = DON'T CARE) 

CAS ~:t =_-'---_-"--___ -----''----___ ---''-____________ ----'''-----_ 
Q ~gr =:----------------OPEN-------------

ADDR 

HIDDEN REFRESH CYCLE 23 

(WE = HIGH) 

(READ) 
tRAS 

I 'AA 
I 'RAG 

I 'GAG 

(REFRESH) 

'RAS 

teHR 

--tOFF 

Q ~g~ -'------- OPEN-------{§~C====~VA~L~ID~DA~TA~==:j OPEN-

1-35 

~ DON'TeARE 

Il88! UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications withOut notice. 
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DRAM 

FEATURES 
• Industry standard xl pinout, timing, functions and 

packages 
• High-performance, CMOS silicon-gate process 
• Single +5V ±10% power supply 
• Low power, 3m W standby; 225m W active, typical 
• All inputs, outputs and clocks are fully TTL 

compatible 
• 1,024-cycle refresh distributed across l6ms 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• FAST PAGE MODE access cycle 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 
Plastic SOJ (300 mil) 
Plastic TSOP (300 mil)"* 
Plastic ZIP (350 mil) 

-6 
-7 
-8 

DJ 
TG 
Z 

NOTE: Available in die form (commercial or military) or military ceramic 
packages. Please consult factory for die data sheets or refer to Micron's 
Military Data Book. 

• Operating Temperature, T A 
Commercial (O°C to +70°C) 
Industrial (-40°C to +85°C) 

None 
IT 

• Part Number Example: MT4ClO04JDJ-6 

GENERAL DESCRIPTION 
The MT4CI004J is a randomly accessed solid-state 

memory containing4,194,304bits organized in axl configu­
ration. During READ or WRITE cycles, each bit is uniquely 
addressed through the 22 address bits, which are entered 11 
bits (AO-AlO) at a time. RAS is used to latch the first 11 bits 
and CAS the latter 11 bits. READ and WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE mode. 
During a WRITE cycle, data in (D) is latched by the falling 
edge of WE or CAS, whichever occurs last. If WE goes LOW 
prior to CAS going LOW, the output pin remains open 
(High-Z) until the next CAS cycle. If WE goes LOW after 
data reaches the output pin, data out (Q) is activated and 
retains the selected cell data as long as CAS remains LOW 

MT4C1004J 
REV. 4192 1-37 

4 MEG x 1 DRAM 
FAST PAGE MODE 

D 
WE 

RAS 
. NC 
'Al0 

AO 
Al 
A2 
A3 

Vee 

PIN ASSIGNMENT (Top View) 

20-Pin SOJ 
(0-1 ) 

20-Pin ZIP 
(0-1 ) 

1 
2 
3 

[ 4 
5 

9 
10 
11 
12 
13 

26 b Vss A9 1 '::.1 

25 P 
24 P 
23 P 
22P 

Q Q 3 -::'1 

CAS D 5 ~, 
NC 
A9 RAS 7 ~, 

NC 9 ~, 

AD 11 ~, 

18 P AS 
A213 ~, 

17p 
16 P 
15 P 
14 P 

A7 Vee 
A6 A5 
A5 A7 
A4 

20-Pin TSOP 
(R-1) . 

D 
WE 

RAS 
NC 

'Al0 

AO 
Al 
A2 
A3 

Vee 

Vss 
L 
CAS 
NC 
A9 

AS. 
A7 
AS 
AS 
A4 

15~' 
17 ~, 

19 ~, 

'~2 CAS 
r::. 4 Vss 
,~ 6 WE 
c·8 Al0' 
,~ 10 NC 
,~ 12 Al 
,~ 14 A3 
,~ 16 A4 
,~ 18 AS 
,~ 20 AS 

'Address not used for fiAS"-ONL Y REFRESH 
"Consult factory on availability of reverse pinout TSOP packages 

(regardless of WE or RAS). This late WE pulse results in a 
READ-WRITE cycle. 

FAST PAGE MODE operations allow faster data opera­
tions (READ, WRITE or READ-MODIFY -WRITE) within a 
row address (AO-AlO) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed-in 
by CAS. CAS may be toggled-in by holding RAS LOW and 
strobing -in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MODE operation_ 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for thenext cycle during the 

Micron Technology, Inc., reserves the right .to, change products or specifications without notice. 
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MIC:RON MT4C1004J 
1-· '"'' n 4 MEG x 1 DRAM 

RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONL Y, CAS-BEFORE-RAS (CBR), or 
HIDDEN refresh) so that all 1,024 combinations of RAS 

addresses (AO-A9) are executed at least every 16ms, regard­
less of sequence. The CBR cycle will invoke the internal 
refresh counter for automatic RAS addressing. 

FUNCTIONAL BLOCK DIAGRAM 
FAST PAGE MODE 

WE 
CAS 

AD 
A1 
A2 
A3 
A4 
AS 
A6 
A7 
AS 
A9 

A10 

MT4C1004J 
REV. 4192 

MEMORY 
ARRAY 

o 

Q 

_---00 Vee 

----0 Vss 

"NOTE: WE LOW prior to CAS LOW, EW detection circuit output is a HIGH (EARLY-WRITE) 
CAS LOW prior to WE LOW, EW detection circuit output is a LOW (LATE-WRITE) 

1-38 Micron T echno!ogy. !nc., reserves the right to change products Of specifications without notice. 
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TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY-WRITE 

READ-WRITE 

FAST-PAGE-MODE 1st Cycle 

READ 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

EARL V-WRITE 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

READ-WRITE 2nd Cycle 

RAS-ONL Y REFRESH 

HIDDEN READ 

REFRESH WRITE 

CAS-BEFORE-RAS REFRESH 

MT4Cl004J 
REV. 4/92 

liAS" en WE 

H H--+X X 

L L H 

L L L 

L L H--+L 

L H--+L H 

L H--+L H 

L H--+L L 

L H--+L L 

L H--+L H--+L 

L H--+L H--+L 

L H X 

L --+H--+L L H 

L --+H-L L L 

H-L L H 

1-39 

ADDRESSES DATA 
IR IC o (Data In) Q (Data Out) 

X X Don't Care High-Z 

ROW COL Don't Care Data Out 

ROW COL Data In High-Z 

ROW COL Data In Data Out 

ROW COL Don't Care Data Out 

n/a COL Don't Care Data Out 

ROW COL Data In High-Z 

n/a COL Data In High-Z 

ROW COL Data In Data Out 

n/a COL Data In Data Out 

ROW n/a Don't Care High-Z 

ROW COL Don't Care Data Out 

ROW COL Data In High-Z 

X X Don't Care High-Z 

Micron Technology, Inc., reserves the righllo change products or specifications without notkle. 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Any Pin Relative to Vss .................. -IV to +7V 
Operating Temperature, T A (Ambient) ....... O°C to +70°C 
Storage Temperature (Plastic) ................. -SSOC to + IS0°C 
Power Dissipation ............................................................ 1 W 
Short Circuit Output Current .................................... SOmA 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi­
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C :0:; T A :0:; 70°C; Vcc = SV ±1 0%) 

PARAMETER/CONOITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any InputOV :0:; VIN :0:; 6.SV 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled, OV :0:; VOUT:O:; S.SV) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -SmA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 
STANDBY CURRENT: (TTL) 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = tRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: tRC = tRC (MIN)) 

MT4Cl004J 
REV. 4/92 1-40 

SYMBOL MIN MAX UNITS NOTES 
Vcc 4.S S.S V 1 

VIH 2.4 Vcc+1 V 1 

VIL -1.0 0.8 V 1 

II -2 2 J.IA 

loz -10 10 J.IA 
VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL ·6 ·7 -8 UNITS NOTES 
Icct 2 2 2 mA 

ICC2 1 1 1 mA 

ICC3 110 100 90 mA 3,4 

Icc4 80 70 60 mA 3,4 

ICC5 110 100 90 mA 3 

ICC6 110 100 90 mA 3,S 

Micron Technology. Inc., reserves tile right to change products or specifications without notice. 
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CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance: AO-A 10, 0 Cll 5 pF 2 

Input Capacitance: "RAS, CAS, WE" CI2 7 pF 2 

Output Capacitance: Q Co 7 pF 2 

ELECTRICAL CHARACTERISTICS ANO RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vce '" 5V ±1 0%) 

AC CHARACTERISTICS -6 -7 -8 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time tRC 110 130 150 ns 
READ-WRITE cycle lime tRWC 135 155 175 ns' 
FAST-PAGE-MODE tpc 40 40 45 ns 
READ or WRITE cycle time 

FAST-PAGE-MODE tpRWC 60 65 70 ns 
READ-WRITE cycle time 

Access time from ~ tRAC' 60 70 80 ns 14 
Access time from ~ teAC 15 20 .20 ns 15 
Access time from column address tAA 30 35 40 ns 
Access time from CAS precharge tePA 35 40 45 ns 
"FiAS pulse width tRAS 60 100,000 70 100,000 80 100,000 ns 
"FiAS pulse width (FAST PAGE MODE) tRASP 60 100,000 70 100,000 80 100,000 ns 
FiAS hold time tRSH 15 20 20 ns 

,. 

"FiAS precharge time tRP 40 50 60 ns 
~ pulse width tCAS 15 100,000 20 100,000 20 100,000 ns 
~holdtime tCSH 60 70 80 ns 
~ precharge time tePN 10 10 10 ns 16 
CJ\S precharge time (FAST PAGE MODE) tep 10 10 10 ns 
JUiS to ~ delay time tRCD 20 45 20 50 20 60 ns 17 
CJ\S to JUiS precharge time teRP 10 10 10 ns 
Row address setup time tASR 0 0 0 ns 
Row address hold time tRAH 10 10 10 ns 
FiAS to column tRAD 15 30 15 35 15 40 ns 18 
address delay time 

Column address setup time tASC 0 0 0 ns 
Column address hold time tCAH 10 15 15 ns 
Column address hold time tAR 50 55 60 ns 
(referenced to "RAS) 
Column address to tRAL 30' 35 40 ns 
JUiS lead time 

Read command setup time tRCS 0 0 0 ns 
Read command hold time tRCH 0 0 0 ns 19 
(referenced to CAS) 
Read command hold time tRRH 0 0 0 ns 19 
(referenced to "RAS) 
CAS to output in Low-Z teLZ 0 0 0 ns 
Output buffer tum-off delay tOFF 0 15 0 20 0 20 ns 20 
WE command setup time twcs 0 0 0 ns 21 

1-41 M'/Cf'On Technology, Inc., reservea the fight to change prodUCtB Of specilicatlons without notice. 
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II ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) (Vee = 5V ±10%) 

C 
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AC CHARACTERISTICS 
PARAMETER 
Write command hold time 
Write command hold time 
(referenced to RAs) 
Write command pulse width. 
Write command to FiAS lead time 
Write command to CAS lead time 
Data-in setup time 
Data-in hold time 
Data-in hold time 
(referenced to ~) 

RAS to WE delay time 
Column address 
to WE delay time 

CAS to WE delay time 
Transition time (rise or fall) 
Refresh period (1024 cyclllS) 
RAS to "CAS precharge time 
CAS setup time 
(CAS-BEFORE-AAS" rllfresh) 

CAS hold time 
(CAS:BEFORE-~ refresh) 

WE hold time 
(CAS-BEFORE-AAS" refresh) 

WE setup time 
(CAS-BEFORE-AAs" refresh) 

WE hold time 
(WCBR test cycle) 

WE setup time 
(WCBR test cycle) 

MT4C1004J 
REV. 4192 

-6 
SYM MIN MAX 

IWCH 10 
twCR 45 

twP 10 
IRWL 15 
ICWL 15 
IDS 0 
IDH 10 

IDHR 45 

IRWD 60 
IAWD 30 

tcWD 15 
IT 3 50 

IREF 16 
IRPC 0 
ICSR 10 

tcHR 15 

IWRH 10 

IWRP 10 

twTH 10 

twTS 10 

1-.42 

MIN 
15 
55 

15 
20 
20 
0 
15 
55 

70 
35 

15 
3 

0 
10 

15 

10 

10 

10 

10 

-7 -8 
MAX MIN MAX UNITS NOTES 

15 ns 
60 ns 

15 ns 
20 ns 
20 ns 
0 ns 22 
15 ns 22 
60 ns 

80 ns 21 
40 ns 21 

20 ns 21 
50 3 50 ns 9, 10 
.16 16 ms 

0 ns 
10 ns 5 

15 ns 5 

10 ns 24,26 

10 ns 24,25 

10 ns 24,25 

10 ns 24,25 

Micron Tecmology. Inc., reserves the right to chang. products or apeclllcallon8 without notice 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = 5V ±10%,f = 1 MHz. 
3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (O°C::; TA ::; 70°C) is assured. 

7. An initial pause of 1001lS is required after power-up 
followed by eight RAS refresh cycles (RAS-ONL Y or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the 'REF refresh requirement is 
exceeded. 

8. AC characteristics assume IT = 5ns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

lOOpP. 
14. Assumes that tRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, lRAC will increase by the amount that tRCD 
exceeds the value shown. 

15. Assumes that tRCD ~ IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tcPN. 

MT4C1004J 
REV.4J92 1-43 

17. Operation within the IRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

18. Operation within the tRAD (MAX) limit ensures that 
tRAC (MIN) and tCAC (MIN) can be met. tRAD 
(MAX) is specified as a reference point only; if tRAD 
is greater than the specified tRAD (MAX) limit, then 
access time is controlled exclusively by tAA. 

19. Either tRCH or lRRH must be satisfied for a READ 
cycle. 

20. toFF (MAX) defines the time at which the output 
achieves the open circuit condition, and is not 
referenced to VOH or VOL. 

21. twcs, tRWD, tAWD and tcWD are restrictive 
operating parameters in LATE-WRITE, READ-WRITE 
and READ-MODIFY-WRITE cycles only. If twcs ~ 
twcs (MIN), the cycle is an EARLY-WRITE cycle and 
the data output will remain an open circuit through­
out the entire cycle. If tRWD ~ tRWD (MIN), tA WD ~ 
tA WD (MIN) and tcWD ~ tCWD (MIN), the cycle is a 
READ-WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions is met, the cycle is a LATE-WRITE and the 
state of Q is indeterminate (at access time and until 
CAS goes back to VIH). 

22. These parameters are referenced to CAS leading edge 
in early WRITE cycles and WE leading edge in late 
WRITEor READ-WRITE cycles. 

23. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

24. twIs and twTH are set up and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of twRP and twRH in the 
CBR refresh cycle. 

25. JEDEC test mode only. 

Micron Technology. Inc., reserves the right to change products or specifications without notice. 
©1992, MicrOfl Technology, Inc. 
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READ CYCLE 

tRAS tRP 'I 
1 

RAS \ 
ICSH 

tRSH tRRH 

leRP tACO teAS , 
I' 

CAS :--.1 
tAR 

I tRAD tRAl 

I~ ~l ~ ~ 
ADDR I;I///~ ROW W////~ COLUMN W//////////////////////flJ< ROW 

tRCS 

1 

~ 

!J//////////////////////////////I VI////////////////////; 
tAA 

tRAC 

tCAC 
tOFF "I 

Q ~g~- OPEN 

~b 
= VALID DATA OPEN---

EARLY-WRITE CYCLE 

tRC 

tRAS tRP 

1 

RAS 
V,H 
VIL - \ 

tCSH 

IRSH 

ICRP tRCD teAS , 
1 

CAS 
V,H 
V,L =--.1 

tAR 

tRAD tRAL 

ADDA V,H 
VIL 

I~ tRAH 

~ ~ 
ROW ~ COLUMN ~A< ROW 

tCWL 

I IRWL 

tWCR 

, twcs twCH 
twp 

-:///ff$Pffp////////i///M ~ 

~I 
'OHR 

I~ 
D ~:r ~'---V-A-LlD-D-A-TA----'~ 
a ~gt-'-----------------OPEN----------------

1-44 

~ DON'T CARE 

I2l8! UNDEFINED 
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READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

RAS 
V,H 
V,L -

'cSH 

'I . ICAP , tCAS 

CAS 
V,H 
V'L =---' 

tRAD 

I~' IRAH 

ADDR V'H ~ ROW V'L 

~ I' 
1---''''''---11 ~I I~I r 

Jr----'---;[~ COLUMN Willi/;, WIIIIJI... ROW 

~ 'Rwol I~II 
1 'RCS I I 'CWD : I-:~=RWL",--_ 

I . 'AWD • ~kJ,IIIIIIIIIIIIIIIIIIIII/; WIIIIII// 
I ~~I 

o :~ $////$(I/!Wr(l/////////$fW'///(lF/~ '~'M" !w;///t/(I(I//$M'IW 

. J. tCAC: ~ 
'CLl 

Q ~g~ :::::--------OPENI-----~~~=~V~AL~ID~DA~TA==j OPEN-

-
-

I~ 
=J 

'RAD 

ADDR ~It 

I·,'ASR, tRAH .1 
7/;0i ROW ;WI;') 

I --

I 
-

OPEN -

FAST-PAGE-MODE READ CYCLE 

RASP 'RP 

~ 
ICSH 'PC lASH 

tRCD ~ ~,~ ~ ~~ 
tePN 

tAR ~ 
'ASC I I~ 'RAl 

IASC, ,leAH·'1 \sc lllCAH ~I I 
COLUMN ~IIIII;') COLUMN WIIIII;) COLUMN ROW 

tRcs,1 'RCH- -llf'Rcs 1-1 'RCH- Ii 
-llf'RCS tRCH ~I-'RRH 

?' 'M 'M 
'RAC 1 tePA I teAc 

teLZ- 1:--
,oF~1 I~ 

'ctZ- 1:-
VALID 
DATA ,~ 

1-45 

~ 'AA 
I tePA 

~I I~ teLZ- 1:--
VALID 
~, -

V/II!IL!L 

-r'OFF 
VALID OPEN-' 
~ 

~ DON'T CARE 

~ UNDEFINED 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 

o ~:r ~~nT,~nT,~~J---V-A-LlD-D-M-A-~r~}-----~.n7~}-----~a~nn~nn~n7 

Q ~~r -:----------------- OPEN ----------------

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

"'lpC I tpRWC I_...:'R""S,,-" ___ I 
tcp ~ I-,'c,,-P_--I ~ tCPN 

I ~ ~ ~ ~ ~ ~ _I:f:II:"'J LL I~I LL I~I_ 
o ~:t =!7Tw~T770'j;777m777~-m0'~'77:0'~n7Wj;T770'j;T77W~Tn:07770'~=1!~I-rr1!~n7Wj;7770'j;7771~77l0'j;=@=~ 

[ I. I 'AA I 1 I 'M. I I· I 'M. I I 'RAC' II tePA. I[ 'CPA 

_. -----,C-LZ---+-I-="'-I ~ tClZ ___ ~ ~ tell __ :C r --

Q ~gt =:------OPEN-----~~~~f__--:m;M~~f__--~!M~~ OPEN--

-tpe is for LATE-WRITE only. 

1-46 

~ DON'T CARE 

~ UNDEFINED 
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JIn-ONL Y REFRESH CYCLE 
(ADDR = AO-A9; A 10 and WE = DON'T CARE) 

- VIH __ ------,[1 
RAS VIL - tcRP 11'--------------"1 

ROW 

~-------------~~I--~--------~--

~-BEFORE-'RA! REFRESH CYCLE 
(AO-A 10 = DON'T CARE) 

'RP 'RAS 

CAs ~Ir :_---'------"---+1---.1....------''---+1-----1.'---------

Q 

ADDR 

HIDDEN REFRESH CYCLE 23 

(WE = HIGH) 

(READJ 

'RAS 

(REFRESH) 

'RAS 

Q ~8~ -:------OPEN--- VAUDDATA 

1-47 

~ DON'T CARE 

~ UNDEFINED 
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MIC::RON MT 4C1 004J 
1-· "" 4MEGx1 DRAM 

I 4 MEG POWER-UP AND REFRESH 
CONSTRAINTS 

, The EIA/JEDEC 4 Meg DRAM introduces two potential 
.. incompatibilities compared to the previous generation 
,." 1 Meg DRAM. The incompatibilities involve refresh and =- power-up. Understanding these incompatibilities and pro­
s:::: viding for them will offer the designer and system user 

greater compatibility between the 1 Meg and 4 Meg. 

REFRESH 
The most commonly used refresh mode of the 1 Meg is 

theCBR (CAS-BEFORE-RAS) REFRESH cycle. The CBR for 
the 1 Meg specifies the W"Epinas a "don't care." The 4 Meg, 
on the other hand, specifies the CBR REFRESH mode with 
the WE pin held at a voltage HIGH level. 

A CBR cycle with WE LOW will put the 4 Meg into the 
JEDEC specified test mode (WCBR). 

POWER-UP 
The 4 Meg JEDEC test mode constraint may introduce 

another problem. The 1 Meg POWER-UP cycle requires a 
lOOl1s delay followed by any eight RAS cycles. The 4 Meg 
POWER-UP is more restrictive in that eight RAS-ONL Y or 
CBR REFRESH (WE held HIGH) cycles must be used. The 
restriction is needed since the 4 Meg may power-up in the 
JEDEC specified test mode and must exit out of the test 
mode. The only way to exit the 4 Meg JEDEC test mode is 
with either aRAS-ONL Y or a CBR REFRESH cycle (WE held 
HIGH). 

SUMMARY 
1. The 1 Meg CBR REFRESH allows the WE E. to be 

"don't care" while the 4 Meg CBR requires WE to be 
HIGH. 

2. The eight RAS wake-up cycles on the 1 Meg may be any 
valid RAS cycle while the 4 Me~y only use RAS­
ONLY or CBR REFRESH cycles (WE held HIGH). 

tesR tcHR 

tWTH 

{

WeBR TEST MODE: WE 

4 MEG 
DRAM !WRr ~ tWRP twRH .' 

~:~ ::fl/J ~/Ilil/llii/ll//III;J- _!1!!////I!l/il/lIIIII/l~ eBR REFRESH: WE 

h~~ { eBR REFRESH: WE, i:~ ::filII! 1/111/11 II /lI/I!IIl!//lII//III/I!ll /II! II!/////II I //111// /II!III 1//////11 !lII!I ~ 

MT4C1004J 
REV. 4192 

~ DON'T CARE 

COMPARISON OF 4 MEG TEST MODE AND WCBR TO 1 MEG CBR 

1-48 Micron Technology, Inc., ~rves the right to Cha~e products or specifications wIlhOut natice. 
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iDRAM 

FEATURES 
• Industry standard xl pinout, tinting, functions and 

packages 
• High-performance, CMOS silicon-gate process 
• Single +5V ±1O% power supply 
• All inputs, outputs and clocks are fully TTL 

compatible 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS 

(CBR), BATTERY BACKUP (BBU) and HIDDEN 
• FAST PAGE MODE access cycle 
• 1,024-cycle extended refresh distributed across l28ms 
• Low power, ImW standby; 225mW active, typical 

OPTIONS 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 
Plastic SOJ (300 mil) 
Plastic TSOP (300 mil)** 
Plastic ZIP (350 mil) 

MARKING 

-6 
-7 
-8 

DJ 
TG 
Z 

NOTE: Available in die form (commercial or military) or military ceramic 
packages. Please consult factory for die data sheets or refer to Micron's 
Military Data Book. 

• Part Number Example: MT4CI004JDJ-6 L 

GENERAL DESCRIPTION 
The MT4Cl004J L is a randomly accessed solid-state 

memorycontaining4,194,304bitsorganizedinaxlconfigu­
:ation. During READ or WRITE cycles, each bit is uniquely 
lddressed through the 22 address bits, which are entered 11 
)its (AO-AlO) at a time. RAS is used to latch the first 11 bits 
md CAS the latter 11 bits. READ and WRITE cycles are 
:elected with the WE input. A logic HIGH on WE dictates 
mAD mode while a logic LOW on WE dictates WRITE 
node. During a WRITE cycle, data in (D) is latched by the 
alling edge of WE orCAS, whichever occurs last. If WE goes 
.OW prior to CAS going LOW, the output pin remains open 
High-Z) until the next CAS cycle. If WE goes LOW after 
ata reaches the output pin, data out (Q) is activated and 
~tains the selected cell data as long as CAS remains LOW 
'egardless of WE or RAS). This late WE pulse results in a 
.EAD-WRITE cycle. 
FAST PAGE MODE operations allow faster data opera­

ons (READ, WRITE or READ-MODIFY-WRITE) within a 
)w address (AO-AlO) defined page boundary. The FAST 

4CtOO4Jl 
11.4192 1-49 

4 MEG x 1 DRAM 
LOW POWER, 
EXTENDED REFRESH 

PIN ASSIGNMENT (Top View) 

20-Pin SOJ 20-Pin ZIP 

0 
WE 

RAS 
NC 

'A10 

AO 
Ai 
A2 
A3 

Vee 

(0-1) (0-1 ) 

1 
2 
3 
4 
5 

9 
10 
11 
12 
13 

26 Vss A9 is-
CAS 

25 0 0 ~ o::~ : 24 CAS 0 
Vss 

23 NC 
RAS 

WE 
22 A9 7 ~l 

'08 A10' 
NC 9 0"0 10 NC 
AO 11 0"0 12 Ai 

18 
17 
16 
15 
14 

AS A2 13 0"0 14 A3 
A7 Vee 15 ~1.':. 16 A4 
A6 A5 17 0"0 18 A6 
A5 
A4 A7 19.:::= 20 AS 

20-Pin TSOP 
(R-1 ) 

Qa 1 
W~a 2 

RASa 3 
NCa 4 

26 "'Vss 
25 "'0 
24 "'CAS 
23 "'NC 
22 "'A9 'A10a 5 

Aoa 9 18"'A8 
Ai a 10 17 "'A7 
A2 a 11 16 "'A6 
A3 a 12 15 "'AS 

Vee a 13 14 "'A4 

'Address not used for RAS·ONL Y REFRESH 
"Consult factory on availability of reverse pinout TSOP packages 

PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by acolurnnaddress strobed-in 
by CAS. CAS may be toggled-in by holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS (CBR), 
BATTERY BACKUP or HIDDEN refresh) so that all 1,024 
combinations of RAS addresses (AO-A9) are executed at 
least every l28ms, regardless of sequence. The CBR and 
BATTERY BACKUP cycles will invoke the internal refresh 
counter for automatic RAS addressing. 

The MT4Cl004J L contains the EIA/JEDEC defined test 
mode. 

Micron Technology, Inc., reseNes the right to change products or specificatIOns without notice. 
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FUNCTIONAL BLOCK DIAGRAM 
FAST PAGE MODE 

WE o-o-=~~==============+===:~==~:~[~r-------.r~~~----~ D CAS 

AO 
A1 
A2 
A3 
A4 
AS 
AS 
A7 
AS 
A9 

A10 

RAS 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY-WRITE 

READ-WRITE 

FAST-PAGE-MODE 1st Cycle 

READ 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

EARLY-WRITE 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

READ-WRITE 2nd Cycle 

RAS-ONL Y REFRESH 

HIDDEN READ 

REFRESH WRITE 

CAS-BEFORE-RAS REFRESH 

BATTERY BACKUP REFRESH 

MT4Cl004J L 
REV. 4/92 

SENSE AMPLIFIERS 
1/0 GATING 

11.096 .-11 
--. ---

MEMORY 
1024 ARRAY 

..;.. 
--. 

Vee 

Vss 

'NOTE: WE LOW prior to CAS LOW, EW detection circuit output is a HIGH (EARLY-WRITE) 
CAS LOW prior to WE LOW, EW detection circuit output is a LOW (LATE-WRITE) 

HAS "CAS WE 

H H--->X X 

L L H 

L L L 

L L H--->L 

L H--->L H 

L H--->L H 

L H--->L L 

L H--->L L 

L H--->L H--->L 

L H--->L H-L 

L H X 

L-H--->L L H 

L-H-L L L 

H-L L H 

H-L L H 

1-50 

ADDRESSES DATA 
IR IC o (Data In) Q (Data Out) 

X X Don't Care High-Z 

ROW COL Don't Care Data Out 

ROW COL Data In High-Z 

ROW COL Data In Data Out 

ROW COL Don't Care Data Out 

n/a COL Don't Care Data Out 

ROW COL Data In High-Z 

n/a COL Data In High-Z 

ROW COL Data In Data Out 

n/a COL Data In Data Out 

ROW n/a Don't Care High-Z 

ROW COL Don't Care Data Out 

ROW COL Data In High-Z 

X X Don't Care High-Z 

X X Don't Care High-Z 

Micron Technology, Inc., reserves the right to change products or specifications without notlc 
©1992, Micron Technology, In 
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ABSOLUTE MAXIMUM RATINGS* 'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi­
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

Voltage on Any Pin Relative to Vss .................. -IV to +7V 
Operating Temperature, T A (Ambient) ....... DOC to +70°C 
Storage Temperature (Plastic) ................. -SSoC to + ISO°C 
Power Dissipation ............................................................ IW 
Short Circuit Output Current .................................... SOmA 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (DoC::;; T A::;; 70°C; Vee = 5V ±1 0%) 

I 
I 

. 
PARAMETER/CONDITION 
Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV ::;; VIN ::;; 6.5V 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (0 is disabled, OV ::;; VOUT ::;; 5.5V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 
STANDBY CURRENT: (TTL) 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Vee -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(WE = VIH, RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

REFRESH CURRENT: BATTERY BACKUP (BBU) 
Average power supply current during BATTERY BACKUP refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = tRAS (MIN) to 
300ns; WE = Vee -0.2V, AO-A9 and DIN = Vec - 0.2V or 0.2V (DIN 
may be left open), IRC = 12511S (1,024 rows at 12511S = 12Srns) 

T4C1004J L 
:V.'4192 1-51 

SYMBOL MIN MAX UNITS NOTES 
Vee 4.5 5.5 V 1 

VIH 2.4 Vee+l V 1 

VIL -1.0 O.S V 1 

Ii -2 2 j.tA 

loz -10 10 j.tA 

VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -6 ·7 ·8 UNITS NOTES 
lee1 2 2 2 rnA 

lee2 200 200 200 j.tA 

lee3 110 100 90. rnA 3,4 

Ice4 SO 70 60 rnA 3,4 

Ices 110 100 90 rnA 3 

lec6 110 100 90 rnA 3,5 

Icc? 300 300 300 j.tA 3,5, 
7,25 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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CAPACITANCE 

PARAMETER SYMBOL MAX UNITS NOTES 
Input Capacitance: AO-AlO, D CI1 5 pF 2 

Input Capacitance: RAS, CAS, WE CI2 7 pF 2 

Output Capacitance: Q Co 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vce = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 
Access time from CAS 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 
Output buffer turn-off delay 
WE comrnand setup time 

MT4Cl0Q4J L 
REV. 4/92 

-6 
SYM MIN 
tRC 110 

tRWC 135 
tpc 40 

tpRWC 60 

tRAC 
tCAC 
tAA 

tCPA 
tRAS 60 

tRASP 60 
tRSH 15 
tRP 40 

tCAS 15 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 20 
tCRP 10 
tASR 0 
tRAH 10 
tRAD 15 

tASC 0 
tCAH 10 
tAR 50 

tRAl 30 

tRCS 0 
tRCH a 

tRRH 0 

tClZ 0 
tOFF 0 
twcs a 

MAX MIN 
130 
155 
40 

65 

60 
15 
30 
35 

100,000 70 
100,000 70 

20 
50 

100,000 20 
70 
10 
10 

45 20 
10 
0 
10 

30 15 

0 
15 
55 

35 

0 
0 

a 

0 
15 0 

0 

1-52 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 
175 ns 
45 ns 

70 ns 

70 80 ns 14 
20 20 ns 15 
35 40 ns 
40 45 ns 

100,000 80 100,000 ns 25 
100,000 80 100,000 ns 25 

20 ns 
60 ns 

100,000 20 100,000 ns 
80 ns 
10 ns 16 
10 ns 

50 20 60 ns 17 
10 ns 
0 ns 
10 ns 

35 15 40 ns 18 

0 ns 
15 ns 
60 ns 

40 ns 

0 ns 
0 ns 19 

0 ns 19 

0 ns 
20 0 20 ns 20 

0 ns 21 

Micron Technology, Inc., reselVes the right to change prodlcts or specifications without notice 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vee = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

l'iAS" to WE delay time 

Column address 
to WE delay time 

CJI$ to WE delay time 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

l'iAS" to CAS precharge time 

CAS setup time 
(CJI$-BEFORE-l'iAS" refresh) 

CJI$ hold time 
(CAS-BEFORE-l'iAS" refresh) 

WE hold time 
(CAS-BEFORE-l'iAS" refresh) 

WE setup time 
(CAS-BEFORE-RAS refresh) 

WE hold time 
(WCBR test cycle) 

WE setup time 
(WCBR test cycle) 

T4C1004J L 
EV.4192 

-6 

SYM MIN MAX 
tWCH 10 

twCR 45 

twp 10 
tRWL 15 
tCWL 15 
tDS 0 
tDH 10 

tDHR 45 

tRWD 60 
tAWD 30 

tCWD 15 
tT 3 50 

tREF 128 
tRPC 0 
tCSR 10 

tCHR 15 

twRH 10 

tWRP 10 

tWTH 10 

tWTS 10 

1-53 

MIN 
15 

55 

15 

20 

20 

0 

15 

55 

70 

35 

15 

3 

0 

10 

15 

10 

10 

10 

10 

-7 -8 

MAX MIN MAX UNITS NOTES 
15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 22 

15 ns 22 

60 ns 

80 ns 21 
40 ns 21 

20 ns 21 

50 3 50 ns 9, 10 

128 128 ms 

0 ns 

10 ns 5 

15 ns 5 

10 ns 24 

10 ns 24 

10 ns 24 

10 ns 24 

Micron Technology, inc., reserves the right to Chang~' Produ~ts Of specificalions without notice. 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = 5V ±10%,f = 1 MHz. 
3. Ice is dependent on cycle rates. 
4. Ice is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (O°C ~ T A ~ 70°C) is assured. 

7. An initial pause of lOOl.1s is required after power-up 
followed b~ght RAS refresh cycles (RA5-0NL Y or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the lREF refresn requirement is 
exceeded. 

8. AC characteristics assume IT = 5ns.' 
9. VJH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VJH and VIL (or between VIL 
and VJH). 

10. In, addition to meeting the transition rate specifica­
tion, all input signals must transit between VJH and 
VIL (or between VIL and VJH) in a monotonic manner. 

11. If CAS = VJH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

lOOpF. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, tRAC will increase by the amount that IRCD 
exceeds the value shown. 

15, Assumes that IRCD ~ IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for !CPN. 

17, Operation within the IRCD (MAX) limit ensures that 

MT4C1004Jl 
REV,4192 1-54 

!RAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by !CAe. 

18. Operation within the !RAD (MAX) limit ensures that 
!RAC (MIN) and !CAC (MIN) can be met. !RAD 
(MAX) is specified as a reference point only; if lRAD 
is greater than the specified lRAD (MAX) limit, then 
access time is controlled exclusively by lAA. 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. toFF (MAX) defines the time at which the output 
achieves the open circuit condition, and is not 
referenced to VOH or VOL. 

21. twcs, IRWD,IAWD and tcWD are restrictive 
operating parameters in late WRITE, READ-W~ 
and READ-MODIFY-WRITE cycles only. If twcs ~ 
twcs (MIN), the cycle is an EARLY-WRITE cycle and 
the data output will remain an open circuit through­
out the entire cycle. If IRWD ~ IRWD (MIN), IA WO ~ 
tAWD(MIN) and !CWD ~ !CWD (MIN), the cycle is ,a 
READ-WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions is met, the cycle is a LATE-WRITE arid the 
state of data out is indeterminate (at access time and 
until CAS goes back to VJH). 

22. These parameters are referenced to CAS leading edge 
in early WRITE cycles and WE leading edge in late 
WRITE or READ-WRITE cycles. 

23. A HIDDEN REFRESH ma~o be performed after a 
WRITE cycle. In this case, WE = LOW. 

24. twTS and twTH are set up and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of twRP and twRH in the 
CBR refresh cycle. 

25. BBU current is reduced as !RAS is reduced from its 
maximum specification during the BBU cycle. 

~ Technology, Inc., reserves the rlghtto ch~ products or speciI\calIons without notice, 
@1992, Micron TecmOiogy. Inc 
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READ CYCLE 

'RC 

tRAS 'RP ~I 

\ 
leSH 

tRSH tRRH 

leAP , tACO teAs 
I 

J 

ADOA 

'AR I 'RAD 'RAl 

1_ IASR tRAH ~ ~ --
:~ ROW ~ COLUMN WIIIIIIIIIIIIIIIIIIIIII;/;( ROW 
~ 

tRCS ~ 
j 

1IfflfLIffllll;Jlllllffllllllll/ VIIIIIIIIIIII/;JIIIII/; 
'AA 
'RAC 

tCAC 

~I ~L 
OPEN =' VALID DATA OPEN---Q ~,g~ -

EARLY-WRITE CYCLE 

tAAS 'RP 

'I 
RAS V,H 

Vil 
- \ -

test-! 
IRSH 

leRP 

I' 
tRCD teAs 

CAS V,H 
Vil =~ 

'AR 
IRAD 'RAl 

ADDR V,H 
Vil 

tASA 

I~ !~ ~ I 
::IlYI.X ROW K0J1Ai COLUMN Vf//////ff/////JA ROW 

'eWl .11 
IAWL 

'WCR 
twcs 'WCH 

'WP 

~ ~M 
I I IOHR. 

~ ~ 

D ~[~ ~'-:---VA-lID-'-D-AT-A---'~ 
Q ~~_~-------______________ OPEN ____________________ ~ ______ __ 
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fiZJ DON'T CARE 

~ UNDEFINED 
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Ms VIH -
VIL _ 

CAS VIH -
VIL -

ADDA 
V,H 
V,L 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

tRwe 
tAM IRP 

tCSH 

IRSH 

tCAP tRCD 'cAS 

IAR 

COLUMN ROW 

IRWD I 
IRCS I 
tAWD 

FAST-PAGE-MODE READ CYCLE 

1 ____________________ ~IR~=P __________________ _4~ 
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~ DONTCARE 

~ UNDEFINED 
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--------------------------------~ 

MT4CI004JL 
REV,4192 

RAS 

CAS 

ADDR 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

_----~II------------------~·~~P~--------------------I~ 
RAs ~t-

'PC I--:"'RS=H_-I 
~ ~CD teAs tcp teAS tcp ~ I~I 

CAS ~:r =j "'" ~ 1 ! 

C~ I~ ~ ~Cl I~I':' I 
ADDR ~:r::Wht ROW ~ COLUMN @8 COLUMN lt7ffi_ COLUMN W/////////~ 

~~ I~~ ~II~I 1 
I teWL I I'OWL T II tcWL TI ~ 

WE ~:r ~~~@L-U---;-'""-jf!!JJJ~-L~.~W4-L~I'~~fj/~/////; 
'WeR II 'AWL I 

I-k- I~ ~ -2L.1 I-k-II~ 
o ~~~~~~~~==~V~~D~~~T~'==W~gM~==~~~ID~~~~==~~/!.X~==~~~UD~M~~~~~~~~~ 
Q ~:r ::---------------------------OPEN -------------------------

VIH -
VIL _ 

V,H 
ViL 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

'"-
tcsH *lpc/tPRWC ,"SH 

'RCD 'CP ~ 
tcP teAS 

Q ~~::--~--OPEN--------I~~ll--":"'-~~~ll------;~~[} 

-fpC is for LATE-WRITE only. 
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~DONTCARE 

~ UNDEFINED 
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MICRON MT4C1004J L 
1-· '" 4 MEG x 1 DRAM 

~~----~-----------------------------, 
o 
~ 
ill: 

MT4C1004JL 
REV. 4192 

'R2-0NL Y REFRESH CYCLE 
(ADDR ;::: AO-A9; A10 and WE = DON'T CARE) 

~ '"' ~ 1) ~l.,---
: : :d---j,-_I----"'""---I·-I'C~~R ----I+-:t: -_ -'1 --,.----1:I·~b,----,---

ADDR ~Ir ~'---ROW----')@!//J/jJ/I!/I!J/j/I!I/I!I!I!J/jI/lI!I/IJ/j#''---ROW---

Q ~~ ::-----------OPo.----------

'CAS"-BEFORE-~ REFRESH CYCLE 
(AO-A 10 ;::: DON'T CARE) 

CAS ~:~: 
~-~-~-~----~~r-~~------

a 

BATTERY BACKUP REFRESH CYCLE 
(AO-A 10 = DON'T CARE) 

125 

_ V,H _:--!=~r""'1I-"'''''--o1---~~:711 
CAS V,L -C--l_-"-_*-_..L-. __ ---'L--'-tt_--L _____ _ 

a 
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~ DON'T CARE 

~ UNDEFINED 
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ADDR ~:~::: 

HIDDEN REFRESH CYCLE 23 

(WE = HIGH) 

(READ) 

'RAS 

(REFRESH) 

'RAS 

'CHR 

-tOFF 

Q ~g~----------------OPEN--------------~~~------------VVAAtL~ID~D~A~TA~---------t OPEN-

1-59 

~ DON'T CARE 

I22llI UNDEFINED 
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4 MEG POWER-UP AND REFRESH 
CONSTRAINTS 

The EIA/JEDEC 4 Meg DRAM introduces two potential 
incompatibilities compared to the previous generation 
1 Meg DRAM. The incompatibilities involve refresh and 
power-up. Understanding these incompatibilities and pro­
viding for them will offer the designer and system user 
greater compatibility between the 1 Meg and 4 Meg. 

REFRESH 
The most commonly used refresh mode of the 1 Meg is 

the CBR (CAS-BEFORE-RAS) REFRESH cycle. The CBR for 
the 1 Meg specifies the WE pin as a "don't care." The 4 Meg, 
on the other hand, specifies the CBR REFRESH mode with 
the WE pin held at a voltage HIGH leveL 

A CBR cycle with WE LOW will put the 4 Meg into the 
JEDEC specified test mode (WCBR). 

'CHR 

POWER-UP 
The 4 Meg JEDEC test mode constraint may introduce 

another problem. The 1 Meg POWER-UP cycle requires a 
lOOlls delay followed by any eight RAS cycles. The 4 Meg 
POWER-UP is more restrictive in that eight RAS-ONL Yor 
CBR REFRESH (WE held HIGH) cycles must be used. The 
restriction is needed since the 4 Meg may power-up in the 
JEDEC specified test mode and must exit out of the test 
mode. The only w<\y to exit the 4 Meg JEDEC test mode is 
with either a RAS-ONLY or aCBR REFRESH cycle (WE held 
HIGH). 

SUMMARY 
1. The 1 Meg CBR REFRESH allows the WE pin to be 

"don't care" while the 4 Meg CBR requires WE to be 
HIGH. 

2. The eight RAS wake-up cycles on the 1 Meg may be any 
valid RAS cycle while the 4 Meg may only use RAS­
ONLY or CBR REFRESH cycles (WE held HIGH). 

'CHR 

CAS ~l~ :::_....L __ "--_-H __ ---L ___ ....L_-i __ -++ __ --L ________ _ 

_ _ _ _ _ _ _ _ _ _ :" _ y8t ~-_-_-_-_-_-_-_-_-_-_ -_ -_ -_ ++--_ -_ -_ -__ -_-_-_-_-_-__ ~p~~ _____________________________________ . 

6~f~{ CBRREFRESH:WE ~lr $////!//I!!lI!I!I!I!!//!I!!II!////JI/!/!//I//////JI/!/I!I!I//I!II!I!I!!!I!!/////I//1/h 

MT4C1004J L 
REV. 4/92 

~ DON'T CARE 

COMPARISON OF 4 MEG TEST MODE AND WCBR TO 1 MEG CBR 

1-60 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT4C1006J 
1-· ",",moe"" 4 MEG X 1 DRAM 

DRAM 

FEATURES 
• Industry standard xl pinout, timing, functions and 

packages 
• High-performance, CMOS silicon-gate process 
• Single +5V ±10% power supply 
• Low power, 3mW standby; 225mW active, typical 
• All inputs, outputs and clocks are fully TTL 

compatible 
• 1,024-cycle refresh distributed across 16ms 
• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• STATIC COLUMN access cycle 

)PTIONS MARKING 
• Timing 

70ns access 
80ns access 

• Packages 
Plastic SOJ (300 mil) 
Plastic ZIP (350 mil) 

-7 
-8 

DJ 
Z 

NOTE: Available in die form (commercial or military) or military ceramic 
packages. Please consult factory for die data sheets or refer to Micron's 
Military Data Book. 

Part Number Example: MT4ClO06JDJ-7 

;ENERAL DESCRIPTION 
The MT4ClO06J is a randomly accessed solid-state 

lemory containing4,194,304 bits organized in a xl configu­
lotion. During READ or WRITE cycles, eacll bit is uniquely 
ddressed through the 22 address bits, which are entered 11 
its (AO-AlO) at a time. RAS is used to latch the first 11 bits 
nd CAS the latter 11 bits. READ and WRITE cycles are 
~Iected with the WE input. A logic HIGH on WE dictates 
EAD mode while a logic LOW on WE dictates WRITE 
lode. During a WRITE cycle, data in (D) is latclled by the 
tiling edgeofWE orCAS, whichever occurs last. If WE goes 
OW prior to CAS going LOW, the output pin remains open 
-ligh-Z) until the next ,CAS cycle. If WE goes LOW after 
ata reaches the output pin, data out (Q) is activated and 
·tains the selected cell data as long as CAS remains LOW 
egardless of WE or RAS). This late WE pulse results in a 
EAD-WRITE cycle. 
STATIC COLUMN operations allow faster data opera­
)ns (READ, WRITE or READ-MODIFY-WRlTE) within a 

4Cl00BJ 
1.4/92 1-61 

4 MEG X 1 DRAM 
c 

STATIC COLUMN 

D 
WE 

RAS 
NC 

'A10 

AO 
A1 
A2 
A3 

Vee 

PIN ASSIGNMENT (Top View) 

20-Pin SOJ 
(0-1 ) 

1 26 
2 25 
3 24 
4 23 
5 22 

9 18 
10 17 
11 16 
12 15 
13 14 

Vss 
Q 
CAS 
NC 
A9 

AS 
A7 
A6 
A5 
A4 

20-Pin ZIP 
(0-1) 

A9 1 co, 
",2 CAS 

Q 3 co, 
.co 4 Vss 

D 5 '" WE '" 6 RAS 7 '" 'co 8 A10' 
NC 9 co, 

'co 10 NC 
AO 11 co, 

'" 12 A1 
A2 13 co, 

'" 14 A3 
Vee 15 co, 

'" 16 A4 
A5 17 co, 

A7 19 co, 
'" 18 A6 

'" 20 A8 

'Address not used for RAS·ONL Y REFRESH 

row address (AO-AIO) defined page boundary. After the 
first read, any column address transition will result in new 
data out. Unlike the page-mode part, which requires CAS to 
be toggled for each successive page-mode access, the 
STATIC COLUMN part allows CAS to be left LOW for 
successive STATIC COLUMN accesses. Returning RAS 
HIGH terminates the STATIC COLUMN operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby leveL 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS ONLY, CAS-BEFORE-RAS (CBR), or 
HIDDEN refresh) so that all 1,024 combinations of RAS 
addresses (AO-A9) are executed at least every 16ms, regard­
less of sequence. The CBR cycle will invoke the internal 
refresh counter for automatic RAS addressing. 

Micron Technology. Inc., reserves the right to change products or specifications without notica, 
©1992, Micron Technology, Inc. 
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FUNCTIONAL BLOCK DIAGRAM 
8T ATIC COLUMN 

WE :~=====~=~=~:c)----.,,;;;:-;;;}----o D CAS 

~~~~~~m+-~3 
A2 
A3 
A4 
AS 
AS 
A7 
AS 

AS ~~~:J~~iiiiiiiiiilBiiiii.~ A10~~ MEMORY 
ARRAY 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY-WRITE 

READ-WRITE 

STATIC COLUMN 1st Cycle 

READ 2nd Cycle 

STATIC COLUMN 1st Cycle 

EARLY-WRITE 2nd Cycle 

STATIC COLUMN 1st Cycle 

READ-WRITE 2nd Cycle 

RAS-ONL Y REFRESH 

HIDDEN READ 

REFRESH WRITE 

CAS-BEFORE-RAS REFRESH 

MT4CtOO6J 
REV. 4/92 

Vee 

Vss 

'NOTE: WE LOW prior to CAS LOW, EW detection circuit output is a HIGH (EARLY -WRITE) 
CAS LOW prior to WE LOW, EW detection circuit output is a LOW (LATE-WRITE) 

HAS" CAS" wt 
H H~X X 

L L H 

L L L 

L L H~L 

L L H 

L L H 

L L L 

L L H~L 

L L H~L 

L L H~L 

L H X 

L~H~L L H 

L~H~L L L 

H~L L H 

1-62 

ADDRESSES DATA 
IR IC D (Data In) Q (Data Out) 

X X Don't Care High-Z 

ROW COL Don't Care Data Out 

ROW COL Data In High-Z 

ROW COL Data In Data Out 

ROW COL Don't Care Data Out 

n/a COL Don't Care Data Out 

ROW COL Data In High-Z 

n/a COL Data In High-Z 

ROW COL Data In Data Out 

n/a COL Data In Data Out 

ROW n/a Don't Care High~Z 

ROW COL Don't Care Data Out 

ROW COL Data In High-Z 

X X Don't Care High-Z 

Micron Technology, Inc., reserves the right to change products or speclficatlons without nolic 
©1992, Micron Technology, Ir 



ABSOLUTE MAXIMUM RATINGS* 
Voltage on Any Pin Relative to Vss .................... -lV to +7V 
Operating Temperature, T A (Ambient) .......... ODC to +70°C 
Storage Temperature (Plastic) .................... -SSDC to +lS0DC 
Power Dissipation .............................................................. 1W 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification isnotimplied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (ODC $ T A $ 70DC; VCC = 5V ±1 0%) 

PARAMETER/CONOITION 
Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV $ VIN 0; 6.5V 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled, OV 0; VOUT $ 5.5V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 
STANDBY CURRENT: (TTL) 
(RAS = CAS = VI H) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN» 

OPERATING CURRENT: STATIC COLUMN 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: ISC = ISC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = tRC (MIN» 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN» 

'4C1006J 
:V.4192 1-63 

SYMBOL MIN MAX UNITS NOTES 
Vcc 4.5 5.5 V 1 

VIH 2.4 Vcc+1 V 1 

VIL -1.0 0.8 V 1 

II -2 2 IJA 

loz -10 10 IJA 
VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -7 -8 UNITS NOTES 

Icc1 2 2 mA 

Icc2 1 1 mA 

Icc3 100 90 mA 3,4 

Icc4 70 60 mA 3,4 

Iccs 100 90 mA 3 

Icc6 100 90 mA 3,5 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A1 0, D CI1 5 pF 2 

Input Capacitance: RAS, CAS, WE CI2 7 pF 2 

Output Capacitance: Q Co 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vce = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
STATIC-COLUMN 
READ or WRITE cycle time 

STATIC-COLUMN 
READ-WRITE cycle time 

Access time from RAS 
Access time from ~ 
Access time from column address 
RAS pulse width 
RAS pulse width (STATIC COLUMN) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge tima (STATIC COLUMN) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
FlAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
FlAS lead time 

Read command setup time 
Read command hold time 
(referenced to ~) 

Read command hold time 
(referenced 10 RAS) 

CAS to oulput in low-Z 
Output buffer turn-off delay 
Column address hold time 
(referenced to RAS) 

MT4C1QOSJ 
REV. 4/92 

SYM 
tRC 

tRWC 
tsc 

tSRWC 

tRAC 
tCAC 
tAA 

tRAS 
tRASC 
tRSH 
tRP 

tCAS 
tCSH 
tCPN 
tcp 

tRCD 
tCRP 
tASR 
tRAH 
tRAD 

tASC 

tCAH 
tAR 

tRAl 

tRCS 
tRCH 

tRRH 

tClZ 
tOFF 
tAWR 

1-64 

MIN 
130 
155 
40 

70 

70 
70 
20 
50 
20 
70 
10 
10 
20 
10 
0 
10 
15 

0 
15 
80 

35 

0 
0 

0 

0 
0 

55 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 
175 ns 
45 ns 

75 ns 

70 80 ns 14 
20 20 ns 15 
35 40 ns 

100,000 80 100,000 ns 
100,000 80 100,000 ns 

20 ns 
60 ns 

100,000 20 100,000 ns 
80 ns 
10 ns 16 
10 ns 

50 20 60 ns 17 
10 ns 
0 ns 
10 ns 

35 15 40 ns 18 

0 ns 
15 ns 
90 ns 

40 ns 

0 ns 
0 ns 19 

0 ns 19 

0 ns 
20 0 20 ns 20 

60 ns 

MIcron Technology, inc., reserves the right to change products or specifications without notic 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vee = 5.0V ± 10%) 

AC CHARACTERISTICS 

PARAMETER 

WF:. command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write "ommand pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

RAS to WE delay time 

Column address 
to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (1024 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CAS-BEFORE-RAS refresh) 

CAS hold time 
(CAS-BEFORE-RAS refresh) 

WE hold time 
(CAS-BEFORE-RAS refresh) 

WE setup time 
(CAS-BEFORE-RAS refresh) 

WE hold time 
(WCBR test cycle) 

WE setup time 
(WCBR test cycle) 

Write inactive time 

Previous WRITE to column address 
delay time 

Previous WRITE to column address 
hold time 

Output data hold time from 
column address 

Output data enable from WRITE 

Access time from last WRITE 

Column address hold time 
referenced to RAS HIGH 

CAS pulse width in 
STATIC-COLUMN mode 

Output data hold from WRITE 

MT4Cl006J 
REV. 4192 

SYM 

WCS 
tWCH 

tWCR 

twp 

tRWL 

tCWL 

tDS 

tDH 

tDHR 

tRWD 

tAWD 

tCWD 

IT 
tREF 

tRPC 

tCSR 

tCHR 

tWRH 

twRP 

tWTH 

tWTS 

tWI 

tLWAD 

tAHLW 

tAOH 

tow 

tALW 

tAH 

tcsc 

WOH 

1-65 

MIN 

0 

15 

55 

15 

20 

20 

0 

15 

55 

70 

35 

20 

3 

0 

10 

15 

10 

10 

10 

10 

10 

20 

65 

5 

tAA+5 

65 

5 

tCAS 

0 

-7 -8 

MAX MIN MAX UNITS NOTES 

0 ns 21 

15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 22 

15 ns 22 

60 ns 

80 ns 21 

40 ns 21 

20 ns 21 

50 3 50 ns 9, 10 

16 16 ms 

0 ns 

10 ns 5 

15 ns 5 

10 ns 24 

10 ns 24 
.. 

10 ns 24 

10 ns 24 

10 ns 
30 20 35 ns 

75 ns 

5 ns 

tAA+5 ns 

75 ns 

10 ns 

tCAS ns 

0 ns 

Micron Technology, Inc" reserves the right to change products Of SpeCifications WIthout notice. 
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NOTES 
1. All voltages referenced to V S5. 

2. This parameter is sampled. Vee = 5V ±10%,f = 1 MHz. 
3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (O°C::;; TA ::;; 70°C) is assured. 

7. An initial pause of 100~s is required after power-up 
followed by eight RAS refresh cycles (RAS-ONL Y or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the tREF refresh requirement is 
exceeded. 

8. AC characteristics assume IT = 5ns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

WOpF. 
14. Assumes that tRCD < IRCD (MAX). If tRCD is greater 

than the maximum recommended value shown in this 
table, tRAC will increase by the amount that tRCD 
exceeds the value shown. 

15. Assumes that tRCD ;:: tRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tcPN. 

MT4Cl006J 
REV.4i92 1-66 

17. Operation within the tRCD (MAX) limit ensures that 
!RAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

18. Operation within the !RAD (MAX) limit ensures that 
!RAC (MIN) and tCAC (MIN) can be met. tRAD 
(MAX) is specified as a reference point only; if !RAD 
is greater than the specified tRAD (MAX) limit, then 
access time is controlled exclusively by tAA. 

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. toFF (MAX) defines the time at which the output 
achieves the open circuit condition, and is not 
referenced to VOH or VOL. 

21. twcs, tRWD, tAWD and tCWD are restrictive 
operating parameters in late WRITE, READ-WRITE 
and READ-MODIFY-WRITE cycles only. If twCS;:: 
twcs (MIN), the cycle is an EARLY-WRITE cycle and 
the data output will remain an open circuit through­
out the entire cycle. If tRWD ;:: tRWD (MIN), tAWD ;:: 
tAWD (MIN) and tCWD;:: tCWD (MIN), the cycle isa 
READ-WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions is met, the cycle is a LATE-WRITE and the 
state of data out is indeterminate (at access time and 
until CAS goes back to VIH). 

22. These parameters are referenced to CAS leading edge 
in early WRITE cycles and WE leading edge in late 
WRITE or READ-WRITE cycles. 

23. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. . 

24. twTS and twTH are set up and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of twRP and twRH in the 
CBR refresh cycle. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992,MicronTechnology, Inc. 



MIC:RON MT4C1006J 
1-· "'""OW""" 4 MEG x 1 DRAM 

MT4C1006J 
REV. 4/92 

READ CYCLE 

'RAS IRP 

,,,--------
IAR 

'AAD tRAL ~ 
I~ ~I 

-
ADDR 1111M ROW WIIII,,0 COLUMN III, IIIX ROW 

tCSH 

tCRP tRCO teAS II tCRP 

I 
J 

tRCS lASH IRRH I~ 
I I 

~ 
'CAG 

1M tOFF"'
1 telz 

~b 
OPEN VALID DATA OPEN-

tRAG 
,~ 

EARLY-WRITE CYCLE 

Re 

'RAS IRP 

-
11' -

IAWR 

IRCO 

I' 
IASR 'RAH ~r I' lAse 'I leAH 

V,H 
ADDR V1L ::IIIIM ROW COLUMN ROW 

'RAD ... 1 
~------

'RSH 

I~ 
ICSH 

leAS 

=--.1 
'eWL 

IRWL 

~ 'WGH 

IWp 

I~~ 
- VAUDDATA 

'OHR J 
'WCR 

Q ~g~ ~-------------OPEN------------

1-67 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the nght to change products or speclflcatlons without nolice. 
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MT4Cl006J 
REV. 4/92 

READ-WRITE. CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

tRAS ~ 

RAS VIH-
VIL-

tRAD tRAL 

tAAH 

AODR COLUMN 

1CSH 

STATIC-COLUMN READ CYCLE 

�----------------~tR~A=SC~----------------I--t-RP--

tsc tsc 

ADDR COLUMN COLUMN COLUMN 

II tCAS 

II 
tRCS --1- II 

1--+=-1 1~ 
tCAC 

tOFF 

Q ~gr=------'-----------+--JJ<Al[ VALID 
DATA 

1-68 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ADDR ~:~ 

STATIC-COLUMN EARLY-WRITE CYCLE 
(CAS controlled) 

Q ~g~------------OPEN -------------------

STATIC-COLUMN EARLY-WRITE CYCLE 
(WE controlled) 

1-69 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ADDR 

STATIC-COLUMN READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

___ t=RC,-=-D-+--_I~ ~ 

~ 
tCLZ 

-k, 
tAA 1(l(Y. 

tRAC 

~1¥~ >W/ //II ////////// /// /II 

I 
I~ 

tow 

tWOH tOFF 
-~I ~I 

VALID DATA _ VALID DATA 

I tAOH .• 

tALW 

1-70 

~ DONTCARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the righllo change products or specifications withOut notice 
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MIC:RON MT4C1006J 
1-· ",""ow,n, 4 MEG x 1 DRAM 

MT4C1006J 
REV. 4192 

RAS-ONL Y REFRESH CYCLE 
(ADDR = AO-A9; A 10 and WE = DON'T CARE) 

'" ,,: ~. - t"'b '-------,-,---
CAS ~t~ =~ 

~ 
'RAS 'RC 'RP' ( 

ADDR ~:~ =~~O~b?///////////////////////////;/'j//////////IX~-RO-W --

Q 

Q ~gt -'------------OPEN----~-----

CAS-BEFORE-RAS REFRESH CYCLE 
(AO-A 10 = DON'T CARE) 

RP 
0 

RAS RP , 'RAS 

'I 
J! Y .~ lRPc:

1 

1·· tcPN l~ ~I ~~ ~I, 
! 1; 

~ 

! 1<{ ! 
OPEN 

~ I~~ 
Wm///#/////##//$ 

HIDDEN REFRESH CYCLE 23 

. (WE = HIGH) 

(READ) (REFRESH) 

I--__ --"'RA"'-S __ I ~11~o __ -",'RA=S ___ 1 

-tOFF 

Q ~gt=.----OPEN---~~C==~VA~UD~DA~TA===i QPEN-

1-71 

~ DON'T CARE 

~UNDEFINED 
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MIC::I=ION MT 4C1 006J 
1-· , " 4 MEG x 1 DRAM 

4 MEG POWER-UP AND REFRESH 
CONSTRAINTS 

The EIA/JEDEC 4 Meg DRAM introduces two potential 
incompatibilities compared to the previous generation 
1 Meg DRAM. The incompatibilities involve refresh and 
power-up. Understanding these incompatibilities and pro­
viding for them will offer the designer and system user 
greater compatibility between the 1 Meg and 4 Meg. 

REFRESH 
The most commonly used refresh mode of the 1 Meg is 

the CBR (CAS-BEFORE-RAS) REFRESH cycle. The CBR for 
the 1 Meg specifies the WE pin as a "don't care." The 4 Meg, 
on the other hand, specifies the CBR REFRESH mode with 
the WE pin held at a voltage HIGH level. 

A CBR cycle with WE LOW will put the 4 Meg into the 
JEDEC specified test mode (WCBR). 

POWER-UP 
The 4 Meg JEDEC test mode constraint may introduce 

another problem. The 1 Meg POWER-UP cycle requires a 
100/-1s delay followed by any eight RAS cycles. The 4 Meg 
POWER-UP is more restrictive in that eight RAS-ONL Y or 
CBR REFRESH (WE held HIGH) cycles must be used. The 
restriction is needed since the 4 Meg may power-up in the 
JEDEC specified test mode and must exit out of the test 
mode. The only way to exit the 4 Meg JEDEC test mode is 
with either a RAS-ONLYor.aCBRREFRESHcycle (WE held 
HIGH). 

SUMMARY 
1. The 1 Meg CBR REFRESH allows the WE pin to be 

"don't care" while the 4 Meg CBR requires WE to be 
HlGH. 

2. The eight RAS wake-up cycles on the 1 Meg may be any 
valid RAS cycle while the 4 Meg may only use RAS­
ONLY or CBR REFRESH cycles (WE held HIGH). 

tCHR 

C~ ~:~= __ ~ __ ~L-__ ~ ____ -L ______ L-__ ~ ____ #-____ ~ ________________ __ 

{

WCBR TEST MODE: WE 

4MEG 
DRAM 

CBR REFRESH WE 

tWTH 

h~;3 { CBR REFRESH: WE ~:~ $11 II///!!III!I!II! /I /li//l///! /l1/////! I!!I!//I! 1!III!////1////!!/1!!1 III /I /I II IlIla 

MT4C100SJ 
REV. 4/92 

~ DON'T CARE 

COMPARISON OF 4 MEG TEST MODE AND WCBR TO 1 MEG CBR 

1-72 Micron Technology, Inc., reserves the right to change products or speclflcatlons without nolice. 
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PRELIMINARY 

MIC:RON MT4(L)C16M1A1 
1-· """,",' 16 MEG x 1 DRAM z 

DRAM 

FEATURES 
• Industry standard xl pinout, timing, functions and 

packages 
• High-performance, CMOS silicon-gate process 
• Single power supply: +5V ±1O% only or +3.3V ±1O% 

only 
• Low power, 3mW standby; 325mW active, typical (5V) 
• All inputs, outputs and clocks are fully TTL 

compatible 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• 4,096-cycle refresh distributed across 64ms 

OPTIONS 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 
Plastic SOJ (400 mil) 
Plastic TSOP (400 mil) 

MARKING 

-6 
-7 
-8 

DJ 
TG 

NOTE: Available in die form (commercial or military) or military ceramic 
packages. Please consult factory for die data sheets or refer to Micron's 
Military Data Book. 

• Operating Temperature, T A 
Commercial (O°C to +70°C) 

• Power Supply 
+5V±1O% 
+3.3V±10% 

GENERAL DESCRIPTION 

None 

MT4C16MlAl 
MT4LC16MlAl 

The MT4(L)C16MlAl is a randomly accessed solid-state 
memory containing 16,777,216 bits organized in a xl con­
figuration. The MT4C16MIAl and MT4LC16MlAl are the 
same DRAM versions except that the MT4LC16MlAl is a 
low voltage version of the MT4C16MlAl. The 
MT4LC16MlAl is designed to operate in a 3.3+/-10% 
memory system. All further references made for the 
MT4C16MlAl also apply to the MT4LC16MIAl unless 
specifically stated otherwise. During READ and WRITE 
cycles, each bit is uniquely addressed through the 24 ad­
dress bits, which are entered 12 bits (AO-All) at a time. 
RAS is used to latch the first 12 bits and CAS the latter 12 
bits. READ and WRITE cycles are selected with the WE 
input. A logic HIGH on WE dictates READ mode while a 
logic LOW onWE dictates WRITE mode. During a WRITE 

1.fT4(L)C1BM1A1 
~EY. 4192 1-73 

~ 
16 MEG x 1 DRAM II 
FAST PAGE MODE C 

::xJ 
~--------------------~l> 

Vee 
D 

NC 
WE 

RAS 
All 

Al0 
AO 
A1 
A2 
A3 

Vee 

PIN ASSIGNMENT (Top View) 

24-Pin SOJ 
(0-3) 

1 28 
2 27 
3 26 
4 25 
5 24 
6 23 

9 20 
10 19 
11 18 
12 17 
13 16 
14 15 

Vss 
Q 

NC 
CAS 
NC 
A9 

AS 
A7 
A6 
AS 
A4 
Vss 

24-Pin TSOP 
(R-2) 

Vee Vss 
D Q 

NC NC 
WE CAS 

RAS NC 
All A9 

Al0 AS 
AO A7 
Al A6 
A2 AS 
A3 A4 

Vee Vss 

cycle, data in (D) is latched by the falling edge of WE or 
CAS, whichever occurs last. If WE goes LOW prior to CAS 
going LOW, the output pin remains open (High-Z) until the 
next CAS cycle. If WE goes LOW after data reaches the 
output pin, data out (Q) is activated and retains the selected 
cell data as long as CAS remains LOW (regardless of WE or 
RAS). This late WE pulse results in a READ-WRITE cycle. 

FAST PAGE MODE operations allow faster data opera­
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO-All) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed-in 
by CAS. CAS may be toggled-in by holding RAS LOW and 
strobing-in different column addresses, thus executing 
faster memory cycles. Returning RAS HIGH terminates 
the fAST PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RA.&-ONLY, CAS-BEfORE-RAS (CBR), or 
HIDDEN refresh) so that all 4,096 combinations of RAS 
addresses (AO-All) are executed at least every 64ms, re­
gardless of sequence. The CBR refresh cycle will invoke the 
internal refresh counter for automatic RAS addressing. 

MicrQn Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology. Inc. 
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PRELIMINARY 

MIC:RON MT4(L)C16M1A1 
1-· ",""ow",,", 16 MEG x 1 DRAM 

FUNCTIONAL BLOCK DIAGRAM 
FAST PAGE MODE 

WE~----------~------~--------~~' 
CAS~~----------------+---~--~~~~--------·I 

AD 
A1 
A2 
A3 
A4 
A5 
AS 
A7 
AS 
A9 

A1D 
A11 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY-WRITE 

READ-WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

EARLY-WRITE 

FAST-PAGE-MODE ' 

READ-WRITE 

RAS-ONL Y REFRESH 

HIDDEN 

REFRESH 

SENSE AMPLIFIERS 
110 GATING 

11---- 4096----11 

+---+ --
MEMORY 

40,96 ARRAY 

.-
+---+ 

Vee 

V" 

'NOTE: WE LOW prior to CAS LOW, EW detection circuit output is a HIGH (EARLY-WRITE) 
CAS LOW prior to WE LOW, EW detection circuit output is a LOW (LATE-WRITE) 

ADDRESSES DATA 

~ cg WE IR IC o (Data In) Q (Data Out) 

H H-X X X X Don't Care High-Z 

L L H ROW COL Don't Care Data Out 

L l L ROW COL Data In High~Z 

L l H-L ROW COL Data In Data Out 

1st Cycle L H-L H. ROW COL Don't Care Data Out 

2nd Cycle L H-L H n/a COL Don't Care Data Out 

1st Cycle L H-L L ROW COL Data In High-Z 

2nd Cycle L H-L L n/a . COL Data In High-Z 

1st Cycle L H-L H-+L ROW COL Data In Data Out 

2nd Cycle L H-L H-L n/a COL Data In Data Out 

L H X ROW n/a Don't Care High-Z 

READ L -H-+L L H ROW COL Don't Care Data Out 

. WRITE L-H-L L L ROW COL Data In High-Z 

CAS-BEFORE-RAS REFRESH hi-L L H X X Don't Care High-Z: 

MT4{L)C16M1A1 
REV,4192 1-74 Micron Technology, Inc., reserves the right to change products or speclflcatlons: without notice. 

©1992,MlcronTechnology, Inc. 



ABSOLUTE MAXIMUM RATINGS* 
Voltage on Any Pin Relative to V ss (3.3V) ... -1 V to +4.5V 
Voltage on Any Pin Relative to Vss (SV) ......... -lV to +7V 
Operating Temperature, TA (Ambient) ....... DoC to +70°C 
Storage Temperature (Plastic) ................. -SSoC to +lS0°C 
Power Dissipation ............................................................ 1 W 
Short Circuit Output Current .................................... SOmA 

PRELIMINARY 

'Stresses greater than those listed under U Absolute Maxi­
mum Ratings" may cause permanent damage to the device, 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi­
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (Vee = 5V ±1 0%) 

PARAMETER/CONDITION 
Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV ::; VIN ::; 6.5V 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (0 is disabled, OV ::; VOUT ::; 5.5V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) 

(Notes: 1, 3, 4, 6, 7) (Vee = 3.3V ±1 0%) 

PARAMETER/CONDITION 
Supply Voltage 

Input High (Logic 1) Voltage, AI/Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any input OV ::; VIN ::; 3.6V 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (0 is disabled, OV ::; VOUT ::; 3.6V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -2mA) 
Output Low Voltage (lOUT = 2mA) 

MT4(l}C16M1Al 
REV. 4/92 1-75 

SYMBOL MIN MAX UNITS NOTES 
Vee 4.5 5.5 V 1 

VIH 2.4 Vee+1 V 1 

VIL -1.0 0.8 V 1 

II -2 2 ~ 

loz -10 10 ~ 
VOH 2.4 V 

VOL 0.4 V 

SYMBOL MIN MAX UNITS NOTES 
Vee 3.0 3.6 V 1 
VIH 2.0 Vee+1 V 1 

VIL -1.0 0.8 V 1 

II -2 2 ~ 

loz -10 10 ~ 
VOH 2.4 V 

VOL 0.4 V 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (Vcc = 5V ±10%) 

PARAMETER/CONDITION 
STANDBY CURRENT: (TTL) 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Other Inputs = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling:IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power, supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRe (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

(Notes: 1, 3, 4, 13, 7) (Vcc = 3.3V ±1 0%) 

PARAMETER/CONDITION 
STANDBY CURRENT: (TTL) 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Other Inputs = Vcc -0.2V) 

OPERATING CURRENT: Random READ/WRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

MT4(l)C16M1A1 
REV. 4192 1-76 

MAX 

SYMBOL -6 -7 -8 UNITS NOTES 
Icc 1 2 2 2 rnA 

Icc2 1 1 1 rnA 

90 80 70 rnA 3,4 
Icc3 

70 60 50 rnA 3,4 
Icc4 

90 80 70 rnA 3 
Iccs 

90 80 70 rnA 3,5 
ICC6 

MAX 

SYMBOL -6 -7 -8 UNITS NOTES 
Icc 1 2 2 2 rnA 

ICC2 400 400 400 !!A 

Icc3 60 55 50 rnA 3,4 

ICC4 40 35 30 rnA 3,4 

Iccs 60 55 50 rnA 3 

Icc6 60 55 50 rnA 3,5 

Micron Technology, loc., reserves the right to change products or specifications without nOlice. 
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CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A 11, D Cil 5 pF 2 

Input Capacitance: RAS, CAS, WE CI2 7 pF 2 

Output Capacitance: Q Co 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7,8, 9,10,11,12,13) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 
Access time from CAS 
Access time from column address 
Access time from CAS precharge 
RAS" pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS" hold.time 
RAS" precharge time 
CAS" pulse width 
CAS" hold time 
CAS" precharge time 
CAS" precharge time (FAST PAGE MODE) 
RAS" to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RJI$ to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RJI$) 

Column address to 
RAS" lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 
Output buffer turn-off delay 
WE command setup time 

MT4(L)Ct6M1A1 
REV. 4192 

-6 
SYM MIN 
'RC 110 

'RWC 130 
'PC 40 

'PRWC 60 

tRAC 
tCAC 
tAA 

tCPA 

'RAS 60 
tRASP 60 
tRSH 15 
tRP 40 

tCAS 15 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 20 
tCRP 5 
tASR a 
tRAH 10 
tRAD 15 

tASC a 
tCAH 10 
tAR 50 

tRAl 30 

tRCS a 
'RCH a 

'RRH a 

'ClZ a 
'OFF a 
twcs a 

MAX MIN 
130 
155 
45 

70 

60 
15 
30 
35 

100,000 70 
100,000 70 

20 
50 

100,000 20 
70 
10 
10 

45 20 
5 
a 
10 

30 15 

a 
15 
55 

35 

a 
a 

a 

a 
15 a 

a 

1-77 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 
175 ns 
50 ns 

75 ns 

70 80 ns 14 
20 20 ns 15 
35 40 ns 
40 45 ns 

100,000 80 100,000 ns 
100,000 80 100,000 ns 

20 ns 
60 ns 

100,000 20 100,000 ns 
80 ns 
10 ns 16 
10 ns 

50 20 60 ns 17 
5 ns 
a ns 
10 ns 

35 15 40 ns 18 

a ns 
15 ns 
60 ns 

40 ns 

a ns 
a ns 19 

a ns 19 

a ns 
20 a 20 ns 20 

a ns 21 

Micron Technology, Inc., reServes the right to change products or specifications without notice. 
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PRELIMINARY 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, to, 11,12, 13) (Vee = 5V ±1 0%) 

ACCHARACTERISTICS 
PARAMETER 
Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold tfme 

Data-in hold time 
(referenced to RAS) 

RAS to WE delay time 

Column address 
to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

l'lAS to CAS precharge time 

CAS setup time 
(CAS-BEFORE-RAS refresh) 

CAS hold time 
(CAS-BEFORE-RAS refresh) 

WE hold time 
(CAS-BEFORE-RAS refresh) 

WE setup time 
(CAS-BEFORE~RAS refresh) 

WE hold time 
(WCBR test cycle) 

WE setup time 
(WCBR test cycle) 

MT4(l)C16M1Al 
REV. 4/92 

-6 

SYM MIN 
twCH 10 
tWCR 45 

twp 10 
tRWL 15 
tCWL 15 
tDS 0 
tDH 10 

tDHR 45 

tRWD 60 
tAWD 30 

tCWD 15 
tT 3 

tREF 

tRPC 0 
tCSR 5 

tCHR 15 

tWRH 10 

tWRP 10 

tWTH 10 

tWTS 10 

MAX MIN 
15 

55 

15 

20 

20 

0 
15 

55 

70 

35 

20 

50 3 

64 

0 

5 

15 

10 

10 

10 

10 

1-78 

-7 -8 

MAX MIN MAX UNITS NOTES 
15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 22 
15 ns 22 

60 ns 

80 ns 21 

40 ns 21 

20 ns 21 

50 3 50 ns 9, 10 

64 64 ms 

0 ns 

5 ns 5 

15 ns 5 

10 ns 24 

10 ns 24 

10 ns 24 

10 ns 24 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MIC::RON MT 4(L)C16M1 A 1 
1-· ",""COO"", 16 MEG x 1 DRAM 

NOTES 
1. All voltages referenced to V ss. 
2. This parameter is sampled. Vee = SV ±10%,f = 1 MHz. 
3. Ice is dependent on cycle rates. 
4. Ice is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (O°C S; TA S; 70°C) is assured. 

7. An initial pause of 100J.ts is required after power-up 
followed by eight RAS refresh cycles (RAS-ONL Y or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the tREF refresh requirement is 
exceeded. 

8. AC characteristics assume IT = Sns. 
9. Vrn (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between Vrn and VIL(or between VIL 
and Vrn). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between Vrn and 
VIL (or between VIL and Vrn) in a monotonic manner. 

11. If CAS = Vrn, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

100pF. 
14. Assumes that ~CD < tRCD (MAX). If tRCD is greater 

than the maximum recommended value shown in this 
table, tRAC will increase by the amount that ~CD 
exceeds the value shown. 

15. Assumes that tRCD :2! tRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tcPN, 

MT4(b.)C16Ml~1 
REV. 4/92 1-79 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if ~CD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

18. Operation within the tRAD (MAX) limit ensures that 
tRAC (MIN) and tCAC (MIN) can be met. tRAD 
(MAX) is specified as a reference point only; if tRAD 
is greater than the specifiedtRAD (MAX) limit, then 
access time is controlled exclusively by tAA. 

19. Either ~CH or tRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition, and is not 
referenced to VOH or VOL. 

21. twcs, ~WD, tAWD and tcWD are restrictive 
operating parameters in LATE-WRITE, READ-WRITE 
and READ-MODIFY-WRITE cycles only. If twCS:2! 
twcs (MIN), the cycle is an EARLY-WRITE cycle and 
the data output will remain an open circuit through­
out the entire cycle. If tRWD:2! tRWD (MIN), tAWD :2! 
tAWD (MIN) and tCWD:2! tCWD (MIN), the cycle is a 
READ-WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions is met, the cycle is a LATE-WRITE and the 
state of data out is indeterminate (at access time and 
until CAS goes back to Vrn). 

22. These parameters are referenced to CAS leading edge 
in early WRITE cycles and WE leading edge in late 
WRITE or READ-WRITE cycles. 

23. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

24. twTS and twTH are set up and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of twRP and twRH in the 
CBR refresh cycle. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MIC:RON ' MT4(L)C16M1A1 
1-· ,,,,,,,eex'"' 16 MEG x 1 DRAM 

MT4(l)CI6M1AI 
REV. 4/92 

READ CYCLE 

RC 

tRAS 'RP .1 

\ 
tCSH 

tRSH tRRH 

ICRP tACO tCAS 

1 

:--' 
'AR 

I IRAD tRAL 

I~~I . ~ ~ 
ADDR :~M ROW WIIIIM. COLUMN Wlllllllllllllllllllilla: ROW 

~ 

tACS ~ 
1 

1'/111111111111111111111111111111 VlllllldlIllll/fL/.& 
'AA 
tRAC 

tCAG 

~I ~l 
OPEN 

'fi:i:iY' 
VAllO DATA OPEN---Q VOH-

VOL 

EARLY-WRITE CYCLE 

'RC . 
tRAS 'RP 'J 

1 
- \ -

tCSH 

tRSH 

ICRP tACO . teAs , 
I' 

=-./ 
'AR 

IRAD 'RAL . . 
tASR ~I ~ ~ 

ADDR ~:~ ~ 
~ 

W/$//////////// d/., ROW ~ COLUMN ROW 

tCWL 
IJ IRWl 

tWCR 

twcs 'wCH . 
'wP 

-:W///;/////////~A f//////////~ 
tOHR 

~I 
I 

l~ 
D ~:~ ~---V-A-Ll-D-DA-T-A--

~------------------OPEN-------------------------

1-80 

~ DONTCARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice, 
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PRELIMINARY 

MIC:RON MT4(L)C16M1A1 
1-· ",,,",w,,,", 16 MEG x 1 DRAM 

MT4(l)CI6M1AI 
AEV.4192 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

tCSH 

leRP 

CAS VIH -
Vil ..:.. 

AODR VIH VIL 

I~ 
~nn~~nT,+rinnTIT,~ 

COLUMN ROW 

'RWD I I 

Q ~g~::-------OPEN------~~t=~V~AL~ID~DA~TA~=j OPEN--

FAST-PAGE-MODE READ CYCLE 

I __ - _________ ~IR~~~P __________ ~~ 

ICSH IpC 

ADDR ~:t -

WE ~:t =7lL~~~7f-t----:-t-'--tl~rt--t~w-t---t-~~~ 

1--. -------1-"'=-1 I~---+-=~I ~--____+---"''''--I 

1-81 

~ DON'T CARE 

~UNDEFINED 

Micron Technology, Inc., reserves the righllo change products or specifications without nOliee-. 
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PRELIMINARY 

UU:::I=ION MT4(L)C16M1A1 
1-· "",",ocn, 16 MEG x 1 DRAM 

MT4{L)C16Ml,A1 
REV,4/92, 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

�------------------------~'R~~~P---------------------------I~ 

Q ~i~ =:------------~----~----------------OPEN ----------------------------------

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

*tpc / tpRWC I---''''RS'''"-----I 
tc;p ~ I--"'c,-P ----j ~ 1-+----"'-"-------1 

1-82 

OPEN--

fZ2 DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or spaclfleatlons without notice. 
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MT4(l)CI6M1A1 
REV. 4192 

RAS-ONL Y REFRESH CYCLE 
(ADDR = AO-A 10; A 11 and WE = DON'T CARE) 

\'------
tCRP 

CAs~IH· f \ / 
Il -----.I '-----.I 

AOOR ~:~ _~o~kwff$W$$$/$$/$$!$$/;;X~--RO-W--

a 

Q ~~ =:,-----------OPEN---------

CAS"-BEFORE·~ REFRESH CYCLE 
(AO-A 11 = DON'T CARE) 

tRP tRAS tRP tRAS 

l 
~I tRP~~ tCPNjl~ ~I ~I, 

! , ! f 
OPEN 

~ ~ ~ ~ 

HIDDEN REFRESH CYCLE 23 

(WE = HIGH) 

I~ tRCD 

J 
tAR 

tRAD 

I~ ~ 
1'IIIM ROW ~ 

I 
OPEN 

(READ) 

t RAS 

IRSH 

~ 
I 
II 'RAL I 

lAse II tCAH.1 

COLUMN 

! tAA 

I tRAC 

H 

I'~~ ~b 

(REFRESH) , RAS 

tCHR 

VALID DATA 

l 

'0//////:0 

J I-~ 
OPEN-

LZI DON'T CARE 

~ UNDEFINED 

1~83 
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ADVANCE 

MIC:RON MT4C16M1D1 
1-· "'""OCOG"" 16 MEG x 1 DRAM z 

DRAM 

FEATURES 
• Industry standard xl pinout, timing, functions and 

packages 
• High-performance, CMOS silicon-gate process 
• Single power supply: +5V ±1O% 
• Low power, 3m W standby; 330m W active, typical 
• All inputs, outputs and clocks are fully TTL 

compatible 
• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• 4,096-cycle refresh distributed across 64ms 

OPTIONS 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 
Plastic SOJ (400 mil) 

MARKING 

-6 
-7 
-8 

DJ 

NOTE: Available in die form (commercial or military) or military ceramic 
packages. Please consult factory for die data sheets or refer to Micron's 
Military Data Book. 

• Operating Temperature, T A 

Commercial (O°C to +70°C) None 

• Part Number Example: MT4C16M1D1DJ-6 

GENERAL DESCRIPTION 
The MT4C16MID1 is a randomly accessed solid-state 

memory containing 16,777,216 bits organized in a xl con­
figuration. During READ or WRlTE cycles, each bit is 
uniquely addressed through the 24 address bits, which are 
entered 12 bits (AO-All) at a time. RAS is used to latch the 
first 12 bits and CAS the latter 12 bits. READ and WRITE 
cycles are selected with the WE input. A logic HIGH on 
WE dictates READ mode while a logic LOW on WE dictates 
WRlTE mode. During a WRlTE cycle, data in (D) is latched 
by the falling edge of WE or CAS, whichever occurs last. If 
WE goes LOW prior to CAS going LOW, the output pin 
remains open (High-Z) until the next CAS cycle. If WE goes 
LOW after data reaches the output pin, data out (Q) is 
lctivated and retains the selected cell data as long as CAS 

H4Ci6M1D1 
lEV. 4/92 1-85 

~ 
16 MEG x 1 DRAM II 
STATIC COLUMN C 

:l1 
~--------------------~> 

PIN ASSIGNMENT (Top View) 

24-Pin SOJ 

Vee 
o 

NC 
WE 

RAS 
A11 

A1D 
AD 
A1 
A2 
A3 

Vee 

[ 1 
l 2 

~ ~ 
[ 5 
[ 6 

[ 9 
[ 10 
[ 11 
[ 12 
[ 13 
[ 14 

(0-3) 

28 
27 
26 
25 
24 
23 

20 
19 
18 
17 
16 
15 

Vss 
Q 
NC 
CAS 
NC 
A9 

AS 
A7 
A6 
A5 
A4 
Vss 

remains LOW (regardless of WE or RAS). This late WE pulse 
results in a READ-WRlTE cycle. 

STATIC COLUMN operations allow faster data opera­
tions (READ, WRlTE or READ-MODIFY-WRlTE) within a 
row address (AO-All) defined page boundary. After the 
first read, any column address transition will result in new 
data out. Unlike the PAGE-MODE part, which requires 
CAS to be toggled for each successive PAGE-MODE access, 
the STATIC COLUMN part allows CAS to be left LOW for 
successive STATIC COLUMN accesses. Returning RAS 
HIGH terminates the STATIC COLUMN operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRlTE, RAS-ONLY, CAS-BEFORE-RAS or HlD­
DEN refresh) so that ail 4,096 combinations of RAS addresses 
(AO-All) are executed at least every 64ms, regardless of 
sequence. The CBR refresh cycle will invoke the internal 
refresh counter for automatic RAS addressing. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992,MicronTechnology,lnc. 
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MIC::RON MT4C16M1 D1 
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DRAM 

FEATURES 
• Industry standard x4 pinout, timing, functions and 

packages 
• High-performance, CMOS silicon-gate process 
• Single +5V ±1O% power supply 
• Low power, 3mW standby; 175mW active, typical 
• All inputs, outputs and clocks are fully TTL 

compatible 
• 512-cycle refresh in "Sms 
• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• Optional FAST PAGE MODE access cycle 

OPTIONS 
• Timing 

60ns access 
70ns access 
SOns access 

• Packages 
Plastic DIP (300 mil) 
Plastic SOJ (300 mil) 
Plastic TSOP (300 mil)* 
Plastic ZIP (350 mil) 

MARKING 

- 6 
- 7 
- S 

None 
DJ 
TG 
Z 

NOTE: Available in die form (commercial or military) or military ceramic 
packages. Please consult factory for die data sheets or refer to Micron'S 

Military Data Book. 

• Operating Temperature, T A 
Commercial (O°C to +70°C) 
Industrial (-40°C to +S5°C) 

GENERAL DESCRIPTION 

None 
IT 

The MT4C4256 is a randomly accessed solid-state mem­
ory containing 1,04S,576 bits organized in a x4 configura~ 
tion. During READ or WRITE cycles each bit is uniquely 
addressed thr()ugh the IS address bits which are entered 9 
bits (AO -AS) at a time. RAS is used to latch the first 9 bits and 
CAS the latter 9 bits. READ and WRITE cycles are selected 
with the WE input. A logic HIGH on WE dictates READ 
mode while a logic LOW on WE dictates WRITE mode. 
During a WRITE cycle, data in (D) is latched by the falling 
~dge of WE or CAS, whichever occurs last. If WE goes LOW 
)fior to CAS going LOW, the output pin(s) remain open 
:High-Z) until the next CAS cycle. If WE goes LOW after 
lata reaches the output pin, data out(Q) is activated and 
:etainsthe .selected cell data as long as CAS remains LOW 
regardless of WE or RAS). This late WE pulse results in a 
iliAD-WRITE cycle. The Jour data inputs and four data 

IT4C4256 
:EV.4192 1-87 

256Kx4DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

20-Pin DIP 
(N-2) 

D01 1 20 Vss 

D02 2 19 DQ4 

WE 3 J.a DQ3 

RIi.S 4 17 CAS 

NC 5 16 OE 

AO 6 15 A8 

A1 7 14 A7 

A2 8 13 A6 

A3 9 12 A5 

Vee 10 11 A4 

20-PinSOJ 
(Q-i) 

D01 26 V" 
D02 25 DQ4 
WE 24 D03 

RAS 23· CAS 
NC 22 DE 

AO 9 18 A8 
A1 10 17 A7 
A2 11 16 A8 
A3 12 " A5 

Veo 13 " M 

20-Pin ZIP 
(0-1) 

D: ! ~:::! ~~! 
Vss 11 ::",::. 6 0-01 

DQ2 7 ::",::. 8 we 
RAS 9 ::.~::. 10 NC 

AD 11 ::'1,::. 12 A1 
A2 13 -:'1,::. 14 A3 

Vee 15 ::",,:: 16 A4 
AS 17 ::",::. 18 A6 
A7 19 ::.\:_ 20 AS 

20-PinTSOP 
(R:1 ) 

D01 V" 
DO' DO' 
WE DQ3 

RAS CAS 
ill' 

AD AB 
A1 A7 
A2 A6 
A3 A5 

Veo A4 

'Consult factory on availability of reverse pinout TSOP packages 

outputs are routed through four pins using common I/O, 
and pin direction is controlled by WE and aE. , 

FAST PAGE MODE operations allow faster data opera­
tiolls (READ, WRITE or READ-MODlFY-WRITE) within a 
row address (AO~AS) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address; 
strobed-in by RASfollowed by a column address strobed-in by 
CAS. CAS may be toggled-in by holding RAS LOW .and 
strobing-in different column addresses;· thus executing 
faster memory cycles. Returning RAS HIGH terminates the 
FAST PAGE MODE cycle. 

Returning RAS and CAS HIGH termiriates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE,RAS-ONL Y, CAS-BEFORE-RAS (CBR) or. 
HIDDEN refresh) so that all 512 combinations of RAS ad­
dresses (AO-AS) are executed at least every Sms, regardless 
of sequence. The CBR refresh cycle will invoke the internal 
refresh counter for automatic RAS addressing. 

Micron Technology. Inc., reserves the' right to change products or specifications without notice. 
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AO 
A1 

A2 

A3 

A4 

AS 
A6 

A7 

AS 

FUNCTIONAL BLOCK DIAGRAM 
FAST PAGE MODE 

L-------------~B1 __ ----~OE 

MEMORY 
ARRAY 

---.0 Vee 

......--..0 Vss 

'NOTE: WE LOW prior to CAS LOW. EW detection circuit output is a HIGH (EARLY-WRITE) 
CAS LOW prior to WE LOW. EW detection circuit output is a LOW (LATE-WRITE) 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARL V-WRITE 

READ-WRITE 

FAST-PAGE-MODE . 1st Cycle ... 

READ 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

EARL V-WRITE 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

READ-WRITE 2nd Cycle 

RAS-ONL V REFRESH 

HIDDEN READ 

REFRESH WRITE 

CAS-BEFORE-RAS REFRESH 

MT4C4256 
REV. 4192 

"An 
H 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L-H-L 

L-H-L 

H-L 

"CAl" WE" 
H-X X 

L H 

L L 

L H-L 

H-L H 

H-L H 

H-L L 

H-L L 

H-L H-L 

H-L H-L 

H X 

L H 

L L 

L X 

1-88 

ADDRESSES DATA IN/OUT 

lJt IR IC DQ1-DQ4 

X X X High-Z 

L ROW COL Data Out 

X ROW COL Data In 

L-H ROW COL Data Out. Data In 

L ROW COL Data Out 

L n/a COL Data Out 

X ROW COL Data In 

X n/a COL Data In 

L-H ROW COL Data Out. Data In 

L-H n/a COL Data Out. Data In 

X ROW n/a High-Z 

L ROW COL Data Out 

X ROW COL Data In 

X X X High-Z 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Any Pin Relative to Vss .................... -lV to +7V 
operating Temperature, TA(Ambient) ......... O°C to +70°C 
Storage Temperature (Plastic) .................... -SSoC to +lS0°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under" Absolute Maxi~ 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specificationisnotimplied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1,3,4,6,7) (Vcc = 5V ±10%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV S; VIN S; 6.5V 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT: (0 is disabled; OV S; VOUT s; 5.SV) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -SmA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 
STANDBY CURRENT: (TTL) 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling:!RC = IRC (MIN» 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN» 

REFRESH CURRENT: "RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN» 

REFRESH CURRENT: CAS-BEFORE-RAS" 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

MT4C4256 
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SYMBOL MIN MAX UNITS NOTES 
Vcc 4.5 5.5 V 1 

VIH 2.4 Vcc+1 V- i 

VIL -1.0 0.8 V 1 

II -2 2 !lA 

loz -10 10 !lA 
VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -6 -7 ·8 UNITS NOTES 

IccI 2 2 2 mA 

Icc2 1 1 1 mA 

ICC3 90 80 70 mA 3,4 

Icc4 70 60 50 mA 3,4 

Icc5 90 80 70 mA 3 

Iccs 90 80 70 mA 3,S 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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CAPACITANCE 

PARAMETER .... SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO·AS CI1 5 pF 2 

Input Capacitance: RAS, CAS, WE, OE CI2 7 pF 2 

Input/Output Capacitance: DQ Cia 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7,8, 9, 10, 11, 12, 13, 23) (Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ orWRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE READ or WRITE 
cycle time 

FAST·PAGE-MODE READ-WRITE 
cycle time 

Access time from RAS 
Access time from CAS 
Output Enable 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
liAS pulse width (FAST PAGE MOOE) 
liAS hold time 
R7iS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MOOE) 
RAS to CAS. delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 

MT 4C4256, ,i 
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·6 
. SYM MIN 

tRC 110 
tRWC 165 
tpc 40 

tpRWC 90 

tRAC 
tCAC 
tOE 
tAA 

tCPA 
tRAS 60 

tRASP 60 
tRSH 20 
tRP 40 

tCAS 20 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 20 
tCRP 5 
tASR 0 
tRAH 10 
tRAD 15 

tASC 0 
tCAH 15 
tAR 45 

tRAl 30 

tRCS 0 
tRCH 0 

tRRH 0 

tClZ ° 

MAX MIN 
130 
185 
40 

95 

60 
20 
20 
30 
35 

100,000 70 
100,000 70 

20 
50 

100,000 20 
70 
10 
10 

40 20 
5 
0 
10 

30 15 

0 
15 
55 

35 

0 
0 

0 

0 

1-90 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 
205 ns 
45 ns 

100 ns 

70 80 ns 14 
20 20 ns 15 
20 20 ns 
35 40 ns 
40 45 ns 

100,000 80 100,000 ns 
100,000 80 100,000 ns 

20 ns 
60 ns 

100,000 20 100,000 ns 
80 ns 
10 ns 16 
10 ns 

50 20 60 ns 17 
5 ns 
0 ns 
10 ns 

35 15 40 ns 18 

0 ns 

15 ns 
60 ns 

40 ns 

0 ns 
0 ns 19 

. 
0 ns 19 

0 ns 

Micron Technology, Inc., reserves the right to change products or specifications without n'Ollce. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (Vee = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Output buffer turn-off delay 

Output disable 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

RAS to WE delay time 

Column address 
to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (512 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CAS-BEFORE-RAS" refresh) 

CAS hold time 
(CAS-BEFORE-RAS refresh) 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

VlT4C4256 
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-6 

SYM MIN 
toFF 0 
tOD 

twcs 0 
tWCH 10 

twCR 45 

twp 10 
tRWL 20 
tCWL 20 
tDS 0 
tDH 15 

tDHR 45 

tRWD 85 
tAWD 60 

tCWD 40 
tT 3 

tREF 

tRPC 0 
tCSR 10 

tCHR 10 

tOEH 15 

tORD 0 

MAX MIN 
20 0 

15 

0 

15 

55 

15 

20 

20 

0 

15 

55 

100 

65 

50 

50 3 
8 

0 

10 

15 

20 

0 

1-91 

-7 -8 

MAX MIN MAX UNITS NOTES 
20 0 20 ns 20,26 

20 20 ns 26 

0 ns 21 

15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 22 

15 ns 22 

60 ns 

110 ns 21 

70 ns 21 

55 ns 21 

50 3 50 ns 9,10 

8 8 ms 

0 ns 

10 ns 5 

15 ns 5 

20 ns 25 

0 ns 24 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = 5V ±10%,f = 1 MHz. 
3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lOOl1s is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the IREF 
refresh requirement is exceeded. 

8. AC characteristics assume IT = 5ns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIR). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

100pF. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD :?: IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for ICPN. 

17. Operation within the IRCD (MAX) limit ensures that 
lRAc (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

18. Operation within the tRAD (MAX) limit ensures that 
IRAC (MIN) and ICAC (MIN) can be met. lRAD 
(MAX) is specified as a reference point only; if lRAD 

MT4C4256 
REV. 4/92 1-92 

is greater than the specified lRAD (MAX) limit, then 
access time is controlled exclusively by IAA. 

19. Either IRCH or lRRH must be satisfied for a READ 
cycle. 

20. IOFF (MAX) defines the time at which the output 
achieves the open circuit condition, and is not 
referenced to VOH or VOL. 

21. twcs, IRWD, IAWD and tcWD are not restrictive 
operating parameters. twcs applies to EARLY­
WRITE cycles. IRWD, IAWD and ICWD apply to 
READ-MODIFY-WRITE cycles. If twCS:?: twcs 
(MIN), the cycle is an EARLY-WRITE cycle and the 
data output will remain an open circuit throughout 
the entire cycle. If IRWD :?: IRWD (MIN), IAWD :?: 
IAWD (MIN) and ICWD:?: tcWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected celL If neither of 
the above conditions is met, the state of data out is 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE-WRITE (OE 
controlled) cycle.twCS, IRWD, ICWD and IAWD are 
not applicable in a LATE-WRITE cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY -WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

25. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both IOD and IOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after IOEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

26. The DQs open during READ cycles once IOD or IOFF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 

Micron Technology. Jnc., reserves the rlghllo change products or specifications without notice., 
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READCVCLE 

'RAS IRP 

\ 
tCSH 

IRSH tARH 

'cRP tRCD 'CAS 

:.--/ 
IAR 

I tAAD 'AAl 

I~ ~l ~ I~ 

~ ROW Wlllli,? COLUMN WIIIII/, ROW 

IRCS ~ 

lAA 

tRAG 

'CAG ~ 
~l 

OPEN VALID DATA t---OPEN---

1------'2L... I~ 

1#/##&##/#&//1#//1/1/0 

EARL V-WRITE CVCLE 

IRe 

IRAS 

RAS 
VIH -
VIL -

'cSH 

tRSH 

'cRP tRCD 'cAS 

CAS VIH -
VIL -

ADDA COLUMN ROW 

'weR 

'weH 

'wP 

I '1 tOHR 

IDH~ 
VALIDD~ 

OE~:~. 

1-93 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 

III 
c 
JJ 
l> s: 



II 
c 
:D » 
3: 

MT4G4256 
REV. 4/92 

READ·WRITE ,CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

Rwe 

tRAS tRP 

RAs 
tCSH I IRSH 

I~ IRCD tCAS 

CAS J ~ tAR 

tRAD I I tRAL I 
~I I 

ADDR ~it-
I~ ~I l~l 

1,I/11;?t ROW Wlilip COLUMN ROW 

DO ~igt 

W--'"- I IRWD ~II 
I 

leWD IAWL 

IAWD 
'WP __ I. 

~ 

I 
tM 

I tRAC I tCAG 

tCLZ- 1:-- I~ ~I 
OPEN VALID Dour K VALID DIN OPEN---

~ ~I ~ 

FAST·PAGE·MODE READ CYCLE 

1-94 

IZZI DON'T CARE 

~ UNDEFINED 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 

RASP 

R--
-

tCSH IpC IRSH 

IRP 

I~ IRCD leAS _ICp_~ _1_CP_ ~ I~I 
~i :J f 

IAR 

II 
IRAD 

I~I I~ 
tRAL 

I'" IASR IAAH~I ~ leAH ~I I~II~I 
ADDR ~i~ :/'/t0i ROW W'1t0i COLUMN COLUMN COLUMN ROW 

ADDR ~lr 

-
-

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

tCSH 'RSH 

IRP 

FL 
*!PC/tPRWG 

!~. teRP • : 'RCD tCAS tep teAs ~ teAS .~ 
~~ r-----, r--:---' 

IAR 

II 
IRAD 

~I I~ 
IRAl 

I'" tASR 
tRAH __ 

1 ~ ~I ~I~I 
711,.11; ROW Vila COLUMN COLUMN COLUMN ROW 

I I IRWD 

11 

I 
~ 

I 
- 11-IRw, 

~I 
I fCWL-+- 'CWL-- - __ fCWl 

'wP J IWp __ J - _'wp 
'AWD tAWD IAWD 

l~ ~ ~ 

IAAI ~:~ ~~ -

tRAG I ~".:1- 1 ".1 m':l."-",L m_l-~ 
~- - ~~ - ~~-

-
~~r ~-r ~-r 

- OPEN~ ~~~~} VS~~D 'W ~~~~ V~~~D 1OOf~ V~~D ~OPEN-_11 __ too ___ too ___ '00 

'oE- - 'OE- - 10E - tOEH 

-tpc is for LATE·WRITE only. 

~ DON"TCARE 

r2&I UNDEFINED 
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RAS-ONL Y REFRESH CYCLE 
(ADDR = AD-AS; WE = DON'T CARE) 

tRe 

CAs ~:~ =--.1 '--I 

ADDR ~:t =~~o~b###/$###//$##M'$//;I/##&r---RO-W --
DQ ~gt -:--~-------OPEN---'---------

RAs ~:~ =: 

CAS-BEFORE-RAS REFRESH CYCLE 
(AD-AS, WE and OE = DON'T CARE) 

tRP 

~
tRPe 

tePN tesR ,teHR"Ic-' __ ~~ 

CAS ~:t = __ -L.._"---__ ---'-l ___ ~_'''__ _________ _"__ 

DO ~gt------------OPEN-----------

HIDDEN REFRESH CYCLE 24 

(WE = HIGH; OE = LOW) 

(READ) (REFRESH) 

DO ~:gt =:----OPEN----~~~==V~AL~tDD~AT~A ===f OPEN-

1-96 

~ DON'T CARE 

~ UNDEFINED 
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DRAM 

FEATURES 
• Industry standard x4 pinout, timing, functions and 

packages 
• High-performance, CMOS silicon-gate process 
• Single +5V ±10% power supply 
• Low power, .3mW standby; 150mW active, typical 
• All inputs, outputs and clocks are fully TTL 

compatible 
• Optional FAST PAGE MODE acceSs cycle 
• Refresh modes: RAS-ONL Y, CA5-BEFORE-RAS (CBR), 

HIDDEN and BATTERY BACKUP (BBU) 
• 512-cycle extended refresh in 64ms 
• Low CMOS STANDBY CURRENT, 2001lA Maximum 

OPTIONS 
• Timing 

70ns access 
SOns access 
lOOns access 

• Packages 
Plastic DIP (300 mil) 
Plastic SOJ (300 mil) 
Plastic TSOP (300 mil)' 
Plastic ZIP (350 mil) 

MARKING 

- 7 
- S 
-10 

None 
DJ 
TG 
Z 

NOTE: Available in die form (commercial or military) or military ceramic 
packages. Please consult factory for die data sheets or refer to Micron's 
Military Data Book. 

• Operating Temperature, T A 
Commercial (O°C to +70°C) 
Industrial (-40°C to +S5°C) 

None 
IT 

• Part Number Example: MT4C4256DJ-7 L 

GENERAL DESCRIPTION 
The MT4C4256 L is a randomly accessed solid-state 

memory containing 1,04S,576 bits organized in a x4configu­
ration. During READ or WRITE cycles, each bit is uniquely 
addressed through the IS address bits, which are entered 9 
bits (AO-AS) ata time. RAS is used to latch the first 9 bits and 
CAS the latter 9 bits. READ and WRITE cycles are selected 
with the WE input. A logic HIGH on WE dictates READ 
mode while a logic LOW on WE dictates WRITE mode. 
During a WRITE cycle, data in (D) is latched by the falling 
edge of WE or CAS, whichever occurs last. If WE goes LOW 
prior to CAS going tow, the output pin(s) remain open 
(High-Z) until the next CAS cycle. If WE goes LOW after 

MT4C4256 L 
REV. 4192 1-97 

256Kx4DRAM 
LOW POWER, 
EXTENDED REFRESH 

PIN ASSIGNMENT (Top View) 

20-Pin DIP 20-Pin ZIP 
(N-2) (0-1) 

DOt ~ Vss 
- ,e:;- _ 
DE 

OQ2 2 ,. DO< DQ3 
'02 CAS 

3°' 
WE3 1B. 003 

'04 D04 
Vss 50' 

RAS 4 17 CAS 
'06 DOl 

D02 7 0' -'--
_ '08 WE 

NC 5 16 DE RAS 9 0"0 10 NC 
AD 6 15 AB AO 11 °"0 12 Al 
Al 7 14 A7 A2 13 0"0 14 A3 
A2 B 13 A6 Vee 15 ::1,-=. 16 A4 
AS 9 12 A5 AS 17 0'.0 18 A6 

vcc~ A4 A7 19 ~ 20 AS 

20-Pin SOJ 20-Pin TSOP 
(0-1) (R-1 ) 

DOl 1 26 Vss DOl 1 26 Vss 
D02 2 25 004 ~"2 25 ~DQ4 
WE 3 24 D03 WE" 3 24 ~ DQ3 

RAS 4 23 CAS RAS" 4 23 inCAS 
NC 5 22 OE NC" 5 22 In OE 

AO 9 18 AS AD" 9 18 fu A8 
A1 10 17 A7 Al " 10 17 In A7 
A2 11 16 A6 A2" 11 16 In A6 
A3 12 15 AS AS cr 12 15 In AS 

Vee 13 14 A4 Vee" 13 14 fu A4 

'Consult factory on availability of reverse pinout TSOP packages 

data reaches the output pin, data out (Q) is activated and 
retains the selected cell data as long as CAS remains LOW 
(regardless of WE or RAS). This late WE pulse results in a 
READ-WRITE cycle. The four data inputs and four data 
outputs are routed through four pins using common I/O, 
and pin direction is controlled by WE and OE. 

FAST PAGE MODE operations allow faster data opera­
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO-A8) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed­
in by CAS. CAS may be toggled-in by holding RAS LOW 
and strobing-in different column addresses, thus executing 
faster memory cycles. Returning RAS HIGH terminates the 
FAST PAGE MODE cycle. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT4C4256 L 
1-· ",""0<0", '"' 256K X 4 DRAM 

ReturningRAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 

(READ, WRITE, RAS-ONL Y, CAS-BEFORE-RAS (CBR), or 
HIDDEN refresh) so that all 512 combinations oiRAS ad­
dresses (AD -AS) are executed at least every 64ms, regardless 
of sequence. The CBR refresh cycle will invoke the internal 
refresh counter for automatic RAS addressing. 

FUNCTIONAL BLOCK DIAGRAM 
FAST PAGE MODE 

WE ~----------------------~--------~.-----~~ 
CAS )-----1 

D01 
D02 
D03 
D04 

AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
AS 

RAS 

MT4C4256 L 
REV.4J92 

~----------------~~~------~OE 

MEMORY 
ARRAY 

-0. Vee 

+---0 Vss 

'NOTE:. WE LOW prior to CAS LOW, EW detection circuit output is a HIGH (EARL V-WRITE) 
CAS LOW prior to WE LOW, EWdetection circuit output is a LOW (LATE-WRITE) 

1-98 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARL V-WRITE 

READ-WRITE 

FAST-PAGE-MODE 1 st Cycle 

READ 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

EARL V-WRITE 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

READ-WRITE 2nd Cycle 

RAS-ONL V REFRESH 

HIDDEN READ 

REFRESH WRITE 

CAS-BEFORE-RAS REFRESH 

BATTERV BACKUP REFRESH 

MT4C4256l 
REV. 4/92 

m "CAs- WE 

H H-X X 

L L H 

L L L 

L L H-L 

L H-L H 

L H-L H 

L H-L L 

L H-L L 

L H-L H-L 

L H-L H-L 

L H X 

L-H-L L H 

L-H ..... L L L 

H--->L L X 

H-L L X 

1-99 

ADDRESSES DATA IN/OUT 

or IR IC DQ1-DQ4 

X X X High-Z 

L ROW COL Data Out 

X ROW COL Data In 

L-H ROW COL Data Out, Data In 

L ROW COL Data Out 

L n/a COL Data Out 

X ROW COL Data In 

X n/a COL Data In 

L-H ROW COL Data Out, Data In 

L-H n/a COL Data Out, Data In 

X ROW n/a High-Z 

L ROW COL Data Out 

X ROW COL Data In 

X X X High~Z 

X X X High-Z 

Micron Technology, Inc., reserves the right to change products or specifications without t'lOtice. 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Any Pin Relative to Vss .................... -IV to +7V 
Operating Temperature, TA (Ambient) ......... O°C to +70°C 
Storage Temperature (Plastic) .. c ••••••••••••••••• -55°C to + 150°C 
Power Dissipation .............................................................. 1W 
Short Circuit Output Current ...................................... 50mA 

*Stresses greater than those listed under '~Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS AND RECQMMENDEDDC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (Vcc = 5V ±10%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV :;:; VIN :;:;6.5V 
(All other pins not undertest = OV) 

OUTPUT LEAKAGE CURRENT: (Q is disabled; OV :;:;VOUT:;:; 5.5V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 
STANDBY CURRENT: (TIL) 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READ/WRITE 
Average power supply current 
(RAS, CAS, Single Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS (CBR) 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

REFRESH CURRENT: BATIERY BACKUP (BBU) 
Average power supply current during BATTERY BACKUP refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = IRAS (MIN) to 
11JS; WE, AO-A9 and DIN = Vcc -0.2V or 0.2V (DIN may be left 
OPEN), IRC = 125~s (512 rows at 125~s = 64ms) 

MT4C4256 L 
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SYMBOL MIN MAX UNITS NOTES 

Vcc 4.5 5.5 V 1 

VIH 2.4 Vcc+1 V 1 

VIL -1.0 0.8 V 1 

II -2 2 IJA 

loz -10 10 IJA 
VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -7 -8 -10 UNITS NOTES 

Icc1 2 2 2 mA 

Icc2 200 200 200 IJA 

ICC3 75 65 55 mA 3,4 

Icc4 55 45 40 mA 3,4 

Icc5 75 65 55 mA 3 

ICC6 75 65 60 mA 3,5 

Icc? 200 200 200 IJA 3,5, 
7,27 

Micron Technology, Inc., reserves the right to change products or specifications without-notice. 
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CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance: AD-AS Cll 5 pF 2 

Input Capacitance: RAS, CAS, WE, OE CI2 7 pF 2 

InpuVOutput Capacitance: DQ CIO 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (Vcc = 5V ±.10%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE READ or WRITE 
cycle time 

FAST-PAGE-MODE READ-WRITE 
cycle time 
Access time from FlAS 
Access time from CAS 
Output Enable 
Access time from column address 
Access time from CAS precharge 
FlAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to FlAS) 
Column address to 
FlAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to FlAS) 
CAS to output in Low-Z 

MT4C4256 L 
REV. 4192 

-7 
SYM MIN 
tRC 130 

tRWC 185 
tpc 40 

tpRWC 95 

tRAC 
tCAC 
tOE 
tAA 

tCPA 
tRAS 70 

tRASP 70 
tRSH 20 
tRP 50 

tCAS 20 
tCSH 70 
tCPN 10 
tcp 10 

tRCD 20 
tCRP 5 
tASR 0 
tRAH 10 
tRAD 15 

tASC 0 
tCAH 15 
tAR 55 

tRAL 35 

tRCS 0 
tRCH 0 

tRRH 0 

tCLl 0 

MAX MIN 
150 
205 
45 

100 

70 
20 
20 
35 
40 

100,000 80 
100,000 80 

20 
60 

100,000 20 
80 
10 
10 

50 20 
5 
0 
10 

35 15 

0 
15 
60 

40 

0 
0 

0 

0 

1-101 

-8 -10 
MAX MIN MAX UNITS NOTES 

180 ns 
245 ns .. 

55 ns 

115 ns 

80 100 ns 14 
20 25 ns 15 
20 25 ns 
40 50 ns 
45 50 ns 

100,000 100 100,000 ns 
100,000 100 100,000 ns 

25 ns 
70 ns 

100,000 25 100,000 ns 
100 ns 
15 ns 16 
10 ns 

60 25 75 ns 17 
5 ns 
0 ns 
15 ns 

40 20 50 ns 18 

0 ns 

20 ns 
70 ns 

50 ns 

0 ns 
0 05 19 

0 ns 19 

0 ns 

Micron Technology, Inc., reserves the right to change products or specifications withotlfnotica 
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MICRON MT 4C4256 L 
1-· 'cc'"oc "' 256K x 4 DRAM 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11,12,13.23) (Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Output buffer turn-off delay 

Output disable 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to "CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

RAS to WE delay time 

Column address 
to M delay time 

"CAS to WF: delay time 

Transition time (rise or fall) 

Refresh period (512 cycles) 

RAS to "CAS precharge time 

CAS setup time 
(CAS-BEFORE-RAS refresh) 

CAS hold time 
(CAS-BEFORE-RAS refresh) 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

OJ: setup prior to RAS during 
HIDDEN REFRESH cycle 

MT4C4256L 
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SYM MIN 
tOFF 0 
tOD 

twcs 0 

twCH 15 

tWCR 55 

twp 15 
tRWL 20 
tCWL 20 
tDS 0 
tDH 15 

tDHR 55 

tRWD 100 
tAWD 65 

tCWD 50 

IT 3 
tREF 

tRPC 0 
tCSR 10 

tCHR 15 

tOEH 20 

tORD 0 

MAX MIN 
20 0 

20 

0 

15 

60 

15 

20 

20 

0 

15 

60 

110 

70 

55 
50 3 

64 

0 

10 
, 

15 

20 

0 

1-102 

-8 -10 

MAX MIN MAX UNITS NOTES 
20 0 20 ns 20,26 

20 20 ns 26 

0 ns 21 

20 ns 

75 ns 

20 ns 

25 ns 

25 ns 

0 ns 22 

20 ns 22 

75 ns 

130 ns 21 

80 ns 21 

60 ns 21 

50 3 50 ns 9,10 

64 64 ms 

0 ns 

10 ns 5 

15 ns 5 

20 ns 25 

0 ns 24 

M!cron Technology, Inc., reserves the right to change products or specifications without notice. 
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NOTES 
1. All voltages referenced to V ss. 
2. This parameter is sampled. Vee = 5V ±lO%,f = 1 MHz. 
3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of 100l!s is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the tREF 
refresh requirement is exceeded. 

8. AC characteristics assume tT = 5ns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

100pF. 
14. Assumes that tRCD < tRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, tRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD 2: tRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for terN. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by teAe. 

18. Operation within the tRAD (MAX) limit ensures that 
tRAC (MIN) and teAC (MIN) can be met. tRAD 
(MAX) is specified as a reference point only; if IRAD 
is greater than the specified tRAD (MAX) limit, then 
access time is controlled exclusively by tAA. 

MT4C4256 L 
REV. 4/92 

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition, and is not 
referenced to VOH or VOL. 

21. twcs, tRWD, tAWD and tCWD are not restrictive 
operating parameters. twcs applies to EARLY­
WRITE cycles. IRWD, tAWD and teWD apply to 
READ-MODIFY-WRITE cycles. If twcs 2: twcs 
(MIN), the cycle is an EARLY-WRITE cycle, and the 
data output will remain an open circuit throughout 
the entire cycle. If IRWD 2: tRWD (MIN), tAWD 2: 
tA WD (MIN) and teWD 2: tCWD (MIN), the cycle is a 
READ-MODIFY-WRITE cycle, and the data output 
will contain data read from the selected cell. If neither 
of the above conditions is met, the state of data out is 
indeterminate. OBheld HIGH and WE taken LOW 
after CAS goes LOW results in a LATE-WRITE 
(OE controlled) cycle. twcs, tRWD, tCWD and tAWD 
are not applicable in a LATE-WRITE Cyell>. 

22. These parameters are referenced to CAS ledding "dg'> 
in EARLY-WRITE cycles and WE-leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. HOBis tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

25. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both tOD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after toEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

26. The DQs open during READ cycles once tOD or tOFF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care," and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 

27. BBU current is reduced as IRAS is reduced from its 
maximum specification during the BBU cycle. 

1-103 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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READ CYCLE 

tRC 

\'-----
tCSH 

ICRP teAs 

I~~I ~~ 
AODR ~:~ 41L0t ROW ~ COLUMN W//////////////////////A< ROW 

tRCS ~ 

WE ~:~ ~1//// ////////////1////////////// V/////////////,I//////;j 

tCAC 

EARLY-WRITE CYCLE 

RAS 
VIH -
VIL 

tCSH 

leRP tRCD tcAS 

CAS VIH -
VIL -

AODR RCW 

OE~:e. 

1-104 

~ DON'TeARE 

Illl8l UNDEFINED 
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READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

Rwe 
tRAS IRP 

-
leSH 

I, IRSH 

I~ IRCD ICAS 

=-' ~ IAR 
IRAD I I tRAL I 

ADDR ~:~ 
I~~I ~I I leAH~1 I 

::illl!?i{ ROW ~ COLUMN J'<ILIjjjjjjJ7LljjjJ7LljjjJ7Lljjjl!£l!gll>\ ROW 

~ I ~ I IIRWD leWll1 

I~I I leWD ;.;w;:-. 
tAWD twp "'1. 

I 
1M 

I tRAC 

I~ 
tcLZ- 1:-- .C ~I 

- OPEN VALID DOUT X VALID DIN Of'EN--

~ ..!2!!.1 ~ 

FAST-PAGE-MODE READ CYCLE 

RASP 

'PL 
tCSH Ipe lASH 

J~=-: 
tRCD ICAS _._.Ie_p_~ _Iep_ 

~y I-- tCPN .... 1 

:J 
IRAD 

AODR ~:~ ~ 

I~ 'ASR ,IRAH __ I 

:;02{ ROW WI/,) 

I 
I 

OQ ~:g~- OPEN 

IAR ~ 
~I I~ 

IRAL 

'Ase .leAH __ 1 ~I .tCAH·~1 I 
COLUMN Willi/,) COLUMN WI//I/,,? COLUMN ROW 

IRCS , 
IACH- -,ltIRes Ii IReH- Ii -I ItlRes I~_IRRH tRCH 

1M Wf' 1M 

I tRAC I lePA 

j 'cAe 

leLZ 1:- ~ ~ tcu- -
VALID L 
DATA 

~ I~ ~ 

1-105 

Yf IAA 

I tCPA 

~ I~ 
leLZ- r-

VAllO 
DATA 

~ ~ 

-
VAliD 
DATA 

~ 

W&@ 

i--toFF 

~OPEN-

tz] DONT CARE 

~ UNDEFINED 
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MICRON MT4C4256 L 
1-· ,"",oco", '"' 256K x 4 DRAM 

MT4C4256 L 
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FAST-PAGE.MODE EARLY-WRITE CYCLE 

~ -

'RASP 'RP 

tCSH Ipe lASH 

I~ 'CRP 
'ReD ~ i 'eAS _ 

_ 'ep_~ _tcP_~ l~l 

=~ ! 
'AR ~I I~II::~-I II ~RA:~I -I~I I~ I' tASR I' 'Ase leAH ~I 

:J/M{ ROW W/M{ COLUMN COLUMN COLUMN ROW ADDR ~l~ 

~ ", j'hWff/#J1ffffl-~w=es=[i l~-=-~~'LJl~~a~L~~wazwazzz 
I tWCR 'AWL I 
-- I T--';;;;-- II ~ l~ lOS IOH "DS, tOH 

DQ ~:g~ )1/////1/$////;1/1£ VACIDDATA --:D~-:D=--~;W'$//I_h 
OE ~:~ W,1!;1$W,1,1///I$W,1/!$$/,1/!/I/;W;1/$///$/I$////I/I$;I//;W$W//,1#/$/$/I,1/$/$,1a 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

*tpc is for LATE-WRITE only. 

1-106 

EZl DON'T CARE 

~ UNDEFINED 
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ICRP 

I' 

'FIAS"-ONL Y REFRESH CYCLE 
(ADDR = AD-AS; WE = DON'T CARE) 

'Re 

tRAS 'RP 

I 

1. 'RPe_
1 

\ 

CAS ~:~_ :---.-1 '---I 
tASR tRAH 

ADDR ~:~ _c----RO-W ------,b//////ffffff$p;wffiW'm$p;wJ;X~--RO-W --
DQ ~g~ -

RAs V,H -
VfL -

CAS V,H 
VtL -

Q 
VOH -
VOL 

-.-I 

--------~OPEN ----------

. 

CAS"-BEFORE-'FIAS" REFRESH CYCLE 
(AD-AS, WE and OE = DON'T CARE) 

'RP tRAS tRAS 

'RPe~ 
).'ep,! 'eSR • 'eHR ! I'RPe~~ 

'AP 

OPEN 

BATTERY BACKUP REFRESH CYCLE 
(AD-AS, WE and OE = DON'T CARE) 

125~s , 
'RAS 'AP • L. 

i 
tRAS 

.. tRPe. 

tCPN tCSR 
-I--="--~ ~~ 

,I 

Y \ 

~ 

Q ~g~ -------------OPEN-----------

1-1 D7 

~ DON'T CARE 

~ UNDEFINED 
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ADDR 

I. 

HIDDEN REfRESH CYCLE 24 

(WE == HIGH; OE = LOW) 

(READ) 

tRAS 

(REFRESH) 

tRAS 

tCHR 

tOFF 

VALID DATA DO ~:g~ -------OPEN-----~'X'M~ 
~-.---------~ 

too 

OPEN-

,_ toE 

OE ~:~ 4I//////I11!/11 !/I// ///!/!!/ 111////// !lhl~ .1 _1//m/4 

MT4C4256L 
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~ DON'TeARE 

~ UNDEFINED 
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DRAM 

FEATURES 
• Best memory solution for 3.3V flat-panel controllers 
• Single +3.3V ±5% power supply 
• TSOP and SOJ compatible with 1 Meg x 4 TSOP 
• Industry standard x4 pinout, timing, functions and 

packages 
• High-performance, CMOS silicon-gate process 
• All inputs and outputs are TTL compatible 
• Optional FAST PAGE MODE access cycle 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS 

(CBR), HIDDEN and BATTERY BACKUP (BBU) 
• Low power, O.1mW standby; 100mW active, typical 
• Sl2-cycle extended refresh distributed across 64ms 
• Low BBU current, 60j.lA typical, 90j.lA (MAX) 
• Low STANDBY CURRENT, 25j.lA typical, 

60j.lA(MAX) 

OPTIONS 
• Timing 

lOOns access 
120ns access 

• Packages 
Plastic SOJ (300 mil) 
Plastic TSOP (300 mil) 
Plastic ZW (350 mil) 

MARKING 

-10 
-12 

DJ 
TG 
Z 

NOTE: Available in die form (commercial or military) or military ceramic 
packages. Please consult factory for die data sheets or refer to Micron's 
Military Data Book. 

• Part Number Example: MT4C4256DJ-I0 VL 

GENERAL DESCRIPTION 
The MT 4C4256 VL is specially processed to operate at 3.3 

volts allowing for maximum power savings. It is a ran­
domly accessed solid-state memory containing 1,048,576 
bits organized in a x4 configuration. During READ or 
WRITE cycles, each bitis uniquely addressed through the 18 
address bits, which are entered 9 bits (AO-A8) at a time. 
RAS is used to latch the first 9 bits and CAS the latter 9 bits. 
READ and WRITE cycles are selected with the WE input. A 
logic HIGH on WE dictates READ mode while a logic LOW 
on WE dictates WRITE mode. During a WRITE cycle, data 
in (D) is latched by the falling edge of WE or CAS, whichever 
occurs last. If WE goes LOW prior to CAS going LOW, the 
output pin(s) remain open (High-Z) until the next CAS 
cycle. If WE goes LOW after data reaches the output pin, 
data out (Q) is activated and retains the selected cell data as 

MT4C4256 Vl 
REV. 4/92 

PRELIMINARY 

256Kx4DRAM 
3.3V, EXTENDED REFRESH 

PIN ASSIGNMENT (Top View) 

20-Pin SOJ 20-Pin ZIP 
(0-1 ) (0-1 ) 

-
1S-DOl 1 26 Vss OE 

CAS D02 2 25 D04 '0 2 
D03 3 -=-\-::. 4 

WE 3 24 D03 D04 
RAS 4 23 CAS 

Vss 5 -::'1 

'06 DOl 
NC 5 22 OE D02 7 0"08 WE 

RAS 9 0' 
,010 NC 

AO 11 0"0 12 Al 

AO 9 18 AS A2 13 0"0 14 A3 
Al 10 17 A7 Vee 15 0"0 16 A4 
A2 11 16 AS 

A5 17 0"0 18 AS 
A3 12 15 A5 

Vee 13 14 A4 A7 19 0"0 20 AS 
~ 

20-Pin TSOP 
(R-1 ) 

D01 a 1 26 FVss 
DO~ a 2 25 F DQ4 
WEa 3 24 F D03 

RASa 4 23F~S 
NC a 5 22FOE 

AO' 9 lBFAB 
A1 , 10 17FA7 
A2 c 11 16FA6 
A3 c 12 15 FA5 

Vee c 13 14 A4 

long as CAS remains LOW (regardless of WE or RAS). This 
late WE pulse results in a READ-WRITE cycle. The four data 
inputs and four data outputs are routed through four pins 
using common I/O, and pin direction is controlled by WE 
andOE. 

FAST PAGE MODE operations allow faster data opera­
tions (READ, WRITE or READ-MODIFY-WRlTE) within a 
row address (AO-A8) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed­
in by CAS. CAS may be toggled-in by holding RAS LOW 
and strobing-in different column addresses, thus executing 
faster memory cycles. Returning RAS HIGH terminates the 
FAST PAGE MODE cycle. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 

1-109 Micron Technology, Inc., reserves the right to change products Qr specifications without notice. 
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PRELIMINARY 

(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS(CBR) or 
HIDDEN refresh) so thata1l512 combinations ofRAs ad­
dresses (AD-AS) are executed at least every 64ms, regard-

less of sequence. The CBR and BATTERY BACKUP (BBU) 
refresh cycles will invoke the internal refresh counter for 
automatic RAS addressing. 

WE 
CAS 

AD 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
AS 

RAS 

MT4C4256VL 
REV,4/92 

FUNCTIONAL BLOCK DIAGRAM 
FAST PAGE MODE 

OQ1 
DQ2 
DQ3 
DQ4 

L-------~------~.r .. -------oOE 

MEMORY 
ARRAY 

'NOTE: WE LOW prior to CAS LOW, EW detection circuit output is a HIGH (EARL V-WRITE) 
CAS LOW prior to WE LOW, EW detection circuit output is a LOW (LATE-WRITE) 

---0 Vee 

---0 Vss 

1-110 Micron Technology, Inc., reserves tile right 10 change products or specifications without notice. 
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PRELIMINARY 

MICRON MT4C4256 VL z 1-· '''~"ow"'"' 256K x 4 DRAM 

----------------------------------------~ 
TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY-WRITE 

READ-WRITE 

FAST-PAGE-MODE 1st Cycle 

READ 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

EARLY-WRITE 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

READ-WRITE 2nd Cycle 

RAS-ONL Y REFRESH 

HIDDEN READ 

REFRESH WRITE 

CAS-BEFORE-RAS REFRESH 

BATTERY BACKUP REFRESH 

MT4C4256 Vl 
REV. 4/92 

RAS as 
H H-X 

L L 

L L 

L L 

L H-L 

L H-L 

L H-L 

L H-L 

L H-L 

L H-L 

L H 

L-H-L L 

L-H-L L 

H-L L 

H-L L 

WE 

X 

H 

L 

H-L 

H 

H 

L 

L 

H-L 

H-L 

X 

H 

L 

X 

X 

1-111 

ADDRESSES DATAIN/DUT 

DE IR IC D01-D04 

X X X High-Z 

L ROW COL Data Out 

X ROW COL Data In 

L-H ROW COL Data Out, Data In 

L ROW COL Data Out 

L n/a COL Data Out 

X ROW COL Data In 

X n/a COL Data In 

L-H ROW COL Data Out, Data In 

L-H n/a COL Data Out, Data In 

X ROW n/a High-Z 

L ROW COL Data Out 

X ROW COL Data In 

X X X High-Z 

X X X High-Z 

Micron Technology, fnc., reserves the right to change products or specifications without notice. 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss .............. -IV to +6V 
Storage Temperature (Plastic) .................... -SsoC to + IS0°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

PRELIMINARY 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (Vcc = 3.3V ± 5%, T A= O°C to 70°C) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV ~ VIN ~ 4.6V 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT: (Q is disabled; OV ~ VOUT ~ Vcc) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -1 mAl 
Output Low Voltage (lOUT = 2.0mA) 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Single Address Cycling: tRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: tpc = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: tRC = tRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS (CBR) 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

REFRESH CURRENT: BATTERY BACKUP (BBU) 
Average power supply current during battery backup refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = IRAS (MIN) to 
300ns; WE, AO-A9 and DQ = Vcc -0.2V or 0.2V (DQIN may be left 
OPEN), IRC = 12511S (512 rows at 125!lS = 64ms) 

MT4C4256 VL 
REV. 4192 1-112 

SYMBOL MIN MAX UNITS NOTES 

Vcc 3.15 3.45 V 1 

VIH 2.4 Vcc+1 V 1 

VIL -1.0 0.8 V 1 

Ii -2 2 f1A 

loz -10 10 f1A 
VOH 2.0 V 

VOL 0.4 V 

MAX 

SYMBOL -10 -12 UNITS NOTES 

Icc1 1 1 mA 

ICC2 60 60 f1A 25 

ICC3 40 35 mA 3,4 

Icc4 30 25 mA 3,4 

Icc5 40 35 mA 3 

Icc6 40 35 mA 3,5 

Icc7 90 90 f1A 3,5, 
7,27 

Micron Technology, Inc., reserves tile right to change products or specifications without notice. 
© 1992, Micron Technology, Inc. 



PRELIMINARY 

MICRON MT4C4256 VL 
1-· "'"",WG' " 256K x 4 DRAM 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance: AD-A8 Cit 5 pF 2 

Input Capacitance: RjI;S, CAS, WE, OE CI2 7 pF 2 

Input/Output Capacitance: DO CIO 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7,8, 9, 1 D, 11, 12, 13, 23) (Vce = 3.3V ±5%, T A= DOC to 7D°C) 

AC CHARACTERISTICS 
PARAMETER 
Random READ'or WRITE cycle time 

READ-WRITE cycle time 

FAST-PAGE-MODE READ or WRITE 
cycle time 

FAST-PAGE-MODE READ-WRITE 
cycle time 

Access time from RAS 

Access lime from CAS 

Output Enable 

Access time from column address 

Access time from CAS precharge 

flAS pulse width 

flAS pulse width (FAST PAGE MODE) 
RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 

CAS 10 flAS precharge time 

Row address setup time 

Row address hold time 

flAS to column 
address delay time 

Column address setup time 

Column address hold time 

Column address hold time 
(referenced to flAS) 
Column address to 
RAS lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to flAS) 
CAS to output in low-Z 

MT4C4256VL 
REV. 4192 

SYM 
tRC 

tRWC 
tpc 

tpRWC 

tRAC 

tCAC 

tOE 

tAA 

tCPA 

tRAS 

tRASP 

tRSH 

tRP 

tCAS 

tCSH 

tCPN 
tcp 

tRCD 

tCRP 

tASR 

tRAH 

tRAD 

tASC 

tCAH 

tAR 

tRAl 

IRCS 

tRCH 

tRRH 

tClZ 

1-113 

MIN 
180 
245 
55 

115 

100 
100 
25 
70 
25 
100 
10 
10 
25 
5 
0 
15 
20 

0 
20 
70 

50 

0 
0 

0 

0 

-10 -12 
MAX MIN MAX UNITS NOTES 

210 ns 

255 ns 
60 ns 

140 ns 

100 120 ns 14 
30 40 ns 15 
25 30 ns 

50 60 ns 

50 60 ns 

100,000 120 100,000 ns 

100,000 120 100,000 ns 

35 ns 

80 ns 

100,000 35 100,000 ns 

120 ns 

15 ns 16 
15 ns 

75 25 90 ns 17 
10 ns 

0 ns 

15 ns 

50 20 60 ns 18 

0 ns 

25 ns 

85 ns 

60 ns 

0 ns 

0 ns 19 

0 ns 19 

0 ns 

Micron T achnotogy, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (Vee = 3.3V ±5%, T A= oDe to 70DC) 

AC CHARACTERISTICS 
PARAMETER 
Output buffer turn-off delay 

Output disable 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

RAS to WE delay time 

Column address 
to wr:. delay time 

"CAS" to ~ delay time 

Transition time (rise or fall) 

Refresh period (512 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CAS-BEFORE-RAS refresh) 

CAS hold time 
(CAS-BEFORE-RAS refresh) 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

MT4C4256 VL 
REV.41S2 

SYM MIN 
'OFF 0 

'OD 

'wcs 0 

'WCH 20 

'WCR 75 

IWp 20 

'RWL 25 

'CWL 25 

'DS 0 

'DH 20 

'DHR 75 

tRWD 130 
tAWD 80 

'CWD 60 

IT 3 

'REF 

'RPC 0 

'CSR 10 

'CHR 20 

'OEH 20 

tORD 0 

1-114 

-10 -12 

MAX MIN MAX UNITS NOTES 
25 0 35 ns 20,26 

25 35 ns 26 

0 ns 21 

25 ns 

85 ns 

25 ns 

30 ns 

30 ns 

0 ns 22 

25 ns 22 

90 ns 

160 ns 21 

100 ns 21 

75 ns 21 

50 3 50 ns 9,10 

64 64 ms 

0 ns 

10 ns 5 

20 ns 5 

20 ns 25 

0 ns 24 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992,MlcronTechnology,lnc. 



PRELIMINARY 

MICRON MT4C4256 Vl 
1-· "'"'OCOO"" 256K x 4 DRAM 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = 5V ±1O%,f = 1 MHz. 
3. Ice is dependent on cycle rates. 
4. Ice is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of 100IlS is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the tREF 
refresh requirement is exceeded. 

8. AC characteristics assume IT = 5ns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VTH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 1 TTL gate and 

50pF. 
14. Assumes that tRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, tRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that tRCD ~ tRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tePN. 

17. Operation within the IRCD (MAX) limit (Insures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

18. Operation within the lRAD (MAX) limit ensures that 
lRAC (MIN) and tCAC (MIN) can be met. tRAD 
(MAX) is specified as a reference point only; if lRAD 
is greater than the specified tRAD (MAX) limit, then 
access time is controlled exclusively by tAA. 

MT4C4256VL 
REV,4f92 

19. Either IRCH or tRRH must be satisfied for a READ 
cycle. 

20. toFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. twcs, tRWD, tAWD and tCWD are not restrictive 
operating parameters. twcs applies to EARLY­
WRITE cycles.IRWD, tAWD and tewD apply to 
READ-MODIFY-WRITE cycles. If twcs ~ twcs 
(MIN), the cycle is an EARLY-WRITE cycle, and the 
data output will remain an open circuit throughout 
the entire cycle. If IRWD ~ tRWD (MIN), tA WD ~ 
tAWD (MIN) and tCWD ~ tCWD (MIN), the cycle is a 
READ-MODIFY-WRITE cycle, and the data output 
will contain data read from the selected cell. If neither 
of the above conditions is met, the state of data out is 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LA TE-WRITE 
(OE controlled) cycle. twcs, tRWD, tCWD and tAWD 
are not applicable in a LATE-WRITE cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. HOE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

25. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both tOD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after toEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

26. The DQs open during READ cycles once tOD or tOFF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care," and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 

27. BBD current is reduced as lRAS is reduced from its 
maximum specification during BBD cycle. 

1-115 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MT4C4256VL 
REV. 4/92 

READ CYCLE 

lAC 

tRAS tAP :1 
AAS 

V,H 
V,l 

- \ -
tCSH 

IRSH IRRH 

leRP tRCD ICAS 

CAS 
V,H 
V,l =~ 

IAA 

I 'AAD tRAl 

I~ ~1 ~ ~ 
AODR 

V,H 
V,l ~ AOW wlilia COLUMN '0'1111111111111111111111;,:x AOW 

tRCS ~ 

WE V,H 
V,l :11111111111111111111111111111111/ VlIIIIIIIIIIIIIIIIIII;; 

IAA 

lRAC 

tCAe ~ 
.~ 

-
OPEN VALID DATA OPEN--DO ~lg~ 

~ 

DE ~:~ -11///11;/$///$1111$;/1;//;/;///$/;/1;/11;/&1 
~ 

. ~///;/i;/;/$;/;///$III;//II;/;! 

EARLY-WRITE CYCLE 

tRAS lAP 

- \ 
tCSH 

; 

'ASH 

I~ 'RCD tCAS 

=~ 
IAA 

IRAD lRAl 

ADDR ~:r 
l~ ~I l~ ~ 

:W,,0i AOW J0%/;::1i COLUMN AOW 

'CWL I IRWl 

IWCR 

~ tWCH 
-IW-p-

I IOHR 

_lOS_I _IOH_. OQ~:g~~l---VA-liO-OA-TA--'~ 

1-116 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reseIVes the right to change products Of specifications without notice. 
© 1992, Micron Technology, Inc. 



PRELIMINARY 

MICRON MT4C4256 VL 
1-· ","",om '" 256K X 4 DRAM z m 
--------------------------------------~ 

MT4C4256 VL 
AEV.4192 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

Rwe 

tRAS tRP 

-
-

ICSH 'I, 'ASH 

I~ 'RCD 'CAS 

=~ } tAR 

IRAD I I tRAL -I 
~I I 

ADDR ~,lt 
I~ ~I I~I 

JIIII/;{ ROW WllllJi COLUMN ROW 

I 
I I 'RWD ~II 

I~I I leWD 

'AWD ,-

~////E////dY#~g 

:~~L_~ 

I, 
DO ~igt -

-
ICSH 

l~ 
=J 

IRAD 

ADDR ~it 
_7""TTA I~ IASR • tRAH ~I 
~ ROW ~ 

I -

I 
-

OPEN 

tAA 

I tRAC 

j~ 
teLZ ~ 1= D 

OPEN VALID DOUT K VAUDD rN OPEN--

~ . too .. ! ~ 

FAST-PAGE-MODE READ CYCLE 

RASP 

'K-
• tpc IRSH 

tRCD ICAS ~I_te_p._ ~ ~ ~~ tePN 

l j 
tAR 

~I I~ 
IRAL 

~ leAH"1 ~II teAH_1 I 
COLUMN WllllllJi COLUMN Willi I,,) COLUMN ROW 

tRcs I tRCH-
__ I litRes Ii IRCH- Ii --I litRes --I _1-tRRH 

~ 

~ ~ V!i!I!Iil 
tAA tAA tAA 

I tRAG I tCPA I tCPA I 'CAG .m I~ 'OFF I 'CAG - - -- -toFF 

teLZ-- 1:- 'CLZ- t- 'CLZ- 1:-
VALID VAliD VALID ~OPEN-DATA DATA ~. ~ 

~ ~ ~ ~ ~ 
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PRELIMINARY 

UIC:I=ION MT4C4256 VL 
1-· ",""CO""" 256K X 4 DRAM 

MT4C4256 Vl 
REV, 4192 

DQ ~Ig~ 

ADDR ~:~ 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

IpC 1---7:"RS=H_~1 
~ I-----"""'---I~ _lep __ ~ _'Cp __ ~ 

ICSH 

~l 1~ 'Wp ~II' ::~H ~I ~ll ::~H --I 

I I fW; Yw, II I. 

I 
tWCR 'RWL 

I I 'OHR 

I~II~I I~I I~I I~~I 
VALID DATA WIIM VALID DATA WIM VALID DATA 

FAST-PAGE-MODEREAD-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

--
ICSH *tPC/tPRWC IRSH 

I'" leRP 
IRCD teAs --k.. tCAS --k.. leAS 

~i r---c r---c 
=~ 'AR 

'RAD I I~ 'RAL 

_ \~ iASR 
IRAH"I ~ ~~I ~II leAH_I 

;~ = 7///1{ ROW W//,1 COLUMN COLUMN COLUMN 

I I 'RWD I ~ 
I 

~. 
I 

-~I I t~V:-l 'CWl--- -J 'wp--- J -'AWD 'AWD 'AWD 

l~ ~ ~ 

'M I 

1 

ROW 

'RP 

FL 
~ 

II ROW 
~7'RW:-leWl 
__ twp 

C-~L-~ 
'RAC I 

'PH-- - I ~- - I --~ 
'os-- 1---- 11 _ 'DS_ 1_ l_t_CP~A _ 'DS_ 1_ 

tCAcd leAC- - leAc-1 - 1 
'CLZ -t telZ -- -- leu -- --

- ~~ t~~ it v~ VALID 
OPEN-"W D~ DIN ....., ~j ~ IVU7~L~OPEN-

__ too ___ too __ '00 

tOE- - tOE - tOE - tOEH 

*tpc is for LATE-WRITE only. 

[!Zl DON'T CARE 

~ UNDEFINED 
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MIC:RON MT4C4256 VL 
1-· ",""ceCG' '"' 256K X 4 DRAM z m 
------------------------~~ 

MT4C4256 VL 
REV. 4192 

CAS VV'H - f 
IL ---------.I' 

FrAS-ONl Y REFRESH CYCLE 
(ADDR = AD-AS; WE = DON'T CARE) 

tASR tRAH 

ADDR ~:t =~r----RO-W ---,'br/§§//m//§/ffi01/m///m//§§/§~r---RO-W --

DO ~gt -----------OPEN 

DO ~gt-----

"CAS-BEFORE-RAS REFRESH CYCLE 
(AD-AS, WE and DE = DON'T CARE) 

BATTERY BACKUP REFRESH CYCLE 
(AD-AS, WE and OE = DON'T CARE) 

DO ~gt -:-----------OPEN-----------

1-119 
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MIC::RON MT4C4256 VL 
1-· ,.,"" ," 256K X 4 DRAM z 

~--------------------------------
II 
c 
:ll » 
i: 

MT4C4256 VL 
REV. 4192 

DQ ~:g~ -,------

HIDDEN REFRESH CYCLE 24 

(WE = HIGH;OE = LOW) 

(READ) 

tRAS 

(REFRESH) 

tRAS 

tOE 

DE ~:~ J/$$/$#/$!$#//;1$$$#~~ 

1-120 
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MIC:RON MT4C4258 
1-· " " """ 256K x 4 DRAM 

DRAM 

FEATURES 
• Industry standard x4 pinout, timing, functions and 

packages 
• High-performance, CMOS silicon-gate process 
• Single +5V ±10% power supply 
• Low power, 3mW standby; 175mW active, typical 
• All inputs, outputs and clocks are fully TTL 

compatible 
• 512-cycle refresh in 8ms 
• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• Optional STATIC COLUMN access cycle 

OPTIONS 
• Timing 

70ns access 
80ns access 
lOOns access 

• Packages 
Plastic DIP (300 mil) 
Plastic SOJ (300 mil) 
Plastic ZIP (350 mil) 

MARKING 

- 7 
- 8 
-10 

None 
DJ 
Z 

NOTE: Available in die form (commercial or military) or military ceramic 
packages. Please consult factory for die data sheets or ,refer to Micron's 
Military Data Book. 

GENERAL DESCRIPTION 
The MT4C4258 is a randomly accessed solid-state mem­

ory containing 1,048,576 bits organized in a x4 configura­
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 18 address bits,which are entered 9 
bits (AO-A8) ata time, RASis used to latch the first 9 bits and 
CAS the latter 9 bits. READ and WRITE cycles are selected 
withtheWEiitput.AlogicHiGHon WE dictates READ mode 
while a logic LOW on WE dictates WRITE mode. During a 
WRITE cycle, data in (D) is latched by the falling ed,ge of 
WE or CAS,whichever occurs last. If WE goes LOW prior 
to CAS going LOW, the output pin(s) remain open (High­
Z) until the next CAS cycle .. If WE goes LOW after data 
reaches. the output pin(s), data out (Q) is activated and 
retains the selected cell data as long as CAS remains LOW 
(regardless of WE or RAS). This late WE pulse results in a 
READ-WRITE cycle. The four data inputs and four data 
outputs are routed through four pins usin~mmon I/O 
and pin direction is controlled by WE and OE. 

MT4C4256 
REV. 4192 1-121 

256K x 4 DRAM 
STATIC COLUMN 

PIN ASSIGNMENT (Top View) 

20-Pin DIP 
(N-2) 

D01 1 20 Vss 

D02 2 19 D04 

WE 3 ill DQ3 

RAS 4 17 CAS 

NC 5 16 OE 

AO 6 15 AS 

A1 ,. A7 

A2 13 A6 

A3 9 12 A5 

Vee 10 11 A4 

20-Pin ZIP 
(0-1) 

20-Pin SOJ 

DOl 
D02 
WE 

RAS 
NC 

AD 
A1 
A2 
A3 

Vee 

(0-1) 

1 
2 
3 
4 
5 

9 
10 
11 
12 
13 

26 
25 
24 
23 
22 

18 
17 
16 
15 
14 

Vss 
DO' 
003 
CAS 
OE 

AS 
A7 
AS 
A5 
A4 

STATIC COLUMN operations allow faster data opera­
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO -A9) defined page boundary. After the first 
read, any column address transition will result in new data 
out. Unlike the page~mode part, which requires CAS to be 
toggled for each successive page-mode access,the STATIC 
COLUMN part allows CAS to be left LOW for successive 
STATIC COLUMN accesses. Returning RAS HIGH termi­
nates the STATIC COLUMN operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ,WRlTE,RAS-ONLY, CA5-BEFORE-RAS (CBR)or 
HIDDEN refresh) so that all 512 combinations of RAS ad­
dresses (AO-A8) are executed at least every 8ms, regardless 
of sequence. The CBR refresh cycle will invoke the internal 
refresh counter for automatic RAS addressing. 

Micron Technology, Inc., reserves the right to change products or specifications withOut notice. 
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MICRON MT4C4258 
1-· ",,"oeo",,,, 256K x 4 DRAM 

FUNCTIONAL BLOCK DIAGRAM 
STATIC COLUMN 

c~; ~------------------~~------~----~~------.I DOl 
D02 
D03 
D04 

Ao 
Al 

A2 
A3 

A4 
A5 

A6 
A7 

AS 

RAS 

L-------------~~~----~OE 

........ ..,.... 
a: 

:s:~ 
00 51 2 a:t) 

L!J 
0 ..J.-. ........ 

MEMORY 
ARRAY 

-----0 Vee 

+----0 Vss 

'NOTE: WE LOW prior to CAS LOW, EW detection circuit output is a HIGH (EARLY-WRITE) 
CAS LOW prior to WE LOW, EW detection circuit output is a LOW (LATE-WRITE) 

TRUTH TABLE 

FUNCTIDN 

Standby 

READ 

EARLY-WRITE 

READ-WRITE 

STATIC COLUMN 1st Cycle 

READ 2nd Cycle 

STATIC COLUMN 1st Cycle 

EARLY-WRITE 2nd Cycle 

STATIC COLUMN 1st Cycle 

READ-WRITE 2nd Cycle 

RAS-ONL Y REFRESH 

HIDDEN READ 

REFRESH WRITE 

CAS-BEFORE-RAS REFRESH 

MT4C4258 
AEV.4192 

RAS US WE 

H H--+X X 

L L H 

L L L 

L L H--+L 

L L H 

L L H 

L L L 

L L H--+L 

L L H--+L 

L L H--+L 

L H X 

L --+H--+L L H 

L --+H--+L L L 

H--+L L X 

1-122 

ADDRESSES DATA IN/DUT 

DE IR IC DQ1-DQ4 

X X X High-Z 

L ROW COL Data Out 

X ROW COL Data In 

L --+H ROW COL Data Out, Data In 

L ROW COL Data Out 

L n/a COL Data Out 

X ROW COL Data In 

X n/a COL Data In 

L --+H ROW COL Data Out, Data In 

L --+H n/a COL Data Out, Data In 

X ROW n/a High-Z 

L ROW COL Data Out 

X ROW COL Data In 

X X X High-Z 

MIcron Technology, Inc., reserves the right to change products or specifications Without notice. 
©1992, Micron Technology,lnc. 



ABSOLUTE MAXIMUM RATINGS* 
Voltage on Any Pin Relatiye to Vss .................... -lV to +7V 
Operating Temperature, T A (Ambient) ......... O°C to +70°C 
Storage Temperature (Plastic) .................... -55°C to +150°C 
Power Dissipation .............................................................. 1W 
Short Circuit Output Current ...................................... 50mA 

'Stresses greater than those listed under f' Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (Vcc = 5V ±1 0%) 

PARAMETER/CONOITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV :s; VIN :s; 6.5V 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (0 is disabled; OV:S; VOUT :S;.5.5V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READ/WRITE 
Average power supply current 
(RAS, CAS, Address Cycling: tRC = tRC (MIN» 

OPERATING CURRENT: STATIC COLUMN 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: tsc = tsc (MIN» 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: tRC = tRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: tRC = tRC (MIN» 

MT4C4258 
REV. 4192 1~123 

SYMBOL MIN MAX UNITS NOTES 
Vcc 4.5 5.5 V 1 

VIH 2.4 Vcc+1 V 1 

VIL -1.0 0.8 V 1 

II -2 2 IlA 

loz -10 10 IlA 

VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -7 -8 -10 UNITS NOTES 

Icct 2 2 2 mA 

Icc2 1 1 1 mA 

Icc3 80 70 60 mA 3,4 

Icc4 60 50 40 mA 3,4 

Icc5 80 70 60 mA 3 

Icc6 80 70 60 mA 3,5 

Micron Technology, Inc, reserves the nght to change proclucts or specifications without notice, 
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CAPACITANCE . 
PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-Aa CI1 5 pF 2 

Input Capacitance: RAS, CAS, WE, OE CI2 7 pF 2 

Input/Output Capacitance: DO CIC 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (Vcc = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
STATIC-COLUMN READ or WRITE 
cycle time 

STATIC-COLUMN READ-WRITE 
cycle time 

Access time from RAS 
Access time from CAS 
Output Enable 
Access time from column address 
RAS pulse width 
RAS pulse width (STATIC COLUMN) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (STATIC COLUMN) 
"RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
"RAS to column 
address delay time 

Column address setup time. 
Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
liAS lead time 

Read command setup time 
Read command hold time 
(referenced to.CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 

MT4C4258 
REV. 4192 

-7 
SYM MIN MAX 
IRC 130 

IRWC 185 
ISC 40 

tSRWC 100 

IRAC 70 
ICAC 20 
IOE 20 
IAA 35 

tRAS 70 100,000 
tRASC 70 100,000 
tRSH 20 
tRP 50 

tCAS 20 100,000 
tCSH 70 
tCPN 10 
tcp 10 

tRCD 20 50 
ICRP 5 
IASR 0 
tRAH 10 
IRAD 15 35 

IASC 0 
tCAH 15 

AR 80 

tRAl 35 

IRCS a 
IRCH 0 

IRRH 0 

tClZ 0 

1-124 

MIN 
150 
205 
45 

110 

80 
80 
20 
60 
20 
80 
10 
10 
20 
5 
0 
10 
15 

0 
15 
90 

40 

0 
0 

0 

a 

-8 -10 
MAX MIN MAX UNITS NOTES 

180 ns 
245 ns 
55 ns 

135 ns 

80 100 ns 14 
20 25 ns 15 
20 25 ns 
40 50 ns 

100,000 100 100,000 ns 
100,000 100 100,000 ns 

25 ns 
70 ns 

100,000 25 100,000 ns 
100 ns 
15 ns 16 
10 ns 

60 25 75 ns 17 
5 ns 
0 ns 
15 ns 

40 20 50 ns 18 

0 ns 
20 ns 
100 ns 

50 ns 

0 ns 
0 ns 19 

0 ns 19 

0 ns 

Micron Technology, Inc., reserves the right to change products or specifications without notice: 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (Vee = 5V ±1 0%) 

AC CHARACTERISTICS 

PARAMETER 

Output buffer turn-off delay 

Output disable 

Column address hold time EARL Y-
WRITE (referenced to RAS) 
WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to "CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 
RAS to WE delay time 

Column address 
to WE delay time 

"CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (512 cycles) 

RAS to "CAS precharge time 

CAS setup time 
(CAS-BEfORE-RAS refresh) 

CAS hold time 
(CAS-BEfORE-RAS refresh) 

OE hold time from WE during 
READ-MODifY-WRITE cycle 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

Write inactive time 

Previous WRITE to column address 
delay time 

Previous WRITE to column address 
hold time 

RAS hold time referenced to OE 

Output data hold time from 
column address 

Output data enable irom WRITE 

Access time from last WRITE 

Column address hold time 
referenced to RAS HIGH 

CAS pulse width in 
STATIC-COLUMN mode 

II1T4C4258 
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SYM MIN 
tOff 0 
too 

tAWR 

twcs 0 

tWCH 15 

tWCR 55 

twp 15 
tRWL 20 
tCWL 20 
tDS 0 
tDH 15 

tDHR 55 

tRWD 100 
tAWD 65 

tCWD 50 
tT 3 

tREf 

tRPC 0 

tcSR 10 

tCHR 15 

tOEH 20 

taRo 0 

tWI 10 
tLWAD 20 

tAHLW 65 

tROH 10 
tAOH 5 

tow tAA+5 

tALW 65 
tAH 5 

tcsc tCAS 

MAX MIN 

20 0 

20 

55 

0 

15 

60 

15 

20 

20 

0 

15 

60 

110 

70 

55 

50 3 

8 

0 

10 

15 

20 

0 

10 

30 20 

75 

10 

5 

tAA+5 

75 

5 

tCAS 

1-125 

-8 -10 

MAX MIN . MAX UNITS NOTES 

20 0 20 ns 20,26 

20 20 ns 26 

60 70 ns 

0 ns 21 

20 ns 

15 ns 

20 ns 

25 ns 

25 ns 

0 ns 22 

20 ns 22 

75 ns 

130 ns 21 

80 ns 21 

60 ns 21 

50 3 50 ns 9, 10 

8 8 ms 

0 ns 

10 ns 5 

15 ns 5 

20 ns 25 

0 ns 24 

10 ns 

35 25 45 ns 

95 ns 

10 ns 

5 ns 

tAA+5 ns 

95 ns 

10 ns 

tCAS ns 

Micron Technology, Inc., reserves the right to change products or specifications without notice, 
©1992, Micron Technology, Inc. 

II 
c 
lJ 
l> 
s: 



II 
c 
::0 
:t> 
3: 

MIC:RON MT4C4258 
1-· '''"'''00''" 256K X 4 DRAM 

NOTES 
1. All voltages referenced to V 55. 

2. This parameter is sampled. Vcc = SV ±1O%,f = 1 MHz. 
3. Icc is dependent on cycle rates. 
4. Icc is tiependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of 100~s is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the IREF 
refresh requirement is exceeded. 

8. AC characteristics assume IT = Sns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

100pF. 
14. Assumes that tRCD < tRCD (MAX). If tRCD is greater 

than the maximum recommended value shown in this 
table, tRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that tRCD ~ tRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAe (MAX) can be met. tRCD (max) is specified as a 
reference point only; if IRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

18. Operation within the tRAD (MAX) limit ensures that 
tRAC (MIN) and tCAC (MIN) can be met. tRAD 
(MAX) is specified as a reference point only; if tRAD 

MT4C425B 
REV. 4/92 

is greater than the specified tRAD (MAX) limit, then 
access time is controlled exclusively by tAA. 

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition, and is not 
referenced to VOH or VOL. 

21. twcs, tRWD, tAWD and tCWD are not restrictive 
operating parameters. twcs applies to EARLY­
WRITE cycles. tRWD, tAWD and tCWD apply to 
READ-MODIFY-WRITE cycles. If twcs ~ twcs 
(MIN), the cycle is an EARLY-WRITE cycle and the 
data output will remain an open circuit throughout 
the entire cycle. If tRWD ~ tRWD (MIN), tAWD ~ 
tAWD (MIN) and tCWD ~ tCWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions is met, the state of data out are 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE-WRITE (OE 
controlled) cycle. twcs, tRWD, tCWD and tAWD are 
not applicable in a LATE-WRITE cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

25. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both tOD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after tOEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

26. The DQs open during READ cycles once taD or tOFF 
occur. If CAS goes HIGH first, OE becomes a don't 
care. If OE goes HIGH and CAS stays LOW, OE is not 
a don't care; and the DQs will provide the previously 
read data if OE is taken back LOW (while CAS 
remains LOW). 

1-126 Micron Technology, Inc., reserves the right to change products or specifications without notice. ! 
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READ CYCLE 

'RAS 'RP 

-- 1'----
'AR 

'RA.O tRAL 'AH 

AOOR 
V,H 
VIL 

I~~I 
~ J////~ ROW W~ COLUMN 

tCSH 

I~ tRCD 'CAS I teRP 

CAS V,H 
VIL =---.! 

'RCS tRSH tRRH \~ 
I I 

WE 
V,H 
VIL - 'W 

OE 
V,H 
VIL 

\I~ 

I~ 
tCAC 

'AA 'OFF'I 

'eLZ'b 
- OPEN VAltDDATA OPEN-

'RAC 

EARLY-WRITE CYCLE 

RC 

'RAS 'RP 

-

'AWR 

tRCD 

I~ IRAH __ 1 ~II leAH 

V,H 
ADDA VIL 

= ~ 

::;;///~ ROW COLUMN ROW 

'RAD J IRSH 

II 'eSH 

teAS 

=---.1 
'eWl 

tRWL 

~ tWCH 

'WP 

I~~I 
-

OPEN VAUDDATA }--OPEN -
'OHR 1 

'WCR 

OE ~:~ Wl//tlll!ffffltt/l//llttfflt////tffllllt/$///!/l//t/$!;I$//!$/$/$/&/0 
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t::ZI DON'T CARE 

I2Z! UNDEFINED 
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MIC:RON MT4C4258 
1-· ",""coen, 256K x 4 DRAM 

MT4C4258 
REV. 4192 

RAS 

ADDR 

CAS 

WE 

OE 

DQ 

CAs 

WE 

OE 

DO 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

V,H 
VIL 

V,H 
V,L 

V,H 
V,L 

V10H 
VIOL 

VIH 
VtL 

VIH 
VIL 

VIH 
VIL 

V,H 
VIL 

VIH 
VIL 

tRAS IRP 

= It 
'RAD IRAl 

I~ ~I ~ 
::I'///M; ROW }@ COLUMN ROW 

'RCO 

1'1 
leAH .. 1 

I~ 
tCSH 

tCAS 

=--.-/ 
'cwo ~ 
IAWD ~I, 

-
IRWD 

~ ... tOEA 

I.~ 
I I~_I~ I~b ~ - OPEN ~DAT~ VAllO DATA QPEN---

tRAC 

STATIC-COLUMN READ CYCLE 

-

-
-

-
-

-
-
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~ DON'T CARE 

RIi&l UNDEFINED 
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ADDR ~:~ = 

STATIC-COLUMN EARLY-WRITE CYCLE 
(CAS controlled) 

DE ~:~ -WI 11/1 1I;t1l 11/1 I!! II! II II;/!II/I II III //I!!I!!III!I 11/11 III!! /1///////11//11 /I!!/ /1/// ///iJ 

ADDR ~:~ -

STATIC-COLUMN EARLY-WRITE CYCLE 
(WE controlled) 

'AWR 
'se 

DE ~:~ ::'@!I!IIII//I!!I1/1/1 / I!I! III II /I!! II II ///////11/11 I!! $1111/11 /I II 11//$11 I!!/II/ / $//1 & 

~ DON'T CARE 

~ UNDEFINED 
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MiIC:I=ION MT4C4258 
1-· cHH" 256Kx4DRAM 

MT4C425B 
REV. 4192 

RAS 

ADDR 

CAS 

WE 

6E 

DO 

VIH-
VIL-

VIH-
VIL-

VIH-
VIL-

VIH 
VIL 

STATIC-COLUMN READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

lRASC 

COLUMN ADDRESS 

IASC 1-

IRCD ICWD 

IAWD 

IRWD 

1~130 

COLUMN ADDRESS 

lRAL 

II\HLW 

IAWD ICWL 

IRP 

~ DON'T CARE 

Il88lI UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications withOut notice. 
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RAS-ONL Y REFRESH CYCLE 
(ADDR = AO-A8; WE = DON'T CARE) 

RAs ~:r _ ~11--------i\ 
ICRP " I. IRPC"-I '--------

CAS ~l~ =--1 '------1 
IASR tRAH 

ADDR ~:r .---Row--k///$/$//$&0//M!;i/!;iu$#!;iJ;X-----RO-W --

DO ~g~ ::::.'------------OPEN---------

CAS"-BEFORE-RAS REFRESH CYCLE 
(AO-A8, WE and OE = DON'T CARE) 

DO ~g~ :----;-------OPEN---------

r 
J 

HIDDEN REFRESH CYCLE 24 

(WE = HIGH; OE = LOW) 

IRCD 

'AR 
'RAO 

(READ) 

'R S A 

IRSH 

~ 
II 
II 'RAL 

(REFRESH) 

'RP 1--=---1 
, RAS 

~ 
ICHR 

=v---
I~ I~ lAse.! • leAH 

l~ 

ADDA ~:~ 0W{ ROW ~ 

I 

DO ~:gt- OPEN 

COLUMN 

! 'AA 

I 'RAG 

IICAC 
'eLZ 

~ 

~ 

VAUO DATA 

I 'OFF - -
r-0PEN~ 

~ 

fZ;l DON'T CARE 

~ UNDEFINED 
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DRAM 

FEATURES 
• Industry standard x4 pinout, timing, functions and 

packages 
• High-performance, CMOS silicon-gate process 
• Single +5V ±10% power supply 
• Low power, 3m W standby; 225m W active, typical 
• All inputs, outputs and clocks are fully TTL 

compatible 
• 1,024-cycle refresh distributed across 16ms 
• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• FAST PAGE MODE access cycle 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 
Plastic SOJ (300 mil) 
Plastic TSOP (300 mil)* 
Plastic ZIP (350 mil) 

-6 
-7 
-8 

OJ 
TG 
Z 

NOTE: Available in die form (commercial or military) or military ceramic 
packages. Please consult factory for die data sheets or refer to Micron's 
Military Data Book. 

• Operating Temperature, T A 
Commercial (O°C to +70°C) 
Industrial (-40°C to +85°C) 

None 
IT 

• Part Number Example: MT4C400lJDJ-6 

GENERAL DESCRIPTION 
The MT4C4001J is a randomly accessed solid-state 

memory containing 4,194,304 bits organized in a x4configu­
ration. Ouring READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (AO-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. READ and WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. Ouring a WRITE cycle, data in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last If WE goes 
LOW prior to CAS going LOW, the output pin(s) remain 
open (High-Z) until the next CAS cycle. If WE goes LOW 
after data reaches the output pin(s), The Qs are activated 
and retain the selected cell data as long as CAS remains low 

1 MEG x4DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

20-Pin SOJ 20-Pin ZIP 
(N-2) (0-1 ) 

OE ,,,, -DOl 1 26 V,, ,:;; 2 CAS 
002 2 2; DQ4 003 3 c. 

WE 3 24 DQ3 V's 
,c 4 004 

; c. 
RAS 4 23 CAS ,c 6 001 

A9 ; 22 OE 002 ~ ~:,:: 8 WE 
RAS 

.c 10 A9 
AO 11::1 

r:. 12 Al 
AO 9 18 A8 20-Pin TSOP 

A2 13 ::',0:: 14 A3 
A1 10 17 A7 Vee 15 -::",::. 16 A4 
A2 11 16 A6 (R-1 ) A5 .17 c',c 18 AS 
A3 12 1; A5 A7 19 c. 

Vee 13 14 A4 -'" 20 AS 

DOl 1 2? DVSS 
D02 a 2 25 DDQ. 
WEa 3 24 DD03 
RASa, 23 DCAS 

A9 a 5 22 DOE 

~~: ;0 18 AB 
17 DA7 

A2 a 11 16 AS 
A3 a 12 15 DA5 

Voc 13 ,. M 

'Consult factory on availability of reverse pinout TSOP packages 

.. 
(regardless of WE or RAS). This late WE pulse results in a 
READ-WRITE cycle. The four data inputs and four data 
outputs are routed through four pins using common I/O, 
and pin direction is controlled by WE and aE. 

FAST PAGE MODE operations allow faster data opera­
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO-A9) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed­
in by CAS. CAS may be toggled-in by holding RAS LOW 
and strobing-in different column addresses, thus executing 
faster memory cycles. Returning RAS HIGH terminates the 
FAST PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, thechipis preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONL Y, CAS-BEFORE-RAS (CBR) or 
HIDDEN refresh) so that all 1,024 combinations of RAS 
addresses (AO-A9) are executed at least every 16ms, regard­
less of sequence. The CBR refresh cycle will invoke the 
internal refresh counter for automatic RAS addressing. 

MT4C4001J 
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FUNCTIONAL BLOCK DIAGRAM 
FAST PAGE MODE 

WE <>-----------.-----..---q------.., ~~~~rI!'A-.--<> OQ1 
CAS <>--,---------+--op----l--~....Jr----I OQ2 

AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 

A9 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARL V-WRITE 

READ-WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

EARL V-WRITE 

FAST-PAGE-MODE 

READ-WRITE 

RAS-ONL V REFRESH 

HIDDEN 

REFRESH 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

READ 

WRITE 

CAS-BEFORE-RAS REFRESH 

MT4C4001J 
REV. 4192 

'---~- OQ3 

OQ4 

'NOTE: WE LOW prior to CAS LOW, EW detection circuit output is a HIGH (EARLY-WRITE) 
CAS LOW prior to WE LOW, EW detection circuit output is a LOW (LATE-WRITE) 

RAS ~ WE 
H H-X X 

L L H 

L L L 

L L H-L 

L H-L H 

L H-L H 

L H-L L 

L H-L L 

L H-L H-L 

L H--+L H-L 

L H X 

L-H-L L H 

L-H-L L L 

H-L L H 

1-134 

ADDRESSES DATA IN/OUT 

lit IR IC DQ1-DQ4 

X X X High-Z 

L ROW COL Data Out 

X ROW COL Data In 

L-H ROW COL Data Out, Data In 

L ROW COL Data Out 

L n/a COL Data Out 

X ROW COL Data In 

X n/a COL Data In 

L-H ROW COL Data Out, Data In 

L-H n/a COL Data Out, Data In 

X ROW n/a High-Z 

L ROW COL Data Out 

X ROW COL Data In 

X X X High-Z 

Micron Technology, Inc., reserves the right to change products or specificatiOns without notice. 
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MIC:RON MT 4C4001 J 
1-· "'""'CO""" 1 MEG x 4 DRAM 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Any Pin Relative to Vss .................... -IV to +7V 
Operating Temperature, TA (Ambient) ......... O°C to +70°C 
Storage Temperature (Plastic) .................... -55°C to + 150°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not imp lied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (Vcc = 5v ±1 0%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV ~ VIN ~ 6.SV 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (0 is disabled, OV ~ VOUT ~ S.SV) 

OUTPUT LEVELS 
Output High Voltage (louT = -SmA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Other Inputs = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

MT4C4001J 
REV. 4/92 1-135 

SYMBOL MIN MAX UNITS NOTES 

Vcc 4.S S.S V 1 

VIH 2.4 Vcc+1 V 1 

VIL -1.0 0.8 V 1 

It -2 2 I!A 

loz -10 10 J.lA 

VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -6 -7 -8 UNITS NOTES 

Icc1 2 2 2 mA 

Icc2 1 1 1 mA 

Icc3 110 100 90 mA 3,4 

Icc4 80 70 60 mA 3,4 

Icc5 110 100 90 mA 3 

Icc6 110 100 90 mA 3,S 

Micron Technology, Inc., reserves the right to change products or specifications whhout notice. 
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CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A9 Cll 5 pF 2 

Input Capacitance: RAS, CAS, WE, OE CI2 7 pF 2 

Input/Output Capacitance: DQ CIO 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (Vcc = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 
Access lime from CAS 
Output Enable 
Access time from column address 
Access lime from CAS precharge 
tiAS" pulse width 
"RAS pulse width (FAST PAGE MODE) 
RAS hold lime 
"RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge lime 
CAS precharge time (FAST PAGE MODE) 
"RAS to CAS delay time 
CAS to "RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup lime 
Column address hold lime 
Column address hold time 
(referenced to"RAS) 

Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 
Output buffer turn-off delay 

MT4C40D1J 
REV. ,4192 

-6 
SYM MIN MAX 
tRC 110 

tRWC 145 
tpc 40 

tpRWC 90 

tRAC 60 
tCAC 15 
tOE 15 
tAA 30 

tCPA 35 
tRAS 60 100,000 

tRASP 60 100,000 
tRSH 15 
tRP 40 

tCAS 15 100,000 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 20 45 
tCRP 10 
tASR 0 
tRAH 10 
tRAD 15 30 

tASC 0 
tCAH 10 
tAR 50 

tRAl 30 

tRCS 0 
tRCH 0 

tRRH 0 

tClZ 0 
tOFF 0 15 

1-136 

MIN 
130 
185 
40 

95 

70 
70 
20 
50 
20 
70 
10 
10 
20 
10 
0 
10 
15 

0 
15 
55 

35 

0 
0 

0 

0 
0 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 
205 ns 
45 ns 

100 ns 

70 80 ns 14 
20 20 ns 15 
20 20 ns 23 
35 40 ns 
40 45 ns 

100,000 80 100,000 ns 
100,000 80 100,000 ns 

20 ns 
60 ns 

100,000 20 100,000 ns 
80 ns 
10 ns 16 
10 ns 

50 20 60 ns 17 
10 ns 
0 ns 
10 ns 

35 15 40 ns 18 

0 ns 

15 ns 
60 ns 

40 ns 

0 ns 
0 ns 19 

0 ns 19 

0 ns 
20 0 20 ns 20 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8,9, 10, 11, 12, 13, 23) (Vee = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

RAS to WE delay time 

Column address 
to WI: delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CAS-BEFORE-RAS refresh) 

CAS hold time 
(CAS-BEFORE-RAS refresh) 

WE hold time 
(CAS-BE FORE-RAS refresh) 

WE setup time 
(CAS-BEFORE-RAS refresh) 

WE hold time 
(WCBR test cycle) 

WE setup time 
(WCBR test cycle) 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

Output disable 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

MT4C4001J 
REV. 4192 

-6 

SYM MIN MAX 
twcs 0 

twCH 10 

twCR 45 

twP 10 
tRWL 15 
tCWL 15 
tDS 0 
tDH 10 

tDHR 45 

tRWD 85 
tAWD 60 

tCWD 45 

IT 3 50 
tREF 16 
tRPC 0 
tcSR 10 

tCHR 15 

tWRH 10 

tWRP 10 

tWTH 10 

twTS 10 

tORD 0 

tOD 15 

toEH 15 

1-137 

MIN 
0 

15 

55 

15 

20 

20 

0 

15 

55 

100 

65 

50 

3 

0 
10 

15 

10 

10 

10 

10 

0 

20 

-7 -8 

MAX MIN MAX UNITS NOTES 
0 ns 21,27 

15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 22 

15 ns 22 

60 ns 

110 ns 21 

70 ns 21 

50 ns 21 

50 3 50 ns 9, 10 

16 16 ms 

0 ns 

10 ns 5 

15 ns 5 

10 ns 25,28 

10 ns 25,28 

10 ns 25,28 

10 ns 25,28 

0 ns 

20 20 ns 27 

20 ns 26 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT4C4001J 
1-· ",",owo"" 1 MEG x 4 DRAM 

NOTES 
1. All voltages referenced to V 55. 

2. This parameter is sampled. Vee = 5V ±10%,f = 1 MHz. 
3. Ice is dependent on cycle rates. 
4. Ice is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of 100/ls is required after power-up 
followed by eight RAS refresh cycles (RAS-ONL Y or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the tREF refresh requirement is 
exceeded. 

8. AC characteristics assume tT = 5ns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

lOOpF. 
14. Assumes that tRCD < 'RCD (MAX). If tRCD is greater 

than the maximum recommended value shown in this 
table, 'RAC will increase by the amount that tRCD 
exceeds the value shown. 

15. Assumes that tRCD ~ tRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initia:te a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tcrN. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. 'RCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified 'RCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

18. Operation within the tRAD (MAX) limit ensures that 
RAC (MIN) and tCAC (MIN) can be met. tRAD 
(MAX) is specified as a reference point only; if tRAD 
is greater than the specified tRAD (MAX) limit, then 
access time is controlled exclusively by tAA. 

MT4G4001J 
REV. 4192 

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition, and is not 
referenced to VOH or VOL. 

21. twcs, 'RWD, tAWD and !CWD are not restrictive 
operating parameters. twcs applies to EARLY­
WRITE cycles. tRWD, tAWD and tCWD apply to 
READ-MODIFY-WRITE cycles. If twcs ~ twcs 
(MIN), the cycle is an EARLY-WRITE cycle and the 
data output will remain an open circuit throughout 
the entire cycle. If tRWD ~ tRWD (MIN), tAWD ~ 
tAWD (MIN) and tCWD ~ tCWD (MIN), the cycle is a 
READ-MODIFY -WRITE and the data output will 
contain data read from the selected celL If neither of 
the above conditions is met, the state of data out is 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE-WRITE (OE 
controlled) cycle. twcs, tRWD, tCWD and tAWD are 
not applicable in a LATE-WRITE cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY -WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

25. twTS and twTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of twRP and twRH in the 
CBR refresh cycle. 

26. LATE-WRITE and READ~MODIFY-WRITE cycles 
must have both tOD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken ba:ck LOW after tOEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

27. The DQs open during READ cycles once tOD or IOFF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 

28. JEDEC test version only. 

1-138 MIcron Technology, Inc., reserves the right to change products or speclficatlons without notiCe. 
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MIC:RON MT4C4001 J 
1-· '"'"'oco""" 1 MEG x 4 DRAM 

MT4C4001J 
AEV.4/92 

READ CYCLE 

tRAS tAP : I 

tCSH 

,I 'RSH tRRH 

'eRP tRCD leAS 

I' 
:----.1 

tAA 

I tRAD 'RAL 

I~ ~I ~ ~ 
ADDR ROW JWm COLUMN WIIII##IIIIIIIIIIIIII/X ROW 

tRCS 

!~ 
11111111111111111111111111111111/ WIIIIIIIIIIIIIIIIIII/; 

tAA 

tRAG 

teAc tOFF 

leLZ 

DO ~Ig~:: OPEN 

.t~· 
VALID DATA OPEN---

DE ~:t -11#1##lIIIIIIIIIII#III#II/II!I/I#IIII/I/I#IMl 
~ 

EARLY-WRITE CYCLE 

tRAS tRP I 
RAS 

V,H 
V,L - \ 

tCSH 

IRSH 

leRP tRCD tCAS 

CAS V,H 
V,L =----.1 

tAR 

IRAQ tRAL 

ADOR V,H 
VIL 

\4 'ASR .• tRAH I I. lAse tcAH -- --
~ ROW ~ COLUMN ~& ROW 

'CWL II tRWL 

tWGR 

'WCS tWCH 

'WP 

7///#//$/$###&0'//1 fI//#/$/$#//$//&'////$###/; 

~I 
I tOHR 

~ 

DO ~:gt~---V-ALI-DD-AT-A--~ 

1-139 

fZ] DON'T CARE 

~ UNDEFINED 
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MT4C4001J 
REV. 4192 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

tRwe 
tRAS tep 

teSH 

'I IRSH 

teRP tRCD tCAS 

J } 
IAR 

IRAD I I tRAL 1 

~I ~I I~I I' 
ADDR ~lt_ 

I~ 
~ ROW J@lL:l COLUMN W//##///#/#////#/#/#&//##/,1/ ROW 

ADDR ~:~ 

DQ ~i~ 

I I tRWD 

I' 
~II I tRCS _I 1,_ leWD ~ 

tAWD 
,twP .~I, ~j I 

-

I~ IOAP 

=~ 

[4 tASA 

::'i;I,I;)( ROW 

I 
I 

I 
IAA 

I tRAC 

I tCAG 

tcLZ- 1:- r ~ 
OPEN VALID Dour M VALID DIN 

.~ 
~I ~ 

.. FAST-PAGE-MODE READ CYCLE 

RASP 

ICSH IpC IRSH 

IRCD ~ _ IC_p_~ _I_GP _ 

~~ 
IAR } 

lRAD I I~ IRAL 

IRAH'-1 ~ I_ lASe . leAH"1 ~II~I I 
;WI/;? COLUMN ~WIIII,l;)( COLUMN ;Wllillt? COLUMN 

tRCS I 
tRCH- 11 t lRGS Ji IRCH- L1 t RGS 11 

IAA ~ IAA ~ IAA 

I tRAG I tePA I tePA 

I~ 19lt I~ ~ l~ -
ICLZ- b. tcLZ- r- tcLZ- 1:-

OPEN 
'VAiJi:)' VALID VALID 

DATA DATA DATA 

~ ~ ~ ~ ~ too 

OPEN--

~ 
tePN 

ROW 

-I rlRRH 
~ 

'W!!&!L 

--!oFF 

r- 0PEN -

~ DONTCARE 

ll2&1 UNDEFINED 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 

tRASP 

RAs VIH -
VIL _ 

tCSH 

~ 
tpc tRSH 

I ___ ---'!'R"'CD"--_.I ~ ~ ~ ~ I-,-:'C""AS"--,-I 

CAS VIH -
VIL _ 

ADDR V,H VIL 

WE V,H VIL 

DQ VIOH 
VIOL 

Oe ~:~ ="/$/$///!/$/!/$///$//!I!I!//!/!I/!//!/!I!//$!#!I/!/;J!/$$$//$$$!/$//!!I!/$//!///aw//II/i) 

RAS V,H VIL 

CAS V,H V,l 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

_----~~--------~------------'_AA_SP~-,.------------~----~~ 
tcSH *tpc / tpRWC tRSH 

-

I ___ --"'R"'CD'--~.I_---"'C""AS'--_I ~ teAS ~ I_--...:'''''CA''-$ ___ I 
r----o l---

~'--t---fl 

I~ leAP 

=.J 
'AR 

tCPN 

I_ 'ASR I-:""':"-~~-I-I~I I 'CAH: ~ 'CAH _I ~II~AL II 
ADDR ~lr 7//M ROW V//h COLUMN WfT77)///7"TTi////"'hJc---C-'-OL-UM-N--,i:w·rrr///TT77////H;)id--C...!O-LU-MN--~~J7]7TT).-frf;rnn ROW 

II 'RWD ~ I ~ I II· ~ ~I I 'cWL~ I+- 'cWL- y.. : j.:.-;;;:LWL 

tAWt;!'P 1. J tAW~WP - -- 'AWD - !- twp 
1---+----'2'c""WD'--1 ICWD 

*tpc is for LATE-WRITE only. 

1-141 

V/////////////,1, 

~ DON'T CARE 

~ UNDEFINED 
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MICRON MT4C4001J 
1-· """me"" 1MEGx4DRAM 

MT4C4001J 
REV. 4192 

"RAS"-ONL Y REFRESH CYCLE 
(ADDR = AO-A9; WE = DON'T CARE) 

\'----

DQ ~ge -.---------OPEN'---------

DO 

CAS-BEFORE-RAS REFRESH CYCLE 
(AO-A9, and OE = DON'T CARE) 

tRP tRAS 'RP tRAS 

=-1. 'RPc:l, 

y 

)~j.I~tCSR ~I I~r ~, 
=--.1 't( ! '1\ 1 
-

OPEN 

~ ~ ~ ~ 
WE VV'H ~ Il~ W/////I//I//I/I/I$// w/ /1//1 $/1///1/1/// /I///I///; 

ADOR ~:t 

I~ 
.~ 

HIDDEN REFRESH CYCLE 24 

(WE = HIGH;OE = LOW) 

tRCD 

tAR 

'RAD 

(READ) , 
RAS 

IRSH 

11 
II 'RAL I 

_RP_ 

r---i 

(REFRESH) , 
RAS 

tCHR 

I~ I~ ~11 .. tCAH"1 

w//flt ROW ~ COLUMN 

I 
I 'AA 
I tRAG 

I ::~~ -l 
OPEN VALID DATA 

V 

I QFF - -
~OPEN-

1-'2L.. 

i5E ~:~ ::Jffi###$/#/ffi#l##ffi##/$/J>l'ORD 
-'2P-

1_-142 

~DON'TCARE 

~ UNDEFINED 
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4 MEG POWER-UP AND REFRESH 
CONSTRAINTS 

The EIA/JEDEC 4 Meg DRAM introduces two potential 
incompatibilities compared to the previous generation 
1 Meg DRAM. The incompatibilities involve refresh and 
power-up. Understanding these incompatibilities and pro­
viding for them will offer the designer and system user 
greater compatibility between the 1 Meg and 4 Meg. 

REFRESH 
The most commonly used refresh mode of the 1 Meg is 

the CBR (CAS-BEFORE-RAS) REFRESH cycle. The CBRfor 
the 1 Meg specifies the WE pin as a "don'tcare."The4Meg, 
on the other hand, specifies the CBR REFRESH mode with 
the WE pin held at a voltage HIGH level. 

A CBR cycle with WE LOW will put the 4 Meg into the 
JEDEC specified test mode (WCBR). 

tCHR 

POWER-UP 
The 4 Meg JEDEC test mode constraint may introduce 

another problem. The 1 Meg POWER·UP cycle requires a 
lOOlls delay followed by any eight RAS cycles. The 4 Meg 
POWER-UP is more restrictive in that eight RA5-0NL Y or 
CBR REFRESH (WE held HIGH) cycles must be used. The 
restriction is needed since the 4 Meg may power-up in the 
JEDEC specified test mode and must exit out of the test 
mode. The only way to exit the 4 Meg JEDEC test mode is 
with either a RAS·ONL Y or a CBRREFRESH cycle (WE held 
HIGH). 

SUMMARY 
1. The 1 Meg CBR REFRESH allows the WE pin to be 

"don't care" while the 4 Meg CBR requires WE to be 
HIGH. 

2. The eight RAS wake·up cycles on the 1 Meg may be any 
valid RAS cycle while the 4 Meg may only use RAS­
ONLY or CBR REFRESH cycles (WE held HIGH). 

CAS ~:~ =--~----~---H----~------~--~----~-----L-------------------
.......... D? .~8e ~-.-.-.-.-.-.-.-.-.-. -. -. -. ++-. -.. -.-.-.-.-.-.-.-.-.-.-.-.-.-.. O:~N.-.-.-.-H-.-.-.-.-.-.-.-.-.-. -. -. -. -. -. -.. -.-.-.-.-.-.-.-.-... 

b~~{ CBRREFRESHWE ~:~ !/II//!/!I//I1!!//!/!//!///I1!!///!///!II!III!/!I//!/I/JIIII////!/I/I/I!I///!//!//!///ffi 

MT4C4001J 
REV. 4192 

t:Z] DON'T CARE 

COMPARISON OF 4 MEG TEST MODE AND WCBR TO 1 MEG CBR 
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MIC:RON MT4C4001J 
1-· ''''"'' "'" 1 MEG x 4 DRAM 
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MIC::RON MT4C4001J L 
1-· '''"''WG'''' 1 MEG x 4 DRAM 

DRAM 

FEATURES 
• Industry standard x4 pinout, timing, functions and 

packages 
• High-performance, CMOS silicon-gate process 
• Single +5V ±1O% power supply 
• All inputs, outputs and clocks are fully TTL 

compatible 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR), 

HIDDEN and BATTERY BACKUP (BBU) 
• F AST PAGE MODE access cycle 
• 1,024-cycle extended refresh distributed across 128ms 
• Low power, 1mW standby; 225mW active, typical 

OPTIONS 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 
Plastic SOJ (300 mil) 
Plastic TSOP (300 mil)* 
Plastic ZIP (350 mil) 

MARKING 

-6 
-7 
-8 

DJ 
TG 
Z 

NOTE: Available in die form (commercial or military) or military ceramic 
packages. Please consult factory for die data sheets or refer to Micron's 
Military Data Book. 

• Part Number Example: MT4C4001JDJ-6 L 

GENERAL DESCRIPTION 
The MT4C4001J L is a randomly accessed solid-state 

memory containing 4,194,304 bits organized in a x4 configu­
ration. During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (AO-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. READ and WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READmodewhilealogicLOW on WE dictates WRITE mode. 
During a WRITE cycle, data in (D) is latched by the falling 
edge of WE or CAS, whichever occurs last. If WE goes LOW 
prior to CAS going LOW, the output pin(s) remain open 
(High-Z) until the next CAS cycle. If WE goes LOW after 
data reaches the output pins, the outputs (Qs) are activated 
and retain the selected cell data as long as CAS remains LOW 
(regardless of WE or RAS). This late WE pulse results in a 
READ-WRITE cycle. The four data inputs and four data 
outputs are routed through four pins using common lIO, 
and pin direction is controlled by WE and OE. 

MT4C4001J L 
REV.4J92 1-145 

1 MEG x 4 DRAM 
LOW POWER, 
EXTENDED REFRESH 

PIN ASSIGNMENT (Top View) 

20-Pin SOJ 20-Pin ZIP 
(N-2) (0-1 ) 

DOl 1 26 Vss CE 1'" -
D02 2 25 D04 00 2 CAS 

D03 3 o. 
WE 3 24 D03 <0 4 DQ4 

RAS 4 23 CAS 
Vss 5 o. 

00 6 DOl 
A9 5 22 DE D02 7 0'.08 WE 

RAS 9 ::.\-=- 10 A9 
AO 11 0'.0 12 Al 

AO 9 18 A8 A2 13 ::.\=- 14 A3 
Al 10 17 A7 Vee 15 =-,,::. 16 A4 
A2 11 16 A6 AS 17 0'.018. A6 
A3 12 15 AS 

Vee 13 14 A4 A7 19 ~ 20 A8 

20-Pin TSOP 
(R-1 ) 

DOl 1 26 Vss 
DQ2 02 25 FDQ' 
WEa 3 24 FDQ3 

AAS a 4 23 TICAS 
A9 a 5 22 TIDE 

AD a 9 18 TIAB 
Al 010 17 TIA7 
A2 a 11 16 TIA6 
A3 012 15 AS 

Vee 13 14 A4 

'Consul! factory on availability of reverse pinout TSOP packages 

FAST PAGE MODE operations allow faster data opera­
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO-A9) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed­
in by CAS. CAS may be toggled-in by holding RAS LOW 
and strobing-in different column addresses, thus executing 
faster memory cycles. Returning RAS HIGH terminates the 
FAST PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONL Y, CAS-BEFORE-RAS (CBR), 
BATTERY BACKUP or HIDDEN refresh) so that all 1,024 
combinations ofRAS addresses (AO-A9) are executedatleast 
every 128rns, regardless of sequence. The CBR refresh cycle 
will invoke the internal refresh counter for automatic RAS 
addressing. 

Micron Technology, Inc" reserves the right to change products or specifications without nolice. 
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FUNCTIONAL BLOCK DIAGRAM 
FAST PAGE MODE 

MO-o-==;===:============~===~~==:~==~:[~t---___ I CAS 
DOl 
D02 
D03 
DQ4 

AD 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
AS 
A9 

RAS 

'-----' 

'----------____ ----0 DE 

'NOTE: WE LOW prior to CAS LOW, EW detection circuit output is a HIGH (EARLY-WRITE) 
CAS LOW prior to WE LOW, EW detection circuit output is a LOW (LATE-WRITE) 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY-WRITE 

READ-WRITE 

FAST-PAGE-MODE 1st Cycle 

READ 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

EARLY-WRITE 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

READ-WRITE 2nd Cycle 

RAS-ONL Y REFRESH 

HIDDEN READ 

REFRESH WRITE 

CAS-BEFORE-RAS REFRESH 

BATTERY BACKUP REFRESH 

MT4C4001J L 
REV. 4192 

Rff cg WE 

H H-->X X 

L L H 

L L L 

L L H-->L 

L H-->L H 

L H-->L H 

L H-->L L 

L H-->L L 

L H-->L H-->L 

L H-->L H-->L 

L H X 
L -->H-->L L H 

L-->H-->L L L 

H->L L H 

H-->L L H 

1-146 

ADDRESSES DATA IN/OUT 

lJE IR IC DQ1-DQ4 

X X X High-Z 

L ROW COL Data Out 

X ROW COL Data In 

L -->H ROW COL Data Out, Data In 

L ROW COL Data Out 

L n/a COL Data Out 

X ROW COL Data In 

X n/a COL Data In 

L -->H ROW COL Data Out, Data In 

L -->H n/a COL Data Out, Data In 

X ROW n/a High-Z 

L ROW COL Data Out 

X ROW COL Data In 

X X X High-Z 

X X X High-Z 

Micron Technology, Inc., reserves the nght to change products Of specifications without notice. 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Any Pin Relative to Vss .................... -IV to +7V 
Operating Temperature, T A (Ambient) ......... O°C to +70°C 
Storage Temperature (Plastic) .................... -SsoC to + IS0°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under U Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections ofthis specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (Vee = SV ±1 0%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV ~ VIN ~ 6.SV 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled, OV ~ VOUT ~ S.SV) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -SmA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VI H) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Other Inputs = Vee -0.2V) 

OPERATING CURRENT: Random READ/WRITE 
Average power supply current 
(RAS, CAS, Address Cycling: tRC = tRC (MIN» 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: tpc ,. tpc (MIN» 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: tRC = tRC (MIN» 

REFRESH CURRENT: CAS-BEFORE-RAS (CBR) 
Average power supply current 
(RAS, CAS, Address Cycling: tRC = tRC (MIN» 

REFRESH CURRENT: BATTERY BACKUP (BBU) 
Average power supply current during BATTERY BACKUP refresh: 
CAS = 0,2V or CAS-BEFORE-RAS cycling; RAS = tRAS (MIN) to 
300ns; WE = Vce -0.2V; AO-A9 and DIN = Vec - 0.2V or 0.2V 
(DIN may be left open), tRC = 12Sj.l.s (1,024 rows at 12Sj.l.s = 128ms) 

MT4C4001J l 
REV. 4192 1-147 

SYMBOL MIN MAX UNITS NOTES 

Vee 4.S S.5 V 1 

VIH 2.4 Vee+1 V 1 

VIL -1.0 0.8 V 1 

Ii -2 2 f!A 

loz -10 10 f!A 
VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -6 -7 -8 UNITS NOTES 

lee1 2 2 2 mA 

lee2 200 200 200 f!A 

lee3 110 100 90 mA 3,4 

lee4 80 70 60 mA 3,4 

lee5 110 100 90 mA 3 

Icc6 110 100 90 mA 3,S 

Icc? 300 300 300 f!A 3, S, 
7,28 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MICRON MT4C4001J L 
1-· "'"""WG"" 1 MEG x 4 DRAM 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A9 CI1 5 pF 2 

Input Capacitance: RAS,CAS, WE, OE CI2 7 pF 2 

Input/Output Capacitance: DQ CIO 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13,23) (Vcc = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 
Access time from CAS 
Output Enable 
Access time from column address 
Access time from CAS precharge 
F1AS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in Low-Z 
Output buffer turn-off delay 

MT4C4001J L 
REV. 4/92 

-6 
SYM MIN MAX 
tRC 110 

tRWC 145 
tpc 40 

tpRWC 90 

tRAC 60 
tCAC 15 
tOE 15 
tAA 30 

tCPA 35 
tRAS 60 100,000 

tRASP 60 100,000 
tRSH 15 
tRP 40 

tCAS 15 100,000 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 20 45 
tCRP 10 
tASR 0 
tRAH 10 
tRAD 15 30 

tASC 0 
tCAH 10 
tAR 50 

tRAL 30 

tRCS 0 
tRCH 0 

tRRH 0 

tell 0 
tOFF 0 15 

1-148 

MIN 
130 
185 
40 

95 

70 
70 
20 
50 
20 
70 
10 
10 
20 
10 
0 
10 
15 

0 
15 
55 

35 
, 

0 
0 

0 

0 
0 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 
205 ns 
45 ns 

100 ns 

70 80 ns 14 
20 20 ns 15 
20 20 ns 23 
35 40 ns 
40 45 ns 

100,000 80 100,000 ns 
100,000 80 100,000 ns 

20 ns 
60 ns 

100,000 20 100,000 ns 
80 ns 
10 ns 16 
10 ns 

50 20 60 ns 17 
10 ns 
0 ns 
10 ns 

35 15 40 ns 18 

0 ns 
15 ns 
60 ns 

40 ns 

0 ns 
0 ns 19 

0 ns 19 

0 ns 
20 0 20 ns 20 

Micron Technology, Inc., reserves the right to change products or specifications without notice. ! 
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1-· "'"'ocoo"" 1 MEG x 4 DRAM 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13,23) (Vee = 5V ±10%) 

AC CHARACTERISTICS 

PARAMETER 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

RAS" to WE delay time 

Column address 
to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (1024 cycles) 

RAS to CAS precharge time 

CAS setup time 
I (CAS-BEFORE-RAS refresh) 

I CAS hold time 
(CAS-BEFORE-RAS refresh) 

WE hold time 
(CAS'-BEFORE-RAS refresh) 

WE setup time 
(CAS-BEFORE-RAS" refresh) 

WE hold time 
(WCBR test cycle) 

WE setup time 
(WCBR test cycle) 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

Output disable 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

tT4C4Q01J l 
lEV. 4192 

-6 

SYM MIN 
twcs 0 
tWCH 10 

tWCR 45 

twp 10 
tRWL 15 
tCWL 15 
IDS 0 
IDH 10 

tDHR 45 

tRWD 90 
tAWD 60 

tCWD 45 
tT 3 

IREF 

IRPC 0 
ICSR 10 

ICHR 15 

IWRH 10 

WRP 10 

IWTH 10 

tWTS 10 

tORD 0 

too 

IOE:H 15 

MAX MIN 

0 
15 

55 

15 

20 

20 

0 

15 

55 

100 

65 

50 

50 3 
128 

0 

10 

15 

10 

10 

10 

10 

0 

15 

20 

1-149 

-7 -8 

MAX MIN MAX UNITS NOTES 

0 ns 21,27 

15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 22 

15 ns 22 

60 ns 

110 ns 21 

70 ns 21 

50 ns 21 

50 3 50 ns 9,10 

128 128 ms 

0 ns 
10 ns 5 

15 ns 5 

10 ns 25 

10 ns 25 

10 ns 25 

10 ns 25 

0 ns 

20 20 ns 27 

20 ns 26 
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NOTES 
1. All voltages referenced to V ss. 
2. This parameter is sampled. Vee = SV ±10%,f = 1 MHz. 
3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of 100l1s is required after power-up 
followed by eight RAS refresh cycles (RAS-ONL Y or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the tREF refresh requirement is 
exceeded. 

8. AC characteristics assume IT = Sns. 
9. VIR (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIR and VIL (or between VIL 
and VIR). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIR and 
VIL (or between VIL and VIR) in a monotonic manner. 

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

100pF. 
14. Assumes that tRCD < tRCD (MAX). If tRCD is greater 

than the maximum recommended value shown in this 
table, lRAC will increase by the amount that tRCD 
exceeds the value shown. 

15. Assumes that tRCD ;:: tRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

18. Operation within the tRAD (MAX) limit ensures that 
tRAC (MIN) and tCAC (MIN) can be met. tRAD 
(MAX) is specified as a reference point only; if tRAD 
is greater than the specified tRAD (MAX) limit, then 
access time is controlled exclusively by tAA. 

MT4C4001J L 
REV. 4192 1-150 

19. Either lRCH or tRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition, and is not 
referenced to VOH or VOL. 

21. twcs, tRWD, tAWD and tCWD are not restrictive 
operating parameters. twcs applies to EARLY­
WRITE cycles. tRWD, tAWD and tCWD apply to 
READ-MODIFY-WRITE cycles. If twCS;:: twcs 
(MIN), the cycle is an EARLY-WRITE cycle and the 
data output will remain an open circuit throughout 
the entire cycle. If lRWD ;:: IRWD (MIN), tAWD ;:: 
tAWD (MIN) and tCWD;:: tCWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions is met, the state of data out is 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE-WRITE (OE 
controlled) cycle. twcs, tRWD, tCWD andlAWD are 
not applicable in a LATE-WRITE cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

25. twTS and twTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of twRP and twRH in the 
CBR refresh cycle. 

26. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both taD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW aftertOEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

27. The DQs open during READ cycles once taD or IOFF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 

28. BBU current is reduced as tRAS is reduced from its 
maximum specification during the BBU cycle. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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~T4C4001J L 
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READ CYCLE 

tCSH 

ICRP tCAS 

~~I ~~ 
ADDR ~:~ 4!L0t ROW J@l@ COLUMN o/////U///I///I11//IU/ffi. ROW 

I 
~:t ::Ilu/I£lIIIII/I#II/IIII/I///ul/ 

tRCS ~ 

VlIIIIIIIIIIIIIIIIIII;; 

'cAG 

~, 
DQ VV10H - OPEN-'----------~~~V~AL~ID~DA~TA~f__--OPEN ---

10L . 'WYYY. 
I. tOE I~ tOD 

DE ~:~ --17:/;=0'/;=1//;777// ;;TT7// j;TT7;1 ;j;TT7;1 ;;=W7Ti// j;7TiW j;=W j;'7T.W j;=W ;;=WTTTW j;TTT('1 ;;TT7W77TWl $/#111#111##;/'//0/1#1 mm;; 

RAS 
V,H 
V,L 

GAS V,H 
VIL 

ADOR V,H 
VIL 

EARLY-WRITE CYCLE 

RG 

tRAS tRP 

- \ 
'cSH 

IRSH 

'CAP tRCO 'cAS 

=~ 
tAR 

IRAD !RAl 

/" 'ASR IRAH ... ! l~ lAse leAH -- -~-~ 

~;.?i ROW ~ COLUMN ~JX ROW 

!CWL I tAWL 

'WCR 
twes 'WCK 

twp 

~ 
tDHR 

r- ~I 
W/,0)l/,0)l~~.!?A VALID DATA 

1-151 

Ji 

lZ] DON'T CARE 

!22ll UNDEFINED 
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READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

tRAS 'RP 

II 
- kf 

teSH 

'I lASH 

'CRP tRCD ICAS 

=~ ~ 'AR 

'RAD I I 'RAl I 

ADDR ~l~ 
I~~I ~II~I I 

=:w0i ROW ~ COLUMN W////I///I///////////I////////////////?< ROW 

I 

I I 'RWO 
.'eWL, I I 

tRCS I I leWD tRWL 

I 
• IAWD ' "WP _I' 

I 
'AA 

I tRAC 

I !CAG 

'eLZ-T r~ 
-

OPEN VALID DOUl X VALID DIN OPEN--
~. 

~I ~ 
DO ~lgt 

FAST-PAGE-MODE READ CYCLE 

tRP 

- V1H­
RAS VIL _ FL 

leSH 'pc IRSH 

I~ tRCD leAS _te_P ___ ~I _'_CP_ ~y 
tCPN 

J 
'AR ~ ---' 

'RAD I I 'RAL 
l~tASR .IRAH"'I ~ I~ ~ ,leAH'-j ~Il leAH __ ) !. 

:~ ROW ~ COLUMN WJ7t0 COLUMN 107!W COlUMN 1(////////////////~ 
~ I ~ I ~~ II ~~ w.- I ~ 

ADDR ~:~:: 

I 
OPEN 

-I rRCS -I 'I 'RCS I~-'RRH tRCS r I'" tRCH • tRCH- I 'RCH- I 

'M yu 'M 

I tRAC I tePA I tCAG ~ I tCAC' 

tcLZ- ~ teLZ- 1:--
VAllO 
DATA 

~ I~ ~ 

1-152 

Yf' 'M 

I tePA 

tOFF I 'CAG - --
tcLZ- '1:-

VALID 
DATA 

....'2P- ~ 

-
VALID 
DATA 

~ 

~ 

-toFF 

~OPEN-

~ DON'T CARE 

~ UNDEFINED 
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ADDR ~:~ 

DO ~lgr 

--

FAST-PAGE-MODE EARLY-WRITE CYCLE 

RASP 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

'CSH *IPC/1pRWC lASH 

ROW 

tAP 

R-
I~ tRCO 'CAS ,~ 'cAS ~ tCAS 

~ ri r--- r--=--.1 
'AA 

II 
'RAO 

~I I~ 
'RAe 

, I~ IASA ~I ~ tcAH ~I ~II~ 
111M ROW VII;'? COlUMN COLUMN COLUMN ROW 

! I IRWD 

~ 
I 

~ 
I 

II-'AWL 
~I I tcwLl -ICWl __ - __ICWL 

IWpJ.. I 'wp __ ..L 
'AWO ..... 

__IWp 
'AWO 'AWD 

'CWD ~ leWD 

'M I ~..d- ~..d-
'RAC I tOH 1 I IOH__ -- _ I I--IOH I 'os- 1- 'cPAI 'os- 1- I~ ,os-T -- - -- - -~-

-
~-r ~-r ~-r 
OPEN~ VALI~l VAliD VAlI~J VAlItl VAU~~ VAliD ~OPEN-- DOUT~! __ ::D O:II~O~D :~!~ INIOO 

toE- - 'OE- - toE - tOEH 

-'PC is for LATE-WRITE only. 

(:ZJ DONT CARE 

!88S UNDEFINED 
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RAS-ONL Y REFRESH CYCLE 
(ADDR = AO-A9; WE = DON'T CARE) 

CAS ~:~ ~~ LJ 

\'----

ADDR ~:t =~~o~b/;lU#l$/;lU;l;l/;l////;l///;W////;)(--RO-W --

DO 

DO ~g~ -:--------------QPEN---------

DO 

CAS-BEFORE-RAS REFRESH CYCLE 
(AO-A9, and OE = DON'T CARE) 

RP RAS RP RAS . 

~~I 
I~ tCPN~II~ ~I tRP~II~ ~l. 
~ , I , J 

OPEN 

~ ~ ~ ~ 

BATTERY BACKUP REFRESH CYCLE 
(AO-A9, and OE = DON'T CARE) 

125~s 

'RP 'RAS 'RP iRAS 

.~ tRPe 

}'CP~~ ~I tRP~ll~ ~I. 
I 'i J 

OPEN 

Y 

~ ~ ~ ~ 

W#//##//##/#/#//lu//0 

1-154 

~ DON'T CARE 

I22ij UNDEFINED 
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CAS ~:r::: 

ADDR ~:~::: 

DQ ~:gr -------

HIDDEN REFRESH CYCLE 24 

(WE = HIGH; OE = LOW) 

(READ) 

tRAS 

(REFRESH) 

tRAS 

tOE 

DE ~:r _~/;I#/#/#//;I@/;I//;I/;I/;I/;I/;I~~ 
taD 

.&#//;1/;/ 

n4C4001J L 
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~ DON'TeARE 

~ UNDEFINED 
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4 MEG POWER-UP AND REFRESH 
CONSTRAINTS 

The EIA/JEDEC 4 Meg DRAM introduces two potential 
incompatibilities compared to the previous generation 
1 Meg DRAM. The incompatibilities involve refresh and 
power-up. Understanding these incompatibilities and pro" 
viding for them will offer the designer and system user 
greater compatibility between the 1 Meg and 4 Meg. 

REFRESH 
The most commonly used refresh mode of the 1 Meg is 

the CBR (CAS-BEFORE-RAS) REFRESH cycle. The CBR for 
the 1 Meg specifies the WE pin as a "don't care." The 4 Meg, 
on the other hand, specifies the CBR REFRESH mode with 
the WE pin held at a voltage HIGH leveL 

A CBR cycle with WE LOW will put the 4 Meg into the 
JEDEC specified test mode (WCBR). 

tCHR 

POWER-UP 
. The 4 Meg JEDEC test mode constraint may introduce 

another problem. The 1 Meg POWER-UP cycle requires a 
lOO/.ls delay followed by any eight RAS cycles. The 4 Meg 
POWER-UP is more restrictive in that eight RAS-ONL Y or 
CBR REFRESH (WE held HIGH) cycles must be used. The 
restriction is needed since the 4 Meg may power-up in the 
JEDEC specified test mode and must exit out of the test 
mode. The only way to exit the 4 Meg JEDEC test mode is 
with either a RAS-ONL Y or a CBRREFRESH cycle (WE held 
HIGH). 

SUMMARY 
1. The 1 Meg CBR REFRESH allows the WE pin to be 

"don't care" while the 4 Meg CBR requires WE to be 
HIGH. 

2. The eight RAS wake-up cycles on the 1 Meg may be any 
valid RAS cycle while the 4 Meg may only use RAS­
ONLY or CBR REFRESH cycles (WE held HIGH). 

CAS ~:~ ='---L.---..-:L---t/----'-----L--i---l+---L--------­
VOH -__________ D? _ :'9L. :---_-_-_-_-_-_-_-_ -_ -_ -__ -_-tt_-_-_-_-_-_-_-_-_-_-_ -_ -_ -_ -__ -_ ?'~N_-_-_-_+t-_-_-_-_-_-_-_-_ -_ -_ -_ -__ -_-_-_-_-_-_-_-_-_-_-_-___ _ 

{

WCBRTESTMODE WE VIH 
VIL 

4 MEG 
DRAM IWRP IWRH tWRP tWRH 

CBRREFRESH WE ~:~ =B- -w///;I#$$$////j---- -W///;1//;1///$;1;1/PP///1/; 

lMEG{ 
DRAM 

MT4C4001J l 
REV. 4/92 

CBRREFRESH:WE ~:~ !$//PP!l/P/;1/$/P////P/$////I//j/////P/$/lP/IIII!IIII/!!IIIIIIII/I/I/l1/Z 

~ DON'T CARE 

COMPARISON OF 4 MEG TEST MODE AND WCBR TO 1 MEG CBR 

1-156 Micron Technology, Inc., reserves the right 10 change products or specifications without notice. 
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DRAM 

FEATURES 
• Industry standard x4 pinout, timing, functions and 

packages 
• High-performance, CMOS silicon-gate process 
• Single +5V ±1O% power supply 
• Low power, 3m W standby; 225m W active, typical 
• All inputs, outputs and clocks are fully TTL 

compatible 
• 1,024-cycle refresh distributed across 16ms 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR), 

and HIDDEN 
• STATIC COLUMN access cycle 

OPTIONS MARKING 
• Timing 

70ns access 
80ns access 

• Packages 
Plastic SOJ (300 mil) 
Plastic ZIP (350 mil) 

-7 
-8 

DJ 
Z 

NOTE: Available in die fonn.( commercial or military) or military ceramic 
packages. Please consult factory for die data sheets or refer to Micron's 
Military Data Book. 

• Part Number Example: MT4C4003JDJ-7 

GENERAL DESCRIPTION 
The MT4C4003J is a randomly accessed solid-state 

memory containing 4,194,304 bits organized in a x4 configu­
ration. During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (AO-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. READ and WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. If WE goes 
LOW prior to CAS going LOW, the output pin(s) remain 
open (High-Z) untillhe next CAS cycle. If WE goes LOW 
after data reaches the outputpin(s), data out (Q) is activated 
and retains the selected cell data as long as CAS remains LOW 
(regardless of WE or RAS). This late WE pulse results in a 
READ-WRITE cycle. The four data inputs and four data 
ClUtputs are routed through four pins using common I/O 
md pin direction is controlled by WE and OIl, 

II'lT4C4Q03J 
~EV. 4/92 

1 MEG x 4 DRAM 
STATIC COLUMN 

II 
c 
:c 

~------------------~~ s: PIN ASSIGNMENT (Top View) 

20-Pin SOJ 
(N-2) 

D01 
D02 
WE 

RAS 
A9 

AD 
A1 
A2 
A3 

Vee 

1 26 
2 25 
3 24 
4 23 
5 22 

9 18 
10 17 
11 16 
12 15 
13 14 

Vss 
D04 
D03 
CAS 
OE 

A8 
A7 
A6 
A5 
A4 

20-Pin ZIP 
(0-1) 

OE 1 ::'1 
,~ 2 CAS 

D03 3 ::'1 
,~ 4 D04 

Vss 5 -::'1 
,~ 6 D01 

D02 7 ::'1 
,~ 8 WE 

RAS 9 ::'1 

C 10 A9 
AO 11 ~, 

,~ 12 A1 
A2 13 ~, 

c 14 A3 
Vee 15 ~, 

,~ 16 A4 
A5 17 ~, 

19 ~, 
c 18 A6 

A7 
,~ 20 A8 

STATIC COLUMN operations allow faster data opera­
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO -A9) defined page boundary. After the first 
read, any column address transition will result in new data 
out. Unlike the page-mode part, which requires CAS to be 
toggled for each successive page-mode access, the STATIC 
COLUMN part allows CAS to be left low for successive 
STATIC COLUMN accesses. Returning RAS HIGH termi­
nates the STATIC COLUMNoperation. 

Returning RAS and CAS HIGH tetminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONL Y, CAS-BEFORE-RAS (CBR) or 
HIDDEN refresh) so that all 1,024 combinations of RAS 
addresses (AO -A9) ate executed atleast every 16ms, regard­
less of sequence. The CBR refresh cycle will invoke the 
internal refresh counter for automatic RAS addressing. 
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MICRON MT4C4003J 
1-· "'""DC''''"' 1 MEG x 4 DRAM 

FUNCTIONAL BLOCK DIAGRAM 
STATIC COLUMN 

WE~--------------------4r--------4r----~' 
CAS~-.----------------~----~---+---.~~-----+I 

DQ1 

DQ2 

DQ3 

DQ4 

AO 
A1 
A2 

A3 
A4 

A5 
A6 

A7 

AS 
A9 

RAS 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY-WRITE 

READ-WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

EARLY-WRITE 

FAST-PAGE-MODE 

READ-WRITE 

RAS-ONL Y REFRESH 

HIDDEN 

REFRESH 

~-------------4RHar----~ OE 

+---<> Vee 

~vss 

+-.-+ 

:;: MEMORY 
0 1024 ARRAY II: 

---
'NOTE: WE LOW prior to CAS LOW, EW detection circuit output is a HIGH (EARLY-WRITE) 

CAS LOW prior to WE LOW, EW detection circuit output is a LOW (LATE-WRITE) 

ADDRESSES DATA IN/DUT 

RAs- CAS WE or IR IC DQ1-DQ4 

H H-->X X X X X High-Z 

L L H L ROW COL Data Out 

L L L X ROW COL Data In 

L L H-->L L -->H ROW COL Data Out, Data In 

1st Cycle L L H L ROW COL Data Out 

2nd Cycle L L H L n/a COL Data Out 

1st Cycle L L L X ROW COL Data In 

2nd Cycle L L L X n/a COL Data In 

1st Cycle L L H-->L L -->H ROW COL Data Out, Data In 

2nd Cycle L L H-->L L -->H n/a COL Data Out, Data In 

L H X X ROW n/a High-Z 

READ L -->H-->L L H L ROW COL Data Out 

WRITE L -->H-->L L L X ROW COL Data In 

CAS-BEFORE-RAS REFRESH H-->L L H X X X High-Z 

MT4G4003J 
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MIC::RON MT4C4003J 
1-· ",",ocoone 1 MEG x 4 DRAM 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Any Pin Relative to Vss .................... -lV to +7V 
Operating Temperature, TA (Ambient) ......... O°C to +70°C 
Storage Temperature (Plastic) .................... -SsoC to + lSO°C 
Power Dissipation .............................................................. lW 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (Vee = 5V ±1 0%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV $; VIN $; 6.5V 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (0 is disabled, OV $; VOUT $; 5.5V) 

OUTPUT LEVELS 
Output High Voltage (IOUT= -5mA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 

STANDBY CURRENT: (TIL) 
(RAS = CAS = VI H) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Other Inputs = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC =IRC (MIN)) 

OPERATING CURRENT: STATIC COLUMN 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: ISC = ISC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

CAPACITANCE 

PARAMETER 

Input Capacitance: AO-A9 

Input Capacitance: RAS, CAS, WE, OE 

Input/Output Capacitance: DO 

MT4C4003J 
REV. 4192 1-159 

SYMBOL MIN MAX UNITS NOTES 
Vee 4.5 5.5 V 1 

VIH 2.4 Vcc+1 V 1 

VIL -1.0 0.8 V 1 

Ii -2 2 !lA 

loz -10 10 IlA 
VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -7 -8 UNITS NOTES 

lect 2 2 mA 

Icc2 1 1 mA 

Icc3 100 90 mA 3,4 

lec4 70 60 mA 3,4 

Icc5 100 90 mA 3 

Icc6 100 90 mA 3,5 

SYMBOL MIN MAX UNITS NOTES 

Cit 5 pF 2 

CI2 .. 7 pF 2 

Cia 7 pF 2 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6,7, 8, 9, 10, 11,12,13,23) (Vee = 5.V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
STATIC-COLUMN 
READ or WRITE cycle time 

STATIC-COLUMN 
READ-WRITE cycle time 

Access time from RAS 
Access time from CAS 
Output Enable 
Access time from column address 
RAS pulse width 
RAS pulse width (STATIC COLUMN) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (STATIC COLUMN) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CASto output in Low-Z 
Output buller turn-off delay 
Column address hold time 
(referenced to RAS) 

WE command setup time 
Write command hold time 
Write command hold time 
(referenced to RAS) 

Write command pulse width 
Write command to RAS lead time 

MT4C4003J 
REV. 4/92 

SYM 
tRC 

tRWC 
tsc 

tSRWC 

tRAC 
tCAC 
tOE 
tAA 

tRAS 
tRASC 
tRSH 
tRP 

tCAS 
tCSH 
tCPN 
tcp 

tRCD 
tCRP 
tASR 
tRAH 
tRAD 

tASC 
tCAH 
tAR 

tRAl 

tRCS 
tRCH 

tRRH 

tClZ 
tOFF 
IAWR 

twcs 
tWCH 
tWCR 

twp 

tRWl 

1-160 

MIN 
130 
185 
40 

100 

70 
70 
20 
50 
20 
70 
10 
10 
20 
10 
a 
10 
15 

a 
15 
75 

35 

a 
a 

a 

a 
a 

55 

a 
15 
55 

15 
20 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 
205 ns 
45 ns 

110 ns 

70 80 ns 14 
20 20 ns 15 
20 20 ns 23 
35 40 ns 

100,000 80 100,000 ns 
100,000 80 100,000 ns 

20 ns 
60 ns 

100,000 20 100,000 ns 
80 ns 
10 ns 16 
10 ns 

50 20 60 ns 17 
10 ns 
a ns 
10 ns 

35 15 40 ns 18 

a ns 
15 ns 
85 ns 

40 ns 

a ns 
a ns 19 

a ns 19 

a ns 
20 a 20 ns 20 

60 ns 

0 ns 21,27 
15 ns 
60 ns 

15 ns 
20 ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (Vee = 5V ±1 0%) 

AC CHARACTERISTICS 

PARAMETER 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

RAS to WE delay time 

Column address 
to WE delay time 

CAS to WE delay lime 

Transition lime (rise or fall) 

Refresh period (1,024 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CAS-BEFORE-RAS refresh) 

CAS hold time 
(CAS-BEFORE-RAS refresh) 

WE hold time 
(CAS-BEFORE-RAS refresh) 

WE setup time 
(CAS-BEFORE-RAS refresh) 

WE hold time 
(WCBR test cycle) 

WE setup time 
(WCBR test cycle) 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

Output disable 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

Write inactive time 

Previous WRITE to column address 
delay time 

Previous WRITE to column address 
hold time 

RAS hold time referenced to DE 
Output data hold time from 
column address 

Output data enable from WRITE 

Access time from last WRITE 

Column address hold time 
referenced to RAS HIGH 

CAS pulse width in 
STATIC-COLUMN mode 

MT4C4003J 
REV. 4/92 

SYM 
ICWL 

IDS 

IDH 

IDHR 

tRWD 

tAWD 

tCWD 
tT 

tREF 

tRPC 

tCSR 

tCHR 

twRH 

twRP 

tWTH 

tWTS 

tORD 

tOD 

10EH 

tWI 

tLWAD 

tAHLW 

tROH 

tAOH 

tow 

tALW 

tAH 

tcsc 

1-161 

MIN 

20 

0 
15 

55 

100 

65 

50 

3 

0 

10 

15 

10 

10 

10 

10 

0 

20 

10 

20 

65 

10 

5 

tAA+5 

65 

5 

tCAS 

-7 -8 

MAX MIN MAX UNITS NOTES 

20 ns 

0 ns 22 
15 ns 22 

60 ns 

110 ns 21 

70 ns 21 

50 ns 21 

50 3 50 ns 9, 10 

16 16 ms 

0 ns 

10 ns 5 

15 ns 5 

10 ns 25 

10 ns 25 

10 ns 25 

10 ns 25 

0 ns 

20 20 ns 27 

20 ns 26 

·10 ns 

30 20 35 ns 

75 ns. 

10 ns 

5 ns 

tAA+5 ns 

75 ns 

10 ns 

tCAS ns 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = 5V ±10%,f = 1 MHz. 
3. Ice is dependent on cycle rates. 
4. Ice is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of 100/!s is required after power-up 
followed by eight RAS refresh cycles (RAS-ONL Y or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the tREF refresh requirement is 
exceeded. 

8. AC characteristics assume tT = 5ns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

100pF. 
14. Assumes that IRCD < tRCD (MAX). If tRCD is greater 

than the maximum recommended value shown in this 
table, tRAC will increase by the amount that tRCD 
exceeds the value shown. 

15. Assumes that tRCD ~ IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the tRCD (MAX) limit ensures that 
lRAc (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by !CAe. 

18. Operation within the tRAD (MAX) limit ensures that 
lRAC (MIN) and tCAC (MIN) can be met. tRAD 
(MAX) is specified as a reference point only; if lRAD 
is greater than the specifie<;l tRAD (MAX) limit, then 
access time is controlled exclusively by tAA. 

MT4C4003J 
REV. 4/92 

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition, and is not 
referenced to VOH or VOL. 

21. twcs, IRWD, tA WD and tCWD are not restrictive 
operating parameters. twcs applies to EARLY­
WRITE cycles, tRWD, tAWD and tCWD apply to 
READ-MODIFY -WRITE cycles. If twcs ~ twcs 
(MIN), the cycle is an EARLY-WRITE cycle and the 
data output will remain an open circuit through out 
the entire cycle. If tRWD ~ tRWD (MIN), tA WD ~ 
tAWD (MIN) and tCWD ~ tCWD (MIN), the cycle is a 
READ-MODIFY-WRITE and t1l.e data output will 
contain data read from the selected cell. If neither of 
the above conditions is met, the state of data out are 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE-WRITE (OE 
controlled) cycle. twcs, tRWD, tCWD and tAWD are 
not applicable in a LATE-WRITE cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

25. twTS and twTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of twRP and twRH in the 
CBR refresh cycle. 

26. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both tOD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after toEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

27. The DQs open during READ cycles once tOD or tOFF 
occur. If CAS goes HIGH first, OE becomes.a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 
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MIC:RON MT 4C4003J 
1-· "'"""""" 1 MEG x 4 DRAM 

MT4C4003J 
REV. 4192 

READ CYCLE 

RC 

tRAS lAP 

- '--
IAR 

IRAO tRAL ~ 

V,H 
VIL 

CAs 
V,H 
VIL 

~ ~ 

U :1111'* ROW Wh0"a COLUMN 'OW 

tCSH 

1~' 
tRCD 'CAS II I leRP 

1 =~ 

IRCS 'RSH tRRH ~) 

WE 
V,H 
V,I 

1 1 

'@L 

OE 
V,H 
VIL 

\I~ 

I~ 

~ 'CAG 

IAA 

lelZ ~t 
-

OPEN VALID DATA -OPEN-DQ ~g~ 
tRAG 

EARL Y-WRITE CYCLE 

RC 

IRAS 

RAs 
V,H 
VIL -

IAWR 

'RCD 

1-
tASR IRAH ~I 

ADDR 
V,H 
VIL :JI/IM ROW 

IRAD 

CAs V,H 
VIL 

=J ICRP ·1 'cSH 

- OPEN -

I~I 'cAH 

COLUMN 

IRSH 

ICAS 

!CWL 

'RWL 

~ tWCH 

Iwe 

I~~I 
VALID DATA }-

tDHR ,I 
IWCR 

1-163 

-"~ 

~OPEN 

IRP 

ROW 
~ 

~ DON'T CARE 

I2l2! UNDEFINED 
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MT4C4003J 
AEV.4192 

ADDR 

DO 

RAS 

ADOR 

CAS 

WE 

DE 

DO 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

tRP 

VIH __ ------11 
VIL _ 

V,H -
V,L 

V,H -
V,L 

V,H -
V,L 

V,H -
V,L 

V,H 
V,L 

STATIC-COLUMN READ CYCLE 

1-164 

f2Z1 DON'T CARE 

~ UNDEFINED 
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MT4C4003J 
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ADDR ~r~ -

STATIC-COLUMN EARLY-WRITE CYCLE 
(CAS Controlled) 

STATIC-COLUMN EARLY-WRITE CYCLE 
(WE Controlled) 

'se 

1-165 

'AAl 

~ DON'T CARE 

!lllllI UNDEFINED 
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MT4G4003J 
REV. 4192 

CAS 

WE 

OE 

STATIC-COLUMN READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

COLUMN ADDRESS 

tASC 

1-· 
VIH-
VIL-

tRcD tCWD 

tAWD 

VIH-
VIL-

tRWD 

VIH-
VIL-

1-166 

COLUMN ADDRESS 

tRAL 

tAHLW 

tAWD tCWL 

~ DON'TeARE 

~ UNDEFINED 
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MIC:RON MT4C4003J 
1-· ",""mOC,,, 1 MEG x 4 DRAM 

MT4C4003J 
REV,4!92 

RAS-ONL Y REFRESH CYCLE 
(ADDR = AO-A9; WE = DON'T CARE) 

DO ~gr ::::--------

DO 

ADDR ~:~ 

CAS-BEFORE-RAS REFRESH CYCLE 
(AO-A9, and OE = DON'T CARE) 

tRP tRAS tRP tRAS 

:~I~ I~ tRPe teSR ~I. 
:-' t,t I t,t f 

OPEN 

~ ~ ~ ~ 
-

HIDDEN REFRESH CYCLE 24 

(WE = HIGH; OE = LOW) 

I~ IRCD 

:-..1 
tAR 

tRAD 

~ ~ 
W/,.0t ROW ~ 

I 

(READ} 

tRAS 

tRSH 

~ 
Ii 
II tRAL 

~I teAH 

COLUMN 

I 1M 

I tRAC 

'CAG 

~ 

tAH 

(REFRESH) 

tRAS 

!CHR 

I~l 
OPEN VALID DATA 

~ 
DQ ~:g~-

1......'2L. 

V 

V 

I tOFF - -
~OPEN-

~ 

[Zj DON'T CARE 

~ UNDEFINED' 
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4 MEG POWER-UP AND REFRESH 
CONSTRAINTS 

The EIA/JEDEC 4 Meg DRAM introduces two potential 
incompatibilities compared to the previous generation 
1 Meg DRAM. The incompatibilities involve refresh and 
power-up. Understanding these incompatibilities and pro­
viding for them will offer the designer and system user 
greater compatibility between the 1 Meg and 4 Meg. 

REFRESH 
The most commonly used refresh mode of the 1 Meg is 

the eBR (CAS-BEFORE-RAS) REFRESH cycle. The CBR for 
the 1 Meg specifies the WE pin as a" don't care." The 4 Meg, 
on the other hand, specifies the CBR REFRESH mode with 
the WE pin held at a voltage HIGH level. 

A CBR cycle with WE LOW will put the 4 Meg into the 
JEDEC specified test mode (WCBR). 

tCHR 

POWER-UP 
The 4 Meg JEDEC test mode constraint may introduce 

another problem. The 1 Meg POWER-UP cycle requires a 
100ils delay followed by any eight RAS cycles. The 4 Meg 
POWER-UP is more restrictive in that eight RAS-ONL Yor 
CBR REFRESH (WE held HIGH) cycles must be used. The 
restriction is needed since the 4 Meg may power-up in the 
JEDEC specified test mode and must exit out of the test 
mode. The only way to exit the 4 Meg JEDEC test mode is 
with either a RAS-ONL Y or a CBRREFRESH cycle (WE held 
HIGH). 

SUMMARY 
1. The 1 Meg CBR REFRESH allows the WE pin to be 

"don't care" while the 4 Meg CBR requires WE to be 
HIGH. 

2. The eight RAS wake-up cycles on the 1 Meg may be any 
valid RAS cycle while the 4 Meg may only use RAS­
ONLY or CBR REFRESH cycles (WE held HIGH). 

JCHR 

CAS ~:~ =-----L--3.----+t-------L~ __ ....L _ ____'l. __ _I+-----.L.~--------
__ . _______ 09_ y8~ ~:-_-_-_-_-_-_-_-_-_-_-_-_-_ +1-_ -__ -_-_-_-_-_-_-_-_-_-_-_-_-_-_ ?:~N_-_-_-_+l-_-_-_-_-_-_-_-_-_-_-_-_-_-_ -_ -_ -__ -_-_-_-_-_-_-_-__ . 

tWTH 

{

WCBR TEST MODE WE V IH 
VIL 

4MEG 
DRAM tWRP tWRH tWRP tWRH 

CBRREFRESH WE ~:~ =W- -~$//IIIIIIII/IIIIII;)- --*w;I!$!II!I$I/$!$I$~ 

b~~ { CBR REFRESH: WE ~:~ !/II/////IIII 1/$ 1111 II III!$ /II II!! $!II!///// 1/////$1111 III // II II! II!! // I/II//!//; 

MT4C4003J 
AEV.4f.l2 

~ DON'T CARE 

COMPARISON OF 4 MEG TEST MODE AND WCBR TO 1 MEG CBR 
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MIC:RON MT4C4004J 
1-· "'"'" '" 1 MEG x 4 DRAM 

DRAM 

FEATURES 
• Four independent CAS controls, allowing individual 

manipulation to eaCh of the four data Input/Output 
ports (DQ1 through DQ4). 

• Offers a single chip solution to byte level parity for 36-
bit words when using 1 Meg x 4 DRAMs for memory 

• Emulates write-per-bit, at design-in level, with 
simplified timing constraints 

• High-performance, CMOS silicon-gate process 
• Single +5V ±10% power supply 
• Low power, 3mW standby; 225mW active, typical 
• All inputs, outputs and clocks are fully TTL 

compatible 
• 1,024-cycle refresh in 16ms 
• Refresh modes: RA5-0NL Y, CA5-BEFORE-RAS (CBR) 

and HIDDEN 

OPTIONS MARKING 
• Timing 

70ns access 
80ns access 
lOOns access 

• Packages 
Plastic SO] (300 mil) 

- 7 
- 8 
-10 

D] 
NOTE: Available in die form (commercial or military) or military ceramic 
packages. Please consult factory for die data sheets or refer to Micron's 
Military Data Book. 

• Part Number Example: MT4C4004JDJ-7 

GENERAL DESCRIPTION 
The MT4C4004J is a randomly accessed solid-state 

memory containing 4,194,304 bits organized in a x4 con­
figuration. This 1 Meg x 4 DRAM is unique in that each 
CAS (CAS1 through CAS4) controls its corresponding data 
I/O port in conjunction with OE (eg. CAS1 controlsDQl 
I/O port, CAS2 controls DQ2, CAS3 controls DQ3 and 
CAS4 controls DQ4). 

The best way to view the Quad CAS function is to imag­
ine the CAS inputs going into an AND gate to obtain an 
internally generated CAS signal functioning in an identical 
manner to the single CAS input on a standard 1 Meg x 4 
DRAM device. The key difference is each CAS controls its 
corresponding DQ tristate logic (in conjunction with OE 
and WE) on the Quad CAS DRAM. 

During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (AO-A9)at a time. RAS is used to latch the first 10 bits, 
and the first CAS is used to latch the latter 10 bits. READ and 

1 MEG x 4 DRAM 
QUAD CAS PARITY, 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

24-Pin SOJ (0-2) 
1 26 DQ1 Vss 
2 25 002 DQ4 
3 24 WE DQ3 
4 23 AAS CAS4 
5 22 CAS1 BE 
6 21 CAS2 CAS3 

8 19 A9 NC 
9 18 AO AS 
10 17 A1 A7 
11 16 A2 A6 
12 15 A3 AS 
13 14 Vee A4 

WRITE cycles are selected with the WE input. A logic HIGH 
on WE dictates READ mode while a logic LOW on WE 
dictates WRITE mode. 

During a WRITE cycle, data-in (Dx) is latched by the 
falling edge of WE or the first CAS, whichever occurs last. 
If WE goes LOW prior to the first CAS going LOW, the 
output pin(s) remain open (High-Z) until the next CAS 
cycle. If WE goes LOW after data reaches the output buffer, 
data out (Q) is activated and retains the selected cell data 
until the trailing edge of its corresponding CAS occurs 
(regardless of WE or RAS). This late WE pulse results in a 
READ-WRITE cycle (OE switching the device from a READ 
to a WRITE function). The four data inputs and four data 
outputs are routed through four pins us~ommon I/O, 
with pin direction controlled by WE and OE. 

FAST PAGE MODE operations allow faster data opera­
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO-A9) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed­
in by the first CAS. CAS may be toggled-in by holding 
RAS LOW· and strobing-in different column addresses, 
thus executing faster memory. cycles. Returning RAS HIGH 
terminates the FAST PAGE MODE operation. 

Returning RAS and all four CAS controls HIGH termi­
nates a memory cycle and decreases chip current to a 
reduced standby level. Also, the chip is preconditioned for 
the next cycle during the RAS high time. MemQry cell data 
is retained in its correct state by maintaining power and 
executing any RAS cycle (READ, WRITE, RAS-ONL Y, 
CAS-BEFORE-RAS (CBR) or HIDDEN refresh) so that all 
1,024 combinations of RAS addresses (AO-A9) are executed 
at least every 16ms, regardless of sequence. The CBRrefresh 
cycle will invoke the internal refresh counter for automatic 
RAS addressing . 

.tT4C4OO4J 
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WE 
CASl 

CAS2 

CAS3 

CAS4 

AQ 

Al 

A2 

A3 

A4 
AS 

A6 

A7 

AS 

A9 

TRUTH TABLE 

FUNCTION 
Standby 

. READ 

EARL V-WRITE 

READ-WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

EARL V-WRITE 

FAST-PAGE-MODE 

READ-WRITE 

RAS-ONL V REFRESH 

HIDDEN 

REFRESH 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

READ 

WRITE 

CAS-BEFORE-RAS REFRESH 

MT4C4004J 
REV. 4192 

FUNCTIONAL BLOCK DIAGRAM 
QUAD CAS 

RAS 
H 
L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L-H-L 

L -H-L 

H-L 

DQl 
DQ2 
DQ3 
DQ4 

L----+------IHI----o OE 

+--+ ....... 
s: 
0 1024 
ex: 

+'-+ 
+-+ 

MEMORY 
ARRAY 

+----0 Vee 

~Vss 

'NOTE: WE LOW prior to first CAS LOW, EW detection circuit output is a 1. 

CASx 
H-X 

L 

L 

L 

H-L 

H-L 

H-L 

H-L 

H-L 

H-+L 

H 

L 

L 

L 

First CAS LOW while WE HIGH, EW detection circuit output is a 0, 
(OE will now determine I/O). 

CASy WE 
H-X X 

H H 

H L 

H H-L 

H' H 

H H 

H L 

H L 

H H':"'L 

H H-L 

H X 

H H 

H L 

H X 

1-170 

ADDRESSES DOx 

lIE IR IC (DOy always High-Z) 

X X X High-Z 

L ROW COL Data Out 

X ROW COL . Data In 

L -H ROW COL Data Out, Data In 

L ROW COL Data Out 

L n/a COL Data Out 

X ROW COL Data In 

X n/a COL Data In 

L-H ROW COL Data Out, Data In 

L-H n/a COL Data Out, Data In 

X ROW n/a High-Z 

L ROW COL Data Out 

X ROW COL Data In 

X X X High-Z 

Micron Technology, Inc., reserves the right to change products or spec:llicatlons without notlce'l 
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MIC:RON . MT4C4004J 
1-· "'~"'coc,," 1 MEG x 4 DRAM 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Any Pin Relative to Vss .................... -lV to +7V 
Operating Temperature, T A (Ambient) ......... O°C to +70°C 
Storage Temperature (Plastic) .................... -S5°C to +150°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under U Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (Voo = sv ±10%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logio 1) Voltage, All Inputs 

Input Low (Logio 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV ~ VIN ~ 6.SV 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled, OV ~ VOUT ~ 5.SV) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -SmA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Voo -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC= IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL; CAS, Address Cycling: IpC= IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC= IRC (MIN)) 

REFRESH CURRENT: CAS·BEFORE·RAS 
Average power supply current 
(RAS, CAS, Address Cycling: IRC= IRC (MIN)) 

MT4C4004J 
REV. 4/92 1-171 

SYMBOL MIN MAX UNITS NOTES 

Voo 4.S S.S V 1 

VIH 2.4 Voc+1 V 1 

VIL -1.0 0.8 V 1 

II -2 2 IJ.A 

loz -10 10 IJ.A 

VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -7 -8 ·10 UNITS NOTES 

1001 2.S 2.5 2.S mA 

1002 1 1 1 mA 26 

1003 100 90 80 mA 3,4 

1004 70 60 50 mA 3,4 

IC05 100 90 80 mA 3 

1006 100 90 80 mA 3,5 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A9 CI1 5 pF 2 

Input Capacitance: RAS, CAS1-4, WE, OE CI2 7 pF 2 
Input/Output Capacitance: DQ CIO 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vec = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE READ or WRITE 
cycle time 

FAST-PAGE-MODE READ-WRITE 
cycle time 

Access time from RAS 
Access time from CAS 
Output Enable 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to flAS) 

CAS to output in Low-Z 

MT4C4004J 
REV. 41$2 

-7 
SYM MIN 
tRC 130 

tRWC 185 
tpc 40 

tpRWC 95 

tRAC 
tCAC 
toE 
tAA 

tCPA 
tRAS 70 

tRASP 70 
tRSH 20 
tRP 50 

tCAS 20 
tCSH 70 
tCPN 10 
tcp 10 

tRCD 20 
tCRP 5 
tASR a 
tRAH 10 
IRAD 15 

tASC a 
ICAH 15 
tAR 55 

tRAL 35 

tRCS a 
tRCH a 

tRRH a 

tCLl a 

MAX MIN 
150 
205 
45 

100 

70 
20 
20 
35 
40 

100,000 80 
100,000 80 

20 
60 

100,000 20 
80 
10 
10 

50 20 
5 
0 
10 

35 15 

a 
15 
60 

40 

a 
a 

a 

a 

1-172 

-8 -10 
MAX MIN MAX UNITS NOTES 

180 ns 
220 ns 
55 ns 31 

115 ns 31 

80 100 ns 14 
20 25 ns 15,29 
20 25 ns 33 
40 50 ns 
45 50 ns 29 

100,000 100 100,000 ns 
100,000 100 100,000 ns 

25 ns 27 
70 ns 

100,000 25 100,000 ns 34 
100 ns 28 
15 ns 16,32 
10 ns 32 

60 25 75 ns 17,27 
5 ns 28 
0 ns 
15 ns 

40 20 50 ns 18 

a ns 27 
20 ns 27 
70 ns 

50 ns 

a ns 27 
a ns 19;28 

0 ns 19 

a ns 29 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vee = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Output buffer turn-off delay 
Output disable 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to HAS) 

Write command pulse width 

Write command to RAS lead time 
Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

RAS to WE delay time 
Column address 
to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (512 cycles) 

RAS to CAS precharge time 
CAS setup time 
(CAS-BEFORE-RAS refresh) 

CAS hold time 
(CAS-BEFORE-RAS refresh) 

Last CAS going LOW to first CAS 
to return HIGH 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

OE setup prior to RAS during 
HIDDEN refresh cycle 

MT4C4OO4J 
REV. 4192 

-7 

SYM MIN 
IOFF 0 
100 

IWCS 0 
IWCH 15 
IWCR 55 

twp 15 
IRWL 20 
ICWL 20 
IDS 0 
IDH 15 

IDHR 55 

IRWD 100 
IAWD 65 

ICWD 50 
IT 3 

IREF 

IRPC 0 
ICSR 10 

ICHR 15 

ICLCH 10 

IOEH 20 

lORD 0 

MAX MIN 
20 0 
20 

0 

15 

60 

15 
20 

20 

0 
15 

60 

110 

70 

55 
50 3 
16 

0 
10 

15 

10 

20 

0 

1-173 

-8 -10 

MAX MIN MAX UNITS NOTES 
20 0 20 ns 20,29,38 
20 20 ns 34,38 

0 ns 21,27 

20 ns 36 

75 ns 

20 ns 
25 ns 

25 ns 28 

0 ns 22,29 
20 ns 22,29 
75 ns 

130 ns 21 

80 ns 21 

60 ns. 21,27 

50 3 50 ns 9, 10 
16 16 ms 

0 ns 
10 ns 5,27 

15 ns 5,28 

10 ns 30 

20 ns 37 

0 ns 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = SV ±10%,f = 1 MHz. 
3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial100lls pause is required after power-up 
followed by eight RAS refresh cycles ( RAS-ONL Y or 
CBR) before proper device operation is assured. The 
eight RAS cycle wake-up should be repeated any time 
the tREF refresh requirement is exceeded. 

8. AC characteristics assume t-y = Sns. 
9. Vlli (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between Vlli and VIL (or between VIL 
and Vlli). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VILimd Vlli) in a monotonic manner. 

11. If CASx.= Vlli, data output (Qx) is High-Z. 
12. If CASx = VIL, Qx may contain data from the last valid 

READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

lOOpP. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD 2 IRCD (MAX). 
16. If at least one CAS is LOW at the falling edge of RAS, 

Q will be maintained from the previous cycle. To 
initiate a new cycle and clear the Q buffer, all four 
cAs controls must be pulsed HIGH for ICPN. 

17. Operation within the IRCD (MAX) limit ensures that 
tRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by tcAC. 

18. Operation within the IRAD (MAX) limit ensures that 
tRAC (MIN) and tCAC (MIN) can be met. lRAD 
(MAX) is specified as a reference point only; if lRAD 
is greater than the specified IRAD (MAX) limit, then 
access time is controlled exclusively by lAA. 

MT4C4Q04J 
REV.4f92 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. IOFF (MAX) defines the time at which the output 
achieves the open circuit condition, and is not 
referenced to VOH or VOL. 

21. twcs, IRWD, IAWD and ICWD are restrictive 
operating parameters in EARLYcWRITEand REAO­
WRITE cycles only. If twcs 2 twcs (MIN), the cycle 
is an EARLY-WRITE cycle and the data output will 
remain an open circuit throughout the entire cycle. If 
IRWD 2 IRWD (MIN), IAWD 2 IAWD (MIN) and 
ICWD 2 ICWD (MIN), the cycle is a READ-WRITE 
cycle, and the data output will contain data read from 
the selected cell. If neither of the above conditions is 
met, the state of data out are indeterminate. OE held 
HIGH and WE taken LOW after CAS goes LOW 
results in a LATE-WRITE (OE controlled) cycle (at 
access time and until CAS or OE goes back to Vlli). 

22. These parameters are referenced to CASx leading 
edge in EARLY-WRITE cycles and WE leading edge 
in LATE-WRITE or READ-WRITE cycles. 

23. If OE is tied permanently LOW, READ-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

25. One to three CAS controls may be HIGH throughout 
any given CAS cycle, even though the timing wave­
forms show all CAS controls going LOW. If anyone goes 
LOW, it must meet all the timing requirements listed, or 
the data for that II 0 buffer may be invalid. At least one 
of the four CAS controls must be LOW for a valid CAS 
cycle to occur. 

26. All other inputs at Vcc -0.2V. 
27. The first CASx edge to transition LOW. 
28. The last CASx edge to transition HIGH. 
29. Output parameters (DQx) are referenced to corre­

sponding CASx input; DQl by CASl, DQ2 by CAS2, 
etc. 

30. Last falling CASx edge to first rising CASx edge. 
31. Last rising CASx edge to next cycle's last rising CASx 

edge. 
32. Last rising CASx edge to first falling CASx edge. 
33. First DQx controlled by the first CASx to go LOW. 
34. Last DQx controlled by the last CASx to go HIGH. 
35. Each CASx must meet minimum pulse width. 
36. Last CASx to go LOW. 

1-174 Micron Technology, Inc., reselVes the right to change products or specifications without notice. 
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NOTES (continued) 
37. LATE-WRITE and READ-MODIFY-WRITE cycles 

must meet both taD and tOEH (OE HIGH during 
WRITE cycle) to ensure that the output buffers will be 
open during the WRITE cycle. The DQs will provide 
the previously read data if CAS remains LOW and OE 
is taken back LOW after tOEH is met. If the last CASx 
goes HIGH prior to OE going back LOW, the DQs 
will remain open. 

MT4C4004J 
REV .. 4192 

38. The DQs will open during READ cycles once taD or 
tOFF occur. If the last CASx goes HIGH first, OE 
becomes a "don't care." If OE goes HIGH and CASx 
stays LOW, OE is not a "don't care;" and the DQs will 
provide the previously read data if OE is taken back 
LOW (while CASx remains LOW). 

1-175 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT4C4004J 
1-· ,,,""ceo,,,", 1 MEG x 4 DRAM 

MT4C4004J 
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READCVCLE 

'RAS IRP 
~ 

\ 
tCSH 

I 
I. 

tRSH tRRH 

I--'=- tACO ICAS 

ICLCH ',I! 

:JI ~ !If JJ 
IAR 

I tRAD IRAL 

I~~I ~~ 
:;wM ROW Wllllj,J COLUMN Wlllllllllllllllllllilia ROW 
~ ~ 

tRCS I~ 
ADOR 

!flllllllllllllllllllllllllllili/ ,,«IIIIIIIIIIIIIIIIIII/; 
1M 

tRAC 

I !CAG ~ 

DQx ~l8t- OPEN 

: lelZ -b, 
VALID DATA OPEN---

_1_0'_ ~ 

EARL V-WRITE CVCLE 

Re 
tRAS IRP 

- \ -
tCSH 

I 
I 

tRSH 

!~. tRCO ICAS 

I tCLCH 

=JI ~, ~ 
IAR 

tRAD II I IIRAL 

I~ ,~ I~II IWeAH _I 

ADOR ~:~ ::I//;I;,X ROW W//hX COLUMN ROW 
tCWL .11 

II II IRWl 
tweR I 

~IIII~ IWp 

I I 
toHR I I 
I I ~_DSII~ 

OOx ~:g~ fl VALID D~ 

1-176 

~ DON'T CARE 

~ UNDEFINED 

FIRST TO LAST CAS TO TRANSITION 
(minimum of 1, maximum of 4) 
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MIC:RON MT4C4004J 
1-· '''~"OCCC,,'' 1 MEG x 4 DRAM 

MT4C40Q4J 
AEV.4/92 

CASx 
V,H Vil 

ADOR 
V,H Vil 

WE V,H Vil 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

'RAS 'RP 
·1 

~ -
tCSH -II I 'RSH 

'cRP tRCD 'CAS 

I ~1l 
'CLCH 

.~ 
=.1 

'AR 

'RAo I II 'RAL I I 

_rr7777< I~ ~I ~I I,: tcAH .. J 1 
::11111/\ ROW Willi..? COLUMN WIIIIIIIII/; ROW 

~ I ~ I II'RWD ~II 
I~II: 'cWO 

~:L_I tAWD 

I I 'M 

'RAe I 

~ 'eLZ 1:- I~ ~I, 
OPEN VALID Dour X VALID DIN OPEN---

I~ ~I ~ 

FAST·PAGE-MODE READ CYCLE 

I~ ______ ~ ____________ ~'AA~SP~ ______________________ I~ 

'RAG I 

I 'CAG 

'CLZ--=- -!oFF 

DOx ~:g~ -'---------- OPEN----------1£~[V~D~fily~~----~2M]~A~A~[R )------@lOC~~1~YZG 

1-177 

~ DON'T CARE 

~ UNDEFINED 

FIRST TO LAST CAS TO TRANSITION 
(minimum of 1, maximum of 4) 
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MIC::RON MT4C4004J 
1-· '''",mOG''", 1 MEG x 4 DRAM 

MT4C4Q04J 
REV.4f92 

CAS, V,H 
VIL 

ADDR V,H 
VIL 

WE V,H 
VIL 

OOx ~ig~ 

AODR ~:~ 

FAST·PAGE-MODE EARLY-WRITE CYCLE 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

tRASP 

ICSH IpRWC IRSH 

tRCD leAS 

~S- ~ :~:;H _~ S- I teAS 

I~ leRP 

~~~~ 
ICLCH 

J JI' 
'AR 

tRAD 

~I I~ 
'RAL 

I~ IASR tRAH~1 ~ I leAH ·1 ~III 'CAH'I 

1I!.X ROW WI!;) COLUMN COLUMN COLUMN 

'RP 

~ 
~I 

~rJIT '-

I 
ROW 

I II IRwn I I- II 
I-

II 
_ c.!RW1.II_'cWL tRCS- I I 

II 
ICWL_ ICWl __ 

lAwn 'Awn lAwn -
:--twp 

I~ II leWD II 'cwo 
I 'WP 'wP '~ 

I 1-0- ~ -0-
I 

'AA 
U 

tRAC I IOH __ -- 1 tOH __ - I - -'OH I '08- ~ I 'CPA I '08- 1- tePA lOs-- I_ 
leAC __ __ 

tcAC -- - tCAc-1 - I 
tell --Ir 

VALID VALID 

'cLZ -Il-
VALID VALID 

tell --Ir 
VALID OPEN VALID r--.:-- QPEN--

DQtJ, D'N DOUT ,£.!L -1..£.Q!d.T :to DQx ~:g~ =: 

-too -
'OE- - toE- -

1-178 

-too 
toE -

[:iZl DON'T CARE 

~ UNDEFINED 

aEH 

FIRST TO LAST CAS TO TRANSITION 
(minimum of 1, maximum of 4) 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MT4C4Q04J 
AEV.4192 

RAS-ONL Y REFRESH CYCLE 
(ADDR = AO-A9; WE and OE = DON'T CARE) 

'RC 
tRP =1 

Ull-----~ 
leAP I}--------------"I~I '-----

CASx ~i~ =---.11 '---I 

ADDR ~:~ ~~o~kj$ffi0@$j/$/@'j$$/;/M'"x~-~--
O!O~:g~ ~:----'-------OPEN----------

CAS-BEFORE-RAS REFRESH CYCLE 
(AO-A9, OE = DON'T CARE) 

'RP 'RP 

010 ~ig~=-----I-t------OPEN------+t----

HIDDEN REFRESH CYCLE 24 

(WE = HIGH, OE = LOW) 

(READ) 

RAS ~I 
~ 

I~ 
tRCD !~ tASH 

"JF II 
'AR 

IRAD 1II'RAl 
)" iASR ~ ~I:'CAH'I 

ADDR ~:~ 'ii/a ROW l@?&0 COLUMN 

I I'M 
I tRAG 

I~~~ -L 
OPEN 

~ 

-...!2L.. 

DQx ~:gr:= 

DE ~:~ -W;/MW/;/'///$,@'$////;/'#//&,{!~i_1 

1-179 

(REFRESH) 

RAS 

tCHR 

tCLCH 

VALID DATA 

~ DON'T CARE 

IJ221 UNDEFINED 

V 
J 

'J/!fI 

I 

J l--tOFF 

t-OPEN~ 

too 

FIRST TO LAST CAS TO TRANSITION 
(minimum of 1, maximum of 4) 

Micron Technology, Inc" reserves the right to change prodl,lcts or specifications without notice. 
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QUAD CAS MODULE UPGRADE 
The MT4C4004J (Quad CAS DRAM) was developed to 

supersede the 1 Meg DRAMs used in the current 1 Meg and 
2 Meg x 36 DRAM modules and to add leading-edge CMOS 
performance. The MT4C4004J is a 1 Meg x 4 CMOS FAST­
PAGE-MODE DRAM with four CAS input controls. The four 
individual CAS inputs allow each I/O buffer (DQ) to be 
separately controlled, just as if there were four separate 1 
Meg x 1 DRAMs. Most 1 Meg x 1 DRAMs use older CMOS 
technology and do not have the access speeds of the newer 
CMOS 4 Meg (1 Meg x 4). 

The MT4C4004J reduces chip count on x36 modules; 
improving reliability, reducing power consumption and 

000 ................................................ 008 

t tt t 
001-4 

.------lWE 

CAS 

RAS 

CASO --t-........ --­
CAS1 --t----+--­
RASa --t-...... ---

U1 

t tt t 
OQ1-4 

0018 ..............•..............•................. 0026 

t t t t 
OQ1-4 

f------lWE 

CAS 

RAS 

CAS2 --t---++--­
CAS3 --t----+--­
RAS2 --t------

AO-A911i111i111i111i111111 

U7 

U1, U2, U4, US, U7, U8, U10, U11. MT4C4001JOJ 
U3, U6, U9, U12 • MT 4C1 0240J 

t t t t 
001-4 

lowering cost. In the 1 Meg x 36, four 1 Meg x 1 DRAMs are 
replaced by either one or two Quad CAS DRAMs, depending 
on whether RASO and RAS1 must be separate or connected. 
In the 2 Meg x 36, eight 1 Meg x 1 DRAMs are replaced by 
either two or four Quad CAS DRAMs, depending on 
whether RASO, RAS1, RAS2, and RAS3 must be split or con­
nected. 

The current 1 Meg x 36 DRAM Module is shown with 
256K x 1 DRAMs in Figure 1 below, Figures 2 and 3 show 
how the same module will be realized with the Quad CAS 
DRAM for both the split RAS (Figure 2) and the common 
RAS (Figure 3) modules. 

009 .. ···············································0017 

t t tt tt t t 
001-4 OQ1-4 0 Q 

WE WE WE 
U' US U6 

CAS CAS CAS 

RAS 

0027 · ................ ···· .... ···· .............. ·· .. ·0035 

tt t! ! tt t 
001-4 001-4 

Figure 1 

MT4C4004J 
REV. 4192 

1 MEG x 36 WITH 1 MEG x 1 FOR PARITY BIT 

1-180 Micron Technology. Inc., reseIVes the right to change products or specifications without notice. 
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MIC:RON MT4C4004J 
1-· ."""''0"''' 1 MEG x 4 DRAM 

QUAD CAS ENHANCED x36MODULES 

DOO ------------------------------------------------ D08 

l!l! 
DOl-4 

WE 

CAS 

RAS 

CASO --+ ........ +--­
CASl --+-+--­
RAS 

Ul 

! l! t t 
DOl -4 DOl 

WE WE 
U2 U3 

CAS CAS1 

RAS RAS 

D018 ----------------------------------------------- D026 

tl t t 
DOl-4 

+--+----1 WE 
CAS 

RAS 

CAS2 --+-+-+---,-­
CAS3 --+-+---

U6 

U1, U2, U4, US, U6, U7, U8, U9 = MT4C4001JDJ 
U3 = MT 4C4004JDJ 

!ttl 
DOl-4 001 

us 

Figure 2 

D09 ------------------------------------------ D017 

t tt t t tt t _____ L __ 
DQ1-4 DQ1-4 002 

WE WE 
U4 U5 U3 : 

CAS CAS ' CAS2 

RAS RAS 

: .. __ .A..D::!,-.9.: 

D027 -----------.----------------------------- D035 

!t 11 1tl ! __ ,.t ____ . 
DOl-4 001·4 002 

WE WE 
U9 Ul0 ua : 

CAS CAS CAS2 

RAS RAS 

____ .A:.0::!,.9.: 

1 MEG x 36 WITH QUAD CAS FOR PARITY BIT AND SPLIT RAS CONTROL 

II1T4C4004J 
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MIC:RON MT4C4004J 
1-· "'",0"","' 1 MEG x 4 DRAM 

QUAD CAS ENHANCED x36 MODULES 

DQO .•••.•..•••••.•••...••.••..•••••.•.•••.•....••.. DQ8 

t t tt 
OQ1-4 

WE 

CAS 

RAS 

CASO --++-1--­
CAS1 --+-1--­
RAS 

U1 

t t t t 
DQ1-4 D01 

WE WE 
U2 U3 

CAS CAS1 

RAS RAS 

WE DQ18 •.•.•.•.•.•.•...••.•.•........•.•...•.......•.. 0026 

t tt t 
DQ1 -4 

t-+--iWE 

CAS 

RAS 

CAS2 --++-t--­
CAS3 --+---t---

U1. U2, U4-U9 ~ MT4C4001JDJ 
U3 ~ MT 4C4004JDJ 

U6 

t tt t ... 1. .. _ 
OQ1-4 D03 : 

U7 U3 : 

Figure 3 

DQ9 ...••.•.•.••.•..••..•.••...•.•••.••.•••••. DQ17 

t tt t tttl .... 1. .. _ 
D01·4 DQ1 -4 D02 

WE WE 
U4 U5 U3 : 

CAS CAS ' CAS2 

RAS RAS 

:. ___ .A:.0:-!,-.9.: 

DQ27 •••••••••..•.•••..•.••••.•.•••.•...•.••.. DQ35 

t t t t t t tt .. .1 .... 
DQ1 -4 DQ1 -4 D04 

WE WE 
US U9 U3 : 

CAS CAS CAS4 

RAS RAS 

____ _ A..0_-~_9_: 

1 MEG x 36 WITH QUAD CAS' FOR PARITY BIT AND COMMON 'FfAS CONTROL 

MT4G4Q04J 
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PRELIMINARY 

MICRON MT4C4M4A 1/81 
1-· ",",OW""" 4 MEG x 4 DRAM 

DRAM 

FEATURES 
• Industry standard x4 pinout, timing, functions and 

packages 
• High-performance, CMOS silicon-gate process 
• Single power supply: +5V ±10% 
• Low power, 3mW standby; 325mW active, typical (AI) 
• All inputs, outputs and clocks are fully TTL 

compatible 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• 2,048-cycle refresh distributed across 32ms or 

4,096-cycle refresh distributed across 64ms 

OPTIONS 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 
Plastic SOJ (400 mil) 
Plastic TSOP (400 mil) 

MARKING 

- 6 
- 7 
- 8 

DJ 
TG 

NOTE: Available in die form (commercial or military) or military ceramic 
packages. Please consult factory for die d~ta sheets o,r refer to Micron's 

Military Data Book. 

• Refresh Period 
2,048 cycles @ 32ms, MT4C4M4Bl 
11 Row Addresses 
4,096 cycles @ 64ms, MT4C4M4Al 
12 Row Addresses 

• Operating Temperature, T A 
Commercial (O°C to +70°C) None 

GENERAL DESCRIPTION 
The MT4C4M4Al/Bl are randomly accessed solid-state 

memories containing 16,777,216 bits organized in a x4 
configuration. The MT4C4M4Al and MT4C4M4Bl are the 
same DRAM versions except that the MT4C4M4Bl has 
2,048 cycle refresh instead of 4,096 cycle refresh. All further 
references made for the MT4C4M4Al also apply to the 
MT4C4M4Bl unless specifically stated otherwise. For a 
device with 2,048 cycle refresh, RAS is used to latch the first 
11 bits and CAS the latter 11 bits. For a device with 4,096 
cycle refresh, RAS is used to latch the first 12 bits and CAS 
the latter 10 bits (AlO and All are" don't care" bits). READ 
and WRITE cycles are selected with the WE input. A logic 

4 MEG x4DRAM 
S.OV FAST PAGE MODE 

Vee 
DQ1 
DQ2 
WE 

RAS 
A11/NG 

A10 
AO 
A1 
A2 
A3 

Vee 

PIN ASSIGNMENT (Top View) 

24·Pin SOJ 
(0-3) 

1 28 
2 27 
3 26 
4 25 
5 24 
6 23 

9 20 
10 19 
11 18 
12 17 
13 16 
14 15 

24-Pin TSOP 
(R-2) 

Vss Vee 
DQ4 DQ1 
DQ3 DQ2 
GAS WE 
OE RAS 
A9 A11/NG 

AS Al0 
A7 AO 
A6 A1 
AS A2 
A4 A3 
Vss Vee 

Vss 
DQ4 
DQ3 
GAS 
OE 
A9 

AS 
A7 
A6 
AS 
A4 
Vss 

HIGH on WE dictates READ mode while a logic LOW on 
WE dictates WRITE mode. During a WRITE cycle, data in 
(D) is latched by the falling edge of WE or CAS, whichever 
occurs last. If WE goes LOW prior to CAS going LOW, the 
output pins remain open (High- Z) until the next CAS cycle. 
If WE goes LOW after data reaches the output pins, data out 
(Q) is activated and retains the selected cell data as long as 
CAS remains LOW (regardless of WE or RAS). This late 
WE pulse results in a READ-WRITE cycle. The four data 
inputs and the four data outputs are routed through four 
pins using common II 0, and pin direction is controlled by 
WEandOE. 

FAST PAGE MODE operations allow faster data opera­
tions (READ, WRITE or READ-MODIFY -WRITE) within a 
row address (AO -A9 /10) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed"inby RAS followed by a column address strobed-in 
by CAS. CAS may be toggled-in by holding RAS LOW and 
strobing-indifferent column addresses, thus executing faster 
memory cycles. Returning RASHIGH terminates the FAST 
PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby leveL 

MT4C4M4A1/Bl 
REV. 4/92 1-183 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MIC::RON MT4C4M4A 1/81 
1-· , " '" 4 MEG x 4 DRAM 

Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRlTE, RAS-ONL Y, CA5-BEFORE-RAS (CBR) or 
HIDDEN refresh) so that all 2,048/ 4,096 combinations of RAS 

addresses (AO -AlO / All) are executed at least every 32ms/ 
64ms, regardless of sequence. The CBR refresh cycle will 
invoke the refresh counter for automatic RAS addressing. 

If CBR refresh is used, the number of cycles is a "don't 
care." 

MT4C4M4A11B1 
REV. 4/92 

FUNCTIONAL BLOCK DIAGRAM 
FAST PAGE MODE MT4C4M4B1 (11 Row Addresses) 

WE :=;=========~==;::==+==;:[)---_I~~~t---.-<> DO' CAS DQ2 
D03 

~:;;:oo~ .. _ .. --o DQ4 

~~~~~~~-~~ 
L-------__ YB--~OE 

~~r----~ 
A2 
AS 
A4 
AS 
AS 
A7 
AS 
A. 

A10 

FUNCTIONAL BLOCK DIAGRAM 
FAST PAGE MODE MT4C4M4A1 (12 Row Addresses) 

WE "==;=========+==~;==l==:;:jc:)----r~~;l~1III1III1lI!1--o DO' CAS.. D02 
D03 

ro;;:;;;u~ .. ~dIIt-o DQ4 

~~~~~~-~~ 
~------~~'----o OE 

Ao~r--~ A,::==r 
A2 
A3 
M 

A5 
A6 
A7 
AS 
A9 

A'O ____ ~~ ___ ~ Al1o-__ I11~ 

'NOTE: WE LOW prior to CAS LOW, EW detection Circuit output is a HIGH (EARLY-WRITE) 
CAS LOW prior to WE LOW, EW detection circuit output is a LOW (LATE-WRITE) 

1-184 Micron Technology, Inc., resef'fflslhe righllo change products or specifications without notice. 
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PRELIMINARY 

MICRON MT 4C4M4A 1/81 
1-· H""", '" 4 MEG x 4 DRAM z m 
--------------------------------------~ 
TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARL V-WRITE 

READ-WRITE 

FAST-PAGE-MODE 1st Cycle 

READ 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

EARL V-WRITE 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

READ-WRITE 2nd Cycle 

RAS-ONL V REFRESH 

HIDDEN READ 

REFRESH WRITE 

CAS-BEFORE-RAS REFRESH 

MT4C4M4A11B1 
REV. 4/92 

1m" "CAr Wt 
H H-+X X 

L L H 

L L L 

L L H-+L 

L H-+L H 

L H .... L H 

L H .... L L 

L H .... L L 

L H .... L H-+L 

L H-+L H-+L 

L H X 

L -+H-+L L H 

L-+H-+L L L 

H-L L H 

1-185 

ADDRESSES DATA IN/OUT 

lit IR IC DQ1-DQ4 

X X X High-Z 

L ROW COL Data Out 

X ROW COL Data In 

L-+H ROW COL Data Out, Data In 

L ROW COL Data Out 

L n/a COL Data Out 

X ROW COL Data In 

X n/a COL Data In 

L-+H ROW 'COL Data Out, Data In 

L-+H n/a COL Data Out, Data In 

X ROW n/a High-Z 

L ROW COL Data Out 

X ROW COL Data In 

X X X High-Z 

Micron TechnolOgy, Inc .. reserves the right to change 'products or specifications without notice. 
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PRELIMINARY 

z MIC::RON MT 4C4M4A 1/81 
1-· "''"owo,,'' 4 MEG x 4 DRAM 

~---------------------------------------
I 
c 
lJ 
l> 
s: 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Any Pin Relative to Vss (S.OV) .. -l.OV to +7.0V 
Operating Temperature, T A (Ambient) ......... O°C to +70°C 
Storage Temperature (Plastic) .................... -SSOC to + lS0°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (Vee = 5V ±1 0%) 

PARAMETER/CONDITION 
Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV $ VIN $ 6.5V 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (0 is disabled, OV $ VOUT $ 5.5V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) 

MT4C4M4Al/Bl 
REV. 4192 1-186 

SYMBOL MIN MAX UNITS NOTES 
Vee 4.5 5.5 V 1 

VIH 2.4 Vee+1 V 1 

VIL -1.0 0.8 V 1 

Ii -2 2 IlA 

loz -10 10 IlA 
VOH 2.4 V 

VOL 0.4 V 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 



PRELIMINARY 

MU:: 1=1 ON MT 4C4M4A 1/81 
1-· ",""OCO,,,"' 4 MEG x 4 DRAM z 

m 
--------------------------------------~ 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (Vcc = 5V ±1 0%), 4,096 cycle refresh 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VI H) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Other Inputs = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

(Notes: 1, 3, 4, 6, 7) (Vcc = 5V ±1 0%), 2,048 cycle refresh 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VI H) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Other Inputs = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

MT4C4M4Al/81 
REV:4!92 1-187 

MAX 

SYMBOL -6 -7 -8 UNITS NOTES 

Icc1 2 2 2 mA 

Icc2 1 1 1 mA 

Icc3 90 80 70 mA 3,4,28 

Icc4 70 60 50 mA 3,4,28 

Icc5 90 80 70 mA 3,28 

Icc6 90 80 70 mA 3,5,28 

MAX 

SYMBOL ·6 -7 -8 UNITS NOTES 

Icc1 2 2 2 mA 

Icc2 1 1 1 mA 

Icc3 120 110 100 mA 3,4,27 

ICC4 90 80 70 mA 3,4,27 

Ice5 120 110 100 mA 3,27 

leeG 120 110 100 mA 3,5,27 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MIC:RON MT4C4M4A1/81 
1-· "","00<,,"' 4 MEG x 4 DRAM 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A 11 Cit 5 pF 2 

Input Capacitance: RAS, CAS, WE, OE CI2 7 pF 2 

Input/Output Capacitance: DQ CIO 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 
Access time from CAS 
Output Enable 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in Low-Z 
Output buffer turn-off delay 

MT4C4M4A1/B1 
REV. 4/92 

-6 
SYM MIN MAX 
tRC 110 

tRWC 150 
tpc 40 

tpRWC 85 

tRAC 60 
tCAC 15 
tOE 15 
tAA 30 

tCPA 35 
tRAS 60 100,000 

tRASP 60 100,000 
tRSH 15 
tRP 40 

tCAS 15 100,000 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 20 45 
tCRP 5 
tASR 0 
tRAH 10 
tRAD 15 30 

tASC 0 
tCAH 10 
tAR 50 

tRAL 30 

tRCS 0 
tRCH 0 

tRRH 0 

tCLZ 0 
tOFF 0 15 

1-188 

MIN 
130 
180 
45 

95 

70 
70 
20 
50 
20 
70 
10 
10 
20 
5 
0 
10 
15 

0 
15 
55 

35 

0 
0 

0 

·0 
0 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 
200 ns 
50 ns 

100 ns 

70 80 ns 14 
20 20 ns 15 
20 20 ns 23 
35 40 ns 
40 45 ns 

100,000 80 100,000 ns 
100,000 80 100,000 ns 

20 ns 
60 ns 

100,000 20 100,000 ns 
80 ns 
10 ns 16 
10 ns 

50 20 60 ns 17 
5 ns 
0 ns 
10 ns 

35 15 40 ns 18 

0 ns 
15 ns 
60 ns 

40 ns 

0 ns 
0 ns 19 

0 ns 19 

0 ns 
20 0 20 ns 20 

Micron Technology, Inc., reserves the right to change produet5 or spedficatlons without notioo. 
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PRELIMINARY 

MIC::RON MT4C4M4A1/81 
1-· ,,,",'CDC' '" 4 MEG x 4 DRAM 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11; 12, 13,23) 

AC CHARACTERISTICS 
PARAMETER 
WE command setup time 
Write command hold time 
Write command hold time 
(referenced to RAS) 

Write command pulse width 
Write command to RAS" lead time 
Write command to CAS" lead time 
Data-in setup time 
Data-in hold time 
Data-in hold time 
(referenced to RAS) 

RAS to WE delay time 
Column address 
to WE delay time 

CAS to WE delay time 
Transition time (rise or fall) 
Refresh period (2,048/4,096 cycles) 
RAS" to CAS precharge time 
CAS setup time 
(CAS-BEFORE-RAS refresh) 

CAS hold time 
(CAS"-BEFORE-RAS refresh) 

Mholdtime 
(CAS-BEFORE-RAS" refresh) 

Msetuptime 
(CAS"-BEFORE-RAS" refresh) 

WE hold time 
(WCBR test cycle) 

Msetuptime 
(WCBR test cycle) 

Oi: setup prior to RAS during 
HIDDEN REFRESH cycle 

Output disable 

N hold time from WE during 
READ-MODIFY-WRITE cycle 

MT4C,4M4A1/B1 
REV. 4192 

-6 
SYM MIN MAX 

IWCS 0 
IWCH 10 
IWCR 45 

IWP 10 
IRWL 15 
ICWL 15 
IDS 0 
IDH 10 

IDHR 45 

IRWD 85 
IAWD 55 

ICWD 40 
IT 3 50 

IREF 32/64 
IRPC 0 
ICSR 5 

ICHR 15 

IWRH 10 

twRP 10 

IWTH 10 

IWTS 10 

lORD 0 

IOD 15 

IOEH 15 

1-189 

MIN 
0 
15 
55 

15 
20 
20 
0 
15 
55 

95 
60 

45 
3 

0 
5 

15 

10 

10 

10 

10 

0 

15 

-7 -8 
MAX MIN MAX UNITS NOTES 

0 ns 21,27 
15 ns 

60 ns 

15 ns 
20 ns 
20 ns 
0 ns 22 
15 ns 22 
60 ns 

105 ns 21 
65 ns 21 

45 ns 21 
50 3 50 ns 9, 10 

32164 32/64 ms 26 
0 ns 
5 ns 5 

15 ns 5 

10 ns 25 

10 ns 25 

10 ns 25 

10 ns 25 

0 ns 

20 20 ns 

15 ns 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = 5V ±10%,f = 1 MHz. 
3. Ice is dependent on cycle rates. 
4. Ice is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of IOOl1s is required after power-up 
followed by eight RAS refresh cycles (RAS-ONL Y or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the lREF refresh requirement is 
exceeded. 

8. AC characteristics assume IT = 5ns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TIL gates and 

WOpF. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD <! tRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for ICPN. 

17. Operation within the IRCD (MAX) limit ensures that 
tRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

MT4C4M4A1/B1 
REV. 4,192 

PRELIMINARY 

18. Operation within the lRAD (MAX) limit ensures that 
lRAC (MIN) and tCAC (MIN) can be met. tRAD 
(MAX) is specified as a reference point only; if IRAD 
is greater than the specified lRAD (MAX) limit, then 
access time is controlled exclusively by IAA. 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. IOFF (MAX) defines the time at which the output 
achieves the open circuit condition, and is not 
referenced to VOH or VOL. 

21. twcs, tRWD, lAWD and !CWD are not restrictive 
operating parameters. twcs applies to EARLY­
WRITE cycles. IRWD, IAWD and ICWD apply to 
READ-MODIFY-WRITE cycles. If twcs <! twcs 
(MIN), the cycle is an EARLY-WRITE cycle and the 
data output will remain an open circuit throughout 
the entire cycle. If tRWD <! IRWD (MIN), tAWD <! 
tAWD (MIN) and ICWD <! ICWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions is met, the state of data out is 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE-WRITE (0£ 
controlled) cycle. twcs, IRWD, ICWD and IAWD are 
not applicable in a LATE-WRITE cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE 
= HIGH. 

25. twTS and twTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of twRP and twRH in the 
CBR refresh cycle. 

26. 32ms is 2,048 refresh, 64ms is 4,096 refresh. 
27.2,048 row refresh. 
28.4,096 row refresh. 

1-190 Micron TectJnology, Inc., reserves the right to change products or specifications without notice 
©1992, Micron Technology, Inc. 



PRELIMINARY 

z m 
--------------------------------------~ 

IT4C4M4At/BI 
:EV.4192 

READ CYCLE 

. tRAS 'RP 

I 

'cSH 

lASH tRRH 

leAP tRCD 'cAS 

J 
'AR 

I tRAD tAAL 

I~ ~I ~ ~ 
Jddil 

V,H 
ADDR VIL_ ROW .M'd@! COLUMN W///////#////01#///bJA ROW 

lACS 

I~ J 
1/111111111111111111111111111111/ WIIIIIIIIIIIIIIIIIII/; 

'M 
tRAC 

!CAG ~ 

OPEN 

l~ 
VALID DATA QPEN--

l~ ~ 

1;//1;//;////#//#//11111111;//;0 

EARLY-WRITE CYCLE 

'RAS 'RP 

I 
- \ 

tCSH 

IRSH 

'CAP tRCD tCAS 

=--' 
'AR 

IRAD tRAL 

ADDA ~:~ 
I~ ~) ~ ~ 

Rbw ~ COLUMN W~~~~L0< ROW 

tCWL 

'RWL 

tWCR 

~ tWCH 

'WP 

~ 
I I tOHR 

I~ ~ DO~:g~~l----VA-LiD-DA-TA--~ 
DE ~:t 

1-191 

~ DON'T CARE 

f§2ll UNDEFINED 
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MICRON MT4C4M4A1/81 
1-· ,,,""ocoe,," 4 MEG x 4 DRAM 
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MT4C4M4Al/Bl 
REV 4/92 

READ·WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

RWC 
tRAS 'RP 

l* 
tCSH I lASH 

'CAP tRCD ICAS 

-' ~ 'AR 
!R;L • \ tRAD I I 

i' 
ADDR ~tt:::: 

rr7 I~~! Tn ~11~l 
W//;,)t ROW W/////> COLUMN I/////////////////////////J( ROW 

I I IRWD ~II 
~.I 

IRCS I I_ tewD ::~L,~ IAWO 

DO ~\g~ -

~ 

t ICAP 

:J 

ADDR ~:~ 

I~ 'ASR 

J/IX ROW 

I 
I 

DQ ~:g~ -

I 
'AA 

I tRAG I iCAC 

'eLz-T I~ ~I 
OPEN VALID DOUT M VALID DIN OPEN--

;~ ~! ~ 

FAST·PAGE·MODE READ CYCLE 

ICSH 

IRAQ 

tRAH ~I 

W/;0 

OPEN 

'HP 

FL 'pe 'RSH 

tRCD tCAS _'e_p_~ _'_CP_ 
~~ 

tePN 

~ 'AR 

~I I~ 
tRAl 

I" lAse leAH·
1 ~II 'eAH'1 I 

COLUMN W/////IX COLUMN W/////,? COLUMN ROW 

tRCS I tRCH-
1-1 kL'Res 
Ii T 'ReH- Ii 

-I It'Res ~ -It;~ 
'AA V!f' 'AA 

I tRAG: I tePA I teAe ..!9li I teAC 
'CLZ- 1:-teLZ- 1:-

VALID 
DATA 

~ ~ ~ 

1-192 

Yf 'AA 
I , tCPA 

~j~ 
tell t::. 

VALID 
DATA 

~ ~ 

-- -tOFF 

VALID 
DATA 

'00 

~OPEN-

IZZI DON'T CARE 

~ UNDEFINED 
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1-· -"" , 4 MEG x 4 DRAM z 
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-------------------------~ 

MT4C4M4A11B1 
AEV.4/92 

ADDR ~:r 

ADDR ~:r 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

RASP 

't==L -
teSH tpe 'RSH 

tRP 

I~ teAP tACO teAS tcp leAS ICp tCAS I~ tePN """I 

~------
=~ • } I' 'RAD tRAL 

I~~I I~II~ I~I~ I~II~I I :5@f rTTTi-n-rn 
ROW XI / M COlUMN COLUMN COLUMN ROW 

~ 

-

I" teAP 

=-.-1 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

tCSH . *IPC/tPAWC lASH 

teAS 'RCD ~ teAS tep tCAS 

~i r----- r-----

tAR 
IRAD IRAl 

tRP 

t=L 
A, 

I" 'ASR 'RAH~1 ~ I~ ~ leAH ... , ~II~ II 
::II;X ROW Villi COLUMN COLUMN COLUMN ROW 

I I 'PlWD ! 11 
I 

~ 
I 

- II-tRwl 
~ 

I 
tcWL-- ICWL __ - --tcWl 
twpj. J 'wP-- J tAWD - -...twp 

'AWD • 'AWD 

!~ leWD leWD 

~ 
• tM I f-- 4 f-- ~ VIIIIIIIIIIIIII/, 

tRAC d ~': 1- 1 ~~ ~':1- 1 ~j '.-r~ 
~ - ~ - ~~-

-
leLl -- r telz '.t tell r-
OPEN~ VAllO VALID VALID VAUo VAU~Ji VALID i---OPEN-- DOUY DIN 1UY Dour Om DOUT DIN 

_I-too __ too _,12 too 
tOE - toE - toE - toEH 

*lpC is for LATE-WRITE only. 

tz:2 DON'T CARE 

~ UNDEFINED 
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z MIC:RON MT 4C4M4A 1/81 
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MT4C4M4At/Bl 
REV,4I92 

RAS-ONL Y REFRESH CYCLE 
(ADDR = AO-A9; WE = DON'T CARE) 

CAs ~:~~~ ~ 

\'----

AOOR ~:~ _~o~b////,1///$!#$//#$,1//,1/$//$#"xr---RO-W --

DO ~g~ -_---------OPEN---------

CAS-BEFORE-RAS REFRESH CYCLE 
(AO-A9, and OE = DON'T CARE) 

RP tRAS RP RAS 

:-1~II~ I. tePN tcSR I~ 

} 

- VIH 
CAS VIL-:~ , I 

~I~ ~I. , f 

DO 

-

I~ 

---' 

OPEN 

~ ~ ~ 

W/&#//ff//#ff///J 
~ 

~/&/#ff///ff//ff/&ff///II!/ 

HIDDEN REFRESH CYCLE 24 

(WE = HIGH; OE = LOW) 

(READ) (REFRESH) 

A 
tRCD lASH tCHR 

'AR 
i-

--

IRAD II 'RAL I . 
~Ir'" I~ tRAH 

.Jc--~~~~ 
I. II'~:~' J '~ 

~l 

ADDR ~IH-- I: Il-0Z2( 

DO ~:gt =_----OPEN VAllO DATA ~ OPEN-
~ 

6E ~:~ -0!$/,,01$0'$//$,1/$//$/,1ml--!; 

1-194 

~/#///#ffi 
~ DON'T CARE 

r&1:1 UNDEFINED 
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UICI=ICN MT4LC4M4A1IB1 
1-· "'""'00""' 4 MEG x 4 DRAM 

DRAM 

FEATURES 
• Industry standard x4 pinout, timing, functions and 

packages 
• High-performance, CMOS silicon-gate process 
• Single power supply: +3.3V ±lO% 
• Low power, lmW standby; 125mW active, typical (AI) 
• All inputs, outputs and clocks are fully TTL 

compatible 
• Refresh modes: RA5-0NLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• 2,048-cycle refresh distributed across 32ms or 

4,096-cycle refresh distributed across 64ms 

OPTIONS 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 
Plastic SOJ (400 mil) 
Plastic TSOP (400 mil) 

MARKING 

- 6 
- 7 
- 8 

DJ 
TG 

NOTE: Available in die form (commercial or military) or military ceramic 
packages. Please consult factory for die data sheets or refer to Micron's 
Military Data Book. 

• Refresh Period 
2,048 cycles @ 32ms, MT4LC4M4Bl 
11 Row Addresses 
4,096 cycles @ 64ms, MT4LC4M4Al 
12 Row Addresses 

• Operating Temperature, T A 
Commercial (O°C to +70°C) None 

GENERAL DESCRIPTION 
The MT4LC4M4Al/Bl are randomly accessed solid­

state memories containing 16,777,216 bits organized in a x4 
configuration. The MT4LC4M4A1 and MT4LC4M4B1 are 
the same DRAM versions except that the MT4LC4M4B1 has 
2,048 cycle refresh instead of 4,096 cycle refresh. All further 
references made for the MT4LC4M4A1 also apply to the 
MT4LC4M4Bl unless specifically stated otherwise. For a 
device with 2,048 cycle refresh, RAS is used to latch the first 
11 bits and CAS the latter 11 bits. For a device with 4,096 
cycle refresh, RAS is used to latch the first 12 bits and CAS 
the latter lObits (AlO and All are "don't care" bits). READ 

4 MEG ,x 4 DRAM 
3.3V FAST PAGE MODE 

Vee 
DOl 
D02 
WE 

RAS 
AlllNC 

Al0 
AO 
Al 
A2 
A3 

Vee 

PIN ASSIGNMENT (Top View) 

24·Pin SOJ 
(0-3) 

1 28 
2 27 P 
3 26 
4 25 
5 24. 
6 23 P 

9 20 
10 19 
11 18 
12 17 
13 16 
14 15 

24-Pin TSOP 
(R-2) 

Vss Vee 
D04 DOl 
D03 D02 
CAS WE 
OE RAS 
A9 AlllNC 

A8 Al0 
A7 AO 
A6 Al 
A5 A2 
A4 A3 
Vss Vee 

Vss 
D04 
D03 
CAS 
OE 
A9 

AS 
A7 
A6 
A5 
A4 
Vss 

and WRITE cycles are selected with the WE input. A logic 
HIGH on WE dictates READ mode while a logic LOW on 
WE dictates WRITE mode. During a WRITE cycle, data in 
(D) is latched by the falling edge of WE or CAS, whichever 
occurs last. If WE goes LOW prior to CAS going LOW, the 
output pins remain open (High- Z) until the next CAS cycle. 
If WE goes LOW after data reaches the output pins, data out 
(Q) is activated and retains the selected cell data as long as 
CAS remains LOW (regardless of WE or RAS). This late 
WE pulse results in a READ-WRITE cycle. The four data 
inputs and the four data outputs are routed through four 
pins using common II 0, and pin direction is controlled by 
WE and OE. 

FAST PAGE MODE operations allow faster data opera­
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO -A9/lO) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by acolurnnaddress strobed-in 
byCAS. CAS may be toggled-in by holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH.terminates the FAST 
PAGE MODE operation. 

Returning .RAS and CAS HIGH terminates a memory 
,cycle and decreases chip current to a reduced standby level. 

MT4LC4M4A1!B1 
AEV.4/92 1-195 Micron Technology, Inc., reserves the right to change products or specifications without netice-. 
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PRELIMINARY 

MIC:RON MT4LC4M4A1IB1 
1-· ",,,''co,,,", 4 MEG x 4 DRAM 

Also, the chip is preconditioned for the next cycle during 1;he 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAScBEFORE-RAS (CBR) or 
HIDDEN refresh) so that all 2,048/ 4,096 combinations of RAS 

addresses (AO -AlO/ All) are executed atleastevery 32ms/ 
64ms, regardless of sequence. The CBR refresh cycle will 
invoke the refresh counter for automatic RAS addressing. 

If CBR refresh is used, the number of cycles is a "don't 
care." 

Mt4LC4M4A1/Bl 
REV. 4/92 

FUNCTIONAL BLOCK DIAGRAM 
FAST PAGE MODE MT4LC4M4B1 (11 Row Addresses) 

WE 
CAS 

AO 

A' 
A2 
A3 
A4 
AS 
A6 
A7 
AS 
A9 

A'O 

FUNCTIONAL BLOCK DIAGRAM 

DQ' 
DQ2 
DQ3 
DQ4 

CE 

FAST PAGE MODE MT4LC4M4A1 (12 Row Addresses) 

WE ~=;========+==;==+==:;:l=)---{~~-''/IIJI_tql--<> DO' CAS 0.- DQ2 

D03 

DQ4 

L--------1~I---~ CE 

AO~~~ A' :=:r: 
A2 
A3 
A4 

-Af, 
A6 
A7 
A8 
A9 

A10 ~~~~~~~IIIIIIIIIIIIIIIIII~~ A 11 <>---IIII!!IIlI~ 

'NOTE: WE LOW prior to CAS LOW, EW detection circuit output is a HIGH (EARLY-WRITE) 
CAS LOW prior to WE LOW, EW detection circuit output is a LOW (LATE-WRITE) 

1-196 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARL V-WRITE 

READ-WRITE 

FAST-PAGE-MODE 1st Cycle 

READ 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

EARL V-WRITE 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

READ-WRITE 2nd Cycle 

RAS-ONL V REFRESH 

HIDDEN READ 

REFRESH WRITE 

CAS-BEFORE-RAS REFRESH 

MT4LC4M4A1/81 
REV. 4/92 

RAS" us- we-
H H-X X 

L L H 

L L L 

L L H-L 

L H-L H 

L H-L H 

L H-L L 

L H-L L 

L H-L H-+L 

L H-+L H-L 

L H X 

L-H-L L H 

L-H-L L L 

H-+L L H 

1-197 

PRELIMINARY 

ADDRESSES DATA IN/OUT 

nt IR IC DQ1-DQ4 

X X X High-Z 

L ROW COL Data Out 

X ROW COL Data In 

L-H ROW COL Data Out, Data In 

L ROW COL Data Out 

L n/a COL Data Out 

X ROW COL Data In 

X n/a COL Data.ln 

L-H ROW COL Data Out, Data In 

L-H n/a COL Data Out, Data In 

X ROW n/a High-Z 

L ROW COL Data Out 

X ROW COL Data In 

X X X High-Z 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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z MIC:RON MT4LC4M4A1/81 
1-· CO"",,,", 4 MEG x 4 DRAM 

~---------------------------------------
I 
c 
::D » s: 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Any Pin Relative to Vss (3.3V) .. -l.OV to +4.5V 
Operating Temperature, T A (Ambient) ......... ODC to +70DC 
Storage Temperature (Plastic) .................... -SSDC to +lS0DC 
Power Dissipation .............................................................. 1 IN 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under "Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (Vee = 3.3V ±10%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV :0; VIN :0; 3.6V 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled, OV :0; VOUT:O; 3.6V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -2mA) 
Output Low Voltage (lOUT = 2mA) 

MT4lC4M4A1!B1 
REV. 4192 1-198 

SYMBOL MIN MAX UNITS NOTES 

Vee 3.0 3.6 V 1 

VIH 2.0 Vee+1 V 1 

VIL -1.0 0.8 V 1 

II -2 2 ~ 

loz -10 10 ~ 
VOH 2.4 V 

VOL 0.4 V 

Micron Technology, Inc., reSElIV9S the rlghllo change products or specifications without notice 
©1992, Micron Technology, Inc. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7.) (Vcc = 3.3V ±1 0%), 4,096 cycle refresh 

PARAMETER/CONOITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VI H) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Other Inputs = Vcc -0.2V) 

OPERATING CURRENT: Random READ/WRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

(Notes: 1, 3, 4, 6, 7) (Vcc = 3.3V ±1 0%), 2,048 cycle refresh 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Other Inputs = Vcc -0.2V) 

OPERATING CURRENT: Random READ/WRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

MT4LC4M4A1/81 
REV. 4/92 1-199 

MAX 

SYMBOL -6 -7 -8 UNITS NOTES 
Icc1 1 1 1 mA 

Icc2 400 400 400 j.IA 

Icc3 60 55 50 mA 3,4,28 

Icc4 40 35 30 mA 3,4,28 

ICC5 60 55 50 mA 3,28 

Icc6 60 55 50 mA 3,5,28 

MAX 
SYMBOL -6 -7 -8 UNITS NOTES 

Icc1 1 1 1 mA 

Icc2 400 400 400 j.IA 

Icc3 80 70 60 mA 3,4,27 

Icc4 60 50 40 mA 3,4,27 

Icc5 80 70 60 mA 3,27 

Icc6 80 70 60 mA 3,5,27 

Micron Technology, Inc., reserves the right to change products or speCifications Without notice. 
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PRELIMINARY 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A 11 CI1 5 pF 2 

Input Capacitance: RAS, CAS, WE, OE CI2 7 pF 2 

Input/Output Capacitance: DO Cia 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 
Access time from CAS 
Output Enable 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
R7iS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS" delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
R7iS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS") 
Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 
Output buffer turn-off delay 

MT4LC4M4A1!B1 
REV. 4192 

-6 
SYM MIN 
tRC 110 

tRWC 150 
tpc 40 

tpRWC 85 

tRAC 
tCAC 
tOE 
tAA 

tCPA 
tRAS 60 

tRASP 60 
tRSH 15 
tRP 40 

tCAS 15 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 20 
tCRP 5 
tASR 0 
tRAH 10 
tRAD 15 

tASC 0 
tCAH 10 
tAR 50 

tRAl 30 

tRCS 0 
tRCH 0 

tRRH 0 

tClZ 0 
tOFF 0 

MAX MIN 
130 
180 
45 

95 

60 
15 
15 
30 
35 

100,000 70 
100,000 70 

20 
50 

100,000 20 
70 
10 
10 

45 20 
5 
0 
10 

30 15 

0 
15 
55 

35 

0 
0 

0 

0 
15 0 

1-200 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 
200 ns 
50 ns 

100 ns 

70 80 ns 14 
20 20 ns 15 
20 20 ns 23 
35 40 ns 
40 45 ns 

100,000 80 100,000 ns 
100,000 80 100,000 ns 

20 ns 
60 ns 

100,000 20 100,000 ns 
80 ns 
10 ns 16 
10 ns 

50 20 60 ns 17 
5 ns 
0 ns 
10 ns 

35 15 40 ns 18 

0 ns 
15 ns 
60' ns 

40 ns 

0 ns 
0 ns 19 

0 ns 19 

0 ns 
20 0 20 ns 20 

Micron Technology, Inc_. reserves the right to change products or specifications without naliCEl. 
©1992, Micron Technology,lnc. 



PRELIMINARY 

MIC:RON MT4LC4M4A1/B1 
1-· '"'''' " 4 MEG x 4 DRAM 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13,23) 

AC CHARACTERISTICS 
PARAMETER 
WE command setup time 
Write command hold time 

Write command hold time 
(referenced to 1'lAS) 

Write command pulse width 

Write command to 1'lAS lead time 

Write command to ~ lead time 
Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to ro\S) 

1'lAS to WE delay time 

Column address 
to WE delay time 

~ to WE delay time 

Transition time (rise or fall) 

Refresh period (2,048/4,096 cycles) 

ro\S to ~ precharge time 

~setuptime 
(~-BEFORE-1'lAS refresh) 

.~holdtime 
(~-BEFORE-1'lAS refresh) 

WE hold time 
(~-BEFORE-1'lAS refresh) 

WE setup time 
(~-BEFORE-1'lAS refresh) 

WE hold time 
(WCBR test cycle) 

WE setup time 
(WCBR test cycle) 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

Output disable 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

MT4lC4M4A1/81 
REV. 4192 

-6 

SYM MIN 
¥lCS 0 
tWCH 10 
tWCR 45 

¥lP 10 
tRWL 15 
tCWL 15 

'OS 0 

'DH 10 

'DHR 45 

tRWD 85 

'AWD 55 

'CWO 40 
'T 3 

!REF 

'RPC 0 

'CSR 5 

'CHR 15 

'WRH 10 

tWRP 10 

'WTH 10 

'WTS 10 

tORD 0 

tQD 

tQEH 15 

MAX MIN 
0 
15 

55 

15 

20 
20 

0 
15 

55 
. 

95 

60 

45 

50 3 
32/64 

0 

5 

15 

10 

10 

10 

10 

0 

15 

15 

1-201 

-7 -8 

MAX MIN MAX UNITS NOTES 
0 ns 21,27 
15 ns 

60 ns 

15 ns 

20 ns 

20 ns 
0 ns 22 

15 ns 22 

60 ns 

105 ns 21 

65 ns 21 

45 ns 21 

50 3 50 ns 9,10 

32/64 32/64 ms 26 

0 ns 

5 ns 5 

15 ns 5 

10 ns 25 

10 ns 25 

10 ns 25 

10 ns 25 

0 ns 

20 20 ns 

15 ns 

Micron TechnolQgy, Inc., reserves the right to change products or speCifications witho!'!~ notice. 
©1992, Micron Technology, Inc. 
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PRELIMINARY 

MICRON MT4LC4M4A1/81 
1-· ,,,",oeo",,", 4 MEG x 4 DRAM 

NOTES 
1. All voltages referenced to V 55. 

2. This parameter is sampled. Vee = SV ±10%,f = 1 MHz. 
3. Ice is dependent on cycle rates. 
4. Ice is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of 100J.ls is required after power-up 
followed by eight RAS refresh cycles (RAS-ONL Yor 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the IREF refresh requirement is 
exceeded. 

8. AC characteristics assume IT = Sns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

100pF. . 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD ~ IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for ICPN. 

17. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

MT4LC4M4A1/B1 
REV. 4/92 

18. Operation within the lRAD (MAX) limit ensures that 
lRAC(MIN) and ICAC (MIN) can be met. lRAD 
(MAX) is specified as a reference point orily; if lRAD 
is greater than the specified lRAD (MAX) limit, then 
access time is controlled exclUSively by IAA. 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. IOFF (MAX) defines the time at which the output 
.achieves the open circuit condition, and is not 
referenced to VOH or VOL. 

21. twcs, IRWD, IAWD and I(:WDare not restrictive 
operating parameters. twcs applies to EARLY­
WRITE cycles. IRWD, IAWD and ICWD apply to 
READ-MODIFY -WRITE cycles. If twcs ~ twcs 
(MIN), the cycle is an EARLY-WRITE cycle and the 
data output will remain an open circuit throughout 
the entire cycle. If IRWD ~ IRWD (MIN), IA WD ~ 
lAWn (MIN) and ICWD ~ !CWD (MIN), the cycle isa 
READ-MODIFY"WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions is met, the state of data out is 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE-WRITE (0£ 
controlled) cycle. IWCS, IRWD, ICWD and IAWD are 
not applicable in a LATE-WRITE cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is .tied permanently LOW, LATE-WRITE or 
READ-MODIFY"WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE 
= HIGH. 

25. twTS and twTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of twRP ,and twRH in the 
CBR refresh cycle. 

26. 32msis 2,048 refresh, 64ms is 4,096 refresh. 
27.2,048 row refresh. 
28. 4,096 row refresh. 

1·202 Micron Technology, [nc., reserves the rlght to change products or speclfi.cations Without notice. 
©1992, Micron Technology, Inc. 



PRELIMINARY 

IIUIIC:RCN MT4LC4M4A1/B1 
1-· "'""'''''''' 4 MEG x 4 DRAM 

MT4LC4M4A1I81 
REV. 4192 

READ CYCLE 

'RC 

'RAS 'RP 

RAS 
VIH -
VIL _ 

tCSH 

tRSH 'RAH 

'CRP 'RCD leAS 

CAS 
V1H -
VIL -

'AR 

ADDR COLUMN 

tRCS 

'AA 

'RAC 

~ 

DQ ~:gt :='-------OPEN VALID DATA OPEN---

EARLY-WRITE CYCLE 

tRAS 'RP . 
RAS 

V,H 
VIL - 11' 

tCSH 

'RSH 

'CRP tRCD 'CAS 

CAS V,H 
V,L =~ 

IAR 

'RAD tRAL 

ADDR V,H 
V,L 

~ ~I l~ ~ 

~ ROW J'0.@t COLUMN ~JX ROW 

'CWL 

'RWL 

twCR 

'wes tWCH 

twP 

J/ /// // / // / / / /// /// /;1// // /// /), ~d0. 
I 1 'OHR. 

~! ~ 
DO ~:gt~'----VA-LlD-D-'--AT-A--'~ 
DE ~:t_ 

1-203 

EIZl DON'T CARE 

flllll! UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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MT4lC4M4A1/Bl 
REV. 4192 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

tRAS tRP 

J 

tCSH 

I tRSH 

ICRP tRCD tCAS 

AODR ~i~ 

J ~ tAR 

tRAD I I IRAL I I 
C=:~I . ~I \. leAH ·~l !' 

:~ ROW ~ COLUMN WI/I/o ROW 

I' I 

I IRWD .~II 
~~I I 

leWD .~ 
IAWD 

.. IWP .~!. 

I 
tAA 

I tRAC 

J~ C ~\ tOLZ L 
OPEN (;;I;I)¢I)O VALID DOUT K VALID DIN - QPEN--00 ~igt -

00 ~Ig~ =-----OPEN 

I~ ~1 ~ 

FAST-PAGE-MODE READ CYCLE 

1-204 

~ DON'T CARE 

I22l! UNDEFINED 

Micron Technology, Inc., T9Se1V9S the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 



PRELIMINARY 

MICRON MT4LC4M4A1/B1 
1-· '''''''''''''' '''' 4 MEG x 4 DRAM z 

m 
--------------------------------------~ 

MT4LC4M4A1/81 
REV. 4192 

AODR ~\~ 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

*tpc is for LATE-WRITE only. 

~ DONTCARE 

~ UNDEFINED 

1-205 Micron Technology, Inc., reS9lV9S the right to change products or specifications without nolice, 
©1992, Micron Technology, Inc. 
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MT4LC4M4AlfBl 
AEV.4192 

"RAS-ONL YREFRESH CYCLE 
(ADDR = AO-A9; WE = DON'T CARE) 

tRC 

tCRP tRPc __ 1 
\'----

CAs ~:~ ~---' '-1 
IASR tRAH 

ADDR ~:~ =~---ROW--k?;/I1;/;/$$!;//;//;/;//;/;//;/;//;/;/;/X------'-RO-W --

DO ~g~ -:----------OPEN---------

DO 

CAS-BEFORE-"RAS REFRESH CYCLE 
(AO-A9, and OE = DON'T CARE) 

tRP tRAS tRP 'RAS 

:-1~1 
1··1CP'i:l!~ ~I tRP~II~ ~I. 

:~ "lc I "lc J 
OPEN 

~ ~ ~ ~ 

*<z1J/////////#///#//;//$;/ffi; 

~ 
J 

I~ tRAH 

Jr---

HIDDEN REFRESH CYCLE 24 

(WE = HIGH; OE = LOW) 

tRCD 

tAR 
IRAD 

{READ} 

t RAS 

'RSH 

~-
I 'I II tRAL 

.tAscrll~ 

~ 

r----i 

1-206 

(REFRESH) 

t RAS 

leHR 
1 

E22 DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the r~ht to change products or specifications Without notice. 
©1992, Micron Technology. Inc. 



ADVANCE 

MICRON MT4C4M4D1 
1-· "'"''0",''' 4 MEG x 4 DRAM 

, 

DRAM 

FEATURES 
• Industry standard x4 pinout, timing, functions and 

packages 
• High-performance, CMOS silicon-gate process 
• Single power supply: +5V ±1O% 
• Low power, 5m W standby; 275m W active, typical 
• All inputs, outputs and clocks are fully TTL 

compatible 
• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• 4,096-cycle refresh distributed across 64ms 

OPTIONS 
• Timing 

60ns access 
70ns access 
SOns access 

• Packages 
Plastic SOJ (400 mil) 

MARKING 

- 6 
- 7 
- S 

DJ 
NOTE: Available in die form (commercial or military) or military ceramic 
packages. Please consult factory for die data sheets or refer to Micron's 
Military Data Book. 

• Refresh Period 
4,096 cycles @ 64ms, MT4C4M4D1 
12 Row Addresses 

• Operating Temperature, T A 

Commercial (O°C to +70°C) None 

GENERAL DESCRIPTION 
The MT4C4M4D1 is a randomly accessed solid-state 

memory containing 16,777,216 bits organized in a x4 con­
figuration. During READ or WRITE cycles, each bit is 
uniquely addressed through the 22 address bits, which are 
entered 10-12 bits (AO -All) at a time. RAS is used to latch 
the first12bits and CAS the latter 10 (AlO and All are "don't 
care" bits). READ and WRITE cycles are selected with the 
WE input. A logic HIGH on WE dictates READ mode while 
a logic LOW on WE dictates WRITE mode. During a WRITE 
cycle, data in (D) is latched b~e falling edge of WE or 
CAS, whichever occurs last. If WE goes LOW prior to CAS 
going LOW, the ou~ins remain open (High-Z) until the 
next CAS cycle. If WE goes LOW after data reaches the 

MT4C4M4D1 
REV. 4/92 

4 MEG x4DRAM 
STATIC COLUMN 

PIN ASSIGNMENT (Top View) 

24-Pin SOJ 

Vee 
OQ1 
OQ2 
WE 

RAS 
A11/NC 

A10 
AO 
A1 
A2 
A3 

Vee 

(0-3) 

1 
2 
3 
4 
5 
6 

9 
10 
11 
12 
13 
14 

28 
27 
26 
25 
24 
23 

20 
19 
18 
17p 
16 P 
15 P 

Vss 
DQ4 
DQ3 
CAS 
5E 
A9 

A8 
A7 
AS 
A5 
A4 
Vss 

output pins, data out (Q) is activated and retains the selected 
cell data as long as CAS remains LOW (regardless of WE or 
RAS). This late WE pulse results in a READ-WRITE cycle. 
The four data inputs and the four data outputs are routed 
through four pins using common I/O, and pin direction is 
controlled by WE and OE. 

STATIC COLUMN operations allow faster data opera­
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO -A9) defined page boundary. After the first 
READ, any column address transition will result in new 
data out. Unlike the PAGE-MODE part, which requires 
CAS to be toggled for each successive PAGE-MODE access, 
the STATIC COLUMN part allows CAS to be left LOW for 
successive STATIC COLUMN accesses. Returning RAS 
HIGH terminates the STATIC COLUMN operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONL Y, CAS-BEFORE-RAS (CBR), or 
HIDDEN refresh) so that all 4,096 combinations of RAS 
addresses (AO-All) are executed at least every 64ms, re­
gardless of sequence. The CBR refresh cycle will invoke the 
internal refresh counter for automatic RAS addressing. 

1-207 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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ADVANCE 

MIC:RON MT4C4M4D1 
1-· ",,,,,,,,, K 4 MEG x 4 DRAM z 
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MT4C4M401 
REV. 4192 1-208 Micron Technology, Inc., reserves the right to ch<:lnge products or sp6Cifica\ions without notice. 
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WIDE DRAM PRODUCT SELECTION GUIDE 
Memory Optional Part Access Typical Power Dissipation Package/Number 01 Pins 
Configuration Access Cycle Number' Time (ns) Standby Active ZIP SOJ TSOP Page 

512Kx 8 FP MT4C8512 70,80,100 3mW 350mW 28 28 28 2-1 

512K x8 FP, WPB MT4C8513 70,80,100 3mW 350mW 28 28 28 2-1 

512K x 8 FP, LP MT4C8512 L 70,80,100 lmW 350mW 28 28 28 2-15 

512K x 8 FP, WPB, LP MT4C8513 L 70,80,100 lmW 350mW 28 28 28 2-15 

2 Meg x 8 FP,4KR MT4(L)C2M8Al 60,70,80 5mW 400mW 28,32 28,32 2-31 

2 Meg x 8 FP, 4KR, WPB MT4(L)C2M8A2 60,70,80 5mW 400mW 28,32 28,32 2-31 

2 Meg x 8 FP,2KR MT4(L)C2M8Bl 60,70,80 5mW 400mW 28,32 28,32 2-47 

2 Meg x 8 FP, 2KR, WPB MT4(L)C2M8B2 60,70,80 5mW 400mW 28,32 28,32 2-47 

2 Meg x 8 FP, 4KR, S, LP MT4(L)C2M8Al S 60,70,80 2mW 400mW - 28,32 28,32 2-63 

2 Meg x 8 FP, 4KR, WPB, S, LP MT4(L)C2M8A2 S 60,70,80 2mW 400mW - 28,32 28,32 2-63 

2 Meg x 8 FP, 2KR, S, LP MT4(L)C2M8Bl S 60,70,80 2mW 400mW - 28,32 28,32 2-81 

2 Meg x 8 FP, 2KR, WPB, S, LP MT4(L)C2M8B2 S 60,70,80 2mW 400mW - 28,32 28,32 2-81 

64K x 16 FP, DW MT4C1664 70,80,100 3mW 225mW 40 40 40 2-99 

64K x 16 FP, WPB MT4C1665 70,80,100 3mW 225mW 40 40 40 2-99 

64K x 16 FP, DW, LP MT4C1664 L 70,80,100 lmW 225mW 40 40 40 2-115 

64K x 16 FP, WPB, LP MT4C1665 L 70,80,100 lmW 225mW 40 40 40 2-115 

64K x 16 SC,DW MT4C1670 70,80,100 3mW 225mW 40 40 40 2-133 

64K x 16 SC, WPB MT4C1671 70,80,100 3mW 225mW 40 40 40 2-133 

64K x 16 SC, DW, LP MT4C1670 L 70,80,100 lmW 225mW 40 40 40 2-151 

64K x 16 SC, WPB, LP MT4C1671 L 70,80,100 lmW 225mW 40 40 40 2-151 

256K x 16 FP,DW MT4C16256 70,80,100 3mW 500mW 40 40 40 2-169 

256K x 16 FP, DC MT4C16257 70,80,100 3mW 500mW 40 40 40 2-169 

256K x 16 FP, DW, WPB MT4C16258 70,80,100 3mW 500mW 40 40 40 2-169 

256K x 16 FP, DC, WPB MT4C16259 70,80,100 3mW 500mW 40 40 40 2-169 

256K x 16 FP, DW, LP MT4C16256 L 70,80,100 lmW 500mW 40 40 40 2-191 

256K x 16 FP, DC, LP MT4C16257 L 70,80,100 lmW 500mW 40 40 40 2-191 

256K x 16 FP, DW, WPB, LP MT4C16258 L 70,80,100 lmW 500mW 40 40 40 2-191 

256K x 16 FP, DC, WPB, LP MT4C16259 L 70,80,100 lmW 500mW 40 40 40 2-191 

256K x 16 FP, ASY, DW MT4C16260 70,80,100 lmW 500mW 40 40 40 2-213 

256K x 16 FP, WPB,ASY MT4C16261 70,80,100 lmW 500mW 40 40 40 2-213 

1 Megx 16 FP,DC MT4(L)C1M16C3 60,70,80 5mW 500mW - 42 44 2-229 

lMegx16 FP,DW MT4(L)Cl M16C5 60,70,80 5mW 500mW - 42 44 2-229 

1 Meg x 16 FP, DC, WPB MT4(L)Cl M16C6 60,70,80 5mW 500mW 42 44 2-229 

1 Meg x 16 FP, DW, WPB MT4(L)Cl M16C7 60,70,80 5mW 500mW 42 44 2-229 

1 Megx 16 FP, DC, S, LP MT4(L)C1M16C3 S 60,70,80 2mW 500mW 42 44 2-251 

1 Megx 16 FP, DW, S, LP MT4(L)C1M16C5 S 60,70,80 2mW 500mW - 42 44 2-251 

1 Megx 16 FP, DC, WPB, S, LP MT4(L)C1M16C6 S 60,70,80 2mW 500mW - 42 44 2-251 

1 Meg x 16 FP, DW, WPB, S, LP MT4(L)C1M16C7 S 60,70,80 2mW 500mW 42 44 2-251 

FP = Fast Page Mode, SC = Static Column, LP = Low Power, Extended Refresh; WPB = Write Per Bit, DW = Dual WE, DC = Dual CAS, 
2KR = 2,048 Refresh, 4KR = 4,096 Refresh, S = Self Refresh, ASY = Asymmetrical Addressing 
*(L)C means device is available in bolh 5V Vee (MT4CXXXXX) and 3/3.3V Vee (MT4LCXXXXX) versions 



ADVANCE 

MIC:RON MT4CB512/3 
1-· ,>'""'''"''' 512K X B DRAM 

DRAM 

FEATURES 
• Industry standard x8 pinouts, timing, functions and 

packages 
• Address entry: 10 row addresses, nine column 

addresses 
• High-performance, CMOS silicon-gate process 
• Single +5V ±10% power supply 
• Low power, 3m W standby; 350m W active, typical 
• All device pins are fully TTL compatible 
• 1,024-cycle refresh in 16ms 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• Optional FAST PAGE MODE access cycle 
• NONPERSISTENT MASKED WRITE access cycle 

(MT4C8513 only) 

OPTIONS 
• Timing 

70ns access 
80ns access 
lOOns access 

• Masked Write 
Not available 
Available 

• Packages 
Plastic SOJ (400 mil) 
Plastic TSOP (400 mil) 
Plastic ZIP (375 mil) 

MARKING 

- 7 
- 8 
-10 

MT4C8512 
MT4C8513 

DJ 
TG 
Z 

NOTE: Available in die form. Please consult factory for die data sheets. 

GENERAL DESCRIPTION 
The MT4C8512/3 are randomly accessed solid-state 

memories containing 4,194,304 bits organized in a x8 
configuration. Each byte is uniquely addressed through 
the 19 address bits during READ or WRITE cycles. The 
address is entered first by RAS latching 10 bits (AO-A9) 
and then CAS latching 9 bits (AO-A8). 

The MT4C8513has NONPERSISTENT MASKED WRITE 
allowing it to perform WRITE-PER-BIT accesses. 

MT4C8q12/3 
REV. 4/92 2-1 

512Kx8DRAM 
FAST PAGE MODE 

Vee 
DOl 
D02 
D03 
D04 

NC 
WE 

RAS 
A9 
AO 
Al 
A2 
A3 

Vee 

PIN ASSIGNMENT (TOp View) 

28-Pin SOJ 28-Pin ZIP 
(0-4) (0-3) 

28 Vss 
OE 1.:0 

.:: 2 CAS 
27 DOS D05 3 .:; 

.:: 4 006 
3 26 D07 DO? 5 .:0 

.:: 6 008 
4 25 D06 Vss 7 .:0 

5 24 DOS 
.:: 8 Vee 

DOl 9 .:0 

6 23 CAS .:: 10 002 
D03 11.:0 

7 22 OE NC 13 .:0 
.:: 12 004 

8 21 NC RAs 
.:: 14 WE 

15 :'.: 
9 20 AS -:: 16 A9 

10 19 A7 AO 17 .'.: 
.:: 18 Al 

11 18 A6 A2 19 .:; 
.:: 20A3 

12 17 AS Vee 21 --, . 
.:: 22 Vss 

13 16 A4 A4 23 .:; 

14 15 Vss 
.:: 24 A5 

A6 25 ." 
.:: 26 A? 

AS 27 .:0 
-:: 28 NC 

28-Pin TSOP 
(R-3) 

Vee 1 28 Vss 
DOl 2 27 DOS 
D02 26 DOl 
D03 4 25 D06 
D04 5 24 DOS 

NC 6 23 CAS 
WE 7 22 OE 

RAS 8 21 NC 
A9 9 20 AS 
AD 10 19 A7 
Al 11 18 A6 
A2 12 17 AS 
A3 13 16 A4 

Vee 14 15 Vss 

Micron Technology, Inc., reserves the right to change products or speCifications will:lout notice. 
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ADVANCE 

FUNCTIONAL BLOCK DIAGRAM 

AO 
Al 
A2 
A3 
A4 
AS 
A6 
A7 
A8 
A9 

RAS 0---4-1 

~~~====----~ 

MT4C851213 
REV,4192 2-2 

DATA IN BUFFER 

MASK DATA REGISTER 
(MT4C8513 only) 

1024x512xB 
MEMORY 
ARRAY 

DOl 
• • 

DOB 

1-----oOE 

----0 Vee 

----0 Vss 

Micron Technology, Inc., reserves the righl10 change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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MICRON MT 4C8512/3 
1-· "'"",co",'" 512K x 8 DRAM 

PIN DESCRIPTIONS 

SOJ/TSOP 
PIN NUMBERS 

8 

23 

7 

22 

10-13, 16-20, 9 

2-5,24-27 

6,21 

1, 14 

15,28 

"4C8512J3 
V.4192 

ZIP 
PIN NUMBERS 

15 

2 

14 

1 

17,18,19,20, 
23, 24, 25, 26, 

27,16 

9, 10, 11, 12, 
3,4,5,6 

13,28 

8,21 

7,22 

SYMBOL TYPE 

RAS. Input 

CAS Input 

WE Input 

OE Input 

AO-A9 Input 

D01-D08 Input 

NC -

Vcc Supply 

Vss Supply 

DESCRIPTION 

Row Address Strobe: RAS is used to clock-in the 10 row-
address bits and strobe the WE and DOs in the MASKED 
WRITE mode (MT4C8513 only). 

Column Address Strobe: CAS is used to clock-in the 9 
column-address bits, enable the DRAM output buffers, and 
strobe the data inputs on WRITE cycles. 

Write Enable: WE is used to select aHEAD (WE = HIGH) 
or WRITE (WE = LOW) cycle. WE also serves as a Mask 
Enable (WE = LOW) at the falling edge of RAS in a 
MASKED-WRITE cycle (MT4C8513). 

Output Enable: OE enables the output buffers when taken 
LOW during a READ access cycle. RAS and CAS must 
be LOW and WE must be HIGH before DE will control the 
output buffers. Otherwise the output buffers are in a High-Z 
state. 

Address Inputs: These inputs are multiplexed and clocked 
by RAS and CAS to select one byte out of the 512K 
available words. 

Data I/O: Includes inputs, outputs or High-Z and/or Output 
masked data input (for MASKED WRITE cycle only). 

No Connect: These pins should be either left unconnected 
or tied to ground. 

Power Supply: +5V ±1 0% 

Ground 

2-3 Micron Technology, Inc., reserves the rig hI 10 change products or specifications without notice. 
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FUNCTIONAL DESCRIPTION 
Each bit is uniquely addressed through the 19 address 

bits during READ or WRITE cycles. First RAS is used to 
latch 10 bits (AO-A9) then CAS latches 9 bits ( AO-A8). 

The CAS control also determines whether the cycle will 
be a refresh cycle (RAS-ONL Y) or an active cycle (READ, 
WRITE or READ-WRITE) once RAS goes LOW. 

READ or WRITE cycles are selected by WE. A logic HIGH 
on WE dictates READ mode while a logic LOW on WE 
dictates WRITE mode. During a WRITE cycle, data in (D) is 
latched by the falling edge of WE or CAS, whichever occurs 
last. Taking WE LOW will initiate a WRITE cycle, selecting 
DQl through DQ8. If WE goes LOW prior to CAS going 
LOW, the outputpin(s) remain open (High- Z) until the next 
CAS cycle. If WE goes LOW after CAS goes LOW and data 
reaches the output pins, data out (Q) is activated and retains 
the selected cell data as long as CAS and OE remain LOW 
(regardless of WE or RAS). This late WE pulse results in a 
READ-WRITE cycle. 

The eight data inputs and eight data outputs are routed 
through eight pins using common II 0, and pin direction is 
controlled by OE and WE. 

FAST PAGE MODE operations allow faster data opera­
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO-A9) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed­
inbyCAS. CAS may be toggled-in by holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
The chip is also preconditioned for the next cycle during the 

MT4C851213 
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ADVANCE 

RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS, or HID­
DEN REFRESH) so that all 1,024 combinations of RAS 
addresses (AO -A9) are executed at least every 16ms, regard­
less of sequence. The CAS-BEFORE-RAS refresh cycle will 
also invoke the refresh counter and controller for row 
address control. 

MASKED WRITE ACCESS CYCLE 
(MT4C8513 ONLY) 

Every WRITE access cycle can be a MASKED WRITE, 
depending on the state of WE at RAS time. A MASKED 
WRITE is selected when WE is LOW at RAS time and mask 
data is supplied on the DQ pins. 

The mask data present on the DQ1-DQ8 inputs at RAS time 
will be written to an internal mask data register and will 
then act as an individual write enable for each of the 
corresponding DQ inputs. If a LOW (logic "0") is written to 
a mask data register bit, the input port for that bit is disabled 
during the subsequent WRITE operation and no new data 
will be written to that DRAM cell location. A HIGH (logic 
"1") on a mask data register bit enables the input port and 
allows normal WRITE operations to proceed. At CAS time, 
the bits present on the DQ1-DQ8 inputs will be either 
written to the DRAM (if the mask data bit was HIGH) or 
ignored (if the mask data bit was LOW). 

In nonpersistent MASKED WRITEs, new mask data must 
be supplied each time a MASKED WRITE cycle is initiated. 

Figure 1 illustrates the MT4C8513 MASKED WRITE op­
eration (Note: RAS or CAS time refers to the time at which 
RAS or CAS transition from HIGH to LOW). 

Micron Technology, Inc., reserves the right to change procllcts or specifications without notic 
©1992, Micron Technology, In 
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MIC:RON MT4C8512/3 
1-· ","",co", '" 512K X 8 DRAM 

MT4C651213 
AEV.4192 

RAS 

CAS 

WE 

D01 

DOS 

I~ MASKED WRITE -I ~ NONMASKED WRITE -I 
\ / \ r 

\ / \ r 

~ !III/IA 1/1/111/// III ~MA $I111111/11Z 
" 

STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA DATA DATA DATA DATA 

0 X 1 1 X -----p i 

1 0 .-----p 0 0 X ._----p 

0 X 1 X ._----p 

1 O-----p 0 0 X 1 ._----p 1 

0 X 1 X 0 ·"----P 0 

0 -----p 0 0 X 0 ._----p 0 

0 X 1 1 X 0 ._----p 0 

0 -----p 0 0 X 0 ------p 0 

~ ADDRESS 0 - .. ADDRESS 1 

X = NOT EFFECTIVE (DON'T CARE) fZ] DON'T CARE 

Figure 1 
MT4C8513 MASKED WRITE EXAMPLE 

2-5 Micron Technology, Inc., reserves the righllo change products or specifications without notice 
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ADVANCE 

MIC:RON MT 4C8512/3 
1-· , 512K X 8 DRAM 

TRUTH TABLE 

ADDRESSES 

FUNCTION lW" us- WE" 1lt IR IC DOs NOTES 

Standby H H ..... X X X X X High-Z 

READ L L H L ROW COL Data Out 

EARL V-WRITE L L L X ROW COL Data In 1 

READ-WRITE L L H ..... L L ..... H ROW COL Data Out, Data In 1 

FAST-PAGE- 1st Cycle L H ..... L H L ROW COL Data Out 

MODE READ 2nd Cycle L H ..... L H L nfa COL Data Out 

FAST-PAGE- 1st Cycle L H ..... L L X ROW COL Data In 1 

MODE WRITE 2nd Cycle L H ..... L L X nfa COL Data In 1 

FAST-PAGE-MODE 1st Cycle L H ..... L H ..... L L ..... H ROW COL Data Out, Data In 1 

READ-WRITE 2nd Cycle L H ..... L H ..... L L ..... H nfa COL Data Out, Data In 1 

HIDDEN READ L ..... H ..... L L H L ROW COL Data Out 

REFRESH WRITE L ..... H ..... L L L X ROW COL Data In 1,2 

RAS-ONL V REFRESH L H X X ROW nfa High-Z 

CAS-BEFORE-RAS REFRESH H ..... L L H X X X High-Z 

NOTE: 1. Data in will be dependent on the mask provided (MT 4C8513 only). Refer to Figure 1. 
2. EARL V WRITE only. 

MT4C851213 
REV. 4192 2-6 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT4C8512/3 
1-· ""'" '" 512K x 8 DRAM 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ................ -IV to +7V 
Operating Temperature, T A (Ambient) .......... O°C to +70°C 
Storage Temperature (Plastic) .................... -SSoC to +lSO°C 
Power Dissipation ................................ , ............................. 1W 
Short Circuit Output Current ...................................... SOmA 

·Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C ~ T A ~ 70°C; Vee = 5V ±1 0%) 

PARAMETER/CONDITION 
Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV ~ VIN ~ Vec 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled, OV ~ VOUT ~ 5.5V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 

STANDBY CURRENT: TIL 
(RAS = CAS = VIH) 

STANDBY CURRENT: CMOS 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN);tCP, IASC '" iOns) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH:IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = tRC (MIN)) 

MT4C8512J3 
REV. 4192 2-7 

SYMBOL MIN MAX UNITS NOTES 

Vee 4.5 5.5 V 1 

VIH 2.4 Vec+1 V 1 

VIL -1.0 0,8 V 1 

Ii -2 2 J,iA 

loz -10 10 J,iA 

VOH 2.4 V 

VOL ,0.4 V 

MAX 

SYMBOL -7 -8 ·10 UNITS NOTES 

lecI 2 2 2 mA 

Icc2 1 1 1 mA 25 

Iccs 110 100 90 mA 3,4,30 

Icc4 90 80 70 mA 3,4,30 

Ices 110 100 90 mA 3,30 

Ices 110 100 90 mA 3 

Micron Tedmology, Inc., reserves the right to change prOdUCts or specifications wHhout notice. 
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ADVANCE 

MICRON MT4C8512/3 
1-· ",e"o'Oo,,", 512K x 8 DRAM 

CAPACITANCE 

PARAMETER SYMBOL MAX UNITS NOTES 

Input Capacitance: AO-A9 CI1 5 pF 2 

Input Capacitance: RAS, CAS, WE, OE CI2 7 pF 2 

Input/Output Capacitance: DO CIO 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12,13) (O°C S; TAS; +70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle lime 
READ-WRITE cycle lime 
FAST-PAGE-MODE READ or WRITE 
cycle lime 

FAST-PAGE-MODE READ-WRITE 
cycle lime 

Access lime from RAS 
Access lime from CAS 
Output Enable lime 
Access time from column address 
Access time from CAS precharge 
RAS pulse widlh 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge lime 
CAS precharge lime (FAST PAGE MODE) 
RAS 10 CAS delay lime 
CAS 10 RAS precharge time 
Row address setup lime 
Row address hold lime 
FfAS 10 column 
address delay lime 

Column address selup lime 
Column address hold time 
Column address hold lime 
(referenced to RAS) 

Column address 10 
RAS lead lime 

Read command selupli(T1e 
Read command hold lime 
(referenced to CAS) 

Read command hold time 
(referenced 10 RAS) 

CAS to oulpul in Low-Z 

MT4C851213 
REV. 4192 

-7 
SYM MIN 
IRC 130 

IRWC 180 
IpC 45 

IpRWC 95 

IRAC 
ICAC 
IOE 
IAA 

ICPA 
IRAS 70 

IRASP 70 
IRSH 20 
IRP 50 

ICAS 20 
ICSH 70 
ICPN 10 
ICP 10 

IRCD 20 
ICRP 10 
IASR 0 
IRAH 10 
IRAD 15 

IASC 0 
ICAH 15 
IAR 55 

IRAL 35 

IRCS 0 
IRCH 0 

IRRH 0 

ICLZ 0 

MAX MIN 
150 
200 
50 

100 

70 
20 
20 
35 
40 

100,000 80 
100,000 80 

20 
60 

100,000 20 
80 
10 
10 

50 20 
10 
0 
10 

35 15 

0 
15 
60 

40 

0 
0 

0 

0 

2-8 

-8 -10 
MAX MIN MAX UNITS NOTES 

180 ns 
245 ns 
55 ns 

110 ns 

80 100 ns, 14 
20 25 ns 15 
20 25 ns 
40 45 ns 
45 55 ns 

100,000 100 100,000 ns 
100,000 100 100,000 ns 

25 ns 
70 ns 

100,000 25 100,000 ns 
100 ns 
10 ns 16 
10 ns 

60 25 75 ns 17 
10 ns 
0 ns 
15 ns 

40 20 55 ns 18 

0 ns 
20 ns 
15 ns 

55 ns 

0 ns 26 
0 ns 19,26 

0 ns 19 

0 ns 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT4C8512/3 
I-a "'"","oe 512K X 8 DRAM 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (DOC $; T A$; +70°C; Vee = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Output buffer turn-off delay 

Output disable time 

Write command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 
Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

RAS to WE delay time 

Column address 
to WE delay time 

CAS to WE delay time 

Transition time (rise or fall), 

Refresh period (1,024 cycles) 

RAS to CAS" precharge time 

CAS setup time 
(CAS-BEFORE-RAS refresh) 

CAS hold time 
(CAS-BEFORE-RAS refresh) 

MASKED WRITE command to RAS 
setup time 

WE setup time 
(CAS-BEFORE-RAS refresh) 

WE hold time to RAS 

(MASKED WRITE and 
CAS-BEFORE-RAS refresh) 

Mask data to RAS setup time 

Mask data to RAS hold time 

, OE hold time from WE during 
READ-MODIFY-WRITE cycle 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

r1T4C8512/3 
lEV. 4/92 
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SYM MIN 
tOFF 0 
too 

twcs 0 
tWCH 15 
tWCR 55 

twp 10 
tRWL 20 
tCWL 20 
tDS 0 
tDH 15 

tDHR 55 

tRWD 95 
tAWD 60 

ICWD 45 
tT 3 

tREF 

tRPC 10 
tCSR 10 

tCHR 10 
", 

tWRS 0 

tWRP 10 

tWRH 15 

tMS 0 
tMH 15 

tOEH 20 

tORD 0 

MAX MIN 
15 0 
15 

0 
15 
60 

10 
20 
20 
0 
15 
60 

105 
65 

45 
50 3 
16 

10 
10 

10 

0 

10 

15 

0 
15 

25 

0 

2-9 

-8 -10 
MAX MIN MAX UNITS NOTES 
15 0 20 ns 20,29 
15 20 ns 29 

0 ns 21,26 
20 ns 26 
75 ns 26 

20 ns 26 
25 ns 26 
25 ns 26 
0 ns 22 
20 ns 22 
75 ns 

135 ns 21 
80 ns 21 

_. 
60 ns 21 

50 3 50 ns 9,10 
16 16 ms 

10 ns 

10 ns 5 

10 ns 5 

0 ns 26 

10 ns 26 

15 ns 26 

0 ns 26,27 
15 ns 26,27' 

25 ns 28 

0 ns 

Micron Technology, Inc., reselVes the right to change products or specifications without nOlice. 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = 5V ±10%, f = 1 MHz. 
3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (O°C :s; T A :s; 70°C) is assured. 

7. An initial pause of 100~s is required after power-up 
followed by eight RAS refresh cycles ( RAS -ONLY or 
CBR) before proper device operation is assured. The 
eight RAS cycle wake-up should be repeated any time 
the IREF refresh requirement is exceeded. 

8. AC characteristics assume IT = 5ns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica­
tion, all input Signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is high impedance. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gate and 

100pF. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in 
this table, lRAC will increase by the amount that 
IRCD exceeds the value shown. 

15. Assumes that IRCD ;::: IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the Q buffer, CAS must be pulsed 
HIGH for terN. 

17. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

18. Operation within the lRAD limit ensures that IRCD 
(MAX) can be met. lRAD (MAX) is specified as a 
reference point only; if lRAD is greater than the 
specified lRAD (MAX) limit, then access time is 
controlled exclusively by lAA. 

MT4C851213 
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19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. 10FF (MAX) defines the time at which the output 
achieves the open circuit condition, not a reference to 
VOHOrVOL. 

21. twcs, IRWD, IAWD and ICWD are restrictive 
operating parameters in LATE-WRITE and READ­
MODIFY-WRITE cycles only. If twCS;::: twcs (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If IRWD ;::: IRWD (MIN), IAWD ;::: IAWD 
(MIN) and ICWD ;::: ICWD (MIN), the cycle is a 
READ-WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions is met, the state of data out are indetermi­
nate. OE held HIGH and WE taken LOW after CAS 
goes LOW results in a LATE-WRITE (OE controlled) 
cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. During a READ cycle, if OE is LOW then taken HIGH 
before CAS goes HIGH, Q goes open. If OE is tied 
permanently LOW, LATE-WRITE or READ-MODlFY­
WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case WE = LOW and OE = 
HIGH. 

25. All other inputs at V cc -0.2V. 
26. Write command is defined as WE going LOW. 
27. MT4C8513 only. 
28. LATE-WRITE and READ-MODIFY-WRITE cycles 

must have both 10D and 10EH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after toEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

29. The DQs open during READ cycles once 10D or 10FF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a don't care; and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 

30. Column address changed once while RAS = VIL and 
CAS = VIH. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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READ CYCLE, 
'AC 

~ 1~--------------~'C~~-----11 

�......:o'·.",SH-----+� ~ 
I~I __ --------~'A~CO~~.~'~C~~----I 

CAs ~\r:..-, 
r,----~---------­

~~I 
ADOR ~:r ij///~ ROW WI/,,00 COLUMN AOW 

tCAC 

~l 
DO ~\gr =---------OPEN----------~~~VAl~'O~OA~TAj1----0PEN-----

1 'DE I_ '00 

OE ~:~ -_7: /j;'7711j;7T7~/77i1lj;7T,jljj;'77mm1/7T)jIj /=/ /1;'77/1 j;7TJ/j;7T)@=W/T7711/77i~7T,W/'77Wj;7T7/j;777/,@l //1///1/1/1/// /1// /1/ /1/1/ /1//////;/ 

RAs V'H 
v" 

CAS V'H 
v" 

ADDA V'H v" 

DE ~lr 

EARLY-WRITE CYCLE 

'AC 
IRAB 'AP 

- \ 
ICSH 

'RSH 

leRP tACO teAS 

=-.J 
'AA 

IRAD IRAL 

I~ ~l ~ ~ 
:/;0".M AOW rt0"Ai COLUMN 

ICWl I 'AWL 

tWCR 

'wcs ~ 

1~ tWR'!1 'wP 

NOTEt ~~ 

I~I 'OHR tMsl~ I~ ~l 
~ NOTEt ~ VALID DATA ~ = ~ 

ROW 

~ DONTCARE 

!1221 UNDEFINED 

ADVANCE 

I'JOTE: 1. Applies to MT4C8513 only; WE and DO inputs on MT4C8512 are "don't care" at RAS time. WE selects 

IT4C851213 
lEV. 4192 

between normal WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" for a normal 
WRITE (WE HIGH at RAS time). The DO inputs provide the mask data at RAS time for a MASKED WRITE, 
WE LOW at RAS time. 
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MICRON MT4C8512/3 
1-· ",""(wo,", 512K X 8 DRAM 

ADDR ~l~ 

DQ ~lg~ 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

-

I~ 

=----' 
I_ tASR 

=1'/;.2\ ROW 

I 
I 

-
-

'RP 

ICSH 

tRSH 

FAST-PAGE-MODE READ CYCLE 

RASP 

==L 
leSH 'pc IRSH 

tRCD leAS __ I tep ICAS 
_lep __ 

~lr 
'CPN ------

i' '-------" 

'RAL 1 'AR 
'RAD I 
IRAH"'I ~ I~ I~ ~I ~II leAH_I 

;W/L?; COLUMN W////;.2\ COLUMN WIIIII;) COLUMN 

IRCS I 
'RCH-

1-III'RCS Ii 'RCH- Ii 
-III'RCS 

'M ~ 'M 'o/ff 'M 

I 'RAe I 'CPA 
I I lePA 

I 'CAG ~ 'I~ ~ I~ 
'eLl- r- 'CLZ- r- 'eLl- b 

OPEN VALID VAlID 
DATA DATA 

tOE I~ ~ ~ ~ 

I 
ROW 

-It: ~ 

-
'VALID 

DATA 

~ 

'VIILLIIiL 

-toFF 

r--0PE~-

tz::;I DON'TeARE 

l22llI UNDEFINED 

NOTE: 1. Applies to MT4C8513 only; WE and DO inputs on MT4C8512 are "don't care" at RAS time. WE selects 
between normal WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" for a normal 
WRITE (WE HIGH atRAS time). The DO inputs provide the mask data at RAS time for a MASKED WRITE, 
WE LOW at RAS time. 

MT4C8512/3 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 

leAP tCSH 

~ 1----'=--1 

ROW 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODiFY-WRITE CYCLES) 

'RASP 

~II __ ---"""RCD'----_f---,,'C""AS __ I ~ teAS 

CAS VtH ---+--++----""'1 
VIL - l'--l~----fl 

~ DON'T CARE 

~ UNDEFINED 

ADVANCE 

IJOTE: 1. Applies to MT4C8513 only; WE and DO inputs on MT4C8512 are "don't care" at RAS time. WE selects 

fT4C851213 
tEV.4192 

between normal WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" for a normal 
WRITE (WE HIGH at RAS time). The DO inputs provide the mask data at RAS time for a MASKED WRITE, 
WE LOW at RAS time. 

2-13 Micron Technology, Inc., reserves the right to change products or specifications withOut notice. 
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'CAP 

RAS-ONL Y REFRESH CYCLE 
(OE and WE = DON'T CARE) 

CAs ~:~~~ ~ 

\'----

tASR tAAH 

ADDR ~:r =~--:ow--b/#/#$$$ffil/$/$M#/$m/;Xr---RO-W --

DQ ~gr -:------------OPENI---------

DO 

~-BEFORE-"RAS" REFRESH CYCLE 
(AO-A9; OE = DON'T CARE) 

tRP tRM 

l 
tRP tRAS 

-1.tRPe~11 
1··tcP"LII~ ~I- tRP~JI~ ~I, 

-.J il I il f 

j~ 

J 

OPEN 

~ ~ ~ 

W///I##//$/##/j 
~ 

HIDDEN REFRESH CYCLE 24 

( WE = HIGH; OE = LOW) 

tRCO 

tAR 
tRAD 

(READ) 

tAS R 

tASH 

~ 
II tRAl 

RP 
~ 

(REFRESH) 

t S RA 

tCHR 

l 

'y 

I~ tRAH tAse.1 leAH 

}--"~:~~ ADDR ~IH- . I" IL~~ 

I ~ Jt~ 
~l 

OQ ~:gr :='-----OPEN VALID DATA ~OPEN-

E21 DON'T CARE 

~ UNDEFINED 

ADVANCE 

2-14 Micron Technology, Inc., reserves the tight to change products or specifications without notice 
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DRAM 

FEATURES 
• Industry standard x8 pinouts, timing, functions and 

packages 
• Address entry: 10 row addresses, ninecolurnn 

addresses 
• High-performance, CMOS silicon-gate process 
• Single +5V ±1O% power supply 
• All device pins are fully TTL compatible 
• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR), 

HIDDEN and BATTERY BACKUP (BBU) 
• Optional FAST PAGE MODE access cycle 
• NONPERSISTENT MASKED WRITE access cycle 

(MT4C8513 only) 
• 1,024-cycle refresh distributed accross 128ms 
• Low-power, 1mW standby; 350mW active, typical 

OPTIONS 
• Timing 

70ns access 
80ns access 
lOOns access 

• Masked Write 
Not available 
Available 

• Packages 
Plastic SOJ (400 mil) 
Plastic TSOP (400 mil) 
Plastic ZIP (375 mil) 

MARKING 

- 7 
- 8 
-10 

MT4C8512 L 
MT4C8513 L 

DJ 
TG 
Z 

NOTE: Available in die fonn. Please consult factory for die data sheets. 

• Part number example: MT4C8512DJ-7 L 

GENERAL DESCRIPTION 
The MT4C8512/3 L are randomly accessed solid-state 

memories containing 4,194,304 bits organized in a x8 
configuration, Each byte is uniquely addressed through 
the 19 address bits during READ or WRITE cycles, The 
address is entered first by RAS latching 10 bits (AO-A9) 
and then CAS latching 9 bits (AO-A8), 

The MT4C8513 L has NONPERSISTENT MASKED 
WRITE allowing it to perform WRITE-PER-BIT accesses, 

MT4C8512!3l 
REV, 4/92 2-15 

ADVANCE 

512Kx8DRAM 
LOW POWER, EXTENDED REFRESH 

Vee 

DOl 
D02 
D03 
D04 
NC 
WE 

RAS 

A9 
AD 
Al 
A2 
A3 

Vee 

PIN ASSIGNMENT (Top View) 

28-Pin SOJ 
(0-4) 

1 28 
2 27 
3 26 
4 25 
5 24 
6 23 
? 22 
8 21 
9 20 
10 19 
11 18 
12 17 
13 16 
14 15 

Vss 
D08 
DO? 
DOS 
D05 
CAS 
OE 

NC 
A8 
A? 
AS 
A5 
A4 
Vss 

28-Pin ZIP 
(0-3) 

i5E 1,:0 
':: 2 CAS 

DOS 3 ,:0 
-:: 4 D06 

D07 5 ,:0 
-:: 6 D08 

Vss 7 ,:, 
-:: 8 Vee 

DOl 9 ,:0 
':: 10 D02 

DQ3 11,:0 
':: 12 D04 

NC 13 ,:0 
':: 14 WE 

RAS 15 ,:0 
-:: 16 A9 

AO 17,:; 
':: 18 Al 

A2 19 ,:0 
-:: 20 A3 

Vee 21 ,:; 
':: 22 Vss 

A4 23 ,:0 
-:: 24 AS 

A6 25 ,:0 
':: 26 A7 

A8 27 ,:0 
':: 28 NC 

28-Pin TSOP 
(R-3) 

Vee 28 Vss 
D01 2 2? D08 
D02 3 26 DO? 

D03 4 25 D06 
D04 5 24 D05 

NC 6 23 CAS 

WE 7 22 OE 

RAS 8 21 NC 
A9 9 20 A8 
AD 10 19 A7 
Al 11 18 A6 
A2 12 17 A5 
A3 13 16 A4 

Vee 14 15 Vss 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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AD 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
AB 
A9 

MT4C8S12/3L 
REV. 4192 

ADVANCE 

FUNCTIONAL BLOCK DIAGRAM 

2-16 

DATA IN BUFFER 

MASK DATA REGISTER 
(MT4CB513 L only) 

1024x512xB 
MEMORY 
ARRAY 

DOl 
• • 

DOB 

-----a Vee 

_----<lO Vss 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology,lnc. 



PIN DESCRIPTIONS 

SOJ/TSOP 
PIN NUMBERS 

8 

23 

7 

22 

10-13,16-20,9 

2-5,24-27 

6, 21 

1,14 

15,28 

MT4C8512!3L 
REV. 4192 

ZIP 
PIN NUMBERS 

15 

2 

14 

1 

17,18,19,20, 
23, 24, 25, 26, 

27, 16 

9, 10, 11, 12, 
3,4,5,6 

13,28 

8,21 

7,22 

SYMBOL TYPE 
RAS Input 

CAS Input 

WE Input 

OE Input 

AO-A9 Input 

D01-DQ8 Input 

NC -

Vcc Supply 

Vss Supply 

ADVANCE 

DESCRIPTION 
Row Address Strobe: RAS is used to clock-in the 10 row-
address bits and strobe the WE and DOs in the MASKED 
WRITE mode (MT4C8513 L only). 

Column Address Strobe: CAS is used to clock-in the 9 
column-address bits, enable the DRAM output buffers, and 
strobe the data inputs on WRITE cycles. 

Write Enable: WE is used to select a READ (WE = HIGH) 
or WRITE (WE = LOW) cycle. WE also serves as a Mask 
Enable (WE = LOW) at the falling edge of RAS in a 
MASKED-WRITE cycle (MT4C8513 L). 

Output Enable: OE enables the output buffers when taken 
LOW during a READ access cycle. RAS and CAS must 
be LOW and WE must be HIGH before OE will control the 
output buffers. Otherwise the output buffers are in a High-Z 
state. 

Address Inputs: These inputs are multiplexed and clocked 
by RAS and CAS to select one byte out of the 512K 
available words. 

Data 1/0: lricludes inputs, outputs or High-Z andlor Output 
masked data input (for MASKED WRITE cycle only). 

No Connect: These pins should be either left unconnected 
or tied to ground. 

Power Supply: +5V ±1 0% 

Ground 

2-17 Micron Technology, Inc., reserves the Tight to change products or specifications without notice. 
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FUNCTIONAL DESCRIPTION 
Each bit is uniquely addressed through the 19 address 

bits during READ or WRITE cycles. First RAS is used to 
latch 10 bits (AO-A9) then CAS latches 9 bits ( AO-A8). 

The CAS control also determines whether the cycle will 
be a refresh cycle (RAS-ONL Y) or an active cycle (READ, 
WRITE or READ-WRITE) once RAS goes LOW. 

READ or WRITE cycles are selected by WE. A logic HIGH 
on WE dictates READ mode while a logic LOW on WE 
dictates WRITE mode. During a WRITE cycle, data in (D) is 
latched by the falling edge of WE or CAS, whichever occurs 
last. Taking WE LOW will initiate a WRITE cycle, selecting 
DQl through DQ8. If WE goes LOW prior to CAS going 
LOW, theoutputpin(s) remain open (High- Z) until the next 
CAS cycle. If WE goes LOW after CAS goes LOW and data 
reaches theoutputpins, data out (Q) is activated and retains 
the selected cell data as long as CAS and OE remain LOW 
(regardless of WE or RAS). This late WE pulse results in a 
READ-WRITE cycle. 

The eight data inputs and eight data outputs are routed 
through eight pins using common II 0, and pin direction is 
controlled by OE and WE. 

FAST PAGE MODE operations allow faster data opera­
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO-A9) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed­
in by CAS. CAS may be toggled-in by holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby leveL 
The chip is also preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 

MT4C851213L 
REV:-4/92 

ADVANCE 

(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS, or HID­
DEN REFRESH) so that all 1,024 combinations of RAS 
addresses (AO-A9) are executed at least every 16ms, regard­
less of sequence. The CAS-BEFORE-RAS refresh cycle will 
also invoke the refresh counter and controller for row 
address controL 

BATTERY BACKUP MODE (BBU) is a CBR refresh 
performed at the extended refresh rate with CMOS input 
levels. This mode provides a very low current, data reten­
tion cycle. RAS or CAS time refers to the time at which 
RAS or CAS transition from HIGH to LOW). 

MASKED WRITE ACCESS CYCLE 
(MT4C8513 L ONLY) 

Every WRITE access cycle can be a MASKED WRITE, 
depending on the state of WE at RAS time. A MASKED 
WRITE is selected when WE is LOW at RAS time and mask 
data is supplied on the DQ pins. 

The mask data present on the DQ1-DQ8 inputs at RAS time 
will be written to an internal mask data register and will 
then act as an individual write enable for each of the 
corresponding DQ inputs. If a LOW (logic "0") is written to 
a mask data register bit, the input port for that bitis disabled 
during the subsequent WRITE operation and no new data 
will be written to that DRAM cell location. A HIGH (logic 
"1 U) on a mask data register bit enables the input port and 
allows normal WRITE operations to proceed. At CAS time, 
the bits present on the DQ1-DQ8 inputs will be either 
written to the DRAM (if the mask data bit was HIGH) or 
ignored (if the mask data bit was LOW). 

In nonpersistent MASKED WRITEs, new mask data must 
be supplied each time a MASKED WRITE cycle is initiated. 

Figure 1 illustrates the MT4C8513 L MASKED WRITE 
operation (Note: RAS or CAS time refers to the time at which 
RAS or CAS transition from HIGH to LOW). 

Micron Teohnology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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RAS 

CAS 

WE 

D01 

• 

DOS 

ADVANCE 

I_ MASKED WRITE ~I- NON MASKED WRITE ~I 
\ / \ r 

\ / \ r 
"' 

~ 1!I/11A !/II///I/ Ill! ~/I//£ ;J/ II 1/ II!! M 

STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA DATA DATA DATA DATA 

0 X 1 1 X 1 -- ----» 
0 -- - -- -;» 0 0 X 1 --"---» 

0 X X 1 ----- -» 
1 0 -- - - --;» 0 0 X 1 ------» 
0 X 1 X 0 ------» 0 

0 -- - - - -;» 0 0 X 0 -----,» 0 

0 X X 0 ------» 0 
0-- ---;» 0 0 X 0 ----,-3- 0 

_ 
ADDRESS 0 • .. ADDRESS 1 

X = NOT EFFECTIVE (DON'T CARE) f:Z;1 DON'T CARE 

Figure 1 
MT4C8513 L MASKED WRITE EXAMPLE 

2-19 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MIC:RON MT4C8512/3 L 
1-· """ "" 512K X 8 DRAM 

TRUTH TABLE 

ADDRESSES 

FUNCTION m -cg wt lJE IR IC DOs NOTES 

Standby H H-->X X X X X High-Z 

READ L L H L ROW COL Data Out 

EARLY-WRITE L L L X ROW COL Data In 1 

READ-WRITE L L H-->L L-->H ROW COL Data Out, Data In 1 
FAST-PAGE- 1st Cycle L H-->L H L ROW COL Data Out 

MODE READ 2nd Cycle L H-->L H L n/a COL Data Out 

FAST-PAGE- 1st Cycle L H-->L L X ROW COL Data In 1 

MODE WRITE 2nd Cycle L H-->L L X n/a COL Data In 1 

FAST-PAGE-MODE 1st Cycle L H-->L H-->L L -->H ROW COL Data Out, Data In 1 

READ-WRITE 2nd Cycle L H-->L H-->L L-->H n/a COL Data Out, Data In 1 
HIDDEN READ L-->H-->L L H L ROW COL Data Out 

REFRESH WRITE L-->H-->L L L X ROW COL Data In 1,2 

RAS-ONL Y REFRESH L H X X ROW n/a High-Z 

CAS-BEFORE-RAS REFRESH H-->L L H X X X High-Z 

BATTERY BACKUP REFRESH H-->L L H X X X High-Z 

NOTE: 1. Data in will be dependent on the mask provided (MT4C8513 L only). Refer to Figure 1. 
2. EARLY WRITE only. 

MT4C851213L 
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MICRON MT4C8512/3 L 
1-· ,,,""cco",,", 512Kx8 DRAM 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ................ -IV to +7V 
Operating Temperature, T A (Ambient) .......... DoC to +70°C 
Storage Temperature (Plastic) .................... -SSoC to + ISO°C 
Power Dissipation .............. : ............................................... IW 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is notimplied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C :<;; T A :<;; 70°C; Vcc '" 5V ±1 0%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV :<;; VIN :<;; Vcc 
(All other pins not under test", OV) 

OUTPUT LEAKAGE CURRENT (0 is disabled, OV :<;; VOUT:<;; 5.5V) 

OUTPUT LEVELS 
Output High Voltage (lOUT'" -5mA) 
Output Low Voltage (lOUT'" 4.2mA) 

PARAMETER/CONDITION 

STANDBY CURRENT: TTL 
(RAS '" CAS", VIH) 

STANDBY CURRENT: CMOS 
(RAS '" CAS", Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC '" IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS '" VIL, CAS, Address Cycling: IpC '" IpC (MIN); ICP, IASC '" 10ns) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS", VIH: IRC '" IRC (MIN» 

REFRESH CURRENT: CAS·BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN» 

REFRESH CURRENT: BATTERY BACKUP (BBU) 
Average power supply current during BATTERY BACKUP refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = IRAS (MIN) to 
300ns; WE, AO-A9 and DIN = Vcc - 0.2V (DIN may be left 
open), IRC '" 125~s (1,024 rows at 125~s = 12Sms) 

MT4C851213L 
REV.4J92 2-21 

SYMBOL MIN MAX UNITS N.OTES 

Vcc 4.5 5.5 V 1 

VIH 2.4 Vcc+1 V 1 

VIL -1.0 0.8 V 1 

II -2 2 j.tA 

loz -10 10 j.tA 

VOH 2.4 V 

VOL 0.4 V 

MAX 

' SYMBOL -7 -8 ·10 UNITS NOTES 

Icc1 2 2 2 mA 

Icc2 200 200 200 j.tA 25 

ICC3 110 100 90 mA ,3,4, 
31 

Icc4 90 SO 70 mA 3,4, 
31 

.' 

Icc5 110 100 90 mA 3,31 

. 
Icc6 110 100 90 mA 3 

Icc? 300 300 300 j.tA 3; 5, 
30 

Micron Technology, Inc., reserves the right to change products or specificatiOf]s without riotk:e. 
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CAPACITANCE 

PARAMETER SYMBOL MAX UNITS NOTES 
Input Capacitance: AO-A9 CI1 5 pF 2 

Input Capacitance: RAS, CAS, WE, OE CI2 7 pF 2 

Input/Output Capacitance: DO CIO 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C ~ TA~ +70°C; Vce = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE READ or WRITE 
cycle time 

FAST-PAGE-MODE READ-WRITE 
cycle time 

Access time from RAS 
Access time from CAS 
Output Enable time 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 
Read command hold time 
(referenced to liAS) 

CAS to output in Low-Z 

MT4C8512/3L 
REV. 4192 

-7 
SYM MIN 
tRC 130 

tRWC 180 
tpc 45 

tpRWC 95 

tRAC 
tCAC 
tOE 
tAA 

tCPA 
tRAS 70 

tRASP 70 
tRSH 20 
tRP 50 

tCAS 20 
tCSH 70 
tCPN 10 
tcp 10 

tRCD 20 
tCRP 10 
tASR 0 
tRAH 10 
tRAD 15 

tASC 0 
tCAH 15 
tAR 55 

tRAL 35 

tRCS 0 
tRCH 0 

tRRH 0 

tCLl 0 

MAX MIN 
150 
200 
50 

100 

70 
20 
20 
35 
40 

100,000 80 
100,000 80 

20 
60 

100,000 20 
80 
10 
10 

50 20 
10 
0 
10 

35 15 

0 
15 
60 

40 

0 
0 

0 

0 

2-22 

-8 -10 
MAX MIN MAX UNITS NOTES 

180 ns 
245 ns 
55 ns 

110 ns 

80 100 ns 14 
20 25 ns 15 
20 25 ns 
40 45 ns 
45 55 ns 

100,000 100 100,000 ns 
100,000 100 100,000 ns 

25 ns 
70 ns 

100,000 25 100,000 ns 
100 ns 
10 ns 16 
10 ns 

60 25 75 ns 17 
10 ns 
0 ns 
15 ns 

40 20 55 ns 18 

0 ns 
20 ns 
75 ns 

55 ns 

0 ns 26 
0 ns 19,26 

0 ns 19 

0 ns 

Micron Technology. Inc., reserves the right to change products or speCifications without notice. 
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UU:::F=lCN MT4C8512/3 L 
1-· 'CO""",," 512K X 8 DRAM 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) (O°C S; TA S; +70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Output buffer turn-off delay 

Output disable time 

Write command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

RAS to WE delay time 

Column address 
to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CAS-BEFORE-RAS refresh) 

CAS hold time 
(CAS-BEFORE-RAS refresh) 

MASKED WRITE command to RAS 
setup time 

WE setup time 
(CAS-BEFORE-RAS refresh) 

WE hold time to RAS 

(MASKED WRITE and 

CAS-BEFORE-RAS refresh) 

Mask data to RAS setup time 

Mask data to RAS hold time 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

OE setup prior to RAS during 
I HIDDEN REFRESH cycle 

~T4.c8512f3L 

lEV. 4192 

-7 

SYM MIN 
tOFF 0 
tOD 

twcs 0 
tWCH 15 

tWCR 55 

twp 10 
tRWL 20 
tCWL 20 
tDS 0 
tDH 15 

tDHR 55 

tRWD 95 
tAWD 60 

tCWD 45 

IT 3 
tREF 

tRPC 10 
tCSR 10 

tCHR 10 

tWRS 0 

tWRP 10 

tWRH 15 

tMS 0 
tMH 15 

tOEH 20 

tORD 0 

MAX MIN 
15 0 

15 

0 

15 

60 

10 

20 

20 

0 

15 

60 

105 

65 

45 

50 3 
128 

10 

10 

10 

0 

10 

15 

0 

15 

25 

0 

2-23 

-8 -10 

MAX MIN MAX UNITS NOTES 
15 0 20 ns 20,29 
15 20 ns 29 

0 ns 21,26 

20 ns 26 

75 ns 26 

20 ns 26 
25 ns 26 

25 ns 26 

0 ns 22 

20 ns 22 

75 ns 

135 ns 21 

80 ns 21 

60 ns 21 

50 3 50 ns 9,10 

128 128 ms 

10 ns 

10 ns 5 

10 ns 5 . 
0 ns 26 

10 ns 26 

15 ns 26 

0 ns 26,27 

15 ns 26,27 

25 ns 28 

0 ns 

Micron Technology, Inc., reserves the right to change products or specifications withou'l notice. 
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NOTES 
1. All voltages referenced to V ss. 
2. This parameter is sampled. Vee = SV ±10%, f = 1 MHz. 
3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (O°C :s; T A :s; 70°C) is assured. 

7. An initial pause of lOOl1s is required after power-up 
followed by eight RAS refresh cycles ( RAS -ONLY or 
CBR) before proper device operation is assured. The 
eight RAS cycle wake-up should be repeated any time 
the IREF refresh requirement is exceeded. 

8. AC characteristics assume IT = Sns. 
9. Vru (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between Vru and VIL (or between Vn', 
and Vru). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between Vru and 
VIL (orbetween VIL and Vru) in a monotonic manner. 

11. If CAS = VIH, data output is high impedance. 
12. If CAS. = VIL, data output may contain data from the 

last valid READ cycle. 
l3. Measured with a load equivalent to 2 TTL gate and 

100pF. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in 
this table, lRAC will increase by the amount that 
IRCD exceeds the value shown. 

15. Assumes that IRCD ;0 IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the Q buffer, CAS must be pulsed 
HIGH for tePN. 

17. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by teAe. 

18. Operation within the lRAD limit ensures that IRCD 
(MAX) can be met. lRAD (MAX) is specified as a 
reference point only; if lRAD is greater than the 
specified lRAD (MAX) limit, then access time is 
controlled exclusively by IAA. 

19. Either IRCH or tRRH must be satisfied for a READ 
cycle. 

MT4C8512/3L 
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20. IOFF (MAX) defines the time at which the output 
achieves the open circuit condition, not a reference to 
VOH or VOL. 

21. twcs, IRWD, IAWD and teWD are restrictive 
operating parameters in LA TE-WRITE and READ­
MODIFY -WRITE cycles only. If twcs ;0 twcs (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If IRWD;o IRWD (MIN), IAWD;o IAWD 
(MIN) and ICWD <: ICWD (MIN), the cycle is a 
READ-WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions is met, the state of data out are indetermi­
nate. OE held HIGH and WE taken LOW after CAS 
goes LOW results in a LATE-WRITE (OE controlled) 
cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. During a READ cycle, ifOE is LOW then taken HIGH 
before CAS goes HIGH, Q goes open. If OE is tied 
permanently LOW, LATE-WRITE or READ-MODIFY­
WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case WE = LOW and OE = 
HIGH. 

25. All other inputs at V cc -0.2V. 
26. Write command is defined as WE going LOW. 
27. MT4C8S13 L only. 
28. LATE-WRITE and READ-MODIFY-WRITE cycles 

must have both IOD and IOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during theWRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after IOEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

29. The DQs open during READ cycles once IOD or IOFF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a don't care; and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 

30. BBU current is reduced as lRAS is reduced from its 
maximum specification during BBU cycle. 

31. Column address changed once while RAS = VIL and 
CAS = Vru. 

Micron Technology, Inc., reserves the r\lht to change products or specifications without notice 
©1992, Micron Technology, Inc 



READCVCLE 
RC 

'RAS 'RP 

\ 
tCSH 

IRSH tRRH 

I~ IRCD 'cAs 

:-.-/ 
'AR I tRAD tAAl 

ADDA 

1~~1 ~I~ 
~:w?i ROW Willi;.?,; COLUMN ROW 
~ 

tRCS ~l 
'M 
tRAG 

tCAG ~ 

~l. 
OPEN VALID DATA b--OPEN---DO ~lgt-

RAS V,H 
VIL 

CAS V,H 
VIL 

ADDR 
V,H 
VIL 

1-----'2L- ~ 

EARL V-WRITE CVCLE 

RC 

'RAS 'RP 

- l* \ -
tCSH 

IRSH 

l~ tRCD ICAS 

=-.-/ 
'AR 

tRAD tRAL 

)~ ~! l~ ~ 
~,1t ROW K:'0"~ COLUMN ROW 

'eWL I 'AWL 

'WCR 

~ ~ 

I~~I 
'WP 

~ NOTE' ~ m///////////////////////////////////~ 
'DHR 

I.'MS "'H~ I~ ~l 
~ NOTE 1 ~;;:?t VALID DATA: 

t'Z1 DON'T CARE 

~ UNDEFINED 

ADVANCE 

NOTE: 1. Applies to MT4C8513 L only; WE and DO inputs on MT4C8512 L are "don't care" at RAS time. WE selects 

MT4C8'51213L 
REV. 4192 

between normal WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" for a normal 
WRITE (WE HIGH at RAS time) .. The DO inputs provide the mask data at RAS time for a MASKED WRITE, 
WE LOW at RAS time. 
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READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

�--------------~:~~------------I 
1~1------~'~~o----~_~'c~~--------~-1 

CAs ~l~ =~ ~'-+------------rA------
I~~~:--------I~I-'~RAL-I 

ROW 

I~~I ~j I leAH .. 1 ! 
AODR ~:~ J'////;?t ROW Wlilib COLUMN 

I_~I 1--"''cW'''-O _____ 1 ~I I
J I I 'RWO 'ewL I I 

'77" -rr. twA twR~1 I 'Awn ~j , 
WE ~:r ~ NOTE 1 ~ ~~~~~ilZ2~ 

I~ I ::.c 

I~ICAC t " 1_ I~!L~ 
__ . !~No~TE,MH.I' .. OPEN tcLZ- ~ ,I~l_t 

DQ, ~:gr ~ VALID DOUT K VALID DIN OPEN--

1.....'2L­
i5E ~:~ J,lTTW/;777o//;777W/;777/l/;777W,0777~/;777W777o/,0777o/;777/l/;777//,0777W7770/;7771;'/;7770//;77771/ &l } 'oD·1 ~ 

. ~$/#a1$;; 

FAST-PAGE-MODE READ CYCLE 

RASP 

-
ICSH 'PC IRSH 

J 'CRP tRCD 'CAS _le_P_ 'cAS 'CP 'cAS 

'AR ~ ~ -~ 

=.J '----" 

ADDR ~:r 

'RAQ 

~ I~ I~ ,~ l~ ~I ~I ~I 
=Wi ROW ~ COLUMN w/////;0t COLUMN ~ COLUMN 

I 'RCS I ~~ 11 It'Rcs 1 It'RcS 
'RCH- Ii 'RCH- Ii 

I 
'AA vr 'AA ~ 'AA 

I tRAC I tCPA I 'cPA 

I 'CAe ~ 'l~ ~ I~ 
tcLZ- J:" 'CLZ- 1:- 'cLZ-r 
~ VAUD ~ - OPEN DATA PATA 

....'2L.. -.'2!l ~ -.'2!l ....'2L.. 

A-
1 

'cPN 

,_1 
I 

ROW 

-I r'RRH ~ 

-
~ 

DATA 

I~ 

WLWL 

--'oFF 

~OPEN-

~ DON'T CARE 

~ UNDEFINED 

ADVANCE 

NOTE: 1. Applies to MT4C8513 L only; WE and DO inputs on MT4C8512 L are "don't care" at RAS time. WE selects 

MT4C8512f3l 
REV. 4/92 

between normal WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" for a normal 
WRITE (WE HIGH at RAS time). The DO inputs provide the mask data at RAS time for a MASKED WRITE, 
WE LOW at RAS time. 

2-26 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

IRASP 

~ VIH------.1 

RAS VIL - 11'-----;:=----------;:'P::-;C/;;::'RW:c:-C--~-----;:=----------'I 
~II------"""RC"-D __ I----"'C""A8'----'-_1 ~ 'cAS 

OPEN-

rzJ DON'T CARE 

~ UNDEFINED 

ADVANCE 

NOTE: 1. Applies to MT4C8513 L only; WE and DO inputs on MT4C8512 L are "don't care" at RAS time. WE selects 

MT4C851.213l 
REV. 4192 

between normal WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" for a normal 
WRITE (WE HIGH at RAS time). The DO inputs provide the mask data at RAS time for a MASKED WRITE, 
WE LOW at RAS time. 

2-27 Micron Technology, Inc., reserves the right to change products or specifications without notiCe. 
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MT4C851213L 
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DO 

~·ONLY REFRESH CYCLE . 
(OE and WE = DON'T CARE) 

tRP 

CAS ~I~ =--' '----I 
tASR tRAH 

ADDR ~:~ .--. -Row--k##I#LlIII#$;/IM/'#I#Ll;/W'M';)(r-. --RO-W--

00 ~g~ :c------------OPEN--------

DO 

L 

"CAS"·BEFORE·~ REFRESH CYCLE 
(AO-A9; OE = DON'T CARE) 

tRP tRAS 'RP tRAS 

:~I 
tCPNIJ~ ~I 'RP~~ tesR • ~I, 

:--' ~ I I 
OPEN 

'y 

~ 

WE ~:r --0'/IIIILlIO 
~ ~ 

WILl////mILl/III;/I) 
~ 

VIII;/;/;//im/////III;/im/i/ 

. 
-----I 
~ 

l~ tCPN 

! 

BATTERY BACKUP REFRESH CYCLE 
(AO-A9; OE = DON'T CARE) 

125~s 

'RP tRAS 'RP tRAS 

II~ ~I ~I~ ~I. 
I , ·f 

OPEN 

~ ~ ~ ~ 

~I 

~ DON'T CARE 

~ UNDEFINED 

ADVANCE 

2-28 Micron Technology, Inc., reSeNes the right to change products or specifications without notice. 
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I~ 
J 

HIDDEN REFRESH CYCLE 24 

( WE = HIGH; OE = LOW) 

(READ) 

'AAS 1t=::J " 
~ 

'AP 

(REFRESH) 

'RAS 

tRCD tRSH leHA 

~ 
" 

'AA II "I 
'AAD II 'RAL ' 

I~ tRAH ~II~ 
Jc--ADDA ~IH-- t Il ___ ~:~~~ I I 'AAG I 

• ~" taFF 

~L --
DO ~:ge ::'-----OPEN 

~ 

'OE 

CE ~:e --W#$$I//$M/$j//$$/_~ 

VAUDDATA 

.1 

>--OPEN-

~ DON'T CARE 

~ UNDEFINED 

ADVANCE 

2-29 Micron Technology, Inc., reserves the right to change products or specifications without nollce. 
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MIC::RON MT4C8512/3 L 
1-· '''"","00","' 512K X 8 DRAM 

MT4C8512/3L 
AEV,4192 2-30 Micron Technology, Inc., reserves the right to change products or specifications without notice 
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DRAM 

FEATURES 
• Industry standard x8 pinouts, timing, functions and 

packages 
• Address entry: 12 row, nine column addresses (64ms) 
• High-performance, CMOS silicon-gate process 
• Single +5V only or 3.0/3.3V only ±1O% power supply 
• Low power, 5mW standby; 400mW active, typical (5V) 
• All device pins are fully TTL compatible 
• 4,096-cycle refresh (2,048-cycle refresh available as 

MT4(L)C2M8Bl/2) 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• Optional FAST PAGE MODE access cycle 
• NONPERSISTENT MASKED WRlTE access cycle 

(MT4(L)C2M8A2 only) 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
80ns access 

• Power Supply 
5V ±10% only 
3.0/3.3V ±10% only 

• Masked Write 
Not available 
Available 

• Packages 
Plastic 28-pin SOJ (400 mil) 
Plastic 28-pin TSOP (400 mil) 
Plastic 32-pin SOJ (400 mil) 
Plastic 32-pin TSOP (400 mil) 

- 6 
- 7 
- 8 

4C 
4LC 

Al 
A2 

DJ 
TG 
DL 
TL 

NOTE: Available in die form. Please consult factory for die data sheets. 

PART DESCRIPTION 
MT4C2M8Al 
MT4C2M8A2 
MT4LC2M8Al 
MT4LC2M8A2 

5V, non-masked write 
5V, masked write 

3.0/3.3V, non-masked write 
3.0/3.3V,masked write 

GENERAL DESCRIPTION 
TheMT4C2M8Al/2and MT4LC2M8Al/2 are randomly 

accessed solid-state memories containing 16,777,216 bits 
organized in a x8 configuration. The MT4C2M8Al/2 and 
the MT4LC2M8Al /2 are the same DRAM versions except 
that the MT4LC2M8Al/2 are low voltage versions of the 

MT4(L)C2MBA1/2 
REV. 4/92 2-31 

ADVANCE 

2 MEG x8DRAM 
5,OV, FAST PAGE MODE (MT4C2M8A1/2) 
3.0/3.3V, FAST PAGE MODE (MT4LC2M8A1/2) 

Vee 
D01 

D02 

D03 

D04 

WE 
RAS 

'Al1 

A10 

AO 

A1 

A2 

A3 

Vee 

Vee 
D01 

D02 

D03 

D04 

NC 

WE 
RAS 

NC 

'Al1 

A10 

AD 
A1 

A2 

A3 

Vee 

PIN ASSIGNMENT (Top View) 

28-Pin SOJ 
(0-4) 

1 28 Vss 
2 27 DOB 

3 26 D07 

4 25 D06 

24 DOS 

23 CAS 

22 DE 
21 A9 

9 20 A8 

10 19 A7 

11 18 A6 

12 17 A5 

13 16 A4 

14 15 Vss 

32-Pin SOJ 
(0-5) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

32 

31 

30 

29 
28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

Vss 
DOB 
D07 

D06 

D05 

CAS 

DE 
NC 

NC 

A9 

AS 

A7 

A6 

A5 

A4 
Vss 

28·Pin TSOP 
(R-3) 

Vee Vss 
D01 DOB 
D02 D07 

D03 D06 

DQ4 DOS 

WE CAS 

RAS DE 
'A11 A9 

A10 AB 

AO A7 

A1 

A2 

A3 

Vee 

32-Pin TSOP 
(R-4) 

Vee Vss 
D01 DOB 
D02 D07 

D03 D06 

D04 D05 

NC CAS 

WE DE 
RAS NC 

NC NC 
*A11 A9 

A10 AB 

AO A7 

A1 A6 

A2 A5 

A3 A4 
Vee Vss 

'Ne on 11 row address version 

MT4C2M8Al/2. The MT4LC2M8Al/2 are designed to 
operate in either a 3.0V ±10% or a 3.3V ±10% memory 
system. All further references made for the MT4C2M8A 1 / 
2 also apply to the MT4LC2M8Al/2, unless specifically 
stated otherwise. Each byte is uniquely addressed through 
the 21 address bits during READ or WRlTE cycles. The 
address is entered first by RAS latching 12 bits (AO-ll) and 
then CAS latching 9 bits (AO-A9). 

The MT4C2M8A2 has NONPERSISTENT MASKED 
WRlTE, allowing it to perform WRITE-PER-BIT accesses. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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WE 

AD 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
AS 
A9 

Al0 
All 

RAS 

MT4(L)C2MSA1/2 
REV. 41.92 

FUNCTIONAL BLOCK DIAGRAM 
4,096 ROWS 

DATA IN BUFFER 

MASK DATA REGISTER 
(MT 4C2M8A2 only) 

-----_.------. 

4096 x 512 x S 
MEMORY 
ARRAY 

ADVANCE 

DOl 
• • 

DOS 

OE 

o Vee 

o Vss 

2-32 Micron Technology, Inc., resefVElS the right 10 change products or specifications without notice. 
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PIN DESCRIPTIONS 

28-PIN DEVICE 
PIN NUMBERS 

7 

23 

6 

22 

10-13,16-21, 
9,8 

2-5,24-27 

1, 14 

15,28 

MT4(L)C2M8Ai/2 
REV.4!92 

32-PIN DEVICE 
PIN NUMBERS 

8 

27 

7 

26 

12-15,18,23, 
11, 10 

2-5,28-31 

6,9,24,25 

1, 16 

17,32 

SYMBOL 
RAS 

CAS 

WE 

OE 

AO-A11 

DQ1-DQ8 

NC 

Vcc 

Vss 

TYPE 
Input 

Input 

Input 

Input 

Input 

Input 

-

Supply 

Supply 

ADVANCE 

DESCRIPTION 

Row Address Strobe: RAS is used to clock-in the 12 row-
address bits and strobe the WE and DOs in the MASKED 
WRITE mode (MT 4C2M8A2 only). 

Column Address Strobe: CAS is used to clock-in the 9 
column-address bits, enable the DRAM output buffers, and 
strobe the data inputs on WRITE cycles. 

Write Enable: WE is used to select a READ (WE = HIGH) 
or WRITE (WE = LOW) cycle. WE also serves as a Mask 
Enable (WE = LOW) at the falling edge of RAS in a 
MASKED-WRITE cycle (MT4C2M8A2). 

Output Enable: OE enables the output buffers when taken 
LOW during a READ access cycle. HAS and CAS must 
be LOW and WE must be HIGH before OE will control the 
output buffers. Otherwise the output buffers are in a High-Z 
state. 

Address Inputs: These inputs are multiplexed and clocked 
by RAS and CAS to select one byte out of the 2 Meg 
available words. 

Data I/O: Includes inputs, outputs or High-Z and/or Output 
masked data input (for MASKED WRITE cycle only). 

No Connect: These pins should be either left unconnected 
or tied to ground. 

Power Supply: +5V ±10% (C), 3.0/3.3V ±10% (LC) 

Ground 

2-33 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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FUNCTIONAL DESCRIPTION 
Each bit is uniquely addressed through the 21 address 

bits during READ or WRITE cycles. First RAS is used to 
latch 12 bits (AD-All) then CAS latches 9 bits (AO-A8). 

The CAS control also determines whether the cycle will 
be a refresh cycle (RAS-ONL Y) or an active cycle (READ, 
WRITE or READ-WRITE) once RAS goes LOW. 

READ or WRITE cycles are selected by WE. A logic HIGH 
on WE dictates READ mode while a logic LOW on WE 
dictates WRITE mode. During a WRITE cycle, data in (D) is 
latched by the falling edge of WE or CAS, whichever occurs 
last. Taking WE LOW will initiate a WRITE cycle, selecting 
DQl through DQ8. If WE goes LOW prior to CAS going 
LOW, the outputpin(s) remain open (High- Z) until the next 
CAS cycle. If WE goes LOW after CAS goes LOW and data 
reaches the output pins, data out (Q) is activated and retains 
the selected cell data as long as CAS and OE remain LOW 
(regardless of WE or RAS). This late WE pulse results in a 
READ-WRITE cycle. 

The eight data inputs and eight data outputs are routed 
through eight pins using common II 0, and pin direction is 
controlled by OE and WE. 

FAST PAGE MODE operations allow faster data opera­
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO-12) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed­
in by CAS. CAS may be toggled-in by holding RAS LOW 
and strobing-in different column addresses, thus executing 
faster memory cycles. Returning RAS HIGH terminates the 
FAST PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
The chip is also preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 

MT4(l)C2MBA112 
REV. 4/92 2-34 

ADVANCE 

state by maintaining power and executing. any RAS cycle 
(READ, WRITE, RAS-ONL Y, CAS-BEFORE-RAS, or HID­
DEN REFRESH) so that all 4,096 combinations of RAS 
addresses (AD-H) are executed at least every 64ms, re­
gardless of sequence. The CAS-BEFORE-RAS refresh cycle 
will also invoke the refresh counter and controller for row 
address control. 

MASKED WRITE ACCESS CYCLE 
(MT4C2M8A2 ONLY) 

Every WRITE access cycle can be a MASKED WRITE, 
depending on the state of WE at RAS time. A MASKED 
WRITE is selected when WE is LOW at RAS time and mask 
data is supplied on the DQ pins. 

The mask data present on the DQI-DQ8 inputs atRAS time 
will be written to an internal mask data register and will 
then act as an individual write enable for each of the 
corresponding DQ inputs. If a LOW (logic "0") is written to 
a mask data register bit, the input port for that bit is disabled 
during the subsequent WRITE operation and no new data 
will be written to that DRAM cell location. A HIGH (logic 
"1") on a mask data register bit enables the input port and 
allows normal WRITE operations to proceed. At CAS time, 
the bits present on the DQI-DQ8 inputs will be written to 
the DRAM (if the mask data bit was HIGH) or ignored (if the 
mask data bit was LOW). 

In nonpersistent MASKED WRITEs, new mask data 
must be supplied each time a MASKED WRITE cycle is 
initiated. 

Figure 1 illustrates the MT4C2M8A2 MASKED WRITE 
operation (Note: RAS or CAS time refers to the time at 
which RAS or CAS transition from HIGH to LOW). 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 



RAS 

CAS 

WE 

D01 
• 

• 
D08 

.tT4(L)C2MBA1f2 
lEV. 4192 

ADVANCE 

1 ~ MASKED WRITE ~ 14 NONMASKED WRITE ~I 
\ / \ r: 

\ / \ ;-

~ II/II/A II II //II!!!l/ WII~ P1l!/I##/~ 

STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA DATA DATA DATA DATA 

0 X 1 X .-----~ 

0 .-----~ 0 0 X .-----~ 

0 X 1 X .-----~ 

o .-----~ 0 0 X .-----~ 1 

0 X X 0 .-----~ 0 

0 .-----~ 0 0 X 0 .-----~ 0 

0 X 1 1 X 0 .-----~ 0 

O-----~ 0 0 X 0 .-----~ 0 

4 ADDRESS 0 • 4 ADDRESS 1 ~ 

X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 1 
MT4C2M8A2 MASKED WRITE EXAMPLE 

2-35 Micron Technology, Inc., reserves the rlghllo change products or specifications without notice . 
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TRUTH TABLE 

ADDRESSES 

FUNCTION lIAS" "CAS" WE" "Of IR IC DOs NOTES 

Standby H H-X X X X X High-Z 

READ L L H L ROW COL Data Out 

EARL V-WRITE L L L X ROW COL Data In 1 

READ-WRITE L L H-L L-H ROW COL Data Out, Data In 1 

FAST-PAGE- 1st Cycle L H-L H L ROW COL Data Out 

MODE READ 2nd Cycle L H-L H L n/a COL Data Out 

FAST-PAGE- 1st Cycle L H-L L X ROW COL Data In 1 

MODE WRITE 2nd Cycle L H-L L X n/a COL Data In 1 

FAST-PAGE-MODE 1st Cycle L H-L H-L L-H ROW COL Data Out, Data In 1 

READ-WRITE 2nd Cycle L H-L H-L L-H n/a COL Data Out, Data In 1 

HIDDEN READ L-H-L L H L ROW COL Data Out 

REFRESH WRITE L-H-L L L X ROW COL Data In 1,2 

RAS-ONL V REFRESH L H X X ROW n/a High-Z 

CAS-BEFORE-RAS REFRESH H-L L H X X X High-Z 

NOTE: 1. Data in will be dependent on the mask provided (MT4C2MBA2 only). Refer to Figure 1. 
2. EARL V WRITE only. 

M1'4(L}C2M8A1{2 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss (5V) ....... -lV to +7V 
Voltage on Vee supply relative to Vss (3V) .... -lV to +4.6V 
Operating Temperature, T A (Ambient) .......... O°C to +70°C 
Storage Temperature (Plastic) .................... -SsoC to + lSO°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

ADVANCE 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

DC OPERATING SPECIFICATIONS FOR 5V VERSION 
(Notes: 1,3,4,6,7,30) (O°C:s; TA:S; 70°C; Vee = 5V ±10%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV :s; VIN :s; Vee 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled, OV :s; VOUT :s; 5.5V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -2.5mA) 
Output Low Voltage (lOUT = 2.1 mAl 

DC OPERATING SPECIFICATIONS FOR 3.0/3.3V VERSION 
(Notes: 1, 3, 4, 6, 7, 31) (O°C :s; T A :s; 70°C; Vee = 3.0/3.3V ±1 0%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV :s; VIN :s; Vee 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled, OV :s; VOUT :s; 3.6V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -2mA) 
Output Low Voltage (lOUT = 2mA) 

SYMBOL 

Vee 

VIH 

VIL 

II 

loz 

VOH 

VOL 

SYMBOL 

Vee 

VIH 

VIL 

Ii 

loz 

VOH 

VOL 

MIN MAX UNITS NOTES 

4.5 5.5 V 1,30 

2.4 Vcc+1 V 1 

-1.0 0.8 V 1 

-2 2 ~ 

-10 10 ~ 
2.4 V 

0.4 V 

MIN MAX UNITS NOTES 

2.7 3.6 V 1, .31 

2.0 Vee+1 V 1 

-1.0 0.8 V 1 

-2 2 ~ 

-10 10 I1A 

2.4 V 

0.4 V 

MT4{L)C2M8A112 
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~ DC OPERATING SPECIFICATIONS FOR 5V VERSION 
(Notes: 1, 3, 4, 6, 7,30) (OOC ::; T A ::; 70°C; Vcc = 5V ±1 0%) :e 

II 
:e -c 
m 
c 
:D » s: 

PARAMETER/CONDITION 

STANDBY CURRENT: TTL 
(RAS = CAS = VIH) 

STANDBY CURRENT: CMOS 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN); ICP, IASC = 10ns) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

SYMBOL -6 

Icc1 2 

Icc2 1 

Icc3 110 

Icc4 80 

Icc5 110 

Icc6 110 

ADVANCE 

MAX 

-7 -8 UNITS NOTES 

2 2 mA 

1 1 mA 25 

100 90 mA 3,4,32 

70 60 mA 3,4,32 

100 90 mA 3,32 

100 90 mA 3 

DC OPERATING SPECIFICATIONS FOR 3.0/3.3V VERSION 
(Notes: 1, 3, 4, 6, 7, 31) (O°C ::; T A::; 70°C; Vcc = 3.0/3.3V ±1 0%) 

PARAMETER/CONDITION 

STANDBY CURRENT: TTL 
(RAS = CAS = VIH) 

STANDBY CURRENT: CMOS 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN); ICp, IASC = 10ns) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

MT4(L)C2M8AI/2 
REV. 4/92 2-38 

MAX 

SYMBOL -6 -7 -8 UNITS NOTES 

Icc1 1 1 1 mA 

Icc2 400 400 400 !LA 25 

Icc3 80 70 60 mA 3,4,32 

IcC4 60 50 40 mA 3,4,32 

Icc5 80 70 60 mA 3,32 

Icce 80 70 60 mA 3 

Micron Technology, Inc., reserves the right to change products or specifications without notice 
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ADVANCE 

MIC:RON MT4{L)C2MBA1/2 
1-· ,ec~"wc,,", 2 MEG x BORA 

CAPACITANCE 

PARAMETER SYMBOL MAX UNITS NOTES 

Input Capacitance: AO-A 11 Cit 5 pF 2 

Input Capacitance: RAS, CAS, WE, OE CI2 7 pF 2 

Input/Output Capacitance: DO CIO 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C !> T A!> + 70°C) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 
Access time from CAS 
Output Enable 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 
Output buffer turn-off delay 

MT4(L)C2M8Al/2 
REV. 4/92 

-6 
SYM MIN 
tRC 110 

tRWC 155 
tpc 35 

tpRWC 85 

tRAC 
tCAC 
tOE 
tAA 

tCPA 
tRAS 60 

tRASP 60 
tRSH 15 
tRP 40 

tCAS 15 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 15 
tCRP 5 
tASR 0 
tRAH 10 
tRAD 15 

tASC 0 
tCAH 10 
tAR 50 

tRAl 30 

tRCS 0 
tRCH 0 

tRRH 0 

tClZ 0 
tOFF 0 

MAX MIN 
130 
180 
40 

95 

60 
15 
15 
30 
35 

100,000 70 
100,000 70 

20 
50 

100,000 20 
70 
10 
10 

45 20 
5 
0 
10 

30 15 

0 
15 
55 

35 

0 
0 

0 

0 
15 0 

2-39 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 
200 ns 
40 ns 

100 ns 

70 80 ns 14 
20 20 ns 15 
15 15 ns 
35 40 ns 
40 45 ns 

100,000 80 100,000 ns 
100,000 80 100,000 ns 

20 ns 
60 ns 

100,000 20 100,000 ns 
80 ns 
10 ns 16 
10 ns 

50 20 60 ns 17 
5 ns 
0 ns 
10 ns 

35 15 40 ns 18 

0 ns 
15 ns 

60 ns 

40 ns 

0 ns 26 
0 ns 19,26 

0 ns 19 

0 ns 
20 0 20 ns 20,29 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MIC:RON MT 4(L)C2MBA 1/2 
1-· ,,,"",coe,,", 2 MEG x B DRAM 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C:::; T A:::; +70°C) 

AC CHARACTERISTICS 
PARAMETER 
WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

RAS to WE delay time 

Column address 
to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (4,096 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CAS-BEFORE-RAS refresh) 

CAS hold time 
(CAS-BEFORE-RAS refresh) 

WE hold time (MASKED WRITE and 
CAS-BEFORE-RAS refresh) 

WE setup time 
(CAS-BEFORE-RAS refresh) 

WE setup time 
(MASKED WRITE) 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

Output disable 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

MT4{L)C2MSA1J2 
REV. 4/92 

-6 

SYM MIN MAX 
twcs 0 

twCH 10 
tWCR 45 

twP 10 
tRWL 15 
tCWL 15 
tDS 0 
tDH 10 

tDHR 45 

tRWD 85 
tAWD 55 

tCWD 40 

IT 3 50 
tREF 64 
tRPC 0 
tCSR 5 

tCHR 15 

tWRH 15 

tWRP 10 

twRS 10 

tORD 0 

tOD 15 

tOEH 15 

2-40 

-7 

MIN 
0 

15 

55 

15 

20 

20 

0 

15 

55 

95 

60 

45 

3 

0 

5 

15 

15 

10 

10 

0 

15 

-8 

MAX MIN MAX UNITS NOTES 
0 ns 21,26 

15 ns 26 

60 ns 26 

15 ns 26 

20 ns 26 

20 ns 26 

0 ns 22 

15 ns 22 

60 ns 

105 ns 21 

65 ns 21 

45 ns 21 

50 3 50 ns 9, 10 

64 64 ms 

0 ns 

5 ns 5 

15 ns 5 

15 ns 26 

10 ns 26 

10 ns 26 

0 ns 

15 15 ns 29 

15 ns 28 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = 5V ±1O%, f = 1 MHz. 
3. Ice is dependent on cycle rates. 
4. Ice is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (O°C ::; T A ::; 70°C) is assured. 

7. An initial pause of lOOlls is required after power-up 
followed by eight RAS refresh cycles ( RAS -ONLY or 
CBR) before proper device operation is assured. The 
eight RAS cycle wake-up should be repeated any time 
the tREF refresh requirement is exceeded. 

8. AC characteristics assume IT = 5ns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input Signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is high impedance. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 1 TTL gate and 

5OpF. 
14. Assumes that IRCD < tRCD (MAX). If tRCD is greater 

than the maximum recommended value shown in 
this table, tRAC will increase by the amount that 
tRCD exceeds the value shown. 

15. Assumes that tRCD ~ tRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the Q buffer, CAS must be pulsed 
HIGH for tePN. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

18. Operation within the lRAD limit ensures that IRCD 
(MAX) can be met. tRAD (MAX) is specified as a 
reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

19. Either IRCH or tRRH must be satisfied for a READ 
cycle. 

MT4(L)C2MSA112 
REV..4!92 2c41 

ADVANCE 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition, not a reference to 
VOH or VOL. 

21. twcs, tRWD, tAWD and tCWD are restrictive 
operating parameters in LATE-WRITE and READ­
MODIFY-WRITE cycles only. If twcs ~ twcs (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If IRWD ~ IRWD (MIN), tAWD ~ tA WD 
(MIN) and tCWD ~ tCWD (MIN), the cycle is a 
READ-WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions is met, the state of data out are indetermi­
nate. OE held HIGH and WE taken LOW after CAS 
goes LOW results in a LATE-WRITE (OE controlled) 
cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. During a READ cycle, if OE is LOW then taken HIGH 
before CAS goes HIGH, Q goes open. If OE is tied 
permanently LOW, LATE-WRITE or READ-MODIFY­
WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
. WRITE cycle. In this case, WE = LOW and OE = 

HIGH. 
25. All other inputs at V cc -0.2V. 
26. Write command is defined as WE going LOW. 
27. MT4C2M8A2 only. 
28. LATE-WRITE and READ-MODIFY-WRITE cycles 

must have both tOD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after toEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

29. The DQs open during READ cycles once tOD or tOFF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a don't care; and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 

30. The 5V version is restricted to operate between 4.5 V 
and 5.5Vonly. 

31. The 3.0/3.3V version is restricted to operate between 
2.7 V and 3.6V only. 

32. Column address changed once while RAS = VIL and 
CAS = VIH. 

Micron Technology, inc., reserves the right to change products or speclficati(lns without netice. 
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ADVANCE 

MIC:RON " MT4(L)C2MBA1/2 
1-· "" '" '" 2 MEG x B DRAM 

RAS 

CAS 

ADDA 

WE 

DO 

AAS 

CAS 

ADDR 

READ CYCLE 
IRC 

tRAS IRP 

VIH 
VIL 

- \ -
tCSH 

IRSH ~ 
teRP tRCD ICAS 

VIH 
VIL =~ 

tAR 

I IRAO tAAL 

l~ ~I ~ ~ 
VIH 
VIL ~~ ROW Willi;,?,! COLUMN ROW 

lACS ~ 
VIH 
VIL -

tAA 

tRAG 

tCAC I~ 

VIOH 
VIOL 

~t 
- OPEN VALID DATA r--0PEN---

I~ I~ 

EARLY-WRITE CYCLE 

tRC 

tRAS 

VIH 
VIL -

teSH 

lASH 

.\~ IRCD tCAS 

VIH 
V IL =~ 

tAR 

IRAD tRAL 

V IH 
V IL 

I~ ~I 'I~ ~ 
::w.mt ROW W#~ COLUMN 

ICWL 

'RWL 

tWCR 

twes ~ 

I~ tWR'i) 'viP 

NOTE! ~,1, 

I~I~I 
tOHR 

~ ~I 
J7TT77777), 

NOTEt VALID DATA 

tRP 

II 
\ 

ROW 

~ DON'TeARE 

~ UNDEFINED 

NOTE: 1, Applies to MT 4C2M8A2 only; WE and DO inputs on MT 4C2M8A 1 are "don't care" at RAS time. WE selects 

MT4(L)C2M8Al/2 
REV. 4/92 

between normal WRITE and MASKED WRITE at RAS time, The DO inputs are "don't care" for a normal 
WRITE (WE HIGH at RAS time), The DO inputs provide the mask data at RAS time for a MASKED WRITE, 
WE LOW at RAS time. 

2-42 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ADDR ~:~ 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

, we R 
'RAS 

-
tCSH I IRSH 

I~ tRCD tCAS 

=.-J t 'AR 
'RAe I I IRAl I 

I~ ~I ~I I~I I 
::t/ilihi ROW Willi), COLUMN 

IJI I I 'Rwe ~II I tRCS I leWD tRWL 

= 'WRS 'WR!!I I--r-- I 'Awe I~I 
~"'~J~ ~ I tRAC 

I~ 

=~OPEN 'ccz-l 1:- I~ I~ 
VALID DOUT K VALlDD 1N 

~ ~l ~ 

FAST-PAGE-MODE READ CYCLE 

'RP 

ROW 

OPEN--

~ DON'T CARE 

~ UNDEFINED 

ADVANCE 

NOTE: 1. Applies to MT4C2M8A2 only; WE and DO inputs on MT4C2M8A1 are "don't care" at RAS time. WE selects 

MT4(L)C2MM112 
REV. 4192 

between normal WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" for a normal 
WRITE (WE HIGH at RAS time). The DO inputs provide the mask data at RAS time for a MASKED WRITE, 
WE LOW at RAS time. 

2-43 Micron Technology. Inc., reserves the right to change products or specifications WIthout noUce. 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 

teAP tCSH 

~ 1-------''''''----1 

Co :I~ $///II////////;///;1/$/$$/II/;////II//I/I$//$////$/;/$//I/$///$$/I$////I!I!!///$///////!III!/IJ 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

CAs VIH -c-t--tt----~ 
VIL - '-+----{I 

'RASP 

~ DON'T CARE 

~ UNDEFINED 

ADVANCE 

NOTE: 1. Applies to MT4C2M8A2 only; WE and DO inputs. on MT4C2M8A1 are "don't care" at RAS time. WE selects 

MT4(L)C2M8A1/2 
REV. 4/9-2 

between normal WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" .fora normal 
WRITE (WE HIGH at RAS time). The DO inputs provide the mask data at RAS time for a MASKED WRITE, 
WE LOW at RAS time. 

2-44 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

UIC:I=ION MT 4(L)C2MBA 1/2 
1-· '''''' "'" 2 MEG x B DRAM 

MT4(l)C2M8A1/2 
REV. 4/92 

'RAS"-ONL Y REFRESH CYCLE 
(OE and WE = DON'T CARE) 

DO ~gr -:--------

DO 

~-BEFORE-'RAS" REFRESH CYCLE 
(AO-A 11 ; OE = DON'T CARE) 

tRAS 

:----*----OPEN--j+-------
~ twRH twRP twRH 

WE ~:r =W!f'/$u# -W$U$$!I/$#ft- -W/#$/$f'##II//##1#4 

I~ 
J 

tA!lli.. tRAH 

~ ROW 

I 

HIDDEN REFRESH CYCLE 24 

(WE = HIGH; OE = LOW) 

tAco 

tAR 

tRAD 

~ 

OPEN 

(READ) 

t RAS RP 

r-----l 
IRSH 

~ 
II tRAL I 

• tAscll~. leAH ~I 

COLUMN 

I 1M 

I tRAC 

I ~~ -L 
~ 

~E 

2-45 

I 

(REFRESH) 

t S RA 

ICHR 

VALID DATA 

V 

1///////////J; 

I ~FF - -
~OPEN-

~ 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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ADVANCE 

MIC:RON MT4(L)C2MS81/2 
1-· "'""OW,,,", 2 MEG x S DRAM 

DRAM 

FEATURES 
• Industry standard xS pinouts, timing, functions and 

packages . 
• Address entry: 11 row, 10 column addresses (32ms); 
• 2,04S-cycle refresh (4,096-cycle refresh available as 

MT4(L)C2MSBI/2) 
• High-performance, CMOS silicon-gate process 
• Single +SVonly or 3.0/3.3V only ±1O% power supply 
• Low power, SmW standby; 400mW active, typical (SV) 
• All device pins are fully TTL compatible 
• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• Optional F AST PAGE MODE access cycle 
• NONPERSISTENT MASKED WRITE access cycle 

(MT4C2MSB2 only) 

OPTIONS 
• Timing 

60ns access 
70ns access 
SOns access 

• Power Supply 
SV±10%only 
3.0/3.3V ±1O% only 

• Masked Write 
Not available 
Available 

• Packages 
Plastic 2S-pin SOJ (400 mil) 
Plastic 2S-pin TSOP (400 mil) 
Plastic 32-pin SOJ (400 mil) 
Plastic 32-pin TSOP (400 mil) 

MARKING 

- 6 
- 7 
- S 

4C 
4LC 

Bl 
B2 

DJ 
TG 
DL 
TL 

NOTE: Available in die fonn. Please consult factory for die data sheets. 

PART DESCRIPTION 
MT4C2MSBl 
MT4C2MSB2 
MT4LC2MSBl 
MT4LC2MSB2 

S.OV, non-masked write 
S.OV, masked write 

3.0V /3.3V, non-masked write 
3.0V /3.3V, masked write 

GENERAL DESCRIPTION 
The MT4C2M8Bl/2 and MT4LC2M8Bl/2 are randomly 

accessed solid-state memories containing 16,777,216 bits 
organized in a x8 configuration. The MT4C2MSBI/2 and 
the MT4LC2M8Bl /2 are the same DRAM versions except 
that the MT4LC2MSBI/2 are low voltage versions of the 

MT4{L)C2M8B112 
REV. 4/92 2-47 

2 MEG x8DRAM 
5.0V FAST PAGE MODE (MT4C2MB81/2) 
3.0/3.3V, FAST PAGE MODE (MT4LC2MB81/2) 

PIN ASSIGNMENT (Top View) 

28-Pin SOJ 
(0-4) 

Vee 
D01 

D02 

D03 

D04 

WE 
RAS 

'NC 

A10 

AO 

Ai 

A2 
A3 

Vee 

[ 1 

[ 2 

[ 3 

[ 4 

[ 5 

[ 6 

[ 7 

[ 8 

[ 9 

[ 10 

[ 11 

[ 12 

[ 13 

[ 14 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 
16 

15 

32-Pin SOJ 
(0-5) 

Vee 
D01 

D02 

DQ3 
DQ4 

NC 

WE 
RAS 

NC 

°NC 
A10 

AO 

Ai 

A2 

A3 
Vee 

1 

2 

3 
4 

5 
6 

7 

8 

9 

10 

11 

12 
[ 13 

[ 14 

[ 15 
[ 16 

32 
31 

30 

29 
28 

27 

26 

25 

24 

23 

22 
21 

20 

19 
18 

17 

Vss 
DOB 
D07 

D06 

DOS 

CAS 

BE 
A9 

AB 

A? 

A6 

AS 

A4 
Vss 

VSS 
DOB 
DO? 

D06 
DOS 

CAS 

BE 
NC 

NC 

A9 
AS 

A7 
A6 

AS 

A4 
Vss 

• A 11 on 12 row address version 

28-Pin TSOP 
(R-3) 

Vee Vss 
D01 DOB 
D02 D07 

D03 D06 

DQ4 DOS 

WE CAS 

RAS BE 
'NC A9 
A10 AB 

AO A? 

Al A6 

A2 AS 

A3 

Vee V •• 

32-Pin TSOP 
(R-4) 

Vee Vss 
D01 DOB 
D02 DO? 

DQ6 

DOS 

CAS 

BE 
NC 
NC 

°NC A9 

A10 AS 

AO A? 
Ai A6 

A2 AS 

A3 A4 
Vee Vss 

MT4C2M8Bl/2. The MT4LC2MSBI/2 are designed to 
operate in either a 3.0V ±1O% or a 3.3V ±10% memory 
system. All further references made for the MT 4C2MSBI / 
2 also apply to the MT4LC2MSBl/2, unless specifically 
stated otherwise. Each byte is uniquely addressed through 
the 21 address bits during READ or WRITE cycles. The 
address is entered first by RAS latching 11 bits (AO-AIO) 
and then CAS latching 10 bits (AO-AlO). 

The MT4C2MSB2 has NONPERSISTENT MASKED 
WRITE, allowing it to perform WRITE-PER-BIT accesses. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 

A10 

MT4(l)C2MSB1/2 
REV. 4192 

FUNCTIONAL BLOCK DIAGRAM 
2,048 ROWS 

DATA IN BUFFER 

MASK DATA REGISTER 
(MT4C2M8B2 only) 

----------------

2048 x 1024 x 8 
MEMORY 
ARRAY 

ADVANCE 

D01 
• • 

D08 

---0 Vee 

---0 Vss 

2-48 Micron Technology, Inc., reserves the right 10 change products or specHlcatlons without notice. 
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MICRON MT4(L)C2MB81/2 
1-· '''''",",0'' 2 MEG x B DRAM 

PIN DESCRIPTIONS 

28-PIN DEVICE 
PIN NUMBERS 

7 

23 

6 

22 

10-13,16-21, 
9 

2-5,24-27 

8 

1,14 

15,28 

MT4(L)C2MBB1f2 
REV. 4/92 

32-PIN DEVICE 
PIN NUMBERS 

8 

27 

7 

26 

12-15,18-23, 
11 

2-5,28-31 

6,9,24,25,10 

1, 16 

17,32 

SYMBOL TYPE 

RAS Input 

CAS Input 

WE Input 

OE Input 

AO-A10 Input 

D01-D08 Input 

NC -

Vce Supply 

Vss Supply 

DESCRIPTION 

Row·Address Strobe: RAS is used to clock-in the 11 row-
address bits and strobe the WE and DOs in the MASKED 
WRITE mode (MT4C2M8B2 only). 

Column Address Strobe: CAS is used to clock-in the 10 
column-address bits, enable the DRAM output buffers, and 
strobe the data inputs on WRITE cycles. 

Write Enable: WE is .l!sed to select a READ (WE = HIGH) 
or WRITE (WE = LOW) cycle. WE also serves as a Mask 
Enable (WE = LOW) at thE;! falling edge of RAS in a 
MASKED-WRITE cycle (MT 4C2M8B2). 

Output Enable: OE enables the output buffers when taken 
LOW during a READ access cycle. RAS and CAS must 
be LOW and WE must be HIGH before OE will control the 
output buffers. Otherwise the output buffers are in a High-Z 
state. 

Address lnputs: These inputs are multiplexed and clocked 
by RAS and CAS to select one byte out of the 2 Meg 
available words. 

Data 110: Includes inputs, outputs or High-Z and/or Output 
masked data input (for MASKED WRITE cycle only). 

No Connect: These.pins should be either left unconnected 
or tied to ground. 

Power Supply: +5V ±10% (C); 3.0/3.3V ±1 0% (LC) 

Ground 

2-49 Micron Technology, Inc., reservas the righllo change products or specifications withOtit notice. 
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ADVANCE 

MIC:RON MT4(L)C2MB81 12 
1-· ,0'""'0",'" 2 MEG x B DRAM 

FUNCTIONAL DESCRIPTION 
Each bit is uniquely addressed through the 21 address 

bits during READ or WRITE cycles. First RAS is used to 
latch 11 bits (AO-AI0) then CAS latches 10 bits (AO-A9). 

The CAS control also determines whether the cycle will 
be a refresh cycle (RAS-ONLY) or an active cycle (READ, 
WRiTE or READ-WRITE) once RAS goes LOW. 

READ or WRiTE cycles are selected by WE. A logic HIGH 
on WE dictates READ mode while a logic LOW on WE 
dictates WRiTE mode. During a WRiTE cycle, data in (D) is 
latched by the falling edge of WE or CAS, whichever occurs 
last. Taking WE LOW will initiate a WRiTE cycle, selecting 
DQl through DQ8. If WE goes LOW prior to CAS going 
LOW, the outputpin(s) remain open (High- Z) untilthe next 
CAS cycle. If WE goes LOW after CAS goes LOW and data 
reaches the output pins, data out (Q) is activated and retains 
the selected cell data as long as CAS and OE remain LOW 
(regardless of WE or RAS). This late WE pulse results in a 
READ-WRiTE cycle. 

The eight data inputs and eight data outputs are routed 
through eight pins using common II 0, and pin direction is 
controlled by OE and WE. 

FAST PAGE MODE operations allow faster data ope;ra­
tions (READ, WRITE or READ-MODIFY -WRiTE) within a 
row address (AO-All) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed­
in by CAS. CAS may be toggled-in by holding RAS LOW 
and strobing-in different column addresses, thus executing 
faster memory cycles. Returning RAS HIGH terminates the 
FAST PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
The chip is also preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 

MT4(l)C2MSB1I2 
REV. 4/92 2-50 

state by maintaining power and executing any RAS cycle 
(READ, WRiTE, RAS-ONL Y, CAS-BEFORE-RAS, or HID­
DEN REFRESH) so that all 2,048 combina.tions of RAS 
addresses (AO-AlO) are executed at least every 32ms, re­
gardless of sequence. The CAS-BEFORE-RAS refresh cycle 
will also invoke the refresh counter and controller for row 
address control. 

MASKED WRITE ACCESS CYCLE 
(MT4C2M8B2 ONLY) 

Every WRiTE access cycle can be a MASKED WRiTE, 
depending on the state of WE at RAS time. A MASKED 
WRiTE is selected when WE is LOW at RAS time and mask 
data is supplied on the DQ pins. 

The mask data present on the DQI-DQ8 inputs atRAS time 
will be written to an internal mask data register and will 
then act as an individual write enable for each of the 
corresponding DQ inputs. If a LOW (logic "0") is written to 
a mask data register bit, the input port for that bit is disabled 
during the subsequent WRiTE operation and no new data 
will be written to that DRAM cell location. A HIGH (logic 
"1") on a mask data register bit enables the input port and 
allows normal WRiTE operations to proceed. At CAS time, 
the bits present on the DQI-DQ8 inputs will be written to 
the DRAM (if the mask data bit was HIGH) or ignored (if the 
mask data bit was LOW). 

In nonpersistent MASKED WRiTEs, new mask data 
must be supplied each time a MASKED WRiTE cycle is 
initiated. 

Figure 1 illustrates the MT4C2M8B2 MASKED WRiTE 
operation (Note: RAS or CAS time refers to the time at 
which RAS or CAS transition from HIGH to LOW). 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 



RAS 

CAS 

WE 

D01 

• 

DOS 

MT4{L)C2MBB1{2 
AEV.4192 

ADVANCE 

14 MASKED WRITE _1 4 NON MASKED WRITE -I 
\ / \ ! 

\ / \ ! 

~ //1//£ !l!1I!//lI!lI W/!#;1 !/Ill/ II!/I/~ 

STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA DATA DATA DATA DATA 
a x 1 1 X 1 ------» 
1 a ------3> 0 a x 1 -- ----» 
a x 1 1 X 1 ------» 

a ------3> a a x 1 ------» 1 
a x 1 X a -_._--» a 
1 a ------» a a x a ----- -» a 
0 x x a ------» 0 

o ------» 0 a x a --- ---» a 

4 ADDRESS a - OIl ADDRESS 1 • 
X = NOT EFFECTIVE (DON'T CARE) tz] DON'T CARE 

Figure 1 
MT4C2M8B2 MASKED WRITE EXAMPLE 

2-51 Micron Technology, Inc., reserves the right to change products or specifications without nollce. 
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MIC:I=ION MT4(L)C2MSB1/2 
1-· "'''''''' 2MEGxSDRAM 
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FUNCTIDN ~ "CAs- we- DE IR IC DOs NOTES 

Standby H H-X X X X X High-Z 

READ L L H L ROW COL Data Out 

EARL V-WRITE L L L X ROW COL Data In 1 

READ-WRITE L L H-L L-H ROW COL Data Out, Data In 1 

FAST-PAGE- 1st Cycle L H-L H L ROW COL Data Out 

MODE READ 2nd Cycle L H-L H L n/a COL Data Out 

FAST-PAGE- 1st Cycle L H-L L X ROW COL Data In 1 

MODE WRITE 2nd Cycle L H-L L X n/a COL Data In 1 

FAST-PAGE-MODE 1st Cycle L H-L H-L L-H ROW COL Data Out, Data In 1 

READ-WRITE 2nd Cycle L H-L H-L L-H n/a COL Data Out, Data In . 1 

HIDDEN READ L-H-L L H L ROW COL Data Out 

REFRESH WRITE L-H-L L L X ROW COL Data In 1,2 

RAS-ONL V REFRESH L H X X ROW n/a High-Z 

CAS-BEFORE-RAS REFRESH H-L L H X X X High-Z 

NOTE: 1. Data in will be dependent on the mask provided (MT4C2M8B2 only). Refer to Figure 1. 
2. EARL V WRITE only. 

MT4(L)C2MS61/2 
REV. 4/92 2-52 Micron Technology, Inc., reserves the right to change products or specifications without notice 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss (SV) ....... -IV to +7V 
Voltage on Vee supply relative to V ss (3V) ... -1 V to +4.6V 
Operating Temperature, T.i\ (Ambient) .......... O°C to +70°C 
Storage Temperature (PIastre) .................... -SsoC to + IS0°C 
Power Dissipation .............................................................. lW 
Short Circuit Output Current ...................................... SOmA 

ADVANCE 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied, 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

DC OPERATING SPECIFICATIONS FOR 5V VERSION 
(Notes: 1, 3, 4, 6, 7,30) (O°C :;; T A:;; 70°C; Vee = 5V ±10%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) VOltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV :;; VIN :;; Vee 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled, OV :;; VOUT :;; 5.5V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -2.5mA) 
Output Low Voltage (lOUT = 2.1 mAl 

DC OPERATING SPECIFICATIONS FOR 3.0/3.3V VERSION 
(Notes: 1, 3, 4, 6, 7, 31) (O°C :;; T A:;; 70°C; Vee = 3.0/3.3V ±10%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV :;; VIN :;; Vee 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled, OV :;; VOUT :;; 3.6V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -2mA) 
Output Low Voltage (lOUT = 2mA) 

SYMBOL 

Vee 

VIH 

VIL 

Ii 

loz 

VOH 

VOL 

SYMBOL 

Vee 

VIH 

VIL 

Ii 

loz 

VOH 

VOL 

MIN MAX UNITS NOTES 

4.5 5.5 V 1,30 

2.4 Vee+1 V 1 

-1.0 0.8 V 1 

-2 2 fJA 

-10 10 fJA 
2.4 V 

0.4 V 

MIN MAX UNITS NOTES 

2.7 3.6 V 1,31 

2.0 Vee+1 V 1 

-1.0 0.8 V 1 

-2 2 fJA 

-10 10 IlA 

2.4 V 

0.4 V 

MT4(L)C2M8B112 
REV.4!92 2-53 Micron Technology, Inc., reserves the right 10 change products or specifications Without notice. 

©1992, Micron Technology, Inc. 

z m 
:E 
II 
:E -c 
m 
c 
::c 
l> 
s: 
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MICRON MT4(L)C2MBB1!2 
1-· " , 2 MEG x B DRAM 

~ DC OPERATING SPECIFICATIONS FOR 5V VERSION 
(Notes: 1, 3, 4, 6, 7, 30) (O°C S; T A S; 70°C; Vcc = 5V ±1 0%) =e 
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MAX 

PARAMETER/CONDITION SYMBOL ·6 ·7 ·8 UNITS NOTES 

"STANDBY CURRENT: TIL Icct 2 2 2 mA 
(RAS= CAS = VIH) 

'STANDBY CURRENT: CMOS Icc2 1 1 1 mA 25 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current ICC3 140 130 120 mA 3,4,32 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current IcC4 100 90 80 ' mA 3,4,32 
(RAS" = VIL, CAS, Address Cycling: IpC = IpC (MIN); ICP, IASC = 10ns) 

REFRESH CURRENT: 'RAS-ONL Y . 
AV~rage power supply current Iccs 140 13b 120 mA 3,32 
(RAS Cycling, CAS = VIH: IRC '= IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS" 
Average power supply current : ICC6 140 130 1·20 mA 3 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

'DC OPERATING SPECIFICATIONS FOR 3.0/3.3V VERSION 
(Notes: 1,3,4,6,7,31) (O°C S; TAS; 70°C; Vee = 3.0/3.3V ±10%) 

PARAMETER/CONDITION 

STANDBY CURRENT: TIL 
(RAS = CAS = VIH) 

STANDBY CURRENT: CMOS 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRIT 
Average power supply curreht 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = ViL, CAS, Address Cycling: IpC = tpc (MIN); ICP, IASC = 10ns) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS"BEFORE-RAS" 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

MT4(L)C2M8B112 
REV.4J92 ' 

MAX 

SYMBOL ·6 ·7 ·8 UNITS NOTES 

Icct 1 1 1 mA 

Icc2 400 400 400 1IA 25 

Icc3 100 90 80 mA 3,4,32 

Icc4 75 65 55 mA 3,4,32 

Iccs 109 90 80 mA 3,32 

IcC6 100 90 80 mA ,3 

Micron Technology. Inc., reserves the right to change produCts or speclflcallons wlthOlJt notloe. 
@1992,MlcronTechnology,lnc. 
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CAPACITANCE 

PARAMETER SYMBOL MAX UNITS NOTES 

Input Capacitance: AO-A 10 Cit 5 pF 2 

Input Capacitance: RAS, CAS, VIE, ()E" CI2 7 pF 2 

InpuVOutput Capacitance: DQ CIO 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C s: T AS: +70°C) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 

READ-WRITE cycle time --
FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 

Access time from CAS 

Output Enable 

Access time from column address 

Access time from CAS- precharge 

"FiA5 pulse width 

RAS pulse width (FAST PAGE MODE) 

RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (FAST PAGE MODE) 

RAS to CAS delay time 

CAS to RAS precharge time 

Row address setup time 

Row address hold time 

RAS to column 
address delay time 

Column address setup time 

Column address hold time 

Column address hold time 
(referenced to RAS) 

Column address to 
"FiA5 lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in Low-Z 

Output buffer turn-off delay 

MT4(l)C2M8B1/2 
REV. 4/92 

-6 
SYM MIN MAX 
IRC 110 

IRWC 155 
IpC 35 

IpRWC 85 

IRAC 60 
ICAC 15 
IOE 15 
IAA 30 

ICPA 35 
IRAS 60 100,000 

IRASP 60 100,000 
IRSH 15 
IRP 40 

ICAS 15 100,000 
ICSH 60 
ICPN 10 
ICp 10 

IRCD 15 45 
ICRP 5 
tASR a 
tRAH 10 
tRAD 15 30 

IASC a 
ICAH 10 
IAR 50 

tRAL 30 

tRCS a 
tRCH a 

tRRH a 

tCLl a 
tOFF a 15 

2-55 

MIN 
130 
180 
40 

95 

70 
70 
20 
50 
20 
70 
10 
10 
20 
5 
a 
10 
15 

a 
15 
55 

35 

a 
a 

a 

a 
a 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 

200 ns 

40 ns 

100 ns 

70 80 ns 14 
20 20 ns 15 
15 15 ns 

35 40 ns 

40 45 ns 

100,000 80 100,000 ' ns 

100,000 80 100,000 ns 

20 ns 

60 ns 

100,000 20 100,000 ns 

80 ns 

10 ns 16 
10 ns, 

50 20 60 ns 17 
5 ns 

a ns 

10 ns 

35 15 40 ns 18 
, 

0 ns 

15 ns 

60 ns 

40 ns 

a ns 26 
a ns 19,26 

a ns 19 

a ns 

20 a 20 ns 20,29 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC::RON MT4(L)C2MB81/2 
1-· ",""oeoo"" 2 MEG x B DRAM 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (ooG ~ T A ~ +70oG) 

AC CHARACTERISTICS 
PARAMETER 
WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

RAS to WE delay time 

Column address 
to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (2,048 cycles) 

RAS to CAS precharge time 

CAS setup time. 
(CAS-BEFORE-RAS refresh) 

CAS hold time 
(CAS-BEFORE-RAS refresh) 

WE hold time (MASKED WRITE and 
CAS-BEFORE-RAS refresh) 

WE setup time 
(CAS-BEFORE-RAS refresh) 

WE setup time 
(MASKED WRITE) 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

Output disable 

OE hold time from WE during 
READ-MODIFY,WRITE cycle 

MT4(L)C2MBB1/2 
REV. 4192 

-6 
SYM MIN 

twcs 0 
tWCH 10 
twCR 45 

twP 10 
tRWL 15 
tCWL 15 
tDS 0 
tDH 10 

tDHR 45 

tRWD 85 
tAWD 55 

tCWD 40 
ty 3 

tREF 

tRPC 0 
tCSR 5 

tCHR 15 

tWRH 15 
.. 

tWRP 10 

WRS 10 

tORD 0 

tOD 

tOEH 15 

MAX MIN 
0 
15 
55 

15 
20 
20 
0 
15 
55 

95 
60 

45 
50 3 
32 

0 
5 

15 

15 

10 

10 

0 

15 

15 

2-56 

-7 -8 
MAX MIN MAX UNITS NOTES 

0 ns 21,29 
15 ns 26 
60 ns 26 

15 ns 26 
20 ns 26 
20 ns 26 
0 ns 22 
15 ns 22 
60 ns 

105 ns 21 
65 ns 21 

45 ns 21 
50 3 50 ns 9, 10 
32 32 ms 

0 ns 

5 ns 5 

15 ns 5 

15 ns 26 

10 ns 26 

10 ns 26 

0 ns 

15 15 ns 29 

15 ns 28 

Micron Technology, Inc., reseNes the right to change products or specifications without notice. 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = 5V ±1O%, f = 1 MHz. 
3. Ice is dependent on cycle rates. 
4. Ice is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (O°C S; T A S; 70°C) is assured. 

7. An initial pause of 100~s is required after power-up 
followed by eight RAS refresh cycles ( RAS -ONLY or 
CBR) before proper device operation is assured. The 
eight RAS cycle wake-up should be repeated any time 
the IREF refresh requirement is exceeded. 

B. AC characteristics assume IT = 5ns. 
9. Vrn (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and Vrn). 

10. In additi!?n to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and Vrn) in a monotonic manner. 

11. If CAS = Vrn, data output is high impedance. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 1 TTL gate and 

50pF. 
14. Assumes that IRCD < iRCD (MAX). If iRCD is greater 

than the maximum recommended value shown in 
this table, iRAC will increase by the amount that 
iRCD exceeds the value shown. 

15. Assumes that IRCD :::: iRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the Q buffer, CAS must be pulsed 
HIGH for tCPN. 

17. Operation within the iRCD (MAX) limit ensures that 
iRAc (MAX) can be met. IRCD(MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified iRCD (MAX) limit, then access time is 
controlled exclusively by !CAe. 

lB. Operation within the iRAD limit ensures that tRCD 
(MAX) can be met. tRAD (MAX) is specified as a 
reference point only; if iRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by IAA. 

19. Either iRCH or IRRHmust be satisfied for a READ 
cycle. 

MT~L)C2MBB1/2 
REVA192 2-57 

ADVANCE 

20. 10FF (MAX) defines the time at which the output 
achieves the open circuit condition, not a reference to 
VOHOrVOL. 

21. twcs, tRWD, IAWD and ICWD are restrictive 
operating parameters in LATE-WRITE and READ­
MODIFY-WRITE cycles only. If twcs :::: twcs (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If iRWD :::: IRWD (MIN), IAWD :::: IA WD 
(MIN) and ICWD:::: ICWD (MIN), the cycle is a 
READ-WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions is met, the state of data out are indetermi­
nate. OE held HIGH and WE taken LOW after CAS 
goes LOW results in a LATE-WRITE (OE controlled) 
cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. During a READ cycle, if OE is LOW then taken HIGH 
before CAS goes HIGH, Q goes open. If OE is tied 
permanently LOW, LATE-WRITE or READ-MODIFY­
WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

25. All other inputs at Vcc -0.2V. 
26. Write command is defined as WE going LOW. 
27. MT4C2MBB2 only. 
2B. LATE-WRITE and REAP-MODIFY-WRITE cycles 

must have both 10D and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after 10EH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

29. The DQs open during READ cycles once 10D or 10FF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a don't care; and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 

30. The 5V version is restricted to operate between 4.5 V 
and 5.5V only. 

31. The 3.0/3.3V version is restricted to operate between 
2.7 V and 3.6V only. 

32. Column address changed once while RAS = VIL and 
CAS=Vrn. . 

Micron Technology, Inc., reserves the right to change products or specificatiOns without notice. 
©1992, Micron Technology, Inc. 
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READ CYCLE 
tRC 

tRAS tRP 

RAs V1H -
VIL _ \ 

tCSH 

IRSH ~ 
teRP tRCD ICAS 

CAS VIH :~ VIL -
tAR 

tRAD IRAL 

ADDR 

C=~I' ~ ~ 
~i~ :JII/M: ROW wmlL0 COLUMN ROW 

IRCS 

WE ~i~ Y//////////////////////////////// VI////////////////////' 

• tCLl "L I~ 

DO VIOH --_ ______ _ _____ ~.~~~~ VIOL _- OPEN .~. VALID DATA ~OPEN---

I. tOE I~ too 

Oe ~:~ =77C1J/rrT1//rn/;jTr-1//,rrr;;;/rrT1 /j,7n1j,=W /,rrT1//,rn~/77;m'TTmrn1//7n1/rrrW/rrTW/7n1/=mrrTWl Filii$;;; II! II! //III/!! II II!;II I/J; 

AAs VIH 
Vil 

CAS V,H 
Vil 

ADOR V,H 
Vil 

EARLY-WRITE CYCLE 

RC 

tRAS 

-
-

ICSH 

IRSH 

I~ tRCD teAs 

=-' 
tAR 

tRAD tRAL 

I~ ~I I~ ~ 

~~ ROW Y<:0"M COLUMN 

!CWL 

I tRWL 

twCR 

~ tWGH 

I~ tWR~1 
twp 

NOTE 1 ~~ 

I~IIMH~I 
tOHR 

'I~ ~! 
-~ NOTEt W'~ VALID DATA 

tRP 

\ 

ROW 

~ DON'T CARE 

~ UNDEFINED 

ADVANCE 

NOTE: 1. Applies to MT4C2M8B2 only; WE and DO inputs on MT4C2M8B1 are "don't care" at RAS time. WE selects 

MT4(L)C2MSB1!2. 
REV. 4192 

between normal WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" for a normal 
WRITE (WE HIGH at RAS time). The DO inputs provide the mask data at RAS time for a MASKED WRITE, 
WE LOW at RAS time. 

2-58 Micron Technology. Inc., reserves the right to change products or specifications without rtOtice. 
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READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

RWC 

tRAS 

-
tCSH 

I IRSH 

l~ tRCD tCAS 

=-' ~ IAR 

IRAD I I tRAl I 

ADDR ~lt 
I~~I ~I I~I I 

=W//M ROW W////,1 COLUMN 

~IIWR~I 
I I IRWD 

~'I I_ + IRCS ~I I leWD 

~ IAWD 

W/M NOTE 1 ~ 

I~ 
1M 

I tRAG l tCAG 

~ tcLZ- I~ r ~\ 
- NOTE 1 OPEN VAL!DDourJt VALlDD 1N -

~ ~I ~ 

FAST-PAGE-MODE READ CYCLE 

ICSH 

~I-----"""'-I 

DO ~Ig~ -'-------

IRP 

ROW 

OPEN--

QPEN-

[ZJ DON'T CARE 

1!88! UNDEFINED 

ADVANCE 

NOTE: 1. Applies to MT4C2M882 only; WE and DO inputs on MT4C2M881 are "don't care" at RAS time. WE selects . 
between normal WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" for a normal 
WRITE (WE HIGH at RAStime). The DO inputs provide the mask data at RAS time for a MASKED WRITE, 
WE LOW at RAS time. 

MT4(L)C2M88112 
REV. 4192 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 

OE ~l~ $II $ /;I /;W/ /;I $11 /;I /;I /;I /;I /;I /;I II$! / $ /;I //;1 II! 1/;1 /;I!iII! /;I /;I /;II/;I!II/I/ II! 1///1// I!// $1 III! I!// /;I $III! /;I /;1/;11//;; 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

~ DON'TeARE 

~ UNDEFINED 

ADVANCE 

NOTE: 1. Applies to MT4C2M8B2 only; WE and DO inputs on MT4C2M8B1 are "don't care" at RAS time. WE selects 

MT4(L)C2M861/2 
REV. 4192 

between normal WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" for a normal 
WRITE (WE HIGH at RAS time). The DO inputs provide the mask data at RAS time for a MASKED WRITE, 
WE LOW at RAS time. 

2-60 Micron TechnoH)gy, Inc., reserves the right to change products or specifications w1thout notice. 
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MIC:RON MT4(L)C2MB81/2 
1-· """mon"c 2 MEG x B DRAM 

MT4(L)C2M8BII2 
REV. 4/92 

~-ONL Y REFRESH CYCLE 
(OE and WE = DON'T CARE) 

tRC 

tRP 

- V,H _--- ~II_ RAS Vil _ 

teRP 1/---------' IRPC ... t \~--

DO ~gr -'----~------OPEN--------

DO 

CAS-BEFORE-RAS REFRESH CYCLE 
(AO-A 10; OE = DON'T CARE) 

tRP tRAS tRP tRAS 

:~I.leSR ~I 14r ~I, 
:-.1 '- 1 , I 

OPEN 

Y 

~ ~ ~ ~ 

~///!I//#////////!I!I//;1///!I% 

~ 
:--.! 

I~ lRAH 

}---

HIDDEN REFRESH CYCLE 24 

( WE = HIGH; OE = LOW) 

(READ) (REFRESH) 

tRAS tRP tRAS 

~ 
'RCD tRSH teHR 

1t IAR 

IRAD II 'RAL I 
lAse II teAH 

Y 

DQ ~:g~ =_----OPEN----fi1~=:==~VA~LlD~DAT~A ==j OPEN~ 

2-61 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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ADVANCE 
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ADVANCE 

MIC:RON MT4(L)C2MBA1I2 S 
1-· ce,"""" '" 2 MEG x B DRAM 

DRAM 

FEATURES 
• SELF REFRESH, i.e. "Sleep Mode" 
• Industry standard xB pinouts, timing, functions and 

packages 
• Address entry: 12 row, nine column addresses (S12ms) 
• High-performance, CMOS silicon-gate process 
• Single +SV only or 3.0/3.3V only ±10% power supply 
• All device pins are fully TTL compatible 
• Refresh modes: RAS-QNLY, CAS-BEFORE-RAS (CBR), 

HIDDEN and BATTERY BACKUP (BBU) 
• Optional FAST PAGE MODE access cycle 
• NONPERSISTENT MASKED WRITE access cycle 

(MT4(L)C2M8A2 S only) 
• 4,096-cycle refresh (2,04B-cycle refresh available as 

MT4(L)C2MBBl/2 S) 
• Low power, 2mW standby; 400mW active, typical (SV) 

OPTIONS 
• Timing 

60ns access 
70ns access 
BOns access 

• Power Supply 
SV±10% only 
3.0/3.3V ±1O% only 

• Masked Write 
Not available 
Available 

• Packages 

MARKING 

- 6 
- 7 
- B 

4C 
4LC 

A1S 
A2S 

Plastic 2B-pin SOT (400 mil) DT 
Plastic 2B-pin TSOP (400 mil) TG 
Plastic 32-pin SOT (400 mil) DL 
Plastic 32-pin TSOP (400 mil) TL 
NOTE: Available in die fonn. Please consult factory for die data sheets. 

• Part Number Example: MT4C2MBA1DJ-7 S 

PART DESCRIPTION 
MT4C2MBA1 S 
MT4C2MBA2S 
MT4LC2MBA1 S 
MT4LC2MBA2 S 

SV, non-masked write 
SV, masked write 

3.0/3.3V, non-masked write 
3.0/3.3V, masked write 

GENERAL DESCRIPTION 
The MT4C2MBA1/2 Sand MT4LC2MBA1/2 S are 

randomly accessed solid-state memories containing 

MT4{L}C2M8A112 S 
REV. 4192 2-63 

2 MEG x8DRAM 
5.0V, SELF REFRESH (MT4C2M8A1/2 S) 
3.0/3.3V, SELF REFRESH (MT4LC2M8A1/2 S) 

PIN ASSIGNMENT (Top View) 

28-Pin SOJ 28-Pin TSOP 
(0-4) (R-3) 

Vee 28 Vss Vee Vss 
D01 27 D08 D01 D08 

D02 3 26 D07 D02 D07 

D03 4 25 DOB D03 D06 

D04 24 DOS D04 DOS 

WE 23 CAS WE CAS 

RAS 7 22 DE RAS DE 
*A11 8 21 A9 "A11 A9 

A10 9 20 A8 A10 A8 

AO 10 19 A7 AO A7 

A1 11 18 A6 Al A6 

A2 12 17 A5 A2 AS 

A3 13 16 A4 A3 

Vee 14 15 Vss Vee 

32-Pin SOJ 32-Pin TSOP 
(0-5) (R-4) 

Vee 32 Vss Vee Vss 
D01 31 D08 D01 D08 

D02 3 30 D07 D02 D07 

D03 4 29 D06 D03 DOB 

D04 '8 DOS DQ4 DOS 

NC 27 CAS NC CAS 

WE 7 26 DE DE 
RAS 8 25 NC NC 

NC 9 24 NC NC 

*A11 10 23 A9 *A11 A9 

AlO 11 22 A8 A8 

AO 12 21 A7 A7 

A1 13 20 A6 A1 A6 

A2 14 19 AS AS 

A3 15 18 A4 A4 
Vee 16 17 Vss Vss 

'Ne on 11 row address version 

16,777,216 bits organized in a xB configuration. The 
MT4C2MBA1/2 S and the MT4LC2MBA1/2 S are the 
same DRAM versions except that the MT4LC2MBAl/2 S 
are low voltage versions of the MT4C2MBA1/2 S. The 
MT4LC2MBA1/2 S are designed to operate in either a 
3.0V ±10% or a 3.3V ±10% memory system. All further 
references made for the MT4C2MBA1/2 S also apply to 
the MT4LC2MBAl/2 S, unless specifically stated other­
wise. Each byte is uniquely addressed through the 21 
address bits during READ or WRITE cycles. The address 
is entered first by RAS latching 12 bits (AO-H) and then 
CAS latching 9 bits (AO-A9). 

The MT4C2MBA2 S has NONPERSISTENT MASKED 
WRITE, allowing it to perform WRITE-PER-BITaccesses. 

Micron Technology, Inc., reS91V9S the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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FUNCTIONAL BLOCK DIAGRAM 
4,096 ROWS 

ADVANCE 

WE~----~----------------------~ 

CAS o---.__---d 

AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
AS 
A9 

A10 
A11 

RAS o--~--l 

MT4(L)C2M8A1J2 S 
REV. 4/92 2-64 

DATA IN BUFFER 

MASK DATA REGISTER 
(MT4C2M8A2 S only) 

4096x512xS 
MEMORY 

ARRAY 

D01 
• • 

DOS 

1+-----oOE 

+----0 Vee 

_---00 Vss 

Micron Technology, Inc., reserves the right to change prod~ or speclOcallons without notice. 
@1992,MlcronTechnology,lnc. 
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PIN DESCRIPTIONS 

28-PIN DEVICE 
PIN NUMBERS 

7 

23 

6 

22 

10-13, 16-21, 
9,8 

2-5,24-27 

1,14 

15,28 

T4(L)C2M8A1/2 S 
EV.4192 

32-PIN DEVICE 
PIN NUMBERS 

8 

27 

7 

26 

12-15,18-23, 
11, 10 

2-5,28-31 

6,9,24,25 

1, 16 

17,32 

SYMBOL 

RAS 

CAS 

WE 

OE 

AO-A11 

D01-D08 

NC 

Vcc 

Vss 

TYPE 

Input 

Input 

Input 

Input 

Input 

Input 

-

Supply 

Supply 

ADVANCE 

DESCRIPTION 

Row Address Strobe: RAS is used to clock-in the 12 rowe 
address bits and strobe the WE and DOs in the MASKED 
WRITE mode (M"(4C2M8A2S only). 

Column Address Strobe: CAS is used to clock-in the 9 
column-address bits, enable the DRAM output buffers, and 
strobe the data inputs on WRITE cycles. 

Write Enable: WE is used io select a READ (WE = HIGH) 
or WRITE (WE = LOW) cycle. WE also serves as a Mask 
Enable (WE = LOW) at the falling edge of RAS in a 
MASKED-WRITE cycle (MT4C2M8A2 S). 

Output Enable: OE enables the output buffers when taken 
LOW during a READ access cycle. RAS and CAS must 
be LOW and WE must be HIGH before DE will control the 
output buffers. Otherwise the output buffers are in a High-Z 
state. 

Address Inputs: These inputs are multiplexed and clocked 
by RAS and CAS to select one byte out of the 2 Meg 
available words. 

Data I/O: Includes inputs, outputs or High-Z and/or Output 
masked data input (for MASKED WRITE cycle only). 

No Connect: These pins should be either left unconnected 
or tied to ground. 

Power Supply: +5V ±10% (C), 3.0/3.3V ±10% (LC) 

Ground 

2-65 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MIC:RON MT4(L)C2MSA1/2 S 
1-· ,",""ow,,", 2 MEG x S DRAM 

FUNCTIONAL DESCRIPTION 
Each bit is uniquely addressed through the 21 address 

bits during READ or WRITE cycles. First RAS is used to 
latch 12 bits (AO-All) then CAS latches 9 bits (AO-A8). 

The CAS control also determines whether the cycle will 
be a refresh cycle (RAS-ONL Y) or an active cycle (READ, 
WRlTE or READ-WRITE) once RAS goes LOW. 

READ or WRITE cycles are selected by WE. A logic HIGH 
on WE dictates READ mode while a logic LOW on WE 
dictates WRITE mode. During a WRITE cycle, data in (D) is 
latched by the falling edge of WE or CAS, whic;hever occurs 
last. Taking WE LOW will initiate a WRITE cycle, selecting 
DQl through DQ8. If WE goes LOW prior to CAS going 
LOW, the outputpin(s) remain open (High- Z) until the next 
CAS cycle. If WE goes LOW after CAS goes LOW and data 
reaches the output pins, data out (Q) is activated and retains 
the selected cell data as long as CAS and OE remain LOW 
(regardless of WE or RAS). This late WE pulse results in a 
READ-WRITE cycle. 

The eight data inputs and eight data outputs are routed 
through eight pins usiRgcommon II 0, and pin direction is 
controlled by OE and WE. 

FAST PAGE MODE operations allow faster data opera­
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO-12) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed­
in by CAS. CAS may be toggled-in by holding RAS LOW 
and strobing-in different column addresses, thus executing 
faster memory cycles. Returning RAS HIGH terminates the 
FAST PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
The chip is also preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS, or 
HIDDEN REFRESH) so that all 4,096 combinations of RAS 
addresses (AO-11) are executed at least every 512ms, 
regardless of sequence. The CAS-BEFORE-RAS refresh 

MT4(L)C2MSA1/2S 
REV. 4192 2-66 

cycle will also invoke the refresh counter and controller for 
row address control. 

BATTERY BACKUP MODE (BBU) is a CBR refresh 
performed at the extended refresh rate with CMOS input 
levels. This mode provides a very low current, data reten­
tion cycle. RAS or CAS time refers to the time at which 
RAS or CAS transition from HIGH to LOW). 

SELF REFRESH is similar to BBU except that the DRAM 
provides its own internal clocking during "SLEEP MODE". 
Thus, an external clock is not required for additional power 
savings and design ease. The SELF REFRESH version 
retains the extended refresh rate of 512ms. 

MASKED WRITE ACCESS CYCLE 
(MT4C2M8A2 S ONLY) 

Every WRITE access cycle can be a MASKED WRITE, 
depending on the state of WE at RAS time. A MASKED 
WRITE is selected when WE is LOW at RAS time and mask 
data is supplied on the DQ pins. 

The mask data present on the DQI-DQ8inputs at RAS time 
will be written to an internal mask data register and will 
then act as an individual write enable for each of the 
corresponding DQ inputs. If a LOW (logic "0") is written to 
a mask data register bit, the input port for that bit is disabled 
during the subsequent WRITE operation and no new data 
will be written to that DRAM cell location. A HIGH (logic 
"1") on a mask data register bit enables the input port and 
allows normal WRITE operations to proceed. At CAS time, 
the bits present on the DQI-DQ8 inputs will be written to 
the DRAM (if the mask data bit was HIGH) or ignored (if the 
mask data bit was LOW). 

In nonpersistent MASKED WRITEs, new mask data 
must be supplied each time a MASKED WRITE cycle is 
initiated. 

Figure 1 illustrates the MT4C2M8A2 S MASKED WRITE 
operation (Note: RAS or CAS time refers to the time at 
which RAS or CAS transition from HIGH to LOW). 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 



RAS 

CAS 

WE 

DQ1 

DQ8 

r4(l)C2M8A1/2 S 
::V.4192 

ADVANCE 

I- MASKED WRITE ~ I- NONMASKED WRITE ~I 
\ / \ ! 

\ / \ ! 

~ 1ll//iA !II I III ////1/ WI/!£ $/jI!lUII~ 

STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA DATA DATA DATA DATA 

.1 0 X 1 X 1 .- ----;,. 

1 0 .- -- --;,. 0 0 X 1 .- ----;,. 

0 X X 1 .-----;,. 

0-----;,. 0 0 X 1 .-----;,. 1 

0 X X 0 ._- ---;,. 0 
1 0 ._-- --;,. 0 0 X 0 .-----;,. 0 

0 X 1 1 X 0 .-----;,. 0 
o .-----;,. 0 0 X 0 .-----;,. 0 

• ADDRESS 0 ~ • ADDRESS 1 ~ 

X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 1 
MT4C2M8A2 S MASKED WRITE EXAMPLE 

2-67 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MICRON MT4(L)C2MBA1/2 S 
1-· ;H~"mO""' 2 MEG x B DRAM 

TRUTH TABLE 

ADDRESSES 
FUNCTIDN m "CAS"" WE" "Ot IR IC DOs NOTES 
Standby H H--+X X X X X High-Z 

READ L L H L ROW COL Data Out 

EARLY-WRITE L L L X ROW COL Data In 1 

READ-WRITE L L H--+L L --+H ROW COL Data Out, Data In 1 

FAST-PAGE- 1st Cycle L H--+L H L ROW COL Data Out .. 

MODE READ 2nd Cycle L H--+L H L n/a COL Data Out 

FAST-PAGE- 1st Cycle L H--+L L X ROW COL Data In 1 

MODE WRITE 2nd Cycle L H--+L L X n/a COL Data In 1 

FAST-PAGE-MODE 1st Cycle L H--+L H--+L L --+H ROW COL Data Out, Data In 1 

READ-WRITE 2nd Cycle L H--+L H--+L L --+H n/a COL Data Out, Data In 1 

HIDDEN READ L --+H--+L L H L ROW COL Data Out 

REFRESH WRITE L--+H--+L L L X ROW COL Data In 1,2 

RAS-ONL Y REFRESH L H X X ROW n/a High-Z 

CAS-BEFORE-RAS REFRESH H--+L L H X X X High-Z 

BATTERY BACKUP REFRESH H--+L L H X X X High-Z 

SELF REFRESH H--+L L H X X X High-Z 

NOTE: 1. Data in will be dependent on the mask provided (MT4C2M8A2 S only). Refer to Figure 1. 
2. EARLY WRITE only. 

MT4(L)C2M8A1/2S 
REV. 4192 2-68 Micron Technology, Inc., reserves the right to change products Of specifICations without notice 
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ADVANCE 

UU:::I=ICN MT4(L)C2MSA1/2 S 
1-· "'""OC",,"' 2 MEG x S DRAM 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss (5V) ....... -lV to +7V 
Voltage on Vee supply relative to Vss (3V) .... -lV to +4.6V 
Operating Temperature, T A (Ambient) .......... O°C to +70°C 
Storage Temperature (Plastic) .................... -55°C to + 150°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... 50mA 

'Stresses greater than those listed under U Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this speciiicationisnotimplied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability: 

DC OPERATING SPECIFICATIONS FOR 5V VERSION 
(Notes: 1,3,4,6,7,30) (O°C::;; T A::;; 70°C; Vee = 5V ±10%) 

PARAMETER/CONOITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV ::;; VIN ::;; Vee 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled, OV ::;; VOUT ::;; 5.5V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -2.5mA) 
Output Low Voltage (lOUT = 2.1 mAl 

DC OPERATING SPECIFICATIONS FOR 3.0/3.3V VERSION 
(Notes: 1, 3, 4, 6, 7, 31) (O°C ::;; T A::;; 70°C; Vee = 3.0/3.3V ±10%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV ::;; VIN ::;; Vee 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled, OV ::;; VOUT ::;; 3.6V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -2mA) 
Output Low Voltage (lOUT = 2mA) 

SYMBOL MIN 

Vee 4:5 

VIH 2.4 

VIL -1.0 

Ii -2 

loz -10 

VOH 2.4 

VOL 

SYMBOL MIN 

Vee 2.7 

VIH 2.0 

VIL -1.0 

Ii -2 

loz -10 

VOH 2.4 

VOL 

MAX UNITS NOTES 

5.5 V 1,30 

Vec+1 V 1 

0.8 V 1 

2 JJ.A 

10 JJ.A 
V 

0.4 V 

MAX UNITS NOTES 

3.6 V 1,31 

Vee+1 V 1 

0.8 V 1 

2 JJ.A 

10 JJ.A 
V 

0.4 V 

MT4(L)C2MBA1/2 S 
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©1992, Micron Technology, Inc. 

z 
m :e 
II 
:e -c 
m 
c 
:xJ 
l> 
s: 



z 
~ 
II 
=e -c 
m 
c 
::D » 
3: 

DC OPERATING SPECIFICATIONS FOR 5V VERSION 
(Notes: 1, 3, 4, 6, 7, 30) (O°C :::; T A:::; 70°C; Vcc = 5V ±1 0%) 

PARAMETER/CONDITION 
STANDBY CURRENT: TTL (RAS = CAS = VIH) 

STANDBY CURRENT: CMOS (RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: tRC = tRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: tpc = tpc (MIN); ICp, tAse = 10ns) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: tRC = tRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: tRC = tRC (MIN)) 

REFRESH CURRENT: BATTERY BACKUP (BBU) 
Average power supply current during BATTERY BACKUP refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = tRAS (MIN) to 
300ns; WE, AO-A11 and DIN = Vcc - 0.2V (DIN may be left open), 
tRC = 125J.ls (1,024 rows at 125J.ls = 128ms) 

REFRESH CURRENT: SELF 
Average power supply current during SELF refresh: CBR cycle 
with RAS ~ tRASS (MIN) and CAS held LOW; WE = Vcc - 0.2V; 
AO-A9 and DIN = Vcc - 0.2V or 0.2V (DIN may be left open) 

MT4(L)C2MSAl/2 S 
REV. 4192 2-70 

ADVANCE 

MAX 

SYMBOL -6 -1 -8 UNITS NOTES 
Icc1 2 2 2 mA 

Icc2 200 200 200 ~ 25 

Icc3 110 100 90 mA 3,4,32 

Icc4 80 70 60 mA 3,4,32 

Icc5 110 100 90 mA 3,32 

Icc6 110 100 90 mA 3,5 

Icc? 300 300 300 ~ 3,30 

Icc8 300 300 300 ~ 5 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 



ADVANCE 

DC OPERATING SPECIFICATIONS FOR 3.0/3.3V VERSION 
(Notes: 1, 3, 4, 6, 7,31) (O°C $; T A $; 70°C; Vcc = 3.0/3.3V ±1 0%) 

PARAMETER/CONDITION 

STANDBY CURRENT: TIL (RAS = CAS = VI H) 

STANDBY CURRENT: CMOS (RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READ/WRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN); ICp, IASC = 10ns) 

REFRESH CURRENT: RAS-ONLY 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC= IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

REFRESH CURRENT: BATIERY BACKUP (BBU) 
Average power supply current during BATTERY BACKUP refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = IRAS (MIN) to 
300ns; WE, AO-A11 and DIN = Vcc "0.2V (DIN may be left open), 
IRC = 1251ls (1,024 rows at 1251ls = 128ms) 

REFRESH CURRENT: SELF 
Average power supply current during SELF refresh: CBR cycle 
with RAS 2: IRASS (MIN) and CAS held LOW; WE = Vcc - 0.2V; 
AO-A9 and DIN =Vcc - 0.2V or 0.2V (DIN may be left open) 

MT4(l)C2MBA1/2 S 
REV. 4/92 2-71 

MAX 

SYMBOL -6 -7 -8 UNITS NOTES 

Icc1 1 1 1 mA 

Icc2 80 80 80 flA 25 

ICC3 80 70 60 mA 3,4,32 

Icc4 60 50 40 mA 3,4,32 

ICC5 80 70 60 mA 3,32 

Icc6 80 70 60 mA 3,5 

Icc? 100 100 100 IlA 3,30 

Icca 100 100 100 flA 5 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MIC:RON MT4(L)C2MBA1/2 S 
1-· ","",CO"''"' 2 MEG x B DRAM 

CAPACITANCE 

PARAMETER SYMBOL MAX UNITS NOTES 

Input Capacitance: AO-A 11 Cit 5 pF 2 

Input Capacitance: RAS, CAS, WE, OE CI2 7 pF 2 

Input/Output Capacitance: DO CIO 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) (DoC:> TA:> +70°C) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 
Access time from CAS 
Output Enable 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
"CAS hold time 
"CAS precharge time 
"CAS precharge time (FAST PAGE MODE) 
RAS to "CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
"RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(relerenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

"CAS to output in low-Z 
Output buffer turn-off delay 

MT4(L)C2M8A1/2 S 
REV. 4/92 

-6 
SYM MIN MAX 
tRC 110 

tRWC 155 
tpc 35 

tpRWC 85 

tRAC 60 
tCAC 15 
tOE 15 
tAA 30 

tCPA 35 
tRAS 60 100,000 

tRASP 60 100,000 
tRSH 15 
tRP 40 

tCAS 15 100,000 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 15 45 
tCRP 5 
tASR 0 
tRAH 10 
tRAD 15 30 

tASC 0 
tCAH 10 
tAR 50 

tRAl 30 

tRCS 0 
tRCH 0 

tRRH 0 

tClZ 0 
tOFF 0 15 

2-72 

MIN 
130 
180 
40 

95 

70 
70 
20 
50 
20 
70 
10 
10 
20 
5 
0 
10 
15 

0 
15 
55 

35 

0 
0 

0 

0 
0 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 
200 ns 
40 ns 

100 ns 

70 80 ns 14 
20 20 ns 15 
15 15 ns 
35 40 ns 
40 45 ns 

100,000 80 100,000 ns 
100,000 80 100,000 ns 

20 ns 
60 ns 

100,000 20 100,000 ns 
80 ns 
10 ns 16 
10 ns 

50 20 60 ns 17 
5 ns 
0 ns 
10 ns 

35 15 40 ns 18 

0 ns 
15 ns 
60 ns 

40 ns 

0 ns 26 
0 ns 19,26 

0 ns 19 

0 ns 
20 0 20 ns 20,29 

Micron Technology, Inc., reserves the right to change products or specifications without notice 
©1992, Micron Technology, Inc. 



ADVANCE 

MIC:RON MT4(L)C2MBA1/2 S 
1-· ","",CO" '" 2 MEG x B DRAM 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6,7,8,9,10,11,12,13) (O°C::;; TA ::;; +70°C) 

AC CHARACTERISTICS 
PARAMETER 
WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to liAS" lead time 

Write command to CJffi lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

RAS to WE delay time 

Column address 
to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (4,096 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CAS-BE FORE-liAS" refresh) 

CAS hold time 
(CAS-BEFORE-RAS refresh) 

WE hold time (MASKED WRITE and 
CAS-BEFORE-RAS refresh) 

WE setup time 
(CAS-BEFORE-RAS refresh) 

WE setup time 
(MASKED WRITE) 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

Output disable 

DE hold time from WE during 
READ-MODIFY-WRITE cycle 

RAS pulse width during 

SELF REFRESH cycle 

RAS precharge time during 
SELF REFRESH cycle 

CAS hold time during 
SELF REFRESH cycle 

MT4(L)C2MBA1f2 S 
REV. 4192 

-6 

SYM MIN 
twcs 0 
tWCH 10 
tWCR 45 

WP 10 
tRWL 15 
tCWL 15 
tDS 0 
tDH 10 

tDHR 45 

tRWD 85 
tAWD 55 

ICWD 40 
tT 3 

tREF 

tRPC 0 
tCSR 5 

tCHR 15 

WRH 15 

IWRP 10 

tWRS 10 

lORD 0 

tOD 

tOEH 15 

tRASS 100 

tRPS 150 

tCHS -70 

MAX MIN 
0 

15 

55 

15 

20 

20 

a 
15 

55 

95 

60 

45 

50 3 
512 

0 

5 

15 

15 

10 

10 

0 

15 

15 

100 

150 

-70 

2-73 

-7 -8 

MAX MIN MAX UNITS NOTES 
0 ns 21,26 
15 ns 26 

60 ns 26 

15 ns 26 

20 ns 26 

20 ns 26 

0 ns 22 

15 ns 22 

60 ns 

105 ns 21 

65 ns 21 

45 ns 21 

50 3 50 ns 9, 10 

512 512 ms 

0 ns 

5 ns 5 

15 ns 5 

15 ns 26 

10 ns 26 

10 ns 26 

0 ns 

15 15 ns 29 

15 ns 28 

100 liS 

150 ns 

-70 ns 

MicJ'O!l Technology, Inc., reserves the right to change products or specifications without notice. 
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NOTES 
1. All voltages referenced to V 55. 

2. This parameter is sampled. Vee = 5V ±10%, f = 1 MHz. 
3. Ice is dependent on cycle rates. 
4. Ice is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (O°C :s; T A :s; 70°C) is assured. 

7. An initial pause of lOOlls is required after power-up 
followed by eight RAS refresh cycles ( RAS -ONLY or 
CBR) before proper device operation is assured. The 
eight RAS cycle wake-up should be repeated any time 
the tREF refresh requirement is exceeded. 

8. AC characteristics assume IT = 5ns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is high impedance. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 1 TTL gate and 

50pF. 
14. Assumes that IRCD < tRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in 
this table, !RAC will increase by the amount that 
IRCD exceeds the value shown; 

15. Assumes that IRCD ~ IRCD (MAX). 
16. If CASis .LOW \It the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the Q buffer, CAS must be pulsed 
HIGH for tePN. 

17. Operation within the tRCD (MAX) limit ensures that 
!RAC (MAX) can be met .• IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time .is 
controlled exclusively by tCAe. 

18. Operation within the tRAD limit ensures that IRCD 
(MAX) can be met. tRAD (MAX) is specified as a 
reference pOInt only; if tRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

19. Either tRCH or IRRH must be satisfied for a READ 
cycle. , 

20. toFF (MAX) defines the time at which the output 

MT4(l)G2MSA1I2 S . 
REV. 4/92 2-74 

ADVANCE 

achieves the open circuit condition, not a reference to 
VOH or VOL. 

21. twcs, IRWD, tA WD and tCWD are restrictive 
operating parameters in LATE-WRITE and READ­
MODIFY -WRITE cycles only. If twcs ~ twcs (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If tRWD ~ tRWD (MIN), tAWD ~ tAWD 
(MIN) and tCWD ~ tCWD (MIN), the cycle is a 
READ-WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions is met, the state of data out are indetermi­
nate. OE held HIGH and WE taken LOW after CAS 
goes LOW results in a LATE-WRITE (OE controlled) 
cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. During a READ cycle, if OE is LOW then taken HIGH 
before CAS goes HIGH, Q goes open. If OE is tied 
permanently LOW, LATE-WRITE or READ-MODlFY­
WRITE operations are not possible. 

.24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

25. All other inputs at V cc -0.2V. 
26. Write command is defined as WE going LOW. 
27. MT4C2M8A2 S only. 
28. LATE-WRITE and READ-MODIFY-WRITE cycles 

must have both tOD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after tOEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

29. The DQs open during READ cycles once tOD or tOFF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a don't care; and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 

30. BBU current is reduced as !RAS is reduced from its 
maximum specification during BBU cycle. 

31. .The 5V version is restricted to operate between 4.5 V 
and 5.5V only. 

32. The 3.0/3.3V version is restricted to operate between 
2.7 V and 3.6V only. 

33. Column address changed once while RAS = VIL and 
CAS = VIH. 

Micron Technology, Inc., reserves the right to change products or specifications without notioe. 
©1992, Micron Technology, Inc. 
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MIC:RON MT4(L)C2MBA1/2 S 
1-· '""",CO"",, 2 MEG x B DRAM 

READ CYCLE 

'AP 

\'------

I~~I ~~ 
ADDR ~:~ ~~///".>t ROW WIIIII) COLUMN AOW 

IRCS 

WE ~1~ l//////////////////////////////// 

iCAC 

VALID DATA r---0PEN---

1/1//1///1//1///1////1/////1// //1;/ 

EARL Y-WRITE CYCLE 

tRAS 

RAs V,H 
V,L -

ICSH 

lASH 

I~ 'RCD ICAS 

CAs V,H 

v" =~ 
'AA 

'RAD 'RAL 

ADDR V,H 
V'L 

l~ ~! I~ ~ 
J;0";,?i ROW ~Ai COLUMN 

'eWl 

IRWL 

twCA 

~ twCH 

1~~1 
'wp 

NOTEt ~ 

I~~I 
IDHR 

~ ~I 
J"TTTT7777A 

NOTE 1 VAliD DATA 
.LLLLL..LLL.LJ 

'RP 

kf 

I 

\ 

AOW 

tz,;1 DON'T CARE 

~ UNDEFINED 

fOTE: 1. Applies to MT 4C2M8A2 S only; WE and DO inputs on MT 4C2M8A 1 S are "don't care" at RAS time. WE 

T4(l)C2MBAII2 S 
::V.4192 

selects. between normal WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" for a 
normal WRITE (WE HIGH at RAS time). The DO inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 

2-75 Micron Technology, Inc .. reseNes the right to change products or specifications without nolice. 
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READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

'RP 

I--------------~~~~~~------------I 
\~I------~'R~eD~--__ 1 __ '~eAs~------------1 

CAs V1H · , 1\ 11-----
Vll -~ tAR 1'--+'"--------1 

IRAD I 1 tRAl \ 

ROW 
I~~I ~I l'eAH_1 I 

AODA ~:t ""'-/////;t ROW Will/;? COLUMN 

I----y------I 'Res I 1----'!"'cW'!"-D _____ 1 ~ ~I I I 'RWD 'eWL II 

!~ twRS tWRt\ I IAWO twp ~!, 

WE ~:t ::: NOTE 1 ~;1 rL~:zz~;Zw~///~/////~//,'i J ~ 'AA 

I tRAG 

II j tCAC 

t lit I: r~ 
DO ~:g~ =~OPEN-'-eLZ--~-~~VA~LlD~D~ou2dC{VA~LI~DD;;;:,Nj OPEN--

I~ )'00_1 ~ 
6E ~:~ ~T77W;;7770';;7770';;7770';;7770';;7770';;777#;;777jt/;;777/'//;7770';;777/'//;777W777/;#777/;/'/;'"3f;;T777WM ,---------------l~bn/' ;;777/'j/;777jt//;7770';;777/,//;777#/;7mj/; 

ADOR ~(~ 

FAST-PAGE-MODE READ CYCLE 

ASP 

PL -
tCSH 'pc IRSH 

'R 

I'" teRP tRCD 'cAS ~~ 
_tcP ___ 

~y 
tePN 

=~ ~ f-.-f 'AR 

'RAD I I .1 .777!~ tRAH~1 ~ ~ I~~I ~11~1 
:"///fl( ROW w/a COLUMN W/; W/fl( COLUMN W;" 'Ii//), COLUMN 

I tFlCS I 
tRCH-

1-1 It-'Rcs Ii 'ReH- I_I -I It-'Rcs 
- yu Vf' I 'M 'M 'M 

'RAe I tePA I tePA 

I~ IOFF 1 'CAG .m. I~ -- --
tCLZ- 1:- tClZ- b. 'cLZ- 1:-

OPEN VALID 'VALiD"' 
DATA 

~. ~ 
~ ~ ~ ~ 

'RAL 

I 
ROW 

-I·I-'RRH ~ 

~ 

- -'OFF 

VALID ~OPEN-DATA 

~ 

~ DON'T CARE 

~ UNDEFINED 

ADVANCE 

NOTE: 1. Applies to MT4C2M8A2 S only; WE and DO inputs on MT4C2M8A1 S are "don't care" at RAS time. WE 

MT4(L)C2M8A1/2 S 
REV. 4/92 

selects between normal WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" for a 
normal WRITE (WE HIGH at RAS time). The DO inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 

2-76 Micron Technology, Inc., reserves the right to change products or specifications without notice 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 

DE ~:r W/;/;///;//;/ff/$;1;/ff;/ff!//$;/;/I/;1/;1;/;//!////;//I11!;/;//!1;/;// ;/;//11/ /1///1;/ ;//;//1/111;//;/! ;1;1;/;1£1) 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

~ DON'T CARE 

~ UNDEFINED 

ADVANCE 

NOTE: 1. Applies to MT 4C2M8A2 S only; WE and DO inputs on MT 4C2M8A 1 S are "don't care" at RAS time. WE 

MT4(L)C2M8A1f2 S 
REV. 4192 

selects between normal WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" for a 
normal WRITE (WE HIGH at RAStime). The DO inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 

2-77 Micron Technology, Inc., reserves the right to change products or specffications without notice. 
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MT4(L)C2M8A 1/2 S 
REV. 4/92 

CAS-BEFORE-'RAS" REFRESH CYCLE 
(AO-A 11 ; OE = DON'T CARE) 

IRP tRAS IRP . tRAS 

ADVANCE 

RAS ~:r-

:-1~1 

DO 

DO 

~! '. I" iCPN :11'" tesR 

:~ \l I 
!~r-

\l 
~I. 

r 

-

OPEN 

~ ~ ~ ~ 

BATTERY BACKUP REFRESH CYCLE 
(AO-A 11 ; OE = DON'T CARE) 

125!,!s 

IRP tAM IRP IRAS 

----.I IRPe ~I ' 
l .. tcPNjl~ ~I- IRP~jl~ ~\ 

! 't I 't f 
OPEN 

l 

~ ~ ~ ~ 
- W/;/////#;///#//ff/ m/mllh 

SELF REFRESH CYCLE ("SLEEP MODE") 
(AO-A 11 ; OE = DON'T CARE) 

RP RASS (nol RAS) RP$ (not RP 
" 

1~1 tRPe J ICPN~~ tCHS I 

1_ twRP I~ 

! \ 

f----OPEN 

2-78 

l .. tWRP I~ 

l 
Once IRASS (MIN) is provided and Rf\$ 
remains lOW, the DRAM will be in Self 
Refresh, commonly referred to as 
~sleep mode," 

~ 

f2a DON'T CARE 

~ UNDE~!NED 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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'RAS-ONL Y REFRESH CYCLE 
(OE and WE = DON'T CARE) 

~I 

\ RAS ~:~ _ Ulk------l 
'CRP , 14 tRPC __ 

1 

CAS ~:~~~ ~ 

ADDA ~:~ =~~o:=-bw!l//$!I$$/$/ffi1$/$$$!I;'x AOW 

DO ~g~ -'----------OPEN----------

~ 
J 

HIDDEN REFRESH CYCLE 24 

( WE = HIGH; OE = LOW) 

(READ) (REFRESH) 

AAS 

'H 
AAS 

'RCD IRSH tCHA 

IAA i 
lr 

of 

lRAD II IAAL'I , 
~II~ I~ lRAH 

Jr--~~''"~M~ 
I II'~~: J ~ 

ADDA ~IH-- I: Il~ 

~l 
DO ~:gt =:----OPEN-------l=m~=:==~V~ALI~DD~ATA~==~roPEN-

DE ~:t. rW;T7Tl71;J;7771/j;777/;j7Ti0'j;7TiW=1;j;=@=lIoT7T;I/ J;T7TW7771;J;Tl7WJ;7TT7'd~ ,I 
l:Z] DON'T CARE 

~ UNDEFINED 

ADVANCE 

2-79 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MICRON MT4(L)C2MBA1/2 S 
1-· "'~""O" ,"c 2 MEG x B DRAM 

MT4(L)C2M8A1/2S 
REV. 4192 

Micron Technology, Inc .. reserves the right to change product3 or specifications without notice. 
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DRAM 

FEATURES 
• SELF REFRESH, i.e. "Sleep Mode" 
• Industry standard xS pinouts, timing, functions and 

packages 
• Address entry: 11 row, 10 column addresses (2S6ms); 
• High-performance, CMOS silicon-gate process 
• Single +SV only or 3/3.3V only ±lO'7'0 power supply 
• All device pins are fully TTL compatible 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR), 

HIDDEN and BATTERY BACKUP (BBU) 
• Optional FAST PAGE MODE access cycle 
• NONPERSISTENT MASKED WRITE access cycle 

(MT4(L)C2MSB2 S only) 
• 2,04S-cycle refresh (4,096-cycle refresh available as 

MT4(L)C2MSAI/2 S) 
• Low power, 2mW standby; 400mW active, typical (SV) 

OPTIONS 
• Timing 

60ns access 
70ns access 
SOns access 

• Power Supply 
SV±lO%only 
3.0/3.3V ±lO'7'0 only 

• Masked Write 
Not available 
Available 

• Packages 

MARKING 

- 6 
- 7 
- S 

4C 
4LC 

Bl S 
B2S 

Plastic 2S-pin SOJ (400 mil) DJ 
Plastic 2S-pin TSOP (400 mil) TG 
Plastic 32-pin SOJ (400 mil) DL 
Plastic 32-pin TSOP (400 mil) TL 
NOTE: Available in die form. Please consult factory for die data sheets. 

• Part Number Example: MT4C2MSBIDJ-7 S 

PART DESCRIPTION 
MT4C2MSBlS 
MT4C2MSB2S 
MT4LC2MSBI S 
MT4LC2MSB2 S 

S.OV, non-masked write 
S.OV, masked write 

3.0V /3.3V, non-masked write 
3.0V /3.3V, masked write 

GENERAL DESCRIPTION 
The MT4C2MSB1/2 Sand MT4LC2MSB1/2 S are 

randomly accessed solid-state memories containing 

MT4{l)C2MSB1/2 S 
REV. 4192 2-81 

ADVANCE 

2 MEG x8DRAM 
5.0V SELF REFRESH (MT4C2M881/2 S) 
3.0/3.3V, SELF REFRESH (MT4LC2M881/2 S) 

PIN ASSIGNMENT (Top View) 

28-Pin SOJ 
(Q-4) 

Vee 
001 

002 
003 

004 

WE 
RAS 
'NC 

Ato 
AD 
Al 

A2 

A3 
Vee 

1 

2 

3 

4 

5 
6 
7 

8 

• 
10 
11 

12 

13 

14 

28 v" 
27 008 

26 DO? 

25 DQ6 

24 DOS 

23 CAS 
22 OE 
21 A' 
20 A8 
1. A? 

18 A6 

17 AS 
16 A4 

15 V .. 

32-Pin SOJ 
(Q-5) 

Vee 1 32 Vss 
001 2 31 008 

002 3 30 DO? 

003 4 2. 006 
004 28 DOS 

NC 27 CAS 

WE 7 26 OE 
AAS 8 25 NC 

NC • 24 NC 
'NC 10 23 A9 
Al0 11 22 A8 

AD 12 21 A7 
Al 13 20 A6 

A2 14 
" 

AS 
A3 15 18 A4 

Vee 16 17 v .. 

• A 11 on 12 row address version 

28·Pin TSOP 
(R-3) 

Vee 1 V" 
001 008 
002 DO? 

003 006 
DQ4 DOS 

WE 6 CAS 
AAS 7 OE 
'NC A • 
Al0 A8 

AO A7 

A6 

AS 

32-Pin TSOP 
(R-4) 

V" 
001 008 

002 DO? 

DOS 4 DQ6 

DQ4 DOS 

NC CAS 

WE OE 
AAS NC 

NC 9 NC 

A9 

Al0 A8 

AD A7 

A;1 A6 

A2 AS 

A4 

V .. 

16,777,216 bits organized in a xS configuration. The 
MT4C2MSB1/2 S and the MT4LC2MSBI/2 S are the 
same DRAM versions except that the MT4LC2MSBI/2 S 
are low voltage versions of the MT4C2MSB1/2 S. The 
MT4LC2MSB1/2 S are designed to operate in either a 
3.0V ±10% or a 3.3V ±lO'7'0 memory system. All further 
references made for the MT4C2MSB1/2 S also apply to 
the MT4LC2MSBl/2 S, unless specifically stated other­
wise. Each byte is uniquely addressed through the 21 
address bits during READ or WRITE cycles. The address 
is entered first by RAS latching 11 bits (AO-AlO) and then 
CAS latching 10 bits (AO-A10). 

The MT4C2MSB2 S has NONPERSISTENT MASKED 
WRITE, allowing it to perform WRITE-PER-BIT accesses. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1,992, Micron Technology, Inc. 
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FUNCTIONAL BLOCK DIAGRAM 
2,048 ROWS 

ADVANCE 

WE~--~--~-------------------, 

AO 
Al 
A2 
A3 
A4 
A5 
AS 
A7 
A8 
A9 

Al0 

RAS 0-----+-1 

MT4(L)C2M8B1{2 S 
REV. 4192 2-82 

DATA IN BUFFER 

MASK DATA REGISTER 
(MT4C2M8B2 S only) 

2048 x 1024 x 8 
MEMORY 
ARRAY 

DOl 
• • 

D08 

----<> Vee 

----<> Vss 

Micron Technology, Inc., reserves the right to change products or specifications Without nolice. 
©1992, Micron Technology, Inc. 
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MIC:RON . MT4(L)C2MBB1/2 S 
1-· ,wmncon", 2 MEG x B DRAM 

PIN DESCRIPTIONS 

28-PIN DEVICE 
PIN NUMBERS 

7 

23 

6 

22 

10-13,16-21, 
9 

2-5,24-27 

8 

1, 14 

15,28 

MT4(L}C2MS81J2 S 
REV. 4/92 

32-PIN DEVICE 
PIN NUMBERS 

8 

27 

7 

26 

12-15,18-23, 
11 

2-5,28-31 
.. 

6,9,24,25,10 

1, 16 

17,32 

SYMBOL TYPE 
RAS Input 

CAS Input 

WE Input 

OE Input 

AO-A10 Input 

D01-D08 Input 

NC -

Vcc Supply 

Vss Supply 

DESCRIPTION 
Row Address Strobe: RAS is used to clock-in the 11 row-
address bits and strobe the WE and DOs in the MASKED 
WRITE mode (MT4C2M8B2 S only). 

Column Address Strobe: CAS is used to clock-in the 10 
column-address bits, enable the DRAM output buffers, and 
strobe the data inputs on WRITE cycles. 

Write Enable: WE is used to select a READ (WE = HIGH) 
or WRITE (WE = LOW) cycle. WE also serves as a Mask 
Enable (WE= LOW) at the falling edge of RAS in a 
MASKED-WRITE cycle (MT4C2M8B2 S). 

Output Enable: OE enables the output buffers when taken 
LOW during a READ access cycle. RAS and CAS must 
be LOW and WE must be HIGH before OE will control the 
output buffers. Otherwise the output buffers are in a High-Z 
state. 

Address Inputs: These inputs are multiplexed and clocked 
by RAS and CAS to select one byte out of the 2 Meg 
available words. 

Data 1/0: Includes inputs, outputs or High-Z and/or Output 
masked data input (for MASKED WRITE cycle only) . 

No Connect: These pins should be either left unconnected 
or tied to ground. 

Power Supply: +5V ±10% (C), 3.0/3.3V ±1 0% (LC) 

Ground 

2-83 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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FUNCTIONAL DESCRIPTION 
. Each bit is uniquely addressed through the 21 address 
bits during READ or WRITE cycles. First RAS is used to 
latch 11 bits (AO-AlO) then CAS latches 10 bits (AO-A9). 

The CAS control also determines whether the cycle will 
be a refresh cycle (RAS-ONL Y) or an active cycle (READ, 
WRITE or READ-WRITE) once RAS goes LOW. 

READ or WRITE cycles are selected by WE. A logic HIGH 
on WE dictates READ mode while a logic LOW on WE 
dictates WRITE mode. During a WRITE cycle, data in (D) is 
latched by the falling edge of WE or CAS, whichever occurs 
last. Taking WE LOW will initiate a WRITE cycle, selecting 
DQl through DQ8. If WE goes LOW prior to CAS going 
LOW, the outputpin(s) remain open (High-Z) until the next 
CAS cycle. If WE goes LOW after CAS goes LOW and data 
reaches the output pins, data out (Q) is activated and retains 
the selected cell data as long as CAS and OE remain LOW 
(regardless of WE orRAS). This late WE pulse results in a 
READ-WRITE cycle. 

The eight data inputs and eight data outputs are routed 
through eight pins using common 1/ 0, and pin c;lirection is 
controlled by OE and WE. 

F AST PAGE MODE operations allow faster data opera­
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row addre~s (AD-All) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-inby RAS followed by a column address strobed­
in by CAS, CAS may be toggled-in by holding RAS LOW 
and strobing-in different column addresses, thus executing 
faster memory cycles. Returning RAS HIGH terminates the 
FAST PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip currentto a reduced standby level. 
The chip is also preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONL Y, CAS-BEFORE-RAS, or 
HIDDEN REFRESH) so that all 2,048 combinations of RAS 
addresses (AO-AlO) are executed at least every 256ms, 
regardless of sequence. The CA5-BEFORE-RAS refresh 

MT4(L)C2M8Bl/2 S 
AEV.4192 2-84 

ADVANCE 

cycle will also invoke the refresh counter and controller for 
row address control. 

BATTERY BACKUP MODE (BBU) is a CBR refresh 
performed at the extended refresh rate with CMOS input 
levels. This mode provides a very low current, data reten­
tion cycle. RAS or CAS time refers to the time at which 
RAS or CAS transition from HIGH to LOW). 

SELF REFRESH is similar to BBU except that the DRAM 
provides its own internal clocking during "SLEEP MODE". 
Thus, an external clock is not required for additional power 
savings and design ease. The SELF REFRESH version 
retains the extended refresh rate of 512ms. 

MASKED WRITE ACCESS CYCLE 
(MT4C2M8B2 S ONLY) 

Every WRITE access cycle can be a MASKED WRITE, 
depending on the state of WE at RAS time. A MASKED 
WRITE is selected when WE is LOW at RAS time and mask 
data is supplied on the DQ pins. 

The mask data present on the DQI-DQ8 inputs at RAS time 
will be written to an internal mask data register and will 
then act as an individual write enable for each of the 
corresponding DQ inputs. If a LOW (logic "0") is written to 
a mask data register bit, the input port for that bitis disabled 
during the subsequent WRITE operation and no new data 
will be written to that DRAM cell location. A HIGH (logic 
"1") on a mask data register bit enables the input port and 
allows normal WRITE operations to proceed. At CAS time, 
the bits present on the DQI-DQ8 inputs will be written to 
the DRAM (if the mask data bit was HIGH) or ignored (ifthe 
mask data bit was LOW). 

In nonpersistent MASKED WRITEs, new mask data 
must be supplied each time a MASKED WRITE cycle is 
initiated. 

Figure 1 illustrates the MT4C2M8B2 S MASKED WRITE 
operation (Note: RAS or CAS time refers to the time at 
which RAS or CAS transition from HIGH to LOW). 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 



RAS 

CAS 

WE 

D01 

DOB 

MT4(l)C2MS61/2 S 
REV. 4/92 

ADVANCE 

1 ~ MASKED WRITE -I~ NONMASKED WRITE -I 
\ / \ / 

\ / \ / 

~ /IIIIIA !/I1II/11//J W/l/l~ $I///II//IM 

STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA DATA DATA DATA DATA 

1 0 X 1 X · - - - - - '» 

1 0 . - - - --'» 0 0 X · - - - - - '» 

0 X X · - - - - - '» 

0-----'» 0 0 X · - - - - - '» 1 

0 X X 0 · - - - - - '» 0 

1 o .-----3> 0 0 X 0 · - - - - - '» 0 

0 X 1 X 0 · - - - - - '» 0 

0 . -- - -- '» 0 0 X 0 · - - - - - '» 0 

~ ADDRESS 0 • ~ ADDRESS 1 -
X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 1 
MT4C2M8B2 S MASKED WRITE EXAMPLE 

2-85 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ADDRESSES 
FUNCTION RAS ~ WE lJt IR IC DOs NOTES 
Standby H H-X X X X X High-Z 

READ L L H L ROW COL Data Out 

EARLY-WRITE L L L X ROW COL Data In 1 

READ-WRITE L L H-L L-H ROW COL Data Out, Data In 1 

FAST-PAGE- 1st Cycle L H-L H L ROW COL Data Out 

MODE READ 2nd Cycle L H-L H L n/a COL Data Out 

FAST-PAGE- 1st Cycle L H-L L X ROW COL Data In 1 

MODE WRITE 2nd Cycle L H-L L X n/a COL Data In 1 

FAST-PAGE-MODE 1st Cycle L H-L H-L L-H ROW COL Data Out, Data In 1 

READ-WRITE 2nd Cycle L H-L H-L L-H n/a COL Data Out, Data In 1 

HIDDEN READ L-H-L L H L ROW COL Data Out 

REFRESH WRITE L-H-L L L X ROW COL Data In 1,2 

RAS-ONL Y REFRESH L H X X ROW n/a High-Z 

CAS-BEFORE-RAS REFRESH H-L L H X X X High-Z 

BATTERY BACKUP REFRESH H-L L H X X X High-Z 

SELF REFRESH H-L L H X X X High-Z 

NOTE: 1. Data in will be dependent on the mask provided (MT4C2M8B2 S only). Refer to Figure 1. 
2. EARLY WRITE only. 

MT4{L}C2MSB112 S 
REV. 4/92 2-86 Micron Technology. Inc., reserves the right to change products or specifications without nolice. 
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MIC::RON MT4(L)C2MS81/2 S 
1-· '''""0,0,,,, 2 MEG x S DRAM 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss (5V) ....... -IV to +7V 
Voltage on Vee supply relative to Vss (3V) ... -IV to +4.6V 
Operating Temperature, T A (Ambient) .......... O°C to +70°C 
Storage Temperature (Plastic) .................... -55°C to + 150°C 
Power Dissipation .............................................................. IW 
Short Circuit Output Current ...................................... 50mA 

*Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

DC OPERATING SPECIFICATIONS FOR 5V VERSION 
(Notes: 1, 3, 4, 6, 7, 30) (O°C ~ T A ~ 70°C; Vee = 5V ±10%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV ~ VIN ~ Vee 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled, OV ~ VOUT ~ 5.5V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -2.5mA) 
Output Low Voltage (lOUT = 2.1 mAl 

DC OPERATING SPECIFICATIONS FOR 3.0/3.3V VERSION 
(Notes: 1, 3, 4, 6, 7, 31) (O°C ~ T A ~ 70°C; Vee = 3.0/3.3V ±1 0%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV ~ VIN ~ Vee 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled, OV ~ VOUT ~ 3.6V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -2mA) 
Output Low Voltage (lOUT = 2mA) 

SYMBOL 

Vee 

VIH 

VIL 

II 

loz 

VOH 

VOL 

SYMBOL 

Vee 

VIH 

VIL 

II 

loz 

VOH 

VOL 

MIN MAX UNITS NOTES 
4.5 5.5 V 1,30 

2.4 Vec+1 V 1 

-1.0 0.8 V 1 

-2 2 iJA 

-10 10 iJA 
2.4 V 

0.4 V 

MIN MAX UNITS NOTES 

2.7 3.6 V 1,31 

2.0 Vee+1 V 1 

-1.0 0.8 V 1 

-2 2 iJA 

-10 10 iJA 
2.4 V 

0.4 V 

MT4(L)C2M8B1/2S 
REV. 4192 2-87 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MICRON MT4(L)C2MB81 12 S 
1-· ","",co",'" 2 MEG x B DRAM 

DC OPERATING SPECIFICATIONS FOR 5V VERSION 
(Notes: 1 , 3, 4, 6, 7, 30) (O°C ~ T A ~ 70°C; Vcc = 5V ±1 0%) 

PARAMETER/CONDITION 
STANDBY CURRENT: TTL (RAS = CAS = VI H) 

STANDBY CURRENT: CMOS (RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READ/WRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN); ICp, IASC = 10ns) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

REFRESH CURRENT: BATTERY BACKUP (BBU) 
Average power supply current during BATTERY BACKUP refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = IRAS (MIN) to 
300ns; WE, AO:A11 and DIN = Vcc - 0.2V (DIN may be left open), 
tRC = 125~s (1 ,024 rows at 125~s = 128ms) 

REFRESH CURRENT: SELF 
Average power supply current during SELF refresh: CBR cycle 
with RAS ~ IRASS (MIN) and CAS held LOW; WE = Vcc - 0.2V; 
AO-A9 and DIN = Vcc - 0.2V or 0.2V (DIN may be left open) 

MT4(L)C2M8B1f2S 
REV. 4192 2-88 

MAX 

SYMBOL ·6 ·7 ·8 UNITS NOTES 
Icct 2 2 2 rnA 

Icc2 200 200 200 ~A 25 

Icc3 140 130 120 rnA 3,4,32 

Icc4 . 100 90 80 rnA 3,4,32 

Icc5 140 130 120 rnA 3,32 

Icc6 140 130 120 rnA 3,5 

Icc? 300 300 300 ~ 3,30 

Iccs 300 300 300 ~A 5 

Micron Technology, Inc., reserves the right to change products or speclf~atjons withOut nOlice. 
©1992, Micl'(ln Technology, Inc. 
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MICRON MT4(L)C2MBB1/2 S 
1-· ","'ow,""" 2 MEG x B DRAM 

DC OPERATING SPECIFICATIONS FOR 3.0/3.3V VERSION 
(Notes: 1, 3, 4, 6, 7, 31) (O°C :::; T A:::; 70°C; Vcc = 3.0/3.3V ±1 0%) 

PARAMETER/CONDITION 

STANDBY CURRENT: TTL (RAS = CAS = VIH) 

STANDBY CURRENT: CMOS (RAS = CAS = Vcc -O.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS. Address Cycling:lpC = IpC (MIN); ICp, IASC = iOns) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

REFRESH CURRENT: BATTERY BACKUP (BBU) 
Average power supply current during BATTERY BACKUP refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = IRAS (MIN) to 
300ns; WE, AO-A 11 and DIN = Vcc - O.2V (DIN may be left open). 
IRC = 125ILs (1.024 rows at 125ILs = 128ms) 

REFRESH CURRENT: SELF 
Average power supply current during SELF refresh: CBR cycle 
with RAS ;:: IRASS (MIN) and CAS held LOW; WE = Vcc - 0.2V; 
AO-A9 and DIN = Vcc - 0.2V or 0.2V (DIN may be left open) 

MT4(L)C2M8B1/2 S 
REV. 4/92 2-89 

MAX 

SYMBOL ·6 ·7 -8 UNITS NOTES 

Icc1 1 1 1 mA 

Icc2 80 80 80 !lA 25 

Icc3 90 90 80 mA 3,4,32 

Icc4 75 65 55 mA 3.4,32 

ICC5 100 90 80 mA 3,32 

Icc6 100 90 80 mA 3,5 

Icc? 100 100 100 !lA 3,30 

Iccs 100 100 100 !lA 5 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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CAPACITANCE 

PARAMETER SYMBOL MAX UNITS NOTES 

Input Capacitance: AO-A 10 CI1 5 pF 2 

Input Capacitance: RAS, CAS, WE, OE CI2 7 pF 2 

Input/Output Capacitance: DQ CIO 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C:<;; T A:<;; +70°C) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 
Access time from CAS 
Output Enable 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 

Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in Low-Z 
Output buffer turn-off delay 

MT4(L)C2MBB112 S 
REV.4i92 

-6 
SYM MIN 
tRC 110 

tRWC 155 
tpc 35 

tpRWC 85 

tRAC 
tCAC 
tOE 
tAA 

tCPA 
tRAS 60 

tRASP 60 
tRSH 15 
tRP 40 

tCAS 15 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 15 
tcRP 5 
tASR 0 
tRAH 10 
tRAD 15 

tASC a 
tCAH 10 
tAR 50 

tRAL 30 

tRCS 0 
tRCH 0 

tRRH a 

tCLl 0 
tOFF 0 

MAX MIN 
130 
180 
40 

95 

60 
15 
15 
30 
35 

100,000 70 
100,000 70 

20 
50 

100,000 20 
70 
10 
10 

45 20 
5 
0 
10 

30 15 

a 
15 
55 

35 

0 
a 

a 

a 
15 a 

2-90 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 
200 ns 
40 ns 

100 ns 

70 80 ns 14 
20 20 ns 15 
15 15 ns 
35 40 ns 
40 45 ns 

100,000 80 100,000 ns 
100,000 80 100,000 ns 

20 ns 

eO ns 
100,000 20 100,000 ns 

80 ns 
10 ns 16 
10 ns 

50 20 60 ns 17 
5 ns 
0 ns 
10 ns 

35 15 40 ns 18 

0 ns 
15 ns 
60 ns 

40 ns 

a ns 26 
a ns 19,26 

0 ns 19 

0 ns 
20 0 20 ns 20,29 

Micron Technology, Inc .. reserves the right to change products or specifications without notice. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) (DOC ~ TA ~ +70°C) 

AC CHARACTERISTICS 
PARAMETER 
WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 
RAS to WE delay time 

Column address 
to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (2,048 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CAS-BEFORE-RJiS refresh) 

CAS hold time 
(CAS-BEFORE-RAS refresh) 

WE hold time (MASKED WRITE and 
CAS-BEFORE-RAS refresh) 

WE setup time 
(CAS-BEFORE-RAS refresh) 

WE setup time 
(MASKED WRITE) 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

Output disable 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

RJiS pulse width during 
SELF REFRESH cycle 

RAS precharge time during 
SELF REFRESH cycle 

CAS hold time during 
SELF REFRESH cycle 

1T4(L)C2MBB1f2 S 
:EV.4I92 

-6 

SYM MIN MAX 
IWCS 0 
IWCH 10 

IWCR 45 

'WP 10 
IRWL 15 
ICWL 15 
IDS 0 
IDH 10 

IDHR 45 

IRWD 85 
IAWD 55 

ICWD 40 
tT 3 50 

tREF 256 
tRPC 0 
tCSR 5 

tCHR 15 

'WRH \5 

tWRP 10 

tWRS 10 

lORD 0 

IOD 15 

tOEH 15 

tRASS 100 

IRPS 150 

ICHS -70 

2-91 

MIN 
0 
15 

55 

15 

20 

20 

0 

15 

55 

95 

60 

45 

3 

0 

5 

15 

15 

10 

10 

0 

15 

100 

150 

-70 

-7 -8 

MAX MIN MAX UNITS NOTES 
0 ns 21,26 

15 ns 26 

60 ns 26 

15 ns 26 

20 ns ·26 

20 ns 26 

0 ns 22 

15 ns 22 

60 ns .. 

105 ns 21 

65 ns 21 

45 ns 21 

50 3 50 ns 9, 10 

256 256 ms 

0 ns 

5 ns 5 

15 ns 5 
... 

15 ns 26 

10 ns 26 

10 ns 26 

0 ns 

15 15 ns 

15 ns 28 

100 ~s. 34 

150 ns 34 

'70 ns 34 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©i 992, Micron Technology, Inc. 
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NOTES 
1. All voltages referenced to V 55. 

2. This parameter is sampled. Vee = 5V ±1O%, f = 1 MHz. 
3. Ice is dependent on cycle rates. 
4. Ice is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (ODC :::; T A :::; 70DC) is assured. 

7. An initial pause of 100~s is required after power-up 
followed by eight RAS refresh cycles ( RAS -ONLY or 
CBR) before proper device operation is assured. The 
eight RAS cycle wake-up should be repeated any time 
the ~F refresh requirement is exceeded. 

S. AC characteristics assume IT = 5ns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is high impedance. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 1 TTL gate and 

50pF. 
14. Assumes that tRCD < tRCD (MAX). If tRCD is greater 

than the maximum recommended value shown in 
this table, tRAC will increase by the amount that 
IRCD exceeds the value shown. 

15. Assumes that IRCD 2: tRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the Q buffer, CAS must be pulsed 
HIGH for tCPN. 

17. Operation within the IRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

lS. Operation within the IRAD limit ensures that tRCD 
(MAX) can be met. tRAD (MAX) is specified as a 
reference point only; if tRAD is greater than the 
specified IRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. toFF (MAX) defines the time at which the output 
achieves the open circuit condition, not a reference to 
VOHorVOL. 

MT4(L)C2MSB112 S 
REV. 4/92 2-92 

ADVANCE 

21. twcs, IRWD, tAWD and tCWD are restrictive 
operating parameters in LATE-WRITE and READ­
MODIFY-WRITE cycles only. If twCS2: twcs (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If tRWD 2: IRWD (MIN), tAWD 2: tAWD 
(MIN) and tCWD 2: tCWD (MIN), the cycle is a 
READ-WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions is met, the state of data out are indetermi­
nate. OE held HIGH and WE taken LOW after CAS 
goes LOW results in a LATE-WRITE (OE controlled) 
cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. During a READ cycle, if OE is LOW then taken HIGH 
before CAS goes HIGH, Q goes open. If OE is tied 
permanently LOW, LATE-WRITE or READ-MODIFY­
WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

25. All other inputs at V cc -0.2V. 
26. Write command is defined as WE going LOW. 
27. MT4C2MSB2 S only. 
2S. LATE-WRITE and READ-MODIFY-WRITE cycles 

must have both tOD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide ~reviously read data if CAS 
remains LOW and OE is taken back LOW after tOEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

29. The DQs open during READ cycles once tOD or toFF 
occur. If CAS goes HIGH first, OE becomes a U don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a don't care; and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 

30. BBU current is reduced as tRAS is reduced from its 
maximum specification during BBU cycle. 

31. The 5V version is restricted to operate between 4.5 V 
and 5.5V only. 

32. The 3.0/3.3V version is restricted to operate between 
2.7 V and 3.6V only. 

33. Column address changed once while RAS = VIL and 
CAS=VIH. 

34. When exiting the SELF REFRESH mode, a complete 
set of row refreshes must be executed in order to 
ensure the DRAM will be fully refreshed. 

Micron Technology, Inc., reserves the right to change products or specifications without notice 
©1992, Micron Technology, Inc. 



READ CYCLE 

'CSH 

'CRP 'RCD 

'RAL 

I~~I 
ADDA ~~~ .JIII;0{ ROW WIIII;0 

.LLLJ...U 'RCS 

ROW COLUMN 

teAC 

~L 
DO ~:g~ =--------OPEN------~~~V"-~IO~DA~TAdr----OPEN---

1--'2L- I_ 'aD 

DE ~:~ _.Tn1//;=W/;'"0';;7771//;TT7W;;7771/77J,/ / ;;=0'/;'"1/;;7771//TT7W ;;7770jTn,/ / /;='/ / /;'"W /;777,/ / ;;7T71/;;777WJ,. $#/ $/#/# #$// $/ $// ##/; 

EARLY-WRITE CYCLE 

tRAS 'RP 

- 1" \ 
ICSH 

'RSH 

=~ 
tRCO teAS 

'AR 

'RAD 'RAL 

I~ ~I ~ ~ 
AODR ~l~ ~ ROW ~ COLUMN ROW 

tCWL -'I 'AWL 

''NCR 

~ twCH 

I~ ~I 
'WP 

~ 

NOTE 1 ~~ 

IMS IIIMH _'os_I I 'OHA 

(~ DQ~:g~~---VA-LiD-DA-TA--~ 

~ DON'T CARE 

~ UNDEFINED 

ADVANCE 

"IOTE: 1. Applies to MT4C2M882 S only; WE and DO inputs on MT4C2M881 S are "don't care" at RAS time. WE 

IT4(L)C2MSB1/2S 
EV.4192 

selects between normal WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" for a 
normal WRITE (WE HIGH at RAS time). The DO inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 

2-93 Micron Technology, Inc., reserves the right to change products or speclficstions without nolipe. 
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ADVANCE 

MICRON MT4(L)C2MB81/2 S 
1-· ","'"co,," 2 MEG x B DRAM 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

tRAS 'RP 

RAs ~1~ -
lCSH 

I 'ASH 

_I~ 
tRCD 'cAS 

CAS V,H 
VIL 

ADOR ~1~ 

=-' ~. 'AR 
tRAD I I tRAL I 

I~~I • 'ASC 1 1 'CAH ·1 
1 

=~ ROW ~ COLUMN ROW 

WE ~i~ 
I~I'WR~I 

I I IRWD 'CWL II 
I_ + 'RCS I 1 

'cwo 'RWL 

'AWD 
'WP 'I. 

'i'/' '///M NOTE 1 ~".f 

I~ 
'AA 

I 'RAC I 'cAe 
~ tcLZ_~ I~ rl 

- NOTE 1 OPEN VALID Dour K VALID DIN OPEN---DQ ~:g~ 
~ ~I ~ 

FAST-PAGE-MODE READ CYCLE 

RASP 

FL -
'cSH 'PC 'ASH 

I. 'CAP tRCO 'cAS __ 'CP_~ _'CP __ 
~~ 

'cPN 

=-' } I'----" 'AR 

ADDR ~l~ 

'RAD I I~ 'RAL 
I_ 'ASR tRAH~1 ~ ~ ~I ~II 'CAH'I I 

:J/,1;t ROW WI;0 COLUMN WIIIIII,) COLUMN WIIIII/) COLUMN ROW 

I 'RCS I 
'RCH-

-11t-'RCS rl 'RCH- Ii 
-IILRCS -I,I-'RRH ~ 

- Y' ~ V!I&IIL 
I 

'M 'M 'M 

I 'RAC I 'CPA ICPA 

I 'cAC ~, j~ ~ I~ 
'CLZ- 1:- - --'OFF 

-
'cLZ- 1:- 'CLZ- 1:-

VALID OPEN VALID VALID ~OPEN-DATA DATA DATA 

~ ....'2!>. ~ ~ ~ ~ 

~ DONTCARE 

1188! UNDEFINED 

NOTE: 1. Applies to MT4C2M882 S only; WE and DO inputs on MT4C2M8B1 S are "don't care" at RAS time. WE 

MT4(L)C2M88112 S 
REV. 4/92 

selects between normal WRITE and MASKED WRITE atRAS time. The DO inputs are "don't care" for a 
normal WRITE (WE HIGH at RAS time). The DO inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 

2-94 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
© 1992, Micron Technology, Inc. 
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MIC:RON MT4(L)C2M881 12 S 
1-· ,,,,,moon' 2 MEG X 8 DRAM 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

~ 1~_--"'R"",CD'-----_I.--",tC""AS __ 1 ~ teAS 

CAS VIH _~---,----tt-~~--.c-\ 
Vil - 1 '--1'-----;1 

~ DON'TeARE 

~ UNDEFINED 

NOTE: 1. Applies to MT4C2M8B2 S only; WE and DO inputs on MT4C2M8B1 S are "don't care" at RAS time. WE 

MT4(L)C2MSB112 S 
REV. 4192 

selects between normal WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" for a 
normal WRITE (WE HIGH at RAS time). The DO inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 

2-95 Micron Technology, Inc., reserves the right to change prodUcts or specifications without notice. 
©1992, Micron Technology, Inc. 
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ADVANCE 

UU:::RCN MT4(L)C2MB81/2 S 
1-· "'~"ow"'"' 2 MEG x B DRAM 

MT4(L)C2M6BII2 S 
REV. 4/92 

DQ 

DQ 

CAS-BEFORE-RAS REFRESH CYCLE 
(AO-A10; OE = DON'T CARE) 

L, tAP tRAS .-1. tAP , tRAS 

1 :-1- tRPc:

1 J: tCPN :11-. leSR • tCHR ~I~ ~I. 
:~ l I l I 

OPEN 

~ ~ ~ ~ 
- ~Ij //$/ //// $//////j/// // //1& 

BATTERY BACKUP REFRESH CYCLE 
(AO-A 10; OE = DON'T CARE) 

125!:!s 

. tAP tRAS tRP tRAS 

Y 
---./ tAPC:

1 

}.'ePN~_ tesA ~l I~I~ ~l. 
I 1-i f 

OPEN 

~ ~ ~ ~ 

W//////$/////////u/////////j 

SELF REFRESH CYCLE ("SLEEP MODE") 
(AO-A10; OE = DON'T CARE) 

RP 

.-1~ 'RPC =11 I"' tCPNll~ 
j "Ii 

j:,twRP, I~ 

:: RASS (not RAS) RPS nol RP 

tAPe 

tCHS I 
I \ 

f---OPEN 

2-96 

I~~-
/jjil/lllllllllt!' 

~ 
Once tRASS (MIN) is provided and RAS 
remains LOW, the DRAM will be in Self 
Refresh, commonly referred to as 
"sleep mode," 

~ 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc: 



MT4{L)C2M861/2 S 
REV. 4192 

R'AS"-ONL Y REFRESH CYCLE 
(OE and WE = DON'T CARE) 

'RC 

CAs ~:r ~---' '-----I 
tASR tRAH 

ADDR ~:~ _---Ro:--b;;u$/M#$$####I##/#$#!X~--RO-W --

DO ~gr -'--------------OPEN-----------

r-
:--.J 

~ -

HIDDEN REFRESH CYCLE 24 

( WE = HIGH; OE = LOW) 

(READ) (REFRESH) 

RAS H' HAS 

tRCD 'RSH tCHR 

~ 
'AR I , 
~ ~ 

'ASC I/,"," tRAH 

l 

fill DON'T CARE 

~ UNDEFINED 

ADVANCE 

2-97 Micron Technology, Inc., reserves the righllo change products or specifications without notice 
©1992, Micron Technology, Inc. 
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ADVANCE 

MIC::RON MT4(L)C2MB8112S 
1-· ",,"ow,,,,, 2 MEG x B DRAM 

MT4(LlC2M88112 S 
REV. 4192 2-98 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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DRAM 

FEATURES 
• Industry standard x16 pinouts, timing, functions 

and packages 
• High-performance, CMOS silicon-gate process 
• Single +5V±10% power supply 
• Low power, 3m W standby; 225m W active, typical 
• All device pins are fully TTL compatible 
• 256-cycle refresh in 4ms 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS 

and HIDDEN 
• Optional FAST PAGE MODE access cycle 
• BYTE WRITE access cycle (MT4C1664 only) 
• NONPERSISTENT MASKED WRITE access cycle 

(MT4C1665 only) 

OPTIONS 
• Timing 

70ns access 
80ns access 
lOOns access 

• Write Enable 
Byte or Word 
Word only 

• Mask Enable 
Not Available 
Always Available 

• Packages 
Plastic SOJ (400mil) 
Plastic TSOP (400mil) 
Plastic ZIP (475mil) 

MARKING 

- 7 
- 8 
-10 

MT4C1664 
MT4C1665 

MT4C1664 
MT4C1665 

DJ 
TG 
Z 

NOTE: Available in die form Please consult factory for die data sheets. 

:;ENERAL DESCRIPTION 
The MT4C1664/5 are randomly accessed solid-state 

nemories containing 1,048,576 bits organized in a x16 
'onfiguration. The MT4C1664 has both BYTE and WORD 
"'RITE access cycles while the MT4C1665 has only WORD 
"'RITE access cycles. 

The MT4C1664 functions in a similar manner to the 
ilT4C1665 except that replacing WE with WEL and WEH 
Hows for BYTE WRITE access cycles. WEL and WEH 
unction in an identical manner to WE: either WEL or WEH 

T4C1664/5 
~V.4!92 2-99 

64Kx 16 DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

40-Pin SOJ 
(0-6) 

Voc 
DOl 
DQ2 
D03 
DQ4 
DOS 
DQ6 
D07 
DOS 

NC 
Voc 

'NCIWEH 
*WEIWEL 

RA,S 
AO 
A1 
A2 
A:l 
A4 

Voc 

1 
2 
3 , 
5 
6 
7 
8 
g 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

,. 
39 
38 
37 
36 
35 
34 
33 
32 
31 
3. 
29 
28 
27 
26 
25 
24 
23 
22 
21 

V" 
0016 
0015 
D014 
0013 
D012 
DQ11· 
DQ10 
D09 
NC 
Vss 
CAS 
DE 
NC 
NC 
NC 
A7 
A6 
AS 

V" 

40-Pin TSOP 
(R-5) 

Voc 
DOl 
D02 
DQ3 
D04 
DOS 
D06 
D07 
008 

NC 

V" 
0016 
0015 
OQ14 
0013 
OQ12 
0011 
0010 
DOg 
NC 

Vee Vss 
"NCIWEH CAS 
*WEIWEl DE 

RAS NC 
AO NC 
At NC 
A2 A7 
A:l A6 
A4 AS 

Voc <..:"--_--=-, Vss 

'MT4C1665/MT4C1664 

40-Pin Zip 
(0-4) 

NC 1 ." 
, 2 009 

0010 3." 
4 0011 

D012 5 • 
D014 7 .,;" 6 DD13 

D:~ ,~ ::::': ;~ ~~:5 
Vee 13 .,;" 14 D03 

00415 .,;" 16 DD5 

00617,.<: 18007 

DQS 19 -:<~ 20 NC 
Vcc21.:,-- _ 

"WEIWEL 23 .,;" 22 ~IWEH 
," 24 RAS 

AD 25 .. 
"'c 26Al 

A227 ''', .. 28 A3 

A429 ''',:: 30Ve, 

NC 31 .<: 32 NC 

Vss 33 "'.0, 34 A5 

A635 "'.0, 36 A7 

NC37." 380E 
CAS 39 

40Vss 

will generate an internal WE through an AND gate (In­
verted NOR gate). 

The MT4C1664 "WE" function and timing aredeterrnined 
by the first BYTE WRITE (WEL or WEH) to transition LOW 
and the last to transition back HIGH. Use of only one of the 
two results ina BYTE WRITE cycle: WEL transitioning LOW 
selects a WRITE cycle for the lower byte (DQI-DQ8) or 
WEH transitioning LOW selects a WRITE cycle for the 
upper byte (DQ9-DQ16). 

The MT4C1665 has NONPERSISTENT MASKED WRITE 
cycles. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technolo~y, Inc. 
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FUNCTIONAL BLOCK DIAGRAM 

MT4C1664 ONLY 

WEL <>---~+--'~ 
WEH ~~~~ 

'-+----.q 
CAS o---~---------' 

AD 
A1 
A2 
A3 
A4 
A5 
A6 
A7 

RAS 

MT4C166415 
REV. 4192 

a: 
w 

5:0 
00 a:u w 

0 

2-100 

DQ1-DQ16 

BE 

256 x 256 x 16 
MEMORY 
ARRAY 

---.0 Vee 

---.0 Vss 

Micron Technology, Inc., reserves the right to change products or specifications without notice 
©1992,MicronTechnology,lnc 



PIN DESCRIPTIONS 

SOJ PIN ZIP PIN TSOP PIN 
NUMBERS NUMBERS NUMBERS 

14 24 16 

29 39 31 

28 38 30 

13 23 15 

'. 

12 22 14 

15-19, 25-29, 17-21., 
22-24 34-36 24-26 

2-9, 11,12, 2-9, 
32-39 14-17,2, 36-43 

18,19, 
3-9 

10,25-27, 1,20,31, 10,27-29, 
31 32,37 35 

1,.11,20 13,21,30 1,13,22 

21,30,40 10,33,40 23,32,44 

NOTE: *MT4C1665/MT4C1664 

vlT4C16641S 
=iEVAI92 

SYMBOL TYPE 

RAS Input 

CAS" Input 

DE Input 

WE/WEL* Input 

NC/WEH* Input 

AO-A7 Input 

001-0016 Input! 
Output 

NC -

Vee Supply 

Vss Supply 

2-101 

DESCRIPTION 

ROW Address Strobe: RAS is used to clock-in the 8 
row address bits and strobe the WEL, WEH and DO 
inputs for the MASKED WRITE function. 

Column Address Strobe: CAS is used to clock-in the 8 
column address bits, enable the DRAM output buffers, 
and strobe the data inputs on WRITE cycles. 

Output Enable: OE enables the output buffers when 
taken LOW during a READ access cycle. RAS and 
CAS" must be LOW and WEL and WEH must be HIGH 
before OE will control the output buffers. Otherwise the 
output buffers are in a High-Z state. 

WRITE Enable Lower Byte: WEL on MT4C1664 is 
WE control for the 001 through DOS inputs. WE on 
MT 4C1665 control.s 001 through DQ16 inputs. 'If 
(WEe or WEH)/WE is LOW, the access is a WRITE 
cycle. The DO outputs for the byte not being written 
will remain in a High-Z state (byte WRITE cycle only). 

Write Enable Upper Byte: WEHon MT4C1664 is wr=. 
.control for the 009 through DQ16 inputs. If (WEL or 
WEH)/wE is LOW, the access is a WRITE cycle. This 
pin is a no connect on the MT 4C 1665 as it has only 
WORD WRITE access cycles. 

Address Inputs: These inputs are multiplexed and 
clocked by RAS and CAS to select one 16~bit word Ollt 
of the 64K available words. 

Data 1/0: For WRITE cycles, D01-DQ16 act as inputs 
to the addressed DRAM location. BYTE WRITEs can 
b.e performed by using WEL or WEH to select the byte 
to be written. For READ access cycles, 001-0016 act 
as outputs for the addressed DRAM ocation. All 16 
II0s are active for READ cycles (there is no BYTE 
READ cycle). 

No Connect: These pins should be either left 
unconn'ected or tied to ground. 

Power Supply: +5V ±.10% 

Ground 

Micron Technology, Inc., reserves the right to change products or specifications without notice; 
©1992, Micron TechnoJogy, Inc. 
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FUNCTIONAL DESCRIPTION 
Each bit is uniquely addressed through the 16 address 

bits during READ or WRITE cycles. These are entered 8 bits 
(AO -A7) at a time. RAS is used to latch the first 8 bits and 
CAS the latter 8 bits. 

READ or WRITE cycles on the MT4C1665 are selected 
with the WE input while eitherWEL or WEH perform the 
"WE" on the MT4C1664. The MT4C1664 "WE" function is 
determined by the first BYTE WRITE (WEL. or WEH) to 
transition LOW and the last one to transition back HIGH. 

A logic HIGH on WE dictates READ mode while a logic 
LOW on WE dictates WRITE mode. During a WRITE cycle, 
data-in (D) is latched by the falling edge of WE or CAS, 
whichever occurs last. TakingWE LOWwillinitiate a WRITE 
cycle, selecting DQl through DQI6. If WE goes LOW prior 
to CAS going LOW, the output pin(s) remain open (High­
Z) until the next CAS cycle. If WE goes LOW after CAS goes 
LOW and data reaches the output pins, data out (Q) is 
activated and retains the selected cell data as long as CAS and 
OE remain LOW (regardless of WE or RAS). This late WE 
pulse results in a READ-WRITE cycle. 

The 16 data inputs and 16 data outputs are routed through 
16 pins using common I/O, and pin direction is controlled 
by OE , WEL and WEH (MT4C1664) orWE (MT4CI665). 

FAST PAGE MODE operations allow faster data opera­
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO-A7) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed­
in by CAS. CASmay be toggled-in by holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MODE operation. . 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
The chip is also precqnditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONL Y, CAS-BEFORE-RAS,orHID­
DEN refresh) so that a11256 combinations ofRAS addresses 
(AO-A7) are executed at least every 4ms, regardless of 
sequence. The CAS-BEFORE-RASrefresh cycle will also 

MT4C1664/5 
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invoke the refresh counter and controller for row address 
control. 

BYTE WRITE DESCRIPTION (MT4C1664 ONLY) 

The BYTE WRITE mode is determined by the use of 
WEL and WEH. Enabling WEL will select a lower BYTE 
WRITE cycle (DQ1-DQ8) while enabling WEH will select 
an upper BYTE WRITE (DQ9-DQI6). Enabling both WEL 
and WEH selects a WORD WRITE cycle. 

The MT4C1664 can be viewed as two 64K x 8 DRAMs 
which have common input controls, with the exception of 
the WE input. Figure 1 illustrates the MT4C1664 BYTE and 
WORD WRITE cycles. 

MASKED WRITE DESCRIPTION (MT4C1665 ONLY) 

Every WRITE access cycle can be a MASKED WRITE, 
depending on the state of WE at RAS time. A MASKED 
WRITE is selected when mask data is supplied on the DQ 
pins and WE is LOW at RAS time. The MT4C1665 is only 
word selectable when WE is LOW. at RAS time (the 
MT4C1664 does not have MASKED WRITE cycle function). 

The data (mask data) present on the DQI-DQI6 inputs at 
RAS time willbe written to an internal bit mask data register 
and will then act as an individual write enable for each of 
the corresponding DQ inputs. If a LOW (logic "0") is 
written to a mask data register bit, the input port for that bit 
is disabled during the following WRITE operation and no 
new data will be written to that DRAM cell location. A 
HIGH (logic "1") on a mask data register bit enables the 
input port and allows normal WRITE operations to pro­
ceed. At CAS time, the bits present on the DQI-DQ16 inputs 
will be either written to the DRAM (if the mask data bit was 
HIGH) or ignored (if the mask data bit was LOW). 

New mask data must be supplied each time a MASKED 
WRITE cycle is initiated, even if the previous cycle'S mask 
was the same mask. 

Figure 2 illustrates the MT4C1665* MASKED WRITE 
operation (Note: RAS or CAS time refers to the time at 
which RAS or CAS transition from HIGH to LOW). 
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RAS 

CAS 

WEL 

WEH 

LOWER BYTE 
(001-008) 
OFWORO 

UPPER BYTE 
(009-0016) 
OFWORO 

1- WORD WRITE -I- LOWER BYTE WRITE -I 
\ / \ I 

\ / \ I 

\ / \ ;-
\ / 

STORED INPUT STORED STORED INPUT STORED 

DATA DATA DATA DATA DATA DATA 
.••••. :;> 1 ..••.. :;> 

...... :;> 1 .....• :;> 

0 ....•. :;> 0 0 .....• :;> 

0 .-----3> 0 0 -- - --3>-

0 •...• :;> 0 0 ,-----3>-

.•..•• :;> ...••. :;> 

...... :;> 1 1 .-----3>-

0 ...... :;> 0 0 ..•... :;> 

0 ...... :;> X ..•... :;> 

0 ...••• :;> 1 X ...••. :;> 

0 0 .••••• :;> 0 0 X ...••. :;> 0 

0 0 .••••. :;> 0 0 X .••••. :;> 0 

0 1 .-----3>- 1 1 X .••..• :;> 

0 0 ..••.. :;> 0 0 X ...•.. :;> 0 

0 1 ..••.. :;> 1 1 X ..••.• :;> 1 

0 0 ..••.. :;> 0 0 X ..•... :;> 0 

--- ADDRESS 0 • • ADDRESS 1 

X = NOT EFFECTIVE (DON'T CARE) 

Figure 1 
MT4C1664 WORD AND BYTE WRITE EXAMPLE 

2-103 Micron Technology, Inc., reserves the right to change products or specifications Without notice. 
©1992, Micron Technology, Inc. 

II 
=e -C 
m 
C 
:a 
l> s: 



II 
=e -0 
m 
c 
.::D 
l> 

== 

MT4C1664/5 
REV. 4/92 

RAS 

CAS 

WE 

LOWER BYTE 
(001-008) 
OFWORO 

UPPER BYTE 
(009-0016) 
OFWORO 

1_ WORD MASKED WRITE -I- WORD NON-MASKED WRITE -I 
\ / \ I 

\ / \ I 

~ !lllllA III! I! I! 1111 W//& /I//////lla 

STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA DATA DATA DATA DATA 

0 X X .-----;::.. 

o .-----3> X .----<~> 

X X .-----3> 

0 .-----;:.. X 1 ------:;;> 

X X 0 .-----3> 0 
o .-----3> 0 X 0 -----;> 0 
X X 0 ------;... 0 
o .-----3> X 0 .-----;> 0 

X X 1 ------;> 

0 X X 0 .-----3> 

0 X X 1 ------;> 1 

0 X 0 X 0 .-----3> 0 
0 0 .-----3> 0 X -----3>-

0 ._-- --3:>- X -----3> 

1 .-----3> X 0 .-----3> 0 
1 .-----3> X 0 .-----3> 0 

ADDRESS 0 • - ADDRESS 1 

X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 2 
MT4C1665 MASKED WRITE EXAMPLE 
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TRUTH TABLE: MT4C1664 

ADDRESSES 

FUNCTION Rff -cg WEL WEFf lJt IR IC DOs NOTES 

Standby H H~X X X X X X High-Z 

READ L L H H L ROW COL Data Out 

WRITE: WORD L L L L X ROW COL Data In 
(EARL V-WRITE) 

WRITE: LOWER L L L H X ROW COL Lower Byte, Data In 
BYTE (EARL V) Upper Byte, High-Z 

WRITE: UPPER L L H L X ROW COL Lower Byte, High-Z 
BYTE (EARL V) Upper Byte, Data In 

READ-WRITE L L H~L H~L L~H ROW COL Data Out, Data In 1 

FAST-PAGE-MODE 1st Cycle L H~L H H L ROW COL Data Out 

READ 2nd Cycle L H~L H H ... L n/a COL Data Out 

FAST-PAGE-MODE 1st Cycle L H~L L L X ROW COL Data In 1 

EARLY-WRITE 2nd Cycle L H~L L L X n/a COL Data In 1 

FAST-PAGE-MODE 1st Cycle L H~L H .... L H~L L~H ROW COL Data Out, Data In 1 

READ-WRITE 2nd Cycle L H~L H .... L H~L L~H n/a COL Data Out, Data In 1 

HIDDEN READ L~H~L L H H L ROW COL Data Out 

REFRESH WRITE L .... H .... L L L L X ROW COL Data In 1,2 

RAS-ONLV L H X X X ROW n/a High-Z 
REFRESH 

CAS-BEFORE-RAS H .... L L X X X X X High-Z 
REFRESH 

r-JOTE: 1. These cycles may also be byte WRITE cycles (either WEL or WEH active). 
2. EARL V-WRITE only. 
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TRUTH TABLE: MT4C1665 

ADDRESSES 

FUNCTION RAS -cg WE lit IR Ie DOs NOTES 

Standby H H-X X X X X High-Z 

READ L L H L ROW COL Data Out 

WRITE: WORD L L L X ROW COL Data In 1 
(EARL V-WRITE) 

READ-WRITE L L H-L L-H ROW COL Data Out, Data In 1 

FAST -PAGE-MODE 1st Cycle L H-L H L ROW COL Data Out 

READ 2nd Cycle L H-L H L n/a COL Data Out 

FAST -PAGE-MODE 1st Cycle .. L H-L L X ROW COL Data In 1 

EARLY-WRITE 2nd Cycle L H-L L X n/a COL Data In 1 

FAST-PAGE-MODE 1st Cycle L H-L H-L L-H ROW COL Data Out, Data In 1 

READ-WRITE 2nd Cycle L H-L H-L L-H n/a COL Data Out, Data In 1 

HIDDEN READ L-H-L L H L ROW COL Data Out 

REFRESH WRITE L-H-L L L X ROW COL Data In 1,2 

RAS-ONLV L H X X ROW n/a High-Z 
REFRESH 

CAS-BEFORE"RAS H-L L X X X X High-Z 
REFRESH 

NOTE: 1. Data In will be dependent on the mask provided. Refer to Figure 2. 
2. EARLV-WRITEonly. 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee Supply Relative to Vss ........ -l.OV to +7.0V 
Operating Temperature, T A (Ambient) .......... O°C to +70°C 
Storage Temperature (Plastic) .................... -SsoC to + lS0°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C $; T A $; 70°C; Vcc = 5V ± 10%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV $; VIN $;VCC 

(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled, OV $; VOUT $; 5.5V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -2.5mA) 
Output Low Voltage (lOUT = 2.1 rnA) 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VI H) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: 'RC = 'RC (MIN» 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = 'PC (MIN); 
'CP, 'ASC = iOns) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS=VIH: 'RC = 'RC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

MT4C16S4I5 
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SYMBOL MIN MAX UNITS NOTES 

Vcc 4.5 5.5 V 1 

VIH 2.4 Vcc+1 V 1 

VIL -1.0 0.8 V 1 

Ii -2 2 ~ 

102 -10 10 ~ 
VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -7 -8 -10 UNITS NOTES 

Icc1 2 2 2 rnA 

Icc2 1 1 1 rnA 25 

Icc3 120 110 100 rnA 3,4,31 

Icc4 80 70 60 rnA 3,4,31 

Iccs 120 110 100 rnA 3, 31 

Icc6 120 110 100 rnA 3,5 

Micron Techno!ogy, Inc., reserves the rlghllo change products or specifications without nonce. 
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CAPACITANCE 
(Note: 2) 

PARAMETER 

Input Capacitance: AO-A7 

Input Capacitance: RAS, CAS,(WEL, WEH)/ WE, OE 

Input/Output Capacitance: DQ 

SYMBOL 

Cll 

CI2 

CIO 

MIN MAX UNITS NOTES 

5 pF 2 

7 pF 2 

7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13,23) (O°C::;; T A::;; +70°C; Vcc = 5V ± 10%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE READ or WRITE 
cycle time 

FAST-PAGE-MODE READ-WRITE 
cycle time 

Access time from RAS 
Access time from CAS 
Output Enable time 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS)' 

CAS to output in low-Z 

MT4C166415 
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SYM MIN MAX 
tRC 130 

tRWC 175 
tpc 45 

tpRWC 95 

tRAC 70 
tCAC 25 
tOE 25 
tAA 40 

tCPA 45 
tRAS 70 100,000 

tRASP 70 100,000 
tRSH 20 
tRP 45 

tCAS 25 100,000 
tCSH 70 
tCPN 10 
tcp 10 

tRCD 20 45 
tCRP 5 
tASR a 
tRAH 10 
tRAD 15 35 

tASC a 
tCAH 15 
tAR 55 

tRAl 35 

tRCS a 
tRCH a 

tRRH 0 

tClZ a 

2-108 

MIN 
145 
185 
50 

100 

80 
80 

. 20 

45 
25 
80 
10 
10 
20 
5 
a 
10 
15 

a 
15 
60 

40 

a 
a 

a 

a 

-8 -10 
MAX MIN MAX UNITS NOTES 

170 ns 
220 ns 
60 ns 

120 ns 

80 100 ns 14 
25 30 ns 15 

. 25 30 ns 
45 50 ns 
50 55 ns 

100,000 100 100,000 ns 
100,000 100 100,000 ns 

25 ns 
60 ns 

100,000 30 100,000 ns 
100 ns 
15 ns 16 
10 ns 

50 25 60 ns 17 
5 ns 
a ns 
10 ns 

40 15 50 ns 18 

0 ns 

15 ns 
70 ns 

50 ns 

a ns 26 
a ns 19,26 

a ns 19 

a ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6,7,8,9, 10, 11, 12, 13,23) (O°C:s: TA:S: +70°C; Vee = 5V ± 10%) 

AC CHARACTERISTICS 
PARAMETER 
Output buffer turn-off delay 

Output disable time 

Write command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to"RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to "RAS) 

RAS to WE delay time 

Column address 
to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (256 cycles) 

"RAS to CAS precharge time 

CAS setup time 
(CAS-BEFORE-"RAS" refresh) 

CAS hold time 
(CAS-BEFORE-RAS refresh) 

MASKED WRITE command to RAS 
setup time 

MASKED WRITE command to RAS 
hold time 

Mask data to RAS setup time 

Mask data to RAS hold time 

DE hold time from WE during 
READ-MODIFY-WRITE cycle 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

MT4C166415 
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SYM MIN MAX 
IOFF 0 20 
IOD 15 

twcs 0 

twCH 15 

twCR 50 

IWp 15 
tRWL 20 
ICWL 20 
IDS 0 
IDH 15 

IDHR 50 

IRWD 90 
IAWD 65 

ICWD 50 
IT 3 50 

IREF 4 
IRPC 0 
ICSR 10 

tCHR 15 

tWRS 0 

tWRH 15 

tMS 0 
tMH 15 

tOEH 10 

tORD 0 

2-109 

MIN 
0 

0 

15 

55 

15 

20 

20 

0 

15 

55 

100 

70 

55 

3 

0 

10 

15 

0 

15 

0 

15 

10 

0 

-8 -10 

MAX MIN MAX UNITS NOTES 
20 0 20 ns 20,30 

15 20 ns 30 

0 ns 21,26 

15 ns 26 

65 ns 26 

15 ns 26 

20 ns 26 

20 ns 26 

0 ns 22 

20 ns 22 

65 ns 

125 ns 21 

80 ns 21 

70 ns 21 

50 3 50 ns 9,10 

4 4 ms 28 

0 ns 

10 ns 5 

15 ns 5 

0 ns 26,27 

15 ns 26,27 

0 ns 26 

15 ns 26 

20 ns 29 

0 ns 
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NOTES 
1. All voltages referenced to V 55. 

2. This parameter is sampled. Vcc = SV ±10%,f = 1 MHz. 
3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (O°C ~ T A ~ 70°C) is assured. 

7. An initial pause of 100~s is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the tREF 
refresh requirement is exceeded. 

8. AC characteristicS assume IT = Sns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 1 TTL gates and 

SOpF. 
14. Assumes that IRCD < IRCD (MAX). If tRCD is greater 

than the maximum recommended value shown in this 
table, tRAC will increase by the amount that tRCD 
exceeds the value shown. 

15. Assumes that tRCD ;;:: tRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the Q buffer, CAS must be pulsed 
HIGH for tCPN. 

17. Operation within the tRCD (MAX) limit ensures that 
IRAc (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

18. Operation within the lRAD (MAX) limit ensures that 
IRCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

19. Either tRCH or lRRH must be satisfied for a READ 
cycle. 

MT4C16S415 
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20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. twcs, IRWD, tAWD and tcWD are restrictive 
operating parameters in LATE-WRITE and READ­
MODIFY -WRITE cycles only. If twcs ;;:: twcs (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If tRWD;;:: tRWD (MIN), tAWD;;:: tAWD 
(MIN) and tCWD ;;:: tCWD (MIN), the cycle is a LATE­
WRITE and the data output will contain data read 
from the selected cell. If neither of the above 
conditions are met, the state of data out are indetermi­
nate. OE held HIGH and WE taken LOW after CAS 
goes LOW results in a LATE-WRITE (OE controlled) 
cycle. 

22. These parameters are referenced to CAS leading edge 
in early WRITE cycles and WE leading edge in LATE­
WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case WE = LOW and OE=HIGH. 

25. All other inputs at Vcc -0.2V. 
26. Write command is defined as either WEL or WEH or 

both going LOW on the MT4C1664. Write command 
is defined as WE going LOW on the MT4C166S. 

27. Must be held LOW to ensure MASKED WRITE is 
enabled and must be held HIGH to ensure MASKED 
WRITE is disabled. 

28. The refresh period may be extended to Sms without 
experiencing problems. 

29. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both tOD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after tOEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

30. The DQs open during READ cycles once taD or tOFF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" and the DQs will provide the 
previously read data if OE is taken back LQW (while 
CAS remains LOW). 

31. Column address changed once while RAS = VIL and 
CAS=VIH. 
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MIC:RON MT4C1664/S 
1-· ,ec",ococ,,", 64K x 16 DRAM 

READ CYCLE 

tRC 

tRAS tRP 

- \ 
ICSH 

'RSH ~ 

I~ tRCD 'cAS 

=--.-1 J! 
tAR 

I tRAD 'RAL 

I~~I lAse leAH .... 1 
~- --

='I///M ROW ~ COLUMN ROW 

'RCS ~ 

tM 

'RAC 

'CAG 2E.... 
~I, 

OPEN VALID DATA ~OPEN---

~t_OE_ 

OE ~lt -1//;/#/;// #// #//// $//J/ij/ #////// #//#/ $/mi 
~ 

p/$##//////ij/#//ij///#///$ 

EARLY-WRITE CYCLE 

tRC 

,IRAS tAP 

RAS V,H 
v" - kf \ 

tCSH 

IRSH 

I~ tRCD teAS 

CAs V,H 
v" =---.1 

tAR -tRAD tRAL 

I~ ~I -t~ ~ 
ADDR V,H 

v" ~;;)i; ROW W;/',;,;x COLUMN ROW 

tCWL J IRWl 

twCR 

~ ~ 
l·tWRS IWR~I twP 

f//, C>lt NOTE 1 :1(/'////">- //////; 
WEl,wEH VIH 

WE VJL 

'Msll~ I~ 
I tOHA 
~tD_H_ DQ~lgt~---VA-LlD-D-AT-A----'~ 

OE ~lt -:/Z;{l//WWWIdll@;ZI1III7~ 
~ DON'T CARE 

B88l UNDEFINED 

NOTE: 1. Applies to MT 4C1665 only; WEL, WEH and DO inputs on MT 4C1664 are "don't care" at RAS time. WE 

MT4C166415 
REV. 4192 

selects between normal WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" for a 
normal WRITE, WE HIGH at RAS time. TheDO inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 
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READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) . 

tRAS tRP 

RAS ~:~ -
ICSH 

I IRSH 

I~· 'RCD tCAS 

CAS ~:~ =~ ~ tAR 

IRAD I I tRAL 

ADDR ~:t 
I~ ~I ~I !~ I 

::t/ili/,( ROW WIII,,0 COLUMN ROW 

WEL,WEH VIH 
J!.... VIL 
WE 

00 ~:gr 

~I I I tRWD ~II ~I ICWO 

~~L _I. = l_tWRS ~I 1- I tAWD 

~~J~ WffEJ ~ I tRAC 

'CAG 

=~OPEN tw-lT 
r ~ 

VALID DOUT X VALID DIN QPEN--

~ ~I ~ 

FAST-PAGE-MODE READ CYCLE 

-- ~ -
'cS" tpc tASH 

I~ tRCD leAS _tc_p_!~ ~I ~~lf 
tCPN 

1\~ =.J f-----1 
tAR 1 

IRAD 

~ I 'c,,·1 

tRAL 

I~ I~ ~I ~II leAH __ j I 
ADDR ~lr 

I~ 
r-

::;;11;,il; ROW WI!..! COLUMN WI/,1IIfll; COLUMN WIIIIIIl COLUMN ROW 

I 
tRCS 1 

tACH-
l-llt'RcS .Ii tRCH-

J:,-l T'RCS 

I tM wr tM ~ tM 

I tRAe I 'cPA I 'cPA I 'CAG tcF~1 ~ ~I I~ 'cLZ- 1:- tcLZ- - tCLZ- L 
OPEN VAllO L VALID 

DATA 
DA~~:I ~ -'24 ~I ~ 

-Ir~ ~ 

~ 

-J-tcFF 
~~~~ OPEN-

~ 

~ DON'TeARE 

~ UNDEFINED 

NOTE: 1. Applies to MT 4C1665 only; WEL, WEH and DO inputs on MT 4C1664 are "don't care" at RAS time. WE 

MT4C166415 
REV. 4192 

selects between normal WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" for a 
normal WRITE, WE HIGH at RAS time. The DO inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 
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MIC:RON MT4C1664/S 
1-· '''"'''00''"' 64K X 16 DRAM 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

'R' 

'CAP 

~I----"""'--I 

'" ~i~ !Y/;0'/ff///I//;0'//J///I///I//I/;0'///;0'///!!I//I/I&J2ItZZ!$//////I/I/I/////I/I//!//I//;0'///I///11//$/;0'//$ 

FAST -PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

~ DON'T CARE 

~ UNDEFiNED 

NOTE: 1. Applies to MT4C1665 only; WEL, WEH and DO inputs on MT4C1664 are "don't care" at RAS time. WE 

MT4C1664/5 
REV. 4192 

selects between normal WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" for a 
normal WRITE, WE HIGH at RAS time. The DO inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 
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MT4C1664f5 
REV. 4192 

RAS"·ONL Y REFRESH CYCLE 
(ADDR = AO-A7, OE; WEL, WEH or WE = DON'T CARE) 

'AP 

\'------
ICRP 

CAs ~i~ ~--' "'---J 
tASR tRAH 

ADDA ~:~ _---Row--b/$!M'/$$$//§$f'$/$f',@;)(~-AO-W --
DQ ~g~ :----------OPEN----------

~·BEFORE·RAS" REFRESH CYCLE 
(AO-A7; WEL, WEH or WE, and OE = DON'T CARE) 

'AP 

CAs ~l~ =-_L-----"---___ -L-__ ---'L--_________ ---"-_ 

DO ~gr -:------------OPEN----------

HIDDEN REFRESH CYCLE 24 

( WEL, WEH or WE = HIGH; OE = LOW) 

(READ) (REFRESH) 

AAS I~ AAS 

V ,r-----i 

r tRCD IRSH tCHR 

1 I 
J 

'AA 
IRAQ II 'AAL I 

I~ I~ ~II·'CAH~I 
ADDR ~1~-1fL!l!i AOW ~ COLUMN W //////// //// // / / // //; 

I I 'AA 
I tRAC 

I.:~~ .~ 
OPEN 

~ 

~ 

2-114 

VALID DATA 

I 'OFF - -
t-- 0PEN -

~ 

~ DON1" CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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DRAM 

FEATURES 
• Industry standard x16 pinouts, timing, functions 

and packages 
• High-performance, CMOS silicon-gate process 
• Single +5V ±10% power supply 
• All device pins are fully TTL compatible 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR), 

HIDDEN and BATTERY BACKUP (BBU) 
• Optional FAST PAGE MODE access cycle 
• BYTE WRITE access cycle (MT4C1664 L only) 
• NONPERSISTENT MASKED WRITE access cycle 

(MT4C1665 L only) 
• Reduced CMOS STANDBY CURRENT 
• Low power, ImW standby; 225mW active, typical 
• Extended refresh: 256 cycles over 32ms (125~s cycles) 

OPTIONS MARKING 
• Timing 

70ns access - 7 
80ns access - 8 
lOOns access -10 

• Write Enable 
Byte or Word MT4C1664L 
Word only MT4C1665 L 

• Mask Enable 
Not available MT4C1664L 
Always available MT4C1665L 

• Packages 
Plastic SOJ (400mil) DJ 
Plastic TSOP (400mil) TG 
Plastic ZIP (475mil) Z 

NOTE: Available in die form Please consult factory for die data sheets. 

• Part Number Example: MT4C1664DJ-7 L 

GENERAL DESCRIPTION 
The MT4C1664/5 L are randomly accessed solid-state 

memories containing 1,048,576 bits organized in a x16 
configuration. The MT4C1664 Lhas both BYTE and WORD 
WRlTE access cycles while theMT4C1665 Lhas only WORD 
WRITE access cycles. 

The MT4C1664 L functions in a similar manner to the 
MT4C1665 L except that replacing WE with WEL and 
WEH allows for BYTE WRITE access cycles. WEL and 
WEH function in an identical manner to WE: either WEL 

64Kx 16DRAM 
LOW POWER 
EXTENDED REFRESH 

PIN ASSIGNMENT (Top View) 

40-Pin SOJ 
(0-6) 

Vee 
DQl 
DQ2 
DQ3 
DQ4 
DQS 
DQ6 

DQ7 
DQB 

NC 
Vee 

'NCIWEH 
'WEIWEL 

RAS 
AO 
Al 
A2 
A3 
A4 

Vee 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 

V" 
0016 
D01S 
DOl' 
DQ13 
D012 
OQ11 
DQ10 
DQB 
NC 
Vss 
CAS 
DE 
NC 
NC 
NC 
A7 
A6 
AS 
V's 

40-Pin TSOP 
(R-5) 

Vee 
001 
D02 
D03 
0Q4 
DQ5 
DQ6 
D07 
DaB 

NC 

Vss 
DOl. 
0015 
D014 
0013 
0012 
Dan 
OQ10 
DQB 
NC 

Vee Vss 
~NCJWEH CAS 
"WEJwEL OE 
~ NC 

AD NC 
A1 NC 
A2 A7 
A3 A6 
A4 A5 

Vee CC:=--._-=-.' Vss 

'MT4C1665 UMT4C1664 L 

40-Pin Zip 
(0-4) 

NC 1 
.:: 2 009 

DOlO 3 .:; 
,:: • 0011 

0012 5 -:, 
'" 6 0013 

0014 7 -_. 
'" 8 0015 

0016 9 --. 
,:: 10Vss 

00111 

Vee 13 
, 12002 

00415 _,,''' 14003 

00617 '" 16 DOS 
, 18007 

00819 '''." 20NC 

Vcc21 ::',:: 22 "NCIWEH 

'WE!wEL 23 c.;." 24 fiAS 
A025 

26Al 

A227 -''", 28 A3 

A4 29 -''", 30 Vee 

NC 31 -''", 32 NC 

Vss 33 -''", 34 AS 

A63S -". __ 36A7 

NC37 -" -- 380E 

CAS 39 
40Vss 

or WEH will generate an internal WE through an AND 
gate (inverted NOR gate). 

The MT4C1664 L "WE" function and timing are deter­
mined by the first BYTE WRITE (WELor WEH) to transition 
LOW and the last to transition back HIGH. Use of only one 
of the two results in a BYTE WRITE cycle: WEL transition­
ing LOW selects a WRITE cycle for the lower byte (DQ1-
DQ8) or WEH transitioning LOW selects a WRITE cycle for 
the upper byte (D09-DQ16). 

MT4CI66415L 
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The MT4C1665 L has NONPERSISTENT MASKED 
WRITE capability. 

The extended refresh of the MT4C1664/5 L provides a 
factor-of-eight reduction of refresh intervals required, as 
compared to a standard 64K x 16 DRAM (MT4C1664/5). 

The MT4C1664/ 5 L offers lower operating power as well as 
reduced refresh and standby currents. The MT4C1664/5 L 
are the same devices as the MT4C1664/5, but with low 
power capabilites. 

FUNCTIONAL BLOCK DIAGRAM 

MT4C166415l 
REV. 4192 2-116 

256 x 256 x 16 
MEMORY 
ARRAY 

DQ1-DQ16 

i-----oOE 

.....----0 Vee 

+----0 Vss 

Micron Technology, tnc., reserves the right to change products or speclfications without notice. 
©1992, Micron Technology, Inc. 



PIN DESCRIPTIONS 

SOJ PIN ZIP PIN TSOP PIN 
NUMBERS NUMBERS NUMBERS 

14 24 16 

29 39 31 

28 38 30 

13 23 15 

12 22 14 

15-19, 25-29, 17-21, 
22-24 34~36 24-26 

2-9, 11, 12, 2-9, 
32-39 14-17, 36-43 

2,18,19, 
3-9 

10,25,26, 1,20,31, 10,27-29, 
27,31 32,37 35 

1,11,20 13,21,30 1,13,22 

21,30,40 10,33;40 23,32,44 

NOTE: *MT4C1665 UMT4C1664 L 

MT4C166415L 
REV.4192 .' 

SYMBOL TYPE 

RAS Input 

CAS Input 

OE Input 

WCfWEL* Input 

NCfWEW Input 

AO-A7 Input 

D01-D016 Input! 
Output 

NC -

Vce Supply 

Vss Supply 

2-117 

DESCRIPTION 

ROW Address Strobe: RAS is used to clock-in the 8 
row address bits and strobe the WEL, WEH and DO 
inputs for the MASKED WRITE function. 

Column Address Strobe: CAS is used to clock-in the 8 
column address bits, enable the DRAM output buffers, 
and strobe the data inputs on WRITE cycles. 

Output Enable: OE enables the output buffers when 
taken LOW during a READ access cycle. RAS and 
CAS must be LOW and WEL and WEH must be HIGH 
before OE will control the output buffers. Otherwise the 
output buffers are in a High-Z state. 

WRiTE Enable Lower Byte; WEL on MT4C1664 L is 
WE control for the D01 through DOB inputs. WE on 
MT4C1665 L controls D01 through D016 inputs. If 
(WEL or WEH)/wE is LOW, the access is a WRITE 
cycle. The DO outputs for the byte not being written 
will remain in a High-Z state (byte WRITE cycle only). 

Write Enable Upper Byte: WEH on MT4C1664 L is WE 
control for the D09 through D016 inputs. If (WEL or 
WEH)/wE is LOW, the access is a WRITE cycle. This 
pin is a no connect on the MT4C1665 L as it has only 
WORD WRITE access cycles. 

Address Inputs: These inputs are multiplexed and 
clocked by RAS and CAS to select one 16-bit word out 
of the 64K available words. 

Data 110: For WRITE cycles, D01-D016 act as inputs 
to the addressed DRAM location. BYTE WRITEs can 
be performed by using WEL or WEH to select the byte 
to be written. For READ access cycles, D01-D016 act 
as outputs for the addressed DRAM ocation. All 16 
II0s are active for READ cycles (there is no BYTE 
READ cycle). 

No Connect These pins should be either left 
unconnected or tied to ground. 

Power Supply: +5V ± 10% 

Ground 

Micron Technology, Inc., reSelves the right to change products or specifications without notice. 
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FUNCTIONAL DESCRIPTION 
Each bit is uniquely addressed through the 16 address­

bits during READ or WRITE cycles. These are entered 8 bits 
(AO-A7) at a time. RAS is used to latch the first 8 bits and 
CAS the latter 8 bits. 

READ or WRITE cycles on the MT4C1665 L are selected 
with the WE input while either WEL or WEH perform the 
"WE" on the MT4C1664 L. The MT4C1664 L "WE" function 
is determined by the first BYTE WRITE (WEL or WEH) to 
transition LOW and the last one to transition back HIGH. 

A logic HIGH on WE dictates READ mode while a logic 
LOW on WE dictates WRITE mode. During a WRITE cycle, 
data-in (D) is latched by the falling edge of WE or CAS, 
whichever occurs last. Taking WE LOW will initiate a WRITE 
cycle, selecting DQl through DQ16. If WE goes LOW prior 
to CAS going LOW, the output pin(s) remain open (High­
Z) until the next CAS cycle. If WE goes LOW after CAS goes 
LOW and data reaches the output pins, data out (Q) is 
activated and retains the selected cell data as long as CAS and 
OE remain LOW (regardless of WE or RAS). This late WE 
pulse results in a READ-WRITE cycle. 

The 16 data inputs and 16 data outputs are routed through 
16 pins using common I/O, and pin direction is controlled 
byOE ,WELandWEH (MT4CI664L) or WE (MT4C1665L). 

FAST PAGE MODE operations allow faster data opera­
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO-A7) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed­
in by CAS. CAS may be toggled-in by holding RAS LOW 
and strobing-in different column addresses, thus executing 
faster memory cycles. Returning RAS HIGH terminates the 
FAST PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
The chip is also preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONL Y, CAS-BEFORE-RAS, or HID­
DEN refresh) so that all 256 combinations of RAS addresses 
(AO-A7) are executed at least every 32ms, regardless of 
sequence. The CA5-BEFORE-RAS refresh cycle will also 
invoke the refresh counter and controller for row address 
control. 

BATTERY BACKUP MODE (BBU) is a CBR refresh 
performed at the extended refresh rate with CMOS input 
levels. This mode provides a very low current, data reten­
tion cycle. RAS or CAS time refers to the time at which 
RAS or CAS transition from HIGH to LOW). 

BYTE WRITE DESCRIPTION (MT4C1664 L ONLY) 
The BYTE WRITE mode is determined by the use of 

WEL and WEH. Enabling WEL will select a lower BYTE 
WRITE cycle (DQI-DQ8) while enabling WEH will select 
an upper BYTE WRITE (DQ9-DQI6). Enabling both WEL 
and WEH selects a WORD WRITE cycle. 

The MT4C1664 L may be viewed as two 64K x 8 DRAMs 
which have common input controls, with the exception of 
the WE input. Figure 1 illustrates the MT4CI664 L BYTE 
and WORD WRITE cycles. 

MASKED WRITE DESCRIPTION (MT4C1665 L 
ONLY) 

Every WRITE access cycle may be a MASKED WRITE, 
depending on the state of WE at RAS time. A MASKED 
WRITE is selected when mask data is supplied on the DQ 
pins and WE is LOW at RAS time. The MT4C1665 L is only 
word selectable when WE is LOW at RAS time (the 
MT4C1664 L does not have a MASKED WRITE cycle func­
tion). 

The data (mask data) present on the DQ1-DQ16 inputs at 
RAS time will be written to an internal bit mask data register 
and will then act as an individual write enable for each of 
the corresponding DQ inputs. If a LOW (logic "0") is 
written to a mask data register bit, the input port for that bit 
is disabled during the subsequent WRITE operation and no 
new data will be written to that DRAM cell location. A 
HIGH (logic "1") on a mask data register bit enables the 
input port and allows normal WRITE operations to pro­
ceed. At CAS time, the bits present on the DQI-DQ16 inputs 
will be written· to the DRAM (if the mask data bit was 
HIGH) or ignored (if the mask data bit was LOW). 

New mask data must be supplied each time a MASKED 
WRITE cycle is initiated, even if the previous cycle's mask 
was the same mask. 

Figure 2 illustrates the MT4C166.5 L MASKED WRITE 
operation (Note: RAS or CAS time refers to the time at 
which RAS or CAS transition from HIGH to LOW). 

MT4C166415 L 
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MIC:RON MT4C1664/S L 
1-- "",,'ocne 64K X 16 DRAM 

T4C166415L 
;V4l92 

RAS 

CAS 

WEL 

WEH 

LOWER BYTE 
(001-008) 
OF WORD 

UPPER BYTE 
(009-0016) 
OF WORD 

I- WORD WRITE -I- LOWER BYTE WRITE ~I 
\ / \ I 

\ / \ I 

\ / \ ;-
\ / 

STORED INPUT STORED STORED INPUT STORED 

DATA DATA DATA DATA DATA DATA 
------3> ------3> 

------3=- 1 ------3> 

0 ------3> 0 0 ------3> 

0 ------3> 0 0 -----3> 

0 ------3> 0 0 ------3> 

------3> ------3> 

1 ------3> 1 1 ------3> 

0 ------3> 0 0 ------3> 

0 -----3> X ------3> 1 

0 ------3> 1 X ------3> 1 

0 0 ------3> 0 0 X ------3> 0 
0 -----3> 0 0 X ------3> 0 

0 1 -----3> 1 X ------3> 

0 0 ------3> 0 0 X -----3> 0 

0 ------3> X ------3> 

0 0 ------3> 0 0 X ------3> 0 

ADDRESS 0 • • ADDRESS 1 • 
X = NOT EFFECTIVE (DON'T CARE) 

Figure 1 
MT4C1664 L WORD AND BYTE WRITE EXAMPLE 
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MIC:RON MT4C1664/S L 
1-· ",""oeo,n, 64K X 16 DRAM 

RAS 

CAS 

WE 

LOWER BYTE 
(001-008) 
OFWORO 

UPPER BYTE 
(009-0016) 
OFWORO 

MT4C166415 L 
REV. 4192 

1-WORD MASKED WRITE ---I- WORD NON-MASKED WRITE -I 
\ / \ I 

\ / \ I 

~ II/IlIA /II /II 1I!IIl 'W1!,01 V"/II //;1/ & 

STORED MASK INPUT STORED STORED MASK INPUT STORED 
DATA DATA DATA DATA DATA DATA DATA 

0 X 1 X ------". 

0 ------". a a X ------". 

X 1 X ------". 

0 ------". a X 1 ------". 1 

a X X a ------". a 
0 ------". a X a ------". a 

0 X X a ------". a 
a ------". 0 a X a ------". a 

a X X 1 ------". 1 
a X 1 1 X a ------". a 

a a X a a X 1 ------". 1 
a a X a a X a ------". a 
0 a ------3> a a X ------". 

a ------". a a X ------". 1 
a ------". X a ------". a 
a -----". X a ------". a 

ADDRESS a • - ADDRESS 1 • 
X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 2 
MT4C1665 L MASKED WRITE EXAMPLE 

2-120 Micron Technology, Inc., reserves the right to change products or speciflcations without notice 
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MIC:RON MT4C1664/5 L 
1-· "",oeoono 64K X 16 DRAM 

TRUTH TABLE: MT4C1664 L 

ADDRESSES 

FUNCTION "RAS" "CAS WE"[ WEH nr IR IC DOs NOTES 

Standby H H-X X X X X X High-Z 

READ L L H H L ROW COL Data Out 

WRITE: WORD L L L L X ROW COL Data In 
(EARL V-WRITE) 

WRITE: LOWER L L L H X ROW COL Lower Byte, Data In 
BYTE (EARL V) Upper Byte, High-Z 

WRITE: UPPER L L H L X ROW COL Lower Byte, High-Z 
BYTE (EARL V) Upper Byte, Data In 

READ-WRITE L L H-L H-L L-H ROW COL Data Out, Data In 1 

FAST -PAGE-MODE 1st Cycle L H-L H H L ROW COL Data Out 

READ 2nd Cycle L H-L H H L nfa COL Data Out 

FAST-PAGE-MODE 1st Cycle L H-L L L X ROW COL Data In 1 

EARL V-WRITE 2nd Cycle L H-L L L X nfa COL Data In 1 

FAST-PAGE-MODE 1st Cycle L H-L H-L H-L L -->H ROW COL Data Out, Data In 1 

READ-WRITE 2nd Cycle L H-L H-L H-L L-H nfa COL Data Out, Data In 1 

HIDDEN READ L-H-L L H H L ROW COL Data Out 

REFRESH WRITE L-H-L L L L X ROW COL Data In 1,2 

RAS-ONLV L H X X X ROW nfa High-Z 
REFRESH 

CAS-BEFORE-RAS H-L L X X X X X High-Z 
REFRESH 

BATTERV BACKUP H-L L X X X X X High-Z 
REFRESH 

NOTE: 1. These cycles may also be BVTE WRITE cycles (either WEL or WEH active). 
2. EARL V-WRITE only. 

MT4C166415L 
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TRUTH TABLE: MT4C1665 L 

ADDRESSES 
FUNCTION m m we- nt IR IC DOs NOTES 
Standby H H--+X X X X X High-Z 

READ L L H L ROW COL Data Out 

WRITE: WORD L L L X ROW COL Data In 1 
(EARL V-WRITE) 

READ-WRITE L L H--+L L --+H ROW COL Data Out, Data In 1 

FAST-PAGE-MODE 1st Cycle L H--+L H L ROW COL Data Out 

READ 2nd Cycle L H--+L H L n/a COL Data Out 

FAST-PAGE-MODE 1 st Cycle L H--+L L X ROW COL Data In 1 

EARL V-WRITE 2nd Cycle L H--+L L X n/a COL Data In 1 

FAST-PAGE-MODE 1st Cycle L H--+L H--+L L --+H ROW COL Data Out, Data In 1 

READ-WRITE 2nd Cycle L H--+L H--+L L --+H n/a COL Data Out, Data In 1 

HIDDEN READ L--+H--+L L H L ROW COL Data Out 

REFRESH WRITE L --+H-'-L L L X ROW COL Data In 1,2 

RAS-ONLV L H X X ROW n/a High-Z 
REFRESH 

CAS-BEFORE-RAS REFRESH H--+L L X X X X High-Z 

BAITERV BACKUP REFRESH H--+L L X X X X High-Z 

NOTE: 1. Data-in will be dependent on the mask provided. Refer to Figure 2. 
2. EARL V-WRITE only. 

MT4C166415 L 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss .............. -IV to +7V 
Operating Temperature, T A (Ambient) ......... DoC to +70°C 
Storage Temperature (Plastic) .................... -SsoC to + IS0°C 
Power Dissipation .............................................................. IW 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is notimplied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1,3,4,6,7) (O°C::; TA ::; 70°C; Vcc = 5V ±10%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV ::; VIN ::; Vcc 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (0 is disabled; OV ::; VOUT::; 5.5V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -2.5mA) 
Output Low Voltage (louT = 2.1 rnA) 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = tRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL; CAS, Address Cycling: tpC= tpc (MIN); 
ICP, IASC = iOns) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: tRC = tRC (MIN)) 

REFRESH CURRENT: BATTERY BACKUP (BBU) 
Average power supply current with CAS = 0.2V or CBR; 
RAS = minimum IRAS to 1J.ls; AO-A7,WE, OE and DOs = Vcc -0.2V 
orO.2V (DOs may float); IRC = 125J.ls 

MT4C1664/5 L 
REV. 4192 2-123 

SYMBOL MIN MAX UNITS NOTES 

Vcc 4.5 5.5 V 1 

VIH 2.4 Vcc+1 V 1 

VIL -1.0 0.8 V 1 

II -2 2 IlA 

loz -10 10 IlA 
VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -7 -8 -10 UNITS NOTES 

Icc1 2 2 2 rnA 

IcC2 300 300 300 IlA 25 

Icc3 120 110 100 rnA 3,4,32 

Icc4 80 70 60 rnA 3,4,32 

Icc5 120 110 100 rnA 3,32 

Icc6 120 110 100 rnA 3,5 

Icc? 400 400 400 IlA 3,31 

Micron Technology, Inc., reserves the right to change products or specifications without no~ce. 
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MICRON MT4C1664/S L 
1-· ",",,,oc,", 64K x 16 DRAM 

CAPACITANCE 
(Note: 2) 

PARAMETER 

Input Ca~acitance: AO-A7 

Input Capacitance: RAS, CAS,(WEL, WEH)/ WE, OE 

Input/Output Capacitance: DQ 

SYMBOL 

Cll 

CI2 

Cia 

MIN MAX UNITS NOTES 

5 pF 2 

7 pF 2 

7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (O°C ~ T A ~ +70°C; Vcc = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE READ or WRITE 
cycle time 

FAST-PAGE-MODE READ-WRITE 
cycle time 

Access time from RAS 
Access time from CAS 
Output Enable time 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FAST PAGEMODE) 
RAS hold time 
RAS precharge Ume 
CAS pulse width 
CAS hold time 
CASprecharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 

Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in low-.Z 

MT4CI664/5l 
REV. 4192 

-7 
SYM MIN 
tRC 130 

tRWC 175 
tpc 45 

tpRWC 95 

tRAC 
tCAC 
tOE 
tAA 

tCPA 
tRAS 70 

tRASP 70 
tRSH 20 
tRP 45 

tCAS 25 
tCSH 70 
tCPN 10 
tcp 10 

tRCD 20 
tCRP 5 
tASR 0 
tRAH 10 
tRAD 15 

tASC 0 
tCAH 15 
tAR 55 

tRAl 35 

tRCS 0 
tRCH 0 

tRRH 0 

tClZ 0 

MAX MIN 
145 
185 
50 

100 

70 
25 
25 
40 
45 

100,000 80 
100,000 80 

20 
45 

100,000 25 
80 
10 
10 

45 20 
5 
0 
10 

35 15 

0 
15 
60 

40 

0 
0 

0 

0 

2-124 

-8 -10 
MAX MIN MAX UNITS NOTES 

170 ns 
220 ns 
60 ns 

120 ns 

80 100 ns 14 
25 30 ns 15 
25 30 ns 
45 50 ns 
50 55 ns 

100,000 100 100,000 ns 
100,000 100 100,000 ns 

25 ns 
60 ns 

100,000 30 100,000 ns 
100 ns 
15 ns 16 
10 ns 

50 25 60 ns 17 
5 ns 
0 ns 
10 ns 

40 15 50 ns 18 

0 ns 
15 ns 
70 ns 

50 ns 

0 ns 26 
0 ns 19,26 

0 ns 19 

0 ns 

Micron Technology, Inc., reserves the right to change products or specifications Without notice. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13,23) (O°C $; T A$; +70°C; Vee = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Outputbuffer turn-off delay 

Output disable time 

Write command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS" lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

RAS to WE delay time 

Column address 
to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (256 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CAS-BE FORE-RAS" refresh) 

CAS hold time 

(CAS-BEFORE-RAS" refreshL 

MASKED WRITE command to RAS 

setup time 

MASKED WRITE command to RAS 

hold time 

Mask data to RASsetup time 

Mask data to RAS hold time 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

OE setup prior to RAS" during 
HIDDEN REFRESH cycle 

MT4C166415 L 
REV. 4192 

SYM MIN 
tOFF 0 
tOD 

twcs a 
twCH 15 

twCR 50. 

twP 15 
lRWL 20. 
tCWL 20. 
tDS a 
tDH 15 

lDHR 50 

tRWD 90 
lAWD 65 

tCWD 50 
tT 3 

tREF 

tRPC 0 
tCSR 10 

tCHR 15 

tWRS 0 

tWRH 15 

tMS 0 
tMH 15 

tOEH 10. 

tORD a 

-7 

MAX MIN 
20. a 
15 

a 
15 

55 

15 

20. 

20. 

0 

15 

55 

100 

70 

55 

50 3 

32 

a 
10 

15 

0 

15 

0 

15 

10 

0 

2-125 

-8 -10. 

MAX MIN MAX UNITS NOTES 
20. a 20. ns 20.,30. 
15 20. ns 30. 

a ns 21,26 

15 ns 26 

65 ns 26 
.. 

15 ns 26 

20. ns 26 

20. ns 26 

0 ns 22 

20 ns 22 

65 ns 

125 ns 21 

80. ns 21 

70 ns 21 

50 3 50 ns 9, 10. 

32 32 ms 28 

a ns 

10 ns 5 

15 ns 5 

a ns 26,27 

15 ns 26,27 

a ns 26 

15 ns 26 

20 ns 29 

0 ns 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vcc = SV ±10%,f = 1 MHz. 
3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (O°C ~ T A ~ 70°C) is assured. 

7. An initial pause of 100~s is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the tREF 
refresh requirement is exceeded. 

8. AC characteristics assume IT = Sns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is high impedance. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 1 TTL gates and 

SOpF. 
14. Assumes that tRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, tRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD ::?: IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, data out (Q) 

will be maintained from the previous cycle. To initiate 
a new cycle and clear the Q buffer, CAS must be 
pulsed HIGH for tePN. 

17. Operation within the tRCD (MAX) limit ensures that 
!RAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

18. Operation within the tRAD (MAX) limit ensures that 
IRCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified !RAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

MT4C1664/5 L 
REV. 4192 

21. twcs, IRWD, tAWD and tCWD are restrictive 
operating parameters in LATE-WRITE and READ­
MODIFY-WRITE cycles only. If twCS::?: twcs (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If IRWD ::?: tRWD (MIN), tAWD ::?: tAWD 
(MIN) and tCWD::?: tCWD (MIN), the cycle is a LATE­
WRITE and the data output will contain data read 
from the selected cell. If neither of the above 
conditions are met, the state of data out is indetermi­
nate. OE held HIGH and WE taken LOW after CAS 
goes LOW results in a LATE-WRITE (OE controlled) 
cycle. 

22. These parameters are referenced to CAS leading edge 
in early WRITE cycles and WE leading edge in LA TE­
WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY -WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

25. All other inputs at Vee -0.2V. 
26. WRITE command is defined as either WEL or WEH 

or both going LOW on the MT4C1664 1. WRITE 
command is defined as WE going LOW on the 
MT4C166S 1. 

27. Must be held LOW to ensure MASKED WRITE is 
enabled and must be held HIGH to ensure MASKED 
WRITE is disabled. 

28. The refresh period may be extended to 8ms without 
causing problems. 

29. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both tOD and lOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after tOEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

30. The DQs open during READ cycles once tOD or tOFF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 

31. BBU current does not significantly change when tRAS 
is reduced from its maximum specification during 
BBU cycle. 

32. Column address changed once while RAS = VIL and 
CAS=VIH 

2-126 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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READ CYCLE 

'Re 
'RP 

\'-----
ICSH 

I~ 1------"R"'eD"--t~:~~!~~====~-1 ~ 
~--~-----­

CAs ~l~ =-' 

I~~I 
ADDR ~ir !1///~ ROW W////;0 COLUMN ROW 

toAe 

~L 
DO ~:g~ -=-------OPEN-------j~~V~AL~ID~DA~TA=f~OPEN--­

I~ I 'aD 

OE ~:~ _-70//;'77,1 ,0T77;jJ;777IJjTTi;j;;'77,WJ;T77;;; ;;777jjjTTi1 ,0'77,1 I ;;=1 ,0777JJJTTi1jJ;7T.1§;T77;;; ;;777j';TTi);;; ;;7T.Wj;T77WJ, PlIIII /;1///;/ /;1;//11//;1/// /;//11/;0 

EARL Y-WRITE CYCLE 

RC 
'RAS 'RP 

RAs V,H VIL - \ 
ICSH 

IRSH 

I~ IRCD 'CAS 

CAS V,H 
V,l =-' 

'AR 
'RAD tRAL 

ADDR V,H VIL 
!~ ~I I~ I~ 
~ ROW ~ COLUMN ROW 

toWl 
'RWL 

'WCR 

~ 'WCH 

ItwR 'WRH 
-'W-P--

= 0l<T NOTE! W////,1 
~= 

IMst!~ 
IOHR 

~I 
I 
_'D_H_ DQ~:gt~C---VA:-cllD:--:D-:::ATC--A--~ 

DE ,~i~ ~ 

IZ2I DON'T CARE 

t2l8I UNDEFINED 

NOTE: 1. Applies to MT4C1665 L only; WEL, WEH and DO inputs on MT4C1664 L are "don't care" at RAS time. WE 

MT4CI664ISl 
REV. 4192 

selects between normal WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" for a 
normal WRITE, WE HIGH at RAS time. The DO inputs provide the mask data-at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 

2-127 Micron Technology, Inc., reserves the rtght to change products or specifications Without notice. 
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MIC:RON MT4C1664/S L 
1-· '",""'co,,'", 64K x 16 DRAM 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

RWC 
'RAS 'RP 

tOSH 

I IRSH 

!~ IRCD 'CAS 
J ~'i 'AR 

tRAD I I tRAl I 
I 

ADDR ~:r _ 
I~ ~I I~I I~I 

I,I////,It ROW w/////,It COLUMN ROW 

I~ 'WRttl 

I I 'RWD ~II 
1_ + 'RCS 1 I leWD 'AWL 

'AWD 
IWp --I, 

~/X NOTE' W//## I 
'AA 

I~I~ I tRAC 

~ telz- 1:-
.. \~ ~ 

NOTEt OPEN VALID 0 OUT:K VALID 0 IN OPEN--

~ 

De ~I~ 41//$$////;1;,/#///;,/;/1/;'/&/$//#//d 
~I ~ 

-

J 'cRP 

=J 

AODA ~i~ 
r~ 

='I,I/J\ ROW 

I 
I 

-

FAST-PAGE-MODE READ CYCLE 

~ 
ICSH 'pc IRSH 

tRCD /'leAS .. \ _'c_P_~ -'-CP-~l, tCPN 

~ ~ ,:'L1 tAR I 

:::'1 ~I I~ !~ ~I ~11'cAH·1 I 
WI/) COLUMN W/! :1'//71: COLUMN W/; 'I///) COLUMN ROW 

IRCS I 
'RCH- 11 lt'Rcs 1"1 ,"CH- Ii 

-I It'Rcs -I·I-'RRH ~ 

OPEN 

'M yu 'M yo' 'M 
~ 

I 'RAG I tePA I 'cPA 
I ICAC tOFF I 'CAG 2l I~ - 'CLZ- r- - -'OFF 

tCLZ- r- tcLZ- r-
VALID VALID VALID ~OPEN-DATA DATA DATA 

,1-'2E.. I~ ~I~I~ .I~r 

~ DON'TeARE 

~ UNDEFINED 

NOTE: 1. Applies to MT4C1665 L only; WIT, WEH and DO inputs on MT4C1664 L are "don't care" at RAS time. WE 

MT4C1664/5L 
REV,4192 

selects between normal WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" for a 
normal WRITE, WE HIGH at RAS time. The DO inputs provide the mask data at RAS time for a MASKED 
WRITE, M LOW at RAS time. 

2-128 Micron Technology, Inc., reserves the rIght 10 change prolilcts or specJfk::atlons wIthout notice. 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 

OE ~:t ::II/! III!! 1II/I//I/III!!1 1/1 II 1/1 III!! II III II 1/11 II II!/! I!! /!III! /!III! III I!! I!! I!! II 1$//11 111/1/ 1I/I!l1I III III/I $//10 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Applies to MT4C1665 L only; WEL, WEH and DO inputs on MT4C1664 L are "don't care" at RAS time. WE 

.1T4C1664!5L 
tEV.4192 

selects between normai WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" for a 
normal WRITE, WE HIGH at RAS time. The DO inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 

2-129 Micron Technology, !nc" reserves the right 10 change products or specifica1ions without notice . 
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MT4C166415 L 
REV. 4192 

'RAS'-ONL Y REFRESH CYCLE 
(ADDR = AO-A?, OE; WEL, WEH or WE = DON'T CARE) 

I 

tRC 

CAs ~l~ =--' "--I 

ADDR ~:e _~o~k$$/#$ff##$$########/a~--RO-W --

00 ~g~ -'-------------OPEN---------

CAS"-BEFORE-RAS" REFRESH CYCLE 
(AO-A? WEL, WEH or WE, and OE = DON'T CARE) 

RAS ~lt:::: 

~
tRPC 

_ _ :~ tCSR ~,------_~I~ 
CAS ~lt -'---_--L-----"'-----_~_-'--__ ---"i--"-_________ _L__ 

DO ~gt :----------OPEN----------

BATTERY BACKUP REFRESH CYCLE 
(AO-A? WEL, WEH or WE, and OE = DON'T CARE) 

125~s 

tRP tRAS tRP tRAS 

RAS ~l~­

CAS ~:e=~ 
~ it '1 ----1 ~ 

I. leHR ~~ tCHR ~J~ 

DC ~g~-:---------OPEN---------

2-130 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ADOR ~:e= 

HIDDEN REFRESH CYCLE 24 

( WEL, WEH or WE = HIGH; OE = LOW) 

(READ) 

'RAS 

(REFRESH) 

tRAS 

tCHR 

'oFF 

00 ~:ge ------OPENI-----~~t:===~VA~LlD~D~AT~A===j 

.1 

OPEN-

2-131 

~ DON'TeARE 

~ UNDEFINED 

Micron Technology, Inc., reserves thit right to change products or specifications without nctlce. 
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DRAM 

FEATURES 
• Industry standard x16 pinouts, timing, functions 

and packages 
• High-performance, CMOS silicon~gate process 
• Single +5V±1O% power supply 
• Low power, 3m W standby; 225m W active, typical 
• All device pins are fully TTL compatible 
• 256 cycle refresh in 4ms 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS 

and HIDDEN 
• Optional STATIC COLUMN MODE access cycle 
• BYTE WRITE access cycle (MT4C1670 only) 
• NONPERSISTENT MASKED WRITE access cycle 

(MT4C1671 only) 

OPTIONS MARKING 
• Timing 

70ns access - 7 
80ns access - 8 
1 DOns access -10 

• Write Enable 
Byte or Word MT4C1670 
Word only MT4C1671 

• Mask Enable 
Not Available MT4C1670 
Always Available MT4C1671 

• Packages 
Plastic SO] (400mil) DJ 
Plastic TSOP (400mil) TG 
Plastic ZIP (475mil) Z 
NOTE: Available in die form Please consult factory for die data sheets. 

GENERAL DESCRIPTION 
The MT4C1670/1 are randomly accessed solid-state 

memories containing 1,048,576 bits organized in a x16 con­
figuration. The MT4C1670 has both BYTE and WORD 
WRITE access cycles while the MT4C1671 has only WORD 
WRITE access cycles. 

The MT4C1670 functions in a similar manner to the 
MT4C1671 except that replacing WE with WEL and WEH 
lllows for BYTE WRITE access cycles. WEL and WEH 
function in an identical manner to WE: either WEL or 
WEH will generate an internal WE through an AND gate 
:Inverted NOR gate). 

The MT 4C1670 "WE" function and timing are determined 
'y the first BYTE WRITE (WEL or WEH) to transition LOW 

64Kx 16DRAM 
STATIC COLUMN MODE 

PIN ASSIGNMENT (Top View) 

40-Pin SOJ 
(0-6) 

Vee 
DOl 
D02 
D03 
D04 
DOS 
D06 
D07 
D08 

NC 
Vee 

"NCIWEH 
"WEIWEl 

RAS 
AO 
Al 
A2 
A3 
A. 

Vec 

1 
2 
3 

[ 4 
[ 5 

6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

'17 
18 
19 
20 

40 b 
39 ~ 
38 P 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 

Vss 
0016 
D01S 
D014 
D013 
0012 
DOll 
DOlO 
D09 
NC 
Vss 
CAS 
OE 
NC 
NC 
NC 
A7 
A6 
AS 
Vss 

40-Pin TSOP 
(R-5) 

Vee Vss 
DQl 0016 
D02 0015 
D03 D014 
DO' D013 
DOS OQ12 
D06 D011 
D07 OQ10 
D08 D09 

NC NC 

Vee Vss 
*NCIWEH CAS 
"WElWEl OE 

RAS NC 
AO NC 
Al NC 
A2 A7 
A3 A6 
A4 AS 

Vee Vss 

"MT4C1671/MT4C1670 

40-PinZip 
(0-4) 

NG 1 'co 
. 2 009 

0010 3·co 
, 4 0011 

0012 5 .co 
0014 7 ,,;" 6 0013 

," 8 0015 

0016 9 "',:: 10 Vss 

00111 .,'", 12002 
Vee 13 
00415 ,14003 

00617 .,,'" 16005 
," 18007 

00819 

Vee 21 
, 20 NG 

. 26Al 
A227 ." 
A429." ' 28A3 

r- 30Vce 
NG 31 .co,.: 32 NG 

Vss 33 .:' --
34 AS 

A635 • 
.:: 36A7 

NG37 .::; 
38 DE 

GAS 39 
: 40 Vss 

and the last to transition back HIGH. Use of only one of the 
two results ina BYTE WRITE cycle: WELtransitioningLOW 
selects a WRITE cycle for the lower byte (DQI-DQ8) or 
WEH transitioning LOW selects a WRITE cycle for the 
upper byte (DQ9-DQ16). 

TheMT4C1671 has NONPERSISTENT MASKED WRITE 
capability. 

!T4C167.011 
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MT4C1670/1 
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AD 
A1 
A2 
A3 
A4 
A5 
A6 
A7 

RAS 0---,"--\ 

FUNCTIONAL BLOCK DIAGRAM 

2-134 

256x256x16 
MEMORY 
ARRAY 

001-0016 

1+-----oOE 

<Of----O Vee 

-+-------0 Vss 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 



PIN DESCRIPTIONS 

SOJ PIN ZIP PIN TSOP PIN 
NUMBERS NUMBERS NUMBERS 

14 24 16 

29 39 31 

28 38 30 

13 23 15 

12 22 14 

15-19, 25-29, 17-21, 
22-24 34-36 24-26 

2-9, 11, 12, 2-9, 
32-39 14-17, 36-43 

2,18,19, 
3-9 

10,25,26, 1,20,31, 10,27-29, 
27,31 32,37 35. 

1,11,20 13,21,30 1,13,22 

21,30,40 10,33,40 23,32,44 

NOTE: *MT4C1671/MT4C1670 

MT4C1670Jl 
REV. 4/92 

SYMBOL TYPE 

RAS Input 

CAS Input 

OE Input 

WE/WEL* Input 

NC/WEH* Input 

AO-A7 Input 

D01-D016 InpuV 
Output 

NC -

Vcc Supply 

Vss Supply 

2-135 

DESCRIPTION 

ROW Address Strobe: RAS is used to clock-in the 8 
row address bits and strobe the WEL, WEH and DO 
inputs for the MASKED WRITE function. 

Column Address Strobe: CAS is used to clock-in the 8 
column address bits, enable the DRAM output buffers, 
and strobe the data inputs on WRITE cycles. 

Output Enable: OE enables the output buffers when 
taken LOW during a READ access cycle. RAS and 
CAS must be LOW and WELand WER must be HIGH 
before OE will cOntrol the output buffers. Otherwise the 
output buffers are in a High-Z state. 

Write Enable Lower Byte: WEL on MT4C1670 is 
WE control for the D01 through D08 inputs. WE on 
MT 4C1671 controls D01 through 0016 inputs. If 
(WIT or WEH)/wE is LOW, the access is a WRITE 
cycle. The DO outputs for the byte not being written 
will remain in a High-Z state (byte WRITE cycle only). 

Write Enable Upper Byte: WEH on MT4C1670 is WE 
control for the D09 through D016 inputs. If (WEL or 
WEH)/wE is LOW, the access is a WRITE cycle. This 
pin is a no connect on the MT4C1671 as it has only 
WORD WRITE acceps cycles. 

Address Inputs: These inputs are multiplexed and 
clocked by RAS and CAS to select one 16-bit word out 
of the 64K available words. 

Data 1/0: For WRITE cycles, D01-0016 act as inputs 
to the addressed DRAM location. BYTE WRITEs can 
be performed by using WEL or WEH to select the byte 
to be written. For READ access cycles, D01-D016 act 
as outputs for the addressed DRAM ocation. All 16 
II0s are active for READ cycles (there is no BYTE 
READ cycle). 

No Connect: These pins should be either left 
unconnected or tied to ground. 

Power Supply: +5V ± 10% 

Ground 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT 4C1670/1 
1-· ""'",0",", 64K X 16 DRAM 

FUNCTIONAL DESCRIPTION 
Each bit is uniquely addressed through the 16 address­

bits during READ or WRITE cycles. These are entered 8 bits 
(AO-A7) at a time. RAS is used to latch the first 8 bits and 
CAS the latter 8 bits. 

READ or WRITE cycles on the MT4CI671 are selected 
with the WE inputwhile either WEL or WEH perform the 
"WE" on the MT4C1670. The MT4C1670 "WE" function is 
determined by the first BYTE WRITE (WEL or WEH) to 
transition LOW and the last one to transition back HIGH. 

A logic HIGH on WE dictates READ mode while a logic 
LOW on WE dictates WRITE mode. During a WRITE cycle, 
data-in (D) is latched by the£alling edge of WE or CAS, 
whichever occurs last. Taking WE LOW will initiate a WRITE 
cycle, selecting DQl through DQI6.If WE goes LOW prior 
to CAS going LOW, the output pines) remain open (High­
Z) until the next CAS cycle. If WE goes LOW after CAS goes 
LOW and data reaches the output pins, data out (Q) is 
activated and retains the selected cell data as long as CAS and 
OE remain LOW (regardless of WE Or RAS). This late WE 
pulse results in a READ~WRITE cycle. 

The 16 data inputs and 16 data outputs are routed through 
16 pins using common I/O, and pin direction iscontrolled 
by OE, WEL and WEH (MT4CI670) or WE (MT4CI671). 

STATIC COLUMN operations allow faster data opera­
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO -A7) defined page boundary. The STATIC 
COLUMN cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed­
in by CAS. CAS may be toggled by holding RAS LOW and 
strobing-in different column addresses,thus executing faster 
memory cycles .. Faster STATIC COLUMN WRITE cycles 
must have CAS or WE toggled strobing~in the different 
column addresses. Returning RAS HIGH terminates the 
STATIC COLUMN operation. 

Returning RAS and CAS.HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
The chip is also preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RA5-0NL Y, CA5-BEFORE-RAS, or HID­
DEN refresh) so that all 256 combinations of RAS addresses 
(AO-A7) are executed at least every 4ms, regardless of 

sequence. The CAS-BEFORE-RAS refresh cycle will also 
invoke the refresh counter and controller for row address 
control. 

BYTE WRITE ACCESS CYCLE (MT4C1670 ONLY) 

The BYTE WRITE mode is determined by the use of 
WEL and WEH. Enabling WEL will select a lower BYTE 
WRITE cycle (DQI-DQ8) while Enabling WEH will select 
an l,IpperBYTE WRITE (DQ9-DQI6). Enabling both WEL 
and WEH selects a WORD WRITE cycle. 

The MT4C1670 may be viewed as two 64K x 8 DRAMS, 
which have common input controls, with the exception of 
the WE input. Figure 1 illustrates the MT4C1670 BYTE and 
WORD WRITE cycles. 

MASKED WRITE DESCRIPTION (MT4C1671 ONLY) 

Every WRITE access cycle may be a MASKED WRITE, 
depending on the state of WE at RAS time. A MASKED 
WRITE is selected when mask data is supplied on the DQ 
pins and WE is LOW at RAS time. The MT4CI671 is only 
word selectable when WE is LOW at RAS time (the 
MT4C1670 does not have a MASKED WRITE cycle func­
tion). 

The data (mask data) present on the DQI-DQI6 inputs at 
RAS timewillbe written to an internal bit mask data register 
and will then act as an individual write enable for each of 
the corresponding DQ inputs. If a LOW (logic "0") is 
written to a mask data register bit, the input port for that bit 
is disabled during the subsequent WRITE operation and no 
new data will be written to that DRAM cell location. A 
HIGH (logic "1") on a mask data register bit enables the 
input port and allows normal WRITE operations to pro­
ceed. At CAS time, the bits present on the DQI-DQl6inputs 
will be written to the DRAM (if the mask data bit was 
HIGH) or ignored (if the mask data bit was LOW). 

New mask data must be supplied each time a MASKED 
WRITE cycle is initiated, even if the previous cycle's mask 
was the same mask. 

Figure 2 illustrates the MT4CI671 MASKED WRITE op­
eration (Note: RAS or CAS time refers to the time at which 
RAS or CAS transition from HIGH to LOW). 

MT4C1670/1 
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RAS 

CAS 

WEL 

WEH 

LOWER BYTE 

n4C167Q/1 
lEV. 4192 

(DQ1-DQ8) 
OF WORD 

UPPER BYTE 
(DQ9-DQ16) 
OF WORD 

1- WORD WRITE -I- LOWER BYTE WRITE -I 
\ / \ ! 

\ / \ ! 

\ / \ r-
\ / 

STORED INPUT STORED STORED INPUT STORED 

DATA DATA DATA DATA DATA DATA 
------'1> ------'1> 

1 -----'1> 1 1 ------'1> 

0 ------'1> 0 0 ------'1> 

0 ------'1> 0 0 ------'1> 

0 ------'1> 0 0 ------'1> 

------'1> ------'1> 

1 ------'1> 1 ------'1> 

0 ------'1> 0 0 ------'1> 

0 ------'1> X ------'1> 

0 1 ------'1> 1 1 X ------'1> 1 

0 0 ------'1> 0 0 X ------'1> 0 

0 0 ------'1> 0 0 X ------'1> 0 

0 ------'1> X ------'1> 

0 0 ------'1> 0 0 X ------'1> 0 

0 1 ------'1> 1 1 X ------'1> 1 

0 0 ------'1> 0 0 X ------'1> 0 

ADDRESS 0 ~ • ADDRESS 1 • 
X = NOT EFFECTIVE (DON'T CARE) 

Figure 1 
MT4C1670 WORD AND BYTE WRITE EXAMPLE 
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RAS 

CAS 

WE 

LOWER BYTE 
(001-008) 
OFWORO 

UPPER BYTE 

MT4C1670'1 
REV. 4192 

(009-0016) 
OFWORO 

1_ WORD MASKED WRITE -I- WORD NON-MASKED WRITE -I 
\ / \ ! 

\ / \ ! 

~ 1111I1A !lll!!1 //I jJ ~/£ §/;////$/~ 

STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA DATA DATA DATA DATA 

X X -----3> 

0 ------3> 0 0 X ,-----3::-

0 X X ------3> 

1 0 ------3> 0 0 X ------3> 1 

0 X X 0 ------3> 0 

1 o ------3> 0 0 X 0 ------3> 0 

0 X X 0 ------3> 0 
o ------3> 0 0 X 0 ------3> 0 

0 X X 1 ------3> 1 

1 0 X 1 X 0 ------3> 0 

0 0 X 0 0 X 1 ------3> 1 

0 0 X 0 0 X 0 ------3> 0 

0 o ------3> 0 0 X 1 ------3> 

0 o ------3> 0 0 X 1 ------3> 1 

0 1 ------3> X 0 ------3> 0 

0 1 ------3> X 0 ------3> 0 

ADDRESS 0 • - ADDRESS 1 

X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 2 
MT4C1671 MASKED WRITE EXAMPLE 
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TRUTH TABLE: MT4C1670 

ADDRESSES 

FUNCTION RAS W WEL WEH 1JE IR IC DOs NOTES 

Standby H H-.X X X X X X High-Z 

READ L L H H L ROW COL Data Out 

WRITE: WORD L L L L X ROW COL Data In 
(EARLY-WRITE) 

WRITE: LOWER L L L H X ROW COL Lower Byte, Data In 
BYTE (EARLY) Upper Byte, High-Z 

WRITE: UPPER L L H L X ROW COL Lower Byte, High-Z 
BYTE (EARLY) Upper Byte, Data In 

READ-WRITE L L H-.L H-.L L-.H ROW COL Data Out, Data In 1 

STATIC COLUMN 1 st Cycle L L H H L ROW COL Data Out 

READ 2nd Cycle L L H H L nfa COL Data Out 

STATIC COLUMN 1st Cycle L L L L X ROW COL Data In 1 

EARLY-WRITE 2nd Cycle L L L L X nfa COL Data In 1,3 

STATIC COLUMN 1st Cycle L L H-.L H-.L L-.H ROW COL Data Out, Data In 1 

READ-WRITE 2nd Cycle L L H-'L H-.L L-'H nfa COL Data Out, Data In 1 

HIDDEN READ L -'H-'L L H H L ROW COL Data Out 

REFRESH WRITE L -'H-.L L L L X ROW COL Data In 1,2 

RAS-ONLY L H X X X ROW nfa High-Z 
REFRESH 

CAS-BEFORE-RAS H-.L L X X X X X High-Z 
REFRESH 

NOTE: 1. These cycles may also be BYTE WRITE cycles (either WEL or WEH active). 

MT4C1670f1 
REV. 4192 

2. EARLY-WRITE only. 
3. Either CAS or WEL f WEH must latch in each additional column address and input data. 
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TRUTH TABLE: MT4C1671 

ADDRESSES 

FUNCTION HAS"" "CAS"" WE lJE IR IC OOs NOTES 

Standby H H-X X X X X High-Z 

READ L L H L ROW COL Data Out 

WRITE: WORD L L L X ROW COL Data In 1 
(EARLY-WRITE) 

READ-WRITE L L H-L L-H ROW COL Data Out, Data In 1 

STATIC COLUMN 1st Cycle L L H L ROW COL Data Out 

READ 2nd Cycle L L H L n/a COL Data Out 

STATIC COLUMN 1st Cycle L L L X ROW COL Data In 1 

EARLY-WRITE 2nd Cycle II L L L X n/a COL Data In 1,3 

STATIC COLUMN 1st Cycle I L L H-L L-H ROW COL Data Out, Data In 1 

READ-WRITE 2nd Cycle L L H-L L -H n/a COL Data Out, Data In 1 

HIDDEN READ L-H-L L H L ROW COL Data Out 

REFRESH WRITE L-H-L L '< L X ROW COL Data In 1,2 

RAS-ONLY L H X X ROW n/a High-Z 
REFRESH 

CAS-BEFORE-RAS H-L L X X X X High-Z 
REFRESH 

NOTE: 1. Data-in will be dependent on the mask provided. Refer to Figure 2. 

MT4C1670/1 
REV. 4/92 

2. EARLY-WRITE only. 
3. Either CAS or WEL lWEH must latch in each additional column address and input data. 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss ........ -l.OV to +7.0V 
Operating Temperature, T A (Ambient) ......... O°C to +70°C 
Storage Temperature (Plastic) .................... -SSoC to +lS0°C 
Power Dissipation .................... : ......................................... 1W 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (DOC $ T A $ 70°C; Vcc = 5V ± 10%) 

PARAMETER/CONDITION 
Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV $ VIN $ Vcc 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (0 is disabled; OV $ VOUT $ 5.5V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -2.5mA) 
Output Low Voltage (IOUT;= 2.1 mAl 

PARAMETER/CONDITION 
STANDBY CURRENT: (TIL) 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READ/WRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: STATIC COLUMN 
Average power supply current 
(RAS = VIL; CAS, Address Cycling: ISC = ISC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS=VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS (CBR) 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

MT4C1670/1 
REV. 4/92 2-141 

SYMBOL MIN MAX UNITS NOTES 
Vcc 4.5 5.5 V 1 

VIH 2.4 Vcc+1 V 1 

VIL -1.0 0.8 V 1 

Ii -2 2 J!A 

loz -10 10 J!A 
VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -7 -8 -10 UNITS NOTES 

Icct 2 2 2 mA 

Icc2 1 1 1 mA 25 

Icc3 120 115 90 mA 3,4,31 

Icc4 110 95 80 mA 3,4,31 

Iccs 120 115 90 mA 3,31 

ICC6 120 115 90 mA 3,5 

Micron Technology, Inc., reserves the right to change products or specifications without notioe. 
©1992, Micron Technology, Inc. 

II 
~ -c 
m 
c 
:xJ 
l> 
s:: 



III 
=E -

UIC:::I=ION MT4C1670/1 
1-· "'"",COGne 64K X 16 DRAM 

CAPACITANCE 
(Note: 2) 

PARAMETER 

Input Capacitance: AO-A7 

Input Capacitance: RAS, CAS,(WEL, WEH)/ WE, OE 

Input/Output Capacitance: DQ 

SYMBOL 

CI1 

CI2 

CIO 

MIN MAX UNITS NOTES 

5 pF 2 

7 pF 2 

7 pF 2 

o ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS m (Notes: 6, 7, 8, 9,10,11,12,13,23) (O°C:S; TA:S; +70°C; Vcc = 5V ± 10%) 

o 
::D 
l> :s: 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 

READ-WRITE cycle time 

STATIC-COLUMN READ or WRITE 
cycle time 

STATIC-COLUMN READ-WRITE 
cycle time 

Access time from RAS 

Access time from CAS 

Output Enable time 

Access time from column address 

Access time from CAS precharge 

RfiS pulse width 

RfiS pulse width (STATIC COLUMN) 

RAS" hold time 

RAS precharge time 

CAS pulse width 

"CAS hold time 

CftS precharge time 

CftS preclharge time (STATIC COLUMN) 

RfiS to CAS delay time 

CAS to RAS precharge time 

Row address setup time 

Row address hold time 

RAS to column 
address delay time 

Column address setup time 

Column address hold time 

Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 

Output buffer turn-off delay 

MT4C1670/1 
REV. 4192 

SYM 
tRC 

tRWC 

tsc 

tSRWC 

tRAC 

tCAC 

tOE 

tAA 

tCPA 

tRAS 

tRASC 

tRSH 

tRP 

tCAS 

tCSH 

tCPN 
tcp 

tRCD 

tCRP 

tASR 

tRAH 

tRAD 

tASC 

tcAH 
tAR 

tRAl 

tRCS 

tRCH 

tRRH 

tClZ 

tOFF 

-7 
MIN MAX MIN 
130 150 
175 185 
45 50 

95 100 

70 
25 
25 
40 
45 

70 100,000 80 
70 100,000 80 
20 35 
50 60 
25 100,000 35 
70 80 
10 10 
10 10 
20 45 20 
5 10 
0 0 
10 12 
15 35 17 

0 0 
15 15 
55 60 

35 45 

0 0 
0 0 

0 10 

0 0 
0 20 0 

2~142 

-8 -10 
MAX MIN MAX UNITS NOTES 

180 ns 

220 ns 

55 ns 

120 ns 

80 100 ns 14 
35 40 ns 15 
35 40 ns 

45 55 ns 

50 55 ns 

100,000 100 100,000 ns 

100,000 100 100,000 ns 

40 ns 

70 ns 

100,000 40 100,000 ns 

100 ns 

15 ns 16 
10 ns 

45 25 60 ns 17 
10 ns 

0 ns 

15 ns 

40 20 55 ns 18 

0 ns 

20 ns 

70 ns 

55 ns 

0 ns 26 
0 ns 19,26 

10 ns 19 

0 ns 

20 0 20 ns 20,30 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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UU:::I=ION MT4C1670/1 
1-· """" "'" 64K x 16 DRAM 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6,7,8,9, 10, 11,12, 13,23) (O°C::; TA ::; +70°C; Vee = 5V ± 10%) 

AC CHARACTERISTICS 
PARAMETER 
Output disable time 

Write command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS" lead time 

Write command to "CAS" lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to liAS) 
RAS" to WE delay time 

Column address 
to WE delay time 

"CAS" to WE delay time 

Transition time (rise or fall) 

Refresh period (256 cycles) 

RAS to CAS precharge time 

"CAS" setup time 
("CAS"-BEFORE-RAS" refresh) 

CAS hold time 
(CAS-BEFORE-RAS refresh) 

MASKED WRITE command to RAS" 
setup time 

MASKED WRITE command to RAS" 
hold time 

Mask data to RAS" setup time 

Mask data toRAS" hold time 

Of: hold time from WE during 
READ-MODIFY-WRITEcycle 

Of: setup prior to RAS" during 
HIDDEN REFRESH cycle 

Last WRITE to column address 
delay 

Access time from last WRITE 

Output data enable from WRITE 

Output data hold time from 
column address 

RAS" hold time referenced to Of: 
Column address hold time 
referenced to RAS" HIGH 

CAS pulse width in 
STATIC-COLUMN mode 

Write command inactive time 

MT4C1670f1 
REV. 4192 

SYM MIN 
too 

twcs 0 
tWCH 15 
tWCR 50 

twp 15 
tRWL 20 
tCWL 20 
tDS 0 
tDH 15 

tDHR 50 

tRWD 90 
tAWD 65 

tCWD 50 

IT 3 
tREF 

tRPC 0 
tCSR 10 

tCHR 15 

tWRS 0 

tWRH 15 

tMS 0 
tMH 15 

tOEH 10 

taRo 0 

tLWAD 20 

tALW 65 

tow tAA 

tAOH 5 

tROH 10 

AH 5 

tcsc tCAS 

WI 10 

-7 

MAX MIN 
15 

0 

15 

55 

15 

35 

35 

0 

15 

60 

100 

70 

55 

50 3 

4 

10 

10 

25 

0 

15 

0 

15 

20 

0 

30 20 

75 

tAA 

5 

10 

5 

tCAS 

10 

2-143 

-8 -10 

MAX MIN MAX UNITS NOTES 
20 20 ns 30 

0 ns 21,26 
20 ns 26 

70 ns 26 

20 ns 26 
40 ns 26 
40 ns 26 

0 ns 22 
20 ns 22 
70 ns 

125 ns 21 
80 ns 21 

70 ns 21 

50 3 50 ns 9, 10 

4 4 ms 28 

10 ns 

10 ns 5 

30 ns 5 

0 ns 26,27 

15 ns 26,27 

0 ns 26 

15 ns 26 

20 ns 29 

0 ns 

35 25 45 ns 

95 ns 

tAA ns 

5 ns 

10 ns 

10 ns 

tCAS ns 

10 ns 
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NOTES 
1. All voltages referenced to V 55. 

2. This parameter is sampled. Vcc = 5V ±lO%,f = 1 MHz. 
3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (O°C ::;; T A ~ 70°C) is assured. 

7. An initial pause of lOOl1s is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 4ms refresh 
requirement is exceeded. 

8. AC characteristics assume ty = 5ns. 
9. VIH (MIN) and VlL ( MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VlL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 1 TTL gates and 

5OpF. 
14. Assumes that tRCD < tRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, tRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD ~ IRCD ( MAX). 
16. If CAS is LOW at the falling edge of RAS, data out (Q) 

will be maintained from the previous cycle. To initiate 
a new cycle and clear the Q buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the tRCD ( MAX) limit ensures that 
lRAC ( MAX) can be met. tRCD ( MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

18. Operation within the tRAD ( MAX) limit ensures that 
IRCD ( MAX) can be met. lRAD ( MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified lRAD ( MAX) limit, then access time is 
controlled exclusively by tAA. 

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. tOFF ( MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. twcs, tRWD, tAWD and tcWD are restrictive 
operating parameters in LATE-WRITE and READ­
MODIFY-WRITE cycles only, If twcs ~ twcs (MIN), 
the cycle is an EARLY -WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If IRWD ~ tRWD (MIN), tA WD ~ tAWD 
(MIN) and tcWD ~ tcWD (MIN), the cycle is a LATE­
WRITE and the data output will contain data read 
from the selected cell. If neither of the above 
conditions are met, the state of data out are indetermi­
nate. OE held HIGH and WE taken LOW after CAS 
goes LOW results in a LATE-WRITE (OE controlled) 
cycle. 

22. These parameters are referenced to CAS leading edge 
in early WRITE cycles and WE leading edge in LATE­
WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case WE = LOW and OE=HIGH. 

25. All other inputs at Vcc -0.2V. 
26. WRITE command is defined as either WEL or WEH 

or both going LOW on the MT4C1670. WRITE 
command is defined as WE going LOW on the 
MT4C1671. 

27. Must be held LOW to ensure MASKED WRITE is 
enabled and must be held HIGH to ensure MASKED 
WRITE is disabled. 

28. The refresh period may be extended to 8rns without 
experiencing problems. 

29. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both taD and toEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after tOEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, theDQs will remain open. 

30. The DQs open during READ cycles once taD or toFF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 

31. Column address changed once while RAS = VIL and 
CAS=VIH. 

MT4C1670/1 
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READ CYCLE 

'RC 

'RAS 'AP 

- ~ 

'AR 

'RAn 'RAL ~ 

I~ ~I 
p'~ :I,1//M ROW JWW COLUMN 

'c'H 

!~ 
tRCD ''cAS 'cAP 

=-.1 
'RCS 'RSH IRRH I~ 

I J 
"'W 

~I~ 

1---!2L-
1''c''_1 

tc~c 

'M 
leLZ 

OI'EN VAl!DDATA QPEN-

'RAe 

EARLY-WRITE CYCLE 

!AAS 'AP 

AAS v" 
VIL -

IAWR 

'RCD 

I' 'ASR I~ I~I leAH 

v" 
VIL :I'///M ROW W///////M COLUMN ROW 

'RAD IRSH 

leRP 'c'H 
1 'CAS 

CAS v" 
VIL =-.1 

tCWL • 
'RWL 

,~ 'W1 
~ ~ 

'WP 

:~$.M NO~1 

:~ I~~ 
:::W"wr/-X NOTE! VALID DATA ,I- !-----OPEN 00 ~g~ 

tOHR 

tWCR 

OE ~:~ =W$I0'J$$$JI!j#$j;Ijj///§/////I///////;!///§//$//ff$$//;!//p/§//$#/II//4 

~ DON'TeARE 

~ UNDEFINED 

NOTE: 1. Applies to. MT4C1671 only; WEL,. WEH and DO inputs on MT4C1670 are "don't care"at RAS time. 

MT4C1670/1 
REV,4/92 

WE selects between normal WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" for a 
normal WRITE, WE HIGH at RAS time. The DO inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 

2-145 Micron Technology. Inc.; reserves the right to change products or spectflcations without notice. 
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READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

tRAS 

RAS v,H 
v" 

'RAO 'RAL 

I~ ~I ~ 
ADDR 

V,H 
v" ::////M; ROW W COLUMN 

'Rco ~ 
I~ 

tCSH 

teAS 

CAS 
V,H 
v" =--.1 

tewo ~ 

WE~EH~i~ 
I~~I IAWD 

~I. 
~ NOTE' W/J 

'RWD 

DE V,H 
v" 

J. tOE 

-

00 VIOH 
VIOL 

I~ I~I~ 'M 

I~~I I~ ~ - NOTEt OPEN~ VALID DATA VALID DATA -
'RAe 

STATIC-COLUMN READ CYCLE 

RAs V,H -
VIL -

ADOR V,H 
v" 

--

CAS V,H -
v" -

WE~~EH V,H -
WE v" 

DE V,H -VIL -

00 

'R' 

ROW 

OPEN--

~ DON'T CARE 

~UNDEFINED 

NOTE: 1. Applies to MT4C1671 only; WEL,WEH and DO inputs on MT4C1670 are "don't care" at RAS time. 

MT4C1670/1 
REV. 4192 

WE selects between normal WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" for a 
normal WRITE, WE HIGH at RAS time. The DO inputs provide the mask data at RAs time for a MASKED 
WRITE, WE LOW at RAS time. 

2-146 Micron Technology, Inc., reS9lVeS the right to change products or specifications without notice. 
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STATIC-COLUMN EARLY-WRITE CYCLE 
(WE CONTROLLED) 

WE~EHVIH _.777>,}----"--{"" 
WE V1L -;LUOIL----cr-J<LClIo---+t-J 

ADDR ~:r = 

STATIC-COLUMN EARLY-WRITE CYCLE 
(CAS CONTROLLED) 

_ V1H __ ---+t-----;. 
CAS Vil _ 

WEL,WEH Y1H __ '77\Jc---'-'--i.r>. 
ill!! V" -(L.,n'----,,---'r"-"_-++-_~'"""'CL4_-+l_---''"'-''"'-''"-'''--ft__L.LllL.Lllu.u.. 

DE ~:~ W##I$/I#//I/###I$$###I##$#$$#####$#I###;@/"//$$h 
~ DON'TeARE 

~ UNDEFINED 

NOTE: 1. Applies to MT4C1671 only; WEL, WER and DO inputs on MT4C1670 are "don't care" at RAS time. 

MT4C1670f1 
AEV.4192 

WE selects between normal WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" for a 
normal WRITE, WE HIGH at RAS time. The DO inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 

2-147 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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RAS VIH-
VIL-

ADDR VIH 
VIL 

CAs 

WE~EHVIH _ 
WE VIL_ 

DE VIH-
VIL 

STATIC COLUMN READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

tRAse 

COLUMN ADDRESS COLUMN ADDRESS 

IRWL 1--

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Applies to MT 4C1671 only; WEL, WER and DO inputs on MT 4C1670 are "don't care" at RAS time. WE 

MT4C1570fl 
REV. 4192 

selects between normal WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" for a 
normal WRITE, WE HIGH at RAS time. The DO inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 
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MT4C167011 
REV. 4192 

RAS-ONL Y REFRESH CYCLE 
(ADDR = AO-A?, OE; WEL,WEH or WE = DON'T CARE) 

\'-------

CAS ~:~ ~--' \--f 
tASR IRAH 

ADDR ~:~ =~---Row--bw/MI/#II$//#jI#I/,$'/#I/M/$'------:-:ROW-:::---
DO ~8t' ::::-------------OPEN---------

RAs ~ir:: 

CAS-BEFORE-RAS REFRESH CYCLE 
(AO-A?; WEL, WEH or WE,and OE = DON'T CARE) 

'RAS 

~
RP 

'ePN ~SR ~. ~I~ ~HR.I= 
CAs ~l~ ::: __ -"----" __ --.-l_-'---__ ~-"--_______ ;___---'L-
DO ~g~ ::::-------------OPEN---------

HIDDEN REFRESH CYCLE 24 

(WEL, WEH or WE = HIGH; OE = LOW) 

~ 
tRCD 

J 
'AR 

tRAD 

I~ I~ 
ADOR ~:t= WII,)!; ROW l@00 

I 

OPEN 

(READ) 

'RAS 

IRSH 

A' 
TI 
II 'RAL I 

lAse 11~ leAH'-1 

COLUMN 

I 'M 
I tRAC _ 

~ leu ~l 

~ 

2-149 

(REFRESH) 

tRAS 

~HR 

VAllO DATA 

l 

I 'OFF - -
~OPEN-

~ 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, tnc., reS9lVes the right to change products or specifications without notice. 
@1992, Micron Technology, Inc. 
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MIC:RON MT4C1670/1 
1-· ",",ccc",", 64K x 16 DRAM 

MT4C1670f1 
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UIC:I=ION MT4C1670/1 L 
1-· "'"'' 64Kx16DRAM 

, 

DRAM 64K x 16 DRAM fii 
STATIC COLUMN MODE, LOW :e 
POWER, EXTENDED REFRESH II 

-----------~ 

FEATURES 
• Industry standard x16 pinouts, timing, functions 

and packages , . 
• High-performance, CMOS silicon-gate process 
• Single +5V ±10% power supply 
• All device pins are fully TIL compatible 
• Refresh modes: RAS-ONLY, CA5-BEFORE-RAS 

(CBR), HIDDEN and BATTERY BACKUP (BBU) 
• Optional STATIC COLUMN MODE access cycle 
• BYTE WRITE access cycle (MT4C1670 L only) 
• NONPERSISTENT MASKED WRITE access cycle 

(MT4C1671 L only) , 
• 256 cycle extended refresh distributed across 32ms 
• Low power, ImW standby; 225mW active, typical 

OPTIONS 
• Timing 

70ns access 
SOns access 
lOOns access 

• Write Enable 
Byte or Word 
Word only 

• Mask Enable 
Not Available 
Always Available 

• Packages 
Plastic SOJ (400 mil) 
Plastic TSOP (400 mil) 
Plastic ZIP (475 mil) 

MARKING 

- 7 
- 8 
-10 

MT4C1670L 
MT4C1671 L 

MT4C1670L 
MT4C1671 L 

DJ 
TG 
Z 

N01E: Available in die form Please consult factory for die data sheets. 

• Part Number Example: MT4C1670DJ-7 L 

GENERAL DESCRIPTION 
The MT4C1670/1 L are randomly accessed solid-state 

nemories containing 1,048,576 bits organized in a x16 con­
'iguration. The MT4C1670 L has both BYTE and WORD 
NRITEaccesscycleswhiletheMT4C1671 LhasonlyWORD 
NRITE access cycles. 

The MT4C1670 L functions in a similar manner to the 
viT4C1671 L except that replacing WE with WEL and 
VEIi allows for BYTE WRITE access ~les. WEL and 
VEH function in an identical manner to WE: either WEL or 
VEH will generate an internal WE through an AND gate 
Inverted NOR gate). 

T4C167011 L 
:'V.0V92 2-151 

PIN ASSIGNMENT (Top View) 

40·Pin SOJ 
(0-6) 

Veo 
001 
002 
003 
DQ4 
DQ5 

DQ6 
D07 
DQ6 
NC 
Veo 

'NClWEH 
'WE.wEL 

RAS 
AO 
Al 
A2 
A3 
A4 

Vee 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 

Vss 
0016 
0015 
0014 
D013 
0012 
DOll 
DOlO 
DQ9 
NC 
V •• 
CAS 
OE 
NC 
NC 
NC 
A7 
AS 
AS 
Vss 

40·PinTSOP 
(R-5) 

Vss 
D016 
0015 
001. 
0013 
0012 
0011 
DOlO 
D09 
NC 

Vss 
~ 
OE 
NC 
NC 
NC 
A7 
AS 
AS 

-'-='--_=.J Ves 

*MT4C1671 LIMT4C1670 L 

'40·Pin Zip 
(0-4) 

NC 1 ''' .. _ 2 009 

0010 3 -".:: 4 0011 

0012 5 '''.:: 6 0013 

0014 7 .:;.;; 8 0015 

0016 9." 
00111 .:;':: 10Vss 

.:: 12002 
Vee 13 ':'.:: 14 D03 

00415 '''." 16005 

00617 ... <; 18007 

00819." .. 20NC 
Vee 21 .:" _ 

__ .... :: 22 'NCJWEH 

'WElWEL 23 ':'.:: 24 RAS 

AO 25 ':'.:: 26 Al 

A227 :; ... 28A3 
A429 ,," 

: Ne31 "c: 30Vcc 
.:: 32NC 

Vss33 ." • 34AS 

A635 .:.':: 36A7 

~37 .:;:;; 380E 

CAS39 '''.:: 40Vss 

The MT4C1670 L "WE" function and timing are deter­
mined by the first BYTE WRITE (WELorWEH) to transition 
LOW and the last to transition back HIGH. Use of only one 
of the two results in a BYTE WRITE cycle: WEL transitioning 
LOW selects a WRITE cycle for the lower byte (DQI-DQ8) 
or WEH transitioning LOW selects a WRITE cycle for the 
upper byte (DQ9-DQ16). 

The MT4C1671 L has NONPERSISTENT MASKED 
WRITE capability. 

Micron Technology, Inc., reserves the right to change products or specIIIcations without notice. 
01992, Micron Technology, Inc. 
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MIc:r=aON MT4C1670/1 L 
1-· '"'' " 64Kx 16 DRAM 

FUNCTIONAL BLOCK DIAGRAM 

r········· .. ··· .. ··· .. ·········· .. ········ .. ·············· .................... ~.~~~~~;~.~.~~.~~ ........................ ········ .. ············· .. ············· .. ······· .. 1 

......................................... 

WEL o-----+-+-~:\ 
WEH ~-ll~~ 

,............... Lf----...q----.,., 

AD 
Al 
A2 
AS 
A4 
AS 
A6 
A7 

RAS 

MT4C167011l 
REY.4192 

J---f-": 

2-152 

001-0016 

OE 

256 x 256 x 16 
MEMORY 
ARRAY 

----0 Vee 

----0 Vss 

fvtcron Technology, Inc., reaervea the right to change produats or apecIf\caIIons without not\aIi 
01992, Micron Technology, Inc 



PIN DESCRIPTIONS 

SOJ PIN ZIP PIN TSOP PIN 
NUMBERS NUMBERS NUMBERS 

14 24 16. 

29 39 31 

28 38 30 

13 23 15 

12 22 14 

15-19, 25-29, 17-21, 
22-24 34-36 24-26 

2-9, 11, 12, 2-9, 
32-39, 14-17, 36-43 

2,18,19, 
3-9 

10,25,26, 1,20,31, 13,27-29, 
27,31 32,37 35 

1,11,20 13,21,30 1,13,22 

21,30,40 10,33,40 23,32,44· 

NOTE: *MT4C1671 UMT4C1670 L 

~T4C167011 L 
lEV. 4/92 

SYMBOL TYPE 

RAS Input 

CAS Input 

OE Input 

WElWEL* Input 

Nc/wEH* Input 

AO-A7 ... Input 

D01-D016 Input! 
Output 

NC -

Vcc Supply 

Vss Supply 

2-153 

DESCRIPTION 

ROW Address Strobe: RAS is used to clock-in the 8 
row address bits and strobe the WEL, WEH and DO 
inputs for the MASKED WRITE function. 

Column Address Strobe: CAS is used to clock-in the 8 
column address bits, enable the DRAM output butters, 
and strobe the data inputs on WRITE cycles. 

Output Enable: OE enables the output buffers when 
taken LOW during a READ access cycle. "RAS and 
CAS must be LOW and WEL and WEH must be HIGH 
before OE will control the output buffers. Otherwise the 
output buffers are in a High-Z state. 

Write. Enable Lower Byte: WEL on MT4C1670 L is 
WE control for the D01 through DOB inputs. WE on 
MT4C1671 L controls 001 through 0016 inputs. If 
(WEL or WEH)/wE is LOW, the access is a WRITE 
cycle. The DO outputs for the byte not being written 
will remain in a High-Z state (byte WRITE cycle only). 

Write Enable Upper Byte: WEH on MT4C1670 L is wr:: 
control for the D09 through D016 inputs. If (WEL or 
WEH)/wE is LOW, the access is a WRITE cycle. This 
pin is a no connect on the MT4C1671 L as it has only 
WORD WRITE access cycles. 

Address Inputs: These inputs are multiplexed and 
clocked by RAS and CAS to select one 16-bit word out 
of the 64K available words. 

Data 1/0: For WRITE cycles, 001-DQ16 act as inputs 
to the addressed DRAM location. BYTE WRITEs can 
be performed by using WEL or WEH to select the byte 
to be written. For READ access cycles, D01-D016 act 
as outputs for the addressed DRAM ocation. All 16 
I/Os are active for READ cycles (there is no BYTE 
RE;AD cycle). 

No Connect: These pins should be either left 
unconnected or tied to ground. 

Power Supply: +5V ± 10% 

Ground 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
@1992,MicronTechnology,lnc. 
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MIC:RON MT4C1670/1 L 
1-· '" 64K x 16 DRAM 

FUNCTIONAL DESCRIPTION 
Each bit is uniquely addressed through the 16 address­

bits during READ or WRITE cycles. These are entered 8 bits 
(AO-A7) at a time. RAS is used to latch the first 8 bits aJ1d 
CAS the latter 8 bits. 

READ or WRITE cycles on the MT4C1671 L are selected 
with the WE input while either WEL or WEH perform the 
"WE" ontheMT4C1670L. TheMT4C1670 L "WE" function 
is determined by the first BYTE WRITE (WEL orWEH) to 
transition LOW and the last one to ·transition back HIGH. 

A logic HIGH on WE dictates READ mode while a logic 
LOW on WE dictates WRITE mode. During a WRITE cycle, 
data-in (D) is latched by the falling edge of WE or CAS, 
whichever occurs last. Taking WE LOW will initiate a WRITE 
cycle, selecting DQ1 through DQ16. If WE goes LOW prior 
to CAS going LOW, the output pines) remain open (High­
Z) until the next CAS cycle. If WE goes LOW after CAS goes 
LOW and data reaches the output pins, data out (Q) is 
activated and retainS the selected celldata as long as CAS and 
OE remain LOW (regardless Of WE or RAS). This late WE 
pulse results in a READ-WRITE cycle. 

The 16 data inputs and 16 data outputs are routed through 
16 ~ using common I/O, and pin direction is controlled 
bycm, WELand WEH (MT4C1670L) orWE(MT4C1671 L). 

STATIC COLUMN operations allow faster data opera· 
tions (READ, WRITE or READ-MODIFY -WRITE) within a 
row address (AO-A7) defined page boundary. The STATIC 
COLUMN cycle is always initiated with afow address 
strobed-in by RAS followed by a column address strobed­
in by CAS. CAS may be toggled by holding RASLOW and 
strobing-indifferent column addresses, thus executing faster 
memory cycles. Faster STATIC COLUMN WRITE cycles 
must have CAS or WE toggled strobing-in the different 
column addresses. Returning RAS HIGH terminates the 
STATIC COLUMN operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
The chip is also preconditioned for the next cycle,duringthe 
RAS high time. Memory cell data is retained in its correct 
state by mamtaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONL Y, CAS-BEFO~RAS, or HID­
DEN refresh) so that all:256 combinations' of RAS addresses 
(AO-A7) are executed at least every 32ms, regardless of 
sequence. The CAS-BEFORE-RAS refresh cycle will also 
invoke the refresh counter and controller for row address 
control. . 

BATTERY BACKUP MODE (BBU) is a CBR refresh 
performed at the extended refresh rate with CMOS input 
levels. This mode provides a very low current, data reten­
tion cycle. RAS must be clocked by an external source 
during the BBU MODE or "SLEEP MODE". 

BYTE WRITE ACCESS CYCLE (MT4C1670 L ONLY) 

The BYTE WRITE mode is determined by the use of 
WEL and WEH. Enabling WEL will select a lower BYTE 
WRITE cycle (DQ1-DQ8) while Enabling WEH will select 
an u~YTE WRITE (DQ9~DQ16). Enabling both WEL 
and WEH selects a WORD WRITE cycle. 

The MT4C1670 L may be viewed as two 64K x 8 DRAMS, 
which have common input controls, with the exception of 
the WE input. Figure 1 illustrates the MT4C1670 L BYTE 
and WORD WRITE cycles. 

MASKED WRITE DESCRIPTION (MT4C1671 L 
ONLY) 

Every WRITE access cycle may be a MASKED WRITE, 
depending on the state of WE at RAS time. A MASKED 
WRITE is selected when mask data is supplied on the DQ 
pins and WE is LOW at RAS time. The MT4C1671 L is only 
word selectable when WE is LOW at RAS time (the 
MT4C1670 L does not have a MASKED WRITE cycle func­
tion). 

The data (mask data) present on the DQ1-DQ16 inputs at 
RAS time will be written to an internal bit mask data register 
and will then act as an individual write enable for each of 
the corresponding DQ inputs. If a LOW (logic "0") is 
written to a mask data register bit, the input port for that bit 
is disabled during the subsequent WRITE operation and no 
new data will be written to that DRAM cell location. A 
HIGH (logic "1") on a mask data register bit enables the 
input port and allows normal WRITE operations to pro­
ceed.AtCAStime,thebitspresentontheDQ1-DQ16inputs 
will be written to the DRAM (if the mask data bit was 
HIGH) or ignored (if the mask data bit was LOW). 

New mask data must be supplied each time a MASKED 
WRITE cycle is initiated, even if the previous cycle's mask 
was the same mask . 

Figure 2 illustrates the MT4C1671 L MASKED WRITE 
operation (Note: RA!:ior. CAS :time refers to the time at 
which RAS or CAS transition from HIGH to LOW). . 

MT4C167Ol1 L 
REV. 4/92, 2-154 Micron Technotogy. Inc., reserves the right 10 change proclJcts or apeclflca1lons without notice. 
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RAS 

CAS 

WEL 

WEH 

LOWER BYTE 
(001-008) 
OFWORO 

UPPER BYTE 
(009-0016) 

~T4C1670/1 ,l 
lEV. 4192 

OFWORO 

1- WORD WRITE -I~ LOWER BYTE WRITE -I 
\ / \ ;-

\ / \ ;-

\ / \ r---
\ / 

STORED INPUT STORED STORED INPUT STORED 
DATA DATA DATA DATA DATA DATA 

.-----;,,- 1 .-----;,,-

.-----;,,- 1 .-----;,,-

a .-----;,,- a 0 .-----;,,-

a .-----;,,- a a .-----;,,-

a .-----;,,- a a .-----;,,-

.-----;,,- .-----;,,-

1 .-----;,,- 1 .-----;,,-

a -----;,,- a a .-----;,,-

a .-----;,,- x .-----;,,-

a 1 .-----;,,- 1 X .-----;,,- 1 

a a .-----;,,- a a x .-----;,,- a 
a a .-----;,,- a 0 x .-----;,,- a 
a .-----;,,- 1 1 X .-----;,,- 1 

a .-----;,,- a x .-----;,,- a 
a 1 .-----;,,- 1 X .-----;,,- 1 

a a .-----;,,- a a x .-----;,,- a 

ADDRESS a • ~ ADDRESS 1 

X = NOT EFFECTIVE (DON'T CARE) 

Figure 1 
MT4C1670 L WORD AND BVTEWRITE EXAMPLE 

2-155 Micron Technology, Inc., reserves' the right to change products or specifications without notice. 
@1992, Micron Technology, tnc. 
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MIC:RON MT 4C1670/1 L 
1-· '''''' "'" 64K x 16 DRAM 

RAS 

CAS 

WE 

LOWER BYTE 
(001-008) 
OFWORO 

UPPER BYTE 
(009-0016) 

MT4C1670/1 L 
REV. 4192 

OFWORO 

1-WORD MASKED WRITE -I- WORD NON-MASKED WRITE --I 
\ / \ ;-

\ / \ ;-

~ Il!lllA II! II III II II '<01//£ Pili III! 1IIi) 

STORED MASK INPUT STORED STORED MASK INPUT STORED 
DATA DATA DATA DATA DATA DATA DATA 

0 X 1 1 X 1 ------»> 1 
o ------»> 0 0 X ------»> 

0 X 1 X ------»> 
0 ------»> 0 0 X 1 ------»> 

0 X 1 X 0 ------»> 0 
1 0 ------»> 0 0 X 0 ------»> 0 
0 X X 0 ------»> 0 

o ------»> 0 0 X 0 ------»> 0 

0 X X 1 ------»> 
0 X 1 1 X 0 ------»> 0 

0 0 X 0 0 X 1 ------»> 
0 0 X 0 0 X 0 ------»> 0 
0 0 -----»> 0 0 X 1 ------»> 
0 0 ------»> 0 0 X 1 ------»> 1 
0 1 ------»> X 0 --- ---»> 0 
0 1 ------»> X 0 ------»> 0 

ADDRESS 0 • - ADDRESS 1 • 
X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 2 
MT4C1671 LMASKED WRITE EXAMPLE 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 



TRUTH TABLE: MT4C1670 L 

ADDRESSES 

FUNCTION HAS "CAS WE[ war or IR IC 

Standby H H-+X X X X X X 

READ L L H H L ROW COL 

WRITE: WORD L L L L X ROW COL 
(EARL V-WRITE) 

WRITE: LOWER L L L H X ROW COL 
BVTE (EARLV) 

WRITE: UPPER L L H L X ROW COL 
BYTE (EARL V) 

READ-WRITE L L H-+L H-+L L-+H ROW COL 

STATIC COLUMN 1stCycie L L H H L ROW COL 

READ 2nd Cycle L L H H L n/a COL 

STATIC COLUMN 1st Cycle L L L L X ROW COL 

EARL V-WRITE 2nd Cycle L L L L X n/a COL 

STATIC COLUMN 1st Cycle L L H--L H-->L L-+H ROW COL 

READ-WRITE 2nd Cycle L L H-+L H-+L L-+H n/a COL 

HIDDEN READ L-+H-+L L H H L ROW COL 

REFRESH WRITE L-H-L L L L X ROW COL 

RAS-ONLV L H X X X ROW n/a 
REFRESH 

CAS-BEFORE-RAS H-L L X X X X X 
REFRESH 

BATIERV BACKUP H-+L L X X X X X 
REFRESH 

... 

NOTE: 1. These cycles may also be BVTE WRITE cycles (either WEL or WEH active). 
2. EARL V-WRITE only . 

DQs 

High-Z 

Data Out 

Data In 

Lower Byte, Data In 
Upper Byte, High-Z 

Lower Byte, High-Z 
Upper Byte, Data In 

Data Out, Data In 

Data Out 

Data Out 

Data In 

Data In 

Data Out, Data In 

Data Out, Data In 

Data Out 

Data In 

High-Z 

High-Z 

High,Z 

. 3. Either CAS or WEL / WEH must latch in each additional column address and input data. 

NOTES 

1 

1 

1,3 

1 

1 

1,2 

~T4C167011l 
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MIC:RON MT4C1670/1 L 
1-· " ","'Od" 64K x 16 DRAM 

TRUTH TABLE: MT4C1671 L 

ADDRESSES 
FUNCTION HAS" W- WE" llE IR IC DOs NOTES 
Standby H H--+X X X X X High-Z 

READ L L H L ROW COL Data Out 

WRITE: WORD L L L X ROW COL Data In 1 
(EARLY-WRITE) 

READ-WRITE L L H--+L L--+H ROW COL Data Out, Data In 1 

STATIC COLUMN 1st Cycle L L H L ROW COL Data Out 

READ 2nd Cycle L L H L n/a COL Data Out 

STATIC COLUMN 1st Cycle L L L X ROW COL Data In 1 

EARLY-WRITE 2nd Cycle L L L X n/a COL Data In 1,3 

STATIC COLUMN 1st Cycle L L H--+L L--+H ROW COL Data Out, Data In 1 

READ-WRITE 2nd Cycle L L H--+L L --+H n/a COL Data Out, Data In 1 
HIDDEN READ L --+H--+L L H L ROW COL Data Out 

REFRESH WRITE L --+H--+L L L X ROW COL Data In 1,2 

RAS-ONLY L H X X ROW n/a High-Z 
REFRESH 

CAS-BEFORE-RAS H--+L L X X X X High-Z 
REFRESH 

BATTERY BACKUP H--+L L X X X X High-Z 
REFRESH 

NOTE: 1. Data-in will be dependent on the mask provided. Refer to Figure 2. 

MT4C167011 L 
REV. 4/92 

2. EARLY-WRITE only. 
3. Either CAS or WEL / WEH must latch in each additional column address and input data. 

2-158 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee Supply Relative to Vss ........ -l.OV to +7.0V 
Operating Temperature, T A (Ambient) ......... ODC to +70DC 
Storage Temperature (Plastic) .................... -SSDC to + IS0DC 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (ODC 0; TAO; 70DC; Vcc = 5V ± 10%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV 0; VIN 0; Vcc 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (0 is disabled; OV 0; VOUT 0; 5.5V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -2.5mA) 
Output Low Voltage (lOUT = 2.1 rnA) 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: tRC = tRC (MIN)) 

OPERATING CURRENT: STATIC COLUMN 
Average power supply current 
(RAS = VIL; CAS, Address Cycling: tsc = tsc (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN)) 

. REFRESH CURRENT: CAS-BEFORE-RAS (CBR) 
Average power supply current 
(RAS, CAS, Address Cycling: IRC =IRC (MIN)) 

REFRESH CURRENT: BATTERY BACKUP (BBU) 
Average power supply current during BATTERY BACKUP refresh: 
CAS 0.2V or CAS-BEFORE-RAS cycling; RAS = IRAS (MIN) to 
1 ,000ns; WE, AO-A9 and DIN = Vcc - 0.2V or 0.2V (DIN may be left 
open}, IRC = 1251lS (1,024 rows at 12511S = 128ms) 

MT4C1670/1 L 
REV. 4192 2~159 

SYMBOL MIN MAX UNITS NOTES 

Vcc 4.5 5.5 V 1 

VIH 2.4 Vcc+1 V 1 

VIL -1.0 0.8 V 1 

Ii -2 2 J.lA 

loz -10 10 J.lA 
VOH 2.4 " V 

VOL 0.4 V 

MAX 

SYMBOL ·7 -8 ·10 UNITS NOTES 

Icc1 2 2 2 rnA 

Icc2 300 300 300 J.lA 25 

Icc3 120 115 90 rnA 3,4,31 

Icc4 110 95 80 rnA 3,4,31 

Iccs 120 115 90 rnA 3, 31 

Iccs 120 115 90 rnA 3,5 

Icc7 400 400 400 J.lA 3,5,28 

Micron Technology, Inc., reserves the righllo change products or specifications without notice. 
©1992, Micron Technology, Inc. 

z 
m :e 
II 
:e -c 
m 
c 
::D 
l> s: 



z 
~ 
II 
:E -c m 
c 
::rJ » s:: 

CAPACITANCE 
(Note: 2) 

PARAMETER 

Input Capacitance: AO-A7 

Input Capacitance: RAS, CAS,(WEL, WEH)/ WE, OE 

Input/Output Capacitance: DQ 

SYMBOL 
Cit 

CI2 

CIO 

MIN MAX UNITS NOTES 

5 pF 2 

7 pF 2 

7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13,23) (ODC:o; T A:O; +70DC; Vce = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Random. READ or WRITE cycle time 
READ-WRITE cycle time 
STATIC-COLUMN READ or WRITE 
cycle time 

STATIC-COLUMN READ-WRITE 
cycle time 

Access time from RAS 
Access time from CAS 
Output Enable time 
Access time from column address 
Access time from CAS precharge 
FiAS pulse width 
FiAS pulse width (STATIC COLUMN) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (STATIC COLUMN) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay tinne 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
liAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 
Output buffer turn-off delay 

MT4C1670f1 L 
REV. 4192 

-7 
SYM MIN 
tRC 130 

tRWC 175 
tsc 45 

tSRWC 95 

tRAC 
tCAC 
tOE 
tAA 

tCPA 
tRAS 70 

tRASC 70 
tRSH 20 
tRP 50 

tCAS 25 
tCSH 70 
tCPN 10 
tcp 10 

tRCD 20 
tCRP 5 
tASR 0 
tRAH 10 
tRAD 15 

tASC 0 
tCAH 15 
tAR 55 

tRAl 35 

tRCS 0 
tRCH 0 

tRRH 0 

tClZ 0 
tOFF 0 

MAX MIN 
150 
185 
50 

100 

70 
25 
25 
40 
45 

100,000 80 
100,000 80 

35 
60 

100,000 35 
80 
10 
10 

45 20 
10 
0 
12 

35 17 

0 
15 
60 

45 

0 
0 

10 

0 
20 0 

2-160 

-8 -10 
MAX MIN MAX UNITS NOTES 

180 ns 
220 ns 
55 ns 

120 ns 

80 100 ns 14 
35 40 ns 15 
35 40 ns 
45 55 ns 
50 55 ns 

100,000 100 100,000 ns 
100,000 100 100,000 ns 

40 ns 
70 ns 

100,000 40 100,000 ns 
100 ns 
15 ns 16 
10 ns 

45 25 60 ns 17 
10 ns 
0 ns 
15 ns 

40 20 55 ns 18 

0 ns 
20 ns 
70 ns 

55 ns 

0 ns 26 
0 ns 19,26 

.. 

10 ns 19 

0 ns 
20 0 20 ns 20,30 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, MICtOn Technology, Inc. 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13,23) (O°C::; TA ::; +70°C; Vee = 5V ± 10%) 

AC CHARACTERISTICS 

PARAMETER 

Output Disable time 

Write command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 
Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

RAS to WE delay time 

Column address 
to WE" delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (256 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CAS-BEFORE-~ refresh) 

CAS hold time 

(CAS-BEFORE-~ refresh) 

MASKED WRITE command to RAS 
setup tinie 

MASKED WRITE command to RAS 

hold time 

Mask data to RAS setup time 

Mask data to RAS hold time 

OE" hold time from WE during 
READ-MODIFY-WRITE cycle 

OE setup prior to ~ during 
HIDDEN REFRESH cycle 

Last WRITE to column address 
delay 

Access time from last WRITE 

Output data enable from WRITE 

Output data hold time from 
column address 

RAS hold time referenced to OE 

Column address hold time 
referenced to RAS HIGH 

CAS pulse width in 
STATIC-COLUMN mode 

Write command inactive time 

MT4C167011 L 
REV. 4192 

SYM MIN 
tOD 

twcs 0 

twCH 15 

tWCR 50 

twp 15 
tRWL 20 
tCWL 20 
tDS 0 
tDH 15 

tDHR 50 

tRWD 90 
tAWD 65 

tCWD 50 
tT 3 

tREF 

tRPC 0 
tCSR 10 

tCHR 15 

tWRS 0 

tWRH 15 

tMS 0 
tMH 15 

tOEH 10 

tORD 0 

tLWAD 20 

tALW 65 

tow tAA 

tAOH 5 

tROH 10 
tAH 5 

tcsc tCAS 

WI 10 

-7 

MAX MIN 

15 

0 

15 

60 

15 

35 

35 

0 

15 

60 

100 

70 

55 

50 3 

32 

10 

10 

25 

0 

15 

0 

15 

20 

0 

30 20 

75 

tAA 

5 

10 

5 

tCAS 

10 

2-161 

-8 -10 

MAX MIN MAX UNITS NOTES 

20 20 ns 30 

0 ns 21,26 

20 ns 26 

70 ns 26 

20 ns 26 

40 ns 26 

40 ns 26 

0 ns 22 

20 ns 22 

70 ns 

125 ns 21 

80 ns 21 

70 ns 21 

50 3 50 ns 9,10 

32 32 ms 28 

10 ns 

10 ns 5 

30 ns 5 

0 ns 26,27 

15 ns 26,27 

0 ns 26 

15 ns 26 

20 ns 29 

0 ns 

35 25 45 ns 

95 ns 

tAA ns 

5 ns 

10 ns 

10 ns 

tCAS ns 

10 ns 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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NOTES 
1. All voltages referenced to V S5. 

2. This parameter is sampled. Vcc = 5V ±lO%,f = 1 MHz. 
3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (ODC :0; T A :0; 70DC) is assured. 

7. An initial pause of lOOlLs is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAScycle 
wake-up should be repeated any time the 4ms refresh 
requirement is exceeded. 

8. AC characteristics assume IT = 5ns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica­
tion,.all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If cAs = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 1 TTL gates and 

50pF. 
14. Assumes that IRCD < IRCD (MAX). If tRCD is greater 

than the maximum recommended value shown in this 
table, tRAC will increase by the amount that tRCD 
exceeds the value shown. 

15. Assumes that IRCD ~ tRCD ( MAX). 
16. If CAS is LOW at the falling edge of RAS, data out (Q) 

will be maintained from the previous cycle. To initiate 
a new cycle and clear the Q buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the tRCD ( MAX) limit ensures that 
tRAC ( MAX) can be met. IRCD ( MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified IRCD ( MAX) limit, then access time is 
controlled exclusively by tCAe. 

18. Operation within the tRAD ( MAX) limit ensures that 
tRCD ( MAX) can be met. tRAD ( MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified !RAD ( MAX) limit, then access time is 
controlled exclusively by tAA. 

19. Either IRCH or tRRH must be satisfied for a READ 
cycle. 

MT4C1670/1 L 
REV. 4192 

20. tOFF ( MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. twcs, tRWD, tAWD and tCWD are restrictive 
operating parameters in LATE-WRITE and READ­
MODIFY-WRITE cycles only. If twcs ~ twcs (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If tRWD ~ lRWD (MIN), tAWD ~ tAWD 
(MIN) and tCWD ~ tCWD (MIN), the cycle is a LATE­
WRITE and the data output will contain data read 
from the selected cell. If neither of the. above 
conditions are met, the state of data out are indeter­
minate. OE held HIGH and WE taken LOW after CAS 
goes LOW results in a LATE-WRITE (OE controlled) 
cycle. 

22. These parameters are referenced to CAS leading edge 
in early WRITE cycles and WE leading edge in LATE­
WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case WE = LOW and OE=HIGH. 

25. All other inputs at Vcc -0.2V. 
26. WRITE command is defined as either WEL or WEH 

or both going LOW on the MT4C1670 1. WRITE 
command is defined as WE going LOW on the 
MT4C1671 1. 

2-162 

27. Must be held LOW to ensure MASKED WRITE is 
enabled and must be held HIGH to ensure MASKED 
WRITE is disabled. 

28. BBU current is reduced as !RAS is reduced from its 
maximum specification during the.BBU cycle. 

29. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both tOD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide t~reviously read data if CAS 
remains LOW and OE is taken back LOW after tOEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

30. The DQs open during READ cycles once taD or tOFF 
occur. If CAS goes HIGH first,OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 

31. Column address changed once while RAS = VIL and 
CAS=VIH. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
@1992,MicronTechnology,lnc. 



READCVCLE 

RC 

'RAS '" 
-

'., 
IAAD tRAL ~ 

~ ~I 
:!111,,0¢ ROW Willi/,) COLUMN 

tCSH 

I~ tRCD 'CAS 

=-.J 

'RCS 'RSH tRRH 

I 

\I~ 

I~ 
'CAC 

'M 

~ -
OPEN VAllO DATA 

'RAC 

EARL V-WRITE CVCLE 

tRAS 

--
IAWR 

tRCD 

I-
'ASR 'RAI-! .[ ,_ 'ASC_II 'eAR 

:/,IIIM ROW WIIIIIIIM COLUMN 

IRAQ lASH 

'eRe tCSH 

I 'CAS 

=--.! 
'eWL 

'RWL 

,CtWRS tWR:! ~ ~ 
'VP 

~~ NOTE! 

DQ ~g~ 
,r tMH~. I~'~ 

:"§#~~ NOTEt VAli~ DATA }- f-----OPEN 

T tOHA I 

I iWCR 

I~ 

WIIIIII/;)( ROW 

I=:J 
1 
~I 

I 
'{ill 

'oFF_I 

OPEN 

'RP 

ROW 
~ 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Applies to MT4C1671 L only; WEL, WER and DQ inputs on MT4C1670 L are "don't care" at 'RAS time. WE 

\otT4C167011 L 
~EV,4/92· 

selects between normal WRITE and MASKED WRITE at RAS time. The DQ inputs are "don't care" for a 
normal WRITE, WE HIGH at RAS time. The DQ inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 

2-163 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT4C1670/1 L 
1-· "'""oco"' '" 64K x 16 DRAM 

RAs 

ADDR 

CAs 

WEL,wEH 

WE 

DE 

DQ 

READ~WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

'RAS 

-
'RAD tRAL 

\~ ~! ~ 
7j'llffi ROW WI,) COLUMN 

IRCD 

I 1~ 
r 

teRP IOSH 

'CAS 

=~ 
ICWD ~ 

I~ ~I IAWD 

I~ 
~,,;x NOTEt 10"$ 

'RWD 

II \r~ 
-

I~ I~I~I 'M 

r~1 I IClZ ~ - NOTEt OPEN---W! VALID DATA VALID DATA - --
tRAe 

STATIC-COLUMN READ CYCLE 

V,H -
V,l -

V,H -
Vil -

V,H -
V,l 

V,H -
V,l -

V,H -
V,l -

~:g~ = ----------H1IQ\l</ 

'RP 

ROW 

OPEN--

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Applies to MT4C1671 L only; WEL, WEH and DO inputs on MT4C1670 L are "don't care" at RAS time. WE 

MT4C1670fl L 
REV. 4/92 

selects between normal WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" for a 
normal WRITE, WE HIGH at RAS time. The DO inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 

2-164 Micron Technology, Inc., reserves the right to change products or specifications wlthoul notice. 
©1992, Micron Technology, Inc. 



STATIC-COLUMN EARLY-WRITE CYCLE 
(WE CONTROLLED) 

ADOR ~:~ -
/.LLI1<---rr--'f 

ADOR ~:r : 

STATIC·COLUMN EARLY-WRITE CYCLE 
(CAS CONTROLLED) 

W;---,-r---'f 

WE~EH VIH _.'77d,---...L.L--J.", 
WE Vil - =-_++-~~LLLLLtjL_H-_u.t.L.u.t.L."'--++-4''.LLI..I.'.LLI..I.= 

OE ~:r =W$$;/I;/;/#$"#lff,@'I/W'I,$'$#$I;/I$$";/;/I#$;/I;/$I$"/lII/I/2 
~ DON'T CARE 

!8811 UNDEFINED 

NOTE: 1. Applies to MT4C1671 L only; WEL, WEH and DO inputs on MT4C1670 L are "don't care" at RAS time. WE 

MT4C167011 L 
REV, 4192 

selects between no.rmal WRITE and MASKEDWRITE at RAS time. The DO inputs are "don't care" for a 
normal WRITE, WE HIGH at RAS time. The DO inputs provide the mask data at RAS time for a MASKED 
WRITE, wt LOW at RAS time. 

2-165 Micron Technology, Inc., reserves the right to change products or specifications without nollce. 
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RAS VIH-
VIL-

ADDR VIH 
VIL 

CAS 

WEL,WEH V 

~ vt~ = 

OE VIH-
VIL 

DO 

STATIC-COLUMN READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

tRASC 

COLUMN ADDRESS COLUMN ADDRESS 

I~ 

tCWL 

~ DON'T CARE 

f22lj UNDEFINED 

NOTE: 1. Applies to MT4C1671 L only; WEL, WEH and DO inputs on MT4C1670 L are "don't care" at RAS time. WE 

MT4C1670/1 L 
REV. 4192 

selects between normal WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" for a 
normal WRITE, WE HIGH at RAS time. The DO inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 

2-166 Micron Technology, Inc., reserves the right to change products or specifications without notice 
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MIC:RON MT4C1670/1 L 
1-· me",",,", 64K X 16 DRAM 

MT4C1670/1 L 
REV. 4192 

'RAS-ONL Y REFRESH CYCLE 
(ADDR = AO-A7,OE; WEL, WEH or WE = DON'T CARE) 

'RC 

tCRP 

ADDR ~:~:= ROW ROW 

DO ~g~ - QPEN----------

CAS'-BEFORE-"RAS REFRESH CYCLE 
(AO-A7; WEL, WEH or WE,and OE = DON'T CARE) 

L 'RP tRAS 'RP tRAS 

:-1~ 1 ~ 
~I~ ~ 

tAPe ~ ~ 

DO ~g~-:-----------OPEN------~---

.---1 

BATTERY BACKUP REFRESH CYCLE 
(AO-A7; WEL, WEH or WE,and OE = DON'T CARE) 

1251:!s 

'RP tAAS I 'RP tRAS 

J 
,tRPe. 

tCPN tCSR tCHR tAPe tCSR -1--"""- - r ~ 

DO ~g~-_---~------OPEN----------

2-167 

~ DON'T CARE 

!883 UNDEFINED 

Micron Technology. Inc., reserves the rtght to change products or specifications without notice. 
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MT4C1670/1 L 
REV.4!92 

ADDR 

HIDDEN REFRESH CYCLE 24 

( WEL, WEH or WE = HIGH; OE = LOW) 

(READ) 
lRAS 

(REFRESH) 
tRAS 

tcHR 

tOFF 

DO ~lgr ------- OPENI-----~~t=:====VA~LI~DD~AT~A====1 OPEN-

toE 

liE ~:~ --W/$jtjt/,@'jt;//jt/$jt//jt////#d~ 

2-168 

~toD 
;;;////////ffi 
~ DON'TeARE 

~ UNDEFINED 

Micron Technology, lnc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MIC:RON MT4C16256/7/8/9 
1-· m""owon, 256K X 16 DRAM 

DRAM 

FEATURES 
• Industry standard x16 pinouts, timing, functions 

and packages . 
• High-performance, CMOS silicon-gate process 
• Single +5V ±10% power supply 
• Low power, 3mW standby; 500mW active, typical 
• All device pins are fully TTL compatible 
• 512 cycle refresh in 8ms (9 rows and 9 columns) 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS 

and HIDDEN 
• Optional FAST PAGE MODE access cycle 
• BYTE WRITE access cycle 
• BYTE READ access cycle (MT4C16257/9 only) 
• NONPERSISTENT MASKED WRITE access cycle 

(MT4C16258/9 only) 

OPTIONS MARKING 
• Timing 

70ns access - 7 
80ns access - 8 
lOOns access -10 

• Write Cycle Access 
BYTE or WORD VIa WE MT4C16256 
(non-maskable) 
BYTE or WORD via CAS MT4C16257 
(non-maskable) 
BYTE or WORD via WE MT4C16258 
(maskable) 
BYTE or WORD via CAS MT4C16259 
(maskable) 

• Packages 
Plastic SOJ (400 mil) DJ 
Plastic TSOP (400 mil) TG 
Plastic ZIP (475 mil) Z 

NOTE: Available in die form. Please consult factory for die data sheets. 

GENERAL DESCRIPTION 
The MT4C16256/7 /8/9 are randomly accessed solid­

,tate memories containing 4,194,304 bits organized in a 
d6 configuration. The MT4C16256 and MT4C16258 have 
Joth BYTE WRITE and WORD WRITE access cycles via two 
write enable pins. The MT4C16257 and MT4C16259 have 
)oth BYTE WRITE and WORD WRITE access cycles via 
:wo CAS pins. The MT4C16258 and MT4C16259 are also 
Ible to perform WRITE-PER-BIT accesses. 

256K x 16 DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

40-Pin SOJ 
(0-6) 

Vee 1 40 Vss 
DOl , 39 DQ16 

D02 3 38 0015 
D03 37 D014 
DQ4 36 D013 

Vcc 6 35 Vss 
005 34 D012 

D06 33 OQ11 
DQ7 , 32 0010 
008 10 31 DO' 

NC 11 30 NC 

'WEUNC 12 29 NC/CASL* 

'WEHmE 13 28 CAS/CA8W 

RAS 14 27 OE 
NC 15 26 A8 
AO 16 25 A7 
AI 17 '4 A6 
A2 18 23 A5 
A3 I' 22 A4 

Vcc 20 21 VSS 

40-Pin TSOP 
(R-5) 

Vcc Vss 
DOl 0016 
DO' 0015 
DQ3 D014 
DQ4 0013 
Vcc Vss 

DOS D012 
D06 0011 
DO? 0010 
D08 DO' 

NC NC 
'WEUNC NC/CASL* 

·WEH/WE CAS/CASW 
RAS OE 

NC A8 
AO A7 
AI A6 
A2 A5 
A3 A4 

Vcc Vss 

'MT4C16256/8 / MT4C16257/9 

40-Pin ZIP 
(0-4) 

DOg 1_" 
." 2 0010 

0011 3 _" 
." 4 0012 

Vss 5 _" 
6 0013 

0014 7 _" 
8 0015 

0016 9 _" 
c 10 Vss 

Vee 11_" 
12 001 

002 13 _" 
004 15 _:;" 14 D03 

.:: 16 Vee 
005 17." 

.:: 18 006 
007 19_" 

." 20 DOB 

NC 21 '''.:: 22 WEUNC' 
'WEHIWE 23." _ 

.:: 24 AAS 
NC 25_" 

." 26 AO 
At 27 .:' 

c 28 A2 
A3 29_" 

.:: 30 Vee 
Vss 31 .::; 

c 32 A4 
A5 33 

.:: 34 A6 
A7 35_co 
_ .:: 36 AB 
OE 37 " 

c 38 CAS/CASH' 
'NC/CASL 39_" 

." 40 NC 

The MT4C16256 and MT4C16257 function in the same 
manner except that WEL and WEH on MT4C16256 and 
CASL and CASH on MT4C16257 control the selection of 
byte WRITE access cycles. WEL and WEH function in an 
identical manner to WE in that either WEL or WEH will 
generate an internal WE. CASL and CASH function in an 
identical manner to CAS in that either CASL or CASH will 
generate an internal CAS. 

H4C1625617!8J9 
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ADVANCE 

MIC::RON MT4C16256/7/8/9 
1-· """"'"'' 256K X 16 DRAM 

The MT4C16256 "WE" function and timing are deter­
mined by the first WE (WEL or WEH ) to transition LOW 
and by the last to transition back HIGH. Use of only one of 
the two results in a BYTE WRITE cycle. WEL transitioning 
LOW selects a WRITE cycle for the lower byte (DQI-DQ8) 
and WEH transitioning LOW selects a WRITE cycle for the 
upper byte (DQ9-DQ16). 

The MT4C16257 "CAS" function and timing are deter­
mined by the first CAS ( CASL or CASH)to transition LOW 
and by the last to transition back HIGH. Use of only one of 
the two results in a BYTE WRITE cycle. CASL transitioning 

LOW selects a WRITE cycle for the lower byte (DQI-DQ8) 
and CASH transitioning LOW selects a WRITE cycle for the 
upper byte (DQ9-DQ16). BYTE READ cycles are achieved 
through CASL or CASH in the same manner during READ 
cycles for the MT4C16257. 

The MT4C16258 and MT4C16259 function in the same 
manner as MT4C16256 and MT4C16257, respectively; and 
they have NONPERSISTENT MASKED WRITE cycles ca­
pabilities. This option allows the MT4C16258 and 
MT4C16259 to operate with either normal WRITE cycles or 
with NONPERSISTENT MASKED WRITE cycles. 

FUNCTIONAL BLOCK DIAGRAM 

MT4C16256/8 
ONLY 

MT4C16257/9 
ONLY 

AO 
A1 
A2 
A3 

A4 
A5 
A6 

A7 

A8 

MT4C1625617f619 
REV. 4192 2-170 

512 x 512 x 16 
MEMORY 
ARRAY 

D01 
• • 

D016 

i----ooOE 

-----0 Vee 

-----0 Vss 

Micron Technology, Inc., reserves the right to change products or speciffcations without notice. 
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ADVANCE 

MIC:RON MT 4C16256/7 18/9 
1- • '"~,,,oc.,,,, 256K x 16 DRAM 

PIN DESCRIPTIONS 

SOJ 
PINS 

14 

28 

27 

13 

12 

29 

16-19, 
22-26 

MT4C1625ef7/619 
REV. 4/92 

TSOP 
PINS 

16 

30 

29 

15 

14 

31 

18-21, 
24-28 

ZIP 
PINS SYMBOL 

24 RAS 

38 CAS/CASH 

37 OE 

23 WEH/WE 

22 WELINC 

39 NC/CASL 

26-29, AO-AS 
32-36 

TYPE 

Input 

Input 

Input 

Input 

Input 

Input 

Input 

DESCRIPTI.ON 

ROW Address Strobe: RAS is used to latch in the 9 
row-address bits and strobe the WE and DOs on the 
MASKED WRITE option (MT4C16258 and MT4C16259 
only). 

Column Address Strobe: CAS (MT4C16256/8) is used to 
latch-in the 9 column-address bits and enable the DRAM 
output buffers, and strobe the data inputs on WRITE cycles. 
CAS controls D01 through D016. 

Column Address Strobe Upper Byte: CASH (MT4C16257/9) 
is the CAS control for D09 through D016. The DOs for the 
byte not being accessed will remain in a High-Z (high imped-
ance) state during either a READ or a WRITE access cycle. 

Output Enable: OE enables the output buffers when taken 
LOW during a READ access cycle. RAS and CAS 
(MT4C16256/8) or CASL / CASH (MT4C16257/9) must be 
LOW and WEL / WEH (MT4C16256/8) or WE 
(MT4C16257/9) must be HIGH beforeOE will control the 
output buffers. Otherwise, the output buffers are in a High-Z 
state. 

Write Enable Upper Byte: WEH (MT4C16256/8) is WE 
control for the D09 through D016 inputs. If WE or WEH is 
LOW, the access is a WRITE cycle. If either WE or WEH 
is LOW at RAS time on MT4C16258, then it is also a 
MASKED WRITE cycle. The DOs for the byte not being 
written will remain in a High-Z state (BYTE WRITE cycle 
only). 

Write Enable: WE (MT4C16257/9) controls D01 through 
D016inputs. If WE is LOW, the access is a WRITE cycle. 
The MT4C16258/9 also use WE to enable the MASK 
register during RAS time. 

Write Enable Lower Byte: WEL (MT4C16256/8) is the WE 
control for D01 through D08 inputs. If WEL is LOW, the 
access is a WRITE cycle. If WEL is LOW at RAS time on 
MT4C16258, then it is also a MASKED WRITE cycle. The 
DOs for the byte not being written will remain in a High-Z 
state (BYTE WRITE cycle only). 

Column Address Strobe Low Byte: CASL (MT4C16257/9) is 
the CAS control for D01 through D08. The DOs for the byte 
not being accessed will remain in a High-Z state during 
either a READ or a WRITE access cycle. 

Address Inputs: These inputs are multiplexed and clocked by 
RAS and CAS (or CASL I CASH) to select one 16-bit word 
(or 8-bit byte) out of the 256K available words. 

2-171 Micron Technology, Inc., reserves the right to change products or specifications Without notice. 
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ADVANCE 

MIC:RON MT 4C16256/7 /8/9 
1-· ,",",,,,ocn, 256K x 16 DRAM 

PIN DESCRIPTIONS (continued) 

SOJ 
PINS 

2-5,7-10, 
31-34, 
36-39 

11, 15, 30 

1,6,20 

21,35,40 

MT4C16256171819 
REV. 4192 

TSOP 
PINS 

2-5,7-10, 
35-3S, 
40-43 

13, 17 

1,6,22 

23,39,44 

ZIP 
PINS SYMBOL 

12-15, 001-0016 
17-20, 

1-4,6-9 

21,25,40 NC 

11, 16,30 Vcc 

5, 10,31 Vss 

TYPE 
Input! 
Output 

-

Supply 

Supply 

OESCRIPTION 

Data 1/0: For WRITE cycles, 001-0016 act as inputs to the 
addressed DRAM location. BYTE WRITEs can be performed 
by using WELl WEH (MT4C16256/S) or CASLI CASH 
(MT4C16257/S) to select the byte to be written. For READ 
access cycles, 001-0016 act as outputs for the addressed 
DRAM Location. All sixteen II0s are active for READ cycles 
(MT4C16256/S). The MT4C16257/9 allow for BYTE READ 
cycles. 

No Connect: These pins should be either left unconnected or 
tied to ground. 

Power Supply: +5V ±1 0% 

Ground 

2-172 Micron Technology, Inc., (es91V&S the righllo change products or specifications without notice. 
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ADVANCE 

MIC::RON MT 4C16256/7 /8/9 
1-· "'000 en ,eo, 256K x 16 DRAM 

FUNCTIONAL DESCRIPTION 
Each bit is uniquely addressed through the IS address 

bits during READ or WRITE cycles. These are entered 9 bits 
(AD-AS) at a time. RAS is used to latch the first9 bits and 
CAS the latter 9 bits. 

The CAS control also determines whether the cycle will 
be a refresh cycle (RAS-ONL Y) or an active cycle (READ, 
WRITE or REAP-WRITE) once RAS goes LOW. The 
MT4C16256 and MT4C1625S each have one CAS control 
while the MT4C16257 andMT4C16259 have two: CASLand 
CASH. 

The CASL and CASH inputs internally generate a CAS 
signal functioning in an identical manner to the single 
CAS input on the other 256K x 16 DRAMs. The key differ­
ence is each CAS controls its corresponding DQ tristate 
logic (in conjunction with OE and WE). CASL controls DQl 
through DQS, and CASH controls DQ9 through DQ16. 

The MT4C16257 and MT4C16259 "CAS" function is de­
terminedby the first CAS (CASL or CASH) to transition 
LOW and the last one to transition back HIGH. The two 
CAS controls give the MT4C16257 and MT4C16259 both 
byte READ and byte WRITE cycle capabilities. 

READ or WRITE cycles on the MT4C16257 or MT4C16259 
are selected with the WE input while either WEL or WEH 
perform the "WE" on the MT4C16256 or MT4C1625S. The 
MT4C16256 and MT4C1625S "WE" function is determined 
by the first BYTE WRITE (WEL or WEH) to transition LOW 
and the last one to transition back HIGH. 

A logic HIGH on WE dictates READ mode while a logic 
LOW on WE dictates WRITE mode. During a WRITE cycle, 
data-in (D) is latched by the falling edge of WE or CAS, 
whichever occurs last. Taking WE LOW will initiate a 
WRITE cycle, selecting DQl through DQ16. If WE goes 
LOW prior to CAS going LOW, the outpu~(s) remain 
open (High- Z) until the next CAS cycle. If WE goes LOW 
after CAS goes LOW and data reaches the output pins, data 
out(Q) is activated and retains the selected cell data as long 
as CAS and OE remain LOW (regardless of WE or RAS). 
This late WE pulse results in a READ-WRITE cycle. 

The 16 data inputs and 16 data outputs are routed through 
16 pins using common I/O, and pin direction is controlled 

by OE , WEL and WEH (MT4C16256 and MT4C1625S) or 
WE (MT4C16257 and MT4CI6259). 

FAST PAGE MODE operations allow faster data opera­
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AD-AS) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed­
in by CAS. CAS may be toggled by holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles; Returning RAS HIGH terminates the FAST 
PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
The chip is also preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS, or HID­
DEN refresh) so that all 512 combinations of RAS addresses 
(AD-AS) are executed at least every Sms, regardless of 
sequence. The CAS-BEFORE-RAS refresh cycle will also 
invoke the refresh counter and controller for ROW address 
control. 

BYTE ACCESS CYCLE 
The BYTE WRITE mode is determined by the use of 

WEL and WEH or CASL and CASH. Enabling WELl 
CASL will select a lower BYTE WRITE cycle (DQI-DQS) 
while Enabling WEH or CASH will select an upper BYTE 
WRITE cycle (DQ9-DQ16). Enabling both WEL and WEH 
or CASL and CASH selects a WORD WRITE cycle. 

The MT4C16256, MT4C16257, MT4C1625S and 
MT4C16259 can be viewed as two 256K x S DRAMS which 
have common input controls, with the exception of the WE 
or the CAS inputs. Figure 1 illustrates theMT4C16256 BYTE 
WRITE and WORD WRITE cycles and Figure 2 illustrates 
the MT4C16257 BYTE WRITE and WORD WRITE cycles. 

The MT4C16257 also has BYTE READ and WORD READ 
cycles, since it uses two CAS inputs to control its byte 
accesses. Figure 3 illustrates the MT4C16257 BYTE READ 
and WORD READ cycles. 

MT4C1625617/8/9 
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ADVANCE 

MIC:RON MT4C16256/7/8/9 
1-· ,,,""moe" '" 256K X 16 DRAM 

MASKED WRITE ACCESS CYCLE (MT4C16258/9 Only) 
The MASKED WRITE mode control input selects normal 

WRITE access or MASKED WRITE access cycles. Every 
WRITE access cycle can be a MASKED WRITE, depending 
on the state of WE at RAS time. A MASKED WRITE is 
selected when mask data is supplied on the DQ pins and 
WE is LOW at RAS time. The MT4C16256 and MT4C16257 
do not have the MASKED WRITE cycle function. 

The data (mask data) present on the DQI-DQI6 inputs at 
RAS time will be written to an internal bit mask data 
register and will then act as an individual write enable for 
each of the corresponding DQ inputs. If a LOW (logic "0") 
is written to a mask data register bit, the input port for that 
bit is disabled during the following WRITE operation and 

I· WORD WRITE 

RAS \ 

CAS \ 

WEL \ 

WEH \ 

/ 

/ 

no new data will be written to that DRAM cell location. A 
HIGH (logic "1") on a mask data register bit enables the 
input port and allows normal WRITE operations to pro­
ceed. At CAS time, the bits present on the DQI-DQI6 inputs 
will be either written to the DRAM (if the mask data bit was 
HIGH) or ignored (if the mask data bit was LOW). 

New mask data must be supplied each time a MASKED 
WRITE cycle is initiated (non-persistent), even if the previ­
ous cycle's mask was the same mask. 

Figure 4 illustrates the MT4C16258 MASKED WRITE 
operation and Figure 5 illustrates the MT4C16259 
MASKED WRITE operation. 

-I- LOWER BYTE WRITE -I 
/ \ ! 

/ \ ! 

\ ;-

STORED INPUT STORED STORED INPUT STORED 

MT4C16256171819 
REV. 4192 

I,.OWERBYTE 
(OQ1-008) 
OFWORO 

UPPER BYTE 
(009-0016) 
OFWORO 

DATA DATA 
.-----3>-

.-----3> 

------3> 

0 .-----3> 

0 ------3>-

.-----3>-

.-----3::-

0 .-----3> 

-----3> 

-----3>-

0 .-----3>-

0 ------3>-

-----3> 

0 .-----3>-

-----3> 

.-----3>-

DATA DATA 

0 

0 
1 

0 

DATA DATA 
.-----;:. 

------3> 

------3>-
.---- -3> 

------3>­
.---- -3> 

------3> 

.-----3> 

x .-----~ 

X ------;:--

X .-----~ 

x .-----~ 0 
x .-----~ 

x .-----~ 

x .-----~ 

x -----~ 

ADDRESS 0 ---.... ...----- ADDRESS 1 

x = NOT EFFECTIVE (DON'T CARE) 

Figure 1 
MT4C16256/8 WORD AND BYTE WRITE EXAMPLE 
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ADVANCE 

MIC:I=ION MT 4C16256/7 /8/9 
1-· '" H , '" 256K x 16 DRAM 

RAS 

CASL 

CASH 

WE 

LOWER BYTE 
(001-008) 
OFWORO 

UPPER BYTE 

MT4C16256T11819 
REV. 4192 

(009-0016) 
OFWORO 

1 
• WORD WRITE 

\ 

\ 

\ 
\ / 

STORED INPUT INPUT STORED 

DATA DATA DATA DATA 

1 0 -................ » 0 

0 _ ................ » 0 
0 1 ................. » 1 

0 _ ................ » 0 
0 ................. » 0 
0 _ ................ » 0 
a _ ................ » 0 
0 _ ................ » 0 

0 x ...... » 1 ...... » 1 

X ...... » 0 ...... » 0 

0 x ,-----3>- 1 ...... » 1 

1 x ...... » 0 ...... » 0 

0 x ...... » 1 ...... » 1 

0 X ...... » 1 ...... » 1 

0 X ...... » 1 ...... » 1 

0 X ...... » 1 ...... » 1 

----- LOWER BYTE WRITE "I "I-
/ 

/ 

! 

STORED 

DATA 

0 

0 
1 

0 

0 
0 
0 

0 

1 

0 
1 

0 

\ ;--

\ / 

INPUT INPUT STORED 

DATA 

1 

DATA DATA 
................. » 1 

1 ••••..••••••.••.• » 1 
o ................. » 0 

................. » 1 

................. » 1 

................. » 1 

................. » 1 

1 ..•.•...••....•.• » 1 

x·················» 1 
X ••..••••.•••••• -.» 0 

x·················» 1 

x·················» 0 

x·················» 1 

x·················» 
x·················» 
x·················» 1 

----- ADDRESS 0 ----" •• -----­

x = NOT EFFECTIVE (DON'T CARE) 

ADDRESS 1 

Figure 2 
MT4C16257/9 WORD AND BYTE WRITE EXAMPLE 
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MT4C16256J71B19 
REV. 4192 

RAS 

CASL 

CASH 

WE 

LOWER BYTE 
(D01-D08) 
OF WORD 

UPPER BYTE 
(D09'D016) 
OF WORD 

ADVANCE 

I- WORD READ -I- LOWER BYTE READ -I 
~ / \ r-

\ / \ r-
, 

\ / 
, 

---.I 
, 

~ "-
STORED OUTPUT OUTPUT STORED STORED OUTPUT OUTPUT STORED 

DATA DATA DATA DATA DATA DATA DATA DATA 

1 .-----03> 1 .-----03> 

.-----03> 1 1 .-----03> 

0 .-----03> 0 0 0 0 .-----03> 0 

1 .-----;:.. 1 1 .-----3>-

1 .-----03> 1 .-----03> 

1 ------:;;> 1 .-----03> 1 

1 .---~-3> 1 1 .-----03> 1 

1 .-----03> 1 1 .-----03> 1 

Z .-----03> 0 0 0 Z .-----03> Z 

Z .-----03> 1 1 Z .-----03> Z 1 

Z .-----03> 0 0 0 Z .-----03> Z 0 

Z .-----03> 1 Z .-----03> Z 

Z .-----;;:.. 0 0 0 Z .-----:;;> Z 0 

0 Z .-----03> 0 0 0 Z .-----03> Z 0 

0 Z .-----03> 0 0 0 Z .-----03> Z 

0 Z .-----03> 0 0 0 Z .-----03> Z 0 

ADDRESS 0 - - ADDRESS 1 

Z = High-Z 

Figure 3 
MT4C16257/9 WORD AND BYTE READ EXAMPLE 
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ADVANCE 

uu::: 1=1 ON MT 4C16256/7 /8/9 
1-· "",,,m,," 256K x 16 DRAM 

RAS 

CAS 

WEL 

WEH 

LOWER BYTE 
(OQ1-0Q8) 
OFWORO 

UPPER BYTE 

MT4C162561718i9 
REV. 4192 

(OQ9-DQ16) 
OFWORO 

I- MASKED WRITE -I- NON MASKED WRITE -I 
\ / \ r 

\ / \ r 
\ III/I/A //1/$;\ III//////; 

~ I!lll!A 1////1//1//1 W'/£ !III II! /11/ II! 

STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA DATA DATA DATA DATA 

X o ------3- 0 --- - --3-

X 0 ------3- 0 0 1 ------3-

X 0 -,----3- 0 1 ---- --3-

X o ------3- 0 0 ------3- 1 

X o ------3- 0 0 ------3- 0 
X o ------3- 0 0 0 ------3- 0 
X o ------3- 0 1 0 0 ------3- 1 

X o ---,--3- 0 0 0 ------3- 0 

0 X X 1 ------3>- 1 

1 0 X 1 X 0 ------3- 0 
0 0 X 0 0 X 1 ------3-

0 0 X 0 0 X 0 ------3- 0 

0 0 ------3- 0 0 X 1 ------3-

0 0 ------3- 0 0 X 1 ------3-

0 1 ------3>- X 0 ------3>- 0 

0 1 ------3- X 0 ------3- 0 

ADDRESS 0 • - ADDRESS 1 • 
X = NOT EFFECTIVE (DON'T CARE) fZ] DON'T CARE 

Figure 4 
MT4C16258 MASKED WRITE EXAMPLE 
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ADVANCE 

MICRON MT 4C16256/7 /8/9 
1-· ,m,",,,,,,",, 256K x 16 DRAM 

RAS 

"CAS" 

WE 

LOWER BYTE 
(001-008) 
OFWORO 

UPPER BYTE 
(009-0016) 
OFWORO 

MT4CI625617!8J9 
REV. 4192 

I_ MASKED WRITE _I· NON MASKED WRITE -I 
\ / \ r 

\ / \ r 

~ II/IliA !II /l!!11 III 'W';/'A, $11// II/lih 

STORED MASK INPUT STORED STORED MASK INPUT STORED 
DATA DATA DATA DATA DATA DATA DATA 

a x 1 1 X 1 .-----» 
1 a .-----» a a x 1 ._----» 

a x 1 1 X 1 .-----» 
1 a .-----» a a x 1 ._----» 1 

a x 1 1 X a ._----» a 
o .-----» 0 a x 0 ._----» 0 

0 X X a ._----» a 
o .-----» 0 a x 0 ._----» a 

0 x x 1 ._----» 
1 0 X X 0 ._----» a 
0 0 x a a x 1 ._----» 
0 a x a a x a ._----» a 
a a ._----» a a x 1 ._----» 

a o .-----» a a x 1 ._----» 

a 1 .-----» X a ._----» a 
0 1 .-----» X a .-----» a 

ADDRESS a • • ADDRESS 1 

X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 5 
MT4C16259 MASKED WRITE EXAMPLE 
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IIUIIIC:RON MT 4C16256/7 /8/9 
1-· '''"''0'0'' "" 256K x 16 DRAM 

TRUTH TABLE: MT4C16256/8 

ADDRESSES 
FUNCTION "RA! -cg WE[" war lJt IR IC DQs NOTES 
Standby H H-X X X X X X High~Z 

READ L L H H L ROW COL Data Out 

WRITE: WORD L L L L X ROW COL Data In 3 
(EARLY-WRITE) 

WRITE: LOWER L L L H X ROW COL Lower Byte, Data In 3 
BYTE (EARLY) Upper Byte, High-Z 

WRITE: UPPER L L H L X ROW COL Lower Byte, HighcZ 3 
BYTE (EARLY) Upper Byte, Data In 

READ-WRITE L L H-L H-L L-H ROW COL Data Out, Data In 1,3 

PAGE-MODE 1st Cycle L H-L H H L ROW COL Data Out 

READ 2nd Cycle L H-L H H L n/a COL Data Out 

PAGE-MODE 1st Cycle L H-L L L X ROW COL Data In 1,3 

WRITE 2nd Cycle L H-+L L L X n/a COL Data In 1,3 

PAGE-MODE 1st Cycle L H-+L H-L H-L L-H ROW COL Data In 1,3 

READ-WRITE 2nd Cycle L H-L H-L H-L L -H n/a COL Data Out, Data In 1,3 

HIDDEN READ L-H-L L H H L ROW COL Data Out 

REFRESH WRITE L-H-L L L L X ROW COL Data In 1,2,3 

RAS-ONLY L H H H X ROW n/a High-Z 
REFRESH 

CAS-BEFORE-RAS H-L L H H X X X High-Z 
REFRESH 

NOTE: 1. These cycles may also be BYTE WRITE cycles (either WEL or WEH active). 

MT4C16256171819 
REV. 4/92 

2. EARLY-WRITE only. 
3. Data-in will be dependent on the mask provided (MT4C16258 only). Refer to Figure 4. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MICRON MT 4C16256/7 18/9 
1-· ',""",,,,,, 256K x 16 DRAM 

TRUTH TABLE: MT4C16257/9 

ADDRESSES 

FUNCTION 1m" me "CASH WE 1)E IR IC DOs NOTES 

Standby H H-X H-X X X X X High-Z 

READ: WORD L L L H L ROW COL Data Out 

READ: LOWER BYTE L L H H L ROW COL Lower Byte, Data Out 
Upper Byte, High-Z 

READ: UPPER BYTE L H L H L ROW COL Lower Byte, High-Z 
Upper Byte, Data Out 

WRITE: WORD L L L L X ROW COL Data In 5 
(EARLY-WRITE) 

WRITE: LOWER L L H L X ROW COL Lower Byte, Data In 5 
BYTE (EARLY) Upper Byte, High-Z 

WRITE: UPPER L H L L X ROW COL Lower Byte, High-Z 5 
BYTE (EARLY) Upper Byte, Data In 

READ-WRITE L L L H-L L-H ROW COL Data Out, Data In 1,2,5 

PAGE-MODE 1st Cycle L H-L H-L H L ROW COL Data Out 2 

READ 2nd Cycle L H-L H-L H L n/a COL Data Out 2 

PAGE-MODE 1st Cycle L H-L H-L L X ROW COL Data In 1,5 

WRITE 2nd Cycle L H-L H-L L X n/a COL Data In 1,5 

PAGE-MODE 1st Cycle L H-L H-L H-L L-H ROW COL Data Out, Data In 1,2,5 

READ-WRITE 2nd Cycle L H-L H-L H-L L-H n/a COL Data Out, Data In 1,2,5 

HIDDEN READ L -H-L L L H L ROW COL Data Out 2 

REFRESH WRITE L-H-L L L L X ROW COL Data In 1,3,5 

RAS-ONLY L H H X X ROW n/a High-Z 
REFRESH 

CAS-BEFORE-RAS H-L L L H X X X High-Z 4 
REFRESH 

NOTE: 1. These WRITE cycles may also be BYTE WRITE cycles (either CASL or CASH active). 
2. These READ cycles may also be BYTE READ cycles (either CASL or CASH active). 
3. EARLY-WRITE only. 
4. Only one of the two CAS must be active (CASL or CASH). 
3. Data-in will be dependent on the mask provided (MT4C16259 only). Refer to Figure 5. 

MT4C16256f7/819 
REV. 4192 2-180 Micron Technology, Inc., reserves the right to change products or specifica1ions without notice. 
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ADVANCE 

MIC:RON MT 4C16256/7 /8/9 
1-· """oco"' " 256K x 16 DRAM 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ................ -IV to +7V 
Operating Temperature, TA (Ambient) ......... O°C to +70°C 
Storage Temperature (Plastic) .................... -SsoC to + lS0°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions abovethoseindicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C :0; T A :0; 70°C; Vcc = SV ±1 0%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV ::; VIN ::; Vce 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (0 is disabled, OV :0; VOUT::; S.SV) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -SmA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN» 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN); ICP, IASC = 10ns) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS=VIH: IRC = IRC (MIN» 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN» 

MT4C1625617/8J9 
REV. 4/92 2-181 

SYMBOL MIN MAX UNITS NOTES 

Vcc 4.S S.S V 1 

VIH 2.4 Vcc+1 V 1 

VIL -1.0 0.8 V 1 

Ii -2 2 ~ 

loz -10 10 ~ 
VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -7 -8 -10 UNITS NOTES 

Icc1 2 2 2 rnA 

Icc2 1 1 1 rnA 2S 

Icc3 160 140 120 rnA 3,4,42 

Icc4 120 110 100 rnA 3,4,42 

Icc5 160 140 120 rnA 3,S,42 

Icce 160 140 120 rnA 3,S 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, MicfonTechnology, rnc. 
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ADVANCE 

MIC:RON MT 4C16256/7/8/9 
1-· ,,'<"'00"" 256K X 16 DRAM 

CAPACITANCE 
(Note: 2) 

PARAMETER 

Input Capacitance: AO-AS 

Input Capacitance: RAS, CAS/(CASL,CASH), (WEL, WEH)/ WE, OE 

Input/Output Capacitance: DQ 

SYMBOL 

Cit 

CI2 

CIO 

MAX UNITS NOTES 

5 pF 2 

7 pF 2 

7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C ~ T A~ +70°C; Vcc = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE READ or WRITE 
cycle time 

FAST-PAGE-MODE READ-WRITE 
cycle time 

Access time from RAS 
Access time from CAS 
Output Enable time 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 
Column address to 
liAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 

MT4C16256i7f819 
REV. 4/92 

-7 
SYM MIN MAX 
tRC 130 

tRWC 180 
tpc 45 

tpRWC 95 

tRAC 70 
tCAC 20 
tOE 20 
tAA 35 

tCPA 40 
tRAS 70 100,000 

tRASP 70 100,000 
tRSH 20 
tRP 50 

tCAS 20 100,000 
tCSH 70 
tCPN 10 
tcp 10 

tRCD 20 50 
tCRP 10 
tASR 0 
tRAH 10 
tRAD 15 35 

tASC 0 
CAH 15 
tAR 55 

tRAl 35 

tRCS 0 
tRCH 0 

tRRH 0 

tClZ 0 

2-182 

-8 
MIN 
150 
200 
50 

100 

80 
80 
20 
60 
20 
80 
10 
10 
20 
10 
0 
10 
15 

0 
15 
60 

40 

0 
0 

0 

0 

-10 
MAX MIN MAX UNITS NOTES 

180 ns 
245 ns 
55 ns 35 

110 ns 35 

80 100 ns 14 
20 25 ns 15,33 
20 25 ns 33 
40 45 ns 
45 55 ns 33 

100,000 100 100,000 ns 
100,000 100 100,000 ns 

25 ns 40 
70 ns 

100,000 25 100,000 ns 39 
100 ns 32 
10 ns 16,36 
10 ns 36 

60 25 75 ns 17,31 
10 ns 32 
0 ns 
15 ns 

40 20 55 ns 18 

0 ns 31 
20 ns 31 
75 ns 

55 ns 

0 ns 26,31 
0 ns 19,26,32 

0 ns 19 

0 ns 33 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc 



ADVANCE 

MIC:RON MT 4C16256/7 /8/9 
.-. ",,,,,oeo",," 256K x 16 DRAM 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C s T AS +70°C; Vee = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Output buffer turn-off delay 

Output disable time 
Write command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 
Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

RAS to WE delay time 

Column address 
to WE delay time 

CAS to WE delay time 
Transition time (rise or fall) 

Refresh period (512 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CAS-BEFORE-RAS refresh) 

CAS hold time 
(CAS-BEFORE-RASrefresh) 

MASKED WRITE command to RAS 
setup time 

WE hold time (MASKED WRITE 
and CAS-BEFORE-RAS refresh) 

Mask data to RAS setup time 

Mask data to RAS hold time 
OE hold time from WE during 
READ-MODIFY-WRITE cycle 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

Last CAS going LOW to first CAS to 
return HIGH 

WE sEltup time 
(CAS-BEFORE-RAS refresh) 

MT4Ct625617/8!9 
=lEV. 4192 

-7 

SYM MIN 
tOFF 0 
tOD 

twcs 0 
tWCH 15 

twCR 55 

twp 10 
tRWL 20 
tCWL 20 
tDS 0 
tDH 15 

tDHR 55 

tRWD 95 
tAWD 60 

tCWD 45 
IT 3 

tREF 
tRPC 10 
tCSR 10 

tCHR 10 

twRS 0 

tWRH 15 

tMS 0 
tMH 15 

tOEH 20 

tORD 0 

tCLCH 10 

tWRP 10 

MAX MIN 
15 0 
15 

0 
15 

60 

10 

20 

20 

0 
15 

60 

105 

65 

45 

50 3 

8 
10 
10 

10 

0 

15 

0 
15 
20 

0 

10 

10 

2-183 

-8 -10 

MAX MIN MAX UNITS NOTES 
15 0 20 ns 20,29,33 
15 20 ns 29,41 

0 ns 21,26,31 

20 ns 26,40 
75 ns 26 

20 ns 26 
25 ns 26 

25 ns 26,32 

0 ns 22,33 
20 ns 22,33 
75 ns 

135 ns 21 

80 ns 21 

60 ns 21,31 

50 3 50 ns 9, 10 

8 8 ms 28 

10 ns 

10 ns 5,31 

10 ns 5,32 

0 ns 26,27 

15 ns 26 

0 ns 26,27 
, 15 ns 26,27 

25 ns 28 

0 ns 
c 

10 ns 34 

10 ns 

Micron Technology, Inc., reserves the right 10 change products or specifications without notice. 
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ADVANCE 

MIC:RON MT 4C16256/7 18/9 
1-· "'""DCOc" "" 256K x 16 DRAM 

NOTES 
1. All voltages referenced to V 55. 

2. This parameter is sampled. Vee = 5V ±10%,f = 1 MHz. 
3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (O°C ::;; T A::;; 700q is assured. 

7. An initial pause of lOOlls is required after power-up 
followed by eight RAS refresh cycles ( RAS-ONL Y or 
CBR) before proper device operation is assured. The 
eight RAS cycle wake-up should be repeated any time 
the IREF refresh requirement is exceeded. 

8. AC characteristics assume IT = 5ns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gate and 

100pF. 
14. Assumes that tRCD < tRCD (MAX). If IRCD is greater 

than the maximum recommended value shown iri this 
table, IRAC will increase by the amount.that tRCD 
exceeds the value shown. . 

15. Assumes that tRCD ~ IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the Q buffer, CAS must be pulsed 
HIGH for tCPN. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by 'CAe. 

18. Operation within the tRAD limit ensures that IRCD 
(MAX) can be met. tRAD (MAX) is specified as a 
reference point only; if tRAD is greater than the 
specified IRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

19. Either IRCH or tRRH must be satisfied for a READ 
cycle. 

MT4C1625S17iS19 
REV. 4192 

20. toFF (MAX) defines the time at which the output 
achieves the open circuit condition, not a reference to 
VOHOrVOL. 

21. twcs, tRWD, tAWD and !CWD are restrictive 
operating parameters in LATE-WRITE and READ­
MODIFY-WRITE cycles only. If twcs~twcs (MIN), 
the cycle is an EARLYcWRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If tRWD ~ tRWD (MIN); tAWD ~ tAWD 
(MIN) and tCWD ~ tCWD (MIN), the cycle is a 
READ-WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions is met, the state of Q (at access time and 
until CAS or OE goes back to VIH) is indeterminate. 
OE held HIGH and WE taken LOW after CAS goes 
LOW results in a LATE-WRITE (OE controlled) cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. During a READ cycle, if OE is LOW then taken HIGH 
before CAS goes HIGH, Q goes open. If OE is tied 
permanently LOW, a LATE-WRITE or READ­
MODIFY -WRITE operation is not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

25. All other inputs at Vcc -0.2V. 
26. Write command is defined as either WEL or WEH or 

both going LOW on the MT4C16256/8. Write 
command is defined as WE going LOW on the 
MT4C16257/9. 

27. MT4C16258/9 only. 
28. LATE-WRITE and.READ-MODlFY-WRITE cycles 

must have both tOD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW arid OE is taken back LOW after tOEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

29. The DQs open during READ cycles once toD or toFF 
occur. If CAS goes HIGH first, OE becomes a"dpn't 
care." If OE goes HIGH and CAS stays LOW,OE is 
not a "don't care;" and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 

2-184 Micron TeChnology, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MICRON MT 4C16256/7 /8/9 
1-· ,"~""c,"" 256K x 16 DRAM 

NOTES (continued) 
30. Notes 31 through 41 apply to MT4C16257/9 only ("): 
31. *The first CASx edge to transition LOW. 
32. "The last CASx edge to transition HIGH. 
33. "Output parameter (DQx) is referenced to corre­

spondingCAS input; DQ1-DQ8 by CASL and DQ9-
DQ16 by CASH. 

34. "Last falling CASx edge to first rising CASx edge. 
35. "Last rising CASx edge to next cycle's last rising CASx 

edge. 

36. "Last rising CASx edge to first falling CASx edge. 
37. "First DQs controlled by the first CASx to go LOW. 
38. *Last DQs controlled by the last CASx to go HIGH. 
39. "Each CASx must meet minimum pulse width. 
40. "Last CASx to go LOW. 
41. "All DQs controlled, regardless CASL and CASH. 
42. Column address changed once while RAS = VIL and 

CAS=VIH. 

4C16256f7!819 
V.4/92 2-185 Micron Technology, Inc., reserves the right 10 change products or specifications wlthout nollce. 
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ADVANCE 

MICRON MT4C16256/7/8/9 
1-· """"w'"'' 256K x 16 DRAM 

READCVCLE 

tRC 

tRAS tRP 

\ 
tCSH 

'ASH ~ 
ICRP tRCD tCAS ICLCH 

:--' 

AODR 

tAR 

I IRAD tRAL 

I~~~ ~~ 
ij'///~ ROW W'LW COLUMN ROW 

IRCS ~ 

I///IIII/; 
tM 

tRAC 

teAC ~ 

~r 
OPEN VAliD DATA r------OPEN---DQ ~lg~-

RAs VtH 
VIL 

CASH.CASL VIH 
orCAS VIL 

ADOR VtH 
VIL 

I~ ~ 

EARL V-WRITE CVCLE 

tRC 

tRAS tRP 

-
-

tCSH 

lASH 

I~ tRCD tCAS ICLCH 

=--' 
tAR 

tRAD tRAL 

I~ ~I ~ ~ 
~ ROW ~ COLUMN W/////////////§////"Q< 

ICWL 

tRWL 

tWCR 

~ twCH 

I~~I 
twp 

~ NOTE'._ !f'J./'///a 
~ 

'OHR 

j~I~1 I~ ~I 
NOTEt y///////M VALID DATA 

I 
\ 

ROW 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Applies to MT4C16258 and MT4C16259 only. WE selects between normal WRITE and MASKED WRITE at 

MT4C1625S17/8!9 
REV. '4192 

RAS time. The DO inputs are "don't care" for a normal WRITE (WE HIGH at RAS time). The DO inputs 
provide the mask data at RAS time for a MASKED WRITE (~LOW at RAS time). VilE[, WEH and DO 
inputs on MT4C16256 and MT4C16257 are "don't care" at RAS time. 

2-186 Micron Technology, Inc" reserves the right 10 change products or specifications without nolict 
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READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

RWC 
'RAS tRP 

-
-

'osH 
I 'ASH 

'CAP 'RCD ICAS ICLCH 

:~ ~ tAR 
tRAO I I tRAL I 

I~ ~I I~I I 
ADDR ~lt 

~( 
:I/#/M ROW W///,1, COLUMN ROW 

AODR ~:~ 

I~ 'WRttl 

I I IAWD tCWL II 

I~ I leWD ~I 
'AWD ~I 

-'l'///////ht NOTEt ~,,1 

----rk--
tM 
tRAC j 'CAG 

tcLZ ~ tos tOH 

VALID 0 OUT X VALID 0 IN OPEN--

toE too.1 ~ 

tw//#//#/#/"w//I; 

FAST-PAGE-MODE READ CYCLE 

RASP RP 

- ~ 
leSH tpc IRSH 

I'" leRP 
'RCD teAS, 'CLCH tcP tCAS. felCH ~I tePN teAS,teLC'iy lI' 

tAR ~~ 1 ~ :~ '-------.l 

tRAO II~ tRAL 

I~ ~ ~I teAH !~ ~l ~II~I I 
::;rItZ{ ROW ~ COLUMN ~~ COLUMN W/////!.Ii COLUMN RCW 

I lACS I tRCH- ~ 1 It-tRcs l-r 'RCH- Ii 
-I It-tRcs ~-tR"H IRCH 

-

Wf' ~ ~ 

1 

tAA tM tM 
I 'RAC I tePA I tePA 

I 'CAe 1QEr l~ ~' I~ 
tcLz- 1:- - -'oFF 

-
ICLZ- 1:- 'CLZ- 1:-

VAUD OPEN VALID VALID ~OPEN-
DATA DATA DATA 

,I~!I~ ,1...'2.5.-1~ J~~ 

~ DON'T CARE 

~ UNDEFINED 

ADVANCE 

NOTE: 1. Applies to MT4C16258 and MT4C16259 only. WE selects between normal WRITE and MASKED WRITE at 

MT4CI625617/8/9 
REV.4!92 

RAS time. The DO inputs are "don't care" for a normal WRITE (WE HIGH at RAS time). The DO inputs 
provide the mask data at RAS time for a MASKED WRITE (WE LOW at RAS time). WEL, WER and DO 
inputs on MT4C16256 and MT4C16257 are "don't care" at RAS time. 

2-187 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MICRON MT4C16256/7/8/9 
1-· ,,,,,,,,,,, 256Kx 16 DRAM 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

tRASP 

iWi VIH -
VIL _ 

teAP tcsH 'PC 

~ 
CA'SH,CAS[ VIH -

~CAli 
VIL _ 

AODR V,H v" 

WEL,WEH 
orWE 

VIH -
VIL _ 

DO ~lg~ : 

5E ~:~::'/ I!! II!III II//;///! /1/11/ I!! I/II!! II!II 1/1/ I!! II/I!!II I/II!! II II II!/ 11// II I/II!! 1/1/// II II 1/1 / II ///I II II/I/II/I/!I/I/ / to 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

~ DDN'TCARE 

~ UNDEFINED 

NOTE: 1. Applies to MT4C16258 and MT4C16259 only. WE selects between normal WRITE and MASKED WRITE at 

MT4C16256171819 
ReV. 4192 

RAS time. The DO inputs are "don't care" for a normal WRITE (WE HIGH at RAS time). The DO inputs 
provide the mask data at RAS time for a MASKED WRITE (WE LOW at RAS time). WIT, WEH and DO 
inputs on MT4C16256 and MT4C16257 are "don't care" at RAS time. 

2-188 Micron Technology, Inc., reserves the right to change products or specificatlons without notice. 
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ADVANCE 

MIC:RON MT 4C16256/7 /8/9 
1-· """" "'K 256K X 16 DRAM 

'AT4CI8256171819 
:jEV.4192 

~ ONLY REFRESH CYCLE 
(ADDR = AD-A8, OE; WEL, WEH or WE = DON'T CARE) 

Q ~g~ -:-------------OPEN----------

~-BEFORE·"FfAS REFRESH CYCLE 
(AD-A8; and OE = DON'T CARE) 

'RP RAS 'RP 'RAS 

- ViH­
RAS Vll-

:-1':::1, 'eSR 

)i 'y 

:~ 

DO 

-

~I ~I~ ~I, 
t,j, I t,j, , 

OPEN 

~~I ~ ~ 

W#$#////$/$#/$##/ 

HIDDEN REFRESH CYCLE 24 

(WEL, WEH or WE = HIGH; OE = LOW) 
(READ) (REFRESH) 

'RAS 

leHR 

CASL, CASH v,H-c--l,------+!---------t1 
cTs Vll_ 1"1----1---+--------1\ 

ADDR ~:~:~C:::$~j@l~~~~~~~~~~~Wl~~~~ 

-I -'oFF 

2-189 

VALID DATA 

E':Zl DON'TeARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MIC:RON MT4C16256/7/8/9 L 
1-· "'""COO"" 256K X 16 DRAM 

DRAM 

FEATURES 
• Industry standard x16 pinouts, timing, functions 

and packages 
• High-performance, CMOS silicon-gate process 
• Single +5V ±10% power supply 
• All device pins are fully TTL compatible 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR), 

HIDDEN and BATTERY BACKUP (BBU) 
• FAST PAGE MODE access cycle 
• BYTE WRITE access cycle 
• BYTE READ access cycle (MT4C16257/9 L only) 
• NONPERSISTENT MASKED WRITE access cycle 

(MT4C16258/9 L only) 
• 512 cycle refresh distributed across 64ms 
• Low power, 1m W standby; 500m W active, typical 

OPTIONS 
• Timing 

70ns access 
80ns access 
lOOns access 

• Write Cycle Access 
BYTE or WORD via WE 
(non-maskable) 
BYTE or WORD via CAS 
(non-maskable) 
BYTE or WORD via WE 
(maskable) 
BYTE or WORD via CAS 
(maskable) 

• Packages 
Plastic SOJ (400 mil) 
Plastic TSOP (400 mil) 
Plastic ZIP (475 mil) 

MARKING 

- 7 
- 8 
-10 

MT4C16256L 

MT4C16257L 

MT4C16258L 

MT4C16259L 

DJ 
TG 
Z 

NOTE: Available in die form. Please consult factory for die data sheets. 

• Part Number Example:MT4C16256DJ-7 L 

GENERAL DESCRIPTION 
The MT4C16256/7/8/9 L are randomly accessed solid­

state memories containing 4,194,304 bits organized in a x16 
configuration. The MT4C16256 Land MT4C16258 L have 
both BYTE WRITE and WORD WRITE access cycles via two 
write enable pins. The MT4C16257 Land MT4C16259 L 
have both BYTE WRITE and WORD WRITE access cycles 

MT4C1625617/819 L 
REV. 4/92 2-191 

256K X 16 DRAM 
LOW POWER, EXTENDED REFRESH 

PIN ASSIGNMENT (Top View) 

40-Pin SOJ 
(0-6) 

Vco 
DQ1 
DQ2 
DQ3 
DQ4 
Vco 

DQS 
D06 
DQ7 
DQ8 

NC 
*WEUNC 

*WEHIWE 

NC 
AO 
A1 
A2 
A3 

Vco 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

20 

40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 

26 
25 
24 
23 
22 
21 

V" 
0016 
0015 
D014 
0013 
Vss 
0012 
0011 
0010 

DQ' 
NC 
NC/CASL" 
CASICASW 
DE 
AS 
A7 
A6 
AS 
A4 

Vss 

40-Pin TSOP 
(R-5) 

Voo Vss 
D01 0016 
D02 0015 
D03 OQ14 
DQ4 0013 
Vee V" 

DOS DQ12 
D06 0011 
DO? 0010 
DOS DO' 

NC 13 NC 
*WEUNC NC/CASL' 

*WEHiWE CAS/CASH* 
RAS DE 

NC A8 
AO A7 
A1 A6 
A2 AS 
A3 A4 

Vee Vss 

'MT4C16256/SL / MT4C16257/9 L 

40-Pin ZIP 
(0-4) 

DQ10 

D012 

D013 

D015 

Vee 11 _:.':: 10 Vss 

'co 12 D01 
D02 13_co 

'" 14 D03 
D04 15_co 

c 16 Vee 
D05 17_" 

'" 18 D06 
D07 19_co 

"" 20 D08 
NC 21_co _ 

"" 22 WEUNC' 
'WEHIWE 23 _co"" 24 RAS 

NC 25_co 
,co 26 AO 

A1 27_co 

A3 29 

Vss 31 

A5 33 

A7 35 

"" 28 A2 

,co 30 Vee 

,co 32 A4 

,co 34 A6 

0E37 ",,36A8 

'NC/CASL 39 _" '" 38 CAS/CASH' 

'" 40 NC 

via two CAS pins. TheMT4C16258 L and MT4C16259 L ate 
also able to perform WRITE-PER-BIT accesses. 

The MT4C16256 L and MT4C16257Lfunction in the same 
manner except that WEL and WEH on MT4C16256 Land 
CASL and CASH on MT4C16257 L control the selection of 
byte WRITE access cycles. WEL and WEH function in an 

Micron Technology, Inc., reserves the right to chanue products or specifications without notice. 
©1992, Micron Technology, Inc. 
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ADVANCE 

MIC:RON MT4C16256/7/8/9 L 
1-· ",",00",'" 256Kx16 DRAM 

z m identical manner to WE in that either WEL or WEH will 
oe:::= generate an internal WE. CASL and CASH function in an 
< identical manner to CAS in that either CASL or CASH will 

generate an internal CAS. II, The MT4C16256 L "WE" function and timing are deter­
mined by the first WE (WEL or WEH ) to transition LOW 

oe:::= andby the last to transition back HIGH. Use of only one of 
< the two results in a BYTE WRITE cycle. WEL transitioning 
- LOW selects a WRITE cycle for the lower byte (DQI-DQ8) 
C and WEH transitioning LOW selects a WRITE cycle for the m upper byte (DQ9-DQ16). 

The MT4C16257 L "CAS" function and timing are deter­
C mined by the first CAS ( CASL or CASH) to transition LOW 

:rJ 

and by the last to transition back HIGH. Use of only one of 
the two results in a BYTE WRITE cycle. CASL transitioning 
LOW selects a WRITE cycle for the lower byte (DQI-DQ8) 
and CASH transitioning LOW selects a WRITE cycle for the 
upper byte (DQ9-DQ16). BYTE READ cycles are achieved 
through CASL or CASH in the same manner during READ 
cycles for the MT4C16257 L. 

The MT4C16258 L and MT4C16259 L function in the same 
manner as MT4C16256 L and MT4C16257 L, respectively; 
and they have NONPERSISTENT MASKED WRITE cycle 
capabilities. This option allows the MT4C16258 Land 
MT4C16259 L to operate with either normal WRITE cycles 
or with NONPERSISTENT MASKED WRITE cycles. 

» s: FUNCTIONAL BLOCK DIAGRAM 

MT4C16256/8 L 'r---.,.---------------------, 
ONLY 

WEL o-j>-+-<:!i~ WE 
WEH ~~~----, 

------------------_. -- ._----_ .. 
MT4C16257/9 L 

ONLY 

AO 
A1 

A2 
A3 

A4 
A5 
A6 

A7 
AS 

MT4C162561718/9 L 
REV. 4192 

, 
, 
, 
, 
, 

DATA IN BUFFER 

, ' , 
}---+~: MASK DATA REGISTER (16258/9 L only) i 

; __ U!~~~ ~~_ (?~-DQ1~) .i. lOWE~ _B_y!~ iD_aJ:~a..8l_ .: DOl 
• • 

D016 

2-192 

512x512x16 
MEMORY 
ARRAY 

i-----oOE 

----0 Vee 

----0 Vss 

Micron TechnolOgy, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 



PIN DESCRIPTIONS 

SOJ 
PINS 

14 

28 

27 

13 

12 

29 

16-19, 
22-26 

'4C1625617/819 L 
V.4192 

TSOP 
PINS 

16 

30 

29 

15 

14 

31 

18-21, 
24-28 

ZIP 
PINS SYMBOL 

24 RAS 

38 CAS/CASH 

37 OE 

23 WEHIWE 

22 WEUNC 

39 NC/CASL 

26-29, AO-AS 
32-36 

TYPE 

Input 

Input 

Input 

Input 

Input 

Input 

Input 

ADVANCE 

DESCRIPTION 

ROW Address Strobe: RAS is used to latch in the 9 row-
address bits and strobe the WE and DOs on the MASKED 
WRITE option (MT4C16258 Land MT4C16259 L only). 

Column Address Strobe: CAS (MT4C16256/8 L) is used to 
latch-in the 9 column-address bits, enable the DRAM output 
buffers, and strobe the data inputs on WRITE cycles. CAS 
controls D01 through D016. 

Column Address Strobe Upper Byte: CASH (MT4C16257/9 
L) is the CAS control for D09 through D016. The DOs for the 
byte not being accessed will remain in a High-Z (high imped-
ance) state during either a READ or a WRITE access cycle. 

Output Enable: OE enables the output buffers when taken 
LOW during a READ access cycle. RAS and CAS 
(MT4C16256/8 L) or CASL / CASH (MT4C16257/9 L) must 
be LOW and WEll WEH (MT4CI6256/8 L) or WE 
(MT4C16257/9 L) must be HIGH before OE will control the 
output buffers. Otherwise, the output buffers are in a High-Z 
state. 

Write Enable Upper Byte: WEH (MT4CI625L6/S L) is WE 
control for the D09 through D016 inputs. If WE or WEH is 
LOW, the access is a WRITE cycle. If either WE or WEH 
is LOW at RAS time on MT 4C 16258 L, then it is also a 
MASKED WRITE cycle. The DOs for the byte not being 
written will remain in a High-Z state (BYTE WRITE cycle 
only). 

Write Enable: WE (MT4C16257/9 L) controls D01 through 
D016 inputs. If WE is LOW, the access is a WRITE cycle. 
The MT4C16258/9 L also use WE to enable the MASK 
register during RAS time. 

Write Enable Lower Byte: WEL (MT4C16256/8 L) is the WE 
control for D01 through DOS inputs. If WELis LOW, the 
access is a WRITE cycle. IfWEL is LOW at RAS time on 
MT4C16258 L, then it is also a MASKED WRITE cycle. 
The DOs for the byte not being written will remain in a High-
Z state (BYTE WRITE cycle only). 

Column Address Strobe Low Byte: CASL (MT4C16257/9 L) 
is the CAS control for D01 through D08. The DOs for the 
byte not being accessed will remain in a High-Z state during 
either a READ or a WRITE access cycle. 

Address Inputs: These inputs are multiplexed and clocked by 
RAS and CAS (or CASL / CASH) to select one 16-bit word 
(or S-bit byte) out of the 256K available words. 

2-193 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT 4C16256/7 /8/9 L 
1-· "'"'''00' '" 256K x 16 DRAM 

z m PIN DESCRIPTIONS (continued) 

:e 
II 
:e -c 
m 
c 
:D » s:: 

SOJ 
PINS 

2-5, 7-10, 
31-34, 
36-39 

11, 15,30 

1,6,20 

21,35,40 

MT4C1625617/819 L 
REV. 4/92 

TSOP ZIP 
PINS PINS 

2-5, 7-10, 12-15, 
35-3S, 17-20, 
40-43 1-4,6-9 

13,17 21,25,40 

1,6,22 11, 16, 30 

23,39,44 5,10,31 

SYMBOL TYPE 

001-0016 InpuV 
Output 

NC -

Vcc Supply 

Vss Supply 

DESCRIPTION 

Data 1/0: For WRITE cycles, 001-0016 act as inputs to the 
addressed DRAM location. BYTE WRITEs can be performed 
by using WEL I WEH (MT4C16256/SL) or CASL I CASH 
(MT4C16257/SL) to select the byte to be written. For READ 
access cycles, 001-0016 act as outputs for the addressed 
DRAM Location. All sixteen I/0s are active for READ cycles 
(MT4C16256/SL). The MT4C16257/9L allow for BYTE READ 
cycles. 

No Connect: These pins should be either left unconnected or 
tied to ground. 

Power Supply: +5V ±1 0% 

Ground 

2-194 Micron Technology, Inc., reserves the right to change products or spaciflcatlons without nolic4 
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ADVANCE 

MIC:RON MT4C16256/7/8/9 l 
1-· m~"WG,,"c 256K X 16 DRAM 

FUNCTIONAL DESCRIPTION 
Each bit is uniquely addressed through the 18 address 

bits during READ or WRITE cycles. These are entered 9 bits 
(AD-A8) at a time. RAS is used to latch the first 9 bits and 
CAS the latter 9 bits. 

The CAS control also determines whether the cycle will 
be a refresh cycle (RAS-ONL Y) or an active cycle (READ, 
WRITE or READ-WRlTE) once RAS goes LOW. The 
MT4C16256 Land MT4C16258 L each. have one CAS 
control while the MT4C16257 L and MT4C16259 L have 
two:CASL and CASH. 

The CASL and CASH inputs internally generate a CAS 
signal functioning in an identical manner to the single 
CAS input on the other 256K x 16 DRAMs. The key differ­
ence is each CAS controls its corresponding DQ tristate 
logic (in conjunction with OE and WE). CASL controls DQ1 
through DQ8, and CASH controls DQ9 through DQ16. 

The MT4C16257 Land MT4C16259 L "CAS" function is 
determined by the first CAS (CASL or CASH) to transition 
LOW and the last one to transition back HIGH. The two 
CAS controls give the MT4C16257 Land MT4C16259 L 
both BYTE READ and BYTE WRlTE cycle capabilities. 

READ or WRITE cycles on the MT4C16257 L or 
MT4C16259 L are selected with the WE input while either 
WEL or WEH perform the "WE" on the MT4C16256L or 
MT4C162581. The MT4C16256 Land MT4C16258 L "WE" 
function is determined by the first BYTE WRlTE (WEL or 
WEH) to transition LOW and the last one to transition back 
HIGH. 

A logic HIGH on WE dictates READ mode while a logic 
LOW on WE dictates WRITE mode. During a WRITE cycle, 
data-in (D) is latched by the falling edge of WE or CAS, 
whichever occurs last. Taking WE LOW will initiate a 
WRlTE cycle, selecting DQ1 through DQ16. If WE goes 
LOW prior to CAS going LOW, the output pin(s) remain 
open (High- Z) until the next CAS cycle. If WE goes LOW 
after CAS goes LOW and data reaches the output pins, data 
out (Q) is activated and retains the selected cell data as long 
as CAS and OE remain LOW (regardless of WE or RAS). 
This late WE pulse results in a READ-WRITE cycle. 

The 16 data inputs and 16 data outputs are routed through 
16 ~ using common I/O, and pin direction is controlled 
by OE, WEL and WEH (MT4C16256 L and MT4C16258 L) 
or WE (MT4C16257 Land MT4C16259 L). 

MT4C16256nt8l9-L 
REV. 4192 2-195 

FAST PAGE MODE operations allow faster data opera­
tions (READ, WRlTE or READ-MODIFY-WRlTE) within a 
row address (AD-A8) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed­
in by CAS. CAS may be toggled by holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the 
FAST PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip currentto a reduced standby level. 
The chip IS also preconditioned for thenext cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRlTE, RAS-ONL Y, CAS-BEFORE-RAS, or HID­
DEN refresh) so that all 512 combinations ofRAS addresses 
(AD-A8) are executed at least every 64ms, regardless of 
sequence. The CAS-BEFORE-RAS refresh cycle will also 
invoke the refresh counter and controller for ROW address 
control. 

BATTERY BACKUP MODE (BBU) is a CBR refresh 
performed at the extended refresh rate with CMOS input 
levels. This mode provides a very low current, data reten­
tion cycle. RAS or CAS time refers to the time at which 
RAS or CAS transition from HIGH to LOW). 

BYTE ACCESS CYCLE 
The BYTE WRlTE mode is determined by the use of 

WEL and WEH or CASL and CASH. Enabling WELl 
CASL will select a lower BYTE WRITE cycle (DQI-DQ8) 
while enabling WEH or CASH will select an upper BYTE 
WRlTE cycle (DQ9-DQI6). Enabling both WEL and WEH 
or CASL and CASH selects a WORD WRITE cycle. 

The MT4C16256 L, MT4C16257 L, MT4C16258 Land 
MT4C16259 L can be viewed as two 256K x 8 DRAMS which 
have common input controls, with the exception of the WE 
or the CAS inputs. Figure 1 illustrates the MT4C16256 L 
BYTE WRlTE and WORD WRlTE cycles and Figure 2 
illustrates the MT4C16257 L BYTE WRlTE and WORD 
WRlTE cycles. 

TheMT4C16257Laisohas BYTE READ and WORD READ 
cycles, since it uses two CAS inputs to control its byte ac­
cesses. Figure 3 illustrates theMT4C16257L BYTE READ and 
WORD READ cycles. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 

z 
~ 
II 
:e -c 
m 
c 
::1:1 
l> s:: 



z 
~ 
II 
=E -c m 
c 
:D » s: 

ADVANCE 

MIC:RON MT4C16256/7/8/9 L 
1-· '""'''''"'''' 256K X 16 DRAM 

MASKED WRITE ACCESS CYCLE (MT4C16258/9 LOnly) 
The MASKED WRITE mode control input selects nor­

mal WRITE access or MASKED WRITE access cycles. Every 
WRITE access cycle can be a MASKED WRITE, depending 
on the state of WE at RAS time. A MASKED WRITE is se­
lected when mask data is supplied on the DQ pins .and 
WE is LOW at RAS time. TheMT4C16256LandMT4C16257 
L do hot have the MASKED WRITE cycle function. 

The data (mask data) present on the DQI-DQI6 inputs at 
RAS time will be written to an internal bit mask data 
register and will then act as an individualwrite enable for 
each of the corresponding DQ inputs. If a LOW (logic "0") 
is written to a mask data register bit, the input port for that 
bit is disabled during the subsequent WRITE operation and 

I- WORD WRITE 

RAS \ 

CAS \ 

WEL \ 

WEH \ 

/ 

/ 

no new data will be written to that DRAM cell location. A 
HIGH (logic "1") on a mask data register bit enables the 
input port and allows normal WRITE operations to pro­
ceed. At CAS time, the bits present on the DQI-DQI6 inputs 
will be either written to the DRAM (if the mask data bit was 
HIGH) or ignored (if the mask data bit was LOW). 

New mask data must be supplied each time a MASKED 
WRITE cycle is initiated (non-persistent), even if the previ­
ous cycle's mask was the same mask. 

Figure 4 illustrates the MT4C16258 L MASKED WRITE 
operation and Figure 5 illustrates the MT4C16259 L 
MASKED WRITE operation. 

·1- LOWER BYTE WRITE ·1 
/ \ I 

/ \ I 

\ ;-

STORED 

DATA 

INPUT STORED STORED INPUT STORED 

MT4C162561718J9 L 
REV, 4192 

LOWER BYTE 
(001-008) 
OFWORO 

UPPER BYTE 
(009-0016) 
OFWOHD 

1 

o 
o 

DATA DATA DATA 
. ~ - ~ --3> 
_____ ;::. 

.-----3;. 

o .-----~ 

------3> 0 

------3:-
___ ow;> 

o .-----~ 

-----3> 
___ ow;::. 

___ ow;> 

___ ow;::. 

.-----3> 

-----.-;>­

.-----;::. 

o -----~ 

DATA DATA 
.. ----3> 

.-----;::. 

,-----3> 

.-----3> 

.-----;::. 

.-----3> 

-----3> 

--- --3> 

x .-----~ 

x -----~ 

x .-----~ 

X -----3> 

X .-----~ 

X .-----~ 

X -----~ 

X .-----~ 

+---- ADDRESS 0 ---.. ..----- ADDRESS 1 

x = NOT EFFECTIVE (DON'T CARE) 

Figure 1 
MT4C16256/8 L WORD AND BYTE WRITE EXAMPLE 

2-196 Micron T8{;hnology, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

I. WORD WRITE -----1 •. ---- LOWER BYTE WRITE -I 
--\ / \ r-

WE 

LOWER BYTE 
(001-008) 
OFWORO 

UPPER BYTE 
(009-0016) 

MT4C1G256171819 L 
~EY.4192 

OFWORO 

\'--~--~/ 

\~_----J/ 

\'----.;..---r--~/ 

STORED INPUT INPUT STORED STORED 

DATA 

1 

o 

0 
1 

0 
1 

0 
0 
0 
0 

DATA DATA DATA DATA 
o -----------------;, 0 0 
o -----------------;, 0 0 

1 -----------------;, 1 1 

o -----------------;, 0 0 

o -----------------;, 0 0 
o -----------------;, 0 0 
o -----------------;, 0 0 
o -----------------;, 0 

x .-----;, 1 .-----;, 1 

X .-----;, 0 .-----;, 0 
X .-----;, 

X .-----;, 
1 

0 

.-----;, 1 

.-----;, 0 
X .-----;, 1 .-----;, 1 
X .-----;, 1 .-----;, 1 

X .-----;, 1 .-----;, 

X .-----;, 1 .-----;, 

o 

o 
'1 

o 

\ / 

INPUT INPUT STORED 

DATA 

1 

DATA DATA 
-----------------;, 1 

1 -----------------;, 1 

o -----------------;, 0 

-----------------;, 

-----------------;, 
-----------------;, 1 
-----------------;, 

1 -----------------;, 

X -----------------;, 1 

X -----------------;, 0 

X -----------------;, 1 
X -----------------;, 0 

X -----------------;, 
X -----------------;, 
X -----------------;, 1 

X -----------------;, 1 

----- ADDRESS 0 ----" •• ------ ADDRESS 1 

X = NOT EFFECTIVE (DON'T CARE) 

Figure 2 
MT4C16257/9 L WORD AND BYTE WRITE EXAMPLE 

2-197 MIcron Technology, Inc" reserves the right to change products or specifications wilhout notice. 
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ADVANCE 

MICRON MT4C16256/7/8/9 L 
1-· ",mu",,,,, 256Kx 16 DRAM 

MT4C162S6n18!9 L 
REV. 4/92 

RAS 

CASL 

CASH 

WE 

LOWER BYTE 
(001-008) 
OFWORO 

UPPER BYTE 
(009-0016) 
OFWORO 

I- WORD READ ----.1 .. ----- LOWER BYTE READ '1 
~ '--_____ ---1/ \ ;--

'---____ --1/ \ \ ;--
, 

\~--~/ 

~ 

STORED OUTPUT OUTPUT STORED STORED OU PUT OUTPUT STORED 

DATA DATA DATA DATA DATA DATA DATA DATA 

1 ._----:.> 1 1 ._----:.> 1 

1 .-----;:.. 1 ._----:.> 1 

0 0 ._----:.> 0 ------3>- 0 
1 ._----:.> 1 1 ._----:.> 1 

1 ._----:.> 1 1 .-----:.> 1 

1 ._----:.> 1 1 .-----;:.. 1 

1 ._----:.> ._----;;:.. 1 

1 ._----:.> ._----:.> 1 

0 Z ------;;:.. 0 0 Z -----;;:.. Z 0 

Z ._----:.> Z ._----:.> Z 1 

0 Z .-----;:.- 0 0 Z -----:.> Z 0 

1 Z ._----:.> 1 1 1 Z ._----:.> Z 

0 Z ------;::.. 0 0 0 Z .-----;::.. Z 0 

0 Z -----;;.. 0 0 0 Z . ----~;;.. Z 0 

0 Z -----;> 0 0 0 Z ._----:.> Z 

0 Z ._----:.> 0 0 0 Z ._----;;.. Z 0 

ADDRESS 0 • - ADDRESS 1 

Z= High-Z 

Figure 3 
MT4C16257/9 L WORD AND BYTE READ EXAMPLE 

2-198 Micron Technology, Inc" reserves the right to change products Of specifications without notice. 
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MIC:RON MT4C16256/7/8/9 L 
1-· "'""""'"' 256K X 16 DRAM 

RAS 

CAS 

WEl 

WEH 

LOWER BYTE 
(DQ1-0Q8) 
OF WORD 

UPPER BYTE 
(OQ9-0Q16) 

MT4C16256171819 L 
AEV .. 4192 

OFWORO 

I- MASKED WRITE ~ I- NONMASKED WRITE -I 
\ / \ r 

\ / \ r 
\ llIlIlA IIhlJIA 1IIIIIIfh 

~ IlllllA 1// III! II /II VIIIIIA // II II II!! ///I 

STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA DATA DATA DATA DATA 

X o ------3>- 1 ------3>-

X 0 ------3>- 0 0 1 .-----3>-

X 0 ------3>- 1 ------3>-

X o ------3>- 0 0 1 ------3>- 1 

X o ------3>- 0 ------3>- 0 
X o ------3>- 0 0 1 0 ------3>- 0 
X o ------3>- 0 1 0 0 ------3>- 1 

X o ------3>- 0 0 0 ------:;> 0 

0 X 1 X 1 ------3>-

0 X 1 1 X 0 ------3>- 0 

0 X 0 0 X 1 ------3>- 1 

0 0 X 0 0 X 0 ------3>- 0 

0 1 0 ------3>- 0 0 X 1 ------3>-

0 o ------3>- 0 0 X 1 ------3>- 1 

0 1 ------3>- X 0 ------3>- 0 

0 1 ------3>- X 0 ------3>- 0 

ADDRESS 0 • • ADDRESS 1 

X = NOT EFFECTIVE (DON'T CARE) tz2l DON'T CARE 

Figure 4 
MT4C16258 l MASKED WRITE EXAMPLE 

2-199 Micron Technology, Inc., reserves the right to change products or specifications Without notice. 
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ADVANCE 

MII::I=ION MT4C16256/7/8/9 L 
1-· ,"""0,"",,"' 256K X 16 DRAM 

RAS 

"CAS" 

WE 

LOWER BYTE 
(001-008) 
OFWORO 

UPPER BYTE 
(009-0016) 
OFWORO 

MT4C162S6n/819l 
REV. 4/92 

I- MASKED WRITE -I- NONMASKED WRITE -I 
\ / \ r 

\ / \ r 

~ II/lilA /11111/11111 WillA PilI/III/1m, 

STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA DATA DATA DATA DATA 

0 X 1 1 X 1 .-----3-

1 o .-----3- 0 0 X 1 .-----3-

0 X X .-----3-

1 0 .-----3- 0 0 X .-----3-

0 X X 0 .-----3- 0 

1 o .-----3- 0 0 X 0 .-----3- 0 

0 X 1 1 X 0 .-----3- 0 
o .----.-3- 0 0 X 0 .-----3- 0 

0 X X 1 .-----3- 1 

1 0 X X 0 .-----3- 0 

0 0 X 0 0 X 1 .-----3-

0 0 X 0 0 X 0 .-----3- 0 

0 o .-----3- 0 0 X 1 .-----3- 1 

0 o .-----3- 0 0 X 1 .-----3- 1 

0 1 .-----3- X 0 .-----3- 0 

0 1 .-----3- X 0 .-----3- 0 

ADDRESS 0 • • ADDRESS 1 -
X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 5 
MT4C16259 L MASKED WRITE EXAMPLE 

Micron T echnotogy, Inc.: reserves the right to change products or specifications Without notice. 
©1992, Micron Technology, Inc. 



ADVANCE 

MIC:RON MT4C16256/7/8/9 L 
1-· ''',"0'''''"' 256K X 16 DRAM 

TRUTH TABLE: MT4C16256/8 L 

ADDRESSES 
FUNCTION RAs- CAS WEL WEH DE IR IC DOs NOTES 

Standby H H-X X X X X X High-Z 

READ L L H H L ROW COL Data Out 

WRITE: WORD L L L L X ROW COL Data In 3 
(EARLY-WRITE) 

WRITE: LOWER L L L H X ROW COL Lower Byte, Data In 3 
BYTE (EARLY) Upper Byte, High-Z 

WRITE: UPPER L L H L X ROW COL Lower Byte, High-Z 3 
BYTE (EARLY) Upper Byte, Data In 

READ-WRITE L L H-L H-L L-H ROW COL Data Out, Data In 1,3 

PAGE-MODE 1st Cycle L H-L H H L ROW COL Data Out 

READ 2nd Cycle L H~L H H L n/a COL Data Out 

PAGE-MODE 1st Cycle L H-L L L X ROW COL Data In 1,3 

WRITE 2nd Cycle L H-L L L X n/a COL Data In 1,3 

PAGE-MODE 1st Cycle L H~L H-L H-+L L-H ROW COL Data In 1,3 

READ-WRITE 2nd Cycle L H-L H-L H-+L L-H n/a COL Data Out, Data In 1,3 

HIDDEN READ L-H-L L H H L ROW COL Data Out 

REFRESH WRITE L -H-L L L L X ROW COL Data In 1,2,3 

RAS-ONLY L H H H X ROW n/a High-Z 
REFRESH 

CAS-BEFORE-RAS H-L L H H X X X High-Z 
REFRESH 

BATTERY BACKUP H-L L H H X X X High-Z 
REFRESH 

NOTE: 1. These cycles may also be BYTE WRITE cycles (either WEL or WEH active). 

MT4C1625617/819 L 
REV. 4/92 

2. EARLY-WRITE only. 
3. Data-in will be dependent on the mask provided (MT4C16258 L only). Refer to Figure 4. 

2-201 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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ADVANCE 

MIC:RON MT4C16256/7/8/9 L 
1-· ,»»" ""'" 256K X 16 DRAM 

TRUTH TABLE: MT4C16257/9 L 

ADDRESSES 

FUNCTION 1m"" wr ~ wr liE IR IC DOs NOTES 

Standby H H-X H-X X X X X High-Z 

READ: WORD L L L H L ROW COL Data Out 

READ: LOWER BYTE L L H H L ROW COL Lower Byte, Data Out 
Upper Byte, High-Z 

READ: UPPER BYTE L H L H L ROW COL Lower Byte, High-Z 
Upper Byte, Data Out 

WRITE: WORD L L L L X ROW COL Data In 5 
(EARLY-WRITE) 

WRITE: LOWER L L H L X ROW COL Lower Byte, Data In 5 
BYTE (EARLY) Upper Byte, High-Z 

WRITE: UPPER L H L L X ROW COL Lower Byte, High-Z 5 
BYTE (EARLY) Upper Byte, Data In 

READ-WRITE L L L H-L L-H ROW COL Data Out, Data In 1,2,5 

PAGE-MODE 1st Cycle L H-L H-L H L ROW COL Data Out 2 

READ 2nd Cycle L H-L H-L H L n/a COL Data Out 2 

PAGE-MODE 1st Cycle L H-L H-L L X ROW COL Data In 1,5 

WRITE 2nd Cycle L H-L H-L L X n/a COL Data In 1,5 

PAGE-MODE 1st Cycle L H-L H-L H-L L-H ROW COL Data Out, Data In 1,2,5 

READ-WRITE 2nd Cycle L H-L H-L H-L L-H n/a COL Data Out, Data In 1,2,5 

HIDDEN READ L-H-L L L H L ROW COL Data Out 2 

REFRESH WRITE L-H-L L L L X ROW COL Data In 1,3,5 

RAS-ONLY L H H X X ROW n/a High-Z 
REFRESH 

CAS-BEFORE-RAS H-L L L H X X X High-Z 4 
REFRESH 

BATTERY BACKUP H-L L L H X X X High-Z 4 
REFRESH 

NOTE: 1. These WRITE cycles may also be BYTE WRITE cycles (either CASL or CASH active). 
2. These READ cycles may also be BYTE READ cycles (either CASL or CASH active). 
3. EARLY-WRITE only. 
4. Only one of the two CAS must be active (CASL or CASH). 
5. Data-in will be dependent on the mask provided (MT4C16259 L only). Refer to Figure 5. 

MT4C16256171B19L 
REV. 4192 2-202 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MIC::RON MT4C16256/7/8/9 L 
1-· '''""0'''''"' 256K X 16 DRAM 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ................ -IV to +7V 
Operating Temperature, T A (Ambient) ......... O°C to +70°C 
Storage Temperature (Plastic) .................... -SsoC to + ISO°C 
Power Dissipation .............................................................. I W 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C :S: T A :S: 70°C; Vcc = 5V ±1 0%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV :S: VIN :S: Vcc 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled, OV :S: VOUT:S: 5.5V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READ/WRITE 
Average power supply current 
(RAS, CAS, Address Cycling: tRC = tRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: tpc = tpc (MIN); tcp, tASC = 10ns) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: tRC = tRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: tRC = tRC (MIN)) 

REFRESH CURRENT: BATTERY BACKUP (BBU) 
Average power supply current during BATTERY BACKUP refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = tRAS (MIN) to 
300ns; WE, AO-A9 and DIN = Vcc - 0.2V (DIN may be left 
open), tRC = 12511S (512 rows at 12511S = 64ms) 

'4C1625617I819L 
V.4192 2-203 

SYMBOL MIN MAX UNITS NOTES 

Vcc 4.5 5.5 V 1 

VIH 2.4 Vcc+1 V 1 

VIL -1.0 0.8 V 1 

Ii -2 2 JlA 

loz -10 10 I1A 
VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -7 -8 -10 UNITS NOTES 

Icc1 2 2 2 mA 

Icc2 200 200 200 JlA 25 

Icc3 160 140 120 mA 3,4 
43 

Icc4 120 110 100 mA 3,4 
43 

Icc5 160 140 120 mA 3,5 
43 

ICC6 160 140 120 mA 3,5 

Icc? 300 300 300 JlA 3,5 
42 

Micron Technology, Inc., reserves the nght to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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ADVANCE 

MIC:RON MT4C16256/7/8/9 L 
1-· ,,,"",coe,,,, 256K X 16 DRAM 

CAPACITANCE 
(Note: 2) 

PARAMETER 

Input Capacitance: AO-AS 

Input Capacitance: RAS, CAS!(CASL,CASH), (WEL, WEH)! WE, OE 

Input/Output Capacitance: DO 

SYMBOL 

CI1 

CI2 

CIO 

MAX UNITS NOTES 

5 pF 2 

7 pF 2 

7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C ~ TA~ +70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS 

PARAMETER 

Random READ or WRITE cycle time 

READ-WRITE cycle time 

FAST-PAGE-MODE READ or WRITE 
cycle time 

FAST-PAGE-MODE READ-WRITE 
cycle time 

Access time from RAS 

Access time from CAS 

Output Enable time 

Access time from column address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (PAGE MODE) 

RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (PAGE MODE) 

RAS to CAS delay time 

CAS to RAS precharge time 

Row address setup time 

Row address hold time 

RAS to column 
address delay time 

Column address setup time 

Column address hold time 

Column address hold time 
(referenced to liAS) 

Column address to 
RAS lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 

MT4C1625617f819 L 
REV. 4/92 

-7 
SYM MIN MAX 
IRC 130 

IRWC 180 
IpC 45 

IPRWC 95 

IRAC 70 
ICAC 20 
toE 20 
IAA 35 

ICPA 40 
IRAS 70 100,000 

IRASP 70 100,000 
IRSH 20 
IRP 50 

ICAS 20 100,000 
ICSH 70 
ICPN 10 
ICp 10 

IRCD 20 50 
tCRP 10 
IASR 0 
IRAH 10 
IRAD 15 35 

lASe 0 
ICAH 15 
tAR 55 

IRAl 35 

IRCS 0 
IRCH 0 

IRRH 0 

IClZ 0 

2-204 

MIN 

150 
200 
50 

100 

80 
80 
20 
60 
20 
80 
10 
10 
20 
10 
0 
10 
15 

0 
15 
60 

40 

0 
0 

0 

0 

-8 -10 
MAX MIN MAX UNITS NOTES 

180 ns 

245 ns 

55 ns 35 

110 ns 35 

80 100 ns 14 
20 25 ns 15,33 
20 25 ns 33 
40 45 ns 

45 55 ns 33 
100,000 100 100,000 ns 

100,000 100 100,000 ns 

25 ns 40 
70 ns 

100,000 25 100,000 ns 39 
100 ns 32 
10 ns 16,36 
10 ns 36 

60 25 75 ns 17,31 
10 ns 32 
0 ns 

15 ns 

40 20 55 ns 18 

0 ns 31 
20 ns 31 
75 ns 

55 ns 

0 ns 26,31 
0 ns 19,26,32 

0 ns 19 

0 ns 33 

Micron Technology, Inc., reserves the right to change products or specifications without notlc 
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ADVANCE 

MICRON MT4C16256/7/8/9 L 
1-· 'H"'''''O'~ 256K X 16 DRAM 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6,7,8,9, 10, 11, 12, 13) (O°C:s; TA ::; +70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Output buffer turn-off delay 

Output disable time 

Write command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

RAS to WE delay time 

Column address 
to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (512 cycles) 

"RAS to CAS precharge time 

CAS setup time 
(CAS-BEFORE-RAS refresh) 

CAS hold time 
(CAS-BEFORE-RAS refresh) 

MASKED WRITE command to RAS 
setup time 

WE hold time (MASKED WRITE 
and CAS-BEFORE-RAS refresh) 

Mask data to RAS setup time 

Mask data to RAS hold time 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

Last CAS going LOW to first CAS to 
return HIGH 

WE setup time 
(CAS-BEFORE-RAS refresh) 

MT4C1625617/819 L 
REV. 4192 

SYM MIN 
'OFF 0 
tOD 

twcs 0 

twCH 15 

twCR 55 

twp 10 
tRWL 20 
tCWL 20 
tDS 0 
tDH 15 

tDHR 55 

tRWD 95 
tAWD 60 

tCWD 45 
tT 3 

tREF 

tRPC 10 
tCSR 10 

tCHR 10 

tWRS 0 

tWRH 15 

tMS 0 
tMH 15 

'OEH 20 

'ORD 0 

tCLCH 10 

twRP 10 

-7 

MAX MIN 
15 0 

15 

0 

15 

60 

10 

20 

20 

0 

15 

60 

105 

65 

45 

50 3 

64 

10 

10 

10 

0 

15 

0 

15 

20 

0 

10 

10 

2-205 

-8 -10 

MAX MIN MAX UNITS NOTES 
15 0 20 ns 20,29,33 

15 20 ns 29,41 

0 ns 21,26,31 

20 ns 26,40 

75 ns 26 

20 ns 26 

25 ns 26 

25 ns 26,32 

0 ns 22,33 

20 ns 22,33 

75 ns 

135 ns 21 

80 ns 21 

60 ns 21,31 

50 3 50 ns 9,10 

64 64 ms 28 

10 ns 

10 ns 5,31 

10 ns 5,32 

0 ns 26,27 

15 ns 26 

0 ns 26,27 

15 ns 26,27 

25 ns 28 

0 ns 

10 ns 34 

10 ns 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MIC:RON MT4C16256/7/8/9 L 
1-· ",",ocoono 256K X 16 DRAM 

NOTES 
1. All voltages referenced to V ss. 
2. This parameter is sampled. Vee = 5V ±10%,f = 1 MHz. 
3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (O°C ~ T A ~ 70°C) is assured. 

7. An initial pause of lOOlls is required after power-up 
followed by eight RAS refresh cycles ( RAS-ONL Y or 
CBR) before proper device operation is assured. The 
eight RAS cycle wake-up should be repeated any time 
the IREF refresh requirement is exceeded. 

8. AC characteristics assume IT = 5ns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gate and 

100pF. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD :2: IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the Q buffer, CAS must be pulsed 
HIGH for tCPN. 

17. Operation within the IRCD (MAX) limit ensures that 
IRAc (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

18. Operation within the lRAD limit ensures that IRCD 
(MAX) can be met. lRAD (MAX) is specified as a 
reference point only; if lRAD is greater than the 
specified IRAD (MAX) limit, then access time is 
controlled exclusively by lAA. 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

MT 4C162S6nIBf9 L 
REV. 4192 

20. IOFF (MAX) defines the time at which the output 
achieves the open circuit condition, not a reference to 
VOHOrVOL. 

21. twcs, lRWD, IAWD and ICWD are restrictive 
operating parameters in LATE-WRITE and READ­
MODIFY -WRITE cycles only. If twcs :2: twcs (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If IRWD :2: IRWD (MIN), IAWD :2: IAWD 
(MIN) and ICWD :2: tCWD (MIN), the cycle is a 
READ-WRITE and the data output will contain data 
read from the selected celL If neither of the above 
conditions is met, the state of Q (at access time and 
until CAS or OE goes back to VIH) is indeterminate. 
OE held HIGH and WE taken LOW after CAS goes 
LOW results in a LATE-WRITE (OE controlled) cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. During a READ cycle, if OE is LOW then taken HIGH 
before CAS goes HIGH, Q goes open. If OE is tied 
permanently LOW, a LATE-WRITE or READ­
MODIFY -WRITE operation is not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

25. All other inputs at Vcc -0.2V. 
26. Write command is defined as either WEL or WEH or 

both going LOW on the MT4C16256/8 L. Write 
command is defined as WE going LOW on the 
MT4C16257/9 L. 

27. MT4C16258/9 L only. 
28. LATE-WRITE and READ-MODIFY-WRITE cycles 

must have both tOD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after toEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

29. The DQs open during READ cycles once tOD or tOFF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 

2-206 Micron Technology, Inc., reS6N9S the right to change products or specifications without notice. 
©1992, Micron Technology. Inc. 



ADVANCE 

UU:::I=ION MT4C16256/7/S/9 L 
1-· H "W'"'' 256K X 16 DRAM 

NOTES (continued) 
30. Notes 31 through 41 apply to Mf4C16257/9 L only (*): 
31. *The first CASx edge to transition LOW. 
32. *The last CASx edge to transition HIGH. 
33. *Output parameter (DQx) is referenced to corre­

sponding CAS input; DQ1-DQ8 by CASL and 009-
DQ16 by CASH. 

34. *Last falling CASx edge to first rising CASx edge. 
35. *Last rising CASx edge to next cycle's last rising CASx 

edge. 

MT4C1625617I819L 
REV. 4192 2-207 

36. *Last rising CASx edge to first falling CASx edge. 
37. *First DQs controlled by the first CASx to go LOW. 
38. *Last DQs controlled by the last CASx to go HIGH. 
39. *Each CASx must meet minimum pulse width. 
40. *Last CASx to go LOW. 
41. * All DQs controlled, regardless CASL and CASH. 
42. BBU current is reduced as lRAS is reduced from its 

maximum specification during the BBU cycle. 
43. Column address changed once while RAS = VIL and 

CAS = Vlli. 

Micron Technology, Inc., reserves the right to change products or speclfications without notice. 
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ADVANCE 

MIC:RON MT4C16256/7/8/9 L 
1-· ","'m,,,",, 256K X 16 DRAM 

READ CYCLE 

,'-----
tCSH 

I~ tRAH .1 ~ I~ 
ADDR ~i~ .I1//IM ROW W//I/i,?- COLUMN AOW 

IRCS ~I 
WEl~~; ~:~ ~Ij//////////////////////////////.f WIIIIIIIIIIIIIIIIIII/; 

leAe 

~L 
00 ~igr :::'-------OPEN------~~~VA'-~IO~OA~TA~r----OPEN--­

I~ 1'00 
De ~:~ -j7/;Tn~7T1//;n71/Tn1//I'TT1//ln71/;7T1!/ln71I/Tn1j;7Tmn71hTn1!/I'TT1I/;Tn!'/;7T1//;n7WTn1j;'TT1//lTTTWi 111###/1##/#// #1 $11 $#1 jj 

EARLY-WRITE CYCLE 

Ae 

tRAS 

RAs 
V,H 
VIL -

tCSH 

'ASH 

leRP tRCD teAS tcLCH 

=~ 
CASH,CAs[ V,H 

orCAS VIL 

'AA 

tRAD tAAL 

I~ ~I r=: ~ 
~,.1i AOW ~Ai COLUMN ADDR 

V,H 
VIL 

'eWl 
IRWL 

tWCA 

~ ~ 

I~ ~I 
'VIP 

NOTEt ~ 
IOHR 

I~~I I~ ~I 
T77777777> ff777T77A 

NOTEt VALID DATA 

'AP 

I L 

I 

I 
\ 

AOW 

I:Z21 DON'T CARE 

~ UNDEFINED 

NOTE: 1. Applies to MT4C16258 Land MT4C16259 L only. WE selects between normal WRITE and MASKED WRITE 

MT4CI62561718i9 L 
REV.4f92 

at RAS time. The DQ inputs are "don't care" for a normal WRITE (WE HIGH at RAS time). The DQ inputs 
provide the mask data at RAS time for a MASKED WRITE (WE LOW at RAS time). WEL, WEH and DQ 
inputs on MT 4C16256L and MT4C16257 L are "don't care" at RAS time. 

2-208 Micron Technology, Inc., reserves the righllo change products or specifications without notice. 
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ADVANCE 

MIC::RON MT 4C16256/7 /8/9 L 
1-· , 256K x 16 DRAM 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

..... ,"P 

--
teSH 

'ASH 
teRp 'ReD 'cAS 'ct.cH 

=J l .tAR' 

'MO I I 'AAL 

~ ~ I~ I~ I 
:;t////~ - lWL0t cow .... ROW 
-~ 

ADDR ~i~ 
I 'Awo teWl. 

~I~ r -I 'ACS ·1 j 'cwo ,"Wl 

'AWO twP 

l -W/////JJr 
NOTE' W./////f I 

'M 
'RAe 

DQ ~i8t' 
~ ~ 'CLZjL,~C: ~ 

- NOTE' OPEN VAUDD OUT X VALID DIN OPEN--- ,r I3i1 ;~I 
I 

FAST-PAGE-MODE READ CYCLE 

RASP 

FL -- - !pc 'ASH 
teAP 'ACO teLCH tcP teAs, tcLCH I~ ~y 'cPN 

:J 
'AA ~ ~ ~ 

~ 
'RAe 

~I I~ 
'RAL 

">$A. 'RAH I~ -·1 ~ -·r 
ROW COLl-"N COLUMN ROW :///,j( :W/~ WJ'i. 1'/,.0t COLU... :w ~ WL' 
I ,"os I ~d1IL'ACS = .1 r- ~-r::-,"CH- I '""H- I"" -

Wf "H'ff ", -

I 'M ... ... 
'RAe tePA tePA: 

~ '..'!la~ ~ tcLZ-~ -
-

tcLZ- 1:- tcLZ C 
VAUD VAUO oPEN VALID - DATA DATA OATA 

,rr -Z-"j=E J-Z-~ 

Wff&j 

-toFF 

1--6P .. -

I2ZI DON'T CARE 

~ UNDEFINED 

NOTE: 1. Applies to MT4C16258 Land MT4C16259 Lonly. wr:. selects between normal WRITE and.MASKED WRITE 

MT4C1G256!71819 L 
REV. 4192 

at RAS time. The DO inputs are "don't'care" fora normal WRITE (wr:.HIGH at RAS time),The DO inputs 
provide the mask data at "RAg time for a: MASKED WRITE (wr:. LOW at RAS time). WEl,WER and DO 
inputs on MT4C16256 Land MT4:C16257 L are Udon't pare" at RAStime. 

2-209 Micron Technology. Inc., reaeMl$lhe ri9hI to change prOIiIcts or specIIIcaltdns wlUioutnotloe. 
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ADVANCE 

MIC:RON MT4C16256/7/8/9 L 
1-· "'"'",<C,' 'w 256K X 16 DRAM 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

Oe ~:~ $I! $ $ III! $ II II II I///$/!I/I/ $ $11 $ I!III! II II $1 $ $ $ $ $!I!I!!I II!! II $!I/I/ $I/I!I/I/ $11 $ II Ii 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

tRASP 

~ 1 ___ 'R=CO'---_II----''c''''AS''-''c''''LC'''-H _I ~ leAS lelCH 

CASR,CASL VIH _,----t---tt-------,;-, 1 

orCAS V1L - '--4-----11 

OPEN-

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1, Applies to MT 4C16258 Land MT 4C16259 L only. WE selects between normal WRITE and MASKED WRITE 

MT4CI625617/8!9L 
REV. 4192 

at RAS time. The DO inputs are "don't care" for a normal WRITE (WE HIGH at RAS time), The DO inputs 
provide the mask data at RAS time for a MASKED WRITE (WE LOW at RAS time). WEL, WEH and DO 
inputs on MT4C16256 Land MT4C16257 L are "don't care" at RAS time. 

2-210 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992,MlcronTechnology,lnc. 



ADVANCE 

MIC:RON MT 4C16256/7 /8/9 L 
1-· ; "'"'" ,en, 256K X 16 DRAM 

MT4CI625617/819L 
REV. 4192 

'RAS"·ONL Y REFRESH CYCLE 
(ADDR = AD-A8, OE; WEL, WEH or WE = DON'T CARE) 

IRAS IRP 

Q ~g~ :=----------OPEN---------

CAS·BEFORE·'RAS REFRESH CYCLE 
(AD-A8; and OE = DON'T CARE) 

'AP 0 
tRAS 

0 0 'AP tRAS 

-------1 IAPCt 
I~II_ICSA ~I 

Jr 

CASH,CASL V IH -
orCAS VIL-:-' 't{ I 

~r ~I. 
't{ f 

DO 

DO 

OPEN 

~ ~ ~ ~I 
- t&U/I;1IIIII;1U/I;1# W;1I;1IU/;1IU/;1IIII;1Iu/4 

BATTERY BACKUP REFRESH CYCLE 
(AD-A8; and OE = DON'T CARE) 

'AP 

---1~1 
~Plr 

:-./ , 
~ 

12!)I,IS 

tRAS 
0 

'AP tF1AS .1 

Y 
~HA ~1~ ~I, 

/ , I 
OPEN 

~ ~~I 
*wIlli /1;1 ;1I/1llllln WIIIIIIII/l /1111/11111/1;11 /1/;/ 

2-211 

I:!Z! DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice.. 
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ADVANCE 

MICRON MT4C16256/7/8/9 L 
1-· " , , 256K x 16 DRAM 

RAS VIH-
VIL_ 

HIDDEN REFRESH CYCLE 24 

(WEL, WEH or WE = HIGH; OE = LOW) 

(READ) 

tRAS 

(REFRESH) 

'RAS 

tCHA 

CASL, CASH 
VIH-

MT4C16256!7I819L 
REV. 4/92 

or Vll_ CAS 

AODR VIH-
VIL_ 

-toFF 

00, VIOH -
VIOL '------OPEN------@~=:==~VA~LlD~D~AT~A===~ 

'oE I 
OPEN-

OE ~:~ -W##j'j!;Ij',@/j'j'$/$j'j'/j'I/&A""'" 'o",,-,,-RD_. 

2-212 

~ DON'T CARE 

~ UNDEFINED 
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ADVANCE 

MIC:RON MT 4C16260/1 
1-· "'""ee,,, 256K X 16 DRAM 

DRAM 

FEATURES 
• Industry standard x16 pinouts, timing, functions 

and packages 
• Address entry: 10 row addresses, eight column 

addresses 
• High-performance, CMOS silicon-gate process 
• Single +5V±1O% power supply 
• Low power, 3m W standby; 500m W active, typical 
• All device pins are fully TTL compatible 
• 1,024 cycle refresh in 16ms 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
Optional FAST-PAGE-MODE access cycle, 256 
locations wide 

• BYTE WRITE access cycle 
• NONPERSISTENT MASKED WRITE access cycle 

(MT4C16261 only) 

OPTIONS 
• Timing 

70ns access 
80ns access 
lOOns access 

• Masked Write 
Not Available 
Available 

• Packages 
Plastic SOJ (400mil) 
Plastic TSOP (40Omil) 
Plastic ZIP (475mil) 

MARKING 

- 7 
-8 
-10 

MT4C16260 
MT4C16261 

DJ 
TG 
Z 

GENERAL DESCRIPTION 
TheMT4C16260andMT4C16261 are randomly accessed 

solid-state memories containing 4,194,304 bits organized 
in a x16 configuration. Each word or byte is uniquely 
addressed through the 18 address bits during READ or 
WRITE cycles. These are entered 10 bits (AO -A9) first, then 
eight bits second (AO-A7). RAS is used to latch the first 10 
bits and CAS the latter eight bits. 

The MT4C16260 and MT4C16261 have both BYTE 
WRITE and WORD WRITE access cycles via two write 
enable pins. The MT4C16261 is able to perform WRITE­
PER-BIT accesses. 

The MT4C16260 and MT4C16261 function in the same 
manner in that WEL and WEH control the selection of 

256K X 16 DRAM 
ASYMMETRICAL, 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

40-Pin SOJ 
(0-6) 

Veo 
001 
002 
003 
DQ4 
vee 
DOS 
Datl 
007 
008 
Ne 

WEl 
WEH 
RAS 

A9 
AO 
AI 
A2 
A3 

Veo 

,. 
2 
3 

• 
5 
6 
7 
8 
9 
10 
11 

• 12 
13 

" 15 
16 
17 
18 

" 20 

40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
2 • 
28 

~e 
25 ~ 
2. 
238 
22 
21 

v" 
D016 
D015 
0014 
0013' 
VSS 
OQ12 
0011 
DOlO 
DQ9 
Ne 
Ne 
CAS 
OE 
AB 
A7 
A6 
AS 
A4 

v" 

40-Pin TSOP 
(R~5) 

Voc v" 
001 0016 
002 DOts 
DQ3 0014 
DO' 0013 
vee VSS 
DOS 0012 
DOS 0011 
007 0010 
DQ8 DQ9 

Ne Ne 
WEL Ne 
WEft CAS - OJ" 

A9 A8 
AO A7 
AI A6 
A2 AS 
A3 A4 

Voc v", 

40-Pin ZIP 
(0-4) 

009 1 .:. 
.:: 2 0010 

0011 3 .:. 
.:: 4 0012 

Vss 5 -:. 
.:: 6 0013 

0014 7 -::; 
.:: 8 0015 

0016 9 -:. 
.:: 10 Vss 

Vee 11 -:. 
.:: 12 001 

OQ2 13 .:, 
.:: 14 003 

004 15 -::; 
.:: 16 Vee 

OOS 17 -::; 
0:: 18 006 

007 19 .:. 
':: 20 008 

NC 21 .. ' 
0:: 22 WEL 

WEH 23 -::; 
.:: 24 RAS 

NC 25 ... 
.:: 26 AO 

A1 27 -:. 
':: 28 A2 

A3 29 ... 
.:: 30 Vee 

Vss 31 .:. 
.:: 32 A4 

AS 33 .::; 
':: 34 A6 

A7 35 .::; 

DE 
,:: 36 AS 

37 ... 
.:: 38 CAS 

°NC 39 .::; 
.:: 40 NC 

BYTE WRITE access cycles. WEL and WEH function 
identically to WE in that either WEL or WEH will generate 
an internal WE. 

The WE function and timing are determined by the first 
WE (WEL or WEH ) to transition LOW and by the last to 
transition back HIGH. Use of only one of the two results 
in a BYTE WRITE cycle. WEL transitioning LOW selects a 
WRITE cycle for the lower byte (DQ1-DQ8) and WEH 
transitioning LOW selects a WRITE cycle for the upper 
byte (DQ9-DQ16). 

The MT4C16261 has NONPERSISTENT, MASKED 
WRITE capability. 

MT4C16260/l 
REV. 4192 2-213 Micron Technology, Inc. reserves the right to change products or specifications without notice. 
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ADVANCE 

FUNCTIONAL BLOCK DIAGRAM 

CAS o---------rl 

AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 

RAS o---~L:~~~J:=====-____ .-J 

MT4C1626OJ1 
REV. 4192 2-214 

1024 x 256 x 16 
MEMORY 
ARRAY 

001 
• • 

0016 

j+-----oOE 

---0 Vee 

---0 Vss 

Micron Technology, Inc. reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 



ADVANCE 

MICRON MT 4C16260/1 
1-· '''"''''00'' 256K x 16 DRAM 

PIN DESCRIPTIONS 

SOJ 
PINS 

14 

28 

27 

13 

12 

16-19, 
22-26 

2-5,7-10, 
31-34, 
36-39 

11, 15, 
30,29 

1,6,20 

21,35,40 

MT4C16260/1 
REV. 4192 

TSOP ZIP 
PINS PINS 

16 24 

30 38 

29 37 

15 23 

14 22 

--

18-21, 26-29, 
24-28 32-36 

2-5,7-10, 12-15, 
35-38, 17-20, 
40-43 1-4,6-9 

13,17, 21,25, 
31 40,39 

1,6,22 11,16,30 

23,39,44 5,10,31 

SYMBOL TYPE 

RAS Input 

CAS Input 

OE Input 

WEH Input 

WEL Input 

AO-A8 Input 

001-0016 InpuV 
Output 

NC -

Vce Supply 

Vss Supply 

DESCRIPTION 

ROW Address Strobe: HAS is used to latch in the 9 row-
address bits and strobe the WE and DOs on the MASKED 
WRITE option. 

Column Address Strobe: CAS is used to latch-in the 9 
column-address bits, enable the DRAM output buffers, and 
strobe the data inputs on WRITE cycles. CAS controls 001 
through 0016. 

Output Enable: OE enables the output buffers when taken 
LOW during a READ access cycle. RAS and CAS must be 
LOW and WEL I WEA HIGH before OE will control the output 
buffers. Otherwise, the o!Jtput buffers are in a High-Z state. 

Write Enable Upper Byte: WEH is WE control for the 009 
through 0016 inputs. If WE or WEH is LOW, the access 
is a WRITE cycle. If either WE or WEH is LOW at HAS 
time on MT4Ct6261,then it is also a MASKED WHITE 
cycle. The DOs for the byte not being written will remain in 
a High-Z state (BYTE WRITE cycle only). 

Write Enable Lower Byte: WEL is the WE control for 001 
through 008 inputs. If WEL is LOW, the access isa WRITE 
cycle. If WEL is LOW at HAS time on MT4C16261, then it 
is also a MASKED WRITE cycle. The DOs for the byte not 
being written will remain in a High-Z state (BYTE WRITE 
cycle only). 

Address Inputs: These inputs are multiplexed and clocked by 
RAS and CAS to select one 16-bit word (or 8-bit byte) out of 
the 256K available words. 

Data 1/0: For WRITE cycles, DOt-D016 act as inputs to the 
addressed DHAM location. BYTE WRITEs can be performed 
by using WEL I WEH to select the byte to 
be written. For READ access cycles, 001-0016 act as 
outputs for the addressed DRAM Location. All sixteen II0s 
are active for READ cycles. 

No Connect: These pins should be eitherleit unconnected or 
tied to ground. 

Power Supply: +5V ±1 0% 

Ground 

2-215 Micron Technology, Inc. reserves the right to change products or specifications without notice. 
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FUNCTIONAL DESCRIPTION 
Each bit is uniquely addressed through the 18 address 

bits during READ or WRITE cycles. RAS is used to latch the 
first 10 bits (AO-A9) and CAS the latter 8 bits (AO-A7). 

The CAS control also determines whether the cycle will 
be a refresh cycle (RAS-ONL Y) or an active cycle (READ, 
WRITE or READ-WRITE) once RAS goes LOW. 

A READ or WRITE cycle is selected with either WEL or 
WEH performing the "WE" function. The "WE "function is 
determined by the first BYTE WRITE (WEL or WEH) to 
transition LOW and the last one to transition back HIGH. 

A logic HIGH on WE dictates READ mode while a logic 
LOW on WE dictates WRITE mode. During a WRITE cycle, 
datacin (D) is latched by the falling edge of WE or CAS, 
whichever occurs last. Taking WE LOW will initiate a WRITE 
cycle, selecting DQl through DQI6. If WE goes LOW prior 
to CAS going LOW, the outputpin(s) remain open (High- Z) 
until the next CAS cycle. If WE goes LOW after CAS goes 
LOW and data reaches the output pins, data out (Q) is 
activated and retains the selected cell data as long as CAS and 
OE remain LOW (regardless of WE or RAS). this late WE 
pulse results in a READ-WRITE cycle. 

The 16 data inputs and 16 data outputs are routed through 
16 pins using common I/O, and pin direction is controlled 
by OE , WEL and WEH . 

FAST PAGE MODE operations allow faster data opera­
tions (READ, WRITE or READ-MODIFY -WRITE) within a 
row address (AO-A9) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed­
in by CAS. CASmaybetoggled-inbyholdingRAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
The chip is also preconditioned for the next cycle during 
the RAS HIGH time. Memory cell data is retained in its 
correct state by maintaining power and executing any RAS 
cycle (READ, WRITE, RAS-ONL Y, CAS-BEFORE-RAS, or 
HIDDEN refresh) so that all 1,024 combinations of RAS 
addresses (AO-A9) are executed at least every 16ms, regard-

ADVANCE 

less of sequence. The CAS-BEFORE-RAS refresh cycle will 
also invoke the refresh counter and controller for ROW 
address control. 

BYTE ACCESS CYCLE 

~e BYTE WRITE mode is determined by the use of 
WEL artd WEH. Enabling WEL will select a lower byte 
WRITE cycle (DQI-DQ8) while Enabling WEH will select 
an upper byte WRITE cycle (DQ9-DQI6). Enabling both 
WEL and WEH selects a word WRITE cycle. 

The MT4C16260jl may be viewed as two 256K x 8 
DRAMS that have common input controls, with the ex­
ception of the WE inputs. Figure 1 illustrates the 
MT4C16260jl BYTE and WORD WRITE cycles. 

MASKED WRITE ACCESS CYCLE 
(MT4C16261 ONL Yl 

Every WRITE access cycle can be a MASKED WRITE, 
depending on the state of WE at RAS time. A MASKED 
WRITE is selected when WE is LOW at RAS time and mask 
data is supplied on the DQ pins. 

The mask data present on the DQI-DQI6 inputs at RAS 
time will be written to an internal mask data register and 
will then act as an individual write enable for each of the 
corresponding DQ inputs. If a LOW (logic "0") is written to 
a mask data register bit, the input port for that bit is disabled 
during the following WRITE operation and no new data 
will be written to that DRAM cell location. A HIGH (logic 
"1") on a mask data register bit enables the input port and 
allows normal WRITE operations to proceed. At CAS time, 
the bits present on the DQI-DQI6 inputs will be either 
written to the DRAM (if the mask data bit was HIGH) or 
ignored (if the mask data bit was LOW). 

For NONPERSISTENT MASKED WRITEs, new mask 
data must be supplied each time a MASKED WRITE cycle 
is initiated. 

Figure 2 illUstrates the MT4C16261 MASKED WRITE 
operation (Note: RAS or CAS time refers to the time at 
which RAS or CAS transition from HIGH to LOW). 

MT4C16260f1 
REV,4192 2-216 Micron Technology, Inc. reserves the right to change products or speoificatlons without notice. 
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ADVANCE 

MIC:RON MT4C16260/1 
1-· ,"c"n"" 256Kx 16 DRAM 

MT4C162S0I1 
REV.4J92 

RAS 

CAS 

WEL 

WEH 

LOWER BYTE 
(001-008) 
OFWORO 

UPPER BYTE 
(009-0016) 
OFWORO 

1- WORD WRITE -I- LOWER BYTE WRITE -I 
\ / \ ;-

\ / \ ;-

\ / \ ;-
\ / 

STORED INPUT STORED STORED INPUT STORED 

DATA DATA DATA DATA DATA DATA 

------3> ------3> 

------3> ------3> 

0 ------3> 0 ------3> 

0 ------3> 0 ------3> 

0 ------3> 0 ------3> 

------3> ------3> 

1 ------3> 1 1 -----3>-
0 .-----;;:.. 0 0 .-----3>-

0 1 ------3> X ------3> 

0 1 ------3> 1 1 X ------3> 

0 0 ------3> 0 0 X ------3> 

0 0 ------3> 0 0 X ------3> 0 

0 1 ------3> 1 1 X ------3> 

0 0 ------3> 0 0 X ------3> 0 

0 1 ------3> 1 1 X ------3> 

0 0 ------3>- 0 0 X ------3> 

-- ADDRESS 0 • • ADDRESS 1 • 
X = NOT EFFECTIVE (DON'T CARE) 

Figure 1 
MT4C16260/1 WORD AND BYTE WRITE EXAMPLE 

2-217 Micron Technology, Inc. reserves the right to change products or specifications without notice. 
©1992. Mlcron Technology, Inc. 
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MT4C1626011 
REV. 4192 

RAS 

CAS 

WEL 

WEH 

LOWER BYTE 
(001-008) 
OFWORO 

UPPER BYTE 
(009-0016) 
OFWORO 

ADVANCE 

I- MASKED WRITE -I- NONMASKED WRITE -I 
/ \ r 

\ / 
, 

\ r 
\ §llllA , §llllA Illll!!ll2 

~ IIIIIIA !II /11/1/1 jJ W/!II~ [$!I!I/I !lh 

STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA DATA DATA DATA DATA 

X o ------". .-----~ 

X o ------". 0 .-----3>-

X o ------". 1 .-----3;>-

X o ------". 0 ------". 

X o ------". 1 .-----;;:.. 

X o ------". 0 0 0 ------". 0 

X o ------". 0 0 0 ------". 
X o ------". 0 0 ._----» 0 

X X .-----3> 1 

0 X X -----;;:.. 0 

0 0 X 0 X 1 ------". 
0 X 0 0 X 0 -- ---3>- 0 

0 0 ._----» 0 X 1 ------". 
0 0 ._----;;,. 0 0 X 1 .-----3> 

0 1 ----"-". X 0 ._----;;:.. 0 
0 1 ------". X 0 ._----» 

ADDRESS 0 - • ADDRESS 1 

X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 2 
MT4C16261 MASKED WRITE EXAMPLE 

2-218 M!cron Technology, Inc. reserves the right to change products or specifications without notiCti. 
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TRUTH TABLE: MT4C16260/1 

ADDRESSES 

FUNCTION RAS US WEl WEIf DE 'R IC DOs NOTES 

Standby H H-+X X X X X X High-Z 

READ L L H H L ROW COL Data Out 

WRITE: WORD L L L L X ROW COL Data In 3 
(EARLY-WRITE) 

WRITE: LOWER L L L H X ROW COL Lower Byte, Data In 3 
BYTE (EARLY) Upper Byte, High~Z 

WRITE: UPPER L L H L X ROW COL Lower Byte, High-Z 3 
BYTE (EARLY) Upper Byte, Data In 

READ-WRITE L L H-+L H-+L L-+H ROW COL Data Out, Data In 1,3 

FAST-PAGE-MODE 1stGycie L H-+L H H L ROW COL Data Out 

READ 2nd Cycle L H-+L H H L n/a COL Data Out 

FAST-PAGE-MODE 1st Cycle L H-+L L L X ROW COL Data In 1,3 

WRITE 2nd Cycle L H-+L L L X n/a COL Data In 1,3 

FAST-PAGE-MODE 1st Cycle L H-+L H-+L H-+L L-+H ROW COL DataOut, Data In 1,3 

READ-WRITE 2nd Cycle L H-L H-L H-L L-H n/a COL Data Out, Data In 1,3 

HIDDEN READ L-+H-+L L H H L ROW COL Data Out 

REFRESH WRITE L-+H-+L L L L X ROW COL Data In 1,2,3 

RAS-ONLY L H X X X ROW n/a High-Z 
REFRESH 

CAS-BEFORE-RAS H-+L L H H X X X High-Z 
REFRESH 

NOTE: 1. These cycles may also be BYTE WRITE cycles (either WEL or WEH active). 

MT4C1626011 
REV. 4192 

2. EARLY-WRITE only. 
3. Data In will be dependent on the mask provided (MT4C16261 only). Refer to figure 2. 

2-219 Micron Technology, Inc. reserves the right to change products or specifications without notice. 
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ADVANCE 

MIC:RON MT4C16260/1 
1-· H''''''"",,, 256K X 16 DRAM 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply Relative to Vss .............. -lV to +7V 
Operating Temperature, TA (Ambient) .......... O°C to +70°C 
Storage Temperature (Plastic) .................... -SSoC to +lSO°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C :s; T A :s; 70°C; Vee = SV ±10%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV :s; VIN :s; Vcc 
(All other pins not under test = 0 V) 

OUTPUT LEAKAGE CURRENT (Q is disabled; OV :s; VOUT :s; S.SV) 

OUTPUT LEVELS 
Output High Voltage (louT= -SmA) 
Output Low Voltage (lOUT = 4.2mA) 

(Notes: 1, 3, 4, 6, 7) (O°C :s; T A :s; 70°C; Vee = SV ± 10%) 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VI H) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Vee -O.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST-PAGE-MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN); tcp, IASC = 10ns) 

REFRESH CURRENT: RAS ONLY 
Average power supply current 
(RAS Cycling, CAS=VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = tRC (MIN)) 

MT4C162a0/1 
REV. 4192 2-220 

SYMBOL MIN MAX UNITS NOTES 

Vee 4.S S.S V 1 

VIH 2.4 Vee+1 V 1 

VIL -1.0 0.8 V 1 

II -2 2 J.LA 

10l -10 10 J.lA 

VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -7 -8 -10 UNITS NOTES 

Icct 2 2 2 mA 

lec2 1 1 1 mA 2S 

Icc3 140 130 120 mA 3,4,30 

lec4 100 90 80 mA 3,4,30 

lecs 140 130 120 mA 3,30 

ICC6 140 130 120 mA 3 

Micron Technology, Inc. reserves the right to change products or specifications without notice 
©1992, Micron Technology. Inc. 



CAPACITANCE 
(Note: 2) 

PARAMETER 

Input Capacitance: AO-A9 

Input Capacitance: RAS, CAS, WEL, WEH, OE 

Input/Output Capacitance: OQ 

SYMBOL MIN 

Cit 

CI2 

Cia 

ADVANCE 

MAX UNITS NOTES 

5 pF 2 

7 pF 2 

7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C S; T AS; +70°C; Vee = 5V ± 10%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE READ or WRITE 
cycle time 

FAST-PAGE-MODE READ-WRITE 
cycle time 

Access time from RAS 
Access time from CAS 
Output Enable time 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
RAS" pulse width (FAST PAGE MODE) 
RAS" hold time 
RAS" precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS" precharge time 
Row address setup time 
Row address hold time 
RAS" to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS") 
Column address to 
RAS" lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 
Read command hold time 
(referenced to i1AS) 
CAS to output in low-Z 

MT4C16250/1 
AEV.4192 

-7 
SYM MIN 
tRC 130 

tRWC 180 
tpc 45 

tpRWC 95 

tRAC 
tCAC 

toE 
tAA 

tCPA 
tRAS 70 

tRASP 70 
tRSH 20 
tRP 50 

tCAS 20 
tCSH 70 
tePN 10 
tcp 10 

tRCD 20 
tCRP 10 
tASR 0 
tRAH 10 
tRAD 15 

tASC 0 
tCAH 15 
tAR 55 

tRAl 35 

tRCS 0 
tRCH 0 

tRRH 0 

telZ 0 

MAX MIN 
150 
200 
50 

100 

70 
20 
20 
35 
40 

100,000 80 
100,000 80 

20 
60 

100,000 20 
80 
10 
10 

50 20 
10 
0 
10 

35 15 

0 
15 
60 

40 

0 
0 

0 

0 

2-221 

-8 -10 
MAX MIN MAX UNITS NOTES 

180 ns 
245 ns 
55 ns 

110 ns 

80 100 ns 14 
20 25 ns 15 
20 25 ns 
40 45 ns 
45 55 ns 

100,000 100 100,000 ns 
100,000 100 100,000 ns 

25 ns 
70 ns 

100,000 25 100,000 ns 
100 ns 
10 ns 16 
10 ns 

60 25 75 ns 17 
10 ns 
0 ns 
15 ns 

40 20 55 ns 18 

0 ns 
20 ns 
75 ns 

55 ns 

0 ns 26 
0 ns 19,26 

0 ns 19 

0 ns 

Micron Technology, Inc. reserves the right to change products or specifications wllhout notice. 
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ADVANCE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) (O°C $ TA $ +70°C; Vee = 5V ± 10%) 

AC CHARACTERISTICS 
PARAMETER 
Output buffer turn-off delay 

Output disable time 

Write command setup time 

Write command hold time 

Write command hold time 
(referenced to "RAS) 

Write command pulse width 

Write command to "RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to"RAS) 

"RAS to WE delay time 

Column address 
to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CAS-BEFORE-"RAS refresh) 

CAS hold time 

(CAS-BEFORE-"RAS refresh) 

MASKED WRITE command to RAS 
setup time 

WI: hold time (MASKED WRITE 
and CAS-BEFORE-RAS refresh) 

Mask data to "RAS setup time 

Mask data to RAS hold time 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

Last CAS going low to first CAS to 
return high 

WI: setup time 
(CAS-BEFORE-"RAS refresh) 

MT4C1626011 
REV. 4/92 

-7 

SYM MIN MAX 
'OFF 0 15 
tOD 15 

twcs 0 

twCH 15 

twCR 55 

twP 10 
tRWL 20 
tCWL 20 
tDS 0 
tDH 15 

tDHR 55 

tRWD 95 
tAWD 60 

tCWD 45 

IT 3 50 
tREF 16 
tRPC 10 
tCSR 10 

tCHR 10 

tWRS 0 

tWRH 10 

tMS 0 
tMH 10 

tOEH 20 

tORD 0 

tcLCH 10 

twRP 10 

2-222 

-8 

MIN 
0 

0 

15 

60 

10 

20 

20 

0 

15 

60 

105 

65 

45 

3 

10 

10 

10 

0 

10 

0 

10 

20 

0 

10 

10 

-10 

MAX MIN MAX UNITS NOTES 
15 0 20 ns 20,29 

15 20 ns 29 

0 ns 21,26 

20 ns 26 

75 ns 26 

20 ns 26 

25 ns 26 

25 ns 26 

0 ns 22 

20 ns 22 

75 ns 

135 ns 21 

80 ns 21 

60 ns 21 

50 3 50 ns 9,10 

16 16 ms 28 

10 ns 

10 ns 5 

10 ns 5 

0 ns 26,27 

15 ns 26 

0 ns 26,27 

10 ns 26,27 

25 ns 28 

0 ns 

10 ns 

10 ns 

Micron Technology, Inc. reserves the right to change products or specifications without notice. 
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ADVANCE 

MIC::RON MT4C16260/1 
1-· ;"""WG"", 256Kx 16 DRAM 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vcc = SV ±10%,f = 1 MHz. 
3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (O°C ::; T A ::; 70°C) is assured. 

7. An initial pause of lOOlls is required after power-up 
followed by 8 RAS refresh cycles (RAS -ONLY or 
CBR) before proper device operation is assured. The 
eight RAS cycle wake-up should be repeated any time 
the !RAF refresh requirement is exceeded. 

8. AC characteristics assume tr = Sns. 
9. VIR (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIR and VIL (or between VIL 
and VIR). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIR and 
VIL (or between VIL and VIR) in a monotonic manner. 

11. If CAS = VIR, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gate and 

100pF. 
14. Assumes that IRCD < IRCD (max). If IRCD is greater 

than the maximum recommended value shown in this 
table, !RAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD <:: IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the Q buffer, CAS must be pulsed 
HIGH for ICPN. 

17. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

18. Operation within the !RAD limit ensures that IRCD 
(MAX) can be met. lRAD (MAX) is specified as a 
reference point only; if !RAD is greater than the 
specified lRAD (MAX) limit, then access time is 
controlled exclusively by IAA. 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. 10FF (MAX) defines the time at which the output 
achieves the open circuit condition, not a reference to 
VOHOrVOL. 

21. twcs, tRWD, IAWD and ICWD are restrictive 
operating parameters in LATE-WRITE and READ­
MODIFY-WRITE cycles only. If twcs ~ twcs (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If IRWD <:: IRWD (MIN), IA WD <:: IAWD 
(MIN) and ICWD <:: ICWD (MIN), the cycle is a 
READ-WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions are met, the state of Q (at access time and 
until CAS goes back to VIR) is indeterminate. WE 
determines either EARLY-WRITE (WCS), LA TE­
WRITE (RWD, AWD and CWD) or an indeterminate 
(WCS or RWD, AWD and CWD not met) cycle when 
WE goes LOW in reference to CAS going LOW. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. During a READ cycle, if OE is LOW then taken HIGH 
before CAS goes HIGH, Q goes open. If OE is tied 
permanently LOW, LATE-WRITE or READ­
MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

25. All other inputs at Vcc -0.2V. 
26. Write command is defined as either WEL or WEH or 

both going LOW. 
27. MT4C16261 only. 
28. LATE-WRITE and READ-MODIFY-WRITE cycles 

must have both 10D and 10EH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after 10EH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

29. The DQs open during READ cycles once taD or 10FF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 

30. Column address changed once while RAS = VI" and 
CAS = VIR. 

MT4C16260/1 
RE;V.4/92 2-223 Micron Technology, Inc. reserves the right to change products or specifications without notice. 
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READ CYCLE 

\'-----
tCSH 

IeRP 

'AR 

I~~I ~~ 
ADDR ~:~ .!////~ ROW ~ COLUMN ROW 

tRCS 

!CAe 

~L 
DO ~!g~ -=------OPEN------~~~VA~LlO~OA~TA~~OPEN--

I~ I~IOO 

OE ~:~ -7T.Vj;'77(ijj;77?1/;7T.1;j;'77W/;7771j;=1/j;'"jIj/;7771/;=0'drT71/j;7T.jIj;'770'/;77?1/;7T.1/j;'77j"§,7771J;7T.1/j;'TT7o/ ml Pli 1111111111111 111111 11111111 #/II! 

EARLY-WRITE CYCLE 

'RAS 'RP 

- \ 
tCSH 

lASH 

1~ tACO tCAS 

=-' 
'AR 

'RAD tRAL 

ADDR ~:~ 
~ ~I ~ ~ 
~ ROW ~ COLUMN ROW 

!CWL I tRWL 

'WOR 

~ ~ 

I~ ~I 
'Wp 

NOTE 1 ~ 

I~I~ 
IOHR 

I~ ~I 
NOTE 1 j«/m~ VALID DATA 

Oe~:~~~~ 

m DON'TeARE 

~ UNDEFINED 

ADVANCE 

NOTE: 1. Applies to MT4C16261 only; WIT, WEH and DO inputs on MT4C16260 are "don't care" at RAS time, 

MT4C16260/1 
REV. 4192 

wr:. selects between normal WRITE and MASKED WRITE at RAS time, The DO inputs are "don't care" for a 
normal WRITE, with wr:. HIGH at 'RAS' time. The DO inputs provide the mask data at 'RAS' time for a 
MASKED WRITE, with wr:. LOW at 'RAS' time. 

2-224 Micron Technology, Inc. reserves the right to change products or specifications without notice. 
©1992, Micron TechnolOgy, Inc. 



READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

Rwe 

I 
tRAS ,"p 

-
tCSH 

I tASH 

I· teRP 'RCD teAS 

r~ =---.1 
'AR 

tRAO I I 'RAL I 

ADDR ~I~ 
I~ ~I I~I 1 'eAH'1 1 

7////J\ ROW ~ COLUMN ROW cJl 1 1 '~D ~II ~ 'cwo 'RWl 

'WR "R~ J 1 'AWD 'WP _I, 
-W//////~ NOTEl 1(/;/';/'/1 I j 'AA 

I I 'RAe 
tCAe 

~OPEN 'e~-It ~t::-q 
VAUODOUT K VAUD0 1N OPEN--

~ ~I ~ ) 

FAST-PAGE-MODE READ CYCLE 

_ VIH _,----.1 
RAS VIL - IT---,---------,---------:------fl 

'CSH 

I2ZJ DON'T CARE 

m UNDEFINED 

ADVANCE 

mTE: 1. Applies to MT4C16261 only; WEL, WEH and DQ inputs on MT4C16260 are "don't care" at RAS time. 

T4C1626OJl 
eV.4192: 

WE selects between normal WRITE and MASKED WRITE at RAS time. The DQ inputs are "don't care" for a 
normal WRITE, with WE HIGH at RAS time. The DQ inputs provide the mask data at RAS time for a 
MASKED WRITE, with 'WE LOW at RAS time. 

Micron Technology, Inc. reserves the right to change products or speCifICations without notice. 
©1992, Micron Technology, Inc. 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 

0. ~:~ :$$//$$$//$/I/1//0'//$!/$/I/1/1///;//I//$///I/1/$!//$//$/I/1//I/Ii!/$//!/I/Ii!///!/I//$!J 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

.~,,-----~--------------P~~----------~--~I~ RAs~:~_ w r L 
tcSH IpC 'Awe 'ASH 

I'" 'CAP �----'IR=CD'---�---"'ICAS"'---� ~II_-'IC=AS'----_I tcp 'cAS 1,=1 
CAS ~:~ =-' IAR ~ 1 r------, r-----J1l'----h-I iT\--

I~ :::::1 'I~I 1 ICAH·I ~~ ~II ICAH~L I 
ADDR ~i~ 7// ht ROW V//;)i COLUMN WIII/h COLUMN WI/IIIII;? COlUMN ROW 

1 IRWD I II I =11 - Il-lRwL 
~I 1 I::~j I ~:~: I : r~~~ ,r ~ ~ 1 1- ~ I· I-+----"~"":'---+-I 

WELWEH ~:~ ::wL7t NOTE! )I(j I ~ 1 J U~lllZ~;Z J lRAC 1M 1 IDH_ l ~I IDH, l ~I II -toH 
II I 'OS-- I.... ~ 'os ! 1-- ~ '05_1 ~ 
II -- - -~ - -~ - I 

DO ~"OOLH ~---J IMSNOT,':H ~OPE:=tk!~\l'I¥;!1I;1D IC", - r- VALID'VALID 'c", - r- VALID> VAL' ~OP'N-
- 1U!j'~.Q!lLI'~ ~I~..PJL ~I~~r-' 

=Jil-,OD =tJ1-1e-IOD =tJ-li--itoD,_ •.. toE-I-. tOE. --. toE. -. ~ 
OE ~:~ .=Wj;=0'j;=)lj;=)lj;=1jj;n7)lj;rrT)lj;rrT)lj;rrT//j;7T70'j;7T7Wj;777WJ. c-=--=ttWlll&7777777T> 

[Z1 DON'T CARE 

~ UNDEFINED 

ADVANCE 

NOTE: 1. Applies to MT4C16261 only; WEL, WEH and DO inputs on MT4C16260 are "don't care" at liAS time. 

MT4C16260/1 
AEV.4192 

WE selects between normal WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" for a 
normal WRITE, with WE HIGH at RAS time. The DO inputs provide the mask data at RAS time for a 
MASKED WRITE, with WE LOW at RAS time. 

2-226 Micron Technology, Inc. reserves the right to change products or specifications withOl.lt notice 
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'4C162OO11 
V.4192 

~-ONL Y REFRESH CYCLE 
(ADDR = AO-A9"OE; WEL and WEH = DON'T CARE) 

'RP 

\'----

DQ ~g~ ::--------OPEN--------

DQ 

CAS-BEFORE-RAS REFRESH CYCLE 
(AO-A9, and OE = DON'T CARE) 

'RP 'RAS 'RP 'RAS 

:~I~ !~ 'eSR ~I I~~ ~I. 
:~ 'i L "1 J 

OPEN 

jI 

~ ~ ~ ~I 
W$//I/I///I///I/I////I$J0; 

I~ 

-' 

HIDDEN REFRESH CYCLE 24 

( WEL, WEH = HIGH; OE=LOW) 

tRCD 

'AR 
IRAO 

(READ) 

'RAS 

~ 
tRSH 

I 
II fRAl I 

fRP 

l,r-----i 

(REFRESH) 

tRAS 

ICHR 

I~ !~ lAse .) ! .... leAH ~I 

ADOR ~:~: 0'Ii2t ROW 
.. ~ COLUMN 

'AA 

I tRAC 

~ felZ i 
OPEN VAliD DATA DO ~:g~-

......'QL.. 

~ 

J -'oFF 

~OPEN-

.,.!QQ... 

~ DON'T CARE 

~ UNDEFINED 

ADVANCE 

2-227 Micron Technology, Inc. reserves the right to change products or specifications without notice. 
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ADVANCE 

MIC:RON MT4C16260/1 
1-· '>C,,"oco"' '''' 256K X 16 DRAM 

MT4C16260!1 
REV. 4192 2-228 Micron Technology, Inc. reserves the right to change products or specifIcations without notic 
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ADVANCE 

MIC:RON MT4(L)C1M16CX 
1-· '''''''''' ""c 1 MEG x 16 DRAM 

DRAM 

FEATURES 
• industry standard x16 pinouts, timing, functions 

and packages 
• High-performance, CMOS silicon-gate process 
• Single +5V only or +3.0/ +3.3V only ±10% power 

supply 
• Low power, 5m W standby; 500m W active, typical (5V) 
• All device pins are fully TTL compatible 
• 1,024 cycle refresh in 16ms(10 rows and 10 columns) 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• Optional FAST PAGE MODE access cycle 
• BYTE WRITE access cycle 
• BYTE READ access cycle (MT4C1M16C3/5 only) 
• NONPERSISTENT MASKED WRITE access cycle 

(MT4C1M16C5/7 only) 

OPTIONS MARKING 
• Timing 

60ns access - 6 
70ns access "7 
BOns access - B 

• Power Supply 
+5V ±10% only 4C 
+3.0/3.3V ±1O% only 4LC 

• Refresh Rate 
1,024 Rows None 
4,096 Rows Contact Factory 

• Write Cycle Access 
BYTE or WORD via CAS 16C3 
(non-maskable) 
BYTE or WORD via CAS 16C5 
(maskable) 
BYTE or WORD via WE 16C6 
(non-maskable) 
BYTE or WORD via WE 16C7 
(maskable) 

• Packages 
Plastic SOJ (400 mil) DJ 
Plastic TSOP (400 mil) TG 

• Part Number Example: MT4CIM16C3DJ-7 

NOTE: Available in die form. Please consult factory for die data sheets. 

IT.4(l)C1M16CX 
'EV.4192 

1 MEG X 16DRAM ~ 
5.0V FAST PAGE MODE (MT4C1M16CX) =E 
3.0/3.3V, FASTPAGE MODE (MT4LC1M16CX) II 

PIN ASSIGNMENT (Top View) 

42-Pin SOJ 
(0-7) 

Vee 
DQ1 

DQ2 

DQ3 

D04 

1 
2 
3 
4 
5 
6 
7 

42 
41 
40 
39 
38 
37 
36 

Vss 
0016 
DQ15 
OQ14 
0013 
Vss 
0012 

Vco 
DQS 

DQ6 

D07 

DQS 

NC 

8 
9 

35 
34 

0011 44-Pin TSOP 0010 

·WEUNC 
·WEHIWE 

NC 

NC 
AO 
A1 

A2 
A3 

Vee 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 

DOO 

NC 
NC/GAS[' 

CASICASH* Vcc 

OE 
A9 

As 

A7 

AS 

AS 

A4 
Vss 

DQ1 
DQ2 
D03 

00' 
Vee 

DOS 
D06 
D07 
DOS 

NC 

NC 
*WEUNC 

·WEHIWE 

= 
NC 
NC 
AO 
A1 
A2 
A3 

Vee 

"MT4C1M16C6/7 / MT4C1M16C3/5 

GENERAL DESCRIPTION 

(R-6) 

V's 
0016 
0015 
0014 
0013 
Vss 
D012 
0011 
OQ10 
DQ9 
NC 

NC 
NCI1lA§[' 
0"AS10ASR' 
OJ: 
A9 
As 
A7 
A6 
AS 

A' 
Vss 

The MT4C1M16CX and MT4LCIM16CX are randomly 
accessed solid-state memories containing 16,777,216 bits 
organized in a x16 configuration. The MT4CIM16CX and 
the MT4LC1M16CX are the same DRAM versions except 
that the MT4LC1M16CX is the low voltage version of 
MT4CIM16CX. The MT4LClM16CX is designed to operate 
in either a 3.0V ±10% or a 3.3V ±10% memory system. All 
furtherreferences made fortheMT4ClM16CX also apply to 
the MT4I;<:lM16CX, unless specifically state otherwise. 
TheMT4CIM16C6 and MT4C1M16C7 have both BYTE 
WRITE and WORD WRITE access cycles via two write 
enable pins. The MT4C1M16C3 and MT4CIM16C5 have 
both BYTE WRITE and WORD WRITE access cycles via two 
CAS pins. The MT4CIM16C5 and MT4CIM16C7 are also 
able to perform WRITE-PER-BIT accesses. 

2-229 MiCt(ln Technology, Ino., reserves the right to change products or specifications without notice. 
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ADVANCE 

MIC:RON MT4(L)C1 M16CX 
1-· ceC"",co"''' 1 MEG x 16 DRAM 

The MT4CIM16C3 and MT4CIM16C6 function in the 
same manner except that WEL and WEH onMT4ClM16C6 
and CASL and CASH on MT4CIM16C3 control the selec­
tion of BYTE WRITE access cycles. WEL and WEH function 
in an identical manner to WE in that either WEL or WEH 
will generate an internal WE. CASL and CASH function in 
an identical mannerto CAS in that either CASL or CASH will 
generate an internal CAS. 

The MT4CIM16C6 "WE" function and timing are deter­
mined by the first WE (WEL or WEH ) to transition LOW 
and by the last to transition back HIGH. Use of only one of 
the two results in a BYTE WRITE cycle. WEL transitioning 
LOW selects a WRITE cycle for th.e lower byte (DQI-DQ8), 
and WEH transitioning LOW selects a WRITE cycle for the 
upper byte (DQ9-DQ16). 

The MT 4CIM16C3 "CAS" function and timing are deter­
mined by the first CAS ( CASL or CASH) to transition LOW 
and the last to transition back HIGH. Use of only one of the 
two results in a BYTE WRITE cycle. CASL transitioning 
LOW selects a WRITE cycle for the lower byte (DQI-DQ8) 
and CASH transitioning LOW selects a WRITE cycle for the 
upper byte (DQ9-DQ16). BYTE READ cycles are achieved 
through CASL or CASH in the same manner during READ 
cycles for the MT4CIM16C3. 

The MT4CIM16C5 and MT4C1Ml6C7 function in the 
same manneras MT4CIM16C3 and MT 4CIM16C6, respec­
tively; and they have NONPERSISTENT MASKED WRITE 
cycle capabilities. This option allows the MT 4CIM16C5 and 
MT 4CIM16C7 to operate with either normal WRITE cycles 
or NONPERSISTENT MASKED WRITE cycles. 

FUNCTIONAL BLOCK DIAGRAM 

MT4(L)C1M16CX 
REV.4!92 

:MT4C1M16C6/7r-----__ ----------------------------________ ~ 
; ONLY 

AO 
Al 
A2 
A3 
A4 
A5 

A6 
A7 
AS 
A9 

RAS 

WE 
WEH o-j-+--2!~ 

DATA IN BUFFER 

. , . 
f-----t-i MASK DATA REGISTER (lM16C517 only) i 

r-"""--_/ :. ~~P!~~!~ !,D~9-0Q1~).L ~~WER B'7! _(~~~-~~~)_.: 
001 

~~~t-----~----~ • • 
0016 

a: 
s:~ 
00 
a:@ 

Cl 

2-230 

1024 x 1024 x 16 
MEMORY 
ARRAY 

i+-----oOE 

----.0 Vee 

-----.<> Vss 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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PIN DESCRIPTIONS 

SOJ 
PINS 

14 

30 

29 

13 

12 

31 

17-20, 
23-28 

MT4(L)C1M16CX 
AEV.4/92 

TSOP 
PINS 

18 

34 

33 

17 

16 

35 

21-24, 
27-32 

SYMBOL TYPE 

RAS Input 

CAS/CASH Input 

DE Input 

WEHIWE Input 

WEUNC Input 

NC/CASL Input 

AO-A9 Input 

ADVANCE 

.. OESCRIPTION 

ROW Address Strobe: RAS is used to latch-in the 10 row-
address bits and strobe the WE and DOs on the MASKED 
WRITE option (MT4C1 M16C5 and MT4C1M16C7 only). 

Column Address Strobe: CAS (MT4C1M16C6/7) is used to 
latch-in the 10 column-address bits, enable the DRAM 
output buffers, and strobe the data inputs on WRITE cycles 
CAS controls 001 through 0016. 

Column Address Strobe Upper Byte: CASH (MT4C1M16C3/ 
5) is the CAS control for 009 through 0016. The DOs for the 
byte not being accessed will remain in a High-Z (high 
impedance) state during either a READ or a WRITE access 
cycle. 

Output Enable: OE enables the output buffers when taken 
LOW during a READ access cycle. RAS and CAS 
(MT4C1 M16C6/7) or CASL / CASH (MT4C1 M16C3/5) must 
be LOW and WEL /WEH (MT 4C1 M16C6/7) or WE 
(MT4C1 M16C3/5) must be HIGH beforeOE will control the 
output buffers. Otherwise, the output buffers are in a High-Z 
state. 

Write Enable Upper Byte: WEH (MT4C1M16C6/7) is WE 
control for the 009 through 0016 inputs. If WE or WEH is 
LOW, the access is a WRITE cycle. If either WE or WEH 
is LOW at RAS time on MT4C1M16C7, then it is also a 
MASKED WRITE cycle. The DOs for the byte not being 
written will remain in a High-Z state (BYTE WRITE cycle 
only). 

Write Enable: WE (MT4C1M16C3/5) controls 001 through 
0016 inputs. If WE is LOW, the access is a WRITE cycle. 
The MT4C1M16C5/7 also use WE to enable the MASK 
register during RAS time. 

Write Enable Lower Byte: WEL (MT4C1 M16C6/7) is the WE 
control for 001 through 008 inputs. If WEL is LOW, the 
access is a WRITE cycle. If WEL is LOW at RAS time on 
MT4C1 M16C3, then it is also a MASKED WRITE cycle. 
The DOs for the byte not being written will remain in a High-
Z state (BYTE WRITE cycle only). 

Column Address Strobe Lower Byte: CASL (MT 4C1 M16C3/ 
5) is the CAS control for 001 through 008. The DOs for the 
byte not being accessed will remain in a High-Z state during 
either a READ or a WRITE access cycle. 

Address Inputs: These inputs are multiplexed and clocked by 
RAS and CAS (or CASU CASH) to select one 16-bit word 
(or 8-bit byte) out of the 1 Meg available words. 

2-231 Micron Technology, Inc., reserves the right to change products or specHications without notice. 
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ADVANCE 

MIC:RON MT4(L)C1M16CX 
1-· ,","",W""" 1 MEG x 16 DRAM 

iij PIN DESCRIPTIONS (continued) 

:e 
II 
~ c 
m 
c 
II 
l> ac 

SOJ 
PINS 

2-5,7-10, 
33-36, 
38-41 

11,15,16,30-32 

1,6,21 

22,37,42 

MT4(L)C1MI6CX 
REV. 4/92 

TSOP 
PINS 

2-5,7-10, 
41-44, 
46-49 

11,15,36,40 

1,6,25 

26,45,.50 

SYMBOL TYPE 

001'0016 Input! 
Output 

NC -

Vee Supply 

Vss Supply 

DESCRIPTION 

Data 1/0: For WRITE cycles, 001-0016 act as inputs to the 
addressed DRAM location. BYTE WRITEs can be performed 
by using WEL I WEH (MT 4C1 M16C617) or CASe I CASH 
(MT 4C1 M16C3/7) to select the byte to be written. For READ 
access cycles, 001-0016 act as outputs for the addressed 
DRAM location. All sixteen I/0s are active for READ cycles 
(MT4C1M16C617). The MT4C1M16C3/5 allow for BYTE 
READ cycles. 

No Connect: These pins should be left either unconnected or 
tied to ground. 

Power Supply: +5V ±10% (C) or 3.0/3.3V ±10% (LC) 

Ground 

2-232 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MIC:RON MT4(L)C1M16CX 
1-· ""'OW""" 1 MEG x 16 DRAM 

FUNCTIONAL DESCRIPTION 
Each bit is uniquely addressed through the 20 address 

bits during READ or WRITE cycles. These are entered 10 
bits (AO-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. 

The CAS control also determines whether the cycle will 
be a refresh cycle (RAS-ONL Y) or an active cycle (READ, 
WRITE or READ-WRITE) once RAS goes LOW. The 
MT4CIM16C6 and MT4CIM16C7 each have one CAS con­
trol while the MT4C1M16C3 and MT4C1M16C5 have two: 
::::ASL and CASH. 

The CASL and CASH inputs internally generate a CAS 
signal functioning in an identical manner to the single 
::::AS input on the other 1 Meg x 16 DRAMs. The key 
iifference is each CAS controls its corresponding DQ tri­
state logic (in conjunction with OE and WE). CASL controls 
DQl through DQ8, and CASH controls DQ9 through DQ16. 

TheMT4CIM16C3 andMT4CIM16C5 "CAS" function is 
ietermined by the first CAS (CASL or CASH) to transition 
~OW and the last one to transition back HIGH. The two 
:AS controls give the MT4CIM16C3 and MT4CIM16C5 
)oth BYTE READ and BYTE WRITE cycle capabilities. 

READ or WRITE cycles on the MT4CIM16C3 or 
I1T4C1M16C5 are selected with the WE input while either 
NEL or WEH perform the "WE" on the MT4CIM16C6 or 
I1T4C1M16C7. The MT4C1M16C6 and MT4C1M16C7 
'WE" function is determined by the first BYTE WRITE 
WEL or WEH) to transition LOW and the last one to 
ransition back HIGH. 

A logic HIGH on WE dictates READ mode while a logic 
"OW on WE dictates WRITE mode. During a WRITE cycle, 
lata-in (D) is latched by the falling edge of WE or CAS, 
vhichever occurs last. Taking WE LOW will initiate a 
'\TRITE cycle, selecting DQ1 through DQ16. If WE goes 
"OW prior to CAS going LOW, the output pin(s) remain 
Ipen (High- Z) until the next CAS cycle. If WE goes LOW 
Ifter CAS goes LOW and data reaches the output pins, data 
lut (Q) is activated and retains the selected cell data as long 
IS CAS and OE remain LOW (regardless of WE or RAS). 
bis late WE pulse results in a READ-WRITE cycle. 

The 16 data inputs and 16 data outputs are routed through 
6 pins using common I/O. Pin direction is controlled by 

r4:(L)C1Ml6CX 
:V.4/92 2-233 

OE, WELand WEH (MT4C1M16C6andMT4C1M16C7)or 
WE (MT4C1M16C3 and MT4C1M16C5). 

FAST PAGE MODE operations allow faster data opera­
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO-A9) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed­
in by CAS. CAS may be toggled-in by holding RAS LOW 
and strobing-in different column addresses, thus executing 
faster memory cycles. Returning RAS HIGH terminates the 
FAST PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip currentto a reduced standby level. 
The chip is also preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS, or HID­
DEN refresh) so that all 1024 combinations of RAS ad­
dresses (AO-A9) are executed at least every 16ms, regard­
less of sequence. The CAS-BEFORE-RAS refresh cycle will 
also invoke the refresh counter and controller for ROW 
address control. 

BYTE ACCESS CYCLE 
The BYTE WRITE mode is determined by the use of 

WEL and WEH or CASL and CASH. Enabling WELl 
CASL will select a lower BYTE WRITE cycle (DQ1-DQ8). 
Enabling WEH or CASH will select an upper BYTE WRITE 
cycle (DQ9-DQ16). Enabling both WEL and WEH or CASL 
and CASH selects a WORD WRITE cycle. 

The MT4C1M16C3, MT4CIM16C5, MT4C1M16C6 and 
MT4C1M16C7maybe viewed as two 1 Megx8DRAMsthat 
have common input controls, with the exception of the WE 
or the CAS inputs. Figure 1 illustrates the MT4C1M16C6 
BYTE WRITE and WORD WRITE cycles and Figure 2 
illustrates the MT4C1M16C3 BYTE WRITE and WORD 
WRITE cycles. 

The MT4C1M16C3 also has BYTE READ and WORD 
READ cycles, since it uses two CAS inputs to control its 
byte accesses. Figure 3 illustrates the MT4CIM16C3 BYTE 
READ and WORD READ cycles. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MIC::RON MT4(L)C1M16CX 
1-· ""'" "" 1 MEG x 16 DRAM 

MASKED WRITE ACCESS CYCLE (MT4CIM16C5/7 
Only) 

The MASKED WRITE mode control input selects normal 
WRITE access or MASKED WRITE access cycles. Every 
WRITE access cycle can be a MASKED WRITE, depending 
on the state of WE at RAS time. A MASKED WRITE is 
selected when mask data is supplied on the DQ pins and 
WE is LOW at RAS time. The MT4CIM16C3 and 
MT4CIM16C6 do not have the MASKED WRITE cycle 
function. 

The data (mask data) present on the DQI-DQI6 inputs at 
RAS time will be written to an internal bit mask data 
register and will then act as an individual write enable for 
each of the corresponding DQ inputs. If a LOW (logic "0") 
is written to a mask data register bit, the input port for that 

I· WORD WRITE 

RAS \ 

CAS t 
WEL \ 

WEH \ 

/ 

/ 

bit is disabled during the following WRITE operation and 
no new data will be written to that DRAM cell location. A 
HIGH (logic "1") on a mask data register bit. enables the 
input port and allows normal WRITE operations to pro­
ceed. At CAS time, the bits present on the DQI-DQI6 inputs 
will be written to the DRAM (if the mask data bit was 
HIGH) or ignored (if the mask data bit was LOW). 

New mask data must be supplied each time a MASKED 
WRITE cycle is initiated (non-persistent), even if the previ­
ous cycle's mask was the same. 

Figure 4 illustrates the MT4CIM16C7 MASKED WRITE 
operation and Figure 5 illustrates the MT4CIM16C5 
MASKED WRITE operation. 

-I' LOWER BYTE WRITE -I 
/ \ r 

/ \ r 
\ ;--

STORED 

DATA 

INPUT 

DATA 

STORED STORED INPUT 

DATA 

STORED 

DATA 

LOWER BYTE 
(OQ1-0Q8) 
OFWORO 

UPPER BYTE 
(OQ9-0Q16) 
OFWORO o 

DATA DATA 
._----;> 

-----;:::-
-----3>-

o .-----3> 

o .-----3> 

.-----3> 1 

.-----3> 0 

------;:.. 

._----» 
o ------3> 

o ------3> 

o ------3> 

._----» 
o .-----3> 

.1 

o 

------;> 

._----;;> 

------;:.. 

.-----3:­

------» 
.-----;:.. 
.-----3> 

.-----3> 

x ------3> 

X ------3> 

X ------3> 

X ------3> 

X ------3> 

X ------3> 

X ------3> 

X ------3> 

ADDRESS 0 _.---._ •• ----- ADDRESS 1 

MT4(L)C1M16CX 
REV. 4192 

x = NOT EFFECTIVE (DONT CARE) 

Figure 1 
MT4C1M16C6/7 WORD AND BYTE WRITE EXAMPLE 

2-234 Micron Technology, Inc., reserves the right to change products or specifications without noticl 
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RAS 

CASL 

CASH 

WE 

LOWER BYTE 
(001-008) 
OFWORO 

UPPER BYTE 
(009-0016) 
OFWORO 

T4(L)C1M16CX 
:.V.,4192 

ADVANCE 

I- WORD WRITE -I------ LOWER BYTE WRITE _I 

\ / 

\ / 

\ / 

\ / 

STORED INPUT INPUT 
DATA 

STORED STORED 
DATA 

1 

1 

o 

0 

0 
1 

0 

0 
0 
0 

DATA DATA 
a -----------------3> 0 

a -----------------3> 0 
1 -----------------3> 1 

a -----------------3> 0 

o -----------------3> 0 
a -----------------3> 0 
o -----------------3> 0 

o -----------------3> 0 

X .-----3> 1 .-----3> 1 

X .-----3> 0 .-----3> 0 
x .-----3> 1 .-----3> 1 

x .-----3> 0 .-----3> 0 
x .-----3> 1 .-----3> 1 

X .-----3> .-----3> 

X .-----3> .-----3> 

X .-----3> 1 .-----3> 1 

DATA 

o 
a 
1 

a 
o 
a 
o 
o 

0 
1 

0 

\ r-

\ r-

\ / 

INPUT 
DATA 

INPUT STORED 

DATA DATA 
1 --------.---------3> 1 

1 ---------.-------3> 1 
o -----------------3> 0 

-----------------3> 1 

-----------------3> 1 

-----------------3> 1 
-----------------3> 1 

1 -----------------3> 1 

X -----------------3> 1 

X -----------------3> 0 
X -----------------3> 1 

X -----------------3> 0 

X -----------------3> 1 
X -----------------3> 1 

X -----------------3> 

X -----------------3> 

1.----- ADDRESS 0 ------.~ ~-------- ADDRESS 1 

X = NOT EFFECTIVE (DON'T CARE) 

Figure 2 
MT4C1M16C3/5 WORD AND BYTE WRITE EXAMPLE 
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RAS 

CASL 

CASH 

WE 

LOWER BYTE 
(001-008) 
OFWORO 

UPPER BYTE 

MT4(L)C1M16CX 
REV. 4192 

(009-0016) 
OFWORO 

ADVANCE 

I- WORD READ -I - LOWER BYTE READ -I 
~ / \ ;-

\ / \ ;-

\ / 

~ L-J 

STORED OUTPUT OUTPUT STORED STORED OUT UT OUTPUT STORED 

DATA DATA DATA DATA DATA DATA DATA DATA 

1 .-----3> 1 1 1 1 ------3> 1 1 

1 .-----3> 1 1 1 .-----3> 1 

0 0 .-----3> 0 0 0 .-----3> 0 0 
.-----3> 1 .-----3> 1 

.-----3> ------;:.-

1 ------3> .-----3> 

1 .-----3> 1 .-----3> 1 

1 .-----3> 1 1 .-----3> 1 

Z -----3> 0 0 Z .-----3> Z 0 

Z .-----3> 1 Z .-----3> Z 

0 Z .-----3> 0 0 Z .-----3> Z 0 

1 z -----3> 1 1 1 Z -----3> Z 1 

0 Z .-----3> 0 0 0 Z .-----3> Z 0 

Z .-----3> 0 0 0 Z .-----3> Z 
0 Z .-----3> 0 0 0 Z .-----3> Z 0 

0 Z .-----3> 0 0 0 Z .-----3>- Z 

ADDRESS 0 • - ADDRESS 1 

Z= High-Z 

Figure 3 
MT4C1M16C3/5 WORD AND BYTE READ EXAMPLE 
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ADVANCE 

MIC:RON MT 4(L)C1 M16CX 
1-· """"," 1MEGx16DRAM 

RAS 

CAS 

WEL 

WEH 

LOWER BYTE 
(001-008) 
OF WORD 

UPPER BYTE 

MT4(L)C1M16CX 
REV. 4192 ' 

(009-0016) 
OF WORD 

I- MASKED WRITE -I- NONMASKED WRITE -I 
\ / \ r 

\ / \ r 
\ ~ §§/t0A I!§///I/; 

~ IlllllA I!III!/II//l W////A II 11//// II Ill! 

STORED MASK INPUT STORED STORED MASK INPUT STORED 
DATA DATA DATA DATA DATA DATA DATA 

1 X o .-----:;. 0 1 1 .-----:;. 

X o .-----:;. 0 0 .-----:;. 

X o .-----:;. 0 1 .-----:;. 

X o .-----:;. 0 0 1 .-----:;. 

X o .-----:;. 0 .-----:;. 0 
X 0 .-----~ 0 0 1 0 ------3>- 0 
X 0 .-----:;. 0 0 0 ------3>- 1 
X o .-----:;. 0 0 0 .-----:;. 0 

0 X X 1 ------3>- 1 

0 X 1 X 0 .-----:;. 0 
0 0 X 0 0 X 1 .-----:;. 

0 0 X 0 0 X 0 .-----:;. 0 

0 o .-----:;. 0 0 X 1 .-----:;. 1 
0 o .-----:;. 0 0 X 1 .-----:;. 1 
0 1 .-----:;. X 0 .-----:;. 0 
0 1 .-----:;. X 0 .-----:;. 0 

ADDRESS 0 - • ADDRESS 1 

X = NOT EFFECTIVE (DON'T CARE) fZZI DON'T CARE 

Figure 4 
MT4C1M16C7 MASKED WRITE EXAMPLE 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 

z m 
=E 
II 
=E -c 
m 
C 
:tJ 
l> 
3: 



z 
m :e 
II 
:e -c 
m 
C 
JJ 
l> 
s:: 

ADVANCE 

MICRON MT4(L)C1M16CX 
1-· ,,,,,,,owe,,", 1 MEGx16DRAM 

RAS 

"CAS" 

WE 

LOWER BYTE 
(001-008) 
OFWORO 

UPPER BYTE 
(009-0016) 
OFWORO 

MT4(L)C1M16CX 
AEV.4192 

I- MASKED WRITE -I- NON MASKED WRITE -I 
\ / \ r 

\ / \ r 

~ IIIIIIA !II 11//1 /Ill ~/I#A $//!III!M 

STORED MASK INPUT STORED STORED MASK INPUT STORED 
DATA DATA DATA DATA DATA DATA DATA 

0 X 1 X 1 ------3> 

1 o ------3> 0 0 X 1 ------3> 

0 X 1 X 1 ------3> 

1 o ------3> 0 X 1 ------3> 1 
0 X X 0 ------3> 0 

o ------3> 0 0 X 0 ------3> 0 
0 X 1 1 X 0 ------3> 0 

o ------3> 0 0 X 0 ------3> 0 

0 X X 1 ------3> 1 
0 X 1 1 X 0 ------3> 0 

0 0 X 0 0 X 1 ------3> 

0 0 X 0 0 X 0 ------3> 0 
0 o ------3> 0 0 X ------3> 

0 o ------3> 0 0 X ------3> 

0 1 ------3> X 0 ------3> 

0 1 ------3> X 0 -----3> 0 

ADDRESS 0 - • ADDRESS 1 

X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 5 
MT4C1M16C5 MASKED WRITE EXAMPLE 
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ADVANCE 

MIC:RON MT4(L}C1 M16CX 
1-· " 1MEGx16DRAM 

TRUTH TABLE: MT4C1M16C6/7 

ADDRESSES 

FUNCTION 1m" "CAS"" WE[" WEIr or IR IC DOs NOTES 

Standby H H--+X X X X X X High-Z 

READ L L H H L ROW COL Data Out 

WRITE: WORD L L L L X ROW COL Data In 3 
(EARLY-WRITE) 

WRITE: LOWER L L L H X ROW COL Lower Byte, Data In 3 
BYTE (EARLY) Upper Byte, High-Z 

WRITE: UPPER L L H L X ROW COL Lower Byte, High-Z 3 
BYTE (EARLY) Upper Byte, Data In 

READ-WRITE L L H--+L H--+L L--+H ROW COL Data Out, Data In 1,3 

PAGE-MODE 1st Cycle L H--+L H H L ROW COL Data Out 

READ 2nd Cycle L H-~L H H L n/a COL Data Out 

PAGE-MODE 1st Cycle L H--+L L L X ROW COL Data In 1,3 

WRITE 2nd Cycle L H--+L L L X n/a COL Data In 1,3 

PAGE-MODE 1st Cycle L H--+L H--+L H--+L L --+H ROW COL Data In 1,3 

READ-WRITE 2nd Cycle L H--+L H--+L H--+L L--+H n/a COL Data Out, Data In 1,3 

HIDDEN READ L--+H--+L L H H L ROW COL Data Out 

REFRESH WRITE L --+H--+L L L L X ROW COL Data In . 1,2,3 

'RAS"-ONLY L H H H X ROW n/a High-Z 
.REFRESH 

CAS-BEFORE-RAS H--+L l H H. X X X High-Z 
REFRESH 

NOTE: 1. These cycles may also be BYTE WRITE cycles (either WEL or WEH active). 

MT4(l)C1M16CX 
REV. 4192 

2. EARLY-WRITE only. 
3. Data-in will be dependent on the mask provided (MT4C1 M16C7 only). Refer to Figure 4. 

MIcron Technology, Inc., reserves the right to change products or speoIfIcaIioris without f1Dlk:e. 
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ADVANCE 

MICRON MT4(L)C1 M16CX 
1- • , ~, ,1M EG x 16 D RAM 

~ TRUTH TABLE: MT4C1M16C3/5 

:e 
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ADDRESSES 
FUNCTION us- "CAS[" "Cmr WE"" lJf IR IC DOs NOTES 
Standby H H--+X H--+X X X X X High-Z 

READ: WORD L L L H L ROW COL Data Out 

READ: LOWER BYTE L L H H L ROW COL Lower Byte, Data Out 
Upper Byte, High-Z 

READ: UPPER BYTE L H L H L ROW COL Lower Byte, High-Z 
Upper Byte, Data Out 

WRITE: WORD L L L L X ROW COL Data In 5 
(EARL V-WRITE) 

WRITE: LOWER L L H L X ROW COL Lower Byte, Data In 5 
BYTE (EARL V) Upper Byte, High-Z 

WRITE: UPPER L H L L X ROW COL Lower Byte, High-Z 5 
BYTE (EARL V) Upper Byte, Data In 

READ-WRITE L L L H--+L L--+H ROW COL Data Out, Data In 1,2,5 

PAGE-MODE 1st Cycle L H--+L H--+L H L ROW COL Data Out 2 

READ 2nd Cycle L H--+L H--+L H L nfa COL Data Out 2 

PAGE-MODE 1st Cycle L H--+L H--+L L X ROW COL Data In 1,5 

WRITE 2nd Cycle L H--+L H--+L L X nfa COL Data In 1,5 

PAGE-MODE 1st Cycle L H--+L H-L H--+L L ..... H ROW COL Data Out, Data In 1,2,5 

READ-WRITE 2nd Cycle L H--+L H--+L H--+L L --+H nfa COL Data Out, Data In 1,2,5 

HIDDEN READ L --+H--+L L L H L ROW COL Data Out 2 

REFRESH WRITE L --+H--+L L L L X ROW COL Data In 1,3,5 

RAS-ONLV L H H X X ROW n/a High-Z 
REFRESH 

CAS-BEFORE-RAS H--+L L L H X X X High-Z 4 
REFRESH 

NOTE: 1. These WRITE cycles may also be BYTE WRITE cycles (either CASL or CASH active). 
2. These READ cycles may also be BYTE READ cycles (either CAS[ or CASH active). 
3. EARLV-WRITE only. 
4. Only one CAS must be active (CASL or CASH). 
3. Data-in will be dependent on the mask provided (MT 4C1 M16C5 only). Refer to Figure 5. 

MT4(L)C1M16CX 
REV. 4192 2-240 Micron Technology, Inc .• nlHMIB the right to change prodLJC18 or specificationswilhaul notice. 
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ADVANCE 

MIC:RON MT4(L)C1M16CX 
1-· "'""OCOO"'" 1 MEG x 16 DRAM 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss (5V) ....... -lV to +7V 
Voltage on Vee supply relative to Vss (3V) .... -lV to +4.6V 
Operating Temperature, TA (Ambient) ......... O°C to +70°C 
Storage Temperature (Plastic) .................... -55°C to +150°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... 50mA 

*Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

DC OPERATING SPECIFICATIONS FOR 5V VERSION 
(Notes: 1, 3, 4, 6, 7, 42) (O°C ::;; T A::;; 70°C; Vee = 5V ±1 0%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV ::;; VIN ::;; Vee 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled, OV ::;; VOUT ::;; 5.5V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -2.5mA) 
Output Low Voltage (lOUT = 2.1 mAl 

DC OPERATING SPECIFICATIONS FOR 3.0/3.3V VERSION 
(Notes: 1, 3, 4, 6, 7, 43) (O°C ::;; T A::;; 70°C; Vee = 3.0/3.3V ±1 0%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV ::;; VIN ::;; Vee 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled, OV ::;; VOUT::;; 3.6V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -1.0mA) 
Output Low Voltage (lOUT = 1.0mA) 

SYMBOL 

Vee 

VIH 

VIL 

II 

loz 

VOH 

VOL 

SYMBOL 

Vee 

VIH 

VIL 

II 

loz 

VOH 

VOL 

MIN MAX UNITS NOTES 

4.5 5.5 V 1,44 

2.4 Vec+1 V 1 

-1.0 0.8 V 1 

-2 2 j.IA 

-10 10 j.IA 

2.4 V 

0.4 V 

MIN MAX UNITS NOTES 

2.7 3.6 V 1,44 

2.0 Vec+1 V 1 

-1.0 0.8 V 1 

-2 2 j.IA 

-10 10 IlA 
2.4 V 

0.4 V 

MT4(L)C1M16CX 
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ADVANCE 

MU:::I=ION MT4(L)C1 M16CX 
1-· """",WG"" 1 MEG x 16 DRAM 

~ DC OPERATING SPECIFICATIONS FOR 5V VERSION 
(Notes: 1, 3, 4, 6, 7, 42) (O°C S; T A S; 70°C; Vcc = 5V ±1 0%) =e 

II 
=e -c 
m 
c 
::Jl » 
== 

MAX 

PARAMETER/CONDITION SYMBOL -6 -7 -8 UNITS NOTES 

STANDBY CURRENT: (TTL) Icct 2 2 2 mA 
(RAS = CAS = VI H) 

STANDBY CURRENT: (CMOS) Icc2 1 1 1 mA 25 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current ICC3 170 160 140 mA 3,4,44 
(RAS, CAS, Address Cycling: tRC = tRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current Icc4 130 120 110 mA 3,4,44 
(RAS = VIL, CAS, Address Cycling:tpC = tpc (MIN); tcp, tASC = IOns) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current ICC5 170 160 140 mA 3,5,44 
(RAS Cycling, CAS = VIH: tRC = tRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current Icc6 170 160 140 mA 3, 5 
(RAS, CAS, Address Cycling: tRC = tRC (MIN)) 

DC OPERATING SPECIFICATIONS FOR 3.0/3.3V VERSION 
(Notes: 1, 3, 4, 6, 7, 43) (O°C S; T A S; 70°C; Vcc = 3.0/3.3V ±1 0%) 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: tRC = tRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: tpc = tpc (MIN); tcp, tASC = IOns) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: tRC = tRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: tRC = tRC (MIN)) 

MT4{l)C1M16CX 
REV. 4/92 2-242 

MAX 

SYMBOL -6 -7 -8 UNITS NOTES 

Icct 1 1 1 mA 

ICC2 400 400 400 J.iA 25 

ICC3 130 120 100 mA 3,4,44 

Icc4 90 80 70 mA 3,4,44 

ICC5 130 120 100 mA 3,4,44 

ICC6 130 120 100 mA 3,4 

Micron Technology. lnc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MIC:RON MT4(L)C1M16CX 
1-· '""'"'0"''''' 1 MEG x 16 DRAM 

CAPACITANCE 
(Note: 2) 

PARAMETER 

Input Capacitance: AO-A9 

Input Capacitance: RAS, CAS!(CASL,CASH), (WEL, WEH)! WE, OE 

Input/Output Capacitance: DO 

SYMBOL 

CII 

CI2 

Cia 

MAX UNITS NOTES 

5 pF 2 

7 pF 2 

7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (DoC::; T A::; +70°C; Vee = 5V or 3.0!3.3V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 

READ-WRITE cycle time 

FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 
Access time from "CAS" 
Output Enable 

Access time from column address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 
RAS hold time 

RAS precharge time 

"CAS" pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (FAST PAGE MODE 
RAS to "CAS" delay time 

"CAS" to RAS precharge time 

Row address setup time 

Row address hold time 

RAS to column 
address delay time 

Column address setup time 

Column address hold time 

Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in Low-Z 

MT4{L)C1M16CX 
REV. 4/92 

-6 
SYM MIN MAX 
IRC 110 

tRWC 155 
tpc 35 

tpRWC 85 

tRAC 60 
tCAC 15 
tOE 15 
tAA 30 

tCPA 35 
tRAS 60 100,000 

tRASP 60 100,000 
tRSH 15 
tRP 40 

tCAS 15 100,000 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 15 45 
tCRP 5 
tASR 0 
tRAH 10 
'RAD 15 30 

tASC 0 
tCAH 10 
tAR 50 

tRAL 30 

'RCS 0 
'RCH 0 

'RRH 0 

'CLZ 0 

2-243 

MIN 
130 
180 
40 

95 

70 
70 
20 
50 
20 
70 
10 
10 
20 
5 
0 
10 
15 

0 
15 
55 

35 

0 
0 

0 

0 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 

200 ns 

40 ns 35 

100 ns 35 

70 80 ns 14 
20 20 ns 15,33 
15 15 ns 23 
35 40 ns 

40 45 ns 33 
100,000 80 100,000 ns 

100,000 80 100,000 ns 

20 ns 40 
60 ns 

100,000 20 100,000 ns 39 
80 ns 32 
10 ns 16,36 
10 ns 36 

50 20 60 ns 17,31 
5 ns 32 
0 ns 

10 ns 

35 15 40 ns 18 

0 ns 31 
15 ns 31 
60 ns 

40 ns 

0 ns 26,31 
0 ns 19,26,32 

0 ns 19 

0 ns 33 

Micron Technology, Inc., resetves the right to change products or speciftcations without notioe. 
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ADVANCE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C ::; T A ::; + 70°C; Vee = 5V or 3.0/3.3V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Output buffer turn-off delay 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write cornmand pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data·in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

RAS to WE delay time 

Column address 
to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CAS-BEFORE-RAS refresh) 

CAS hold time 
(CAS-BEFORE'RAS refresh) 

WE hold time (MASKED WRITE 
and CAS-BEFORE-RAS refresh) 

WE setup time 
(CAS-BEFORE-RAS refresh) 

WE setup time 
(MASKED WRITE) 

CiE setup prior to RAS during 
HIDDEN REFRESH cycle 

Output disable 

CiE hold time from WE during 
HIDDEN REFRESH cycle 

Last CAS going LOW 

to first CAS to return HIGH 

Mask data to RAS setup time 

Mask data to RAS setup time 

MT4(ljC1M16CX 
REV. 4192 

-6 

SYM MIN 
tOFF 0 

twcs 0 

twCH 10 

twCR 45 

twp 10 
tRWL 15 
tCWL 15 
tDS 0 
tDH 10 

tDHR 45 

tRWD 85 
tAWD 55 

tCWD 40 
tT 3 

tREF 

tRPC 0 
tCSR 5 

tcHR 15 

tWRH 15 

tWRP 10 

twRS 10 

tORD 0 

too 

tOEH 15 

tCLCH 10 

tMS 0 
tMH 15 

MAX MIN 
15 0 

0 

15 

55 

15 

20 

20 

0 

15 

55 

95 

60 

45 

50 3 

16 

0 

5 

15 

15 

10 

10 

0 

15 

15 

10 

0 

15 

2-244 

-7 -8 

MAX MIN MAX UNITS NOTES 
20 0 20 ns 20,29,33 

0 ns 21,26,31 

15 ns 26,40 

60 ns 26 

15 ns 26 

20 ns 26 

20 ns 26,32 

0 ns 22,33 

15 ns 22,33 

60 ns 

105 ns 21 

65 ns 21 

45 ns 21,31 

50 3 50 ns 9,10 

16 16 ms 28 

0 ns 

5 ns 5,31 

15 ns 5,32 

15 ns 26,27 

10 ns 26 

10 ns 26,27 

0 ns 

15 15 ns 29,41 

15 ns 28 

10 ns 34 

0 ns 26,27 

15 ns 26,27 

Micron Technology, Inc., reserves the right to change products or spe<::lflcations without notice 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = SV or 3.0/3.3V 

±100/0;f = 1 MHz. 
3. Ice is dependent on cycle rates. 
4. Ice is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (O°C ::; T A ::; 700 q is assured. 

7. An initial pause of lOOl1s is required after power-up 
followed by eight RAS refresh cycles ( RAS-ONL Y or 
CBR) before proper device operation is assured. The 
eight RAS cycle wake-up should be repeated any time 
the iREF refresh requirement is exceeded. 

8. AC characteristics assume IT = Sns. 
9. Vrn (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and Vrn). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between Vrn and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = Vrn, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 1 TTL gate and 

SOpF. 
14. Assumes that IRCD < tRCD (MAX). If tRCD is greater 

than the maximum recommended value shown in 
this table, !RAC will increase by the amount that 
tRCD exceeds the value shown. 

15. Assumes that tRCD ~ tRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the Q buffer, CAS must be pulsed 
HIGH for tCPN. 

17. Operation within the IRCD (MAX) limit ensures that 
!RAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

18. Operation within the !RAD limit ensures that IRCD 
(MAX) can be met. tRAD (MAX) is specified as a 
reference point only; if !RAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

MT4(L)C1M16CX 
AEV.4/92 

ADVANCE 

19. Either IRCH or tRRH must be satisfied for a READ 
cycle. 

20. toFF (MAX) defines the time at which the output 
achieves the open circuit condition (not a reference to 
VOHorVoL). 

21. twcs, tRWD, tAWD and !CWD are restrictive 
operating parameters in LATE-WRITE and READ­
MODIFY-WRITE cycles only. If twcs ~ twcs (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If tRWD ~ tRWD (MIN), tAWD ~ tAWD 
(MIN) and !CWD ~ tCWD (MIN), the cycle is a 
READ-WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions is met, the state of Q (at access time and 
until CAS or OE goes back to Vrn) is indeterminate. 
OE held HIGH and WE taken LOW after CAS goes 
LOW results in a LATE-WRITE (OE controlled) cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY -WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. During a READ cycle, if OE is LOW then taken HIGH 
before CAS goes HIGH, Q goes open. If OE is tied 
permanently LOW, LATE-WRITE and READ­
MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

25. All other inputs at Vcc -0.2V. 
26. Write command is defined as either WEL or WEH or 

both going LOW on the MT4C1M16C6/7. Write 
command is defined as WE going LOW on the 
MT4C1M16C3/S. 

27. MT4C1M16CS/7 only. 
28. LATE-WRITE and READ-MODIFY-WRITE cycles 

must have both tOD and toEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after tOEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

29. The DQs open during READ cycles once tOD or tOFF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 

2-245 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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NOTES (continued) 
30. Notes 31 through 41 apply to MT4C1M16C3/5 only 

(*). 
31. *The first CASx edge to transition LOW. 
32. *The last CASx edge to transition HIGH. 
33. *Output parameter (DQx) is referenced to corre­

sponding CAS input; DQ1-DQ8 by CASL and DQ9-
DQ16 by CASH. 

34. *Last falling CASx edge to first rising CASx edge. 
35. *Last rising CASx edge to next cycle's last rising CASx 

edge. 
36. *Last rising CASx edge to first falling CASx edge. 

MT4(L)C1Ml6CX 
REV. 4/92 

ADVANCE 

37. 'First DQs controlled by the first CASx to go LOW. 
38. 'Last DQs controlled by the last CASx to go HIGH. 
39. *Each CASx must meet minimum pulse width. 
40. *Last CASx to go LOW. 
41. 'All DQs controlled, regardless CASL and CASH. 
42. The 5V version is restricted to operate between 4.5 V 

and 5.5V only. 
43. The 3.0/3.3V version is restricted to operate between 

2.7 V and 3.6V only. 
44. Column address changed once while RAS = VIL and 

CAS = VIH. 

2-246 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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READCVCLE 

'AAS 

,'----
teSH 

ADDR ROW )(@@ COlUMN &,,///////////////////////;X ROW 

lACS ~I 

WEl~~~ ~t~ =1/////////////////////////////// VI//////////////////;/; 
'AA 

~I, 
OQ ~t8~ =---------OPEN------~~tV~AL~IOO~AT~Aj~OPEN---

I. 'DE 1 '00 

DE ~:t -~1/;'7711j;7771 /;~1 jj;'7T.1/ /;'771;/;7171;/TT71 jj;=/!/;TT7/!/;T77//;TT7/!/;'7T.1/ /;TT7/!/;T771;/;TT7~=/!/;'7TW777Wi 1// ## /1#// #/### /;1//#/11/,0 

RAS V,H 
V" 

CASH,CASI V,H 
orCAS V" 

ADDR 
V,H 
V" 

EARL V-WRITE CVCLE 

AC 

tRAS 'AP 

- , 
-

teSH 

IRSH 

I~ tRCO 'CAS tCLCH 

=-' 
IAA 

lRAD tAAL 

~ ~I ·I~ ~ 
~,,?t AOW K0;/'M COLUMN AOW 

'CWL 

I IRWL 

tWCR 

twcs ~ 

I~ tWRfil IWp 

NOTE 1 1(/////,-1 f//////////////////////////////////////~ 
tOHR 

I~~I I~ ~I 
J////////fiiI NOTE' N///////,lIl VALID DATA 

m DON'TGARE 

@lSI UNDEFINED 

ADVANCE 

NOTE: 1. Applies to MT4C1M16C5 and MT4C1 M16C7 only. WE selects between normal WRITE and MASKED 

MT4{L)C1MI6CX 
REV. 4/92 

WRITE at RAS lime. The DO inputs are "don't care" for a normal WRITE (WE HIGH at RAS time). The DO 
inputs provide the mask data at RAS time for a MASKED WRITE (WE LOW at RAS time). WEL, WEH and 
DO inputs on MT4C1 M16C3 and MT4C1M16C6 are "don't care" at RAS time. 
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ADVANCE 

MIC:RON MT4(L)C1M16CX 
1-· ,,,,,''co,,", 1 MEG x 16 DRAM 

READ"WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

IRWC 
IR' 

tCSH 

~I ______ ~IRC~D _______ I __ I~CA~S ____ ~~L~CH ________ I 

CASH.C~ ~i~:::: 
orCAS 

WEL,WEH VtH --'7770'777.m.l----:-'-:'::---4,'777:=lc-t------1--------------11 
orWE Vil --<LLLlLL.-'-'L1'-__ rr--'A"'<LLLLLI 1l'----=I.LLLI.LLL,,"-LL/:LLLl:LLLL/.L, 

ADDR ~:r 

00 ~Ig~ 

FAST-PAGE-MODE READ CYCLE 

FL -
tCSH Ipc lASH 

lAP 

I~ 'eRP tRCD tCAS, 'clCH ~ leAS. tclCH _IC' ___ 'fAs, ICLC~y tCPN 

=-' ~ ~ A 
IRAD IAR I I ~I IRAL ' I 

_77nI~ lRAH-'I/TT7A ~ ~ .I~ leAH:1 ~ leAH:1 I 
~ =I//J\ ROW WI/} COLUMN WIIIIIIJ{ COLUMN Wllillil COLUMN ROW 

I IRCS I 
'RCH- I~-Ilt-IRCS I IRCH- I·I-ilt-IRCS -I ~I_IRRH 

~ 

I 
1M ru 'AA vp 1M 

I tRAG I tePA I ~PA 

I~ .m. I~ ~ I~ -
IcLz-- 1:-

VALID 

tCLZ-- r- leLZ_ L 
VALID OPEN VAUO 

DATA 

,~~ 
DATA 

II~I~ ,I~r 

~ 

-'OFf 

t-- 0PEN -

f:lZI DON'T CARE 

~ UNDEFINED 

NOTE: 1. Applies to MT4C1M16C5 and MT4C1M16C7 only. WE selects between normal WRITE and MASKED 

MT4(L)C1MI6CX 
REV,4!92 

WRITE at RAS time. The DO inputs are "don't care" for a normal WRITE (WE HIGH at RAS time). The DO 
inputs provide the mask data at RAS time for a MASKED WRITE (WE LOW at RAS time). WEL, WER and 
DO inputs on MT4C1M16C3 and MT4C1M16C6 are "don't care" at RAS time. 

2-248 Micron Technology, Inc., reserves the right to change products or specificatIOns wllhout notice. 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 

'CRP ICSH 

~ 1----"""--1 

DE ~:r $1!1I!1I!/$/I!/!///$//I!///I////!/I!//II/!/////I//!!I//$II!//$$/II/I!!I!I!//$/I/!/I!I!/II/!//II1////$II!!: 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODiFY-WRITE CYCLES) 

~ DON'T CARE 

~ UNDEFINED 

ADVANCE 

NOTE: 1. Applies to MT4C1M16C5 and MT4C1M16C7 only. WE selects between normal WRITE and MASKED 

MT 4(L)C1 M16CX 
REV. 4192 

WRITE at RAS time. The OQ inputs are "don't care" for a normal WRITE (WE HIGH at RAS time). The OQ 
inputs provide the mask data at RAS time for a MASKED WRITE (WE LOW at RAS time). WEC, WEH and 
DQ inputs on MT4C1M16C3 and MT4C1M16C6 are "don't care" at RAS time. 
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MT4(L)Ctf.116CX 
REV. 4192 

"FIAS-ONL Y REFRESH CYCLE 
(ADDR = AO-A9, OE; WEL, WEH or WE = DON'T CARE) 

RAs ~:~ _ !f \ 
I~'I~ '---

CAS~ASH ~:~:. ---' "--1 

ADDR ~:~ =ai~ow~b$////;/$$;/$$,.//,./$$"///;/J<~----

DO 

Q ~g~ -~--------

'CAS"-BEFORE-"FIAS REFRESH CYCLE 
(AO-A9; and OE = DON'T CARE) 

'RP 'RAS 'RP 'RAS 

.---1. 'RPc~ll~ 
I~ teSR 'CHA -I 

'APe leSR 'CHR 

~ , ! , ! 
OPEN 

¥ 

~ ~ ~ ~ 

W//@//@/;//I;I;//;///#I;I// 

HIDDEN REFRESH CYCLE 24 

(WEL, WEH orWE = HIGH; OE = LOW) 

= tRCD 

J 
CAS~~ASH ~IH 

CAS IL-

'AR 

'RAD 

I~ I~ 

(READ) , 
RAS 

11 
II 

'RSH 

II IRAL 

~14tCAH_1 

RP 

r-------i 

ADDR ~l~ 'l'///M ROW ~ COLUMN 

I 1 IAA 

I tRAC 

I~~ -L 
~~~ 

OPEN DQx ~:gr-

~ 

(REFRESH) , 
RAS 

leHR 

VALID DATA 

Y 

J -!oFF 

t- 0PEN -

~ 

1m! DON'T CARE 

~ UNDEFINED 

ADVANCE 
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ADVANCE 

MIC::RON MT4(L)C1 M16CX S 
1-·" 1 MEG x 16 DRAM 

DRAM 

FEATURES 
• Self Refresh, ie "Sleep Mode" 
• Industry standard x16 pinouts, timing, functions 

and packages 
• High-performance, CMOS silicon-gate process 
• Sirigle +5V only or +3.0/ +3,3V only ±1O% power 

supply 
• All device pins are fully TIL compatible 
• Refresh modes: RA5-0NL Y, CAS-BEFORE-RAS (CBR), 

HIDDEN and BATTERY BACKUP (BBU) 
• Optional FAST PAGE MODE access cycle 
• BYTE WRITE access cycle 
• BYTE READ access cycle (MT4C1M16C3/5 5 only) 
• NONPERSISTENT MASKED WRITE access cycle 

(MT4C1Ml6C5/7 5 only) 
• 1,024 cycle refresh in 128ms (10 rows and 10 columns) 
• Low power, 2mW standby; 500mW active, typical (5V) 

OPTIONS MARKING 
• Timing 

60ns access - 6 
70ns access - 7 
SOns access - 8 

• Power Supply 
+5V ±10% only 4C 
+3.0/3.3V ±10% only 4LC 

• RefreSh Rate 
1,024 Rows None 
4,096 Rows Contact Factory 

• Write Cycle Access 
BYTE or WORD via CAS 16<::35 
(non-maskable) 
BYTE or WORD via CAS 16C5S 
(maskable) 
BYTE or WORD via WE 16C6S 
(non-maskable) 
BYTE or WORD via WE 16C7S 
(maskable) 

• Packages 
Plastic SOJ (400 mil) OJ 
Plastic TSOP (400 mil) TG 

• Part Number Example: MT4C1Ml6C3DJ-7S 
NOTE: Available in die form. Please consult factory for die data sheets. 

MT4(L)C1M16CX S 
REV. 4192 

1 MEG X 16DRAM ~ 
S.OV SELF REFRESH (MT 4C1 M16CX S) :e 
3.0/3.3V, SELF REFRESH (MT 4LC1 M16CXS) II 

PIN ASSIGNMENT (Top VieW) 

42-Pin SOJ 
(0-7) 

Veo 
OQ1 
002 
OQ3 
004 
Vee 

DQ5 
DQ5 
OQ7 
DQ9 

NC 

1 42 
2 41 
3 40 
4 39 
5 38 
6 37 
7 36 
8 35 
9 34 
10· 33 
11 32 
12 31 
13 30 

Vss 
0016 
0015 
0014 
0013 
Vss 
0012 
oon 
0010 
009 
NC 
NCiCAS[· 
CAS/CASH· 

Veo 
001 

OWEUNC 
"WEHJiiiE 

RAS 
NC 
NC 
AD 
A1 

A2 

14 29 OE DQ2 

"" Veo 

15 
16 
17 
18 
19 
20 
21 

28 A9 
27 AS 
26 A7 
25 A6 
24 AS 
23 A4 
22 Vss 

DQ3 
DQ4 

Veo 
DQ5 

006 
001 
008 

NO 

NO 
"WEUNC 

. "\'i1§lIWE 

lIAS 
NO 
NO 
All 
A1 
A2 

"" Veo 

'MT4C1M16C617 S / MT4C1M16C3I5 S 

44·PinTSOP 
(R-6) 

v" 
0016 
00115 na,. 

10013 

NC 
NCJCASL* 
~ . 
OE 
AS 
AS 
A7 
AS 
AS 
A4 
Vss 

GENERAL DESCRIPTION 
The MT4C1M16CX 5 and MT4LC1M16CX 5 are 

randomly accessed solid-state memories containing 
16,777,216 bits organized in a x16 configuration. The 
MT4CIMl6CX 5 and the MT4LC1Ml6CX 5 are the same 
DRAM versions exceptthattheMT4LC1M16C.XSis the low 
voltage version ofMT4C1Ml6CX S. The MT4LC1Ml6CX 5 
is designed to operate in either a 3.0V ±10% or a 3.3V ±10% 
memory system. All further references made· for the 
MT4C1M16CX 5 also apply to the. MT4LC1M16CX 5, 
unless specifically. state otherwise. The MT4CIM16C6 5 
and MT4C1M16C7 5 have b6thBYTE WRITE and WORD 
WRITE access cycles via two write enable pins. The 
MT4CIM16C3 5 and MT4C1Ml6C5· 5 have both BYTE 
WRITE and WORD WRITE acc~sscycles via two CAS pins. 

Micron Technology, Inc., reserves the right1D change products or ~iflcations wlthOt,d notice. 
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ADVANCE 

MICRON MT4(L)C1 M16CX S 
1-· '"'' 1 MEG x 16 DRAM 

z m The MT4CIMl6C5 Sand MT4CIM16C7 S are also able to 
~ perform WRITE-PER-BIT accesses. < The MT4CIMl6C3 S and MT4CIM16C6 S function in 
_ the same manner except that WEL and WEH on 

MT4CIMl6C6 Sand CASL and CASH on MT4CIMl6C3 S 
control the selection of BYTE WRITE access cycles. WEL 

~ and WEHfunctioninanidenticalmannerto WEinthateither < WEL or WEH will generate an internal WE. CASL and 
-0 CASH function in an identical manner to CAS in that either 

CASL or CASH will generate an internal CAS. m The MT4CIMl6C6 S "WE" function and timing are de-
termined by the first WE (WEL or WEH) to transition LOW o and by the last to transition back HiGH. Use of only one of 

::lJ the two results in a BYTE WRITE cycle. WEL transitioning 
l> LOW selects a WRiTE cycle for the lower byte (DQI-DQ8), 
, and WEH transitioning LOW selects a WRITE cycle for the 
::::. upper byte (DQ9-DQ16). 

The MT4CIMl6C3 S "CAS" function and timing are de­
termined by the first CAS ( CASL or CASH) to transition 
LOW and the last to transition back HIGH. Use of only one 
of the two results ina BYTE WRITE cycle. CASLtransitioning 
LOW selects a WRITE cycle for the lower byte (DQI-DQ8) 
and CASH transitioning LOW selects a WRITE cycle for the 
upper byte (DQ9-DQ16). BYTE READ cycles are achieved 
through CASL or CASH in the same manner during READ 
cycles for the MT4CIMl6C3 S. 

The MT4CIMl6C5 S and MT4CIMl6C7 S function in the 
same manner as MT4CIM16C3 Sand MT4CIM16C6 S, 
respectively; and they have NONPERSISTENT MASKED 
WRITE cycle capabilities. This option allows the 
MT4CIM16C5SandMT4CIM16C7Stooperatewitheither 
normal WRiTE cycles or NONPERSISTENT MASKED 
WRiTE cycles. 

FUNCTIONAL BLOCK DIAGRAM 

: MT4C1M16C617 S ,------..;..-.-------------------------------------, 
ONLY 

WEL 0-4-1--lIi:\ WE 
WEH ~~~-----------, 

MT4C1M16C3/5 S 
ONLY 

AO 
A1 

A2 

A3 
A4 

AS 

A6 

A7 
AS 

A9 

MT4(L)CfM16CXS 
REV. 4192 

CASL o-<4~'" 
CASH I>+-='-t--<L __ ~ 

SELF-REFRESH 
OSCILLATOR' 

and TIMER 

2-252 

DATA IN BUFFER 

1024 x 1024 x 16 
MEMORY 
ARRAY 

001 

• • 
0016 

i------oOE 

--.0 Vex; 

--.0 Vss 

MIcron Technology, Inc., reserves the right to change producIB or spec~s WIthout notice. 
@1992,MicronTechflOlogy,lnc. 



ADVANCE 

MIC::r=lON MT4(L)C1M16CX S 
1-· '" 1MEGx16DRAM 

PIN DESCRIPTIONS 

SOJ 
PINS 

14 

30 

29 

13 

12 

31 

17-20, 
23-28 

MT"{L)CIM18CXS 
REV,4192 

TSOP 
PINS 

18 

34 

33 

17 

16 

35 

21-24, 
27-32 

SYMBOL TYPE 

'RAS" Input 

CAS/CASH Input 

DE" Input 

WEHt'WE Input 

wroNC Input 

NC/CAS[ Input 

AO-A9 Input 

OESCRIPTION 

ROW Address Strobe: RAS is used to latdh-in the 10 row-
address bits and strobe the WE and DOs on the MASKED 
WRITE option (MT4C1M16C5 Sand MT4C1M16C7 S only). 

Column Address Strobe: CAS (MT4C1 M16C6/7 S) is used 
to latch-in the 10 column-address bits, enable the DRAM 
output buffers, and strobe the data inputs on WRITE cycles. 
CAS controls D01 through D016. 

Column Address Strobe Upper Byte: CASH (MT4C1M16C3/ 
5 S) is the CAS" control for D09 through D016. The DOs for 
the byte not being accessed will remain in a High-Z (high 
impedance) state during either a READ or a WRITE access 
cycle. 

Output Enable: OE enables the output buffers when taken 
LOW during a READ access cycle. RAS and CAS 
(MT4C1M16C617 S) or CASL/ CASH (MT4C1M16C3/5 S) 
must be LOW and WEL / WEH (MT 4C1 M16C6t7 $) or WE 
(MT4C1M16C3/5 S) must be HIGH beforeOE will control the 
output buffers. Otherwise, the output buffers are in a High-Z 
state. 

Write Enable Upper Byte: WEH (MT4C1M16C6/7 S) is 
WE control for the D09 through D016 inputs. If WE or 
WEH is LOW, the access is a WRITE cycle. If either WE 
or WEH is LOW at RAS time on MT4C1M16C7 S, then it 
is also a MASKED WRITE cycle. The DOs for the byte not 
being written will remain in a High-Z state (BYTE WRITE 
cycle only). 

Write Enable: WE (MT4C1 M16C3/5 S) controls D01 
through D016 inputs. If WE is LOW, the access is a 
WRITE cycle. The MT4C1 M16C5/7 S also use WE to 
enable the MASK register during RAS time. 

Write Enable Lower Byte: WEL (MT 4C1 M16C617 S) is the 
WE control for D01 through D08 inputs. If WEL is LOW, the 
access is a WRITE cycle. If WEL is LOW at RAS time on 
MT4C1M16C3 S, then it is also a MASKED WRITE cycle. 
The DOs for the byte not being written will remain in a High-
Z state (BYTE WRITE cycle only). 

Column Address Strobe Lower Byte: CASL (MT4C1M16C3/ 
5 S) is the CAS control for 001 through D08. The DOs for 
the byte not being accessed will remain in a High-Z state 
during either a READ or a WRITE access cycle. 

Address Inputs: These inputs are multiplexed and. clocked by 
RAS and CAS (or CASL / CASH) to select one 16-bit word 
(or 8-bit byte) out of the 1 Meg available words. 

Micron Technology. Inc., reserves the right to change products or speoJflcatlon&Wlthout notlce. 
@1992, Micron Technology, Inc. 
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ADVANCE 

MICRON MT4(L)C1 M16CX S 
1-·, 1 MEGx 16 DRAM 

z m PIN DESCRIPTIONS (continued) 

:e 
II 
:e -c 
m 
c 
::XJ » 
i: 

SOJ 
PINS 

2-5,7-10, 
33-36, 
38-41 

11,15,16,30-32 

1,6,21 

22,37,42 

MT4(L)C1Mtecx~ 
REV. 4192 

TSOP 
PINS 

2-5,7-10, 
41-44, 
46-49 

11,15,36,40 

1,6,25 

26,45,50 

SYMBOL TYPE 

001-0016 Input! 
Output 

NC -

Vcc Supply 

Vss Supply 

DESCRIPTION 
Data 1/0: For WRITE cycles, 001-0016 act as inputs to the 
addressed DRAM location. BYTE WRITEs can be performed 
by usingWE["/WE'R (MT4C1M16C617 S) or~/TIASR 
(MT4C1M16C317 S) to select the byte to be written. For 
READ access cycles, 001-0016 act as outputs for the 
addressed DRAM location. All sixteen I/Os are active for 
READ cycles (MT4C1M16C6/7 S). The MT4C1M16C3/5 S 
allow for BYTE READ cycles. 

No Connect: These pins should be left either unconnected or 
tied to ground. 

Power Supply: +5V ±1 0% (C) or 3.0/3.3V ±1 0% (LC) 

.Ground 

2-254 Micron Technology, Inc., reserves the right tu change products or specifications without notice. 
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ADVANCE 

MIC:RON MT4(L)C1M16CX S 
1-· '"O""ow"""' 1 MEG x 16 DRAM 

FUNCTIONAL DESCRIPTION 
Each bit is uniquely addressed through the 20 address 

bits during READ or WRITE cycles. These are entered 10 
bits (AO -A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. 

The CAS control also determines whether the cycle will 
be a refresh cycle (RAS-ONL Y) or an active cycle (READ, 
WRITE or READ-WRITE) once RAS goes LOW. The 
MT4C1M16C6 S and MT4C1M16C7 S each have one CAS 
control while the MT4C1M16C3 S and MT4C1M16C5 S 
have two: CASL and CASH. 

The CASL and CASH inputs internally generate a CAS 
signal functioning in an identical manner to the single 
CAS input on the other 1 Meg x 16 DRAMs. The key 
difference is each CAS controls its corresponding DQ 
tristate logic (in conjunction with OE and WE). CASL 
controls DQ1 through DQ8, and CASH controls DQ9 
througj1 DQ16. 

The MT4C1M16C3 Sand MT4C1M16C5 S "CAS" 
function is determined by the first CAS (CASL or CASH) 
to transition LOW and the last one to transition back 
HIGH. The two CAS controls give the MT4C1M16C3 S 
and MT4C1M16C5 S both BYTE READ and BYTE WRITE 
cycle capabilities. 

READ or WRITE cycles on the MT4C1M16C3 S or 
MT4C1M16C5 S are selected with the WE input while 
either WEL or WEH perform the "WE" on the 
MT4C1M16C6 S or MT4C1M16C7 S. The MT4C1M16C6 S 
and MT4C1M16C7 S "WE" function is determined by the 
first BYTE WRITE (WEL or WEH) to transition LOW and 
the last one to transition back HIGH. 

A logic HIGH on WE dictates READ mode while a logic 
LOW on WE dictates WRITE mode. During a WRITE cycle, 
data-in (D) is latched by the falling edge of WE or CAS, 
whichever occurs last. Taking WE LOW will initiate a 
WRITE cycle, selecting DQ1 through DQ16. If WE goes 
LOW prior to CAS going LOW, the output pin(s) remain 
open (High- Z) until the next CAS cycle. If WE goes LOW 
after CAS goes LOW and data reaches the output pins, 
data out (Q) is activated and retains the selected cell data 
as long as CAS and OE remain LOW (regardless of WE or 
RAS). This late WE pulse results in a READ-WRITE cycle. 

The 16 data inputs and 16 data outputs are routed 
through 16 pins using common I/O. Pin direction is con­
trolled by OE , WEL and WEH (MT4C1M16C6 S 
and MT4C1M16C7 S) or WE (MT4C1M16C3 Sand 
MT4C1M16C5 S). 

FAST PAGE MODE operations allow faster data opera­
tions (READ, WRITE or READ-MODIFY -WRITE) within a 

row address (AO-A9) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed­
in by CAS. CAS may be toggled-in by holding RAS LOW 
and strobing-in different column addresses, thus executing 
faster memory cycles. Returning RAS HIGH terminates 
the FAST PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby 
level. The chip is also preconditioned for the next cycle 
during the RAS high time. Memory cell data is retained in 
its correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONL Y, CAS-BEFORE­
RAS, or HIDDEN refresh) so that all 1,024 combinations of 
RAS addresses (AO-A9) are executed at least every 128ms, 
regardless of sequence. The CAS-BEFORE-RAS refresh 
cycle will also invoke the refresh counter and controller for 
ROW address control. 

BATTERY BACKUP MODE (BBU) is a CBR refresh 
performed at the extended refresh rate with CMOS input 
levels. This mode provides a very low current, data reten­
tion cycle. RAS or CAS time refers to the time at which 
RAS or CAS transition from HIGH to LOW). 

SELF REFRESH is similar to BBU except that the DRAM 
provides its own internal clocking during "SLEEP 
MODE". Thus, an external clock is not required for addi­
tional power savings and design ease. The SELF REFRESH 
version retains the extended refresh rate of 128ms. 

BYTE ACCESS CYCLE 
The BYTE WRITE mode is determined by the use of 

WEL and WEH or CASL and CASH. Enabling WELl 
CASL will select a lower BYTE WRITE cycle (DQ1-DQ8). 
Enabling WEH or CASH will select an upper BYTE WRITE 
cycle (DQ9-DQ16). Enabling both WEL and WEH or CASL 
and CASH selects a WORD WRITE cycle. 

The MT4C1M16C3 S, MT4C1M16C5 S, MT4CIM16C6 S 
and MT4C1M16C7 S may be viewed as two 1 Meg x 8 
DRAMs that have common input controls, with the ex­
ception of the WE or the CAS inputs. Figure 1 illustrates 
the MT4C1M16C6 S BYTE WRITE and WORD WRITE 
cycles and Figure 2 illustrates the MT4C1M16C3 S BYTE 
WRITE and WORD WRITE cycles. 

The MT4C1M16C3 S also has BYTE READ and WORD 
READ cycles, since it uses two CAS inputs to control its 
byte accesses. Figure 3 illustrates the MT4C1M16C3 S BYTE 
READ and WORD READ cycles. 

MT4(L)C1Mi6CXS 
REV. 4192 2-255 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MASKED WRITE ACCESS CYCLE (MT4CIM16C5/7 S 
Only) 

The MASKED WRITE mode control input selects normal 
WRlTE access or MASKED WRlTE access cycles. Every 
WRITE access cycle can be a MASKED WRITE, depending 
on the state of WE at RAS time. A MASKED WRITE is 
selected when mask dafa is supplied on the DQ pins and 
WE is LOW at RAS time. The MT4C1M16C3 Sand 
MT4C1M16C6 S do not have the MASKED WRITE cycle 
function. . 

The data (mask data) present on the DQ1-DQ16 inputs at 
RAS time will be written to an internal bit mask data 
register and will then act as an individual write enable for 
each of the corresponding DQ inputs. If a LOW (logic "0") 
is written to a mask data register bit, the input port for that 

I- WORD WRITE 

RAS \ 

CAS \ 

WEL \ 
WEH \ 

ADVANCE 

bit is disabled during the following WRITE operation and 
no new data will be written to that DRAM cell location. A 
HIGH (logic "1") on a mask data register bit enables the 
input port and allows normal WRITE operations to pro­
ceed. At CAS time, the bits present on the DQ} -DQ16 inputs 
will be written to the DRAM (if the mask data bit was 
HIGH) or ignored (if the mask data bit was LOW). 

New mask data must be supplied each time a MASKED 
WRITE cycle is initiated (non-persistent), even if the previ­
ous cycle's mask was the same. 

Figure 4 illustratestheMT4C1M16C7SMASKEDWRITE 
operation and Figure 5 illustrates the MT4CIM16C5 S 
MASKED WRITE operation. 

·1- LOWER BYTE WRITE ·1 
/ \ I 

/ \ I 

r- \ ;-
/ 

STORED INPUT STORED STORED INPUT STORED 

MT4(LlC1M16CX S 
REV. 4/92 

DATA DATA 
._----;;> 

-----3> 
0 ---- --;;:.-

LOWER BYTE 0 ------» 
(001-008) 0 .. --.-~ 

OF WORD ------:;>-
-----;;:.. 

0 .-----3> 

0 .-----3> 

-----3> 
0 .-----3> 

UPPER BYTE 0 .-----';> 
(009-0016) 0 .-----3> 
OF WORD 0 0 .-----3> 

.-----;::.. 

0 .-----3> 

ADDRESS 0 

x = NOT EFFECTIVE (DON'T CARE) 

DATA DATA DATA DATA 
.-----3> 

------3> 
-----3> 

------;;::. 
.-----3> 

._----!$> 

.-----3> 

------;;> 

x ... ---~ 
x .-.---~ 

x .-----~ 

x .-----~ 

x .-----~ 

x .-----~ 

x .-.---~ 

x .-.---~ 

• • ------ ADDRESS 1 

Figure 1 
MT4C1M16C6/7 S WORD AND BYTE WRITE EXAMPLE 

2-256 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT4(L)C1 M16CX S 
1-· ,,,,,,"ocoo,,,, 1 MEG x 16 DRAM 

/. WORD WRITE ---__ / •• ---- LOWER BYTE WRITE _/ 

RAS ----,\ / \ ;-

CASL 

CASH 

WE 

LOWER BYTE 
(001-008) 
OF WORD 

UPPER BYTE 
(009-0016) 
OF WORD 

tT4(l)C1M16CX S 
lEV. 4/92 

STORED 

DATA 

1 

a 

a 

a 

a 
a 
a 
a 

\'--------'/ 

\'------'/ 

\'-~--+--~/ 

INPUT INPUT STORED STORED 

DATA DATA DATA DATA 
a -----------------3> a a 
a -----------------3> a a 
1 -----------------3> 1 1 

a -----------------3> a a 
a -----------------3> a a 
a -----------------3> a a 
a -----------------3> a a 
a -----------------3> a a 

X ------3> 

X ------3> 

X -.----3> 

X ------3> 

1 

a 
1 

a 

------3> 1 
------3> a 
------3> 1 
------3> a 

X ------3> ------3> 1 

X ------3> -----3> 1 
X ------3> 1 ------3> 1 

X -----3> 1 ------3> 1 

1 

a 

a 

\ ;-

\ / 

INPUT INPUT STORED 

DATA 

1 

DATA DATA 
-----------------3> 1 

1 - - --- --- --- -- -- - -3> 1 
a -----------------3> a 
1 -----------------3> 1 

1 -----------------3> 1 
-----------------3> 1 
-----------------3> 1 

1 -- --- --- - - - -- --- -3> 1 

X -----------------3> 1 

X -----------------3> a 
x -----------------3> 1 

X -----------------3> a 
x -----------------3> 

X -----------------3> 

X -----------------3> 1 

X -----------------3> 1 

----- ADDRESS a ----..... -----­
x = NOT EFFECTIVE (DON'T CARE) 

ADDRESS 1 

Figure 2 
MT4C1 M16C3/S 5 WORD AND BYTE WRITE EXAMPLE 

2-257 Micron Technology, Inc., reserves the right to change products or specifications withQut notice. 
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ADVANCE 

MICRON MT4(L)C1M16CX S 
1-· ""''''''''"' 1 MEG x 16 DRAM 

RAS 

CASL 

CASH 

WE 

LOWER BYTE 
(001-008) 
OFWORO 

UPPER BYTE 
(009-0016) 

MT4(L)C1M16CXS 
REV. 4192 

OFWORO 

\- WORD READ -\- LOWER BYTE READ -\ 
~ / \ r-

/ \ r-
\ / 

~ "----I 

STORED OUTPUT OUTPUT STORED STORED OUT UT OUTPUT STORED 
DATA 

0 

1 

0 

0 

Z= High-Z 

DATA DATA 
1 -----". 1 

------". 1 
------". 0 

1 ------". 

------". 

------". 1 
1 ------". 1 

1 ------". 1 

Z .-----;:.. 0 

Z ------". 1 

Z ------". 0 

Z -----". 1 

Z ------". 0 

Z ------". 0 

Z ------". 0 

Z .-----;:.- 0 

ADDRESS 0 

DATA DATA DATA DATA DATA 

1 1 1 -----". 1 

1 1 ------". 1 

o o ------". 0 

1 ------". 1 

------". 1 
------". 

1 ------". 

1 ------". 1 

0 Z ------". Z 

Z ._----;> Z 

0 Z ------". Z 

1 1 Z .-----3>- Z 1 

0 0 Z ------". Z 0 

0 Z ._----;> Z 
0 0 Z .-----3>- Z 0 

0 0 Z .-----;::.. Z 

- - ADDRESS 1 

Figure 3 
MT4C1M16C3/SS WORD AND BYTE READ EXAMPLE 
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MIC:RON MT4(L)C1M16CX S 
1-· "'",0""'", 1 MEGx 16 DRAM 

RAS 

..cAS 

WEL 

WEH 

LOWER BYTE 
(001-008) 
OFWORO 

UPPER BYTE 
(009-0016) 

1T4(L)C1M16CX S 
EV.4/92 

OFWORO 

I- MASKED WRITE -I- NON MASKED WRITE -I 
\ / ~ r 

\ / \ r 
\ " III;//A IIII/;"A i/;";/II//; 

~ Illl1lA 1//11111/1 /J WIIIIA /;"I!!!;/;/ I /1/ 

STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA DATA DATA DATA DATA 

X o .-----3> 0 1 .-----3> 

X o .-----3> 0 0 1 ,-----3> 

X 0 -----3>- 0 1 1 .-----3> 

X o .-----3> 0 .-----3> 1 

X o ,-----3> 0 ."----3> 0 
X 0 .-----3> 0 1 0 .-----3> 0 

X 0 .-----3> 0 0 0 .-----3> 1 

X o .-----3> 0 .-----3> 0 

X X 1 .-----3> 

1 X X 0 ,-----3> 

0 X 0 0 X 1 .-----3> 1 

X 0 0 X 0 .-----3> 0 

0 0 ,-----3> 0 0 X 1 .-----3> 

0 o ,-----3> 0 0 X .-----3> 1 

0 1 .-----3> X .-----3> 0 

0 1 ,-----3> X 0 .-----3> 

ADDRESS 0 • - ADDRESS 1 

X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 4 
MT4C1M16C7 5 MASKED WRITE EXAMPLE 
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ADVANCE 

MIC:RON MT4(L)C1M16CX S 
1-· "'",Moe,,, 1MEGx16DRAM 

RAS 

"CAS" 

WE 

LOWER BYTE 
(D01-D08) 
OF WORD 

UPPER BYTE 
(D09-D016) 
OF WORD 

MT4(L}C1M16CXS 
REV. 4/92 

I- MASKED WRITE ~ I- NON MASKED WRITE -I 
\ / \ r 

\ / \ 

~ /I////A [1/1//11// !l 7@'#£ j'$//////~ 

STORED MASK INPUT STORED STORED MASK INPUT STORED 
DATA DATA DATA DATA DATA DATA DATA 

0 X 1 X ._----;> 

0 ._----;> 0 0 X ._----;> 

0 X 1 X 1 ._----;> 

o .-----;> 0 0 X 1 ._----;> 1 
0 X X 0 ._----;> 0 
1 0 -----;> 0 X 0 ._----;> 0 
0 X 1 X 0 ._----;> 0 

o .-----;> 0 0 X 0 ._----;> 0 

0 X X 1 ._----;> 1 
0 X X 0 -----;> 0 

0 0 X 0 0 X 1 ._----;> 1 
0 0 X 0 0 X 0 ._----;> 0 
0 o .-----;> 0 X 1 ._----;> 

0 o .-----;> 0 0 X 1 ._----;> 

0 1 ._----;> X 0 ._----;> 0 
0 1 .-----;> X 0 ._----;> 0 

ADDRESS 0 - • ADDRESS 1 

X = NOT EFFECTIVE (DON'T CARE) tz2 DON'T CARE 

Figure 5 
MT4C1 M16C5 S MASKED WRITE EXAMPLE 
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ADVANCE 

TRUTH TABLE: MT4C1M16C6/7 S 

ADDRESSES 

FUNCTION RR "CAS WEL WEJJ llt IR IC DOs NOTES 

Standby H H-X X X X X X High-Z 

READ L L H H L ROW COL Data Out 

WRITE: WORD L L L L X ROW COL Data In 3 
(EARL V-WRITE) 

WRITE: LOWER L L L H X ROW COL Lower Byte, Data In 3 
BYTE (EARL V) Upper Byte, High-Z 

WRITE: UPPER L L H L X ROW COL Lower Byte, High-Z 3 
BVTE (EARL V) Upper Byte, Data In 

READ-WRITE L L H-L H-L L-H ROW COL Data Out, Data In 1,3 

PAGE-MODE 1st Cycle L H-L H H L ROW COL Data Out 

READ 2nd Cycle L H-L H H L n/a COL Data Out 

PAGE-MODE 1st Cycle L H-L L L X ROW COL Data In 1,3 

WRITE 2nd Cycle L H-L L L X n/a COL Data In 1,3 

PAGE-MODE 1st Cycle L H-L H-L H-L L-H ROW COL Data In 1,3 

READ-WRITE 2nd Cycle L H-L H-L H-L L-H n/a COL Data Out, Data In 1,3 

HIDDEN READ L-H-L L H H L ROW COL Data Out 

REFRESH WRITE L-H-L L L L X ROW COL Data In 1,2,3 

RAS-ONLV L H H H X ROW n/a High-Z 
REFRESH 

CAS-BEFORE-RAS H-L L H H X X X High-Z 
REFRESH 

BATTERV BACKUP H-L L H H X X X High-Z 
REFRESH 

SELF REFRESH H-L L H H X X X High-Z 

NOTE: 1. These cycles may also be BYTE WRITE cycles (either WEL or WEH active). 

..tT4(L)C1 M16CX S 
~EV.4192 

2. EARL V-WRITE only. 
3. Data-inwill be dependent on the mask provided (MT4C1 M16C7 S only). Refer to Figure 4. 
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ADVANCE 

MIC:RON MT4(L)C1 M16CX S 
1-· "',,",co",,,, 1 MEG x 16 DRAM 

~ TRUTH TABLE: MT4C1M16C3/S S 

=e 
II 
~ -c m 
c 
:::0 
:t> 
s: 

ADDRESSES 

FUNCTION RAS asL "CASH" WE" lit IR IC DOs NOTES 

Standby H H-+X H-+X X X X X High-Z 

READ: WORD L L L H L ROW COL Data Out 

READ: LOWER BVTE L L H H L ROW COL Lower Byte, Data Out 
Upper Byte, High-Z 

READ: UPPER BYTE L H L H L ROW COL Lower Byte, High-Z 
Upper Byte, Data Out 

WRITE: WORD L L L L X ROW COL Data In 5 
(EARL V-WRITE) 

WRITE: LOWER L L H L X ROW COL Lower Byte, Data In 5 
BYTE (EARL V) Upper Byte, High-Z 

WRITE: UPPER L H L L X ROW COL Lower Byte, High-Z 5 
BYTE (EARL V) Upper Byte, Data In 

READ-WRITE L L L H-+L L-+H ROW COL Data Out, Data In 1,2,5 

PAGE-MODE 1 st Cycle L H-+L H-+L H L ROW COL Data Out 2 

READ 2nd Cycle L H-+L H-+L H L n/a COL Data Out 2 

PAGE-MODE 1st Cycle L H-+L H-+L L X ROW COL Data In 1,5 

WRITE 2nd Cycle L H-+L H-+L L X n/a COL Data In 1,5 

PAGE-MODE 1st Cycle L H-+L H-+L H-+L L-+H ROW COL Data Out, Data In 1,2,5 

READ-WRITE 2nd Cycle L H-+L H-+L H-+L L-+H n/a COL Data Out, Data In 1,2,5 

HIDDEN READ L -+H-+L L L H L ROW COL Data Out 2 

REFRESH WRITE L -+H-+L L L L X ROW COL Data In 1,3,5 

RAS-ONLV L H H X X ROW n/a High-Z 
REFRESH 

CAS-BEFORE-RAS H-+L L L H X X X High-Z 4 
REFRESH 

BATTERV BACKUP H-+L L L H X X X High-Z 
REFRESH 

SELF REFRESH H-+L L L H X X X High-Z 

NOTE: 1. These WRITE cycles may also be BVTE WRITE cycles (either CASL or CASH active). 
2. These READ cycles may also be BYTE READ cycles (either CASL or CASH active). 
3. EARL V-WRITE only. 
4. Only one CAS must be active (CASL or CASH). 
3. Data-in will be dependent on the mask provided (MT4C1M16C5 S only). Refer to Figure 5. 

MT4(L)C1M16CX 5 
REV. 4/92 2-262 Micron Technology, Inc., reS9IVes the right to change products or specifications without notloo. 
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ADVANCE 

AIIIIC:I=ICN MT4(L)C1M16CX S 
1-· ,,,,",coo,,,, 1 MEG x 16 DRAM 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss (5V) ....... -lV to +7V 
Voltage on Vee supply relative to Vss (3V) .... -lV to +4.6V 
Operating Temperature, TA (Ambient) ......... O°C to +70°C 
Storage Temperature (Plastic) .................... -55°C to + 150°C 
Power Dissipation ............. , ................................................ 1 W 
Short Circuit Output Current ...................................... 50mA 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

DC OPERATING SPECIFICATIONS FOR 5V VERSION 
(Notes: 1, 3, 4, 6, 7, 42) (O°C ::; T A::; 70°C; Vee = 5V ±1 0%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV ::; VIN ::; Vee 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled, OV ::; VOUT::; 5.5V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -2.5mA) 
Output Low Voltage (lOUT = 2.1 mAl 

DC OPERATING SPECIFICATIONS FOR 3.0/3.3V VERSION 
(Notes: 1, 3, 4, 6, 7, 43) (O°C ::; T A::; 70°C; Vee = 3.0/3.3V ±1 0%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV ::; VIN ::; Vce 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled, OV ::; VOUT ::; 3.6V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -1.0mA) 
Output Low Voltage (lOUT = 1.0mA) 

SYMBOL 

Vee 

VIH 

VIL 

II 

loz 

VOH 

VOL 

SYMBOL 

Vee 

VIH 

VIL 

II 

loz 

VOH 

VOL 

MIN MAX UNITS NOTES 

4.5 5.5 V 1,44 

2.4 Vee+1· V 1 

-1.0 0.8 V 1 

-2 2 !LA 

-10 10 !LA 
2.4 V 

0.4 V 

MIN MAX UNITS NOTES 

2.7 3.6 V 1,44 

2.0 Vcc+1 V 1 

-1.0 0.8 V 1 

-2 2 !LA 

-10 10 !LA 
2.4 V 

0.4 V 

MT4(L)C1M16CX S 
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ADVANCE 

MICRON MT4(L)C1M16CX S 
1-· "'"",,'c< '" 1 MEG x 16 DRAM 

DC OPERATING SPECIFICATIONS FOR 5V VERSION 
(Notes: 1, 3, 4,6, 7, 42) (O°C ~ T A ~ 70°C; Vcc = 5V ±10%) 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) (RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) (RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READ/WRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN); ICp, IASC= 10ns) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS=VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

REFRESH CURRENT: BATTERY BACKUP (BBU) 
Average power supply current during BATTERY BACKUP refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = IRAS (MIN) to 
300ns; WE, AO·A 11 and DIN = Vce - 0.2V (DIN may be left open), 
IRC = 12511S (1,024 rows at 12511S = 128ms) 

REFRESH CURRENT: SELF 
Average power supply current during SELF refresh: CBR cycle with 
RAS ;:: IRASS (MIN) and CAS held LOW; WE = Vcc - 0.2V; AO-AS 
and DIN = Vcc - 0.2V or 0.2V (DIN may be left open) 

MT4(L)C1M16CX S 
REV. 4192 2-264 

MAX 

SYMBOL -6 -7 -8 UNITS NOTES 

Icc1 2 2 2 rnA 

Icc2 300 300 300 ~ 25 

Icc3 170 160 140 rnA 3,4,44 

ICC4 130 120 110 rnA 3,4,44 

ICC5 170 160 140 rnA 3,5,44 

Icc6 170 160 140 rnA 3,5 

lec7 400 400 400 ~ 3,42 

Ices 400 400 400 ~ 5 

Micron Technology, Inc., reS9lV9S the right to change products or specifications without notice. 
©1992, Micron TeChnology, Inc. 



ADVANCE 

MIC:RON MT4(L)C1M16CX S 
1-· ",","co", '"' 1 MEG x 16 DRAM 

DC OPERATING SPECIFICATIONS FOR 3.0/3.3V VERSION 
(Notes: 1, 3, 4, 6, 7, 43) (O°C :0;; T A :0;; 70°C; Vcc = 3.0/3.3V ±1 0%) 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) (RAS = CAS = VI H) 

STANDBY CURRENT: (CMOS) (RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READ/WRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN); tcp, IASC = 10ns) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

REFRESH CURRENT: BATTERY BACKUP (BBU) 
Average power supply current during BATTERY BACKUP refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = tRAS (MIN) to 
300ns; WE, AO-A 11 and DIN = Vcc - 0.2V (DIN may be left open), 
IRC = 12511S (1,024 rows at 12511S = 128ms) 

REFRESH CURRENT: SELF 
Average power supply current during SELF refresh: CBR cycle with 
RAS ?: IRASS (MIN) and CAS held LOW; WE = Vcc -0.2V; AO-A9 
and DIN = Vcc - 0.2V or 0.2V (DIN may be left open) 

'4(L)C1M16CX S 
V.4192 2-265 

MAX 

SYMBOL -6 -7 -8 UNITS NOTES 

Icc1 1 1 1 mA 

Icc2 80 80 80 ~ 25 

ICC3 130 120 100 mA 3,4,44 

Icc4 90 80 70 mA 3,4,44 

ICC5 130 120 100 mA 3,4,44 

Icce 130 120 100 mA 3,4 

ICC7 100 100 100 ~ 3,42 

Iccs 100 100 100 ~ 5 

Micron Technology, Inc., reserves the right to change products or specifications without notice 
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CAPACITANCE 
(Note: 2) 

PARAMETER 

Input Capacitance: AO-A9 

Input Capacitance: RAS, CAS/{CASL,CASH), (WEL, WEH)/ WE, OE 

Input/Output Capacitance: DQ 

SYMBOL 
CI1 

CI2 

CIO 

ADVANCE 

MAX UNITS NOTES 

5 pF 2 

7 pF 2 

7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (DoC::;; T A::;; + 70°C; Vee = 5V or 3.0/3.3V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 
Access time from CAS 
Output Enable 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to "RAS) 

Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 

MT4(L)C1M16GXS 
REV. 4/92 

-6 
SYM MIN MAX 
tRC 110 

tRWC 155 
tpc 35 

tpRWC 85 

tRAC 60 
tCAC 15 
tOE 15 
tAA 30 

tCPA 35 
tRAS 60 100,000 

tRASP 60 100,000 
tRSH 15 
tRP 40 

tCAS 15 100,000 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 15 45 
tCRP 5 
tASR 0 
tRAH 10 
tRAD 15 30 

tASC 0 
tCAH 10 
tAR 50 

tRAl 30 

tRCS 0 
tRCH 0 

tRRH 0 

tClZ 0 

2-266 

MIN 
130 
180 
40 

95 

70 
70 
20 
50 
20 
70 
10 
10 
20 
5 
0 
10 
15 

0 
15 
55 

35 

0 
0 

0 

0 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 
200 ns 
40 ns 35 

100 ns 35 

70 80 ns 14 
20 20 ns 15,33 
15 15 ns 33 
35 40 ns 
40 45 ns 33 

100,000 80 100,000 ns 
100,000 80 100,000 ns 

20 ns 40 
60 ns 

100,000 20 100,000 ns 39 
80 ns 32 
10 ns 16,36 
10 ns 36 

50 20 60 ns 17,31 
5 ns 32 
0 ns 
10 ns 

35 15 40 ns 18 

0 ns 31 
15 ns 31 
60 ns 

40 ns 

0 ns 26,31 
0 ns 19,26,32 

0 ns 19 

0 ns 33 

Micron Technology, Inc., reserves the rlghllo change products or specifications without notlc 
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ADVANCE 

MIC:RON MT4{L)C1M16CX S 
1-· ",,,,w,,e,,,, 1 MEG x 16 DRAM 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (DOC $; T A$; +70°C; Vee = 5V or 3.0/3.3V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Output buffer turn-off delay 
WE command setup time 
Write command hold time 
Write command hold time 
(referenced to RAS) 

Write command pulse width 
Write command to RAS lead time 
Write command to CAS lead time 
Data-in setup time 
Data-in hold time 
Data-in hold time 
(referenced to RAS) 

RAS to WE delay time 
Column address 
to WE delay time 

CAS to WE delay time 
Transition time (rise or fall) 
Refresh period (1,024 cycles) 
RAS to CAS precharge time 
CAS setup time 
(CAS",BEFORE-RAS refresh) 

CAS hold time 
(CAS-BEFORE-RAS refresh) 

WE hold time (MASKED WRITE and 
CAS"-BEFORE-RASrefresh) 

WE setup time 
(CAS-BEFORE-RAS refresh) 

WE setup time 
(MASKED WRITE) 

OE setup prior to HAS during 
HIDDEN REFRESH cycle 

Output disable 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

Last CAS going LOW 
to first CAS to return HIGH 

Mask data to RAS setup time 
Mask data to RAS setup time 

RAS pulse width during 
SELF REFRESH cycle 

RAS precharge time during 
SELF REFRESH cycle 

CAS hold time during 
SELF REFRESH cycle 

r4{L)C1M16CX S 
:V.4/92 

-6 
SYM MIN MAX 
tOFF 0 15 
twcs 0 
tWCH 10 
tWCR 45 

WP 10 
tRWL 15 
tCWL 15 
tDS 0 
tDH 10 

tDHR 45 

tRWD 85 
tAWD 55 

tCWD 40 
tT 3 50 

tREF 128 
tRPC 0 
tCSR 5 

tCHR 15 

twRH 15 

twRP 10 

tWRS 10 

toRD 0 

tOD 15 

tOEH 15 

tCLCH 10 

tMS 0 
tMH 15 

tRASS 100 

tRPS 150 

tCHS -70 

2-267 

MIN 
0 
0 
15 
55 

15 
20 
20 
0 
15 
55 

95 
60 

45 
3 

0 
5 

15 

15 

10 

10 

0 

15 

10 

0 
15 

100 

150 

-70 

-7 -8 
MAX MIN MAX UNITS NOTES 
20 0 20 ns 20,29,33 

0 ns 21,26,31 
15 ns 26,40 
60 ns 26 

15 ns 26 
20 ns 26 
20 ns 26,32 
0 ns 22,33 
15 ns 22,33 
60 ns 

105 ns 21 
65 ns 21 

45 ns 21,31 
50 3 50 ns 9,10 
128 128 ms 28 

0 ns 
5 ns 5,31 

15 ns 5,32 

15 ns 26,27 

10 ns 26 

10 ns 26,27 

0 ns 

15 15 ns 29,41 

15 ns 28 

10 ns 34 

0 ns 26,27 
15 ns 26,27 

100 ~ 46 

150 ns 46 

-70 ns 46 
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A~VANCE 

MICRON MT4(L)C1M16CX S 
1-· ,",<",CO""" 1 MEG x 16 DRAM 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = SV or 3.0/3.3V 

±10%;f = 1 MHz. 
3. Ice is dependent on cycle rates. 
4. Ice is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (O°C ::; T A::; 70°C) is assured. 

7. An initial pause of lOOl-1s is required after power-up 
followed by eight RAS refresh cycles ( RAS-ONL Y or 
CBR) before proper device operation is assured: The 
eight RAS cycle wake-up should be repeated any time 
the t:REF refresh requirement is exceeded. 

8. AC characteristics assume IT = Sns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 1 TTL gate and 

50pF. 
14. Assumes that IRCD < IRCD (MAX). If tRCD is greater 

than the maximum recommended value shown in 
this table, lRAC will increase by the amount that 
tRCD exceeds the value shown. 

15. Assumes that IRCD ~ IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the Q buffer, CAS must be pulsed 
HIGH for tCPN. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified iRCD (MAX) limit, then access time is 
controlled exclusively by tcAC. 

18. Operation within the lRAD limit ensures that IRCD 
(MAX) can be met. tRAD (MAX) is specified as a 
reference point only; if lRAD is greater than the 
specified lRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

MT4(L)C1 M16CX S 
REV. 4/92 

19. Either IRCH or tRRH must be satisfied for a READ 
cycle. 

20. toFF (MAX) defines the time at which the output 
achieves the open circuit condition (not a reference to 
VOHorVoL). 

21. twcs, IRWD, tAWD and tCWD are restrictive 
operating parameters in LATE-WRITE and READ­
MODIFY-WRITE cycles only. If twcs ~ twcs (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If IRWD ~ IRWD (MIN), IAWD ~ tAWD 
(MIN) and tcWD ~ tCWD (MIN), the cycle is a 
READ-WRITE and the data output will contain data 
read from the selected celL If neither of the above 
conditions is met, the state of Q (at access time and 
until CAS or OE goes back to VIH) is indeterminate. 
OE held HIGH and WE taken LOW after CAS goes 
LOW results in a LATE-WRITE (OE controlled) cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. During a READ cycle, if OE is LOW then taken HIGH 
before CAS goes HIGH, Q goes open. If OE is tied 
permanently LOW, LATE-WRITE and READ­
MODIFY -WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

25. All other inputs at V cc -0.2V. 
26. Write command is defined as either WEL or WEH or 

both going LOW on the MT4C1M16C6/7 S. Write 
command is defined as WE going LOW on the 
MT4C1M16C3/S S. 

27. MT4C1M16CS/7 S only. 
28. LATE-WRITE and READ-MODIFY-WRITE cycles 

must have both tOD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after tOEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

29. The DQs open during READ cycles once 10D or toFF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 

2-268 Micron Technology, Inc., reselVes the right to change products or specifications without notlcl 
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ADVANCE 

UU::RON MT4(L)C1 M16CX S 
1-· ''''''''''"' 1 MEG x 16 DRAM 

NOTES (continued) 
30. Notes 31 through 41 apply to MT4CIMI6C3/5 S only 

("). 
31. "The first CASx edge to transition LOW. 
32. "The last CASx edge to transition HIGH. 
33. "Output parameter (DQx) is referenced to corre­

sponding CAS input; DQI-DQ8 by CASL and DQ9-
DQ16 by CASH. 

34. "Last falling CASx edge to first rising CASx edge. 
35. "Last rising CASx edge to next cycle's last rising CASx 

edge. 
36. "Last rising CASx edge to first falling CASx edge. 
37. "First DQs controlled by the first CASx to go LOW. 
38. "Last DQs controlled by the last CASx to go HIGH. 
39. "Each CASx must meet minimum pulse width. 

VlT4(L)C1M16CX S 
=!.EV.4I92 2-269 

40. "Last CASx to go LOW. 
41. "All DQs controlled, regardless CASL and CASH. 
42. BBU current is reduced as tRAS is reduced from its 

maximum specification during BBU cycle. 
43. The 5V version is restricted to operate between 4.5 V 

and 5.5V only. 
44. The 3.0/3.3V version is restricted to operate between 

2.7 V and 3.6V only. 
45. Column address changed once while RAS = VIL and 

CAS=VIH. 
46. When exiting the SELF REFRESH mode, a complete 

set of row refreshes must be executed in order to 
ensure the DRAM will be fully refreshed. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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ADVANCE 

MIC:RON MT4(L)C1M16CX S 
1-· ","'ocoo"" 1 MEG x 16 DRAM 

CASH,CASL 
orCAS 

AODR 

READ CYCLE 

'RP 

\'------
tCSH 

J~ 1_-----"'R""cO'---_I·--""'cA"'-s---"'c""lc"-H_1 
V,H • t )---,--+------
VIL ---..J 

'AR I 
'RAD tRAL 

I~~I ~~ 
~i~ =WllJl ROW i@IDk--C-'--O-WM-LN---JW'·fT77//7777i1//7777i1Ii1frn/U'7777//&7777//;0(7A 

'RCS ~ '--------
ROW 

VI////////////////////; 

teAC 

~Ir 
DQ ~:gt ~-c -------OPEN---------{~0VA~U~00~AT~Aj~OPEN---

I. tOE 1 '00 
DE ~:r -j 7/;TT7///Tn//;7TI// ;;=// /;TT7// ;;Tn//;7TI// /;=///rrrm777/;;"'m=/ //'77// ;;777j/;;"'//;=/!/;'7T1//;rrrWi II /I /I /;////1/ /1/ /I ij/ /I /1/ /1/;/// // 

EARLY-WRITE CYCLE 

RC 
'RAS 'RP 

I 
RAS 

V,H 
V" - " tCSH 

'RSH 

I~ 'RCD tCAS tCLCH 

=~ 
CASH,CASL V,H 

orCAS V" 
'AR 

'RAD 'RAl 
1~~1 !~ i~ 

~ ~ 

W//////,I//,I//////////X ~ ROW ~ COLUMN ROW ADOR 
V,H 
V" 

tCWL I 'RWL 

tWCR 

~ ~ 
I~ tWAIf) 'WP 

~NOTEI ~ f//////,I///////,I//////////////////,I///// 
~ 

'OHA 

I~~I I~ ~! 
J/////////iil NOTE! ~h\ VALID DATA 

OE~:r. 

f:!Zl DONTCARE 

!l88I UNDEFINED 

NOTE: 1. Applies to MT4C1 M16C5 Sand MT4C1 M16C7 S only. WE selects between normal WRITE and MASKED 

MT4(l)C1MI6CXS 
REV. 4192 

WRITE at RAS time. The DO inputs are "don't care" for a normal WRITE (WE HIGH at RAS time). The DO 
inputs provide the mask data at RAS time for a MASKED WRITE (WE LOW at RAS time). WEL, WEH and 
DO inputs on MT4C1 M16C3 Sand MT4C1M16C6 S are "don't care" at RAS time. 

2-270 Micron Technology, Inc., reserves the right to change products or specifications without nolice. 
@1992,MicronTechnology,lnc. 



ADVANCE 

MIC:RON MT4(L)C1M16CX S 
1-· He"" '" 1 MEG X 16 DRAM 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

tRAS tRP 

tCSH I IRSH 

'CAP IRCD leAS tClCH 

J } tAR I tRAO 1 1 tRAL 

ADDA ~i~ 
~I~~ ~I I~I I 

!IIII;)! ROW Willi;) COLUMN R(JW 

AnOA ~:r 

I~ 1 

1 'AWD ~II IRCS I I towo 

~ 'WRS ~I I---r---- IAWD 
~I 
~I 

W£q~~~ Wff& 
'M 

1 'RAe 

I~ 1= cl 'CLZ- ~ 

NOTE 1 OPEN VAUOD OUT K VAUDD 1N OPEN--

toE ~I ~ 

FAST-PAGE-MODE READ CYCLE 

RA 

PL ---
toSH tpc 'ASH 

tsp 

I~ 'RCD ICAS, tclC,H __ toP_ teAS. iCLCH _'CP __ 
toAS.tcLC,"y toPN 

=.J 
tAR } ~ 

IRAQ .~ I~ 
'RAL 

I~ n I" lASe ~I ~II~I I -I 
::'II/?{ ROW Will) COLUMN W,« /IIJt COlUMN WI; '/II/) COLUMN ROW 

I IRCS I 
tRCH-

1-( fl-",cs Ii T tRCH- Ii -llttRcs ~-.RH 
--

I 

- OPEN 

yu vp 'V/!&0Z 
tM tM tM 

1 tRAC 1 tCPA 1 'CPA 

j ICAC 1Qff. I~ 'OFF j 'CAG 

tCLZ- l - -- -]-tOFF 

tCLZ- r- tell r-
VAUOJ VALID VALID OPEN-

DATA DATA 

,I~I~ t'2'-I~ ,I~~ 
I:ZlI DON'TCAAE 

~ UNDEFINED 

NOTE: 1. Applies to MT4C1M16C5 Sand MT4C1M16C7 S only. WE selects between normalWRITEand MASKED 

MT4(L)C1MI6CX S 
REV. 4/92 

WRITE at RAS time. The DO inputs are "don't care" for a normal WRITE (WE HIGH at RAS time). The DO 
inputs provide the mask data at RAS time for a MASKED WRITE (WE LOW at RAS time). WEL, WEH and 
DO inputs on MT4C1M16C3 Sand MT4C1M16C6 S are "don't care" at RAS time. 

2-271 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

RASP 

~DDN'TCARE 

il&il UNDEFINED 

ADVANCE 

NOTE: 1. Applies to MT4C1M16C5 Sand MT4C1M16C7 S only. WE selects between normal WRITE and MASKED 

MT4(L)CtMI6CX S 
REV. 4/92 

WRITE at RAStime. The DQinputs are "don't care" for a normal WRITE (WE HIGH at RAS time). The DQ 
inputs provide the mask data at RAS time for a MASKED WRITE (WE LOW at RAS time). WEL, WEH and 
DQ inputs on MT4C1M16C3 Sand MT4C1M16C6 S are "don't care" at RAS time. 

2-272 Micron Technology, Inc., reserves the right to change products or specifications without nallee. 
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ADVANCE 

MIC:RON MT4(L)C1M16CX 5 
1-· "'""'"'''' 1 MEG x 16 DRAM 

MT4(L)C1 M16GX S 
REV 4192 

DO 

DO 

CAS"-BEFORE-"RAS REFRESH CYCLE 
(AO-A9; and OE = DON'T CARE) 

IRP IRAS IRP IRAS 

j 
~I tcp 114 tcSR ~I ~I~ I~ 
~ ~ I , f 

OPEN 

~ ~I .~ ~ 

BATTERY BACKUP REFRESH CYCLE 
(AO-A9; and OE = DON'T CARE) 

1251.18 

IRP IRAS IRP tRAS 

~I~ ICPN]I~ ~I I~I~ ~I 
.~ '\( ! '1 f 

OPEN 

Y 

~~ I~~ 
W/////$;/#///#/$$/;//m 

SELF REFRESH CYCLE ("SLEEP MODE") 
(AO-A9; and OE = DON'T CARE) 

tRASS (not AAS) tRPS notRP 

ICHS 

DO ~:gt=:-------tt------ff--OPEN·--j-----tt----

2-273 

Once tRASS (MIN) is provided and RAS 
remains LOW, the DRAM will be in Self 
Refresh, commonly referred to as 
"sleep mode." 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notk::e. 
©1992, Micron Technology, Inc. 
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MT4(L)C1M16CXS 
REV. 4/92 

RJ(S-ONL Y REFRESH CYCLE 
(ADDR = AO-A9, OE; WEL, WEH or WE = DON'T CARE) 

'RC 

'RP 

_ V,H _.----11 II 
RAS VIL - 1}-______ -----<l:T1 \,-__ 

leRP !~ 

ROW 

Q ~g~ :'----------OPEN---------

ADOR ~:~ 

HIDDEN REFRESH CYCLE 24 

(WEL, WEH or WE = HIGH; OE = LOW) 

I~ IRCD 

J 
'AR 

tRAD 

I~ I~ 
1//&1: ROW ~ 

I 

(READ) , 
RAS 

IRSH 

1i 
II 
II 'RAL I 

lAse .11 ... tcAH~1 

COLUMN 

I 'M 
I tRAC 

~ 

(REFRESH) 

RP 
, 
RAS 

l}----{ 
tCHR 

'CLZ C 
OPEN VAllO DATA 

~ 

DQx ~:g~:= 

~ I 

V 

J -toFF 

~OPEN-

-.'2P.. 

~ DON'T CARE 

~ UNDEFINED 

ADVANCE 

2-274 Micron Technology, Inc., reSGlVes the right to change products or specifications without notice. 
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DRAM MODULE PRODUCT SELECTION GUIDE 
Memory Part Optional Access Power Dissipation Package 
Configuration Number Access Cycle Time (ns) Standby Active SIMM SIP Page 

256K x 8 MT2D2568 LP, LV' 60,70,80 6mW 350mW 30 30 3-1 

1 Megx8 MT2D18 LP, LV' 60,70,80 6mW 450mW 30 30 3-11 

1 Megx8 MT8D18 LP 60,70,80 24mW 1,400mW 30 30 3-21 

4 Meg x 8 MT2D48 60,70,80 10mW 550mW 30 30 3-31 

4 Meg x 8 MT8D48 LP 60,70,80 24mW 1,800mW 30 30 3-41 

16Megx8 MT8D168 60,70,80 24mW 2,200mW 30 30 3-51 

256K x 9 MT3D2569 LP 60,70,80 9mW 625mW 30 30 3-61 

1 Megx9 MT3D19 LP 60,70,80 9mW 625mW 30 30 3-71 

1 Megx9 MT9D19 LP 60,70,80 27mW 1,575mW 30 30 3-81 

4 Meg x 9 MT3D49 60,70,80 12mW 775mW 30 30 3-91 

4 Meg x 9 MT9D49 LP 60,70,80 27mW 2,025mW 30 30 3-101 

16 Meg x 9 MT9D169 60,70,80 27mW 2,475mW 30 30 3-111 

512K x 16 MT8D25632 LP, LV' 60,70,80 24mW 1,400mW 72 3-121 

1 Meg x 16 MT16D51232 LP, LV' 60,70,80 48mW 2,800mW 72 3-133 

2Megx16 MT8D132 LP,LV' 60,70,80 24mW 1,800mW 72 3-145 

4Megx16 MT16D232 LP,LV' 60,70,80 48mW 1,824mW 72 3-157 

8Megx 16 MT8D432 60,70,80 40mW 2,200mW 72 3-169 

16Megx16 MT16D832 60,70,80 80mW 2,240mW 72 3-179 

512K x 18 MT10D25636 60,70,80 30mW 1,750mW 72 3-199 

1 Megx18 MT6D118 60,70,80 18mW 1,250mW 72 3-209 

1 Megx 18 MT20D51236 60,70,80 60mW 1,780mW 72 3-229 

2 Meg x 18 MT12D136 LP 60,70,80 36mW 2,500mW 72 3-249 

4Megx18 MT24D236 LP 60,70,80 72mW 2,536mW 72 3-271 

8Megx18 MT12D436 60,70,80 52mW 3,100mW 72 3-283 

16Megx18 MT24D836 60,70,80 104mW 3,152mW 72 3-293 

256K x 32 MT8D25632 LP, LV' 60,70,80 24mW 1,400mW 72 3-121 

512Kx32 MT16D51232 LP, LV' 60,70,80 48mW 1,424mW 72 3-133 

1 Meg x 32 MT8D132 LP, LV' 60,70,80 24mW 1,800mW 72 3-145 

2 Megx32 MT16D232 LP, LV' 60,70,80 48mW 1,824mW 72 3-157 

4Megx32 MT8D432 60,70,80 40mW 2,200mW 72 3-169 

8 Megx32 MT16D832 60,70,80 80mW 2,240mW 72 3-179 

256K x 36 MT9D25636 60,70,80 27mW 1,575mW 72 3-189 

256K x 36 MT10D25636 60,70,80 30mW 1,750mW 72 3-199 

512K x 36 MT18D51236 60,70,80 54mW 1,600mW 72 3-219 

512K x 36 MT20D51236 60,70,80 60mW 1,780mW 72 3-229 

1 Meg x 36 MT9D136 60,70,80 27mW 2,175mW 72 3-239 

1 Megx36 MT12D136 LP 60,70,80 36mW 2,500mW 72 3-249 

2 Meg x 36 MT18D236 60,70,80 54mW 2,052mW 72 3-261 

2Megx36 MT24D236 LP 60,70,80 72mW 2,536mW 72 3-271 

4Megx36 MT12D436 60,70,80 52mW 3,100mW 72 3-283 

8Megx36 MT24D836 60,70,80 104mW 3,152mW 72 3-293 

256K x40 MT10D25640 LP, LV' 60,70,80 30mW 1,750mW 72 3-303 

512K x 40 MT20D51240 LP, LV' 60,70,80 60mW 1,780mW 72 3-315 

1 Megx40 MT10D140 LP, LV' 60,70,80 30mW 2,250mW 72 3-327 

2Megx40 MT20D240 LP, LV' 60,70,80 60mW 2,280mW 72 3-339 

LP = Low Power, Ex1ended Refresh; LV = Low Voltage 
NOTE: All modules include FAST PAGE MODE cycle. 'Contact factory regarding availability of low voltage versions. 



MIC:RON MT2D2568 
1-· ,,,,,''ow,,,,,, 256K x 8 DRAM MODULE 

, 

DRAM 
MODULE 
FEATURES 
• Industry standard pinout in a 30-pin single-in-line 

memory module 
• High-performance, CMOS silicon-gate process 
• Single 5V ±1O% power supply 
• Low power, 6m W (.6m W L-version) standby; 

350m W active, typical 
• All device pins are fully TTL compatible 
• FAST PAGE MODE access cyde 
• Refresh modes: RA5-0NL Y, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• Low profile 
• 512-cyde refresh distributed across Sms or 

512-cycle extended refresh distributed across 64mB 
• Low CMOS standby current, 400!lA maximum 

(L-version) 

OPTIONS 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 
Leadless 30-pin SIMM 
Leaded 30-pin SIP 

• Power/Refresh 

MARKING 

-6 
-7 
-8 

M 
N 

Normal Power/8ms Blank 
Low Power / 64ms L 

• Part Number Example: MT2D2568ML-6 

GENERAL DESCRIPTION 
The MT2D2568 is a randomly accessed solid-state mem­

ory containing 262,144 words organi2ed in a x8 configura­
tion. During READ or WRITE cycles, each word is uniquely 
addressed through the 18 address bits, which are entered 9 
bits (AO -A8) at a time. RASis used to latch the first 9 bits and 
CAS the latter 9 bits. READ or WRITE cycles are selected 
with the WE input. A logic HIGH on WE dictates READ 
mode while a logic LOW on WE dictates WRITE mode. 
During a WRITE cycle, data-in (D) is latched by the falling 
edge of WE or CAS, whichever occurs last. EARLY-WRITE 
occurs when WE goes LOW prior to CAS going LOW, and 
the output pins remain open (High-Z) until the next CAS 
cycle. 

F AST PAGE MODE operations allow faster data opera­
tions (READ or WRITE) within a row address (AO-A8) 

MT202568 
REV. 4192 3-1 

256Kx8 DRAM 
FAST PAGE MODE (MT2D2568) 
LOW POWER, 
EXTENDED REFRESH (MT2D2568 L) 

PIN ASSIGNMENT (Top View) 

30-Pin SIMM 30-Pin SIP 
(T-1 ) (S-1 ) 

0 Vee 1 
Vee 1 CAS 2 

CAS 2 D01 3 
D01 3 AO 4 

AO 4 A1 5 
A1 5 D02 6 

D02 6 A2 7 
A2 7 A3 8 
A3 8 Vss 9 

Vss 9 D03 10 
D03 10 A4 11 

A4 11 
A5 12 !i A5 12 i: D04 13 D04 13 -t A6 14 N A6 14 N A7 15 C A7 15 C 

D05 16 N D05 16 N 
U1 

A8 17 U1 A8 17 en 
NC 18 en NC 18 (XI 
NC 19 (XI NC 19 Z 

D06 20 i: D06 20 
WE 21 WE 21 
Vss 22 Vss 22 

D07 23 D07 23 
NC 24 NC 24 

D08 25 D08 25 
NC 26 NC 26 

RAS 27 RAS 27 
NC 28 NC 28 
NC 29 NC 29 
Vee 30 Vee 30 

0 

defined page boundary .. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ­
ent column addresses, thus executing faster memory cycles. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby leveL 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONL Y, CAS-BEFORE­
RAS or HIDDEN REFRESH) so that all 512 combinations of 
RAS addresses (AO-A8) are executed at least every 8ms, 
(64ms onL-version) regardless of sequence. 

Micron Technology. Inc .. reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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MICRON MT2D2568 
1-· m~"""".,,", 256K x 8 DRAM MODULE 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY-WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

WRITE 

RAS-ONL Y REFRESH 

HIDDEN 

REFRESH 

FUNCTIONAL BLOCK DIAGRAM 

RAS ---------, 
CAS --------, 
WE --------, 

AD-AS 

Vee ---------I----..:~I ..... 
Vss -----------'-------' 

U1, U2 = MT4C4256DJ 
U1, U2 = MT4C4256DJ L (L-version) 

RAS 'CAs- WE 

H H--+X X 

L L H 

L L L 

1st Cycle L H--+L H 

2nd Cycle L H--+L H 

1st Cycle L H--+L L 

2nd Cycle L H--+L L 

L H X 

READ L --+H--+L L H 

WRITE L --+H--+L L L 

DQ1-DQ4 

DQ5-DQS 

ADDRESSES 
IR IC 

X X 

ROW COL 

ROW COL 

ROW COL 

n/a COL 

ROW COL 

n/a COL 

ROW n/a 

ROW COL 

ROW COL 

DATA IN/OUT 

DQ1-DQB 

High-Z 

Data Out 

Data In 

Data Out 

Data Out 

Data In 

Data In 

High-Z 

Data Out 

Data In 

CAS-BEFORE-RAS REFRESH H--+L L X X X High-Z 

BATTERY BACKUP 
REFRESH (L-version) 

MT2D2568 
REV. 4192 

H--+L L 

3-2 

X X X High-Z 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology. Inc. 



MIC:RON MT2D2568 
1-· "'""OCOO",, 256K x 8 DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss .............. -lV to +7V 
Operating Temperature, TA (Ambient) ......... O°C to +70°C 
Storage Temperature ................................... -55°C to + 12SoC 
Power Dissipation .............................................................. 2W 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 2, 3, 6, 22) (O°C :s; T A:S; 70°C; Vcc = 5V ±1 0%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE 
Any Input OV :s; VIN :s; Vcc AO-A8, RAS, CAS, WE 
(All other pins not under test = OV) 

OUTPUT LEAKAGE DQ1-DQ8 
(Q is disabled, OV :s; VOUT :s; Vcc) 

OUTPUT LEVELS 
Output High (Logic 1) Voltage (lOUT = -5mA) 
Output Low (Logic 0) Voltage (lOUT = 5mA) 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: tRC = tRC (MIN» 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: tpc = tpc (MIN») 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: tRC = tRC (MIN» 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: tRC = tRC (MIN» 

REFRESH CURRENT: BATTERY BACKUP (BBU) 
. Average power supply current during BATTERY BACKUP refresh: 
GAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = tRAS (MIN) to 
1 fiS; WE, AO-A9 and DIN", Vcc -0.2V or 0.2V (DIN may be left 
OPEN), tRC = 125fiS (512 rows at 125fiS = 64ms) 

MT2D2568 
REV. 4/92 3-3 

SYMBOL MIN MAX UNITS NOTES 

Vcc 4.5 5.5 V 1 

VIH 2.4 Vcc+1 V 1 

VIL -1 O.B V 1 

II -4 4 !lA 

loz -10 10 !lA 

VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -6 -7 ·8 UNITS NOTES 

Icc1 4 4 4 mA 

ICC2 2 2 2 mA 23 

.4 .4 .4 mA 23,25 

180 160 140 mA 2,22 
Icc3 

170 150 130 mA 2,22,25 

140 120 100 mA 2, 22 
Icc4 

130 110 90 mA 2,22,25 

180 160 140 mA ? 
Iccs 

170 150 130 mA 2,25 

180 160 140 mA 2, 19 
ICC6 

170 150 130 mA 2,19,25 

Icc? .4 .4 .4 mA 25 

Micron Technology, Inc., reserves the right to change products or specifications withOut notice. 
©1992, Micron Technology, Inc. 
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MICRON MT2D2568 
1-· "'",M""'"' 256K X 8 DRAM MODULE 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Ca'pacitance: AO-Aa CI1 13 pF 17 

Input Capacitance: RAS, CAS, WE CI2 17 pF 17 

Input/Output Capacitance: DQ1-DQa CIO 10 pF 17 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7,10,11,16,21) (O°C ~ TA~ +70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE READ or WRITE 
cycle time 

FAST-PAGE-MODE READ-WRITE 
cycle time 

Access time from RAS 
Access time from CAS 
Output Enable 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 

MT2D2568 
REV.4i92 

SYM MIN 
tRC 110 

tRWC n/a 
tpc 40 

tpRWC n/a 

tRAC 
tCAC 
tOE 
tM 

tCPA 
tRAS 60 

tRASP 60 
tRSH 20 
tRP 40 

tCAS 20 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 20 
tCRP 5 
'ASR 0 
tRAH 10 
tRAD 15 

tASC 0 
tCAH 15 
tAR 45 

tRAl 30 

tRCS 0 
tRCH 0 

tRRH 0 

tClZ 0 

3-4 

-6 -7 -8 
MAX MIN MAX MIN MAX UNITS NOTES 

130 150 ns 
n/a n/a n/a 21 
40 40 ns 

n/a n/a n/a 21 

60 70 80 ns 8 
20 20 20 ns 9 
20 20 20 ns 
30 35 40 ns 
35 40 45 ns 

100,000 70 100,000 80 100,000 ns 
100,000 70 100,000 80 100,000 ns 

20 20 ns 
50 60 ns 

100,000 20 100,000 20 100,000 ns 
70 80 ns 
10 10 ns 18 
10 10 ns 

40 20 50 20 60 ns 13 
5 5 ns 
0 0 ns 
10 10 ns 

30 15 35 15 40 ns 24 

0 0 ns 
15 15 ns 
55 60 ns 

35 40 ns 

0 0 ns 
0 0 ns 14 

0 0 ns 14 

0 0 ns 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, MICron Technology, Inc. 



IUIIU=I=ICN MT2D2568 
1-· "'" 256K x 8 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4; 5, 6, 7, 10, 11, 16,21) (O°C:$: TA:$: +70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Output buffer turn-off delay 
WE command setup time 
Write command hold time 
Write command hold time 
(referenced to RAS) 
Write command pulse width 
Write command to RAS lead time 
Write command to CAS" lead time 
Data-in setup time 
Data-in hold time 
Data-in hold time 
(referenced to RAS) 

Transition time (rise or fall) 
Refresh period (512 cycles) 
RAS to CAS precharge time 
~setuptime 
(CAS"-BEFORE-RAS REFRESH) 

~holdtime 
(CAS-BEFORE-RAS REFRESH) 

MT202588 
REV. 4192 

-6 
SYM MIN 
toFF 0 
twcs 0 
twCH 10 
twCR 45 

twP 10 
tRWL 20 
'GWL 20 
tDS 0 
tDH 15 

tDHR 45 

IT 3 
tREF 
tRPC 0 
'GSR 10 

tCHR 10 

3-5 

-7 -8 
MAX MIN MAX MIN MAX UNITS NOTES 
20 0 20 0 20 ns 12 

0 0 ns 
15 15 ns 
55 60 ns 

15 15 ns 
20 20 ns 
20 20 ns 
0 0 ns 15 
15 15 ns 15 
55 .60 ns 

50 3 50 3 50 ns 5, 16 
8/64 8/64 8/64 ms 3/25 

0 0 ns 
10 10 ns 19 

15 15 ns 19 

Micron TechnoJogy. 1nc..1'88fII'Vi8B the right to changII products or specIficatione wtlhout notioa. 
@1992, UJcron Ted1noIogy, Inc. 
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MU:::RON MT2D2568 
1-· 'H" 256K x 8 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of 1001LS is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAScycle 
wake-up should be repeated any time the ~F 
refresh requirement is exceeded. 

4. AC characteristics assume IT = 5ns. 
5. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C !> T A !> 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and 10OpF. 

8. Assumes thatIRCD < IRCD (MAX). If tRCD is greater 
than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shoWn. 

9. Assumes that IRCD ~ IRCD (MAX). 
10. If CAS = Vrn, data output is High-Z. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. toFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the IRCD (MAX) limit ensures that 
tRAC (MAX) can be met. IRCD (MAX) is specified as 

MT2D2668 
REV. 4192 3-6 

a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

14. Either IRCH or tRRH must be satisfied for a READ 
cycle. 

15.These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica­
tion, all input signals must transit between Vrn and 
VIL (or between VIL and Vrn) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V; DC bias = 2.4V @ 15mV RMS). 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the Q buffer, CAS must 
be pulsed HIGH for tcP. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW. 
21. LATE-WRITE, READ-WRITE or READ-MODIFY­

WRITE cycles are not available due to OE being 
grounded on U1 and U2. 

22. Icc is dependent on cycle rates. 
23. All other inputs at Vee -0.2V. 
24. Operation within the lRAD (MAX) limit ensures that 

IRCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if lRAD is greater than the 
specified lRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

25. Applies to L-version only. 

Mlcran Technology. inc., reserves the right to change products or apecHlcatIons without notice. 
01992, Micron Technology, Inc. 



MIC::~ON MT2D2568 
1-· ~ 256K x 8 DRAM MODULE 

ADDR 

V,H _:-------,[1 
V,L _ 

tCRP 

READ CYCLE 

IRAS lAP 

ICSH 

IACD 'CAS 

DO ~18t' -:----------OPEN---------~~tV~A~LI~D~DA~T~Aj'----Of>EN----

V,H -:-------,[1 
VIL _ 

teRP 

EARLY-WRITE CYCLE 

tcsH 
'RSH 

'RCD 

ADDR ~I~ -L.<:LL.,<,"-___ RO---.W ___ .... "=:ul'--_---.-'-,---:----'iI"'U==w===<LLJ '-__ ROW ___ _ 

3-7 

~ DON'T CARE 

~ UNDEFINED 

MIcron Technology. Inc., reserves the right to change produCts or specllIcatioI'Is without notice. 
@1992,MlcronTechnology,lnc. 
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MICRON MT2D2568 
1-· " 256K x 8 DRAM MODULE 

ADDR VIH 
Vll 

WE 

DO VIOH -
VIOL 

ADDR ~I~ 

MT2D256S 
REV. 4192 

FAST·PAGE·MODE READ CYCLE 

Ipc IRSH 

ICp • ~ 1_~tc,,-P __ Ij--:'cA"""-S_1 

-toFF 

OPEN VALID OPEN--DATA 

FAST·PAGE·MODE EARLY·WRITE CYCLE 

VALID DATA 

3-8 

VALID DATA 

ROW 

~ DON'T CARE 

!l&i'a UNDEFINED 

Micron Technology, Inc., resenres the right to change products or speclllcations without notice. 
@1992,Mia'onTachnology,lnc. 



MIC:RON MT2D2568 
1-· ,,,,,,.0.0<' '" 256K x 8 DRAM MODULE 

MT2D256a 
REV. 4192 

leAP 

I 
CAS ~:r _ :~ 

"RAS"-ONL Y REfRESH CYCLE 
(ADDR = AD-AS; WE = DON'T CARE) 

. tRAS tAP 

tRPc~1 

"'--------I 

'J 

\ 

IASR tRAH , 

ADDA ~i~ =~r---AO-W ----,k/!I$/#!lU//!lff$///$#!la0'/#,,0(r--~AO=-W --

DQ ~gr -,-------------OPEN------------

. 
----1 
~ 

~ 

tAP 

'CAS-BEfORE-RAS REfRESH CYCLE 
(AD-AS and WE = DON'T CARE) 

. , tRAS ,.J. tRP IL RAS 

J ~ 
tesR ~ ~I~ 

~I 

iCHR. 

DO ~g~ -:------------OPEN------------

tAP 

BATTERY BACKUP REfRESH CYCLE 25 

(AD-AS and WE = DON'T CARE) 

125f!S 

tAP 

- VIH-
CAS VIL -_"'-------''--__ ----'~ ___ _'__ __________ ~_ 

DO ~g~ -~----------OPEN------------

3-9 

~ DON'TeARE 

!888 UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications withOut notice. 
©1992, Micron Technology, Inc. 
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MIC::RON MT2D2568 
1-· " 256K x 8 DRAM MODULE 

MTl!D25OI 
AEV.4192 

ADDR 

DO 

HIDDEN REFRESH CYCLE 20 

(WE ",HIGH) 

(READ) 

tRAS 

(REFRESH) 

tRAS 

~ DON'T CARE 

~ UNQEFINED 

3.-10 Micron Technology. Inc., reserves the right to change produats or specifications without notice. 
01992, Micfon Technology, Inc. 



MIC:RON MT2D18 
1-· "'""''''''"' 1 MEG x 8 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry standard pinout in a 30-pin, single-in-line 

memory module 
• High-performance, CMOS silicon-gate process 
• Single 5V ±1O% power supply 
• Low power, 6m W (2m W L-version) standby; 

450mW active, typical 
• All device pins are fully TTL compatible 
• FAST PAGE MODE access cycle 
• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• Low profile 
• 1,024-cycle refresh distributed across 16ms or 

1,024-cycle extended refresh distributed across 128ms 
• Low CMOS standby current, 400J.IA maximum 

(L-version) 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 
Leadless 30-pin SIMM 
Leaded 30-pin SIP 

• Power/Refresh 

- 6 
- 7 
- 8 

M 
N 

Normalpower/16ms Blank 
Low power/128ms L 

• Part Number Example: MT2D18ML-6 

GENERAL DESCRIPTION 
The MT2D18 is a randomly accessed solid-state memory 

containing 1,048,576 words organized in a x8 configuration. 
During READ or WRITE cycles, each word is uniquely 
addressed through 20 address bits, which are entered 10 
bits (AO -A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. Early 
WRITE occurs when WE goes LOW prior to CAS going 
LOW, and the output pins remain open (High-Z) until the 
next CAS cycle. 

FAST PAGE MODE operations allow faster data opera­
tions (READ or WRITE) within a row address (AO-A9) 

~T2DI8 

::tEV.4192 3-11 

1 MEG x8 DRAM 
FAST PAGE MODE (MT2D18) 
LOW POWER, 
EXTENDED REFRESH (MT2D18 L) 

PIN ASSIGNMENT (Top View) 

30-Pin SIMM 30-Pin SIP 
(T-1 ) (S-1 ) 

0 Vee 1 
Vee 1 CAS 2 

CAS 2 D01 3 
D01 3 AO 4 

AO 4 A1 5 
A1 5 D02 6 

D02 6 A2 7 
A2 7 A3 8 
A3 8 Vss 9 

Vss 9 D03 10 
D03 10 A4 11 

A4 11 A5 12 A5 12 
D04 13 s: D04 13 s:: A6 14 -I A6 14 -I N 

A7 15 N A7 15 
C D05 16 C D05 16 ... 

A8 17 ... A8 17 CO 
A9 18 CO A9 18 Z NC 19 s:: NC 19 

D06 20 D06 20 
WE 21 WE 21 
Vss 22 Vss 22 

D07 23 D07 23 
NC 24 NC 24 

D08 25 D08 25 NC 26 NC 26 
RAS 27 RAS 27 NC 28 NC 28 NC 29 NC 29 Vee 30 

0 Vee 30 

defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in byRAS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ­
ent column addresses, thus executing faster memory cycles. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE­
RAS or HIDDEN REFRESH) so that all 1,024 combinations 
of RAS addresses (AO-A9) are executed at least every 16ms 
(128ms on L-version), regardless of sequence. 

Micron Technology, Inc., reserves the right to change products or specifications without nolice. 
©1992, Micron Technology, Inc. 
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MIC:RON MT2D18 
1-· '''~'''o" '''' 1 MEG x 8 DRAM MODULE 

AO-A9 

Vee 

Vss 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY-WRITE 

FAST-PAGE-MODE 1st Cycle 

READ 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

WRITE 2nd Cycle 

RAS-ONL Y REFRESH 

HIDDEN READ 

REFRESH WRITE 

CAS-BEFORE-RAS REFRESH 

BATTERY BACKUP 
REFRESH (L-version) 

MT2DiS 
REV. 4/92 

FUNCTIONAL BLOCK DIAGRAM 

D01-DQ4 

D05-DOS 

U1. U2 = MT4C4001JDJ 
. U1. U2 = MT4C4001JDJ L (L-version) 

RAS"" CAS" WE 
H H-X X 

L L H 

L L L 

L H-L H 

L H-L H 

L H-L L 

L H-L L 

L H X 

L-H-L L H 
L-H-L L L 

H-L L H 

H-L L X 

3-12 

ADDRESSES DATA IN/DUT 
IR IC DQ1-DQ8 

X X High-Z 

ROW COL Data Out 

ROW COL Data In 

ROW COL Data Out 

n/a COL Data Out 

ROW COL Data In 

n/a COL Data In 

ROW n/a High-Z 

ROW COL Data Out 

ROW COL Data In 

X X High-Z 

X X High-Z 

Micron Technology, Inc., I'6$9rve81~ right 10 change products or speclllcaUons without notice. 
@1992, Micron Technology, Inc. 



MIC:RON MT2D18 
1-· "'"'0'00"" 1 MEG x 8 DRAM MODULE 

ABSOLUTE MAXIMUM RIA 'nNGS* 
Voltage on Vee Supply Relative to Vss .............. -lV to +7V 
Operating Temperature, T A (Ambient) ......... O°C to +70°C 
Storage Temperature ................................... -SSoC to +12SoC 
Power Dissipation .............................................................. 2W 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 2, 3, 6, 26) (O°C ::; T A::; 70°C; Vcc = SV ±1 0%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE 
Any Input OV ::; VIN ::; Vce AO-A9, RAS, CAS, WE 
(All other pins not under test = OV) 

OUTPUT LEAKAGE DQ1-DQ8 
(Q is disabled, OV ::; VOUT::; Vcc) 

OUTPUT LEVELS 
Output High (Logic 1) Voltage (lOUT = -SmA) 
Output Low (Logic 0) Voltage (lOUT = SmA) 

PARAMETER/CONDITION 

STANDBY CURRENT: (TIL) 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) 

(RAS = CAS = Other Inputs = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = tRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = tRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

REFRESH CURRENT: BATIERY BACKUP (BBU) 
Average power supply current during BATIERY BACKUP refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = IRAS (.MIN) to 
300ns; WE = Vcc -0.2V; AO-A9 and DIN = Vcc - 0.2V or 0.2V 
(DIN may be left open), IRC = 125J.ls (1,024 rows at 12SJ.ls = 128ms) 

MT2D18 
REV.4J92 3-13 

SYMBOL MIN MAX UNITS NOTES 
Vcc 4.S 5.S V 1 

VIH 2.4 Vce+1 V 1 

VIL -1.0 0.8 V 1 

II -4 4 j.lA 

loz -10 10 j.lA 

VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -6 -7 -8 UNITS NOTES 

ICC1 4 4 4 mA 

Icc2 2 2 2 mA 2S 

.4 .4 .4 mA 2S 

Icc3 220 200 180 mA 2,26 

lec4 160 140 120 mA 2,26 

Iccs 220 200 180 mA 2 

Icc6 220 200 180 mA 2, 19 

Icc? .6 .6 .6 j.lA 27,28 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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MIC:RON MT2D18 
1-· ",,"oeoo,,,, 1 MEG x 8 DRAM MODULE 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A9 CI1 13 pF 17 

Input Capacitance: RAS, CAS, WE CI2 17 pF 17 

Input/Output Capacitance: DQ1-DQ8 Cia 10 pF 17 

II 
C ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS ::a (Notes: 3, 4, 5, 6, 7, 10, 11, 16, 21) (O°C S; T AS; +70°C; Vcc = 5V ±1 0%) 

l> 
s:: 
s:: o 
C 
c: 
r­
m 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE READ or WRITE 
cycle time 

FAST-PAGE-MODE READ-WRITE 
cycle time 

Access time from RAS 
Access time from CAS 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse iNidth 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in Low-Z 

MT2D18 
REV. 4192 

SYM MIN 
tRC 110 

tRWC n/a 
tpc 40 

tpRWC n/a 

tRAC 
tCAC 
tAA 

tCPA 
tRAS 60 

tRASP 60 
tRSH 15 
tRP 40 

tCAS 15 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 20 
tCRP 10 
tASR 0 
tRAH 10 
tRAD 15 

tASC 0 
tCAH 10 
tAR 50 

tRAL 30 

tRCS 0 
tRCH 0 

tRRH 0 

tCLZ 0 

3-14 

-6 -7 -8 
MAX MIN MAX MIN MAX UNITS NOTES 

130 150 ns 
n/a n/a n/a 21 
40 45 ns 

n/a n/a n/a 21 

60 70 80 ns 8 
15 20 20 ns 9 
30 35 40 ns 
35 40 45 ns 

100,000 70 100,000 80 00,000 ns 
100,000 70 100,000 80 100,000 ns 

20 20 ns 
50 60 ns 

100,000 20 100,000 20 100,000 ns 
70 80 ns 
10 10 ns 18 
10 10 ns 

45 20 50 20 60 ns 13 
10 10 ns 
a 0 ns 
10 10 ns 

30 15 35 15 40 ns 22 

0 0 ns 
15 15 ns 
55 60 ns 

35 40 ns 

0 0 ns 
0 0 ns 24 

0 0 ns 24 

0 a ns 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 



MICRON MT2D18 
1-· "'""',,,,,,, 1 MEG x 8 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7, 10, 11, 16, 21) (O°C S; T AS; +70°C; Vee = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Output buffer turn-off delay 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 
Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CAS-BEFORE-RAS REFRESH) 

CAS hold time 
(CAS-BEFORE-RAS REFRESH) 

Wt:. hold time 
(CAS-BEFORE-RAS refresh) 

WE setup time 
(CAS-BEFORE-RAS refresh) 

WE hold time 
(WCBR test cycle) 

WE setup time 
(WCBR test cycle) 

T2018 
:V.4/92 

-6 

SYM MIN 
tOFF 0 
twcs 0 

twCH 10 
tWCR 45 

twP 10 
tRWL 15 
tCWL 15 
tDS 0 
tDH 10 

tDHR 45 

tT 3 
tREF 

tRPC 0 
tCSR 10 

tCHR 15 

tWRH 10 

twRP 10 

twTH 10 

tWTS 10 

3-15 

-7 -8 

MAX MIN MAX MIN MAX UNITS NOTES 
15 0 20 0 20 ns 12 

0 0 ns 

15 15 ns 

55 60 ns 

15 15 ns 

20 20 ns 

20 20 ns 

0 0 ns 15 

15 15 ns 15 

55 60 ns 

50 3 50 3 50 ns 5, 16 

16/128 16/128 161128 ms 3/28 

0 0 ns 

10 10 ns 19 

15 15 ns 19 

10 10 ns 23 

10 10 ns 23 

10 10 ns 23 

10 10 ns 23 

Micron Technology, Inc., reserves the right to change products or specificatlons without no1109. 
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MIC:RON MT2D18 
1-· m,,"oeco,,,, 1 MEG x 8 DRAM MODULE 

NOTES 
1. All voltages referenced to V 55. 

2. Ice is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of 100J.ls is required after power-up 
followed by any eight RAS REFRESH cycles (RAS­
ONLY or CBR with WE HIGH) before proper device 
operation is assured. The eight RAS cycle wake-up 
should be repeated any time the tREF refresh 
requirement is exceeded. 

4. AC characteristics assume IT = 5ns. 
5. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C $; T A$; 700q is assured. 

7. Measured with a load equivalent to 2 TTL gates and 
100pF. 

8. Assumes that tRCD < tRCD (MAX). If tRCD is greater 
than the maximum recommended value shown in this 
table, tRAC will increase by the amount that IRCD 
exceeds the value shown. 

9. Assumes that tRCD ~ IRCD (MAX). 
10. If CAS = VIH, data output is High-Z. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. tOFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

14. tRCH is referenced to the first rising edge of RAS or 
CAS. 

MT2D18 
REV,4192 3-16 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias = 2.4V @ 15m V RMS). 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the Q buffer, CAS must 
be pulsed HIGH for tcP. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW. 
21. LATE-WRITE, READ-WRITE or READ-MODIFY­

WRITE cycles are not available due to OE being 
grounded on U1 and U2. 

22. Operation within the tRAD (MAX) limit ensures that 
tRCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if lRAD is greater than the 
specified lRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

23. twTS and twTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of twRP and twRH in the 
CBR refresh cycle. 

24. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

25. All other inputs at Vee -0.2V. 
26. Ice is dependent on cycle rates. 
27. BBU current is reduced as tRAS is reduced from its 

maximum specification during the BBU cycle. 
28. Applies to L-version only. 

Micron Technology, Inc., reserves the right to change products or specifications without notio 
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H2018 
~EV, 4192 

READ CYCLE 

'R C 

tRAS 'RP 

\ 
tCSH 

IRSH tRRH 

tCRP tAco teAs 

ADDR 

J 
'AR 

I tRAD tRAl 

I~~I ~ ~ 
W&{ ROW ~ COLUMN ~ ROW 

lACS 

1 
~ 

!i/l jjj/i//II/I!!III I /II I I /JIll II ~ 
'M 
tRAC 

leAC I~ 
~l 

OPEN VALID DATA OPEN---DO ~:~-

EARLY-WRITE CYCLE 

. 
tRAS , 'RP -' 

1 - \ -
ICSH , 
tRSH 

I' 
teRP , tRCO , tCAS , 

:--./ 
'AR 

ADDR ~r~ 

IRAQ 'RAL . 
I~ ~I -I~ ~ 

~ ROW ~ COLUMN ~ ROW 

tCWL -'_I tAWL 

lWCR 

twcs . twOH , 
'WP 

J////////////// f////////////$/ 

~I 
tOHR 

j~ 
DO ~:g~ ~----VA-L-'D-DA-T-A--

3-17 

~ DON'T CARE 

!l22l UNDEFINED 
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MIC:RON MT2D18 
1-- '''~"'''m'''' 1 MEG x 8 DRAM MODULE 

MT2D18 
REV.4f92 

FAST-PAGE-MODE READ CYCLE 

tRASP 1=1 
11'----c----------;---------1·1 r~ L 

tCSH tpc. tASH 

I ______ ''''AC'''O'--_.I ~11---"'c"'P-_1 ~ 1--"'c,,,-P--1 ~yr-±-_-tt-_'C_P_N----l 

'AA ~ l 

. 
AAS V,H 

V,L 

I~ 
CAS V,H :--' V,L 

~ I I -I~~I ~ ~ ~~I ~II~I I' 
ADDR ~l~ ~ ROW )'(1/;0 COLUMN W'I////~ COLUMN WI/I//'" COLUMN WI/!!/II/////; ROW 

ADDR 

I 1 
-I IL.Acs -I IL.Acs -I I-'AAH 

1 'ACS 'ACH- Ii I 'ACH- Ii I ~I 
WE ~:~:J///////////////"f W(II "<4'Iff ~ 

I. I ::C . I I ~A: . I· 1 ::A' 
1 tCAC ~ I~ ~ I~ - -tOFF 

telz - 1- tell - 1- teLz - 1-
V,OH _______ ~ 1·~OV~AL~IDJ----~~~1t: VALID I, VALID DO V,OL --------- OPEN DATA ~ ~ DATA .L?-- OPEN--

FAST-PAGE-MODE EARLY-WRITE CYCLE 

tCSH tpc tRSH 

~ 1-' ____ --""A"'C"'D __ 1_''''cA'''S'-_, I--"'C,,--P-_ 1--"'c""AS"---II--'C"'P'--.II_.......,,'C""AS"---1 

AOW 

~ DONTCARE 

~ UNDEFINED 

3-18 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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1.112018 
~EV.4!92 

--
leAP 

CAS ~:~ =~ 

FIAS"-ONL Y REFRESH CYCLE 
(ADDR = AO-A9; WE = DON'T CARE) 

IRC 
IRAS IRP 

II 

-1.IRPc1 

~ 

\ 

tASR IRAH • I. 

ADDR ~:t _'---RO-W -----,blff$$;/'///$//;/'$$$/$/$;/'/~r---RO-W --

DO ~g~ ::---------OPEN---------

DQ 

DQ 

CAS-BEFORE-'RAS REFRESH CYCLE 
(AO-A9 = DON'T CARE) 

lAP . IRAS . IRP . IRAS 

J 
--1 IRPc:1 

:~ :ICPNi ICSA 
tCHA IAP11~ ~I 

L .-l .1 
OPEN 

tWRP tWRH ~ -~I 

W/;/,;/,/IIIII ;/,/1//1/1) 
~ 

WI ;/'II;/';/' ;/'////////////;/'/;/'/;; 

BATTERY BACKUP REFRESH CYCLE 28 

(AO-A9 = DON'T CARE) 

I~S 

lAP tRAS IRP tRAS .I 

J 
--1 IRPC:I 

}ICPN~~ ~ IRPr ~I. 
- I 
-

OPEN -

~~ ~ 
~1/1//I/;/,/I/I;/,;/,#lIj' 

3-19 

! 

~ 

~ DON'T CARE 

~ UNDEFINED 
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MT2D18 
I'IIIC:I:::U;;;~N 1 MEG x 8 DRAM MODULE 

MT2D16 
REV.4!92 

ADDR 

HIDDEN REFRESH CYCLE 20 

(WE = HIGH) 

(READ) (REFRESH) 

tAAS 

DO ~:gt--------- OPENJ-------1~~L-----~VA::LI:::D~DA:.'T.:A-__:_-----:.f OPEN-

3-20 

~ DON'T CARE 

~ UNDEFINED 
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MIC:RON MT8D18 
1-· ","""",", 1 MEG x 8 DRAM MODULE 

DRAM 
MODULE 
~EATURES 

• Industry standard pinout in a 30-pin single-in-line 
package 

• High-performance, CMOS silicon-gate process 
• Single 5V ±10% power supply 
• Low power, 24mW (2.4mW L-version) standby; 

1,400mW active, typical 
• All device pins are fully TIL compatible 
, Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
, 512-cyc1e refresh distributed across 8ms or 

512-cycle extended refresh distributed across 64ms 
, FAST PAGE MODE access cycle 

Low CMOS standby current, 1.6mA maximum 
(L-version) 

)PTIONS MARKING 
Timing 
60ns access -6 
70ns access - 7 
80ns access - S 

Packages 
Leadless 30-pin SIMM M 
Leaded 30-pin SIP N 

Power IRefresh 
Normal Power ISms Blank 
Low Power 164ms L 

Part Number Example: MTSDlSML-6 

;ENERAL DESCRIPTION 
The MTSDIS is a randomly accessed solid-state memory 

Jntaining 1,04S,576 words organized in a xS configuration. 
luring READ or WRITE cycles, each word is uniquely 
idressed through the 20 address bits, which are entered 10 
its (AO -A9) at a time. RAS is used to latch the first 10 bits 
nd CAS the latter 10 bits. READ or WRITE cycles are 
~lected with the WE input. A logic HIGH on WE dictates 
EAD mode while a logic LOW on WE dictates WRITE 
lode. During a WRITE cycle, data"in (D) is latched by the 
tIling edge of WE or CAS, whichever occurs last. Early 
!RITE occurs when WE goes LOW prior to CAS going 
OW, and the output pins remain open (High-Z) until the 
~xt CAS cycle. 
FAST PAGE MODE operations allow faster data opera­

ons (READ or WRITE) within a row-address (AO-A9) 

8018 
V.4192 3-21 

1 MEG x 8 DRAM 
FAST PAGE MODE (MT8D18) 
LOW POWER, 
EXTENDED REFRESH (MT8D18 L) 

PIN ASSIGNMENT (Top View) 

30-Pin SIMM 30-Pin SIP 
(T-3) (S-3) 

0 Vee 1 

Vee 
CAS 2 

1 
DOl 3 CAS 2 

001 3 AO 4 

AO 4 AI 5 
A1 5 D02 6 

002 6 A2 7 
A2 7 A3 8 
A3 S Vss 9 

Vss 9 D03 10 
003 10 A4 11 

A4 11 A5 12 
A5 12 s: D04 13 s:: 004 13 
A6 14 -f A6 14 ~ A7 15 CO A7 15 

D05 16 C D05 16 C 
AS 17 

..... A8 17 ..... 
CO CO 'A9 18 s: 'A9 18 

Z NC 19 NC 19 
006 20 D06 20 
WE 21 WE 21 
Vss 22 Vss 22 

007 23 D07 23 NC 24 
NC 24 DOS 25 

D08 25 NC 26 
RAS 27 NC 26 

NC 28 RAS 27 
NC 29 NC 28 
Vee 30 NC 29 

0 Vee 30 

• Address not used for RAS-ONL Y REFRESH 

defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed~in by CAS. CAS 
may be toggled-in by holding RAS LOW and strobing-in 
different column addresses, thus executing faster memory 
cycles. 

Returning RA$ and CAS HIGH tenninates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycles (READ, WRITE, RAS-ONL Y, CAS-BEFORE­
RAS or HIDDEN REFRESH) so that all 512 combinations of 
RAS addresses (AO-AS) are executed at least every 8ms 
(64ms on L-version only), regardless of sequence. 

Micron Technology, Inc., reseNes the right to change products or specifications without notice. 
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MICRON MT8D18 
1-· "'"'' '''''' 1 MEG x 8 DRAM MODULE 

TRUTH TABLE 

FUNCTION 
Standby 

READ 

EARLY-WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

WRITE 

RAS~ONL Y REFRESH 

HIDDEN 

REFRESH 

AO-A9 

RAS 
CAS 
WE 

001 

002 

003 

004 

Vee 

Vss 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

READ 

WRITE 

CAS-BEFORE-RAS REFRESH 

BATTERY BACKUP 
REFRESH (L-version) 

MT8018 
REV. 4/92 

FUNCTIONAL BLOCK DIAGRAM 

- r--

~ AO-A' ~=, RAS 
15AS U1 I- 15AS US 
WE WE 

D Q~ DOS 
D Ql 

II II [Vi iSS 
,L-L 

~:: 
,-L--L 

~=, 
-15AS U2 I- 15AS U6 

WE WE 

D Q~ 006-
D Q~ Vi VtS T-T 

,L-L -L-L 

~ AD-A' ~=, RAS 

I- 15AS U3 CAS U7 
WE WE 

D Q~ 007 
D Q~ II IVy Vr T-T 

,-L-L ...L-L 

~:;, ~Ao-A' 
= 

'--- 15AS U4 '--- CAS US 
WE WE 

D Q l I ,vy Y' 
DOS 

D Q~ I T-T 
I I 

U1 - US - MT4C1024DJ 
U1 - US - MT4C1024DJ L (L-version) 

ADDRESSES DATA IN/OUT 

RA!" "CAS" WE IR IC DQ1·DQa 

H H--+X X X X High-Z 

L L H ROW COL Data Out 

L L L ROW COL Data In 

L H':"L H ROW COL Data Out 

L H--+L H n/a COL Data Out 

L H--+L L ROW COL Data In 

L H--+L L n/a COL Data In 

L H X ROW n/a High-Z 

L --+H--+L L H ROW COL Data Out 

L --+H--+L L L ROW COL Data In 

H--+L L X X X High-Z 

H--+L L X X X High-Z 

3-22 Micron Technology, Inc., reserves the right to change products or spedfications without nolio 
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MIC:RON MT8D18 
I-a ",",oeo",,, 1 MEG x 8 DRAM MODULE 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee Supply Relative to Vss .............. -lV to +7V 
Operating Temperature, TA (Ambient) ......... O°C to +70°C 
Storage Temperature (Plastic) .................... -SsoC to + 12SoC 
Power Dissipation .............................................................. 8W 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specificationisnotimplied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C ~ T A ~ 70°C; Vcc = 5V ±1 0%) 

PARAMETER/CONDITION 
Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE: D9, CAS9 
Any Input OV ~ VIN ~ Vcc, 
(All other pins not under test = OV) AO-A9, RAS, WE 

OUTPUT LEAKAGE: D01-8,09 
(0 is disabled, OV ~ VOUT ~ Vcc) 

OUTPUT LEVELS 
Output HighVoltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 5mA) 

PARAMETER/CONDITION 
STANDBY CURRENT: (TTL) 
(RAS = CAS = VI H) 

STANDBY CURRENT: (CMOS) 

(RAS= CAS = Vcc -0.2V) 

OPERATING CURRENT: RandomREADIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL; CAS, Address Cycling: tpc = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling; CAS = VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

REFRESH CURRENT: BATTERY BACKUP (BBU) 
Average power supply current during BATTERY BACKUP refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = tRAS (MIN) to 
11ls; WE, AO-A9 and DIN = Vcc-0.2V or 0.2V (DIN may be left 
OPEN), IRC = 1251ls (512 rows at 1251ls = 64ms) 

MT8D18 
REV. 4192 3-23 

SYMBOL MIN MAX UNITS NOTES 
Vcc 4.5 5.5 V 1 

VIH 2.4 Vcc+1 V 1 

VIL -1.0 0.8 V 1 

II -2 2 J.lA 

/I -16 16 J.lA 
loz -10 10 IlA 

VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -6 -7 -8 UNITS NOTES 

Icc1 16 16 16 mA 

Icc2 8 8 8 mA 23 

1.6 1.6 1.6 mA 23,25 

720 640 560 mA 3,4 
Icc3 

680 600 520 mA 3;4,25 

560 480 400 mA 3,4 
Icc4 

520 440 360 mA 3,4,25 

720 640 560 mA 3 
Iccs 

680 600 520 mA 3,25 

720 640 560 mA 3,5 
Icc6 

680 600 520 mA 3,5,25 

Icc? 1.6 1.6 1.6 mA 25 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT8D18 
1-· n,",,,co,,", 1 MEG x 8 DRAM MODULE 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A9 CI1 51 pF 2 

Input Capacitance: RAS, CAS, WE CI2 67 pF 2 

Input/Output Capacitance: D01-D08 CIO 16 pF 2 

II 
c 
lJ ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
l> (Notes: 6, 7, 8, 9, 10, 11, 12, 13) (DOC :'>TA:'> 70°C; Vce = 5V±10%) 

s:: 
s:: o c 
C 
r­
m 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST -PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 
Access time from CAS 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

MTSD18 
REV. 4192 

-6 
SYM MIN MAX 
tRC 110 

tRWC n/a 
tpc 40 

tpRWC n/a 

tRAC 60 
!CAC 20 
tAA 30 
CPA 35 
tRAS 60 100,000 

tRASP 60 100,000 
tRSH 20 
tRP 40 

tCAS 20 100,000 
tCSH 60 
tCPN to 
tcp 10 

tRCD 20 40 
tCRP 5 
tASR a 
tRAH 10 
tRAD 15 30 

tASC a 
tCAH 15 
tAR 45 

tRAL 30 

tRCS a 
tRCH a 

tRRH a 

3-24 

MIN 
130 
n/a 
40 

n/a 

70 
70 
20 
50 
20 
70 
10 
10 
20 
5 
a 
10 
15 

a 
15 
55 

35 

a 
a 

a 

-7 -8 

I 

MAX MIN MAX UNITS NOTES 
150 ns 
n/a n/a 24 
ns 

n/a n/a 24 

70 80 ns 14 
20 20 ns 15 
35 40 ns 
40 45 ns 

100,000 80 100,000 ns 
100,000 80 100,000 ns 

20 ns 
60 ns 

100,000 20 100,000 ns 
80 ns 
10 ns 16 
10 ns 

60 20 60 ns 17 
5 ns 
a ns 
10 ns 

35 15 40 ns 18 

a ns 
15 ns 
60 ns 

40 ns 

a ns 
a ns 19 

a ns 19 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992,MlcronTechnology, Inc. 



MIC:RON MT8D18 
1-· "'''''''' '"'"' 1 MEG x 8 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) (O°C S; TA S; 75°C; Vee = 5V ± 10%) 

AC CHARACTERISTICS 
PARAMETER 
CAS to output in low-Z 

Output buffer turn-off delay 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to "RJl$) 

Write command pulse width 

Write command to "RJl$lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to "RJl$) 

Transition time (rise or fall) 

Refresh period (512 cycles) 

"RJl$ to CAS precharge time 

CAS setup time 
(CAS"-BEFORE-"RJl$ REFRESH) 

CAS hold time 
(C7'S-BEFORE-tiAS REFRESH) 

o1T8D18 
~EV,4I9-2 

-6 

SYM MIN MAX 
tClZ 0 
tOFF 0 20 
twcs 0 
tWCH 10 

twCR 45 

twP 10 
tRWl 20 
tCWl 20 
tDS 0 
tDH 15 

tDHR 45 

ty 3 50 
tREF 8/64 
tRPC 0 
tCSR 10 

tCHR 10 

3-25 

MIN 
0 

0 

0 

15 

55 

15 

20 

20 

0 

15 

55 

3 

0 

10 

15 

-7 -8 

MAX MIN MAX UNITS NOTES 
0 ns 

20 0 20 ns 20 

0 ns 

15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 21 

15 ns 21 

60 ns 

50 3 50 ns 9,10 

8/64 8/64 ms 7/25 

0 ns 

10 ns 5 

15 ns 5 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT8D18 
1-· ",""owono 1 MEG x 8 DRAM MODULE 

NOTES 
1. All voltages referenced to V 55. 

2. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias = 2.4V @ 15m V RMS). 

3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (O°C::; TA ::; 70°C) is assured. 

7. An initial pause of lOOlls is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the IREF 
refresh requirement is exceeded. 

8. AC characteristics assume tor = 5ns. 
9. Vnr (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between Vnr and VIL (or between VIL 
and Vnr). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between Vnr and 
VIL (or between VIL and Vnr) in a monotonic manner. 

11. If CAS = Vnr, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

lOOpF. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 

MT8D18 
REV. 4/92 3-26 

table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD ;;:: IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data-out buffer, CAS must be 
pulsed HIGH for ICPN. 

17. Operation within the IRCD (MAX) limit ensures that 
lRAc (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

18. Operation within the lRAD (MAX) limit ensures that 
IRCD (MAX) can be met. lRAD (MAX) is specified as 
a reference point only; if lRAD is greater than the 
specified lRAD (MAX) limit, then access time is 
controlled exclusively by lAA. 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. IOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. These parameters are referenced to CAS leading edge 
in EARLY -WRITE cycles. 

22. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

23. All other inputs equal Vcc -0.2V. 
24. LATE-WRITE, READ-WRITE or READ-MODIFY­

WRITE cycles are not available due to the common 
DQ configuration of UI-U8. 

25. Applies to the L-version only. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992,MicronTechnology, Inc. 
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.tl8018 
=tEV.4J92 

READCVCLE 

'AC 

'RAS 'RP 

RAS 
VIH -
VIL _ 

'cSH 

"'SH tRRH 

'cRP tACO tCAS 

CAS 

ADDR 

WE 

DO VIOH 
VIOL OPEN VALID DATA OPEN 

EARL V-WRITE CVCLE 

'RC 

'RAS 

RAS 
VIH -
VIC _ 

'cSH 

tRSH 

'CAP. tROD 'c1\S 

CAS VIH -
VIL _ 

'AR 

AoDR VIH 
VIL ROW 

'os 

DO ~:8t' ::Z~0;~~~~~~~~~lj'!\~ __ ~V~AL~lo~o~A::TA:"-~"';";f'(L;w.zz,rLLL4'LL{L.<U=LL.~':::Cl.L.l.U..£.L.'-'-'-" 
~ DON'TeARE 

~ UNDEFINED 
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MIC:RON MT8D18 
1-· "'""OC,,"" 1 MEG x 8 DRAM MODULE 

MT8D1S 
REV.4f92 

ADDR 

RAS ~:~ = 

FAST-PAGE-MODE READ CYCLE 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

3-28 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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~ONLY REFRESH CYCLE 
(ADDR = AO-AS; A9 and WE = DON'T CARE) 

'RAS 

ICAP 

tABA IRAH 

ROW ROW 

DO ~8t' -:-"----------'------OPEN--'-------------

~-BEFORE-"RS REFRESH CYCLE 
(AO-A9 and WE = DON'T CARE) 

- V'H _.-+----il 
CAS VIL __ -'--_-"--___ ----'-_____________ -,-______ ~_ 

DO ~8r :-------------OPEN-------------

BATTERY BACKUP REFRESH CYCLE 25 

(AO-A9 and WE = DON'T CARE) 

CAS ~:r = 
--'-L-_~ ___ ~ ___ ~~~----------~-

o ~8t' _:-----------------OPEN-------------

3-29 

',. 

ml DON'T CARE 

~ UNDEFINED 

MICron TechnolOgy, Inc., reserves the right to change products or specifications without notice. 
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MT8D18 
I"IIC:I=:U~,N 1 MEG x 8 DRAM MODULE 

MT8D16 
REV. 4192 

RAS 

CAS 

ADOR 

DO 

VIH-
VIL_ 

VIOH-
VIOL 

HIDDEN REFRESH CYCLE 22 

(WE = HIGH) 

(READ) (REFRESH) 

tRAS 'RAS 

tACO tASH tcHR 

I 
'RAe I 

~ telz 
-tOFF 

OPEN VALID DATA OPEN-

(Z1 DON'T CARE 

~ UNDEFINED 
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ADVANCE 

UU:::I=ION MT2D48 
1-· ,",""we"" 4 MEG X 8 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry standard pinout in a 3D-pin, single-in-line 

memory module 
• High-performance, CMOS silicon-gate process 
• Single 5V ±lD% power supply 
• Low power, 6mW standby; 55DmW active, typical 
• All device pins are fully TTL compatible 
• F AST PAGE MODE access cycle 
• Refresh modes: RA5-0NL Y, CA5-BEFORE-RAS (CBR) 

and HIDDEN 
• 2,D48-cycle refresh distributed across 32ms 
• Low profile 

OPTIONS MARKING 
• Timing 

6Dns access 
7Dns access 
80ns access 

• Packages 
Leadless 3D-pin SIMM 
Leaded 3D-pin SIP 

• Part Number Example: MT2D48M-6 

GENERAL DESCRIPTION 

- 6 
- 7 
- 8 

M 
N 

The MT2D48 is a randomly accessed solid-state memory 
containing 4,194,304 words organized in a x8 configuration. 
During READ or WRlTE cycles, each word is uniquely 
addressed through 22 address bits, which are entered 11 
bits (AD -AlO) at a time. RAS is used to latch the first 11 bits 
aild CAS the latter 11 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRlTE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of CAS. Since WE goes LOW prior to CAS 
going LOW, the output pins remain open (High-Z) until the 
next CAS cycle. 

FAST PAGE MODE operations allow faster data opera­
tions (READ or WRITE) within a row address (AD-AID) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 

MT2D48 
REV. 4192 3-31 

4 MEG x8 DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

30-Pin SIMM 30-Pin SIP 
(T-5) (S-5) 

0 Vee 1 
Vee 1 CAS 2 

CAS 2 D01 3 
D01 3 AO 4 

AO 4 A1 5 
A1 5 D02 6 

D02 6 A2 7 
A2 7 A3 8 
A3 8 

Vss 9 
Vss 9 

D03 10 D03 10 

A4 11 A4 11 

A5 12 A5 12 

~ D04 13 s: D04 13 
A6 14 -I A6 14 
A7 15 N A7 1S 

D05 16 C DOS 16 C 
AS 17 .I:> A8 17 & A9 18 QO A9 18 Z A10 19 s: A10 19 

D06 20 D06 20 
WE 21 WE 21 
Vss 22 Vss 22 

D07 23 D07 23 
NC 24 NC 24 

D08 25 
D08 25 NC 26 

RAS 27 NC 26 

NC 28 RAS 27 

NC 29 NC 28 
Vee 30 NC 29 

0 Vee 30 

followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ" 
entcolumn addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST-PAGE-MODE 
operations. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip currenttoa reduced standby leveL 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRlTE, RAS-ONL Y, CAS-BEFORE­
RAS or HIDDEN REFRESH) so that a1l2,D48 combinations 
of RAS addresses (AD-AID) are executed at least every 
32ms, regardless of sequence. The CBR REFRESH cycle will 
invoke the refresh counter for automatic RAS addressing. 

Micron Technology. Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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ADVANCE 

MIC:RON MT2D48 
1-· H'~"C'''", 4 MEG x 8 DRAM MODULE 

AO-A10 

Vee 

Vss 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY-WRITE 

FAST-PAGE-MODE 1st Cycle 

READ 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

WRITE 2nd Cycle 

RAS-ONL Y REFRESH 

HIDDEN READ 

REFRESH WRITE 

CAS-BEFORE-RAS REFRESH 

MT2D48 
REV. 4192 

FUNCTIONAL BLOCK DIAGRAM 

"RR 
H 

L 

L 

l 

L 

L 

L 

L 

L-H-L 

L-H-L 

H-L 

D01-D04 

DOS-DOS 

U1, U2 = MT4C4M481DJ 

"CAS WE 

H-X X 

L H 

L L 

H-L H 

H-L H 

H-L L 

H-L L 

H X 

L H 

L L 

L H 

3-32 

ADDRESSES DATA IN/OUT 
IR IC DQ1-DQa 

X X High-Z 

ROW COL Data Out 

ROW COL Data In 

ROW COL Data Out 

n/a COL Data Out 

ROW COL Data In 

n/a COL Data In 

ROW n/a High-Z 

ROW COL Data Out 

ROW COL Data In 

X X High-Z 

Micron Technology. Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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MIC:RON MT2D48 
1-· ",""wene 4 MEG x 8 DRAM MODULE 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee Supply Relative to Vss .............. -lV to +7V 
Operating Temperature, TA (Ambient) ......... ODC to +70°C 
Storage Temperature ................................... -SSoC to +12SoC 
Power Dissipation .............................................................. 2W 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not imp lied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C ::; T A::; 70°C; Vcc = 5V ±1 0%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE 
Any Input OV ::; VIN ::; Vcc AO-A 10, RAS, CAS, WE 
(All other pins not under test = OV) 

OUTPUT LEAKAGE DQ1-DQ8 
(Q is disabled, OV ::; VOUT ::; Vcc) 

OUTPUT LEVELS 
Output High (Logic 1) Voltage (lot:JT = -SmA) 
Output Low (Logic 0) Voltage (lOUT = SmA) 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL; CAS, Address Cycling: IpC.= IpC (MIN» 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling; CAS = VIH: IRC = IRC (MIN» 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN» 

MT2D48 
REV. 4/92 3-33 

SYMBOL MIN MAX UNITS NOTES 

Vcc 4.5 5.5 V 1 

VIH 2.4 Vcc+1 V 1 

VIL -1.0 0.8 V 1 

II -4 4 j.tA 

loz -10 10 J.lA 

VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL ·6 ·7 ·8 UNITS NOTES 

Icc! 4 4 4 rnA 

Icc2 2 2 2 rnA 

Icc3 240 200 180 rnA 3,4 

Icc4 160 140 120 rnA 3,4 

ICC5 240 200 180 rnA 3 

Icc6 240 200 180 rnA 3,5 

Micron Technology. Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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ADVANCE 

CAPACITANCE 

PARAMETER· SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A 10 Cll 13 pF 2 

Input Capacitance:RAS, CAS, WE CI2 17 pF 2 

Input/Output Capacitance: OQ1-0Q8 Cia 10 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 22) (Vcc = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 
Access time from ~ 
Access time from column address 
Access time from ~ precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
~ pulse width 
~holdtime 
~ precharge time 
~ precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
~ to RAS precharge time 
Row address setup time 
Row address hold time 
RAS.to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to AAS) 
Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to ~ 

Read command hold time 
(referenced to RAS) 

CAS to output in Low-Z 
Output Duffer turn-off delay 
WE command setup time 

MT2048 
REV. 4192 

-6 
SYM MIN MAX 
tRC 110 

tRWC n/a 
tpc 40 

tpRWC n/a 

tRAC 60 
tCAC 15 
tAA 30 

tCPA 35 
tRAS 60 100,000 

tRASP 60 100,000 
tRSH 15 
tRP 40 

teAS 15 100,000 
teSH 60 
tCPN 10 
tep 10 

tRCD 20 45 
tCRP 5 
tASR a 
tRAH 10 
tRAD 15 30 

tASC 0 
teAH 10 
tAR 50 

tRAL 30 

tRCS a 
tRCH a 

tRRH a 

tCLl a 
tOFF a 15 
twcs a 

3-34 

-7 
MIN 
130 
n/a 
40 

n/a 

70 
70 
20 
50 
20 
70 
10 
10 
20 
5 
a 
10 
15 

a 
15 
55 

35 

a 
a 

a 

0 
a 
0 

-8 
MAX MIN MAX UNITS NOTES 

150 ns 
n/a ns 22 
45 ns 

n/a ·ns 22 

70 80 ns· 14 
20 20 ns 15 
35 40 ns 
40 45 . ns 

100,000 80 100,000 ns 
100,000 80 100,000 ns 

20 ns 
60 ns 

100,000 20 100,000 ns 
80 ns 
10 ns 16 
10 ns 

50 20 60 ns 17 
5 ns 

.. 

0 ns 
10 ns 

35 15 40 ns 18 

a ns 
15 ns 
60 ns 

40 ns 

0 ns 
0 ns 19· 

a ns 19 

a ns .. 

20 a 20 ns 20 
a ns 

Micron Technology. Inc., reserves the right to change products 01 specifications wilhoutnotice. 
@1992,MicronTechnolOgy;lnt. 
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MIC:RON MT2D48 
1-· ","",co",", 4 MEG x 8 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (Vee = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Write command nold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

Transition time (rise or fall) 

Refresh period (2,048 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CAS-BEFORE-RAS refresh) 

CAS hold time 
(CAS-BEFORE-RAS refresh) 

WE hold time 
(CAS-BEFORE-RAS refresh) 

WE setup time 
(CAS-BEFORE-RAS refresh) 

WE hold time 
(WCBR test cycle) 

WE setup time 
(WCBR testcycle) 

MT2D48 
REV. 4192 

-6 

SYM MIN 
tWCH 10 
tWCR 45 

twp 10 
tRWL 15 
tCWL 15 
tDS 0 
tDH 10 

tDHR 45 

tT 3 
tREF 

tRPC 0 
tCSR 5 

tCHR 15 

tWRH 10 

twRP 10 

twTH 10 

tWTS 10 

MAX MIN 
15 

55 

15 

20 

20 

0 
15 

55 
; 

50 3 

32 

0 

5 

15 

10 

10 

10 

10 

3-35 

-7 -8 

MAX MIN MAX UNITS NOTES 
15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 21 
15 ns 21 

60 ns 

50 3 50 ns 9,10 

32 32 ms 

0 ns 

5 ns 5 

15 ns 5 

10 ns 24 

10 ns 24 

10 ns 24 

10 ns 24 

Micron Technology, Inc., reserves the rlghllo change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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NOTES 
1. All voltages referenced to V 55. 

2. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= SV, DC bias = 2.4V@ lSmV RMS). 

3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lOOl1s is required after power-up 
followed by eight RAS refresh cycles (RAS-ONL Y or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the IREF refresh requirement is 
exceeded. 

8. AC characteristics assume l'f = Sns. 
9. VIH (MIN) and VlL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and Vrn). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VlL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

100pF. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 

MT2D48 
REV. 4192 3-36 

ADVANCE 

table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD ?: IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for ICPN. 

17. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

18. Operation within the lRAD (MAX) limit ensures that 
IRCD (MAX) can be met. lRAD (MAX) is specified as 
a reference point only; if IRAD is greater than the 
specified IRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

22. OE is tied permanently LOW; LATE-WRITE or 
READ-MODIFY -WRITE operations are not possible. 

23. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE=HIGH. 

24. twTS and twTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of twRP and twRH in the 
CBR refresh cycle. 

Micron Technology, Inc., reselV9S the right to change products or speclncations without notice, 
©1992, Micron Technology, Inc. 
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MT2D48 1'II1C:1=";2~ 4 MEG x 8 DRAM MODULE 

\o1T2048 
"l.EV.4192 

RAS 

CAS 

ADDR 

WE 

DO 

RAS 

CAS 

ADDR 

WE 

VIH -
VIL _ 

leAP 

VIOH 
VIOL 

VIH -
VIL _ 

ICRP 

V1H -
VIL _ 

IRAQ 

V,H 
V,L ROW 

V1H -
VIL 

READ CYCLE 

'RC 

tRAS 

tCSH 

IRSH 

tACO tCAS 

OPEN 

EARL Y-WRITE CYCLE 

'RC 

tRAS 

tCSH 

tRSH 

tAco teAs 

'AR 

'RAL 

IRWL 

tWCR 

twcs twCH 

'WP 

3-37 

'RP 

tRRH 

IOFF 

VAliD DATA OPEN----

ROW 

~DON'TCARE 
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ADVANCE 

MIC::RON MT2D48 
1-· "",,<>0<'''''''' 4 MEG x 8 DRAM MODULE 

MT2048 
REV. 4/92 

FAST-PAGE-MODE READ CYCLE 

I ______________________________ I~M~S~P ____________________________ ~~ 

RAS 
VIH -
V,L -

CAS VIH -
VIL 

ADDR VIH -
VIL -

WE V,H -
V,L -

DO ~1gt -'---------------

ADDR ~:~ 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

3-38 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT2D48 
1-· "'""" '"'' 4 MEG x 8 DRAM MODULE 

MT2D48 
REV. 4/92 

RAS"-ONL Y REFRESH CYCLE 
(ADDR = AO-A10; WE = DON'T CARE) 

'RP 

_ V1H _----"-1 1* 
RAS v" - 11'-------------";/11 \ 

ICRP "I~I 

ROW 

DQ ~gr :'-----------OPEN----------

CAS"-BEFORE-RAS REFRESH CYCLE 
(AO-A 10 = DON'T CARE) 

DO :-----tt-----OPEN--ti---------

IWAP IWAH twRP tWRH 

WE ~:t W$//MY- -W;@#$#I#/Md--w;@/#//##//,$'II/#/M 

I~ 
J 

I~ IRAH 

ADDR ~IH-- I: IL~W!J2{ 

HIDDEN REFRESH CYCLE 23 

(WE = HIGH) 

tRCD 

IRAD 

(AEAD) 

'RAS 

'RSH 

~. 
I 'I 'AR 

II 'RAL 

IAScll~ 

'RP 

~ 

I 

3-39 

(REFRESH) 

IRAS 

tCHR 

OPEN-

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves tile right to chang& products or specifications without notice. 
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MT2D48 
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MIC:::RON MT8D48 
1-· ",",oeocn, 4 MEG x 8 DRAM MODULE 

DRAM 
MODULE 
<EATURES 
, Industry standard pinout in a 30-pin single-in-line 

package 
High-performance, CMOS silicon-gate process 
Single 5V ±lO% power supply 
All device pins are fully TTL compatible 
Low power, 24mW (8mW L-version) standby; 
1,800mW active, typical 
Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR) 
and HIDDEN 
1,024-cycle refresh distributed across 16ms or 
1,024-cycle extended refresh distributed across 128ms 
FAST PAGE MODE access cycle 
Low CMOS standby current, L6mA maximum 
(L-version) 

)PTIONS 
Timing 
60ns access 
70ns access 
80ns access 

MARKING 

Packages 
Leadless 30-pin SIMM 
Leaded 30-pin SIP 

Power /Refresh 
Normal Power/16ms 
Low Power/128ms 

-6 
-7 
-8 

M 
N 

Blank 
L 

Part Number Example: MT8D48ML-6 

;ENERAL DESCRIPTION 
The MT8D48 is a randomly accessed solid-state memory 

Jntaining 4,194,304 words organized ina x8 configuration_ 
ftlring READ or WRITE cycles, each bit is uniquely ad­
ressed through the 22 address bits which are entered 11 
its (AO -AI 0) at a time. RAS is used to latch the first 11 bits 
Ild CAS the latter 11 bits. A READ or WRITE cycle is 
~lected with the WE input. A logic HIGH on WE dictates 
EAD mode, while a logic LOW on WE dictates WRITE 
lode. During a WRITE cycle, data-in (D) is latched by the 
llling edge of WE Of CAS, whichever occurs last. If WE 
Des LOW prior to CAS going LOW, the output pin(s) 
~main open (High-Z) until the next CAS cycle. EARLY­
IRITE occurs when WE goes LOW prior to CAS going 
OW, and the ouput remains open (High-Z) until the next 
AS cycle. 

8048 
V.4/92 3-41 

4 MEG x8DRAM 
FAST PAGE MODE (MT8D48) 
LOW POWER, 
EXTENDED REFRESH (MT8D48 L) 

PIN ASSIGNMENT (Top View) 

30-Pin SIMM 30-Pin SIP 
(T-3) (S-3) 

0 Vee 1 , CAS 2 
Veo DQl 3 

CAS 2 
AO 4 

DO' 3 
AO • Al 5 
A, 5 DQ2 6 

002 6 A2 7 
A2 ? A3 8 
A3 8 Vss 9 

Vss 9 DQ3 10 
003 10 A4 11 

A4 11 AS 12 
A5 12 s: DQ4 13 s: 

DQ4 '3 A6 14 ~ A6 ,. ~ A7 15 A7 '5 
005 '6 C DQ5 16 C 

AB '7 "'" A8 17 .... 
CO CXI 

A9 'B iii: A9 18 Z *A10 '9 'Al0 '9 
006 20 DQ6 20 
WE 21 WE 21 
V55 22 Vss 22 

DO? 23 DQ7 23 
NC 2. 

NC 24 008 25 
NC 26 DQB 25 

RAS 27 NC 26 
NC 28 RA§ 27 
NC 29 NC 28 
Vee 30 NC 29 

0 
Vee 30 

• Address not used for RAS-ONL Y REFRESH 

FAST PAGE MODE operations allow faster data opera­
tions (READ or WRITE) within a row-address (AO-AlO) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ­
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time .. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONL Y, CAS-BEFORE­
RAS or HIDDEN REFRESH) so that all 1,024 combinations 
of RAS addresses (AO-A9) are executed at least every16ms 
(128ms on L-version), regardless of sequence. 

Micron Technology, Inc., reserves the right to change products or specilications without notice. 
©1992, Micron Technology, Inc. 
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D01 

D02 

D03 

D04 

Vee 

Vss 

TRUTH TABLE 

FUNCTION 
Standby 

READ 

EARL V-WRITE 

FAST-PAGE-MODE 1st Cycle 

READ 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

WRITE 2nd Cycle 

RAS-ONL V REFRESH 

HIDDEN READ 

REFRESH WRITE 

CAS-BEFORE-RAS REFRESH 

BATTERV BACKUP 
REFRESH (L-version) 

MT8048 
REV. 4/92 

FUNCTIONAL BLOCK DIAGRAM 

1m" 
H 

L 

L 

L 

L 

L 

L 

L 

L-H-L 

L-H-L 

H-L 

H-L 

D05 

DOB 

D07 

D08 

U1-U8 = MT4C1004JDJ 
U1-U8 = MT4C1004JDJ L (L-version) 

"CH WE 
H-X X 

L H 

L L 

H-L H 

H-L H 

H-L L 

H-L L 

H X 

L H 

L L 

L H 

L X 

3-42 

ADDRESSES DATA IN/OUT 
IR IC D01-D08 

X X High-Z 

ROW COL Data Out 

ROW COL Data In 

ROW COL Data Out 

n/a COL Data Out 

ROW COL Data In 

n/a COL Data In 

ROW n/a High-Z 

ROW COL Data Out 

ROW COL Data In 

X X High-Z 

X X High-Z 

Micron Technology, Inc., reserves the right to change products or specifications without notic 
©1992,MicronTechnology, In 



MICRON MT8D48 
1-· '"" " 4 MEG x 8 DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss .............. -lV to +7V 
Operating Temperature, TA (Ambient) ......... O°C to +70°C 
Storage Temperature (Plastic) .................... -55°C to +l25°C 
Power Dissipation .............................................................. 8W 
Short Circuit Output Current ...................................... 50mA 

*Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi­
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximUm rating conditions 
for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C :5 T A:5 70°C; Vcc = 5V ±1 0%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage >"." Vcc 4.5 5.5 V 1 

Input High (Logic 1) Voltage, All Inputs . VIH 2.4 Vcc+1 ·V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -1.0 0.8 V 1 

INPUT LEAKAGE CURRENT 
Any Input: OV :5 VIN :5 6.5V AO-A 10, WE, CAS, RAS Ii -16 16 IIA 
(All other pins not urider test = OV) 

OUTPUT LEAKAGE CURRENT D01-D08 
(0 is disabled, OV :5 VOUT :5 5.5V) 

OUTPUT LEVELS 
Output High Voltage (louT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 

STANDBY CURRENT: (TIL) 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) 

(RAS = ~ = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
{RAS = VIL, ~, Address Cycling: IpC = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN» 

REFRESH CURRENT: CAS-BEFORE-RAS 
, Average power supply current 
(RAS, ~, Address Cycling: IRC = IRC (MIN)) 

REFRESH CURRENT: BATIERY BACKUP (BBU) 
Average power supply current during BATIERY BACKUP refresh: 
~ = 0.2V or CAS-BEFORE-RAS cycling; RAS = IRAS (MIN) to 
300ns; WE = Vcc -0.2V, AO-A9 and DIN = Vcc - 0.2V or 0.2V (DIN 
maybe left open), IRC = 125J.1S (1,024 rows at 125J.1S = 128ms) 

MT.D48 
REV. 4192 3-43 

loz -10 10 IIA 

VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -6 ·7 ·8 UNITS NOTES 

ICCl 16 16 16 mA 

ICC2 8 8 8 mA 23 

1.6 1.6 1.6 mA 23,26 

Icc3 880 800 720 mA 3,4 

IcC4 640 560 480 mA 3,4 

ICC5 880 800 720 mA 3 
~ 

i 
icc6 8aO 800 720 mA 3,5 

Icc? 2.4 2.4 2.4 mA 26 

Micron Technology, Inc., reserves the rlghtto change products or specifications without notice. 
@1992, Micron Technology, Inc. 

I 
c 
:I:J 
l> 

== 
== o 
c 
c: 
r­m 



I 
c 
II 
I> 
s:: 
§ 
c 
~ 
r 
m 

MIC:I=ION MT8D48 
1-· " '" "" 4 MEG x 8 DRAM MODULE 

CAPACITANCE 

DESCRIPTION SYMBOL MAX UNITS NOTES 

Input Capacitance: AO-A10 Cll 51 pF 2 

Input Capacitance: RAS, WE CI2 67 pF 2 

InpuVOutput Capacitance: 001,008 CIO 15 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vcc = 5V ±10%) 

AC. CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST·PAGE-MODE READ 
or WRITE cycle time 

FAST·PAGE-MODE READ-WRITE 
cycle time 

Access time from RAS 
Access time from CAS 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to "RAS) 
CAS to output in low-Z 
Output buffer turn-off delay 
WE command setup time 

MTSD48 
REV. 4192 

-6 
SYM MIN MAX 
IRC 110 

IRWC n/a 
IpC 40 

IpRWC n/a 

IRAC 60 
ICAC 15 
1M 30 

ICPA 35 
IRAS 60 100,000 

IRASP 60 100,000 
IRSH 15 
IRP 40 
teAS 15 100,000 
ICSH 60 
tePN 10 
ICP 10 

IRCD 20 45 
ICRP 10 
IASR 0 
IRAH 10 
IRAD 15 30 

IASC 0 
ICAH 10 
IAR 50 

IRAl 30 

IRCS 0 
IRCH 0 

IRRH 0 

IClZ 0 
IOFF 0 15 
IWCS 0 

3-44 

-7 -8 
MIN MAX MIN MAX UNITS NOTES 
130 150 ns 
n/a n/a n/a 24 
40 45 ns 

n/a n/a n/a 24 

70 80 ns 14 
20 20 ns 15 
35 40 ns 
40 45 ns 

70 100,000 80 100,000 ns 
70 100,000 80 100,000 ns 
20 20 ns 
50 60 ns 
20 100,000 20 100,000 ns 
70 80 ns 
10 10 ns 16 
10 10 ns 
20 50 20 60 ns 17 
10 10 ns 
0 0 ns 
10 10 ns 
15 35 15 40 ns 18 

0 0 ns 
15 15 ns 
55 60 ns 

35 40 ns 

0 0 ns 
0 0 ns 19 

0 0 ns 19 

0 0 ns 
0 20 0 20 ns 20 
0 0 ns 

Micron Technology, Inc., reserves the right to change products or spec/ficaIlons without notice. 
. @1992,MicronTechnology,lnc. 



MIC:RON MT8D48 
1-· ,"""''''"'''' 4 MEG x 8 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vee = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to "RAS) 
Transition time (rise or fall) 

Refresh period (1,024 cycles) 

"RAS to CAS precharge time 

CAS setup time 
(CAS-BEFORE-RAS REFRESH) 

CAS hold time 
(CAS-BEFORE-RAS REFRESH) 

WE setup time 
(CAS-BEFORE-RAS REFRESH) 

WE hold time 
(CAS-BEFORE-RAS REFRESH) 

WE setup time 
(WCBR test cycle) 

WE hold time 
(WCBR test cycle) 

IT8D48 
,EV.4192 

-6 

SYM MIN MAX 
tWCH 10 

tWCR 45 

twp 10 
tRWL 15 
tCWL 20 
tDS 0 
tDH 10 

tDHR 45 

IT 3 50 
tREF 16/128 

tRPC 0 
tCSR 10 

tCHR 15 

tWRP 10 

tWRH 10 

tWTS 10 

lWTH 10 

3-45 

-7 

MIN 
15 

55 

15 

20 

20 

0 

15 

55 

3 

0 

10 

15 

10 

10 

10 

10 

-8 

MAX MIN MAX UNITS NOTES 
15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 21 

15 ns 21 

60 ns 

50 3 50 ns 9, 10 

16/128 16/128 ms 7126 

0 ns 

10 ns 5 

15 ns 5 

10 ns 25 

10 ns 25 

10 ns 25 

10 ns 25 

Micron Technology, tnc., reserves the right to change products or specifications without notice. 
©1992, Micron Tecl1nology, Inc. 
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MIC:RON MT8D48 
1-· """'''OG",, 4 MEG x 8 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is measured 

using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias = 2.4V @ 15m V RMS). 

3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used orily to indicate 

cycle time at which proper operation over the full 
temperature range (O°C :<:; T A :<:; 70°C) is assured. 

7. An initial pause of 100/1s is required after power-up 
followed by any eight RAS refresh cycles (RAS-ONL Y 
or CBR with WE HIGH) before proper device 
operation is assured. The eight RAS cycle wake-up 
should be repeated any time the lREF refresh 
requirement is exceeded. 

8. AC characteristics assume IT = 5ns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

lOOpF. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

MTBD4S 
REV. 4/92 3-46 

15. Assumes that IRCD ~ IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data-out buffer, CAS must be 
pulsed HIGH for ICPN. 

17. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

18. Operation within the lRAD (MAX) limit ensures that 
IRCD (MAX) can be met. lRAD (MAX) is specified as 
a reference point only; if 'RAD is greater than the 
specified lRAD (MAX) limit, then access time is 
controlled exclusively by lAA. 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. IOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

22. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

23. All other inputs equal Vcc -0.2V. 
24. LATE-WRITE, READ-WRITE or READ-MODIFY­

WRITE cycles are not available due to the common 
DQ configuration of U1-U8. 

25. twTS and twTH are set up and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of twRP and twRH in the 
CBR refresh cycle. 

26. Applies to L-version only. 

Micron Technology, Inc., reserves the right to change products or specifications Without notice. 
©1992, Micron Technology, Inc. 



MICRON MT8D48 
1-· ,,,,mowo,,", 4 MEG x 8 DRAM MODULE 

MT8D48 
REV. 4/92 

READ CYCLE 

tRAS 'RP J 
I 
\ 

tCSH 

tRSH IRAH 

lCRP tRCD tCAS 

:--./ 
'AR 

I IRAD tRAl 

I~ ~I ~ ~ 
ADDR !;IIIIM ROW JWW COLUMN Wlllfflllllllllllllllll;?A ROW 

tRCS 

I 
.1 ~ 

1/1111111111111111111111111111111 WIIIIIIIIIIIIIIIIIII;; 
'AA 
tRAG 

iCAC . ~ 
~, 

OPEN VAllO DATA OPEN---DO ~:8~-

EARLY-WRITE CYCLE 

tRC 

tRAS 'RP .I 
II I 

- lit \ 
tCSH . 
tRSH 

teRP tRCO teAs 
I' . 

=---.1 
'AR 

'RAD 'RAL 

ADDR ~l~ 
I~ ~I: 'I~ ~ 
~ ROW ~ COLUMN ~ ROW 

'eWL I 
IRWL 

iWCA 

twcs 'wCH . 
'wP 

~$$/$/$/&;? f/$///$//J/W/$//##/l;WW/ 

I~ 
I 'DHR 

~ 

DO ~:gt ~----VA-Ll-D-DA-T-A--

3-47 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or speCIfications without notica. 
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MICRON Mrn~ 
1-· co ew"" '" 4 MEG x 8 DRAM MODULE 

MT8D48 
REV. 4192 

AAS 

CAS 

ADOR 

WE 

ADOR 

WE 

DO 

V,H -
VIL 

V,H -
V,L -

V,H -
V,L 

V,H -
V,L -

V,H 
V,L 

V,H 
V,L 

V10H 
VIOL 

FAST-PAGE-MODE READ CYCLE 

1~ ____________________________ ~tA~~~P ______________________________ -o.I~ 

-toFF 

OPEN---

FAST-PAGE-MODE EARLY-WRITE CYCLE 

3-48 

~ DON'T CARE 

r&1l UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 



~CRON Mn~ 
1-- ;0,",",,"",,", 4 MEG x 8 DRAM MODULE 

'048 
t.4/92 

RAS-ONL YREFRESH CYCLE 
(ADDR = AO-A9; A 10 and WE = DON'T CARE) 

,I 

'cRP 

CAS ~ir =---' ~ 

kw#$m1$$/$#$$$$#$ff~~~-RO-W---
~.tRAH 

AOOR ~:~ _ ROW 

DO ~8t' -:----------------OPEN----------------

DO 

o 

CAS-BEFORE-RAS REFRESH CYCLE 
(AO-A 10 = DON'T CARE) 

tRP tRAS tRP tRAS 

'1 
-1.tRPCt~ 

1 __ ' tcPrt tcsR ~I .~~tCSR ~I 

-' "i I J 
OPEN 

~ ~ ~ 

W//#///#/////##/P 
~ 

BATTERY BACKUP REFRESH CYCLE 26 

(AO-A 10 = DON'T CARE) 

1251;!s 

lAP tRAS tRP tRAS 

--l~1 
1 .. ·tcPN:II~ ~r ~ ~l I 'l. I J 

OPEN 

,I 

Y 

l' 

~~I ~ ~ 

W/"/"/"//////"//"/"/"////IJI§/ 

3-49 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MT8D48 
I'JI"=F=II;;~,~ 4 MEG x 8 DRAM MODULE 

MT8048 
REV. 4/92 

ADDR 

DQ 

HIDDEN REFRESH CYCLE 22 

(WE = HIGH) 

(READ) 

tRAS 

(REFRESH) 

tRAS 

~ DON'T CARE 

~ UNDEFINED 



ADVANCE 

MIC:RON MT8D168 
1-· ''''''coc,,,, 16 MEG x 8 DRAM MODULE 

DRAM 
MODULE 
~EATURES 

, Industry standard pinout in a 30-pin single-in-line 
package 

, High-performance, CMOS silicon-gate process 
, Single 5V ±1O% power supply 
, All device pins are fully TTL compatible 
, Low power, 24mW standby; 2,200mW active, typical 
, Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
, 4,096-cycle refresh distributed across 64rns 
, FAST PAGE MODE access cycle 

)PTIONS 
, Timing 

60ns access 
70ns access 
80ns access 

Packages 
Leadless 30-pin SIMM 
Leaded 30-pin SIP 

MARKING 

-6 
-7 
-8 

M 
N 

Part Number Example: MT8D168M-6 

:;ENERAL DESCRIPTION 
The MT8D168 is a randomly accessed solid-state mem­

'ry containing 16,777,216 words organized in a x8 configu­
ation. During READ or WRITE cycles, each bit is uniquely 
ddressed through the 24 address bits which are entered 12 
its (AO-A11) ata time. RAS is used to latch the first 12 bits 
nd CAS the latter 12 bits. READ or WRITE cycles are 
elected with the WE input. A logic HIGH on WE dictates 
~EAD mode, while a logic LOW on WE dictates WRITE 
:lode. During a WRITE cycle, data-in (D) is latched by the 
illing edge of CAS. Since WE goes LOW prior to CAS going 
,OW, the output pin(s) remain open (High-Z) until the 
.ext CAS cycle. 

FAST PAGE MODE allows faster data operations (READ 
r WRITE) within a row-address (AO-All) defined page 
oundary. The FAST PAGE MODE cycle is always initiated 
rith a row address strobed-in by RAS followed by a col­
mn address strobed-in by CAS. CAS may be toggled-in by 

faDI68 
:V.4/92 3-51 

16 MEG x 8 DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

30-Pin SIMM 30-Pin SIP 
(T-6) (S-6) 

0 Vee 1 

Vee 1 CAS 2 

CAS 2 DOl 3 
DOl 3 AO 4 

AO 4 Al 5 
Al 5 D02 6 

D02 6 A2 7 
A2 7 A3 8 
A3 S Vss 9 

Vss 9 D03 10 
D03 10 A4 11 A4 11 

A5 12 i: 
AS 12 i: 

D04 13 -I D04 13 -I 
A6 14 CO A6 14 CO 
A7 15 C A7 15 C 

D05 16 ..... DOS 16 ..... 
AS 17 (7) A8 17 en 
A9 lS CO A9 18 CO 

Al0. 19 i: Al0 19 Z 
D06 20 D06 20 WE 21 WE 21 Vss 22 
D07 23 Vss 22 

All 24 D07 23 
DOS 25 All 24 

NC 26 D08 25 
RAS 27 NC 26 

NC 28 RAS 27 
NC 29 NC 28 
Vee 30 NC 29 

0 Vee 30 

holding RAS LOW and strobing-in different column ad­
dresses, thus executing faster memory cycles. Returning 
RAS HIGH terminates the FAST PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONL Y, . CA5-BEFORE­
RAS, or HIDDEN REFRESH) so that all 4,096 combinations 
of RAS addresses (AO-All) are executed at least every 
64ms, regardless of sequence. The CBR refresh cycle will 
invoke the refresh counter for automatic RAS addressing. 

Micron Technology. Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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ADVANCE 

MIC:RON MT8D168 
1-· "'""0"'"'''' 16 MEG x 8 DRAM MODULE 

AD-A11 

RAS 
CAS 
WE 

DQ1 

DQ2 

DQ3 

DQ4 

Vee 

Vss 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY-WRITE 

FAST-PAGE-MODE 1st Cycle 

READ 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

WRITE 2nd Cycle 

RAS-ONL Y REFRESH 

HIDDEN READ 

REFRESH WRITE 

CAS-BEFORE-RAS REFRESH 

MTBD16B 
REV. 4192 

FUNCTIONAL BLOCK DIAGRAM 

!::-
AAS 

- CAS U1 
WE 

D Q l I v'I Vi' 
,L-L 

~:;11 
r- CAS U2 

WE 

D Q l ,I ,V'I yo 
,L-L 

~ AOAll 
AAS 

r- CAS U3 
WE 

D Q l II ,v'I Vi' 
,L-L 

~AO-A11 
AAS 

- CAS U4 
WE 

D Q l I ,v, Y' 

I 

HAS" CAS 
H H~X 

L L 

L L 

L H~L 

L H~L 

L H~L 

L H~L 

L H 
L ..... H ..... L L 
L ..... H ..... L L 

H ..... L L 

3-52 

~::-
RAS 
CAS US 
WE 

DQ5 
t-D Q~ 
TT 
,L-L 

!AO-All 
RAS 

-CAS US 
WE 

DQ6 
D Q~ ITT 
,L-L 

!AO-All 
AAS 

-CAS U7 
WE 

DQ? 
D Q l I v'I vi' 
,L-L 

~AO-A11 
AAS 

'---- CAS us 
WE 

DQS 
D Q l I ,v, vI" 

I 
U1-U8 = MT4C16M1A1DJ 

WE 

X 

H 

L 

H 

H 

L 

L 

X 

H 

L 

H 

ADDRESSES DATA IN/OUT 
IR IC DQ1-DQ8 

X X High-Z 

ROW COL Data Out 

ROW COL Data In 

ROW COL Data Out 

n/a COL Data Out 

ROW COL Data In 

n/a COL Data In 

ROW n/a High-Z 

ROW COL Data Out 

ROW COL Data In 

X X High-Z 

Micron Technology, Inc., reserves the right to change products or specifications without notic~ 
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ADVANCE 

MIC:RON MT8D168 
1-· ;>'""'co,"" 16 MEG x 8 DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss .............. -lV to +7V 
Operating Temperature, TA (Ambient) ......... O°C to +70°C 
Storage Temperature (Plastic) .................... -SsoC to + 12SoC 
Power Dissipation .............. , ............................................... 8W 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi­
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended peri~ds may affect reliability. 

z m 
== II 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS C 
(Notes: 1, 3, 4, 6, 7) (O°C s; T A s; 70°C; Vcc = 5V ±1 0%) :xl 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.5 5.5 V 1 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 VCG+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -1.0 0.8 V 1 

INPUT LEAKAGE CURRENT 
Any Input: OV S; VIN S; 6.5V AO-A 11, WE, CAS, RAS II -16 16 J.iA 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT D01-D08 
(0 is disabled, OV S; VOUT s; 5.5V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 

STANDBY CURRENT (TTL) 
(RAS = CAS = VIH) 

STANDBY CURRENT (CMOS) 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS=VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

MT8D168 
REV, 4/92 3-53 

loz -10 10 J.iA 

VOH 2.4 V 

VOL 0.4 V 

MAX 
-

SYMBOL -6 ·7 ·8 UNITS NOTES 

Icc1 16 16 16 mA 

ICG2 8 8 8 mA 

ICC3 720 640 560 mA 3,4 

Icc4 560 480 400 mA 3,4 

ICGS 720 640 560 mA 3 

Icc6 720 640 560 mA 3 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology. Inc. 
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ADVANCE 

MICRON MT8D168 
1-· oW,""""" 16 MEG x 8 DRAM MODULE 

CAPACITANCE 

DESCRIPTION SYMBOL MAX UNITS NOTES 

Input Capacitance: AO-A 11 CI1 51 pF 2 

Input Capacitance: RAS, WE, CAS CI2 67 pF 2 

Input/Output Capacitance: DQ1-DQ8 Cia 15 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vcc = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGEO-MODE 
READ-WRITE cycle time 

Access time from RAS 
Access time from CAS 
Access time from column address 
Access time from CAS precharge 
l'iAS pulse width 
RAS pulse width (FAST PAGE MODE) 
l'iAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to "CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
l'iAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to l'iAS) 
CAS to output in low-Z 
Output buffer turn-off delay 
WE command setup time 

MT8D168 
REV. 4/92 

-6 
SYM MIN MAX 
tRC 110 

tRWC n/a 
tpc 40 

tpRWC n/a 

tRAC 60 
tCAC 15 
tAA 30 

tCPA 35 
tRAS 60 100,000 

tRASP 60 100,000 
tRSH 15 
tRP 40 

tCAS 15 100,000 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 20 45 
tCRP 5 
tASR 0 
tRAH 10 
tRAD 15 30 

tASC 0 
tCAH 10 
tAR 50 

tRAl 30 

tRCS 0 
tRCH 0 

tRRH 0 

tClZ 0 
toFF 0 15 
twcs 0 

3-54 

MIN 
130 
n/a 
45 

n/a 

70 
70 
20 
50 
20 
70 
10 
10 
20 
5 
0 
10 
15 

0 
15 
55 

35 

0 
0 

0 

0 
0 
0 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 
n/a ns 22 
50 ns 

n/a ns 22 

70 80 ns 14 
20 20 ns 15 
35 40 ns 
40 45 ns 

100,000 80 100,000 ns 
100,000 80 100,000 ns 

20 ns 
60 ns 

100,000 20 100,000 ns 
80 ns 
10 ns 16 
10 ns 

50 20 60 ns 17 
5 ns 
0 ns 
10 ns 

35 15 40 ns 18 

0 ns 
15 ns 
60 ns 

40 ns 

0 ns 
0 ns 19 

0 ns 19 

0 ns 
15 0 15 ns 20 

0 ns 

Micron Technology, Inc., reseNBS the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 



ADVANCE 

MIl::I=ION MT8D168 
1-· He"",,,''',,,, 16 MEG x 8 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vee = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

Transition time (rise or fall) 

Refresh period (4,096 cycles) 

RAS to ~ precharge time 

~setuptime 
(CAS-BEFORE-RAS refresh) 

~holdtime 
(~-BEFORE-RAS refresh) 

WE hold time 
(CAS-BEFORE-RAS refresh) 

WE setup time 
(~-BEFORE-RAS refresh) 

WE hold time 
(WCBR test cycle) 

WE setup time 
(WCBR test cycle) 

reD168 
:V.4f92 

-6 

SYM MIN 
tWCH 10 

twCR 45 

twp 10 
tRWL 15 
tCWL 15 
tDS 0 
tDH 10 

tDHR 45 

tT 3 
tREF 

tRPC 0 
tCSR 5 

tCHR 15 

twRH 10 

twRP 10 

tWTH 10 

tWTS 10 

MAX MIN 
15 

55 

15 

20 

20 

0 

15 

55 

50 3 
64 

0 

5 

15 

10 

10 

10 

10 

3-55 

-7 -8 

MAX MIN MAX UNITS NOTES 
15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 21 

15 ns 21 

60 ns 

50 3 50 ns 9, 10 

64 64 ms 

0 ns 

5 ns 5 

15 ns 5 

10 ns 24 

10 ns 24 

10 ns 24 

10 ns 24 

Micron Technology, Inc., reserves the right to change products or speciflcatlons without notice. 
©1992, Micron Technology, Inc. 
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ADVANCE 

MICRON MT8D168 
1-· ",""mo,,,, 16 MEG x 8 DRAM MODULE 

NOTES 
1. All voltages referenced to V 55. 

2. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= SV, DC bias = 2.4V @ lSmV RMS). 

3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of 100Jls is required after power-up 
followed by eight RAS refresh cycles (RAS-ONL Y or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the IREF refresh requirement is 
exceeded. 

8. AC characteristics assume IT = Sns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

100pF. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

MT8D168 
REV.4f92 3-56 

15. Assumes that IRCD ~ IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for ICPN. 

17. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by !CAe. 

18. Operation within the lRAD (MAX) limit ensures that 
IRCD (MAX) can be met. lRAD (MAX) is specified as 
a reference point only; if lRAD is greater than the 
specified lRAD (MAX) limit, then access time is 
controlled exclusively by lAA. 

19. Either IRCH or lRRH must be satisfied for a READ 
cycle. 

20. IOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. These parameters are referenced to CAS leading edge 
in EARLY -WRITE cycles. 

22. LATE-WRITE, READ-WRITE or READ-MODIFY­
WRITE cycles are not available due to the common 
DQ configuration of U1-U8. 

23. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

24. twTS and twTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). twRP and twRH 
are setup and hold specifications for the WE pin bein~ 
held HIGH to enable the CBR refresh cycle. 

Micron Technology, inc., reserves the right to change products or specificatlons without notiCI 
©1992, Micron Technology, In, 



ADVANCE 

MT8D168 I'IIIC:I=";;;!~ 16 MEG x 8 DRAM MODULE 

MT8D168 
REV. 4192 

RAS 

CAS 

ADDR 

READ CYCLE 

tRC 

'RAS 

RAS 
V,H 
Vil _ 

CAS 
V,H 
V,L 

ADDR 

WE V,H 
V,L 

DO VIOH 
VIOL 

VIH -
VIL _ 

VIH -
VIL _ 

V,H 
V,L 

ICSH 

'RSH 

tCRP tRCD tCAS 

I 
=~ JI 

tAR 

-:l11111111111/; 

I 'RAG 

tCAG • tOFF .~I 

-
~1. I 

JYYX~IOb;Xl!J~VA:;:;L:;;'D;;:D;;;:AT;:;;A~~--- OPEN ---­=--------OPEN--------~=~~~~'_j 

EARLY-WRITE CYCLE 

ICSH 

teRP 

tRAD 

~ 

ROW 

3-57 
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ADVANCE 

MIC:RON MT8D168 
1-· ,,,",wwm,,, 16 MEG x 8 DRAM MODULE 

MTSD168 
REV,4/92 

ADDR 

DO 

FAST-PAGE-MODE READ CYCLE 

�------------------------------t~M~S~P------------------------------I~ 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

3-58 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc" reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 



ADVANCE 

MIC:RON MT8D168 
1-· "'""",oe,", 16 MEG x 8 DRAM MODULE 

tT8D168 
lEV. 4192 

RAS-ONL Y REFRESH CYCLE 
(ADDR = AO-A 10; A 11 and WE = DON'T CARE) 

tRAS 

\~--
ICAP 

CAs VV1H - ! 
IL-~ '--------I 

bwffff$$$ffffi1$/$$ffff$ffio/~-~RO~W--
I~ tRAH 

ADDR ~:t _ ROW 

DO ~g~ -'-------------OPEN---------

00 

L 

CAS-BEFORE-RAS REFRESH CYCLE 
(AO-A 11 = DON'T CARE) 

'RP tRAS 'RP 'RAS 

:-1. 'RPC:I 
1"·tcP~jl~ ~I 'RPj~ ~I, :-' , ! 1 

OPEN 

~ ~ ~ ~ 

~/#///I###///#I#/#$/J;;; 

HIDDEN REFRESH CYCLE 23 

(WE = HIGH) 

(READ) 

'RAS 

(R~FRESH) 

tRAS 

tCHR 

DO ~:g~=:----OPEN 

3-59 

~ DON'T CARE 

l§\iJ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or speclficatlons WIthout notice. 
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ADVANCE 

MT8D168 
I'IIIC:I=";;;!~ 16 MEG x 8 DRAM MODULE 

MT8D168 
REV. 4192 3-60 Micron Technology, Inc., reserves the right to change products ~~:f~fc~~~n~:~~~~;:.t;:: 



U .. ::I=ION MT3D2569 
1-· ",",moo",,' 256K X 9 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry standard pinout in a 30-pin single-in-line 

memory module 
• High-performance, CMOS silicon-gate process 
• Single 5V ±10% power supply 
• Low power, 9m W (.9m W L-version) standby; 

625mW active, typical 
• All device pins are fully TTL compatible 
• FAST PAGE MODE access cycle 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• 512-cycle refresh distributed across Sms or 

512-cycle extended refresh distributed across 64ms 
• Low CMOS standby current, 60llA maximum 

(L-version) 

OPTIONS 
• Timing 

60ns access 
70ns access 
sOns access 

• Packages 
Leadless 30-pin SlMM 
Leaded 30-pin SIP 

• Access Mode 
FAST PAGE MODE 

• Power/Refresh 

MARKING 

-6 
-7 
-S 

M 
N 

P 

Normal Power/Sms Blank 
Low Power/64ms L 

• Part Number Example: MT3D2569MPL-6 

GENERAL DESCRIPTION 
The MT3D2569 is a randomly accessed solid-state mem­

ory containing 262,144 words organized in a x9 configura­
tion. During READ or WRITE cycles, each word is uniquely 
addressed through the IS address bits, which are entered 
nine bits (AO -AS) ata time. RASis used to latch the first nine 
bits and CAS the latter nine bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. EARLY­
WRITE occurs when WE goes LOW prior to CAS going 
LOW, and the output pins remain open (High-Z) until the 
next CAS cycle. 

MT3D2569 
REV. 4/92 3-61 

256Kx9 DRAM 
FAST PAGE MODE (MT3D2569) 
LOW POWER, 
EXTENDED REFRESH (MT3D2569 L) 

PIN ASSIGNMENT (Top View) 

30-Pin SIMM 30-Pin SIP 
(T-2) (S-2 ) 

0 Vee 1 
Vee 1 CAS 2 

CAS 2 DOl 3 
DOl 3 AO 4 

AO 4 Al 5 
A1 5 D02 6 

002 6 A2 7 
A2 7 A3 8 
A3 8 Vss 9 

Vss 9 D03 10 
D03 10 A4 11 iii: A4 11 s: AS 12 A5 12 -t 
004 13 (j DQ4 13 Co) 

A6 A6 14 C 14 C A7 15 A7 15 N N 
005 16 UI 005 16 UI 

A8 17 Q) A8 17 Q) 

NC 18 CO NC 18 CO 
NC 19 s: NC 19 Z 

D06 ~~ "tJ 
DQ6 20 "'D 

WE WE 21 
Vss 22 Vss 22 

D07 23 007 23 
PRD 24 PRO 24 
008 25 008 25 

09 26 Q9 26 
RAS 27 RAS 27 

CAS9 28 CAS9 28 09 29 
Vee 30 09 29 

0 Vee 30 

FAST PAGE MODE operations allow faster data opera­
tions (READ or WRITE) within a row address (AO-AS) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS 
may be toggled-in by holding RAS LOW and strobing-in 
different column addresses, thus executing faster memory 
cycles. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONL Y, CAS-BEFORE­
RAS or HIDDEN REFRESH) so that a11512 combinations of 
RAS addresses (AO-AS) are executed at least every Sms 
(64ms on L-version), regardless of sequence. 

Micron Technology, Inc., reserves the right to chall99 products or specifications without notice. 
©1992, Micron Technology, Inc. 
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MIC:RON MT3D2569 
1-· """own '" 256K X 9 DRAM MODULE 

FUNCTIONAL BLOCK DIAGRAM 

RAS -------, 
CAS-----..., 
WE ------, 

D01-D04 

AO-A8 DOS-D08 

TRUTH TABLE 

FUNCTION 
Standby 

READ 

EARLY-WRITE 

FAST-PAGE-MODE 1st Cycle 

READ 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

WRITE 2nd Cycle 

RAS-ONL Y REFRESH 

HIDDEN READ 

REFRESH WRITE 

CAS-BEFORE-RAS REFRESH 

BATTERY BACKUP 
REFRESH (L-version) 

MT3D2569 
REV. 4192 

CAS9 ------rt:=+~.: 
D9----~-~~ 

Vc< -----f---f----' 

Vss -----t-------' 
PRD -----' 

U1, U2 = MT4C4256DJ 
U3 = MT4C1024DJ 
or 
U1, U2 = MT4C4256DJ L (L-version) 
U3 = MT 4C 1 024DJ L (L -version) 

ADDRESSES 

HAS "CAS" W9 WE IR IC 

H H .... X H .... X X X X 

L L L H ROW COL 

L L L L ROW COL 

L H .... L H .... L H ROW COL 

L H .... L H .... L H n/a COL 

L H .... L H .... L L ROW COL 

L H .... L H .... L L n/a COL 

L H H X ROW n/a 

L .... H .... L L L H ROW COL 

L .... H .... L L L L ROW COL 

H .... L L L X X X 

H .... L L L X X X 

DATA IN/OUT 

001-008, 09, 09 

High-Z 

Data Out 

Data In 

Data Out 

Data Out 

Data In 

Data In 

High-Z 

Data Out 

Data In 

High-Z 

High-Z 

3-62 Micron Technology, inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology,lnc. 



MIC:RON MT3D2569 
1-· """""0",'" 256K X 9 DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss .............. -lV to +7V 
Operating Temperature, T A (Ambient) ......... O°C to +70°C 
Storage Temperature ................................... -SSoC to +12SoC 
Power Dissipation .............................................................. 3W 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 2, 3, 6, 22) (O°C :0:; T A :0:; 70°C; Vcc = 5V ±1 0%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE 09, CAS9 
Any Input OV :0:; VIN :0:; Vcc, 
(All other pins not under test = OV) AO-A8, RAS, WE 

OUTPUT LEAKAGE 001-008,09 
(0 is disabled, OV :0:; VOUT:O:; Vcc) 

OUTPUT LEVELS 
Output High (Logic 1) Voltage (lOUT = -5mA) 
Output Low (Logic 0) Voltage (lOUT = 5mA) 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN» 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = Vll, CAS, Address Cycling: IpC = IpC (MIN» 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN» 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply ,current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

REFRESH CURRENT: BATTERY BACKUP (BBU) 
Average power supply current during BATTERY BACKUP refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = IRAS (MIN) to 
1jls; WE, AO-A9 and DIN = Vcc -0.2V or 0.2V (DIN may be left 
OPEN), IRC = 125jls (512 rows at 125jls = 64ms) 

MT3D2569 
REV. 4192 3-63 

SYMBOL MIN MAX UNITS NOTES 

Vcc 4.5 5.5 V 1 

VIH 2.4 Vcc+1 V 1 

VIL -1.0 0.8 V 1 

II -2 2 J.lA 

II -6 6 J.lA 
loz -10 10 J.lA 

VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -6 -7 -8 UNITS NOTES 

Icc1 6 6 6 mA 

Icc2 3 3 3 mA 24 

.6 .6 .6 mA 24,26 

270 240 210 mA 2,22 ' 
ICC3 

255 225 195 mA 2,22,26 

210 180 150 mA 2,22 
Icc4 

195 165 135 mA 2,22,26 

270 240 210 mA 2 
Iccs 

255 225 195 mA 2,26 

270 240 210 mA 2,19 
ICC6 

255 225 195 mA 2,19,26 

Icc? .6 .6 .6 mA 26 

Micron Technology, Inc., reserves the right to change prodocts or specifications with~ut notice. 
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MIC:RON MT3D2569 
1-· cc,~'w oc 'w 256K x 9 DRAM MODULE 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-AS CI1 19 pF 17 

Input Capacitance: RAS, CAS, WE CI2 25 pF 17 

Input Capacitance: 09 CI3 10 pF 17 

Input/Output Capacitance: 001-00S CIO 15 pF 17 

Output Capacitance: 09 Co 10 pF 17 II 
C ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
:::D (Notes: 3, 4, 5, 6, 7, 10, 11, 16, 21 )(O°C :;; T A:;; +70°C; Vee = 5V ±10%) 

l> ;: 
;: 
o 
C 
c: 
r 
m 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE READ or WRITE 
cycle time 

PAGE-MODE READ or WRITE 
cycle time 

Access time from RAS 
Access time from CAS (FAST PAGE MODE) 
Output Enable 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

MT3D2569 
REV.4J92 

SYM MIN 
tRC 110 

tRWC n/a 
tpc 40 

tpc n/a 

tRAC 
tCAC 
toE 
tAA 

tCPA 
tRAS 60 

tRASP 60 
tRSH 20 
tRP 40 

tCAS 20 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 20 
tCRP 5 
tASR 0 
tRAH 10 
tRAD 15 

tASC 0 
tCAH 15 
tAR 45 

tRAL 30 

tRCS 0 
tRCH 0 

tRRH 0 

3-64 

-6 -7 -8 
MAX MIN MAX MIN MAX UNITS NOTES 

130 150 ns 
n/a n/a n/a 21 
40 45 ns 

n/a n/a ns 

60 70 80 ns 8 
20 20 20 ns 9 
20 20 20 ns 
30 35 40 ns 
35 40 45 ns 

100,000 70 100,000 80 100,000 ns 
100,000 70 100,000 80 100,000 ns 

20 20 ns 
50 60 ns 

100,000 20 100,000 20 100,000 ns 
70 80 ns 
10 10 ns 18 
10 10 ns 

40 20 50 20 60 ns 13 
5 5 ns 
0 0 ns 
10 10 ns 

30 15 35 15 40 ns 24 

0 0 ns 
15 15 ns 
55 60 ns 

35 40 ns 

0 0 ns 
0 0 ns 25 

0 0 ns 25 

Micron Technology, Inc., reserves the right to change products or speuifications without notice. 
©1992, Micron Technology, Inc. 



MIC II""""1II ON MT3D2569 
1-· 1"""1", 256K x 9 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7, 10, 11, 16, 21) (O°C~ T A~ +70°C; Vee = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
'CAS" to output in Low-Z 
Output buffer turn-off delay 
WE .command setup time 
Write Command hold time 
Write command hold time 
(referenced to ltlI;S) 
Write command pulse width 
Write command to"RAS" lead time 
Write command to 'CAS" lead time 
Data-in setup time 
[)ata~in hold time 
Data-in hold time 
(referenced to'RAS) 
Transition time (rise or fall) 
Refresh period (512 cycles) 
'F!AS" to ~ precharge tirY1l!f' 
~setuptime 

' ~ .. , 

(CAS""BEFORE-"RAS" REFRESH) 

CAS" hold time 
(CAS"-BEFORE-'RAS REFRESH) 

MT3D2569 
REV.4J92 

'. -6 
SYM MIN 
tCLZ 0 
toFF 0 
'YVCS 0 
IWCH 10 
twCR 45 

twP 10 
tRWL 20 
tcWL 20 

OS 0 
tDH 15 

tDHR 45 

IT 3 
tREF 
tRPC 0 
tcSR 10 

ICHR 10 

-7 -8 

MAX MIN. MAX MIN MAX UNITS NOTES 
0 0 ns 

20 0 20 0 20 ns 12 
0 0 ns 
15 15 ns 
55 60 ns 

15 15 ns 
20 20 ns 
20 20 ns 
0 0 ns 15 

15 15 ns 15 
55 60 ns 

50 3 50 3 50 ns 5,16 
8/64 8/64 8/64 ms 3/26 

0 0 ns 
10 10 ns 19 

15 III ns 19 

MiCron Technology, Inc., reserves the right to change prodUcls or specIIiCaIIons without notlc&. 
@1992, Micron Technology, Inc. 
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MICRON MT3D2569 
1-· ; , , 256K x 9 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of 100J.lS is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the iREF 
refresh requirement is exceeded. 

4. AC characteristics assume IT = 5ns. 
5. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C :s; T A :s; 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and 100pF. 

8. Assumes that IRCD < IRCD (MAX). If IRCD is greater 
than the maximum recommended value shown in this 
table, IRAC will increase by the amount that IRCD 
exceeds the value shown. 

9. Assumes that IRCD ~ IRCD (MAX). 
10. If CAS = VIH, data output is High-Z. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. toFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the IRCD (MAX) limit ensures that 
IRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 

MT3D2569 
REV. 4192 

specified IRCD (MAX) limit, then access time is 
controlled exclusively by !CAe. 

14.IRCH is referenced to the first rising edpe of RAS or 
CAS. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias = 2.4V @ 15m V RMS). 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the Q buffer, CAS must 
be pulsed HIGH for !CP. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be Performed after a 

WRITE cycle. In this 'case, WE = LOW. 
2,1. LATE-WRITE, READ-WRITE orREAD-MODlFY­

WRITE cycles are not available due to OE being 
grounded on Ul andU2. 

22. Icc is dependent on cycle rates. 
23. All other inputs at Vee -0.2V. 
24. Operation within the IRAD (MAX) limit ensures that 

IRCD (MAX) can be met. IRAD (MAX) is specified as 
a reference point only; if IRAD is greater than the 
specified IRAD (MAX) limit, then access time is 
controlled exclusively by lAA. 

25. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

26. Applies to L-version only. 

Micron Technology, Inc., reserves the right to change products or apecIIIcatIons wlthout notice. 
@1992, Micron Technology, Inc. 
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1-· m""oco",,,,, 256K x 9 DRAM MODULE 

MT3D2569 
REV. 4/92 

READCVCLE 

tRAS 'RP 

- \ 
'CSH 

tASH tRRH 

'CAP tACO teAs 
I 

CAS 
V,H 
V,L =--' 

ADDR 
V,H 
VIL 

'AR 

I 'RAD tRAL 

I~:'RAH"I~ ~ ~ 
~ ROW ~ COLUMN 0"111111111111111111111112\ ROW 

tRCS tACH J 

WE V,H 
V,L 

I 
YIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII VlIIIIIIIIIIIIIIIIIII;; 

'M 

'RAC 

tCAG ~ 
~t 

- OPEN VALID DATA QPEN----

EARL V-WRITE CVCLE 

RC 

'RAS 

II' 
'RP 'I 

'I 
- l'f \ 

tCSH 

IRSH 

ICAP tACO , tCAS . 
=-' 

'AR 

IRAD tRAL 

~ 

ADDR ~:~ 
I~ ~I ~ 

ROW X0:/'~ COLUMN 'W//////////$///X ROW 

!CWL 

'RWL 

tWCR 

twes tWCH . 
tw:P 

J/////////// /// /////////////;j 

~I 
I IOHR 

I~ 
DQ ~igt ~C---'-VA-Ll-D-DA-T-A----' 

3-67 

. 
II 

~~~ 

[Z] DON'T CARE 

!88S UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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UIC:I=ION MT3D2569 
1-· "'""'COG"" 256K X 9 DRAM MODULE 

MT3D2569 
REV. 4192 

FAST-PAGE-MODE READ CYCLE 

RAS 
V,H -
VIL -

ICSH 

~ 

CAS 
V,H -
V,L -

DO ~lgt -'--------- OPEN---------<~~~~)_---{&~O~D---_12l2>f~~A~A~~'R') OPEN--

FAST-PAGE-MODE EARLY-WRITE CYCLE 

'RAs 

ADDR 

DQ ~:gt ""..L.'-1LI.LLil.LLLLLLl.LLI.'-1LU~ __ -' ____ --""'iLLL/'-______ lfV.LLJ'"L ______ --""'u.L.LLLLLLLLl.LLI.'-1Lil.L!J. 

3-68 

fill DON'T CARE 

l2Qij UNDEFINED 

Micron Technology, Inc" reserves the rig:ht to change products or speciflcations withOut notice. 
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U .. :::RON MT3D2569 
1-· ,,,"OW,, '" 256K x 9 DRAM MODULE 

MT3D2569 
REV .. 4192 

I' 
teRP 

CAS ~[~_ :~ 

'RAS"·ONL Y REFRESH CYCLE 
(ADDR = AD-A8; WE = DON'T CARE) 

tRAS tRP 

1 
,tRPe" l 

'---1 

:1 

tASA tRAH .. . 
ADDR ~:~ _r---RO-W --kw/j'/"/"j;I/j'$/,,/#IIIffiW'$U/,,ffiJ<r---RO-W --

DO ~ge -:--------------,---OPEN-,-----,----------

~·BEFORE·RAS REFRESH CYCLE 
(AD-A8 and WE = DON'T CARE) 

DO ~ge -'-------------OPEN------------

-----./ 
.tAPe;, 

tCPN 

tRP 

BATTERY BACKUP REFRESH CYCLE 26 

(AD-A8 and WE = DON'T CARE) 

125 s 

tAAS tRP I I ~ tAAS I 

~ Y 
~ ~ 

tRPe tesA - ~ 

DO ~g~ :------------OPEN------------

3-69 

~ DON'TeARE 

!8l2l UNDEFINED 
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MICRON MT3D2569 
1-· "'"'''''''''''' 256K x 9 DRAM MODULE 

MT3D2569 
REV. 4/92 

ADDR 

DO 

V IH-:--------< I 
VIL_ 

HIDDEN REFRESH CYCLE 20 

(WE = HIGH) 

(READ) 

'RAS 

(REFRESH) 

'RAS 

rzJ DON'T CARE 

~ UNDEFINED 

3-70 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MICRON MT3D19 
1-· """" w 1 MEG x 9 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry standard pinout in a 30-pin single-in-line 

memory module 
• High-performance, CMOS silicon-gate process 
• Single 5V ±1O% power supply 
• Low power, 9m W (3m W L-version) standby; 

625mW active, typical 
• All device pins are fully TTL compatible 
• FAST PAGE MODE access cycle 
• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• Low profile 
• 1,024-cycle refresh distributed across 16ms or 

1,024-cycle extended refresh distributed across 128ms 
• Low CMOS standby current, 600~A maximum 

(L-version) 

OPTIONS 
• Timing 

60ns access 
70nsaccess 
80ns access 

• Packages 
Leadless 30-pin SIMM 
Leaded 30-pin SIP 

• Power IRefresh 

MARKING 

- 6 
- 7 
- 8 

M 
N 

Normal Power 116ms Blank 
Low Power/128ms L 

• Part Number Example: MT3DI9ML-6 

GENERAL DESCRIPTION 
The MT3D19 is a randomly accessed solid-state memory 

containing 1,048,576 words organized in a x9 configuration. 
During READ or WRITE cycles, each word is uniquely 
addressed through 20 address bits, which are entered 10 
bits (AO-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. EARLY 
WRITE occurs when WE goes LOW prior to CAS going 
LOW, and the output pins remain open (High-Z) until the 
next CAS cycle. 

FAST PAGE MODE operations allow faster data opera­
tions (READ or WRITE) within a row-address (AO-A9) 

MT3019 
REV. 4192 3-71 

1 MEG x9 DRAM 
FAST PAGE MODE (MT3D19) 
LOW POWER, 
EXTENDED REFRESH (MT3D19 L) 

PIN ASSIGNMENT (Top View) 

30-Pin SIMM 30-Pin SIP 
(T-2) (S-2) 

0 Vee 1 
Vee 1 CAS 2 

CAS 2 D01 3 
D01 3 AO 4 

AO 4 A1 5 
A1 5 D02 6 

D02 6 A2 7 
A2 7 A3 8 
A3 8 Vss 9 

Vss 9 D03 10 
D03 10 

A4 11 A4 11 

A5 12 AS 12 
3: DQ4 13 s::: D04 13 

A6 14 -f A6 14 (j to) 
A7 15 A7 15 

C D05 16 C DOS 16 ..... 
AS 17 ..... A8 17 <0 
A9 18 CD A9 18 Z NC 19 s::: NC 19 

DOS 20 D06 20 
WE 21 WE 21 
Vss 22 Vss 22 

DO? 23 D07 23 
NC 24 NC 24 

D08 25 DOS 25 
09 26 09 26 

RAS 27 RAS 27 CAS9 28 CAS9 28 D9 29 
Vee 30 D9 29 

0 Vee 30 

defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS 
may be toggled-in by holding RAS LOW and strobing-in 
different column addresses, thus executing faster memory 
cycles. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE­
RAS or HIDDEN REFRESH) so that a111,024 combinations 
of RAS addresses (AO-A9) are executed at least every 16ms 
(128ms on L-version), regardless of sequence. 

Micron Technology, Inc., reserves the right to change products or specifications withOut nolice. 
©1992, Mlcron Technology, Inc. 
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MIC:RON MT3D19 
1-· "'"" '"'''' 1 MEG x 9 DRAM MODULE 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY-WRITE 

FAST-PAGE-MODE 1st Cycle 

READ 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

WRITE 2nd Cycle 

RAS-ONLY REFRESH 

HIDDEN READ 

REFRESH WRITE 

CAS-BEFORE-RAS REFRESH 

BATTERY BACKUP 
REFRESH (L-version) 

MT3D19 
REV. 4192 

FUNCTIONAL BLOCK DIAGRAM 

AO-A9 ••• 

CAS9 -----+-1------1 

09------+------1 

Vee ------+-------' 
Vss ------e------' 

U1, U2 = MT4C4001JDJ 
U3 = MT 4C1024DJ 
or 

OOj-004 

005-00S 

U1, U2 = MT4C4001JDJ L (L-version) 
U3 = MT4C1024DJ L (L-version) 

ADDRESSES 

"RAS" w- W9 WE IR IC 

H H-X H-X X X X 

L L L H ROW COL 

L L L L ROW COL 

L H-L H-L H ROW COL 

L H-L H-L H n/a COL 

L H-L H-L L ROW COL 

L H-L H-L L n/a COL 

L H H X ROW n/a 

L-H-L L L H ROW COL 
L--+H--+L L L L ROW COL 

H--+L L L H X X 

H-L L L X X X 

DATA IN/OUT 

001-008,09,09 
High-Z 

Data Out 

Data In 

Data Out 

Data Out 

Data In 

Data In 

High-Z 

Data Out 

Data In 

High-Z 

High-Z 

3-72 Micron Technology. Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 



UIC:::I=ION MT3D19 
1-· ,,,"",coon, 1 MEG X 9 DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss ............. -lV to +7V 
Operating Temperature, T A (Ambient) ........ O°C to +70°C 
Storage Temperature .................................. -55°C to + 125°C 
Power Dissipation ............................................................. 3W 
Short Circuit Output Current ..................................... SOmA 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 2, 3, 6, 7, 25) (O°C ~ T A ~ 70°C; Vcc = 5V ±1 0%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE D9, CAS9 
. Any Input OV ~ VIN ~ Vcc 
(All other pins not under test = OV) AO-A9, RAS; WE 

I OUTPUT LEAKAGE DQ1-DQ8, Q9 

I 

(Q is disabled, OV ~ VOUT ~ Vcc) 

OUTPUT LEVELS 
Output High (Logic 1) Voltage (lOUT = -5mA) 
Output Low (Logic 0) Voltage (lOUT = 5mA) 

PARAMETER/CONDITION 

STANDBY CUHRENT: (TTL) 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS= VIL, CAS, Address Cycling: IpC = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

REFRESH CURRENT: BATTERY BACKUP (BBU) 
Average power supply current during BATTERY BACKUP refresh: 
CAS" = 0.2V or CAS-BEFORE-RAS cycling;RAS = IRAS (MIN) to 
300ns; WE = Vcc -0.2V; AO-A9 and DIN = Vcc - 0.2V or 0.2V 
(DIN may be left open), IRC = 125~s (1,024 rows at 125~s = 128ms) 

,",3019 
lEV. 4/92 3-73 

SYMBOL MIN MAX UNITS NOTES 

Vcc 4.5 5.5 V 1 

VIH 2.4 Vcc+1 V 1 

VIL -1.0 0.8 V 1 

II -2 2 !lA 

II -6 6 !lA 
loz -10 10 !lA 

VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -6 -7 ·8 UNITS NOTES 

ICC1 6 6 6 mA 

ICC2 3 3 3 mA 26 

.6 .6 .6 mA 26,27 

310 280 250 mA 2,25 
ICC3 

305 275 245 mA 2,25,27 

230 200 170 mA 2,25 
IcC4 

225 195 165 mA 2,25,27 

310 280 250 mA 2 
Iccs 

305 275 245 mA 2,27 

310 280 250 mA 2, 19 
ICC6 

305 275 245 mA 2,19,27 

ICC7 .8 .8 .8 mA 27 

Micron Technology, Inc., reserves the right to change products or specifications without notics. 
©1992, Micron Technology, Inc. 

II 
c 
:D 
l> 
3: 
3: o c 
c: 
r­
m 



MIC:RON MT3D19 
1-· "'""DCOO",,, 1 MEG x 9 DRAM MODULE 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A9 CI1 19 pF 17 

Input Capacitance: RAS, CAS, WE CI2 25 pF 17 

Input Capacitance: 09 CI3 10 pF 17 

Input/Output Capacitance: 001-008 Clio 10 pF 17 

Output Capacitance: 09 Co 10 pF 17 II 
C ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS ::c (Notes: 3, 4, 5, 6, 7, 10, 11, 16, 21) (DOC ~ T A ~ +70°C; Vec = 5V ±1 0%) 

» 
s: 
s: 
o 
C c: 
r­
m 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 

READ-WRITE cycle time 

FAST-PAGE-MODE READ or WRITE 
cycle time 

FAST-PAGE-MODE READ-WRITE 
cycle time 

Access time from RAS 

Access time from CAS 

Access time from column address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 

RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (FAST PAGE MODE) 

RAS to CAS delay time 

CAS to RAS precharge time 

Row address setup time 

Row address hold time 

RAS to column 
address delay time 

Column address setup time 

Column address hold time 

Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 

MT3D19 
REV. 4192 

-6 
SYM MIN 
IRC 110 

IRWC nfa 
IpC 40 

IpRWC nfa 

IRAC 60 
ICAC 

tAA 

tCPA 

IRAS 60 
IRASP 60 
tRSH 15 
tRP 40 

tCAS 15 
tCSH 60 
tCPN 10 
ICP 10 

IRCD 20 
ICRP 10 
tASR 0 
IRAH 10 
tRAD 15 

tASC 0 
tCAH 10 
tAR 50 

tRAl 30 

IRCS 0 
tRCH 0 

tRRH 0 

IClZ 0 

3-74 

-7 -8 
MAX MIN MAX MIN MAX UNITS NOTES 

130 150 ns 

nfa nfa nfa 21 
40 45 ns 

nfa nfa nfa 21 

70 80 ns 8 
15 20 20 ns 9 

30 35 40 ns 

35 40 45 ns 

100,000 70 100,000 80 100,000 ns 

100,000 70 100,000 80 100,000 ns 

20 20 ns 

50 60 ns 

100,000 20 100,000 20 100,000 ns 

70 80 ns 

10 10 ns 18 
10 10 ns 

40 20 50 20 60 ns 13 
10 10 ns 

0 0 ns 

10 10 os 

30 15 35 15 40 ns 22 

0 0 ns 

15 15 ns 

55 60 ns 

35 40 ns 

0 0 ns 

0 0 ns 24 

0 0 ns 24 

0 0 ns 

Micron Technology, Inc., reserves the right to change products or specIfications without notice. 
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MIC:RON MT3D19 
1-· "''"ow"''' 1 MEG x 9 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7, 10, 11, 16,21) (O°C 0; TAO; +70°C; Vee = 5V±10%) 

AC CHARACTERISTICS 
PARAMETER 
Output buffer turn-off delay 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to FlAS) 
Write command pulse width 

Write command to RAS lead time 

Write command to·CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

FlAS to CAS precharge time 

CAS setup time 
(CAS-BEFORE-RAS refresh) 

CAS hold time 
(CAS-BEFORE-RAS refresh) 

WE hold time 
(CAS-BEFORE-RAS refresh) 

. WE setup time 
(CAS-BEFQRE-RAS refresh) 

WE hold time 
(WCBR test cycle) 

WE setup time 
(WCBR test cycle) 

MT3D19 
REV. 4/92 

-6 

SYM MIN 
IOFF 0 
IWCS 0 
IWCH 10 

IWCR 45 

IWp 10 

IRWL 15 

tCWL 15 
IDS 0 
IDH 10 

IDHR 45 

IT 3 
IREF 

tRPC 0 
ICSR 10 

tCHR 15 

WRH 10 

WRP 10 

WTH 10 

twTS 10 

MAX MIN 
20 0 

0 

15 

55 

15 

20 

20 

0 

15 

55 

50 3 

16/128 

0 

10 

15 

10 

10 

10 

10 

3-75 

-7 -8 

MAX MIN MAX UNITS NOTES 
20 0 20 ns 12 

0 ns 

15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 15 

15 ns 15 

60 ns 

SO 3 50 ns 5,16 

16/128 16/128 ms 3127 

0 ns 

10 ns 19 

15 ns 19 

10 ns 23 

10 ns 23 

10 ns 23 

10 ns 23 

Micron Technology, Inc., reserves the right to change prodtJcts or specificat!ons without notice. 
©1992, Micron Technology, Inc. 
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MIC:RON MT3D19 
1-· "","OW""" 1 MEG x 9 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOlLs is required after power-up 
followed by any eight RAS REFRESH cycles (RAS­
ONLY or CBR with WE HIGH) before proper device 
operation is assured. The eight RAS cycle wake-up 
should be repeated any time the tREF refresh 
requirement is exceeded. 

4. AC characteristics assume tT = 5ns. 
5. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C :::; T A :::; 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and 100pF. 

8. Assumes that tRCD < IRCD (MAX). If tRCD is greater 
than the maximum recommended value shown in this 
table, tRAC will increase by the amount that tRCD 
exceeds the value shown. 

9. Assumes that tRCD;?; IRCD (MAX). 
10. If CAS = VIH, data output is High-Z. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. toFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the IRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

MT3D19 
REV. 4/92 3-76 

14. Either IRCH or tRRH must be satisfied for a READ 
cycle. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, V cc 
= 5V, DC bias = 2.4V@ 15mV RMS). 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the Q buffer, CAS must 
be pulsed HIGH for tcP. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW. 
21. LATE-WRITE, READ-WRITE or READ-MODlFY­

WRITE cycles are not available due to OE being 
grounded on VI and V2. 

22. Operation within the lRAD (MAX) limit ensures that 
tRCD (MAX) can be met. lRAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

23. tWTS and twrH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of twRP and twRH in the 
CBR refresh cycle. 

24. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

25. Icc is dependent on cycle rates. 
26. All other inputs at Vee - 0.2V. 
27. Applies to L-version only. 

Micron Technology, Inc., reservss1he right to change products or speciflcatlons without notice. 
@1992,MlcronTechnology,lnc. 



MT3D19 1'II1c:r=agN 1 MEG x 9 DRAM MODULE 

."T3DHI 
~EV.4I92 

RAS 

CAS 

ADDR 

WE 

DQ 

RAS 

CAS 

ADDR 

V,H -
VIL _ 

tORP 

V,H -
Vil -

VIOH -
VIOL -

V,H -
V,L _ 

leRP 

VIH -
V'L 

V'H 
V,L 

READ CYCLE 

tRC 

tRAS 'RP 

tCSH 

tRSH tRRH 

tAco ICAS 

tAR 

OPEN OPEN----

EARLY-WRITE CYCLE 

tRC 

'RAS 

ICSH 

lASH 

tRCD teAs 

'AR 

3-77 

tRP 

ROW 

~ DON'T CARE 

Ill88 UNDEFINED 
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MIC:RON MT3D19 
1-· ""<cue,,,, 1 MEG X 9 DRAM MODULE 

MT3D19 
REV. 4192 

FAST-PAGE-MODE READ CYCLE 

I~ __________________________ ~IR~~~P ____________________________ ~~ 

tCSH IpC 

~ I~---------"'R"'CD"---II ~ 1~--"C"-p--_1 

DO ~lg~ -'-------OPEN----------~~M:~i[}_----~~K~i[t_----__1~K~tD 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

3-78 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or spacificatlons without nOtice. 
©1992. Micron Technology, Inc. 



MICRON MT3D19 
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IT3D.19 
iEV.4192 

~-ONL Y REFRESH CYCLE 
(ADDR = AO-A9; WE = DON'T CARE) 

teRP !~ 

DO ~g~ -"---------OPEN-~---~~--

DO 

DO 

CAS"-BEFORE-~ REFRESH CYCLE 
(AO-A9 = DON'T CARE) 

tAP tRAS tAP tRAS 

Y :-1~1 
~ tAP~~ tesA ~I, :~tePN~~ --

I J 
OPEN 

~ ~ ~ ~ 

W;///$I/;j/I/I//I/$/ffi'I!!! 

BATTERY BACKUP REFRESH CYCLE 27 

(AO-A9 = DON'T CARE) 

tAP 

~~I tCPN:lI~ 

! \( 

~ 

1251;18 

tRAS tAP tRAS 

Y 
~I tRP~II~ ~I 

I '\ J 
OPEN 

~ ~~ 
W///////////I/////;jQ 

3-79 

WI//////////////$//I/I//$a 

~ DON'T CARE 

fll21j UNDEFINED 

Micron Technology, Inc., reserves the right to change prodtJcts or specifications without notice. 
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[VI1CR9 N 1 MEG x 9 DRAM M~158~~ 

Mn019 
REV. 4192 

I~ 
:~ 

I~ 
~ ADDR ~IH-- t IL-~ 

. 

. 

. 

HIDDEN REFRESH CYCLE 20 

(WE = HIGH) 

(READ) 

RAS 

'It==] 
Vt i 

tRCD tASH . 
tAR 

(REFRESH) 

RAS 

Y 
tcHR 

J 
] 'I I ,.tRAD.. II tRAL 

• tASC. I • leAH. tRAH 

3-80 

~ DON'TeARE 

~ UNDEFINED 

Micron Technology, InC., 1'9S9rve5 the right to change products or specifications. without notice. 
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MIC:RON MT9D19 
1-· "'""ow"''''' 1 MEG x 9 DRAM MODULE 

DRAM 
MODULE 
~EATURES 

I Industry standard pinout in a 30-pin single-in-line 
package 

I High-perfonnance, CMOS silicon-gate process 
I Single 5V ±10% power supply 
I All device pins are fully TTL compatible 
I Low power, 27m W (2.7m W L-version) standby; 

1,575mW active, typical 
I Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
, 512-cycle refresh distributed across Sms or 

512-cycle extended refresh distributed across 64ms 
FAST PAGE MODE access cycle 
Low CMOS standby current, 1.6mA maximum 
(L-version) 

)PTIONS 
Timing 
60ns access 
70ns access 
SOns access 

MARKING 

Packages 
Leadless 30-pin SIMM 
Leaded 30-pin SIP 

Power /Refresh 
Normal Power/Sms 
Low Power/64ms 

- 6 
- 7 
- S 

M 
N 

Blank 
L 

Part Number Example: MT9D19ML-6 

;ENERAL.DESCRIPTION 
The MT9D19 is a randomly accessed solid-state memory 

ontaining 1i 04S,576 words organized in a x9 configuration. 
'uring READ or WRITE cycles, each word is uniquely 
idressed through the 20 address bits, which are entered 10 
its (AO-A9) at a time. RAS is used to latch the first 10 bits 
Ild CAS the latter 10 bits. A READ or WRITE cycle is 
~lected with the WE input. A logic HIGH on WE dictates 
EAD mode while a logic .LOW on WE dictates WRITE 
lode. During a WRITE cycle, data-in (D) is latched by the 
tiling edge of WE or CAS, whichever occurs last. EARL Y­
IRITE occurs when WE goes LOW prior to CAS going 
OW, and the output pins remain open (High-Z) until the 
ext CAS cycle. 
FAST PAGE MODE operations allow faster data opera­

Dns (READ or WRITE) within a row-address (AO-A9) 

90t9 
V.4192 3-81 

1 MEG x9DRAM 
FAST PAGE MODE (MT9D19) 
LOW POWER, 
EXTENDED REFRESH (MT9D19 L) 

PIN ASSIGNMENT (Top View) 

30-Pin SIMM 30-Pin SIP 
(T-4) (S-4) 

0 Vee 1 

Vee 1 CAS 2 

CAS 2 001 3 
DQ1 3 AO 4 

AO 4 A1 5 
A1 5 002 6 

DQ2 6 A2 7 
A2 7 A3 8 
A3 8 Vss 9 

Vss 9 003 10 DQ3 10 
A4 11 A4 11 

AS 12 A5 12 s:: DQ4 13 5: 004 13 
A6 14 -I A6 14 -I 
A7 15 CO A7 15 <0 

DQ5 16 C 005 16 C 
AS 17 

... ..... 
CO A8 17 <0 'A9 18 5: 'A9 1B Z NC 19 NC 19 

DQ6 20 
006 20 WE 21 
WE 21 Vss 22 

DQ7 23 Vss 22 
NC 24 007 23 

DQ8 25 NC 24 
Q9 26 DOB 25 

RAS 27 09 26 
CAS9 28 RAS 27 

D9 29 CAS9 28 
Vee 30 09 29 

0 Vee 30 

'Address not used for RAS-ONLY REFRESH 

defined page bOUIldary. The FAST PAGE MODE cycle is 
always initiated with a row. address strobed-in by RAS 
followed by a column address strobed~in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ­
ent column addresses, thus executing faster memory cycles. 

ReturningRAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cydeduring 
the RAS high time. Memory .cell data is retainep. in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE,RAS-ONL Y, CAS-BEFORE­
RAS or HIDDEN REFRESH) so that all 512 combinations of 
RAS addresses (AO-AS) are executed at least every Sms 
(64ms on L-version), regardless of sequence. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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UU:::I=ICN MT9D19 
1-· "'""''''''''' 1 MEG x 9 DRAM MODULE 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY-WRITE 

FAST-PAGE-MODE 1 st Cycle 

READ 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

WRITE 2nd Cycle 

RAS-ONL Y REFRESH 

HIDDEN READ 

REFRESH WRITE 

CAS-BEFORE-RAS REFRESH 

BATTERY BACKUP 
REFRESH (L-version) 

MT9D19 
REV. 4192 

FUNCTIONAL BLOCK DIAGRAM 

AO-A9 

RAS 
CAS 
WE 

DQ1 

D02 

003 

004 

09 

Vco 

Vss 

- -
~ ~" RAs ~~" R" 

CAS U1 -m US 
WE WE 

o Q ~ 
D05 

o Q~ 
~ ~ 
...L-L ...L-L 

~~9 R" ~;;9 
CAS U2 CAS U6 
WE .,. 
o Q~ DOS 

o Q~ 
~ Vi ys 
...L..L rL-L 
~~ AO·" 

RAS AAS 
CAS U3 CAs U7 
WE WE 

o Q~ 007 
o Q~ 

T--T- Vi vi" 
...L..L 

~;;9 
,-L-L 

~;;' 
'----m U4 CAS U8 

_WE I- WE 

o Q~ DOB 
o Q~ Iv~ ,vi Vt 

~~ R" 
CAS us 

'----w< 

lIAS" 
H 

L 

L 

L 

L 

L 

L 

L 

L-+H-+L 

L-+H-+L 

H-+L 

H-+L 

0 Q-

~ 
U1-U9: MT4C1024DJ 
U1-U9: MT4C1024DJ L (L-version) 

"CAS" "CAS9 
H-+X H-+X 

L L 

L L 

H-+L H-+L 

H-+L H-+L 

H-+L H-+L 

H-+L H-+L 

H H 

L L 

L L 

L L 

L L 

3-82 

ADDRESSES DATA IN/OUT 

WE IR IC 001-008,09,09 

X X X High-Z 

H ROW COL Data Out 

L ROW COL Data In 

H ROW COL Data Out 

H n/a COL Data Out 

L ROW COL Data In 

L n/a COL Data In 

X ROW n/a High-Z 

H ROW COL Data Out 

L ROW COL Data In 

X X X High-Z 

X X X High-Z 

Micron Technology, Inc., reserves the right to change products or specifications without notic 
©1992, Micron Technology, Ir 



IUIIIC:I=ICN MT9D19 
1-· "'""mocn, 1 MEG x 9 DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss .............. -lV to +7V 
Operating Temperature, TA (Ambient) ......... O°C to +70°C 
Storage Temperature (Plastic) .................... -55°C to +125°C 
Power Dissipation .............................................................. 9W 
Short Circuit Output Current ...................................... 50mA 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C ~ T A ~ 70°C; Vee = 5V ±1 0%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 
Supply Voltage Vee 4.5 5.5 V 1 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vee+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -1.0 0.8 V 1 

INPUT LEAKAGE: D9, CAS9 Ii -2 2 ~ 
Any Input OV ~ VIN ~ Vee 
(All other pins not under test = OV) AO-A9, RAS, WE Ii -18 18 ~ 
OUTPUT LEAKAGE: D01-D08,09 
(0 is disabled, OV ~ VOUT ~ Vee) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 5mA) 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vee -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: tRC = tRC (MIN») 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: tpc = tpc (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: tRC = tRC (MIN)) 

REFRESH CURRENT: CAS-BEFOR,E-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: tRC = tRC (MIN)) 

REFRESH CURRENT: BATTERY BACKUP (BBU) 
Average power supply current during BATTERY BACKUP refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = tRAS (MIN) to 
11ls; WE, AO-A9 and DIN = Vee -0.2V or 0.2V (DIN may be left 
OPEN), tRC = 1251ls (512 rows at 1251ls = 64ms) 

IT9D19 
EV.4192 3-83 

loz -10 10 ~ 

VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -6 -7 -8 UNITS NOTES 

lee1 18 18 18 mA 

lee2 9 9 9 mA 23 

1.8 1.8 1.8 mA 23,25 

810 .720 630 mA 3,4 
lee3 

765 675 585 mA 3,4,25 

630 540 450 mA 3,4 
lee4 

585 495 405 mA 3,4,25 

810 720 630 mA 3 
ICC5 

765 675 585 mA 3,25 

810 720 630 mA 3,5 
Ice6 

765 675 585 mA 3,5,25 

Icc? 1.8 1.8 1.8 mA 25 

Micron Technology, Inc., reserves the right to change products or specificatIons without notice. 
©1992, Micron Technology, Inc. 
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MICRON MT9D19 
1-· "'"""0'""" 1 MEG x 9 DRAM MODULE 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A9 CI1 58 pF 2 

Input Capacitance: RAS, CAS, WE CI2 76 pF 2 

Input Capacitance: 09 CI3 10 pF 2 

InpuVOutput Capacitance: 001-008 CIO 15 pF 2 

Output Capacitance: 09 Co 10 pF 2 II 
c 
::D ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS » (Notes: 6, 7, 8, 9,10,11,12,13) (O°C:O; TA :O;70°C; Vcc = 5V ±10%) 

== 
~ 
C 
c: 
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AC CHARACTERISTICS 
PARAMETE!I. 
Random READ or WRITE cycle time 
READ,WRITE cycle time 
FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 
Access time from CAS 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 
Read command hold time 
(referenced to RAS) 

MT9D19 
REV. 4192 

-6 
SYM MIN MAX 
tRe 110 

tRWC n/a 
tpc 40 

tpRWC n/a 

tRAC 60 
tCAC 20 
tAA 30 

tCPA 35 
tRAS 60 100,000 

tRASP 60 100,000 
tRSH 20 
tRP 40 

tCAS 20 100,000 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 20 40 
tCRP 5 
tASR 0 
tRAH 10 
tRAD 15 30 

tASC 0 
tCAH 15 
tAR 45 

tRAL 30 

tRCS 0 
tRCH 0 

tRRH 0 

3-84 

MIN 
130 
n/a 
40 

n/a 

70 
70 
20 
50 
20 
70 
10 
10 
20 
5 
0 
10 
15 

0 
15 
55 

35 

0 
0 

0 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 
n/a n/a 24 
40 ns 

n/a n/a 24 

70 80 ns 14 
20 20 ns 15 
35 40 ns 
40 45 ns 

100,000 80 100,000 ns 
100,000 80 100,000 ns 

20 ns 
60 ns 

100,000 20 100,000 ns 
80 ns 
10 ns 16 
10 ns 

60 20 60 ns 17 
5 ns 
0 ns 
10 ns 

35 15 40 ns 18 

0 ns 
15 ns 
60 ns 

40 ns 

0 ns 
0 ns 19 

0 ns 19 

Micron Technology, Inc., reserves the right to change products or specifications without notice 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7,8,9,10,11, 12, 13)(0°C~TA~75°C;Vcc=5V±10%) 

AC CHARACTERISTICS 
PARAMETER 
~ to output in Lo'N-Z 
Output buffer turn~ff. delay 
WE' command setup time 
Write command hold time 
Write command hold time 
(referenced to 1\AS") 
Write command pulse width 
Write command to 1\AS" ~ead time 
Writecomniand to ~ lead time 
Data-in setup time 
Data-in hold time 
Data-in hold time 
(referenced to 'FIAS") 
Transition time (rise or tall) 
Refresh period (512 cycles) 
'FIAS" to CAS precharge time 
~ setup time 
~BEFORE-'FIAS" REFRESH) 

'OAS hold time 
~:BEFORE-l=IAS' REFFIESH) 

MT9D'. 
REV. 4192 

SYM 
'CLZ 
'OFF 
'WCS 
IWCH 
'WCR 

'WP 
'RWL 
'CWL 
'OS 
'DH 

'DHR 

IT 
'REF 
'APe 
'CSR 

'CHR 

-6 
MIN MAX 
0 
0 20 
0 
10 
45 

10 
20 
20 
0 
15 
45 

:3 50 
8/64 

o· 
10 

10 

3-85 

-7 -8 
MIN MAX MIN MAX UNITS NOTES 
0 0 ns 
0 20 0 20 ns 20 
0 0 ns 
15 15 ns 
55 60 ns , 

15 15 ns 
20 20 ns 
20 20 .. ns 

0 0 ns 21 
15 15 ns 21 
55 60 ns 

3 50 3 50 ns 9,10 
8/64 8/64 ms 7/25 

0 0 ns 
10 10 ns 5 

15 15 ns 5 
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MIC::RON MT9D19 
1-· H """"e< W 1 MEG x 9 DRAM MODULE 

NOTES 
1. . All voltages referenced to V 55. 

2. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, V cc 
= 5V, DC bias = 2.4V @ 15m V RMS). 

3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (O°C s: T A s: 70°C) is assured. 

7. An initial pause of IOOl!s is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the IREF 
refresh requirement is exceeded. 

8. AC characteristics assume IT = 5ns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to two TTL gates 

and 100pF. 
14. Assumes that tRCD < IRCD (MAX). If tRCD is greater 

than the maximum recommended value shown in this 

MT9019 
REV. 4/92 3-86 

table, tRAC will increase by the amount that tRCD 
exceeds the value shown. 

15. Assumes that tRCD ;:: IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data-out buffer, CAS must be 
pulsed HIGH for tePN. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

18. Operation within the lRAD (MAX) limit ensures that 
tRCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified lRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

19. Either IRCH or tRRH must be satisfied for a READ 
cycle. 

20. toFF (MAX) defines the time at which the output 
achieves the open circuit condition 'and is not 
referenced to VOH or VOL. 

21. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

22. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

23. All other inputs equal Vcc -0.2V. 
24. LATE-WRITE, READ-WRITE or READ-MODIFY­

WRITE cycles are not available due to the common 
DQ configuration of UI-U8. 

25. Applies to L-version only. 

Micron Technology, inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 



MT9D19 
I'IIII=Rg~ 1 MEG x 9 DRAM MODULE 

IT9019 
EV.4192 

RAS 

CAS 

ADDR 

READCVCLE 

AAS 
VIH -
VIL _ 

teSH 

leAP 

CAS 
VIH -
VIL -

ADDR 

DO ~[gt -::------------------OPEN -------------------~~~~~~~)_------OPEN-------

EARL V-WRITE CVCLE 

VIH -
V,L 

teRP tRCD 

V,H -
V,L 

tAA 

V,H 
V,L 

3-87 

tAC 

tRAS 

tCSH 

tRSH 

teAs 

tRAl 

AOW 

~ DON'TeARE 

!88ll UNDEFINED 
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MIC:RON MT9D19 
1-· " '"'' 'H 1 MEG x 9 DRAM MODULE 

MT9D19 
REV. 4192 

AODR ~It 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

3-88 

~ DON'T CARE 

02a UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice 
©1992, Micron Technology, Inc 



IUIIIC:RCN MT9D19 
1-· ,e,"",,,,,,,, 1 MEG x 9 DRAM MODULE 

MT9D19 
REV. 4192 

CAS ~i~: :---.1 

RAS-ONL Y REFRESH CYCLE 
(ADDR = AO-A8; A9 and WE = DON'T CARE) 

lAC 
tAAS lAP 

1 
leRP 'L IAPC'I 

'-I 

\ 

tASR tRAH 

ADDA ~:t :~C---AO-W ----,kUff$/$/$$##/$U/U/#J/I/$J;X--AO-W --

DO ~gt -,-----------OPEN----------

.tRPG, 

CAS-BEFORE-RAS REFRESH CYCLE 
(AO-A9 and WE = DON'T CARE) 

lAP IAAS . lAP tRAS 

Y 
iCPN j~ ~ tAPe leSA - r !CHR. 

DQ ~gt------------OPEN----------

BATTERY BACKUP REFRESH CYCLE 25 

(AO-A9 and WE = DON'T CARE) 

CAs ~:~ ='----"-_---"--__ -----L ___ "'---________ -L-_ 

Q ~gr-----------OPEN----------

3-89 

tJZl DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change productS or spec;ificalions without notice. 
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MT9D19 
IVIIC:F=l9~ 1 MEG x 9 DRAM MODULE 

MT9D19 
AEV.4192 

ADDR ~:r 

. 

HIDDEN REFRESH CYCLE 22 

(WE = HIGH) 

(READ) 

'RAS . _ . 
tRP :1 

r= tRCD 'RSH . . . 
:.-' ~ 

'AR 1 I 
• tRAD. III II tRAL' • 

1= 0 ~I 'CAH:I 

-
ROW ~ COLUMN -

I. 
I 'AA 

'RAC I 

I:""'t 
- OPEN 1lUWY. 

(REFRESH) 

RAS . 
1CHR 

VALID DATA 

'1 

J ~toFF 
}-OPEN-

~ DON'T CARE 

~ UNDEFINED 

3-90 Micron Technology, Inc., reseNes the right to change products ~~:~~f:~~;;~~~~~:~:: 



ADVANCE 

MIC:RON MT3D49 
1-· ,""m","" 4 MEG x 9 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry standard pinout in a 30-pin, single-in-line 

memory module 
• High-performance, CMOS silicon-gate process 
• Single 5V ±10% power supply 
• Low power, 12m W standby; 775m W active, typical 
• All device pins are fully TTL compatible 
• FAST PAGE MODE access cycle 
• Refresh modes: RAS-ONL Y, CA5-BEFORE-RAS (CBR) 

and HIDDEN 
• 2,048-cycle refresh distributed across 32ms 
• Low profile 

OPTIONS MARKING 
• Timing 

60ns access - 6 
70ns access - 7 
80ns access - 8 

• Packages 
Leadless 30-pin SIMM M 
Leaded 30-pin SIP N 

• Part Number Example: MT3D49M-6 

GENERAL DESCRIPTION 
The MT3D49 is a randomly accessed solid-state memory 

containing 4,194,304 words organized in a x9 configuration. 
Ouring READ or WRITE cycles, each word is uniquely 
addressed through 22 address bits, which are entered 11 
bits (AO -A10) at a time. RAS is used to latch the first 11 bits 
and CAS the latter 11 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of CAS. Since WE goes LOW prior to CAS 
going LOW, the output pins remain open (High-Z) until the 
next CAS cycle. 

FAST PAGE MODE operations allow faster data opera­
tions (READ or WRITE) within a row address (AO-AlO) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 

MT3D49 
AEV.4/92 3-91 

4 MEG x9 DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

30-Pin SIMM 30-Pin SIP 
(T-7) (S-7) 

0 Vee 1 

Vee 1 CAS 2 

CAS 2 001 3 
D01 3 AO 4 

AO 4 A1 5 
A1 5 002 6 

D02 6 A2 7 
A2 7 A3 8 
A3 8 Vss 9 

Vss 9 003 10 
D03 10 

A4 11 A4 11 
AS 12 As 12 

3:: D04 13 s: DQ4 13 
A6 14 -I A6 14 (j 
A7 15 Co) A7 15 

DOS 16 0 005 16 0 
A8 17 

,. 
A8 17 

,., 
CD CO A9 18 s: A9 18 Z A10 19 Al0 19 

D06 20 006 20 WE 21 
WE 21 Vss 22 

D07 23 Vss 22 

NC 24 007 23 
D08 25 NC 24 

09 26 DOS 25 
RAS 27 09 26 

CAS9 28 RAS 27 
09 29 CAS9 28 

Vee 30 09 29 

0 Vee 30 

followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ­
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST -PAGE-MODE 
operations. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONL Y, CAS-BEFORE­
RAS or HIDDEN REFRESH) so that a112,048 combinations 
of RAS addresses (AO-AIO) are executed at least every 
32ms, regardless of sequence. The CBR REFRESH cycle will 
invoke the refresh counter for automatic RAS addressing. 

MIcron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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ADVANCE 

MIC::RON MT3D49 
1-· "",,<oceo,,", 4 MEG x 9 DRAM MODULE 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARL V-WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

WRITE 

RAS-ONL V REFRESH 

HIDDEN 

REFRESH 

FUNCTIONAL BLOCK DIAGRAM 

RAS ---------, 
CAS ------, 
WE------, 

AO-A10 

CAS9 -----++--~ 

D9-----+---~ 

Vee -----t------' 
Vss -----.+-------' 

U1-U2 = MT4C4M4B1DJ 
U3 = MT4C1004JDJ 

lIAS"" "CAs- ~ WE" 
H H-X H-X X 

L L L H 

L L L L 

1st Cycle L H .... L H .... L H 

2nd Cycle L H-L H .... L H 

1st Cycle L H .... L H .... L L 

2nd Cycle L H-L H .... L L 

L H H X 

READ L-H-L L L H 

WRITE L-H-L L L L 

DQ1-DQ4 

DQ5-DQ8 

ADDRESSES DATA IN/OUT 
IR IC 001-008,09,09 

X X High-Z 

ROW COL Data Out 

ROW COL Data In 

ROW COL Data Out 

n/a COL Data Out 

ROW COL Data In 

n/a COL Data In 

ROW n/a High-Z 

ROW COL Data Out 

ROW COL Data In 

CAS-BEFORE-RAS REFRESH H-L L L H X X High-Z 

MT3D49 
REV. 4/92 3-92 Micron Technology, Inc., reserves the right to change products or specjfjcatiol'lS without notice. 

©1992, Micron Technology, Inc. 



ABSOLUTE MAXIMUM RATINGS" 
Voltage on Vee Supply Relative to Vss .............. -lV to +7V 
Operating Temperature, TA (Ambient) ......... DOC to +7DoC 
Storage Temperature ................................... -55°C to +125°C 
Power Dissipation .............................................................. 3W 
Short Circuit Output Current ...................................... 50mA 

ADVANCE 

"Stresses greater than those listed un!ier "Absolu:te Maxi~ 
mum Ratings" may cause permanent damage to the de:vice. 
This is a stress rating only and functional operation of the 
device at these or any other conditions aboveffiOseindicated 
in the operational sections of this specification isnotiinplied. 
Exposure to absolute maximum ratin:g conditions for ex­
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3,4, 6, 7) (O°C :5 T A :5 70°C; Vcc = 5V ±10%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE 
Any Input OV :5 VIN :5 Vcc 
(All other pins not under test = OV) 

OUTPUT LEAKAGE. 
(Q is disabled, OV:5 VOUT :5 Vcc) 

OUTPUT LEVELS 
Output High (Logic 1) Voltage (lOUT = -SmA) 
Output Low (Logic 0) Voltage (lOUT", SmA) 

, 

PARAMETER/CONDITION 

STANDBY CURRENT: TIL Input Levels 
(RAS = CAS = VIH) 

STANDBY CURRENT: CMOS Input Levels 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT 
(BAS and CAS = Cycling; IRC = IRC (MIN» 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = VIL; CAS = Cycling; IpC= IpC (MIN» . 

REFRESH CURRENT: RAS-ONL Y 
(RAS = Cycling; CAS = VIH; IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 

CAPACITANCE 

PARAMETER 

. Input Capacitance: AO-A10 

Input Capacitance: RAS, CAS, WE' 
Input/Output Capacitance: DQ1-DQ8 

Input Capacitance: DQ9 

Output Capacitance: Q9 

MT3049 
REV. 4192 

D9,CAS9 . 

AO-A10, RAS, WE 

DQ1-DQ8, Q9 

3-93 

SYMBOL MIN MAX UNITS NOTES 

Vcc 4.5 5.5 V 1 
V1H 2.4 Vcc+1 V 1 

VIl -1.0 0.8 V 1 

Ii -2 2 ~ 

Ii -6 6 ~ 
loz -10 10 ~ 

VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -6 -7 -B UNITS . 'NOTES 

Icct 6 6 6 rnA·' 
': 

Icc2 3 3 3 mA 

Icc3 350 300 270 mA 3,4 

ICC4 240 210 1.80 .mA 3,4 

ICcs 350 300 270 mA 3 

ICC6 350 300 270 mA 3,5 

SYMBOL MIN MAX UNITS NOTES 

Cit 19 pF 2 

CI2 25 pF 2 

CtO 10 pF 2 

CI3 10 pF 2 

Co 10 pF 2 

Micron Technology, Inc., reserves the right to charve products or specifications without notice. 
@1992,MicronTechnology,lnc. 
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ADVANCE 

MIC:RON MT3D49 
1-· "'"'ocoo,,"' 4 MEG x 9 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13,22) (Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 
Access lime from CAS 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
"CAS pulse width 
"CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in Low-Z 
Output buffer turn-off delay 
WF:. command setup time 

MT3049 
REV.4f92 

-6 
SYM MIN 
tRC 110 

tRWC nfa 
tpc 40 

tpRWC nfa 

tRAC 
tCAC 
tAA 

tCPA 
tRAS 60 

tRASP 60 
tRSH 15 
tRP 40 

tCAS 15 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 20 
tCRP 5 
tASR 0 
tRAH 10 
tRAD 15 

tASC 0 
tCAH 10 
tAR 50 

tRAL 30 

tRCS 0 
tRCH 0 

tRRH 0 

tCLZ 0 
tOFF 0 
twcs 0 

MAX MIN 
130 
nfa 

40 

nfa 

60 
15 
30 
35 

100,000 70 
100,000 70 

20 
50 

100,000 20 
70 
10 
10 

40 20 
5 
0 
10 

30 15 

0 
15 
55 

35 

0 
0 

0 

0 
15 0 

0 

3-94 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 
nfa ns 22 
45 ns 

nfa ns 22 

70 80 ns 14 
20 20 ns 15 
35 40 ns 
40 45 ns 

100,000 80 100,000 ns 
100,000 80 100,000 ns 

20 ns 
60 ns 

100,000 20 100,000 ns 
80 ns 
10 ns 16 
10 ns 

50 20 60 ns 17 
5 ns 
0 ns 
10 ns 

35 15 40 ns 18 

0 ns 
15 ns 
60 ns 

40 ns 

0 ns 
0 ns 19 

0 ns 19 

0 ns 
20 0 20 ns 20 

0 ns 

Micron Technology, Inc., reserves the righllo change products or specifications without notice. 
©1992, Micron Technology,lnc. 



ADVANCE 

MIC:RON MT3D49 
1-· ,,,,,,,moc,,,, 4 MEG x 9 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11,12,13,23) (Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

Transition time (rise or fall) 

Refresh period (2,048 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CAS-BE FORE-RAS refresh) 

CAS hold time 
(CAS-BEFORE-RAS refresh) 

WE hold time 
(CAS-BEFORE-RAS refresh) 

WE setup time 
(CAS-BEFORE-RAS refresh) 

WE hold time 
(WCBR test cycle) 

WE setup time 
(WCBR test cycle) 

MT3D49 
REV. 4/92 

-6 

SYM MIN 
tWCH 10 
tWCR 45 

twp 10 
tRWL 15 
tCWL 15 
tDS 0 
tDH 10 

tDHR 45 

tT 3 
tREF 

tRPC 0 
tCSR 10 

tCHR 15 

tWRH 10 

tWRP 10 

tWTH 10 

tWTS 10 

MAX MIN 
15 

55 

15 

20 

20 

0 

15 

55 

50 3 

32 

0 

10 

15 

10 

10 

10 

10 

3-95 

-7 -8 

MAX MIN MAX UNITS NOTES 
15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 21 

15 ns 21 

60 ns 

50 3 50 ns 9,10 

32 32 ms 

0 ns 

10 ns 5 

15 ns 5 

10 ns 24 

10 ns 24 

10 ns 24 

10 ns 24 

Micron Technology, Inc., reserves the right to change products or speclflcatlons without notice 
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ADVANCE 

MIC:RON MT3D49 
1-· '>,",mcc"" 4 MEG x 9 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is measured 

using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias = 2.4V @ 15m V RMS). 

3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of 100J.1s is required after power-up 
followed by eight RAS refresh cycles (RAS-ONL Y or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the IREF refresh requirement is 
exceeded. 

8. AC characteristics assume IT = Sns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

100pF. 
14. Assumes that IRCD < iRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, iRAC will increase by the amount that IRCD 
exceeds the value shown. 

MT3D49 
REV.4f92 3-96 

15. Assumes that iRCD ~ IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for ICPN. 

17. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

18. Operation within the lRAD (MAX) limit ensures that 
IRCD (MAX) can be met. iRAD (MAX) is specified as 
a reference point only; if lRAD is greater than the 
specified lRAD (MAX) limit, then access time is 
controlled exclusively by I AA. 

19. Either iRCH or IRRH must be satisfied for a READ 
cycle. 

20. lQFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

22. OE is tied permanently LOW; LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

23. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

24. twTS and twTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of twRP and twRH in the 
CBR refresh cycle. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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MT3D49 I'IIIC:I=:U;:~,N 4 MEG x 9 DRAM MODULE 

MT3D49 
AEV.4192 

READ CYCLE 

'I 

\'-----
tCSH 

IRRH 

leRP • tCAS 

VJ, 

1.-~IR~A£D _______ I~~I~AR~~-t~IR~A~L-t ______ 1 

I... tASR tRAH .... 1 tAse ~ 
I-~I -

~:r ~rrrT"I. ROW inJ'irJ7hl-------'-CO-L-UM.LN------,j~'___ ____ RO_W ____ _ 

...JVLLLL1ff I IRCH J I I RCS I 

ADDR 

~Ir :Wl7!lli/~ VII@; WI/; 
I IAA 

tRAG 

tCAG 

~I, 
DO ~:gr --:------------------OPEN----------------~-f~'Jl;~--~v~A~L;;:;rD~D"':A~T~A:...-~>-------OPEN ---

EARLY-WRITE CYCLE 

tCSH 

tCAP • tCAS 

IAR 

ADDR ~:r ROW COLUMN ROW 

tweH 
IWp 

WE ~Ir ~-~~~~0;;~~~~~;a------__Ir--+I--i[;ID~HR',~ILLLL'LLL'LL{LL.{LL.LLL==<LLLLLLLL~CL£.~ 
IDH 

VALlDD~ 
~ DON'T CARE 

I88ll UNDEFINED 
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ADVANCE 

MIC::RON MT3D49 
1-· "'""OCO"" 4 MEG x 9 DRAM MODULE 

MT3D49 
REV. 4192 

FAST-PAGE-MODE READ CYCLE 

_-------~~_. __ ~----------------------~--R-A-SP------------------~----------_4~1 RAS ~i~ - II" ~ '--

tCSH IpC tRSH 

CAS V,H V,L 
__ 1-I-'_c_RP~~.:~~~~~~~~~_'~R_c~_D~;~~~'~l~ __ 'C_P __ ~~~~' __ 'C_P __ ~. ~~r-+-__ ~_'C_PN __ ~ 

=...../ 'AR I' 

I~~I ~II~ ~~I ~II~I'RAL I' 
-l777\.Ic >l.m7A. rrr~ ~Trrn ~ 
-(ffd\ ROW 1<{jjf) COLUMN ~ COLUMN ~ COLUMN W/////~ 

I 1 
~ -I ILRcs -I ILRcs -I I-'RRH 

1 IRCS. 'RCH- Ii I 'RCH- Ii I ~I 

ADDR 
V,H V,L 

WE V,H V,L ~////////////////ff WIll Wi1 ~ 

I. 1 :~:c . . I . 1 ::A I· 1 ::A 
j tCAG ~ I~ ~ I~ _ -tOFF 

DQ ~:gr .:-------------OPEN 

tell 1:- teLZ - 1:- tell - 1:-
b1¥~ b1¥~ ~¥R ~OPEN---

ADDR 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

tCSH IpC tRSH 

~ I----------"'R"'CD"-~.I--'=''''-~~II • .......,'C''-P--II--'''C'''AS'---II--'''C'-p __ II--"'C,,,AS'---I 

3-98 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT3D49 
1-· ",,,",we,,,, 4 MEG X 9 DRAM MODULE 

HSD49 
lEV. 4/92 

~-ONL Y REFRESH CYCLE 
(ADDR = AO-A 10; WE = DON'T CARE) 

teRP 
,'-----

CAs ~:~ ~---' "'-----I 
tASR IRAH 

ADDR ~:~ _--:ow--k$/$;/';1;/'#$$/#//////;1#$;/';/'&~--RO-W --

DO 

RAS 

CAS 

ADDA 

DO ~g~ -~--------OPENI---------

VJH-
VIL_ 

VIH-
VIL_ 

CAS-BEFORE-~ REFRESH CYCLE 
(AO-A 10 = DON'T CARE) 

I, tRP 'RAS tRP tRAS 

l :~ 'tep~jl~ I~ I'~ ~! :~ '{ I ! 
OPEN 

~ ~ ~ ~ 

HIDDEN REFRESH CYCLE 23 

(WE = HIGH) 

(READ) (REFRESH) 

Y 

DO ~:g~ :----

3-99 

I!Zl DON'T CARE 

l@ll UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MT3D49 
1VI1C:I=1C2,~ 4 MEG x 9 DRAM MODULE 
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MIC:RON MT9D49 
1-· '""'WeCO''''' 4 MEG X 9 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry standard pinout in a 30-pin single-in-line 

package 
• High-performance, CMOS silicon-gate process 
• Single 5V ±10% power supply 
• All device pins are fully TTL compatible 
• Low power, 27m W (9m W L-version) standby; 

2,025m W active, typical 
• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• 1,024-cycle refresh distributed across 16ms or 

1,024-cycle extended refresh distributed across 128ms 
• FAST PAGE MODE access cycle 
• Low CMOS standby current, 1.8mA maximum 

(L-version) 

OPTIONS 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 
Leadless 30-pin SIMM 
Leaded 30-pin SIP 

• Power/Refresh 
Normal Power/16ms 
Low Power/128ms 

MARKING 

-6 
-7 
-8 

M 
N 

Blank 
L 

• Part Number Example: MT9D49ML-6 

GENERAL DESCRIPTION 
The MT9D49 is a randomly accessed solid-state memory 

containing 4,194,304 words organized in a x9 configuration. 
During READ or WRITE cycles, each bit is uniquely ad­
dressed through the 22 address bits which are entered 11 
bits (AO -AID) at a time. RAS is used to latch the first 11 bits 
and CAS the latter 11 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. If WE 
goes LOW prior to CAS going LOW, the output pin(s) 
remain open (High-Z) until the next CAS cycle. EARLY 
WRITE occurs when WE goes LOW prior to CAS going 
LOW, and the ouput remains open (High-Z) until the next 
CAS cycle. 

\otT9D49 
~EV.4192 

4 MEG x 9 DRAM 
FAST PAGE MODE (MT9D49) 
LOW POWER, 
EXTEDEND REFRESH (MT9D49 L) 

PIN ASSIGNMENT (Top View) 

30-Pin SIMM 30-Pin SIP 
(T-4) (S-4) 

0 Vee 1 

Vee 1 GAS 2 

GAS 2 D01 3 
D01 3 AO 4 

AO 4 A1 5 
A1 5 D02 6 

D02 6 A2 7 
A2 7 A3 B 
A3 B Vss 9 

Vss 9 D03 10 
D03 10 A4 11 A4 11 

AS 12 A5 12 
3: DQ4 13 s:: D04 13 

A6 14 ~ A6 14 ~ 
A7 15 A7 15 <0 

D05 16 0 D05 16 C 
AS 1? .j:oo 

AB 17 ..j:oo 
CO <0 A9 18 s:: A9 18 Z *A10 19 'A10 19 

D06 20 D06 20 ~ 21 
WE 21 Vss 22 

DO? 23 Vss 22 
NG 24 D07 23 

D08 25 NG 24 
09 26 D08 25 

RAS 2? 09 26 
GAS9 28 RAS 27 

D9 29 GAS9 28 
Vee 30 D9 29 

0 Vee 30 

• Address not used for RAS·ONL Y REFRESH 

FAST PAGE MODE operations allow faster data opera­
tions (READ or WRITE) within a row-address (AO-A10) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ­
erit column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONL Y, CAS-BEFORE­
RAS or HIDDEN REFRESH) so that all 1,024 combinations 
of RAS addresses(AO-A9) are executed at least every 16ms 
(128ms on L-version), regardless of sequence. 

Micron Technology, Inc., reserves the right to Ch8l199 products or specifications without notice; 
@1991, Micron Technology, Inc. 
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MICRON MT9D49 
1-· '"","ecoc''''' 4 MEG x 9 DRAM MODULE 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY-WRITE 

FAST-PAGE-MODE 1stCycle 

READ 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

WRITE 2nd Cycle 

RAS-ONLY REFRESH 

HIDDEN READ 

REFRESH I WRITE 

CAS-BEFORE-RAS REFRESH' 

BATTERY BACKUP 
REFRESH (L-version) 

MT9D49 
REV. 4192 

FUNCTIONAL BLOCK DIAGRAM 

DO' -+t-HIri DOS -+-++1IIrl 

D02 -+++IlIlI.-1 DaB -+-++fIrI 

DQ3 -+++IlIlI1M D07 --t-t-+iIlIt-l 

D04---rI Das -+-+fIIrI 

AO-A10 

""" CAll U5 
WE 

CAS9 ----t-t_----+----j 
D9 --'----+-+--------l Q 

Va: Vss 

~-~--~t_-----~ 

V" -----+----------' 

~ 

H 

L 

L 

L 

L 

L 

L 

L 

L --+H--+L 

L --+H--+L 

H-->L 

H--+L 

Ul-U9 ~ MT4Cl004JDJ 
or 
Ul-U9 ~ MT4Cl004JDJ L (L-version) 

CAS" CAS9 WE 
H~X H~X X 

L L H 

L L L 

H-L H--+L H 
H--+L H--+L H 

H--+L H--+L L 

H--+L H--+L L 

H H X 

L L H 

L L L 

L L H 

L L X 

09 

ADDRESSES DATA IN/OUT 
IR IC 001-008,09,09 
X X High-Z 

ROW COL Data Out 

ROW COL Data In 

ROW COL Data Out 

n/a COL Data Out 

ROW COL Data In 

n/a COL Data In 

ROW n/a High-Z 

ROW COL Data Out 

ROW COL Data In 

X X High-Z 

X X High-Z 

3-102 Micron Technology, Inc., reserves the right to changa products or 8pecilicatiom; without notice. 
©1991, Micron Technology, Inc. 



MIC:RON MT9D49 
1-· "'""ow'"'" 4 MEG x 9 DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss .............. -lV to +7V 
Operating Temperature, T A (Ambient) .......... O°C to +70°C 
Storage Temperature (Plastic) .................... -55°C to + 125°C 
Power Dissipation .............................................................. 9W 
Short Circuit Output Current ...................................... 50mA 

'Stresses greater than those listed under "Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi­
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C ::; T A ::; 70°C; Vcc = 5V ±to%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 
Supply Voltage Vcc 4.5 5.5 V 1 

Input High (Logic 1) Voltage, ~II Inputs VIH 2.4 Vcc+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -1.0 0.8 V 1 

INPUT LEAKAGE CURRENT 09, CAS9 II -2 2 J.lA 
Any Input: OV ::; VIN ::; 6.5V 
(All other pins not under test = OV) AO-A10, WE, CAS, RAS II -18 18 J.lA 
OUTPUT LEAKAGE CURRENT 09 

(0 is disabled, OV ::; VOUT ::; 5.5V) 001-008 

OUTPUT LEVELS 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = tRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: tRC = tRC (MIN)) 

REFRESH CURRENT: BATTERY BACKUP (BBU) 
Average power supply current during BATTERY BACKUP refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = tRAS (MIN) to 
300ns; WE = Vcc -0.2V, AO-A9 and DIN = Vcc - 0.2V or 0.2V (DIN 
may be left open), tRC = 12511S (1,024 rows at 12511S = 128ms) 

MT9D49 
REV. 4192 3-103 

loz -10 10 J.lA 
loz -12 12 J.lA 

VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -6 -7 -8 UNITS NOTES 

Icc1 18 18 18 mA 

ICC2 9 9 9 mA 23 

1.8 1.8 1.8 mA 23,26 

Icc3 990 900 810 mA 3,4 

Icc4 720 630 540 mA 3,4 

ICC5 990 900 810 mA 3 

Icc6 990 900 810 mA 3,5 

Icc? 2.7 2.7 2.7 mA 26 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1991, Micron Technology, Inc. 
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UIC:::I=ION MT9D49 
1-· '"""we",, 4 MEG x 9 DRAM MODULE 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A 10 Cit 58 pF 2 

Input Capacitance: RAS, WE CI2 76 pF 2 

Input Capacitance: 09 CI3 10 pF 2 

InpuVOutput Capacitance: OQ1-0Q8 Cia 15 pF 2 

Output Capacitance: Q9 Co 10 pF 2 II 
C ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS ::c (Notes: 6, 7, 8, 9,10,11,12,13) (Vcc = 5V ±10%) 

» s:: 
s:: 
o 
C 
c: 
r­
m 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE READ 
or WRITE cycle time 

FAST-PAGE-MODE READ-WRITE 
cycle time 

Access time from RAS 
Access time from CAS 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 

Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 

MT9D49 
REV. 4192 

-6 
SYM MIN 
tRC 110 

tRWC nla 
tpc 40 

tpRWC nla 

tRAC 
tCAC 
tAA 

tCPA 
tRAS 60 

tRASP 60 
tRSH 15 
tRP 40 

tCAS 15 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 20 
tCRP 10 
tASR 0 
tRAH 10 
tRAD 15 

tASC 0 
tCAH 10 
tAR 50 

tRAl 30 

tRCS 0 
tRCH 0 

tRRH 0 

tClZ 0 

MAX MIN 
130 
nla 
40 

nla 

60 
15 
30 
35 

100,000 70 
100,000 70 

20 
50 

100,000 20 
70 
10 
10 

45 20 
10 
0 
10 

30 15 

0 
15 
55 

35 

0 
0 

0 

0 

3-104 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 
nla nla 24 
45 ns 

nla nla 24 

70 80 ns 14 
20 20 ns 15 
35 40 ns 
40 45 ns 

100,000 80 100,000 ns 
100,000 80 100,000 ns 

20 ns 
60 ns 

100,000 20 100,000 ns 
80 ns 
10 ns 16 
10 ns 

50 20 60 ns 17 
10 ns 
0 ns 
10 ns 

35 15 40 ns 18 

0 ns 
15 ns 
60 ns 

40 ns 

0 ns 
0 ns 19 

0 ns 19 

0 ns 

Micron Technology, Inc., reserves the right to change products or speclftcatlons without notice. 
©1991 , Micron Technology, Inc. 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Output buffer turn-off delay 
WE command setup time 
Write command hold time 
Write command hold time 
(referenced to RAS), 

Write command pulse width 
Write command to RAS lead time 
Write command to CAS lead time 
Data-in setup time 
Data-in hold time 
Data-in hold time 
(referenced to J=IAS) 
Transition time (rise or fall) 
Refresh period (1,024 cycles) 
"RAS" to CAS precharge time 
CAS setup time 
(CAS-BEFORE-RAS REFRESH) 

CAS hold time 
(CAS-BEFORE-RAS REFRESH) 

WE" hold time 
(CAS-BEFORE-RAS refresh) 

WE setup time 
(CAS-BEFORE-"FiAS refresh) 

WE hold time 
(WCBR test cycle) 

WE setup time 
(WCBR test cycle) 

MT91l49 
REV. 4192 

-6 
SYM MIN 
toFF 0 
twcs 0 
twCH 10 
twCR 45 

twP 10 
tRWL 15 
tcWL 15 
tDS 0 
tDH 10 

tDHR 45 

ty 3 
tREF 
tRPC 0 
tcSR 10 

tCHR 15 

twRH 10 

twRF> 10 

twTH 10 

twTS 10 

MAX MIN 
15 0 

0 
15 
55 

15 
20 
20 
0 
15 
55 

50 3 
161128 

0 
10 

15 

10 

10 

10 

10 

3-105 

-7 -8 

MAX MIN MAX UNITS NOTES 
20 0 20 ns 20 

0 ns 
15 ns 
60 ns 

15 ns 
20 ns 
20 ns 
0 ns 21 
15 ns 21 
60 ns 

50 3 50 ns 9,10 
16/128 16/128 ms 7126 

0 ns 
10 ns 5 

15 ns 5 

10 ns 25 

to ns 25 

10 ns 25 

10 ns 25 

Mlaon Technology. Inc., reserves the rtaht to change prodUCl18 or specIf\catlons without notice. 
@1991,MlcronTechnology,lnc. 
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I'IIU=I=IO~ 4 MEG x 9 DRAM M~T~8~~ 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is measured 

using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, OC bias = 2,4V @ 15m V RMS). 

3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

S. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (O°C ~ TA ~ 70°C) is assured. 

7. An initial pause of 100).1s is required after power-up 
followed by any eight RAS refresh cycles (RAS-ONL Y 
or CBR with WE HIGH) before proper device 
operation is assured. The eight RAS cycle wake-up 
should be repeated any time the IREF refresh 
requirement is exceeded. 

8. AC characteristics assume IT = 5ns. 
9. Vrn (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between Vrn and VIL (or between VIL 
and Vrn). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to two TIL gates 

and 100pF. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, lRAC will increase by the amount that 'RCD 
exceeds the value shown. 

MT9049 
REV, 4192 3-106 

15. Assumes that IRCD;:: IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data-out buffer, CAS must be 
pulsed HIGH for tePN. 

17. Operation within the IRCD (MAX) limit ensures that 
IRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAC. 

18. Operation within the IRAD (MAX) limit ensures that 
IRCD (MAX) can be met. IRAD (MAX) is specified as 
a reference point only; if IRAD is greater than the 
specified IRAD (MAX) limit, then access time is 
controlled exclusively by lAA. 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. toFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

22. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

23. All other inputs equal Vcc -0.2V. 
24. LATE-WRITE, READ-WRITE or READ-MODIFY­

WRITE cycles are not available due to the common 
DQ configuration of U1-U8. 

25. twTs and twTH are set up and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of twRP and twRH in the 
CBR refresh cycle. 

26. Applies to L-version only. 

MICron TechnolOgy, Inc., reserves the right 10 Change products or specffica1lons without notice. 
@1991, Micron Technology. Inc. 



MT9D49 
1"I1C::l=Ig~ 4 MEG x 9 DRAM MODULE 

MT9D49 
REV.4f92 

READ CYCLE 

tRC 

. tRAS tRP .1 

teSH 

lASH tRRH 

leAP tRCD . teAS . 
1 

CAS 
V'H 
VIL ~-.I .v.J 

ADDA V'H 
VIL 

tAR 

I IRAQ tRAl . . 
~ ~ I~~I _.-

l111111111111111111#~ ROW :lIIIM ROW ~ COLUMN 

J ~ L I IRCS 

1 
WE V'H 

VIL :111111111111~ VIIIIIIIIII/IIIIIIIII/; 
I 

tM 

tRAC 

iCAC ~ 
: tCLl ~b 

OPEN -----VAUDDATA OPEN 
fti:U--

EARLY-WRITE CYCLE 

tRC . 
tRAS tRP . 

1 I 
\ 

tCSH 

lASH 

leAP tRCD teAs 
1 

~~ 1/ 
tAR 

IRAQ tRAL 

ADDA ~:~ 
I~~I'I~ ~ 
~ ROW ~ ROW ~ COLUMN 

ICWL JJ IAWl 

tWGA 

twcs tWCH . 
twp 

WE ~:e ~ ~ 
tOHR 

~I 
I • 

I~ 
00 ~:g~ ~----VA-L-'DD -A--TA ~ffiWZ 

3-107 

~ DON'T CARE 

!888 UNDEFINED 
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MICRON MT9D49 
1-· '''"'''''G''"' 4 MEG x 9 DRAM MODULE 

ADDR 

FAST-PAGE-MODE READ CYCLE 

I~ _____________________________ '~M~S~P ______________________________ ~I~ 

tCSH • tpc 

~ 1~ _________ '-"Rc",D'--_'~I~ I_----'te"-P~~I ~ I_-,,'c,--P--_I 

~ I~ 
tCLZ-- -

• I tePA. 
toFF I tCAC - -teLZ- -

-taFF 

DQ ~Igt ----------- OPEN ------------~~O~A~A~~I~~------~~[]~A~A~~I~~------_i1812>(l'ff~A~~'~Q OPEN--

ADDR ~:r 

MT9D49 
REV. 4/92 

'-'-<"'l' __ ,----_Jr 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

3-108 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change producte or specifications without notice. 
@1991, Micron Technology, Inc. 



UIC:RON MT9D49 
1-· ,"""'W,,"C 4 MEG x 9 DRAM MODULE 

IT9049 
EV.4/92 

'RAS-ONL YREFRESH CYCLE 
(ADDR = AO-A9; A 10 and WE = DON'T CARE) 

tRAS 'RP -' 
1 \ 

leRP 'I. IRPCt 
CAS ~:~_ :--' "---I 

tASR tRAH 

ADDR ~:r _r---Ro-w --b///###ffff$//!#ffff/o/$$///ff;;X;---RO-W --

DO ~g~ -:---------OPEN---------

DQ 

Q 

. 

~-BEFORE-'RAS REFRESH CYCLE 
(AO-A 10 = DON'T CARE) 

tRP tRAS tRP tRAS 

! .~ 'RPCI 

.~~ 
-

. . 

~I ~II~ ~I, 
I , ! 

OPEN 

~ ~ ~ 

~w////#////###/J 
~ 

BATTERY BACKUP REFRESH CYCLE 26 

(AO-A 10 = DON'T CARE) 

125~s . 
'RP . 'RAS 'RP . tRAS 

.~ IRPc:1 

}'tCPN~~ ~I tRPc:l~ ~I, 
! "{ J 

OPEN 

.1 

Y 

~ ~ ~ ~ 
- W////#/##/////#/P V#///////////////##////#//4 WE ~:r $////#///Q 

3-109 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology. Inc" reserves the right 10 change products or specifications withQut notice. 
©1991, Micron Technology, 11lC. 
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MIC:RON MT9D49 
1-· """woc,," 4 MEG x 9 DRAM MODULE 

MT9D49 
REV. 4/92 

RAS 

CAS 

ADDR 

HIDDEN REFRESH CYCLE 22 

(WE = HIGH) 

(READ) (REFRESH) 

'RAS 'RP 'RAS 1------'-'''''-----·1 -1-------'=------1 

tcHR 

VIH-~-Ir---tlr-------..... 
VIL-

'RAC I 
I_ 'CAC 

DQ ~:g~-:------- OPENI-------i~{=====~VA~L~ID~D~AT~A~====J OPEN-

3-110 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reS91V9S the right to change products or specifications without notice. 
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MIC:RON MT9D169 
1-· ",,,''co,,,,, 16 MEG x 9 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry standard pinout in a 3D-pin single-in-line 

package 
• High-performance, CMOS silicon-gate process 
• Single 5V ±1D% power supply 
• All device pins are fully TTL compatible 
• Low power, 27mW standby; 2,475mW active, typical 
• Refresh modes: RA5-0NL Y, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• 4,D96-cycle refresh distributed across 64ms 
• FAST PAGE MODE access cycle 

OPTIONS MARKING 
• Timing 

6Dns access 
7Dns access 
8Dns access 

• Packages 
Leadless 3D-pin SIMM 
Leaded 3D-pin SIP 

-6 
-7 
-8 

M 
N 

• Part Number Example: MT9D169M-6 

GENERAL DESCRIPTION 
The MT9D169 is a randomly accessed solid-state mem­

ory containing 16,777,216 words organized in a x9 configu­
ration. During READ or WRITE cycles, each bit is uniquely 
addressed through the 24 address bits which are entered 12 
bits (AD-A11) at a time. RAS is used to latch the first 12 bits 
and CAS the latter 12 bits. A READ .or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode, while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of CAS. Since WE goes LOW prior to CAS going 
LOW, the output pin(s) remain open (High-Z) until the 
next CAS cycle. 

FAST PAGE MODE operations allow faster data opera­
tions (READ or WRITE) within a row-address (AD-A11) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 

IATSD169 
~EV.4192 3-111 

16 MEG x 9 DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

30-Pin SIMM 30-Pin SIP 
(T-8) (S-8) 

0 Vee 1 

Vee 1 CAS 2 
CAS 2 001 3 
001 3 AO 4 

AO 4 A1 5 
A1 5 002 6 

002 6 A2 7 
A2 7 A3 8 
A3 8 Vss 9 

Vss 9 003 10 
003 10 A4 11 A4 11 

A5 12 i: 
AS 12 !i 004 13 004 13 

A6 14 .«1 A6 14 CO 
A7 15 C A7 15 C 005 16 ... 005 16 ... 
A8 17 en A8 17 en 
A9 18 CD A9 18 CO 

A10 19 i: A10 19 Z 
006 20 006 20 
WE 21 

WE 21 Vss 22 
D07 23 Vss 22 
A11 24 007 23 
008 25 A11 24 
...9l! 26 008 25 
RAS 27 09 26 

CAS9 28 RAS 27 
09 29 CAS9 28 

Vee 30 09 29 

0 Vee 30 

be toggled-in by holding RAS LOW and strobing-in differ­
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONL Y, CAS-BEFORE­
RAS or HIDDEN REFRESH) so that a1l4,D96 combinations 
of RAS addresses (AD-All) are executed at least every 
64ms, regardless of sequence. The CBR refresh cycle will 
invoke the refresh counter for automatic RAS addressing. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MIC:RON MT9D169 
1-· ","",coe,,", 16 MEG x 9 DRAM MODULE 

FUNCTIONAL BLOCK DIAGRAM 

DOl -+++fI1t-I 

D02 -+t-H1rl 

D03 ---H-H1ih-I 

D04----,...j DaB -t--HlIr-i 

CAS9 ----++---+-----1 
D9----4_4_-----~ 09 

V~----~4_---~-~ 

Vss -----~---------' 

U1-U9 = MT4C16M1A1DJ 

TRUTH TABLE 

ADDRESSES DATA IN/OUT 

FUNCTION RAS tH CAS9 WE IR IC 001-008,09,09 
Standby H H----X H----X X X X High-Z 

READ L L L H ROW COL Data Out 

EARLY-WRITE L L L L ROW COL Data In 

FAST-PAGE-MODE 1st Cycle L H----L H----L H ROW COL Data Out 

READ 2nd Cycle L H----L H----L H n/a COL Data Out 

FAST-PAGE-MODE 1st Cycle L H----L H----L L ROW COL Data In 

WRITE 2nd Cycle L H----L H----L L n/a COL Data In 

RAS-ONL Y REFRESH L H H X ROW n/a High-Z 

HIDDEN READ L----H----L L L H ROW COL Data Out 

REFRESH WRITE L----H-'-+L L L L ROW COL Data In 

CAS-BEFORE-RAS REFRESH H----L L L H X X High-Z 

MT9D169 
REV. 4192 3-112 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MICRON MT9D169 
1-· "'""WW""" 16 MEG x 9 DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss .............. -lV to +7V 
Operating Temperature, T A (Ambient) ......... O°C to +70°C 
Storage Temperature (Plastic) .................... -55°C to + 125°C 
Power Dissipation .............................................................. 9W 
Short Circuit Output Current ...................................... 50mA 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi­
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C ::; T A::; 70°C; Vcc = 5V ±1 0%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT AO-A 11, WE, RAS 
Any Input: OV ::; VIN ::; 6.5V 
(All other pins not under test = OV) 09, CAS9 

OUTPUT LEAKAGE CURRENT DQ1-DQ8, Q9 
(Q is disabled, OV ::; VOUT ::; 5.5V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 

STANDBY CURRENT (TIL) 
(RAS = CAS = VIH) 

STANDBY CURRENT (CMOS) 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: tRC = tRC (MIN» 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS", VIL, CAS, Address Cycling: tpc =tpc (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: tRC = tRC (MIN» 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN» 

T90169 
EV.4192 3-113 

SYMBOL MIN MAX UNITS NOTES 
Vcc 4.5 5.5 V 1 

VIH 2.4 Vcc+1 V 1 

VIL -1.0 O.B V 1 

Ii -18 18 !LA 

Ii -2 2 J.IA 
loz -10 10 !LA 

VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -6 -7 ·8 UNITS NOTES 

ICCl 18 18 18 mA 

Icc2 9 9 9 mA 

Icc3 810 720 630 mA 3,4 

Icc4 630 540 450 mA 3,4 

Iccs 810 720 630 mA 3 

Icc6 810 720 630 mA 3 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MICRON MT9D169 
1-· "'~'MOC"" 16 MEG x 9 DRAM MODULE 

CAPACITANCE 

DESCRIPTION SYMBOL MAX UNITS NOTES z 
~ 

Input Capacitance: AO-A 11 Cit 58 pF 2 

Input Capacitance: RAS, WE, CAS CI2 76 pF 2 

Input/Output Capacitance: 001-008 CIO 15 pF 2 

II 
Input Capacitance: 09, CAS9 CI3 10 pF 2 

Output Capacitance: 09 Co 10 pF 2 

c :::c ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS » (Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vcc = 5V ±1 0%) 

s: 
s: 
o c 
c: 
r­
m 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 
Access time from CAS 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

MT9D169 
REV. 4192 

SYM MIN 
IRC 110 

IRWC nfa 
IpC 35 

IpRWC nfa 

tRAC 
tCAC 
tAA 

tCPA 
tRAS 60 

tRASP 60 
tRSH 15 
tRP 40 

tCAS 15 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 15 
tCRP 5 
IASR 0 
tRAH 10 
tRAD 15 

tASC 0 
tCAH 10 
tAR 50 

tRAL 30 

tRCS 0 
tRCH 0 

tRRH 0 

-6 
MAX 

60 
15 
30 
35 

100,000 
100,000 

100,000 

45 

30 

3-114 

MIN 
130 
nfa 
40 

nfa 

70 
70 
20 
50 
20 
70 
10 
10 
20 
5 
0 
10 
15 

0 
15 
55 

35 

0 
0 

0 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 
nfa ns 22 
40 ns 

nfa ns 22 

70 80 ns 14 
20 20 ns 15 
35 40 ns 
40 45 ns 

100,000 80 100,000 ns 
100,000 80 100,000 ns 

20 ns 
60 ns 

100,000 20 100,000 ns 
80 ns 
10 ns 16 
10 ns 

50 20 60 ns 17 
5 ns 
0 ns 
10 ns 

35 15 40 ns 18 

0 ns 
15 ns 
60 ns 

40 ns 

0 ns 
0 ns 19 

0 ns 19 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 



ADVANCE 

MIC:RON MT9D169 
1-· "'""ow",,,,, 16 MEG x 9 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11,12,13) (Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
CAS to output in Low-Z 

Output buffer tum-off delay 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

Transition time (rise or fall) 

Refresh period (4,096 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CAS-BEFORE-RAS refresh) 

CAS hold time 
(CAS-BEFORE-1'ii\S refresh) 

WE hold time 
(CAS-BEFORE-1'ii\S refresh) 

WE setup time 
(CAS-BEFORE-RAS refresh) 

WE hold time 
(WCBR test cycle) 

WE setup time 
(WCBR test cycle) 

MT9D169 
REV. 4192 

-6 

SYM MIN 
'CLl 0 

'OFF 5 

'wcs 0 

'WCH 10 

'WCR 45 

'WP 10 

'RWL 15 

'CWL 15 

'DS 0 

'DH 10 

'DHR 45 

'T 3 
'REF 

'RPC 0 

'CSR 5 

'CHR 15 

twRH 10 

twRP 10 

'WTH 10 

'WTS 10 

MAX MIN 
0 

15 5 

0 

15 

55 

15 

20 

20 

0 

15 

55 

50 3 
64 

0 

5 

15 

10 

10 

10 

10 

3-115 

-7 -8 

MAX MIN MAX UNITS NOTES 
0 ns 

15 5 15 ns 20 

0 ns 

15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 21 

15 ns 21 

60 ns 

50 3 50 ns 9,10 

64 64 ms 

0 ns 

5 ns 5 

15 ns 5 

10 ns 24 

10 ns 24 

10 ns 24 

10 ns 24 

Micron Technology, Inc., reserves the righllo change products or specifications without notir.e. 
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ADVANCE 

MIC:RON MT9D169 
1-· ',,","OG"" 16 MEG x 9 DRAM MODULE 

NOTES 
1. All voltages referenced to V 55. 

2. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, V cc 
= 5V, DC bias = 2.4V@ 15mV RMS) 

3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of 100~s is required after power-up 
followed by eight RAS refresh cycles (RAS-ONL Y or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the IREF refresh requirement is 
exceeded. 

8. AC characteristics assume IT = 5ns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

10OpF. 
14. Assumes that tRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, tRAC will increase by the amount that IRCD 
exceeds the value shown. 

MT9D169 
REV. 4/92 

15. Assumes that tRCD ~ tRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

18. Operation within the tRAD (MAX) limit ensures that 
tRCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. toFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

22. LATE-WRITE, READ-WRITE or READ-MODIFY­
WRITE cycles are not available due to the common 
DQ configuration of UI-U8. 

23. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case,WE = LOW and OE = 
HIGH. 

24. twTS and twTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of twRP and twRH in the 
CBR refresh cycle. 

3-116 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT9D169 
1-· m"",,,,,,, 16 MEG x 9 DRAM MODULE 

r9D169 
:V.4/92 

READ CYCLE 

tRAS 'RP :1 

ICSH 

IRSH tRRH 

leRP tACO teAs 

:----' 
'AR 

tRAD tRAL 

I~~I ~ ~ 
:~ ROW i@W< COLUMN ~//////////////////////;0( ROW 
~ ~ 

ADDA 

IRCS 

I 
~ 

@ZI&LIi@!!Ul///////////// W/!!U!!ULWL0"~ 
'AA 

tRAG 

lCAC 
'OFF ~I 

: 'CLZ ''I, 
OPEN "IiYU. VALID DATA OPEN---

EARLY-WRITE CYCLE 

C 

tRAS 'RP "I 
I 

- \ 
tCSH 

tASH 

teRP . . tRCO teAs 

I 
=---", 

'AR 

tRAD tRAL 

ADDR ~lt 
I~ ~I 'I~ ~ 
~ ROW COLUMN W//////////////J;< ROW 

tCWL II 
lRWl 

tWCR 

, twcs . . tWCH 

'WP 

WE ~:t 7;m'//////////$$///////;) If///////////// 

~I 
tOHR 

I " 

I~ 
DQ ~:gr ~~---V-AL-'D-D-AT-A---

r:z1 DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without noUce. 
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ADVANCE 

MIC:RON MT9D169 
1-· "'''''''''''' 16 MEG x 9 DRAM MODULE 

Mf9D169 
REV. 4/92 

FAST-PAGE-MODE READ CYCLE 

�-------------------------------t~RA~S~P----------------~-------------I~ 

ICSH tpe 

~ 1~.~--------t-"Re",D'--'~I~. tcp 

ADDA ~:t -

DQ ~lgt -:----------OPEN ------------~'(t)U~~l~------_i~~ OPEN---VALID 
DATA 

ADDR ~lt 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

VALID DATA VALID DATA 

3-118 

VALID DATA 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, inc., reserves the right to change products or specifications wtthout notiC! 
©1992,MicronTechnologY,1ni 



ADVANCE 

MICRON MT9D169 
1-· "'""""'" 16 MEG x 9 DRAM MODULE 

T9D169 
:V.4!92 

RAS-ONL Y REFRESH CYCLE 
(ADDR = AO-A 11 ; WE = DON'T CARE) 

DO ~g~ ::----------OPEN'---------

DO 

CAS"-BEFORE-RAS REFRESH CYCLE 
(AO-A 11 = DON'T CARE) 

tRP tRAS tRP tRAS 

1 :--1. tRPc:

1 
!~~ I~ I~I~ ~I. 

:--' ~ ! , f 
OPEN 

Y 

~ ~ ~ ~ 
- W//#/I/////#/###////#J1/ 

HIDDEN REFRESH CYCLE 23 

(WE = HIGH) 

(READ) 

tRAS 

(REFRESH) 

tRAS 

tCHR 

DO ~:g~::-----OPENI---~~==~VA~LlD~DAT~A ==j OPEN-

3-119 

~ DON'TeARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MT9D169 
fVllC:I=";!~ 16 MEG x 9 DRAM MODULE 

MT9D169 
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MIC:RON MT8D25632 
1-· "''''''''''''' 256K X 32, 512K x 16 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry standard pinout in a 72-pin single-in-line 

package 
• High-performance, CMOS silicon-gate process. 
• Single 5V ±10% power supply 
• All device pins are fully TTL compatible 
• Low power, 24mW (2.4mW L-version) standby; 

1,40OmW active, typical 
• Multiple RAS lines offer x16 or x32 widths 
• Refresh modes: RA5-0NLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• 512-cycle refresh distributed across Sms or 

512-cycle extended refresh distributed across 64ms 
• FAST PAGE MODE access cycle 
• Low CMOS standby current, 1.6mA maximum 

(L-version) 

OPTIONS MARKING 
• Timing 

60ns access - 6 
70ns access - 7 
SOns access - S 

• Packages 
Leadless n-pin SlMM M 
Leadless 72-pin SIMM (Gold) G 

• Power IRefresh 
Normal Power ISms Blank 
Low Power l64ms L 

• Part Number Example: MTSD25632ML-6 

GENERAL DESCRIPTION 
The MTSD25632 is a randomly accessed solid-state 

memory containing 262,144 words organized in a x32 con­
figuration. During READ or WRITE cycles, each bit is 
uniquely addressed through the IS address bits which are 
entered 9 bits (AO-AS) ata time. RASisused to latch the first 
9 bits and CAS the latter 9 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. If WE 
goes LOW prior to CAS going LOW, theoutputpin(s) remain 
open (High-Z) until the next CAS cycle. 

FAST PAGE MODE operations allow faster data opera­
tions (READ or WRITE) within a row-address (AO-AS) 
defined page boundary. The FAST PAGE MODE cycle is 

MTBD25632 
REV. 4/92 3-121 

256K x 32, 512K x 16 
FAST PAGE MODE (MT8D25632) 
LOW POWER, 
EXTI;NDED REFRESH (MT8D25632 L) 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM 
(T-9) 

\~"""""""""""'''''::I~~:':''III""""""",,,,,,,,~i 1 3. 37 72 

PIU SYMBOL PINt SYMBOL PiNt SYMBOL PIN' SYMBOL 
1 Vss 19 NG 37 NG 55 0012 
2 001 20 005 38 NG 56 0028 
3 0017 21 0021 39 Vss 57 0013 
4 002 22 DOS 40 "CASu- 58 OQ29 
5 OQ18 23 0022 41 W\S2 59 Vee 
6 003 24 007 42 "CJiS3 60 0030 
7 0019 25 0023 43 ~ 61 0014 
8 004 26 008 44 RASIJ 62 0031 
9 0020 27 0024 45 NG 63 0015 

10 Vee 28 A7 46 NC 64 0032 
11 NG 29 NG 47 wr 65 0016 
12 AO 30 Vee 48 NG 66 NG 
13 A1 31 A8 49 009 67 PR01 
14 A2 32 NG 50 0025 68 PR02 
15 A3 33 NG 51 0010 69 PR03 
16 A4 34 RAS2 52 0026 70 PR04 
17 A5 35 NG 53 0011 71 NG 
18 A6 36 NG 54 OQ27 72 Vss 

always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ­
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS HIGH time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE­
RAS or HIDDEN REFRESH) so that all 512 combinations of 
RAS addresses (AO-AS) are executed at least every Sms 
(64ms on L-version), regardless of sequence. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT8D25632 
1-· ""'""00"" 256K X 32, 512K X 16 DRAM MODULE 

MT8025632 
REV. 4192 

FUNCTIONAL BLOCK DIAGRAM 

D01 ------------------------- DOB 

001-4 

WE 
U1 

CAS 

RAS 

CASO 
CAS1 
RASO 

WE 

001-4 

WE 

CAS 

RAS 

CAS2 --~r-*+------­
CAS3 ----~-+------­
RAS2 ----~-*-------

AO-AS 

U5 

001-4 

WE 
U2 

CAS 

RAS 

001-4 

WE 
U6 

CAS 

RAS 

3-122 

D09------------------------- D016 

001-4 001-4 

WE WE 
U3 U4 

CAS CAS 

RAS RAS 

001 -4 001-4 

WE WE 
U7 US 

CAS CAS 

RAS 

U1-UB = MT4C4256DJ 
U1-UB = MT4C4256DJ L (L-version) 

Micron Technology, Inc., reserves the right to change prwucts or specifl.cations without nofule. 
©1992, Micron Technology, Inc. 



MIC:RON MT8D25632 
1-· <cc""m",,' 256K x 32, 512K x 16 DRAM MODULE 

TRUTH TABLE 

FUNCTION RR "CAS 
Standby H H--+X 

READ L L 

EARL V-WRITE L L 

FAST-PAGE-MODE 1st Cycle L H--+L--+H 

READ 2nd Cycle L H--+L--+H 

FAST-PAGE-MODE 1st Cycle L H--+L--+H 

WRITE 2nd Cycle L H--+L--+H 

RAS-ONL V REFRESH L H 

HIDDEN READ L --+H--+L L 

REFRESH WRITE L --+H--+L L 

CAS-BEFORE-RAS REFRESH H--+L L 

BATIERV BACKUP H--+L L 
REFRESH (L-version) 

PRESENCE DETECT 

MTBD25632 
REV. 4/92 

SYMBOL 

PRD1 

PRD2 

PRD3 

PRD4 

-6 

Vss 

NC 

NC 

NC 

3-123 

WE 
X 

H 

L 

H 

H 

L 

L 

X 

H 

L 

X 

X 

-7 

Vss 

NC 

Vss 

NC 

ADDRESSES DATA IN/OUT 
IR IC DQ1-DQ32 

X X High-Z 

ROW COL Data Out 

ROW COL Data In 

ROW COL Data Out 

n/a COL Data Out 

ROW COL Data In 

n/a COL Data In 

ROW n/a High-Z 

ROW COL Data Out 

ROW COL Data In 

X X High-Z 

X X High-Z 

-8 

Vss 

NC 

NC 

Vss 

Micron Technology, Inc" reserves tile right to change products or specifications without nolice. 
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UU::I=ION MT8D25632 
1- I "'"""" '"' 256K x 32, 512K x 16 DRAM MODU LE 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee Supply Relative to Vss ", .. , .. "",,-lV to +7V 
Operating Temperature, TA (Ambient) ........ ,O°C to +70°C 
Storage Temperature (Plastic) .................... -55°C to + 125°C 
Power Dissipation , .. ,"', .. ,""','" .. ,"""', .. ,"""""", .... ,"', .. ,", 8W 
Short Circuit Output Current ...................................... 50mA 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device, 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is notimplied, 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability, 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 2, 3, 6, 22 ) (O°C $; T A $; 70°C; Vcc = 5V ±1 0%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4,5 5,5 V 1 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vcc+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -1.0 0,8 V 1 

INPUT LEAKAGE CURRENT RASO,RAS2 111 -8 8 !lA 
Any input: OV $; VIN $; Vcc AO-A8, WE 112 -16 16 !lA 
(All other pins not under test = OV) For each package input CASO-CAS3 113 -4 4 !lA 
OUTPUT LEAKAGE CURRENT D01-D032 102 -10 10 !lA 
(0 is disabled, OV $; VOUT $; Vcc) For each package input 

OUTPUT LEVELS VOH 2,4 V 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 5mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -6 -7 -8 UNITS NOTES 

STANDBY CURRENT: (TTL) Icc1 16 16 16 mA 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) Icc2 8 8 8 mA 

(RAS = CAS = Vcc -0,2V) 1.6 1,6 1,6 mA 24 

OPERATING CURRENT: Random READIWRITE 720 640 560 mA 2,22 
Average power supply current Icc3 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 680 600 520 mA 2,22,24 

OPERATING CURRENT: FAST PAGE MODE 560 480 400 mA 2,22 
Average power supply current Icc4 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN)) 520 440 360 mA 2,22,24 

REFRESH CURRENT: RAS-ONL Y 720 640 560 mA 2 
Average power supply current Icc5 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN)) 680 600 520 mA 2,24 

REFRESH CURRENT: CAS-BEFORE-RAS 720 640 560 mA 2,19 
Average power supply current ICC6 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 680 600 520 mA 2,19,24 

REFRESH CURRENT: BATTERY BACKUP (BBU) 
Average power supply current during BATTERY BACKUP refresh: 
CAS = 0,2V or CAS-BEFORE-RAS cycling; RAS = IRAS (MIN) to Icc? 1,6 1.6 1.6 mA 24 
111S; WE, AO-A9 and DIN = Vcc -O.2V or 0,2V (DIN may be left 
OPEN), IRC = 12511S (512 rows at 12511S = 64ms) 

MT8D25632 
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MICRON MT8D25632 
1-· ",~"moc"" 256K x 32, 512K x 16 DRAM MODULE 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-AS CI1 51 pF 17 

Input Capacitance: WE CI2 67 pF 17 

Input Capacitance: RASO CI3 34 pF 17 

Input Capacitance: CASO-CAS3 CI4 17 pF 17 

Input/Output Capacitance: D01-D032 Cia 10 pF 17 II 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS C 
(Notes: 3, 4, 5, 6, 7, 10, 11, 16, 21) (O°C :;; T A:;; 70°C; Vcc = 5V ±1 0%) ::a 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE READ or WRITE 
cycle time 

FAST-PAGE-MODE READ-WRITE 
cycle time 

Access time from RAS 
Access time from CAS 
Output Enable 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 
Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

MTa025632 
REV,4!92 

-6 
SYM MIN 
tRC 110 

tRWC n/a 
tpc 40 

tpRWC n/a 

tRAC 
tCAC 
tOE 
tAA 

tCPA 
tRAS 60 

tRASP 60 
tRSH 20 
tRP 40 

tCAS 20 
tCSH 60 
ICPN 10 
tcp 10 

tRCD 20 
tCRP 5 
tASR 0 
tRAH 10 
tRAD 15 

tASC 0 
tCAH 15 
tAR 45 

tRAL 30 

tRCS 0 
tRCH 0 

tRRH 0 

MAX MIN 
130 
n/a 
40 

n/a 

60 
20 
20 
30 
35 

100,000 70 
100,000 70 

20 
50 

100,000 20 
70 
10 
10 

40 20 
5 
0 
10 

30 15 

0 
15 
55 

35 

0 
0 

0 

3-125 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 
n/a ns 21 
45 ns 

n/a ns 21 

70 80 ns 8 
20 20 ns 9 
20 20 ns 
35 40 ns 
40 45 ns 

100,000 80 100,000 ns 
100,000 80 100,000 ns 

20 ns 
60 ns 

100,000 20 100,000 ns 
80 ns 
10 ns 18 
10 ns 

50 20 60 ns 13 
5 ns 
0 ns 
10 ns 

35 15 40 ns 23 

0 ns 

15 ns 

60 ns 

40 ns 

0 ns 
0 ns 14 

0 ns 14 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT8D25632 
1-· '''''''ow'"'''' 256K x 32, 512K x 16 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7,10,11,16,21) (O°C::; TA ::; 70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
CAS to output in low-Z 

Output buffer turn-off delay 

WE" command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

Transition time (rise or fall) 

Refresh period (512 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CAS-BEFORE-RAS refresh) 

CAS hold time 
(CAS-BEFORE-RAS refresh) 

MT8D25632 
REV. 4/92 

-6 

SYM MIN 
tClZ 0 
tOFF 0 
twcs 0 
tWCH 10 

tWCR 45 

twp 10 
tRWL 20 
tCWL 20 
lOS 0 
tDH 15 

IDHR 45 

tT 3 
tREF 

tRPC 0 
tCSR 10 

tCHR 15 

MAX MIN 
0 

20 0 

0 

15 

55 

15 

20 

20 

0 

15 

55 

50 3 

8/64 

0 

10 

15 

3-126 

-7 -8 

MAX MIN MAX UNITS NOTES 
0 ns 

20 0 20 ns 12 

0 ns 

15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 15 

15 ns 15 

60 ns 

50 3 50 ns 5,16 

8/64 8/64 ms 3/24 

0 ns 

10 ns 19 

15 ns 19 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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lUll IC: I=ICN MT8D25632 
1-· "","mo",", 256K x 32, 512K x 16 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of 100ILs is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the lREF 
refresh requirement is exceeded. 

4. AC characteristics assume toy = 5ns. 
5. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C ::; T A ::; 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and 100pF. 

8. Assumes that IRCD < IRCD (MAX). If IRCD is greater 
than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

9. Assumes that IRCD ~ IRCD (MAX). 
10. If CAS = VIH, data output is High-Z. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. IOFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the IRCD (MAX) limit ensures that 
!RAC (MAX) can be met. IRCD (MAX) is specified as 

a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by tcAC. 

14. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

15. These parameters are referenced to CAS leading edge 
in EARL Y -WRITE cycles. 

16. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias = 2.4V @ 15m V RMS). 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for ICp. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW. 
21. LATE-WRITE, READ-WRITE or READ-MODIFY­

WRITE cycles are not available due to OE being 
grounded on UI-U8. 

22. Icc is dependent on cycle rates. 
23. Operation within the lRAD (MAX) limit ensures that 

IRCD (MAX) can be met. lRAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified lRAD (MAX) limit, then access time is 
controlled exclusively by IAA. 

24. Applies to L-version only. 

MT8D25S32 
REV. 4192 3-127 Micron Technology, Inc., reserves the right to change products or specifications without notice 

@1992,MicronTechnology,lnc. 

II 
c 
::rJ 
l> s: 
s: 
o c 
c: 
r m 



II 
C 
::rJ » s:: 
s:: 
0 
C 
c: 
r-
m 

UIC:I=ICN MT8D25632 
1-· He""""",,,, 256K x 32, 512K x 16 DRAM MODULE 

MT8D25632 
RI;V.4/92 

READ CYCLE 

tAC 

, tRAS , , tAP ,I 
I 

RAS \ 
tCSH , 
tRSH , lRRH , 

leRP 

I 
, tRCD , , tCAS 

CAS -.-J 

ADOR 

tAA 

I tRAD tRAL 

I~ : tAAH'·I~' ~ ~ 
~ AOW ~ COLUMN WIIIIIIIIIIIIIIIIII.tW0\ AOW 

tRCS J ~ 
I 

WE fllllllllllllllllllllllllllllill VIIIIIIIIIIIIIIIIIII;/j 
tM 

tRAC 

oQ 

!CAG ~ 
:tCLZ 'b 

OPEN VALID DATA OPEN 

EARLY-WRITE CYCLE 

, tRAS , tAP :1 
I I 

- I 
tCSH . , 
IRSH 

leRP , tRCD , , teAs 
I' 

=-.-J II 
tAA 

tRAD tRAL 

ADDR ~:t 
I~ tRAH ~ ~ 'I 

~ 

~ Y@////!ffi////////;1/;X ~ ROW COLUMN AOW 

!CWL 

tRWL 

tWCR 

twcs lWCH , 
twp 

~ If///////////// 
tDHR 

~I I~ 
oQ ~:gt ~---V-A-Ll-OO-A-TA---

3-128 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, tnc. 



MIC:RON MT8D25632 
1-· " 256K x 32, 512K x 16 DRAM MODULE 

MTaD26832 
REV. 4192 

RAS 

CAS 

VIH -
VIL .-

~ , 
VIH -
VIL _ 

FAST-PAGE-MODE READ CYCLE 

IcsH 

OPEN--

FAST-PAGE-MODE .EARLY-WRITECYCLE 

3·.129 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., ~ the right to change products or 8peclflcatlo~ withOut notice. 
@1992, Micron Technology. Inc. 

II 
c 
:rJ » 
i: 
i: o c 
c: 
r­m 



II 
c 
:D » s: 
3: 
o 
c 
c: 
r­
m 

UU:::I=ION MT8D25632 
1-· """' " 256K x 32, 512K x 16 DRAM MODULE 

MT81l25632 
REV. 4192 

- VIH 
RAS V,L _ 

I 
CAS ~Ir-:--' 

ICRP 

~-ONLY REFRESH CYCLE 
(ADDR = AO-AS; WE = DON'T CARE) 

, 
, tRAS , tAP 

~t 
'---I 

'J 
J 
\ 

tASA I • tRAH . 
ADDA ~Ir _'---AO-W --k;/!I/;/;/!II!!I/;/$i/////;1;/!I/$/$j})(r--~AOW~-

DQ ~gr -:------------oPEN-----------

----1 

tAP 

~ 

'CAS-BEFORE-RAS' REFRESH CYCLE 
(AO-AS, WE = DON'T CARE) 

tRAS tAP tRAS 

! ~ 
tcPN I~ ~ tRPe ~ 

Y 
~ 

DO ~gr-:-----------OPEN-----------

BATTERY BACKUP REFRESH CYCLE 24 

(AO-AS, WE = DON'T CARE) 

- VIH­
CAS V,L _----''-------'----,--~ _ _"___,_-------'_---------~-

DO ~gr :-----'--------,-:--------'-OPEN"-;--, ----~------,--:-

3-130 

~ DON'T CARE 

!88ll UNDEFINED 
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MICRON MTBD25632 
1-· ",""OW,"" 256K X 32, 512K x 16 DRAM MODULE 

MT8D25632 
REV.4J92 

ADOR 

DO 

HIDDEN REFRESH CYCLE 20 

(WE = HIGH) 

(READ) 

'RAS 

3-131 

(REFRESH) 

tRAS 

~ DON'TeARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MT8D25632 
1'II1C:l=Ig~ 256K x 32, 512K x 16 DRAM MODULE 
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MIC:RON MT16D51232 
1-· m~"ow"" 512K x 32,1 MEG x 16 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry standard pinout in a 72-pin single-in-line 

package 
• High-performance, CMOS silicon-gate process. 
• Single 5V ±10% power supply 
• All device pins are fully TTL compatible 
• Low power, 48mW (4.8mW L-version) standby; 

1,424m W active, typical 
• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• Multiple RAS lines offer x16 or x32 widths 
• 512-cycle refresh distributed across 8ms or 

512-cycle extended refresh distributed across 64ms 
• FAST PAGE MODE access cycle 
• Low CMOS standby current, 3.2J.LA maximum 

(L-version) 

OPTIONS MARKING 
• Timing 

60ns access - 6 
70ns access - 7 
80ns access - 8 

• Packages 
Leadless 72-pin SIMM M 
Leadless 72-pin SIMM (Gold) G 

• Power/Refresh 
Normal Power/8ms Blank 
Low Power / 64ms L 

• Part Number Example: MT16D51232G-6 

GENERAL DESCRIPTION 
The MT16D51232 is a randomly accessed solid-state 

memory containing 524,288 words organized in a x32 con­
figuration. During READ or WRITE cycles, each bit is 
uniquely addressed through the 18 address bits which are 
entered 9 bits (AO-A8)ata time. RASisused to latch the first 
9 bits and CAS the latter 9 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. EARLY 
WRITE occurs when WE goes LOW prior to CAS going 
LOW, the output pin(s) remain open (High-Z). until the 
next CAS cycle. 

FAST PAGE MODE operations allow faster data opera­
tions (READ or WRITE) within a row-address (AO-A8) 

512K x 32, 1 MEG x 16 
FAST PAGE MODE (MT16D51232) 
LOW POWER, 
EXTENDED REFRESH (MT16D51232 L) 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM 
(T-10) 

~OI'I"'II""I""I"'::':':=IIiIi"O"'IiIiIiIiIi"'~ 1 36 37 72 

PIN. SYMBOL PIU SYMBOL PIU SYMBOL PINt SYMBOL 
1 Vss 19 NC 37 NC 55 OQ12 
2 001 20 005 38 NC 56 0028 
3 0017 21 OQ21 39 Vss 57 0013 
4 002 22 006 40 CJl:SO 58 0029 
5 0018 23 0022 41 NiS2 59 Vee 
6 003 24 007 42 CAS3 60 0030 
7 0019 25 D023 43 CASr 61 0014 
8 004 26 008 44 F!ASO 62 0031 
9 0020 27 0024 45 RAS1 63 0015 
10 Vee 28 A7 46 NC 64 0032 
11 NC 29 NC 47 WE" 65 0016 
12 AO 30 Vee 48 NC 66 NC 
13 A1 31 A8 49 009 67 PR01 
14 A2 32 NC 50 0025 68 PR02 
15 A3 33 RJ\S3 51 0010 69 PR03 
16 A4 34 lll\S2 52 0026 70 PR04 
17 A5 35 NC 53 0011 71 NC 
18 A6 36 NC 54 0027 72 Vss 

defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ­
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST-PAGE-MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state ·by maintaining· power and executing any 
RAS cycle (READ, WRITE, RAS-ONL Y, CAS-BEFORE­
RAS or HIDDEN REFRESH) so that all 512 combinations of 
RAS addresses (AO-A8) are executed at least every 8ms 
(64ms on L-version), regardless of sequence. 

MT16D51232 
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MIC:RON MT16D51232 
1-· "'",,,,,,, '"' 512K x 32, 1 MEG x 16 DRAM MODULE 

MT16D51232 
REV. 4192 

FUNCTIONAL BLOCK DIAGRAM 

001 ...... , ................... DOS 

t tt t t t t t 
DQ1-DQ4 001-004 

WE WE 
U1 U2 

CAS CAS 

RAS RAS 

0017 ....................... 0024 

t t t t t tt t 
OQ1-DQ4 DQ1-DQ4 

WE WE 
U5 U6 

CAS CAS 

AO-AslIlIlIlIlIlI 
001 .......................... DOS 

tttt tt t t 
001-004 DQ1-DQ4 

WE WE 
U9 UlO 

CAS CAS 

RAS RAS 

""" 

0017 ·······················0024 

t t tt t tt t 
001-004 DQl-DQ4 

WE WE 
U13 U14 

CAS CAS 

RAS RAS 

CAS2 --+--+1---,-

CAS3 :::=t=::!:=== RAS3 

3-134 

009 ·························0016 

t tt t t t t 
DQ1-DQ4 OQ1-004 

WE WE 
U3 U, 

CAS CAS 

RAS RAS 

0025 ························0032 

t tt t t tt t 
OQ1-004 OQ1-004 

WE WE 
U7 

CAS 
U8 

CAS 

009 ·························0016 

t It t tt t t 
OQ1-DQ4 DQ1-0Q4 

U11 
CAs 

U12 

RAS 

0025 ························0032 

tt t t tttt 
OQ1-DQ4 DQ1-0Q4 

WE WE 
U15 U16 

CAS CAS 

RAS RAS 

U1·U16. MT4C42560J 
U1-U16 = MT4C4256DJ L (L-version) 

Micron Technology, Inc., reserves the right to change products or specifi1:(ations without notice. 
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MIC:RON MT16D51232 
1-· """"wen" 512K X 32,1 MEG X 16 DRAM MODULE 

TRUTH TABLE 

FUNCTION HAS" "CJ{S 

Standby H H-X 

READ L L 

EARLY-WRITE L L 

FAST-PAGE-MODE 1st Cycle L H-+L 

READ 2nd Cycle L H-+L 

FAST-PAGE-MODE 1st Cycle L H-+L 

WRITE 2nd Cycle L H-+L 

RAS-ONL Y REFRESH L H 

HIDDEN READ L -+H-+L L 

REFRESH WRITE L -+H-+L L 

CAS-BEFORE-RAS REFRESH H-+L L 

BATTERY BACKUP H-+L L 
REFRESH (L-version) 

PRESENCE DETECT 

MT16D51232 
REV. 4192 

SYMBOL 

PRD1 

PRD2 

PRD3 

PRD4 

-6 

NC 

Vss 

NC 

NC 

3-135 

WE 
X 

H 

L 

H 

H 

L 

L 

X 

H 

L 

X 

X 

-7 

NC 

Vss 

Vss .. 

NC 

ADDRESSES DATA IN/OUT 
IR IC 001-0032 

X X High-Z 

ROW COL Data Out 

ROW COL Data In 

ROW COL Data Out 

nfa COL Data Out 

ROW COL Data In 

n/a COL Data In 

ROW n/a High-Z 

ROW COL Data Out 

ROW COL Data In 

X X High-Z 

X X High-Z 

-8 

NC 

Vss 

NC 

Vss 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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iVl1C: 1=1 ON MT16D51232 
"'"'MOC"" 512K X 32, 1 MEG x 16 DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to V ss .............. -IV to + 7V 
Operating Temperature, TA (Ambient) ......... O°C to +70°C 
Storage Temperature (Plastic) .................... -SSoC to +12SoC 
Power Dissipation ............................................................ 16W 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under U Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 2, 3, 6, 22) (O°C :::; T A:::; 70°C; Vcc = 5V ±1 0%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 
Supply Voltage Vcc 4.5 5.5 V 1 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vcc+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -1.0 0.8 V 1 

. INPUT LEAKAGE CURRENT CASO-CAS3 111 -8 8 J,tA 
Any Input: OV :::; VIN :::; Vcc AO-A8, WE 112 -32 32 J,tA 
(All other pins not under test = OV) For each package input RASO-RAS3 113 -8 8 J.lA 
OUTPUT LEAKAGE CURRENT D01-D032 loz -20 20 J.lA 
(0 is disabled, OV :::; VOUT :::; Vcc) For each package input 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 5mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -6 -7 -8 UNITS NOTES 
STANDBY CURRENT: (TTL) ICC1 32 32 32 mA 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) Icc2 16 16 16 mA 

(RAS = CAS = Vcc -0.2V) 3.2 3.2 3.2 mA 24 

OPERATING CURRENT: Random READIWRITE 736 656 576 mA 2,22 
Average power supply current ICC3 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 684 604 524 mA 2,22,24 

OPERATING CURRENT: FAST PAGE MODE 576 496 416 mA 2,22 
Average power supply current Icc4 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN» 524 444 364 mA 2,22,24 

REFRESH CURRENT: RAS-ONL Y 736 656 576 mA 2 
Average power supply current Icc5 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN» 684 604 524 mA 2,24 

REFRESH CURRENT: CAS-BEFORE-RAS 736 656 576 mA 2, 19 
Average power supply current ICC6 
(RAS, CAS, Address Cycling: IRC = IRC (MIN» 684 604 524 mA 2,19,24 

REFRESH CURRENT: BATTERY BACKUP (BBU) 
Average power supply current during BATTERY BACKUP refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = IRAS (MIN) to Icc? 3.2 3.2 3.2 mA 24 
1 J.lS; WE, AO-A9 and DIN = Vcc -0.2V or 0.2V (DIN may be left 
OPEN), IRC = 125!!s (512 rows at 125!!s = 64ms) 

MT16D51232 
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MICRON MT16D51232 
1-· "'""'w""" 512K x 32,1 MEG x 16 DRAM MODULE 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A8 CI1 102 pF 17 

Input Capacitance: WE CI2 134 pF 17 

Input Capacitance: CASO-CAS3, RASO-RAS3 CI4 34 pF 17 

Input/Output Capacitance: D01-0032 CIO 20 pF 17 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7, 10, 11, 16, 21) (O°C ::; T A::; 70°C; Vcc = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE READ or WRITE 
cycle time 

FAST-PAGE-MODE READ-WRITE 
cycle time 

Access time from RAS 
Access time from CAS 
Output Enable 
Access time from column address 
Access time from CAS precharge 
RAS" pulse width 
RAS pulse width (FAST PAGE MOOE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS" to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS" to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
RAS" lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

MT16D51232 
REV. 4192 

-6 
SYM MIN 
tRC 110 

tRWC nfa 
tpc 40 

tpRWC nfa 

tRAC 
tCAC 
tOE 
tAA 

tCPA 
tRAS 60 

tRASP 60 
tRSH 20 
tRP 40 

tCAS 20 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 20 
tCRP 5 
tASR 0 
tRAH 10 
tRAD 15 

tASC 0 
tCAH 15 
tAR 45 

tRAL 30 

tRCS 0 
tRCH 0 

tRRH 0 

MAX MIN 
130 
nfa 

40 

nfa 

60 
20 
20 
30 
35 

100,000 70 
100,000 70 

20 
50 

100,000 20 
70 
10 
10 

40 20 
5 
0 
10 

30 15 

0 
15 
55 

35 

0 
0 

0 

3-137 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 
nfa ns 21 
45 ns 

nfa ns 21 

70 80 ns 8 
20 20 ns 9 
20 20 ns 
35 40 ns 
40 45 ns 

100,000 80 100,000 ns 
100,000 80 100,000 ns 

20 ns 
60 ns 

100,000 20 100,000 ns 
80 ns 
10 ns 18 
10 ns 

50 20 60 ns 13 
5 ns 
0 ns 
10 ns 

35 15 40 ns 23 

0 ns 

15 ns 

60 ns 

40 ns 

0 ns 

0 ns 14 

0 ns 14 

Micron Technology, Inc., reserves the right to change products or speCifications without notice. 
©1992, Micron Technology, Inc. 

II 
c 
::D 
l> 
3: 
3: 
o 
c 
C r­
m 



II 
c 
:II 
l> 
s: 
s: 
o c 
c: 
r 
m 

I'I'IC:I=ION MT16D51232 
,ec«<eo,,,,, 512K x 32,1 MEG x 16 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7, 10, 11, 16, 21) (O°C ::; T A::; 70°C; Vee = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
CAS" to output in Low-Z 

Output buffer turn-off delay 

WE" command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS") 

Write command pulse width 

Write command 10 RAS lead lime 

Write command to CAS lead time 

Dala-in setup time 

Data-in hold lime 

Data-in hold time 
(referenced to RAS") 

Transition lime (rise or fall) 

Refresh period (512 cycles) 

"RAS" 10 CAS precharge time 

CAS" selup lime 
(CAS-BEFORE-RAS refresh) 

CAS hold time 
(CAS-BEFORE-RAS refresh) 

MT16D51232 
REV. 4192 

-6 

SYM MIN MAX 
'CLl 0 

'OFF 0 20 

'wcs 0 

'WCH 10 

tWCR 45 

'WP 10 

'RWL 20 

'CWL 20 

'DS 0 

'DH 15 
tDHR 45 

IT 3 50 
tREF 8/64 
tRPC 0 
ICSR 10 

tCHR 10 

3-138 

MIN 
0 

0 

0 

15 

55 

15 

20 

20 

0 

15 

55 

3 

0 

10 

15 

-7 -8 

MAX MIN MAX UNITS NOTES 
0 ns 

20 0 20 ns 12 

0 ns 

15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 15 

15 ns 15 

60 ns 

50 3 50 ns 5,16 

8/64 8/64 ms 3/24 

0 ns 

10 ns 19 

15 ns 19 

Micron Technology, Inc., reserves the right to change products or specifications without noti(.:e. 
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MIC:RON MT16D51232 
1-· ","'OW,,," 512K x 32,1 MEG x 16 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOlls is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the IREF 
refresh requirement is exceeded. 

4. AC characteristics assume IT = Sns. 
5. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C S; T A S; 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and 100pF. 

8. Assumes that IRCD < IRCD (MAX). If IRCD is greater 
than the maximum recommended value shown in this 
table, IRAc will increase by the amount that IRCD 
exceeds the value shown. 

9. Assumes that IRCD <! IRCD (MAX). 
10. If CAS = VIH, data output is High-Z. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. tOFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 

a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by !CAe. 

14. Either tRCH or IRRH must be satisfied for a READ 
cycle. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= SV, DC bias = 2.4V @ 15m V RMS). 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, 
CAS must be pulsed HIGH for l(:P. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW. 
21. LATE-WRITE, READ-WRITE or READ-MODIFY­

WRITE cycles are not available due to OE being 
grounded on U1-U16. 

22. Icc is dependent on cycle rates. 
23. Operation within the lRAD (MAX) limit ensures that 

IRCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if lRAD is greater than the 
specified lRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

24. Applies to L-version only. 

MT16D51232 
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MIC:RON MT16D51232 
1-· '''",""",,"' 512K x 32, 1 MEG x 16 DRAM MODULE 

MT16D51232 
REV, 4/92 

READ CYCLE 

'RC 

tRAS 'RP 

RAS 
VIH -
VIL _ 

ICSH 

tRSH tRRH 

leRP tRCD teAs 

CAS 
VIH -
VIL -

'AR 

ADDA 

WE 

DQ VIOH -
VIOL OPEN VAUDDATA OPEN----

EARLY-WRITE CYCLE 

. RC . 'RAS 'RP 'I 
I 

- \ 
ICSH 

tRSH 

I' 
teRP , tRCD teAS 

=~ 
'AR 

AODA ~:~ 

, IRAn tRAL 

tASA tAAH 'I~ ~ 
7"7"7"7"?1 1 

~~ ROW COLUMN ~a ROW 

teWl 1 I 
lRWL 

twCR 

, twos , , twCH . 
'WP 

-y /////////// ///// ///////////,;?; ~ 
I I 'DHR, 

'DS ~ 

DO ~igr ~C---V-Al-I-DD-A-TA----C 

3·140 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc" reserves the right to change products or specifi<:atlons without notice. 
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MIC:RON MT16D51232 
1-· ,,,,moco,n, 512K x 32,1 MEG x 16 DRAM MODULE 

n1SD51232 
lEV. 4/92 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

1~ __________________________ ~t~M~S~ ____________________________ ~.1 ~ 

3-141 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology; Inc. 



II 
c 
::a 
l> :s: 
:s: 
o c 
c:: 
r m 

MU:::RON MT16D51232 
1-· ,,,,,,w,n,,, 512K x 32,1 MEG x 16 DRAM MODULE 

MT16D51232 
REV. 4192 

CAS ~:~ _ "----l 

~-ONL Y REFRESH CYCLE 
(ADDR = AO-A7; A8 and WE = DON'T CARE) 

tRAS lAP 

'1 
tCRP 'I. IAPC~I 

'---I 

\ 

tASR tAAH . 
ADDA ~:~ =~'-----AO-W --~ff$/!ffff#ff///$ff/j'j/ff/M/!X--AO-W --

DO ~gt -:-----------OPEN-----------

CAS-BEFORE-RAS REFRESH CYCLE 
(AO-A8, WE = DON'T CARE) 

CAS ~lt ="~'--------"'-___ __"__ __ --'''___ _________ __"'__ 

DQ ~gt ::-----------OPEN-----------

"----./ 

lAP 

~ 

BATTERY BACKUP REFRESH CYCLE 24 

(AO-A8, WE = DON'T CARE) 

125~s , 
tRAS lAP tRAS 

Y 
~I~ ~ 'Rpc ~ ~ 

DO ~g~ -'---------------OPEN-----------

3-142 

~ DON'T CARE 

!88ll UNDEFINED 

Micron Technology, Inc., reserves the right to change prOdUcts or specifications without notice. 
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I'IIII:::RON MT16D51232 
"'"""'"'' 512K x 32,1 MEG x 16 DRAM MODULE 

IT16D51232 
EV.4I92 

ADDR 

DO 

HIDDEN REFRESH CYCLE 20 

(WE = HIGH) 

(READ) 

tRAS 

(REFRESH) 

tRAS 

~ DONTCARE 

~ UNDEFINED 

3-143 Micron Technology, Inc., reserves the right 10 change products or specifications without notice. 
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MT16D51232 1'II1C:t::::u;2~ 512K x 32, 1 MEG x 16 DRAM MODULE 
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MIC:RON MT8D132 
1-· """mo""," 1 MEG x 32, 2 MEG x 16 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry standard pinout in a 72-pin single-in-line 

package 
• High-performance, CMOS silicon-gate process. 
• Single 5V ±1O% power supply 
• All device pins are fully TTL compatible 
• Low power, 24mW (8mW L-version) standby; 

1,800mW active, typical 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• 1,024-cycle refresh distributed across 16ms or 

1,024-cycle extended refresh distributed across 128ms 
• FAST PAGE MODE access cycle 
• Low CMOS standby current 1.6mA maximum 

(L-version) 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 

- 6 
- 7 
- 8 

Leadless 72 -pin SIMM M 
Leadless 72-pin SIMM (Gold) G 

• Power/Refresh 
Normal Power/16ms Blank 
Low Power/128ms L 

• Part Number Example: MT8D132GL-6 

GENERAL DESCRIPTION 
The MT8D132 is a randomly accessed solid-state memory 

:ontaining 1,048,576 words organized in a x32 configura­
ion. During READ or WRITE cycles, each bit is uniquely 
tddressed through the 20 address bits which are entered 10 
>its (AO -A9) at a time. RAS is used to latch the first 10 bits 
tnd CAS the .latter 10 bits. A READ or WRITE cycle is 
:elected with the WE input. A logic HIGH on WE dictates 
mAD mode while a logic LOW on WE dictates WRITE 
node. During a WRITE cycle, data-in (D) is latched by the 
aIling edge of WE or CAS, whichever occurs last. If WE 
;oes LOW prior to CAS going LOW, the output pin(s) 
emain open (High-Z) until the next CAS cycle. 

FAST PAGE MODE operations allow faster data opera­
ions (READ or WRITE) within a row-address (AO-A9) 
lefined page boundary. The FAST PAGE MODE cycle is 
lways initiated with a row address strobed-in by RAS 

1 MEG x 32,2 MEG x 16 
FAST PAGE MODE (MT8D132) 
LOW POWER, 
EXTENDED REFRESH (MT8D132 L) 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM 
(T-9) 

PIN # SYMBOL PIN# SYMBOL PIN # SYMBOL PIN# SYMBOL 
1 Vss 19 NG 37 NG 55 D012 
2 D01 20 005 38 NG 56 0028 
3 D017 21 0021 39 Vss 57 0013 
4 D02 22 D06 40 CJiSO 58 0029 
5 0018 23 0022 41 "CAS2 59 Vee 
6 003 24 D07 42 C7\S3 60 0030 
7 0019 25 OQ23 43 G)l;S1 61 0014 
8 004 26 008 44 liASO 62 0031 
9 0020 27 0024 . 45 NG 63 0015 

10 Vee 28 A7 46 NG 64 0032 
11 NG 29 NG 47 we 65 0016 
12 AO 30 Vee 48 NG 66 NG 
13 A1 31 A8 49 D09 67 PR01 
14 A2 32 A9 50 0025 68 PR02 
15 A3 33 NG 51 0010 69 PRD3 
16 A4 34 llAS2 52 0026 70 PR04 
17 A5 35 NG 53 0011 71 NG 
18 A6 36 NG 54 D027 72 Vss 

followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ-
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby leveL 
Also, the chip is preconditioned for the next cycle during 
the RAS HIGH time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONL Y, CAS-BEFORE-
RAS or HIDDEN REFRESH) so that all 1,024 combinations 
of RAS addresses (AO-A9) are executed at least every 16ms 
(128ms on L-version), regardless of sequence. 

TS0132 
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MIC:RON MT8D132 
1-· ",,,"owono 1 MEG x 32, 2 MEG x 16 DRAM MODULE 

MT8D132 
REV. 4/92 

FUNCTIONAL BLOCK DIAGRAM 

DQ1 ......................... - DQB 

CASO 
CAS1 
RASO 

WE 

.-----1 WE 

.-----1 CAS 

RAS 

U1 

001·4 

....... -----1 WE 

.-----1 CAS 

RAS 

CAS2 ---~~--­
CAS3 ---~-+--­
RAS2 ---~-+---

AO-A9 

U5 

,----tWE 

.-----1 CAS 

RAS 

U2 

3-14q 

DQ9 ··-···-······-···-··-···-DQ16 

001·4 

WE WE 
U3 U4 

CAS CAS 

RAS RAS 

DQ25 .. _ ....... __ .. _ .. _._ .... DQ32 

001·4 001·4 

WE WE 
U7 US 

CAS CAS 

RAS RAS 

U1·UB = MT4C4001JDJ 
U1-UB = MT4C4001JDJ L (L·version) 

Micron Technology. Inc" reserves tile right to change products or specifications without noticl 
©1992, Micron Technology, Ii'll 



UII:::RON MT8D132 
1-· ",",;ewo"" 1 MEG x 32,2 MEG x 16 DRAM MODULE 

TRUTH TABLE 

FUNCTION "RAs- "CAf 
Standby H H~X 

READ L L 

EARLY-WRITE L L 

FAST-PAGE-MODE 1st Cycle L H~L 

READ 2nd Cycle L H~L 

FAST-PAGE-MODE 1st Cycle L H~L 

WRITE 2nd Cycle L H~L 

RAS-ONL Y REFRESH L H 

HIDDEN READ L~H~L L 

REFRESH WRITE L~H~L L 

CAS-BEFORE-RAS REFRESH H~L L 

BATTERY BACKUP H~L L 
REFRESH (L-version) 

PRESENCE DETECT 

naD132 
lEV. 4/92 

SYMBOL 

PRD1 

PRD2 

PRD3 

PRD4 

-6 

Vss 

Vss 

NC 

NC 

3-147 

WE 

X 

H 

L 

H 

H 

L 

L 

X 

H 

L 

H 

X 

-7 

Vss 

Vss 

Vss 

NC 

ADDRESSES DATA IN/OUT 
IR IC DQ1-DQ32 

X X High-Z 

ROW COL Data Out 

ROW COL Data In 

ROW COL Data Out 

n/a COL Data Out 

ROW COL Data In 

n/a COL Data In 

ROW n/a High-Z 

ROW COL Data Out 

ROW COL Data In 

X X High-Z 

X X High-Z 

-8 

Vss 

Vss 

NC 

Vss 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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MIC:RON MT8D132 
1-· '''""OW''''"' 1 MEG x 32,2 MEG x 16 DRAM MODULE 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ................ -IV to +7V 
Operating Temperature, TA (Ambient) ......... O°C to +70°C 
Storage Temperature (Plastic) .................... -SsoC to + 125°C 
Power Dissipation .............................................................. 8W 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not imp lied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

II ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 2, 3, 6, 22) (O°C ::; T A::; 70°C; Vcc = 5V ± 10%) 

C 
:D 
l> 
s:: 
s:: 
o c 
C 
r­m 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 
Supply Voltage Vcc 4.5 5.5 V 1 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vcc+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -1.0 0.8 V 1 

INPUT LEAKAGE CURRENT RASO,RAS2 lit -8 8 IlA 
Any Input: OV ::; VIN ::; Vcc AO-A9, WE 112 -16 16 I1A 
(All other pins not under test = OV) For each package input CASO-CAS3 Ii3 -4 4 IlA 
OUTPUT LEAKAGE CURRENT DQ1-DQ32 loz -10 10 IlA 
(Q is disabled, OV ::; VOUT ::; Vcc) For each package input 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 5mA) VOL 0.4 V 

MAX 
PARAMETER/CONDITION SYMBOL -6 -7 -8 UNITS NOTES 
STANDBY CURRENT: (TTL) Icct 16 16 16 mA 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) Icc2 8 8 8 mA 

(RAS = CAS = Vcc -0.2V) 1.6 1.6 1.6 mA 24 

OPERATING CURRENT: Random READ/WRITE 
Average power supply current Icc3 880 800 720 mA 2,22 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current Icc4 640 560 480 mA 2,22 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current Icc5 880 800 720 mA 2 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current ICC6 880 800 720 mA 2, 19 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

REFRESH CURRENT: BATTERY BACKUP (BBU) 
Average power supply current during BATTERY BACKUP refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = IRAS (MIN) to Icc? 2.4 2.4 2.4 mA 24 
300l1s; WE = Vcc -0.2V; AO-A9 and DIN = Vcc -0.2V or 0.2V 
(DIN may be left open), IRC = 12511S (1,024 rows at 12511S = 128ms) 

MTBD132 
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MIC:RON MT8D132 
1-· "''''''0",''' 1 MEG x 32, 2 MEG x 16 DRAM MODULE 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance: AO-A9 CI1 51 pF 17 

Input Capacitance: WE CI2 67 pF 17 

Input Capacitance: RASO, RAS2 CI3 34 pF 17 

Input Capacitance: CASO, CASO, CAS2, CAS3 CI4 17 pF 17 

InpuVOutput Capacitance: 001-0032 CIO 10 pF 17 II 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS C 
(Notes: 3, 4, 5, 6, 7, 10, 11, 16,21) (O°C S; T A S; 70°C; Vee = 5V ±1 0%) JJ 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 
Access time from CAS 
Output Enable 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 

, RAS pulse width (FAST PAGE MODE) 
I RAS hold time 

RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

na0132 
lEV. 4192-

-6 
SYM MIN MAX 
tRC 110 

tRWC n/a 
tpc 40 

tpRWC n/a 

tRAC 60 
tCAC 15 
tOE 15 
tAA 30 

tCPA 35 
tRAS 60 100,000 

tRASP 60 200,000 
tRSH 15 
tRP 40 

tCAS 15 100,000 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 20 45 
tCRP 10 
tASR 0 
tRAH 10 
tRAD 15 30 

tASC 0 
tCAH 10 
tAR 50 

tRAL 30 

tRCS 0 
tRCH 0 

tRRH 0 

3-149 

MIN 
130 
n/a 
40 

n/a 

70 
70 
20 
50 
20 
70 
10 
10 
20 
10 
0 
10 
15 

0 
15 
55 

35 

0 
0 

0 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 
n/a ns 21 
45 ns 

n/a ns 21 

70 80 ns 8 
20 20 ns 9 
20 20 ns 
35 40 ns 
40 45 ns 

100,000 80 100,000 ns 
200,000 80 200,000 ns 

20 ns 
60 ns 

100,000 20 100,000 ns 

80 ns 
10 ns 18 
10 ns 

50 20 60 ns 13 
10 ns 
0 ns 
10 ns 

35 15 40 ns 23 

° ns 

15 ns 

60 ns 

40 ns 

0 ns 
0 ns 14 

0 ns 14 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MICRON MT8D132 
1-· "'''''''''''' 1 MEG x 32,2 MEG x 16 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7, 10, 11, 16, 21) (DOC S; T A S; 70°C; Vee = 5V ±1D%) 

AC CHARACTERISTICS 
PARAMETER 
CAS to output in low'Z 
Output buffer turn-off delay 
WE command setup time 
Write command hold time 

Write command hold time 
(referenced to "RAS) 

Write command pulse width 
Write command to"RAS lead time 
Write command to CAS lead time 
Data-in setup time 
Data-in hold time 
Data-in hold time 
(referenced to RAS) 

Transition time (rise .or fall) 
Refresh period (1,024 cycles) 
"RAS" to CAS precharge time 
CAS setup time 
(CAS"-BEFORE-"RAS refresh) 

CAS hold time 
(CAS-BEFORE-"RAS refresh) 

WE hold time 
(CAS-BEFORE-RliS refresh) 

WE setup time 
(CAS-BEFORE-"RAS refresh) 

WE hold time 
(WCBR test cycle) 

WE setup time 
(WCBR test cycle) 

MTSD132 
REV.4!92 

-6 
SYM MIN 
tClZ 0 
OFF 0 

twcs 0 
twCH 10 
tWCR 45 

twp 10 
tRWl 15 
tCWl 15 
tDS 0 
tDH 10 

tDHR 45 

IT 3 
tREF 
tRPC 0 
tCSR 10 

tCHR 15 

tWRH 10 

tWRP 10 

tWTH 10 

tWTS 10 

MAX MIN 
0 

15 0 
0 
15 

55 

15 
20 
20 
0 
15 
55 

50 3 
16/128 

0 
10 

15 

10 

10 

10 

10 

3-150 

-7 -8 
MAX MIN MAX UNITS NOTES 

0 ns 
20 0 20 ns 12 

0 ns 
15 ns 

60 ns 

15 ns 
20 ns 
20 ns 
0 ns 15 
15 ns 15 
60 ns 

50 3 50 ns 5, 16 
16/128 16/128 ms 3124 

0 ns 
10 ns 19 

15 ns 19 

10 ns 

10 ns 

10 ns 

10 ns 

Micron Technology, Inc., reserves the right to change products or specifications witho'ut notice. 
©1992, Micron Technology, Inc. 



MIC:RON MT8D132 
1-· "'"'<Ow,,,", 1 MEG x 32, 2 MEG x 16 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOlls is required after power-up 
followed by any eight RAS REFRESH cycles (RAS­
ONLY or CBR with WE HIGH) before proper device 
operation is assured. The eight RAS cycle wake-up 
should be repeated any time the lREF refresh 
requirement is exceeded. 

4. AC characteristics assume IT = 5ns. 
5. Vrn (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between Vrn and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C ::; T A ::; 70°C) is assured. 

7. Measured with a load eqUivalent to two TTL gates 
and 100pF. 

8. Assumes that IRCD < IRCD (MAX). If IRCD is greater 
than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

9. Assumes that IRCD ;:: IRCD (MAX). 
10. If CAS = Vrn, data output is High-Z. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. IOFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 

T8D132 
EV.4/92 3c151 

a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

14. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica­
tion, all input signals must transit between Vrn and 
VIL (or between VIL and Vrn) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= SV, DC bias = 2.4V @ 15m V RMS). 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data out buffer, CAS 
must be pulsed HIGH for ICP. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW. 
21. LATE-WRITE, READ-WRITE or READ-MODIFY­

WRITE cycles are not available due to OE being 
grounded on U1-U8. 

22. Icc is dependent on cycle rates. 
23. Operation within the lRAD (MAX) limit ensures that 

IRCD (MAX) can be met. lRAD (MAX) is specified as 
a reference point only; if lRAD is greater than the 
specified lRAD (MAX) limit, then access time is 
controlled exclusively by IAA. 

24. Applies to L-version only. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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MT8D132 1'II1C::I=:U2~ 1 MEG x 32, 2 MEG x 16 DRAM MODULE 

MT8D132 
REV. 4192 

READ CYCLE 

'RC 

'RAS 'RP 'J 

-

. tCSH 

tRSH tRRH 

ICRP tACO teAS 

I" 
CAS 

V,H 
V" =--' ~ 

'AR 

I tRAD tAAL 

1~~1 ~ ~ 
~ ROW 

-
ROW ~ COLUMN -ADDR 

V,H 
V,L 

~ I tRGS 

1 

V/////////////////////; =~ WE V,H 
V,L 

I 'M 
tRAC 

tCAG IOFFJ "CLZ ~k 
VALID DATA _f OPEN----OPEN 

~ -DO ~Igr 

EARLY-WRITE CYCLE 

'RC 

'RAS 'RP 

RAS 
V,H 
V,L 

'I 
\ -

teSH 

IRSH 

leRP IRCD tCAS 

1 

CAS V,H 
V,L =--' 

'AR 

ADDR V,H 
V,L 

IRAD 'RAL 

I~: tRAH ~I "I~ ~ 
~ ROW :W',,1t ROW ~ COLUMN 

tCWL -IJ tAWL 

tWCR 

twes tWCH 

'wP 

WE ~:r ~ ~ 
I I tOHR. 

~ ~ oo~:g~~~- VALIDOATA .~ 

3-152 

~ DON'T CARE 

~ UNDEFINED 



MIC:RON MT8D132 
1-· "'''''CO "" 1 MEG x 32, 2 MEG x 16 DRAM MODULE 

1T8D132 
EV.4f92 

FAST-PAGE-MODE READ CYCLE 

~ ________________________ ~tA~A~SP~ ________________________ ~~ 

teSH 

DO ~rgt -:---------- OPEN ----------"1JlIll}U~J_-----<~m 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

fZ) DON'T CARE 

f2illj UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications witnout notice. 
©1992, Micron Technology, Inc, 
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MICRON MT8D132 
1-· "'"',"WG"" 1 MEG x 32,2 MEG x 16 DRAM MODULE 

MT80132 
REV. 4192 

-
teRP 

CAS ~it =~ 

'R'AS"-ONL Y REFRESH CYCLE 
(ADDR = AD-A9; WE = DON'T CARE) 

tRAS tRP 

'I! ' 

-1 tRPc~1 
\-------.I 

\ 

tASR tRAH 

ADDR ~:t =~r---RO-W --b/MI/$ff$;/$ffff$//$//$/t0(--RO-W --

DO ~gt =:-----:---------OPEN---------

----1~ 

'CAS-BEFORE-'R'AS" REFRESH CYCLE 
(AD-A9, WE = DON'T CARE) 

tRP RAS RP RAS 

1 } 
ItcPt>j,I~ tCHR tAPe ~ ~ 

DO ~gt -'----------OPEN---------

DO 

BATTERY BACKUP REFRESH CYCLE 24 

(AD-A9, WE = DON'T CARE) 

1251!s 

tRP tRAS 

.--,--l tRPC:

1 

\_ tePNjl~ ~I. 
! 'L I 

~ ~ 

, tRP tRAS 

} 

~r ~I. 
'\ , 
OPEN 

I~~ 

3-154 

t:Z'.] DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT8D132 
1-· ,CO""""",,,, 1 MEG x 32, 2 MEG x 16 DRAM MODULE 

MT8D132 
REV. 4192 

HIDDEN REFRESH CYCLE 20 

(WE = HIGH) 

(READ) (REFRESH) 

tRAS tRP 'RAS 
�-.----~=-----.III----I~·----~------·1 

RAS ~:~------~I It "l; ,-----

tCHR 

DQ ~:g~=------ OPEN------~ilXlQV_-----VVAlALiID;oD;,ATr;A----~ OPEN-

3-155 

~ DON'TeARE 

~ UNDEFINED 

Micron Technology, Inc. reseIVes the right to change products or specifications without notice. 
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MT8D132 1'II1C:l=IgN 1 MEG x 32, 2 MEG x 16 DRAM MODULE 

MTB0132 
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MIC:RON MT16D232 
1-· ""I,''''''''"' 2 MEG x 32, 4 MEG x 16 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry standard pinout in a 72-pin single-in-line 

package 
• High-performance, CMOS silicon-gate process. 
• Single 5V ±10% power supply 
• All device pins are fully TTL compatible 
• Low power, 48mW (16mW L-version) standby; 

1,824mW active, typical 
• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• Multiple RAS lines allow x16 or x32 width 
• 1,024-cycle refresh distributed across 16ms or 

1,024-cycle extended refresh distributed across 128ms 
• FAST PAGE MODE access cycle 
• Low CMOS standby current, 3.2mA maximum 

(L-version) 

OPTIONS MARKING 
• Timing 

60ns access - 6 
70ns access - 7 
80ns access - 8 

• Packages 
Leadless 72-pin SIMM M 
Leadless 72-pin SIMM (Gold) G 

• Power/Refresh 
Normal Power/16ms 
Low Power/128ms 

Blank 
L 

• Part Number Example: MT16D232GL-6 

GENERAL DESCRIPTION 
The MT16D232is a randomly accessed solid-state memory 

containing 2,097,152 words organized in a x32 configura­
tion. During READ or WRlTE cycles each bit is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (AO -A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. A READ or WRlTE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRlTE 
mode. During a WRlTE cycle, data-in (D) is latched by the 
falling edge of WE or CAS,whichever occurs last. EARLY­
WRlTE occurs when WE goes LOW prior to CAS going 
LOW, the output pin(s) remain open (High-Z) until the next 
CAS cycle. 

2 MEG x 32,4 MEG x 16 
FAST PAGE MODE (MT16D232) 
LOW POWER, 
EXTENDED REFRESH (MT16D232 L) 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM 
(T-10) 

~"""""""""""""":I:I:D~::I~""'''I11""""""",,,,~1 1 36 37 72 

PIN # SYMBOL PIN # SYMBOL PIN# SYMBOL PIU SYMBOL 
1 Vss 19 NC 37 NC 55 0012 
2 OQ1 20 OQ5 38 NC 56 0028 
3 0017 21 0021 39 Vss 57 0013 
4 OQ2 22 006 40 "C7iSO 58 0029 
5 0018 23 OQ22 41 ~ 59 Vee 
6 OQ3 24 OQ7 42 "CAS3 60 0030 
7 0019 25 0023 43 "CAST 61 0014 
8 DQ4 26 OQ8 44 RASO 62 0031 
9 OQ20 27 OQ24 45 RASf 63 OQ15 
10 Vee 28 A7 46 NC 64 OQ32 
11 NC 29 NC 47 WE 65 OQ16 
12 AD 30 Vee 48 NC 66 NC 
13 A1 31 A8 49 009 67 PR01 
14 A2 32 A9 50 OQ25 68 PR02 
15 A3 33 roIS3 51 OQ10 69 PRD3 
16 A4 34 ~ 52 0026 70 PR04 
17 AS 35 NC 53 0011 71 NC 
18 A6 36 NC 54 OQ27 72 Vss 

FAST PAGE MODE operations allow faster data opera­
tions (READ or WRITE) within a row-address (AO-A9) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ­
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONL Y, CA5-BEFORE­
RAS or HIDDEN REFRESH) so that a111,024 combination 
of RAS addresses (AO -A9) are executed at least every 16ms 
(128ms on L-version), regardless of sequence. 

MT16D232 
REV. 4/92 3-157 Micron Technology, Inc., reserves the right to change products or specificatIOns without nolice. 
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MIC:RON MT16D232 
1-· ,"',,''co,,,,,, 2 MEG x 32, 4 MEG x 16 DRAM MODULE 

MT16D232 
REV. 4/92 

FUNCTIONAL BLOCK DIAGRAM 

D01 .••••••....•••.•.........• D08 

ttl t ttl t 
OQ1-4 001-4 

D017 •••••••••.••••••••••••• D024 

tltl 
OQI-4 

WE 

CAS 

RAS 

CAS2 --+-+f--­
CAS3 --+-f--­
RAS2 --+-~--

AD-A9 111111111111111l1li 

U5 

tltl 
001-4 

WE 
U6 

CAS 

RAS 

D01 .••••••.•••••••••......••• D08 

t tt t 
001-4 

WE 

CAS 

RAS 

CASO --+-+f--­
CASt --+-f--­
RAS1 --+-~--

U9 

tt t t 
001-4 

WE 
UlO 

CAS 

RAS 

D017 •••...••••••....•.••••• D024 

tltl 
OQ1-4 

WE 

CAS 

liAS 

CAS2 --+-+f--­
CAS' --+-f--­
RAS3 --+-~--

U13 

tttl 
001-4 

WE 
U14 

CAS 

RAS 

3-158 

DOg .••.••..••••••••••••..••• D016 

ttl t tltl 
001-4 OQ1-4 

WE WE 
U' U, 

CAS CAS 

RAS RAS 

-= 

D025 .••••••••••••••••••...•• D032 

tt t t ttl t 
001-4 OQ1·4 

WE WE 
U7 US 

CAS CAS 

RAS RAS 

DOg ..•........•.•.••...•••.• D016 

ttl t t tt t 
001-4 OQ1-4 

WE WE 
U11 U12 

CAS CAS 

RAS RAS 

D025 .••.•••.••••••.••..••••• D032 

t tt t t tt t 
DQ1·4 001-4 

WE WE 
U15" U16 

CAS CAS 

RAS liAS 

U1·U16. MT4C4001JDJ 
U1-U16:: MT4C4001JDJ L (L-verslon) 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT16D232 
1-· """"",ce,,,,, 2 MEG x 32, 4 MEG x 16 DRAM MODULE 

TRUTH TABLE 

FUNCTION RAS rn-
Standby H H-X 

READ L L 

EARL V-WRITE L L 

FAST-PAGE-MODE 1st Cycle L H-L 

READ 2nd Cycle L H-L 

FAST-PAGE-MODE 1st Cycle L H-L 

WRITE 2nd Cycle L H-L 

RAS-ONL V REFRESH L H 

HIDDEN READ L-H-L L 

REFRESH WRITE L-H-L L 

CAS-BEFORE-RAS REFRESH H-L L 

BATTERV BACKUP H-L L 
REFRESH (L-version) 

PRESENCE DETECT 

MT18D232 
REV. 4192 

SYMBOL 

PRD1 

PRD2 

PRD3 

PRD4 

-6 

NC 

NC 

NC 

NC 

3-159 

we-
X 

H 

L 

H 

H 

L 

L 

X 

H 

L 

H 

X 

-7 

NC 

NC 

Vss 

NC 

ADDRESSES DATA IN/OUT 

IR IC 001-0032 

X X High-Z 

ROW COL Data Out 

ROW COL Data In 

ROW COL Data Out 

n/a COL Data Out 

ROW COL Data In 

n/a COL Data In 

ROW n/a High-Z 

ROW COL Data Out 

ROW COL Data In 

X X High-Z 

X X High-Z 

-8 

NC 

NC 

NC 

Vss 

Micron Technology, Inc., reserves the tight to change products or speclfications without notice. 
©t992, Micron Technology, Inc. 
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MIC:RON MT16D232 
1-· "",,,'oc"oc 2 MEG x 32, 4 MEG x 16 DRAM MODULE 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee Supply Relative to Vss .............. -lV to +7V 
Operating Temperature, TA (Ambient) ......... O°C to +70°C 
Storage Temperature (Plastic) .................... -SsoC to + 12SoC 
Power Dissipation ............................................................ 16W 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 2, 3, 6, 22) (O°C ::;; T A::;; 70°C; Vcc = 5V ±1 0%) 

PARAMETER/CONOITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.5 5.5 V 1 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vcc+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -1.0 0.8 V 1 

INPUT LEAKAGE CURRENT CASO-CAS3 lit -8 8 I!A 
Any Input OV ::;; VIN ::;; Vcc AO-A9, WE 112 -32 32 I!A 
(All other pins not under test = OV) For each package input RASO-RAS3 113 -8 8 I!A 
OUTPUT LEAKAGE CURRENT D01-D032 loz -20 20 I!A 
(0 is disabled, OV ::;; VOUT ::;; Vcc) For each package input 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -SmA) 
Output Low Voltage (lOUT = SmA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL ·6 ·7 ·8 UNITS NOTES 

STANDBY CURRENT: (TTL) Icct 32 32 32 mA 
(RAS = CAS = VI H) 

STANDBY CURRENT: (CMOS) Icc2 16 16 16 mA 

(RAS = CAS = Vcc -0.2V) 3.2 3.2 3.2 mA 24 

OPERATING CURRENT: Random READIWRITE 
Average power supply current Icc3 896 816 736 mA 2,22 
(RAS, CAS, Address Cycling: tRC = tRC (MIN» 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current Icc4 656 576 496 mA 2, 22 
(RAS = VIL, CAS, Address Cycling: tpc = tpc (MIN» 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current Icc5 896 816 736 mA 2 
(RAS Cycling, CAS = VIH: tRC = tRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current Icc6 896 816 736 mA 2,19 
(RAS, CAS, Address Cycling: tRC = tRC (MIN» 

REFRESH CURRENT: BATTERY BACKUP (BBU) 
Average power supply current during BATTERY BACKUP refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = tRAS (MIN) to Icc? 4.8 4.8 4.8 mA 24 
300ns; WE = Vcc -0.2V; AO-A9 and DIN = Vcc -0.2V or 0.2V 
(DIN may be left OPEN), tRC = 125J.!s (1,024 rows at 125J.!S = 128ms) 

MTf6D232 
REV. 4192 3-160 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MICRON MT16D232 
1-· ,>c~"mo"""' 2 MEG x 32, 4 MEG x 16 DRAM MODULE 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A9 CI1 102 pF 17 

Input Capacitance: WE CI2 134 pF 17 

Input Capacitance: CASO-CAS3, RASO-RAS3 CI4 34 pF 17 

InpuVOutput Capacitance: 001-0032 CIO 10 pF 17 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7, 10, 11, 16, 21) (O°C ::; T A::; 70°C; Vcc = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from "RAS 
Access time from CAS 
Output Enable 
Access time from colurpn address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
"RAS hold time 
"RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS [lrecharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to "RAS precharge time 
Row address setup time 
Row address hold time 
"RAS to column 
address delay time 

Column addrl9ss setup time 
Column address hold time 
Column address hold time 
(referenced to RAS") 

Column address to 
"RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 
Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 

MT16D232 
AEV.4192 

-6 
SYM MIN 
tRC 110 

tRWC n/a 
tpc 40 

tpRWC nfa 

tRAC 
tCAC 
tOE 
tAA 

tCPA 
tRAS 60 

tRASP 60 
tRSH 15 
tRP 40 

tCAS 15 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 20 
tCRP 10 
tASR 0 
tRAH 10 
tRAD 15 

tASC 0 
tCAH 10 
tAR 50 

tRAl 30 

tRCS 0 
tRCH 0 

tRRH 0 

telZ 0 

MAX MIN 
130 
n/a 
40 

n/a 

60 
15 
15 
30 
35 

100,000 70 
200,000 70 

20 
50 

100,000 20 
70 
10 
10 

45 20 
10 
0 
10 

30 15 

0 
15 
55 

35 

0 
0 

0 

0 

3-161 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 
n/a ns 21 
45 ns 

n/a ns 21 

70 80 ns 8 
20 20 ns 9 
20 20 ns 
35 40 ns 
40 45 ns 

100,000 80 100,000 ns 
200,000 80 200,000 ns 

20 ns 
60 ns 

100,060 20 100,000 ns 
80 ns 
10 ns 18 
10 ns 

50 20 60 ns 13 
10 ns 
0 ns 
10 ns 

35 15 40 ns 23 

a ns 
15 ns 
60 ns 

40 ns 

0 ns 
0 ns 14 

0 ns 14 

0 ns 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT16D232 
1-· ","",C0cne 2 MEG x 32, 4 MEG x 16 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7, 10, 11, 16, 21) (O°C ~ T A ~ 70°C; Vee = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Output buffer turn-off delay 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

"RAS to CAS precharge time 

CAS setup time 
(CAS-BEFORE-R'AS refresh) 

CAS hold time 
(CAS-BEFORE-R'AS refresh) 

WE hold time 
(CAS-BEFORE-R'AS refresh) 

WE setup time 
(CAS-BEFORE-R'AS refresh) 

WE hold time 
(WCBR test cycle) 

WE setup time 
(WCBR test cycle) 

MT16D232 
REV. 4192 

-6 

SYM MIN MAX 
tOFF 0 15 
twcs 0 
tWCH 10 

tWCR 45 

"'NP 10 
tRWL 15 
tCWL 15 
tDS 0 
tDH 10 

tDHR 45 

IT 3 50 
tREF 16/128 
tRPC 0 
tCSR 10 

tCHR 15 

tWRH 10 

"'NRP 10 

tWTH 10 

tWTS 10 

3-162 

MIN 
0 

0 

15 

55 

15 

20 

20 

0 

15 

55 

3 

0 

10 

15 

10 

10 

10 

10 

-7 -8 

MAX MIN MAX UNITS NOTES 
20 0 20 ns 12 

0 ns 

15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 15 

15 ns 15 

60 ns 

50 3 50 ns 5,16 

16/128 16/128 ms 3124 

0 ns 

10 ns 19 

15 ns 19 

10 ns 

10 ns 

10 ns 

10 ns 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 



MIC:RON MT16D232 
1-· ecce,,,,,",,,, 2 MEG X 32, 4 MEG X 16 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOl1s is required after power-up 
followed by eight RAS REFRESH cycles (RAS-ONL Y 
or CBR with WE HIGH) before proper device 
operation is assured. The eight RAS cycle wake-up 
should be repeated any time the tREF refresh 
requirement is exceeded. 

4. AC characteristics assume l'f = 5ns. 
5. Vlli (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIR and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C :0; T A :0; 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and 100pF. 

8. Assumes that ~CD < IRCD (MAX). If IRCD is greater 
than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

9. Assumes that IRCD ~ ~CD (MAX). 
10. If CAS = VIR, data output is High-Z. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. IOFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the tRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 

a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

14. Either IRCH or tRRH must be satisfied for a READ 
cycle. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIR and 
VIL (or between VIL and VIR) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias = 2.4V@15mVRMS). 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for tcP. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW. 
21. LATE-WRITE, READ-WRITE or READ-MODlFY­

WRITE cycles are not available due to OE being 
grounded on U1-U16. 

22. Icc is dependent on cycle rates. 
23. Operation within the tRAD (MAX) limit ensures that 

tRCD (MAX) can be met. lRAD (MAX) is specified as 
a reference point only; if lRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

24. Applies to L-version only. 

MT16D232 
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MICRON MT16D232 
1-· ","",CO""" 2 MEG x 32, 4 MEG x 16 DRAM MODULE 

MT16D232 
REV. 4192 

READ CYCLE 

, RC 

:1 tRAS , , 'RP 

J 
RAS \ 

, tCSH , 
IRSH tRRH 

ICRP , tRCD 

I' 
, , tCAS , 

CAS :~ 

ADDA 

'AR 

I IRAQ tRAL 

I~: IRAH~1 ' ~ ~ 
, ~ 

WIIIIIIII//////////////;0< III 11M ROW WIIII.t0 COLUMN ROW 
~ 

tRCS ~ 
I 

WE 1/111111111111111111111111111111/ VIIIIIIIIIIIIIIIIIIII/; 
'AA 
tRAC 

• tCAC , ~ 

DO OPEN 

~b 
'f:Cf:iY' 

VAUDDATA OPEN 

EARLY-WRITE CYCLE 

'RC 

'RAS 'RP :1 
'I' I 

- ! \ 
ICSH , 
IRSH 

'cRP , tRCO , tCAS 

1 
CAS ~:r =~ 

'AR 

ADDR ~:~ 

, IRAQ tRAL 

I~ ~I I~ ~ 
~ ROW ~ COLUMN ~/){ ROW 

IOWl J 
IRWL 

tWCR 

twos tWCH , 
IWp 

~~ ~//$//////////// 
tOHR 

~I 
I 

I~ 
DO ~:gt ~~---V-A-LiD-O-A-TA---' 

3-164 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or speclficallons without notice. 
©t 992, Micron TechnOlogy, Inc. 



I MT16D232 
I'IIIC:RC~ 2 MEG x 32, 4 MEG x 16 DRAM MODULE 

MT'''''''' REV. 4192 

FAST-PAGE-MODE READ CYCLE 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

3-165 

f:Z:l DON'T CARE 

~ UNDEFINED 

Mil;:ron TeGhnoIagy, Inc., reserves the right to change produCts or specffk:aIIOI1$ without riotice. 
01992, Micron Technology. Inc. 
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MICRON MT16D232 
1-· '" ," 2 MEG x 32, 4 MEG x 16 DRAM MODULE 

MT16D232 
REV. 4192 

~-ONLYREFRESH CYCLE 
(ADDR = AO-A9; WE = DON'T CARE) 

'RC 

_ V,H __ ------,[1 
RAS VIL - Il---------------'"I 

'cRP 

'ASR 

ADDR ~t 
--'-'--'--''-'-'J~ __ __'__ _ ___» ROW 

DO ~8t' :,------------OPEN----------

eu-BEFORE-~ REFRESH CYCLE 
(AO-A9, WE = DON'T CARE) 

CAS ~lr ='---''---------1-___ -"------__ _____''' _________ ---'--''---_ 

DO ~8t':'------------OPEN----------

BATTERY BACKUP REFRESH CYCLE 24 

(AO-A9, WE = DON'T CARE) 

125!1S 

tRP 

- V,ii­
CAS V,L -'--L..------"''----t+-~-'---------'''-_,______f1r_____-'''--------

OQ 

3-166 

~ DON'TeARE 

~ UNDEFINED 

Micron Technology, Inc., I'8HI'V8$ the right to change products or specifications withOut notice. 
@1992,MicronTechnology,'Inq. 



MIC:RON MT16D232 
1-· '""'","00"" 2 MEG x 32,4 MEG x 16 DRAM MODULE 

MT16D232 
REV. 4/92 

RAS 

ADDR 

DO 

VIH------, 
VIL_ 

HIDDEN REFRESH CYCLE 20 

(WE = HIGH) 

(READ) 

tRAS 

(REFRESH) 

tRAS 

~ DON'T CARE 

~ UNDEFINED 

3-167 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MT16D232 
I"IIC::I=ICJ~ 2 MEG x 32, 4 MEG x 16 DRAM MODULE 
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ADVANCE 

U .. :::I=ION MT8D432 
1-· "",,<ow"',, 4 MEG x 32, 8 MEG x 16 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry standard pinout in a 72-pin single-in-line 

package 
• High-performance, CMOS silicon-gate process 
• Single 5V ±10% power supply 
• All device pins are fully TIL compatible 
• Low power, 40m W standby; 2,200m W active, typical 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR) 
, andHIDDEN 
• Multiple RAS lines allow x16 or x32 width 
• 2,048-cycle refresh distributed across 32ms 
• FAST PAGE MODE access cycle 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 

- 6 
- 7 
- 8 

Leadless 72-pin SIMM M 
Leadless 72-pin SIMM (Gold) G 

• Part Number Example: MT8D432G-6 

GENERAL DESCRIPTION 
The MT8D432 is a randomly accessed solid-state memory 

containing 4,194,304 words organized in a x32 configura­
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 22 address bits, which are entered 11 
bits (AO-AlO) at a time. RAS is used to latch the first 11 bits 
and CAS the latter 11 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of CAS. Since WE goes LOW prior to CAS going 
LOW, the output pin(s) remainopen(High-Z) until the next 
CAS cycle. 

FAST PAGE MODE operations allow faster data opera­
tions (READ or WRITE) within a row-address (AO-AIO) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 

4 MEG x 32, 8 MEG x 16 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM 
(T-17) 

(~"""""ml.""""""I:,~m"""""""","mlm~1 1 36 37 72 

PIN# SYMBOL PIN. SYMBOL PIN. SYMBOL PINt SYMBOL 
1 Vss 19 A10 37 NC 55 0012 
2 OQ1 20 005 38 NC 56 0028 
3 0017 21 0021 39 Vss 57 0013 
4 002 22 006 40 CASO 58 0029 
5 0018 23 0022 41 CAS2 59 Vee 
6 003 24 007 42 CAS3 60 0030 
7 0019 25 0023 43 "CAST 61 0014 
8 004 26 008 44 RASO 62 0031 
9 0020 27 0024 45 NC 63 0015 

10 Vee 28 A7 46 NC 64 0032 
11 NC 29 NC 47 WE 65 0016 
12 AO 30 Vee 48 NC 66 NC 
13 A1 31 A8 49 009 67 PR01 
14 A2 32 A9 50 0025 68 PRD2 
15 A3 33 NC 51 0010 69 PR03 
16 A4 34 RAS2 52 0026 70 PR04 
17 A5 35 NC 53 0011 71 NC 
18 A6 36 NC 54 OQ27 72 Vss 

followed by a colurt:m address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ­
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby leveL 
Also, the chip is preconditioned for the next cycle during 
the RAS HIGH time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONL Y, CAS-BEFORE­
RAS or HIDDEN REFRESH) so that all 2,048 combinations 
of RAS addresses (AO-A10) are executed at least every 
32ms, regardless of sequence. The CBR REFRESH cycle will 
invoke the refresh counter for automatic RAS addressing. 

MTBD432 
REV. 4/92 3-169 Micron Technology, Inc., reserves the right to change products or specifications without notice, 
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ADVANCE 

MIC:RON MT8D432 
1-· "'"'00""" 4 MEG x 32, 8 MEG x 16 DRAM MODULE 

MTBD432 
REV. 4/92 

FUNCTIONAL BLOCK DIAGRAM 

001 .------------------------- 008 

CASO 
CAS1 
RASO 

.-----1 WE 

r-----ICAS 

RAS 

U1 
....----1 WE 

CAS 

RAS 

U2 

WE 0017 ----------------------- 0024 

t-----IWE 

.....-----1 CAS 

CAS2 ---I--~--­
CAS3 ---I-~--­
RAS2 

AO-A10 

us 
....----1 WE 

.....-----1 CAS 
U6 

3-170 

OOg -------------------------0016 

....----1 WE 

r-----ICAS 

RAS 

U3 
....----1 WE 

r-----ICAS 

RAS 

U4 

0025 .----------------------- 0032 

.-----1 WE 

r-----I CAS 
U7 

.------1 WE 

.....-----1 CAS 

U1-U8 = MT4C4M4A10J 

us 

Micron Technology, Inc., reserves the right to change products or spacifications without notica. 
©1992, Micron Technology, Inc. 



ADVANCE 

MIC:RON MT8D432 
1-· ",",,"oono 4 MEG x 32, 8 MEG x 16 DRAM MODULE 

TRUTH TABLE 

FUNCTION ~ "CAS"" 
Standby H H-X 

READ L L 

EARLY-WRITE L L 

FAST-PAGE-MODE 1st Cycle L H-L 

READ 2nd Cycle L H-L 

FAST-PAGE-MODE 1st Cycle L H-L 

WRITE 2nd Cycle L H-L 

RAS-ONL Y REFRESH L H 

HIDDEN READ L---.H---.L L 

REFRESH WRITE L--+H-L L 

CAS-BEFORE-RAS REFRESH H-L L 

PRESENCE DETECT 

MT8D432 
REV. 4/92 

SYMBOL 

PRD1 

PRD2 

PRD3 

PRD4 

-6 

Vss 

NC 

NC 

NC 

3-171 

we-
X 

H 

L 

H 

H 

L 

L 

X 

H 

L 

H 

-7 

Vss 

NC 

Vss 

NC 

ADDRESSES DATA IN/DUT 
IR IC D01-DOa 

X X High-Z 

ROW COL Data Out 

ROW COL Data In 

ROW COL Data Out 

n/a COL Data Out 

ROW COL Data In 

n/a COL Data In 

ROW n/a High-Z 

ROW COL Data Out 

ROW COL Data In 

X X High-Z 

-8 

Vss 

NC 

NC 

Vss 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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ADVANCE 

MIC::RON MT8D432 
1-· ","'OW",", 4 MEG x 32, 8 MEG x 16 DRAM MODULE 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee Supply Relative to Vss .............. -lV to +7V 
Operating Temperature, T A (Ambient) .......... O°C to +70°C 
Storage Temperature (Plastic) .................... -SSoC to +12SoC 
Power Dissipation .............................................................. 8W 
Short Circuit Output Current ...................................... SOmA 

*Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

~ ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
~ (Notes: 1, 3, 4, 6, 7) (O°C ~ T A ~ 70°C; Vee = SV ±1 0%) » :s: 
:s: 
o c 
c: 
r­m 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 
Supply Voltage Vee 4.S S.S V 1 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vee+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -1.0 0.8 V 1 

INPUT LEAKAGE CURRENT RASO,RAS2 111 -8 8 j.tA 
Any Input OV ~ VIN ~ Vce AO-AlO, WE 112 -16 16 j.tA 
(All other pins not under test = OV) for each package input CASO-CAS3 113 -4 4 j.tA 

OUTPUT LEAKAGE CURRENT D01-D032 loz -10 10 j.tA 
(0 is disabled, OV ~ VOUT ~ Vec) for each package input 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -SmA) 
Output Low Voltage (lOUT = SmA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL ·6 ·7 ·8 UNITS NOTES 
STANDBY CURRENT: (TTL) Icel 16 16 16 mA 
(RAS = CAS = VI H) 

STANDBY CURRENT: (CMOS) Icc2 8 8 8 mA 
(RAS = CAS = Other Inputs = Vce -0.2V) 

OPERATING CURRENT: Random READ/WRITE 
Average power supply current Icc3 960 800 680 mA 3,4 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current IcC4 640 S60 480 mA 3,4 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current Ices 960 800 680 mA 3 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current lec6 960 800 680 mA 3,S 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

MT8D432 
REV. 4192 3-172 Micron Technology. Inc .• reserves the right to change products or specifications without noUee. 
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ADVANCE 

MIC::RON MT8D432 
1-· '''''''''00''"' 4 MEG x 32, 8 MEG x 16 DRAM MODULE 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance: AO-A 10 Cll 51 pF 2 

Input Capacitance: WE CI2 67 pF 2 

Input Capacitance: RASO, RAS2 CI3 34 pF 2 

Input Capacitance: CASO, CAS1, CAS2, CAS3 CI4 17 pF 2 

Input/Output Capacitance: 001-0032 Cia 10 pF 2 

z m 
:E 
II 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS C 
(Notes: 6, 7, 8, 9,10,11,12,13,22) (Vec = 5V ±10%) :c 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 

READ-WRITE cycle time 

FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 
Access time from CAS 
Access time from column address 

Access time from CAS precharge 

RAS pulse width 

RAS. pulse width (FAST PAGE MODE) 
RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 

CAS to RAS precharge time 

Row address setup time 

Row address hold time 

RAS to column 
address delay time 

Column address setup time 

Column address hold time 

Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in Low-Z 

~TSD432 
{EV.4!92 

-6 
SYM MIN 
tRC 110 

tRWC n/a 
tpc 40 

tpRWC n/a 

tRAC 

tCAC 

tAA 

tCPA 

tRAS 60 
tRASP 60 
tRSH 15 
tRP 40 

tCAS 15 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 20 
tCRP 5 
tASR 0 
tRAH 10 
tRAD 15 

tASC 0 
tCAH 10 
tAR 50 

tRAL 30 

tRCS 0 
tRCH 0 

tRRH 0 

tCLZ 0 

MAX MIN 
130 
n/a 

40 

n/a 

60 
15 
30 
40 

100,000 70 
100,000 70 

20 
50 

100,000 20 
70 
10 
10 

45 20 
5 
0 
10 

30 15 

0 
15 
55 

35 

0 
0 

0 

0 

3-173 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 

n/a ns 22 
45 ns 

n/a ns 22 

70 80 ns 14 
20 20 ns 15 
35 40 ns 

40 45 ns 

100,000 80 100,000 ns 

100,000 80 100,000 ns 

20 ns 

60 ns 

100,000 20 100,000 ns 

80 ns 

10 ns 16 
10 ns 

50 20 60 ns 17 
5 ns 

0 ns 

10 ns 

35 15 40 ns 18 

0 ns 

15 ns 

60 ns 

40 ns 

0 ns 

0 ns 19 

0 ns 19 

a ns 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MIC:RON MT8D432 
1-· ,e",o'0""" 4 MEG x 32,8 MEG x 16 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 22) (Vee = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Output buffer turn-off delay 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

Transition time (rise or fall) 

Refresh period (2,048 cycles) 

"RAS to CAS precharge time 

CAS setup time 
(CAS-BEFORE-RAS refresh) 

CAS hold time 
(CAS-BEFORE-RAS refresh) 

WE hold time 
(CAS-BEFORE-RAS refresh) 

WE setup time 
(CAS-BEFORE-RAS refresh) 

WE hold time 
(WCBR test cycle) 

WE setup time 
(WCBR test cycle) 

MT8D432 
REV. 4/92 

-6 

SYM MIN 
toFF 0 
'WCS 0 
tWCH 10 
tWCR 45 

twp 10 
tRWL 15 
tCWL 15 
tDS 0 
tDH 10 

tDHR 45 

tT 3 
tREF 

tRPC 0 
tCSR 5 

tCHR 15 

'WRH 10 

tWRP 10 

'WTH 10 

tWTS 10 

MAX MIN 
15 0 

0 

15 

55 

15 

20 

20 

0 

15 

55 

50 3 

32 

0 

5 

15 

10 

10 

10 

10 

3-174 

-7 -8 

MAX MIN MAX UNITS NOTES 
20 0 20 ns 20 

0 ns 

15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 21 

15 ns 21 

60 ns 

50 3 50 ns 9,10 
32 32 ms 

0 ns 

5 ns 5 

15 ns 5 

10 ns 24 

10 ns 24 

10 ns 24 

10 ns 24 

Micron Technology, Inc., reserves the right to change products or speclfications without notice. 
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MICRON MT8D432 
1-· ''''''wcoo,,"' 4 MEG x 32,8 MEG x 16 DRAM MODULE 

NOTES 
1. All voltages referenced to V S5. 

2. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= SV, DC bias = 2.4V @ 15m V RMS) 

3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lOOlls is required after power-up 
followed by eight RAS refresh cycles (RAS-ONL Y or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the tREF refresh requirement is 
exceeded. 

8. AC characteristics assume tT = Sns. 
9. Vlli (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between Vlli and VIL (or between VIL 
and Vlli). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between Vlli and 
VIL (or between VIL and Vlli) in a monotonic manner. 

11. If CAS = Vlli, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

100pF. 
14. Assumes that tRCD < tRCD (MAX). If tRCD is greater 

than the maximum recommended value shown in this 
table, tRAC will increase by the amount that tRCD 
exceeds the value shown. 

15. Assumes that lRCD ~ lRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. lRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

18. Operation within the lRAD(MAX) limit ensures that 
lRCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if lRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. toFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

22. OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

23. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

24. twTS and twTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters a.re the inverts of twRP and twRH in the 
CBR refresh cycle. 

ITSD432 
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ADVANCE 

MT8D432 I'IIIC:I=";!~ 4 MEG x 32, 8 MEG x 16 DRAM MODULE 

MTSD432 
REV. 4192 

READ CYCLE 

'RC 

tRAS 'RP ~i 
\ 

tCSH 

lASH tRRH 

I' 
tCRP IRCD , ICAS 

:~ J 
tAR 

I IRAD tRAl 

~ ~ 

ADDR 

, I~: tRAH'j ~ 
WIl7&'m, ROW -::~ ROW ~ COLUMN 

~ I 1 
tRCS 

=W1!!I!II!!II!I 
I 'AA 

tRAC 

tCAC 

I~ - OPEN f:1:lU. -DO ~lgt 

EARLY-WRITE CYCLE 

'RC 

tRAS 

tCSH 

IRSH 

tCRP tRCD tCAS 

tAR 

tRAD 

AODR ~:r ROW 

'RWL 

iWGR 

twes tWCH 

twp 

WE ~:~ - I tDHR 

I~IDS! ~ 
DQ ~:g~ ~ -----------:ALlDDATA 

~ 

V///////////~ 

~ 

VAllO DATA OPEN----

ROW 

~ DON'T CARE 

~ UNDEFINED 

3-176 Micron Technology, Inc., reserves the right to change products :~;~;~~~a~~n;e~~~~~~n;'I::: 



ADVANCE 

MIC:RON MT8D432 
1-· 'w;,ww" " 4 MEG x 32,8 MEG x 16 DRAM MODULE 

(T80432 
tEV.4192 

RAE 

CAS 

AOOR 

WE 

DO 

VIH -
Vll -

VIH -
VIL _ 

VJOH -
VIOL 

FAST-PAGE-MODE READ CYCLE 

tRASP ~, 

tCSH tpc 

tep ~ tcP 

'M 
tePA 

--tOFF 

OPEN VALID OPEN--DATA 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

�----------------------------~~------------------------------~I~ 

3-177 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

UIC::FlON MT8D432 
1-· '''''''''''''''''' 4 MEG x 32, 8 MEG x 16 DRAM MODULE 

MT6D432 
REV. 4192 

'RAS"-ONL Y REFRESH CYCLE 
(ADDR = AO-A10; WE = DON'T CARE) 

DO ~ge :'-----------OPEN----------

DQ 

~-BEFORE-'RAS" REFRESH CYCLE 
(AO-A 10 = DON'T CARE) 

tRP . tRAS • .J • tRP . . tRAS 

1 
·--1~I~ 

1 .... 1CPN tCSR ~l ~ll~ ~I. 
J , I '\ f 

OPEN 

.1 

Y 

~ ~ ~ ~ 
- WIIII/I/ I/I/I/II/I/II/I/I/Im WE ~:~ -1II/IIIIIIID 

RAS 
V1H-
VIL_ 

CAS 
VIH-
VIL_ 

ADDR VIH-
VIL_ 

HIDDEN REFRESH CYCLE 23 

(WE = HIGH) 

(READ) 

3-178 

(REFRESH) 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right 10 change products or specifications without notlee. 
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MIC:RON MT16D832 
1-· "',,<0,",", 8 MEG x 32,16 MEG x 16 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry standard pinout in a 72-pin single-in-line 

package 
• High-performance, CMOS silicon-gate process 
• Single SV ±10% power supply 
• All device pins are fully TTL compatible 
• Low power, 80mW standby; 2,240mW active, typical 
• Refresh modes: RA5-0NL Y, CA5-BEFORE-RAS (CBR) 

and HIDDEN 
• 2,048-cycle refresh distributed across 32ms 
• FAST PAGE MODE access cycle 
• Multiple RAS lines allow x16 or x32 width 

OPTIONS 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 

MARKING 

- 6 
- 7 
- 8 

Leadless 72-pin SIMM M 
Leadless 72-pin SIMM (Gold) G 

• Part Number Example: MT16D832G-6 

GENERAL DESCRIPTION 
The MTl6D832is a randomly accessed solid-state memory 

containing 8,388,608 words organized in a x32 configura­
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 22 address bits, which are entered 11 
bits (AO -AlO) at a time. RAS is used to latch the first 11 bits 
and CAS the latter 11 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW .on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of CAS. Since WE goes LOW prior to CAS going 
LOW, theoutputpin(s) remain open (High-Z)until the next 
CAS cycle. 

FAST PAGE MODE operations allow faster data opera­
tions (READ or WRITE) within a row-address (AO-AlO) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 

8 MEG x 32,16 MEG x16 
FAST PAGE MODE 

PIN ASSIGNMENT (ToP View) 

72-PinSIMM 
(T-18) 

~"""""""""""""":,::-::",,,,,,,,,,,,,,,,,,,,,,,,,,~I 1 36 37 72 

PIN. SYMBOL PIN. SYMBOL PIU SYMBOL PIN. SYMBOL 
1 Vss 19 Al0 37 NG 55 0012 
2 001 20 D05 38 NG 56 0028 
3 0017 21 0021 39 Vss 57 0013 
4 002 22 006 40 "Cl\SO 58 0029 
5 0018 23 D022 41 "CJIM" 59 Vee 
6 003 24 007 42 "CAS3 60 0030 
7 0019 25 0023 43 "Cl\ST 61 0014 
8 004 26 008 44 ~ 62 0031 
9 0020 27 0024 45 l1l\S1 63 0015 
10 Vee 28 A7 46 NG 64 0032 
11 NG 29 NG 47 we 65 0016 
12 AD 30 Vee 48 NG 66 NG 
13 Al 31 A8 49 009 67 PROl 
14 A2 32 A9 50 0025 68 PR02 
15 A3 33 "RAS3 51 0010 69 PR03 
16 A4 34 l'iJ\Sr 52 0026 70 PR04 
17 A5 35 NG 53 0011 71 NG 
18 A6 36 NG 54 0027 72 Vss 

followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ­
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chipis preconditioned for the next cycle during 
the RAS HIGH time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE­
RAS or HIDDEN REFRESH) so that all 2,048 combinations 
of RAS addresses (AO-AlO) are executed at least every 
32ms, regardless of sequence. The CBRREFRESHcycle will 
invoke the refresh counter for automatic RAS addressing. 

I'1T160832 
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ADVANCE 

MIC:RON MT16D832 
1-· m~"oco",'", 8 MEG x 32,16 MEG x 16 DRAM MODULE 

MT160832 
AEV.4192 

FUNCTIONAL BLOCK DIAGRAM 

D01·'························DOB 

~ ~ 
t tt t t tt t 

r--- WE ,-- WE 
U1 U2 - CAS r-- CAS 

,----- AAS ,.- RA§ 

BE AD-Al0 -r~Ao-~ 
-= 
~ ~ 

CASO r-
CAS1 
RAsa 

WE - 0017 ....................... 0024 

JJl1 
OQ1-4 

JJlL 
OQ1-4 

WE r--- WE 
U5 U6 

~ CAS r-- CAS 

,--- RAS - AAS 

~Ao.~ .. ~AO~ 
.... '"" -= -= 

CAS2 -
CAS3 
AAS2 

AO-AlO 

D01··························DOB 

t t tt tt t t 
001-4 001-4 

WE WE 
U9 UlO 

CAS CAS 

0017 ·······················0024 

t t t t t ttl 
OQ1-4 001-4 

WE WE 
U13 U14 

CAs CAS 

AAS RAS 

CAS2 :::=t~==== CAS3 
RAS3 --+---<i~--

AG-Al0 1I111111111i1l 

3-180 

DOS ·························0016 

~ ~ 
t t t t t t t t 

,-- WE - WE 
U3 U4 - CAS r-- CAS 

- RAS ,.- RAS 

BE AO-Al0 

~ ~ 
BE AO-Al0 

-::;0 iO:"" 

-= -= 
r-r-r-

0025························0032 

JJl1 
OQ1-4 

JJlL 
DQ1-4 

r--- WE r--- WE 
U7 U, - CAS r-- CAS 

,--- AAS ,----- AAS 

BE Ao-~ -r~Ao-~ 
-= '"" 

r-r-r-

009 ·························0016 

t tt t t t tt 
OQ1-4 D01-4 

WE WE 
U11 U12 

CAS CAS 

D025 ························0032 

I ttl Itt t 
OQ1-4 D01-4 

WE WE 
U15 U16 

CAS CAS 

RAS RAS 

Ul·U16. MT4C4MA1DJ 

Micron Technology, Inc., reserves the right to change products or specifications withOut notlC!'. 
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MIC:RON MT16D832 
1-· "'""ow",,", 8 MEG x 32,16 MEG x 16 DRAM MODULE 

TRUTH TABLE' 

FUNCTION W -cg 

Standby H H-X 

READ L L 

EARLY-WRITE L L 

FAST-PAGE-MODE 1st Cycle L H-L 

READ 2nd Cycle L H-L 

FAST-PAGE-MODE 1st Cycle L H-L 

WRITE 2nd Cycle L H-L 

RAS-ONL Y REFRESH L H 

HIDDEN READ L-H-L L 

REFRESH WRITE L-H-L L 

CAS-BEFORE-RAS REFRESH H-L L 

PRESENCE DETECT 

H16D832 
lEV. 4192 

SYMBOL 

PRD1 

PRD2 

PRD3 

PRD4 

-6 

NC 

Vss 

NC 

NC 

3-181 

WE 

X 

H 

L 

H 

H 

L 

L 

X 

H 

L 

H 

-7 

NC 

Vss 

Vss 

NC 

ADDRESSES DATA IN/OUT 
IR IC 001-0032 

X X High-Z 

ROW COL Data Out 

ROW COL Data In 

ROW COL Data Out 

n/a COL Data Out 

ROW COL Data In 

n/a COL Data In 

ROW n/a High-Z 

ROW COL Data Out 

ROW COL Data In 

X X High-Z 

-8 

NC 

Vss 

NC 

Vss 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MICRON MT16D832 
1-· """"'''''''"' 8 MEG x 32,16 MEG x 16 DRAM MODULE 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage onVcc Supply Relative to Vss .............. -lV to +7V 
Operating Temperature, T A (Ambient) .......... O°C to +70°C 
Storage Temperature (Plastic) .......... , ......... -SsoC to + 12SoC 
Power Dissipation ............................................................ 16W 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
inthe operational sections of this specification is notimplied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

::D ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS » (Notes: 1, 3, 4, 6, 7) (O°C ::;. T A::; 70°C; Vcc = 5V ±1 0%) 

3: 
3: 
o c 
c: 
r­
m 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV ::; VIN ::; Vcc 
(All other pins not under test = OV) for each package input 

OUTPUT LEAKAGE CURRENT 
(0 is disabled, OV ::; VOUT ::; Vcc) for each package input 

OUTPUT LEVELS 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 5mA) 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Other Inputs = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

SYMBOL 

Vcc 

VIH 

VIL 

RASO-RAS3 lit 
AO-A1O, WE 112 
CASO-CAS3 113 

D01-D032 loz 

VOH 

VOL 

SYMBOL 

Icct 

Icc2 

ICC3 

Icc4 

Icc5 

Icc6 

MIN MAX UNITS NOTES 

4.5 5.5 V 1 

2.4 Vcc+1 V 1 

-1.0 0.8 V 1 

-8 8 llA 
-32 32 llA 
-8 8 llA 
-20 20 llA 

2.4 V 

0.4 V 

MAX 

-6 -7 -8 UNITS NOTES 

32 32 32 mA 

16 16 16 mA 

976 816 696 mA 3,4 

656 576 496 mA 3,4 

976 816 696 mA 3 

976 816 696 mA 3, 5 

MT16D832 
REV. 4/92 3-182 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MICRON MT16D832 
1-· ",""OW""" 8 MEG x 32,16 MEG x 16 DRAM MODULE 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A 10 CI1 102 pF 2 

Input Capacitance: WE CI2 134 pF 2 

Input Capacitance: RASO, RAS1, RAS2, RAS3 CI3 34 pF 2 

Input Capacitance: CASO, CAS1, CAS2, CAS3 CI4 34 pF 2 

Input/Output Capacitance: D01-D032 CIO 20 pF 2 

z 
m :e 
II 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS C 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 22) (Vcc = 5V ±1 0%) ::D 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 
Access time from CAS 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 

L Row address hold time 
! RAS to column 

address delay time 

Column address setup time 

Column address hold time 
Column address hold time 
(referenced to RAS) 
Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 

1T16DB32 
lEV. 4/92 

-6 
SYM MIN MAX 
tRC 110 

tRWC nfa 
tpc 40 

tpRWC nfa 

tRAC 60 
tCAC 15 
tAA 30 

tCPA 40 
tRAS 60 100,000 

tRASP 60 100,000 
tRSH 15 
tRP 40 

tCAS 15 100,000 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 20 45 
tCRP 5 
IASR 0 
tRAH 10 
IRAD 15 30 

IASC 0 
tCAH 10 
IAR 50 

IRAl 30 

IRCS 0 
IRCH 0 

IRRH 0 

tClZ 0 

3-183 

MIN 
130 
nfa 
40 

nfa 

70 
70 
20 
50 
20 
70 
10 
10 
20 
5 
0 
10 
15 

0 
15 
55 

35 

0 
0 

0 

0 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 
nfa ns 22 
45 ns 

nfa ns 22 

70 80 ns 14 
20 20 ns 15 
35 40 ns 
40 45 ns 

100,000 80 100,000 ns 
100,000 80 100,000 ns 

20 ns 
60 ns 

100,000 20 100,000 ns 
80 ns 
10 ns 16 
10 ns 

50 20 60 ns 17 
5 ns 
0 ns 
10 ns 

35 15 40 ns 18 

0 ns 

15 ns 
60 ns 

40 ns 

0 ns 
0 ns 19 

0 ns 19 

0 ns 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MIC:RON MT16D832 
1-· "'""NOOne 8 MEG X 32,16 MEG X 16 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6,7,8,9,10,11,12,13,22) (Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Output buffer turn-off delay 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

Transition time (rise or fall) 

Refresh period (2,048 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CAS-BEFORE-RAS refresh) 

CAS hold time 
(CAS-BEFORE-RAS refresh) 

WE hold time 
(CAS-BEFORE-RAS refresh) 

WE setup time 
(CAS-BEFORE-RAS refresh) 

WE hold time 
(WCBR test cycle) 

WE setup time 
(WCBR test cycle) 

MTI6D832 
REV. 4/92 

-6 

SYM MIN 
tOFF 0 
twcs 0 
tWCH 10 

twCR 45 

twp 10 
tRWL 15 
tCWL 15 
tDS 0 
tDH 10 

tDHR 45 

tT 3 
tREF 

tRPC 0 
tCSR 5 

tCHR 15 

tWRH 10 

tWRP 10 

tWTH 10 

tWTS 10 

MAX MIN 
15 0 

0 

15 

55 

15 

20 

20 

0 

15 

55 

50 3 
32 

0 

5 

15 

10 

10 

10 

10 

3-184 

-7 -8 

MAX MIN MAX UNITS NOTES 
20 0 20 ns 20 

0 ns 

15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 21 

15 ns 21 

60 ns 

50 3 50 ns 9,10 

32 32 ms 

0 ns 

5 ns 5 

15 ns 5 

10 ns 24 

10 ns 24 

10 ns 24 

10 ns 24 

Mfcron Technology, Inc., reserves the right to change products or specifications without noMe 
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MIC::RON MT16D832 
1-· ",",''co,,",,,,, 8 MEG x 32,16 MEG x 16 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is measured 

using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= SV, DC bias = 2.4V @ 15m V RMS) 

3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lOOlLs is required after power-up 
followed by eight RAS refresh cycles (RAS-ONL Y or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the IREF refresh requirement is 
exceeded. 

8. AC characteristics assume IT = Sns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

10OpF. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, lRAc will increase by the amount that IRCD 
exceeds the value shown. 

~160832 

::tEV.4/92 3-185 

15. Assumes that IRCD ~ IRCD (MAX).' 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tePN. 

17. Operation withinthe IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit,. then access time is 
controlled exclusively by ICAe. 

18. Operation within the lRAD (MAX) limit ensures that 
IRCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if lRAD is greater than the 
specified lRAD (MAX) limit, then access time is 
controlled exclusively by IAA. 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. IOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

22. OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

23. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

24. twrs and twTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of twRP and twRH in the 
CBR refresh cycle. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology. Inc. 
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ADVANCE 

MICRON MT16D832 
1-· ''''.''co"''"' 8 MEG x 32,16 MEG x 16 DRAM MODULE 

MT16D832 
REV. 4192 

AAS 

CAS 

ADDR 

WE 

DQ 

AAS 

CAS 

ADDR 

READ CYCLE 

. 
tRAS . tAP . 

tCSH 

IRSH tRRH 

teRP tRCD . 'cAS 

J 
tAA 

I IRAQ tRAL 

!~~I ~ ~ 
ROW ~ COLUMN o/&//lIL/dff&PffD< AOW 

lACS tRCH 

I I 
(!fI////////////////////////////1 'V/////////////////////; 

VIOH -
VIOL 

VIH -
VIL _ 

VIH -
VIL -

V,H 
V,L 

'cAP 

tAA 

tRAC 

tCAC 

: 'CLl ~L 
~ 

OPEN VALID DATA OPEN---

EARLY-WRITE CYCLE 

tCSH 

3-186 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to ohange products or specifications without notice. 
©1992, Micron Technology, Inc. 



ADVANCE 

MICRON MT16D832 
1-· '''' 8 MEG x 32,16 MEG x 16 DRAM MODULE 

MT160832 
REV. 4192 

RAS 

CAS 

ADDR 

WE 

FAST-PAGE-MODE READ CYCLE 

VIH -
VIL _ 

V,H 
v" 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

tRAS 

teSH tpc tRSH 

~ 1~,~~ __ ..:!tR~C!'.D _~f.-,t",cA",S __ II---,te",P'----_II_t",CA",S_-II~~te""P'----_II_'cA=s __ 1 tePN 

3-187 

~DON'TCARE 

~ UNDEFINED 

Mloron Technology, Ino., reserves the right to ~ange products or speciIications wlthCUtnotlce. 
@1992, MicronTechnotogy,~nc. 
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ADVANCE 

MICF=lON MT16D832 
1-· '"'' 8 MEG x 32,16 MEG x 16 DRAM MODULE 

MT16D832 
AEV.4192 

ADDR 

'AU·ONL Y REFRESH CYCLE 
(ADDR = AO-A 10; WE = DON'T CARE) 

_ VIH __ -----,[1 

RAS VIL - 'ORP Il----------"I 

DC ~8t' -:-----------OPENI-----------

~.BEFORE·~ REFRESH CYCLE 
(AO-A 10 = DON'T CARE) 

HIDDEN REFRESH CYCLE 23 

(WE = HIGH) 
(READ) 

lRAS 

(REFRESH) 

'RAs 

,.I 

00 ~l~ '------OPEN----'-------fet====~VA~LID~DA~"~==j OPEN-

:3-188 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications wilI:1oLII: notice. 
@1992,MIcronTechnoIogY,Inc. 



MIC:RON MT9D25636 
1-· ","'0'''''''' 256K X 36 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Common RAS control pinout in a 72-pin single-in-line 

package 
• High-performance, CMOS silicon-gate process 
• Single 5V ±1O% power supply 
• All device pins are fully TTL compatible 
• Low power, 27mW standby; 1,575mW active, typical 
• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• 512-cycle refresh distributed across Sms 
• FAST PAGE MODE access cycle 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
SOns access 

• Packages 

- 6 
- 7 
- S 

Leadless 72-pin SIMM M 
Leadless 72-pin SIMM (Gold) G 

• Part Number Example: MT9D25636G-6 

GENERAL DESCRIPTION 
The MT9D25636 is a randomly accessed solid-state 

memory containing 262,144 words organized in a x36 con­
figuration. During READ or WRITE cycles, each bit is 
uniquely addressed through the IS address bits which are 
entered 9 bits (AO -AS) at a time. RAS is used to latch the first 
9 bits and CAS the latter 9 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. If WE 
goes LOW prior to CAS going LOW, the output pin(s) 
remain open (High-Z) until the next CAS cycle. 

FAST PAGE MODE operations allow faster data opera­
tions (READ or WRITE) within a row-address (AO-AS) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 

256K x 36 DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM 
(T -11 ) 

~"""""""""""""':::"""""""""""""'~! 1 36 37 72 

PiNt SYMBOL PIN. SYMBOL PIN # SYMBOL PIN # SYMBOL 
1 Vss 19 Ne 37 0018 55 0013 
2 001 20 005 38 0036 56 0031 
3 0019 21 0023 39 Vss 57 0014 
4 002 22 006 40 "CASO 58 0032 
5 0020 23 0024 41 ~ 59 Vee 
6 003 24 007 42 CJiS3 60 0033 
7 0021 25 0025 43 em- 61 0015 
8 004 26 008 44 1'!J\Slf 62 0034 
9 0022 27 0026 45 Ne 63 0016 
10 Vee 28 A7 46 Ne 64 OQ35 
11 Ne 29 Ne 47 WE" 65 0017 
12 AO 30 Vee 48 Ne 66 Ne 
13 A1 31 A8 49 0010 67 PR01 
14 A2 32 Ne 50 0028 68 PR02 
15 A3 33 Ne 51 0011 69 PRD3 
16 A4 34 1'!J\Slf 52 0029 70 PR04 
17 A5 35 0027 53 0012 71 Ne 
18 A6 36 009 54 0030 72 Vss 

be toggled-in by holding RAS LOW and strobing-in differ­
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS HIGH time. Memory cell data is retained in its 
~ct state by maintaining~er and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CA5-BEFORE­
RAS or HIDDEN REFRESH) so that all 512 combinations of 
RAS addresses (AO-AS) are executed at least every Sms, 
regardless of sequence. 

MT9D25636 
REV. 4192 3-189 Micron Technology, Inc., reserves the right to change products or speCIfications without notice. 
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MIC:RON MT9D25636 
1-· "''"ocoo,,"' 256K x 36 DRAM MODULE 

FUNCTIONAL BLOCK DIAGRAM 

001 ---------------------- 008 

WE 

CAS 

RAS 

CASO 
CAS1 
RASO 

WE 

CAS2 ---If----..... --­
CAS3 ---If----+---

AO-AS 111111111111111 

WE 
U1 U2 

CAS 

RAS 

DOS, 18, 27, 36 

WE CAS3 

CASO US 

RAS CAS2 

0010 ------------------------- 0017 

DOH 001-4 

WE WE 
U3 U4 

CAS CAS 

RAS RAS 

0028 ----------------------- 0035 

r----IWE 

CAS 

RAS 

US 
r----IWE 

CAS 

RAS 

U1-U4, U6-US = MT4C4256DJ 
U5 = MT4C425SDJ 

U9 

NOTE: Due to the use of a Quad CAS parity DRAM, RASa is common to all devices_ 

MT9025636 
REV. 4/92 3-190 Micron Technology, Inc., reserves the right 10 change products or speclficatlons without notice. 
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MIC::RON MT9D25636 
1-· ""'"'''0 no 256K X 36 DRAM MODULE 

TRUTH TABLE 

FUNCTION "RAS "CAS" 
Standby H H ...... X 

READ L L 

EARL V-WRITE L L 

FAST-PAGE-MODE 1st Cycle L H ...... L ...... H 

READ 2nd Cycle L H ...... L ...... H 

FAST-PAGE-MODE 1st Cycle L H ...... L ...... H 

WRITE 2nd Cycle L H ...... L ...... H 

RAS-ONL V REFRESH L H 

HIDDEN READ L ...... H ...... L L 

REFRESH WRITE L ...... H ...... L L 

CAS-BEFORE-RAS REFRESH H ...... L L 

PRESENCE DETECT 

MT9D25636 
REV. 4192 

SYMBOL 

PRD1 

PRD2 

PRD3 

PRD4 

-6 

Vss 

NC 

NC 

NC 

3-191 

we-
X 

H 

L 

H 

H 

L 

L 

X 

H 

L 

X 

-7 

Vss 

NC 

Vss 

NC 

ADDRESSES DATA IN/OUT 
IR IC DQ1-DQ36 

X X High-Z 

ROW COL Data Out 

ROW COL Data In 

ROW COL Data Out 

nfa COL Data Out 

ROW COL Data In 

nfa COL Data In 

ROW nfa High-Z 

ROW COL Data Out 

ROW COL Data In 

X X High-Z 

-8 

Vss 

NC 

NC 

Vss 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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MIC::RON MT9D25636 
1-· '''"''''0',,,"'' 256K X 36 DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss .............. -IV to +7V 
Operating Temperature, T A (Ambient) ......... O°C to +70°C 
Storage Temperature (Plastic) ................... -55°C to + 12S0C 
Power Dissipation .... , ......... ,., ............................................ 9W 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under "Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi­
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

C ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
:::D (Notes: 1, 2, 3, 4, 6, 23) (O°C ~ T A ~ 70°C; Vcc = 5V ±10%) 

l> 
s: 
s: 
o 
C 
C .­
m 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV ~ VIN ~ Vcc 
(All other pins not under test = OV) For each package input 

OUTPUT LEAKAGE CURRENT 
(Q is disabled, OV ~ VOUT ~ Vcc) For each package input 

OUTPUT LEVELS 
Output High Voltage (lOUT = -SmA) 
Output Low Voltage (lOUT = SmA) 

PARAMETER/CONDITION 

STANDBY CURRENT: (TIL) 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN» 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN» 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN» 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN» 

SYMBOL MIN 

Vcc 4.5 

VIH 2.4 

VIL -1.0 

CASO-CAS3 lit -6 
AO-A8, WE 112 -18 
RASO 113 -18 

DQ1-DQ36 loz -10 

VOH 2.4 

VOL 

SYMBOL -6 

Icct 18 

Icc2 9 

ICC3 810 

ICC4 630 

ICC5 810 

ICC6 810 

MAX UNITS NOTES 

5.5 V 1 

Vcc+1 V 1 

0.8 V 1 

6 uA 
18 u.a: 
18 ~ 
10 ~ 

V 

0.4 V 

MAX 

-7 -8 UNITS NOTES 

18 18 mA 

9 9 mA 

720 630 mA 2, 23 

540 450 mA 2,23 

720 630 mA 2 

720 630 mA 2, 19 

MT9D25636 
REV. 4192 3-192 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT9D25636 
1-· ,,, .. "OW""" 256K x 36 DRAM MODULE 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A8 CI1 58 pF 17 

Input Capacitance: WE CI2 76 pF 17 

Input Capacitance: RASO CI3 76 pF 17 

Input Capacitance: CASO, CAS1, CAS2, CAS3 CI4 25 pF 17 

Input/Output Capacitance: D01-D036 CIO 10 pF 17 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3,4,5,6,7,10,11,16,21) (DOC ~ TA ~ 70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 

READ-WRITE cycle time 

FAST-PAGE-MODE READ or WRITE 
cycle time 

FAST-PAGE-MODE READ-WRITE 
cycle time 

Access time from RAS 

Access time from CAS 

Output Enable 

Access time from column address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 
RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (FAST PAGE MODE) 
RAS to 'CAS delay time 

'CAS to RAS precharge time 

Row address setup time 

Row address hold time 

RAS to column 
address delay time 

Column address setup time 

Column address hold time 

Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

MT9D25636 
REV.4f92 

-6 
SYM MIN MAX 
tRC 110 

tRWC n/a 
tpc 40 

tpRWC n/a 

tRAC 60 
tCAC 20 
tOE 20 
tAA 30 

tCPA 35 
tRAS 60 100,000 

tRASP 60 100,000 
tRSH 20 
tRP 40 

tCAS 20 100,000 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 20 40 
tCRP 5 
tASR 0 
tRAH 10 
tRAD 15 30 

tASC 0 
tCAH 15 
tAR 45 

tRAL 30 

'RCS 0 
tRCH 0 

tRRH 0 

3-193 

MIN 
130 
n/a 

40 

n/a 

70 
70 
20 
50 
20 
70 
10 
10 
20 
5 
0 
10 
15 

0 
15 
55 

35 

0 
0 

0 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 -ns 

n/a ns 21 
45 ns 

n/a ns 21 

70 80 ns 8 
20 20 ns 9 
20 20 ns 

35 40 ns 

40 45 ns 

100,000 80 100,000 ns 

100,000 80 100,000 ns 

20 ns 

60 ns 

100,000 20 100,000 ns 

80 ns 

10 ns 18,22 
10 ns 

50 20 60 ns 13 
5 ns 

0 ns 

10 ns 

35 15 40 ns 24 

0 ns 

15 ns 

60 ns 

40 ns 

0 ns 

0 ns 14 

0 ns 14 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MICRON MT9D25636 
1-· n'""ooo,,", 256K x 36 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7, 10, 11, 16, 21) (O°C :;; T A:;; 70°C; Vee = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
"CAS to output inJ,ow-Z 

Output buffer tur~ff delay 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 
Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 
Transition time (rise or fall) 

Refresh period (512 cycles) 

RAS to "CAS precharge time 

CAS setup time 
("CAS-BEFORE-RAS refresh) 

"CAS hold time 
("CAS-BEFORE-RAS refresh) 

last CAS going lOW to first 
CAS to return HIGH 

MT9D25636 
REV. 4192 

-6 
SYM MIN 
tClZ 0 
tOFF 0 
twcs 0 
twCH 10 
tWCR 45 

twp 10 
tRWl 20 
tCWl 20 
tDS 0 
tDH 15 

tDHR 45 

tr 3 
tREF 

tRPC 0 
tCSR 10 

tCHR 10 

tClCH 10 

MAX MIN 
0 

20 0 
0 
15 
55 

15 
20 
20 
0 
15 
55 

50 3 
8 

0 
10 

15 

10 

3-194 

-7 -8 

MAX MIN MAX UNITS NOTES 
0 ns 

20 0 20 ns 12 
0 ns 

15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 15 
15 ns 15 
60 ns 

50 3 50 ns 5, 16 
8 8 ms 

0 ns 

10 ns 19 

15 ns 19 

10 ns 22 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 



IUIIIC:I=ION MT9D25636 
1-· ,"""COO,"" 256K x 36 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOlls is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the tREF 
refresh requirement is exceeded. 

4. AC characteristics assume ry = 5ns. 
5. Vlli (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between Vlli and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C ::; T A::; 700q is assured. 

7. Measured with a load equivalent to two TTL gates 
and 100pF. 

8. Assumes that IRCD < IRCD (MAX). If IRCD is greater 
than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

9. Assumes that IRCD ~ IRCD (MAX). 
10. If CAS = Vlli, data output is High-Z. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. IOFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 

IT9D25636 
iEV.4I92 

a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

14. Either IRCH or lRRH must be satisfied for a READ 
cycle. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica­
tion, all input signals must transit between Vlli and 
VIL (or between VIL and Vlli) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias = 2.4V @ 15m V RMS). 

18. If CAS is LOW at the falling edge of RAS, data out (Q) 
will be maintained from the previous cycle. To initiate 
a new cycle and clear the data-out buffer, CAS must 
be pulsed HIGH for !CP. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW. 
21. LATE-WRITE, READ-WRITE or READ-MODIFY­

WRITE cycles are not available due to OE being 
grounded on U1-U9. 

22. Last falling CASx edge to first rising CASx edge. 
23. Icc is dependent on cycle rates. 
24. Operation within the lRAD (MAX) limit ensures that 

IRCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if lRAD is greater than the 
specified lRAD (MAX) limit, then access time is 
controlled exclusively by lAA. 

3-195 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MICRON MT9D25636 
1-· """COG"" 256K X 36 DRAM MODULE 

MT9D25636 
REV. 4/92 

RAS 

CASx 

ADDR 

WE 

DQ, 

V'H 
VIL 

V,H 
VIL 

V'H 
VIL 

V,H 
VIL 

Vl0H 
VIOL 

READ CYCLE 

'Re 
~ 

tRAS 'RP ~I 

= \ 
tCSH 

'I 
I 

IRSH tRRH 

ICAP IRCD teAs 

I iCLCH 'II =1 'lA' ~ J, 
'AR 

1 
tl3AD IRAl 

I~~I ~ ~ 
__ ROW Willi,&; COLUMN *11111111111111111111111;);( ROW 
~' ~ 

tRCS I)~ 

=0'~IU~/I!!!!u//!!ILI# W///ffffP///uu//iL 
'AA 

tRAG 

I' "L~CA~l ~I 
- OPEN VALID DATA OPEN---

EARLY-WRITE CYCLE 

'Re 
tRAS 

tCSH 

tRCD I' 

3-196 

tRSH 

leAS 

~ DON'T CARE 

[i2,Qj UNDEFINED 

FIRST TO LAST CAS TO TRANSrflON 
(minimum of 1, maximum of 4) 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc 



MIC:RON MT9D25636 
1-· '""''''''''' 256K x 36 DRAM MODULE 

MT9D25636 
REV. 4192 

FAST-PAGE-MODE READ CYCLE 

I ____________________________ ~I~RA~SP~ __________________________ ~~ 

RAS 
V,H -
VIL -

tCSH IpC 

CAS, 

ADDR VIH -
VIL 

WEx V,H -
VIL -

DQx ~rg~ -,----------- OPEN ----------~2l§])(~D>------~~(j~D------i~tJ~) 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

3-197 

tz:l DON'T CARE 

~ UNDEFINED 

FIRST TO LAST CAS TO TRANSITION 
(minimum of 1 , maximum of 4) 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992,Micron TechnoJogy, Inc. 
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MICRON MT9D25636 
1-· ","'coco<',,, 256K X 36 DRAM MODULE 

MT9D25636 
REV.4f92 

"RU-ONL Y REFRESH CYCLE 
(ADDR = AO-A8; WE = DON'T CARE) 

DIO~ig~ -:----------OPEN----------

"CAS"-BEFORE-~ REFRESH CYCLE 
(AO-A8, WE = DON'T CARE) 

010 ~lgr='-----------OPEN----------

'AS 

ADDR ~'H-~ tL-

HIDDEN REFRESH CYCLE 20 

(WE = HIGH) 
(REAO) 

'RAS 

{REFRESH} 

'RAS 

OOx ~:gr ='--------OPEN----m~===~VAL~IDD~AT~A ===J OPEN-

3-198 

~ DON'T CARE 

I2i8! UNDEFINED 

FIRST TO LAST CAS TO TRANSITION 
(minimum of 1, maximum of 4) 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 



MIC:RON MT10D25636 
1-· "" " 256K x 36, 512K x 18 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
it Industry standard pinout in a 72-pin single-in-line 

package 
• High-performance, CMOS silicon-gate process. 
• Single 5V ±1O% power supply 
• All device pins are fully TTL compatible 
• Low power, 3DmW standby; 1,75OmW active, typical 
• Refresh modes: RAS-ONLY, CA5-BEFORE-RAS (CBR) 

and HIDDEN 
• 512-cycle refresh distributed across 8ms 
• FAST PAGE MODE access cycle 
• Multiple RAS lines allow x18 or x36 width. 

OPTIONS 
• TUning 

60ns access 
70nsaccess 
SOns access 

• Packages 

MARKING 

- 6 
- 7 
- 8 

Leadless 72 -pin SIMM M 
Leadless 72-pin SIMM (Gold) G 

• Part l::lumber Example: MTIDD25636G-6 

GENERAL DESCRIPTION 
The MT1DD25636.·~"" ran~omly <:IJesseds~lid-state 

meII).ory containing 262,144 words organized in a x36 con­
figuration. ,During READ or WRITE cycles, each bit is 
uniquely addressed through the 18 address bits, which are 
entered 9 bits (AD -A8) ata time. RAS is used to latch the first 
9 bits and CAS the latter 9 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (0) is latched by the 
falling edge of WE or CAS, whichever occurs last. If WE 
goes LOW prior to CAS going LOW, the output pin(s) 
remain open (High-Z) until the next CAS cycle. 

FAST PAGE MODE operations allow faster data opera­
tions (READ or WRITE) within a row-address (AD-A8) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in ~ RAS 
followed bya column address strobed-in by CAS. CAS may 

MT10b25636 
REV. 4192 

256Kx 36, 512Kx 18 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

72-PinSIMM 
(T-13) 

\ .·KMO_· I o . " 0 

IIlIlIIOllluuuuullllllll!!lII1! ,.., 'iii II i II Ii Ii II II IIIUI 11111 III II III I! . 
1 3.ti' 37 72 

PIN' SYMBOL PiNt SYMBOL PIN' SYMBOL PiNt SYMBOL 
1 Vss 19 NC 37 0018 55 0013 
2 001 20 005 38 0036 56 0031 
3 0019 21- 0023 39 Vas 57 0014 
4 002 22 006 40 l:l\Su- 58 0032 
5 0020 23 0024 41 Cl\"S2 59 Vee 
6 003 24. 007 42 mr 60 0033 
7 0021 25: OQ25 43 em- 61 0015 
g 004 . 26 Daa 44 mlr 62 0Q34 
g ..•. 0Q22 27 OQ26 45 NC 63 0016 
10 Vee 28 A7 46 NG 64 0035 
11 NO , 29 NC 47 WE" 65 0017 
12 AO 30 Vee 48 NO 66' NG 
13 A1 .' 31 A8 49 0010 ·67 PR01 
14 A2 32 NG 50 . OQ28 68 PR02 
15 A3 33 NG 51 0011 69 PR03 
16 A4 34. ~ 52 0029 7.0 PRD4. 
17 AS 35 0027 53 0012 71 NG 
18 A6 36 009 54 0030 72 . Vas 

be toggled-in by holding RAS LOW and strobing-in differ-
ent column addresses, thusexecutingfastermemory cycles .. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS .and CAS HIGH terminates a memory 
cycle and decreases chip current to.areduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS HIGH time. Memory cell data is retained in its 

. correct state by maintaining. power and executing any 
RAS cycle (READ, WRITE,RAS-ONLY, CA5-BEFORE-
RASor HIDDEN REFRESH) so thatall 512 combinations of 
RAS addresses (AD-AS) are exeC\.l.ted at least every 8ms, 
regar&ess of sequence. 

Micron TiK:hnology, Inc., reserves the rightto,ct'lanQfproducts or spedflcallonswIthoutnatlCe. 
@1992,MlcronTechnOlogy, Inc. 
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MIC:I=ION MT10D25636 
1-· ,~'" 256K x 36, 512K x 18 DRAM MODULE 

FUNCTIONAL BLOCK DIAGRAM 

001 "------,--------------- 008 

CASO 
C~l 

RASO 

WE 

C~2 --~~~-----­
CA~ --~--~-----­
RAS2 ----+---+-------

A~MIIIIIIIIIIIIII 

MT1OD25636 
REV. 4192 3-200 

009,0018 0010-------------------- 0017 

.--------1 WE 

CAS 

RAS 

U5 
.--------1 WE 

CAS 

RAS 

U6 

0028 ------------------- 0035 

.------1 WE 

CAS 
U7 

.-------1 WE 

CAS 

Ul-U8 = MT4C4251lDJ 
U9, Ul0 = MT4C4259DJ 

us 

Micron Technology, Inc., resElfV8S the right to Change products or specifications withOut notice. 
@1992,MicronTechnOlogy,lnc. 



MICRON MT10D25636 
1-· ;" 256K x 36, 512K x 18 DRAM MODULE 

TRUTH TABLE 

FUNCTION RlS" -en-
Standby H H-+X 

READ L L 

EARLY-WRITE L L 

FAST-PAGE-MODE 1st Cycle L H-+L-+H 

READ 2nd Cycle L ,H ..... L-H 

FAST-PAGE-MODE 1st Cycle L H-+L-H 

WRITE 2nd Cycle L H-+L-H 

'RAS"-ONL Y REFRESH L H 

HIDDEN READ L -+H-L L 

REFRESH WRITE L-H-L L 

~-BEFORE-l1AS" REFRESH H ..... L L 

PRESENCE DETECT 

MT10D2S838 
REV.0W2 

SYMBOL 
PRD1 

PRD2 

PRIJ3 

PRD4 

-6 
Vss 

NC 

NC 

NC 

3-201 

wt 
X 

H 

L 

H 

H 

L 

L 

X 

H 

L 

X 

-7 

Vss 

NC 

Vss 

NC 

ADDRESSES DATA IN/OUT 
IR Ie 001-0036 

X X High-Z 

ROW COL Data Out 

ROW COL Data In 

ROW COL Data Out 

n/a COL .. Data Out 

ROW COL Data In 

nfa COL Data In 

ROW nfa High-Z 

ROW COL Data Out 

ROW COL Data In 

X X High-Z 

-8 
Vss 

NC 

NC 

Vss 

Micron Technology, Inc., reaervea the right to change products or spec;lfIcatlons without nOllO&. 
01892, Micron Technology, Inc. 

II 
c 
:a 
):l-
i: 
i: 
o 
C 
c: r­m 



-

MIC:RON MT10D25636 
1-· ""'" " 256Kx36512Kx18DRAMMODULE 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss .............. -lV to +7V 
Operating Temperature, T A (Ambient) ......... DoC to +70°C 
Storage Temperature (plastic) ................... -55°C to + l25°C 
Power Dissipation ........................................................... lOW 
Short Circuit Output Current ...................................... 50mA 

, 

·Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi­
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

C ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS :a (Notes: 1, 2, 3, 6, 23) (O°C $ T A $ 70°C; Vcc = 5V ±1 0%) 

l> s:: 
s:: 
o c 
c: 
r­m 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.5 5.5 V 1 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vcc+1 V 1 

Input Low (Logic 0) Voltage, All Inputs , VIL -1.0 O.B V 1 

INPUT LEAKAGE CURRENT CASO-CAS3" 111 ~6 6 uA 
Any Input OV $ VIN $ Vcc AO-AB, WE" 112 -20 20 uA 
(All other pins not under test = OV) for each package input RASO,11AS2 113 -10 10 ~ 
OUTPUT LEAKAGE CURRENT 001-0036 loz -10 10 ~ 
(0 is disabled, OV $ VOUT $ Vcc) for each package input 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -SmA) 
Output Low Voltage (lOUT = SmA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -6 -7 -8 UNITS NOTES 

STANDBY CURRENT: (TTL) Icc1 20 20 20 mA 
(RAS = ~ = VIH) 

STANDBY CURRENT: (CMOS) Icc2 10 10 10 mA 

(RAS = CAS" = Vcc -0.2V) 

OPERATING CURRENT: Random REAOIWRITE 
Average power supply current Icc3 900 BOO 700 mA 2,23 
(RAS, CAS", Address Cycling: tRC = tRC (MIN» 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current Icc4 700 600 500 mA 2,23 
(RAS = VIL, CAS, Address Cycling: tpc = tpc (MIN» 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current Icc5 900 BOO 700 mA 2 
(RAS Cycling, CAS = VIH: tRC = tRC (MIN» 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current Icc6 900 BOO 700 mA 2,19 
(RAS, CAS, Address Cycling: tRC = tRC (MIN» 

MT10D25636 
REV.4J92 3-202 tvficron Technology, Inc" reserves the rlglTt to change products or specifications without notice. 

C1992, MIcron Technology, Inc. 



UIC:RON MT10D25636 
1-· 'co"''''''''' 256K x 36, 512K x 18 DRAM MODULE 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance: AO-AS CI1 64 pF 17 

Input Capacitance: WE CI2 84 pF 17 

Input Capacitance: RASO, RAS2 CI3 42 pF 17 

Input Capacitance: CASO, CAS1, CAS2, CAS3 CI4 25 pF 17 

Input/Output Capacitance: D01-D036 CIO 10 pF 17 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7, 10, 11, 16, 21) (O°C ::;; T A::;; 70°C; Vee = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 

READ-WRITE cycle time 

FAST-PAGE-MODE READ or WRITE 
cycle time 

FAST-PAGE-MODE READ-WRITE 
cycle time 

Access time from RAS 

Access time from CAS 

Output Enable 

Access time from column address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 

RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (FAST PAGE MODE) 

RAS to CAS delay time 

CAS to RAS precharge time 

Row address setup time 

Row address hold time 

RAS to column 
address delay time 

Column address setup time 

Column address hold time 

Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

MT10D25636 
REV. 4192 

-6 
SYM MIN 
tRC 110 

tRWC n/a 
tpc 40 

tpRWC n/a 

tRAC 

tCAC 

tOE 

tAA 

tCPA 

tRAS 60 
tRASP 60 
tRSH 20 
tRP 40 

tCAS 20 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 20 
tCRP 5 
tASR 0 
tRAH 10 
tRAD 15 

tASC 0 
tCAH 15 
tAR 45 

tRAL 30 

tRCS 0 
tRCH 0 

tRRH 0 

MAX MIN 
130 
n/a 

40 

n/a 

60 
20 
20 
30 
35 

100,000 70 
100,000 70 

20 
50 

100,000 20 
70 
10 
10 

40 20 
5 
0 
10 

30 15 

0 
15 
55 

35 

0 
0 

0 

3-203 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 

n/a ns 21 
45 ns 

n/a ns 21 

70 80 ns 8 
20 20 ns 9 
20 20 ns 

35 40 ns 

40 45 ns 

100,000 80 100,000 ns 

100,000 80 100,000 ns 

20 ns 

60 ns 

100,000 20 100,000 ns 

80 ns 

10 ns 18,23 
10 ns 

50 20 60 ns 13 
5 ns 

0 ns 

10 ns 

35 15 40 ns 25 

0 ns 

15 ns 

60 ns 

40 ns 

0 ns 

0 ns 14 

0 ns 14 

Micron Technology, Inc., reSeN9S the right to change products or specifications without notice. 
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MIC:RON MT10D25636 
1-· ",",moo"" 256K X 36, 512K X 18 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7, 10, 11, 16, 21) (O°C s T A S 70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
CAS to output in low-Z 

Output buffer turn-off delay 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to "CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

Transition time (rise or fall) 

Refresh period (512 cycles) 

RAS to CAS precharge time 

"CAS setup time 
("CAS-BEFORE-RAS refresh) 

CAS hold time 
("CAS-BEFORE-RAS refresh) 

last CAS going lOW to 
First CAS to return HIGH 

MT10D25636 
REV. 4/92 

-6 

SYM MIN MAX 
tClZ 0 
tOFF 0 20 
twcs 0 
tWCH 10 

twCR 45 

twp 10 
tRWl 20 
tCWl 20 
tDS 0 
tDH 15 

tDHR 45 

tT 3 50 
tREF 8 
tRPC 0 
tCSR 10 

tCHR 10 

'ClCH 10 

3-204 

MIN 
0 

0 

0 

15 

55 

15 

20 

20 

0 

15 

55 

3 

0 

10 

15 

10 

-7 -8 

MAX MIN MAX UNITS NOTES 
0 ns 

20 0 20 ns 12 

0 ns 

15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 15 

15 ns 15 

60 ns 

50 3 50 ns 5, 16 

8 8 ms 

0 ns 

10 ns 19 

15 ns 19 

10 ns 

Micron Technology, Inc., reserves the right to change prodUC18 01' speclllcatlone without notice. 
@1992,MlcronTechnology, Inc. 



MIC:RON MT10D25636 
1-· ,ec",cco""" 256K x 36, 512K x 18 DRAM MODULE 

NOTES 
1. All voltages referenced to V ss. 
2. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOlls is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the tREF 
refresh requirement is exceeded. 

4. AC characteristics assume IT = Sns. 
5. VIH (MIN) and VlL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C :s; T A :s; 700 q is assured. 

7. Measured with a load equivalent to two TTL gates 
and lOOpF. 

8. Assumes that tRCD < tRCD (MAX). If tRCD is greater 
than the maximum recommended value shown in this 
table, tRAC will increase by the amount that IRCD 
exceeds the value shown. 

9. Assumes that IRCD ~ tRCD (MAX). 
10. If CAS = VIH, data output is High-Z. 
11. If CAS = VlL, data output may contain data from the 

last valid READ cycle. 
12. tOFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the IRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 

a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by !CAe. 

14. Either IRCH or tRRH must be satisfied for a READ 
cycle. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VlL and VIH) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vec 
= SV, DC bias = 2.4V@lSmVRMS). 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for tcP. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW. 
21. LATE-WRITE, READ-WRITE or READ-MODIFY­

WRITE cycles are not available due to OE being 
grounded on U1-U9. 

22. Last falling CASx edge to first rising CASx edge. 
23. Icc is dependent on cycle rates. 
24. Operation within the tRAD (MAX) limit ensures that 

tRCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

MT10D25636 
REV. 4192' 3-205 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MICRON MT10D25636 
1-· '"""''w"''''' 256K x 36, 512K x 18 DRAM MODULE 

MT10D25636 
REV. 4192 

READ CYCLE 

'RC 

tRAS 'RP 

RAS 
VIH -
VIL _ 

tCSH 

tASH IRRH 

CASx 
VIH -
VIL -

ADDR 
,VIH -
VIL _ 

WE VIH -
VIL _ 

DIl>< VIOH -
VIOL OPEN OPEN---

EARLY-WRITE CYCLE 

'RC 

tCSH 

OOx ~tgr 
-LliilliilliilliilliilliilliilU 

VALID DATA 

3-206 

'[ 

~ DON'T CARE 

~ UNDEFINED 

FIRST TO LAST CAS TO TRANSITION 
(minimum of 1, maximum of 4) 

Micron Technology, Inc., reserves the right to change products or specifications Without notice. 
©1992, Micron T'9Chnology.lnc. 



MIC:RON MT10D25636 
1-· "c~"'co,,"" 256K x 36, 512K x 18 DRAM MODULE 

T10D25636 
EV.4192 

FAST-PAGE-MODE READ CYCLE 

1 __ --__________________________ ~tR~AS~P ____________________________ ~~ 

RAS 
V,H -
V,L -

tCSH Ipe 

~ 1--------.:!"R"'eD"------~1 ~ ~ 
~ 

CASx V,H -
V,L -

ADDA V,H 
V,L 

WE, 

DQx ~lgt -'------------OPEN-----------j~~~~)_------~~(]~]_------~~C~D 

RAS 
VIH -
VIL _ 

CASx VIH -
VIL _ 

ADDR VIH -
V,L 

WE v," 
V,L 

DQx ~igt 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

3-207 

~ DON'T CARE 

~ UNDEFINED 

FIRST TO LAST CAS TO TRANSITION 
(minimum of 1 , maximum of 4) 

Micron Technology, Inc., reserves the right 10 change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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MIC:RON MT10D25636 
1-· '''""0''"'''' 256K x 36, 512K x 18 DRAM MODULE 

MT10D25636 
REV.4f92 

~-ONLY REFRESH CYCLE 
(ADDR = AO-AS; WE = DON'T CARE) 

'RAS I __ '=RP __ I 

FiAS ~:~ UI1------l\ 
tCRP'I~. '-------

CASx ~:~ ~---" "-I 

ADDR ~:~ _~o~b§$;@§§/§;@$/I/I§/§/§/§/,0('----RO-W --
DIO~:g~ ::---------OPEN---------

'CAS"-BEFORE-"RAS REFRESH CYCLE 
(AO-AS, WE = DON'T CARE) 

DID ~:gt ---------OPEN---------

I~ 
:Jf 

tASft 

ADDR ~:~ :W2{ ROW 

COx ~lg~-

HIDDEN REFRESH CYCLE 20 

(WE = HIGH) 

tRAH 

IRCD 

tAR 
tRAD 

(READ) 

'RAS 

ll~ , 
III'RAL I 

'RP 

r-i 

~II:'CAH_I 

~ COLUMN 

I 'AA 
I tRAC 

li~~ -l 
OPEN 

3-20S 

(REFRESH) 

tRAS 

tCHR 

teLcH 

VALID DATA 

~ DON'T CARE 

~ UNDEFINED 

Y 
I 

.Iill 

J I-'OFF 

OPEN-

FIRST TO LAST CAS TO TRANSITION 
(minimum of 1, maximum of 4) 

Micron Technology, Inc., reserves the nght to change products or specifICations without notice 
©1992, Micron Technology, Inc 



MIC:RON MT6D118 
1-· "''"ow"'''' 1 MEG x 18 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry standard pinout in a 72-pin single-in-line 

package 
• High-performance, CMOS silicon-gate process 
• Single 5V ±10% power supply 
• All device pins are fully TTL compatible 
• Low power, 18mW standby; 1,250mW active, typical 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• 1,024-cycie refresh distributed across 16ms 
• FAST PAGE MODE access cycle 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 

- 6 
- 7 
- 8 

Leadless 72-pin SIMM M 
Leadless 72-pin SIMM (Gold) G 

• Part Number Example: MT6D118G-6 

GENERAL DESCRIPTION 
The MT6D118 is a randomly access.ed solid-state memory 

containing 1,048,576 words organized in a x18 configura­
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (AO-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. If WE 
goes LOW prior to CAS going LOW, the output pin(s) 
remain open (High-Z) until the next CAS cycle. 

FAST PAGE MODE operations allow faster data opera­
tions (READ or WRITE) within a row-address (AO-A9) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 

MT6D118 
REV. 4192 3-209 

1 MEG x 18 DRAM 
FAST PAGE MODE 

PIU 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM 
(T-16) 

SYMBOL PIN # SYMBOL PIU SYMBOL PIN # SYMBOL 
Vss 19 NC 37 0018 55 0013 
001 20 005 38 NC 56 NC 
NC 21 NC 39 Vss 57 0014 

002 22 006 40 CASO 58 NC 
NC 23 NC 41 NC 59 Vee 

003 24 007 42 NC 60 NC 
NC 25 NC 43 CAST 61 0015 

004 26 008 44 RASO 62 NC 
NC 27 NC 45 NC 63 0016 
Vee 28 A7 46 NC 64 NC 
NC 29 NC 47 WE 65 0017 
AO 30 Vee 48 NC 66 NC 
A1 31 A8 49 0010 67 PR01 
A2 32 A9 50 NC 68 PR02 
A3 33 NC 51 0011 69 PR03 
A4 34 NC 52 NC 70 PR04 
A5 35 NC 53 0012 71 NC 
A6 36 009 54 NC 72 Vss 

followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ-
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby leveL 
Also, the chip is preconditioned for the next cycle during 
the RAS HIGH time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RA5-0NL Y, CAS-BEFORE-
RAS or HIDDEN REFRESH) so that all 1,024 combinations 
ofRASaddresses (AO-A9) are executed at least every 16ms, 
regardless of sequence. The CBR refresh cycle will invoke 
the internal refresh counter for automatic RAS addressing. 

Micron Technology, Inc., reserves the nght to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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MIC:RON MT6D118 
1-· ",,,,,ecce,,,,, 1 MEG x 18 DRAM MODULE 

FUNCTIONAL BLOCK DIAGRAM 

z 
~ 

001 ................................................ 009 

ttl t 
OQ1·4 

II 
c 
::D 

WE 

CAS 

RAS 

» CA~--~+r----
, CAS1 

:::III RA~ --~-4-----

WE,i ••• 3: AD-A9 11 

o 
C c: 
r- TRUTH TABLE m 

FUNCTION 
Standby 

READ 

EARL V-WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

WRITE 

RAS-ONL V REFRESH 

HIDDEN 

REFRESH 

U1 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

READ 

WRITE 

ttl t 
001-4 D a 

WE WE 
U2 U5 

CAS CASO 

RAS RAS 

lmS" "CAS" 
H H .... X 

L L 

L L 

L H .... L 

L H .... L 

L H .... L 

L H .... L 

L H 

L .... H .... L L 

L .... H .... L L 

CAS-BEFORE-RAS REFRESH H .... L L 

MT6D118 
REV. 4192 

PRESENCE DETECT 

SYMBOL -7 
PRD1 X 

PRD2 X 

PRD3 X 

PRD4 X 

X = "don', care" 

3-210 

WE" 
X 

H 

L 

H 

H 

L 

L 

X 

H 

L 

H 

-8 

X 

X 

X 

X 

0010 ················································0018 

tltl 
001·4 

WE 
U3 

CAS 

RAS 

AOORESSES 
IR IC 

X X 

ROW COL 

ROW COL 

ROW COL 

n/a COL 

ROW COL 

n/a COL 

ROW n/a 

ROW COL 

ROW COL 

X X 

-10 

X 

X 

X 

X 

ttl t 
DQl ·4 D 

WE WE 
U4 

CAS CAS 

RAS RAS 

U1-U4 = MT4C4001JOJ 
US-U6 = MT4C1024DJ 

OATA IN/OUT 
001-0018 

High-Z 

Data Out 

Data In 

Data Out 

Data Out 

Data In 

Data In 

High-Z 

Data Out 

Data In 

High-Z 

a 

U6 
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MIC:RON MT6D118 
1-· "'''"0''''"'"' 1 MEG x 18 DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss .............. -IV to +7V 
Operating Temperature, TA (Ambient) ......... O°C to +70°C 
Storage Temperature (Plastic) ................... -SSoC to +12SoC 
Power Dissipation ............................................................. 6W 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi­
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 2, 3, 6, 25) (O°C ::; T A::; 70cC; Vee = 5V ±10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vee 4.5 5.5 V 1 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vce+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -1.0 0.8 V 1 

INPUT LEAKAGE CURRENT AO-A9, III -12 12 ItA 
Any Input OV ::; VIN ::; Vec WE, RASO, 
(All other pins not under test = OV) for each package input CASO, CAS1 112 -6 6 ItA 
OUTPUT LEAKAGE CURRENT D01-D018 loz -10 10 ItA 
(0 is disabled, OV ::; VOUT ::; Vee) for each package input 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 5mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -6 -7 -8 UNITS NOTES 

STANDBY CURRENT: (TTL) Icel 12 12 12 mA 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) lec2 6 6 6 mA 
(RAS = CAS = Other Inputs = Vee -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current lee3 620 560 500 mA 2,25 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current lee4 450 390 330 mA 2,25 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current Ices 620 560 500 mA 2 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current Ices 620 560 500 mA 2, 19 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

MT6D118 
REV. 4192 3-211 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MICRON MT6D118 
1-· ",'"ow",,", 1 MEG x 18 DRAM MODULE 

CAPACITANCE 

PARAMETER. SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A9 CI1 38 pF 17 

Input Capacitance: WE CI2 50 pF 17 

Input Capacitance: RASa CI3 50 pF 17 

Input Capacitance: CASO, CAS1 CI4 25 pF 17 

Input/Output Capacitance: 001-0018 Cia 15 pF 17 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7, 9, 10, 11, 16,21) (O°C ~ TA ~ 70°C; Vce = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle lime 
FAST PAGE MODE cycle time 
Access time from RAS 
Access time from "CAS 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to "CAS delay time 
"CAS to RAS setup time 
Row address setup time 
RAS to column 
address delay time 

Row address hold time 
Column address setup time 
Column address. hold time 
Column address to 
RAS lead time 

Column address hold time 
referenced to RAS 
Read command setup time 
Read command hold time 
referenced to CAS 

CAS to output in Low-Z 
Read command hold time 
referenced to RAS 

Output buffer turn-off delay 
WE command setup time 

MT6D118 
REV. 4/92 

-6 
SYM MIN 
tRC 110 
tpc 40 

tRAC 60 
tCAC 15 
tAA 30 

tCPA 35 
tRAS 60 
tRSH 15 
tRP 40 

tCAS 15 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 20 
tCRP 10 
tASR a 
tRAD 15 

tRAH 10 
tASC a 
tCAH 10 
tRAL 30 

tAR 50 

tRCS a 
tRCH a 

tCLZ a 
tRRH a 

tOFF a 
twcs a 

MAX MIN 
130 
40 

100,000 70 
20 
50 

100,000 20 
70 
10 
10 

40 20 
10 
a 

30 15 

10 
a 
15 
30 

55 

a 
a 

a 
a 

15 a 
a 

3-212 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 
45 ns 

70 80 ns 
20 20 ns 
30 35 ns 
35 40 ns 

100,000 80 100,000 ns 
20 ns 
60 ns 

100,000 20 100,000 ns 
80 ns 
10 ns 18 
10 ns 

50 20 60 ns 13 
10 ns 
a ns 

30 15 35 ns 23 

10 ns 
a ns 
15 ns 
35 ns 

60 ns 

a ns 
a ns 14 

a ns 
a ns 14 

20 a 20 ns 12 
0 ns 

Micron Technology, Inc., reserves the righllo change products or specifications without notice. 
©1992, Micron Technology, Inc. 



MIC:RON MT6D118 
1-· ",,",wene 1 MEG x 18 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7, 9, 10, 11, 16, 21) (O°C ~ T A ~ 70°C; Vee = 5V ±1 0%) 

A.C. CHARACTERISTICS 
PARAMETER 
Write command hold time 

Write command hold time 
referenced to RAS 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
referenced to RAS 

Transition time (rise or fall) 

Refresh period (1024 cycles) 

CAS hold time 
(CAS-BEFORE-liAS REFRESH) 

CAS setup time 
(CAS-BEFORE-RAS REFRESH) 

liAS to CAS precharge time 

WE hold time 
(CAS-BEFORE-RAS refresh) 

WE setup time 
(CAS-BEFORE-RAS refresh) 

WE hold time 
(WCBR test cycle) 

WE setup time 
(WCBR test cycle) 

H6D116 
~EV. 4192 

-6 

SYM MIN 
tWCH 10 

twCR 45 

twp 10 
tRWL 15 
tCWL 15 
tDS 0 
tDH 10 

tDHR 45 

tT 3 
tREF 

tCHR 15 

tCSR 10 

tRPC 0 

twRH 10 

tWRP 10 

tWTH 10 

tWTS 10 

MAX MIN 
15 

55 

15 

20 

20 

0 

15 

55 

50 3 
16 

15 

10 

0 

10 

10 

10 

10 

3-213 

-7 -8 

MAX MIN MAX UNITS NOTES 
15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 15 

15 ns 15 

60 ns 

50 3 50 ns 5,16 

16 16 ms 

15 ns 19 

10 ns 19 

0 ns 

10 ns 22 

10 ns 22 

10 ns 22 

10 ns 22 

Micron Technology, Inc., reselVes the right to change products or specifications without notice. 
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MIC:RON MT6D118 
1-· 'H""'"'''''''' 1 MEG x 18 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of 1O011s is required after power-up 
followed by any eight RAS REFRESH cycles (RASe 
ONLY or CBR with WE HIGH) before proper device 
operation is assured. The eight RAS cycle wake-up 
should be repeated any time the tREF refresh 
requirement is exceeded. 

4. AC characteristics assume IT = 5ns. 
5. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C :s; T A :s; 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and 10OpF. 

8. Assumes that IRCD < tRCD (MAX). If tRCD is greater 
than the maximum recommended value shown in this 
table, tRAC will increase by the amount that IRCD 
exceeds the value shown. 

9. Assumes that IRCD ~ IRCD (MAX). 
10. If CAS = VIH, data output is High-Z. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. toFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the tRCD (MAX) limit ensures that 
lRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by 'CAe. 

MT60118 
REV. 4/92 

14. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vee 
= 5V, DC bias = 2.4V @ 15m V RMS). 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for tcP. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW. 
21. LATE-WRITE, READ-WRITE or READ-MODIFY­

WRITE cycles are not available due to OE being 
grounded on all 4 Meg DRAMs. 

22. twTs and twTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of WRP and WRH in the 
CBR refresh cycle. 

23. Operation within the lRAD (MAX) limit ensures that 
tRCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if lRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

24. All other inputs at Vee -0.2V. 
25. Icc is dependent on cycle rates. 

3-214 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT6D118 
1-· '""''''''''''' 1 MEG x 18 DRAM MODULE 

nSD118 
IEV,4192 

AAS 

CAS 

ADDR 

READ CYCLE 

. 
tRAS 'AP . 

tCSH 

tRSH tRRH 

teAP 

I 
. tACO teAs 

:~ 

ADDR 

'AA 

I . tRAD tRAL 

I~~l ~ ~ 
WII;?t AOW j@W COLUMN Willi I I I I II I Ifflill IIIIIA ROW 

tRCS J ~ 
1 

%/11111111,JJ&!IIIIIIIIIII@ff YIIIIIIIIIIIIII 
'AA 
tRAC 

tCAC ~ 

~L 
OPEN VAllO DATA OPEN----DO ~lg~-

VIH -
VIL ..,.... 

teRP 

V1H -
VIL _ 

tRAD 

VIH 
VIL ROW 

EARLY-WRITE CYCLE 

tRCD 

tAR 

twcs 

3-215 

tAC 

tRAS 

tCSH 

tRSH 

tCAS 

twp 

AOW 

~ DON'T CARE 

~ UNDEFINED 
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MIC:RON MT6D118 
1-· '"'"""'''''''' 1 MEG x 18 DRAM MODULE 

FAST-PAGE-MODE READ CYCLE 

tRASP ~ 

RAS 
V,H -
VIL _ 

tCSH tpe tRSH 

~ tRCD tep ~ . tep 

CAS VIH -
VtL -

ADOR VIH -
V,L 

WE 

tAA 

tRAC 

I teAe -tOFF 

tcLZ- -

DQ ViOH - OPEN VALID VALID OPEN--VIOL DATA DATA 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

ADDR ~Ir 
'"'"''"'''--,----'' 

ROW 

MT6D118 
REV,4192 

DO ~:gt -:L!.L.LLLLL.LI...u...'-'L!.L.LLLLLr"--__ V_A_Ll_D_DA_T_A_-'~"_'CL..I ~ ___ VA_L_'D_D_AT_A_-I1 VALID DATA 

3-216 

~ DON'T CARE 

~ UNDEFINED 
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MIC:RON MT6D118 
1-· ""'" """ 1 MEG x 18 DRAM MODULE 

MT6D118 
REV. 4192 

DO 

HAS 

CAS 

ADDR 

'RXS"-ONL Y REFRESH CYCLE 
(ADDR = AO-A9; WE = DON'T CARE) 

'RP 

\'--------

DC ~g~ -:---------OPENI---------

V1H-
VIL_ 

VIH-
V1L_ 

CAS'-BEFORE-'RXS" REFRESH CYCLE 
(AO-A9 = DON'T CARE) 

RP 

·~~I 
---"'CPNi~ 

~ 

teRP 

RAS RP RAS 
1 

~I I~ ~I. I f 
OPEN 

~ ~ 

WIIII/;III/;I /;111111 /;1ft 
~ 

HIDDEN REFRESH CYCLE 20 

(WE = HIGH) 

(READ) 

'RAS 

(REFRESH) 

'RAS 

DO ~tgt ·----OPEN----m;>C====V~ALI~DD~ATA====1 OPEN-

3-217 

I!ZJ DON'T CARE 

~ UNDEFINED 
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MIC:RON MT18D51236 
1-· '","",mn" 512K x 36 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Common RAS control per side pinout in a 72-pin 

single-in-line package 
• High-performance, CMOS silicon-gate process. 
• Single 5V ±10% power supply 
• All device pins are fully TTL compatible 
• Low power, 54mW standby; 1,602mW active, typical 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR) 

and HlDDEN 
• 512-cycle refresh distributed across Sms 
• FAST PAGE MODE access cycle 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
sOns access 

• Packages 

- 6 
- 7 
- S 

Leadless 72 -pin SIMM M 
Leadless 72-pin SIMM (Gold) G 

• Part Number Example: MT1SD51236G-6 

GENERAL DESCRIPTION 
The MT1SD51236 is a randomly accessed solid-state 

memory containing 524,2SS words organized in a x36 con­
figuration. During READ or WRITE cycles, each bit is 
uniquely addressed through the IS address bits, which are 
entered 9 bits (AO-AS) ata time. RASis used to latch the first 
9 bits and CAS the latter 9 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. EARLY 
WRITE occurs when WE goes LOW prior to CAS going 
LOW, the outputpin(s) remain open (High-Z) until the next 
CAS cycle. 

FAST PAGE MODE operations allow faster data opera­
tions (READ or WRITE) Within a row-address (AO-AS) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 

512K x 36 DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM 
(T-12) 

~"""""""""""""~,:,:~-::""""""""""",,,,~I 1 36 37 72 

PIU SYMBOL PIU SYMBOL PINt SYMBOL PIU SYMBOL 
1 Vss 19 NG 37 D018 55 D013 
2 D01 20 D05 38 D036 56 D031 
3 D019 21 0023 39 Vss 57 DQ14 
4 D02 22 D06 40 CASO 58 D032 
5 D020 23 D024 41 GAS2 59 Vee 
6 D03 24 D07 42 CASr 60 D033 
7 D021 25 D025 43 GASf 61 DQ15 
8 D04 26 D08 44 RJ\SO 62 0034 
9 0022 27 0026 45 lUi.Sl 63 0016 

10 Vee 28 A7 46 NG 64 0035 
11 NG 29 NG 47 WE"" 65 0017 
12 AO 30 Vee 48 NG 66 NG 
13 A1 31 A8 49 OQ10 67 PR01 
14 A2 32 NG 50 0028 68 PR02 
15 A3 33 RAS1 51 0011 69 PR03 
16 A4 34 RJ\SO 52 0029 70 PR04 
17 A5 35 0027 53 0012 71 NG 
18 A6 36 009 54 0030 72 Vss 

followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ­
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby leveL 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS~ONL Y, CAS-BEFORE­
RAS or HIDDEN REFRESH) so that all 512 combinations of 
RAS addresses (AO-AS) are executed at least every Sms, 
regardless of sequence. 

MT18D51236 
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MIC::RON MT18D51236 
1-· "'" 512K x 36 DRAM MODULE 

FUNCTIONAL BLOCK DIAGRAM 
001 ...•.................... oas 

JJll 
001·04 

JJll 
OQ1-4 

- WE - WE U1 cjs 
U, 

r--- CAS -
r-- AAli - RAS 

-= 
Of~ 

i"': -b5E~ 
-= " i"-

CASO I--
CAS1 
RASO 

- 0019 ..................•...•• 0026 WE 

JJll tt 
001-4 001-4 

~ t-- WE .-- Wi 
US U7 

t-- CAS r-- CAS 

t-- RAS ;-- RAS 

Of~ I.bOf~ 
-= I"- _ " i"-

CAS2 
CAS3 

'---

...... 
001 ························oas 

CASO--+-4+-­
CAS1 --+-+-­
RAS1 --+-+--

0019 .....•.................. DQ26 

1111 tttl 
001-4 OQ1-4 

009, 18, 27, 36 

DQ1·4 

.-- WE CAS3 

r--- CASO U5 

r-- RAS CAS2 

[;1~ 

l-

009,18,27,38 

0010························· 0017 

JJ11 
OQ1·4 

JJ11 
DQ1·4 

.-- WE .-- WE 
U3 U' r--- CAS r--- CAS 

r-- RAS r-- "AS 

.2!~ .. .2!~ ... 
-= -= 

e-
e-
e-

0028 •..•••....••..••.•..... 0035 

JJ11 OQ1·4 JJ11 001-4 

.-- WE .-- WE 
US U9 

r--- CAS ,--- CAS 

r-- RAS r-- RAS 

-= 
OE AO-A8 '"-:;; F 

-= 
Of Af>-AB 

'"-:;; F 
I-
l-e-

0010························· 0017 

0028 ...•......•••.••• --.---- 0Cl3li 

U1-U4, Ua.-U13, U15-U18 _ MT4C4256DJ 
U5, U14 - MT4C4259DJ 

NOTE: Due to the use of a Quad CAS parity DRAM, "RASOis common to side 1 and RAS1 is common to side 2, 

MT18D51236 
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MICRON MT18D51236 
1-· ",'moco,"" 512K x 36 DRAM MODULE 

TRUTH TABLE 

FUNCTION 1m" ~ 

Standby H H--X 

READ L L 

EARLY-WRITE L L 

FAST-PAGE-MODE 1st Cycle L H-L--H 

READ 2nd Cycle L H--L--+H 

FAST-PAGE-MODE 1st Cycle L H--+L--H 

WRITE 2nd Cycle L H--L--+H 

RAS-ONL Y REFRESH L H 

HIDDEN READ L --+H--+L L 

REFRESH WRITE L --H--L L 

CAS-BEFORE-RAS REFRESH H--+L L 

PRESENCE DETECT 

MT18D51236 
REV. 4/92 

SYMBOL 

PRD1 

PRD2 

PRD3 

PRD4 

-6 
NC 

Vss 

NC 

NC 

3-221 

WE 
X 

H 

L 

H 

H 

L 

L 

X 

H 

L 

X 

-7 

NC 

Vss 

Vss 

NC 

ADDRESSES DATA IN/OUT 
IR IC 001-0036 

X X High-Z 

ROW COL Data Out 

ROW COL Data In 

ROW COL Data Out 

n/a COL Data Out 

ROW COL Data.ln 

n/a COL Data In 

ROW n/a High-Z 

ROW COL Data Out 

ROW COL Data In 

X X High-Z 

-8 

NC 

Vss 

NC 

Vss 

Micron Technology, Inc., reserves the right to ChWlQe products or specifications without notioe 
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UU::::RON MT18D51236 
1-· '"""00'"''' 512K X 36 DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss .............. -lV to +7V 
Operating Temperature, T A (Ambient) ......... O°C to +70°C 
Storage Temperature (Plastic) .................... -SSoC to +12S0C 
Power Dissipation ............................................................ 18W 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under U Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1,2, 3, 6, 23) (O°C :5 T A :5 70°C; Vcc = 5V ±1 0%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV:5 VIN :5 Vcc 
(All other pins not under test = OV) For each package input 

OUTPUT LEAKAGE CURRENT 
(0 is disabled, OV :5 VOUT:5 Vcc) For each package input 

OUTPUT LEVELS 
Output High Voltage (lOUT = -SmA) 
Output Low Voltage (lOUT = SmA) 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VI H) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Other Inputs = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

MT18D51236 
REV. 4/92 

SYMBOL MIN MAX UNITS NOTES 

Vcc 4.5 5.5 V 1 

VIH 2.4 Vcc+1 V 1 

VIL -1.0 0.8 V 1 

CASO-CAS3 111 -12 12 uA 
AO-A8, WE 112 -36 36 uA 
RASO, RAS1 113 -18 18 uA 
D01-D036 loz -20 20 uA 

VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -6 -7 -8 UNITS NOTES 

Icc1 36 36 36 mA 

Icc2 18 18 18 mA 

Icc3 828 738 648 mA 2,23 

ICC4 648 558 468 mA 2,23 

Icc5 828 738 648 mA 2 

Iccs 828 738 648 mA 2, 19 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 



MIC:RON MT18D51236 
1-· ""mo '" " 512K x 36 DRAM MODU LE 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-AS Cll 115 pF 17 

Input Capacitance: WE CI2 151 pF 17 

Input Capacitance: RASO, RAS1 CI3 76 pF 17 

Input Capacitance: CASO, CAS1, CAS2, CAS3 CI4 50 pF 17 

Input/Output Capacitance: 001-0036 Clo 20 pF 17 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7, 10, 11, 16,21) (O°C ~ TA ~ 70°C; Vcc = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE READ or WRITE 
cycle time 

FAST-PAGE-MODE READ-WRITE 
cycle time 

Access time from RAS 
Access time from CAS" 
Output Enable 
Access time from column address 
Access time from CAS" precharge 
l1I\S pulse width 
l1I\S pulse width (FAST PAGE MODE) 
l1I\S hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
l1I\S to CAS delay time 
CAS" to RAS precharge time 
Row address setup time 
Row address hold time 
l1I\S to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
l1I\S lead time 

Read command setup time 
Read command hold time 
(referenced to CAS") 
Read command hold time 
(referenced to RAS) 

MTH1D51236 
REV. 4192 

-6 
SYM MIN 
'RC 110 

'RWC n/a 
'PC 40 

'PRWC n/a 

'RAC 
'CAC 
tOE 

'AA 
'CPA 
'RAS 60 

'RASP 60 
'RSH 20 
'RP 40 

'CAS 20 
'CSH 60 
'CPN 10 
'CP 10 

'RCD 20 
'CRP 5 
'ASR 0 
'RAH 10 
'RAD 15 

'ASC 0 
'CAH 15 
'AR 45 

'RAL 30 

'RCS 0 
'RCH 0 

'RRH 0 

MAX MIN 
130 
n/a 
40 

n/a 

60 
20 
20 
30 
35 

100,000 70 
100,000 70 

20 
50 

100,000 20 
70 
10 
10 

40 20 
5 
0 
10 

30 15 

0 
15 
55 

35 

0 
0 

0 

3-223 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 
n/a ns 21 
45 ns 

n(a ns 21 

70 80 ns 8 
20 20 ns 9 
20 20 ns 
35 40 ns 
40 45 ns 

100,000 80 100,000 ns 
100,000 80 100,000 ns 

20 ns 
60 ns 

100,000 20 100,000 ns 
80 ns 
10 ns 18,22 
10 ns 

50 20 60 ns 13 
5 ns 
0 ns 
10 ns 

35 15 40 ns 24 

0 ns 
15 ns 
60 ns 

40 ns 

0 ns 
0 ns 14 

0 ns 14 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 

II 
c 
:c 
l> 
i: 
i: 
o c 
c: 
r­m 



II 
c 
::D » s:: 
s:: 
o c 
C 
r 
m 

MIC:RON MT18D51236 
1-· ""mow, '" 512K X 36 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7, 10, 11, 16, 21) (O°C :0; T A:O; 70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
CAS to output in Low-Z 

Output buffer turn-off delay 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 
Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

Transition time (rise or fall) 

Refresh period (512cycies) 

RAS to CAS precharge time 

CAS setup time 
(CAS-BEFORE-RAS refresh) 

CAS hold time 
(CAS-BEFORE-RAS refresh) 

Last CAS going LOW to 
First CAS" to return HIGH 

MT16D51236 
REV. 4192 

-6 

SYM MIN MAX 
ICLZ 0 
IOFF 0 20 
twcs 0 

twCH 10 

IWCR 45 

twP 10 
IRWL 20 
ICWL 20 
IDS 0 
IDH 15 

IDHR 45 

IT 3 50 
IREF 8 
IRPC 0 
ICSR 10 

ICHR 10 

ICLCH 10 

3-224 

MIN 
0 

0 

0 

15 

55 

15 

20 

20 

0 

15 

55 

3 

0 

10 

15 

10 

-7 -8 

MAX MIN MAX UNITS NOTES 
0 ns 

20 0 20 ns 12 

0 ns 

15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 15 

15 ns 15 

60 ns 

50 3 50 ns 5, 16 

8 8 ms 

0 ns 

10 ns 19 

15 ns 19 

10 ns 

Micron Technology, Inc., reserves the righllo change products or specifications without notlce. 
©1992, Micron Technology, Inc. 



MIC:RON MT18D51236 
1-· ",,,mo,,,,,, 512K X 36 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of 100lls is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the lREF 
refresh requirement is exceeded. 

4. AC characteristics assume IT = 5ns. 
5. VIH (MIN) and VlL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C ~ T A ~ 700q is assured. 

7. Measured with a load equivalent to two TTL gates 
and 100pF. 

8. Assumes that IRCD < IRCD (MAX). If IRCD is greater 
than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

9. Assumes that IRCD ~ IRCD (MAX). 
10. If CAS = VIH, data output is High-Z. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. toFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the IRCD (MAX) limit ensures that 
IRAC (MAX) can be met. IRCD (MAX) is specified as 

a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by !CAe. 

14. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRlTE cycles. 

16. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VlL (or between VlL and VIH) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias = 2.4V@ 15mV RMS). 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate anew cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for !CP. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRlTE cycle. In this case, WE = LOW. 
21. LATE-WRlTE, READ-WRITE or READ-MODIFY­

WRlTE cycles are not available due to OE being 
grounded on VI-VIS. 

22. Last falling CASx edge to first rising CASx edge. 
23. Icc is dependent on cycle rates. 
24. Operation within the lRAD (MAX) limit ensures that 

IRCD (MAX) can be met. IRAD (MAX) is specified as 
a reference point only; if lRAD is greater than the 
specified lRAD (MAX) limit, then access time is 
controlled exclusively by lAA. 

MT18D51236 
REV. 4/92 3-225 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON _ MT18D51236 
1-· H,,,,,,,,,,,,,,, 512K x 36 DRAM MODULE 

MT1SDS1236 
REV. 4192 

RAS 

CAS, 

AODR 

WE 

DO, 

RAS 

CASx 

ADDA 

V,H -
VIL -

V,H -
VIL -

V,H 
VIL 

READ CYCLE 

I C R 

~ 
tRAS . 'RP 

tCSH 

'I 
I: 

IRSH tRAH 

I~ 
tRCD ICAS 

teLcH :U 
:1 iIA· IJ. 

'AR 

I IRAQ IRAL 

I~~I ~ ~ 
!IIII~ ROW war!? COLUMN ROW 

tACS ~ 

/1111111111111111111111111111111/ VIIIIIIIIIIIIIIIIIII/; 
'AA . tRAG 

I, Ic~ciw, ~I 
OPEN VALID DATA OPEN---

EARLY-WRITE CYCLE 

'RC 

tRAS 

tCSH 

ICRP IRCD I' 

ROW 

3-226 

tASH 

tCAS 

~ DON'T CARE 

~ UNDEFINED 

FIRST TO LAST CAS TO TRANSITION 
(minimum of 1, maximum of 4) 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron TechnologY,lnc. 



MIC:RON MT18D51236 
1-· ,"'''''W"'''' 512K x 36 DRAM MODULE 

MT18D51236 
AEV.4192 

FAST-PAGE-MODE READ CYCLE 

�.----------------------------2tR~~~P~-----------------------------I~ 

ADDR 

OOx ~:gr -~------

ADDR VIH 
VIL 

WE VIH 
VIL 

00, VIOH 
VIOL 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

3-227 

tz:l DON'T CARE 

~ UNDEFINED 

FIRST TO LAST CAS TO TRANSITION 
(minimum of 1, maximum of 4) 

Micron Technology, Inc., reserves the right to change products or specifICations without notice. 
©1992, Micron Technology, 100. 
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MIC:RON MT18D51236 
1-· ,,,",oeoc,,,, 512K x 36 DRAM MODULE 

MT18D51236 
REV. 4192 

RAS-ONL Y REFRESH CYCLE 
(ADDR = AD-A8; WE = DON'T CARE) 

CAsX ~:~ ~---' "--I 

AOOR ~i~ _~o~k//////////////////////////////////////////X'------ROW-=---
D,o~lg~ _'-------------OPEN-----------

'CAS-BEFORE-RAS REFRESH CYCLE 
(AD-A8, WE = DON'T CARE) 

010 ~:g~ '-------------OPEN-----------

'CAP 

HIDDEN REFRESH CYCLE 20 

(WE = HIGH) 

(READ) 

tRAS 

(REFRESH) 

tRAS 

DQx ~:g~ :::::-----OPEN OPEN-

3-228 

~ DON'T CARE 

I2Ill.! UNDEFINED 

FIRST TO LAST CAS TO TRANSITION 
(minimum of 1, maximum of 4) 

Micron Technology, Inc .. reselVes the right to change products or specIflcallons without notice. 
@1992,MlcronTechnology,lnc. 



MICRON MT20D51236 
1-· '''' 512K x 36,1 MEG x 18 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry standard pinout in a 72cpin single-in-line 

package . 
• High-performance, CMOS silicon-gate process. 
• Single 5V ±10% power supply 
• All device pins are fully Tn. compatible 
• Low power, 60mW standby; 1,78OmW activ~ical 
• Refresh modes: RAS-ONL Y, CA5-BEFORE-RAS (CBR) 

and HIDDEN 
• 512-cycle refresh distributed across Sms 
• FAST PAGE MODE access cycle . 
• Multiple RAS lines allow x16 or x32 width 

OPTIONS MARKING 
• Timing 

60nsaccess 
70ns access 
SOns access 

• Packages 

- 6 
~- 7 
- S 

Leadless 72 -pin SIMM M 
Leadless 72-pin SIMM (Gold) G 

• Part Number Example: MT20D51236G-6 

GENERAL DESCRIPTION 
The MT20D51236 is a randomly accessed solid-state . 

memory containing 524,2SSw6rds organized in a x36 con~ 
figuration. During READ or WRITE cycles, each blt is 
uniquely addressed thro1:lgh the IS address bits, which are 
entered 9 bits (AO-AS) at a time. EAS is t1sed to latch the first 
9 bits and CAS the latter 9 bits. READ or WRIT~cles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a . logic LOW on WE dictates WRITE 
mode. During a WRITE ~cle, data-in (P)is latched by the 
falling edge of WE or CAS, whichevef ocCw:s last. EARLY 
WRITE occurs when WE goes LOW prior ·to CAS going 
LOW, the outputpin(s) remain open (High~Z) until thtlnext 
CAScycle.., 

FAST PAGE MODE operati6nsallow faster data opera­
tions (READ or WRITE) within a row-address (AO-AS) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 

512K x 36, 1 MEG x 18 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM 
(T-14) 

.~IIIIIIIIIIIiiIlIlIlIlIlIii=~::IIIIIIIIIIIIIIIIIIIIIIIJ , 36 37 72 

PIN'~ . SYMBOL. PIN. SYMBOL PiNt SYMBOL PiNt SYMBOL 
1 Vss 19 NC 37 0018 55 0013 
2 001 20 005 38 0036 56 0031 
3 0019 21 0023 39 Vss 57 0014 
4 002 22 006 I" 40 mo 58 0032 
5 0020 23 0024 41 ~ 59 Vee 
6 003 24 007 42 ~ 60 0033 
7 0021 25 0025 43 1:l\ST 61 0015 
8 0Q4 26 ooa 44 lU\Slr 62 0034 
9 0022 27 0026 45 1U\S1 63 0016 
10 Vee 28 . A7 46 NC 64 0035 
11 NC 29 NC 47 WE' 65 0017 
12 AD 30 Vee 48 NC 66 NC 
13' Al 31 A8 49 0010 67 PR01 
14 A2 32 Ne ·50 0028 68 PR02 
15' A3 33 ltAS3" 51 DOH 69 PR03 
16 .114 

.. 
34 1Il\S2' 52 0029 70 PR04 

~7 A5 35 0027 53 0012 71 NC 
18 A6 36 009 54 0030 72 Vss 

followedbya column address strobed-in by CAS. CAS may 
be t6ggied~in by holdingRAS LOW and strobing-in differ­
entcolumnaddresses, thus executing faster memory cycles. 
Rtltwning RAS HIGH terminates the FAST PAGE MODE 
operation. 

RetwnjngRASand CAS HIG~ terminates a memory 
cycle arid decreases chip current to a reduced standby level. 
Al.&o, the. chip is preconditioned for the "next cycle during 
the RX&high time. Me,nory cell data is retained in its 
corl'ectstate by maintainirtg power and executing any 
RAS cycle (READ, WRlTE,~NLY, CA5-BEFORE­
RAS or HIDDEN REFRESH) so that all 512 combinations of 
RAS addresses (AO-AS) are executed at least every Sms, 
regardless of sequence. 

M't20D51236 
R"".4i92 3-229 MIcron Technology, Inc., resetVU the right to change products or speciIICatlone without notice. 
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MICRON MT20D51236 
1-· ,~" , 512K x 36,1 MEG x 18 DRAM MODULE 

MT2OD51236 
REV. 4192 

FUNCTIONAL BLOCK DIAGRAM 

OQ1 .•...••.•...... , ...... 0Q6 

1111 Itll 
DQ1·4 DQ1-4 

0019························ 0026 

lit I 1111 ' 
001-4 001-4 

-.... 
001 .•...• , ..•.........•..•. OQ8 

lUI Itlt 
001-4 001-4 

CASo :~~t:== CAS1 
RAS1--t--+--

OQ9,18 

D01 DQ2 

0Cl27,36 

000,18 

D01 DQ2 

3-230 

OQ10·························OO17 

oas ······················-0035 

DQ10·'······················· 0017 

DQ28 ....................... 0Q35 

111l' 

U1-U16 _ MT4042560J 
U17-U20. MT4C4259OJ 

. . 
Micron Technology. lno., reserves the right to change procl.Iots or specifications without nptIoe. 
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MIC:RON MT20D51236 
1-· ,~'" 512K x 36,1 MEG x 18 DRAM MODULE 

TRUTH TABLE 

FUNCTION .. 'RB 'CAS" 
Standby H H-X 

READ L L 

EARLY-WRITE L L 

FAST-PAGE-MODE 1st Cycle L H-L--+H 

READ 2nd Cycle L H-L--+H 

FAST-PAGE-MODE 1st Cycle L H--+L--+H 

WRITE 2nd Cycle L H-L--+H 

~-ONLY REFRESH L H 

HIDDEN READ L--+H--+L L 

REFRESH "" WRITE L-H--+L L 

CAS-BEFORE-RAS REFRESH H--+L L 

PRESENCE DETECT 

MT20D51236 
REV.4J92 

SYMBOL 
PRD1 

PRD2 

PRD3 

PRD4 

·6 
NC 

Vss 

NC 

NC 

WE" 
X 

H 

L 

H 

H 

L 

L 

X 

H 

L 

X 

·7 
NC' 

Vss 

-'Vss 

NC 

ADDRESSES DATA IN/OUT 
IR IC DQ1~DQ36 

X X High-Z 

ROW '. COL Data Out 

ROW COL Data In 

ROW COL Data Out 

n/a COL Data Out 

ROW COL Data In 

n/a COL Data In 

ROW nfa High-Z 

ROW COL Data Out 

ROW COL Data In 

X X High-Z 

·8 
NC 

VS$ 

NC 

Vss 

Micron TechnolOgy, II'IC., reserves the right to Change proc:IUcts orspeclflcaUons without notlce. 
@1992,MlcronTechnology,lnc. 
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MICRON MT20D51236 
1-· "" 512K x 36,1 MEG x 18 DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss , .............. -lV to +7V 
Operating Temperature, T A (Ambient) .......... O°C to +70°C 
Storage·T~mperature (Plastic) .................... -55°C to +150°C 
Power Dissipation ............................................................ 20W 
Short Circuit Output Current ...................................... 50mA ' 

'Stresses greater than those listed under" Absolute Maxi-
. mum Ratings" may cause permanent damage to the device. 

This is a stress rating only and functional operation of the 
device attheseor any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

C ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
:::D (Notes: 1, 2, 3, 6; 23) (O°C ::;; T A ::;; 70°C; Vcc = 5V ±1 0%) » s: 
s: 
o 
C c: 
r 
m 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic O)Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV::;; VIN ::;; Vcc 
(All other pins not under test = OV) for each package input 

OUTPUT LEAKAGE CURRENT 
(0 is disabled, OV ::;; VOUT ::;; Vcc) for each package input 

OUTPUT LEVELS 
Output High Voltage (lOUT = -SmA) 
Output Low Voltage (lOUT = SmA) 

PARAMETERJCONDITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS' = Other Inputs = Vcc -0.2V) 

OPERATING CURRENT: Random READJINRITE 
Average power supply current 
(RAS, CAS', Address Cycling: tRC = tRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = VIL, CAS, Address Cycling: tpc = tpc (MIN» 
Average power supply current 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: tRC = tRC (MIN» 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS', Address Cycling: tRC = tRC (MIN» 

SYMBOL 

Vcc 

VIH 

VIL 

"RASO-"RAS3 111 
AO-A8,~ 112 
CASo-CAS3 113 

001-0036 loz 

VOH 

VOL 

SYMBOL 

Icc1 

Icc2 

Icc3 

Icc4 

Icc5 

Iccs 

MIN MAX UNITS NOTES 

4.5 5.5 V 1 

2.4 Vcc+1 V 1 
-1.0 . 0.8 V 1 

-10 10 U)\ 
-40 40 uA 
-12 12 uA 
-20 20 uA 

2.4 V 

0.4 V 

MAX 

-6 ·7 -8 UNITS NOTES 

40 40 40 mA 

20 20 20 mA 

920 820 720 mA 2,23 

720 620 520 mA 2,23 

920 820 720 mA 2 

920 820 720 mA 2,19 

MT20051236 
REV. 4192 3-232 MIcron Technology, Inc., reseMl8 the right to change products or specifications without notice. 
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MICRON MT20D51236 
1-· ''''', 512K x 36 1 MEG x 18 DRAM MODULE , 

CAPACITANCE' 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A8 CI1 128 pF 17 

Input Capacitance: WE CI2 168 pF 17 

Input Capacitance: RASO, fiAS1, RAS2, RAS3 CI3 42 pF 17 

Input Capacitance: CASO, CAS1, CAS2, CAS3 CI4 50 pF 17 

Input/Output Capacitance: D01-D036 Cia 20 pF 17 

. ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7, 10, 11, 16, 21) (O°C :::; T A :::;70°C; Vee = 5V ±1 0%) 

AC CHARACTERISTICS -6 
PARAMETER SYM MIN 
Random READ or WRITE cycle time tRC 110 
READ-WRITE cycle time IRWC nfa 
FAST-PAGE-MODE READ or WRITE tpc 40 
cycle time 

FAST-PAGE-MODE READ-WRITE tpRWC nfa 
cycle time 
Access time from RAS tRAC 
Access time from CAS tCAC 
Output Enable 'DE 
Access time from column address 1M 
Aeeess time from 'CAS" precharge !CPA 
RAS pulse width IRAS 60 
RAS pUlse width (FAST PAGE MODE) IRASP 60 
RAS hold time IRSH 20 
'RAS" precharge time tRP 40 
'CAS" pulse width ICAS 20 
CAS" hold time tcSH 60 
CAS" precharge time tcPN 10 
CAS" precharge time (FAST PAGE MODE) tcp 10 
1lAS to GAS" delay time IRCD 20 
CAS to RAS precharge time ICRP 5 
Row address setup time IASR 0 
Row address hO.ld time IRAH 10 
RAS to column lRAD 15 
address delay time 

Column address setup time IASC 0 
Column address hold time ICAH 15 
Column address hold time IAR 45 
(referenced to RAS) 
Column address to IRAL 30 
mleadtime 

Read command setup time tRCS 0 
Read command hold time IRCH 0 
(referenced to CAS") 
Read command hold time IRRH 0 
(referenced to 1=IAS) 

MAX MIN 
130 
n/a 
40 

n/a 

60 
20 
20 
30 
35 

100,000 70 
100,obo 70 

20 
50 

100,000 20 
70 
10 
10 

40 20 
5 
0 
10 

30 15 

0 
15 
55 

35 

0 
0 

0 

3-233 

-7 -8 
MAX MIN MAX UNITS NOlES 

150 ns 
nfa ns 21 
45. ns 

nfa ns 21 

70 80 ns 8 
20 20 ns 9 
20 20 ns 
35 40 ns 
40 45 ns' 

100,000 80 100,000 ns 
100,000 80 100,000 lis 

20 ns 
60 ns 

100,000 20 100,000 ns 
80 ns 
10 ns 18,22 
10 ns 

50 20 60 ns 13 
5 ns 
0 ns 
10 ns 

35 15 40 ns 24 

0 ns 
15 ns 
60 ns 

40 ns 

0 ns 
0 ns 14 

0 ns 14 

Micron Technology, Inc., mervea1ha right 10 change proctlcta or speCIfICations without natiC8. 
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MIC:F=lON MT20D51236 
1-· ;c'" 512K x 36,1 MEG x 18 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7, 10, 11, 16,21) (O°C ::;; T A::;; 70°C; Vee = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
CAS to output in low-Z 
Output buffer turn-off delay 
WE command setup time 
Write command hold time 
Write command hold time 
(referenced tq:~ 
Write command Dulse width 
Write command to RAS" lead time 
Write command to CAS lead time 
Data-in setup time 
Data-in hold time 
Data-in hold time 
(referenced to RASI 
Transition time (rise or fall) 
Refresh period (512 cycles) 
ltl\S to CAS precharge time 
"CAS setup time 
(CAS-BEFORE-RAS" refresh) 

CAS hold time 
(CAS-BEFORE-RAS" refresh) 

Last CAS going lOW to 
First CAS to return HIGH 

MT20051236 
REV. 4192 

-6 
SYM MIN MAX 
'elZ 0 
tOFF 0 20 
twcs 0 
twCH 10 
twCR 45 

twP 10 
tRWl 20 
tCWl 20 
tDS 0 
tDH 15 

tDHR 45 

IT 3 50 
tREF 8 
tRPC 0 
tCSR 10 

tCHR 10 

tClCH 10 

3-234 

MIN 
0 
0 
0 
15 
55 

15 
20 
20 
0 
15 
55 

3 

0 
10 

15 

10 

-7 -8 
MAX MIN MAX UNITS NOTES 

0 ns 
20 0 20 ns 12 

0 ns 
15 ns 
60 ns 

15 ns 
20 ns 
20 ns ... 

0 ns 15 
15 ns 15 
60 ns 

50 3 50 ns 5, 16 
8 8 ms 

0 ns 
10 ns 19 

15 ns 19 

10 ns 22 

Micron TecI'!nology, Jnc., reserves the right to change products or specifications wilh9Ut notkie. 1 
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MIC:RON MT20D51236 
F· '''"''''G'''' 512K X 36, 1 MEG x 18 DRAM MODU LE 

NOTES 
1. All voltages referenced to Vss. 
2. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOl1s is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the lREF 
refresh requirement is exceeded. 

4. AC characteristics assume tr= Sns. 
S. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C ::; T A::; 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and 100pF. 

8. Assumes that IRCD < IRCD (MAX). If IRCD is greater 
than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

9. Assumes that IRCD ~ IRCD (MAX). 
10. If CAS = VIH, data output is High-Z. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. IOFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 

MT20D51236 
REV. 4192 

a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

14. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

IS. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= SV, DC bias = 2.4V@ ISmV RMS). 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for tcP. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW. 
21. LATE-WRITE, READ-WRITE or READ-MODIFY­

WRITE cycles are not available due to OEbeing 
grounded on V1-V18. 

. 22. Last falling CASx edge to first rising CASx edge. 
23. Icc is dependent on cycle rates. 
24. Operation within the lRAD (MAX) limit ensures that 

IRCD (MAX) can be met. lRAD (MAX) is specified as 
a reference point only; if lRAD is greater than the 
specified lRAD (MAX) limit, then access time is 
controlled exclusively by lAA. 

3-235 Micron Technology, Inc., reserves the right to change products or specifications without nolio&. 
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MIC:RON MT20D51236 
1-· "'"'ow,,'" 512K x 36,1 MEG x 18 DRAM MODULE 

MT20D51236 
REV. 4/92 

RAS 

CASx 

ADDR 

WE 

DQ, 

RAS 

CASx 

VIH -
VIL _ 

IcRP 

VIH -V1L _ 

leRP 

READ CYCLE 

IRC 

tRAS IRP 

tCSH 

'I tRRH 

tRCD 

EARLY-WRITE CYCLE 

IRC 

lRAS 

tCSH 

tRGD 

tASH 

ICAS 

~ DON'T CARE 

~ UNDEFINED 

FIRST TO LAST i5AS TO TRANSITION 
(minimum of 1, maximum of 4) 

Micron Technology, Inc., r&S&N8$ the right to change products or specificatIOns withOut nolice. 
©1992, Micron Technology, Inc. 



UIt:::I=ION MT20D51236 
1-· """oca,n, 512K x 36,1 MEG x 18 DRAM MODULE 

AODR 

DQ, 

ADDR ~:t 

MT20D51236 
REV. 4192 

FAST-PAGE-MODE READ CYCLE 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

3-237 

~ DON'T CARE 

~ UNDEFINED 

FIRST TO LAST CAS TO TRANSITION 
(minimum of 1, maximum of 4) 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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UIC=I=ION MT20D51236 
1-· ",,",wen, 512K X 36 1 MEG X 18 DRAM MODULE 

MT20D51236 
REV. 4192 

, 

RAS"-ONL Y REFRESH CYCLE 
(ADDR = AO-A8; WE = DON'T CARE) 

'Re 

_ VIH -------,[ I~ 
RAS v" _ I}-------------"ll' 

tCAP 'I~I 

CASx ~i~ ~-'" '----I 

\'------

ADDR ~:~ _~o~~#$'##;W###$/#mj'//#IffI/0(r---RO-W --
Olo'~:g~ -:-----------OPEN-----------

'CAS"-BEFORE-RAS REFRESH CYCLE 
(AO-A8, WE = DON'T CARE) 

RAs ~IH J 'RP t 'RAS U 'RP t 
" - 'eSR .11 'eHR _~fl. 'RPe ~_.,esR 'eit,-eH 'cHR~ 

_ V -1~~'~1 _... 
CASx vit -JIT 'Wl _____ .... 1Il"'--_______ -""''---_______ _ 

010 ~:gt-'-----------OPEN'----------

I 
J!f 

~ 'RA 

}----ADDR ~IH--I: IL~ 

HIDDEN REFRESH CYCLE 20 

(WE = HIGH) 
(READ) 

'RP 

t----i 
'RCD I~ 'RSH 

1,1. 
'AR 

IRAD III'RA' I 
'Ase II ~ tcAH 

3-238 

(REFRESH) 

tCHR 

tCLGH 

IZ:iI DON'T CARE 

Il88! UNDEFINED 

Y 

~~ 

FIRST TO LAST CAS TO TRANSITION 
(minimum of 1, maximum of 4) 

Micron Technology, Inc., reserves the right to Change products or specifications without notice. 
©1992, Micron Technology, Inc. 



MIC:RON MT9D136 
1-· ;,,",mo",,", 1 MEG x 36 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Common RAS control pinout in a 72-pin single-in-line 

package 
• High-performance, CMOS silicon-gate process. 
• Single 5V ±1O% power supply 
• All device pins are fully TTL compatible 
• Low power, 27mW standby; 2,175mW active, typical 
• Refresh modes: RAS-ONLY, CA5-BEFORE-RAS (CBR) 

and HIDDEN 
• 1,024-cycle refresh distributed across 16ms 
• FAST PAGE MODE access cycle 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 

- 6 
- 7 
- 8 

Leadless 72-pin SIMM M 
Leadless 72-pin SIMM (Gold) G 

• Part Number Example: MT9D136G-6 

GENERAL DESCRIPTION 
The MT9D136is a randomly accessed solid-state memory 

:ontaining 1,048,576 words organized in a x36configura­
ion. During READ or WRITE cycles, each bit is uniquely 
lddressed through the 20 address bits which are entered 10 
)its (AO -A9) at a time. RAS is used to latch the first 10 bits 
md CAS the latter 10 bits. READ or WRITE cycles are 
ielected with the WE input. A logic HIGH on WE dictates 
mAD mode while a logic LOW on WE dictates WRITE 
node. During a WRITE cycle, data-in (D) is latched by the 
'aIling edge of WE or CAS, whichever occurs last. If WE 
;oes LOW prior to CAS going LOW, the output pin(s) 
'emain open (High-Z) until the next CAS cycle. 

FAST PAGE MODE operations allow faster data opera­
ions (READ or WRITE) within a row-address (AO-A9) 
lefined page boundary. The FAST PAGE MODE cycle is 
llways initiated with a row address strobed-in by RAS 

1 MEG x 36 DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM 
(T-11 ) 

~""''''''''''''''''''''''''':~::'''''''''''''''''''''''''''''~ 1 36 37 72 

PIN # SYMBOL PIN # SYMBOL PiNt SYMBOL PIN# SYMBOL 
1 Vss 19 NC 37 D018 55 D013 
2 DQ1 20 D05 38 D036 56 D031 
3 D019 21 D023 39 Vss 57 D014 
4 D02 22 006 40 ~ 58 0032 
5 D020 23 0024 41 "CAS2 59 Vee 
6 D03 24 007 42 "CA'S3 60 0033 
7 0021 25 0025 43 "CAS1 61 0015 
8 004 26 008 44 l1ASiJ 62 0034 
9 D022 27 0026 45 NC 63 0016 

10 Vee 28 A7 46 NC 64 0035 
11 NC 29 NC 47 wr 65 0017 
12 AO 30 Vee 48 NC 66 NC 
13 A1 31 A8 49 0010 67 PR01 
14 A2 32 A9 50 0028 68 PR02 
15 A3 33 NC 51 0011 69 PR03 
16 A4 34 flASO 52 D029 70 PRD4 
17 A5 35 0027 53 D012 71 NC 
18 A6 36 D09 54 D030 72 Vss 

followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ­
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONL Y, CAS-BEFORE­
RAS or HIDDEN REFRESH) so that all 1,024 combinations 
of RAS addresses (AO -A9) are executed at least every 16ms, 
regardless of sequence. 

IT9D136 
EV.4/92 3-239 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT9D136 
1-· "'""ocoo"'"' 1 MEG x 36 DRAM MODULE 

FUNCTIONAL BLOCK DIAGRAM 

001 ·······················-008 

CAsa 

CASl 

RAsa 

WE 

CAS2 -~~~~--­
CAS3 -.....,1---+--'----

AD-A9 fl •••••• 

009,18,27,36 

DQ1-4 

0010 ························-0017 

,----1 WE 

CAS 

RAS 

U3 
,----1 WE. 

CAS 

RAS 

U4 

0028 ······················-0035 

,----1 WE ,----1 WE 

U1-U4, U6-U9 = MT4C4001JOJ 
U5 = MT4C4004JOJ 

U9 

NOTE: Due to the use of a Quad CAS DRAM, RASa is common to all devices. 

MT9D136 
REV. 4192 3-240 Micron Technology, Inc., reserves the right to change products or specifications without notice 
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MIC:RON MT9D136 
1-· '"",,'m,,", 1 MEG x 36 DRAM MODULE 

TRUTH TABLE 

FUNCTION HAS"" ~ 

Standby H H~X 

READ L L 

EARL V-WRITE L L 

FAST-PAGE-MODE 1st Cycle L H~L 

READ 2nd Cycle L H~L 

FASTcpAGE-MODE 1stCycie L H~L 

WRITE 2nd Cycle L H~L 

RAS-ONL V REFRESH L H 

HIDDEN READ L~H~L L 

REFRESH WRITE L~H~L L 

CAS-BEFORE-RAS REFRESH H~L L 

PRESENCE DETECT 

MT9D136 
REV. 4192 

SYMBOL 

PRD1 

PRD2 

PRD3 

PRD4 

-6 

Vss 

Vss 

NC 

NC 

3-241 

WE 

X 

H 

L 

H 

H 

L 

L 

X 

H 

L 

H 

-7 

Vss 

Vss 

Vss 

NC 

ADDRESSES DATA IN/OUT 
IR IC 001-0036 

X X High-Z 

ROW COL Data Out 

ROW COL Data In 

ROW COL Data Out 

n/a COL Data Out 

ROW COL Data In 

n/a COL Data In 

ROW n/a High-Z 

ROW COL Data Out 

ROW COL Data In 

X X High-Z 

-8 

Vss 

Vss 

NC 

Vss 

Micron Technology, Inc" reS6N9S the right to change products or specifications without nolice. 
©1992, Micron Technology, Inc. 
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MIC::RON MT9D136 
1-· "'""''''' "H 1 MEG x 36 DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss .............. -lV to +7V 
Operating Temperature, T A (Ambient) ......... O°C to +70°C 
Storage Temperature (Plastic) .................... -SsoC to + lS0°C 
Power Dissipation .............................................................. 9W 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 2, 3, 6, 23) (O°C ::; T A::; 70°C; Vcc = SV ±1 0%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vee 4.S 5.5 V 1 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vee+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -1.0 0.8 V 1 

INPUT LEAKAGE CURRENT CASO-CAS3 111 -6 6 IlA 
Any Input OV ::; VIN ::; Vee AO-A8, WE, 112 -18 18 IlA 
(All other pins not under test = OV) For each package input RASO 

OUTPUT LEAKAGE CURRENT D01-D036 loz -10 10 JlA 
(0 is disabled, OV ::; VOUT ::; Vee) For each package input 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -SmA) 
Output Low Voltage (lOUT = SmA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -6 -7 -8 UNITS NOTES 

STANDBY CURRENT: (TTL) lecl 18 18 18 mA 
(RAS = CAS = VI H) 

STANDBY CURRENT: (CMOS) lee2 9 9 9 mA 
(RAS = CAS = Other Inputs = Vee -0.2V) 

OPERATING CURRENT: Random READ/WRITE 
Average power supply current lee3 990 900 810 mA 2,23 
(RAS, CAS, Address Cycling: tRC = tRC (MIN» 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current lee4 720 630 S40 mA 2,23 
(RAS = VIL, CAS, Address Cycling: tpc = tpc (MIN» 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current Ice5 990 900 810 mA 2 
(RAS Cycling, CAS = VIH: tRC = tRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current Ices 990 900 810 mA 2, 19 
(RAS, CAS, Address Cycling: tRC = tRC (MIN)) 

MT9D136 
REV. 4192 3-242 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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UIC:F=lCN MT9D136 
1-· ,",","ow,,,", 1 MEG x 36 DRAM MODULE 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A9 CI1 58 pF 17 

Input Capacitance: WE CI2 76 pF 17 

Input Capacitance: RASO CI3 76 pF 17 

Input Capacitance: CASO, CASl , CAS2, CAS3 CI4 25 pF 17 

Input/Output Capacitance: 001-0036 CIO 10 pF 17 II 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS C 
(Notes: 3, 4, 5, 6, 7, 10, 11, 16, 21) (ODC :0; T A:O; 70DC; Vee = 5V ±1 0%) :::Jl 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 
Access time from CAS 
Output Enable 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 

Column address hold time 
Column address hold time 
(referenced to RAS) 
Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold lime 
(referenced to RAS) 

MT9D136 
REV..4192 

-6 
SYM MIN MAX 
tRC 110 

tRWC n/a 
tpc 40 

tpRWC n/a 

tRAC 60 
tCAC 15 
tOE 15 
tAA 30 

tCPA 35 
tRAS 60 100,000 

tRASP 60 100,000 
tRSH 15 
tRP 40 

tCAS 15 100,000 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 20 45 
tCRP 10 
tASR 0 
tRAH 10 
tRAD 15 30 

tASC 0 
tCAH 10 
tAR 50 

tRAL 30 

tRCS 0 
tRCH 0 

tRRH 0 

3-243 

MIN 
130 
n/a 
40 

n/a 

70 
70 
20 
'50 
20 
70 
10 
10 
20 
10 
0 
10 
15 

0 
15 
55 

35 

0 
0 

0 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 
n/a ns 21 
45 ns 

n/a ns 21 

70 80 ns 8 
20 20 ns 9 
20 20 ns 
35 40 ns 
40 45 ns 

100,000 80 100,000 ns 
100,000 80 100,000 ns 

20 ns 
60 ns 

100,000 20 100,000 ns 
80 ns 
10 ns 18,22 
10 ns 

50 20 60 ns 13 
10 ns 
0 ns 
10 ns 

35 15 40 ns 24 

0 ns 
15 ns 

60 ns 

40 ns 

0 ns 

0 ns 14 

0 ns 14 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT9D136 
1-· ",",wca,n, 1 MEG x 36 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7, 10, 11, 1 q, 21) (O°C :s;. T A :s; 70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
CAS to output in low-Z 
Output buffer turn-off delay 
WE command setup time 
Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 
Write command to RAS lead time 
Write command to CAS lead time 
Data-in setup time 
Data-in hold time 
Data-in hold time 
(referenced to RAS) 

Transition time (rise or fal9_ 
Refresh period (1,024 cycles) 
RAS to CAS precharQe time 
CAS setup time 
(CAS-BEFORE-RAS refresh) 

CAS hold time 
(CAS-BEFORE-RAS refresh) 

WE hold time 
(CAS-BEFORE-RAS refresh) 

WE setup time 
(CAS-BEFORE-RAS refresh) 

WE hold time 
(WCBR test cycle) 

WE setup time 
(WCBR test cycle) 

last CAS going lOW to 
First CAS to return HIGH 

MT9D136 
REV. 4192 

-6 
SYM MIN 
tClZ 0 
OFF 0 

twcs 0 
tWCH 10 
tWCR 45 

twp 10 
tRWl 15 
tCWl 15 
tDS 0 
tDH 10 

tDHR 45 

IT 3 
tREF 
tRPC 0 
tCSR 10 

tCHR 15 

tWRH 10 

tWRP 10 

tWTH 10 

tWTS 10 

tClCH 10 

MAX MIN 
0 

15 0 
0 
15 
55 

15 
20 
20 
0 
15 
55 

50 3 
16 

0 
10 

15 

10 

10 

10 

10 

10 

3-244 

-7 -8 

MAX MIN MAX UNITS NOTES 
0 ns 

20 0 20 ns 12 
0 ns 
15 ns 

60 ns 

15 ns 
20 ns 
20 ns 
0 ns 15 
15 ns 15 
60 ns 

50 3 50 ns 5, 16 
16 16 ms 

0 ns 
10 ns 19 

15 ns 19 

10 ns 

10 ns 

10 ns 

10 ns 

10 ns 22 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC::RON MT9D136 
1-· <cu "" 1 MEG x 36 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of 100).l.S is required after power-up 
followed by any eight RA5 REFRESH cycles (RAS­
ONLY or CBR with WE HIGH) before proper device 
operation is assured. The eight RAS cycle wake-up 
should be repeated any time the lREF refresh 
requirement is exceeded. 

4. AC characteristics assume IT = 5ns. 
5. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C :S: T A :S: 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and 100pF. 

B. Assumes that IRCD < IRCD (MAX). If IRCD is greater 
than the maximum recommended value shown in this 
table, lRAc will increase by the amount that IRCD 
exceeds the value shown. 

9. Assumes that IRCD ~ IRCD (MAX). 
10. If CAS = VIH, data output is High-Z. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. toFF (MAX) defines the time at which.the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the IRCD (MAX) liinit ensures that 
lRAC (MAX) can bemet.IRCD (MAX) is specified as 

a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by !CAe. 

14. Either IRCH or lRRH must be satisfied for a READ 
cycle. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or betweeq VIL and Vrn) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 
using MlL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias =2.4V @ 15m V RMS). 

18. If CAS is LOW at the falling edge oiRAs; data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for !CP. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW. 
21. LATE-WRITE, READ-WRITE or READ-MODIFY­

WRITE cycles are not available due to OE being 
grounded on UI-U9. 

22. Last faIling CASx edge to first rising CASx edge. 
23. Icc is dependent on cycle rates. 
24. Operation within the lRAD (MAX) limit ensures that 

IRCD (MAX) can be met.iRAD (MAX).is specified as 
a reference point only; if lRAD is greater than the 
specified lRAD (MAX) limit, then access time is 
controlled exclusively by lAA. 

3-245 MIcron Technolog)., Inc.; reserveSthe right to ChanQe products" or specifications without~. 
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MT9D136 I'IIIC:I=II;~J~ 1 MEG x 36 DRAM MODULE 

MT9D136 
REV. 4/92 

CASx 
V,H 
V,l 

ADDR 
V,H 
V,l 

WE V,H 
V,l 

DOx ~:gt 

RAS 
VIH -
VIL _ 

CASx 
VIH -
Vil _ 

ADDR V,H 
V,l 

READ CYCLE 

'Re 

~ 
tRAS 'RP J 

J 

tCSH 

I tRSH tRRH 

teRP tRCD I teAs 

I 
iCLCH 

j j =7 ~' 
'AR 

I tRAD 'RAl . 
!~~l ~ ~ 

=W&A ROW ~ COLUMN W !!!!!!!)\ ROW 

~1 1 1 
IRCS J 

~ V/////////////;I/////;/ 
I 

'M 

tRAC 

I 'CAe 

~ 'elZ l~'& 
VAUDDATA J OPEN---OPEN = 

EARLY-WRITE CYCLE 

'Re 

tCSH 

tCRP 

ROW 

3-246 

~ DON'T CARE 

fi2i1J UNDEFINED 

ROW 

FIRST TO LAST CAS TO TRANSITION 
(minimum of 1, maximum of 4) 



MIC:RON MT9D136 
1-· "~"mO""K 1 MEG x 36 DRAM MODULE 

MT9D136 
REV. 4192 

FAST-PAGE-MODE READ CYCLE 

I~ __________________________ ~IR~A~SP ______________________________ I~ 

tCSH IpC 

tCAS 

~ 

ADOR ~:r-
'-LLLll'-_---,-_----"u..LLJ 

DQx ~:gt -:'----------OPEN-----------1~1X:'@~}_--------i~M:'@~}_----~~~~~ 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

3-247 

~ DON'T CARE 

~ UNDEFINED 

FIRST TO LAST CAS TO TRANSITION 
(minimum of 1, maximum of 4) 

Micron Technology, tnc., reserves the rlghllo change products or specifications without notice. 
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MIc:r=aON MT9D136 
1-· ;"",'''0",", 1 MEG x 36 DRAM MODULE 

MT9D136 
REV. 4/92 

RAS-ONL Y REFRESH CYCLE 
(ADDR = AO-A9; WE = DON'T CARE) 

RAS ~l~ ::::"---I~,='c:""-P-_-_~C<I~----------b~ tRPe \~---

CASl( ~l~ ~-'" '----I 
tASA IRAH 

ADDR ~:~ _---:o:-k//////////////////////////////////////////tX,----RO~w ~-
DIO~:g~ -:------------OPENI-------------

CAS-BEFORE-RAS REFRESH CYCLE 
(AO-A9 = DON'T CARE) 

tAP tRAS tAP 

RAS ~:~ -J' llf 't 
'CSR . .11 'CHA .----____ II_,R.p_C r-,'CSA 'CHL-CH tcH,R~1 

CAS, ~:~ _:l~ ... '_. __ 'C_L9_H _______________ _'tl_·_" ____ "_lIt=~ __ 

010 ~lgt-:-------------OPEN-------------

I~ 
:Jf 

HIDDEN REFRESH CYCLE 20 

(WE = HIGH) 

(READ) (REFRESH) 

RAS 

H 
RAS 

tACO ~ tCHR 

ICLCH 

1 
'AR 

} 

j~ 
IRAQ , III'RAL'L 

~ tRAH ~I~ 
}--

I ~:OO7.M~ I, I'RAc I 

COx ~lgt :::::------OPEN 

l£i=l ' - I-'OFF 

3-248 

VALID DATA OPEN-

tz?J DON'T CARE 

~ UNDEFINED 

FIRST TO LAST CAS TO TRANSITION 
(minimum of 1, maximum of 4) 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 



MIC:RON MT12D136 
1-· H'''''''''''''' 1 MEG x 36,2 MEG x 18 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry standard pinout in a 72-pin single-in-line 

package 
• High-performance, CMOS silicon-gate process 
• Single 5V ±10% power supply 
• All device pins are fully TTL compatible 
• Low power, 36mW (9.2mW L-version) standby; 

2,50Om W active, typical 
• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 

and HlDDEN 
• 1,024-cycle refresh distributed across 16ms or 

1,024-cycle extended refresh distributed across 128ms 
• FAST PAGE MODE access cycle 
• Low CMOS standby current, 2.4mA maximum 

(L-version) 
• Multiple RAS lines allow x18 or x36 width 

OPTIONS MARKING 
• Timing 

60ns access - 6 
70ns access - 7 
80ns access - 8 

• Packages 
Leadless 72 -pin SIMM M 
Leadless 72-pin SIMM (Gold) G 

• Power/Refresh 
Normal Power/16ms Blank 
Low Power/128ms L 

• Part Number Example: MT12DI36GL-6 

GENERAL DESCRIPTION 
The MT12D136 is a randomly accessed solid-state memory 

containing 1,048,576 words organized in a x36 configura­
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (AO-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HlGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRIT~e, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. If WE 
goes LOW prior to CAS going LOW, the output pin(s) 
remain open (High-Z) until the next CAS cycle. 

FAST PAGE MODE operations allow faster data opera­
tions (READ or WRITE) within a row-address (AO-A9) 
defined page boundary. The FAST PAGE MODE cycle is 

1 MEG x 36,2 MEG x 18 
FAST PAGE MODE (MT12D136) 
LOW POWER, 
EXTENDED REFRESH (MT12D136 L) 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM 
(T-19) 

~"""""""""""""":,~:'~:",,,,,,,,,,,,,,,,,,,,,,,,,,ol 1 36 37 72 

PIN # SYMBOL PiNt SYMBOL PIN. SYMBOL PIN # SYMBOL 
1 Vss 19 NG 37 0018 55 0013 
2 001 20 005 38 0036 56 0031 
3 0019 21 0023 39 Vss 57 OQ14 
4 002 22 006 40 "CASO 58 0032 
5 0020 23 0024 41 "CAS2 59 Vee 
6 003 24 007 42 "Cl\S3 60 OQ33 
7 0021 25 0025 43 CASf 61 0015 
8 004 26 008 44 "R7iSO 62 0034 
9 0022 27 0026 45 NG 63 0016 
10 Vee 28 A7 46 NC 64 0035 
11 NG 29 NG 47 WE 65 OQ17 
12 AO 30 Vee 48 NG 66 NG 
13 Al 31 AS 49 0010 67 PROl 
14 A2 32 A9 50 0028 68 PR02 
15 A3 33 NG 51 0011 69 PR03 
16 A4 34 RAS2 52 0029 70 PR04 
17 A5 35 0027 53 0012 71 NG 
18 A6 36 009 54 0030 72 Vss 

always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ­
ent column addresses, thus executing faster memory cycles. 
Returning RAS HlGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HlGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS HIGH time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONL Y, CAS-BEFORE­
RAS or HIDDEN REFRESH) so that all 1,024 combinations 
ofRAS addresses (AO-A9) are executed at least every 16ms 
(128ms on L-version), regardless of sequence. 

,.,T120136 
:tEV.4192 3-249 Micron Technology, Inc., reserves the fight to change products or specifications without notice. 
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MIC:RON MT12D136 
1-· "'"""'''''' 1 MEG x 36, 2 MEG x 18 DRAM MODULE 

FUNCTIONAL BLOCK DIAGRAM 

D01 ------------------------------------------------ D09 

tl 1 1 
DQ1-4 

WE 
U1 

CAS 

RAS 

CASO 

CAS1 
RASO 

WE 

1 tt 1 
D01-4 

WE 

CAS 

CAS2 --t--t--­
CAS3 --t-t--­
RAS2 --t-+---

AO-A9 111 •••• 111 

MT12D136 
REV. 4192 

U3 

11 tl 
DOH D 0 

WE WE 
U2 U9 

CAS CASO 

RAS RAS 

tttl 
D01-4 

WE WE 
U4 U11 

CAS CASO 

RAS RAS 

3-250 

D010 ------------------------------------------------ D018 

111t 
DQ1·4 

WE 
U5 

CAS 

RAS 

1 tt 1 
DQ1-4 

WE 
U7 

CAS 

RAS 

1 tt 1 
DQ1·4 0 

WE WE 
U6 U10 

CAS CAS 

RAS RAS 

1 tt 1 
DQ1-4 

WE 
us 

CAS 

RAS 

U1-U8 = MT4C4001JDJ 
U9-U12 = MT4C1024DJ 

or 
U1-U8 = MT4C4001JDJ L (L-version) 
U9-U12 = MT4C1024DJ L(L-version) 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992. Micron Technology, Inc. 



MU::::F=lON MT12D136 
1-· HC>~"C,"" 1 MEG x 36,2 MEG x 18 DRAM MODULE 

TRUTH TABLE 

FUNCTION RAs- "CJ{S"" 

Standby H H-X 

READ L L 

EARLY-WRITE L L 

FAST-PAGE-MODE 1st Cycle L H-L 

READ 2nd Cycle L H-L 

FAST-PAGE-MODE 1st cycle L H-L 

WRITE 2nd Cycle L H-L 

RAS-ONL Y REFRESH L H 

HIDDEN READ L-H-L L 

REFRESH WRITE L-H-L L 

CAS-BEFORE-RAS REFRESH H-L L 

BATTERY BACKUP H-L L 
REFRESH (L-version) 

PRESENCE DETECT 

MT12D136 
REV. 4192 

SYMBOL 

PRD1 

PRD2 

PRD3 

PRD4 

-6 

Vss 

Vss 

NC 

NC 

3-?51 

WE 

X 

H 

L 

H 

H 

L 

L 

X 

H 

L 

H 

X 

-7 

Vss 

Vss 

Vss 

NC 

ADDRESSES DATA IN/OUT 
IR Ie 001-0036 

X X High-Z 

ROW COL Data Out 

ROW COL Data In 

ROW COL Data Out 

n/a COL Data Out 

ROW COL Data In 

n/a COL Data In 

ROW n/a High-Z 

ROW COL Data Out 

ROW COL Data In 

X X High-Z 

X X High-Z 

-8 

Vss 

Vss 

NC 

Vss 

Micron Technology, Inc., reserves the right to change products or specfficatlons without nollce. 
©1992, Micron Technology, ~nc. 
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IUIICI=ICN MT12D136 
I-a "'" 1 MEG x 36, 2 MEG X 18 DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS" 
Voltage on Vee Supply Relative to Vss .............. -lV to +7V 
Operating Temperature, T A (Ambient) .......... O°C to +70°C 
Storage Temperature (plastic) .................... -55°C to t150°C 
Power Dissipation ............................................................ 12W 
Short Circuit Output Current ...................................... 50mA 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATtNG CONDITIONS 
(Notes: 1, 2, 3; 6,.22) (O°C s T A S 70°C; Vcc = SV ±1 0%) 

PARAMETERJCONDITION SYMBOL MIN MAX UNITS NOTES 
Supply Voltage Vcc 4.S S.S V 1 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vcc+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -1.0 0.8 V 1 

INPUT LEAKAGE CURRENT 'CASO-CAS3 lit -6 . 6 uA 
AnylnputOV S VIN S Vcc AO-A9, WE 112 -24 24 uA 
(All other pins not under test = OV) for each package input 'RASQ, RAS2 lis -12 12 ~ 
OUTPUT LEAKAGE CURRENT D01-D036 loz -10 10 ~ 
(0 is disabled, OV S VOUT S Vcc) for each package input 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -SmA) 
Output Low Voltage (lOUT = SmA) VOL 0.4 V 

MAX 
PARAMETER/CONDITION SYMBOL ·6 ·7 ·8 UNITS NOTES 
STANDBY CURRENT: (TIL) Icct 24 24 24 mA 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) Icc2 12 12 12 mA 

(RAS = CAS = Vcc -0.2V) 2.4 2.4 2.4 mA 24 

OPERATING CURRENT: Random READIWRITE 1240 1120 1000 mA 2,22 
Average power supply current Iccs 
(RAS, CAS, Address Cycling: IRC = IRC (MIN» 1220 1100 980 mA 2,22,24 

OPERATING CURRENT: FAST PAGE MODE 920 800 680 mA 2,22 
Average power supply current Icc4 
(RAS = VIL, CAS, Address Cycling: tpc = IpC (MIN)) 900 780 660 mA 2,22,24 

REFRESH CURRENT: RAS-ONL Y 1240 1120 1000 mA 2 
Average power supply current IcC5 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN» 1220 1100 980 mA 2,24 

REFRESH CURRENT: CAS-BEFORE-RAS 1240 1120 1000 mA 2, 19 
Average power supply current . Iccs 

(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 1220 1100 980 mA 2,19,24 

REFRESH CURRENT: BATIERY BACKUP (BBU) 
Average power supply current during BATIERY BACKUP refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS' = IRAS (MIN) to Icc? 3.2 3.2 3.2 mA 24 
300ns; WE = Vcc -0.2; AO-A9 and DIN = Vcc -0.2V or 0.2V 
(DIN may be left open), IRC = 12S~ (1,024 rows at 12S~ = 128ms) 

MTt2D136 
REV. 4192 

Micron Technology, Inc., reservee the right to change products or specifications without n~oe. 
@1992,MicronTechnology,lnc. 



MIC:I=ION MT12D136 
1-· ; , 1 MEG x 36,2 MEG x 18 DRAM MODULE 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-AS Cll 77 pF 17 

InpLit Capacitance: WE C12 101 pF 17 

Input Capacitance: RASQ, RAS2 CI3 50. pF 17 

Input Capacitance: CASO, CASf, CAS2, CAS3 CI4 25 .' pF 17 

Input/Output Capacitance: 001-0036 ClD 10 pF 17 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7, 10, 11, 16, 21) (O°C :!> T A:!> 70°C; Vcc= 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
l'Iandom READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE 
READ or WRITE cycle time 

FA~T-PAGE-MODE; 

READ-WRITE cycle time 

Access time from RAS 
Access til'lJe from ~ 
Output Enable 
Access time from c;oIumn address 
Access time from ~ precharge 
RAS pulse width 
"RAS" pulse width (FAST PAGE MODE) 
"RAS" ~old time 
"RAS" precharge time 
~ pulse width 
~holdtime 

~ precharge time 
'CAS precharge time (FAST PAGE MODE 
RAS to 'CAS delay time 
'CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
"RAS" lead time 

Read command setup time 
Read command hold time 
(referenc8d to ~) 
Read command hold time 
(referenced to "RAS") 

MT120136' . 
AEV.4192 

-~ 

SYM MIN MAX 
tRC .110 

tRWC nla 
tpc 40 

tpRWC n/a 

tRAC 60 
teAC ' 15 
toE 15 
tAA 30 

tePA 35 
tRAS 60 100,090 

lRASP 60 100,000 
tRSH 15 
tRP 40 

teAS 15 100,000 
teSH 60 
tePN 10 
tep 10 

tRCD 20 40 
teRP 10 
tASR 0 
tRAH 10 
tRAD 15 30 

tASC 0 
teAH 10 
tAR 50 

tRAL 30 

tRCS 0 
tRCH 0 

tRRH 0 

3-253 

MIN 
130 
nla 
40 

n/a 

70 
70 
20 
50 
20 
70 
10 
10 
20 
10 
0 
10 
15 

0 
15 
55 

35 

0 
0 

0 

. -7 -6 
MAX MIN MAX UNITS NOTES 

150 I1S 
n/a ns 21 
45 ns 

n/a ns 21 
'. 

70 , 60 ns 6 
20 20 ns 9 
20 20 ns 
35 .110 ". ns 
40 45 ns " 

100,000 60 100,000 ns " 
100,000 60 100,000 ns 

20 ns 
60 ns 

100,000 20 100,000 ns 
60 ns 
10 ns 16 
10 ns 

50 20 60 ns 13 
10 ns 
0 ns 
10 ns 

35 15 40 ns 23 

0 ns 
15 ns 
60 ns 

40 ns 

0 ns 
0 ns 14 

0 ns 14 

MIcron Technology, Inc., resetveS.the right to change products or specifications wIthOut notiCe. 
@1992. Micron Technology, Inc. 
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I'IIIC: 1=10 N MT12D136 
"'" " 1 MEG x 36, 2 MEG x 18 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3,~? 5, 6, 7,10,11,16, 21) (0~CS;TAS;70°C; Vee =5V±10%) 

AC CHARACTERISTICS 
PARAMETER 
CAS to output in low-Z 
Output buffer turn-off delay 
WI: command setup time 
Write command hold time 
Write command hold time 
(referenced to 'RAS) 
Write command pulse width 
Write command to RAS lead time 
Write command to CAS lead time 
Oata·in setup time " 

Oata·in hold time 
Oata'in hold time 
(referenced to 1IAS) 
Transition time (rise or fall) 
Refresh period (1,024 cycles) 
~ to 'CAS' precharge time 
'CAS' setup time 
('CAS'·BEFORE-RAS' refresh) 

'CAS' hold time 
(CAS-BEFORE-~ refresh) 

WI: hold time 
(CAS-BEFORE.RAS refresh). 

WI: setup time 
(CAS-BEFORE-RAS refresh) 

WI: hold time 
(WCBR test cyole) 

WE setup time 
(WCBR test cyCle) 

MT1~136. 
REV,4192 

-6 
'SYM MIN 

tClZ 0 
toFF 0 

twcs 0 
twCH 10 
twCR 45 

twp 10 
tRWl 15 
tCWl 15 
tos, 0 
tOH 10 

tOHR 45 

IT 3 
tREF 
tRPC 0 
icSR 10 

tCHR 15 

twRH 10 

twRP 10 

tWTH 10 

tWTS 10 

MAX MIN 
0 

20 0 
0 
15 

., 

55 

15 
20 
20 
0 
15 
55 ' 

'50 3 
161128 

0 
10 

15 

10 

.' 10 

10 

10 

3-254 

-7 -8 
MAX MIN MAX UNITS NOTES 

0 ns 
20 0 20 ns 12 

0 ns 
15 ns 
60 ns 

15 ns 
20 ns 
20 ns 
0 ns 15 
15 ns 15 
60 ns 

50 3 50 ns 5, 16 
16/128 161128 ms 3/24 

0 ns 
10 ns 19 

15 ns 19 

10 ns 

10 ns 

10 ns 

10 ns 

MIcron Technology,lnc., reserveathe righttoctrange products or specifications wIIhout noticIII. 
@1992,MlcronTechnology, Inc. 



MICRON MT12D136 
1-· "'"'ow",'"' 1 MEG x 36,2 MEG x 18 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOl1s is required after power-up 
followed by any eight RAS REFRESH cycles (RAS­
ONLY or CBR with WE HIGH) before proper device. 
operation is assured. The eight RAS cycle wake-up 
should be repeated any time the lREF refresh 
requirement is exceeded. 

4. AC characteristics assume IT = 5ns. 
5. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C :0; T A :0; 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and 100pF. 

8. Assumes that IRCD < IRCD (MAX). If IRCD is greater 
than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

9. Assumes that IRCD ~ IRCD (MAX). 
10. If CAS = VIH, data output is High-Z. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. toFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 

a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by tcAC. 

14. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias = 2.4V @ 15m V RMS). 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for ICp. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW. 
21. LATE-WRITE, READ-WRITE or READ-MODIFY­

WRITE cycles are not available due to OE being 
grounded on all 4 Meg DRAMs. 

22. Icc is dependent on cycle rates. 
23. Operation within the lRAD (MAX) limit ensures that 

IRCD (MAX) can be met. lRAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified lRAD (MAX) limit, then access time is 
controlled exclusively by IAA. 

24. Applies to L-version only. 

MT120136 
REV. 4/92 3-255 Micron Technology, Inc., reserves the right to change products or specifications wllhout notice. 
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UIC:I=ION MT12D136 
1-· ,""""""" 1 MEG x 36, 2 MEG x 18 DRAM MODULE 

MT12D136 
REV. 4192 

READCVCLE 

IRC 

IRAS IRP I 

RAS 

IeSH 

IRSH IAAH 

leRP tRCD tCAS 

CAS J 
IAR 

1 
IRAD tRAl 

I~ ~I ~ ~ 
ADDR '1//;;?A ROW W////,,0 COLUMN 0'//////////////////////;);( ROW 

IRCS tRCH 

I 
WE 1/////////////////////////////// V////////////////////!; 

IAA 

tRAC 

DO 

tCAG 
,'OFF '_I 

~k 
OPEN VAllO DATA OPEN---

EARL V-WRITE CVCLE 

IRC 

tRAS IRP ,I 
I I - t \ -

tCSH 

IRSH 

ICAP , tRCD ICAS , 

=-.1 
IAR 

IRAD tRAL 

ADDR ~I~ 

, 
I~ ~I ··I~ ~ 

ROW ~4t COLUMN W//////////////JA ROW 

!CWL II tAWL 

tWCR 

twcs tWCH 

IWp 

Y////////////// W////////////// 

~I 
I 'OHR , 
~ 

DO ~:g~ ~1----V-AL-ID-D-AT-A----'~ 

3-256 

~ DONTCARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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1-· ""'" """" 1 MEG x 36, 2 MEG x 18 DRAM MODULE 

MT12D136 
REV. 4192 

FAST-PAGE-MODE READ CYCLE 

1 __ --------------------------~tR~A~SP~----------------__________ ~~ 

RAS VIH -
VIL _ 

CAS VIH -
VIL _ 

ADDR V,H 
V,L 

WE VIH -
Vil _ 

DO ~Igr ------------

FAST-PAGE-MODE EARLY-WRITE CYCLE 

1--------------------------~tR~A~S-----------------------------.1 ~ 

3-257 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specl~cations without notice. 
@1992,MicronTechnology,lnc. 
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MICRON MT12D136 
1-· H""" '"'' 1 MEG x 36, 2 MEG x 18 DRAM MODULE 

MT12D136 
REV. 4192 

RAS"-ONL Y REFRESH CYCLE 
(ADDR = AO-A9; WE = DON'T CARE) 

_ V,H _,--------.11 II--l----l\ 
RAS VIL _ .¥T '---__ 

'cRP nl~1 

CAS ~:~:.--' '---I 

ADDR ~:~ =~~o~iw/////$fflM/$$/II/$MIM$)Xr---RO-w --

DO ~g~ ::---------OPEN--------

DO 

DO 

"CAS"-BEFORE-ltAS" REFRESH CYCLE 
(AO-A9 = DON'T CARE) 

tRP tRAS _I tRP tRAS 

1 'y 
.~ tRPc:

1
: 

I .• tcPN. :II~ ~I I~~ ~I 
:~ , I , f 

OPEN 

~ ~ ~ ~ 
- Wlg//;I/ /;1/;1/ $/ 1/// I//g//~ 

BATTERY BACKUP REFRESH CYCLE 24 

(AO-A9 = DON'T CARE) 

125l:!s 

tRP tRAS 

.~ tRPC~11 
l·tcPNII~ ~I 

! 'l, I 

~ ~ 
-

tRP 

~jl~ 
'l, 

OPEN 

~ 

3-258 

tRAS _I 

Y 
~I. 

I 

~ 

WgUgl//////U////;I/UU/;Iffi 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or speclflcatlons without notice. 
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MIC:RON MT12D136 
1-· '"''''''0''''' 1 MEG x 36,2 MEG x 18 DRAM MODULE 

RAS VIH-
VIL_ 

tCRP 

CAS VIH-
VIL_ 

ADDR 

HIDDEN REFRESH CYCLE 20 

(WE = HIGH) 

(READ) 

tRAS 

(REFRESH) 

tRAS 

tCHR 

-tOFF 

DQ ~:g~--------- OPEN------~mm~----~V~A~LlD~D~A~TA~---___1 OPEN-

MT120136 
REV. 4/92 3-259 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology. Inc., reserves the right to change prOducts or specifications withciut notice. 
©1992, Micron Technology, Inc. 
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MT12D136 
I'4IC:R9~ 1 MEG x 36, 2 MEG x 18 DRAM MODULE 
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MIC:RON MT18D236 
1-· ''''''''0",'''' 2 MEG x 36 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Common RAS control per side pinout in a 72-pin 

single-in-line package 
• High-performance, CMOS silicon-gate process. 
• Single 5V ±10% power supply 
• All device pins are fully TTL compatible 
• Low power, 54m W standby; 2,052m W active, typical 
• Refresh modes: RAS-ONLY, CA5-BEFORE-RAS (CBR) 

and HIDDEN 
• 1,024-cycle refresh distributed across 16ms 
• FAST PAGE MODE access cycle 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 

- 6 
- 7 
- 8 

Leadless 72-pin SIMM M 
Leadless 72-pin SIMM (Gold) G 

• Part Number Example: MT18D236G-6 

GENERAL DESCRIPTION 
The MT18D236 is a randomly accessed solid-state memory 

containing 2,097,152 words organized in a x36 configura­
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits which are entered 10 
bits (AO-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. EARLY 
WRITE occurs when WE goes LOW prior to CAS going 
LOW, the output pin(s) remain open (High-Z) until the next 
CAS cycle. 

FAST PAGE MODE operations allow faster data opera­
tions (READ or WRITE) within a row-address (AO-A9) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 

MT18D236 
REV. 4192 3-261 

2 MEG x 36 DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM 
(T-12) 

\~III"""""""""""",::D=""",,,,,,,,,,,,,,,,,,,,,,~1 1 36 37 72 

PINI SYMBOL PIN. SYMBOL PIN. SYMBOL PIN. SYMBOL 
1 Vss 19 NG 37 0018 55 0013 
2 001 20 005 38 0036 56 0031 
3 0019 21 0023 39 Vss 57 0014 
4 002 22 006 40 CJ\SO 58 0032 
5 0020 23 0024 41 ~ 59 Vee 
6 003 24 007 42 ~ 60 0033 
7 0021 25 0025 43 "CASf 61 0015 
8 004 26 008 44 RJ\SO 62 0034 
9 0022 27 0026 45 lUiS1 63 0016 
10 Vee 28 A7 46 NG 64 0035 
11 NG 29 NG 47 WE" 65 0017 
12 AO 30 Vee 48 NG 66 NG 
13 Al 31 A8 49 0010 67 PROl 
14 A2 32 A9 50 0028 68 PR02 
15 A3 33 lUiS1 51 0011 69 PR03 
16 A4 34 ro®J 52 0029 70 PR04 
17 AS 35 0027 53 0012 71 NG 
18 A6 36 OQ9 54 0030 72 Vss 

followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ­
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby leveL 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONL Y, CAS-BEFORE­
RAS or HIDDEN REFRESH) so that all 1,024 combinations 
of RAS addresses (AO-A9) are executed at least every 16ms, 
regardless of sequence. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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MIC:RON MT18D236 
1-· ""'"'wc"''' 2 MEG x 36 DRAM MODULE 

CASa 
CASl 
RASO 

WE -

CAS2 
CASS 

AQ-A9 

-

AG-A9 

FUNCTIONAL BLOCK DIAGRAM 

DQ1 ••••••• -••••••••••••• -•• DOS OQ9, 18, 27, 36 

! tt! 
~ 

! tt! 
~ 

!! !! 
~ 

r--- WE - WE - WE CAS3 

,--- CAS 
Ul 

- CAS 
U2 

- CASo U5 

r-- RAS r-- RAS - R.A.S CAS2 

BE Ao-.p2- BE A~.E.. I CASl ~A~ 

-= 
.. 

-= ... "" 
-

0019 ..•.•....•.•.•..•.•..•.• OQ26 

JJll 
OQ1-4 

JJll 
OQ1-4 

I-r-- WE - WE 

r-- CAS 
U6 - CAS 

U7 

r-- liAS - liAS 

5E Ao-...~ ~5EA~ 
-= 

~ 

001 .•.•.•• -•.•.•..•.•.•.•.• D08 DQ9, 18, 27, 36 

!!! ! ! ! ! ! ! ! ! ! 
~ ~ DQ1:'4 

r--- WE - WE ,.-- WE CAS3 

CAS 
U10 

CAS 
U11 

CASO U14 - - r--
- liAS - liAS r-- RAS CAS2 

-r- BE ~~ 
- " ... -r-~ Ao-;.2-

-= ... I"- r:S1AF 

0019 ........................ OQ26 

JJll D01-4 
lill 

D01-4 

I- - WE - WE 

- CAS 
U15 

- CAS 
U16 

~ RA§ - liAS 

~ 5E Ao-~ ~~ AD-f 

-

0010 ························0017 

! ! ! ! 
~ 

! ! ! ! 
~ 

,.-- WE r-- WE 
U3 U, 

- CAS ,--- CAS 

~ RAS r-- liAS 

r- DE Ao-A9 OE Ao:...E.. -:k- '"::;j ~ -= 

l-
I-

OQ28·········· __ ······ ---- DQ35 

rUl1 
OQ1-4 

JJll 
DQ1-4 

,.-- WE r-- WE 

CAS 
U, 

,--- CAS 
u, 

r--
~ RAS r-- RAS 

~A't! 
I>--

BE AG-.,p! 

-= -= 

0010 ························0017 

! ! ! ! ! ! ! ! 
~ ~ 

r--- WE - WE 
U12 U13 .-- CAS - CAS 

r-- RA§ - liAS 

5EAO~ -r-~ A~ 
-= 

.. ... 
- ... "" 

-
--

OQ28 ••••••••••.•••••.•••••• DQ35 

JJ1.l 001-4 rUl1 OQ1-4 

r--- WE - WE 

,--- CAS 
U17 

- CAS 
U18 

r-- liAS - liAS 

BE A~ ~~F -= 
... 

-
--

U1-U~, U6-U13, U15-U1B '" MT4C4001JDJ 
us, U14 = MT4C4004JDJ 

NOTE: Due to the use of a Quad CAS parity DRAM, RASO is common to side 1 and RAS1 is common to side 2. 

MT18D236 
REV. 4192 3-262 Micron Technology, Inc., reserves the right to change products Of specifications without notlc9. 
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MIC:RON MT18D236 
1-· """.0'0"''''' 2 MEG x 36 DRAM MODULE 

TRUTH TABLE 

FUNCTION HAS W-
Standby H H-X 

READ L L 

EARLY-WRITE L L 

FAST-PAGE-MODE 1st Cycle L H-L 

READ 2nd Cycle L H-L 

FAST-PAGE-MODE 1st Cycle L H-L 

WRITE 2nd Cycle L H-L 

RAS-ONL Y REFRESH L H 

HIDDEN READ L-H-L L 

REFRESH WRITE L-H-L L 

CAS-BEFORE-RAS REFRESH H-L L 

PRESENCE DETECT 

MT18D236 
REV. 4192 

SYMBOL 

PRD1 

PRD2 

PRD3 

PRD4 

-6 

NC 

NC 

NC 

NC 

3-263 

WE 
X 

H 

L 

H 

H 

L 

L 

X 

H 

L 

H 

-7 

NC 

NC 

Vss 

NC 

ADDRESSES DATA IN/OUT 
tR IC DQ1-DQ36 

X X High"Z 

ROW COL Data Out 

ROW COL Data In 

ROW COL Data Out 

n/a COL Data Out 

ROW COL Data In 

n/a COL Data In 

ROW n/a High-Z 

ROW COL Data Out 

ROW COL Data In 

X X High-Z 

-8 

NC 

NC 

NC 

Vss 

Micron Technology, Inc., reserves the right to change products or specifications withOut na'tice. 
©1992, Micron TechnolOgy, Inc. 
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MIC:RON MT18D236 
1-· ,oom"0"'"' 2 MEG x 36 DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss ,., ........... -lV to +7V 
Operating Temperature, T A (Ambient) " ........ DOC to +7DoC 
Storage Temperature (Plastic) .................... -55°C to + 125°C 
Power Dissipation ............................................................ 18W 
Short Circuit Output Current ...................................... 5DmA 

'Stresses greater than those listed under "Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

::D ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
l> (Notes: 1, 2, 3, 6, 23) (DOC ~ T A ~ 70°C; Vcc = 5V ±1 0%) 

s: 
s: 
o c c: 
r­
m 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input: OV ~ VIN ~ Vcc 
(All other pins not under test = OV) For each package input 

OUTPUT LEAKAGE CURRENT 
(0 is disabled, OV ~ VOUT ~ Vcc) For each package input 

OUTPUT LEVELS 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 5mA) 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) 
(RAS = cAS = VIH) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Other Inputs = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN» 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN» 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN» 

SYMBOL 

Vcc 

VIH 

VIL 

CASO-CAS3 lit 
AO-A9, WE li2 
RASO, RAS1 li3 

D01-D036 102 

VOH 

VOL 

SYMBOL 

Icct 

Icc2 

Icc3 

Icc4 

Icc5 

Icc6 

MIN MAX UNITS NOTES 

4.5 5.5 V 1 

2.4 Vcc+1 V 1 

-1.0 0.8 V 1 

-12 12 IlA 
-36 36 uA 
-18 18 IlA 
-20 20 IlA 

2.4 V 

0.4 V 

MAX 

-6 -7 -8 UNITS NOTES 

36 36 36 rnA 

18 18 18 rnA 

1008 918 828 rnA 2,23 

738 648 558 rnA 2,23 

1008 918 828 rnA 2 

1008 918 828 rnA 2, 19 

MT18D236 
REV.4J92 3-264 Micron Technology, Inc., reserves the right to change products or speclficatlons without notice. 
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AJlU::::RON MT18D236 
1-· m,,",co",,", 2 MEG x 36 DRAM MODULE 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A9 Cit 115 pF 17 

Input Capacitance: WE CI2 151 pF 17 

Input Capacitance: RASO, RAS1 CI3 76 pF 17 

Input Capacitance: CASO, CAS1, CAS2, CAS3 CI4 50 pF 17 

Input/Output Capacitance: DQ1-DQ36 CIO 20 pF 17 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4,5, 6, 7, 10, 11, 16, 21) (ODC ~ T A ~ 70DC; Vce = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 

READ-WRITE cycle time 

FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 

Access time from CAS 

Output Enable 

Access time from column address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 
RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 

CAS to RAS precharge time 

Row address setup time 

Row address hold time 

RAS to column 
address delay time 

Column address setup time 

Column address hold .time 

Column address hold time 
(referenced to RAS) 

Column address to 
RASlead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

MT18D;i!36 
REV. 4192 

-6 
SYM MIN MAX 
tRC 110 

tRWC n/a 
tpc 40 

tpRWC n/a 

tRAC 60 
tCAC 15 
tOE 15 
tAA 30 

tCPA 35 
tRAS 60 100,000 

tRASP 60 100,000 
tRSH 15 
tRP 40 

tCAS 15 100,000 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 20 45 
tCRP 10 
tASR 0 
tRAH 10 
tRAD 15 30 

tASC 0 
tCAH 10 
tAR 50 

tRAL 30 

tRCS 0 
tRCH 0 

tRRH 0 

3-265 

MIN 
130 
n/a 
40 

n/a 

70 
70 
20 
50 
20 
70 
10 
10 
20 
10 
0 
10 
15 

0 
15 
55 

35 

0 
0 

0 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 

n/a ns 2.1 
45 ns 

n/a ns 21 

70 80 ns 8 
20 20 ns 9 
20 20 ns 

35 40 ns 

40 45 ns 

100,000 80 100,000 ns 

100,000 80 100,000 ns 

20 ns 

60 ns 

100,000 20 100,000 ns 

80 ns 

10 ns 18,22 
10 ns 

50 20 60 ns 13 
10 ns 

0 ns 

10 ns 

35 15 40 ns 24 

0 ns 

15 ns 

60 ns 

40 ns 

0 ns 

0 ns 14 

0 ns 14 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT18D236 
1-· ",,,,,me"", 2 MEG X 36 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7, 10, 11, 16, 21) (O°C ::;; T A::;; 70°C; Vee = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
CAS to output in low-Z 

Output buffer turn-off delay 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CAS-BEFORE-RAS refresh) 

CAS hold time 
(CAS-BEFORE-RAS refresh) 

WE hold time 
(CAS-BEFORE-RAS refresh) 

WE setup time 
(CAS-BEFORE-RAS refresh) 

WE hold time 
(WCBR test cycle) 

WE setup time 
(WCBR test cycle) 

last CAS going lOW to first 
CASto return HIGH 

MT18D236 
REV. 4192 

-6 

SYM MIN 
tClZ 0 
tOFF 0 

twcs 0 
tWCH 10 

twCR 45 

twp 10 
tRWl 15 
tCWl 15 
tDS 0 
tDH 10 

tDHR 45 

tr 3 
tREF 

tRPC 0 
tCSR 10 

tCHR 15 

tWRH 10 

tWRP 10 

twTH 10 

twTS 10 

tClCH 10 

MAX MIN 
0 

15 0 

0 

15 

55 

15 

20 

20 

0 

15 

55 

50 3 
16 

0 

10 

15 

10 

10 

10 

10 

10 

3-266 

-7 -8 
MAX MIN MAX UNITS NOTES 

0 ns 

20 0 20 ns 12 

0 ns 

15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 15 

15 ns 15 

60 ns 

50 3 50 ns 5, 16 

16 16 ms 

0 ns 

10 ns 19 

15 ns 19 

10 ns 

10 ns 

10 ns 

10 ns 

10 ns 

Micron Technology, Inc., reserws the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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1-· '0'""''',",'' 2 MEG x 36 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOl1s is required after power-up 
followed by any eight RAS REFRESH cycles (RAS­
ONLY or CBR with WE HIGH) before proper device 
operation is assured. The eight RAS cycle wake-up 
should be repeated any time the ~F refresh 
requirement is exceeded. 

4. AC characteristics assume IT = Sns. 
S. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured betWeen VIH and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C S; T A S; 70°C) is assured. 

7. Measured with a load eqUivalent to two TTL gates 
and 100pF. 

8. Assumes that IRCD < tRCD (MAX). If tRCD is greater 
than the maximum recommended value shown in this 
table, tRAC will increase by the amount that tRCD 
exceeds the value shown. 

9. Assumes that IRCD ;:: tRCD (MAX). 
10. If CAS = VIH, data output is High-Z. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. toFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 

a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by !CAe. 

14. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

IS. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, V cc 
= SV, DC bias = 2.4V @ ISm V RMS). 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for tcP. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW. 
21. LATE-WRITE, READ-WRITE or READ-MODIFY­

WRITE cycles are not available due to OE being 
grounded on V1-V18. 

22. Last falling CASx edge to first rising CASx edge. 
23. Icc is dependent on cycle rates. 
24. Operation within the tRAD (MAX) limit ensures that 

IRCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified lRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

MT180236 
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MIC:RON MT18D236 
1-· ""mo,"""" 2 MEG x 36 DRAM MODULE 

MT1BD236 
REV, 4192 

RAS 

CASx 

AODR 

WE 

DQ, 

Ms 

CASx 

ADDR 

V,H -
V,L -

V,H -
V,L -

V,H 
VIL 

READ CYCLE 

IRC 

~ 
IRAS IRP 

J 
\ 

IOSH 

I 
I 

lASH tRRH 

leAP . . tRCD teAS 

I 
iCLCH 

j 1 ~' -'" 
IAR 

1 
tRAD tRAl 

I~ ~ ~ ~ 
~ ROW ~ COLUMN ~ ROW 

IRCS ~ 

1'//////////////////////////////1 VIIIII!!I!!I!II 
1M 

tRAC : I. ICAC .IOFF~I 
tell ~l 

OPEN VALID DATA OPEN---

EARLY-WRITE CYCLE 

leRP 

ROW 

3-268 

~ DON'T CARE 

~ UNDEFINED 

IIIIIl FIRST TO LAST eAS TO TRANSITION 
(minimum of 1, maximum of 4) 

Micron Technology, Inc., reserves Ihe right to change products or speciflcatlons without notice. 
@1992,MloronTechnOlogy, Inc. 



MIC::RON MT18D236 
1-· .,,""'''''''' 2 MEG x 36 DRAM MODULE 

MTI8D236 
REV. 4192 

ADDR 

ADDR ~l~ 

FAST-PAGE-MODE READ CYCLE 

1~ ____________________________ ~tR~AS~P ____________________________ ~~ 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

3-269 

~ DONTCARE 

~ UNDEFINED 

FIRST TO LAST CAS TO TRANSITION 
(minimum of 1, maximum of 4) 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology"lnc. 
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MIC:RON MT18D236 
1-· """'00"''' 2 MEG x 36 DRAM MODULE 

MT18D236 
REV. 4192 

RAS"-ONL Y REFRESH CYCLE 
(ADDR = AO-A9; WE = DON'T CARE) 

IRP 

RAs ~:~ -_-------J.n� __________ ----"~I 
tCRP'I~1 

\'-----

CASx ~l~ =---'If ~ 

ADDR ~:~ =~~o~kW$////////////$///////////////////////,.x~-RD-W --

D,o~ig~ -,--------------OPEN------------

'CAS-BEFORE-RAS REFRESH CYCLE 
(AO-A9 = DON'T CARE) 

tRP tRAS tAP 

RAs ~:~ -J tlJ 't 
'csRll----'------'CHR -fl~~_,'cSR .1t

L
-cH ICH,R~ 

_ V _1~~ILc~1 __ -- ~ --
CAS. V:~ - 1il 1t\r----------

mL ___ --~---------~---~~--

010 ~:g~='----------------OPEN-------------

RAS VIH-
VIL_ 

CAS, VIH-
VIL_ 

ADOR VIH-
Vll_ 

HIDDEN REFRESH CYCLE 20 

(WE = HIGH) 

(READ) 

tRAS 

(REFRESH) 

tRAS 

tCLCH 

DO>: ~:ge :=-----OPEN VALID DATA 

3-270 

IZZ1 DON'T CARE 

m UNDEFINED 

FIRST TO LAST CAS TO TRANSITION 
(minimum of 1, maximum of 4) 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 



I'IIIC:RON MT24D236 
"'""0<0",", 2 MEG x 36,4 MEG x 18 DRAM MODULE 

JRAM 
VlODULE 
EATURES 
Industry standard pinout in a 72-pin single-in-line 
package 
High-performance, CMOS silicon-gate process 
Single 5V ±10% power supply 
All device pins are fully TTL compatible 
Low power, 72m W (18.4m W L-version) standby; 
2,536m W active, typical 
Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR) 
and HIDDEN 
1,024-cycle refresh distributed across 16ms or 
1,024-cycle extended refresh distributed across 128ms 
FAST PAGE MODE access cycle 
Low CMOS standby current, 4.8mA maximum 
(L-version) 
Multiple RAS lines allow x18 or x36 width 

IPTIONS MARKING 
Timing 
60ns access - 6 
70ns access - 7 
80ns access - 8 

Packages 
Leadless 72-pin SIMM M 
Leadless 72-pin SIMM (Gold) G 

Power /Refresh 
Normal Power/16ms Blank 
Low Power 1128ms L 

Part Number Example: MT24D236GL-6 

ENERAL DESCRIPTION 
TheMT24D236 isa randomly accessed solid-state memory 
ntaining 2,097,152 words organized in a x36 configura­
,no During READ or WRITE cycles, each bit is uniquely 
. dressed through the 20 address bits, which are entered 10 
:5 (AO -A9) at a time. RAS is used to latch the first 10 bits 
d CAS the latter 10 bits. A READ or WRITE cycle is 
lected with the WE input. A logic HIGH on WE dictates 
lAD mode while a logic LOW on WE dictates WRITE 
)de. During a WRITE cycle, data-in (D) is latched by the 
ling edge of WE or CAS, whichever occurs last. EARLY 
RITE occurs when WE goes LOW prior to CAS going 
)W, and the output pin(s) remain open (High-Z) until the 
xt CAS cycle. 
FAST PAGE MODE operations allow faster data opera­
us (READ or WRITE) within a row-address (AO-A9) 

'D236 
4192 3-271 

2 MEG x 36,4 MEG x 18 
FAST PAGE MODE (MT24D236) 
LOW POWER, 
EXTENDED REFRESH (MT24D236 L) 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM 
(T-20) 

\0""""",,,,,,,,,,,,,,,,,,:,=,,,,,,,,,,,,,,,,,,,,,,,,,,,,0 
1 36 37 72 

PIN # SYMBOL PIN # SYMBOL PIN. SYMBOL PIN. SYMBOL 
1 Vss 19 NC 37 0018 55 0013 
2 001 20 005 38 0036 56 0031 
3 0019 21 0023 39 Vss 57 0014 
4 002 22 006 40 W\SO 58 0032 
5 OQ20 23 0024 41 CAS2 59 Vee 
6 003 24 007 42 NiS3 60 0033 
7 0021 25 0025 43 "CAS1 61 0015 
8 004 26 008 44 RASlf 62 0034 
9 0022 27 0026 45 ro\Sf 63 0016 

10 Vee 28 A7 46 NG 64 0035 
11 NC 29 NC 47 WE" 65 0017 
12 AO 30 Vee 48 NG 66 NC 
13 Al 31 A8 49 DOlO 67 PROl 
14 A2 32 A9 50 0028 68 PR02 
15 A3 33 ~ 51 0011 69 PR03 
16 A4 34 lU\S2 52 0029 70 PRD4 
17 A5 35 D027 53 0012 71 NC 
18 A6 36 009 54 0030 72 Vss 

defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ­
ent column addresses, thus executing faster memory cycles . 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS HIGH time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONL Y, CAS-BEFORE­
RAS or HIDDEN REFRESH) so that all 1,024 combinations 
of RAS addresses (AO-A9) are executed at least every 16ms 
(128ms on L-version), regardless of sequence. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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MIC:RON MT24D236 
1-· ,"""OC'",,", 2 MEG x 36, 4 MEG x 18 DRAM MODULE 

MT240236 
REV. 4192 

CASO 

CASt 
RASa 

WE 

CAS2 

CASS 
RAS2 

AO-AS 

Ao-A9 

,.--
-
-

-= 

-

~ 
-
-

--= 

,.--
-
-

-= 

-

~ 
-
-

-= 

FUNCTIONAL BLOCK DIAGRAM 

001 ................................................ 009 

JJll OQ1-4 JJll OQ1-4 0 Q 

WE - WE r-- WE 

CAS 
U1 - CAS 

U2 

r-- CAS 
U17 

RAS ,--- RAS ,--- RAS 

~A~ ... ,... ~A~~ ... ... '-:;j A~ ... 
-= -

0019 ···············································0027 

Jill 
OQ1-4 

Jill 
001-4 0 Q 

WE - WE r-- WE 
U3 U4 

CAS 
U19 

CAS - CAS r--
RAS ,--- RAS r-- RAS 

~,A~~ ~ AG-A9 A~ 
"" ... .... ~ ... ... 

-= -

001 ................................................ 009 

JJll DQl·4 JJll 001-4 0 Q 

WE - WE r-- WE 
U15 U16 U21 

CAS .-- CAS .-- CAS 

RAS ,--- RAS ~ RAS 

~Ao-..~ 
... ... ~A~ ... ... 

-= 
... A~ ,... 

-

0019··············································· 0027 

Jill 
001-4 

lill 
001-4 0 Q 

WE - WE r-- WE 
U13 U14 U23 

CAS .-- CAs .-- CAS 

RAS r-- RAS - AAS 

~ Ao-..!! ... ~ Ao-A9 
... ~ .. A~ 

-= 
r-

3-272 

0010·················································0018 

JJll OQ1-4 JJll 001·4 0 Q 

r-- WE - WE r-- WE 

- U5 - CAS 
U6 

r-- CAS 
U18 

CAS 

- RA§ ,--- RAS ,--- RAS 

-r- 5E AF- ~ AO-.~ .• '-:;j A~ 

-= 
... ... ... 

r---
-
-

-= 

-
-
-

-= 

~ 

-
,---

-= 

---
0028 ················································0036 

JJll 001-4 
Jill 

OQI-4 0 Q 

WE - WE ,-- WE 
U7 us U20 

CAS - CAS .-- CAS 

RAS ,--- RAS r-- RAS 

~A~ ... ,... 
-= 

~Ao-..~ ... ... '-:;j 
AO-A9 

F 

-
--

0010·················································0018 

JJll OQI-4 JJll 001-4 0 Q 

WE - WE ,-- WE 
U11 U12 U22 

CAS .-- CAS .-- CAs 

RAS ,--- RAS r-- RAS 

~ AO-p! ... ... ~A~ .. ... 
-= 

.. A~ ,... 

,---
-

0028 ················································0036 

Jill 
DQl·4 

WE 
U9 

CAS 

RAS 

~A~ ... 

lill 
OQ1-4 0 Q 

r-- WE r-- WE 
UlO U24 .-- CAS r-- CAS 

r-- RAS - RAS 

~ AG-,p! Ao-~ 
. ...... 

-= 
'-
r-
r-

Ul·U16 = MT4C4001JOJ 
U17·U24 = MT4Cl024DJ 

or 
U1-U16::: MT4C4Q01JDJ L (L-version) 
U17-U24:: MT4C1024DJ L (L-version) 

Micron Techno!ogy, Inc., reserves the right to change products or specifications without no 
©1992, Micron Technology, 



MIC:RON MT24D236 
1-· '>,""OW, W 2 MEG x 36, 4 MEG x 18 DRAM MODULE 

TRUTH TABLE 

FUNCTION HAS" "CAS" 
Standby H H-X 

READ L L 

EARLY-WRITE L L 

FAST-PAGE-MODE 1st Cycle L H-L 

READ 2nd Cycle L H-+L 

FAST-PAGE-MODE 1st Cycle L H-+L 

WRITE 2nd Cycle L H-L 

RAS-ONL Y REFRESH L H 

HIDDEN READ L-H-L L 

REFRESH WRITE L-H-L L 

CAS-BEFORE-RAS REFRESH H-L L 

BATTERY BACKUP H-L L 
REFRESH (L-version) 

PRESENCE DETECT 

MT24D236 
REV, 4192 

SYMBOL 

PRD1 

PRD2 

PRD3 

PRD4 

-6 

NC 

NC 

NC 

NC 

3-273 

wr 
X 

H 

L 

H 

H 

L 

L 

X 

H 

L 

H 

X 

-7 

NC 

NC 

Vss 

NC 

ADDRESSES DATA IN/OUT 

IR IC 001-0036 

X X High-Z 

ROW COL Data Out 

ROW COL Data In 

ROW COL Data Out 

nfa COL Data Out 

ROW COL Data In 

nfa COL Data In 

ROW nfa High-Z 

ROW COL Data Out 

ROW COL Data In 

X X High-Z 

X X High-Z 

-8 

NC 

NC 

NC 

Vss 

Micron Technology, Inc., reserves the righ1 to change products or specifica1ions without notice. 
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MIC:RON MT24D236 
1-· ''''''''wo,,' 2 MEG x 36, 4 MEG x 18 DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss ........ .,., .. -lV to +7V 
Operating Temperature, T A (Ambient) ......... O°C to +70°C 
Storage Temperature (Plastic) .................... -55°C to + 150°C 
Power Dissipation ..................................... ; ...................... 24W 
Short Circuit Output Current .................. ., .................. 50mA 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1,2, 3, 6, 22) (O°C :S T A :S 70°C; Vcc = 5V ±1 0%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.5 5.5 V 1 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vcc+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -1.0 0.8 V 1 

INPUT LEAKAGE CURRENT CASO-CAS3 111 -12 12 I-lA 
Any Input: OV :S VIN :S Vcc AO-A9, WE 112 -48 48 I-lA 
(All other pins not under test = OV) for each package input RASO-RAS3 113 -12 12 I-lA 
OUTPUT LEAKAGE CURRENT 001-0036 102 -10 10 I-lA 
(0 is disabled, OV :S VOUT :S Vcc) for each package input 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 5mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -6 -7 -8 UNITS NOTES 

STANDBY CURRENT: (TTL) Icc1 48 48 48 mA 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) Icc2 24 24 24 mA 

(RAS = CAS = Vcc -0.2V) 4.8 4.8 4.8 mA 24 

OPERATING CURRENT: Random READIWRITE 1264 1144 1024 mA 2,22 
Average power supply current Icc3 
(RAS, CAS, Address Cycling: tRC = tRC (MIN)) 1225 1105 985 mA 2,22,24 

OPERATING CURRENT: FAST PAGE MODE 944 824 704 mA 2,22 
Average power supply current Icc4 
(RAS = VIL, CAS, Address Cycling: tpc = tpc (MIN)) 905 785 665 mA 2,22,24 

REFRESH CURRENT: RAS-ONL Y 1264 1144 1024 mA 2 
Average power supply current Iccs 
(RAS Cycling, CAS = VIH: tRC = tRC (MIN)) 1225 1105 985 mA 2,24 

REFRESH CURRENT: CAS-BEFORE-RAS 1264 1144 1024 mA 2, 19 
Average power supply current Icc6 
(RAS, CAS, Address Cycling: tRC = tRC (MIN)) 1225 1105 985 mA 2,19,24 

REFRESH CURRENT: BATTERY BACKUP (BBU) 
Average power supply current during BATTERY BACKUP refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = tRAS (MIN) to Icc? 6.4 6.4 6.4 mA 24 
300ns; WE =Vcc -0.2V; AO-A9 and DIN = Vcc -0.2V or 0.2V 
(DIN may be left open), tRC = 125!lS (1,024 rows at 12511S = 128ms) 

MT24D236 
REV. 4192 3-274 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT24D236 
1-· ,"C"",comcm 2 MEG x 36, 4 MEG x 18 DRAM MODULE 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance: AO-A9 Cit 154 pF 17 

Input Capacitance: WE CI2 202 pF 17 

Input Capacitance: RASO, RAS1, RAS2, RAS3 CI3 50 pF 17 

Input Capacitance: CASO, CAS1, CAS2, CAS3 CI4 50 pF 17 

Input/Output Capacitance: D01-D036 Cia 20 pF 17 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7, 10, 11, 16, 21) (O°C $; T A $; 70°C; Vcc = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MOD!= 
READ-WRITE cycle time 

Access time from RAS 
Access time from CAS 
Output Enable 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge timejFAST PAGE MODE 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS") 
Column address to 
RAS" lead time 

Read command setup time 
Read command hold time 
(referenced to CAS") 

Read command hold time 
(referenced to RAS") 

MT24D236 
REV. 4192 

-6 
SYM MIN 
tRC 110 

tRWC n/a 
tpc 40 

tpRWC n/a 

tRAC 
tCAC 
toE 
tAA 

tCPA 
tRAS 60 

tRASP 60 
tRSH 15 
tRP 40 

tCAS 15 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 20 
tCRP 10 
tASR 0 
tRAH 10 
tRAD 15 

IASC 0 
ICAH 10 
tAR 50 

IRAL 30 

IRCS 0 
IRCH 0 

tRRH 0 

MAX MIN 
130 
n/a 
40 

n/a 

60 
15 
15 
30 
35 

100,000 70 
100,000 70 

20 
50 

100,000 20 
70 
10 
10 

40 20 
10 
0 
10 

30 15 

0 
15 
55 

35 

0 
0 

0 

3-275 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 
n/a ns 21 
45 ns 

n/a ns 21 

70 80 ns 8 
20 20 ns 9 
20 20 ns 
35 40 ns 
40 45 ns 

100,000 80 100,000 ns 
100,000 80 100,000 ns 

20 ns 
60 ns 

100,000 20 100,000 ns 
80 ns 
10 ns 18 
10 ns 

50 20 60 ns 13 
10 ns 
0 ns 
10 ns 

35 15 40 ns 23 

0 ns 
15 ns 
60 ns 

40 ns 

0 ns 
0 ns 14 

0 ns 14 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT24D236 
1-· '"'""MOCn, 2 MEG x 36,4 MEG x 18 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7, 10, 11, 16, 21) (O°C ~ T A ~ 70°C; Vee = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
CAS to output in low-Z 

Output buffer turn-off delay 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

~ to CAS precharge time 

CAS" setup time 
(CAS-BEFORE-RAS refresh) 

CAS hold time 
(CAS"-BEFORE-RAS refresh) 

WE hold time 
(CAS"-BEFORE-RAS refresh) 

WE setup time 
(CAS-BEFORE-RAS refresh) 

WE: hold time 
(WCBR test cycle) 

WE: setup time 
(WCBR test cycle) 

MT24D236 
REV. 4/92 

-6 

SYM MIN MAX 
tClZ 0 
tOFF 0 20 

twcs 0 
tWCH 10 

twCR 45 

twp 10 
tRWl 15 
tCWl 15 
tDS 0 
tDH 10 

tDHR 45 

IT 3 50 
tREF 16/128 
tRPC 0 
tCSR 10 

tCHR 15 

tWRH 10 

tWRP 10 

twTH 10 

twTs 10 

3-276 

MIN 
0 

0 

0 

15 

55 

15 

20 

20 

0 

15 

55 

3 

0 

10 

15 

10 

10 

10 

10 

-7 -8 

MAX MIN MAX UNITS NOTES 
0 ns 

20 0 20 ns 12 

0 ns 

15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 15 

15 ns 15 

60 ns 

50 3 50 ns 5,16 

16/128 16/128 ms 3124 
0 ns 

10 ns 19 

15 ns 19 

10 ns 

10 ns 

10 ns 

10 ns 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT24D236 
1-· ,,,",moe,,,, 2 MEG X 36,4 MEG X 18 DRAM MODULE 

-lUTES 
All voltages referenced to Vss. 
Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 
An initial pause of lOOlls is required after power-up 
followed by any eight RAS REFRESH cycles (RAS­
ONLY or CBR with WE HIGH) before proper device 
operation is assured. The eight RAS cycle wake-up 
should be repeated any time the lJiliF refresh 
requirement is exceeded. 
AC characteristics assume IT = 5ns. 
Vlli (MIN) and VIL (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between VIH and VIL. 
The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C ::; T A ::; 70°C) is assured. 
Measured with a load equivalent to two TTL gates 
and 100pF. 
Assumes that IRCD < IRCD (MAX). If IRCD is greater 
than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 
Assumes that IRCD ~ IRCD (MAX). 

J. If CAS = Vlli, data output is High-Z. 
l. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
~. toFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

~. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 

a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by !CAe. 

14. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica­
tion, all input signals must transit between Vlli and 
VIL (or between VIL and Vlli) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias = 2.4V @ 15m V RMS). 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for ICp. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW. 
21. LATE-WRITE, READ-WRITE or READ-MODIFY­

WRITE cycles are not available due to OE being 
grounded on all 4 Meg DRAMs. 

22. Icc is dependent on cycle rates. 
23. Operation within the lRAD (MAX) limit ensures that 

IRCD (MAX) can be met. lRAD (MAX) is specified as 
a reference point only; if lRAD is greater than the 
specified lRAD (MAX) limit, then access time is 
controlled exclusively by IAA. 

24. Applies to L-version only. 

24D236 
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UII:::I=ICN MT24D236 
1-· ""m"o,,,,,, 2 MEG x 36, 4 MEG x 18 DRAM MODULE 

MT24D236 
REV. 4/92 

READ CYCLE 

tRC 

tRAS tRP 

RAS 
VIH -
V1L _ 

tCSH 

tASH tRRH 

tCAP tRCD tCAS 

CAS 
V1H -
Vil -

tAR 

ADDR 

WE 

DO VIOH -
VIOL OPEN VALID DATA OPEN 

EARLY-WRITE CYCLE 

RC , 
tRAS tRP 'I 

I 
- t \ 

tCSH 

tRSH 

tCRP 

1 

, tRCD tCAS 

=~ 
tAR 

tRAD IRAL 

I~~I I~ ~ 
ADDR ~:r ~ ROW ~ COLUMN ~J:X ROW 

tCWl 

tRWl 

'wCR 

, twcs , tWCH 

twp 

Y////////////// 

~I 
I tDHR 

I~ 
DO ~:g~ ~----VA-Ll-D-DA-T-A--

3-278 

If////////////////////// 

~ DON'TeARE 

~ UNDEFINED 
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MIC:RON MT24D236 
1-· "'""""" w 2 MEG x 36, 4 MEG x 18 DRAM MODULE 

T240236 
EV.4I92 

FAST-PAGE-MODE READ CYCLE 

'RASP tRP 

-~~--------:-------;---'rl~ RAS ~:t - It--------=- r L 
tCSH tpc tRSH 

~=--, __ ±-I~'_CA_P-+t:~~~~~~~~~'A~C~D~ ~~~I~IIr-__ '_CP __ -iI~!Ir-'_'C_P ____ ~I~yr-±-__ tr'_CP_N __ ~1 
'AA 1'--' 'F------'I 

CAS V,H 
VIL 

IRAO I 
1 .. ,.tASR, .tRAH'~1 ~ 

~ ROW ~ COLUMN AODR V,H V,L 
I~ 

WE V,H 
VIL 

I I' 'RCS,I 

'AA 1(' 'M ru 'AA VI!!!!m 
I tRAG , I 'CPA I 'CPA 

I teAC _'O_F_F I-'C_A_C- ~ I~ 

:t/;l///d/////////# 

I. 
tcLZ - 1:- tell - 1:- tell - 1:-

DQ ~:g~ ::c------------OPEN--~---____j~~J~~1~~RD----~~(V~D1~¥f~}----~~[]~A~A~~'~)r------OPEN---

FAST-PAGE-MODE EARLY-WRITE CYCLE 

DQ ~:g~ -:LI..LLLLLLLLLLl.LLI..LLI.:.L.L<O/" ___________ Jr,,'-Lh''-_________ .7r,,:.L.L<,''-__________ .1f'.LLI..LLI.:u...=LLLu.£.Ll..U 

3-279 

0ilil UNDEFINED 
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MIC::RON MT24D236 
1-· 'CC""'''''''''' 2 MEG x 36 4 MEG x 18 DRAM MODULE 

MT24D236 
REV. 4192 

, 

RAS-ONL Y REfRESH CYCLE 
(ADDR = AO-A9; WE = DON'T CARE) 

tCAP 
\'-----

CAs ~IH - f 
Il -----I '---I 

kw$#$$#$$m/#ff/$#$#mx~--~-w---
~! tRAH 

ADDR ~:r =~ ROW 

DQ ~g~ -'------------------OPEN-------------

DO 

DO 

CAS-BEfORE-RAS REfRESH CYCLE 
(AO-A9 = DON'T CARE) 

L tRP tRAS _I tRP 'RAS 

1 .~ 
tcPN j I_ tesR ~ tRP~jl~ ..!£ti!L-1 . 

• ~ 'I, I 11. f 

OPEN 

V 

~ ~ ~ ~ 
- ~#///#//I##/$##/#///4; 

BATTERY BACKUP REfRESH CYCLE 24 

(AO-A9 = DON'T CARE) 

1251:!s 

tRP 'RAS tRP tAAS 

} 
--I tRPC:11 

l,tcP'l]r ~I 
tRPe 'eSR ~} i ! 'I, I 

~~I 
-

3-280 

OPEN 

~ ~ 

~ DONTCARE 

~ UNDEFINED 
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MIC:::I=ION MT24D236 
1-· , '''' , 2 MEG x 36, 4 MEG x 18 DRAM MODULE 

rr24D236 
EV.4192 

~ 
J 

I~ 
v-----ADDR ~IH __ I: 'L..:B 

. 

. 

HIDDEN REFRESH CYCLE 20 

(WE = HIGH) 

tRCD 

(READ) 

tRAS 

tAR 1 

, 
L 
t 

tRSH 

tRAL'1 I ~ II 
,tAsc,ll~ tRAH 

(REFRESH) 

tRAS 

tCHR 

y 

DQ ~:g~::------OPEN-----~~~-----WVAiLiLiDiDDDAA;TA~--~ OPEN-

3-281 

r:zJ DON'T CARE 

~ UNDEFINED 
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ADVANCE 

MIC:RON MT12D436 
1-· ,"C~""K"C 4 MEG x 36, 8 MEG x 18 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry standard pinout in an-pin single-in-line 

package 
• High-performance, CMOS silicon-gate process 
• Single 5V ±10% power supply 
• All device pins are fully TTL compatible 
• Low power, 52mW standby; 3,100mW active, typical 
• Refresh modes: RA5-0NL Y, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• 2,048-cycle refresh distributed across 32ms 
• FAST PAGE MODE access cycle 
• Multiple RAS lines allow xIS or x36 width 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 

- 6 
- 7 
- 8 

Leadless n-pin SIMM M 
Leadless 72-pin SIMM (Gold) G 

• Part Number Example: MT12D436G-6 

GENERAL DESCRIPTION 
The MT12D436 is a randomly accessed solid-state memory 

containing 4,194,304 words organized in a x36 configura­
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 22 address bits, which are entered 11 
bits (AO -A10) at a time. RAS is used to latch the first 11 bits 
and CAS the latter 11 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of CAS. Since WE goes LOW prior to CAS going 
LOW, the outputpin(s) remain open (High-Z) until the next 
CAS cycle. 

FAST PAGE MODE operations allow faster data opera­
tions (READ or WRITE) within a row-address (AO-A10) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 

4 MEG x 36,8 MEG x 18 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM 
(T-21 ) 

\0 """"!""""""""I11:I:~::"""""""I11""I!I!",ol 1 3. 37 72 

PIU SYMBOL PIN. SYMBOL PIU SYMBOL PiNt SYMBOL 
1 Vss 19 A10 37 0018 55 0013 
2 001 20 005 38 0036 56 0031 
3 0019 21 0023 39 Vss 57 0014 
4 002 22 006 40 CASO 58 0032 
5 0020 23 0024 41 ~ 59 Vee 
6 003 24 OQ7 42 ~ 60 0033 
7 0021 25 0025 43 1:AS1 61 0015 
8 OQ4 26 008 44 117iSO 62 0034 
9 0022 27 0026 45 NG 63 0016 
10 Vee 28 A7 46 NG 64 0035 
11 NG 29 NG 47 wr 65 0017 
12 AO 30 Vee 48 NG 66 NG 
13 A1 31 AS 49 0010 67 PR01 
14 A2 32 A9 50 0028 68 PR02 
15 A3 33 NG 51 0011 69 PR03 
16 A4 34 "RAS2 52 0029 70 PR04 
17 A5 35 0027 53 0012 71 NG 
18 A6 36 D09 54 0030 72 Vss 

followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ­
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby leveL 
Also, the chip is preconditioned for the next cycle during 
the RAS HIGH time. Memory cell data is retained in its 
correct state by maintaining~er and executing any 
RAS cycle (READ, WRITE, RAS-ONL Y, CA5-BEFORE­
RAS or HIDDEN REFRESH) so that all 2,048 combinations 
of RAS addresses (AO-AlO) are executed at least every 
32ms, regardless of sequence. The CBR REFRESH cycle will 
invoke the refresh counter for automatic RAS addressing. 

MT12D436 
REV. 4192 3-283 MIcron Technology, Inc., reserves the right to change products or specifications without notie&. 
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ADVANCE 

MIC:RON MT12D436 
1-· ",""oeo,n, 4 MEG x 36, 8 MEG x 18 DRAM MODULE 

FUNCTIONAL BLOCK DIAGRAM 

001 ------------------------------------------------ 009 

t ttl 
001-4 

WE 
Ul 

CAS 

RAS 

CASO 
CAS1 
RASO 

WE 

t It t 
OQ1-4 

WE 
U3 

CAS 

RAS 

CAS2 --+--+f------, 
CAS3 --t-t--­
RAS2 --+----

AO-A 10 tlllllltlllIIIlIIIlIII 

MT12D436 
REV. 4192 

ttl! 
0014 0 a 

WE WE 
U2 ua 

CAS CASO 

RAS RAS 

t tt t 
001-4 

WE 
U4 

CAS 

RAS 

3-284 

0010 ------------------------------------------------ 0018 

ttlt 
DOH 

WE 
us 

CAS 

RAS 

WE 

CAS 

t t It 
OQ1-4 0 a 

WE WE 
U6 Ul0 

CAS CAS 

RAS RAS 

t It t 
D01-4 0 a 

WE 
ua U12 

CAS 

RAS 

U1-U8= MT4C4M4A10J 
U9-U12 = MT4C1004JOJ 

Micron Technology, Inc., reserves the right 10 change products or specifications without notice. 
©t992, Micron Technology, Inc. 



ADVANCE 

MICRON MT12D436 
1-· <eO"'''''''"' 4 MEG x 36, 8 MEG x 18 DRAM MODULE 

TRUTH TABLE 

FUNCTION RA! CAS 

Standby H H-X 

READ L L 

EARLY-WRITE L L 

FAST-PAGE-MODE 1st Cycle L H-L 

READ 2nd Cycle L H-L 

FAST-PAGE-MODE 1st Cycle L H-L 

WRITE 2nd Cycle L H-+L 

RAS-ONL Y REFRESH L H 

HIDDEN READ L-H-L L 

REFRESH WRITE L-H-L L 

CAS-BEFORE-RAS REFRESH H-L L 

PRESENCE DETECT 

MT12D436 
REV. 4192 

SYMBOL 

PRD1 

PRD2 

PRD3 

PRD4 

-6 

Vss 

NC 

NC 

NC 

3-285 

WE 

X 

H 

L 

H 

H 

L 

L 

X 

H 

L 

H 

-7 

Vss 

NC 

Vss 

NC 

ADDRESSES DATA IN/OUT 
IR IC 001-0036 

X X High-Z 

ROW COL Data Out 

ROW COL Data In 

ROW COL Data Out 

n/a COL Data Out 

ROW COL Data In 

n/a COL Data In 

ROW n/a High-Z 

ROW COL Data Out 

ROW COL Data In 

X X High-Z 

-8 

Vss 

NC 

NC 

Vss 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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ADVANCE 

MIC:RON MT12D436 
1-· ",""owenc 4 MEG x 36, 8 MEG x 18 DRAM MODULE 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee Supply Relative to Vss .............. -lV to +7V 
Operating Temperature, TA (Ambient) .......... O°C to +70°C 
Storage Temperature (Plastic) .................... -55°C to +125°C 
Power Dissipation ............................................................ 12W 
Short Circuit Output Current ...................................... 50mA 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

C ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
:II (Notes: 1, 3, 4, 6, 7) (O°C :5 T A:5 70°C; Vcc = 5V ±10%) 

» s: 
s: o 
C 
C 
r­m 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV :5 VIN :5 Vcc 
(All other pins not under test = OV) for each package input 

OUTPUT LEAKAGE CURRENT 
(0 is disabled, OV :5 VOUT:5 Vce) for each package input 

OUTPUT LEVELS 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 5mA) 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Other Inputs = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

SYMBOL 

Vcc 

VIH 

VIL 

RASO,RAS2 lit 
AO-A10, WE 112 
CASO-CAS3 li3 

D01-D036 loz 

VOH 

VOL 

SYMBOL 

Icct 

Icc2 

Icc3 

Icc4 

Iccs 

Icc6 

MIN MAX UNITS NOTES 

4.5 5.5 V 1 

2.4 Vcc+1 V 1 

-1.0 0.8 V 1 

-12 12 !lA 
-24 24 UA 
-6 6 !lA 

-10 10 !lA 

2.4 V 

0.4 V 

MAX 

-6 -7 -8 UNITS NOTES 

24 24 24 rnA 

12 12 12 rnA 

1400 1200 1040 rnA 3,4 

960 840 720 rnA 3,4 

1400 1200 1040 rnA 3 

1400 1200 1040 rnA 3,5 

MT12D436 
REV. 4192 3-286 Micron Technology, Inc., reserves the right 10 change products or specifications without notice. 
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ADVANCE 

UII::: 1=10 N MT12D436 
1-· '''"",''OG'''O 4 MEG x 36, 8 MEG x 18 DRAM MODULE 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A 1O Cit 77 pF 2 

Input Capacitance: WE CI2 100 pF 2 

Input Capacitance: RASO, RAS2 CI3 51 pF 2 

Input Capacitance: CASO, CAS1, CAS2, CAS3 CI4 25 pF 2 

Input/Output Capacitance: 001-0036 CIO 10 pF 2 

z 
m 
:E 
II 
o 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS JJ 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 22) (Vee = 5V ±1 0%) l> 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 
Access lime from CAS 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup lime 
Read command hold time 
(referenced to CAS) 
Read command hold time 
(referenced to RAS) 

MT12D436 
REV.4f92 

-6 
SYM MIN 
tRC 110 

tRWC nfa 
tpc 40 

tpRWC nfa 

tRAC 
tCAC 
tAA 

tCPA 
tRAS 60 

tRASP 60 
'RSH 15 
tRP 40 

tCAS 15 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 20 
tCRP 5 
tASR 0 
tRAH 10 
tRAD 15 

tASC 0 
tCAH 10 
tAR 50 

tRAL 30 

tRCS 0 
tRCH 0 

tRRH 0 

MAX MIN 
130 
nfa 

40 

nfa 

60 
15 
30 
40 

100,000 70 
100,000 70 

20 
50 

100,000 20 
70 
10 
10 

40 20 
5 
0 
10 

30 15 

0 
15 
55 

35 

0 
0 

0 

3-287 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 
nfa ns 22 
45 ns 

nfa ns 22 

70 80 ns 14 
20 20 ns 15 
35 40 ns 
40 45 ns 

100,000 80 100,000 ns 
100,000 80 100,000 ns 

20 ns 
60 ns 

100,000 20 100,000 ns 
80 ns 
10 ns 16 
10 ns 

50 20 60 ns 17 
5 ns 
0 ns 
10 ns 

35 15 40 ns 18 

0 ns 

15 ns 

60 ns 

40 ns 

0 ns 
0 ns 19 

0 ns 19 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

UIC:RON MT12D436 
1-· m""'"w,", 4 MEG x 36, 8 MEG x 18 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (Vee = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
CAS" to output in low-Z 

Output buffer turn-off delay 

WE cornmand setup time 

Write command hold time 

Write command hold time 
(referenced to RAS") 

Write command pulse width 

Write command to RAS" lead time 

Write command to CAS" lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

Transition time (rise or fall) 

Refresh period (2,048 cycles) 

RAS" to CAS precharge time 

CAS setup time 
(CAS-BEFORE-RAS" refresh) 

CAS hold time 
(CAS"-BEFORE-RAS" refresh) 

WE hold time 
(CAS-BEFORE-RAS refresh) 

WE setup time 
(CAS"-BEFORE-RAS refresh) 

WE hold time 
(WCBR test cycle) 

WE setup time 
(WCBR test cycle) 

MT12D436 
REV. 4192 

-6 

SYM MIN MAX 
tClZ 0 
tOFF 0 20 
twcs 0 
tWCH 10 

tWCR 45 

twp 10 
tRWl 15 
tCWl 15 
tDS 0 
tDH 10 

tDHR 45 

tT 3 50 
tREF 32 
tRPC 0 
tCSR 10 

tCHR 15 

tWRH 10 

tWRP 10 

twrH 10 

tWTS 10 

3-288 

-7 
MIN 

0 

0 

0 

15 

55 

15 

20 

20 

0 

15 

55 

3 

0 

10 

15 

10 

10 

10 

10 

-8 

MAX MIN MAX UNITS NOTES 
0 ns 

20 0 20 ns 20 

0 ns 

15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 21 

15 ns 21 

60 ns 

50 3 50 ns 9, 10 

32 32 ms 

0 ns 

10 ns 5 

15 ns 5 

10 ns 24 

10 ns 24 

10 ns 24 

10 ns 24 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MICRON MT12D436 
1-· e , 4 MEG x 36, 8 MEG x 18 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is IWIlpled. Capacitance is measured 

using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias = 2AV @ 15m V RMS). 

3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. . 

7. An initial pause of 100JlS is required after pOwer-up 
followed b~ght RAS refresh cycles (RAS-ONL Y or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the lREF refresh requirement is 
exceeded. 

8. AC char<lcteristics assume IT = 5ns. 
9. Vrn (MIN) and VIL (MAX) are reference levels for 

measuring timing of input Signals. Transition times 
are measured between Vrn and VIL (or betweenVIL 
and Vrn). 

10. In addition to meeting the transition rate specifica~ 
tion, all input signals must trClIlSitbetween Vrnand 
VIL (or between VIL and Vrn) in a monotonic manner. 

11. If CAS = Vrn, data output is High-Z. 
12. If CAS = VIL, data output may contain data frOni. the • 

last valid READ cycle. 
13. Measured witl) a load ~uivalent to 2 TTL gates and 

100pF. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, !RAC will increas~ by the amount that IRCD . 
exceeds the value shown. 

15. Assumes that IRCD ~ IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for !CPN. 

17. Operation within the IRCD (MAX) limit ensures that 
!RAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by !CAe. 

18. Operation within the !RAD (MAX) limit ensures that 
IRCD (MAX) can be met. !RAD (MAX) is specified as 
a reference point only; if lRAD is greater than the 
spl;!cified !RAD .(MAX) limit, then access time is 
controlled exclusively by lAA. 

19. Either IRCH orlRRH must be satisfied for <I READ 
cycle. 

20. toFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

22. OE is tied permanently LOW; LATE-WRITE or 
READ-MOOIFY-WRITE operations are not possible. 

23. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

24. twrs and twrH are setup and hold specifications for 
the WE pin being held LOW to enable tl)e JEDEC test 
mode (with CBR timing constrakts). These two 
parameters are the inverts of twRP and twRH in the 
CBR refresh cyde. \ 

MT12D436 
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ADVANCE 

UIC::F=lON MT12D436 
1-· " 4 MEG x 36, 8 MEG x 18 DRAM MODULE 

MT'2D436 
REV. 4192 

READ CYCLE 

'AC 
'RAS "'p 

RAS VIH -
VIL _ 

tcsH 

tRSH 'RRH 

leRP tRCD • teAS 

CAS 
VIH -
VIL -

'AR 

ADDR 

DO ~:gr -_--------OPEN----------l~~~V~AL~ID~D"~TA~}__--OPEN--.-

EARLY-WRITE CYCLE 

'RAS 

teSH 

'RSH 
ICAP teAS 

IASA tRAH 

ADDR ~ir -L/.'.LL/.,~ ___ ROW.,.--__ .-J ROW 

twCH 

twp 

WE ~:r 
-~LU~LULU~LULULULU~---r_~~'D-HR-~~~~~~~~~~~~~~ 

tos tOH 

DO ~:8t' VALID DATA 

3-290 

~ DON'TeARE 

§§§I UNDEFINED 

Mcron Technology. Inc.; reserves the right to change products or specifications Without notice. 
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ADVANCE 

MIC:RON MT12D436 
1-· HCW<CCC""" 4 MEG x 36, 8 MEG x 18 DRAM MODULE 

T12D436 
:V.4192 

RAS 

CAS 

ADDR 

WE 

DO 

VIH -
VIL _ 

~ 

VIH -
VIL _ 

VIH -
V,L 

VIOH -
VIOL 

FAST-PAGE-MODE READ CYCLE 

'RASP ~ 

tCSH IpC tRSH 

IRCO 'cP teAs 

'M 1M 

I 'RAC 'cPA I 'cAC ..m I~ --'OFF 

tcLZ"---=- tcLZ- -

OPEN VALID VAllO VALID OPEN--
DATA DATA DATA 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

3-291 

~ DON'T CARE 

fiZij UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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ADVANCE 

MICRON MT12D436 
1-· ,,,""oco",,,, 4 MEG x 36, 8 MEG x 18 DRAM MODULE 

MTI2D436 
REV. 4192 

FtlS"-ONL Y REFRESH CYCLE 
(ADDR = AO-A10; WE = DON'T CARE) 

tRC 

\'-------

CAs ~:r =--' "--I 

ADDR ~:t _~o~k$///f!I#I#/##I#I$I#/I#///f!##h:~--RO-W --

DQ ~g~ -'-----------OPEN-----------

'CAS-BEFORE-RAS REFRESH CYCLE 
(AO-A 10 = DON'T CARE) 

- V,H _--+------11 
RAS V,L - --.! 11'---------" 

I~I' tCSR ~1r-1. __ t_RPC .. ~III~ ~11r-------
CAS ~:t ~-.!, I , , 

DQ ------H------OPEN--tt-----------

tWRP tWRH tWAP tWRH 

WE ~:t =W/IIIII§n- ...... WUII!;iIII/§ff§Pffj- ----'W!;i/I/I!;i/P!M'$P//$/~ 

RAS VIH-
VIL_ 

CAS VIH-
Vll_ 

ADOR VIH-
VIL_ 

HIDDEN REFRESH CYCLE 23 

(WE = HIGH) 

(READ) (REFRESH) 

tRAS tRAS 

DO ~:gr-'-----OPEN----~~====~VAL~ID~DA~TA===:j QPEN-

3-292 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice 
©1992, Micron Technology, Inc 



ADVANCE 

MIC:RON MT24D836 
1-· ",,,''co,,,,,, 8 MEG X 36,16 MEG x 18 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry standard pinout in a 72-pin single-in-line 

package 
• High-performance, CMOS silicon-gate process 
• Single 5V ±10% power supply 
• All device pins are fully TTL compatible 
• Low power, 104mW standby; 3,152mW active, typical 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• 2,048-cycle refresh distributed across 32ms 
• FAST PAGE MODE access cycle 
• Multiple RAS lines allow x18 or x36 widths 

OPTIONS 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 

MARKING 

- 6 
- 7 
- 8 

Leadless 72 -pin SIMM M 
Leadless 72-pin SIMM (Gold) G 

• Part Number Example: MT24D836G-6 

GENERAL DESCRIPTION 
The MT24D836 is a randomly accessed solid-statememory 

containing 8,388,608 words organized in a x36 configura­
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 22 address bits, which are entered 11 
bits (AO -AlO) at a time. RAS is used to latch the first 11 bits 
and CAS the latter 11 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of CAS. Since WE goes LOW prior to CAS going 
LOW, the outputpin(s) remain open (High-Z) until the next 
CAS cycle. 

FAST PAGE MODE operations allow faster data opera­
tions (READ or WRITE) within a row-address (AO-AlO) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 

8 MEG x 36,16 MEG x18 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM 
(T-22) 

~"""",,,,,,,,,,,,,,,,,,,,=,,,,,,,,,,,,,,,,,,,,,,,,,,,,ol 
1 36 37 72 

PINt SYMBOL PINt SYMBOL PIN# SYMBOL PIN # SYMBOL 
1 Vss 19 A10 37 0018 55 0013 
2 001 20 005 38 0036 56 0031 
3 0019 21 0023 39 Vss 57 0014 
4 002 22 006 40 ~ 58 0032 
5 0020 23 0024 41 CAS2 59 Vee 
6 003 24 007 42 "CAS3 60 0033 
7 0021 25 0025 43 CJ\S1 61 0015 
8 004 26 008 44 RASO 62 0034 
9 0022 27 0026 45 RAS1 63 0016 
10 Vee 28 A7 46 NG 64 0035 
11 NG 29 NG 47 WE" 65 0017 
12 AO 30 Vee 48 NG 66 NG 
13 A1 31 A8 49 0010 67 PR01 
14 A2 32 A9 50 0028 68 PR02 
15 A3 33 TW3 51 0011 69 PR03 
16 A4 34 1lAS2 52 0029 70 PR04 
17 A5 35 0027 53 0012 71 NG 
18 A6 36 OQ9 54 0030 72 Vss 

followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ­
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS HIGH time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONL Y, CAS-BEFORE­
RAS or HIDDEN REFRESH) so that all 2,048 combinations 
of RAS addresses (AO-AlO) are executed at least every 
32rns, regardless of sequence. The CBR REFRESH cycle will 
invoke the refresh counter for automatic RAS addressing. 

MT24D836 
REV. 4192 3-293 Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 
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ADVANCE 

MIC::RON MT24D836 
1-· "'""OWG""' 8 MEG x 36,16 MEG x 18 DRAM MODULE 

MT24D836 
REV. 4/92 

CASO 
CAS! 
RAsa 

WE 

CAS2 
GAS3 
RAS2 

AD-AID 

CASO 
CAS1 

RAS! 

WE 

CA52 

CAS' 
RAS3 

AD-A1D 

FUNCTIONAL BLOCK DIAGRAM 

001 ------------------------------------------------ 009 

tttt tttt 
OQ1-4 OQ1-4 Q 

WE WE WE 
U' U2 U17 

CAS CAS CAS 

RAS AAS RAS 

AD-Al0 

tt t t t tt t 
001-4 DQI-4 

WE WE 
U3 U. 

CAS CAS 

RAS RAS 

001 ------------------------------------------------ 009 

tttt tttt 
001-4 OQI-4 

WE WE WE 

CAS 
U15 

CAS 
U16 

CAS 
U21 

AAS RAS RAS 

AO-AID 

t tt t tttt 
001-4 001-4 

WE WE 
U13 U" 

-

3-294 

0010 ------ ------------------------------------------ D01B 

t tt t t tt t 
OQ1-4 OQ1-4 Q 

WE WE WE 
U5 U6 U18 

CAS CAS CAS 

AAS AAS RAS 

AD-AtO 

D02B ------------------------------------------------ 0036 

t tt t t tt t 
OQI-4 001-4 Q 

WE WE WE 
U7 U8 U20 

CAS CAS CAS 

AAS 

AO-AIO 

0010 ------------------------------------------------- D01B 

tt t t t tt t 
OQI-4 OQI-4 

D02B ------------------------------------------------ 0036 

tttt 
OQI-4 

tttt 
OQ1-4 

U10 

Ul-U16 = MT4C4M4A1DJ 
U17-U24 = MT4Cl004JDJ 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 



ADVANCE 

MIC:RON MT24D836 
1-· <o,,,"owcn, 8 MEG x 36,16 MEG x 18 DRAM MODULE 

TRUTH TABLE 

FUNCTION MS" "CAS 
Standby H H-X 

READ L L 

EARL V-WRITE L L 

FAST-PAGE-MODE 1st Cycle L H-L 

READ 2nd Cycle L H-L 

FAST-PAGE-MODE 1st Cycle L H-L 

WRITE 2nd Cycle L H-L 

RAS-ONL V REFRESH L H 

HIDDEN READ L-H-L L 

REFRESH WRITE L-+H-L L 

CAS-BEFORE-RAS REFRESH H-L L 

PRESENCE DETECT 

MT240836 
REV. 4192 

SYMBOL 

PRD1 

PRD2 

PRD3 

PRD4 

-6 

NC 

Vss 

NC 

NC 

3-295 

wr 
X 

H 

L 

H 

H 

L 

L 

X 

H 

L 

H 

-7 

NC 

Vss 

Vss 

NC 

ADDRESSES DATA IN/OUT 
IR IC 001-0036 

X X High-Z 

ROW COL Data Out 

ROW COL Data In 

ROW COL Data Out 

n/a COL Data Out 

ROW COL Data In 

n/a COL Data In 

ROW n/a High-Z 

ROW COL Data Out 

ROW COL Data In 

X X High-Z 

-8 

NC 

Vss 

NC 

Vss 

Micron Technology, Inc., reserves the right to change prOducts or specifications without notice. 
©1992, Micron Technology, Inc. 
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ADVANCE 

MICRON MT24D836 
1-· ,>wc;owo,,, 8 MEG x 36,16 MEG x 18 DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS* 
Voltage onVcc Supply Relative to Vss ......... ; .... -lV to +7V 
Operating Temperature, TA (Ambient) .......... O°C to +70°C 
Storage Temperature (Plastic) .................. ,. -55°C to + 125°C 
Power Dissipation ............................................................ 24W 
Short Circuit Output Current .................. , ................... 50mA 

'Stresses greater than those listed under U Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

C ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
:IJ (Notes: 1,3,4,6,7) (O°C:O; TA:O; 70°C; Vcc = 5V.±10%) 

» s: 
s: 
o 
C c: 
r m 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT 
Any Input OV :0; VIN :0; Vcc 
(All other pins not under test = OV) for each package input 

OUTPUT LEAKAGE CURRENT 
(0 is disabled, OV :0; VOUT:O; Vcc) for each package input 

OUTPUT LEVELS 
Output High Voltage (lOUT = -SmA) 
Output Low Voltage (lOUT = SmA) 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Other Inputs = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN» 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN» 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

SYMBOL 

Vcc 

VIH 

VIL 

RASO-RAS3 111 
AO-AlO, WE 112 
CASO-CAS3 113 

D01-D036 loz 

VOH 

VOL 

SYMBOL 

Icc1 

Icc2 

Icc3 

Icc4 

Icc5 

Icc6 

MIN MAX UNITS NOTES 

4.5 5.5 V 1 

2.4 Vcc+1 V 1 

-1.0 0.8 V 1 

-12 12 uA 
-48 48 !LA 
-12 12 W\ 
-20 20 W\ 

2.4 V 

0.4 V 

MAX 
-6 -7 -8 UNITS NOTES 

48 48 48 mA 

24 24 24 mA 

1424 1224 1064 mA 3,4 

984 864 744 mA 3,4 

1424 1224 1064 mA 3 

1424 1224 1064 mA 3,5 

MT24D836 
REV. 4192 3-296 Micron T achno]ogy, Inc., reserves the right to change products or specifications without nolice. 
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ADVANCE 

lUll IC:I=I ON MT24D836 
1-· '",moe"u", 8 MEG x 36,16 MEG x 18 DRAM MODULE 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance: AO-A 10 Cit 154 pF 2 

Input Capacitance: WE CI2 200 pF 2 

Input Capacitance: RASO, RAS1, RAS2, RAS3 CI3 51 pF 2 

Input Capacitance: CASO, CAS1, CAS2, CAS3 CI4 50 pF 2 

Input/Output Capacitance: 001-0036 CIO 20 pF 2 

z 
m 
:E 
II 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS C 
(Notes: 6, 7, 8, 9,10,11,12,13,22) (Vcc = 5V±10%) ::D 
AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 
Access time from CAS 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
"RAS hold time 
"RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
"RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to "RAS) 
Column address to 
"RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 
Read command hold time 
(referenced to RAS) 
CAS to output in low-Z 

MT240836 
REV. 4192 

-6 
SYM MIN 
tRC 110 

tRWC nfa 
tpc 40 

tpRWC nfa 

tRAC 

'CAC 
tAA 

'CPA 
'RAS 60 

tRASP 60 
tRSH 15 
tRP 40 

'CAS 15 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 20 
'CRP 5 
'ASR 0 
'RAH 10 
'RAD 15 

IASC 0 
'CAH 10 
tAR 50 

tRAl 30 

tRCS 0 
tRCH 0 

tRRH 0 

tClZ 0 

MAX MIN 
130 
nfa 
40 

nfa 

60 
15 
30 
40 

100,000 70 
100,000 70 

20 
50 

100,000 20 
70 
10 
10 

40 20 
5 
0 
10 

30 15 

0 
15 
55 

35 

0 
0 

0 

0 

3-297 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 
nfa ns 22 
45 ns 

nfa ns 22 

70 80 ns 14 
20 20 ns 15 
35 40 ns 
40 45 ns 

100,000 80 100,000 ns 

100,000 80 100,000 ns 
20 ns 
60 ns 

100,000 20 100,000 ns 
80 ns 
10 ns 16 
10 ns 

50 20 60 ns 17 
5 ns 
0 ns 
10 ns 

35 15 40 ns 18 

0 ns 

15 ns 

60 ns 

40 ns 

0 ns 
0 ns 19 

0 ns 19 

0 ns 

Micron Technology, Inc., reserves the right to change products or speclfications without notice. 
©1992, Micron Technology, Inc. 
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ADVANCE 

MIC:RON MT24D836 
1-· "","om""' 8 MEG X 36,16 MEG X 18 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6,7, 8, 9,10,11,12,13,23) (Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Output buffer turn-off delay 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to "RAS") 

Write command pulse width 

Write command to "RAS" lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

Transition time (rise or fall) 

Refresh period (2,048 cycles) 

I RAS to CAS precharge time 

CAS setup time 
(CAS-BEFORE-RAS refresh) 

CAS hold time 
(CAS"-BEFORE-RAS refresh) 

WE hold time 
(CAS-BEFORE-RAS refresh) 

WE setup time 
(CAS-BEFORE-"RAS" refresh) 

WE hold time 
(WCBR test cycle) 

WE setup time 
(WCBR test cycle) 

MT24D836 
REV. 4192 

-6 

SYM MIN MAX 
tOFF 0 20 
twcs 0 

tWCH 10 

'WCR 45 

'WP 10 

'RWL 15 

'CWL 15 

'DS 0 

DH 10 

'DHR 45 

IT 3 50 

'REF 32 

'RPC 0 

'CSR 10 

'CHR 15 

'WRH 10 

'WRP 10 

'WTH 10 

'WTS 10 

3-298 

-7 

MIN 
0 

0 

15 

55 

15 

20 

20 

0 

15 

55 

3 

0 

10 

15 

10 

10 

10 

10 

-8 

MAX MIN MAX UNITS NOTES 
20 0 20 ns 20 

0 ns 

15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 21 

15 ns 21 

60 ns 

50 3 50 ns 9,10 

32 32 ms 

0 ns 

10 ns 5 

15 ns 5 

10 ns 24 

10 ns 24 

10 ns 24 

10 ns 24 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 



ADVANCE 

MICRON MT24D836 
1-· "'""0'0""" 8 MEG x 36,16 MEG x 18 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is measured 

using MIL-STD-883C, Method 3012.1 (1 MHz AC, V cc 
= SV, DC bias = 2.4V@ lSmV RMS) 

3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lOOIlS is required after power-up 
followed by eight RAS refresh cycles (RAS-ONL Y or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the IREF refresh requirement is 
exceeded. 

8. AC characteristics assume IT = 5ns. 
9. VlH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VlH). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic marmer. 

11. If CAS = VlH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

100pF. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 

table, !RAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that tRCD ;:>: tRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tePN. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

18. Operation within the tRAD (MAX) limit ensures that 
tRCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. toFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

22. OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

23. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE=HIGH. 

24. twTS and twTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of twRP and twRH in the 
CBR refresh cycle. 

MT24Q836 
REV. 4192 3-299 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

IVIIC:F=lON MT24D836 
""""em",e 8 MEG x 36,16 MEG x 18 DRAM MODULE 

MT24D836 
AEV.4192 

RAS 

CAS 

ADDR 

WE 

DO 

ADDR ~lr 

READ CYCLE 

tRAS IRP : I 

\ 
tCSH 

lASH tRRH 

tCRP tRCD . tCAS 

J 
IAR I IRAD lRAL 

I~~I ~~ 
_ ROW ~ 

COLUMN w//////////////////////;X ROW 
~ 

tRCS ~ 

Ijj/////////////////////////////; VI////////////////////; 
IAA 

tRAG 

'CAG 

~l ~I 

tCAP 

ROW 

OPEN VALID DATA OPEN---

EARLY-WRITE CYCLE 

tCSH 

tCAS 

3-300 

ROW 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 



ADVANCE 

MIC:RON MT24D836 
1-· ","",w""" 8 MEG x 36 16 MEG x 18 DRAM MODULE 

!T24D836 
lEV. 4/92 

, 

FAST-PAGE-MODE READ CYCLE 

�------------------------------t~RA~S~P------------------------------I~ 

RAS V,H -
Vil -

CAS V,H -
V,L -

ADDR V,H -
V,L -

WE 

DO ~:gr -'----------

ADDR ~:~ 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

1----------------------------~tR~AS~--------------------------------1 ~ 

tCSH 

'-LLD "-_----,_--" 

3-301 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without nolice. 
©1992, Micron Technology, Inc. 
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ADVANCE 

MIC:RON MT24D836 
1-· ",,,"owone 8 MEG x 36,16 MEG x 18 DRAM MODULE 

MT24D836 
REV. 4192 

RAS"-ONL Y REFRESH CYCLE 
(ADDR = AO-A10; WE = DON'T CARE) 

lRAS IRP 
_ V1H _------,[1 1* 
RAS V1L - 11---______ ----"111 

leRP , I .. tRPe.-\ 

CAS ~t~ ~---.I LI 

\'------

ADDR ~:~ ~~ow-::Jw/#t!'/##;$$ff;J///////#I#///t!'//,@(---::-:RO::c-W --

DQ 

DO ~gr _'-----------OPEN---------

~-BEFORE-RAS REFRESH CYCLE 
(AO-A 10 = DON'T CARE) 

lAP tRAS lAP IAAS _I 

-1. IAPCt 
I'" tcpti. .11" leSR ~I I~I~ ~I. 

.~ \! 

!~ 
J 

I~ 
1<--

I \! I 

OPEN 

~ ~ ~ 

W///ffff§l/////ffffJ 
~ 

W#/§I//§I////I///////////;2 

tRAH 

HIDDEN REFRESH CYCLE 23 

(WE = HIGH) 

(READ) 

RAS 

H 
tRCO 'RSH 

~. 
IAA 

I 'I I 'RAO II IAAL 
.'ASC, II, teAH 

3-302 

(REFRESH) 

I AAS 

tCHR 
V 

I 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or speCifications without notice. 
@1992,MlcronTechnology,lnc 



MIC:RON MT10D25640 
1-· ,,,,",co",,,, 256K x 40 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• 72-pin single-in-line package 
• High-performance, CMOS silicon-gate process. 
• Single 5V ±10% power supply 
• All device pins are fully TTL compatible 
• Low power, 30mW (3mW L-version) standby; 

1,7S0mWactive, typical 
• FAST PAGE MODE access cycle . 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• 512-cycle refresh distributed across 8ms or 

512-cycle extended refresh distributed across 64ms 
• Low CMOS standby current, 2mA maximum 

(L-version) 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 
Leadless 72-pin SIMM (Gold) 

• Presence Detect 
Industry standard 
Application specific 

• Power/Refresh 

-6 
- 7 
- 8 

G 

Blank 
IB 

Normal power/8ms Blank 
Low power/64ms L 

• Part Number Example: MTlOD25640GL-6 IB 

::;ENERAL DESCRIPTION 
The MTlOD25640 is a randomly accessed solid-state 

nemory containing 262,144 words organized in a x40 con­
iguration. During READ or WRITE cycles, each bit is 
miquely addressed through the 18 address bits, which are 
~ntered 9 bits (AO-A8) at a time. RAS is used to latch the first 
I bits and CAS the latter 9 bits. READ or WRITE cycles are 
elected with the WE input. A logic HIGH on WE dictates 
mAD mode while a logic LOW on WE dictates WRITE 
node. During a WRITE cycle, data-in (D) is latched by the 
aIling edge of WE or CAS, whichever occurs last. EARLY 
VRITE occurs when WE goes LOW prior to CAS going 
,oW; the outputpin(s) remain open (High-Z) until the next 
:AS cycle. 

256K x 40 DRAM 
FAST PAGE MODE (MT10D25640) 
LOW POWER, 
EXTENDED REFRESH (MT10D25640 L) 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM 
(T-13) 

~"""""""'I!I!"""''':='''''''''I!I!"""""!,,,,~I 1 36 37 72 

PINt SYMBOL PIN # SYMBOL PINt SYMBOL PiNt SYMBOL 
1 Vss 19 -or 37 0034 55 0012 
2 001 20 005 38 D036 56 0028 
3 OQ17 21 0021 39 Vss 57 0013 
4 002 22 006 40 "CASU 58 0029 
5 0018 23 0022 41 NG 59 Vee 
6 003 24 OQ7 42 NG 60 0030 
7 OQ19 25 0023 43 CAS1 61 0014 
8 004 26 008 44 RASO 62 0031 
9 0020 27 0024 45 NG 63 0015 
10 Vee 28 A7 46 0038 64 0032 
11 NG 29 OQ37 47 WF" 65 0016 
12 AO 30 Vee 48 Vss 66 0039 
13 Al 31 A8 49 D09 67 PROl 
14 A2 32 NG 50 0025 68 PR02 
15 A3 33 NG 51 0010 69 PR03 
16 A4 34 NG 52 0026 70 PR04 
17 A5 35 0035 53 0011 71 0040 
18 A6 36 0033 54 0027 72 Vss 

FAST PAGE MODE operations allow faster data opera­
tions (READ or WRITE) within a row-address (AO-A8) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ­
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the F AST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONL Y, CAS-BEFORE­
RAS or HIDDEN REFRESH) so that all 512 combinations of 
RAS addresses (AO-A8) are executed at least every 8ms 
(64ms on L-version), regardless of sequence. 

T10D25640 
;'V.4/92 3-303 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT10D25640 
1-· "'""'CO""" 256K x 40 DRAM MODULE 

WE 

DE 

CASO 

RASO 

AO·AS 

MT10D25640 
REV. 4192 

001-4 

WE 
Ul 

CAS 

RAS 

DOl-4 

WE 
U6 

CAS 

RAS 

FUNCTIONAL BLOCK DIAGRAM 

005-8 

WE 
U2 

CAS 

RAS 

D01·4 

WE 
U7 

CAS 

RAS 

3-304 

009-12 0013-16 0017-20 

WE WE WE 
U3 U4 U5 

CAS CAS CAS 

RAS RAS RAS 

DOl ·4 D01·4 DOl-4 

WE WE WE 
US U9 Ul0 

CAS CAS CAS 

RAS RAS RAS 

DE AO-AS 

U1-U10 = MT4C42560J 
U1-U10 = MT4C42560J L (L-version) 

Micron Technology, Inc., reserves the right to change products or specifications without notice 
©1992, Micron Technology, Inc 



IUIIIC:I=ICN MT10D25640 
1-· ,,,,,,mco,,,,, 256K x 40 DRAM MODULE 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY-WRITE 

READ-WRITE 

FAST-PAGE-MODE 1st Cycle 

READ 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

EARLY-WRITE 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

READ-WRITE 2nd Cycle 

RAS-ONL Y REFRESH 

HIDDEN READ 

REFRESH WRITE 

CAS-BEFORE-RAS REFRESH 

BATTERY BACKUP REFRESH 

VlT10D25640 
REV. 4192 

ADDRESSES DATA IN/OUT 

liAS" ~ wr 1lE IR IC 001-0040 NOTES 

H H-X X X X X High-Z 

L L H L ROW COL Data Out 
--

L L L X ROW COL Data In 

L L H-L L-H ROW COL Data Out, Data In 

L H-L H L ROW COL Data Out 

L H-L H L n/a COL Data Out 

L H-L L X ROW COL Data In 

L H-L L X n/a COL Data In 

L H-L H-L L-H ROW COL Data Out, Data In 

L H-L H-L L-H n/a COL Data Out, Data In 

L H X X ROW n/a High-Z 

L-H-L L H L ROW COL Data Out 

L-H-L L L X ROW COL Data In 

H-L L X X X X High-Z 

H-L L X X X X High-Z 22 

PRESENCE DETECT-INDUSTRY STANDARD 

SYMBOL -6 -7 -8 

PRD1 Vss Vss Vss 

PRD2 NC NC NC 

PRD3 NC Vss NC 

PRD4 NC NC Vss 

PRESENCE DETECT-APPLICATION SPECIFIC 

SYMBOL -6 

PRD1 Vss 

PRD2 NC 

PRD3 Vss 

PRD4 NC 

3-305 

-7 

NC 

NC 

Vss 

Vss 

-8 

Vss 

NC 

NC 

Vss 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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MIC:RON MT10D25640 
1-· "um~,,' '" 256K x 40 DRAM MODULE 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee Supply Relative to Vss .............. -lV to +7V 
Operating Temperature, T A (Ambient) ......... O°C to +70°C 
Storage Temperature (Plastic) .................... -SsoC to + 12SoC 
Power Dissipation ............................................................ 10W 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and furictional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 2, 3, 6, 26) (O°C ::; T A::; 70°C; Vcc = 5V ±1 0%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.5 5.5 V 1 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vcc+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -1.0 O.S V 1 

INPUT LEAKAGE CURRENT AO-AS, WE II -20 20 ItA 
Any Input OV ::; VIN ::; Vcc 
(All other pins not under test = OV) for each package input RAS, CAS' 112 -10 10 ItA 
OUTPUT LEAKAGE CURRENT 001-0040 loz -10 10 ItA 
(0 is disabled, OV::; VOUT::; Vcc) for each package input 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -SmA) 
Output Low Voltage (lOUT = 4.2mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -6 -7 -8 UNITS NOTES 
STANDBY CURRENT: (TTL) Icc3 20 20 20 mA 
(RAS = CAS = VI H) 

STANDBY CURRENT: (CMOS) Icc4 10 10 10 mA 27 
(RAS = CAS = Vcc -0.2V) 2 2 2 mA 22 

OPERATING CURRENT: Random READIWRITE 900 SOO 700 mA 2,26 
Average power supply current Icc1 
(RAS, CAS, Single Address Cycling: tRC = tRC (MIN)) S50 750 650 mA 22 

OPERATING CURRENT: FAST PAGE MODE 700 600 500 mA 2,26 
Average power supply current ICC2 
(RAS = VIL, CAS, Address Cycling: tpc = tpc (MIN)) 650 550 450 mA 22 

REFRESH CURRENT: RAS-ONL Y 900 SOO 700 mA 2 
Average power supply current Icc5 
(RAS Cycling, CAS = VIH: tRC = tRC (MIN» S50 750 650 mA 22 

REFRESH CURRENT: CAS-BEFORE-RAS (CBR) 900 SOO 700 mA 2, 19 
Average power supply current ICC6 
(RAS, CAS, Address Cycling: tRC = tRC (MIN)) S50 750 650 mA 22 

REFRESH CURRENT: BATTERY BACKUP (BBU) 
Average power supply current during battery backup refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = tRAS (MIN) to ICC7 2 2 2 mA 22 
1115; WE, AO-AS and DIN = Vcc -0.2V or 0.2V (DIN may be left 
OPEN), tRC = 12511S (512 rows at 125!1S = 64ms) 

MT10D25640 
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MICRON MT10D25640 
1-· ",""'0',''", 256K X 40 DRAM MODULE 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance: AO-A8 CII 64 pF 17 

Input Capacitance: WE, OE, "RASO, CASO CI2 84 pF 17 

Input/Output Capacitance: 001-0040 CIO 10 pF 17 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3,4, 5, 6, 7,10,11,16) (Vcc = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 

READ-WRITE cycle time 

FAST-PAGE-MODE READ or WRITE 
cycle time 

FAST-PAGE-MODE READ-WRITE 
cycle.time 

Access time from RPS 

Access time from CAS 

Output Enable 

Access time from column address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 
RAS hold time 

RAS precharge time 

CJl$ pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (FAST PAGE MODE) 
RAS to CJl$ delay tim,e 

CJl$ to RAS precharge time 

Row address setup time 

Row address hold time 

RAS to column 
address delay time 

Column address setup time 

Column address hold time 

Column address hold time 
(referenced to RPS) 

Column address to 
RPS lead time 

Read command setup time 

Read command hold time 
(referenced to CJl$) 

Read command hold time 
(referenced to RAS) 
CAS to output in Low-Z 

MTl0D25640 
AEV.4192 

-6 
SYM MIN MAX 
'RC 110 

'RWC 165 
'PC 40 

'PRWC 90 

tRAC 60 
'CAC 20 
tOE 20 
'AA 30 

tePA 35 
'RAS 60 100,000 

'RASP 60 100,000 
'RSH 20 
'RP 40 

'CAS 20 100,000 
'CSH 60 
'CPN 10 
'CP 10 

'RCD 20 40 
'CRP 5 
'ASR 0 
'RAH 10 
'RAD 15 30 

'ASC 0 
teAH 15 
tAR 45 

tRAL 30 

'RCS 0 
tRCH 0 

'RRH 0 

tCLl 0 

3-307 

MIN 
130 
185 
40 

95 

70 
70 
20 
50 
20 
70 
10 
10 
20 
5 
0 
10 
15 

0 
15 
55 

35 

0 
0 

0 

0 

-7 -8 
MAX MIN MAX UNITS NOTES 
, 150 ns 

205 ns 

45 ns 

100 ns 

70 80 ns 8 
20 20 ns 9 
20 20 ns 

35 40 ns 

40 45 ns 

100,000 80 100,000 ns 

100,000 80 100,000 ns 

20 ns 

60 ns 

100,000 20 100,000 ns 

80 ns 

10 ns 18 
10 ns 

50 20 60 ns 13 
5 ns 

0 ns 

10 ns 

35 15 40 ns 21 

0 ns 

15 ns 

60 ns 

40 ns 

0 ns 

0 ns 14 

0 ns 14 

0 ns 

Micron Technology, Inc., reseNes the right to change products or specifications without n'otice. 
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UU::F=lCN MT10D25640 
1-· "'""0"",'" 256K X 40 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7, 10,11, 16) (Vee = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Output buffer turn-off delay 

Output disable 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

RAS to WE delay time 

Column address 
to WE delay time 

"CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (512 cycles) 

RAS to "CAS precharge time 

CAS setup time 
("CAS-BEFORE-RAS refresh) 

"CAS hold time 
("CAS-BEFORE-RAS refresh) 

N hold time from WE during 
READ-MODIFY-WRITE cycle 

OE setup prior to liAS during 
HIDDEN REFRESH cycle 

MT10D25e40 
REV. 4192 

-6 

SYM MIN MAX 
tOFF 0 20 
too 15 

twcs 0 
tWCH 10 

tWCR 45 

twp 10 
tRWL 20 
tCWL 20 
tDS 0 
tDH 15 

tDHR 45 

IRWD 85 
IAWD 60 

ICWD 40 
IT 3 50 

IREF 8/64 
IRPC 0 
ICSR 10 

ICHR 10 

tOEH 15 

tORD 0 

3-308 

MIN 
0 

0 

15 

55 

15 

20 

20 

0 

15 

55 

100 

65 

50 

3 

0 

10 

15 

20 

0 

-7 -8 

MAX MIN MAX UNITS NOTES 
20 0 20 ns 12,23 

20 20 ns 23 

0 ns 24 

15 ns 

60 ns 

15 ns 
20 ns 

20 ns 

0 ns 15 

15 ns 15 

60 ns 

110 ns 24 

70 ns 24 

55 ns 24 

50 3 50 ns 5,16 

8/64 8/64 ms 3/22 

0 ns 
10 ns 19 

15 ns 19 

20 ns 25 

0 ns 20 

Micron Technology, Inc., reS9lV9S the right to change products or specifications without nmice. 
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MICRON MT10D25640 
1-· "'""c'"""' 256K x 40 DRAM MODULE 

NOTES 
1. All voltages referenced to V ss. 
2. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOlls is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 8ms (64ms 
L version) refresh requirement is exceeded. 

4. AC characteristics assume rr = Sns. 
5. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (DoC::; T A ::; 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and 100pF. 

8. Assumes that IRCD < IRCD (MAX). If IRCD is greater 
than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

9. Assumes that IRCD ~ IRCD (MAX). 
10. If CAS = VIH, data output is High-Z. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. toFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the IRCD (MAX) limit ensures that 
lRAc (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

14. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

16. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= SV, DC bias = 2.4V @ 15m V RMS). 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for ICp. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

21. Operation within the lRAD (MAX) limit ensures that 
IRCD (MAX) can be met. lRAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified lRAD (MAX) limit, then access time is 
controlled exclusively by lAA. 

22. Applies to L-version only. 
23. The DQs open during READ cycles once too or 10FF 

occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" the DQs will provide the previ­
ously read data if OE is taken back LOW (while CAS 
remains LOW). 

24. twcs, IRWD, IAWD and ICWD are restrictive 
operating parameters in LATE-WRITE, and READ­
MODIFY -WRITE cycles only. If twcs ~ twcs (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If IRWD ~ IRWD (MIN), IAWD ~ IAWD 
(MIN) and ICWD ~ ICWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected celL If neither of 
the above conditions are met, the state of data out is 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE-WRITE (OE 
controlled) cycle. 

25. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both tOD and 10EH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after 10EH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

26. Icc is dependent on cycle rates. 
27. All other inputs at Vee -0.2V. 

~T10D25640 
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MIC:RON MT10D25640 
1-· """""''''"' 256K x 40 DRAM MODULE 

MT10D25640 
REV. 4/92 

READ CYCLE 

tRAS tRP 

\ 
leSH 

IRSH 'RRH 

'CRP tRCO teAs 

1 
:~ 

tAR 

I tRAD tRAL 

I~~I ~ ~ 
ADDR jllillii ROW ~ COLUMN ROW 

tRCS ~ 

WIIIIIIIIIIIIIIII VIIIIIIIIII/II/IIIIII/; 
tAA 

tRAG 

'CAG ~ 

-
~l 

OPEN VALID DATA OPEN---

I~;--
I---=--

OE ~:t -;)'##//111#/#//11 #/Iij'////ij'////////#///////J 
~ 

~//##I/Iij'ij'////#/#/#///// #!J; 

EARLY-WRITE CYCLE 

tRAS tAP 

RAS 
V,H 
V,L 

J 
- l' \ 

teSH 

IRSH 

teRP tRCD tCAS 

CAS V,H 
V,L 

J 
=--' 

tAA 

IRAD tRAL 

ADDA V,H 
V,L 

I~~I·~~ 
:J,:0!/x AOW ~ COLUMN ~!X AOW 

tCWl JJ 
'AWL 

tWCR 

twcs tWCH 

twp 

~/L2 ~ 

~I 
I tOHR 

I~ 
DO ~:gt~---V-AL-'D-DA-T-A--~ 

3-310 

fZJ DON'T CARE 

~ UNDEFINED 
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MICRON MT10D25640 
1-· ,,,"omo,,,, 256K x 40 DRAM MODULE 

.mOD25640 
~EV. 4192 

READ-WRITE CYCLE 
(LATE WRITE and READ-MODIFY-WRITE CYCLES) 

tRAS tRP 

-
leSH I IRSH 

l~ tRCD tCAS 

=~ ~ tAR 

tRAD I I IRAL I 
AODR ~:~ 

I~ ~I ~I I~I I 
:lIIIIM ROW WIII,.0 COLUMN ROW 

I 
I I 'AWD ~II 

I~ I leWD ~I 
tAWD 

I~ 3'//////////'//////////////////1 Ijllllili/; 

I 
tAA 

I tRAG j !CAG 

telz !~ CD 
-

OPEN VALID DOUT K VALID DIN OPEN--

.I~ ~I ~ 
DO ~:g~ 

FAST-PAGE-MODE READ CYCLE 

_---~~ __ ~_r __________ ~_t_RA_SP __ --------~------~II===1 RAS ~:r _ II f L 
leSH IpC l---:",tRS",-H _~_I 

l~ 1 ___ --'-"tRC=D ---I---",tCA,,-S -I __ tc_P _ ~ _t_cp_ ~I' 1_-++-",tcP,,-N_1 

CAS ~:~ ----+ ,-+t---~_y~~ of Y 
~ tAR Ie 

I_ tASR ~I tASC I I~ tASC tCAH • 1 ~II~I tRAL I 

3-311 

I2?J DON'T CARE 

~ UNDEFINED 
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UU:::RCN MT10D25640 
1-· '''"eow,n,,, 256K x 40 DRAM MODULE 

MT10D25640 
REV. 4192 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

tcSH tpc I-='RS,,-H _I 
~II ___ -,,'R=C0'-------l~~ ~ ~ ~ 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

_---~~ ___ ~ _____ 'RA_SP_='_=~---_=~~~ RAs ~:~ _ 11_ t L 
tcSH tpc /tpRWC tRSH 

CAS ~:~ =J 'CRP I-'AR-='RC"-O -~~~-:-=-~'C=A_S-=--=-:I~I1'-_'CA_S _--rlk tcP 11'-_'_CAS_--t,--JIA 
I_ 'ASR :::~-I ,ASci I~ _'ASC _'_CAH __ 1 ~II 'CAH ':~L 1 r-----

ADDR ~i~ 1//;X ROW ;KIllh COLUMN COLUMN COLUMN ROW 

I I 

~II 
tRWD I ~ 

':O;pLJ J. 
'AWD 
leWD 

II-- 'RWL 

-'CWL 

-twp 

'cwo 

WE ~ir~~~~rr'A~A.-111-1~ ~ ~ ~ 
'RAC I 'O~: 1- l~1 'O~: 1- l~1 'os--11- -'OH -- - -- - ---'CLZ - 1:- 'cLZ -! 1:- 'CLZ -I t ~ 

DO ~ig~-=------OPEN~ VALID VALID VAliD VALID. VALID VALIO~OPEN_ 

'OE- ~J' :~OO tcE-1 1';1 :~OO 'OE~ 1';1. r~ 
OE ~:~ ::7$$;/'$///;1//$$1///1;1$/$1 . U ~ = 

3-312 

IZ] DON'T CARE 

~ UNDEFINED 
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MICRON MT10D25640 
1-· ;CC""'"'''''' 256K x 40 DRAM MODULE 

MT10D25640 
REV. 4192 

. ICAP , 
CAS ~:~_ :-.-/ 

RAS-ONL Y REFRESH CYCLE 
(ADDR = AD-AS; WE = DON'T CARE) 

. 
tRAS 

.~ 
tRP 

. .'RPq·1 

"'------I 

" 

\ 

ADDR ~:t ::m!'---RO-W --kMj$/$//;jI///#/;jI////#$$//#///ffi(~-RO-W --
tASR tRAH 

1 

DO ~gt -,-----------~-OPEN------------

-~ 

tRP . 
.tRPG. 

CAS"-BEFORE-RAS REFRESH CYCLE 
(AD-AS, WE and OE = DONTCARE) 

0 
tRAS I • 

1 
tRP .11 

~ 
tRAS 

.tcPt-t ~ ~ tAPe ~ }-3 

I 

y 
~ 

DO ~g~ -'-------------OPEN------------

-----I 

. 
tRP . 

tAPe 

BATTERY BACKUP REFRESH CYCLE 22 

(WE = DON'T CARE) 

1251::!s 
0 

0 . tRAS . . tRP 
0 . tRAS . 

.tcp"l,~ tCHR tRPe ~ lCHR• 

DO ~g~ -'-------------OPEN------------

3-313 

~ DON'T CARE 

~ UNDEFINED 
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MICRON MT10D25640 
1-· ",,"oeoo,,", 256K x 40 DRAM MODULE 

MT1Q025640 
REV. 4192 

HIDDEN REFRESH CYCLE 20 

(WE = HIGH; OE = LOW) 

(READ) 

tRAS 

tOE 

OE ~:~ 4/I$j'#$!;Ij'/$///j'$j'$j'/d~ 

3-314 

(REFRESH) 

tRAS 

too 

)Z@!//////;/; 

~ DON'TeARE 

~ UNDEFINED 
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IUIIIC:RON MT20D51240 
1-· ,,,",ocoee"~ 512K x 40 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• 72-pin single-in-line package 
• High-performance, CMOS silicon-gate process. 
• Single 5V ±1O% power supply 
• All device pins are fully TTL compatible 
• Low power, 60mW (6mW L-version) standby; 

1,7S0mW active, typical 
• FAST PAGE MODE access cycle 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• 512-cycle refresh distributed across Sms or 

512-cycle extended refresh distributed across 64ms 
• Low CMOS standby current, 4mA maximum 

(L-version) 

OPTIONS 
• Timing 

60ns access 
70ns access 
sOns access 

• Packages 
Leadless 72-pin SIMM (Gold) 

• Presence Detect 
Industry standard 
Application specific 

• Power/Refresh 
Normal power/Sms 
Low power /64ms' 

MARKING 

- 6 
- 7 
- S 

G 

Blank 
IB 

Blank 
L 

• Part Number Example: MT20D51240GL-6 IB 

GENERAL DESCRIPTION 
The MT20D51240 is a randomly accessed solid-state 

memory containing 524,2SS words organized in a x40 con­
figuration. During READ or WRITE cycles, each bit is 
uniquely addressed through the IS address bits, which are 
entered 9 bits (AO-AS) ata time. RASis used to latch the first 
9 bits and CAS the latter 9 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. EARLY 
WRITE occurs when WE goes LOW prior to CAS going 
LOW; the outputpin(s) remain open (High-Z) until the next 
CAS cycle. 

512K x 40 DRAM 
FAST PAGE MODE (MT20D51240) 
LOW POWER, 
EXTENDED REFRESH (MT20D51240 L) 

PiNt 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM 
(T-15) 

SYMBOL PINt SYMBOL PIU SYMBOL PiNt SYMBOL 
Vss 19 -or 37 0034 55 0012 
001 20 005 38 0036 56 0028 

0017 21 0021 39 Vss 57 0013 
002 22 006 40 "C1iSO" 58 0029 

0018 23 0022 41 NC 59 Vee 
003 24 007 42 NC 60 0030 

0019 25 0023 43 CAS1 61 0014 
004 26 ooa 44 llASO 62 0031 
0020 27 0024 45 roIS1 63 0015 
Vee 28 A7 46 0038 64 0032 
NC 29 0037 47 WE" 65 0016 
AO 30 Vee 48 Vss 66 0039 
A1 31 A8 49 OQ9 67 PR01 
A2 32 NC 50 0025 68 PR02 
A3 33 NC 51 0010 69 PR03 
A4 34 NC 52 D026 70 PR04 
A5 35 D035 53 0011 71 0040 
A6 36 0033 54 0027 72 Vss 

FAST PAGE MODE operations allow faster data opera­
tions (READ or WRITE) within a row-address (AO-AS) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in ~ RAS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ­
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONL Y, CA5-BEFORE­
RAS or HIDDEN REFRESH) so that all 512 combinations of 
RAS addresses (AO-AS) are executed at least every Sms 
(64ms on L version), regardless of sequence. 

MT20D5-1240 
REV,4192 3-315 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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lUll IC: 1=10 N MT20D51240 
1-· "'"'''00''''' 512K x 40 DRAM MODULE 

MT2005124Q 
REV,4192 

CASO 

AD-M 

WE 

OE 

CASt 

RA51 

AD-AB 

FUNCTIONAL BLOCK DIAGRAM 

OQ1·4 

it t t 
OQ1-4 

D021-24 

ttl t 
OQ1-4 

+----iWE 

CAS 

RAS 

U' 

DOl-4 

tltl 
001-4 

D021-24 

ttl t 
001-4 

WE 
U16 

CAS 

RAS 

005-8 

tltl 
OQ1-4 

0025-28 

ttl t 
OQI-4 

005-8 

tltl 
001-4 

0025-28 

t!t t 
001-4 

WE 
U17 

CAS 

RAS 

3-316 

009-12 

ttl t 
DOI-4 

0029-32 

tltl 
001-4 

009-12 

ttl t 
001-4 

0029-32 

tt t t 
001-4 

WE 
U16 

CAS 

liAS 

0017-20 

t t tl tltl 
OQ1-4 001-4 

0033-36 0037-40 

ttl t tltl 
OQ1-4 OQI-4 

UlO 

0013-16 0017-20 

ttl t tltl 
001-4 DQ1-4 

0033-36 0037-40 

tltl ttl t 
001-4 001-4 

WE WE 
U1. U20 

CAS CAS 
RA§ RAS 

DE Ao-AS 

U1-U20 = MT4C4256DJ 
U1-U20 = MT4C4256DJ l (L-version) 

Micron Technology, Inc., r9s9IVes the right to change products or specifications without notice. 
©1992, Micron TechnofQgy, Inc. 



MIC:RON MT20D51240 
1-· ,,,,, .. moo,,,, 512K X 40 DRAM MODULE 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARL V-WRITE 

READ-WRITE 

FAST-PAGE-MODE 1st Cycle 

READ 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

EARL V-WRITE 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

READ-WRITE 2nd Cycle 

RAS-ONL V REFRESH 

HIDDEN READ 

REFRESH WRITE 

CAS-BEFORE-RAS REFRESH 

BATTERV BACKUP REFRESH 

MT:20D51240 
REV. 4/92 

ADDRESSES DATA IN/OUT 

m cg WE or IR IC 001-0040 NOTES 

H H~X X X X X High-Z 

L L H L ROW COL Data Out 

L L L X ROW COL Data In 

L L H~L L~H ROW COL Data Out, Data In 

L H~L H L ROW COL Data Out 

L H~L H L nfa COL Data Out 

L H~L L X ROW COL Data In 

L H~L L X nfa COL Data In 

L H~L H~L L --+H ROW COL Data Out, Data In 

L H-L H~L L~H nfa COL Data Out, Data In 

L H X X ROW nfa High-Z 

L --+H--+L L H L ROW COL Data Out 

L ~H--+L L L X ROW COL Data In 

H--+L L H X X X High-Z 

H~L L X X X X High-Z 22 

PRESENCE DETECT-INDUSTRY STANDARD 

SYMBOL -6 -7 -8 

PRD1 NC NC NC 

PRD2 Vss Vss Vss 

PRD3 NC Vss NC 

PRD4 NC NC Vss 

PRESENCE DETECT-APPLICATION SPECIFIC 

SYMBOL -6 

PRD1 NC 

PRD2 NC 

PRD3 NC 

PRD4 Vss 

3-317 

-7 

Vss 

Vss 

NC 

NC 

-8 

NC 

Vss 

Vss 

NC 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT20D51240 
1-· ,~'""co,,'" 512K x 40 DRAM MODULE 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee Supply Relative to Vss .............. -lV to +7V 
Operating Temperature, TA (Ambient) .......... O°C to +70°C 
Storage Temperature (Plastic) .................... -SsoC to + 12SoC 
Power Dissipation ............................................................ 20W 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 2, 3, 6, 26) (O°C :0; T A:O; 70oC; Vcc = 5V ±1 0%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 
Supply Voltage Vcc 4.5 5.5 V 1 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vcc+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -1.0 0.8 V 1 

INPUT LEAKAGE CURRENT AO-A8, WE II -40 40 ~ 
Any Input OV :0; VIN :0; Vcc 
(All other pins not under test = OV) for each package input RAS,CAS 112 -20 20 ~ 
OUTPUT LEAKAGE CURRENT D01-D040 loz -20 20 ~ 
(0 is disabled, OV:o; VOUT:O; Vcc) for each package input 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -6 -7 -8 UNITS NOTES 
STANDBY CURRENT: (TTL) Icc3 40 40 40 mA 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) Icc4 20 20 20 mA 27 
(RAS = CAS = Vcc -0.2V) 4 4 4 mA 22 

OPERATING CURRENT: Random READIWRITE 920 820 720 mA 2,26 
(RAS, CAS, Single Address Cycling: IRC = IRC (MIN)) Icc1 
Average power supply current 854 754 654 mA 22 

OPERATING CURRENT: FAST PAGE MODE 720 620 520 mA 2,26 
Average power supply current Icc2 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN)) 654 554 454 mA 22 

REFRESH CURRENT: RAS-ONL Y 920 820 720 mA 2 
Average power supply current Iccs 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN)) 854 754 654 mA 22 

REFRESH CURRENT: CAS-BEFORE-RAS (CBR) 920 820 720 mA 2, 19 
Average power supply current Icc6 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 854 754 654 mA 22 

REFRESH CURRENT: BATTERY BACKUP (BBU) 
Average power supply current during battery backup refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = IRAS (MIN) to Icc? 4 4 4 mA 22 
1 J..ls; WE, AO-A8 and DIN = Vcc -0.2V or 0.2V (DIN may be left 
OPEN), IRC = 125J..ls (512 rows at 125J..ls = 64ms) 

MT20D51240 
REV. 4192 3-318 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MICRON MT20D51240 
1-· ,cc",ocoe,,", 512K x 40 DRAM MODULE 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A8 Cit 128 pF 17 
Input Capacitance: WE, OE CI2 .. 168 pF 17 
Input Capacitance: RASO, RAS1, CASO, CAS1 CI3 84 pF 17 
InpuVOutput Capacitance: 001-0040 CIO 20 pF 17 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7, 10, 11, 16) (Vcc = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER -
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE READ or WRITE 
cycle lime 

FAST-PAGE-MODE READ-WRITE 
cycle time 
Access time from RAS 
Access time from CAS 
Output Enable 
Access time from column address 
Access time from CAS precharge 
tiAS pulse width 
tiAS pulse width (FAST PAGE MODE) 
tiAS hold time 
RAS precharge lime 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
liAS" lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 
Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 

MT20051240 
REV. 4192 

,6 
SYM MIN 
tRC 110 

tRWC 165 
tpc 40 

tpRWC 90 

tRAC 

'CAC 
tOE 
tAA 

tCPA 
tRAS 60 . 

tRASP 60 
tRSH 20 
tRP 40 

tCAS 20 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 20 
tCRP 5 
tASR 0 
tRAH 10 
tRAD 15 

tASC 0 
tCAH 15 
tAR 45 

tRAL 30 

tRCS 0 
tRCH 0 

tRRH 0 

tClZ 0 

MAX MIN 
130 
185 
40 

95 
.' 

60 
20 
20 
30 
35 

100,000 70 
100,000 70 

20 
50 

100,000 20 
70 
10 
10 

40 20 
5 
0 
10 

30 15 

0 
15 
55 

35 

0 
0 

0 

0 

3-319 

'7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 
205 ns 
45 ns 

100 ns 

70 80 ns 8 
20 20 ns 9 
20 20 ns 
35 40 ns' 
40 45 ns 

100,000 80 100,000 ns 
100,000 80 100,000 ns 

20 ns 
60 ns 

100,000 20 100,000 ns 
80 ns 
10 ns 18 
10 ns 

50 20 60 ns 13 
5 ns 
0 ns 
10 ns 

35 15 40 ns 21 

0 ns 

15 ns 
60 ns 

40 ns 

0 ns 
0 ns 14 

0 ns 14 

0 ns 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MICRON MT20D51240 
1-· He"",,,,, 512K X 40 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7, 10, 11 ,16) (Vee = 5V±1 0%) 

" 

AC CHARACTERISTICS 
PARAMETER 
Output buffer turn-off delay 

Output disable 

WI: command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

RAS to WE delay time 

Column address 
to WI: delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (51 2 cycles) 

RAS to CAS ore'charae time 

CAS setup time 
(CAS-BEFORE-RAS refresh) 

CAS hold time 
(CAS-BEFORE-RAS refresh) 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

MT20D51240 
REV. 4/92 

-6 

SYM MIN MAX 
tOFF 0 20 
tOD 15 

twcs 0 
tWCH 10 

tWCR 45 

twp 10 
tRWL 20 
tCWL 20 
tDS 0 
tDH 15 

tDHR 45 

tRWD 85 
tAWD 60 

tCWD 40 

IT 3 50 
tREF 8/64 
tRPC 0 
tCSR 10 

tCHR 10 

tOEH 15 

toRD 0 

3-320 

MIN 
0 

0 

15 

55 

15 

20 

20 

0 

15 

55 

100 

65 

50 

3 

0 

10 

15 

20 

0 

-7 -8 

MAX MIN MAX UNITS NOTES 
20 0 20 ns 12,23 

20 20 ns 23 

0 ns 24 

15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 15 

15 ns 15 

60 ns 

110 ns 24 

70 ns 24 

55 ns 24 

50 3 50 ns 5 16 

8/64 8/64 ms 3/22 

0 ns 

10 ns 19 

15 ns 19 

20 ns 25 

0 ns 20 

Micron Technology, Inc., reserves the right to change prOducts or specifications without notice. 
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MIC:RON MT20D51240 
1-· n,""oc""" 512K x 40 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. I<::c is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of 100~s is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 8ms (64ms 
L version) refresh requirement is exceeded. 

4. AC characteristics assume tr = 5ns. 
5. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (DOC :s; T A :s; 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and 100pF. 

8. Assumes that IRCD < tRCD (MAX). If IRCDis greater 
than the maximum recommended value shown in this 
table, lRAC will increase by the amount that tRCD 
exceeds the value shown. 

9. Assumes that IRCD;:: IRCD (MAX). 
10. If CAS = VIH, data output is High-Z. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. tOFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

14. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

16. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vec 
= 5V, DC bias = 2.4V@15mVRMS). 

MT20D51240 
REV. 4192 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for tcP. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

21. Operation within the lRAD (MAX) limit ensures that 
IRCD (MAX) can be met. lRAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified lRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

22. Applies to L-version only. 
23. The DQs open during READ cycles once tOD or tOFF 

occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" the DQs will provide the previ­
ously read data if OE is taken back LOW (while CAS 
remains LOW). 

24. twcs, tRWD, tAWD and tCWD are restrictive 
operating parameters in LATE-WRITE, and READ­
MODIFY-WRITE cycles only. If twCS;:: twcs (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If IRWD ;:: IRWD (MIN), tA WD ;:: tA WD 
(MIN) and tCWD ;:: tcWD (MIN), the cycle is a 
READ-MODIFY -WRITE and the data output will 
contain data read from the selected celL If neither of 
the above conditions is met, the state of data out is 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE-WRITE (OE 
controlled) cycle. 

25. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both tOD and toEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after toEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

26. Ice is dependent on cycle rates. 
27. All other inputs at Vee -0.2V. 

Micron Technology, Inc., reserves the right to change products or specifications wittJout notice. 
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MICRON MT20D51240 
1-· ",",mo", "" 512K x 40 DRAM MODULE 

MT2Q05124Q 
AEV.4/92 

READ CYCLE 

'RC 

IAAS 'RP 

RAS \ 
teSH 

IRSH IRRH 

l~ IRCO teAS 

CAs J 
'AR 

IRAQ IRAL 

I~ ~I ~ ~ 
ADDR "i'/IIM ROW WIIII/0 COLUMN ROW 

tRCS ~ 

We 01'#,,01/###$##/$##1 VIIIIIIIIIIIIIIIIIIII;! 
'AA 

tRAG 

teAC I~ 
~t 

DO OPEN VALID DATA OPEN---

OE 

I~ ~ 

~:r -W//II/1/1$I//IMI//II/I/I//1//II/II//I/1Ml 

EARLY-WRITE CYCLE 

'RC 

tAAS 'RP 

RAS 
V,H 
VIL - tt \ 

ICSH 

lASH 

ICRP tRCD tCAS 

CAS V,H 
VIL =-' 

'AR 
IRAQ tRAl 

AODR V,H 
V,L 

I~~I-~ ~ 
~ ROW l0%I'a COLUMN W/// ///W///////;///X ROW 
~ ~ 

!CWl II 
IRWL 

iWCR 

twes tWCH 

'WP 

J/// ff/ff/ ff/ff/ / /////////// /); W / // /ffi' // // // / / /ffi' // /;/////// /////// ~ 
'OHR I 

I \~ 'OH 

DO ~:gr ~>---V-A-LlO-O 

3-322 

~ DDN'TCARE 

I2l8l UNDEFINED 
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UU:::I=ICN MT20D51240 
1-· '''~"ow"'"' 512K x 40 DRAM MODULE 

~T20D5-1240 

=tEV.4192 

READ-WRITE CYCLE 
(LATE WRiTE and READ-MODiFY-WRiTE CYCLES) 

'RAS tRP 

-
tCSH I 'RSH 

!~ tRCD teAS 
I • 

=--.1 ~ tAR 

tRAD I I 'RAL 

~I 1~ I 
ADDR ~i~ 

I~ ~I 
:lIIIIM ROW WIII;0 COLUMN WIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;X ROW 

I' 
-

I 

-

-
-

tCSH 

I~ 
=J 

ADDR ~:~ 

I tRAD 

I~ IRAH·t 

::J//X ROW WI;') 

I . 
71111111111111111,1 

I. 
- OPEN 

I I 'RWD 
tewLl1 

I~I I 
lewD ~I 
'AWD ~I 

tAA 

I tRAC j teAe 

tell 1:- r ~ 
OPEN VALID DOUT K VALIDD 1N 

~ ~I ~ 

FAST-PAGE-MODE READ CYCLE 

RASP 

tpe IRSH 

tRCD .~ ~~ 
_tep __ 

~~ 
tAR ~ 

I~ 
tRAL 

~I ~ I~ .'ASC. II tCAH'~1 I 
COlUMfII wllilia COLUMN WIIIII;) COLUMN 

tRCS. I 'RCH-
~11t-tRes !i IRCH- Ii -11t-tRes 

Vf *f# tAA tAA tM 

I 'RAC I 'CPA I tCPA 

I~ 'OFF 1 'CAe ioFF .1 teAe - - - -- -
'CLZ- 1:- tCLZ- r- teLZ- r-

VALID VALID VALID 
DATA DATA DATA 

~ ~ ~ ~ ~ too 

OPEN--

~ 
tePN 

ROW 

-I ftRRH ~ 

~ 

-'OFF 

r- 0PEN -

~ DON'T CARE 

~ UNDEFINED 

3-323 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT20D51240 
1-· "'"""","' 512K x 40 DRAM MODULE 

MT20D51240 
REV. 4/92 

ADOR ~1~ 

DQ ~ig~ 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

F=L -
-

teSH IpC IpRWC tASH 

l~ leRP IRCD teAS ~ teAS ~ teAS 

A ~i =J 
r-- r--

tAR 

II 
IRAD I I~ IRAL 

!. tASR tRAH~l ~ ~ rl ~II teAH_
1 

7//;X ROW 1('//,1 COLUMN COLUMN COLUMN ROW 
I I lRWD I t 

I 
l 

I 

- .~7IRWl ~ I tCWLj 'CWl .... - teWl 
lWp __ IWp __ - I-twP 

'AWD IAWD IAWD 

..I~ ~ ~ 
J/////////////////) 

I f-C ~ f-C ~ 
tRAG 

-

1M 
I tOH_ 

IDs_l_ 
ICAc_1 
tCLZ --- r-

Vil.LlD VALID OPEN-----@ ~~ 

-too 
toe- -

I IOH_ 
l~tDs __ l __ 
teAc-i -
leLZ -- r 

VALID VALID 
Dour 0" 

- -too 
toE- -

I __ tOH 

I~IDS-I-
teAC~ - 1 
teLZ I r-

'1OOf~ vt:i:D~OPEN-

- ttao 
10E - toEH 

~ DON'TeARE 

~UNDEFINED 

3-324 Mlcton Technology, Inc., reserves the right to change products or speclflcatlons without notice. 
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MIC::RON MT20D51240 
1-· ",e,o",,,,,, 512K x 40 DRAM MODULE 

MT20D51240 
REV. 4192 

teRP 

~ 

RAS"-ONLY REFRESH CYCLE 
(ADDR = AO-AS; WE = DON'T CARE) 

'RC 

'RAS 'RP 

k' 
'I. 'RPC_I 

LJ 

\ 

ADDR ~:t :wd,..------RO-W ----,1wff/;/$$//////M///;/ff/$;W/;//$/;,Xr---RO-W --

tASR tRAH I. 

DO ~gr ::::'--------------OPEN~----------

~-BEFORE·RAS" REFRESH CYCLE 
(AO-AS, WE and OE = DON'T CARE) 

DO ~gr -------------OPEN-----------

-~ 

. 
'RP 

.tRPq 

BATTERY BACKUP REFRESH CYCLE 22 

(WE = DON'T CARE) 

12 I./S . 
tRAS 'RP tRAS 

I' i ~ 

~I~ ~ tRPe tesR ~ 

OQ ~g~ ::_-----------OPEN-----------

3-325 

~ DON'T CARE 

~ UNDEFINED 
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MIC:RON MT20D51240 
1-· """"CO"""' 512K x 40 DRAM MODULE 

MT20D51240 
REV.-4/92 

HIDDEN REFRESH CYCLE 20 

(WE = HIGH; OE = LOW) 

(READ) 

tRAS 

3-326 

(REFRESH) 

tRAS 

~ DON'T CARE 

~ UNDEFINED 
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I\JIIIC:~ON MT10D140 
1-· r-I, " 1 MEG x 40 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• 72-pin single-in-line package 
• High-perfor,mance, CMOS silicon-gate process. 
• Single 5V ±1O% power supply 
• All device pins ate fully TIL compatible 
• Low,power, 30mW (lOmW L-version) standby; 

2,25OmW active, typical ' 
• FAST PAGE MODE access cycle 
• Refresh modes:RAS-QNL Y, CAS~BEFORE-RAS (CBR) 

and HIDDEN 
• 1,024-cycle refresh distributed across 16ms or 

1,024-cycle extended refresh dU!tributedacross 128ms 
• Low CMOS standby currerlt, 2IilA maximum 

(L-version) 

OPTIONS 
• Timing 

60nsaccess 
70nsaccess 
80nsaccess 

• Packages , 

MARKING 

- 6 
- 7 
- 8 

Leadless 72-pin SIMM (Gold) G 

• Presence Detect 
Industry standard Blank 
Application specific m 

• Power/Refresh 
Normal pOwer/16ms 
Low power/128ms 

Blank' 
L 

• Part Number Example: MT10D140GL-6 m 

GENERAL DESCRIPTION 
The MT10Dl40 is a randomly accessed solid-state memory 

containing 1,048,576 words organized in a x40 configura­
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (AO-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. READ or WRITE cycles are 
selected with the WE input. A logic mGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (0) is latched by the 
falling edge of WE or CAS, whichever occurs last. EARLY 
WRITE occurs when WE goes LOW prior to CAS going 
LOW; the outputpin(s) remain open (High-Z) until the next 
CAS cycle. 

MT100140 
REV. 4192 

1 ,MEG x 40 DRAM 
FAST PAGE MODE (MT10D140) 
LOW POWER, 
EXTENDED REFRESH (MT10D140 L) 

PIN ASSIGNMENT (Top View) 

,; 72~PinSIMM 

: 
(T-13) . 

~"""IIIIIIII"""bi"'I!I:~:IIIIIII!I""""",,n""I!I~1 1 36 37 72 

PIN. SYMBOL PINt SYMBOL PIJI# SYMBOL PiNt SYMBOL 
1 Vss 19 -or 37 0034 55 0012 
2 001 20 005 38 0036 56 0028 
3 0017 21 0021 39 Vss 57 0013 
4 002 22 ; 006 40 ClISU" 58 0029 
5 0018 23 ' '0022 41 NC 59 Vee 
6 003 24 007 42 NC 60 0030 
7 0019 25 0023 43 'C1iSf 61 0014 
8 004 26 008 44 l1ASO" 62 0031 
9 0020 27 0024 45 NC 63 0015 

10 Vee 28 A7 46 0008 64 0032 
11 NC 29 0037 47 we- 65 0016 

.12 AO 30 Vee 48 Vss 66 0039 
13 A1 31 A8:: 49 009 67 PR01 
14 A2 32 A9 50 D025 68 PR02 
15 A3 33 NC 51 0010 69 PR03 
16 A4 34 Nc 52 0026 70 PR04 
17 A5 35 0035 53 0011 71 0040 
18 A6 36 oe33 54 0027 72 Vss 

i 

FAST PAGE MODE operations allow faster data opera­
tions (READ or WRITE) within a row-address (AO-A9) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by ~ column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ­
ent coluinn addresses, thus executing faster memory cycles. 
Returning RAS mGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS mGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
~ect state by maintaining power and executing any 
RAS cycle (READ, WRITE, RA5-0NLY, CAScBEFORE­
RAS ,or HIDDEN REFRESH) so that all 1,024 combinations 
of RAS addresses (AO-A9) are executed at least every 16ms 
(128ms on L-version), regardless of sequence. 

Micron Technology, Inc., reserves the' right to chanoe products or specifications wlthoutnotlce. 
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MIC:RON ~ MT10D140 
1-· '''''''''''''' '" 1 MEG x 40 DRAM MODULE 

WE 

liE 

CASO 

RASO 

AO-A9 

MT10D140 
REV. 4192 

001-4 

.------iWE 

CAS 

RAS 

U1 

FUNCTIONAL BLOCK DIAGRAM 

005-8 

001-4 

WE 
U2 

CAS 

RAS 

3-328 

009·12 

001-4 

WE 
U3 

CAS 

RAS 

0013·16 0017·20 

,-----1 WE 

CAS 

RAS 

U4 
,-----1 WE 

CAS 

RAS 

U1-U10 = MT4C4001JOJ 
U1·U10 = MT4C4001JOJ L (L-version) 

us 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron TechnologY,lnc. 



MIC:RON MT10D140 
1-· "C~"'''''''''' 1 MEG x 40 DRAM MODULE 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARL V-WRITE 

READ-WRITE 

FAST-PAGE-MODE 1st Cycle 

READ 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

EARL V-WRITE 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

READ-WRITE 2nd Cycle 

RAS-ONL V REFRESH 

HIDDEN READ 

REFRESH WRITE 

CAS-BEFORE-RAS REFRESH 

BATTERV BACKUP REFRESH 

MTlOD140 
REV,4/92 

ADDRESSES DATA IN/OUT 

"itU "CAS WE or IR Ie 001-0040 NOTES 

H H--+X X X X X High-Z 

L L H L ROW COL Data Out 

L L L X ROW COL Data In 

L L H--+L L --+H ROW COL Data Out, Data In 

L H--+L H L ROW COL Data Out 

L H--+L H L nla COL Data Out 

L H--+L L X ROW COL Data In 

L H--+L L X nla COL Data In 

L H--+L H--+L L --+H ROW COL Data Out, Data In 

L H--+L H--+L L --+H nla COL Data Out, Data In 

H X X X ROW nla High-Z 

L --+H-L L H L ROW COL Data Out 

L --+H--+l. L L X ROW COL Data In 

H--+L L H X X X High-Z 

H--+L L X X X X High-Z 22 

PRESENCE DETECT-INDUSTRY STANDARD 

SYMBOL -6 -7 -8 
PRD1 Vss Vss Vss 

PRD2 Vss Vss Vss 

PRD3 NC Vss NC 

PRD4 NC NC Vss 

PRESENCE DETECT-APPLICATION SPECIFIC 

SYMBOL -6 

PRD1 Vss 

PRD2 NC 

PRD3 NC 

PRD4 NC 

3-329 

-7 

Vss 

Vss 

NC 

Vss 

-8 

Vss 

Vss 

Vss 

Vss 

Micron Technology. Inc" reserves the right to chan~e products or specifications without notice. 
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MIC:RON MT10D140 
1-· ,eo"""",,,,, 1 MEG x 40 DRAM MODULE 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee Supply Relative to Vss .... "" .... ,,-lV to +7V 
Operating Temperature, TA (Ambient) """".oDe to +70De 
Storage Temperature (Plastic) """""""""" -ssDe to + 12SDe 
Power Dissipation ..... "" .... " ... "." ............ "" ................ "".lOW 
Short Circuit Output Current ""."""""""""""""""". SOmA 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 2, 3, 6, 26) (ODC :<;; T A :<;; 70DC; Vcc = SV ±1 0%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.S S.S V 1 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vcc+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -1.0 0.8 V 1 

INPUT LEAKAGE CURRENT AO-A9, WE II -20 20 J.lA 
Any Input OV :<;; VIN :<;; Vcc 
(All other pins not under test = OV) for each package input RAS,CAS 112 -10 10 J.lA 
OUTPUT LEAKAGE CURRENT DQ1-DQ40 loz -10 10 J.lA 
(Q is disabled, OV:<;; VOUT :<;; Vcc) for each package input 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -SmA) 
Output Low Voltage (lOUT = SmA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -6 -7 ·8 UNITS NOTES 

STANDBY CURRENT: TTL INPUT LEVELS 
Power supply standby current (RAS = CAS = VIH Icc3 20 20 20 rnA 
after 8 RAS cycles (MIN» 

STANDBY CURRENT: CMOS INPUT LEVELS 10 10 10 rnA 
Power supply standby current (RAS = CAS = Vcc -0.2V ICC4 

after 8 RAS cycles (MIN». (All other inputs at Vcc -0.2V or Vss +0.2V) 2 2 2 rnA 22 

OPERATING CURRENT Icc1 1100 1000 900 rnA 2,26 
(RAS and CAS = Cycling: tRC = tRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE Icc2 800 700 600 rnA 2,26 
(RAS = VIL, CAS = Cycling: tpc = tpc (MIN» 

REFRESH CURRENT: RAS-ONL Y Icc5 1100 1000 900 rnA 2 
(RAS = Cycling: CAS = VIH) 

REFRESH CURRENT: CAS-BEFORE-RAS Icc6 1100 1000 900 rnA 2, 19 
(RAS and CAS = Cycling) 

REFRESH CURRENT: BATTERY BACKUP (BBU) 
Average power supply current during BATTERY BACKUP refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = tRAS (MIN) to Icc? 3 3 3 rnA 22 
300ns; WE, AO-A9 and DIN = Vcc - 0.2V or 0.2V (DIN may be left 
open), tRC = 12Sj.ls (1024 rows at 12Sj.ls = 128ms) 

MT10D140 
REV. 4/92 3-330 Micron Tecl1nology, Inc., reserves the right to change products or spedficalions without notice. 
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MIC:RON MT10D140 
1-· "",oeo",,", 1 MEG x 40 DRAM MODULE 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A9 CI1 64 pF 17 

Input CapaCitance: WE, DE, RASO, CASO CI2 84 pF 17 

Input/Output Capacitance: 001-0040 CIO 10 pF 17 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5,6, 7,10,11,16) (Vce = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 

READ-WRITE cycle time 

FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 

Access time from CAS 

Access time from column address 

Access time from CAS precharge 

RAS pulse width 

~ pulse width (FAST PAGE MODE) 
RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 

CAS to RAS precharge time 

Row address setup time 

Row address hold time 

RAS to column 
address delay time 

Column address setup time 

Column address hold time 

Column address hold time 
(referenced to RAS) 
Column address to 
RAS lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 
Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 

Output buffer turn-off delay 

WE command setup time 

MT10D140 
REV. 4/92 

-6 
SYM MIN MAX 
tRC 110 

tRWC 165 
tpc 40 

tpRWC 90 

tRAC 60 
tCAC 15 
tAA 30 

tCPA 35 
tRAS 60 100,000 

tRASP 60 100,000 
tRSH 15 
tRP 45 

tCAS 15 100,000 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 20 40 
tCRP 10 
tASR 0 
tRAH 10 
tRAD 15 30 

tASC 0 
tCAH 10 
tAR 50 

tRAl 30 

tRCS 0 
tRCH 0 

tRRH 0 

tClZ 0 
tOFF 0 20 
twcs 0 

3-331 

MIN 
130 
185 
40 

95 

70 
70 
20 
50 
20 
70 
10 
10 
20 
10 
0 
10 
15 

0 
15 
55 

35 

0 
0 

0 

0 
0 
0 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 

205 ns 

45 ns 

100 ns 

70 80 ns 8 
20 20 ns 9 
35 40 ns 

40 45 ns 

100,000 80 100,000 ns 

100,000 80 100,000 ns 

20 ns 

60 ns 

100,000 20 100,000 ns 

80 ns 

10 ns 18 
10 ns 

50 20 60 ns 13 
10 ns 

0 ns 

10 ns 

35 15 40 ns 21 

0 ns 

15 ns 

60 ns 

40 ns 

0 ns 

0 ns 14 

0 ns 14 

0 ns 

20 0 20 ns 12,23 
0 ns 24 

Micron Technology, Inc., reserves the righllo change products or specifications without notice. 
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UIC:::RON MT10D140 
I-II '''''''0<O "'" 1 MEG x 40 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7, 10, 11, 16) (Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

RAS" to WE delay time 

Column address 
to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (1024 cycles) 

RAS" to CAS precharge time 

CAS setup time 
(CAS-BEFORE-tiAS refresh) 

CAS hold time 
(CAS-BEFORE-tiAS refresh) 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

Output disable 

Output enable 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

MT10D140 
REV. 4192 

-6 

SYM MIN 
tWCH 10 

twCR 45 

twP 10 
tRWL 15 
tCWL 15 
tDS 0 
tDH 10 

tDHR 45 

tRWD 90 
tAWD 60 

tCWD 45 
tT 3 

tREF 

tRPC 0 
tCSR 10 

tcHR 15 

tORD 0 

tOD 15 

toE 15 
tOEH 15 

MAX MIN 
15 

55 

15 

20 

20 

0 

15 

55 

100 

65 

50 

50 3 

16/128 

0 

10 

15 

0 

20 

20 

20 

3-332 

-7 -8 

MAX MIN MAX UNITS NOTES 
15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 15 

15 ns 15 

60 ns 

110 ns 24 

70 ns 24 

50 ns 24 

50 3 50 ns 5, 16 

16/128 16/128 ms 3/22 

0 ns 19 

10 ns 19 

15 ns 19 

0 ns 20 

20 ns 23 

20 ns 

20 ns 25 

Micron Technology, Inc., reserves the right to change products or specifications without nolios. 
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MIC:RON MT10D140 
1-· ,""'OW"""' 1 MEG x 40 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of 100~s is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 16ms 
(128ms L version) refresh requirement is exceeded. 

4. AC characteristics assume IT = Sns. 
5. VIH (MIN) and VlL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (OCC ::; T A::; 70cC) is assured. 

7. Measured with a load equivalent to two TTL gates 
and 100pF. 

8. Assumes that iRCD < iRCD (MAX). If tRCD is greater 
than the maximum recommended value shown in this 
table, iRAC will increase by the amount that iRCD 
exceeds the value shown. 

9. Assumes that tRCD ~ tRCD (MAX). 
10. If CAS = VIH, data output is High-Z. 
11. If CAS = VlL, data output may contain data from the 

last valid READ cycle. 
12. toFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the tRCD (MAX) limit ensures that 
iRAc (MAX) can be met. iRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified iRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

14. Either iRCH or tRRH must be satisfied for a READ 
cycle. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VlL (or between VlL and VIH) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= SV, DC bias = 2.4V @ 15m V RMS). 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for tcP. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW. 
21. Operation within the tRAD (MAX) limit ensures that 

iRCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if iRAD is greater than the 
specified iRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

22. L-version only. 
23. twcs, tRWD, tAWD and tcWD are restrictive 

operating parameters in LATE-WRITE, and READ­
MODIFY -WRITE cycles only. If twcs ~ twcs (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If IRWD ~ iRWD (MIN), tA WD ~ IAWD 
(MIN) and tCWD ~ tcWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions are met, the state of data out is 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE-WRITE (OE 
controlled) cycle. 

24. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both tOD and toEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after tOEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

25. Icc is dependent on cycle rates. 
26. All other inputs at Vee -0.2V. 

Kr10D140 
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MIC:RON MT10D140 
1-· '''""",0",'''' 1 MEG x 40 DRAM MODULE 

MTtODI40 
REV. 4192 

READ CYCLE 

tRP 

\'-------
tCSH 

~~I ~~ 
ADOR ~t~ 1;1///,,* ROW Willi to COLUMN ROW 

'ACS 

We ~:~ j//////////////////////////////// VI////////////////////; 

EARLY-WRITE CYCLE 

RC 

tRAS tRP 

- \ -
ICSH 

tRSH 

ICRP tRCD tCAS 

=-.1 
tAR 

tRAD IRAL 

I~~I I~ ~ 
ADOR ~:~ 

.~ ~ 

~}J( ~ ROW Y(0IM COLUMN ROW 

'eWl 

I 'RWl 

twCR 

twcs twCH 

twp 

-

~I 
tOHR 

I~ 
DQ ~:g~~---VAl-'D-DA-TA--~ 
OE~:~. 

~ DON'T CARE 

Il22l UNDEFINED 
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MIC:RON MT10D140 
1-· '","",",0',,",' 1 MEG x 40 DRAM MODULE 

100140 
1/.4/92 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

ICSH 

IAR 

ROW 

DO ~:g~ ---------OPEN--~~~~:t~~ 

i5E ~:r 0@#ff#$#/,@'/####/$ffd1ff/M&1~ 

-
-

14 teRP 

=---.! 

ADDR ~:t 

14 tASR 

Y/M ROW 

I --

I 
DO ~:~ -

FAST-PAGE-MODE READ CYCLE 

tCSH 

tRAD 

IRAH~I 

W/;0 

OPEN 

RASP 

.~ 
IpC IRSH 

IRCD 'cAS ICp 'cAS 'cP 

~l 
ICPN 

tAR ~ 
~I I~ 

IRAL 

IASC tCAH __ ] ~II 'cAH_, I 
COLUMN 1(/////;0 COLUMN )W////;) COLUMN ROW 

IRCS I 
tRCH- f1 It- IRCS Ii IRCH~ Ii -ilt- IRCS -I rlRRH ~ 

.yo 
IAA IAA 

I IRAC I tePA I 'cAC I~ I~ 
tCLZ- 1:- tCLZ- l-

VALiD 
DATA 

~ to -.k. 

~ IAA 

I 'cPA 

tOFF -I 'CAG - -
tell 1:-

VALID 
DATA 

~ ~ 

-
VALID 
DATA 

too 

W!&IL 

-tOFF 

~OPEN-

~ DON'T CARE 

~ UNDEFINED 
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MIC:RON MT10D140 
1-· ",",ee,""" 1 MEG x 40 DRAM MODULE 

MT10D140 
REV. 4/92 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

RASP 

F=L -
'cSH Ipe IRSH 

I'" ICRP 
IRCD 'CAS ~~ ~ ~ 1_' lePN 'I 

~~ =---.1 ! 
IAR 

II 
IRAQ 

I~I ~ 
IRAL 

I" 'ASR 1RAHoo-I 1_· tAse .tcAH ___ 
1 I: lAse II leAH -I 

ADOR ~i~ :://~ ROW }VIM COLUMN COLUMN COLUMN ROW 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

'cSH 
~ __ ~ ______ ~ ___________ RAS_P~~ __________ ~ __ ~'i~ 

RAs ~:~ = 1 1_ lit L 
tpc /IPRWC IRSH 

CAs ~:t 

ADDR ~:~ 

I~ IRCD ICAS 

=---.1 ~{ IAR 

�----~~=:==::==:"I t tcp 1~_le_As--_'~I~I~--leA_s--+7~ 
IRAL I IRAD 

1_ 'ASR IRAH~I 

YIIM ROW VII,,? 
~I I~ 

COLUMN 

3-336 
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IT100140 
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-
-

l' 
CAS ~[r ~~ 

RAS-ONL Y REFRESH CYCLE 
(ADDR = AO-A9; and WE = DON'T CARE) 

tRAS tRP 

II 

-l~e9.-1 leRP , 

"----I 

'_I 

\ 

ADDR ~:t ~'------RO-W -----,k#Mffff$#M##/#/#j;I#/#//////X~--RO-W --
tASR tRAH 

DQ ~gr -,-----------OPEN---'----------

~-BEFORE-RAS REFRESH CYCLE 
(AO-A9, OE = DON'T CARE) 

tRP tRAS tRP tRAS 

:--1. tRPC 
~ Y 

~~ ~ ~~ ICHR 

DO ~gt=;------------OPEN---------~ 

.~ 

, . tAP 

tRPe 

BATTERY BACKUP REFRESH CYCLE 22 

(WE = DON'T CARE) 

1251:!s 

tRAS tRP tRAS 

~ Y 
.tcp'1~ tCHR tAPe leSA !CHR. 

DO ~g~ -'-----------OPEN----------

3-337 

~ DON'T CARE 

~ UNDEFINED 
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MIC:RON MT10D140 
1-· '"0"'0'0'"'' 1 MEG x 40 DRAM MODULE 

MT10D140 
REV. 4/92 

ADDR 

HIDDEN REFRESH CYCLE 20 

(WE= HIGH;OE = LOW) 

(READ) (REFRESH) 

toFF 

DQ ~:gt -~-----OPEN-----~~=:===~VA~U~DD~AT~A====f OPEN-

tOE 

DE ~:t 4$;/,####j/;Ij/;I#/#j/;I####$A1~ .1 
toD 

_#$//;0 

3-338 

flLj DON'T CARE 

~ UNDEFINED 
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MIC:RON MT20D240 
1-· ,,,",moon, 2 MEG X 40 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• 72-pin single-in-line package 
• High-performance CMOS silicon-gate process. 
• Single 5V ±1O% power supply 
• All device pins are fully TTL compatible 
• Low power, 60mW (20mW L-version) standby; 

2,280mW active, typical 
• FAST PAGE MODE access cycle 
• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• 1,024-cycle refresh distributed across 16ms or 

1,024-cycle extended refresh distributed across 128ms 
(L-version) 

• Low CMOS standby current, 4mA maximum 
(L-version) 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 
Leadless 72-pin SIMM (Gold) 

• Presence Detect 
Industry standard 
Application specific 

• Power/Refresh 

-6 
-7 
-8 

G 

Blank 
IB 

Normal power/16ms Blank 
Low power/128ms L 

• Part Number Example: MT20D240GL-6 IB 

GENERAL DESCRIPTION 
The MT20D240is a randomly accessed solid-state memory 

containing 2,097,152 words organized in a x40 configura­
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (AO -A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. EARLY 
WRITE occurs when WE goes LOW prior to CAS going 
LOW; the outputpin(s) remain open (High-Z) until the next 
CAS cycle. 

2 MEG X 40 DRAM 
FAST PAGE MODE (MT20D240) 
LOW POWER, 
EXTENDED REFRESH (MT20D240 L) 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM 
(T-1S) 

\~""""""""""",,,,,,,,:::,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,~I 
1 36 37 72 

PINt SYMBOL PiNt SYMBOL PINt SYMBOL PINt SYMBOL 
1 Vss 19 ur 37 0034 55 0012 
2 001 20 D05 38 0036 56 0028 
3 0017 21 0021 39 Vss 57 0013 
4 002 22 006 40 CASO 58 0029 
5 0018 23 0022 41 NC 59 Vee 
6 003 24 007 42 NC 60 0030 
7 0019 25 0023 43 CASf 61 0014 
8 004 26 OOB 44 llJ\SO 62 0031 
9 0020 27 0024 45 RAS1 63 0015 
10 Vee 28 A7 46 0038 64 0032 
11 NC 29 0037 47 Wt 65 0016 
12 AO 30 Vee 48 Vss 66 0039 
13 Al 31 A8 49 009 67 PROl 
14 A2 32 A9 50 0025 68 PRD2 
15 A3 33 NC 51 0010 69 PR03 
16 A4 34 NC 52 0026 70 PRD4 
17 A5 35 0035 53 0011 71 0040 
18 A6 36 OQ33 54 0027 72 Vss 

FAST PAGE MODE operations allow faster data opera­
tions (READ or WRITE) within a row-address (AO-A9) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ­
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip currentto a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ,· WRITE, RAS-ONL Y, CAS-BEFORE­
RAS or HIDDEN REFRESH) so that all 1,024 combinations 
of RAS addresses (AO-A9) are executed at least every 16ms 
(128ms on L-version), regardless of sequence. 

MT20D240 
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MIC:RON MT20D240 
1-· ,,,",mo",,,,, 2 MEG x 40 DRAM MODULE 

MT20D240 
REV. 4/92 

CASO 

RASa 

AO-A9 

We 

DE 

CASt 

RAS1 

AO-AS 

FUNCTIONAL BLOCK DIAGRAM 

DQl-4 

DQ21-24 

t tt t 
001-4 

+-----jWE 
CAS 

RAS 

U6 

DQl-4 

tt t t 
DOl-4 

DQ2l-24 

tltl 
001-4 

WE 
UiS 

DQ5-8 

DQ25-28 

t t tt 
001-4 

DQ5-8 

tit t 
001-4 

DQ25-28 

tttt 
001-4 

WE 
U17 

DQ9-l2 

DQ29-32 

t t tt 
001-4 

DQ9-12 

t tt t 
001-4 

DQ29-32 

t tt I 
OQI-4 

WE 
U18 

3-340 

DQ13-16 

DQ33-36 

tttt 
001-4 

DQ13-l6 

t t tt 
001-4 

DQ33-36 

tt t t 
001-4 

WE 
Ul. 

Ul-U20. MT4C4001JDJ 

DQ17-20 

tt t t 
001-4 

WE 
CAS 
RA§ 

U5 

OE AO-A9 

DQ37-40 

tl t t 
OQI-4 

UIO 

DQ17-20 

tltt 
001-4 

DQ37-40 

t tt t 
00t-4 

WE 
U20 

U1-U20 "" MT4C4001JDJ L (L-version) 
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UU:::I=ICN MT20D240 
1-· ",'"'''0",,"' 2 MEG x 40 DRAM MODULE 

rRUTHTABLE 

FUNCTION 

Standby 

READ 

EARLY-WRITE 

READ-WRITE 

FAST-PAGE-MODE 1st Cycle 

READ 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

EARLY-WRITE 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

READ-WRITE 2nd Cycle 

RAS-ONL Y REFRESH 

HIDDEN READ 

REFRESH WRITE 

CAS-BEFORE-RAS REFRESH 

BATTERY BACKUP REFRESH 

"200240 
V.4192 

ADDRESSES DATA IN/OUT 

RAS" "CAS WE or IR IC DQ1-DQ40 NOTES 

H H-X X X X X High-Z 

L L H L ROW COL Data Out 

L L L X ROW COL Data In 

L L H-L L-H ROW COL Data Out, Data In 

L H-L H L ROW COL Data Out 

L H-L H L n/a COL Data Out 

L H-L L X ROW COL Data In 

L H-L L X n/a COL Data In 

L H-L H-L L-H ROW COL Data Out, Data In 

L H-L H-L L-H n/a COL Data Out, Data In 

H X X X ROW n/a High-Z 

L-H-L L H L ROW COL Data Out 

L-H-L L L X ROW COL Data In 

H-L L H X X X High-Z 

H-L L X X X X High-Z 22 

PRESENCE DETECT-INDUSTRY STANDARD 

SYMBOL -6 -7 -8 

PRD1 NC NC NC 

PRD2 NC NC NC 

PRD3 NC Vss NC 

PRD4 NC NC Vss 

PRESENCE DETECT-APPLICATION SPECIFIC 

SYMBOL -6 

PRD1 NC 

PRD2 Vss 

PRD3 NC 

PRD4 NC 

3-341 

·7 

NC 

NC 

Vss 

NC 

-8 

Vss 

Vss 

Vss 

NC 

Micron Technology, inc., reserves the right to change products or specifications without notice. 
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MICRON MT20D240 
1-· "'"'''' "" w, 2 MEG x 40 DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss .............. -lV to +7V 
Operating Temperature, T A (Ambient) ......... O°C to +70°C 
Storage Temperature (Plastic) .................... -SsoC to + 12SoC 
Power Dissipation ............................................................ 20W 
Short Circuit Output Current ...................................... SOmA 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not imp lied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability . 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 2, 3, 6, 26) (O°C S; T A S; 70°C; Vcc = 5V ±1 0%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 
Supply Voltage Vcc 4.5 5.5 V 1 

Input High (Logic 1) Voltage, All Inputs VIH 2.4 Vcc+1 V 1 

Input Low (Logic 0) Voltage, All Inputs VIL -1.0 0.8 V 1 

INPUT LEAKAGE CURRENT AO-A9, WE II -40 40 ~ 
Any Input OV S; VIN S; Vcc 
(All other pins not under test = OV) for each package input RAS,CAS il2 -20 20 ~ 
OUTPUT LEAKAGE CURRENT D01-D040 loz -20 20 ~ 
(0 is disabled, OV S; VOUT S; Vcc) for each package input 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -6 -7 -8 UNITS NOTES 
STANDBY CURRENT: TTL INPUT LEVELS 
Power supply standby current (RAS = CAS = VIH Icc3 40 40 40 mA 
after 8 RAS cycles (MIN» 

STANDBY CURRENT: CMOS INPUT LEVELS 20 20 20 mA 
Power supply standby current (RAS = CAS = Vcc -0.2V Icc4 
after 8 RAS cycles (MIN». (All other inputs at Vcc -0.2V or Vss +0.2V) 4 4 4 mA 22 

OPERATING CURRENT Icct 1120 1020 920 mA 2,26 
(RAS and CAS = Cycling: IRC = IRC (MIN» 1104 1004 904 mA 2,22,2E 

OPERATING CURRENT: FAST PAGE MODE Icc2 820 720 620 mA 2,26 
(RAS = VIL, CAS = Cycling: IpC = IpC (MIN» 804 704 604 mA 2,22,2E 

REFRESH CURRENT: RAS-ONL Y Icc5 1120 1020 920 mA 2 
(RAS = Cycling: CAS = VIH) 1104 1004 904 mA 2,22 

REFRESH CURRENT: CAS-BEFORE-RAS Iccs 1120 1020 920 mA 2, 19 
(RAS and CAS = Cycling) 1104 1004 904 mA 2,19,2~ 

REFRESH CURRENT: BATTERY BACKUP (BBU) 
Average power supply current during BATTERY BACKUP refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = IRAS (MIN) to Icc? 6 6 6 mA 22 
300ns; WE, AO-A9 and DIN = Vcc - 0.2V or 0.2V (DIN may be left 
open), IRC = 12511S (1,024 rows at 12511S = 128ms) 

MT20D240 
REV. 4192 3-342 Micron Technology, Inc., reserves the right 10 change products or specifications without notit 

© 1992, Micron Technology, Ir 



uu::: 1=1 ON MT20D240 
1-· "'""OW,,,"' 2 MEG x 40 DRAM MODULE 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A9 Cit 128 pF 17 

Input Capacitance: WE, OE CI2 168 pF 17 

Input Capacitance: RASO, RAS1, CASO, CAS1 CI3 84 pF 17 

Input/Output Capacitance: OQ1-0Q40 CIO 20 pF 17 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7, 10, 11, 16) (Vce = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-WRITE cycle time 
FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 
Access time from RAS 
Access time from CAS 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
~ pulse width (FAST PAGE MODE) 
RAS hold time 
RAS· precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
~ to CAS delay time 
CAS to ~ precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 
Output buffer turn-oil delay 
WE command setup time 

MT20D240 
REV. 4192 

-6 
SYM MIN 
tRC 110 

tRWC 165 
tpc 40 

tpRWC 90 

tRAC 
tCAC 
tAA 

tCPA 
tRAS 60 

tRASP 60 
tRSH 15 
tRP 45 

tCAS 15 
'CSH 60 
tCPN 10 
'CP 10 

'RCD 20 
'CRP 10 
'ASR 0 
'RAH 10 
'RAD 15 

'ASC 0 
'CAH 10 
tAR 50 

'RAl 30 

'RCS 0 
'RCH 0 

'RRH 0 

'ClZ a 
'OFF 0 
'WCS 0 

MAX MIN 
130 
185 
40 

95 

60 
15 
30 
35 

100,000 70 
100,000 70 

20 
50 

100,000 20 
70 
10 
10 

40 20 
10 
0 
10 

30 15 

0 
15 
55 

35 

0 
0 

0 

0 
20 0 

a 

3-343 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 
205 ns 
45 ns 

100 ns 

70 80 ns 8 
20 20 ns 9 
35 40 ns 
40 45 ns 

100,000 80 100,000 ns 
100,000 80 100,000 ns 

20 ns 
60 ns 

100,000 20 100,000 ns 
80 ns 
10 ns 18 
10 ns 

50 20 60 ns 13 
10 ns 
0 ns 
10 ns 

35 15 40 ns 21 

0 ns 
15 ns 
60 ns 

40 ns 

0 ns 
0 ns 14 

0 ns 14 

0 ns 
20 0 20 ns 12,23 

0 ns 24 

Micron Technology, Inc., reserves the right to change products Of specifications without notice. 
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MIC:RON MT20D240 
1-· ",,,o<oono 2 MEG x 40 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7, 10, 11, 16) (Vee = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

RAS to WE delay time 

Column address 
to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CAS-BEFORE-RAS refresh) 

CAS hold time 
(CAS-BEFORE-RAS refresh) 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

Output disable 

Output enable 

DE hold time from WE during 
READ-MODIFY-WRITE cycle 

MT20D240 
REV. 4/92 

-6 
SYM MIN MAX 

tWCH 10 
twCR 45 

twp 10 
tRWL 15 
tCWL 15 
tDS 0 
tDH 10 

tDHR 45 

tRWD 90 
tAWD 60 

tCWD 45 
tT 3 50 

tREF 16/128 

tRPC 0 
tCSR 10 

tCHR 15 

tORD 0 

tOD 15 
tOE 15 

tOEH 15 

3-344 

-7 
MIN 
15 
55 

15 
20 
20 
0 
15 
55 

100 
65 

50 
3 

0 
10 

15 

0 

20 
20 
20 

-8 

MAX MIN MAX UNITS NOTES 
15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 15 
15 ns 15 
60 ns 

110 ns 24 
70 ns 24 

50 ns 24 
50 3 50 ns 5, 16 

16/128 16/128 ms 3122 

0 ns 19 
10 ns 19 

15 ns 19 

0 ns 20 

20 ns 23 
20 ns 

20 ns 25 
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1-· '""''''' "" 2 MEG x 40 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. Ice is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOIlB is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 16ms 
(128ms L version) refresh requirement is exceeded. 

4. AC characteristics assume IT = 5ns. 
5. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C :'> T A :'> 700q is assured. 

7. Measured with a load equivalent to two TTL gates 
and 10OpF. 

8. Assumes that tRCD < IRCD (MAX). If IRCD is greater 
than the maximum recommended value shown in this 
table, IRAC will increase by the amount that IRCD 
exceeds the value shown. 

9. Assumes that tRCD ~ IRCD (MAX). 
10. If CAS = VIH, data output is High-Z. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. toFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the IRCD (MAX) limit ensures that 
tRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by tcAe. 

14. Either IRCH or IRRH must be satisfied for a READ 
cyele. 

15. These parameters are referenced to CAS leading edge 
in EARLY -WRiTE cycles. 

16. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 
using MlL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias = 2.4V @ 15m V RMS). 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for tcP. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRiTE cycle. In this case, WE = LOW. 
21. Operation within the IRAD (MAX) limit ensures that 

IRCD (MAX) can be met. IRAD (MAX) is specified as 
a reference point only; if IRAD is greater than the 
specified tRAD (MAX) limit, then .access time is 
controlled exclusively by tAA. 

22. L version only. 
23. twcs, IRWD, tAWD and tCWD are restrictive 

operating parameters in LATE-WRiTE, and READ­
MODIFY-WRiTE cycles only. If twcs ~ twcs (MIN), 
the cycle is an EARLY-WRiTE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If IRWD ~ IRWD (MIN), tAWD ~ IAWD 
(MiN) and ICWD ~ tcWD (MIN), the cycle is a 
READ-MODIFY-WRiTE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions are met, the state of data out is 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE-WRiTE (OE 
controlled) cycle. 

24. LATE-WRiTE and READ-MODIfY-WRiTE cycles 
must have both tOD and toEH met (OE HIGH during 
WRiTE cycle) in order to ensure that the output 
buffers will be open during the WRiTE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after tOEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

25. Ice is dependent on cycle rates. 
26. All other inputs at Vee -0.2V. 

MT20D240 
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MT20D240 tvllC::Rg~ 2 MEG x 40 DRAM MODULE 

MT20D240 
REV. 4/92 

READ CYCLE 

'RC 

'RAS 'RP ~I 
J 
\ 

leSH 

'RSH tRRH 

ICRP tRCD tCAS 

CAs V'H v" ~~ 

ADDR V'H v" 

'AR 

I tRAD 'RAL . . 
~ ~ l~~! 

=~ ROW ~ COLUMN ROW 

WE V'H 
V'L 

1 'ACS ~ 
~ 

~ 
'M 

I 'RAC 

'CAG ~ 

DO ~\g~ OPEN 

~k 
VALID DATA }----OPEN---

1---'2L-
DE ~:~ //;/'$#,01/0'$#$/0'#/#//#/$///$/&1 

~ 

EARLY-WRITE CYCLE 

'RC 

tRAS 'RP 

:1 
\ 

ICSH 

'RSH 

'CAP IRCD teAS 

J 
~-.! 

'AR 

'RAD 'RAL 

ADDR t:~ 
C=:~l !~ ~ 

ROW ~M COLUMN W~,$WI,1\ ROW 

leWL .I 'AWL 

IWCR 

'wes 'weH 

'wP 

WE ~lt ~ ~ 
~I 

, 'OHR 

~ DQ~:g~~-- VAL'DDATA .~ 
OE ~:t -~.~~~~~@~@~:W~0L'LLL.(LLL'LLL.,CLLL'LLLCLLL'LLLiLLJ.'LLLLLL<CLLL~~~~= 

~ DON'TeARE 

I2l8l UNDEFINED 
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MIC:~ON MT20D240 
1-· 1"""'11 ee ee 2 MEG x 40 DRAM MODULE 

MT2OD240 
REV. 4192 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

RWC 

'RA" 'RP 

-
-

tdsH 
'RS" 

teRP ,"CD teAs 

=-' ~. 'AR . 

Itw> I I 'RAL 

ADDR ~i~ 
~~ ~ I~ 

=Wlm ROW WIIII,.J COlUMN ROW 

ADDR ~:r 

~ 

I I 'R1Nt) 

~ I~I I lewD ,"we 
'Awn rl -

.'" 
'RAe 

icLzJt,: C: 0 - OPEN VALID DOUT.Jl VALID DIN OPEN--

,r I' too~1 I~ 
:7////////////////////////////////////////////////,,?-l f ~ 

FAST-PAGE-MODE READ CYCLE 

'RASP 

fL -
- - 'PC 'RSH 

~ 'Reo teAs 'CP I~ ~ tePN 

=-' 
'AR ~ ~ 

'RAt 

~ I~I~ ~ 'ASe icAH ~ ~ 
~ ROW ~ COLUMN 

lrn .,.,." ~LT" TTT ., ~IIIII/,i, -COI.UMN Wllilin - COLUMN ROW 

~ I .~ -.~~ JI .'- J.l.-

--

I 
'OPEN -

'RCS I -- r ~ 1 r'"~RCH- I~t 1 ·1 'RCS 
~-"RH tRCH 

.VfU· vr ~ 
' .. 1M ' .. 
tRAc I tePA I tePA 

~ - -toFF I~ I~ IZ~ 
teu- t:. teu- L- teu 

\lAUD VAUO L VAUO 
DATA 

,r~ 
DATA DATA 

,I~I~ JIce ~ 
r-- 0PEN-

~DON'TCARE 

~UNDEFINED 
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MIC::I=ION MT20D240 
1-· " , " 2 MEG x 40 DRAM MODULE 

MT20D24t1 
REV. 4192 

FAST-PAGE-MODEEARLY-WRITE CYCLE 

RASP Iftp 

I~ --
teaH Ipc lASH 

~ 
IRCO teAs tcP teAs lep teAs l~ 

:J ! 
'AR I IRAO 'RAL 

ADDR ~:r 
~ 'RAH _I I~ I~ I_ lASe, ~ I .. IASC I~ 1 

:wt RfYtI W/,.1;( COLUMN COLUMN COlUMN RfYtI 

I 
. foWL I II 'cwL I II leWL TI 

~I I~ ~ ~ :--=-11::H 
-I twp ~ 

fllh ~ ~ 
'weR 'RWL I I tOHR 

I' los.II~1 I~ ~ I~·~I 
7111111111111111111111/l VALID DATA }(@ffi . VAUD DATA VIIM VAUDDATA 

OE ~ir :fl/I!I!I!!I!!//////I!/// I!/I/I! ////////////I!///I!/!//I!I!/I!I!I!//I/I!I!I!!I!/I!I!I!I!/I!/!////I!I!///I!//I!I!I!I!/!/I!;'i 

ACOR ~i~ 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

--
-

leOH 

I~ 'RCD teAs 

:J 
'AR 

'RAO 

.~ ~I ~ ~ 
:rll~ ROW VII/) COLUMN 

'RWO 

----l.!S.I 
I 

leWL 

.tAWD~ 
'cwo 

-
'M 

~ 

'RAe I toH 

. ~dt les.-I--' 
- 'AUD VALID OPEN~ >"" D" 

-too 
toE -

P 

Ipc '-c 

~ teAs 

r---, 

~ I~ 
COlUMN 

~ 'cwL-

'AWOtwP -
'cWo 

<-
~ f-

IOH 
lePA tos- ~ 

~~L -
''"'' "'" D", D. ,. 

-too 

toe ~ 

~ 
IRSH 

~ teAs 

A r---, 

II 
'RAL 

~II leAH _I 
CCWMN ROW 

- l1-: -
'AWO -

-twp 

'cwo 

WIIIIIIIIIIII!' 
~ f-

I-'DH 
tePA tos- J.!.-

tcAc~ I- 1 
leLZ I r 

VAlID VAlID t--OPEN-

~~~ 
toE- ~ 

too 

toEH 

~ DON"TCARE 

r88lI UNDEFINED 
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1-· 'CC~'mc."K 2 MEG x 40 DRAM MODULE 

MT20D240 
REV. 4192 

I' 
:~ 

"FfAS-ONL Y REFRESH CYCLE 
(ADDR = AO-A9; and WE = DON'T CARE) 

'RC 

tAAS 'RP 

~. 
tCAP 'I. 'RPc~1 

"---I 

\ 

ADDR ~:r _c---RO-W ----,b/ffi//§##////#$I;I$;J/$$$f'/,1<---RO-W --

tASR 'RAH 

00 ~gr -_--~-----,-----OPEN----------

. -----.! 

'RP 

~ 

"CAS-BEFORE-RAS REFRESH CYCLE 
(AO-A9, OE = DON'T CARE) 

'RAS 'RP 'RAS 

~ 
~~ tCHR ,- ~~ 

it 
tcHR 

DQ ~g~ -'-------------OPEN-----------

BATTERY BACKUP REFRESH CYCLE 22 

(WE = DON'T CARE) 

125fJS 

DO ~gr-'-------------OPEN-----------

3-349 

~ DON'T CARE 

~ UNDEFINED 
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MICRON MT20D240 
1-· "'" , 2 MEG x 40 DRAM MODULE 

MT2OD240 
AEV.4192 

RAS VIH-
Vll_ 

tRCD 

CAS VIH-
Vll_ 

ADDR ~:~:: 

HIDDEN REFRESH CYCLE20 
(WE = HIGH;'OE = LOW) 

(READ) 

tRAS 

tRSH 

(REFRESH) 

tRAS 

tcHR 

toFF 

DO ~:g~ -:------ OPENI-----:--:---4~>C=:~===V~A~lID~D~AT~A====l OPEN-

. toE 

OE ~:~ -W//$$!$$#/##///$//$_~ 
too 

1$M$4 

3 .. 350 

~ DON'T CARE 

~ UNDEFINED 
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I'IIIC:I=ION 

ICDRAM CARD SELECTION GUIDE 

Memory Part Access Number of Pins 
Configuration Number Time (ns) Card page 

512K x 16 1 Megabyte MT8D88C25632 60,70,80 88 4-1 

1 Meg x 16 2 Megabytes MT16D88C51232 60,70,80 88 4-17 

2 Meg x 16 4 Megabytes MT8D88C132 60,70,80 88 4-33 

4 Meg x 16 8 Megabytes MT16D88C232 60,70,80 88 4-49 

512Kx 18 1 Megabyte MT12D88C25636 60,70,80 88 4-65 

·1 Meg x 18 2 Megabytes MT24D88C51236 60,70,80 88 4-79 

2 Meg x 18 4 Megabytes MT12D88C136 60,70,80 88 4-93 

4 Meg x 18 8 Megabytes MT24D88C236 60,70,80 88 4-107 

512K x 20 1 Megabyte MT12D88C25640 60,70,80 88 4-121 

1 Mfil9 x20 2 Megabytes MT24D88C51240 60,70,80 88 4-137 

2 Meg x20 4 Megabytes MT12D88C140 60,70,80 88 4-153 

4 Meg x20 8 Megabytes MT24D88C240 60,70,80 88 4-169 

256Kx32 1 Megabyte MT8D88C25632 60,70,80 88 4-1 

512Kx 32 2 Megabytes MT16D88C51232 60,70,80 88 4-17 

1 Meg x 32 4 Megabytes MT8D88C132 60,70,80 88 4-33 

2 Meg x32 8 Megabytes MT16D88C232 60,70,80 88 4-49 

256Kx36 1 Megabyte MT12D88C25636 60,70,80 88 4-65 

512Kx 36 2 Megabytes MT24D88C51236 60,70,80 88 4-79 

1 Meg x 36 4 Megabytes MT12D88C136 60,70,80 88 4-93 

2 Meg x36 8 Megabytes MT24D88C236 60,70,80 88 4-107 

256Kx40 1 Megabyte MT12D88C25640 60,70,80 88 4-121 

512K x 40 2 Megabytes MT24D88C51240 60,70,80 88 4-137 

1 Meg x40 4 Megabytes MT12D88C140 60,70,80 88 4-153 

2 Meg x40 8 Megabytes MT24D88C240 60,70,80 88 4-169 



MIC:RON MT8D88C25632 
1-· ,"'''cco'"''"' 256K x 32, 512K x 16 IC DRAM CARD 

IC DRAM CARD 

FEATURES 
• JEIDA, JEDEC and PCMCIA standard SS-pin IC 

DRAM card 
• Polarized receptacle connector 
• Industry standard DRAM functions and timing 
• High-performance, CMOS silicon-gate process 
• All outputs are fully TIL compatible 
• All inputs buffered except RAS inputs 
• Multiple RAS inputs for x16 or x32 selectability 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR), 

HIDDEN and BATTERY BACKUP (BBU) 
• FAST PAGE MODE access cycle 
• Single +5V ±5% power supply 
• Low power; SmW standby, l.SW active (typical) 
• Extended refresh standard: 512 cycles every 64ms 

OPTIONS 
• Timing 

60ns access 
70ns access 
SOns access 

MARKING 

-6 
-7 
-S 

GENERAL DESCRIPTION 
The MTSDSSC25632 is a 1 megabyte, IC DRAM card 

organized as a 256K x 32 bit memory array. It may also be 
configured as a 512K x 16 bit memory array, provided the 
corresponding DQs on the host system are made common 
and memory bank control procedures are implemented. 
Separate CAS inputs allow byte accesses. 

All inputs to the DRAMs are buffered, with the exception 
of RAS. The line drivers used for buffers reduce reflections 
on the card and ensure compatibility in a wide range of 
systems. Atthe same time, the line drivers add delays to the 
buffered input timings when compared to standard DRAMs. 

The MTSDSSC25632 is designed for low power operation 
using 256K x 4 low power, extended refresh DRAMs. 
These devices support BATTERY BACKUP (BBU) cycle 
refresh; a very low current, data retention mode. Standard 
component DRAM refresh modes are supported as well. 

Multiple RAS inputs conserve power by allowing indi­
vidual bank selection. In the x32 organization, the memory 
is a single array that maybe divided into four separate bytes. 
In the x16 organization, up to two banks, each with two 
separate bytes, may be independently selected. One bank is 
activated by each RAS selection; the others not selected 
remain in standby mode, drawing minimum power. 

MT8D88C25632 
REV. 4/92 4-1 

1 MEGABYTE 
256K x 32, 512K x 16 

©© 
gg 

5 
©© 
©© 

6 ©© 
©© 

9 
©© 
©© 

10 ©© 
11 ©© 
12 g© 13 
14 ©© 
15 gg 16 
17 ©© 
18 ©© 
19 ©© 
20 ©© 
21 ©g 
22 g© 23 
24 ©© 
25 ©© 
26 ©g 
27 g© 28 
29 ©© 
30 ©© 
31 ©© 
32 gg 33 
34 ©© 
35 

g§ 36 
37 ©© 
38 ©© 
39 ©© 
40 ©© 
41 ©© 
42 ©© 
43 ©© 
44 ©© 

PIN ASSIGNMENT (End View) 
SS-Pin Card (U-1) 

/~ 
? ~// 

~ 

PIN # SYMBOL PIN # SYMBOL PINt SYMBOL 

45 1 Vss 31 NC 61 NC 
46 2 000 32 NC 62 NC 
47 
48 3 001 33 NC 63 Vss 
49 
50 
51 

4 002 34 OQ9 64 NC 
5 D03 35 NC 65 NC 

52 
53 

6 004 36 0010 66 CAS2 
54 7 005 37 Vee 67 Vss 
55 
56 8 006 38 0011 68 "C1iS3 
57 9 Vee 39 D012 69 NC 
58 
59 10 007 40 0013 70 WE 
60 
61 
62 

11 NC 41 0014 71 POl (Vss) 
12 NC 42 0015 72 P03 (Vss) 

63 
64 
65 

13 AO 43 0016 73 Vss 
14 A2 44 Vss 74 P05 (NC) 

66 
67 

15 Vee 45 Vss 75 POl (T80) 
68 16 A4 46 0018 76 P08 (NC 
69 
70 17 NC 47 0019 77 NC 
71 18 A6 48 0020 78 NC 
72 
73 19 A8 49 0021 79 NC 
74 20 NC 50 0022 80 0027 
75 
76 21 NC 51 0023 81 0028 
77 
78 
79 

22 Tl7iSO 52 0024 82 0029 
23 CASO 53 0025 83 0030 

80 
81 24 ~ 54 NC 84 0031 
82 25 NC 55 DE (Vss) 85 OQ32 
83 
84 26 RAS2 56 Vss 86 0033 
85 27 Vee 57 A1 87 0034 
86 
87 28 P02 (Vss) 58 A3 88 Vss 
88 29 P04 (Vss) 59 A5 

30 P06 (T80) 60 A7 

Eight presence detect pins may be read by the host to 
identify the MTSDSSC25632 organization, number of 
banks, access time and refresh mode. These extensive pres­
ence detect functions allow systems to utilize the advanced 
power-saving features. 

The MTSDSSC25632 is built with a plastic frame covered 
by stainless steel panels. This package, containing an as-pin 
receptacle connector, is keyed to prevent improper installa­
tion or insertion into other types of IC card sockets. 

Micron technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT8D88C25632 
1-· ,"""CO,,"" 256K x 32, 512K x 16 IC DRAM CARD 

FUNCTIONAL BLOCK DIAGRAM 

CAS3 
RAS 

CAS 

WE WE D034 
• • • 

OE D027 

RAS2 

CAS2 CAS 

WE D025 
• • • 

D018 

RAS 

CAS1 CAS 

WE D016 
• • • 

D09 

RASO 
CASO CAS 

WE D07 
• • • 

DOO 

AO-A8 

NOTE: 1. D = 74AC11244 line drivers. 

MT8088C25632 
REV. 4/92 

2. B1 through B4 = 256K x 8 memory blocks. 
3. OE is internally connected to ground via a 300 Kohm resistor and is also buffered to DRAM. 

4-2 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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UU:::RON MT8D88C25632 
1-· Icc,""ow,n, 256K x 32, 512K x 16 IC DRAM CARD 

PIN DESCRIPTIONS 

PIN NUMBERS 

22,26 

23,24,66,68 

70 

55 

13,57,14,58,16, 
59,18,60,19 

2c8, 10, 34, 36, 
38-43,46-53, 

80-87 

71, 28, 72, 29, 
74,30,75,76 

11,12,17,20,21,25, 
31,32,33,35,54,61, 

62,64,65,69,77,78,79 

9,15,27,37 

I, 44, 45, 56, 
63,67,73,88 

~T8D88C25632 

lEV. 4192 

SYMBOL 

RASO,RAS2 

CASO-3 

WE 

DE 

AO-AS 

DOO-D034 

PD1-PD8 

NC 

Vee 

Vss 

TYPE 

Input 

Input 

Input 

Input 

Input 

Input/ 
Output 

-

-

Supply 

Supply 

DESCRIPTION 

Row Address Strobe: RAS is used to clock-in the 9 row-
address bits. Two RAS inputs allow· for a single x32 bank 
or two x16 banks. 

Column Address Strobe: CAS is used to clock-in the 9 
column-address bits, enable the DRAM output buffers, 
and strobe the data inputs on WRITE cycles. Four CAS 
inputs allow byte access control for any memory bank 
configuration. 

Write Enable: WE is the READIWRITE control for the DO 
pins. If WE is LOW prior to CAS going LOW, the access 
is an EARLY-WRITE cycle. If WE is HIGH while CAS is 
LOW, the access is a READ cycle, provided OE is also 
LOW. If WE goes LOW after CAS goes LOW, then the 
cycle is a LATE-WRITE cycle. A LATE-WRITE cycle is 
generally used in conjuction with a READ cycle to form a 
READ-MODIFY-WRITE cycle. 

Output Enable: DE is the input/output control for the DO 
pins. OE is connected to ground through a 300 Kohm 
resistor and is intended to be LOW allowing for EARL Y-
WRITE cycles only. This signal may be driven, allowing 
for LATE-WRITE cycles. 

Address Inputs: These inputs are multiplexed 
and clocked by RAS and CAS. 

Data 1/0: For WRITE cycles, DOO-D034 act as 
inputs to the addressed DRAM location. BYTE 
WRITEs may be performed by using the Corresponding 
CAS select. For READ access cycles, DOO-0034 act as 
outputs for the addressed DRAM location. 

Presence Detect: These pins are read by the 
host system and tell the system the card's personality. 
They will be either left floating (NC) or they will be 
grounded (Vss). 

No Connect: These pins should be left 
unconnected (reserved for future use). 

Power Supply: +5V ±5% 

Ground 

4-3 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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I'IIIC:RCN MTBDBBC25632 
"'",0,"",'" 256K X 32, 512K X 16 IC DRAM CARD 

FUNCTIONAL DESCRIPTION 
The MTSDSSC25632 is a 1 megabyte memory card struc­

turedas a 256Kx32 bit memory array (RASO = RAS2).lt also 
may be configured asa512Kx 16 bit memory array, provided 
the corresponding DQs on the host are connected and 
memory bank control procedures are implemented by in­
terleaving both RAS lines. 

Most x32 bit applications use the same signal to control 
the CAS inputs. RASO controls the lower 16 bits, and RAS2 
controls the upper 16 bits to obtain a x32 memory array. For 
x16 applications, the corresponding DQs and the corre­
sponding CAS pins must be connected together (DQO to 
DQI8, DQ1 to DQ19 and so forth, and CASO to CAS2 and 
CAS! to CAS3 ). Each RAS is then a bank select for the 512K 
x 16 memory organization. 

DRAM OPERATION 

DRAM REFRESH 
Memory cell data is retained in its correct state by main­

tainingpower and executing any RAScycle [READ, WRITE, 
RAS-ONLY, CAS-BEFORE-RAS (CBR), HIDDEN or 
BATTERY BACKUP (BBU) REFRESH] so that all 512 com­
binations of RAS addresses (AO-AS) are executed at least 
every 64ms, regardless of sequence. 

The implied method of choice for refreshing the memory 
card is the BBU cycle. This is a very low current, data 
retention mode made possible by using the CBR REFRESH 
cycle over the extended refresh range (Icc7). 

The memory card may be used with the other refresh 
modes common in standard DRAMs. This allows the 
memory card to be used on existing systems that do not 
utilize the BBUREFRESH cycle. However, the memory card 
will draw more current in the STANDBY mode. The CBR 
REFRESH mode is recommended when not using the BBU 
mode. 

DRAM READ AND WRITE CYCLES 
During READ or WRITE cycles, each bit is uniquely 

addressed through the IS address bits, which are entered 9 
bits (AO-AS)ata time. RAS is used to latch the first 9 bits and 
CAS the latter 9 bits. READ or WRITE cycles are selected 
with the WE input. A logic HIGH on WE dictates READ 
mode while a logic LOW on WE dictates WRITE mode. 
During a WRITE cycle, data in (D) is latched by the falling 
edge of CAS. WE must fall prior to CAS (EARLY WRITE); 
if WE goes LOW after CAS, the outputs (Q) will be activated 

MT8DB8C25632 
REV. 4/92 4-4 

and will drive invalid data to the inputs, unless LATE­
WRITE cycle timing specifications are met. The data inputs 
and data outputs are routed through pins using common 
I/O, and pin direction is controlled by WE. 

FAST PAGE MODE operation allows faster data opera­
tions (READ or WRITE) within a row address (AO-AS) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ­
entcolumn addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. Returning RAS and CAS HIGH terminates a 
memory cycle and decreases chip current to a reduced 
standby level. Also, the chip is preconditioned for the next 
cycle during the RAS high time. 

DRAM TIMING 
In accordance with JEDEC standard specifications, all 

inputs to the IC DRAM card are buffered, with the excep­
tion of RAS inputs. The line drivers used for buffers reduce 
reflections on the card and ensure compatibility in a wide 
range of systems. The implementation of buffers on the 
card may relieve the need for additional host system line 
drivers. Notes 23 though 29 indicate which parameters on 
the IC DRAM card are affected by the line drivers, and to 
what magnitude they are affected. The component 
DRAM timing specifications, rather than those of the IC 
DRAM card (in systems that use both), may cause timing 
incompatibilities. 

All traces on the IC DRAM card (buffered and non­
buffered) are approximately 50 ohms characteristic imped­
ance. Matching impedance on the system board to 50 ohms 
characteristic impedance on traces to the IC DRAM card 
will decrease signal noise to the IC DRAM card, enhancing 
overall system reliability. 

PHYSICAL DESIGN 
The MTSDSSC25632 is constructed with a molded plastic 

frame and covered with stainless steel panels. Inside, eight 
thin small-outline package (TSOP) DRAMs are mounted on 
an ultrathin printed circuit board. The board is attached to 
a high insertion, SS-pin receptacle connector. The package 
has a polarized key to prevent improper installation, in­
cluding insertion into other types of IC card sockets. The 
MTSDSSC25632 operates reliably up to 55°C. 

Micron Technology, Inc., reserves the tight to change products or specifications without notice. 
©1992, Micron Technology, Inc. 



MIC:RON MT8D88C25632 
1-· ,"""OW,,", 256K x 32, 512K x 161C DRAM CARD 

MEMORY TRUTH TABLE 

FUNCTION RAS 
Standby H 

READ L 

EARL V-WRITE L 

READ-WRITE L 

FAST-PAGE-MODE 1 st Cycle L 

READ 2nd Cycle L 

FAST-PAGE-MODE 1st Cycle L 

EARL V-WRITE 2nd Cycle L 

FAST-PAGE-MODE 1st Cycle L 

READ-WRITE 2nd Cycle L 

RAS-ONL V REFRESH L 

HIDDEN READ L -+H-+L 

REFRESH WRITE L -+H-+L 

CAS-BEFORE-RAS REFRESH H-+L 

BATTERV BACKUP REFRESH H-+L 

PRESENCE DETECT TRUTH TABLE 

4MB 1Megx1,4,16,18 
8MB 1 Meg x 1 , 4, 16, 18 

8MB 2 x 8, 9 
16MB 2 x 8, 9 

16MB 4 Meg x 1 , 4, 16, 18 
32MB 4 Meg x 1 , 4, 16, 18 

Access Timing 

Refresh Control 

.,OTE: Vss = Ground. 

ITaD88C25832 
EV.4192 

20 
20 

21 
21 

22 
22 

CAS" 
H-+X 

L 

L 

L 

H-+L 

H-+L 

H-+L 

H-+L 

H->L 

H-+L 

X 

L 

L 

L 

L 

10 10 
10 10 

11 10 
11 10 

12 11 
12 11 

4-5 

WE 

X 

H 

L 

H-+L 

H 

H 

L 

L 

H-+L 

H-+L 

X 

H 

L 

H 

H 

1,024 
1,024 

1,024 
1,024 

1,024 
1,024 

ADDRESSES DATA IN/OUT 

1JE IR IC DQD-DQ34 

X X X High-Z 

L(NC) ROW COL Data Out 

X ROW COL Data In 

L-+H ROW COL Data Out 

L(NC) ROW COL Data Out 

L(NC) nfa COL Data Out 

X ROW COL Data In 

X nfa COL Data In 

L-+H ROW COL Data In 

L-+H nfa COL Data In 

X ROW nfa High-Z 

L(NC) ROW COL Data Out 

X ROW COL Data In 

X X X High-Z 

X X X High-Z 

Vss 

Vss Vss NC X X X 
Vss Vss Vss X X X 

NC NC Vss Vss NC X X X 
NC NC Vss Vss Vss X X X 

Vss Vss NC Vss NC X X X 
Vss Vss NC Vss Vss X X X 

MIcron Technology, Inc., reserves the right to change products or specifications Without notice. 
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MICRON MT8D88C25632 
1-· "'"'ocoo"" 256K x 32, 512K x 161C DRAM CARD 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss ...... -O.5V to +5.25V 
'Operating Temperature, TA (Ambient) ......... O°C to +55°C 
Storage Temperature ..................................... -20°C to +80°C 
Power Dissipation ............................................................ 15W 
Short Circuit Output Current ...................................... 50mA 
Card Insertions (Connector's Life Cycle) .................. 10,000 

*Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C $ T A $ 55°C; Vcc = 5V ±5%) 

PARAMETER/CONDITION 

Supply Voltage , 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT, Any input I Non-buffered 

(OV $ VIN $ 5.25V; all other pins not under test = OV) I Buffered 

OUTPUT LEAKAGE CURRENT (0 is disabled; OV $ VOUT $ 5.25V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Other Inputs = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS (CBR) 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

REFRESH CURRENT: BATTERY BACKUP (BBU) 
Average power supply current during BBU: CAS = 0.2V or CBR 
cycling; RAS = tRAS (MIN) up to 300ns; tRC = 125J.ls; WE, AO-A8 
and DO = Vcc -0.2V or 0.2V (DO may be left open) 

MT6088C25632 
REV. 4192 4-6 

SYMBOL MIN MAX UNITS NOTES 

Vcc 4.75 5.25 V 1 

VIH 3.5 Vcc+0.5 V 1 

VIL -0.5 0.8 V 1 

liN -12 12 ~ 
hB -2 2 ~ 
loz -10 10 ~ 

VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -6 -7 -8 UNITS NOTES 
Icc1 16 16 16 mA 

Icc2 1.6 1.6 1.6 mA 

Icc3 680 600 520 mA 3,4,30 

Icc4 520 440 360 mA 3,4,30 

Iccs 680 600 520 mA 3,30 

Icc6 680 600 520 mA 3,5,30 

Icc7 1.6 1.6 1.6 mA 3,5 

Micron Technology, Inc., reserves the right to change products or specifications wIthout notice. 
©1992, Micron Technology, Inc. 



MIC::RON MT8D88C25632 
1-· """,c,,",, 256K x 32, 512K x 16 IC DRAM CARD 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: CASO, CAS1, CAS2, CAS3, AO-A8, OE Cit 9 pF 2 

Input Capacitance: WE CI2 13 pF 2 

Input Capacitance: RASO, RAS2 CI3 50 pF 2 

Input/Output Capacitance: DQ CIO 12 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C ~ T A ~ 55°C; Vee = 5V ±5%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
FAST-PAGE-MODE 
READ or WRITE cycle time 
Access time from "RAS 
Access time from CAS 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FASTPAGE MODE) 
RAS hold time 
"RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to "RAS) 
Column address to 
"RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in Low-Z 
Output buffer turn-off delay 
WE command setup time 

MT8D88C25632 
REV. 4192 

-6 
SYM MIN 
'RC 110 
'PC 40 

'RAC 
'CAC 
'AA 

'CPA 
'RAS 60 

'RASP 60 
tRSH 25 
tRP 40 

tCAS 15 
'CSH 55 
'CPN 10 
'CP 10 

'RCD 10 
'CRP 15 
'ASR 10 
'RAH 5 
tRAD 10 

tASC 5 
'CAH 15 
tAR 45 

'RAL 40 

tRCS 5 
'RCH 5 

'RRH -5 

'ell 5 
'OFF 5 
'wcs 5 

MAX MIN 
130 
40 

60 
25 
40 
50 

100,000 70 
100,000 70 

30 
50 

100,000 20 
65 
10 
10 

35 15 
15 
10 
5 

20 10 

5 
20 
50 

45 

5 
5 

-5 

5 
30 5 

5 

4-7 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 23 
45 ns 23 

70 80 ns 14,23 
30 30 ns 15,26 
45 50 ns 26 
50 55 ns 26 

100,000 80 100,000 ns 23 
100,000 80 100,000 ns 23 

30 ns 26 
60 ns 23 

100,000 20 100,000 ns 23 
75 ns 25 
10 ns 16,23 
10 ns 23 

40 15 - 50 ns 17,28 
15 ns 26 
10 ns 26 
5 ns 25 

25 10 30 .. ns 18,28 

5 ns 24 
20 ns 24 
55 ns 25 

50 ns 26 

5 ns 25 
5 ns 19,24 

-5 ns 19,2.5 

5 ns 24 
30 5 30 ns 20,29,35 

5 ns 24 

Micron Technology, Inc., reserves the right to change produGls or speclfications.wlthout notice. 
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I"IIC:F=lON MT8D88C25632 
''','''' """ 256K x 32, 512K x 16 IC DRAM CARD 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (ooG S; T AS; 55°G; Vee = 5V ±5%) 

AC CHARACTERISTICS 
PARAMETER 
Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CI\S lead time 

Data-in setup tim.e 

Data-in hold time 

Data-in hold time (referenced to RAS) 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

RAS to CAS precharge time 

CI\S setup time 
(CI\S-BEFORE-RAS refresh) 

CAS hold time 
(CI\S-BEFORE-RAS refresh) 

WE hold time 
(CAS-BEFORE-RAS refresh) 

WE setup time 
(CAS-BEFORE-RAS refresh) 

WE hold time 
(WCBR test cycle) 

WE setup time 

READ-WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

liAS to WE delay time 

Column Address 
to WE delay time 

CI\S to WE delay time 

Output buffer turn-off delay 

Output disable 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

OE hold time from RAS during 
HIDDEN REFRESH cycle 

MTaoaaC;25632 
REV. 4192 
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SYM MIN MAX 
'WCH 15 

tWCR 40 

twp 10 
tRWL 25 
tCWL 20 
tDS 5 
tDH 5 

tDHR 45 

IT 2 15 
tREF 128 
tRPC 10 
tCSR 20 

tCHR 10 

'WRH 5 

tWRP 20 

tWTH 5 

tWTS 20 
tRWC 165 

tpRWC 90 

tRWD 80 
tAWD 65 

tCWD 50 
tOE 25 
tOD 25 

tOEH 5 

taRD 10 

4-8 

MIN 
20 

50 

15 

30 

25 

5 

10 

55 

2 

10 

20 

10 

5 

20 

5 

20 

185 

95 

90 

70 

65 

10 

10 

-7 -8 

MAX MIN MAX UNITS NOTES 
20. ns 24 

55 ns 25 

15 ns 23 

30 ns 26 

25 ns 24 

5 ns 24,32 

10 ns 25,32 

60 ns 23 

15 2 15 ns 9,10,23 

128 128 ms 

10 ns 26 

20 ns 5,26 

10 ns 5,25 

5 ns 22,25 

20 ns 22,26 

5 ns 22,25 

20 ns 22,26 

205 ns 

100 ns 23 

100 ns 31,27 

75 ns 31,24 

55 ns 31,24 

30 30 ns 20,33,26 

30 30 ns 35,26 

10 ns 34,27 

10 ns 21,26 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, 'Inc. 
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1-· "'"""'0C' oc 256K x 32, 512K x 16 IC DRAM CARD 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = SV ±lO%,f = 1 MHz. 
3. Ice is dependent on cycle rates. 
4. Ice is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lOOlls is required after power-up 
followed by eight RAS refresh cycles (RAS-ONL Y or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the 9(EF refresh requirement is 
exceeded. 

B. AC characteristics assume IT = Sns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

lOOpF. 
14. Assumes that 9(CD < tRCD (MAX). If tRCD is greater 

than the maximum recommended value shown in this 
table, 9(AC will increase by the amount that IRCD 
exceeds the value shown. 

lS. Assumes that tRCD ;:: tRCD (MAX). 
l6. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tePN. 

l7. Operation within the 9(CD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified 9(CD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

l8. Operation within the tRAD (MAX) limit ensures that 
9(CD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified 9(AD (MAX) limit, then access time is 
controlled exclusively by tAA. 

IT8DBBC25632 
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19. Either 9(CH or 9(RHmust be satisfied for a READ 
cycle. 

20. toFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

22. twTS and twTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverse of twRP and twRH in the 
CBR refresh cycle. 

23. Timing between the DRAMs and the DRAM card did 
not change with the addition of the line drivers. 

24. A +Sns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

25. A -Sns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

26. A + IOns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

27. A -IOns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

28. A -Sns (MIN) and a -IOns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
a9.dition of line drivers. 

29. A +Sns (MIN) and a +lOns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

30. The maximum current ratings are based with the 
memory operating or being refreshed in the x32 
mode. The stated maximums may be reduced by one 
half when used in the x16 mode. 

31. twcs, 9(WD, tA WD and tCWD are restrictive 
operating parameters in late WRITE, and READ­
MODIFY -WRITE cycles only. If twcs ;:: twcs (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If 9(WD;:: IRWD (MIN), IAWD;:: tAWD 
(MIN) and ICWD ;:: teWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions is met, the state of data out is 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE-WRITE (OE 
controlled) cycle. 

Micron Technology, Inc., reserves the right 10 change products or specifications without nollce. 
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MIC:RON MT8D88C25632 
1-· '"""''' '" "" 256K x 32, 512K x 161C DRAM CARD 

NOTES (continued) 
32. These parameters are referenced to CAS leading edge 

in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

33. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

34. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both taD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 

MT8D88C25632 
REV.4!92 4-10 

remains LOW and OE is tal<en back LOW after tOEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

35. The DQs open during READ cycles once taD or tOFF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 

Micron Technology, Inc., reserves the right to change products or specifications without l'IOtice. 
©1992, Micron Technology, Inc 
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1-· "'"'OCOGn, 256K X 32, 512K x 16 IC DRAM CARD 

MT8D8BC25632 
REV. 4/92 

READ CYCLE 

'Re 

tRAS tRP 

AAs V,H 
V,L = \ 

tCSH 

IRSH tRRH 

leRP IRCD 'cAS 

CAs V,H 
V,L =~ 

ADOR 
V,H 
V,L 

tAR J tRAD tRAL 

c= • tRAH ~I ~ ~ 

::I~ ROW W////~ COLUMN ~ ROW 

tRCS ~ 

WE V,H 
V,L ::1//////////////////////////////// ~ 

tAA 

tRAC 

tCAC ~ 

~k - OPEN VALID DATA OPEN--

~ ~ 

DE ~:t -11///////#/#/#/#//##////##////#//#/////d P#/##///#///###/#/#//##I/ 

EARLY-WRITE CYCLE 

'RAS tRP 

- '\ -
'cSH 

IRSH 

leRP IRCD ICAS 

=.J 
tAR 

tRAD 'RAL 

ADDR ~:~ 
I~ ~I I~ ~ 

~ ROW ~ COLUMN ~ ROW 

tCWL 

IAWL 

tweR 

twcs twCH 
twp 

~///LJ//~/;////;/;/;) 

I 
I tOHA 

tDS ~ DQ~:gt~ALlDDATA· ~ 
OE ~:r: 

~ DON'T CARE 

~ UNDEFINED 

4-11 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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I'IIIC:I=ION MT8D88C25632 
"""0""'"'' 256K X 32, 512K X 161C DRAM CARD 

MT8D88C25632 
Rev. 4192 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

tRAS tAP 

tCSH 

IRSH 

I~· IRCD leAS 

:-' ~ tAA 

IRAQ I I IRAL I 
1~~1 

ADDR ~:~-

: IASC • \ I~I I' 
:~ AOW ~ COLUMN WI/I/o '1///0 AOW 

AODR ~:~ 

I 
I I tAWD ~II 

I~I 1 
'cwo 

'AWO 

:~.iI 

:~L~ 

-

I~ 
:~ 

tRAP 

IASR tRAH 

:J/M ROW 

I 
1 

-

I tAA 

I tRAG I !CAG 

tel2-~ ~ tDH~1 
OPEN VALID DOUTl{ VALID DIN OPEN--

~ tOO .. 1 ~ 

FAST-PAGE-MODE READ CYCLE 

'cSH 

W;/2 

OPEN 

RASP tRP 

tpc IRSH K 
tACO tCAS I~ teAs 'cP 

~~ 
'cPN 

I 
tAR _h 

f----

tRAL1 

~II~ tASe 'cAH_/ ~II teAH_
1 I 

COLUMN WIIIIII,,) COLUMN WIIIII/; COLUMN 
.r--

AOW 

tRCS I 
tRCH- -I It

iAes rl tRCH-
Ii 

-I IttAGS -I j-tARH 
~ 

tM Y" I ~A I tRAC 

I tCAC 

tcLZ- I~ 
$ ~ 

tcLZ- -
VALID t, 
DATA 

~ '0 ~ 

4-12 

vr 1 'M 
I 'cPA 

~ I~ 
tCLZ- r-

VALID 
DATA 

-'2P.. ~ 

-
VALID 
DATA 

I.!QQ... 

W!!!!!!L 

-'ofF 

f-- 0PEN -

~ DON'TeARE 

m UNDEFINED 

Micron Technology, tnc., reserves the right to change products or speCifications without notice. 
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MIC::RON MT8D88C25632 
1-· ""'"0'''''"' 256K X 32, 512K X 16 IC DRAM CARD 

IT8D88C25632 
EV.4192 

ADDR ~:~ 

ADDA ~:~ 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

S 

F=L--
leSH 'pc IRSH 

I'" \cRP 
tRCO 'CAS _ leP_~ _'_CP _ ~ 1~1 

=-' ! t~ 
'AR 

II 'RAD 'I_ I I~ IRAL 

1'" tASR tRAH~1 ~ I'" lASe leAH:l I~II 'CAH·1 

:;I'IM 

-

ROW WIM COLUMN COLUMN COLUMN 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

RASP 

'CSH *tPC/tpRWC 'RSH 

I'" ICRP 
tRCD tCAS ~ 'CAS ~ 'CAS 

~i ~ =-' ~ 

'AR 

'RAD I I~ tRAL 

I'" tASR lRAH"'1 ~ ~~I ~I~I 
.fl777777 

=-'llht fill/) 
.HTn77T 

COLUMN ROW COLUMN COLUMN 

I I IRWD I Ii I ~ I -~I I ~~i 
tCWL __ -..L 'wP- -IAWD IAWD tAWD 

leWD ~ ~ 

- //////////// 

ROW 

't=L 
~ 

II 
ROW 

U-'RWL 
tCWL 

-'wp 

'AAI ~I~ ~4i 
tRAC 

i ~-:1- l~ ~-:1- 1 1 ~-r~ -- - -~ - --
-

tell --I t telz --I t. tell I r 
OPEN~ "O",:} ""0 ~"'"" "'" ""0 f--OPEN-

'OE-

[lOUT DI.~ 1U1 DoUT ~ Dour DIN _11 __ too ___ too _ J too 

- tOE- -

4-13 

tOE- - to'H 

~ DONTCARE 

~ UNDEFINED 

Micron Technology, Inc., reselVes the right to change products or specifications without notice. 
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tvllC:F=lON MT8D88C25632 
"'""co"' '" 256K x 32, 512K x 16 IC DRAM CARD 

MT8D88C25t>32 
REV. 4192 

. RAS-ONL Y REFRESH CYCLE 
(ADDR = AO-AB; WE = DON'T CARE) 

,"c 

'RA' 
RAs ~i~ =:------,[1 111-------l\ 

ICRP "I~I. '------
CAS ~t~:. ~ "'----I 

tASR tRAH 

AOOA ~i~ _~.-AOW--. b$$I/;1;//;I;/M'I;I/;I,f$//;II;I///;I/I;I/X----:-:RO,---W--

DQ ~g~ -~-------OPEN--------

OQ 

OQ 

CAS"-BEFORE-RAS REFRESH CYCLE 
(AO-AB = DON'T CARE) 

tAP tRAS tRP tRAS 

:i~l-I~~ ~I tRP~II~ ~l, 
:~ ~ I ~ ! 

OPEN 

Y 

~ ~ ~ ~ 

~I;I/$#$/#///$$/////t; 

BATTERY BACKUP REFRESH CYCLE 
(AO-AB = DON'T CARE) 

1251:!8 

tRP tRAS 

-----.! tRPe~l, 
1··tcP~:I~ ~I. 

I ~ I 

~ ~ 

tRP 

I'. tesR 

OPEN 

~ 

4-14 

tRAS 

~I. 
! 

~ 

Y 

~ DON'T CARE 

Illl2l UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice 
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IrfTSD88C25632 
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, 

HIDDEN REFRESH CYCLE 21 

(WE = HIGH) 

(READ) 

tOE 

OE ~:e ~W'!I$$!I#;l;l$;l;l#/#;l;l$;ml-:-= 

(REFRESH) 

too 

)W$$/$$ 
~ DON'T CARE 

~UNDEFINED 
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MIC:RON MT8D88C25632 
1-· "'""'CO,," 256K x 32, 512K x 16 IC DRAM CARD 

RESERVED JEDEC, JEIDA and PCMCIA 

MT8D88C25632 
REV. 4192 

88·PIN ASSIGNMENT 
(All Possible Combinations) 

Vss 1 ©© 45 Vss 
DOO ©© 46 D018 
D01 ©© 47 D019 
D02 ©© 48 D020 
D03 ©© 49 D021 
DQ4 6 ©© 50 D022 
D05 ©© 51 D023 
D06 ©© 52 D024 

5.0V Vee 9 ©© 53 DQ25 
D07 10 ©© 

3.3V Vee 11 
54 D026 

©© 55 OE 
D08 12 ©© 

AO 13 
56 Vss 

©© 57 A1 
A2 14 ©© 58 A3 

5.0V Vee 15 ©© 59 A5 
A4 16 ©© 60 A7 

3.3V Vee 17 ©© 61 A9 
A6 18 ©© 62 A11 
A8 19 ©© 63 Vss 

A10 20 ©© 64 A13 
A12 21 ©© 65 RAS1 

RASO 22 ©© 66 CAS2 
CASO 23 
CAS1 24 

©© 67 Vss 
©© 68 CAS3 

3,3V Vee 25 ©© RAS3 
RAS2 26 

69 
©© 70 WE 

5.0V Vee 27 g© PD2 28 
71 PD1 

©© 72 PD3 
PD4 29 

©© 73 Vss 
PD6 30 

74 PD5 
D036 31 ©© 
D037 ©© 75 PD7 

32 
76 PD8 

D017 33 ©© 
77 D038 

D09 34 ©© 
©© 78 D039 

3.3V Vee 35 
©© 79 D035 

D010 36 
©© 80 D027 

5.0V Vee 37 
©© 81 D028 

D011 38 
©© 82 D029 

D012 39 
©© 83 D030 

D013 40 
©© 84 D031 

D014 41 
D015 42 ©© 85 D032 

86 D033 
D016 43 ©© 

©© 87 D034 
Vss 44 © 88 Vss 

4-16 

MT8D88C25632 PIN ASSIGNMENT 
(JEDEC Standard) 

Vss ©© 
DOO 

45 Vss 
©© 46 D018 

D01 3 ©© ,47 D019 
D02 4 ©© 48 D020 
D03 5 ©© 
D04 6 ©© 

49 D021 
50 D022 

D05 7 ©© 51 D023 
DQ6 8 ©© 52 D024 
Vee 9 ©© 

DO? 10 g© 
53 D025 
54 NC 

NC 11 
©© 55 OE(Vss) 

NC 12 
©© 56 Vss 

AO 13 
©© 57 A1 

A2 14 
©© 58 A3 

Vee 15 
©© 59 A5 

A4 16 
©© 60 A7 

NC 17 
61 NC 

A6 18 ©© © 62 NC 
A8 19 ©© 63 Vss 
NC 20 ©© 64 NC 
NC 21 ©© 65 RAS1 

RASO 22 ©© 66 CAS2 
CASO 23 
CAS1 24 

©© 67 Vss 
©© 68 CAS3 

NC 25 ©© RAS3 
RAS2 26 

69 
©© 70 WE 

Vee 27 ©© 
PD2 (Vss) 28 

71 PD1 (Vss) 
©© 72 PD3 (Vss) 

PD4 (Vss) 29 ©© 73 Vss 
PD6 (TBD) 30 ©© 74 PD5(NC) 

NC 31 ©© 
NC 32 

75 PD7 (TBD) 
©© 76 PD8 (NC) 

NC 33 ©© 77 NC 
D09 34 ©© 

NC 35 
78 NC 

©© 79 NC 
D010 36 ©© 80 D027 
VCC 37 ©© 81 D028 

D011 38 ©© 82 D029 
D012 39 ©© 83 D030 
D013 40 ©© 84 D031 
D014 41 ©© 85 D032 
D015 42 ©© 86 DQ33 
D016 43 ©© 87 D034 

Vss 44 ©© 88 Vss 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, fnc. 



AIIIIC:RON MT16D88C51232 
1-· ""'0'00""' 512K X 32,1 MEG X 16 IC DRAM CARD 

IC DRAM CARD 

FEATURES 
• JEIDA, JEDEC and PCMCIA standard 88-pin IC 

DRAM card 
• Polarized receptacle connector 
• Industry standard DRAM functions and timing 
• High-performance, CMOS silicon-gate process 
• AIl outputs are fully TTL compatible 
• AIl inputs buffered except RAS inputs 
• Multiple RAS inputs for x16 or x32 selectability 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS 

(CBR), BATTERY BACKUP (BBU) and HIDDEN 
• FAST PAGE MODE access cycle 
• Single +5V ±5% power supply 
• Low power; 16mW standby, 1.8W active (typical) 
• Extended refresh standard: 512 cycles every 64ms 

OPTIONS 
• Timing 

60ns access 
70ns access 
80ns access 

MARKING 

-6 
-7 
-8 

GENERAL DESCRIPTION 
The MT16D88C51232 is a 2 megabyte, IC DRAM card 

organized as a 512K x 32 bit memory array, It may also be 
configured as a 1 Meg x 16 bit memory array, provided the 
corresponding DQs on the host system are made common 
and memory bank control procedures are implemented. 
Separate CAS inputs allow byte accesses. 

All inputs to the DRAMs are buffered, with the exception 
of RAS. The line drivers used for buffers reduce reflections 
on the card and ensure compatibility in a wide range of 
systems. At the same time, the line drivers add delays to the 
buffered input timings when compared to standard DRAMs. 

The MT16D88C51232 is designed for low power opera­
tion using 256K x 4 low power, extended refresh DRAMs. 
These devices support BATTERY BACKUP (BBU) cycle 
refresh; a very low current, data retention mode. Standard 
component DRAM refresh modes are supported aswell. 

Multiple RAS inputs conserve power by allowing indi­
vidual bank selection. In the x32 organization, the memory 
array may be divided into two banks, each with four 
separate bytes. In the x16 organization, up to four banks, 
each with two separate bytes, may be independently se­
lected. One bank is activated by each RAS selection; the 
others not selected remain in standby mode, drawing mini­
mum power. 

1otT16D88C51232 
=tEV.4192 4-17 

2 MEGABYTES 
512K x 32,1 MEG x 16 

PIN# SYMBOL PIN # SYMBOL PIN# SYMBOL 
1 Vss 31 NG 61 NG 
2 DOD 32 NG 62 NG 
3 001 33 NG 63 Vss 
4 002 34 009 64 NG 
5 003 35 NG 65 RAS1 
6 004 36 0010 66 ~ 
7 005 37 Vee 67 Vss 
8 006 38 0011 68 CAS3 
9 Vee 39 0012 69 RAS3 

10 007 40 0013 70 WE 
11 NG 41 0014 71 POl (Vss) 
12 NG 42 0015 72 P03 (Vss) 
13 AD 43 0016 73 Vss 
14 A2 44 Vss 74 P05 (Vss) 
15 Vee 45 Vss 75 P07 (TBO) 
16 A4 46 0018 76 P08 (NC) 
17 NG 47 0019 77 NG 
18 A6 48 0020 78 NG 
19 A8 49 0021 79 NG 
20 NG 50 0022 80 0027 
21 NG 51 0023 81 0028 
22 R7iSlf 52 0024 82 0029 
23 CJl$O 53 0025 83 0030 
24 tAST 54 NG 84 0031 
25 NG 55 DE (Vss) 85 0032 
26 RAS2 56 Vss 86 0033 
27 Vee 57 Al 87 0034 
28 P02 (Vss) 58 A3 88 Vss 
29 P04 (Vss) 59 A5 
30 P06 TBO 60 A7 

Eight presence detect pins may be read by the host to 
identify the MT16D88C51232 organization, number of 
banks, access time and refresh mode. These extensive pres­
ence detect functions allow systems to utilize the advanced 
power-saving features. 

The MT16D88C51232 is built with a plastic frame covered 
by stainless steel panels. This package, containing an 88-pin 
receptacle connector, is keyed to prevent improper installa­
tion or insertion into other types of IC card sockets. 

Micron Technology, Inc., reserves the rlghllo change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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MIC::RON MT16D88C51232 
1-· "'""'"w,,"" 512K x 32,1 MEG x 161C DRAM CARD 

FUNCTIONAL BLOCK DIAGRAM 

RAS3 ----~------------------~--~RAS 
CAS3 CAs 

.---t---+------jWE 
OE 

D~--Bt--~rf~~-------; 

RAS1 -----.~--~--+_+-------~--~ 
CAS1 

AD-AS 

0034 . . 
0027 

DOg 

_: 

NOTE: 1. D = 74AC11244 line drivers. 

MT16D88C51232 
REV. 4192 

2. B1 through B8 = 256K x 8 memory blocks. 
3. OE is internally connected to ground via a 300 Kohm resistor and is also buffered to DRAM. 

4-18 Micron Technology, inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT16D88C51232 
1-· n,,,,,moc, '" 512K x 32, 1 MEG x 16 IC DRAM CARD 

PIN DESCRIPTIONS 

PIN NUMBERS 

22,26,65,69 

23,24,66,68 

70 

55 

13,57,14,58,16, 
59,18,60,19 

2-8, 10, 34, 36, 
38-43, 46-53, 

80-87 

71, 28, 72, 29, 
74,30,75,76 

11,12,17,20,21,25, 
31, 32, 33, 35, 54, 61, 

62,64,77,78,79 

9,15,27,37 

1, 44, 45, 56, 
63,67,73,88 

MT16D88C51232 
REV. 4192 

SYMBOL 

RASO-3 

CASO-3 

WE 

OE 

AO-A8 

DQO-DQ34 

PD1-PD8 

NC 

Vcc 

Vss 

TYPE 

Input 

Input 

Input 

Input 

Input 

Input! 
Output 

-

-

Supply 

Supply 

DESCRIPTION 

Row Address Strobe: RAS is used to clock-in the 9 row-
address bits. Four RAS inputs allow for two x32 banks or 
four x16 banks. 

Column Address Strobe: CAS is used to clock-in the 9 
column-address bits, enable the DRAM output buffers, 
and strobe the data inputs on WRITE cycles. Four CAS 
inputs allow byte access control for any memory bank 
configuration. 

Write Enable: WE is the READIWRITE control for the DQ 
pins. If WE is LOW prior to CAS going LOW, the access 
is an EARLY-WRITE cycle. If WE is HIGH while CAS is 
LOW, the access is a READ cycle, provided OE is also 
LOW. If WE goes LOW after CAS goes LOW, then the 
cycle is a LATE-WRITE cycle. A LATE-WRITE cycle is 
generally used in conjuction with a READ cycle to form a 
READ-MODIFY-WRITE cycle. 

Output Enable: OE is the input!output control for the DQ 
pins. OE is connected to ground through a 300 Kohm 
resistor and is intended to be LOW allowing for EARL Y-
WRITE cycles only. This signal may be driven, allowing 
for LATE-WRITE cycles. 

Address Inputs: These inputs are multiplexed 
and clocked by RAS and CAS. 

Data 1/0: For WRITE cycles, DQO-DQ34 act as 
inputs to the addressed DRAM location. BYTE 
WRITEs may be performed by using the corresponding 
CAS select. For READ access cycles, DQO-DQ34 act as 
outputs for the addressed DRAM location. 

Presence Detect: These pins are read by the 
host system and tell the system the card'spersonality. 
They will be either left floating (NC) or they will be 
grounded (Vss). 

No Connect: These pins should be left 
unconnected (reserved for future use). 

Power Supply: +5V ±5% 

Ground 

4-19 Micron T echnotogy, Inc" reserves the right to change products or specifications without notice. 
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MIC:RON MT16D88C51232 
1-· "'""'COO""' 512K x 32,1 MEG x 16 IC DRAM CARD 

FUNCTIONAL DESCRIPTION 
The MT16DSSC51232 is a 2 megabyte memory card 

structured as a 512K x 32 bit memory array (RASO = RAS2 
RASI = RAS3). It also may be configured as a 1 Meg x 16 bit 
memory array provided the corresponding DQs on the host 
are connected and memory bank control procedures are 
implemented by interleaving all four RAS lines. 

Most x32 bit applications use the same signal to control 
the CAS inputs. RASO and RASI control the lower 16 bits, 
and RAS2 and RAS3 control the upper 16 bits to obtain a 
x32 memory array. For x16 applications, the corresponding 
DQs and the corresponding CAS pins must be connected 
together (DQO to DQlS, DQl to DQ19 and so forth, and 
CASO to CAS2 and CASI to CAS3 ). Each RAS is then a bank 
select for the 1 Meg x 16 memory organization. 

DRAM OPERATION 

DRAM REFRESH 
Memory cell data is retained in its correct state by main­

tainingpower and executing any RAScycle [READ, WRITE, 
RAS-ONLY, CAS-BEFORE-RAS (CBR), HIDDEN or BAT­
TERY BACKUP (BBU) REFRESH] so that all 512 combina­
tions of RAS addresses (AO-AS) are executed at least every 
64ms, regardless of sequence. 

The implied method of choice for refreshing the memory 
card is the BBU cycle. This is a very low current, data 
retention mode made possible by using the CBR REFRESH 
cycle over the extended refresh range (IcC7). 

The memory card may be used with the. other refresh 
modes common in standard DRAMs. This allows the 
memory card to be used on existing systems that do not 
utilize the BBU REFRESH cycle. However, the memory card 
will draw more current in the STANDBY mode. The CBR 
REFRESH mode is recommended when not using the BBU 
mode. 

DRAM READ AND WRITE CYCLES 
During READ or WRITE cycles, each bit is uniquely 

addressed through the IS address bits, which are entered 9 
bits (AO-AS) ata time. RASisused to latch the first9bits and 
CAS the latter 9 bits. READ or WRITE cycles are selected 
with the WE input. A logic HIGH on WE dictates READ 
mode while a logic LOW on WE dictates WRITE mode. 
During a WRITE cycle, data in (D) is latched by the falling 
edge of CAS. WE must fall prior to CAS (EARLY WRITE); if 
WE goes LOW after CAS, the outputs (Q) will be activated 
and will drive invalid data to the inputs, unless LATE-

MT16D88C51232 
REV. 4/92 4-20 

WRITE cycle timing specifications are met. The data inputs 
and data outputs are routed through pins using common 
I/O, and pin direction is controlled by WE. 

FAST PAGE MODE operation allows faster data opera­
tions (READ or WRITE) within a row address (AO-AS) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ­
ent colurnnaddresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. Returning RAS and CAS HIGH terminates a 
memory cycle and decreases chip current to a reduced 
standby level. Also, the chip is preconditioned for the next 
cycle during the RAS high time. 

DRAM TIMING 
In accordance with JEDEC standard specifications, all 

inputs to the IC DRAM card are buffered, with the exception 
of RAS inputs. The line drivers used for buffers reduce 
reflections on the card and ensure compatibility in a wide 
range of systems. The implementation of buffers on the card 
may relieve the need for additional host system line 
drivers. Notes 23 though 29 indicate which parameters on 
the IC DRAM card are affected by the line drivers, and to 
what magnitude they are affected. The component DRAM 
timing specifications, rather than those of the IC DRAM 
card (in systems which use both), may cause timing 
incompatibilities. 

All traces on the IC DRAM card (buffered and non­
buffered) are approximately 50 ohms characteristic imped­
ance. Matching impedance on the system board to 50 ohms 
characteristic impedance on traces to the IC DRAM card 
will decrease signal noise to the IC DRAM card, enhancing 
overall system reliability. 

PHYSICAL DESIGN 
The MT16DSSC51232 is constructed with a molded plas­

tic frame and covered with stainless steel panels. Inside, 16 
thin small-outline package (TSOP) DRAMs are mounted on 
both sides of an ultrathin printed circuit board. The board 
is attached to a high insertion, SS-pin receptacle connector. 
The package has a polarized key to prevent improper 
installation, including insertion into other types of IC card 
sockets. The MT16DSSC51232 operates reliably up to 55°C. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT16D88C51232 
1-· '"'"",COG'"'' 512K X 32,1 MEG X 16 IC DRAM CARD 

MEMORY TRUTH TABLE 

FUNCTION RAS" 
Standby H 

READ L 

EARLY-WRITE L 

READ-WRITE L 

FAST-PAGE-MODE 1st Cycle· L 

READ 2nd Cycle L 

FAST-PAGE-MODE 1st Cycle L 

EARLY-WRITE 2nd Cycle L 

FAST-PAGE-MODE 1st Cycle L 

READ-WRITE 2nd Cycle L 

RAS-ONL Y REFRESH L 

HIDDEN READ L -H--+L 

REFRESH WRITE L --+H--+L 

CAS-BEFORE-RAS REFRESH H-L 

BATTERY BACKUP REFRESH H--+L 

PRESENCE DETECT TRUTH TABLE 

1 Meg xi, 4, 16, 18 
1 Meg xi, 4, 16, 18 

8MB 2 x 8,9 
16MB 2 x8,9 

16MB 4 Meg xi, 4, 16, 18 
32MB 4Megx1,4,16,18 

Access Timing 

Refresh Control 

tIIOTE: Vss = Ground. 

U16D88C51232 
lEV. 4192 

20 
20 

22 
22 

~ 

H-X 

L 

L 

L 

H-L 

H-L 

H-L 

H-L 

H--+L 

H--+L 

X 

L 

L 

L 

L 

10 
10 

11 
11 

12 
12 

WE 
X 

H 

L 

H-L 

H 

H 

L 

L 

H-L 

H--+L 

X 

H 

L 

H 

H 

10 1,024 
10 1,024 

10 1,024 
10 1,024 

11 1,024 
11 1,024 

4-21 

ADDRESSES DATA IN/OUT 

TIt IR IC DQO-DQ34 

X X X High-Z 

L (NC) ROW COL Data Out 

X ROW COL Data In 

L-H ROW COL Data Out 

L (NC) ROW COL Data Out 

L (NC) n/a COL Data Out 

X ROW COL Data In 

X n/a COL Data In 

L --+H ROW COL Data In 

L --+H n/a COL Data In 

X ROW n/a High-Z 

L(NC) ROW COL Data Out 

X ROW COL Data In 

X X X High-Z 

X X X High-Z 

Vss NC Vss Vss X X 
Vss NC Vss Vss Vss X X 

NC NC Vss Vss NC X X X 
NC NC Vss Vss Vss X X X 

Vss Vss NC Vss NC X X X 
Vss Vss NC Vss Vss X X X 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT16D88C51232 
1-· '''''"'''''''''' 512K x 32,1 MEG x 16 IC DRAM CARD 

ABSOLUTE MAXIMUM RATINGS* 
Voltage ortVcc Supply Relative to Vss ...... -O.5V to +S.2SV 
Operating Temperature, T A (Ambient) ......... O°C to +SsoC 
Storage Temperature ..................................... -20°C to +80°C 
Power Dissipation ............................................................ lSW 
Short Circuit Output Current ...................................... SOmA 
Card Insertions (Connector's Life Cycle) .................. 10,000 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C ::; T A::; 55°C; Vcc = 5V ±5%) 

PARAMETER/CONDITION 
Supply Voltage 

Input High (Logic 1) VOltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT, Any input I Non-buffered 

(OV ::; VIN:<; 5.25V; all other pins not under test = OV) I Buffered 

OUTPUT LEAKAGE CURRENT (0 is disabled; OV ::; VOUT ::; 5.25V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 
STANDBY CURRENT: (TTL) 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Other Inputs = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN» 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling:tpC = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN» 

REFRESH CURRENT: CAS-BEFORE-RAS (CBR) 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN» 

REFRESH CURRENT: BATTERY BACKUP (BBU) 
Average power supply current during BBU: CAS = 0.2V or CBR 
cycling; RAS = IRAS (MIN) up to 300ns; IRC = 1251!s; WE, AO-AB 
and DO = Vcc -0.2V or 0.2V (DO may be left open) 

MT16D8eC51232 
REV. 4/92 4-22 

SYMBOL MIN MAX UNITS NOTES 
Vcc 4.75 5.25 V 1 

VIH 3.5 Vcc+0.5 V 1 

VIL -0.5 O.B V 1 

liN -12 12 J.IA 
liB -2 2 J.IA 
loz -10 10 J.IA 

VOH 2.4 V 

VOL 0.4 V 

MAX 
SYMBOL -6 -7 -8 UNITS NOTES 

Icct 32 32 32 mA 

Icc2 3.2 3.2 3.2 mA 

, 
Icc3 680 600 520 mA 3,4,30 

Icc4 520 440 360 mA 3,4,30 

Icc5 680 600 520 mA 3,30 

Icc6 6BO 600 520 mA 3,5,30 

Icc? 3.2 3.2 3.2 mA 3,5 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC::RON MT16D88C51232 
1-· <>,"""0""" 512K X 32,1 MEG X 16 IC DRAM CARD 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: CASO, CAS1, CAS2, CAS3, AO-AS, OE CI1 9 pF 2 

Input Capacitance: WE CI2 13 pF 2 

Input Capacitance: RASO, RAS1, RAS2, RAS3 CI3 50 pF 2 

Input/Output Capacitance: DO CIO 20 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, S, 9, 10, 11, 12, 13) (O°C ~ T A ~ 55°C; Vee = 5V ±5%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
FAST-PAGE-MODE 
READ or WRITE cycle time 
Access time from RAS 
Access time from CAS 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS" to output in low-Z 
Output buffer turn-off delay 
M command setup time 

MT160eBC51232 
REV.-4192 

-6 
SYM MIN 
tRC 110 
tpc 40 

tRAC 
tCAC 
tAA 

tCPA 
tRAS 60 

tRASP 60 
tRSH 25 
tRP 40 

tCAS 15 
tCSH 55 
tCPN 10 
tcp 10 

tRCD 10 
tCRP 15 
tASR 10 
tRAH 5 
tRAD 10 

tASC 5 
tCAH 15 
tAR 45 

tRAl 40 

tRCS 5 
tRCH 5 

tRRH -5 

tClZ 5 
tOFF 5 
WCS 5 

MAX MIN 
130 
40 

60 
25 
40 
50 

100,000 70 
100,000 70 

30 
50 

100,000 20 
65 
10 
10 

35 15 
15 
10 
5 

20 10 

5 
20 
50 

45 

5 
5 

-5 

5 
30 5 

5 

4-23 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 23 
45 ns 23 

70 80 ns 14;23 
30 30 ns 15,26 
45 50 ns 26 
50 55 ns 26 

100,000 80 100,000 ns 23 
100,000 80 100,000 ns 23 

30 ns 26 
60 ns 23 

100,000 20 100,000 ns 23 
75 ns 25 
10 ns 16,23 
10 ns 23 

40 15 50 ns 17,28 
15 ns 26 
10 ns 26 
5 ns 25 

25 10 30 ns 18,28 

5 ns 24 
20 ns : 24 
55 ns 25 

50 ns 26 

-.::. 
5 ns 25 
5 ns 19,24 

-5 ns 19,25 

5 ns 24 
30 5 30 ns 20,29,35 

5 ns 24 

Micron Technology, Inc., reserves the right to change products or specifications witheM notice. 
©1992, Micron Technology, Inc. 

z m :e 
II -o 
C 
::D 
l> 
i: 

~ 
J:J 
C 



z 
~ 
II -o 
C 
:D » 
!: 
o » 
:D 
C 

MIC::RON MT16D88C51232 
1-· "'"'''c,,'''' 512K x 32,1 MEG x 161C DRAM CARD 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8,9, 10, 11, 12, 13) (O°C ::; T A::; 55°C; Vee = 5V ±5%) 

AC CHARACTERISTICS 
PARAMETER 
Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RASleadtime 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time (referenced to RAS") 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

"RAS to CAS precharge time 

CAS setup time 
(Ci\S-BEFORE-RAS refresh) 

"CAS hold time 
(CAS-BEFORE-RAS" refresh) 

WE hold time 
(CAS-BEFORE-"RAS refresh) 

WE setup time 
(C!\S-BEFORE-"RAS refresh) 

WE hold time 
(WCBR test cycle) 

WE setup time 

READ-WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

RAS to WE delay time 

Column Address 
to WE delay time 

CAS to WE delay time 

Output buffer turn-off delay 

Output disable 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

OE hold time from RAS during 
HIDDEN REFRESH cycle 

MT16D88C51232 
REV, 4192 

-6 

SYM MIN MAX 
tWCH 15 
tWCR 40 

twp 10 
tRWL 25 
tCWL 20 
tDS 5 
tDH 5 

tDHR 45 
ty 2 15 

tREF 128 
tRPC 10 
tCSR 20 

tCHR 10 

tWRH 5 

twRP 20 

tWTH 5 

tWTS 20 
tRWC 165 

tpRWC 90 

tRWD 80 
tAWD 65 

tCWD 50 
tOE 25 
tOD 25 

tOEH 5 

tORD 10 

4-24 

MIN 
20 

50 

15 

30 

25 

5 

10 

55 

2 

10 

20 

10 

5 

20 

5 

20 

185 

95 

90 

70 

65 

10 

10 

-7 -8 

MAX MIN MAX UNITS NOTES 
20 ns 24 

55 ns 25 

15 ns 23 

30 ns 26 

25 ns 24 

5 ns 24,32 

10 ns 25,32 

60 ns 23 

15 2 15 ns 9,10,23 

128 128 ms 

10 ns 26 

20 ns 5,26 

10 ns 5,25 

5 ns 22,25 

20 ns 22,26 

5 ns 22,25 

20 ns 22,26 

205 ns 

100 ns 23 

100 ns 31,27 

75 ns 31,24 

55 ns 31,24 

30 30 ns 20,33,26 

30 30 ns 35,26 

10 ns 34,27 

10 ns 21,26 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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UII::I=ICN MT16D88C51232 
1-· '""''' ""'" 512K X 32,1 MEG x 16 IC DRAM CARD 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = SV ±lO%,f = 1 MHz. 
3. Ice is dependent on cycle rates. 
4. Ice is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6.. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lOOlls is required after power-up 
followed by eight RAS refresh cycles (RAS-ONL Y or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the tREF refresh requirement is 
exceeded. 

8. AC characteristics assume IT = 5ns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

lOOpF. 
14. Assumes that IRCD < IRCD (MAX). If tRCD is greater 

than the maximum recommended value shown in this 
table, tuc will increase by the amount that tRCD 
exceeds the value shown. 

15. Assumes that IRCD ~ tRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the IRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

18. Operation within the tRAD (MAX) limit ensures that 
IRCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclUSively by tAA. 

MT16D88C5t232 
REV. 4192 4-25 

19. Either IRCH or tRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

22. twTS and twTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverse of twRP and twRH in the 
CBR refresh cycle. 

23. Timing between the DRAMs and the DRAM card did 
not change with addition of the line drivers. 

24. A +Sns timing skew from the DRAM to the DRAM 
Card resulted from the addition of line drivers. 

25. A -5ns timing skew from the DRAM to the DRAM 
Card resulted from the addition of line drivers. 

26. A + IOns timing skew from the DRAM to the DRAM 
Card resulted from the addition of line drivers. 

27. A -IOns timing skew from the DRAM to the DRAM 
Card resulted from the addition of line drivers. 

28. A -5ns (MIN) and a -IOns (MAX) timing skew from 
the DRAM to the DRAM Card resulted from the 
addition of line drivers. 

29. A +5ns (MIN) and a +lOns (MAX) timing skew from 
the DRAM to the DRAM Card resulted from the 
addition of line drivers. 

30. The maximum current ratings are based on one of the 
two banks operating or being refreshed (x32 mode). 
The stated maximums may be reduced by one half 
when used in the x16 mode. Standby currents of non­
active bank is not included. 

31. twcs, tRWD, tA WD and tCWD are restrictive 
operating parameters in late WRITE, and READ­
MODIFY-WRITE cycles only. If twcs 2': twcs (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If tRWD 2': tRWD (MIN), tAWD ~ tA WD 
(MIN) and !CWD ~ tCWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions is met, the state of data out is 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE-WRITE (OE 
controlled) cycle. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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MIC::RON MT16D88C51232 
1'-· "'""'"'''' 512K x 32, 1 MEG x 16 IC DRAM CARD 

NOTES (continued) 
32. These parameters are referenced to CAS leading edge 

in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

33. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

34. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both tOD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 

MT16D88C51232 
REV. 4192 4-26 

remains LOW and OE is taken back LOW after tOEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

35. The DQs open during READ cycles once tOD or toFF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 

Micron Technology, Inc., reserves the right to Change products or specifications without notice. 
©1992, Micron Technology, Inc. 



UIC:F=lON MT16D88C51232 
1-· '" 512K x 32,1 MEG x 161C DRAM CARD 

M'r16D68C51232 
REV. 4/92 

READ CYCLE 

tRe 

\~---
ICSH 

'cRP 'cAS 

I~===I I~ ~ 
ADDR ~:t J////~ ROW WI////;) COLUMN ~ ROW 

~ ............... IRCS ~ 

WE ~:r =JIl!/!I/JI!l!IliIIIl!liIII////// 

tCAC 

~b 
DO ~:8t :::--------OPEN------~~::::V~AL~ID~DA~TAj---oPEN---

1_ tOE I~ tOD 

OE ~:~ =_7TVj;r770"j;Tn1f;"TT:~jj;r77w j;Tn0/7T-0"j;'770'j;77711j;7T-1j;'77Wj;T770/TnWJ;"TT:0'j;r77w/;Tnr j;7T-11j;'770'/;T77WJ, P/lIII/ 1111 1/ /1//1 /I 11111 1II1/l1IIj; 

EARLY-WRITE CYCLE 

tRe 

'HAs tRP 

I 
- \ . tCSH 

tRSH 

'cRP tRCO ICAS 

=--.J 
tAR 

IRAD tRAL 

I===C=:I c= ~ 
~ ROW ~ COLUMN W~$ffmJ:I,0( ROW ADDR ~:r 

tCWL I tRWL 

tWCR 

twes tWCH 

'WP 

WE ~lt -:m' mJ:I ////;1/ / ff //// ff mJ:I!'? ~ 
I ! tOHA. 

~ ~ 

DO ~:8t'~'----VAL-'D-D-AT-A--'~ 

4-27 

fZ:'J DON'T CARE 

~ UNDEFINED 
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MIC:RON MT16D88C51232 
1-· n" 512K x 32,1 MEG x 16 IC DRAM CARD 

MT18D88C51232 
REV.A192 

ADDR ~Ir 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

tRAS tRP 

tcsH 
"'SH 

FAST-PAGE-MODE READ CYCLE, 

RASP 

A---
teoH tpe IRsH 

teRP tRCD tCAS tep ~ teP 

~~ 
'cPN 

:J 
tAR 

""" tRAL 

tASR - ~ ~ tASe 

I~ t..sc ~I I 
r--::J/,.0( ROW WIIJ COWMN WIIIIIJ cow... WllllljJ COL""," ROW 

I 4lcs ' -I !*-tRCS = -I 1l-4lcs ~tRRH 
4lcH- rl 'I tRCH- 1·1 

- r vp 'WI!!!& -
tM tM tM 

tRAe I tCPA tePA 

~ ~~ ~ 
.. ~ - -00 

'clz- t. teu teu- t. 
- VALlO L VAUO ~ID 

~~IIIIIIIIJtcE ~ 
TA !-------OPEN-

.rr 

4-28 

~DON'TCARE 

m UNDEFINED 

Micron Technology. Inc., reseMtSlhe right 1D change products or specII\caUons without notice. 
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UU:::I=ICN MT16D88C51232 
1-· m~"w,"," 512K x 32, 1 MEG x 16 IC DRAM CARD 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

-- A--
tCSH tpc IRSH 

I'" leRP 
tRCD 'CAS _tcp_~ _ _ t_cp_ ~ I~I 
~~ "J ! 

tAR J IRAL 
tRAD 'I_ I I~ I~ tRAH~1 ~ I~ ICAH.-] I~II~ 11 

::;@! ROW W/~ COLUMN COLUMN COLUMN ROW ADDR ~:~ 

ADDR ~ir 

DQ ~igr 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE,WRITE and READ-MODIFY-WRITE CYCLES) 

RASP 

-
-

tCSH *tPC/tPRWG 

!"" teRP 
IRCO 'cAS ~ teAs 

~~ c---
=..J 

tAR 

tRAD 

~I I~ I'" tASR 
IRAH __ 

1 ~ n 
=wt ROW Vllb COLUMN COLUMN 

I I 'RWD j ~ 
I 

~I I 'CWL--- lCWl ___ 

I Iwp1. ..L 'WP-
IAWD IAWD -I~ leWD 

tM I ~ ~ '-

tRAC I tOH-or-I --. J IOH 

I ",s- 1- 1 'c3 tDS_ 1-
tcAC --- -- 'CAG--

'cLZ -! t 'cLZ t 
- 1J~~'viiUri' ~lVAUO 

OI'EN = ""'jl. '" ~ 'm" ''" ____ ta~ ____ too 

tOE- - tOE -

F=L 
tRSH 

~ tCAS 

A ~ 

IRAl 

~II 'cAH'1 I 
COLUMN ROW 

~ II-tRW, -- --'CWL 
I I IAWD ...... 

~ 'cwo 

4 
tePAI IOS ___ t _tDH 

tCAC ___ I --
tell --- l--

b.~ 

"'" 
toE- -

VAllOr-OPEN_ 

IN too 

tOEH 

@DON'TeARE 

!2811 UNDEFINED 

----------------------------------------------------------------MT16D88C51232 
REV. 4192 4-29 Micron Technology, Inc., reS9N9S the right to change products or specifications without notice. 
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MIC::RON MT16D88C51232 
1-· '''' 512K x 32,1 MEG x 161C DRAM CARD 

MT16DB8C51232 
REV. 4192 

'R8-0NL Y REFRESH CYCLE 
(ADDR = AO-AS; WE = DON'T CARE) 

IRe 

- V,H _:---------,[1 
RAS VtL - tcRP 11----------"1 

ADDR ~l~ JT77.7mJ-----------;Ro=W-----,~U7777777Z777m'777777777Z777m'7777777T777777>.·r__-::_::ROW:----

DQ ~g~ :'------------OPEN----------

CAS"-BEFORE-~ REFRESH CYCLE 
(AO-AS = DON'T CARE) 

BATTERY BACKUP REFRESH CYCLE 
(AO-AS = DON'T CARE) 

12 

'AAS 'AP 

CAS ~Ir: ' 
~_~~~-L---~--*--L-------

DQ 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or speelflcallons without notice. 
C1992, Micron Tectmology,lnc. 



MIC:RON MT16D88C51232 
1-· ""Hmm,'m 512K X 32,1 MEG x 161C DRAM CARD 

MT16D88G51232 
REV. 4192 

HIDDEN REFRESH CYCLE 21 

(WE = HIGH) 

RAS VIH-
VIL_ 

tRCD 

CAS VIH-
VIL_ 

tAR 

(READ) 

tRAS 

tRSH 

(REFRESH) 

tRAS 

tCHR 

tOFF 

DO ~:gr - OPENI------f@t:===~VA~LI~DD~A~TA====1 

I~II 
OE ~:r Jj//I!///I////////I//////////I!!///////!lJA~.J 

OPEN-

4-31 

too 

_///I//h 

~ DON'T CARE 

~ UNDEFINED 
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MIC::RON MT16D88C51232 
1-· '""men,,,, 512K X 32,1 MEG X 16 IC DRAM CARD 

RESERVED JEDEC, JEIDA and PCMCIA 

MT16D88C51232 
REV.4f92 

88·PIN ASSIGNMENT 
(All Possible Combinations) 

Vss ©\§) 45 Vss 
000 ©© 46 0018 
001 ©© 47 
002 ©© 

DQ19 
48 0020 

003 ©© 49 
DO. ~© 

0021 
50 0022 

005 
51 ©© 0023 

006 8 
52 

S.OV Vee 9 ©© 002. 

©© 53 0025 
007 10 

54 ©© 0026 
3.3V Vee 11 

55 OE 008 12 ©© 
56 © vss 

AO 13 ©© 57 A1 
A2 14 ©© 58 A3 

5.0V Vee 15 ©© 59 AS 
A4 16 ©© 60 A7 

3.3V Vee 17 ©© 61 A9 
A6 18 ©© 62 A11 
AS 19 ©© 63 Vss 

A10 20 ©© 64 A13 
A12 21 ©© 65 RAS1 

RASa 22 ~© 66 CAS2 
CASO 23 
CAS1 24 g© 67 Vss 

68 CAS3 
3.3V Vee 25 ©© 

69 RAS3 
RAS2 26 ©© 

70 WE 
5.0V Vee 27 ©© 

PD2 28 ©© 71 PD1 
72 PD3 

PD4 29 ©© 
©© 73 Vss 

PD6 30 74 PD5 
oQ36 31 ©© 
0037 32 ©© 75 PD7 

DOH 33 ©© 76 PD8 

009 34 ©© 77 0038 

3.3V Vee 35 ©© 78 0039 

0010 36 ©@ 79 0035 
80 0027 

5.0V Vee 37 ©© 
81 0028 

0011 38 ©© 
0012 39 ©© 82 0029 

DQ13 40 © 83 0030 

001 • . , ©© 84 0031 

0015 42 
©© 85 0032 

D016 43 
©© 86 0033 
©© 87 0034 

Vss 44 ©© 68 Vss 

4-32 

MT16D88C51232 PIN ASSIGNMENT 
(JEDEC Standard) 

Vss ©© 45 Vss 
000 ©© 46 0018 
001 ©© 47 0019 
002 ©© 48 0020 
003 ©© 49 0021 
DO' ©© 
005 

50 0022 
©© 51 0023 

006 ©© 52 0024 
Vee ©© 

007 10 
53 0025 

©© 54 NC 
NC 11 ©© 55 OE(Vss) 
NC 12 ©© 56 Vss 
AO 13 ©© 57 A1 
A2 14 ©© 58 A3 

Vee 15 ©© 59 A5 
A4 16 ©© 60 A7 
NC 17 ©© 61 NC 
A6 18 ©© 62 NC 
A8 19 ©© 63 Vss 
NC 20 ©© 64 NC 
NC 21 ©© 65 RAS1 

RASa 22 ©© 66 CAS2 
CASO 23 
CAS1 24 

©© 67 Vss 
©© 68 CAS3 

NC 25 ©© 69 RAS3 
RAS2 26 ©© 70 WE 

Vee 27 
PD2 (Vss) 28 

©© 71 PD1 (Vss) 
©© 72 PD3 (Vss) 

PD4 (Vss) 29 ©© 73 Vss 
PD6(TBD) 30 ©© 74 PD5 (NC) 

NC 31 ©© 
NC 32 ©© 

75 PD7 (TBD) 

NC 33 ©© 
76 PD8 (NC) 

009 34 ©© 
77 NC 

NC 35 
78 NC 

0010 36 
©© 79 NC 
©© 80 0027 

Vee 37 ©© 81 0028 
0011 38 
0012 39 

©© 82 0029 

OQ13 40 
©© 83 0030 

0014 41 
©© 84 0031 

0015 42 
©© 85 0032 

0016 43 
©© 86 0033 
©© 87 0034 

Vss 44 ©© 88 Vss 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MICRON MT8D88C132 
1-· ",.mmoo"" 1 MEG x 32, 2 MEG x 161C DRAM CARD 

IC DRAM CARD 

FEATURES 
• JEIDA, JEDEC and PCMCIA standard 88-pin IC 

DRAM card 
• Polarized receptacle connector 
• Industry standard DRAM functions and timing 
• High-performance, CMOS silicon-gate process 
• All outputs are fully TTL compatible 
• All inputs buffered except RAS inputs 
• Multiple RAS inputs for x16 or x32 selectability 
• Refresh modes: RAS-ONLY, CA5-BEFORE-RAS (CBR), 

HIDDEN and BATTERY BACKUP (BBU) 
• FAST PAGE MODE access cycle 
• Single +5V ±5% power supply 
• Low power; 8m W standby, 2.2W active (typical) 
• Extended refresh standard: 1,024 cycles every 128ms 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
80ns access 

GENERAL DESCRIPTION 

-6 
-7 
-8 

The MT8D88C132 is a 4 megabyte, IC DRAM card orga­
nized as a 1 Meg x 32 bit memory array. It may also be 
configured as a 2 Meg x 16 bit memory array, provided the 
corresponding DQs on the host system are made common, 
and memory bank control procedures are implemented. 
Separate CAS inputs allow byte accesses. 

All inputs to the DRAMs are buffered, with the exception 
of RAS. The line drivers used for buffers reduce reflections 
on the card and ensure compatibility in a wide range of 
systems. At the same time, the line drivers add delays to the 
buffered input timings when as compared to standard 
DRAMs. 

The MT8D88C132 is designed for low power operation 
using 1 Meg x 4lowpower, extended refresh DRAMs. These 
devices support BATTERY BACKUP (BBU) cycle refresh; a 
very low current, data retention mode. Standard compo­
nent DRAM refresh modes are supported as well. 

Multiple RAS inputs conserve power by allowing indi­
vidual bank selection. In the x32 organization, the memory 
is a singlearraythatmaybedivided intofourseparatebytes. 
In the x16 organization, up to two banks, each with two 
separate bytes, may be independently selected. One bank is 
activated by each RAS selection; the others not selected 
remain in standby mode, drawing minimum power. 

MT8DB8C132 
REV. 4/92 4-33 

4 MEGABYTES 
1 MEG x 32, 2 MEG x 16 

6 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

PIN ASSIGNMENT (End View) 
aa-Pin Card (U-1) 

PIN# SYMBOL PIN# SYMBOL PIN # SYMBOL 
@@ 45 
@@ 46 
@@ 47 
@@ 48 
@@ 49 
@@ 50 
@@ 51 
©@ 52 

g@ 53 
54 @@ 
55 @@ 

gg 
56 
57 

@@ 58 

@@ 59 

@@ 60 
61 @@ 
62 @@ 
63 @@ 
64 @@ 
65 

@g 66 
@@ 67 

~@ 68 

@@ 69 

@@ 70 

@@ 71 
72 @@ 
73 @@ 
74 @@ 

@@ 75 

gg 
76 
77 
7B @@ 

@@ 7' 

@@ BO 

@@ B1 

@@ B2 

@@ 83 
84 ©@ 
B5 ©~ 86 

@@ B7 
@@ 8B 

1 Vss 31 NG 61 A9 
2 DOD 32 NG 62 NG 
3 D01 33 NG 63 Vss 
4 D02 34 D09 64 NG 
5 D03 35 NG 65 NG 
6 DQ4 36 OQ10 66 ViS2 
7 DQ5 37 Vee 67 Vss 
8 DQ6 38 0011 68 1:AS3 
9 Vee 39 OQ12 69 NC 
10 DQ7 40 OQ13 70 WE 
11 NG 41 OQ14 71 PD1 (Vss) 
12 NG 42 OQ15 72 P03 (Vss) 
13 AD 43 OQ16 73 Vss 
14 A2 44 Vss 74 PD5 (NG) 
15 Vee 45 Vss 75 P07 TBO) 
16 A4 46 OQ18 76 PD8 NC) 
17 NG 47 OQ19 77 NG 
18 A6 48 OQ20 78 NC 
19 A8 49 OQ21 79 NC 
20 NG 50 OQ22 80 OQ27 
21 NC 51 OQ23 81 OQ28 
22 RASa 52 OQ24 82 OQ29 
23 CASO 53 0025 83 D030 
24 "CASf 54 NG 84 OQ31 
25 NG 55 1JE(Vss) 85 OQ32 
26 RAS2 56 Vss 86 OQ33 
27 Vee 57 A1 87 OQ34 
28 P02 NC 58 A3 88 Vss 
29 P04 (Vss) 59 A5 
30 P06 (TBO 60 A7 

Eight presence detect pins may be read by the host to 
identify the MT8D88C132 organization, number of banks, 
access time and refresh mode. These extensive presence 
detect functions allow systems to utilize the advanced 
power-saving features. 

The MT8D88C132 is built with a plastic frame covered by 
stainless steel panels. This package, containing an 88-pin 
receptacle connector, is keyed to prevent improper installa­
tion or insertion into other types of IC card sockets. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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MIC:RON MT8D88C132 
1-· ,"c"wc""" 1 MEG X 32,2 MEG x 16 IC DRAM CARD 

RAS2 
CAS2 

RASO 
CASO 

AO-AS 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

~----~-~CAS 

- ....... --iD·>------_-f----lWE 

--+-+--+--1 CAS 

'---t--!WE 

CAS 

WE 

0034 
• • • 

0025 ••• t: 
0018 

0016 •••• : 
DOS 

007 
• • • 

NOTE: 1. D = 74AC11244 line drivers. 

MT8D88C132 
REV. 4192 

2. B1 through B4 = 1 Meg x 8 memory blocks. 
3. OE is internally co~nected to ground via a 300 Kohm resistor and is also buffered to DRAM. 

4-34 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT8D88C132 
1-· "'"'M'" W 1 MEG x 32 2 MEG x 16 IC DRAM CARD 

PIN DESCRIPTIONS 

PIN NUMBERS 

22,26 

23,24,66,68 

70 

55 

13,57,14,58,16,59, 
18,60,19,61 

2-8,10,34,36, 
38-43, 46-53, 

80-87 

71, 28, 72, 29, 
74,30,75,76 

11,12,17,20,21,25, 
31,32,33,35,54,62, 
64,65,69,77,78,79 

MT8D88C132 
REV. 4192 

9,15,27,37 

1, 44, 45, 56, 
63,67,73,88 

SYMBOL 

RASO,RAS2 

CASO-3 

WE 

OE 

AO-A9 

000-0034 

PD1-PD8 

NC 

Vcc 

Vss 

TYPE 

Input 

Input 

Input 

Input 

Input 

InpuV 
Output 

-

-

Supply 

Supply 

, 

DESCRIPTION 

Row Address Strobe: RAS is used to clock-in the 10 row-
address bits. TwoRAS inputs allow for a single x32 bank 
or two x16 banks. 

Column Address Strobe: CAS is used to clock-in the 10 
column-address bits, enable the DRAM output buffers, 
and strobe the data inputs on WRITE cycles. Four CAS 
inputs allow byte access control for any memory bank 
configuration. 

Write Enable: WE is the READIWRITE control for the DO 
pins. If WE is LOW prior to CAS going LOW, the access 
is an EARLY-WRITE cycle. If WE is HIGH while CAS is 
LOW, the access is a READ cycle, provided OE is also 
LOW. If WE goes LOW after CAS goes LOW, then the 
cycle is a LATE-WRITE cycle. A LATE-WRITE cycle is 
generally used in conjuction with a READ cycle to form a 
READ-MODIFY-WRITE cycle. 

Output Enable: OE is the inpuVoutput control for the DO 
pins. OE is connected to ground through a 300 Kohm 
resistor and is intended to be LOW allowing for EARL Y-
WRITE cycles only. This signal may be driven, allowing 
for LATE-WRITE cycles. 

Address Inputs: These inputs are multiplexed 
and clocked by RAS and CAS. 

Data 1/0: For WRITE cycles, 000-0034 act as 
inputs to the addressed DRAM location. BYTE 
WRITEs may be performed by using the corresponding 
CAS select. For READ access cycles, 000-0034 act as 
outputs for the addressed DRAM location. 

Presence Delect: These pins are read by the 
host system and tell the system the card's personality. 
They will be either left floating (NC) or they will be 
grounded (Vss). 

No Connect: These pins should be left 
unconnected (reserved for future use). 

Power Supply: +5V ±5% 

Ground 

4-35 Micron Technology, Inc" reserves the right to change products or specifications without notice. 
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I'IIIC:RCN MT8D88C132 
'>'",0<"',"'" 1 MEG x 32, 2 MEG x 16 IC DRAM CARD 

FUNCTIONAL DESCRIPTION 
The MT8D88C132 is a 4 megabyte memory card as a 

1 Meg x. 32 bit memory array (RASO = RAS2). It also may be 
configured as a 2 Meg x 16.bit memory array provided the 
corresponding DQs on the host are connected and memory 
bank control procedures are implemented by interleaving 
both RAS lines. 

Most x32 bit applications use the same signal to control 
the CAS inputs. RASO controls the lower 16 bits and 
RAS2 controls the upper 16 bits to obtain a x32 memory 
array. For x16 applications, the corresponding DQs and the 
corresponding CAS pins must be connected together (DQO 
to DQ18, DQ1 to DQ19and so forth, and CASO to CAS2 and 
CASl to CAS3). Each RAS is then a bank select for the 
2 Meg x 16 memory organization. 

DRAM OPERATION 

DRAM REFRESH 
Memory cell data is retained in its correct state by main­

tainingpower and executing any RAScycle [READ, WRITE, 
RA5-0NLY, CAS-BEFORE-RAS (CBR), HIDDEN or BAT­
TERY BACKUP (BBU) REFRESH] so that all 1,024combina­
tions of RAS addresses (AO-A9) are executed at least every 
128ms, regardless of sequence. 

The implied method of choice for refreshing the memory 
card is the BBU cycle. This is a very low current, data 
retention mode made possible by using the CBR REFRESH 
cycle over the extended refresh range (IcC7). 

The memory card may be used with the other refresh 
modes common in standard DRAMs. This allows the 
memory card to be used on existing systems that do not 
utilize the BBU REFRESH cycle. However, the penalty is the 
memory card will draw more current in the STANDBY 
mode. The CBR REFRESH mode is recommended when not 
using the BBU mode. 

DRAM READ AND WRITE CYCLES 
During READ or WRITE cycles, each bit is uniquely 

addressed through the 20 address~its, which are entered 10 
bits (AO -A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data in (D) is latched by the 
falling edge of CAS. WE must fall prior to CAS (EARLY 
WRITE); if WE goes LOW after CAS, the outputs (Q) will be 

MTBD88C132 
REV. 4/92 4-36 

activated and will drive invalid data to the inputs, unless 
LATE-WRITE cycle timing specifications are met. The data 
inputs and data outputs are routed through pins using 
common I/O, and pin direction is controlled by WE. 

FAST PAGE MODE operation allows faster data opera­
tions (READ or WRITE) within a row address (AO-A9) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in ~ RAS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ­
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. Returning RAS and CAS HIGH terminates a 
memory cycle and decreases chip current to a reduced 
standby level. Also, the chip is preconditioned for the next 
cycle during the RAS high time. 

DRAM TIMING 
In accordance with JEDEC standard specifications, all 

inputs to the IC DRAM card are buffered, with the exception 
of RAS inputs. The line drivers used for buffers reduce 
reflections on the card and ensure compatibility in a wide 
range of systems. The implementation of buffers on the card 
may relieve the need for additional host system line 
drivers. Notes 23 though 29 indicate which parameters on 
the IC DRAM card are affected by the line drivers, and to 
what magnitude they are affected. The component DRAM 
timing specifications, rather than those of the IC DRAM 
card (in systems which use both), may cause timing incom­
patibilities. 

All traces on the IC DRAM card (buffered and non­
buffered) are approximately 50 ohms characteristic imped­
ance. Matching impedance on the system board to 50 ohms 
characteristic impedance on traces to the IC DRAM card 
will decrease signal noise to the IC DRAM card, enhancing 
overall system reliability. 

PHYSICAL DESIGN 
The MT8D88C132 is constructed with a molded plastic 

frame and covered with stainless steel panels. Inside, eight 
thin small-outline package (TSOP) DRAMs are mounted on 
an ultrathin printed circuit board. The board is a.ttached to 
a high insertion, 88-pin receptacle connector. The package 
has a polarized key to prevent improper installation, in­
cluding insertion into other types of IC card sockets. The 
MT8D88C132 operates reliably up to 55°C. 

Micron Technology, Inc., reserves the right to change products or speclflcations without notice. 
©1992, Micron TeChnology, Inc. 



MIC:RON MT8D88C132 
1-· ,""",co,",,,, 1 MEG x 32,2 MEG x 16 IC DRAM CARD 

MEMORY TRUTH TABLE 

FUNCTION ~ 

Standby H 

READ L 

EARL V-WRITE L 

READ-WRITE L 

FAST-PAGE-MODE 1st Cycle L 

READ 2nd Cycle L 

FAST-PAGE-MODE 1st Cycle L 

EARL V-WRITE 2nd Cycle L 

FAST-PAGE-MODE 1st Cycle L 

READ-WRITE 2nd Cycle L 

RAS-ONL V REFRESH L 

HIDDEN READ L~H~L 

REFRESH WRITE L~H~L 

CAS-BEFORE-RAS REFRESH H~L 

BATTERV BACKUP REFRESH H~L 

PRESENCE DETECT TRUTH TABLE 

Refresh Control 

x1,4,16,18 
x 1,4, 16, 18 

NOTE: Vss = Ground. 

MT8DaBC132 
REV. 4192 

22 
22 

"CAr 
H~X 

L 

L 

L 

H~L 

H~L 

H~L 

H~L 

H~L 

H~L 

X 

L 

L 

L 

L 

WE 

X 

H 

L 

H~L 

H 

H 

L 

L 

H~L 

H-L 

X 

H 

L 

H 

H 

4-37 

ADDRESSES DATA IN/OUT 

nE IR IC 000-0034 

X X X High-Z 

L(NC) ROW COL Data Out 

X ROW COL Data In 

L~H ROW COL Data Out 

L(NC) ROW COL Data Out 

L(NC) n/a COL Data Out 

X ROW COL Data In 

X n/a COL Data In 

L~H ROW COL Data In 

L~H n/a COL Data In 

X ROW n/a High-Z 

L(NC) ROW COL Data Out 

X ROW COL Data In 

X X X High-Z 

X X X High-Z 

Micron Technology, Inc., reserves the righlto change products or specifIcations without notice. 
©1992, Micron Technology, Inc. 
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MICRON MT8D88C132 
1-· cec""oco,nc 1 MEG x 32, 2 MEG x 16 IC DRAM CARD 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss ...... -O.5V to +S.2SV 
Operating Temperature, T A (Ambient) ......... O°C to +SsoC 
Storage Temperature ..................................... -20°C to +80°C 
Power Dissipation ............................................................ 1SW 
Short Circuit Output Current ...................................... SOmA 
Card Insertions (Connector's Life Cycle) .................. 10,000 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may eause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3,4, 6, 7) (O°C :s: T A :s: 55°C; Vcc = 5V ±5%) 

PARAMETER/CONDITION 
Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT, Any input I Non-buffered 

(OV :s: VIN :s: 5.25V; all other pins not under test = OV) I Buffered 

OUTPUT LEAKAGE CURRENT (0 is disabled; OV :s: VOUT:S: 5.25V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 
STANDBY CURRENT: (TTL) 
(RAS = CAS = VI H) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Other Inputs = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN» 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN» 

REFRESH CURRENT: CAS-BEFORE-RAS (CBR) 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN» 

REFRESH CURRENT: BATTERY BACKUP (BBU) 
Average power supply current during BBU: CAS = 0.2V or CBR 
cycling; RAS = IRAS (MIN) up to 300ns; tRC = 12511S; wr;, AO-A9 
and DO = Vcc -0.2V or 0.2V (DO may be left open) 

MTaD88CI32 
REV. 4192 4-38 

SYMBOL MIN MAX UNITS NOTES 
Vcc 4.75 5.25 V 1 

VIH 3.5 Vcc+0.5 V 1 

VIL -0.5 0.8 V 1 

liN -12 12 f.lA 
liB -2 2 f.lA 
102 -10 10 f.lA 

VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -6 -7 -8 UNITS NOTES 
Icci 16 16 16 mA 

Icc2 1.6 1.6 1.6 mA 

Icc3 840 760 680 mA 3,4,30 

Icc4 600 520 440 mA 3,4,30 

Iccs 840 760 680 mA 3,30 

Icc6 840 760 680 mA 3,5,30 

Icc? 2.4 2.4 2.4 mA 3,5 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
@1992,MlcronTechnology, Inc. 



I'IIICRON MTBDBBC132 
"a , 1 MEG x 32, 2 MEG x 16 IC DRAM CARD 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: CASO, CAS1, CAS2, CAS3, AO-A9, OE CI1 9 pF 2 

Input Capacitance: WE CI2 13 pF 2 

Input Capacitance: RASO, RAS2 CI3 SO pF 2 

InpuVOutput Capacitance: DQ CIO 12 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDEDAC OPERATING CONDITIONS. 
(Notes: 6,7,8,9,10,11,12,13) (O°C::;; TA ::;; SsoC; Vcc = SV ±S%) 

AC CHARACTERISTICS 
PARAMETER 
I'landom READ or WRITE cycle time 
FAST-PAGE-MODE 
READ or WRITE cycle time 
Access time from RAS 
Access time from CAS 
Access time from column address 
Access time from CAS precharge 
"RAS" pulse width 
"RAS" pulse width (FAST PAGE MODE) 
"RAS" hold time 
"RAS" precharge time 
CAS pulse width 
CAS hold time 
:CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address. setup time 
Column address hold time 
Column address hold time 
(referenced to lViS) 
Column address to 
"RAS" lead time 

Read command setup time 
Read command hold time, 
(referenced to CAS) 

Read command hold time 
(referenced to lViS) 
~ to output in Low-Z 
Output buffer turn-off delay 
WE command setup time 

MT8D88C132 
REV. 4192' 

-6 
SYM MIN MAX 
tRC 110 
tpc 40 

tRAC 60 
'CAC 25 
tAA 40 

'CPA 50 
tRAS 60 100,000 

tRASP 60 100,000 
tRSH 25 
tRP 45 

tCAS 15 100,000 
CSH 55 
tCPN 10 
'CP 10 

tRCD 10 35 
tCRP 15 
tASR 10 
tRAH 5 
tRAD 10 20 

tASC 5 
'CAH 15 
tAR 45 

tRAL 40 

tRCS 5 
tRCH 5 

tRRH -5 

tCLZ 5 
tOFF 5 30 
'WCS 5 

4-39 

MIN 
130 
40 

70 
70 
30 
50 
20 
65 
10 
10 
15 
15 
10 
5 
10 

5 
20 
50 

45 

5 
5 

-5 

5 
5 
5 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 23 
45 ns 23 

70 80 ns 14,23 
30 30 ns 15,26 
45 50 ns 26 
50 55 ns 26 

100,00Q 80 100,000 ns 23 
100,000 80 100,000 ns 23 

30 ns 26 
60 ns 23 

100,000 20 100,000 ns 23 
75 ns 25 
10 ns 16,23 
10 ns 23 

40 15 50 ns 17,28 
15 ns 26 
10 ns 26 
5 ns 25 

25 10 30 ns 18,28 

5 ns 24 
20 ns 24 
55 . ns 25 

50 ns 26 

5 ns 25 
5 ns 19,24 

-5 ns 19,25 

5 ns 24 
30 5 30 ns 20,29,35 

5 ns 24 

Micron Technology, 1oC., reserves the right to ChBnQ!l products or specifications without notice. 
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MIC:RON MT8D88C132 
1-· "'"''''.''''''' 1 MEG x 32,2 MEG x 161C DRAM CARD 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS, 
(Notes: 6, 7, 8, 9,10,11,12,13) (O°C:s; TA:S; 55°C; Vee = 5V ±5%) 

AC CHARACTERISTICS 
PARAMETER 
Write command hold time 
Write command hold time 
(referenced to RAS") 
Write command pulse width 
Write command to RAS" lead time 
Write command to CAS lead time 
Data-in setup time 
Data-in hold time 
Data-in hold time (referenced to RAS) 
Transition time (rise or fall) 
Refresh period (1,024 cycles) 
RAS to CAS precharge time 
CAS setup time 
(CAS-BEFORE-1ViS refresh) 

CAS hold time 
(CPS-BEFORE-RAS refresh) 

WE hold time 
(CAS-BEFORE-RAS refresh) 

WE setup time 
(CAS-BEFORE-RAS refresh) 

WE hold time 
(WCBR test cycle) 

WE setup time 
READ-WRITE cycle time 
FAST-PAGE-MODE 
READ-WRITE cycle time 

RAS to WE delay time 
Column Address 
to WE delay time 

CAS to WE delay time 
Output buffer turn-off delay 
Output disable 
OE hold time from WE during 
READ-MODIFY-WRITE cycle 

OE hold time from RAS during 
HIDDEN REFRESH cycle 

MTBD88C132 
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-6 
SYM MIN MAX 

tWCH 15 
tWCR 40 

twp 10 
tRWL 25 
tCWL 20 
tDS 5 
tDH 5 

tDHR 45 
tT 2 15 

tREF 128 
tRPC 10 
tCSR 20 

tCHR 10 

tWRH 5 

twRP 20 

twTH 5 

twTS 20 
tRWC 165 

tpRWC 90 

tRWD 80 
tAWD 65 

tCWD 50 
tOE 25 
too 25 

tOEH 5 

tORD 10 

4-40 

MIN 
20 
50 

15 
30 
25 
5 
10 
55 
2 

10 
20 

10 

5 

20 

5 

20 
185 
95 

90 
70 

65 

10 

10 

-7 -8 
MAX MIN MAX UNITS NOTES 

20 ns 24 

55 ns 25 

15 ns 23 
30 ns 26 
25 ns 24 
5 ns 24,32 
10 ns 25,32 
60 ns 23 

15 2 15 ns 9,10,23 
128 128 ms 

10 ns 26 
20 ns 5,26 

10 ns 5,25 

5 ns 22,25 

20 ns 22,26 

5 ns 22,25 

20 ns 22,26 
205 ns 
100 ns 23 

100 ns 31,27 
75 ns 31,24 

55 ns 31,24 
30 30 ns 20,33,26 
30 30 ns 35,26 

10 ns 34,27 

10 ns 21,26 

Micron Technology, Inc., reserves the right to change p:oducts or specifications witt)out notice. 
©1992, Micron Technology, Inc. 



MICRON MT8D88C132 
1-· 1 MEG x 32, 2 MEG x 16 IC DRAM CARD 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = SV ±lO%,f = 1 MHz. 
3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

S. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of l00J.1S is required after power-up 
followed b~ght RAS refresh cycles (RAS-ONL Y or 
CBR with WEffiGH) before proper device operation 
is assurE!d. The eight RAS cycle wake-up should be 
repeated any time the !REF refrE!sh requirement is 
exceeded. 

8. AC characteristics assume IT = SnS. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition timE!S 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit bE!tween VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

10OpF. 
14. AssumE!S that ~CD < ~CD (MAX). If ~CD is greater 

than the maximum recommended value shown in this 
table, ~C will increase by the amount that ~CD 
exceeds the value shown. 

IS. Assumes that ~eo ~ ~CD (MAX) .. 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed ffiGH for tcPN. 

17. Operation within the ~CD (MAX) limit ensures that 
~C (MAX) can be met. lReo (MAX) is specified as 
a refer!!Ilce point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then aCCE!Sstime is 
controlled exclusively by tcAc. 

18. Operation within the ~D (MAX) limit ensures that 
IRCD (MAX) can be met. ~D (MAX) is specified as 
a reference point only; if ~D is greater than the 
specified ~D (MAX) limit, then access time is 
controlled exclusively by tAA. 

MT8D88C132 
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19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. toFF (MAX) defines the time at which the output 
achieves the open circuit condition. and is not 
referenced to VOH or VOL. 

21. A ffiDDEN REFRESH ma~o be performed after a 
WRITE cycle: In this case, WE = LOW. 

22. twTs and twTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverse of twRP and twRH in the 
CBR refresh cycle. 

23. Timing between the DRAMs and the DRAM card did 
not change with the addition of the line drivers. 

24. A +Sns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

2S. A -Sns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

26. A + IOns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

27. A -IOns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

28. A -Sns (MIN) and a -IOns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

29. A +Sns (MIN) and a + IOns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

30. The maximum cment ratings are based with the 
memory operating or being refreshed in the x32 
mode. The stated maximums may be reduced by one 
half when used in the x16 mode. 

31. twcs, IRwo, tAWO and tcwo are restrictive 
operating parameters in late WRITE, and READ­
MODIFY-WRITE cycles only. If twcs ~ twcs (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If IRwo ~ IRwo (MIN), tAWD;2: tA WO 
(MIN) and tcWD ~ tcWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions is met, the state of data out is 
indeterminate. OE held ffiGH and WE taken LOW 
after CAS goes LOW results in a LATE-WRITE (OE 
controlled) cycle. 

Micron Teahnology. Inc., reearvts the right to change prodUcts or apec/floallone without notice .. 
@1992, Micron Technology. Inc. 
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C::I=ION MT8D88C132 1'111 '" 1 MEG x 32, 2 MEG x 16 Ie DRAM CARD 

NOTES (continued) 
32. These parameters are referenced to CAS leading edge 

in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

33. HOE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY -WRITE operations are not possible. 

34. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both toD and toEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 

MTB088C,,. 
REV.4J92 4-42 

remains LOW and OE is taken back LOW after toEH 
is met. HCAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

35. The DQs open during READ cycles once toD or toFF 
occur. If CAS goes HIGH first, OEbecomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't car.e;" and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 

MIcron Technology. Inc., reeerves the right 10 ohangIiI prodtict8 or specIIk;atIons wIthOut notICa. 
01992, Micron Technology. Inc. 
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MTSD88C132 
REV. 4192 

READCVCLE 

\'---------
tcsH 

teRP tCAS 

AODR COLUMN ROW 

tRCS 

WE ~1~ :Ij/////////////////////////////// VlIIIIIIIIIIIIIIIIIII/; 

tCAG 

~b 
DO t18t :"-------OPEN------~WGVA~UD~D~AT~Aj_--OPEN---

I~ 1---'2'L-
OE ~:~ =TTi7/f;'77";1!j;=~j;T771;1 /;7771;1 /;777//;""'1;/;7T.II/;'770'j;T77/jj;777//;=m=0'j;'7T.0'j;rrr0'j;TT7/j/;=!lJTTT0' /Jl $/$/1//$;1#/;1 II! /////!!II /1'-% 

RAS 
VIH -
Vil _ 

teRP 

CAS VIH -
VIL _ 

ADDR 
V,H 
V,L 

OE ~:~ = 

EARL V-WRITE CVCLE 

'RC 

tRAS 

ICSH 

IRSH 

tRCD teAS 

'AR 

4-43 

ROW 

~ DON'T CARE 

~ UNDEFINED 
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MIC::RON MT8D88C132 
1-· '''''''' '"'' 1 MEG x 32 2 MEG x 16 IC DRAM CARD 

MTB088C132 
REV, 4192 

, 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

tRAS 'RP 
- [If -

ICSH 

IRSH 

_I~ 'RCD tCAS 

=~ } 'AR 
'RAD I I 'RAL'I 

ADDR ~:~ 
l~~l ~II~ I 

=~ ROW ~ COLUMN WI/////////////////////////////////////)!' ROW 

ADDR ~it 

~ I ~ II tRWD ~WL II 
I~II leWD 

~~ IAWD 

-

-
-

-
tCSH 

I~ 

=-' 
'RAD 

I~ tASR ~I 
=40t ROW W/;0 

I -

I 

- Of'EN -

'AA 
tRAC 

I tCAe 

'CLZ- ~ I~~I 
OPEN VALIDDOUT X VALIDD tN OPEN--

'~ ~I ~ 

FAST-PAGE-MODE READ CYCLE 

R-'pc IRSH 

'RP 

tRCD ~AS _'C_P_~ -~-P- ~1r 
tCPN 

} j 
'AR 

~I I~ 'RAL 
14 lAse ~ 'ASe II 'CAH _I 

COLUMN ~ COLUMN W/////;,I COLUMN ROW 

tRCS I 11 It'Rcs -I ILRcs -I·I-'RRH 'RCH- Ii 'RCH- I-I ~ 

wr 'AA 'AA 
tRAG I ~PA 

I~ tOFF I !CAG - --
lCLZ- 1:- ICLZ- 1:-

VALID 

1..:£ ~ too ~ 

4-44 

yo' 'AA 
tePA. 

toFF I tCAG 

- ICLZ- 1:-
VALID r DATA 

--.'2P. 't;,'" 

-
VAliD 

~ 
I~ 

~ 

-'OFF 

!---OPEN-

~ DON'T CARE 

~ UNDEFINED 
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MIC:RON MT8D88C132 
1-· ,,"",,we,,,, 1 MEG X 32,2 MEG X 161C DRAM CARD 

\IlTBD$8C132 
=iEV.4/92 

ADDR ~!~ 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODiFY-WRITE CYCLES) 

--
-

r 
=J 

I' 'ASR 

:7//;X ROW 

--

IRP 

f=L ICSH *IPC/tPRWG tRSH 

tRCD ICAS ~ 'CAS ~ tCAS 

~ ~1 r-- r--
IAR 

II 
IRAD I I~ 'RAL 

tRAH·~1 ~ ~ leAH '""I ~II~I 
COLUMN COLUMN COLUMN ROW lW) 

I I IRWD 11 
I 

lew:ll 
I 

II_IRWL~ 
~ I -- --tcWL t~pll J 'wp--- I 

IAWD 

I~ 

IAA I r--
IRAe I 

'DH---

lOS ..... 1--~Ae-I 
leu __ 11:-
OPEN~ VAU~} VAllO 

;L:D 
toE 

- __ IWp 

'AWD 'AWD 

~ ~ 

~~4 
I IDH_ - I __ tOH 

I tePA 'DS- 1__ I~ 'os--

leAe _I - ~Ae -I -
leLZ - k leLZ - t 

~~OPEN-~~ ~ 
"I(XY~~ DOUT 

J.tOD 
_____ '00 ___ 

toE- -

4-45 

toE - toEH 

~ DON'T CARE 

IJ2§I UNDEFINED 
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MIC:RON c MT8D88C132 
1-· m~"'oc,,,", 1 MEG x 32, 2 MEG x 16 Ie DRAM CARD 

MTBD88C132 
REV. 4192 

~-ONLY REFRESH CYCLE 
(ADDR = AO-A9; WE = DON'T CARE) 

i'iAs ~:t _ ~11-------i\ 
leRP "I~l '--------

CAs ~:t ~-.! '--I 

ADDR ~:t _~ow~b/'$M$,1/,/,1,1/'$,1,1_$,1;)(~--RO-W --

DO ~gr -~-------OPEN---------

DO 

DO 

'CAS"-BEFORE-~ REFRESH CYCLE 
(AO-A9 = DON'T CARE) 

I tRP tRAS _I tRP tRAS 

I 

I~I :---' tePNi,tes" , ~I '~~ ~IJ I f 
OPEN 

'y 

~ ~ ~ 

W////#///I//#////$ 
~ 

W///////////I##///I////I/I/;2 

BATTERY BACKUP REFRESH CYCLE 
(AO-A9 = DON'T CARE) 

1251:!s 

tAP tRAS , tAP tRAS 

l 
~~I~ 

. 

14 tCPN !eSR ~ ~I~ ~I, 
! ~ I , f 

OPEN 

~~I I~~ 
W/I/II/;//II/#I/I/IQ ~1jj1/ 1/ 1/111///1//1//1 1/1/1/1/;% 

4-46 

tZ1 DON'T CARE 

~ UNDEFINED 
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MIC:RON MT8D88C132 
1-· "","0,"","" 1 MEG x 32,2 MEG x 16 IC DRAM CARD 

ADDR ~:~= 

HIDDEN REFRESH CYCLE 21 

(WE = HIGH) 

(READ) 

tRAS 

(REFRESH) 

tRAS 

tCHR 

tOFF 

DO ~:g~ ------- OPEN-------J~~-'----WVA~LlDii[DiA_ATTAA---~ OPEN-

tOE 

OE ~:~ -W#$##ff#####$/##$$#Ml~ 

T80880132 
EV.4192 4-47 

.1 
too 

£i/#/##ffi 
~ DON'T CARE 

~ UNDEFINED 
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UU:::RCN MT8D88C132 
1-· <,,,,"oeco,,", 1 MEG x 32, 2 MEG x 16 IC DRAM CARD 

RESERVED JEDEC, JEIDA and PCMCIA 

MTSD88C132 
REV. 4192 

88-PIN ASSIGNMENT 
(All Possible Combinations) 

Vss 1 ©\1d! 45 Vss 
OQO ©© 46 DQ18 
OQ1 ©© 47 OQ19 
OQ2 ©© 48 DQ20 
OQ3 ©© 49 OQ21 
OQ4 ©© 50 OQ22 
OQ5 7 
OQ6 8 

©© 51 DQ23 

5.0V Vee 9 
©© 52 OQ24 

007 10 
©© 53 OQ25 
©© 54 DQ26 

3.3VVcc 11 ©© 55 OE 
OQB 12 ©© 56 Vss 

AD 13 ©© 57 A1 
A2 14 

5.0V Vee 15 
©© 5B A3 

A4 
©© 59 A5 

16 ©© 60 A7 3.3V Vee 17 ©© 61 A9 
A6 1B ©© 62 A11 
AB 19 ©© Vss 63 

A10 20 ©© A13 64 
A12 21 ©© RAS1 

RASO 
65 

22 ©© CAS2 
CASO 

66 
23 ©© 

CAS1 
67 Vss 

24 ©© CAS3 6B 3.3V Vee 25 ©© RAS3 
RAS2 

69 
26 ©© WE 5.0V Vee 27 

70 
©© 71 PD1 

P02 2B ©© 72 PD3 
P04 29 ©© 
P06 30 ©© 

73 Vss 
74 P05 

DQ36 31 ©© 
0037 32 

75 P07 
©© 76 POB 

OQ17 33 ©© 77 D03B 
OQ9 34 ©© 78 0039 3.3V Vee 35 ©© 79 0035 

0010 36 ©© BO 0027 5.0V Vee 37 ©© 81 D02B 
DQ11 38 ©© 
0012 39 

82 0029 
©© 83 0030 

DQ13 40 ©© 84 0031 
0014 41 ©© 85 0032 
DQ15 42 ©© 86 0033 
OQ16 43 ©© 87 0034 

Vss 44 ©© 88 Vss 

4-48 

MT8D88C132 PIN ASSIGNMENT 
(JEDEC Standard) 

Vss ©© 45 Vss 
OQO ©© 46 OQ18 
OQ1 ©© 47 DQ19 
OQ2 ©© 48 OQ20 
OQ3 ©© 49 0021 
OQ4 ©© 50 0022 
OQ5 
OQ6 B 

©© 51 OQ23 

Vee 9 
©© 52 OQ24 

OQ7 10 
©© 53 0025 
©© 54 NC 

NC 11 ©© 55 OE(Vss) 
NC 12 ©© 56 Vss 
AD 13 ©© 57 A1 
A2 14 

Vee 15 
©© 5B A3 

A4 16 
©© 59 A5 
©© 60 A7 

NC 17 ©© 61 A9 
A6 1B ©© 62 NC 
AB 19 ©© 63 Vss 
NC 20 ©© 64 NC 
NC 21 ©© 65 NC RAsa 22 ©© 66 CAS2 

CASO 23 ©© 67 Vss 
CAS1 24 ©© 68 CAS3 

NC 25 ©© 69 NC 
RAS2 26 ©© 70 WE 

Vee 27 ©© 71 P01 (Vss) 
P02 (NC) 2B ©© 72 P03 (Vss) 

P04 (Vss) 29 ©© 73 Vss 
P06 (TBO) 30 ©© 74 P05 (NC) 

NC 31 ©© 75 P07 (TBO) 
NC 32 ©© 
NC 33 

76 POB (NC) 
©© 77 NC 

009 34 ©© 78 NC 
NC 35 ©© 79 NC 

0010 36 ©© BO 0027 
Vee 37 ©© B1 OQ2B 

0011 38 ©© 82 0029 
0012 39 ©© 
OQ13 40 ©© 

83 oQ30 
84 0031 

OQ14 41 ©© 85 OQ32 
0015 42 ©© 86 0033 
0016 43 ©© 

Vss 44 
87 0034 

©© 88 Vss 

Micron Technology, Inc., reserves the right to change products or specifications without notice 
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UII:::F=lCN MT16D88C232 
1-· '''""''00''" 2 MEG x 32,4 MEG x 16 IC DRAM CARD 

IC DRAM CARD 

FEATURES 
• JEIDA, JEDEC and PCMCIA standard 88-pin IC 

DRAM card 
• Polarized receptacle connector 
• Industry standard DRAM functions and timing 
• High-performance, CMOS silicon-gate process 
• All outputs are fully TTL compatible 
• All inputs buffered except RAS inputs 
• Multiple RAS inputs for x16 or x32 selectability 
• Refresh modes: RA5-0NL Y, CAS-BEFORE-RAS (CBR), 

HIDDEN and BATTERY BACKUP (BBU) 
• FAST PAGE MODE access cycle 
• Single +5V ±5% power supply 
• Low power; 16mW standby, 2.2W active (typical) 
• Extended refresh standard: 1,024 cycles every 128ms 

OPTIONS 
• Timing 

60ns access 
70ns access 
80ns access 

MARKING 

-6 
-7 
-8 

GENERAL DESCRIPTION 
The MT16D88C232 is an 8 megabyte, IC DRAM card 

organized as a 2 Meg x 32 bit memory array. It may also be 
configured as a 4 Meg x 16 bit memory array, provided the 
corresponding DQs on the host system are made common 
and memory bank control procedures are implemented. 
Separate CAS inputs allow byte accesses. 

All inputs to the DRAMs are buffered, with the exception 
of RAS . The line drivers used for buffers reduce reflections 
on the card and ensure compatibility in a wide range of 
systems. At the same time, the line drivers add delays to the 
buffered input timings when compared to standard DRAMs. 

The MT16D88C232 is designed for low power operation 
using 1 Meg x 4 low power, extended refresh DRAMs. 
These devices support BATTERY BACKUP (BBU) cycle 
refresh; a very low current, data retention mode. Standard 
component DRAM refresh modes are supported as well. 

Multiple RAS inputs conserve power by allowing indi­
vidual bank selection. In the x32 organization, the memory 
array may be divided into two banks, each with four 
separate bytes. In the x16 organization, up to four banks, 
each with two separate bytes, may be independently se­
lected. One bank is activated by each RAS selection; the 
others not selected remain in standby mode, drawing mini­
mum power. 

\o1T16D880232 
:tEV.4192 4-49 

8 MEGABYTES 
2 MEG x 32, 4 MEG x 16 

©© 
3 

©© 
4 

©© 
g© 
©© 
©g ©o 
©© 

10 ©g 
11 ©© 
12 ©© 
13 
14 

©© 
15 

©© 
©© 

16 ©© 
17 
18 

©© 
19 

©© 
2<) g© 
21 ©© 
22 ©© 
23 ©© 
24 ©© 
25 ©© 
26 ©© 
27 ©© 
28 ©© 
29 ©© 
30 ©© 
31 ©© 
32 ©© 
33 ©© 
34 ©© 
35 ©© 
36 ©© 
37 ©g 
38 
39 

©© 
40 

©© 
41 

©© 
©© 

42 ©© 
43 ©© 
44 ©© 

PIN ASSIGNMENT (End View) 
88-Pin Card (U-1) 

45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 

~. 
/ ~ f~ 

~:Y 
~/ 

PIN# SYMBOL PIN # SYMBOL PIN. 
1 Vss 31 NC 61 
2 000 32 NC 62 
3 001 33 NC 63 
4 002 34 009 64 
5 003 35 NC 65 
6 004 36 0010 66 
7 005 37 Vee 67 
8 006 38 0011 68 
9 Vee 39 0012 69 
10 007 40 0013 70 
11 NC 41 0014 71 
12 NC 42 0015 72 
13 AO 43 0016 73 
14 A2 44 Vss 74 
15 Vee 45 Vss 75 
16 A4 46 0018 76 
17 NC 47 0019 77 
18 A6 48 0020 78 
19 A8 49 0021 79 
20 NC 50 0022 80 
21 NC 51 0023 81 
22 RJ\SO 52 0024 82 
23 CASlJ 53 0025 83 
24 C7iS1 54 NC 84 
25 NC 55 ar(vss) 85 
26 Tii'iS2 56 Vss 86 
27 Vee 57 A1 87 
28 P02 (NC) 58 A3 88 
29 P04 (Vss) 59 A5 
30 P06 (TBO) 60 A7 

SYMBOL 
A9 
NC 
Vss 
NC 

RASf 
"CAS2 
Vss 
~ 
RAS3"" 

WE 
P01 (Vss) 
P03 (Vss) 

Vss 
P05 (Vss) 
P07 (T80) 
P08 (NC) 

NC 
NC 
NC 

0027 
0028 
0029 
0030 
0031 
0032 
OQ33 
0034 
Vss 

Eight presence detect pins may be read by the host to 
identify the MT16D88C232 organization, number of banks, 
access time and refresh mode. These extensive presence 
detect functions allow systems to utilize the advanced 
power-saving features. 

The MT16D88C232 is built with a plastic frame covered 
by stainless steel panels. This package, containing an 88-pin 
receptacle connector, is keyed to prevent improper installa-

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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I'IIIC: 1=10 N MT16D88C232 
'''''' '" 2 MEG x 32, 4 MEG x 16 IC DRAM CARD 

FUNCTIONAL BLOCK DIAGRAM 

RAS3 ----~~----------------4r----~~ 
CAS3 ----~~------------~--1_----~ 

DE --~~~--------~+_~--1_----~ 

WE - __ -li)----+-<~___1H_l 

RAS1 ----~~--~~~~------~----~ 
CAS1 ----~D~--iB--+_+---~--+_--~ 

RAsa ---------

AO-A9 

0034 .... : 
0027 

· • • 
009 

NOTE: 1. D = 74AC11244 line drivers. 

MT16D88C232 
REV. 4192 

2. B1 through B8 = 1 Meg x 8 memory blocks. 
3. OE is internally connected to ground via a 300 Kohm resistor and is also buffered to DRAM. 

4-50 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MICRON MT16D88C232 
1-· , "" ,n 2 MEG x 32 4 MEG x 161C DRAM CARD 

PIN DESCRIPTIONS 

PIN NUMBERS 
22,26,65,69 

23,24,66,68 

70 

55 

13,57,14,58,16,59, 
18,60,19,61 

2-8, 10,34,36, 
38-43, 46-53, 

80-87 

71, 28, 72, 29, 
74,30,75,76 

11,12,17,20,21,25, 
31,32,33,35,54, 
62.64,77,78,79 

MT16088C232 
REV. 4192 

9,15,27,37 

1, 44, 45, 56, 
63,67,73,88 

SYMBOL 

RASO-3 

CASO-3 

WE 

OE 

AO-A9 

DOO-D034 

PD1-PD8 

NC 

Vcc 

Vss 

TYPE 

Input 

Input 

Input 

Input 

Input 

InpuV 
Output 

-

-

Supply 

Supply 

, 

DESCRIPTION 

Row Address Strobe: RAS is used 10 clock-in the 10 row-
address bits. Four RAS inputs allow for two x32 banks or 
four x16 banks. 

Column Address Strobe: CAS is used to clock-in the 10 
column-address bits, enable the DRAM output buffers, 
and strobe the data inputs on WRITE cycles. Four CAS 
inputs allow byte access control for any memory bank 
configuration. 

Write Enable: WE is the READIWRITE control for the DO 
pins. If WE is LOW prior to CAS going LOW, the access 
is an EARLY-WRITE cycle. If WE is HIGH while CAS is 
LOW, the access is a READ cycle, provided OE is also 
LOW. If WE goes LOW after CAS goes LOW, then the 
cycle is a LATE-WRITE cycle. A LATE-WRITE cycle is 
generally used in conjuction with a READ cycle to form a 
READ-MODIFY-WRITE cycle. 

Output Enable: DE is the inpuVoutpul control for the DO 
pins. OE is connected to ground through a 300 Kohm 
resistor and is intended to be LOW allowing for EARL Y-
WRITE cycles only. This signal may be driven, allowing 
for LATE-WRITE cycles. 

Address Inputs: These inputs are multiplexed 
and clocked by RAS and CAS. 
Data 1/0: For WRITE cycles, DOO-D034 act as 
inputs to the addressed DRAM location. BYTE 
WRITEs may be performed by using the corresponding 
CAS select. For READ access cycles, DOO-D034 act as 
outputs for the addressed DRAM location. 

Presence Detect: These pins are read by the 
host system and tell the system the card's personality. 
They will be either left floating (NC) or they will be 
grounded (Vss). 

No Connect: These pins should be left 
unconnected (reserved for future use). 

Power Supply: +5V ±5% 

Ground 

4-51 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT16D88C232 
1-· "'""OCoo"" 2 MEG x 32, 4 MEG x 16 IC DRAM CARD 

FUNCTIONAL DESCRIPTION 
The MT16D88C232 is an 8 megabyte memory card struc­

tured as a 2 Meg x 32 bit memory array (RASO = RAS2, 
RAS! = RAS3).1t also may be configured as a 4 Meg x 16 bit 
memory array provided the corresponding DQs on the host 
are connected and memory bank control procedures are 
implemented by interleaving all four RAS lines. 

Most x32 bit applications use the same signal to control 
the CAS inputs. RASO and RAS1 control the lower 16 bits, 
and RAS2 and RAS3 control the upper 16 bits to obtain a 
x32 memory array. For x16 applications, the corresponding 
DQs and the corresponding CAS pins must be connected 
together (DQO to DQ18, DQ1 to DQ19 and so forth, and 
CASO to CAS2 and CAS1 to CAS3 ). Each RAS is then a bank 
select for the 4 Meg x 16 memory organization. 

DRAM OPERATION 

DRAM REFRESH 
Memory cell data is retained in its correct state by main­

tainingpower and executing any RAS cycle [READ, WRITE,. 
RAS-ONL Y, CAS-BEFORE-RAS (CBR), HIDDEN 9r BAT­
TERy BACKUP (BBU) REFRESH] so that all 1,024 combina­
tions of RAS addresses (AO-A9) are executed at least every 
128ms, regardless of sequence. 

The implied method of choice for refreshing the memory 
card is the BBU cycle. This is a very low current, data 
retention mode made possible by using the CBR REFRESH 
cycle over the extended refresh range (IcC7). 

The memory card may be used with the other refresh 
modes common in standard DRAMs. This allows the 
memory card to be used on existing systems that do not 
utilize the BBU REFRESH cycle. However, the memory 
card will draw more current in the STANDBY mode. The 
CBR REFRESH mode is recommended when not using the 
BBUmode. 

DRAM READ AND WRITE CYCLES 
During READ or WRITE cycles, each bit is uniquely 

addressed through the 20 address bits, which are entered 10 
bits (AO-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data in (D) is latched by the 
falling edge of CAS. WE must fall prior to CAS (EARLY 
WRITE); if WE goes LOW after CAS, the outputs (Q) will be 

MT16D88C232 
REV. 4/92 4-52 

activated and will drive invalid data to the inputs, unless 
LATE-WRITE cycle timing specifications are met. The data 
inputs and data outputs are routed through pins using 
common I/O, and pin direction is controlled by WE. 

FAST PAGE MODE operation allows faster data opera­
tions (READ or WRITE) within a row address (AO-A9) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in~RAS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ­
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. Returning RAS and CAS HIGH terminates a 
memory cycle and decreases chip current to a reduced 
standby leveL Also, the chip is preconditioned for the next 
cycle during the RAS high time. 

DRAM TIMING 
In accordance with JEDEC standard specifications, all 

inputs to the IC DRAM card are buffered, with the exception 
of RAS inputs. The line drivers used for buffers reduce 
reflections on the card and ensure compatibility in a wide 
range of systems. The implementation of buffers on the card 
may relieve the need for additional host system line 
drivers. Notes 23 though 29 indicate which parameters on 
the IC DRAM card are affected by the line drivers, and to 
what magnitude they are affected. The component DRAM 
timing specifications, rather than those of the IC DRAM 
card (in systems that use both), may cause timing incompat­
ibilities. 

All traces on the IC DRAM card (buffered and non­
buffered) are approximately 50 ohms characteristic imped­
ance. Matching impedance on the system board to 50 ohms 
characteristic impedance on traces to the IC DRAM card 
will decrease signal noise to the IC DRAM card, enhancing 
overall system reliability. 

PHYSICAL DESIGN 
The MT16D88C232 is constructed with a molded plastic 

frame and covered with stainless steel panels. Inside, 16 thin 
small-outline package (TSOP) DRAMs are mounted on 
both sides of an ultrathin printed circuit board. The board 
is attached to a high insertion, 88-pin receptacle connector. 
The package has a polarized key to prevent improper 
installation, including insertion into other types of IC card 
sockets. The MT16D88C232 operates reliably up to 55°C. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 



MIC:RON MT16D88C232 
1-· "'""CO"""' 2 MEG X 32\ 4 MEG x 16 IC DRAM CARD 

MEMORY TRUTH TABLE 

FUNCTION ~ 

Standby H 

READ L 

EARLY-WRITE L 

READ-WRITE L 

FAST-PAGE-MODE 1st Cycle L 

READ 2nd Cycle L 

FAST-PAGE-MODE 1st Cycle L 

EARLY-WRITE 2nd Cycle L 

FAST-PAGE-MODE 1st Cycle L 

READ-WRITE 2nd Cycle L 

RAS-ONL Y REFRESH L 

HIDDEN READ L~H-+L 

REFRESH WRITE L~H~L 

CAS-BEFORE-RAS REFRESH H-->L 

BATTERY BACKUP REFRESH H~L 

PRESENCE DETECT TRUTH TABLE 

Refresh Control 

x1,4,16,18 
x 1, 4, 16, 18 

"OTE: Vss = Ground. 

IT16D86C232 
EV'.4192 

CAS 

H~X 

L 

L 

L 

H~L 

H~L 

H~L 

H~L 

H~L 

H-->L 

X 

L 

L 

L 

L 

WE 

X 

H 

L 

H~L 

H 

H 

L 

L 

H~L 

H-+L 

X 

H 

L 

H 

H 

4-53 

ADDRESSES DATA IN/OUT 

DE IR IC 000-0034 

X X X High-Z 

L (NC) ROW COL Data Out 

X ROW COL Data In 

L~H ROW COL Data Out 

L (NC) ROW COL Data Out 

L (NC) n/a COL Data Out 

X ROW COL Data In 

X n/a COL Data In 

L~H ROW COL Data In 

L-H n/a COL Data In 

X ROW n/a High-Z 

L (NC) ROW COL Data Out 

X ROW COL Data In 

X X X High-Z 

X X X High-Z 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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MICRON MT16D88C232 
1-· '"'''' '" '" 2 MEG x 32, 4 MEG x 161C DRAM CARD 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss ...... -O.5V to +S.2SV 
Operating Temperature T A (Ambient) ............. O°C to SsoC 
Storage Temperature ..................................... -20°C to +80°C 
Power Dissipation ............................................................ lSW 
Short Circuit Output Current ...................................... SOmA 
Card Insertions (Connector's Life Cycle) .................. 10,000 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C ~ T A ~ 55°C; Vcc = 5V ±5%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT, Any input I Non-buffered 

(OV ~ VIN ~. 5.25V; all other pins not under test = OV) I Buffered 

OUTPUT LEAKAGE CURRENT (0 is disabled; OV ~ VOUT ~ 5.25V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 
STANDBY CURRENT: (TTL) 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Other Inputs = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS (CBR) 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

REFRESH CURRENT: BATTERY BACKUP (BBU) 
Average power supply current during BBU: CAS = 0.2V or CBR 
cycling; RAS = IRAS (MIN) up to 300ns; 'RC = 1251ls; WE, AO-A9 
and DO = Vcc -0.2V or 0.2V (DO may be left open) 

MT16D88C232 
REV. 4192 4-54 

SYMBOL MIN MAX UNITS NOTES 

Vcc 4.75 5.25 V 1 

VIH 3.5 Vcc+0.5 V 1 

VIL -0.5 0.8 V 1 

liN -12 12 j.tA 

lis -2 2 j.tA 

loz -10 10 j.tA 

VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -6 -7 -8 UNITS NOTES 
Icct 32 32 32 mA 

Icc2 3.2 3.2 3.2 mA 

ICC3 840 760 680 mA 3,4,30 

Icc4 600 520 440 mA 3,4,30 

Icc5 840 760 680 mA 3,30 

Icc6 840 760 680 mA 3,5,30 

Icc? 4.8 4.8 4.8 mA 3,5 

Micron Technology, Inc., reserves the right to change products or specifications without notiCE 
©1992, Micron Technology, Inc 



MIC:RON MT16D88C232 
1-· ",,",coen, 2 MEG x 32, 4 MEG x 16 IC DRAM CARD 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: CASO, CAS1, CAS2, CAS3, AO-A9, OE CI1 9 pF 2 

Input Capacitance: WE CI2 13 pF 2 

Input Capacitance: RASO, RAS1, RAS2, RAS3 CI3 SO pF 2 

Input/Output Capacitance: DO CIO 20 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C ::; T A::; SsoC; Vcc = SV ±S%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
FAST-PAGE-MODE 
READ or WRITE cycle time 

Access time from RAS 
Access time from CAS 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 
Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 
Output buffer turn-off delay 
WE command setup time 

MT16D88C232 
REV. 4/92 

-6 
SYM MIN 
tRC 110 
tpc 40 

tRAC 
tCAC 
tAA 

tCPA 
tRAS 60 

tRASP 60 
tRSH 25 
tRP 45 

tCAS 15 
tCSH 55 
tCPN 10 
tcp 10 

tRCD 10 
tCRP 15 
tASR 10 
tRAH 5 
tRAD 10 

tASC 5 
tCAH 15 
tAR 45 

tRAl 40 

tRCS 5 
tRCH 5 

tRRH -5 

tClZ 5 
tOFF 5 
twcs 5 

MAX MIN 
130 
40 

60 
25 
40 
50 

100,000 70 
100,000 70 

30 
50 

100,000 20 
65 
10 
10 

35 15 
15 
10 
5 

20 10 

5 
20 
50 

45 

5 
5 

-5 

5 
30 5 

5 

4-55 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 23 
45 ns 23 

70 80 ns 14,23 
30 30 ns 15,26 
45 50 ns 26 
50 55 ns 26 

100,000 80 100,000 ns 23 
100,000 80 100,000 ns 23 

30 ns 26 
60 ns 23 

100,000 20 100,000 ns 23 
75 ns 25 
10 ns 16,23 
10 ns 23 

40 15 50 ns 17,28 
15 ns 26 
10 ns 26 
5 ns 25 

25 10 30 ns 18,28 

5 ns 24 
20 ns 24 
55 ns. 25 

50 ns 26 

5 ns 25 
5 ns 19,24 

-5 ns 19,25 

5 ns 24 
30 5 30 ns 20,29,35 

5 ns 24 

Micron Technology, Inc .. reserves the right to change products or specifications without notice. 
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MIC:RON MT16D88C232 
1-· "'""ow,n, 2 MEG x 32, 4 MEG x 16 IC DRAM CARD 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C ::; TA ::; 55°C; Vee = 5V ±5%) 

AC CHARACTERISTICS 
PARAMETER 
Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time (referenced to -RAS) 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

t!AS to CAS precharge time 

"CAS setup time 
(CAS-BEFORE-RAS refresh) 

"CAS hold time 
(CAS-BEFORE-t!AS refresh) 

WE hold time 
(CAS-BEFORE-t!AS refresh) 

WE setup time 
("CAS-BEFORE-t!AS refresh) 

WE hold time 
(WCBR test cycle) 

WE setup time 

READ-WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

1iAS to WE delay time 

Column Address 
to WE delay time 

CAS to WE delay time 

Output buffer turn-off delay 

Output disable 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

OE hold time from RAS during 
HIDDEN REFRESH cycle 

MT16DaBC232 
REV. 4192 

-6 
SYM MIN MAX 

tWCH 15 
¥lCR 40 

twp 10 
tRWL 25 
tCWL 20 
tDS 5 
tDH 5 

tDHR 45 
tT 2 15 

tREF 128 
tRPC 10 
tCSR 20 

tCHR 10 

tWRH 5 

tWRP 20 

tWTH 5 

tWTS 20 
tRWC 165 

tpRWC 90 

tRWD 80 
tAWD 65 

tCWD 50 
tOE 25 
tOD 25 

tOEH 5 

toRD 10 

4-56 

MIN 
20 
50 

15 
30 
25 
5 
10 
55 
2 

10 
20 

10 

5 

20 

5 

20 
185 
95 

90 
70 

65 

10 

10 

-7 -8 
MAX MIN MAX UNITS NOTES 

20 ns 24 
55 ns 25 

15 ns 23 
30 ns 26 
25 ns 24 
5 ns 24,32 
10 ns 25,32 
60 ns 23 

15 2 15 ns 9,10,23 
128 128 ms 

10 ns 26 
20 ns 5,26 

10 ns 5,25 

5 ns 22,25 

20 ns 22,26 

5 ns 22, 25 

20 ns 22,26 
205 ns 

100 ns 23 

100 ns 31,27 
75 ns 31,24 

55 ns 31,24 
30 30 ns 20,33,26 
30 30 ns 35,26 

10 ns 34,27 

10 ns 21,26 

Micron Technology, Inc., reselVes the right 10 change produL1s or specifications without notice. 
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MIC:RON MT16D88C232 
1-· ,C'C''''''''' 2 MEG x 32 4 MEG x 16 IC DRAM CARD 

NOTES 
1. All voltages referenced to Vss. 
2. This par!lIneter is sampled. Vee = SV ±10%,f = 1 MHz. 
3. Ice is dependent on cycle rates. 
4. Ice is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

S. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lOOIlS is required after power-up 
followed b~ght RAS refresh cycles (RAS-ONL Y or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the lREF refresh requirement is 
exceeded. 

8. AC characteristics assume IT = Sns. 
9. Vm (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between Vm and VIL (or between VIL 
and Vm). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between Vm and 
VIL (or between VIL and Vm) in a monotonic manner. 

11. If CAS = Vm, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

100pF. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

IS. Assumes that IRCD ~ IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by !CAe. 

18. Operation within the IRAD (MAX) limit ensures that 
IRCD (MAX) can be met. lRAD (MAX) is specified as 
a reference point only; if lRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by IAA. 

MT16088C232 
REV.4!92 4-57 

, 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. 10FF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

22. twTS and twTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverse of twRP and twRH in the 
CBR refresh cycle. 

23. Timing between the DRAMs and the DRAM card did 
not change with the addition of the line drivers. 

24. A +Sns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

2S. A -Sns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

26. A + IOns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

27. A -IOns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

28. A -Sns (MIN) and a -IOns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

29. A +Sns (MIN) and a +10ns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

30. The maximum current ratings are based on one of the 
two banks operating or being refreshed (x32 mode). 
The stated maximums may be reduced by one half 
when used in the x16 mode. Standby currents of the 
non,active bank are not included. 

31. twcs, IRWD, IA WD and ICWD are restrictive 
operating parameters in late WRITE, and READ­
MODIFY-WRITE cycles only. If twcs ~ twcs (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If IRWD ~ IRWD (MIN), IA WD ~ IA WD 
(MIN) and ICWD ~ ICWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions is met, the state of data out is 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE-WRITE (OE 
controlled) cycle. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MICRON MT16D88C232 
1-· ,"""'0",'" 2 MEG x 32, 4 MEG x 161C DRAM CARD 

NOTES (continued) 
32. These parameters are referenced to CAS leading edge 

in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODlFY-WRlTE cycles. 

33. HOE is tied permanently LOW, LATE-WRlTE or 
READ-MODIFY-WRITE operations are not possible. 

34. LATE-WRlTE and READ-MODlFY-WRlTE cycles 
must have both tOD and tOEH met (OE HIGH during 
WRlTE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 

MT16088C232 
REV. 4192 4-58 

remains LOW and OE is taken back LOW after tOEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

35. The DQs open during READ cycles once taD or tOFF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 

Micron Technology, Inc., reserves the right 10 change products or specifiCations Without notice. 
©1992, Micron Technology, Inc. 



MICI=ION MT16D88C232 
1-· < 2 MEG x 32,4 MEG x 16 IC DRAM CARD 

MT16088C232· 
BEV.4192 

ADDR 

DO 

liAS V,H 
Vil 

CAS V,H 
V,L 

ADOA VIH 
~IL 
~\-

OQvioH 
VKlL 

READ CYCLE 

'AAS ,"P 

teSH 

,"AH 

teAP 

EARLY-WRITE CYCLE 

'AAS 'AP 

- --'C 
):'" "\ 

teSH , 
lASH 

teRP 'Reo teAS 

J 
'AR 

'RAIl 'RAL 

~'~ I~ -rrrn'~' ~ 
::I'J/.7,.1t ROW ."~a COlUMN AOW' 

.", 
tewe JJ "': tRwl 

" 'WeR 

\- .'". twcor" 'We':' 

twp 
0 

,: ~ 
tOHR 

; E= "~ ~ ===:J 
f VAl..IDDATA 

-

4-59 

1$//////////////////// //////////////M 

f7J DON'T CARE 

Il8SI UNDEFINED 
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MIC:RON MT16D88C232 
1-· '''"<'"00'''' 2 MEG x 32, 4 MEG x 16 IC DRAM CARD 

MTi6DseC232 
REV. 4192 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

Rwe 
tRAS 'RP 

- k* -
ICSH 

lASH 

!~ tRCD leAS 

-
~ -

'AR 

I 'RAD I I IRAL 

ADDR ~:~ 
I~ ~I ~r I~I I 

Y//,@t ROW ~ COLUMN W////////////////////////////////////!?i( ROW 

I 

I I IRWD 

~ I~' 1 tcWD .:~~-~ • 'Awe 

I. 'M 

I tRAC 

I ~Ae 
tClZ- ~ . I~~I 

-
OPEN VALID DOUT K VALID DIN OPEN----

I~ 
~I ~ 

FAST-PAGE-MODE READ CYCLE 

I ___________ ~'R~~~P ___________ I~ 

_ VIH -----, 

RAS VIL - 1}-------:-'e-sH-------:-,pe---------:-'R-SH----'t1 

~ tACO 

ADDR ~:r-

DO ~:gt -:----OPEN----I!2~~}--___1~C~@~if'R)_-:--~~{]~ 

OE ~:r :l1,I/#/#M$"###I,I$$#$ml~ );;#/$d~ ~$##&l~ ~I,I##$///$& 

4-60 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products Of specifications without notice. 
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MICRON MT16D88C232 
1-· ,wmoeoc, ,'>, 2 MEG x 32, 4 MEG x 16 IC DRAM CARD 

MT16D88C232 
REV. 4/92 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

tCSH 

~ 1_' __ -----"'R=co_1 

DE ~:~ $111##/1/#///###//#$//$/#$#/111/111/#/#//#$//#//$111111#/#/111/###/$#/#//1//111/$/// 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

~ DON'T CARE 

~ UNDEFINED 

4-61 Micron Technology, Inc., reserves the righlto change products or specifications Without notice. 
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MIC:RON MT16D88C232 
1-· "'""CO,"" 2 MEG x 32 4 MEG x 161C DRAM CARD 

MT16DaaC232 
REV. 4/92 

CAs ~rr­:--' 

, 

RAS"-ONL Y REFRESH CYCLE 
(ADDR = AO-A9; WE = DON'T CARE) 

'RC 
tRAS 'RP 

ICRP ~ 
"------I 

'ASR tRAH 

ADDR ~:~ =atr---RO-W --,bffff.!W#///;/;//;//;/M#/$/;W;/h<~--RO-W --

DO 

DO 

DO ~gr -c----------- OPEN---------

---I 
~ 

I~ 
:-./ 

CAS-BEFORE-RAS" REFRESH CYCLE 
(AO-A9 = DON'T CARE) 

'RP . tRAS 'AP tRAS 

'I' 
j 

~ ~I I~ ~I, I ! 
OPEN 

l 

~ ~ ~ ~ 

~/;/#///#ij#//II/II#/#/~ 

BATTERY BACKUP REFRESH CYCLE 
(AO-A9 = DON'T CARE) 

125~s 

'AP tRAS 'AP tRAS . , . . , I 

Y 
---I IAPC:I 

I_:'ep~ I~ ~1 --IAPi- 'eSA ~I 
! I 

OPEN 

~ ~ 

4-62 
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fZ:1 DON'T CARE 

~ UNDEFINED 
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MIC:RON MT16D88C232 
1-· ",,,,,m,,, '" 2 MEG x 32, 4 MEG x 16 IC DRAM CARD 

MT16D88C232 
REV. 4192 

ADDR 

HIDDEN REFRESH CYCLE 21 

(WE = HIGH) 

(READ) 

'RAS 

(REFRESH) 

tRAS 

'oFF 

DO ~:g~ - OPEN------1~~=:===V~A~LlD~D~AT~A===~ 

OE ~:~ -iJ$j'j'#//j'//j'j'j'&///#//$j'j'd~..1 
OPEN-

4-63 

'DO 

_/////UM 
~ DON'T CARE 

~ UNDEFINED 
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MU:::RON MT16D88C232 
1-· >c """""" 2 MEG x 32, 4 MEG x 16 IC DRAM CARD 

RESERVED JEDEC, JEIDA and PCMCIA 

MT16D88C232 
REV. 4/92 

88-PIN ASSIGNMENT 
(All Possible Combinations) 

Vss ©"<§> 
000 

45 Vss 
@@ 46 OQ18 

DO' @@ 47 00'9 002 @@ 48 0020 
003 @@ 49 002' 004 @@ 
005 

50 0022 

DOS 
@@ 51 0023 

5.0VVcc 
@@ 52 D024 
@@ 53 0025 

007 '0 @@ 54 0026 3.3V Vee 11 @@ 55 OE 008 '2 
AO 13 

@@ 56 Vss 

A2 '4 
@@ 57 Al 
@@ 58 A3 5.0V Vee 15 @@ 59 A5 

A4 16 @@ 60 A7 3.3V Vee 17 @@ 61 A9 
A6 18 @@ 62 All 
A8 19 @@ 63 Vss A,O 20 @@ 64 A'3 A12 21 @ 65 RASl 

RASO 22 @@ 
66 CAS2 

CASO 23 @@ 
67 Vss 

CAS1 24 @@ 
68 CAS3 

3.3VVcc 25 @@ 
69 RAS3 

RAS2 26 @@ 
70 WE S.OV Vee 27 @@ 
71 POl 

PD2 28 @@ 
72 PD3 

PD4 29 @@ 
@@ 73 Vss 

PD6 30 
74 PD5 

0036 3' @@ 
0037 32 @@ 75 PD7 

76 PD8 
0017 33 @@ 

DOS 34 @@ 77 0038 

3.3VVcc 35 @@ 78 0039 

0010 36 @@ 79 0035 

5.0VVcc 37 @@ 80 0027 

0011 38 @@ 81 0028 

0012 39 @@ 82 0029 

00'3 40 @@ 83 OQ30 

0014 41 @@ 84 003' 

0015 42 @@ 85 0032 

00'6 43 @@ 86 0033 

Vss 44 @@ 87 0034 

@ 88 Vss 

4-64 

MT16D88C232 PIN ASSIGNMENT 
(JEDEC Standard) 

Vss 1 @@ 45 Vss 
DOD @@ 46 0018 
DO' g@ 47 0019 
002 

48 0020 
003 @@ 

@@ 49 0021 
DO. 
005 @ 50 D022 

006 
@@ 5' 0023 

Vee 9 
@@ 52 0024 

007 10 
@@ 53 0025 
@@ 54 NC 

NC 11 @@ 55 OE(Vss) 
NC 12 
AO '3 

@@ 56 Vss 

A2 14 
@@ 57 Al 

g@ 58 A3 
Vee '5 g@ 59 A5 
A4 16 

@@ 60 A7 
NC 17 

61 A9 
A6 '8 @@ 

62 NC 
A8 19 @@ 

63 Vss 
NC 20 @@ 

64 NC 
NC 21 @@ 

65 i'iAS1 
RASO 22 @ 

@@ 66 CAS2 
CASO 23 @@ 67 Vss 
CAS' 24 @@ 68 CAS3 

NC 25 @@ 69 RAS3 
RAS2 26 @@ 70 WE 

Vee 27 @@ 71 PO' (Vss) 
PD2 (NC) 28 @@ 72 PD3 (Vss) 
PD4 (Vss) 29 @@ 73 Vss 

PD6 (TBD) 30 @@ 74 PD5 (Vss) 
NC 31 @@ 
NC 32 

75 PD7 (TBD) 
@@ 76 PD8(NC) 

NC 33 @@ 
009 34 

77 NC 

NC 35 
@@ 78 NC 

0010 36 
@@ 79 NC 

Vee 37 
@@ 80 0027 

0011 38 
@@ 81 0028 

0012 39 
@@ 82 0029 

0013 40 
@@ 83 0030 

0014 41 
@@ 84 0031 

00'5 42 
@@ 85 0032 

0016 43 
@@ 86 0033 

Vss 44 
@@ 87 OQ34 
@@ 88 Vss 

Micron Technology, inc., r9stIIV9S the right to change products or specifications without notice. 
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MICRON MT12D88C25636 
1-· ,,,,"oeocn, 256K x 36, 512K x 18 IC DRAM CARD 

IC DRAM CARD 

FEATURES 
• JEIDA, JEDEC and PCMCIA standard 88-pin IC 

DRAM card 
• Polarized receptacle connector 
• Industry standard DRAM functions and timing 
• High-performance, CMOS silicon-gate process 
• All outputs are fully TTL compatible 
• All inputs buffered except RAS inputs 
• Multiple RAS inputs for x18 or x36 selectability 
• Refresh modes: RAS-ONL y, CAS-BEFORE-RAS (CBR), 

HIDDEN and BATTERY BACKUP (BBU) 
• FAST PAGE MODE access cycle 
• Single +5V ±5% power supply 
• Low power; 12mW standby, 2.7W active (typical) 
• Extended refresh standard: 512 cycles every 64ms 

OPTIONS 
• Timing 

60ns access 
70ns access 
80ns access 

MARKING 

-6 
-7 
-8 

GENERAL DESCRIPTION 
The MT12D88C25636 is a 1 megabyte,IC DRAM card 

organized as a 256K x 36 bit memory array. It may also be 
configured as a 512K x 18 bit memory array, provided the 
corresponding DQs on the host system are made common 
and memory bank control procedures are implemented. 
Separate CAS inputs allow byte accesses. 

All inputs to the DRAMs are buffered, with the exception 
of RAS. The line drivers used for buffers reduce reflections 
on the card and ensure compatibility in a wide range of 
systems. At the same time, the line drivers add delays to the 
buffered input timings when compared to standard DRAMs. 

The MT12D88C25636 is aesigned for low power opera­
tion using 256K x 4 low power, extended refre.sh DRAMs. 
These devices support BATTERY BACKUP (BBU) cycle 
refresh; a very low current, data retention mode. Standard 
component DRAM refresh modes are supported as well. 

Multiple RAS inputs conserve power by allowing indi­
vidual bank selection. In the x36 organization, the memory 
is a single array that may be divided into four separate bytes. 
In the x18 organization, up to two banks, each with two 
separate bytes, may be independently selected. One bank is 
activated by each RAS selection; the others not selected 
remain in standby mode, drawing minimum power. 

MT12D88C25636 
REV. 4192 

1·MEGABYTE 
256K x 36, 512K x 18 

PIN# SYMBOL PIN# SYMBOL PIN# SYMBOL 
1 Vss 31 NC 61 NC 
2 DOO 32 NC 62 NC 
3 D01 33 D017 63 Vss 
4 D02 34 D09 64 NC 
5 003 35 NC 65 NC 
6 D04 36 0010 66 CAS2 
7 D05 37 Vee 67 Vss 
8 006 38 0011 68 "Cl\S3 
9 Vee 39 0012 69 NC 
10 007 40 0013 70 WE 
11 NC 41 0014 71 POi (Vss) 
12 008 42 0015 72 PD3 (Vss) 
13 AO 43 0016 73 Vss 
14 A2 44 Vss 74 P05 (NC) 
15 Vee 45 Vss 75 P07 (TSD) 
16 A4 46 0018 76 PD8 (NC) 
17 NC 47 0019 77 NC 
18 A6 48 0020 78 NC 
19 A8 49 0021 79 0035 
20 NC 50 0022 80 0027 
21 NC 51 0023 81 0028 
22 RASa 52 0024 82 0029 
23 "CASO 53 0025 83 0030 
24 "CASf 54 0026 84 0031 
25 NC 55 NC 85 OQ32 
26 RAS2 56 Vss 86 0033 
27 Vee 57 Ai 87 D034 
28 PD2 (Vss) 58 A3 88 Vss 
29 PD4 (Vss) 59 A5 
30 POHTBO) 60 A7 

Eight presence detect pins may be read by the host to 
identify the MT12D88C25636 organization, number of 
banks, access time and refresh mode. These extensive pres­
ence detect functions allow systems to utilize the advanced 
power-saving features. 

The MT12D88C25636 is built with a plastic frame covered 
by stainless steel panels. This package, containing an 88-pin 
receptacle connector, is keyed to prevent improper installa­
tion or insertion into other types of IC card sockets. 

Micron Technology, Inc., reserves the right to change prodwcls or specifications without notice. 
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MIC::RON MT12D88C25636 
1-· nn"'o,,,, 256K x 36, 512K x 18 IC DRAM CARD 

FUNCTIONAL BLOCK DIAGRAM 

CAS3 

WE 

RAS2 

CAS2 

CAS1 

RASO 
CASO 

AO-AS 

NOTE: 1. 0 = 74AC11244 line drivers. 

MT12D88C25636 
AEV.4!92 

2. 81 through 84 = 256K x 9 memory blocks. 

4-66 

RAS 

CAS 

WE 0035 
• • • 

0027 

CAS 

WE 0026 
• • • 

RAS 

CAS 

WE 0017 
• • • 

009 

CAS 

DOS 
• • • 

000 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT12D88C25636 
1-· ooc""WG"" 256K X 36, 512K x 181C DRAM CARD 

PIN DESCRIPTIONS 

PIN NUMBERS 

22,26 

23,24,66,68 

70 

13,57,14,58,16, 
59,18,60,19 

2-8, 10, 12, 34, 36, 
38-43, 33, 46-54, 

80-87,79 

71, 28, 72, 29, 
74,30,75,76 

11,17,20,21,25, 
31,32,35,61,62,55, 

64,65,69,77,78 

9,15,27,37 

1, 44, 45, 56, 
63,67,73,88 

MT12D88C25636 
REV. 4192 

SYMBOL 

RASO,RAS2 

CASO-3 

WE 

AO-A8 

DOO-D035 

PD1-PD8 

NC 

Vee 

Vss 

TYPE 

Input 

Input 

Input 

Input 

Input! 
Output 

-

-

Supply 

Supply 

DESCRIPTION 

Row Address Strobe: RAS is used to clock-in the 9 row-
address bits. Two RAS inputs allow for a single x36 bank 
or two x18 banks. 

Column Address Strobe: CAS" is used to clock-in the 9 
column-address bits, enable the DRAM output buffers, 
and strobe the data inputs on WRITE cycles. Four CAS 
inputs allow byte access control for any memory bank 
configuration. 

Write Enable: WE is the READIWRITE control for the DO 
pins. If WE is LOW prior to CAS going LOW, the access 
is a WRITE cycle. If WE is HIGH while CAS" is LOW, the 
access is a READ cycle. 

Address Inputs: These inputs are multiplexed 
and clocked by RAS and CAS. . 

Data 1/0: For WRITE cycles, DOO-D035 act as 
inputs to the addressed DRAM location. BYTE 
WRITEs may be performed by using the corresponding 
CAS select. For READ access cycles, DOO-D035 act as 
outputs for the addressed DRAM location. 

Presence Detect: These pins are read by the 
host system and tell the system the card's personality. 
They will be either left floating (NC) or they will be 
grounded (Vss). 

No Connect: These pins should be left 
unconnected (reserved for future use). 

Power Supply: +5V ±5% 

Ground 

4-67 Micron Technology. Inc., reserves the right to change products or specifications without notice. 
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MICRON MT12D88C25636 
1-· '''''''OG'''' 256K X 36, 512K x 18 IC DRAM CARD 

FUNCTIONAL DESCRIPTION 
The MT12D88C25636 is a 1 megabyte memory card struc­

tured as a256Kx 36 bit memory array (RASO = RAS2).1t also 
maybeconfiguredasa512Kx18bitmemoryarrayprovided 
the corresponding DQs on the host are connected and 
memory bank control procedures are implemented by in­
terleaving both RAS lines. 

Most x36 bit applications use the same signal to control 
the CAS inputs. RASO controls the lower 18 bits, and RAS2 
controls the upper 18 bits to obtain a x36 memory array. For 
x18 applications, the corresponding DQs and the corre­
sponding CAS pins must be connected together (DQO to 
DQI8, DQl to DQ19 and so forth, and CASO to CAS2 and 
CASI to CAS3 ). Each RAS is then a bank select for the 512K 
x 18 memory organization. 

DRAM OPERATION 

DRAM REFRESH 
Memory cell data is retained in its correct state by main­

tainingpower and executing any RAScycle [READ, WRITE, 
RAS-ONLY, CAS-BEFORE-RAS (CBR), HIDDEN or BAT­
TERY BACKUP (BBU) REFRESH] so that all 512 combina­
tions of RAS addresses (AO-A8) are executed at least every 
64ms, regardless of sequence. 

The implied method of choice for refreshing the memory 
card is the BBU cycle. This is a very low current, data 
retention mode made possible by using the CBR REFRESH 
cycle over the extended refresh range (IcC7). 

The memory card may be used with the other refresh 
modes common in standard DRAMs. This allows the 
memory card to be used on existing systems that do not 
utilize the BBU REFRESH cycle. However, the memory card 
will draw more current in the STANDBY mode. The CBR 
REFRESH mode is recommended when not using the BBU 
mode. 

DRAM READ AND WRITE CYCLES 
During READ or WRITE cycles, each bit is uniquely 

addressed through the 18 address bits, which are entered 9 
bits (AO -A8) at a time. RAS is used to latch the first 9 bits and 
CAS the latter 9 bits. READ or WRITE cycles are selected 
with the WE input. A logic HIGH on WE dictates READ 
mode while a logic LOW on WE dictates WRITE mode. 
During a WRITE cycle, data in (D) is latched by the falling 
edge of CAS. WE must fall prior to CAS (EARLY WRITE); if 
WE goes LOW after CAS, the outputs (Q) will be activated 

MT120seC2563e 
REV. 4/92 4-68 

and will drive invalid data to the inputs. The data inputs 
and data outputs are routed through pins using common 
I/O, and pin direction is controlled by WE. 

FAST PAGE MODE operation allows faster data opera­
tions (READ or WRITE) within a row address (AO-A8) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ­
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. Returning RAS and CAS HIGH terminates a 
memory cycle and decreases chip current to a reduced 
standby level. Also, the chip is preconditioned for the next 
cycle during the RAS high time. 

DRAM TIMING 
In accordance with JEDEC standard specifications, all 

inputs to the IC DRAM card are buffeted, with the exception 
of RAS inputs. The line drivers used for buffers reduce 
reflections on the card and ensure compatibility in a wide 
range of systems. The implementation of buffers on the card 
may relieve the need for additional host system line 
drivers. Notes 23 though 29 indicate which parameters on 
the IC DRAM card are affected by the line drivers, and to 
what magnitude they are affected. The component DRAM 
timing specifications, rather than those of the IC DRAM 
card (in systems that use both), may cause timing incompat­
ibilities. 

All traces on the IC DRAM card (buffered and non­
buffered) are approximately 50 ohms characteristic imped­
ance. Matching impedance on the system board to 50 ohms 
characteristic impedance on traces to, the IC DRAM card 
will decrease signal noise to the IC DRAM card, enhancing 
overall system reliability. 

PHYSICAL DESIGN 
The MT12D88C25636 is constructed with a molded plas­

tic frame and covered with stainless steel panels. Inside, 12 
thin small-outline package (TSOP) DRAMs are mounted an 
ultrathin printed circuit board. The board is attached to a 
high insertion, 88-pin receptacle connector. The package 
has a polarized key to prevent improper installation, in­
cluding insertion into other types of IC card sockets. The 
MT12D88C25636 operates reliably up to 55°C. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT12D88C25636 
1-· """,0"'", " 256K X 36, 512K x 18 IC DRAM CARD 

MEMORY TRUTH TABLE 

FUNCTION lIAs-
Standby H 

READ L 

EARLY-WRITE L 

READ-WRITE L 

FAST-PAGE-MODE 1st Cycle L 

READ 2nd Cycle L 

FAST-PAGE-MODE 1st Cycle L 

EARLY-WRITE 2nd Cycle L 

FAST"PAGE-MODE 1st Cycle L 

READ-WRITE 2nd Cycle L 

RAS-ONL Y REFRESH H 

HIDDEN READ L~H~L 

REFRESH WRITE L~H~L 

CAS-BEFORE-RAS REFRESH H~L 

BATTERY BACKUP REFRESH H-L 

PRESENCE DETECT TRUTH TABLE 

2MB 512Kx8,9 
4MB 512Kx8,9 

4MB 1 Meg xi, 4, 16, 18 
8MB 1 Meg xi, 4, 16, 18 

8MB 2 Meg x8, 9 
16MB 2 Meg x 8, 9 

16MB 4 Meg xi, 4, 16, 18 
32MB 4 Meg xi, 4, 16, 18 

Access Timing 

Refresh Control 

NOTE: Vss = Ground. 

MT12D88C25636 
REV.4!92 

19 10 
19 10 

20 10 
20 10 

21 11 
21 11 

22 12 
22 12 

~ 

H~X 

L 

L 

L 

H~L 

H~L 

H~L 

H~L 

H~L 

H~L 

X 

L 

L 

L 

L 

9 
9 

10 
10 

10 
10 

11 
11 

4-69 

WE 
X 

H 

L 

H~L 

H 

H 

L 

L 

H~L 

H~L 

X 

H 

L 

H 

H 

512 
512 

1,024 
1,024 

1,024 
1,024 

1,024 
1,024 

ADDRESSES DATA IN/OUT 
IR IC 000-0035 

X X High-Z 

ROW COL Data Out 

ROW COL Data In 

ROW COL Data In 

ROW COL Data Out 

n/a COL Data Out 

ROW COL High-Z 

n/a COL High-Z 

ROW COL Data Out 

n/a COL Data Out 

ROW n/a High-Z 

ROW COL Data Out 

ROW COL Data In 

X X High-Z 

X X High-Z 

NC Vss Vss Vss NC X X X 
NC Vss Vss Vss Vss X X X 

Vss NC Vss Vss NC X X X 
Vss NC Vss Vss Vss X X X 

NC NC Vss Vss NC X X X 
NC NC Vss Vss Vss X X X 

Vss Vss NC NC X X X 
Vss Vss NC Vss X X X 

Micron Technology, Inc., reserves the right to change prodocts or specifications without notice. 
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MU:::I=ICN MT12D88C25636 
1-· m~'0'OC"", 256K x 36, 512K x 18 IC DRAM CARD 

ABSOLUTE MAXIMUM RATlNGS* 
Voltage on Vee Supply Relative to Vss ...... -O.5V to +5.25V 
Operating Temperature T A (Ambient) ............. O°C to 55°C 
Storage Temperature ..................................... -20°C to +80°C 
Power Dissipation ............................................................ 15W 
Short Circuit Output Current .............................. , ....... 50mA 
Card Insertions (Connector's Life Cycle) .................. 10,000 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C :::; T A:::; 55°C; Vcc = 5V ±5%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT, Any input I Non-buffered 

(OV:::; VIN :::; 5.25V; all other pins not under test = OV) I Buffered 

OUTPUT LEAKAGE CURRENT (0 is disabled; OV :::; VOUT :::; 5.25V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Other Inputs = Vcc -0.2V) 

OPERATING CURRENT: Random READ/WRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS (CBR) 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

REFRESH CURRENT: BATTERY BACKUP (BBU) 
Average power supply current during BBU: CAS = 0.2V or CBR 
cycling; RAS = tRAS (MIN) up to 300ns; IRC = 1251!s; WE, AO-AS 
and DO = Vcc -0.2V or 0.2V (DO may be left open) 

MT12D86C25636 
REV. 4192 4-70 

SYMBOL MIN MAX UNITS NOTES 

Vcc 4.75 5.25 V 1 

VIH 3.5 Vcc+0.5 V 1 

VIL -0.5 O.S V 1 

liN -12 12 !lA 
liB -2 2 !lA 
loz -10 10 !lA 

VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -6 -7 -8 UNITS NOTES 

Icct 24 24 24 mA 

Icc2 2.4 2.4 2.4 mA 

Icc3 1.0 0.9 O.S A 3,4,30 

Icc4 7S0 660 540 mA 3,4,30 

Iccs 1.0 0.9 O.S A 3,30 

Iccs 1.0 0.9 O.S A 3,5,30 

Icc7 2.4 2.4 2.4 mA 3,5 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MICRON MT12D88C25636 
1-· ,,,,,''ow,, '" 256K x 36, 512K x 18 IC DRAM CARD 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: CASO, CAS1, CAS2, CAS3, AO-AS CII 9 pF 2 

Input Capacitance: WE CI2 13 pF 2 

Input Capacitance: RASO, RAS2 CI3 SO pF 2 

Input/Output Capacitance: DQ Cia 12 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, S, 9, 10, 11, 12, 13) (O°C ::; T A::; SsoC; Vcc = SV ±S%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 

FAST-PAGE-MODE 

READ or WRITE cycle time 

Access time from RAS 
Access time from CAS 
Access time from column address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 
RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 

CAS to RAS precharge time 

Row address setup time 

Row address hold time 

RAS to column 
address delay time 

Column address setup time 

Column address hold time 

Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 

Output buffer turn-off delay 

WI: command setup time 

MT12088C25636 
REV. 4192 

-6 
SYM MIN 
'RC 110 
'PC 40 

'RAC 

'CAC 

'AA 

'CPA 

'RAS 60 
'RASP 60 
'RSH 25 
'RP 40 

'CAS 15 
'CSH 55 
'CPN 10 
'CP 10 

'RCD 10 
'CRP 15 
'ASR 10 
'RAH 5 
'RAD 10 

'ASC 5 
'CAH 15 
'AR 45 

'RAl 40 

'RCS 5 
'RCH 5 

'RRH -5 

'ClZ 5 
'OFF 5 
'wcs 5 

MAX MIN 
130 
40 

60 
25 
40 
50 

100,000 70 
100,000 70 

30 
50 

100,000 20 
65 
10 
10 

35 15 
15 
10 
5 

20 10 

5 
20 
50 

45 

5 
5 

-5 

5 
30 5 

5 

4-71 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 23 
45 ns 23 

70 80 ns 14,23 
30 30 ns 15,26 
45 50 ns 26 
50 55 ns 26 

100,000 80 100,000 ns 23 
100,000 80 100,000 ns 23 

30 ns 26 
60 ns 23 

100,000 20 100,000 ns 23 
75 ns 25 
10 ns 16,23 
10 ns 23 

40 15 50 ns 17,28 
15 ns 26 
10 ns 26 
5 ns 25 

25 10 30 ns 18,28 

5 ns 24 
20 ns 24 
55 ns 25 

50 ns 26 

5 ns 25 
5 ns 19,24 

-5 ns 19,25 

5 ns 24 
30 5 30 ns 20,29 

5 ns 24 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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I'IIIC::I=ION MT12D88C25636 
""'MeU" 256K x 36, 512K x 18 IC DRAM CARD 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C :;; T A:;; 55°C; Vee = 5V ±5%) 

AC CHARACTERISTICS 
PARAMETER 
Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time (referenced to RAS) 
Transition time (rise or fall) 

Refresh period (1,024 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CAS-BEFORE-RAS refresh) 

CAS hold time 
(CAS-BEFORE-RAS refresh) 

WE hold time 
(CAS-BEFORE-RAS refresh) 

WE setup time 
(CAS-BEFORE-RAS refresh) 

WE hold time 
(WCBR test cycle) 

WE setup time 

MT12D88C25636 
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SYM MIN MAX 
tWCH 15 
tWCR 40 

twp 10 
tRWL 25 
tCWL 20 
tDS 5 
IDH 5 

IDHR 45 
ty 2 15 

tREF 64 
tRPC 10 
tCSR 20 

tCHR 10 

twRH 5 

tWRP 20 

tWTH 5 

tWTS 20 

4-72 

MIN 
20 

50 

15 

30 

25 

5 

10 

55 

2 

10 

20 

10 

5 

20 

5 

20 

-7 -8 

MAX MIN MAX UNITS NOTES 
20 ns 24 

55 ns 25 

15 ns 23 

30 ns 26 

25 ns 24 

5 ns 24 

10 ns 25 

60 ns 23 

15 2 15 ns 9,10,23 

64 64 ms 

10 ns 26 

20 ns 5,26 

10 ns 5,25 

5 ns 22,25 

20 ns 22,26 

5 ns 22,25 

20 ns 22,26 

Micron Technology, Inc., reserves the right to change products or specifications without nolice. 
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MIC:RON MT12D88C25636 
1-· , , 256K x 36, 512K x 181C DRAM CARD 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = SV ±10%,f = 1 MHz. 
3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified yalues are obtained with minimum cycle 
time and the outputs open. 

S. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of 1001lS is required after power-up 
followed by eight RAS refresh cycles.(RA5-0NLY or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the IREF refresh requirement is 
exceeded., . 

8. AC characteristics assume tr = Sns. 
9. Vlli (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are. measured between Vrn and VIL (or between Vii. 
and Vlli). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between Vrn and 
VIL (or between VIL and Vrn) in a monotonic manner. 

11. If CAS = Vrn, data output is High-Z. 
12. If CAS =;: VIL, data output may contain data froin the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

100pF. . 
14. Assumes that ~CD < ~CD (MAX)~ If ~CD is greater 

than the maximum recommended value shown in this 
table, ~C will increase by the amount that~CD 
exceeds the value shown. 

IS. Assumes that ~CD ~ ~CD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new. 
cycle and clear the data out buffer, CAS must·be 
pulsed HIGH for tcPN. 

17. Operation withfu the ~Cb (MAX) limit ensurellthat 
~C (MAX) can be met. ~CD (MAX) is specified as 

Mrt2D88C25836 ' 
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a reference point only; if ~CD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tcAC. 

18. Operation withfu the ~D (MAX) limit ensures that 
~CD (MAX) can be met. ~D (MAX) is specified as 
a reference point only; if ~D is greater than the 
specified ~D (MAX) limit, then access time is 
controlled exclusively by tAA. 

19. Either ~CH or tRRH must be satisfied for a READ 
cycle. .' 

20. toFF (MAX) defines the time at which the output 
achieves the open circuit condition and is riot 
referenced to VOH or VOL. 

21. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

22. WTS and ~ are setup and hold specifications for 
. the WE pin being held LOW to enable the JEbEC test 
mode (with CBR timing constraints). These two 
parameters are the inverse of WRP and twRH in the 
CBR refresh cycle. 

23. Timing between the DRAMs and the DRAM card did 
not change with the addition of the line drivers. 

24. A +Sns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

2S.A-SIl§.tjmjng skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

26. A + IOns timing skew from the DRAM to the DRAM 
card resulted from,the addition of line drivers. 

27. A -IOns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

28. A -Sns (MIN) and a -IOns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 

,.addition of line drivers. 
29. A +5ns (MIN) and a + IOns' (MAX) timing skew from 

the DRAM to the DRAM card resulted from the 
addition of line drivers. 

30. The maximum c~t ratings are based with the 
memory operating or being refreshed in the x36 
mode.,;The stated maximums may be reduced by one 
half when 'used in the x18 mode. 

Micron Technology, Inc., reserves tile rightto change ptoduCls or spedflca1Ions wlthOUtMc;e. 
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MICRON MT12D88C25636 
I-II 256K X 36, 512K x 181C DRAM CARD 

MT12D88C25636 
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ADDR 

V'H _:------"'-1 
Vil _ 

teRP 

READ CYCLE 

'RC 

'CSH 

IReD 

DO ~l8r -·--------OPEN--:--'-------~~~V~AL~'D~D~AT~Aj1----OPEN---

EARLY-WRITE CYCLE 

'RC 

'RAS 

teSH 

teAS 

AODR ~I~ 

IDS tOH 

DO ~:~ VALID DATA 

4-74 

ROW 

~ DON'T CARE 

~ UNDEFINED 
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MICRON MT12D88C25636 
1-· ",""ecce"" 256K x 36, 512K x 18 IC DRAM CARD 

FAST-PAGE-MODE READ CYCLE 

tRASP 

tCSH 'PC 

~ �------"R"'C"'D--�~ ~ ~ 1--,,'c,--P __ 1 

ADDR ~:r 

DO ~:gr =.------OPEN------<lXX)<m 

MT12D88C25636 
REV. 4192 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

I-----------------'~RA~S'--P----------------I~ 

4-75 

[ZJ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT12D88C25636 
1-· '''''' " '" 256K x 36, 512K x 18 IC DRAM CARD 
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MT12D88C25636 
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~-ONLY REFRESH CYCLE 
(ADDR = AO-AS; WE = DON'T CARE) 

'RAS 'RP 

RAs ~:~ =:-----il MIJ-----,l, 
leRP 'I .. tRPe"'l '-----

CAS ~l~ =-' "---1 

AOOR ~:~ =wd~o:--k/##$/#//#/M/#$f//ff/ff/#//#ar----:RO--:W --
DO ~g~ -'---------OPEN--------

"ClS"-BEFORE-RAS REFRESH CYCLE 
(AO-AS = DON'T CARE) 

- VIH _:--!=~=H--="-------lt==~:JJ 
RAS VIL - f--------" 

00 '------1+-----OPEN---j+---------

WE ~i~ =W//$I/I/;fIl!II!///II!//I#/#/lW/#/i//II!///#/////I/$~ 

DO 

BATTERY BACKUP REFRESH CYCLE 
(AO-AS = DON'T CARE) 

125l;!s 

tRP tRAS tRP tRAS 

-'I~I I tcP~,tc$R ~I I~~ ~I. 
I I 

OPEN 

V 

~ 

WE ~i~ :'#///#//#$ 
~ ~~I 

~#/##///////#;g#/#///#a 

4-76 

~ DON'T CARE 

m UNDEFINED 

Micron Technology, Inc., reS9rv&$ the right to Change products or specifications WIthout notice. 
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MIC:RON MT12D88C25636 
1-- m,<c"'O,, <c' 256K x 36, 512K x 181C DRAM CARD 

ADDR 

DO 

m2D88C25636 
lEV. 4/92 

HIDDEN REFRESH CYCLE 21 

(WE = HIGH) 

(READ) 

'RAS 

(REFRESH) 

'RAS 

1Z1. DON'T CARE 

~ UNDEFINED 

4-77 Micron Technology, Inc., reserves the right to change prodUCI$ or specifications without notice. 
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MIC::RON MT12D88C25636 
1-· '''""mOG'''' 256K x 36, 512K x 18 IC DRAM CARD 

RESERVED JEDEC, JEIDA and PCMCIA 

MT12D88C25636 
REV. 4192 

88-PIN ASSIGNMENT 
(All Possible Combinations) 

v __ 

©© 45 

v __ 

000 © 46 0018 
001 ©© 

©© 47 0019 
002 

48 0020 
003 ©© 

©© 49 0021 
004 

©© 50 0022 
005 
006 ©© 51 0023 

S.DV Vee 9 ©© 52 0024 

007 10 ©© 53 0025 

3.3V Vee 11 ©© 54 0026 
55 OE 

008 12 ©© 
56 Vs_ 

AO 13 ©© 
A2 14 ©© 57 Ai 

S.OV Vee 15 ©© 58 A3 

A4 16 ©© 59 A5 
60 A7 

3.3V Vee 17 ©© 
61 A9 

A6 18 ©© 
©© 62 A11 

AS 19 
63 Vss 

A10 20 @© 
64 A13 

A12 21 ©© 
RAS1 

RASO @© 65 
22 

CAS2 
CASO ©© 66 

23 
CAS1 ©© 67 Vss 

24 
CAS3 ©© 68 3.3V Vee 25 
RAS3 

RAS2 ©© 69 
26 

WE @@ 70 
S.OV Vee 27 

©@ 71 POi 
P02 28 

©© 72 P03 
PD4 29 
P06 30 @© 73 Vss 

©@ 74 P05 
0036 31 

©© 75 P07 
0037 32 

76 P08 ©© 0017 33 
77 0038 

009 34 ©© 
©© 78 0039 3.3V Vee 35 
©© 79 0035 

0010 36 
©© 80 0027 

S.OV Vee 37 
0011 38 ©© 81 0028 

OQ12 39 @© 82 0029 

©© 83 0030 
0013 40 
0014 41 @@ 84 0031 

©© 85 0032 
0015 42 

©@ 86 0033 
0016 43 

87 0034 
Vs' 44 ©© © 88 V_s 

4-78 

MT12D88C25636 PIN ASSIGNMENT 
(JEDEC Standard) 

Vss ©© Vss 45 
000 ©© 
001 3 

46 DQ18 
©© 47 0019 

002 4 ©© 0020 
003 5 

48 
©© 49 0021 

004 6 ©© 50 0022 
005 7 
006 8 

©© 51 0023 

Vee 9 
©© 52 0024 

007 10 g© 53 0025 

NC 11 ©g 54 0026 
55 NC 

008 12 ©© 56 Vs_ 
AO 13 ©© 
A2 14 

57 Ai 

Vee 15 
©@ 58 A3 

A4 16 
@© 59 A5 
@© 60 A7 

NC 17 ©© 61 NC 
A6 18 ©© 
A8 19 

62 NC 
©© 63 Vss 

NC 20 ©© 64 NC 
NC 21 ©@ 65 NC 

RASO 22 ©© 66 CAS2 
CASO 23 ©© 67 Vss CASi 24 ©© 68 CAS3 

NC 25 ©© 69 NC 
RAS2 26 ©@ 70 WE 

Vee 27 ©@ 71 POi (V_s) 
P02 (Vss) 28 ©@ 72 P03 (Vss) 
P04 (Vss) 29 ©@ 73 

V __ 

P06 (TBO) 30 ©@ 
NC 31 

74 P05(NC) 
©© 

NC 32 
75 P07 (TBO) 

©@ 76 P08(NC) 
0017 33 ©@ 77 NC 
009 34 ©© 

NC 35 
78 NC 

©@ 
0010 36 

79 0035 
©@ 

Vee 37 
80 0027 

©© 81 0028 
0011 38 ©© 82 0029 
0012 39 ©© 
OQ13 40 83 0030 

©© 84 OQ31 
0014 41 @© 
0015 42 ©© 

85 0032 

0016 43 @© 
86 0033 
87 0034 

V's 44 ©© 88 V's 

Micron Technology. Inc., reserves the righlloChange products or specifications without notice. 
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I'IIIC:I=ION MT24D88C51236 
,""""""" 512K x 36,1 MEG x 18 IC DRAM CARD 

IC DRAM CARD 

FEATURES 
• JEIDA, JEDEC and PCMCIA standard 88-pin IC 

DRAM card 
• Polarized receptacle connector 
• Industry standard DRAM functions and timing 
• High-performance, CMOS silicon-gate process 
• All outputs are fully TTL compatible 
• All inputs buffered except RAS inputs 
• Multiple RAS inputs for x18 or x36 selectability 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR), 

HIDDEN and BATTERY BACKUP (BBU) 
• FAST PAGE MODE access cycle 
• Single +5V ±5% power supply 
• Low power; 24mW standby, 2.7W active (typical) 
• Extended refresh standard: 512 cycles every 64ms 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
80ns access 

GENERAL DESCRIPTION 

-6 
-7 
-8 

The MT24D88C51236 is a 2 megabyte, IC DRAM card 
organized as a 512K x 36 bit memory array. It may also be 
configured as a 1 Meg x 18 bit memory array, provided the 
corresponding DQs on the host system are made common 
and memory bank control procedures are implemented. 
Separate CAS inputs allow byte accesses. 

All inputs to the DRAMs are buffered, with the exception 
of RAS. The line drivers used for buffers reduce reflections 
on the card and ensure compatibility in a wide range of 
systems. At the same time, the line drivers add delays to the 
buffered input timings when compared to standard DRAMs. 

The MT24D88C51236 is designed for low power opera­
tion using 256K x 4 low power, extended refresh DRAMs. 
These devices support BATTERY BACKUP (BBU) cycle 
refresh; a very low current, data retention mode. Standard 
component DRAM refresh modes are supported as well. 

Multiple RAS inputs conserve power by allowing indi­
vidual bank selection. In the x36 organization, the memory 
array may be divided into two banks, each with four 
separate bytes. In the x18 organization, up to four banks, 
each with two separate bytes, may be independently se­
lected. One bank is activated by each RAS selection; the 
others not selected remain in standby mode, drawing mini­
mum power. 

MT24DB8C51236 
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2 MEGABYTES 
512K x 36,1 MEG x 18 

5 

10 
11 
12 
13 
1. 
15 
16 
17 
19 
19 
20 
21 
22 
23 
2. 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
3. 
.0 . , 
.2 
.3 
44 

PIN ASSIGNMENT (End View) 
SS-Pin Card (U-1) 

PIN# SYMBOL PIN # SYMBOL PIN # SYMBOL 
©>©> 45 

~©> 46 

©>8 
.7 
48 

Ii .9 
50 
51 
52 
53 

©>8 
54 
55 

88 56 
57 

©>©> 58 
©>©> 59 
©>©> '0 ©>©> 61 
©>©> 62 
©>©> 63 

8©> 64 

©>©> 65 

©>©> 66 

©>©> 67 

©>©> 68 

©>©> 6' 

©>©> 70 
71 ©>©> 
72 ©>©> 
73 ©>©> 
7. 

88 75 

©>©> 76 

88 
77 
78 

©>©> 79 

©>©> 90 

©>©> 61 
82 ©>©> 
83 ©>©> 
8 • ©>©> 
85 ©>©> 

©>©> 88 

©>8 
B7 
88 

1 Vss 31 NG 61 NG 
2 000 32 NG 62 NG 
3 001 33 0017 63 Vss 
4 OQ2 34 009 64 NG 
5 003 35 NG 65 ro\5f 
6 004 36 0010 66 ~ 
7 005 37 Vee 67 Vss 
8 006 38 0011 68 "CAS3 
9 Vee 39 0012 69 "RAS3 
10 007 40 0013 70 WE" 
11 NG 41 0014 71 POl (Vss) 
12 008 42 0015 72 P03 (Vss) 
13 AO 43 OQ16 73 Vss 
14 A2 44 Vss 74 P05 (Vss) 
15 Vee 45 Vss 75 P07 (TBO) 
16 A4 46 0018 76 P08 (NG) 
17 NG 47 0019 77 NG 
18 A6 48 0020 78 NG 
19 A8 49 0021 79 0035 
20 NG 50 0022 80 0027 
21 NG 51 0023 81 0028 
22 1lASlf 52 0024 82 0029 
23 "CASlf 53 0025 83 0030 
24 "CAS1 54 0026 84 0031 
25 NG 55 NG 85 0032 
26 RAS2 56 Vss 86 0033 
27 Vee 57 Al 87 0034 
28 P02 (Vss) 58 A3 88 Vss 
29 P04 (Vss) 59 A5 
30 P06 (TBO) 60 A7 

Eight presence detect pins may be read by the host to 
identify the MT24D88C51236 organization, number of 
banks, access time and refresh mode. These extensive pres­
ence detect functions allow systems to utilize the advanced 
power-saving features. 

The MT24D88C51236 is built with a plastic frame covered 
by stainless steel panels. This package, containing an 88-pin 
receptacle connector, is keyed to prevent improper installa­
tion or insertion into other types of IC card sockets. 

Micron Technology, Inc., reserves the dght to change products or specifications without notice. 
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MIC:RON MT24D88C51236 
1-· .'""""'''''"' 512K x 36,1 MEG x 181C DRAM CARD 

FUNCTIONAL BLOCK DIAGRAM 

RAS3 ----~----------------~---_1AAs 
CAS3 CAS 

.-I----I------!WE 

RAS 
CAs 

,>---------~---+~WE 

RAS2 ----------... --+---+--+--4---1AAs 
CAS 

L.-.-----i WE 

RAS1 ----~----.. --~------~---_1 
CAS1 ----~DD_--.. --r---~---+----~ 

RAsa AAs 

AO-A8 

CAS 
'----------1 WE 

0035 · · 

· DOg 

NOTE: 1. 0 = 74AC1 1244 line drivers. 

MT24DSBC51236 
REV. 4192 

2. B1 through B8 = 256K x 8 memory blocks. 

4-80 Micron Technology, Inc., reselVes the right to change products or specifications without notice. 
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MIC:RON MT24D88C51236 
1-· ,,,,,,mee' "" 512K x 36, 1 MEG x 18 IC DRAM CARD 

PIN DESCRIPTIONS 

PIN NUMBERS 
22,26,65,69 

23,24,66,68 

70 

13,57,14,58,16, 
59,18,60,19 

2-8, 10, 12, 34, 36, 
38-43, 33, 46-54, 

80-87,79 

71, 28, 72, 29, 
74,30,75,76 

11, 17, 20, 21, 25, 
31, 32, 35, 61, 62, 

55,64,77,78 

9,15,27,37 

1, 44, 45, 56, 
63,67,73,88 

I,<IT24088051236 
=!EV.4/92 

SYM.BOL 
RASO-3 

CASO-3 

WE 

AO-A8 

000-0035 

PD1-PD8 

NC 

Vec 

Vss 

TYPE 
Input 

Input 

Input 

Input 

Input! 
Output 

-

-

Supply 

Supply 

DESCRIPTION 
Row Address Strobe: RAS is used to clock-in the 9 row-
address bits. Four RAS inputs allow for two x36 banks or 
four x18 banks. 

Column Address Strobe: CAS is used to clock-in the 9 
column-address bits, enable the DRAM output buffers, 
and strobe the data inputs on WRITE cycles. Four CAS 
inputs allow byte access control for any memory bank 
configuration. 

Write Enable: WE is the READIWRITE control for the DO 
pins. If WE is LOW prior to CAS going LOW, the access 
is a WRITE cycle. If WE is HIGH while CAS is LOW, the 
access is a READ cycle. 

Address Inputs: These inputs are multiplexed 
and clocked by RAS and CAS. 

Data 1/0: For WRITE cycles, 000-0035 act as 
inputs to the addressed DRAM location. BYTE 
WRITEs may be performed by using the corresponding 
CAS select. For READ access cycles, 000-0035 act as 
outputs for the addressed DRAM location. 

Presence Detect: These pins are read by the 
host system and tell the system the card's personality. 
They will be either left floating (NC) or they will be 
grounded (Vss). 

No Connect: These pins should be left 
unconnected (reserved for future use). 

Power Supply: +5V ±5% 

Ground 

4·81 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC::RON MT24D88C51236 
1-· ,,,",,,,w,,,", 512K x 36,1 MEG x 18 IC DRAM CARD 

FUNCTIONAL DESCRIPTION 
The MT24D88C51236 is a 2 megabyte memory card struc­

tured as a 512K x 36 bit memory array (RASa = RAS2 
RASI = RAS3). It also may be configured as a 1 Meg x 18 bit 
memory array provided the corresponding DQson the host 
are connected and memory bank control procedures are 
implemented by interleaving all four RAS lines. 

Most x36 bit applications use the same signal to control 
the CAS inputs. RASO and RASI control the lower 18 bits, 
and RAS2 and RAS3 control the upper 18 bits to obtain a 
x36 memory array. For x18 applications, the corresponding 
DQs and the corresponding CAS pins must be connected 
together (DQO to DQI8, DQl to DQ19 and so forth, and 
CASO to CAS2 and CASI to CAS3 ). Each RAS is then a bank 
select for the 1 Meg x 18 memory organization. 

DRAM OPERATION 

DRAM REFRESH 
Memory cell data is retained in its correct state by main­

tainingpower and executing any RAS cycle [READ, WRITE, 
RAS-ONLY, CAS-BEFORE-RAS (CBR), HIDDEN or BAT­
TERY BACKUP (BBU) REFRESH] so that all 512 combina­
tions of RAS addresses (AD-AS) are executed at least every 
64ms, regardless of sequence. 

The implied method of choice for refreshing the memory 
card is the BBU cycle. This is a very low current, data 
retention mode made possible by using the CBR REFRESH 
cycle over the extended refresh range (IcC7). 

The memory card may be used with the other refresh 
modes common in standard DRAMs. This allows the 
memory card to be used on existing systems that do not 
utilize the BBU REFRESH cycle. However, the memory card 
will draw more current in the STANDBY mode. The CBR 
REFRESH mode is recommended when not using the BBU 
mode. 

DRAM READ AND WRITE CYCLES 
During READ or WRITE cycles, each bit is uniquely 

addressed through the 18 address bits, which are entered 9 
bits (AO-A8) at a time. RASis used to latch the first 9 bits and 
CAS the latter 9 bits. READ or WRITE cycles are selected 
with the WE input. A logic HIGH on WE dictates READ mode 
while a logic LOW on WE dictates WRITE mode. During a 
WRITE cycle, data in (D) is latched by the falling edge of 
CAS. WE must fall prior to CAS (EARL YWRITE); if WE goes 
LOW after CAS, the outputs (Q) will be activated and will 

MT24D8BC51236 
REV. 4192 4-82 

drive invalid data to the inputs. The data inputs and data 
outputs are routed through pins using common I/O, and 
pin direction is controlled by WE. 

FAST PAGE MODE operation allows faster data opera­
tions (READ or WRITE) within a row address (AO-A8) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ­
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. Returning RAS and CAS HIGH terminates a 
memory cycle and decreases chip current to a reduced 
standby level. Also, the chip is preconditioned for the next 
cycle during the RAS high time. 

DRAM TIMING 
In accordance with JEDEC standard specifications, all 

inputs to the IC DRAM card are buffered, with the exception 
of the RAS inputs. The line drivers used for buffers reduce 
reflections on the card and ensure compatibility in a wide 
range of systems. The implementation of buffers on the card 
may relieve the need for additional host system line 
drivers. Notes 23 though 29 indicate which parameters on 
the IC DRAM card are affected by the line drivers, and to 
what magnitude they are affected. The component DRAM 
timing specifications, rather than those of the IC DRAM 
card (in systems thatuseboth),maycause timingincompat­
ibilities. 

All traces on the IC DRAM card (buffered and non­
buffered) are approximately 50 ohms characteristic imped­
ance. Matching impedance on the system board to 50 ohms 
characteristic impedance on traces to the IC DRAM card 
will decrease signal noise to the IC DRAM card, enhancing 
overall system reliability. 

PHYSICAL DESIGN 
The MT24D88C51236 is constructed with a molded plas­

tic frame and covered with stainless steel panels. Inside, 24 
thin small-outline package (TSOP) DRAMs are mounted on 
both sides of an ultrathin printed circuit board. The board 
is attached to a high insertion, 88-pin receptacle connector. 
The package has a polarized key to prevent improper 
installation, including insertion into other types of IC card 
sockets. The MT24D88C51236 operates reliably up to 55°C. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MICRON MT24D88C51236 
1-· ,,,,""o<oe,,", 512K X 36,1 MEG x 18 IC DRAM CARD 

MEMORY TRUTH TABLE 

ADDRESSES DATA IN/OUT 

FUNCTION 1m" -cg we- IR IC 000-0035 

Standby H H~X X X X High-Z 

READ L L H ROW COL Data Out 

EARLY-WRITE L L L ROW COL Data In 

READ-WRITE L L H---+L ROW COL Data In 

FAST-PAGE-MODE 1st Cycle L H~L H ROW COL Data Out 

READ 2nd Cycle L H~L H n/a COL Data Out 

FAST-PAGE-MODE 1st Cycle L H~L L ROW COL High-Z 

EARLY-WRITE 2nd Cycle L H~L L n/a COL High-Z 

FAST-PAGE-MODE 1st Cycle L H~L H~L ROW COL Data Out 

READ-WRITE 2nd Cycle L H~L H~L n/a COL Data Out 

RAS-ONL Y REFRESH H X X ROW n/a High-Z 

HIDDEN I READ L~H~L L H ROW COL Data Out 

REFRESH WRITE L --+H~L L L ROW COL Data In 

CAS-BEFORE-RAS REFRESH H~L L H X X High-Z 

BATTERY BACKUP REFRESH H--+L L H X X High-Z 

PRESENCE DETECT TRUTH TABLE 

z 
m 
=E 
III -o 
C 
:D » s:: 
o » 
:D 

r-------~~~~--------~--~~~~~--IC 

2MB 512Kx8,9 
4MB 512Kx8,9 

4MB 1 Meg xi, 4, 16, 18 
8MB 1 Meg xi, 4, 16, 18 

8MB 2 x 8, 9 
16MB 2 x 8, 9 

16MB 4 Meg x 1, 4, 16, 18 
32MB 4 Meg xi, 4, 16, 18 

Access Timing 

Refresh Control 

NOTE: Vss = Ground. 

MT24D88C51236 
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19 10 9 
19 10 9 

20 10 10 
20 10 10 

21 11 10 
21 11 10 

22 12 11 
22 12 11 

4-83 

512 
512 

1,024 
1,024 

1,024 
1,024 

1,024 
1,024 

NC Vss Vss Vss NC X X X 
NC Vss Vss Vss Vss X X X 

Vss NC Vss Vss NC X X X 
Vss NC Vss Vss Vss X X X 

NC NC Vss VSi? NC. >< X X 
NC NC Vss Vss Vss X X X 

Vss Vss NC Vss NC X X X 
Vss Vss NC Vss Vss X X X 

Micron Technology, Inc., reserves the right to change products or specificatiOns without nolice. 
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UIC:RON MT24D88C51236 
1-· ",",oeo""" 512K X 36,1 MEG x 181C DRAM CARD 

ABSOLUTE MAXIMUM RATlNGS* 
Voltage on Vee Supply Relative to V 55 ..•... -O.5V to +S.2SV 
Operating Temperature T A (Ambient) ............. O°C to SsoC 
Storage Temperature ..................................... -20°C to +80°C 
Power Dissipation ....... , .................................................... 1SW 
Short Circuit Output Current ...................................... SOmA 
Card Insertions (Connector's Life Cycle) .................. 10,000 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C ::; T A::; 55°C; Vr;c = 5V ±5%) 

PARAMETER/CONDITION 
Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT, Any input I Non-buffered 

(OV ::; VIN ::; 5.25V; all other pins not under test = OV) I Buffered 

OUTPUT LEAKAGE CURRENT (0 is disabled; OV ::; VOUT::; 5.25V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 
STANDBY CURRENT: (TTL) 
(RAS = CAS = VI H) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Other Inputs = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS (CBR) 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

REFRESH CURRENT: BATTERY BACKUP (BBU) 
Average power supply current during BBU: CAS = 0.2V or CBR 
cycling; RAS = IRAS (MIN) up to 300ns; IRC = 12511S; WE, AO-A8 
and DO = Vcc -0.2V or 0.2V (DO may be left open) 

MT24D88C51236 
REV. 4/92 4-84 

SYMBOL MIN MAX UNITS NOTES 
Vcc 4.75 5.25 V 1 

VIH 3.5 ~cc+0.5 V 1 

VIL -0.5 0.8 V 1 

liN -12 12 ~ 
liB -2 2 ~ 
loz -10 10 ~ 

VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -6 -7 -8 UNITS NOTES 
Icc1 48 48 48 mA 

Icc2 4.8 4.8 4.8 mA 

Icc3 1.0 0.9 0.8 A 3,4,30 

Icc4 780 660 540 mA 3,4,30 

Iccs 1.0 0.9 0.8 A 3,30 

Icc6 1.0 0.9 0.8 A 3,5,30 

Icc7 4.8 4.8 4.8 mA 3,5 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 



UII::I=ION MT24D88C51236 
.-. "'""OW"""' 512K x 36,1 MEG x 18 IC DRAM CARD 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: CASO, CAS1, CAS2, CAS3, AO-AS CI1 9 pF 2 

Input Capacitance: WE CI2 13 pF 2 

Input Capacitance: RASa, RAS1, RAS2, RAS3 CI3 so pF 2 

Input/Output Capacitance: DQ CIO 20 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, S, 9, 10, 11, 12, 13) (O°C ~ T A ~ SsoC; Vce = SV ±S%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 

FAST-PAGE-MODE 

READ or WRITE cycle time 

Access time from RAS 

Access time from CAS 

Access time from column address 

Access time from CAS precharge 

RAS pulse width 

~ pulse width (FAST PAGE MODE) 

RAS hold time 

RAS precharge time 

CAS" pulse width 

CAS" hold time 

CAS" precharge time 

CAS" precharge time (FAST PAGE MODE) 

~ to CAS" delay time 

CAS" to RAS precharge time 

Row address setup time 

Row address hold time 

RAS to column 
address delay time 

Column address setup time 

Column address hold time 

Column address hold time 
(referenced to ~) 

Column address to 
~Ieadtime 

Read command setup time 

Read command hold time 
(referenced to CAS") 
Read command hold time 
(referenced to RAS) 
CAS" to output in low-Z 

Output buffer turn-off delay 

WE command setup time 

MT24DB8C51236 
REV.4!92 

-6 
SYM MIN 
tRC 110 
tpc 40 

tRAC 

tCAC 
tAA 

tCPA 

tRAS 60 
tRASP 60 
tRSH 25 
tRP 40 

·tCAS 15 
tCSH 55 
tCPN 10 
tcp 10 

tRCD 10 
tCRP 15 
tASR 10 
tRAH 5 
tRAD 10 

tASC 5 
tCAH 15 
tAR 45 

tRAl 40 

tRCS 5 
tRCH 5 

tRRH -5 

tClZ 5 
tOFF 5 
twcs 5 

MAX MIN 
130 
40 

60 
25 
40 
50 

100,000 70 
100,000 70 

30 
50 

100,000 20 
65 
10 
10 

35 15 
15 
10 
5 

20 10 

5 
20 
50 

45 

5 
5 

-5 

5 
30 5 

5 

4-85 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 23 
45 ns 23 

70 80 ns 14,23 
30 30 ns 15,26 
45 50 ns 26 
50 55 ns 26 

100,000 80 100,000 ns 23 
100,000 80 100,000 ns 23 

30 ns 26 
60 ns 23 

100,000 20 100,000 ns 23 
75 ns 25 
10 ns 16,23 
10 ns 23 

40 15 50 ns " 17,28 
15 ns 26 
10 ns 26 
5 ns 25 

25 10 30 ns 18,28 

5 ns 24 
20 ns 24 
55 ns 25 

50 ns 26 

5 ns 25 
5 ns 19,24 

-5 ns 19,25 

5 ns 24 
30 5 30 ns 20,29 

5 ns 24 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT24D88C51236 
1-· """""""" 512K x 36,1 MEG x 181C DRAM CARD 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11,12,13) (DoC::; TA ::; 55°C; Vee = 5V ±5%) 

AC CHARACTERISTICS 
PARAMETER 
Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time (referenced to RAS) 

Transition time (rise or fall) 

Refresh period (1,024 cvcles) 

RAS to CAS precharge time 

CAS setup time 
(CAS-BEFORE-RAS refresh) 

"CAS" hold time 
~-BEFORE-RAS refresh) 

WE hold time 
(CAS-BEFORE-RAS refresh) 

WE setup time 
(CAS-BEFORE-RAS refresh) 

WE hold time 
(WCBR test cycle) 

WE setup time 

MT24DB8C51236 
REV. 4/92 
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SYM MIN MAX 
twCH 15 

twCR 40 

twP 10 
tRWL 25 
tCWL 20 
tDS 5 
tDH 5 

tDHR 45 

IT 2 15 
tREF 64 
tRPC 10 
tCSR 20 

tCHR 10 

tWRH 5 

tWRP 20 

twTH 5 

tWTS 20 

4-86 

-7 

MIN 
20 

50 

15 

30 

25 

5 
10 

55 

2 

10 

20 

10 

5 

20 

5 

20 

-8 

MAX MIN MAX UNITS NOTES 
20 ns 24 

55 ns 25 

15 ns 23 

30 ns 26 

25 ns 24 

5 ns 24 

10 ns 25 

60 ns 23 

15 2 15 ns 9,10,23 

64 64 ms 

10 ns 26 

20 ns 5,26 

10 ns 5,25 

5 ns 22,25 

20 ns 22,26 

5 ns 22,25 

20 ns 22,26 

Micron Technology, Inc., reSelVtlS the right to change products or specifications without notice. 
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MIC::RON MT24D88C51236 
1-· ;"""0<0"'" 512K X 36, 1 MEG X 18 IC DRAM CARD 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = 5V ±lO%,f = 1 MHz. 
3. Ice is dependent on cycle rates. 
4. Ice is dependent on outputloading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lOOlLs is required after power-up 
followed by eight RAS refresh cycles (RAS-ONL Y or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the t:REF refresh requirement is 
exceeded. 

8. AC characteristics assume toy = 5ns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

100pF. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD ~ IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tePN. 

17. Operation within the IRCD (MAX) limit ensures that 
lRAc (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 

T2.4D88C51236 
EV.4192 4-87 

specified IRCD (MAX) limit, then access time is 
controlled exclusively by teAe. 

18. Operation within the lRAD (MAX) limit ensures that 
IRCD (MAX) can be met. lRAD (MAX) is specified as 
a reference point only; if lRAD is greater than the 
specified lRAD (MAX) limit, then access time is 
controlled exclusively by IAA. 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. IOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

22. twTS and twTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverse of twRP and twRH in the 
CBR refresh cycle. 

23. Timing between the DRAMs and the DRAM card did 
not change with the addition of the line drivers. 

24. A +5ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

25. A -5ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

26. A + IOns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

27. A -IOns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

28. A -5ns (MIN) and.a -IOns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

29. A +5ns (MIN) and a + IOns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

30. The maximum current ratings are based on one of the 
two banks operating or being refreshed (x36 mode). 
The stated maximums may be reduced by one half 
when used in the x18 mode. Standby currents of the 
non-active bank are not included. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC::RON MT24D88C51236 
1-· """'"'''''''' 512K x 36,1 MEG x 181C DRAM CARD 

MT24D88C51236 
REV,4192 

AAS 

CAS 

ADDR 

WE 

DO 

RAS 

CAS 

V,H 
VIL 

V,H 
VIL 

READ CYCLE 

. tRAS tAP : I 
I 
\ . tCSH 

lASH tRRH 

ICRP . tRCD 
" 

tCAS 

J 
tAA 

I tRAD . tRAL 

I~ : tRAH ."1 ~ ~ 

JLW AOW Wlllli&! COLUMN WIIIIIIIIIIIIIIIIIIIIII!&( AoW 

tRCS 

I 
~ 

fj I I I I I I I I I I I I I I I I I I I I I I I I I I I I I II WIIIIIIIIIIIIIIIIIII/; 
tM 

tRAG 

ICAC 

: tCLl "'I, 
. ~ 

OPEN VAllO DATA OPEN----
,~ 

EARLY-WRITE CYCLE 

\~---
-
- 1~----~---------------4/ 

tCSH 

leRP 
" " 

=-' 
tAA 

IRAD 

twes 

4-88 

tWCR 

tWCH 

'WP 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notiCE 
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UU:::RON MT24D88C51236 
1-· H'''' ""n 512K X 36,1 MEG x 181C DRAM CARD 

1AT24088C51236 
=!EV.4J92 

FAST-PAGE-MODE READ CYCLE 

RAS 
VIH -
VIL _ 

tCSH 'PC 
~ 1 _____ ='--_I_.....:=----1I __ '''''OP __ 1 ~ 1_.>:'C,--P __ 1 

OAS VIH -
VIL _ 

AODR V,H 
VIL 

WE VIH -
VIL _ 

DO ~lgr -'------OPEN-----~liC~~---~~~~}_--_1~)(~D 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

IRASP 

teSH 

WE ~~~ --:L.u.LI.'.1.LI.'.1.LI.LfLLLLLLLL1"-__ -f_-\---;-_-+== __ * __ ---'UhCLLjf--_-+I--:-_='.L.f-':.t.L.LLLLLLLlLLt.LL 

4-89 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or speCifications wlthout nOlice. 
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MIC:RON MT24D88C51236 
1-· "C""wen, 512K x 36,1 MEG x 181C DRAM CARD 

MT24DB8C51236 
REV. 4/92 

DO 

DO 

RAS·ONL Y REFRESH CYCLE 
(ADDR = AO-AS; WE = DON'T CARE) 

teRP 
it \ 

11'------------""11. 'RPc'l '----

CAS ~l~ =--' 
I~~ 

ADDR ~i~ :JIll/1M ROW ROW 

DQ ~g~ ---------OPEN'--------

CAS-BEFORE-"RAS" REFRESH CYCLE 
(AO-AS = DON'T CARE) 

tRP tRAS tRP 'RAS 

Y =-1. tRPc:11 

I~\~ .. 1~·'CP'111~ ~ ~I 
=~ ~ I " f 
-

OPI::N 

~ ~ ~ ~ 

W////;J;J//////;J////;J//;J;J;t 

BATTERY BACKUP REFRESH CYCLE 
(AO-AS = DON'T CARE) 

1251.15 

tAP . tRAS 

--.J tAPC:11 
14.tcPN·ll~ ~l 

! , I 

~ ~ 

tAP . 

tRP~II~ , 
OPEN 

~ 

4-90 

tRAS 

Y 
~I 

1 

~ 

W///;1////;1//////;1/;1;1ffi 

82ZI DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications withoot notice. 
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MIC:RON MT24D88C51236 
1-· ,,,,,moe,,", 512K X 36, 1 MEG X 18 IC DRAM CARD 

MT24D88C51236 
REV. 4/92 

RAS VIH-
VIL_ 

~ 

CAS 
V1H-
VIL_ 

ADDR 

tRCO 

HIDDEN REFRESH CYCLE 21 

(WE = HIGH) 

(READ) 

tRAS 

(REFRESH) 

tRAS 

tCHR 

DQ ~:g~ -------- OPENI------~Q9Q\M-----VVAAlL:;c,D;oD;;::ATr;;A---:--1 OPEN-

4-91 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without nOlice. 
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ftJIU=RON MT24D88C51236 
1-· "'"''''''''''"' 512K x 36,1 MEG x 181C DRAM CARD 

RESERVED JEDEC, JEIDA and PCMCIA 

MT24DS8C51238 
REV. 4192 

88-PIN ASSIGNMENT 
(All Possible Combinations) 

v" 1 ©© 45 Vss 
000 2 ©© 
001 3 

46 0018 
©© 47 0019 

002 4 ©© 
003 5 

48 0020 
©© 49 0021 

004 6 ©© 50 0022 
DOS 7 ©~ 51 0023 
006 8 © 52 0024 5.0V Vee 9 ©© 
007 10 

53 0025 
©© 54 0026 3.3V Vee 11 ©© 55 OE DOS 12 © 56 Vss 

AO 13 ©© 
A2 14 ©© 57 Al 

5.0V Veri 15 © 58 A3 

A4 16 
©© 59 AS 
©© 60 A7 3.3V Vee 17 ©© 61 A9 

A6 18 ©© 62 All 
A8 19 ~© 63 Vss 

AlO 20 
64 A13 

A12 21 ©© 
65 RASl 

RASO 22 ~~ CASO 23 
66 CAS2 
67 Vss 

CASl 24 ©© 
68 CAS3 

3.3V Vee 25 ©© 
69 RAS3 

RAS2 26 ©© 
70 WE 5.0V Vee 27 ©~ POl 

PD2 28 
71 © 72 PD3 

P04 29 ©© 
73 Vss 

P06 30 ©© 
0036 31 ©© 74 P05 

©© 75 P07 
0007 32 

76 ©© P08 
0017 33 

77 ©~ 0008 
009 34 

78 0009 3.3V Vee 35 ©© 79 0005 
0010 36 ©© 

5.0V Vee 37 ©© 
80 0027 
81 0028 

DOH 38 © ©© 82 0029 
0012 39 © 83 0000 
OQ13 40 ©© 
D014 41 

84 0001 
©© 85 0002 

0015 42 ©© 86 0033 
b016 43 ©© 

Vss 44 
87 0034 

©© 88 Vss 

4-92 

MT24D88C51236 PIN ASSIGNMENT 
(JEDEC Standard) 

Vss 1 ©© 
000 2 ~© 

45 Vss 
46 0018 

001 3 
47 0019 

002 4 ©© 
©© 48 0020 

000 5 
©© 49 0021 DQ4 6 
©© 50 0022 

DOS 7 
©© 51 0023 

006 8 
Vee 9 ~~ 

52 0024 
53 0025 

007 10 
54 0026 

NC 11 ©© 
55 NC 

Das 12 ©© 
AO 13 ©~ 56 V" 

A2 14 
57 Al 

Veo 15 
©© 58 A3 

A4 16 
©© 59 AS 
©© 60 A7 

NC 17 ~© 61 NC 
A6 18 

62 NC 
A8 19 ©© 

63 Vss 
NC 20 ~~ 64 NC 
NC 21 

65 RA§i 
RASO 22 ©© 
CASo 23 ©© 66 ~. 

67 Vss 
CASl 24 ©~ 68 CAS3 

NC 25 ©© 69 RAS3 
RAS2 26 ©© 70 WE 

Vee 27 ©© 71 POl (Vss) 
PD2 (Vss) 28 ©© 72 P03 (Vss) 
PD4 (Vss) 29 ©© 73 Vss 
PD6 (TBO) 30 

~~ NC 31 
74 P05 (Vss) 

NC 32 
75 P07 (TBO) 

©© 76 P08 (NC) 
0017 33 ©© 77 NC 
009 34 ©© 78 NC 

NC 35 ©© 79 0035 
0010 36 ©© 80 0027 

Vee 37 ©© 
0011 38 

81 0028 

~© 82 0029 
0012 39 

©© 93 0030 
0013 40 

64 0031 
0014 41 ©© 
0015 42 ©~ 95 0032 

86 0033 
0016 43 ©© 87 0034 

V's 44 ©© 88 Vss 

Micron Technology, Inc., reserves the right to change products or specffication!;! without notice. 
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MICRON MT12D88C136 
1-· "'"",w" '" 1 MEG X 36, 2 MEG x 18 IC DRAM CARD 

IC DRAM CARD 

FEATURES 
• JEIDA, JEDEC and PCMCIA standard 88-pin IC 

DRAM card 
• Polarized receptacle connector 
• Industry standard DRAM functions and timing 
• High-performance, CMOS silicon-gate process 
• All outputs are fully TIL compatible 
• All inputs buffered except RAS inputs 
• Multiple RAS inputs for x18 or x36 selectability 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR), 

HIDDEN and BATTERY BACKUP (BBU) 
• FASTPAGEMODEaccesscycle 
• Single +5V ±5% power supply 
• Low power; 12mW standby, 3.1W active (typical) 
• Extended refresh standard: 1,024 cycles every 128ms 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
80ns access 

GENERAL DESCRIPTION 

-6 
-7 
-8 

The MT12D88C136 is a 4 megabyte, IC DRAM card 
organized as a 1 Meg x 36 bit memory array. It may also be 
configured as a 2 Meg x 18 bit memory array, provided the 
corresponding DQs on the host system are made common, 
and memory bank control procedures are implemented. 
Separate CAS inputs allow byte accesses. 

All inputs to the DRAMs are buffered, with the exception 
of RAS. The line drivers used for buffers reduce reflections 
on the card and ensure compatibility in a wide range of 
systems. Atthe same time, the line drivers add delays to the 
buffered input timings .when as compared to standard 
DRAMs. 

The MT12D88C136 is designed for low power operation 
using 1 Meg x 4 low power, extended refresh DRAMs. These 
devices support BATTERY BACKUP (BBU) cycle refresh; a 
very low current, data retention mode. Standard compo­
nent DRAM refresh modes are supported as well. 

Multiple RAS inputs conserve power by allOWing indi­
vidual bank selection. In the x36 organization, the memory 
is a single array that maybe divided intofourseparatebytes. 
In thex18 organization, up to two banks, each with two sep­
arate bytes, may be independently selected. One bank is 
activated by each RAS selection; the others not selected 
remain in standby mode, drawing minimum power. 

MT12D88C136 
REV,4!92 4-93 

4 MEGABYTES 
1 MEG x 36, 2 MEG x 18 

1 

3 
4 

6 

10 
11 
12 
13 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
4il 
41 
42 
43 
44 

PIN ASSIGNMENT (End View) 
SS-Pin Card (U-1) 

PIN # 

©© 45 
©© 46 

8© 47 

©© 48 

©© 49 

©© 50 

©© 51 

©© 52 

8© 
53 
54 

©g 55 
56 

©© 57 

88 
58 
59 

©© 60 

8g 
61 
62 

©" 63 

©8 
64 
65 

©© 66 
©© 67 

8© 68 

©© 69 

©© 70 

©© 71 

©8 
72 
73 

©© 74 

8© 75 

©8 
76 
77 

©© 78 
©© 79 
©© 80 
©© 81 
©© 82 
©© 83 
©© 84 
©© 85 

8© 86 

©8 
87 
88 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

/~ 
// ~ // 

~/ 

SYMBOL PIN # SYMBOL PIN# 
Vss 31 NG 61 
000 32 NG 62 
D01 33 0017 63 
002 34 009 64 
003 35 NG 65 
004 36 0010 66 
005 37 Vee 67 
006 38 0011 68 
Vee 39 0012 69 
007 40 0013 70 
NG 41 OQ14 71 
008 42 0015 72 
AO 43 0016 73 
A2 44 Vss 74 
Vee 45 Vss 75 
A4 46 D018 76 
NG 47 0019 77 
A6 48 0020 78 
A8 49 0021 79 
NG 50 0022 80 
NC 51 0023 81 

1'iASO 52 0024 82 
l;ASO 53 OQ25 83 
CASf 54 0026 84 

NG 55 NG 85 
'RAS2 56 Vss 86 

Vee 57 A1 87 
P02 (Net 58 A3 88 
P04 (Vss) 59 A5 
P06 (T80) 60 A7 

SYMBOL 
A9 
NG 
Vss 
NG 
NG 

'Cl\S2 
Vss 
~ 

NG 
wr 

P01 (Vss) 
P03 (Vss) 

Vss 
P05 (NG) 
P07 (T80) 
POB (NG) 

NG 
NC 

0035 
OQ27 
0028 
0029 
0030 
D031 
0032 
0033 
OQ34 
Vss 

Eight presence detect pins may be read by the host to 
identify the MT12D88C136 organization, number of banks, 
access time and refresh mode. These extensive presence 
detect functions allow systems to utilize the advanced 
power-saving features. 

The MT12D88C136 is built with a plastic frame covered 
by stainless steel panels. This package, containing an 88-pin 
receptacle connector, is keyed to prevent improper installa­
tion or insertion into other types of IC card sockets. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT12D88C136 
1-· ""'"'''''''' 1 MEG X 36, 2 MEG x 181C DRAM CARD 

FUNCTIONAL BLOCK DIAGRAM 

RAS2 

RAS 

~---------+---iC~ 

-....---iD>-----------.--t---IWE 

CAS2 ----iu.......--

RASO 
. CASO 

AO-A9 

RAS 

r---+----T---1 CAS 

+----+----1 WE 

CAS 

WE 

0035 
• • • 

0017 •••• : 
DOg 

D08 
• • • 

000 

NOTE: 1.D = 74ACl1244 line drivers. 

MT12088C136 
REV. 4/92 

2. B1 through.84 = 1 Meg x 9 memory blocks. 

4-94 Micron Technology, Inc., reserves the right 10 change products or specifications without notice. 
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MICRON MT12D88C136 
1-· "'""""'''' 1 MEG x 36,2 MEG x 181C DRAM CARD 

PIN DESCRIPTIONS 

PIN NUMBERS 
22,26 

23,24,66,68 

70 

13,57,14,58,16,59, 
18,60,19,61 

2-8,10,12,34,36, 
38-43,33,46-54, 

80-87,79 

71, 28, 72, 29, 
74,30,75,76 

11, 17, 20, 21, 25, 
31, 32, 35, 62, 55, 
64,77,78,65,69 

MT12D138C136, 
REV .. 4192 

9,15,27,37 

1, 44, 45, 56, 
63,67,73,88 

SYMBOL 
RASO,RAS2 

CASO-3 

WE 

AO-A9 

DQO-DQ35 

PD1-PD8 

NC 

Vcc 

Vss 

TYPE 
Input 

Input 

Input 

Input 

Input! 
Output 

-

-

Supply 

Supply 

DESCRIPTION 
Row Address Strobe: RAS is used to clock-in the 10 row-
address bits. Two RAS inputs allow for a single x36 bank 
or two x18 banks. 

Column Address Strobe: CAS is used to clock-in the 1 0 
column-address bits, enable the DRAM output buffers, 
and strobe the data inputs on WRITE cycles. Four CAS 
inputs allow byte access control for any memory bank 
configuration. 

Write Enable: WE is the READIWRITE control for the DQ 
pins. If WE is LOW prior to CAS going LOW, the access 
is a WRITE cycle. If WE is HIGH while CAS is LOW, the 
access is a READ cycle. 

Address Inputs: These inputs aremultiR!exed 
and clocked by RAS and CAS. 

Data 1/0: For WRITE cycles, DQO-DQ35 act as 
inputs 10 the addressed DRAM location. BYTE 
WRITEs maybe performed by using the corresponding 
CAS select. For READ access cycles, DQO·DQ35 act as 
outputs for the addressed DRAM location. 

Presence Detect: These pins are read by the 
host system and tell the system the card's personality. 
They will be either left floating (NC) or they will be 
grounded (Vss). 

No Connect: These pins should be left 
unconnected (reserved for future use). 

Power Supply: +5V ±5% 

Ground 

4-95 Micron Technology, Inc .• _ reserves the right to changlll products or specifications-without notice. 
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MIC:RON MT12D88C136 
1-· ",",,,<o,n",c 1 MEG x 36, 2 MEG x 181C DRAM CARD 

FUNCTIONAL DESCRIPTION 
The MT12D88C136 is a 4 megabyte memory card as a 

1 Meg x 36 bit memory array (RASO =RAS2). It also may be 
configured as a 2 Meg x 18 bit memory array provided the 
correspondingDQs on the host are connected and memory 
bank control procedures are implemented by interleaving 
both RAS lines. 

Most x36 bit applications use the same signal to control 
the CAS inputs. RASO controls the .lower 18 bits and 
RAS2 controls the upper 18 bits to. obtain a x36 memory 
array. For x18 applications, the corresponding DQs and the 
corresponding CAS pins must be connected together (DQQ 
to DQI8, DQl toDQ19 and so forth, and CASO to CAS2 and 
CASI to CAS3). Each RAS is then a bank select for the 
2 Meg x 18 memory organization. 

DRAM OPERATION 

DRAM REFRESH 
Memory cell data is retained in its correct state by main­

tainingpower and executing any RAScycle [READ, WRITE, 
RAS-ONLY, CAS-BEFORE-RAS (CBR), HIDDEN or BAT­
TERY BACKUP (BBU) REFRESH] so that all 1,024 combina­
tions of RAS addresses (AO-A9) are executed at least every 
128ms, regardless of sequence. 

The implied method of choice for refreshing the memory 
card is the BBU cycle. This is a very low current, data 
retention mode made possible by using the CBR REFRESH 
cycle over the extended refresh range (Icc7). 

The memory card may be used with the other refresh 
modes common in standard DRAMs. This allows the 
memory card to be used on existing systems that do not 
utilize the BBU REFRESH cycle. However, the penalty is the 
memory card will draw more current in the STANDBY 
mode. The CBRREFRESH mode is recommended when not 
using the BBU mode. 

DRAM READ AND WRITE CYCLES 
During READ or WRITE cycles, each bit is uniquely 

addressed through the 20 address bits, which are entered 10 
bits (AO-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data in (D) is latched by the 
falling edge of CAS. WE must fall prior to CAS (EARLY 
WRITE); if WE goes LOW after CAS, the outputs (Q) will be 

MT12D88C136 
REV. 4/92 4-96 

activated and will drive invalid data to the inputs. The data 
inputs and data outputs are routed through pins using 
common I/O, and pin direction is controlled by WE. 

FAST PAGE MODE operation allows faster data operac 
tions (READ or WRITE) within a row address (AO-A9) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ­
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. Returning RAS and CAS HIGH terminates a 
memory cycle and decreases chip current to a reduced 
standby level. Also, the chip is preconditioned for the next 
cycle during the RAS high time. 

DRAM TIMING 
In accordance with JEDEC standard specifications, all 

inputs to the IC DRAM card are buffered, with the exception 
of RAS inputs. The line drivers used for buffers reduce 
reflections on the card and ensure compatibility in a wide 
range of systems. The implementation of buffers on the card 
may relieve the need for additional host system line 
drivers. Notes 23 though 29 indicate which parameters on 
the IC DRAM card are affected by the line drivers, and to 
what magnitude they are affected. The component 
DRAM timing specifications, rather than those of the IC 
DRAM card (in systems that use both), may cause timing 
incompatibilities. 

All traces on the IC DRAM card (buffered and non­
buffered) are approximately 50 ohms characteristic imped­
ance. Matching impedance on the system board to 50 ohms 
characteristic impedance on traces to the IC DRAM card 
will decrease signal noise to the IC DRAM card, enhancing 
overall system reliability. 

PHYSICAL DESIGN 
The MT12D88C136 is constructed with a molded plastic 

frame and covered with stainless steel panels. Inside, 12 thin 
small-outline package (TSOP) DRAMs are mounted on an 
ultrathin printed circuit board. The board is attached to a 
high insertion, 88-pin receptacle connector. The package 
has a polarized key to prevent improper installation, in­
cluding insertion into other types of IC card sockets. The 
MT12D88C136 operates reliably up to 55°C. 

Micron Technology, Inc., reserves the righllo change products or specifications Without notice. 
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MIC:RON MT12D88C136 
1-· ,·""mco""" 1 MEG x 36, 2 MEG x 18 IC DRAM CARD 

MEMORY TRUTH TABLE 

FUNCTION HAS"" 
Standby H 

READ L 

EARLY-WRITE L 

READ-WRITE L 

FAST-PAGE-MODE 1st Cycle L 

READ 2nd Cycle L 

FAST-PAGE-MODE 1st Cycle L 

EARLY-WRITE 2nd Cycle L 
/ 

FAST-PAGE-MODE 1st Cycle L 

READ-WRITE 2nd Cycle L 

RAS-ONL Y REFRESH H 

HIDDEN READ L-H-L 

REFRESH WRITE L-H-L 

CAS-BEFORE-RAS REFRESH H-L 

BATTERY BACKUP REFRESH H-L 

PRESENCE DETECT TRUTH TABLE 

2 Meg x 8, 9 
2 Meg x 8, 9 

16MB 4 Meg x 1, 4, 16, 18 
32MB 4 Meg x 1, 4, 16, 18 

Access Timing 

Refresh Control 

NOTE: Vss = Ground. 

MT12D88C136 
REV. 4192 

"CAs-
H-X 

L 

L 

L 

H-L 

H-L 

H-L 

H-L 

H-L 

H-L 

X 

L 

L 

L 

L 

4-97 

WE 
X 

H 

L 

H-L 

H 

H 

L 

L 

H-L 

H-L 

X 

H 

L 

H 

H 

ADDRESSES DATA IN/OUT 
IR IC 000-0035 

X X High-Z 

ROW COL Data Out 

ROW COL Data In 

ROW COL Data In 

ROW COL Data Out 

n/a COL Data Out 

ROW COL Data In 

n/a COL Data In 

ROW COL Data Out 

n/a COL Data Out 

ROW n/a High-Z 

ROW COL Data Out 

ROW COL Data In 

X X High-Z 

X X High-Z 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MICRON MT12D88C136 
1-· "'""0"""" 1 MEG x 36, 2 MEG x 18 IC DRAM CARD 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss ...... -O.5V to +S.2SV 
Operating Temperature T A (Ambient) ............. O°C to SsoC 
Storage Temperature ..................................... -20°C to +80°C 
Power Dissipation ............................................................ lSW 
Short Circuit Output Current ...................................... SOmA 
Card Insertions (Connector's Life Cycle) .................. 10,000 

*Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi­
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C ~ T A ~ 55°C; Vcc = 5V ±5%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT, Any input I Non-buffered 

(OV ~ VIN ~ 5.25V; all other pins not under test = OV) I Buffered 

OUTPUT LEAKAGE CURRENT (Q is disabled; OV ~ VOUT ~ 5.25V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VI H) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Other Inputs = Vcc -0.2V) 

OPERATING CURRENT: Random READ/WRITE 
Average power supply current 
(RAS, CAS, Address Cycling: 'RC = 'RC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: 'PC = 'PC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: 'RC = 'RC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS (CBR) 
Average power supply current 
(RAS, CAS, Address Cycling: 'RC = 'RC (MIN)) 

REFRESH CURRENT: BATTERY BACKUP (BBU) 
Average power supply current during BBU: CAS = 0.2V or CBR 
cycling; RAS = 'RAS (MIN) upto 300ns; 'RC = 125~; WE, AO-A9 
and DQ = Vcc -0.2V or 0.2V (DQ may be left open) 

MT12D8SC136 
REV. 4/92 4-98 

SYMBOL MIN MAX UNITS NOTES 

Vcc 4.75 5.25 V 1 

VIH 3.5 Vcc+0.5 V 1 

VIL -0.5 0.8 V 1 

liN -12 12 ItA 
liB -2 2 ItA 
loz -10 10 ItA 

VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -6 -7 -8 UNITS NOTES 

(CCl 24 24 24 mA 

Icc2 2.4 2.4 2.4 mA 

Icc3 1.2 1.1 1.0 A 3,4,30 

Icc4 900 750 625 mA 3,4,30 

Iccs 1.2 1.1 1.0 A 3,30 

Icc6 1.2 1.1 1.0 A 3,5,30 

Icc? 3.2 3.2 3.2 mA 3,5 

MICron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 



MIC::RON MT12D88C136 
F· m""mo~,,", 1 MEG x 36, 2 MEG x 18 IC DRAM CARD 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: CASO, CAS1, CAS2, CAS3, AO-A9 CI1 9 pF 2 

Input Capacitance: WE 
.. 

CI2 13 pF 2 

Input Capacitance: RASO, RAS2 CI3 SO pF 2 

Input/Output Capacitance: DQ CIO 12 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13, ) (O°C ::; T A ::; SsoC; Vcc = SV ±S%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
FA8T-PAGE-MODE 
READ or WRITE cycle time 

Access time from tlAS 
Access time from CAS 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
tlAS to CASdelay time 
CAS to tlAS precharge time 
Row address setup time 
Row address hold time 
tlAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead lime 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 
Output buffer turn-off delay 
WE command setup time 

r12D88C136 
:V.4192 

-6 
SYM MIN 
tRC 110 
tpc 40 

tRAC 
tCAC 
tAA 

tCPA 
tRAS 60 

tRASP 60 
tRSH 25 
tRP 45 

tCAS 15 
tCSH 55 
ICPN 10 
tcP 10 

tRCD 10 
tCRP 15 
tASR 10 
tRAH 5 
tRAD 10 

tASC 5 
tCAH 15 
tAR 45 

tRAl 40 

tRCS 5 
tRCH 5 

tRRH -5 

tClZ 5 
tOFF 5 
twcs 5 

MAX MIN 
130 
40 

60 
25 
40 
50 

100,000 70 
100,000 70 

30 
50 

100,000 20 
65 
10 
10 

35 15 
15 
10 
5 

20 10 

5 
20 
50 

45 

5 
5 

-5 

5 
30 5 

5 

4-99 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 23 
45 ns 23 

70 80 ns 14.23 
30 30 ns 15,26 
45 50 ns 26 
50 55 ns 26 

100,000 80 100,000 ns 23 
100,000 80 100,000 ns 23 

30 ns 26 
60 ns 23 

100,000 20 100.000 ns 23 
75 ns 25 
10 ns 16,23 
10 ns 23 

40 15 50 ns 17,28 
15 ns 26 
10 ns 26 
5 ns 25 

25 10 30 ns 18,28 

5 ns 24 
20 ns 24 
55 ns 25 

50 ns 26 

5 ns 25 
5 ns 19.24 

-5 ns 19.25 

5 ns 24 
30 5 30 ns 20.29 

5 ns 24 

Micron Technology, Inc., reserves the right to change producls or specifications without notice.. 
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MU:::RCN MT12D88C136 
1-· '""'M''",''' 1 MEG X 36, 2 MEG x 181C DRAM CARD 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, .13) (O°C'::;; T A::;; 55°C; Vee = 5V ±5%) 

AC CHARACTERISTICS 
PARAMETER 
Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time (referenced to RAS) 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CAS-BEFORE-RAS refresh) 

CAS hold time 
(CAS-BEFORE-RAS refresh) 

WI: hold time 
(CAS-BEFORE-RAS refresh) 

WE setup time 
(CAS-BEFORE-RAS refresh) 

WI: hold time 
(WCBR test cycle) 

WE setup time 

MT12D88C136 
REV.4!92 
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SYM MIN MAX 
tWCH 15 

twCR 40 

twp 10 
tRWL 25 
tCWL 20 
tDS 5 
tDH 5 

tDHR 45 

IT 2 15 
tREF 128 
tRPC 10 
tCSR 20 

tCHR 10 

tWRH 5 

twRP 20 

tWTH 5 

tWTS 20 

4-100 

MIN 
20 

50 

15 

30 

25 

5 
10 

55 

2 

10 

20 

10 

5 

20 

5 

20 

-7 -8 

MAX MIN MAX UNITS NOTES 
20 ns 24 

55 ns 25 

15 ns 23 

30 ns 26 

25 ns 24 

5 ns 24 

10 ns 25 

60 ns 23 

15 2 15 ns 9,10,23 

128 128 ms 

10 ns 26 

20 ns 5,26 

10 ns 5,25 

5 ns 22,25 

20 ns 22,26 

5 ns 22,25 

20 ns 22,26 

M!cron Technology, Inc., reserves the right to change products or specIfications without notice 
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MICRON MT12D88C136 
1-· "'"""G"" 1 MEG x 36, 2 MEG x 18 IC DRAM CARD 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = SV ±10%,f = 1 MHz. 
3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

S. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of 100J.ls is required after power-up 
followed by eight RAS refresh cycles (RA5-0NL Y or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the lREF refresh requirement is 
exceeded. 

8. AC characteristics assume IT = Sns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition tate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is high impedance. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

100pF. 
14. Assumes that IRCD < IReD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

IS. Assumes that IRCD ~ IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 

4T12D88C136 
lEV. 4192 4-101 

a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

18. Operation within the lRAD (MAX) limit ensures that 
IRCD (MAX) can be met. lRAD (MAX) is specified as 
a reference point only; if lRAD is greater than the 
specified lRAD (MAX) limit, then access time is 
controlled exclusively by IAA. 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. IOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

22. twTS and twTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverse of twRP and twRH in the 
CBR refresh cycle. 

23. Timing between the DRAMs and the DRAM card did 
not change with the addition of the line drivers. 

24. A +Sns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

2S. A ~Sns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

26. A + IOns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

27. A -IOns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

28. A -Sns (MIN) and a -IOns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

29. A +Sns (MIN) and a + IOns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

30. The maximum current ratings are based with the 
memory operating or being refreshed in the x36 
mode. The stated maximums maybe reduced by one 
half when used in the xl8 mode. 

Micron T echnotogy, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT12D88C136 
1-· H"'"'''''''' 1 MEG x 36, 2 MEG x 18 IC DRAM CARD 

MT12088G136 
REV. 4192 

READ CYCLE 

'RC 

tRAS 'RP 

RIIS 
VIH -
VIL _ 

tCSH 

'RSH tRRH 

tCRP tRCO tCAS 

CAS 
VIH -
VIL -

'AR 

ADDR 

WE 

DO VIOH -
VIOL OPEN VALID DATA OPEN 

EARLY-WRITE CYCLE 

, , 
'RP . tRAS 

-II- 'j 

- k"" . tCSH 

tRSH 

ICRP . tAco tCIIS , 

:-.1 
tAR 

tRAD tRAL 

ADDR ~It 

tASR tRAH ~~ 
~ 

J~ 
ROW ~~ COLUMN ~;,X ROW 

tCWL JJ tRWL 

tWCR 

, twes , 'wCH 

'WP 

WE ~:~ "Y///$~ ~ 

~l 
I 

I· 
DO ~ig~ ~~---VA-Ll-D-D 

4-102 

tOHR 

'DH 

~ DON'T CARE 

!88ll UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notlce. 
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MIC:RON MT12D88C136 
1-· 'H""""'''''' 1 MEG x 36, 2 MEG x 181C DRAM CARD 

ADDR 

DO 

AODA ~:~ 

r12D88C136 
:V.4192 

FAST-PAGE-MODE READ CYCLE 

I~ ____________________________ ~'R~AS~P~ _______________________________ I~ 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

tCSH tpc tASH 

~ 1_---------''''Rc'''D'-_I_..:>'c'''A''-s--_I�~~'c:!:.P--II-''''C'''AS'---II--'''c''-P __ II_",'C",AS'---I 

4-103 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications wlthout notice. 
©1992, Micron Technology, Inc. 

z 
~ 
II 
o 
C 
:D 
l> 
3: 

~ 
:D 
C 



z 
~ 
II -o 

C 
J:J 
l> 
s:: 
o 
l> 
J:J 
C 

MIC:RON MT12D88C136 
1-· "'"'M"""" 1 MEG x 36, 2 MEG x 181C DRAM CARD 

MT120S8C136 
REV. 4192 

~-ONLY REFRESH CYCLE 
(ADDR = AO-A9; WE = DON'T CARE) 

tRC 

tRAS 

CAs ~i~:~ "----I 

ADDR ~:~ _~o~k$~//////$///$##M$lI/a:~--RO-W --

DQ ~g~ -:--------OPEN---------

DO 

DO 

CAS"-BEFORE-RAS" REFRESH CYCLE 
(AO-A9 = DON'T CARE) 

L, tRP tRAS tRP tRAS 

-1~I! tRP? J I. tCSR l_tcPNjl~ ~I- ~!. 
:~ ~ I 'l. f 

OPEN 

~ ~ ~ 

tw//////////"/"//#//J 
~ 

~##//"II!I#//#///,,#//,,//// 

BATTERY BACKUP REFRESH CYCLE 
(AO-A9 = DON'T CARE) 

t25l!s 

tRP tRAS tRP . 
---.J tRPC:!, 

\. tCPN 'eSR ~I I~_ tCSR 

! 'It ! 
OPEN 

~~I ~ 

~//##/"/I#//////"J 

4-104 

tAAS 

'jr 

~I, 
! 

~ 

tw//##;///"//#/;;w/////"/"~ 
~ DON'T CARE 

~ UNDEFINED 
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I'IIIC: 1=1 CN MT12D88C136 
co,,,,,, " m 1 MEG x 36, 2 MEG x 18 IC DRAM CARD 

r12088C136 
:V.4J92 

HIDDEN REFRESH CYCLE 21 

(WE = HIGH) 

(READ) 

tRAS 

(REFRESH) 

tRAS 

~ DON'T CARE 

~ UNDEFINED 
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MIC:RON MT12D88C136 
1-· "'""'00'" 1 MEG x 36,2 MEG x 18 Ie DRAM CARD 

RESERVED JEDEC, JEIDA and PCMCIA 

MT12.D88C136 
REV. 4192 

88-PIN ASSIGNMENT 
(All Possible Combinations) 

Vss ©© 45 Vss 
DQO @© 46 DQ18 
DQ1 ©© 47 DQ19 
DQ2 @@ 48 OQ20 
DQ3 ©© 49 DQ21 
DQ4 @@ 50 DQ22 
DQ5 ©© 51 DQ23 
DQ6 @© 52 DQ24 

5.0V Vee 9 @@ 53 DQ25 
DQ7 10 ©@ 54 DQ26 

3.3V Vee 11 @© 55 BE 
DQ8 12 @© 56 Vss 

AO 13 
A2 14 

@@ 57 A1 

5.0V Vee 15 
©© 58 A3 

A4 16 
@@ 59 A5 

3.3V Vee 17 
©© 60 A7 
@© 61 A9 

A6 18 ©@ 62 A11 
AS 19 ©© 63 Vss 

A10 20 @@ 64 A13 
A12 21 ©© 65 RAS1 

RASO 22 ©© 66 CAS2 
CASO 23 ©© 
CAS1 24 

67 Vss 
©@ 68 CAS3 

3.3V Vee 25 ©© RAS3 
RAS2 

69 
26 ©@ 70 WE 

5.0V Vee 27 ©@ 71 PD1 
PD2 28 ©© 72 PD3 
PD4 29 @ 
PD6 30 ©@ 73 Vss 

74 PD5 
DQ36 31 ©@ 

@© 75 P07 
DQ37 32 

©© 76 PD8 
DQ17 33 

DQ9 34 ©@ 77 OQ38 

@© 78 DQ39 
3.3V Vee 35 

©@ 79 DQ35 
DQ10 36 

5.0V Vee 37 @© 80 DQ27 

@© 81 DQ28 
DQ11 38 
DQ12 39 @@ 82 DQ29 

©© 83 DQ30 
DQ13 40 

84 DQ31 
DQ14 41 ©@ 

85 DQ32 
DQ15 42 @© 
DQ16 43 ©@ 86 DQ33 

Vss 44 @© 87 OQ34 

© 88 Vss 

4-106 

MT12D88C136 PIN ASSIGNMENT 
(JEDEC Standard) 

Vss ©@ 45 Vss 
DQO @© 46 DQ18 
DQ1 @© 47 DQ19 
DQ2 ©© 48 DQ20 
DQ3 ©© 49 DQ21 
DQ4 @@ 50 DQ22 
DQ5 7 @@ 51 DQ23 
DQ6 8 @© 52 DQ24 
Vee 9 @@ 53 DQ25 

DQ7 10 ©© 54 0026 
NC 11 @@ 55 NC 

DQ8 12 @© 
AO 13 

56 Vss 

A2 14 
@© 57 A1 

Vee 15 
@© 58 A3 

A4 16 
©© 59 A5 

NC 17 
©@ 60 A7 
©@ 61 A9 

A6 18 @@ 62 NC 
A8 19 @@ 63 Vss 
NC 20 @@ 64 NC 
NC 21 @@ 65 NC 

RASO 22 @@ 66 CAS2 
CASO 23 @ 67 Vss 
CAS1 24 @@ 

68 CAS3 
NC 25 @@ 

69 NC 
RAS2 26 ©© 

©@ 70 WE 
Vee 27 

71 POl (Vss) 
PD2 (NC) 28 ©@ 

@8 
72 PD3 (Vss) 

PD4 (Vss) 29 
73 Vss 

PD6 (TBD) 30 @© 74 PD5 (NC) 
NC 31 ©© 
NC 32 

75 PD7 (TBD) 
©@ 76 PD8 (NC) 

DQ17 33 @@ 77 NC 
DQ9 34 @@ 78 NC 

NC 35 ©@ 
OQ1O 36 

79 DQ35 
©© 80 OQ27 

Vee 37 @© 
DQ11 38 

81 DQ28 
©@ 82 DQ29 

D012 39 @@ 
DQ13 40 

83 0030 
@@ 84 DQ31 

D014 41 @© 85 DQ32 
DQ15 42 @@ 86 DQ33 
DQ16 43 @© 87 OQ34 

Vss 44 ©© 88 Vss 

Micron Technology, Inc., reS9IVes the right to change prOducts or specllications without notice 
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MIC:RON MT24D88C236 
1-· ", .. "oeo"", 2 MEG x 36, 4 MEG x 18 IC DRAM CARD 

IC DRAM CARD 

FEATURES 
• JEIDA, JEDEC and PCMCIA standard 88-pin IC 

DRAM card 
• Polarized receptacle connector 
• Industry standard DRAM functions and timing 
• High-performance, CMOS silicon-gate process 
• All outputs are fully TTL compatible 
• AIl inputs buffered except RAS inputs 
• Multiple RAS inputs for x18 or x36 selectability 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR), 

HIDDEN and BATTERY BACKUP (BBU) 
• FAST PAGE MODE access cycle 
• Single +5V ±5% power supply 
• Low power; 24mW standby, 3.1W active (typical) 
• Extended refresh standard: 1,024 cycles every 128ms 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
80ns access 

GENERAL DESCRIPTION 

-6 
-7 
-8 

The MT24D88C236 is an 8 megabyte, IC DRAM card 
organized as a 2 Meg x 36 bit memory array. It may also be 
configured as a 4 Meg x 18 bit memory array, provided the 
corresponding DQs on the host system are made common 
and memory bank control procedures are implemented. 
Separate CAS inputs allow byte accesses. 

AIl inputs to the DRAMs are buffered, with the exception 
of RAS. The line drivers used for buffers reduce reflections 
on the card and ensure compatibility in a wide range of 
systems. At the same time, the line drivers add delays to the 
buffered input timings when compared to standard DRAMs. 

The MT24D88C236 is designed for low power operation 
using 1 Meg x 4 low power, extended refresh DRAMs. 
These devices support BATTERY BACKUP (BBU) cycle 
refresh; a very low current, data retention mode. Standard 
component DRAM refresh modes are supported as well. 

Multiple RAS inputs conserve power by allowing indi­
vidual bank selection. In the x36 organization, the memory 
array may be divided into two banks, each with four 
separate bytes. In the x18 organization, up to four banks, 
each with two separate bytes, may be independently se­
lected. One bank is activated by each RAS s.election; the 
others not selected remain in standby mode, drawing mini­
mum power. 

8 MEGABYTES 
2 MEG x 36, 4 MEG x 18 

PIN # SYMBOL PIN # SYMBOL PIN. SYMBOL 

g© 45 

©g 46 
47 

©© 48 

g© 49 

©© 50 

©© 51 

9 ©© 52 
53 10 ©© 
54 

11 ©© 
55 

12 ©© 
" 13 ©© 
57 

14 ©© 
" 15 ©© 

16 ©© 59 

17 ©© 60 

18 ©g 61 

19 
62 

20 
©© 63 

21 
©© 64 

22 
©© 65 

23 
©© 66 

24 g© 67 

25 ©g 68 

26 
69 

g© 70 
27 

71 
28 ©© 

72 
29 ©© 
30 ©© 73 

31 ©© 74 

32 ©© 75 

33 ©g 76 

34 
77 

35 
©© 78 
©© 79 

36 ©© 80 
37 
38 

©© 81 

39 
©© 82 

40 
©© 83 

41 
©© 84 

42 g© 85 

43 ©© 86 

44 ©g 87 

" 

1 Vss 31 NC 61 A9 
2 000 32 NC 62 NC 
3 001 33 0017 63 Vss 
4 002 34 009 64 NC 
5 003 35 NC 65 RAS1 
6 004 36 0010 66 ~ 
7 005 37 Vee 67 Vss 
8 006 38 0011 68 CJ\S3 
9 Vee 39 0012 69 RAS3 

10 OQ7 40 0013 70 WE" 
11 NC 41 0014 71 P01 (Vss) 
12 008 42 0015 72 P03 (Vss) 
13 AO 43 0016 73 Vss 
14 A2 44 Vss 74 P05 (Vss) 
15 Vee 45 Vss 75 P07 (TBO) 
16 A4 46 0018 76 P08 (NC) 
17 NC 47 0019 77 NC 
18 A6 48 0020 78 NC 
19 A8 49 0021 79 0035 
20 NC 50 0022 80 0027 
21 NC 51 OQ23 81 0028 
22 li7iSiJ 52 0024 82 0029 
23 Ci\SIT" 53 OQ25 83 0030 
24 CAS1 54 OQ26 84 0031 
25 NC 55 NC 85 0032 
26 RAS2 56 Vss 86 0033 
27 Vee 57 .;1 87 0034 
28 P02 (NC) 58 A3 88 Vss 
29 P04 (vss) 59 A5 
30 P06 (TBO) 60 A7 

Eight presence detect pins may be read by the host to 
identify. the MT24D88C236 organization, number of 
banks, access time and refresh mode. These extensive pres­
ence detect functions allow systems to utilize the advanced 
power-saving features. 

The MT24D88C236 is built with a plastic frame covered 
by stainless steel panels. This package, containing an 88-pin 
receptacle connector, is keyed to prevent improper instal­
lation or insertion into other types of IC card sockets. 

MT24D88C236 
REV. 4192 4-107 Micron T echnoJogy. Inc., reserves the right to change products or speclflCstions without notice, 
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MIC:RON MT24D88C236 
1-· "'0""0'"'' 2 MEG x 36,4 MEG x 18 IC DRAM CARD 

FUNCTIONAL BLOCK DIAGRAM 

RAS3 ---~~--------~-__4RAS 
CAS3 --~DI>------~---r_-~CAS 

r-t--t---Iw. 

RAS2 ------II\IIIr_+--+-+--~ 

RAS1 --~---II\IIIr_+-----~-__4 
CAS1 --~DI>--.. -~-~~-r_-~ 

CAsa D 

RAsa -----

• • • 
DQ9 

NOTE: 1. 0 = 74AC11244 line drivers. 

MT24D88C236 
REV. 4/92 

2. 81 through 88 = 1 Meg x 9 memory blocks. 
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MIC:RON MT24D88C236 
1-· ,"'"'coc,," 2 MEG x 36, 4 MEG x 18 IC DRAM CARD 

PIN DESCRIPTIONS 

PIN NUMBERS 

22,26,65,69 

23,24,66,68 

70 

13,57,14,58,16,59, 
18,60,19,61 

2-8,10,12,34,36, 
38-43, 33, 46-54, 

80-87,79 

71, 28, 72, 29, 
74,30,75,76 

11, 17, 20, 21, 25, 
31, 32, 35, 62, 55, 

MT24D38C236 
REV. 4192 

64, 77, 78 

9,15,27,37 

1, 44, 45, 56, 
63,67,73,88 

SYMBOL 

RASO-3 

CASO-3 

WE 

AO-A9 

000-0035 

PDi-PD8 

NC 

Vcc 

Vss 

TYPE 

Input 

Input 

Input 

Input 

Input! 
Output 

-

-

Supply 

Supply 

DESCRIPTION 

Row Address Strobe: RAS is used to clock-in the 10 row-
address bits. Four RAS inputs allow for two x36 banks or 
four x18 banks. 

Column Address Strobe: CAS is used to clock-in the 10 
column-address bits, enable the DRAM output buffers, 
and strobe the data inputs on WRITE cycles. Four CAS 
inputs allow byte access control for any memory bank 
configuration. 

Write Enable: WE is the READIWRITE control for the DO 
pins. If WE is LOW prior to CAS going LOW, the access 
is a WRITE cycle. If WE is HIGH while CAS is LOW, the 
access is a READ cycle. 

Address Inputs: These inputs are multiplexed 
and clocked by RAS and CAS. 

Data I/O: For WRITE cycles, 000-0035 act as 
inputs to the addressed DRAM location. BYTE 
WRITEs may be performed by using the corresponding 
CAS select. For READ access cycles, 000-0035 act as 
outputs for the addressed DRAM location .. 

Presence Detect: These pins are read by the 
host system and tell the system the card's personality. 
They will be either left floating (NC) or they will be 
grounded (Vss). 

No Connect: These pins should be left 
unconnected (reserved for future use). 

Power Supply: +5V ±5% 

Ground 

4-109 Micron Technology, Inc., reserves the right to change products or specifications-without notice. 
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UU:::RON MT24D88C236 
1-· "''''Me,,''' 2 MEG x 36,4 MEG x 18 IC DRAM CARD 

FUNCTIONAL DESCRIPTION 
The MT24D88C236 is an 8 megabyte memory card 

structured as a 2 Meg x 36 bit memory array (RASO= RAS2, 
RASI = RAS3). It also may be configured as a 4 Meg x 18 bit 
memory array provided the corresponding DQs on the host 
are connected and memory bank control procedures are 
implemented by interleaving all four RAS lines. 

Most x36 bit applications use the same signal to control 
the CAS inputs. RASO and RASI control the lower 18 bits, 
and RAS2 and RAS3 control the upper 18 bits to obtain a 
x36 memory array. For x18 applications, the corresponding 
DQs and the corresponding CAS pins mustbe connected 
together (DQO to DQI8, DQl to DQ19 and so forth, and 
CASO to CAS2 and CASI to CAS3 ). Each RAS is then a bank 
select for the 4 Meg x 18 memory organization, 

DRAM OPERATION 

DRAM REFRESH 
Memory cell data is retained in its correct state by main­

tainingpower and executing any RAScycle [READ, WRITE, 
RAS-ONLY, CAS-BEFORE-RAS (CBR), HIDDEN or BAT­
TERY BACKUP (BBU) REFRESH] so that all 1,024 combina­
tions of RAS addresses (AO-A9) are executed at least every 
128ms, regardless of sequence. 

The implied method of choice for refreshing the memory 
card is the BBU cycle. This is a very low current, data 
retention mode made possible by using the CBR REFRESH 
cycle over the extended refresh range (leC7). 

The memory card may be used with the other refresh 
modes common in standard DRAMs. This allows the 
memory card to be used on existing systems that do not 
utilize the BBU REFRESH cycle. However, the memory card 
will draw more current in the STANDBY mode. The CBR 
REFRESH mode is recommended when not using the BBU 
mode. 

DRAM READ AND WRITE CYCLES 
During READ or WRITE cycles, each bit is uniquely 

addressed through the 20 address bits, which are entered 10 
bits (AO-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data in (D) is latched by the 
falling edge of CAS. WE must fall prior to CAS (EARLY 
WRITE); if WE goes LOW after CAS, the outputs (Q) will be 

activated and will drive invalid datato the inputs. The data 
inputs and data. outputs .are routed through pins using 
common I/O, and pin direction is controlled by WE. 

FAST PAGE MODE operation allows faster data opera­
tions (READ or WRITE) within a row address (AO-A9) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ­
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. Returning RAS and CAS HIGH terminates a 
memory cycle and decreases chip current to a reduced 
standby level. Also, the chip is preconditioned for the next 
cycle during the RAS high time. 

DRAM TIMING 
In accordance with JEDEC standard specifications, all 

inputs to the IC DRAM card are buffered, with the exception 
of RAS inputs. The line drivers used for buffers reduce 
reflections on the card and ensure compatibility in a wide 
range of systems. The implementation of buffers on the card 
may relieve the need. for additional host system line 
drivers. Notes 23 though 29 indicate which parameters on 
the IC DRAM card are affected by the line drivers, and to 
what magnitude they are affected. The component 
DRAM timing specifications, rather than those of the IC 
DRAM card (in systems that use both), may cause timing 
incompatibilities. 

All traces on the IC DRAM card (buffered and non­
buffered) are approximately 50 ohms characteristic imped­
ance. Matching impedance on the system board to 50 ohms 
characteristic impedance on traces to the IC DRAM card 
will decrease signal noise to the IC DRAM card, enhancing 
overall system reliability. 

PHYSICAL DESIGN 
The MT24D88C236 is constructed with a molded plastic 

frame and covered with stainless steel panels. Inside, 24 thin 
small-outline package (TSOP) DRAMs are mounted on 
both sides of an ultrathin printed circuit board. The board 
is attached to a high insertion, 88-pin receptacle connector. 
The package has a polarized key to prevent improper 
installation, including insertion into other types of IC card 
sockets. The MT24D88C236 operates reliably up to 55°C. 

MT24D8SC236 
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MICRON MT24D88C236 
1-· """,,0.,,", '" 2 MEG x 36 4 MEG x 18 IC DRAM CARD 1 

MEMORY TRUTH TABLE 

ADDRESSES DATA IN/OUT 

FUNCTION RAS "CAS WE" IR IC 000-0035 
Standby H H--+X X X X High-Z 

READ L L H ROW COL Data Out 

EARL V-WRITE L L L ROW COL Data In 

READ-WRITE L L H--+L ROW COL Data In 

FAST-PAGE-MODE 1st Cycle L H--+L H ROW COL Data Out 

READ 2nd Cycle L H--+L H n/a COL Data Out 

FAST-PAGE-MODE 1st Cycle L H--+L L ROW COL Data In 

EARL V-WRITE 2nd Cycle. L H--+L L n/a COL Data In 

FAST-PAGE-MODE 1st Cycle L H--+L H--+L ROW COL Data Out 

READ-WRITE 2nd Cycle L H--+L H--+L n/a COL Data Out 

RAS-ONL V REFRESH H X X ROW n/a High-Z 

HIDDEN READ L-+H--+L L H ROW COL Data Out 

REFRESH WRITE L-+H-+L L L ROW COL Data In 

CAS-BEFORE-RAS REFRESH H--+L L H X X High-Z 

BATTERV BACKUP REFRESH H-+L L H X X High-Z 

PRESENCE DETECT TRUTH TABLE 

z 
m :e 
II -o 
C 
::XJ » 
s::: 
~ 
::XJ 

~----~~----~----------------~------------------~C 

x 8, 9 
x 8, 9 

16MB 4Megx1,4,16,18 
32MB 4 Meg x 1, 4, 16, 18 

Access Timing 

Refresh Control 

NOTE: Vss = Ground. 

MT24D88C236 
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MIC:RON MT24D88C236 
1-· ce,",",,,",'" 2 MEG x 36, 4 MEG x 18 IC DRAM CARD 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee Supply Relative to Vss ...... -O.5V to +S.2SV 
Operating Temperature T A (Ambient) ............. O°C to SsoC 
Storage Temperature ..................................... -20°C to +80°C 
Power Dissipation ............................................................ lSW 
Short Circuit Output Current ...................................... SOmA 
Card Insertions (Connector's Life Cycle) .................. 10,000 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specificationisnotimplied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4,6, 7) (O°C ~ T A ~ 55°C; Vcc = 5V ±5%) 

PARAMETER/CONOITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT, Any input I Non-buffered 

(OV ~ VIN ~ 5.25V; all other pins not under test = OV) I Buffered 

OUTPUT LEAKAGE CURRENT (0 is disabled; OV ~ VOUT ~ 5.25V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Other Inputs = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: tRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: tpc = tpc (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: tRC = tRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS (CBR) 
Average power supply current 
(RAS, CAS, Address Cycling: IRC =tRC (MIN)) 

REFRESH CURRENT: BATTERY BACKUP (BBU) 
Average power supply current during BBU: CAS = 0.2V or CBR 
cycling; RAS = tRAS (MIN) up to 300ns; tRC = 125/-1s; WE, AO-A9 
and DO = Vcc -0.2V or 0.2V (DO may be left open) 

MT24DB8C236 
REV. 4192 4-112 

SYMBOL MIN MAX UNITS NOTES 

Vcc 4.75 5.25 V 1 

VIH 3.5 Vcc+0.5 V 1 

VIL -0.5 0.8 V 1 

liN -12 12 ~ 
liB -2 2 ~ 
loz -10 10 ~ 

VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -6 -7 -8 UNITS NOTES 

Icc1 48 48 48 mA 

Icc2 4.8 4.8 4.8 mA 

Icc3 L2 1.1 1.0 A 3,4,30 

Icc4 860 740 620 mA 3,4,30 

Iccs 1.2 1.1 1.0 A 3,30 

Icc6 1.2 1.1 1.0 A 3,5,30 

Icc? 6.4 6.4 6.4 mA 3,5 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT24D88C236 
1-· ""'0<0<,"," 2 MEG x 36, 4 MEG x 18 Ie DRAM CARD 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: CASO, CAS1, CAS2, CAS3, AO-A9 Cit 9 pF 2 

Input Capacitance: WE CI2 13 pF 2 

Input Capacitance: RASO, RAS1, RAS2, RAS3 CI3 50 pF 2 

Input/Output Capacitance: DO CIO 24 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C ::; T A::; 55°C; Vcc = 5V ±5%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
FAST-PAGE-MODE 
READ or WRITE cycle time 
Access time from RAS 
Access time from CAS 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 
Output buffer turn-off delay 
WE command setup time 

MT240saC236 
REV.4J92 

-6 
SYM MIN 
tRC 110 
tpc 40 

tRAC 
tCAC 
tAA 

tCPA 
tRAS 60 

tRASP 60 
tRSH 25 
tRP 45 

tCAS 15 
ICSH 55 
ICPN 10 
ICp 10 

IRCD 10 
ICRP 15 
tASR 10 
tRAH 5 
IRAD 10 

IASC 5 
tCAH 15 
tAR 45 

tRAl 40 

tRCS 5 
tRCH 5 

IRRH -5 

tClZ 5 
tOFF 5 
twcs 5 

MAX MIN 
130 
40 

60 
25 
40 
50 

100,000 70 
100,000 70 

30 
50 

100,000 20 
65 
10 
10 

35 15 
15 
10 
5 

20 10 

5 
20 
50 

45 

5 
5 

-5 

5 
30 5 

5 

4-113 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 23 
45 ns 23 

70 80 ns 14,23 
30 30 ns 15,26 
45 50 ns 26 
50 55 ns 26 

100,000 80 100,000 ns 23 
100,000 80 100,000 n5 23 

30 ns 26 
60 ns 23 

100,000 20 100,000 ns 23 
75 ns 25 
10 ns 16,23 
10 ns 23 

40 15 50 ns 17,28 
15 ns 26 
10 ns 26 
5 ns 25 

25 10 30 ns 18,28 

5 ns 24 
20 ns 24 
55 ns 25 

50 ns 26 

5 ns 25 
5 ns 19,24 

-5 ns 19,25 

5 ns 24 
30 5 30 ns 20,29 

5 ns 24 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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UI(:::F=lON MT24D88C236 
1-· ,,,,,,,moc,,,,, 2 MEG x 36, 4 MEG x 18 IC DRAM CARD 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C $ T A $ 55°C; Vee = 5V ±5%) 

AC CHARACTERISTICS 
PARAMETER 
Write command hold time 

Write command hold time 
(referenced to RAS) 
Write command pulse width 

Write command to RAS lead time 

Write command to CAS" lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time (referenced to RAS) 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

RAS to CAS" precharge time 

CAS setup time 
(CAS"-BEFORE-RAS refresh) 

CAS hold time 
(CAS-BEFORE-RAS refresh) 

WE hold time 
(CAS"-BEFORE-RAS refresh) 

WE setup time 
(CAS-BEFORE-RAS refresh) 

WE hold time 
(WCBR test cycle) 

WE setup time 

MT24D88C236 
REV. 4192 

-6 

SYM MIN MAX 
'WCH 15 

tWCR 40 

twp 10 
tRWL 25 
tCWL 20 
IDS 5 
IDH 5 

tDHR 45 

IT 2 15 
IREF 128 
IRPC 10 
ICSR 20 

tCHR 10 

tWRH 5 

tWRP 20 

'WTH 5 

'WTS 20 

4-114 

MIN 
20 

50 

15 

30 

25 

5 
10 

55 

2 

10 

20 

10 

5 

20 

5 

20 

-7 -8 

MAX MIN MAX UNITS NOTES 
20 ns 24 

55 ns 25 

15 ns 23 

30 ns 26 

25 ns 24 

5 ns 24 

10 ns 25 

60 ns 23 

15 2 15 ns 9,10,23 

128 128 ms 

10 ns 26 

20 ns 5,26 

10 ns 5,25 

5 ns 22,25 

20 ns 22,26 

5 ns 22,25 

20 ns 22,26 

Micron Technology. Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 



MIC:RON MT24D88C236 
1-· ,",""mce"", 2 MEG x 36, 4 MEG x 18 IC DRAM CARD 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = SV ±lO%,f = 1 MHz. 
3. Ice is dependent on cycle rates. 
4. Ice is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of 100~s is reqUired after power-up 
followed by eight RAS refresh cycles (RAS-ONL Y or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the IREF refresh requirement is 
exceeded. 

8. AC characteristics assume IT = Sns. 
9. VIR (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIR and VIL (or between VIL 
and VIR). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIR and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIR, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

100pF. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD <': IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tcPN. 

17. Operation within the IRCD (MAX) limit ensures that 
tRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 

specified IRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

18. Operation within the lRAD (MAX) limit ensures that 
IRCD (MAX) can be met. lRAD (MAX) is specified as 
a reference point only; if lRAD is greater than the 
specified lRAD (MAX) limit, then access time is 
controlled exclusively by IAA. 

19. Either IRCH or lRRH must be satisfied for a READ 
cycle. 

20. IOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. A HIDDEN REFRESH may also be performed after a 
WRlTE cycle. In this case, WE = LOW. 

22. twTs and twTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverse of twRP and twRH in the 
CBR refresh cycle. 

23. Timing between the DRAMs and the DRAM card did 
not change with the addition of the line drivers. 

24. A +Sns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

25. A -Sns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

26. A + IOns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

27. A -IOns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

28. A -Sns (MIN) and a -IOns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

29. A +Sns (MIN) and a + IOns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

30. The maximum current ratings are based on one of the 
two banks operating or being refreshed (x36 mode). 
The stated maximums may be reduced by one half 
when used in the x18 mode. Standby currents of the 
non-active bank are not included. 

MT24D68C236 
REV. 4192 4-115 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT24D88C236 
1-· ","",we,'", 2 MEG X 36, 4 MEG X 18 IC DRAM CARD 

MT24DB8C236 
REY.4192 

RAS 

CAS 

ADDR 

WE 

DQ 

I 
VIH 
VtL -J 

ICAP 

tRAD . 
I~~I 

READ CYCLE 

tRAS IRP ~I 

leSH 

'RSH tRRH 

tRCD tCAS 

IAR I tRAL 

~ ~ 
~ ~ 

~ ROW ~ ~ COLUMN ROW 

tRCS 

I 
~ 

1/111111111111111111111111111111 Vlllllllldllllllllll/; 

VIOH -
VIOL 

lAA 

tRAG 

tCAG 

~I ~l 
OPEN VALID DATA OPEN---

EARLY-WRITE CYCLE 

tRAS 

I~ ____________ ~ ______ ~r 
ICSH 

\~---

~ ____ R_O,W _______ ,~~~~ ___ C,O_LU_MTN~~~~L-____ RO_W ____ _ 

!CWL J I 
I----t--t-------;=':IRW~L --IJ 

tWCA 

'wes IWCH 

IWp 

IOHA 

4-116 

~ DON'T CARE 

02J UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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UU:::RON MT24D88C236 
F- "'""mccn, 2 MEG x 36, 4 MEG x 181C DRAM CARD 

FAST-PAGE-MODE READ CYCLE 

1~----------------------------~tR~AS~P------------------------------~I~ 

ADOR 

DO 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

�----------------------------~tR~A~SP~------------------------------.~I~ 

ADDR ~:t 

DO ~:g~ ~:L!.LLLLLi.LLL_'_''_l.L!.LLLLLlil'_ ____________ _1'(\LLLrK. _________ .JI 

II1T24D88C236 
~EV.4192 4-117 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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I'IIIC:RON MT24D88C236 
""'" "" 2 MEG x 36, 4 MEG x 181C DRAM CARD 

MT24D88C236 
REV. 4192 

~-ONLY REFRESH CYCLE 
(ADDR = AO-A9; WE = DON'T CARE) 

- V,H -,---,1 I} 
AAS v" - Ir--------~JI' \~--

'CRP ~ 

CAs ~:~ =---' "'----I 

AOOA ~:~~~~h#$//#/$$//#ffUa'$$$$/;;xr---AO-W--
DO ~gr' :::::--------'--------OPEN---------

00 

00 

~-BEFORE-~ REFRESH CYCLE 
(AO-A9 = DON'T CARE) 

tAP tRAS tAP , tRAS 

~ :~ 
:~ tCPN:it tCSA ~I I~I~ ~I, 

! -'i L 
OPEN 

j; 

L~~ ~ 

W;//////;////;/////;/fl 
~ 

W/$///////J,,//////$//////,-2 

BATTERY BACKUP REFRESH CYCLE 
(AO-A9 = DON'T CARE) 

125~s 

tAP tRAS tRP tRAS 

J 
--'..-.iI~1 

tcp ll~ I~ I~r ~1. 
1 'l. 1 'l. 

OPEN 

~ ~ 
-7 

4-118 

~ 

, 
~ 

W/////;///$/$$/$/$/% 

~ DON'T CARE 

~ UNDEFINED 

MIcron Technology, Inc., reserves the right to change products or specifications without notice. 
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I'IIIt:::RON MT24D88C236 
"'''''0 oc, "" 2 MEG x 36, 4 MEG x 181C DRAM CARD 

MT24DB8C236 
REV. 4192 

ADDR 

DO 

HIDDEN REFRESH CYCLE 21 

(WE = HIGH) 

(READ) 

'RAS 

4-119 

(REFRESH) 

tRAS 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specificatlonswllhout notice. 
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MIC:RON MT24D88C236 
1-· "'""'0'''''' 2 MEG x 36, 4 MEG x 18 IC DRAM CARD 

RESERVED JEDEC 88-PIN ASSIGNMENT· 

MT24D88C236 
REV.4f92 

(All Possible Combinations) 

Vss ©© 45 Vss 
000 ©© 46 D01B 
001 ©© 47 DQ19 
002 ©© 46 0020 
003 ©© 49 0021 
004 ©© 50 DQ22 
005 ©© 51 0023 
006 ©© 52 0024 

S.OV Vee 9 
DQ7 10 

©© 53 0025 
©© 54 0026 

3.3V Vee 11 ©© 55 OE 
008 12 ©© 56 Vss 

AO 13 
A2 14 

©© 57 A1 

S.OV Vee 15 
©© 56 A3 
©© 59 A5 

A4 16 ©© 
3.3V Vee 17 

60 A7 
©© 61 A9 

A6 16 ©© 62 A11 
A6 19 ©© 63 Vss 

A10 20 ©© 64 A13 
A12 21 ©© 65 RAS1 

RASO 22 
CASO 23 

©© 66 CAS2 

CAS1 24 
©© 67 Vss 

g© 66 CAS3 
3.3V Vee 25 

RAS3 
RAS2 26 ©© 69 

S.OV Vee 27 ©© 70 WE 

PD2 26 ©© 71 PD1 

PD4 29 ©© 72 PD3 

PD6 30 ©© 73 Vss 

0036 31 ©© 74 PD5 

0037 32 ©© 75 PD7 

DOH 33 ©© 76 PD6 

009 34 ©© 77 0038 

3.3V Vee 35 ©© 76 0039 

DOW 36 ©© 79 0035 
80 D027 

S.OV Vee 37 ©© 
81 0026 

0011 36 ©© 
0012 39 ©© 62 0029 

0013 40 ©© 83 0030 

D014 41 ©© 64 0031 
85 0032 

0015 42 ©© 
86 0033 

0016 43 ©© 
67 0034 

Vss 44 ©© © 66 Vss 

4-120 

. MT24D88C236 PIN ASSIGNMENT 
(JEDEC Standard) 

Vss ©© 45 Vss 
000 ©© 46 0016 
001 ©© 47 0019 
002 ©© 46 0020 
003 ©© 49 0021 
DQ4 ©© 50 0022 
005 ©© 51 0023 
006 ©© 52 0024 
Vee 

007 10 g© 53 0025 
54 0026 

NC 11 ©© 
55 NC 

006 12 ©© 
56 Vss 

AO 13 ©© 
A2 14 ©© 57 A1 

Vee 15 ©© 56 A3 
59 A5 

A4 16 ©© 
NC 17 ©© 60 A7 

61 A9 
A6 16 ©© 

62 NC 
AS 19 ©© 

63 Vss 
NC 20 ©© 

64 NC 
NC 21 ©© 

65 RAS1 
RASO 22 ©© 
CASO 23 ©© 66 CAS2 

CAS1 24 ©© 67 Vss 
66 CAS3 

NC 25 ©© 
RAS3 

RAS2 26 ©© 69 

Vee 27 ©© 70 WE 

PD2 (NC) 26 ©© 71 PD1 (Vss) 

PD4 (Vss) 29 ©© 72 PD3 (Vss) 

PD6 (TBD) 30 ©© 73 Vss 

NC 31 ©© 74 PD5 (Vss) 

NC 32 ©© 75 PD7 (TBD) 

DOH 33 ©© 76 PD6 (NC) 

009 34 ©© 77 NC 

NC 35 ©© 76 NC 

DQ10 36 ©© 79 0035 
60 OQ27 

Vee 37 ©© 
61 0026 

0011 36 ©© 
D012 39 ©© 82 0029 

OQ13 40 ©© 63 0030 

0014 41 ©© 64 0031 
65 0032 

0015 42 ©© 
66 0033 

0016 43 ©© 
67 0034 

Vss 44 ©© © 86 Vss 

Micron Technology, Inc., resefVt$ tile right 10 change products or specifications without notice 
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MIC:RON MT12D88C25640 
1-· "'""o<e "'" 256K x 40, 512K x 20 IC DRAM CARD 

IC DRAM CARD 

FEATURES 
• JEIDA, JEDEC and PCMCIA standard 88-pin IC 

DRAM card 
• Polarized receptacle connector 
• Industry standard DRAM functions and timing 
• High-performance, CMOS silicon-gate process 
• All outputs are fully TIL compatible 
• AIl inputs buffered except RAS inputs 
• Multiple RAS inputs for x16/18/20 or x32/36/40 

selectability 
• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR), 

HIDDEN and BATTERY BACKUP (BBU) 
• FAST PAGE MODE access cycle 
• Single +5V ±5% power supply 
• Low power; 12mW standby, 2.7W active (typical) 
• Extended refresh standard: 512 cycles every 64ms 

OPTIONS 
• Timing 

60ns access 
70ns access 
80ns access 

MARKING 

-6 
-7 
-8 

GENERAL DESCRIPTION 
The MT12D88C25640 is a 1 megabyte, IC DRAM card 

organized primarily as a 256K x 40 bit memory array for 
EDC applications. It may be used as a x32 or x36 bit memory 
array (the unused DQs should be tied to V ss or V cc through 
current limiting resistors). It may also be configured as a 
512K x 20 bit memory array, provided the corresponding 
DQs on the host system are made common and memory 
bank control procedures are implemented. Separate CAS 
inputs allow byte accesses. 

All inputs to the DRAMs are buffered, with the exception 
of RAS. The line drivers used for buffers reduce reflections 
on the card and ensure compatibility in a wide range of 
systems. At the same time, the line drivers add delays to the 
buffered input timings when compared to standard DRAMs. 

The MT12D88C25640 is designed for low power opera­
tion using 256K x 4 low power, extended refresh DRAMs. 
These devices support BATIERY BACKUP (BBU) cycle 
refresh; a very low current, data retention mode. Standard 
component DRAM refresh modes are supported as well. 

MT12DBBC25640 
AEV.4/92 4-121 

1 MEGABYTE 
256K x 40, 512K x 20 

gg 
@@ 
gg 
@@ 
@@ 
@@ 

10 
@@ 

11 
@@ 

12 
@@ 

13 
@@ 
@@ 

14 @@ 
15 @@ 
16 
17 

@@ 
18 g@ 
19 @@ 
20 @@ 
21 @@ 
22 @@ 
23 gg 24 
25 @@ 
26 gg 27 
28 @g 
29 
30 g@ 
31 @@ 
32 @@ 
33 

g8 34 
35 @@ 
36 @@ 
37 @8 
38 
39 

@@ 
8@ 40 

41 @@ 
42 @@ 
43 @@ 
44 @g 

PIN ASSIGNMENT (End View) 
SS-Pin Card (U-1) 

PIN # SYMBOL PIN # SYMBOL PIN. SYMBOL 

45 1 Vss 31 0036 61 NC 
46 2 000 32 0037 62 NC 
47 
48 3 001 33 0017 63 Vss 
49 
50 

4 002 34 009 64 NC 
51 5 003 35 NC 65 NC 
52 
53 

6 004 36 0010 66 ~ 
54 7 005 37 Vee 67 Vss 
55 
56 8 006 38 0011 68 "Cl\S3" 
57 9 Vee 39 0012 69 NC 

" 59 10 007 40 0013 70 wr 
60 
61 
62 

11 NC 41 0014 71 POl (Vss) 
12 008 42 0015 72 P03 (Vss) 

63 
64 

13 AO 43 0016 73 Vss 
65 14 A2 44 Vss 74 P05 (NC) 
56 
67 

15 Vee 45 Vss 75 P07 (TBO) 
68 
69 
70 

16 A4 46 0018 76 P08 (NC) 
17 NC 47 0019 77 0038 

71 18 A6 48 0020 78 0039 
72 
73 19 A8 49 0021 79 0035 
74 
75 
76 

20 NC 50 0022 80 0027 
21 NC 51 0023 81 0028 

77 
78 
79 

22 ro\SO 52 0024 82 0029 
23 Ni50 53 D025 83 0030 

80 
81 24 W\S1 54 0026 84 0031 
82 25 NC 55 DE(Vss) 85 0032 
83 
84 26 RAS2 56 Vss 86 0033 
85 27 Vee 57 Al 87 0034 
86 
87 28 PD2 (Vss) 58 A3 88 Vss 
88 29 P04 (Vss) 59 A5 

30 P06 (TBD) 60 A7 

Multiple RAS inputs conserve power by allowing indi­
vidual.bank selection .. In the x32/36/40 organization, the 
memory is a single array that may be divided into four 
separate bytes (x32/x36 only). In the x16/18/20 organiza­
tion, up to two banks, each with two separate bytes, may be 
independently selected. One . bank is activated by each 
RAS selection; the others not selected remain in standby 
mode, drawing minimum power. 

Micron Technology, Inc., reserves the right to change products or specificatiOnS without notice. 
©1992, Micron Technology, Inc. 
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MIC:RON MT12D88C25640 
1-· ",",owo"" 256K x 40, 512K X 20 IC DRAM CARD 

-
Eight presence detect pins may be read by the host to The MT12D88C25640 is builtw'ith aplastic frame covered 

by stainless steel panels. This package, containing an 88-pin 
receptacle connector, is keyed to prevent improper installa­
tion or insertion into other types of IC card sockets. 

identify the MI12D88C25640 organization, number of banks, 
access time and refresh mode. These extensive presence 
detect functions allow systems to utilize the advanced 
power saving features. 

FUNCTIONAL BLOCK DIAGRAM 

CAS3 

OE 

WE 

RAS2 

CAS2 

RASO 

RAS 

~----------r-~CAS 

.-------1 :)----_---+---I6E 

~~4--+----~CAS 

...--+--+------I6E 

RAS 

~r-~--~~~CAS 

+--+----+---l6E 

CASO ----I ~~4-------~c~ 

'---+------,-~6E 

AO-A8 

0035 ••• t: 
0027 

0026 

•• lIt: 
0018 

0038,0039 

0017 

•• lIt: 
009 

0036,0037 
008 

•• lIt: 
DO~ 

NOTE: 1. 0 = 74AC11244 line drivers. 

MT12D8aC2564Q 
REV. 4/92 

2. 81 and 82 = 256K x 11 memory blocks; 83 and 84 = 256K x 9 memory blocks. 
3. OE is internally connected to ground viaa 300 Kohm resistor and is also buffered to DRAM. 

4-122 Micron Technology> Inc., reserves the right to change products or specifications without notice. 
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MIC::RON MT12D88C25640 
1-· '" 256K x 40, 512K x 20 IC DRAM CARD 

PIN DESCRIPTIONS 

PIN NUMBERS 

22,26 

23,24,66,68 

70 

55 

13,57,14,58,16, 
59,18,60,19 

2-8, 10, 12, 34,36, 
38-43,33, 46-54, 80-87., 

79,31,32,77,78 

71, 28, 72, 29, 
74,30, 75, 7~ 

11, 17, 20, 21, 25, 
35,61,62, 
64,65,69 

9, 15, 27, 37. 
1, 44, 45, 56, . 
63,67,73;88 

MT12088C25640 
REV. 4192 

SYMBOL 

RASO,RAS2 

CASO"3 

WE 

OE 

AO-A8 

DOO-D039 

PD1-PD8 

.. 

NC .'. 

Vec 

Vss 
; '. 

" ~ 

TYPE 

Input 

Input 

Input 

Input 

Input 

Input! 
Output 

-

. 

Supply 

Supply 

DESCRIPTION 

Row Address Strobe: RAS is used to clock-in the 9 row~ 
address bits. Two RAS inputs allow for a singlex32/36/40 
bank or two x16/18/20 banks. 

Column Addres's Strobe: CAS is used to clock-in the 9 
column-address bits, enable the DRAM output buffers, 
and strobe the data inputs on WRITE cycles. Four CAS 
inputs allow byte access control for any memory bank' 
configuration (not in x40mode). 

Write Enable: WE is the READIWRITE control for the DO 
pins. If WE is LOW prior to CAS going LOW, the access 
is an EARLY-WRITE cycle. If WE is HIGHwhile CAS is 
LOW, the access is a READ cycle, provided OE is also 
LOW. If WE goes LOW after CAS goes LOW, then the 
cycle is a LATE-WRITE cycle. A LATE-WRITE cycle is 
generally used in conjuction with a READ cycle to form a 
READ-MODIFY-WRITE cycle. 

Output Enable: OE is the input!output control for the DO 
pins: OE is connected t6 ground throl!Qh a 300 Kohm 
resistor and is intended to be L6Waliowing for EARlY-
WRITE cycles only. This Signal may b.e di"iven, allowing 
for LATE-WRITE cycles. 

Address Inputs: These inputs are multiplexed 
and clocked by RAS and CAS. . , 

Data 110: Fot WRITE cycles, OOO-DCl39 act as 
inputs to the addresSed DRAM location. BYTE 
WRITEs may be performed by using the corresponding' 
CAS select (x32/36 mode only). For READ'access cycles, 
DOO-D039 act as outputs for the addre~sed DRAM 
location. 

Presence Detect: These pins are read by the 
host system and tell the system the card's personality ~ 
They will be either left floating (NC) or they will be 
grounded (Vss). 

No Connect: These pins should be left '-

unconnected (reserved for future use). 

Power Supply: +5V ±5% 

Grol,lhd 

4-123 Micron Technology, Inc., reserves the right to change products or specifications without notice, 
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, MU=~CN MT12D88C25640 
1-- """ 256Kx40 512Kx20lC DRAM CARD 

z 
~ 
II 

FUNCTIONAL DESCRIPTION 
The MT12D88C25640 is a 1 megabyte memo~d 

structured as a 256K x 32/36/40 bit memory array (RASO = 
RAS2). It also may be configured as a 512K x 16/18/20 bit 
memory array,provided the corr-esponding DQs on the 
host are connected and memory bank control procedures 
are implemented by interleaving both RAS lines. 

Most x32/36/40 bit applications use the same signal to 
control the CAS inputs. RASO controls the lower 16/18 bits, 
and RAS2 controls the upper 16/18 bits to, obtain a x32/36 
memory array. For x16/18 applications, the corresponding 
DQs and the corresponding CAS pins must be connected 
together (000 to DQ18, DQ1 to DQ19 and so forth, and 

_ CASOtoCAS2and CAS1 toCAS3).EachRASisthenabank o select for the 512K x 16/18 memory organization. , 

DRAM OPERATION C 
XI l> DRAM REFRESH 
, Memory cell data is retained in its correct state by main­
;::::a. tainingpower and executing any RASey-cle [READ, WRITE, 

RAWNLY, CA5-BEFORE-RAS (CBR), HIDDEN or BAT-o TERYB, ACKUP (BBU) REFRESH] so that all 512 combina­» tions of RAS addresses (AO-A8) are executed at least every 
:D64ms, regardless of sequence. ' 

C The implied method of choice for refreshing the memory 
card is the BBU cycle. This is a very low current, data 
retention mode made possible by using the CBR REFRESH 
cycle over the extended refresh range (1,"C7). 

The ' memory ,card may be used with the other refresh 
modes common in standard DRAMs. This allows the 
memory card to be, used on existing systems that do not 
utilize the BBU REFRESH cycle. However, the memory card 
wiU draw more current in the STAND~Y mode. The CBR 
REFRESH mode is recorrimended when, not usmg the BBU 
mode. . 

DRAM READ. AND WRITE CYCLES 
During READ or WRITE cycles,' each bit' is Uniquely 

addressed through the 18 address bits, which are entered 9' 
bits (AO-A8) at a time. RASis used to latch the first 9 bits and 
CAS the latter 9 bits. REAb or WRITE cycles are selected 
with the WE input. A logic HIGH on WE dictates READ 
mode while a logic LOW on WE dictates WRITE mode. 
During a WRITE cycle, data in (D) is latched by the falling 
e~of CAS. WE must fall prior to CAS (EARLY WRITE); 
if WE goes LOW after CAS, the outputs (Q) will be activated 

, 

and will drive invalid data to the inputs, unless LATE­
WRITE cycle timing specifications are met. The data inputs 
and data outputs are routed through pins using common 
I/O, and pin direction is controlled by WE. 

FAST PAGE MODE operation allows faster data opera­
tions (READ or WRITE) within a row address (AO-A8) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ­
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. Returning RAS and CAS HIGH terminates a 
memory cycle and decreases chip current to a reduced 
standby level. Also, the chip is preconditioned for the next 
cycle during the RAS high time. 

DRAM TIMING 
In accordance with JEDEC standard specifications, all 

inputs to the IC DRAM card are buffered, with the exception 
of RAS inputs. The line drivers used for buffers reduce 
reflections on the card and ensure compatibility in a wide 
range of systems. The implementation of buffers on the card 
may relieve the need for additional host system line 
drivers. Notes 23 though 29 indicate which parameters on 
the IC DRAM card are affected by the line drivers, and to 
what magnitude they are affected. The component DRAM 
timing specifications, rather than those of the IC DRAM 
card (in systems that use both), may cause timing 
incompatibilities. 

All traces on the IC DRAM card (buffered and non­
buffered) are approximately 50 ohms characteristic imped­
ance. Matching impedance on the system board to 50 ohms 
characteristic impedance on traces to the IC DRAM card 
will decrease signal noise to the IC DRAM card, enhancing 
overall system reliability. 

PHYSICAL DESIGN 
The MTI2D88C25640 is constructed with a molded plas­

tic frame and covered with stainl~s steel panels. Inside, 8 
thin small-outline package (TSOP) DRAMs are mounted on 
an ultrathin printed cir€uit board. The board is attached to 
a high insertion, 88-pin receptacle connector. The package 
has a polarized key to prevent improper installation, in­
cluding insertion into other types of IC card sockets. The 
MT12D88C25640 operates reliably up to 55°C. 

MT1~5640 
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MIC::RON MT12D88C25640 
1-· "'",'"CO" '" 256K x 40, 512K x 20 IC DRAM CARD 

MEMORY TRUTH TABLE 

FUNCTION us-
Standby H 

READ L 

EARLY-WRITE L 

READ-WRITE L 

FAST-PAGE-MODE 1st Cycle L 

READ 2nd Cycle L 

FAST-PAGE-MODE 1st Cycle L 

EARLY-WRITE 2nd Cycle L 

FAST-PAGE-MODE 1st Cycle L 

READ-WRITE 2nd Cycle L 

RAS-ONL Y REFRESH L 

HIDDEN READ L -H-+L 

REFRESH WRITE L--+H--+L 

CAS-BEFORE-RAS REFRESH H--+L 

BATTERY BACKUP REFRESH H-+L 

PRESENCE DETECT TRUTH TABLE 

1 Megx1,4,16,18 
1 Megx1,4,16,18 

2 x 8,9 
2 x 8, 9 

16MB 4 Meg xi, 4, 16, 18 
32MB 4 Meg xi, 4, 16, 18 

Access Timing 

Refresh Control 

NOTE: Vss = Ground. 

MTi2D88C25640 
REV. 4192 

20 
20 

21 
21 

22 
22 

cAS" WE 

H-+X X 

L H 

L L 

L H-+L 

H-+L H 

H-+L H 

H-+L L 

H-+L L 

H-+L H-+L 

H-+L H-L 

X X 

L H 

L L 
L H 

L H 

10 10 
10 10 

11 10 1,024 
11 10 1,024 

12 11 1,024 
12 11 1,024 

4-125 

ADDRESSES DATA IN/OUT 

nr IR IC 000-0039 

X X X High-Z 

L(NC) ROW COL Data Out 

X ROW COL Data In 

L-+H ROW COL Data Out 

L(NC) ROW COL Data Out 

L (NC) n/a COL Data Out 

X ROW COL Data In 

X n/a COL Data In 

L-+H ROW COL Data In 

L-+H n/a COL Data In 

X ROW n/a High-Z 

L(NC) ROW COL Data Out 

X ROW COL Data In 

X X X High-Z 

X X X High-Z 

Vss NC Vss Vss NC X X X 
Vss NC Vss Vss Vss X X X 

NC NC Vss Vss NC X X X 
NC NC Vss Vss Vss X X X 

Vss Vss NC Vss NC X X X 
Vss Vss NC Vss Vss X X X 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MICRON MT12D88C25640 
1-· "" 256K x 40, 512K x 20 IC DRAM CARD 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss ...... -O.SV to +,S.2SV 
Operating Temperature, T A (Ambient) ......... O°C to +SsoC 
Storage Temperature ......................... : ........... -20°C to +80°C 
Power Dissipation ............................................................ lSW 
Short Circuit Output Current ...................................... SOntA 

Z Card Irisertibns (Connector's Life Cycle) .......... , ....... 10,000 

"Stresses greater than those listed under "Absolute Maxie 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tendedperiods may affect reliability. 

m :e 
II 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°CS T A S 55°C; Vcc = 5V ±5%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, AlI'lnputs 

INPUT LEAKAGE CURRENT, Any input I Non-buffered 

(OV S Vir~ S 5.25V; all other pins not.under test", OV) I Buffered 

OUTPUT LEAKAGE CURRENT (0 is disabled; OV S VOUT S 5.25V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 
STANDBY CURRENT: (TIL) 
(RAS = CAS = VIIi) 

STANDBY CURRENT: (CMOS) 
(RAS '" CAS = Oth~r Inputs", Vee ~0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS ;= VIL, CAS, Adqress Cycling: IpC", IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS" Cycling; ,CAS = VIH: IRC ;= IRC(MIN)) 

REFRESH CURRENT: CAS-BEFORE-AAS (CBR) 
Average power,supply current 
(liAS, CA$', Address Cycling: IRC :. IRC (MIN» 

REFRESH QURRENT: BATTEAY BACKUP (BBU) 
Average power,supply current during BBU: CAS = 0.2V or CBR 
cycling; RAS '" IRAS(MiN) upto 300ns; IRC,= 12511S; WE, AO-AS 
and DO '" Vce -0.2V or 0.2V (DO may be left open) 

MT12D8BC25640 
REV. 4192 4-126 

SYMBOL MIN MAX UNITS NOTES 
Vcc 4.75 5.25 V 1 

VIH 3.5 Vcc+0.5 V 1 

VIL -0.5 0.8 V 1 

liN -12 12 j1A 

liB -2 2 j1A 

loz -10 10 j1A 

VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -6 -7 -8 UNITS NOTES 
ICC1 24 '. 24 24, mA 

ICC2 2.4 2.4 2.4 mA 

IcC3 1.0 0.9 0.8 A 3,4,30 

Icc4, 780 660 540 mA 3,4,30 

Icc5 1.0 0.9 0.8 A 3,30 

Icc6 1.0 0.9 0.8 A 3,5,30 

Icc7 2.4 2.4 2.4 mA 3,5 

Micron Technology, 100., reserves the right to change products or specIfk;atIons wIlhouI notice. 
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IUIIC:I=ICN MT12D88C25640 
1-· ,"""cw",,,,, 256K x 40, 512K x 20 IC DRAM CARD 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: CASO, CAS1, CAS2, CAS3, AO-AS, OE Cit 9 pF 2 

Input Capacitance: WE CI2 13 pF 2 

Input Capacitance: RASa, RAS2 CI3 50 pF 2 

InpuVOutput Capacitance: DQ CIO 12 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, S, 9, 10, 11, 12, 13) (O°C $ T A $ 55°C; Vee = 5V ±5%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
FAST-PAGE-MODE 
READ or WRITE cycle time 
Access time from RAS 
Access time from CAS 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 
Output buffer turn-off delay 
WE command setup time 

MT12D88C25640 
AEV.4192 

-6 
SYM MIN MAX 
IRC 110 
IpC 40 

tRAC 60 
tCAC 25 
tAA 40 

tCPA 50 
tRAS 60 100,000 

tRASP 60 100,000 
tRSH 25 
tRP 40 

tCAS 15 100,000 
ICSH 55 
tCPN 10 
tcp 10 

tRCD 10 35 
tCRP 15 
tASR 10 
tRAH 5 
tRAD 10 20 

tASC 5 
tCAH 15 
tAR 45 

IRAl 40 

IRCS 5 
tRCH 5 

tRRH -5 

tClZ 5 
toFF 5 30 
twcs 5 

4-127 

MIN 
130 
40 

70 
70 
30 
50 
20 
65 
10 
10 
15 
15 
10 
5 
10 

5 
20 
50 

45 

5 
5 

-5 

5 
5 
5 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 23 
45 ns 23 

70 80 ns 14,23 
30 30 ns 15,26 
45 50 ns 26 
50 55 ns 26 

100,000 80 100,000 ns 23 
100,000 80 100,000 ns 23 

30 ns 26 
60 ns 23 

100,000 20 100,000 ns 23 
75 ns 25 
10 ,ns 16,23 
10 ns 23 

40 15 50 ns 17,28 
15 ns ' 26 
10 ns 26 
5 ns 25 

25 10 30 ns 18,28 

5 ns 24 
20 ns 24 
55 ns 25 

50 ns 26 

5 ns 25 
5 ns 19,24 

-5 ns 19,25 

5 ns 24 
30 5 30 ns 20,29,;35 

5 ns 24 

Micron Technology, Inc., reserves the right 10 change products or specifications without notice. 
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I\IIIIC:F=lON MT12D88C25640 
1-· ;c"'w"'''''''' 256K x 40, 512K x 20 IC DRAM CARD 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (DoC::; T A::; 55°C; Vee = 5V ±5%) 

AC CHARACTERISTICS 
PARAMETER 
Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time (referenced to RAS) 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

RAS 10 CAS precharge lime 

CAS selup lime 
(CAS-BEFORE-RAS refresh) 

CAS hold lime 
(CAS-BEFORE-RAS refresh) 

WE hold lime 
(CAS-BEFORE-RAS refresh) 

WE setup lime 
(CAS-BEFORE-RAS refresh) 

WE hold lime 
(WCBR tesl cycle) 

WE: setup lime 

READ-WRITE cycle lime 

FAST-PAGE-MODE 
READ-WRITE cycle lime 

RAS 10 WE delay lime 

Column Address 
10 WE delay time 

CAS 10 WE delay lime 

Output buffer turn-off delay 

Output disable 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

OE hold time from RAS during 
HIDDEN REFRESH cycle 

MT12D88C25640 
REV.4J92 
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SYM MIN MAX 
tWCH 15 

twCR 40 

twp 10 
tRWL 25 
tCWL 20 
tDS 5 
tDH 5 

tDHR 45 
tT 2 15 

tREF 128 
tRPC 10 
tCSR 20 

tCHR 10 

tWRH 5 

twRP 20 

tWTH 5 

tWTS 20 
tRWC 165 

tpRWC 90 

tRWD 80 
tAWD 65 

tCWD 50 
tOE 25 
tOD 25 

tOEH 5 

tORD 10 

4-128 

-7 

MIN 
20 

50 

15 

30 

25 

5 

10 

55 

2 

10 

20 

10 

5 

20 

5 

20 

185 

95 

90 

70 

65 

10 

10 

-8 

MAX MIN MAX UNITS NOTES 
20 ns 24 

55 ns 25 

15 ns 23 

30 ns 26 

25 ns 24 

5 ns 24,32 

10 ns 25,32 

60 ns 23 

15 2 15 ns 9,10,23 

128 128 ms 

10 ns 26 

20 ns 5,26 

10 ns 5,25 

5 ns 22,25 

20 ns 22,26 

5 ns 22,25 

20 ns 22,26 

205 ns 

100 ns 23 

100 ns 31,27 

75 ns 31,24 

55 ns 31,24 

30 30 ns 20,33,26 

30 30 ns 35,26 

10 ns 34,27 

10 ns 21,26 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT12D88C25640 
1-· ; ," ; 256K x 40, 512K x 20 IC DRAM CARD 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = 5V ±10%,.f = 1 MHz. 
3. Ice is dependent on cycle tates. 
4. Iec is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the fuli 
temperature range is assured. 

7. An initial pause of lOOIlS is required after power-up 
followed b~ght RAS refresh cycles (RAS-ONL Y or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the IREF refresh requirement is 
exceeded. 

8. AC characteristics assume tr = 5ns. 
9. VIH (MIN) andVIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
andVIH). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a'monotonic manner. 

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

10OpF. 
14. Assumes that ~CD <: ~CD (MAX). If ~CD is greater 

than the maximum recommended value shown in this 
table, ~C will increase by the amount that ~CD 
exceeds the value shown. 

15. Assumes that ~CD ~ ~CD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tcPN. 

17. Operation within the ~CD (MAX) limit ensures that 
~C (MAX) can be met. ~CD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified fRCD (MAX) limit, then access time is 
controlled exclusively by tcAe. 

18. Operation within the ~D (MAX) limit ensures that 
fRCD (MAX) can be met. ~D (MAX) is specified as 
a reference point only; if ~D is greater than the ' 
specified ~D (MAX) limit, then access time is 
controlled exclusively by tAA. 

19. Either fRCH or lRRH must be satisfied for a READ 
cycle. 

20. toFF (MAX) defines the time atwhich the output 
achieves the open circuit condition and is not 
referenced· to VOH or VOL. 

21. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

22. twTS and twTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverse of twRP and twRH in the 
CBR refresh cycle. 

23. Timing between the DRAMs and the DRAM card did 
not change with the addition of the line drivers. 

24. A +5ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

25. A -5ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

26. A +IOns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

27. A -IOns timing skew from the DRAM to the DRAM 
card resultec;i from the addition of line drivers. 

28. A -5ns (MIN) and a -IOns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

29. A +5ns (MIN) and a + IOns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

30. The maximum current ratings are based with the 
memory operating or being refreshed in the x32/36/ 
40 mode. The stated maximums may be reduced by 
one half when used in the xI6/18/20 mode. 

31. twcs, fRWD, tAWD and tcwD are restrictive 
operating parameters in late WRITE, and READ­
MODIFY-WRITE cycles only. If twcs ~ twcs (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. IffRWD ~fRWD (MIN), tAWD~tAWD 
(MIN) and !CWD ~ tcwD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions is met, the state of data out is 
indeterminate. OE.held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE-WRITE (OE 
controlled) cycle. 

, MT12D88C25840 
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MIC::I=ION MT12D88C25640 
1-· "" 256K x 40, 512K x 20 IC DRAM CARD 

NOTES (continued) 
3;2. These parameters are referenced to CAS leading edge 

in EARLY -WRfIE cycles and WE leading edge in 
LATE-WRfIE or READ-MODIFY-WRfIE cycles. 

33. If OE is tied permanently LOW, LATE-WRfIE or 
READ-MODIFY-WRfIE operations are not possible. 

34. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both toD and toEH met (OE HIGH during 
WRfIE cycle) in order to ensure that the output 
buffers will be open during the WRfIE cycle. The 
DQs will provide the previously read data if CAS 

MT12D88C25640 
REV. 4192 

remains LOW and OE is taken back LOW after 'OEH 
is met. If CAS goes HIGH prior to DE going back 
LOW, the DQs will remain open. 

35. The DQs open during READ cycles once toD ortoFF 
Occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 

4-130 Mlaon Technology, Inc., reserves the rIghI to change products orspecllicatlonswllhoutnotioe'. 
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MIC:RON MT12D88C25640 
F· ,"""OW", '"0 256K x 40, 512K x 20 IC DRAM CARD 

1AT12D88C25640 
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READCVCLE 

'RAS 'RP 

\ 
teSH 

'RSH tRRH 

teRP tRCD teAS 

J 
'AR 

I tRAD tRAL 

I~~I ~~ 
gROW WIIII,.0 COLUMN WIIIIIII#IIIII##IIIIa. ROW AODR 

tRCS ~ 
I 

!j////////////////////////////!/I VI////////////////////' 
'AA 

tRAC 

'CAG ~ 

OPEN ~ VALID DATA OPEN---

I~ ~ 

DE ~:~ -!1#IIII#I#I#ffl##II#I#I#IIIIII#II##/;/ml ,~WIII##II#IIIIIII#I#lI##t0 

EARL V-WRITE CVCLE 

Re 

'RAS 'RP 

II' 'I 
- lit \ -

leSH 

'RSH 

'CRP tRCD 'CAS 

=---' 
'AR 

!AAD . . tRAL 

I~~I ~~ 
AODR ~:r :W"Ai ROW ~ COLUMN W// # / /;//;/// ////// / IX ROW 

tCWL II tRWL 

tWCR 

twes tWCH 

'WP 

J///////#/;I//;I///$#//$~ /0/:1////////////#////////////////$;/ 

~I 
I 'OHR 

-----lli.-
DO ~:g~~~--VA-Ll-DD-AT-A--~ 

4-131 

[2';1 DON'T CARE 

~ UNDEFINED 
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I'IIIC:I=ION MT12D88C25640 
"'",ow"',,,, 256K x 40, 512K x 20 IC DRAM CARD 

MT12DaeC25640 
REV. 4/92 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

IRP 

�------------~:~:-----------I 
I~I----~IR=GD----_I_~~A~S-----------I 

;1---------
CAs ~i~'-: 1 1\ 

~ tAR 1'---+'----------------1 
IRAD I I IRAL I 

ROW 

!~~I ~I I tCAH~! I 
ADDR ~i~ -~ ROW W////J COLUMN 

I I II II IIRWD IIGRWWLL I I 
~~ --=:t~:"-~ ----I .IWp ~I, 

WE ~1~ j LJill~~~~ 
1M 

I 'RAe 

DO ~ig~ -=------------OPEN 

I~ 
J 

ADDR ~i~ 
, I~ tASR 

1;1;2{ ROW 
I 

I 

I 

FAST-PAGE-MODE READ CYCLE 

RASP 

A--
leSH Ipe IRSH 

I P 

tRCD ~AS _IG_P_I~ -~-P- ~~ 
tCPN 

-1 
IAR ~ 

IRAD I I~ IRAL 
IRAH·I ~ I~ IASC leAH"-1 ~llleAH~1 I 

:W/,,0 COLUMN K"11111;2{ COLUMN :WIIIIl} COLUMN ROW 

OPEN 

tRCS I 
'RCH-

1-1 It-IRes II 'iRCH- Ii 
-I It-IRes -I·I-IRRH ~ 

1M yo 1M 

I IRAG I tCPA 

I 'CAG ~ I~ 
tCLZ- r- leLZ- r-

VALID 

~ I~ ~ ~ 

4-132 

vr IAA 
I tCPA 

~ I~ 
tCLZ- 1:-

VALID 

DA~~ ~ 

WIIIIIL 

- -'OFF 

VALID ~OPEN-r DATA 

~ 

~ DON'TeARE 

rl\il:l UNDEFINED 
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f'IIlC:I=ICN MT12D88C25640 
,,,,,,,OCOG, '" 256K X 40, 512K x 20 IC DRAM CARD 

MT12D88C25640 
REV. 4192 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

FAST-PAGE-MODEREAD-WRITE CYCLE 
(LATE-WRITE and READ-MODiFY-WRITE CYCLES) 

_----~:-----~--------~'R=~p~--~------------IFL'RP 
RAs ~\r-

tcSH *tpc I 'PRWC lASH 

_-1I·-,e-RP~---'-ReD~,-~~~,eA_S __ 4IktcP ,~_,~_s __ ~llk~P ,~_~_~ __ ~U==I 
CAs ~:r =--' 'AR ~ i " " 1/ '-

: 'RAD I I 'RAL 
.I~ IASR IRAH.j ~ ~ ~ leAH .! ~I~I I 

AODR '~:t :;//;X ROW l(I//h COLUMN COLUMN COLUMN ROW 

~ ~ 1 I 'RWD~ I ~ I - II-'RWL 
~I I ~wL-+I.~ ~WL- ~ - -'eWL 

I_-+--"'!'Aw",-D _I I_--+-'"",AW,,--o _I 1--+---"""'--1 
twp ___ J.

1 
u.vp __.1 'AWD - ...- twp 

.I~ ~ ~ 
WE ~:r ..7J7,7,;~'l'l7/,///7,7,;7,I///;/jm--t---t-I--"i1 'I 1 4 

'RAe '" II 'D~O:l~ ~ ::At~ 'D~O:IT~ l~1 'DS--1/- _'OH 

-- - --I - ---tell -- r- .. tell -- r tell ---I r-
oo ~I,OOHL -_- -------O.PEN~ Vj\LlD VAlID VALID VALID VALID VALID "----OPEN--- -~ ~~ 1W~ 1OOf~ DIN ~-- ----

'OE- :)_'00 'oo_II:I-'OD 'OE~ I:I.II~ 
DE ~:r @;/""JI,@$ull"JI"J"J"J/IIff;;l . U 'lJ VLLLLLLL 

4-133 

~ DON'T CARE 

~ UNDEFINED 
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MIC:RON MT12D88C25640 
1-· """'"co,""' 256Kx40 512Kx20 IC DRAM CARD 

MT12D88C25640 
REV. 4192 

, 

JIAS'-ONL Y REFRESH CYCLE 
(ADDR = AO-AS; WE = DON'T CARE) 

CAs ~t~ =--' '---I 
IASR tRAH 

ADDR ~i~ .---Row--k/#;/'#$/j'/$/j'$I$$$j';/';/'j',-0(r---RO-W --

DQ 

DC ~g~ _:-----,--~----OPEN---------

~-BEFORE-"Fin REFRESH CYCLE 
(AO-AS = DON'T CARE) 

:-----tf-------OPEN---i+---------

IWRP IWRH 'WRP 'wRH 

WE ~it =0';/'$#//0- -----'W;/$//;//$,$';/j- -Wt/$//$,$'$//#;/,$'~ 

DQ 

BATTERY BACKUP REFRESH CYCLE 
(AO-AS = DON'T CARE) 

125l:!s 

tRP tRAS 

~I~ 
~PNjr ~I 

! '1. ! 

~~1 

tep 

~r 
'1. 
OPEN 

~ 
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tRAS 

~I. 
! 

~ 

~ DON'T CARE 

~ UNDEFINED 
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MIC:RON MT12D88C25640 
1-· "u".o<o" '" 256K x 40, 512K x 20 IC DRAM CARD 

H12D8BC25640 
lEV. 4192 

ADDR 

HIDDEN REFRESH CYCLE 21 

(WE = HIGH) 

(READ) 

tAAS 

(REFRESH) 

tRAS 

DO ~:g~ - OPEN-----~~t:==~V~AL~ID~DA~TA====l 

OE ~:t 4/!;I/##/##;w#/##;w###/#a1~J 
OPEN-

4-135 

'00 

-#$$~ 
~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reS9lV9S the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 

z m =: 
II 
o 
C 
::r:J 
l> 
s: 
o 
l> 
::r:J 
C 



Z 
m :e 
II -0 

C 
:D 
l> 
3: 
0 
l> 
:D 
C 

MIC:RON MT12D88C25640 
1-· '"'"""C,,""' 256K x 40, 512K x 20 IC DRAM CARD 

RESERVED JEDEC, JEIDA and PCMCIA 

MTi2D88C2564Q 
REV.4f92 

88-PIN ASSIGNMENT 
(All Possible Combinations) 

Vss ©© 45 Vss 
000 ©© 46 OQ18 
001 ©© 47 0019 
002 ©© 48 0020 
003 ©© 49 0021 
004 ©© 50 0022 
DOS ©© 51 0023 
006 ©© 52 0024 

5.0VVcc 9 ©© 
007 10 

53 0025 
©© 54 0026 

3.3V Vee 11 ©© 55 DE 
DOS 12 

AO 13 
©© 56 Vss 

A2 ·14 
©© 57 Al 

S.OV Vee 15 
©© 58 A3 

A4 16 
©© 59 AS 
©© 60 A7 

3.3V Vcc 17 ©© 61 A9 
A6 18 ©© 62 All 
A8 19 ©© 63 Vss 

A10 20 ©© 64 A13 A12 21 ©© 65 RAS1 
RASO 22 
CASO 23 

©© 66 CAS2 
©© 67 Vss 

CAS1 24 ©© 68 CAS3 
3.3V Vee 25 ©© 69 RAS3 

RAS2 26 ©© 70 WE 
S.DV Vee 27 

P02 '28 
©© 71 P01 
©© 72 P03 

PD4 29 ©© 73 Vss PD6 30 ©© 74 PD5 
0036 31 ©© 
0037 32 

75 PD7 
©© 76 PD8 

0017 33 ©© 
D09 34 

77 DQ38 

3.3V Vee 35 
©© 78 0039 

D010 36 
©© 79 0035 

5.0V Vee 37 
©© 80 0027 

0011 38 
©© 81 0028 

DQ12 39 
©© 82 0029 

0013 40 
©© 83 D030 

0014 41 
©© 84 0031 

0015 42 
©© 85 0032 
©© 86 DQ33 

0016 43 ©© 87 0034 
Vss 44 ©© 88 Vss 

4-136 

MT12D88C25640 PIN ASSIGNMENT 
(JEDEC Standard) 

Vss ©© 45 Vss 
000 ©© 46 0018 
001 ©© 47 OQ19 
002 ©© 48 0020 
DQ3 ©© 49 DQ21 
004 ©© 50 0022 
DOS ©© 51 D023 
006 ©© 52 0024 
Vee ©© 

007 10 
53 0025 

©© 54 0026 
NC 11 ©© 55 OE(Vss) 

008 12 
AO 13 ~© 56 Vss 

A2 14 ©© 57 A1 

Vee 15 ©© 58 A3 

A4 16 ©© 59 AS 

©© 60 A7 
NC 17 

61 NC 
A6 18 ©© 

62 NC 
AS 19 ©© 

63 Vss 
NC 20 ©© 

64 NC 
NC 21 ©© 

65 RAS1 
RASO 22 ©© 
CASO 23 ©© 66 CAS2 

67 Vss 
CAS1 24 ©© 

68 CAS3 
NC 25 ©© 

©© 69 RAS3 
RAS2 26 

70 WE 
Vee 27 ©© 

PD2 (Vss) 28 © 71 P01 (Vss) 
©© 72 P03 (Vss) 

PD4 (Vss) 29 ~© 73 Vss 
PD6 (TBD) 30 © 74 P05 (Vss) 

0036 31 ©© 
0037 32 

75 PD7 (TBD) 
©© 76 PD8(NC) 

DQ17 33 ©© 
009 34 

77 0038 

NC 35 
©© 78 0039 

D010 36 
©© 79 0035 

VCC 37 
©© 80 0027 

0011 38 
©© 81 0028 

0012 39 
©© 82 0029 

D013 40 
©© 83 0030 

0014 41 
©© 84 0031 

0015 42 
©© 85 0032 
©© 86 0033 

0016 43 ©© 87 0034 
Vss 44 ©© 88 Vss 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT24D88C51240 
1-· "'""'''0''' 512K X 40,1 MEG X 20 IC DRAM CARD 

IC DRAM CARD 

FEATURES 
• JElDA, JEDEC and PCMCIA standard 88-pin IC 

DRAM card 
• Polarized receptacle connector 
• Industry standard DRAM functions and timing 
• High-performance, CMOS silicon-gate process 
• All outputs are fully TTL compatible 
• All inputs buffered except RAS inputs 
• Multiple RAS inputs for x16/18/20 or x32/36/40 

selectability 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR), 

BATTERY BACKUP (BBU) and HiDDEN 
• FAST PAGE MODE access cycle 
• Single +5V ±S% power supply 
• Low power; 24mW standby, 2.7W active (typical) 
• Extended refresh standard: 512 cycles every 64ms 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
80ns access 

GENERAL DESCRIPTION 

-6 
-7 
-8 

The MT24D88C51240 is a 2 megabyte, IC DRAM card 
organized primarily as a 512K x 40 bit memory array for 
EDC applications. It may be used as a x32 or x36 bit memory 
array (the unused DQs should be tied to Vss or 
Vcc through current limiting resistors). It may also be 
configured as a 1 Meg x 20 bit memory array, provided the 
corresponding DQs on the host system are made common 
and memory bank control procedures are implemented. 
Separate CAS inputs allow byte accesses. 

All inputs to the DRAMs are buffered, with the exception 
of RAS. The line drivers used for buffers reduce reflections 
on the card and ensure compatibility in a wide range of 
,ystems. At the same time, the line drivers add delays fo the 
buffered input timings when compared to standard DRAMs. 

The MT24D88C51240 is designed for low power opera­
tion using 256K x 4 low power, extended refresh DRAMs. 
These devices support BATTERY BACKUP (BBU) cycle 
refresh; a very low current, data retention mode. Standard 
:omponent DRAM refresh modes are supported as well. 

2 MEGABYTES 
512K X 40,1 MEG X 20 

1 @@ 
2 

8@ 3 
4 

@§ 5 
6 8@ 
7 @@ 
8 @@ 
9 @@ 

10 
11 

@@ 
12 

@@ 
@@ 

13 

88 14 
15 
16 

@@ 
17 88 
18 

§8 
19 
2Q 

21 @@ 
22 @@ 
23 @@ 
24 @@ 
25 @@ 
26 @@ ., @@ 
28 @@ 
29 

88 30 
31 @@ 
32 @@ 
33 

88 34 
35 @@ 
36 @@ 
37 @@ 
38 @@ 
39 @@ 
40 @8 
41 

88 42 
43 
44 

@@ 
@@ 

PIN ASSIGNMENT (End View) 
SS-Pin Card (U-1) 

PIN # SYMBOL PIN # SYMBOL PIN# SYMBOL 
45 1 Vss 31 0036 61 NG 
46 
47 
48 

2 000 32 0037 62 NC 
3 001 33 0017 63 Vss 

49 
50 

4 002 34 009 64 NG 
51 5 003 35 NC 65 R7iSf 
52 
53 6 004 36 OQ10 66 1:ilM 
54 7 005 37 Vee 67 Vss 
55 
56 8 006 38 0011 68 CAS3 
57 9 Vee 39 0012 69 RAS3 
58 
59 10 007 40 0013 70 WE 
60 
61 
62 

11 NG 41 0014 71 P01 (Vss) 
12 008 42 0015 72 P03 (Vss) 

63 
64 

13 AO 43 0016 73 Vss 
65 14 A2 44 Vss 74 P05 (Vss) 
66 
67 15 Vee 45 Vss 75 P07 (TBO) 
68 
69 
70 

16 A4 46 0018 76 P08 (N9, 
17 NG 47 0019 77 0038 

71 18 A6 48 0020 78 0039 
72 
73 19 A8 49 0021 79 0035 
74 
75 
76 

20 NG 50 OQ22 80 0027 
21 NG 51 0023 81 0028 

77 
78 
79 

22 RASlf 52 0024 82 0029 
23 CASO 53 0025 83 0030 

80 
81 

24 l:AS1 54 0026 84 0031 
82 25 NG 55 OE(Vss) 85 0032 
83 
84 26 llAS2 56 Vss 86 0033 
85 27 Vee 57 A1 87 0034 
86 
87 28 P02 Vss) 58 A3 88 Vss 
88 29 P04 (Vss) 59 A5 

30 P061TBO 60 A7 

Multiple RAS inputs conserve power by allowing indi­
vidual bank selection. In the x32/36/40 organization, the 
memory array may be divided into two banks, each with 
four separate bytes (x32136 only). In thex16/18/20 organi­
zation, up to four banks, each with two separate bytes, may 
be independently selected. One bank is activated by each 
RAS selection; the others not selected remain in standby 
mode, drawing minimum power. ' 

~T24DBBC5 1 240 
lEV. 4192 4-137 Micron Technology, Inc., reserves the right 10 change products or specifications without notice. 
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MIC:RON MT24D88C51240 
1-· "",oeo""" 512K X 40, 1 MEG x 20 IC DRAM CARD 

Eight presence detect pins may be read by the host to 
identify the MT24D88C51240 organization, number of 
banks, access time and refresh mode. These extensive pres­
ence detect functions allow systems to utilize the advanced 
power saving features. 

The MT24D88C51240 is built with a plastic frame covered 
by stainless steel panels. This package, containing an 88-pin 
receptacle connector, is keyed to prevent improper installa­
tion or insertion into other types of IC card sockets. 

FUNCTIONAL BLOCK DIAGRAM 

RAS3 ----~----------------~----~ 
CAS3 

OE 

D 

RAS2 ----------lII---H-+-+-4---I 

RAS1 ----~----.. ~r4------~----~ 
CAS1 D)>---~~~--~---+----~ 

RAsa ~--------lII---H---+-4---I 

· · · DQ9 

NOTE: 1. D = 74AC11244 line drivers. 

MT24088C51240 
REV.4f92 

2. B1, B2, B5 and B6 = 256K x 11 memory blocks; B3, B4, B7 and B8 = 256K x 9 memory blocks. 
3. DE is internally connected to ground via a 300 Kohm resistor and is also. buffered to DRAM. 

4-138 Micron Technology, Inc., reserves the right to change products or specifications without notloe. 
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MICRON MT24D88C51240 
1-· ",","coe,,", 512K x 40, 1 MEG x 20 IC DRAM CARD 

PIN DESCRIPTIONS 

PIN NUMBERS 

22,26,65,69 

23,24,66,68 

70 

55 

13,57,14,58,16, 
59,18,60,19 

2-8,10,12,34,36, 
38-43,33,46-54,80-87, 

79,31,32,77,78 

71, 28, 72, 29, 
74,30,75,76 

11,17,20,21,25, 
35,61,62,64 

9,15,27,37 

1, 44, 45, 56, 
63,67,73,88 

MT24088C51240 
REV. 4192 

SYMBOL 

RASO-3 

CASO-3 

WE 

OE 

AO-AS 

000-0039 

PDi-PD8 

NC 

Vcc 

Vss 

TYPE 

Input 

Input 

Input 

Inpl,Jt 

Input 

Inputl 
Output 

-

-

Supply 

Supply 

DESCRIPTION 

Row Address Strobe: RAS is used to clock-in the 9 row-
address bits. Four RAS inputs allow for two x32/36/40 
banks or four x16/18/20 banks. 

Column Address Strobe: CAS is used to clock-in the 9 
column-address bits, enable the DRAM output buffers, 
and strobe the data inputs on WRITE cycles. Four CAS 
inputs allow byte access control for any memory bank 
configuration (not in x40 mode). 

Write Enable: WE is the READIWRITE control for the DO 
pins. If WE is LOW prior to CAS going LOW, the access 
is an EARLY-WRITE cycle. If WE is HIGH while CAS is 
LOW, the access is a READ cycle, provided OE is also 
LOW. If WE goes LOW after CAS goes LOW, then the 
cycle is a LATE-WRITE cycle. A LATE-WRITE cycle is 
generally used in conjuction with a READ cycle to form a 
READ-MODIFY-WRITE cycle. 

Output Enable: OE is the input/output control for the DO 
pins. OE is connected to ground through a 300 Kohm 
resistor and is intended to be LOW allowing for EARL Y-
WRITE cycles only. This signal may be driven, allowing 
for LATE-WRITE cycles. 

Address Inputs: These inputs are multiplexed 
and clocked by RAS and CAS. 

Data 1/0: For WRITE cycles, 000-0039 act as 
inputs to the addressed DRAM location: BYTE 
WRITEs may be performed by using the corresponding 
CAS select (x32/36 mode only). For READ access cycles, 
000-0039 act as outputs for the addressed DRAM 
location. 

Presence Detect: These pins are read by the 
host system and tell the system the card's personality. 
They will be either left floating (NC) or they will be 
grounded (Vss). 

No Connect: These pins should be left 
unconnected (reserved for future use). 

Power Supply: +5V ±5% 

Ground 

4-139 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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I"IIC:RON MT24D88C51240 
"""Ow""',, 512K x 40, 1 MEG x 20 IC DRAM CARD 

FUNCTIONAL DESCRIPTION 
The MT24D88C51240 is a 2 megabyte memory card 

structured as a 512K x 32/36/40 bit memory array (RASO = 
RAS2, RASI = RAS3).1t also may be configured as a 1 Meg 
x 16/18/20 bit memory array provided the corresponding 
DQs on the host are connected and memory bank control 
procedures are implemented by interleavrng all four RAS 
lines. 

Most x32/ 36 / 40 bit applications use the same signal to 
control the CAS inputs. RASO and RASI control the lower 
16/18 bits, and RAS2 and RAS3control the upper 16/18bits 
to obtain a x32/36 memory array. For x16/18 applications, 
the corresponding DQs and the corresponding CAS pins 
must be connected together (DQO to DQI8, DQl to DQ19 
and so forth, and CASO to CAS2 and CASI to CAS3 ). Each 
RAS is then a bank select for the 1 Meg x 16/18 memory 
organization. 

DRAM OPERATION 

DRAM REFRESH 
Memory cell data is retained in its correct state by main­

tainingpower and executing any RAS cycle [READ, WRITE, 
RAS-ONLY, CAS-BEFORE-RAS (CBR), HIDDEN or BAT­
TERY BACKUP (BBU) REFRESH] so that all 512 combina­
tions of RAS addresses (AO -A8) are executed at least every 
64ms, regardless of sequence. 

The implied method of choice for refreshiRg the memory 
card is the BBU cycle. This is a very low current, data 
retention mode made possible by using the CBR REFRESH 
cycle over the extended refresh range (leC7). 

The memory card may be used with the other refresh 
modes common in standard DRAMs. This allows the 
memory card to be used on existing systems that do not 
utilize the BBU REFRESH cycle. However, the memory card 
will draw more current in the STANDBY mode. The CBR 
REFRESH mode is recommended when not using the BBU 
mode. 

DRAM READ AND WRITE CYCLES 
During READ or WRITE cycles, each bit is uniquely 

addressed through the 18 address bits, which are entered 9 
bits (AO-A8) ata time. RAS is used to latch the first9bits and 
CAS the latter 9 bits. READ or WRITE cycles are selected 
with the WE input. A logic HIGH on WE dictates READ 
mode while a logic LOW on WE dictates WRITE mode. 
During a WRITE cycle, data in (D) is latched by the falling 
edge of CAS. WE must fall prior to CAS (EARLY WRITE); 

if WE goes LOW after CAS, the outputs (Q) will be 
activated and will drive invalid. data to the inputs. The data 
inputs and data outputs are routed through pins using 
common I/O, and pin direction is controlled by WE. 

FAST PAGE MODE operation allows faster data opera­
tions (READ or WRITE) within a row address (AO-A8) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ­
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. Returning RAS and CAS HIGH terminates a 
memory cycle and decreases chip current to a reduced 
standby level. Also, the chip is preconditioned for the next 
cycle during the RAS high time. 

DRAM TIMING 
In. accordance with JEDEC standard specifications, all 

inputs to the IC DRAM card are buffered, with the exception: 
of RAS inputs. The line drivers used for buffers reduce 
reflections on the card and ensure compatibility in a wide 
range of systems. The implementation of buffers on the card 
may relieve the need for additional host system line 
drivers. Notes 23 though 29 indicate which parameters on 
the IC DRAM card are affected by the line drivers, and to 
what magnitude they are affected. The component DRAM 
timing specifications, rather than those of the IC DRAM 
card (in systems that use both), may cause timing 
incompatibilities. 

All traces on the IC DRAM card (buffered and non­
buffered) are approximately 50 ohms characteristic imped­
ance. Matching impedance on the system board to 50 ohms 
characteristic impedance on traces to the IC DRAM card 
will decrease signal noise to the IC DRAM card, enhancing 
overall system reliability. 

PHYSICAL DESIGN 
The MT24D88C51240 is constructed with a molded plas­

tic frame and covered with stainless steel panels. Inside, 
four thin small-outline package (TSOP) DRAMs are 
mounted on both sides of an ultrathin printed circuit board. 
The board is attached to a high insertion, 88-pin receptacle 
connector. The package has a polarized key to prevent 
improper installation, including insertion into other types 
of IC card sockets. The MT24D88C51240 operates reliably 
up to 55°C. 

MT24D8BC51240 
REV. 4192 4-140 Micron Technology, Inc., reserves the right to change products or specifications Without notice. 
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MIC:RON MT24D88C51240 
1-· ",",,,,0",,,,, 512K X 40,1 MEG X 20 IC DRAM CARD 

MEMORY TRUTH TABLE 

FUNCTION RAS 

Standby H 

READ L 

EARLY-WRITE L 

READ-WRITE L 

FAST-PAGE-MODE 1st Cycle L 

READ 2nd Cycle L 

FAST-PAGE-MODE 1st Cycle L 

EARLY-WRITE 2nd Cycle L 

FAST-PAGE-MODE 1st Cycle L 

READ-WRITE 2nd Cycle L 

RAS-ONL Y REFRESH L 

HIDDEN READ L----H-L 

REFRESH WRITE L-H-L 

CAS-BEFORE~RAS REFRESH H-L 

BATIERY BACKUP REFRESH H-L 

PRESENCE DETECT TRUTH TABLE 

4MB 1Megx1,4,16,18 
8MB 1Megx1,4,16,18 

8MB 2 x 8, 9 
16MB 2 x 8, 9 

16MB 4Megx1,4,16,18 
32MB 4Megxl,4,16,18 

Access Timing 

Refresh Control 

NOTE: Vss = Ground. 

MT24D68C51240 
REV. 4/92 

20 
20 

21 
21 

22 
22 

CAS"" WE 

H----X X 

L H 

L L 

L H----L 

H----L H 

H----L H 

H----L L 

H----L L 

H----L H----L 

H-L H-L 

X X 

L H 

L L 

L H 

L H 

10 10 1,024 
10 10 1,024 

11 10 1,024 
11 10 1,024 

12 11 1,024 
12 11 1,024 

4-141 

ADDRESSES DATA IN/OUT 

DE IR IC 000-0039 

X X X High-Z 

L(NC) ROW COL Data Out 

X ROW COL Data In 

L----H ROW COL Data Out 

L(NC) ROW COL Data Out 

L(NC) n/a COL Data Out 

X ROW COL Data In 

X n/a COL Data In 

L----H ROW COL Data In 

L-H n/a COL Data In 

X ROW n/a High-Z 

L(NC) ROW COL Data Out 

X ROW COL Data In 

X X X High-Z 

X X X High-Z 

Vss Vss Vss NC X X X 
Vss Vss Vss Vss X X X 
NC NC Vss Vss NC X X X 
NC NC Vss Vss Vss X X X 

Vss Vss NC Vss NC X X X 
Vss Vss NC Vss Vss X X X 

Micron Technology, Inc., /'(,lserves the light to change products or specifications without notice. 
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MIC:RON MT24D88C51240 
1-· ",""'00"", 512K X 40, 1 MEG X 20 IC DRAM CARD 

ABSOLUTE MAXIMUM RATlNGS* 
Voltage on Vee Supply Relative to Vss ...... -O.5V to +S.2SV 
Operating Temperature, T A (Ambient) ......... O°C to +SsoC 
Storage Temperature ..................................... -20°C to +80°C 
Power Dissipation ............................................................ lSW 
Short Circuit Output Current ...................................... SOmA 
Card Insertions (Connector's Life Cycle) .................. 10,000 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is notimp lied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C :s; T A :s; 55°C; Vcc = 5V ±5%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT, Any input I Non-buffered 

(OV :s; VIN :s; 5.25V; all other pins not under test = OV) I Buffered 

OUTPUT LEAKAGE CURRENT (0 is disabled; OV :s; VOUT:S; 5.25V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Other Inputs = Vcc -0.2V) 

OPERATING CURRENT: Random READ/WRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC= IRC (MIN) 

REFRESH CURRENT: CAS-BEFORE-RAS (CBR) 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN» 

REFRESH CURRENT: BATTERY BACKUP (BBU) 
Average power supply current during BBU: CAS = 0.2V or CBR 
cycling; RAS = IRAS (MIN) up to 300ns; IRC = 125f.Ls; WE, AO-A8 
and DO = Vcc -0.2V or 0.2V (DO may be left open) 

MT24D88C5124Q 
REV. 4/92 4-142 

SYMBOL MIN MAX UNITS NOTES 

Vcc 4.75 5.25 V 1 

VIH 3.5 Vcc+0.5 V 1 

VIL -0.5 0.8 V 1 

liN -12 12 flA 
liB -2 2 flA 
loz -10 10 pA 

VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -6 -7 -8 UNITS NOTES 
Icc1 48 48 48 mA 

Icc2 4.8 4.8 4.8 mA 

ICC3 1.0 0.9 0.8 A 3,4,30 

Icc4 780 660 540 mA 3,4,30 

Iccs 1.0 0.9 0.8 A 3,30 

Icc6 1.0 0.9 0.8 A 3,5,30 

Icc? 4.8 4.8 4.8 mA 3,5 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992. Micron Technology, Inc. 



MIC:RON MT24D88C51240 
1-· ,""""""" 512K x 40 1 MEG x 20 IC DRAM CARD , 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance: CASO, CAS1, CAS2, CAS3, AO-A8, DE Cit 9 pF 2 

Input Capacitance: WE CI2 13 pF 2 

Input Capacitance: RASO, RAS1, RAS2, RAS3 CI3 50 pF 2 

Input/Output Capacitance: DO CIO 20 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C :,; T A:'; 55°C; Vcc = SV ±S%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
FAST-PAGE-MODE 
READ or WRITE cycle time 
Access time from RAS 
Access time from CAS 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge lime 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 
Output buffer turn-off delay 
WE" command setup time 

24088C51240 
>1.4/92 

-6 
SYM MIN 
tRC 110 
tpc 40 

tRAC 
tCAC 
tAA 

tCPA 
tRAS 60 

tRASP 60 
tRSH 25 
tRP 40 

tCAS 15 
tCSH 55 
tCPN 10 
tcp 10 

tRCD 10 
tCRP 15 
tASR 10 
tRAH 5 
tRAD 10 

tASC 5 
tCAH 15 
tAR 45 

tRAl 40 

tRCS 5 
tRCH 5 

tRRH -5 

tClZ 5 
tOFF 5 
twcs 5 

MAX MIN 
130 
40 

60 
25 
40 
50 

100,000 70 
100,000 70 

30 
50 

100,000 20 
65 
10 
10 

35 15 
15 
10 
5 

20 10 

5 
20 
50 

45 

5 
5 

-5 

5 
30 5 

5 

4-143 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 23 
45 ns 23 

70 80 ns 14,23 
30 30 ns 15,26 
45 50 ns 26 
50 55 ns 26 

100,000 80 100,000 ns 23 
100,000 80 100,000 ns 23 

30 ns 26 
60 ns 23 

100,000 20 100,000 ns 23 
75 ns 25 
10 ns 16,23 
10 ns 23 

40 15 50 ns 17,28 
15 ns 26 
10 ns 26 
5 ns 25 

25 10 30 ns 18,28 

5 ns 24 
20 ns 24 
55 ns 25 

50 ns 26 

5 ns 25 
5 ns 19,24 

-5 ns 19,25 

5 ns 24 
30 5 30 ns 20,29,35 

5 ns 24 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT24D88C51240 
1-· ,,,"",we,,", 512K X 40,1 MEG X 20 IC DRAM CARD 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (ooG s T AS 55°G; Vee = 5V ±5%) 

AC CHARACTERISTICS 

PARAMETER 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time (referenced to RAS) 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CAS-BEFORE-RAS refresh) 

CAS hold time 
(CAS-BEFORE-RAS refresh) 

WE hold time 
(CAS-BEFORE-RAS refresh) 

WE setup time 
(CAS-BEFORE-RAS refresh) 

WE hold time 
(WCBR test cycle) 

WE setup time 

READ-WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

RAS to WE delay time 

Column Address 
to wr=. delay time 

CAS to WE delay time 

Output buffer turn-off delay 

Output disable 

OE hold time from WE during 
READ-MODiFY-WRITE cycle 

OE hold time from RAS during 
HIDDEN REFRESH cycle 

MT24D88C51240 
REV.4f92 

-6 

SYM MIN MAX 
IWCH 15 
tWCR 40 

IWp 10 
IRWL 25 
ICWL 20 
tDS 5 
IDH 5 

IDHR 45 

IT 2 15 
tREF 128 
tRPC 10 
ICSR 20 

tCHR 10 

tWRH 5 

tWRP 20 

IWTH 5 

IWTS 20 
tRWC 165 

tpRWC 90 

tRWD 80 
tAWD 65 

ICWD 50 
tOE 25 

'OD 25 

'OEH 5 

tORD 10 

4-144 

-7 

MIN 

20 

50 

15 

30 

25 

5 
10 

55 

2 

10 

20 

10 

5 

20 

5 

20 

185 

95 

90 

70 

65 

10 

10 

-8 

MAX MIN MAX UNITS NOTES 

20 ns 24 

55 ns 25 

15 ns 23 

30 ns 26 

25 ns 24 

5 ns 24,32 

10 ns 25,32 

60 ns 23 

15 2 15 ns 9,10,23 

128 128 ms 

10 ns 26 

20 ns 5,26 

10 ns 5,25 

5 ns 22,25 

20 ns 22,26 

5 ns 22,25 

20 ns 22,26 

205 ns 

100 ns 23 

100 ns 31,27 

75 ns 31,24 

55 ns 31,24 

30 30 ns 20,33,26 

30 30 ns 35,26 

10 ns 34,27 

10 ns 21,26 

Micron Technology. Inc., reserves the right to change products or specifications withem notic 
©1992, Micron Technology, If 



MIC::RON MT24D88C51240 
1-· "n,"ow""" 512K X 40,1 MEG x 20 IC DRAM CARD 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = SV ±1O%,f = 1 MHz. 
3. Ice is dependent on cycle rates. 
4. Ice is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

S. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of 100/1s is required after power-up 
followed by eight RAS refresh cycles (RAS-ONL Y or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the lREF refresh requirement is 
exceeded. 

8. AC characteristics assume IT = Sns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

100pF. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

IS. Assumes that IRCD ~ IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH fortCPN. 

l7. Operation within the IRCD (MAX) limit ensures that 
tRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

.8. Operation within the tRAD (MAX) limit ensures that 
IRCD (MAX) can be met. lRAD (MAX) is specified as 
a reference point only; if lRAD is greater than the 
specified IRAD (MAX) limit, then access time is 
controlled exclusively by IAA. 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. IOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

22. twTS and twTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverse of twRP and twRH in the 
CBR refresh cycle. 

23. Timing between the DRAMs and the DRAM card did 
not change with the addition of the line drivers. 

24. A +Sns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

2S. A -Sns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

26. A + IOns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

27. A -IOns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

28. A -Sns (MIN) and a -IOns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

29. A +Sns (MIN) and a + 10ns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

30. The maximum current ratings are based with the 
memory operating or being refreshed in the x32/36/ 
40 mode. The stated maximums may be reduced by 
one half when used in the xI6/18/20 mode. 

31. twcs, IRWD, IAWD and ICWD are restrictive 
operating parameters in late WRITE, and READ­
MODIFY-WRITE cycles only. If twcs ~ twcs (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If IRWD ~ lRWD (MIN), IAWD ~ IAWD 
(MIN) and ICWD ~ ICWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected celL If neither of 
the above conditions is met, the state of data out is 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE-WRITE (0£ 
controlled) cycle. 

r24D8B051240 
:V.4192 4·145 Micron TechnOlogy, Jnc., reserves the right to change products or specifICations without notice. 
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MICRON MT24D88C51240 
1-· ",""m"" " 512K x 40, 1 MEG x 20 IC DRAM CARD 

NOTES (continued) 
32. These parameters are referenced to CAS leading edge 

in EARLY -WRITE cycles andWE leading edge in 
LATE-WRITE or READ-MODIFY-WRlTE cycles. 

33. If OE is tied permanently LOW, LATE-WRlTE or 
READ-MODIFY -WRITE operations are not possible. 

34. LATE-WRlTE and READ-MODIFY-WRlTE cycles 
must have both taD and lOEH met (OE HIGH during 
WRlTE cycle) in order to ensure that the output 
buffers will be open during the WRlTE cycle. The 
DQs will provide the previously read data if CAS 

MT24D88C51240 
REV. 4/92 

remains LOW and OE is taken back LOW after 'OEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, theDQs will remain open. 

35. The DQs open during READ cycles once taD or tOFF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 

4-146 Micron Technology, Inc., reserves the right to change products or specifications without noticE 
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UU:::RON MT24D88C51240 
1-· '"'"'m' w 512K X 40,1 MEG x 20 IC DRAM CARD 

1T24088C51240 
lEV. 4192 

READ CYCLE 

\'-------
tCSH 

tCAP 

ADDA ~:r J///~ ROW WuL@ COLUMN W///////§§d//£llmJLX 
~~}~-,-,--~ ~-------

AOW 

tRCS I~ 
L 

WE ~l~ .///////////////////////////////// VlIIIIIIIIIIIIIIIIIII/; 
IAA 

~~ t 
DQ ~J8t _-------------OPEN------------~~~VA~LlD~DA~TAQ---OPEN--

I~ I~IOD 

DE ~:t --71;170/;'77:W/;TTTj/'j;TT7//j;TT7j' /j;777j' /;=j/'/;'7TOW/;'77:@TTT1/j;TTT///;TT70'j;777j'/;7771/j;=/!j;'7TOj' /j;'77:j/'j;'77:Wi PI ,111;1/111 ,11 ,11111;/'jllllll,1ll;j 

EARL Y-WRITE CYCLE 

lAC 

- VIH ----------,[1 
RAS Vil - 11'------------------------'[ 

leSH 

ADDA ~:r ROW 

DE~:r-::. 

4-147 

~ DON'T CARE 

~ UNDEFINED 
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MIC:RON MT24D88C51240 
1-· m~"oco"n' 512K x 40,1 MEG x 20 IC DRAM CARD 

MT24D88C51240 
REV. 4/92 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

tRAS tep 

tCSH 

I, tRSH 

J~ 
tRCD .. teAS 

J } IAR 
IRAD I I IRAL I 

ADDR ~lt := 
!~~) ~! I tCAH~1 I 

ROW m COLUMN W////////////////////////////////////t;( ROW 

-

_J~ 
=~ 

IRAD 

IASR lRAH 

ADDR ~:r :';j';2{ ROW 

I 
I 

--

I I IIRWD lewLl1 
I~I I leWD ~, 

IAWD • twp ~I. 

I 

tCSH 

WI/0 

OPEN 

lAA 

I tRAG 

I ~Ae 
leLZ- ~ -!~ ~ 

OPEN VALID DOUT VAllO DIN OPEN--

~ ~I ~ 

FAST-PAGE-MODE READ CYCLE 

RASP 

~ 
Ipe IRSH 

tACO .~ _ Ie_p_~ _I_ep _ 
~~l ~PN 

} IAR 

~I I~ 
lRAL 

I~ lAse leAH __ 1 ~IIICAH"'1 I 
COLUMN WIIII;2{ COLUMN WIIIII,4 COLUMN ROW 

tRCS I 
'RCH-

1-1 It-IRes 11 iRCH- Ii 
-I It-IRes ~_IRRH tRCH 

IAA ro lAA 
I tRAG I tePA I iCAG 

tCtz-: 1:- I~ I~ 
leLZ- .t;" 

VALID 

:; ~ '~ 

4-148 

Yf IAA 
I tCPA 

Jm. I~ tcLZ-r-
r--vALiD'~ 

~ _I~ 

-
'VALiD' 
~ 
~ 

W!I&I!L 

-toFF 

~OPEN-

l2ZI DON'T CARE 

~ UNDEFINED 
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UU:::RCN MT24D88C51240 
1-· ,~'"'mco", " 512K x 40, 1 MEG x 20 IC DRAM CARD 

24D88C51240 
IA/92 

AODR ~:r 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

f=L -
tCSH 'PC lASH 

I~ tRCO tCAS _'CP~~ Il~ ~ t-'~"---I 

~i =-.1 1 
'AR 

II tRAD 

I~I I~ 
tRAL 

I~ IASR tRAH~1 I~ IASC tcAH~l I~II '<"H·1 

:JIM: ROW WIM: COLUMN COLUMN COLUMN ROW 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

4-149 

[:Zl DON'T CARE 

!l22I UNDEFINED 
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MIC:::I=ION MT24D88C51240 
1-· '"'''' " 512K x 40,1 MEG x 20 IC DRAM CARD 

MT24D88C51240 
REV. 4/92 

~·ONLY REFRESH CYCLE 
(ADDR = AO-AS; WE = DON'T CARE) 

'Re 
tAAS 

CAs ~:r =---' "----I 

AOOR ~:t =wd~o~iw;@ff),/Mffffffffi!/ffffffffff//ijff/A<r---RO-W --

OQ 

OQ 

DO ~gr -'---------OPEN--------

~·BEFORE·RAS REFRESH CYCLE 
(AO-AS = DON'T CARE) 

'RP tRAS . 'AP tRAS 

1 
--1 IAPc~11 

I- tePNII~ ~1 :~I~ ~I, 
~ , I , f 

OPEN 

1 

~ ~ ~ 

~j'j'j'$///j'j'j'/J 
~ 

~j'/j'///////j'j'/§I//@'j'!12 

BATTERY BACKUP REFRESH CYCLE 
(AO-AS = DON'T CARE) 

. 1251:!s 

'AP tRAS 'AP tRAS 

--1 ~I, I- tePN j 1-' teSA • ~1 tRP~l[~ ~I. 
! , I , f 

OPEN 

~~I I~~ 

.1 

Y 

-
WE ~:~-'/j'mWj'///1 ~W$j'////j'/j'$J Wj'/$$$/j'ff'§lj'///j'//,« 
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~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without nati( 
©1992, Micron Technology, II 



MIC:RON MT24D88C51240 
1-· "'""'''''''' 512K x 40,1 MEG x 20 IC DRAM CARD 

.tT24088C51240 
tEV.4J92 

ADDR ~:~:::.LLL1.:LI1'-_--;-_-" 

HIDDEN REFRESH CYCLE 21 

(WE = HIGH) 

(REFRESH) 

tRAS 

tCHR 

tOFF 

DO ~:g~ :::-------OPENI------f~t:===~VA~LI~DD~AT~A====f OPEN-
tOE 

OE ~:~ -W1ff///#@,/'//ff#////////////////d~ .1 
tOD 

P./#$/J 
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~ DON'T CARE 

~ UNDEFINED 
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UIC:I=ION MT24D88C51240 
1-· '''''"ow"'''' 512K x 40,1 MEG x 20 IC DRAM CARD 

RESERVED JEDEC, JEIDA and PCMCIA 

MT24D88C51240 
AEV.4192 

88-PIN ASSIGNMENT 
(All Possible Combinations) 

Vss 1 @@ 45 Vss 
000 @@ 46 DQ18 
001 @@ 47 0019 
002 @@ 48 0020 
003 @@ 49 0021 
004 @@ 50 0022 
005 @@ 51 0023 
006 @@ 52 0024 

5.0V Vee 9 @@ 53 0025 
007 10 @@ 54 0026 

3.3V Vee 11 @@ 55 i5E 
008 12 @@ 56 Vss 

AO 13 
A2 14 

@@ 57 A1 
@@ 58 A3 

5.0V Vee 15 @@ 59 A5 
A4 16 @@ 60 A7 

3.3V Vee 17 @@ 61 A9 
A6 18 @@ 62 A11 
A8 19 @@ 63 Vss 

A10 20 @@ 64 A13 
A12 21 @@ 65 RAS1 

RASO 22 @@ 66 CAS2 
CASO 23 @@ 67 Vss 
CAS1 24 @@ 68 CAS3 

3.3V Vee 25 @@ 69 RAS3 
RAS2 26 @@ 70 WE 

5.0V Vee 27 @@ 71 PD1 
PD2 28 @@ 72 
PD4 29 @@ 

PD3 
73 Vss PD6 30 @@ 74 PD5 

0036 31 @@ 
0037 32 @@ 

75 PD7 
76 PDB 

D017 33 @@ 
009 34 @@ 

77 D03B 
7B 0039 

3.3V Vee 35 @@ 79 DQ35 
0010 36 @@ 80 0027 

5.0V Vee 37 @@ 81 OQ28 
0011 38 @@ 82 DQ29 
0012 39 @@ 83 0030 
OQ13 40 @@ 84 0031 
OQ14 41 @@ 85 0032 
0015 42 @@ 86 DQ33 
0016 43 @@ 87 0034 

Vss 44 @@ 88 Vss 

4-152 

MT24D88C51240 PIN ASSIGNMENT 
(JEDEC Standard) 

Vss @@ 45 Vss 
000 @@ 46 D018 
001 @@ 47 0019 
002 4 @@ 48 0020 
003 @@ 49 0021 
004 @@ 50 0022 
005 7 @@ 51 OQ23 
006 8 @@ 52 0024 
Vee 9 @@ 53 0025 

007 10 @@ 54 0026 
NC 11 @@ 55 OE (Vss) 

DOB 12 @@ 56 Vss 
AO 13 
A2 14 

@@ 57 A1 
@@ 58 A3 

Vee 15 @@ 59 A5 
A4 16 @@ 60 A7 
NC 17 @@ 61 NC 
A6 18 @@ 62 NC 
A8 19 @@ 63 Vss 
NC 20 @@ 64 NC 
NC 21 @@ 65 RAS1 

RASO 22 @@ 66 CAS2 
CASO 23 @@ 67 Vss 
CAS1 24 @@ 68 CAS3 

NC 25 @@ 69 RAS3 
RAS2 26 @@ 70 WE Vee 27 @@ 71 POl (Vss) 

PD2 (Vss) 28 @@ 72 PD3 (Vss) 
PD4 (Vss) 29 @@ 73 Vss 

PD6 (TBD) 30 @@ 74 PD5 (Vss) 
0036 31 @@ 75 PD7 (TBD) 
0037 32 @@ 76 PD8 (NC) 
D017 33 ~@ 77 D03B 
009 34 

NC 35 @@ 78 0039 

@@ 79 0035 
0010 36 

BO 0027 @@ Vee 37 
81 DQ28 @@ 0011 38 
82 OQ29 

0012 39 @@ 
@@ 83 0030 

OQ13 40 
84 0031 0014 41 @@ 
85 0032 

D015 42 @@ 
@@ 86 DQ33 

0016 43 
87 0034 @@ Vss 44 
88 Vss @ 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC::RON MT12D88C140 
1-· """mce,,," 1 MEG x 40,2 MEG x 20 IC DRAM CARD 

IC DRAM CARD 

FEATURES 
• JEIDA, JEDEC and PCMCIA standard 88-pin IC 

DRAM card 
• Polarized receptacle connector 
• Industry standard DRAM functions and timing 
• High-performance, CMOS silicon-gate process 
• All outputs are fully TIL compatible 
• All inputs buffered except RAS inputs 
• Multiple RAS inputs for x16/18/20 or x32/36/40 

selectabUity 
• Refresh modes: RAS-ONt Y, CAS-BEFORE-RAS (CBR), 

HIDDEN and BATTERY BACKUP (BBU) 
• F AST PAGE MODE access cycle 
• Single +5V ±5% power supply 
• Low power; 12m W standby, 3.3W active (typical) 
• Extended refresh standard: 1,024 cycles every 128ms 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
80ns access 

GENERAL DESCRIPTION 

-6 
-7 
-8 

The MT12D88C140 is a 4 megabyte, IC DRAM card 
organized primarily as a 1 Meg x 40 bit memory array for 
EDC applications. It may be used as a x32 or x36 bit memory 
array (the unused DQs should be tied to Vss or 
Vcc through current limiting resistors). It may also be 
configured as a 2 Meg x 20 bit memory array,provided the 
corresponding DQs on the host system are made common, 
and memory bank control procedures are implemented. 
Separate CAS inputs allow byte accesses. 

All inputs to the DRAMs are buffered, with the exception 
of RAS. The line drivers used for buffers reduce reflections 
on the card and ensure compatibility in a wide range of 
systems. At the same time, the line drivers add delays to the 
buffered input timings when compared to standard DRAMs. 

The MT12D88C140 is designed for low power operation 
using 1 Meg x 4 low power, extended refresh DRAMs. These 
devices support BATTERY BACKUP (BBU) cycle refresh; a 
very low current, data retention mode. Standard compo­
nent DRAM refresh modes are supported as well. 

4 MEGABYTES 
1 MEG x 40, 2 MEG x 20 

7 
8 , 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
2<J 
21 
22 

" 24 
25 
26 
27 
28 

2' 
30 
31 
32 
33 
34 
35 
36 
37 
38 

3' 
4. 
41 
42 
43 
44 

PIN ASSIGNMENT (End View) 
SS-Pin Card (U-1) 

PIN # SYMBOL PIN. SYMBOL PIN# SYMBOL 

©© 45 
©© 46 
©© 47 
©© 4' ©© 49 
©© 50 
©© 51 
©© 52 
©© 53 
©© 54 
©© 55 
©© 56 
©© 57 
©© 58 

~© 5' 

©© 60 

~~ 
61 
62 

©~ 63 
64 

~© 65 
66 ©© 

©~ 67 
68 

©© 69 
©© 7. 
©© 71 
©© 72 
©© 73 

~© 74 
75 

~~ 76 
77 

~~ 78 
79 © 

~© 80 
81 

~~ 82 
83 ©© 
84 ©© 
85 ©© 
86 ©© 
87 ©~ 86 

1 Vss 31 0036 61 A9 
2 000 32 0037 62 NC 
3 001 33 0017 63 Vss 
4 002 34 D09 64 NC 
5 003 35 NC 65 NC 
6 004 36 0010 66 ~ 
7 005 37 Vee 67 Vss 
8 006 38 0011 68 "CAS"3"" 
9 Vee 39 0012 69 NC 
10 007 40 0013 70 \Nt 
11 NC 41 0014 71 P01 (Vss) 
12 008 42 0015 72 P03 (Vss) 
13 AO 43 0016 73 Vss 
14 A2 44 Vss 74 P05 (NC) 
15 Vee 45 Vss 75 P07 (TBO) 
16 A4 46 0018 76 P08 (NC) 
17 NC 47 0019 77 0038 
18 A6 48 0020 78 0039 
19 A8 49 0021 79 0035 
20 NC 50 0022 80 0027 
21 NC 51 0023 81 0028 
22 1WO 52 0024 82 0029 
23 "CASO 53 0025 83 0030 
24 CAST 54 0026 84 0031 
25 NC 55 ut(Vss) 85 0032 
26 "RAS2 56 Vss 86 0033 
27 Vee 57 A1 87 .0034 
28 P02 (NC) 58 A3 88 Vss 
29 P04 (Vss) 59 A5 
30 P06 TBO 60 A7 

Multiple RAS inputs conserve power by allowing indi­
vidual bank selection. In the x32/36/40 organization, the 
memory is a single array that may be divided into four 
separate bytes (x32/36 only). In the x16/18/20 organiza­
tion, up to two banks, each with two separate bytes, may 
be independently selected. One bank is activated by each 
RAS selection; the others not selected remain in standby 
mode, drawing minimum power. 

MT12D88C140 
REV. 4192 4-153 Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Twhnology, Inc. 

z 
~ 
II -o 
C 
:II 
l> 
== 
~ 
:II 
C 



z 
m 
=E 
II -o 
C 
:IJ 
l> s: 
o 
l> 
:IJ 
C 

MIC:RON MT12D88C140 
1-· "'""'COO"" 1 MEG x 40, 2 MEG x 20 IC DRAM CARD 

Eight presence detect pins may be read by the host to 
identify the MT12D88C140 organization, number of banks, 
access time and refresh mode. These extensive presence 
detect functions allow systems to utilize the advanced 
power saving features. 

The MT12D88C140 is built with a plastic frame covered 
by stainless steel panels. This package, containing an 88-pin 
receptacle connector, is keyed to prevent improper installa­
tion or insertion into other types of IC card sockets. 

FUNCTIONAL BLOCK DIAGRAM 

WE 

RAS2 
CAS2 ----I 

----1D 

RASO ---~-­
CASO ----\ 

AO-A9 

-1-+--4----\ CAS 

+--+-t----/DE 

RAS 

I---,f---f----if----i CAS 

f--+---t---i DE 

1-1-4-----1 CAS 

1--1------/ DE 

D035 

1fj1ll.1I~ : 
D027 

D026 
• • • 

D018 

D038, D039 

D017 
• • • 

D09 

D036, D037 
D08 

IIl1l1t: 
DOO 

NOTE: 1. D = 74AC11244 line drivers. 

MT12D88C140 
REV.4i92 

2. 81 and 82 = 1 Meg x 11 memory blocks; 83 and 84 = 1 Meg x 9 memory blocks. 
3. OE is internally connected to ground via a 300 Kohm resistor and is also buffered to DRAM. 

4-154 Micron Technology, Inc., reserves the right to change produt.is or specifications without notice. 
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MIC:RON MT12D88C140 
1-· """'''''''''' 1 MEG x 40,2 MEG x 20 IC DRAM CARD 

PIN DESCRIPTIONS 

PIN NUMBERS 

22,26 

23,24,66,68 

70 

55 

13,57,14,58,16,59, 
18,60,19,61 

2-8, 10, 12, 34, 36, 
38-43, 33, 46-54, 80-87, 

79,31,32,77,78 

71, 28, 72, 29, 
74,30,75,76 

11, 17, 20, 21, 25, 
35,62,64,65,69 

MT12DS8C140 
REV. 4192 

9,15,27,37 

1, 44, 45, 56, 
63,67,73,88 

SYMBOL 

RASO,RAS2 

CASO-3 

WE 

OE 

AO-A9 

000-0039 

PD1-PD8 

NC 

Vee 

Vss 

TYPE 

Input 

Input 

Input 

Input 

Input 

Input! 
Output 

-

-

Supply 

Supply 

DESCRIPTION 

Row Address Strobe: RAS is used to clock-in the 10 row-
address bits. Two RAS inputs allow for a single x32!36/40 
bank or two x16/18/20 banks. 

Column Address Strobe: CAS is used to clock-in the 10 
column-address bits, enable the DRAM output buffers, 
and strobe the data inputs on WRITE cycles. Four CAS 
inputs allow byte access control for any memory bank 
configuration (not in x40 mode). 

Write Enable: WE is the READ/WRITE control for the DO 
pins. If WE is LOW prior to CAS going LOW, the access 
is an EARLY-WRITE cycle. If WE is HIGH while CAS is 
LOW, the access is a READ cycle, provided OE is also 
LOW. If WE goes LOW after CAS goe~ LOW, then the 
cycle is a LATE-WRITE cycle. A LATE-WRITE cycle is 
generally used in conjuction with a READ cycle to form a 
READ-MODIFY-WRITE cycle. 

Output Enable: OE is the input!output control for the DO 
pins. OE is connected to ground through a 300 Kohm 
resistor and is intended to be LOW allowing for EARL Y-
WRITE cycles only. This signal may be driven, allowing 
for LATE-WRITE cycles. 

Address Inputs: These inputs are multiplexed 
and clocked by RAS and CAS. 

Data I/O: For WRITE cycles, 000-0039 act as 
inputs to the addressed DRAM location. BYTE 
WRITEs may be performed by using the corresponding 
CAS select (x32/36 mode only). For READ access cycles, 
000-0039 act as outputs for the addressed DRAM 
location. 

Presence Detect: These pins are read by the 
host system and tell the system the card's personality. 
They will be either left floating (NC) or they will be 
grounded (Vss). 

No Connect: These pins should be left 
unconnected (reserved for future use). 

Power Supply: +5V ±5% 

Ground 

4-155 Micron Technology, Inc., reserves the right to change products Ot specifications without notiCe. 
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I'IIIC:RON MT12D88C140 
",",,,oc",,, 1 MEG x 40, 2 MEG x 20 IC DRAM CARD 

FUNCTIONAL DESCRIPTION 
The MT12D88C140 is a 4 megabyte memory card as a 1 

Meg x 32/36/40 bit memory array (RASO = RAS2). It also 
may be configured as a 2 Meg x 16/18/20 bit memory array 
provided the corresponding DQs on the host are connected 
and memory bank control procedures are implemented by 
interleaving both RAS lines. 

Most x32/36/40 bit applications use the same signal to 
control the CAS inputs. RASO controls the lower 16/18 bits 
and RAS2 controls the upper 16 bits to obtain a x32/36 
memory array. For x16/18 applications, the corresponding 
DQs and the corresponding CAS pins must be connected 
together (DQO to DQ18, DQl to DQ19 and so forth, and 
CASO to CAS2 and CAS1 to CAS3). Each RAS is then a bank 
select for the 2 Meg x 16/18 memory organization. 

DRAM OPERATION 

DRAM REFRESH 
Memory cell data is retained in its correct state by main­

tainingpower and executing any RAScycle [READ, WRITE, 
RAS-ONLY, CAS-BEFORE-RAS (CBR), HIDDEN or BAT­
TERYBACKUP (BBU) REFRESH] so that all 1,024 combina­
tions of RAS addresses (AO-A9) are executed at least every 
128ms, regardless of sequence. 

The implied method of choice for refreshing the memory 
card is the BBU cycle. This is a very low current, data 
retention mode made possible by using the CBR REFRESH 
cycle over the extended refresh range (IcC7). 

The memory card may be used with the other refresh 
modes common in standard DRAMs. This allows the 
memory card to be used on existing systems that do not 
utilize the BBU REFRESH cycle. However, the penalty is the 
memory card will draw more current in the STANDBY 
mode. The CBRREFRESH mode is recommended when not 
using the BBU mode. 

DRAM READ AND WRITE CYCLES 
During READ or WRlTE cycles, each bit is uniquely 

addressed through the 20 address bits, which are entered 10 
bits (AO-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. READ or WRlTE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logiC LOW on WE dictates WRITE 
mode. During a WRITE cycle, data in (D) is latched by the 
falling edge of CAS. WE must fall prior to CAS (EARLY 
WRITE); if WE goes LOW after CAS, the outputs (Q) will be 

activated and will drive invalid data to the inputs, unless 
LATE-WRITE CYCLE timing specifications are met. The 
data inputs and data outputs are routed through pins using 
common I/O, and pin direction is controlled by WE. 

FAST PAGE MODE operation allows faster data opera­
tions (READ or WRITE) within a row address (AO-A9) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ­
ent colurnn addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. Returning RAS and CAS HIGH terminates a 
memory cycle and decreases chip current to a reduced 
standby leveL Also, the chip is preconditioned for the next 
cycle during the RAS high time. 

DRAM TIMING 
In accordance with JEDEC standard specifications, all 

inputs to the IC DRAM card are buffered, with the exception 
of RAS inputs. The line drivers used for buffers reduce 
reflections on the card and ensure compatibility in a wide 
range of systems. The implementation of buffers on the card 
may relieve the need for additional host system line 
drivers. Notes 23 though 29 indicate which parameters on 
the IC DRAM card are affected by the line drivers, and to 
what magnitude they are affected. The component DRAM 
timing specifications, rather than those of the IC DRAM 
card (in systems that use both), may cause timing 
incompatibilities. 

All traces on the IC DRAM card (buffered and non­
buffered) are approximately 50 ohms characteristic imped­
ance. Matching impedance on the system board to 50 ohms 
characteristic impedance on traces to the IC DRAM card 
will decrease signal noise to the IC DRAM card, enhancing 
overall system reliability. 

PHYSICAL DESIGN 
The MT12D88C140 is constructed with amolded plastic 

frame and covered with stainless steel panels. Inside, 12 thin 
small-outline package (TSOP) DRAMs are mounted on an 
ultrathin printed circuit board. The board is attached to a 
high insertion, 88-pin receptacle connector. The package 
has a polarized key to prevent improper installation, in­
cluding insertion into other types of IC card sockets. The 
MT12D88C140 operates reliably up to 55°C. 

MT12D8BCI40 
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MIC:RON MT12D88C140 
1-· m~"oco"," 1 MEG x 40, 2 MEG x 20 IC DRAM CARD 

MEMORY TRUTH TABLE 

FUNCTION RAS 
Standby H 

READ L 

EARLY-WRITE L 

READ-WRITE L 

FAST-PAGE-MODE 1st Cycle L 

READ 2nd Cycle L 

FAST-PAGE-MODE 1 st Cycle L 

EARLY-WRITE 2nd Cycle L 

FAST-PAGE-MODE 1st Cycle L 

READ-WRITE 2nd Cycle L 

RAS-ONL Y REFRESH L 

HIDDEN READ L--+H--+L 

REFRESH WRITE L --+H--+L 

CAS-BEFORE-RAS REFRESH H--+L 

BATTERY BACKUP REFRESH H--+L 

PRESENCE DETECT TRUTH TABLE 

Refresh Control 

NOTE: Vss = Ground. 

MT12D88C140 
REV.4!92 

22 
22 

cxs-- WE 

H--+X X 

L H 

L L 

L H--+L 

H--+L H 

H--+L H 

H--+L L 

H--+L L 

H--+L H--+L 

H--+L H--+L 

X X 

L H 

L L 

L H 

L H 

4-157 

ADDRESSES DATA IN/OUT 

TIE IR IC 000-0039 

X X X High-Z 

L(NC) ROW COL Data Out 

X ROW COL Data In 

L --+H ROW COL Data Out 

L(NC) ROW COL Data Out 

L(NC) n/a COL Data Out 

X ROW COL Data In 

X n/a COL Data In 

L --+H ROW COL Data In 

L --+H n/a COL Data In 

X ROW n/a High-Z 

L(NC) ROW COL Data Out 

X ROW COL Data In 

X X X High-Z 

X X X High-Z 

Micron Technology, Inc., reserves the nght to change products or spedficalions without notice. 
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UU:::I=ICN MT12D88C140 
1-· ",,,,,ococ.,,,,c 1 MEG x 40, 2 MEG x 20 IC DRAM CARD 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss ...... -O.5V to +S.2SV 
Operating Temperature, T A (Ambient) ......... O°C to +SsoC 
Storage Temperature ..................................... -20°C to +80°C 
Power Dissipation ............................................................ lSW 
Short Circuit Output Current ...................................... SOmA 
Card Insertions (Connector's Life Cycle) .................. 10,000 

'Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C :5 T A :5 55°C; Vcc = 5V ±5%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT, Any input I Non-buffered 

(OV:5 VIN :5 5.25V; all other pins not under test = OV) I Buffered 

OUTPUT LEAKAGE CURRENT (0 is disabled; OV :5 VOUT :5 5.25V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 

STANDBY CURRENT: (TIL) 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Other Inputs = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

OPERATiNG CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN)) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN)) 

REFRESH CURRENT: CAS-BEFORE-RAS (CBR) 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN)) 

REFRESH CURRENT: BATIERY BACKUP (BBU) 
Average power supply current during BBU: CAS = 0.2V or CBR 
cycling; RAS = IRAS (MIN) up to 300ns; IRC = 12511S; WE, AO-A9 
and DO = Vcc -0.2V or 0.2V (DO may be left open) 

MT12088C140 
AEV.4/92 4-158 

SYMBOL MIN MAX UNITS NOTES 

Vcc 4.75 5.25 V 1 

VIH 3.5 Vcc+0.5 V 1 

VIL -0.5 0.8 V 1 

liN -12 12 !lA 
liB -2 2 !lA 
loz -10 10 !lA 

VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -6 -7 -8 UNITS NOTES 

Icc1 24 24 24 mA 

Icc2 2.4 2.4 2.4 mA 

Icc3 1.26 1.14 1.02 A 3,4,30 

Icc4 900 780 660 mA 3,4,30 

Icc5 1.26 1.14 1.02 A 3,30 

Icc6 1.26 1.14 1.02 A 3,5,30 

Icc7 3.6 3.6 3.6 mA 3,5 

Micron Technology, Inc., reserves the right to change products or speCifications without notice. 
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1-· '''''''''''0"' 1 MEG x 40, 2 MEG x 20 IC DRAM CARD 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: CASO, CAS1, CAS2, CAS3, AO-A9, OE CI1 9 pF 2 

Input Capacitance: WE CI2 13 pF 2 

Input Capacitance: RASO, RAS2 CI3 50 pF 2 

Input/Output Capacitance: DO CIO 12 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C ~ T A ~ 55°C; Vee = 5V ±5%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
FAST-PAGE-MODE 
READ or WRITE cycle time 
Access time from "RAS 
Access time from ~ 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
l'IAS pulse width (FAST PAGE MODE) 
l'IAS hold time 
RAS pr'ilcharge time 
~ pulse width 
CAS hold time 
~ precharge time 
CI1.S precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
"RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 
Column address to 
11JIS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 
CAS to output in low-Z 
Output buffer turn-off delay 
WE command setup time 

MT12D86C140 
REV.4f92 

-6 
SYM MIN 
tRC 110 
PC 40 

tRAC 
tCAC 

AA 
tCPA 
tRAS 60 

tRASP 60 
tRSH 25 
tRP 45 

tCAS 15 
tCSH 55 
tCPN 10 
tcp 10 

tRCD 10 
tCRP 15 
ASR 10 
RAH 5 

tRAD 10 

tASC 5 
ICAH 15 
tAR 45 

tRAl 40 

tRCS 5 
tRCH 5 

tRRH -5 

tClZ 5 
OFF 5 

twcs 5 

MAX MIN 
130 
40 

60 
25 
40 
50 

100,000 70 
100,000 70 

30 
50 

100,000 20 
65 
10 
10 

35 15 
15 
10 
5 

20 10 

5 
20 
50 

45 

5 
5 

-5 

5 
30 5 

5 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 23 
45 ns 23 

70 80 ns 14,23 
30 30 ns 15,26 
45 50 ns 26 
50 55 ns 26 

100,000 80 100,000 ns 23 
100,000 80 100,000 ns 23 

30 ns 26 
60 ns 23 

100,000 20 100,000 ns 23 
75 ns 25 
10 ns 16,23 
10 ns 23 

40 15 50 ns 17,28 
15 ns 26 
10 ns 26 
5 ns 25 

25 10 30 ns 18,28 

5 ns 24 
20 ns 24 
55 ns 25 

50 ns 26 

5 ns 25 
5 ns 19,24 

-5 ns 19,25 

5 ns 24 
30 5 30 ns 20,29,35 

5 ns 24 
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MIC:RON MT12D88C140 
1-· m"'''''''''''' 1 MEG x 40, 2 MEG x 20 IC DRAM CARD 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) (O°C ~ TA ~ 55°C; Vee = 5V ±5%) 

AC CHARACTERISTICS 
PARAMETER 
Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time (referenced to RAS) 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CAS-BEFORE-RAS refresh) 

CAS hold time 
(CAS-BEFORE-RAS refresh) 

WE hold time 
(CAS-BEFORE-RAS refresh) 

WE setup time 
(CAS-BEFORE-RAS refresh) 

WE hold time 
(WeBR test cycle) 

WE setup time 

READ-WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

RAS to WE delay time 

Column Address 
to WE delay time 

CAS to WE delay time 

Output buffer turn-off delay 

Output disable 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

OE hold time from RAS during 
HIDDEN REFRESH cycle 

MT1208aC140 
REV. 4/92 
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SYM MIN MAX 
tWCH 15 

twCR 40 

twP 10 
tRWL 25 
tCWL 20 
tDS 5 
tDH 5 

tDHR 45 
tT 2 15 

tREF 128 
tRPC 10 
tCSR 20 

tCHR 10 

twRH 5 

tWRP 20 

tWTH 5 

tWTS 20 
tRWC 165 

tpRWC 90 

tRWD 80 
tAWD 65 

tewD 50 

toE 25 
tOD 25 

tOEH 5 

tORD 10 

4-160 

MIN 
20 

50 

15 

30 

25 

5 

10 

55 

2 

10 

20 

10 

5 

20 

5 

20 

185 

95 

90 

70 

65 

10 

10 

-7 -8 

MAX MIN MAX UNITS NOTES 
20 ns 24 

55 ns 25 

15 ns 23 

30 ns 26 

25 ns 24 

5 ns 24,32 

10 ns 25,32 

60 ns 23 

15 2 15 ns 9,10,23 

128 128 ms 

10 ns 26 

20 ns 5,26 

10 ns 5,25 

5 ns 22,25 

20 ns 22,26 

5 ns 22, 25 

20 ns 22,26 

205 ns 

100 ns 23 

100 ns 31,27 

75 ns 31,24 

55 ns 31,24 

30 30 ns 20,33,26 

30 30 ns 35,26 

10 ns 34,27 

10 ns 21,26 

Micron T echno!ogy, Inc, reserves the right to change products or speCIfications without notice. 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = SV ±lO%,f = 1 MHz. 
3. Ice is dependent on cycle rates. 
4. Ice is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

S. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lOOI!S is required after power-up 
followed by eight RAS refresh cycles (RAS-ONL Y or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the IREF refresh requirement is 
exceeded. 

8. AC characteristics assume tr = Sns. 
9. Vlli (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between Vlli and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

100pF. 
14. Assumes that 'RCD < IRCD (MAX). If 'RCD is greater 

than the maximum recommended value shown in this 
table, 'RAC will increase by the amount that IRCD 
exceeds the value shown. 

IS. Assumes that IRCD ~ IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the IRCD (MAX) limit ensures that 
'RAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by tcAe. 

18. Operation within the tRAD (MAX) limit ensures that 
'RCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if lRAD is greater than the 
specified 'RAD (MAX) limit, then access time is 
controlled exclusively by IAA. 

MT12D86C140 
REV. 4192 4-161 

19. Either 'RCH or IRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

22. twTS and twTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverse of twRP and twRH in the 
CBR refresh cycle. 

23. Timing between the DRAMs and the DRAM card did 
not change with the addition of the line drivers. 

24. A +Sns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

2S. A -Sns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

26. A + IOns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

27. A -IOns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

28. A -Sns (MIN) and a -IOns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

29. A +Sns (MIN) and a +lOns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

30. The maximum current ratings are based with the 
memory operating or being refreshed in the x32/36/ 
40 mode. The stated maximums may be reduced by 
one half when used in the x16/18/20 mode. 

31. twcs, IRWD, tAWD and ICWD are restrictive 
operating parameters in late WRITE, and READ­
MODIFY-WRITE cycles only. If twcs ~ twcs (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If tRWD ~ tRWD (MIN), IAWD ~ IA WD 
(MIN) and tcWD ~ tCWD (MIN), the cycle is a 
READ-MODiFY-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions is met, the state of data out is 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE-WRITE (OE 
controlled) cycle. 

Micron Technology, Inc., reSeNes the right to change products or specifications without nolice. 
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MIC:RON MT12D88C140 
1-· """ "" 1 MEG x 40, 2 MEG x 20 IC DRAM CARD 

NOTES (continued) 
32. These parameters are referenced to CAS leading edge 

in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

33. HOE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

34. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both tOD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 

MT12D88C140 
REV.4J92 

remains LOW and OE is taken back LOW after 'OEH 
is met. H CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

35. The DQs open during READ cycles once too or tOFF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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1-· >en 1 MEG x 40,2 MEG X 20 IC DRAM CARD 

"""12088C14O 
=!EV.4192 

READ CYCLE 

tRP 

\'------
tCSH 

teRP 

tAR 

ADDR ~:~ 1';/";/;/A ROW W/&!#' COlUMN 

We ~:~ -:1//////////////////////////////// V/////////////////////; 
tAA 

tCAC 

: tCLl "l 
VtOH --------- -------~~~~~t---DO VIOL _- OPEN .~ VAUDDATA OPEN---

1-----!2L. I~ 100 

DE ~:~ _7"7Jrrr//j;T77ih7Tl/ij;"Tr1 //;777Wj;T77~7r.I/j;r77I//;777/i/;7n~=I/j;>'7TmT77I//;7Tl1/=I//;>'7TI/j;T77I//;7T7Wl p// /1//1/1// 1$$/11// /I /I//I////; 

RAS V'H 
VIL 

CAS V'H 
VIL 

AODR V'H 
VIL 

EARLY-WRITE CYCLE 

Ie R 

,"AS tRP 

I - \ -
tCSH 

'RSH 

teRP tRCD . tcAS 

=J 
tAR 

tRAD tRAL 

l~ ~ l~ I~ 
~ ROW ~ COLUMN Y<0:/m~ ROW 

tCWL -1_1 
tRWL 

'WCR 
twes tweH 

twp 

~////;///; '0W;/0/. 
'OHR 

r- ~ 
~JJA VAltDOATA 

4-163 

~ 

~ DON'TeARE 

8ll8l UNDEFINED 
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I'IIICRON MT12D88C140 
""""W,,"'"'" 1 MEG x 40, 2 MEG x 20 IC DRAM CARD 

MT12D88C140 
REV,4192 

RAs 

CAs 

ADDR 

WE 

RAS V,H 
VIL 

CAs V,H 
VIL 

ADDR 
V,H 
VIL 

WE V,H 
VIL 

DQ ~lg~ 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

RWC 
tRAS tRP 

V,H 
VIL -

teSH 
'I, tRSH 

I~ tRCD tCAS 

V,H 
VIL =----.1 ~ tAR 

IAAD I I tRAL I 

V,H 

I~ ~I ~l 14 I' 
VIL JIIIIM ROW 

V,H 
VIL 

I 
-

I 

-
-

-
-

ICSH 

I~ 

=--' 
tRAD 

I_ 'ASR l~ 
YI;,JA ROW WII? 

I 
I 

- OPEN 

WillI? COLUMN ROW 
I I 'RWD tCWl II 

-,~I I, leWD ~I IAWD twp 
I 

tAA 
I tRAG j tCAC' 

tell );-nv I~ ~ 
OPEN VALID Dour K VALID DIN OPEN-. --

~ ~I ~ 

FAST-PAGE-MODE READ CYCLE 

RASP 

FL tpc lASH 

IRCD ~ ~i~ ~ ~~ 
ICPN 

tAR ~ 
~I I~ 

tRAl 
j_ IASC i~ ~I! leAH·1 

1 
COLUMN WIIIII,.0{ COLUMN Wllilin COLUMN ROW 

tRCS ! 
tRCH- 1-1 It-tRcs Ii 'RCH- Ii 

-11t-~cs -1·I-tRRH 
~ 

tAA yo tAA Y tAA WIII!m 
I tRAG I tePA I 'CPA 

I~ ~ I~ 19£t I~ - -'OFF 

'CLZ- r- ICLZ- r- 'CLZ- 1:-
VALID VALID VALID }------ OPEN--

DATA DATA DATA 

J~r ,I~I~ ,I~I.$.. 

4·164 

~ DON'TeARE 

~ UNDEFINED 
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MIC:RON MT12D88C140 
1-· ,"""'CO""" 1 MEG x 40,2 MEG x 20 IC DRAM CARD 

AT12D88C140 
lEV. 4192 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

4-165 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right 10 change products or specifications withoot notice, 
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I"IIC:RON MT12D88C140 
,,,,,,,ocen '''c 1 MEG x 40, 2 MEG x 20 IC DRAM CARD 

MT12D8BC140 
REV. 4/92 

"'FIE-ONLY REFRESH CYCLE 
(ADDR = AO-A9; WE = DON'T CARE) 

\'----

CAs ~:~:~ '---! 

AOOR ~:r =~~ow-~!!-'J~W$/###/$#I##I//$$;I##/##)(--RO--W --
DO ~gt -:---------OPEN---------

DO 

DO 

CAS"-BEFORE-~ REFRESH CYCLE 
(AO-A9 = DON'T CARE) 

RP RAS tRP RAS 

1 :--1 tRPe:11 
1·:tep~ll~ I~ tRP~jl~ ~I. 

:----.J it I it f 

OPEN 

~~I ~ 

W§///!1////;1!1!1//j 
~ 

W/;1ff//////;1//////;1///;1//J% 

BATTERY BACKUP REFRESH CYCLE 
(AO-A9 = DON'T CARE) 

1251:!s 

tRP tRAS 

'-1~I! ! tep ~_ tesR • I~ 
I 

~ ~ 

tRP 

I'~ 
OPEN 

I~ 

4-166 

IRM 

} 
~I. 

f 

~ 
Vlff/$;1/IIIIII;1!1§//;1/;1a 

~ DON'T CARE 

~ UNDEFINED 
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1-· 'He","" '"c 1 MEG X 40, 2 MEG X 20 IC DRAM CARD 

MT12D88C14Q 
REV. 4192 

I~ 
:~ 

I~ 
.lr--

. 

. tRCD 

. tAR 

tRAD 

HIDDEN REFRESH CYCLE 21 

(WE = HIGH) 

(READ) 

tRAS . 
.~ 

r 

J • 
1 

. 

(REFRESH) 

tRAS 

tCHR 
1 

, 

tRAL'j II 
iRAH'" .tAsc,ll~ 

I. I tAA 

I tRAC 

I:~ -b 
OPEN 

~ 

~ 

4-167 

VALID DATA 

J 'OFF -
)C-OPEN-

~ 

~ DON'T CARE 

~ UNDEFINED 
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UII:::RON MT12D88C140 
1-· ."'""OW",,, 1 MEG x 40, 2 MEG x 20 IC DRAM CARD 

RESERVED JEDEC, JEIDA and PCMCIA 

MT12D88C140 
AEV.4192 

88-PIN ASSIGNMENT 
(All Possible Combinations) 

Vss 1 ©\Q) 45 Vss 
DOD 2 ©© 46 DQiS 
001 ©© 47 0019 
002 ©© 48 0020 
003 ©© 49 0021 
DQ4 ©© 50 0022 
005 ©© 51 0023 
DQ6 8 ©© 52 0024 

S.OV Vee 9 ©© 53 0025 
007 10 ©© 54 0026 

3.3V Vee 11 ©© 55 DE 
008 12 ©© 56 Vss 

AD 13 ©© 57 A1 
A2 14 ©© s.ov Vee 15 ©© 

58 A3 

A4 16 ©© 
59 A5 

3.3V Vee 17 
60 A7 

©© 61 A9 
A6 18 ©© 62 A11 
A6 19 ©© 63 Vss 

A10 20 ©© 64 A13 
A12 21 

8© 65 RAS1 RASa 22 
66 CAS2 

CASO 23 ©© 
CAS1 24 ©© 67 Vss 

68 CAS3 
3.3V Vee 25 ©© 

69 RAS3 
RAS2 26 ©© 

70 WE 
S.OV Vee 27 ©© 

71 PD1 
PD2 28 ©© 

72 PD3 
PD4 29 ©© 
PD6 30 ©© 73 Vss 

74 PD5 
0036 31 ©© 

©© 75 PD7 
0037 32 

©© 76 PD8 
DOH 33 
009 34 ©© 77 0038 

©© 78 0039 
3.3V Vee 35 

0010 36 ©© 79 0035 
80 0027 

S.OV Vee 37 ©© 
81 0028 

DQ11 38 ©© 
©© 82 0029 

0012 39 © 83 0030 
0013 40 ©© 84 0031 
0014 41 ©© 
0015 42 

85 0032 
©© 86 0033 

0016 43 ©© 87 0034 
Vss 44 ©© 88 Vss 

4-168 

MT12D88C140 PIN ASSIGNMENT 
(JEDEC Standard) 

Vss ©© 45 Vss 
DOD ©© 46 OQ18 
001 ©© 47 0019 
002 ©© 48 0020 
003 ©© 49 0021 
004 ©© 50 D022 
005 ©© 51 0023 
006 8 ©© 52 0024 
Vee 9 ©© 53 0025 

007 10 ©© 54 0026 
NC 11 ©© 55 OE(Vss) 

008 12 © ©© 56 Vss 
AO 13 

57 A1 
A2 14 ©© 

Vee 15 ©© 58 A3 

A4 16 ©© 59 A5 

NC 17 © 60 A7 
©© 61 A9 

A6 18 ©© 62 NC 
A8 19 ©© 63 Vss 
NC 20 ©© 64 NC 
NC 21 ©© 65 NC RASa 22 ©© 66 CAS2 

CASO 23 
CAS1 24 

©© 67 Vss 
©© 68 CAS3 

NC 25 ©© 69 NC 
RAS2 26 ©© 70 WE 

Vee 27 ©© 71 PD1 (Vss) 
PD2 (NC) 28 ©© 72 PD3 (Vss) 

PD4 (Vss) 29 ©© 73 Vss 
PD6 (TBD) 30 ©© 74 PD5 (NC) 

0036 31 ©© 
0037 32 

75 PD7 (TBD) 
©© 76 PD8 (NC) 

OQ17 33 ©© 77 0038 
009 34 ©© 

NC 35 
78 0039 

©© 79 0035 
0010 36 ©© 80 0027 

Vee 37 ©© 81 0028 
0011 38 ©© 82 OQ29 
0012 39 ©© 83 OQ30 
0013 40 © 84 OQ31 
0014 41 ©© 

85 0032 
0015 42 ©© 
0016 43 ©© 86 0033 

Vss 44 ©© 87 0034 

© 88 Vss 

Micron Technology, Inc., res9IV9S the right to change products or specifications without notice. 
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I'IIIC:RON MT24D88C240 
,",,,,,""'C,"" 2 MEG x 40, 4 MEG x 20 IC DRAM CARD 

IC DRAM CARD 

FEATURES 
• JEIDA, JEDEC and PCMCIA standard 88-pin IC 

DRAM card 
• Polarized receptacle connector 
• Industry standard DRAM functions and timing 
• High-performance, CMOS silicon-gate process 
• All outputs are fully TTL compatible 
• All inputs buffered except RAS inputs 
• Multiple RAS inputs for xI6/18/20 orx32/36/40 

selectability 
• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS 

(CBR), HIDDEN and BATTERY BACKUP (BBU) 
• FAST PAGE MODE access cycle 
• Single +5V ±5% power supply 
• Low power; 24m W standby, 3.3W active (typical) 
• Extended refresh standard: 1,024 cycles every 128ms 

OPTIONS 
• Timing 

60ns access 
70ns access 
80ns access 

MARKING 

-6 
-7 
-8 

GENERAL DESCRIPTION 
The MT24D88C240 is an 8 megabyte, IC DRAM card 

organized primarily as a 2 Meg x 40 bit memory array 
for EDC applications. It may be used as a x32 or x36 bit 
memory array (the unused DQs should be tied to V ss or V cc 
through current limiting resistors). It may also be config­
ured as a 4 Meg x 20 bit memory array, provided the 
corresponding DQs on the host system are made common 
and memory bank control procedures are implemented. 
Separate CAS inputs allow byte accesses. 

All inputs to the DRAMs are buffered, with the exception 
of RAS. The line drivers used for buffers reduce reflections 
on the card and ensure compatibility in a wide range of 
systems. At the same time, the line drivers add delays to the 
buffered input timings when compared to standard DRAMs. 

The MT24D88C240 is designed for low power operation 
using 1 Meg x 4 low power, extended refresh DRAMs. 
These devices support BATTERY BACKUP (BBU) cycle 
refresh; a very low current, data retehtion mode. Standard 
component DRAM refresh modes are supported as well. 

8 MEGABYTES 
2 MEG x 40, 4 MEG x 20 

10 
11 
12 
13 
14 
15 
16 
17 ,. 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

PIN ASSIGNMENT (End View) 
88-PinCard (U-1) 

PINt SYMBOL PIN # SYMBOL PINt SYMBOL 

©© 45 
©© 46 

~~ 47 
48 

§~ 49 
50 

©© 51 

©© " ©© 53 
54 

~~ 55 

©§ 
56 
57 

g© 58 
59 

©© 60 
©© 61 
©© 62 
©© 63 

g© 64 
65 ©© sa ©© 

©© 67 
6. ©© 
69 ©© 
70 ©© 
71 

~~ 72 
73 

~g 74 
75 ©g 76 

g© 77 

©© 7. 

©© 79 

gg 
.0 ., 
82 ©© 
83 ©© 
84 ©© 
85 ©© .. 

g~ .7 

© •• 

1 Vss 31 0036 61 A9 
2 000 32 0037 62 NG 
3 001 33 0017 63 Vss 
4 002 34 009 64 NG 
5 003 35 NG 65 RASf 
6 004 36 0010 66 TIi'\S2 
7 005 37 Vee 67 Vss 
8 006 38 0011 68 003 
9 Vee 39 0012 69 RAS3" 

10 007 40 0013 70 WE 
11 NG 41 0014 71 P01 Vss) 
12 008 42 0Q15 72 P03 (Vss) 
13 AO 43 0016 73 Vss 
14 A2 44 Vss 74 P05 (Vss) 
15 Vee 45 Vss 75 P07 (TBO) 
16 A4 46 OQ18 76 P08 (NG) 
17 NG 47 0019 77 0Q38 
18 A6 48 0020 78 0039 
19 A8 49 0021 79 0035 
20 NG 50 0022 80 0027 
21 NG 51 0023 81 0028 
22 RASlf 52 OQ24 82 OQ29 
23 CASO 53 0025 83 0030 
24 CJ\Sf 54 0026 84 0031 
25 NG 55 OE(Vss) 85 0032 
26 ~ 56 Vss 86 0033 
27 Vee 57 A1 87 0034 
28 P02 (NG) 58 A3 88 Vss 
29 P04 Vss 59 A5 
30 P06 TBO 60 A7 

Multiple RAS inputs conserve power by allowing indi­
vidual bank selection. In the x32/36/40 organization, the 
memory array may be divided into two banks, each with 
four separate bytes (x32/36 only). In the x16/18/20 organi­
zation, up to four banks, each with two separate bytes, may 
be independently selected. One bank is activated by each 
RAS selection; the others not selected remain in standby 
mode, drawing minimum power. 

MT24DB8C240 
REV. 4192 4-169 Micron Tec:hnology, Inc., reserves the righllo change products or specifications wllMut notice. 
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MIC:RON MT24D88C240 
1-· '''",mo"",,, 2 MEG x 40, 4 MEG x 20 IC DRAM CARD 

Eight presence detect pins may be read by the host. to 
identify the MT24D88C240 organization, number of banks, 
access time and refresh mode. These extensive presence 
detect functions allow systems to utilize the advanced 
power saving features. 

The MT24D88C240 is built with a plastic frame covered 
by stainless steel panels. This package, containing an 88-pin 
receptacle connector, is keyed to prevent improper installa­
tion or insertion into other types of IC card sockets. 

FUNCTIONAL BLOCK DIAGRAM 

RAS3 ----~----------------~----~~ 
CAS3 CAs 

r-I----I-----jwe 
OE 

RAS2 ----------.. --~_+_+~--~ 

RAS1 ----~----.. --~r-----~----~ 
CAS1 ----~ID_--.. --~r-~--_+----~ 

AO-A9 

DQ9 

NOTE: 1. D = 74AC11244 line drivers. 

MT24D88C240 
REV. 4/92 

2. B1, B2, B5 and B6 = 1 Meg x 8 memory blocks; B3, B4, B7 andB8 = 1 Meg x 9 memory blocks. 
3. OE is internally connected to ground via a 300 Kohm resistor and is also buffered to the DRAMs. 

4-170 Micron Technology, Inc., reserves the right to change products or specifications wtthout notice. 
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MIC:RON MT24D88C240 
1-· ,,,",oeoo,,", 2 MEG x 40,4 MEG x 20 IC DRAM CARD 

PIN DESCRIPTIONS 

PIN NUMBERS 

22,26,65,69 

23,24,66,68 

70 

55 

13,57,14,58,16,59 
18,60,19,61 

2-8, 10, 12, 34, 36 
38-43, 33, 46-54, 80-87 

79,31,32,77,78 

71,28,72,29 
74,30,75,76 

11,17,20,21,25 
35,62,64 

MT24088C240 
REV. 4/92 

9,15,27,37 

1,44,45,56 
63,67,73,88 

SYMBOL 

RASO-3 

CASO-3 

WE 

OE 

AO-A9 

DOO-D039 

PD1-PD8 

NC 

Vcc 

Vss 

TYPE 

Input 

Input 

Input 

Input 

Input 

InpuV 
Output 

-

-

Supply 

Supply 

DESCRIPTION 

Row Address Strobe: RAS is used to clock-in the 10 row-
address bits. Four RAS inputs allow for two x32/36/40 
banks or four x16/18/20 banks. 

Column Address Strobe: CAS is used to clock-in the 10 
column-address bits, enable the DRAM output buffers, 
and strobe the data inputs on WRITE cycles. Four CAS 
inputs allow byte access control for any memory bank 
configuration (not in x40 mode). 

Write Enable: WE is the READ/WRITE control for the DO 
pins. If WE is LOW prior to CAS going LOW, the access 
is an EARLY-WRITE cycle. If WE is HIGH while CAS is 
LOW, the access is a READ cycle, provided OE is also 
LOW. If WE goes LOW after CAS goes LOW, then the 
cycle is a LATE-WRITE cycle. A LATE-WRITE cycle is 
generally used in conjunction with a READ cycle to form a 
READ-MODIFY-WRITE cycle. 

Output Enable: OE is the input/output control for the DO 
pins. OE is connected to ground through a 300 Kohm 
resistor and is intended to be LOW, allowing for EARL Y-
WRITE cycles only. This signal may be driven, allowing 
for LATE-WRITE cycles. 

Address Inputs: These inputs are multiplexed 
and clocked by RAS and CAS. 

Data I/O: For WRITE cycles, DOO-D039 act as 
inputs to the addressed DRAM location. BYTE 
WRITEs may be performed by using the corresponding 
CAS select (x32/36 mode only). For READ access cycles, 
DOO-D039 act as outputs for the addressed DRAM 
location. 

Presence Detect: These pins are read by the 
host system and tell the system the card's personality. 
They will be either left floating (NC) or they will be 
grounded (Vss). 

No Connect: These pins should be left 
unconnected (reserved for future use), 

Power Supply: +5V ± 5% 

Ground 

4-171 Micron Technology, inc., reserves the right to change products or specifications wlthout notice. 
© 1992, Micron Technology, Inc. 

z 
m :e 
II -o 
C 
::Jl 
l> 
s: 
o 
l> 
::Jl 
C 



z m 
~ 
I 
o 
C 
::D 
l> s: 
o 
l> 
::D 
C 

I'IIIC:RON MT24D88C240 
'''''0'0« " 2 MEG x 40, 4 MEG x 20 IC DRAM CARD 

FUNCTIONAL DESCRIPTION 
The MT24D88C240 is an 8 megabyte memory card 

structured as a 2 Meg x 32/36/40 bit memory array (RASO 
= RAS2, RASl = RAS3). It also may be configured as a 4 Meg 
x 16/18/20 bit memory array, provided the corresponding 
DQs on the host are connected and memory bank control 
procedures are implemented by interleaving all four RAS 
lines. 

Most x32/36/40 bit applications use the same signal to 
control the CAS inputs. RASO and RASl control the lower 
16/18 bits, and RAS2 and RAS3 control the upper 16/18 
bits, to obtain a x32/36/40 memory array. For x16/18 
applications, the corresponding DQs and the correspond­
ing CAS pins must be connected together (DQO to DQ18, 
DQl to DQ19 and so forth, and CASO to CAS2 and CASl to 
CAS3). Each RAS is then a bank select for the 4 Meg x 16/ 
18 memory organization. 

DRAM OPERATION 

DRAM REFRESH 
Memory cell data is retained in its correct state by main­

tainingpower and executing any RAS cycle [READ, WRITE, 
RAS-ONLY, CAS-BEFORE-RAS (CBR), HIDDEN or BAT­
TERY BACKUP (BBU) REFRESH] so that all 1,024 combina­
tions of RAS addresses (AO-A9) are executed at least every 
128ms, regardless of sequence. 

The implied method of choice for refreshing the memory 
card is the BBU cycle. This is a very low current, data 
retention mode made possible by using the CBR REFRESH 
cycle over the extended refresh range (Icc7). 

The memory card may be used with the other refresh 
modes common in standard DRAMs. This allows the 
memory card to be used on existing systems that do not 
utilize the BBU REFRESH cycle. However, the memory card 
will draw more current in the STANDBY mode. The CBR 
REFRESH mode is recommended when not using the BBU 
mode. 

DRAM READ AND WRITE CYCLES 
During READ or WRITE cycles, each bit is uniquely 

addressed through the 20 address bits, which are entered 10 
bits (AO-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data in (D) is latched by the 
falling edge of CAS. WE must fall prior to CAS (EARLY 
WRITE); if WE goes LOW after CAS, the outputs (Q) will be 

activated and will drive invalid data to the inputs, unless 
LATE-WRITE cycle timing specifications are met. The data 
inputs and data outputs are routed through pins using 
common I/O, and pin direction is controlled by WE. 

FAST PAGE MODE operation allows faster data opera­
tions (READ or WRITE) within a row address (AO-A9) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ­
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. Returning RAS and CAS HIGH terminates a 
memory cycle and decreases chip current to a reduced 
standby level. Also, the chip is preconditioned for the next 
cycle during the RAS high time. 

DRAM TIMING 
In accordance with JEDEC standard specifications, all 

inputs to the IC DRAM card are buffered, with the exception 
of RAS inputs. The line drivers used for buffers reduce 
reflections on the card and ensure compatibility in a wide 
range of systems. The implementation of buffers on the card 
may relieve the need for additional host system lin 
drivers. Notes 23 though 29 indicate which parameters on 
the IC DRAM card are affected by the line drivers, and to 
what magnitude they are affected. The component DRAM 
timing specifications, rather than those of the IC DRAM 
card (in systems that use both), may cause timing 
incompatibilities. 

All traces on the IC DRAM card (buffered and non­
buffered) are approximately 50 ohms characteristic imped­
ance. Matching impedance on the system board to 50 ohms 
characteristic impedance on traces to the IC DRAM card 
will decrease signal noise to the IC DRAM card, enhancing 
overall system reliability. 

PHYSICAL DESIGN 
The MT24D88C240 is constructed with a molded plastic 

frame and covered with stainless steel panels. Inside, 24 thin 
small-outline package (TSOP) DRAMs are mounted on 
both sides of an ultrathin printed circuit board. The board 
is attached to a high insertion, 88-pin receptacle connector. 
The package has a polarized key to prevent improper 
installation, including insertion into other types of IC card 
sockets. The MT24D88C240 operates reliably up to 55°C. 

MT24DSBC240 
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UIC:::I=ICN MT24D88C240 
1-· ,",",,"oon, 2 MEG x 40,4 MEG x 20 IC DRAM CARD 

MEMORY TRUTH TABLE 

ADDRESSES DATA IN/OUT 

FUNCTION RAs- ill" WE ar IR IC 000-0039 

Standby H H-X X X X X High-Z 

READ L L H L (NC) ROW COL Data Out 

EARLY-WRITE L L L X ROW COL Data In 

READ-WRITE L L H-L L-H ROW COL Data Out 

FAST-PAGE-MODE 1st Cycle L H-L H L (NC) ROW COL Data Out 

READ 2nd Cycle L H-L H L(NC) n/a COL Data Out 

FAST-PAGE-MODE 1st Cycle L H-L L X ROW COL Data In 

EARLY-WRITE 2nd Cycle L H-L L X n/a COL Data In 

FAST-PAGE-MODE 15t Cycle L H-L H-L L-H ROW COL Data In 

READ-WRITE 2nd Cycle L H-L H-L L-H n/a COL Data In 

RAS"-ONL Y REFRESH H X X X ROW n/a High-Z 

HIDDEN READ L-H-L L H L(NC) ROW COL Data Out 

REFRESH WRITE L-H-L L L X ROW COL Data In 

CAS-BEFORE-RAS REFRESH H-L L H H X X High-Z 

BATIERY BACKUP REFRESH H-L L H H X X High-Z 

PRESENCE DETECT TRUTH TABLE 

z 
m 
~ 
II -o 
C 
JJ 
l> s: 
o 
l> 
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~-------,~~~--------~--~~~~~--~C 

16MB 
32MB 

Access Timing 

Refresh Control 

NOTE: Vss '= Ground. 

IotT24DB8C240 
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MICRON MT24D88C240 
1-· ",""OW""" 2 MEG x 40, 4 MEG x 20 IC DRAM CARD 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss ...... -O.5V to +S.2SV 
Operating Temperature T A (Ambient) ............. O°C to SsoC 
Storage Temperature ..................................... -20°C to +80°C 
Power Dissipation ............................................................ lSW 
Short Circuit Output Current ...................................... SOmA 
Card Insertions (Connector's Life Cycle) .................. 10,000 

'Stresses greater than those listed under "Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex­
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C ~ T A ~ 55°C; Vcc = 5V ±5%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

INPUT LEAKAGE CURRENT, Any input I Non-buffered 

(OV ~ VIN ~ 5.25V; all other pins not under test = OV) I Buffered 

OUTPUT LEAKAGE CURRENT (a is disabled; OV ~ VOUT ~ 5.25V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VI H) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Other Inputs = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC (MIN» 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC (MIN» 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC (MIN» 

REFRESH CURRENT: CAS-BEFORE-RAS (CBR) 
Average power supply current 
(RAS, CAS, Address CyCling: IRC =IRC (MIN» 

REFRESH CURRENT: BATTERY BACKUP (BBU) 
Average power supply current during BBU: CAS = 0.2V or CBR 
cycling; RAS = IRAS (MIN) up to 300ns; IRC = 125~s; WE, AO-A9 
and DO = Vcc -0.2V or 0.2V (DO may be left open) 

~T24D88C240 
REV. 4/92 

SYMBOL MIN MAX UNITS NOTES 

Vcc 4.75 5.25 V 1 

VIH 3.5 Vcc+0.5 V 1 

VIL -0.5 0.8 V 1 

liN -12 12 ~ 
liB -2 2 ~ 
loz -10 10 ~ 

VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -6 -7 -8 UNITS NOTES 

Icct 48 48 48 rnA 

Icc2 4.8 4.8 4.8 rnA 

Icc3 1.26 1.14 1.02 A 3,4,30 

Icc4 900 780 660 rnA 3,4,30 

ICC5 1.26 1.14 1.02 A 3,30 

Icc6 1.26 1.14 1.02 A 3,5,30 

Icc? 7.2 7.2 7.2 rnA 3,5 

Micron Technology, Inc., reserves the right to change prOducts or specifications Without notice. 
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MIC:RON MT24D88C240 
1-· "''''''''"''''' 2 MEG x 40, 4 MEG x 20 IC DRAM CARD 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: CASO, CAS1, CAS2, CAS3, AO-A9, OE Cit 9 pF 2 

Input Capacitance: WE CI2 13 pF 2 

Input Capacitance: RASa, RAS1, RAS2, RAS3 CI3 50 pF 2 

Input/Output Capacitance: DO CIO 20 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) (0 DC ::;; TA ::;; 55°C; Vcc = 5V ±5%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
FAST-PAGE-MODE 
READ or WRITE cycle time 

Access time from RAS 
Access time from CAS 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 
Read command hold time 
(referenced to RAS) 

CAS to output in Low-Z 
Output buffer turn-off delay 
WE command setup time 

IT24D88C240 
:EV.4192 

-6 
SYM MIN 
tRC 110 
tpc 40 

tRAC 
tCAC 
tAA 

tCPA 
tRAS 60 

tRASP 60 
tRSH 25 
tRP 45 

ICAS 15 
ICSH 55 
ICPN 10 
ICp 10 

IRCD 10 
ICRP 15 
IASR 10 
tRAH 5 
tRAD 10 

tASC 5 
tCAH 15 
tAR 45 

tRAL 40 

tRCS 5 
tRCH 5 

IRRH -5 

tCLl 5 
tOFF 5 
twcs 5 

MAX MIN 
130 
40 

60 
25 
40 
50 

100,000 70 
100,000 70 

30 
50 

100,000 20 
65 
10 
10 

35 15 
15 
10 
5 

20 10 

5 
20 
50 

45 

5 
5 

-5 

5 
30 5 

5 

4-175 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 23 
45 ns 23 

70 80 ns 14,23 
30 30 ns 15,26 
45 50 ns 26 
50 55 ns 26 

100,000 80 100,000 ns 23 
100,000 80 100,000 ns 23 

30 ns 26 
60 ns 23 

100,000 20 100,000 ns 23 
75 ns 25 
10 ns 16,23 
10 ns 23 

40 15 50 ns 17,28 
15 ns 26 
10 ns 26 
5 ns 25 

25 10 30 ns 18,28 

5 ns 24 
20 ns 24 
55 ns 25 

50 ns 26 

5 ns 25 
5 ns 19,24 

-5 ns 19,25 

5 ns 24 
30 5 30 ns 20,29,35 

5 ns 24 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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I'IIIC:I=ICN MT24D88C240 
'''""'co"' '" 2 MEG x 40, 4 MEG x 20 IC DRAM CARD 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C ~ T A ~ 55°C; Vee = 5V ±5%) 

AC CHARACTERISTICS 
PARAMETER 
Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time (referenced to RAS) 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CAS-BEfORE-RAS refresh) 

CAS hold time 
(CAS-BEfORE-RAS refresh) 

WE hold time 
(CAS-BEfORE-RAS refresh) 

WE setup time 
(CAS-BEfORE-RAS refresh) 

WE hold time 
(WCBR test cycle) 

WE setup time 

READ-WRITE cycle time 

fAST-PAGE-MODE 
READ-WRITE cycle time 

RAS to WE delay time 

Column Address 
to WE delay time 

CAS to WE delay time 

Output buffer turn-off delay 

Output disable 

OE hold time from WE during 
READ-MODifY-WRITE cycle 

OE hold time from RAS during 
HIDDEN REfRESH cycle 

MT24D88C240 
REV. 4/92 
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SYM MIN MAX 
tWCH 15 
tWCR 40 

twp 10 
tRWL 25 
tCWL 20 
tDS 5 
tDH 5 

tDHR 45 

IT 2 15 
tREf 128 
tRPC 10 
tCSR 20 

tCHR 10 

tWRH 5 

tWRP 20 

tWTH 5 

twTS 20 
tRWC 165 

tpRWC 90 

tRWD 80 
tAWD 65 

tCWD 50 
tOE 25 
tOD 25 

tOEH 5 

tORD 10 

4-176 

MIN 
20 

50 

15 

30 

25 

5 

10 

55 

2 

10 

20 

10 

5 

20 

5 

20 

185 

95 

90 

70 

65 

10 

10 

-7 -8 

MAX MIN MAX UNITS NOTES 
20 ns 24 

55 ns 25 

15 ns 23 

30 ns 26 

25 ns 24 

5 ns 24,32 

10 ns 25,32 

60 ns 23 

15 2 15 ns 9,10,23 

128 128 ms 

10 ns 26 

20 ns 5,26 

10 ns 5,25 

5 ns 22,25 

20 ns 22,26 

5 ns 22,25 

20 ns 22,26 

205 ns 

100 ns 23 

100 ns 31,27 

75 ns 31,24 

55 ns 31,24 

30 30 ns 20,33,26 

30 30 ns 35,26 

10 ns 34,27 

10 ns 21,26 

Micron Technology, Inc., r9S9IVes the right to change products or specifications wittlout notice. 
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MIC:RON MT24D88C240 
1-· '"",OcOO''''' 2 MEG x 40,4 MEG x 20 IC DRAM CARD 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = 5V ±10%,f = 1 MHz. 
3. Ice is dependent on cycle rates. 
4. Ice is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of 100lls is required after power-up 
followed by eight RAS refresh cycles (RAS-ONL Y or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the lREF refresh requirement is 
exceeded. 

B. AC characteristics assume IT = 5ns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to 2 TTL gates and 

100pF. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD ~ IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, Q will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tePN. 

17. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

lB. Operation within the lRAD (MAX) limit ensures that 
IRCD (MAX) can be met. lRAD (MAX) is specified as 
a reference point only; if lRAD is greater than the 
specified lRAD (MAX) limit, then access time is 
controlled exclusively by IAA. 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. IOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

22. twTS and twTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverse of twRP and twRH in the 
CBR refresh cycle. 

23. Timing between the DRAMs and the DRAM card did 
not change with the addition of the line drivers. 

24. A +5ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

25. A -5ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

26. A + IOns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

27. A -IOns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

2B. A -5ns (MIN) and a -IOns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

29. A +5ns (MIN) and a +lOns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

30. The maximum current ratings are based with the 
memory operating or being refreshed in the x32/36/ 
40 mode. The stated maximums may be reduced by 
one half when used in the x16/lB/20 mode. 

31. twcs, IRWD, IAWD and teWD are restrictive 
operating parameters in late WRITE, and READ­
MODIFY -WRITE cycles only. If twcs ~ twcs (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If IRWD ~ IRWD (MIN), IAWD ~ IAWD 
(MIN) and ICWD ~ ICWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions is met, the state of data out is 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE-WRITE (OE 
controlled) cycle. 

n24DaSC240 
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MICRON MT24D88C240 
1-· "', 2 MEG x 40, 4 MEG x 20 IC DRAM CARD 

NOTES (continued) 
32. These parameters are referenced to CAS leading edge 

in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

33. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

34. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both tOD and toEH met (OEHlGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 

MT24088C240 
REV. 4192 

remains LOW and OE is taken back LOW after 'OEH 
is met. If CAS goes HlGH prior to OE going back 
LOW, the DQs will remain open. 

35. The DQs open during READ cycles once tOD or topp 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HlGH and CAS stays LOW, OE is 
not a "don't care;" and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains WW). 

4-178 Micron T ect1nology, Inc., raservas the right to change products or specifications Wittlout notice. 
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1-· , , , , 2 MEG x 40, 4 MEG x 20 IC DRAM CARD 

MT24DB8C240 
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READ CYCLE 

. 
tRAS IRP 

0 

\ 
'csH 
'ASH tRRH 

'CAP IACO teAS 

:-' 
IAR 

I lRAO tRAL 

~~I ~ ~ 
!,I///M ROW ~ COLUMN W/////////////////////~ ROW 
~ ~ 

ADOR 

tRCS 

I~ 
:1//////////////////////////////// VI////////////////////; 

1M 

IRAe 

teAe .toFF 

~L 
OPEN VALID DATA QPEN---

.~ 

I~ 

DE ~:~ j///§/§/////I/I//I//§/§I///I/$I//I////I/I//d 
I~ 

b/I/I//I/I////I////I/I/I//$I/I/J/ 

EARLY-WRITE CYCLE 

_ V,H _.------il 
RAS VIL - 11-------------4 

teSH 

leRP I 1 •• _____ I""RC"'-O __ I~,..ote""AS'-----I 

IRP 

~ DON'T CARE 

I§l8I UNDEFINED 
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MIC:RON MT24D88C240 
1-· "'"W"oo,"' 2 MEG x 40, 4 MEG x 20 IC DRAM CARD 

MT24D8BC240 
REV. 4/92 

READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

tRAS 'RP 

tCSH 

I, IRSH 

!~ tRCD tCAS 

J t 'AR 
'RAD I I tRAl I 

AODR ~l~ :::: 
I~ ~I n777> ~I I 'eAH -I I 

ROW j(@ COLUMN W/////////////////////////////////////X ROW 

I I I'RWD 'ewLII 
~~lltewD '~ 'AWD 'WP~~ 

I 
'AA 

I 'RAG 

I teAe 
tCLZ- ~ 1= ~I OPEN VALID Dour K VALID DIN OPEN--DO ~lgt :::: 

AODA ~It 

I~ -kl ~ 

FAST-PAGE-MODE READ CYCLE 

RASP 

PL -
ICSH 'PC IRSH 

J~ tRCD tCAS "'1 lep tCAS _'_ep_ ~~ 'ePN ------
=J ~ 1 

'AR 
'RAD I I 'RAL 

_~ I_ 'ASR 'RAH _I ~ 'Ase I~ ~ ~ I~ "Ase II ,'eAH"1 I 
~ ROW WII) COLUMN Willi/;:) COLUMN WIIIIIII COLUMN ROW 

I 'Res I -I It-'Res -I It-'Res 
'RCH- Ii tRCH- Ii tRCH ~-'RRH 

-:llllllllllllllili/! yu 
I 

'AA 'AA 

I tRAC I tePA 

I tCAG 'oFF I 'cAe 

'ClZ- r- 'ClZ- r-
-

OPEN rvALID 
DATA 

~ ~ ~ 
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vr 'AA 
I tCPA 

~ I~ 
'eLZ- r-

VALID 
DATA 

~ ~ 

-
VAlID 
DATA 

~ 

'W!I!II!J. 

-toFF 

[j----OPEN-

~ DON'TeARE 

!2l2I UNDEFINED 
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ADDR ~:~ 

ADDA ~:t 

FAST·PAGE·MODE EARL Y·WRITE CYCLE 

tCSH 

ROW 

FAST·PAGE·MODE READ-WRITE CYCLE 
(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 

-

I~ 

=-' 
1_ 'ASR 

:r,0?! ROW 

-

--

RASP 

t=L 
tCSH *!PC /lpRWC 'RSH -tRCD 'cAS ~ tCAS ~ teAs IK_ ~1 r--' ,---, y -

tAR 
IRAO tRAL 

tRAH~1 ~I ~ ~ ~I ~II leAH .1 i I 
lW/;?i COLUMN Wllllilli? COLUMN COLUMN ROW 

,~ I I tRWD' 

'cW: 11 
I 

II-tRwL ~I I tewel :1 -..tcWL 
Iwpl. 1- 'WP-- J -..-twp 

'AWD 'AWD IAWD 

'RAG 

I~ 'cWD ~ 

tAAI ~~ ~I~ 
I ~- _ I ~- - I --~ I tDS_ 1- I~ tDS_ 1- I_tc~ tDS - 1 -- - -~ - -~-~-r ~~r ~-r 

OPEN~ ~~l~~ V~~~D ~:~~ V~~ND t)Df~ Vt~~O ~OPEN-

-11-- too ____ 100 - __ too 

toE-- - 'OE- -
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'OE- - tOEH 

t221 DON'T CARE 

~ UNDEFINED 
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MIC:RON MT24D88C240 
1-· '''''''''''' 2 MEG x 40, 4 MEG x 20 IC DRAM CARD 

MT24D88C240 
REV. 4/92 

--

CAS ~:~ =---' 

~-ONL Y REFRESH CYCLE 
(ADDR = AO-A9; WE = DON'T CARE) 

IAAS lAP 

I ' 

~~I tCRP 

'-----! 

~I 

\ 

tASR tRAH 

ADDA ~:t =~--AO-W --iw////j'j'$j'j/I,@///////j'j'/j'/j'j'/I;It?(r---AO-W--

DQ 

DQ ~g~ :=::----------OPEN---------

'CAS-BEFORE-'RAS" REFRESH CYCLE 
(AO-A9 = DON'T CARE) 

IRP , tRAS . RP , RAS 

'} 
, 

--I tRPC:

1 
1_,lcPN, I~ ~I tRP~~ ~I, 

:~ 
, 

-

I f 
OPEN 

~ ~ ~ 

W#////#///#/#//$ 
~ 

W///#/##/&/##/#///#/;j; 

BATTERY BACKUP REFRESH CYCLE 
(AO-A9 = DON'T CARE) 

1251-1S 

- VIH _-+----il 
RAS VIL--I 

~ f------JI 

I~I~ tCHR ~1~~IIr--'-----
CAS ~i~ - ! I' f 
DO -----+l------OPEN-++---------

tWRP ~ ~ tWRH 

WE ~i~ ::;I/#/II!#I)- V&/#####JlIlI$ -W#§#II!#ff#$/II!#II!#-« 

4-182 

~ DON'TeARE 

~ UNDEFINED 
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UIt::RON MT24D88C240 
1-· "'mm,,,", 2 MEG x 40,4 MEG x 20 IC DRAM CARD 

r24D88C240 
;'V.4192 

AODR 

DQ 

HIDDEN REFRESH CYCLE 21 

(WE = HIGH) 

(READ) 

tRAS 

(REFRESH) 

tRAS 

tCHR 

too 

)Wi)l/#m& 
~ DON'T CARE 

~ UNDEFINED 
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©1992, Micron Technology, Inc. 

z 
~ • -o 
C 
::D 
l> s:: 
o 
l> 
::D 
C 



Z 
m :e 
II -0 

C 
::D 
l> 
s: 
0 
l> 
::D 
C 

MICRON MT24D88C240 
1-· ,~'""'''oc'"' 2 MEG x 40, 4 MEG x 20 IC DRAM CARD 

RESERVED JEDEC, JEIDA and PCMCIA 

MT24D88C240 
REV. 4/92 

88-PIN ASSIGNMENT 
(All Possible Combinations) 

v's 1 ©© 45 Vss 
DOO ©© 46 0018 
D01 ©© 47 0019 
D02 ©© 48 D020 
003 ©© 49 D021 
004 ©© 50 0022 
005 
006 

©© 51 0023 

5.0V Vee 
©© 52 0024 

D07 10 
©© 53 DQ25 
©© 54 D026 

3.3V Vee 11 ©© 55 DE 
008 12 

AO 13 
©© 56 Vss 

A2 14 
©© 57 A1 

5.0V Vee 15 
©© 58 A3 
©© 59 A5 

A4 16 ©© 60 A7 
3.3V Vee 17 ©© 61 A9 

A6 18 ©© 62 A11 
A8 19 ©© 63 Vss 

A10 20 ©© 64 A13 
A12 21 ©© 65 RAS1 

RASa 22 
CASO 23 

©© 66 CAS2 

CAS1 24 
©© 67 Vss 
©© 68 CAS3 

3.3V Vee 25 ©© 69 RAS3 
RAS2 26 ©© 70 WE 

S.OV Vee 27 ©© 71 PD1 
PD2 28 ©© 72 PD3 
PD4 29 ©© 73 Vss 
PD6 30 ©© 74 PD5 

D036 31 ©© 75 PD7 
D037 32 
D017 33 

©© 76 PD8 

009 34 
©© 77 0038 

3.3V Vee 35 
©© 78 0039 

D010 36 
©© 79 D035 
©© 80 D027 

5.0V Vee 37 ~© 81 0028 
D011 38 

82 0029 
D012 39 ©© 

83 0030 
D013 40 ©© 

84 D031 
0014 41 ©© 

85 OQ32 
D015 42 ©© 
0016 43 ©© 86 D033 

87 D034 
Vss 44 ©© © 88 Vss 

4-184 

MT24D88C240 PIN ASSIGNMENT 
(JEDEC Standard) 

Vss ©© 45 Vss 
DOO ©© 46 OQ18 
001 ~© 47 D019 
002 

48 0020 
DQ3 ©© 

©© 49 0021 
004 

50 D022 
D05 ©© 
006 ©© 51 0023 

VCC ©© 52 D024 

D07 10 ©© 53 DQ25 
54 D026 

NC 11 ©© 
55 DE (Vss) 

008 12 ©© 
AO 13 ©© 56 Vss 

A2 14 ©© 57 A1 

Vee 15 ©© 58 A3 
59 A5 

A4 16 ©© 
©© 60 A7 

NC 17 
61 A9 

A6 18 ©© 
62 NC 

A8 19 ©© 
63 Vss 

NC 20 ©© 
64 NC 

NC 21 ©© 
65 RAS1 

RAsa 22 © 
CASO 23 

©© 66 CAS2 

CAS1 24 
©© 67 Vss 
©© 68 CAS3 

NC 25 ©© 69 RAS3 
RAS2 26 ©© 70 WE 

Vee 27 ©© 71 P01 (Vss) 
P02 (NC) 28 ©© 72 PD3 (Vss) 
P04 (Vss) 29 ©© 73 Vss 

PD6 (TBO) 30 ©© 74 PD5 (Vss) 
0036 31 ©© 75 PD7 (TBD) 
0037 32 
DOH 33 

©© 76 PD8 (NC) 

009 34 
©© 77 0038 

NC 35 
©© 78 D039 

D010 36 
©© 79 D035 
©© 80 0027 

Vee 37 ©© 81 D028 
0011 38 ©© 82 0029 
0012 39 ©© 83 0030 
DQ13 40 ©© 84 0031 
0014 41 ©© 85 0032 
D015 42 ©© 
0016 43 

86 D033 
©© 87 0034 

Vss 44 ©© 88 Vss 

Micron Technology, Inc., reserveslhe righllo change products or specifications without notiCE 
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DUAL PORT DRAM (VRAM) PRODUCT SELECTION GUIDE 

Memory Access Part Access Power Dissipation Package and Number 01 Pins 
Configuration Cycle Number Time (ns) Standby Active SDJ SDG TSDP ZIP Page 

256Kx4 FP MT42C4255 80, 100 15mW 275mW 28 - - 28 5-1 

256Kx4 FP, BW, LP MT42C4256 70,80,100 15mW 275mW 28 - - 28 5-3 

128K x 8 FP MT42C8127 80, 100 15mW 275mW 40 - - - 5-39 

128K x 8 FP, BW, LP MT42C8128 70,80,100 15mW 275mW 40 - 40/44 - 5-41 

256Kx 8 FP, BW MT42C8255 70,80 10mW 300mW 40 - 40/44 - 5-79 

256Kx8 FP, BW MT42C8256 70,80 10mW 300mW 40 - 40/44 - 5-111 

256K x 16 FP, BW MT42C256K16A1 60,70,80 10mW 350mW - 64 - - 5-153 

FP = Fast Page Mode, BW = Block Write, LP = Low Power, Extended Refresh 

TRIPLE PORT DRAM PRODUCT SELECTION GUIDE 

Memory Access Part Access Power Dissipation Package/Number 01 Pins 
Conliguration Cycle Number Time (ns) Standby Active SOJ SOG TSOP PlCC Page 
256Kx 4 FP, BW, QSF pin MT43C4257 80, 100 15mW 500mW 40 - 40/44 - 5-155 

256Kx 4 FP, BW, SSF pin MT43C4258 80, 100 15mW 500mW 40 - 40/44 - 5-155 

128K x 8 FP, BW, QSF pin MT43C8128 80, 100 15mW 550mW - - - 52 5-201 

128K x 8 FP, BW, SSF pin MT43C8129 80, 100 15mW 550mW - - - 52 5-201 

256Kx8 FP, BW MT 43C256K8A 1 60,70,80 15mW 400mW - 64 - - 5-247 

FP = Fast Page Mode, BW = Block Write 



VRAM 

FEATURES 
• Industry standard pinout, timing and functions 
• High-performance, CMOS silicon-gate process 
• Single +5V ±10% (-10), +5V ±5% (-8S) power supply 
• Inputs and outputs are fully TTL compatible 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• 512-cycle refresh within 8ms 
• Optional FAST PAGE MODE access cycles 
• Dual port organization: 256K x 4 DRAM port 

512 x 4 SAM port 
• No refresh required for serial access memory 
• Low power: 15m W standby; 275m W active, typical 
• Fast access times - 80ns random, 25ns serial 

SPECIAL FUNCTIONS 
• JEDEC Standard Function set 
• PERSISTENT MASKED WRITE 
• SPLIT READ TRANSFER 
• WRITE TRANSFER/SERIAL INPUT 
• ALTERNATE WRITE TRANSFER 

OPTIONS MARKING 
• Timing [DRAM, SAM (cycle/access)] 

80ns,25ns/25ns -8S 
10Ons,30ns/30ns -10 

• Packages 
Plastic SOJ (400 mil) 
Plastic ZIP (375 mil) 

GENERAL DESCRIPTION 

DJ 
Z 

The MT42C4255 is a high speed, dual port CMOS dy­
namic random access memory or video RAM (VRAM) 
containing 1,048,576 bits. These bits may be accessed either 
by a 4-bit wide DRAM port or by a 512 x 4-bit serial access 
memory (SAM) port. Data may be transferred bidirection­
ally between the DRAM and the SAM. 

The DRAM portion of the VRAM is functionally identical 
to the MT4C4256 (256K x 4-bit DRAM). Four 512-bit data 
registers make up the serial access memory portion of the 
VRAM. Data I/O and internal data transfer are accom­
plished using three separate bidirectional data paths: the 4-
bit random access I/O port, the four internal 512 bit wide 
paths between the DRAM and the SAM, and the 4-bit serial 
I/O port for the SAM. The rest of the circuitry consists of the 
control, timing, and address decoding logic. 

MT42C4255 
REV. 4/92 5-1 

(SUPERSEDED BY MT42C4256) 

256Kx4 DRAM 
WITH 512 x 4 SAM 

PIN ASSIGNMENT (Top View) 

28-Pin SOJ 28-Pin ZIP 
(Q-4) (0-3) 

sc 1 28 Vss DSF 1 :, 
:: 2 D03 

SD01 27 SDQ4 D04 3 :, 
SD02 26 SD03 :: 4 SE 

TRICE 4 25 §E SD03 5 :. 
:: 6 SDQ4 

001 5 24 004 Vss 7 :, 

002 6 23 003 :: 8 SC 

M'EiWE 
SD01 9 :. 

7 22 DSF :: 10 SD02 
NC 8 21 CAS ffiiOE 11 :. 

RAS :: 12 DOl 9 20 OSF D02 13 :, 
AS 10 19 AO :: 14 MEIWE 
A6 11 18 A1 NC 15 :, 

A5 12 17 A2 
:: 16 RAS 

A8 17 :. 
A4 13 16 A3 :: 18 A6 

Vee 14 15 A7 AS 19 :, 
:: 20 A4 

Vee 21 :. 
:: 22 A7 

A3 23 :. 
:: 24 A2 

Al 25 :, 
:: 26 AO 

OSF 27 :, 
:- 28 CAS 

Each port may be operated asynchronously and indepen­
dently of the other except when data is being transferred 
internally. As with all DRAMs, the VRAM must be re­
freshed to maintain data. The refresh cycles must be timed 
so that all 512 combinations of RAS addresses are executed 
at least every 8ms (regardless of sequence). Micron recom­
mends evenly spaced refresh cycles for maximum data 
integrity. An internal transfer between the DRAM and the 
SAM counts as a refresh cycle. The SAM portion of the 
VRAM is fully static and does not require any refresh. 

The operation and control of the MT42C4255 are 
optimized for high performance graphics and communica­
tion designs. The dual port architecture is well suited to 
buffering the sequential data used in raster graphicS dis­
play, serial! parallel networking and data communications. 
Special features such as SPLIT READ TRANSFER, allow 
further enhancements to system performance. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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VRAM 

FEATURES 
• Industry standard pinout, timing and functions 
• High-performance, CMOS silicon-gate process 
• Single +5V ±10% power supply 
• Inputs and outputs are fully TTL compatible 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• 512-cycle refresh within 8ms, with 32ms option 
• Optional F AST PAGE MODE access cycles 
• Dual port organization: 256K x 4 DRAM port 

512 x 4 SAM port 
• No refresh required for serial access memory 
• Low power: 15m W standby; 275m W active, typical 

Fast access times - 70ns random, 22ns serial 

SPECIAL FUNCTIONS 
• JEDEC Standard Function set 
• PERSISTENT MASKED WRITE 
• SPLIT READ TRANSFER 
• WRITE TRANSFER/SERIAL INPUT 
• ALTERNATE WRITE TRANSFER 
• BLOCK WRITE 

OPTIONS MARKING 
• Timing [DRAM, SAM (cycle/access)] 

7Ons, 25ns122ns - 7 
8Ons,30ns/25ns - 8 
10Ons,30ns/27ns -10 

• Packages 
Plastic SOJ (400 mil) DJ 
Plastic ZIP (375 mil) Z 

• Low power / extended refresh (32ms) L 

GENERAL DESCRIPTION 
The MT42C4256 is a high-speed, dual port CMOS 

dynamic random access memory or video RAM (VRAM) 
containing 1,048,576 bits. These bits may be accessed by a 
4-bit wide DRAM port or by a 512 x 4-bit serial access 
memory (SAM) port. Data may be transferred bidirection­
ally between the DRAM and the SAM. An extended refresh 
(32ms), low power standby option is available as the 
MT42C42561. 

The DRAM portion of the VRAM is functionally identical 
to the MT4C4256 (256K x 4 DRAM). Four 512-bit data 
registers make up the SAM portion of the VRAM. Data I/ 0 
and internal data transfer are accomplished using three 
separate bidirectional data paths; the 4-bit random access 

MT42C4256 
REV. 4192 5-3 

256Kx4 DRAM 
WITH 512 x 4 SAM 

SC 
SOOl 
S002 

TIl/OE 
DOl 
D02 

NC 

AS 
A6 
AS 
A4 

Vee 

PIN ASSIGNMENT (Top View) 

28-Pin SOJ 
(0-4) 

1 28 b 
2 27 P 
3 26 P 
4 25 b 
5 24 P 
6 23 b 
7 22 b 
8 21 b 
9 20 b 
10 19 
11 18 

[ 12 17 
[ 13 16 

14 15 b 

Vss 
SDQ4 
SD03 
SE 
DQ4 
D03 
DSF 
CAS 
OSF 
AD 
Al 
A2 
A3 
A7 

28-Pin ZIP 
(0-3) 

DSF c, 
2 D03 

DQ4 c, 
4 SE 

SD03 5 c, 
6 SD04 

Vss 7 c, 
6 SC 

SDOl 9 c, 

fRiOE 
.. 10 SD02 

11 c, 
12 DOl 

D02 13 c, 
14 MElWE 

NC 15 c, 
16 RAS 

AS 17 c, 
16 A6 

A5 19 c, 
20 A4 

Vee 21 c, 
22 A7 

A3 23 c, 
24 A2 

A1 25 c, 
26 AD 

OSF 27 c, 
28 CAS 

I/O port, the four internal 512 bit wide paths between the 
DRAM and the SAM, and the 4-bit serial I/O port for the 
SAM. The rest of the circuitry consists of the control, timing 
and address decoding logic. 

Each port may be operated asynchronously and indepen­
dently of the other except when data is being transferred 
internally. As with all DRAMs, the VRAM must be re­
freshed to maintain data. Refresh cycles must be timed so 
that all 512 combinations of RAS addresses are executed at 
least every 8ms, or 32ms for the MT42C4256 L, (regardless 
of sequence). Micron recommends evenly spaced refresh 
cycles for maximum data integrity. An internal transfer 
between the DRAM and the SAM counts as a refresh cycle. 
The SAM portion of the VRAM is fully static and does not 
require any refresh. 

The operation and control of the MT42C4256 are opti­
mized for high performance graphics and communication 
designs. The dual port architecture is well suited to buffer­
ing the sequential data used in raster graphics display, 
serial and parallel networking and data communications. 
Special features, such as SPLIT READ TRANSFER and 
BLOCK WRITE allow further enhancements to system 
performance. 

Micron Technology, Inc., reselVes the righllo change products or specifications without notice. 
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AO-AS 

MT42C4256 
REV. 4/92 

FUNCTIONAL BLOCK DIAGRAM 

OQ1 . 
004 

'..-- RAS 
..-- CAS 
-+--- TRICE 
+- MEtWE 
...... DSF 
_SC 

.+-- BE 

SOQ1 . 
SOO4 

L-__________________________________________________ ~_+ QSF 

5-4 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MICRON MT 42C4256 
1-· """ 256K x 4 VRAM 

PIN DESCRIPTIONS 

SOJ PIN 
NUMBERS 

1 

4 

7 

25 

22 

9 

21 

19,18,17, 
16,13,12, 
11,15,10 

5,6,23,24 

2,3,26,27 

MT42C4256 
.,EV.4192 

20 

8 

14 

28 

ZIP PIN 
NUMBERS 

8 

11 

14 

4 

1 

16 

28 

26,25,24, 
23,20,19, 
}8,22,1'7 

12,13,2,3 

9,10,5,6 

27 

15 

21 

7 

SYMBOL 

SC 

TRioE 

liiIEtWE 

SE 

DSF 

"RAS" 

CAS 

AO-A8 

D01-004 

SD01-SD04 

.' 
OSF 

NC 

Vce 

Vss 

TYPE DESCRIPTION 

Input Serial' Clock: Clock input to the serial address counter for the 
SAM registers. 

Input Transfer Enable: Enables an internal TRANSFER operation 
at RAS (H ..... L),or 
Output Enable: Enables the DRAM output buffers when 
taken LOW after RAS goes LOW (CAS inust also be LOW), 
otherwise the output buffers are in a High-Z state. 

Input Mask Enable: If MElWE is LOWatthe falling edge of RAS 
a MASKED WRITE cycle is performed, or 
Write Enable: M"EtWE is also used to select a READ 
(liifE"iWE" = H) or WRITE (liAE"tWE.: L) cycle when accessing the 
DRAM. This includes a R,EAD TRANSFER (fiifE"tWE = H) or 
WRITE TRANSFER (MEIWI;:= l). 

Input Serial Port Enable:'~ enables the serial i/o buffers and 
allows a serial READ or WRITE operation to occur, otherwise 
the output bu~ersJire in aHigh~Z state. SE is also 
used during a WRITE TRANSFERoperation to indicate 
whether a WRITE TRANSFERor a SERIAL. .INPUT MODE 
ENABLE cycle isperformep, 

' Input Special Function Select: DSF is used to indicate which special 
functions (BLOCKWRITEi,MASKED WRITE vs, PERSISTENT 
MASKED WRITE, etc,) are used on a particular access cycle. 

Input Row Address Strobe: HAS is used 10 clock-in the 9 row: 
address bits and strobe the MEIWE, TRICE, DSF, SE, 
CAS and DO inputs: It also acts as the master chip enable and 
must fall for initiation Cif any DRAM or TRANSFER cycle. 

Input Column Address Strobe: CAS is used to clock-in the 9 
column-address bits, enable the DRAM output buffers 
(along with TRlOE), imdstrobe the DSFinput. 

Input Address Inputs: For the DRAM operation; these inputs are 
multiplexed and clocked by"RAS" and CAS to select one 4-bit 
word out of the 256K available. During TRANSFER operations, 

. AO to A8 indicate the DRAM row being accessed (when 'RAS 
goes LOW) and the SAM start address (when CAS goes LOW). 

Input! DRAM Data I/O: Dataihputloutputfor DRAM cycles; inputs fot 
Output Mask Data Register and C{)lorRegister load cycles, and DQand 

" Column Mask inputsfdr BLOCK WRITE. 

Jnput( Serial Data 1/0: Input, outP!Jt; ()f High-Z. 
Output 

Output Split SAM Status: OSF indicates which half of the SAM is being 
accessed. LOW if address is 0-255, HIGH if address is 256-511. 

- No Connect: This pin should be left either unconnected or tied 
to ground. 

Supply Power Supply: +5V ±1 0% 

Supply Ground , 

5-5 M1o/O'1 Technokigy, Iqc.. reserves the right Ie? change prodLlOl$ or specIfIcaIIons wHhout notlce. 
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MIC:RON MT42C4256 
1-· ;;;; 256K x 4 VRAM 

FUNCTIONAL DESCRIPTION 
The MT42C4256 may be divided into three functional 

blocks (see Figure 1): the DRAM, the transfer circuitry, and 
the SAM. All of the operations described below are shown 
in the AC Timing Diagrams section of this data sheet and 
summarized in the Truth Table. 

Note: For dual-function pins, the function not being 
discussed will be surrounded by parentheses. For 
example, the TR/OE pin will be shown as TR/(OE) in 
references to transfer operations. 

DRAM OPERATION 

DRAM REFRESH II Like any DRAMbased memory, the MT42C4256 VRAM 
must be refreshed to retain data. All 512 row address 

,. combinations must be accessed within8ms. The MT42C4256 

c:::::iII supports CAS-BEFORE-RAS, RA5-0NLY and IDDDEN 
types of refresh cycles. ' 

r For the CAS-BEFORE-RAS REFRESH cycle, the row ad­
~ dresses are generated and stored in an internal address 
- counter. The user need not supply any address data, and 

O"tl simply must perform 512 CAS-BEFORE-RAS cycles within 
the 8ms time period. ' 

::1:1 The refresh address must be generated externally and 
-I applied to AO-AS inputs for RA5-0NLY refresh cycles. The 

DQ pins remain in a High-Z state for both the RAS-ONL Y 
C and CAS-BEFORE-RAS refresh cycles. 
::1:1 --.!!!DDEN REFRESH cycles are perf()rmed by toggling 
...... RAS (and keeping CAS LOW) after a,READ or WRITE 
~ cycle.ThisperformsCAS-BEFORE-RAScyclesbutdoesnot s: disturb the DQ lines. 

Any DRAM READ, WRITE, or TRANSFER cycle also 
refreshes the DRAM row being accessed. The SAM portion 
of the MT42C4256 is fully static and does not require any 
refreshing. ' , 

DRAM READ AND WRITE CYCLES 
The DRAM portion of the VRAM is nearly identical to 

standard 256Kx 4 DRAMs. However, because several of the 
DRAM control pins are used for additiotW, functions on 
this part, several conditions that were undefined or in 
"don't care" states for the DRAM are specified for 'the 
VRAM. These conditions are highlighted in the following 
discussion. In addition, the VRAMhas several special func­
tions that can be used when writing to the DRAM. 

~T42C4256, 
REV. 01192 

The 18 address bits that are used to select a 4-bit word 
from the 262,144 available are latchecl into the chip using 
the AO-A8, RAS and CAS inputs. First, the 9 row-address 

, bits are set up on the address inputs and clocked into the 
part when RAS transitions from IDGH-to-LOW. Next, the 
9 column address bits are set up on the address inputs and 
clocked-in when CAS goes from IDGH-to-LOW. 

Note: RAS also acts as a "master" chip enable for the 
VRAM. If RAS is inactive, HIGH, all other DRAM 
control pins (CAS, TR/OE,ME/WE, etc.) are "don't 
care" and may change state without effect. No DRAM 
or TRANSFER cycles will be initiated without RAS 
falling. 

For single port DRAMS, the OE pin is a "don't care" when 
RAS goes LOW. However, for the VRAM, when RAS goes 
LOW, TR/ (OE) selects between DRAM access or TRANS­
FER cycles. TR/ (OE) must be IDGH at the RAS IDGH-to­
LOW transition for all DRAM operations (except CAS­
BEFORE-RAS). 

H (ME)/WE is HIGH when CAS goes LOW, a DRAM 
READ operation is performed and the data from the memory 
cells selected will appear at the DQ1-DQ4 port. The (TR)/ 
OE input must transition from IDGH-to-LOW some time 
after RAS falls to enable the DRAM output port. 

For single port normal DRAMs, WE is a "don't care" 
when RAS goes LOW. For the VRAM, ME/(WE) is used, 
whenRAS goes LOW, to select between a MASKED WRITE 
cycle and a normal WRITE cycle. HME/(WE) is LOW at the 
RAS IDGH-to-LOW transition, a MASKED WRITE opera­
tion is selected. For any DRAM access ~(READ or 
WRITE), ME/ (WE) must be IDGH at the RAS IDGH-to­
LOW transition. H (ME) /WE is LOW before CAS, goes 
LOW, a DRAM EARLY-WRITE operation is performed and 
the data present on the DQ1-DQ4 data port will be written 
info the selected memory cells. H (ME) /WE goes LOW after 
CAS goes LOW, a DRAM LATE-WRITE operation is per­
formed. Refer to the AC timing diagrams. 

The VRAM can perform all the normal DRAM cycles 
including READ, EARLY-WRITE, LATE-WRITE, 
READ-MODIFY-WRITE, FAST-PAGE-MODE READ, 

, FAST-PAGE-MODE WRITE (Late or Early), and FAST­
, PAGE-MODE READ-MODIFY-WRITE. Refer to the AC 

timing parameters and diagrams in the data sheet for more 
details on these operations. . 

5-6 Micron Technology, Inc., reserves the right to Change produC(S or specifications WIthout notice. 
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MICRON MT 42C4256 
1-· "'""OCOC,," 256K x 4 VRAM 

NONPERSISTENT MASKED WRITE 
The MASKED WRITE feature eliminates the need for a 

READ-MODIFY-WRITE cycle whenchanging only specific 
bits within a 4-bit word. The MT42C4256 supports two 
types of MASKED WRITE cycles, NONPERSISTENT 
MASKED WRITE and PERSISTENT MASKED WRITE. 

allows normal WRITE operation to proceed. Note that CAS 
is still HIGH. When CAS goes LOW, the bits present on the 
DQl~DQ4 inputs will be either written to the DRAM (if the 
mask data bit is HIGH) or ignored (if the mask data bit is 
LOW). The DRAM contents that correspond to masked 
input bits will not be changed during the WRITE cycle. The 
MASKED WRITE is nonpersistent (must be re-entered at 
every RAS cycle) ifDSFis LOW when RAS goes LOW. The 
mask data register is cleared at the end of every NONPER­
SISTENT MASKED WRITE. FAST PAGE MODE can be 
used with NONPERSISTENT MASKED WRITE to write 
several column locations in an addressed row. The same 
mask is used during the entire FAST-PAGE-MODE RAS 
cycle. An example NONPERSISTENT MASKED WRITE 

If ME/(WE) and DSF are LOW at the RAS HIGH-to­
LOW transition, a NONPERSISTENT MASKED WRITE is 
performed and the data (mask data) present on the DQl­
DQ4 inputs will be written into the mask data register. The 
mask data acts as an individual write enable for each of the 
four DQI-DQ4 pins. If a LOW (logic "0") is written to a 
mask data register bit, the input port for that bit is disabled 
during the subsequent WRITE operation and no new data 
will be written to that DRAM cell location. A HIGH (logic 
''1'') on a mask data register bit enables the input port and cycle is shown in Figure 1. III 

MT42C4256 
REV. 4/92 

1- NONPERSISTENT MASKED WRITE. --1- NONPERSISTENT MASKED WRITE -I 
RAS ~ / \'---------'/ 

CAS \ / \ / 

MEIWE \ I1lll!A /////!!I// lib. flll!lA !llllllllt 
DSF 

STORED MASK INPUT STORED STORED MASK STORED STORED 

DATA DATA DATA (RE-WRITE) DATA ; 0 X 

I I 
0 X ; 1 0 .-----3>- .-----3>-

0 X 0 X 
.-----3>- .-----3>-

BEFORE AFTER BEFORE AFTER 

.. ADDRESS 0 ~ .. ADDRESS 1 ~ 

X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 1 
NONPERSISTENT MASKED WAITE EXAMPLE 

5-7 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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PERSISTENT MASKED WRITE 
The PERSISTENT MASKED WRITE feature eliminates 

the need to rewrite the mask data before each MASKED 
WRITE cycle if the same mask data is being used repeat­
edly. ToinitiateaPERSISTENTMASKEDWRITE,aLOAD 
MASK REGISTER cycle is performed by taking MEl (WE) 
and DSF HIGH when RAS goes LOW. The mask data is 
loaded into the internal register when CAS goes LOW. 

PERSISTENT MASKED WRITE cycles may then be per­
formed by taking ME/(WE) LOW and DSF HIGH when 
RAS goes LOW. The contents of the mask data register will 
then be used as the mask data for the DRAM inputs. Unlike 
the NONPERSISTENT MASKED WRITE cycle, the data 
present on the DQ inputs is not loaded into .the mask 

register when RAS falls, and the mask data register will not 
be cleared at the end of the cycle. Any number of PERSIS­
TENT MASKED WRITE cycles, to any address, may be 
performed without having to reload the mask data register. 
Figure 2 shows the LOAD MASK REGISTER and two 
PERSISTENT MASKED WRITE cycles in operation. The 
LOAD MASK REGISTER and PERSISTENT MASKED 
WRITE cycles allow controllers that cannot provide mask 
data to the DQ pins at RAS time to perform MASKED 
WRITE operations. PERSISTENT MASKED WRITE opera­
tions may be performed during FAST PAGE MODE cycles 
and the same mask will apply to all addressed columns in 
the addressed row. 

1- LOAD MASK REGISTER -I- PERSISTENT MASKED WRITE -1-PERSISTENT MASKED WRITE-I 

RAS 

CAS 

MElWE 

MT42C4256 
AEV.4192 

DSF 

~ 

Figure 2 
PERSISTENT MASKED WRITE EXAMPLE 

5-8 Micron Technology, Inc., reserves the right to change products or specifICations without notice. 
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ROW 

COLUMN 
(A2-AB at CAS) 

.;. 
~ 

(AO-AB at RAS) ---. "- ___ w_ w ___ -----'"9999 

COLUMN MASK (AO,At) 
ON THE DO INPUTS AT CAS 

MASK 
DATA 

REGISTER 

DOt 

D02 

OQ3 

004 

LOAD_ 
COLOR L---L....JL....J--I 

REGISTER COLOR REGISTER 
(must be previously loaded) 

Figure 3 
BLOCK WRITE EXAMPLE 

BLOCK WRITE 
If DSF is HIGH when CAS goes LOW, the MT42C4256 

will perform a BLOCK WRITE cycle instead of a normal 
WRITE cycle, In BLOCK WRITE cycles, the contents of the 
:olor register are directly written to four adjacent column 
locations (see Figure 3), The color register must be loaded 
prior to beginning BLOCK WRITE cycles (see LOAD 
:OLOR REGISTER). Each DQ location of the color register 
's written to the four column locations (or any of the four 
:hat are enabled) in the corresponding DQ bit plane. 

The row is addressed as in a normal DRAM WRITE cycle. 

~T42C4256 
lEV. 4192 5-9 

However, when CAS goes LOW only the A2-A8 inputs are 
used. A2-A8 specify the "block" of four adjacent column 
locations that will be accessed. The DQ inputs are then used 
to determine what combination of the four column loca­
tions will be changed. DQl acts as a write enable for column 
location AO = 0, Al = 0; DQ2 controls column location 
AO=1,Al=0;DQ3controIsAO=0,Al=l;andDQ4controls 
AO = 1, Al = 1. The write enable controls are active HIGH; 
the WRITE function is enabled by a logic I and disabled by 
a logic O. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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NONPERSISTENT MASKED BLOCK WRITE 
The MASKED WRITE functions can also be used during 

BLOCK WRITE cycles. NONPERSISTENT MASKED 
BLOCK WRITE operates exactly like the normal NONPER­
SISTENT MASKED WRITE, except that the mask is now 
applied to four column locations instead of just one. 

like NONPERSISTENT MASKED WRITE, the combina­
tionofMEI (WE) LOW and DSFLOW whenRAS goes LOW 
initiates a NONPERSISTENT MASKED cycle. The DSF pin 
must be driven HIGH when CAS goes LOW, to perform the 
NONPERSISTENT MASKED BLOCK WRITE. By using 
both the column mask input and the MASKED WRITE 
function, any combination of the four bit planes or column 
locations may be masked. 

PERSISTENT MASKED BLOCK WRITE 
This cycle is also performed exactly like the normal 

PERSISTENT MASKED WRITE except that DSF is HIGH 
when CAS goes LOW to indicate the BLOCK WRITE func­
tion. Both the mask data register and the color register must 
be loaded with the appropriate data prior to starting a 
PERSISTENT MASKED BLOCK WRITE. 

LOAD MASK DATA REGISTER 
The LOAD MASK REGISTER operation and timing are 

identical to a normal WRITE cycle except that DSF is HIGH 
when RAS goes LOW. As shown in the Truth Table, the 
combination of TRI (0£), MEl (WE), and DSF being HIGH 
when RAS goes LOW indicates the cycle is a LOAD REGIS-

MT42C4256 
REV. 4192 5-10 

TER cycle. DSF is used when CAS goes LOW to select the 
register to be loaded and must be LOW for a LOAD MASK 
REGISTER cycle. The data present on the DQ lines will then 
be written to the mask data register. 

Note: For a normal DRAM WRITE cycle, the mask data 
register is disabled but not modified. The contents of 
mask data register will not be changed unless a NON­
PERSISTENT MASKED WRITE cycle or a LOAD 
MASK REGISTER cycle is performed. 

The row address supplied will be refreshed, but it is not 
necessary to provide any particular row address. The col-, 
umn address inputs are ignored during a LOAD MASK 
REGISTER cycle. 

The mask data register contents are used during PERSIS­
TENT MASKED WRITE and PERSISTENT MASKED 
BLOCK WRITE cycles to selectively enable writes to the 
four DQ planes. 

LOAD COLOR REGISTER 
A LOAD COLOR REGISTER cycle is identical to the 

LOAD MASK REGISTER cycle except DSF is HIGH when 
CAS goes LOW. The contents of the color register are 
retained until changed by another LOAD COLOR REGIS­
TER cycle (or the part loses power) and are used as data 
inputs during BLOCK WRITE cycles. 

Micron Technology, Inc., reserves the right to change products or speclflcatlons without notice. 
©1992, Micron Technology, Inc. 
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TRANSFER OPERATIONS 
TRANSFER operations are initiated when TR/(OE) is 

LOW then RAS goes LOW. The state of (ME)/WE when 
RAS goes LOW indicates the direction of the TRANSFER 
(to or from the DRAM), and DSF is used to select between 
NORMAL TRANSFER, SPLIT READ TRANSFER, and AL­
TERNA TE WRITE TRANSFER cycles. Each of the TRANS­
FER cycles available is described below. 

READ TRANSFER (DRAM-TO-SAM TRANSFER) 
If (ME)/WE is HIGH and DSF is LOW when RAS goes 

LOW, a READ TRANSFER cycle is selected. The row ad­
dress bits indicate the four 512-bit DRAM row planes that 
are to be transferred to the four SAM data register planes. 
The column address bits indicate the start address (or Tap 
address) of the serial output cycle from the SAM data 
registers. CAS must fall for every TRANSFER in order to 
load a valid Tap address. A read transfer may be accom­
plished in two ways. If the transfer is to be synchronized 

with SC (REAL-TIME READ TRANSFER), TR/(OE) is 
taken HIGH after CAS goes LOW. If the transfer does not 
have to be synchronized with SC (READ TRANSFER), TR/ 
(OE) may go HIGH before CAS goes LOW (refer to the AC 
Timing Diagrams). The 2,048 bits of DRAM data are written 
into the SAM data registers and the serial shift start 
address is stored in an internal 9-bit register. QSF will be 
LOW if access is from the lower half (addresses 0 through 
255), and HIGH if access is from the upper half (256 through 
511). If SE is LOW, the first bits of the new row data will 
appear at the serial outputs with the first SC clock pulse. 
SE enables the serial outputs and may be either HIGH or 
LOW during this operation. The SAM address pointer will 
increment with the SC LOW-la-HIGH transition, regard­
less of the state of SE. Performing a READ TRANSFER cycle 
sets the direction of the SAM I/O buffers to the output 
mode. 

I I I 

YlT42C4256 
~EV.4/92 

liAS ~'-----~~'-"-'""Jft\ .f!/I/!I/!I!II!!$I!I!II!~~------"-'"Ill1l2= 
I I I 

\'-----'PIlI&'-'-"-'1; \ .P/I!I!/I/!$//§$/iI$r' -----,\'-~Illl!t= 
I I I 

AO-AB ~7T!1///;7771//;rm/!/;7771/j/;-rrI~!X ROW' X AOt;:;AP .tW/$!$I/!II!$//~~ 
I I I 

Me;We 11/ W/l1!1!/1/!1!$/i$/$/ff~ ~ /I//I/I/!/I$ $l/!lI4rfn---.'0;rm~777m777W/;7T711/7T7w;;m;/!/;'TliI//;777~ 

ME \I.... __ L..! __ -J! 
ftJ 

I 

OSF 

I 

SC~~ 

SOO 

Output 

aSF \ --------~-~~r'--------1 

(NORMAL) READ TRANSFER 

FROM: ROWO 
TO: FULL SAM, 
SAM 110 IS SET TO OUTPUT 
MODE AND SERIAL OUTPUT 
FROM LOWER SAM BEGINS 
(OSF GOES LOW) 

SPLIT READ TRANSFER 
(OPTIONAL) 

FROM: ROWO 
TO: UPPER SAM. 
TAP ADDRESS = 4 
SERIAL OUTPUT FROM 
LOWER SAM CONTINUES 

Figure 4 

SERIAL OUTPUT 
SWITCHES FROM 
LOWER SAM TO 
UPPER SAM (OSF 
GOES HIGH) 

ftv 

SPLIT READ TRANSFER 

FROM: ROW 1 
TO: LOWER SAM, 
TAP ADDRESS = 0 TO 255 
SERIAL OUTPUT FROM 
UPPER SAM CONTINUES 
(OSF REMAINS HIGH) 

~ DDN'TCARE 

~ UNDEFINED 

TYPICAL SPLIT -READ-TRANSFER INITIATION SEQUENCE 
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SPLIT READ TRANSFER (SPLIT DRAM-TO-SAM 
TRANSFER) 

The SPLIT READ TRANSFER (SRT) cycle eliminates the 
critical transfer timing required to maintain a continuous 
serial output data stream. When using normal TRANSFER 
cycles, the REAL-TIME READ TRANSFER cycle has to 
occur immediately after the last bit of "old data" was 
clocked out of the SAM port. 

When using the SPLIT TRANSFER mode, the SAM is 
divided into an upper half and a lower half. While data is 
being serially read from one half of the SAM, new DRAM 
data may be transferred to the other half. The transfer may 
occur at any time while the other half is sending data and 
need not be synchronized with the SC clock. 

The TR/(OE) timing is also relaxed for SPLIT 
TRANSFER cycles. The rising edge of TRI (OE) is not used 
to complete the TRANSFER cycle and therefore is inde­
pendent of the rising edges of RAS or CAS. The transfer 
timing is generated internally for SPLIT TRANSFER cycles. 
A SPLIT READ TRANSFER does not change the direction 
of the SAM port. 

A normal, non-split READ TRANSFER cycle must pre­
cede any sequence of SPLIT READ TRANSFER cycles to set 
SAM 1/ a direction and provide a reference to which half of 
the SAM the access will begin. Then SPLIT READ TRANS­
FERS may be initiated by taking DSF HIGH when RAS 
goes LOW during the TRANSFER cycle. As in nonsplit 
transfers, the row address is used to specify the DRAM row 
to be transferred. The column address, AO-A7, is used to 
input the SAM Tap address. Address pinA8is a "don't care" 
when the Tap address is loaded at the HIGH-to-LOW 
transition of CAS. It is internally generated so that the 
SPLIT TRANSFER will be to the SAM half not currently 
being accessed. 

LOWER HALF 

I NOSRT I 
0 TAP 255 

II II II 

1 
t I Start Split 

Figure 4 shows a typical SPLIT READ TRANSFER initia­
tion sequence. The normal READ TRANSFER is first per­
formed, followed by a SPLIT READ TRANSFER of the same 
row to the upper half of the SAM. The SRT to the upper half 
is optional and need only be done if the Tap for the upper 
half is * O. Serial access continues, and when the SAM 
address counter reaches 255 (" A8" = 0, AO-A7 = 1), the new 
Tap address is loaded for the next half (" A8" = 1, AO-A7 = 
Tap) and the QSF output goes HIGH. Once the serial access 
has switched to the upper SAM, new data may be trans­
ferred to the lower SAM. The controller must wait for the 
state of QSF to change and then the new data may be 
transferred to the SAM half not being accessed. For 
example, the next step in Figure 4 would be to wait until 
QSFwent LOW (indicating thatrow-1 data is shifting out of 
the lower SAM) and then transfer the upper half of row 1 to 
the upper SAM. If the half boundary is reached before an 
SRT is done for the next half a Tap address of "0" will be 
used. Access will start at 0 if going to the lower half, or 256 
if going to the upper half. See Figure 5. 

WRITE TRANSFER (SAM-TO-DRAM TRANSFER) 
The operation ofthe WRITE TRANSFER is identical to the 

READ TRANSFER described previously except (ME) IWE 
and SE must be LOW when RAS goes LOW. The row 
address indicates the DRAM row to which the SAM data 
registers will be written. The column address (Tap) indi­
cates the starting address of the next SERIAL INPUT cycle 
for the SAM data registers. A WRITE TRANSFER changes 
the direction of the SAM 110 buffers to the input mode. QFS 
is LOW if access is to the lower half of the SAM, and HIGH 
if access is to the upper half. 

UPPER HALF 

I NOSRT I 
256 511 

II II 
1 I 

Figure 5 

MT42C4256 
REV. 4/92. 

SPLIT SAM TRANSFER 
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PSEUDO WRITE TRANSFER (SERIAL-INPUT-MODE 
ENABLE) 

The PSEUDO WRITE TRANSFER cycle is used to change 
the direction of SAM port from output to input without 
performing a WRITE TRANSFER cycle. A PSEUDO WRITE 
TRANSFER cycle is a WRITE TRANSFER cycle with SE 
held HIGH instead of LOW. The DRAM data will not be 
disturbed and the SAM will be ready to accept input data. 

ALTERNATE WRITE TRANSFER (SAM-TO-DRAM 
TRANSFER) 

The operation of the ALTERNATE WRITE TRANSFER is 
identical to the WRITE TRANSFER except that the DSF pin 
is HIGH and (ME)/WE is LOW when RAS goes LOW, al­
lowing SE to be a "don't care." This allows the outputs to be 
disabled using SE during a WRITE TRANSFER cycle. AL­
TERNATE WRITE TRANSFER will change the SAM I/O 
direction to an input condition. 

SERIAL INPUT AND SERIAL OUTPUT 
The control inputs for SERIAL INPUT and SERIAL OUT­

PUT are SC and SE. The rising edge of SC increments the 
serial address counter and provides access to the next SAM 
location. SE enables or disables the serial input/output 
buffers. 

Serial output of the SAM contents will start at the serial 
start address that was loaded in the SAM address counter 
during a READ or SPUT READ TRANSFER cycle. The SC 
input increments the address counter and presents the 
contents of the next SAM location to the 4-bitport. SE is used 
as an output enable during the SAM output operation. The 
serial address is automatically incremented with every SC 
LOW-to-HIGH transition, regardless of whether SE is 
HIGH or LOW. The address progresses through the SAM 

MT42C4256 
REV. 4192 5-13 

and will wrap around (after count 255 or 511) to the Tap 
address of the next half for split modes. If an SRT was not 
performed before the half boundary is reached the count 
will progress as illustrated in Figure 5. Address count will 
wrap around (after count 511) to Tap address 0 if in the 
"full" SAM modes. 

SC is also used to clock-in data when the device is in the 
serial input mode. As in the serial output operation, the 
contents of the SAM address counter (loaded when the 
serial input mode was enabled) will determine the serial 
address of the first 4-bit word written. SE acts as a write 
enable for serial input data and must be LOW for valid 
serial input. If SE = HIGH, the data inputs are disabled and 
the SAM contents will not be modified. The serial address 
counter is incremented with every LOW-to-HIGH transi­
tion of SC, regardless of the logic level on the SE input. 

POWER-UP AND INITIALIZATION 
After Vcc is at specified operating conditions, for lOOf,lS 

minimum, eight RAS cycles must be executed to initialize 
the dynamic memory array. Micron recommends that 
RAS = (TR)/OE ~ Vlli during power up to ensure that the 
DRAM I/O pins (DQs) are in a High-Z state. The DRAM 
array will contain random data. 

The SAM portion of the MT42C4256 is completely static 
in operation and does not require refresh or initialization. 
The SAM port will power-up in the serial input mode 
(WRITE TRANSFER) and the I/O pins (SDQs) will be 
High-Z, regardless of the state of SE. The mask and color 
register will contain random data after power-up. QSF 
initializes in the LOW state. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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TRUTH TABLE 

CODE 

CBR 

ROR 

RW 

RWNM 

RWOM 

BW 

BWNM 

BWOM 

LMR 

LCR 

RT 

SRT 

WT 

PWT 

AWT 

NOTE: 

MT42C4256 
REV. 4192 

lW FALLING EDGE CAS FALL AD-AS' 001-004' REGISTERS 

FUNCTION ~ T1f1Or ME7Wt OSF "SE OSF lW -rn m ClIS,WP MASK COLOR 
DRAM OPERATIONS 

CAS-BEFORE-RAS REFRESH 0 X X X X X - X - X X X 

RAS-ONL Y REFRESH , 1 X X X - ROW - X - X X 

NORMAL DRAM READ OR WRITE 1 1 1 0 X 0 ROW COLUMN X VAllO X X 

NONPERSISTENT (LOAD AND USE) MASKED 1 1 0 0 X 0 ROW COLUMN WRITE VALID LOAD & X 
WRITE TO DRAM MASK DATA USE 

PERSISTENT (USE REGISTER) MASKED 1 1 0 1 X 0 ROW COLUMN X VALID USE X 
WRITE TO DRAM DATA 

BLOCK WRITE TO DRAM (NO DATA MASK) 1 1 1 0 X 1 ROW COLUMN X COLUMN X USE 
(A2-AS) MASK 

NONPERSISTENT (LOAD & USE) MASKED 1 1 0 0 X 1 ROW COLUMN WRITE COLUMN LOAD & USE 
BLOCK WRITE TO DRAM MASK MASK USE 

PERSISTENT (USE MASK REGISTER) MASKED BLOCK 1 1 0 1 X 1 ROW COLUMN X COLUMN USE USE 
WRITE TO DRAM (A2-AB) MASK 

REGISTER OPERATIONS 

LOAD MASK REGISTER 1 1 1 1 X 0 ROW4 X X WRITE LOAD X 
MASK 

LOAD COLOR REGISTER 1 1 1 1 X 1 ROW4 X X COLOR X LOAD 
DATA 

TRANSFER OPERATIONS 

READ TRANSFER (DRAM-TO-SAM TRANSFER) 1 0 1 0 X X ROW TAps X X X X 

SPLIT READ TRANSFER (SPLIT DRAM-TO-SAM TRANSFER) 1 0 1 1 X X ROW TAPs X X X X 

WRITE TRANSFER (SAM-TO-DRAM TRANSFER) 1 0 0 0 0 X ROW TAps X X X X 

PSEUDO WRITE TRANSFER (SERIAL-INPUT-MODE ENABLE) 1 0 0 0 1 X ROW4 TAps X X X X 

ALTERNATE WRITE TRANSFER 1 0 0 1 X X ROW TAps X X X X 
(SAM-TO-DRAM TRANSFER) 

1_ These columns show what must be present on the AO-AB inputs when RAS falls and when CAS falls_ 
2_ These columns show what must be present on the DQ1-DQ4 inputs when RAS falls and when CAS falls_ 
3_ On WRITE cycles (except BLOCK WRITE), the input data is latched at the falling edge of CAS or MElWE, 

whichever is later. Similarly, on READ cycles, the output data is activated at the falling edge of CAS or 
TRIOE, whichever is later. 

4. The ROW that is addressed will be refreshed, but no particular ROW address is required_ 
5. This is the SAM location that the first SC cycle will access. For split SAM transfers, the Tap will be the first 

address location accessed of the "new" SAM half after the boundary of the current half is reached (255 for 
lower half, 511 for upper half). 

5-14 Micron Tachnology, Inc., reserves the right to change products or specifications without notice. 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vcc Supply Relative to Vss .............. -IV to +7V 
Operating Temperature, TA (Ambient) ......... DOC to +7DoC 
Storage Temperature (Plastic) .................... -55°C to + I5DoC 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

RECOMMENDED DC OPERATING CONDITIONS 
(O°C ::::: T A::::: 70°C) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

DC ELECTRICAL CHARACTERISTlCS 
(O°C ::::: T A ::::: 70°C; Vcc = 5V ±10%) 

PARAMETER/CONDITION 

INPUT LEAKAGE CURRENT 
Any input (OV ::::: VIN ::::: Vcc); all other pins not under test = OV 

OUTPUT LEAKAGE CURRENT 
(DO, SDO disabled, OV::::: VOUT ::::: Vcc) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -2.5mA) 
Output Low Voltage (lOUT = 2.5mA) 

CAPACITANCE 

PARAMETER 

Input Capacitance: AO-A8 

Input Capacitance: RAS, CAS, MElWE, TRlOE, SC, SE, DSF 

InpuVOulput Capacitance: DO, SDO 

Output Capacitance: OSF 

....,T42C4258 
AEV.4192 5-15 

'Stresses greater than those listed under "Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi­
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

SYMBOL MIN MAX .UNITS NOTES 

Vcc 4.5 5.S V 1 

VIH 2.4 Vcc+1 V 1 

VIL -1.0 0.8 V 1 

SYMBOL MIN MAX UNITS NOTES 

IL -10 10 IJA 

loz -10 10 IlA 

VOH 2.4 V 
1 

VOL 0.4 V 

SYMBOL MIN MAX UNITS NOTES 

CI1 5 pF 2 

CI2 7 pF 2 

Clio 9 pF 2 

Co 9 pF 2 

Micron TechnolOgy, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 

III 
s: 
c 
Ci -." o 
:D 
-I 
C 
:D » s: 



III 
s: 
c: 
~ -"tJ o 
~ 
C 
:D » s: 

CURRENT DRAIN, SAM IN STANDBY 
(O°C ~ T A ~ 70°C; Vcc = 5V ±10%) MAX 

PARAMETER/CONDITION SYMBOL -7 -8 -10 UNITS NOTES 
OPERATING CURRENT Icct 95 85 75 mA 3,4 
(RAS and CAS = Cycling: IRC = IRC (MIN)) 26 

OPERATING CURRENT: FAST PAGE MODE Icc2 85 75 65 mA 3,4 
(RAS = VIL; CAS = Cycling: IpC = IpC (MIN)) 27 

STANDBY CURRENT: TTL INPUT LEVELS 
Power supply standby current ICC3 8 8 8 mA 4 
(RAS = CAS = VIH alter 8 RAS cycles (MIN), other inputs ~ VIH or ~ VIL) 

STANDBY CURRENT: CMOS INPUT LEVELS (MT42C4256 L only) Icc4 500 500 500 IlA 4 
(RAS = CAS ~ Vcc -0.2V, other inputs ~ Vcc -0.2V or ~ -0.2V) 

REFRESH CURRENT: RAS-ONL Y Iccs 95 85 75 mA 3,26 
(RAS = Cycling; CAS = VI H) 

REFRESH CURRENT: Icc6 95 85 75 mA 3,5 
CAS-BEFORE-RAS (RAS and CAS = Cycling) 

REFRESH CURRENT: BATTERY BACKUP (BBU) MT42C4256 L only 
Average power supply current during BATTERY BACKUP refresh: 
CAS ~ 0.2V or CAS-BEFORE-RAS cycling; RAS = IRAS (MIN) to Icc7 600 600 600 IlA 3,5 
300ns; MElWE, AO-A8 and DOs ~ Vcc - 0.2V or ~ 0.2V (DOs may be left 
open), IRC = 62.51!s (512 rows at 62.5J.ls = 32ms) 

SAM/DRAM DATA TRANSFER 

CURRENT DRAIN, SAM ACTIVE (tsc = MIN) 
(O°C ~ T A ~ 70°C; Vcc = 5V ±10%) 

PARAMETER/CONDITION 
OPERATING CURRENT 
(RAS and CAS = Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = VIL; CAS = Cycling: IpC = IpC (MIN)) 

STANDBY CURRENT: TTL INPUT LEVELS 
Power supply standby current 
(RAS = CAS = VIH alter 8 RAS cycles (MIN), other inputs ~ VIH or ~ VIL) 

REFRESH CURRENT: RAS-ONL Y 
(RAS = Cycling; CAS = VI H) 

REFRESH CURRENT: CAS-BEFORE-RAS 
(RAS and CAS = Cycling) 

SAM/DRAM DATA TRANSFER 

MT42C4256 
REV. 4192 5-16 

Iccs 105 95 95 mA 3 

MAX 

SYMBOL -7 -8 -10 UNITS NOTES 
Icc9 150 130 120 mA 3,4, 

26 

Iccto 140 120 110 mA 3,4, 
27 

Icctt 55 45 45 mA 3,4 

Icct2 150 130 120 mA 3,4, 
26 

Icct3 150 130 120 mA 3,4,5 

Icct4 160 130 125 mA 3,4 

Micron Technology, Inc •• reserves the nght to change products or specifications without nolice. 
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DRAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C ~ TA ~ +70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 

READ-MODIFY-WRITE cycle time 

FAST-PAGE-MODE READ or WRITE 
cycle time 

FAST-PAGE-MODE READ-MODIFY-WRITE 
cycle time 

Access time from RAS 

Access time from CAS 

Access time from (TR)/OE 

Access time from column address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 

RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

RAS to CAS delay time 

CAS to RAS precharge time 

Row address setup time 

Row address hold time 

RAS to column 
address delay time 

Column address setup time 

Column address hold time 

Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 

Output buffer 
turn-off delay 

Output disable 

Output disable hold time from start of WRITE 

OE lOW to RAS HIGH delay time 

MT42C4256 
REV. 4/92 

SYM MIN 
tRC 130 

tRWC 175 
tpc 45 

tpRWC 90 

tRAC 

tCAC 

tOE 

tAA 

tCPA 

tRAS 70 
tRASP 70 
tRSH 20 
tRP 50 

tCAS 20 
tCSH 70 
tcp 10 

tRCD 20 
tCRP 10 
tASR 0 
tRAH 10 
tRAD 15 

tASC 0 
tCAH 15 
tAR 45 

tRAl 35 

tRCS 0 
tRCH 0 

tRRH 0 

tClZ 3 
tOFF 3 

tOD 3 
tOEH 10 
tROH 0 

5-17 

-7 
MAX 

70 
20 
20 
35 
40 

20,000 
100,000 

10,000 

50 

35 

20 

10 

-8 -10 
MIN MAX MIN MAX UNITS NOTES 
150 180 ns 

190 230 ns 

50 55 ns 

95 110 ns 

80 100 ns 14 
25 25 ns 15 
20 25 ns 

40 45 ns 

45 50 ns 

80 20,000 100 20,000 ns 

80 100,000 100 100,000 ns 

25 25 ns 

60 70 ns 

25 10,000 25 10,000 ns 

80 100 ns 

10 10 ns 

20 55 25 75 ns 17 
10 10 ns 

0 0 ns 

10 15 ns 

15 40 20 50 ns 18 

0 0 ns 

15 15 ns 

55 70 ns 

40 50 ns 

0 0 ns 

0 0 ns 19 

0 0 ns 19 

3 3 ns 

3 20 3 20 ns 20,23 

3 10 3 20 ns 20,23 
10 20 ns 25 
0 0 ns 

Micron Technology, Inc., reserves the rtght to change products or specifications without notice: 
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DRAM TIMING PARAMETERS (continued) 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) (ooG::; TA ::; +70oG; Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Write command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

RAS to WE delay time 

Column address 
to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (512 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CAS-BEfORE-RAS REfRESH) 

CAS hold time 
(CAS-BEfORE-RAS REfRESH) 

MEIWE to RAS setup time 

MEIWE to RAS hold time 

Mask Data to RAS setup time 

Mask Data to RAS hold time 

MT42C4256 
REV. 4192 

-7 

SYM MIN MAX 
twcs 0 

tWCH 15 
tWCR 45 

twp 15 
tRWL 20 
tCWL 20 
tDS 0 
tDH 15 

tDHR 45 

tRWD 90 
tAWD 55 

tCWD .40 

IT 3 35 
tREf 8 (32) 
tRPC 0 

tcSR 10 

tCHR 10 

twSR 0 
IRWH 15 
tMS 0 
tMH 15 

5-18 

-8 -10 

MIN MAX MIN MAX UNITS NOTES 
0 0 ns 21 

15 15 ns 

55 70 ns 

15 15 ns 

20 20 ns 

20 20 ns 

0 0 ns 22 

15 15 ns 22 

55 65 ns 

100 130 ns 21 

65 75 ns 21 

45 55 ns 21 

3 35 3 35 ns 9, 10 

8 (32) 8(32) ms 29 

0 0 ns 

10 10 ns 5 

10 10 ns 5 

0 0 ns 

15 15 ns 

0 0 ns 

15 15 ns 

Micron Technology, Inc., reserves the right to change products or specifications withOut notice. 
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TRANSFER AND MODE CONTROL TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6, 7, 8, 9, 10) (0° C :0; T A:O; + 70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS -7 -8 
PARAMETER SYM MIN MAX MIN MAX 

TRI(OE) LOW to RAS setup time 'TLS a a 
TR/(OE) LOW to RAS hold time 'TLH 15 10,000 15 10,000 
TRI(OE) LOW to RAS hold time tRTH 65 10,000 70 10,000 
(REAL-TIME READ TRANSFER only) 

TR/(OE) LOW to CAS hold time tCTH 25 25 
(REAL-TIME READ TRANSFER only) 

TRI(OE) HIGH to SC lead time 'TSL 5 5 
TRI(OE) HIGH to RAS precharge time 'TRP 50 60 
TRI(OE) precharge time 'TRW 20 20 
First SC edge to TR/(OE) HIGH 'TSD 15 15 
delay time 

Serial output buffer turn-off tSDZ 7 40 7 40 
delay from RAS 

SC to RAS setup time tSRS 25 30 
Serial data input to SE delay time tSZE a a 
Serial data input delay from RAS tSDD 50 50 
Serial data input to RAS delay time tszs a a 
Serial-input-mode enable tESR a a 
(SE) to RAS setup time 

Serial-in put-mode enable tREH 15 15 
(SE) to RAS hold time 

TR/(OE) HIGH to RAS setup time tys a a 
TRI(OE) HIGH to RAS hold time tYH 15 15 
DSF to RAS setup time tFSR a a 
DSF to RAS hold time tRFH 15 15 
SC to QSF delay time tSQD 30 30 
SPLIT TRANSFER setup time tSTS 25 30 
SPLIT TRANSFER hold time tSTH a a 
RAS to OSF delay time tROD 75 75 
DSF to RAS hold time tFHR 45 55 
DSF to CAS setup time tFSC a a 
DSF to CAS hold time tCFH 15 15 
TRIOE to OSF delay time 'Too 25 25 
CAS to OSF delay time tcOD 35 35 
RAS to first SC delay tRSD 80 80 
CAS to first SC delay tCSD 30 30 

-10 
MIN MAX UNITS NOTES 

a ns 

15 10,000 ns 

80 10,000 ns 

25 ns 

5 ns 

70 ns 

30 ns 

15 ns 

7 40 ns 

30 ns 

a ns 

50 ns 

a ns 

a ns 

15 ns 

a ns 

15 ns 

a ns 

15 ns 

30 ns 

30 ns 

a ns 

75 ns 

70 ns 

a ns 

20 ns 

25 ns 

35 ns 

80 ns 

30 ns 

1T42C4256 
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SAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6, 7, 8, 9, 10) (0° C:;:; T A:;; + 70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Serial clock-cycle time 

Access time from SC 

SC precharge time (SC LOW time) 

SC pulse width (SC HIGH time) 

Access time from SE 

SE precharge time 

SE pulse width 

Serial data-out hold time after 
SC high 

Serial output buffer turn-off 
delay from SE 

Serial data-in setup time 

Serial data-in hold time 

Serial input (Write) Enable 
setup time 

Serial input (Write) Enable 
hold time 

Serial input (Write) disable 
setup time 

Serial input (Write) disable 
hold time 

MT42C4256 
REV. 4192 

SYM MIN 
tsc 25 

tSAC 
tsp 8 

tSAS 8 
tSEA 

tSEP 20 
tSE 20 

tSOH 5 

tSEZ 3 

tSDS 0 
tSDH 10 
tsws 0 

tSWH 15 

tSWIS 0 

tSWIH 15 

5-20 

-7 
MAX 

22 

15 

12 

-8 -10 
MIN MAX MIN MAX UNITS NOTES 
30 30 ns 

25 27 ns 24,28 
10 10 ns 

10 10 ns 

15 15 ns 24 
20 20 ns 
20 20 ns 

5 5 ns 24,28 

3 12 3 12 ns 20,24 

0 0 ns 

10 10 ns 

0 0 ns 

15 15 ns 

0 0 ns 

15 15 ns 

Micron Technology, Inc., reserves the right to change products 0( specifications without notice 
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NOTES 
1. All voltages referenced to V 88. 

2. This parameter is sampled. Vee = 5V ±1O%, f = 1 MHz. 
3. Icc is dependent on cycle rates. 
4. Icc is dependent on I/O loading. Specified values are 

obtained with minimum cycle time and the I/Os 
open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (O°C ~ T A ~ 70°C) is assured. 

7. An initial pause of 100J.LS is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the tREF 
refresh requirement is exceeded. 

8. AC characteristics assume IT = 5ns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). Input signals transition between OV and 3V 
for AC testing. 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, DRAM data output (DQ1-DQ4) is 
High-Z. 

12. If CAS = VIL, DRAM data output (DQI-DQ4) may 
contain data from the last valid READ cycle. 

13. DRAM output timing measured with a load equiva­
lent to 2 TTL gates and 100pF. Output reference 
levels: VOH = 2.0V; VOL ~ O.BV. 

14. Assumes that tRCD < tRCD (MAX). If tRCD is greater 
than the maximum recommended value shown in this 
table, tRAC will increase by the amount that tRCD 
exceeds the value shown. 

15. Assumes that tRCD ;:: tRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, DQ will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

18. Operation within the tRAD (MAX) limit ensures that 
tRCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

MT42C4256 
REV. 4192 5-21 

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. tOD, toFF and tSEZ define the time when the output 
achieves open circuit (VOH -200mV, VOL +200mV). 
This parameter is sampled and not 100 percent tested. 

21. twcs, tRWD, tAWD and tCWD are restrictive 
operating parameters in LATE-WRITE, READ-WRITE 
and READ-MODIFY-WRITE cycles only. If twCS;:: 
twcs (MIN), the cycle is an EARLY-WRITE cycle and 
the data output will remain an open circuit through­
out the entire cycle, regardless of TR/OE. If twcs ~ 
twcs (MIN), the cycle is a LATE-WRITE and 
TR/OE must control the output buffers during the 
WRITE to avoid data contention. If tRWD ;:: tRWD 
(MIN), tAWD;:: tAWD (MIN) and tcWD;:: tCWD 
(MIN), the cycle is a READ-WRITE and the data 
output will contain data read from the selected celL If 
neither of the above conditions is met, the state of the 
output buffers (at access time and until CAS goes 
back to VIH) is indeterminate but the WRITE will be 
valid, if tOD and tOEH are met. See the LATE-WRITE 
AC Timing diagram. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and ME/WE leading edge in 
LATE-WRITE or READ-WRITE cycles. 

23. During a READ cycle, if TR/OE is LOW then taken 
HIGH, DQ goes open. The DQs will go open with OE 
or CAS, whichever goes HIGH first. 

24. SAM output timing is measured with a load 
equivalent to 1 TTL gate and 30pF. Output reference 
levels: VOH = 2.0V; VOL = 0.8V. 

25. tOD and tOEH must be met in LATE-WRITE and 
READ-MODIFY-WRITE cycles (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide previously read data if CAS 
remains LOW and OE is taken LOW after toEH is 
met. If CAS goes HIGH prior to OE going back LOW, 
the DQs will remain open. 

26. Address (AO-A8) may be changed two times or less 
while RAS = VIL. 

27. Address (AO-A8) may be changed once or less while 
CAS = VIH and RAS = VIL. 

28. tSAC is MAX at 70° C and 4.5V Vcc; tSOH is MIN at 
O°C and 5.5V Vcc. These limits will not occur 
simultaneously at any given voltage or temperature. 
tSOH = tSAC - output transition time; this is guaran­
teed by design. 

29. Values in parenthesis apply to the "L" version. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT42C4256 
1-· m"",,,",,,, 256K x 4 VRAM 

DRAM READ CYCLE 

RAS VIH-
VIL-

tCSH 

tRSH lRRH 

ICRP tCAS 

CAS 
VIH-
VIL-

tASR 

ADOR ROW 

fllI///// II!! II/~ 

tCAG tOFF 

DO ~lgt=:------;;----- OPEN ----+----:--t~VA~LlD~D~AT~A~~--- OPEN ---­

~ 

MT42C4256 
REV. 4192 5-22 

~ DON'TeARE 

~ UNDEFINED 

Micron Technology, Inc., ras8Nss the right to change products or specifications without notice. 
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MIC:RON MT42C4256 
1-· ",""OWG,,"O 256K X 4 VRAM 

RAS 

CAS 

ADDR 

DRAM FAST-PAGE-MODE READ CYCLE 

VIH-
VIL-

VIH-
VIL-

VIH­
VIL-

tCSH 

~ 'RCD 

Ii 'RCSI 

~:t::W/j'j'#$m;1////f I 
tFHA 

'RASP 

'pc 
'CP ~ 'CP 

I~ 

DO VIOH- VALID I---~"fN.~ 
VIOL - II DATA DATA DATA 

OPEN -

tyS tYH tOE too tOE too tOE too 

TRiOE ~:t-.:zzJ- -V$IIIIIIIIIIIm1-.IIIIIIh2l-F;;;lllllllml-.lj'1111111111111& 

tZZI DON'T CARE 

~ UNDEFINED 

NOTE: WRITE cycles or READ-MODIFY-WRITE cycles may be mixed with READ cycles while in FAST PAGE MODE. 

AT42C4256 
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WRITE CYCLE FUNCTION TABLE 1 

LOGIC STATES 
RB"Falling Edge W"Falling Edge 

FUNCTION A B C D E2 
lilEiWt DSF DO (Input) DSF DO (Input) 

Normal DRAM WRITE 1 0 X 0 DRAM Data 

NONPERSISTENT (Load and Use) 0 0 Write 0 DRAM 
MASKED WRITE to DRAM Mask Data (Masked) 

PERSISTENT (Use Register) 0 1 X 0 DRAM 
MASKED WRITE to DRAM Data (Masked) 

BLOCK WRITE to DRAM (No Data Mask) 1 0 X 1 Column Mask3 

NONPERSISTENT (Load and Use) 0 0 Write 1 Column 
MASKED BLOCK WRITE to DRAM Mask Mask3 

PERSISTENT (Use Register) 0 1 X 1 Column 
MASKED BLOCK WRITE to DRAM Mask3 

Load Mask Register 1 1 X 0 Write Mask 

Load Color Register 1 1 X 1 Color Data 

NOTE: 1. Refer to this function table to determine the logic states of "A", "B", "C", "D" and "E" for the WRITE cycle 
timing diagrams on the following pages. 

MT42C4256 
AEV.4192 

2. CAS or ME/WE, whichever occurs later (Except Block Write). 
3. WE = "don't care" for Block Write. The DQ column-mask data will be latched at the falling edge of CAS", 

regardless of the state of MEIWE. 

5-24 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT 42C4256 
1-· , "'" " 256K x 4 VRAM 

DRAM EARL V-WRITE CVCLE 1 

tAAS tAP I 
II I 
tt \ 

tCSH 

I d 
tASH 

d' 
teRP tACO tCAS 

tAR t I tRAD I I tRAl 

tASR tRAH ~I I~ I 
ADDR ~:~:~~_R-.,.,-OW __ ~_--;-CO_lUM.,--N ----'kw/$$/,I/,I//,I/,I$,0(I...-__ ROW __ 

1 __ -+1 --+-1 tC=W=--l ___ II 

MEiWE ~:~_ A 

I I tRWl 

tWCR I I 
twcs I I tWCH 

twp 

I I 
NOTE 2 

~II~ tFH~FSC I I tCFH I 
DSF ~:r:1#$#&l 8 _==::::LD~~)w///$///$/;I$/#ff/////;I$///////;I$/;Iffi 

tDHR I I 

~ DON'T CARE 

m UNDEFINED 

NOTE: 1. The logic states of "A", "8", "C", "0" and "E" determine the type of WRITE operation performed. See the Write 

MT42C4256 
AEV.4192 

Cycle Function Table for a detailed description. 
2. For Block Write, ME/WE = "don't care." For all other EARL V-WRITE cycles, ~/WE = LOW. 

5-25 MIcron Technology, Inc., reserves the right 10 charl09 products or specificatiOns without notice. 
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- VIH 
CAS VIL-=J 

tCRP 

DRAM LATE-WRITE CYCLE 1 

tRAS tRP I 
I 

tCSH 

f~ 
tRSH 

tRCD tCAS 

tAR ~ I tRAD I I tRAL 

tASR tRAH ~I I tCAH I 
• Moe ~:r~ ~ kJ ,- ~;J;Jj;J//;J/;J;J/;J,0(,--__ _ 

s: J t~:~L J I c: tWSR tRWH twp 

"TTT7T:rTTT77"TTT77"TTT7T:'77T77TT7TTTTTTT;'7TT 

~~~~~~~~~~~ 

o ~ tFSR tRFH _ tFSC I I tCFH II 

~~------~~~~~~~~~~~~ 

~ DQ ~:g~-J#/IIff~-C ~W;$////;J##_--E- J/////////I///!;J#/// ////////#/##//////#/1 
3: tyS II tYH to~1" tOEH 

TRlOE ~:~-W';WS- -~$##$J- !w#$/#/##/$//;J//#/$/$///$/~ 
tz1 DON'T CARE 

~ UNDEFINED 

NOTE: 1. The logic states of "A", "8", "C" and "E" determine the type of WRITE operation performed. See the Write 

MT42C425S 
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Cycle Function Table for a detailed description. 

5-26 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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tCRP 

ADOR 

DRAM READ-WRITE CYCLE 
(READ-MODIFY-WRITE CYCLE) 

tCSH 

tCAS 

I~ 
nT.~7nTI7nr.nn7nTI7~n,,7n~ 

COLUMN 

~II' tAWO I-----~,~,----~~---------I 
tcwo 

ROW 

"~ I I II 
= ::~:~wzt'''-B "'"-kr$#////~~I 1-""'-10////////"//////////////$/"////;1///"/////0. 

I tAA 

tRAC I 

I~ tMH _I I 

C 

~~ 

tCAC 

VALID 00UT 

~ toO.1 

I' tos ;OH'.I 

E OPEN---

mJ DON'T CARE 

~ UNDEFINED 

NOTE: The logic states of "A", "8", "C" and "E" determine the type of WRITE operation performed. See the Write Cycle 
Function Table for a detailed description. 

MT42C4256 
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MIC::RON MT 42C4256 
1-· " '" """ 256K x 4 VRAM 

DRAM FAST-PAGE-MODE EARLY-WRITE CYCLE 

tRASP 

ADDA ~:~ 

DSF 

OQ ~lg~ E E 

tyS I tYH 

~:~~- -lw##$//#//$#$$//#/jl/////$#/jld$d$////$////$#$/#$//$#$/!$$ 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. READ cycles or READ-MODIFY-WRITE cycles can be mixed with WRITE cycles while in FAST PAGE 

MT42C4256 
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MODE. 
2. The logic states of "A", "8", "C", "0" and "E" determine the type of WRITE operation performed. See the Write 

Cycle Function Table for a detailed description. 
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RAS V'H-
V'L-

ICRP 

CAS V,H-
V,L-

ADDR ~:~_ 

IWSR tRWH ----

DSF ~:~_ 

DO ~:g~= 

DRAM FAST-PAGE-MODE READ-WRITE CYCLE 
(READ-MODiFY-WRITE OR LATE-WRITE CYCLES) 

tRASP 

tCSH IpRWC 

ICAS 

ICWD 

VALID 
D,N 

-twp 

OPEN--

~II~ 
TFvOE ~:~~WJ . \'-_____ -'------' 

~ DON'T CARE 

~ UNDEFINED 

IOTE: 1. READ or WRITE cycles can be mixed with READ-MODIFY-WRITE cycles while in FAST PAGE MODE. Use 

r42C4256 
:V.4192 

the Write Function Table to determine the proper DSF state for the desired WRITE operation. 
2. The logic states of "An, "B" and "C" determine the type of WRITE operation performed. See the Write Cycle 

Function Table for a detailed description. 

5-29 Micron Technology, Inc., reserves the right to change products or speCifications without notice. 
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DRAM RAS-ONL Y REfRESH CYCLE 
(ADDR = AO-A8) 

If IR~ IRP t 
-~--t~~~ 

CAS ~it-~-d-'\---H-II----------+"----J------'----
IASR IRAH 

ADDR ~:~~~-----,RO,--w _~k///@'/;/$/$////I$/;$/;//////lM$///,0(r------R-OW--
II 

MEIWE ~:t:4"//;1///$/I/I$/$;//$/$/;/$///;///$M//m1///I/$//$/I#I//#I/$/!#/I/;//////;///1/1//1/;//1//$& 
II 

DSF ~:t:!401#1$;/#I//#I/;/M1/@'$!IjI/;I//I/I/////I$/$/@,/I/I/#I//$///I$#/m1/1#1//#///#/;/////;/;// 

DO ~:gt II OPEN-------OPEN-----

lyS II IYH 

TRiO. ~:t:!/I/;/////$J- -W#///@'/$//$/I/I;//I$/;//lM'&M'//I/I$$ 

DRAM CAS-BEfORE-RAS REfRESH CYCLE 

ADDR ~:~ ill/lll! ////II!/ /III //II! /;/ /;// ////II! I! II! ///j ///j II! //III I!I!/I! //1////////1/11 !II// II ///j I! I! /$/ II!//// II!I// 

MEJWE ~:r:'// $ / / II! $/$ /!$I!#/I /&01/1/ ;/'/////#//# /I/Iff)l /11/1/1/1/11//////11/1$//$ 11/$//// !II/I/$/ij 

DSF ~:~:Jf/I! ///I/II/I/I! //I////////////I11!1!!// I!III!/ II!I////;/;/' ///1//1///1/1/1///1//11//// II! 1/1/1/ /l1I1II!1!/ ;/'/M 

DO ~:g~ ~----- OPEN -------OPEN ------

TRiO. ~:~!II/////I/ 1!I)1 ;/')I;/'II!$;/,/#/II//;///II////II/////II!/I/I/$///I// //!!II/I/II!I!III!////lIII!///I///I/lII!j/ 

5-30 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or speCifu::ations without noticE 
©1992, Micron Technology, In< 



RAs 

CAS 

ADDR 

VIH 
VIL-

VIH-
VIL-

VIH­
VIL-

DRAM HIDDEN-REFRESH CYCLE 

(READ) (REFRESH) 

}~ 
tRAS 

~ 
tRP 

~: tRCD tRSH 

tRAS 

~ 
tCHR 

tAR 

I 
II 

tRAD II tRAL 

~II~ 
COLUMN 

Ii ~II II~ I ~it:l7.$//'$EE///$$/'/'/t II "6//'$$$//Et//$/$/$#jWj,I1////I////!/I; 

tFSR'tRFH.j II~II~I 
DSF ~:~=_-~ P///J!/J/J//J/////!///JJ!/J////////J///J//J!/!////J/////J/////& 

I I tM I 
tRAC I I 

I tCAC j 

-'OFF 

DO ~:g~=J---tY-s--':':II~-t-YH---OPEN ----tOE-'-i~ VALID DOUT 1_t O_D __ OP_EN_ 

I It ROHI ~ 
TRiCE ~:~ = \'-______ l"---__________ ~ 

~ DON'T CARE 

B88l UNDEFINED 

NOTE: A HIDDEN REFRESH may also be performed after a WRITE or TRANSFER cycle. In the WRITE case, 
fiifElWE = LOW (when CAS goes LOW) and TRiOE = HIGH and the DO pins stay High-Z. In the TRANSFER 
case, TRIOE = LOW (when RAS goes LOW) and the DO pins stay High-Z during the refresh period, regardless 
ofTRIOE. 

MT42C4256 
REV. 4/92 5-31 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT42C4256 
1-· "'"""oo"" 256K x 4 VRAM 

READ TRANSFER 3 

(DRAM-TO-SAM TRANSFER) 
(When part was previously in the SERIAL INPUT mode or SC idle) 

tRAS tRP 

--
tCSH I 

tASH I ~ tAco tCAS 

I -~ 
tAR ~ J 

tRAD I I tRAL I I r tASR ~I I~I I~I -1-
ADDR ~:~ ::'~ ROW IV//M SAM START (TAP) 

~II~ I I 
MEIWE ~:t~ I W$$#M;J$J;"J;",1J;"!;I,@//$#,$',1$,@$/'//,1/,@/ffi/,1//!;I,1//,1$;/'$f$/ffi 

tFSR tRFH I I 
DSF ~:t=wl-l - --W$!;I$/,1/$$//$J;"/,1//$//,$'/////,1,1J;"/J;"$/////,1,@//$ffff,@$/'J;",$'//,1/& 

NOTE: 

MT42C4256 
REV.4!92 

It
oFF II I I 

DO ~IOH-=3---4--- OPEN OPEN --------;----

IOL- 1 __ --.::.tc"'-5D __ _ 

IASD 

ITRP 

I 

!TAW I 
tse 

NOTE 1 

'SAC --

~I 

I I I 1 
~I - tSEA 

~ tTOD 

SE ~:t=-_------,l"-"'w/;"-f'~/;=W/;=W/;=@=~;;=~/;I..U..WI..U..~/;I..U..W/;I..U..1jLLLWLfLI/;1LLL~/;LLLW/;LLLW;;LLLw/;LLLW/;LLLw/;LLLI//;=w/;=w1.l>---;-I ______ _ 

I I tROD tCOD ~c------
aSF ~g~ _ NOTE 2 , , NOTE 2 --------------------

1. There must be no rising edges on the SC input during this time period. 
2. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 

r:z:l DON'T CARE 

~ UNDEFINED 

3. If ITLH is timing for the TR/(OE) rising edge, the transfer is self-timed and the tCSD and tRSD times must be 
met. If tRTH is timing for the TR/(OE) rising edge, the transfer is done off of the TR/(OE) rising edge and 
ITSD must be met. 

5-32 Micron Technology, Inc., reserves the right to change products or specifications withOut notice. 
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~ 

REAL-TIME READ-TRANSFER 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 

tRAS _II tRP 

II 

1 
tCSH I 

'RSH 

I 
tRCD tCAS 

~ J 
tAR 

I :-- tRAD I I I IAAL 

IASR ~ ~I -I __ leAH 
-1-

ADDR ~:~=~ ROW ~ SAM START b/#/#////#/#####/I#//#//#/IJI///#////#///////////&'///////// 

~II~ I I 
MEIWE ~:~=_I WM/$$ff$$/§$/$§ffiMl//$§//§$$§)0'/§/$ffi!/§/$$§#J1M//h 

tFSR tRFH I I 
DSF ~:~='lZ21-I- --'w;;W§/$f§/$§§;!§/$//////;!$§)0'$//,@§)0'@J1ffi!$/$$I/$&@//0 

I~ I I DQ-~:g~_====i OPEN I OPEN I 
tCTH 'TAP 

soa ~:gt=-------I VALID DOUT 

_tS_EA_llts~_I._t~E:EP,-------J __ tSEA _tTOD 1---
SE ~:~-------'~'--..LtLL<W/CLL0,-,-,H9'-'..LWL.t..f/j;'-LLWLLJL-_______ ~+-. ________ _ 

QSF ~gt _ NOTE 2 NOTE 2 

---------------~ 

NOTE: 1. The SE pulse is shown to illustrate the SERIAL OUTPUT 
ENABLE and DISABLE timing. It is not required. 

2. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

fZ:l DON'T CARE 

~ UNDEFINED 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 

.!T42C4256 
lEV. 4192 5-33 Micron Technology, Inc.; reserves the right to change products or specifications without notice . 
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- VIH 
CAS VIL---f 

~ 

SPLIT READ TRANSFER 
(SPLIT DRAM-TO-SAM TRANSFER) 

tRAS 

~ 
tCSH I 

tRSH 

II tRCD teAs 

II } / 
'AR 

'RP I 

\ 

il 
l_tRAD I I I tRAL 

tASR 'RAH ~I J _teAH -I ~ 

-" ~:t:~ - ~ -"-~ ~ffff@/@//!0W'~////ff////ff'M'M'////@//'M'ffffff/@0% 
~II~ I 

MEtWE ~:~-:zw1 II W;/;/;/##//;///I!!I/;/I///$/###ff;/////;//IIIIIII&/$;/$//$///;"#$uffffffff$/;"m 
tFSR tRFH I 

OSF ~:~=WJ-: - -~W;///;/////;/$////////////////;////;";////$/;"$//;/;/;/;/III!l////////I///;"$//;"/;"///$/#j 

~ '.' ~j _ I oe ____ _ 

'.,- '= I,~ 

TRiO. ~:~~- -b/illmlllllllllllllllllllllllllllllllllllllllllllill111111111//1111111111111//1111111111111111111,,0 

~I I 'STH 

_ I-'SAC I-'SAC 

~1r-tSOH -- IrtsoH 

soo ~:g~==-----x 511 (255) X A(256+A) ~~ 

So ~:~=-If------------I:'f-' ______ --+-1 _____ _ 
JS00 1 '-'------__ I ~'SOO _1, ___ _ 

OSF ~g~=~~----~--SAM-MS---'fB~;f-;~-OTE-,)-------X~---NEW-MS-B -

253(509) X X 255 (5·11) X 256 + 8(8) 254 (510) 

NOTE: 1. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. ~ DON'T CARE 

~ UNDEFINED 

MT42t4:;!56 
REV. 4/92 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 

5-34 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC::RON MT 42C4256 
1-· ,eo"",,,,, '" 256K X 4 VRAM 

NOTE: 

MT42C4256 
REV. 4192 

WRITE TRANSFER and PSEUDO WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 

tRAS 'RP 

tCSH 

I 

,J~ 
lASH 

tRCD ICAS I, 

I 

\ 

==fl Y( 
I tRAL 'RAO I I 

tASA 1 ~ lASe I I~ -1- --
AODR ~:~=wf ROW r:l SAM START ~///m/;/;/;/////////m;///;/;1;/;//;////;///;//m/;/;//;/m;/h 

MEWE ~:~_f-II~W/;/0W1!;fJ1/0W'/!;fJ//;/#/#///&f$I/!;fJ//ff//$/I$////#$m#//M$$;;i 
IFsR 'RFH I 

DSF ~:~=~-I- --kw$##/#/I/$##ffi'#/$/'/$$/#;@/#I$;1///$$/I$;I$/#$/@,$/m 

______ I 'OFF II I DO ~:g~ _~ OPEN OPEN ---
~ ~ [ ~ I 

TR!OE ~:~=_- -,W$///////////////////////////////////////////// /Wu///////////////////////////////ij///;7;ZZ 

se VIH­
VIL-

~II I 
tSAS I 

--II 

I 'SOD 

IRSO 

II 
NOTE 3 

tSOH tSDZ I 

SaD ~:g~_ VALID DO=----=- VALID DOUT I ~H'GHZ 

'se 

II I 'sws 

SE ~:~= ~u//M'$//$/I//!/W'//$/##$J//Jc--'_SWIS_--NO-:-TE-2 ---

I I leaD 

tRQD :1 
QSF ~gt _____ -_-_-_-_-_-_-_-_-_-_-_-_N-O_T-E_4~~~~~~~~~~~~~~~-=X=====NO=TE=4 ==== 

~ DON'T CARE 

1. If SE is LOW, the SAM data will be transferred to the DRAM. 
B28l UNDEFINED 

IfSE is HIGH, the SAM data will not be transferred to the DRAM (SERIAL-iNPUT-MODE ENABLE cycle). 
2. SE must be LOW to input new serial data, but the serial address register is incremented by SC regardless 

of SE. 
3. There must be no rising edges on the SC input during this time period. 
4. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-511).is being accessed. 

5-35 Micron Technology, Inc., reserves the right to change produc1s or specifications without notice. 
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WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode) 

tCSH 

~ 1 __ .c.::'RC"'-D ___ 1 _____ '-"'CA"'-S ____ I 

- V'H---+-----++------+----
CAS VIL- '----/-________ -'----./ 

tAR I 
~ I I 'RAL 

'SR - _'RAH ~I l~ 
~~~~~~n=~~~~~~~~= 

ADDR ~r~= SAM START 

'WSR II 'RWH I 
MEiNE ~lt=~ -bj'j'///j'//j'///j'///j'/$/$j'j'/j'//$;Ij'////j'/$j'//$//j'////j'$///;$/;0'##1"$;; 

I I'FSR 'RFH I I 
DSF ~lt=_-I- -. -JMk'//j'$j'//j'/$j'//j'//j'/j'//j'//$/JI#$$$/j'j'$/$I$$$$j;I$/;/J/j',,@ 

I 'OFF II I 
DQ ~lgt- -~ OPEN -----------OPEN ---

'TLS 'TLH I 'CSD 

TRIOE ~lt_- -W///////////,I;7jJ/P////$////////////////////////////////////)////////////////////J////////////h 

~II I ~ I 'SP 

'SC 

tSAS 

NOTE 2 

=~ ~~ 
~~_~~~~~~~~~Wil~~~ilUWil~~'_~~UU~ilU'L-_~_ 

~ ~:t~-",,-I-'""'.Jw/40'//Ji'$i$/40'//m/j'ff$J=~~~--N-OTE-' ----

I I tCOD 

---'RQ-D ~-----~~. ____ _ 

QSF ~g~ _ NOTE 3 . _ NOTE 3 

-------~----------~~ 

NOTE: 1. SE must be LOW to input new serial data,. but the serial address ~ DON'T CARE 

~ UNDEFINED 

MT42C4256 
REV. 4192 

register is incremented by SC regardless of SE. 
2. There must be no rising edges on the SC input during this time period. 
3. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 

5-36 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MICRON MT42C4256 
1-· ",""CCO "" 256K x 4 VRAM 

tRCD 

ALTERNATE WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

tRAS 

tCSH 

tRSH 

teAs 

'RP I 
J 
\ 

- ¥IH 
CAS VIL_ ==fl ,J~ t 7 

I tRAl I ~ I 1 
tASR 1 _tRAH ~I I~ ~I-~"~:=WJl ~ ~ ~~- ~~jI.,w',;'l'j'//~.§jI,@'&: 

tWSR II 'RWH I 
MEIWE ~i~_-I ---,lw////$/#/#/#/&&/##/#/#/////####//&1$/;lJf;I#///////#/$$#//$/,@/ffi: 

~II~ I 
OSF ~i~_1 ~W/$//,@'$$#$#/$//Jl##$&I##//$#$//f;I&$m#//$$//##/ij//f;lA 

~ I 
DO ~Ig~_---~ OPEN OPEN ---

I~~I I 'eso -I -

TRICE ~i~=WW! V///$!I/$!I//f;I&ffi1!1////#!I//////!I/1$//!I//!I/#/!I!I///!I/!//!!I/#$/#!I####d 
~II I tRSO tse 

ISAS I --I 
NOTE 2 

I 'SOD 

I SOH tSDZ I 

SOQ ~ig~ _ VALID OO:--~ VALID 00UT ~ HtGH-Z 

I I J :::: 
SE ~i~-@ffi1!1/mm/#//iW/$$/#/#///iW!I/$/$ffi1a1//$ =====-N-OTE-' ----

I I leaD 

---'-RQo~~--~:I ____ __ 

aSF ~gr _ NOTE 3 ;{ NOTE 3 

------------------~ 

NOTE: 1. SE must be LOW to input new serial data. but the serial address register 
~ DON'T CARE 

~ UNDEFINED 

MT42C4256 
REV. 4192 

is incremented by SC regardless of SE. 

2. There must be no rising edges on the SC input during this time period. 
3. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 

5-37 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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SE 

SC 

SDa 

SE 

sc 

SDa 

MT42C4256 
REV. 4/92 

VIH-
VIL-

VIH-
VIL-

VIH-
VIL-

VIH-
VIL-

VOH-
VOL-

tsc 

SAM SERIAL INPUT 

A+3 

SAM SERIAL OUTPUT 

tSEP 

5-38 

tsc 

A+3 

~ DON'TeARE 

~ UNDEFINED 

Micron Technology, inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 



VRAM 

FEATURES 
• Industry standard pinout, timing and functions 
• High-performance, CMOS silicon-gate process 
• Single +5V ±10% (-10), +5V ±5% (-8S) power supply 
• Inputs and outputs are fully TTL compatible 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• 512-cycle refresh within 8ms 
• Optional FAST PAGE MODE access cycles 
• Dual port organization: 128K x 8 DRAM port 

256 x 8 SAM port 
• No refresh required for serial access memory 
• Low power: 15mW standby; 275mW active, typical 
• Fast access times - 80ns random, 25ns serial 

SPECIAL FUNCTIONS 
• JEDEC Standard Function set 
• PERSISTENT MASKED WRITE 
• SPLIT READ TRANSFER 
• WRITE TRANSFER/SERlAL INPUT 
• ALTERNATE WRlTE TRANSFER 

OPTIONS MARKING 
• Timing [DRAM, SAM (cycle/access)] 

80ns,25ns/25ns -8S 
100ns,3Ons/30ns -10 

• Packages 
Plastic SOJ (400 mil) DJ 

GENERAL DESCRIPTION 
The MT42C8127 is a high speed, dual port CMOS dy­

namic random access memory, or video RAM (VRAM) 
containing 1,048,576 bits. These bits may be accessed either 
by an 8-bit wide DRAM port or by a 256 x 8-bit serial access 
memory (SAM) port. Data may be transferred bidirection­
ally between the DRAM and the SAM. 

The DRAM portion of the VRAM is functionally identical 
to the MT4C4256 (256K x 4-bit DRAM). Eight 256-bit data 
registers make up the serial access memory portion of the 
VRAM. Data I/O and internal data transfer are accom­
plished using three separate bidirectional data paths: the 8-
bit random access I/ 0 port, the eight internal 256 bit wide 
paths between the DRAM and the SAM, and the 8-bit serial 
I/ o port for the SAM. The rest of the circuitry consists of the 
control, timing, and address decoding logic. 

MT42C8127 
REV. 4192 5-39 

SUPERSEDED BY MT42C8128 

128Kx8DRAM 
WITH 256 x 8 SAM 

PIN ASSIGNMENT (Top View) 

40-Pin SOJ 
(0-6) 

SC Vss1 
SD01 SDOS 
SD02 SDO? 
SD03 SD06 
SD04 SD05 

TAtOE SE 
D01 D08 
D02 DO? 
D03 D06 
D04 DOS 
Vcc1 Vss2 

MEIWE DSF 
NC NC 

RAS CAS 
NC OSF 
AS AD 
A6 A1 
A5 A2 
A4 A3 

Vcc2 A? 

Each port may be operated asynchronously and 
independently of the other except when data is being trans­
ferred internally between them. As with all DRAMs, the 
VRAM must be refreshed to maintain data. The refresh 
cycles must be timed so that all 512 combinations of RAS 
addresses are executed at least every 8ms (regardless of 
sequence). Micron recommends evenly spaced refresh cycles 
for maximum data integrity. An internal transfer between 
the DRAM and the SAM counts as a refresh cycle. The SAM 
portion of the VRAM is fully static and does not require any 
refresh. 

The operation and control of the MT42C8127 are 
optimized for high performance graphics and communica­
tion designs. The dual port architecture is well suited to 
buffering the sequential data types used in rastor graphics 
display, serial and parallel networking and data communi­
cations. Special features, such as SPLIT READ TRANSFER, 
allow further enhancements to system performance. 

Micron Technology, Inc., reserves the right to change products or speCifications without notice. 
©1992, Micron Technology, Inc. 
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MIC:RON MT42C8127 
1-· "'"'' '"" 128K x 8 VRAM 

MT42C8127 
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VRAM 

FEATURES 
• Industry standard pinout, timing and functions 
• High-performance, CMOS silicon-gate process 
• Single +5V ±1O% power supply 
• Low power: 15mW standby; 275mW active, typical 
• Inputs and outputs are fully TTL compatible 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• 512-cycle refresh within 8ms 
• No refresh required for serial access memory 
• Optional FAST PAGE MODE access cycles 
• Dual port organization: 128K x 8 DRAM port 

256 x 8 SAM port 
• Fast access times - 70ns random; 22ns serial 

SPECIAL FUNCTIONS 
• JEDEC Standard Function set 
• PERSISTENT MASKED WRITE 
• SPLIT READ TRANSFER 
• WRITE TRANSFER/SERIAL INPUT 
• ALTERNATE WRITE TRANSFER 
• BLOCK WRITEa..-

OPTIONS MARKING 
• Timing [DRAM, SAM (cycle/access)] 

70ns,25ns/22ns - 7 
80ns,30ns/25ns - 8 
l00ns,30ns/27ns -10 

• Packages 
Plastic SOJ (400 mil) DJ 
Plastic TSOP (400 mil) TG 

• 32ms low power / extended refresh L 

:;ENERAL DESCRIPTION 
The MT42C8128 isa high-speed, dual port CMOS dy­

Lamic random access memory or video RAM (VRAM) 
ontaining 1,048,576 bits. These bits may be accessed either 
'y an 8-bit wide DRAM port or by a 256 x 8-bit serial access 
Ilemory (SAM) port. Data may be transferred bidirection­
lly between the DRAM and the SAM. An extended refresh 
32ms), low power option is available as the MT42C8128 L. 
The DRAM portion of the VRAM is functionally identical 

5-41 

128Kx8DRAM 
WITH 256 x 8 SAM 

PIN ASSIGNMENT (Top View) 

40-Pin SOJ 
(Q-G) 

SC 1 40 Vss1 
SDQl 2/r 39 SOQS 
SDQ2 3 ~~8 SOQ7 
SDQ3 4~ ,37 SDaG 
SDQ4 5/ /36 SDO' 

TRICe 6 )5 Sf 
001 7,,""- 34 008 
D02 8 -- ;33 007 
003 9 -,- /32 DQ6 
DQ4 10~''''< /31 DQ5 
Vce1 /30 Ve82 

MEIWE ,29 DSF 
NC ,28 NC 

RAS /27 CAS 
/26 OSF 
.. 25 AD 

AS ;/24 A1 
A. ,.23 A2 

A' /,22 A3 
Vcc2 20 /,21 A7 

40/44-Pin TSOP* 
(R-5) 

se Vss1 
SDQ1 SDOS 
SDQ2 SOQ7 
$003 SOOS 
~D.Q1 SDQ5 
TRIOE ~ 

001 DQ8 
CQ2 no? 
0Q3 DC. 
OQ4 DOS 

-Ygtl V~2 
MEtWE nSF 

...NQ ~ 
RAS CAS 

NC QSF 
AS AO 
A6 A1 
AS A2 
A4 .3 

VCC2 A7 

'Consul! factory on TSOP availability. 

to the MT4C4256 (256K x 4 DRAM). Eight 256-bit data 
registers make up the SAM portion of the VRAM. Data I/ 0 
and internal data transfer are accomplished using three 
separate bidirectional data paths: the8-bit random access 
I/O port, the eight internal 256 bit wide paths between the 
DRAM and the SAM, and the 8-bit serial I/O port for the 
SAM. The rest of the circuitry consists of the control, timing 
and address decoding logic. 

Micron Technology, Inc., reserves the right to change products or specifICations without notics. 
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Each port may be operated asynchronously and 
independently of the other except when data is being trans­
ferred internally between them. As with all DRAMs, the 
VRAM must be refreshed to maintain data. The refresh 
cycles must be timed so that all 512 combinations 9£ RAS 
addresses are executed at least every 8ms, or 32ms for the 
MT42C8128 L, (regardless of sequence). Micron recom­
mends evenly spaced refresh cycles for maximum data 
integrity. An internal transfer between the DRAM and 
SAM counts as a refresh cycle. The SAM portion of the 
VRAM is fully static and requires no refresh. 

The operation and control of the MT42C8128 is 
optimized for high performance graphics and communica­
tion designs. The dual port architecture is well suited to 
buffering the sequential data used in raster graphics dis­
play, serial! parallel networking and data communications. 
Special features such as SPLIT READ TRANSFER and 
BLOCK WRITE, allow further enhancements to 
system performance. 

FUNCTIONAL BLOCK DIAGRAM 

AO-AB 
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D01 . 
DOS 

SDQ1 _ .... _ ... 
SDOS 
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PIN DESCRIPTIONS 

SOJ PIN 
NUMBERS 

1 

6 

12 

35 

29 

14 

27 

25,24,23, 
22,19,18, 
17,21,16 

T42C8128 
:::'V.4192 

TSOP PIN 
NUMBERS 

1 

6 

14 

39 

31 

16 

29 

27,26,25, 
24,21,20, 
19,23,18 

SYMBOL 

SC 

TR/OE 

MEIWE 

SE 

DSF 

RAS 

CAS 

AO-A8 

TYPE 

Input 

Input 

Input 

Input 

Input 

Input 

Input 

Input 
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DESCRIPTION 

Serial Clock: Clock input to the serial address counter 
for the SAM registers. 

Transfer Enable: Enables an internal TRANSFER 
operation at RAS (H - L), or 

Output Enable: Enables the DRAM output buffers 
when taken .LOW after RAS goes LOW (CAS must 
a.lso be LOW), otherwise the output buffers are in a 
High-Z state. 

Mask Enable: If ME/WE is LOW at the falling edge of 
RAS, a MASKED WRITE cycle is pertormed, or 

Write Enable: MEIWE is also used to select a READ 
(MEIWE = H) or WRITE (ME/WE = L) cycle when 
accessing the DRAM. This includes a READ TRANS-
FER (MEIWE = H) or WRITE TRANSFER 
(MEIWE = L). 

Serial Port Enable: SE enables the serial 110 buffers 
and allows a serial READ or WRITE operation to 
occur, otherwise the output buffers are in a High-Z 
state. SE is also used during a WRITE TRANSFER 
operation to indicate whether a WRITE TflANSFER or 
a SERIAL INPUT MODE ENABLE cycle is pertormed. 

Special Function Select: DSF is used to indicate which 
special functions (BLOCK WRITE, MASKED WRITE 
vs. PERSISTENT MASKED WRITE, etc.) are used for 
a particular access cycle. 

Row Address Strobe: RAS is used to clock in the 9 
row-address bits and strobe the ME/WE, TR/OE, 
DSF, SE, CAS and DO inputs. It acts as master chip 
enable, and must fall to initiate any DRAM or 
TRANSFER cycle 

Column Address Strobe: CAS is used to clock-in the 8 
column-address bits, enable the DRAM output buffers 
(along with TRiOE), and strobe the DSF input. 

Address Inputs: For the DRAM operation, these inputs 
are multiplexed and clocked by RAS and CAS to select 
one 8-bit word out of the 128K available. During 
TRANSFER operations, AD to A8 indicate the DRAM 
row being accessed (when RAS goes LOW) and AO-
A7 indicate the SAM start address (when CAS goes 
LOW). A7, A8 = "don't care" for the start address when 
during SPLIT TRANSFER. 

Micron Technology, Inc., reseNeS the right to change prroucts or specifications without notice. 
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PIN DESCRIPTIONS (continued) 

SOJ PIN 
NUMBERS 

7,8,9,10, 
31,32, 
33,34 

2,3, 4, 5, 36, 
37,38,39 

26 

15,28 

11,20 

30,40 

MT42C8128 
REV. 4192 

TSOP PIN 
NUMBERS SYMBOL 

7,8,9,10, DQ1-DQ8 
35,36,37, 

38 

2, 3, 4, 5, 40, SDQ1-SDQ8 
41,42,43 

28 QSF 

17,30 NC 

13,22 Vee 

32,44 Vss 

TYPE 

Input! 
Output 

Input! 
Output 

Output 

" 
-

Supply 

Supply 

5-44 

DESCRIPTION 

DRAM Data 110: Data input!output for DRAM cycles; 
inputs for Mask Data Register and Color Register load 
cycles, and DQ and Column Mask inputs for BLOCK 
WRITE. 

Serial Data I/O: Input, output, or High-Z. 

Split SAM Status: QSF indicates which half of the SAM 
is being accessed. LOW if address is 0-127, HIGH if 
address is 128-255. 

No Connect: This pin should be either left unconnected 
or tied to ground. 

Power Supply: +5V ±1 0% 

Ground 

Micron Technology, Inc., reserves the right to change products or specifications without notice 
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FUNCTIONAL DESCRIPTION 
The MT42C8128 may be divided into three functional 

blocks: the DRAM, the transfer circuitry, and the SAM. All 
of the operations described below are shown in the AC 
Timing Diagrams section of this data sheet and summa­
rized in the Truth Table. 

Note: For dual-function pins, the function that is not being 
discussed will be surrounded by parentheses. For 
example, the TRjOE pin will be shown as TRj(OE) in 
references to transfer operations. 

DRAM OPERATION 

DRAM REFRESH 
Like any DRAM-based memory, the MT42C8128 VRAM 

must be refreshed to retain data. All 512 row address 
combinations must be accessed within8ms. The MT42C8128 
supports CAS-BEFORE-RAS, RAS-ONL Y and HIDDEN 
types of refresh cycles. 

For the CAS-BEFORE-RAS REFRESH cycle, the row ad­
dresses are generated and stored in an internal address 
counter. The user need not supply any address data, and 
simply must perform 512 CAS-BEFORE-RAS cycles within 
the 8ms time period. 

The refresh address must be generated externally and 
applied to AO-A8 inputs for RAS-ONL Y REFRESH cycles. 
The DQ pins remain in a High-Z state for both the RAS­
ONLY and CAS-BEFORE-RAS cycles. 

HIDDEN REFRESH cycles are performed by toggling 
RAS (and keeping CAS LOW) after a READ or WRITE 
cycle. This performs CAS-BEFORE-RAS cycles but does not 
:iisturb the DQ lines. 

Any DRAM READ, WRITE, or TRANSFER cycle also 
refreshes the DRAM row that is being accessed. The SAM 
Dortion of the MT42C8128 is fully static and does not 
~equire any refreshing. 

DRAM READ AND WRITE CYCLES 
The DRAM portion of the VRAM is nearly identical to 

;tandard256K x 4 DRAMs. However, because several of the 
)RAM control pins are used for additional functions on 
his part, several conditions that were undefined or in 
'don't care" states for the DRAM are specified for the 
IRAM. These conditions are highlighted in the following 
liscussion. In addition, the VRAM has several special func­
ions that can be used when writing to the DRAM. 

T42C812B 
~v. 4192 5-45 

The 17 address bits used to select an 8-bit word from the 
131,Onavailable are latched into the chip using the AO-A8, 
RAS and CAS inputs. First, the 9 row-address bits are set up 
on the address inputs and clocked into the part when RAS 
transitions from HIGH-to-LOW. Next, the 8 column ad­
dress bits are set up on the address inputs and clocked-in 
when CAS goes from HIGH-to-LOW. 

Note: RAS also acts as a "master" chip enable for the 
VRAM. If RAS is inactive, HIGH; all other DRAM 
control pins (CAS, TRjOE,MEjWE, etc.) area "don't 
care" and may change state without effect. No DRAM 
or TRANSFER cycles will be initiated without RAS 
falling. 

ForsingleportDRAMS,theOEpinisa"don'tcare"when 
RAS goes LOW. For the VRAM, when RAS goes LOW, TR/ 
(OE) selects between DRAM access or TRANSFER cycles. 
TR/ (OE) must be HIGH at the RAS HIGH"to-LOW transi­
tion for all DRAM operations (except CAS-BEFORE-RAS). 

If (ME)/WE is HIGH when CAS goes LOW, a DRAM 
READ operation is performed and the data from the memory 
cells selected will appear at the DQ1-DQ8 port. To enable 
the DRAM output port, the (TR) /OE input must transition 
from HIGH-to-LOW some time after RAS falls. 

For single port normal DRAMs, WE is a "don't care" 
when RAS goes LOW. For the VRAM, ME/(WE) is used, 
whenRAS goes LOW, to select between a MASKED WRITE 
cycle and a normal WRITE cycle. If MEl (WE) is LOW at the 
RAS HIGH-to-LOW transition, a MASKED WRITE opera­
tion is selected. For any DRAM access cycle (READ or 
WRITE), ME/(WE) must be HIGH at the RAS HIGH-to­
LOW transition. If (ME)/WE is LOW before CAS goes 
LOW,a DRAM EARLY-WRITE operation is performed and 
the data present on the DQ1-DQ8 data port will be written 
into the selected memory cells. If (ME) /WE goes LOW after 
CAS goes LOW, a DRAM LATE-WRITE operation is per­
formed. Refer to the AC timing diagrams. 

The VRAM can perform all the normal DRAM cycles 
including READ, EARLY-WRITE, LATE-WRITE, READ­
MODlFY~WRITE, FAST-PAGE-MODE READ, FAST­
PAGE-MODE WRITE (Late or Early), and FAST-PAGE­
MODE READ-MODIFY-WRITE. Refer to the AC timing 
parameters and diagrams in the data sheet for more details 
on these operations. 
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NONPERSISTENT MASKED WRITE 
The MASKED WRITE feature eliminates the need for a 

READ-MODIFY-WRITE cycle when changing only specific 
bits within an 8-bit word. The MT42C8128 supports two 
types of MASKED WRITE cycles, NONPERSISTENT 
MASKED WRITE and PERSISTENT MASKED WRITE. 

If ME/(WE) and DSF are LOW at the RAS HIGH-to­
LOW transition, a NONPERSISTENT MASKED WRITE is 
performed and the data (mask data) present on the DQl­
DQ8 inputs will be written into the mask data register. The 
mask data acts as an individual write enable for each of the 
eight DQI-DQ8 pins. If a LOW (logic "0") is written to a 
mask data register bit, the input port for that bit is disabled 
during the subsequent WRITE operation and no new data 
will be written to that DRAM cell location. A HIGH (logic 
"1") on a mask data register bit enables the input port and 

allows normal WRITE operation to proceed. Note that CAS 
is still HIGH. When CAS goes LOW, the bits present on the 
DQI-DQ8 inputs will be either written to the DRAM (if the 
mask data bit is HIGH) or ignored (if the mask data bit is 
LOW). The DRAM contents that correspond to masked 
input bits will not be changed during the WRITE cycle. The 
MASKED WRITE is nonpersistent (must be re-entered at 
every RAS cycle) if DSF is LOW when RAS goes LOW. The 
mask data register is cleared at the end of every NONPER­
SISTENT MASKED WRITE. FAST PAGE MODE can be 
used with NONPERSISTENT MASKED WRITE to write 
several column locations in an addressed row. The same 
mask is used during the entire FAST-PAGE-MODE RAS 
cycle. An example NONPERSISTENT MASKED WRITE 
cycle is shown in Figure 1. 

1- NONPERSISTENT MASKED WRITE -1 •• --- NONPERSISTENT MASKED WRITE -I 

MT42C8128 
REV. 4/92 

/ RAS ~'-______ ----"_--' \ I 

CAS \ / \ I 

MEIWE \ Illll£ 1/1111 III! IA f1!!l1A III! ///!Il! 

DSF 

STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA (RE-WRITE) DATA 

1 0 X 1 0 0 X 0 

1 0 ------3- 0 0 ------3- 1 

0 0 X 0 0 0 X 0 

0 1 1 ------3- 0 1 1 ------3- 1 

0 0 X 0 0 0 X 0 

1 0 ------3- a 0 0 ------3- 0 

1 0 X 1 0 a X 0 

0 0 -----3- 0 0 0 ------3- 0 

•• ------ ADDRESS 0 .. • ADDRESS 1 .. 
X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 1 
NONPERSISTENT MASKED WRITE EXAMPLE 
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PERSISTENT MASKED WRITE 
The PERSISTENT MASKED WRITE feature eliminates 

the need to rewrite the mask data before each MASKED 
WRITE cycle if the same mask data is being used repeat­
edly. To initiate a PERSISTENT MASKED WRITE, a LOAD 
MASK REGISTER cycle is performed by taking MEl (WE) 
and DSF HIGH when RAS goes LOW. The mask data is 
loaded into the internal register when CAS goes LOW. 

PERSISTENT MASKED WRITE cycles may then be per­
formed by taking MEl (WE) LOW and DSF HIGH when 
RAS goes LOW. The contents of the mask data register will 
then be used as the mask data for the DRAM inputs. Unlike 
the NONPERSISTENT MASKED WRITE cycle, the data 
present on the DQ inputs is not loaded into the mask 

register when RAS falls, and the mask data register will not 
be cleared at the end of the cycle. Any number of PERSIS­
TENT MASKED WRITE cycles, to any address, may be 
performed without having to reload the mask data register. 
Figure 2 shows the LOAD MASK REGISTER and two 
PERSISTENT MASKED WRITE cycles in operation. The 
LOAD MASK REGISTER and PERSISTENT MASKED 
WRITE cycles allow controllers that cannot provide mask 
data to the DQ pins at RAS time to perform MASKED 
WRITE operations. PERSISTENT MASKED WRITE opera­
tions can be performed during FAST PAGE MODE cycles 
and the same mask will apply to all addressed columns in 
the addressed row. 

1.0-- LOAD MASK REGISTER _1 __ PERSISTENT MASKED WRITE -1-PERSISTENT MASKED WRITE -I 
RAS 

CAS 

MEIWE 

r42C8128 
~V. 4192 

DSF 

\~-----'/ \'--____ ~r 
\'-----'/ \'--------'/ \'---_--11 

\'--~------------~--~------------~----~--------

\~---+----~/ 

MASK STORED 

DATA 

1 

o 
BEFORE 

APPLY 

MASK 

REG. 

\~----;.----~/ 

INPUT STORED STORED 

x 
o --3> 

X 
1 --3> 

X 
o --';> 

1 --;;:. 

X 

DATA DATA 

o 
o 

AFTER BEFORE 

APPLY 

MASK 

REG. 

\~--;---------

INPUT 

x 
1 - ---3>­

X 
1 .---';> 

X 
o .---';> 

1 .---';> 

x 

STORED 

DATA 

AFTER (Stored in 

Mask Data 

Register) 
---- ADDRESS 0 ---.. ...---- ADDRESS 1 -----+ 

x = NOT EFFECTIVE (DON'T CARE) 

Figure 2 
PERSISTENT MASKED WRITE EXAMPLE 
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COLUMl!....­
(A2-A7 at CAS) 

" ~ - ----- ----'"9?W 

COLUMN MASK (AO,Al) 
ON THE INPUTS AT CAS 

MASK 
DATA 

REGISTER 

001 

002 

003 

DO' 

01 

02 

005 ~-'---­

/' (D08) 
Y . (007) 

(006) 
(005) 

DO' 
DO' 
008 ~~~--~~CO~W~R-R~EG~'ST~ER~~ 

REGISTER (must be previously loaded) 

Figure 3 
BLOCK WRITE EXAMPLE 

BLOCK WRITE 
If DSF is HIGH when CAS goes LOW, the MT42C8128 

will perform a BLOCK WRITE cycle instead of a normal 
WRITE cycle. In BLOCK WRITE cycles, the contents of the 
color register are directly written to four adjacent column 
locations (see Figure 3). The color register must be loaded 
prior to beginning BLOCK WRITE cycles (see LOAD COLOR 
REGISTER). Each DQ location of the color register is written 
to the four column locations (or any of the four that are 
enabled) in the corresponding DQ bit plane. 

The row is addressed as in anormal DRAM WRITE cycle. 
However when CAS goes LOW, only the A2-A7 inputs are 
used. A2-A7 specify the "block" of four adjacent column 
locations that will be accessed. The DQ inputs (DQ1, 2, 3, 
and 4) are then used to determine what combinatiol1 of the 
four column locations will be changed. The table on this 

MT42C8128 
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page illustrates how each of the DQ inputs is used to 
selectively enable or disable individual column locations 
within the block. The write enable controls are active HIGH; 
a logic "1" enables the WRITE function and a logic "0" 
disables the WRITE function. 

COLUMN ADDRESS CONTROLLED 

INPUTS AD A1 

D01 
D02 
D03 
D04 

0 0 

1 0 

0 1 

1 1 
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NONPERSISTENT MASKED BLOCK WRITE 
The MASKED WRITE functions can also be used during 

BLOCK WRITE cycles. NONPERSISTENT MASKED 
BLOCK WRITE operates exactly like the normal 
NONPERSISTENT MASKED WRITE except the mask is 
now applied to four column locations instead of just one. 

Like NONPERSISTENT MASKED WRITE, the combina­
tion of ME/(WE) LOW and DSF LOW when RAS goes 
LOW initiates a NONPERSISTENT MASK cycle. The DSF 
pin must be driven HIGH when CAS goes LOW, to perform 
a NONPERSISTENT MASKED BLOCK WRITE. Using the 
column mask input and MASKED WRITE function allows 
any combination of the eight bit planes or four column 
locations to be masked. 

PERSISTENT MASKED BLOCK WRITE 
This cycle is also performed exactly like the normal 

PERSISTENT MASKED WRITE except that DSF is HIGH 
when CAS goes LOW to indicate the BLOCK WRITE 
function. Both the mask data register and the color register 
must be loaded with the appropriate data prior to starting 
a PERSISTENT MASKED BLOCK WRITE. 

LOAD MASK DATA REGISTER 
The LOAD MASK REGISTER operation and timing are 

identical to a normal WRITE cycle except that DSF is HIGH 
when RAS goes LOW. As shown in the Truth Table, the 
combination ofTRI (OE), MEl (WE), and DSF being HIGH 
when RAS goes LOW indicates the cycle is a LOAD REGIS-

MT42C8128 
REV. 4192 5-49 

TER cycle. DSF is used when CAS goes LOW to select the 
register to be loaded, and must be LOW for a LOAD MASK 
REGISTER cycle. The data present on the DQ lines will then 
be written to the mask data register. 

Note: For a normal DRAM WRITE cycle, the mask data 
register is disabled but not modified. The mask data 
register contents will not be changed unless a NON­
PERSISTENT MASKED WRITE cycle or a LOAD 
MASK REGISTER cycle is performed. 

The row address supplied will be refreshed, but it is not 
necessary to provide any particular row address. The col­
umn address inputs are ignored during a LOAD MASK 
REGISTER cycle. 

The mask data register contents are used during PERSIS­
TENT MASKED WRITE and PERSISTENT MASKED 
BLOCK WRITE cycles to selectively enable writes to the 
eight DQ planes. 

LOAD COLOR REGISTER 
The LOAD COLOR REGISTER cycle is identical to the 

LOAD MASK REGISTER cycle except DSF is HIGH when 
CAS goes LOW. The contents of the color register are 
retained until changed by another LOAD COLOR REGIS­
TER cycle (or the part loses power) and are used as data 
inputs during BLOCK WRITE cycles. 
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TRANSFER OPERA nONS 
TRANSFER operations are initiated when TR/(OE) is 

LOW then RAS goes LOW. The state of (ME)/WE when 
RAS goes LOW indicates the direction of the TRANSFER 
(to or from the DRAM), and DSF is used to select between 
NORMAL TRANSFER, SPLIT READ TRANSFER, and AL­
TERNATE WRITE TRANSFER cycles. Each of the TRANS­
FER cycles available is described below. 

READ TRANSFER (DRAM-TO-SAM TRANSFER) 
If (ME)/WE is HIGH and DSF is LOW when RAS goes 

LOW, a READ TRANSFER cycle is selected. The row ad­
dress bits indicate the eight 256-bit DRAM row planes that 
are to be transferred to the eight SAM data register planes. 
The column address bits indicate the start address (or Tap 
address) of the serial output cycle from the SAM data 
registers. CAS must fall for every TRANSFER in order to 
load a valid Tap address. A read transfer may be accom-

I 

RAS \ Illltt\ 
I 

CAs \ ~ \ 

plished two ways. If the transfer is to be synchronized with 
SC (REAL-TIME READ TRANSFER), TR/(OE) is taken 
HIGH after CAS goes LOW. If the transfer does not have to 
be synchronized with SC (READ TRANSFER), TR/(OE) 
may go HIGH before CAS goes LOW (refer to the AC 
Timing Diagrams). The 2,048 bits of DRAM data are written 
into the SAM data registers and the serial shift start address 
is stored in an internal 8-bit register. QSF will be LOW if 
access is from the lower half (addresses 0 through 127), and 
HIGH if access is from the upper half (128 through 255). If 
SE is LOW, the first bits of the new row data will appear at 
the serial outputs with the first SC clock pulse. SE enables 
the serial outputs and may be either HIGH or LOW during 
this operation. The SAM address pointer will increment 
with the SC LOW-to-HIGH transition, regardless of the 
state of SE. Performing a READ TRANSFER cycle sets the 
direction of the SAM I/O buffers to the output mode. 

I I 

.j#§$$,$'ijW$~ /lllli, 
I I 

.ij'$f'/'$/,@$.ij'~ \ Ill1/; 
I I I 
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~7T,W~'77mmw~m1f;7T,m'7i~tx ROW' X "2;"t~f .r/§J///iI§Ii!Ii/iI/#~~ ROW' X A2;A:.s~f C 
I I I 

M8M 111 WJ!/§§J!/#Ii!),!Ii#$!/~ ~//#$_!$1/$4~;"-='0'J;777w~7771J/777W/=J/;''7TW~r77m777w;'777~ 

TRIOE \~_LI_---,7 

I I 

sc~~ 

OSF 

I I I 

ROWO ROW 0 ROW 0 RQWO 
I I I 

-----------, N N ~if~-----------

----------~\--~~ 1~ ~ 
(NORMAL) READ TRANSfER 

FROM: ROW a 
TO: FULL SAM 
SAM 110 IS SET TO OUTPUT 
MODE AND SERIAL OUTPUT 
FROM LOWER SAM BEGINS 
(OSF GOES LOW) 

SPLIT READ TRANSFER 
(OPTIONAL) 

FADM: Rowa 
TO: UPPER SAM, 
TAP ADDRESS", 4 
SERIAL OUTPUT FROM 
LOWER SAM CONTINUES 

Figure 4 

SERIAL OUTPUT 
SWITCHES FROM 
LOWER SAM TO 
UPPER SAM (OSF 
GOES HIGH) 

SPLIT READ TRANSFER 

FROM: ROW 1 
TO: LOWER SAM, 
TAP ADDRESS = 0 TO 127 
SERIAL OUTPUT FROM 
UPPER SAM CONTINUES 
(OSF REMAINS HIGH) 

~ DON"TCARE 

III UNDEFINED 

TYPICAL SPLIT·READ·TRANSFER INITIATION SEQUENCE 
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SPLIT READ TRANSFER (SPLIT DRAM-TO-SAM 
TRANSFER) 

The SPLIT READ TRANSFER (SRT) cycle eliminates the 
critical transfer timing required to maintain a continuous 
serial output data stream. When using normal TRANSFER 
cycles, the REAL-TIME READ TRANSFER cycle has to 
occur immediately after the last bit of "old data" was 
clocked out of the SAM port. 

When using the SPLIT TRANSFER mode, the SAM is 
divided into an upper half and a lower half. While data is 
being serially read from one half of the SAM, new DRAM 
data may be transferred to the other half. The transfer may 
occur at any time while the other half is sending data, and 
need not be synchronized with the SC clock. 

The TR/ (OE) timing is also relaxed for SPLIT TRANSFER 
cycles .. The rising edge of TR/ (o"E) is not used to complete 
the TRANSFER cycle and therefore is independent of the 
rising edges ofRAS or CAS. The transfer timing is generated 
internally for SPLIT TRANSFER cycles. A SPLIT READ 
TRANSFER does not change the direction of the SAM port. 

A normal, non-split READ TRANSFER cycle must pre­
cede any sequence of SPLIT READ TRANSFER cycles to 
provide a reference to which half of the SAM the access will 
begin, and to set SAM I/O direction. Then SPLIT READ 
TRANSFERS may be initiated by taking DSF HIGH when 
RAS goes LOW during the TRANSFER cycle. As innonsplit 
transfers, the row address is used to specify the DRAM row 
to be. transferred. The column address, AO-A6, is used to 
input the SAM Tap address. Address pinA7 is a "don't care" 
when the Tap address is loaded at the HIGH-to-LOW 
transition of CAS. It is internally generated so that the 
SPLIT TRANSFER will be to the SAM half not currently 
being accessed. 

LOWER HALF 

Figure 4 shows a typical SPLIT READ TRANSFER 
initiation sequence. The normal READ TRANSFER is first 
performed, followed by a SPLIT READ TRANSFER of the 
same row to the upper half of the SAM. The SRT to the upper 
half is optional, it is only needed if the Tap for the upper half 
is # O. Serial access continues, and when the SAM address 
counter reaches 127 ("AT' = 0, AO-A6 = 1) the new Tap 
address is loaded for the next half ("AT' = 1,AO-A6 = Tap) 
and the QSF output goes HIGH. Once the serial access has 
switched to the upper SAM, new data may be transferred to 
the lower SAM. The controller must wait for the state of QSF 
to change and then the new data may be transferred to the 
SAM half not being accessed. For example, the next step in 
Figure 4 would be to wait until QSF went LOW (indicating 
that row-1 data is shifting out of the lower SAM) and then 
transfer the upper half of row 1 to the upper SAM. If the half 
boundary is reached, before anSRT is done for the half, a Tap 
address of "0" will be used. Access will start at 0 if going to 
the lower half, and 128 if going to the upper half. See 
Figure 5. 

WRITE TRANSFER (SAM-TO-DRAM TRANSFER) 
The operation of the WRITE TRANSFER is identical to 

that of the READ TRANSFER described previously except 
(ME)/WE and SE must be LOW when RAS goes LOW. The 
row address indicates the DRAM row to which the SAM 
data registers will be written. The column address (Tap) 
indicates the starting address of the next SERIAL INPUT 
cycle for the SAM data registers. A WRITE TRANSFER 
changes the direction of the SAM I/ 0 buffers to the input 
mode. QSF is LOW if access is to the lower half of the SAM, 
and HIGH if to access the upper half. 

UPPER HALF 

rl --- NO SRT ----, Ir ---- NO SRT ----'1 

MT42C8128 
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o TAP 127 128 255 

1rT---1 --'-T-r-If---I -=-----=------'iill rr--II ------=nIl 
I Sta~ Split ~ I 

Figure 5 
SPLIT SAM TRANSFER 
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PSEUDO WRITE TRANSFER (SERIAL-INPUT-MODE 
ENABLE) 

The PSEUDO WRITE TRANSFER cycle is used to change 
the direction of the SAM port from output to input without 
performing a WRITE TRANSFER cycle. A PSEUDO WRITE 
TRANSFER cycle is a WRITE TRANSFER cycle with SE held 
HIGH instead of LOW. The DRAM data will not be dis­
turbed and the SAM will be ready to accept input data. 

ALTERNATE WRITE TRANSFER (SAM-TO-DRAM 
TRANSFER) 

The operation of the ALTERNATE WRITE TRANSFER is 
identical to the WRITE TRANSFER except that the DSF pin 
is HIGH and (ME)/WE is LOW when RAS goes LOW, 
allowing SE to be a "don't care." This allows the outputs to 
be disabled using SE during a WRITE TRANSFER cycle. 
ALTERNATE WRITE TRANSFER will change the SAM 
I/O direction to an input condition. 

SERIAL INPUT AND SERIAL OUTPUT 
The control inputs for SERIAL INPUT and SERIAL OUT­

PUT are SC and SE. The rising edge of SC increments the 
serial address counter and provides access to the next SAM 
location. SE enables or disables the serial input/output 
buffers. 

Serial output of the SAM contents will start at the serial 
start address that was loaded in the SAM address counter 
during a READ or SPLIT READ TRANSFER cycle. The SC 
input increments the address counter· and presents the 
contents of the next SAM location to the 8~bit port. SE is 
used as an output enable during the SAM output operation. 
The serial address is automatically incremented with every 
SC LOW-to-HIGH transition, regardless of whether SE is 
HIGH or LOW. The address progresses through the SAM 

MT42C81218 
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and will wrap around (after count 127 or 255) to the Tap 
address of the next half, for split modes. If an SRT was not 
performed before the half boundary is reached, the count 
will progress as illustrated in Figure 5. Address count will 
wrap around (after count 255) to Tap address 0 if in the 
"full" SAM modes. 

SC is also used to clock-in data when the device is in the 
serial input mode. As in the serial output operation, the 
contents of the SAM address counter (loaded when the 
serial input mode was enabled) will determine the serial 
address of the first 8-bit word written. SE acts as a write 
enable for serial input data and must be LOW for valid 
serial input. IfSE = HIGH, the data inputs are disabled and 
the SAM contents will not be modified. The serial address 
counter is incremented with every LOW-to-HIGH transi­
tion of SC, regardless of the logic level on the SE input. 

POWER-UP AND INITIALIZATION 
After Vcc is at specified operating conditions, for lOOlls 

minimum, eight RAS cycles must be executed to initialize 
the dynamic memory array. Micron recommends that RAS 
= (TR) / OE ;::: VIH during power up to ensure thatthe DRAM 
I/ a pins (DQs) are in a High-Z state. The DRAM array will 
contain random data. 

The SAM portion of the MT42C8128 is completely static 
in operation and does not require refresh or initialization. 
The SAM port will power-up in the serial input mode 
(WRITE TRANSFER) and the I/O pins (SDQs) will be 
High- Z, regardless of the state of SE. The mask and color 
register will contain random data after power-up. QSF 
initializes in the LOW state. 

Micron Technology, Inc., reserves the right to change products or specifications without notlca. 
@1992,MicronTechnology,lnc. 



TRUTH TABLE 

I HAS FALLING EDGE mFALL AD-A8' 001-008' REGISTERS 
CODE FUNCTION w f1rtm:!ME7WE1 DSF "SE DSF RAS ~S,A8=X m m,W£' MASK COLOR 

DRAM OPERATIONS 

GBR CA8-BEFORE-RAS REFRESH 0 )( X X X X - X - X X X 

ROR RAS-ONL Y REFRESH 1 1 X X X - ROW - X - X X 

RW NORMAL DRAM READ OR WRITE 1 1 1 0 X 0 ROW COLUMN X VALID X X 

RWNM NONPERSISTENT (LOAD AND USE) MASKED 1 1 0 0 X 0 ROW COLUMN WRITE VALID LOAD & X 
WRITE TO DRAM MASK DATA USE 

RWQM PERSISTENT (USE REGISTER) MASKED 1 1 0 1 X 0 ROW COLUMN X VALID USE X 
WRITE TO DRAM DATA 

BW BLOCK WRITE TO DRAM (NO DATA MASK) 1 1 1 0 X 1 ROW COLUMN X COLUMN X USE 
(A2-A7) MASK 

BWNM NONPERSISTENT (LOAD & USE) MASKED 1 1 0 0 X 1 ROW COLUMN WRITE COLUMN LOAD & USE 
BLOCK WRITE TO DRAM MASK MASK USE 

BWOM PERSISTENT (USE MASK REGISTER) MASKED BLOCK 1 1 0 1 X 1 ROW COLUMN X COLUMN USE USE 
WRITE TO DRAM (A2-A7) MASK 

REGISTER OPERATIONS 

LMR LOAD MASK REGISTER 1 , 1 1 X 0 ROW4 X X WRITE LOAD X 
MASK 

LCR LOAD COLOR REGISTER 1 1 1 1 X 1 ROW' X X COLOR X LOAD 
DATA 

TRANSFER OPERATIONS 

RT READ TRANSFER (DRAM-TO-SAM TRANSFER) 1 0 1 0 X X ROW TAp5 X X X X 

SAT SPLIT READ TRANSFER (SPLIT DRAM-TO-8AM TRANSFER) 1 0 1 1 X X ROW TAP' X X X X 

WT WRITE TRANSFER (SAM-TO-DRAM TRANSFER) 1 0 0 0 0 X ROW TAP' X X X X 

PWT PSEUDO WRITE TRANSFER (SERIAL-INPUT- MODE ENABLE) 1 0 0 0 1 X ROW' TAP' X X X X 

AWT ALTERNATE WRITE TRANSFER 1 0 0 , X X ROW TAp5 X X X X 
(SAM-TO-DRAM TRANSFER) 

NOTE: 1. These columns show what must be present on the AD-A8 inputs when RAS falls and AD-A7 when CAS falls. 

MT42C8128 
REV. 4192 

2. These columns show what must be present on the DQ1-DQ8 inputs when RAS falls and when CAS" falls. 
3. On WRITE cycles (except BLOCK WRITE), the input data is latched at the falling edge of CAS" or MEIWE, 

whichever is later. Similarly, on READ cycles, the output data is activated at the falling edge of CAS" or 
TRIOE, whichever is later. 

4. The ROW that is addressed will be refreshed, but no particular ROW address is required. 
5. This is the SAM location that the first SC cycle will access. For split SAM transfers, the Tap will be the first 

address location accessed of the "new" SAM half after the boundary of the current half is reached (127 for 
lower half, 255 for upper half). 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vcc Supply Relative to Vss .............. -IV to +7V 
Operating Temperature, T A (Ambient) ......... O°C to +70°C 
Storage Temperature (Plastic) .................... -55°C to + 150°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... 50mA 

RECOMMENDED DC OPERATING CONDITIONS 
(O°C s T A S 70°C) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

0""0 DC ELECTRICAL CHARACTERISTICS 
(O°C s T A S 70°C; Vcc = 5V ±10%) 

::D 
-I 
C 
::D 
l> :s: 

PARAMETER/CONDITION 

INPUT LEAKAGE CURRENT 
Any input (OV S VIN S Vcc); all other pins not under test = OV 

OUTPUT LEAKAGE CURRENT 
(DO, SDOdisabled, OV S VOUT S Vcc) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -2.5mA) 
Output Low Voltage (lOUT = 2.5mA) 

CAPACITANCE 

PARAMETER 

Input Capacitance: AO-AS 

Input CapaCitance: RAS, CAS, MEIWE, TRIOE, SC, SE, DSF 

Input/Output Capacitance: DO, SDO 

Output Capacitance: OSF 

MT42C8128 
REV. 4/92 5-54 

'Stresses greater than those listed under "Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi­
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

SYMBOL MIN MAX UNITS NOTES 

Vcc 4.5 5.5 V 1 

VIH 2.4 Vcc+1 V 1 

VIL -1.0 O.S V 1 

SYMBOL MIN MAX UNITS NOTES 

IL -10 10 ~ 

loz -10 10 ~ 

VOH 2.4 V 
1 

VOL 0.4 V 

SYMBOL MIN MAX UNITS NOTES 

CI1 5 pF 2 

CI2 7 pF 2 

ClIo 9 pF 2 

Co 9 pF 2 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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CURRENT DRAIN, SAM IN STANDBY 
(O°C :::; T A:::; 70°C; Vcc = 5V ±1 0%) MAX 

PARAMETER/CONDITION SYMBOL -7 -8 -10 UNITS NOTES 

OPERATING CURRENT ICCi 95 85 75 mA 3,4 
(RAS and CAS = Cycling: IRC = IRC (MIN)) 26 

OPERATING CURRENT: FAST PAGE MODE Icc2 85 75 65 mA 3,4 
(RAS = VIL; CAS = Cycling: IpC = IpC (MIN)) 27 

STANDBY CURRENT: TTL INPUT LEVELS 
Power supply standby current Icc3 8 8 8 mA 4 
(RAS = CAS = VIH after 8 RAS cycles (MIN); other inputs ;:0 VIH or :::; VIL) 

STANDBY CURRENT: CMOS INPUT LEVELS (MT42C8128 L only) Icc4 500 500 500 flA 4 
(RAS = CAS ;:0 Vcc -0.2V, other inputs ;:0 Vcc -0.2V or:::; 0.2V) 

REFRESH CURRENT: RAS-ONL Y Iccs 95 85 75 mA 3,26 
(RAS = Cycling; CAS = VI H) 

REFRESH CURRENT: Icc6 95 85 75 mA 3,5 
CAS-BEFORE-RAS (RAS and CAS = Cycling) 

REFRESH CURRENT: BATTERY BACKUP (BBU) MT42C8128 L only 
Average power supply current during BATTERY BACKUP refresh: 
CAS:::; 0.2V or CAS-BEFORE-RAS cycling; RAS = iRAS (MIN) to Icc? 600 600 600 flA 3,5 
300ns; MEIWE, AO-A8 and DOs ;:0 Vcc - 0.2V or:::; 0.2V (DOs may be left 
open), IRC = 62.5).ls (512 rows at 62.5).ls = 32ms) 

SAM/DRAM DATA TRANSFER 

CURRENT DRAIN, SAM ACTIVE (tsc = MIN) 
(O°C :::; T A S 70°C; Vcc = 5V ±1 0%) 

PARAMETER/CONDITION 

OPERATING CURRENT 
(RAS and CAS = Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = VIL; CAS = Cycling: 'PC = IpC (MIN)) 

STANDBY CURRENT: TTL INPUT LEVELS 
Power supply standby current 
(RAS = CAS = VIH after 8 RAS cycles (MIN); other inputs;:o VIH or:::; VIL) 

REFRESH CURRENT: RAS-ONL Y 
(RAS = Cycling; CAS = VIH) 

REFRESH CURRENT: CAS~BEFORE-RAS 
(RAS and CAS = Cycling) 

SAM/DRAM DATA TRANSFER 

MT42C8128 
REV. 4192 5-55 

Iccs 105 95 90 mA 3 

MAX 

SYMBOL -7 -8 -10 UNITS NOTES 

Icc9 150 130 120 mA 3,4, 
26 

ICCi0 140 120 110 mA 3,4, 
.. 27 

ICCii 55 45 45 mA 3,4 

Icc12 150 130 120 mA 3,4, 
26 

ICCi3 150 130 120 mA 3,4,5 

ICCi4 160 130 125 mA 3,4 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MICRON MT42C8128 
1-· '" 128K x 8 VRAM 

DRAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11,12, 13) (O°C S TAS +70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ-MODIFY-WRITE cycle time 
FAST-PAGE-MODE READ or WRITE 
cycle time 

FAST-PAGE-MODE READ-MODIFY-WRITE 
cycle time 

Access time from RAS 
Access time from CAS 
Access time from (TR)/OE 
Access time from column address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
"CAS pulse width 
"CAS hold time 
"CAS precharge time 
RAS to CAS delay time 
CAS to RAS precharge time 
Row address setup time 
Row address hold time 
RAS to column 
address delay time 

Column address setup time 
Column address hold time 
Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

"CAS to output in Low-Z 
Output buffer turn-off delay 
Output disable 
Output disable hold time from start of WRITE 
OE LOW to RAS HIGH delay time 

MT42C8128 
REV. 4192 

-7 
SYM MIN MAX 
tRC 130 

tRWC 175 
tpc 45 

tpRWC 90 

tRAC 70 
tCAC 20 
tOE 20 
tAA 35 

tCPA 40 
tRAS 70 20,000 

tRASP 70 100,000 
tRSH 20 
tRP 50 

tCAS 20 10,000 
tCSH 70 
tcp 10 

tRCD 20 50 
!CRP 10 
tASR 0 
tRAH 10 
tRAD 20 45 

tASC 0 
ICAH 15 
tAR 45 

tRAL 35 

tRCS 0 
tRCH 0 

tRRH 0 

tCLZ 3 
toFF 3 20 
too 3 10 

toEH 10 
tROH 0 

5-56 

-8 -10 
MIN MAX MIN MAX UNITS NOTES 
150 180 ns 
190 230 ns 
50 55 ns 

95 110 ns 

80 100 ns 14 
25 25 ns 15 
20 25 ns 
40 45 ns 
45 50 ns 

80 20,000 100 20,000 ns 
80 100,000 100 100,000 ns 
20 25 ns 
60 70 ns 
20 10,000 25 10,000 ns 
80 100 ns 
10 10 ns 
20 55 20 75 ns 17 
10 10 ns 
0 0 ns 
10 15 ns 
15 40 20 50 ns 18 

0 0 ns 

15 15 ns 

55 70 ns 

40 50 ns 

0 0 ns 
0 0 ns 19 

0 0 ns 19 

3 3 ns 
3 20 3 20 ns 20,23 
3 10 3 20 ns 20,23 
10 20 ns 27 
0 0 ns 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MICRON ' MT42C8128 
F· " 128K x 8 VRAM 

DRAM TIMING PARAMETERS (continued) 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) (O°C $;TA$;+70°C; Vee = 5V±100/0) 

AC CHARACTERISTICS 
PARAMETER 
Write command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 
Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Dala-in hold time 
(referenced to RAS) 

RAS to WE delay time 
Column address 
to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (512 cycles) 
RAS to CAS precharge time 

CAS setup time 
(CAS-BEFORE-RAS REFRESH) 

CAS hold time 
(CAS-BEFORE-RAS REFRESH) 

MElWE to RAS setup time 
MEiWE to HAS hold time 

Mask Data to RAS setup time 

Mask Data to RAS hold time 

MT42C8128 
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SYM MIN 
twcs 0 
IWCH 15 

twCR 45 

twP 15 
IRWL 20 
ICWL 20 
tDS 0 
IDH 15 

IDHR 45 

tRWD 90 
IAWD 55 

ICWD 40 

IT 3 
IREF 
IRPC 0 
'eSR 10 

ICHR 10 

twSR 0 
IRWH 15 
IMS 0 
IMH 15 

5-57 

MAX 

35 

8(32) 

-8 -10 

MIN MAX MIN MAX UNITS NOTES 
0 0 ns 21 

15 15 ns 

55 70 ns 

15 15 ns 

20 20 ns 

20 20 ns 

0 0 ns 22 

15 15 ns 22 

55 65 ns 

100 130 ns 21 

65 75 ns 21 

45 55 ns 21 

3 35 3 35 ns 9, 10 

8(32) 8(32) ms 29 

0 0 ns 

10 10 ns 5 

10 10 ns 5 

0 0 ns 

15 15 ns 

0 0 ns 

15 15 ns 
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TRANSFER AND MODE CONTROL TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6, 7, 8, 9, 10) (00 c :0; T A :0; + 70°C; Vee = 5V ±1 0%) 

AC CHARACTERISTICS -7 -8 
PARAMETER SYM MIN MAX MIN MAX 
TR/(OE) LOW to RAS setup time tTLS 0 0 
TR/(OE) LOW to RAS hold time trLH 15 10,000 15 10,000 
TR/(OE) LOW to RAS hold time tRTH 65 10,000 70 10,000 
(REAL-TIME READ-TRANSFER only) 

TR/(OE) LOW to CAS hold time tCTH 25 25 
(REAL-TIME READ-TRANSFER only) 

TR/(OE) HIGH to SC lead time trSL 5 5 
TR/(OE) HIGH to RAS precharge time tTRP 50 60 
TR/(OE) to precharge time tTRW 20 20 
First SC edge to 'TSD 15 15 
TR/(OE) HIGH delay time 

Serial output buffer turn-off tSDZ 7 40 7 40 
delay from RAS 

SC to RAS setup time tSRS 25 30 
Serial data input to SE delay time tSZE 0 0 
Serial data input delay from RAS tSDD 50 50 
Serial data input to RAS delay time tszs 0 0 
Serial-input-mode enable tESR 0 0 
(SE) to RAS setup time 

Serial-input-mode enable tREH 15 15 
(SE) to RAS hold time 

TR/(OE) HIGH to RAS setup time tyS 0 0 
TR/(OE) HIGH to RAS hold time tYH 15 15 
DSF to RAS setup time tFSR 0 0 
DSF to RAS hold time tRFH 15 15 
SC to. OSF delay time tSOD 30 30 
SPLIT TRANSFER setup time tSTS 25 30 
SPLIT TRANSFER hold time tSTH 0 0 
RAS to OSF delay time tROD 75 75 
DSF to RAS hold time tFHR 45 60 
DSF to CAS setup time tFSC 0 0 
DSF to CAS hold time tCFH 15 15 
TR/OE to OSF delay time trOD 25 25 
CAS to OSF delay time tCOD 35 35 
RAS to first SC delay tRSD 80 80 
CAS to first SC delay tCSD 30 30 

-10 
MIN MAX UNITS NOTES 
0 ns 

15 10,000 ns 

80 10,000 ns 

25 ns 

5 ns 

70 ns 

30 ns 

15 ns 

7 40 ns 

30 ns 

0 ns 

50 ns 

0 ns 

0 ns 

15 ns 

0 ns 

15 ns 

0 ns 

15 ns 

30 ns 

30 ns 

0 ns 

75 ns 

65 ns 

0 ns 

20 ns 

25 ns 

35 ns 

80 ns 

30 ns 
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SAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6, 7, 8, 9,10) (0 0 C::;; TA ::;; + 70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Serial clock cycle time 

Access time from SC 

SC precharge time (SC LOW time) 

SC pulse width (SC HIGH time) 

Access time from SE 

SEprecharge time 

SE pulse width 

Serial data-out hold time after 
SC high 

Serial output buffer turn-off 
delay from SE 

Serial data-in setup time 

Serial data-in hold time 

Serial input (Write) Enable 
seluptime 

Serial input (Write) Enable 
hold time 

Serial input (Write) disable 
setup time 

Serial input (Write) disable 
hold time 

MT42C8128 
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SYM MIN 
tsc 25 

tSAC 
tsp 8 
SAS 8 
tSEA 

tSEP 20 
tSE 20 
SOH 5 

tSEZ 3 

tSDS 0 
tSDH 10 
tsws 0 

tSWH 15 

tSWIS 0 

tSWIH 15 

5-59 

MAX 

22 

15 

12 

-8 -10 
MIN MAX MIN MAX UNITS NOTES 
30 30 ns 

25 27 ns 24 
10 10 ns 

10 10 ns 

15 15 ns 24 
20 20 ns 

20 20 ns 

5 5 ns 24 

3 12 3 12 ns 20,24 

0 0 ns 

10 10 ns 

0 0 ns 

15 15 ns 

0 0 ns 

15 15 ns 
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NOTES 
1. All voltages referenced to V S5. 

2. This parameter is sampled. Vee = 5V ±10%,f = 1 MHz. 
3. Ice is dependent on cycle rates. 
4. Ice is dependent on I/O loading. Specified values are 

obtained with minimum cycle time and the I/Os 
open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (ODC ::; T A ::; 70DC) is assured. 

7. An initial pause of 100~s is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the Sms refresh 
requirement is exceeded. 

S. AC characteristics assume IT = 5ns. 
9. Vlli (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between Vlli and VIL (or between VlL 
and Vlli). Input signals transition between OV and 3V 
for AC testing. 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between Vlli and 
VIL (or between VIL and Vlli) in a monotonic manner. 

11. If CAS = Vlli, DRAM data output (DQI-DQS) is 
High-Z. 

12. If CAS = VlL, DRAM data output (DQI-DQS) may 
contain data from the last valid READ cycle. 

13. DRAM output timing measured with a load equiva­
lent to 1 TTL gate and 50pF. Output reference levels: 
VOH = 2.0V; VOL = O.SV. 

14. Assumes that IRCD < IRCD (MAX). If tRCD is greater 
than the maximum recommended value shown in this 
table, tRAC will increase by the amount that tRCD 
exceeds the value shown. 

15. Assumes that IRCD ~ tRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, DQ will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the tRCD (MAX) limit ensures that 
IRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

18. Operation within the tRAD (MAX) limit ensures that 
IRCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified IRAD (MAX) limit, then access time is 
controlled exclUSively by tAA. 

MT42C8128 
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19. Either IRCH or IRRHmust be satisfied for a READ 
cycle. 

20. tOD, tOFF and tSEZ define the time when the output 
achieves open circuit (VOH -200mV, VOL +200mV). 
This parameter is sampled and not 100% tested. 

21. twcs, tRWD, tAWD and tcWD are restrictive 
operating parameters in LATE-WRITE, READ-WRITE 
and READ-MODIFY-WRITE cycles only. If twcs ~ 
twcs (MIN), the cycle is an EARLY-WRITE cycle and 
the data output will remain an open circuit through­
out the entire cycle, regardless of TR/OE. If twCS::; 
twcs (MIN), the cycle is a LATE-WRITE and 
TR/OE must control the output buffers during the 
write to avoid data contention. If tRWD ~ IRWD 
(MIN), tAWD ~ tAWD(MIN) and tCWD ~ tCWD 
(MIN), the cycle is a READ-WRITE and the data 
output will contain data read from the selected cell. If 
neither of the above conditions is met, the state of the 
output buffers (at access time and until CAS goes 
back to VIH) is indeterminate but the WRITE will be 
valid, if tOD and tOEH are met. See the LATE-WRITE 
AC Timing diagram. 

22. These parameters are referenced to CAS leading edge 
in EARLY -WRITE cycles and ME/WE leading edge in 
LATE-WRITE or READ-WRITE cycles. 

23. During a READ cycle, if TR/OE is LOW then taken 
HIGH, DQ goes open. The DQs will go open with OE 
or CAS, whichever goes HIGH first. 

24. SAM output timing is measured with a load 
equivalent to 1 TTL gate and 30pF. Output reference 
levels: VOH = 2.0V; VOL = 0.8V. 

25. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have tOD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide previously read data if CAS 
remains LOW and DE is taken LOW after tOEH is 
met. If CAS goes HIGH prior to OE going back LOW, 
the DQs will remain open. 

26. Address (AO-AS) may be changed two times or less 
while RAS = VIL. 

27. Address (AO-AS) may be changed once or less while 
CAS = Vlli and RAS= VlL. 

2S. tSAC is MAX at 70D C and 4.5V Vcc; tSOH is MIN at 
ODC and 5.5V Vcc. These limits will not occur 
simultaneously at any given voltage or temperature 
tSOH = tSAC - output transition time, this is guaran­
teed by design. 

29. Values in parenthesis apply to the "L" version. 

Micron Technology, Inc., feserves the right 10 change products or speclflcalions without notice. 
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DRAM READ CYCLE 

RAS V'H-
V'L-

'CSH 

'CRP 

CAS V'H-
V'L-

tASR 

ADDR ROW 

MEIWE ~:~ I I I I 
'FSR 'RFH I 'FSC I I 'CFHI 

DSF ~:~::Wl!$/!d- -w/$jI#jI;d~ ~J0'!II$I!/$J;!$/& fill! 1/ /////II J;!/h 
I~~I tAA-'---1 

tRAC I 
I tCAC 
--"'-"---I 

tOFF 

DQ ~:g~::'-----------i-i----- OPEN ------t---1~~~~t---OPEN ----

MT42CS128 
AEV.4192 

vIH_7TTrrr;'7i7"TTlr---------t7TT.77777TTT7T17TT7TTJ'7777TT.rrTI. 

V IL -LLLLLLLLLLLf 

5-61 

tOE 

rz1 DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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RAS 

CAS 

ADDR 

DRAM FAST·PAGE·MODE READ CYCLE 

VIH-
VIL-

VIH-
VIL-

VIH­
VIL-

'CSH 

'CRP 'RCD 

Ii ~I 
~:~=W$ffj'III$#/;@f I 

'FHA 

tAAC 

'RASP 

'PC 

'CAS 'CP 

I~ tOFF 

'RSH 

'ACH I -I~ 

_tOFF 

DQ VIOH- VALID VALID VALID 
VIOL - II DATA DATA DATA 

OPEN -

'YS tYH tOE '00 'OE '00 'OE '00 

TR/DE ~:~_.- ~~III$IIIIIIII&1- _111111&1- f~lllll#d-t;jff#IIIIIIIIIIIIJ 
~ DON'T CARE 

~ UNDEFINED 

NOTE: WRITE cycles or READ-MODIFY-WRITE cycles may be mixed with READ cycles while in FAST PAGE MODE. 

MT42C8128 
REV. 4192 5-62 Micron Technology. Inc., reserves the right to change products or specifications without nollce 
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WRITE CYCLE FUNCTION TABLE 1 

LOGIC STATES 

RAS"Falling Edge CAS"Falling Edge 
FUNCTION A B C 0 E2 

ME/WE DSF DO (Input) DSF DO (Input) 
Normal DRAM WRITE (or READ) 1 0 X 0 DRAM Data 

NONPERSISTENT (Load and Use) 0 0 Write 0 DRAM 
MASKED WRITE to DRAM Mask Data (Masked) 

PERSISTENT (Use Register) 0 1 X 0 DRAM 
MASKED WRITE to DRAM Data (Masked) 

BLOCK WRITE to DRAM (No Data Mask) 1 0 X 1 Column Mask3 

NONPERSISTENT (Load and Use) 0 0 Write 1 Column 
MASKED BLOCK WRITE to DRAM Mask Mask3 

PERSISTENT (Use Register) 0 1 X 1 Column 
MASKED BLOCK WRITE to DRAM Mask3 

Load Mask Register 1 1 X 0 Write Mask 

Load Color Register 1 1 X 1 Color Data 

NOTE: 1. Refer to this function table to determine the logic states of "A", "B", "C", "D" and "E" for the WRITE cycle 

MT42C8128 
REV. 4192 

timing diagrams on the following pages. 
2. CAS or MEIWE, whichever occurs later (except for BLOCK WRITE). 
3. WE = "don't care" for BLOCK WRITE. The DQ column-mask data will be latched at the falling edge of CAS, 

regardless of the state of ME/WE. 

5-63 Micron Technology, Inc., reserves the right to change products or specifications without notice, 
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II 

MIC:RON MT42C8128 
1-- "'""OWG"", 128K X 8 VRAM 

DRAM EARLY-WRITE CYCLE 1 

'RAS '"~ II 
tf 

'CSH 

I d 
'RSH 

=J 
tCRP 'RCD 'CAS 

'AR 

ADDR ~:~=~~_---;-;-ROW __ ~_---;-CO_LUM-;--N _k,w,'l',w//,w,'l'///,'l'/$'--__ ROW __ 

1 __ -+1 -+-1 'C=W=-L ___ II 

f I tRAD I I 'RAL 

'ASR tRAH ~I I~ I 
1 ·1 'RWL 

'WCR I I 
'wcs I I 'WCH 

'WP 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. The logic states of "A", "B", "C", "0" and "E" determine the type of WRITE operation performed. See the Write 

MT42C8128 
REV. 4/92 

Cycle Function Table for a detailed description. 
2. For BLOCK WRITE, ME/WE = "don't care." For all other EARLY-WRITE cycles, ME/WE = LOW. 

5-64 Micron Technology, Inc., reserves the right to change products or speclfications without notice. 
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MICRON MT42C8128 
1-· "",''CO,, "' 128K x 8 VRAM 

=J 
tCRP 

tRAD 

tASR tRAH 

DRAM LATE-WRITE CYCLE 

tRAS 

tCSH 

f~: 
tRSH 

tRCD 'CAS 

'AR 

I I I tRAL 

~I I 'CAH 

f 
I 

tRP 

~ DON'T CARE 

~ UNDEFINED 

NOTE: The logic states of "A", "8", "C" and "E" determine the type of WRITE operation performed. See the Write Cycle 
Function Table for a detailed description. 

MT42C8128 
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MIC:RON MT42C8128 
1- • '''"'''0'" '"' 128K X 8 VRAM 

tCRP 

ADDR ~i~= 

MEIWE ~i~-

DRAM READ-WRITE CYCLE 
(READ-MODIFY-WRITE CYCLE) 

tCSH 

tCAS 

tRAL 

~II~ 
~7nn7~7n~nr,~TI7~~ 

COLUMN 

I tRWD 

--t====~! -+! ____ t=AW=D_tC_W_D _______ 1 

tFHR I I I 

ROW 

tFSR tRFH IltFSC I I tCFHI 

DSF ~i~~-B -~/////////ffiA - -~///////////////////////////////////////////A 
I 

tRAC I 
I 

I~ tMH _I 
-I- c 'l< 
'I: i-

DQ VIOH-
VIOL 

~~ 

tAA 

tCAC 

VALID DOUT 

~ ~I 

I~ tDH~1 
E 'l< 

-I- OPEN ------

~ DON'T CARE 

~ UNDEFINED 

NOTE: The logic states of "A", "8", "C", "D" and "E" determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 

MT42C8128 
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\ ' 

UIC:I=ION MT42C8128 
1-· , 128K x 8 VRAM 

DRAM FAST·PAGE·MODE EARLY·WRITE CYCLE 

tCSH tpc 

tReD tCAS tcp tcAS 

ADDR ~:~ 

DSF 

DO ~:~ C E E E L-__ ~ ____ ~~uuuuuu~ 

tyS I t YH . ' 

fRtOE ~:~.- -~$;W!I!I$$!I$!I$$!I$/$!;I$!/$////J/$!I//I$!I!I$$$!/!I$!I!I$$!lA 
~ DON'T CARE 

B88I UNDEFINED 

NOTE: 1. READ cycles or READ-MODIFY-WRITE cycles can be mixed.with WRITE cycles while in 

MT42C8128 
REV. 4192 

FAST PAGE MODE. 
2. The logic states of "A", "B", "C", "0" and "E" determine the type of WRITE operation performed. See the Write 

Cycle Function Table for a detailed description. 

Ulcron TeChnology, Inc., reserves the right to change products or specifications without notice. 
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MICRON MT42C8128 
1-· "'" 128K x 8 VRAM 

RAS VIH-
VIL-

tCRP 

CAS 
VIH-
VIL-

DRAM FAST·PAGE·MODE READ.WRITE CYCLE 
(READ-MODIFY-WRITE OR LATE-WRITE CYCLES) 

tCSH 

�---t.!!RC"'D'-----I,--t-"C""AS'----~1 ~ 1 ___ tC:::.AS=---__ 1 tcp teAS . 

II ADDR 

s: 
c: q -"tJ o 
~ 
C 
::tI 
l> s: 

-twp 

tCWD 

DSF 

DO ~:gr: OPEN--

~II~ 
TRIOE ~:~:WJ \ ..... _____ -'--' -----~ 

I7ll DON'T CARE 

~ UNDEFINED 

NOTE: 1. READ or WRITE cycles canbe mixed with READ-MODIFY-WRITE cycles while in FAST PAGE MODE. Use 

MT42CB128 
REV. 4192 

the Write Function Table to determine the proper DSF state for the desired WRITE operation. 
2. The logic states of "A", "8" and "cn determine the type of WRITE operation performed. See the Write Cycle 

Function Table for a detailed description. 
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MIC:F=lON MT42C8128 
1-· " 128K x 8 VRAM 

MT42C8128 
REV. 4192 

DRAM DS"·ONL Y REFRESH CYCLE 
(ADDR = AO-A8) 

AAS ~:~_ '-RP H'--------------,RAS_U-· . lR_P ~'-----
~ :r-=:J ~n ~I b',------,7 
~ tRAH 

ADDR ~:~_ ~ k!ll#//####ff/#ff###I###/ff##$///;X'--· --RO-W--

. . II . . ... 
MEJWE ~:~::'/####I!!///#/#///#//&##//#/!//$////!!I!////#//#/#//I///$////I//#//#/!//#/I//!///!l/l!/#///#//b 

II . . 
DSF ~:~:"ff#$I!!//##$##/////##/#$///##//#//#!$///I/$//#ff/#/$//$##///#//$//#$#$$///& 

DO ~:g~_:-__ --+I7-1 -OPEN . OPEN~----
lyS II lYH· 
~-J .. 

TRiOE ~:~:1ff/#//I11!~ ~#/#///##!!I///#//#//#//#/#/#II!/I/!ff//#///## 

~·BEFORE·DS" REFRESH CYCLE 

ADDR ~1~:Ij/#ff//$/l!!ff///!//!/ff/!//$ff//!//!/$!I!//II!II!///Mj)I//////$///////////!/$//ff#!/$M!/~ 

MEJWE ~:~:/j/!/!I!1I1!II!!//$!/!I//!/II!III//I!I//!II!!/III!//lIIff/////ff/!//IIIII!/!/I!i!M////!///!/I/!///!/!I!!//h 

DSF ~:~:I/!I!!1//ffll!$II!!/III/II!//lIIff//fflll!//////!//II!/I/////#/I/$$ff!/ff//$/II!$MiI!/lIIlIIlIIl/4 

DO ~:gtt-:---'--- OPEN ----------,--- OPEN ------

fRtOE ~:~:Ij$/!//III$/////////I!///II!/II!/////$///////!//lIIff#!/I///!/II!//////#/!/ff////////(///!//!//(!/!11114 

5-69 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, loo.~ reserves the rlghtto change products or specifications without notlce. 
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MIC:I=ION MT42C8128 
1-· e, 128K x 8 VRAM 

RAS 

CAS 

ADDR 

VIH-
VIL-

VIH-
VIL-

VIH­
VIL-

~ 

DRAM HIDDEN-REFRESH CYCLE 

'RCD 

(READ) 

'RAS 

'RSH 

~II~ 
COLUMN 

, 

(REFRESH) 
'RAS 

Ii ~~II II~ ·1 
~:~:;;////////////$/////ff//////{FHR II 'o/ff$//////////M//#$//#$//$;J11'I!I!!I!////I; 

'FSR 'RF .1 11...!lli...11~1 
DSF ~:~:_~ ---1i-Pl&&A $//// ///////////////////////ff///!///////////#$//$ff//I!!/h 

I I 'M I 
'RAC I I 

1_.....!'c~Ac~I'---1 
I ..JOFF 

DQ ~:g~::-J--'-Ys--'-'II-~-YH--- OPEN ----'oE-'-I---£ VALID DOUT l __ 'OD __ O_PEN_ 

1 1ROHI . 
TRICE ~:~ : \'-_____ ..... ~ _______ ~ ___ ~ 

~ DON'T CARE 

~ UNDEFINED 

NOTE: A HIDDEN REFRESH may also be performed after a WRITE or TRANSFER cycle. In the WRITE case, 
M~ = LOW (when CAS goes LOW) and TRICE = HIGH and the DO pins stay High-Z. In the TRANSFER 
case, TRICE = LOW (when RAS goes LOW) and the DO pins stay High-Z during the refresh period, regardless 
of TRICE. 

MT42C8126 
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MICRON MT42C8128 
1-· ,~c~'oco,,'"' 128K x 8 VRAM 

READ TRANSFER 3 

(DRAM-TO-SAM TRANSFER) 
(When part was previously in the SERIAL INPUT mode or SC idle) 

'CAP 'RCD 

II 

tCSH I 
I-------"'R"'"S"'----I 

tCAS 

'AR } 1 / 

MEIWE ~:t-zW I II Wffi'##$////ft//#//1$###//I//I/#//I#/#//ffi'ffi'$#/#//Iff#//I##ffft////,l//l/#ffi 
tFSR IRFH, I I 

DSF ~:t=wl.-I - --. Wffi'//IMff/ft/#$ff/ffi'ffi'ffi'ffi',l/$!,l//lffffi'ffi',l!l/$//Iffff//l/,lff#ff#//ft/$!$12 

DO VVIOH_~F II OPEN I I 
JOL"':~ I OPEN 

leSD 

TAm ~l~:"f.l.LLI.LLl2'---+f---'---------'------!I_----,,'TR"'-W -:--1_1 

~ DON'T CARE 

NOTE: 1. There must be no rising edges on the SC input during this time period. ~ UNDEFINED 

MT42CB128 
REV. 4192 

2. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 
QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 

3. If lTLH is timing for the TR/(OE) rising edge, the transfer is self-timed and the ICSD and IRSD times must be 
met. If IRTH is liming for the TR/(OE) rising edge, the transfer is done off of the TR/(OE) rising edge and 
lTSD must be met. 

5-71 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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II 
s: 
c: 
!:i -"tJ o 
::IJ 
-I 
C 
::IJ 
l> s: 

~ 

--f 

REAL-TIME READ TRANSFER 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 

tRAS 'RP 

tCSH 

lASH 

I 
tACO tCAS 

~ / 
'AR 

I 1_ 'RAD I I I 'RAL 

'ASR ~ ~I -I _leAH -1-
ADDR ~:e= ~ ROW ~ SAM START ~I;I $//I;I//l;Iffj// 1;1 1;I//I;II;I////l;Il;Il;Iffj/ $1;1//1;11;11;1// $1;11;1 1;I1;Iff/;) 

~ws~ll~ I I 
.. .,wE ~:e=wJ I waw/U/UU$JUUf!///U//j';W$UUU!$$//$$I;IUI;IUU/!$$;WI;I/U$$j'/~ 

tFSA tRFH I I 
DSF ~:e:::wl~I- --WI;IU/$uuN///j'a'u//uuuu$u/l;luuhWj'/////fWU$$/UU/$/!I;IUUUUU/m 

1:'1'-'+-_- OPEN ----'-------OPEN _______ '--___ _ 

tCTH 

~1 ______ '~R~~ ______ II ____ '~rn~w ___ 1 

VALID Dour 

tSEA-

~t _tSEZ --
_tSEA tTOD 

tSE"11 tSEP 

:tIl I liNOTE II 1;1 ~ 

aSF ~gt- NOTE 2 NOTE 2 

NOTE: 1. The SE pulse is shown to illustrate the SERIAL OUTPUT 
~ DON'T CARE 

~ UNDEFINED 

MT42C8128 
REV. 4192 

ENABLE and DISABLE timing. It is not required. 
2. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 

5-72 Micron Technology. Inc., "reserves the right to change products or specifications withOut notice. 
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MICRON MT42C8128 
1-· '''''c'''''' 128K x 8 VRAM 

~ tRCD 

~ 

;~RAo 
tASR ~ -, -

SPLIT READ TRANSFER 
(SPLIT DRAM-TO-SAM TRANSFER) 

'RAS 

tCSH f 
tRSH 

II teAs 

II ~ / 
'AA 

I 
II 

I I tRAl 

~I -I _teAH 

'AP :1 
\ 

oSF ~:r-:z0J-I- --.1/$;1'/////;1'// II/;I'///$!I!/;I'/ ;I'///I/$/§M/$/;1'//$////IIIIM/11I1/$;I'!I!//h 

oo~:gr_ ~) OPEN-----1-----OPEN---

'TLS I,~ 
i'R!OE ~:r:W&1- -~II//////////III1////////////$///////////////////////////////#//#//11/////////////////$//////;0 
~ 

I I tSTH 

_ 1_ 'SAC 1- 'SAC 

2=f'SOH - r'SOH 
: :::_I:---_25_51'_271 ___ A_112_S+_AI -~-_f~~, ___ '25_1

253
_1 _X_12_612_54It-I_X_12_712_551_X_'28_+"_18

1
_ 

-I 'sao I L ___ ~I '-·I~ 
OSF ~gr=~-c'-. ____ ---C... -SA-"'M-fSB~;f-;~-OTE-'I-------->t-_--NE-WM-SB--

'OTE: 1. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 
[z:l DON'T CARE 

~ UNDEFINED 

T42C8128 
:V.4192 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 
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WRITE TRANSFER and PSEUDO WRITE TRANSFER 
(SAM· TO·DRAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 

'Re 
'RAS 'RP 

tCSH 

I 

,J~ 
tRSH 

tRCO ICAS 1 7 

\ 

==f I tRAL I 'RAD I I 
'ASR 1 ~~I I~ -1-

ADDR ~:~=~ ROW I:l SAM START k;/'/// ;/'///;/' ;/,/;/,;/,ffi' ;/'/// ;/,////ffi'/// ;/'//////;/'//;/'/ ;/'ffi'///;/' /;// 

M.mE ~:~_FII~b#$//;/'/,1fft/,1$/m;;$,1/,1/;/'/#$!I/$ff$#$//;1//$,1///,1#$$$,1/#,1,,0 
L 'RFH I 

DSF ~:~=_-I- --Jww$$/M/!$#/##ff$/$$;1,1$#/,1/;j',1/#ff$#$$ff/#$/f$!l#$/,1,-% 

DO ~:g~= I, II I OPEN _________ OPEN __ _ 

~ ~ I ~ I 
TRICE ~:~_- -lJff,1//////////////////;,1/////////////////////,1///////§1;/,//,1//////////////////////////$//./ 

se VIH­
VIL-

~II I 
'SAS I --II 

I tSOD II 
NQTE3 

tSOH ISDZ I 

SOD ~:g~_ VALlDDO:-~ VALIDDOUT I ~H'GHZ 

'se 

II I 'sws 

SE ~:~= ~m;;/,1;/,ff/;,1/,1/#,1//,1//$//$&0"J:---'-sw-,s ---NOT-E2----

I I ~oo 
~-'ROD--~---~------

aSF ~gt- NOTE 4 , _ NOTE 4 

------------------------------------~ 

I:iZ1 DON'T CARE 

NOTE: 1. If SE is LOW, the SAM data will be transferred to the DRAM. ~ UNDEFINED 

MT42C8128 
REV.4!92 

If SE is HIGH, the SAM data will not be transferred to the DRAM (SERIAL-INPUT-MODE ENABLE cycle). 
2. SE must be LOW to input new serial data, but the serial address register is incremented by SC regardless 

ofSE. 
3. There must be no rising edges on the SC input during this time period. 
4. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 

5-74 Micron Technology, Inc., reserves the rlght 10 change products or specifications without notice 
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MIC:RON MT42C8128 
1-· 'eO""'O"", 128K X 8 VRAM 

sc ~J~ 

WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode) 

'Re 

tCSH 

~11 ____ '=Re~D ____ ·I ______ -='~~S ______ 1 

tAR I 
~ I I 'RAl 

I R- _'RAH ~I I~ 
~~~==~~~~~~==~~~ 

OPEN OPEN 

- ~ ~ I ~ .--1 I __. J01/##/$/,&#$/;7$$////;J##k'I!;1///&###$$$/##///$$/$P'$/$;7~ 

'SRS II I 'RSO Ise 

tSAS ~II I ISp 

~II 
'Sp 

i =--"1 \ NOTE 2 ~ r--
'SDH II 

I _I 'SDS '1 I~ ISDt!1 I~ 
:::1)f VAUO DIN WI//; (IIIIIIIIIIIIII/; VALID DIN VALID DIN 

cW~-",,-1 -'""-b7j'#j'#j'##1j'###,Jj'#####$#d~J 
ISWS 

I 'SWIS 

NOTE 1 

leaD 

tROD =\ 
aSF ~gr _______ ~_-~-_-_-_-_-_-_-_-N_O-T_E-3_-_-_--'-'_~_-_-_-_-_-_-_-:_-_-_-_-_-~~l---NO-TE-3 --

~ DON'TeARE 

Il88l UNDEFINED 

1I0TE: 1. SE must be LOW to input new serial data, but the serial address register is incremented by SC regardless 

1T42C8128 
:EV.4192 

of SE. 
2. There must be no rising edges on the SC input during this time period; 
3. QSF = 0 when the Lower SAM (bits 0..,.127) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 

5-75 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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II 
s: 
c 
!:i -"'C o 
~ 
C 
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tRCO 

ALTERNATE WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

IAAS 

ICSH 

t ~ 
tRSH 

tCAS 

IAJ 
7 

lAP I 

\ 

=fl I tRAL I ~ I I 
tASR 1 .-JAAH t Al3C I I~ ~I-~ :r~ - ~ ~,,- b$/,'l','l','l'$,'l','l',@'j'$$/j'j'$j'(,'l'j'$j'$j'/$j'$,'l'J;< 

IWSA II· IAWH I . 
MEJWE ~:r_I-~/$;1//;1$$/;1#/;W/////$;1/;W;1///;1///;1/;1;1;1;1;1/;1;1J/'$$1/#/$1/;1;1;1///& 

~II~ ··1 

DSF ~:~-- I II· *<W;1f.W!I!;1/I//I///;1///;1;1I//I/;1/;1///;1;1/1/I!/$I/J/'///////I/,1////;1///;1////;1;1;1/;1//& 
~ . I 

DQ~lg~_--~~ OPEN OPEN ---

~~ . I leSD I 
TRICE ~:r:wd . b/;1;1;1;1;1/0';1//M/;ar///I//$//!I!/;W;1I//;1;1!1//I//;1;1////;1;1$$/;1;1;1/1/;1;1~ 

~II I IASD Ise 

tSAS I --I 
NOTE 2 

IISDD 

!SOH 'SDZ I 

SDO ~:g~ _ VALID DO:-~ VALID DOUT ~ HIGH-Z 

1 I ISWS 

SE ~:~_W$;1/;1ffiW!l!;1/!$$$/;1/;1//$;1J/';1I//;1//I/J/'//;1///;1/;1/J==I~SW"'--'_S =-NO-TE-' ----

I I lCOD 

--'-AOD ----"-""-----:1 __ _ 
aSF ~g~_ NOTE 3 ){ NOTE 3 

-----~-----------~ 

NOTE: 1. -sE must be LOW to input new serial data, but the serial address register 

~ DON'T CARE 

~ UNDEFINED 

MT42C812B 
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is incremented by SC regardless of-sE. 
2. There must be no rising edges on the SC input during this time period. 
3. QSF = 0 when the Lower SAM (bits (}-127) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 
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8E VIH-
VIL-

SC 
VIH-
VIL-

soc 
VIH-
VIL-

8E VIH-
VIL -

sc 
VIH-
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soc 
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VOL-
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tsc l' 

SAM SERIAL INPUT 

tSAS 

tSOH 

A+2 A+3 

SAM SERIAL OUTPUT 

tSEP 

.~ 
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tsc 

A+3 

~ DON'T CARE 

~ UNDEFINED 
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VRAM 

FEATURES 
• Industry standard pinout, timing, and functions 
• High-performance, CMOS silicon-gate process 
• Single +5V ±10% power supply 
• Inputs and outputs are fully TTL compatible 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• 512-cycle refresh within 8ms 
• FAST PAGE MODE 
• Dual port organization: 256K x 8 DRAM port 

512 x 8 SAM port 
• No refresh required for serial access memory 
• Low power: lOmW standby; 300mW active, typical 
• Fast access times - 70ns random, 22ns serial 

SPECIAL FUNCTIONS 
• NONPERSISTENT MASKED WRITE 
• BLOCK WRITE 
• SPLIT READ TRANSFER 

OPTIONS MARKING 
• Timing [DRAM, SAM (cycle/access)] 

7Ons, 25/22ns - 7 
8Ons,30/25ns - 8 

• Packages 
Plastic SOJ (400 mil) DJ 
Plastic TSOP (400 mil) TG 
Plastic TSOP (400 mil) reverse pinout RG 

GENERAL DESCRIPTION 
The MT42C8255 is a high speed, dual port CMOS dy­

namic random access memory or video RAM (VRAM) 
containing 2,097,152 bits. These bits may be accessed by an 
8-bit wide DRAM port or by a 512 x 8 bit serial access 
memory (SAM) port. Data may be transferred from the 
DRAM to the SAM. 

The DRAM portion of the VRAM is functionally 
identical to the MT4C4256 (256K x 4-bit DRAM), with the 
addition of MASKED WRITE and BLOCK WRITE. Eight 
512-bit data registers make up the serial access memory 
portion of the VRAM. Data I/O and internal data transfer 

MT42CB255 
REV: 4/92 5-79 

PRELIMINARY 

256Kx8 DRAM 
WITH 512 x8 SAM 

PIN ASSIGNMENT (Top View) 

40-Pin SOJ (Q-6) 
Vco 
SC 

SOl 
SQ2 

SQ3 
SQ4 

DQl 

D02 

D03 

DQ4 
Vss 

MEIWE 

AS 
A7 

A6 

AS 
A4 

Vee 

1 , 
3 
4 
5 
6 
7 , 
9 
10 
11 

" 13 
14 
15 
16 
17 

" 19 
20 

40 
39 
38p 
37 
36 

35 P 
34 
33 
32p 
31 
30 
29 
28 
27 
26 
25p 
24 
23 

2' P 
21 P 

Vos 

SQ' 
SQ7 

SOG 
SQ5 

DQ' 
DQ7 

DOG 
DQ5 

vss 
DSF 
GND 

CAs 
QSF 

AD 
Al 

A2 
A3 

vss 

40/44~Pin TSOP (R-5) 
Vee Vss 
sc soo 

SQl SQ7 
SQ2 S06 
SQ3 §g5 

_.JiQ1 SE 
TRiDE DQB 

DOl D07 
D02 DQ6 
D03 DQ5 

DQ4 Vss 
Vss DSF 

MEiWE GND 
RAS CAS 

AB QSF 
A7 AD 
A6 Al 
A5 A2 
A4 A3 

Vee Vss 

40/44 .. Pin TSOP* (R-5) 

v" 
SQ8 
S07 
SQ6 
SQ§ 

SE 
DO' 
DQ7 
DQ6 
DQ5 

Vss 
DSF 
GND 
CAS 
aSF 

AD 
At 
A2 
A3 

Vss 

'Consult factory for availability. 

Vee 
sc 
SOt 
S02 
S03 

¥AO:C5E 
DOl 
D02 
DQ' 

DQ4 
)ill_ 

~~E 
AS 
A7 
A6 
AS 
A4 
Vec 
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MICRON MT42C8255 
1-· ''''"''0"'''' 256K x 8 VRAM 

are accomplished using three separate data paths: the 8-bit 
random access I/O port, the eight internal 512-bit wide 
paths between the DRAM and the SAM, and the 8-bit serial 
output port for the SAM. The rest of the circuitry consists of 
the control, timing, and address decoding logic. 

Each port may be operated asynchronously and indepen­
dently of the other except when data is being transferred 
internally. As with all DRAMs, the VRAM must be re­
freshed to maintain data. The refresh cycles must be timed 
so that all 512 combinations of RAS addresses are executed 
at least every 8ms (regardless of sequence). Micron recom­
mends evenly spaced refresh cycles for maximum data 

integrity. An internal transfer between the DRAM and the 
SAM counts as a refresh cycle. The SAM portion of the 
VRAM is fully static and does not require any refresh. 

The operation and control of the MT42C8255 are 
optimized for high performance graphics and communica­
tion designs. The dual port architecture is well suited to 
buffering the sequential data used in raster graphics dis­
play, serial! parallel networking and data communications. 
Special features such as SPLIT READ TRANSFER and 
BLOCK WRlTE allow further enhancements to system 
performance. 

FUNCTIONAL BLOCK DIAGRAM 

AO-AI 

MT42C8255 
REV.4J92 5-80 

D01 . 
DQ' 

se 

S01 . 
so, 

'----~-SE 

OSF 
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PIN DESCRIPTIONS 

SOJ PIN 
NUMBERS 

2 

7 

13 

35 

29 

14 

27 

25,24,23, 
22,19,18, 
17,16,15 

8,9,10,11, 
31,32,33, 

34 

3, 4, 5, 6, 36, 
37,38,39 

26 ' 

28 

1,20 

12,21, 
30,40 

MT42C8255 
REV. 4192 

TSOP(TG) PIN 
NUMBERS 

2 

7 

15 

39 

31 

16 

29 

27,26,25, 
24,21,20, 
19,18,17 

8,9,10,13, 
35,36,37, 

38 

3, 4, 5, 6,40, 
41;42,43 

28 

30 

1,22 

14,23, 
32,44 

SYMBOL 

SC 

TRiOE 

liilEIWE 

SE 

DSF 

RAS 

CAS 

AD-A8 

D01-D08 

S01-S0B 

OSF 

GND 

Vee 

Vss 

TYPE 

Input 

Input 

Input 

Input 

Input 

Input 

Input 

Input 

Input! 
Output 

Output 

Output 

-

Supply 

Supply 

PRELIMINARY 

OESCRIPTION 

Serial Clock: Clock input to the serial address counter for the SAM 
registers. 

Transfer Enable: Enables an internal TRANSFER operation at RAS 
(H - L), or 
Output Enable: Enables the DRAM output buffers when taken LOW 
after RAS goes LOW (CAS must also be LOW), otherwise the output 
buffers are in a High-Z state. 

Mask Enable: If MEIWE is LOW at the falling edge of RAS, a 
MASKED WRITE cycle is performed, or 
Write Enable: MEIWE is also used to select a READ (ME/WE = H) or 
WRITE (MEIWE = L) cycle when accessing the DRAM and READ 
TRANSFER (MEIWE = H) to the SAM. 

Serial Port Enable: SE enables the serial output buffers and allows a 
serial READ operation to occur, otherwise the output buffers are in a 
High-Z state. The SAM address count will be incremented by the 
rising edge of SC when SE is inactive (HIGH). 

Special Function Select DSF is used to indicate which special 
functions (BLOCK WRITE, MASKED WRITE, SPLIT TRANSFER, 
etc.) are used for a particular access cycle (see Truth Table). 

Row Address Strobe: RAS is used to clock-in the 9 row-address bits 
and strobe the MEIWE, TR/OE; DSF, SE, CAS and DO inputs. It also 
acts as the master chip enable, and must fall for initiation of any 
DRAM or TRANSFER cycle. 

Column Address Strobe: CAS is used to clock-in the 9 column-
address bits and strobe the DSF input (BLOCK WRITE only). 

Address Inputs: For the DRAM operation, these inputs are 
multiplexed and clocked by RAS and CAS to select one 8-bit word 
out of the 262,144 available. During TRANSFER operations, AD to A8 
indicate the DRAM row being accessed (when RAS goes LOW) and 
AD-A8 indicate the SAM start address (when CAS goes LOW). A8 = 
"don't care" for the start address during SPLIT READ TRANSFER. 

DRAM Data 1/0: Data input!output for DRAM access cycles: These 
pins also act as inputs for Color Register load cycles, DO Mask 
and Column Mask for BLOCK WRITE. 

Serial Data Out Output or High-Z. 

Split SAM Status: OSF indicates which half of the SAM is being 
accessed. LOW if address is 0-255, HIGH if address is 256-511. 

No Connect!GND: This pin must be tied to ground to allow for upward 
functional compatibility with future VRAM feature sets. 

Power Supply: +5V ±10% 

Ground 

5-81 Micron Technology, Inc" reserves the right to change products or specificalions without notice. 
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PRELIMINARY 

MIC:RON MT42C8255 
1-· ",""OW""" 256K X 8 VRAM 

FUNCTIONAL DESCRIPTION 
The MT42CS255 can be divided into three functional 

blocks (see Figure 1): the DRAM, the transfer circuitry, and 
the SAM. All of the operations described below are shown 
in the AC Timing Diagrams section of this data sheet and 
summarized in the Truth Table. 

Note: For dual-function pins, the function not being dis­
cussed will be surrounded by parentheses. For ex­
ample, the TR/OE pin will be shown as TR/(OE) in 
references to transfer operations. 

DRAM OPERATION 

DRAM REFRESH 
Like any DRAM-based memory, the MT42CS255 VRAM 

must be refreshed to retain data. All 512 row address 
combinations must be accessed withinSms. The MT42CS255 
supports CAS-BEFORE-RAS, RAS-ONL Y and HIDDEN 
types of refresh cycles. 

For the CAS-BEFORE-RAS REFRESH (CBR) cycle, the 
row addresses are generated and stored in an internal 
address counter. The user need not supply any address 
data, and simply must perform 512 CAS-BEFORE-RAS 
cycles within the Sms time period. 

The refresh address must be generated externally and 
applied to AD-AS inputs for RAS-ONLY REFRESH cycles. 
The DQpins remain in a High-Z state for both the RAS-ONLY 
and CAS-BEFORE-RAS cycles. 
--.!::!!DDEN REFRESH cycles are performed by toggling 
RAS (and keeping CAS LOW) after a READ or WRITE 
cycle. This performs CAS-BEFORE-RAS cycles but does not 
disturb the DQ lines. 

Any DRAM READ, WRlTE, or TRANSFER cycle also 
refreshes the DRAM row being accessed. The SAM portion 
of the MT42CS255 is fully static and does not require any 
refreshing. 

DRAM ACCESS CYCLES (RW) 
The DRAM portion of the VRAM is nearly identical to 

standard 256Kx 4 DRAMs. However, because several of the 
DRAM control pins are used for additional functions on 
this part, several conditions that were undefined or in 
"don't care" states for the DRAM are specified for the 
VRAM. These conditions are highlighted in the following 
discussion. In addition, the VRAM has special functions 
that can be used when writing to the DRAM. 

The IS address bits that are used to select an S-bit word 
from the 262,144 available are latched into the chip using 

MT42C8255 
REV. 4192 5-82 

the AD-AS, RAS and CAS inputs. First, the nine row-ad­
dress bits are set up on the address inputs and clocked into 
the part when RAS transitions from HIGH-to-LOW. Next, 
the 9 column address bits are set up on the address inputs 
and clocked-in when CAS goes from HIGH-to-LOW. 

Note: RAS also acts as a "master" chip enable for the 
VRAM. If RAS is inactive, HIGH, all other DRAM 
control pins (CAS, TR/OE, ME/WE, etc.) are "don't 
care" and may change state without effect. No DRAM 
or TRANSFER cycles will be initiated without RAS . 
falling. 

~r single port DRAMS, the OE pin is a "don't care" when 
RAS goes LOW. However, for the VRAM, when RAS goes 
LOW, TR/(OE) selects between DRAM access or TRANS­
FER cycles. TR/ (OE) must be HIGH at the RAS HIGH-to­
LOW transition for all DRAM operations (except CAS­
BEFORE-RAS). 

A DRAM READ operation is performed if (ME)/WE is 
HIGH when CAS goes LOW and remains HIGH until CAS 
goes HIGH. The data from the memory cells selected will 
appear at the DQI-DQS port. The (TR)/OE input must 
transition from HIGH-to-LOW some time after RAS falls to 
enable the DRAM output port. 

For single port DRAMs, WE is a "don't care" when RAS 
goes LOW. For the VRAM, ME/WE performs two func­
tions; write mask enable and data write enable. ME/ (WE) 
is used, when RAS goes LOW, to select between a MASKED 
WRlTE cycle and a normal WRlTE cycle. If ME/(WE) is 
LOW at the RAS HIGH-to-LOW transition, a MASKED 
WRlTE operation is selected. For any non-masked DRAM 
access cycle (READ or WRITE), ME/ (WE) must be HIGH at 
the RAS HIGH-to-LOW transition. If (ME)/WE is LOW 
before CAS goes LOW, a DRAM EARLY-WRlTE operation 
is performed and the data present on the DQI-DQS data 
port will be written into the selected memory cells. If (ME) / 
WE goes LOW after CAS goes LOW, a DRAM LATE­
WRlTE operation is performed (refer to the AC timing 
diagrams). 

The VRAM can perform all the normal DRAM cycles 
including READ, EARLY-WRITE, LATE-WRlTE, READ­
MODIFY-WRITE, FAST-PAGE-MODE READ, FAST­
PAGE-MODE WRITE (Late or Early), and FAST-PAGE­
MODE READ-MODIFY-WRlTE. Refer to the AC timing 
parameters and diagrams in the data sheet for more details 
on these operations. 

Micron Technology, Inc., reserves the right to change products or speclflcatlons without notice. 
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MASKED WRITE (RWM) 
The MASKED WRITE feature eliminates the need for a 

READ-MODIFY-WRITE cycle when changing individual 
bits within the 8-bit word. When ME/(WE) and DSF are 
LOW at the RAS HIGH-to-LOW transition, a MASKED 
WRITE is performed. 

The MT42C8255 supports the nonpersistent mode of 
MASKED WRITE. In this mode,mask data must be entered 
with every RAS falling edge. The data (mask data) present 
on the DQI-DQ8 inputs will be written into the mask data 
register (see Figure 1). The mask data acts as an individual 
write enable for each of the eight DQI-DQ8 pins. If a LOW 
(logic "0") is written to a mask data register bit, the input 
port for that bit is disabled during the subsequent WRITE 
operation and no new data will be written to that DRAM 

PRELIMINARY 

cell location. A HIGH (logic "1") on a mask data register bit 
enables the input port and allows normal WRITE operation 
to proceed. Note that CAS is still HIGH. When CAS goes 
LOW, the bits present on the DQI-DQ8 inputs will be either 
written to the DRAM (if the mask data bit is HIGH) or 
ignored (if the mask data bit is LOW). The DRAM contents 
that correspond to masked input bits will not be changed 
during the WRITE cycle. The mask data register is cleared 
at the end of every NONPERSISTENT MASKED WRITE. 

FAST PAGE MODE can be used with MASKED WRITE 
to write several column locations in an addressed row. The 
same mask is used during the entire FAST-PAGE-MODE 
RAScyde. 

1- NONPERSISTENT MASKED WRITE ~ 1- NONPERSISTENT MASKED WRITE -I 

RAS ~'-_______ ----'/ \~ __________ ~r-

1T42C8255 
EV.4192 

CAS 

MEIWE \ !III/ /III IIA I!I!III/IIL 

DSF 

STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA (RE-WRITE) DATA 

0 X 0 0 X 0 

1 1 0 ...... '3> 0 0 1 1 .-----3> 1 

0 0 X 0 0 0 X 0 

0 1 1 .. ----3> 1 0 1 .-----3> 

0 0 X 0 0 0 X 0 

1 0 .-----3> 0 0 1 0 -----3> 0 

0 X 1 0 0 X 0 

o 0 .---- -3> 0 0 0 .-----3> 0 

~"-------------ADDRESSO ~ .. ADDRESS 1 • 
X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 1 
NONPERSISTENT MASKED WRITE EXAMPLE 
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COLUMN 
(A2-A8 at CAs) 

" ROW ,..--"---, 
IAO-ABatRAS) - - -------------"?99t 

COLUMN MASK (AO~ 
ON THE INPUTS AT CAS 

MASK 
DATA 

Dl 

D2 

REGISTER D5 

DOl 

DQ2 

DO' 
DQ4 

DO' 

DOS 

DQ7 

008 

Figure 2 

, , 

COLOR REGISTER 
(must be previously loaded) 

BLOCK WRITE EXAMPLE 

MT42C8255 
REV. 4/92 

INPUTS 
D01 
D02 
D03 
D04 

/~g~; 
(D06) 
(DOS) 

PRELIMINARY 

BLOCK WRITE (BW) 
If DSF is HIGH when CAS goes LOW, the MT42C8255 

will perform a BLOCK WRITE cycle instead of a normal 
WRITE cycle. In BLOCK WRITE cycles, the contents of the 
color register are directly written to four adjacent column 
locations (see Figure 2). The color register must be loaded 
prior to beginning BLOCK WRITE cycles (see LOAD 
COLOR REGISTER). Each DQ location of the color register 
is written to the four column locations (or any of the four 
that are enabled) in the corresponding DQ bit plane. 

The row is addressed as in a normal DRAM WRITE cycle. 
However when CAS goes LOW, only the A2-A8 inputs are 
used. A2-A8 specify the "block" of four adjacent column 
locations that will be accessed. The DQ inputs (DQl, 2, 3, 
and 4) are then used to determine what combination of the 
four column locations will be changed. The DQ inputs are 
"written" at the falling edge of CAS or WE, whichever 
occurs later (see the WRITE cycle waveforms). The table on 
this page illustrates how each of the DQ inputs is used to 
selectively enable or disable individual column locations 
within the block. The write enable controls are active HIGH; 
a logic "1" enables the WRITE function and a logic "0" 
disables the WRITE function. 

MASKED BLOCK WRITE (BWM) 
The MASKED WRITE functions may be used during 

BLOCK WRITE cycles. MASKED BLOCK WRITE operates 
exactly like the normal MASKED WRITE except the mask is 
now applied to the 8 bit-planes of 4 column locations 
instead of just one column location. 

The combination of ME/ (WE) LOW and DSF LOW when 
RAS goes LOW initiates a nonpersistent MASKED WRITE 
cycle. To perform a MASKED BLOCK WRITE, the DSF pin 
must be HIGH when CAS goes LOW. By using both the 
column mask input and the MASKED WRITE function of 
BW, any combination of the eight bit planes may be masked, 
along with any combination of the four column locations. 

COLUMN ADDRESS CONTROLLED 
AD 
0 

1 
0 

1 

5-84 

A1 

0 

0 

1 
1 
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LOAD COLOR REGISTER (LCR) 
A LOAD COLOR REGISTER cycle is identical to the 

LOAD MASK REGISTER cycle except DSF is HIGH when 
CAS goes LOW. The contents of the 8-bit color register are 
retained until changed by another LOAD COLOR REGIS­
TER cycle (or the part loses power) and are used as data 
inputs during BLOCK WRITE cycles. 

TRANSFER OPERATIONS 

PRELIMINARY 

READ TRANSFER (RT) 
If (ME)/WE is HIGH and DSF is LOW when RAS goes 

LOW, a READ TRANSFER cycle is selected. The row ad­
dress bits indicate which eight 512-bit DRAM row planes 
are transferred to the eight SAM data register planes. The 
column address bits indicate the start address (or Tap 
address) of the serial output cycle from the SAM data 
registers. CAS must fall for every RT in order to load a valid 
Tap address. An RT may be accomplished in two ways. If 

TRANSFER operations are initiated when TR/(OE) is 
LOW at the falling edge ofRAS. The state of (ME)/WEwhen 
RAS goes LOW indicates the direction of the TRANSFER 
(to or from the DRAM), and DSF is used to select between 
NORMAL TRANSFER and SPLIT TRANSFER cycles. Each 
of the TRANSFER cycles is described in this section. 

the transfer is to be synchronized with the serial clock, SC, 
(REAL-TIME READ TRANSFER), TR/ (OE) is taken HIGH Z 
after CAS goes LOW. The TRANSFER will be made when 
TR/(OE) goes HIGH. If the transfer does not have to be m 
synchronized with SC (READ TRANSFER), TR/ (OE) may :e 
go HIGH before CAS goes LOW and the actual data TRANS-

1T42C8255 
tEV.41S2 

I I 

RAS ----"\ ~ "$$/,1$$$;110. /JlllJ, 
I I I 

CAS \ - \ ~$$$$~ \ Illl/; 

OSF 

I 

sc~~ 

sa 

Output 

OSF ______________ ~\ ____ ~~rr------------~ 

(NORMAL) READ TRANSFER 

FROM: Rowa 
TO: FULL SAM 
SAM 110 IS SET TO OUTPUT 
MODE AND SERIAL OUTPUT 
FROM LOWER SAM BEGINS 
(OSF GOES LOW) 

SPLIT READ TRANSFER 
(optional) 

FROM: Rowa 
TO: UPPER SAM. 
TAP ADDRESS = 6 
SERIAL OUTPUT FROM 
LOWER SAM CONTINUES 

Figure 3 

SERIAL OUTPUT 
SWITCHES FROM 
LOWER SAM TO 
UPPER SAM (OSF 
GOES HIGH) 

SPLIT READ TRANSFER 

FROM: ROW 1 
TO: LOWER SAM. 
TAP ADDRESS = 0 TO 255 
SERIAL OUTPUT FROM 
UPPER SAM CONTINUES 
(OSF REMAINS HIGH) 

I22!l DON'T CARE 

~UNDEFINED 

TYPICAL SPLIT-READ-TRANSFER INITIATION SEQUENCE 
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FER will be timed internally (refer to the AC Timing Dia­
grams). During the TRANSFER, 4,096 bits of DRAM data 
are written into the SAM data registers and the Tap address 
is stored in an internal 9-bit register. The split SAM status 
pin (QSF) will be LOW if the Tap is in the lower half 
(addresses 0 through 255), and HIGH ifit is in the upper half 
(256 through 511). If SE is LOW, the first bits ofthe new row 
data will appear at the serial outputs with the first SC clock 
pulse. SE enables the serial outputs and may be either 
HIGH or LOW during this operation. The SAM address 
pointer will increment with the SC LOW-to-HIGH 
transition, regardless of the state of SE. 

SPLIT READ TRANSFER (SRT) 

The SPLIT READ TRANSFER (SRT) cycle eliminates the 
critical transfer timing required to maintain a continuous 
serial output data stream. When using normal TRANSFER 
cycles to do midline reloads, a REAL-TIME READ TRANS­
FER must be done. The REAL-TIME READ TRANSFER has 
to occur between the last clock of "old" data and first clock 
of the "new" data of the SAM port. 

When using the SPLIT TRANSFER mode, the SAM is 
divided into an upper half and a lower half. While data is 
being serially read from one half of the SAM, new DRAM 
data may be transferred to the other half. The transfer is not 
synchronized with the serial clock and may occur at any 
time while the other half is outputing data. 

The TR/ (OE) timing is also relaxed for SPUT TRANSFER 
cycles. The rising edge of TR/ (OE) is not used to complete 
the TRANSFER cycle and therefore is independent of the 
falling edge of CAS or the rising edge of Sc. The transfer 
timing is generated internally for SPLIT TRANSFER cycles. 

LOWER HALF 

,-- NO SRT -----, 

0 TAP 255 

II II II 

PRELIMINARY 

A "full" READ TRANSFER cycle must precede any se­
quence of SRT cycles to provide a reference to which half of 
the SAM the access will begin (the state of QSF). Then an SRT 
may be initiated by taking DSF HIGH when RAS goes 
LOW during the TRANSFER cycle. As innonsplittransfers, 
the row address is used to specify the DRAM row to be 
transferred. The column address, AO~A7, is used to inputthe 
SAM Tap address. Address pin AS is a "don't care" when 
the Tap address is loaded at the HIGH-to-LOW transition 
of cAS. It is internally generated in such a manner that the 
SPUT TRANSFER will automatically be to the SAM half 
not being accessed. 

Figure 3 shows a typical SRT initiation sequence. The 
normal READ TRANSFER is performed first, followed by 
an SRT of the same row to the upper half of the SAM. The 
SRT to the upper half is optional, and need only be done if 
the Tap for the upper half is * O. Serial access continues, and 
when the SAM address counter reaches 255 ("AS" = 0, AO­
A7 = 1) the QSF output goes HIGH, and if an SRT was done 
for the upper half, the new Tap address is loaded for the next 
half ("AS" = 1, AO-A7 = Tap). Once the serial access has 
switched to the upper SAM (QSF has gone HIGH), new data 
may be transferred to the lower SAM. For example, the next 
step in Figure 3 would be to wait until QSF went LOW 
(indicating that row-1 data is shifting out of the lower SAM) 
and execute an SRT of the upper half of row 1 to the upper 
SAM. If the half boundary is reached before an SRT is done 
for the next half, the device will leave split mode and the 
access will start from address 256 if going to the upper half 
or at 0 if going to the lower half (see Figure 4). 

UPPER HALF 

I NOSRT I 
256 511 

II II 
1 

I LJ I Start Split 

MT42C8255 
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Figure 4 
SPLIT SAM TRANSFER 

5-86 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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MIC:RON MT 42C8255 
1-- "'"'"0",''' 256K X 8 VRAM 

SERIAL OUTPUT 
The control inputs for serial output are SC and SE. The 

rising edge of SC increments the serial address counter and -
provides access to the next SAM location. SE enables or 
disables the serial output buffers. 

Serial output of the SAM contents will start at the serial 
start address that was loaded in the SAM address counter 
during a READ or SPLIT READ TRANSFER cycle. The SC 
input increments the address counter and presents the 
contents of the next SAM location to the 8-bitport. SE is used 
as an output enable during .the SAM output operation. The 
serial address is automatically incremented with every SC 
LOW -to-HIGH transition, regardless of whether SE is HIGH 
or LOW. The address progresses through the SAM and will 
wrap aroun~ (after count 255 or 511) to the Tap address of 
the next half for split modes. If an SRT was not performed 
before the half boundary is reached, the count will progress 
as illustrated in Figure 4 .. Address count will wrap around 

MT4208255 
REW4I92 5-87 

(after count 511) to Tap address 0 if in the "full" SAM 
modes. 

POWER-UP AND INITIALIZATION 
After Vee is at specified operating conditions, for lOOlls 

minimum, eight RAS cycles must be.executed to initialize 
the dynamic memory array. Micron recommeDds that RAS 
= TR/ OE ~ VIH during power up to ensure that the DRAM 
I/O pins (DQs) are in a High-Z state. The DRAM array will 
contain random data. 

The SAM portion of the MT42C8255 is completely static 
in operation and does not require refresh or initialization. 
The SAM port will power-up with the Output pins (SQs) in 
High- Z, regardless of the state of SE. QSF initializes in the 
LOW state. The color register will contain random data after 
power-up. 

Micron Technology, Inc" reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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PRELIMINARY 

MIC:RON MT 42C8255 
1-· " 256K X 8 VRAM 

TRUTH TABLE 

m FAlLING EDGE "CD FAlL AO-A8' DQ1-DQS' REGISTER 

CODE FUNCTION m TIIlOf MrfWf OSF OSF m m m \C1iS;w£' COLOR 
DRAM OPERATIONS 

CBR CAS'·BEFORE-RAll" REFRESH 0 X ,. ,. - X X - X X 

ROR RAll" ONLY REFRESH 1 1 X X - ROW - X - X 

RW NORMAL DRAM READ OR WAITE 1 1 1 0 0 ROW COLUMN X VALID X 
DATA 

RWM MASKED WRITE TO DRAM (NEW MASK) 1 1 0 0 0 ROW COLUMN WRITE VAliD X 
MASK DATA 

BW BLOCK WRITE TO DRAM 1 1 1 0 1 ROW COLUMN X COLUMN USE 
(A2-A8) MASK 

BWM MASKED BLOCK WRITE TO DRAM (NEW MASK) 1 1 0 0 1 ROW COLUMN WRITE COLUMN' USE 
(A2-A8) MASK MASK 

REGISTER OPERATIONS 

LCR LOAD COLOR REGISTER 1 1 " 1 1 ROW' X X REG LOAD 
DATA 

TRANSFER OPERATIONS 

AT I READ TRANSFER (DRAM-TD-SAM TRANSFER) I 1 0 I 1 I 0 X I ROW I TApe I X I X X 

SRT 

NOTE: 

MT42C8255 
REV. 4192 

SPLIT READ TRANSFER (SPLIT DRAM·TD-SAM TRANSFER) 1 0 1 1 X ROW TAp5 X X X 

1. These columns show what must be present on the AO-A8 inputs when RAS falls and when CAS falls. 
2. These columns show what must be present on the DQ1-DQ8 inputs when RAS falls and when CAS falls. 
3. During WRITE (including BLOCK WRITE) cycles, the input data is latched at the falling edge of CAS or 

MErwE, whichever is later. Similarly, on READ cycles, the output data is valid after the falling edge of CAS or 
TR/OE, whichever is later. 

4. The ROW that is addressed will be refreshed, but a ROW address is not required. 
5. This is the first SAM address location that the first SC cycle will access. For split SAM transfers, the Tap will 

be the first address location accessed of the "new" SAM half after the boundary of the current half is reached 
(255 for lower half, 511 for upper half). 

6. The MT 42C8255 does not require a "1" on these pins, but to ensure compatibility with other 2 Meg VRAM 
function sets, it is recommended. 

5-88 Micron Technology, Inc., reserves the right to change produCtS or specifications without notice. 
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MICRON MT42C8255 
1-· "" 256K x 8 VRAM 

ABSOLUTE MAXIMUM RATINGS" 
Voltage on Vee Supply Relative to V ss .............. -1 V to + 7V 
Operating Temperature, T A (Ambient) .......... O°C to +70°C 
Storage Temperature (Plastic) .................... -SsoC to + 150°C 
Power Dissipation .............................................................. IW 
Short Circuit Output Current ...................................... SOmA 

RECOMMENDED DC OPERATING CONDITIONS 
(O°C S; T A S; 70°C) 

PARAMETER/CONOITION 
Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(O°C S; T A S; 70°C; Vcc = 5V ±1 0%) 

PARAMETER/CONDITION 
INPUT LEAKAGE CURRENT 
Any input (OV S; VIN S; Vcc); all other pins not under test = OV 

OUTPUT LEAKAGE CURRENT 
(DO, SO disabled, OV S; VOUT S; Vcc) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -2.5mA) 
Output Low Voltage (lOUT = 2.5mA) 

CAPACITANCE 

PARAMETER 
Input Capacitance: AO-AS 

Input Capacitance; RAS, CAS, MEiWE, fR/OE. SC. ~. DSF 

JnpuVOutput Capacitance: DO, SO 

Output Capacitance: OSF 

MT42C8255 
AEV.4192 5-89 

*Stresses greater than those listed under "Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi­
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

SYMBOL MIN MAX UNITS' NOTES 

Vcc 4.5 5.5 V 1 

VIH 2.4 Vcc+1 V 1 

VIL -1.0 0.8 V 1 

SYMBOL MIN MAX UNITS NOTES 

Il -10 10 fJA 

loz -10 10 fJA 

VOH 2.4 V 
1 

VOL 0.4 V 

SYMBOL MIN MAX UNITS NOTES 

CI1 5 pF 2 

CI2 7 pF 2 

Clio 9 pF 2 

Co 9 pF 2 

Micron Technology, Inc., reserves the right to change products or specifications without notiCe. 
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CURRENT DRAIN, SAM IN STANDBY 
(ODC :s; T A :s; lODC; VCC= 5V ±1 0%) 

PARAMETER/CONDITION 
OPERATING CURRENT 
(RAS and CAS = Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = VIL; CAS = Cycling: IpC = IpC (MIN), other inputs 2': VIH or:S; VIL) 

STANDBY CURRENT: TTL INPUT LEVELS 
Power supply standby current 
(RAS = CAS = VIH after 8 RAS cycles (MIN); other inputs 2': VIH or :s; VIL) 

REFRESH CURRENT: RAS-ONL Y 
(RAS = Cycling; CAS = VIH) 

REFRESH CURRENT: CAS-BEFORE-RAS 
(RAS and CAS = Cycling) 

SAM/DRAM DATA TRANSFER 

~ CURRENT DRAIN, SAM ACTIVE <tsc = MIN) 
(ODC:S; TA:S; 70DC; Vcc = 5V ±10%) 

C 
:rJ 
l> 
3: 

PARAMETER/CONDITION 
OPERATING CURRENT 
(RAS and CAS = Cycling: IRC= IRC (MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = VIL; CAS = Cycling: IpC = IpC (MIN)) 

STANDBY CURRENT: TTL INPUT LEVELS 
Power supply standby current 
(RAS = CAS = VIH after 8 RAS cycles (MIN); other inputs 2': VIH or :S;VIL) 

REFRESH CURRENT: RAS-ONL Y 
(RAS = Cycling; CAS = VIH) 

REFRESH CURRENT: CAS-BEFORE-RAS 
(RAS and CAS = Cycling) 

SAM/DRAM DATA TRANSFER 

MT42C8255 
REV. 4/92 

PRELIMINARY 

MAX 
SYMBOL -7 -8 UNITS NOTES 

Icc1 120 110 rnA 3,4 
25 

Icc2 110 100 rnA 3,4 
26 

Icc3 10 10 rnA 4 

Icc4 120 110 rnA 3,25 

Icc5 120 110 rnA 3,5 

ICC6 130 120 rnA 3 

MAX 
SYMBOL -7 -8 UNITS NOTES 

Icc7 170 160 rnA 3,4 
25 

Icca 160 150 rnA 3,4 
26 

Iccg 60 60 rnA 3,4 

Icc10 170 160 rnA 3,4 
25 

Icc11 170 160 rnA 3,4,5 

Icc12 180 170 rnA 3,4 

Micron Technology, Inc., reserves the righllo change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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DRAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C:o; TA:O; +70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 

READ-MODIFY-WRITE cycle time 

FAST-PAGE-MODE READ or WRITE 
cycle time 

FAST-PAGE-MODE READ-MODIFY-WRITE 
cycle time 

Access time from RAS 

Access time from CAS 

Access time from (TR)/OE 

Access time from column address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 

RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

RAS to CAS delay time 

CAS to RAS precharge time 

Row address setup time 

Row address hold time 

RAS to column 
address delay time 

Column address setup time 

Column address hold time 

Column ilddress hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in Low-Z 

Output buffer turn-off delay from CAS 

Output disable delay from (TR)/OE 

Output disable hold time from start of WRITE 

Output Enable to RAS delay 

~T42CB255 

lEV. 4/92 

SYM 
tRC 

tRWC 
tpc 

tpRWC 

tRAC 

tCAC 

tOE 

tAA 

tCPA 

tRAS 

tRASP 

tRSH 

tRP 

tCAS 

tCSH 
tcp 

tRCD 

tCRP 

tASR 

tRAH 

tRAD 

IASC 

tCAH 

tAR 

tRAL 

tRCS 

tRCH 

tRRH 

tCLZ 

tOFF 

too 

tOEH 

tROH 

5-91 

-7 -8 
MIN MAX MIN MAX UNITS NOTES 
130 150 ns 

175 190 ns 

45 50 ns 

90 95 ns 

70 80 ns 14 
20 25 ns 15 
20 20 ns 

35 40 ns 

40 45 ns 

70 20,000 80 20,000 ns 

70 100,000 80 100,000 ns 

20 25 ns 

50 60 ns 

20 10,000 25 10,000 ns 

70 80 ns 

10 10 ns 16 
20 45 20 55 ns 17 
10 10 ns 

0 0 ns 

10 10 ns 

15 35 15 45 ns 18 

0 0 ns 

15 15 ns 

45 55 ns 

35 40 ns 

0 0 ns 

0 0 ns 19 

0 0 ns 19 

3 3 ns 

3 20 3 20 ns 20,23 
3 10 3 10 ns 20,23 
10 10 ns 27 
0 0 ns 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MICRON MT42C8255 
1-· "" "" 256K x 8 VRAM 

DRAM TIMING PARAMETERS (continued) 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C S; T AS; +70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Write command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to "CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

FiAS" to WE delay time 

Column address 
to WE delay time 

"CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (512 cycles) 

RAS to CAS precharge time 

"CAS setup time 
(CAS-BEFORE-RAS REFRESH) 

CAS hold time 
("CAS-BEFORE-RAS REFRESH) 

MElWE to RAS setup time 

MElWE to RAS hold time 

Mask data to RAS setup time 

Mask data to RAS hold time 

MT42C8255 
REV. 4192 

SYM 
IWCS 

IWCH 

twCR 

twp 

IRWL 

ICWL 

IDS 

IDH 

IDHR 

IRWD 

IAWD 

tcWD 

IT 
IREF 

IRPC 

ICSR 

ICHR 

twSR 
IRWH 

IMS 

IMH 

5-92 

-7 -8 

MIN MAX MIN MAX UNITS NOTES 
0 0 ns 21 
15 15 ns 

45 55 ns 

15 15 ns 

20 20 ns 

15 20 ns 

0 0 ns 22 
15 15 ns 22 
45 55 ns 

90 100 ns 21 
55 65 ns 21 

40 45 ns 21 
3 35 3 35 ns 9, 10 

8 8 ms 

0 0 ns 

10 10 ns 5 

10 10 ns 5 

0 0 ns 

15 15 ns 

0 0 ns 

15 15 ns 

Micron Technology, Inc., reserves the right to change products or speclffcalions without nalice. 
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TRANSFER AND MODE CONTROL TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6, 7, 8, 9, 10) (0° C::; TA ::; + 70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS -7 
PARAMETER SYM MIN MAX 
TRI(OE) LOW to RAS setup time lTLS a 
TRI(OE) LOW to RAS hold time lTLH 15 10,000 
TRI(OE) LOW to RAS hold time tRTH 65 10,000 
(REAL-TIME READ-TRANSFER only) 

TR/(OE) LOW to CAS hold time tCTH 25 
(REAL-TIME READ-TRANSFER only) 

TR/(OE) HIGH to RAS precharge time tTRP 50 
TRI(OE) precharge time lTRW 20 
TR/(OE) HIGH to SC lead time lTSL 5 
First SC edge to TR/(OE) HIGH tTSD 15 
delay time 

SC to RAS setup time tSRS 25 
iRI(blO) HIGH to RAS setup time tyS a 
TR/(OE) HIGH to RAS hold time tyH 15 
DSF to RAS setup time tFSR a 
DSF to RAS hold time tRFH 15 
SC to OSF delay time tSOD 25 
SPLIT TRANSFER setup time tSTS 25 
SPLIT TRANSFER hold time tSTH a 
DSF (at CAS LOW) to RAS hold time tFHR 50 
DSF to CAS setup time tFSC 0 
DSF to CAS hold time tCFH 15 
TRIOE to OSF delay time tTOD 25 
RAS to OSF delay time tROD 75 
CAS to OSF delay time tCOD 35 
RAS to first SC delay tRSD 80 
CAS to first SC delay tCSD 30 

PRELIMINARY 

-8 
MIN MAX UNITS NOTES 
a ns 

15 10,000 ns 

70 10,000 ns 

25 ns 

60 ns 

25 ns 

5 ns 

15 ns 

30 ns 

a ns 

15 ns 

a ns 

15 ns 

30 ns 

30 ns 

a ns 

55 ns 

0 ns 

15 ns 

25 ns 

75 ns 

35 ns 

80 ns 

30 ns 

r42C8255 
:'V.4192 5-93 Micron Technology, Inc., reserves the righllo change prodllcts or specifications without notice. 

©1992, Micron Technology, Inc. 



z 
m 
=E 

III 
s 
c 
!:i -"'0 o 
~ 
C 
:XJ » 
S 

PRELIMINARY 

SAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6, 7, 8, 9, 10) (0° C :0; T A :0; + 70°C; Vee = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Serial clock cycle time 

Access time from SC 

SC precharge time (SC LOW time) 

SC pulse width (SC HIGH time) 

Access time from SE 

SE precharge time 

SE pulse width 

Serial data-out hold time after 
SC high 

Serial output buffer turn-off 
delay from SE 

MT42C8255 
REV. 4/92 

SYM 
tsc 

tSAC 
tsp 

tSAS 

tSEA 

tSEP 
tSE 

tSOH 

tSEZ 

5-94 

-7 -8 
MIN MAX MIN MAX UNITS NOTES 
25 30 ns 

22 25 ns 24,28 
8 10 ns 

8 10 ns 

15 15 ns 24 
10 10 ns 

10 10 ns 

5 5 ns 24,28 

3 12 3 12 ns 20,24 

Micron Technology, Inc., reserves the right to change products or specifications without notice 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = SV ±lO%,f = 1 MHz. 
3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading. Specified values 

are obtained with minimum cycle time and the output 
open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (O°C ~ T A ~ 70°C) is assured. 

7. An initial pause of lOOlls is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the Sms refresh 
requirement is exceeded. 

8. AC characteristics assume IT = Sns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). Input signals transition from 0 to 3V for AC 
testing. 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, DRAM data output (DQ1-DQS) is 
High-Z. 

12. If CAS = VIL, DRAM data output (DQ1-DQS) may 
contain data from the last valid READ cycle. 

13. DRAM output timing measured with a load equiva­
lent to 1 TTL gate and SOpF. Output reference levels: 
VOH = 2.0V; VOL = O.SV. 

14. Assumes that tRCD < tRCD (MAX). If tRCD is greater 
than the maximum recommended value shown in this 
table, tRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that tRCD ;:: tRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, DQ will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tcP. 

17. Operation within the IRCD (MAX) limit ensures that 
lRAc (MAX) can be met. IReD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by !CAe. 

IS. Operation within the tRAD (MAX) limit ensures that 
IRCD (MAX) can be met. lRAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by tAA . 

.fT42C8255 
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PRELIMINARY 

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. tOD, tOFF and tSEZ define the time when the output 
achieves open circuit (VOH -200mV, VOL +200mV). 
This parameter is sampled and not 100% tested. 

21. twcs, tRWD, tAWD and tCWD are restrictive 
operating parameters in LATE-WRITE, READ-WRITE 
and READ-MODIFY-WRITE cycles only. If twCS;:: 
twcs (MIN), the cycle is an EARLY-WRITE cycle and 
the data output will remain an open circuit through­
out the entire cycle, regardless of TR/OE. If twcs ~ 
twcs (MIN), the cycle is a LATE-WRITE and 
TR/OE must control the output buffers during the 
write to avoid data contention. If tRWD ;:: tRWD 
(MIN), tAWD;:: tAWD (MIN) and !CWD;:: tCWD 
(MIN), the cycle is a READ-WRITE, and the data 
output will contain data read from the selected cell. If 
neither of the above conditions is met, the state of the 
outpufbuffers (at access time and until CAS goes 
back to VIH) is indeterminate but the WRITE will be 
valid, if toD and tOEH are met. See the LATE-WRITE 
AC Timing diagram. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and ME/WE leading edge in 
LATE-WRITE or READ-WRITE cycles. 

23. During a READ cycle, if TR/OE is LOW then taken 
HIGH, DQ goes open. The DQs will go open with OE 
or CAS, whichever goes HIGH first. 

24. SAM output timing is measured with a load 
equivalent to 1 TTL gate and 3OpF. Output reference 
levels: VOH = 2.0V; VOL = O.8V. 

25. Address (AO-AS) may be changed two times or less 
while RAS = VIL. 

26. Address (AO-AS) may be changed once or less while 
CAS = VIH and RAS = VIL. 

27. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have tOD and toEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide previously read data if CAS 
remains LOW and OE is taken LOW after tOEH is 
met. If CAS goes HIGH prior to OE going back LOW, 
the DQs will remain open. 

2S. tSAC is MAX at 70° C and 4.5V V cc; tSOH is MIN at 
O°C and S.5V Vcc. These limits will not occur 
simultaneously at any given voltage or temperature. 
(tSOH = tSAC - output transition time); this is 
guaranteed by design. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MIC:RON MT42C8255 
1-· ",",oeoc,,", 256K X 8 VRAM 

DRAM READ CYCLE 

tRP 

RAS VIH-
VIL-

tCSH 

tRSH tRRH 

tCRP teAs 

CAS 
VIH-
VIL-

tASR 

ADDR ROW 

ill !III l1li1 II! Iffi 

! tCAC tOFF 

DO ~lgt=:--------i+----- OPEN ----+~-{=V~AL~ID~DA~TA~t_--- OPEN ----

too 

TRiBE 

MT42C8255 
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~ DON'TeARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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RAS 

CAS 

ADDR 

DRAM FAST-PAGE-MODE READ CYCLE 

VIH-
VIL-

VIH-
VIL-

VIH­
VIL-

teAP 

tCSH 

tRCD 

'AR 

Ii IRCsl 

~:~:ij'#a/I#III/IIII//&f I 
tFHR 

tRASP 

IpC 

I __ '--'-C_p _I ~ 

I~ 

PRELIMINARY 

II 

ROW 

DO VIOH- VALID }----W~ 
VIOL - II DATA DATA DATA 

OPEN -

tyS tYH tOE too tOE too tOE too 

mOE ~:~_~- -bllllllllllld-.llllllml-'//$lllllllml-PSI/$§//II/1$1/ 

~ DON'T CARE 

~ UNDEFINED 

NOTE: WRITE cycles or READ-MODiFY-WRITE cycles may be mixed with READ cycles while in FAST PAGE MODE. 

MT42C8255 
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PRELIMINARY 

WRITE CYCLE FUNCTION TABLE 1 

lOGIC STATES 
lIAS" Falling Edge "CAS"Falling Edge 

FUNCTION A B C 0 E2 
lVlE7Wt DSF DO (Input) DSF DO (Input) 

Normal DRAM WRITE 1 0 X 0 DRAM Data 

MASKED WRITE to DRAM 0 0 Write Mask 0 DRAM Data (Masked) 

BLOCK WRITE to DRAM (No Bit-Plane Mask) 1 0 X 1 Column Mask 

MASKED BLOCK WRITE to DRAM 0 0 Write Mask 1 Column Mask 

Load Color Register 1 1 X 1 Color Data 

NOTE: 1. Refer to this function table to determine the logic states of "A", "B", "C", "D" and "E" for the WRITE cycle 
timing diagrams on the following pages. 

MT42C8255 
REV. 4192 

2. CAS or MEIWE falling edge, whichever occurs later. 

5-98 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

DRAM EARLY-WRITE CYCLE 1 

tRAS tRP I 
II j 
!f \ 

tCSH 

~. 
tRSH 

=J 
tCRP tRCo tCAS 

f tAR t I tRAD I I tRAL 

tASR tRAH ~I I~ I 
AooR ~:r:~ __ R-,.,-ow_~i;J~---,-CO_LUM.,---N ____ bffJ/ffl$$40'"x,--_R_OW __ 

1----+' -+-,1 tC=WL=----___ 'I 
I I tRWL 

tWCR I I 
twcs I I tWCH 

twp 

~:~: A I I 
L-~I~I __ f~~L-__ ~I-+I ____ JWUWUWWUWU~UWUWWUilli 

tFSR tRFH tFHR tFse I I tCFHI 

osF ~:~=Wff///,d--B-~~_.,.-D-;------,W.uffff$////$////"#$//#j'/#/$;w/ffi 
!oHR I I 

tMS tMH _I I tos I I tOHI 

DO ~:gr=1##///~-C-~ E W/$/J/"#I#$$$/J//;I#/"$j'$#IIm; 

""" :rJ$I###)-"'-I~§//$I##I##,/M/##AWW#/m/#40'/$#I$#ffl$#§§#hZ 
~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. The logic states of "A", "B", "C", "D" and "E" determine the type of WRITE operation performed. See the Write 

MT42C8255 
AEV.4192 

Cycle Function Table for a detailed description. 
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PRELIMINARY 

DRAM LATE-WRITE CYCLE 

tRAS tRP I 
I 
\ 

ADDR ~:~~~-----,-----;RO-;--W __ Q_~C_OLU_MN _~b/,/j/ffi///,//,//'@('--__ _ 
tCWL II 

tRWL 

tCSH 

t J~ 
tRSH 

=J 
tCRP tRCO tCAS 

: 
I tRAO I I tRAL 

tASR : tRAH ~I I tCAH I 

!:i MEJWE ~:~- A 
_ ~.f.LLL.L'.LLLLil "----,.,11--" 
~ tFSR -tR-FH -

1 
___ t

F
_ IH~-Fsc--+-I +1 -tCF-HI 

~ DSF ~:~:t$!I$;U--BII-W&@(--tDHR D - ~f$$I#I#$!I$/#fflffl#I##ff$I$I$##ffi 
C tMS tMH tos II tDHI 

~ DO ~:g~-WI$/d-c-~/$####/!/I!/;J-E-kW#$lfflllff#I/lI#I$I#/!/#/#/$$h 
3: tyS II tYH tooT I tOEH 

mOE ~:~Jffl#////;)- --~$II$#J- ~/lII$I#$/I$!$/!/lff##I/lI$/4 
~ DON'TeARE 

B8llI UNDEFINED 

NOTE: The logic states of "A", "8", "C", "D" and "E" determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 

MT42C8255 
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ADDR 

'CRP 

ROW 

DRAM READ-WRITE CYCLE 
(READ-MODIFY-WRITE CYCLE) 

'CSH 

'CAS 

" 

PRELIMINARY 

I~ 
nn~~nn~nr,~TITnTI7rrTnA 

COLUMN ROW 

�-----------+----~~I~'R=W~D-------------I~I --t=RCS 1 1 « 'CWD 'RWl 
'AWD ~ 

rl-+I----~~--------I 
~--7--4nn~~_T----~+---------------~ r-------------

I 'FHR I I 

I. 'AA 

'RAC I 

I~ 'MH _I 
I 

c 
~'I~ 

'CAC 

,_ 'DS !DH,_, 

VALID DOUTJt E jc 

~ ~I 
OPEN -----

~ DON'T CARE 

~ UNDEFINED 

NOTE: The logic states of "A", "B", "C", "0" and "E" determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 

MT42C8255 
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PRELIMINARY 

MIC:RON MT 42C8255 
1-· ,,,""CCO,,,,, 256K X 8 VRAM 

RAS ~l~= 

ADDR ~lt 

DSF 

DQ VtOH­
VIOL 

DRAM FAST-PAGE-MODE EARLY-WRITE CYCLE 

1 RASP 

tDHR I 
~1 

E E E 

~I~ 
~:t=&J kw$§$,@//"/"/W'//"//",@/"//"§$/,@$/;0"$$/,,//,,////;1/,,/afJ;l/"//"$$$ffi' 

~ DON'TeARE 

~ UNDEFINED 

NOTE: 1. READ cycles or READ-MODIFY-WRITE cycles can be mixed with WRITE cycles while in FAST PAGE 

MT42C6255 
REV. 41'32 

MODE. 
2. The logic states of "A", "8", "C", "0" and "E" determine the type of WRITE operation performed. See the Write 

Cycle Function Table for a detailed description. 

5-102 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MIC:RON MT42C8255 
1-· "'"'''' " " 256K X 8 VRAM 

DRAM FAST-PAGE-MODE READ-WRITE CYCLE 
(READ-MODIFY-WRITE OR LATE-WRITE CYCLES) 

tRASP 

tpRWC 

tcp teAs tcp teAs 

~ ~ ill'~ I II .,,;;.::: I II ":' 
VIH- A I I II I II I 
VIL- II tFSC tCFH UzJ tFSC tCFH tFSC tCFH 

tFSR tRFHI 1-- -_ -_ -I II r- --I 
OSF ~:t=Wf-B-~~ D II D ~II D W$$##~ 

tL 
tM 

toJI _II~I toJI _II~I JI -tOH I tos_ 1- tCPA tos_ 1- tCPA 'OS_ 1-
tCAG- _ :~~I_ - I :~~I_-

DO ~:gt= '}---~~~'~~T ~~~ OPEN--

tOEH 0
1 

__ too 
tOE __ 

----- -------
~II~ 

TRIOE ~:t-zJ \ 
'---------''----' 

I2Z1 DON'T CARE 

~ UNDEFINED 

1I0TE: 1. READ or WRITE cycles can be mixed with READ-MODIFY-WRITE cycles while in FAST PAGE MODE. Use 

IT42C8255 
:EV.4I92. 

the Write Function Table to determine the proper DSF state for the desired WRITE operation. 
2. The logic states of "A", "8" , "C" and "D" determine the type of WRITE operation performed. See the Write 

Cycle Function Table for a detailed description. 

5-103 Micron Technology, Inc., reserves the right to change products or specifications without notice 
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PRELIMINARY 

MIC=~ON MT42C8255 
1-· " 256K x 8 VRAM 

'CRP 

j 

-' 

DRAM "RAS'·ONL Y REFRESH CYCLE 
(ADDR = AO-AS) 

'RAS 

j 
'RPC 

-I 
\ 

'RP I 
1 
'I; 

/ 
'ASR II 'RAH 

ADDR ~:~_ ROW bffl;/,//;/,;/,$j!I/JJ//;/,!I/Jj//III;/,;/,;Jjj;/';/'J(r---R- OW--

II 
3: MEiWE ~:~j'11 I///I///I/I///ffl //!Iff/;/'I/II////I///ff II ;/'11 ///II/I;/'I!!! 1/I;/'/!!I11!//!!I;/, //I/I;/,!II! /II;/' /!!/// II II/! ;/'1111 a 
~ ~ :rcW'4#/1'&#/db/$&0'$#ff/Ml/#/ff#/###/###ffM'&&#/#&##&//$J'##JW#/,'lZ 
=tj DO ~tOH- II OPEN OPEN _____ _ 

o tOL 'YS II tYH 

~ mOE ~:~ -W/I/I;/,J- -*wI///ff;/'II#/III/Jff/ll$/!!I$///$$II/!;Jjj///!!? W;/,I/I/II! 

c 
::D » 
3: 

MT42C8255 
REV. 4192 5-104 

~ DONTCARE 

~ UNDEFINED 

Micron T echnoklgy, Inc., reserves the right to change products or speciflcatlons Without notice. 
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PRELIMINARY 

MIC::I"""'lON MT 42C8255 
1-· r""'II 256K x 8 VRAM 

~·BEFORE·'AU REFRESH CYCLE 

tRAS 

:l1111111/) j 1 
I tRPe, 

tCHR 

Z ;-l~ ~k tRPe ~ tCSR 

~ -Va 
I II . - II ~ 

ADDR ~:r::l1I1I1$;W'II$#$/$ff/&llfflllllff$IIIIIIII$$illllllfflll$lI$fflllL11IIffl/$ffllllll!l& 

I ~II tRWH . . - ~ll~ ." - III 
~:r:_II$1d . NOTE! 'Wfflfffffflffl$t'd NOTE!. JWII;o/&IIIfflb< NOTE! ~ s: 
. I ~,,~ .' . .tFSR II~ c: 

DSF ~:r:WIIIIIII$~ NOTEl-kf#I$I/$$$IM NOTE! kwllffffl$ll$;( NOTE! . ~ ~ 
DO ~:8t':-----!.15 OPEN OPEN ~ 

~ DON'TeARE 

~ UNDEFINED 

OTE: 1. The MT42C8255 operates with~ and OSF = ~don't care;" but to ensure compatibility with all 
2 Meg VRAM feature sets, it is recommended that they be HIGH ("1"), 

I2C8255 
',4/92. 5-.105 
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PRELIMINAf,lY 

MIc:I=tON MT 42C8255 
1-· '" 256K x 8 VRAM 

DRAM HIDDEN-REFRESH CYCLE 

(READ) (REFRESH) 

)~: 
IRAS IRP IRAS 

RAS VIH 
VIL-

IRCD IRSH ICHR 

CAS 
VIH-
VIL-

lAR 

I ICAC I 
I -lOFF 

. DO ~Igr=:--[-ly-s-7;IL,-I-YH---
OPEN --IR-O-HI~-IO-E!-I --E------:.VAVA:LiILID)jjD;;;;oU;T---}-~_I-O_D~_~_O_PE_N_ 

TRlOe ~Ir:-' \~ ____ --'~'--__________ -..J. 

~ DON'T CARE 

m UNDEFINED 

NOTE: 1. A HIDDEN REFRESH may also be performed after a WRITE or TRANSFER cycle. In this case, ~ = 

MT42C$25. 
REV. 4192 

LOW (when CAS goes LOW) and TRioE = HIGH. In the TRANSFER case, TRioE = LOW (when RAS goes 
LOW) and the DQ pins stay High-Z during the refresh period, regardless of Ti1I~. 

2. The MT42C8255 operates with MEiWE" and DSF = "don't care", but to ensure compatibility with all 
2 Meg VRAM feature sets, it is recommended that they be HIGH ("1 "). 

5-106 Micron Technology. Ino., reS81'V81 the rlghtto change Products or specIfica1tons without noll 
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PRELIMINARY 

MIC:I""""IION MT42C8255 
1-· ~"'" , 256K x 8 VRAM 

~ 

'-----.1 

IASR 
-1-

READ TRANSFER 3 

(DRAM-TO-SAM TRANSFER) 
(When serial part was previously High-Z or SC idle) 

lAC 

lRAS 

~ 
IRP 

ICSH 

IRS" I IRCD lCAS 

I } / 
I_R 

lRALI I I~ I I 
~ ~I I~ 

MEIWE ~:~~ I '. II ~#/,I/,I!$$/,I//,I/,I/$$$/,I/!l$//$/,I/,I/,I/,I)W/,l/,l/!l$/,I/$I/#$$#/#$//,I/,I& 
~~ 1, I 

os, ~:r:w1 I . };r$/,I//,I//II! /,1/11/1/_//l/1li// /,1//11// /,I /111/,1 /,I/$//IIII!/11!$ /,I #$/#/11/$1//11//& 

II~F III' I 
DO ~:gr:=3--4---0PEN .... N-o----

I lesD 

IRSD ----"=---

~ DON'T CARE 

~ UNDEFINED 

IOTE: 1. There must be no rising edges on the SC input during this time period. 

42C8255 
V.4192 

2. aSF = 0 when the Lower SAM (bits 0-255) is being accessed. 
OSF = 1 when the Upper SAM (bits 256-511 lis being accessed. 

3. If'TLH is timing for the iRI{OE) rising edge, the transfer is self-timed and the lese and IRSe times must be 
met. If IRTH is timing for the TR!(OE) rising edge, the transfer is done off of the TR/(QE) riSing edge and 
'Tse must be met. 

5-107 Micron Technology. Inc., reserves the right to change ptOducbI or specifications without notice. 
01992, Micron TechnolOgy, Inc. 

z 
~ 
II 
3C 
c: 
~ -." o 
~ 
C 
:0 
l> 
3C 



z 
~ 
II 
s: 
c: 
!:i -"tJ o 
~ 
C 
:D » s:: 

PRELIMINARY 

MIC:I=ION MT 42C8255 
1-· , , 256K X 8 VRAM 

tCRP 'RCo 

----..J 
'AR 

REAL-TIME READ TRANSFER 
(DRAM. TO-SAM TRANSFER) 

'RC 

'RAS 

t 
ICSH I 

'RSH 

I 
'CAS 

} / 

'RP 

I I :-- 'RAO I 

-I 
'RAe 

'ASR ~ ~I _teAH r 
AoOR ~ir:~ ROW ~ SAMSTART ~//Iff//§§§/§/§/I//////////§///§§§/I/////§//§I1//////§////£114 
.... :~,Wfflr~!t#/$$.J/J,iw!t!t#//#//,I##$/!I1#/$'!!I##$ff.J.J!lff.Jffll@'#####& 

~ tRFH I. I 
OSF ~ir~ I -17I1I1//f////II/I1!!!!///II/!//f!l!!///!!//f////!////////////!/!/!//!/!/ff!/IIII////I1!/I/!I1§/I//a 

oo._~11 ~ I I 
'~'-----r- ,~I,~ ,_ '- ----;,----

VALID DOUT VALIDDOUT 

'SEA-I 'S~L -'~P . J _'SEA 'TQo I 
Sf ~ir----~'---JL~lLLlfiLLi.~~.LL.f1rcu.3lLL~1fiLLl~L.· --------7---------

OOF~~:===============oore==2================~=========~==E2========= 
IiZJ DON'T CARE 

~ UNDEFINED 

NOTE: 1. The SE' pulse is shown to illustrate the SERIAL OUTPUT 

MT42C8256 REV._ 

ENABLE and DISABLE timing. It is not required. 
2. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 

5-108 Mlcran Technology. Inc., reallMlltM right to chancIe products or apeclfications without notle 
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PRELIMINARY 

UU::I=ION MT42C8255 
1-· , 256K x 8 VRAM 

~ tACO 

-.-I 

SPLIT READ TRANSFER 
(SPLIT DRAM-To-SAM TRANSFER) , 

'AC 

'RAS 

'CS~ 
'FISH , 

'CAS 

II } / 
'AR 

'RP J , 

\ 

II 
I_'RAO I I I 'RAJ. 

tASR ~ ~I J _'CAH -I -~~ ~~:;w;I - ~ --~ ~/$ij'//IIIWII_//lij'/&/$////ii/M'//I,w'/Iij'$//ij'@,i 
!'WSRII~ I 

ME,We ~:~-~ II !w!l!l//!I///!I////////////!I!I/!I//////!!I/!/I///!/I////////////!/!Ii!/////////!/I!I!II!II!!/!I///!a 
-~ "FSR 'RFH I 

OSF ~:r:qJ-I- --W/////!I/////////!I!IIII!!!I!I!I///!III!!I/////!I/!I!I/I/III!////III!!I!I//////I//!Ii!!I////////!h 
~ t, 

DO ~:gr:--~~! k - I· -
T"RtOE ~:r:-1.- ~////////////////////////////////////////!I////$//////!I//////////!!I/!I&/////!I//!I!I///////////~ 

~I 'sc I 'STH 

21: 
::: I' -5-"-(255-) - '---'----'---"~~ 253(509) X 254(5'0)1 

V'L--i-_______ -----jf,f-' ______ --.; __ ---''---__ _ 

X 255 (5") X 256+6 (6) 

-1.800 1- f--__ I_'sQO 'I, ___ ~ 
QSF ~gr::=J------SAM-MS-'J6~~F-(N-OTE-')-------~X~_--NE-WMSB--

IOTE: 1. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 
QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 

Iilll DON'T CARE 

m UNDEFINED 

T42C .... 
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PRELIMINARY 

MIC:RON MT42C8255 
1-· , 256K X 8 VRAM 

MT42C8255 
REV. 4192 

Se ~:~: ____ ---=_-' 
ISC 

se ~:~: 

SAM SERIAL OUTPUT 

ISEP 

'Be 

5-110 

ISC 

~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reservasthe right to chllllJ& products or epecIIicatians without notice 
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ADVANCE 

MIC:r=lON MT 42C8256 
1-· ;; ~, 256K x 8 VRAM 

VRAM 

FEATURES 
• Industry standard pinout, timing, and functions 
• High-performance, CMOS silicon-gate process 
• Single +5V ±10% power supply 
• Inputs and outputs are fully tTL and CMOS 

compatible 
• Refresh modes: RAS ONLY, CA5-BEFORE-RAS (CBR) 

and HIDDEN 
• 512-cyc1e refresh within 8ms 
• FAST PAGE MODE access with Extended Data Out 
• Dual port organization: 256K x 8 DRAM port 

512 x 8 SAM port 
• No refresh required for serial access memory 
• Low power: lOmW standby; 300mW active, typical 
• Fast access times - 70ns random, 15ns serial 

SPECIAL FUNCTIONS 
• JEDEC Standard MandatOry Function set 
• PERSISTENT MASKED WRJ;TE 
• MASi<::ED WRITE TRANSFER/SERIAL INPUT 
• MASKED SPUT WRITE TRANSFER 
• BLOCK wRITE (MASK) 
• MASKED FLASH WRITE 
• PROG~BLE SPLIT SAM 

OPTIONS MARKING 
• Timing [DRAM, SAM (cytie/access)] 

7Ons, 18/15ns - 7 
8Ons,25/2Ons - 8 

• Packages 
Plastic SOJ (400 mil) DJ 
Plastic TSOP (400 mil) TG 
Plastic TSOP (400 mil) reverse pinout RG 

GENERAL DESCRIPTION 
The MT42C8256 is a higltspeed, dual port CMOS dy-

1amic random access memory, or video RAM (VRAM) 
:ontaining 2,097,152 bits. These bits maybe accessed by an 
l-bit wide DRAM port or by a 512 x 8 bit serial access 
nemory (SAM) port. Data may be transferred bidirection­
Illy between the DRAM and the SAM. 

The DRAM portion of the VRAMis functionally identical 
o the MT4C4256 (256K x 4-bit DRAM), with the addition of 
vlASKED WRITE, BLOCK WRITE and FLASH WRITE. 
light 512-bit data registers make up the serial access mem­
ory portion of the VRAM. Data I/O and internal data 

T42C8256 
:V,4192 5-111 

256Kx8 DRAM 
WITH 512x 8 SAM 

PIN ASSIGNMENT (Top View) 

40-Pin SOJ (0-6) 
Veo 
sc 

SDO' 
SDQ2 
SDQ3 
SDQ4 

TAJOE 
DO' 
DQ2 
oca 
DO< 
vos 

MEfiNE 
RAS 

"" A7 

"" AS 
A. 

Veo 

, 
2 , 
4 
5 
6 
7 

8 
9 
10 
11 
'2 

" ,. 
15 

'6 
17 

'8 
'9 
20 

,40 
39 
as 

" '6 
35 

" " 32 

" ao 
29 
28 
21 
26 
25 
24 
29 
22 
21 

Vso 
SDOO 
SD07 

SDOO 
SDQ5 

SE 
D08 
D07 

IXl6 
DQ5 

Vss 
DSF 
GND 
CAS 
OSF 
1'1): 

A' 
A2 
A3 
V .. 

. 40/44-Pin TSOP (R-5) 

Vee Vsa 
sc soas 

SDO' SD07 
SDQ2 BOOS 
soca §l!Q5 

..§!lJli SE 
TAIOE DQ8 

DO' D07 
DQ2 D06 
oca DQ5 

DQ4 Vsa 
Vss DSF 
~ IlllIP 

RAS • CAS 

"" OSF 
A7 1'1) 
AS A1 
AS A2 
M A3 

Vee V .. 

40/44-Pin TSOP* (R-5) 

'Vss 
soas 
SD07 
SDOS 
sog; 

SE 
DOS 
D07 
oas 
DQ5 

Vss 
DSF 

~: 
QSF 

1'1) 

A' A2 
A3 

Vss 

'Consult factory lor avallablliiy. 

Veo 
sc 
SDQ1 
SDQ2 
SDOO 

fl~ 
DO' 
002 
000 

DQ4 

~ 
AS 
A7 
AS 
AS 
A4 
Vee 

Micron TeohnOIogy, Inc., reaervee the right to change produtU. or specificallans without notice. 
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ADVANCE 

MIC:RON MT42C8256 
1-· , 256K X 8 VRAM 

transfer are accomplished using three separate bidirec­
tional data paths: the 8-bitrandom access 1/ Oport,the eight 
internal 512 bit wide paths between the DRAM and the 
SAM, and the 8-bit serial 110 port for the SAM. The rest of 
the circuitry consists of the control, timing, and address 
decoding logic. 

Each port may be operated asynchronously and 
independently of the other except when data is being trans­
ferred internally. As with all DRAMs, the VRAM must be 
refreshed to maintain data. The refresh cycles must be 
timed so that all 512 combinations of RAS addresses are 
executed at least every 8ms (regardless of sequence). Micron 

recommends evenly spaced refresh cycles fpr maximum 
data integrity. An internal transfer between the DRAM and 
the SAM counts as a refresh cycle. The SAM portion of the 
VRAM is fully static and does not require any refresh. 

The operation and control of the MT42C8256 are 
optimized for high performance graphics and communica­
tion designs. The dual port architecture is well suited to 
buffering the sequential data types used in raster graphics 
display, serial, parallel networking and data com­
munications. Special features such as SPilT TRANSFERs, 
Extended Data Out and BLOCK WRITE allow further en­
hancements to system performance. 

FUNCTIONAL BLOCK DIAGRAM 

MT42C8256 
REV. 4192 

....................................................................................................................................................................................................... 
COLUMN 

MASK 

00' . 
0C8 

SOO' . 
S0C8 

SPLIT SAM 
STATUS & CONTROL 

~ ••••• -====j-----------------+- aSF 

............... - ...................................................................................................................... - ...................... - ....................... - .. - .................... - ...... .. 

5-112 MIcron Technology. Inc., re8e1'V9S the right to ctlange products Of specifications wfIhout notic! 
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PIN DESCRIPTIONS 

SOJ PIN 
NUMBERS 

2 

7 

13 

35 

29 

14 

27 

25,24,23, 
22, 19, 18, 
17,16,15 

8,9, 10, 11, 
31,32,33, 

34 

3, 4, 5, 6, 36, 
37,38,39 

26 

28 

1,20 

12,21, 
30,40 

MT42C8256 
REV. 4192 

TSOP(TG) PIN 
NUMBERS 

2 

7 

15 

39 

31 

16 

29 

27,26,25, 
24,21,20, 
19,18,17 

8,9,10,13, 
35,36,37, 

38 

3, 4, 5, 6, 40, 
41,42,43 

28 

30 

1,22 

14,23, 
32,44 

SYMBOL 

SC 

TRIOE 

ME/WE 

SE 

DSF 

RAS 

CAS 

AO-A8 

D01-D08 

SOQ1-S0Q8 

OSF 

GND 

Vee 

Vss 

TYPE 

Input 

Input 

Input 

Input 

Input 

Input 

Input 

Input 

Input! 
Output 

Input! 
Output 

Output 

-

Supply 

Supply 

ADVANCE 

OESCRIPTION 

Serial Clock: Clock input to the serial address counter and data latch 
for the SAM registers. 

Transfer Enable: Enables an internal TRANSFER operation at RAS 
(H .... L), or 
Output Enable: Enables the DRAM output buffers when taken LOW 
after RAS goes LOW (CAS mustalso be LOW), otherwise the output 
buffers are in a High-Z state. 

Mask Enable: If MEIWE is LOW at the falling edge of RAS, a 
MASKED WRITE cycle is performed, or 
Write Enable: ME/WE is also used to select a READ (ME/WE = H) or 
WRITE (ME/WE = L) cycle when accessing the DRAM. This includes 
a READ TRANSFER (ME/WE = H) or WRITE TRANSFER 
(MEIWE = L). 

Serial Port Enable: SE enables the serial I/O buffers and allows a 
serial READ or WRITE operation to occur, otherwise the output 
buffers are in a High-Z state. The SAM address count will be 
incremented by the rising edge of SC when SE is inactive (HIGH). 

Special Function Select: DSF is used to indicate which special 
functions (BLOCK WRITE, FLASH WRITE,SPLIT TRANSFER, etc.) 
are used for a particular access cycle (see Truth Table). 

Row Address Strobe: RAS is used to clock in the 9 row-address bits 
and strobe for ME/WE, TR/OE, DSF, SE, CAS and DO inputs. It also 
acts as the master chip enable, and must fall for initiation of any 
DRAM or TRANSFER cycles. 

Column Address Strobe: CAS is used to clock in the 9 column-
address bits and as a strobe for the DSF input (BLOCK WRITE only). 

Address Inputs: For the DRAM operation, these inputs are 
multiplexed and clocked by RAS and CAS to select one 8-bit word 
out of the 262,144 available. During TRANSFER operations, AD to A8 
indicate the DRAM row being accessed (when RAS goes LOW) and 
AO-A8 indicate the SAM start address (when CAS goes LOW). A8 = 
"don't care" for the start address during SPLIT TRANSFERs. 

DRAM Data I/O: Data input!output for DRAM access cycles: These 
pins also act as inputs for Mask and Color Register load cycles, DO 
Mask and Column Mask for BLOCK WRITE. 

Serial Data I/O: Input, output, or High-Z. 

Split SAM Status: OSF indicates which half of the SAM is being 
accessed. LOW if address is 0-255, HIGH if address is 256-511. 

No Connect!GND: This pin must be tied to ground to allow for upward 
functional compatibility with future VRAM feature sets. 

Power Supply: +5V ±10% 

Ground 

5-113 Micron Technology, Inc., reserves the right to change products or specifications witllout notice. 
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UII::::I=ICN MT42C8256 
1-· """oeo"",, 256K X 8 VRAM 

FUNCTIONAL DESCRIPTION 
The MT42CS256 can be divided into three functional 

blocks (see Figure 1): the DRAM, the transfer circuitry, and 
the SAM. All of the operations described below are shown 
in the AC Timing Diagrams section of this data sheet and 
summarized in the Truth Table. 

Note: For dual-function pins, the function not being 
discussed will be surrounded by parentheses. For 
example, the TRIOE pin will be shown as TRI(OE) in 
references to transfer operations, 

DRAM OPERATION 

DRAM REFRESH 
Like any DRAM based memory, the MT42CS256 VRAM 

must be refreshed to retain data. All 512 row address 
combinations must be accessed within Srns. The MT42CS256 
supports CAS-BEFORE-RAS, RAS ONLY and HIDDEN 
types of refresh cycles. 

For the CAS-BEFORE-RAS REFRESH (CBR) cycle, the 
row addresses are generated and stored in an internal 
address counter. The user need not supply any address 
data, and simply must perform 512 CAS-BEFORE-RAS 
cycles within the Sms time period. CBR cycles are also used 
to reset MASKED WRITE and PROGRAMMABLE SPLIT 
SAM operating modes. There are three CBR cycles defined 
for the MT42CS256; CBR No Reset (CBRN), CBR Reset Stop 
Address (CBRS), and CBR Reset All Options (CBRR). To 
perform these functions, two additional pins are defined for 
CBR cycles, ME/WE and DSFI. These operations are de­
scribed in detail in the MASKED WRiTE and SPLIT READ / 
WRiTE TRANSFER sections of the functional description. 

The refresh address must be generated externally and 
applied to AD-AS inputs for RAS-ONL Y REFRESH cycles. 
The DQpins remain in a High-Zstate for both the RAS-ONL Y 
and CAS-BEFORE-RAS cycles. 
~DDEN REFRESH cycles are performed by toggling 
RAS (and keeping CAS LOW) after a READ or WRiTE 
cycle. This performs CAS-BEFORE-RAS cycles but does not 
disturb the DQ lines. 

Any DRAM READ, WRITE, or TRANSFER cycle also 
refreshes the DRAM row being accessed. The SAM portion 
of the MT42CS256 is fully static and does not require any 
refreshing. 

DRAM ACCESS CYCLES (RW) 
The DRAM portion of the VRAM is nearly identical to 

standard256Kx4 DRAMs. However, because several of the 
DRAM control pins are used for additional functions on 
this part, several conditions that were undefined or in 
"don't care" states for the DRAM are specified for the 
VRAM. These conditions are highlighted in the following 

discussion. In addition, the VRAM has special functions 
that can be used when writing to the DRAM. 

The IS address bits that are used to select an S-bit word 
from the 262,144 available are latched into the chip using 
the AD-AS, RAS and CAS inputs. First, the nine row-ad­
dress bits are set up on the address inputs and clocked into 
the part when RAS transitions from HIGH-to-LOW. Next, 
the 9 column address bits are set up on the address inputs 
and clocked-in when CAS goes from HIGH-to-LOW. 

Note: RAS also acts as a "master" chip enable for the 
VRAM. If RAS is inactive, HTGH, all other DRAM 
control pins (CAS, TRIOE,MElWE,etc.)area "don't 
care" and may change state without effect. No DRAM 
or TRANSFER cycles will be initiated without RAS 
falling. 

~r single port DRAMS, the OE pin is a" don't care" when 
RAS goes LOW. However, for the VRAM, when RAS goes 
LOW, TR/(OE) selects between DRAM access or TRANS­
FER cycles. TR/ (OE) must be HIGH at the RAS HIGH-to­
LOW transition for all DRAM operations (except CAS­
BEFORE-RAS). 

A DRAM READ operation is performed if (ME)/WE is 
HIGH when CAS goes LOW and remains HIGH until CAS 
goes HIGH. The data from the memory cells selected will 
appear at the DQI-DQS port. The (TR)/OE input must 
transition from HIGH-to-LOW some time after RAS falls to 
enable the DRAM output port. 

For single port DRAMs, WE is a "don't care" when RAS 
goes LOW. For the VRAM, ME/WE performs two func­
tions; write mask enable and data write enable. ME/(WE) 
is used, when RAS goes LOW, to select between a MASKED 
WRITE cycle and a normal WRiTE cycle. If ME/(WE) is 
LOW at the RAS HIGH-to-LOW transition, a MASKED 
WRiTE operation is selected. For any non-masked DRAM 
access cycle (READ or WRiTE), ME/ (WE) must be HIGH at 
the RAS HIGH-to-LOW transition. If (ME)/WE is LOW 
before CAS goes LOW, a DRAM EARLY -WRiTE operation 
is performed and the data present on the DQ1-DQS data 
port will be written into the selected memory cells. If (ME) / 
WE goes LOW after CAS goes LOW, a DRAM LATE­
WRITE operation is performed (refer to the AC timing 
diagrams). 

The VRAM can perform all the normal DRAM cycles 
including READ, EARLY-WRiTE, LATE-WRITE, READ­
MODIFY-WRITE, FAST-PAGE-MODE READ (with Ex­
tended Data Out), FAST-PAGE-MODE WRiTE (Late or 
Early), and FAST -P AGE- MODE READ-MODIFY -WRITE. 
Refer to the AC timing parameters and diagrams in the data 
sheet for more details on these operations. 

MT42CB256 
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EXTENDED DATA OUTPUT 
DRAM READ cycles have traditionally turned the out­

put buffers off (High-Z) with the rising edge of CAS. If 
CAS goes HIGH, and OE is LOW (active), the output 
buffers will be disabled. The MT42C8256 offers an acceler­
atedFASTPAGEMODE(FPM)cyclebyeliminatingoutput 
disable from CAS HIGH. This option is called Extended 
Data Out, and it allows CAS precharge time (tcP) to occur 
without the output data going invalid (see DRAM READ 
and DRAM FAST-PAGE-MODE READ waveforms). 

Extended Data Out operates as any DRAM READ or 
FPM READ, except data will be held valid after CAS goes 
HIGH, as long as RAS is LOW. If the DQ outputs are wire 
OR'd, (TR)/OE must be used to disable idle banks of 
VRAMs. During non-P AGE-MODE READ cycles, the out­
puts are disabled at tOFF time after RAS and CAS are 
HIGH. The toFF time is referenced from the rising edge of 
RAS or CAS, whichever occurs later. 

MASKED WRITE (RWM) 
The MASKED WRITE feature eliminates the need to do a 

READ-MODIFY-WRITE cycle when changing individual 
bits within the 8-bit word. The MT42C8256 supports two 

ADVANCE 

types of MASKED WRITE cycles, nonpersistent MASKED 
WRITE and persistent MASKED WRITE. When MEl (WE) 
and DSF are LOW at the RAS HlGH-to-LOW transition, a 
MASKED WRITE is performed. 

The MT42C8256 initializes in the nonpersistent mode. In 
this mode, mask data must be entered with every RAS 
falling edge. The data (mask data) present on the DQI-DQ8 
inputs will be written into the mask data register (see Figure 
1). The mask data acts as an individual write enable for each 
of the eight DQI-DQ8 pins. If a LOW (logic "0") is written 
to a mask data register bit, the input port for that bit is 
disabled during the subsequent WRITE operation and no 
new data will be written to that DRAM cell location. A 
HIGH (logic "1") on a mask data register bit enables the 
input port and allows normal WRITE operation to proceed. 
Note that CAS is still HIGH. When CAS goes LOW, the bits 
present on the DQI-DQ8 inputs will be either written to the 
DRAM (if the mask data bit is HIGH) or ignored (if the mask 
data bit is LOW). The DRAM contents that correspond to 
masked input bits will not be changed during the WRITE 
cycle. The mask data register is cleared at the end of every 
nonpersistent MASKED WRITE. 

1- NONPERSISTENT MASKED WRITE -1- NONPERSISTENT MASKED WRITE -I 

MT42C8256 
AEV.4192 

RAS ~ 

CAS \ 

MElWE \ I1!lllA 
DSF 

STORED MASK INPUT 

DATA 

X 
1 0 ...... 0;> 

0 0 X 
1 ._----;;>-

X 
1 0·· .. ··0;> 

0 X 
o ...... 0;> 

ADDRESS 0 

X = NOT EFFECTIVE (DON'T CARE) 

/ ~----------~;-\ 

/ '-----~;-\ 

II III! II / / IA flllllA 

STORED STORED MASK INPUT 

DATA DATA (RE·WRITE) 

STORED 

DATA 

o 1 0 
0 0 

0 

1 0 

0 0 

0 

1 0 

0 0 

• • 

Figure 1 

X 
1 

X 
1 

X 

0 

X 
0 

ADDRESS 1 

.-----;:.-

.-----;:,. 

._----;>-

.••••• 0;> 

o 
o 

I2Z1 DON'T CARE 

NONPERSISTENT MASKED WRITE EXAMPLE 
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The selection of persistent or nonpersistent MASKED 
WRITE is done by perfonning a LOAD MASK REGISTER 
(LMR) cycle (see LMR description). If an LMR is done, all 
ensuing MASKED WRITEs are persistent and the mask 
data will be provided by the Mask Data Register (see Figure 
2). The mask data is applied in the same manner as in 
nonpersistent mode. 

To reset the device back to the nonpersistent mode, a 
CAS-BEFORE-RAS, Reset All Options (CBRR) cycle must 
be perfonned. This cycle is defined as a CBR with DSF LOW 
when RAS falls, WE is "don't care." To preserve the persis­
tent mode of MASKED WRITE, while using CAS-BEFORE­
RAS REFRESH, a CBRN cycle is used. This cycle will 
perfonn a refresh of the internally addressed row of DRAM 
but will not reset the MASKED WRITE mode. 

FAST PAGE MODE can be used with MASKED WRITE 
to write several column locations in an addressed row. The 

ADVANCE 

same mask is used during the entire FAST-PAGE-MODE 
RAScycle. 

BLOCK WRITE (BW) 
If DSF is HIGH when CAS goes LOW, the MT42CS256 

will perform a BLOCK WRITE cycle instead of a nonnal 
WRITE cycle. In BLOCK WRITE cycles, the contents of the 
color register are directly written to four adjacent column 
locations (see Figure 3). The color register must be loaded 
prior to beginning BLOCKWRlTE cycles (see LOAD COWR 
REGISTER). 

The row is addressed as in a normal DRAM WRITE cycle. 
However when CAS goes LOW, only the A2-AS inputs are 
used. A2-AS specify the "block" of four adjacent column 
locations that will be accessed. The DQ inputs (DQl, 2, 3, 
and 4) are then used to determine what combination of the 
four column locations will be changed. The DQ inputs are 

1- LOADMASKREGISTER -1- Persistent MASKED WRITE -I~ Persistent MASKED WRITE -I 
RAS 

CAS 

MEiWE 

DSF 

MT42C8256 
REV. 4/92 

~ I L-______________ -" \'-----~/ ~'-----~r 

\ / \~-~/ 

\'-~------------+---~-------------+----~-------

\ MlII/II/ffi'M. 

MASK 
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o 

STORED 

DATA 

o 

BEFORE 

APPLY 

MASK 

REG. 

II! 11/ 11/ 11/1 IA 

INPUT STORED STORED 

DATA DATA 

x 
o .. 3>-

X 0 
1 .• 3>-

X 
o .. 3>-

1 .. 3>-

X 0 

AFTER BEFORE 

APPLY 

MASK 

REG. 

$//!l//II/h 

INPUT 

X 
1 _ .•. 3>-

X 
1 _ ... 3>-

X 
o _ ... 3>-

_ ••• 3>-

X 

STORED 

DATA 

AFTER (Stored in 

Mask Data 

Register) 
------ ADDRESS 0 ----... ..---- ADDRESS 1 

x = NOT EFFECTIVE (DONT CARE) 

~ DONTCARE 

Figure 2 
PERSISTENT MASKED WRITE EXAMPLE 
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00' 
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D07 

Das c~~~~ - L.J...C-,l-OLO"'R-R'-:-'G,L.ST-'-'A-'--' 
REGISTER {must be previously loaded} 

Figure 3 
BLOCK WRITE EXAMPLE 

"written" at the falling edge of CAS or WE, whichever 
occurs later (see the WRITE cycle waveforms). The table on 
this page illustrates how each of the DQ inputs is used to 
selectively enable or disable individual column locations 
within the block. The write enable controls are active HIGH; 
a logic "1" enables the WRITE function and a logic "0" 
disables the WRITE function. 

The contents of the color register will then be written to 
the column locations enabled. Each DQ location of the color 
register is written to the four column locations (or any of the 
four that are enabled) in the corresponding DQ bit plane. 

MASKED BLOCK WRITE (BWM) 
The MASKED WRITE functions may also be used during 

BLOCK WRITE cycles. MASKED BLOCK WRITE operates 
exactly like the normal MASKED WRITE except the mask is 
now applied to the 8 bit-planes of four column locations 
instead .of just one column location. 

The combination of ME I (WE) LOW and DSF LOW when 
RAS goes LOW initiates a MASKED WRITE cycle. To 

perform a MASKED BLOCK WRITE, the DSF pin must be 
HIGH when CAS goes LOW. By using both the column 
mask input and the MASKED WRITE function of BW, any 
combination of the eight bit planes may be masked, along 
with any combination of the four column locations. 

The MASKED BLOCK WRITE will be nonpersistent (new 
mask) at device power-up. To enter persistent mode (old 
mask) a LOAD MASK REGISTER cycle is performed. All 
MASKED BLOCK WRITEs will be persistent after the LMR. 
To reset to nonpersistent mode, a CBRR (reset all) cycle 
must be performed. 

INPUTS 
COLUMN ADDRESS CONTROLLED 

AD A1 
DQ1 0 0 

DQ2 1 0 

DQ3 0 1 

DQ4 1 1 
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MIC:RON MT42C8256 
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MASKED FLASH WRITE (FWM) 
The MASKED FLASH WRITE cycle is similar to the 

MASKED BLOCK WRITE cycle in that it uses the color 
register to accelerate the writing of a select color to the 
DRAM memory array. Instead of writing to four adjacent 
column locations in one DRAM cycle (BLOCK WRITE), 
FWM writes the contents of the color register to all column 
locations on an addressed row in one cycle. 

The FWM cycle is selected by taking TR/(OE) and DSF 
HIGH and ME / (WE) LOW at the falling edge of RAS. DSF 
is "don't care" at the falling edge of CAS. The DQ plane 
mask applies as it does for all masked write cycles; if the 
mask register has been loaded, the mask is persistent; if it 
has not, the mask is nonpersistent. 

LOAD MASK REGISTER (LMR) 
The LOAD MASK REGISTER operation loads the data 

present on the DQ pins into the 8-bit Mask Data Register at 
the falling edge of CAS or (ME) /WE. As shown in the Truth 
Table, the combination of TR/(OE), (ME)/WE, and DSF 
being HIGH when RAS goes LOW indicates the cycle is a 
LOAD REGISTER cycle. DSF is used when CAS goes LOW 
to select the register to be loaded and must be LOW for a 
LOAD MASK REGISTER cycle. 

Note: LOAD MASK REGISTER cycles also enable the 
persistent MASKED WRITE mode. All ensuing 
MASKED WRITEs (including MASKED WRITE 
and MASKED SPLIT WRITE TRANSFER) will be 
masked with data from the mask register. A CBRR has 
to be done to reset back to nonpersistent mode. 

The row address supplied will be refreshed, but it is not 
necessary to provide any particular row address. The col­
umn address inputs are ignored during a LOAD MASK 
REGISTER cycle. 

During persistent operation, the mask data register con­
tents are used for MASKED WRITE, MASKED BLOCK 
WRITE, MASKED FLASH WRITE, and MASKED WRITE 
and SPLIT WRITE TRANSFER cycles to selectively enable 
writes to the eight DQ planes. 

LOAD COLOR REGISTER (LCR) 
A LOAD COLOR REGISTER cycle is identical to the 

LOAD MASK REGISTER cycle except DSF is HIGH when 
CAS goes LOW. The contents of the 8-bit color register are 
retained until changed by another LOAD COWR REGIS­
TER cycle (or the part loses power) and are used as data 
inputs during BLOCK WRITE and FLASH WRITE cycles. 

TRANSFER OPERATIONS 
TRANSFER operations are initiated when TR/(OE) is 

LOW at the falling edge ofRAS. The state of (ME) /WEwhen 
RAS goes LOW indicates the direction of the TRANSFER 
(to or from the DRAM), and DSF is used to select between 
NORMAL TRANSFER and SPLIT TRANSFER cycles. Each 
of the TRANSFER cycles is described in this section. 

READ TRANSFER (RT) 
If (ME)/WE is HIGH and DSF is LOW when RAS goes 

LOW, a READ TRANSFER cycle is selected. The row ad­
dress bits indicate which eight 512-bit DRAM row planes 
are transferred to the eight SAM data register planes. The 
column address bits indicate the start address (or Tap 
address) of the serial output cycle from the SAM data 
registers. CAS must fall for every TRANSFER in order to . 
load a valid Tap address. A read transfer may be accom­
plished in two ways. If the transfer is to be synchronized 
with the serial clock, SC (REAL-TIME READ TRANSFER), 
TR/ (OE) is taken HIGH after CAS goes LOW. The TRANS­
FER will be made when TR/ (OE) goes HIGH. If the transfer 
does not have to be synchronized with SC (READ TRANS­
FER), TR/(OE) may go HIGH before CAS goes LOW and 
the actual data TRANSFER will be timed internally (refer to 
the AC Timing Diagrams). During the TRANSFER, 4,096 
bits of DRAM data are written into the SAM data registers 
and the Tap address is stored in an internal 9-bit register. 
The split SAM status pin (QSF) will be LOW if the Tap is in 
the lower half (addresses 0 through 255), and HIGH if it is 
in the upper half (256 through 511). If SE is LOW, the first 
bits of the new row data will appear at the serial outputs 
with the first SC clock pulse. SE enables the serial outputs 
and may be either HIGH or LOW during this operation. The 
SAM address pointer will increment with the SC LOW -to­
HIGH transition, regardless of the state of SE. Performing a 
READ TRANSFER cycle sets the direction of the SAM II 0 
buffers to the output mode. 

SPLIT READ TRANSFER (SRT) 
The SPLIT READ TRANSFER (SRT) cycle eliminates the 

critical transfer timing required to maintain a continuous 
serial output data stream. When using normal TRANSFER 
cycles to do midline reloads, a REAL_TIME READ TRANS­
FER must be done. The REAL-TIMEREAD TRANSFER has 
to occur between the last clock of "old" data and first clock 
of the "new" data of the SAM port. 

When using the SPLIT TRANSFER mode, the SAM is 
divided into an upper half and a lower half. While data is 
being serially read from one half of the SAM, new DRAM 
data may be transferred to the other half. The transfer may 
occur at any time while the other half is sending data, and 
is not synchronized with the serial clock. 

MT42CB256 
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The TR/ (OE) timing is also relaxed for SPLIT TRANSFER 
cycles. The rising edge of TR/ (O"E) is not used to complete 
the TRANSFER cycle and therefore is independent of the 
falling edge of CAS or the rising edge of Sc. The transfer 
timing is generated internally for SPLIT TRANSFER cycles. 
A SPLIT READ TRANSFER does not change the direction 
of the SAM I/O port. 

A "full" READ TRANSFER. cycle must precede any se­
quence of SRT cycles to provide a reference to which half of 
the SAM the access will begin (the state of QSF), and to set 
SAM I/O direction. Then an SRT may be initiated by 
taking DSF HIGH when RASgoes LOW during the TRANS­
FER cycle. As in nonsplit transfers, the row.address is used 
to specify the DRAM row to be transferred. The column 
address, AO-A7, is used to input the SAM Tap address. 
Address pin AS is a "don't care" when the Tap address is 
loaded at the HIGH-to-LOW transition·of CAS. It is inter­
nally generated in suchamannerthatthe SPLIT TRANSFER 
will automatically be to the SAM half not being accessed. 

ADVANCE 

Figure 4 shows a typical SRT initiation sequence. The 
normal READ TRANSFER is performed first, followed by 
an SRT of the same row to the upper half of the SAM. The 
SRT to the upper half is optional, and need only be done if 
the Tap for the upper half is oF O. Serial access continues, and 
when the SAM address counter reaches 255 ("AS" = 0, AO­
A7=1) the QSF output goes HIGH and, if an SRTwas done 
for the upper half, the new Tap address is loaded for the next 
half ("AS" = 1, AO-A7 = Tap). Once the serial access has 
switched to the upper SAM (QSF has gone HIGH), new data 
may be transferred to the lower SAM. For example, the next 
step in Figure 4 would be to wait until QSF went LOW 
(indicating that row-l data is shifting out of the lower SAM) 
and execute an SRT of the upper half of row 1 to the upper 
SAM. If the half boundary is reached before an SRT is done 
for the next half, the device will leave split mode and the 
access will start from address 256 if going to the upper half 
or at 0 if going to the lower half (see Figure 5). 

I I 

MT42C8256 
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I I I 
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(NORMAL) READ TRANSFER 

FROM: ROW a 
TO: FULL SAM, 
SAM 110 IS SET TO OUTPUT 
MODE AND SERIAL OUTPUT 
FROM LOWER SAM BEGINS 
(QSF GOES LOW) 

SPLIT READ TRANSFER 
(OPTIONAL) 

FROM" Rowa 
TO: UPPER SAM, 
TAP ADDRESS = 4 
SERIAL OUTPUT FROM 
LOWER SAM CONTINUES 

Figure 4 

SERIAL OUTPUT 
SWITCHES FROM 
LOWER SAM TO 
UPPER SAM (QSF 
GOES HIGH) 

SPLIT READ TRANSFER 

FROM: ROW 1 
TO: LOWER SAM, 
TAP ADDRESS ~ 0 TO 255 
SERIAL OUTPUT FROM 
UPPER SAM CONTINUES 
(QSF REMAINS HIGH) 

~DON'TCARE 

~ UNDEFINED 

TYPICAL SPLIT-READ-TRANSFER INITIATION SEQUENCE 
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The stop address of the SAM half (the point at which 
access will change to the next half) is programmable on the 
MT42C8256. This function is described in the PROGRAM­
MABLE SPLIT SAM section of the Functional Description. 

MASKED WRITE TRANSFER (MWT) 
TheoperationoftheMASKEDWRITETRANSFER(MWT) 

is identical to that of the READ TRANSFER described 
previously except (ME) /WE is LOW and a DQ plane mask 
is applied when RAS goes LOW. The row address indicates 
the DRAM row to which the SAM data registers will be 
written. The column address (Tap) indicates the starting 
address of the next SERIAL INPUT cycle for the SAM data 
registers. A DQmaskmustbe applied to allMWTs as shown 
in Figure 6. This may be done using persistent or nonpersis­
tent modes. When using persistent mode, the mask will be 
supplied bythemaskregister. Wheninnonpersistentmode, 
the DQ pins are used to input a bit plane mask at the falling 

ROW 

LOWER HALF UPPER HALF 

,-- NOSRT ----. " ---NOSRT----" 
TAP 255 256 511 

II II ir-II --~II 
SJSpIiI L...J I 

Figure 5 
SPLIT SAM TRANSFER 

edge of RAS. An MWT changes the direction of the SAM 
I/O buffers to the input mode. To change the SAM I/O 
buffers to input mode without SAM data being transferred 
to the DRAM, a mask of all 0' s must be presented on the DQ 
pins when RAS falls. QSF is LOW if serial input is to the 
lower half of the SAM, and HIGH if it is to the upper. 

(AO-AS at RAS) - ~~~ ••••••••••••••• ~~~ 

MT42C8256 
AEV.4192 

MASK REGISTER 

D01 

D02 

D03 

D04 

DOS 

D06 

D07 

DOS 

• I , I I 

Figure 6 
DQ MASKED WRITE TRANSFER 
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MIC:r-\ON MT 42C8256 
1-· r""I, " 256K X 8 VRAM 

MASKED SPUT WRITE TRANSFER (MSWT) PROGRAMMABLE SPUT SAM 
The MASKED SPLIT WRITE TRANSFER (MSWT) cycle 

allows serial input data to be transferred to the DRAM 
without interrupting the serial clock. Operation of the 
SWT cycle is very similar to the SPLIT READ TRANSFER 
cycle. It will transfer the idle half of the SAM to the DRAM 
and set the Tap address to where the new serial data will be 
loaded in that half. Selection of the MSWT cycle is the same 
as that of the MASKED WRITE TRANSFER with the excep­
tion of the state ofDSF. When DSF is HIGH at the falling edge 
of RAS, an MSWT will occur. The initiation sequence for 
MSWT is shown in Figure 7. An MSWT will not change the 
direction of the SAM I/O buffers. 

Programmable Split SAM operation is an extension of the 
Split SAM mode. This mode optimizes SAM performance 
by allowing user-programmable stop points to be defined 
in the split SAM. The stop points define a SAM location at 
which the access will change from one half of the SAM to the 
other half (at the loaded Tap address). The locations of the 
stop points are programmable in power-of-two increments. 
The stop points and size of the resulting partitions are 
shown in Figure 8, along with an example. 

The stop points are set by performing a CAS-BEFORE­
RAS (Reset Stop Addrs) ~le (CBRS). A CBRS cycle is a 
CAS-BEFORE-RAS with ME/WE LOW and DSF HIGH at 

MT42C8256 
REV. 4192 

, , , , 
AAS \~--_--'.U~Ll.Li h 1lll41m:W&TT770J77T.1I!~TT77W~77T.1j/TT7711!~77T.Wrm%~'--__ -----1LUfllll= 

I ' 1 I . , , , 

\ ~~ \ ~7/!/!//#////##/!/!I//4~ \~~/ll/l;~ 

~/////#4~ ROW' X AO'~IAPXIl;jf!//I!/$$#////;1///4~ROWO X AO-~XTAPX 
, I I I , 

% : $//$#$$ff$$I/$~ ~/$///$///#///!//d~ : fi//#!I!///$//////!/J 
, , , 

\ :,' I r----------~~,'( r-------~~r----------~:.h: I~--------
\....-i-/ If 11 Y , , 

00 ~$/$////$/$#~#$ff$$!/$J1 ~/#1/ff!/////$4 
I : I I . 

oSF %, @$/!//////#/#I##//$4:v: _$M//$///~ ~: W$#/#!I###l#j 
I • I I . 

-----nj~~f\---/\-/ , " 

sc 

, 

~~ W#$#/##tW#/#l1~ ,. : ~ 

aSF 

, , , , , , 
: ~ ~vrr-------------

----------------\L---~4~(------------~!:~ /:f 

MASKED WRITE TRANSFER 

FROM: Full SAM 
TO: Masked 
SAM I/O is set to input 
made and serial input 
to Lower SAM begins 
(OSF goes LOW) 

, , , , , , , 
, SPUT WRITE TRANSfER Serial input switches : 

(optional) from Lower SAM to , 
Upper SAM : 

FROM: Upper SAM OSF goes HIGH " 
TO: RewO , 
TAP Address = 4 , 
Serial input to Lower : 
SAM continues : 

Figure 7 

SPLIT WRITE TRANSFER 

FROM: Lower SAM 
TO: Row 0 
TAP ADDRESS = 0 TO 255 
Serial input to Upper 
SAM continues (OSF 
remains HIGH) 

~ DON'TeARE 

TYPICAL. SPLIT-WRITE· TRANSFER INITIATION SEQUENCE 

5-121 Micron Technology, inc., reserves the right to change products or speclfrcatlons without notice. 
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the RAS HIGH-to-LOW transition. This is a special CAS­
BEFORE-RAS refresh cycle that, in addition to refreshing 
the DRAM, will sample the address pins (A4-A8) and setthe 
stop point partition to the addressed value (See Figure 8). 
The programmable stop points will not become valid until 
a Split Transfer (READ or WRITE) is done, following the 
CBRS. Both halves of the SAM will be programmed simul­
taneously to the same partition lengths and stop points. 

Access will progress from the Tap address to the end of 
the programmable partition into which the Tap fell. When 
the end of the" addressed" partition is reached, the access 
will jump to the tap address of the next half, provided that 
a SPLIT TRANSFER (READ or WRITE) was done before the 
partition boundary was reached. If a SPLIT TRANSFER (ST) 
is not done prior to the terminal count of the partition, the 

ADVANCE 

partition is not recognized and the address count will 
continue in the same half (this is shown Figure 8 at stop 
address 383). The count will continue in the same half until 
a SPLIT TRANSFER (READ or WRITE) occurs or the SAM 
half boundary is reached. In Figure 8, an ST occurs some 
time between addresses 383 and 447 and the boundary is 
recognized at 447. The programmable stop points may be 
reprogrammed at any time by performing another CBRS 
cycle, the new stop points will not be valid until an ST is 
performed. 

Disabling the Programmable Split SAM requires a CBRR 
(Reset All Options). This is a CAS-BEFORE-RAS cycle with 
DSF LOW at the RAS HIGH-to-LOW transition. The CBRR 
(Reset) will take effect immediately; it does not require an 
ST to become active valid. 

Number Stop Address @RAS"lOW Number and Size 

MT42C8256 
REV. 4192 

Points/Half A8 A7 A6 A5 A4 01 Partition(s) 

1 (Default) X 1 1 1 1 1 x 256 

2 X 0 1 1 1 2 x 128 

4 X 0 0 1 1 4x 64 

8 X 0 0 0 1 8 x 32 

16 X 0 0 0 0 16 x 16 

AO-A3 = "don't care" 

EXAMPLE 
(4 stop pOints) 

LOWER HALF UPPER HALF 
Start Split 

o TAP 63 127 191 255 256 319 X 383 447 

It-i I I J )---64---L , J 

LSTJL (Tap ~ X) 

Programmed Partition (A4-A8) = 000111111 
MSB ... LSB 

11_ 64 _: 
I 

I 
I 

LNOSTJL_ST-

(Tap ~ 0) 

Figure 8 
PROGRAMMABLE SPLIT SAM OPERATION 

I 

511 

II 
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SERIAL INPUT AND SERIAL OUTPUT 
The control inputs for SERIAL INPUT and SERIAL OUT­

PUT are SC and SE. The rising edge of SC increments the 
serial address counter and provides access to the next SAM 
location. SE enables or disables the serial input/output 
buffers. 

Serial output of the SAM contents will start at the serial 
start address that was loaded in the SAM address counter 
during a READ or SPLIT READ TRANSFER cycle. The SC 
input increments the address counter and presents the 
contents of the next SAM location to the 8-bit port. SE is 
used as an output enable during the SAM output operation. 
The serial address is automatically incremented with every 
SC LOW-to-HIGH transition, regardless of whether SE is 
HIGH or LOW. The address progresses through the SAM 
and will wrap around (after count 255 or 511) to the Tap 
address of the next half, for split modes. If an SRT was not 
performed before the half boundary is reached, the count 
will progress as illustrated in Figure 5. Address coUnt will 
wrap around (after count 511) to Tap address 0 if in the 
"full" SAM modes. 

SC is also used to clock-in data when the device is in the 
serial input mode. As in the serial output operation, the 
contents of the SAM address counter (loaded when the 

..1T42C8256 
lEV. 4192 5-123 

ADVANCE 

serial input mode was enabled) will determine the serial 
address of the first 8-bit word written. SE acts as a write 
enable for serial input data and must be LOW for valid 
serial input. If SE = HIGH, the data inputs are disabled and 
the SAM contents will not be modified. The serial address 
counter is incremented with every LOW-to-HIGH transi­
tion of SC, regardless of the logic level on the SE input. 

POWER-UP AND INITIALIZATION 
After Vee is at specified operating conditions, for 100/1s 

minimum, eight RAS cycles must be executed to initialize 
the dynamic memory array. Micron recommends that 
RAS = (TR)/OE ~ Vn-r during power-up to ensure that the 
DRAM I/O pins (DQs) are in a High-Z state. The DRAM 
array will contain random data, and the nonpersistent 
MASKED WRITE mode is enabled. 

The SAM portion of the MT42C8256 is completely static 
in operation and does not require refresh or initialization. 
The SAM port will power-up in the serial input mode 
(MASKED WRITE TRANSFER) and the I/O pins (SDQs) 
will be High- Z, regardless of the state of SE. QSF initializes 
in the LOW state. The mask and color register will contain 
random data after power-up. 

Micron Technology, Inc., reserves the right to change products or specIfications without notice 
©1992, Micron Technology, Inc. 
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ADVANCE 

MICRON MT 42C8256 
1-· ",", " 256Kx8VRAM 

TRUTH TABLE 

CODE 

CBRR 

CBRS 

CBRN 

ROR 

RW 

RWM 

BW 

BWM 

FWM 

LMR 

LCR 

RT 

SRT 

MWT 

MSWT 

NOTE: 

MT42C8256 
REV. 4/92 

Rl\S FALLING EDGE ClIS FALL AD-A8' D01-D08' REGISTERS 

FUNCTION W TR/Bt ME7\\1t] DSF DSF lIAS W lIXS W' MASK COLOR 
DRAM OPERATIONS 

CAli-BEFORE-l'iAS REFRESH (RESET ALL OPTIONS) 0 X X 0 - X X - X X X 

CAli-BEFORE·= REFRESH (RESET STOP ADDRESS) 0 X 0 , - STOp7 X - X X X 

CAli-BEFORE-l'iAS REFRESH (NO RESET) 0 X 1 1 - X X - X X X 

=ONLYREFRESH 1 1 X X - ROW - X - X X 

NORMAL DRAM READ OR WRITE 1 1 1 0 0 ROW COLUMN X VALID X X 
DATA 

MASKED WRITE TO DRAM (OLD OR NEW MASK) 1 1 0 0 0 ROW COLUMN WRITE VALID USE4 X 
MASK4 DATA 

BLOCK WRITE TO DRAM 1 1 1 0 1 ROW COLUMN X COLUMN X USE 
(A2·AS) MASK 

MASKED BLOCK WRITE TO DRAM (OLD OR NEW MASK) 1 1 0 0 1 ROW COLUMN WRITE COLUMN USE' USE 
(A2-AB) MASK4 MASK 

MASKED FLASH WRITE TO DRAM (OLD OR NEW MASK) 1 1 0 1 X ROW X WRITE X USE4 USE 
MASK4 

REGISTER OPERATIONS 

LOAD MASK REGISTER 1 1 1 1 0 ROWS X X REG LOAD X 
DATA 

LOAD COLOR REGISTER 1 1 1 1 1 ROWS X X REG X LOAD 
DATA 

TRANSFER OPERATIONS 

READ TRANSFER (DRAM·TO-SAM TRANSFER) 1 0 1 0 X ROW TApS X X X X 

SPLIT READ TRANSFER (SPLIT DRAM·TO·SAM TRANSFER) 1 0 1 1 X ROW TApS X X X X 

MASKED WRITE TRANSFER (SAM·TO-DRAM TRANSFER) 1 0 0 0 X ROW TApS WRITE X USE4 X 
(NEW OR OLD MASK) MASK4 

MASKED SPLIT WRITE TRANSFER 1 0 0 1 X ROW TApa WRITE X USE4 X 
(SAM·TO-DRAM TRANSFER) (NEW OR OLD MASK) MASK4 

1. These columns show what must be present on the AD-A8 inputs when RAS falls and when CAS falls. 
2. These columns show what must be present on the D01-D08 inputs when RAS falls and when CAS falls. 
3. During WRITE (including BLOCK WRITE) cycles, the input data is latched at the falling edge of CAS or 

MElWE, whichever is later. Similarly, on READ cycles, the output data is valid after the falling edge of CAS or 
TRIOE, whichever is later. 

4. After an LMR cycle, all masked WRITEs use the mask register (old mask). Data on the DOs at RAS falling 
edge will be ignored. A CBRR will reset to new mask state and mask data must be presented on the DOs at 
every RAS falling edge. 

5. The ROW that is addressed will be refreshed, but a ROW address is not required. 
6. This is the first SAM address location that the first SC cycle will access. For split SAM transfers, the Tap will 

be the first address location accessed of the "new" SAM half after the boundary of the current half is reached 
(255 for lower half, 511 for upper half or Programmable Stop Address boundary). 

7. Defines the column addresses where access moves to the next half, see Programmable Split SAM functional 
description. 

5-124 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vcc Supply Relative to Vss .............. -lV to +7V 
Operating Temperature, T A (Ambient) .......... O°C to +70°C 
Storage Temperature (Plastic) .................... -55°C to + 150°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ................... : .................. 50mA 

RECOMMENDED DC OPERATING CONDITIONS 
(O°C $; T A $; 70°C) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(O°C $; TA $; 70°C; Vcc = 5V ±10%) 

PARAMETER/CONDITION 

INPUT LEAKAGE CURRENT 
Any input (OV $; VIN $; Vcc); all other pins not under test = OV 

OUTPUT LEAKAGE CURRENT -
(DO, SOO disabled, OV $; VOUT $; Vcc) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -2.5mA) 
Output Low Voltage (lOUT = 2.5mA) 

CAPACITANCE 

PARAMETER 

Input Capacitance: AO-A8 

Input Capacitance: RAS, CAS, MElWE, TRIOE, SC, SE, OSF 

Input/Output Capacitance: DO, SOO 

Output Capacitance: OSF 

ADVANCE 

*Stresses greater than those listed under" Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi­
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

SYMBOL MIN MAX UNITS NOTES 

Vcc 4.5 5.5 V 1 

VIH 2.4 Vcc+1 V 1 

VIL -1.0 0.8 V 1 

SYMBOL MIN MAX UNITS NOTES 

IL -10 10 JlA 

loz -10 10 JlA 

VOH 2.4 V 
1 

VOL 0.4 V 

SYMBOL MIN MAX UNITS NOTES 

CI1 5 pF 2 

CI2 8 pF 2 

ClIo 9 pF 2 

Co 9 pF 2 

MT42C8256 
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CURRENT DRAIN, SAM IN STANDBY 
(O°C:s; T A :s; 70°C; Vcc = 5V ±10%) 

PARAMETER/CONDITION 
OPERATING CURRENT 
(RAS and CAS = Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: fAST PAGE MODE 
(RAS = VIL; CAS = Cycling: IpC = IpC (MIN)) 

STANDBY CURRENT: TTL INPUT LEVELS 
Power supply standby current 
(RAS = CAS = VIH after 8 RAS cycles (MIN)) 

REfRESH CURRENT: RAS-ONL Y 
(RAS = Cycling; CAS = VI H) 

REfRESH CURRENT: 
CAS-BEfORE-RAS (RAS and CAS = Cycling) 

SAM/DRAM DATA TRANSfER 

~ CURRENT DRAIN, SAM ACTIVE <tsc = MIN) 
(O°C:s; TA:S; 70°C; Vcc = 5V ±10%) 

C 
::D » s: 

PARAMETER/CONDITION 
OPERATING CURRENT 
(RAS and CAS = Cycling: IRC = IRC (MIN)) 

OPERATING CURRENT: fAST PAGE MODE 
(RAS = VIL; CAS = Cycling: IpC = IpC (MIN)) 

STANDBY CURRENT: TTL INPUT LEVELS 
Power supply standby current 
(RAS = CAS = VIH after 8 RAS cycles (MIN)) 

REfRESH CURRENT: RAS-ONL Y 
(RAS = Cycling; CAS = VIH) 

REfRESH CURRENT: 
CAS-BEfORE-RAS (RAS and CAS = Cycling) 

SAM/DRAM DATA TRANSfER 

MT42C8256 
REV.4J92 5-126 

ADVANCE 

MAX 
SYMBOL -7 -8 UNITS NOTES 

IccI 110 100 mA 3, 4 
25 

Icc2 85 75 mA 3,4 
26 

Icc3 10 10 mA 

Icc4 110 100 mA 3,25 

Icc5 110 100 mA 3,5 

Icc6 115 105 mA 3 

MAX 
SYMBOL -7 -8 UNITS NOTES 

Icc7 160 145 mA 3,4 
25 

Iccs 135 120 mA 3,4 
26 

Iccg 50 45 mA 3,4 

Icclo 160 145 mA 3,4 
25 

IccII 160 145 mA 3,4,5 

Iccl2 165 150 mA 3,4 

Micron Technology, Inc., reserves the right to change prodtJcts or specifications without notlce. 
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DRAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) (O°C::;TA ::; +70°C; Vee = 5V±10%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 

READ-MODIFY-WRITE cycle time 

FAST-PAGE-MODE READ or WRITE 
cycle time [Extended Data Out (READ)) 

FAST-PAGE-MODE READ-MODIFY-WRITE 
cycle time 

Access time from RAS 

Access time from CAS 

Access time from (TR)/OE 

Access time from column address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 

RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

RAS to CAS delay time 

CAS to RAS precharge time 

Row address setup time 

Row address hold time 

RAS to column 
address delay time 

Column address setup time 

Column address hold time 

Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 

CAS HIGH to RAS HIGH lead time 

RAS HIGH to CAS HIGH lead time 

Output buffer turn-off delay from CAS or RAS 

Output disable delay from (TR)/OE 

Output disable delay from (ME)/wE 

Output disable hold time from start of WRITE 

Output Enable to RAS delay 

Data output hold after CAS lOW 

'v1T42C8256 
,EV.4192 

SYM 
tRC 

tRWC 
tpc 

tpRWC 

tRAC 

tCAC 

tOE 

tAA 

tCPA 

tRAS 

tRASP 

tRSH 

tRP 

tCAS 

tCSH 
tcp 

tRCD 

tCRP 

tASR 

tRAH 

tRAD 

tASC 

tCAH 

tAR 

tRAl 

tRCS 

tRCH 

tRRH 

tClZ 

tCRl 

tRCl 

tOFF 

toD 
tWHZ 

tOEH 

tORD 

tCOH 

5-127 

-7 -8 
MIN MAX MIN MAX UNITS NDT~S 
130 150 ns 
175 195 ns 

30 40 ns 

75 85 ns 

70 80 ns 14 
15 20 ns 15,28 
15 15 ns 

25 35 ns 

30 40 ns 

70 20,000 80 20,000 ns 
70 100,000 80 100,000 ns 

15 20 ns 

50 60 ns 

15 10,000 20 10,000 ns 

65 75 ns 

10 10 ns 16 
20 50 20 55 ns 17 
5 5 ns 

0 0 ns 

10 10 ns 

15 45 15 45 ns 18 

0 0 ns 

10 10 ns 

35 40 ns 

35 40 ns 

0 0 ns 

0 0 ns 19 

0 0 ns 19 

3 3 ns 

0 0 ns 

0 0 ns 

3 20 3 20 ns 20,23 
3 10 3 10 ns 20,23 
3 10 3 10 ns 

10 10 ns 27 
0 0 ns 

5 5 ns 28 

Micron Technology, Inc., reserves the right 10 change products or spectflcations without notice. 
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ftJIlC:RCN " MT 42C8256 
1-· """"0"''''' 256K X 8 VRAM 

DRAM TIMING PARAMETERS (continued) 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) (O°C ::;TA ::;+70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Write command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

RAS to WE delay time 

Column address 
to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (512 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CAS-BEFORE-RAS REFRESH) 

CAS hold time 
(CAS-BEFORE-RAS REFRESH) 

MEIWE to RAS setup time 

MEIWE to RAS hold time 

Mask data to RAS setup time 

Mask data to RAS hold time 

MT42C8256 
REV. 4/92 

SYM 
twcs 

twCH 
tWCR 

twp 

tRWL 

tCWL 

tDS 

tDH 

tDHR 

tRWD 

tAWD 

tCWD 

IT 
tREF 

tRPC 

tCSR 

tcHR 

tWSR 

tRWH 

tMS 

tMH 

5-128 

-7 -8 

MIN MAX MIN MAX UNITS NOTES 
0 0 ns 21 

15 15 ns 

50 55 ns 

15 15 ns 

20 20 ns 

15 20 ns 

0 0 ns 22 

10 15 ns 22 

50 55 ns 

90 100 ns 21 

45 55 ns 21 

35 40 ns 21 

3 35 3 35 ns 9, 10 

8 8 ms 

0 0 ns 

10 10 ns 5 

15 15 ns 5 

0 0 ns 

10 15 ns 

0 0 ns 

10 15 ns 

Micron Technology, Inc., reserves the fight to change products or specifications without nOlice. 
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MIC::RON MT42C8256 
1-· "o',.ou , 256K X 8 VRAM 

TRANSFER AND MODE CONTROL TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6,7,8,9, 10) (0° C:O; TA:O; + 70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS -7 
PARAMETER SYM MIN MAX 

TRJ(OE) LOW to RAS setup time trLS 0 
TRJ(OE) LOW to RAS hold time trLH 10 10,000 
TR/(OE) LOW to RAS hold time tRTH 55 10,000 
(REAL-TIME READ-TRANSFER only) 

TRJ(OE) LOW to CAS hold time tCTH 20 
(REAL-TIME READ-TRANSFER only) 

TR/(OE) HIGH to RAS precharge time trRP 50 
TR/(OE) precharge time tTRW 25 
TRJ(OE) HIGH to SC lead time trSL 5 
First SC edge to TRJ(OE) HIGH trSD 15 
delay time 

Serial output buffer turn-off tSDZ 10 30 
delay from RAS 

SC to RAS setup time tSRS 20 
Serial data input to SE delay time tSZE 0 
Serial data input delay from RAS tSDD 40 
Serial data input to RAS delay time tszs 0 
Serial-input-mode enable ESR 0 
(SE) to RAS setup time 

Serial-input-mode enable tREH 10 
(SE) to RAS hold time 

TR/(OE) HIGH to RAS setup time tyS 0 
TRJ(OE) HIGH to RAS hold time tyH 10 
DSF to RAS setup time tFSR 0 
DSF to RAS hold time tRFH 10 
SC to OSF delay time tSOD 18 
SPLIT TRANSFER setup time tSTS 25 
SPLIT TRANSFER hold time tSTH 0 
DSF (at CAS LOW) to RAS hold time tFHR 50 
DSF to CAS setup time tFSC 0 
DSF to CAS hold time tCFH 15 
TR/OE to OSF delay time trOD 20 
RAS to OSF delay time tROD 55 
CAS to OSF delay time tCOD 25 
RAS to first SC delay tRSD 70 
CAS to first SC delay tCSD 25 

-8 
MIN MAX UNITS NOTES 

0 ns 

15 10,000 ns 

65 10,000 ns 

20 ns 

60 ns 

25 ns 

5 ns 

15 ns 

10 35 ns 

25 ns 

0 ns 

45 ns 

0 ns 

0 ns 

15 ns 

0 ns 

15 ns 

0 ns 

15 ns 

25 ns 

30 ns 

0 ns 

55 ns 

0 ns 

15 ns 

25 ns 

65 ns 

35 ns 

80 ns 

30 ns 
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ADVANCE 

SAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6, 7, 8, 9,10) (0° C:::; T A :::; + 70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Serial clock cycle time 

Access time Irom SC 

SC precharge time (SC LOW time) 

SC pulse width (SC HIGH time) 

Access time from SE 

SE precharge time 

SE pulse width 

Serial data-out hold time after 
SC high 

Serial output buffer turn-off 
delay from SE 

Serial data-in setup time 

Serial data-in hold time 

Serial input (Write) Enable 
setup time 

Serial input (Write) Enable 
hold time 

Serial input (Write) disable 
setup time 

Serial input (Write) disable 
hold time 

MT42CB256 
REV. 4192 

SYM 
tsc 

tSAC 
tsp 

tSAS 

tSEA 

tSEP 
tSE 

tSOH 

tSEZ 

tSDS 

tSDH 

tsws 

tSWH 

'SWIS 

'SWIH 

5-130 

-7 -8 
MIN MAX MIN MAX UNITS NOTES 
18 25 ns 

15 20 ns 24,28 
5 10 ns 

5 10 ns 

12 15 ns 24 
10 10 ns 

10 10 ns 

5 5 ns 24,28 

3 10 3 12 ns 20,24 

3 3 ns 

5 5 ns 

0 0 ns 

10 10 ns 

0 0 ns 

10 10 ns 

Micron Technology, Inc., reserves the righllo change products or specifications without notice. 
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ADVANCE 

IUIIIC:t=lON MT 42C8256 
1-· co ~"'oo, '" 256K X 8 VRAM 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = SV ±10%,f = 1 MHz. 
3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading. Specified values 

are obtained with minimum cycle time and the output 
open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (O°C !> T A !> 700 q is assured. 

7. An initial pause of IOOf..ls is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the tREF 
refresh requirement is exceeded. 

B. AC characteristics assume IT = Sns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input Signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). Input signals transition from 0 to 3V for AC 
testing. 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, DRAM data output (DQI-DQB) is 
High-Z. 

12. If CAS = VIL, DRAM data output (DQI-DQB) may 
contain data from the last valid READ cycle. 

13. DRAM output timing measured with a load equiva­
lent to 1 TTL gates and SOpF. Output reference levels: 
VOH = 2.0V; VOL = O.BV. 

14. Assumes that IRCD < tRCD (MAX). If IRCD is greater 
than the maximum recommended value shown in this 
table, lRAC will increase by the amount that tRCD 
exceeds the value shown. 

15. Assumes that IRCD <: tRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, DQ will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tcP. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

lB. Operation within the lRAD (MAX) limit ensures that 
IRCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

MT42C8256 
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19. Either tRCH or lRRH must be satisfied for a READ 
cycle. 

20. taD, tOFF and tSEZ define the time when the output 
achieves open circuit (YaH -200mV, VOL +200mV). 
This parameter is sampled and not 100% tested. 

21. twcs, IRWD, tAWD and tCWD are restrictive 
operating parameters in LATE-WRITE, READ-WRITE 
and READ-MODIFY-WRITE cycles only. If twcs ~ 
twcs (MIN), the cycle is an EARLY-WRITE cycle and 
the data oUl!Fut will remain an open circuit through­
out the entir~ cycle, regardless of TR/OE. If twcs !> 
twcs (MIN), the cycle is a LATE-WRITE and 
TR/OE must control the output buffers during the 
WRITE to avoid data contention. If tRWD ~ IRWD 
(MIN), tAWD ~ tAWD (MIN) and tcWD ~ tCWD 
(MIN), the cycle is a READ-WRITE and the data 
output will contain data read from the selected cell. If 
neither of the above conditions is met, the state of the 
output buffers (at access time and until CAS goes 
back to VIH) is indeterminate,. but the WRITE will be 
valid if taD and taEH are met. See the LATE-WRITE 
AC Timing diagram. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and ME/WE leading edge in 
LATE-WRITE or READ-WRITE cycles. 

23. During a READ cycle, if TR/OE is LOW then taken 
HIGH, DQ goes open. The DQs will go open with OE 
HIGH or when RAS and CAS go HIGH, whichever 
occurs first. 

24. SAM output timing is measured with a load 
equivalent to 1 TTL gate and 3OpF. Output reference 
levels: VOH = 2.0V; VOL = O.BV. 

25. Address (AO-AB) may be changed two times or less 
while RAS = VIL. 

26. Address (AO-AB) may be changed once or less while 
CAS = VIH and RAS = VIL. 

27. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have taD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide previously read data if CAS 
remains LOW and OE is taken LOW after tOEH is 
met. If CAS and RAS go HIGH prior to OE going back 
LOW, the DQs will remain open. 

2B. tSAC/tCAC are MAX at 70° C and 4.5V Vce; tSOH/ 
tCOH are MIN at 0° C and S.5V Vee. These limits will 
not occur simultaneollsly at any given voltage or 
temperature. This is guaranteed by design (tSOH/ 
tcOH = tSAC/tcAC - output transition time). 

Micron TeChnology, Inc., reselVss the right to change products or specifications without notice. 
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=J 
ICRP I 

IASR 

I 
ROW 

DRAM READ CYCLE 1 

(Outputs controlled by RAS) 

RC 

IRAS 

ICSH 

IRSH I 
IRCD d ,~ 1 IAR 

(NOTE 1) ICRl I IRAD ~I I~I 1-· -
IRAH IRAl 

1 I .I I I .I 

IRP 

IRRH 

~ COLUMN )(111111111 IIIIIIIIII 111111;0( 
tRCS I tRCH 

I I lAA 

IRAC 1 

I ICAC tOFF 

(~I 
tORD 

OPEN VALID DATA 

ADVANCE 

I 
ROW 

f II/II II II / II II//J 

OPEN--

ml DON'T CARE 

~ UNDEFINED 

NOTE: 1. tCRl is a reference parameter. If CAS = HIGH tCRl before RAS, toFF is referenced from the rising edge of 
RAS. 

MT42C8256 
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ADDR 

I 
~ 

VIH­
VIL-

I 

'CRP 

tASR 'RAH 

ROW 

DRAM READ CYCLE 1 

(Outputs controlled by CAS) 

tRAS 

'CSH 

'RSH 

'RCD tCAS 

~ tAR 

I tRAD I I 'RAL 

~I I~ 

'RP 

II 'RCL (NoTE"";) 

II / 

II tRRH 

I I - COLUMN rr/////////////////////////;0< 

ADVANCE 

ROW 

'RCS 

:r~$##$#$)J,ff$$/#ff) 1,_ I 
DSF ~:~:;W/##M~II~v/////////kt 'FSC I 

tRCH __ -
i i l&J#$##/#/###d 
i'CFHb$/$/;///////;/;/A I f////////////#& 

I I tM 

'RAC I 
I 

OPEN 
DO ~:g~- J 

tyS II tYH 

mOE ~:~-~- -~u/#$$$///$/j///ffi 

'CAC tOFF 

(~I 
tORD 

VALID DATA OPEN--

~ DON'T CARE 

li22l UNDEFINED 

NOTE: 1. tRCL is a reference parameter. If RAS = HIGH tRCL before CAS, toFF is referenced from the rising edge of 

MT42C8256 
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CAS. 
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ADVANCE 

MICRON MT42C8256 
1-· ""'" , '" 256K x 8 VRAM 

ADDR VIH 
VIL 

MENVE VIH 
VIL 

DSF VIH 
VIL 

DRAM FAST-PAGE-MODE READ CYCLE 
(Extended Data Out) 

=7///////11///11 I!//!//Iffi I I I I I I 
tFSR II tRFH I IFSC ICFH I IFSC tCFH I tFsc tCFH =wa--.- -W///fflll}jl- -VI!/JJj;Ml- -Wff////I//$I//!////Imffi 

I tAA I I I IIAA I I I tAA 

tRAC I ICPA I ICPA I 
I~ I~ I~ ~I 

tCOH_1 ~ I 
DO VVIIOOHL =-----'-'-__ OPEN -------lr-~VA;:;:;LI~D D;'AT:;;::A (;;;A)--l~~--4;:~~AL~IDY-V-;;'AL~ID~DA;';:;TA~(C;;---) -i 

II DATA B ATA B 

~~ -2- ~ ~ 

mOE ~:~~ ~'£.L..L,0'/;u..u.Wj;.LLL1'//;.LLi..<Wj;'-LLL.JdLL-___ ----L-B_~ ____ _ 
~ DON'T CARE 

B88I UNDEFINED 

NOTE: WRITE cycles or READ-MODIFY-WRITE cycles may be mixed with READ cycles while in FAST PAGE MODE. 

MT42C8~ 
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RAS VIH-
VIL-

ICRP 

CAS V'H-
V'L-

ADDR 

DSF 

DRAM FAST-PAGE-MODE READ/WRITE CYCLE 
(Extended Data Out) 

tRASP 

tpc IRSH 

ICp ~ 1 __ -,IC-,-p __ II __ I--,-CA-"S_1 

IRAC I 
I~ 

ADVANCE 

DQ ~:g~= OP~N -------t-~V;;.;AL;;;_ID;;-;DA;;:;TA~(A~) -~ 
~II~ IDE "----",-,,,-='-J' 

mOE ~:~~ ~l..LL~l..LL1$l..LL0'j;l..LLWCLLJ.ld'.La ____________ _ 

MT42C8256 
REV. 4192 5-135 

~ DON'T CARE 

~ UNDEFINED 
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ADVANCE 

MIC:RON MT42C8256 
1-· ,un '" 256K X 8 VRAM 

WRITE CYCLE FUNCTION TABLE 1 

LOGIC STATES 

"RAS"Falling Edge "CAS"Falling Edge 

FUNCTION A B C D E2 
M£JWt DSF DO (Input) DSF DO (Input) 

Normal DRAM WRITE 1 0 X 0 DRAM Data 

MASKED WRITE to DRAM 0 0 Write Mask3 0 DRAM Data (Masked) 

SLOCK WRITE to DRAM (No Sit-Plane Mask) 1 0 X 1 Column Mask 

MASKED SLOCK WRITE to DRAM 0 0 Write Mask3 1 Column Mask 

MASKED FLASH WRITE to DRAM 0 1 Write Mask3 X X 
Load Mask Data Register 1 1 X 0 Write Mask Data 

Load Color Register 1 1 X 1 Color Data 

NOTE: 1. Refer to this function table to determine the logic states of "A", "S", "C", "D" and "E" for the WRITE cycle 
timing diagrams on the following pages. 

MT42CB256 
REV. 4192 

2. CAS or MEIWE falling edge, whichever occurs later. 
3. Mask Data is loaded at RAS falling if nonpersistent mode is active. If persistent mode is active, mask data is 

supplied by the Mask Data Register and the DOs are "don't care" at the RAS falling edge. 
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ADVANCE 

MICRON MT42C8256 
1-· '''HC '" 256K x 8 VRAM 

DRAM EARLY-WRITE CYCLE 1 

'RAS 'RP I 
J 
\ 

'CSH 

I d 
'RSH 

=J 
'CRP 'RCD 'CAS 

'AR t I 'RAD I I 'RAt 

'ASR 'RAH ~I I~ I 
AOOR ~:~:~~_----;RO.,--w _~b]~--,-CO_LUM..-:-N _bij'/%$ij'///$//,0(~_R_OW __ 

I---+-' --+-,' 'C=WL=------II I I 'RWL 
'WCR I I 

'wcs I I 'WCH 
'WP 

~- A I I 
'FSR II 'RFH 'FHR 'FSC i i 'CFHI . 

OSF ~:~:'$$$J?!--B-~~-,-,-=O,-;-------,W////$/!If'////$$/$/;/$!////////////J 
'OHR I I 

~ DON'T CARE 

~ UNDEFINED 

'OTE: 1. The logic states of "A", "B", "C"; "0" and "E" determine the type of WRITE operation performed. See the Write 

4208256 
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Cycle Function Table for a detailed description. 
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m 
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II 

DRAM LATE-WRITE CYCLE 

tRAS 

tCSH 

. .f~ 
tRSH 

=J 
ICRP IRCD I CAS 

I tRAD I I IRAL 

tASR : tRAH ~I I tCAH 

tRP 

f 
I 

I 

'I; 

ADVANCE 

~ DON'TeARE 

!:l88l uNDEFINED 

NOTE: The logjc states of "A", "8", "C", "0" and "E" determine the type. of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 

MT42C8256 
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tCRP 

ADDR ~:~= 

I~ tMH~1 
-f C 

,. 
't T 

~~ 

DRAM READ-WRITE CYCLE 
(READ-MODIFY-WRITE CYCLE) 

tRWC 

tCSH 

tCAS 

I~ 
COLUMN 

-t=! !-' -~-tA-W-Dt.:e:CW""D'---_-.1 

I tAA 

tRAC I 
tCAC I 

I_ tDS, tDH~1 

VALID DOUT E 
,. 
T 

~ tOD_1 

ADVANCE 

ROW 

OPEN---

~ DON'T CARE 

~ UNDEFINED 

~OTE: The logic states of "A", "8", "C", "D"and "E" determine the type of WRITE operation performed. 

IT42C8256 
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See the Write Cycle Function Table for a detailed description. 
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ADVANCE 

MICRON MT42C8256 
1-· """OW,", 256K x 8 VRAM 

DRAM FAST-PAGE-MODE EARLY-WRITE CYCLE 1,2 

ADOR ~:r 

DSF 

DQ ~:g~- C E E E 

tyS I tYH 

TRICE ~:~_~- -~$ff#;J/,@$j';J$#$$/#j'$/#$#$$$ff/$/;J$$#$#$//#$$///#~ 
~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. READ cycles or READ·MODIFY·WRITE cycles can be mixed with WRITE cycles while in FAST PAGE 

MT42C8256 
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MODE. 
2. The logic states of "A", "8", "C", "0" and "E" determine the type of WRITE operation performed. See the Write 

Cycle Function Table for a detailed description. 
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DRAM FAST-PAGE-MODE READ-WRITE CYCLE 1,2 

(READ-MODIFY-WRITE OR LATE-WRITE CYCLES) 

'RASP 

ADVANCE 

~ DON'T CARE 

~ UNDEFINED 

~OTE: 1. READ or WRITE cycles can be mixed with READ-MODIFY-WRITE cycles while in FAST PAGE MODE. Use 

T42C8256 
EV.4192 

the Write Function Table to determine the proper DSF state for the desired WRITE operation. 
2. The logic states of "A", "8" , "C" and "0" determine the type of WRITE operation performed. See the Write 

Cycle Function Table for a detailed description. 

5-141 Micron TechnoJog:y, Inc., reservEis the right to change products or Specifications without notice. 
©1992, Micron Technology, Inc. 

z 
m 
~ 
II 
3: c: 
ct -"tJ 
o 
=l 
c 
:a » 
3: 



DRAM ~-ONL Y REFRESH CYCLE 
(ADDR= AD-A8) 

ADVANCE 

.~ ~ __ tRAS _~-,"" L '"_P t'-----_ 
Z CAS ~:~_·---:=,k------H---II ------,.----+-,'--------'. --r-/ --m tASR tRAH 

:E ADDR ~:t_~-----;RO,__W _____ k/$/#/$#/#//###@#/##//#$$$J(r---R- oW--

II II s: MEIWE ~:~=W#$###$#///((##/;W_$/$////#//$//#//////#/$/$#$#///#////#//#/$'//$//@/h 

c: DSF ~:~!$II!!$#//$/$#!II!//$//$#////##/II!I/#//#/#////$//////#!II!##/////#//#//$//#/////$#/!/' 

~ DQ~:g~ II . OPEN~------OPEN-----
~ tyS II tYH 

~ TRiOE ~:~:r$!II!#d- -\;;$##/$/$//#/$$/!II!$//////#$////$/#I W///!$//1 
-I 
C 
:J] 
» s: 

MT42C8256 
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~ DON'T CARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice 
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ADVANCE 

'CAS-BEFORE-'RAS' CYCLE FUNCTION TABLE 

LOGIC STATES 

m-Falling Edge (CAS = LOW) 
FUNCTION CODE A B C 

lVIE7Wt oSF AD-AS 

CAS-BEFORE-RAS REFRESH (Reset All Options) CBRR X 0 X 

CAS-BEFORE-RAS REFRESH (Set/Reset Stop Address) CBRS 0 1 STOP ADDRESS1 

CAS-BEFORE-RAS REFRESH (No Reset) CBRN 1 1 X 

CAS-BEFORE-"RAS" REFRESH CYCLE 2 

AAS ~:~-
I tRPe 

',CP ~I: 'CSR ~ 'RPC 'I~ 
CAS ~:t~J ~ kr----~\( 

ADDR ~:t-w//ff~/d~~~k1/#&$/$/#;/M~~~iw'1il#M'/il//J<~-C->@i 
~:t-W$l,,//M~~~kw$//!@,@'////~~~~~///$$////,@(~-A-~ 

I ~II~ ~II~ 
DSF ~:t-~il$$##M B ~!$il///$$#d B W!$!/##/#}0<~B-~ 

I~I 
DO ~:~-___ .1"!--OPEN--------OPEN-------

TRiDE ~:t!/,i////////////$#;W$M'//ff#$/#$///ffil#ff#il/ilffff#$/&///ff/ffff/$;//////$ffJ$1!II0 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Programmable Stop Point column addresses: 

IT42C8256 
EV.4192 

Number Slop Address @ AASLoW Number and Size 

POints/Half AS A1 A6 A5 A4 of Partilion(s) 

1 (Default) X 1 1 1 1 1 x 256 

2 X 0 1 1 1 2 x 128 

4 X 0 0 1 1 4x 64 

8 X 0 0 0 1 8x 32 

16 X 0 0 0 0 16 x 16 
AO-A3 = "don t care 

2. The logic states of "A", "8" and "C" determine the type of CBR operation performed. 
See the C8R Cycle Function Table for a detailed description. 
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ADVANCE 

DRAM HIDDEN-REFRESH CYCLE 1,2 

(READ) (REFRESH) 

tRAS t RP tRAS 

j-'=-~--'=-: '~-I------'-=-'''" ~ ~===: "-H~' ~I.r----
tAR I 

I~~=---I---~=-+-

ADDR 

I tCAe 

~OFF 

00 ~~t: I--",-II~' r-tO-E-'OM .1 '~"= t_tO_D __ O_PE_N_ 

TRICE ~:t =--' \~ _____ 1~ ___________ ~if 
~ DON'T CARE 

12221 UNDEFINED 

NOTE: 1. A HIDDEN REFRESH may also be performed after a WRITE or TRANSFER cycle. In this case MEIWE = 

MT42C8256 
AEV.4192 

LOW (when CAS goes LOW) and TRIOE = HIGH. In the TRANSFER case, TRIOE = LOW (when RAS goes 
LOW) and the DO pins stay High-Z during the refresh period, regardless of TRicE. 

2. The logic states of "A", "B" and "C" determine the type of CBR operation performed. See the CBR Cycle 
Function Table for a detailed description. 
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ADVANCE 

MIC:RON MT42C8256 
1-· "" 256K X 8 VRAM 

READ TRANSFER 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode, or SC idle) 

'RAS 'RP 

) 
tCSH I 

E ~ 
'RSH rL tRCO 'CAS 

'AR =f I~ I I 'RAL I I 'ASR ~ ~I I~ -1-
.oDR ~:~d ROW kJ SAM START (TAP) k////I/I/I/I///I/I//I//ffl//I/I///////////I/I/I//I/I//ff/ffl/#; 

~II~ I· I· . 
MEiWE ~:~:q)+11 'o/I! /II I/I/ijll////l/lj II /I/I!/I/I !/!!/I/ij//l/ff!/ll I!! /I IIII /I///! /!/! Jl//$I /$I////! /!M /!/h 

tFSR tRFH I I 
DSF ~:~:wl . -b /! //I!/III/! /l1/1I1I!1I/!1//ffIl/!!/i //II/I 111/1 11/1/1/ /1/1/11 III!! /;;//I!/III/! /II!! /lII/!!I/I lit 

DO VVIOH-~r II . OPEN I I 
n~ I O~N 

teso 

'RSO 

'mp 
I 

rRIOE ~l~:i.L/J..lJ.LLA-_*--",-____ --,-_..---JI_--"_=-,;I_1 
'se 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. There must be no rising edges on the SC input during this time period. 
2.0SF = 0 when the Lower SAM (bits 0-255) is being accessed. 

<T4l!C8256 
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QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 
3. If'TLH is timing for the 'i"Ri(OE) rising edge, the transfer is self-timed and the'tcSD and IRSD times must be 

met. If IRTH is timing for the 'i"Ri(OE) rising .edge, the transfer is .done off of the TR/(OE) rising edge and 
'TSD must be met. 
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ADVANCE 

MICRON MT42C8256 
1-· ,"'" 256Kx8VRAM 

REAL-TIME READ TRANSFER 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 

tCSH 

~1I ____ t~~~D ______ I· ______ ~tCM=-____ ~1 

_ V'H'----+---H-----------i-., 
OM V,L----f / 

tAR I 
r ~I~' -I r:.~:C " 

ADDR ~I~:wd ROW _ SAM"TART Wi;////!$$$/J/////l/m//ff$$/////$/////////!//////!/JI!/h 

~II~ I . I 
MEIWE ~I~_I ~$$/J//!//$!I/////!/J/J!I//J/J////!$$$I/!/J$/!/J/JI!/!!1!1!&1$/J/J/J/,$I/!_ 

~ - II 
OSF ~1~:WdlT -W$/!$/!/J$$$/!////;W///J/J/J!1,$1I!!1//$$!I!1!1$$//$!1/!/!///!/$////$/J!h 

OQ VIOH­
VIOl- 'HF 

;--- OPEN ----.-;------------ OPEN ---------------:---------

tCTH 

tlRW 

TRIOE ~Ir: ~~L_ ____________________ ~ 

tSEA--

~~~~~EP -

_tSEA tTao 

NOTE1J//A 

QSF ~8t'- NOTE 2 

NOTE: 1. The BE" pulse is shown to illustrate the SERIAL OUTPUT 
ENABLE and DISABLE timing. It is not required. 

tTRP 

NOTE 2 

VAUDDOUT 

~ DON"TCARE 

~ UNDEFINED 

2. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

MT42C8268 
REV. 4192 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 

5-146 Micron Technology, Inc., reeerveB the right 10 change procilcts Of apecIIlcatione withoUt notice. 
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ADVANCE 

MIC:RON MT 42C8256 
1-· , 256K x 8 VRAM 

SPLIT REAt> TRANSFER 
(SPLIT DRAM-TO-SAM TRANSFER) 

'CSH 

'RSH 

II tAco 'CAS 

II 
~I~--=~-----I-----~=-----~I 

'AR 

I 'RAt 

ADDR ~:r: 
!LLLLI~----;;;--JY.LlLLLr 

!'wsRII~ I . 
M"E!We ~:r:~ '11.' V////!////!!//!////I/d////!!!//ffl/d//!//!I////!////M/!I/!l//!I!//!////!/////////I//!I////!/1lJ 
~k~ .1 

- :~:VffJ i.~ .!r$!//$(I/l/II/lIII/II/_!I!!/!!!!/!I!!!!/!I!!#!!!!!I/!!//$II!!/!!JJ/!I!lJWI/$l/llhZ 

DO ~:gr: -! 1 . OPEN ---------;-'1-------- OPEN ---

t~ ~ ~ 

i'RiQE ~:r:.l- ". ~////////////////////!//II!///////////II//&///////I//////////////j'//M/!////////&////////IlJ//h 
~I 1 'STH 

-=, .. ~:~~ 
SDQ ~IOH-==X=-=PR='GM=STO=P- ~~ PS-2 X ps-, X· p\m'J~r X 256+B(B) 

~ ::--+-I-'--__ (NO_TE_2! __ ~ ~~ -_-~-~-~~ __ -1:,~r ---'--~~~~~:--~~~~~~~~~"l,-;-I~---=-------
J,sool I 'SOD 

OSF ~gr:~ -~' ___________ SAM __ MS--iB ~;r: (N_OTE_l) _______ . =~~~~'_, _-_-_-_N-EW~M_S~B_-_ -_-_ 

'OTE: 
~ DON'T CARE'" 

1. QSF = 0 when the Lower SAM (bits 0-255) is being accessed.' E88I UNDEFINED 
QSF = 1 when the Upper SAM (bits 256-511) is being accessed.. j • 

2. Programmable stop address or SAM half bo.undary (255 or 51 t). See the Programmable Split SAM functional 
description for detail. 

5-147 Micron Technology, Inc., reserves the right to change prodUcts or specifications wllhout notice. 
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tCRP 

.-1 

MASKED WRITE TRANSFER 
(SAM .. TO-DRAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 

'RAS 'RP 

tCSH I 'ASH 
tROD tCAS' J 

~ 
'AR I 

¥ / 

ADVANCE 

.1 

\ 

1 I 'RAD I I I 'RAL 

~I ~~ I~ 
- :r~ ~ l:l -.~ bU'IIU'II,wIIU'IIU'IIIU';IU'III,wIII,wU'IM'I,wU'@ffII,w1114 

I 1WSR I~ . I 
.,.mE ~Ir_ . ~##//////!//t'//////$/#//I//////#//////t'//!I$/$$!/I'///////////////////#//////////!/h 

I ~~ . I . . . 
DSF ~Ir:_ lw////!I!/#//!////////////!////////////IIII!#///////t'/////////////////t'!I!//////////////#////2 

_II~F~~II~ I 
DO ~Igc:~ MASK DATA ~ OPEN OPEN ---

~~ . I 'eso I 
TAIOE ~Ir:wd W!I!/II!/$/////!t'!I!//!//////////!!I!#///$$//#//!////$$ffP/I'/////I't'/$ff$ff////!;% 

~II I 'RSD 'sc 
'BAS I --I 

NOTE 2 

~ 'SDZ 'SOD I 
SDQ ~Ig~ VALtD DOUT k VALtD DOUT ~ .H'GH·Z 

. I . I 'sws 

SE ~Ir_;fll!//////!/////////!////!I!//#///$ff///////M////!//##//////~r--'-SWI-S --NO-TE-' ----

I I 'caD 

---'~D--~----~~~ __ 
QSF ~8t' _ NOTE 3 . NOTE 3 

~------~--~~--------------~----~ 

NOTE; 1. ~ must be LOW to input new serial data, but the serial address register is 
~ DON'T CARE 

~ UNDEFINED 

MT42C8256 
REV. 4192 

incremented by SC regardless of ~. 
2. There must be no rising edges on the SC input during this time period. 
3. QSF = Owhen the Lower SAM (bits 0-255) is being .accessed. 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 

Micron Technology. Inc., reserves the right to change products or specifications WIthout notice 
@1992,MicronTechnology,lnc 



ADVANCE 

MICRON MT 42C8256 
1-· n '" 256K x 8 VRAM 

.-J 

MASKED WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode) 

'RAS 'RP 

'CSH 

I IRSH 

~ tRCD 'CAS I 

'AR ~ y/ 

.1 

\ 

I 'RAD I I I 'RAL 

~ ~~I I~ ~ ~~ - J:l ~.~ b$$$/$j'!j'!j'/j'!,;'j'j'!j'j'j'/j'!l$j'!j'//iiW!$d!,@ 

Meme~:rJd~II~±=== 
I~II~~==== DSF~:r:Jd ~ 

Jrl:·~~II~ I 
DO ~:gr:~ MASK DATA ) I OPEN OPEN 

I~~I 'OSD I 
TiWE ~:WJl0l l!//////////////////////////I!//I!i//I!i/////////////////II/1///////////////////////$I/1/II/1///IJ 

,::RS II I 'SC 

Isp 

NOTE 2 

• ~~!j'!1'!j'!$!r4j'$$1'/4$#J(~j'/j'd!j'd!j'!j'!1'1'~:----NO=TE-' ---
OOF~~_--------------------NO-TE3--------------~lr----N-M-E'-----

IOTE: 1. m: must be LOW to input new serial data, but the serial address register. 

~ DON'T CARE 

~ UNDEFINED 

..".... 
v ..... 

is incremented by SC regardless of m:. 
2. There must be no rising edges on the SC input during this time period. 
3. QSF= 0 when the Lower SAM (bits ()-'255) is being accessed. 

QSF = 1 when the Upper SAM (bits 255-511) is being accessed. 

5-149 Micron TechnoioQY, Inc., reserves the rlQhI to change products or 1J)tCIIft0ltl0nt wItf10ut ootIot· 
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ADVANCE 

MIC:RON MT42C8256 
1-· "" , 256Kx8VRAM 

ADDR 

MASKED SPLIT WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

tCSH 

~ �------~'R=CD~----I------'~c~~--------~1 

DO ~:g~: MASK OPEN OPEN ---------

'TLS 'TLH I 
wOe ~:~d- -0///#////$////////////$1/////////#///////////////$////////////#/////1/1///#/////1/////#/& 

~I I 'STH 

Se VIH-VIL - 4 ___________________________________________ +-_________ _ 
-I'SOII-

QSF ~g~:=::x~' -----------------S-AM-M-iSB~/NOTE1) 
~I_-

)( NEWMSB 

NOTE: 

MT42C8256 
REV.4192 

IillI DON'T CARE 

Ell8! UNDEFINED 1. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 
QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 

2. Programmable stop address or SAM half boundary (255 or 511). See the Programmable Split SAM functiona 
description for detail. 

5-150 Micron Technology. Inc., reserves the right to cI'tange products orspecHlcations without notio 
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MU:::I=ION MT42C8256 
1-· ""c " 256K x 8 VRAM 
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ADVANCE 

MICRON MT 42C8256 
1-· , 256K x 8 VRAM 

MT42C8256 
REV. 4192 5-152 Micron Technology, Inc.. reserves the f\IhI:to change products 01 speciIica1ions without notice. 
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ADVANCE 

MIC:~ON MT42C256K16A1 
1-· 256K x 16 VRAM 

VRAM 

FEATURES 
• Industry standard pinout, timing, and functions 
• High-performance, CMOS silicon-gate process 
• Single +5V ±10% power supply 
• Inputs and outputs are fully TIL compatible 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• 512-cycle refresh within 32ms 
• FAST PAGE MODE access with Extended Data Out 
• Upper and lower byte WE control 
• Dual port organization: 256K x 16 DRAM port 

512x 16 SAM port 
• No refresh required for serial access memory 
• Low power: IOmW standby; 350mW active, typical 
• Fast access times - 60ns random, 15ns serial 

SPECIAL FUNCTIONS 
• JEDEC Standard Mandatory Functionset plus 
• PERSISTENT MASKED WRITE 
• 4 or 8 COLUMN BLOCK WRITE (MASK) 
• MASKED FLASH WRITE 
• MASKED WRITE TRANSFER/SERIAL INPUT 
• MASKED SPLIT WRITE TRANSFER 
• PROGRAMMABLE SPLIT SAM 

OPTIONS MARKING 
• Timing [DRAM, SAM (cycle/access)] 

6Ons,18/15ns ~ 
7Ons,25/2Ons -7 
SOns,30/25ns -8 

• Packages 
Plastic SOP (550 mil) SG 

GENERAL DESCRIPTION 
The MT42C256KI6Al is a high speed, dual port CMOS 

dynamic random access memory, or video RAM (VRAM) 
containing 4,194,304 bits. These bits may be accessed by an 
16-bitwide DRAM port or by a 512 x 16 bit serial access 
memory (SAM) port. Data may be transferred bidirection­
ally between the DRAM and the SAM. 

The. DRAM portion of the VRAMis functionally identical 
to the MT4C4256 (256K x 4-bit DRAM), with the addition of 
MASKED WRITE, BLOCK WRITE and FLASH WRITE. 
Sixteen 512-bit data registers make up the serial access 
memory portion of the VRAM. Data I/O and internal data 

256K X 16 DRAM 
WITH 512 x16 SAM 

PIN ASSIGNMENT (Top View) 

64-Pin SOP 

Vee 64 sc 
TR 63 BE 
Vss 62 Vss 

SDQO 61 SOO15 
Doo 60 D015 

Sool 59 SOO14 
001 56 0014 
Vee 57 Vee 

SDQ2 56 SOO13 
D02 55 0013 

SDQ3 54 80012 
003 53 0012 
Vss 52 V .. 

SDQ4 51 SDOll 
DQ4 50 0011 

SDQ5 49 SOO10 
DQ5 46 0010 
Vee 47 Vee 

SPQ6 46 SDQ9 
DQ6 45 DQ9 

S007 44 SDQ6 
D07 43 DQ6 
Vss 42 Vss 

WE[ 41 DSFl 
WEU 40 DSF2.NC 
RAS 39 CAS 

AS 36 OSF,NC 
A7 37 AO 
AS 36 Al 
AS 35 A2 
M 34 A3 

Vee 33 Vss 

transfer are accomplished using three separate bidirec­
tiOnal data paths: the 16-bit random access 110 port, the 16 
internal 512 bit wide paths between the DRAM and the 
SAM, and the 16-bit serial I/O port for the SAM. The rest of 
the circuitry consists of the control,. timing, and address 
decoding logic. 

Each of the ports may be operated asynchronously and 
independently of the other except when data is being trans­
ferred internally between them. As with all DRAMs, the 
VRAM must be refreshed to maintain data. The refresh 
cycles must be timed so that all 512 combinations of RAS 

1ofT42C258K16A1 
<EV._ 5-153 MIcron TechnOlogy. Inc., reserves the right 10 change products or specIIicatIoos without notice. 
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ADVANCE 

MIC:RON MT42C256K16A1 
1-· ""'" "" 256K X 16 VRAM 

addresses are executed at least every 32ms (regardless of 
sequence). Micron recommends evenly spaced refresh 
cycles for maximum data integrity. An internal transfer 
between the DRAM and the SAM counts as a refresh cycle. 
The SAM portion of the VRAM is fully static and does not 
require any refresh. 

The operation and control of the MT42C256K16Al are 
optimized for high performance graphics and communica-

tion designs. The dual port architecture is well sUited to 
buffering the sequential data types used in raster graphics 
display, serial, parallel networking and data communica­
tions. Special features such as SPLIT READ TRANSFER, 
Extended Data Out and BLOCK WRITE allow further en­
hancements to system performance. 

FUNCTIONAL BLOCK DIAGRAM 

MT42C256K16A1 
REV. 4/92 

.......... 00' 

, , 

, 
, 

. 
00'. 

, -
TIMING :::%:::~ 

GENE~TOR ....... ::: Ceu 
CONTROL :::%...... MElWEL 

LOGIC .............. DSF 
......., ...... se 

, 

soo, - . 
80018 

L---~·_SE 

SPLIT SAM 
STATUS & CONTROL 

~ ... -===-r--__ ----,.--+-asF 

----_ .. _ .. _----_ .. _ .. _ .. _-------------------------_ .... ----- .. --_ .. _------_ .. _ .. _--------_ .............. __ • __ .. , ............. - ............ - .. _ .. _.!'. 
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MIC::RON MT 43C4257 /8 
1-· ,~'c, 256K x 4 TPDRAM 

TRIPLE PORT 
D'RAM 
FEATURES 
• lbree asynchronous, independent, data access ports 
• Fast access times - 80ns random, 25ns serial 
• Operation and control compatible with 1 Meg VRAM 
• High-performance, CMOS silicon-gate process 
• Inputs and outputs are fully TIL compatible 
• Low power: 15mW standby; 500mW active, typical 
• 512-cycle refresh within 8ms 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• FAST PAGE MODE access cycles 
• Two bidirectional serial access memories (SAMs) 
• Fully static SAM and Mask Register, no refresh 

required 
• 2,048-bit Bit Mask Register 
• SERIAL MASK DATA INPUT mode 

SPECIAL FUNCTIONS 
• MASKED WRITE (Write-Per-Bit) 
• PERSISTENT MASKED WRITE 
• SPLIT READ and WRITE TRANSFERs 
• BLOCK WRITE 
• BIT MASKED TRANSFERs 

OPTIONS MARKIN.G 
• Timing [DRAM, SAMs (cycle/access)] 

8Ons,28ns/25ns - 8 
10Ons,30ns/27ns -10 

• Packages 
Plastic SOJ (400 mil) 
Plastic TSOP (400 mil) 

• Functionality 

OJ 
TG 

QSF output MT43C4257 
(indicates SAM-half accessed) 
SSF input MT43C4258 
(Split SAM special function, stop count) 

:;ENERAL DESCRIPTION 
The MT43C4257/8 are higIt speed, triple port CMOS 

Iynamic random access memories (TPDRAMs) containing 
.,048,576 bits. Data may be accessed by a 4 bit wide DRAM 
.ort or by either of two independently-clocked 512 x 4-bit 
erial access memory (SAM) ports. Data may be transferred 
,idirectionally between the DRAM and either SAM. 

256K x 4 DRAM WITH 
DUAL 512 x 4 SAMS 

PIN ASSIGNMENT (Top View) 

40-Pin SOJ 
(0-6) 

sc, 
80Qb1 
800b> 

TRM 
SC. 

SDQa1 
SDQ02 
i'iOOE 

001 
002 

Vee 
iTEiWE 

8TS 
RAS 

DSF2 
AS 
M 

"" A4 
V .. 

°MT43C4257/MT43C4258 
"Consult factory for TSOP availability. 

003 
Vss 
DSF1 
QSFb/SSFb' 
CAS 
OSFalSSFa' 

v .. 
SDQb4 
8DQb3 
SEb 
MKD 
SDQa4 
soa.o 
SEa 
DQ4 

00' 

Vos 
DSl'l 
OSFbISSFb* 
CAS 
OSFatSSFa* 
AD ., 

.A2 

'" .7 

The DRAM portion of the TPDRAM is functionally iden­
tical to the MT4C4256 (256Kx 4 PRAM) .. Eight512-bit data 
registers make up the serial access memory portions of the 
TPDRAM. Data I/O and internal data transfer are accom­
plished using five separate bidirectional data paths; the 
4-bit random access I/O port, the pair of intemal2,048 bit 

r43C425718 
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MIC:RON MT43C4257/8 
1-· , 256K x 4 TPDRAM 

wide paths between the DRAM and the SAMs, and the pair 
of 4-bit serial I/O ports' for the SAMs. The rest of the 
circuitry con~ists of the control, timing and address decod­
inglogic. 

All three ports may be operated asynChronously and 
independently of the others except when data is being 
internally transferred between the DRAM and either SAM. 

Each of the 2,048 bits involved in an internal transfer rnay 
be individually masked by performing a BIT MASKED 
TRANSFER operation. The 512 x 4-bit Bit Mask Data regis­
ter can be parallel loaded from the DRAM or either SAM, or 
serial loaded through the MKD serial input. 

As with all DRAMs, the TPDRAM must be refreshed to 
maintain data. The refresh cycles must be timed so that all 

512 combinations of RAS addresses are executed at least 
every 8ms (regardless of sequence). Micron recommends 
evenly spaced refresh cycles for maximum data integrity. 
An internal transfer between the DRAM and either SAM 
counts as a refresh cycle. The SAM portions of the TPDRAM 
are fully static and do not require refresh. 

The operation and control of the MT43C4257/8 are 
optimized for high performance graphics and communica­
tion designs. The triple port architecture is well suited to 
buffering the sequential data types used in raster graphics 
display, serial/parallel networking and data communica­
tions. Special features such as SPilT READ TRANSFER, 
BIT MASKED TRANSFERs and BLOCK WRITE allow fur­
ther enhancements to system performance. 

FUNCTIONAL BLOCK DIAGRAM 

MT43C4257/8 
REV. 4192 

. , _______ .. ____________ ... _______________________________________________________________________________________ .. J 
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MIC:RON MT43C4257/8 
1-·" 256K x 4 TPDRAM 

PIN DESCRIPTIONS 

SOJ PIN 
NUMBERS 

5 

1 

8 

12 

33 

37 

29 

15 

14 

27 

r43C42571B 
:V.4192 

TSOPPIN 
NUMBERS 

5 

1 

8 

14 

37 

41 

31 

17 

16 

29 

SYMBOL 

SCa 

SCb 

TRiOE 

.1iAE"fWE' 

'SE'a 

ID. 

DSF1 

DSF2 

RAS 

CAS 

TYPE 

Input 

Input 

Input 

'. 

Input 

Input 

Input 

Input, 

Input 

Input 

Input 

DESCRIPTION 
Serial Clock, SAMa: Clock input to the serial address counter 
for the SAMa registers and strobe for SAMa control and data 
inputs. 

Serial Clock, SAMb: Clock input to the serial address counter 
for the_SA.Mb registers and strobe for SAMb control and data 
inputs; 

Transfer Enable: Enables an internal TRANSFER operation at 
the falling edge of RAS, or 

Output Enable: Enables the DRAM output buffers when taken 
L.OW after RAS goes LOW (CAS must also be LOW), otherwise 
the output buffers are in a high impedance state. 

Mask Enable: If MEiWE is LOW at the falling edge of RAS, a 
MASKED WRITE cycle is performed,or 

Write Enable: MEIWE is also used to select a READ (ME/WE '" 
H) or WRITE (MEiWE '" L) cycle when accessing the DRAM. 
This .includes a READ TRANSFER (ME/WE '" H) or WRITE 
TRANSFER (MEIWE '" L). 

Serial Port Enable SAMa: SE"a enables Port A serial 1/0 buffers 
and allows a serial READ or WRITE operation to occur; 

'otherwise, the output buffers are in a High-Z state. 'SE'a is also 
used during a TRANSFER operation to inl;licate whether a 
WRITE TRANSFER of a SERIAL-INPUT-MODE ENABl-E 
(PSEUDO WRITE TRANSFER) cycle is performed. 

Serial Port Enable, sAMb: SE"b enables Port B serial 1/0 buffers 
and allows a serial READ or WRITE operationto occur; 
otherwise,the output buffers are in a High-Z state. SE"b is also 
used during a TRANSFER operation to indicate whether a 
WRITE TRANSFER or a SERIAL-INPUT-MODE ENABLE 
.(PSE,UDOWRITE TRANSFER) cycle is performed. 

Special Function (Control) 1: DSF1 is used to indicate which 
special functions are used on a particular access or transfer 
cycle. S~e. the. Functional Truth Table for a detailed description. 

SpeC;:ia),Function (Control) 2: DSF2 is used to indicate which 
special functions are used on a particular access or transfer 
cycle. See the Functional Truth Table for a detailed description. 

Row Address Strobe: RAS is used to clock~in the 9 row-address 
bits and as a strobe for control and data inputs. 

Column Address Strobe: CAS is used to clock-in the 9 column-
address bits, enable the DRAM output buffers (along with 
iJ1iOE), arid strobe control and data inputs. 

5-157 Micron Technology, Inc., reserves the right to change products Dr specifications without-notice. 
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MIC:F=lON MT43C4257/8 
1-·, 256K x 4 TPDRAM 

PIN DESCRIPTIONS (continued) 

SOJ PIN 
NUMBERS 
25,24,23, 
22,19,18, 
17,21,16 

13 

36 , 

4 

9,10,31,32 

6,7,34,35 

2,3,38,39 

26 

28 

11,20 

30,40 

MT...,...,/8 
REV. 4192 

TSOP PIN 
NUMBERS SYMBOL 
27,26,25, AO,A8 
24,21,20, 
19,23,18 

15 STS 

40 MKD 

4 TRM 

9,10,35,36 DQ1,DQ4 

6,7,38,39 SOQaHO(la4 

2,3,42,43 SOQbHOQb4 

28 QSFalSSFa 

30 QSFb/SSFb 

13,22 Vce 

32,44 , Vss 

TY.PE 
Input 

Input 

Input 

Input 

InpuV 
Output 

InpuV 
Output 

InpuV 
Output 

Output 

Input 

Output 

Input 

Supply 

,Supply 

DESCRIPTION 
Address Inputs: For DRAM operation, these inputs are 
multiplexed and clocked by RAS and CAS to select one 4,bit 
word out of the 256K available. During TRANSFER operations, 
AO to A8 indicate the DRAM row being accessed (when 'RAS" 
goes LOW) and the SAM start address (when CAS goes LOW). 

SAM Transfer Select: The state of STS at ros;s time determines 
which SAM is involved in a transfer (SAMa = LOW, SAMb = 
HIGH) . 

. Mask Data Input: MKD is used during BIT MASK REGISTER 
LOAD cycles to enable or disable the serial mask input mode 
(SMI). If SMI is enabled (MKD = HIGH at RAS) , then MKD is 
used as mask data input and is clocked by SCb into the mask 
data register. 

Transfer Mask Select: TRM is used to select between NORMAL 
TRANSFER cycles and BIT MASKED TRANSFER or BIT 
MASK REGISTER LOAD cycles. 

DRAM Data 110: Data inputs and outputs for the DRAM memory 
array; inputs for the MASK and COLOR REGISTER load 
cycles; address mask inputs for BLOCK WRITE cycles. 

Serial Data 110, SAMa: Input, Output, or High,Z. 

Serial Data 110, SAMb: Input, Output, or High,Z. t 

Split SAM Status, SAMa (MT43C4257): QSFa indicates which 
half of SAMa is being accessed (Lower = LOW, Upper = HIGH). 

Split SAM Special Function, SAMa (MT43C4258): SSFa = 
HIGH stops access to current half of SAM and will load the Tap 
address of the next half into the address pointer. SSFa is 
synchronized with SCa. 

Split SAM Status, SAMb (MT43C4257): QSFb indicates which 
half of SAMb is being accessed (Lower = LOW, Upper = HIGH). 

Split SAM Special Function, SAMb (MT43C4258): SSFb = 
HIGH stops access to current half of SAM and will load the Tap 
address of the next half into the address pointer. SSFb is 
synchronized with SCb. 

Power Supply: +5V ±5% 

Ground 
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FUNCTIONAL DESCRIPTION 
The MT43C4257 IS may be divided into four functional 

blocks: the DRAM and its special functions, the bit mask 
register (BMR),the two serial access memories (SAMs),and 
the DRAMISAM/BMR transfer circuitry. All the opera­
tions described below are also shown in the AC Timing 
Diagrams section of this data sheet and are summarized in 
the Functional Truth Table. 

Note: For dual function pins, the function that is not being 
discussed will be surrounded by parentheses. For 
example, the TRIOE pin will be shown as 
TRf(OE) in teferences to transfer operations. 

DRAM OPERATION 
This sectiond(i!scribes the operation of the random access 

port and the special functions associated with the DRAM. 

DRAM REFRESH (ROR, CDR, and HR) 
Like any PRAM-based memory, the MT43C4257/8 

TPDRAM must be refreshed to retain data. All 512 row 
address combinations must be accessed within Sms. The 
MT43C4257/S support CAS-BEFORE-RAS, RAS ONLY 
and HIDD~es of refresh cycles. 

For the CAS-BEFQRE~RAS REFRESH cycle, the row­
addresses are generated and stored in an internal address 
coimter. The user n~ not supply any address data and 
simply must perform 512 CAS-BEFORE-RAS cycles within 
the Sms time period. 

For RAS-ONL Y REFRESH cycles, the refresh address 
must be generated· externally and applied to the AD-AS 
inputs. The DQ pins remain in a High-Z state for both the 
~NLY and CAS-BEFORE-RAS cycles. 

HIDDEN REFRESH (HR) cycles are performed by tog­
gling RAS (while keeping CAS LOW) after a ~AD or 
WRITE cycle. This performs CAS-BEFORE-RASREFRESH 
cycles but does not disturb the DQ lines. 

Any DRAM READ, WRITE, or TRANSFER cycle also 
refr(i!shes the DRAM rowthatisbeing accessed. The SAM 
and BMR portions of the MT43C4257 IS are fully static and 
do not require any refreshing. 

DRAM READ AND WRItE CYCLES (RW) 
The DRAM portion of theTPDRAM is nearly identical to 

.tandard256Kx 4 DRAMs. Hdwever, because several of the 
DRAM control pins are used for additional functions on 
thisdevice,severalcoriditionsthatwereundefinedor"doh't 

1T43C42S7/8 
EV.4192 5-159 

car~" states for the DRAM are specified for the TPDRAM. 
These conditions are highlighted in the following discus­
sion. In addition, the TPDRAM has several special func­
tions that may be used when writing to the DRAM. 

The IS address bits used to select a 4-bit word from the 
262,144 available are latched into the chip using the AD-AS, 
RAS,and CAS inputs. First, the 9 row-address bits are setup 
on the address inputs and clocked into the part when RAS 
transitions from HIGH-to-LOW. Next, the 9 column-ad­
dress bits are set up on the address inputs and clocked-in 
when CAS goes from HIGH-to-LOW. 

Note: 

Mlo/On Technol~. Inc., reserves the rlgl)tto change products or speclncallOllll without notice, 
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1- NONPERSISTENT MASKED WRITE -1- NONPERSISTENT MASKED WRITE -I 
RAS ~'--,-. ________ --' ~ __________ ~r-

CAS \'--__ --'1 

MElWE \ II!!! II 1//2 

OSF1 .\ IlllllA 1//1/111 //; 
DSF2 \ fllI/II//!!/$II1I//IIIIII!II/lIII!/A I//!III /II/I /l!III!II!II //II!! II! a 

STORED 

DATA 

LOAD 

MASK 

o 

LOAD STORED STORED LOAD 

MASK 

LOAD STORED 

DATA DATA DATA DATA DATA ; ~ _____ ~ ~1 ~O 
X 0 0 
1·-----~ 1 0 

o 
o 
o 

~-----~ ~ 

1·-----~ ~ 
BEFORE AFTER BEFORE AFTER 

~~,-. --------- ADDRESS 0 --~------+~ ~~----------- ADDRESS 1 

O=LOW 

1 = HIGH 

X = NOT EFFECTIVE (DON'T CARE) 

~ DON'T CARE 

Figure 1 
NONPERSISTENT MASKED WR.ITE EXAMPLE 

NONPERSISTENT MASKED WRITE (RWNM) 
The MASKED WRITE feature eliminates the need to do a 

READ-MODIFY-WRITE cycle when changing only certain 
bits within a 4-bit word. The MT43C4257/8 supports two 
types of MASKED WRITE cycles, NONPERSISTENT 
MASKED WRITE and PERSISTENT MASKED WRITE. 

If ME/(WE), DSF1 and DSF2 are LOW at the RAS 
HIGH- to-LOW transition, the data (mask data)" present on 
the DQ1-DQ4 inputs will be written into the mask data 
register. The mask data acts as an individual write enable 
for each of the four DQ1-DQ4 pins. If a LOW (logic 0) is 
written to a mask data register bit, the input port for that bit 
is disabled during the subsequent WRITE operation and no 
new data will be written to that DRAM cell location. A 
HIGH (logic 1) on a mask data register bit enables the input 
port and allows normal WRITE operations to proceed. This 

convention is used for all masks on the MT43C4257/8. 
Note that CAS is still HIGH. When CAS or (ME)/WE go 
LOW, the bits present on the DQ1-DQ4 inputs will i?e either 
written to the DRAM (if the mask data bit was HIGH) or 
ignored (if the mask data bit was LOW). The DRAM con­
tents that correspond to the masked bits will not be changed 
during the WRITE cycle, When using NONPERSISTENT 
MASKED WRITE, the data present on the DQ"inputs is 
loaded into the mask data register at every falling edge of 
RAS. FAST PAGE MODE can be used in tandem with 
NONPERSISTENT MASKED WRITE to write several col­
umn locations using the same mask during one RAS cycle. 
An example of NONPERSISTENT MASKED WRITE cycle 
is shown in Figure 1. 

MT43C425718 
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I ....... LOAD MASK REGISTER ----...1....-- PERSISTENT MASKED WRITE ----I ~ PERSISTENT MASKED WRITE ---------------I 

RAS 

CAS 

MElWE 
\L~ __________ \l-____ ~ ________________ ~ ____ __ 

DSF1 

LOAD 

MASK 

STORED 

DATA ; 
BEFORE 

APPLY 

MASK 

LOAD STORED 

DATA DATA 

X rn o --3> 0 

X 0 
1 '--3> 1 

AFTER 

STORED LOAD STORED 

DATA DATA DATA 

~ 
X 

~; APPLY 1·--
MASK X 

--~ 1 

BEFORE AFTER (Stored in 

Mask Data 

Register) -+-------- . ADDRESS 0 ------_ +---- ADDRESS 1 

O·LOW 
1.HIGH 

1:!21 DON'T CARE 

X • NOT EFFECTIVE (DON'T CARE) 

Figure 2 
PERSISTENT MASKED WRITE EXAMPLE 

PERSISTENT MASKED WRITE (RWOM) 
The PERSISTENT MASKED WRITE feature elintinates 

the need to rewrite the mask data before each MASKED 
WRITE cycle if the same mask data is being used repeat­
edly. To initiate a PERSISTENT MASKED WRITE, a LOAD 
MASK REGISTER cycle is performed by taking ME/ (WE) 
and DSFI HIGH, and DSF2 LOW, when RAS goes LOW. 
The mask data is loaded into the internal register when 
CAS goes LOW, provided DSFI is LOW (seethe LOAD 
MASK REGISTER description). 

PERSISTENT MASKED WRITE cycles may then be per­
formed by taking ME/ (WE) andDSF2 LOW and DSFI HIGH 
when RAS goes LOW. The contents of the mask data regis­
terwill then be used as the mask data for the DRAM inputs. 
Unlike the NONPERSISTENT MASKED WRITE cycle, the 
data present at the DQ inputs is not loaded into the mask 
register when RAS falls. Another PERSISTENT MASKED 
WRITE cycle may be performed without reloading the 
register. Figure 2 shows the LOAD MASK REGISTER and 
PERSISTENT MASKED WRITE cycle operations. The LOAD 
MASK REGISTER and PERSISTENT MASKED WRITE 
cycles allow systems that cannot output data at RAS time to 
perform MASKED WRITE cycles. PERSISTENT MASKED 
WRITE can also operate in FAST PAGE MODE. 

MT43C4257f8 
AEV,4192 5-161 

BLOCK WRITE (BW) 
The MT43C4257/8 will perform a BLOCK WRITE cycle if 

DSFI is HIGH when CAS goes LOW. In BLOCK WRITE 
cycles, the contents of the color register (instead of the DQ 
inputs) are directly written to four adjacent column locations 
(seeFigure3).AtotalofI6bitswillbewrittensimultaneously, 
improving the normal DRAM fill rate by four times. The 
color register must be loaded prior to beginning BLOCK 
WRITE cycles (see LOAD COLOR REGISTER). 

The row is addressed as in a normal DRAM WRITE cycle. 
However, when CAS goes LOW, only the A2-A8 inputs are 
used. A2-A8 specify the "block" (out of the 128 possible) of 
four adjacent column locations that will be accessed. When 
the later of ME/WE and CAS go LOW, the DQ inputs are 
latched and used to determine which of the four column 
locations will be written. DQl acts as a write enable for 
column location AO = 0, Al = 0; DQ2 controls column 
10cationAO= l,Al = 0;DQ3controlsAO =O,Al = l;andDQ4 
controls AO = 1, Al = 1. The write enable controls are active 
HIGH; a logic 1 enables and a logic 0 disables the WRITE 
function. 

The contents of the color register will then be written to 
the column locations enabled. Each DQ location of the color 
register is written to the four column locations (or any ofthe 
four that are enabled) in the corresponding DQ bit plane. 
The DQ mask is not used in this mode. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ROW 
(AO·A8 at AAS) 

COLUMN MASK (AO~ 
ON THE DO INPUTS AT CAS 

Dl 

~~~~ I'=D~2111_ 
REGISTER D3 

DOl 

D02 
003 

D04 

D4 

Figure 3 

COLUMN 
(A2-AB at CAS) 

COLOR REGISTER 
(must be previously loaded) 

BLOCK WRITE EXAMPLE 

NONPERSISTENT MASKED BLOCK WRITE (BWNM) 
The MASKED WRITE functions can also be used during 

BLOCK WRITE cycles. NONPERSISTENT MASKED 
BLOCK WRITE operates exactly like the normal NONPER­
SISTENT MASKED WRITE except the mask is now applied 
to four column locations instead of just one column location. 

Like NONPERSISTENT MASKED WRITE, the combina­
tion of MEl (WE) LOW and DSFI LOW when RAS goes 
LOW, initiates a NONPERSISTENT MASK cycle. The DSF 
pin must be driven HIGH when CAS goes LOW to perform 
a NONPERSISTENT MASKED BLOCK WRITK By using 
both the column mask input and the MASKED WRITE 
function, any combination of the four bit planes may be 
masked and any combination of the four column locations 
may be masked. 

PERSISTENT MASKED BLOCK WRITE (BWOM) 
This cycle is also performed exactly like the normal 

PERSISTENT MASKED WRITE except that DSFI is HIGH 
when CAS goes LOW to indicate the BLOCK WRITE func­
tion. Both the mask data register and the color register must 
be loaded with the appropriate data prior to starting a 
PERSISTENT MASKED BLOCK WRITE. 

DRAM REGISTER OPERATIONS 
The MT43C4257/8 contains two 4-bit registers that are 

used as data registers for special functions. This section 
describes how to load these registers. 

LOAD MASK REGISTER (LMR) 
The LOAD MASK REGISTER operation and timing are 

identical to a normal WRITE cycle except that DSFI is HIGH 
when RAS goes LOW. As shown in the Truth Table, the 
combinationofTR/(OE),ME/(WE),andDSFlbeingHlGH 
when RAS goes LOW indicates the cycle is a REGISTER 
load cycle. DSFI is used when CAS goes LOW to select the 
register to be loaded, and must be LOW for a LOAD MASK 
REGISTER cycle. The data present on the DQ lines will then 
be written to the mask data register. 

Note: For a normal DRAM WRITE cycle, the mask data 
register is disabled but not modified. The contents of 
mask data register will not be changed unless a NON­
PERSISTENT MASKED WRITE cycle or a LOAD 
MASK REGISTER cycle is performed 

The row address supplied will be refreshed, but it is not 
necessary to provide any particular row address. The col­
umn address inputs are ignored during a LOAD MASK 
REGISTER cycle. 

The mask data register contents are used during PERSIS­
TENT MASKED WRITE and PERSISTENT MASKED 
BLOCK WRITE cycles to selectively enable writes to the 
four DQ planes, 

LOAD COLOR REGISTER (LCR) 
A LOAD COLOR REGISTER cycle is identical to the 

LOAD MASK REGISTER cycle except DSFI is HIGH when 
CAS goes LOW. The contents of the color register are 
retained until changed by another LOAD COLOR REGIS­
TERcycle (or the part loses power) and are used as data 
inputs during BLOCK WRITE cycles. 

MT43C4257/B 
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TRANSFER OPERATIONS 
This section describes transfer operations between the 

DRAM and either SAM. The direction of the transfer is 
specified with respect to the DRAM portion of the device. A 
write is referenced to the DRAM array and a read is refer­
enced from the array. 

Note: The three ports of the TPDRAM are independent and 
asynchronous to one another. Any or all of the ports 
may be accessed simultaneously at the maximum 
allowable frequencies. The only time the ports are 
synchronized is during transfers toorfrom the DRAM 
and SAM portions of the device. A transfer involving 
a SAM does not affect access from the other SAM port. 
Both SAMs may be accessed during a DRAMjBMR 
transfer operation or any other DRAM access cycle 
other than a SAM transfer. 

TRANSFER operations are initiated when TR/(OE) is 
LOW at the falling edge of RAS. The state of STS when 
RAS goes LOW indicates which SAM the TRANSFER will 
address. The state of (ME)/WE when RAS goes LOW indi­
cates the direction of the TRANSFER. At the same time, 
DSFl is used to select between normal TRANSFER cycles 
and SPLIT TRANSFER cycles and DSF2 is used to select 
between normal TRANSFER cycles and MASKED TRANS­
FER cycles. A TRANSFER cycle can be performed without 
dropping CAS. In this case, the previously loaded Tap 
address will be used. 

TheMT43C4257/8 include a feature called BIT MASKED 
TRANSFER, which uses a third 2,048-bit data register to 
individually mask every bit involved in a transfer opera­
tion. The BIT MASKED TRANSFER may be applied to 
either READ or WRITE TRANSFERs. The TRM pin is used 
to select between NORMAL and BIT MASKED TRANSFER 
(or BIT MASK REGISTER LOAD) cycles. The type of trans­
fer operation is always selected on the falling edge of RAS. 

NORMAL TRANSFERS 
The MT43C4257/8 support all of the popular transfer 

cycles available on the 1 Meg Video RAMs. Each of these is 
described in the following section. 

READ TRANSFER (RT) 
A READ TRANSFER cycle is selected if (ME)/WE is 

HIGH, and DSFl and TR/(OE) are LOW when RAS goes 
LOW. When RAS goes LOW, the READ TRANSFER is to 
SAMa if STS = LOW, or to SAMb if STS = HIGH. The row 
address bits indicate the four 512-bit DRAM rows that are 
to be transferred to the four SAM data registers. The column 
address bits indicate the start address (or Tap point) of the 
next serial output cycle from the designated SAM data 
registers. QSF indicates the SAM halfbeing accessed; LOW 

if the lower half, HIGH if the upper half. Performing a 
READ TRANSFER cycle sets the direction of the selected 
SAM's I/O buffers to the output mode. 

To complete a REAL-TIME READ-TRANSFER, TR/ (DE) 
is taken HIGH while RAS and CAS are LOW. In order to 
synchronize the REAL-TIME READ TRANSFER to the 
serial clock, the rising edge of TR/ (OE) must occur between 
the rising edges of successive clocks on the SC input (refer 
to the AC timing diagrams). A "regular" READ TRANSFER 
is not sychronized with the SC pin of the addressed SAM. 
This type of RT is performed when TR/ (OE) is taken HIGH 
"early," without regard to the falling edge of CAS. The 
transfer will be completed internally by the device. The first 
serial clock must meet the lRSD and tCSD delays (see READ 
TRANSFER AC timing diagram). The 2,048 bits of DRAM 
data are then written into the SAM data registers, and the 
selected SAM's Tap address that was stored in the internal, 
9-bit Tap address register is loaded into the address counter. 
If SE for the SAM selected (SEa for SAMa) is LOW, the first 
bits of the new row data will appear at the serial outputs 
with the next SC clock pulse. SE enables the serial outputs, 
and may be either HIGH or LOW during this operation. 

SPLIT READ TRANSFER (SRT) 
The SPLIT READ TRANSFER cycle eliminates the critical 

transfer timing required to maintain a continuous serial 
output data stream (the "full" READ TRANSFER cycle has 
to occur immediately after the final bit of "old data," and 
before the first bit of "new data" is clocked out of the SAM 
port). 

When using the SPLIT TRANSFER mode, the SAM is 
divided into an upper half and a lower half. While data is 
being serially read from one half of the SAM, new DRAM 
data may be transferred to the other half. The transfer can 
occur at any time while the other half is sending data, and 
need not be synchronized with the SC clock. 

The TR/ (OE) timing is relaxed for SRT cycles. The rising 
edge of TR/(OE) is not used to complete the TRANSFER 
cycle, and therefore is independent of the rising edges of 
RAS and CAS. The transfer timing is generated internally 
for SPLIT TRANSFER cycles. 

SPLIT TRANSFERs do not change the SAM I/O direc­
tion. A normal (non-split) READ TRANSFER cycle must 
precede any sequence of SRT cycles to put the SAM 1/ 0 in 
the output mode and provide the initial SAM Tap address 
(which half). Then an SRT can be initiated by taking DSFl 
HIGH and selecting the desired SAM (using STS) when 
RAS goes LOW during the TRANSFER cycle. As in non­
split transfers, the row address is used to specify the DRAM 
row to be transferred. When an SRT cycle is initiated, the 
half of the SAM not actively being accessed will be the half 
that receives the transfer: When CAS falls, address pins AO-

MT43C4257/8 
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A7 determine the Tap address for the SAM-half selected; A8 
= "don't care." If CAS does not fan, the previously loaded 
Tap address will be reused and the TRANSFER will be to 
the idle half. 

LOW (indicating that row-l data is shifting out the lower 
SAM) and then transferring the upper half of row 1 to the 
upper SAM. CAS is used to load the Tap address. If 
CAS does not fan, the last Tap address load for the ad­
dressed SAM will be reused. Figure 4 shows a typical SRT initiation sequence. The 

normal READ TRANSFER is first performed, fonowed by 
an SRT of the same row to the upper half of the SAM. The 
SRT to the upper half is optional and need only be done if 
the Tap for the upper half * O. For the MT43C4257, serial 
access continues and when the SAM address counter reaches 
255 (" A8" = 1,AO-A7 = 0), theQSF output for that SAM goes 
HIGH and the Tap address for the upper half is automati­
cany loaded. Since the serial access has now switched to the 
upper half of the SAM, new data may be transferred to the 
lowerhalf. This sequence of waiting for the state of QSF to 
change and then transferring new data to the SAM half that 
is not being accessed may now be repeated. For example, 
the next step in Figure 4 would be to wait until QSF went 

The split SAM operation is slightly different for the 
MT43C4258. Instead of having a QSF,Jhis.device has a Split 
SAM Special Function (SSF) input. With this input the serial 
access may be switched at will from one half of the SAM to 
the other. In other words, the address count may be stopped 
on the current half and the Tap address of the next half may 
be loaded, without waiting for the maximum address count 
of the current half (255; lower, 511; upper). If no SSF pulse 
is applied, the Tap address of the next half will be automati­
cally loaded when the maximum count of the current SAM­
half is reached. QSF = 0 when the Lower SAM (bits 0-255) 
is being accessed. QSF = 1 when the Upper SAM (bits 256-
511) is being accessed. 
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WRITE TRANSFER (WT) 
The operation of the WRITE TRANSFER is identical to the 

READ TRANSFER described previously, except (ME) /WE 
and SE must be LOW whenRAS goes LOW. The DSF2input 
is used to select between the WT and DQ MASKED WRITE 
TRANSFER cycles, and must be LOW for the WT cycle. The 
STS pin is also taken LOW or HIGH to selectSAMaorSAMb, 
respectively, when RAS goes LOW. The row address indi­
cates the DRAM row to which the SAM data register will be 
written, and the Tap address indicates the starting address 
of the next SERIAL INPUT cycle for the SAM data registers. 
QSF indicates the SAM half being accessed; LOW if the 
lower half, HIGH if the upper half. Performing a WT sets the 
direction of the SAM I/ 0 buffers to the input mode. 

PSEUDO WRITE TRANSFER (PWT) 
The PSEUDO WRITE TRANSFER cycle may be used to 

change the direction of a SAM port from output to input 
without disturbing the DRAM data in the selected row. A 
PSEUDO WRITE TRANSFER cycle is a WRITE TRANSFER 
cycle with the SEofthe appropriate SAM held HIGH instead 
of LOW. The addressed row will be refreshed. A DQ 
MASKED WRITE TRANSFER (with all bits masked) is an 
alternate method for changing the directionofthe SAM port 
without disturbing the addressed row data. 

DQ MASKED WRITE TRANSFER (MWT) 
The data being transferred from either SAM to the DRAM 

may be masked by performing a DQ MASKED WRITE 
TRANSFER cycle. The transfer of data may be selectively 
enabled for each of the four DQ planes (see Figure 5). The 
MWT cycle is identical to the WRITE TRANSFER cycle 
except DSF2 is HIGH and mask data must be on the DQ 
inputs at the falling edge of RAS. 

The complete SAM register will be transferred· to the 
selected row in each DQ plane if the mask data input is 
HIGH, and the SAM register will not be transferred if the 
mask data input for that DQ plane is LOW. DRAM data is 
not disturbed in masked DQ planes. 

DQ MASKED SPLIT WRITE TRANSFER (MSWT) 
The DQ MASKED SPLIT WRITE TRANSFER feature 

makes it possible to input and transfer uninterrupted bit 
streams. Figure 6 shows a typical initiation sequence for 
SWTcycles. 

Like the SRT, the DQ MASKED SPLIT WRITE TRANS­
FER cycle does not change the state of the SAM I/O 
buffers. A normal, DQ MASKED or PSEUDO WRITE 
TRANSFER cycle is required to set the Tap address and set 
the SAM I/O direction to input mode. 

After the WT, a MSWT is performed to enter the split 
SAM operating mode. This sets the Tap for the next half of 
the SAM. The addressed half of the SAM is immediately 

ROW 
(AO-AS at RAS) -

DOt 

D02 

D03 

D04 

MASK 
REGISTER 

000 ·-------------.000 
l' 7:11' 7:17:17:1 

I , I I I I 
, I I I I 
I , , I , 

It' I , , , , , , , , , , , , , , , , , , , , , 

SAMaor SAMb 

Figure 5 
DQ MASKED WRITE TRANSFER 

transferred to the first destination row. This half of the SAM 
may not yet contain valid data. However, another MSWT to 
the same row will normally occur after this is loaded, so the 
initial invalid data will be overwritten. Another approach 
would be to initiate an MSWT addressed. to any DRAM 
row, but mask (disable) all four of .the DQ planes. This 
method can be used to initiate the MSWT sequence without 
disturbing any DRAM data. The MSWT to the upper half is 
optional, it is only needed if the Tap for the upper half 
is¢D. 

Write mask data must be supplied to the DQ inputs 
during every MSWT cycle at RAS time. The mask data acts 
as an individual write enable for each of the four DRAM DQ 
planes. For example, DQl, at RAS time, during a MASKED 
WRITE enables or disables the transfer of the SAM SDQl 
register to .the DQl plane of the DRAM row selected (see the 
DQ MASKED WRITE TRANSFER description). As in all 
other MASKED WRITE operations, a HIGH enables the 
WRITE TRANSFER and a LOW disables the WRITE TRANS­
FER. As with SPLIT READ TRANSFER, the half of the SAM 
not receiving data will be the half transferred and the Tap 
address (AD-A7) for the other half is loaded when CAS falls 
(AS is a "don't care"). If CAS does not fall, the previously 
10adedTap address, AD-A7, will be reused. The TRANSFER 
will be to the idle half. When the serial clock crosses the half­
SAM boundary, the new Tap address for that half is auto­
matically loaded. 
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The QSFa and QSFb outputs (MT43C4257) indicate which 
half of SAMa or SAMb, respectively, is currently accepting 
data. After QSF goes HIGH, indicating that serial input has 
now switched to the upper SAM, the contents of the lower 
half of the SAM may be transferred to any DRAM row. The 
cycle of checking for a change in QSF and then transferring 
the half of the SAM just filled may now be repeated. The 
next step on Figure 6 is to wait for QSF to go LOW and then 
SWT the contents of the upper half of the SAM to row O. If 
the terminal count of the SAM half is reached before an SWT 
is performed for the next half, the access will be repeated 
from the same half and previously loaded Tap address 
(access will not move to the next half). 

the corresponding rising edge of Sc. The next SC rising 
edge will input data into the Tap location of the next half of 
the SAM. If SSF is not applied, the Tap address will be 
automatically loaded when the maximum Tap address 
count is reached for the current half (255 or 511). If SSF is 
HIGH at SC before an MSWT is performed for the next half 
the access will jump to the old Tap address of the same half. 
Access will not proceed to the next half. If terminal count is 
reached before an MSWT, the access will proceed as it does 
for the MT43C4257. 

SERIAL INPUT and SERIAL OUTPUT 
The control inputs for SERIAL INPUT and SERIAL OUT­

PUT are SCa,b, SEa,b and SSFa,b (MT43C4258). The rising 
edge of SC increments the serial address counter and pro­
vides access to the next SAM location. SE enables or disables 
the serial input/ output buffers. 

When operating the MT43C4258 in the MSWT mode, the 
address pointer may be changed to the new Tap address of 
the next half when the final desired input data is clocked in. 
When the final data is input, the SSF input is taken HIGH at 
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PSUEOO WRITE TRANSFER 

FROM: Full SAM 
TO: Oblivion 
SAM 1/0·is set to Input 
Mode and serial input 
to Lower SAM begins 
(QSF goes LOW) 

NOTE: 1) MT43C4257 
2) MT 43C4258 

, , , 
SPLIT WRITE TRANSFER 

(OPTIONAL) 

FROM: Upper SAM 
TO: Row 0 
Serial input to Lower 
SAM continues 

Figure 6 

: : SPLIT WRITE TRANSFER , 
, 
, 

Serial input switches 
from Lower SAM to 
Upper SAM 
1) QSF goes HIGH I 

2) SSF = HIGH switches I 

half at data count "X", : 
new Tap address : 
loaded 

FROM: Lower SAM 
TO: Row 0 
serial input to Upper 
SAM continues (QSF 
remains HIGH) 

~ DON'T CARE 

TYPICAL SPLIT-WRITE-TRANSFER INITIATION SEQUENCE 
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INVERT OPTION 
(DRAM only) 

1-~",",,""-=-iJ STS (HIGH) ..... r----------, STS (lOW) ..... r-----"-'-'~'-'=___1 
DRAM 

(ROW ADDRESS) 
BIT MASK 
REGISTER 

SAM. SAMa 

Figure 7 
BIT MASKED TRANSFER BLOCK DIAGRAM 

Serial output of the SAM contents will start at the seriitl 
tap address that was loaded in the SAMa,b address counter 
during the DRAM-TO-SAM TRANSFER cycle. The SC 
input increments the address counter· and presents the 
contents of the next SAM location to the4-bitport. SEis used 
as an output enable during the SAM output operation. The 
serial address is automatically incremented with every SC 
LOW-to-HIGHtransition, regardless ofwhetherSEis HIGH 
or LOW. For the MT43C4257, the address progresses through 
the SAM and will wrap around (after count 255 or 511) to the 
Tap address of the next half, for split modes. Address count 
will wrap around (after count 511) to Tap address 0 if in the 
"full" SAM modes. 

For the 43C4258,the address count will wrap as it does for 
the MT43C4257 or it may be triggered, at will, to the next 
half by the SSF input (split SAM modes). If SSF is HIGH at 
a LOW-to-HIGH transition of SC, the Tap address of the 
next half will be loaded into the address pointer. The 
subsequent LOW-to-HIGH transition of SC will clock data 
from the Tap address of the new half. 

SC is also used to clock-in data when the device is in the 
serial input mode. As in the serial output operiltion, the 
contents of the serial address counter (loaded when the 
serial input mode was enabled) will determine the serial 
address of the first 4-bit word written. SE acts as a write 
enable for serial input data and must be LOW for valid 
serial input. If SE = HIGH, the data inputs are disabled and 
the SAM contents will not be modified. The serial address 
counter is incremented with every LOW-to-HIGH transi­
tion of SC, regardless of the logic level on the SE input. The 

operation of SSF (MT43C4258) isthe same as described for 
serial output. 

BIT MASKED TRANSFERS 
This section describes transfers between the DRAM and 

either of the two SAMs using the BIT MASKED TRANSFER 
capability. Before performing these BIT MASKED 
TRANSFERs, the bit mask register must first be loaded with 
the mask data. See the next section, BIT MASK REGISTER 
OPERA nONs, for instructions on how to load the bit mask 
register (BMR). 

The BMR is a 2,048-bit register that individually controls 
each of the 2j 048 transfer gates on the internal 512 x 4 
transfer bus (see Figure 7). These bus transfer gates reside 
between the DRAM array and the three data registers and 
are set to the "pass-thru" mode for nonmasked transfers. 
For BIT MASKED TRANSFERs, the data in the BMR is 
coupled to the control inputs of the bus transfer gates. A 
logic "1" in the BMR will select the pass-thru (unmasked) 
mode for the corresponding SAM data bit, while a logic "0" 
will select the masked mode for that bit. 

BIT MASKED TRANSFERs may be incorporated when 
doing READ, WRITE, SPLIT READ and SPLIT WRITE 
TRANSFERs. The timing and control required for any 
particular BIT MASKED TRANSFER cycle is identical to 
the corresponding normal TRANSFER cycle, except that 
TRM and DSF2 are HIGH instead of LOW. BIT MASKED 
TRANSFERs between the DRAM and either of the two 
SAM registers are possible. Figure 8 illustrates the BIT 
MASKED TRANSFER functions. 
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ROW 
(AO-AS at RAS) -

BUS TRANSFER 
GATES (512 x 4) 

BIT MASK REGISTER 
(5t2x4) 

SAMaor SAMb 
(512x4) 

OJ OJ ···_·····OJ [Q] [Q] 

o 0 '" 

~dJ 
. - - - - - 256 bits - - - - -..:- - - - - -256 bits- - - - --

Figure 8 
BIT MASK TRANSFER BLOCK DIAGRAM 

BIT MASKED READ TRANSFER (BMRT) 
BIT MASKED READ TRANSFER may be used to transfer 

any combination of the 2,048 bits contained in any DRAM 
row address to either of the two SAMs. The logic conditions 
and timing for the BMRT function are identical to the 
normal READ TRANSFER function except that TRM and 
DSF2 are HIGH to select the BIT MASKED feature. If a bit 
in the BMR is a logic "1", the bus connection between the 
corresponding DRAM bit and the selected SAM bit is 
enabled and the data at the destination (one of the SAMs for 
BMRT) will be changed to the source data (the DRAM row 
forBMRT), 

BIT MASKED SPLIT READ TRANSFER (BMSRT) 
The BIT MASKED SPLIT READ TRANSFER operation is 

identical to the normal SPLIT READ TRANSFER except 
that the bit mask(stored in the bit mask register) is applied 
to the transfer data by taking TRM and DSF2 HIGH when 
RAS falls. The remaining control timing is identical to the 
requirements for a normal SPLIT READ TRANSFER. 

BIT MASKED WRITE TRANSFER (BMWT) 
Like WRITE TRANSFER, the BIT MASKED WRITE 

TRANSFER function may be used to transfer data to any 
DRAM row address. from either of the two SAM registers. 
In this case, the SAM data will be masked by the contents of 
the bit mask register before the data is written to the 
DRAM. 

BIT MASKED SPLIT WRITE TRANSFER (BMSWT) 
Like the other BIT MASKED TRANSFER cycles, the 

BMSWT is nearly identical to the SPLIT WRITE TRANS­
FER, except TRM and DSF2 are HIGH when RAS falls. Two 
masks are applied during a BMSWT operation. Each of the 
individual bits are masked by the bit mask register and each 
of the DQ planes are masked by the DQ inputs at RAS time. 
If a DQ input is LOW at RAS time, none of the 256 SAM bits 
for that DQ plane will be transferred to the DRAM row-half 
selected. If a DQ input is HIGH, the 256 SAM bits for that 
row half will be masked by the corresponding 256 mask 
register bits when written to the selected DRAM row-half. 
The remaining control timing is identical to the require­
ments for a normal SPLIT WRITE TRANSFER. 

BIT MASK REGISTER OPERATIONS 
This section describes how to transfer data to or from the 

Bit Mask Register (BMR) and how to clear the BMR con­
tents. Data may also be inverted when being transferred 
between the BMR and DRAM . 

BMR READ TRANSFER (BMR-RT) 
Any DRAM row may be transferred to the BMR by using 

the BMRREAD TRANSFER function. When RASfalls, TR/ 
(OE) is LOW to select a transfer cycle. TRM is HIGH to 
indicate that the BMR is involved in the TRANSFER cycle, 
and DSF2 is LOW to indicate that the data is to be trans­
ferred to the BMR (as opposed to using the contents of the 
BMR as bit mask data). The remainder of the timing and 
control required is identical to a normal READ TRANSFER 
cycle. No Tap address is loaded in this TRANSFER. 

Note that the SAM transfer select (STS) pin is used to 
select whether non-inverted (STS = LOW) or inverted (STS 
= HIGH) data is transferred to the bit mask register. For all 
transfers to or from the bit mask register, the state of the 
MKD pin when RAS falls selects whether the serial mask 
input (SMI) feature is enabled (see the Functional Truth 
Table). SMI is a special serial input mode that allows mask 
information to be clocked into the BMR at the same address 
location as the data clocked into SAMb (see the SMI mode 
description). MKDis LOW when RAS falls to disable SMI or 
HIGH to enable SM!. After the transfer is completed, the 
MKD pin then acts either as a mask data input to the BMR 
(SM! enabled) or is "don't care" (SMI disabled). The MKD 
input is tied to the 4 bit-planes, the data onthe MKD pin is 
written to each bit plane simultaneously. 

BMR INVERTED READ TRANSFER (BMR-IRT) 
If the STS pin is HIGH at RAS time the DRAM data will 

be inverted before being written to the BMR. All 2,048 bits 
involved in the transfer will be complemented. The func­
tionality and logic levels for the other control inputs are 
identical to the BMR READ TRANSFER cycle. Note that 
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MKD is still used to enable or disable the SMI mode; There 
is no added cycle time delay for either the BMR INVERTED 
READ or BMR INVERTED WRITE TRANSFER cycles. 

BMR WRITE TRANSFER (BMR-WT) 
The contents of the BMR may also be transferred to any 

DRAM row by using the BMR WRITE TRANSFER cycle. 
(ME)/WE and DSF2 are LOW and TRM is HIGH when 
RAS falls, to select a write transfer from the BMR. The DQ 
inputsareusedtoinputaDQbit-planemaskwhenRASfalls. 
This allows each of the four DQ planes to be write enabled 
or disabled during the BMR-WT. TheMKD input is used to 
enable or disable the SMI mode. STS must be LOW at 
RAS time to transfer non-inverted BMR data to the DRAM 
row selected. 

BMR INVERTED WRITE TRANSFER (BMR-IWT) 
As with the BMR INVERTED READ TRANSFER, the 

2,048 bits involved in the transfer may be inverted while 
being transferred. Taking STS HIGH at RAS time will cause 
the BMR data to be inverted before it is stored in the selected 
DRAM row. The other control and DQ (mask) inputs are the 
same as the BMR-WT. 

SAM-TO-BMR TRANSFER (SAM-BMR) 
The contents of either SAM may be transferred to the 

BMR in the same manner that a DRAM row is transferred. 
In this case, DSFl is HIGH to indicate that the SAM is the 
,ource of the data instead of the DRAM. (ME) /WE is used 
to indicate the direction of the transfer and must be LOW, 
when RAS falls, for a SAM-TO-BMR TRANSFER. STS is no 
longer used to select between normal and inverted data, it 
:lOW indicates which SAM is involved in the transfer. Since 
1 SAM-TO-BMR TRANSFER "reads" data from the SAM, 
:he SAM will be placed into input mode by this transfer 
:ycle. The MKD input is still used to determine if the SMI 
node will be enabled after the transfer is completed. Since 
10 DRAM access is involved, it is not necessary to provide 
my particular ROW address at RAS time. However, 
vhichever ROW address is present at RAS time will be used 
LS the address for a RAS-ONL Y REFRESH. Since a SAM is 
nvolved in the transfer, a new SAM starting address (or 
rap) will be loaded at CAS time. This address will be loaded 
nto the serial address counter of the SAM selected by STS 
:t RAS time. 

.rote: Any SAMIBMR TRANSFER will take the SAM 
involvedJn the transfer out of the split SAM mode, if 
it was in that mode before the transfer. 

IMR-TO-SAM TRANSFER (BMR-SAM) 
The contents of the BMR may also be transferred to one of 

:le SAM registers. The (ME)/WE input is used to indicate 

the direction of the transfer and must be HIGH for a BMR­
TO-SAM TRANSFER. STS is LOW to select SAMa or HIGH 
to select SAMb as the destination for the BMR data. The 
remaining inputs and functionality are identical to the 
SAM-TO-BMR TRANSFER. Since a BMR-TO-SAM 
TRANSFER writes new data to the selected SAM register, 
the I/O for the SAM involved will be placed in the output 
mode and anew Tap address will be loaded when CAS falls. 

CLEAR BIT MASK REGISTER (CLR-BMR) 
The entire contents of the BMR can be cleared (set all bit 

LOW) within a single transfer cycle by performing a CLEAR 
BMR cycle. Unlike the other cycles that access the BM&, 
TRM is LOW at RAS time for the CLEAR BIT MASK REG­
ISTER function. TR/ (OE) is LOW to indicate that the cycle 
is a transfer cycle (although there is really no data transfer 
involved). The CLR-BMR function is selected when 
ME/ (WE), DSFI and DSF2 are HIGH when RAS falls. 

When the BMR is cleared, all data will be masked when 
a BIT MASKED TRANSFER cycle is performed. 

The BMR INVERTED WRITE and BMR WRITE TRANS­
FERS may be used with the CLR-BMR function to set or 
clear, respectively, any DRAM row. The CLR-BMR func­
tion is used to clear the BMR then the BMR TRANSFERS are 
performed to the addressed DRAM row. 

The CLEAR BIT MASK REGISTER function is useful 
when using the SERIAL MASK INPUT mode. It is auto­
matically performed (when in the SMI mode) when data is 
transferred from SAMb to the DRAM (see SERIAL MASK 
INPUT section). 

SERIAL MASK INPUT (SMI) 
Whenever the BMR is accessed, the MKD input is sensed 

and latched into the BMR control logic. If the MKD pin is 
LOW at RAS time the serial mask input (SMI) mode is 
disabled and the BMR may only be loaded via internal 
transfer cycles. If MKD is HIGH when RAS falls, during a 
BMR access, then the BMR control logic enables the 8MI 
mode and the BMR may be serially loaded via the MKD 
input. 

When SMI is enabled, the MKD input is coupled to all 
four of the bit mask register's DQ planes (see Figure 9). The 
SCb clock input and SAMb's address counter are used to 
input data to SAMb and the BMR. SEb will enable (LOW) or 
disable (HIGH) input data to SAMb and the BMR, the 
address count will increment regardless of the state of SEb. 

The most common application of the SMI mode is to 
automatically load a transfer mask with the new data 
written to SAMb. To initialize the sequence, the BMR is 
cleared (CLR-BMR) with MKD = HIGH at RAS time to 
enable the SMI mode. Tl;ten SAMb is prepared to accept 
input data by performing PSEUDO WRITE TRANSFER. 
The SAM starting address loaded will also. apply to the 
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Array 
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Figure 9 
SERIAL-MASK-INPUT MODE BLOCK DIAGRAM 

BMR. For every address location to which data is written in 
SAMb, the corresponding address location in the BMR will 
be written to the value present on MKD (all four planes of 
the BMR will be written): After the input of data to SAMb 
is complete, a BIT MASKED WRITE TRANSFER may be 
performed and only the unmasked data from SAMb will be 
transferred to the DRAM. The BMR will be cleared auto­
matically after a BIT MASKED WRlTE TRANSFER from 
SAMb, if the device is in the SMI mode. A BMSWT from 
SAMb will clear only half of the BMR. This allows anew 
mask to be loaded during the next fill of SAMb, without 
performing a CLR-BMR cycle. If data is to be masked 
during the BMWT, then MKD is held LOW when the 
corresponding SAMb data is written. If the data is to be 
written (unmasked) to the DRAM during the BMWT, then 
MKD is held HIGH when the corresponding SAMb loca­
tion is written. The function of the MKD pin is dependent on 
the I/O direction of SAMb. MKD is an input only, if SMI is 
enabled and SAMb is in input mode. If SMI is enabled and 
SAMb is in output mode, the MKD input is a "don't care," 
and no new data may be written to the BMR via MKD. MKD 
is also "don't care" if the SMI mode is disabled. Note that the 
mask data loaded via SAMb may also be applied to a SAMa 

TRANSFER cycle, if the mask has not been cleared by a 
SAMb TRANSFER or a CLR-BMR cycle. The BMR will not 
be cleared after a TRANSFER involving SAMa. 

POWER UP INITIALIZATION 
When Vee is initially supplied or when refresh is inter­

rupted for more than 8ms, the device must be initialized. 
After Vee is at specified operating conditions, for 1OOl1s 

(min:i:rnum), eight RAS cycles must be executed to initialize 
the dynamic memory array. When the device is initialized 
the DRAM I/ 0 pins (DQs) are in a High-Z state, regardless 
of the state of (TR)/OE. The DRAM array will contain 
random data. 

The SAM portion of the device is completely static and 
does not require an initialization cycle. Both SAM ports will 
power-up in the serial input mode (WRlTE TRANSFERs) 
and the SAM I/O pins (SDQs) are ina High-Z state,regard· 
less of the state of SE abo Also, SPLIT TRANSFER and SMl 
modes are disabled. Both QSF (MT43C4257) outputs rna) 

be in the HIGH or LOW state. The SAMs, as well as the bil 
mask, color, and DRAM mask registers all contain randorr 
data after power-up. 
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TRUTH TABLE 1 

COOE 

CBR 

ROR 

RW 

RWNM 

RWOM 

BW 

BWNM 

SWOM 

LMR 

LCR 

RT 

SRT' 

WT 

PWT 

MSWT-' 

MWT 

nT43C425718 
IEV.4J92 

FUNCTION 
DRAM OPERATIONS 

CAS-BEFORE-11AS" REFRESH 

RAS-ONL Y REFRESH 

NORMAL DRAM READ OR WRITE 

NONPERSISTENT (LOAD AND USE) 
MASKED WRITE TO DRAM 

PERSISTENT (USE REGISTER) 
MASKED WRITE TO DRAM 

BLOCK WRITE TO DRAM 
(NO DATA MASK) 

NONPERSISTENT (LOAD & USE) 
MASKED BLOCK WRITE TO DRAM 

PERSISTENT (USE MASK REGISTER) 
MASKED BLOCK WRITE TO DRAM 

REGISTER OPERATIONS 

LOAD MASK REGISTER 

LOAD COLOR REGISTER 

TRANSFER OPERATIONS 

READ TRANSFER 
(DRAM-TO-SAM TRANSFER) 

SPLIT READ TRANSFER 
(SPLIT DRAM-TO-SAM TRANSFER) 

WRITE TRANSFER 
(SAM-TQ-DRAM TRANSFER) 

PSEUDO WRITE TRANSFER 
(SERIAL INPUT MODE ENABLE) 

SPLIT WRITE TRANSFER (SPLIT SAM-
TO-DRAM TRANSFER WITH DO MASK) 

DO MASKED WRITE TRANSFER 

lIAS FALLING EDGE 

cg TIr/llt M£lWt'D DSF1 DSF2 "SEa,"SEb TRM MKD 

0 X 1" X X X X X 

1 1 X X X X X X 

1 1 1 0 0" X X X 

1 1 0 0 0" X X X 

1 1 0 1 0" X X X 

1 1 1 0 0" X X X 

1 1 0 0 0" X X X 

1 1 0 1 0" X X X 

1 1 1 1 0" X X X 

1 1 1 1 0" X X X 

1 0 1 0 0 X 0 X 

1 0 1 1 0 X 0 X 

1 0 0 0 0 0 0 X 

1 0 0 0 0 1 0 X 

1 0 0 1 0 X 0 X 

1 0 0 0 1 X 0 X 

5-171 

cgFALL AU-AS' 001-004' REGISTERS 

STS DSF1 RAIl W lIAS W,W<' MASK COLOR 

X X X X X X - -
X - ROW - X - - -
X 0 ROW COLUMN X VALID - -

DATA 

X 0 ROW COLUMN WRITE VALID LOAD & -
MASK DATA USE 

X 0 ROW COLUMN X VALID USE -
DATA 

X 1 ROW COLUMN X COLUMN - USE 
(A2-A8) MASK 

X 1 ROW COLUMN WRITE COLUMN lOAD & USE 
(A2-A8) MASK MASK USE 

X 1 ROW COLUMN X COLUMN USE USE 
(A2-A8) MASK 

X 0 X' X X WRITE LOAD -
MASK 

X 1 X' X X COLOR - LOAD 
DATA 

O=SAMa X ROW TAp6 X X - -
1=SAMb 

O=SAMa X ROW TAp'S X X - -
1:SAMb 

D=SAMa X ROW TAp6 X X - -
l=SAMb 

():"SAMa X X' TAp6 X X - -
1=SAMb 

O=SAMa X ROW TApS DO X - -
h.SAMb MASK 

O=SAMa X ROW TAp6 DO X - -
l=SAMb MASK 
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TRUTH TABLE' 

m FALLING EDGE mFAL~ AO-A8' OQ1-0Q4' REGISTERS 

CODE FUNCTION m- TIIlllt MEIWt" DSFl DSF2 SEa,"SEb TRM MKD STS DSFl 1m m 1m m,W£"' MASK COLOR 
BIT MASK REGISTER OPERATIONS 

8MR· BMR READ TRANSFER , 0 , 0 0 X , 0/,7 0 X ROW X X X - -
RT (DRAM-BMR TRANSFER) 

BMR· BMR READ TRANSFER , 0 , 0 0 X , 0/1 7 , X ROW X X X - -
IRT (DRAM-INVERT -BMR TRANSFER) 

BMR· BMR WRITE TRANSFER 1 0 0 0 0 X 1 0/,7 0 X ROW X DO X - -
WT (BMR-DRAM TRANSFER) MASK 

BMR· BMR WllfTETRANSFER , 0 0 0 0 X , 0/,7 , X ROW X DQ X - -
IWT (BMR-INVERT -DRAM TRANSFER) MASK 

SAM· SAM-BMR TRANSFER , 0 0 , 0 X , 0/1 7 O=SAMa X X' TAP' X X - -
BMR l=SAMb 

BMR· BMR-SAM TRANSFER , 0 1 , 0 X , 0/17 D=SAMa X X' TAP' X X - -
SAM 1=SAMb 

CLR· CLEAR BIT MASK REGISTER , 0 , 1 , X 0 0/,7 X X X' X X X - -
BMR (SETS BMR TO ALL "O's") 

BIT MASKED TRANSFER OPERATIONS 

BMRT BIT MASKED READ TRANSFER 1 0 , 0 , X 1 X O=SAMa X ROW TAP' X X - -
(BM DRAM-SAM TRANSFER) '=SAMb 

BMSRYO BIT MASKED SPLIT READ TRANSFER , 0 , , 1 X 1 X O=SAMa X ROW TAp6 X X - -
(BM SPLIT DRAM-SAM TRANSFER) '=SAMb 

BMwr BIT MASKED WRITE TRANSFER 1 0 0 0 1 X 1 X' D=SAMa X ROW TAP' X X - -
(BM SAM-DRAM TRANSFER) ,=SAMb 

BMSwrB BIT MASKED SPLIT WRITE TRANSFER , 0 0 1 , X 1 X· O=SAMa X ROW TAP' DQ X - -
(BM SPLIT SAM-DRAM TRANSFER) '=SAMb MASK 

NOTE: 1. 0 = LOW (VIL), 1 = HIGH (VIH), X = "don't care," - = "not applicable." 

MT43C4257/8 
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2. These columns show what must be present on the AO-AS inputs when RAS falls and when CAS falls. 
3. These columns show what must be present on the DQ1-DQ4 inputs when RAS falls and when CAS falls. 
4. With WRITE cycles, the input data is latched at the falling edge of CAS or MEIWE, whichever is later. 

Similarly, with READ cycles, the output data is enabled on the falling edge of CAS or TRlOE, whichever is 
later. 

5. The ROW that is addressed will be refreshed, but no particular ROW address is required. 
6. Tap Address; this is the SAM location that the first SC cycle will access. For SPLIT TRANSFERs, the half 

receiving the transfer is determined by the MSB of the internal address counter. The SAM half not currently 
being accessed will be the half receiving the transfer. 
Column address AS is a "don't care" for SPLIT TRANSFERs. 

7. The Serial Mask Input mode (SMI) is enabled ("1") or disabled ("0") when the BMR is accessed (see BMR 
OPERATIONS). If SMI is enabled (MKD = "1"), mask data is serially clocked into the BMR with SCb and the 
BMR is automatically cleared after a BIT MASKED WRITE or BIT MASKED SPLIT WRITE TRANSFER 
cycle from SAMb. For BIT MASKED READ TRANSFERs to any SAM and BIT MASKED WRITE 
TRANSFERs from SAMa, the BMR is not cleared automatically. 

S. If the SMI mode is enabled, mask data is clocked into the BMR with SCb. 
9. SPLIT TRANSFERs 9.do not change SAM I/O direction. 

10. SAM I/O direction is a function of the state of MElWE at RAS time. If MElWE is LOW, then the selected SAM 
is an input; if MEIWE is HIGH, then the SAM is an output (except for SPLIT TRANSFERs). 

11. The MT43C4257/8 operates properly if this state is "X", but to allow for future functional enhancements it is 
recommended that they are driven as shown in the Truth Table. 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vcc Supply Relative to Vss .............. -IV to +7V 
Operating Temperature, T A (Ambient) ......... DoC to +70°C 
Storage Temperature (Plastic) .................... -SsoC to + IS0°C 
Power Dissipation ........................................................... I.5W 
Short Circuit Output Current ...................................... SOmA 

RECOMMENDED DC OPERATING CONDITIONS 
(O°C :s; T A :s; 70°C) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(O°C :s; T A :s; 70°C; Vcc = 5V ±5%) 

PARAMETER/CONDITION 

INPUT LEAKAGE CURRENT 
Any input (OV :s; VIN :s; Vcc); all other pins not under test = OV 

OUTPUT LEAKAGE CURRENT 
(Dout is disabled, OV :s; VOUT :s; Vcc). 

OUTPUT LEVELS 

*Stresses greater than those listed under "Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi­
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

SYMBOL MIN MAX UNITS NOTES 

Vcc 4.75 5.25 V 1 

VIH 2.4 Vcc+1 V 1 

VIL -1.0 0.8 V 1 

SYMBOL MIN MAX UNITS NOTES 

IL -10 10 I!A 

loz -10 10 I!A 

VOH 2.4 V 
Output High Voltage (lOUT = -2.5mA, SDOs; -5mA all other outputs) 1 
Output Low Voltage (lOUT = 2.5mA, SDOs; 5mA all other outputs) 

CAPACITANCE 
(TA = 25°C) 

PARAMETER 

Input Capacitance: AO-A8, TRM, MKD 

VOL 

SYMBOL MIN 

CI1 

0.4 V 

MAX UNITS NOTES 

5 pF 2 

Input Capacitance: RAS, CAS, MElWE, TRlOE, SCa,b, SEa,b, DSF1,2, STS CI2 7 pF 2 
SSFa,b 

Input/Output Capacitance: DO, SDOa,b 

Output Capacitance: OSFa,b 

TSOP THERMAL CONSIDERATIONS (preliminary) 

DESCRIPTION 

Thermal resistance - Junction to Ambient 

Thermal resistance - Junction to Case 

Maximum Case Temperature 

MT43C4257/8 
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Clio 9 pF 2 

Co 9 pF 2 

SYMBOL MAX UNITS NOTES 

0JA 85 °CIW 

0JC 15 °CIW 

TC 110 °C 

Micron Technology, Inc., reserves the right to change products or speCifications withoulllOtice. 
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MU:::I=ICN MT43C4257/8 
1-· ce,"""""" 256K x 4 TPDRAM 

DRAM CURRENT DRAIN; SAMa, SAMb and SERIAL MASK INPUT (SMI) INACTIVE 
(ODC $; T A$; 70DC; Vcc = 5V ±5%) 

MAX 

PARAMETER/CONDITION SYMBOL -8 -10 UNITS NOTES 

OPERATING CURRENT Icc1 100 90 mA 3,4 
(RAS and CAS = Cycling; tRC = tRC (MIN)) 25 

OPERATING CURRENT: PAGE MODE Icc2 95 85 mA 3,4 
(RAS = VIL CAS = Cycling; tpc = tpc (MIN» 27 

STANDBY CURRENT: TTL INPUT LEVELS Icc3 10 10 mA 
Power supply standby current (RAS = CAS = VIH, after 8 RAS cycles (MIN)) 

STANDBY CURRENT: CMOS INPUT LEVELS Icc4 2 2 mA 
Power supply standby current (RAS = CAS = Vcc-O.2V, 
after 8 RAS cycles min). All other inputs :2: Vcc -0.2V or $; Vss +O.2V 

REFRESH CURRENT: RAS-ONL Y Iccs 105 95 mA 3,26 
(RAS = Cycling; CAS = VIH) 

REFRESH CURRENT: CAS-BEFORE-RAS ICC6 105 95 mA 3,5 
(RAS and CAS = Cycling) 26 

TRANSFER CURRENT: SAM/DRAM DATA TRANSFER Icc7 100 90 mA 3 

!:i SERIAL PORT CURRENT DRAIN; SAM a, SAMb and/or SMI MODE -"'tJ o 
~ 
c 
:c » :s: 

(Notes 3, 4) (ODC $; T A$; 70DC; Vcc = 5V ±5%) 
MAX 

PARAMETER/CONDITION SYMBOL -8 -10 UNITS 

OPERATING CURRENT: SERIAL PORT (SAMa/SAMb) Iccs 40 35 mA 
(SCa/SCb = Cycling; tsc = tsc (MIN); SEa/SEb = VIL) 

OPERATING CURRENT: SMI MODE (SAM b) Iccg 20 20 mA 
(8Cb = Cycling; tsc = tsc (MIN); SEb = VIL) 

STANDBY CURRENT: SERIAL PORT (SAMa/SAMb) Icc10 0 0 mA 
Power supply standby current (SCa/SCb = VIH or VIL; SEa/SEb = VIH) 

STANDBY CURRENT: SMI MODE (SAM b) Icc11 0 0 mA 
Power supply standby current (SCb = VIH or VIL; SEb = VIH) 

TOTAL CURRENT DRAIN 
(Notes 3, 4) (ODC $; T A$; 70DC; Vcc = 5V ±5%) 

= DRAM CURRENT (lcc1-7) + SAMaCURRENT (Iccs or Icc1O) + SAMb CURRENT (Iccs or ICC1O) + 
SMI CURRENT (Iccg or Icc11) [+ 10mA (If DRAM CURRENT = Icc3 or Icc4)] 

Example 1: 
Operating current (-8) with DRAM operating in Fast Page Mode, SAMa active, SAMb and SMI inactive: 

ICC(TOTAL) = DRAM CURRENT (lcc2) + SAMa CURRENT (Iccs) + SAMb CURRENT (ICC1O) + 
SMI CURRENT (lcc11) [+ 0] 

= 95 + 40 + 0 + 0 = 135mA (MAX) 

Example 2: 
Operating current (-10) with DRAM operating in CMOS Standby, SAMa and SAMb active, SMI active: 

ICC(TOTAL) = DRAM CURRENT (ICC4) + SAMa CURRENT (Iccs) + SAMb CURRENT (Iccs) + 
SMI CURRENT (Iccg) [+ 10] 

= 2 + 35 + 35 + 20 + 10 = 102mA (MAX) 

NOTES 

MT43C4257/8 
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MICRON MT43C4257/8 
1-· "'","cwc", 256K x 4 TPDRAM 

DRAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C :s; T A:S; +70°C; Vee = 5V ±5%) 

AC CHARACTERISTICS 

PARAMETER 

Random READ or WRITE cycle time 
READ-MODIFY-WRITE cycle time 

FAST-PAGE-MODE READ or WRITE 
cycle time 

FAST-PAGE-MODE READ-MODIFY-
WRITE cycle time 

Access time from RAS 

Access time from CAS 

Access time from (TR)/OE 

Access time from column address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 

RAS hold lime 

RAS" precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

RAS" to CAS delay time 

CAS to RAS precharge time 

Row address setup time 

Row address hold time 

1"lAS" to column 
address delay lime 

Column address setup time 

Column address hold time 

Column address hold time 
(referenced to RAS) 

Column address to 
RAS" lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 
Read command hold time 
(referenced to RAS) 

CAS to output in Low-Z 

Output buffer turn-off delay 

Output disable 

Output disable hold time from start of WRITE 

Output Enable to RAS delay 

MT43C4257/8 
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SYM 

'RC 
'RWC 

'PC 

'PRWC 

'RAC 

'CAC 
tOE 

'AA 

'CPA 

'RAS 

'RASP 

'RSH 

'RP 
tCAS 

tcSH 
tcp 

'RCD 

'CRP 

'ASR 
tRAH 

tRAD 

tASC 

tCAH 

'AR 

IRAL 

IRCS 

tRCH 

tRRH 

tCLZ 

'OFF 
tOD 

tOEH 

'ORD 

5-175 

-8 -10 
MIN MAX MIN MAX UNITS NOTES 

150 180 ns 

205 235 ns 

50 60 ns 

95 120 ns 

80 100 ns 14,17 
20 25 ns 15 
20 25 ns 

40 50 ns 

45 55 ns 

80 20,000 100 20,000 ns 

80 100,000 100 100,000 ns 

20 25 ns 

60 70 ns 

20 10,000 25 10,000 ns 

80 100 ns 

10 10 ns 16 
20 60 25 75 ns 17 

5 5 ns 

0 0 ns 

12 15 ns 

17 40 20 50 ns 18 

0 0 ns 

15 20 ns 

60 70 ns 

40 50 ns 

0 0 ns 

0 0 ns 19 

0 0 ns 19 

3 3 ns 

3 20 3 20 ns 20,23 
3 10 3 20 ns 20,23 
15 15 ns 28 
0 0 ns 
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MICRON MT43C4257/8 
1-· m~,cw" '" 256K x 4 TPDRAM 

DRAM TIMING PARAMETERS (continued) 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) (DOC ~TA~ +70°C; Vee = 5V±5%) 

AC CHARACTERISTICS -8 

PARAMETER SYM MIN MAX 
Write command setup time twcs 0 

Write command hold time tWCH 15 

Write command hold time twCR 60 
(referenced to RAS) 

Write command pulse width twp 15 

Write command to RAS lead time tRWL 20 

Write command to CAS lead time tCWL 20 

Data-in setup time tDS 0 

Data-in hold time tDH 15 

Data-in hold time tDHR 55 
(referenced to RAS) 

RAS to WE delay time tRWD 100 

Column address tAWD 60 
to WE delay time 

CAS to WE delay time tCWD 40 

Transition time (rise or fall) ty 3 35 

Refresh period (512 cycles) tREF 8 

RAS to CAS precharge time tRPC 0 

CAS setup time tCSR 10 
(CAS-BEFORE-RAS refresh) 

CAS hold time tCHR 30 
(CAS-BEFORE-RAS refresh) 

MEIWE to RAS setup time tWSR 0 

MEIWE to RAS hold time tRWH 15 

Mask data to RAS setup time tMS 0 

Mask data to RAS hold time tMH 15 

-10 

MIN MAX UNITS NOTES 
0 ns 21 

20 ns 

75 ns 

15 ris 

25 ns 

25 ns 

0 ns 22 

20 ns 22 

70 ns 

130 ns 21 

80 ns 21 

55 ns 21 

3 35 ns 9, 10 

8 ms 

0 ns 

10 ns 5 

30 ns 5 

0 ns 

15 ns 

0 ns 

15 ns 
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MIC:RON MT43C4257/8 
1-· "'""CO""" 256K x 4 TPDRAM 

TRANSFER AND MODE CONTROL TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6, 7, 8, 9, 10) (0° C ~ T A ~ + 70°C; Vee = 5V ±5%) 

AC CHARACTERISTICS -8 
PARAMETER SYM MIN MAX 
TR/(OE) lOW to RAS setup time tTlS ° TR/(OE) lOW to RAS hold time tTlH 15 10,000 
TR/(OE) LOW to RAS hold time tRTH 70 10,000 
(REAL-TIME READ TRANSFER only) 

TR/(OE) lOW to CAS hold time tCTH 20 
(REAL-TIME READ TRANSFER only) 

TR/(OE) HIGH to SC lead time tTSl 5 
TR/(OE) HIGH to RAS precharge time 'TRP 60 
TA/(OE) precharge time 'TRW 25 
First SC edge to TR/(OE) HIGH delay time 'TSD 15 
RAS to first SC edge delay time tRSD 80 
CAS to first SC edge delay time tCSD 25 
Serial output buffer turn-off delay from RAS tSDZ 10 50 
SC to RAS setup time tSRS 30 
Serial data input to SE delay time tSZE ° RAS to SD buffer turn on time tSRO 10 
Serial data input delay from RAS tSDD 60 
Serial data input to RAS delay time tszs 0 
Serial-Input-Mode enable tESR 0 
(SE) to RAS setup time 

Serial-Input-Mode enable (SE) to RAS hold time tREH 15 
TR/(OE) HIGH to RAS setup time tyS 0 
TR/(bE) HIGH to RAS hold time tVH 15 
DSF, TRM, STS, MKD to RAS setup time tFSR ° DSF, TRM, STS, MKD to RAS hold time tRFH 15 
DSF to RAS hold time tFHR 60 
DSF to CAS setup time tFSC 0 
DSF to CAS hold time ICFH 15 
SC to OSF delay time tSOD 35 
RAS to OSF delay time tROD 65 
CAS to OSF delay time ICOD 35 
TR/OE to OSF delay time tTOD 25 
SPLIT TRANSFER setup time ISTS 30 
SPLIT TRANSFER hold time tSTH 0 

-10 
MIN MAX UNITS NOTES 

° ns 

15 10,000 ns 

80 10,000 ns 

25 ns 

5 ns 

70 ns 

30 ns 

15 ns 

95 ns 

30 ns 
10 50 ns 

30 ns 

0 ns 

15 ns 

60 ns 

0 ns 

0 ns 

15 ris 

0 ns 

15 ns 
0 ns 
15 ns 

65 ns 

0 ns 

20 ns 

40 ns 29 
85 ns 29 
40 ns 29 
30 ns 29 

35 ns 29 
0 ns 29 
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MICRON MT43C4257/8 
1-· """'" "" 256K x 4 TPDRAM 

SAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6, 7, 8, 9,10) (0 0 C::; TA ::; + 70°C; Vee = 5V ±5%) 

AC CHARACTERISTICS 

PARAMETER 

Serial clock cycle time 

Access time from SC 

SC precharge time (SC LOW time) 

SC pulse width (SC HIGH time) 

Access time from SE 

SE precharge time 

SE pulse width 

Serial data out hold time after 
SCHIGH 

Serial output buffer turn off 
delay from SE 

Serial data in setup time 

Serial data in hold time 

Serial mask data in setup time 

Serial mask data in hold time 

SERIAL INPUT (Write) Enable 
setup time 

SERIAL INPUT (Write) Enable 
hold time 

SERIAL INPUT (Write) disable 
setup time 

SERIAL INPUT (Write) disable 
hold time 

SSF to SC setup time 

SSF to SC hold time 

SSF LOW to SC HIGH delay 

MT43C4257/S 
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SYM 
tsc 

tSAC 
tsp 

tSAS 

tSEA 

tSEP 

tSE 

tSOH 

tSEZ 

tSDS 

tSDH 

tMDS 

tMDH 

tsws 

tSWH 

tSWIS 

tSWIH 

tSFS 

tSFH 

tSFD 

5-178 

-8 -10 
MIN MAX MIN MAX UNITS NOTES 

28 30 ns 

25 27 ns 24,31 
10 10 ns 

10 10 ns 

15 20 ns 24 
10 15 ns 

10 15 ns 

5 5 ns 24,31 

3 12 3 15 ns 20,24 

0 0 ns 24 
10 10 ns 24 
0 0 ns 

10 10 ns 

0 0 ns 

15 15 ns 

0 0 ns 

15 15 ns 

0 0 ns 30 
15 20 ns 30 
5 5 ns 30 
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MIC::RON MT 43C4257 /8 
1-· ",",m",", 256Kx4TPDRAM 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = 5V ±5%,f = 1 MHz. 
3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading. Specified values 

are obtained with minimum cycle time and the 
outputs open. 

5. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (O°C :os; T A :os; 70°C) is assured. 

7. An initial pause of lOOlls is reqUired after power-up 
followed by any S RAS cycles before proper device 
operation is assured. The S RAS cycle wake-up should 
be repeated any time the lREF refresh requirement is 
exceeded. 

S. AC characteristics assume tr = 5ns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). Input signals transition between OV and 3V 
for AC testing. 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, DRAM data outputs (DQI-DQ4) is 
High-Z. 

12. If CAS = VIL, DRAM data outputs (DQI-DQ4) may 
contain data from the last valid READ cycle. 

13. DRAM output timing measured with a load equiva­
lent to 2 TTL gates and 100pF. Output reference 
levels: VOH = 2.0V; VOL = 0.8V. 

14. Assumes that iRCD < IRCD (MAX). IfIRCD is greater 
than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD ;:: iRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, DQ will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for !CP. 

L7. Operation within the tRCD (MAX) limit ensures that 
iRAc (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified IRCD (MAX) limit, then access time is 

controlled exclusively by !CAe. 
lS. Operation within the lRAD (MAX) limit ensures that 

IRCD (MAX) can be met. lRAD (MAX) is specified as 
a reference point only; if lRAD is greater than the 
specified iRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

9. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. tOD, 10FF and tSEZ define the time when the output 
achieves open circuit (VOH -200mV, VOL +200mV). 
This parameter is sampled and not 100% tested. 

21. twcs, iRWD, tAWD and ICWD are restrictive 
operating parameters in LATE-WRITE, READ-WRITE 
and READ-MODIFY-WRITE cycles only. If twCS;:: 
twcs (MIN), the cycle is an EARLY-WRITE cycle and 
the data output will remain an open circuit through­
out the entire cycle, regardless of TR/OE. If twcs :os; 

twcs (MIN), the cycle is a LATE-WRITE and 
TR/OE must control the output buffers during the 
WRITE to avoid data contention. If tRWD ;:: tRWD 
(MIN), tAWD;:: tAWD (MIN) and ICWD;:: ICWD 
(MIN), the cycle is a READ-WRITE and the data 
output will contain data read from the selected cell. If III 
neither of the above conditions is met, the state of the 
output buffers (at access time and until CAS goes '. 
back to VIH) is indeterminate but the WRITE will be ;;;;. 
valid, if tOD and tOEH are met. See the LATE-WRITE c: 
AC Timing diagram. ~ 

22. These parameters are referenced to CAS leading edge ~ 
in early WRITE cycles and ME/WE leading edge in -
late WRITE or READ-WRITE cycles. " 

23. During a READ cycle, if TR/OE is LOW then taken 0 
HIGH, DQ goes open. The DQs will go open with OE .... 
or CAS, whichever goes HIGH first. ~ 

24. SAM output timing is measured with a load ...., 
equivalent to 1 TTL gate and 50pF. Output reference C 
levels: VOH = 2.0V; VOL = O.SV. .... 

25. Addresses (AO-AS) change two times or less while ""., 
RAS = VIL. » 

26. Addresses (AO-AS) change once or less while ,. 
RAS = VIL. ;;;;. 

27. Addresses (AO-AS) change once or less while 
CAS = VIH and RAS = VIL. 

2S. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have tOD and 10EH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during theWRITE cycle. The 
DQs will provide previously read data if CAS 
remains LOW and OE is taken LOW after 10EH is 
met. If CAS goes HIGH prior to OE going back LOW, 
the DQs will remain open. 

29. Applies to the MT43C4257 only. 
30. Applies to the MT43C425S only. 
31. ISAC is MAX at 70° C and 4.75V Vcc; tSOH is MIN at 

O°C and 5.25V V cc. These limits will not occur 
simultaneously at any given voltage or temperature. 
tSOH = ISAC - output transition time, this is guaran­
teed by design. 
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DRAM READ CYCLE 
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I 

OPEN 

I 'M 
'RAC I 

I 

5-180 

'CAC 

I 
'ORD~I 

VALID DATA OUT OPEN 

~ DON'TeARE 

~ UNDEFINED 

Micron Technology, Inc., reserves the right to change products or specifications without notice 
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AooR VIH­
VIL-

DRAM FAST-PAGE-MODE READ CYCLE 

tRASP 

Ii JRCSI II tRCH-1 d1 IfRC~RCH_1 tUlfRCS 

~lt=1#/##$;@$;/////!I -I t@$ *W$ 
1 __ ---1If--I.:..:.FH::..:..R +-+--

tcp 

~II~ 
OSFt ~l~ '.LLL.lLl!i....--"~.ILLLLLL+--~'--.JlL.LLLfLLLL~~_..LLLLLf-L~'----+_I/..LI.'.l.L/..I.CL.fL''.l.L/..I.'.l.L/..I.'.l.L/..I.'.LJJ..L.L 

oSF2 ~1~~~II~W;;;;/#$/$)///!I/jj/;)/////#/////~///$/);;//j$#;)##$$$);/$///£ 
I tRAC tAAI I I ICJ 1M I tcpA! 1M I 

I~ ~ I~ 2f I~ __ tOFF 
tCLZ- - tCLZ- -

DO ~IOH- VALID VALID VALID OPEN-
10L - II oATAour DATAOUT. DATA ur 

I~ tYHI tOE too tOE too tOE too 

TRiOE ~l~-W!Y 'WlII!l/ff#$II1l-.#/;/Ml- ./$J/&-p;;;;;//#/!I/jj/$/ffi 

r43C42571B 
:V.4192 5-181 

1m DON'T CARE 

~ UNDEFINED 

MIcron Technology, Inc., reserves the right to change products Of specifications without notice. 
©1992, Micron Technology,lnc. 
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MIC::RON MT 43C4257 /8 
1-· "'"'oco""" 256K x 4 TPDRAM 

WRITE CYCLE FUNCTION TABLE 1 

CODE 

RW 

RWNM 

RWOM 

BW 

BWNM 

BWOM 

LMR 

LCR 

NOTE: 

MT43C4257/8 
REV. 4/92 

LOGIC STATES2 

~Falling Edge ~Falling Edge 

FUNCTION A B C D E F 
ME7WE DSF1 DO (Input) ME7WE DSF1 DO (Input) 

Normal DRAM WRITE 1 0 X 0 0 DRAM 

NONPERSISTENT (Load and Use) 0 0 Write 0/13 0 DRAM 
MASKED WRITE to DRAM Mask (Masked) 

PERSISTENT (Use Register) 0 1 X 0/13 0 DRAM 
MASKED WRITE to DRAM (Masked) 

BLOCK WRITE to DRAM 1 0 X 0/13 1 Column 
(No DO Mask) Mask 

NONPERSISTENT (Load and Use) 0 0 Write 0/13 1 Column 
MASKED BLOCK WRITE to DRAM Mask Mask 

PERSISTENT (Use Register) 0 1 X 0/13 1 Column 
MASKED BLOCK WRITE to DRAM Mask 

Load Mask Data Register 1 1 X 0/13 0 Write 
Mask 

Load Color Register 1 1 X 0/13 1 Color 
Mask 

1. Refer to this function table to determine the logic states of "A", "B", "C", "D", "E" and "F" for the WRITE cycle 
timing diagrams on the following pages. 

2. TRM, MKD and STS are "don't care" for all WRITE cycles. 
3. If MEIWE is LOW, an EARLY-WRITE is performed; if it is HIGH, a LATE-WRITE is performed if MEIWE falls 

after CAS. 

5-182 Micron Technology, Inc., reserves the right to change products or speCifications without notiGl: 
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MIC:RON MT43C4257/8 
1-· "'"'ow"' '"' 256K x 4 TPDRAM 

DRAM EARLY-WRITE CYCLE 

'RAS tRP 1 
II I 
It \ 

'CSH 

~. 
tRSH 

=0 
teRP tRCD tCAS 

f 'AR 

f 
-I tRAD 1 1 tRAl 

'ASR tRAH ~I I~ 
AOOR ~:r=~_--,RO-;--W __ b;! =~, k//#j,,##/#/#/#M'--~R_OW~_ 

I I tCWL II 
I I I 'RWL 

'WCR I I 
tWSR tRWH I ~WCS 1 I_ tWCH~ 

MElWE ~:r=ww#/~-· -A-.· . = -. ---+-1 W-+: 1-· W/!II///////////#II!/IIIII//ii///I!/I/I!l;; 

~II~ .... tFH:SC I I tCFHI 

OSF' ~:r-V$/I/m1 8 ~ E -Yw;~0X;Jmm//////;Im/;lmll/l/;lff#///$ffi 
OSF2 ~:r=W'/I//&1~II~V$/;Iffi0'm//;o///)////1$l/m$;l//;I$$//@/IA !l11111111111!/; 

'OHR 1 1 

~ DON'TeARE 

~ UNDEFINED 

NOTE: The logic states of "A", "8", "C", "E" and "F" determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 

U43C4257J8 
lEV. 4192 5-183 Micron Technology. Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT43C4257/8 
1-· " emo ou e" 256K x 4 TPDRAM 

DRAM LATE-WRITE CYCLE 1 

IRAS 

tCSH 

'M f~ 
IRSH 

=J 
ICRP IRCD ICAS 

I IRAD I I lRAL 

IASR IRAH ~I I ICAH 

II 
~ 

t 
I 

IRP .I 
J 

r:z1 DON'T CARE 

!888 UNDEFINED 

NOTE: 1. The logic states of "A", "8", "C", "E", and "F" determine the type of WRITE operation performed. See the Write 

MT43C4257/8 
REV.4J92 

Cycle Function Table for a detailed description. 

5-184 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT43C4257/8 
1-· '"'''' , '" 256K x 4 TPDRAM 

tRAH 

ADDR ROW 

DRAM READ-WRITE CYCLE 
(READ-MODiFY-WRITE CYCLE) 

tRAD 

tRWC 

tRAS 

tCSH 

d 
tRSH 

tRCD tCAS 

tAR 

I I tRAL 

I~ 
COLUMN 

I I tRWD 

tCWD -t-=RCS I I 
tAWD 

~I-+I---==---------I 

I tFHR I I 
.. tFSR tRFH .. . .,. tFSC I tCFH ·1 .. 

DSFI ~:~=--B-k1$///dA- -lw/##/#$//$$$##J&I###///A 

DSF2 ~:~:~~II~Yzt#$!I/j/////$$~/aW/$/ff/#/;I$/#)1#//$##//$$#£ 
I ItAA 

tRAC I 
I tCAC 

I~ tMH " 

C 

~II~ ~ 

I}DS 

VALID DOUT)( 

tOD,1 

I~ 
F 

I~ 
OPEN--

rL2l DON'T CARE 

~ UNDEFINED 

NOTE: Theloglc states of "A","B", "C" and "F" determine the type of WRITE operation performed. See the Write Cycle 
Function Table for a detailed description. 

MT43C425718 
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MIC::RON MT43C4257/8 
1-· '''"'ow"'''' 256K x 4 TPDRAM 

DRAM FAST-PAGE-MODE EARLY-WRITE CYCLE 1,2 

tRASP 

AAS VIH-
VIL-

tCSH 'PC 

~ teAs 'CP teAs 'CP teAs 

CAS 
VIH-
VIL-

ADOR ~lt-

OSF' ~:~_ BEE E B 

OSF2 ~:~=wf~~II~Yff//m#/tbJ/M'$#1////$#//#k/#///////#//J/;Ij/#/)1$!$#//J#/£ 
,:::' iii I II ,- I 

~~ ~! I~I 'I~ _'O_H_ _. _'_OS __ 'O_H_ 

DQ~:g~~ C ~ F ~ F ~ F blJ#////#/#& 

~II~ 
TR/OE ~:~~ W/I/#/II/I//#/I/I///#/#$#///////I/I/III##///#/#///////111///#////#/II/#m/ll/#!/j/#& 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. READ cycles or READ-MODIFY-WRITE cycles may be mixed with WRITE cycles while in FAST PAGE 

MT 43C4257/8 
REV. 4/92 

MODE. 
2. The logic states of "A", "B", "C", "D", "E" and "F" determine the type of WRITE operation performed. See the 

Write Cycle Function Table for a detailed description. 

5-186 Micron Technology, Inc., reserves the right to change products or speclfications without notice. 
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MIC:RON MT43C4257/8 
1-· m","o",",,,,, 256K X 4 TPDRAM 

AAS V'H-
VIL-

tCAP 

CAS 
V,H-
VIL-

AOOA 

MEIWE 

OSF2 

DRAM FAST-PAGE-MODE READ-WRITE CYCLE 
(READ-MODIFY-WRITE or LATE-WRITE CYCLES) 

tAASP 

tCSH tpAWC 

1 ___ t-.:.:AC""°C--__ I __ .-:tC""AS"---_1 ~ 1 __ t_CA_S __ I 
tASH 

F OPEN-

~ DON'T CARE 

~ UNDEFINED 

mTE: 1. READ or WRITE cycles may be mixed with READ-MODIFY-WRITE cycles while in FAST PAGE MODE. Use 
the Write Function Table to determine the proper DSF1 state for the desired WRITE operation. 

T43C4257i8 
='V.4192 

2. The logic states of "A", "8", "c" and "F" determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 

5-187 Micron Technology, Inc., reserves the right to change pr<?dllcts or specifications without notice. 
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MIC:RON MT43C4257/8 
1-· "" "" 256K x 4 TPDRAM 

DRAM ~-ONLY REFRESH CYCLE 
(ADDR = AO-AS) 

- ~ '- ~~ '"' 

CAS ~:r::=J II b 
tASR tAAH 

ADDR ~:r_---Row--b$$/##/////ff/////$/////$$$//§§/#r---RO::C-W--
II 

MEIWE ~:r:W§//§§///ff/I/I///$j/$/§$/§//$$$/$ff/$/#///§///$/§$§$$ffm1//////$//$$/;% 
II 

DSF. ~:r:'J§§$/ff!l/j$$f/§/§##'&1//$!//$/M'//ff$!$#§///#$!M'$$/$#$/$$/$!§1/;% 

DSF' ~:r::7$$!&1#/#/I/$///##!/I$/§/§#$!$!$$/$j/$$j/§§//§//;J0'/$§!$$I§//§/#//$k 

V'OH II DO V'OL _ II DP'N OP'N 

mOE ~:r-~~ ~~$1§//$/§//&Mffff/$/$///§§/$)////$$ 

~-BEFORE-~ REFRESH CYCLE 

AOOR ~:r$1/$§I§#$/ulu$/////////$///$uu!l/!j$ulll!u§uu§I//#$I$I#$#l/IIjuuIPWu/f 

~II~ 
MEIWE ~:r=- NOTE. V//$$u$/u$IIU//u//$/$$$uuu//N NOTE. 'Wffll& 

OSFI ~:r:1////$U/////////I/$uu$ff//uU/uuuu/$uuffu//u/$uu///$uluul$///$/$$/U$uJ0 

OSF' ~:r$#/$/$$//UUUUUUU/!I/IIIul/llju!$§//jj$ff/$uuuuuu§ulll!ll!J$u/#!!I/I///$1Ih 

oa ~:g~------OPEN------- OPEN ------

~ DONTCARE 

B88I UNDEFINED 

NOTE: 1. The MT43C4257/8 operates with this state as "don't care," but to allow for future functional enhancements, it 

MT43C4257/8 
REV. 4192 

is recommended that they be driven as illustrated for system upgradability. 

Micron Teclmology, Inc., reserves the right to change products or specffications Without notice 
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DRAM HIDDEN· REFRESH CYCLE 

ADDR 

~:~::J/I$&I///J$!/,I$//$//£ II '\ NOTE2 Y(!///I////$//j$/$//II!//!//J///J////1;2 

'- -""';;;X-","-'il I i 
DSFl ~:r:wi- . );;//J/!I!!/I! III!!/I!!/!I!! ///!/!/////!I!!$ !ll!1!I!1I! ///$/4 

DSF2 ~:r=W&1~II~v//////)!/////J$////I!/I!///$/)//!I//II!///////I!/////!I//1I!///iJ);///////////h 
I 1 'AA 

tRAe I 
1 

'CAe 

- -.JOFF 

OPEN VALID DOUT t-OPEN -

~II~ ----'.QL. 

I ~ 
tORD mOE VV IH - I-

Il-~ '\'-------"-~ ----~) 
t:ZJ DON'T CARE 

~ UNDEFINED 

~OTE: 1. A HIDDEN REFRESH may also be performed after a WRITE or TRANSFER cycle. In the WRITE case, 

T430425718 
EV.4192 

ME/WE = LOW (when CAS goes LOW) and TRIOE = HIGH and the DO pins stay High-Z. In the TRANSFER 
case, TRIOE = LOW (when RAS goes LOW) and the DO pins stay High-Z during the refresh period, 
regardless of TR/OE. 

2. The MT43C4257/8 operates with this state as "don't carEl," but to allow for future functional enhancements, it 
is recommended that they be driven as illustrated for system upgradability. 

5-189 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT43C4257/8 
1-· ""'''''' , '" 256K x 4 TPDRAM 

DRAM/BMR TRANSFER CYCLE FUNCTION TABLE 1 

LOGIC STATES 

RAS"Falling Edge 

CODE FUNCTION A B C D E F G 
ME7WE DSF1 DSF2 TRM STS MKD DQ(lnpul) 

BMR-RT BMR READ TRANSFER 1 0 0 1 0 0/11 X 
(DRAM-+BMR TRANSFER) 

BMR-IRT BMR READ TRANSFER 1 0 0 1 1 0/11 X 
(DRAM-+invert-+BMR TRANSFER) 

BMR-WT BMR WRITE TRANSFER 0 0 0 1 0 0/11 Mask 
(BMR-+DRAM TRANSFER) 

BMR-IWT BMR WRITE TRANSFER 0 0 0 1 1 0/11 Mask 
(BMR-+invert-+DRAM TRANSFER) 

ClR-BMR CLEAR BMR (ClR-BMR) 1 1 1 0 X 0/11 X 

DRAM/BMR TRANSFERS 

tRAS IRP I 

\ 
tCSH 

I IRSH 

'CRP tRCD teAs 

\ .1 NOTE 2 1 

,--,,--1 ---,v CAS ~:t-=1 II 
IASR IRAH 

ADDR ~:t=~ ROW k;/'$///;/'$;/1///I'i1$;/'$$////§$§;/'$IW,0(~--RO-W--
IWSR IIIRWH 

MEIWE ~:t=_--A-kt;W'/$$//;/,;/'I'i1$I'i1;/'/§m/;/'$//fW$$;/'$M§/;/'$/;/'$a 

DSF1, D~f§::'~ ~:t=~~I~kw/$/$I'i1/#//$$;/'/;/'/$ffil/;/,p'$;1/Iff$$//;W1/;/';/';1/;/'/;/'/;/'/m 
IMS IIIMH 

DQ ~:gt~--G-k0r/$$/$//m,$'$;1$1$j';1fW/$!§§;/'/;/'$!/#/;W1fW$j$ffi 
lyS II,YH 

mOE ~:t=~-- -11/$;1///////$$;/'$/$//$;1/$$;/'$$$//$;1//$;/'$;1//#;1///$,1 

IZZI DON'T CARE 

Il88! UNDEFINED 

NOTE: 1, Serial Mask Input mode is enabled if MKD = HIGH; disabled if MKD = lOW, 
2, It is not necessary to drop CAS during a DRAM/BMR TRANSFER. 

MT43C4257/8 
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MIC:RON MT43C4257/8 
1-· H "" "'" 256K x 4 TPDRAM 

READ TRANSFER CYCLE FUNCTION TABLE 1 

LOGIC STATES 

f1gFalling Edge 

COOE FUNCTION A B C D E 
DSF1 DSF2 TRM STS MKD 

RW READ TRANSFER 0 0 0 0/12 X 
SRT SPLIT READ TRANSFER (DRAM-+SAM) 1 0 0 0/12 X 

BMRT BIT MASKED READ TRANSFER 0 1 1 0/12 X 
BMSRT BIT MASKED SPLIT READ TRANSFER 1 1 1 0/12 X 

BMR-SAM BMR-+SAM TRANSFER 1 0 1 0/12 0/13 

NOTE: 

1T43C4.257!B 
EV.4/92 

1. Refer to this function table to determine the logic states of "A", "B", "C", "0" and "E" for READ TRANSFER 
cycle timing diagrams on the following pages. 

2. The state of STS at the falling edge of RAS determines the SAM involved in the transfer. When STS = LOW, 
the transfer is to SAMa; when STS = HIGH, the transfer is to SAMb. 

3. Serial Mask Input mode is enabled if MKD = HIGH; disabled if MKD = LOW. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992,MicronTechnology, Inc. 
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UIC:RON MT43C4257/8 
1-· ,"""'COO,,", 256K x 4 TPDRAM 

SCa,b 

SOQa,b 

SEa,b 

READ TRANSFER 1,4 

(DRAM-TO-SAM TRANSFER) 
(When part was previously in the SERIAL INPUT mode) 

tRC 

tRAS tRP 

II 

1 
tCSH I 

IRSH 

I ~ tRCD tCAS 

~ NOTE 2 / ~ tAR 

I ~ I I tRAll 

'ASR ~ ~I I~ -1-

V1H-
Vll- NOTE 3 

VIOH-
VIOl-

VIH-
VIL-

tTOD 

'= J 
~ DON'T CARE 

NOTE: 1. SSFa, b = "Don't Care" (MT43C4258). ~ UNDEFINED 

MT43C4257JS 
REV. 4/92 

2. CAS is used to load the Tap address. If CAS does not fali, the last Tap address 
loaded for the addressed SAM will be reused. 

3. There must be no rising edges on the SC input during this time period. 
4. The logic states of "A", "8", "C", "0" and "E" determine the type of TRANSFER operation performed. See the 

Read Transfer Cycle Function Table. 
5. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 

5-192 Micron Technology, Inc., reserves the right to change products or specifications without notice 
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UIC:RON MT43C4257/8 
1-· '"'""ow'" '" 256K x 4 TPDRAM 

RAS 

CAS 

ADDR 

DSF1,DSF2, 
TRM, STS, MKD 

V1H-
Vll_ 

VIH-
VIL_ 

vrH­
VIL-

REAL-TIME READ TRANSFER 1,5 

(DRAM-TO-SAM TRANSFER) 
(When part was previously in the SERIAL OUTPUT mode) 

tRC 

tRAS tRP 

JCSH 

IRSH 

~ tRCD teAs 

NOTE 2 

tAR 

tRAL 

~II~ I I 
VIL-wt A,B,~,D,E :m~_ ::~:MZ1LII,",~;a===~ 

V,OH 12F I I 
00 'm j ,~I '= ~rn ,_ I ---

TRiCE 

SCa,b 

SODa, b 

SEa,b 

QSFa,b 

1I0TE: 

IT43C4257/8 
EV.4192 

VIH_ 
VIL- tTRW 

tse 

VIH_ 
VIL_ 

VIOH-
VIOl- VALID DOUT 

I , 

V,H 
VIL-

prVtOUS ROW T NEW ROW 

VOH 

I troD __________________________ ~~~~=:I-----------------
;( NOTE 4 VOL- NOTE 4 

1, SSFa, b = "Don't Care" (MT43C4258), 
2, CAS is used to load the Tap address. If CAS does not fall, the last Tap address 

loaded for the addressed. 

f:iZI DON'T CARE 

~ UNDEFINED 

3. The SE pulse is shown to illustrate the serial output enable and disable timing. It is not required. 
4. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 
5, The logic states of "A", "8", "C", "D" and "E" determine the type of TRANSFER operation performed. See the 

Read Transfer Cycle Function Table. 

5-193 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT43C4257/8 
1-· ,,,",OW""" 256K x 4 TPDRAM 

~ 

---..! 

SPLIT READ TRANSFER 3 

(SPLIT DRAM-TO-SAM TRANSFER) 

tRAS 

It 
ICSH II 

lRSH 

II IRCO teAs 

II 

~ NOTE 1 ~ 
tAR 

tRP 

\ 

I II l_tRAD I I tRAl 

IASR tRAH ~I J _leAH 
~I- -

ADDR ~:t=d ROW k;l TAPADDR(B) ~//#/#/##//////##////#///###/##//#/////##/#//#//##//,@ 
MEIWE ~:t_wJ-t-1 tWSR 1111~iw//;/M//;////;/;////$;///;//$;///;/$;////)$ff;////;/ff$$ff#/$//#$/$$/;/,,0 

~~ ! 
TR~~fis~~~H ~:~=~ A, s, C, D, E WM///$//;/ff//4W;///f//;/;///&ffi1//;/$$;///I/#;////I#;W"///;//;/$;/ffi'/$I!4 

I~II I 
DO ~:g~=====:3 OPEN -----;------ OPEN ---

tTlS II tTlH I 
TRiOE ~:~=~- -1wM#,@'/i$/I$;////;//$/#/##I/$/$/#/;//;W';//////$M;/$$/f$$//$$; 

~I I~ 

SEa,b ~:t: /f-' ----------++-------f------

i-~;~c~~~~--------------~I----,~:~----~I----,~:~~--------------~~--------------------------------------11---------------1---------------------
! SDQa,b ~:gt=~ 511(255) ~ A (256+A) ~;==x 253(509) X 254(510) X 255(511) X 256+B(B) i 
i +SOD- II~I I i 
[ aSFa,b ~gr= SAMMSB ~ (NOTE 2) )( NEWMSB ! 
~MT43C4258-------------:j----I~::~~----: ----i~-:~~-------------------------------------------------------it-------------f-------------------" 

! SDQ~b ~:g~=~ 511(255) ~ A (256+A) ~;==x X-2 X X-t X X 256+B(B) ! 

i )~II~~~I ! 
: VIH- : 
, SSFa,b V'L- rr: 
~ _____________________________________________________ ____________________ J_:. ___________________________ _________________________________________________ : 

~ DON'T CARE 

NOTE: 1, CAS is used to load the Tap address. If CAS does not fall, the last Tap address ~ UNDEFINED 

loaded for the addressed SAM will be reused for the idle half, 

MT 43C4257/8 
REV. 4/92 

2, QSF = 0 when the Lower SAM (bits 0-255) is being accessed, 
QSF = 1 when the Upper SAM (bits 256-511) is being accessed, 

3, The logic states of "A", "B", "C", "0" and "E" determine the type of TRANSFER operation performed. See the 
Read Transfer Cycle Function Table, 

5-194 Micron Technology, Inc., reserves the right to change products or specifications without notice 
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MIC:RON MT43C4257/8 
1-· ",""ec",,", 256K x 4 TPDRAM 

WRITE TRANSFER CYCLE FUNCTION TABLE 1 

LOGIC STATES 

RAS"Falling Edge SC 

CODE FUNCTION A B C 0 E F G H 
DSF1 DSF2 00 TRM STS SE MKD MKD 

WT WRITE TRANSFER 0 0 X 0 0112 0 X -
(SAM---DRAM) 

PWT PSEUDO WRITE 0 0 X 0 0/1 2 1 X -
TRANSFER 

MSWT DO MASKED SPLIT WRITE 1 0 Mask 0 0/12 X X -
TRANSFER (SAM---DRAM) 

MWT DO MASKED WRITE 0 1 Mask 0 0/1 2 X X -
TRANSFER (SAM-DRAM) 

BMWT BIT MASKED WRITE 0 1 X 1 0/1 2 X X 0/1 4 

TRANSFER (SAM---DRAM) 

BMSWT BIT MASKED SPLIT WRITE 1 1 Mask 1 0/1 2 X X 0/1 4 

TRANSFER (SAM---DRAM) 

SAM-BMR (SAM---BMR) TRANSFER 1 0 X 1 0/1 2 X 0/13 -

NOTE: 

v1T43C425718 
~EV. 4/92 

1. Refer to this function table to determine the logic states of "A", "B", "C", "0", "E" , "F", "G", and "H" for WRITE 
TRANSFER cycle timing diagrams on the following pages. 

2. The state of STS at the falling edge of RAS determines the SAM involved in the transfer. When STS = LOW, 
the transfer is to SAMa; when SAM = HIGH, the transfer is to SAMb. 

3. Serial Mask Input (SMI) mode is enabled if MKD = HIGH and disabled if MKD = LOW. 
4. When in the SMI mode (see BMR transfer waveforms) MKD is the SMI data input. MKD data is clocked into 

all bit planes of the bit mask register with SCb. A logic "1" on MKD will allow data to pass through the mask; a 
logic "0" will mask the corresponding location of the SAM during a BIT MASKED TRANSFER. BIT MASKED 
TRANSFERs to or from SAMa must not take place while mask data is being serially input via SCb and MKD. 

5-195 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT43C4257/8 
1-· ",",ocoe"" 256K X 4 TPDRAM 

WRITE TRANSFER 4 

(When part was previously in the SERIAL OUTPUT mode) 

IRAS IRP J 

\ 
leSH 

I 

~ 
tRSH 

ICRP IRCD tCAS t .-/ 
tAR. f NOTE 1 7 

I ~D I I 1 tRAL 

~ ~ d I~ 
AOOR ~:~=_ ROW 6J SAM START b///;!//$;!;!/;!;!;!;!;//;!;!//;!/;!#;!/;!//$;!;!$$/;!/;!~ 

I IWSR IIIRWH I 
MEiWE ~:~=~-. - --!w$//#$$/$"$###/$$"$$/$$"$"#/$$/$$$#/$/#$I##$#/~ 

I ~II~ 1 

OS~~.::~~ ~:~_ A, B, D, E W/$/###$$"/$"$MM$/$#/$"$/$$/$$$/$"$$"M'$/##//'l 

I~~II~ I 
00 ~:g~=:=3 C ) OPEN OPEN ---

ITlS 11111.H I leso I 

'AlOE ~:~= .. - -1f#/$$//////!$//////$/$$#$JI/I#$/////$$"$$!$##/$"#/JI/I#/!II!////~ 
II::: II.,-------;II-----"'IRS"'-o ----;----11-:----"'''-:=-1 
--II 

SCa,b ~:r: 

II 
NOTE 2 

1 ______ ~--+II~so~O------_1 
!SDZ I 

~ DON'TeARE 

NOTE: 1. CAS is used to load the Tap address. If CAS does not fall, the last ~ UNDEFINED 

Tap address loaded for the addressed SAM will be reused. 

MT43C42:57/S 
REV. 4/92 

2. There must be no rising edges on the SC input during this time period. 
3. SE must be LOW to input new serial data, but the serial address register is incremented by SC regardless 

ofSE. 
4. The logic states of "A", "8", "C", "D", "E", "F", "G" and "H" determine the type of TRANSFER operation 

performed. See the Write Transfer Cycle Function Table. 
5. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. SSFa,b = "don't care" (MT43C4258). 

5-196 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT 43C4257 /8 
1-· ''''''''''00' '" 256K x 4 TPDRAM 

WRITE TRANSFER 4 

(When part was previously in the SERIAL INPUT mode) 

tRAS 'RP 

\ 
tCSH 

I IRSH 

~ IRCD teAs I 

~ 'AR~ NOTE! Y / 

I I~D I I 1 tRAL 

~ ~ 2d I~ 
ADDR ~:r:_ ROW bJ SAM START b#$#$$#$/##/$#/////#$####//##/###//#$h 

MEIWE ~:r~~II~W/'##$$;/J/'/#$/'$,ij'/#ff$$I/$/,jI$/I/$;//#//,/#/N///#,ij'//,;1!i//,@'a 
ll~II~I_ I 

DS;~t.f~i,; ~:r:f~ A, S, D, E WW/ff$/iW1/;/$/'/#/,/,ij'$,ij'$$;1!i;//$//,ij'$;//;//#;/$;/N/',ij'@1$$Iff/; 

l'OFF~tt~ I 
DO ~:gr::=3 c ~ OPEN -----;------------ OPEN --~-

'TlS II 'TLH I . 'eSD I 
TRJOE ~:r=-- -Y/$;/$//'/#//N;//'/#$/'/';//;//;//;/;//'/'////;///'/'//'//'//$/'//'//'$'@$/'/'III;) 

Sea, b ~I~ 

~II I 'ASO 'se 
'SAS I 'SP 

H 
's, ->1 

1 l---
------{ \ NOTE 2 

~III I '-I _ISDS l~ tSD~1 t~ 
SOOa, b ~:gr ~ VAUDDIN VALID DIN VAliD DIN 

$E"b ~:r:~t~~~$$/$J$/'//'$/,N,@'/#,ij'/J-::_::--,-I--N-OTE-' -------'-
~11~ I "sos I 

MKD ~:r_ G Uw/,/,,ij'/$$/$#;7J//#$/#,ij',ij'/$$;/Nd H 

I I-'-ROD --=='CQD~I,------__ 

QSFa,b ~g~_ NOTES X NOTES 
----------------~ 

~ DON'T CARE 

NOTE: 1. CAS is used to load the Tap address. II CAS does not fall, ~ UNDEFINED 

the last Tap address loaded for the addressed SAM will be reused. 

MT43C425718 
REV. 4192 

2. SE must be LOW to input new serial data, but the serial address register 
is incremented by SC regardless of SE. 

3. There must be no rising edges on the SC input during this time period; 
4. The logic states of "A", "B", "C", "0", "E", "F", "G" and "H" determine the type of TRANSFER operation 

performed. See the Write Transfer Cycle Function Table. 
5. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. SSFa,b= "don't care" (MT43C4258). 

5-197 Micron Technology, Inc., reserves the right to change products or speclfica1ions without notice. 
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SPLIT WRITE TRANSFER 3 

(SPLIT SAM-TO-DRAM TRANSFER) 

Ie R 

IRAS 

tCSH ff 
tRSH 

II tRCD tCAS 

II 

~ 
NOTE! / 

IAR 

IRP 

\ 

I II I-'-:RAO I I tRAL 

~ ~ ~l J _leAH 

ADDR ~:~=~ ROW ~ TAP ADDR I') ~/////§//§//////////§/§§§//////§//§//§$§/////§////$$§§;; 
1 ,.IWSR II IRWH I 

MElViE ~:~=D.- -W////$////I//I/////$/ff/l////////$$§$///ff,/,//I$;I//$/,//I/$;I$//////////I'/$/L 
I ~II~ I 

D¥~MDgf§ ~:~=~ A, B, D, E iw/l$/./lJffi)I$$/a/'////$$;I$/////§//$/§//§//§/§/§////;/,ff///$/$/$/1/1/% . bF~11 IMH . I 
DO ~:g~==:3! c3 ap'N ----'------ OPEN ---

ITLS II ITLH I 
TRiO. ~:~=W0l- -W//t!$/§///§$/I$/$MJ$/$$/$;I$a/'$$$$/j//I////I/////'//$I!////ff); 

~I Ise .1 

~ 

sea, b ~i~: 

SEa,b ~l~: "r' ---------i+-----i-----

I ~II~ ~II~ " 
MKD~:~=~H H H H H 

:-,;,T43c4257-----:----------1~-----~tl-i~~~------~lt~--------------------------------------------~------·---------t-----;;;·-·-I;;~;--------: 

: SOQa, b ~ig~: 511 (255) I 

-I 1- 'saD II 
QSFa,b ~g~:==>(: SAMMSB ;~f-C-~IN-OTE---'-2)------,,--~ L---,---C==----

:M;:43C~258------------ ---+iso~ ------iSDsl,o~ -- -----'so, IriS~~--------------------- ------------- -------- ---Ij----- -- ---- ---1--- --;;7~~-11;;)-- - --___ C 

SDa" ~:g~= 5t1 (255)bf AI" •• A) bf"AI"M) ~ 

SSFa, b ~l~: 
---------~"r_------~ 

------------------------------------------- --------------------------------------------------------------------------------------.--------------------------

NOTE: 

MT43C4257f8 
REV. 4/92 

1, CAS is used to load the Tap address, If CAS does not fall, the last 
Tap address loaded for the addressed SAM will be reused. 

2, QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 
QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 

~ DON'T CARE 

~ UNDEFINED 

3. The logic states of "A", "B", "C", "D", "E" and "H" determine the type of TRANSFER opera.tion performed. See 
the Write Transfer Cycle Function Table. 
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MIC:RON MT43C4257/8 
1-· "''"oco"' '" 256K x 4 TPDRAM 

SEa, b 
VIH-
VIL-

'sc 

SGa, b 
VIH-
VIL-

'SDH 

SDQa, b 
VIH-
VIL-

A-1 

SEa,b 

'SAS 'spl 
SGa, b --.l I 

'SAC 

I ~~I 
A-1 W/;,)1'; SDQa, b 

SAMa or SAMb SERIAL INPUT 

'SWH 'SWS 

'SC 'SC 

SAMa or SAMb SERIAL OUTPUT 

'SEP 

\-,SC-~ 
'SC 

'SAS 'SP I 'SAS 

1 I 
'SAC I 'SAC 

'SEA_I 
'SEZ ~ -

A A+ 1 j(I//,1 

'SP 

~ 1 

A+2 

'SAC 

'SOH_I 

~ A+3 

~, DON'T CARE 

~ UNDEFINED 

NOTE: SEa, SCa and SDQa are used when accessing SAM a and SEb; SCb and SDQb are used when access 
in SAMb. 

MT 43C4257/8 
REV. 4/92 5-199 Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 

II 
s: 
c 
!:i -
~ 
~ 
C 
:::D 
l> s: 



II 
s:: 
c: 
!:i -
" o 
~ 
C 
::D 
l> 
s:: 

MIC:RON MT 43C4257 /8 
1-· ;"""moe",, 256K x 4 TPDRAM 

MT43C4257!8 
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MIC:RON MT43C8128/9 
1-· "''''0",''''' 128K X 8 TPDRAM 

TRIPLE PORT 
DRAM 
FEATURES 
• Three asynchronous, independent, data access ports 
• Fast access times - 80ns random, 25ns serial 
• Operation and control compatible with 1 Meg VRAMs 
• High-performance, CMOS silicon-gate process 
• Inputs and outputs are fully TTL compatible 
• Low power: 15m W standby; 550m W active, typical 
• 512-cyc1e refresh within 8ms 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• FAST PAGE MODE access cycles 
• Two bidirectional serial access memories (SAMs) 
• Fully static SAMs and Mask Register, no refresh 

required 
• 2,048-bit Bit Mask Register 
• SERIAL MASK DATA INPUT mode 

SPECIAL FUNCTIONS 
• MASKED WRITE (Write-Per-Bit) 
• PERSISTENT MASKED WRITE 
• SPLIT READ AND WRITE TRANSFERS 
• BLOCK WRITE 
• BIT MASKED TRANSFERS 

OPTIONS MARKING 
• Timing [DRAM, SAMs (cycle/access)] 

80ns,28ns/25ns - 8 
100ns,30ns/27ns -10 

• Packages 
Plastic LCC (750 mil) EJ 

• Functionality 
QSF output MT43C8128 
(indicates SAM half accessed) 
SSF input MT43C8129 
(Split SAM special function, stop count) 

GENERAL DESCRIPTION 
The MT43C8128/9 are high speed, triple port CMOS 

dynamic random access memories (TPDRAM) containing 
1,048,576 bits. Data may be accessed by an 8 bit wide DRAM 
port or by either of two independently-clocked 256 x 8-bit 
serial access memory (SAM) ports. Data may be transferred 
bidirectionally between the DRAM and the SAMs. 

The DRAM portion of the TPDRAM is functionally iden­
tical to the MT4C4256 (256K x 4) DRAM. Sixteen 256-bit 

IAT43C812819 
~EV.4192 5-201 

128K x 8 DRAM WITH 
DUAL 256 x 8 SAMS 

PIN ASSIGNMENT (Top View) 

52-PIN PLCC 
(P-1 ) 

~.ota~ gf2t5iS 
~ ~ ~ § § § ~ ~ § § § ~I~ 
765432 525150494847 

SOO1a[ 8 1 46P MKO 
S002a [ 9 45~ SOOSa 
S003a [ 10 44P SOO7a 
SOQ4a [ 11 43P SOQ6a maE [ 12 42~ SOOSa 

001 [ 13 41 P SEa 
DQH 14 40P DOS 
DOH 15 39~ D07 
DQ4[ 16 38P DQ6 

_Vcc1.[ 17 37P DOS 
MElWE ~ 18 36P Vss2 

STSC 19 35p OSF1 
RAS [ 20 34 P OSFbISSFb' 

21 22 23 24 25 26 27 28 29 30 31 3233 
~~~~~~~~~~~~~ 

~ < ~ ~ ~ g ~ z.! ~ ;( ~ ~I~ 
~ > ~(,) 

" "-en 
0 

'MT43C8128/MT43C8129 

data registers make up the serial access memory portions of 
the TPDRAM. Data I/O and internal data transfer are 
accomplished using five separate bidirectional data paths; 
the 8-bit random access I/ 0 port, a pair of internal 2,048 bit 
wide paths between the DRAM and the SAMs, and the pair 
of 8-bit serial I/O ports for the SAMs. The rest of the 
circuitry consists of the control, timing, and address decod­
inglogic. 

All three ports may be operated asynchronously and 
independently of the others except when data is being 
internally transferred between the DRAM and either SAM. 

Each of the 2,048 bits involved in an internal transfer may 
be individually masked by performing a BIT MASKED 
TRANSFER operation. The 256 x 8-bit Bit Mask Data Regis­
ter can be parallel loaded from the DRAM or either SAM, 
or it may be serial loaded through the MKD serial input. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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MIC:RON MT43C8128/9 
1-· "'"",WG,,", 128K X 8 TPDRAM 

As with all DRAMs, the TPDRAM must be refreshed to 
maintain data. The refresh cycles must be timed so that all 
512 combinations of RAS addresses are executed at least 
every 8ms (regardless of sequence). Micron recommends 
evenly spaced refresh cycles for maximum data integrity. 
An internal transfer between the DRAM and either SAM 
counts as a refresh cycle. The SAM portions of the TPDRAM 
are fully static and do not require any refresh. 

The operation and control of the MT43C8128/9 are opti­
mized for high performance graphics and communication 
designs. The triple port architecture is well suited to buffer­
ing the sequential data types used in rastor graphics dis­
play, video windowing, serial/parallel networking and 
data communications. Special features, such as SPLIT 
TRANSFER, BIT MASKED TRANSFERs and BLOCK 
WRITE allow further enhancements to system performance. 

FUNCTIONAL BLOCK DIAGRAM 

AO·A8 

MT43C8128/9 
REV. 4/92 

~ ----------------------------------------------------------------- - - - - - - - - - - - --------------------------------. 
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MIC::RON MT43C8128/9 
1-· ",""ow,n, 128K x 8 TPDRAM 

PIN DESCRIPTIONS 

MT43C812619 
REV.-4192 

PLCC PIN 
NUMBER 

7 

1 

12 

18 

41 

47 

35 

21 

20 

33 

SYMBOL TYPE 

SCa Input 

SCb Input 

TRIOE Input 

MEIWE Input 

SEa Input 

SEb Input 

DSF1 Input 

DSF2 Input 

RAS Input 

CAS Input 

DESCRIPTION 

Serial Clock, SAMa: Clock input to the serial address counter for 
the SAMa registers and strobe for SAMa control and data inputs. 

Serial Clock, SAMb: Clock input to the serial address counter for 
the SAMb registers and strobe for SAMb control and data inputs. 

Transfer Enable: Enables an internal TRANSFER operation at 
the falling edge of RAS, or 

Output Enable: Enables the DRAM output buffers when taken 
LOW after RAS goes LOW (CAS must also be LOW), otherwise 
the output buffers are in a high impedance state. 

Mask Enable: IfMEIWE is LOW at the falling edge of RAS, a 
MASKED WRITE cycle is performed, or 

Write Enable: MEIWE is also used to select a READ (MEIWE = 
H) or WRITE (MEIWE = L) cycle when accessing the DRAM. 
This includes a READ TRANSFER (MEIWE = H) or WRITE 
TRANSFER (MEIWE = L). 

Serial Port Enable SAMa: SEa enables Port A serial 1/0 buffers 
and allows a serial READ or WRITE operation to occur; 
otherwise, the output buffers are in a High-Z state. SEa is also 
used during a TRANSFER operation to indicate whether a 
WRITE TRANSFER or a SERIAL INPUT MODE ENABLE 
(PSEUDO WRITE TRANSFER) cycle is performed. 

Serial Port Enable, SAMb: SEb enables Port B serial 1/0 buffers 
and allows a serial READ or WRITE operation to occur; 
otherwise, the output buffers are in a High-Z state. ~b is also 
used during a TRANSFER operation to indicate whether a 
WRITE TRANSFER or a SERIAL-IN PUT-MODE ENABLE 
(PSEUDO WRITE TRANSFER) cycle is performed. 

Special Function (Control) 1: DSF1 is used to indicate which 
special functions are used on a particular access or transfer 
cycle. See the Functional Truth Table for a detailed description. 

Special Function (Control) 2: DSF2 is used to indicate which 
special functions are used on a particular access or transfer 
cycle. See the Functional Truth Table for a detailed description. 

Row Address Strobe: RAS is used to clock-in the 9 row-address 
bits and as a strobe for control and data inputs. 

Column Address Strobe: CAS is used to clock-in the 8 column-
address bits, enable the DRAM output buffers (along with 
TRlOE), and strobe control and data inputs. 

5-203 Micron Technology, Inc., reserves the right to change prodUcts or specifications without notice. 
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MIC:RON MT43C8128/9 
1-· '"""m",''''' 128K X 8 TPDRAM 

PIN DESCRIPTIONS (continued) 

PlCC PIN 
NUMBER(S) 

31, 30, 29, 28, 
25, 24, 27, 22, 

23 

19 

46 

6 

13,14,15,16, 
37,38,39,40 

8,9,10, 11, 
42,43,44,45 

2,3,4,5, 
48,49,50,51 

M'T43C812819 
REV. 4192 

32 

34 

17,26 

52,36 

SYMBOL 

AO-A8 

STS 

MKD 

TRM 

DQ1-DQ8 

SDQa1-SDQa8 

SDQb1 cSDQb8 

QSFaiSSFa 

QSFb/SSFb 

Vcc 

Vss 

TYPE 

Input 

Input 

Input 

Input 

Input! 
Output 

Input! 
Output 

Input! 
Output 

Output 

Input 

Output 

Input 

Supply 

Supply 

DESCRIPTION 

Address Inputs: For DRAM operation, these inputs are 
multiplexed and clocked by RAS and CAS to select one 8-bit 
word out of the 128K available. During TRANSFER operations, 
AO to A8 indicate the DRAM row being accessed (when RAS 
goes LOW) and AO-A7 indicate the SAM start address (when 
CAS goes LOW). A7, A8 = "don't care" for the start address 
when doing SPLIT TRANSFER. 

SAM Transfer Select: The state of STS at RAS time determines 
which SAM is involved in a transfer (SAMa = LOW, 
SAMb = HIGH). 

Mask Data Input: MKD is used during BIT MASK REGISTER 
LOAD cycles to enable or disable the serial mask input mode 
(SMI). If SMI is enabled (MKD = HIGH at RAS), then MKD is 
used as mask data input and is clocked by SCb into the mask 
data register. 

Transfer Mask Select: TRM is used to select between NORMAL 
TRANSFER cycles and BIT MASKED TRANSFER or BIT MASK 
REGISTER LOAD cycles. 

DRAM Data 110: Data inputs and outputs for the DRAM memory 
array; inputs for the MASK and COLOR REGISTER load cycles; 
address mask inputs for BLOCK WRITE cyeles. 

Serial Data 110, SAMa: Input, Output, or High-Z. 

Serial Data 110, SAMb: Input, Output, or High-Z. 

Split SAM Status, SAMa (MT43C8128): QSFa indicates which 
half of SAM a is being accessed (Lower = LOW, Upper = HIGH). 

Split SAM Special Function, SAMa (MT43C8129): SSFa = HIGH 
stops access to current half of SAM and will load the Tap 
address of the next half into the address pointer. SSFa is 
synchronized with SCa. 

Split SAM Status, SAMb (MT43C8128): QSFb indicates which 
half of SAMb is being accessed (Lower = LOW, Upper = HIGH). 

Split SAM Special Function, SAMb (MT43C8129): SSFb = HIGH 
stops access to current half of SAM and will load the Tap 
address of the next half into the address pointer. SSFb is 
synchronized with SCb. 

Power Supply: +5V ±5% 

Ground 

5-204 Micron Technology, Inc., reserves the right to change products Of specifications without notice. 
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MIC:RON MT 43C8128/9 
1-· ""'"'coo "" 128K x 8 TPDRAM 

FUNCTIONAL DESCRIPTION 
The MT43C8128/9 may be divided into four functional 

blocks: the DRAM and its special functions, the bit mask 
register (BMR), the two serial access memories (SAMs), and 
the DRAM/SAM/BMR transfer circuitry. All the opera­
tions described below are also shown in the AC Timing 
Diagrams section of this data sheet and are summarized in 
the Functional Truth Table. 

Note: For dual function pins, the function that is not being 
discussed will be surrounded by parentheses. For 
example, when discussing transfer operations the 
TRjOE pin will be shown as TRj(OE). 

DRAM OPERATION 
This section describes the operation of the random access 

port and the special functions associated with the DRAM. 

DRAM REFRESH (ROR, CBR, and HR) 
Like any DRAM-based memory, the MT43C8128/9 

TPDRAM must be refreshed to retain data. All 512 row­
address combinations must be accessed within 8ms. The 
MT43C8128/9 supportCAS-BEFORE-RAS,RAS-ONL Y and 
HIDDEN types of refresh cycles. 

For the CAS-BEFORE-RAS REFRESH cycle, the row ad­
dresses are generated and stored in an internal address 
counter. The user need not supply any address data and 
simply must perform 512 CAS-BEFORE-RAS cycles within 
the 8ms time period. 

For RAS-ONL Y REFRESH cycles, the refresh address 
must be generated externally and applied to the AO-A8 
inputs. The DQ pins remain in a High-Z state for both the 
RAS ONLY and CAS-BEFORE-RAS cycles. 

HIDDEN REFRESH (HR) cycles are performed by tog­
gling RAS (while keeping CAS LOW) after a READ or 
WRITE cycle. This performs CAS-BEFORE-RAS cycles but 
does not disturb the DQ lines. 

Any DRAM READ, WRITE, or TRANSFER cycle also 
refreshes the DRAM row that is being accessed. The SAM 
and BMR portions of the MT43C8128/9 are fully static and 
do not require any refreshing. 

DRAM READ AND WRITE CYCLES (RW) 
The DRAM portion of the TPDRAM is nearly identical to 

standard 1256K x 4 DRAMs. However, because several of 
the DRAM control pins are used for additional functions on 
this device, several conditions that were undefined or" don't 

care" states for the DRAM are specified for the TPDRAM. 
These conditions are highlighted in the following discus­
sion. In addition, the TPDRAM has several special func­
tions that may be used when writing to the DRAM. 

The 17 address bits used to select an 8-bit word from the 
131,072 available are latched into the chip using the AO-A8, 
RAS, and CAS inputs. First, the 9 row-address bits are set up 
on the address inputs and clocked into the part when RAS 
transitions from HIGH-to-LOW. Next, the 8 column-ad­
dress bits (AO-A7) are set up on the address inputs and 
clocked-in when CAS goes from HIGH-to-LOW. 

Note: RAS also acts as a "master" chip enable for the 
TPDRAM.IfRAS is inactive,HICH,all other DRAM 
control pins (CAS, TRjOE,MEjWE,etc.) area "don't III 
care" and may change state without effect. No DRAM 
or TRANSFER cycles will be initiated without RAS ::III 
falling. =-c:: 

~r single port DRAMS, the OE pin is a "don't care" when 
RAS goes LOW. For the TPDRAM, TR/ (OE) is used when 
RAS goes LOW to select between DRAM and TRANSFER 
cycles. TR/ (OE) must be HIGH at the RAS HIGH-to-LOW 
transition for all DRAM operations. 

If (ME)/WE is HIGH when CAS goes LOW, a DRAM 
READ operation is performed and the data from the memory 
cells selected will appear at the DQ1-DQ8 port. The (TR)/ 

~ -"'C o 
~ 

OE input must transition from HIGH-to-LOW some time C 
after RAS falls to enable the DRAM output port. 

For single port DRAMs, WE is a "don't care" when RAS :xJ 
goes LOW. For the TPDRAM, ME/(WE) is used, when l> 
RAS goes LOW, to select between a MASKED WRITE cycle ::III 
or a normal WRITE cycle. If ME/ (WE) is LOW at the RAS =­
HIGH-to-LOW transition, a MASKED WRITE operation is 
selected. For any TPDRAMnon-masked access cycle (READ 
or WRITE), ME/ (WE) must be HIGH at the RAS HIGH-to­
LOW transition. If (ME)/WE is LOW when CAS goes LOW, 
a DRAM WRITE operation is performed and the data 
present on the DQ1-DQ8 data port will be written into the 
selected memory cells. 

The TPDRAM can perform all the normal DRAM cycles: 
READ, EARLY-WRITE, LATE-WRITE, READ-MODIFY­
WRITE, FAST-PAGE-MODE READ, FAST-PAGE-MODE 
WRlTE,andFAST-PAGE-MODEREAD-MODIFY -WRITE. 
Refer to the AC timing parameters and diagrams in the data 
sheet for more details on these operations. 

..tT43C812819 
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MICRON MT43C8128/9 
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1- NONPERSISTENT MASKED WRITE -1- NONPERSISTENT MASKED WRITE -I 
RAS ~ / \~ ____________ ~r-

, , , , 

CAS ~ / \ r-
MEIWE \ I'l1l!1A II 11// 1111 //Jt, fl!llA ~ 

DSF1 \ fl!llA /II II II //II fA I'l1l!1A !!1!!!l!l/; 

DSF2 \ !l1////!!/II!l!!! IIII/II/IIII/I!! !/IliA 11//11111/1/$11/11/1/11/11///1111; 
STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA (RE-WRITE) DATA 

0 ------3- X 0 1 ------3- 1 ----3- 1 

1 ------3- 0 ----3- 0 0 0 ------3- X 0 

0 0 ------3- X 0 0 0 ------3- X 0 
0 1 ------3- 1 ----3- 1 0 1 ------3- 1 ----3- 1 

0 0 ------3- X 0 0 0 ------3- X 0 

1 ------3- 0 ----3- 0 0 ------3- 1 ----3- 1 

1 0 ------3- X 0 ------3- 1 ----3- 1 

0 ------3- 0 ----3- 0 0 a ------3- X 0 

BEFORE AFTER BEFORE AFTER 

ADDRESS 0 ----------.. ..----------- ADDRESS 1 

X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 1 
NONPERSISTENT MASKED WRITE EXAMPLE 

NONPERSISTENT MASKED WRITE (RWNM) 
The MASKED WRITE feature eliminates the need to do a 

READ-MODIFY -WRITE cycle when changing only certain 
bits within an 8-bitword. The MT43C8128/9 supports two 
types of MASKED WRITE cycles, NONPERSISTENT 
MASKED WRITE and PERSISTENT MASKED WRITE. 

If ME/ (WE), DSFI and DSF2 are LOW atthe RAS HIGH­
to-LOW transition, the data (mask data) present on the 
DQ1-DQ8 inputs willbe written into the mask data register. 
The mask data acts as an individual write enable for each of 
the eight DQ1-DQ8 pins. If a LOW (logic 0) is written to a 
mask data register bit, the input port for that bit is disabled 
during the subsequent WRITE operation and no new data 
will be written to that DRAM cell location. A HIGH (logic 
1) on a mask data register bit enables the input port and 
allows normal WRITE operations to proceed. This conven-

tion is used for all masks on the MT43C8128/9. Note that 
CAS is still HIGH. When CAS or (ME)/WE go LOW, the 
bits present on the DQ1-DQ8 inputs will be either written to 
the DRAM (if the mask data bit was HIGH) or ignored (if 
the mask data bit was LOW). The DRAM contents that 
correspond to. the masked bits will not be changed during 
the WRITE cycle. When using NONPERSISTENT MASKED 
WRITE, the data present on the DQ inputs is loaded into the 
mask data register at every falling edge of RAS. FAST PAGE 
MODE may be used in tandem with NONPERSISTENT 
MASKED WRITE to write several column locations using 
the same mask during one RAS cycle. An example of 
NONPERSISTENT MASKED WRITE cycle is shown in 
Figure 2. 
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1"""'- LOAD MASK REGISTER ----..[....- PERSISTENT MASKED WRITE -----+)...- PERSISTENT MASKED WRITE -----+ I 

RAS ~ ________ ~~~ ________ ~~~ ________ ~r ~ 
CAS 

MEIWE \~-T----------~\------~--------------~-------

DSF1 

DSF2 "\ !II II II II/! II!!! II II II II II II / IA /1I!;i1l/!!;illl!lI!lI//!//f2 

MASK STORED INPUT STORED STORED INPUT STORED 
DATA DATA DATA DATA 

~ ~ =: l; ~ ; APPLY 
MASK 
REG. :: ~~oO,: 

1 ---:;> 

X 
(Stored in BEFORE AFTER BEFORE AFTER 

Mask Data ADDRESS 0 -----... 1_.1------- ADDRESS 1 ---. 
Register) 

X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 2 
PERSISTENT MASKED WRITE EXAMPLE 

PERSISTENT MASKED WRITE (RWOM) 
The PERSISTENT MASKED WRITE feature eliminates 

the need to rewrite the mask data before each MASKED 
WRITE cycle if the same mask data is being used repeat­
edly. To initiate a PERSISTENT MASKED WRITE, a LOAD 
MASK REGISTER cycle is performed by taking MEl (WE) 
and DSFI HIGH, and DSF2 LOW, when RAS goes LOW. 
The mask data is loaded into the internal register when 
CAS goes LOW, provided DSFI is LOW (see the LOAD 
MASK REGISTER description). 

PERSISTENT MASKED WRITE cycles may then be per­
formedbytakingMEI (WE) and DSF2LOW andDSFl HIGH 
when RAS goes LOW. The contents of the mask data regis­
ter will then be used as the mask data for the DRAM inputs. 
Unlike the NONPERSISTENT MASKED WRITE cycle, the 
data present at the DQ inputs is not loaded into the mask 
register when RAS falls. Another PERSISTENT MASKED 
WRITE cycle may be performed without reloading the 
register. Figure 2 shows the LOAD MASK REGISTER and 
PERSISTENT MASKED WRITE cycle operations. The LOAD 
MASK REGISTER and PERSISTENT MASKED WRITE 
cycles allow systems that cannot output data at RAS time to 
perform MASKED WRITE cycles. PERSISTENT MASKED 
WRITE can also operate in FAST PAGE MODE. 

BLOCK WRITE (BW) 
If DSFI is HIGH when CAS goes LOW, the 

MT 43C8I28/9 will perform a BLOCK WRITE cycle instead 
of a normal WRITE cycle. In BLOCK WRITE cycles, the 
contents of the color register (instead of the DQ inputs) are 
directly written to four adjacent column locations (see 
Figure 3). A total of 32 bits will be written simultaneously, 
improving the normal DRAM fill rate by four times. The 
color register must be loaded prior to beginning BLOCK 
WRITE cycles (see LOAD COLOR REGISTER). 

The row is addressed as in a normal DRAM WRITE cycle. 
However, when CAS goes LOW, only the A2-A7 inputs are 
used. A2-A7 specify the "block" (out of the 64 possible) of 
four adjacent column locations that will be accessed. When 
the later of ME/WE and CAS go LOW, the DQ inputs 
latched and used to determine which of the four column 
locations will be written. DQl acts as a write enable for 
column location AO = 0, Al =' 0; DQ2 controls column 
10cationAO= I,Al =0;DQ3controlsAO=0,Al = 1; and DQ4 
controls AO = 1, Al = 1. The write enable controls are active 
HIGH; a logic 1 enables and a logiC 0 disables the WRITE 
function. 
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ROW 
(AO-A8aIRAS) -

COLUMN MASK (AO~ 
ON THE INPUTS AT CAS 

001 

002 

DO' 

DQ4 

01 

02 

DOS _r-. ..... 
DOB 

DO' 

DO' 

COLUMJ:L 
(A2-A1 at CAS) 

, , , , ~-+--t-; 

COLOR REGISTER 
(must be previously loaded) 

Figure 3 
BLOCK WRITE EXAMPLE 

/ig~; 
(006) 
(DQ5) 

The contents of the color register will then be written to 
the column locations enabled. Each DQ location of the color 
register is written to the four column locations (or any of the 
four that are enabled) in the corresponding DQ bit plane. 
The DQ mask is not used in this mode. 

NONPERSISTENT MASKED BLOCK WRITE (BWNM) 
The MASKED WRITE functions can also be used during 

BLOCK WRITE cycles. NONPERSISTENT MASKED 
BLOCK WRITE operates exactly like the normal NONPER­
SISTENT MASKED WRITE except the mask is now applied 
to four column locations instead of just one column 
location; 

Like NONPERSISTENT MASKED WRITE, the combina­
tion of ME/(WE) LOW and DSFI LOW when RAS goes 
LOW, initiates a NONPERSISTENT MASK cycle. The DSF 
pin must be driven HIGH when CAS goes LOW to perform 

a NONPERSISTENT MASKED BLOCK WRITE. By using 
both the column mask input and the MASKED WRITE 
function, any combination of the four bit planes may be 
masked and any combination of the eight column locations 
may be masked. 

PERSISTENT MASKED BLOCK WRITE (BWOM) 
This cycle is also performed exactly like the normal 

PERSISTENT MASKED WRITE except that DSFI is HIGH 
when CAS goes LOW to indicate the BLOCK WRITE func­
tion. Both the mask data register and the color register must 
be loaded with the appropriate data prior to starting a 
PERSISTENT MASKED BLOCK WRITE. 

DRAM REGISTER OPERA nONS 
The MT43C8128/9 contains two 8-bit registers that are 

used as data registers for special functions. This section 
describes how to load these registers. 

LOAD MASK REGISTER (LMR) 
The LOAD MASK REGISTER operation and timing are 

identical to a normal WRITE cycle except that DSFI is HIGH 
when RAS goes LOW. As shown in the Truth Table, the 
combination ofTR/ (OE), ME/ (WE), and DSFI being HIGH 
when RAS goes LOW indicates the cycle is a REGISTER 
load cycle. DSFI is used when CAS goes LOW to select the 
register to be loaded, and must be LOW for a LOAD MASK 
REGISTER cycle. The data present on the DQ lines will then 
be written to the mask data register. 

Note: For a normal DRAM WRITE cycle, the mask data 
register is disabled but not modified. The contents of 
mask data registerwi/l not be changed unless a NON­
PERSISTENT MASKED WRITE cycle or a LOAD 
MASK REGISTER cycle is performed 

The row address supplied will be refreshed, but it is not 
necessary to provide any particular row address. The col­
umn address inputs are ignored during a LOAD MASK 
REGISTER cycle. 

The mask data register contents are used during PERSIS­
TENT MASKED WRITE and PERSISTENT MASKED 
BLOCK WRITE cycles to selectively enable writes to the 
eight DQ planes. 

LOAD COLOR REGISTER (LCR) 
A LOAD COLOR REGISTER cycle is identical to the 

LOAD MASK REGISTER cycle except DSFI 'is HIGH 
when CAS goes LOW. The contents of the color register are 
retained until changed by another LOAD COLOR REGIS­
TER cycle (or the part loses power) and are used as data 
inputs during BLOCK WRITE cycles. 
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TRANSFER OPERATIONS 
This section describes transfer operations between the 

DRAM and either SAM. The direction of the transfer is 
specified with respect to the DRAM portion of the device. A 
write is referenced to the DRAM array and a read is refer­
enced from the array. 

Note: The three ports of the TPDRAM are independent and 
asynchronous to one another. Any or all of the ports 
may be accessed simultaneously at the maximum 
allowable frequencies. The only time the ports are 
synchronized is during transfers to or from the DRAM 
and SAM portions of the device. A transfer involving 
a SAM does not affect access from the other SAM port. 
Both SAMs may be accessed during a DRAM/BMR 
transfer operation or any other DRAM access cycle 
other than a SAM transfer. 

TRANSFER operations are initiated when TR/(OE) is 
LOW at the falling edge of RAS. The state of STS when 
RAS goes LOW indicates which SAM theTRANSFER will 
address. The state of (ME)/WE when RAS goes LOW indi­
cates the direction of the TRANSFER. At the same time, 
DSFl is used to select between normal TRANSFER cycles 
and SPLIT TRANSFER cycles and DSF2 is used to select 
between normal TRANSFER cycles and MASKED TRANS­
FER cycles. A TRANSFER cycle can be performed without 
dropping CAS. In this case, the previously loaded Tap 
address will be used. 

The MT43C8128/9 include a feature called BIT MASKED 
TRANSFER, which uses a third 2,048-bit data register to 
indiVidually mask every bit involved in a TRANSFER 
operation. The BIT MASKED TRANSFER may be applied 
to either READ or WRITE TRANSFERs. The TRM pin is 
used to select between NORMAL and BIT MASKED 
TRANSFER (or BIT MASK REGISTER LOAD) cycles. The 
type of transfer operation is always selected on the falling 
edgeofRAS. 

NORMAL TRANSFERS 
The MT43C8128/9 support all of the popular transfer 

cycles available on the 1 Meg video RAMs. Each of these is 
described in the following section. 

READ TRANSFER (RT) 
A READ TRANSFER cycle is selected if (ME)/WE is 

HIGH, and DSFl and TR/(OE) are LOW when RAS goes 
LOW. When RAS goes LOW, the READ TRANSFER is to 
SAMa if STS = LOW, or to SAMb if STS = HIGH. The row 
address bits indicate the eight 256-bit DRAM rows that are 
to be transferred to the eight SAM data registers. The 
column address bits indicate the start address (or Tap point) 
of the next serial output cycle from the designated SAM 

data registers. QSF indicates the SAM half being accessed: 
LOW if the lower half; HIGH if the upper half. Performing 
a READ TRANSFER cycle sets the direction of the selected 
SAMs I/O buffers to the output mode. 

To complete a REAL-TIME READ-TRANSFER, TR/ (OE) 
is taken HIGH while RAS and CAS are LOW. In order to 
synchronize the REAL-TIME READ-TRANSFER to the se­
rial clock, the rising edge of TR/ (OE) must occur between 
the rising edges of successive clocks on the SC input (refer 
to the AC timing diagrams). A "regular" READ TRANSFER 
is not sychronized with the SC pin of the addressed SAM. 
This type of RT is performed when TR/ (OE) is taken HIGH 
"early," without regard to the falling edge of CAS. The 
transfer will be completed internally by the device. The first 
serial clock must meet the tRSD and tCSD delays (see READ 
TRANSFER AC timing diagram). The 2,048 bits of DRAM 
data are then written into the SAM data registers, and the 
selected SAM's Tap address that was stored in the internal, 
8-bit Tap address register is loaded into the address counter. 
If SE for the SAM selected (SEa for SAMa) is LOW, the first 
bits of the new row data will appear at the serial outputs 
with the next SC clock pulse. SE enables the serial outputs, 
and may be either HIGH or LOW during this operation. 

SPLIT READ TRANSFER (SRT) 
The SPLIT READ TRANSFER cycle eliminates the critical 

transfer timing required to maintain a continuous serial 
output data stream (the "full" READ TRANSFER cycle has 
to occur immediately after the final bit of "old data," and 
before the first bit of "new data" is clocked out of the SAM 
port). 

When using the SPLIT TRANSFER mode, the SAM is 
divided into an upper half and a lower half. While data is 
being serially read from one half of the SAM, new DRAM 
data may be transferred to the other half. The transfer may 
occur at any time while the other half is sending data, and 
need not be synchronized with the SC clock. 

The TR/ (OE) timing is relaxed for SRT cycles. The rising 
edge of TR/(OE) is not used to complete the TRANSFER 
cycle, and therefore is independent of the rising edges of 
RAS and CAS. The transfer timing is generated internally 
for SPLIT TRANSFER cycles. 

SPLIT TRANSFERs do not change the SAM I/O direc­
tion. A normal (nonsplit) READ TRANSFER cycle must 
precede any sequence of SRT cycles to put the SAM I/O in 
the output mode and provide the initial SAM Tap address 
(which half). Then an SRT may be initiated by taking DSFl 
HIGH and selecting the desired SAM (using STS) when 
RASgoes LOW during the TRANSFER cycle. As in nonsplit 
transfers, the row address is used to specify the DRAM row 
to be transferred, When an SRT cycle is initiated, the half of 
the SAM not actively being accessed will be the half that 
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receives the transfer. When CAS falls, address pins AO-A6 
determine the Tap address for the SAM-half selected; A7 = 
"don't care." If CAS does not fall, the previously loaded Tap 
address will be reused and the TRANSFER will be to the 
idle half. 

LOW (indicating that row-l data is shifting out the lower 
SAM) and then transferring the upper half of row 1 to the 
upper SAM. CAS is used to load the Tap address. If 
CAS does not fall, the last Tap address load for the ad­
dressed SAM will be reused. 

Figure 4 shows a typical SRT initiation sequence. The 
normal READ TRANSFER is first performed, followed by 
an SRT of the same row to the upper half of the SAM. The 
SRT to the upper half is optional, and need only be done if 
the Tap for the upper half is *" O. For the MT43C8128, serial 
access continues and when the SAM address counter reaches 
127 ("AT' = 1, AO-A6 = 0), the QSF output for that SAM goes 
HIGH and the Tap address for the upper half is automati­
cally loaded. Since the serial access has now switched to the 
upper half of the SAM, new data may be transferred to the 
lower half. This sequence of waiting for the state of QSF to 
change and then transferring new data to the SAM half that 
is not being accessed may now be repeated. For example, 
the next step in Figure 4 would be to wait until QSF went 

The split SAM operation is slightly different for the 
MT 43C8129. Instead of having a QSF, this device has a Split 
SAM Special Function (SSF) input. With this input the serial 
access may be switched at will from one half of the SAM to 
the other. In other words, the address count may be stopped 
on the current half and the Tap address of the next half may 
be loaded, without waiting for the maximum address count 
of the current half (127; lower, 255; upper). If no SSF pulse 
is applied, the Tap address of the next half will be automati­
cally loaded when the maximum count of the current SAM­
half is reached.QSF = 0 when the Lower SAM (bits 0-127) is 
being accessed. QSF = 1 when the Upper SAM (bits 128-255) 
is being accessed. 

MT43C8128f9 
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READ TRANSFER 

(NORMAL) 

FROM: RowO 
TO; Full SAM 
SAM 110 is set to Output 
Mode and serial output 
from Lower SAM begins 
(QSF goes LOW) 

NOTE: 1) MT 43C8128 
2) MT43C8129 

SPLIT READ TRANSFER 
(OPTIONAL) 

FROM: RowO 
TO: Upper SAM 
Serial output from 
Lower SAM continues 

Figure 4 

, 
Serial output switches I 

from Lower SAM to 
Upper SAM 
1) aSF goes HIGH 
2) SSF = HIGH switches 

half at data count "X~, : 
new Tap address loaded: 

SPLIT READ TRANSFER 

FROM: Row 1 
TO: Lower SAM 
Serial output from 
Upper SAM continues 
(QSF remains HIGH) 

!Z1] DON'T CARE 

~ UNDEFINED 

TYPICAL SPLIT-REAO-TRANSFER INITIATION SEQUENCE 
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WRITE TRANSFER (WT) 
The operation of the WRITE TRANSFER is identical to the 

READ TRANSFER described previously, except (ME) /WE 
and SEmust be LOW whenRAS goes LOW. The DSF2 input 
is used to select between the WT and DQ MASKED WRITE 
TRANSFER cycles, and must be LOW for the WT cycle. The 
STS pin is also taken LOW or HIGH to selectSAMa orSAMb, 
respectively, when RAS goes LOW. The row address indi­
cates the DRAM row to which the SAM data register will be 
written, and the Tap address indicates the starting address 
of the next SERIAL INPUT cycle for the SAM data registers. 
QSF indicates the SAM half being accessed; LOW if the 
lower half, HIGH if the upper half. Performing a WTsets the 
direction of the SAM I/O buffers to the input mode. 

PSEUDO WRITE TRANSFER (PWT) 
The PSEUDO WRITE TRANSFER cycle may be used to 

change the direction of a SAM port from output to input 
without disturbing the DRAM data in the selected row. A 
PSEUDO WRITE TRANSFER cycle is a WRITE TRANSFER 
cycle with the SE of the appropriate SAM held HIGH instead 
of LOW. The addressed row will be refreshed. A DQ 
MASKED WRITE TRANSFER (with all bits masked) is an 
alternate method for changing the direction of the SAM port 
without disturbing the addressed row data. 

DQ MASKED WRITE TRANSFER (MWT) 
The data being transferred from either SAM to the DRAM 

may be masked by performing a DQ MASKED WRITE 
TRANSFER cycle. The transfer of data may be selectively 
enabled for each of the eight DQ planes (see Figure 5). The 
DMWT cycle is identical to the WRITE TRANSFER cycle 
except DSF2 is HIGH and mask data must be on the DQ 
inputs at the falling edge of RAS. 

The complete SAM register will be transferred to the 
selected row in each DQ plane if the mask data input is 
HIGH, and the SAM register will not be transferred if the 
mask data input for that DQ plane is LOW. DRAM data is 
not disturbed in masked DQ planes. 

DQ MASKED SPLIT WRITE TRANSFER (MSWT) 
The SPLIT WRITE TRANSFER feature makes it possible 

to input and transfer uninterrupted bit streams. Figure 6 
shows a typical initiation sequence for SWT cycles. 

Like the SRT, the DQ MASKED SPLIT WRITE TRANS­
FER cycle does not change the state of the SAM II a buffers. 
A normal, DQ MASKED or PSEUDO WRITE TRANSFER 
cycle is required to set the Tap address and set the SAM 
I/O direction to input mode. 

After the WT, a MSWT is performed to enter the split 
SAM operating mode. This sets the Tap for the next half of 
the SAM. The addressed half of the SAM is immediately 
transferred to the first destination row. This half of the SAM 
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RAS ---1 :J[ J[ J.c ... 256 ~ITS"'>[ J[ J I-

SAMaor SAMb 

Figure 5 
DQ MASKED WRITE TRANSFER 

may not yet contain valid data. However, another MSWT to 
the same row will normally occur after this is loaded, so the 
initial invalid data will be overwritten. Another approach 
would be to initiate an MSWT addressed to any DRAM 
row, but mask (disable) all eight of the DQ planes. This 
method can be used to initiate the MSWT sequence without 
disturbing any DRAM data. The MSWT to the upper half is 
optional, and it is only needed if the Tap for the upper half 
is"# O. 

Write mask data must be supplied to the DQ inputs 
during every SWT cycle at RAS time. The mask data acts as 
an individual write enable for each of the eight DRAM DQ 
planes. For example, DQI, at RAS time, during a DQI 
MASKED WRITE, enables or disables the transfer of the 
SAM SDQI register to the DQI plane of the DRAM row 
selected (see the DQ MASKED WRITE TRANSFER descrip­
tion). As in all other MASKED WRITE operations, a HIGH 
enables the WRITE TRANSFER and a LOW disables the 
WRITE TRANSFER. As with SPLIT READ TRANSFER, the 
half of the SAM not receiving data will be the half trans­
ferred and the Tap address (AO-A6) for the other half is 
loaded when CAS falls (A7 is a "don't care"). If CAS does 
not fall, the previously loaded Tap address, AO-A6, will be 
reused. The TRANSFER will be to the idle half. When the 
serial clock crosses the half-SAM boundary, the new Tap 
address for that half is automatically loaded. 

The QSFa and QSFb outputs (MT43C8I28) indicate which 
half of SAMa or SAMb, respectively, is currently accepting 
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data. After QSF goes HIGH, indicating that serial input has 
now switched to the upper SAM, the contents of the lower 
half of the SAM may be transferred to any DRAM row. The 
cycle of checking for a change in QSF and then transferring 
the half of the SAM just filled may now be repeated. The 
next step on Figure 6 is to wait for QSF to go LOW and then 
SWT the contents of the upper half of the SAM to row O. If 
the terminal count of the SAM half is reached before an SWT 
is performed for the next half, the access will be repeated 
from the same half and previously loaded Tap address 
(access will not move to the next half). 

edge will input data into the Tap location of the next half of 
the SAM. If SSF is not applied, the Tap address will be 
automatically loaded when the maximum Tap address 
count is reached for the current half (127 or 255). If SSF is 
HIGH at SC before an MSWT is performed for the next half, 
the access will jump to the old Tap address of the same half. 
Access will not preceed to the next half. If terminal count is 
reached before an MSWT, the access will proceed as it does 
for the MT43C8128. 

SERIAL INPUT and SERIAL OUTPUT 
When operating the MT 43C8129 in the MSWT mode, the 

address pointer may be changed to the new Tap address of 
the next half when the final desired input data is clocked-in. 
When the final data is input, the SSF input is taken HIGH at 
the corresponding rising edge of Sc. The next SC rising 

The control inputs for SERIAL INPUT and SERIAL OUT­
PUT are SCa,b, SEa,b and SSFa,b (MT43C8128). The rising 
edge of SC increments the serial address counter and pro­
vides access to the next SAM location. SEenables or disables 
the serial input/ output buffers. 
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, 
, , SPLIT WRITE TRANSFER 

(OPTIONAL) 
FROM: Upper SAM 
TO; Row 0 
Serial input to Lower 
SAM continues 

Figure 6 

Serial input switches 
from Lower SAM to 
Upper SAM 
1) QSF goes HIGH , 

2) ~~r a7 ~~~~:"~Cq~~~ : 
new Tap address : 
loaded 

SPLIT WRITE TRANSFER 

FROM: Lower SAM 
TO: Row 0 
Serial input to Upper 
SAM continues (QSF 
remains HIGH) 

~ DON'TeARE 

~ UNDEFINEO 

TYPICAL SPLIT -WRITE-TRANSFER INITIATION SEQUENCE 
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BIT MASKED TRANSFER BLOCK DIAGRAM 

Serial output of the SAM contents will start at the serial 
rAP address that was loaded in the SAMa,b address counter 
iuring the DRAM-TO-SAM TRANSFER cycle. The SC 
nput increments the address counter and presents the 
:ontents of the next SAM location to the 8-bitport. SE is used 
IS an output enable during the SAM output operation. The 
;erial address is automatically incremented with every SC 
~OW-to-HIGH transition, regardless of whether .5Eis 
:UGH or LOW. For the MT43C8128, the address progresses 
hrough the SAM and will wrap around (after count 127 or 
~55) to the Tap address of the next half, for split modes. 
\ddress count will wrap around (after count 255) to Tap 
lddress 0 if in the "full" SAM modes. For the MT43C8129, 
he address count will wrap as it does for the MT43C8128 or 
t may be triggered, at will, to the next half by the SSF input 
split SAM modes). If SSF is HIGH at a LOW-to-HIGH 
ransition ofSC, the Tap address of the next half will be 
Jaded into the address pointer. The subsequent LOW-to­
UGH transition of SC will clock data from the Tap address 
f the new half. 
SC is also used to clock-in data when the device is in the 

erial input mode. As in the serial output operation, the 
ontents of the serial address counter (loaded when the 
erial input mode was enabled) will determine the serial 
ddress of the first 8-bit word written. SE acts as a WRITE 
NABLE for serial input data and must be LOW for valid 
~rial input. If SE = HIGH, the data inputs are disabled and 
le SAM contents will not be modified. The serial address 
)unter is incremented with every LOW-to-HIGH transi­
on of SC, regardless of the logic level on the SE input. The 
peration of SSF (MT 43C8129)is the same as described for 
!rial output. 

BIT MASKED TRANSFERS 
This section describes transfers between the DRAM and 

either of the two SAMs using the BIT MASKED TRANSFER 
capability. Before performing these BIT MASKED 
TRANSFERs, the bit mask register must first be loaded with 
the mask data. See the next section, BIT MASK REGISTER 
OPERA nONs, for instructions on how to load the bit mask 
register (BMR). 

The BMR is a 2,048-bit register that individually controls 
each of the 2,048 transfer gates on the internal 256 x 8 
transfer bus (see Figure 7). These bus transfer gates reside 
between the DRAM array and the three data registers and 
are set to the "pass-thru" mode for nonmasked transfers. 
For BIT MASKED TRANSFERs, the data in the BMR is 
coupled to the control inputs of the bus transfer gates. A 
logic "1" in the BMR will select the pass-thru (unmasked) 
mode for the corresponding SAM data bit, while a logic "0" 
will select the masked mode for that bit. 

BIT MASKED TRANSFERs may be incorporated when 
doing READ, WRITE, SPLIT READ and SPLIT WRITE 
TRANSFERs. The timing and control required for any 
particular BIT MASKED TRANSFER cycle is identical to 
the corresponding normal TRANSFER cycle, except that 
TRM and DSF2 are HIGH instead of LOW. BIT MASKED 
TRANSFERs between the DRAM and either of the two 
SAM registers are possible. Figure 8 illustrates the BIT 
MASKED TRANSFER functions. 

43C812819 
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BIT MASK TRANSFER BLOCK DIAGRAM 

BIT MASKED READ TRANSFER (BMRT) 
BIT MASKED READ TRANSFER may be used to transfer 

any combination of the 2,048 bits contained in any DRAM 
row address to either of the two SAMs. The logic conditions 
and timing for the BMRT function are identical to the 
normal READ TRANSFER function except that TRM and 
DSF2 are HIGH select the BIT MASKED feature. If a bit in 
the BMR is a logic "1", the bus connection between the 
corresponding DRAM bit and the selected SAM bit is 
enabled and the data at the destination (one of the SAMs for 
BMRT) will be changed to the source data (the DRAM row 
forBMRT). 

BIT MASKED SPLIT READ TRANSFER (BMSRT) 
The BIT MASKED SPLIT READ TRANSFER operation is 

identical to the normal SPLIT READ TRANSFER except 
that the bit mask (stored in the bit mask register) is applied 
to the transfer data by taking TRM and DSF2 HIGH when 
RAS falls. The remaining control timing is identical to the 
requirements for a normal SPLIT READ TRANSFER. 

BIT MASKED WRITE TRANSFER (BMWT) 
Like WRITE TRANSFER, the BIT MASKED WRITE 

TRANSFER function may be used to transfer data to any 
DRAM row address from either of the two SAM registers. 
In this case, the SAM data will be masked by the contents of 
the bit mask register before the data is written to the DRAM. 

BIT MASKED SPLIT WRITE TRANSFER (BMSWT) 
Like the Qther BIT MASKED TRANSFER cycles, the 

BMSWT is nearly identical to the SPLIT WRITE TRANS­
FER, except TRM and DSF2 are HIGH when RAS falls. Two 
masks are applied during a BMSWT operation_ Each of the 
individual bits are masked by the bit mask register and each 
of the DQ planes are masked by the DQ inputs at RAS time. 
If a DQ input is LOW at RAS time, none ofthe 128 SAM bits 
for that DQplane will be transferred to the DRAM row-half 
selected. If a DQ input is HIGH, the 128 SAM bits for that 
row-half will be masked by the corresponding 128 mask 
register bits when written to the selected DRAM row-half. 
The remaining control timing is identical to the require­
ments for a normal SPLIT WRITE TRANSFER. 

BIT MASK REGISTER OPERATIONS 
This section describes how to transfer data to or from the 

Bit Mask Register (BMR) and how to clear the BMR's 
contents. Data may also be inverted when being transferred 
between the BMR and DRAM. 

BMR READ TRANSFER (BMR-RT) 
Any DRAM row may be transferred to the bit mask 

register by using the BMR READ TRANSFER function. 
When RAS falls, TR/ (OE) is LOW to select a transfer cycle_ 
TRM is HIGH to indicate that the BMR is involved in the 
TRANSFER cycle, and DSF2 is LOW to indicate that the 
data is to be transferred to the BMR (as opposed to using the 
contents of the BMR as bit mask data). The remainder of the 
timing and control required is identical to a normal READ 
TRANSFER cycle. No Tap address is loaded in this TRANS­
FER. 

Note that the SAM transfer select (STS) pin is used to 
select whether non-inverted (STS = LOW) or inverted (STS 
= HIGH) data is transferred to the bit mask register. For all 
transfers to or from the bit mask register, the state of the 
MKD pin when RAS falls selects whether the Serial Masi< 
Input (SMI) feature is enabled (see the Functional Truth 
Table). SMI is a special serial input mode that allows masl< 
information to be clocked into the BMR atthesame addres~ 
location as the data clocked into SAMb (see the SMI modf 
description). MKD is LOW whenRAS falls to disable SMI 01 

HIGH to enable SM!. After the transfer is completed, thl 
MKD pin then acts either as a mask data input to the BMF 
(SMI enabled) or is "don't care" (SMI disabled). TheMKI 
input is tied to the 8 bit-planes, the data on the MKD pin i: 
written to each bit-plane simultaneously. 

BMR INVERTED READ TRANSFER (BMR-IRT) 
If the STS pin is HIGH at RAS time the DRAM data wil 

be inverted before being written to the BMR. All 2,048 bit 
involved in the transfer will be complemented. The func 
tionality and logic levels for the other control inputs ar. 
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identical to the BMR READ TRANSFER cycle. Note that 
MKD is still used to enable or disable the SMI mode. There 
is no added cycle time delay for either the BMR INVERTED 
READ or BMR INVERTED WRITE TRANSFER cycles. 

BMR WRITE TRANSFER (BMR-WT) 
The contents of the BMR may also be transferred to any 

DRAM row by using the BMR WRITE TRANSFER cycle. 
(ME) /WE and DSF2 are LOW and TRM is HIGH when 
RAS falls, to select a write transfer from the BMR. The DQ 
inputs are used to input a DQ bit-plane mask when RAS falls. 
This allows each of the four DQ planes to be write enabled 
or disabled during the BMR-WT. The MKD input is used to 
enable or disable the SMI mode. STS must be LOW at 
RAS time to transfer non-inverted BMR data to the DRAM 
row selected. 

BMR INVERTED WRITE TRANSFER (BMR~IWT) 
As with the BMR INVERTED READ TRANSFER, the 

2,048 bits involved in the transfer may be inverted while 
being transferred. Taking STS HIGH at RAS time will cause 
the BMR data to be inverted before it is stored in the selected 
DRAM row. The other control and DQ (mask) inputs are the 
same as the BMR-WT. 

SAM-TO-BMR TRANSFER (SAM-BMR) 
The contents of either SAM may be transferred to the 

BMR in the same manner that a DRAM row is transferred. 
In this case, DSFI is HIGH to indicate that the SAM is the 
source of the data instead of the DRAM. (ME)/WE is used 
to indicate the direction of the transfer and must be LOW, 
when RAS falls, for a SAM-TO-BMR TRANSFER. STS is no 
longer used to select between normal and inverted data, it 
now indicates which SAM is involved in the transfer. Since 
a SAM-TO-BMR TRANSFER "reads" data from the SAM, 
the SAM will be placed into input mode by this transfer 
cycle. The MKD input is still used to determine if the SMI 
mode will be enabled after the transfer is completed. Since 
no DRAM access is involved, it is not necessary to provide 
any particular ROW address at RAS time. However, 
whichever ROW address is present at RAS time will be used 
IS the address for a RAS-ONL Y REFRESH. Since a SAM is 
involved in the transfer, a new SAM starting address (or 
fap) will be loaded at CAS time. This address will be loaded 
nto the serial address counter of the SAM selected by STS 
ItRAS time. 

~ote: Any SAM/BMR TRANSFER will take the SAM 
involved in the transfer out of the split SAM mode, if 
it was in that mode before the transfer. 

BMR-TO-SAM TRANSFER (BMR-SAM) 
The contents of the BMRmay also be transferred to One of 

the SAM registers. The (ME)/WE input is used to indicate 
the direction of the transfer and must be HIGH for a BMR­
TO-SAM TRANSFER. SIS is LOW to select SAMa or HIGH 
to select SAMb as the destination for the BMR data. The 
remaining inputs and functionality are identical to the 
SAM-TO-BMR TRANSFER. Since a BMR-TO-SAMTRANS­
FER writes new data to the selected SAM register, the I/O 
for the SAM involved will be placed in the output mode and 
a new Tap address will be loaded when CAS falls. 

CLEAR BIT MASK REGISTER (CLR-BMR) 
The entire contents of the BMR can be cleared (set all bit 

LOW) within a single transfer cycle by performing a CLEAR 
BMR cycle. Unlike the other cycles that access the BMR, 
TRM is LOW at RAS time for the CLEAR BIT MASK REGc 
ISTER function. TR/ (OE) is LOW to indicate that the cycle 
is a transfer cycle (although there is really no data transfer 
involved). The CLR-BMR function is selected when 
ME/(WE), DSFI and DSF2 are HIGH When RAS falls. 

When the BMR is cleared, all data will be masked when 
a BIT MASKED TRANSFER cycle is performed. 

The BMR INVERTED WRITE and BMR WRITE TRANS­
FERS may be used with the CLR-BMR function to set or 
clear, respectively, any DRAM row. The CLR-BMR func­
tion is used to clear the BMR then the BMR TRANSFERS are 
performed to the addressed DRAM row. 

The CLEAR BIT MASK REGISTER function is useful 
when using the SERIAL MASK INPUT mode. It is auto­
matically performed (when in the SMI mode) when data is 
transferred from SAMb to the DRAM (see SERIAL MASK 
INPUT section). 

SERIAL MASK INPUT (SM!) 
Whenever the BMR is accessed, the MKD input is sensed 

and latched into the BMR control logic. If the MKD pin is 
LOW at RAS time the Serial Mask Input (SMI) mode is 
disabled and the BMR may only be loaded via internal 
transfer cycles. If MKD is HIGH when RAS falls, duting a 
BMR access, then the BMR control logic enables the SMI 
mode and the BMR may be serially loaded via the MKD 
input. 

When SMI is enabled, the MKD input is coupled to all 
eight of the bit mask register's DQ planes (see Figure 9). The 
SCb clock input and SAMb's address counter are used to 
input data to SAMb and the BMR. SEb will enable (LOW) or 
disable (HIGH) input data to SAMb and the BMR, the 
address count will increment regardless of the state of SEb. 

The most common application of the SMI mode is to 
automatically load a transfer mask with the new data 
written to SAMb. To initialize the sequence, the BMR is 
cleared (CLR-BMR) with MKD = HIGH at RAS time to 
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Figure 9 
SERIAL-MASK-INPUT MODE BLOCK DIAGRAM 

enable the SMI mode. Then SAMb is prepared to accept 
input data by performing PSEUDO WRITE TRANSFER. 
The SAM starting address loaded will also apply to the 
BMR. For every address location that to which data is 
written in SAMb, the corresponding address location in the 
BMR will be written to the value present on MKD (all eight 
planes of the BMR will be written). After the input of data 
to SAMb is complete, a BIT MASKED WRITE TRANSFER 
may be performed and only the unmasked data from SAMb 
will be transferred to the DRAM. The BMR will be cleared 
automatically after a BIT MASKED WRITE TRANSFER 
from SAMb, if the device is in the SMI mode. A BMSWT 
from SAMb will clear on half of the BMR. This allows a new 
mask to be loaded during the next fill of SAMb, without 
performing a CLR-BMR cycle. If data .is to be masked 
during the BMWT, then MKD is held LOW when the 
corresponding SAMb data is written. If the data is to be 
written (unmasked) to the DRAM during the BMWT, then 
MKD is held HIGH when the corresponding SAMb loca­
tion is written. The function of the MKD pin is dependent on 
the II a direction of SAMb. MKD is. an input only, if SMI is 
enabled and SAMb is in input mode. If SMI is enabled and 
SAMb is in output mode, the MKD input is a "don't care," 
andnonewdatamaybewrittentotheBMRviaMKD.MKD 

is also" don't care" if the SMI mode is disabled. Note that the 
mask data loaded via SAMb may also be applied to a SAMa 
TRANSFER cycle, if the mask has not been cleared by a 
SAMb TRANSFER or a CLR-BMR cycle. The BMR will not 
be cleared after a TRANSFER involving SAMa. 

POWER UP INITIALIZATION 
When Vee is initially supplied or when refresh is inter­

rupted for more than 8ms the device must be initialized. 
After Vee is at specified operating conditions, for 100~s 

(minimum), eight RAS cycles must be executed to initalize 
the dynamic memory array. When the device is initialized 
the DRAM I/O pins (DQs) are in a High-Z state, regardless 
of the state of (TR)/OE. The DRAM array will contain 
random data. 

The SAM portion of the device is completely static and 
does not require an initialization cycle. Both SAM ports will 
power up in the serial input mode (WRITE TRANSFERs) 
and the SAM I/O pins (SDQ's) are in a High-Z state, 
regardless of the state of SE abo Also, SPLIT TRANSFER and 
SMI modes are disabled. Both QSF (MT43C8128) outputs 
may be in the High or LOW state. Both SAMs as well as bit 
mask, color, and DRAM mask registers all contain random 
data after power-up. 
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TRUTH TABLE 1 

CODE FUNCTION 
DRAM OPERATIONS 

CBR =-BEFORE-"RAS" REFRESH 

ROR RAS-ONLY REFRESH 

RW NORMAL DRAM READ OR WRITE 

RWNM NONPERSISTENT (LOAD AND USE) 
MASKED WRITE TO DRAM 

RWOM PERSISTENT (USE REGISTER) 
MASKED WRITE TO DRAM 

BW BLOCK WRITE TO DRAM 
(NO DATA MASK) 

BWNM NONPERSISTENT (LOAD & USE) 
MASKED BLOCK WRITE TO DRAM 

BWOM PERSISTENT (USE MASK REGISTER) 
MASKED BLOCK WRITE TO DRAM 

REGISTER OPERATIONS 

LMR LOAD MASK REGISTER 

LCR LOAD COLOR REGISTER 

TRANSFER OPERATIONS 

RT READ TRANSFER 
(DRAM-TO-SAM TRANSFER) 

SAT' SPLIT READ TRANSFER 
(SPLIT DRAM-T0-SAM TRANSFER) 

WT WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

PWT PSEUDO WRITE TRANSFER 
(SERIAL INPUT MODE ENABLE) 

MSwr' SPLIT WRITE TRANSFER (SPLIT SAM-
TO-DRAM TRANSFER DO WITH MASK) 

MWT DO MASKED WRITE TRANSFER 

IT43C812819 
iEV.4/92 

RlIS FALLING EDGE 
CAS" Tlr/llt !ME?W£'D DSFl DSF2 lli,"SEb TAM MKD 

0 X 1" X X X X X 

1 1 X X X X X X 

1 1 1 0 0" X X X 

1 1 0 0 0" X X X 

1 1 0 1 0" X X X 

1 1 1 0 0" X X X 

1 1 0 0 0" X X X 

1 1 0 1 0" X X X 

1 1 1 1 0" X X X 

1 1 1 1 0" X X X 

1 0 1 0 0 X 0 X 

1 0 1 1 0 X 0 X 

1 0 0 0 0 0 0 X 

1 0 0 0 0 1 0 X 

1 0 0 1 0 X 0 X 

1 0 0 0 1 X 0 X 

5-217 

!CAS FALL[ AO-A8' I 001-008' I REGISTERS 
STS DSFl m ClIS,A8--X RlIS W,W MASK COLOR 

X X X X X X - -
X - ROW - X - - -
X 0 ROW COLUMN X VALID - -

DATA 

X 0 ROW COLUMN WRITE VALID LOAD & -
MASK DATA USE 

X 0 ROW COLUMN X VALID USE -
DATA 

X 1 ROW COLUMN X COLUMN - USE 
(A2-A7) MASK 

X 1 ROW COLUMN WRITE COLUMN LOAD & USE 
(A2-A7) MASK MASK USE 

X 1 ROW COLUMN X COLUMN USE USE 
(A2-A7) MASK 

X 0 X5 X X WRITE LOAD -
MASK 

X 1 X' X X COLOR - LOAD 
DATA 

o=SAMa X ROW TApS X X - -
1=SAMb 

O=SAMa X ROW TApS X X - -
l:SAMb 

Q=SAMa X ROW TApS X X - -
1=SAMb 

O=SAMa X X' TApS X X -
1=SAMb 

O=SAMa X ROW TApS DO X - -
1=SAMb MASK 

O=SAMa X ROW TAp6 DO X - -
l=SAMb MASK 

MIcron Technology, Inc., reserves the right to change products or specifications without notice. 
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TRUTH TABLE 1 

m FALLING EDGE CAS FALL AD-A8' 001-008' REGISTERS 

CODE FUNCTION ClIS" TlliOF iMttwr" DSF1 DSF2 SEa;SEb TRM MKD STS DSF1 m ICAS,AB=X m CAS,wE' MASK COLOR 
BIT MASK REGISTER OPERATIONS 

BMR- BMR READ TRANSFER 1 0 1 0 0 X 1 0/17 0 X ROW X X X - -
RT (DRAM-BMR TRANSFER) 

SMA- BMR REA[) TRANSFER 1 0 1 0 0 X 1 0/17 1 X ROW X X X - -
IRT (DRAM-INVERT -BMR TRANSFER) 

BMR- BMR WRITE TRANSFER 1 0 0 0 0 X 1 0/17 0 X ROW X DO X - -
WT (BMR-DRAM TRANSFER) MASK 

BMR- BMR WRiT!': TRANSFER 1 0 0 0 0 X 1 011 7 1 X ROW X DQ X - -
IWT (SMR-INVERT -DRAM TRANSFER) MASK 

SAM- SAM-BMR TRANSFER 1 0 0 1 0 X 1 0/17 O=SAMa X X' TAp6 X X - -
BMR 1=SAMb 

SMA- SMR ...... SAM TRANSFER 1 0 1 1 0 X 1 011' O=SAMa X X' TAp6 X X - -
SAM bSAMb 

CLR- CLEAR BIT MASK REGISTER 1 0 1 1 1 X 0 0/17 X X X' X X X - -
BMR (SETS BMR TO ALL "0'5") 

BIT MASKED TRANSFER OPERATIONS 

BMRT BIT MASKED READ TRANSFER 1 0 1 0 1 X 1 X Q=$AMa X ROW TAP" X X - -
(BM DRAM-SAM TRANSFER) 1=SAMb 

BMSRT9 BIT MASKED SPLIT READ TRANSFER 1 0 1 1 1 X 1 X O=SAMa X ROW TAp6 X X - -
(BM SPLIT DRAM-SAM TRANSFER) bSAMb 

BMWT BIT MASKED WRITE TRANSFER 1 0 0 0 1 X 1 X' Q=$AMa X ROW TAp6 X X - -
IBM SAM-DRAM TRANSFER) 1=SAMb 

BMSWT" BIT MASKED SPLIT WRITE TRANSFER 1 0 0 1 1 X 1 X' (bSAMa X ROW TAps DQ X - -
(BM SPLIT SAM-DRAM TRANSFER) 1=SAMb MASK 

NOTE: 1, 0 = LOW (VIL), 1 = HIGH (VIH), X = "don't care," - = "not applicable," 

MT43C812819 
REV.4f92 

2, These columns show what must be present on the AO-A8 inputs when RAS falls and AO-A7 when CAS falls. 
3. These columns show what must be present on the DQ1-DQ8 inputs when RAS falls and when CAS falls. 
4. With WRITE cycles, the input data is latched at the falling edge of CAS or MEIWE, whichever is later. 

Similarly, with READ cycles, the output data is enabled on the falling edge of CAS or TRIOE, whichever is 
later. 

5. The row that is addressed will be refreshed, but no particular ROW address is required. 
6. Tap Address; this is the SAM location that the first SC cycle will access. For SPLIT TRANSFERs, the half 

receiving the transfer is determined by the MSB of the internal address counter. The SAM half not currently 
being accessed will be the half receiving the transfer. 
Column address A7 is a "don't care" for SPLIT TRANSFERs. 

7. The Serial Mask Input mode (SMI) is enabled ("1") or disabled ("0") when the BMR is accessed (see BMR 
OPERATIONS). If SMI is enabled (MKD = "1"), mask data is serially clocked into the BMR with SCb and the 
BMR is automatically cleared after a BIT MASKED WRITE or BIT MASKED SPLIT WRITE TRANSFER 
cycle from SAMb. For BIT MASKED READ TRANSFERs to any SAM and BIT MASKED WRITE 
TRANSFERs from SAMa, the BMR is not cleared automatically. 

8. If the SMI mode is enabled, mask data is clocked into the BMR with SCb. 
9. SPLIT TRANSFERs do not change SAM 1/0 direction. 

10. SAM 1/0 direction is a function of the state of MEIWE at RAS time. If MEIWE is LOW, then the selected SAM 
is an input; if MEIWE is HIGH, then the SAM is an output (except for SPLIT TRANSFERs), 

11. The MT43C8128/9 operates properly if this state is "X", but to allow for future functional enhancements it is 
recommended that they are driven as shown in the Truth Table. 
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MIC:RON MT43C8128/9 
1-· "ommoenc 128K x 8 TPDRAM 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss .............. -lV to +7V 
Operating Temperature, T A (Ambient) ......... DoC to +70°C 
Storage Temperature (Plastic) .................... -55°C to + 150°C 
Power Dissipation ........................................................... 1.5W 
Short Circuit Output Current ...................................... 50mA 

RECOMMENDED DC OPERATING CONDITIONS 
(O°C ~ T A ~ 70°C) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, All Inputs 

Input Low (Logic 0) Voltage, All Inputs 

DC ELECTRICAL CHARACTERISTICS 
:O°C ~ T A ~ 70°C; Vee = 5V ±5%) 

PARAMETER/CONDITION 

INPUT LEAKAGE CURRENT 
Any input (OV ~ VIN ~ Vee); all other pins not under test = OV 

OUTPUT LEAKAGE CURRENT 
(Dout is disabled, OV ~ VOUT ~ Vee). 

OUTPUT LEVELS 
Output High Voltage (lOUT = -2.5mA) 
Output Low Voltage (lOUT = 2.5mA) 

;APACITANCE 
TA = 25°C) 

PARAMETER 

Input Capacitance: AO-A8, TRM, MKD 

'Stresses greater than those listed under "Absolute Maxi­
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi­
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

SYMBOL MIN MAX UNITS NOTES 

Vee 4.75 5.25 V 1 

VIH 2.4 Vee+1 V 1 

VIL -1.0 0.8 V 1 

SYMBOL MIN MAX UNITS NOTES 

IL -10 10 I1A 

loz -10 10 I1A 

VOH 2.4 V 
1 

VOL 0.4 V 

SYMBOL MIN MAX UNITS NOTES 

CI1 5 pF 2 

Input Capacitance: RAS, CAS, MEIWE, TRlOE, SCa,b, SEa,b, DSF1,2, STS CI2 7 pF 2 
SSFa,b 

Input/Output Capacitance: DQ, SDQa,b 

Output Capacitance: QSFa,b 

-43C8128!9 
V.4J92 5-219 

Clio 9 pF 2 

Co 9 pF 2 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT43C8128/9 
1-· "'''''''' 128Kx8TPDRAM 

DRAM CURRENT DRAIN; SAMa, SAMb and SERIAL MASK INPUT (SMI) INACTIVE 
(O°C ::;; T A::;; 70°C; Vcc = 5V ±5%) 

MAX 
PARAMETER/CONDITION SYMBOL -8 -10 UNITS NOTES 
OPERATING CURRENT Icc1 105 95 mA 3,4 
(RAS and CAS = Cycling; tRC = tRC (MIN» 25 

OPERATING CURRENT: PAGE MODE Icc2 100 90 mA 3,4 
(RAS = VIL CAS = Cycling; tpc = tpc (MIN» 27 

STANDBY CURRENT: TTL INPUT LEVELS Icc3 10 10 mA 
Power supply standby current (RAS = CAS = VIH, after 8 RAS cycles (MIN» 

STANDBY CURRENT: CMOS INPUT LEVELS Icc4 2 2 mA 
Power supply standby current (RAS = CAS = Vcc-0.2V, 
after 8 RAS cycles min). All other inputs ~ Vcc -0.2V or ::;; Vss +0.2V 

REFRESH CURRENT: RAS-ONL Y Iccs 110 100 mA 3,26 
(RAS = Cycling; CAS = VI H) 

REFRESH CURRENT: CAS-BEFORE-RAS Icce 110 100 mA 3,5 
(RAS and CAS = Cycling) 26 

TRANSFER CURRENT: SAM/DRAM DATA TRANSFER Icc7 105 95 mA 3 

~ SERIAL PORT CURRENT DRAIN; SAM a, SAMb and/or SMI MODE -"'D o 
:tJ 
-I 
C 
:tJ » s: 

(Notes 3, 4) (O°C ::;; T A::;; 70°C; Vcc = 5V ±5%) MAX 

PARAMETER/CONDITION SYMBOL -8 -10 UNITS 
OPERATING CURRENT: SERIAL PORT (SAMa/SAMb) Iccs 45 40 mA 
(SCa/SCb = Cycling; tsc = tsc (MIN); SEa/SEb = VIL) 

OPERATING CURRENT: SMI MODE (SAM b) Iccg 20 20 mA 
(SCb = Cycling; tsc = tsc (MIN); SEb = VIL) 

STANDBY CURRENT: SERIAL PORT (SAMa/SAMb) Icc10 0 0 mA 
Power supply standby current (SCa/SCb = VIH or VIL; SEa/SEb = VIH) 

STANDBY CURRENT: SMI MODE (SAM b) Icc11 0 0 mA 
Power supply standby current (SCb = VIH or VIL; SEb = VIH) 

TOTAL CURRENT DRAIN 
(Notes 3, 4) WC ::;; T A::;; 70°C; Vcc = 5V ±5%) 

= DRAM CURRENT (lcc1-7) + SAMa CURRENT (Iccs or Icc10) + SAMb CURRENT (Iccs or Icc1O) + 
SMI CURRENT (Iccg or Icc11) [+ 10mA (If DRAM CURRENT = Icc3 or Icc4)] 

Example 1: 
Operating current (-8) with DRAM operating in Fast Page Mode, SAMa active, SAMb and SMI inactive: 

Icc(TOTAL) = DRAM CURRENT (lcc2) + SAM a CURRENT (Iccs) + SAMb CURRENT (lcc1O) + 
SMI CURRENT (lcc11) [+ 0] 

= 100 + 45 + 0 + 0 = 145mA (MAX) 

Example 2: 
Operating current (-10) with DRAM operating in CMOS Standby, SAMa and SAMb active, SMI active: 

ICC(TOTAL) = DRAM CURRENT (lcc4) + SAMa CURRENT (Iccs) + SAMb CURRENT (Iccs) + 
SMI CURRENT (Iccg) [+ 10] 

= 2 +40 + 40 + 20+ 10 = 112mA (MAX) 

NOTES 

MT43C8128f9 
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MICRON MT 43C8128/9 
1-· ,,,",~cce; "" 128K x 8 TPDRAM 

DRAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (DOC :<;; T A:<;; +70°C; Vee = SV ±S%) 

AC CHARACTERISTICS 

PARAMETER 

Random READ or WRITE cycle time 
READ-MODIFY-WRITE cycle time 

FAST-PAGE-MODE READ or WRITE 
cycle time 

FAST-PAGE-MODE READ-MODIFY-
WRITE cycle time 

Access time from RAS 

Access time from CAS 

Access time from (TR)/OE 

Access time from column address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 

RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

RAS to "CAS delay time 

CAS to RAS precharge time 

Row address setup time 

Row address hold time 

RAS to column 
address delay time 

Column address setup time 

Column address hold time 

Column address hold time 
(referenced to RAS) 

Column address to 
RAS lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

"CAS to output in Low-Z 

Output buffer turn-off delay 

Output disable 

Output disable hold time from start of WRITE 

Output Enable to RAS delay 

MT43C812819 
REV. 4192 

SYM 
tRC 

tRWC 
tpc 

tpRWC 

tRAC 

tCAC 

tOE 

tAA 

tCPA 

tRAS 

tRASP 

tRSH 

tRP 

tCAS 

tCSH 
tcp 

tRCD 

tCRP 

tASR 

tRAH 

tRAD 

tASC 

ICAH 

tAR 

tRAL 

tRCS 

tRCH 

tRRH 

tCLZ 

tOFF 

tOD 

tOEH 

tORD 

5-221 

-8 -10 
MIN MAX MIN MAX UNITS NOTES 

150 180 ns 

205 235 ns 

50 50 ns 

95 120 ns 

80 100 ns 14, 17 
20 25 ns 15 
20 25 ns 

40 50 ns 

45 55 ns 

80 20,000 100 20,000 ns 

80 100,000 100 100,000 ns 

20 25 ns 

60 70 ns 

20 10,000 25 10,000 ns 

80 100 ns 

10 10 ns 16 
20 60 25 75 ns 17 
5 5 ns 

0 0 ns 

12 15 ns 

17 40 20 50 ns 18 

0 0 ns 

15 20 ns 

60 70 ns 

40 50 ns 

0 0 ns 

0 0 ns 19 

0 0 ns 19 

3 3 ns 

3 20 3 20 ns 20,23 
3 10 3 20 ns 20,23 
15 15 ns 28 
0 0 ns 
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DRAM TIMING PARAMETERS (continued) 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (DOC ~ T A~ +70°C; Vee = 5V ±5%) 

AC CHARACTERISTICS 
PARAMETER 
Write command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

RAS to WE delay time 

Column address 
to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (512 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CAS-BEFORE-RAS refresh) 

CAS hold time 
(CAS-BEFORE-RAS refresh) 

MElWE to RAS setup time 

MEIWE to RAS hold time 

Mask data to RAS setup time 

Mask data to RAS hold time 

MT43C8128/9 
REV. 4/92 

SYM 
twcs 

twCH 

twCR 

twp 

tRWL 

tCWL 

tDS 

tDH 

tDHR 

tRWD 

tAWD 

tCWD 
ty 

tREF 

tRPC 

tCSR 

tCHR 

twSR 
tRWH 

tMS 

tMH 

5-222 

-8 -10 

MIN MAX MIN MAX UNITS NOTES 
0 0 ns 21 

15 20 ns 

60 75 ns 

15 15 ns 

20 25 ns 

20 25 ns 

0 0 ns 22 

20 20 ns 22 

60 70 ns 

100 130 ns 21 

60 80 ns 21 

40 60 ns 21 

3 35 3 35 ns 9, 10 

8 8 ms 

0 0 ns 

10 10 ns 5 

30 30 ns 5 

0 0 ns 

15 15 ns 

0 0 ns 

15 15 ns 
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MICRON MT43C8128/9 
1-· ,""""w"""c 128K x 8 TPDRAM 

TRANSFER AND MODE CONTROL TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6,7,8,9, 10) (0° C $; TA $; + 70°C; Vee = 5V ±5%) 

AC CHARACTERISTICS -8 
PARAMETER SYM MIN MAX 
TR/(OE) LOW to RAS setup time !TLS 0 
TR/(OE) LOW to RAS hold time tTLH 15 10,000 
TR/(OE) LOW to RAS hold time tRTH 70 10,000 
(REAL-TIME READ TRANSFER only) 

TR/(OE) LOW to CAS hold time tCTH 20 
(REAL-TIME READ TRANSFER only) 

TRI(OE) HIGH to SC lead time !TSL 5 
TRI(OE) HIGH to RAS precharge time tTRP 60 
TRI(OE) precharge time !TRW 25 
First SC edge to TR/(OE) HIGH delay time tTSD 15 
RAS to first SC edge delay time tRSD 80 
CAS to first SC edge delay time tCSD 25 
Serial output buffer turn-off delay from RAS tSDl 10 50 
SC to RAS setup time tSRS 30 
Serial data input to SE delay time tSlE 0 
RAS to SD buffer turn-on time tSRO 10 
Serial data input delay from RAS tSDD 60 
Serial data input to RAS delay time tSlS 0 
Serial Input Mode enable tESR 0 
(SE) to RAS setup time 

Serial Input Mode enable (SE) to RAS hold time tREH 15 
TR/(OE) HIGH to RAS setup time tyS 0 
TRI(OE) HIGH to RAS hold time tYH 15 
DSF,TRM, STS, MKD to RAS setup time tFSR 0 
DSF, TRM, STS, MKD to RAS hold time tRFH 15 
DSF to RAS hold time tFHR 60 
DSF to CAS setup time tFSC 0 
DSF to CAS hold time tCFH 15 
SC to aSF delay time tsaD 35 
RAS to aSF delay time tROD 65 
CAS to aSF delay time tcaD 35 
TRIOE to aSF delay time !TaD 25 
SPLIT TRANSFER setup time tSTS 30 
SPLIT TRANSFER hold time tSTH 0 

-10 
MIN MAX UNITS NOTES 
0 ns 

15 10,000 ns 

80 10,000 ns 

25 ns 

5 ns 

70 ns 

30 ns 

15 ns 

95 ns 

30 ns 

10 50 ns 

30 ns 

0 ns 

15 ns 

60 ns 

0 ns 

0 ns 

15 ns 

0 ns 

15 ns 

0 ns 

15 ns 

65 ns 

0 ns 

20 ns 

40 ns 29 
85 ns 29 
40 ns 29 
30 ns 29 

35 ns 29 
0 ns 29 
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SAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6, 7, 8, 9, 10) (0° C :0:; T A :0:; + 70°C; Vee = 5V ±5%) 

AC CHARACTERISTICS 

PARAMETER 

Serial clock cycle time 

Access time from SC 

SC precharge time (SC LOW time) 

SC pulse width (SC HIGH time) 

Access time from SE 

SE precharge time 

SE pulse width 

Serial data out hold time after 
SCHIGH 

Serial output buffer turn-off 
delay from SE 

Serial data in setup time 

Serial data in hold time 

Serial mask data in setup time 

Serial mask data in hold time 

SERIAL INPUT (Write) Enable 
setup time 

SERIAL INPUT (Write) Enable 
hold time 

SERIAL INPUT (Write) disable 
setup time 

SERIAL INPUT (Write) disable 
hold time 

SSF to SC setup time 

SSF to SC hold time 

SSF LOW to SC HIGH delay 

MT43C812819 
REV. 4192 

SYM 
tsc 

tSAC 
tsp 

tSAS 

tSEA 

tSEP 

tSE 

SOH 

tSEZ 

tSDS 

tSDH 

tMDS 

tMDH 

tsws 

tSWH 

tSWIS 

tSWIH 

tSFS 

tSFH 

tSFD 

5-224 

-8 -10 
MIN MAX MIN MAX UNITS NOTES 

28 30 ns 

25 27 ns 24,31 
10 10 ns 

10 10 ns 

15 20 ns 24 
10 15 ns 

10 15 ns 

5 5 ns 24,31 

3 12 3 15 ns 20,24 

0 0 ns 24 
10 10 ns 24 
0 0 ns 

10 10 ns 

0 0 ns 

15 15 ns 

0 0 ns 

15 15 ns 

0 0 ns 30 
15 20 ns 30 
5 5 ns 30 
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MIC:RON MT43C8128/9 
1-· """'CO"""' 128K x 8 TPDRAM 

NOTES 
1. All voltages referenced to V ss. 
2. This parameter is sampled. Vee = SV ±S%,f = 1 MHz. 
3. Ice is dependent on cycle rates. 
4. Ice is dependent on output loading. Specified values 

are obtained with minimum cycle time and the 
outputs open. 

S. Enables on-chip refresh and address counters. 
6. The minimum specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (O°C $; T A $; 70°C) is assured. 

7. An initial pause of 100/-1s is required after power-up 
followed by any S RAS cycles before proper device 
operation is assured. The S RAS cycle wake-up should 
be repeated any time the tREF refresh requirement is 
exceeded. 

S. AC characteristics assume tT = Sns. 
9. VIH MIN and VIL MAX are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
and VIH). Input signals transition between OV and 3V 
for AC testing. 

10. In addition to meeting the transition rate specifica­
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, DRAM data outputs (DQ1-DQS) is 
High-Z. 

12. If CAS = VIL, DRAM data outputs (DQ1-DQS) may 
contain data from the last valid READ cycle. 

13. DRAM output timing measured with a load equiva­
lent to 1 TTL gate and SOpF. Output reference levels: 
VOH = 2.0V; VOL = O.SV. 

14. Assumes that tRCD < tRCD (MAX). IftRCD is greater 
than the maximum recommended value shown in this 
table, tRAC will increase by the amount that tRCD 
exceeds the value shown. 

IS. Assumes that 'RCD ~ tRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, DQ will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tcP. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified 'RCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

IS. Operation within the tRAD (MAX) limit ensures that 
tRCD (MAX) can be met. lRAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, then access time is con­
trolled exclusively by tAA. 

19. Either IRCH or tRRH must be satisfied for a READ 
cycle. 

20. tOD, tOFF and tSEZ define the time when the output 
achieves open circuit (VOH -200m V, VOL +200m V). 
This parameter is sampled and not 100% tested. 

21. twcs, tRWD, tAWD and tCWD are restrictive 
operating parameters in LATE-WRITE, READ-WRITE 
and READ-MODIFY-WRITE cycles only. If twcs ~ 
twcs (MIN), the cycle is an EARLY-WRITE cycle and 
the data output will remain an open circuit through­
out the entire cycle, regardless of TR/OE. If twcs $; 

twcs (MIN), the cycle is a LATE-WRITE and 
TR/OE must control the output buffers during the 
WRITE to avoid data contention. If IRWD ~ tRWD 
(MIN), tAWD ~ tAWD (MIN) and tCWD ~ tCWD 
(MIN), the cycle is a READ-WRITE and the data 
output will contain data read from the selected celL If 
neither of the above conditions is met, the state of the 
output buffers (at access time and until CAS goes 
back to VIH) is indeterminate but the WRITE will be 
valid, if tOD and tOEH are met. See the LATE-WRITE 
AC Timing diagram. 

22. These parameters are referenced to CAS leading edge 
in early WRITE cycles and ME/WE leading edge in 
late WRITE or READ-WRITE cycles. 

23. During a READ cycle, if TR/OE is LOW then taken 
HIGH, DQ goes open. The DQs will go open with OE 
or CAS, whichever goes HIGH first. 

24. SAM output timing is measured with a load 
equivalent to 1 TTL gate and 30pF. Output reference 
levels: VOH = 2.0V; VOL = O.SV. 

2S. Addresses (AO-AS) change two times or less while 
RAS=VIL. 

26. Addresses (AO-AS) change once or less while 
RAS=L. 

27. Addresses (AO-AS) change once or less while 
CAS = VIH and RAS = VIL. 

2S. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have tOD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide previously read data if CAS 
remains LOW and OE is taken LOW after toEH is 
met. If CAS goes HIGH prior to OE going back LOW, 
the DQs will remain open. 

29. Applies to the MT43CS12S only. 
30. Applies to the MT43CS129 only. 
31. tSAC is MAX at 70° C and 4.7SV Vcc; tSOH is MIN at 

O°C and S.2SV Vce. These limits will not occur 
simultaneously at any given voltage or temperature 
tSOH = tSAC - output transition time; this is guaran­
teed by design. 
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MIC:RON MT43C8128/9 
1-· ",",eeoc, "" 128K x 8 TPDRAM 

I tCRP 

- VrH· t 
CAS VIL _---' 

DRAM READ CYCLE 

1 ________ ~tc~sH ____ ~--1 
tRSH 

tCAS 

II I tASR tRAH j ~I I~ 

~ ,00" :~: i ~ .~, ri VrT7'fT17/)fT17//,r;T17/fl/mj,(T17j,f/~T17cj,~/T7T/;fTrn.a< I ROW 

!:i """ :~:7ff/W'/##ff//$ff#$/ff#,J I.,"" I I I W!I$!;1///$///$$jJ 
_ tFSR II tRFH I tFSC I I tCFHI I 
"tJ DSFl ~:~:!rW'$&l- -w;;/////;M- -W!$//$rW'/II!/////~ I//I//////$//; 

~ "'" ::t:l'#$#,0'!l-""-II~Jr$/#$A1#$/$/)####$$/#//#J/$#,@. I #I#/#$#&. 
I I tM 
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tRAC 

OPEN 

I 
I 

I 

5-226 

tCAC 

tORD~1 
VALID DATA OUT OPEN 

~ DON'T CARE 

~ UNDEFINED 
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MIC:RON MT43C8128/9 
1-· ,"""'co"' " 128K x 8 TP DRAM 

DRAM FAST PAGE MODE READ CYCLE 

'RASP 

'PC 'RSH 

ADDR VIH 
VIL-

:~='W' /0' J 1/0' ff II ff J"",jl 
ROW II 

I _.I~ .. H .. ~ .. s:: 
t I 'FHR 

'FSR 'RFH i'CFH 

DSFl ~:~ -1- -
~~~~~~+-____ ~-U~~~ __ ~~~~+-__ ~~~~~~~~LU 

DSF2 ~:~_~II~y//#/////#,@J$#$)/#$ff$b/$$kff#$#/}###ffJ!lff1#&£ 
I 'AA I I I . I 'AA 1 . I'AA 

1 _______ .-:.:'RA:::::c---:i-:-_1 'CPA I tCPA I 
I~ ~ I~ ~ I~ __ tOFF 

tCLZ- - 'CLZ- -

DO VIOH- VALID VALID VALID 
VIOL - II DATA OUT DATA OUT DATA OUT OPEN-

I~ 'YH1 'OE 'aD 'OE 'aD 'OE '00 

miCE ~:~:ZZW W$$/ff!0J,d-_;ml-.#$;d-P$#;@//###$;/h 
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~ DON'T CARE 

~ UNDEFINED 
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MIC:RON MT43C8128/9 
1-· ,u,," '" w 128K x 8 TPDRAM 

WRITE CYCLE FUNCTION TABLE 1 

CODE 

RW 

RWNM 

RWOM 

BW 

BWNM 

BWOM 

LMR 

LCR 

NOTE: 

MT43C8t28!9 
REV. 4192 

LOGIC STATES2 

"RAS Fa lling Edge "CAS"Falling Edge 

FUNCTION A B C D E F 
lY1ElWE DSF1 DO (Input) ME7Wt DSF1 DO (Input) 

Normal DRAM WRITE 1 0 X 0 0 DRAM 

NONPERSISTENT (Load and Use) 0 0 Write 0/13 0 DRAM 
MASKED WRITE to DRAM Mask (Masked) 

PERSISTENT (Use Register) 0 1 X 0/13 0 DRAM 
MASKED WRITE to DRAM (Masked) 

BLOCK WRITE to DRAM 1 0 X 0/13 1 Column 
(No DQ Mask) Mask 

NONPERSISTENT (Load and Use) 0 0 Write 0/13 1 Column 
MASKED BLOCK WRITE to DRAM Mask Mask 

PERSISTENT (Use Register) 0 1 X 0/13 1 Column 
MASKED BLOCK WRITE to DRAM Mask 

Load Mask Data Register 1 1 X 0/13 0 Write 
Mask 

Load Color Register 1 1 X 0/13 1 Color 
Mask 

1. Refer to this function table to determine the logic states of "A", "8", "C", "D", "E" and "F" for the WRITE cycle 
timing diagrams on the following pages. 

2. TRM, MKD and STS are "don't care" for all WRITE cycles. 
3. If MEIWE is LOW, an EARLY-WRITE is performed; if it is HIGH, a LATE-WRITE is performed if ME/WE falls 

after CAS. 
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d - VIH 
CAS VIL-

tCRP 

DRAM EARL V-WRITE CVCLE 

tRAS 

tCSH 

~: 
tRSH 

tRCD tCAS 

f tAR 

tRP 1 

J 
\ 

t I tRAD 1 1 tRAL 

tASR tRAH ~I I~ I 
ADDR ~i~=~~----;RO-;--W __ bd =~, ~####Iff#Iff###.&<'---__ RO_W __ I -----;1---;I-:--tCWL~ II 

I I tRWL 

tWCR I I 
_I I twcs I I tWCHI 

MElWE ~i~::i$///$~~A~_ It:1 W///$$///$//j'/;!////)lj'$/$$$$ 

tFSR II tRFH tFH~FSC 1 I tCFHj 

DSFI ~i~=Vj'/)lj'M-B -~ E ~ljj//;!////////fi/////////////#/////;!/////////ffi 
DSF2 ~:~:{J///j'I!d~II~W//m##//;!)I##k)$!l!/$$$)I;1;1j')lfi///A $lI!I!!II!I//; 

tDHR I I . 
tDS I· 1 tDH L 

tMS tMH "I I 
DO ~ig~=W;1//;!/~-c~ ~ F1!/IiI/j'/;!;1/;!fij'$j'///;!///I!I!/j')lj'1IM 

tyS I~ 
TRICE ~i~:1.@'///j')- ~$/$ZW//fi////I$$ff/ff/)lfifil!l!$/j#/;!j'/$j'II//$u/$#//$///t0 

~ DON'T CARE 

~ UNDEFINED 

NOTE: The logic states of "A", "B", "C", "D", "E" and "F" determine the type of WRITE operation performed. See the 
WRITE Cycle Function Table for a detailed description. 

MT43C8128/9 
REV. 4192 5~229 
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UU:::RCN MT43C8128/9 
1-· ,,,,,,,won' 128K X 8 TPDRAM 

DRAM LATE-WRITE CYCLE 1 

'RAS 'RP I 
I 

RAS ~:t- \ 
tCSH 

'AA f~ 
'RSH 

=0 
tCRP 'RCO tCAS 

t I tRAD I I tRAL 

tASR tRAH ~I I tCAH I : ~"" ~r.l - b1~.,--,--CO_LUMN_~~$/'/'///$//'/'$;,x,--__ _ 
c: tWCR!! I t~:~L II 

~ .-"" ~~:'j'/'/'/'J-""'-AII--'"""..} 'rn, II ~--""-kww/Ir0'#M$$$/JWW//'/'#; 
:::D tFSR tRFH tFSC I I tCFH II :1 

-I OSF1 ~:t!#///////~-8-_- E II )&//;/;/,;/,/;$u;/,,$1//$#/////'&,$';/,1;0 

~ = ~r:W'##!0l-"""-II~w/'/####/'@/JW//')1/'#$#$##$#/W$,@/$'@#/,!IW'/:l 
s:: II tOHR II 

'MS tMH tos II tOHI 
DQ ~:gt=Ijj/////"d--C-~;/'$///#$$d-F-W/$;/'/,$1$$;J$ffiW$#$$//M 

~II~ ~I I~ 
mOE ~:r=W/;//;/$)· b///;/'#J ~u//$$#/$$;/,/#ff/$$/;/$/;//iI: 

r:z1 DON'T CARE 

~ UNDEFINED 

NOTE: 1. The logic states of HA", H8", HC", HE" and HF" determine the type of WRITE operation performed. See the Write 

MT43C812819 
REV. 4/92 

Cycle Function Table for a detailed description. 
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UU::RON MT43C8128/9 
1-· "'"'ow"' '" 128K x 8 TPDRAM 

ADDR ~:r 

DSFt ~:r 

-
-

:0~' 
I" 'ASR 'RAH 

-
- ROW 

I 'WSR 'RWH 

---:1 

DRAM READ-WRITE CYCLE 
(READ-MODIFY-WRITE CYCLE) 

'RAS 

'CSH 

d: 'RSH 

'RCD 'CAS 

'AR 

I 'RAD I I 'RAL 

~II~ 

'RP 

t 

't 
I - COLUMN ~~~~~~~~~~~/~~~/~~~~N 

I I'RWD .~II 

I-t-==! I 'CWD 'RWL 

'AWD 
I 

- A Y@!!ff 
1 'FHR .1 1 

D 
ROW 

'FSR 'RFH I 'FSC I 
=--s-Wi//!$/jd- ,~" 1 

- .Y////I/II 1/l!111 !l!I//IIII/// 1!l$ll!I!l I IA 

. 

DSF2 ~:r=Wlld~II~¥#II$IIII)I$IIIIII)IIIIIIIIIIIIII/III/#//!//;)~//IIIII/II//#///#//!IA 
I I'AA 

'RAC I 

DO ~:gr-

I 
I~ 'MH :1 
r C 'Ie 
ic t-

~II~ 

'CAC 

1_ 'DS 

VALID DOUTM; 

~ 'OD.I 

JDH :1 

F 'Ie 
t-

I~ 
OPEN 

~ DON'T CARE 

~ UNDEFINED 

NOTE: The logic states of "A", "8", "C" and "F" determine the type of WRITE operation performed. See the Write Cycle 

MT43C812819 
REV. 4/92 

Function Table for a detailed description. . 
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MIC:RON MT43C8128/9 
1-· ;""'0""", 128K x 8 TPDRAM 

RAS VIH-
VIL-

~ 

CAS 
VIH-
VIL-

DRAM FAST-PAGE-MODE EARLY-WRITE CYCLE 1,2 

tRASP 

[Z] DON'T CARE 

~ UNDEFINED 

NOTE: 1. READ cycles or READ-MODIFY-WRITE cycles may be mixed with WRITE cycles while in FAST PAGE 

MT43C812819 
REV. 4192 

MODE. 
2. The logic states of "A"; "B", "C", "0", "E" and "F" determine the type of WRITE operation performed. See the 

Write Cycle Function Table for a detailed description. 
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MICRON MT43C8128/9 
1-· """"OC' w 128K x 8 TPDRAM 

DRAM FAST-PAGE-MODE READ-WRITE CYCLE 
(READ-MODIFY-WRITE or LATE-WRITE CYCLES) 

tRASP 

ADDR ~:r= COLUMN 

"""-~ '=i'~i i "w,:.:::j t II ,~~::: II ::: 

~:r- A I I I I I I 
tFSR IltRFHI I~ ~I Irl ~I II. I~ ~I 

DSF1 ~:rd~-WUAI . !ff$lI#Jl ~·I );$/$/;0(r----

DSF2 ~:r=7hl~II~VI;aJ////////)//I!III!J~////)I!/I/////d~//J/J$/#$J$////////A 
,l 'M i ,,;~l ,~, I ,,:~~l- I~ ,""-l-,~ 

tCAC_! tCAC -! _ I tCAC_ -

tCLZ - - teLz - -

DO ~:gr= F ~~~l' F OPEN-

~II~ '------------'- _'O'~II--I-;!, r::_I._-)_-too
_ 

mOE ~:r:qJ \__ LJ ~ j . 

~ DON'T CARE 

~ UNDEFINED 

~OTE: 1. READ or WRITE cycles may be mixed with READ-MODIFY-WRITE cycles while in FAST PAGE MODE. Use 

1T43C812819 
EV.4I92 

the Write Function Table to determine the proper DSF1 state for the desired WRITE operation. 
2: The logic states of "A", "8", "C" and "F" determine the type of WRITE operation performed. See the Write 

Cycle Function Table for a detailed description. 

5-233 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 

II 
3: 
c: 
!:i -"1l 
o 
=l 
o 
:tJ 
l> 
3: 



II 
i: 
c: 
~ -"'C 
o 
~ 
c 
:a 
l> 
i: 

MICRON MT43C8128/9 
1-· ,,,"",coen, 128K x 8 TPDRAM 

DRAM RAS-ONL Y REFRESH CYCLE 
(ADDR = AD-A8) 

lj 'RAS _'R_P t~ 

: :::~,-----±--~ ~ICRP--i+-~II-=--=--=-==~---±:RPCb--'-. __ 
CAS VIL-~ 

'ASR 'RAH 
ADDR ~i~~,----_R"OW_--,~$$ljI$$/$//$/'@!I!I/$/*mx---ROW--

II 
MEIWE ~i~ 1//!I!I/$!I!I!I/IIII/$/$//I/$/$!I!I;1$!I/$/$!lI;1$!;1I$!!!I!I!I!I!I/$!I$!lI$§'j/j//I/M 

II DSFt ~i~:W!II/!lIII/$Ij//I!I§'$!j/$//$j/I/!!I!lj/j//II$!I$!;1!1$!I$#ljI$!/!I;l/$j/I$$$//$/11h 
II DSF2 ~i~ J!I;1 /!I j/ /1!l111 /$ j/ j/ j/ j/////lI j//I $// #/1 //11 jll/!! $;1 /#/ /II #//III!I §' //!I §' #/ //1/$$ //11 I/I/I! $!IZ 

V'OH II 
tyS tYH 

DQ V IOl II OPEN OPEN 

mOE ~i~ -~- -Wu$ff!lj//#/§'!I$j/j//#/#I!I;1!1!1;1$1/I$§'$ WllJW' 

CAS-BEFORE-RAS' REFRESH CYCLE 

ADDR ~i~:1/$!II/!/!i/ljI§'//!lj/$!jj/$/I$/$/!I$!I/II##u&#§'/$III#/#j/$/II/I!j/II§'/#////!I/lffffi 

~II~ 
MEIWE ~i~:'&W21 NOTE I V!i/liI/!/j/I$I#//j/!i//#/$/$I!I!lI/I/I!II/$ NOTE I 'o//I/I/I!/I/ 

DSFI ~it:wmw!l/$#!I//$ff!I#/j/!i/!$/I/$/$/#////#j//!i/!I/#I$$!jj!l/I!I/$/I/!i/I/!I/$$$/"j 

DSF' ~i~:1;1!1ff!1$I!I!I/!I§'/II#/!i//#//$///!I/II§'/#/§'////!I/;1mw#j//§'/jI$jI$/I/$j//$/#j//$/// 

DO ~:g~-:-----OPEN -------OPEN ------

mOE ~it :!!I/#/I//!I/II#//!lj/ff!I!I!lI/I!j//$/$///#//#///#//II/!i/I/!lj/j///#//$!I$ff#/#//#///11/1/#& 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. The MT43C8128/9 operates with this state. as "don't care," but to allow for future functional.enhancements it 

MT43C8128/9 
REV,4192 

is recommended that they be driven as illustrated for system upgradability. 
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MICRON MT 43C8128/9 
1-· ,",",,,we,,,,, 128K x 8 TPDRAM 

DRAM HIDDEN-REFRESH CYCLE 

I I 'AA 

'RAG I 
I 'CAG 

- -!OFF 

DQ ~:g~-

m1i5"E ~IH _ I~--~-~\~----_I· 'ORO }-----

OPEN VALID DOUT !--OPEN -

~I ~r 'YH 

IL --.1 '--__ --"-:'1 ______ --1 

~ 

~ DON'T CARE 

!Sill UNDEFINED 

NOTE: 1. A HIDDEN REFRESH may also be performed after a WRITE or TRANSFER cycle. In the WRITE case, 

VlT43C8128/9 
~EV. 4/92 

MEIWE '= LOW (when CAS goes LOW) and TRiolO = HIGH and the DO pins stay HIGH-Z. In the 
TRANSFER case, TRiOE = LOW (when RAS goes LOW) and the DO pins stay High-Z during the refresh 
period, regardless of TRIOE. 

2. The MT 43C8128/9 operates with this state as "don't care," but to allow for future functional enhancements it 
is recommended that they be driven as. illustrated for system upgradability. 
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DRAM/BMR TRANSFER CYCLE FUNCTION TABLE 1 

LOGIC STATES 

"RnFalling Edge 

COOE FUNCTION A B C 0 E F G 
ME7Wt DSF1 DSF2 TRM STS MKD DQ(lnput) 

BMR-RT BMR READ TRANSFER 1 0 0 1 0 0/11 
(DRAM-+BMR TRANSFER) 

BMR-IRT BMR READ TRANSFER 1 0 0 1 1 0/11 
(DRAM-+invert-+BMR TRANSFER) 

BMR-WT BMR WRITE TRANSFER 0 0 0 1 0 0/11 
(BMR-+DRAM TRANSFER) 

BMR-IWT BMR WRITE TRANSFER 0 0 0 1 1 0/11 
(BMR-+invert-+DRAM TRANSFER) 

CLR-BMR CLEAR BMR (CLR-BMR) 1 1 1 0 X 0/11 

DRAM/BMR TRANSFERS 

tRAS tRP ·1 
\ 

CAS ~:t-=:J II 
tASR tRAH 

ADDR ~:t:~---ROW k$!7u/$/!$//$/§/$J$/$$/;//$ff/§/$~--RO-W--

tCSH 

I tRSH 

tCRP tRCD tCAS 
\ -I NOTE 2 I 
,----,-----1 _f 

tWS.R II tRWH 
MEiNE ~:t:~--A-~§jj'$!7u//////§§$!7U/§)/////$/$;W/$//#$/§j#$$$ff/$M 

tFSR II tRFH 
OSF1,O~~g:~~~ ~:t:~~ ;';';kw///)/I)/#$$/$/$//§§$//$////P'$#$§$$$ff$/$/!$$;/ 

tMS II tMH 
DQ ~:gt~-· -G-W//#$//!7)/$)///$/$$/$//////$///§)/$///§/)/$///)/!7)/$)//$!t; 

tvs II tVH 
TRICE ~:t:~- -V#$$$$)I$/)/;W/§/$!7$//$/$//$/!§/§$/$§$$J$ff§)/M 

NOTE: 1. Serial Mask Input mode is enabled if MKD= HIGH; disabled if MKD = LOW. 
2. It is not necessary to drop CAS during a DRAM/BMR TRANSFER. 

~ DON'T CARE 

Il88! UNDEFINED 

X 

X 

Mask 

Mask 

X 

MT43C6128/9 
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MIC:RON MT43C8128/9 
I-a """"'''' 128Kx8TPDRAM 

READ TRANSFER CYCLE FUNCTION TABLE 1 

LOGIC STATES 
mFallingEdge 

CODE FUNCTION A B C 0 E 
OSF1 DSF2 TRM STS MKD 

RW READ TRANSFER 0 0 0 0/1 2 X 
SRT SPLIT READ TRANSFER (DRAM-SAM) 1 0 0 0/1 2 X 

BMRT BIT MASKED READ TRANSFER 0 1 1 0/1 2 X 
BMSRT BIT MASKED SPLIT READ TRANSFER 1 1 1 0/1 2 X 

BMR-SAM BMR-SAM TRANSFER 1 0 1 0/1 2 O/P 

NOTE: 

MT43C8128i9 
AEV.4!92 

1. Refer to this function table to determine the logic states of "A", "B", "C", "0" and "E" for READ TRANSFER 
cycle timing diagrams on the following pages. 

2. The state of STS at the falling edge of RAS determines the SAM involved in the transfer. When STS = LOW, 
the transfer.is 10 SAMa; when STS = HIGH, the transfer is to SAMb, 

3. Serial Mask Input mode is enabled if MKD = HIGH; disabled if MKD = LOW. 

5-237 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT43C8128/9 
1-· H,",,,,,,,,,,, 128K x 8 TPDRAM 

SCa,b 

SOOa, b 

READ TRANSFER 1,4 

(DRAM-TO-SAM TRANSFER) 
(When part was previously in the SERIAL INPUT mode) 

lRAS IRP 

~ 
tCSH I 

tASH 

I ~ tACO tCAS 

-~ ~ NOTE 2 / IAR 

I I~ I I tRALI 

tASR ~ ~I I~ --1-

______________ ~IR=QD~ ___ I_CQ_D_IT_QD ____ :I~------------------
QSfa,b ~gr_,--_________________ NOT_E_5 _______________ ~ ________ N_OT_E5_-----

~ DON'TeARE 

NOTE: 1. SSFa, b = "Don't Care" (MT43C8129) ~ UNDEFINED 

MT43C8128/9 
REV. 4/92 

2. CAS is used to load the Tap address. If CAS does not fall, the last Tap address 
loaded for the addressed SAM will be reused. 

3. There must be no rising edges on the SC input during this time period. 
4. The logic states of "A", "B", "C", "0" and "E" determine the type of TRANSFER operation performed. See the 

Read Transfer Cycle Function Table. 
5. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 

5-238 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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U .. :::I=ION MT43C8128/9 
1-· ,,,""ecoc,,,,, 128K X 8 TPDRAM 

RAS 

CAS 

ADDR 

V!H-
VIL-

VIH-
VIL-

REAL-TIME READ TRANSFER 1,4 

(DRAM-TO-SAM TRANSFER) 
(When part was previously in the SERIAL OUTPUT mode) 

tRC 

tRAS tRP 

tCSH 

IRSH 

~ tRCD tCAS 

NOTE 2 

tAR 

tRAL 

V'H_T7T7n.Jc-'----'-'----in7777~Jc_----'--,L§ZT777777777717777T777T7T7777777777TT.T777777777717777T777rrfz7TT777777777T777TT, 
Vll-

~II~ I I 
tFSR tRFH I I 

DSF1, DSF2, 
TRM, STS, MKD 

w{-' -
~:~-wJ I Ii ~=j'lw//////////////////////////////////////////////////////////////////////////////$//////$/;14% 
,:~' I~:' '-' 'LLU~u.LLLLLL"-CI.LLU~u.LLLLLLLLLL.LLU,,-,-,"<-U..LLLLL.LLU.LLUu.LLLLLLLLLL.u..u.LLU"-"T1 LLLLLLLL.LLU.LLU~ 

~ "- j ,~I'~ ~. '- I ---
VIH-
VIL - LLLL-'-'-" _____________ ---1 ____ tT"'RW"--__ "-LLLLLL.LLU.LLU~<-U..LLLLL.LLU 

tsc 

SCa,b 

~SOH __ 

~:g~::----c-\ ~1~~T)_-t-SE-Z--~-t~~~ '---;--I-----':j:'--------.J '-----~ 
'SE tSEP PRIEV'CUS ROW T NEW ROW 

~:~-----i-YM:19im'//h 

SDQa,b 
VALID Dour 

SEa,b 

I tTOO 

-----------------------------_~~~~=I~-----------------
QSFa, b ~g~ NOTE 4 ~ NOTE 4 

------------------------------------~ 

fZ) DON'T CARE 

NOTE: 1. SSFa, b = "Don't Care" (MT43C8129) fl88l UNDEFINED 

MT43C612BJ9 
REV. 4192 

2. CAS is used to load the Tap address. If CAS does not fall, the last Tap address 
loaded for the addressed. 

3. The SE pulse is shown to illustrate the serial output enable and disable timing. It is not required. 
4. The logic states of "A", "S", "C", "0" and "E" determine the type of TRANSFER operation performed. See the 

Read Transfer Cycle Function Table. 
5. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 

5-239 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC::RON MT43C8128/9 
1-· ""'""00""' 128K X 8 TPDRAM 

~ 

--1 

SPLIT READ TRANSFER 3 

(SPLIT DRAM-TO-SAM TRANSFER) 

'RC 

'RAS 

t 
tCSH II 

tRSH 

II tRCD tCAS 

II 

'AR } NOTE 1 / 

'RP .1 

\ 

II 
I~RAD 1 1 I IRAL 

'ASR tRAH ~I J _leAH 
~I- -

ADDR ~:~=~ ROW ~ TAP ADDR (B) ~//;l/l/l////;l$//;l;l;l/#/;l$;l////$;l/#/;l/#;l;l;l/$/////#/;/ 
MEiWE ~:t~+--I 'WSR 1111~Wff/l$/I$I//I/I////$//IJ,&//i/I/I/I$$#J////l,,01/1$!;1/1$$//M/I$/"/I/$// 

~~ \ 

TR~~~~s~~kl; ~:~=~' A, B, C, D, E Xw///I//I/I///$/ff/$$$///0'/////I$,,01//$//I/I///I///I/$////IJ/I////,,01/1///$//,,;: 
I 'OFF II I 

DQ ~:g~=~ OPEN ----'------- OPEN ---

'TLS II 'TLH I 
TRiOE ~:~=W>l- -1;:;;//1/$/$/1//1///1//$///1//1//1/$/1/1/,,01//1/1///1/1/1/1/////1$/"/1/;//1/$/1/,,01/1$//, 

~I I 
~ 

Sea, b ~\~= 

- VIH 
SEa,b VIL:.-+---+-------::f---.---___ -n-___ t--__ _ 

!·MT43C8128--------------:I----I~:~-----~----I~~~:---------------------------------------------------------II-------------l------------------1 
i SDQ',b ~:g~=~~ A(128.A) ~~ 125(253) X '26(254) X 127(255) X 128.B(B) i 
i -!'SQD- II~I I : 
! QSFa,b ~g~= SAMMSB ~ (NOTE 2) X NEWMSB : 

!MT43Cai29----- --------:1--- i~:~~----: ----I~-:i~-------------------------------- -----------·------------11------- --------1--------------------: 

i SDQ, b ~:g~=~ 255(127) i A (128.A) ~~ (X 2) X (X 1) X X 128.B(B) i 
i tSFS II ISFH tSFD I : 
i, ,,)--11- i, 

SSFa,b ~:t=---------__ff__----~ '{ l ________________________________ . __________________________________________ ~~ ____________________________________________________________________________ : 

Iz::3 DON'T CARE 

NOTE: 1. CAS is used to load the Tap address. If CAS does not fall, the last Tap address 1m UNDEFINED 

loaded for the addressed SAM will be reused for the idle half. 

MT43C8128f9 
REV.4!92 

2. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 
QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 

3. The logic states of "A", "8", "C", "0" and "E" determine the type of TRANSFER operation performed. See the 
Read Transfer Cycle Function Table. 
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MIC:RON MT43C8128/9 
1-· "e,,, "'" 128K x 8 TPDRAM 

WRITE TRANSFER CYCLE FUNCTION TABLE 1 

LOGIC STATES 

"RAS" Falling Edge SC 

CODE FUNCTION A B C D E F G H 
DSF1 DSF2 DO TRM STS If MKD MKD 

WT WRITE TRANSFER 0 0 X 0 0/1 2 0 X -
(SAM---DRAM) 

PWT PSEUDO WRITE 0 0 X 0 0/1 2 1 X -
TRANSFER 

MSWT DO MASKED SPLIT WRITE 1 0 Mask 0 0/1 2 X X -
TRANSFER (SAM---DRAM) 

MWT DO MASKED WRITE 0 1 Mask 0 0/1 2 X X -
TRANSFER (SAM---DRAM) 

BMWT BIT IyIASKED WRITE 0 1 X 1 0/1 2 X X 0/1 4 

TRANSPER (SAM---DRAM) 

BMSWT BIT MASKED SPLIT WRITE 1 1 Mask 1 0/1 2 X X 0/1 4 

.TRANSFER (SAM---DRAM) 

SAM-BMR (SAM---BMR) TRANSFER 1 0 X 1 0/1 2 X 0/13 -

NOTE: 

1T43C81-2et9' 
EV.4192 

1. Refer to this function table to determine the logic states of "A", "B", "C", "0", "E", "F", "G" and "H" for WRITE 
TRANSFER cycle timing diagrams on the following pages. 

2. The state of STS at the falling edge of RAS determines the SAM involved in the transfer. When STS = LOW, 
the transfer is to SAMa; when SAM = HIGH, the transfer is to SAMb. 

3. Serial Mask Input (SMI) mode is enabled if MKD = HIGH and disabled if MKD = LOW. 
4. When in the SIyII mode (see BMR transfer waveforms) MKD is the SMI data input. MKD data is clocked into 

all bit planes of the bit mask register with SCb. A logic "1" on MKD will allow data to pass through all the 
mask; a logic "0" will mask the corresponding location of the SAM during a BIT MASKED TRANSFER. BIT 
MASKED TRANSFERs to or from SAMa must not take place while mask data is being serially input via SCb 
and MKD. 

5-241 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MU::I=ION MT43C8128/9 
1-· "'" 128K x 8 TPDRAM 

NOTE: 

MT4SC81-28J9 
':I!rN.4J92 

WRITE TRANSFER 4 

(When part was previously in the SERIAL OUTPUT mode) 

tAAS tAP 

\ 
tCSH 

I tASH 

tCRP tRCO tCAS I 

. .../ 
tAA } 

N01<t ¥ / 
I I I~D I tAAe 

~ ~ ~ I~ 
ADOA ~:~:_ ROW ~ SA" START b//$i/II//II/Iff/Iff/;Iff/////$///II//IffIff/Iff/IIIIII///1I/4 

1 tWSR II tRWH I 
MElViE ~:~:~- -W/II/II!!I!!III!!/!I!!III!!I!/////l/l///III//I!!IIIIII//II//I//IIIII/////I!/I!//I!!/I1I!!//III//I& 

I ~II~ I 
DSf,\M':"~ ~:~_ A, B, 0, E W/II/$'III/;11!//I//I!/I!/III/III!I!!I!!/I!!!I!!I11/I//I11///II/IIl/$/!I!!;1I!!I!!/I1/III!I!!/;J% 

I~~I~ I 
DO ~i8t': =3 C ) OPEN OPEN ---

tTLS II tTLH I tcso I . 

'ffiIOE ~:~:~- -V/I!III!!III/IIIII/I1I//III///$'III!III!!/III/I!/I!!!I!!I!!/II/IIIIIIIIIII/II/II!!/I!!/II!!I!!////ft 
::1 I, 

II 

'Aso 

SCa,b ~~~: 

1. CAS' is used to load the Tap address. If CAS' does not fall, the last 
Tap address loaded for the addressed SAM will be reused. 

2. There must be no rising edges on the SC input during this time period. 

~ DONTCARE 

Ill8a UNDEFINED 

3. SE must be LOW to input new serial data, but the serial address register is incremented by SC regardless 
ofSE". 

4. The logic states of "A", "8", "C", "0", "E", "F", "G" and "H" determine the type of TRANSFER operation 
performed. See the. Write Transfer Cycle Function Table. 

5. aSF = 0 when the Lower SAM (bits 0-127) is being accessed. 
aSF = 1 when the Upper SAM (bits 128-255) is being accessed. SSFa,b = "don't care;' (MT43C8129). 

5-242 Micron TechnolOgy, Inc" reserves U1el1ght to change prodUCl1s or specifications wittlout notlce 
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UIt::::I=ICN MT 43C8128/9 
1-· ,,,,we,",,,,, 128K X 8 TPDRAM 

WRITE TRANSFER 4 

(When part was previously in the SERIAL INPUT mode) 

tRAS 'RP J 

\ 
tCSH 

I IRSH 

~ tRCD tCAS I 

'--.J tAR} NOTE 1 IJ 
1 I~D I I I tRAL 

~ ~ ~l I~ 
ADDR ~:r=_ ROW ~ SAM START ~/##/#//##/$///#/m#/$##//!0'/#/////#//#////#///& 

I ~I' 'RWH I 
ilENiE ~:r_ '1-1W$p'//N//;!////#//$"@/$#//#/////##/@/#/$/@//#/!;1)!P'$/;!/$/;!/;!$NP''';: 

DSi~:~~~ ~:~~~,I::-ku/#/;!//;!//)/;W$@$$//;!/,@/;!/$///##/$/#I/;!/;!$)!$/#/#//@/W$$I; 
I~~II~ I· 

DO ~:g~= ~" c,~ OPEN I '" , OPEN 

'ns II 'TLH 'eSD I 
TRiOE ~:~=-- -lw/;!/$///;!///////////$$$////$////;!/$/P'////$##///$/$//!;1!;1P'#//$//////;!//;!/J 

:::: _,II---+----"""--~~II--;----:------""-:--I 
SCa,b ~it=--...I ,:,-. ____ -,-_____ --''--_----'[1 

-I -::::-111 
SOCa, b ~:g~:7t VALID DIN i/////////////////////////////;?t VAllO DIN W//////!/// ~ VALID DIN 

I tRSD :tse 

I 'SP 'SAS 'SP 

~ 
II r--

NOTE 2 ''ti 

1 I~ tSD~1 I~ 

BE,,' ~:~=~r'--"~~~br/$$///ffi!tW#/,$//;!@'#g,@/;!/J :::: I NOTE' 

_ ["~~dl~l_ I ,,' _I~I 
MKD ~:~:'~ 'G )W#///@////@#//N////N$/##//$$#/$Mr---;-H:----~ 

I !SOH 

:-i 
I ____ I-=-~'R-O""--D -=~'eO~D ===J~_----,--::::::::-:--__ 

QSFa,b ~gr--_' ________ N_OT_E5 ______ ~~'--, ____ NO_T'_' ___ _ 

~DON'TCAFIE 

OTE: 1. CAS is used to load the Tap address. If CAS does not fall, ~ UNDEFINED 

~C8128/9 
'.4192 

the last Tap address loaded for the addressed SAM will be reused. 
2. SE must be LOW to input new serial data, but the serial address register 

is incremented by SC regardless of SEt 
3. There must be no rising edges on the SC input during this time period. 
4. The logic states of "A", "8", "C", "D", "E", "F", "G" and "H" determine the type of TRANSFER operation 

performed. See the Write Transfer Cycle Function Table. 
5. QSF = O,when the Lower SAM (bits 0-127) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. SSFa,b = "don't care" (MT43C8129). 

5-243 Micron Technology, Inc., reserves the right to change prodU!$ or specifications witholJt notice. 
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MIC:r"""'IION MT43C8128/9 
1-· r-tl"" 128K x 8 TPDRAM 

NOTE: 

MTfaC812B19 
REV. 4192 

tCRP 

I" 'ASR 

AODR ~:~-1///.01: 

SPLIT WRITE TRANSFER 3 

(SPLIT SAM·TO·DRAM TRANSFER) 
RC 

'RAS 

1CSH ~. 
'ABH II tRCD 'CAS 

NOTE' J 
'AR 

I 'RAD 'RAL 

~I I~ J l--tCAH II 
ROW )0'/.at TAP ADDR (8) 

'RP 

\ 

I I.'WSR 11'_ . . I 
MEiNE ~Ir:_- -'I//I////I///////////I////II/////I///!/I/I/I//!///////////////II//I//////IIIO'/II/II///IO'///I/I111!~ 

. I ~II~ ... I 
DS~~~~ ~Ir:~ A. B. D. E b$JI///II/II/!/I//I/)fIl/II////IIIJI////)fIl///IIII!IIII!///////I/$////I//)f/lIl//lI/fflllffi 

~b3 I 
DO ~18t': ?1Gn:. OPEN -----7-,------ OPEN . 

'fiWE ~I~_- -WI/IIIIII/!!I1!1//P///I///)fIl////II/II///!/I)f/I//II/!l//III/)fIl//II//II/////II//////II/)f//1/l2 

~I ,~ I~ 
"ca.' VIH_ 

VIL-

SEa.b VIH-
VIL.-

" 

MKD 

1. ~ is used to load the Tap address. If ~ does not fall, the last 
Tap address loaded for the. addressed SAM will be reused. 

2. QSF = 0 when the Lower SAM (bits o~ 127) is being accessed. 
QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 

~UNDEFINED 

3. The logic states of "A", "B", "C", "D","E" and "H" determine the type of TRANSFER operation performed. See 
the Write Transfer Cycle Function Table. 

5-244 Micron Technology, Inc., reaerveslhe right to cttange proclIctsor apacIficatIon8w1lhoutnotk 
01992, MIcron Ted1nolClgY, Ir 



MIC:I=ION MT 43C8128/9 
1-· 128K x 8 TPDRAM 

SAMa or SAMb SERIAL INPUT 

tSWH tSWIH tsws 

- VIH-
SEa.b VIL-" _________ -+ _____ -Jf 

tsc 

SCa.b 
VIH-
VIL-

tSOH 

SOQa.b 
VIH-
VIL-

A-t 

SAMa or SAMb SERIAL OUTPUT 

§Ea.b 
VIH-__ 1 
VIL- " 

tsc 

tSAS tspi 

sca.b 
----f ~ I ~ 

tSAC 

I ~ I tSEZ 

SOQa.b ~gr: A-1 rwt A 

tSEP 

\'----tsc --tsc 

tsAs tspl tSAS 

~ I ~ 
tSAC I tSAC 

tSEA_1 -~ 
A+1 l((!!J 

tsp 

~ J 

A+2 

tSAC 

~I 
Wlh. A+3 
~ 

~ DON'T CARE 

I88l! UNDEFINED 

OTE: "Si:a, SCa and SDQa are used when accessing SAMa and 'Si:b; SCb and SDQb are used when access 
inSAMb. 

130812819 
' . ..,.. 5-245 MIcron Ttctmology. Inc.. l'tfIervH tile tight to change products or apeclfIoaIions wIthO~ notice. 
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1-· ," cc, ,,, 128K x 8 TPDRAM 
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ADVANCE 

MIC::F=lON MT43C256K8A1 
1-· "" " 256K X 8 TPDRAM 

TRIPLE PORT 
DRAM 
FEATURES 
• Three asynchronous, independent, data access ports 
• Fast access times - 60ns random, 15ns serial 
• Operation and control compatible with 2 Meg VRAMS 
• High-performance, CMOS silicon-gate process 
• Low power: 15mW standby; 450mW active, typical 
• 512-cyde refresh within 8ms 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• FAST PAGE MODE with Extended Data Out 

(TC =3Ons) 
• Two bidirectional serial access memories (SAMs) 
• Fully static SAMs and Mask Register, no refresh 

required 
• 4,096-bit Transfer Mask Register 

SPECIAL FUNCTIONS 
• MASKED WRITE (Write-Per-Bit) 
• BLOCK WRITE 
• SPLIT READ AND SPLIT WRITE TRANSFERs 
• PROGRAMMABLE SPLIT SAM!! 
• BIT MASKED TRANSFERS 
• SERIAL MASK DATA INPUT mode 

OPTIONS MARKING 
• Timing [DRAM, SAM!! (cyde/access)] 

60ns,20ns/15ns -6 
7Ons,25ns/2Ons - 7 
80n~28ns/25ns -8 

• Packages 
Plastic SOP (550 mil) SG 

GENERAL DESCRIPTION 
The MT43C256K8A1 is a high speed, triple port CMOS 

dynamic random access memory (TPDRAM) containing 
2,097,152 bits. Data maybe accessed by an 8 bitwide DRAM 
port or by either of two independently-docked 512 x 8-bit 
,erial access memory (SAM) ports. Data may be transferred 
Jidirectionally between the DRAM and the SAM!!. 

The DRAM portion of the TPDRAM is functionallyiden­
ical to the MT4C4256 (256K x 4) DRAM. Sixteen 256-bit 
lata registers make up the serial access memory portions of 
he TPDRAM. Data I/O and internal data transfer are 
lccomplished using five separate bidirectional data paths; 
he 8-bit random access I/O port, a pair of internal 2,048 bit 

256K x 8 DRAM WITH 
DUAL 512'x 8 SAMS 

PIN ASSIGNMENT (Top View) 

64-Pin SOP* 

6. 
63 
62 
61 
60 

" 58' 
57 
!j6 

10 55 
11 54 
12 53 
13 52 
14 51 
15 50 
16 49 
17 '8 
18 47 
19 46 

46 
44 
43 
'2 
41 
40 
39 
36 
37 
36 
35 
3. 
33 

'Pinouts to be determined 

wide paths between the DRAM and the SAM!!, and the pair 
of 8-bit serial I/O ports for the SAMs. The rest of the 
circuitry consists of the control,timing,and address decod­
inglogic. 

All three ports may be operated asynchronously and 
independently of the others except when data, is being 
internally transferred between the DRAM and either SAM. 

Each of the 4,096 bits involved in an internal transfer may 
be individually masked by performing a BIT MASKED 
TRANSFER operation. The 512 x 8-bit, bit mask data regis­
ter can be parallel loaded from the DRAM or either SAM, or 
it may be serial loaded through the MKD serial input. 

T43C256K8A1 
EV.4192 5-247 Micron Technology. Inc., reserves the rig'lt to. change products or specifications ,without notice._ 
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ADVANCE 

MICRON MT43C256K8A1 
1-· , " " 256K x 8 TPDRAM 

As with all DRAMs, the TPDRAM must be refreshed to 
maintain data. The refresh cycles must be timed so that all 
512 combinations of RAS addresses are executed at least 
every 8ms (regardless of sequence). Micron recommends 
evenly spaced refresh cycles for maximum data integrity. 
An internal transfer between the DRAM and either SAM 
counts as a refresh cycle. The SAM portions ofthe TPDRAM 
are fully static and do not require any refresh. 

The operation and control of the Mf43C256K8A1 are 
optimized for high performance graphics and communica­
tion designs. The triple port architecture is well suited to 
buffering the ~quential data types used in rastor graphics 
display, video windowing, serial and parallel networking 
and data communications. Special features, such as SPLIT 
TRANSFER, BIT MASKED TRANSFERS and BLOCK 
WRITE allow further enhancements to system performance. 

FUNCTIONAL BLOCK DIAGRAM 

MT 43C256K8A 1 
REV. 4192 

------- .. -------------------------------- .. ------------------------------------------ .. - .. ------- .... --- .. - .. ---------, 
, 
, 

D01 
TO 
D06 

~----------------__ ----------------------~_+ OOFb L-____________________________________________ ~-+ OOFa 

5-248 Micron Technology, Inc., reserves Ute right to change products or specifications without notIa! 
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1l\JII1"-~ON TN-OO-01 
1-· '-1'"""1 c" "' MOISTURE ABSORPTION 

TECHNICAL 
NOTE 
INTRODUCTION 

All plastic integrated circuit packages have a tendency to 
absorb moisture. During surface mount assembly, this 
moisture can vaporize when subjected to the heat associated 
with solder reflow operations. Vaporization creates internal 
stresses that can cause the plastic molding compound to 
crack. Cracks in the package allow contamination to 
penetrate to the die and potentially reduce the reliability of 
the semiconductor device. The cracking process associated 
with surface-mountable devices is commonly referred to as 
the "popcorn effect." 

Cracks in the plastic pose several reliability concerns. The 
moisture path to the die is shortened, allowingionmigration 
or corrosion to occur more readily. Minor cracks, that might 
notbeharmful initially, could propagate with time, resulting 
in a longer-tenn functional failure. 

Since plastic packages absorb moisture, care must be 
taken to prevent exposure for any long period prior to 
surface-mounting the devices on the printed circuit board. 
if exposed to excessive moisture, the devices should be 
baked to remove moisture prior to solder reflow operations. 

This technical note describes the shipping procedures 
that ensure Micron customers will receive memory devices 
that do not exhibit the popcorn effect. It also discusses 
'vficron's recommendations for baking the devices if they 
ue exposed to excessive moisture. 

!\BSORPTION CHARACTERISTICS 
Micron's extensive testing empirically characterizes the 

noisture absorption characteristics of plastic packages. As 
he plastic takes on moisture, the weight of the device 
ncreases. Micron employs a standard procedure for 
veighing the device before and after it is exposed to 
noisture. We calculate the percentage of weight gain to 
leterrnine the relative efficiency of different packaging 
echniques used for shipping devices. 

dICRON PROCEDURES 
Micron has eliminated any· chance of having popcorn 

lilures with surface-mount packages by shipping all 
llIface-mountdevices in sealed bags containing a desiccant. 
levices stored in these bags show no measurable weight 
ain when subjected to a high humidity environment for 
mg time periods. 

-00-01 
V.4192 6-1 

MOISTURE ABSORPTION 
IN PLASTIC PACKAGES 

DEVICE STORAGE 
To prevent device failure due to the popcorn effect, store 

plastic surface-mount packages carefully before PCB 
assembly. Micron has run tests on devices that have been 
exposed to 50 percent humidity outside of their shipping 
containers for time intervals from six months to one year 
and no failures have been recorded. 

Any concerns about the moisture absorption can be 
eliminated by storing the devices in Micron's shipping 
bags. We designed these containers to prevent the passage 
of water vapor for long periods of time. 

DEVICE BAKING 
If devices have been removed from their shipping 

containers and exposed to high levels of moisture, Micron 
recommends a device bake-out procedure before surface 
mounting. This bake-out may be accomplished by placing 
the parts in a tray and baking in an oven for 160 hours at 400 

C. Any moisture is driven out of the devices during the 
exposure to the heat. 

Moisture may be removed faster by baking at 1000 C for 
24 hours. 

z 
m :e 
II 
l> 

" ""0 
r--o 
~ SUMMARY _ 

1. All plastic packages absorb moisture when exposed 0 
to high levels of humidity for long time intervals. . Z 

2. Micron devices have not exhibited any popcorn -... 
effect when exposed to 50 percent humidity for ..... 
long time periods. m 

3. Micron ships all surface-mount packages in 0 
containers that prevent absorption of moisture. 

4. if devices have been removed from their shipping :J: 
containers and exposed to excessive moisture, they Z 
should be baked before being surface-mounted. _ 

REFERENCES 
"Moisture Absorption and Mechanical Performance of Surface 
Mountable Plastic Packages": Bhattacharyya, B. K. : et. al. :.1988 
Proceedings of the 38th Electronics Components Conference. 

"Analysis of Package Cracking During Reflow Soldering Process": 
Kitano,M.,et. al. : 26th AnnualProceeding, Reliability Physics, 1988 . 

"Moisture JnducedPackageCracldnginPlasticEncapsulatedSurface 
Mounted Components During Solder Reflow Process": Lin, R., et. 
al. : 26th Annual Proceeding, Reliability Physics, 1988. 
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@1992, Micron Techl1ology, Inc. 

~ r-
Z o ..... 
m 



z 
~ 

II 
:J> 
'"tJ 
'"tJ r-o 
!f 
6 z ......... 
-t m o 
::J: 
Z 

~ r-
Z 

~ 
m 

TN-OO-01 
tvlICI=ICJ~ MOISTURE ABSORPTION 

TN-Oo-01 
REV. 4192 6-2 



ADVANCE 
I 

ulC:I""""'IICN TN-OO-02 
1-· ~" TAPE AND REEL 

TECHNICAL 
NOTE 
GENERAL D~SCRIPTION 

Tape and reel is becoming the packaging and shipment 
method of choice for Micron's surface-mounted memory 
devices. Tape and reel minimizes the handling of compo­
nents by directly interfacing with automatic pick-and-place 
machines. 

TAPE AND REEL 
PROCEDURES 

Micron supports the Electronic Industries Association's 
(ElA) standardization of tape and reel specifications num­
ber 4BIA. The intent of this technical note is to describe 
Micron's status in support of the ElA standard. 

Table 1 

,.... 
'."" 

MICRON TAPE SIZES AND DEVICES PER REEL 

TAPE WIDTH 
COMPONENT (W)mm 
PLCC 

18 Pin 24 
52 Pin 32 

SOJ (300 mil) 
20/26 Pin 24 
24 Pin 24 
28 Pin 24 

SOJ (400 mil) 
28 Pin 32 
32 Pin 44 
40 Pin 44. 

6-3 

PITCH 
(P)mm 

12 
16 

12 
12 
12 

16 
.16 
16 

DEVICES PER 
l3-INCH REEL 

1,000 
500 

1,000 
1,000 
1,000 

500 
500 
500 ' . . ' 

M"lCJOn TechllOlogy,lnc .• reserves the r!gtt 10 change products or specifications without notice. 
@1002,MlcronTechnology,lna. 



z 
~ • l> 
"'tJ 
"'tJ 
!: 
(') 

!i 
6 
z 
~ 

~ m 
(') 
% 
Z 
(; ,.. ... 
z a m 

ADVANCE 

MI""~ON TN-OO-02 
1-· ............. " " TAPE AND REEL 

TN-OO"" 
AEV.4192 

Top cover 
'/ tape thickness (t1) 

0.10 
(0.004) MAX ' 

Embossed ------=:;___. 
carrier 

Figure 1 
REEL 

Embossment 

100mm 
1------ (3.937) ------1 

See Table 2 
NOTE 2 

Figure 2 
BENDING RADIUS 

RMIN 

Round Holes 

1_----_________ 250mm ______________ ~ 
(9.843) 

Allowable camber to be 1 mm/1 OOmm nonaccumulative over 250mm . 

Figure 3 
CAMBER (TOP VIEW) 

6-4 Micron Technology, Inc., reserves the right to change products or spec:If\catIons without 1'1011 
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ADVANCE 

UII:::F=lCN TN-OO-02 
1-· ,,,""moo,,,, TAPE AND REEL 

.. 
USER DIRECTION OF FEED 

110Pitches 
cumulative r pO-1 ~Ierance on tape 
_0.2 

f 
B1 

+-
KO 

See NOTE 1 
Table 2 

For machine reference 
only, include draft and radii 
concentric around BO 

P2- (±0.008) 

Embossment 

Figure 4 
EMBOSSEQ CARRIER DIMENSIONS 

(24mm Tape Only) 

Table 2 

Center 
lines of 
cavity 

24mm EMBOSSED TAPE DIMENSIONS 3 

TAPE SIZE 0 E PO I (MAX) 

24mm 1.5 +ng 1.75 4 0.400 
(0.59) +gg?xj (0.069 ±0.004) (0.157 ±0.004) (0.16) 

w 

D1 for components 
2.0mm x 1.2mm 
and larger 

AD, BO, KO 

NOTE 1 

TAPE SIZE Bl (MAX) 01 (MIN) F K (MAX) P2 R (MIN) W 

24mm 20.1 1.5 11.5 ±0.10 6.5 2 ±0.10 50 24 ±0.30 
(0.791) (0.059) (0.453 ±0.004) (0.256) (0.079 ±0.004) (1.969) (0.945 ±0.012) 

P 
TAPE SIZE 4±0.10 8±0.10 12 ±0.10 16 ±0.10 20 ±D.l0 24±O.10 

(0.157±0.004) (0.315 ±0.004) (0.472±0.004) (0.630 ±0.004) (0.787 ±0.004) (0.945 ±0.004) 

24mm x x x x 

~OTE: 1. AO, 80 and KO are determined by component size. The clearance between the component and the cavity 

H}()-02 
:V.,4192 

must be within 0.05 (0.002) MIN to 1.00 (0.039) MAX for 24mm tape. The component cannot rotate more 
than 20° within the determined cavity. 

2. Tape and components shall pass around radius "R" without damage. 
3. All dimensions in millimeters (inches). 

6-5 Micron Technology, Inc., reserves the right to change products or specifications without nottee. 
©1992, Micron Technology, Inc. 
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ADVANCE 

MIC:RON TN-OO-02 
1-· ",<",CO""" TAPE AND REEL 

TN·OO-02 
REV. 4192 

B 1 is for machine reference 
only, including draft and radii 
concentric around BO 

_ Topcover 
tape 

KO 

O-Round 
holes this side 

PO 10 pitches cumulative 
tolerance on tape ±0.2 (±O.OOB) 

01 See Table 3 
________ ... NOTE 1 

USER DIRECTION OF FEED 

Figure 5 
EMBOSSED CARRIER DIMENSIONS 

(32 and 44mm Tape Only) 

1 
s 

~~D:2_j 
-t ,=-

0.20 ±0.05 

Figure 6 
DETAIL ELONGATED HOLE 

6-6 Micron Technology, Inc., reserves the right to change products or specifications without notice 
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ADVANCE 

MIC:RON TN-OO-02 
1-· "<,, "" TAPE AND REEL 

Table 3 
32 AND 44mm EMBOSSED TAPE 3 

TAPE SIZE D D1 (MIN) E K (MAX) PO I (MAX) AD, BO, KO 

32 and 44mm 1.5 ::8:68 2 1.75±0.10 10 410.10 0.500 NOTE 1 
(0.059) ::g~ (0.079) (0.069 ±0.004) (0.394) (0.156 ±0.004) (0.20) 

TAPE SIZE B1 (MAX) F P2 S W R (MIN) 

32mm 23 14.2 ±0.10 2 ±0.10 28.4 ±0.10 32 ±0.30 50 
(0.906) (0.559 ±0.004) (0.079 ±0,004) (1.118 ±0.004) (1.26 ±0.012) (1.973) 

44mm 35 20.2 ±0.15 2 ±0.15 40.4 ±0.10 44.8 ±0.30 50 
(1.378) (0.795 ±0.OO6) (0,079 ±0.006) (1.591 ±0.004) (1.732 ±0.12) (1.973) 

P 
TAPE SIZE 16 ±O.10 20 ±O.10 24 ±O.lo 2B±O.10 32 ±O.10 36 ±o.tO 40 ±O.10 44 ±O.lo 

(0.630 ±0.OO4) (0.787±O.O04) (0.945 ±0.O04) (1.102 ±0.004) (1.26 ±O.OO4) (1.417 ±0.004) (1.575±0.O04) (1.132±O.004) 

32mm x x x x x 

44mm x x x x x x 

z 
~ 
III 
» 
""C 
""C 
r -o 

NOTE: 1. AO, BO and KO are determined by component size. The clearance between the component and the cavity ~ 
must be within 0.05 (0,002) MIN to 1.00 (0.039) MAX for 24mm tape. The component cannot rotate more -, 

~-OO-02 

EV.4f92 

~~~b~~~ -
2. Tape and components shall pass around radius "Ru without damage. 0 
3. All dimensions in millimeters (inches). Z 

6-7 Micron Technology, Inc., reserves the right to change products or speciflC8.llons without notice. 
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-... 
-I 
m 
o 
J: z -o » 
r 
Z 

~ 
m 



z 
~ 
II 
» 
'"tJ 
"tJ 
r -o 
~ -o 
z 
-----I 
m o 
J: 
Z -o » 
r 
Z 
o 
-I m 

ADVANCE 

TN-OO-02 
tvllC:l=Ig~ TAPE AND REEL 

TN-OO-02 
REV. 4/92 6-8 



MIC:RON TN-04-01 
1-- "'""oco"''''' DRAM POWER-UP AND REFRESH 

TECHNICAL 
NOTE 
INTRODUCTION 

The JEDEC 4 Meg DRAM introduces two potential 
incompatibilities compared to the previous generation 1 
Meg DRAM. The incompatibilities involve refresh and 
power-up. Understanding and addressing these incom­
patibilities and providing for them will offer designers and 
system users greater compatibility between the 1 Meg and 
4 Meg. 

REFRESH 
The most commonly used refresh mode of the 1 Meg is 

the CAS-BEFORE-RAS (CBR) REFRESH cycle. The CBRfor 
the 1 Meg specifies the WE pin as a "don't care." The 4 Meg, 
on the other hand, specifies the CBR REFRESH mode with 
the WE pin held at a voltage HIGH level. 

A CBRcyclewith WE LOW will put the the 4 Meg into the 
JEDEC-specified test mode (WCBR). In contrast, the 1 Meg 
test mode is entered by applying a HIGH signal to the test 
pin (pin 4 on DIPs, pin 5 on SOJs and pin 8 on ZIPs). This 
HIGH signal is usually a "super voltage" (Vin ~ 7.5V), so 
normal TTL or CMOS HIGH levels will not cause the part 
to enter the test mode. 

DRAM POWER-UP AND 
REFRESH CONSTRAINTS 

POWER-UP 
The 4 Meg JEDEC test mode constraint may introduce 

another problem. The 1 Meg POWER-UP cycle requires a 
lOOf..l,s delay followed by any eight RAS cycles. The 4 Meg 
POWER-UP is more restrictive in that eight RAS-ONL Y 
REFRESH or CBR REFRESH (WE held HIGH) cycles must 
be used. The restriction is needed since the 4 Meg may 
power-up in the JEDEC-specified test mode and must exit 
out of the test mode. The only way to exit the 4 Meg JEDEC 
test mode is with either a RAS-ONL Y or a CBR REFRESH 
cycle (WE held HIGH). 

SUMMARY 
The 1 Meg and 4 Meg are compatible, with the following 

exceptions: 
1. For standard test mode, the 1 Meg requires a vaild 

HIGH on the test pin while the 4 Meg requires a CBR 
cycle with WE LOW. 

2. The 1 Meg CBR REFRESH allows the WE pin to be a 
"don't care" while the 4 Meg CBR requires WE to be 
HIGH. 

3. The eight RAS wake-up cycles on the 1 Meg may be any 
valid RAS cycle while the 4 Meg may only use RAS­
ONLY REFRESH or CBR REFRESH cycles (WE held 
HIGH). 

CAS ~i~ =: __ L-__ ~~~ __ ~~ __ -1 __ ~ __ ~~ __ ~ ____________ __ 

TN-04-01 
AEV.4192 

____ ?_ y8~ ; ____________ _ OPEN-----,H------------

b~I3 { CSA AEFAESHWE ~:~ $111////1///1/// !l$1/1//1I/!//I//I///I//I! ///I/I/$j//////!//I!/I! /I!/////I! //1// Ih 

~ DON'T CARE 

COMPARISON OF 4 MEG TEST MODE AND WCBR TO 1 MEG CBR 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc 
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MIC:RON TN-04-02 
1-· '''""0'00''"' MT4C1664/65 COMPATIBILITIES 

TECHNICAL 
NOTE 
INTRODUCTION 

Micron provides the 64K x 16 DRAM in two versions: 
MT4C1664and MT4C1665. TheMT4C1664hastwo WE pins 
which allow for BYTE-WRITE cycles. It does not support 
WRITE-PER-BIT. The MT4C1665 has one WE pin and offers 
nonpersistent, WRITE-PER-BIT (MASKED WRITE) cycles. 

COMPATIBILITY 
The MT 4C1664 and MT4C1665 may be used interchange­

ably, provided precautions are taken. The memory system 
may not utilize the WRITE-PER-BYTE feature of the 
MT4C1664 or the WRITE-PER-BIT feature of the MT4C1665 
in order to maintain interchangeability. 

At the system level, a special timing constraint exists. 
WE must be held HIGH when RAS transitions from HIGH 
to LOW (preventing the MT4C1665 from performing 
WRITE-PER-BIT cycles). The two WE traces must be con­
nected together (pins 12 and 13 on SOJ or pins 22 and 23 on 
ZIP) in order to ensure that all 16 bits will be written on the 
MT4C1664. 

TheMT4C1664 and MT4C1665 are now interchangeable. 

'RAS 

-
tCSH 

\~ 'RCD 

=~ 
'AR 

'RAD 

I~ I~ !~ 

MT4C1664 AND MT4C1665 
COMPATIBILITIES 

The MT4C1664 will have twice the capacitive load on the 
write enable signal as the MT4C1665 due to its two WE pins. 
Its WE timing will be a "don't care" when RAS transitions 
from HIGH to LOW. The MT4C1665 will enter a WRITE­
PER-BIT cycle if WE is LOW when RAS transitions from 
HIGH to LOW. 

The MT4C1665 can provide the BYTE-WRITE capability 
of the MT4C1664 by allowing the mask register to be 
enabled by bytes. However, this may not be practical since 
it requires additional circuitry. 

SUMMARY 
An application that performs 16-bit word writes will 

allow either the MT4C1664 or MT4C1665 to be used. The 
MT4C1664 must have both WE pins connected, doubling 
capacitance on the write enable signal, but its timing is a 
"don't care" when RAS goes LOW. On the other hand, the 
MT4C1665 has only one WE for lower capacitance, but WE 
must always be held HIGH when RAS transitions from 
HIGH to LOW (refer to Note 1). 

RC 

'AP 

\ 
IRSH 

leAS 

tRAL 

~I 
::{{f'At RCW W;/"A{ COLUMN ROW 

'eWL I 'RWL 

'WCR 

~ ~ J~ tWR:1 'wP 

=~ NOTE 1 \ WE ~ir 

="Msll~~1 I 
DO ~Jgr ::: VALID DATA 

~ ~Ir 

~ DON'T CARE 

Figure 1 02il UNDEFINED 

MT4C1665 TIMING CONSTRAINTS 

NOTE: 1. Applies to MT4C1665 only. The MT4C1664 specifies these as "don't cares" during this portion of operation. 

rN-04-02 
=tEV,4192 6-11 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON ----.ThJ-04-03 
1-· ,e"",oc>,", MT4C1664 WITH FOUR RAS LINES 

TECHNICAL 
NOTE 
INTRODUCTION 

Micron's MT4C1664 64K x 16 DRAM is a great solution 
for replacing 64K x 4 DRAMs in VGA systems. For a 256 
kilobyte (KB) memory system, two MT4C1664s replace 
eight 64K x 4 DRAMs, resulting in improved reliability and 
performance margins, decreased power consumption, re­
duced costs and board savings, while maintaining state-of­
the-art technology. 

This application note shows how the MT4C1664 may be 
interfaced with a 256KB memory system using four RAS 

AAO-7 

WE 
CAS 

RASO 
RAS1 

AAS2 

RAS3 

256KB DRAM Memory System 
With Micron's MT4C1664 (2) 

AAo-7 

WE 
CAS 

RASa 
RAS1 

RAS2 
RAS3 

MT 4C1664: 256 KILOBYTE 
MEMORY SYSTEM WITH 
FOUR RAS LINES 

controls and EARLY-WRITE cycles (DE grounded). Refer­
ence to the MT4C1664 data sheet will be helpful in under­
standing how the MT4C1664 functions. The schematic in 
Figure 1 shows 256KB memory systems using four RAS 
controls and EARLY-WRITE cycles and how memory is im­
plemented with both the MT4C1664 and 64K x 4 DRAMs. 

The same schematic for the MT4C1664 may also be used 
in systems using LATE-WRITE cycles (OE controlled). 

256KB DRAM Memory System 
With 64K x 4 devices (8) 

Figure 1 

TN-O~03 
REV. 4/92 

256KB EARL V-WRITE MEMORV 

6·13 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON ~-04-04 
1-· ;w,"mcm" MT4C1664 WITH FOUR CAS LINES 

TECHNICAL 
NOTE 
INTRODUCTION 

Micron's MT4C1664 64K x 16 DRAM is a great solution 
for replacing 64K x 4 DRAMs in VGA systems. For a 256 
kilobyte (KB) memory system, two MT4C1664s will replace 
eight 64K x 4 DRAMs, resulting in improved reliability and 
performance margins, decreased power consumption, re­
duced costs and board savings, while maintaining state-of­
the-art technology. 

This application note shows how the MT4C1664 may 
interface with a 256KB memory system using four CAS 
controls and EARLY-WRITE cycles (DE grounded). 

MT4C1664: 256 KILOBYTE 
MEMORY SYSTEM WITH 
FOUR CAS LINES 

Reference to the MT4C1664 data sheet will be helpful in 
understanding how the MT4C1664 functions. The sche­
matic in Figure 1 shows 256KB memory systems using four 
CAS controls and EARLY -WRlTE cycles and how memory 
is implemented with both the MT4C1664 and 64K x 4 
DRAMs. 

The same schematic for the MT4C1664 may also be used 
in systems using LATE-WRITE cycles (DE controlled), ex­
cept Note 1 no longer applies and the two delay paths may 
be equal. 

256KB DRAM Memory System 256KB DRAM Memory System 
With Micron·s MT4C1664 (2) With 64K x 4 devices (8) 

MO-? 

WE 
RAs 

CASO 
AAD-7 CASt 

WE CAS2 

liAS CAS3 

GASO 

CAST 
CAS2 

CAS3 

MODO-? MODO-? 

M2DQ-7 M2DO-7 

MaDO-? M3Do-7 

BAO-? 1Ii1111111f111f11111f111f111111 

BAO-? 111111111 

Figure 1 
256KB EARLY-WRITE MEMORY 

IOlE: 1. This delay path needs to be slightly longer than the two NAND gates to ensure the WE to CAS setup time is met. 

-04-04 
V.4192 

This will guarantee the DRAM will always be in EARLY-WRITE during WRITE cycles. 

6-15 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 

II 
::t> 
." 
." r-
o 
~ -o z ---I 
m o 
:t 
Z -o 
::t> r-
Z 

~ 
m 



-l> -a -a r--o 
~ -o 
z 
-----I 
m o 
J: 
Z -o 
l> r-
Z 

~ 
m 

TN-04-04 
I"IIC:I=U;;~~ MT4C1664 WITH FOUR CAS LINES 

TN-04-04 
REV. 4/92 



MIC:RON TN-04-06 
1-· c" ," OE CONTROLLED/LATE-WRITE CYCLES 

TECHNICAL 
NOTE 
INTRODUCTION 

There are three cycles available to write to a DRAM: 
EARLY-WRITE cycles,READ-MODIFY-WRITE cycles and 
LATE-WRITE cycles. The industry standard definitions for 
DRAM WRITE cycles are fairly consistent for both the 
EARLY-WRITE and READ-MODIFY-WRITE cycles. An 
exception exists for the "LATE-WRITE" cycle. 

COMMON DQ DRAM (x4, x8, etc.) 
A LATE-WRITE cycle is a READ-MODIFY-WRITE (see 

Figure 1) except that the READ portion is not utilized. This 
is accomplished by keeping the output enable pin (OE) HIGH 
throughout the cycle. The timing parameters tRWD, tA WD 
and tcwD no longer apply since OE is HIGH. 

This condition may be viewed as an EARLY-WRITE with 
twcs "sliding" past the CAS time and violating the Ons 
setup time (WE going LOW prior to CAS going LOW). But, 
since the output buffers are not being used (OE is HIGH), 
twcs and leWD are no longer required. 

If WE transitions LOW after CAS transitions LOW, do not 
bring OE LOW (a noise spike may occur), as the output 
buffers could turn on and cause contention with the data 
bus, which could corrupt input data. 

The term used for such a WRITE cycle varies throughout 

RWC 

'.., 
--

~ 
'RCD 

DRAM OE CONTROLLED 
LATE-WRITE CYCLES 

the industry. The use of "OE controlled WRITE," "Delayed 
WRITE" and "LATE-WRITE) all signify the same WRITE 
cycle described. 

SPLIT D AND Q DRAM (xl) 
A LATE-WRITE cycle is a READ-MODIFY-WRITE, 

except the READ portion is not guaranteed and the D and 
Q pins are separate paths (D and Q cannot be connected 
together). This is accomplished by ignoring the timing 
parameters tRWD, tAWD and ICWD. 

This condition can be viewed as an EARLY-WRITE with 
twcs "sliding" past the CAS time and violating the Ons 
setup time (WE going LOW prior to CAS going LOW). But, 
since the output buffers are "don't care," twcs and leWD 
are no longer'required. 

This cycle is not available on applications that have the D 
and Q connected together, as the output will contend with 
the input. 

SUMMARY 
A LATE-WRITE cycle is most useful on commdn DQ 

DRAMs. Use caution to ensure the output enable pin is 
properly controlled. 

~p 

'cSH 

'"'" 'cAS 

=~ }.,_'! 

04-0' 
1.4i92 

ADDR ~t 

'AR 

I 'RAl I 'RAD I 

~ ~ ~ I~I I 
:fIlii/,( ROW Willi .. =- '~ 

I - ~I I~ ~ 
'cwo 
'AWO 'WP 

- I 
'M 
'RAe 

J~ 
'cu r- .r=: ~ 

- OP," VALIDD otrr K VAUDD IN OPEN--

,r -~ ~I 
- ! 

~DON'TCARE 

Figure 1 ~ UNDEFINED 

READ-MODIFY-WRITE (MULTIPLE DQ) TIMING 
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MIC:RON TN-04-08 
1-· ""mmoc,,", DRAM TIMING PARAMETERS 

TECHNICAL 
NOTE 
INTRODUCTION 

DRAM TIMING 
PARAMETERS 

A DRAM has many timing parameters, which are 
specified to help the memory designers define memory 
system timing. These parameters may be separated into 
several groups. This note separates these parameters as 
core parameters (COP) or calculated parameters (CAP). 

parameters. Additionally, if an incoming test is required, 
the testing of the COP parameter is typically sufficient 
since CAP parameters are simply combinations of COP 
parameters. 

The CAP parameters are listed below, showing how they 
are calculated. This will aid the memory designer's under­
standing of the parameters affected when a COP parameter 
is altered. Additionally, during testing of the COP param­
eters, the CAP parameters are also tested by default. 

The calculated parameters are tested by Micron prior 
to shipment. In cases where the summation of COP 
parameters is larger than the CAP parameter specification, 
the CAP parameter overrides the summation of COP 

fN-04-08 
=iEV.4/92 

IRC 

IpC 

IAR 

IRSH 

ICSH 

ICPA 

lAA 

IDHR 

IWCH 

IWCR 

IRAD (MIN) 

IRAD (MAX) 

IRCD (MIN) 

IRCD (MAX) 

IRWD (xi) 

IRWD (x4) 

ICWD (xi) 

ICWD (x4) 

IAWD (xi) 

IAWD (x4) 

tRWC (xi) 

tRWC (x4) 

IpRWC (xi) 

IpRWC (x4) 

= 

= 

= 

~ 

= 

= 

~ 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

~ 

IRAS + IRP + 21T 

ICPA + IT or ICp + ICAS + 2'T 

IRCD (MAX) + ICAH 

ICAS 

ICAS + IRCD (MAX) 

lAA+IT 

IRAS/2 

IRCD(MAX) + IDH 

IWp - IWCS - 'T 

IRCD (MAX) + IWCH 

IRAH + 'T 

IRAC - IAA 

IRAD + IASC + IT = IRAH + IASC + 2'T 

IRAS - IRSH 

IRAC 

IRAC + 100 + 2'T + IDS 

ICAC 

ICAC + 100 + 2'T + IDS 

IAA 

tAA + too + 2'T 

tRWD + tRWL + tRP + 2tT 

tRAC + IRWL + IRP + 4'T + 100 + IDS 

tCPA + ICWL + 2'T + IDS 

ICPA + tCWL + 41T + 100 + IDS 

6-19 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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MIC:~ON TN-04-09 
1-· 1"""'1" , 1 MEG BBU CURRENT 

1 

TECHNICAL 
NOTE 
INTRODUCTION 

One of the most significant features of the low power, 
extended refresh DRAM (LPDRAM) is its BATTERY 
BACKUP (BBU) cycle. BBU is essentially a CAS-BEFORE­
RAS (CBR) REFRESH at an extended refresh rate of 125j.1S 
per cycle. 

RAS pulse width (~) affects the BBU current and 
should be corisidered when designing a low power 
system. The longer RAS is held LOW, the more current an 
LPDRAM will consume while in the BBU mode. Therefore, 
keeping ~ at a minimum will maximize power savings. 

Figure 1 shows a typical curve of Micron's 1 Meg 

200 

175 

150 

125 

BBU 100 
(IJA) 

-~ -
75 

50 

25 

0 I I I I 

-

LPDRAM BBU CURRENT VS. 
RAS ACTIVE TIME (1 MEG) 

LPDRAM (MT4C4256L and MT4C1024L) showing the 
relationship between its BBU standby current and the width 
of~. The 25°C curve has a slope of 4.8J.IA increase for 
every additionalljJs RAS is held LOW. The 70°C curve has 
a slope of 4J.IA increase for every additional Ij.lS RAS 
is held WW. 

SUMMARY 
The ~S time should be kept as short as possible when 

the memory array is being designed. This will result in 
lower standby currents, especially with the BBU cycle. 

, 

~ 

~ 

- 25°C 

...... 70°C r-

I I I I I I 
70 100 200 300 500 700 1,000 2,000 5,000 7,000 10,000 

1.Q4.0, 
:V. 4192 

tRAS(ns} 

Figure 1 
TYPICAL BBU CURRENT AS A FUNCTION OF tRAS 
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MIC:RON TN-04-12 
1-· '"""0'0"'"' 4 MEG BBU CURRENT 

TECHNICAL 
NOTE 
INTRODUCTION 

One of the most significant features of the low power 
extended refresh DRAM (LPDRAM) is its BATTERY 
BACKUP (BBU) cycle. BBU is essentially a CAS-BEFORE­
RAS (CBR) REFRESH at an extended refresh rate of 125J!s 
per cycle. 

RAS pulse width ('RAS) affects the BBU current and 
should be considered when designing a low power system. 
The longer RAS is held LOW, the more current an LPDRAM 
will consume while in the BBU mode. Therefore, keeping 
lRAS at a minimum will maximize power savings. 

Figure 1, a typical curve of Micron's second generation 

600 

550 - - 25°e 

500 -- --- lOoe 

450 

400 

BBU 
(~A) 

350 

300 

LPDRAM BBU CURRENT VS. 
RAS ACTIVE TIME (4 MEG) 

4Meg LPDRAM (MT4C4001LandMT4ClO04L),shows the 
relationship between its BBU standby current and the width 
of lRAS. The 25°C curve has a slope of 79J!A increase for 
each additionallJ!s RAS that is held LOW. The 70°C curve 
has a slope of 701!A increase for each additional 1J!s that 
RAS is held LOW. 

SUMMARY 
The 'RAs time should be kept as short as possible when 

designing memory array timing. This will result in lower 
standby currents, especially for the BBU cycle. 

/ 

/ 
// 
// 
// 
// 

// 250 

200 -----/ 

TN-04-12 
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- ----150 --100 
100 I 300 I I 500 1,000 I 3,000 I 5,000 

tRAS (ns) 

Figure 1 
TYPICAL BBU CURRENT AS A FUNCTION OF tRAS 
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MIC::RON TN-04-14 
1-· "'<"'CO,," 3V DRAM DESIGN 

TECHNICAL 
NOTE 
INTRODUCTION 

Laptop and notebook personal computer markets 
demand low-voltage memories. This is in direct response to 
the consumer's demand for portable PCs with longer bat­
tery life. To help meet this demand, Micron introduced the 
industry's first 3.3V 1 Meg DRAM. 

The introduction of low-voltage DRAMs, raised design 
concerns regarding the migration from 5V systems to 3.0, 
3.3 and 3.3/5.0V systems. Several issues must be consid­
ered prior to selecting DRAM memory for low-voltage PC 
systems: 

• Voltage limits 
• Speed 
• I/O levels 
• Mixed/dual voltages 
• Soft error rates (SERs) 

VOLTAGE LIMITS 
During the development phase of low-voltage DRAMs, 

nanufacturers are expected to introduce offerings in four 
:iifferent voltage ranges: 

• 3.3V ±5% (interim) 
• 3.0V ±10% 
• 3.3V ±10% 
• 2.7V to 3.6V 

The 3.3V ±5% version is the first available low-voltage 
JRAM. This is generally an enhanced version of existing 5V 
JRAMs specially processed for 3.3V operation. Micron is 
lble to offer 3.3V ±5% 1 Meg and 4 Meg DRAMs because 
viicron uses a leading-edge DRAM process. This type of 
ow-voltage DRAM works reliably in mixed/ dual voltage 
ystems and offers early availability for 3.3V system 
levelopment. 

The other versions are manufactured with a low-voltage­
,nly CMOS process and are commonly referred to as 3V­
>nly DRAMs. Micron's 3V-only DRAMs are being devel­
'ped to operate over the 2.7V to 3.6V voltage range (fourth 
"ersion). This will provide either 3.0V ±1O% or 3.3V ±10% 
peration from the same DRAM. Devices manufactured 
,ith the low-voltage CMOS process are optimized for both 
igh-speed and low-power performance at low voltages. 

LOW-VOLTAGE (3V) DRAM 
DESIGN ISSUES 

The 3V-only process limits the allowed maximum Vcc 
stress to the DRAM at 4.6V. Any violation of this maximum 
specification can damage the DRAM. Careful review of this 
parameter is necessary prior to selecting a low-voltage 
DRAM. 

The Micron device part number indicates one of the two 
process groups for low-voltage DRAMs. "C" designates 
3.3V CMOS, while "LC" designates 3V-only low-voltage 
CMOS processing. For example, the 3.3V 1 Meg DRAM 
(256Kx4) is anMT4.<::;4256YL, which allows a 6Vmaximum 
V cc stress. Although Micron has no plans to introduce a 3V­
only 256K x 4 DRAM, the device would be a MT4IJ:4256 L 
if it were developed and introduced to the market. Addi­
tionally, Micron data sheets specify the maximum V cc 
stress rating for a given DRAM. 

SPEED 
The most significant advantage of a 3V -only DRAM is 

that it will have similar speeds to that of a 5V DRAM 
operating at 5V, 60ns to 70ns. The interim3.3V DRAMs will 
achieve only lOOns, but will achieve speeds in the range of 
60 to SOns when operating at 5V. 

Micron's MT 4C4256 VL timing parameters are tested for 
a 3.3V ±5% operation. Although the device is not tested at 
5V, characterization data shows the 3.3V 1 Meg DRAM will 
achieve 70ns or better when operating at 5V. 

110 LEVELS 
The interim 3.3V DRAM has an I/O level issue. Since 

these devices are designed for 5V operation, the trip points 
will change when the DRAM is operating at 3.3V. In par­
ticular, VIL and VOH noise immunity guardbands are 
reduced and will be less forgiving than when they were at 
5V. Since the variances are device specific, consulting the 
device's data sheet prior to design is recommended. 

On the other hand, 3V-only DRAMs do not have I/O 
I level issues. The device and process are designed for opti­

mum drive levels and trip points at 3.3V. It is worth noting 
that the JEDEC 3.3V output specification states one TTL 
load rather than two TTL loads. 

6-25 Micron Technology, Inc., rlilserves the right tp change products or specifications without notice. 
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MIXEDIDUAL VOLTAGES 
Some of the first and second generation low-voltage 

systems may require the ability of both 3.3V and SV op­
eration. This would offer 3.3V operation for low power 
consumption while in the portable mode and faster speeds 
when plugged in to a power source such as atthe desk or in 
the car. This application will be supported by the interim 
3.3V DRAM, since it allows both 3.3V and SV operation. 

An important issue to consider in a mixed! dual voltage 
system is the switching of the Vcc power supply level. A 
DRAM will experienced what is referred to as a "Vbump" 
when the Vcc level changes. This occurs when the data is 
stored in the memory cell at a certain level and is read out 
(internally) at a different level due to a shift in the V cc level. 
Switching the V cc from 3.3V to S.OV results in a severe 
"bump" and can corrupt the data stored in the DRAM 
memory cells. 

The system designer has two alternatives when develop­
ing a system that will operate with mixed! dual voltages. 
The first is to require that all the contents of DRAM-based 
memory be saved (usually onto disk memory) prior to 
changing the power supply level, then restore the DRAM­
based memory once the power-supply levels have been 
changed. 

The second alternative is to increase the power supply in 
increments with the DRAM memory being completely 
refreshed at each interval. Ideally, the largest increment V cc 
should be raised is no more than the difference between the 
maximum V cc limit and the minimum V cc limit. In the case 
of the 3.3V ±5% DRAM, Vcc should not increase by more 
than 300m V at a time. The Micron MT4C42S6 VL, on the 
other hand, can accommodate up to a IV step. 

TN-D4-14 
REV. 4/92 6-26 

For example, starting at 3.3V, increase Vcc to 4.2V, then 
perform a complete set of refresh cycles. After the refresh is 
complete, raise the Vcc level to S.OV and perform another 
complete set of refresh cycles. After the second refresh is 
complete, the DRAM memory will be ready for SV 
operation. 

If an application requires the DRAM's V cc power to come 
from a different reference level than the input and! or 
output busses, the II 0 pin reference levels must not exceed 
the V cc reference levels by more than I V, unless specified 
less by the data sheet. Exceeding this can cause the DRAM 
to either initiate the DRAM manufacturer's internal test 
mode or cause excessive leakage on the output pins. 

SOFT ERROR RATES 
A disadvantage with operating interim 3.3V DRAMs at 

3.3V rather than at S.OV is the increased susceptibility of the 
DRAM to soft errors. Preliminary SER data taken on the 
interim 3.3V I Meg DRAM shows diverging results. Real­
time SER data shows no difference between SV and 3.3V 
operation. Yet, accelerated SER data shows an increase in 
soft errors going from SV to 3.3V operation. Additionally, 
SER will vary widely between vendors as the design and 
process employed determine the soft error susceptibility. 

Until the SER divergence is well understood, Micron is 
recommending its interim3.3V DRAMs be used for the PC­
related memory market (low number of units per system). 
Micron discourages the use of its interim 3.3V DRAMs in 
memory-intensive systems that require hundreds of 
DRAMs. The 3V-only DRAM, on the other hand, should not 
experience an increase in SER and is an excellent choice for 
low-voltage memory in memory-intensive systems. 

Micron Technology, Inc., reserves the right to change products or specifications without notic' 
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1-· '''' '" MT43C4257/8 COMPARISON 

TECHNICAL 
NOTE 
INTRODUCTION 

Micron Technology, Inc., offers its Triple Port DRAM 
(TPDRAM) in two versions. The MT43C4257 supports the 
JEDEC split SAM status function (QSF) pin as defined for 
VRAMs. The MT43C4258 supports a variation of the QSF 
function called the split SAM special function (SSF) input 
function. Other than this difference, the function and per­
formance of the two devices are .identical. 

MT43C4257 - QSF OUTPUT 
The QSF output pin of the MT43C4257 is identical in 

function to the QSF pin of the MT42C4255 256K x 4 VRAM. 
TheQSF output pin indicates which half of the SAM is being 
accessed. When data is accessed from the lower half, the 
QSF is LOW; when data is accessed from the upper half, 
QSF is HIGH (see Figure 1). When using the MT43C4257 or 
any standard. VRAM in the split SAM mode, the transition 
between SAM halves occurs only when the SAM-half bound­
ary is reached by the address pointer. This is address count 
255 for the lower half and 511 for the upper half. When this 
boundary is reached, the new Tap address for the next 

Lower Half SAM' 

sc 

MT43C4257/MT43C4258 
COMPARISON 

SAM-half is loaded ("X" for the lower, "Y" for the upper). 
The following SC will access data from the new half. 

MT43C4258 - SSF INPUT 
TheMT43C4258introducesfunctionalitytotheTPDRAM 

that is not available on standard VRAMs. The "QSF" pin as 
an input (SSF) offers a higher degree of design flexibility to 
the system engineer. The SSF applies only to split transfer 
cycles. It allows access to be switched from one half of the 
SAM to the other at will. IfSSF is HIGH at the rising edge of 
the serial clock, the split SAM access will be switched to the 
other half of the SAM (see F~gure 2). II 

By taking SSF HIGH for the rising edge of a serial clock 
(location" A" for the lower half, "B" for the upper), the ~ 
access from the curre:n,t half may be terminated. Data from til' 
this clock will appear on the outputs when in serial output "'tJ 
mode or will be written if in serial input mode. "'tJ 

The next serial clock will access data at the new Tap .... 
address ("X" for the lower, "Y" for the upper) of the next _ 
half. The SSF input acts as a "stop address" input so the 0 

~ 
Upper Half SAM (5 

i'TT---- Z 

~ 
I;, t t 

'-
-t m 
2 
~ 

:~~SQ_D ________________ ~~~~,~~ OOuD 
aSF ________________________ ---1. ___ ,----1---, '~ 

I 'SAC I tSAC 

r""'" 
Z 
o .... 

"""<1' FtEV.4I91 

soa _",,51-,-1 --'X~---"TA"'_P_"X___'X'--___'X;:..;+'-"_~:=x a 255 )( TAPY ~~ SZfi= 

Figure 1 
QSF OPERATION FOR THE MT43C4257 (SERIAL OUTPUn 
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designer can "force" the access from one half to the next 
when desired. When operating in the split SAM mode, this 
option allows different sized "blocks" of data to be input or 
output from the SAM half regardless of the Tap address and 
stop point. This feature is useful when performing pans, 
zooms and scrolling in video-graphics systems and for 
handling distinct packet sizes in networking or controller 
applications. 

SUMMARY 
The only difference between the MT43C4257 and 

MT43C4258 is the variance in the functionality of the "QSF" 

Lower Half SAM 

pin. The MT43C4258 SSF input pin allows more efficient 
handling, and therefore higher throughput, of input or 
output data in either SAM. This improves the performance 
of video-graphics and networking systems by providing 
high clock speed and no latency time between reaching the 
stop point of valid data in one half and the loading of the 
new Tap address for the next half. 

The SSF functionality is also available on the x8 versions 
of the TPDRAM, the MT43C8128 (QSF) and MT43C8129 
(SSF). Refer to the data sheets for detailed timing and 
functional descriptions. 

Upper Half SAM 
o x A ________ ~~ ~n_-----

11111 '. 
Tap Address 

(TA Xl 

se ;I. , 

SSF __________________ ~h~------tS~FSk-+: \~ ________________ #H-------t-S~FSk-+: '---
'-----, t SAC ~ t SAC 

soa ~ TA X G2;J<,---,A",.c:2--,X A-U SPA X TA Y ~;J<---,BO<...--=2--,X B~ 

TN-43-01 
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Figure 2 
SSF·OPERATION FOR THE MT43C4258 (SERIAL OUTPUT) 
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1-· ""'OCOD,,"' 88-PIN IC DRAM CARDS 

TECHNICAL 
NOTE 
INTRODUCTION 

Just as SIMMs began a new period in memory placement 
and packaging in the 1980s, the 88-pin IC DRAM card 
promises to have an equal impact on the industry in the 
1990s. The 88-pin IC DRAM card combines the architecture 
of a SIMM with an IC memory card form factor· to create a 
high density,easy-to-use memory device. No longer do 
end-users have to disassemble their systems and risk ESD 
damage to add more SIMM modules or memory boards. 
Finally, a convenient, sensible, and rugged approach to 
memory packaging has arrived. 

For engineers, Micron's 88-pin IC DRAM cards offer a 
significant improvement in the way system designers 
manage main and add-in memory. IC DRAM memory 
cards require less system interface logic, they pack more 
memory into a given area than SIMM modules and they 
are better able to withstand use and abuse than contem­
porary memory upgrade schemes. All this functionality is 
contained in a convenient, portable, and standardized 
package. 

Standards for the 88-pin IC DRAM card have been jointly 
ratified by the three major standard-setting bodies: PCMCIA, 
JEDIA and JEDEC. As a companion to the 68-pin IC memory 
card, or by itself, the 88-pin IC DRAM card will enhance 
your product design or offerings. 

IC DRAM cards provide a robust, rigid and durable 
enclosure for the printed circuit board and memory devices 
contained within. The card's physical dimensions are 2.126 
±0.004 inches wide by 3.37 ±0.004 inches long by 0.129 

88-PIN 
IC DRAM CARDS 

±0.004 inches thick, which is about the same dimension as 
a credit card though three times its thickness. 

Once assembled, the strength of the IC DRAM card 
surpasses that ofSIMM modules. Moreover, since the card's 
components are not subjected to direct physical contact by 
the user, it can withstand casual, even abusive, handling 
much better than a SIMM module. When a SIMM module 
is installed, removed or transported, there is a risk of in­
flicting damage due to electrostatic discharge. The card is 
made with a conductive plastic that allows. static charges to 
be safely dissipated to the ground pins via a High-Z path. 

IC DRAM cards are designed to ease facilitation. Though 
the IC DRAM cards appear to function like 72-pin SIMM 
modules, significant differences favor the IC DRAM card. 
For example, the IC DRAM card provides its own 
buffering for its control lines, relieving the system board. 
Furthermore, buffering enhances system performance, 
both from noise reduction and reduced capacitive loading 
of the control lines. 

The IC DRAM cards are preferable to SIMMs in small 
profile notebook and palmtop computers, because the 
cards offer a twofold improvement in board area usage. 
Proper choice of receptacle connector for the system board 
provides the ability for hot insertion or removal, which is 
impossible for a SIMM module. And the IC DRAM card's 
size and ruggedness make it ideal for mainframe or 
industrial applications. 

Table 1 

DRAM Address Space Per Bank 

rN-8a·01 
~EV. 4192 

no card installed 

256K 

512K 

1 Meg 

2 Meg 

4 Meg 

8 Meg 

16 Meg 

PD1 

1 

0 

1 

0 

1 

0 

1 

0 

MEMORY ADDRESS RANGE 

PD2 

1 

0 

0 

1 

1 

0 

0 

1 

MEMORY ADDRESS RANGE 

Presence Delecl Bils Tolal Memory Size 

PD3 PD4 PD5=O PD5 = 1 

1 1 n/a n/a 

0 0 1MB 2MB 

0 0 2MB 4MB 

0 0 4MB 8MB 

0 0 8MB 16MB 

1 0 16MB 32MB 

1 0 32MB 64MB 

1 0 64MB 128MB 

6-29 Micron Technology, Inc., reserves the right to change products or specifications without notice 
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1-· @<.w,,"',"' 88-PIN IC DRAM CARDS 

PRESENCE DETECT DEFINITIONS FOR 
THE 88-PIN IC CARD 

It is necessary to clarify the presence detect definitions for 
the 88-pin Ie DRAM cards. The eight presence detect pins 
are divided into four groups, consisting of memory size (4 
bits), number of DRAM banks (1 bit), DRAM access timing 
(2 bits) and refresh control (1 bit). As shown in Table 1, 
presence detect bits are defined as 0 = ground, 1 = open. 

Presence detect bits PDl, PD2, PD3 and PD4 relate to the 
byte size of the card or its memory address range. The PD5 
presence detect indicates the number of memory banks 
present on the card. The card will be provided with either 
1 or 2 banks (32-, 36- and 40-bit versions) or 2 or 4 banks 
(16- and 18-bit versions). 

For 32-, 36- and 40-bit applications, PD5's definition 
relates to whether one or two banks are present. Each bank 
is defined by 2 RAS lines. In other words, both RAS lines 
should be activated simultaneously for a 32-, 36- or 40-bit 
word access. When PD5 = 0, there is one bank present, 
activated by RASO and RAS2. When PD5 = 1, there are two 
banks present. Bank 1 is activated by RASO and RAS2 while 
bank 2 is activated by RASI and RAS3. 

TN-88-01 
REV. 4/92 

Table 2 
RAS RELATION TO DATA BUS 

RASO 00-017 Bank 1 

RAS1 018-036 Bank 2 

RAS2 00-017 Bank 3 

RAS3 018-036 Bank 4 

6-30 

For 16- or 18-bit applications, PD5's definition relates to 
whether 2 or 4 banks are present. Each bank is defined by a 
single RAS lines. When PD5 = 0, two banks are present, 
activated by RASO and RAS2. When PD5 = 1, two additional 
banks are present, activated by RASI and RAS3. A logical 
progression within the system's address space would be 
RASO, RAS2, RASI and RAS3 in that order. For a 36-bit data 
bank interpreted as an 18-bit card, RAS relates to the data 
bus as shown in Table 2. 

The PD6 and PD7 presence detects indicate the access 
time of the card from RAS true to data out. They are defined 
in Table 3. 

The PD8 presence detect is related to the refresh type of 
the card, either auto-refresh when PD8 = 0, or a 125 liS per 
row refresh rate when PD8= 1. Presently all DRAM cards 
will leave PD8 open, indicating that the system should 
provide refreshing, preferably a CA5-BEFORE-RAS type of 
refresh. This allows an address-independent refresh, which 
allows interchangeability among different card types. 

Table 3 
DATA OUT ACCESS TIME 

ACCESS TIME PD7 PD6 
100ns 0 0 
(or 50ns for future cards) 

80ns 0 1 

70ns 1 0 

60ns 1 1 

Micron Technology, Inc., reserves the right to change products or specifi?ations without notice. 
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Table 4 
32-BIT PRODUCT OFFERINGS 

PRODUCT NUMBER MEMORY WORD LENGTH POWER 
(32-BIT SERIES) SIZE (MB) (BITS) SUPPLY SPEED 

MT8088C25632-xx 1 

MT8088C25632-xxV 1 

MT16088C51232-xx 2 

MT16088C51232-xxV 2 

MT8088C132-xx 4 

MT8088C132-xxV 4 

MT8088C132-xxS 4 

MT16088C232-xx 8 

MT16088C232-xxV 8 

MT16088C232-xxS 8 

PRODUCT OFFERING 
IC DRAM cards are offered through Micron. The current 

product spectrum provides memory sizes from 1 MB to 
8MBin 16-, 18-, 32-, 36-and40-bitword sizes, with both 5V 
and 3.3V (18- and 36-bit word sizes do not have 3.3V 
option). 

IC DRAM CARD 32-BIT SERIES 
The series MT8D88C25632 (1MB), MT16D88C51232 

(2MB), MT8D88C132 (4MB) and MT16D88C232 (8MB) are 
organized to provide a 32-bit word. It is identical to the 36-
bit series, except that no bits are provided for parity protec-

16,32 5V 60-100ns 

16,32 3.3V 100ns 

16,32 5V 60-100ns 

16,32 3.3V 100ns 

16,32 5V 60-100ns 

16,32 3,3V 100ns 

16,32 3.0/3,3V 60-80ns 

16,32 5V 60-100ns 

16,32 3.3V 100ns 

16,32 3.0/3.3V 60-80ns 

tion. The data pinout will differ from the 36-bit series as 
shown in Table 5.' 

Micron's product offering is shown in Table 4. The series 
is provided with speed grades from lOOns to 60ns. This is 
specified with a-10, -8 or -6 suffix to the part number where 
"xx" is shown. The cards use low power extended refresh 
DRAMs. Cards using a 3.3V supply have their speed grade 
appended with a "V" option. Cards that use self refresh 
DRAMs have their speed grade appended with an "S" 
option. 

Table 5 

rN-86-01 
=!:EV.4192 

32·BIT AND 36-BIT SERIES 

32-BIT SERIES 

Byte 0 00-07 

Byte 1 09-016 

Byte 2 018-025 

Byte 3 027-034 

6-31 

36-BIT SERIES 

00-08 

09-017 

018-026 

027-035 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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Table 6 
36-BIT PRODUCT OFFERINGS 

PRODUCT NUMBER MEMORY 
(36-BIT SERIES) SIZE (MB) 

MT12D88C2S636-xx 1 

MT24D88CS1236-xx 2 

MT12D88C136-xx 4 

MT24D88C236-xx 8 

z m IC DRAM CARD 36.-BIT SERIES 
<! The series MT12D88C25636 (1MB), MT24D88C51236 < (2MB), MT12D88C136 (4MB) and MT24D88C236 (8MB) are 

organized to provide a 36-bit word with parity per byte. II Each byte is specified by a CAS control line; therefore, the 
card can provide 9- or 18-bit words with appropriate 

...... design on the system board. The MT12D88C25636 provides 
", 256K by 36 bits or 512K by 18 bits. Bank access (full word) 
"'0 is provided by the appropriate RAS lines. Refer to the ap­
"tJ propriate datasheet for a block diagram of the internal r- architecture. Please note that this series does not support o output enable and OE is internally tied. It is suggested for 

~ o z 
.......... 
-f 
m o 
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Z -o » r 
Z 
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WORD LENGTH POWER SPEED 

6-32 

(BITS) SUPPLY (ns) 

16,18,32,36 SV 60-100ns 

16,18,32,36 SV '60-100ns 

16,18,32,36 SV 60-100ns 

16,18,32,36 SV 60-100ns 

compatibility reasons that the system board also provide a 
tie to ground for the OE lines. 

Micron's product offering is shown in Table 6. The series 
is provided with speed grades from lOOns to 60ns. This is 
specified with a -10, -8, -7 or -6 suffix to the part number 
where "xx" is marked. The cards use low power extended 
refresh DRAMs. If an 8- or 9-bit card is desired, it can be 
created through the use of CAS line controls to differentiate 
the data lines by tying the upper data lines to the lower data 
lines. 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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Table 7 
40-BIT PRODUCT OFFERINGS 

PRODUCT NUMBER MEMORY 
(40-BIT SERIES) SIZE (MB) 

MT12D88C25640-xx 1 

MT12D88C25640-xxV 1 

MT24D88C51240-xx 2 

MT24D88C51240-xxV 2 

MT12D88C140-xx 4 

MT12D88C140-xxV 4 

MT12D88C140-xxS 4 

MT24D88C240-xx 8 

MT24D88C240-xxV 8 

MT24D88C240-xxS 8 

IC DRAM CARD 40-BIT SERIES 
The series MT12D88C25640 (lMB), MT24D88C51240 

(2MB), MT12D88C140 (4MB) and MT24D88C240 (8MB) 
provide a 40-bit word amenable to word-wise error correc­
tion coding. The series does support output enable control 
and, therefore, read-modify-write cycles for error detection 
and correction. If desired, the card may function as a 
universal solution for 8-, 9-, 16-, 18-, 32-, 36- or 40-bit 
solution. The RAS and CAS lines are configured the same 
way as the above cards. In a 40-bit mode, RASO is tied to 
RAS2 and RAS1 is tied to RAS3. Also, CAS lines are tied 
together. This allows the first bank to be selected by RASO 

WORD LENGTH POWER 
(BITS) SUPPLY 

16,18,32,36,40 5V 

16,18,32,36,40 3.3V 

16,18,32,36,40 5V 

16,18,32,36,40 3.3V 

16,18,32,36,40 5V 

16,18,32,36,40 3.3V 

16,18,32,36,40 3.0/3.3V 

16,18,32,36,40 5V 

16,18,32,36,40 3.3V 

16,18,32,36,40 3.0/3.3V 

SPEED 

60-100ns 

100ns 

60-100ns 

100ns 

60-100ns 

100ns 

60-80ns 

60-100ns 

100ns 

60-80ns 

z 
~ 
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and RAS2 lines, and the second bank by RAS1 and RAS3 '"tJ 
lines. This is external to the card. r-

Micron's prod uct offering is shown in Table 7. The series 0-
is provided with speed grades from lOOns to 60ns. This is 
specified with a -10, -8 or -6 suffix to the part number. The ~ 
cards use low power extended refresh DRAMs. Cards ~ 
using a 3.3V supply have their speed grade appended with 0-
a "V" option. Cards that use self refresh DRAMs have their 
speed grade appended with an "5" option. Information on Z 
these and other IC card products is available from Micron. ___ 
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SERVICES 
Micron stands ready to help customers who wish to enter 

the IC DRAM card market with proprietary solutions. Our 
staff engineers are well versed in the design of boards for 
the entire PCMCIA/JEDEC/JEIDA arena. If one of our 
standard products does not meet your current needs, we 
are ready and able to design a custom solution for you. 

For customers desiring a standard product under private 
label, Micron can supply current products labeled and 
marked in virtually any manner the customer wishes. Sim­
ply supply us with the desired artwork showing the desired 
markings and Micron will do the rest. 

Often overlooked by companies considering entrance 
into the IC card market are the mechanical considerations. 
Micron has invested considerable time and effort into de­
veloping superior card frames, covers and components. 
Our custom design services break down the significant 
entry barriers to this burgeoning market and will get your 
product to market on-time and on-budget. Design services 
offered include 

TN-88-01 
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Design from concept 
Schematic capture 
Board layout 
Enclosure design 
Thermal and signal noise analysis 
Custom marking 
Comprehensive testing 
Connector redesign 
ASIC solutions 
Packaging solutions 

6-34 

For those considering including IC DRAM cards in their 
system design as an add in product, turnkey solution or 
custom design, a design guideline, "Designing for IC Cards" 
(publication no. PPG03) is available through Micron. Ap­
plications engineering assistance is also available from 
8 a.m. to 5 p.m. Mountain Time at (208) 368-3900. 

The IC card arena is very fast-paced. Product develop­
ment and introduction will quickly outdate current 
information. When contemplating a design in this arena, 
please call us for the latest product datasheets and design 
guidelines. 

Micron Technology, Inc., reserves the right to change products or speciflca1lons without notice 
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APPLICATION 
NOTE 
INTRODUCTION 

Micron's MT4C1664 64K x 16 DRAM is an ideal solution 
for replacing 64K x 4 DRAMs in VGA systems. For a 256KB 
memory system, two MT4C1664 components replace eight 
64K x 4 DRAMs. This provides improved reliability and 
performance margins, decreased power consumption, re­
duced costs and board savings using state-of-the-art 
technology. 

This application note shows how the MT4C1664 can be 
interfaced with the Chips and Technologies 82C456 VGA 
controller chip. It evaluates the pertinent timing param~ 
eters and determines the amount of margin available 
between the two components. 

256KB DRAM Memory with 
Two Micron 64K x 16 DRAMs 

MODO-? 

M2DO-7 

CHIPS & TECHNOLOGIES' 
82C456 CONTROLLER USING 
MT4C1664 

Micron's Technical Notes (TN-04"03 and TN -04-04) show 
that the MT4C1664 can interface with virtually any VGA 
controller available on the market. The timing analysis 
procedure used to evaluate the MT4C1664 and the 82C456 
may also be applied to other VGA controllers to determine 
how they may best be used with the MT4C1664. 

The schematics in Figure 1 show a 256KB memory, which 
interfaces with the 82C456. The memory is implemented 
withbothMT4C1664 (64Kx 16 DRAM) and 64Kx 4 DRAMs. 

256KB DRAM Memory 
with Eight 64K x 4 DRAMs 

BAO-? .RIII 

Figure 1 
256KB EARL V-WRITE MEMORV 

~OTE: 1. This delay path needs to be slightly longer (minimum of Ons) than either NAND gate to ensure the WE to 
CAS setup time is met. This guarantees the DRAM will always be in EARLY-WRITE during WRITE cycles. 

N-04-01 
EV.4/92 

Micron Technology, Inc., reserves the righllo change products or specifications without notice. 
©1992, Micron Technology, Inc 

z 
~ 
II 
» 
"'tJ 
"'tJ r--o 
~ o z 
-----I m 
o 
:J: 
~ 

~ r-
Z 

~ m 



z m :e 
II 
l> .,., .,., 
!: 
o 
!4 
(5 
z 
......... 
-I m 
.~ 

z -o 
l> 
r"" 
Z o 
-I m 

MIC:r"""'IION AN-04-01 
1-· r"""I c '" " C & T'S 82C456 WITH MT4C1664 

TIMING ANALYSIS 
The timing margin available between the MT4C1664 and 

the 82C456 is detenniried using each device's guaranteed 
minimum timing specifications. The first step in determin­
ing the amount of timing margin is to construct the timing 
waveforms of the VGA controller (Figure 2). The control 
and data comes from the controller and goes to the DRAM 
memory except for data out (Q), which comes from the 
DRAM back to the controller. 

The second step is to compare the specifications required 
by the DRAM to those of the VGA controller. The amount 
of margin available is the difference between the two. 
Remember that the minimum specification of the VGA 
controller is not the same as that of the DRAM. The VGA 
controller' s minimum is that which the controller is guaran­
teed to provide to the DRAM. The DRAM's minimum is 
that which the DRAM requires in order to function prop­
erly. For example, the 82C456 specs its tcRP to be 25ns 
minimum (@40MHz)whiletheMT4C1664onlyrequiresa 
minimum of 5ns. Thus, this difference results in a margin of 
20ns between what the 82C456 provides and what the 
MT4Cl664 requires. 

The additional logic required to use the MT4Cl664 with 
the Chips and Technologies 82C456 VGA controller intro­
duces a timing skew on the CAS, WE and Q signals. The 

final portion of the analysis determines how much skew is 
tolerable. The second section of the timing waveform in 
Figure 2 shows the effects of the additional logic delays 
(timing skews) and the decrease in margin between the two 
devices. 

The analysis shows that logic delays of lOns and l5ns 
(lOns for the negated NAND path and l5ns for the negated 
OR connected to a NAND path) allows the MT4Cl664 to 
meet all of the Chips and Technologies 82C456 VGA speci­
fications. 

Additional timing delay may be used in the added logic 
circuitry. The negated OR in series with the NAND path 
may have its delay increased by 5ns (from l5ns to 2Ons). An 
additional delay of more than 5ns will violate the tcRP 
minimum of the MT4C1664. Except for tcRP and tRSH, all 
the other parameters skewed by the added logic have more 
than sufficient timing margins. 

Table 1 summarizes the memory timing specifications of 
a VGA system using the 82C456 VGA controller with the 
MT4Cl664. Logic delays oflOns and l5ns introduced by the 
additional logic are also evaluated. The amount of timing 
margin available in both cases (with and without the logic 
delays) is summarized. 

Table 1 
MINIMUM TIMING SPECIFICATION COMPARISON 

DATA SHEET SPECIFICATIONS WITH LOGIC DELAY 
PARAMETER SYM 82C456 MT4C1664 MARGIN 82C456 MT4C1664 MARGIN UNITS NOTES 
RAS pulse width tRAS 100 100 0 - - - ns 1 

CAS to RAS precharge time ICRP 25 5 20 10 5 5 ns 

RAS hold time IRSH 50 25 25 35 25 10 ns 

CAS pulse width ICAS 100 25 75 - - - ns 1 

Write command hold time IINCS 50 0 50 5 0 5 ns 

Write command setup time .tWCH 125 20 105 95 20 75 ns 

Column address setup time IASC 25 0 25 - - - ns 1 

Column address hold time leAH 75 15 60 - - - ns 1 

Data-in setup time IDS 50 0 50 65 0 65 ns 

Data-in hold time IDH 125 15 110 110 15 95 ns 

Access time from CAS tCAC 75 30 45 60 30 30 ns 

Access time from RAS IRAC 125 100 25 - - - ns 1 

NOTE: 1. Additional logic does not skew timing between the 82C456 and the MT 4C1664. 
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The first value is the guaranteed minimum of the 

~ 
C & T 82C456 VGA controiler 
The second value IS the reqUired minimum of the 
MT4C1664-10 DRAM. 

~_=,s""''-__ ..-:'''''''''-' __ :_--.:'",s:o"''-_ ---.:''''''''"''---1, 25n8 25n8. : • 25n8 

r---A---, 
tRAS (lOOns f lOOns) 

25n8 

RAS ~r~:= ~\.. _________ -:-_________ ~I 
IRSH (50ns 1 25n51 

tCRP (25nS/5nSj : : teAs (100ns/25ns): 

'c-----..;-----:----~' . . , 
CAS ~:t =-..1 \\.. ________ --; ____ '-___ ---'/r----:--

, , 
: twcs (50ns! Ons) : tWCH (125n8 120n8): 

: .IAse (2Sns I Ons) :: ______ t~CA~H~(7~S'~'~It~S,~,~) i-----. , 

ADDR ~:t ~ ROW ~ ____ ~ _____ CO_L_UM_N ____ r_----~~-_,--RO-W--C_~ 

-
-

'os (50ns IOns) 'OH(125nS/15ns) : 

VALID DATA FROM CONTROLLER TO DRAM (WRITE) 

tcAC (7Sns 130ns) : 

tRAC (125ns / 1 Dans) 

1~:(tO",I5",) "' "' " : leAS (lOOns /25ns) 

! : :~ 

:~ 

twCS(5ns/Ons) _ 
'WCH (95ns 120n5) 

w, 

: lOS (65ns IOns) tDH (110ns/15ns) 

VALID DATA FROM CONTROLLER TO DRAM (WRITE) 

I tCAC (60ns 130ns) 

: 
tRAC (125ns/100nS) J 

Figure 2 

:. tOFF 

VALID DATA FROM DRAM 
TO CONTROLLER READ 

15n8 :----:-1 
: 
: 

-2=J 
: 1/$&/.22. 
: 
: 

~I 

: toFF 

I 
VALID DATA FROM DRAM 
TO CONTROLLER READ) 

~ DONTCARE 

~ UNDEFINED 

TIMING ANALYSIS OF MT4C1664 WITH C & T 82C456 
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OVERVIEW 
At Micron, we emphasize superior product quality 

through our unmatched reliability system. We define 
product reliability as a product's ability to perform its 
intended functions and operate under specified 
environmental conditions for a specified length of time. 
This section contains a brief overview of some of the 
issues that affect the reliability of Ie devices, and briefly 
describes Micron's reliability program. 

For a more in-depth discussion of reliability, please 
refer to Micron's Quality IReliability literature. 

Infant 
Mortality 

RELIABILITY GOALS 
When we discuss reliability goals of semiconductor les, 

we typically refer to the traditional reliability curve of 
component life. The reliability curve, or "bathtub curve," 
appears below, where h(t) is the hazard rate or the 
probability of a component failing at to + 1 in time if it has 
survived at time to' 

Figure 1 shows that the significant portion of this curve 
is the random failure segment. The term "infant mortality" 
refers to those les that would fail early in their lives due to 
manufacturing defects. To screen out such failures, Micron 
evaluates all our products using intelligent burn-in. This 
unique AMBYXm intelligent burn-in I test system, 
developed by Micron is described in the following section. 

Wearout 

Random Failures 
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Cumulative 
Failure Rate 

F(t) 

Hazard Rate 
h(t) 

Infant 
Mortality 

1--------Useful Life ------1 

. 

MTBF Applies in this Range 

Time 

Useful Life 

MTBF Applies in this Range 

Random Failures 

Time 

Figure 1 
RELIABILITY CURVE 

Wearout 

. 
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MICRON'S AMBYX'M INTELLIGENT 
BURN-IN AND TEST SYSTEM 

Throughout the semiconductor industry, burn-in has 
been a crucial factor to increase memory product reliability. 
Micron stresses our memory devices to simulate years of 
normal use. Then we document and analyze the results so 
that we can take any corrective action needed. To effectively 
screen out infant mortalities, Micron believes it is critical 
to functionally test devices several times during the burn­
in cycle without removing them from the burn-in oven. 
We were so convinced of the importance of highly refined 
burn-in that we searched for a system to meet this need. 
Because we found no system that met our requirements, 
we introduced the concept of "intelligent" burn-in and, in 
1986, developed the AMBYX~ intelligent burn-in and test 
system. Today, we use AMBYX to test every component 
product we make. 

With AMBYX, we can determine if the failure rate 
curves of individual product lots reach the random failure 
region of the bathtub curve by the end of the burn-in 
cycle. We subject product lots that do not exhibit a stable 
failure rate to additional burn-in. This burn-in flow also 
brings the slightest variation in a product's failure rate to 
our attention. 

Since AMBYX allows us to test devices for functionality 
without removing them from the burn-in oven, we 
effectively eliminate failures resulting from handling, 
thereby minimizing "noise" from the test results. During 
the test phase, output produced by the devices under test 
is compared to the pattern expected. If a discrepancy 
occurs, AMBYX records the failure and provides the bit 
address, device address, board address, temperature, V cc 
voltage, test pattern and time set. 

During the burn-in cycle itself, devices are functionally 
tested in four intervals. The first test begins at room 
temperature. Then, we ramp up the oven to 85°C for more 
functional testing. This enables us to detect thermal 
intermittent failures, another unique feature of intelligent 
burn-in. We conduct the next test at 125°C - any device 
that does not pass this sequence is eliminated. As the 

PRODUCT RELIABILITY 
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burn-in process continues, the devices are dynamically 
stressed at high temperature and voltage for a given 
number of hours. At the end of this period, we functionally 
test all devices again, followed by another burn-in cycle 
and further tests. This sequence is repeated four times on 
every device in every production lot. 

These test results allow us to identify individual failures 
after each burn-in cycle. Figure 2 illustrates how the four 
burn-in and test cycles flow. The typical test results shown 
make up the first portion of the bathtub curve of 
component reliability. 

There are two important reasons that Micron conducts 
the last two burn-in and test periods (or "quarters") at 
lower V cc than the first two portions. First, we want the 
several million device hours that we accumulate weekly 
on production lots to be conducted at stress. conditions 
identical to the conditions for the extended high­
temperature-operating-life (HTOL) test. All semiconductor 
manufacturers use this test to calculate random field failure 
rates. Second, we want to be sure we are not introducing 
new failure modes (failures unrelated to normal wearout) 
by testing them at extremely elevated conditions. In this 
way, Micron ensures that we've effectively screened our 
products for infant mortalities. 

Control charts, such as the one shown in Figure 3, alert 
us to trends in the failure rates of some lots. When we 
detect an increase in a certain failure rate, we pinpoint the 
lots that need additional burn-in cycles to identify all 
variables that might influence the failure rates of those 
lots. Such variables could include fabrication and assembly 
equipment, manufacturing shifts and time frames when 
the lots were processed through specific steps. 

The overall benefits of intelligent burn-in are wide 
ranging. Intelligent burn-in allows us to identify early-life 
failures and failure mechanisms as they would actually 
occur in customer applications. It also allows us to iden­
tify problem lots that, if undetected, could contribute 
substantially to infant mortalities. 

Micron Technology, Inc., reserves the ~ht to change products or specifIcations without notice. 
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Figure 2 
AMBYX'" BURN-INITEST FLOW AND TEST RESULTS 

ENVIRONMENTAL PROCESS 
MONITOR PROGRAM 

Micron's environmental process monitor (EPM) program 
is designed to ensure the reliability of our standard products. 
Under this program, we subject weekly samples of our 
various product and package types to a battery of 
environmental stress tests. 

As discussed in the previous pages, we test our devices 
for many hours under conditions designed to simulate 

rRODUCT RELIABILITY 
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years of normalfield use. We then apply equations derived 
from intricate engineering models to the data collected 
from the accelerated tests. From these calculations, we are 
able to predict failure rates under normal use. Figure 3 shows 
the conditions for these tests, known as "accelerated 
environmental stress" tests. The EPM program described in 
Figure 3 is for our 1 Meg SRAM. 
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TEST NAME AND DESCRIPTION TEST DURATION BIWEEKLY SAMPLE SIZE 

HIGH TEMPERATURE OPERATING LIFE 1,008 Hours 100 Devices 
(125°C, 6.0V, Checkerboard/Checkerboard Complement Pattern) 

TEMPERATURE AND HUMIDITY 1,008 Hours 50 Devices 
(85'C, 85% R.H., 5.5V, Alternating Bias) 

AUTOCLAVE (121°C, 100% R.H., 15 PSI, No Bias) 288 Hours 25 Devices 

LOW TEMPERATURE LIFE 1,008 Hours 5 Devices 
(-25°C, 7.0V, Checkerboard/Checkerboard Complement Pattern) 

TEMPERATURE CYCLE (-65°C TO +150°C, Air to Air) 1,000 Cycles 50 Devices 

THERMAL SHOCK (-55°C TO +125°C, Liquid to Liquid) 700 Cycles 10 Devices 

HIGH TEMPERATURE STORAGE (150°C, No Bias) 1,008 Hours 50 Devices 

ELECTROSTATIC DISCHARGE (+ and-) MIL-STD-3015.7 40 Devices 

NOTE: Samples pulled from five different lots at finished goods. 

Figure 3 
SAMPLE ENVIRONMENTAL PROCESS MONITOR - 1 MEG SRAM 
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FAILURE RATE CALCULATION 
The failure rate during the useful life ofa device is expressed 

as percent failures per thousand device hours or as FITs 
(failures in time, per billion device hours). Using Micron's 4 
Meg DRAM as an example, the failure rate is calculated as 
follows: 

Failure Rate = Pn + [Device hours x A.F. environment] 

A.F. is relative to the typical operating 
environment. 

where: Pn = Poisson Statistic (at a given confidence 
level). In our example, Pn = 0.916 at at 60 
percent confidence level. 

Device hours = sample size multiplied by test time 
(in hours) In our example, device hours equal 
8.145 x 105 in an accelerated environment. 

1\.F. =acceleration factor between the stress 
environment and typical use conditions. For 
the 4 Meg DRAM, the acceleration factor 
between 125°C, 6V (HTOL stress conditions) 
and 50°C, 5V (typical operating conditions) 
equals 89.2. (Calculation of this acceleration 
factor is described in the following section.) 

PRODUCT RELIABILITY 
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Thus, the failure rate of the Micron 4 Meg DRAM family 
is computed as follows: 

Failure Rate = 0.916 + (8.145 x 105) (89.2) = 1.261 x 10"" 

where: total device hours at test conditions = 3.04 x 106• 

Equivalent device hours at typical use conditions 
(50°C, 5V Vcc) using an acceleration factor of 
89.2 equals 89.2 (8.145 x lOS) = 75 x 106. 

To translate this failure rate into percent failures per 
thousand device hours, we multiply the failure rate obtained 
from the equation above by 105: 

Failure Rate = (1.261 x 10-8) x 105 = 0.001261 % or 0.0013% 
per 1K device hours 

To state the failure rate in FITs, we multiply the failure rate 
obtained from the equation above by 109: 

Failure Rate = (1.261 x 10"") x 109 = 12.61 or 13 FITs 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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ACCELERATION FACTOR CALCULATION 
Again, using the 4 Meg DRAM as our example, the 

acceleration factor between high temperature operating life 
stress conditions (125°C, 6V) and typical operating 
conditions (50°C, 5V) is computed using the following 
models: 

ACCELERATION FACTOR DUE TO TEMPERATURE 
STRESS 

The acceleration factor due to temperature stress is 
computed using the Arrhenius equation, which is stated as 
follows: 

where: k = Boltzmann's constant, which is equal to 
8.617 x 10-5 eV /K 

TI and T2 = typical operating and stress 
temperatures, respectively, in kelvins 

E = activation energy in eV (For oxide defects, 
which is the most common failure mechanism 
for the 4 Meg DRAM, used in our example, the 
activation energy is determined to be O.3eV.) 

Using these values, the temperature acceleration factor 
between 125°C and 50°C is computed to be 7.62. 

PROOUCT RELIABILITY 
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ACCELERATION FACTOR DUE TO VOLTAGE 
STRESS 

The acceleration factor due to voltage stress is computed 
using the following model: 

where: 
vIand v 2 stress voltage and typical operating voltage, 

respectively, in volts 
~ = constant, the value of which was derived 

experimentally by running several sessions 
of Micron's intelligent bum-in test sequence 
at different voltages on large numbers of the 
device. (For the 4 Meg DRAM used in our 
example, 15 equals 4.92.) 

Thus, the voltage acceleration factor for the 4 Meg DRAM 
between 6V (stress condition) and 5V (typical operating 
condition) is computed to be 11.70. 

Finally, the overall acceleration factor due to temperature 
and voltage stress is calculated as the product of the 
two respective acceleration factors or: 

A.F·overall = A.F·temperature x A.F'voltage 

= 7.62 x 11.70 

=89.2 
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Figure 4 
AMBYX'" FOURTH QUARTER FAILURES 

OUTGOING PRODUCT QUALITY 
Before being sent to our finished goods area, where 

products are prepared for shipping, a special unit within the 
quality assurance department takes a one-percent sample 
from each production lot. These samples are subjected to 
visual and electrical testing in order to measure the acceptable 
quality level (AQL) of all outgoing product. Figure 4 shows 
a flowchart illustrating Micron's AQL test procedure. 

Visual or mechanical testing consists of an unaided visual 
inspection of the sample devices for any physical irregularities 
that could negatively affect device performance. If a sample 
device is found to have, for example, a bent lead, a package 
irregularity or excess solder, the entire lot is returned to our 
test area for a 100 percent visual inspection. 

Electrical testing of the sample devices is performed using 

'RDDUCT RELIABILITY 
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ATE (automatic test equipment) systems. Testing is 
conducted at room temperature (-25°C) and at 70°C. Should 
an electrical failure occur, a quality assurance engineer 
further evaluates the failing device. After completing this 
analysis, the quality assurance engineer determines which 
production monitor/test should have caught the failure, 
and the entire lot is retested at that point in the test flow. 
These are important steps to preserve the integrity of our test 
process. 

Micron records the percent of devices found to be defective 
in the total number sampled weekly on a control chart. This 
chart, containing AQL data for the previous 52 weeks, is 
presented in weekly management meetings so thatthe quality 
assurance department can take appropriate action. 
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No 

t 
Perform Electrical AQL 

No 

t 

No 

t 

No 

t 
Forward Lot to Shipping. 

Return Entire Lot to Test 
for 100% Visual Retest. 

Contact QA Engineer for 
Furthe~ Testing/Analysis. 

(see next page) 

Figure 5 

QA Engineer determines which 
production test should have 

caught the failure and has the 
entire lot retested at that pOint 

in the test flow. (Lot may be run 
through subsequent tests as 

well, depending upon the 
nature of the failure.) 

• Ves 

No 

I 

AQL TEST FLOW FOR ALL OUTGOING PRODUCTS 
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Example of Special Processing: Lot Mounted on Tape & Reel 

Store Lot in Moistrue 
Sensitive Area to Await 
Tape & Reel Mounting. 

Forward Lot to Tape & 
Reel for Mounting. 

Receive Tape & Reel 
Mounted Lot(s), Sealed in 
a Static Resistive Pouch. 

Visually Check Pouch to 
Ensure Proper Seal and 

Accuracy of Labels. 

Forward Tape & Reel 
Mounted Lots to 

Shipping. 

Figure 6 
AQL TEST FLOW - SPECIAL PROCESSING 

7-9 Micron Technology, Inc" reserves the right to change products or specifications without notice. 
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AUTOMATED DATA CAPTURE & 
ANALYSIS 
Micron has developed a sophisticated data capture and 
analysis system with a computer network tailored to the 
needs of quality Ie manufacturing. Figure 5 shows the 

Electrical 
Parametic 

Values 

Raw Materials 

various functional areas that provide the input to our VAX. 
data bases. 

Equipment 

Operators 

Mainframe Computer 
97 Gigabyte Hard Disk 

[

Experimental Design 
and Evaluation 

• Correlation Reports 
• XlR Charts. P Charts 
• Automatic E-Mail 

Notification 

Assembly 
Yield 

Burn-in 
Yield 

Electrical 
Yield 

Reliability 
Performance 

Figure 7 
STATISTICAL CORRELATION 

DATA CAPTURE 
Automated, real-time data capture makes real-time 

charting (X and R charts, etc.) of all critical operations and 
processes possible and ensures that appropriate personnel 
know of any unexpected variation on a timely basis. As 
production lots move through each manufacturing step, 
detailed information (including step number, lot number, 
machine number, date/time, and operator number) is 
entered into the production data base. Automated, highly­
programmable measurement systems capture a host of 
parameters associated with equipment, on-line process 
material and environmental variables. 

ANALYTICAL TOOLS 
By using highly flexible, on-line data extraction programs, 

system users can tap this vast data base and design their own 
correlation and trend analyses. Because we can correlate 
process variables to product performance, we can make on­
line projections of the quality of our finished product for a 
given lot or process run. In addition, we can estimate the 

impact of process improvements on quality well in advance 
and can make the impact of process deviations more visible 
to our engineers. This approach allows us to model yield and 
quality parameters based on on-line parameters. We then 
use this model to predict the final product results through 
the following means: 

GROUP SUMMARIES 
Summaries, which provide the means and standard 

deviations of user-defined parametrics, enable system users 
to compare the parametric values of production lots as well 
as special engineering lots. 

TREND ANALYSIS 
Trend charts are routinely generated for critical parameters. 

System users can plot the means and ranges of any probe or 
parametric data captured throughout the manufacturing 
process. 

PRODUCT RELIABILITY 
REV. 4/92 7-10 Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 



CORRELATION ANALYSIS 
Correlation analysis can be performed on any combination 

of factors; such as equipment, masks or electrical parameters. 
One report, regularly produced and disseminated to key 
personnel, takes two groups of lots (one with a high failure 
rate, the other with a low failure rate) and identifies all the 
pieces of equipment that are common to one or the other 
group. The report quickly alerts us to any correlation between 
a lot with a high failure rate and particular piece(s) of 
equipment in the wafer fabrication or assembly areas. 

Another regularly produced report analyzes a user­
selected set of database parametrics against an index, such as 
manufacturing yield. Lots are divided into three subgroups 
(upper yielding, middle yielding and lower yielding). The 
report then correlates the yields with all electrical parametric 
values taken on individual lots at wafer sort. It helps us 
determine which processing step may have caused the yields 
to vary among the three subgroups. 

STATISTICAL PROCESS CONTROL CHARTS 
Micron employs SPC control charts throughout the 

company to monitor and evaluate critical process parameters, 
such as critical dimensions (CDs), oxide thickness, chemical 
vapor depositions (CVDs), particle counts, temperature and 
humidity, and many other critical process and product 
quality parameters. 

PRODUCT RELIABILITY 
REV. 4/92 7-11 

OVERLAYS OR WAFERMAPS 
Maps, which are produced for all wafers during probe, 

show various parameters as a function of position on the 
wafer and are very useful for problem isolation. Maps may 
be analyzed individually or in groups. For example, wafers 
from an entire lot may be analyzed in relation to one particular 
parameter. 

RS/l DISCOVERlEXPLORE 
This analysis software is used for experimental design, 

and evaluation of results. The statistical approach supported 
by this software (t tests, ANOV A tables, multiregression 
analysis, etc.) has proven invaluable in reducing time 
expended for product development and trouble shooting. It 
is also used to determine the relationships between process 
output and probe and parametric data. Usingmultiregression 
analysis, for example, we are able to determine the 
relationship between L effective and CD dimensions to the 
speed of a device. 

The use of automation in data capture, analysis and 
feedback greatly enhances the flexibility and speed with 
which we can view all aspects of the manufacturing process. 
This effective data analysis and feedback system helps to II 
reduce parametric deviations, improve margin to 
specifications, increase manufacturing yields and provide 
more accurate fabrication output planning. :tJ 

Micron Technology, Inc., reserves the right to change products or specffications Without notice. 
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UIC:I=ION PRODUCT RELIABILITY 
1-· """,CO",,, PROCESS FLOW CHART 

FABRICATION* 

Incoming 
Verification that the starting material is clean and uniform, and complies with all requirements. Each wafer 
receives an individual laser scribe for total product traceability. 

Photolithography 
Wafers are coated with a layer of light-sensitive photoresist. Specified sections of the wafer are exposed by 
projecting ultraviolet light onto the wafer through a mask. The exposed photoresist hardens and becomes 
impervious to etchants. 

Etch 
The areas of the wafer not protected by the exposed photoresist are removed by either plasma (dry etch) or acid 
(wet etch). The photoreSist is then cleaned ("stripped") off of the wafer, leaving a pattern in the exact design of the 
mask. 

Thermal Processing 
Wafers are placed in furnaces where they are exposed to various gases while being heated to temperatures over 
1,000 degrees celsius. Layers similar to glass are grown on the wafer. These layers help form the building blocks 
for the circuitry constructed on each wafer. 

Implant 
Wafers are bombarded with positively or negatively charged dopant ions, which are implanted into the silicon. 
This process changes electrical characteristics in selective areas of the silicon. This is called" doping," and forms 
conductive regions on the wafer. 

Metal 
A thin layer of aluminum or other metal is deposited and patterned, forming interconnections between various 
regions of the die. 

Passivation 
The fabrication process is completed by forming a final glass layer on the wafer. This layer protects the circuits 
from contamination or damage through the testing and packaging process flows. 

Probe 
When the fabrication process is complete, each wafer consists of many "dice." Each die on the wafer is taken 
individually through a series of tests. A computer attached to a probe card tests the die and produces a "wafer 
map" storing data on each functioning (good) die. All data is collected and stored for each die. Wafer maps are 
used in assembly to ensure that only good dice are packaged. 

Assembly (see next page) 

*This flow is general and is based on DRAM products. 
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MIC:RON PRODUCT RELIABILITY 
1-· "'''ww'"' '" PROCESS FLOW CHART 

ASSEMBLY* 

Fabrication 
Before assembly, incoming raw silicon wafers are processed through a myriad of fabrication steps. This fabrication 
process yields fully-fabricated wafers containing complete, functioning circuitry in die form. These wafers go to 
assembly so each individual die may be separated and packaged prior to final testing. 

Wafer Saw 
Wafers that have finished Fab processing and probe are automatically mounted on a carrying film. The wafer is 
'then sawed using an automated, high-speed diamond blade and high-pressure water. This separates each 
individual die from the others on the wafer without disturbing the carrying film. 

Die Attach 
With automated pick-and-place equipment, the good dice as specified by the probe "wafer map" are removed from 
the carrier film. Each die is attached to a leadframe with a layer of adhesive. 

Wire Bond 
With high-speed automated equipment, interconnections are made with gold wire (the diameter of a human hair). 
These interconnections are between the aluminum circuit on the die and the lead fingers of the leadframe. 

Mold 
A heated mold with a hydraulic press is used to transfer hot thermosetting plastic into mold c~vitit·s wht'n' tht' 
leadframe is placed. This encapsulation protects the die and the interconnections throughout the useful Ii Ie 01 the 
product. 

Laser Mark 
A laser, mark is scribed on the bottom side of the package. This mark is a code used to identify the asseinbly 
manufacturing lot. 

Trim/Form 
A press with a tool set is used to cut and form leads of the lead frame into specified shapes. Some packages have 
leads formed for surface mount applications. Other packages have leads for through-hole applications. 

Lead Finish 
Each package is given a lead finish of tin/lead (solder) to ensure reliable application by the customer. 

Test (see next page) 

'This flow is general and is based on DRAM products. 
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MICRON PRODUCT RELIABILITY 
1-· """.ow", '" PROCESS FLOW CHART 

AMBIENT POST 

HOT FINAL 

TEST* 
Assembly 
Fully fabricated silicon wafers reach assembly after each die has been probed to screen out failures. Passing chips 
are then carried through a number of steps to become individual units in leaded packages. 

Hot Pregrade 
At temperatures ranging from 83°C to 125°C, parts are tested for speed grade and functionality. Parametric tests 
are performed to detect opens, shorts, input and output leakage, input and output high and low levels and standby 
current. Functional tests include low and high V cc margin, vbump, speed sorting, dynamic and static refresh, and 
a full range of patterns and backgrounds. Patterns performed include row fast, column fast, single and multiple 
walking columns and diagonals, moving inversions, and fast page or static column. Backgrounds used include 
solids, checkerboard, row stripes, column stripes and parity. Specific tests and temperatures as applicable to 
specific products. 

Marking 
Devices are marked with ink with the following information: year, special process designator, part type, package 
type and speed grade. 

Bum-in 
Micron uses its exclusive AMBYXTM intelligent burn-in and test system to screen out infant mortalities. Devices 
are dynamically burned-in using checkerboard/ checkerboard complement patterns in four intervals under the 
following conditions: 125°C, 7.5V Vcc for the first two intervals and 125°C, 6V Vcc for the final two intervals. 
Functional testing is performed at 85°C and back to 25°C AMBYXTM tests for thermal intermittent opens. Devices 
are also functionally tested at burn-in conditions (125°C, 7.5V) at the beginning of the burn-in cycle to verify that 
the devices under test are being properly exercised. 

Ambient Post 
At a temperature of 25°C, parametric tests include input and output leakage as well as standby and operating 
currents. Functional tests include low and high V cc margin, vbump, speed sorting, dynamic and static refresh, and 
a full range of patterns and backgrounds. Patterns performed include row fast, column fast, single and multiple 
walking columns and diagonals, moving inversions and fast page or static column. Backgrounds used include 
solids, checkerboard, row stripes, column stripes and parity. 

Hot Final 
At a temperature of 78°C to 100°C, parametric tests include input and output leakage as well as input and output 
high and low levels. Functional tests include low and high V cc margin, vbump, speed sorting, dynamic and static 
refresh, and a full range of patterns and backgrounds. Patterns performed include row fast, column fast, single and 
multiple walking columns and diagonals, moving inversions and fast page or static column. Backgrounds used 
include solids, checkerboard, row stripes, column stripes and parity. 

Scanner 
Devices are optically scanned by an automated scanning machine for bent leads, incorrect splay, coplanarity 
failures and tweeze failures. Passing and failing parts are then sorted into appropriate bins. 

Visual Inspection 
All devices,now tested to be functional, are visually inspected for cosmetic defects such as bent leads, poor marks, 
broken packages and poor solder. Defective products are removed and repaired if possible. Data on the type of 
defects found is carefuly recorded and used for improving the manufacturing processes in both assembly and test. 

Quarantine 
All production lots are held at this stage until a quality assurance monitoring program confirms that electrical and 
environmental specifications are met. 

Packaging 
Devices are prepared for shipping. They may remain in tubes or they may be mechanically placed in tape-and-reel 
packages, ready for application in automatic pick-and-place machines. Products will be either dry packed in 
vacuum sealed bags, or placed in black antistatic bags. 

Finished Goods 
Devices are shipped through a system that maintains lot identity. 

*'This flow is general and is based on DRAM products. 
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PACKAGE TYPE PIN COUNT 

PLASTIC DIP .................... 18 
20 

PLASTIC ZIP ..................... 20 
20 
28 
40 

PLCC .................................... 52 

PLASTIC SOJ .............. 20/26 

'ACKAGING 
lEV. 4192 

24/26 
24/28 

28 
32 
40 
42 

.............. 

.............. 

.............. 

.............. 

.............. 

.............. 

.............. 

.............. 

.............. 

.............. 

.............. 

.............. 

.............. 
•••••••• 0 ••••• 
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8-2 
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8-4 
8-5 
8-6 
8-7 

8-8 

8-9 
8-10 
8-11 
8-12 
8-13 
8-14 
8-15 

8-1 

PACKAGE TYPE PIN COUNT PAGE 

TSOP ............................. 20/26 . ............. 8-16 
24/28 . ............. 8-17 

28 .............. 8-18 
32 .............. 8-19 

40/44 .............. 8-20 
44/50 .............. 8-21 

MODULE SIP .................... 30 .............. 8-22 

MODULE SIMM ............... 30 .............. 8-28 
72 .............. 8-34 

IC DRAM CARD .............. 88 . ............. 8-41 
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r 
.291 (7.39) 
.285 (7.24) 

t 

18-PIN PLASTIC DIP (300 mil) 

N-1 

.S73 (22.17) --------11 

.S67 (22.02) ~ I 

L~:;==;=:;=::::r==r==;==r==;==:;=:::;:=;==;=~ 

~~------------~ 
.145 (3.6S) b--=::r---=::r--=:r-=r--=r--=,.---,=,.---,=r--d 
.135 (3.43) 

--1 . bo-- .100 (2.54) TYP. 

~ .SOO (20.32) TYP. -----<>\ 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

I .330 !S.3Sli 
1 r ", <D' 11 

t l ~j I<>- .OOS (0.20) 
.3S0 (9.65) 
.330 (S.3S) 

2. Package width and length do not include mold protrusion, allowable mold protrusion is .01" per side. 
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I 
.291 (7.39) 
.285 (7.24) 

20-PIN PLASTIC DIP (300 mil) 
N-2 

.973 (24.71) 

.967 (24.56) 

L~==;==:r==:;==;=;==;==r==;==;=;~ 
P/N#1/NDEX 

UJ z 
.170 (4.32) :5 L .155(3.94)~ ~ 

~~'l 
L -l 1---'00 ,,~,~, .f.: g~, ~ ~ ~ ~ 

.062 (1.57) ",~o; 

.050 (1.27) 0 ;; 

... '" 
.900 (22.86) TYP. '-: '-: 

~OTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

I~~ I, ~~7j _\1 

t .014 0.36 J . f=- .008 0.20) 

.380/9.65) 

.330 (8.38) 

2. Package width and length do not include mold protrusion, allowable mold protrusion is .01" per side. 
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MICRON PACKAGING 
1-· "'<"WG"" PLASTIC ZIP 

NOTE: 

PACKAGING 
REV. 4/92 

'" 

r- .050 (1.27) 

J PIN #1 INDEX 

" 

.040 (1.07) 

.015 (0.38) 

--t> 

.999125.37) 

.993125.22) 

20-PIN PLASTIC ZIP (350 mil) 

0-1 

t> 

t 
1 

.293 (7.44) 

.287 (7.29) 

~ .368 9.35 
.332 (8.43 

~ 
'-- SEATING PLANE 

leo- .050 (1.27) TYP. 

.950 (24.13) 

.024 (0.61) 

.016 (0.41) 

.014 (0.36) 

.008 (0.20) 

1 r .113(2.87) 
.107 (2.72) 

~----r 

.508 12.90 

.432 10.97) 

~ 
.100 (2.54) 

<>- .128 13.25) 
.106 (2.69) 

1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

2. Package width and length do not include mold protrusion, allowable mold protrusion is .01" per side. 
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'ACKAGfNG 
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~ PIN #1 INDEX 

-<> 

.040 (1.07) 

.015 (0.38) 

.999 (25.37) 

.993 (25.22) 

20-PIN PLASTIC ZIP (400 mil) 
0-2 

f 
.338 (8.59) 
.332 (8.43) 

~ 
.410 1 
.385 (9. 
~) 

78) 

! 
'- SEATING PL ANE 

<J- .050 (1.27) TYP. 

.950 (24.13) 

.024 (0.61) 

.016 (0.41) 

1. All dimensions in inches (millimeters) MAX or typical where noted~ 
MIN 

.014 (O.36) 

:oOaTo2oi 

1 i-'>- .113 (2.87) 
.107 (2.72) 

~--,-

~""": ;:-I~ 
"'co ....... 
C! C! .550 (13.97) 

.485 (12.32) 

;~~ I 
~) 

.100 (2.54) 

.128 (3.25) 
<I- .106 (2.69) 

2. Package width and length do not include mold protrusion, allowable mold protrusion is .01" per side. 
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28-PIN PLASTIC ZIP (375 mil) 

0-3 

t--------- ~;~;g~~! -----------<10>1 
~ .050 (1.27) X 45' 

Q 

4 I<>- .113 2.87 

1;..-,.,.....;-1 __ ._10
_
7 

_2.7_2
r 

-'" ~~ T "'e 
/ PIN #1 INDEX 

~~ 
g,cQ 
0 

~ 

NOTE: 

PACKAGING 
REV. 4192 

-<=- -<>- .050 (1.27) TYP. 

1.350 (34.29) TYP. 

NG PLANE 

.128 (3.25) 

.106 (2.69) 

1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

2. Package width and length do not include mold protrusion, allowable mold protrusion is .01" per side. 
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MIC:RON PACKAGING 
1-· """,cen w PLASTIC ZIP 

40-PIN PLASTIC ZIP (475 mil) 

0-4 

t------------ ~:~~~I;g:~~l--------------I, I 

1------------- 1.950(49.53) -----------0-1 

1r .024(0.61) 

. 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

1 I- :~6~1~~~l 
:-"....r-------,-

.128 (3.25) 
- .106(2.69) 

2. Package width and length do not include mold protrusion, allowable mold protrusion is .01" per side. 
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NOTE: 

PACKAGING 
REV.4!92 

52-PIN PLCC 
P-1 

,795 (20,19) ---c:=-l 
,785 (19.94) 

.756 (19.20) --1 

.750 (19.05) ,~~~ I 

II .021 (0,53) 
--t::=-J ~ .013 (0.33) 

.730 (18.54) ---c>i 
,690 (17.53) 

1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

f 
.600 (15.24) 

TYP. 

l 

.020 (0.51) MIN. 

2. Package width and length do not include mold protrusion, allowable mold protrusion is .01" per side. 
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MICRON PACKAGING 
1-· ",,"DC'" '" PLASTIC SOJ 

.305 (7.75) 

.299 (7.59) 

.340 (8.64) 

.330 (8.38) 

o 

20/26·PIN PLASTIC SOJ (300 mil) 

0-1 

.050 (1.27) TYP . 

....... ---- .600 (15.24) TYP. - ___ -col 

I I-- .020 (0.51) 
....." .015 (0.38) 

.275 (6.99) 

.260 (6.60) .025 (0.64) 
MIN. 

\jOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

ACKAGING 
EV.4192 

2. Package width and length do not include mold protrusion, allowable mold protrusion is .01" per side. 
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.305 (7.75) 

.299 (7.59) 

.340 (8.64) 

.330 (8.38) 

PIN#1INDEX 

24/26-PIN PLASTIC SOJ (300 mil) 
0-2 

1-=>------ :m nH~l -o-o--o-o-..... J 

I .050 (1.27) TYP. I I-=- I 
1-0----- .600(15.24)TYP.~ 

.025 (0.64) "1 
X 30° TYP. ~ 

~,,~,~~~--------------.., 

I I .020 (0.51) 
-t>j I<>- .015 (0.38) 

NOTE: 1. All dimensions in inches (millimeters) :~ or typical where noted .. 

.275 f6.99) 

.260 (6.60) 

2. Package width and length do not include mold protrusion, allowable mold protrusion is .01" per side. 
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MIC::RON PACKAGING 
1-· , """ '" PLASTIC SOJ 

24/28-PIN PLASTIC SOJ (400 mil) 

0-3 

1<>------- .723 (18.36) 
.729 (18.52) J 

-,nnnn 

.050 (1.27) TVP. 

\<>------ .650 (16.51) ------<>1 

.l~2,~~064) 
~TYP. 

SEATING PLA~ 
II .020 (0.51) 

---<=-j I<>- .015 (0.38) 

~OTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

.375 (9.53) 

.360 (9.14) 

2. Package width and length do not include mold protrusion, allowable mold protrusion is .01" per side. 
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MIC:RON PACKAGING 
1-· ","",co", '" PLASTIC SOJ 

28-PIN PLASTIC SOJ (400 mil) 

0-4 

\c>------- .729(18.52) J 
.723(18.36) 

"Jnnnn 

.050 (1.27) TYP. 

1-:>------ .650 (16.51) -----c..j 

r~2,~1064) 
~TYP. 

SEATINGPL~ 
II .020 (0.51) 

--=i I<'>- .015 (0.38) .375(9.53) 
.360 (9.14) 

NOTE: 

PACKAGING 
REV. 4/92 

1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

2. Package width and length do not include mold protrusion, allowable mold protrusion is .01" per side. 
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MIC:RON PACKAGING 
1-· "'"'''0"'''' PLASTIC SOJ 

.445 (11.30) 

.435 (11.05) 

32-PIN PLASTIC SOJ (400 mil) 

Q-5 

~>------- ::~; 1~6:~~l 

PIN 1 .050 (1.27) TYP. 

1<=>----- .750 (19.05) TYP. -----<>I 

r .~2io~0.64) 
~TYP. 

SEATINGP~J 
II .020 (0.51) 

-<>II<'- .015 (0.38) 

\lOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

.380 (9.65) 

.370 (9.40) 

2. Package width and length do not include mold protrusion, allowable mold protrusion is .01" per side. 

.030 (0.76) 
MIN. 
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EV.4f92 8-13 Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 
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UIC:I=ICN PACKAGING 
1-· '"'""'COG"" PLASTIC SOJ 

40-PIN PLASTIC SOJ (400 mil) 

0-6 

f-=------- ~~~; 1~~~:l -------<:1 
r 

.405 (10.29) 

.399 (10.13) 

.445(11.30) L 

.435 ~1.05) 

PIN #1 INDEX 
.050 (1.27) TYP. 

f-=------ .950(24.13) 

.025 (0.64) J 
X 30' TYP. L-

SEATING PLANE r~------------------'· 

II .020 (0.51) 
--c=-j r=>- .015 (0.38) 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

PACKAGING 
REV.4f92 

2. Package width and length do not include mold protrusion, allowable mold protrusion is .01" per side. 

8-14 Micron Technology, Inc., reserves the right to change products or speclflcallons without notlce. 
©1992, Micron Technology, Inc 



UIC:::I=ICN PACKAGING 
1-· m~,ococnc PLASTIC SOJ 

42~PIN PLASTIC SOJ (400 mil) 

0-7 

~:g;;i~;:~~l---------J 

~--------------~ 
SEATING ::NE J 

.148 (3.76) 

.138 (3.51) 

~~ 
.020 (0.51) 
.015 (0.38) A .040 (1.02) 

.030 (0.76) 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

PACKAGING 
REV. 4192 

2. Package width and length do not include mold protrusion, allowable mold protrusion is .01" per side. 

8-15 Micron Technology, Inc., reS&Nes the tight to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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MICRON PACKAGING 
1-· ",,,,,mo", '''' PLASTIC TSOP 

20/26·PIN PLASTIC TSOP (300 mil) 
R-1 

__ ----___ ~-~67~7~(1~7~.20~)---------
.673 (17.10) 

-I - .037 (0.95) 

f 
.367 (9.32) 
.359 (9.12) 

.302 (7.67) 

.298 (7.57) 

'r;-0"TT""""T"l"-"-;;---Tr""TT""TT""""T"I"-n'--! 

SEE DETAIL A 

PIN1/ -I 1- _11_ .007 (0.18) 
.005 (0.12) 

NOTE: 

PACKAGING 
REV. 4/92 

.050 (1.27) 
TYP. 

.020 (0.50) 

.012 (0.30) 

t k::::::-1·004 (0.10) 1 

0.47 (1.20) 
MAX. 

--+ --
t 

.008 (0.20) 

.004 (0.10) 

DETAIL A 

1.010 (0.25) 1 

+ 

1
·024 lo.60) ---== .016 (0.40) 

.032 (0.80) 

1 . All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

2. Package width and length do not include mold protrusion, allowable mold protrusion is .01" per side. 

8-16 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 



UII:::F=lCN PACKAGING 
1-· "'""CO" '" PLASTIC TSOP 

24/28-PIN PLASTIC TSOP (400 mil) 

R-2 

1

-.---- .727 (18.46) ----­
,723 (18,36) 

-I - 0,37 (0,95) 

.467 (11,86) 

.459 (11.66) 

.402 (10,21) 
,398 (10,11) 

....,.,..".,0 ~~_l 

SEE DETAIL A 

/-11- -11- -11- ,007(0,18) 
,005 (0,12) 

PIN 1 ,050 (1,27) ,020 (0,50) 
,012 (0,30) 

NOTE: 

PACKAGING 
AEV.4192 

TYP, 

0.47 (1,20) 
MAX, 

101,004 (0,10) 1 

1. All dimensions in inches (millimeters) MAX or typical where noted, 
MIN 

I 
,008 (0,20) 
,004 (0,10) 

DETAIL A 

1,010 (0,25) I 
I 

[
-I 
,024 (0,60) ----== ,016 (0.40) 

,032 (0,80) 

2. Package width and length do not include mold protrusion, allowable mold protrusion is .01" per side. 

8-17 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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MICRON PACKAGING 
1-· H >m > 'H PLASTIC TSOP 

28-PIN PLASTIC TSOP (400 mil) 

R-3 

1

-.---- .727 (18.46) -----1 
.723 (18.36) 

-I - 0.37 (0.95) 

I A"L", .459 (11.66) 

.402 (10.21) 

.398 (10.11) 

'--n--rr-;-0 ~~_l 

SEE DETAIL A 

/-11- -11- 11_ .007 (0.18) 
- .005 (0.12) 

PIN 1 .050 (1.27) .020 (0.50) 
.012 (0.30) 

NOTE: 

PACKAGING 
REV. 4192 

TYP. 

0.47 (1.20) 
MAX. 

IQI·004 (0.10) 1 

_1-
t 

.008 (0.20) 

.004 (0.10) 

DETAIL A 

1·010 (0.25) I 
1 

I:I:O) --= .016 (0.40) 

.032 (0.80) 

1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

2. Package width and length do not include mold protrusion, allowable mold protrusion is .01" per side. 

8-18 Micron Technology, Inc., reserves the right to change products or specifications Without notice. 
©1992, Micron TechnolOgy, Inc. 



32-PIN PLASTIC TSOP (400 mil) 
R-4 

_---- .827 (21.01) _____ 1 

.823 (20.91) -I - 0.37 (0.95) 

1.467 J 1.86) 
.459 (11.66) 

.402 (10.21) 

.398 (10.11) 

~o~~~~~~~ __ l 

_ /" SEE DETAIL A 

/ \ 

I , / 

/-11- -11- _11_ .007 (0.18) 
.005 (0.12) 

PIN 1 .050 (1.27) 
TYP. 

.020 (0.50) 

.012 (0.30) 

0.47 (1.20) 
MAX. 

101.004 (0.10) 1 

.008 (0.20) 

.004 (0.10) 

DETAIL A 

1.010 (0.25) I 
~ 

____ .024 (0.60) 
___ .016 (0.40) 

.032 (0.80) 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

PACKAGING 
REV.4f92 

2. Package width and length do not include mold protrusion, allowable mold protrusion is .01" per side. 

8-19 Micron Technology, Inc., reserves the right to change products or spec1flcatlons without notice. 
©1992, Micron Technology, Inc. 
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40/44-PIN PLASTIC TSOP (400 mil) 

R-5 

_---- .727 (18.46) ___ _ 
.723 (18.36) 

- .032 (0.81) 

1 ·46J 1.86' .459 (11.66) 

.402 (10.21) 

.398 (10.11) 

o 1 

/-11- -11-

__ / SEE DETAIL A 

/ , 

II .007 (0.18) 

PIN 1 .0315 (0.80) 
TYP. 

.018 (0.45) 

.010 (0.25) 

- - .005 (0.12) 

NOTE: 

PACKAGING 
REV.4!92 

LJJt]tjt]tjljHljljH 

0.47 (1.20) 
MAX. 

101.004 (0.10) 1 

1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

_t_ 
t 

.008 (0.20) 

.004 (0.10) 

DETAIL A 

1.010 (0.2511 

t 

I
- t 
.024 (0.60) -== .016 (0.40) 

.032 (0.80) 

2. Package width and length do not include mold protrusion, allowable mold protrusion is .01" per side. 

8-20 Micron Technology, Inc., reserves the right to change products or specifications wjthout notice. 
©1992, Micron Technology, Inc. 



44/50-PIN PLASTIC TSOP (400 mil) 

R-6 

.823 (20.91) 
1

-.----- .827 (21.01) -----1 

- .035 (0.88) 

I .467 (t 1 .86) 
.459 (11.66) 

.402 (10.21) 

.398 (10.11) 

'-n-rn-r-r0 T"T"T"T"TT"T"T"~TTTTTTTT"'_1 
/-11-

__ / SEE DETAIL A 

I , 

_11_ .007 (0.18) 
.005 (0.12) 

PIN 1 .0315 (0.80) .018 (0.45) 
.010 (0.25) 

NOTE: 

PACKAGING 
REV. 4/92 

TYP. 

idJ tJ t) tj r:U? eUJ CUJ H 
t k:::~1·004 (0.10) I 

0.47 (1.20) 
MAX. -+-

t 
.008 (0.20) 
.004 (0.10) 

DETAIL A 

1.010 (0.25) I 

+ 

1
:1:0) -= .016 (0.40) 

.032 (0.80) 

1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

2. Package width and length do not include mold protrusion, allowable mold protrusion is .01" per side. 

8-21 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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30-PIN MODULE SIP 

5-1 

, • 3.110 (78.99) " 
3.090 (78.49) 

~~t .545 (13.84) 

.125 (3.18) L ~ 2 ,------,-Mt 
TYP. __ 

t \.. __ 11__ --11--
PIN 1 .100 (2.54) .022 (.559) 

TYP. .018 (.018) 

30-PIN MODULE SIP 

5-2 

I' 3.110 (78.99) " 
3.090 (78.49) 

'~(~:) I ~,------,-545"1i841 
t \.. __ 11__ --II-

PIN 1 .100 (2.54) .022 (.559) 
TYP. .018 (.018) 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

.200 (5.08) 
MAX. 

I~I 

~-
.011 (.279) 
.009 (.229) 

.200 (5.08) 
MAX. 

I~I 

~-
.011 (.279) 
.009 (.229) 

PACKAGING 
REV. 4192 8-22 Micron Technology, Inc., reserves the right to change products or speclflcatlons without notice. 

©1992, Micron TechnOlogy, Inc. 



MICRON PACKAGING 
1-· '''' SIP MODULE 

30-PIN MaDOLE SIP 

S-3 

,-.------- 3.175(80.65) _______ '1 
3.155 (80.14) 

IDDDDDDDD 
.125(3.18) -

TYP._ 

t \.- PIN 1 
-11-
.100(2.54) 

TYP. 

30-PIN MODULE SIP 
S-4 

-11-
.022 (.559) 
.018 (.018) 

,_.-----__ 3.175(80.65) _______ '1 
3.155 (80.14) 

-1 
.845 (21.46) 

MAX. 

! 

I DrnoDDJDD--f~ 
.125(3.18) -

TYP._ 

t \.- PIN 1 
-11-
.100 (2.54) 

TYP. 

IOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

-11-
.022 (.559) 
.018 (.018) 

.200 (5.08) 
MAX. 

I-I 

.011 (.279) 

.009 (.229) 

.200 (5.08) 
MAX. 

I-I 

.011 (.279) 

.009(.229) 

8-23 Micron Technology, Inc., reserves the right to change products or speciHcations without notice. 
01992, Micron Technology, Inc. 
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MICRON PACKAGING 
1-- , " SIP MODULE 

30-PINMODULE SIP 
8-5 

1-4.-------- 3.110(78.99) --------'1 
3.090 (78.49) 

DD -t 
.645 (16.38) 

MAX. 
o . 0 I 

.125 (3.18) -~-!=\·Ii",I-\~,I-\·'"\"K·K·t'·K1"\·"~·K'~·"\"K~K·,..~·t\"I'"'·t'~·K·i"'·,H,·t\"1""\",I-\~,I-\·'"\·I1~K·':::!...-----!.... 
TYP. __ 

t ~ PIN1 
-11-
.100 (2.54) 

TYP. 

-11-
.022 (.559) 
.018 (.018) 

NOTE: 1. All dimensions In inches (millimeters) MAX or typical where noted. 
MIN 

.200 (5.08) 
MAX. 

I-I 

.011 (.279) 

.009 (.229) 

PACKAGING 
REV. 4192 

Micron Technology, Inc., reB8l'Vss the right to change products or specifications without notIo 
01992, Micron Technology,ln 



UU:::F=lON PACKAGING 
1-· "'" SIP MODULE 

30-PIN MODULE SIP 

5-6 

FRONT VIEW 

1
-'------- 3.110(78.99) _________ '1 

3.090 (78.49) 

.125{3.18)_1 0 0 0 0 
TYP._ 

t "- PIN 1 
-11-
.100 (2.54) 

TYP. 

BACK VIEW 

-11-
.022 (.559) 
.018 (.018) 

0000 

IOTE: 1. All dimensions in inches (millimeters) MAX. or typical where noted. 
MIN . 

-1 
.945 (24.00) 

MAX. 

j 

.350 (8.89) 
MAX. 

I-I 

.011 (.279) 

.009 (.229) 

~CKAGING 

;Y . .4J92 ' 
Micron Technology, Ino., re88I"V8S the right to change products or specHications without notice. 

C1992, Micron Technology, Inc. 
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MIC:RON PACKAGING 
1-· , , SIP MODULE 

30-PIN·MODULE SIP 
S-7 

1
-'------- 3.110(78.99) --------, 1 

3.090 (78.49) 

DDrr--I -t 
~ .645(16.38) 

.125 (3.18) _~ ~.u °K1 :H.·UK~ H,U,HI'KUJ-\U"'~UOKU)-\ ~KU)-II·:H.UKUKUKOU{ -\UKU,..· ~UKUKUKU)-l,II)-I,UKUKUKU{-\UKU,J-:::I..----LMr 
TYP._ 

t ~ PIN1 
-11--
.100 (2.54) 

TYP. 

-11-
.022 (.559) 
.018 (.018) 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

.200 (5.08) 
MAX. 

I-I 

.011 (.279) 

.009 (.229) 

PACKAGING 
REV. 4192 8-26 Micron Technology, Inc.. reservee the right to change prodJcts or spaCIfIcatIona WIthout notIc4 

01992, Micron Technology, I.,. 



MU:::I=ION PACKAGING 
1-· SIP MODULE 

I' 

30-PIN MODULE SIP 

8-8 

FRONT VIEW 

3.110 (78.99) 'I 
3.090 (78.49) , 

OOO·'O-l .945(24.00) 

j , , , .. , T 
.125 (3.18) -!::-II';-t,·K~K")-i\·K·i"\·K·iH.",H\·K")-\·~'K·)-\~II-\·M~K·;-t,·~H,·,H.·K·;"\·K~iH.·.H\·K·)-\·;::!.---:....!... 

TYP._ 

f ~ PIN1 
-11-
.100 (2.54) 

TYP. 

BACK VIEW 

-11-
.022 (.S59) 
.018(.018) 

0000 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

.350 (8.89) 

~I 

.011 (.279) 

.009 (.229) 

PACKAGINO 
AEV.4192 

Mlcran Technology, Inc., reserves the right 10 change proclJCIs or specifications without notice. 
@1992,Mlcron-TeohnoJogy,lnc. 
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MIC:~ON PACKAGING 
I- e r"'I '" , SIMM MODULE 

30-PIN MODULE SIMM 
T-1 

I 3.510 (89.15) I 
• 3.490 (88.65) .... 1 _ .133 (3.37) 

.125(~~~~ . ~P. 

.250(6.35) _I fa C:;J ~ ::J 0-1 ~~-.(10.16) -.,---:~~(;~:~; __ 0 ~~!5r"l~a-!5~~~.or"l!5~~r"lr"lr"lr"lr"lr"lr"lr"lr"J(·J("Jr"lI·J(·lr"l , 

t _14-~ PIN 1 -11- -11-
.oao (2.03) .100 (2.54) 

TYP. 
.070 (1.78) 

TYP. 

30-PIN MODULE SIMM 
T-2 

I 3.510 (89.15) I 
3.490 (88.65) .... 1· _ .133 (3.37) 

.125 (~~~ ~ . . ~TY._P_. --.... t _ 

~(_ 1 hO ~~~~~~~~~~~~MOOMO 0-1--.--~~.(10.16)--,--T 
t_l_ ~PINl -11- -11-

.080 (2.03) .100 (2.54) 
TYP. 

.070 (1.78) 
TYP. 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

.200 (5.08) 
MAX. 

I-I 

~-

.200 (5.08) 
MAX. 

I-I 

~-
.054 1.37 
.047(1.19 

PACKAGING 
REV. 4192 8-28 Micron Technology, Inc., reserves the right to change products or specifications without notlce. 

@1992,MicronTecImology,lnc. 



30~PIN MODULE SIMM 

T-3 

1

-.-------- 3.510(89.15) ---------
3.490 (88.65) _I 1_ :;;~.(3.37) 

'125(~~)4oDDWJDlJ 1_
1

_ 1 ~ t '0J .790 (20.07) 
-- . .400(10.16) j 

.250(6.35) ___ ~~~~tJtJ _TY,P_. ___ --'-_ 

l_l~ ~PIN1 _II~ _II~ t 
.080 (2.03) .100 (2.54) 

TYP. 
.070 (1.78) 

TYP. 

30-PIN MODULE SIMM 
T-4 

_________ 3.510(89.15) ________ _ I 3.490 (88.65) _I 1- :;;~(3.37) 

'125(~~)4WJLWIJDIII 1 I 0 . t+'- - .810 (20.57) 
'0J .790 (20.07) 

-- .400(10.16) j 
.250(6.35) ___ ~~~ _T,YP_. ___ --'-_ 

1 I~ 'L PIN 1 _11_ _II~ t 
.080 (2.03) .100 (2.54) 

TYP. 
.070 (1.78) 

TYP. 

IOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

.200 (5.08) 
MAX. 

11-
.054 (1.37) 
.047 (1.19) 

.200 (5.08) 
MAX. 

11-
.054 (1.37) 
.047 (1.19) 

\CKAGING 
SV.4I92 8-29 Micron Technology, Inc., reserves the right 10 change products or specifications without notice. 

©1992, Micron Technology, Inc. 
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.080 (2.03) 

30-PIN MODULE SIMM 
T-5 

.100 (2.54) 
TYP. 

.070 (1.78) 
TYP .. 

.200 (5.08) 
MAX. 

I-I 

M-.054 (1.37) 
.047 (1.19) 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

PACKAGING 
REV. 4192 8-30 Micron T ecllnology, Inc., reserves the right to change products or specifications without notice 

©t992, Micron Technology, tnc 



MIC:RON PACKAGING 
1-· "'""OCOG"" SIMM MODULE 

,125 (3,18) 
TYP. 

,250 (6,35) 

_I 

30-PIN MODULE SIMM 
T-6 

FRONT VIEW 

1

-------- 3,510(89.15) 
3.490 (88,65) 'I 133 (3 37) -I -' , TYP, 

r------------------~ DODD I, o (f)--
ADO (10,16) 

o 0 0 0 TYP, 

,080 (2,03) ,100 (2,54) 
TYP, 

,070 (1,78) 
TYP, 

BACK VIEW 

1 
,910 (23,11) 

,890 r'61) 

,350 (8,89) 
MAX, 

U 
,054 (1,37) 
,047 (1.19) 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted, 
MIN 

PACKAGING 
REV. 4/92 8-31 Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 
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30-PIN MODULE SIMM 
T-7 

I 
3.510 (89.15) I 
3.490 (88 65) _I - .133 (3.37) 

:::~k-[-: J::JP-:::::l-g-~MM---:-;OM 01--:---~:""'--,---T 
1_1~ ~PIN1 _II~ _II~ t 

.080 (2.03) .100 (2.54) 
TYP. 

.070 (1.78) 
TYP. 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

.200 (5.08) 
MAX. 

I-I 

1-
.054 (1,.37) 
.047 (1.19) 

PACKAGING 
REV.4J92 8-32 Micron Technology, Inc., reserves the right to change products or specifications without notice. 

@1992,MlcronTechnOlogy, Inc. 



30-PIN MODULE SIMM 

T-8 

FRONT VIEW 

~ _______ 3.510(89.15) ______ _ 

I' 3.490 (88.65) _I 1- .133 (3.37) 
TYP . 

.080 (2.03) 

o 

.100 (2.54) 
TYP. 

BACK VIEW 

. 070 (1.78) 
TYP. 

DODD 

'OTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

o 

.350 (8.89) 
MAX. 

8-33 Micron Technology, Inc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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72·PIN MODULE SIMM 

T-9 

g~~ g~~~~I---------_-I-I_ .133 (3.38) 
TYP. 

. 125 (3.18) 
TYP. 

. 250 (6.35 ~~oPPPP .... DDDDl 
.............................. 

I 
1.010 25. 

I I .
990r - .400 (10.16) 

TYP . 
I 

~ 
15) 

.125 (3.18) 
TYP. 

--=-I_t 1.75(44.45)TYP.-I-1 -11- -lI-

. 080 (2.03) PIN 1 .250 (6.35) .050 (1.27) .040 (1.02) 
TYP. TYP. 

3.75 (95.25) 

72·PIN MODULE SIMM 
T-10 

t 
.235 (5.97) 

MIN . 

!~~~ g~~:~gl---------_-I-I_ .133 (3.38) 
TYP. 

~ 
I 

I 
1.010 25 
.990 (25. 
~ 

15) 

) I Joq,PPPHH DDDDl -.L .400 (10.16) I . 250 (6.35 . . .. TYP . .... ··'fI········ .... I 

- I-
t 1.75 (44.45) Typ.---I-I -11- -lI-

t 
.235 (5.97) 

MIN. 
.080 (2.03) PIN 1 .250 (6.35) .050 (1.27) .040 (1.02) 

TYP. TYP. 

3.75 (95.25) 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

.200 (5.08) 
MAX. 

~-
.054 (1.37) 
.047 (1.19) 

.350(8.98) 
MAX. 

a 
.054 (1.37) 
.047 (1.19) 

PACKAGING 
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72-PIN MODULE SIMM 

T-11 

4.2BO (108.20) 1 

1 4.240 (107.70) _I - :;;~(3.38) 

'~::'_I oppppop pppl L,oo~:t 
~ -1- t 1.75 (44.45) Typ.---I--I 

. 080 (2.03) PIN 1 .250 (B.35) 
-11- -11-
.050 (1.27) 

TYP. 
.040 (1.02) 

TYP. 

1---------3.75(95.25) ---------

72-PIN MODULE SIMM 

T-12 

.235 (5.97) 
MIN . 

1 ::~:~ g~~:~~l -I 1- .133 (3.38) 
TYP. 

-11- -11-
.050 (1.27) 

TYP. 
.040 (1.02) 

TYP. 

1---------3.75 (95.25)---------1 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

.235 (5.97) 
MIN. 

.200 (5.08) 
MAX. 

I-I 

~-
.054 (1.37) 
.047 (1.19) 

II 
~ 

.350 (8.98) 0 
MAX. 

I-I ~ 

u~ 
.054(1.37) 0 

' .047 (1.19) 

:l1 s: 
~ o z 

'ACKAGING 
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.125 (3.18) 
TYP. 

72-PIN MODULE SIMM 
T-13 

1----------1~~g!~g~~gl _I 1- .133 (3.38) 
TYP. 

DDDDDDDDDD I ~ o 0. .990 (2S.1S) 

.250(6.35)-1- ..... ~ ....... ~ ....... o ........ o ....... o •••• ~ •••••• 0 •••••• ~ ••••••• ~ ••••••• o. - .L .40~~~.16) I 
~-I_t1.7S(44.45)Typ.-I-1 

. 080 (2.03) PIN 1 .250 (6.3S) 

-11- -11-

.OSO (1.27) 
TYP. 

.040 (1.02) 
TYP. 

1---------3.75 (95.2S) ---------1 

72-PIN MODULE SIMM 
T-14 

.235 (S.97) 
MIN . 

g~g!~gggl---------_-I-I_ .133(3.38) 
TYP. 

_1_ \ 1.75 (44.45) TYp.-I-1 

.080 (2.03) ~ 1 .250 (6.3S) 

-11- -11-

.050 (1.27) 
TYP. 

.040 (1.02) 
TYP. 

---------3.75(95.25) ---------1 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

.235 (5.97) 
MIN. 

.200 (5.08) 
MAX. 

~-
.054 (1.37) 
.047 (1.19) 

.200 (5.08) 
MAX. 

1--1 

~ 
.054 (1.37) 
.047 (1.19) 

PACKAGING 
REV. 4/92 8-36 Micron Technology, Inc., reserves the right to change products or specilicalions without notice. 

©1992, Micron Technology, Inc. 



72·PIN MODULE SIMM 
T-15 

g~~ !~~~:~~i -----------1-1- .133 (3.38) 
TYP. 

.350 (8.9B) 
MAX. 

.125 (3.18) 
TYP. o CB .990 (25.15) 

I-I 

DDDDDDDDDD I ~ ~ 
-)- 0 0 0 0 0 0 0 0 0 0 +" 40~~ 16) I .125 (3.181) MIN. .22Mf-I(N5 .. 72) 

250(635)-=1_1_" . ········~~~·(~~~:~;=I~i·········~li~·····~I·I~···· I -rll~ 
080 (2 03) ~ 1 250 (6.35) 050 (1 27) 040 (1 02) 

TYP. TYP. 

1---------3.75(95.25) ---------1 

72·PIN MODULE SIMM 

T-16 

I 4.260 (108.20) I 
4.240 (107.70) _I _ ;.;g(3.38) 

.12S(3.18),~ D D D D D D II I TYP. 1.010 (2S.65) o 0" .990 (2S.1S) 

.2S0(6.3S)) _ ~n~ _.L 40~~16) 1 

_1_t 1.7S(44.4S)TYP.-I-1 -II~ -II~ 
.080 (2.03) PIN 1 .2S0 (6.35) .OSO (1.27) .040 (1.02) 

TYP. TYP. 

----------3.75(95.25) ----------1 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

.235 (5.97) 
MIN. 

.054 (1.37) 

.047 (1.19) 

.200 (5.08) 
MAX. 

~-
.054 (1.37) 
.047 (1.19) 

:lACKAG1NG 
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MIC::RON PACKAGING 
1-· "'""0""""' SIMM MODULE 

72-PIN MODULE SIMM 
T-17 

::~~~ g~~~~l----------~I _I - .133 (3.38) 
TYP. 

.125 (3.18) 
TYP. 

. 250 (6.35 
'~IOQmqp[]q~qq® ~ I 

1.360 34 
1.340 (34 
~ 

.04) 

.400 (10.16) 
TYP . 

t 

.125 (3.18) 
TYP . 

---= -1-t 1.75 (44.4S) TYP. -1-1 -11- -lI-
. 080 (2.03) PIN 1 .250 (6.35) .050 (1.27) .040 (1.02) 

TYP. TYP. 

3.75 (95.25) 

72-PIN MODULE SIMM 

T-18 

t 
.235 (5.97) 

MIN . 

:~~~ g~~:~~l-----------I _I - .133 (3.38) 
TYP. 

r---------------------------~-----. 

DDDDDDDD 1.360(34.54) 
1.340 (34.04) 

o 0 0 0 0 0 0 0 8). '1-.-40-0 ('\0.16) 

-11- -11-
.050 (1.27) 

TYP. 
. 040 (1.02) 

TYP. 

----------3.75(95.25)----------1 

.235 (5.97) 
MIN . 

TYP. 
t 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

.200 (5.08) 
MAX. 

-I 

.054 (1.37) 

.047 (1.19) 

.350 (8.98) 
MAX. 

.054 (1.37) 

.047 (1.19) 

PACKAGING 
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72·PIN MODULE SIMM 

T-19 

4.240 (107.70) I 
4.2BO (108.20) I 

--------;-

000000 rr---loooorr---l 1.200(30.48) ~ ~ 1.180(29.97) 

125(~~ 0 0 0 0 0 0 01- ---I 

.250 (6.35)-)- • • .• .• .. • . • • •. . .•.. ....•.•..• • . . .. •. •.• • .•...•....•.•...... .40~~~_.'B) 

-=-I_t 17S(44.45)TYP.-I-1 -11- -11- 1-11_ 

.080 (2.03) PIN 1 .250 (6.35) .050 (1.27) .040 (1.02) .133 (3.38) 
TYP. TYP. TYP. 

---------3.75(95.25)---------1 

72·PIN MODULE SIMM 

T-20 

4.240 (107.70) I 
4.260 (108.20) I 

------,--

OII~~ ~~]OOII~~ ~~]II~~ ~~] rr---loooorr---l 1.200(30.48) IL--..-J ~ 1.180(29.97) 

.125(3.18) °0 0 0 0 0 0 (B- ---I 
TYP . 

. 250(6.35)-(- .. •.•••• •...•••..•. ..... ... ....•....•.. 1 .40~~~.'B) 

-=-I_t '·75(44.45)TYP--I-1 -11- -11- 1-11_ 

.080 (2.03) PIN 1 .250 (B.35) .050 (1.27) .040 (1.02) .133 (3.38) 
TYP. TYP. TYP. 

---------3.75(95.25)---------1 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

.200 (5.08) 
MAX. 

I-I 

.054 (1.37) 

.047 (1.19) 

.350 (8.89) 
MAX 

I-I 

.054 (1.37) 

.047 (1.19) 

PACKAGING 
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.125 (3.18) 
TYP. 

72-PIN MODULE SIMM 
T-21 

~---------- !:~~gggggl----------1 _I _.133(3.38) 
TYP. 

r--~~~~~~~~~~-~~~~~~~~~~-~--------~ 

DDDD DDDDDDDD 1.360(34.54) 
1.340 (34.04) 

o 0 0 0 0 0 0 0 0 G). -;1--.-40-0 ("-\0.16) 

-II~ -11-
.050 (1.27) 

TYP. 
. 040 (1.02) 

TYP. 

---------3.75 (95.25) ----------------~I 

72-PIN MODULE SIMM 
T-22 

.235 (5.97) 
MIN . 

TYP. , 

1~~g ggggl------------------1 _I - .133 (3.38) 
TYP. 

D D D D 
.125 (3.18) 

TYP. 

. 250 (6.35 
~~oQ~Q[JQQQ~0~ I 

1.360 34. 
1.340 (34. 
~ 

04) 

.400 (10.16) 
TYP . , 

--=-I_t 1.75(44.45)TYP.-I-1 -11- -lI- t 
.235 (5.97) 

MIN . 
. 080 (2.03) PIN 1 .250 (6.35) .050 (1.27) .040 (1.02) 

TYP. TYP. 

3.75 (95.25) 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

.200 (5.08) 
MAX. 

I-I 

.054 (1.37) 

.047 (1.19) 

.350 (8.89) 
MAX. 

I-I 

.05; (1.37) 

.04 (1.19) 

PACKAGING 
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88-PIN IC DRAM CARD 
U-1 

1 ... ----2.13 (54.0) 

]1 JI~(10.0) 
--11-- .039 (1.0) 

B/I~ 
.03937 (1.0) 

• 1.12 (43.50) ---. .... 1 

0.13 (3.3) 

~ 
r-

3.37 (85.6) 

U-"-
-11--.065 (1.65) 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

)ACKAGING 
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SALES INFORMATION .................................... . 





CUSTOMER 
SERVICE NOTE 
INTRODUCTION 

Effective July 1, 1991, Micron Technology implemented 
new standard bar coding labels which will accompany all 
shipments. These labels conform to EIA Standard 556. 

Samples and tape-and-reel boxes have their own 
individual bar code labels (see CSN-02). The bar code labels 
allow customers to scan individual Micron containers for 
quick order verification. Figure 1 shows an example of the 
standard bar coding label. 

BAR CODE INFORMATION 
The information provided on the label is: 

(S) - Serial: Individual box serial number 

(5) SERIFl...' 0'1112345 

1111111111111111111 
(130) SPECIfL: 

STANDARD SHIPPING 
BAR CODE LABELS 

(13Q) - Special: Individual box number and total 
number of boxes in the shipment 
(example: 2 of 10) 

(Q) - Quantity: Total quantity of parts in the box 
(K) - Trans ID: Customer purchase order number 
(P) - Customer Product ID: Customer part number. 

If a customer part number is not designated, 
the Micron part number will be printed. 

ADDITIONAL SALES INFORMATION 
Ship-to-Name: Customer's name and ship-to address 

Ship-From-Name: Micron name and address 

X(fY 

Lot Date Code: Indicates date of oldest lot in the box 

SHIP_TO_t-RE 
AOORESS 

CITY. 5T 

ZIPCOOE 

MICRCI'I 
2805 E cu..lH3IA 
BOISE. IOFHJ 
837Iil6-9698 

~12 

:;ALES INFORMATION 
~EV.4/92 

Figure 1 
STANDARD BAR CODE LABEL 

LOT DATE ewE 
9015 

9-1 Micron Technology, Inc., reserves the right to change products or speclficalions without notice. 
©1992,MicronTechnology, Inc. 
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I'IIIC:Rg~ SALES INFOR~~~~~ 

CUSTOMER 
SERVICE NOTE 
INTRODUCTION 

Micron Technology provides a standard bar code label 
on each individual sample and tape-and-reel box. The 
standard bar code label allows scanning of Micron shipping 
containers at a receiving dock for quick order verification. 

Figure 1 shows an example of the standard bar code label. 

TAPE-AND-REEUSAMPLE 
BAR CODE LABELS 

BAR CODE INFORMATION 
The information provided on the label is: 

Labell: Individual box number (in a multi-box shipment) 
Actual box number printed 
Micron part number / speed/ customer code 
Part type / rev / quantity / date code of oldest lot* 

11111111 11111 ~ II ~ 
09100084332 

MT4C 1024D J-8 UD 
J1 1000 9117 

Figure 1 
LABEL 1 

*Indicates that more than one date code is contained on the reel. 

SALES INFORMATION 
REV. 4/92 9-2 Micron Tech'lology, Inc., reserves the right to change products or specifications without notice. 
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CUSTOMER 
SERVICE NOTE 
INTRODUCTION 

Effective November 15 1991, Micron Technology began 
providing a new SPC label on all surface-mount products. 
The label is attached to the static column bag for tubed 
products and to the front of the bag for tape-and-reel 
packaged products. 

Figure 1 shows an example of the standard SPC label, 
while Figures 2 and 3 show the difference between the 
labels for tubed and tape-and-reel packaged products. 

Date: 

SURFACE-MOUNT 
PRODUCTS' SPC LABELS 

DATE INFORMATION 
The SPC label includes the date on which the tube or reel 

was hermetically sealed in drypack. It also lists the ID 
number of the operator who sealed the product. 

Figure 1 
SURFACE-MOUNT PRODUCT SPC LABEL 

F-1IlII1IlII1IlII1IlII1IlII1IlII~- Heat Sealed Bag (Tube Configuration) 
Moisture Barrier Bag 

Yellow "EDS" Warning Label 

DI--n-- Desiccant 

c=J----;-+-- Micron Marketing Label 

, 

D+ r----- SPC label- Operator 10# Date Bag Sealed 

D--~, +__ Blue EDS and Bag Label 

-------------~ 

Figure 2 
TUBED PRODUCT LABEL 

SALES INFORMATION 
REV. 4192 9-3 

f-llli------III'IIIj- Heat Saaled Bag 

Silica Gel (In Sealed Bag) 

eJ1--:-t-- (Warning Label) 

D---T--+_ Micron Marketing Label 

c===J -- SPC Labt1l-0perator ID# Date Bag Sea.led 
L-______ ~ 

Figure 3 
TAPE-AND-REEL PACKAGED 

PRODUCT LABEL 

Micron TechrlOlogy, Inc., reserves the right to change products or specifications without notice. 
©t992, Micron Technology, Inc. 
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MIC:RON SALES INFORMATION 
1-· "'""'00"" PRODUCT NUMBERING 

EXPANDED COMPONENT NUMBERING SYSTEM 

AA BB CC DODD FFF -GG ZZ ZZ 
-L1---L I -L~--L 

MT4C4256D.J-8 VL 
Micron 
DRAM 
CMOS 

256K x 4 

~IT1~ 

AA - PRODUCT LINE IDENTIFIER 

Component Product .......................................................... MT 

BB - PRODUCT FAMILY 

DRAM .................................................................................. 4 
DPDRAM ............................................................................ 42 
TPDRAM ............................................................................ 43 
SRAM ................................................................................... 5 
FIFO ................................................................................... 52 
Cache Data SRAM .............................................................. 56 
Synchronous SRAM ........................................................... 58 

CC - PROCESS TECHNOLOGY 

CMOS .................................................................................. C 
Low Voltage CMOS ............................................................ LC 

DODD - DEVICE NUMBER 
(Can be modified to indicate variations) 

DRAM ............................................................. Width, Density 
DPDRAM ......................................................... Width, Density 
TPDRAM ....... , ................................................. Width, Density 
SRAM .......................................................... Total Bits, Width 
CACHE ............................................................ Density, Width 
Latched SRAM ............................................. Total Bits, Width 
FIFO ............................................................. Width, Total Bits 
Synchronous SRAM ........................................ Density, Width 

E - DEVICE VERSIONS 
(Alphabetic characters only; located between 0 and F when 
required) 

JEDEC Test Mode (4 Meg DRAM) ........................................ J 
Errata on Base Part .............................................................. Q 

FFF - PACKAGE CODES 

PLASTIC 
DIP ............................................................................. Blank 
DIP (Wide Body) .............................................................. W 
ZIP .................................................................................... Z 
LCC ................................................................................. EJ 
SOP/SOIC ....................................................................... SG 

SALES INFORMATION 
REV: 4192 9-5 

Low Voltage, Low Power (Extended Refresh) 
BOns Access Time 
SOJ Package 

FFF - PACKAGE CODES (continued) 
QFP ................................................................................. LG 
TSOP (Type II) ................................................................ TG 
TSOP (Reversed) ........................................................... RG 
TSOP (Longer) ................................................................ TL 
SOJ ................................................................................. OJ 
SOJ (Reversed) .............................................................. DR 
SOJ (Longer) .................................................................. DL 

DIE' 
Die ................................................................................ XDC 
Wafer .......................................................................... XWC 
Military Die ..................................................................... XD 
Military Wafer ................................................................ XW 

Ceramic 
DIP ................................................................................... C 
DIP (Narrow Body) ......................................................... CN 
DIP (Wide Body) ............................................................ CW II 
LCC ................................................................................. EC 
LCC (Narrow Body) ...................................................... ECN 
LCC (Wide Body) ........................................................ , ECW CJ) 

!~~::i; .... : ..... ······ .......... ··.·· ....... ·.··· ............. ~ ~ 
GG - ACCESS TIME _ 

-5 ...................................................................... 5ns or 50ns 
-6 ...................................................................... 6ns or 60ns 
-7 ...................................................................... 7ns or 70ns 
-8 ...................................................................... 8ns or 80ns 

-10 .................................................................. 10ns or 100ns 
-12 .................................................................. 12ns or 120ns 
-15 .................................................................. 15ns or 150ns 
-17 ................................................................................. 17ns 
-20 ................................................................................. 20ns 
-25 ................................................................................. 25ns 
-35 ................................................................................. 35ns 
-45 ................................................................................. 45ns 
-50 (SRAM only) ............................................................ SOns 
-53 ................................................................................. 53ns 

Micron Technology, Inc., reserves the right to change products or specifications without notica. 
©1992, Micron Technology, Inc. 
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UU:::I=ICN SALES INFORMATION 
1-· ,,,,,,,,,,,,,,,,,, PRODUCT NUMBERING 

EXPANDED COMPONENT NUMBERING SYSTEM (continued) 

AA BB CC DODD FFF -GG ZZ ZZ 
--L l..-L I -.L....L-L 
MT4C4256DJ-8 VL 

Micron 
DRAM 
CMOS 

256Kx 4 

~J I Tl~ 

GG - ACCESS TIME (continued) 
-55 ................................................................................. 55ns 
-70 (SRAM only) ............................................................ 70ns 

ZZ ZZ - PROCESSING CODES 
(Multiple processing codes are separated by a space and are 
listed in hierarchical order). 
Example: 
A DRAM supportIng low power, extended refresh (L); low voltage 
(V) and the industrial temperature range (IT) would be Indicated as: 
V L IT 

Interim .................................................................................. 1 
Low Voltage ......................................................................... V 
DRAMS 

Low Power (Extended Refresh) ......................................... L 
Low Voltage, Low Power (Extended Refresh) ................. VL 
Low Power (Self Refresh) ................................................. S 
Low Voltage, Low Power (Self Refresh) ......................... VS 

SRAMS 
Low Volt Data Retention ................................................... L 
Low Power ........................................................................ P 
Low Power, Low Volt Data Retention .............................. LP 
Low Voltage, Low Power ................................................ VP 

SALES INFORMATION 
REV. 4192 9-6 

Low Voltage, Low Power (Extended Refresh) 
BOns Access Time 
SOJ Package 

zz ZZ - PROCESSING CODES (continued) 
Low Voltage, Low Volt Data Retention ............................ VL 
Low Voltage, Low Volt Data Retention, 
Low Power ....................................................... , ............. VB 

EPI Wafer ............................................................................. E 
Commercial Testing 

O°C to + 70°C .............................................................. Blank 
-40°C to +85°C ................................................................ IT 
-40°C to + 125°C ............................................................. AT 
-55°C to + 125°C ............................................................. XT 

MIL-STD-883C Testing . 
-55°C to + 125°C ......................................................... 883C 
-55°C to + 110°C (DRAMs) .......................................... 883C 
O°C to +70°C .............................................................. M070 

Special Processing 
Engineering Sample ........................................................ ES 
Mechanical Sample ........................................................ MS 
Sample Kit' .................................................................... SK 
Tape and Reel' ............................................................... TR 
Bar Code' ....................................................................... BC 

• Used in device order codes; this code is not marked on device. 

Micron Technology, Inc., reserves the right to change products or specifications Without notice. 
©1992,Micron Technology, Inc. 



MIC:RON SALES INFORMATION 
1-· 'CC~"OWC"'C PRODUCT NUMBERING 

NEW COMPONENT NUMBERING SYSTEM 

AA BB CC DDDDDD EE FFF ·GG ZZ zz 
-L.l.-L I ...L-L-L-L 
MT4C1M16A1DJ-8 VL 

Micron I II I 1 1T ~ Low Voltage, L~w Power (Extended Refresh) 
DRAM - - Bans Access Time 
CMOS SOJ Package 

1 Meg x 16 . Data Sheet Defined 

AA - PRODUCT LINE IDENTIFIER FFF - PACKAGE CODES (continued) 

Component Product .......................................................... MT QFP ................................................................................. LG 
TSOP (Type II) ................................................................ TG 

BB - PRODUCT FAMILY TSOP (Reversed) ........................................................... RG 
DRAM ................................................................ : ................. 4 TSOP (Longer) ................................................................ TL 
DPDRAM ............................................................................ 42 SOJ ................................................................................. DJ 
TPDRAM ............................................................................ 43 SOJ (Reversed) ..................................................... , ........ DR 
Synchronous DRAM .......................................................... 48 SOJ (Longer) .................................................................. DL 

SRAM ................................................................................... 5 DIE 
FIFO ................................................................................... 52 Die .............................................................. ; ................. XDC 
Latched SRAM ................................................................... 56 Wafer .......................................................................... XWC 
Synchronous SRAM ........................................................... 58 Military Die ..................................................................... XD 

CC - PROCESS TECHNOLOGY 
Military Wafer ................................................................ XW 

CMOS .................................................................................. C 
CERAMIC 

DIP ................................................................................... C 
Low Voltage CMOS ............................................................ LC 

DDDDDD - DEVICE NUMBER 

Depth, Width 

DIP (Narrow Body) ......................................................... CN II 
DIP (Wide Body) ............................................................ CW 
LCC (Narrow Body) ...................................................... ECN 

Example: 
1M16 = 1 Megabit deep by 16 bits wide = 16 Megabits of total 
memory 

No Letter .......................................................................... Bits 
K ................................................................................. Kilobits 
M ............................................................................. Megabits 
G ............................................................................... Gigabits 

EE - DEVICE VERSIONS 

(The first character is an alphabetic character only; the 
second character is a numeric character only.) 
Specified by individual data sheet 

FFF - PACKAGE CODES 

Plastic 
DIP ............................................................................. Blank 
DIP (Wide Body) .............................................................. W 
~P .................................................................................... Z 
LCC ................................................................................. EJ 
SOP/SOIC ....................................................................... SG 

SALES INFORMATION 
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LCC ................................................................................. EC (J) 
LCC (Wide Body) ......................................................... ECW ....... 
SOP/SOIC ....................................................................... CG ", 
SOJ ............................................................................... DCJ r 
PGA ................................................................................ CA m 
FLAT PACK ........................................................................ F (J) 

GG - ACCESS TIME 

-5 ...................................................................... 5ns or 50ns 
-6 ...................................................................... 6ns or 60ns 
-7 ...................................................................... 7ns or 70ns 
-8 ...................................................................... 8ns or 80ns 

-10 .................................................................. 10ns or 100ns 
-12 .................................................................. 12ns or 120ns 
-15 .................................................................. 15ns or 150ns 
-17 ................................................................................. 17ns 
-20 ................................................................................. 20ns 
-25 ................................................................................. 25ns 
-35 ................................................................................. 35ns 
-45 ................................................................................. 45ns 
-50 (SRAM only) ............................................................ 50ns 

Micron Technology, Inc., reserves the right to change products or speclflcatlolis without notice. 
©1992, Micron Technology, Inc. 
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UII:::I=ICN SALES INFORMATION 
1-· ,",",ww",,, PRODUCT NUMBERING 

NEW COMPONENT NUMBERING SYSTEM (continued) 

AA BB CC 000000 EE FFF -GG ZZ ZZ 
-L. J....l. I -L-L--.L-L 
MT4C1M16A1DJ-8 VL 

Micron I IT I T TT ~ Low Voltage, L~w Power (Extended Refresh) 
DRAM - - BOns Access Time 
CMOS SOJ Package 

1 Meg x 16 Data Sheet Defined 

GG - ACCESS TIME (continued) 
-53 ................................................................................. 53ns 
-55 ................................................................................. 55ns 
-70 (SRAM only) ............................................................ 70ns 

ZZ ZZ - PROCESSING CODES 
(Multiple processing codes are separated by a space and are 
listed in hierarchical order.) 
Example: 
A DRAM supporting low power, extended refresh (L); low voltage 
(V) and the industrial temperature range (IT) would be indicated as: 
V L IT 

Interim .................................................................................. 1 
Low Voltage ......................................................................... V 
DRAMs 

Low Power (Extended Refresh) ......................................... L 
Low Voltage, Low Power (Extended Refresh) ................. VL 
Low Power (Self Refresh) ................................................. S 
Low Voltage, Low Power (Self Refresh) ......................... VS 

SRAMs 
Low Volt Data Retention ................................................... L 
Low Power ........................................................................ P 
Low Power, Low Volt Data Retention .............................. LP 
Low Voltage, Low Power ................................................ VP 

SALES INFORMATION 
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ZZ ZZ - PROCESSING CODES (continued) 
Low Voltage, Low Volt Data Retention ............................ VL 
Low Voltage, Low Volt Data Retention, 
Low Power ..................................................................... VB 

EPI Wafer ............................................................................. E 
Commercial Testing 

O°C to +70°C .............................................................. Blank 
-40°C to +85°C ................................................................ IT 
-40°C to + 125°C ............................................................. AT 
-55°C to + 125°C ............................................................. XT 

MIL-STO-883C Testing 
-55°C to + 125°C ......................................................... 8B3C 
-55°C to +11 DoC (DRAMs) .......................................... BB3C 
O°C to + 70°C .............................................................. M070 

Special Processing 
Engineering Sample ........................................................ ES 
Mechanical Sample ........................................................ MS 
Sample Kit' .................................................................... SK 
Tape and Reel' ............................................................... TR 
Bar Code' ....................................................................... BC 

• Used in device order codes; this code is not marked on device. 

Micron Technology, !nc., reserves the right to change products or specifications without notice. 
©1992, Micron Technology, Inc. 
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1-· ",""ow,,,", PRODUCT NUMBERING 

MODULE NUMBERING SYSTEM 

AA BB C DDDEE F GG HH 
-L ---L -L -.l-L -L .L-L 
MT12D136GL-7 

70ns Access Time 
12 Components L ____ _ Micron ~TTJTTTT Low Power (Extended Refresh) 

Gold Plating DRAM Module '--------
1 Meg 

AA - PRODUCT LINE IDENTIFIER 
Micron Technology Component Product ................ MT 

BB - NUMBER OF MEMORY COMPONENTS 

C-RAMFAMllY 
SRAM ........................................................................ S 
DRAM ........................................................................ 0 

DDD-DEPTH 

EE-WIDTH 

F - PACKAGE CODE 
DIP ............................................................................ 0 
Gold Plate ................................................................. G 
ZIP ............................................................................. Z 
SiP ............................................................................. N 
SIMM ......................................................................... M 

SALES INFORMATION 
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x36 

GG - SPECIAL DESIGNATOR 
low Power ................................................................. l 

HH - ACCESS TIME 
-1 0 .........................•............................... 1 Ons or 100ns 
-15 ........................................................................ 15ns 
-20 ........................................................................ 20ns 
-25 ........................................................................ 25ns 
-30 ........................................................................ 30ns 
-35 ........................................................................ 35ns 
-45 ........................................................................ 45ns 
-6 .......................................................................... 60ns 
-7 .......................................................................... 70ns 
-8 .......................................................................... 80ns 

Micron Technology, Inc., reserves the right to change products or spedfications without nolice. 
©1992, Micron Technology, Inc. 
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MU:::I=ION SALES INFORMATION 
1-· "0<"0""'"' PRODUCT NUMBERING 

IC DRAM CARD NUMBERING SYSTEM 

AA BB ecce DOD EE F ·GG 
-L~ I .1~J..-L 
MT12D88C136 -8 

Micron --==r-T I 1~"L:.-12 Components ~ 
88-Pin DRAM Card ------'. 

80ns Access Time 
Special Designator 
x36 
1 Meg 

AA - PRODUCT LINE IDENTIFIER 
Micron Technology Component Product ................ MT 

BB - NUMBER OF MEMORY COMPONENTS 

CCCC - DRAM CARD DESIGNATOR AND PIN COUNT 
88-Pin DRAM Card ............................................. D88C 
60-Pin DRAM Card ............................................. D60C 

DOD-DEPTH 

EE-WIDTH 

SALES INFORMATION 
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F - SPECIAL DESIGNATOR 
3.3 Volts ..................................................................... V 

G - ACCESS TIME 
-5 .......................................................................... 50ns 
-6 .......................................................................... 60ns 
-7 .......................................................................... 70ns 
-8 .......................................................................... 80ns 

Micron Technology. Inc., reserves the right to change products or specifications without notice. 
@1992,MicronTechnology,Inc:. 
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ORDER INFORMATION* 
Each Micron component family is manufactured and 

quality controlled in the USA at our modem Boise, Idaho, 
facility employing Micron's low-power, high­
performance CMOS silicon-gate process. Micron products 
are functionally equivalent to other manufacturers' products 
meeting JEDEC standards. Device functionality is 
consistently assured over a wider power supply, 
temperature range and refresh range than specified. Each 
unit receives continuous system-level testing during many 
hours of accelerated bum-in prior to final test and shipment. 
This testing is performed with Micron' s exclusive AMBYX'" 
intelligent bum-in and test system. 

ORDER EXAMPLES 

DRAM 
1 Meg x 1 , 60ns in Plastic SOJ 

PRODUCT# IPACljl:!1 SPiED I 
MT4C1024DJ '·6 

WIDE DRAM 
512K x 8, 80ns in Plastic SOJ 

PRODUCT# IPAC1jljl SPiED 1 

MT4C8512DJ -8 

ICDRAMCARD 

Please contact the factory for technical, test and application 
assistance. Micron can also furnish the sales representative 
and distributors nearest you. Micron's quality assured policy 
is to offer prompt, accurate and courteous service while 
assuring reliability and quality. 

Telephone: (208) 368-3900 
FAX: (208) 368-4431 

Customer Comment Line: 
(800) 932-4992 (USA) 

01 (208) 368-3410 (Inti.) 

DRAM MODULE 
1 Meg x 8, 60ns in SIMM Module 

PRODUCT# IPAC1jl:11 SPiED 1 

MT2D2568M ·6 

MULTIPORT 
256K x 4, 70ns in Plastic ZIP 

PRODUCT# IPACL;i:11 SPiED 1 

MT42C4256Z ·7 

256K x 32, 60ns IC DRAM Card 

PRODUCT #1 SPfD 1 

MT8D88C25632 -6 

'For more detailed information, refer to the Product Numbering charts on pages 9-4 through 9-9. 

SALES INFORMATION 
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,>,",owo> "' NORTH AMERICA 

ALABAMA Military Distributors CALIFORNIA 
Representative JAN Devices, Inc. Representatives (Northern California) 
Southeast Technical Group 6925 Canby Ave., Bldg. 109 Bay Area Electronics Sales, Inc. 
101 Washington, Suite 6 Reseda, CA 91335 2001 Gateway Place, Suite 315 
Huntsville, AL 35801 Phone -818-708-1100 

Phone - 205-534-2376 FAX -818-708-7436 
San Jose, CA 95110 
Phone -408-452-8133 

FAX - 205-534-2384 Zeus Components, Inc. FAX - 408-452-8139 

Distributors 6276 San Ignacio Ave., Suite E Bay Area Electronics, Inc. 
Hall-Mark Electronics Corporation 

San Jose, CA 95119 
Phone -408-629-4789 

5711 Reinhold St. 
4890 University Square FAX - 408-629-4892 

Fair Oaks, CA 95628 
Business Center, Suite 1 Phone -916-863-0563 
Huntsville, AL 35816 ARKANSAS FAX -916-863-0615 
Phone - 205-837-8700 
FAX -205-830-2565 

Representative Representatives (Southern California) 

Pioneer Technology 
Nova Marketing Incorporated Jones & McGeoy Sales, Incorporated 
8350 Meadow Road, Suite 174 801 Parkcenter Drive, Suite 250 

4835 University Square, Suite #5 Dallas, TX 75231 Santa Ana, CA 92705 
Huntsville, AL 35818 Phone - 214-750-6082 Phone - 714-547-6466 
Phone - 205-837-9300 FAX - 214-750-6068 FAX - 714-547-7670 
FAX -205-837-9358 

Distributors Jones & McGeoy Sales, Incorporated 
Military Distributor Anthem Electronics, Inc. 5060 Shoreham Place 
Zeus Components, Inc. 651 N. Plano Rd., Suite 429 San Diego, CA 92122 
1750 West Broadway, Suite 114 Richardson, TX 75081 Phone - 619-458-5856 
Oviedo, FL 32765 Phone -214-238-7100 FAX - 619-453-0034 
Phone - 407-365-3000 FAX - 214-238-0237 Jones & McGeoy Sales, Incorporated 
FAX -407-365-2356 

Hall-Mark Electronics Corporation 20501 Ventura Blvd., Suite 130 

ARIZONA 11420 Pagemill Road Woodland Hills, CA 91364 

Representative Dallas, TX 75243 Phone -818-715-7161 

Quatra Associates 
Phone - 214-553-4300 FAX - 818-715-7199 

II 
4645 South Lakeshore Dr., Suite #1 

FAX - 214-343-5988 Distributors 

Tempe, AZ 85282 Pioneer Electronics Anthem Electronics Incorporated 

Phone - 602-820-7050 13765 Beta Road 1160 Ridder Park Drive 

en FAX -602-820-7054 Dallas, TX 75244 San Jose, CA 95131 

:t> Distributors 
Phone - 214'386-7300 Phone - 408-453-1200 
FAX - 214-490-6419 FAX - 408-452-2281 

r Anthem Electronics Incorporated 
Wyle Laboratories Anthem Electronics Incorporated 

m 1555 10th PI., Suite #101 
Tempe, AZ 85281 1810 N. Greenville Avenue 9131 Oakdale Avenue 

en Phone - 602-966-6600 Richardson, TX 75081 Chatsworth, CA 91311 

- FAX -602-966-4826 Phone - 214- 235-9953 Phone -818-700-1000 

Z Hall-Mark Electronics Corporation 
FAX - 214-644-5064 FAX -818-775-1302 

" 4637 S. 36th Place Military Distributor Anthem Electronics Incorporated 

0 Phoenix, AZ 85040 Zeus Components, Inc. 1 Old Field Drive 

:::D 
Phone - 602-437-1200 1800 North Glenville, Suite 120 East Irvine, CA 92718-2809 

FAX -602-437-2348 Richardson, TX 75081 Phone -714-768-4444 

s: Wyle Laboratories 
Phone -214-783-7010 FAX -714-380-4747 

!!i 4141 E. Raymond St., Suite #1 
FAX - 214-234-4385 Anthem Electronics Incorporated 

Phoenix, AZ 85040 
580 Menlo Drive, Suite 8 

- Phone - 602-437-2088 
Rocklin, CA 95677 

0 FAX -602-437-2124 
Phone - 916-624-9744 
FAX -916-624-9750 

Z 
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Micron Technology, Inc., reserves the right to change products or specifications without notice 

©1992, Micron Technology, Inc. 



UIC:I=ICN SALES INFORMATION 
1-· '"'",ow", '"' NORTH AMERICA 

Anthem Electronics Incorporated Wyle Laboratories CANADA 
9369 Carroll Park Drive 17872 Cowan Avenue Representatives 
San Diego, CA 92121 Irvine, CA 92714 

Clark-Hurman Associates Phone - 619-453-9005 Phone - 714-863-9953 
20 Regan Road, Unit #14 FAX - 619-546-7893 FAX - 714-863-0473 
Brampton, Ontario L7 A lC3 

Hall-Mark Electronics Corporation Wyle Laboratories Canada 
9420 Topanga Canyon Blvd. 2951 Sunrise Blvd., Suite #175 Phone -416-840-6066 
Chatsworth, CA 91311 Rancho Cordova, CA 95742 FAX - 416-840-6091 
Phone - 818-773-4500 Phone - 916-638-5282 

Clark-Hurman Associates FAX -818-773-4555 FAX -916-638-1491 
66 Colonnade Road, Suite 205 

Hall-Mark Electronics Corporation Wyle Laboratories Nepean, Ontario K2E 7K7 
580 Menlo Drive, Suite 2 9525 Chesapeake Drive Canada 
Rocklin, CA 95677 San Diego, CA 92123 Phone - 613-727-5626 
Phone - 9l6-624-9781 Phone - 619-565-9171 FAX -6l3-727-1707 
FAX -916-961-0922 FAX - 619-565-0512 

Clark-Hurman Associates 
Hall-Mark Electronics Corporation Wyle Laboratories 4 Chester 
3878 Ruffin Road, Unit lOB 26010 Mureau Road, #150 Pointe Claire, Quebec H9R 4H7 
San Diego, CA 92123 Calabasas, CA 91302 Canada 
Phone - 619-268-1201 Phone -818-880-9000 Phone - 514-426-0453 
FAX -619-268-0209 FAX -818-880-5510 FAX -514-426-0455 

Hall-Mark Electronics Corporation Military Distributors Davetek Marketing 
2105 Lundy Avenue JAN Devices, Inc. 107-3738 North Fraser Way 
San Jose, CA 95030 6925 Canby, Bldg. 109 Burnaby, BC V5J 5G1 
Phone - 408-432-4000 Reseda, CA 91335 Canada 
FAX - 408-432-4044 Phone - 818-708-1100 Phone 604-430-3680 

Hall-Mark Electronics Corporation FAX -818-708-7436 FAX -604-435-5490 

#1 Mauchly Zeus Components, Inc. Distributors 
Irvine, CA 92718 22700 Savi Ranch Parkway Semad Electronic 
Phone - 714-727-6000 Yorba Linda, CA 92686 85 Spy Court 
FAX -714-727-6066 Phone - 714-921-9000 Markham, Ontario L3R 4Z4 

II Pioneer Technologies FAX -714-921-2715 Canada 
134 Rio Robles Zeus Components, Inc. Phone -416-475-3922 
San Jose, CA 95134 5236 Colodny Drive, Suite 102 FAX - 416-475-4158 en Phone - 408-954-9100 Agoura Hills, CA 91301 Semad Electronic l> FAX - 408-954-9113 Phone -818-889-3838 1825 Woodward Dr. 
Pioneer Technologies FAX - 818-889-2464 Ottawa, Ontario K2C OR3 r 
217 Technology Drive, Suite 110 Zeus Components, Inc. Canada m 
Irvine, CA 92718 5225 Ruffin Road, Suite 200 Phone - 613-727-8325 en 
Phone - 714-753-5500 San Diego, CA 92123 FAX -613-727-9489 -FAX -714-753-5074 Phone - 619-277-9681 Semad Electronic Z 
Wyle Laboratories FAX - 619-277-7105 8563 Government Street 

" (Accounting Office Only) Zeus Components, Inc. Burnaby, B.C. V3N 4S9 0 128 Maryland Avenue 6276 San Ignacio Ave., Suite E Canada 
El Segundo, CA 90245 San Jose, CA 95119 Phone - 604-420-9889 :D 
Phone - 213-322-1763 Phone -408-629-4789 FAX - 604-420-0124 :s: FAX - 213-322-1763 FAX - 408-629-4892 Semad Electronic 

~ Wyle Laboratories 243 Place Frontenac 
3000 Bowers Avenue Pointe Claire, PQ H9R 4Z7 -Santa Clara, CA 95051 Canada 0 Phone - 408-727-2500 Phone - 514-694-0860 
FAX - 408-727-5896 FAX -514-694-0965 Z 

SALES INFORMATION 9-13 Mieron Technology, Inc., reserves the right to change products or specifications without notice. 
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Semad Electronic 
6120 3rd St. S.E., Unit 9 
Calgary, Alberta T2H 1K4 
Canada 
Phone -403-252-5664 
FAX -403-255-0966 

COLORADO 
Representative 
Wescom Marketing 
4891 Independence St. 
Wheatridge, CO 80033 
Phone -303-422-8957 
FAX -303-422-9892 

Distributors 
Anthem Electronics Incorporated 
373 Inverness Drive 
Englewood, CO 80112 
Phone -303-790-4500 
FAX -303-790-4532 

Hall-Mark Electronics Corporation 
12503 E. Euclid Dr., Suite #20 
Englewood, CO 80111 
Phone -303-790-1662 
FAX -303-790-4991 

Wyle Laboratories 
451 E 124th Street 
Thornton, CO 80241 
Phone -303-457-9953 
FAX -303-457-4831 

Military Distributors 
JAN Devices, Inc. 
6925 Canby, Bldg. 109 
Reseda, CA 91335 
Phone -818-708-1100 
FAX -818-708-7436 

Zeus Components, Inc. 
6276 San Ignacio Ave., Suite E 
San Jose, CA 95119 
Phone - 408-629-4789 
FAX -408-629-4892 

CONNECTICUT 
Representative 
Advanced Tech Sales Incorporated 
Westview Office Park 
Building 2, Suite 1 C 
850 N. Main St. Extension 
Wallingford, CT 06492 
Phone - 203-284-0838 
FAX -203-284-8232 

SALES INFORMATION 
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Distributors 
Anthem Electronics 
61 Mattatuck Heights 
Waterbury, CT 06705 
Phone - 203-575-1575 
FAX - 203-596-3232 

Hall-Mark Electronics Corporation 
125 Commerce Ct., Unit 6 
Cheshire, CT 06410 
Phone - 203-271-2844 
FAX -203-272-1704 

Pioneer Standard 
112 Main Street 
Norwalk, CT 06851 
Phone - 203-853-1515 
FAX -203-838-9901 

Military Distributor 
Zeus Components, Inc. 
100 Midland Avenue 
Port Chester, NY 10573 
Phone -914-937-7400 
FAX -914-937-2553 

DELAWARE 
Representative 
Omega Electronic Sales Incorporated 
2655 Interplex Drive, Suite 104 
Trevose, PA 19047 
Phone - 215-244-4000 
FAX -215-244-4104 

Distributor 
Pioneer Technologies 
500 Enterprise Road 
Horsham, PA 19044 
Phone -215-674-4000 
FAX -215-674-3107 

Military Distributor 
Zeus Components, Inc. 
8930-A Route 108 
Columbia, MD 21045 
Phone -301-997-1118 
FAX -301-964-9784 

DISTRICT OF COLUMBIA 
Representative 
Electronic Engineering & Sales, Inc. 
235 Prince George Street 
Annapolis, MD 21401 
Phone -301-269-6573 
FAX -301-269-6476 

9-14 

Distributors 
Anthem Electronics, Inc. 
7168 A Columbia Gateway Drive 
Columbia, MD 21046-2101 
Phone -301-995-6640 
FAX -301-381-4379 

Hall-Mark Electronics Corporation 
10240 Old Columbia Road 
Columbia, MD 21046 
Phone -301-988-9800 
FAX -301-381-2036 

Pioneer Technologies 
9100 Gaither Road 
Gaithersburg, MD 20877 
Phone -301-921-0660 
FAX -301-921-3852 

Military Distributor 
Zeus Components, Inc. 
8930-A Route 108 
Columbia, MD 21045 
Phone -301-997-1118 
FAX -301-964-9784 

FLORIDA 
Representatives 
Photon Sales, Inc. 
1600 Sarno Rd., Suite #21 
Melbourne, FL 32935 
Phone -407-259-8999 
FAX -407-259-1323 

Photon Sales, Inc. 
715 Florida St. 
Orlando, FL 32806 
Phone -407-896-6064 
FAX -407-896-6197 

Photon Sales, Inc. 
11210 Garfield Court 
Seffner, FL 33584 
Phone -813-689-6751 
FAX -813-689-6811 

Photon Sales, Inc. 
3475 B. East Bay Drive 
Largo, FL 34641 
Phone -813-531-2272 
FAX -813-536-4599 

Distributors 
Anthem Electronics Incorporated 
2555 Enterprise Rd., Suite #11-2 
Clearwater, FL 34623 
Phone -813-797-2900 
FAX - 813-796-4880 

Micron Tachm;)logy, Inc., reserves the right 10 change products or specifications without notice. 
©1992, Micron Technology, Inc. 



Chip Supply Distributors Distributors 
7725 N. Orange Blossom Trail Hall-Mark Electronics Corporation Anthem Electronics, Inc. 
Orlando, FL 32810-2696 3425 Corporate Way, Suite A 1279 West 2200 South 
Phone -407-298-7100 Duluth, GA 30136-2552 Salt Lake City, DT 84119 
FAX - 407-290-0164 Phone- 404-623-4400 Phone -801-973-8555 
Hall-Mark Electronics Corporation FAX - 404-476-8806 FAX -801-973-8909 
1049172nd St. North, #303 Pioneer Technologies Hall-Mark Electronics Corporation 
Largo, FL 34647 4250 C Rivergreen Parkway 12503 E. Euclid Drive, Suite 20 
Phone -813-541-7440 Duluth, GA 30136. Englewood, CO 80111 
FAX -813-544-4394 Phone - 404-623-1003 Phone -303-790-1662 
Hall-Mark Electronics Corporation FAX - 404-623-0665 FAX -303-790-4991 
3161 Southwest 15th Street Military Distributor Wyle Laboratories 
Pompano Beach, FL 33069-4806 Zeus Components, Inc. 1325 West 2200 South, Suite E 
Phone -305-971-9280 West Valley, UT 84119 
FAX -305-971-9339 1750 West Broadway, Suite 114 

Oveido, FL 32765 Phone - 801-974-9953 
Hall-Mark Electronics Corporation Phone -407-365-3000 FAX -801-972-2524 
489 E. Semoran Blvd., Suite #145 FAX -407-365-2356 Military Distributors 
Casselberry, FL 32707 

HAWAII JAN Devices, Inc. Phone -407-830-5855 6925 Canby, Bldg. 109 FAX -407-767-5002 Representatives Reseda, CA 91335 
Pioneer Technologies Bay Area Electronics Phone -818-708-1100 
337 South-North Lake #1000 2001 Gateway PI., Suite 315 FAX -818-708-7436 
Altamonte Springs, FL 32701 San Jose, CA 95110 

Zeus Components, Inc. Phone - 407-834-9090 Phone - 408-452-8133 
FAX - 407-834-0865 FAX - 408-452-8139 6276 San Ignacio Ave., Suite E 

San Jose, CA 95119 
Pioneer Technologies Bay Area Electronics Phone - 408-629-4789 
5500 Rio Vista Drive 5711 Reinhold Street FAX - 408-629-4892 
Clearwater, FL 34620 Fair Oaks, CA 95628 
Phone -813-531-5037 Phone -916-863-0563 ILLINOIS 
FAX -918-492-0546 FAX -916-863-0615 Representatives 
Pioneer Technologies Distributors Advanced Technical Sales II 674 S. Military Trail Anthem Electronics Incorporated 13755 St. Charles Rock Road 
Deerfield Beach, FL 33442 1160 Ridder Park Drive Bridgeton, MO 63044 en Phone -305-428-8877 San Jose, CA 95131 Phone -314-291-5003 » FAX -305-481-2950 Phone - 408-453-1200 FAX -314-291-7958 

Military Distributor FAX -408-452-2281 Industrial Representatives, Inc. r 
Zeus Components, Inc. Hall-Mark Electronics Corporation 8430 Gross Point Road m 
1750 W. Broadway, Suite 114 2105 Lundy Avenue Skokie, IL 60077 en 
Oviedo, FL 32765 San Jose, CA 95030 Phone - 708-967-8430 -Phone -407-365-3000 Phone - 408-432-4000 FAX -708-967-5903 Z 
FAX -407-365-2356 FAX -408-432-4044 Distributors ." 
GEORGIA Wyle Laboratories Anthem Electronics Incorporated 0 3000 Bowers Avenue 1300 Remington, Suite A 
Representative Santa Clara, CA 95051 Schaumburg, IL 60173 :::D 
Southeast Technical Group Phone - 408-727-2500 Phone -708-884-0200 s: 2620 Deer Isle Cove FAX -408-727-5896 FAX - 708-884-0480 
Lawrenceville, GA 30244 Hall-Mark Electronics Corporation ~ Phone -404-979-2055 IDAHO 
FAX -404-979-2055 Representative 

210 Mittel Drive -Wooddale, IL 60191 0 Contact Micron Phone -708-860-3800 
Component Sales FAX - 708-860-0239 Z 
Phone - 208-368-3900 

SALES INFORMATION 9~15 Micron Technology, Inc., reserves the right 10 change products or specifications without notice. 
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Pioneer Standard IOWA Military Distributor 
2171 Executive Drive, Suite 200 Representative Zeus Components, Inc. 
Addison, IL 60101 

Advanced Technical Sales 1800 North Glenville, Suite 120 
Phone - 708-495-9680 

375 Collins Road N.E. Richardson, TX 75081 
FAX -708-495-9831 

Cedar Rapids, IA 52402 Phone - 214-783-7010 
Military Distributors Phone - 319-393-8280 FAX - 214-234-4385 

Zeus Components, Inc. FAX -319-393-7258 KENTUCKY 
100 Midland Avenue Distributors Representatives Port Chester, NY 10573 
Phone - 914-937-7400 Anthem Electronics Incorporated Scott Electronics, Inc. 
FAX -914-937-2553 7646 Golden Triangle Dr., #160 10901 Reed-Hartman Hwy., Suite 301 

Eden Prairie, MN 55344 Cincinnati, OH 45242-2821 
Zeus Components, Inc. Phone - 612-944-5454 Phone - 513-791-2513 
2912 Springboro West, Suite 106 FAX -612-944-3045 FAX - 513-791-8059 
Dayton, OH 45439 

Hall-Mark Electronics Corporation Distributors Phone - 513-293-6162 
FAX -513-293-1781 210 Mittel Drive Hall-Mark Electronics Corporation (E. Ky.) 

Wooddale, IL 60191 777 Dearborn Park Lane, Suite L 
INDIANA Phone - 708-860-3800 Worthington, OH 43085 
Representatives FAX - 708-860-0239 Phone - 614-888-3313 
Scott Electronics, Inc. (S. Indiana) Pioneer Standard FAX -614-888-0767 
7321 Shadeland Station, Suite 256 7625 Golden Triangle Drive Hall-Mark Electronics Corporation (W. Ky.) 
Indianapolis, IN 46256 Eden Prarie, MN 55344 4275 W. 96th Street 
Phone - 317-841-0010 Phone - 612-944-3355 Indianapolis, IN 46268 
FAX -317-841-0107 FAX -612-944-3794 Phone - 317-872-8875 
Scott Electronics, Inc. (N. Indiana) Military Distributor FAX -317-876-7165 
Lima Valley Office Village Zeus Components, Inc. Pioneer Standard (W. Ky.) 
8109 Lima Road 1800 North Glenville, Suite 120 9350 N. Priority Way, W. Dr. 
Fort Wayne, IN 46818 Richardson, TX 75081 Indianapolis, IN 46240 
Phone - 219-489-5690 Phone - 214-783-7010 Phone - 317-573-0880 
FAX -219-489-1842 FAX - 214-234-4385 FAX -317-573-0979 

II Distributors KANSAS Pioneer Standard (E. Ky.) 
Hall-Mark Electronics Corporation Representative 4433 Interpoint Boulevard 

en 4275 W. 96th Street 
Advanced Technical Sales 

Dayton, OH 45424 
Indianapolis, IN 46268 Phone - 513-236-9900 

l> Phone - 317-872-8875 601 N. Mur-Len, Suite 8 FAX - 513-236-8133 

r- FAX -317-876-7165 Olathe, KS 66062 

m Phone - 913-782-8702 LOUISIANA 
Pioneer Standard FAX - 913-782-8641 Representative en 9350 N. Priority Way, West Dr. 
Indianapolis, IN 46240 Distributors Nova Marketing Incorporated - Hall-Mark Electronics Corporation 8350 Meadow Road, Suite 174 

Z Phone - 317-573-0880 
FAX -317-573-0979 10809 Lakeview Avenue Dallas, TX 75231 

." Lenexa, KS 66215 Phone - 214-750-6082 

0 Military Distributors Phone - 913-888-4747 FAX - 214-750-6068 
Zeus Components, Inc. FAX -913-888-0523 

:IJ 100 Midland Avenue Distributors 
Pioneer Electronics 

3: Port Chester, NY 10573 
111 Westport Plaza, #625 

Hall-Mark Electronics Corporation 
Phone - 914-937-7400 11420 Pagemill Road 

~ FAX -914-937-2553 SI. Louis, MO 63146 Dallas, TX 75243 
Phone - 314-542-3077 Phone - 214-553-4300 - Zeus Components, Inc. FAX -314-542-3078 FAX - 214-343-5988 

0 2912 Springboro West, Suite 106 
Dayton, OH 45439 

Z Phone - 513-293-6162 
FAX -513-293-1781 
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Pioneer Electronics Wyle Laboratories MASSACHUSETTS 
13765 Beta Road 15 3rd Avenue Representative 
Dallas, TX 75244 Burlington, MA 01803 
Phone -214-386-7300 Phone - 617-272-7300 Advanced Tech Sales, Inc. 

FAX - 214-490-6419 FAX -617-272-6809 348 Park Street, Suite 102 

Wyle Laboratories Military Distributors 
North Reading, MA 01864 
Phone - 508-664-0888 

1810 North Greenville Avenue JAN Devices FAX -508-664-5503 
Richardson, TX 75081 44 Cochrane St. 
Phone - 214-235-9953 Melrose, MA 02176 

Distributors 

FAX - 214-644-5064 Phone - 617-662-3901 Anthem Electronics, Inc. 

Military Distributors FAX -617-662-0837 36 Jonspin Road 
Wilmington, MA 01887 

Zeus Components, Inc. Zeus Components, Inc. Phone - 508-657-5170 
8930-A Route 108 11 Lakeside Office Park FAX -508-657-6008 
Columbia, MD 21045 607 North Avenue 
Phone - 301-997-1118 Wakefield, MA 01880 Gerber Electronics 

FAX -301-964-9784 Phone - 617-246-8200 128 Carnegie Road 

Zeus Components, Inc. FAX -617-246-8293 Norwood, MA 02062 
Phone - 617-769-6000 

1800 North Glenville, Suite 120 MARYLAND FAX - 617-762-8931 
Richardson, TX 75081 
Phone - 214-783-7010 Representative Hall-Mark Electronics Corporation 

FAX - 214-234-4385 Electronic Engineering & Sales, Inc. Pinehurst Park, 6 Cook Street 
235 Prince George Street Billerica, MA 01821 

MAINE Annapolis, MD 21401 Phone -508-667-0902 

Representative Phone -301-269-6573 FAX -508-667-4129 

Advanced Tech Sales Incorporated FAX -301-269-6476 Pioneer Standard 
348 Park Street, Suite 102 Distributors 44 Hartwell Avenue 
North Reading, MA 01864 Anthem Electronics Lexington, MA 02173 
Phone -508-664-0888 7168 A Columbia Gateway Drive Phone - 617-861-9200 
FAX -508-664-5503 Columbia, MD 21046-2101 FAX -617-863-1547 

Distributors Phone - 301-995-6640 Wyle Laboratories 

Anthem Electronics FAX -301-381-4379 15 3rd Avenue II 36 J onspin Road Hall-Mark Electronics Corporation Burlington, MA 01803 

Wilmington, MA 01887 10240 Old Columbia Road Phone - 617-272-7300 

Phone -508-657-5170 Columbia, MD 21046 FAX -617-272-6809 CJ) 
FAX -508-657-6008 Phone - 301-988-9800 Military Distributors » 
Gerber Electronics FAX -301-381-2036 JAN Devices, Inc. r-
128 Carnegie Road Pioneer Technologies 44 Cochrane St. m 
Norwood, MA 02062 9100 Gaither Road Melrose, MA 02176 CJ) 
Phone - 617-769-6000 Gaithersburg, MD 20877 Phone - 617-662-3901 
FAX - 617-762-8931 Phone - 301-921-0660 FAX -617-662-0837 -
Hall-Mark Electronics Corporation FAX -301-921-3852 Zeus Components, Inc. Z 
Pinehurst Park, 6 Cook Street Military Distributor 11 Lakeside Office Park ." 
Billerica, MA 01821 Zeus Components, Inc. 607 North Avenue 0 
Phone -508-667-0902 8930-A Route 108 Wakefield, MA 01880 ::rJ 
FAX -508-667-4129 Phone 617-246-8200 Columbia, MD 21045 

FAX -617-246-8293 i: Pioneer Standard Phone - 301-997-1118 
44 Hartwell Avenue FAX -301-964-9784 MICHIGAN !t Lexington, MA 02173 Representative 
Phone - 617-861-9200 -
FAX -617-863-1547 Rathsburg Associates Incorporated 0 

34605 Twelve Mile Rd. Z Farmington Hills, MI 48331-3263 
Phone - 313-489-1500 
FAX -313-489-1480 
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Distributors Military Distributors Pioneer Standard 
Hall-Mark Electronics Corporation Zeus Components, Inc. 111 Westport Plaza, #625 
38027 Schoolcraft Road 100 Midland Avenue St. Louis, MO 63146 
Livonia, MI 48150 Port Chester, NY 10573 Phone -314-542-3077 
Phone -313-462-1205 Phone -914-937-7400 FAX -314-542-3078 
FAX -313-462-1830 FAX -914-937-2553 Military Distributor 
Pioneer Standard Zeus Components, Inc. Zeus Components, Inc. 
4505 Broadmoor Avenue, S.E. 2912 Springboro West, Suite 106 1800 North Glenville, Suite 120 
Grand Rapids, MI 49512 Dayton, OH 45439 Richardson, TX 75081 
Phone -616-698-1800 Phone - 513-293-6162 Phone - 214-783-7010 
FAX -616-698-1831 FAX -513-293-1781 FAX -214-234-4385 

Pioneer Standard MISSISSIPPI MONTANA 13485 Stamford 
Livonia, MI 48150 Representative Military Distributor 

Phone -313-525-1800 Southeast Technical Group Zeus Components, Inc. 
FAX -313-427-3720 Route 10, Box 368 6276 San Ignacio Ave., Suite E 

Military Distributors 
Meridian, MS 39301 San Jose, CA 95119 
Phone -601-485-7055 Phone -408-629-4789 

Zeus Components, Inc. FAX - 601-485-7063 FAX - 408-629-4892 
100 Midland Avenue 

Distributors Port Chester, NY 10573 NEBRASKA 
Phone -914-937-7400 Hall-Mark Electronics Corporation Representative 
FAX -914-937-2553 4890 University Square 

Advanced Technical Sales 
Zeus Components, Inc. 

Business Center, Suite 1 
601 North Mur-Len, Suite 8 Huntsville, AL 35816 

2912 Springboro West, Suite 106 Phone - 205-837-8700 Olathe, KS 66062 
Dayton, OH 45439 FAX - 205-830-2565 Phone -913-782-8702 
Phone -513-293-6162 FAX -913-782-8641 
FAX -513-293-1781 Pioneer Technologies 

Distributors 4835 University Square, Suite #5 
MINNESOTA Huntsville, AL 35818 Hall-Mark Electronics Corporation 

Representative Phone - 205-837-9300 10809 Lakeview Dr. 

II FAX - 205-837-9358 Lenexa, KS 66215 
HMR Incorporated Phone -913-888-4747 
9065 Lyndale Avenue Military Distributor FAX -913-888-0523 

en Minneapolis, MN 55420-3520 Zeus Components, Inc. 
Wyle Laboratories Phone -612-888-2122 » FAX -612-884-4768 

1800 North Glenville, Suite 120 
451 E 124th Street Richardson, TX 75081 r Distributors Phone - 214-783-7010 Thornton, CO 80241 

m FAX - 214-234-4385 Phone -303-457-9953 
Anthem Electronics Inc. FAX -303-457-4831 en 7646 Golden Triangle Dr., #160 MISSOURI Military Distributor - Eden Prairie, MN 55344 

Z Phone -612-944-5454 Representative Zeus Components, Inc. 
FAX -612-944-3045 Advanced Technical Sales 1800 North Glenville, Suite 120 

." 13755 St. Charles Rock Road Richardson, TX 75081 

0 Hall-Mark Electronics Corporation Bridgeton, MO 63044 Phone - 214-783-7010 

lJ 
9401 James Avenue South, Suite 140 Phone -314-291-5003 FAX -214-234-4385 
Bloomington, MN 55431 FAX -314-291-7958 s: Phone - 612-881-2600 NEVADA 
FAX -612-881-9461 Distributors 

~ Hall-Mark Electronics Corporation 
Representatives 

Pioneer Standard Bay Area Electronics Sales, Inc. 
7625 Golden Triangle Drive 3783 Rider Trail So. 

2001 Gateway Place, Suite 315 - Earth City, MO 63045 
0 Eden Prairie, MN 55344 

Phone -314-291-5350 San Jose, CA 95110 

Z 
Phone - 612-944-3355 

FAX -314-291-0362 Phone - 408-452-8133 
FAX -612-944-3794 FAX -408-452-8139 
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Bay Area Electronics Sales, Inc. Pioneer Standard Pioneer Technologies 
235 Prince George St. 44 Hartwell Avenue 500 Enterprise Road 
Annapolis, MD 21401 Lexington, MA 02173 Horsham, P A 19044 
Phone - 301-269-6573 Phone - 617-861-9200 Phone - 215-674-4000 
FAX -301-269-6476 FAX -617-863-1547 FAX - 215-674-3107 

Distributors Military Distributor Military Distributors 
Anthem Electronics Incorporated Zeus Components, Inc. Zeus Components, Inc. 
580 Menlo Drive, Suite 8 11 Lakeside Office Park 100 Midland Avenue 
Rocklin, CA 95677 607 North Avenue Port Chester, NY 10573 
Phone - 916-624-9744 Wakefield, MA 01880 Phone - 914-937-7400 
FAX -916-624-9750 Phone - 617-246-8200 FAX - 914-937-2553 

Hall-Mark Electronics Corporation FAX -617-246-8293 Zeus Components, Inc. 
580 Menlo Dr., Suite 2 NEW JERSEY 8930-A Route 108 
Rocklin, CA 95677 Columbia, MD 21045 
Phone - 916-624-9781 Representatives Phone - 301-997-1118 
FAX -916-961-0922 Omega Electronics FAX -301-964-9784 

Wyle Laboratories 
2655 Interplex Dr., Suite 104 
Trevose, P A 19047 NEW MEXICO 

2951 Sunrise Blvd., Suite 175 Phone - 215-244-4000 Representative Rancho Cordova, CA 95742 FAX - 215-244-4104 
Phone - 916-638-5282 Quatra Associates Incorporated 
FAX - 916-638-1491 Parallax, Inc. 600 Autumnwood Place, S.E. 

734 Walt Whitman Road Albuquerque, NM 87123 
Military Distributors Melville, NY 11747 Phone - 505-296-6781 
JAN Devices, Inc. Phone -516-351-1000 FAX -505-292-2092 
44 Cochrane St. FAX -516-351-1606 Distributors Melrose, MA 02176 
Phone - 617-662-3901 Distributors Anthem Electronics Inc. 
FAX - 617-662-0837 Anthem Electronics, Inc. 1555 W. 10th PI., Suite #101 

Zeus Components, Inc. 
355 Business Center Drive Tempe, AZ 85281 
Horsham, P A 19044 Phone - 602-966-6600 

6276 San Ignacio Ave., Suite E Phone - 215-443-5150 FAX -602-966-4826 
San Jose, CA 95119 FAX -215-675-9875 Hall-Mark Electronics Corporation II Phone -408-629-4789 
FAX - 408-629-4892 Anthem Electronics, Inc. 4637 South 36th Place 

26 Chapin Road, Unit K Phoenix, AZ 85040 CJ) NEW HAMPSHIRE Pine Brook, NJ 07058 Phone - 602-437-1200 
Representative Phone -201-227-7960 FAX -602-437-2348 l> 
Advanced Tech Sales Incorporated FAX - 201-227-9246 Wyle Laboratories r 
348 Park Street, Suite 102 Hall-Mark Electronics Corporation 4141 E. Raymond St., Suite #1 m 
North Reading, MA 01864 Moorestown West Corporate Center Phoenix, AZ 85040 CJ) 
Phone -508-664-0888 225 Executive Drive, Suite 5 Phone - 602-437-2088 -FAX -508-664-5503 Moorestown, NJ 08057 FAX - 602-437-2124 Z Phone - 609-235-1900 Distributors 

FAX - 609-235-3381 
Military Distributors ." 

Anthem Electronics JAN Devices, Inc. 0 36 Jonspin Road Hall-Mark Electronics Corporation 6925 Canby, Bldg. 109 
Wilmington, MA 01887 200 Lanidex Plaza, 2nd Floor Reseda, CA 91335 ::D 
Phone -508-657-5170 Parsippany, NJ 07054 Phone -818-708-1100 s: FAX -508-657-6008 Phone - 201-515-3000 FAX -818-708-7436 

FAX - 201-515-4475 

~ Hall-Mark Electronics Corporation 
Pioneer Standard 

Zeus Components, Inc. 
Pinehurst Park, 6 Cook Street 

14A Madison Road 
6276 San Ignacio Ave., Suite E -Billerica, MA 01821 San Jose, CA 95119 0 Phone -508-667-0902 Fairfield, NJ 07006 Phone - 408-629-4789 

FAX -508-667-4129 Phone -201-575-3510 FAX -408-629-4892 Z 
FAX - 201-575-3454 
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NEW YORK 
Representatives 
Electra Sales Corporation 
3000 Winston Rd. S., Bldg. E 
Rochester, NY 14623 
Phone - 716-427-7860 
FAX - 716-427-0614 

Electra Sales Corporation 
1 Adler Drive 
East Syracuse, NY 13057 
Phone - 315-463-1248 
FAX -315-463-1717 

Parallax, Inc. 
734 Walt Whitman Road 
Melville, NY 11747 
Phone - 516-351-1000 
FAX -516-351-1606 

Distributors 
Anthem Electronics-Military 
47 Mall Drive 
Commack, NY 11725-5703 
Phone - 516-864-6600 
FAX -516-493-2244 

Anthem Electronics, Inc. 
26 Chapin Road, Unit K 
Pinebrook, NJ 07058 
Phone - 201-227-7960 
FAX -201-227-9246 

Hall-Mark Electronics Corporation 
6605 Pillsford -Palmyra Road, Suite E8 
Fairport, NY 14450 
Phone - 716-425-3300 
FAX -716-425-7195 

Hall-Mark Electronics Corporation 
3075 Veterans Memorial Hwy. 
Ronkonkoma, NY 11779 
Phone - 516-737-0600 
FAX -516-737-0838 

Hall-Mark Electronics Corporation 
200 Lanidex Plaza, 2nd Floor 
Parsippany, NJ 07054 
Phone - 201-515-3000 
FAX - 201-515-4475 

MAST Distributors, Inc. 
710-2 Union Parkway 
Ronkonkoma, NY 11779 
Phone - 516-471-4422 
FAX -516-471-2040 

SALES INFORMATION 
REV. 4/92 

Pioneer Standard 
68 Corporate Drive 
Binghamton, NY 13904 
Phone - 607-722-9300 
FAX -607-722-9562 

Pioneer Standard 
14A Madison Road 
Fairfield, NJ 07006 
Phone - 201-575-3510 
FAX - 201-575-3454 

Pioneer Standard 
840 Fairport Park 
Fairport, NY 14450 
Phone -716-381-7070 
FAX - 716-381-5955 

Pioneer Standard 
60 Crossways Park West 
Woodbury, NY 11797 
Phone - 516-921-8700 
FAX -516-921-2143 

Military Distributors 
Zeus Components, Inc. 
100 Midland Avenue 
Port Chester, NY 10573 
Phone - 914-937-7400 
FAX - 914-937-2553 

Zeus Components, Inc. 
2110 Smithtown Avenue 
Ronkonkoma, L.I., NY 11779 
Phone - 516-737-4500 
FAX -516-737-4520 

Zeus Components, Inc. 
2912 Springboro West, Suite 106 
Dayton, OH 45439 
Phone - 513-293-6162 
FAX - 513-293-1781 

NORTH CAROLINA 
Representatives 
Southeast Technical Group 
700 N. Arendell Avenue 
Zebulon, NC 27597 
Phone - 919-269-5589 
FAX -919-269-5670 

Distributors 
Hall-Mark Electronics Corporation 
5234 Green's Dairy Road 
Raleigh, NC 27604 
Phone -919-872-0712 
FAX - 919-878-8729 
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Pioneer Technologies 
9401L Southern Pine Blvd. 
Charlotte, NC 28273 
Phone - 704-526-8188 
FAX - 704-522-8564 

Pioneer Electronics 
2810 Meridian Parkway, #148 
Durham, NC 27713 
Phone - 919-544-5400 
FAX -919-544-5885 

Military Distributor 
Zeus Components, Inc. 
8930-A Route 108 
Columbia, MD 21045 
Phone - 301-997-1118 
FAX -301-964-9784 

NORTH DAKOTA 
Representative 
HMR Incorporated 
9065 Lyndale Ave. South 
Minneapolis, MN 55420-3520 
Phone - 612-888-2122 
FAX -612-884-4768 

Distributors 
Anthem Electronics Incorporated 
7646 Golden Triangle Dr., #160 
Eden Prairie, MN 55344 
Phone - 612-944-5454 
FAX -612-944-3045 

Hall-Mark Electronics Corporation 
9401 James Avenue South, Suite 140 
Bloomington, MN 55431 
Phone - 612-881-2600 
FAX - 612-881-9461 

Pioneer Standard 
7625 Golden Triangle Drive 
Eden Prairie, MN 55344 
Phone - 612-944-3355 
FAX -612-944-3794 

Military Distributors 
Zeus Components, Inc. 
100 Midland Avenue 
Port Chester, NY 10573 
Phone - 914-937-7400 
FAX -914-937-2553 

Zeus Components, Inc. 
2912 Springboro West, Suite 106 
Dayton, OH 45439 
Phone -513-293-6162 
FAX -513-293-1781 

Micron Technology, Inc., reserves the rlghl\o change products or specification's without notice 
©1992, Micron Technology, Inc. 



MIC:RON SALES INFORMATION 
1-· ",",wee,",", NORTH AMERICA 

OHIO Military Distributors Distributors 

Representatives Zeus Components, Inc. Anthem Electronics Incorporated 

Scott Electronics, Inc. 2912 Springboro West, Suite 106 9090 S.W. Gemini Drive 

Corporate Headquarters Dayton, OH 45439 Beaverton, OR 97005 

3131 S. Dixie Dr., Suite 200 Phone -513-293-6162 Phone - 503-643-1114 

Dayton, OH 45439-2223 FAX -513-293-1781 FAX -503-626-7928 

Phone -513-294-0539 Zeus Components, Inc. Wyle Laboratories 
FAX -513-294-4769 100 Midland Avenue 9640 Sunshine Court, Suite 200, Bldg. G 

Scott Electronics, Inc. Port Chester, NY 10573 Beaverton, OR 97005 

360 Alpha Park Phone -914-937-7400 Phone -503-643-7900 

Cleveland OH 44143-2240 FAX -914-937-2553 FAX -503-646-5466 

Phone - 216-473-5050 Zeus Components, Inc. Military Distributors 
FAX -216-473-5055 2912 Springboro West, Suite 106 JAN Devices, Inc. 
Scott Electronics, Inc. Dayton, OH 45439 6925 Canby, Bldg. 109 
916 Eastwind Drive Phone -513-293-6162 Reseda, CA 91335 
Westerville, OH 43081-3379 FAX -513-293-1781 Phone -818-708-1100 
Phone - 614-882-6100 OKLAHOMA 

FAX -818-708-7436 
FAX -614-882-0900 

Scott Electronics, Inc. 
Representative Zeus Components, Inc. 

Nova Marketing Incorporated 
6276 San Ignacio Ave., Suite E 

10901 Reed-Hartman Hwy., Suite 301 8125 E. 51st St., Suite 1339 
San Jose, CA 95119 

Cincinnati, OH 45242-2821 Tulsa, OK 74145 
Phone - 408-629-4789 

Phone -513-791-2513 FAX -408-629-4892 
FAX -513-791-8059 Phone -918-660-5105 

FAX -918-665-3815 PENNSYLVANIA 
Distributors 
Hall-Mark Electronics Corporation 

Distributors Representatives 

5821 Harper Road 
Hall-Mark Electronics Corporation Omega Electronic Sales Incorporated 

Solon, OH 44139 5411 S.12Sth East Avenue, #305 2655 Interplex Dr., #104 

Phone - 216-349-4632 Tulsa, OK 74146 Trevose, PA 19047 

FAX -216-248-4803 Phone -918-254-3200 Phone - 215-244-4000 
FAX - 918-254-6207 FAX -215-244-4104 

Hall-Mark Electronics Corporation Pioneer Standard Scott Electronics, Inc. (W. P A) II 777 Dearborn Park Lane, Suite L 
Worthington, OH 43085 4110 South 100th East Avenue, Suite 100 916 Eastwind Drive 

Phone - 614-888-3313 Tulsa, OK 74146 Westerville, OH 43081-3379 en 
FAX -614-888-0767 Phone -918-665-7840 Phone -614-882-6100 

FAX -918-665-1891 FAX -614-882-0900 l> 
Pioneer Standard 

Military Distributor r-
4800 E. l31st Street Distributors 

Cleveland, OH 44105 Zeus Components, Inc. Anthem Electronics, Inc. m 
Phone - 216-587-3600 1800 N. Glenville, Suite 120 355 Business Center Drive en 
FAX -216-587-3906 Richardson, TX 75081 Horsham, PA 19044 -
Pioneer Standard 

Phone - 214-783-7010 Phone - 215-443-5150 Z 
4433 Interpoint Blvd. 

FAX -214-234-4385 FAX -215-675-9875 "TI 
Dayton, OH 45424 OREGON Hall-Mark Electronics Corporation 0 Phone -513-236-9900 Representative 

Moorestown W. Corporate Center 
FAX -513-236-8133 225 Executive Dr., Suite 5 ::D 
Pioneer Standard 

Westerberg &. Associates Moorestown, NJ 08057 s: 7165 S.w. Firloop Phone - 609-235-1900 
6421 E. Main SI., #201 Portland, OR 97223 FAX -609-235-3381 ~ Reynoldsburg, OH 43608 Phone -503-620-1931 
Phone -614-221-0043 FAX -503-684-5376 Hall-Mark Electronics Corporation (W. P A) -FAX -614-759-1955 5821 Harper Road 0 Solon, OH 44139 

Phone - 216-349-4632 Z 
FAX -216-248-4803 
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Pioneer Technologies 
500 Enterprise Road 
Horsham, PA 19044 
Phone -215-674-4000 
FAX -215-674-3107 

Pioneer Technologies (W. PAl 
259 Kappa Drive 
Pittsburgh, P A 15238 
Phone -412-782-2300 
FAX -412-963-8255 

Military Distributors 
Zeus Components, Inc. 
100 Midland Avenue 
Port Chester, NY 10573 
Phone -914-937-7400 
FAX -914-937-2553 
Zeus Components, Inc. 
2912 Springboro West, Suite 106 
Dayton, OH 45439 
Phone -513-293-6162 
FAX -513-293-1781 

RHODE ISLAND 
Representative 
Advanced Tech Sales Incorpor~ted 
348 Park Street, Suite 102 
North Reading, MA 01864 
Phone -508-664-0888 
FAX -508-664-5503 

Distributors 
Anthem Electronics 
61 Mattatuck Heights 
Waterbury, CT 06705 
Phone -203-575-1575 
FAX -203-596-3232 

Hall-Mark Electronics Corporation 
125 Commerce Ct., Unit 6 
Cheshire, CT 06410 
Phone -203-271-2844 
FAX -203-272-1704 

Pioneer Standard 
112 Main Street 
Norwalk, CT 06851 
Phone -203-853-1515 
FAX -203-838-9901 

Military Distributor 
Zeus Components, Inc. 
11 Lakeside Office Park 
607 North Avenue 
Wakefield, MA 01880 
Phone -617-246-8200 
FAX -617-246-8293 

SALES INFORMATION 
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SOUTH CAROLINA 
Representative 
Southeast Technical Group 
700 N. Arendell Avenue 
Zebulon, NC 27597 
Phone -919-269-5589 
FAX -919-269-5670 

Distributors 
Hall-Mark Electronics Corporation 
5234 Green's Dairy Road 
Raleigh, NC 27604 
Phone -919-872-0712 
FAX -919-878-8729 

Pioneer Technologies 
9401 L. Southern Pine Blvd. 
Charlotte, NC 28273 
Phone -704-526-8188 
FAX -704-522-8564 

Pioneer Technologies 
2810 Meridian Parkway, #148 
Durham, NC 27713 
Phone -919-544-5400 
FAX - 919-544-5885 

Military Distributor 
Zeus Components, Inc. 
1750 West Broadway, Suite 114 
Oviedo, FL 32765 
Phone -407-365-3000 
FAX -407-365-2356 

SOUTH DAKOTA 
Representative 
HMR Incorporated 
9065 Lyndale Avenue 
Minneapolis, MN 55420-3520 
Phone -612-888-2122 
FAX -612-884-4768 

Distributors 
Anthem Electronics Incorporated 
7646 Golden Triangle Dr., #160 
Eden Prairie, MN 55344 
Phone -612-944-5454 
FAX -612-944-3045 

Hall-Mark Electronics Corporation 
9401 James Avenue South, Suite 140 
Bloomington, MN 55431 
Phone -612-881-2600 
FAX -612-881-9461 
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Pioneer Standard 
7625 Golden Triangle Drive 
Eden Prairie, MN 55344 
Phone - 612-944-3355 
FAX -612-944-3794 

Military Distributors 
Zeus Components, Inc. 
100 Midland Avenue 
Port Chester, NY 10573 
Phone -914-937-7400 
FAX -914-937-2553 

Zeus Components, Inc. 
2912 Springboro West, Suite 106 
Dayton, OH 45439 
Phone -513-293-6162 
FAX -513-293-1781 

TENNESSEE 
Representative 
Southeast Technical Group 
101 Washington, Suite 6 
Huntsville, AL 35801 
Phone -205-534-2376 
FAX -205-534-2384 

Distributors 
Hall-Mark Electronics Corporation 
4890 University Square 
Business Center, Suite 1 
Huntsville, AL 35816 
Phone -205-837-8700 
FAX - 205-830-2565 

Pioneer Technologies 
4835 University Square, #5 
Huntsville, AL 35818 
Phone - 205-837-9300 
FAX -205-837-9358 

Military Distributor 
Zeus Components, Inc. 
8930-A Route 108 
Columbia, MD 21045 
Phone -301-997-1118 
FAX - 301-964-9784 

TEXAS 
Representatives 
Nova Marketing Incorporated 
8350 Meadow Road, Suite 174 
Dallas, TX 75231 
Phone -214-750-6082 
FAX -214-750-6068 

Micron Technology, Inc., reserves the right to change products or speclflcattons without notice. 
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Nova Marketing Incorporated 
9207 Country Creek, Suite 141 
Houston, TX 77036 
Phone - 713-988-6082 
FAX -713-774-1014 

Nova Marketing Incorporated 
8310 Capitol of Texas Hwy. North, Suite 180 
Austin, TX 78731 
Phone -512-343-2321 
FAX -512-343-2487 

Quatra Associates, Inc. (El Paso, TX) 
600 Autumnwood Place, S.E. 
Albuquerque, NM 87123 
Phone -505-296-6781 
FAX -505-292-2092 

Distributors 
<\nthem Electronics, Inc. 
,51 N. Plano Road, Suite 429 
Qchardson, TX 75081 
'hone -214-238-7100 
'AX -214-238-0237 

-Iall-Mark Electronics Corporation 
12211 Technology Boulevard 
\ustin, TX 78727 
'hone -512-258-8848 
lAX -512-258-3777 

fall-Mark Electronics Corporation 
1333 Pagemill Road 
)allas, TX 75243 
'hone - 214-343-5000 
:AX - 214-343-5851 

fall-Mark Electronics Corporation 
1420 Pagemill Road 
)allas, TX 75243 
'hone - 214-553-4300 
AX - 214-343-5988 

lall-Mark Electronics Corporation 
000 Westglen 
louston, TX 77063 
hone -713-781-6100 
AX - 713-953-8420 

ioneer Standard 
g26 Kramer Lane, Suite D 
ustin, TX 78758 
hone -512-835-4000 
AX - 512-835-9829 

ioneer Electronics 
l765 Beta Road 
allas, TX 75244 
lone - 214-386-7300 
<\X - 214-490-6419 

lES INFORMATION 
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Pioneer Standard 
10530 Rockley Rd., Suite 100 
Houston, TX 77099 
Phone - 713-495-4700 
FAX -713-495-5642 

Wyle Laboratories 
4030 W. Braker Lane, Suite 420 
Austin, TX 78759 
Phone -512-345-8853 
FAX -512-834-0981 

Wyle Laboratories 
1810 N. Greenville Avenue 
Richardson, TX 75081 
Phone - 214-235-9953 
FAX - 214-644-5064 

Wyle Laboratories 
11 001 S. Wilcrest, Suite 100 
Houston, TX 77099 
Phone - 713-879-9953 
FAX -713-879-6540 

Military Distributor 
Zeus Components, Inc. 
1800 N. Glenville, Suite 120 
Richardson, TX 75081 
Phone - 214-783-7010 
FAX -214-234-4385 

UTAH 
Representative 
Wescom Marketing 
3500 So. Main, Suite 100 
Salt Lake City, UT 84115 
Phone - 801-269-0419 
FAX -801-269-0665 

Distributors 
Anthem Electronics Incorporated 
1279 West 2200 South 
Salt Lake City, UT 84119 
Phone -801-973-8555 
FAX -801-973-8909 

Hall-Mark Electronics Corporation 
12503 E. Euclid Drive, Suite 20 
Englewood, CO 80111 
Phone -303-790-1662 
FAX -303-790-4991 

Wyle Laboratories 
1325 West 2200 South, Suite E 
Salt Lake City, UT 84119 
Phone -801-974-9953 
FAX -801-972-2524 
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Military Distributors 
JAN Devices, Inc. 
6925 Canby, Bldg. 109 
Reseda, CA 91335 
Phone -818-708-1100 
FAX -818-708-7436 

Zeus Components, Inc. 
6276 San Ignacio Ave., Suite E 
San Jose, CA 95119 
Phone - 408-629-4789 
FAX -408-629-4892 

VERMONT 
Representative 
Advanced Tech Sales Incorporated 
348 Park Street, Suite 102 
North Reading, MA 01864 
Phone -508-664-0888 
FAX -508-664-5503 
Distributors 
Anthem Electronics 
36 J onspin Road 
Wilmington, MA 01887 
Phone -508-657-5170 
FAX -508-657-6008 

Hall-Mark Electronics Corporation 
Pinehurst Park, 6 Cook Street 
Billerica, MA 01821 
Phone -508-667-0902 
FAX -508-667-4129 

Pioneer Standard 
44 Hartwell Avenue 
Lexington, MA 02173 
Phone -617-861-9200 
FAX -617-863-1547 

Military Distributor 
Zeus Components, Inc. 
11 Lakeside Office Park 
607 North Avenue 
Wakefield, MA 01880 
Phone - 617-246-8200 
FAX -617-246-8293 

VIRGINIA 
Representative 
Electronic Engineering & Sales, Inc. 
235 Prince George Street 
Annapolis, MD 21401 
Phone -301-269-6573 
FAX -301-269-6476 

Micron Technology, Inc., reserves the right to change products or specifications without notice. 
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Distributors 
Anthem Electronics 
7168 A Columbia Gateway Drive 
Columbia, MD 21046-2101 
Phone - 301-995-6640 
FAX -301-3814379 

Hall-Mark Electronics Corporation 
10240 Old Columbia Road 
Columbia, MD 21046 
Phone - 301-988-9800 
FAX - 301-381-2036 

Pioneer Technologies 
9100 Gaither Drive 
Gaithersburg, MD 20877 
Phone - 301-921-0660 
FAX -301-921-3852 

Military Distributor 
Zeus Components, Inc. 
8930-A Route 108 
Columbia, MD 21045 
Phone - 301-997-1118 
FAX -301-964-9784 

WASHINGTON 
Representative 
Westerberg & Associates 
12505 N.E. Bel-Red Rd., #112 
Bellevue, WA 98005 
Phone - 206-453-8881 
FAX - 206-453-8758 

Distributors 
Anthem Electronics Incorporated 
19017-120th Ave. N.E., Suite 102 
Bothell, WA 98011 
Phone - 206-483-1700 
FAX - 206-486-0571 

Hall-Mark Electronics Corporation 
250 Northwest 39th, Suite #4 
Seattle, WA 98107 
Phone - 206-547-0415 
FAX - 206-632-4814 

Wyle Laboratories 
15385 NE 90th Street 
Redmond, WA 98052-3522 
Phone - 206-881-1150 
FAX - 206453-0071 

Military Distributor 
JAN Devices, Inc. 
6925 Canby, Bldg. 109 
Reseda, CA 91335 
Phone -818-708-1100 
FAX -818-708-7436 

SALES INFORMATION 
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Zeus Components, Inc. 
6276 San Ignacio Ave., Suite E 
San Jose, CA 95119 
Phone - 408-629-4789 
FAX -408-629-4892 

WEST VIRGINIA 
Representative 
Scott Electronics, Inc. 
916 Eastwind Drive 
Westerville, OH 43081-3379 
Phone - 614-882-6100 
FAX -614-882-0900 

Distributor 
Hall-Mark Electronics Corporation 
m Dearborn Park Lane, Suite L 
Worthington, OH 43085 
Phone - 614-888-3313 
FAX -614-888-0767 

Military Distributor 
Zeus Components, Inc. 
8930-A Route 108 
Columbia, MD 21045 
Phone - 301-997-1118 
FAX -301-964-9784 

WISCONSIN 
Representatives 
HMR Incorporated (E. WI) 
9065 L yndale A venue South 
Minneapolis, MN 55420-3520 
Phone - 612-888-2122 
FAX -612-884-4768 

Industrial Representatives, Inc. (W. WI) 
16745 W. Bluemound Road, Suite 340 
Brookfield, WI 53005 
Phone -414-789-9393 
FAX - 414-789-9272 

Distributors 
Anthem Electronics, Inc. 
1300 Remin!;ton, Suite A 
Schaumburg,IL 60173 
Phone - 708-884-0200 
FAX - 708-884-0480 

Hall-Mark Electronics Corporation 
210 Mittie Drive 
Wood Dale, IL 60191 
Phone - 708-860-3800 
FAX - 708-860-0239 
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Hall-Mark Electronics Corporation 
16255 West Lincoln Avenue 
New Berlin, WI 53151 
Phone - 414-797-7844 
FAX -414-797-9259 

Pioneer Standard 
120 Bishops Way, #163 
Brookfield, WI 53005 
Phone - 414-784-3480 
FAX - 414-784-8207 

Military Distributors 
Zeus Components, Inc. 
100 Midland Avenue 
Port Chester, NY 10573 
Phone -914-937-7400 
FAX - 914-937-2553 

Zeus Components, Inc. 
2912 Springboro West, Suite 106 
Dayton, OH 45439 
Phone -513-293-6162 
FAX - 513-293-1781 

WYOMING 
Representative 
Wescom Marketing 
3500 South Main, Suite 100 
Salt Lake City, UT 84115 
Phone -801-269-0419 
FAX- 801- 269-0665 

Distributors 
Anthem Electronics Incorporated 
373 Inverness Drive 
Englewood, CO 80112 
Phone - 303-790-4500 
FAX - 303-790-4532 

Wyle Laboratories 
1325 West 2200 South, Suite E 
West Valley, UT 84119 
Phone - 801-974-9953 
FAX -801-972-2524 

Military Distributors 
JAN Devices, Inc. 
6925 Canby, Bldg. 109 
Reseda, CA 91335 
Phone -818-708-1100 
FAX - 818-708-7436 

Zeus Components, Inc. 
6276 San Ignacio Ave., Suite E 
San Jose, CA 95119 
Phone - 408-629-4789 
FAX - 408-629-4892 

Micron Technology, Inc., reserves the right to change products or specifica1ions without notio 
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AFRICA 
Distributor 
Monte Vista International 
5976 W. Las Postias Blvd., #220 
Pleasanton, CA 94588 
Phone - 415-463-8683 
FAX -415-463-8732 

AUSTRALIA 
Representative 
Reptechnic Pty. Ltd. 
3/36 Bydown Street 
Neutral Bay NSW 2089 
Phone - 612-953-9844 
FAX -612-953-9683 

AUSTRIA 
Representative & Distributor 
Thomas Neuroth GmbH 
Hietzinger Hauptstrasse 22/ A/2 
A-1130Wien 
Phone - 431-82-56-45 
FAX - 431-82-84-920 

BELGIUM 
Representative & Distributor 
MCA -Tronix SPRL 
Parc de Recherches 
Du Sart Tilman 
Ave. des Noisetiers 
B-4031 Angleur 
Phone - 32-41-67-4208 
FAX -32-41-67-6331 

Microtron 
Generaal Dewittelaan 
2800 Mechelen 
Phone - 32-15-212223 
FAX - 32-15-210069 

DENMARK 
Representative 
Delco A/S 
\1ejeribakken 8 
l540 Lynge 
Phone -45-42-18-95-33 
~AX - 45-42-18-95-30 

Distributor 
'rescomA/S 
\IIejeribakken 8 
1540 Lynge 
'hone - 45-42-18-98-00 
'AX -45-42-18-98-11 

ALES INfORMATION 
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FINLAND 
Representative & Distributor 
Integrated Electronics OY AB 
Turkhaudantie 1 
P.O. Box 160 
SF-00700 Helsinki 
Phone - 358-0-351-3133 
FAX -358-0-351-3134 

FRANCE 
Representative 
Rep'Tronic, SA 
1 Bis, rue Marcel Paul 
BatimentA 
Z1 de la Bonde 
91300 Massy 
Phone - 33-1-60-13-9300 
FAX -33-1-60-13-9198 

Distributors 
Arrow Electronique S.A. 
73-79, rue des Solets 
Silic 585 
94663 Rungis Cedex 
Phone - 33-1-49-78-4848 
FAX -33-1-49-78-0699 

Paris Sud Electronique Composants 
12, rue Rene Cassin 
91300 Massy 
Phone - 33-1-69-20-6699 
FAX -33-1-69-20-7532 

RTF Diffusion 
79, rue Pierre Semard 
92320 Chatillon 
Phone - 33-1-49-65-2600 
FAX -33-1-49-65-2649 

Thomson Composants Distribution 
30, Avenue de I'Epi d'Or 
94807 Villejuif, Cedex 
Phone - 33-1-46-87-2224 
FAX -33-1-46-87-0711 

GERMANY 
Sales & Customer Service Office 
Micron Technology (Deutschland) GmbH 
Marsstrasse 3 
0-8011 Aschheim 
Phone - 49-89-903-0021 
FAX -49-89-904-3114 

Representative & Distributor 
EBV-Elektronik GmbH 
Hans-Pinsel-Str.4 
0-8013 Haar b. Miinchen 
Phone - 49-89-4-60-96-255 
FAX -49-89-46-44-88 

Distributors 
Metronik GmbH 
Leonhardsweg 2 
0-8025 Unterhaching b. Miinchen 
Phone - 49-89-611-08-0 
FAX - 49-89-611-22-46 

Neumiiller GmbH 
Eschenstrasse 2 
Postfach 1250 
0-8028 Taufkirchen 
Phone -49-89-612-08227 
FAX -49-89-612-2680 

HONG KONG 
Sales & Customer Service Office 
Micron Technology Asia 
Apt. A, 15/F, Block 3 
Pacific View, 38 Tai Tam Road 
Phone -852-813-5609 
FAX -852-813-5914 

Representative 
Lestina International Ltd. 
14/F, Park Tower 
15 Austin Road 
Tsimshatsui 
Phone -852-735-1736 
FAX -852-730-5260 

INDIA 
Distributor 
Silicon Electronics 
3350 Scott Blvd. 
Suite 1201 
Santa Clara, CA 95054 
Phone - 408-988-4408 
FAX -408-988-4431 

INDONESIA 
Representative 
Desner Electronics (FE) Ltd. 
42 Mactaggart Road 
#04-01 Mactaggart Bldg. 
Singapore 1336 
Phone - 65-285-1566 
FAX -65-284-9466 
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IRELAND 
Representative 
New England Technical Sales 
The Diamond 
Malahide County Dublin 
Phone -353-1-450635 
FAX -353-1-453625 

Distributor 
Lyco, Ltd. 
Estuary House 
New Street 
Malahide, Dublin 
Phone -353-1-452-020 
FAX- 353-1-451-741 

ISRAEL 
Representative & Distributor 
c.R.G. Electronics, Ltd. 
29 Hagaaton Str. 
P.o.B.154 
Nahariya 22100 
Phone -972-4-925-819 
FAX -972-4-924-065 

ITALY 
Representative & Distributor 
Moxel S.R.L. 
Via C Frova, 34 
20092 Cinisello Balsamo (MQ 
Phone -39-261-290521 

III FAX -39-261-72582 

Distributor 

en EUR Elettronica S.p.A. 
Sede: Via E. Fermi, 8 

l> 20094 Assago (MI) 

r Partita IVA 00883800153 

m Phone -02-4880022 
FAX -02-4880275 en 

_ JAPAN 
Z Distributor 

'T1 
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Sanyo Electronic Co., Ltd. 
Natsume Bldg., 4th Floor 
18-6, 2-Chome, Yushima 
Bunkyo-Ku, Tokyo 113 
Phone -81-3-3818-4430 
FAX -81-3-3818-1124 

SALES INFORMATION 
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KOREA 
Representative 
Anam Semiconductor 
3rd Floor, Y oowha Bldg. 
995-16, Daechi-Dong 
Kangnam-Gu, Seoul 
Phone -822-553-2997 
FAX -822-553-2998 

MALAYSIA 
Representative 
Desner Electronics (FE) Ltd. 
42 Mactaggart Road 
#04-01 Mactaggart Bldg. 
Singapore 1336 
Phone - 65-285-1566 
FAX -65-284-9466 

THE NETHERLANDS 
Representative & Distributor 
Microtron 
Postbus 188 
1243 ZK's Graveland 
Phone -31-35-61834 
FAX -31-35-62709 

NEW ZEALAND 
Representative 
Reptechnic 
3/36 Bydown Street 
Neutral Bay, NSW 2089 
Australia 
Phone -612-953-9844 
FAX -612-953-9683 

NORWAY 
Representative & Distributor 
BIT Elektronikk A/S 
Smedsvigen 4 
P.O. Box 194 
1364 Hvalstad 
Phone - 47-2-981370 
FAX -47-2-981371 

PHILLIPINES 
Representative 
Desner Electronics (FE) Ltd. 
42 Mactaggart Road 
#04-01 Mactaggart Bldg. 
Singapore 1336 
Phone - 65-285-1566 
FAX -65-284-9466 
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PORTUGAL 
Representative & Distributor 
AID Electronica, LDA. 
Rua Dr. Faria De Vasconcelos, 3A 
1900 Lisboa 
Phone -351-1-847-2196 
FAX- 351-1-847-2197 

SINGAPORE 
Representative 
Desner Electronics (FE) Ltd. 
42 Mactaggart Road 
#04-01 Mactaggart Bldg. 
Singapore 1336 
Phone -65-285-1566 
FAX -65-284-9466 

SPAIN 
Representative & Distributor 
AID Electronica, S.A. 
Avda. de la Industria 32 
Nave 17, 20 B. 
28100 Alcobendas Madrid 
Phone -341-661-6551 
FAX - 341-661-6300 

SWEDEN 
Representative 
GatelineAB 
Sadelmakarvagen 9, Box 590 
5-14600 
Tullinge 
Phone - 46-8-778-44-40 
FAX -46-8-778-87-17 

Representative & Distributor 
IE Komponenter AB 
Box 11113 
5-16111 Bromma 
Phone - 46-8-804685 
FAX -46-8-262286 

SWITZERLAND 
Representative & Distributor 
AlltronAG 
Hintermiittlistr.3 
5506 Miigenwil 
Phone - 41-64-56-00-00 
FAX -41-64-56-00-05 

MICron Technology, Inc., reserves the right to change products or specilicalionswitnout notice. 
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TAIWAN, R.O.C. 
Representative 
ASEC International Corporation 
4F, No. 180, Sec. 2 
Min-Sheng E. Road 
Taipei, Taiwan R.O.c. 
Phone - 886-2-505-7025 
FAX -886-2-501-1524 

THAILAND 
Representative 
Desner Electronics (FE) Ltd. 
42 Mactaggart Road 
#04-01 Mactaggart Bldg. 
Singapore 1336 
Phone -65-285-1566 
FAX -65-284-9466 

UNITED KINGDOM 
Sales & Customer Service Office 
Micron Technology (U.K.) Ltd. 
Centennial Court 
Easthampstead Road 
Bracknell 
Berkshire RG12 1JA 
Phone - 44-344-360055 
FAX -44-344-869504 

Assembly & Test Facility 
Micron Technology (U.K.) Ltd. 
Crompton Way 
North Newmoor Industrial Estate 
Irvine, Ayrshire, KA1140Y 
Scotland 
Phone - 44-294-222400 
FAX • 44-294-222404 

Representatives 
Cedar Technologies (U.K.) Ltd. 
Trustrock House 
Woodend Estate 
Cowdenbeath 
FifeKY48HW 
Phone - 44-383-610-910 
FAX -44-383-610-911 

Cedar Technologies (U.K.) Ltd. 
The Old Water Works 
Howse Lane 
Bicester 
OxonOX68XF 
Phone - 44-869-322-366 
FAX -44-869-322-377 

SALES INFORMATION 
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Cedar Technologies (U.K.) Ltd. 
131 Bramley Way 
Hardwick 
Cambridge CB3 7XE 
Phone -44-954-211360 
FAX - 44-954-211538 

Distributors 
Abacus Electronics Holdings Ltd. 
Abacus House 
Bone Lane 
Newbury 
Berkshire RG14 5SF 
Phone -44-635-36222 
FAX -44-635-38432 

Bytech Components, Ltd. 
12 A Cedarwood 
Chineham Business Park 
Crockford Lane 
Basingstoke 
Hampshire RG24 OWO 
Phone -44-256-707-107 
FAX -44-256-707-162 

Force Technologies, Ltd. 
Unit 18 
Campbell Court 
Bramley 
Basingstoke 
Hampshire RG26 5EG 
Phone -44-256-880788 
FAX -44-256-880307 

Thame Components, Ltd. 
Thame Park Road 
Thame 
Oxfordshire OX9 3UQ 
Phone - 44-84-426-1188 
FAX -44-84-426-1681 
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