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Introduction 

National Semiconductor's F1 OOK 300 Series ECL 
Databook has been prepared to assist the experi­
enced ECL designer as well as the first time ECL 
designer in everything from selecting the right logic 
function to using the proper termination technique in 
your design. 

The 300 Series is designed to be an affordable high­
performance logic family ideal for applications oper­
ating at frequencies above 50 MHz. F100K is still the 
favorite ECL technology for most high-end comput­
er, telecommunication and test applications. The 
300 Series is a much needed upgrade for these us­
ers. New users are also reaping the many benefits of 
the 300 Series. This family is designed to interface 
easily with other technologies as the types of sys­
tems mixing TTL, CMOS, and ECL expands. To as­
sist designers with this multiple technology interface, 
the 300 Series offers a wide selection of translators, 
the ease and convenience of operation from + 5V, 
and the availability of smaller, inexpensive, plastic 
packaging. 

This Databook is designed to be an easy to use ref­
erence guide. Included are complete DC and AC 
characteristics for all package types (PCC, SOIC, 
PDIP, CDIP and CERPAK) and temperature ranges 
(commercial, industrial and military) with AC accura­
cy down to 1 O ps. Device selection guides, circuit 
design basics, transmission line concepts, power 
distribution, thermal considerations and testing tech­
niques are all discussed in detail to help in designing 
with ECL. A qualification guide is also included to aid 
in qualifying the 300 Series for use in your applica­
tion. 

A number of application notes, covering a wide 
range of subjects is included in this Handbook. 
These application notes cover such subjects as ECL 
backplanes and operating ECL from a positive + 5V 
power supply. For more specific application assist­
ance, please contact our applications staff at 
1-800-341-0392. 

F100K Data Book 

Product Index and Selection Guide 
The Product Index is a numerical list of all device 
types contained in this book. The Selection Guide 
groups the products by function and by family. 

iii 

Section 1 Family Overview .............. 1-1 
Discusses F1 OOK 300 Series design philosophy and 
actualization. Summarizes the key 300 Series family 
features and advantages in high speed systems. 
Highlights the recent enhancements made in plastic 
packaging (SOIC, PDIP), and an updated Military Ap­
plications section. 

Section 2 F100K 200 and 300 Series 
Datasheets . .............................. 2-1 
Contains individual datasheets for the F1 OOK 300 
Series family devices. Also included is a datasheet 
on the first single-gate 200 Series device, the 
100201. 

Section 3 F100K 100 Series Datasheets .. 3-1 
The F1 OOK 100 Series family of devices have been 
obsoleted. This section contains "reference only" 
individual data sheets for those F1 OOK 100 Series 
devices that were not redesigned as part of the 300 
Series family. For example, a 100101 was rede­
signed as a 100301; therefore the 100101 datasheet 
will not appear in this databook. On the other hand, 
the 100118 was not redesigned and has been obso­
leted. It's datasheet is printed in this section to be 
referred to in the event the device is currently being 
used in a system. The devices in this section will be 
unavailable for future purchases. 

Section 4 11 C Datasheets . .............. 4-1 
The 11 C family of devices have been obsoleted. 
This section contains "reference only" individual da­
tasheets to be referred to in the event the devices 
are currently being used in a system. The devices in 
this section will be unavailable for future purchases. 

F100K Design Guide and 
Application Notes-Section 5 

Chapter 1 Circuit Basics ................ 5-3 
Discusses internal circuitry and logic function forma­
tion. Also, a sample analysis of noise margins is out­
lined. 

Chapter 2 Logic Design ................. 5-9 
Features brief applications of F1 OOK logic arranged 
according to function. 
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Chapter 3 Transmission Line Concepts . 5-19 
Reviews the concepts of characteristic impedance 
and propagation delay and discusses termination, 
mismatch, reflections and associated waveforms. 

Chapter 4 System Considerations ...... 5-32 
Extends the transmission line approach to the spe­
cific configurations, signal levels and parameter val­
ues of EGL. Various methods of driving and termi­
nating signal lines are discussed. 

Chapter 5 Power Distribution and 
Thermal Considerations ..... 5-45 

Discusses power supply, decoupling and system 
cooling requirements. 

Chapter 6 Testing Techniques ......... 5-51 
Discusses various methods and techn.iques used in 
testing EGL devices (intended for those concerned 
with customer incoming inspection). Also includes a 
section on Electrostatic Discharge, what is ESD and 
how we perform our ESD Classification testing. 

iv 

Chapter 7 300 Series Package 
Qualification ................ 5-58 

Discusses the details of the 300 Series family pack­
age qualification. Describes the process used in 
qualifying the family along with supplying the sum­
marized data. 

Chapter 8 Quality Assurance 
and Reliability . .............. 5-70 

Reviews the quality and reliability programs currently 
in use. 

Application Notes . ..................... 5-75 
Contains several application notes on designing high 
speed systems using EGL 

Section 6 Ordering Information and 
Package Outlines ............. 6-1 

Functional description of the ordering codes. Pack­
age outlines of all the options available to the 300 
Series family. Tape and reel dimensions and specifi­
cations for the plastic packages (PCC and SOIC). 
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Gates 

Function 

OR/NOR Exclusive OR/NOR 

Low Power 2-lnput OR/NOR Gate/Inverter 
Low Power Triple 5-lnput OR/NOR 
Low Power Quint 2-lnput OR/NOR 
Low Power Quint Exclusive OR/NOR 

AND/NANO 

Low Power Quint 2-lnput AND/NANO 

Flip-Flops 

Function 

Low Power Triple D Flip-Flop 
Low Power Hex D Flip-Flop 

Latches 

Function 

Low Power Hex D Latch 
Low Power Quad 2-lnput Mux/Latch 
Low Power 8-Bit Latch 
Low Power 8-Bit Latch w/Cutoff 

Drivers and 25!1 Drive 

Device 

100331 
100351 

Device 

100350 
100355 
100343 
100344 

Device 

100201 
100301 
100302 
100307 

100304 

Clock Direct 
Edge Set 

_/ Yes 
_/ No 

Enable 
Inputs 

Inputs 

2(L) Single-ended 
2(L) Single-ended 
2(L) Single-ended 
3(L) Single-ended 

Multiplexers/Demultiplexers/Decoders 

Function Device 
Enable 
Inputs 

Multiplexers/Decoders/Demultiplexers 

Low Power Quad 2-lnput Mux/Latch 100355 2(L) 
Low Power Dual 8-lnput 100363 
Low Power 16-lnput 100364 
Low Power Triple 4-lnput 100371 1(L) 

Decoders/Demultiplexers 

Low Power Dual 1-of-4/Single 1-of-8 100370 2(L) &2(L) 

vii 

Inputs/ 
Gate 

2/1 
5 
2 
2 

2 

Direct 
Clear 

Yes 
Yes 

Outputs 

Differential 
Differential 

Single-ended 
Single-ended 

Inputs 

Single-ended 
Single-ended 
Single-ended 
Single-ended 

Single-ended 

No.of 
Gates 

2 
3 
5 
5 

5 

Outputs 

Differential 
Differential 

Direct Direct 
Set Clear 

Yes Yes 
Yes Yes 
No No 
No No 

Outputs 

Differential 
Single-ended 
Single-ended 

Differential 

Single-ended 
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Function 

Registers 

Low Power 8-Bit Register 
Low Power 8-Bit Register w/Cutoff 

Drivers and 250 Drive 

Shift Registers 

Low Power 4-Bit Bidirectional Shift Register 
Low Power 8-Bit Shift Register 

Buffers/Drivers/Receivers 

Function 

Buffers/Inverters 

Low Power 9-Bit Inverter 
Low Power 9-Bit Buffer 
Low Power 8-Bit Buffer 

Drivers/Bus Drivers 

Low Power Quad Line Driver 
Low Power Hex Bus Driver 
Low Power Quad Line Driver 
Low Power Hex Line Driver 

Receivers/Transceivers 

Low Power Quint Differential Line Receiver 

Counter 

Function 

Low Power 4-Bit Binary Counter 

Arithmetic Operator 
Function 

Device 

100353 
100354 

100336 
100341 

Device 

100321 
100322 
100352 

100313 
100323 
100316 
100319 

100314 

Device 

100336 

Low Power Dual 9-Bit Parity Checker/Generator 

Clock Drivers 

Function Device 

Low Power 2 to 8 Clock Driver 100310 
Low Skew 1 to 9 Clock Driver 100311 
Low Skew Quad Clock Driver 100315 

viii 

Clock 
Inputs Outputs 

Inputs 

_/ Single-ended Single-ended 
.../ Single-ended Single-ended 

.../ Single-ended Differential 
_/ Single-ended Single-ended 

Inputs Outputs 
250 Output 
Drive Cut-off 

Single-ended Single-ended No No 
Single-ended Single-ended No No 
Single-ended Single-ended Yes Yes 

Single-ended Differential No No 
Single-ended Single-ended Yes Yes 
Single-ended Differential Yes Yes 

Differential Differential Yes Yes 

Differential Differential No No 

Parallel 
Reset Up/Down 

Entry 

Sync Sync/Async Yes 

Device Features 

100360 Expandable 

Clock Sing le-ended Differential 
Inputs Clock Clock 

2 2 
1 1 
2 1 1 



Dual Supply Translators 
Features 100324 100325 100328 

Data Bits 6 6 8 
EGL-to-TTL x x 
TTL-to-EGL x x 
Flow-Thru x x 
Latched x 
Registered 

EGL Differential Input X1 
EGL Differential Output x 
EGL Output Drive (!l.) 50 50 
EGL Cutoff (Hi Z) x 
TTL Output Drive (mA) (loLlloH) 20/-2 23/-3 
TTL TRI-STATE® x 
EGL Control Pins x 
TTL Control Pins x 
TPD E to T (ns Max) 4.8 5.9 
TPD T to E (ns Max) 3.0 3.8 
IEE (mAMax) -70 -37 -169 
IEE (mA Max) (Cutoff) -169 
Ice (mAMax) 38 65 74 

1Vss provided for Single-ended Operation 

· Single Supply Translators 
Features 100390 

Data Bits 6 
ECL-to-TTL x 
TTL-to-ECL 

CMOS-to-EGL 
ECL Differential Input X2 
ECL Differential Output 
ECL Output Drive (!l.) 
ECL Cutoff (Hi Z) 

TTL Output Drive (mA) (loL/loH) 24/-3 
TTL TRI-STATE® x 
TTL Control Pins x 
CMOS Control Pins 
TPD E to T (ns Max) 6.4 
TPD T to E (ns Max) 
TPD C to E (ns Max) 

IEE (mA Max) (Cutoff) 

lcc(mAMax) 48 

2Vss provided for Single-ended Operation 

ix 

100329 100393 100395 

8 9 9 
x x x 
x 

x 
x x 

50 
x 

24/-3 64/-15 64/-15 
x x x 
x x x 

x 
7.7 5.3 6.4 
3.9 

-199 -39 -67 
-199 

74 65 65 

100391 100392 

6 5 

x 
x 

x x 
50 25 

x 

x 
x 

1.7 
TBD 

TBD 
60 TBD 

100397 

4 
x 
x 

x 

x 
x 
25 
x 

64/-15 
x 
x 

5.8 
2.4 
-99 
-159 

36 

100398 

4 
x 
x 

x 

x 
x 
25 
x 

64/-15 
x 

x 
5.8 
2.2 
-99 
-159 

45 

100389 

6 

x 

x 
50 

x 

TBD 

TBD 

rn 
0 
r-
""C ... 
0 
c.. 
c 
n -en 
(1) 

CD' 
(") -()" 
:::s 
G> 
c a: 
(1) 



Cl) 
"C 
~ ECL Package Selection Guide 
c 
0 .. 
(.) 
Cl) 
a; 
en -(.) 
::s 

"C 
0 ... 
0. 
...I 
0 w 

Device 

100301 
100302 
100304 
100307 
100310 
100311 
100313 
100314 
100315 
100316 
100319 
100321 
100322 
100323 
100324 
100325 
100328 
100329 
100331 
100336 
100341 
100343 
100344 
100350 
100351 
100352 
100353 
100354 
100355 
100360 
100363 
100364 
100370 
100371 
100389 
100390 
100391 
100392 
100393 
100395 
100397 
100398 

24-Lead · 24-Lead 
CDIP PDIP 

x x 
x x 
x x 
x x 

x x 
x x 

x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 

x 
x x 

x 
x x 

x 
x 

x 
x 

24-Lead 24-Lead 28-Lead 16-Lead 
QFP SOIC PCC SOIC 

x x x 
x x x 
x x 
x x x 

x 
x 

x x x 
x x x 

x 
x 
x 

x x 
x x 
x x 
x x x 
x x x 
x x x 
x x 
x x x 
x x x 
x x x 
x x 
x x 
x x 
x x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 

x 
x x x 

x x 
x x x 

x x 
x 
x 
x 
x 
x 

x 
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Definition of Terms 
Data Sheet Identification Product Status Definition 

Advance Information Formative or This data sheet contains the design specifications for product 
In Design development. Specifications may change in any manner without notice. 

Preliminary First This data sheet contains preliminary data, and supplementary data will 
Production be published at a later date. National Semiconductor Corporation 

reserves the right to make changes at any time without notice in order 
to improve design and supply the best possible product. 

No Full This data sheet contains final specifications. National Semiconductor 
Identification Production Corporation reserves the right to make changes at any time without 

Noted notice in order to improve design and supply the best possible product. 

Obsolete Not In Production This data sheet contains specifications on a product that has been 
discontinued by National Semiconductor Corporation. The data sheet 
is printed for reference information only . 

National Semiconductor Corporation reserves the right to make changes without further notice to any products horoin to 
improve reliability, function or design. National does not assume any liability arising out of the application or use of any product 
or circuit described herein; neither does it convey any license under its patent rights, nor the rights of others. 
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Family Overview 

Introduction 
Precious few alternatives available offer the performance of 
EGL. Most designers recognize the advantages offered by 
EGL in high speed systems extend beyond just quick switch­
ing times. However, the use of EGL has been somewhat 
limited to those applications concerned with high speed and 
often little more. These applications usually had extravagant 
cooling systems and massive power sources to keep the 
signal moving. Rapid advancements in microprocessors and 
high resolution video equipment are now beginning to push 
preferred TTL and CMOS technologies to their limits. The 
need for functions with EGL-like speeds without EGL-like 
power for use in smaller but increasingly powerful systems 
is growing rapidly. 

The problems with working with high speed systems are 
beginning to migrate downward from supercomputers to 
workstations as the performance of workstations moves up­
ward. The benefits of using EGL in high-end applications 
have long been recognized by those designers familiar with 
it. Low propagation delays with moderate edge rates, negli­
gible noise and ground bounce, constant power consump­
tion over frequency and the ability to drive low impedance 
transmission lines have combined to make EGL the pre­
ferred technology for designers who have had previous ex­
perience with it. However, the majority of designers never 
had to consider EGL, until now. The increasing availability of 
high speed microprocessors is driving the need for faster 
busses and more accurate clocking. 

EGL still has its drawbacks, but recent technological ad­
vances have made EGL a much more appealing and usable 
technology. With the growing need for high speed signal 
distribution, EGL is beginning to move more into high per­
formance backplanes. Designers like and require the high 
speed, differential outputs, low impedance drive and trans­
mission line-like characteristics of EGL. EGL is also being 
used increasingly in clock distribution trees because of its 
speed and inherently low skew. High resolution video graph­
ics terminals with a display resolution of 1024 x 1024 pixels 
require a bandwidth of over 80 ·MHz, not an easy task for 
CMOS or TTL but well within the range of EGL. Broadband 
communication systems are also using a great deal of EGL 
as fiber optic data transfer moves into greater utilization. 

National Semiconductor introduced the F1 OOK 300 Series 
to allow EGL to be more usable in today's high performance 
systems. In developing this new family, much emphasis was 
placed on power, space and cost reductions. The 300 Se­
ries was designed to interact with other technologies, not to 
replace them. Many new designs are attempting to optimize 
the most efficient mix of speed, power and price with EGL, 
CMOS and TTL all working together. EGL will handle the 
speed critical applications, CMOS functions would keep the 
overall system power low and TTL would be included to 
keep costs down. The performance, power, packaging 
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and functionality of the 300 Series make this family ideal for 
those applications operating above 50 MHz. 

Much of what the 300 Series has evolved into,-is a compila­
tion of inputs received from designers who could not use the 
older F1 OOK 100 Series for various reasons. This resulted in 
parts with lower operating power, significantly improved 
ESD protection, plastic surface mount packaging, additional 
AC testing including skew, easy interface with other technol­
ogies and increased functionality. This section will go into 
much greater detail about EGL and the evolution of the 300 
Series. 

F100K Design Philosophy 
F1 OOK was designed to meet four key requirements: high 
speed at reduced power, high level of on-chip integration, 
flexible logic functions, and optimum 1/0 pin assignment. 

Subnanosecond Gate Delays 

The subnanosecond internal gate delays of F1 OOK 100 Se­
ries were obtained by the use of EGL design techniques and 
the advanced lsoplanar-Z process. Many circuit approaches 
were carefully considered prior to selecting the optimum 
gate configuation for the F1 OOK family. The emitter-follower 
current-switch (E2CL) and current-mode logic (CML) gates 
were eliminated mainly because of poor capacitive drive 
and lack of output wired-OR capability; the CML gate has 
low noise margins. The 2-1/20, EFL, DCTTL and hysteresis 
gates were eliminated due to the lack of simultaneous com­
plementary outputs along with difficult temperature and volt­
age compensation characteristics that lead to the loss of 
system noise immunity. 

The choice narrowed down to the current-switch emitter-fol­
lower EGL gate which offers the following characteristics: 

• High fan-out capability 

• Simultaneous complementary outputs 

• Excellent AC characteristics 

• Compatibility with existing EGL logic and memories 

• Internal series gating capability 

• Good noise immunity 

• Amenable full compensation and extended temperature 
characteristics 

• External wired-OR capability 

In order to ease drive requirements all circuit inputs were 
designed to have similar loading characteristics; i.e., buffers 
are incorporated where an input pin would normally drive 
more than one on-chip gate. The on-chip delay incurred by 
buffering is less than the system delay caused by an output 
which drives a capacitance of higher than three unit loads. 
Full compensation was selected for the F1 OOK Family to 
provide improved switching characteristics. Full compensa­
tion results in relatively constant signal levels and thresh-
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olds and in improved noise margins over temperature and 
voltage variations from chip to chip, and thus a tighter AC 
window in the system environment. A comparison of fully 
compensated EGL to conventional EGL shows a 2:1 im­
provement in system AC performance due solely to full 
compensation (Figure 1-1). And, the improved speed has 
been achieved at reduced power. Power reduction is ac­
complished by the use of advanced process technology that 
reduces parasitic capacitances and improves tolerances, by 
optimum circuit designs using series gating and collector 
and emitter dotting, and by designing for the use of a - 4.5V 
VEE power supply. F100K 100 Series is specified at a VEE 
power supply of -4.2V to -4.BV, but a -5.2V ± 10% pow­
er supply can be used to interface with 2 ns EGL families. 
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FIGURE 1-1. Comparison of Propagation Delays 

High On-Chip Integration 

Higher on-chip integration is made possible by using the 24-
pin package to increase the number of signal pins by 62% 
over the conventional 16-pin package. The emphasis in 
F1 OOK is to minimize the number of SSI functions and maxi­
mize the use of MSI and LSI to reduce wiring delays and 
thus make more efficient use of the fast on-chip switching 
technology. Only 1 O SSI functions are needed to serve the 
system needs presently requiring 25 functions in the EGL 
10K family. 

Flexibility and Pin Assignment 

F1 OOK was planned to minimize to total number of logic 
functions by increasing the flexibility of each function and by 
making use of more 1/0 pins. Since next-generation system 
performance and ease of system designs are major F1 OOK 
goals, pin assignment is important and was planned to mini­
mize crosstalk, noise coupling and feedthrough, to facilitate 
OR-ties and to ease power-bus routing. Some of the key 
considerations in selecting the F1 OOK pin assignments 
were: 

• Locate power pins in the center on opposite sides of the 
DIP package to ease system design and to provide low­
inductance connections to the chip. 

• Provide two Vee pins, one for the internal circuit and one 
for the output buffers, to minimize noise coupling. 

• Locate inverting outputs of logically independent gates 
adjacent to each other. This provides the ability to wire 
AND-OR-Invert functions with ease. 

• When feasible, mode control pins are used to create mul­
tipurpose devices. 
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300 Series Design Philosophy 
F1 OOK 300 Series was designed to improve several per­
formance parameters while still maintaining the speed and 
functionality requirements of the original F1 OOK family. 
These new improvements enable 300 Series to be used in 
an even broader range of applications. 

Most importantly, 300 Series products all meet F1 OOK's op­
timized speeds and edge rates, while consuming up to 50% 
less power. These lower power designs, combined with the 
manufacturability of the FAST-LSI process (see Process 
Technology), enabled the 300 Series line to be reliably 
packaged in plastic leaded chip carrier (PCC) packages. A 
graph is shown comparing the power consumption of the 
F100124 and F100324 vs. supply voltage (Figure 1-2). In 
addition, 300 Series is designed with a more stable voltage 
reference network, providing a single set of DC specifica­
tions across a wider supply voltage range (-4.2V to 
-5.7V), easing the design of 300 Series into systems which 
use '-- 5.2V power supplies. Also, 300 Series products have 
been designed to comply with all MIL-STD-883C require­
ments, including operation over the full military temperature 
range of - 55°C to + 125°C. Finally, electrostatic discharge 
(ESD) protection diodes have been added to both input and 
output circuitry, guaranteeing a minimum of 2000V ESD pro­
tection for all 300 Series products. 

Several new circuits were utilized to achieve the perform­
ance improvements. The stabilized DC characteristics 
across the - 4.2V to - 5. 7V power supply range are 
achieved through use of an improved reference network 
(Figure 1-3). This network replaces a resistor with a PNP 
transistor (03). The collector-emitter voltage of 03 varies 
with Vee. allowing the voltage at the base of 0 6 to remain 
constant as Vee varies. This, in turn, stabilizes both Vss 
and Ves. so that as VEE varies from -4.2V to -5.7V, Vss 
varies no more than 15 mV-20 mV. (Variation of v88 in 
F1 OOK 100 Series products over this same voltage range 
can be as much as 70 mV-80 mV). The improved stability 
of 300 Series vs. Vee is reflected in the single set of DC 1/0 
specifications guaranteed across this wider voltage range. 
These specifications are identical to the F1 OOK 100 Series 
specifications listed at -4.5V. As shown in Figure 1-4, they 
increase minimum noise margins guaranteed by 300 Series 
to 140 mV. 
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FIGURE 1-2. 300 Series Power Reduction 
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All 300 Series products are designed to operate over the full 
military temperature range. To achieve this, internal voltage 
swings were increased to guardband against transistor satu­
ration at temperature extremes. The faster transistor 
speeds offered by the FAST-LSI process compensated for 
the increased delays introduced by the wider voltage 
swings. Some of the more complex products utilize multi­
level series gating to achieve higher levels of logic complex­
ity at while reducing gate delays and power consumption. 
These products employ a Widlar Current Sink (Figure 1-5) to 
compensate for VsE shifts at -55°C. In this circuit, the emit­
ter resistor is removed from the current source (01), provid­
ing more voltage headroom at lower temperatures, and 
avoiding saturation of the current source at - 55°C. A sec­
ond transistor (02). driven by a voltage biased at Ves + 
VsE· provides Ves at its emitter to drive the current source. 
This minimizes power by reducing the loading on the refer­
ence generator. A temperature-compensated current mirror 
(03) is employed to control the base voltage of the current 
source so that it doesn't move regardless of VEE or temper­
ature changes. 

Vcs 

01 

Electrostatic discharge (ESD) protection diodes were added 
to all 300 Series designs (Figure 1-6) specifically in the cir­
cuit paths that were most prone to ESD damage on F1 DOK 
100 Series products: input-to-Vee. input-to-VEE· and output­
to-Vee- These diodes (D1, D2. and 03) are utilized to shunt 
the current caused by an ESD voltage pulse away from ei­
ther the input or output circuitry. Depending on the polarity 
of the ESD voltage, the diodes either become forward-bi­
ased, directing the current into the supply, or go into reverse 
breakdown, directing the current into the substrate. Either 
way, the ESD-caused current is shunted away from the in­
put and output transistors, avoiding damage to the circuitry. 
The diodes are designed to be rugged enough to guarantee 
2000V of ESD protection on all 300 Series products (they 
typically withstand up to 4000V). Even in providing this pro­
tection level, these diodes have a negligible impact on input 
capacitance. Addition of these diodes typically adds only 
tenths of picofarads to each product's input capacitance. 

Vee 

OUT 
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FIGURE 1-5. 300 Series Widlar Current Sink 
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FIGURE 1·6. 300 Series ESD Protection Diodes 
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Process Technology 
FAST-LSI Process 

The 300 Series family is fabricated using an advanced iso­
planar technology called FAST-LSI. The FAST-LSI process 
is similar to FAST-Z, but also includes many improvements 
which enhance performance, manufacturability, and reliabili­
ty. Metal alignments have been tightened, shortening the 
distance between base and emitter contacts. This reduces 
the base capacitance, giving Frs of 8 GHz vs 5 GHz for 
FAST-Z. Parasitic capacitances are also reduced, allowing 
products to be designed with lower power consumption. 

The FAST-LSI process implements wafer planarization 
techniques to smooth the interconnect metal transitions, 
significantly reducing thermal stresses on the die when en­
capsulated in molded plastic packaging. In addition, these 
planarization techniques increase metal step coverage to 
typically 65% for first level metal and 75% for second level 
metal. Increased metal thicknesses over a step improve 
current density performance and circuit reliability. First layer 
metal step coverage is improved by the addition of bird's 
head planarization after the oxide isolation process. Second 
layer metal step coverage improvements are provided by a 
technique known as spun-on-glass, an interlayer dielectric 
planarization. 

FAST-LSI is a fully ion-implanted process, providing more 
precise control over doping profiles. This not only improves 
device performance, but also allows tighter manufacturing 
tolerances on transistor gains and resistor values. These 
tighter tolerances were exploited in the design of F1 OOK 
300 Series to meet the same-speed, half-power targets for 
the product line. The field oxide in FAST-LSI is doped (vs. 
undoped in FAST-Z). This lowers current leakage even fur­
ther while still maintaining the walled emitter structures fea­
tured in FAST-Z. 

The metal structure of FAST-LSI is also improved. Platinum­
silicide is used to provide ohmic contacts to N + and P + 
regions, as well as Schottky diode contacts to N - regions. 
The Schottky diodes are used in the design of the high-per­
formance TTL output stages in the 300 Series ECL-TTL lev­
el translators. A titanium-tungsten layer is utilized as a diffu­
sion barrier against aluminum migration into the underlying 
silicon. Finally, both first and second layer metal use a cop­
per-doped aluminum metalization which enhances reliability 
by providing a high resistance to electromigration. 

O/P 

INPUTS 

CURRENT 
SWITCH 

Compensation Network 
The heart of F1 OOK is fully compensatea ECL.1 The basic 
gate consists of three blocks-the current switch, the output 
emitter-followers, and the reference or bias network (Figure 
1-7). The current switch allows both conjunctive and dis­
junctive logic. The output emitter-followers provide high 
drive capability through impedance transformation and al­
lows for increased logic swing. The bias network sets DC 
thresholds and current-source bias voltages. Temperature 
compensation at the gate output is achieved by incorporat­
ing a cross-connect branch between the complementary 
collector nodes of the current switch and driving the current 
source with a temperature insensitive bias network2 
(Figure 1-8). 

Vee~~~~~-....~~~~~~~, 

VeEx VeeA 
R 

R 

-- -
Ix 

B Vee 

Vcs 

TL/F/9908-8 

FIGURE 1-8. Temperature Compensation 

As junction temperature increases and the forward base­
emitter voltage of the output emitter-follower decreases, the 
collector node of the current switch must become more 
negative. Since the current-source bias voltage, Vcs. is in­
dependent of temperature, the switch curent increases with 
temperature due to the temperature dependence of VsEC· 
The combination of temperature controlled current, IE, and 
the cross-connect branch current, Ix, forces the proper tem­
perature coefficient at the collector node of the current 
switch to null out the Vsrn tracking coefficient.3 

REFERENCE 
NETWORK 

-----------------VEE 
TL/F/9908-7 

FIGURE 1-7. ECL Gate 

1-7 



The schematic for the reference network displays a VsE1 
amplifier in the bottom left corner (Figure 1-9). Two base­
emitter junctions are operated at different current densities, 
J1 and J2. The resulting voltage difference, VsE1 minus 
VsE2· appears across R1 and is amplified by the ratio R2/ 
R1. Note that R2 is used twice, once to generate Vcs and 
once to generate V99. The different current densities, J1 
and J2, result in a positive temperature tracking coefficient 
across R2, which cancels the negative diode-tracking coeffi­
cient of VsE3 and VsE4· The Vcs and the V99 thus generat­
ed are temperature insensitive at the extrapolated bandgap 
voltage of silicon1. 2 (approximately 1300 mV).4 Rx in the 
VsE amplifier compensates for process variations of /3 and 
~VBE·5 Voltage regulation is achieved through a shunt regu­
lator shown at the right side of the schematic. 
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FIGURE 1·9. Reference Network 

Characteristics 
F1 OOK compatibility with existing EGL logic families and 
memories permit direct interface with slower logic families 
and ensures immediate memory availability. The typical log­
ic swing is 800 mV (Figure 1-10) and all voltage levels are 
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FIGURE 1·10. Transfer Characteristics 

1-8 

specified with a 50!1 load to - 2V at all outputs to provide 
transmission line drive capability. However, the inherently 
low output impedance (Figure 1-11) and maximum specified 
output current, 50 mA, make 25!1 drive possible at any or all 
outputs. Alternately, of course, higher termination imped­
ances or other termination schemes are also useful. 

F1 OOK exhibits relatively constant output levels and thresh­
olds over the 0°C to + 85°C specified temperature range 
and -4.2V to -4.8V specified voltage range (Figure 1-12). 
VEE power supply current is also constant over the specified 
voltage range (Figure 1-13); therefore: 
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Uncompensated ECL (over VEE range) 
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FIGURE 1-12. Transfer Characteristics 
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• Propagation delay is relatively constant versus power 
supply voltage variations thus tightening the AC window. 

• Power dissipation is a linear function of the supply volt-
age, reducing worst-case power consumption. 

The typical propagation delay of an SSI gate function driving 
a 50.0. transmission line is 0. 75 ns, including package, with a 
power dissipation of 40 mW resulting in a speed-power 
product of 30 pJ. For optimized MSI functions, the internal 
gates can dissipate < 10 mW with average propagation de­
lay of < 0.5 ns, giving a power-speed product of < 5 pJ. 
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FIGURE 1·13. Change in IEE vs Change in VEE 

F1 OOK has a tighter AC window over the wide range of envi­
ronmental conditions; thus, the system timing requirements 
are eased and maximum system clock rates are increased. 
At the sacrifice of AC performance, the small-signal input 
impedance was conservatively designed to be positive-real 
over the frequency range encountered by any circuit input. 
This provides adequate damping to insure AC stability within 
the system. 

Features 
F1 OOK EGL logic components are designed to be used in 
high-speed, low-noise systems and offer significant advan­
tages over other logic families. Some of the important fea­
tures and advantages are summarized below. 

Low Propagation Delay 

F100K EGL features gate delays that are typically 0.75 ns 
(750 picoseconds) with counters, registers and flip-flops op­
erating in the 400-500 MHz range. When compared to oth­
er logic families such as Schottky TTL or slower EGL fami­
lies, system performance can be doubled or tripled. Tighter 
AC distribution helps system timing requirements and in­
creases system clock rates. 

Moderate Edge Rates 

Because of the nature of current mode switching which 
uses differential comparison techniques and avoids transis­
tor storage delays, rise times can be controlled by internal 
time constants without sacrificing throughout delays. Slower 
rise times minimize ringing and reflections on interconnec­
tion wiring and simplify physical design. The typical edge 
rate for F100K EGL is 1V /ns, only about 80% of the edge 
rate of Schottky TTL. It can be shown that for EGL circuits, 
the natural rise and fall times are approximately equal to the 
propagation delay. This relationship is considered optimum 
for use in high-speed systems. 
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Wired-OR Capability 

EGL outputs can be wired together where wiring rules per­
mit, to form the positive logic-OR function, thus achieving an 
extra level of gating at no parts count expense. Data buss­
ing and party line operations are facilitated by this features. 

Complementary Outputs 

A majority of F1 OOK EGL logic elements have complemen­
tary outputs, providing numerous opportunities for reduction 
of package count and power consumption when mechaniz­
ing logic equations. Further, the system incurs no extra pen­
alty in time delay since the complementary EGL outputs 
switch simultaneously. 

A significant advantage to complementary outputs is that, 
since both the true and complement logic functions are 
available, Ice imbalance can be minimized either by using 
both outputs in the design or merely terminating unused out­
puts. In this way, the constant current characteristic of EGL 
is not compromised and power supply noise is minimized. 

Low Output Impedance, High Current Capacity 

As operating speeds are increased to achieve the higher 
performance levels demanded of digital systems, ordinary 
wiring begins to exhibit distributed parameter characteris­
tics, as opposed to a lumped capacitance nature at low 
speeds. 

Characteristic impedances of normal wiring and printed cir­
cuit interconnections generally fall in the 50!1 to 250!1 
range. With these low impedance lines and fast transitions, 
the signals are attenuated by the voltage divider action be­
tween the circuit output impedance and the characteristic 
impedance of the interconnection. 

Voltage mode circuits have a HIGH state output impedance 
of from 50!1 to 150!1 and thus exhibit an output stepped 
characteristic, first reaching about 50% of final value and 
later reaching the final value in another step. F1 OOK EGL 
output impedances under 1 on insure a complete, full val­
ued, signal into a transmission line. Also, F1 OOK EGL out­
puts are specified to drive a 50!1 load (some devices are 
specified to drive a 25!1 load). Outputs are capable of sup­
ply 50 mA or more and can thus support the quiescent cur­
rent required for passive terminations. 

Convenient Data Transmission 

The complementary high-current outputs of F1 OOK ECL ele­
ments are well suited for driving twisted pair or other bal­
anced lines in a differential mode, thereby enhancing field 
cancellation and minimizing crosstalk between subsystems. 

High Common-Mode Noise Rejection 

Differential line receivers provide common-mode noise re­
jection of 1 V or more for induced and ground noise. Differ­
ential receiving requires less signal swing than single ended 
and thus allows more reliable interpretation of low signal 
swings. 

Constant Supply Current 

The supply current drain of F1 OOK ECL elements is gov­
erned by one or more internal constant current sources sup­
plying operating current for differential switches and level 
shifting networks. Since the current drain is the same re­
gardless of the state of the switches, F1 OOK EGL circuits 
present constant currents loads to power supplies (see 
Complementary Outputs). 
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Low Power Loss In Stray Capacitance 

Energy is consumed each time a capacitor is charged or 
discharged so the energy loss rate, or power, goes up with 
switching frequency. Since the energy stored in a capacitor 
is proportional to the square of the voltage and F1 OOK ECL 
signal swings are four to five times less than those of TIL, 
power loss in stray capacitance may be an order of magni­
tude less than that of TIL. 

Low Noise Generation 

In ECL systems, power supply lines are not subjected to the 
large current spikes common with TIL designs. Inherently, 
ECL is a constant current family without the totem-pole 
structures found in TIL circuits which generate the large 
current spikes. Since EGL voltage swings are much smaller 
than TIL, the current spikes caused by charging and dis­
charging stray capacitances are much smaller with ECL 
than with TIL of comparable edge rates. 

Low Crosstalk 

Induced noise signals are proportional to signal swings and 
edge rates. The lower swing and slower edge rate of F1 OOK 
ECL results in low levels of crosstalk. 

ESD Protection 

The 300 Series is designed with Electrostatic Discharge 
(ESD) protection diodes. The diodes were designed to offer 
a minimum of 2000V (4000V typical) ESD protection on all 
devices. This protection is significantly higher than most 
other ECL families. 

System Benefits 
The National F1 OOK EGL Family offers improvements over 
other ECL families such as voltage and temperature com­
pensation, higher integration levels, improved packaging, 
planned pinouts, lower propagation delay and more comple­
mentary outputs. These improvements offer measurable ad­
vantages to the design(er) of high-performance systems. 

Easier Engineering 

Designers have increased confidence that designs realized 
in F1 OOK will operate with good margins over voltage and 
temperature variations in prototypes, production models 
and field installations. Less effort need be expended doing 
detailed voltage and temperature calculations and testing. 
With noncompensated ECL, noise margins cannot be guar­
anteed unless both the receiving and transmitting circuit op­
erate at the same temperature and VEE· This can cause a 
problem when attempting to transfer a breadboard or proto­
type system to production. 

Since output swings and input thresholds remain almost 
constant over temperature and VEE variations, complex 
control systems for power supply levels and more-than-ad­
quate cooling are not necessary with F1 OOK. This results in 
a more economical and better operating system. 

Circuit Design 

F1 OOK ECL benefits from sound, well-engineered circuit de­
signs. All input pins exhibit positive/real input impedance to 
eliminate system oscillations. Input buffering is used to re­
duce loads on lines which drive multiple internal gates. 

High Performance 

The regulation and control of DC and AC parameters 
achieved by F1 OOK EGL assures that signal timing and 
propagation delays in critical paths are relatively insensitive 



to changes or gradients of temperature and supply voltage. 
Guardbands can be narrower, yet provide a higher degree 
of confidence due to the elimination of skew between output 
levels at one location and input threshold at another. 

The consistency of response and security of noise margins 
permit operation at higher clock rates and thus increase 
system performance. 

Easier Debugging 

With F1 OOK, debugging of systems can proceed more rapid­
ly than with uncompensated EGL. When a cabinet or enclo­
sure is opened for access in debugging, the resultant 
change in thermal conditions has almost no effect on 
F1 OOK signal swings, propagation delays, edge rates or 
noise margins. 

Flexibility 

F100K is designed to operate at -4.5V for reduced power 
dissipation. If compatibility with other EGL families is a re­
quirement, F1 OOK 300 Series guarantees specifications be­
tween -4.2V and -5.7V due to its improved voltage com­
pensation features. 

Fan-In/Fan-Out 

All F1 OOK EGL outputs are specified to drive 50!! transmis­
sion lines; this makes them suitable for driving very-high fan­
out loads. In addition, some F1 OOK outputs are specified to 
drive 25!! lines, which would be the case if a 50!! party-line 
bus terminated at both ends were being driven. 

System Design 

F1 OOK EGL was designed to be the ultimate standard pack­
aged IC logic family. System design constraints were con­
sidered and the F1 OOK family was designed for overall ease 
of system design and use while making the maximum use of 
the very fast propagation delay available. 

Packaging 
The F1 OOK 300 Series EGL devices are offered in a wide 
variety of package options. The family was initially intro­
duced with the F1 OOK traditional 24-lead 400 mil wide, ce­
ramic dual-in-line package (CDIP) and surface mount ce­
ramic quad CERPAK (CQFP). These ceramic packages 
were needed for the now obsolete F1 OOK 100 Series be­
cause of their excellent thermal performance. 

The lower operating power of the 300 Series enabled plastic 
packaging to be used without the problem of exceeding the 
tower junction temperature required for those packages. 
The first plastic package to be introduced was the 28-lead 
plastic leaded chip carrier (PCC or PLCC). The four extra 
pins of this package were connected directly to the die pad­
dle and used to improve the thermal performance. 

A 24-lead plastic dual-in-line package (PDIP) was then intro­
duced to offer a low cost alternative to the CDIP. The PDIP 
was designed to the same dimensions as the CDIP so that 
the same sockets could be utilized. 

Finally, a 24-lead small outline package (SOIC) was intro­
duced to round out the package options for the 300 Series. 
This package occupies approximately the same amount of 
board space as the PCC package, however, the package is 
much lower in height and the gull winged leads allow for 
easy visual inspection of solder joints. 
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The thermal operation for each of these packages varies 
slightly, for more detailed information please refer to the 
Power Distribution and Thermal considerations and the 
Qualification sections of this book. 

Industrial Applications 
The growing need for high performance logic in increasingly 
harsh environments has been addressed with an industrial 
grade version of the 300 Series EGL family. The industrial 
grade products offer the same high performance as the 
commercial grade products with additional testing conduct­
ed at - 40°C, for a guaranteed operating temperature range 
of -40°C to + 85°C. These products are ideal for industrial, 
fiber optic and communication applications which would be 
subjected to an uncontrolled environment. 

Operation over the industrial temperature range is guaran­
teed by additional AC and DC testing. The DC levels of this 
family have been adjusted to reflect actual operation at 
-40°C (cold start) Figure 1-14 shows the VoH. V99, and 
VoL Test Specification, the crosshatched area, and the ac­
tual data points taken on the 100301. These DC levels cor­
respond to the entire family. 
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-1.8 

TEMPERATURE (°C) 

TL/F/9908-38 

FIGURE 1-14. DC Level Shift Over Temperature 

The industrial grade products are only offered in an industry 
standard 28-lead PCC (PLCC) package. Additional AC and 
DC characteristic tables have been added to the individual 
device data sheets to specify extended temperature opera­
tion. Most of the 300 Series functions are available with 
industrial grade processing but check with your local Nation­
al Semiconductor sales office for availability. 

Military Applications 
With the introduction of National's F1 OOK EGL 300 Series 
comes the advent of F1 OOK EGL in military applications. 
The special concerns addressed in the 300 Series design 
criteria enables this family to specify operation over the tem­
perature range of - 55°C to + 125°C, and to comply fully 
with the requirements of MIL-STD-883. 

As in the commercial world, with military systems becoming 
more complex, speed becomes a major consideration. 
Speeds which are pushing Schottky and CMOS technolo­
gies to their maximum performance limits, forcing designers 
to look to faster logic technologies. But speed, of course, is 
not the only consideration military designers have to con­
tend with. Power consumption, package/function size, 
price, ESD susceptibility, radiation tolerance and operation 
in any of a number of harsh environments must be ad­
dressed by a military system designer, and all have been 
addressed in the design of the F1 OOK 300 Series Family. 
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The relatively high speed-to-power product of the F1 OOK 
ECL 300 Series Family allows these products to be used in 
a wide variety of applications. As systems begin to strain 
under the 30 MHz-40 MHz limits of some of the more con­
ventional logic families, the 300 Series with its data rates 
exceeding 100 MHz, becomes a viable solution. The re­
duced power operation offered by the 300 Series product 
line eliminates the last barriers inhibiting the extensive us­
age of ECL in battery powered systems. Mixing F1 OOK ECL 
300 Series products with other logic families is also made 
easier with a variety of level translators and a wide operat­
ing voltage range of -4.2V to -5.7V. 

Among the many other benefits this family offers is full tem­
perature compensation and high noise immunity. Both of 
these features are extremely important in the environments 
military systems are subjected to, or standards to which 
they must comply. The temperature compensation circuit of 
F1 OOK EC~ ensures stable DC performance over tempera­
ture changes in the external environment, as well as tem­
perature fluctuations within a system, or even on one circuit 
board. The high noise immunity provides clean operation 
and few system hiccups due to noise, even when operating 
in a noisy environment. 

Internal Visual Inspection 
Method 2010, Condition B 

QA Internal Visual Sample 
Method 2010, Condition B 

Temperature Cycle 
Method 1010, Condition C 

Centrifuge - Y 1 Only 
Method 2001, Condition E 

Tin Plate 

Seal Quadpack only 
Method 1014, Cond. B & C 
Fine Leak 1003 
Gross Leak 1003 

Burn In 
160 Hrs, + 125°C 

QA Sample Test 
Subgroups A 1, A7 

Standard Process Flow 
In order to meet the strict processing and test requirements 
imposed by MIL-STD-883 and MIL-M-38510, National Semi­
conductor has developed the process flow shown in Figure 
1-15. National subjects 100% of the F100K 300 Series ECL 
military-compliant products to this flow. All electrical tests 
are performed in compliance with National's published Ta­
ble I electrical specifications. Although we make every effort 
to maintain the databook military electrical specifications, 
please contact your local sales office or Distributor for the 
current specifications. 

Level S Capabilities 
The most demanding environment for system applications is 
in space. Space systems are exposed to harsh physical and 
environmental conditions which can degrade system per­
formance or alter functionality. Worse yet, these systems 
must endure this environment for many years with little-if 
any-opportunity for repair. System components must be 
highly reliable in order to meet these lifetime requirements. 

National Semiconductor's facility in South Portland, Maine, 
has extensive experience in processing space-level prod-

QA Sample Test 
Subgroup A9 

1003 DC Test, + 125°C 

QA Sample Test 
Subgroup A2, ASA, A 10 

Solder 

Seal DIP only 
Method 1014, Cond. B & C 
Fine Leak 1003 
Gross Leak 1003 

QA Seal Sample (Quadpack only) 
Method 1014, Cond. B & C 

1003 DC Test, -55°C 

QA Sample Test 
Subgroup A3, ABB, A 11 

1003 External Visual 
Method 2009 

QA External Visual Sample 
Method 2009 

Data Review 

TL/F/9908-23 

FIGURE 1-15. MIL-STD-883 Process Flow 

1-12 



ucts. Years of designing, developing, and manufacturing 
space-level components has built an experienced team and 
facility dedicated to meeting the demands of space-level 
component processing. 

DESC Level S-certified Fab, Assembly, and Test areas pro­
cess JAN Level S-compliant devices as well as customer 
SCD space-level requirements. Flexible process flows for 
SCD requirements allow customers to tailor component pro­
cessing to system requirements. Full SEM and WLA capa­
bilities exist to ensure wafer-level compliancy to Level S 
requirements. PINO test, X-ray inspection, and radiation 
testing are performed in-house using dedicated laborato­
ries. Read and record capability and delta calculations can 
be performed to provide data-to-document derating calcula­
tions for system life. 

F1 OOK 300 Series EGL is an excellent choice for space sys­
tem designs with its low power operation, radiation toler­
ance, and suitability to harsh unregulated environments. To 
discuss your requirements for space system design, please 
contact your local sales office. 

Radiation Capabilities and 
Test Results 
Radiation survivability is a concern for many military, tacti­
cal, and space system designs. System exposure to man­
made nuclear events and to naturally-occuring sources of 
radiation can result in transient and/or permanent changes 
to a device's material and electrical properties. 

Starting at the conceptual stage is the most cost-effective 
approach to designing a radiation-hardened system. Utiliz­
ing product with inherent radiation tolerance eliminates the 
need for costly shielding. 

National is an industry leader in radiation-resistant products. 
Its Mil/ Aero logic Radiation Effects Laboratory (REL) in 
South Portland, Maine, certifies that products are resistant 
to defined levels of radiation. This lab is: 

• Certified by NIST 

• Licensed by the NRG to handle irradiated material 

• Certified by DESC for Lab Suitability, which denotes that 
all testing and data generated is fully recognized and ac­
ceptable by all government agencies, their contractors, 
and sub-contractors. 

Total dose testing is performed using a step-stressing meth­
odology with National's AECL Gamma Cell 220 (Cobalt-60 
source) in compliance with MIL-STD-883 Method 1019.3. 
Flexible process flows meet the needs of strategic, space, 
and tactical applications. Customer SCDs may specify either 
Level Sor Level B process flows. Total dose radiation data 
and other data can be supplied with each order, certifying 
radiation resistance as specified in the applicable SCD. 

National's F1 OOK 300 Series EGL has undergone prelimi­
nary investigation to determine its minimum radiation hard­
ness level. Total dose irradiation tests have been performed 
on the: 

• 100355 Low Power Quad Multiplexer/Latch 

• 100325 Low Power Hex EGL-to-TTL Translator 

Preliminary radiation test results for both devices showed 
no functional failures and no parametric (AC and DC) fail­
ures up to the 1 Mrad(Si) level. All parametric results were 
within National's published Table I limits with minimal deltas. 

Please note that these results are preliminary and based on 
limited testing of two device functions. We strongly recom-
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mend that total dose radiation-hardened-assured F1 OOK 
300 Series product be purchased only on a wafer-by-wafer 
basis. 

For more detail about National's solutions to radiation hard­
ness assurance, request a copy of National's Radiation Re­
sistance Guide from your Distributor or local sales office. 

Definitions of Symbols and Terms 
AC SWITCHING PARAMETERS 
Note: Skew parameter definitions can be found at the end of this section. 

fcoUNT (Count Frequency/Toggle Frequency/Operat­
ing Frequency): The maximum repetition rate at which 
clock pulses may be applied to sequential circuit. Above this 
frequency the device may cease to function. 

th (Hold Time): The interval immediately following the ac­
tive transition of the timing pulse (usually the clock pulse) or 
following the transition of the control input to its latching 
level, during which the data to be recognized must be main­
tained at the input to ensure its continued recognition. 

tPLH (Propagation Delay Time): The time between the 
specified reference points on the input and output voltage 
waveforms with the output changing from the defined LOW 
level to the defined HIGH level. 

tPHL (Propagation Delay Time): The time between the 
specified reference points on the input and output voltage 
waveforms with the output changing from the defined HIGH 
level to the defined LOW level. 

ts (Setup Time): The interval immediately preceding the 
active transition of the timing pulse (usually the clock pulse) 
or preceding the transition of the control input to its latching 
level, during which the data to be recognized must be main­
tained at the input to ensure its recognition. 

ts (Release Time): The interval immediately preceding the 
active transition of the timing pulse (usually the clock pulse) 
or preceding the transition of the control input to its latching 
level, during which the master set or reset must be released 
(inactive) to ensure valid data is recognized. 

trLH (Transition Time, LOW to HIGH): The time between 
two specified reference points on a waveform which is 
changing from LOW to HIGH. 

trHL (Transition Time, HIGH to LOW): The time between 
two specified reference points on a waveform which is 
changing from HIGH to LOW. 

tpw (Pulse Width): The time between 50 percent amplitude 
points on the leading and trailing edges of a pulse. 

tpHz (Output Disable Time of a TRI-STATE® Output 
from High Level): The time between the 1.5V level on the 
input and a voltage 0.3V below the steady state output 
HIGH level with the TRI-STATE output changing from the 
defined HIGH level to a high impedance (OFF) state. 

tpLZ (Output Disable Time of a TRI-STATE Output from 
LOW Level): The time between the 1.5V level on the input 
and a voltage 0.3V above the steady state output LOW level 
with the TRI-STATE output changing from the defined LOW 
level to a high impedance (OFF) state. 

tpzH (Output Enable Time of a TRI-STATE Output to a 
HIGH Level): The time between the 1.5V levels of the input 
and output voltage waveforms with the TRI-STATE output 
changing from a high impedance (OFF) state to a HIGH 
level. 

tpzL (Output Enable Time of a TRI-STATE Output to a 
LOW Level): The time between the 1.5V levels of the input 
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and output voltage waveforms with the TRI-ST ATE output 
changing from a high impedance (OFF) state to a LOW lev­
el. 

CURRENTS 

Positive current is defined as conventional current flow into 
a device lead. Negative current is defined as conventional 
curent flow out of a device lead. 

IEE (Power Supply Current): The current required by each 
device from the VEE supply. This value represents only the 
internal current required by the specified device, and does 
not include the current required for loads or terminations. 

lrrl (Supply Current): The current flowing into the VnL 
supply terminal of a circuit with the specified input condi­
tions and the outputs open. When not specified, input condi­
tions are chosen to guarantee worst-case operation. 

l1H (Input Current HIGH): The current flowing into a device 
lead with the specified V1H applied to the input. This value 
represents the worst case DC input load that a device pres­
ents to a driving element. 

l1L (Input Current LOW): The current flowing into a device 
lead with the specified V1L applied to the input. 

loH (Output HIGH Current): The current flowing out of the 
output when it is in the HIGH state. For a turned-off open­
collector output with a specified HIGH output voltage ap­
plied, the loH is the leakage current. 

lol (Output LOW Current): The current flowing into an out­
put when it is in the LOW state. 

los (Output Short Circuit Current): The current flowing out 
of a HIGH-state output when that output is short circuited to 
ground (or other specified potential). 

lozH (Output OFF Current HIGH): The current flowing into 
a disable TRI-STATE output with a specified HIGH output 
voltage applied. 

lozl (Output OFF Current LOW): The current flowing out 
of a disabled TRI-STATE output with a specified LOW out­
put voltage applied. 

VOLTAGES 

All voltage values are referenced to Vee (or ground) which 
is the most positive potential in an EGL system. 

Vs8 (Bias Voltage): The internally generated reference 
voltage which is used to set the input and output threshold 
levels. 

Vee (Circuit Ground): This is the most positive potential in 
the EGL system and it is used as the reference level for 
other voltages. 

VeeA (Separate Circuit Ground): The circuit ground for the 
buffered current switch. Outside the package, the Vee and 
VeeA leads should be connected to the common Vee distri­
bution. Internally, the separation of Vee and VeeA insures 
that any change in load currents during switching does not 
cause a change in Vee through the small but finite induc­
tance of the VeeA bond wire and package lead. 

Ves (Current Source Voltage): The internally generated 
potential used to control the level of the active current 
source. 

VEE (Power Supply Voltage): This potential is the system 
power supply voltage and it is the most negative potential in 
the system. 

VEES (Substrate VEE): These pins (on the PCC package 
only) provide extra thermal conduction paths, therefore re­
ducing OJA· These pins must be connected to the VEE plane 
or not connected at all. 
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Vrrl Supply Voltage: The range of the TTL power supply 
voltage over which the device is guaranteed to operate with­
in the specified limits. 

V1H (Input Voltage HIGH): The range of input voltages that 
represents a logic HIGH level in the system. 

V1H «Max): The most positive V1H· 

V1H (Min): The most negative V1H· This value represents the 
guaranteed input HIGH threshold for the device. 

Vil (Input Voltage LOW): The range of input voltages that 
represents a logic LOW level in the system. 

Vil (Max): The most positive V1L· This value represents the 
guaranteed input LOW threshold for the device. 

Vil (Min): The most negative V1L· 
VoH (Output Voltage HIGH): The range of voltages at an 
output terminal with the specified output loading and with 
the inputs conditioned to establish a HIGH level at the out­
put. 

VoH (Max): The most positive VoH under the specified input 
and loading conditions. 

VoH (Min): The most negative VoH under the specified input 
and loading conditions. 

VoHe: The output HIGH corner point or guaranteed HIGH 
threshold voltage with the inputs set to their respective 
threshold levels. 

Vol (Output Voltage LOW): The range of voltages at an 
output terminal with the specified output loading and with 
the inputs conditioned to establish a LOW level at the out­
put. 

Vol (Max): The most positive VoL under the specified input 
and loading conditions. 

Vol (Min): The most negative VoL under the specified input 
and loading conditions. 

Vole: The output LOW corner point or guaranteed LOW 
threshold voltage with the inputs set to . their respective 
threshold levels. 

VNH (HIGH Level Noise Margin): Noise margin between 
the output HIGH level of a driving circuit and the input HIGH 
threshold level of its driven load. A conservative value for 
VNH is the difference between VoHe and V1H (Min)· 

VNl (LOW Level Noise Margin): Noise margin between the 
output LOW level of a driving circuit and the input LOW 
threshold level of its driven load. A conservative value for 
VNL is the difference between V1L (Max) and Vole· 
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Definitions of Output Skew Specifications 

Test Philosophy 
Minimizing output skew is a key design criteria in today's high-speed clocking schemes. National has incorporated new skew 
specifications into the F1 OOK family of devices. National's test philosophy is to fully guarantee all the available skew specifica­
tions in order to help clock designers optimize their clock budgets. 

CLOCK SKEW 

Skew is the variation of propagation delay differences between output clock signal(s). 

Example: 

If signal appears at out # 1 in 3 ns and in 4 ns at output # 5, the skew is 1 ns. 

CLOCK 
DRIVER 

CLOCK_ IN 

FIGURE 1-16. Clock Output Skew 

CLOCK_ OUT 

I I 

~: ~ 
SKEW 

DUE TO DELAY 
UNCERTAINTY 

TL/F/9908-24 

Without skew specifications, a designer must approximate timing uncertainties. Skew specifications have been created to help 
clock designers define output propagation delay differences within a given device, duty cycle and device-to-device delay 
differences. 

1-15 

• 



SOURCES OF CLOCK SKEW 

Total system clock skew includes intrinsic and extrinsic skew. Intrinsic skew is defined as the differences in delays between the 
outputs of device(s). Extrinsic skew is defined as the differences in trace delays and loading conditions. 

INTRINSIC SKEW EXTRINSIC SKEW 

CLOCK_ OUT 
OUT 

~ ___/\_ LOADS 

CLOCK-It-I SKEW DUE TO 
DEVICE AND TRACE/LOAD DELAYS 

TL/F/9908-25 

FIGURE 1-17. Sources of Clock Skew 

Example: 50 MHz Clock signal distribution on a PC Board. 

50 MHz signals produces 20 ns clock cycles 
Total system skew budget= 10% of clock cycle*= 2ns ~ 2 ns 

If extrinsic skew = 1 ns ~ - 1 ns 

Device skew (intrinsic skew) must be less than 1 ns! ~ 1 ns 
*Clock Design Rule of thumb. 

CLOCK DUTY CYCLE 

• Clock Duty Cycle is a measure of the amount of time a signal is High or Low in a given clock cycle. 

R 1---
_J 1-J. 

' ' ' TL/F/9908-26 

Duty Cycle = t/T • 100% 

FIGURE 1-18. Duty Cycle Calculation 

Clock Signal 

CLOCK CYCLE 
TL/F/9908-27 

FIGURE 1-19. Clock Cycle 
• Clock skew effects the Duty Cycle of a signal. 

Clock+ Skew 

Example: 

tHIGH and tLOw are each 50% of the clock cycle therefore 
the clock signal has a Duty Cycle of 50/50%. 

TL/F/9908-28 

Example: 50 MHz clock distribution on a PC board. 

Skew must be guaranteed less than 1 ns at 50 MHz to 
achieve 55/45% Duty Cycle requirements of core silicon! 

FIGURE 1-20. Clock Skew 

System 
Skew tHIGH tLow Frequency 

50MHz 0 ns 10 ns 10 ns 
50MHz 2 ns 12 ns 8 ns 
50MHz 1 ns 11 ns 9 ns 

33 MHz 2 ns 17 ns 15 ns 

50/50% 
60/40% 
55/45% 

55/45% 

TABLE 1-1 

Duty Cycle 

~ Ideal Duty Cycle (50/50%) occurs for zero skew. 

~ Note that at lower frequencies, the skew budget is not as tight 
and skew does not affect the Duty Cycle as severely as seen at 
higher frequencies. 
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Definition of Parameters 
tosLH• tosHL (Common Edge Skew) 

tosHl and tosLH are parameters which describe the delay from one driver to another on the same chip. This specification is the 
worst-case number of the delta between the fastest to the slowest path on the same chip. An example of where this parameter 
is critical is the case of the cache controller and the CPU, where both units use the same transition of the clock. In order for the 
CPU and the controller to be synchronized, tosLH/HL needs to be minimized. 

Definition 

tosHL· tosLH (Output Skew for High-to-Low Transitions): 

tosHL = ltPHLMAX - tPHLM1NI 

Output Skew for Low-to-High Transitions: 

tosLH = ltPLHMAX - tPLHM1NI 

Propagation delays are measured across the outputs of any 
given device. 

1-17 

CLOCK 
INPUT 

OUTPUT 1 

OUTPUT 2 

Example 
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FIGURE 1·21. tosLH1 tosHL 
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Definition of Parameters (Continued) 

tps (Pin Skew or Transition Skew) 

tps. describes opposite edge skews, i.e., the difference between the delay of the low-to-high transition and the high-to-low 
transition on the same pin. This parameter is measured across all the outputs (drivers) on the same chip, the worst (largest 
delta) number is the guaranteed specification. Ideally this number needs to be O ns. Effectively, O ns means that there is no 
degradation of the input signal's Duty Cycle. 

Many of today's microprocessors require a minimum of a 45:55 percent Duty Cycle. System clock designers typically achieve 
this in one of two ways. The first method is with an expensive crystal oscillator which meets the 45:55 percent Duty Cycle 
requirement. An alternative approach is to use a less expensive crystal oscillator and implement a divide by two function. Some 
microprocessors have addressed this by internally performing the divide by two. 

Since Duty Cycle is defined as a percentage, the room for error becomes tighter as the system clock frequency increases. For 
example in a 25 MHz system clock with a 45:55 percent Duty Cycle requirement, tps cannot exceed a maximum of 4 ns (tPLH of 
18 ns and tPLH of 22 ns) and still meet the Duty Cycle requirement. However for a 50 MHz system clock with a 45:55 percent 
Duty Cycle requirement, tps cannot exceed a maximum of 2 ns (tPLH of 9 ns and tPHL of 11 ns) and still meet the Duty Cycle 
requirement. This analysis assumes a perfect 50:50 percent Duty Cycle input signal. 

Example Definition 

tps (Pin Skew or Transition Skew): 

tps = ltPHL-tPLHI 
clock input 

50% duty 
cycle ~ Both high-to-low and low-to-high propagation delays are 

measured at each output pin across the given device. 

I I 

I I 

output 1 : ~ tps, = tpHL, = ti>LH1 
____;_.ti ; ~ 

I I I I 
.~ ...... 
, tPLH1 , tpHL, 

output 2 ~tpHL2 =tpLH2 
I I I 

: ....... :~ 
tPLH2 tpHL2 

TL/F/9908-30 

FIGURE 1-22. tps 

Example: A 33 MHz, 50/50% duty cycle input signal would be degraded by 2.6% due to a tps = 0.8 ns. (See Table and 
Illustration below.) 
Note: Output symmetry degradation also depends on input duty cycle. 

f 
(MHz) DC Input 

33 50%/50% 
45%/55% 

TABLE 1-111. Duty Cycle Degradation of 33 MHz 

Input Device Output 

t1N T1N tps touT TouT 
(ns) (ns) (ns) (ns) (ns) 

15.15/15.15 30.3 0.8 14.35/15.95 30.3 
13.6/16.6 30.3 1.5 12.1/18.1 30.3 

50% fZ2Z3 WORST CASE DEGRADATION, 
HIGH LEVEL~ .., TPS = 0.8 nS. 

~ 
1 , _;.- 4 7 .4% HIGH LEVEL 
~ 1 (2.63 PULSE WIDTH DECREASE) 
I I I 

nuu __ Z-tL 131 
:::.I LJ;J: 

I I I 

: ~ 52.6% LOW LEVEL 
~ (2.63 PULSE WIDTH INCREASE) 

50% / . 
LOW LEVEL 

FIGURE 1-23. Pulse Width Degradation 
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%Di.DC 
DC Input to Output 

Output 

47.4%/52.6% 2.6% 
39.9%/60.1 % 5.1% 
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Definition of Parameters (Continued) 

tosT (Opposite Edge Skew) 

tosT defines the difference between the fastest and the slowest of both transitions within a given chip. Given a specific system 
with two components, one being positive-edge triggered and one being negative-edge triggered, tosT helps to calculate the 
required delay elements if synchronization of the positive- and negative-clock edges is required. 

Definition 

tosT (Opposite Edge Skew): 

tosT = ltPcpm-tPcpnl 

device 
output 

pin 1 .·.·.·:.·.·:··.·:··.·:··.·:.·.· 

pin 2 It·:··.·:.·.-;.·.·:.·.·:.·.·:··· ·.-.• ;.·;:,:i 

pin 8 
;.·.·:.-.·; .... ;.-•• ;.-•• ;.·.·:.·::] _J 

I 

~lpLH 
llIIIIllIIIIIII lpHL 

time, ns 

FIGURE 1-24. tosT 

where <p is any edge transition (high-to-low or low-to-high) 
measured between any two outputs (m or n) within any giv­
en device. 
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Example 

1 OUTPUT 1 
1 

_ 1_ 
I ~"P<l>1-'l'LH1 
:---lpHL,~ 
I 
I 
I 

: OUTPUT 2 ,( 

I I \,cp2 = lpLH2 
:-lpLH2~ 
I : 

' ~ 

FIGURE 1-25. tosT 
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D Semiconductor 

PRELIMINARY 

100201 
Low Power 2-lnput OR/NOR Gate/Inverter 

General Description 
The 100201 is a 2-input OR/NOR Gate and a single Inverter 
Gate in an eight pin SOIC package. All inputs have 50 kn 
pull-down resistors and all outputs are buffered. The 
100201 is ideal for single gate needs or for use as the feed­
back loop of a crystal oscillator circuit. 

Ordering Code: see section 6 

Logic Symbol 

Pin Assignment 

0
8 

__, 1 '-.) 8 t- 0
8 

Yee_, 2 SOIC 7 I- VEE 

Ci,__, 3 6 t- D2b 

Ob_,4 St-D1b 

TL/F/11000-1 

TL/F/11000-2 

2-3 

Features 
• Small 8 lead 150 mil SOIC package 
• 2000V ESD protection 
• 300 MHz minimum F toggle 
• Temperature compensated 
• Voltage compensated operating range = -4.2V to 

-5.7V VEE 

Pin Names 

Da, D1b· D2b 
ob 
Ga.Ob 

Description 

Data Inputs 
Data Outputs 
Complementary Data Outputs 

..... 
0 
0 
I\,) 
0 ..... 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired (Note 1) Conditions 
If Military/Aerospace specified devices are required, Case Temperature (Tc) 
please contact the National Semiconductor Sales Commercial 0°Cto +85°C 
Office/Distributors for availability and specifications. Industrial -40°C to + 85°C 
Storage Temperature (TsTG) - 65°C to + 150°C Military - 55°C to + 125°C 

Maximum Junction Temperature (TJ) Supply Voltage (VEE) -5.7V to -4.2V 
Ceramic +175°C 
Plastic + 150°C 

VEE Pin Potential to 
Ground Pin -7.0Vto +0.5V 

Input Voltage (DC) VEE to +0.5V 

Output Current (DC Output HIGH) -50mA 

ESD (Note 2) ~2000V 

Note 1: Absolute maximum ratings are those values beyond which the de-
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 
Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Commercial Version 

DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -1025 -955 -870 mV V1N = V1H(Max) or V1L(Min) Loading with 

VoL Output LOW Voltage -1830 -1705 -1620 mV 50!l.to -2.0V 

VoHC Output HIGH Voltage -1035 mV V1N = V1H(Min) or V1L(Max) Loading with 

VoLC Output LOW Voltage -1610 mV 50!1 to -2.0V 

V1H Input HIGH Voltage -1165 -870 mV Guaranteed HIGH Signal for All Inputs 

V1L Input LOW Voltage -1830 -1475 mV Guaranteed LOW Signal for All Inputs 

l1L Input LOW Current 0.50 µA V1N = V1L(Min) 

l1H Input HIGH Current 240 µA V1N = V1H(Max) 

IEE Power Supply Current -29 -17 -15 mA Inputs Open 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

SOIC AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +B5°C 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.4 1.10 0.4 1.15 0.4 1.20 ns 

Figures 1 and 2 

tPHL Data to Output (Note 1) 

tTLH Transition Time 
0.40 1.20 0.40 1.20 0.40 1.20 Figures 1 and 2 ns 

trHL 20% to 80%, 80% to 20% 

Note 1: The propagation delay specified is for single output switching. Delays may vary up to 100 ps with multiple outputs switching. 
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Test Circuitry 

Notes: 
Vee. VeeA = +2V, Vee= -2.5V 

PULSE 
GENERATOR 

L 1 and L2 = equal length 50!1 impedance lines 
Ar = 50!1 terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and Vee 
All unused outputs are loaded with 50!1 to GND 
CL = Fixture and stray capacitance s: 3 pF 

Switching Waveforms 

L1 
,~, 

\I 
Vee 0.11,F _L 

1 
L2 

CIRCUIT ,-, 
UNDER 

TEST \I 

l Ar 

I I 

l 
Vee Io.11,F-= 

FIGURE 1. AC Test Circuit 

SCOPE 
CHAN A 

Ar 

-= 

SCOPE 
CHAN B 

0.7:i:0.1 ns~ r 
1 

'-0.7:!:0.1 ns 

k,: 
+1.0SV 

80% 

INPUT 50% 

~UE ''"'~ 1120% Ir'"" +0.31' 

'".J ~ ~ ~'"' OUTPUT 

COMPLEMENT L j 
tnH_..i 

FIGURE 2. Propagation Delay and Transition Times 
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100301 
Low Power Triple 5-lnput OR/NOR Gate 

General Description 
The 100301 is a monolithic triple 5-input OR/NOR gate. All 
inputs have 50 kn pull-down resistors and all outputs are 
buffered. 

Ordering Code: see sections 

Logic Symbol 

Features 
• 23% power reduction of the 100101 

• 2000V ESD protection 
• Pin/function compatible with 100101 

• Voltage compensated operating 
range = -4.2V to -5.7V 

• Available to MIL-STD-883 
• Available to industrial grade temperature range 

Pin Names Description 

Dna• Dnb• Dnc Data Inputs 

Oa. Ob, Oc Data Outputs 

Oa.ob,Oc Complementary Data Outputs 

TL/F/10579-1 

Connection Diagrams 

24-Pln DIP/SOIC 28-Pin PCC 24-Pin Quad Cerpak 

D.ca D3a D2aVEESD1a Oa Oa 04b 03b 02b VEE 01b D5ll 

03c 24 02c !TIJ[i]][IJ[[llIJ[]J[[J 

04c 2 23 01c 
24 23 22 21 20 19 

Osc 3 22 Osb 

Oc 4 21 04b 

QC 5 20 03b 

Vee 6 19 02b 

VccA 7 18 VEE 

ob 8 17 01b 

ob 16 05ll 

Dsa li1l mob Osb 18 

D1b~ [I] ob 
01c 2 17 

Yer~ ill VCCA 
02c 16 

VEES lj]] OJ Yee 

D2b li]I ~Vee 03c 4 15 

D3b IIZl Ill] oc 04c 5 14 
D4b [j]] ~Oc 

Osc 13 

7 8 9 10 11 12 
[j]]fmmJ!lll~~~ 

oil 10 15 0411 Dsb D1c D2cYrrsD3c D4c Dsc oc QC Vee VecA ob ob 

041l 

03ll 

02ll 

01ll 

oil 

oil 

oil 11 14 031l 
TL/F/10579-4 TL/F/10579-3 

011l 12 13 021l 

TL/F/10579-2 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired (Note 1) Conditions 
If Military/ Aerospace specified devices are required, Case Temperature (Tc) 
please contact the National Semiconductor Sales Commercial o·cto +0s·c 
Office/Distributors for availability and specifications. Industrial - 40°C to + 0s0 c 
Storage Temperature (T srn) - 6S°C to + 1 so0 c Military - ss•c to + 12s0 c 

Maximum Junction Temperature (TJ) Supply Voltage (VEE) -S.7V to -4.2V 
Ceramic +17S°C 
Plastic + 1so·c 

VEE Pin Potential to 
Ground Pin - 7.0V to + O.SV 

Input Voltage (DC) VEE to +O.SV 
Output Current (DC Output HIGH) -SOmA 

ESD(Note2) ~2000V 

Note 1: Absolute maximum ratings are those values beyond which the de-
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 
Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Commercial Version 

DC Electrical Characteristics 
VEE = -4.2V to -S.7V, Vee = VccA = GND, Tc= o·c to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -102S -9SS -870 mV V1N = VJH(Max) or VJL(Min) Loading with 

Vol Output LOW Voltage -1830 -170S -1620 mV son to -2.ov 

VoHC Output HIGH Voltage -103S mV V1N = VJH(Min) or V1L(Max) Loading with 

VoLC Output LOW Voltage -1610 mV son to -2.ov 

V1H Input HIGH Voltage -116S -870 mV Guaranteed HIGH Signal for All Inputs 

V1L Input LOW Voltage -1830 -147S mV Guaranteed LOW Signal for All Inputs 

l1L Input LOW Current o.so µA V1N = V1L(Min) 

l1H Input HIGH Current 240 µA V1N = V1H(Max) 

IEE Power Supply Current -29 -17 -1S mA Inputs Open 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

DIP AC Electrical Characteristics 
VEE = -4.2V to -S.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c Tc= +25°C Tc= +as·c 

Units Conditions 
Min Max Min Max Min Max 

tpLH Propagation Delay 
o.so 1.10 o.so 1.1 S o.so 1.20 ns 

Figures 1 and 2 

tPHL Data to Output (Note 1) 

trLH Transition Time 
0.40 1.20 0.40 1.20 0.40 1.20 Figures 1 and 2 

trHL 20% to 80%, 80% to 20% 
ns 

Note 1: The propagation delay specified is for single output switching. Delays may vary up to 100 ps with multiple outputs switching. 
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Commercial Version (Continued) 

SOIC, PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc~ 0°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

tpLH Propagation Delay 
0.50 1.00 0.50 1.05 0.50 1.10 ns 

Figures 1 and 2 

tpHL Data to Output (Note2) 

trLH Transition Time 
0.40 1.10 0.40 1.10 0.40 1.10 Figures 1 and 2 

trHL 20% to 80%, 80% to 20% 
ns 

tosHL Maximum Skew Common Edge PCCOnly 
Output-to-Output Variation 240 240 240 ps (Note 1) 
Data to Output Path 

tosLH Maximum Skew Common Edge PCCOnly 
Output-to-Output Variation 330 330 330 ps (Note 1) 
Data to Output Path 

tosr Maximum Skew Opposite Edge PCCOnly 
Output-to-Output Variation 330 330 330 ps (Note 1) 
Data to Output Path 

tps Maximum Skew PCCOnly 
Pin (Signal) Transition Variation 230 230 230 ps (Note 1) 
Data to Output Path 

Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (losHU· or LOW to HIGH (loSLH), or in opposite directions both 
HL and LH (tosr). Parameters tosr and tps guaranteed by design. 
Note 2: The propagation delay specified is for single output switching. Delays may vary up to 100 ps with multiple outputs switching. 

Industrial Version 

PCC DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee= VccA = GND, Tc = -40°C to +85°C (Note 3) 

Symbol Parameter 
Tc= -40°C Tc= 0°C to +85°C 

Units Conditions 
Min Max Min Max 

VoH Output HIGH Voltage -1085 -870 -1025 -870 mV V1N = V1H(Max) Loading with 

Vol Output LOW Voltage -1830 -1575 -1830 -1620 mV orV1L(Min) 50n to -2.ov 

VoHC Output HIGH Voltage -1095 -1035 mV V1N = V1H(Min) Loading with 

VoLC Output LOW Voltage -1565 -1610 mV orV1L(Max) 5on to -2.ov 

V1H Input HIGH Voltage -1170 -870 -1165 -870 mV Guaranteed HIGH Signal for All Inputs 

V1L Input LOW Voltage -1830 -1480 -1830 -1475 mV Guaranteed LOW Signal for All Inputs 

l1L Input LOW Current 0.50 0.50 µA V1N = V1L(Min) 

l1H Input HIGH Current 240 240 µA V1N = V1H(Max) 

IEE Power Supply Current -29 -15 -29 -15 mA Inputs Open 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Industrial Version (Continued) 

PCC AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= -40°C 

Min Max 

tPLH Propagation Delay 
0.40 1.00 

tPHL Data to Output 

tTLH Transition Time 
0.30 1.10 

tTHL 20% to 80%, 80% to 20% 

Tc= +25°C Tc= +85°C 
Units Conditions 

Min Max Min Max 

0.50 1.05 0.50 1.10 ns 
Figures 1 and 2 

(Note 1) 

0.40 1.10 0.40 1.10 ns Figures 1 and 2 

Note 1: The propagation delay specified is for single output switching. Delays may vary up to 100 ps with multiple outputs switching. 

Military Version 
DC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee= VccA = GND, Tc= -55°C to +125°C 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage -1025 -870 mV 0°C to + 125°C 

-1085 -870 mV -55°C V1N = VJH(Max) Loading with 
1, 2, 3 

Vol Output LOW Voltage -1830 -1620 mV 0°C to + 125°C orV1L (Min) 50!1 to -2.0V 

-1830 -1555 mV -55°C 

VoHC Output HIGH Voltage -1035 mV 0°C to + 125°C 

-1085 mV -55°C V1N = VJH(Min) Loading with 
1, 2, 3 

VoLC Output LOW Voltage -1610 mV 0°Cto +125°C orV1L (Max) 50!1 to -2.0V 

-1555 mV -55°C 

V1H Input HIGH Voltage 
-1165 -870 mV - 55°C to + 125°C 

Guaranteed HIGH Signal 
1, 2, 3, 4 

for All Inputs 

VJL Input LOW Voltage 
-1830 -1475 mV - 55°C to + 125°C 

Guaranteed LOW Signal 
1, 2, 3, 4 

for All Inputs 

l1L Input LOW Current 
0.50 µA - 55°C to + 125°C 

VEE= -4.2V 
1, 2, 3 

V1N = VJL(Min) 

l1H Input HIGH Current 240 µA 0°C to + 125°C VEE= -5.7V 
1, 2, 3 

340 µA -55°C V1N = V1H (Max) 

IEE Power Supply Current -32 -12 mA - 55°C to + 125°C Inputs Open 1, 2, 3 

Note 1: FlOOK 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 
Note 2: Screen tested 100% on each device at -55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table I) on each manufactured Jot at -55°C, +25'C, and + 125'C, Subgroups A1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 
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Military Version (Continued) 

AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -ss·c 
Min Max 

tPLH Propagation Delay 
0.25 1.70 

tpHL Data to Output 

trLH Transition Time 
0.30 1.20 

trHL 20% to 80%, 80% to 20% 

Tc= +2s0 c 
Min Max 

0.30 1.50 

0.30 1.20 

Tc= +12s·c 
Units Conditions Notes 

Min Max 

0.30· 1.80 ns 1,2,3,5 
Figures 1 and 2 

0.30 1.20 ns 4 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup A9. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at + 25°C, Subgroup A9, and at + 125'C and -55'C temperatures, Subgroups A10 and 
A11. 

Note 4: Not tested at + 25°C, + 125°C, and - 55'C temperature (design characterization data). 

Note 5: The propagation delay specified is for single output switching. Delays may vary up to 100 ps with multiple outputs switching. 

Test Circuitry 

PULSE ,-, 
GENERATOR..-~,---1,i--.,_-1 

Notes: 
Vee. VeeA = +2V, VEE = -2.5V 
L 1 and L2 = equal length 500 impedance lines 
Rr = 500 terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with 500 to GND 
CL = Fixture and stray capacitance ~ 3 pF 

l 

L 1 
,~, 

\I 
Vee 0.1 ,,F _l 

1 
L2 

CIRCUIT ,-, 
UNDER 
TEST I I 

l Rr 

VEE Io.1,,F.-= 

FIGURE 1. AC Test Circuit 

Switching Waveforms 

SCOPE 
CHAN A 

Rr 

-= 

SCOPE 
CHAN B 

'·'·~· "'----J r 1 L'·"'·' "'.,". 
INPUT ~~ l}i1_~~-% -+0.31V 

IPHL r-- ~IPLH 
TRUE 1 Ir 

.. J ~ ~ ~'"' OUTPUT 

COMPLEMENT L j 
tnH-1 

20% 

FIGURE 2. Propagation Delay and Transition Times 
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~National 
U Semiconductor 

100302 
Low Power Quint 2-lnput OR/NOR Gate 
General Description 
The 100302 is a monolithic quint 2-input OR/NOR gate with 
common enable. All inputs have 50 kn pull-down resistors 
and all outputs are buffered. 

Ordering Code: see section 6 

Logic Symbol 
D11---.....:r-..:--­
D21 ---l--I 

Features 
• 43% power reduction of the 100102 
• 2000V ESD protection 
• Pin/function compatible with 100102 
• Voltage compensated operating range = 

-4.2V to -5.?V 
• Available to MIL-STD-883 
• Available to industrial grade temperature range 

Pin Names Description 

Dna-Dne Data Inputs 
E Enable Input 

Oa-Oe Data Outputs D1b ---J--4""""'.::--­
D2b Ob 

Oa-Oe Complementary Data Outputs 
D1c --...+--r-..~-Oc 
D2c Oc 

D1d ---J--4""""'-:--0d 
D2d od 

D1e ---J-....r~--o. 
D2e 08 

E 

Connection Diagrams 
24-Pin DIP/SOIC 

D2e 1 24 D1e 

oe 2 23 D2d 

oe 3 22 D1d D1b Ii] 

od 4 21 D2c 
D2b Ii] 
Vrr [J}] 

od 5 20 D1c Vrrs !ill 
Yee 6 19 E E Ii]! 

YccA 7 18 VEE D1c ffZl 

oc 8 17 D2b 
D2c Ii.]] 

Oc 9 16 D1b 

ob 10 15 D2a 

Truth Table 

D1x D2x 
L L 
L L 
L H 

TL/F/10580-1 L H 
H L 
H L 
H H 
H H 

H = HIGH Voltage Level 
L = LOW Voltage Level 

28-Pin PCC 

D2aD1a Oa Vrrs Oa ob ob 
[j] ffQI [2][!1 ill !Il [[] 

moc 

[lJOc 

II] Vw. 

[]]Vee 

~Vee 
Ill! od 

Im Cid 

IIID Im gJJ g~@I ~ ~ 

D1dD2dD1eVEESD21 Ot o, 

E Ox Ox 
L L H 
H H L 
L H L 
H H L 
L H L 
H H L 
L H L 
H H L 

24-Pin Quad Cerpak 

D2c D1c E VEE D2b D1b 

24 23 22 21 20 19 

D1d 18 

D2d 17 

D1e 3 16 

D2e 4 15 

Oe 5 14 

o, 13 

7 8 9 10 11 12 

Od Od Vee VcCA Oc Oc 

D2a 

D1a 

Oa 

oa 

ob 

ob 

ob 11 14 D1a TL/F/10580-4 TL/F/10580-3 

oa 12 13 Oa 

TL/F/10580-2 
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Absolute Maximum Ratings 
Above which the useful life may be impaired (Note 1) 

If Military I Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Temperature (TsTG) -65°C to + 150°C 

Maximum Junction Temperature (TJ) 
Ceramic 
Plastic 

VEE Pin Potential to 
Ground Pin 

Input Voltage (DC) 

Output Current (DC Output HIGH) 

ESD (Note2) 

+ 175·c 
+ 15o•c 

- 7.0V to + 0.5V 

VEE to +0.5V 
-50mA 

~2000V 

Note 1: Absolute maximum ratings are those values beyond which the de­
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 

Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Commercial Version 

DC Electrical Characteristics 

Recommended Operating 
Conditions 
Case Temperature (Tc) 

Commercial 
Industrial 
Military 

Supply Voltage (VEE) 

o·cto +85°c 
- 4o·c to + 85°c 

- 55°C to + 125°c 

-5.7V to -4.2V 

VEE= -4.2V to -5.7V, Vee= VccA = GND, Tc= o·c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -1025 -955 -870 mV V1N = V1H(Max) or V1L(Min) Loading with 

Vol Output LOW Voltage -1830 -1705 -1620 mV 500. to -2.0V 

VoHC Output HIGH Voltage -1035 mV V1N = V1H(Min) or VIL(Max) Loading with 

VoLC Output LOW Voltage -1610 mV 500. to -2.0V 

V1H Input HIGH Voltage -1165 -870 mV Guaranteed HIGH Signal for All Inputs 

V1L Input LOW Voltage -1830 -1475 mV Guaranteed LOW Signal for All Inputs 

l1L Input LOW Current 0.50 µA V1N = V1L(Min) 

l1H Input HIGH Current 240 µA V1N = V1H(Max) 

IEE Power Supply Current -45 -36 -20 mA Inputs Open 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

DIP AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c 

Min Max 

tPLH Propagation Delay 
0.50 1.15 

tpHL Data to Output 

tPLH Propagation Delay 
0.70 1.90 

tPHL Enable to Output 

tTLH Transition Time 
0.40 1.20 

trHL 20% to 80%, 80% to 20% 

Tc= +2s0 c Tc= +ss·c 
Units 

Min Max Min Max 

0.50 1.15 0.50 1.25 ns 

0.70 1.90 0.80 2.00 ns 

0.40 1.20 0.40 1.20 ns 

Note 1: The propagation delay specified is for single output switching. Delays may vary up to 100 ps with multiple outputs switching. 

2-12 

Conditions 

Figures 1 and 2 
(Note 1) 

Figures 1 and 2 



Commercial Version (Continued) 

SOIC, PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter Tc= o·c Tc= +25°C Tc= +as·c Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 0.50 1.05 0.50 1.05 0.50 1.15 ns 
tPHL Data to Output 

Figures 1 and 2 
tPLH Propagation Delay 0.70 1.80 0.70 1.80 0.80 1.90 ns (Note2) 
tPHL Enable to Output 

trLH Transition Time 
0.40 1.10 0.40 1.10 0.40 1.10 Figures 1 and 2 

trHL 20% to 80%, 80% to 20% ns 

tosHL Maximum Skew Common Edge PCCOnly 
Output-to-Output Variation 250 250 250 ps (Note 1) 
Data to Output Path 

tosHL Maximum Skew Common Edge PCCOnly 
Output-to-Output Variation 310 310 310 ps (Note 1) 
Enable to Output Path 

tosLH Maximum Skew Common Edge PCCOnly 
Output-to-Output Variation 200 200 200 ps (Note 1) 
Data to Output Path 

tosLH Maximum Skew Common Edge PCCOnly 
Output-to-Output Variation 330 330 330 ps (Note 1) 
Enable to Output Path 

tosr Maximum Skew Opposite Edge PCCOnly 
Output-to-Output Variation 250 250 250 ps (Note 1) 
Data to Output Path 

tosr Maximum Skew Opposite Edge PCCOniy 
Output-to-Output Variation 330 330 330 ps (Note 1) 
Enable to Output Path 

tps Maximum Skew PCCOnly 
Pin (Signal) Transition Variation 200 200 200 ps (Note 1) 
Data to Output Path 

tps Maximum Skew PCCOnly 
Pin (Signal) Transition Variation 280 280 280 ps (Note 1) 
Enable to Output Path 

Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (losHU. or LOW to HIGH (losLH), or in opposite directions both 
HL and LH (losr). Parameters tosr and tps guaranteed by design. 
Note 2: The propagation delay specified is for single output switching. Delays may vary up to 100 ps with multiple outputs switching. 

Industrial Version 

PCC DC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee = VccA = GND, Tc = -40°C to +85°C (Note 3) 

Symbol Parameter Tc= -40°c Tc= o·c to +as·c Units Conditions 
Min Max Min Max 

VoH Output HIGH Voltage -1085 -870 -1025 -870 
mV V1N = V1H(Max) Loading with 

Vol Output LOW Voltage -1830 -1575 -1830 -1620 orV1L(Min) son to -2.ov 

VoHC Output HIGH Voltage -1095 -1035 
mV V1N = V1H(Min) Loading with 

VoLC Output LOW Voltage -1565 -1610 orV1L(Max) 50!lto -2.0V 

V1H input HIGH Voltage -1170 -870 -1165 -870 mV Guaranteed HIGH Signal for ALL Inputs 

V1L Input LOW Voltage -1830 -1480 -1830 -1475 mV Guaranteed LOW Signal for ALL Inputs 

i1L Input LOW Current 0.05 0.05 µA V1N = V1L{_Mirtl. 

l1H input HIGH Current 300 240 µA V1N = V1Hi_Max}_ 

IEE Power Supply Current -45 -20 -45 -20 mA Inputs Open 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under the "worst case" conditions. 
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Industrial Version (Continued) 

PCC AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= -40°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.40 1.05 0.50 1.05 0.50 1.15 ns 

tPHL Data to Output Figures 1 and 2 

tPLH Propagation Delay (Note 1) 
0.70 1.80 0.70 1.80 0.80 1.90 ns 

tpHL Enable to Output 

tTLH Transition Time 
0.30 1.10 0.40 1.10 0.40 1.10 Figures 1 and 2 ns 

tTHL 20% to 80%, 80% to 20% 

Note 1: The propagation delay specified is for single output switching. Delays may vary up to 200 ps with multiple outputs switching. 

Military Version 

DC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee= VccA = GND, Tc= -55°C to + 125°C (Note 3) 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage -1025 -870 mV 0°C to + 125°C 

-1085 -870 mV -55°C V1N = V1H(Max) Loading with 
1, 2, 3 

Vol Output LOW Voltage -1830 -1620 mV 0°C to + 125°C orV1L (Min) 50.!lto -2.0V 

-1830 -1555 mV -55°C 

VoHC Output HIGH Voltage -1035 mV 0°C to + 125°C 

-1085 mV -55°C V1N = V1H(Max) Loading with 
1, 2, 3 

VoLC Output LOW Voltage -1610 mV 0°C to + 125°C orV1L(Min) 50!1 to -2.0V 

-1555 mV -55°C 

V1H Input HIGH Voltage 
-1165 -870 mV 

- 55°C to + 125°C Guaranteed HIGH Signal 
1, 2, 3, 4 

for All Inputs 

V1L Input LOW Voltage 
-1830 -1475 mV 

- 55°C to + 125°C Guaranteed LOW Signal 
1,2,3,4 

for All Inputs 

l1L Input LOW Current 
0.50 µA 

- 55°C to + 125°C VEE= -4.2V 
1, 2, 3 

V1N = V1H (Max) 

l1H Input HIGH Current 240 µA 0°C to + 125°C VEE= -5.7V 
1,2,3 

340 µA -55°C V1N = V1L(Min) 

IEE Power Supply Current -48 -17 mA - 55°C to + 125°C Inputs Open 1, 2, 3 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 
Note 2: Screen tested 100% on each device at - 55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at -55°C, +25°C, and +125°C, Subgroups A1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 
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Military Version (Continued) 

AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -55°C 

Min Max 

tpLH Propagation Delay 
0.30 1.80 

tpHL Data to Output 

tpLH Propagation Delay 
0.60 2.60 

tpHL Enable to Output 

trLH Transition Time 
0.30 1.20 

trnL 20% to 80%, 80% to 20% 

Tc= +25°C Tc= + 125·c 
Units Conditions Notes 

Min Max Min Max 

0.40 1.50 0.40 1.70 ns 

1, 2, 3, 5 

0.80 2.30 0.80 2.80 ns Figures 1 and 2 

0.30 1.20 0.30 1.20 ns 4 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at + 25'C temperature only, Subgroup A9. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at + 25'C, Subgroup A9, and at + 125'C and -55'C temperatures, Subgroups A10 and 
A11. 

Note 4: Not tested at +25'C, + 125'C, and -55'C temperature (design characterization data). 

Note 5: The propagation delay specified is for single output switching. Delays may vary up to 100 ps with multiple outputs switching. 

Test Circuitry 
L1 ,-, 
\ ( 

Vee _l 

PULSE 1-, CIRCUIT 

R1 

SCOPE 
CHAN A 

SCOPE 
CHAN B GENERATOR -+,-,---1 U~E~~R t--.... 

1
1-,t------i 

I --

Notes: 
Vee. VeeA = +2V, VEE = -2.5V 
L 1 and L2 = equal length 50!1 impedance lines 
Rr = 50!1 terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with 50!1 to GND 
CL = Fixture and stray capacitance ,.;; 3 pF 

Switching Waveforms 

..L R1 

FIGURE 1. AC Test Circuit 

FIGURE 2. Propagation Delay and Transition Times 
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~National 
U Semiconductor 

100304 
Low Power Quint AND/NANO Gate 

General Description 
The 100304 is monolithic quint AND/NANO gate. The Func­
tion output is the wire-NOR of all five AND gate outputs. All 
inputs have 50 kn pull-down resistors. 

Features 
• Low Power Operation 
• 2000V ESD protection 
• Pin/function compatible with 100104 
• Voltage compensated operating range = -4.2V to 

-5.7V 
• Available to industrial grade temperature range 
• Available to MIL-STD-883 

Ordering Code: see section 6 

Logic Symbol Logic Equation 

D1a Oa 

D2a Oa 
Pin Names Description 

D1b ob Dna-Dne Data Inputs 
D2b ob F Function Output 

D1c Oc Oa-Oe Data Outputs 
D2c Oc Oa-Oe Complementary Data Outputs 

D1d od 

D2d ad 
D1e Oe 

D2e Oe 

TL/F/10581-1 

Connection Diagrams 

24-Pin DIP 28-Pin PCC 24-Pin Quad Cerpak 

Dia D1a Oa VEES Oa ob ob D2d D2c D1c VEE D2b D1b 
oe 24 D2e [j] [QI rn [[] m rIJ [[I 
oe 23 D1e 

24 23 22 21 20 19 

od 3 22 D1d D1b li1l [II oc D1d 18 D2a 

od 4 21 D2d 
D2b lj]] ITJ QC D1e 17 D1a 
VEE lj}J rn VeeA 

F" 5 20 D2c VEES I]]] ITlVee 
D2e 3 16 Oa 

Vee 19 D1c D1c !ill g§J Vee Oe 4 15 oa 

VeeA 18 VEE 
D2c IIZI Ill] F 08 5 14 ob 
D2d lill im ad 

QC 8 17 D2b 
od 13 ob 

7 8 9 10 11 12 
QC 9 16 D1b fi21~~1ll]g]~~ 

ob 10 15 D2a D1dD1aD2aVEESOe Oe Od od F" Vee VeeA Oc oc 

ob 11 14 D1a 
TL/F/10581-4 

TL/F/10581-3 

oa 12 13 08 

TL/F/10581-2 
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Absolute Maximum Ratings 
Above which the useful life may be impaired (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Temperature (Tsrn) -6S°C to+ 1so·c 

Maximum Junction Temperature (TJ) 
Ceramic 
Plastic 

VEE Pin Potential to Ground Pin 

Input Voltage (DC) 

Output Current (DC Output HIGH) 

ESD (Note2) 

+17S°C 
+ 1so·c 

- 7.0V to + O.SV 

VEE to +O.SV 

-SOmA 

~2000V 

Note 1: Absolute maximum ratings are those values beyond which the de· 
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 
Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Commercial Version 

DC Electrical Characteristics 

Recommended Operating 
Conditions 
Case Temperature (Tc) 

Commercial 
Industrial 
Military 

Supply Voltage (VEE) 

o·cto +8s0 c 
- 4o·c to + 8s0 c 

- ss·c to + 12s·c 

-S.7V to -4.2V 

VEE= -4.2V to -S.7V, Vee= VccA = GND, Tc= o•c to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -102S -9SS -870 mV V1N = V1H (Max) Loading with 

Vm Output LOW Voltage -1830 -170S -1620 mV orV1L(Min) son to -2.ov 

VoHC Output HIGH Voltage -103S mV V1N = V1H(Min) Loading with 

VoLc Output LOW Voltage -1610 mV orV1L(Max) son to -2.ov 

V1H Input HIGH Voltage 
-116S -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1830 -147S mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current a.so µA V1N = V1L (Min) 

l1H Input High Current 
D2a-D2e 2SO 

µA 
V1N = V1H(Max) 

D1a-D1e 3SO 

IEE Power Supply Current -69 -43 -30 mA Inputs open 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

DIP AC Electrical Characteristics vEE = -4.2Vto -s.7v, Vee= vccA = GND 

Symbol Parameter 
Tc= o·c Tc= +25°C Tc= +as·c 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.40 1.7S 0.40 1.6S 0.40 1.7S 

tPHL Dna-Dne to 0, 0 
ns 

tPLH Propagation Delay 

tPHL Data to F 
1.00 2.60 1.00 2.60 1.1 S 3.20 ns Figures 1 and 2 

trLH Transition Time 
0.3S 1.20 0.3S 1.20 0.3S 1.20 

trHL 20% to 80%, 80% to 20% 
ns 
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Commercial Version (Continued) 

PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter Tc= o·c Tc= +2s0 c Tc= +as·c Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.40 1.55 0.40 1.45 0.40 1.55 ns 

tPHL Dna-Dne to 0, 0 
tPLH Propagation Delay 

1.00 2.40 1.00 2.40 1.15 3.00 ns Figures 1 and 2 
tpHL Data to F 

tTLH Transition Time 
0.35 1.10 0.35 1.15 0.35 1.10 

tTHL 20% to 80%, 80% to 20% 
ns 

Industrial Version 

PCC DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = -40°C to +85°C (Note 1) 

Symbol Parameter 
Tc= -40°c Tc= o•c to +ss·c 

Units Conditions 
Min Max Min Max 

VoH Output HIGH Voltage -1085 -870 -1025 -870 
mV 

V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1575 -1830 -1620 orV1L(Min) 50!1 to -2.0V 

VoHC Output HIGH Voltage -1095 -1035 
mV V1N = V1H(Min) Loading with 

VoLC Output LOW Voltage -1565 -1610 orV1L(Max) 50!1 to -2.0V 

V1H Input HIGH Voltage 
-1170 -870 -1165 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1830 -1480 -1830 -1475 mV 

Guaranteed LOW Signal 

for All Inputs 

l1L Input LOW Current 0.50 0.50 µA V1N = V1L (Min) 

l1H Input HIGH Current 

D2a-D2e 250 250 
µA V1N = V1H (Max) 

D1a-D1e 350 350 

IEE Power Supply Current -69 -30 -69 -30 mA Inputs Open 

Note 1: The specified limits represent the '.'worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Industrial Version (Continued) 

PCC AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= 4o·c Tc= +2s0 c Tc= +as·c 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.35 1.55 0.40 1.45 0.40 1.55 ns 

tPHL Dna-Dna to 0, 0 

tPLH Propagation Delay 
1.00 2.40 1.00 2.40 1.15 3.00 ns Figures 1 and 2 

tPHL Data to F 

tTLH Transition Time 
0.35 1.10 0.35 1.15 0.35 1.10 

trnL 20% to 80%, 80% to 20% 
ns 

Military Version 

DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = -55°C to + 12s·c 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage 
-1025 -870 mV 

o•cto 
+ 12s·c 

-1085 -870 mV -55°C V1N = V1H (Max) Loading with 
1, 2, 3 

Vm Output LOW Voltage mV o•cto orV1L (Min) 50110 to - 2.0V 
-1830 -1620 

+125°C 

-1830 -1555 mV -55°C 

VoHC Output HIGH Voltage 
-1035 mV 

o·cto 
+ 125•c 

-1085 mV -55°C V1N = V1H (Min) Loading with 
1, 2, 3 

Vmc Output LOW Voltage o•cto orV1L (Max) 5011to-2.0V 
-1610 mV 

+125°C 

-1555 mV -55°C 

V1H Input HIGH Voltage 
-1165 -870 mV 

-55°c Guaranteed HIGH Signal 
1,2,3,4 

+ 125°c for All Inputs 

V1L Input LOW Voltage 
-1830 -1475 mV 

-55°Cto Guaranteed LOW Signal 
1, 2, 3,4 

+ 125°c for All Inputs 

l1L Input LOW Current 
0.50 µA 

-55°Cto VEE= -4.2V 
1,2,3 

+12s0 c V1N = V1L (Min) 

Input High Current 

D2a-D2a 250 
µA 

o·cto 

D1a-D1a 350 + 125°c 
VEE= -5.7V 

l1H V1N = V1H (Max) 
1, 2, 3 

D2a-D2a 350 
µA -55°C 

D1a-D1a 500 

IEE Power Supply Current 
-75 -25 mA 

-55°Cto 
Inputs Open 1, 2, 3 

+ 125°c 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 
Note 2: Screen tested 100% on each device at -55"C, +25°C, and + 125"C, Subgroups, 1, 2 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at -55°C, +25°C, and +125°C, Subgroups A1, 2, 3, 7, and B. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 
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Military Version (Continued) 

AC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee = YeeA = GND 

Symbol Parameter 
Tc= -55°C Tc= +25°C Tc= + 125°C 

Units Conditions Notes 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.30 1.90 0.40 1.80 0.30 2.30 ns 

tPHL Dna-Dne to 0, 0 
1, 2, 3 

tPLH Propagation Delay 
0.80 2.90 0.90 2.80 0.90 3.40 ns Figures 1 and 2 

tPHL Data to F 

trLH Transition Time 
0.20 1.80 0.30 1.60 0.20 2.00 4 

trnL 20% to 80%, 80% to 20% 
ns 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at + 25'C temperature only, Subgroup A9. 

Note 3: Sample tested (Method 5005, Table I) on each mfg. lot at + 25'C, Subgroup A9, and at + 125'C and -55'C temperatures, Subgroups A 1 O and A 11. 

Note 4: Not tested at + 25'C, + 125'C, and -55'C temperature (design characterization data). 

Test Circuitry 

L 1 ,-\ SCOPE 
I I CHAN A 

Vee _l 
Rr 

PULSE 1- 1 CIRCUIT SCOPE 
CHAN B GENERATOR -+,-,+---t u:E~~R -+-

1
, -,i------t 

l ---Rr 

Notes: 

Vee. VeeA = +2V, VEE= -2.5V 
L 1 and L2 = equal length 500 impedance lines 
Rr = 500 terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with 500 to GND 
CL = Fixture and stray capacitance :::: 3 pF 

FIGURE 1. AC Test Circuit 

TL/F/10581-5 
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lnH-1 
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FIGURE 2. Propagation Delay and Transition Times 
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~Semiconductor 

100307 
Low Power Quint Exclusive OR/NOR Gate 

General Description Features 
The 100307 is monolithic quint exclusive-OR/NOR gate. 
The Function output is the wire-OR of all five exclusive-OR 
outputs. All inputs have 50 k!l pull-down resistors. 

• Low Power Operation 
• 2000V ESD protection 
• Pin/function compatible with 100107 

Ordering Code: see Section 6 

Logic Symbol 

F 

D1a ----\r------- Oa 

D2a --J 03 

D1b --\r----t----- Ob 

D2b-} Ob 

D1c --\T"'""..._.--+---- Oc 

D2c-J Oc 

T"'"""'---'---- od 
.___~>------ od 
T"'"""-"-""---- Oe 

&..-"""""1:>----- De 

• Voltage compensated operating range = -4.2V to 
-5.7V 

• Available to industrial grade temperature range 
• Available to MIL-STD-883 

Logic Equation 

F = (D1a EB D2a) + (D1b EB D2b) + (D1c EB D2cl + (D1d EB 

D2d) + (D1 e EB D2el· 

Pin Names Description 

Dna-Dne Data Inputs 
F Function Output 

Oa-Oe Data Outputs 

Oa-Oe Complementary 
Data Outputs 

TL/F/10582-1 

Connection Diagrams 

24-Pin DIP/SOIC 28-Pin PCC 24-Pin Quad Cerpak 

D2a D1a Oa VEES Oa Ob Ob D2d D2c D1c VEE D2b D1b 
08 24 D2e illl IIQJ [[] [[] [ZJ []] III 

08 2 23 D19 24 23 22 21 20 19 

od 22 D1d D1 b Ii] [i] oc D1d 18 D28 

od 4 21 D2d 
D2b Ii] [II QC 

D19 2 17 018 
VEE~ [l] YeeA 

r 20 D2c Vm ~ OJ Yee D29 3 16 Oa 

Vee 19 D1c D1c [j]] ~Vee 08 4 15 08 

VeeA 7 18 VEE 
D2c Ii] Ill! F 08 5 14 ob 
D2d [j]] ~ad 

QC 8 17 D2b od 13 ob 

QC 16 D1b li]Jim~llll~~~ 
7 8 9 10 11 12 

ob 10 15 D2a D1 d D1 e D2e VEES Oe Oe Od 
od r Yee YeeA oc oc 

ob 11 14 018 TL/F/10582-4 

08 12 13 08 
TL/F/10582-3 

TL/F/10582-2 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Temperature (Tsrn) -65°C to + 150°C 

Maximum Junction Temperature (TJ) 
Ceramic 
Plastic 

VEE Pin Potential to Ground Pin 

Input Voltage (DC) 

Output Current (DC Output HIGH) 

ESD (Note2) 

+175°C 
+ 150°C 

-7.0Vto +0.5V 

VEE to +0.5V 

-50mA 

:;::2ooov 
Note 1: Absolute maximum ratings are those values beyond which the de­
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 
Note 2: ESD testing conforms to Mll-STD-883, Method 3015. 

Commercial Version 

DC Electrical Characteristics 

Recommended Operating 
Conditions 
Case Temperature (Tc) 

Commercial 
Industrial 
Military 

Supply Voltage (VEE) 

0°Cto +85°C 
- 40°C to + 85°C 

- 55°C to + 125°C 

-5.7V to -4.2V 

VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc= 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -1025 -955 -870 mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1705 -1620 mV orV1l(Min) son to -2.ov 

VoHc Output HIGH Voltage -1035 mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 mV orV1l(Max) 50!lto -2.0V 

V1H Input HIGH Voltage 
-1165 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1830 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current 0.50 µA V1N = V1l (Min) 

l1H Input HIGH Current 

D2a-D2e 250 µA V1N = V1H (Max) 
D1a-D1e 350 

IEE Power Supply Current -69 -43 -30 mA Inputs Open 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

DIP AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee= VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +ss0 c 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.55 1.90 0.55 1.80 0.55 1.90 ns 

tPHl D2a-D2e to 0, 0 

tPLH Propagation Delay 
0.55 1.70 0.55 1.60 0.55 1.70 ns 

tPHl D1a-D1e to 0, 0 
Figures 1 and 2 

tplH Propagatjon Delay 
1.15 2.75 1.15 2.75 1.15 3.00 ns 

tPHl Data to F 

trlH Transition Time 
0.35 1.20 0.35 1.20 0.35 1.20 

trHl 20% to 80%, 80% to 20% 
ns 

2-22 



Commercial Version (Continued) 

SOIC, PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter Tc= 0°C Tc= +25°C Tc= +85°C Units Conditions 
Min Max Min Max Min Max 

tPlH Propagation Delay 
0.55 1.70 0.55 1.60 0.55 1.70 ns 

tPHl D2a-D2e to 0, 0 
tPlH Propagation Delay 

0.55 1.50 0.55 1.40 0.55 1.50 ns 
tPHl D1a-D1e to 0, 0 Figures 1 and 2 
tPlH Propagation Delay 

1.15 2.55 1.15 2.55 1.15 2.80 ns 
tPHl Data to F 

trlH Transition Time 
0.35 1.10 0.35 1.10 0.35 1.10 ns 

trHl 20% to 80%, 80% to 20% 

Industrial Version 

PCC DC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee = VccA = GND, Tc = -40°C to +85°C (Note 1) 

Symbol Parameter 
Tc= -40°C Tc= 0°c to +85°C 

Units Conditions 
Min Max Min Max 

VoH Output HIGH Voltage -1085 -870 -1025 -870 mV V1N = V1H(Max) Loading with 

Vol Output LOW Voltage -1830 -1575 -1830 -1620 mV orV1L(Min) 5011 to -2.0V 

VoHC Output HIGH Voltage -1095 -1035 mV V1N = V1H(Min) Loading with 

Vole Output LOW Voltage -1565 -1610 mV orV1l(Max) 5011 to -2.0V 

V1H Input HIGH Voltage -1170 -870 -1165 -870 mV Guaranteed HIGH Signal for All Inputs 

V1l Input LOW Voltage -1830 -1480 -1830 -1475 mV Guaranteed LOW Signal for All Inputs 

l1l Input LOW Current 0.50 0.50 µA V1N = V1l(Min) 

l1H Input HIGH Current 

D2a-D2e 250 250 µA V1N = V1H(Max) 

D1a-D1e 350 350 

IEE Power Supply Current -69 -30 -69 -30 mA Inputs Open 

Note 1: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Industrial Version (Continued) 

PCC AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= -40°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.45 1.70 0.55 1.60 0.55 1.70 ns 

tpHL D2a-D2e to 0, 0 

tpLH Propagation Delay 
0.45 1.50 0.55 1.40 0.55 1.50 ns 

tPHL D1a-D1e to 0, 0 
Figures 1 and 2 

tpLH Propagation Delay 
1.05 2.55 1.15 2.55 1.15 2.80 ns 

tpHL Data to F 

tTLH Transition Time 
0.35 1.10 0.35 1.10 0.35 1.10 

trnL 20% to 80%, 80% to 20% 
ns 

Military Version 

DC Electrical Characteristics 
VEE= -4.2Vto -5.7V, Vee= VccA = GND, Tc= -55°Cto +125°C 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage 
-1025 -870 mV 

0°Cto 
+ 125°C 

-1085 -870 mV -55°C V1N = V1H (Max) Loading with 
1, 2, 3 

Vol Output LOW Voltage 0°Cto orV1L (Min) son to -2.ov 
-1830 -1620 mV 

+ 125°C 

-1830 -1555 mV -55°C 

VoHC Output HIGH Voltage 
-1035 mV 

0°Cto 
+125°C 

-1085 mV -55°C V1N = V1H (Min) Loading with 
1, 2, 3 

VoLC Output LOW Voltage 0°Cto orV1L (Max) 50!10 to - 2.0V 
-1610 mV 

+ 125°C 

-1555 mV -55°C 

V1H Input HIGH Voltage 
-1165 -870 mV 

-55°C Guaranteed HIGH Signal 
1, 2, 3, 4 

+125°C for All Inputs 

V1L Input LOW Voltage 
-1830 -1475 mV 

-55°Cto Guaranteed LOW Signal 
1, 2, 3,4 

+125°C for All Inputs 

l1L Input LOW Current 
0.50 µA 

-55°Cto VEE= -4.2V 
1, 2, 3 

+125°C V1N = V1L (Min) 

l1H Input High Current 
D2a-D2e 250 

µA 
0°Cto 

D1a-D1e 350 +125°C 
VEE= -5.7V 

D2a-D2e 350 µA -55°C V1N = V1H (Max) 
1, 2, 3 

D1a-D1e 500 

IEE Power Supply Current -75 -25 mA 
-55°Cto 

Inputs Open 1, 2, 3 
+125°C 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100 % on each device at - 55'C, + 25'C, and + 125'C, Subgroups 1, 2 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at - 55'C, + 25'C, and + 125'C, Subgroups A 1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 
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Military Version (Continued) 

AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -55°C Tc= +25°C Tc= +125°C 

Units Conditions Notes 
Min Max Min Max Min Max 

tpLH Propagation Delay 
0.30 2.10 0.40 1.90 0.40 2.40 ns 

tpHL D2a-D2e to 0, 0 

tpLH Propagation Delay 
0.30 1.90 0.40 1.80 0.40 2.20 ns 1, 2, 3 

tpHL D1a-D1e to 0, 0 
A'gures 1 and 2 

tpLH Propagation Delay 
0.80 2.90 0.90 2.80 0.90 3.40 ns 

tpHL Data to F 

trLH Transition Time 
0.20 1.70 0.30 1.60 0.20 1.70 4 ns 

trHL 20% to 80%, 80% to 20% 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -SS'C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at + 2S'C temperature only, Subgroup A9. 

Note 3: Sample tested (Method SOOS, Table I) on each mfg. lot at +2S'C, Subgroup A9, and at+ 12S'C and -SS'C temperatures, Subgroups A10 and A11. 

Note 4: Not tested at + 2S'C, + 12S'C, and - SS'C temperature (design characterization data). 

Test Circuitry 

L 1 
,~, 

SCOPE 
\I CHAN A 

Vee _L 
Rr 

L2 
PULSE ,-, CIRCUIT ,-, SCOPE 

GENERATOR --+J_-+, -- u~~R -.+1-,--R-r_-:._c_H_A_N_e ... 

Notes: 

Vee. VeeA = +2V, VEE = -2.SV 
L 1 and L2 = equal length son impedance lines 
RT = son terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance :o: 3 pF 

FIGURE 1. AC Test Circuit 

TL/F/10562-5 
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Switching Waveforms 

INPUT 

TRUE 

OUTPUT 

COMPLEMENT 

lrLH_.j 
TL/F/10582-6 

FIGURE 2. Propagation Delay and Transition Times 
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100310 
Low Skew 2:8 Differential Clock Driver 
General Description 
The 100310 is a low skew 8-bit differential clock driver 
which is designed to select between two separate differen­
tial clock inputs. The low output to output skew ( < 50 ps) is 
maintained for either clock input. A LOW on the select pin 
(SEL) selects CLKINA, CLKINA and a HIGH on the SEL pin 
selects the CLKINB, CLKINB inputs. 

The 100310 is ideal for those applications that need the 
ability to freely select between two clocks, or to maintain the 
ability to switch to an alternate or backup clock should a 
problem arise with the primary clock source. 

A v88 output is provided for single-ended operation. 

Ordering Code: see section 6 

Logic Symbol 

CLKINA 

CLKINA 

CLKINB 

CLKINB 

SEL 

CLi<o 
CLKo 

CLK1 
CLK1 

CLK2 
CLK2 

CLK3 
CLK3 

CLK4 
CLK4 

CLK5 
CLK5 

CLl<s 

CLl<s 

CLK7 
CLK7 

--t:>--vee 

Connection Diagram 

CLK5 !TI] 

CLK5 ~ 
CLK4 ~ 
VccA !!ID 
CLK4@ 

CLK3 IIZI 
CLK3 ~ 

28-Pin PCC 
Cl.Ks Cl.Ks CLK7 VCCA CLK7 NC CLKINB 

[TI [QI [[] []] ill [!] [[] 

[j])~II1J~~~~ 
CL~ c~ CLKi VccA CLKi Cl.Ko CL~ 

TL/F/10943-1 

(I] CLKINB 

[I] Vee 
[I]CLKINA 

ITl Vee 
~CLKINA 

BZI SEL 

~VEE 

TL/F/10943-2 

Features 
• Low output to output skew 
• Differential inputs and outputs 
• Allows multiplexing between two clock inputs 
• Voltage compensated operating range: -4.2V to -5.7V 

Pin Names Description 

CLKINn, CLKINn Differential Clock Inputs 
SEL Select 

CLK0_7, CLKo-a Differential Clock Outputs 

Vss Vss Output 
NC No Connect 

Truth Table 
CLKINA CLKINA CLKINB CLKINB SEL CL Kn CLKn 

H L x x L H L 
L H x x L L H 
x x H L H H L 
x x L H H L H 
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Absolute Maximum Ratings 
Above which the useful life may be impaired (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Tern perature (T srn) - 6S°C to + 1 so° C 

Maximum Junction Temperture (TJ) 
Plastic 

Pin Potential to Ground Pin (VEE) 

Input Voltage (DC) 

Output Current (DC Output HIGH) 

ESD (Note 2) 

+1S0°C 

-7.0Vto +o.sv 

VEE to +O.SV 

-SOmA 

22000V 
Note 1: Absolute maximum ratings are those values beyond which the de­
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 

Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Commercial Version 

DC Electrical Characteristics 

Recommended Operating 
Conditions 
Case Temperature (Tc) 

Commercial 
Industrial 

Supply Voltage (VEE) 

0°Cto +8S°C 
- 40°C to + 8S°C 

-S.7V to -4.2V 

VEE = -4.2V to -S.7V, Vee = VccA = GND, Tc = 0°C to +BS°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -102S -9SS -870 mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1830 -170S -1620 mV orV1L (Min) son to -2.ov 

VoHC Output HIGH Voltage -103S mV V1N = V1H Loading with 

VoLC Output LOW Voltage -1610 mV orV1L (Max) son to -2.ov 

Vss Output Reference Voltage -1380 -1320 -1260 mV lvss = - 2so µA 

VDIFF Input Voltage Differential 1SO mV Required for Full Output Swing 

VcM Common Mode Voltage Vee - 2.0 Vee - o.s v 

V1H Input High Voltage 
-116S -870 mV 

Guaranteed HIGH Signal for 
All Inputs 

V1L Input Low Voltage 
-1830 -1475 mV 

Guaranteed LOW Signal for 
All Inputs 

l1L Input LOW Current 0.50 µA V1N = V1L (Min) 

l1H Input HIGH Current 240 µA V1N = V1H (Max) 

lcso Input Leakage Current -10 µA V1N =VEE 

IEE Power Supply Current -100 -40 mA Inputs Open· 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Commercial Version (Continued) 

AC Electrical Characteristics vEE = -4.2V to -5.7V, Vee= VeeA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Typ Max Min Typ Max Min Typ Max 

fMAX Max Toggle Frequency 
CLKIN A/B to On 750 750 750 MHz 

SEL to On 575 575 575 MHz 

tPLH Propagation Delay, 

tPHL CLKINn to CLKn 
Differential 0.80 0.90 1.00 0.82 0.92 1.02 0.89 1.01 1.09 

Figure3 
Single-Ended 0.80 0.96 1.20 0.82 0.98 1.22 0.89 1.06 1.29 

ns 

tPLH Propagation Delay, 
0.75 0.99 1.20 0.80 1.02 1.25 0.85 1.10 1.35 ns Figure2 

tPHL SEL to Output 

tps LH-HLSkew 10 30 10 30 10 30 (Notes 1, 4) 

tosLH Gate-Gate Skew LH 20 30 20 50 20 50 (Notes2, 4) 

tosHL Gate-Gate Skew HL 20 50 20 50 20 50 
ps 

(Notes 2, 4) 

tosr Gate-Gate LH-HL Skew 30 60 30 60 30 60 (Notes 3, 4) 

ts Setup Time 
300 300 300 ps 

SEL to CLKINn 

tH Setup Time 
0 0 0 ps 

SEL to CLKINn 

trLH Transition Time 
275 510 750 275 500 750 275 480 750 Figure4 

trHL 20% to 80%, 80% to 20% 
ps 

Note 1: tps describes opposite edge skews, i.e. the difference between the delay of a differential output signal pair's low to high and high to low propagation 
delays. With differential signal pairs, a low to high or high to low transition is defined as the transition of the true output or input pin. 
Note 2: tosLH describes in-phase gate-to-gate differential propagation skews with all differential outputs going low to high; tosHL describes the same conditions 
except with the outputs going high to low. 
Note 3: tosr describes the maximum worst case difference in any of the tpg, tosLH or tosr delay paths combined. 
Note 4: The skew specifications pertain to differential 1/0 paths. 

Industrial Version 

DC Electrical Characteristics vEE = -4.2v to -5.7V, Vee= VeeA = GND (Note 1) 

Symbol Parameter 
Tc= -40°C Tc= 0°C to +ss0 c 

Units Conditions 
Min Max Min Max 

VoH Output HIGH Voltage -1085 -870 -1025 -870 mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1830 -1575 -1830 -1620 mV orV1L (Min) 50!1 to -2.0V 

VoHe Output HIGH Voltage -1095 -1035 mV V1N = V1H Loading with 

Vole Output LOW Voltage -1565 -1610 mV orV1L (Min) 50!1 to -2.0V 

Vss Output Reference Voltage -1395 -1255 -1380 -1260 mV lvss = - 250 µA 

VDIFF Input Voltage Differential 150 150 mV Required for Full Output Swing 

VcM Common Mode Voltage Vee - 2.0 Vee - 0.5 Vee - 2.0 Vee - o.5 v 

V1H Input High Voltage 
-1170 -870 -1165 -870 mV 

Guaranteed HIGH Signal for 
All Inputs 

V1L Input Low Voltage 
-1830 -1480 -1830 -1475 mV 

Guaranteed LOW Signal for 
All Inputs 

l1L Input LOW Current 0.50 0.50 µA V1N = V1L (Min) 

l1H Input HIGH Current 240 240 µA V1N = V1H (Max) 

leso Input Leakage Current -10 -10 µA V1N =VEE 

IEE Power Supply Current -100 -40 -100 -40 mA Inputs Open 

Note 1: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions tor testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Industrial Version (Continued) 

AC Electrical Characteristics vEE = -4.2v to -5.7V, Vee= VeeA = GND 

Symbol Parameter 
Tc= -40°c Tc= +25°C Tc= +ss·c 

Units Conditions 
Min Typ Max Min Typ Max Min Typ Max 

fMAX Max Toggle Frequency 
CLKIN A/B to On 750 750 750 MHz 

SEL to On 575 575 575 MHz 

tPLH Propagation Delay, 

tPHL CLKINn. to CLKn 
Differential 0.78 0.88 0.98 0.82 0.92 1.02 0.89 1.01 1.09 

Figure3 
Single-Ended 0.78 0.95 1.18 0.82 0.98 1.22 0.89 1.06 1.29 

ns 

tPLH Propagation Delay 
0.70 0.99 1.20 0.80 1.02 1.25 0.85 1.10 1.35 ns Figure2 

tPHL SEL to Output 

tps LH-HLSkew 10 30 10 30 10 30 (Notes 1, 4) 

tosLH Gate-Gate Skew LH 20 50 20 50 20 50 (Notes2, 4) 

tosHL Gate-Gate Skew HL 20 50 20 50 20 50 
ps 

(Notes 2, 4) 

tosr Gate-Gate LH-HL Skew 30 60 30 60 30 60 (Notes3, 4) 

ts Setup Time 
300 300 300 ps 

SEL to CLKINn 

tH Setup Time 
0 0 0 ps 

SEL to CLKINn 

trLH Transition Time 
275 510 750 275 500 750 275 480 750 Figure4 

trnL 20% to 80%, 80% to 20% 
ps 

Note 1: tps describes opposite edge skews, i.e. the difference between the delay of a differential output signal pair's low to high and high to low propagation 
delays. With differential signal pairs, a low to high or high to low transition is defined as the transition of the true output or input pin. 

Note 2: loSLH describes in-phase gate-to-gate differential propagation skews with all differential outputs going low to high; tosHL describes the same conditions 
except with the outputs going high to low. 

Note 3: tosT describes the maximum worst case difference in any of the tps, tosLH or tosT delay paths combined. 

Note 4: The skew specifications pertain to differential 1/0 paths. 

Test Circuit 

+2V 

...-----f SCOPE CHAN C 

Note 1: Shown for testing CLKIN to CLK1 in the differential mode. 

Note 2: L1, L2, L3 and L4 = equal length 50!1 impedance lines. 

-2.SV 

.I. 0.011 µF 

Note 3: All unused inputs and outputs are loaded with 50!1 in parallel with ,,;3 pF to GND. 

Note 4: Scope should have 50!1 input terminator internally. 

FIGURE 1. AC Test Circuit 
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0.7±0.1ns 

SEL 

CLK(0-7) 
)!(~;: )!(~;: 

CLK(0-7) 

FIGURE 2. Propagation Delay, SEL to Outputs 

CLKIN 

CLKIN 

CLK(0-7) 

CLK(0-7) 

FIGURE 3. Propagation Delay, CLKIN/CLKIN to Outputs 

CLK(0-7) 

CLK(0-7) 

tTLH 

FIGURE 4. Transition Times 
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~National 
~ Semiconductor 

100311 
Low Skew 1 :9 Differential Clock Driver 

General Description 
The 100311 contains nine low skew differential drivers, de­
signed for generation of multiple, minimum skew differential 
clocks from a single differential input (CLKIN, CLKIN). If a 
single-ended input is desired, the Vss output pin may be 
used to drive the remaining input line. A HIGH on the enable 
pin (EN) will force a LOW on all of the CLKn outputs and a 
HIGH on all of the CLKn output pins. The 100311 is ideal for 
distributing a signal throughout a system without worrying 
about the original signal becoming too corrupted by undesir­
able delays and skew. The 100311 is pin-for-pin compatible 
with the Motorola 1 OOE111. 

Ordering Code: see section 6 

Logic Symbol 

--"""--CLKo 

CLI<o 
......, .......... ..--CLK1 

CLI<1 
................ ..--CLK2 

CLI<2 
................ ..--CLK3 

CLK3 
CLKIN ---r""'""~.-+-r-..,...-- CLK• 
CLKIN CLK• 

EN CLK5 
CLI<s 

.....,.......,. __ CLK
6 

CLI<s 
--....,.--CLK7 

CU<1 
"'"'+-1 ...... .---cLK8 

ilia 

-[:>--vee 

Connection Diagram 
28-Pin PCC 

ClKs a::Kt; CLK7 V CA.A fil7 Cl.Xe fils 
m [QI m rn m [§:] rn 

TL/F/10648-1 

CLI<s[g) 
CLK5 [j] 

ru.~ 
YcCA[j]] 

CLK• Ii] 

CLK3li11 
CLK3[j]] 

IIJNC 

rnvea 
[1J CLKIN 

Ii]]@]§~~~@] 

ClRi Cl.Ki fil1 V<XA CLK1 filo Cl.Ko 

OJ Yee 
~CLKIN 

Ill] EN 

~Yrr 

TL/F/10648-2 
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Features 
• Low output to output skew 
• 2000V ESD protection 
• 1 :9 low skew clock driver 
• Differential inputs and outputs 

Pin Names Description 

CLKIN, CLKIN Differential Clock Inputs 
EN Enable 

CLKo-a. CLKo-8 Differential Clock Outputs 

Vss Vss Output 
NC No Connect 

Truth Table 
CLKIN CLKIN EN CL Kn CLKn 

L H L L H 
H L L H L 
x x H L H 

..... 
0 
0 w ..... ..... 



,... ,... 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired (Note 1) Conditions 
If Military I Aerospace specified devices are required, Case Temperature (Tc) 
please contact the National Semiconductor Sales Commercial 0°Cto +85°C 
Office/Distributors for availability and specifications. Industrial - 40°C to + 85°C 
Storage Temperature (T sTG) - 65°C to + 150°C 

Supply Voltage (VEE) -5.7V to -4.2V 
Maximum Junction Temperture (TJ) 

Ceramic +175°C 
Plastic + 150°C 

Pin Potential to Ground Pin (VEE) -7.0Vto +0.5V 

Input Voltage (DC) VEE to +0.5V 

Output Current (DC Output HIGH) -50mA 

ESD (Note2) ~2000V 

Note 1: Absolute maximum ratings are those values beyond which the de-
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 

Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Commercial Version 

DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VecA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -1025 -955 -870 mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1705 -1620 mV orV1L (Min) 50!1 to -2.0V 

VoHC Output HIGH Voltage -1035 mV V1N = V1H Loading with 

Vole Output LOW Voltage -1610 mV orV1L (Max) 50!1 to -2.0V 

Vss Output Reference Voltage -1380 -1320 -1260 mV lvss = - 300 µA 

Vo1FF Input Voltage Differential 150 mV Required for Full Output Swing 

VeM Common Mode Voltage Vee - 2.0 Vee - 0.5 v 

V1H Input High Voltage 
-1165 -870 mV 

Guaranteed HIGH Signal for 
All Inputs 

V1L Input Low Voltage 
-1830 -1475 mV 

Guaranteed LOW Signal for 
All Inputs 

l1L Input LOW Current 0.50 µA V1N = V1L(Min) 

l1H Input HIGH Current V1N = V1H (Max) 
CLKIN, CLKIN 100 

µA 
EN 250 

lcso Input Leakage Current -10 µA V1N =VEE 

IEE Power Supply Current -115 -57 mA Inputs Open 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Commercial Version (Continued) 

AC Electrical Characteristics 
Vee = -4.2V to -S.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Typ Max Min Typ Max Min Typ Max 

fmax Max Toggle Frequency 
7SO 7SO 7SO MHz 

CLKINtoOn 

tPLH Propagation Delay, 

tPHL CLKINn to CLKn 
Differential 0.7S 0.84 0.9S 0.7S 0.86 0.9S 0.84 0.93 1.04 

Figure3 
Single-Ended 0.6S 0.90 1.0S 0.67 0.93 1.17 0.74 1.06 1.24 

ns 

tPLH Propagation Delay 
0.7S 1.03 1.20 0.80 1.0S 1.2S 0.8S 1.12 1.3S ns Figure2 

tPHL SEL to Output 

tps LH-HL Skew 10 30 10 30 10 30 Notes 1, 4 

tosLH Gate-Gate Skew LH 20 so 20 so 20 so Notes2, 4 

tosHL Gate-Gate Skew HL 20 so 20 so 20 50 
ps 

Notes 2, 4 

tosT Gate-Gate LH-HL Skew 30 60 30 60 30 60 Notes3, 4 

ts Setup Time 
2SO 2SO 300 ps 

ENn to CLKINn 

tH Hold Time 
0 0 0 

ENn to CLKINn 
ps 

tR Release Time 
300 300 300 

ENn to CLKINn 
ps 

tTLH Transition Time 
27S soo 7SO 27S 480 7SO 27S 460 7SO Figuro4 

trnL 20% to 80%, 80% to 20% 
ps 

Note 1: tps describes opposite edge skews, i.e. the difference between the delay of a differential output signal pair's low to high and high to low propagation 
delays. With differential signal pairs, a low to high or high to low transition is defined as the transition of the true output or input pin. 

Note 2: tosLH describes in-phase gate-to-gate differential propagation skews with all differential outputs going low to high; tosHL describes the same conditions 
except with the outputs going high to low. 

Note 3: tosT describes the maximum worst case difference in any of the tps. toSLH or tosT delay paths combined. 

Note 4: The skew specifications pertain to differential 1/0 paths. 

Note 5: fmax = the highest frequency at which output VoLIVoH levels still meet V1N specifications. The F311 will function @ 1 GHz. 

Industrial Version 

DC Electrical Characteristics 
Vee = -4.2V to -S.7V, Vee = VeeA = GND (Note 3) 

Symbol Parameter 
Tc= -40°C Tc= 0°C to +85°C 

Units Conditions 
Min Max Min Max 

VoH Output HIGH Voltage -108S -870 -102S -870 mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1S7S -1830 -1620 mV orV1L (Min) son to -2.ov 

VoHe Output HIGH Voltage -109S -103S mV V1N = V1H Loading with 

Vole Output LOW Voltage -1S6S -1610 mV orV1L (Min) son to -2.ov 

Vss Output Reference Voltage -139S -12SS -1380 -1260 mV lvss = - 300 µA 

VDIFF Input Voltage Differential 1SO 1SO mV Required for Full Output Swing 

VeM Common Mode Voltage Vee - 2.0 Vee - 0.5 Vee - 2.0 Vee - 0.5 v 

V1H Input High Voltage 
-1170 -870 -116S -870 mV 

Guaranteed HIGH Signal for 

All Inputs 

2-33 

Ell 



,.... ,.... 
C") 
0 
0 ,.... 

Industrial Version (Continued) 

DC Electrical Characteristics (Continued) 
VEE = -4.2V to -5.7V, Vee = VeeA = GND (Note 3) 

Symbol Parameter 
Tc= -40°C Tc = 0°C to + 85°C 

Units Conditions 
Min Max Min Max 

V1L Input Low Voltage 
-1830 -1480 -1830 -1475 mV 

Guaranteed LOW Signal for 
All Inputs 

l1L Input LOW Current 0.50 0.50 µA V1N = V1L (Min) 

l1H Input HIGH Current V1N = V1H (Max) 
CLKIN, CLKIN 100 100 

µA 
EN 250 250 

leso Input Leakage Current -10 -10 µA V1N =VEE 

IEE Power Supply Current -115 -57 -115 -57 mA Inputs Open 

Vpp Minimum Input Swing 150 150 mV 

VcMR Common Mode Range Vee-2.0 Vee-0.5 Vee-2.0 Vee-0.5 v 
Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

AC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee= VecA = GND 

Symbol Parameter 
Tc= -40°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Typ Max Min Typ Max Min Typ Max 

fmax Max Toggle Frequency 
750 750 750 MHz 

CLKIN to On 

tPLH Propagation Delay, 

tPHL CLKINn to CLKn 
Differential 0.72 0.81 0.92 0.77 0.86 0.95 0.84 0.93 1.04 

Figure3 
Single-Ended 0.62 0.89 1.02 0.67 0.93 1.17 0.74 1.06 1.24 

ns 

tPLH Propagation Delay 
0.70 0.97 1.20 0.80 1.05 1.25 0.85 1.12 1.35 ns Figure2 

tPHL SEL to Output 

tps LH-HLSkew 10 30 10 30 10 30 Notes 1, 4 

tosLH Gate-Gate Skew LH 20 50 20 50 20 50 Notes 2, 4 

tosHL Gate-Gate Skew HL 20 50 20 50 20 50 
ps 

· Notes 2, 4 

tosT Gate-Gate LH-HL Skew 30 60 30 60 30 60 Notes3, 4 

ts Setup Time 
250 250 300 ps 

ENn to CLKINn 

tH Hold Time 
0 0 0 

ENn to CLKINn 
ps 

tR Release Time 
300 300 300 

ENn to CLKINn 
ps 

trLH Transition Time 
275 500 750 275 480 750 275 460 750 Figure4 

trHL 20% to 80%, 80%.to 20% 
ps 

Note 1: tps describes opposite edge skews, i.e. the difference between the delay of a differential output signal pair's low to high and high to low propagation 
delays. With differential signal pairs, a low to high or high to low transition is defined as the transition of the true output or input pin. 
Note 2: tosLH describes in-phase gate differential propagation skews with all differential outputs going low to high; tosHL describes the same conditions except 
with the outputs going high to low. 
Note 3: tosT describes the maximum worst case difference in any of the tps. tosLH or tosT delay paths combined. 
Note 4: The skew specifications pertain to differential 1/0 paths. 
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Test Circuit 
+2V 

L1 
SCOPE CHAN B 

~ L2 

.I. 0.011 µF 

L3 
SCOPE CHAN A -----1 SCOPE CHAN C 

~ 
Vee VeeA 

DIFFERENTIAL 
CLKIN 

CLK1--_L...,,-+-.. 

PULSE l 
GENERATOR 

l 

Note 1: Shown for testing CLKIN to CLK1 in the differential mode. 

Note 2: L1, L2, L3 and L4 = equal length 50!1 impedance lines. 

Note 3: All unused inputs and outputs are loaded with 50!1 in parallel with :;;; 
3 pF to GND. 

Note 4: Scope should have 50!1 input terminator internally. 

CLKf ____ ...,,_ .. _ 

_:r_ 

.I. 0.011 µF 

-2.SV 

FIGURE 1. AC Test Circuit 

Switching Waveforms 

SEL 

CLK(0-8) 

CLK(0-8) 

FIGURE 2. Propagation Delay, EN to Outputs 

CLKIN 

CLK(0-8) 

CLK(0-8) 

L4 

FIGURE 3. Propagation Delay, CLKIN/CLKIN to Outputs 

CLK(0-8) 

CLK(0-8) 

FIGURE 4. Transition Times 
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0 ..... ~National U Semiconductor 

100313 
Low Power Quad Driver 

General Description Features 
• 50% power reduction of the 100113 
• 2000V ESD protection 
• Pin/function compatible with 100113 and 100112 

The 100313 is a monolithic quad driver with two OR and two 
NOR outputs and common enable. The common input is 
buffered to minimize input loading. If the D inputs are not 
used the Enable can be used to drive sixteen 50!1 lines. All 
inputs have 50 kn pull-down resistors and all outputs are 
buffered. 

• Voltage compensated operating range = -4.2V to 
-5.7V 

Ordering Code: see section 6 

Logic Symbol 

D. 

Db 

De 

Dd 

E 

Connection Diagrams 

24-Pin DIP/SOIC 

02d 24 01d 

02. 23 02d 

01. 3 22 0 1d 

02c 4 21 Dd 

01. 5 20 o. 
Vee 6 19 E 

VCCA 18 VEE 

01b 17 Db 

02b 9 16 Da 

01b 10 15 01a 

02b 11 14 02a 

02a 12 13 01a 

TL/F/10249-1 

o,. 
021 

611 
021 

01b 

~b 
01b 

02b 

01c 
02c 

01c 

02c 

01d 

02d 

01d 

02d 

o. li1I 
Db ij] 

VEE [11 

VEES [j]] 
E [j]] 

o. Ii] 
Dd ij]j 

• Available to MIL-STD-883 
• Available to industrial grade temperature range 

Pin Names 

Da-Dd 
E 

Ona-Ond 
Ona-Ond 

TL/F/10249-3 

28-Pln PCC 

01a 02a 01a VESS 02a 02b 01b 

[j] [QI [[] [[I ITl []] [[] 

!Img§J~~§~~ 

mo2b 

[I] 01b 

III VCCA 

OJ Vee 
@]Vee 

[ZI 01c 

fill 02. 

01d 02d 01dVEES02d 02c 01c 

TL/F/10249-4 
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Description 

Data Inputs 
Enable Input 
Data Outputs 
Complementary Data Outputs 

24-Pin Flatpak 
Dd 00 E VEE Di, 00 

24 23 22 21 20 19 

7 8 9 10 11 12 

18 01a 

17 02a 

16 01. 

15 02a 

14 02b 

13 01b 

02c 01c Vee VeeA 0, b 02b 

TL/F/10249-2 



Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired (Note 1) Conditions 
If Military I Aerospace specified devices are required, Case Temperature (Tc) 
please contact the National Semiconductor Sales Commercial 0°Cto +85°C 
Office/Distributors for availability and specifications. Industrial - 40°C to + 85°C 
Storage Temperature (T srn) - 65°C to + 150°C Military - 55°C to + 125°C 
Maximum Junction Temperature (TJ) Supply Voltage (VEE) -5.7V to -4.2V 

Ceramic +175°C 
Plastic +150°C 

VEE Pin Potential to Ground Pin -7.0Vto +0.5V 

Input Voltage (DC) VEE to +0.5V 

Output Current (DC Output HIGH) -50mA 

ESD (Note2) ~2000V 

Note 1: Absolute maximum ratings are those values beyond which the de-
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 
Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Commercial Version 

DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -1025 -955 -870 
mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1830 -1705 -1620 orV1L(Min) 50.n to - 2.0V 

VoHC Output HIGH Voltage -1035 
mV V1N = V1H (Min) Loading with 

Vmc Output LOW Voltage -1610 orV1L(Max) 50.n to - 2.0V 

V1H Input HIGH Voltage 
-1165 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1830 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current 0.50 µA V1N = V1L (Min) 

l1H Input HIGH Current 
Data 350 

µA V1N = V1H (Max) 
Enable 240 

IEE Power Supply Current -59 -29 mA Inputs Open 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature ex1remes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

DIP AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max _Min Max Min Max 

tPLH Propagation Delay 
0.55 1.30 0.55 1.30 0.55 1.40 ns 

tPHL Data to Output Figures 1 and 2 

tPLH Propagation Delay (Note 1) 
0.80 1.80 0.80 1.80 0.80 1.90 ns 

tPHL Enable to Output 

tTLH Transition Time 
0.45 1.30 0.45 1.30 0.45 1.30 

Figures 1 and 2 
ns 

trHL 20% to 80%, 80% to 20% 

Note 1: The propagation delay specified-is for single output switching. Delays may vary up to 150 ps with multiple outputs switching. 
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Commercial Version (Continued) 

SOIC, PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter Tc= o·c Tc= +2s0 c Tc= +as·c Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.55 1.20 0.55 1.20 0.55 1.30 ns 

tPHL Data to Output Figures 1 and 2 

tPLH Propagation Delay (Note 2) 

tPHL Enable to Output 
0.80 1.70 0.80 1.70 0.80 1.80 ns 

tTLH Transition Time 
0.45 1.30 0.45 1.30 0.45 1.30 ns 

Figures 1 and 2 
tTHL 20% to 80%, 80% to 20% 

tosHL Maximum Skew Common Edge PCCOnly 
Output-to-Output Variation 280 280 280 ps (Note 1). 
Data to Output Path 

tosHL Maximum Skew Common Edge PCCOnly 
Output-to-Output Variation 290 290 290 ps (Note 1) 
Enable to Output Path 

tosLH Maximum Skew Common Edge PCCOnly 
Output-to-Output Variation 330 330 330 ps (Note 1) 
Data to Output Path 

tosLH Maximum Skew Common Edge PCCOnly 
Output-to-Output Variation 360 360 360 ps (Note 1) 
Enable to Output Path 

tosT Maximum Skew Opposite Edge PCCOnly 
Output-to-Output Variation 330 330 330 ps (Note 1) 
Data to Output Path 

tosT Maximum Skew Opposite Edge PCCOnly 
Output-to-Output Variation 360 360 360 ps (Note 1) 
Enable to Output Path 

tps Maximum Skew PCCOnly 
Pin (Signal) Transition Variation 200 200 200 ps (Note 1) 
Data to Output Path 

tps Maximum Skew PCCOnly 
Pin (Signal) Transition Variation 200 200 200 ps (Note 1) 
Enable to Output Path 

Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (tosHLl. or LOW to HIGH (tosLHl. or in opposite directions both 
HL and LH (tosr). Parameters tosr and tps guaranteed by design. 
Note 2: The propagation delay specified is for single output switching. Delays may vary up to 150 ps with multiple outputs switching. 

Industrial Version 

PCC DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = -40°C to +85°C (Note 3) 

Symbol Parameter Tc= -40°c Tc= o·c to +as·c 
Units Conditions 

Min Max Min Max 

VoH Output HIGH Voltage -1085 -870 -1025 -870 
mV V1N = V1H(Max) Loading with 

Vm Output LOW Voltage -1830 -1575 -1830 -1620 orV1L(Min) 50!1 to - 2.0V 

VQHC Output HIGH Voltage -1095 -1035 
mV V1N = V1H(Min) Loading with 

Vmc Output LOW Voltage -1565 -1610 orV1L(Max) 50!1 to - 2.0V 

V1H Input HIGH Voltage -1170 -870 -1165 -870 mV Guaranteed HIGH Signal for All Inputs 

V1L Input LOW Voltage -1830 -1480 -1830 -1475 mV Guaranteed LOW Signal for All Inputs 

l1L Input LOW Current 0.50 0.50 µA V1N = V1LJ_Min}_ 

l1H Input HIGH Current 
Data 350 350 

µA V1N = V1H(Max) Enable 240 240 

IEE Power Supply Current -59 -29 -59 -29 mA Inputs Open 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Industrial Version (Continued) 

PCC AC Electrical Characteristics 
VEE = -4.2V to -S.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -40°C 

Min Max 

tPLH Propagation Delay 
o.ss 1.20 

tpHL Data to Output 

tpLH Propagation Delay 

tPHL Enable to Output 
0.80 1.70 

tTLH Transition Time 
0.4S 1.30 

trnL 20% to 80%, 80% to 20% 

Tc= +25°C Tc= +85°C 
Units 

Min Max Min Max 

o.ss 1.20 o.ss 1.30 ns 

0.80 1.70 0.80 1.80 ns 

0.4S 1.30 0.4S 1.30 ns 

Note 1: The propagation delay specified is for single output switching. Delays may vary up to 150 ps with multiple outputs switching. 

Military Version 

DC Electrical Characteristics 
VEE = -4.2V to -S.7V, Vee = VecA = GND, Tc = -SS°C to + 12S°C 

Symbol Parameter Min Max Units Tc Conditions 

VoH Output HIGH Voltage -102S -870 mV 0°C to + 12s0 c 

Conditions 

Figures 1 and 2 
(Note 1) 

Figures 1 and 2 

Notes 

-108S -870 mV -55°C V1N = V1H (Max) Loading with 
1, 2, 3 

Vol Output LOW Voltage -1830 -1620 mV 0°c to + 12s0 c orV1L(Min) son to -2.ov 

-1830 -1SSS mV -SS°C 

VoHC Output HIGH Voltage -103S mV 0°c to + 12s0 c 

-108S mV -SS°C V1N = V1H (Min) Loading with 
1, 2, 3 

VoLC Output LOW Voltage -1610 mV 0°c to + 12s0 c orV1L (Max) son to -2.ov 

-1SSS mV -SS°C 

V1H Input HIGH Voltage 
-116S -870 mV - SS°C to + 12S°C 

Guaranteed HIGH Signal 
1,2,3,4 

for All Inputs 

V1L Input LOW Voltage 
-1830 -147S mV - SS°C to + 12S°C 

Guaranteed LOW Signal 
1,2,3,4 

for All Inputs 

l1L Input LOW Current 
o.so µA -ss0 c to+ 12s0 c 

VEE= -4.2V 
1, 2, 3 

V1N = V1L (Min) 

l1H Input HIGH Current 
Data 3SO 

µA 0°C to + 12s°C 
Enable 240 VEE= -S.7V 1, 2, 3 

Data soo V1N = V1H (Max) 

Enable 340 
µA -ss0 c 

IEE Power Supply Current -6S -20 mA - SS°C to + 12S°C Inputs Open 1, 2, 3 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at -55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at -55°C, + 25°C, and + 125°C, Subgroups A 1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 
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Military Version (Continued) 

AC Electrical Characteristics 
VEE= -4.2V to -5.?V, Vee= VeeA = GND 

Symbol Parameter 
Tc= -ss·c 
Min Max 

tPLH Propagation Delay 
0.30 2.00 

tPHL Data to Output 

tPLH Propagation Delay 
0.50 2.40 

tPHL Enable to Output 

tTLH Transition Time 
0.30 2.00 

tTHL 20% to 80%, 80% to 20% 

Tc= +25°C Tc= +125°C 
Units Conditions Notes 

Min Max Min Max 

0.30 1.80 0.30 2.30 ns 
1, 2, 3, 5 

0.60 2.30 0.60 2.70 ns Figures 1 and 2 

0.30 1.90 0.30 2.00 ns 4 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -SS0 C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at +25°C, Subgroup A9. 

Note 3: Sample tested (Method 5005, Table 1) on each manufactured lot at +25°C, Subgroup A9, and at+ 125°C and -55°C temperatures, Subgroups A10 and 
A11. 

Note 4: Not tested at + 2s·c. + 12s·c. and -ss·c temperature (design characterization data). 

Note 5: The propagation delay specified is for single output switching. Delays may vary up to 1 SO ps with multiple outputs switching. 

Test Circuitry 

" I \ 

50 !l 

50 !l 

50 !l 

50 !l 

50 !l 

50 !l 

Vee 

*0.1µF 

24 23 22 21 20 19 50 !l 
18 

50 !l 
17 

50 !l 
16 

50 !l 
15 

50 !l 
14 

50 !l 
13 

7 8 9 10 11 12 

50 !l 

25µF * *0.1 µF 

Vee 

\ I 

J 
FIGURE 1. AC Test Circuit 
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Notes: 

Vee. VeeA = +2V, VEE = -2.SV. 

L 1 and L2 = equal length son impedance lines. 

Ar = son terminator internal to scope. 

Decoupling 0.1 µF from GND to Vee and VEE· 

All unused outputs are loaded with son to GND. 

CL = Fixture and stray capacitance s: 3 pF. 

Pin numbers shown are for flatpak; for DIP see logic 
symbol. 

TL/F/10249-5 



Switching Waveforms 

OUTPUT 

0.7±0.1 nsl .-- 1 L0.7:0.1 ns 

~ ~ 
+1.0SV 

80"/o 

INPUT 50% 

TRUE ••• , _j I - 20% I'"" + 0.31 v 

IPL.J ~ ~ tPHL 
COMPLEMENT l j 

ITLH~ 
FIGURE 2. Propagation Delay and Transition Times 
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100314 
Low Power Quint Differential Line Receiver 
General Description 
The 100314 is a monolithic quint differential line receiver 
with emitter-follower outputs. An internal reference supply 
(Vss) is available for single-ended reception. When used in 
single-ended operation the apparent input threshold of the 
true inputs is 25 mV to 30 mV higher (positive) than the 
threshold of the complementary inputs. Unlike other F1 OOK 
ECL devices, the inputs do not have input pull-down resis­
tors. 

Active current sources provide common-mode rejection of 
1.0V in either the positive or negative direction. A defined 
output state exists if both inverting and non-inverting inputs 
are at the same potential between VEE and Vee- The de­
fined state is logic HIGH on the Oa-Oe outputs. 

Ordering Code: see section 6 

Logic Symbol 

o.~o. 
o.~~. 

Features 
• 35% power reduction of the 100114 

• 2000V ESD protection 
• Pin/function compatible with 100114 
• Voltage compensated operating range = 

-4.2V to -5.7V 

• Available to MIL-STD-883 
• Available to industrial grade temperature range 

Pin Names Description 

Da-De Data Inputs 

Da-De Inverting Data Inputs 

Oa-Oe Data Outputs ~~~: 
~c~~c 

Oa-Oe Complementary Data Outputs 

Dc~Oc 

t>--vee 

Connection Diagrams 
24-Pin DIP/SOIC 

D, 1 24 De 

o, 2 23 Dd 

o, 3 22 Dd 

od 4 21 De 

od 5 20 De 

Vee 6 19 Vee 

VeCA 18 VEE 

oc 17 Db 

De 9 Db 

ob 10 Da 

ob 11 14 Da 

oa 12 13 Oa 

TL/F/10260-2 

TL/F/10260-1 

Db IIlJ 
Db l!ll 

VEE IBI 
VEES 11]] 

Yee Im 
De Ii] 
De Jj]J 

28-Pin PCC 

Da Da Oa VEES Oa Ob Ob 
IIill!.Qll!J[[][Z::mJrn 

11]]~~~~~~ 
Dd Dd D8 VEEsDe o, 00 
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[I) QC 

[I) QC 

!IJ VeCA 
OJ Vee 
~Vee 
llll od 
~od 

TL/F / 10260-4 

Dd 

Dd 

D, 

D, 

o, 

o, 

24-Pin Quad Cerpak 

1 

3 

4 

5 

6 

De De Vee VEE Db Db 

24 23 22 21 20 19 

18 Da 

17 Da 

16 Oa 

15 oa 

14 ob 

13 ob 
7 8 9 10 11 12 

Od Od Vee VeCA Oc Oc 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired (Note 1) Conditions 
If Military/Aerospace specified devices are required, 

Case Temperature (Tc) 
please contact the National Semiconductor Sales 

Commercial 0°Cto +85°C 
Office/Distributors for availability and specifications. 

Industrial - 4o·c to + 85°C 
Storage Temperature (T sTG) - 65°C to + 150°c Military -55°C to+ 125°C 
Maximum Junction Temperture (TJ) Supply Voltage (VEE) -5.7V to -4.2V 

Ceramic +175°C 
Plastic +150°c 

Pin Potential to Ground Pin (VEE) - 7.0V to + 0.5V 

Input Voltage (DC) VEE to +0.5V 

Output Current (DC Output HIGH) -50mA 

ESD (Note 2) ~2000V 

Note 1: Absolute maximum ratings are those values beyond which the de-
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 

Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Commercial Version 

DC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee= VccA = GND, Tc= o•c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -1025 -955 -870 mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1705 -1620 mV orV1L(Min) 50!1 to -2.0V 

VoHC Output HIGH Voltage -1035 mV V1N = V1H Loading with 

VoLC Output LOW Voltage -1610 mV orV1L (Max) 50!1 to -2.0V 

Vss Output Reference Voltage -1380 -1320 -1260 mV lvss = - 250 µA 

Vo1FF Input Voltage Differential 150 mV Required for Full Output Swing 

VcM Common Mode Voltage Vee - 2.0 Vee - 0.5 v 
V1H Single-Ended Guaranteed HIGH Signal for All 

Input High Voltage -1110 -870 mV Inputs (with one input tied to Vss) 

Vss (Max) + Vo1FF 

V1L Single-Ended Guaranteed LOW Signal for All 

Input Low Voltage -1830 -1530 mV Inputs (with one input tied to Vss) 

Vss (Min) - Vo1FF 

l1L Input LOW Current 0.50 µA V1N = V1L (Min) 

l1H Input HIGH Current 
240 µA 

V1N = V1H (Max)• Da-De = V99, 

Da-De = V1L(Min) 

lcso Input Leakage Current 
-10 µA 

V1N = VEE· Da-De = V99, 

Da-De = V1L (Min) 

IEE Power Supply Current -60 -30 mA Da-De = Vss. Da-De = V1L (Min) 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Commercial Version (Continued) 

DIP AC Electrical Characteristics vEE = -4.2Vto -s.1v, Vee= vccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +2S°C Tc= +ss0 c 

Units Conditions 
Min Max Min Max Min Max 

fMAXFS Toggle Frequency 
250 250 250 MHz (Note 2) 

(Full Swing) 

fMAXRS Toggle Frequency 
700 700 700 MHz (Note 3) 

(Reduced Swing) 

tPLH Propagation Delay 
0.65 1.90 0.65 2.00 0.70 2.00 ns 

tPHL Data to Output 
Figures 1 and 2 

trLH Transition Time 
0.35 1.20 0.35 1.20 0.35 1.20 

trHL 20% to 80%, 80% to 20% 
ns 

SOIC, PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +ss0 c 

Units Conditions 
Min Max Min Max Min Max 

fMAXFS Toggle Frequency 
250 250 250 MHz (Note2) 

(Full Swing) 

fMAXRS Toggle Frequency 
700 700 700 MHz (Note3) 

(Reduced Swing) 

tPLH Propagation Delay 
0.65 1.70 0.65 1.80 0.70 1.80 ns 

tPHL Data to Output 
Figures 1 and 2 

tTLH Transition Time 
0.35 1.10 0.35 1.10 0.35 1.10 

tTHL 20% to 80%, 80% to 20% 
ns 

tPLH Propagation Delay 
0.70 1.50 0.80 1.60 0.90 1.80 . ns PCConly 

tPHL Data to Output 

tosHL Maximum Skew Common Edge 
PCC only 

Output-to-Output Variation 280 280 280 ps 
(Notes 1 and 4) 

Data to Output Path 

tosLH Maximum Skew Common Edge 
PCConly 

Output-to-Output Variation 330 330 330 ps 
(Notes 1 and 4) 

Data to Output Path 

tosT Maximum Skew Opposite Edge 
PCC only 

Output-to-Output Variation 330 330 330 ps 
(Notes 1 and 4) 

Data to Output Path 

tps Maximum Skew 
PCConly 

Pin (Signal) Transition Variation 320 320 320 ps 
(Notes 1 and 4) 

Data to Output Path 

Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (losHU· or LOW to HIGH (losLH), or in opposite directions both 
HL and LH (losTl· Parameters tosT and tps guaranteed by design. 

Note 2: Maximum toggle frequency at which VoH and VoL DC specifications are maintained. 

Note 3: Maximum toggle frequency at which outputs maintain 150 mV swing. 

Note 4: All skews calculated using input crossing point to output crossing point propagation delays. 

Industrial Version 
PCC DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee= VccA = GND, Tc= - 40°C to + 85°C (Note 1) 

Symbol Parameter 
Tc= -40°C Tc= 0°C to +8S°C 

Units Conditions 
Min Max Min Max 

VoH Output HIGH Voltage -1085 -870 -1025 -870 mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1575 -1830 -1620 mV orV1L (Min) son to -2.ov 
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Industrial Version (Continued) 

PCC DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = - 40°C to + 85°C (Note 1) (Continued) 

Symbol Parameter 
Tc= -40°c Tc= o·c to +ss·c 

Units Conditions 
Min Max Min Max 

VoHe Output HIGH Voltage -1095 -1035 mV V1N = V1H I Loading with 

Vme Output LOW Voltage -1565 -1610 mV orV1L (Min) 500. to -2.0V 

Vss Output Reference Voltage -1395 -1255 -1380 -1260 mV lvss = - 250 µA 

Vo1FF Input Voltage Differential 150 150 mV Required for Full Output Swing 

VeM Common Mode Voltage Vee - 2.0 Vee - o.5 Vee - 2.0 Vee - o.5 v 

V1H Single-Ended Guaranteed HIGH Signal for All 
Input High Voltage -1115 -870 -1110 -870 mV Inputs (with one input tied to Vss) 

Vss (Max) + Vo1FF 

V1L Single-Ended Guaranteed LOW Signal for All 
Input Low Voltage -1830 -1535 -1830 -1530 mV Inputs (with one input tied to V99) 

Vss (Min) - Vo1FF 

l1L Input LOW Current 0.50 0.50 µA V1N = V1L (Min) 

l1H Input HIGH Current 
240 240 µA ~IN .'.: V1H (Max)• Da-De = V99, 

Da-De = V1L (Min) 

leso Input Leakage Current 
-10 -10 µA 

V1N = VEE• Da-De = Vss 
Da-De = V1L (Min) 

IEE Power Supply Current -60 -30 -60 -30 mA Da-De = V99, Da-De = V1L (Min) 

Note 1: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

PCC AC Electrical Characteristics vEE = -4.2v to -5.7V, Vee = vceA = GND 

Symbol Parameter 
Tc= -40°c Tc= +25°C Tc= +ss·c 

Units Conditions 
Min Max Min Max Min Max 

fMAXFS Toggle Frequency 
250 250 250 MHz (Note2) 

(Full Swing) 

fMAXRs Toggle Frequency 
700 700 700 MHz (Note 3) 

(Reduced Swing) 

tPLH Propagation Delay 
0.65 1.70 0.65 1.80 0.70 1.80 ns 

tPHL Data to Output 

trLH Transition Time 
Figures 1 and 2 

trnL 20% to 80%, 80% to 20% 
0.20 1.40 0.35 1.10 0.35 1.10 ns 

Military Version 
DC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee= VccA = GND, Tc= - 55°C to + 125°C (Note 3) 

Symbol Parameter Min Typ Max Units Tc Conditions Notes 

VoH Output HIGH Voltage 
-1025 -870 mV 

o·cto 
+125°c 

-1085 -870 mV -55°c V1N = V1H (Max) Loading with 1, 2, 3 
VoL Output LOW Voltage o·cto orV1L (Min) 500.to -2.0V 

-1830 -1620 mV 
+125°c 

-1830 -1555 mV -55°c 
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Military Version (Continued) 

DC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee = VccA = GND, Tc = - 55°C to + 125°C (Note 3) (Continued) 

Symbol Parameter Min Typ Max Units Tc Conditions Notes 

VoHC Output HIGH 
-1035 mV 

0°Cto 
Voltage +125°C 

-1085 mV -55°C V1N = V1H (Max) Loading with 1, 2, 3 

VoLC Output LOW 0°Cto orV1L (Min) 50!1 to -2.0V 

Voltage 
-1610 mV 

+125°C 

-1555 mV -55°c 

Vss Output Reference 
-1260 mV 

0°Cto 
lvss = 0 µA, VEE = 4.2V 1,2,3 

Voltage +125°C 

-1380 -1260 mV 
0°Cto 

lvss = -250 µA, VEE= -5.7V 
+125°C 1, 2, 3 

-1396 mV -55°C lvss = -350 µA, VEE = -5.7V 

Vo1FF Input Voltage 
150 mV 

-55°Cto 
Required for Full Output Swing 1, 2, 3 

Differential + 125°C 

VcM Common Mode 
Vee - 2.0 Vee - 0.5 v -55°Cto 

1, 2, 3 
Voltage +125°C 

V1H Single-Ended 
-1165 -870 mV 

-55°Cto Guaranteed HIGH Signal for All 
1,2,3,4 

Input High Voltage +125°C Inputs (with Dn tied to Vss) 

V1L Single-Ended 
-1830 -1475 mV 

-55°Cto Guaranteed LOW Signal for All 
1, 2, 3, 4 

Input Low Voltage + 125°C Inputs (with Dn tied to Vss) 

l1H Input HIGH Current 
50 µA 

0°Cto 
V1N = V1H (Max)• Da-De = V99, 

+125°C 
Da-De = V1L (Min) 1, 2, 3 

70 µA -55°C 

lcso Input Leakage 
-10 µA 

-55°Cto V1N =VEE· Da-De = V99, 1,2,3 
Current +125°C Da-De = V1L (Min) 

IEE Power Supply 
-65 -25 mA 

-55°Cto Da-De = V99, 
1,2,3 

Current + 125°C Da-De = V1L (Min) 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can· be 
considered a worst case condition at cold temperatures. 
Note 2: Screen tested 100% on each device at -55°C, +25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at -55°C, + 25°C, and + 125°C, Subgroups A 1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 

AC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= -55°C Tc= +25°C Tc= +125°C 

Units Conditions Notes 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.40 2.30 0.60 2.20 0.60 2.70 ns 1, 2, 3 

tPHL Data to Output 
Figures 1 and 2 r---

tTLH Transition Time 
0.20 1.40 0.20 1.40 0.20 1.40 4 ns 

tTHL 20% to 80%, 80% to 20% 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold temperatures. 
Note 2: Screen tested 100% on each device at +25°C temperature only, Subgroup A9. 
Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at +25°C, Subgroup A9, and at+ 125°C and -55°C temperatures, Subgroups A10 and 
A11. 
Note 4: Not tested at + 25°C, + 125°C and - 55°C temperature (design characterization data). 
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Test Circuit 

Vee 

PULSE ,-, CIRCUIT 

I I ''i ]_ Rr 

SCOPE 
CHAN A 

SCOPE 
CHAN B GENERATOR t--+,-,---1 u:E~~R t--+1-+, -.,.._._.._. 

l l ---
Rr IcL Notes: Vee. VeeA = +2V, VEE = -2.SV 

L 1 and L2 = equal length son impedance lines 
Rr = son terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance ,.;; 3 pF 

Switching Waveforms 

VEE I 0.1 ,.F -=- -=-

FIGURE 1. AC Test Circuit 

0.7±0.1 ns-:~I ~ lu:t=0.7±0.1 ns+1.0SV 
80% 

INPUT 50% 

I 
20% 

tPHL ___.... 1~ __.. I..- lPLH + o.

31 

v 
TRUE 

OUTPUT---t-PL_H _ _.--i ~ ~~PHL 
COMPLEMENT L j 

trLH_., 

FIGURE 2. Propagation Delay and Transition Times 
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100315 
Low-Skew Quad Clock Driver 

General Description Features 
• Low output to output skew ( ~ 50 ps) 
• Differential inputs and outputs 
• Small outline package (SOIC) 

The 100315 contains four low skew differential drivers, de­
signed for generation of multiple, minimum skew differential 
clocks from a single differential input. This device also has 
the capability to select a secondary single-ended clock 
source for use in lower frequency system level testing. The 
100315 is a 300 Series redesign of the 100115 clock driver. 

• Secondary clock available for system level testing 

Ordering Code: see section 6 

Logic Diagram 

CLKIN 
CLKIN 

CLKSEL 

TCLK 

Pin Names 

CLKIN, CLKIN 

CLK1 _4, CLK1 -4 

TCLK 
CLKSEL 

Description 

Differential Clock Inputs 
Differential Clock Outputs 
Test Clock lnputt 
Clock Input Selectt 

• 2000V ESD protection 
• Voltage compensated operating range: -4.2V to -5.7V 
• Military and industrial grades available 

Connection Diagram 

.----CLK1 

•-1~.._- CLK1 

r.,....-- CLK2 

I..,,..,,__ CLK2 

r-.-- CLK3 

,_,..,,__ CLK3 

r..-- CLK4 

•-1~.._- CLK4 

TL/F/10960-1 

CLKIN 

VEE 

CLK1 

CLK1 4 

CLK2 

CLK2 

VeeA 

TCLK 

SOICand 
Flatpack 

16 

15 

14 

13 

12 

11 

10 

CLKIN 

VEE 

CLK4 

CLK4 

CLK3 

CLK3 

Vee 

CLKSEL 

TL/F/10960-2 

tTCLK and CLKSEL are single-ended inputs, with internal 50 k!l pulldown 
resistors. 

Truth Table 
CLKSEL CLKIN 

L L 
L H 
H x 
H x 

L = Low Voltage Level 

H = High Voltage Level 

X = Don't Care 

CLKIN 

H 
L 
x 
x 

TCLK CLKN CLKN 

x L H 
x H L 
L L H 
H H L 

2-48 



Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired (Note 1) Conditions 
If Military/ Aerospace specified devices are required, 

Case Temperature (Tc) please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. Commercial 0°Cto +85°C 

Industrial - 40°C to + 85°C 
Storage Temperature - 65°C to + 150°C Military - 55°C to + 125°C 
Maximum Junction Temperature (TJ) Supply Voltage (VEE) -5.7V to -4.2V 

Plastic + 150°C 
Ceramic + 175°C 

Case Temperature under Bias (Tc) 0°Cto +85°C 

VEE Pin Potential to Ground Pin - 7.0V to + 0.5V 

Input Voltage (DC) Vee to +0.5V 

Output Current (DC Output HIGH) -50mA 

Operating Range (Note 2) -5.7Vto -4.2V 

ESD (Note2) ~2000V 

Note 1: Absolute maximum ratings are those values beyond which the de-
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 
Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Commercial Version 

DC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee= VccA = GND, Tc= 0°c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -1025 -955 -870 
mV V1N = V1H(Max) Loading with 

VoL Output LOW Voltage -1830 -1705 -1620 orV1L(Min) son to -2.ov 

VoHC Output HIGH Voltage -1035 
mV V1N = V1H(Min) Loading with 

VoLC Output LOW Voltage -1610 orV1L(Max) son to -' 2.ov 

V1H Single-Ended 
-1165 -870 mV 

Guaranteed HIGH Signal for All Inputs 
Input HIGH Voltage 

V1L Single-Ended 
-1830 -1475 mV 

Guaranteed LOW Signal for All Inputs 
Input LOW Voltage 

l1L Input LOW Current 0.50 µA V1N = V1L(Min) 

l1H Input High Current V1N = V1H(Max) 
CLKIN, CLKIN 150 µA 
TCLK 250 µA 
CLKSEL 250 µA 

Vo1FF Input Voltage Differential 150 mV Required for Full Output Swing 

VcM Common Mode Voltage Vee - 2v Vee - o.sv v 

lcso Input Leakage Current -10 µA V1N =VEE 

IEE Power Supply Current -67 -35 mA 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature ex1remes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
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Commercial Version (Continued) 

AC Electrical Characteristics VEE = -4.2V to -4.8V, Vee = VeeA = GND 

Symbol Parameter 
Tc= o·c Tc= +25°C Tc= +ss·c 

Units Conditions 
Min Max Min Max Min Max 

fMAX Maximum Clock Frequency 750 750 750 MHz 

tpLH Propagation Delay CLKIN, 
tpHL CLKIN to CLK(1-4)• CLK(1-4) ns Figures 1, 3 

Differential 0.59 0.79 0.62 0.82 0.67 0.87 
Single-Ended 0.59 0.99 0.62 1.02 0.67 1.07 

tPLH Propagation Delay, TCLK 
0.50 1.20 0.50 1.20 0.50 1.20 ns Figures 1, 2 

tPHL to CLK(1-4)• CLK(1-4) 

tpLH Propagation Delay, CLKSEL 
0.80 1.60 0.80 1.60 0.80 1.60 ns Figures 1, 2 

tpHL to CLK(1-4)• CLK(1-4) 

trLH Transition Time 
0.30 0.80 0.30 0.80 0.30 0.80 Figures 1, 4 

trnL 20% to 80%, 80% to 20% 
ns 

tosr Maximum Skew Opposite Edge 
DIFF Output-to-Output Variation 50 50 50 ps (Note 1) 

Data to Output Path 

Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
dovico. The specifications apply to any outputs switching in the same direction either HIGH to LOW (losHU· or LOW to HIGH (loSLH). or in opposite directions both 
HL and LH (losT>· Parameters tosT and tps guaranteed by design. 

Industrial Version 

DC Electrical Characteristics vEE = -4_2v to -5.7, Vee = VeeA = GND 

Symbol Parameter 
Tc= -40°c Tc= o·c to +ss·c 

Units Conditions 
Min Max Min Max 

VoH Output HIGH Voltage 
-1085 -870 -1025 -870 mV V1N = V1H(Max) Loading 

orV1L(Min) with 

Vol Output LOW Voltage V1N = V1H(Min) 
50!l.to 

-1830 -1575 -1830 -1620 mV 
orV1L(Max) 

-2.0V 

VoHe Output HIGH Voltage 
-1095 -1035 mV V1N = V1H(Max) Loading 

orV1L(Min) with 

Vole Output LOW Voltage V1N = V1H(Min) 
50!l.to 

-1565 -1610 mV 
or V1L(Max) 

-2.0V 

V1H Single-Ended 
-1170 .-870 -1165 -870 mV 

Guaranteed HIGH Signal 
Input HIGH Voltage for All Inputs 

V1L Single-Ended 
-1830 -1480 -1830 -1475 mV 

Guaranteed LOW Signal 
Input LOW Voltage for All Inputs 

l1L Input LOW Current 0.50 0.50 µA V1N = V1L(Min) 
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Industrial Version (Continued) 

DC Electrical Characteristics vEE = -4.2V to -5.7, Vee= VeeA = GND (Continued) 

Symbol Parameter 
Tc= -40°C Tc = 0°C to + 85°C 

Units Conditions 
Min Max Min Max 

l1H Input HIGH Current 
CLKIN, CLKIN 107 107 µA V1N = V1H (Max) 
TCLK 300 300 µA 
CLKSEL 260 260 µA 

VoJFF Input Voltage 
150 150 mV 

Required for Full 
Differential Output Swing 

VeM Common Mode Voltage Vee - 2v Vee - o.5V v 

leso Input Leakage Current -10 -10 µA V1N =VEE 

IEE Power Supply Current -70 -30 -70 -30 mA 

AC Electrical Characteristics vEE = -4.2Vto -5.7V, Vee= veeA = GND 

Symbol Parameter 
Tc= -40°C Tc= +25°C Tc= +8S°C 

Units Conditions 
Min Max Min Max Min Max 

fMAX Maximum Clock Frequency 750 750 750 MHz 

tPLH Propagation Delay CLKIN, 

tPHL CLKIN to CLK(1-4)• CLK(1-4) 
ns Figures 1, 3 

Differential 0.59 0.99 0.62 0.82 0.67 0.87 
Single-Ended 0.59 0.99 0.62 1.02 0.67 1.07 

tPLH Propagation Delay, TCLK 
0.50 1.20 0.50 1.20 0.50 1.20 ns 

tPHL to CLK(1-4)• CLK(1-4) 
Figures 1, 2 

trLH Transition Time 
0.30 0.80 0.30 0.80 0.30 0.80 ns 

trHL 20% to 80%, 80% to 20% 

tosr Maximum Skew Opposite Edge 
DIFF Output-to-Output Variation 50 50 50 ps (Note 1) 

to Output Path 

Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same package 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (losHU· or LOW to HIGH (losLHl. or in opposite directions both 
HL and LH (losr). Parameters tosr and tps guaranteed by design. 

Military Version-Preliminary 
DC Electrical Characteristics vEE = -4.2Vto -5.7V, Vee= VeeA = GND (Note 3) 

Symbol Parameter Min Typ Max Units Tc Conditions Notes 

VoH Output HIGH 
-1025 -870 mV 

0°Cto 
Voltage + 125°C 

-1085 -870 mV -55°C V1N = VJH(Max) Loading with 
1, 2, 3 

VoL Output LOW 0°Cto orV1L(Min) 50!lto -2.0V 

Voltage 
-1830 -1620 mV 

+ 125°C 

-1830 -1555 mV -55°C 

VoHe Output HIGH 
-1035 mV 

0°Cto 
Voltage +125°C 

-1085 mV -55°C V1N = VJH(Min) Loading with 1, 2, 3 
Vme Output LOW 0°Cto orV1L(Max) 50!lto -2.0V 

Voltage 
-1610 mV 

+125°C 

-1555 mV -55°C 
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T-a Military Version-Preliminary (Continued) 
0 
T-

DC Electrical Characteristics vEE = -4.2V to -5.7V, Vee= VeeA = GND (Note 3) (Continued) 

Symbol Parameter Min Typ Max Units Tc Conditions Notes 

Vo1FF Input Voltage 
150 mV 

-55°Cto 
Required for Full Output Swing 1, 2, 3 

Differential +125°C 

VcM Common Mode 
Vee - 2.0 Vee - o.5 v 

-55°Cto 
1, 2, 3 

Voltage +125°C 

V1H Single-Ended 
-1165 -870 mV 

-55°Cto Guaranteed HIGH Signal 
1,2,3,4 

Input High Voltage + 125°C for All Inputs 

V1L Single-Ended 
-1830 -1475 mV 

-55°Cto Guaranteed LOW Signal 
1, 2, 3, 4 

Input Low Voltage + 125°C for All Inputs 

l1H Input HIGH Current 
120 µA 

-55°Cto 
CLKIN, CLKIN + 125°C 

TCLK 350 µA V1N = V1H(Max) 1, 2, 3 

CLKSEL 300 µA 

leso Input Leakage 
-10 µA 

-55°Cto V1N =VEE 1,2,3 
Current + 125°C 

IEE Power Supply -90 -30 mA -55°Cto 
1,2,3 

Current, Normal + 125°C 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at -55°C, +25°C, and +125°C, Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at -55°C, +25°C, and + 125°C, Subgroups Al, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 

AC Electrical Characteristics vEE = -4.2v to -5.7V, Vee= VeeA = GND 

Symbol Parameter 
Tc= -55°C Tc= +25°C Tc= +125°C 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay CLKIN, 
0.61 0.81 0.61 0.81 0.60 0.83 ns 

tPHL CLKIN to CLK(1-4)• CLK(1-4) 

tPLH Propagation Delay, TCLK 
0.50 1.20 0.50 1.20 0.50 1.20 ns Figures 1 tPHL to CLK(1-4)• CLK(1-4) 

and2 
tsG-G Skew Gate to Gate (Note 5) 100 100 100 ps 

tTLH Transition Time 
0.35 0.80 0.30 0.75 0.25 0.75 

tTHL 20% to 80%, 80% to 20% 
ns 

Notes 

1,2,3 

4 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C, then testing immedi­
ately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup A9. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at + 25°C, Subgroup A9, and at + 125'C and -55°C temperatures, Subgroups A10 and 
A11. 
Note 4: Not tested at + 25°C, + 125°C and -55°C temperature (design characterization data). 

Note 5: Maximum output skew for any one device. 
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L 1 
SCOPE CHAN B 

I ':I_ 
SCOPE CHAN A 

Yee 

--.-,.-----t---t CLKIN 
DIFFERENTIAL 

PULSE 
GENERATOR 

_J_ 

_J_ 

Note 1: Shown for testing CLKIN to CLK1 in the differential mode. 

Note 2: L1, L2, L3 and L4 = equal length 50!1 impedance lines. 

+2V 

-2.5V 

.I 0.011 µF 

VeeA 
CLK1---.--""" 

_J_ 

Note 3: All unused inputs and outputs are loaded with 50!1 in parallel with ,,::; 3 pF to GND. 

Note 4: Scope should have 50!1 input terminator internally. 

TCLK, 
CLKSEL 

FIGURE 1. AC Test Circuit 

SCOPE CHAN D 

_J_ 

TL/F/10960-3 

CLK(1-4)----~ I:;~~ ~ l:,,_;_~-~--x x OUTPUTS (NOTE 1) 

CLK(1-4)---- --------
TL/F/10960-4 

FIGURE 2. Propagation Delay, TCLK, CLKSEL to Outputs 

CLKIN 1.05V 

INPUTS 

CLKIN 0.31V 

CLK (1-4) TRUE 
OUTPUTS 
(NOTE 1) 

CLK (1-4) 

~;~: ~;~: 
COMPLEMENT 

TL/F/10960-5 

FIGURE 3. Propagation Delay, CLKIN/CLKIN to Outputs 

CLK(1-4)-------.. 
80% 

CLK ( 1-4) ZO% 
-----

1
-TL-H ~ 

TL/F/10960-6 

FIGURE 4. Transition Times 
Note 1: The output to output skew, which is defined as the difference in the propagation delays between each of the four outputs on any one 100115 shall not 
exceed 75 ps. 
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U Semiconductor 

100316 
Low Power Quad Differential Line Driver with Cut-Off 

General Description 
The 100316 is a quad differential line driver with output cut­
off capability. The outputs are designed to drive a doubly 
terminated 50!1 transmission line (25!1 equivalent imped­
ance) in an ECL backplane. The 100316 is ideal for driving 
low noise, differential ECL backplanes. A LOW on the out­
put enable (OE) will set both the true and complementary 
outputs into a high impedance or cut-off state, isolating 
them from the backplane. The cut-off state is designed to 
be more negative than a normal ECL LOW state. 

Unlike most 1 OOK devices, the data inputs (Dn, Dn) do not 
have input pull-down resistors. An internal reference supply 
(Vss) is available for single-ended operation. 

Ordering Code: see section 6 

Logic Symbol 

D1 o; D2 02 D3 D4 

OE 

01 Qj 02 o; 03 03 04 04 

TL/F/10922-1 

Connection Diagrams 
24-Pin DIP 

01 24 D1 

a; 23 o; 
02 22 D2 

a; 21 o; 
Vcco 20 Vea 

Vee 19 OE 

VccA 18 VEE 

o; 17 VEEO 

03 16 o; 
~ 10 15 D3 

04 11 14 ~ 
NC 12 13 D4 

TL/F/10922-2 

Features 
• Differential inputs and outputs 
• Output cut-off capability 
• Drives 25!1 load 
• Vss available for single-ended operation 
• 2000V ESD protection 
• Voltage compensated operating range = -4.2V to 

-5.7V 
• Available to industrial grade temperature range 

Pin Names 

Dn 
On 
On 
OE 

o;[j]] 
Yrro fill 

VEE IEJ 
Ym fill 

OE [j]] 

Vee IIZI 
Dz[j]J 

Description 

Data Inputs 
Data Outputs 
Complementary Data Outputs 
Output Enable 

28-Pin PCC 

03 D,i 04 Ym NC 04 Q'4 
mJ [!QI III III III II! III 

(j]J~[j]lllJ§IIlllm 

D2 Dj D1Ym01 Ql 02 

[!]03 

III Q3 
III YeeA 

DJ Vee 
~Yee 
Im Yeea 

~02 

TL/F/10922-3 
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Logic Diagram 

OE 

D1 01 

o; ~ 

D2 02 

52 02 

D3 03 

53 03 

D4 04 

~ 04 

[>-Vea 
TL/F/10922-5 

2-55 

Truth Table 
Inputs 

Dn Dn 
L H 
H L 
x x 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

OE 

H 
H 
L 

Cut-Off = Lower-than-Low State 

Outputs 

On On 

L H 
H L 

Cut-Off Cut-Off 
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Absolute Maximum Ratings 
Above which the useful life may be impaired (Note 1) 

If Military I Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Temperature (T srn) - 65°C to + 150°C 

Maximum Junction Temperature (TJ) 
Ceramic 
Plastic 

Pin Potential to Ground Pin (VEE) 

Input Voltage (DC) 

Output Current (DC Output HIGH) 

ESD (Note2) 

+ 115·c 
+ 15o•c 

- 7 .OV to 0.5V 

VEE to +0.5V 

-100 mA 

~2000V 

Note 1: Absolute maximum ratings are those values beyond which the de­
vice may be damaged or have its useful life impaired. Function operation 
under these conditions is not implied. 
Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Commercial Version 

DC Electrical Characteristics 

Recommended Operating 
Conditions 
Case Temperature (Tc) 

Commercial 
Industrial 
Military 

Supply Voltage (VEE) 

o•cto +85°C 
- 4o•c to + 85°C 

- 55°C to + 125•c 

-5.7V to -4.2V 

VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = o·c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -1025 -955 -870 mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1830 -1705 -1620 mV orV1L (Min) 25!lto -2.0V 

VoHC Output HIGH Voltage -1035 mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1610 mV orV1L (Max) 25!1 to -2.0V 

VoLZ Cut-Off LOW Voltage 
-1950 mV 

V1N = V1H (Min) OE= LOW 

orV1L (Max) 

Vss Output Reference Voltage -1380 -1320 -1260 mV lvss = -1 mA 

Vo1FF Input Voltage Differential 150 mV Required for Full Output Swing 

VcM Common Mode Voltage Vee - 2.0 Vee - 0.5 v 
V1H Single-Ended Guaranteed HIGH Signal for All 

Input High Voltage -1110 -870 mV Inputs (with one input tied to Vss) 

Vss (Max) + VDIFF 

V1L Single-Ended Guaranteed LOW Signal for All 

Input Low Voltage -1830 -1530 mV Inputs (with one input tied to Vss) 

Vss (Min) - VDIFF 

l1L Input LOW Current 0.50 µA V1N = V1L (Min) 

l1H Input HIGH Current DN 
250 µA 

V1N = V1H (Max). D1 = V99, 

51 = V1L (Min) 

l1Hz Input HIGH Current OE 
360 µA 

V1N = V1H (Max)• D1 = V99, 

51 = V1L (Min) 

lcso Input Leakage Current 
-10 µA 

V1N = VEE· D1 = V99, 

51 = V1L (Min) 

IEE Power Supply Current, 
-85 -30 mA 

D1 = V99, 51 = V1L (Min) 
Normal 

IEEZ Power Supply Current, 
-152 -75 mA 

D1 -04 = V99, 51-54 = V1L (Min)• 
Cut-Off OE= LOW 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Commercial Version (Continued) 

DIP AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= 0°C 

Min Max 

tpLH Propagation Delay 
0.65 2.30 

tpHL Data to Output 

tPZH Propagation Delay 1.80 4.20 

tpHz OE to Output 1.20 3.10 

trLH Transition Time, DN to ON 
0.45 1.70 

trHL 20% to 80%, 80% to 20% 

PCC AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= 0°C 

Min Max 

tpLH Propagation Delay 
0.65 2.10 

tpHL Data to Output 

tpzH Propagation Delay 1.8 4.00 
lpHz OE to Output 1.2 2.90 

trLH Transition Time, ON to ON 
0.45 1.50 

trHL 20% to 80%, 80% to 20% 

Tc= +25°C 

Min Max 

0.65 2.30 

1.80 4.20 
1.20 3.10 

0.45 1.70 

Tc= +25°C 

Min Max 

0.65 2.10 

1.8 4.00 
1.2 2.90 

0.45 1.50 
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Tc= +85°C 

Min Max 

0.65 2.30 

1.80 4.20 
1.20 3.10 

0.45 1.70 

Tc= +85°C 

Min Max 

0.65 2.10 

1.8 4.00 
1.2 2.90 

0.45 1.50 

Units 

ns 

ns 

ns 

Units 

ns 

ns 

ns 

Conditions 

Figures 1 and 2 

Conditions 

Figures 1 and 2 
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Industrial Version 

PCC DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND (Note 3) 

Symbol Parameter 
Tc= -40°C 

Min Max 

VoH Output HIGH Voltage -1085 -870 

Vol Output LOW Voltage -1830 -1585 

VoHe Output HIGH Voltage -1095 

Vole Output LOW Voltage -1575 

Volz Cut-Off LOW Voltage 
-1900 

Vss Output Reference Voltage -1395 -1255 

Vo1FF Input Voltage Differential 150 

VcM Common Mode Voltage Vee - 2.0 Vee - 0.5 

V1H Single-Ended 
Input High Voltage -1115 -870 

V1l Single-Ended 
Input Low Voltage -1830 -1535 

l1L Input LOW Current 0.50 

l1H Input HIGH Current, DN 240 

l1Hz Input HIGH Current, OE 360 

leso Input Leakage Current 
-10 

IEE Power Supply Current, 
-85 -30 

Normal 

IEEZ Power Supply Current, 
-152 -75 

Cut-Off 

Tc= 0°C to +85°C 
Units Conditions 

Min Max 

-1025 -870 mV V1N = V1H (Max) Loading with 

-1830 -1620 mV orV1l (Min) 25n to -2.ov 

-1035 mV V1N = V1H (Min) Loading with 

-1610 mV or Vil (Max) 25nto -2.ov 

-1950 mV 
OE = LOW, V1N = V1H (Min) 
orV1l (Max) 

-1380 -1260 mV lvss = -1 mA 

150 mV Required for Full Output Swing 

Vee - 2.0 Vee - 0.5 v 

Guaranteed HIGH Signal for All 
-1110 -870 mV Inputs (with one input tied to Vss) 

Vss (Max)+ Vo1FF 

Guaranteed LOW Signal for All 
-1830 -1530 mV Inputs (with one input tied to Vss) 

Vss (Min) - Vo1FF 

0.50 µA V1N = V1l (Min) 

240 V1N = V1H (Max)· D1 = Vss. 
µA 

D1 = v,l (Min) 360 

-10 µA 
V1N = VEE· D1 = V99, 
D1 = Vil (Min) 

-85 -30 mA 
D1 = Vss. D1 = v,l (Min) 

-152 -75 mA 
D1-D4 = Vss. D1-D4 =Vil (Min)• 
OE= LOW 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

PCC AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -40°C 

Min Max 

tPlH Propagation Delay 
0.65 2.10 

tPHl Data to Output 

tpzH Propagation Delay 1.80 4.00 

tpHz OE to Output 1.20 2.90 

trlH Transition Time 
0.45 1.50 

trHl 20% to 80%, 80% to 20% 

Tc= +25°C Tc= +85°C 
Units Conditions 

Min Max Min Max 

0.65 2.10 0.65 2.10 ns 

1.80 4.00 1.80 4.00 
Figures 1 and 2 

1.20 2.90 1.20 2.90 
ns 

0.45 1.50 0.45 1.50 ns 
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Military Version-Preliminary 

DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND (Note 3) 

Symbol Parameter Min Typ Max 

VoH Output HIGH 
-1025 -870 

Voltage 

-1085 -870 

Vol Output LOW 
Voltage 

-1830 -1620 

-1830 -1555 

VoHe Output HIGH 
-1035 

Voltage 

-1085 

VoLe Output LOW 
Voltage 

-1610 

-1555 

VoLZ Cut-Off LOW 
-1900 

Voltage 

-1950 

V99 Output Reference 
-1260 

Voltage 

-1380 -1320 -1260 

-1396 

Vo1FF Input Voltage 
150 

Differential 

VeM Common Mode 
Vee - 2.0 Vee - 0.5 

Voltage 

V1H Single-Ended 
-1165 -870 

Input High Voltage 

V1L Single-Ended 
-1830 -1475 

Input Low Voltage 

l1H Input HIGH 
75 

Current, ON 

95 

l1HZ Input HIGH 
360 

Current, OE 

leso Input Leakage 
-10 

Current 

IEE Power Supply 
-90 -30 

Current, Normal 

IEEZ Power Supply 
-180 -75 

Current, Cut-Off 

Units Tc Conditions Notes 

mV 
0°Cto 

+ 125°C 

mV -55°C V1N = V1H (Max) Loading with 
1, 2, 3 

0°Cto orV1L(Min) 25n to -2.ov 
mV 

+125°C 

mV -55°C 

mV 
0°Cto 

+ 125°C 

mV -55°C V1N = V1H (Min) Loading with 1, 2, 3 
0°Cto orV1L(Max) 25n to -2.ov 

mV 
+ 125°C 

mV -55°C 

mV 
0°Cto 

OE= LOW 1, 2, 3 
+ 125°C 

V1N = V1H (Min) or V1L (Max) 
mV -55°C 

mV 
0°Cto 

lvss = 0 µA, VEE = 4.2V 1, 2, 3 
+ 125°C 

mV 
0°Cto 

lvss = -250 µA, VEE= -5.7V 
+ 125°C 

mV -55°C lvss = -350 µA, VEE= -5.7V 1, 2, 3 

mV 
-55°Cto 

Required for Full Output Swing 1, 2, 3 
+ 125°C 

v 
-55°Cto 

1, 2, 3 
+125°C 

mV 
-55°Cto Guaranteed HIGH Signal for All 

1, 2, 3, 4 
+ 125°C Inputs (with Dn tied to Vss) 

mV 
-55°Cto Guaranteed LOW Signal for All 

1, 2, 3, 4 
+ 125°C Inputs (with Dn tied to Vss) 

µA 
0°Cto 

V1N = V1H (Max)• 01 = V99, 
+ 125°C 

D1 = V1L (Min) 
1, 2, 3 

µA -55°C 

µA 
-55°Cto V1N = V1H (Max)• 01 = Vss. 1, 2, 3 
+ 125°C D1 = V1L (Min) 

µA 
-55°Cto V1N = VEE· 01 = Vss. 1, 2, 3 
+ 125°C D1 = V1L (Min) 

mA 
-55°Cto 01 = V99, D1 = V1L (Min) 1, 2, 3 
+ 125°C 

mA 
-55°Cto D1-D2 = V99, D1-D2 = V1L(Min)• 

1, 2, 3 
+ 125°C OE= LOW 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at -55°C, +25°C, and +125°C, Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at -55°C, +25°C, and +125°C, Subgroups A1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 
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Military Version-Preliminary (Continued) 

AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -ss·c Tc= +2s0 c 

Min Max Min Max 

tPLH Propagation Delay 
0.40 2.50 0.50 2.40 

tPHL Data to Output 

tpzH Propagation Delay 0.70 4.20 0.70 4.20 

tpHz OE to Output 0.70 3.20 0.70 3.20 

trLH Transition Time 
0.20 1.70 0.20 1.70 

trHL 20% to 80%, 80% to 20% 

Tc= +12s·c 
Units Conditions Notes 

Min Max 

0.50 2.90 ns 

1, 2, 3 
0.70 4.20 

Figures 1 and 2 ns 
0.70 3.20 

1---

0.20 1.50 ns 4 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at + 25'C temperature only, Subgroup A9. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at +25'C, Subgroup A9, and at+ 125'C and -55'C temperatures, Subgroups A10 and 
A11. 

Note 4: Not tested at + 25'C, + 125'C and -55'C temperature (design characterization data). 

Test Circuitry 

Notes: 

PULSE 
GENERATOR 

PULSE 
GENERATOR 

Vee. VeeA = +2V, VEE= -2.5V 

\I 

..L 

r 
L 1 and L2 = equal length 50!1 impedance lines 
RT = 50!1 terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with 25!1 to GND 
CL = Fixture and stray capacitance ,;; 3 pF 

Switching Waveforms 

so.n 

L 1 

\ I 

Yee ..L 

IO.lµF 

L2 

v IO.lµF EE _ 

FIGURE 1. AC Test Circuit 

SCOPE 
CHAN A 

SCOPE 
CHAN B 

TRUE===* x x DATA x 
COMPLEMENT I ----11. "· ____ ,,,. ' ... ___ _ 

~:- ~:-

OUTPUT 
ENABLE 

TRUE 
OUTPUT 

COMPLEMENT 

tTHL tTLH 

~----------------~"----! I 
I 

I I 

~------¥------x-~~-!~ :~~~~ 
I I I I 

I I 

~~~ ~ 
Ip Hz lpzH 

FIGURE 2. Propagation Delay, Cut-Off and Transition Times 
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~National 
~Semiconductor 

100319 
Low Power Hex Line Driver with Cut-Off 

General Description 
The 100319 is a Hex Line Driver with output cut-off capabili­
ty. The 100319 has single ended ECL inputs and differential 
ECL outputs, designed to drive a differential, doubly termi­
nated 5011 transmission line (2511 equivalent impedance) in 
an ECL backplane. A LOW on the Output Enable (OE) will 
set both the true and complementary outputs, to a high im­
pedance or cut-off state. The cut-off state is designed to be 
more negative than a normal ECL LOW state. 

Ordering Code: see section 6 

Logic Symbol 

OE 

Connection Diagrams 

24-Pin DIP 

01 24 

a; 2 23 

02 3 22 

02 4 21 

Veeo 20 

Vee 19 

VeeA 7 18 

Qi 8 17 

03 16 

~ 10 15 

04 11 14 

a; 12 13 

TL/F/10923-1 

o; 
Os 
Ds 

D1 

D2 

OE 

VEE 

VEEO 

D3 

D4 

D5 

05 

TL/F/10923-2 

2-61 

Features 
• Differential outputs 
• Output cut-off capability 
• Drives a 2511 ECL load 
• 2000V ESD protection 
• Voltage compensated range = -4.2V to -5.7V 
• Available to industrial grade temperature range 

Pin Names Description 

Dn Data Inputs 

On Data Outputs 

On Complementary Data Outputs 
OE Output Enable 

28-Pin PCC 

04 05 05 Vm QS 04 Q4 
[j] Ii]) m [[I III [[] [[I 

03 IW III o3 
Vrro fill III 03 

VEE !i1I III VeeA 

VEES [fil [I] Vee 
OE IJ]I Im Vee 

02 IIZI Im Vcco 
0, IJ]) !ill 02 

Ii] ~ [ii Ill! Im IE! Im 
05 0s QS VEES 01 a; 02 

TL/F/10923-3 

...... 
0 
0 w ...... 
(0 

f.11 
I 



O> ,_ 
C") 
0 
0 ,_ 

Logic Diagram 

Truth Table 
Inputs 

Dn OE 

L H 
H H 
x L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 
Cut-off = Lower-than-Low State 

On 

L 
H 

Cut-Off 

~ 
D1 

Oi 

02 
D2 a; 

03 
D3 

Qi 

D4 04 

a; 

D5 05 

Os 

Ds ~ 

~ 

OE 

TL/F/10923-5 

Outputs 

On 

H 
L 

Cut-Off 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired (Note 1) Conditions 
If Military/Aerospace specified devices are required, 

Case Temperature (Tc) 
please contact the National Semiconductor Sales 

Commercial o·cto +B5°C 
Office/Distributors for availability and specifications. 

Industrial - 4o·c to + B5°C 
Storage Temperature (T sTG) - 65°C to + 15o·c Military - 55°C to + 125°C 
Maximum Junction Temperture (TJ) Supply Voltage (VEE) -5.7V to -4.2V 

Ceramic + 175·c 
Plastic + 15o·c 

Pin Potential to Ground Pin (VEE) -7.0V to +0.5V 

Input Voltage (DC) VEE to +0.5V 

Output Current (DC Output HIGH) -100 mA 

ESD (Note 2) :::::2ooov 
Note 1: Absolute maximum ratings are those values beyond which the de-
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 
Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Commercial Version 

DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = o•c to +B5°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -1025 -955 -870 mV V1N = V1H(Max) Loading with 

Vol Output LOW Voltage -1830 -1705 -1620 mV orV1L(Min) 25!l to -2.0V 

VoHC Output HIGH Voltage -1035 mV V1N = V1H(Min) Loading with 

VoLC Output LOW Voltage -1610 mV orV1L(Max) 25!lto -2.0V 

VoLZ Cut-Off LOW 
-1950 mV V1N = V1H(Min) OE= LOW 

Voltage orV1L(Max) 

V1H Input HIGH Voltage 
-1110 -870 mV 

Guaranteed HIGH Signal for 
All Inputs 

V1L Input LOW Voltage 
-1830 -1530 mV 

Guaranteed LOW Signal for 
All Inputs 

l1L Input LOW Current 100 µA V1N = V1L(Min) 

l1H Input HIGH Current 360 µA V1N = V1H(Max) 

IEE Power Supply Current, Normal -119 -30 mA 

IEEZ Power Supply 
-219 -75 mA 

Inputs Open, 
Current, Cut-Off OE= LOW 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Commercial Version (Continued) C") 

0 
0 ..- DIP AC Electrical Characteristics 

VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= o·c Tc= +25°C Tc= +as·c 

Units Conditions 
Min Max Min Max Min Max 

tpLH Propagation Delay 
0.65 2.30 0.65 2.30 0.65 2.30 ns 

tpHL Data to Output 

tpzH Propagation Delay 1.8 4.3 1.8 4.3 1.8 4.3 Figures 1 and 2 
tpHZ OE to Output 1.2 3.1 1.2 3.1 1.2 3.1 

ns 

trLH Transition Time 
0.45 1.50 0.45 1.50 0.45 1.50 

trHL 20% to 80%, 80% to 20% 
ns 

PCC AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= o·c Tc= +2s0 c Tc= +as·c 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.65 2.10 0.65 2.10 0.65 2.10 ns 

tPHL Data to Output 

tpzH Propagation Delay 1.8 4.1 1.8 4.1 1.8 4.1 Figures 1 and 2 
tpHz OE to Output 1.2 2.9 1.2 2.9 1.2 2.9 

ns 

trLH Transition Time 
0.45 1.30 0.45 1.30 0.45 1.30 

trHL 20% to 80%, 80% to 20% 
ns 

Industrial Version 

PCC DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND (Note 3) 

Symbol Parameter 
Tc= -40°c Tc= o·c to +as·c 

Units Conditions 
Min Max Min Max 

VoH Output HIGH Voltage -1085 -870 -1025 -870 mV V1N = V1H(Max) Loading with 

VoL Output LOW Voltage -1830 -1575 -1830 -1620 mV orV1L(Min) 25nto -2.ov 

VoHe Output HIGH Voltage -1095 -1035 mV V1N = V1H(Min) Loading with 

VoLe Output LOW Voltage -1565 -1610 mV orV1L(Max) 25nto -2.ov 

V1H Input HIGH Voltage 
-1115 -870 -1110 -870 mV 

Guaranteed HIGH Signal for All 
Inputs 
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Industrial Version (Continued) 

PCC DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND (Note 3) (Continued) 

Symbol Parameter 
Tc= -40°C Tc= 0°C to +85°C 

Units Conditions 
Min Max Min Max 

VoLZ Cut-Off LOW Voltage 
-1900 -1950 mV V1N = V1H(Min) I OE = LOW 

orV1L(Max) 

V1L Input LOW Voltage 
-1830 -1535 -1830 -1530 mV 

Guaranteed LOW Signal for 
All Inputs 

l1L Input LOW Current 130 100 µA V1N = V1L(Min) 

l1H Input HIGH Current 360 360 µA V1N = VJH(Max) 

IEE Power Supply Current, 
-119 -30 -119 -30 mA 

Normal 

IEEZ Power Supply Current, 
-219 -75 -219 -75 mA 

Inputs Open 
Cut-Off OE= LOW 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

PCC AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -40°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

tpLH Propagation Delay 
0.65 2.10 0.65 2.10 0.65 2.10 ns 

tpHL Data to Output 

tpzH Propagation Delay 1.8 4.1 1.8 4.1 1.8 4.1 
Figures 1 and 2 

tpHz OE to Output 1.2 2.9 1.2 2.9 1.2 2.9 
ns 

tTLH Transition Time 
0.45 1.30 0.45 1.30 0.45 1.30 

tTHL 20% to 80%, 80% to 20% 
ns 

Military Version-Preliminary 

DC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee = VeeA = GND (Note 3) 

Symbol Parameter Min Typ Max Units Tc Conditions Notes 

VoH Output HIGH Voltage 
-1025 -870 mV 

0°Cto 

+ 125°C 

-1085 -870 mV -55°C V1N = V1H(Max) Loading with 1, 2, 3 

VoL Output LOW Voltage 0°Cto orV1L(Min) 250. to - 2.0V 
-1830 -1620 mV 

+ 125°C 

-1830 -1555 mV -55°C 

VoHe Output HIGH Voltage 
-1035 mV 

0°C to 

+125°C 

-1085 mV -55°C V1N = V1H(Min) Loading with 1, 2, 3 

VoLe Output LOW Voltage 0°C to orV1L(Max) 25.11 to - 2.0V 
-1610 mV 

+125°C 

-1555 mV -55°C 

VoLZ Cut-Off LOW Voltage -1900 mV 0°C to + 125°C V1N = V1H(Min) or OE= LOW 

V1L(Max) 
1, 2, 3 

-1950 mV -55°C 
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Military Version-Preliminary (Continued) 

DC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee = VeeA = GND (Note 3) (Continued) 

Symbol Parameter Min Typ Max Units Tc Conditions Notes 

V1H Input HIGH Voltage 
-1165 -870 mV 

-55°Cto Guaranteed HIGH Signal for 
1, 2, 3, 4 

+125°C All Inputs 

V1L Input LOW Voltage 
-1830 -1475 mV 

-55°Cto Guaranteed LOW Signal for 
1, 2, 3, 4 

+125°C All Inputs 

l1H Input HIGH Current 
50 µA 

0°Cto 

+ 125°C V1N = V1H(Max) 
1, 2, 3 

70 µA -55°C 

IEE Power Supply Current, 
-70 -40 mA 

-55°Cto 

+ 125°C 

IEEZ Power Supply Current, -180 -130 mA -55°Cto Inputs Open, OE = LOW 1, 2, 3 

Cut-Off +125°C 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at -55'C, +25'C, and +125'C, Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at -55'C, +25'C, and + 125'C, Subgroups A1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 

AC Electrical Characteristics-Preliminary 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -55°C Tc= +25°C Tc= +125°C 

Units Conditions Notes 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.40 2.50 0.50 2.40 0.50 2.90 ns 1,2,3 

tPHL Data to Output 
Figures 1 and 2 t----

tTLH Transition Time 
0.20 1.70 0.20 1.70 0.20 1.50 4 ns 

tTHL 20% to 80%, 80% to 20% 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at + 25'C temperature only, Subgroup A9. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at + 25'C, Subgroup A9, and at + 125'C and - 55'C temperatures, Subgroups A 10 and 
A11. 

Note 4: Not tested at + 25'C, + 125'C and - 55'C temperature (design characterization data). 
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Test Circuitry 

PULSE 
GENERATOR \I 

_L 

L1 

\ I 

Vee _L 

I0.1µF 

Notes: 

PULSE 
GENERATOR 

Vee. VeeA = +2V, VEE = -2.SV 

I 
L 1 and L2 = equal length son impedance lines 
Ar = son terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with 2sn to GND 
CL = Fixture and stray capacitance ,:;; 3 pF 

Switching Waveforms 

OEN 

son 

v I0.1µF EE _ 

FIGURE 1. AC Test Circuit 

x DATA :3 0.6BV x 
I '-------~ 

-!~ 
tTHL 

L2 

x 
~:-

tTLH 

OUTPUT 
ENABLE -!\ 

TRUE 
OUTPUT 

COMPLEMENT x ----------J~~-50_%_. ____ J 
I 
I 

I I 

I 

I 

;~ 
I I 
I I 

I 

I 

:i 
I I 

I 

Rr 

:-'i>o-: ~ :- ~ :-
Ip Hz lpzH 

SCOPE 
CHAN A 

SCOPE 
CHAN B 

1.05V 

0.31V 

NOTE: The output AC measurement point for cut-off propagation delay testing = the SO% voltage point between active VoL and VoH· 

FIGURE 2. Propagation Delay, Cut-Off and Transition Times 
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'I"'" ~National D Semiconductor 

100321 
Low Power 9-Bit Inverter 

General Description Features 
The 100321 is a monolithic 9-bit inverter. The device con­
tains nine inverting buffer gates with single input and output. 
All inputs have 50 kn pull-down resistors. 

• 30% power reduction of the 100121 
• 2000V ESD protection 
• Pin/function compatible with 100121 

Ordering Code: see section 6 

Logic Symbol 

01 -1>o-- Di 

D2-1>o--02 
03-t>o--OJ 

04 -1>o--a; 

os-t>o--os 

Os-t>o--Q; 

oa-t>o--oa 

Connection Diagrams 

24-Pin DIP 

VeCA 1 24 D3 

03 2 23 D2 

02 3 22 D1 

01 21 Dg 

Og 20 Ds 

Vee 19 VeeA 

VeeA 18 VEE 

Os 8 17 D7 

07 9 16 Ds 

Os 10 15 D5 

05 11 14 D4 

04 12 13 VeeA 

TL/F/10609-2 

• Voltage compensated operating range = -4.2V to 
-5.7V 

• Available to industrial grade temperature range 
• Available to MIL-STD-883 

Pin Names Description 

D1-D9 Data Inputs 
01-09 Data Outputs 

TL/F/10609-1 

28-Pin PCC 

05 04 VeCA VEES 04 05 05 
[DJ IIQl [II 111 [1J [I] [fil 

D5 [j] rn 01 
D7@) [I) 05 

D1 

D2 

VEE li:il [I] YeeA D3 

VEES lifil OJ Yee VeeA 

VeeA 11&1 Im Yee 03 

Ds IIZJ Ill! Og 02 
Dg [fil ~o, 

@]@]11!]~~1El~ 

o, Dz D3 VEES VeeA 03 02 

TL/F/10609-4 
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24-Pin Quad Cerpak 

2 

3 

6 

Dg Ds VeeA VEE D7 Ds 

24 23 22 21 20 19 

18 D5 

17 D4 

16 VCCA 

15 04 

14 05 

13 Os 
7 8 9 10 11 12 

01 Og Vee VeeAOs 07 

TL/F/10609-3 



Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired (Note 1) Conditions 
If Military/Aerospace specified devices are required, 

Case Temperature (Tc) 
please contact the National Semiconductor Sales Commercial o·cto +0s·c 
Office/Distributors for availability and specifications. 

Industrial - 4o·c to + 0s·c 
Storage Temperature (T sTG) - 6S°C to + 1 so·c Military - ss·c to + 12s·c 
Maximum Junction Temperature (TJ) Supply Voltage (VEE) -S.7V to -4.2V 

Ceramic + 17s0 c 
Plastic +1so·c 

VEE Pin Potential to Ground Pin -7.0V to +O.SV 

Input Voltage (DC) VEE to +O.SV 

Output Current (DC Output HIGH) -SOmA 

ESD (Note 2) ~2000V 

Note 1: Absolute maximum ratings are those values beyond which the de-
vice may be damaged or have its useful life impaired. Functonal operation 
under these conditions is not implied. 

Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Commercial Version 

DC Electrical Characteristics 
VEE = -4.2V to -S.7V, Vee = VccA = GND, Tc = o•c to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -102S -9SS -870 mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -170S -1620 mV orV1L (Min) son to -2.ov 

VoHC Output HIGH Voltage -103S mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1610 mV orV1L (Max) son to -2.ov 

V1H Input HIGH Voltage 
-116S -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1830 -147S mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current o.so µA V1N = V1L (Min) 

l1H Input HIGH Current 240 µA V1N = V1H (Max) 

IEE Power Supply Current -6S -30 mA Inputs Open 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

DIP AC Electrical Characteristics 
VEE= -4.2V to -S.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c Tc= +25°C Tc= +as·c 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.4S 1.4S 0.4S 1.4S 0.4S 1.SS ns 

Figures 1 and 2 

tPHL Data to Output (Note 1) 

trLH Transition Time 
0.3S 1.20 0.3S 1.20 0.3S 1.20 Figures 1 and 2 ns 

trHL 20% to 80%, 80% to 20% 

Note 1: The propagation delay specified is for single output switching. Delays may vary up to 200 ps with multiple outputs switching. 
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Commercial Version (Continued) 

PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c Tc= +25°C Tc= +ss·c 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.45 1.25 0.45 1.25 0.45 1.35 ns 

Figures 1 and 2 

tPHL Data to Output (Note 2) 

trLH Transition Time 
0.35 1.10 0.35 1.10 0.35 1.10 Figures 1 and 2 

trHL 20% to 80%, 80% to 20% 
ns 

tosHL Maximum Skew Common Edge 
PCConly 

Output-to-Output Variation 220 220 220 ps 
(Note 1) 

Data to Output Path 

tosLH Maximum Skew Common Edge 
PCC only 

Output-to-Output Variation 270 270 270 ps 
(Note 1) 

Data to Output Path 

tosr Maximum Skew Opposite Edge 
PCC only 

Output-to-Output Variation 320 320 320 ps 
(Note 1) 

Data to Output Path 

tps Maximum Skew 
PCC only 

Pin (Signal) Transition Variation 230 230 230 ps 
(Note1) 

Data to Output Path 

Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (tosHU· or LOW to HIGH (tosLH). or in opposite directions both 
HL and LH (tosr). Parameters tosr and tps guaranteed by design. 
Note 2: The propagation delay specified is for single output switching. Delays may vary up to 200 ps with multiple outputs switching. 

Industrial Version 

PCC DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = -40°C to +85°C (Note 1) 

Symbol Parameter 
Tc= -40°c Tc= o·c to +ss·c 

Units Conditions 
Min Max Min Max 

VoH Output HIGH Voltage -1085 -870 -1025 -870 mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1830 -1575 -1830 -1620 mV orV1L (Min) son to -2.ov 

VoHC Output HIGH Voltage -1095 -1035 mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1565 -1610 mV orV1L (Max) son to -2.ov 

V1H Input HIGH Voltage 
-1170 -870 -1165 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1830 -1480 -1830 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current 0.50 0.50 µA V1N = V1L (Min) 

l1H Input HIGH Current 300 240 µA V1N = V1H (Max) 

IEE Power Supply Current -65 -30 -65 -30 mA Inputs Open 

Note 1: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Industrial Version (Continued) 

PCC AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= -40°C 

Min Max 

tPLH Propagation Delay 
0.45 1.25 

tpHL Data to Output 

trLH Transition Time 
0.30 1.20 

trnL 20% to 80%, 80% to 20% 

Tc= +25°C Tc= +85°C 
Units Conditions 

Min Max Min Max 

0.45 1.25 0.45 1.35 ns 
Figures 1 and 2 
(Note 1) 

0.35 1.10 0.35 1.10 ns Figures 1 and 2 

Note 1: The propagation delay specified is for single output switching. Delays may vary up to 200 ps with multiple outputs switching. 

Military Version 

DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = -55°C to + 125°C 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage 
-1025 -870 mV 

0°Cto 
+125°C 

-1085 -870 mV -55°C V1N = V1H (Max) Loading with 
1, 2, 3 

VoL Output LOW Voltage 0°Cto orV1L (Min) son to -2.ov 
-1830 -1620 mV 

+125°C 

-1830 -1555 mV -55°C 

VoHC Output HIGH Voltage 
-1035 mV 

0°Cto 
+125°C 

-1085 mV -55°C V1N = V1H (Min) Loading with 
1, 2, 3 

VoLC Output LOW Voltage 0°Cto orV1L (Max) son to -2.ov 
-1610 mV 

+125°C 

-1555 mV -55°C 

V1H Input HIGH Voltage 
-1165 -870 mV 

-55°Cto Guaranteed HIGH Signal 
1, 2, 3, 4 

+125°C for All Inputs 

V1L Input LOW Voltage 
-1830 -1475 mV 

-55°Cto Guaranteed LOW Signal 
1,2,3,4 

+125°C for All Inputs 

l1L Input LOW Current 
0.50 µA 

-55°Cto VEE= -4.2V 
1, 2, 3 

+125°C V1N = V1L (Min) 

l1H Input HIGH Current 
240 µA 

0°Cto 
+125°C VEE= -5.7V 

1, 2, 3 
340 µA -55°C V1N = V1H (Max) 

IEE Power Supply Current 
-70 -25 mA 

-55°Cto 
Inputs Open 1, 2, 3 

+125°C 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at -55'C, + 25'C, and + 125'C, Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table 1) on each manufactured lot at -55'C, +25'C and + 125'C, Subgroups A1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 
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Military Version (Continued) 

AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -ss·c 
Min Max 

tPLH Propagation Delay 
0.30 1.80 

tPHL Data to Output 

lTLH Transition Time 
0.30 1.20 

trHL 20% to 80%, 80% to 20% 

Tc= +25°C Tc= +125°C 
Units Conditions Notes 

Min Max Min Max 

0.40 1.60 0.40 1.80 ns 1, 2, 3, 5 
Figures 1 and 2 

0.30 1.20 0.30 1.20 ns 4 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup A9. 

Note 3: Sample tested (Method 5005, Table 1) on each mfg. lot at +25°C, Subgroup A9, and at+ 125°C and -55°C temperatures, Subgroups A10 and A11. 

Note 4: Not tested at + 25°C, + 125°C, and -55°C temperature (design characterization data). 

Note 5: The propagation delay specified is for single output switching. Delays may vary up to 200 ps with multiple outputs switching. 

Test Circuitry 

Notes: 

Vee. VeeA = +2V, Vee = -2.SV 

PULSE 
GENERATOR 

L 1 and L2 = equal length son impedance lines 
Rr = son terminator internal to scope 
Decoupling 0.1 1-'F from GND to Vee and Vee 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance :s: 3 pF 

Switching Waveforms 

L 1 
/"\ 

\ I 
Vee 0.1 1,F _l 

1 
L2 ,-, CIRCUIT ,-, 

UNDER 
\ I TEST \I 

l l Rr 

Yee Io.1,,F-=-

FIGURE 1. AC Test Circuit 

SCOPE 
CHAN A 

Rr 

-=-

SCOPE 
CHAN B 

+1.05 v 

+0.31 v 

FIGURE 2. Propagation Delay and Transition Times 
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~National 
D Semiconductor 

100322 
Low Power 9-Bit Buffer 

General Description Features 
• 30% power reduction of the 100122 
• 2000V ESD protection 
• Pin/function compatible with 100122 

The 100322 is a monolithic 9-bit buffer. The device contains 
nine non-inverting buffer gates with single input and output. 
All inputs have 50 kn pull-down resistors and all outputs are 
buffered. • Voltage compensated operating range 

-5.7V 
-4.2V to 

Ordering Code: see Section a 

Logic Symbol 

D3--P--03 

D4--P--04 

Ds--P--Os 

Da--P--01 

er--P--01 

D1--P--Oa 

0e--P--0a 

Connection Diagrams 

24-Pln DIP 

VCCA I 24 D3 

03 2 23 Dz 

Oz 3 22 D1 

01 4 21 Dg 

09 5 20 Da 

Vee 6 19 VCCA 

VCCA 18 VEE 

Oa 17 0., 
07 9 16 D5 

05 10 15 Ds 

05 II 14 D4 

• Available to MIL-STD-883 
• Available to industrial grade temperature range 

Pin Names Description 

D1,D9 Data Inputs 

01.09 Data Outputs 

TL/F/10608-1 

28-Pln PCC 24-Pln Quad Cerpak 

D5 D4VCCAVEES04 05 05 D9 Ds VCCAVEE 0., D5 
IIil liQJ rn oo m rn rn 

24 23 22 21 20 19 

06 lil) rn 01 
D1 18 D5 

0., lrn mos Dz 17 D4 

Vee IGI 1IJ VeCA D3 16 VeCA 
Vus l@J ED Vee VCCA 4 15 04 
VeCA fill ~Vee 03 5 14 05 

DsliZI lllJ09 
Oz 13 06 

Dg fill ~01 
7 8 9 10 11 12 

[j]J~§§I~~~ 01 09 Vee VCCA Os 07 

04 IZ 13 VCCA 
D1 Dz D3VEESVCCA03 Oz TL/F/10608-3 

TL/F/10608-4 

TL/F/10608-2 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired. (Note 1) Conditions 
If Military I Aerospace specified devices are required, Case Temperature (Tc) 
please contact the National Semiconductor Sales 

Commercial 0°Cto +8s0 c 
Office/Distributors for availability and specifications. 

Industrial - 40°C to + 8S°C 
Storage Temperature (T sTG) - 6S°C to + 1 so·c Military - ss·c to + 12s0 c 
Maximum Junction Temperature (TJ) Supply Voltage (VEE) -S.7V to -4.2V 

Ceramic + 11s0 c 
Plastic +1so0 c 

VEE Pin Potential to Ground Pin - 7.0V to + O.SV 

Input Voltage (DC) VEE to +0.SV 

Output Current (DC Output HIGH) -SOmA 

ESD(Note2) ~2000V 

Note 1: Absolute maximum ratings are those values beyond which the de-
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 
Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Commercial Version 
DC Electrical Characteristics 
VEE = -4.2V to -S.7V, Vee = VccA = GND, Tc = o·c to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -102S -9SS -870 
mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1830 -170S -1620 orV1L(Min) son to -2.ov 

VoHC Output HIGH Voltage -103S 
mV V1N = V1H(Min) Loading with 

VoLC Output LOW Voltage -1610 orV1L (Max) son to -2.ov 

V1H Input HIGH Voltage 
-116S -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1830 -147S mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current o.so µA V1N = V1L (Min) 

l1H Input HIGH Current 240 µA V1N = V1H (Max) 

IEE Power Supply Current -6S -30 mA Inputs Open 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

DIP AC Electrical Characteristics 
VEE= -4.2V to -S.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c Tc= +2s0 c Tc= +ss·c 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.4S 1.4S 0.4S 1.4S 0.4S 1.SS ns 

Figures 1 and 2 

tPHL Data to Output (Note 1) 

trLH Transition Time 
0.3S 1.20 0.3S 1.20 0.3S 1.20 

Figures 1 and 2 
ns 

trHL 20% to 80%, 80% to 20% 

Note 1: The propagation delay specified is for single output switching. Delays may vary up to 200 ps with multiple outputs switching. 
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PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

tpLH Propagation Delay 
0.45 1.25 0.45 1.25 0.45 1.35 ns 

Figures 1 and 2 

tPHL Data to Output (Note2) 

tTLH Transition Time 
0.35 1.10 0.35 1.10 0.35 1.10 Figures 1 and 2 

tTHL 20% to 80%, 80% to 20% 
ns 

tosHL Maximum Skew Common Edge 
PCCOnly 

Output-to-Output Variation 200 200 200 ps 
Data to Output Path 

(Note 1) 

tosLH Maximum Skew Common Edge 
PCCOnly 

Output-to-Output Variation 200 200 200 ps 
(Note 1) 

Data to Output Path 

tosT Maximum Skew Opposite Edge 
PCCOnly 

Output-to-Output Variation 260 260 260 ps 
Data to Output Path 

(Note 1) 

tps Maximum Skew 
PCCOnly 

Pin (Signal) Transition Variation 200 200 200 ps 
Data to Output Path 

(Note 1) 

Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (losHLl· or LOW to HIGH (tosLH), or in opposite directions both 
HL and LH (tosr). Parameters tosr and tps guaranteed by design. 
Note 2: The propagation delay specified is for single output switching. Delays may vary up to 200 ps with multiple outputs switching. 

Industrial Version 

PCC DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = - 40°C to + 85°C (Note 3) 

Symbol Parameter 
Tc= -40°C Tc= 0°C to +85°C 

Units Conditions 
Min Max Min Max 

VoH Output HIGH Voltage -1085 -870 -1025 -870 
mV V1N = V1H (Max) Loading with 

VOL Output LOW Voltage -1830 -1575 -1830 -1620 orV1L(Min) 50.0. to -2.0V 

VoHC Output HIGH Voltage -1095 -1035 
mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1565 -1610 orV1L(Max) 50.0.to -2.0V 

V1H Input HIGH Voltage 
-1170 -870 -1165 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1830 -1480 -1830 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current 0.50 0.50 µA V1N = V1L (Min) 

l1H Input HIGH Current 300 240 µA V1N = V1H (Max) 

IEE Power Supply Current -65 -30 -65 -30 mA Inputs Open 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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C\I 
(") PCC AC Electrical Characteristics 0 
0 VEE= -4.2V to -5.7V, Vee = VccA = GND ,... 

Symbol Parameter 
Tc= -40°c Tc= +2s0 c Tc= +ss·c 

Units Conditions 
Min Max Min Max Min Max 

tplH Propagation Delay 
0.45 1.25 0.45 1.25 0.45 1.35 ns 

Figures 1 and 2 

tPHl Data to Output (Note 1) 

trlH Transition Time 
0.30 1.20 0.35 1.10 0.35 1.10 Figures 1 and 2 ns 

trHl 20% to 80%, 80% to 20% 

Note 1: The propagation delay specified is for single output switching. Delays may vary up to 200 ps with multiple outputs switching. 

Military Version 
DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = o·c to +85°C 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage -1025 -870 mV o·c to + 125°C 

-1085 -870 mV -55°C V1N = V1H (Max) Loading with 
1,2,3 

Vol Output LOW Voltage -1830 -1620 mV o·c to + 125·c orV1l(Min) 500. to -2.0V 

-1830 -1555 mV -55°C 

VoHC Output HIGH Voltage -1035 mV o·c to + 125·c 

-1085 mV -55°C V1N =V1H (Max) Loading with 
1, 2, 3 

Vole Output LOW Voltage -1610 mV o·c to + 125·c orV1l(Min) 500. to -2.0V 

-1555 mV -55°C 

V1H Input HIGH Voltage 
-1165 -870 mV - 55°C to + 125•c 

Guaranteed HIGH Signal 
1,2,3,4 

for All Inputs 

V1l Input HIGH Voltage 
-1830 -1475 mV - 55°C to + 125°C 

Guaranteed LOW Signal 
1,2,3,4 

for All Inputs 

l1l Input LOW Current 
0.50 µA -55°C to+ 125· 

VEE= -4.2V 
1,2,3 

V1N = V1l (Min) 

l1H Input HIGH Current 240 µA o·c to + 125°C VEE= -5.7V 
1, 2, 3 

340 µA -55°c V1N = V1H (Max) 

IEE Power Supply Current -70 -25 mA - 55°C to + 125°C Inputs Open 1, 2, 3 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 
Note 2: Screen tested 100% on each device at -55°C, +25'C, and + 125'C, Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at - 55'C, + 25°C, and + 125'C, Subgroups A 1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 
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AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -55°C 

Min Max 

tPLH Propagation Delay 
0.30 1.80 

tPHL Data to Output 

trLH Transition Time 
0.30 1.20 

trnL 20% to 80%, 80% to 20% 

Tc= +25°C Tc= + 125°C 
Units Conditions Notes 

Min Max Min Max 

0.40 1.60 0.40 1.80 ns 1,2,3,5 
Figures 1 and 2 

0.30 1.20 0.30 1.20 ns 4 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -S5°C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at + 2s°C, only Subgroup A9. 

Note 3: Sample tested (Method SOOS, Table I) on each manufactured lot at +2s°C, Subgroup A9, and at+ 12s°C and -ss•c temperatures, Subgroups A10 and 
A11. 

Note 4: Not tested at + 2s°C, + 125°C, and - ss•c temperature (design characterization data). 

Note s: The propagation delay specified is for single output switching. Delays may vary up to 200 ps with multiple outputs switching. 

Test Circuit 

Notes: 
Vee. VeeA = +2V, VEE= -2.SV 
L 1 and L2 = equal length son impedance lines 
Rr = son terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance ,,;; 3 pF 

Vee 

PULSE 1-, CIRCUIT 

L1 ,-, 
\I 

J_ 
Rr 

SCOPE 
CHAN A 

SCOPE 
CHAN B GENERATOR-•,-+, -- u:E~~R t--+-

1
, -,i--.----t 

_l --Rr 

TL/F/10608-5 

FIGURE 1. AC Test Circuit 

Switching Waveforms 

.7±0, "'1 r 1 i:···'.. ., ... 
INPUT Ip"'~' r f-+-2_0~5-~-·1c_. ____ + 0.31 V 

OUTPUT 

TL/F/10608-6 

FIGURE 2. Propagation Delay and Transition Times 
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0 ..... ~National D Semiconductor 

100323 
Low Power Hex Bus Driver 

General Description 
The 100323 is a monolithic device containing six bus drivers 
capable of driving terminated lines with terminations as low 
as 250. To reduce crosstalk, each output has its own re­
spective ground connection. Transition times were designed 
to be longer than on other F1 DOK devices. The driver itself 
performs the positive logic AND of a data input (D1 -D6) and 
the OR of two select inputs (E and either DE1, DE2, or DE3). 

nation supply is - 2.0V and thus present a high impedance 
to the data bus. 

Features 
• 50% power reduction of the 100123 
• 2000V ESD protection 

Enabling of data is possible in multiples of two, i.e., 2, 4 or 
all 6 paths. All inputs have 50 kn pull-down resistors. 

• - 4.2V to - 5. 7V operating range 
• Drives 250 load 

The output voltage LOW level is designed to be more nega­
tive than normal EGL outputs (cut off state). This allows an 
emitter-follower output transistor to turn off when the termi-

Ordering Code: see sections 

Logic Symbol 

DE, 

DE2 

DE3 0, o2 o3 04 05 06 

Connection Diagrams 
24-Pin DIP 

YeeA 1 24 Os 

05 2 23 D4 

YeeA 3 22 D5 

04 4 21 Ds 

YeeA 5 20 DE3 

Yee 6 19 E 

YeeA 7 18 YEE 

o, 8 17 DE2 

YeeA 9 16 DE1 

02 10 15 D, 

YeeA 11 14 D2 

03 12 13 D3 

TL/F/9877-3 

D5 

D4 

Os 

YeeA 

05 

YeeA 

Pin Names 

D1-D6 
DE1-DE3 
E 

01-05 

TL/F/9877-7 

24-Pin Quad Cerpak 
Ds DE3 E VEE DE2 DE1 

24 23 22 21 20 19 

18 D, 

17 D2 

16 D3 

15 03 

5 14 YeeA 

13 02 

7 8 9 10 11 12 

04 YeeA Yee YeeA 01 VeeA 

TL/F/9877-4 
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DE, IITI 
DE2 fill 
VEE IEJ 

Vmllfil 
E[j!] 

DE3 [jlJ 

Ds [j]] 

Description 

Data Inputs 
Dual Enable Inputs 
Common Enable Input 
Data Outputs 

28-Pin PCC 
o, D2 D3 VEES 03 VccA 02 

[j][j]]1:IJ1IJmmm 

[@~~Ill!~~~ 

IIJ VeeA 

[I] o, 
[II VeeA 

DJ Vee 

~ VeeA 

Im VccA 

~04 

D5 D4 Os VErsVecA05 VccA 

TL/F/9877-2 
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C> 

Logic Diagram C> 
CJ,) 
N 
CJ,) 

o, 
01 

DE1 r 
D2 

02 

_r-
03 

03 

DE2 r 
04 04 

r 
05 

Os 

DE3 r 
De 

Os 

E r 
TL/F/9877-1 

Truth Table 
E DEn Dn Dn+1 On On+1 

L L x x Cutoff Cutoff 
x H L L Cutoff Cutoff 
x H L H Cutoff H 
x H H L H Cutoff 
x H H H H H 
H x L L Cutoff Cutoff 
H x L H Cutoff H 
H x H L H Cutoff 
H x H H H H 

H =High 
Cutoff = Lower-than-LOW state 
L =Low 
X = Don't Care 

El 
I 
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Absolute Maximum Ratings (Note 1> Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales 

Case Temperature 
Office/Distributors for availability and specifications. 

Commercial o·cto +85°C 
Storage Temperature -65°C to + 15o·c Military - 55°C to + 125·c 
Maximum Junction Temperature Supply Voltage (VEE) -5.7V to -4.2V 

Ceramic + 11s·c 
Plastic + 1so·c 

VEE Pin Potential to Ground Pin -7.0Vto +0.5V 

Input Voltage (DC) VEE to +0.5V 

Output Current (DC Output High) -50mA 

ESD ~2000V 

Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 
Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Commercial Version 

DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc= o·c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

V1H Input HIGH Voltage -1165 -870 mV Guaranteed High Signal for ALL Inputs 

V1L Input LOW Voltage -1830 -1475 mV Guaranteed Low Signal for ALL Inputs 

VoH Output HIGH Voltage -1025 -955 -870 mV V1N = V1H (max) or V1L (min) Loading with 25!! to 
-2.0V 

VoHc Output HIGH Voltage -1035 mV V1N = V1H (min) or V1L (max) Loading with 25!! to 
-2.0V 

VoLZ Cut-Off LOW Voltage -1950 mV V1N = V1H (min) or V1L (max) Loading with 25!! to 
-2.0V 

l1L Input LOW Current 0.50 µA V1N = V1L (min) 

l1H Input HIGH Current 240 µA V1N = V1H (max) 

IEE Power Supply Current -121 -91 -57 mA Inputs Open 

Note 3: The specified limits represent "worst case" values for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

DIP AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c Tc= +2s0 c Tc= +as·c 

Units Conditions 
Min Max Min Max Min Max 

tpzH Propagation Delay 1.90 3.60 1.90 3.60 2.00 3.80 

tpHz Data to Output 1.30 2.70 1.30 2.70 1.50 2.70 
ns 

tpzH Propagation Delay 1.90 3.60 1.90 3.60 2.00 3.90 

tpHz Dual Enable to Output 1.60 3.00 1.60 3.00 1.70 3.40 
ns 

Figures 1 and 2 
tpzH Propagation Delay 1.80 3.50 1.80 3.50 2.00 3.80 

tpHz Common Enable to Output 1.50 2.90 1.50 2.90 1.60 3.00 
ns 

trzH Transition Time 0.50 1.80 0.50 1.80 0.50 1.80 

trHz 20% to 80%, 80% to 20% 0.35 1.40 0.35 1.40 0.35 1.40 
ns 
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Commercial Version (Continued) 

PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

tpzH Propagation Delay 1.90 3.40 1.90 3.40 2.00 3.60 
tpHz Data to Output 1.30 2.50 1.30 2.50 1.50 2.70 

ns 

tpzH Propagation Delay 1.90 3.40 1.90 3.40 2.00 3.70 
tpHz Dual Enable to Output 1.60 2.80 1.60 2.80 1.70 3.00 

ns 

Figures 1 and 2 
tpzH Propagation Delay 1.80 3.30 1.80 3.30 2.00 3.60 
tpHz Common Enable to Output 1.50 2.70 1.50 2.70 1.60 2.80 

ns 

trzH Transition Time 0.50 1.70 0.50 1.70 0.50 1.70 
tTHz 20% to 80%, 80% to 20% 0.35 1.30 0.35 1.20 0.35 1.30 

ns 

Note: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guard banding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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8 Military Version-Preliminary ,.... 
DC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee= VccA = GND, Tc= -55°C to +125°C 

Symbol Parameter Min Max. Units Tc Conditions· Notes 

VoH Output HIGH Voltage -1025 -870 mV 0°C to + 125°C V1N = V1H (max) Loading with 

orV1L(min) 25n to -2.ov 1, 2, 3 
-1085 -870 mV -55°C 

VoHC Output HIGH Voltage -1035 mV 0°C to + 125°C 

-1085 mV -55°C V1N "= V1H (min) Loading with 
1,2,3 

VoLC Output LOW Voltage -1610 mV 0°C to + 125°C orV1L(max) 25n to -2.ov 

-1555 MV -55°C 

VoLZ Cut-Off LOW Voltage -1950 0°C to + 125°C V1N = V1H (min) Loading with 
mV 

orV1L(max) 25n to -2.ov 1, 2, 3 
-1850 -55°C 

V1H Input HIGH Voltage 
-1165 -870 mV - 55°C to + 125°C 

Guaranteed HIGH Signal 
1, 2, 3, 4 

for All Inputs 

V1L Input LOW Voltage 
-1830 -1475 mV - 55°C to + 125°C 

Guaranteed LOW Signal 
1,2,3,4 

for All Inputs 

l1L Input LOW Current 0.50 µA - 55°C to + 125°C VEE = 4.2V, V1N = V1L (min) 1, 2, 3 

l1H Input HIGH Current 240 µA 0°C to + 125°C VEE= -5.7V, V1N = V1H (max) 
1, 2, 3 

340 µA -55°C 

IEE Power Supply Current Inputs Open 
-145 -55 

mA - 55°C to + 125°C 
VEE = -4.2V to -4.8V 

1, 2, 3 
-150 VEE= -4.2Vto -5.7V 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at -55'C, +25'C, and + 125'C, Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at - 55'C, + 25'C, and + 125'C, Subgroups A 1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVQL. 
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Military Version-Preliminary (Continued) 

AC Electrical Characteristics-All Packages 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -55°C Tc= +25°C Tc= +125°C 

Units Conditions 
Min Max Min Max Min Max 

tpzH Propagation Delay 1.70 4.00 1.70 4.00 1.80 4.20 
ns 

tpHz Data to Output 1.10 3.10 1.10 3.10 1.30 3.10 

tpzH Propagation Delay 1.70 4.00 1.70 4.00 1.80 4.30 
ns 

tpHz Data Enable to Output 1.40 3.40 1.40 3.40 1.50 3.80 
Figures 1 and 2 

tpzH Propagation Delay 1.60 3.90 1.60 3.90 1.80 4.20 
ns 

tpHz Common Enable to Output 1.30 3.30 1.30 3.30 1.40 3.40 

trzH Transition Time 0.40 2.20 0.40 2.20 0.40 2.20 
ns 

tr HZ 20% to 80%, 80% to 20% 0.25 1.80 0.25 1.80 0.25 1.80 

Note 1: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 

Note 2: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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FIGURE 1. AC Test Circuit 
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Notes: 

Vee. VeeA = +2V, VEE= -2.5V 

L 1 and L2 = equal length 50.!l impedance lines 

Ar = 50.!l terminator internal to scope 

Decoupling 0.1 µF from GND to Vee and VEE 

All unused outputs are loaded with 25.!l to GND 

CL = Fixture and stray capacitance ,,; 3 pF 

Pin numbers shown are for flatpak; for DIP see 
logic symbol 

...... 
0 
0 
w 
N 
w 

El 



Timing Waveform 
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FIGURE 2. Propagation Delay and Transition Times 
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~National 
U Semiconductor 

100324 
Low Power Hex TTL-to-ECL Translator 
General Description 
The 100324 is a hex translator, designed to convert TTL 
logic levels to 1 OOK ECL logic levels. The inputs are com­
patible with standard or Schottky TTL. A common Enable 
(E), when LOW, holds all inverting outputs HIGH and holds 
all true outputs LOW. The differential outputs allow each 
circuit to be used as an inverting/non-inverting translator, or 
as a differential line driver. The output levels are voltage 
compensated over the full -4.2V to -5.7V range. 

pation roughly half of the 100124 to ease system cooling 
requirements. 

When the circuit is used in the differential mode, the 
100324, due to its high common mode rejection, overcomes 
voltage gradients between the TTL and ECL ground sys­
tems. The VEE and VnL power may be applied in either 
order. 

The 100324 is pin and function compatible with the 100124 
with similar AC performance, but features power dissi-

Ordering Code: see Section 6 

Logic Diagram 

Connection Diagrams 

TL/F/9878-4 

Features 
• Pin/function compatible with 100124 
• Meets 100124 AC specifications 
• 50% power reduction of the 100124 
• Differential outputs 
• 2000V ESD protection 
• - 4.2V to - 5. 7V operating range 
• Available to MIL-STD-883 
a Available to industrial grade temperature range 

Pin Names Description 

Do-05 Data Inputs 
E Enable Input 
Oo-05 Data Outputs 
Oo-05 Complementary 

Data Outputs 

24-Pin DIP/SOIC 28-Pin PCC 24-Pin Quad Cerpak 

Oo 24 Oo 
D5 05 05 VEES 04 04 03 Do Vm E VEE D3 D4 

IIll [Q] rn l:fil m rn rn 
o, 23 D2 24 23 22 21 20 19 

o, 3 22 D, 

02 21 Do 

02 20 Vm 

Vee 6 19 E 

VcCA 7 18 VEE 

D1 18 
D4 Ii] [I]03 

D2 17 
D3 [j] rn YccA 

VEE [11 rn YceA 
Oo 16 

VEES I]] III Yee Oo 15 

E [ill @I Yee 01 14 

VceA 17 D3 YmilZI Ill! 02 01 13 

03 16 D4 Do!)]] @I 02 7 8 9 10 11 12 

03 10 15 D5 

04 11 14 05 02 02 Vee YecA VeCA 03 
[gl!m~llll~IHI~ 

D5 

05 

05 

04 

04 

03 

04 12 13 05 o1 o2 o0 vEES 00 o1 o1 
TL/F/9878-2 

TL/F /9878-1 
TL/F/9878-3 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired. (Note 1) Conditions 
If Military/Aerospace specified devices are required, Case Temperature (Tc) 
please contact the National Semiconductor Sales Commercial 0°Cto +85°C 
Office/Distributors for availability and specifications. 

Industrial - 40°C to + 85°C 
Storage Temperature (T srn) - 65°C to + 150°C Military - 55°C to + 125°C 
Maximum Junction Temperature (TJ) Supply Voltage (VEE) -5.7V to -4.2V 

Ceramic +175°C 
Plastic + 150°C 

VEE Pin Potential to Ground Pin - 7.0V to + 0.5V 

VnL Pin Potential to Ground Pin - 0.5V to + 6.0V 

Input Voltage (DC) -0.5V to + 6.0V 

Output Current (DC Output HIGH) -50mA 

ESD (Note 2) :::::2ooov 
Note 1: Absolute maximum ratings are those values beyond which the de· 
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 
Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Commercial Version 

DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = 0°C to +85°C (Note 3), VnL = +4.5Vto +5.5V 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -1025 -955 -870 
mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1830 -1705 -1620 orV1L(Min) 50!1 to -2.0V 

VoHC Output HIGH Voltage -1035 
mV V1N = VIH(Min) Loading with 

VoLC Output LOW Voltage -1610 orV1L(Max) 50!1 to -2.0V 

V1H Input HIGH Voltage 
2.0 5.0 v 

Guaranteed HIGH 
Signal for All Inputs 

V1L Input LOW Voltage 
0 0.8 v 

Guaranteed LOW 
Signal for All Inputs 

Vco Input Clamp Diode Voltage -1.2 v l1N = -18 mA 

l1H Input HIGH Current 
V1N = +2.4V, 

Data 20 
Enable 120 

µA All Other Inputs V1N = GND 

Input HIGH Current 
1.0 mA 

V1N = +5.5V, 
Breakdown Test, All Inputs All Other Inputs = GND 

l1L Input LOW Current 
V1N = +0.4V, 

Data -0.9 
Enable -5.4 

mA All Other Inputs V1N = V1H 

IEE VEE Power Supply Current -70 -45 -22 mA All Inputs V1N = + 4.0V 

lnL VnL Power Supply Current 25 38 mA All Inputs V1N = GND 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Commercial Version (Continued) 

DIP AC Electric Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND, VnL = + 4.5V to + 5.5V 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.50 3.00 0.50 2.90 0.50 3.00 ns 

tPHL Data and Enable to Output 
Figures 1and2 

trLH Transition Time 
0.45 1.80 0.45 1.80 0.45 

trHL 20% to 80%, 80% to 20% 
1.80 ns 

SOIC, PCC and Cerpak AC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee= VeeA = GND, VnL = +4.5V to +5.5V 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.50 2.80 0.50 2.70 0.50 2.80 ns 

tPHL Data and Enable to Output 
Figures 1 and 2 

trLH Transition Time 
0.45 1.70 0.45 1.70 0.45 1.70 

trHL 20% to 80%, 80% to 20% 
ns 

tosHL Maximum Skew Common Edge PCCOnly 

Output-to-Output Variation 0.95 0.95 0.95 ns (Note 1) 

Data to Output Path 

tosLH Maximum Skew Common Edge PCCOnly 

Output-to-Output Variation 0.70 0.70 0.70 ns (Note 1) 
Data to Output Path 

tosr Maximum Skew Opposite Edge PCCOnly 

Output-to-Output Variation 1.60 1.60 1.60 ns (Note 1) 

Data to Output Path 

tps Maximum Skew PCCOnly 

Pin (Signal) Transition Variation 1.20 1.20 1.20 ns (Note 1) 

Data to Output Path 

Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (tosHU· or LOW to HIGH (tosLH), or in opposite directions both 
HL and LH (losr). Parameters tosr and tps guaranteed by design. 
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Industrial Version 

PCC DC Electrical Characteristics (Note> 
VEE = -4.2V to -5.7V, Vee= VccA = GND, Tc = -40°C to +85°C, VnL = +4.5V to +5.5V 

Symbol Parameter 
Tc= -40°C Tc= 0°C to +85°C 

Units Conditions 
Min Max Min Max 

VoH Output HIGH Voltage -1085 -870 -1025 -870 V1N = V1H (Max) Loading with 
mV 

orV1L(Min) 50.0. to -2.0V 
VoL Output LOW Voltage -1830 -1575 -1830 -1620 

VoHC Output HIGH Voltage -1095 -1035 V1N = V1H(Min) Loading with 
mV 

orV1L(Max) 50.0.to -2.0V 
VoLC Output LOW Voltage -1565 -1610 

V1H Input HIGH Voltage 
2.0 5.0 2.0 5.0 v Guaranteed HIGH 

Signal for All Inputs 

V1L Input LOW Voltage 
0 0.8 0 0.8 v Guaranteed LOW 

Signal for All Inputs 

Vco Input Clamp Diode Voltage -1.2 -1.2 v l1N = -18mA 

l1H Input HIGH Current 
V1N = +2.4V, 

Data 20 20 
Enable 120 120 

µA All Other Inputs V1N = GND 

Input HIGH Current 
1.0 1.0 mA 

V1N = +5.5V, 
Breakdown Test, All Inputs All Other Inputs = GND 

l1L Input LOW Current 
V1N = +0.4V, 

Data -0.9 -0.9 
Enable -5.4 -5.4 

mA All Other Inputs V1N = V1H 

IEE VEE Power Supply Current -70 -22 -70 -22 mA All Inputs V1N = + 4.0V 

lnL VnL Power Supply Current 38 38 mA All Inputs V1N = GND 

Note: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

PCC AC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee= VccA = GND, VnL = +4.5V to +5.5V 

Symbol Parameter 
Tc= -40°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.50 2.80 0.50 2.70 0.50 2.80 ns Figures 1 and 2 

tPHL Data and Enable to Output 

trLH Transition Times 
0.35 1.80 0.45 1.70 0.45 1.70 Figures 1 and 2 

trHL 20% to 80%, 80% to 20% 
ns 
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Military Version 

DC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee = VccA = GND, Tc = - 55°C to + 125•c, VrrL = + 4.5V to + 5.5V 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage -1025 -870 mV o·c to + 125°C 

-1085 -870 mV -55°C V1N = V1H (Max) Loading with 
1, 2, 3 

VoL Output LOW Voltage -1830 -1620 mV o·c to + 125°C orV1L (Min) 50flto -2.0V 

-1830 -1555 mV -55°C 

VoHC Output HIGH Voltage -1035 mV o·c to + 125°C 

-1085 mV -55°c V1N = V1H (Max) Loading with 
orV1L (Min) 50flto -2.0V 

1, 2, 3 
Vmc Output LOW Voltage -1610 mV o·c to + 125°C 

-1555 mV -55°C 

V1H Input HIGH Voltage 2.0 5.0 v - 55°C to + 125•c Over VrrL. VEE· Tc Range 1, 2, 3, 4 

V1L Input LOW Voltage 0.0 0.8 v - 55°C to + 125•c Over VrrL. VEE· Tc Range 1, 2, 3, 4 

l1H Input HIGH Current 20 µA - 55°C to + 125•c V1N = +2.7V 
Breakdown Test 1, 2, 3 

100 µA - 55°C to + 125•c V1N = +7.0V 

l1L Input LOW Current 
Data -0.9 mA - 55°C to + 125·c V1N = +0.4V 1, 2, 3 
Enable -5.4 

VFco Input Clamp 
-1.2 v - 55°C to + 125•c 

l1N = -18 mA 
1, 2, 3 

Diode Voltage 

IEE VEE Power 
-70 -22 mA - 55°C to + 125•c 

All Inputs V1N = + 4.0V 
1, 2, 3 

Supply Current 

lrrL VrrL Power 
38 mA - 55°C to + 125•c 

All Inputs V1N = GND 
1, 2, 3 

Supply Current 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at -55'C, + 25'C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at -55'C, + 25'C, and + 125'C, Subgroups A 1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 

AC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee = VccA = GND, VrrL = + 4.5V to + 5.5V 

Symbol Parameter 
Tc= -ss·c Tc= +2s0 c Tc= + 12s0 c 

Units Conditions Notes 
Min Max Min Max Min Max 

tpLH Propagation Delay 
0.50 3.00 0.50 2.90 0.30 3.30 ns 1, 2, 3, 

tpHL Data and Enable to Output 
Figures 1 and 2 

trLH Transition Time 
0.35 1.80 0.45 1.80 0.45 1.80 4 

trHL 20% to 80%, 80% to 20% 
ns 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at +25°C temperature only, Subgroup A9. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at + 25'C, Subgroup A9, and at + 125°C and -55°C temperatures, Subgroups A 1 O and 
A11. 

Note 4: Not tested at + 25'C, + 125'C, and -55°C temperature (design characterization data). 
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FIGURE 1. Propagation Delay and Transition Times 
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FIGURE 2. AC Test Circuit 
Notes: 

Vee. VceA = OV, VEE = -4.5V, VnL = +5.0V, V1H = +3.0V 

L1, L2 and L3 = equal length 50!1 impedance lines 

RT = 50!1 terminator internal to scope 

Decoupling 0.1 µF from GND to Vee; VEE and VnL 

All unused outputs are loaded with 50!1 to -2V or with equivalent ECL terminator network 

CL = Fixture and stray capacitance ~ 3 pF 
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~National 
U Semiconductor 

100325 
Low Power Hex ECL-to-TTL Translator 

General Description Features 
• Pin/function compatible with 100125 
• Meets 100125 AC specifications 
• 50% power reduction of the 100125 
• Differential inputs with built in offset 
• Standard FAST® outputs 
• 2000V ESD protection 
• -4.2V to -5.7V operating range 

The 100325 is a hex translator for converting F1 OOK logic 
levels to TIL logic levels. Differential inputs allow each cir­
cuit to be used as an inverting, non-inverting or differential 
receiver. An internal reference voltage generator provides 
Vss for single-ended operation, or for use in Schmitt trigger 
applications. All inputs have 50k.O. pull-down resistors. 
When the inputs are either unconnected or at the same 
potential the outputs will go low. 

When used in single-ended operation the apparent input 
threshold of the true inputs is 20mV to 40mV higher (posi­
tive) than the threshold of the complementary inputs. The 
VEE and VnL power may be applied in either order. 

• Available to industrial grade temperature range 

Ordering Code: see sections 

Logic Diagram 
1>--vee 

~o --f'-....__ Oo Do-V--

Ds=f>-- Os Ds 

Connection Diagrams 
24-Pin DIP/SOIC 

05 1 24 D5 

04 2 23 D5 

03 3 22 D4 

Ym 21 D4 

Ym 20 D3 

Yee 19 D3 

Yee 7 18 YEE 

02 17 Vee 

01 16 D2 

Oo 10 15 D2 

Do 11 14 Dl 

TL/F/9879-4 

D2 fill 
Yee[!] 
YEE 181 
YEES~ 

D3 li]] 

D3 li21 
D4 [j]] 

• Available to MIL-STD-883 

Pin Names Description 

Do-Ds Data Inputs 
Do-Ds Inverting Data Inputs 

Oo-Os Data Outputs 

28-Pin PCC 24-Pin Quad Cerpak 

D2 D1 D1 Ym D0 D0 00 D4 03 D3 VEE Yee D2 
(j][Q]rnrnmrnm 

24 23 22 21 20 19 

mo1 04 18 

rn 02 D5 17 
[1] Yee 

05 16 
rn Yee 
@I Yee 05 15 

lllJYm 04 14 

Im Ym 03 13 

7 8 9 10 11 12 
IT"fillm~llll~~~ 
D4 05 D5 Ym 05 04 03 Ym Ym Yee Yee 02 01 
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D1 

D1 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military I Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Temperature (T sTG) - 65°C to + 150°C 

Maximum Junction Temperature (TJ) 
Ceramic 
Plastic 

VEE Pin Potential to Ground Pin 

VnL Pin Potential to Ground Pin 

Input Voltage (DC) 

Voltage Applied to Output 
in HIGH State (with Vee = OV) 

Current Applied to Output 
in LOW State (Max) 

ESD (Note 2) 

+ 175°C 
+ 150°C 

-7.0V to +0.5V 

-0.5Vto +6.0V 

VEE to +0.5V 

-0.5VtoVee 

twice the rated loL (mA) 

~2000V 

Note 1: Absolute maximum ratings are those values beyond which the de­
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 
Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Truth Table 
Inputs Outputs 

Dn Dn On 

L H L 
H L H 
L L L 
H H L 

Open Open L 

VEE VEE L 
L Vss L 

H Vss H 

Vss L H 

Vss H L 

H = HIGH Voltage Level 
L = LOW Voltage Level 

Commercial Version 

DC Electrical Characteristics 

Recommended Operating 
Conditions 
Case Temperature (Tc) 

Commercial 
Industrial 
Military 

Supply Voltage (VEE) 

0°Cto +85°C 
- 40°C to + 85°C 

- 55°C to + 125°C 

-5.7V to -4.2V 

VEE = -4.2V to -5.7V, Vee= GND, VnL = + 4.5V to 5.5V, Te = 0°C to + 85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

Vss Output Reference Voltage -1380 -1320 -1260 mV lvss = -2.1 mA 

V1H Single-Ended Input 
-1165 -870 mV 

Guaranteed HIGH Signal for All Inputs 
HIGH Voltage (with One Input Tied to Vss) 

V1L Single-Ended Input 
-1830 -1475 mV 

Guaranteed LOW Signal for All Inputs 
LOW Voltage (with One Input Tied to Vss) 

VoH Output HIGH Voltage 2.5 v loH = -2.0 mA J V1N = V1H (Max) 

VoL Output LOW Voltage 0.5 v loL = 20 mA 1 or V1L (Min) 

Vo1FF Input Voltage Differential 150 mV Required for Full Output Swing 

VeM Common Mode Voltage Vee - 2.0 Vee - 0.5 v 
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Commercial Version (Continued) 

DC Electrical Characteristics (Continued) 
VEE = -4.2V to -5.7V, Vee = GND, VnL = +4.5V to 5.5V, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

l1H Input HIGH Current 
350 µA 

V1N = V1H (Max)· Do-Ds = Vss. 
Do-Os = V1L (Min) 

l1L Input LOW Current 0.5 µA V1N = V1L (Min)• Do-Ds = Vss 

los Output Short-Circuit Current -150 -60 mA Vour = GND* 

IEE VEE Power Supply Current -37 -27 -17 mA Do-Ds = Vss 

lnL VnL Power Supply Current 45 65 mA Do-Ds = Vss 

•rest one output at a time. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

DIP AC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee= GND, VnL = +4.5V to +5.5V 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Min Max Min Max Min Max 

tPLH Propagation Delay 
0.80 3.50 0.90 3.70 1.00 4.00 

tPHL Data to Output 

tPLH Propagation Delay 
1.60 4.30 1.70 4.50 1.80 4.80 

tPHL Data to Output 

SOIC, PCC and Cerpak AC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee= GND, VnL = +4.5V to +5.5V 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Min Max Min Max Min Max 

tPLH Propagation Delay 
0.80 3.30 0.90 3.50 1.00 3.80 

tPHL Data to Output 

tPLH Propagation Delay 
1.60 4.10 1.70 4.30 1.80 4.60 

tPHL Data to Output 

tosHL Maximum Skew Common Edge 
Output-to-Output Variation 0.65 0.65 0.65 
Data to Output Path 

tosLH Maximum Skew Common Edge 
Output-to-Output Variation 0.65 0.65 0.65 
Data to Output Path 

tosr Maximum Skew Opposite Edge 
Output-to-Output Variation 2.20 2.20 2.20 
Data to Output Path 

tps Maximum Skew 
Pin (Signal) Transition Variation 2.10 2.10 2.10 
Data to Output Path 

Units Conditions 

ns 
CL= 15 pF 
Figures 1 and 2 

ns 
CL= 50 pF 
Figures 1 and 3 

Units Conditions 

ns 
CL=15pF 
Figures 1 and 2 

ns 
CL= 50 pF 
Figures 1 and 3 

PCCOnly 
ns (Note 1) 

PCCOnly 
ns (Note 1) 

PCCOnly 
ns (Note 1) 

PCCOnly 
ns (Note 1) 

Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (losHU· or LOW to HIGH (tosLH). or in opposite directions both 
HL and LH (losTl· Parameters tosT and tps guaranteed by design. 
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Industrial Version 

PCC DC Electrical Characteristics (Note> 
VEE= -4.2V to -5.7V, Vee= GND, Tc= -40°C to +85°C 

Symbol Parameter 
Tc= -40°C Tc= 0°c to +B5°C 

Units Conditions 
Min Max Min Max 

Vss Output Reference Voltage -1395 -1255 -1380 -1260 mV lvss = -2.1 mA 

V1H Single-Ended Input 
-1170 -870 -1165 -870 mV 

Guaranteed HIGH Signal for All Inputs 
HIGH Voltage (with One Input Tied to Vss) 

V1L Single-Ended Input 
-1830 -1480 -1830 -1475 mV 

Guaranteed LOW Signal for All Inputs 
LOW Voltage (with One Input Tied to Vss) 

VoH Output HIGH Voltage 2.5 2.5 v loH = -2.0mA J V1N = V1H (Max) 

Vol Output LOW Voltage 0.5 0.5 v loL = 20 mA 1 or V1L (Min) 

VolFF Input Voltage Differential 150 150 mV Required for Full Output Swing 

VcM Common Mode Voltage Vee - 2.0 Vee - 0.5 Vee - 2.0 Vee - o.5 v 
l1H Input HIGH Current 

450 350 µA 
V1N = V1H (Max)• Do-D5 = V99, 
Do-05 = V1L (Min) 

l1L Input LOW Current 0.5 0.5 µA V1N = V1L (Min)• Do-D5 = Vss 

los Output Short-Circuit Current -150 -60 -150 -60 mA VouT = GND* 

IEE VEE Power Supply Current -37 -15 -37 -17 mA Do-D5 = Vss 

lnL VnL Power Supply Current 65 65 mA Do-D5 = Vss 

'Test one output at a time. 

Note: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

PCC AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = GND, VnL = +4.5V to +5.5V 

Symbol Parameter 
Tc= -40°C Tc= +25°C Tc= +B5°C 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.80 3.30 0.90 3.50 1.00 3.80 ns 

CL= 15 pF 

tpHL Data to Output Figures 1 and 2 

tpLH Propagation Delay 
1.60 4.10 1.70 4.30 1.80 4.60 ns 

CL= 50 pF 

tpHL Data to Output Figures 1 and 3 

2-94 



Military Version 

DC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee= VccA = GND, Tc= -55°C to +125°C, CL= 50 pF, VnL = +4.5V to +5.5V 

Symbol Parameter Min Max Units Tc Conditions Notes 

Vss Output Reference Voltage· 
-1380 -1260 0°C to + 125°C 

lvss = -3 µA, VEE= -4.2V 

mV lvss = -2.1 mA 1, 2, 3 
VEE= -5.7V 

-1396 -1260 -55°C lvss = -3 mA 

V1H Input HIGH Voltage 
-1165 -870 mV - 55°C to + 125°C 

Guaranteed HIGH Signal for All Inputs 
1, 2, 3, 4 

(with One Input Tied to V8 s) 

V1L Input LOW Voltage 
-1830 -1475 mV - 55°C to + 125°C 

Guaranteed LOW Signal for All Inputs 
1, 2, 3, 4 

(with One Input Tied to Vss) 

VoH Output HIGH Voltage 2.5 
mV 

0°C to + 125°C 
loH = -2.0mA V1N = V1H (Max) 

2.4 -55°C orV1L(Min) 1, 2, 3 

Vol Output LOW Voltage 0.5 mV - 55°C to + 125°C loL = 20 mA 

Vo1FF Input Voltage Differential 
150 mV 

-55°Cto Required for Full Output Swing 
1, 2, 3 

+125°C 

VcM Common Mode Voltage 
-2000 -500 mV 

-55°Cto 
1, 2, 3, 4 

+125°C 

l1H Input HIGH Current 350 
µA 

o·c to + 125·c V1N = V1H (Max)• Do-Ds = V99, 1, 2, 3 
500 -55°c Do-Os = V1L (Min) 

l1L Input LOW Current 0.50 µA - 55°C to + 125°C V1N = V1L (Min), Do-Ds = Vss 1, 2, 3 

los Output Short Circuit 
-150 -60 mA - 55°C to + 125°C 

Vour = GND 
1, 2, 3 

Current Test One Output at a Time 

lcEx Output HIGH 
250 µA - 55°C to + 125·c 

Vour = 5.5V 
1, 2, 3 

Leakage Current 

IEE VEE Power Supply Current -35 -12 mA - 55°C to + 125°C Do-Ds = Vss 1, 2, 3 

lnL VnL Power Supply Current 65 mA - 55°C to + 125°C Do-Ds = Vss 1, 2, 3 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at -55'C, +25'C, and + 125'C, Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at - 55'C, + 25'C, and + 125'C, Subgroups A 1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 

AC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee= GND, VnL = +4.5V to +5.5V 

Symbol Parameter 
Tc= -ss·c Tc= +25°C Tc= +125°C 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
1.50 5.00 1.60 4.70 1.70 5.70 ns 

CL= 50 pF 

tPHL Data to Output Figures 1 and 3 

Notes 

1, 2, 3 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at + 25'C, temperature only, Subgroup A9. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at +25'C, Subgroup A9, and at+ 125'C and -55'C temperatures, Subgroups A10 and 
A11. 

Note 4: Not tested at + 25'C, + 125'C, and - 55'C temperature (design characterization data). 
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Switching Waveform 

INPUT I l I I I ,.,. 

FIGURE 1. Propagation Delay 

Test Circuits 
VnL -----1-----1 -------

Vee 
0.1 µf' .I. 

Notes: 

PULSE 
GENERATOR 

SCOPE 
CHAN A 

"" I \ 

\ I .r. 

Rr 

Vee= ov, VEE= -4.SV, VnL = +sv 

4 
"" I \ 

\ I .r. 

L 1 and L2 = equal length 50n impedance lines 
Ar = son terminator internal to scope 
Decoupling 0.1 µF from GND to Vee. VEE and VnL 
All unused outputs are loaded with soon to GND 
CL = Fixture and stray capacitance = 15 pF 

I 
I ~ ·r--r Vee 

VEE L2 

"" I \ 

\ I .r. 

FIGURE 2. AC Test Circuit for 15 pf Loading 
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Test Circuits (Continued) 

VnL -----I-----• -------
V99 

0.1 µF .I. 

OPEN ---------1-._...--<ll 

Notes: 

PULSE 
GENERATOR 

SCOPE 
CHAN A 

...... 
I \ 

' I 

_r_ 

Rr 

Vee= av, VEE= -4.SV, VnL = +sv 

...... 
I \ 

' I _r_ L1 

L 1 and L2 = equal length son impedance lines 
Ar = son terminator internal to scope 
Decoupling 0.1 µF from GND to Vee. VEE and VnL 
All unused outputs are loaded with soon to GND 
CL = Fixture and stray capacitance = SO pF 

I 
I ·r--r 

Yee 

VEE 

L2 
...... 

I \ 

' I 

.E 
_r_ 

FIGURE 3. AC Test Circuit for 50 pF Loading 
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100328 
Low Power Octal ECL/TTL 
Bi-Directional Translator with Latch 

General Description 
The 100328 is an octal latched bi-directional translator de­
signed to convert TTL logic levels to 1 OOK ECL logic levels 
and vice versa. The direction of this translation is deter­
mined by the DIR input. A LOW on the output enable input 
(OE) holds the ECL outputs in a cut-off state and the TTL 
outputs at a high impedance level. A HIGH on the latch 
enable input (LE) latches the data at both inputs even 
though only one output is enabled at the time. A LOW on LE 
makes the 100328 transparent. 

The 100328 is designed with FAST® TTL output buffers, 
featuring optimal DC drive and capable of quickly charging 
and discharging highly capacitive loads. All inputs have 
50 kn pull-down resistors. 

Features 
• Identical performance to the 100128 at 50% of the 

The cut-off state is designed to be more negative than a 
normal ECL LOW level. This allows the output emitter-fol­
lowers to turn off when the termination supply is - 2.0V, 
presenting a high impedance to the data bus. This high im­
pedance reduces termination power and prevents loss of 
low state noise margin when several loads share the bus. 

Ordering Code: see sections 

Logic Symbol 

OE 

Connection Diagrams 

LE 

DIR 

TL/F/10219-1 

supply current 
• Bi-directional translation 
• 2000V ESD protection 
• Latched outputs 
• FAST® TTL outputs 
• TRI-STATE® outputs 
• Voltage compensated operating range = 

-4.2V to -5.7V 
• Available to industrial grade temperature range 
• Available to MIL-STD-883 

Pin Names Description 

Eo-E7 ECLDatal/O 
To-T7 TTL Data 1/0 
OE Output Enable Input 
LE Latch Enable Input 
DIR Direction Control Input 

All pins function at 1 OOK ECL levels except for To-T 7. 

24-Pin DIP/SOIC 28-Pin PCC 24-Pin Quad Cerpak 

T1 T2 T3VEES T, Ts Ts Eo LE Vee VEE Vm To 
E4 1 24 E3 [j][Q][[]l!J[Z]IIll]] 

Es 2 23 E2 24 23 22 21 20 19 

E5 3 22 To lill III T1 E1 18 

E1 4 Vmlj] !I] DIR E2 17 

OE 5 20 LE VEE Ii] [I) VeCA E3 3 16 

Vee 6 19 Vee 

VcCA 7 18 VEE 
DIR 8 17 Vm 

T7 9 16 To 

VEES ~ ITlVee E4 4 15 
Vee [j]] g§J Vee 

Es 5 14 
LE 1I1J Ill] OE 

Eo IJ]] ~E7 Es 6 13 

7 8 9 10 11 12 

T5 10 15 T1 

Ts 11 14 T2 
li])lm~~~~~ E7 OE Vee VCCA DIR T1 

T1 

T2 

T3 

T4 

Ts 

Ts 

T4 12 13 T3 
E1 Ei E3VEES E, E5 Es 

TL/F/10219-4 
TL/F/10219-3 

TL/F/10219-2 
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Functional Diagram 

ECLO 

ECL 1 

ECL2 

ECL3 

ECL4 

ECLS 

ECL6 

ECL7 

(LE) LATCH ENABLE 

(DIR) ECL/TTL 

(OE) OUTPUT ENABLE 

r---~ 

DECODE 

Note: LE, DIR, and OE use ECL logic levels 

SEE DETAIL 

TTLO 

TTL1 

TTL2 

TTL3 

TTL4 

TTLS 

TTL6 

TTL7 

TLIF/10219-5 
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Detail 

Truth Table 

OE DIR LE 
ECL TTL 
Port Port 

L x L 
LOW z 

(Cut-Off) 

L L H Input z 

L H H 
LOW 

Input 
(Cut-Off) 

H L L L L 

H L L H H 

H L H x Latched 

H H L 

H H L 

H H H 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 
Z = High Impedance 

L 

H 

Latched 

Note 1: ECL input to TTL output mode. 

Note 2: TTL input to ECL output mode. 

Note 3: Retains data present before LE set HIGH. 

Note 4: Latch is transparent. 

L 

H 

x 

TTL 

TLfF/10219-6 

Notes 

1, 3 

2,3 

1, 4 

1, 4 

1, 3 

2,4 

2,4 

2,3 
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Absolute Maximum Ratings (Note 1) 

If Military I Aerospace specified devices are required, Voltage Applied to Output 
please contact the National Semiconductor Sales in HIGH State 
Office/Distributors for availability and specifications. TRI-ST ATE Output -0.5Vto +5.5V 

Storage Temperature (T srn) - 65°C to + 150°C Current Applied to TTL 

Maximum Junction Temperature (TJ) Output in LOW State (Max) Twice the Rated loL (mA) 

Ceramic +175°C ESD(Note2) 2:2000V 
Plastic +150°C 

VEE Pin Potential to Recommended Operating 
Ground Pin - 7.0V to + 0.5V Conditions 

VnL Pin Potential to Case Temperature (Tc) 
Ground Pin -0.5Vto +6.0V Commercial 0°Cto +85°C 

EGL Input Voltage (DC) VEE to +0.5V Industrial - 40°C to + 85°C 
EGL Output Current Military - 55°C to + 125°C 

(DC Output HIGH) -50mA EGL Supply Voltage <VEE) -5.7Vto -4.2V 
TTL Input Voltage (Note 3) -0.5Vto +6.0V TTL Supply Voltage (VnL) + 4.5V to + 5.5V 
TTL Input Current (Note 3) -30 mA to + 5.0 mA 
Note 1: Absolute maximum ratings are those values beyond which the de-
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 
Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 
Note 3: Either voltage limit or current limit is sufficient to protect inputs. 

Commercial Version 

TTL-to-ECL DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = 0°C to +85°C, VnL = + 4.5V to + 5.5V (Note 4) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -1025 -955 -870 mV V1N = V1H(Max) or V1L(Min) 

VOL Output LOW Voltage -1830 -1705 -1620 mV Loading with 50.0. to - 2V 

Cutoff Voltage OE or DIR Low, 

-2000 -1950 mV V1N = V1H(Max) or V1L(Min), 
Loading with 50.0. to - 2V 

VoHC Output HIGH Voltage 
-1035 mV V1N = V1H(Min) Or V1L(Max) 

Corner Point High Loading with 50.0. to - 2V 

VoLC Output LOW Voltage 
-1610 mV 

Corner Point Low 

V1H Input HIGH Voltage 2.0 5.0 v Over VnL· VEE· Tc Range 

V1L Input LOW Voltage 0 0.8 v Over VnL· VEE· Tc Range 

l1H Input HIGH Current 70 µA V1N = +2.7V 

Breakdown Test 1.0 mA V1N = +5.5V 

l1L Input LOW Current -700 µA V1N = +0.5V 

VFco Input Clamp 
-1.2 v l1N = -18mA 

Diode Voltage 

IEE VEE Supply Current LE Low, OE and DIR High 

Inputs Open 

-159 -75 mA VEE = -4.2V to -4.8V 

-169 -75 VEE= -4.2Vto -5.7V 

Note 4: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Commercial Version (Continued) 

ECL-to-TTL DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = o·c to +85°C, CL= 50 pF, VnL = + 4.5V to + 5.5V (Note) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage 2.7 3.1 v loH = - 3 mA, VnL = 4.75V 

2.4 2.9 v loH = - 3 mA, VnL = 4.50V 

VoL Output LOW Voltage 0.3 0.5 v loL = 24 mA, VnL = 4.50V 

V1H Input HIGH Voltage -1165 -870 mV Guaranteed HIGH Signal for All Inputs 

V1L Input LOW Voltage -1830 -1475 mV Guaranteed LOW Signal for All Inputs 

l1H Input HIGH Current 350 µA V1N = V1H (Max) 

l1L Input LOW Current 0.50 µA V1N = V1L (Min) 

lozHr TRI-STATE Current 
70 µA Vour = +2.7V 

Output High 

lozLr TRI-STATE Current 
-700 µA Vour = +0.5V 

Output Low 

los Output Short-Circuit 
-150 -60 mA Vour = O.OV, VnL = + 5.5V 

Current 

lnL VnL Supply Current 74 mA TTL Outputs LOW 

49 mA TTL Outputs HIGH 

67 mA TTL Outputs in TRI-STATE 

DIP TTL-to-ECL AC Electrical Characteristics 
VEE= -4.2V to -5.7V, VnL = +4.5V to +5.5V, Vee = VccA = GND (Note) 

Symbol Parameter 
Tc= o·c Tc= 2s·c Tc= as·c 

Units Conditions 
Min Max Min Max Min Max 

tPLH TN to En 
1.1 3.5 1.1 3.6 1.1 3.8 

ns 
Figures 1 &2 

tPHL (Transparent) ns 

tPLH LE to En 
1.7 3.6 1.7 3.7 1.9 3.9 

ns 
Figures 1 &2 

tPHL ns 

tpzH OE to En 
1.3 4.2 1.5 4.4 1.7 4.8 ns Figures 1 &2 

(Cutoff to High) 

tpHz OE to En 
1.5 4.5 1.6 4.5 1.6 4.6 ns Figures 1 &2 

(High to Cutoff) 

tpHz DIR to En 
1.6 4.3 1.6 4.3 1.7 4.5 ns Figures 1 &2 

(High to Cutoff) 

tset Tn to LE 1.1 1.1 1.1 ns Figures 1 &2 

th old Tn to LE 1.1 1.1 1.1 ns Figures 1 &2 

tpw(H) Pulse Width LE 2.1 2.1 2.1 ns Figures 1 &2 

trLH Transition Time 
0.6 1.6 0.6 1.6 0.6 1.6 Figures 1 &2 

trHL 20% to 80%, 80% to 20% 
ns 

Note: The specified limits represent the "worst" case value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Commercial Version (Continued) 

DIP ECL-to-TTL AC Electrical Characteristics 
VEE = -4.2V to -5.7V, VnL = +4.5V to +5.5V, Vee = VeeA = GND, CL= 50 pF 

Symbol Parameter 
Tc= 0°C Tc= 25°C Tc= 85°C 

Units Conditions 
Min Max Min Max Min Max 

tPLH En to Tn 
2.3 5.6 2.4 5.6 2.6 5.9 ns Figures3&4 

tPHL (Transparent) 

tPLH LE to Tn 
3.1 7.2 3.1 7.2 3.3 7.7 ns Figures3& 4 

tPHL 

tpZH OEtoTn 3.4 8.45 3.7 8.95 4.0 9.7 
Figures3& 5 

tpzL (Enable Time) 3.8 9.2 4.0 9.2 4.3 9.95 
ns 

tpHz OEtoTn 3.2 8.95 3.3 8.95 3.5 9.2 
Figures3& 5 

tpLz (Disable Time) 3.0 7.7 3.4 8.7 4.1 9.95 
ns 

tpHz DIR to Tn 2.7 8.2 2.8 8.7 3.1 8.95 
Figures3& 6 

tpLz (Disable Time) 2.8 7.45 3.1 7.95 4.0 9.2 
ns 

ts et En to LE 1.1 1.1 1.1 ns Figures3& 4 

thold En to LE 2.1 2.1 2.6 ns Figures3& 4 

!e_w(H) Pulse Width LE 4.1 4.1 4.1 ns Figures3& 4 
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SOIC, PCC and Cerpak TTL-to-ECL AC Electrical Characteristics 
VEE= -4.2V to -5.7V, VnL = +4.5V to +5.5V 

Symbol Parameter 
Tc= o·c Tc= 2s·c Tc= ss·c 

Units 
Min Max Min Max Min Max 

tPLH Tn to En 
1.1 3.3 1.1 3.4 1.1 3.6 

ns 

tPHL (Transparent) ns 

tPLH LE to En 
1.7 3.4 1.7 3.5 1.9 3.7 

ns 

tPHL ns 

tpzH OE to En 
1.3 4.0 1.5 4.2 1.7 4.6 ns 

(Cutoff to High) 

tpHz OE to En 
1.5 4.3 1.6 4.3 1.6 4.4 ns 

(High to Cutoff) 

tpHz DIR to En 
1.6 4.1 1.6 4.1 1.7 4.3 ns 

(High to Cutoff) 

tset Tn to LE 1.0 1.0 1.0 ns 

thold Tn to LE 1.0 1.0 1.0 ns 

tpw(H) Pulse Width LE 2.0 2.0 2.0 ns 

trLH Transition Time 
0.6 1.6 0.6 1.6 0.6 1.6 

trHL 20% to 80%, 80% to 20% 
ns 

tosHL Maximum Skew Common Edge 
Output-to-Output Variation 200 200 200 ps 
Data to Output Path 

tosLH Maximum Skew Common Edge 

Output-to-Output Variation 200 200 200 ps 
Data to Output Path 

tosr Maximum Skew Opposite Edge 

Output-to-Output Variation 650 650 650 ps 
Data to Output Path 

tps Maximum Skew 

Pin (Signal) Transition Variation 650 650 650 ps 
Data to Output Path 

Conditions 

Figures 1 &2 

Figures 1 &2 

Figures 1 &2 

Figures 1 &2 

Figures 1 &2 

Figures 1 &2 

Figures 1 &2 

Figures 1 &2 

Figures 1 &2 

PCCOnly 
(Note 1) 

PCCOnly 
(Note 1) 

PCCOnly 
(Note 1) 

PCCOnly 

(Note 1) 

Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (losHU· or LOW to HIGH (losLH). or in opposite directions both 
HL and LH (losr). Parameters tosr and tps guaranteed by design. 
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SOIC, PCC and Cerpak ECL-to-TTL AC Electrical Characteristics 
VEE = -4.2V to -5.7V, VnL = +4.5V to +5.5V, CL = 50 pF 

Symbol Parameter 
Tc= 0°C Tc= 25°C Tc= 85°C 

Units Conditions 
Min Max Min Max Min Max 

tPLH En to Tn 
2.3 5.4 2.4 5.4 2.6 5.7 ns Figures3&4 

tPHL (Transparent) 

tPLH LE to Tn 
3.1 7.0 3.1 7.0 3.3 7.5 ns Figures3&4 

tPHL 

tpzH OEtoTn 3.4 8.25 3.7 8.75 4.0 9.5 
Figures3&5 

tpzL (Enable Time) 3.8 9.0 4.0 9.0 4.3 9.75 
ns 

tpHz OEtoTn 3.2 8.75 3.3 8.75 3.5 9.0 
Figures3&5 

tpLz (Disable Time) 3.0 7.5 3.4 8.5 4.1 9.75 
ns 

tpHz DIR to Tn 2.7 8.0 2.8 8.5 3.1 8.75 
Figures3&6 

tpLz (Disable Time) 2.8 7.25 3.1 7.75 4.0 9.0 
ns 

tset En to LE 1.0 1.0 1.0 ns Figures3& 4 

tho Id En to LE 2.0 2.0 2.5 ns Figures3&4 

tpw(H) Pulse Width LE 4.0 4.0 4.0 ns Figures3&4 

tosHL Maximum Skew Common Edge PCCOnly 
Output-to-Output Variation 600 600 600 ps (Note 1) 
Data to Output Path 

tosLH Maximum Skew Common Edge PCCOnly 
Output-to-Output Variation 850 850 850 ps (Note 1) 
Data to Output Path 

tosT Maximum Skew Opposite Edge PCCOnly 
Output-to-Output Variation 1350 1350 1350 ps (Note 1) 
Data to Output Path 

tps Maximum Skew PCCOnly 
Pin (Signal) Transition Variation 950 950 950 ps (Note 1) 
Data to Output Path 

Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (losHU· or LOW to HIGH (losLH), or in opposite directions both 
HL and LH (losr). Parameters tosT and tps guaranteed by design. 
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Industrial Version 

PCC TTL-to-ECL DC Electrical Characteristics 
VEE= -4.2V to -S.7V, Vee= VccA = GND, Tc= -40°C to +8S°C, VnL = +4.SV to +s.sv (Note) 

Symbol Parameter 
Tc= -40°c Tc= o·c to +ss·c 

Units Conditions 
Min Max Min Max 

VoH Output HIGH Voltage -1085 -870 -102S -870 mV V1N = V1H(Max) or V1L(Min) 

Vol Output LOW Voltage -1830 -1S7S -1830 -1620 mV Loading with son to - 2v 

Cutoff Voltage OE or DIR Low, 
-1900 -19SO mV V1N = V1H(Max) or V1L(Min)• 

Loading with son to - 2V 

VoHC Output HIGH Voltage 
-109S -103S 

mV V1N = V1H(Min) or V1L(Max) 
Corner Point High Loading with son to - 2V 

VoLC Output LOW Voltage 
-1S6S -1610 mV 

Corner Point Low 

V1H Input HIGH Voltage 2.0 s.o 2.0 s.o v Over VrrL. VEE· Tc Range 

V1L Input LOW Voltage 0 0.8 0 0.8 v Over VnL. VEE· Tc Range 

l1H Input HIGH Current 70 70 µA V1N = +2.7V 

Breakdown Test 1.0 1.0 mA V1N = +S.5V 

l1L Input LOW Current -700 -700 µA V1N = +O.SV 

VFCD Input Clamp Diode Voltage -1.2 -1.2 v l1N = -18 mA 

IEE VEE Supply Current LE Low, OE and DIR High 
Inputs Open 

-1S9 -70 -1S9 -7S mA VEE = -4.2V to -4.8V 
-169 -70 -169 -7S VEE= -4.2Vto -S.7V 

PCC ECL-to-TTL DC Electrical Characteristics 
VEE = -4.2V to -S.7V, Vee = VccA = GND, Tc = -40°C to +8S°C, CL = so pF, VnL = +4.SV to +s.sv (Note) 

Symbol Parameter 
Tc= -40°c Tc= o·c to +ss·c 

Units Conditions 
Min Max Min Max 

VoH Output HIGH Voltage 2.7 2.7 v loH = -3 mA, VnL = 4.7SV 
2.4 2.4 v loH = -3 mA, VnL = 4.SOV 

VoL Output LOW Voltage o.s o.s v loL = 24 mA, VnL = 4.SOV 

V1H Input HIGH Voltage -1170 -870 -116S -870 mV Guaranteed HIGH Signal for All Inputs 

V1L Input LOW Voltage -1830 -1480 -1830 -147S mV Guaranteed LOW Signal for All Inputs 

l1H Input HIGH Current 42S 3SO µA V1N = V1H (Max) 

l1H Input LOW Current o.so o.so µA V1N = V1H (Min) 

lozHT TRI-ST ATE Current 
70 70 µA VouT = +2.7V 

Output High 

lozLT TRI-STATE Current 
-700 -700 µA VouT = +o.sv 

Output Low 

los Output Short-Circuit 
-1SO -60 -1SO -60 mA VouT = O.OV, VrrL = + s.sv 

Current 

lrrL VnL Supply Current 74 74 mA TTL Outputs LOW 
49 49 mA TTL Outputs HIGH 
67 67 mA TTL Outputs in TRI-STATE 

Note: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Industrial Version (Continued) 

PCC TTL-to-ECL AC Electrical Characteristics 
VEE = -4.2V to -5.7V, VnL = + 4.5V to + 5.5V 

Symbol Parameter 
Tc= -40°C Tc= 25°C 

Min Max Min Max 

tPLH Tn to En 
1.0 3.3 1.1 3.4 

tPHL (Transparent) 

tPLH LE to En 
1.7 3.4 1.7 3.5 

tPHL 

tpzH OE to En 
1.2 4.0 1.5 4.2 

(Cutoff to High) 

tpHz OE to En 
1.5 4.5 1.6 4.3 

(High to Cutoff) 

tpHz DIR to En 
1.6 4.1 1.6 4.1 

(High to Cutoff) 

tset Tn to LE 2.5 1.0 

tho Id Tn to LE 1.0 1.0 

tpw(H) Pulse Width LE 2.5 2.0 

tTLH Transition Time 
0.4 2.3 0.6 1.6 

tTHL 20% to 80%, 80% to 20% 

PCC ECL-to-TTL AC Electrical Characteristics 
VEE = -4.2V to -5.7V, VnL = + 4.5V to + 5.5V, CL = 50 pF 

Symbol Parameter 
Tc= 0°C Tc= 25°C 

Min Max Min Max 

tPLH En toTn 
2.3 5.4 2.4 5.4 

tPHL (Transparent) 

tPLH LE to Tn 
3.1 7.4 3.1 7.0 

tPHL 

tpzH OEtoTn 3.4 8.3 3.7 8.75 

tpzL (Enable Time) 3.7 9.0 4.0 9.0 

tpHz OEtoTn 3.2 9.0 3.3 8.75 

1PLZ (Disable Time) 3.0 7.5 3.4 8.5 

tpHZ DIR to Tn 2.7 8.0 2.8 8.5 

tpLz (Disable Time) 2.8 7.3 3.1 7.75 

ts et En to LE 2.5 1.0 

tho Id En to LE 2.3 2.0 

tpw(H) Pulse Width LE 4.0 4.0 
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Tc= 85°C 
Units Conditions 

Min Max 

1.1 3.6 
ns 

Figures 1 &2 
ns 

1.9 3.7 
ns 

Figures 1 &2 
ns 

1.7 4.6 ns Figures 1 &2 

1.6 4.4 ns Agures 1 &2 

1.7 4.3 ns Figures 1 &2 

1.0 ns Figures 1 &2 

1.0 ns Figures 1 & 2 

2.0 ns Figures 1 &2 

0.6 1.6 ns Figures 1 &2 

Tc= 85°C 
Units Conditions 

Min Max 

2.6 5.7 ns Figures3&4 

3.3 7.5 ns Figures3&4 

4.0 9.5 
Figures3& 5 ns 

4.3 9.75 

3.5 9.0 
Figures3&5 ns 

4.1 9.75 

3.1 8.75 
_Figures 3 & 6 ns 

4.0 9.0 

1.0 ns Figures3& 4 

2.5 ns Figures3&4 

4.0 ns Figures3& 4 



Military Version 

TTL-to-ECL DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = - ss•c to + 12s·c. Vnl = + 4.5V to + 5.5V 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage 
-1025 -870 mV 

o·cto 
+ 12s·c 

-1085 -870 mV -ss·c V1N = V1H (Max) 

Vol Output LOW Voltage o•cto orV1l (Min) 
-1830 -1620 mV 

+125°C 
Loading with 

son to-2.ov 1, 2, 3 
-1830 -1555 mV -55°C 

Cutoff Voltage 
-1950 mV 

o·cto 
+12s·c OE or DIR Low 

-1850 mV -ss·c 

VoHC Output HIGH Voltage 
-1035 mV 

o•cto 
+ 125·c 

-1085 mV -ss·c V1N = V1H (Min) Loading with 
1, 2, 3 

Vole Output LOW Voltage mV o·cto orV1l (Max) so no to - 2.ov 
-1610 

+ 12s·c 

-1555 mV -ss·c 

V1H Input HIGH Voltage 
2.0 v 

-ss•cto Over Vnl• VEE· Tc Range 1, 2, 3, 4 
+ 125•c 

V1l Input LOW Voltage 
0.8 v 

-55°Cto Over Vnl. VEE· Tc Range 1,2,3,4 
+ 125°C 

l1H Input HIGH Current 
70 µA 

-55°Cto 
V1N = +2.7V 

12s0 c 
1, 2, 3 

Breakdown Test 
1.0 mA 

-ss•c to 
V1N = +5.5V 

+ 125·c 

l1l Input LOW Current 
-1.0 mA 

-55°Cto V1N = +0.5V 
1, 2, 3 

+ 12s0 c 

VFCD Input Clamp 
-1.2 v 

-55°Cto l1N = -18 mA 
1,2,3 

Diode Voltage + 125° c 

IEE VEE Supply Current LE Low, OE and DIR High 
-55°Cto Inputs Open 

1,2,3 
-165 -65 

mA 
+ 12s·c VEE= -4.2V to -4.8V 

-175 -65 VEE = -4.2V to -5.7V 

El 
I 

2-107 



co 
N 
Cf) 
0 
0 

Military Version (Continued) 

ECL-to-TTL DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = -55°C to + 125°C, CL = 50 pF, VnL = + 4.5V to + 5.5V 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage 2.5 
mV 

0°C to + 125°C loH = -1 mA, VnL = 4.50V 

2.4 -55°C loH = - 3 mA, VnL = 4.50V 
1, 2, 3 

Vol Output LOW Voltage 
0.5 mV 

-55°C 
loL = 24 mA, VnL = 4.50V 

+ 125°C 

V1H Input HIGH Voltage 
-1165 -870 mV 

-55°C Guaranteed HIGH Signal 
1, 2, 3, 4 

+ 125°C for All Inputs 

V1L Input LOW Voltage 
-1830 -1475 mV 

-55°Cto Guaranteed LOW Signal 
1, 2, 3, 4 

+125°C for All Inputs 

l1H Input HIGH Current 350 
µA 

0°Cto VEE= -5.7V 
1, 2, 3 

500 + 125°C V1N = V1H (Max) 

l1L Input LOW Current 
0.50 µA 

-55°Cto VEE= -4.2V 
1, 2, 3 

+ 125°C V1N = V1L (Min) 

lozHT TRI-STATE Current 
70 µA 

-55°Cto 
Vour = +2.7V 1, 2, 3 

Output High + 125°C 

I oz LT TRI-STATE Current 
-1.0 mA 

-55°C to 
Vour = +0.5V 1, 2, 3 

Output Low + 125°C 

los Output Short-Circuit 
-150 -60 mA 

-55°Cto 
Vour = O.OV, VnL = + 5.5V 1, 2, 3 

CURRENT + 125°C 

ITTL VnL Supply Current 75 mA 
-55°Cto 

TTL Outputs Low 

50 mA 
+ 125°C 

TTL Output High 1, 2, 3 

70 mA TTL Output in TRI-STATE 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 
Note 2: Screen tested 100% on each device at -55°C, + 25°C, and + 125°C, Subgroups, 1, 2 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at -55°C, +25°C, and +125°C, Subgroups A1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 

TTL-to-ECL AC Electrical Characteristics 
VEE = -4.2V to -5.7V, VnL = +4.5V to +5.5V, Vee = VccA = GND 

Symbol Parameter 
Tc= -55°C Tc= 25°C Tc= + 125°C 

Units Conditions Notes 
Min Max Min Max Min Max 

tPLH TN to En 
0.8 3.4 1.1 3.6 0.8 3.7 

ns 
Figures 1 &2 

tPHL (Transparent) ns 
1,2,3 

tpLH LE to En 
1.2 3.8 3.7 1.1 3.8 

ns 
Figures 1 &2 1.4 

tPHL ns 

tpzH OE to En 
0.8 3.6 1.5 4.0 2.0 5.2 ns Figures 1 &2 

(Cutoff to HIGH) 

tpHz OE to En 
1.5 4.6 1.6 4.2 1.6 4.3 ns Figures 1 & 2 

(HIGH to Cutoff) 

tpHz DIR to En 
1.6 4.7 1.6 4.3 1.7 4.3 ns Figures 1 &2 1, 2, 3 

(HIGH to Cutoff) 

ts et Tn to LE 2.5 2.0 2.5 ns Figures 1 &2 
4 

tho Id Tn to LE 2.5 2.0 2.5 ns Figures 1 &2 

tpw(H) Pulse Width LE 2.5 2.0 2.5 ns Figures 1 &2 4 

trLH Transition Time 
0.4 2.3 0.5 2.1 0.4 2.4 Figures 1 &2 4 ns 

trHL 20% to 80%, 80% to 20% 
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ECL-to-TTL AC Electrical Characteristics 
VEE = -4.2V to -5.7V, VnL = +4.5V to +5.5V, Vee = VeeA = GND, CL = 50 pF 

Symbol Parameter 
Tc= -ss·c Tc= 2s·c Tc= +125°C 

Units Conditions Notes 
Min Max Min Max Min Max 

tPLH En to Tn 
2.1 6.0 2.0 5.6 2.2 6.3 ns Figures3& 4 

tPHL (Transparent) 
1, 2, 3 

tPLH LE toTn 
3.1 7.0 3.1 

tPHL 
6.5 3.3 7.5 ns Figures3& 4 

tpzH OEtoTn 3.2 8.0 3.7 8.0 4.0 9.2 
Figures3& 5 ns 

tpzL (Enable Time) 3.6 8.0 4.0 8.5 4.3 9.6 

tpHz OE to Tn 3.2 8.5 3.3 8.0 3.5 8.4 
Figures3& 5 1,2,3 ns 

tpLz (Disable Time) 3.0 8.0 3.4 7.5 4.1 10.0 

tpHz DIR to Tn 2.6 7.0 2.6 7.0 2.9 8.0 
Figures3& 6 ns 

tpLz (Disable Time) 2.7 7.0 3.1 7.0 4.0 10.0 

tset En to LE 2.5 2.0 2.5 ns Figures3& 4 
4 

thold En to LE 3.0 2.5 3.0 ns Figures3& 4 

tpw(H) Pulse Width LE 2.5 2.0 5.0 ns Figures3& 4 4 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at +25'C, temperature only, Subgroup A9. 

Note 3: Sample tested (Method 5005, Table I) on each mfg. lot at +25'C, Subgroup A9, and at + 125'C and -55'C temperatures, Subgroups A10 and A11. 

Note 4: Not tested at + 25'C, + 125'C and - 55'C temperature (design characterization data). 
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Test Circuitry (TTL-to-ECL) 

TTL INPUT FORCE/SENSE CIRCUIT 

3VI 

ov __J 

VTTL = 5V 

Vee = ov 
VEE = -4.SV 

E (OUT) 

STTL -e---1-1----~t--""'IV-.... -+-t T (IN) 

Ry 
50{1 

TTL INPUT SENSE 
10: 1 DIVIDER 

-4V 

ECL OUTPUT SENSE CIRCUIT 

EQUIVALENT CIRCUIT FOR 
-2V/50fi TERt.41NATION 

CIRCUIT = soon TO GROUND 
- - - - -ECL INPUT FORCEfSENSE CIRCWT- - -

r----------• -----FEeL I ECL INPUT FORCE/SENSE l;....--..1 
I CIRCUIT I .. _________ .. 

-4V 

-0.95V I 
-1.71V __J 

EQUIVALENT CIRCUIT FOR 
-2V /50{1 TERt.41NATION 

TL/F/10219-7 

Note 1: Rt =son termination. When an input or output is being monitored by a scope, R1 is supplied by the scope's son resistance. When an input or output is not 
being monitored, an external son resistance must be applied to serve as Rt. 

Note 2: TIL and EGL force signals are brought to the OUT via son coax lines. 

Note 3: VnL is decoupled to ground with 0.1 µF to ground, VEE is decoupled to ground with 0.01 µF and Vee is connected to ground. 

Note 4: For EGL input pins, the equivelent force/sense circuitry is optional. 

FIGURE 1. TTL-to-ECL AC Test Circuit 

Switching Waveforms (TTL-to-ECL) 

TTL DATA [)i(:D 
I I ,-------------------------------------

LATCH ENABLE 

DIRECTION CONTROL 

OUTPUT ENABLE 

ECL OUTPUT 
sor. 
2or. 

~ 
I 

I I I I 

:~ ....... ~ ~~ ~: :..__.: :.-...: 
tpo ts tH tpo tPHZ tPHZ lpzH 

FIGURE 2. TTL to ECL Transition-Propagation Delay and Transition Times 
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Test Circuitry (ECL-to-TTL) 

Vrn = sv 
Vee = ov 

VEE = -4.SV 

------------------~ 

RT 
son. 

TTL OUTPUT SENSE CIRCUIT 

+7V._. 

LZ/ZL TRI-STATE PULL-UP 
soon. 

c;_ : 
SOpF I: 

10: 1 DIVIDER ':" I 
I 
I 

LE DIR OE 

- - - - -ECL INPUT FORCEfSENSE c1R'cUiT- - - ~ 
-0.95V I : 

Fm -t.71V _J I 

I 

.----+--+-----+-t---+- SEeL : 

I 
RT I 

I 
2: 1 DIVIDER I 

I 
I 
I 

EQUIVALENT CIRCUIT FOR I 
-4V -2V/son. TERMINATION I 

--------------------~ 

------------------~ - - - - -ECL INPUT FORCEfSENSE CIRCWT- - -

·---------- .. I ECL INPUT FORCE/SENSE I..__ __ _. 
I CIRCUIT I . _________ .. .----FEeL 

-4V 

-0.9SV I 
-1.71V _J 

EQUIVALENT CIRCUIT FOR 
-2V/SOn. TERMINATION ____________________ .. 

TL/F/10219-10 

Note 1: Rt =son termination. When an input or output is being monitored by a scope, Rt is supplied by the scope's son resistance. When an input or output is not 
being monitored, an external son resistance must be applied to serve as Rt. 

Note 2: The TTL Tri-State pull up switch is connected to + 7V only for ZL and LZ tests. 

Note 3: TTL and ECL force signals are brought to the OUT via son coax lines. 

Note 4: VnL is decoupled to ground with 0.1 µ.F, VEE is decoupled to ground with 0.01 µ.F and Vee is connected to ground. 

FIGURE 3. ECL-to-TTL AC Test Circuit 
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S Switching Waveforms (ECL-to-TTL) 
0 ,... 

ECL DATA 

I f ! \ 
-· -t---1--· 1 I 1 ""· ---

,___.!. tpw-
I 

LATCH ENABLE 

TTL OUTPUT 

I 
I I I I 1 

I 1-1-1 1-1 

tpo ts tH tpo 

Note: DIR is LOW, and OE is HIGH 

TL/F/10219-11 

FIGURE 4. ECL-to-TTL Transition-Propagation Delay and Transition Times 

OUTPUT ENABLE 

VoH (TTL) 

TTL OUTPUT 

ov 

3.5V 

TTL OUTPUT 

Vol (TTL) 

Note: DIR is LOW, LE is HIGH TL/F/10219-14 

FIGURE 5. ECL-to-TTL Transition, OE to TTL Output, Enable and Disable Times 

DIRECTION CONTROL 

VoH (TTL) 

TTL OUTPUT 

ov 

3.5V 

TTL OUTPUT 

Vol (TTL) 

Note: OE is HIGH, LE is HIGH TL/F/10219-15 

FIGURE 6. ECL-to-TTL Transition, DIR to TTL Output, Disable Time 
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LATCH PARITY 

---------~DATA 
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cs 
W£ 
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TL/F/10219-12 

FIGURE 7. Applications Diagram-MOS/TTL SRAM Interface Using 100328 ECL-TTL Latched Translator 
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~National 
U Semiconductor 

100329 
Low Power Octal ECL/TTL Bidirectional 
Translator with Register 

General Description 
The 100329 is an octal registered bidirectional translator 
designed to convert TTL logic levels to 1 OOK EGL logic lev­
els and vice versa. The direction of the translation is deter­
mined by the DIR input. A LOW on the output enable input 
(OE) holds the EGL outputs in a cut-off state and the TTL 
outputs at a high impedance level. The outputs change syn­
chronously with the rising edge of the clock input (CP) even 
though only one output is enabled at the time. 

and discharging highly capacitive loads. All inputs have 
50 k!l pull-down resistors. 

Features 
• Bidirectional translation 
• EGL high impedance outputs 
• Registered outputs 
• FAST TTL outputs 
• TRI-STATE® outputs 

The cut-off state is designed to be more negative than a 
normal EGL LOW level. This allows the output emitter-fol­
lowers to turn off when the termination supply is - 2.0V, 
presenting a high impedance to the data bus. This high im­
pedance reduces the termination power and prevents loss 
of low state noise margin when several loads share the bus. 

• Voltage compensated operating range 
-5.?V 

-4.2V to 

• Available to MIL-STD-883 

The 100329 is designed with FAST® TTL output buffers, 
featuring optimal DC drive and capable of quickly charging 

Ordering Code: see sections 

Logic Symbol 

OE 

Connection Diagrams 
24-Pin DIP 

E4 24 E3 

Es 23 Ez 

E5 22 E1 

E1 4 21 Eo 
OE 5 20 ep 

Vee 19 Vee 

VeeA 18 VEE 
DIR 8 17 Vm 

T1 9 16 To 

Ts 10 15 T1 

Ts 11 14 Tz 

CP 

DIR 

TL/F/10583-1 

28-Pin PCC 

T1 Tz T3 Vm T4 Ts T5 
[j] lill rn rn m rn rn 

To IJ1] 
Vm§ 
VEE lj]J 

vm rm 
Vee Im 

CP [Z] 

Eo Ii]] 

Ii]]~~~~~~ 
E1 Ez E3VmE4 Es Es 

Pin Names Description 

Eo-E1 ECLDatal/O 

To-T7 TTLDatal/O 
OE Output Enable Input 
CP Clock Pulse Input 

(Active Rising Edge) 
DIR Direction Control Input 

All pins function at 1 OOK ECL levels except for To-T 7. 

24-Pin Quad Cerpak 

Eo CP Vee VEE Vm To 

24 23 22 21 20 19 

[!] T1 E1 18 
[l] DIR E2 17 
11JVeCA 

E5 16 
ITl Vee 
~Vee E4 4 15 

Ill] OE Es 5 14 

~E7 E5 13 

7 8 9 10 11 12 

E1 OE Vee VCCA DIR T1 

T1 

T2 

T5 

T4 

Ts 

Ts 

T4 12 13 T3 
TL/F/10583-3 TL/F/10583-4 

TL/F/10583-2 
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Functional Diagram 

ECLO 

ECL1 

ECL 2 

ECLJ 

ECL4 

ECL 5 

ECL& 

ECL7 

(CPI CLOCK 

(DIR) ECL/TTL 

(O~OUTPUTENABLE 

r---~ 

DECODE 

Note: DIR and OE use ECL logic levels 

SEE DETAIL 

TTLO 

TTL1 

TTL2 

TTLJ 

TTL4 

TTL5 

TTL& 

TTL 1 

TL/F/10583-5 
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Detail 

Truth Table 

OE DIR CP 

L L x 

L H x 

H L _r 

H L _r 

H L L 

H H _r 

H H _r 

H H L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 
Z = High Impedance 

ECL 
Port 

Input 

LOW 
(Cut-Off) 

L 

H 

x 
L 

H 

NC 

../" = LOW-to-HIGH Clock Transition 
NC = No Change 

Note 1: ECL input to TTL output mode. 

Note 2: TTL input to ECL output mode. 

Note 3: Retains data present before CP. 

TTL 

TL/F/10583-6 

TTL 
Notes 

Port 

z 1, 3 

Input 2,3 

L 1 

H 1 

NC 1, 3 

L 2 

H 2 

x 2,3 



Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, Voltage Applied to Output 
please contact the National Semiconductor Sales in HIGH State 
Office/Distributors for availability and specifications. TRI-STATE Output -0.SVto +S.SV 

Storage Temperature (T srn) - 6S°C to + 1 S0°C Current Applied to TTL 

Maximum Junction Temperature (Tj) Output in LOW State (Max) Twice the Rated loL (mA) 

Ceramic + 17S°C ESD (Note 2) ~2000V 

Plastic +1S0°C 

VEE Pin Potential to Recommended Operating 
Ground Pin - 7.0V to + O.SV Conditions 

VnL Pin Potential to Case Temperature (Tc) 
Ground Pin - O.SV to + 6.0V Commercial 0°Cto +8S°C 

ECL Input Voltage (DC) VEE to +O.SV Military - SS°C to + 12S°C 

ECL Output Current ECL Supply Voltage (VEE) -S.7V to -4.2V 
(DC Output HIGH) -SOmA 

TTL Supply Voltage (Vnd +4.SV to +S.SV 
TTL Input Voltage (Note 3) -0.SVto +6.0V 

TTL Input Current (Note 3) -30 mA to +s.o mA 
Note 1: Absolute maximum ratings are those values beyond which the de-
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 
Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 
Note 3: Either voltage limit or current limit is sufficient to protect inputs. 

Commercial Version 

TTL-to-ECL DC Electrical Characteristics 
VEE = -4.2V to -S.7V, Vee = VccA = GND, Tc = 0°C to +8S°C, VnL = +4.SV to +S.SV (Note 4) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -102S -9SS -870 mV V1N = V1H (Max) or V1L (Min) 

Vol Output LOW Voltage -1830 -170S -1620 mV 
Loading with son to - 2v 

Cutoff Voltage OE or DIR LOW, 

-2000 -19SO mV V1N = V1H (Max) or V1L (Min) 

Loading with son to - 2v 

VoHC Output HIGH Voltage 
-103S mV 

Corner Point HIGH V1N = V1H (Min) or V1L (Max) 

VoLC Output LOW Voltage Loading with son to - 2V 

Corner Point LOW 
-1610 mV 

V1H Input HIGH Voltage 2.0 s.o v Over VnL. VEE· Tc Range 

V1L Input LOW Voltage 0 0.8 v Over VnL. VEE· Tc Range 

l1H Input HIGH Current 70 µA V1N = +2.7V 

Breakdown Test 1.0 mA V1N = +S.SV 

l1L Input LOW Current -700 µA V1N = +O.SV 

VFCD Input Clamp 
-1.2 v l1N = -18 mA 

Diode Voltage 

IEE VEE Supply Current LE LOW, OE and DIR HIGH 

Inputs Open 

-189 -94 
mA 

VEE= -4.2V to -4.8V 

-199 -94 VEE= -4.2Vto -S.7V 

Note 4: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Commercial Version (Continued) 

ECL-to-TTL DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = 0°C to +85°C, CL = 50 pF, VnL = + 4.5V to + 5.5V (Note) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage 2.7 3.1 v loH = -3 mA, VnL = 4.75V 
2.4 2.9 v loH = - 3 mA, VnL = 4.50V 

VoL Output LOW Voltage 0.3 0.5 v Im = 24 mA, VnL = 4.50V 

V1H Input HIGH Voltage 
-1165 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1830 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1H Input HIGH Current 350 µA V1N = V1H (Max) 

l1L Input LOW Current 0.50 µA V1N = V1L (Min) 

lozHT TRI-STATE Current 
70 µA Vour = +2.7V Output HIGH 

lozLT TRI-ST ATE Current 
-700 µA Vour = +0.5V Output LOW 

los Output Short-Circuit 
-150 -60 mA Vour = o.ov, VnL = +5.5V Current 

lnL VnL Supply Current 74 mA TTL Outputs LOW 
49 mA TTL Outputs HIGH 
67 mA TTL Outputs in TRI-ST ATE 

DIP TTL-to-ECL AC Electrical Characteristics 
VEE = -4.2V to -5.7V, VnL = +4.5V to +5.5V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= 25°C Tc= 85°C 

Units Conditions 
Min Max Min Max Min Max 

fmax Max Toggle Frequency 350 350 350 MHz 

tPLH CPto En 
1.7 3.6 1.7 3.7 1.9 3.9 ns Figures 1 &2 

tpHL 

tpzH OE to En 
1.3 4.2 1.5 4.4 1.7 4.8 ns Figures 1 &2 

(Cutoff to HIGH) 

tpHz OE to En 
1.5 4.5 1.6 4.5 1.6 4.6 ns Figures 1 &2 

(HIGH to Cutoff) 

tpHz DIR to En 
1.6 4.3 1.6 4.3 1.7 4.5 ns Figures 1 &2 

(HIGH to Cutoff) 

ts et Tn toCP 1.1 1.1 1.1 ns Figures 1 &2 

thold Tn toCP 1.7 1.7 1.9 ns Figures 1 &2 

tpw(H) Pulse Width CP 2.1 2.1 2.1 ns Figures 1 &2 

trLH Transition Time 
0.6 1.6 0.6 1.6 0.6 1.6 Figures 1 &2 

trHL 20% to 80%, 80% to 20% 
ns 

Note: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Commercial Version (Continued) 

DIP ECL-to-TTL AC Electrical Characteristics 
VEE = -4.2V to -5.7V, VnL = +4.5V to +5.5V, Vee= VeeA = GND, CL= 50 pF 

Symbol Parameter 
Tc= o·c Tc= 2s·c Tc= ss·c 

Units Conditions 
Min Max Min Max Min Max 

fmax Max Toggle Frequency 125 125 125 MHz 

tPLH CPtoTn 
3.1 7.2 3.1 7.2 3.3 7.7 ns Figures3&4 

tPHL 

tpzH OEtoTn 3.4 8.45 3.7 8.95 4.0 9.7 
Figures3& 5 

tPZL (Enable Time) 3.8 9.2 4.0 9.2 4.3 9.95 
ns 

tpHz OEtoTn 3.2 8.95 3.3 8.95 3.5 9.2 
Figures3& 5 

tpLz (Disable Time) 3.0 7.7 3.4 8.7 4.1 9.95 
ns 

tpHz DIR to Tn 2.7 8.2 2.8 8.7 3.1 8.95 
Figures3& 6 

tpLz (Disable Time) 2.8 7.45 3.1 7.95 4.0 9.2 
ns 

ts et En to CP 1.1 1.1 1.1 ns Figures3& 4 

thold En to CP 2.1 2.1 2.6 ns Figures3& 4 

tpw(H) Pulse Width CP 4.1 4.1 4.1 ns Figures3& 4 

PCC and Cerpak TTL-to-ECL AC Electrical Characteristics 
VEE = -4.2V to -5.7V, VnL = +4.5V to +5.5V 

Symbol Parameter 
Tc= o·c Tc= 2s·c Tc= ss·c 

Units Conditions 
Min Max Min Max Min Max 

fmax Max Toggle Frequency 350 350 350 MHz 

tPLH CPto En 
1.7 3.4 1.7 3.5 1.9 3.7 ns Figures 1 &2 

tPHL 

tpzH OE to En 
1.3 4.0 1.5 4.2 1.7 4.6 ns Figures 1 &2 

(Cutoff to HIGH) 

tpHz OE to En 
1.5 4.3 1.6 4.3 1.6 4.4 ns Figures 1 &2 

(HIGH to Cutoff) 

tpHz DIR to En 
1.6 4.1 1.6 4.1 1.7 4.3 ns Figures 1 &2 

(HIGH to Cutoff) 

ts et TntoCP 1.0 1.0 1.0 ns Figures 1 &2 

thold TntoCP 1.7 1.7 1.9 ns Figures 1 &2 

tpw(H) Pulse Width CP 2.0 2.0 2.0 ns Figures 1 &2 

tTLH Transition Time 
0.6 1.6 0.6 1.6 0.6 1.6 Figures 1 &2 

trHL 20% to 80%, 80% to 20% 
ns 

tosHL Maximum Skew Common Edge PCCOnly 
Output-to-Output Variation 200 200 200 ps (Note 1) 
Data to Output Path 

tosLH Maximum Skew Common Edge PCCOnly 
Output-to-Output Variation 200 200 200 ps (Note 1) 
Data to Output Path 

tosr Maximum Skew Opposite Edge PCCOnly 
Output-to-Output Variation 650 650 650 ps (Note 1) 
Data to Output Path 

tps Maximum Skew PCCOnly 
Pin (Signal) Transition Variation 650 650 650 ps (Note 1) 
Data to Output Path 

Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (loSHU· or LOW to HIGH (losLH), or in opposite directions both 
HL and LH <tosr). Parameters tosr and tps guaranteed by design. 
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Commercial Version (Continued) 

PCC and Cerpak ECL-to-TTL AC Electrical Characteristics 
VEE= -4.2V to -5.7V, VnL = +4.5V to +5.5V, CL= 50 pF 

Symbol Parameter Tc= 0°C Tc= 25°C Tc= 85°C 

Min Max Min Max Min Max 

fmax Max Toggle Frequency 125 125 125 

tPLH CPtoTn 
3.1 7.0 3.1 7.0 3.3 7.5 

tPHL 

tpzH OEtoTn 3.4 8.25 3.7 8.75 4.0 9.5 
tpzL (Enable Time) 3.8 9.0 4.0 9.0 4.3 9.75 

tpHz OEtoTn 3.2 8.75 3.3 8.75 3.5 9.0 
tpLz (Disable Time) 3.0 7.5 3.4 8.5 4.1 9.75 

tpHz DIR toTn 2.7 8.0 2.8 8.5 3.1 8.75 
tpLz (Disable Time) 2.8 7.25 3.1 7.75 4.0 9.0 

ts et En to CP 1.0 1.0 1.0 

thold En to CP 2.0 2.0 2.5 

tpw(H) Pulse Width CP 4.0 4.0 4.0 

tosHL Maximum Skew Common Edge 
Output-to-Output Variation 600 600 600 
Data to Output Path 

tosLH Maximum Skew Common Edge 
Output-to-Output Variation 850 850 850 
Data to Output Path 

tosT Maximum Skew Opposite Edge 
Output-to-Output Variation 1350 1350 1350 
Data to Output Path 

tps Maximum Skew 
Pin (Signal) Transition Variation 950 950 950 
Data to Output Path 

Units Conditions 

MHz 

ns Figures3& 4 

ns Figures3& 5 

ns Figures3& 5 

ns Figures3& 6 

ns Figures3& 4 

ns Figures3& 4 

ns Figures3& 4 

PCCOnly 
ps (Note 1) 

PCCOnly 
ps (Note 1) 

PCCOnly 
ps (Note 1) 

PCCOnly 
ps (Note 1) 

Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (losHLl· or LOW to HIGH (tosLH), or in opposite directions both 
HL and LH (los1). Parameters tosT and tps guaranteed by design. 
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Military Version 

TTL-to-ECL DC Electrical Characteristics 
VEE= -4.2Vto -5.7V, Vee= VccA = GND, Tc= -55°Cto +125°C, VnL = + 4.5V to + 5.5V 

Symbol Parameter Min Max Units Tc Conditions 

VoH Output HIGH Voltage -1025 -870 mV 0°Cto 
+125°C 

-1085 -870 mV -55°C V1N = V1H (Max) 

Vol Output LOW Voltage 0°Cto orV1L (Min) 
-1830 -1620 mV 

+ 125°C 

-1830 -1555 mV -55°C 

Cutoff Voltage -1950 
mV 0°Cto 

+ 125°C OE or DIR LOW 
-1850 mV -55°C 

VoHC Output HIGH Voltage -1035 mV 0°Cto 
+125°C 

-1085 mV -55°C V1N = V1H (Min) 

VoLC Output LOW Voltage 0°Cto orV1L (Max) 
-1610 mV +125°C 

-1555 mV -55°C 

V1H Input HIGH Voltage 
2.0 v -55°Cto 

Over VnL. VEE· Tc Range +125°C 

V1L Input LOW Voltage 
0.8 v -55°Cto 

Over VnL. VEE· Tc Range +125°C 

l1H Input HIGH Current 
70 µA 

-55°Cto 
V1N = +2.7V. + 125°C 

Breakdown Test 
1.0 mA -55°Cto 

V1N = +5.5V + 125°C 

l1L Input LOW Current -1.0 mA 
-55°Cto 

V1N = +0.5V + 125°C 

VFCD Input Clamp -1.2 v -55°Cto 
l1N = -18 mA Diode Voltage + 125°C 

IEE VEE Supply Current LE LOW, OE and DIR HIGH 
-55°Cto Inputs Open 

-210 -70 
mA + 125°C VEE = -4.2V to -4.8V 

-220 -70 VEE = -4.2V to -5.7V 

2-120 

Notes 

Loading with 
50!1 to -2.0V 1, 2, 3 

Loading with 1, 2, 3 50!1 to -2.0V 

1, 2, 3, 4 

1, 2, 3, 4 

1, 2, 3 

1, 2, 3 

1, 2, 3 

1, 2, 3 



Military Version (Continued) 

ECL-to-TTL DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = -55°C to + 125°C, CL = 50 pF, VnL = + 4.5V to + 5.5V 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage 2.5 
mV 

-55°Cto loH = -1 mA, VnL = 4.50V 
2.4 +125°c loH = - 3 mA, VnL = 4.50V 1, 2, 3 

VoL Output LOW Voltage 
0.5 mV 

-55°Cto 
loL = 24 mA, VnL = 4.50V +125°C 

V1H Input HIGH Voltage 
-1165 -870 mV 

-55°C to Guaranteed HIGH Signal 
1,2,3,4 + 125•c for All Inputs 

V1L Input LOW Voltage 
-1830 -1475 mV 

-55°Cto Guaranteed LOW Signal 
1, 2, 3, 4 

+ 125·c for All Inputs 

l1H Input HIGH Current 350 µA o·cto 
+ 125•c VEE= -5.7V 

1, 2, 3 
500 µA -55°C 

V1N = V1H (Max) 

l1L Input LOW Current 
0.50 µA 

-55°Cto VEE= -4.2V 
1, 2, 3 

+125°c V1N = V1L (Min) 

lozHT TRI-STATE Current 
70 µA 

-55°Cto 
VouT = +2.7V 1, 2, 3 Output HIGH + 125•c 

lozLT TRI-STATE Current 
-1.0 mA 

-55°Cto 
VouT = +0.5V 1, 2, 3 Output LOW +125°c 

los Output Short-Circuit 
-150 -60 mA 

-55°Cto 
VouT = O.OV, VnL = +5.5V 1, 2, 3 Current + 125•c 

lnL VnL Supply Current 75 mA -55°Cto TTL Outputs LOW 
50 mA 

+125°C 
TTL Outputs HIGH 1, 2, 3 

70 mA TTL Outputs in TRI-STATE 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at -55°C, +25°C, and +125°C, Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at - 55°C, + 25°C, and + 125°C, Subgroups A 1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 
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Military Version (Continued) 

TTL-to-ECL AC Electrical Characteristics 
VEE= -4.2V to -5.7V, VnL = +4.5V to +5.5V, Vee= VeeA = GND 

Symbol Parameter 
Tc= -ss0 c Tc= 2s0 c Tc= +125°C 

Units Conditions Notes 
Min Max Min Max Min Max 

fmax Max Toggle Frequency 250 250 250 MHz 4 

tPLH CPto En 

tpHL 
1.3 3.8 1.6 3.7 1.9 4.3 ns Figures 1 &2 

tpzH OE to En 
1.0 4.3 1.5 4.4 1.7 9.0 ns Figures 1 &2 

(Cutoff to HIGH) 
1, 2, 3 

tpHz OE to En 
1.5 5.0 1.6 4.5 1.6 5.0 ns Figures 1 &2 

(HIGH to Cutoff) 

tpHz DIR to En 
1.6 4.7 1.6 4.3 1.7 4.7 ns Figures 1 & 2 

(HIGH to Cutoff) 

tset Tn to GP 2.5 2.0 2.5 ns Figures 1 &2 

thold Tn to GP 2.5 2.0 2.5 ns Figures 1 & 2 

tpw(H) Pulse Width GP 2.5 2.0 2.5 ns Figures 1 &2 4 

trLH Transition Time 
0.4 2.3 0.5 2.1 0.4 2.4 Figures 1 &2 ns 

trHL 20% to 80%, 80% to 20% 

ECL-to-TTL AC Electrical Characteristics 
VEE = -4.2V to -5.7V, VnL = +4.5V to +5.5V, Vee= VccA = GND, CL= 50 pF 

Symbol Parameter 
Tc= -ss0 c Tc= 2s0 c Tc= +12s0 c 

Units Conditions Notes 
Min Max Min Max Min Max 

fmax Max Toggle Frequency 200 200 100 MHz 4 

tpLH CPto Tn 

tPHL 
3.1 8.0 3.1 7.3 3.3 8.0 ns Figures3& 4 

tpzH OEtoTn 3.4 9.1 3.7 9.0 4.0 10.1 
Figures3& 5 ns 

tpzL (Enable Time) 3.7 9.5 4.0 9.3 4.3 10.4 
1, 2, 3 

tpHz OEtoTn 3.2 10.0 3.3 9.0 3.5 9.3 
Figures3& 5 ns 

tpLz (Disable Time) 3.0 9.8 3.4 8.8 4.1 10.4 

tpHz DIR to Tn 2.6 9.5 2.8 8.8 3.0 9.0 
Figures3& 6 ns 

tpLz (Disable Time) 2.7 8.7 3.1 8.0 4.0 9.6 

tset En to CP 2.5 2.0 2.5 ns Figures3& 4 

tho Id En to CP 3.0 2.5 3.0 ns Figures3& 4 4 

tpw(H) Pulse Width CP 2.5 2.5 5.0 ns Figures3& 4 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately after power-up. This provides "cold start"' specs which can be considered a worst case condition at cold temperatures. 
Note 2: Screen tested 100% on each device at +25'C temperature latched only, Subgroup A9. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at + 25'C, Subgroup A9, and at + 125'C and -55'C temperatures, Subgroups A 1 O and 
A11. 

Note 4: Not tested at + 25'C, + 125'C, and -55'C temperature (design characterization data). 
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Test Circuitry (TTL-to-ECL) 

TTL INPUT FORCE/SENSE CIRCUIT 

3VI 

OV __j Fm 

VTTL = 5V 

Vee = ov 

VEE = -4.5V 

E (OUT) 

SnL -.---t-+----+-l~'V\jrv-.... -+-1 T (IN) 

Rr 
50.!l 

TTL INPUT SENSE 
10: 1 DIVIDER 

CP DIR OE 

-4V 

ECL OUTPUT SENSE CIRCUIT 

100.!l 

2:1 DIVIDER 

EQUIVALENT CIRCUIT FOR 
-2V/50.!l TERMINATION 

CIRCUIT = 500.!l TO GROUND 
- - - - -ECL iN'Pur FORCEf SENSE c1R'cUit - -

r----------" .------ FECL I ECL INPUT FORCE/SENSE ._I __ ___. 

I CIRCUIT I .. _________ .. 

-4V 

-0.95V I 
-1.71V __j 

EQUIVALENT CIRCUIT FOR 
-2V/50.!l TERMINATION 

TL/F/10583-7 

Note 1: Rr = 50n termination resistive load. When an input or output is being monitored by a scope, Rr is supplied by the scope's 50fi input resistance. When an 
input or output is not being monitored, an external 50fi resistance must be applied to serve as Rr. 

Note 2: TIL and EGL force signals are brought to the OUT via 50!l coax lines. 

Note 3: VnL is decoupled to ground with 0.1 µF, VEE is decoupled to ground with 0.01 µF and Vee is connected to ground. 

FIGURE 1. TTL-to-ECL AC Test Circuit 
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Switching Waveforms (TTL-to-ECL> 

TIL DATA OCX)--~~~~~-
1 I I 

I 

CLOCK r:-\ -....---""i---+tpw~"----------------------
1 I I 

DIRECTION CONTROL \__/ 

OUTPUT ENABLE 

ECL OUTPUT 

I ,_,.._! 
I I I 

ts 1 lH I 

-lpd-

80:l: 

203 

I 

FIGURE 2. TTL to ECL Transition-Propagation Delay and Transition Times 

Test Circuitry (ECL-to-TTL> 

VnL = 5V 

Yee = ov - - - - -ECL INPUT FORcEfSENSE c1R'cUiT- - -
VEE = -4.5V -0.95V I 

------------------~ 

Ry 

50.0. 

TTL OUTPUT SENSE CIRCUIT 

c;_ : 
50pf I: 

10: 1 DIVIDER ":' I 
I 
I 

------------------~ 
r-----------. 
I ECL INPUT FORCE/SENSE I 
I CIRCUIT I .. _________ .. 

CP DIR OE 

---- FEeL -1.71V __J 

100.0. 

-4V 

Ry 

2: 1 DIVIDER 

EQUIVALENT CIRCUIT FOR 
-2V/50.0. TERMINATION .. ___________________ _ 

r--------------------ECL INPUT FORCE/SENSE CIRCUIT 

----FEeL 

-4V 

-0.95V I 
-1.71V __J 

EQUIVALENT CIRCUIT FOR 
-2V/50.0. TERMINATION .. ___________________ _ 

TL/F/10583-9 

TL/F/10583-10 

Note 1: Rr = 50!1 termination resistive load. When an input or output is being monitored by a scope, Rr is supplied by the scope's 50!1 input resistance. When an 
input or output is not being monitored, an external 50!1 resistance must be applied to serve as Rr. 

Note 2: The TTL TRI-STATE pull-up switch is connected to + 7V only for ZL and LZ tests. 

Note 3: TTL and EGL force signals are brought to the OUT via 50!1 coax lines. 

Note 4: VnL is decoupled to ground with 0.1 µF, VEE is decoupled to ground with 0.01 µF and Vee is connected to ground. 

FIGURE 3. ECL-to-TTL AC Test Circuit 
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Switching Waveforms (ECL-to-TIL) 

ECL DATA 

f ! \ 
-+----+-· 1 I I""'· ----

~tpw-
I I 

CLOCK 

TTL OUTPUT 

Note: DIR is LOW, OE is HIGH TL/F/10583-11 

FIGURE 4. ECL-to-TTL Transition-Propagation Delay and Transition Times 

OUTPUT ENABLE 

YoH (TTL) 

TIL OUTPUT 

ov 

3.SV 

TIL OUTPUT 

Vol (TTL) 

Note: DIR is LOW 

FIGURE 5. ECL-to-TTL Transition, OE to TTL Output, Enable and Disable Times 

DIRECTION CONTROL 

YoH (TTL) 

TIL OUTPUT 

ov 

3.SV 

TTL OUTPUT 

YoL (TTL) 

Note: OE is HIGH 

FIGURE 6. ECL-to-TTL Transition, DIR to TTL Output, Disable Time 
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Q Semiconductor 

100331 
Low Power Triple D Flip-Flop 

General Description 
The 100331 contains three D-type, edge-triggered master/ 
slave flip-flops with true and complement outputs, a Com­
mon Clock (CPc), and Master Set (MS) and Master Reset 
(MR) inputs. Each flip-flop has individual Clock (CPn). Direct 
Set (SDn) and Direct Clear (CDn) inputs. Data enters a mas­
ter when both CPn and CPc are LOW and transfers to a 
slave when CPn or CPc (or both) go HIGH. The Master Set, 
Master Reset and individual CDn and SDn inputs override 
the Clock inputs. All inputs have 50 kn pull-down resistors. 

Ordering Code: see section 6 

Logic Symbol 

SD2 
MRMS 

Connection Diagrams 

TL/F/10262-1 

Features 
• 35% power reduction of the 100131 
• 2000V ESD protection 
• Pin/function compatible with 100131 
• Voltage compensated operating range = -4.2V to 

-5.7V 
• Available to industrial grade temperature range 
• Available to MIL-STD-883 

Pin Names Description 

CP0-CP2 Individual Clock Inputs 

CPc Common Clock Input 

Do-D2 Data Inputs 
CD0-CD2 Individual Direct Clear Inputs 
SDn Individual Direct Set Inputs 
MR Master Reset Input 
MS Master Set Input 

Oo-02 Data Outputs 

Oo-02 Complementary Data Outputs 

24-Pin DIP/SOIC 28-Pin PCC 24-Pin Quad Cerpak 

D1 SD1 MR VEE CPc MS 
CD2 1 24 SD2 
CP2 2 23 CD1 

D2 3 22 CP1 

02 21 D1 

02 20 SD1 

Vee 6 19 MR 

VeeA 7 18 VEE 

o, 8 17 CPc 

o, 9 16 MS 

Oo 10 15 SD0 

Oo 11 14 CD0 

Do 12 13 CP0 

TL/F/10262-2 

t.IS l1lJ 
CPe [i] 

Vrr~ 
Vrrs Ii] 

t.IR Ii] 

SD1 Ii] 

D1 [ill 

SDo CDo CPo VEES Do Oo Oo 
[j] [QJ lil [[] [Z] [§] [II 

uml2.QJ12JJ122J~~~ 
CP1 co, SDz VEES CDz CPz Dz 

III 01 

[I] o, 
(I] VeCA 

OJ Vee 

~Vee 
Ill! Oz 

~02 

TL/F/10262-4 
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24 23 22 21 20 19 

CD1 2 17 CDo 

SDz 3 16 CPo 

CDz 4 15 Do 

CPz 5 Oo 

Dz 6 o0 
7 8 9 10 11 12 

Oz Oz Vee VcCA o, o, 
TL/F/10262-3 



Logic Diagram 

SDo Do CPo 

MS 

MR 

D 

Co 

Truth Tables (Each Flip-Flop) 

Synchronous Operation 

Inputs 

Dn CPn 
CPc 

L __/ L 
H __/ L 
L L __/ 

H L __/ 

x L L 
x H x 
x x H 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 
U = Undefined 

MS 
SDn 

L 
L 
L 
L 

L 
L 
L 

t = Time before CP Positive Transition 
t + 1 = Time after CP Positive Transition 
.../ = LOW to HIGH Transition 

MR 
CDn 

L 
L 
L 
L 

L 
L 
L 

Outputs 

On(t + 1) Dn CPn 

L x x 
H x x 
L x x 
H 

Qn(t) 
Qn(t) 
Qn(t) 
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Asynchronous Operation 

Inputs Outputs 

CPc MS Mf:l 
On(t + 1) 

SDn CDn 

x H L H 
x L H L 
x H H u 
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0 w w ...... 
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Absolute Maximum Ratings 
Above which the useful life may be impaired (Note 1) 

If Military I Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Temperature (T srn) - 65°C to + 150°C 

Maximum Junction Temperature (TJ) 
Ceramic 
Plastic 

Pin Potential to 
Ground Pin (VEE) 

Input Voltage (DC) 

Output Current 
(DC Output HIGH) 

ESD (Note2) 

+ 175°C 
+ 150°C 

-7.0Vto +0.5V 

VEE to +0.5V 

-50mA 

s: 2000V 
Note 1: Absolute maximum ratings are those values beyond which the de­
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 

Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Commercial Version 

DC Electrical Characteristics 

Recommended Operating 
Conditions 
Case Temperature (Tc) 

Commercial 
Industrial 
Military 

Supply Voltage (VEE) 

0°Cto +85°C 
-40°C to + 85°C 

- 55°C to + 125°C 

-5.7Vto -4.2V 

VEE= -4.2V to -5.7V, Vee= VccA = GND, Tc= 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -1025 -955 -870 mV V1N = V1H (Max) Loading with 

VOL Output LOW Voltage -1830 -1705 -1620 mV orV1L (Min) 500 to -2.0V 

VoHC Output HIGH Voltage -1035 mV V1N = V1H (Min) Loading with 

VQLc Output LOW Voltage -1610 mV orV1L (Max) 500 to -2.0V 

V1H Input HIGH Voltage 
-1165 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1830 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current 0.5 µA V1N = V1L (Min) 

l1H Input HIGH Current 240 µA V1N = V1H (Max) 

IEE Power Supply Current -122 -65 mA Inputs Open 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Commercial Version (Continued) 

DIP AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND (Continued) 

Symbol Parameter 
Tc= o·c Tc= +25°C Tc= +B5°C 

Min Max Min Max Min Max 

fmax Toggle Frequency 375 375 375 

tPLH Propagation Delay 
0.75 2.00 0.75 2.00 0.75 2.00 

tPHL CPe to Output 

tPLH Propagation Delay 
0.75 2.00 0.75 2.00 0.75 2.00 

tPHL CPn to Output 

tPLH Propagation Delay 
0.70 1.70 0.70 1.70 0.70 1.80 

tPHL CDn, SDn to Output 

tPLH 0.70 2.00 0.70 2.00 0.70 2.00 
tPHL 

tPLH Propagation Delay 
tPHL MS, MR to Output 1.10 2.60 1.10 2.60 1.10 2.60 

tPLH 1.10 2.80 1.10 2.80 1.10 2.80 
tPHL 

trLH Transition Time 
0.35 1.30 0.35 1.30 0.35 1.30 

trHL 20% to 80%, 80% to 20% 

ts Setup Time 
Dn 0.40 0.40 0.40 
CDn, SDn (Release Time) 1.30 1.30 1.30 
MS, MR (Release Time) 2.30 2.30 2.30 

tH Hold Time Dn 0.5 0.5 0.7 

tpw(H) Pulse Width HIGH 
CPn, CPe, CDn. 2.00 2.00 2.00 
SDn, MR, MS 

SOIC, PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= o·c Tc= +25°C Tc= +B5°C 

Min Max Min Max Min Max 

fmax Toggle Frequency 400 400 400 

tPLH Propagation Delay 
0.75 1.80 0.75 1.80 0.75 1.80 

tPHL CPe to Output 

tPLH Propagation Delay 
0.75 1.80 0.75 1.80 0.75 1.80 

tPHL CPn to Output 

tPLH Propagation Delay 0.70 1.50 0.70 1.50 0.70 1.60 
tPHL CDn, SDn to Output 

tPLH 0.80 1.80 0.70 1.80 0.70 1.80 
tPHL 

tPLH Propagation Delay 
tPHL MS, MR to Output 

1.10 2.40 1.10 2.40 1.10 2.40 

tPLH 1.10 2.60 1.10 2.60 1.10 2.60 
tPHL 
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Units 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Units 

MHz 

ns 

ns 

ns 

ns 

Conditions 

Figures 2 and 3 

Figures 1 and 3 

CPn, CPe =L 

CPn, CPe = H 

Figures 
CPn, CPe = L 1 and4 

CPn, CPe = H 

Figures 1, 3 and 4 

Figures 

Figure4 

Figures 

Figures 3 and 4 

Conditions 

Figures 2 and 3 

Figures 1 and 3 

CPn. CPc =L 

CPn,CPc = H 
Figures 

CPn. CPc = L 1and4 

CPn, CPc = H 
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Commercial Version (Continued) 

SOIC, PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND (Continued) 

Symbol Parameter 
Tc= o·c Tc= +25°C Tc= +as·c 

Units Conditions 
Min Max Min Max Min Max 

trLH Transition Time 
0.35 1.10 0.35 1.10 0.35 1.10 ns Figures 1, 3 and 4 

trnL 20% to 80%, 80% to 20% 

ts Setup Time 
Figures 

Dn 0.30 0.30 0.30 
CDn, SDn (Release Time) 1.20 1.20 1.20 ns 
MS, MR (Release Time) 2.20 2.20 2.20 Figure4 

tH Hold Time Dn 0.5 0.5 0.7 ns Figures 

tpw(H) Pulse Width HIGH 
CPn. CPe, CDn. 2.00 2.00 2.00 ns Figures 3 and 4 
SDn, MR, MS 

tPLH Propagation Delay 
0.75 1.40 0.75 1.40 0.80 1.50 ns 

tPHL CPe to Output Figures 1 and 3 

tPLH Propagation Delay 
0.70 1.40 0.75 1.40 0.80 1.50 

PCCOnly 

tPHL CPn to Output 
ns 

tPLH Propagation Delay 
0.70 1.50 0.70 1.50 0.80 1.60 

CPn, CPe =L 

1PHL CDn, SDn to Output 
ns 

PCCOnly 

tPLH 0.80 1.70 0.80 1.70 0.80 1.80 CPn, CPc = H 
tPHL PCCOnly Figures 

tPLH Propagation Delay CPn, CPc = L 1 and4 

tPHL MS, MR to Output 
1.10 2.00 1.10 2.00 1.20 2.10 

PCCOnly 
ns 

tPLH 1.20 2.10 1.20 2.10 1.30 2.20 CPn, CPc = H 
tPHL PCCOnly 

tosHL Maximum Skew Common Edge 
PCCOnly Output-to-Output Variation 100 100 100 ps 
(Note 1) 

Common Clock to Output Path 

tosHL Maximum Skew Common Edge 
PCCOnly 

Output-to-Output Variation 235 235 235 ps 
(Note 1) 

CPn to Output Path 

tosLH Maximum Skew Common Edge 
PCCOnly Output-to-Output Variation 120 120 120 ps 
(Note 1) 

Common Clock to Output Path 

tosLH Maximum Skew Common Edge 
PCCOnly 

Output-to-Output Variation 275 275 275 ps 
(Note 1) 

CPn to Output Path 

tosT Maximum Skew Opposite Edge 
PCCOnly 

Output-to-Output Variation 125 125 125 ps 
(Note 1) 

Common Clock to Output Path 

tosT Maximum Skew Opposite Edge 
PCCOnly 

Output-to-Output Variation 265 265 265 ps 
(Note 1) 

CPn to Output Path 

tps Maximum Skew 
PCCOnly 

Pin (Signal) Transition Variation 90 90 90 ps (Note 1) 
Common Clock to Output Path 

tps Maximum Skew 
PCCOnly 

Pin (Signal) Transition Variation 90 90 90 ps 
(Note 1) 

CPn to Output Path 

Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (losHL.). or LOW to HIGH (loSLH), or in opposite directions both 
HL and LH (tosr). Parameters tosr and tps guaranteed by design. 
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Industrial Version 

PCC DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = -40°C to +85°C (Note) 

Symbol Parameter 
Tc= -40°C Tc= 0°c to +as0 c 

Units Conditions 
Min Max Min Max 

VoH Output HIGH Voltage -1085 -870 -1025 -870 mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1830 -1575 -1830 -1620 mV orV1L (Min) 50!1 to -2.0V 

VoHC Output HIGH Voltage -1095 -1035 mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1565 -1610 mV orV1L (Max) 50!1 to -2.0V 

V1H Input HIGH Voltage 
-1170 -870 -1165 -870 mV 

Guaranteed HIGH Signal 

for All Inputs 

V1L Input LOW Voltage 
-1830 -1480 -1830 1475 mV 

Guaranteed LOW Signal 

for All Inputs 

l1L Input LOW Current 0.5 0.5 µA V1N = V1L (Min) 

l1H Input HIGH Current 300 240 µA V1N = V1H (Max) 

IEE Power Supply Current -122 -60 -122 -65 mA Inputs Open 

Note: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

PCC AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= -40°C Tc= +25°C Tc= +as0 c 

Units Conditions 
Min Max Min Max Min Max 

fmax Toggle Frequency 375 400 400 MHz Figures 2 and 3 

tPLH Propagation Delay 
0.75 1.80 0.75 1.80 0.75 1.80 ns 

tPHL CPc to Output 
Figures 1 and 3 

tPLH Propagation Delay 
0.70 1.80 0.75 1.80 0.75 1.80 ns 

tPHL CPn to Output 

tPLH Propagation Delay 
0.60 1.50 0.70 1.50 0.70 1.60 

CPn. CPc =L 

tPHL CDn. SDn to Output 
ns 

tPLH 
0.70 1.80 0.70 1.80 0.70 1.80 

CPn, CPc = H 

tPHL Figures 

tPLH Propagation Delay CPn. CPc = L 1and4 

tPHL MS, MR to Output 
1.10 2.40 1.10 2.40 1.10 2.40 

ns 
tPLH 

1.10 2.60 1.10 2.60 1.10 2.60 
CPn. CPc = H 

tPHL 

trLH Transition Time 
0.20 1.40 0.35 1.10 0.35 1.10 Figures 1, 3 and 4 

trnL 20% to 80%, 80% to 20% ns 

ts Setup Time 
Figure5 

Dn 1.00 0.30 0.30 

CDn. SDn (Release Time) 1.50 1.20 1.20 ns 

MS, MR (Release Time) 2.50 2.20 2.20 Figure4 

tH Hold Time Dn 0.7 0.5 0.7 ns Figure5 

tpw(H) Pulse Width HIGH 

CPn, CPc. CDn. 2.00 2.00 2.00 ns Figures 3 and 4 
SDn,MR, MS 

2-131 

..... 
0 
0 
w w ..... 



,.... 
C") 
C") 
0 
0 ,.... 

Military Version 

DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = - 55°C to + 125°C 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage 
-1025 -870 mV 

o·cto 
+125°c 

-1085 -870 mV -55°C V1N. = V1H (Max) Loading with 
orV1L(Min) 500. to -2.0V 

1, 2, 3 
VoL Output LOW Voltage o·c to 

-1830 -1620 mv· 
+125°C 

-1830 -1555 mV -55°C 

VoHC Output HIGH Voltage 
-1035 mV 

o•c to 
+125°C 

-1085 mV -55°C V1N = V1H (Min) Loading with 
orV1L (Max) 500. to -2.0V 

1, 2, 3 
VoLC Output LOW Voltage o·c to 

-1610 mV 
+125°C 

-1555 mV -55°C 

V1H Input HIGH Voltage 
-1165 -870 mV 

-55°Cto Guaranteed HIGH Signal 
1, 2, 3, 4 

+125°C for all Inputs 

V1L Input LOW Voltage 
-1830 -1475 mV 

-55°Cto Guaranteed LOW Signal 
1, 2, 3, 4 

+ 125·c for all Inputs 

l1L Input LOW Current 
0.50 µA 

-55°Cto VEE= -4.2V 
1, 2, 3 

+125°C V1N = V1L (Min) 

l1H Input HIGH Current 
240 µA 

0°Cto 
+ 125·c VEE= -5.7V 

1, 2, 3 
V1N = V1H (Max) 

340 µA -55°c 

IEE Power Supply Current 
-130 -50 mA 

-55°C to 
Inputs Open 1,2,3 

+ 125•c 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be. 
considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at - 55'C, + 25'C, and + 125'C, Subgroups, 1, 2, 3, 7 and 8. 

Note 3: Sampled tested (Method 5005, Table I) on each manufactured lot at -55'C, +25'C, and +125'C, Subgroups A1, 2, 3, 7 and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 
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Military Version (Continued) 

AC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -ss·c Tc= +2s0 c Tc= +12s0 c 

Units Conditions Notes 
Min Max Min Max Min Max 

fmax Toggle Frequency 400 400 400 MHz Figures 2 and 3 4 

tPLH Propagation Delay 
0.50 2.20 0.60 2.00 0.50 2.40 ns 

tpHL CPe to Output 
Figures 1 and 3 

tpLH Propagation Delay 
0.50 2.20 0.60 2.00 0.50 2.40 ns 

tPHL CPn to Output 

tPLH Propagation Delay 
0.50 2.20 0.60 2.00 0.50 2.40 CPn, CPe =L 

tpHL CDn, SDn to Output 
ns 

tPLH 0.50 2.40 0.60 2.10 0.50 2.50 CPn, CPe = H 
tpHL Figures 

1, 2, 3 
1and4 tpLH Propagation Delay 

0.70 2.70 0.80 2.60 0.80 2.90 CPn, CPe = L 
tpHL MS, MR to Output 

ns 
tpLH 

0.70 2.90 0.80 2.80 0.80 3.10 CPn, CPe = H 
tpHL 

trLH Transition Time 
0.20 1.40 0.20 1.40 0.20 1.40 Figures 1, 3 and 4 

trHL 20% to 80%, 80% to 20% 
ns 

ts Setup Time 
Figure5 

Dn 1.00 0.80 0.90 
4 

CDn. SDn (Release Time) 1.50 1.30 1.60 ns 
MS, MR (Release Time) 2.50 2.30 2.50 Figure4 

th Hold Time Dn 1.50 1.30 1.60 ns Figure5 

tpw(H) Pulse Width HIGH 

CPn. CPe, CDn, 2.00 2.00 2.00 ns Figures 3 and 4 
SDn, MR, MS 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 
Note 2: Screen tested 100% on each device at +25°C. Temperature only, Subgroup A9. 

Note 3: Sample tested (Method 5005, Table I) on each Mfg. lot at + 25°C, Subgroup A9, and at + 125°C, and -55°C Temp., Subgroups A 1 O and A 11. 

Note 4: Not tested at + 25°C, + 125°C and -55°C Temperature (design characterization data). 
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Test Circuits 

Notes: 

DELAYED 
PULSE 

GENERATOR 

PULSE 
GENERATOR 

PULSE 
GENERATOR 

Yee. VeeA = +2V, VEE = -2.5V 

L 1 and L2 = Equal length 50!1 impedance lines 

Ar = 50!1 terminator internal to scope 

Decoupling 0.1 µ.F from GND to Vee and VEE 

All unused outputs are loaded with 50!1 to GND 

CL = Fixture and stray capacitance :s; 3 pF 

,-, 
\I 

j_ 

,-, 
\I 

l 

\I 

l. 

,-, r-------- _... I \I 

I J-
I SD2 SD1 

I -=-
I 

L2 ,-, 
1+1.os v D Q 

\I 

CP Q 
_l 

son -=-
CD1 CD2 

-=- L1 

-=-
FIGURE 1. AC Test Circuit 

SD2 SD1 

D a 

a 

SCOPE 
CHAN A 

son 

L2 ,-, 
I I 

l. 

SCOPE 
CHAN A 

Rr 

SCOPE 
CHAN B 

Rr 

SCOPE 
CHAN A 

-=-
SCOPE 

CHAN B 

Rr 

-=-

FIGURE 2. Toggle Frequency Test Circuit 
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Switching Waveforms 

DATA 

CLOCK 

OUTPUT 

____ / 
0.7 ::0.1 ns 

ITHL 

--0.1::0.1 ns 
1----·+---+--+ 1.05 v 

+0.31 v 

FIGURE 3. Propagation Delay (Clock) and Transition Times 

SDn,CDn 
MS, MR 

CLOCK 
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FIGURE 4. Propagation Delay (Resets) 
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FIGURE 5. Data Setup and Hold Time 

Note: t5 is the minimum time before the transition of the clock that information must be present at the data input. 

Note: th is the minimum time after the transition of the clock that information must remain unchanged at the data input. 
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100336 
Low Power 4-Stage Counter/Shift Register 

General Description 
The 100336 operates as either a modulo-16 up/down coun­
ter or as a 4-bit bidirectional shift register. Three Select (Sn) 
inputs determine the mode of operation, as shown in the 
Function Select table. Two Count Enable (CEP, CET) inputs 
are provided for ease of cascading in multistage counters. 
One Count Enable (CET) input also doubles as a Serial Data 
(Do) input for shift-up operation. For shift-down operation, 
D3 is the Serial Data input. In counting operations the Termi­
nal Count (TC) output goes LOW when the counter reaches 
15 in the count/up mode or O (zero) in the count/down 
mode. In the shift modes, the TC output repeats the 03 
output. The dual nature of this TC/03 output and the Doi 
CET input means that one interconnection from one stage 
to the next higher stage serves as the link for multistage 
counting or shift-up operation. The individual Preset cPn) in­
puts are used to enter data in parallel or to preset the coun-

Ordering Code: see section 6 

Logic Symbol 

TC <r-

TL/F / 10584-1 

ter in programmable counter applications. A HIGH signal on 
the Master Reset (MR) input overrides all other inputs and 
asynchronously clears the flip-flops. In addition, a synchro­
nous clear is provided, as well as a complement function 
which synchronously inverts the contents of the flip-flops. 
All inputs have 50 k!l pull-down resistors. 

Features 
• 40% power reduction of the 100136 
• 2000V ESD protection 
• Pin/function compatible with 100136 
• Voltage compensated operating range = 

-4.2V to -5.7V 
• Available to industrial grade temperature range 
• Available to MIL-STD-883 

Pin Names Description 

CP Clock Pulse Input 
CEP Count Enable Parallel Input (Active LOW) 
Do/CET Serial Data Input/Count Enable 

Trickle Input (Active LOW) 

So-S2 Select Inputs 
MR Master Reset Input 

Po-P3 Preset Inputs 

D3 Serial Data Input 
TC Terminal Count Output 

Oo-03 Data Outputs 

Oo-03 Complementary Data Outputs 

Connection Diagrams 
24-Pln DIP/SOIC 28-Pin PCC 24-Pln Quad Cerpak 
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TL/F/10584-2 

P1 P2 P3 VEIS 03 03 03 
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Logic Diagram 
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Function Select Table 

S2 S1 

L L 
L L 
L H 
L H 
H L 
H L 
H H 
H H 

Truth Table 
Oo = LSB 

MR S2 S1 

L L L 

L L L 

L L H 

L L H 

L H L 

L H L 
L H L 

L H L 

L H H 

L H H 
L H H 

L H H 

H L L 
H L L 
H L H 
H L H 
H H L 
H H L 
H H L 
H H H 
H H H 

So 

L 

H 

L 

H 

L 

L 
L 

H 

L 

L 
L 

H 

L 
H 
L 
H 
L 
L 
H 
L 
H 

© = L if Oo-03 = LLLL 

H if Oo-03 ¥= LLLL 

® = L if Oo-03 = HHHH 

H if Oo-03 ¥= HHHH 

H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Don't Care 

So 

L 
H 
L 
H 
L 
H 
L 
H 

Inputs 

CEP 

x 
x 
x 
x 
L 

H 
x 
x 
L 

H 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

_,r = LOW-to-HIGH Transition 

Function 

Parallel Load 
Complement 
Shift Left 
Shift Right 
Count Down 
Clear 
Count Up 
Hold 

Do/CET 03 CP 

x x __r 

x x __r 

x x __r 

x x __r 

L x __r 

L x x 
H x x 
x x __r 

L x __r 

L x x 
H x x 
x x x 
x x x 
x x x 
x x x 
x x x 
L x x 
H x x 
x x x 
x x x 
x x x 

Outputs 

03 02 01 

P3 P2 P1 

03 02 01 

D3 03 02 

02 01 Oo 

(Oo-3) minus 1 

03 02 01 
03 02 01 

L L L 

(Oo-3) plus 1 

03 02 01 
03 02 01 

03 02 01 

L L L 
L L L 
L L L 
L L L 
L L L 
L L L 
L L L 
L L L 
L L L 
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Oo 

Po 

Oo 

01 

Do 

Oo 
Oo 

L 

Oo 
Oo 

Oo 

L 
L 
L 
L 
L 
L 
L 
L 
L 

TC Mode 

L Preset (Parallel Load) 

L Invert 

D3 Shift to LSB 

03* Shift to MSB 

© Count Down 

© Count Down with CEP not active 
H Count Down with CET not active 

H Clear 

@ Count Up 

@ Count Up with CEP not active 
H Count Up with CET not active 

H Hold 

L 
L 
L 
L 

Asynchronous 
L 
H 

Master Reset 

H 
H 
H 

*Before the clock, TC is 03 

After the clock, TC is 02 



Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military I Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Temperature (TsTG) -65°C to + 1 so·c 

Maximum Junction Temperature (TJ) 
Ceramic 
Plastic 

VEE Pin Potential to Ground Pin 

Input Voltage (DC) 

Output Current (DC Output HIGH) 

ESD (Note 2) 

+ 17s·c 
+1so·c 

- 7.0V to + O.SV 

VEE to +o.sv 

-SOmA 

~2000V 

Note 1: Absolute maximum ratings are those values beyond which the de­
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 

Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Commercial Version 

DC Electrical Characteristics 

Recommended Operating 
Conditions 
Case Temperature (Tc) 

Commercial 
Industrial 
Military 

Supply Voltage (VEE) 

o•cto +0s·c 
- 4o•c to + 0s·c 

- ss·c to + 12s·c 

-5.7Vto -4.2V 

VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = o·c to +0s·c (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -1025 -955 -870 mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1830 -1705 -1620 mV orV1L(Min) son to -2.ov 

VoHC Output HIGH Voltage -1035 mV V1N = VJH(Min) Loading with 

Vmc Output LOW Voltage -1610 mV orV1L(Max) son to -2.ov 

V1H Input HIGH Voltage -1165 -870 mV 
Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage -1830 -1475 mV 
Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current 0.50 µA V1N = V1L (Min) 

l1H Input HIGH Current 240 µA V1N = V1H (Max) 

IEE Power Supply Current -165 -80 Inputs Open 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions tor testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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DIP AC Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

fshift Shift Frequency 300 300 300 MHz Figures 2 and 3 

1PLH Propagation Delay 
1.00 2.00 1.00 2.00 1.00 2.00 ns 

Figures 1 and 3 

1PHL CPto On, On (Note 1) 

1PLH Propagation Delay 
2.10 3.50 2.10 3.50 2.10 3.70 ns 

Figures 1, 7, 8 

1PHL GP to TC (Shift) (Note 1) 

1PLH Propagation Delay 
2.40 4.40 2.40 4.40 2.60 4.70 ns 

Figures 1 and 9 

1PHL GP to TC (Count) (Note 1) 

1PLH Propagation Delay 
1.40 2.50 1.40 2.50 1.50 2.60 ns 

Figures 1 and 4 

1PHL MR to On. On (Note 1) 

1PLH Propagation Delay 
2.80 5.10 2.90 5.20 3.10 5.50 ns 

Figures 1, 12 

1PHL MR to TC (Count) (Note 1) 

1PHL Propagation Delay 
2.40 4.00 2.40 4.00 2.50 4.10 ns 

Figures 1, 10, 11 
MR to TC (Shift) (Note 1) 

1PLH Propagation Delay 
1.80 3.10 1.80 3.10 1.90 3.30 ns 

1PHL Do/GET to TC Figures 1 and 5 

IPLH Propagation Delay (Note 1) 

IPHL Sn to TC 
1.90 4.10 1.90 4.10 2.10 4.40 ns 

ITLH Transition Time 
0.35 1.20 0.35 1.20 0.35 1.20 Figures 1 and 3 

ITHL 20% to 80%, 80% to 20% 
ns 

ts Setup Time 
Ds 1.00 1.00 1.00 

Pn 1.50 1.50 1.50 
Do/GET 1.30 1.30 1.30 ns Figures 6 and 4 

CEP 1.40 1.40 1.40 

Sn 3.40 3.40 3.40 
MR (Release Time) 2.60 2.60 2.60 

IH Hold Time 

Ds 0.40 0.40 0.40 

Pn 0.30 0.30 0.30 
Figure6 

Do/GET 0.30 0.30 0.30 
ns 

CEP 0.20 0.20 0.20 

Sn 0.10 0.10 0.10 

lpw(H) 
Pulse Width HIGH 

2.00 2.00 2.00 Figures 3 and 4 
CP,MR 

ns 

Note 1: The propagation delay specified is for single output switching. Delays may vary up to 250 ps with multiple outputs switching. 
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Commercial Version (Continued) 

SOIC, PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= o·c Tc= +2s0 c Tc= +ss·c 

Units Conditions 
Min Max Min Max Min Max 

fshift Shift Frequency 350 350 350 MHz Figures 2 and 3 

tpLH Propagation Delay 
1.00 1.80 1.00 1.80 1.00 1.80 ns 

Figures 1 and 2 · 

tPHL CPtoOn. On (Note2) 

tpLH Propagation Delay 
2.10 3.30 2.10 3.30 2.10 3.50 ns 

Figures 1, 7, 8 
tpHL CP to TC (Shift) (Note2) 

tPLH Propagation Delay 
2.40 4.20 2.40 4.20 2.60 4.50 ns 

Figures 1 and 9 
tpHL CP to TC (Count) (Note 2) 

tpLH Propagation Delay 
1.40 2.30 1.40 2.30 1.50 2.40 ns 

Figures 1 and 4 
tpHL MR to On.On (Note2) 

tPLH Propagation Delay 
2.80 4.90 2.90 5.00 3.10 5.30 ns 

Figures 1 and 12 
tpHL MR to TC (Count) (Note2) 

tPHL Propagation Delay 
2.40 3.80 2.40 3.80 2.50 3.90 ns 

Figures 1, 10, 11 
MR to TC (Shift) (Note 2) 

tPLH Propagation Delay 
1.80 2.90 1.80 2.90 1.90 3.10 ns 

tpHL Do/CETto TC Figures 1 and 5 

tpLH Propagation Delay (Note 2) 

tpHL Sn to TC 
1.90 3.90 1.90 3.90 2.10 4.20 ns 

tTLH Transition Time 
0.35 1.10 0.35 1.10 0.35 1.10 Figures 1 and 3 

tTHL 20% to 80%, 80% to 20% 
ns 

ts Setup Time 

D3 0.90 0.90 0.90 

Pn 1.40 1.40 1.40 
Do/CET 1.20 1.20 1.20 ns Figures 4 and 6 
CEP 1.30 1.30 1.30 

Sn 3.30 3.30 3.30 
MR (Release Time) 2.50 2.50 2.50 

tH Hold Time 

D3 0.30 0.30 0.30 

Pn 0.20 0.20 0.20 
Figure6 

Do/CET 0.20 0.20 0.20 
ns 

CEP 0.10 0.10 0.10 

Sn 0.00 0.00 0.00 

tpw(H) Pulse Width HIGH 
2.00 2.00 2.00 Figures 3 and 4 

CP,MR 
ns 

tosHL Maximum Skew Common Edge PCCOniy 
Output-to-Output Variation 200 200 200 ps (Note 1) 
Clock to Output Path 

tosLH Maximum Skew Common Edge PCCOnly 
Output-to-Output Variation 200 200 200 ps (Note 1) 

Clock to Output Path 

tosT Maximum Skew Opposite Edge PCCOniy 

Output-to-Output Variation 230 230 230 ps (Note 1) 

Clock to Output Path 

tps Maximum Skew PCCOnly 
Pin (Signal) Transition Variation 245 245 245 ps (Note 1) 
Clock to Output Path 

Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (losHL.l. or LOW to HIGH (losLH), or in opposite directions both 
HL and LH (losr). Parameters tosr and tps guaranteed by design 
Note 2: The propagation delay specified is for single output switching. Delays may vary up to 250 ps with multiple outputs switching. 
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Industrial Version 

PCC DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = -40°c to + 85°C (Note 1) 

Symbol ·Parameter 
Tc= -40°c Tc= o·c to +ss·c 

Units Conditions 
Min Max Min Max 

VoH Output HIGH Voltage -1085 -870 -1025 -870 mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1830 -1575 -1830 -1620 mV orV1L(Min) son to -2.ov 

VoHC Output HIGH Voltage -1095 -1035 mV V1N = VJH(Min) Loading with 

VoLC Output LOW Voltage -1565 -1610 mV orV1L(Max) 50!lto -2.0V 

V1H Input HIGH Voltage 
-1170 -870 -1165 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage -1830 -1480 -1830 -1475 mV 
Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current 0.50 0.50 µA V1N = V1L (Min) 

l1H Input HIGH Current 240 240 µA V1N = V1H (Max) 

IEE Power Supply Current -165 -75 -165 -80 mA Inputs Open 

Note 1: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Industrial Version (Continued) 

PCC AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -40°C 

Min Max 

fshift Shift Frequency 325 

tPLH Propagation Delay 
1.00 1.80 

tPHL CPtoOn, On 

tPLH Propagation Delay 
2.00 3.30 

tPHL CP to TC (Shift) 

tPLH Propagation Delay 
2.40 4.20 

tPHL CP to TC (Count) 

tPLH Propagation Delay 
1.40 2.30 

tPHL MR to On, On 

tPLH Propagation Delay 
2.80 4.90 

tPHL MR to TC (Count) 

tPHL Propagation Delay 
2.40 3.80 

MR to TC (Shift) 

tPLH Propagation Delay 
1.70 2.90 

tPHL Do/CETtoTC 

tpLH Propagation Delay 
1.80 3.90 

tPHL Sn to TC 

trLH Transition Time 
0.20 1.90 

trHL 20% to 80%, 80% to 20% 

ts Setup Time 

D3 1.40 

Pn 1.70 
Do/CET 1.80 
CEP 1.80 

Sn 3.30 
MR (Release Time) 2.60 

th Hold Time 

D3 0.90 

Pn 1.00 
Do/CET 0.70 
CEP 0.60 

Sn 0.00 

tpw(H) 
Pulse Width HIGH 

2.20 
CP,MR 

Tc= +25°C Tc= +85°C 
Units 

Min Max Min Max 

350 350 MHz 

1.00 1.80 1.00 1.80 ns 

2.10 3.30 2.10 3.50 ns 

2.40 4.20 2.60 4.50 ns 

1.40 2.30 1.50 2.40 ns 

2.90 5.00 3.10 5.30 ns 

2.40 3.80 2.50 3.90 ns 

1.80 2.90 1.90 3.10 ns 

1.90 3.90 2.10 4.20 ns 

0.35 1.10 0.35 1.10 ns 

0.90 0.90 
1.40 1.40 
1.20 1.20 ns 

1.30 1.30 
3.30 3.30 
2.50 2.50 

0.30 0.30 
0.20 0.20 
0.20 0.20 

ns 

0.10 0.10 
0.00 0.00 

2.00 2.00 ns 

Note 1: The propagation delay specified is for single output switching. Delays may vary up to 250 ps with multiple outputs switching. 
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Conditions 

Figures 2 and 3 

Figures 1 and 3 
(Note 1) 

Figures 1, 7, 8 
(Note 1) 

Figures 1 and 9 
(Note 1) 

Figures 1 and 4 
(Note 1) 

Figures 1 and 12 
(Note 1) 

Figures 1, 10, 11 
(Note 1) 

Figures 1 and 5 
(Note 1) 

Figures 1 and 3 

Figure6 

Figure6 

Figures 3 and 4 
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DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc= -55°C to + 125°C 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage 
-1025 -870 mV 

o·cto 

+125°c 
V1N = V1H (Max) Loading with 

-1085 -870 mV -55°c orV1L(Min) 50fito -2.0V 1, 2, 3 

VoL Output LOW Voltage 
-1830 -1620 mV 

0°cto 

+125°C 

-1830 -1555 mV -55°C 

VoHC Output HIGH Voltage 
-1035 mV 

0°cto 

+125°C 
V1N = V1H (Min) Loading with 

-1085 mV -55°C orV1L(Max) 50fito -2.0V 1, 2, 3 

VoLC Output LOW Voltage 
-1610 mV 

0°cto 

+125°c 

-1555 mV -55°C 

V1H Input HIGH Voltage 
-1165 -870 mV 

-55°Cto Guaranteed HIGH Signal 
1, 2, 3, 4 

+125°c for All Inputs 

V1L Input LOW Voltage 
-1830 -1475 mV 

-55°Cto Guaranteed LOW Signal 
1, 2, 3, 4 

+125°c for All Inputs 

l1L Input LOW Current 
0.50 µA 

-55°Cto VEE= -4.2V 
1, 2, 3 

+125°C V1N = V1L (Min) 

l1H Input HIGH Current 
240 µA 

0°cto 
VEE= -5.7V 

+125°c 
V1N = V1H(Max) 

1, 2, 3 

340 µA -55°C 

IEE Power Supply Current -55°C Inputs Open 

-185 -70 
mA 

to VEE = -4.2V to -4.8V 1, 2, 3 

-195 -70 + 125°C VEE = -4.2V to -5.7V 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately without allowing for the junction temperature to stablize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 
Note 2: Screen tested 100% on each device at -55'C, + 25'C, and + 125'C, Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at -55'C, + 25'C, + 125'C, Subgroups A 1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input conditon and testing VoHIVOL· 
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Military Version (Continued) 

AC Characteristics 
VEE= -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -55°C Tc= +25°C Tc=+125° 

Units Conditions Notes 
Min Max Min Max Min Max 

fshift Shift Frequency 325 325 325 MHz Figures 2 and 3 4 

tPLH Propagation Delay 
0.40 2.30 0.50 2.20 0.40 2.50 ns Figures 1 and 3 

tPHL CPtoOn. On 1, 2, 3, 5 
tPLH Propagation Delay 

1.30 3.90 1.70 3.80 1.70 4.20 ns Figures 1, 7, 8 
tPHL CP to TC (Shift) 

tPLH Propagation Delay 
1.20 4.60 1.50 4.60 1.60 5.20 ns Figures 1 and 9 1, 2, 3, 5 

tPHL CP to TC (Count) 

tPLH Propagation Delay 
0.60 2.90 0.80 2.80 0.90 3.20 ns Figures 1 and 4 

tpHL MR to On. On 1, 2, 3, 5 
tPLH Propagation Delay 

2.30 5.20 2.70 5.20 2.90 5.90 ns Figures 1, 12 
tPHL MR to TC (Count) 

tPHL Propagation Delay 
2.10 4.30 2.20 4.10 2.40 4.70 ns Figures 1, 10, 11 1, 2, 3, 5 

MR to TC (Shift) 

tPLH Propagation Delay 
0.70 3.20 1.00 3.20 1.30 4.10 ns 

tPHL D0/CETtoTC 
Figures 1 and 5 1, 2, 3, 5 

tPLH Propagation Delay 
1.30 4.10 1.50 4.20 1.70 4.90 ns 

tPHL Sn to TC 

trLH Transition Time 
0.20 1.90 0.20 1.80 0.20 2.00 Figures 1 and 3 4 ns 

trnL 20% to 80%, 80% to 20% 

ts Setup Time 

D3 1.40 1.40 1.40 

Pn 1.70 1.70 1.70 
Do/CET 1.80 1.80 1.80 ns Figure6 4 
CEP 1.80 1.80 1.80 

Sn 3.30 3.30 3.30 
MR (Release Time) 2.60 2.60 2.60 

th Hold Time 

D3 0.90 0.90 0.90 

Pn 1.00 1.00 1.00 
Figure6 4 ns 

Do/CET 0.70 0.70 0.70 
CEP 0.60 0.60 0.60 

Sn 0.00 0.00 0.00 

tpw(H) 
Pulse Width HIGH CP 1.60 1.60 1.60 

Figures 3 and 4 4 
MR 2.00 2.00 2.00 

ns 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold tempertures. 

Note 2: Screen tested 100% on each device at + 25'C temperature only, Subgroups A9. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at + 25'C, Subgroups A9, and at + 125'C and -55'C temperatures, Subgroups A 10 and 
A11. 

Note 4: Not tested at + 25'C, + 125'C, and -55'C temperature (design characterization data). 

Note 5: The propagation delay specified is for single output switching. Delays may vary up to 250 ps with multiple outputs switching. 
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FIGURE 1. AC Test Circuit 

Notes: 

Vee. VeeA = +2V, VEE = -2.SV 

L 1, L2 and L3 = equal length son impedance lines 

Rr = son terminator internal to scope 

Decoupling 0.1 µF from GND to Vee and VEE 

All unused outputs are loaded with son to GND 

CL = Fixture and stray capacitance ~ 3 pF 

Pin numbers shown are for flatpak; 
for DIP see logic symbol 

TL/F/10584-6 

so 0 

PULSE (' CEP Do/CET Po P1 P2 P3 DJ 
GENERATORt-~\:---ll!--~...-~~~--fCP 
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CHANA 
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-::- L1 + 1.0S V 

,,..\ 
100336 

I I r 

FIGURE 2. Shift Frequency Test Circuit (Shift Left) 
Notes: 

For shift right mode, + 1.0SV is applied at s0. 
The feedback path from output to input should be as short as possible. 
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Switching Waveforms 

DATA __ / 

FIGURE 3. Propagation Delay (Clock) and Transition Times 

0.7:0.1 ns 

MR 

11 (RELEASE TIME) 

CLOCK 

OUTPUT 

20% 

FIGURE 4. Propagation Delay (Reset) 
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S Switching Waveforms (Continued) 
0 ,... 

OH0.1 "'1 r 1 ~:•0.1 "' +1.0SV 

INPUT lpJ\ r ~-+2-;0_~_oo_yo _____ + 0.31 V 

OUTPUT 

TL/F/10584-10 

FIGURE 5. Propagation Delay (Serial Data, Selects) 

INHIBIT COUNT 
+ 1.05 v 

+0.31 v 

+1.05 v 

50% 

+0.31 v -l's :=-'h -1 

-____ .,11-~% 
CLOCK . 

+1.05 v 

+0.31 v 
TL/F/10584-11 

Notes: 

15 is the minimum time before the transition of the clock that information must be present at the data input. 
th is the minimum time after the transition of the clock that information must remain unchanged at the data input. 

FIGURE 6. Setup and Hold Time 

Output 03 __/ 

CLOCK------ J. '"'-------50%1 \,,_ __ _ 
TC :::i,i;-_tP_L_H _________________________ :::i ___ t~S-;;._:_L ____________ _ 

TL/F/10584-15 

Note: Shift Right Mode; So = H, S1 = H, S2 = L 

FIGURE 7. Propagation Delay, Clock to Terminal Count (Shift Right Mode) 
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Switching Waveforms (Continued) 

Input 03 ___/ 

CLOCK------- l- \'" ________ so_% l- ''----
iC ::i~_tP_L_H-------------------------:-0--i%t ..... tp_H_L ____________ _ 

Note: Shift Left Mode; So = L, S1 = H, S2 = L. TL/F/10584-16 

FIGURE 8. Propagation Delay, Clock to Terminal Count (Shift Left Mode) 

1C: 
I 

• I 

count down : 0 13 12 11 10 4 3 io 
I I I 

count up• i 14 
I 

15: 2 3 4 
I I 

10 11 12 13 14: 15: 
I 

TL/F/10584-17 

Note: 

'Decimal representation of binary outputs. 

Count Up: So = L, S1 = H, S2 = H; Count Down: So = L, S1 = L, S2 = H. 

Measurement taken at 50% point of waveform. 

FIGURE 9. Propagation Delay, Clock to Terminal Count (Count Up and Count Down Modes) 

Output 03 

CLOCK 

f.4R~ 50%/-
"----------------------------::it:PHL 

TC _______ _,f 50% --------
TL/F/10584-18 

Note: Shift Right Mode; So = H, S1 = H, S2 = L. 

FIGURE 10. Propagation Delay, Master Reset to Terminal Count (Shift Right Mode) 
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co 
Cf) a Switching Waveforms (Continued) 
0 ,..... 

Input 03 

CLOCK 

MR~-~~~~~~~~~~5-031-
_________ :::j--'!ttpHL 

1C _______ _,f 503 --------

Note: Shilt Left Mode; So = L, S1 = H, S2 = L. 

FIGURE 11. Propagation Delay, Master Reset to Terminal Count (Shift Left Mode) 

I 

count• : 15 0 2 4 5 7 8 10 11 12 13 14 

Note: 

*Decimal representation of binary outputs. Count Up Mode: So = L, S1 = H, S2 = H. 

I 

count•: 8 0 15 14 13 12 11 10 0 15 14 13 

Note: 

*Decimal representation of binary outputs. Count Down Mode: So = L, S1 = L, s2 = H. 

TL/F/10584-19 

15 0 

TL/F/10584-20 

TL/F/10584-21 

FIGURE 12. Propagation Delay, Master Reset to Terminal Count (Count Up and Count Down Modes) 
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Applications 

(LSB) 

Po-P3 
S2 

COUNT 
CEP 100336 ENABLE 

l1N CP 

Oo 01 02 03 

Note: If So = S1 = S2 = LOW, then Tc = LOW 

COUNT 
CEP 

ENABLE ----<ll CET 100336 TC 

CP 

3-Stage Divider, Preset Count Down Mode 
PRESET N 

Po-P3 
S2 

CEP 100336 
TC 

TC CP 

Slow Expansion Scheme 

CEP CEP 

CET 100336 TC CET 100336 

CP CP 

S2 

CEP 

CET 

CP 

TC 

CLOCK~--.------------<t-----------..._ _________ _, 

Fast Expansion Scheme 

COUNT CEP TC CEP CEP 

ENABLE ----<ll CET 100336 CET 100336 TC CET 100336 TC 

CP CP CP 

CLOCK--..... -----------41~---------._ _________ _, 
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~Semiconductor 

100341 
Low Power 8-Bit Shift Register 

General Description Features 
• 35% power reduction of the 100141 
• 2000V ESD protection 
• Pin/function compatible with 100141 

The 100341 contains eight edge-triggered, D-type flip-flops 
with individual inputs (Pn) and outputs (On) for parallel oper­
ation, and with serial inputs (On) and steering logic for bidi­
rectional shifting. The flip-flops accept input data a setup 
time before the positive-going transition of the clock pulse 
and their outputs respond a propagation delay after this ris­
ing clock edge. 

• Voltage compensated operating range = -4.2V to 
-5.7V 

• Available to industrial grade temperature range 

The circuit operating mode is determined by the Select in­
puts So and s 1, which are internally decoded to select either 
"parallel entry", "hold", "shift left" or "shift right" as de­
scribed in the Truth Table. All inputs have 50 kn pull-down 
resistors. 

Ordering Code: see sections 

Logic Symbol 

Do Po P1 P2 P3 p 4 P5 Ps P7 07 
CP 

So 

s, 

Connection Diagrams 

24-Pin DIP/SOIC 

Do 24 Po 

Oo 23 P1 

01 22 P2 P4 Im 
02 21 P3 CP [j] 

03 20 s, VEE IITI 

Vee 19 So 
Vm ~ 

So [lli 
VeCA 18 VEE s, [j] 

04 17 CP P3 I]]] 

05 16 P4 

Os 10 15 P5 

07 11 14 Ps 

~ 12 13 P7 

TL/F/9880-2 

TL/F/9880-1 

28-Pin PCC 

P5 P5 P7VEES D7 07 05 
[]][iQ][I][!]ITJl]]!II 

(j]]~WJfm~~~ 

P2 P1 PoVEESDo Oo o, 
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Pin Names Description 

CP Clock Input 

So,S1 Select Inputs 

Do, 07 Serial Inputs 

Po-P7 Parallel Inputs 

Oo-01 Data Outputs 

24-Pin Quad Cerpak 

P3 s1 So VEE CP P4 

24 23 22 21 20 19 

III 05 P2 18 P5 

[IJ04 P1 2 17 P5 
IIIVeeA Po 3 16 P7 
[I] Vee 

Do 4 15 ~ ~Vee 
Ill) 03 Oo 5 14 07 

llli 02 o, 13 Os 
7 8 9 10 11 12 

02 03 Vee VeeA 04 Os 

TL/F/9880-4 TL/F/9880-3 



Logic Diagram 

Truth Table 

Function 
07 

Load Register 

Shift Left 
Shift Left 

Shift Right 
Shift Right 

Hold 
Hold 
Hold 

H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Don't Care 

x 
x 
x 
L 
H 

x 
x 
x 

~ = LOW-to-HIGH Transition 

Do 

x 
L 
H 

x 
x 
x 
x 
x 

Co 

Inputs 

S1 So CP 07 

L L _r P7 

L H _r 05 
L H _r 05 

H L _r L 
H L _r H 

H H x 
x x H 
x x L 

2-153 

• Ca 

Outputs 

05 05 04 03 

P5 P5 P4 P3 

05 04 03 02 
05 04 03 02 

07 05 05 04 
07 05 05 04 
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~7 
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Absolute Maximum Ratings 
Above which the useful life may be impaired (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Temperature CTsrn) -'-65°C to + 150°C 

Maximum Junction Temperature {TJ) 
Ceramic 
Plastic 

VEE Pin Potential to Ground Pin 

Input Voltage (DC) 

Output Current (DC Output HIGH) 

ESD (Note2) 

+ 175°C 
+150°C 

- 7.0V to + 0.5V 

VEE to +0.5V 
-50mA 

~2000V 

Note 1: Absolute maximum ratings are those values beyond which the de­
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 

Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Commercial Version 

DC Electrical Characteristics 

Recommended Operating 
Conditions 
Case Temperature (Tc) 

Commercial 
Industrial 
Military 

Supply Voltage (VEE) 

0°Cto +85°C 
-40°C to +85°C 

- 55°C to + 125°C 

-5.7V to -4.2V 

VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc= 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -1025 -955 -870 mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1705 -1620 mV orV1L (Min) 50!l. to -2.0V 

VoHC Output HIGH Voltage -1035 mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1610 mV orV1L (Max) 50!l. to -2.0V 

V1H Input HIGH Voltage 
-1165 -870 mV 

Guaranteed HIGH Signal 
for all Inputs 

V1L Input LOW Voltage 
-1830 -1475 mV 

Guaranteed LOW Signal 
for all Inputs 

l1L Input LOW Current 0.50 µA V1N = V1L (Min) 

l1H Input HIGH Current 240 µA V1N = V1H (Max) 

IEE Power Supply Current Inputs Open 
-157 -75 mA VEE= -4.2V to -4.8V 
-167 -75 mA VEE= -4.2Vto -5.7V 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Commercial Version (Continued) 

DIP AC Electrical Characteristics vEE = -4.2Vto -5.7V, Vee= VeeA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

fmax Max Clock Frequency 400 400 400 MHz Figures 2 and 3 

tPLH Propagation Delay 
0.90 1.90 1.00 2.00 1.00 2.10 ns 

Figures 1 and 3 

tPHL CP to Output (Note 1) 

trLH Transition Time 
0.35 1.30 0.35 1.30 0.35 1.30 Figures 1 and 3 

trHL 20% to 80%, 80% to 20% 
ns 

ts Setup Time 

Dn, Pn 0.65 0.65 0.65 ns 

Sn 1.60 1.60 1.60 
Figure4 

tH Hold 

Dn, Pn 0.80 0.80 0.80 ns 
Sn 0.60 0.60 0.60 

!e_w(H) Pulse Width HIGH CP 2.00 2.00 2.00 ns Figure3 

Note 1: The propagation delay specified is for the switching of a single output. Delays may vary up to 0.40 ns if multiple outputs are switching simultaneously. 

SOIC, PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

fmax Max Clock Frequency 425 425 425 MHz Figures 2 and 3 

tPLH Propagation Delay 
0.90 1.70 1.00 1.80 1.00 1.90 ns 

Figures 1 and 3 

tPHL CPtoOutput (Note2) 

trLH Transition Time 
0.35 1.20 0.35 1.20 0.35 1.20 Figures 1 and 3 

trHL 20% to 80%, 80% to 20% 
ns 

ts Setup Time 

Dn, Pn 0.55 0.55 0.55 ns 

Sn 1.50 1.50 1.50 
Figure4 

tH Hold Time 

Dn,Pn 0.70 0.70 0.70 ns 

Sn 0.50 0.50 0.50 

tpw(H) Pulse Width HIGH CP 2.00 2.00 2.00 ns Figure3 

tosHL Maximum Skew Common Edge PCCOnly 
Output-to-Output Variation 200 200 200 ps (Note 1) 
Clock to Output Path 

tosLH Maximum Skew Common Edge PCCOnly 
Output-to-Output Variation 200 200 200 ps (Note 1) 
Clock to Output Path 

tosr Maximum Skew Opposite Edge PCCOnly 
Output-to-Output Variation 250 250 250 ps (Note 1) • I 
Clock to Output Path 

tps Maximum Skew PCCOnly 
Pin (Signal) Transition Variation 250 250 250 ps (Note 1) 
Clock to Output Path 

Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (losHU· or LOW to HIGH (losLH), or in opposite directions both 
HL and LH (tosr). Parameters tosr and tps guaranteed by design 
Note 2: The propagation delay specified is for the switching of a single output. Delays may vary up to 0.40 ns if multiple outputs are switching simultaneously. 
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Industrial Version 

PCC DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = -40°C to +85°C (Note 1) 

Symbol Parameter 
Tc= -40°c Tc= o·c to +as·c 

Units Conditions 
Min Max Min Max 

VoH Output HIGH Voltage -1085 -870 -1025 -870 mV V1N = V1H(Max) Loading with 

Vm Output LOW Voltage -1830 -1575 -1830 -1620 mV orV1L (Min) 5011 to -2.0V 

VoHC Output HIGH Voltage -1095 -1035 mV V1N = V1H (Min) Loading with 

VoLc Output LOW Voltage -1565 -1610 mV orV1L (Max) 5011 to -2.0V 

V1H Input HIGH Voltage 
-1170 -870 -1165 -870 mV 

Guaranteed HIGH Signal 
for all Inputs 

V1L Input LOW Voltage 
-1830 -1480 -1830 -1475 mV 

Guaranteed LOW Signal 
for all Inputs 

l1L Input LOW Current 0.50 0.50 µA V1N = V1L (Min) 

l1H Input HIGH Current 240 240 µA V1N = V1H (Max) 

IEE Power Supply Current Inputs Open 
-157 -75 -157 -75 mA VEE= -4.2V to -4.8V 
-167 -75 -167 -75 mA VEE= -4.2V to -5.7V 

Note 1: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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PCC AC Electrical Characteristics 
...... 

VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -40°c Tc= +25°C Tc= +as·c 

Units Conditions 
Min Max Min Max Min Max 

fmax Max Clock Frequency 425 425 425 MHz Figures 2 and 3 

tPlH Propagation Delay 
0.90 1.80 1.00 1.80 1.00 1.90 ns 

Figures 1 and 3 

tPHl CPto Output (Note 1) 

trlH Transition Time 
0.30 1.90 0.35 1.20 0.35 1.20 Figures 1 and 3 

trnl 20% to 80%, 80% to 20% 
ns 

ts Setup Time 

Dn, Pn 0.60 0.55 0.55 ns 

Sn 1.70 1.50 1.50 
Figure4 

th Hold Time 

Dn, Pn 0.90 0.70 0.70 ns 

Sn 0.50 0.50 0.50 

tpw(H) Pulse Width HIGH 
2.00 2.00 2.00 Figure3 

CP 
ns 

Note 1: The propagation delay specified is for the switching of a single output. Delays may vary up to 0.40 ns if multiple outputs are switching simultaneously. 

Military Version 

DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = -55°C to + 125°C 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage -1025 -870 mV o·c to + 125°C 

-1085 -870 mV -55°c V1N = V1H (Max) Loading with 
1, 2, 3 

Vol Output LOW Voltage -1830 -1620 mV o·c to + 125°C orV1l (Min) 50.0. to -2.0V 

-1830 -1555 mV -55°C 

VoHe Output HIGH Voltage -1035 mV o·c to + 125°C 

-1085 mV -55°c V1N = V1H (Min) Loading with 
1, 2, 3 

Vole Output LOW Voltage -1610 mV o·c to + 125°C orV1l (Max) 50.0. to -2.0V 

-1555 mV -55°c 

V1H Input HIGH Voltage 
-1165 -870 mV - 55°C to + 125°C 

Guaranteed HIGH Signal 
1,2,3,4 

for All Inputs 

V1l Input LOW Current 
-1830 -1475 mV - 55°C to + 125°C 

Guaranteed LOW Signal 
1,2,3,4 

for All Inputs 

l1l Input LOW Current 
0.50 µA - 55°C to + 125°C 

VEE= -4.2V 
1, 2, 3 

V1N = V1l (Min) • l1H Input High Current 240 µA o·c to + 125°C VEE= -5.7V 
1, 2, 3 

340 µA -55°C V1N = V1H (Max) 

IEE Power Supply Current Inputs Open 

-168 -55 mA - 55°C to + 125°C VEE= -4.2V to -4.8V 
1, 2, 3 

-178 -55 mA VEE = -4.2V to -5.7V 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specifications which can be 
considered a worst case condition at cold temperatures. 
Note 2: Screen tested 100% on each device at -55°C, + 25°C and + 125"C, Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at -55°C, +25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 
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Military Version (Continued) 

AC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -55°C Tc= +25°C Tc= + 125°C 

Units Conditions Notes 
Min Max Min Max Min Max 

fmax Max Clock Frequency 400 400 300 MHz Figures 2 and 3 4 

tPLH Propagation Delay 
0.50 2.50 0.70 2.30 0.70 2.80 ns 1,2,3,5 

tPHL CPto Output 
Figures 1 and 3 

trLH Transition Time 
0.30 1.90 0.30 1.80 0.30 1.90 

trHL 20% to 80%, 80% to 20% 
ns 

ts Setup Time 

Dn,Pn 0.60 0.60 0.60 

Sn 1.70 1.60 2.40 
ns 

Figure4 4 
th Hold Time 

Dn, Pn 0.90 0.90 0.90 

Sn 0.50 0.50 0.50 
ns 

tpw(H) Pulse Width HIGH 
2.00 2.00 2.00 Figure3 

CP 
ns 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately after power-up. This provides "cold start" specifications which can be considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at +25°C temperature only, Subgroup A9. 

Note 3: Sample tested (Method 5005, Table 1) on each manufactured lot at +25°C, Subgroup A9, and at+ 125°C and -55°C temperatures, Subgroups A10 and 
A11. 

Note 4: Not tested at + 25°C, + 125°C and - 55°C temperature (design characterization data). 

Note 5: The propagation delay specified is for the switching of a single output. Delays may vary up to 0.40 ns if multiple outputs are switching simultaneously. 
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Test Circuitry 

VEE 

0.1 

IµF 

24 23 22 21 20 19 
1 18 

17 

3 16 

SOil 
1S 

so fl 14 

6 13 
7 8 9 10 11 12 

SOil 

SOil 

":' 

2SµF I 
Vee 

I0.1µF 

,-, 
\ I 

l 
\ I 

-1- Rr 

son 

Rr 
SOil 

son 

-= 

PULSE 
GENERATOR 

SCOPE 
CHANA 

SCOPE 
CHANC 

Notes: 

(\ 
\I 

1 

Vee. VeeA = +2V, VEE = -2.5V 

\I 

I Rr 

L 1, L2 and L3 = equal length 500 impedance lines 
Ar = 50!1 terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with 50!1 to GND 
CL = Fixture and stray capacitance ,,;: 3 pF 

PULSE 
GENERATOR 

SCOPE 
CHANB 

Pin numbers shown are for Flatpak; for DIP see logic symbol 

PULSE 
GENERATOR 

SCOPE 
CHAN A 

':" 

PULSE 
GENERATOR 

Notes: 

(\ 
I I 

lL1 ,-, 
\ I 

Rr r 
('\ 
\I 

J 

FIGURE 1. AC Test Circuit 

+1.0SV 

-----ISo 
S1 

so 11 ._~-O~o_0~1~0~2-0~3-Q~4~0~s-O~e~0~1~__. 

I I 

J 
For shift right mode pulse generator connected to So is moved to S1. 

Pulse generator connected to S1 has a LOW frequency 99% duty cycle, which allows occasional parallel load. 

The feedback path from output to input should be as short as possible. 

FIGURE 2. Shift Frequency Test Circuit (Shift Left) 
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~ a Switching Waveforms 
c ,.... 

CLOCK 

PARALLEL 

OUTPUT 

TL/F /9880-8 

FIGURE 3. Propagation Delay and Transition Times 

Pn, Sn, D"----~' ,--5-0_"!._o -- + 

1
.0

5 

V 

• ---- +0.31 v 

-.l1s1~lh-1 
CLOCK 

+1.05V 

-----~~--5-o_o;._. _______ ~ 
• +0.31 v 

TL/F/9880-9 

Notes: 

15 is the minimum time before the transition of the clock that information 
must be present at the data input. 

th is the minimum time after the transition of the clock that information must 
remain unchanged at the data input. 

FIGURE 4. Setup and Hold Times 

2-160 



~National 
U Semiconductor 

100343 
Low Power 8-Bit Latch 

General Description Features 
• Low ,power operation 
• 2000V ESD protection 

The 100343 contains eight D-type latches, individual inputs, 
(Dn). outputs (On). a common enable pin (E), and a latch 
enable pin (LE). A Q output follows its D input when both E 
and LE are LOW. When either E or LE (or both) are HIGH, a 
latch stores the last valid data present on its D input prior to 
E or LE going HIGH. 

• Voltage compensated operating range = -4.2V to 
-5.7V 

• Available to industrial grade temperature range 
• Available to MIL-STD-883 

The 100343 outputs are designed to drive a son termina­
tion resistor to - 2.0V. All inputs have 50 k!l pull-down re­
sistors. 

Ordering Code: see section 6 

Logic Symbol 

LE 

Connection Diagrams 

24-Pin DIP 

D4 24 D3 

D5 23 D2 

D5 22 D1 

l'7 21 Do 

NC 20 E 
Vee 6 19 LE 

VeeA 18 VEE 

VeCA 17 YeCA 

07 16 Oo 

Os 10 15 01 

TL/F/10250-1 

28-Pin PCC 

01 02 03 VEES 04 05 05 
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Do-D7 
E 
LE 

Oo-07 
NC 

III 07 
[I)VeeA 

rn VeeA 
OJ Vee 
~VeeA 
Ill! NC 

~1'7 

05 11 14 02 TL/F/10250-4 
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Description 

Data Inputs 
Enable Input 
Latch Enable Input 
Data Inputs 
No Connect 

24-Pin Quad Cerpak 

Do E LE VEEVeCAOo 

24 23 22 21 20 19 
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Logic Diagram 

Truth Table 
Inputs 

Dn E LE 

L L L 
H L L 
x H x 
x x H 

•Retains data present before either [E or E went HIGH 
H = HIGH voltage level 
L = LOW voltage level 
X = Dont's care 

Outputs 

On 

L 
H 

Latched* 
Latched* 

Ds 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impared (Note 1) Conditions 
If Military/Aerospace specified devices are required, 

Case Temperature (Tc) 
please contact the National Semiconductor Sales Commercial 0°Cto +8S°C 
Office/Distributors for availability and specifications. 

Industrial -40°Cto +8S°C 
Storage Temperature (T sTG) - 6S°C to + 150°C Military - SS°C to + 12S°C 
Maximum Junction Temperature (TJ) Supply Voltage (VEE) -5.7V to -4.2V 

Ceramic + 17S°C 
Plastic + 150°C 

VEE Pin Potential to Ground Pin -7.0Vto +o.sv 

Input Voltage (DC) VEE to +0.5V 
Output Current (DC Output HIGH) -SOmA 

ESD(Note2) ~2000V 

Note 1: Absolute maximum ratings are those values beyond which the de-
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 

Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Commercial Version 

DC Electrical Characteristics 
VEE = -4.2V to -S.7V, Vee= VccA = GND, Tc= 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -102S -95S -870 mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1705 -1620 mV orV1L(Min) son to -2.ov 

VoHC Output HIGH Voltage -1035 mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1610 mV orV1L (Max) son to -2.ov 

V1H Input HIGH Voltage -1165 -870 mV Guaranteed HIGH Signal for All Inputs 

V1L Input LOW Voltage -1830 -1475 mV Guaranteed LOW Signal for All Inputs 

l1L Input LOW Current 0.50 µA V1N = V1L (Min) 

l1H Input HIGH Current 240 µA V1N = V1H (Max) 

IEE Power Supply Current Inputs Open 
-9S -S5 

mA 
VEE = -4.2V to -4.8V 

-97 -55 VEE = -4.2V to -5.7V 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature ex1remes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions tor testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

DIP AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +as0 c 

Units Conditions 
Min Max Min Max Min Max 

tpLH Propagation Delay 
0.80 2.00 0.80 2.00 0.80 2.20 ns 

Figures 1, 2, 3 

tPHL Dn to Output (Note 1) 

tPLH Propagation Delay 
1.40 2.90 1.40 2.90 1.60 3.10 ns 

Figures 1, 2, 3 

tpHL LE, E to Output (Note 1) Ell 
tTLH Transition Time 

0.45 2.00 0.4S 2.00 0.4S 2.00 Figures 1, 3 
trnL 20% to 80%, 80% to 20% 

ns 

ts Setup Time 
Do-D7 1.0 1.0 1.1 ns Figures 1, 4 

th Hold Time 
Do-D7 0.1 0.1 0.1 ns Figures 1, 4 

tpw(H) Pulse Width HIGH 
LE,E 2.00 2.00 2.00 ns Figures 1, 4 

Note 1: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Commercial Version (Continued) 

PCC and Cerpack AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

IPLH Propagation Delay 
0.80 1.80 0.80 1.80 0.80 2.00 ns 

Figures 1, 2, 3 

IPHL Dn to Output (Note2) 

IPLH Propagation Delay 
1.40 2.70 1.40 2.70 1.60 2.90 ns 

Figures 1, 2, 3 

IPHL LE, E to Output (Note2) 

trLH Transition Time 
0.45 1.90 0.45 1.90 0.45 1.90 Figures 1, 3 ns 

trHL 20% to 80%, 80% to 20% 

ts Setup Time 

Do-D7 0.90 0.90 1.00 ns Figures 1, 4 

th Hold Time 

Do-D7 0.0 0.0 0.0 ns Figures 1, 4 

tpw(H) Pulse Width HIGH 
LE,E 2.00 2.00 2.00 ns A'gures 1, 4 

tosHL Maximum Skew Common Edge PCCOnly 

Output-to-Output Variation 340 340 340 ps (Note 1) 
Data to Output Path 

tosLH Maximum Skew Common Edge PCCOnly 
Output-to-Output Variation 440 440 440 ps (Note 1) 

Data to Output Path 

tosr Maximum Skew Opposite Edge PCCOnly 
Output-to-Output Variation 480 480 480 ps (Note 1) 
Data to Output Path 

tps Maximum Skew PCCOnly 
Pin (Signal) Transition Variation 300 300 300 ps (Note 1) 
Data to Output Path 

Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (!osHU· or LOW to HIGH (!osLHl. or in opposite directions both 
HL and LH (tosr). Parameters tosr and tps guaranteed by design. 
Note 2: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Industrial Version 

PCC DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = -40°C to +85°C (Note 3) 

Symbol Parameter 
Tc= -40°C Tc= 0°C to +85°C 

Units Conditions 
Min Max Min Max 

VoH Output HIGH Voltage -1085 -870 -102S -870 mV VtN = VtH (Max) Loading with 

VoL Output LOW Voltage -1830 -1S7S -1830 -1620 mV orVtL(Min) son to -2.ov 

VoHC Output HIGH Voltage -109S -103S mV VtN = V1H (Min) Loading with 

VoLC Output LOW Voltage -1S6S -1610 mV orV1L(Max) son to -2.ov 

V1H Input HIGH Voltage 
-1170 -870 -116S -870 mV 

Guaranteed HIGH Signal 

for All Inputs 

V1L Input LOW Voltage 
-1830 -1480 -1830 -147S mV 

Guaranteed LOW Signal 

for All Inputs 

ltL Input LOW Current o.so o.so µA V1N = VtL (Min) 

ltH Input HIGH Current 240 240 µA V1N = V1H (Max) 

IEE Power Supply Current Inputs Open 
-9S -so -9S -5S 

mA 
VEE= -4.2Vto -4.8V 

-97 -so -97 -5S VEE= -4.2Vto -5.7V 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

PCC AC Electrical Characteristics 
VEE = -4.2V to -S.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= -40°C 

Min Max 

tPLH Propagation Delay 
0.80 1.80 

tPHL Dn to Output 

tPLH Propagation Delay 
1.40 2.70 

tPHL LE, E to Output 

tTLH Transition Time 
0.40 2.SO 

tTHL 20% to 80%, 80% to 20% 

ts Setup Time 

Do-D7 0.60 

th Hold Time 

Do-D7 0.8 

tpw(H) Pulse Width HIGH 

LE,E 2.40 

Tc= +25°C Tc= +85°C 
Units 

Min Max Min Max 

0.80 1.80 0.80 2.00 ns 

1.40 2.70 1.60 2.90 ns 

0.4S 1.90 0.4S 1.90 ns 

0.90 1.00 ns 

0.0 0.0 ns 

2.00 2.00 ns 

Note 1: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 

2-16S 

Figures 1, 2, 3 
(Note 1) 

Figures 1, 2, 3 

(Note 1) 

Figures 1, 3 

Figures 1, 4 

Figures 1,4 

Figures 1, 4 



Military Version 

DC Electrical Characteristics 
VEE= -4.2Vto -5.7V, Vee= VccA = GND, Tc= -55°Cto +125°C 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage 
-1025 -870 mV 

0°Cto 
+ 125°C 

-1085 -870 mV -55°C V1N = V1H (Max) Loading with 
orV1L (Min) 50fito -2.0V 

1, 2, 3 
Vol Output LOW Voltage 0°Cto 

-1830 -1620 mV 
+125°C 

-1830 -1555 mV -55°C 

VoHC Output HIGH Voltage 
-1035 mV 

0°Cto 
+ 125°c 

-1085 mV -55°c V1N = V1H (Max) Loading with 
orV1L (Min) 50nto -2.ov 

1, 2, 3 
Vo LC Output LOW Voltage 0°cto 

-1610 mV 
+ 125·c 

-1555 mV -55°C 

V1H Input HIGH Voltage 
-1165 -870 mV 

-55°Cto Guaranteed HIGH Signal for All Inputs 
1, 2, 3, 4 

+125°c 

V1L Input LOW Voltage 
-1830 -1475 mV 

-55°Cto Guaranteed LOW Signal for All Inputs 
1, 2, 3, 4 

+ 125°C 

l1L Input LOW Current 
0.50 µA 

-55°Cto VEE= -4.2V 
1, 2, 3 

+ 125°c V1N = V1L (Min) 

IEE Power Supply Current -100 -35 mA -55to VEE = -4.2V to -4.8V 
1, 2, 3 

-105 -35 mA +125°C VEE = -4.2V to -5.7V 

l1H Input HIGH Current 
240 µA 

0°Cto 
+125°c VEE= -5.7V 

1, 2, 3 
V1N = V1H (Max) 

340 µA -55°c 

IEE Power Supply Current 
-55°Cto 

Inputs Open 
-100 -35 

mA +125°C 
VEE = -4.2V to -4.8V 

1, 2, 3 
-105 -35 VEE = -4.2V to -5.7V 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at -55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at -55°C, +25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoH/VOL· 
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Military Version (Continued) 

AC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -ss·c Tc= .+2s·c Tc= + 12s·c 

Units Conditions Notes 
Min Max Min Max Min Max 

tpLH Propagation Delay 
0.50 2.70 0.50 2.30 0.50 2.80 ns Figures 1, 2, 3 1,2,3,5 

tpHL Dn to Output 

tpLH Propagation Delay 
0.90 3.40 1.0 3.10 1.10 3.90 ns Figures 1, 2, 3 1,2,3,5 

tpHL LE, E to Output 

tTLH Transition Time 
0.40 2.50 0.40 2.40 0.40 2.70 Figures 1, 3 4 ns 

tTHL 20% to 80%, 80% to 20% 

ts Setup Time 

Do-D7 0.60 0.60 0.60 ns Figures 1, 4 4 

th Hold Time 

Do-D7 1.50 1.50 1.70 ns Figures 1, 4 4 

tpw(H) Pulse Width HIGH 

LE,E 2.40 2.40 2.40 ns Rgures 1, 4 4 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup A9. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at + 25°C, Subgroup A9, and at + 125°C and - 55°C temperatures, Subgroups A 1 o and 
A11. 

Note 4: Not tested at + 25°C, + 125°C, and -55°C temperature (design characterization data). 

Note 5: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Test Circuitry 

PULSE 
GENERATOR 

PULSE 
GENERATOR 

, .. 

l 
, .. 

1
\, 

L1 , .. 

50.0. 

SCOPE 
CHAN A 

SCOPE 
CHAN B 

TL/F/10250-6 

Notes: FIGURE 1. AC Test Circuit 
Vee. VeeA = +2V, VEE = -2.SV 
L 1 and L2 = equal length son impedance lines 
Rr = son terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance ~ 3 pF 

Switching Waveforms 

DATA_/ 

LE or E 

OUTPUT 

TL/F/10250-7 

FIGURE 2. Propagation Delays 

0.7ns:t0.1 ns 0.7ns:t0.1 ns 

DATA 

OUTPUT 

TL/F/10250-8 

FIGURE 3. Propagation and Transition Times 
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~National 
U Semiconductor 

100344 
Low Power 8-Bit Latch with Cut-Off Drivers 

General Description 
The 100344 contains eight D-type latches, individual inputs 
(On). outputS (On). a common enable pin (E), latch enable 
(LE), and output enable pin (OEN). A Q output follows its D 
input when both E and LE are LOW. When either E or LE (or 
both) are HIGH, a latch stores the last valid data present on 
its D input prior to E or LE going HIGH. 

The 100344 outputs are designed to drive a doubly termi­
nated son transmission line (25n load impedance). All in­
puts have 50 kn pull-down resistors. 

A HIGH on OEN holds the outputs in a cut-off state. The 
cut-off state is designed to be more negative than a normal 
ECL LOW level. This allows the output emitter-followers to 
turn off when the termination supply is - 2.0V, presenting a 
high impedance to the data bus. This high impedance re­
duces termination power and prevents loss of low state 
noise margin when several loads share the bus. 

Ordering Code: see section 6 

Logic Symbol 

OEN 
Oo 01 02 03 04 05 05 07 

TL/F/9883-4 

Connection Diagrams 

Features 
• Cut-off drivers 
• Drives 25n load 
• Low power operation 
• 2000V ESD protection 
• Voltage compensated operating range 

-5.7V 
• Available to MIL-STD-883 

Pin Names Description 

Do-D7 Data Inputs 
E Enable Input 
LE Latch Enable Input 
OEN Output Enable Input 

Oo-07 Data Outputs 

-4.2V to 

24-Pln DIP 28-Pln PCC 24-Pln Quad Cerpak 

01 02 03 Va:s 04 05 05 Do E LE Ya:Ver.>. o0 
D4 24 D3 (j]liQllIJ(]][f)[[J[[J 

D5 23 D2 

D5 3 22 D1 

0., 4 21 Do 

OEN 5 20 E 
Yee 6 19 LE 

Ver.>. 7 18 VEE 

Yer.>. 8 17 Ver.>. 

24 23 22 21 20 19 

Oo IJ] III o7 D1 1 18 o, 
YeCA [1]) III VeCA D2 2 17 02 
VEE!i]] [I] VCCA 

D3 3 16 03 Ya:slJ]J rn Yee 
i:E Ii]] @I VCCA D4 15 04 
[ IIZl IUI O£N D5 14 05 

Do Ii]] @I 0, D5 6 13 05 
7 8 9 10 11 12 

.01 9 16 Oo IJ]J~§liil~~~ 

05 10 15 01 D1 D2 D3 Va:s D4 D5 D5 0., OEN Yee VCCA Vee>. 07 

05 11 14 02 TL/F/9883-3 TL/F/9883-2 

04 12 13 03 

TL/F/9883-1 
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oi::t' 
oi::t' 
S Logic Diagram 
0 ,... 

Truth Table 
Inputs 

Dn E LE OEN 

L L L L 

H L L L 
x H x L 

x x H L 
x x x H 

•Retains data present before either LE or Ego HIGH. 

H = HIGH Voltage level 
L = LOW Voltage level 
Cutoff = lower-than-LOW state 
X = Don't Care 

TL/F/9663-5 

Outputs 

On 

L 
H 

Latched* 

Latched* 
Cutoff 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired (Note 1) Conditions 
If Military I Aerospace specified devices are required, 

Case Temperature (Tc) please contact the National Semiconductor Sales Commercial 0°Cto +85°C 
Office/Distributors for availability and specifications. 

Industrial - 40°C to + 85° 
Storage Temperature (T srn) -65°C to+ 150°C Military - 55°C to + 125°C 
Maximum Junction Temperature (TJ) Supply Voltage (VEE) -5.7V to -4.2V 

Ceramic +175°C 
Plastic +150°C 

VEE Pin Potential to Ground Pin - 7.0V to + 0.5V 

Input Voltage (DC) VEE to +0.5V 
Output Current (DC Output HIGH) -100 mA 

ESD(Note2) ~2000V 

Note 1: Absolute maximum ratings are those values beyond which the de-
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 

Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Commercial Version 

DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = 0°c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -1025 -955 -870 mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1705 -1620 mV orV1l (Min) 25.!1to -2.0V 

VoHC Output HIGH Voltage -1035 mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 mV orV1l (Max) 25.!1 to -2.0V 

Volz Cutoff LOW Voltage 
-1950 mV 

V1N = V1H (Min) OEN= HIGH 
orV1l (Max) 

V1H Input HIGH Voltage -1165 -870 mV Guaranteed HIGH Signal for All Inputs 

V1l Input LOW Voltage -1830 -1475 mV Guaranteed LOW Signal for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 

l1H Input HIGH Current 240 µA V1N = V1H (Max) 

IEE Power Supply Current Inputs Open 
-178 -85 

mA 
VEE= -4.2V to -4.BV 

-185 -85 VEE= -4.2V to -5.?V 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

DIP AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

tPlH Propagation Delay 
0.90 2.10 0.90 2.10 1.00 2.30 ns 

Figures 1, 2 

tPHl Dn to Output (Note 1) 

lPlH Propagation Delay 
1.60 3.10 1.60 3.10 1.80 3.40 ns 

Figures 1, 4 

tPHl LE, E to Output (Note 1) 

tpzH Propagation Delay 1.60 4.20 1.60 4.20 1.60 4.20 Figures 1, 2 

tpHz OEN to Output 1.00 2.70 1.00 2.70 1.00 2.70 
ns 

(Note 1) 

trlH Transition Time 
0.45 2.00 0.45 2.00 0.45 2.00 Figures 1, 3 

trHl 20% to 80%, 80% to 20% 
ns 

Note 1: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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~ Commercial Version (Continued) 
0 
0 
,.... DIP AC Electrical Characteristics ccontinued) 

VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C 

ts ·Setup Time 
Do-D7 

Hold Time 
Do-D7 

Pulse Width HIGH 
LE,E 

Min 

1.00 

0.10 

2.00 

Max Min Max 

1.00 

0.10 

2.00 

PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C 

tpLH 

tPHL 

tPLH 

tPHL 

tpzH 

tpHz 

ts 

Propagation Delay 
Dn to Output 

Propagation Delay 
LE, E to Output 

Propagation Delay 
OEN to Output 

Transition Time 
20% to 80%, 80% to 20% 

Setup Time 

IH Hold Time 

tosHL 

tosLH 

tosT 

Pulse Width HIGH 
LE,E 

Maximum Skew Common Edge 
Output-to-Output Variation 
Data to Output Path 

Maximum Skew Common Edge 
Output-to-Output Variation 
Data to Output Path 

Maximum Skew Opposite Edge 
Output-to-Output Variation 
Data to Output Path 

Maximum Skew 
Pin (Signal) Transition Variation 
Data to Output Path 

Min 

0.90 

1.60 

1.60 
1.00 

0.45 

0.90 

0.00 

2.00 

Max 

1.90 

2.90 

4.00 
2.50 

1.90 

330 

330 

330 

230 

Min 

0.90 

1.60 

1.60 
1.00 

0.45 

0.90 

0.00 

2.00 

Max 

1.90 

2.90 

4.00 
2.50 

1.90 

330 

330 

330 

230 

Tc= +ss0 c 
Min 

1.10 

0.10 

2.00 

Max 

Tc= +85°C 

Min 

1.00 

1.80 

1.60 
1.00 

0.45 

1.00 

0.00 

2.00 

Max 

2.10 

3.20 

4.00 
2.50 

1.90 

330 

330 

330 

230 

Units 

ns 

ns 

ns 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ps 

ps 

ps 

ps 

Conditions 

Figures 1, 3 

Figures 1, 3 

Figures 1, 3 

Conditions 

Figures 1, 2 
(Note2) 

Figures 1, 4 
(Note2) 

Figures 1, 2 
(Note2) 

Figures 1, 3 

Figures 1, 3 

Figures 1, 3 

Figures 1, 3 

PCCOnly 
(Note 1) 

PCCOnly 
(Note 1) 

PCCOnly 
(Note 1) 

PCCOnly 
(Note 1) 

Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (losHU· or LOW to HIGH (tosLH), or in opposite directions both 
HL and LH (losr). Parameters tosT and tps guaranteed by design. 
Note 2: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Military Version 

DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = - 55°C to + 125·c 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage 
-1025 -870 mV 

o•cto 
+ 125·c 

-1085 -870 mV -55°c V1N = V1H (Max) Loading with 
1, 2, 3 

VoL Output LOW Voltage o•cto orV1L (Min) 25!l. to -2.0V 
-1830 -1620 mV + 125•c 

-1830 -1555 mV -55°c 

VoHC Output HIGH Voltage 
-1035 mV 

o·cto 
+ 125·c 

-1085 mV -55°C V1N = V1H (Min) Loading with 
1, 2, 3 

VoLC Output LOW Voltage o·cto orV1L (Max) 25!l. to -2.0V 
-1610 mV + 125·c 

-1555 mV -55°c 

VoLZ Cutoff LOW Voltage 
-1950 

0°cto 
V1N = V1H (MIN) mV + 125·c 
orV1L (Max) 

OEN= HIGH 1, 2, 3 

-1850 -55°c 

V1H Input HIGH Voltage 
-1165 -870 mV 

-55°C to Guaranteed HIGH Signal 
1, 2, 3, 4 + 125·c for All Inputs 

V1L Input LOW Voltage 
-1830 -1475 mV 

-55°Cto Guaranteed LOW Signal 
1,2,3,4 + 125•c for All Inputs 

l1L Input LOW Current 
0.50 µA 

-55°C to VEE= -4.2V 
1,2,3 + 125•c V1N = V1L (Min) 

l1H Input HIGH Current 
240 µA 

0°cto 
VEE= -5.7V + 125·c 
V1N = V1H (Max) 

1, 2, 3 

340 µA -55°c 

IEE Power Supply Current 
-55°C to 

Inputs Open 
-195 -65 

mA + 125•c 
VEE= -4.2V to -4.8V 

1, 2, 3 
-205 -65 VEE= -4.2V to -5.7V 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at -55'C, +25'C, and + 125'C, Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at -55'C, +25'C, and + 125'C, Subgroups A1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 

Ell 
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Military Version (Continued) 

AC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee= VeeA = GND 

Symbol Parameter 
Tc= -55°C 

Min Max 

tPLH Propagation Delay 
0.50 2.60 

tPHL Dn to Output 

tpLH Propagation Delay 
0.80 3.30 

tPHL LE, E to Output 

tpzH Propagation Delay 1.00 4.60 
tpHz OEN to Output 0.70 3.00 

trLH Transition Time 
0.40 2.50 

trnL 20% to 80%, 80% to 20% 

ts Setup Time 

Do-D7 1.50 

th Hold Time 

Do-D7 0.60 

tpw(H) Pulse Width HIGH 

LE,E 2.40 

Tc= +25°C Tc= + 125°C 
Units Conditions Notes 

Min Max Min Max 

0.70 2.60 0.70 3.10 ns Figures 1, 2 1,2,3,5 

1.00 3.30 1.10 3.80 ns Figures 1, 4 1, 2, 3, 5 

1.10 4.20 1.20 4.40 
Figures 1, 2 1, 2, 3, 5 

0.70 2.80 0.70 3.20 
ns 

0.40 2.40 0.40 2.70 ns Figures 1, 3 4 

1.50 1.70 ns Figures 1, 3 4 

0.60 0.60 ns Figures 1, 3 4 

2.40 2.40 ns Figures 1, 3 4 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at +25'C temperature only, Subgroup A9. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at +25°C, Subgroup A9, and at+ 125'C and -55'C temperatures, Subgroups A10 and 
A11. 

Note 4: Not tested at + 25°C, + 125°C, and -55°C temperature (design characterization data). 

Note 5: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 

Test Circuitry 

SCOPE 
CHAN A 

PULSE 
GENERATOR 

PULSE 
GENERATOR 

Rr 

L2 

\ I 

l 
\ I 

l 
\I s••l 

Notes: 

Vee. VeeA = +2V, VEE = -2.5V 
L 1 and L2 = equal length 500 impedance lines 
Rr = 500 terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with 250 to GND 
CL = Fixture and stray capacitance ,,::; 3 pF 

Yee 

I0.1µF 

OEN 

D Q 

VEE 

FIGURE 1. AC Test Circuit 
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Switching Waveforms 

DATA 

~---------------------'~'-------
OUTPUT 

I I 

~: 
tpzH 

TL/F /9883-7 

FIGURE 2. Propagation Delay and Cutoff Times 

DATA 

LE or E 

OUTPUT ~,' ~ _, __ _ 
TL/F/9883-8 

FIGURE 3. Setup, Hold and Pulse Width Times 

OEN 

------------------------------------LOW 
DATA • - - - - - - - - - - - -x .. ------------• 

IE ORE 

OUTPUT 
---------·-.-------------1.-y 

I '' 
I ' I '-•• 

: 'i>o : .-. TL/F/9883-9 

FIGURE 4. Propagation Delay LE, E to Q 
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100350 
Low Power Hex D-Latch 

General Description 
The 100350 contains six D-type latches with true and com­
plement outputs, a pair of common Enables (Ea and Eb). 
and a common Master Reset (MR). A Q output follows its D 
input when both Ea and Eb are LOW. When either Ea or Eb 
(or both) are HIGH, a latch stores the last valid data present 
on its D input before Ea or Eb went HIGH. The MR input 
overrides all other inputs and makes the Q outputs LOW. All 
inputs have 50 kn pull-down resistors. 

Ordering Code: see section 6 

Logic Symbol 

Features 
• 20% power reduction of the 100150 
• 2000V ESD protection 
• Pin/function compatible with 100150 
• Voltage compensated operating range = 

-4.2V to -5.7V 

Pin Names Description 

Do-Ds Data Inputs 

Ea.Eb Common Enable Inputs (Active LOW) 
MR Asynchronous Master Reset Input 

Oo-Os Data Outputs 

Oo-Os Complementary Data Outputs 

TL/F/9884-10 

Connection Diagrams 

24-Pin DIP 28-Pin PCC 24-Pin Quad Cerpak 

D1 Do Oo vEES Oo 01 01 Eb Ea MR VEE D3 D2 
05 1 24 05 ITII IIQl rn [!] III III rn 
0-4 2 23 D5 2-4 23 22 21 20 19 
0-4 3 22 D4 D2 IJ] rn 02 0-4 1 18 D1 
03 4 21 Eb D3~ rn 02 05 2 17 Do 
03 5 20 Ea VEE Ii] [I) VeCA 

05 16 Oo VEES~ rnvcc 
Vee 6 19 MR 

MR Ii]] ~Vee 05 15 Oo 
VeCA 7 18 VEE Ea lill Ill! 03 04 14 01 

02 8 17 D3 Eb@ ~03 04 6 13 01 
02 9 16 D1 7 8 9 10 11 12 

01 10 15 D1 [fil@I~~~~~ 

01 11 14 Do D4 D5 05 VEES 05 04 04 03 03 Vee VeCA 02 02 

Oo 12 13 Oo TL/F/9884-3 TL/F/9884-2 

TL/F/9884-1 
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Logic Diagram 

Truth Tables (Each Latch) 

Latch Operation 

Inputs 

Dn Ea Eb MR 

L L L L 
H L L L 
x H x L 
x x H L 

•Retains data present before E positive transition 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

Dz 

D 

02 02 

Outputs 

On 

L 
H 

Latched" 
Latched" 

Dn l 
x l 
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Asynchronous Operation 

Inputs Outputs 

Ea l Eb l MR On 

x l x l H L 

.... 
0 
0 
w 
U1 
0 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are. required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Temperature (T sTG) - 6S°C to + 1 so°C 

Maximum Junction Temperature (TJ) 
Ceramic 
Plastic 

VEE Pin Potential to Ground Pin 

Input Voltage (DC) 

Output Current (DC Output HIGH) 

ESD (Note 2) 

+17S°C 
+ 1so0 c 

-7.0Vto +O.SV 

VEEtO +O.SV 

-SOmA 

:<::2000V 
Note 1: Absolute maximum ratings are those values beyond which the de­
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 

Note 2: ESD testing conforms to Mll-STD-883, Method 3015. 

Commercial Version 

DC Electrical Characteristics 

Recommended Operating 
Conditions 
Case Temperature (Tc) 

Commercial 
Military 

Supply Voltage (VEE) 

0°Cto +8S°C 
- SS°C to + 12S°C 

-S.7Vto -4.2V 

VEE = -4.SV to -S.7V, Vee = VccA = GND, Tc = 0°C to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -102S -9SS -870 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -170S -1620 orV1l(Min) son to -2.ov 

VoHC Output HIGH Voltage -103S 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 orV1L(Max) son to -2.ov 

V1H Input HIGH Voltage 
-116S -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1830 -147S mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current o.so µA V1N = V1L (Min) 

l1H Input HIGH Current 
MR 240 
Dn 240 µA V1N = V1H (Max) 

Ea.Eb 240 

IEE Power Supply Inputs Open 
Current -89 -44 

mA 
VEE = -4.2V to -4.8V 

-93 -44 VEE= -4.2V to -S.7V 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guard banding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

2-178 



Commercial Version (Continued) 

DIP AC Electrical Characteristics vEE = -4.2Vto -5.7V, Vee= VeeA = GND 

Symbol Parameter Tc= o·c Tc= +25°C 

Min Max Min Max 

tPLH Propagation Delay 
tPHL Dn to Output 0.50 1.40 0.50 1.40 

(Transparent Mode) 

tPLH Propagation Delay 
0.75 1.85 0.75 1.85 

tPHL Ea. Eb to Output 

tPLH Propagation Delay 
0.90 2.10 0.90 2.10 

tPHL MR to Output 

trLH Transition Time 
0.35 1.30 0.35 1.30 

trHL 20% to 80%, 80% to 20% 

ts Setup Time 
Do-Ds 1.00 1.00 
MR (Release Time) 1.60 1.60 

th Hold Time, Do-Ds 0.40 0.40 

tpw(L) Pulse Width LOW 
2.00 2.00 Ea. Eb 

tpw(H) Pulse Width HIGH, MR 2.00 2.00 

PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter Tc= o·c Tc= +25°C 

Min Max Min Max 

tPLH Propagation Delay 
tPHL Dn to Output 0.50 1.20 0.50 1.20 

(Transparent Mode) 

tPLH Propagation Delay 
0.75 1.65 0.75 1.65 

tPHL Ea. Eb to Output 

tPLH Propagation Delay 
0.90 1.90 0.90 1.90 

tPHL MR to Output 

trLH Transition Time 
0.35 1.10 0.35 1.10 

trnL 20% to 80%, 80% to 20% 

ts Setup Time 
D0-Ds 0.90 0.90 
MR (Release Time) 1.50 1.50 

th Hold Time, Do-Ds 0.30 0.30 

tpw(L) Pulse Width LOW 
2.00 2.00 Ea. Eb 

tpw(H) Pulse Width HIGH, MR 2.00 2.00 
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Tc= +as·c 

Min Max 

0.50 1.50 

0.75 2.05 

0.90 2.10 

0.35 1.30 

1.00 
1.60 

0.40 

2.00 

2.00 

Tc= +as·c 

Min Max 

0.50 1.30 

0.75 1.85 

0.90 1.90 

0.35 1.10 

0.90 
1.50 

0.30 

2.00 

2.00 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Conditions 

Figures 1 and 2 

Figures 1 and 3 

Figures 1 and 2 

Figures 3 and 4 

Figure4 

Figure2 

Figure3 

Conditions 

Figures 1 and 2 

Figures 1 and 3 

Figures 1 and 2 

Figures 3 and 4 

Figure4 

Figure2 

Figure3 
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Military Version-Preliminary 

DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = -55°C to + 125°C 

Symbol Parameter Min Max Units Tc 

VoH Output HIGH Voltage -1025 -870 mV 0°c to + 125°C 

-1085 -870' mV -55°c 

Vol Output LOW Voltage -1830 -1620 mV 0°c to + 125°C 

-1830 -1555 mV -55°C 

VoHC Output HIGH Voltage -1035 mV 0°c to + 125°C 

-1085 mV -55°c 

VoLC Output LOW Voltage -1610 mV o·c to + 125°C 

-1555 mV -55°C 

V1H Input HIGH Voltage 
-1165 -870 mV - 55°C to + 125°C 

V1L Input LOW Voltage 
-1830 -1475 mV - 55°C to + 125°C 

l1L Input LOW Current 
0.50 µA - 55°C to + 125°C 

l1H Input HIGH Current 
MR 300 
Dn 250 µA o·c to + 125°C 

Ea.Eb 520 

MR 450 
Dn 350 µA -55°c 

Ea.Eb 750 

IEE Power Supply Current -138 -64 mA - 55°C to + 125°C 

Conditions Notes 

V1N = V1H(Max) Loading with 
1, 2, 3 

orV1L (Min) 50.0.to -2.0V 

V1N = V1H(Min) Loading with 
1, 2, 3 

orV1L (Min) 50.!1 to -2.0V 

Guaranteed HIGH Signal 
1,2,3,4 

for All Inputs 

Guaranteed LOW Signal 
1,2,3,4 

for All Inputs 

VEE= -4.2V 
1, 2, 3 

V1N = V1L (Min) 

VEE= -5.7V 1, 2, 3 
V1N = V1H (Max) 

Inputs Open 1,2, 3 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at -55°C, +25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at - 55°C, + 25°C, and + 125'C, Subgroups A 1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVQL. 
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Military Version-Preliminary (Continued) 

AC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -55°C Tc= +25°C Tc= +125°C 

Units Conditions Notes 
Min Max Min Max Min Max 

tPLH Propagation Delay 

tpHL Dn to Output 0.45 1.50 0.50 1.40 0.50 1.50 ns 

(Transparent Mode) Figures 1 and 2 

tPLH Propagation Delay 
1, 2, 3 

0.75 2.05 0.75 1.85 0.75 2.05 ns 
tpHL Ea. Eb to Output 

tPLH Propagation Delay 
0.80 2.40 0.90 2.40 0.90 2.60 ns Figures 1 and 3 

tpHL MR to Output 

tTLH Transition Time 
0.45 1.70 0.45 1.60 0.45 1.60 Figures 1 and 2 ns 

trHL 20% to 80%, 80% to 20% 

ts Setup Time 

Do-D5 0.70 0.70 0.70 ns Figures 1 and 2 
MR (Release Time) 2.10 2.10 2.10 

tH Hold Time, Do-D5 0.70 0.70 0.70 ns Figure4 4 

tpw(L) Pulse Width LOW 
2.00 2.00 2.00 Figure2 

Ea.Eb 
ns 

tpw(L) Pulse Width HIGH, MR 2.00 2.00 2.00 ns Figure3 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at +25'C, temperature only, Subgroup A9. 

Note 3: Sample tested (Method 5005, Table I) on each Mfg. lot at + 25'C, Subgroup A9, and at + 125'C, and -55'C temp., Subgroups A 10 and A 11. 

Note 4: Not tested at +25'C, + 125'C, and -55'C temperature (design characterization data). 

2-181 

...... 
C> 
C> 
(lo) 
U1 
C> 



0 
Lt> 

S Test Circuit 
0 .,... 

PULSE 
GENERATOR 

PULSE 
GENERATOR 

(\ 

I 
MR 

(\ 
E 

\ I 
D 

l 50 !! 

-= 

Vee 

a 

a 

VEE 

SCOPE 
CHAN A 

SCOPE 
CHAN B 

TL/F/9884-5 

FIGURE 1. AC Test Circuit 

Notes: 

Vee. VeeA = +2V, VEE = -2.5V 
L 1 and L2 = equal length son impedance lines 
Ar = son terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance :o: 3 pF 

Switching Waveforms 

,r----------~ 
I \ 

0.7 ::!: 0.1 ns 

DATA 
\ I 
\ I '------------J 

+1.05 v 

TRANSPARENT 

OUTPUT 

ITHL• ITLH 

TL/F/9884-6 

FIGURE 2. Enable Timing 
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Switching Waveforms (Continued) 

DATA -- --------------------------'x---------------

TRANSPARENT LATCHED TRANSPARENT 

11(RELEASE TIME) 

MASTER RESET 

OUTPUT 

FIGURE 3. Reset Timing 

-DATA __ x x __ _ 
-ENA-BLE ___ ~_··y _ .. =.j ___ _ 

TL/F /9884-8 

Notes: 

Is is the minimum time before the transition of the enable that information must be present at the data input. 
th is the minimum time after the transition of the enable that information must remain unchanged at the data input. 

FIGURE 4. Data Setup and Hold Time 
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100351 
Low Power Hex D Flip-Flop 

General Description 
The 100351 contains six D-type edge-triggered, master I 
slave flip-flops with true and complement outputs, a pair of 
common Clock inputs (CPa and CPb) and common Master 
Reset (MR) input. Data enters a master when both CPa and 
CPb are LOW and transfers to the slave when CPa and CPb 
(or both) go HIGH. The MR input overrides all other inputs 
and makes the Q outputs LOW. All inputs have 50 kn pull­
down resistors. 

Ordering Code: see sections 

Logic Symbol 

Features 
• 40% power reduction of the 100151 
• 2000V ESD protection 
• Pin/function compatible with 100151 
• Voltage compensated operating range: 

-4.2V to -5.7V 
• Available to industrial grade temperature range 

Pin Names Description 

Do-Ds Data Inputs 
CP8 ,CPb Common Clock Inputs 
MR Asynchronous Master Reset Input 

Oo-Os Data Outputs 

Oo-Os Complementary Data Outputs 

TL/F/9885-11 

Connection Diagrams 

24-Pln DIP/SOIC 28·Pln PCC 24-Pln Quad Cerpak 

D1 D0 o0 Vru o0 01 o1 CPb CP a MR VEE D3 Dz 
05 24 05 [j] IJ]) m rn m III rn 
04 2 23 05 24 23 22 21 20 19 

04 3 22 D4 Dz li11 rno2 04 1 18 D, 

03 21 CPb 
D3 (j']] mo2 D5 2 17 Do 
VEE~ (I] VCCA 

05 3 16 Oo 03 20 CPa Vru ~ [I] Vee 
Vee 19 MR MR [i]] ~Vee 05 4 15 Cio 

VeCA 18 VEE CP8 Ii] ~03 04 5 14 o, 

Oz 8 17 D3 
CPb fi]) g§J 03 04 6 13 o, 

7 8 9 10 11 12 
Oz 9 16 Dz [filfil!~flll@I~~ o, 10 15 o, D4 Ds 05 Vru 05 04 04 03 03 Vee VCCA 02 Oz 
01 11 14 Do TL/F/9885-3 TL/F/9885-2 

Cio 12 13 Oo 

TL/F/9885-1 
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Logic Diagram 

Truth Tables (Each Flip-flop) 

Synchronous Operation 

Inputs Outputs 

Dn CP8 CPb MR On(t+ 1) 

L _./" L L L 
H _./" L L H 
L L _./" L L 
H L _./" L H 

x H _./" L On(t) 

x _./" H L On(t) 

x L L L On(t) 

2-185 

Os Os 
TL/F /9865-4 

Asynchronous Operation 

Inputs 

Dn I CP8 

x I x 
H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

I CPb 

I x 

t = Time before CP positive transition 
t + 1 = Time after CP positive transition 
~ = LOW-to-HIGH transition 

Outputs 

I MR On(t+ 1) 

I H L 

..... 
0 
0 w 
U1 ..... 

II 
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Absolute Maximum Ratings Recommended Operating· 
Above which the useful life may be impaired (Note 1) Conditions 
If Military/Aerospace specified devices are required, 

Case Temperature (Tc) 
please contact the National Semiconductor Sales 

Commercial o·c to +85°C 
Office/Distributors for availability and specifications. 

Industrial - 40°C to + 85°C 
Storage Temperature CT srnr - 65°C to + 15o·c Military - 55°C to + 125°C 
Maximum Junction Temperature (TJ) Supply Voltage (VEE) -5.7V to -4.2V 

Ceramic + 175·c 
Plastic + 150°c 

VEE Pin Potential to Ground Pin - 7.0V to + 0.5V 

Input Voltage (DC) VEE to +0.5V 

Output Current (DC Output HIGH) -50mA 

ESD (Note 2) ;;::2ooov 
Note 1: Absolute maximum ratings are those values beyond which the de-
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 
Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Commercial Version 

DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = o·c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -'1025 -955 -870 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage ~1830 -1705 -1620 orV1L (Min) 50!l to -2.0V 

VoHC Output HIGH Voltage -1035 
mV 

V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1610 orV1L(Max) 50!l to -2.0V 

V1H Input HIGH Voltage 
-1165 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1830 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current 0.50 µA V1N = V1L (Min) 

l1H Input HIGH Current 
MR 350 

Do-Ds 240 µA V1N = V1H (Max) 
CPa. CPb 350 

IEE Power Supply Current -129 -62 mA Inputs Open 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

DIP AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c Tc= +2s0 c Tc= +ss·c 

Units Conditions 
Min Max Min Max Min Max 

fmax Toggle Frequency 375 375 375 MHz Figures 2 and 3 

tPLH Propagation Delay 
0.80 2.00 0.80 2.0 0.90 2.10 ns Figures 1 and 3 

tpHL CPa, CPb to Output 

tPLH Propagation Delay 
1.10 2.30 1.10 2.30 1.20 2.40 ns Figures 1 and 4 

tPHL MR to Output 

tTLH Transition Time 
0.35 1.20 0.35 1.20 0.35 1.20 Figures 1 and 3 ns 

trHL 20% to 80%, 80% to 20% 
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Commercial Version (Continued) 

DIP AC Electrical Characteristics (Continued) 
VEE = -4.2V to -5.7V, Vee = VecA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

ts Setup Time 
Figure5 

D0 -Ds 0.40 0.40 0.40 
MR (Release Time) 1.60 1.60 1.60 

ns 
Figure4 

tH Hold Time 
0.80 0.80 0.80 Figure5 

D0-D5 
ns 

tpw(H) 
Pulse Width HIGH 

2.00 2.00 2.00 Figures 3 and 4 
CPa. CPb, MR 

ns 

SOIC, PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +ss0 c 

Units Conditions 
Min Max Min Max Min Max 

fmax Toggle Frequency 375 375 375 MHz Figures 2 and 3 

tPLH Propagation Delay 
0.80 1.80 0.80 1.80 0.90 1.90 ns Figures 1 and 3 

tPHL CPa. CPb to Output 

tPLH Propagation Delay 
1.10 2.10 1.10 2.10 1.20 2.20 ns Figures 1 and 4 

tPHL MR to Output 

trLH Transition Time 
0.45 1.70 0.45 1.60 0.45 1.70 Figures 1 and 3 

trHL 20% to 80%, 80% to 20% 
ns 

ts Setup Time 
Figure5 

Do-D5 0.30 0.30 0.30 
MR (Release Time) 1.50 1.50 1.50 

ns 
Figure4 

tH Hold Time 
0.80 0.80 0.80 Figure5 

Do-D5 
ns 

tpw(H) 
Pulse Width HIGH 

2.00 2.00 2.00 Figures 3 and 4 
CPa. CPb, MR 

ns 

tosHL Maximum Skew Common Edge 
PCConly 

Output-to-Output Variation 220 220 220 ps 
Clock to Output Path 

(Note 1) 

tosLH Maximum Skew Common Edge 
PCConly 

Output-to-Output Variation 210 210 210 ps 
(Note 1) 

Clock to Output Path 

tosr Maximum Skew Opposite Edge 
PCConly 

Output-to-Output Variation 240 240 240 ps 
(Note 1) 

Clock to Output Path 

tps Maximum Skew 
PCConly 

Pin (Signal) Transition Variation 230 230 230 ps 
(Note 1) 

Clock to Output Path 

Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (tosHU· or LOW to HIGH (!osLH), or in opposite directions both 
HL and LH (tosTl· Parameters tosT and tps guaranteed by design. 

;_;;;_ 
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Industrial Version 

PCC DC Electrical Characteristics 
VEE = -4.2V to -S.7V, Vee= VccA = GND, Tc = 0°c to +8S°C (Note 1) 

Symbol Parameter 
Tc= -40°C Tc= 0° to +85°C 

Units Conditions 
Min Max Min Max 

VoH Output HIGH Voltage -108S -870 -102S -870 
mV 

V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1830 -1S7S -1830 -1620 orV1L (Min) son to -2.ov 

VoHC Output HIGH Voltage -109S -103S 
mV 

v,N = v,H (Min) Loading with 

VoLC Output LOW Voltage -1S6S -1610 orV1L (Max) son to -2.ov 

V1H Input HIGH Voltage 
-1170 -870 -116S -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1830 -1480 -'-1830 -147S mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current o.so o.so µA V1N =. v,L (Min) 

l1H Input HIGH Current 
MR 3SO 3SO 

Do-Ds 240 240 µA V1N = v,H (Max) 
CP8 , CPb 3SO 3SO 

IEE Power Supply Current -129 -62 -129 -62 mA Inputs Open 

Note 1: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

PCC AC Electrical Characteristics 
VEE = -4.2V to -S.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= -40°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

fmax Toggle Frequency 37S 37S 37S MHz Figures 2 and 3 

tpLH Propagation Delay 
0.80 1.80 0.80 1.80 0.90 1.90 ns Figures 1 and 3 

tPHL CP8 , CPb to Output 

tpLH Propagation Delay 
1.10 2.10 1.10 2.10 1.20 2.20 ns Figures 1 and 4 

tpHL MR to Output 

trLH Transition Time 
0.4S 1.70 0.4S 1.60 0.4S 1.70 Figures 1 and 3 

tTHL 20% to 80%, 80% to 20% 
ns 

ts Setup Time 
Figures 

Do-Ds 0.60 0.30 0.30 
MR (Release Time) 2.20 1.SO 1.SO 

ns 
Figure4 

tH Hold Time 
0.60 0.90 0.90 Figures 

Do-Ds 
ns 

tpw(H) 
Pulse Width HIGH 

2.00 2.00 2.00 Figures 3 and 4 
CP8 , CPb, MR 

ns 
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Military Version-Preliminary 

DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = - 55°C to + 125°C 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage 
-1025 -870 mV 

0°Cto 
+ 125°C 

-1085 -870 mV -55°C V1N = V1H (Max) Loading with 
1, 2, 3 

VoL Output LOW Voltage 0°Cto orV1L (Min) son to -2.ov 
-1830 -1620 mV 

+125°C 

-1830 -1555 mV -55°C 

VoHC Output HIGH Voltage 
-1035 mV 

0°Cto 
+ 125°C 

-1085 mV -55°C V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage 0°Cto orV1L (Max) 50!1 to -2.0V 
1, 2, 3 

-1610 mV 
+125°C 

-1555 mV -55°C 

V1H Input HIGH Voltage 
-1165 -870 mV 

-55°Cto Guaranteed HIGH Signal 
1, 2, 3, 4 

+125°C for All Inputs 

V1L Input LOW Voltage 
-1830 -1475 mV 

-55°Cto Guaranteed LOW Signal 
1,2,3,4 

+125°C for All Inputs 

l1L Input LOW Current 
0.50 µA 

-55°C to VEE= -4.2V 
1, 2, 3 

+ 125°C V1N = V1L (Min) 

l1H Input HIGH Current 
CP,MR 350 

µA 
0°Cto 

Do-Os 240 +125°C VEE= -5.7V 
1, 2, 3 

CP,MR 500 
V1N = V1H (Max) 

D0 -D5 340 µA -55°C 

IEE Power Supply Current 
-135 -50 mA 

-55°C to Inputs Open 
1, 2, 3 

+ 125°C 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at -55'C, +25'C, and + 125'C, Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at - 55'C, + 25'C, and + 125'C, Subgroups A 1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVQL. 
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Military Version-Preliminary (Continued) 

AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee= VeeA = GND 

Symbol Parameter 
Tc= -55°C Tc= +25°C 

Min Max Min Max 

fmax Toggle Frequency 375 375 

tpLH Propagation Delay 
0.50 2.40 0.60 2.20 

tPHL CPa, CPb to Output 

tPLH Propagation Delay 
0.70 2.70 0.80 2.60 

tPHL MR to Output 

trLH Transition Time 
0.20 1.60 0.20 1.60 

trHL 20% to 80%, 80% to 20% 

ts Setup Time 

Do-Ds 0.90 0.80 
MR (Release Time) 1.60 1.80 

th Hold Time 
1.50 1.40 

Do-Ds 

tpw(H) 
Pulse Width HIGH 

2.00 2.00 
CPa, CPb, MR 

Tc= +125°C 
Units Conditions Notes 

Min Max 

375 MHz Figures 2 and 3 4 

0.60 2.60 ns Figures 1 and 3 
1, 2, 3 

0.80 2.90 ns Figures 1 and 4 

0.20 1.60 ns Figures 1 and 3 

Figures 
0.90 
2.60 

ns 
Figure4 4 

1.60 ns Figures 

2.00 ns Figures 3 and 4 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at +25'C, Temperature only, Subgroup A9. 

Note 3: Sample tested (Method SOOS, Table 1) on each Mfg. lot at +2S'C, Subgroup A9, and at+ 12S'C, and -S5'C Temperature, Subgroups A10 and A11. 

Note 4: Not tested at +25'C, + 12S'C and -SS'C Temperature (design characterization data). 

Test Circuitry 

PULSE 
GENERATOR 

PULSE 
GENERATOR 

-=-

PULSE 

5011 

GENERATOR 

..... 
I 

l 
,-, 
\I 

l 50 !l 

-::-

D 

I 
.... CP 

\ I 

1 

Vee 

MR 

CP 
D 

Vee 

Vee 

CIRCUIT 
UNDER 
TEST 

Vee 

a 

L1 ,-, 
\ I 

I 

a 

a,~, 
\ I 

I 
-=-

Ry 

-=-

SCOPE 
CHANA 

SCOPE 
CHAN B 

Notes: 

Vee. VeeA = +2V, VEE = -2.5V 

L 1 and L2 = equal length son impedance lines 

Rr = 50n terminator internal to scope 

Decoupling 0.1 µF from GND to Vee and VEE 

All unused outputs are loaded with son to GND 

CL = Fixture and stray capacitance :<o:: 3 pF 

TL/F/9885-5 

FIGURE 1. AC Test Circuit 

SCOPE 
CHAN A 

Notes: 

Vee. VeeA = +2V, VEE= -2.SV 

L1 and L2 = equal length son impedance lines 

Rr = 50n terminator internal to scope 

SCOPE 
Decoupling 0.1 µF from GND to Vee and VEE 

CHAN B All unused outputs are loaded with son to GND 

CL = Jig and stray capacitance :<o:: 3 pF 

TL/F/9885-6 

FIGURE 2. Toggle Frequency Test Circuit 
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Switching Waveforms 

DATA 

CLOCK 

OUTPUT 

_---'/ 
0.7±0.1 ns 

ITHL 

-0.7±0.1 ns 

1----·-t--+--+ 1.05 v 

+0.31 v 

FIGURE 3. Propagation Delay (Clock) and Transition Times 

SDn,CDn 
MS, MR 

CLOCK 

OUTPUT 

0.7 ±0.1 ns 0.7 ± 0.1 ns 

DATA 

CLOCK 

-IPHL,~ 

80% 

50% 

20% ------
FIGURE 4. Propagation Delay (Reset) 

I- ~~~ ""' 
---- , I c_I 50% +0.31 v _,h_ 

~1.~ 1" _________ + 1.05 v 

7150% 

----- +0.31 v 

TL/F /9885-7 

TL/F/9885-8 

TL/F/9885-9 

Notes: 

t9 is the minimum time before the transition of the clock that information must be present at the data input. 

th is the minimum time after the transition of the clock that information must remain unchanged at the data input. 

FIGURE 5. Setup and Hold Time 
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~National 
~Semiconductor 

100352 
Low Power 8-Bit Buffer with Cut-Off Drivers 

General Description Features 
• Cut-off drivers 
• Drives 25n load 
• Low power operation 
• 2000V ESD protection 

The 100352 contains an 8-bit buffer, individual inputs (On), 
outputs (Qn), and a data output enable pin (OEN). A Q out­
put follows its D input when the OEN pin is LOW. A HIGH on 
OEN holds the outputs in a cut-off state. The cut-off state is 
designed to be more negative than a normal ECL LOW lev­
el. This allows the output emitter-followers to turn off when 
the termination supply is -2.0V, presenting a high imped­
ance to the data bus. This high impedance reduces termina­
tion power and prevents loss of low state noise margin 
when several loads share the bus. 

• Voltage compensated operating range = -4.2V to 
-5.7V 

• Available to industrial grade temperature range 
• Available to MIL-STD-883 

The 100352 outputs are designed to drive a doubly termi­
nated son transmission line (25n load impedance). All in­
puts have so kn pull-down resistors. 

Ordering Code: see section 6 

Logic Symbol 

OEN 

Connection Diagrams 

24-Pin DIP 

D4 24 D5 

D5 23 D2 

Ds 22 D1 

D1 4 21 Do 

OEN 20 NC 

Vee 19 NC 

VeeA 18 VEE 

VeeA 17 VeeA 

07 16 Oo 

05 10 15 01 

05 11 14 02 

TL/F/10248-1 

28-Pin PCC 

01 02 03 Vrrs 04 05 Os 
[j] [QI [[] [[] lil I]] @:] 

Oo~ 
VeCA [j]J 

VEE Ii}] 
VEES ~ 

NC !ill 
NC li1J 
Do [ID 

[fil~~llll~~~ 
D1 D2 D5 VEES D4 Ds D5 

Pin Names 

Do-D7 
OEN 

Oo-01 
NC 

rn 01 
[II VeeA 

[I] VeeA 
III Vee 
~VeeA 
Ill] OEN 

~D7 

04 12 13 03 TL/F/10248-4 

TL/F/10248-2 

2-192 

D1 

D2 

D5 

D4 

D5 

Ds 

Description 

Data Inputs 
Output Enable Input 
Data Outputs 
No Connect 

24-Pin Quad Cerpak 

Do NC NC VEE VeeA Oo 

24 23 22 21 20 19 

18 01 

17 02 

16 03 

15 04 

14 05 

13 05 
7 8 9 10 11 12 

D1 OEN Ver, VCCA VCCA 07 

TLIF/10248-3 



Logic Diagram 

o, 

Truth Table 
Inputs 

On OEN 

L 

H 

x 
H = HIGH Voltage Level 
L = LOW Voltage Level 
Cutoff = Lower-than-LOW State 
X = Don't Care 

L 

L 

H 

Outputs 

Qn 

L 

H 

Cutoff 

TL/F/10248-5 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired (Note 1) Conditions 
If Military/Aerospace specified devices are required, Case Temperature (Tc) 
please contact the National Semiconductor Sales 

Commercial o·c to +85°C 
Office/Distributors for availability and specifications. 

Industrial - 4o·c to + 85°C 
Storage Temperature (T srn) - 65°C to + 15o·c Military - 55°C to + 125°C 
Maximum Junction Temperature (TJ) Supply Voltage (Vee) -5.7V to -4.2V 

Ceramic + 175•c 
Plastic +150°c 

Vee Pin Potential to 
Ground Pin -7.0Vto +0.5V 

Input Voltage (DC) Vee to +0.5V 

Output Current (DC Output HIGH) -100 mA 

ESD (Note2) ;;?;2000V 
Note 1: Absolute maximum ratings are those values beyond which the de-
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 
Note 2: eso testing conforms to MIL-STD-883, Method 3015. 

Commercial Version 

DC Electrical Characteristics 
Vee = -4.2V to -5.7V, Vee = VccA = GND, Tc = o•c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -1025 -955 -870 V1N = V1H (Max) Loading with 
mV 

VoL Output LOW Voltage -1830 -1705 -1620 or V1L (Min) 25!1 to -2.0V 

VoHC Output HIGH Voltage -1035 V1N = V1H (Min) Loading with 
mV 

VoLC Output LOW Voltage -1610 orV1L (Max) 25!1 to -2.0V 

VoLZ Cut-Off LOW Voltage -1950 mV V1N = V1H (Min) or OEN= HIGH 
V1L(Max) 

V1H Input HIGH Voltage 
-1165 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1830 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current 0.50 µA V1N = V1L (Min) 

l1H Input HIGH Current 240 µA V1N = V1H (Max) 

lee Power Supply Current Inputs Open 
-138 -70 

mA 
Vee= -4.2V to -4.8V 

-143 -70 Vee= -4.2V to -5.7V 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

DIP AC Electrical Characteristics 
Vee = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c Tc= +25°C Tc= +ss·c 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.70 2.00 0.70 2.00 0.70 2.20 ns 

Figures 1, 2 

tPHL Dn to Output (Note4) 

tpzH Propagation Delay 1.60 4.20 1.60 4.20 1.60 4.20 Figures 1, 2 
OEN to Output 2.70 1.00 2.70 1.00 2.70 

ns 
(Note4) tpHz 1.00 

trLH Transition Time 
0.45 2.00 0.45 2.00 0.45 2.00 

Figures 1, 2 
ns 

trHL 20% to 80%, 80% to 20% 

Note 4: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Commercial Version (Continued) 

PCC and Cerpak AC Electrical Characteristics 
VEE = 4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c Tc= +25°C Tc= +as·c 

Units Conditions 
Min Max Min Max Min Max 

tpLH Propagation Delay 
0.70 1.80 0.70 1.80 0.70 2.00 ns 

Figures 1, 2 

tpHL Dn to Output (Note2) 

tpzH Propagation Delay 1.60 4.00 1.60 4.00 1.60 4.00 Figures 1, 2 

tpHz OEN to Output 1.00 2.50 1.00 2.50 1.00 2.50 
ns 

(Note2) 

tTLH Transition Time 
0.45 1.90 0.45 1.90 0.45 1.90 

Figures 1, 2 

tTHL 20% to 80%, 80% to 20% 
ns 

tosHL Maximum Skew Common Edge PCC only 
Output-to-Output Variation 230 230 230 ps (Note 1) 
Data to Output Path 

tosLH Maximum Skew Common Edge PCConly 
Output-to-Output Variation 240 240 240 ps (Note 1) 
Data to Output Path 

tosT Maximum Skew Opposite Edge PCConly 
Output-to-Output Variation 350 350 350 ps (Note 1) 
Data to Output Path 

tps Maximum Skew PCConly 
Pin (Signal) Transition Variation 350 350 350 ps (Note 1) 
Data to Output Path 

Note 1: Output-to·Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (losHU· or _LOW to HIGH (losLHl. or in opposite directions both 
HL and LH (losr). Parameters tosr and tps guaranteed by design. 
Note 2: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 

Industrial Version 

PCC DC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee= VccA = GND. Tc= -40°c to +85°C (Note 3) 

Symbol Parameter 
Tc= -40°c Tc= o·c to +as·c 

Units Conditions 
Min Max Min Max 

VoH Output HIGH Voltage -1085 -870 -1025 -870 
mV V1N = V1H(Max) Loading with 

VoL Output LOW Voltage -1830 -1575 -1830 -1620 orV1L(Min) 25.!1 to -2.0V 

VoHC Output HIGH Voltage -1095 -1035 
mV V1N = V1H(Min) Loading with 

VoLc Output LOW Voltage -1565 -1610 or V1L(Max) 25.!1 to -2.0V 

VoLz Cut-Off LOW Voltage -1950 -1950 
mV 

V1N = V1H(Min) or OEN=HIGH 
V1L (Max) 

V1H Input HIGH Voltage 
-1170 -870 -1165 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1830 -1480 -1830 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current 0.50 0.50 µA V1N = V1L(Min) 

l1H Input HIGH Current 340 240 µA V1N = V1H(Max) 

IEE Power Supply Current Inputs Open 
-138 -60 -138 -70 

mA 
VEE= -4.2V to -4.8V 

-143 -60 -143 -70 VEE= -4.2Vto -5.7V 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Industrial Version (Continued) 

PCC AC Electrical Characteristics 
VEE = 4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= -40°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.60 1.80 0.70 1.80 0.70 2.00 ns 

Figures 1, 2 

tPHL Dn to Output (Note 1) 

tpzH Propagation Delay 1.40 4.40 1.60 4.00 1.60 4.00 Figures 1, 2 

OEN to Output 1.00 2.50 1.00 2.50 1.00 2.50 
ns 

(Note 1) tpHz 

trLH Transition Time 
0.40 2.50 0.45 1.90 0.45 1.90 Figures 1, 2 ns 

tTHL 20% to 80%, 80% to 20% 

Note 1: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 

Military Version 

DC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee = VccA = GND, Tc = -55°C to + 125°C 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage -1025 -870 mV 0°C to + 125°C 

-1085 -870 mV -55°C V1N = V1H(Max) Loading with 
1, 2, 3 

VoL Output LOW Voltage -1830 -1620 mV 0°C to + 125°C orV1L(Min) 250 to -2.0V 

-1830 -1555 mV -55°C 

VoHC Output HIGH Voltage -1035 mV 0°C to + 125°C 

-1085 mV -55°C V1N = V1H(Min) Loading with 
1, 2, 3 

VoLC Output LOW Voltage -1610 mV 0°C to + 125°C orV1L(Max) 250 to -2.0V 

-1555 mV -55°C 

VoLZ Cut-Off LOW Voltage -1950 
mV 

0°C to + 125°C V1N = V1H(Min),Or OEN=HIGH 1, 2, 3 
-1850 -55°C V1L(Max) 

V1H Input HIGH Voltage 
-1165 -870 mV 

- 55°C to + 125°C Guaranteed HIGH signal 
1, 2, 3, 4 

for All inputs 

V1L Input LOW Voltage 
-1830 -1475 mV 

- 55°C to + 125°C Guaranteed LOW signal 
1, 2, 3, 4 

for All inputs 

l1L Input LOW Current 
0.50 µA 

- 55°C to + 125°C VEE= 4.2V 1, 2, 3 

V1N = V1L(Min) 

l1H Input HIGH Current 240 µA 0°C to + 125°C VEE= -5.7V 
1, 2, 3 

340 µA -55°C V1N = V1H(Max) 

IEE Power Supply Current - 55°C to + 125°C Inputs Open 

-145 -55 
mA 

VEE= -4.2V to -4.8V 
1,2, 3 

-150 VEE= -4.2Vto -5.7V 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 
Note 2: Screen tested 100% on each device at -55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at -55°C, +25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 
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Military Version (Continued) 

AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -55°C 

Min Max 

tPLH Propagation Delay 
0.30 2.60 

tpHL On to Output 

tpzH Propagation Delay 1.20 4.40 

tpHz OEN to Output 0.70 3.00 

trLH Transition Time 
0.40 2.50 

trHL 20% to 80%, 80% to 20% 

Tc= +25°C Tc+ 12s0c 
Units Conditions Notes 

Min Max Min Max 

0.50 2.40 0.50 2.70 ns Figures 1, 2 1, 2, 3, 5 

1.40 4.20 1.20 4.40 
Figures 1, 2 1, 2, 3, 5 

0.70 2.80 0.70 3.20 
ns 

0.40 2.40 0.40 2.70 ns Figures 1, 2 4 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -SS'C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at + 2S'C temperature only, Subgroup A9. 

Note 3: Sample tested (Method SOOS, Table I) on each manufactured lot at +2S'C, Subgroup A9, and at+ 12S'C and -SS'C temperatures, Subgroups A10 and 
A11. 

Note 4: Not tested at + 2S'C, + 12S'C, and -SS'C temperature (design characterization data). 

Note 5: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 

Test Circuitry 

PULSE 
GENERATOR \I _r_ 

Notes: 

PULSE 
GENERATOR 

Vee. VeeA = +2V, VEE= -2.SV 

r 
L 1 and L2 = equal length son impedance lines 
Rr = son terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with 2Sn to GND 
CL = Fixture and stray capacitance ,;; 3 pF 

Switching Waveforms 

L 1 

\I 

Vee _r_ 

son 

v I0.1µF 
[[ -

FIGURE 1. AC Test Circuit 

DATA ~---x"'" ___ x ___ x"'" __ _ 
~~ ~:-

OUTPUT 
ENABLE 

I 
I 

SCOPE 
CHAN A 

SCOPE 
CHAN 8 

OUTPUT -----!---~~s_o_3 __ _,~~----i~ :t----
I 
I 

,-'Po.: 

Note: The output AC measurement point for cut-off propagation delay 
testing = the SO% voltage point between active VoL and VoH· 

I I 1 I 
I I I I 

~:-~:-
'i>Hz lpZH 

FIGURE 2. Propagation Delay, Cut-Off and Transition Times 
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~National 
Q Semiconductor 

100353 
Low Power 8-Bit Register 

General Description Features 
• Low power operation 
• 2000V ESD protection 

The 100353 contains eight D-type edge triggered, master/ 
slave flip-flops with individual inputs (Dn). true outputs (On), 
a clock input (CP), and a common clock enable pin (GEN). 
Data enters the master when CP is LOW and transfers to 
the slave when CP goes HIGH. When the GEN input goes 
HIGH it overrides all other inputs, disables the clock, and 
the Q outputs maintain the last state. 

• Voltage compensated operating range = -4.2V to 
-5.7V 

• Available to industrial grade temperature range 

The 100353 output drivers are designed to drive son termi­
nation to -2.0V. All inputs have 50 kn pull-down resistors. 

Ordering Code: see section 6 

Logic Symbol 

CEN 

CP 

Connection Diagrams 

24-Pin DIP 

D4 24 D3 

D5 23 D2 

Ds 22 D1 

D1 4 21 Do 

NC 5 20 CEN 

Vee 19 CP 

YccA 18 VEE 

YeeA 17 YccA 

07 16 Oo 

Os 10 15 01 

05 11 14 02 

04 12 13 03 

TL/F/9882-1 

Pin Names 

Do-D7 
GEN 
CP 

Oo-07 
NC 

TL/F/9882-4 

28-Pin PCC 

o1 o2 03 Yus 04 05 06 
[j] [QJ rn [[I m [§] [[] 

Oo IJ1] Gl07 
YeeA Ii] [I] YeeA 

VEE [11 IIl YeeA 
Ym~ OJ Yee 

CP ij]] ~VeeA 
CEN [ZJ [W NC 

Do Ii]] ~D7 

[j]J~~llll~~~ 

D1 D2 D3 VEES D4 D5 D5 

TL/F/9882-3 
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Description 

Data Inputs 
Clock Enable Input 
Clock Input (Active Rising Edge) 
Data Outputs 
No Connect 

24-Pin Quad Cerpak 

Do CEN CP VEEYeeAOo 

24 23 22 21 20 19 

D1 18 01 

D2 17 02 

D3 16 03 

D4 15 04 

D5 14 05 

Ds 13 Os 
7 8 9 10 11 12 

D1 NC YccYccAYccA07 

TL/F/9882-2 



Logic Diagram 
Do o1 

o, 

Truth Table 

02 

Inputs 

Dn CEN 

L L 
H L 
x x 
x x 
x H 

H = HIGH Vol1age Level 
L = LOW Voltage Level 
X = Don't Care 
NC = No Change 
.../"" = LOW to HIGH Transition 

CEN CP 07 

07 

TL/F/9882-5 

Outputs 

CP On 

__/' L 
__/' H 

L NC 
H NC 
x NC 

• I 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impared (Note 1) Conditions 
If Military/Aerospace specified devices are required, 

Case Temperature (Tc) 
please contact the National Semiconductor Sales 

Commercial 0°cto +85°C 
Office/Distributors for availability and specifications. 

Industrial -40°cto +85°C 
Storage Temperature (Tsrn) - 65°C to + 150°c Military - 55°C to + 125°C 
Maximum Junction Temperature (TJ) Supply Voltage (VEE) -5.7V to -4.2V 

Ceramic + 115°c 
Plastic + 150°c 

VEE Pin Potential to Ground Pin - 7.0V to + 0.5V 

Input Voltage (DC) VEE to+ 0.5V 

Output Current (DC Output HIGH) -50mA 

ESD(Note2) :?'.:2000V 

Note 1: Absolute maximum ratings are those values beyond which the de-
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 
Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Commercial Version 
DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -1025 -955 -870 mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1705 -1620 mV orV1l (Min) 50!l to -2.0V 

VoHC Output HIGH Voltage -1035 mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 mV orV1l (Max) 50!l to -2.0V 

V1H Input HIGH Voltage -1165 -870 mV Guaranteed HIGH Signal for all Inputs 

V1l Input LOW Voltage -1830 -1475 mV Guaranteed LOW Signal for all Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 

l1H Input HIGH Current 240 µA V1N = V1H(Max) 

IEE Power Supply Current Inputs Open 

-119 -61 
mA 

VEE = -4.2V to -4.8V 
-122 -61 VEE= -4.2V to -5.7V 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

DIP AC Electrical Characteristics vEE = -4.2v to -5.7V, Vee= vccA = GND 

Symbol Parameter 
Tc= o·c Tc= +2s0 c Tc= +as0 c 

Units Conditions 
Min Max Min Max Min Max 

fmax Toggle Frequency 425 425 425 MHz Figures 1, 2 

tplH Propagation Delay 
1.40 3.00 1.40 3.00 1.50 3.10 ns 

Figures 1, 2 

tPHl CPto Output (Note 4) 

tTlH Transition Time 
0.45 2.00 0.45 2.00 0.45 2.00 Figures 1, 2 ns 

trHl 20% to 80%, 80% to 20% 

ts Setup Time 

Dn 1.10 1.10 1.10 

CEN (Disable Time) 0.40 0.40 0.40 ns Figures 1, 3 

CEN (Release Time) 1.10 1.10 1.10 

th Hold Time 

Dn 0.10 0.10 0.10 ns Figures 1, 4 

tpw(H) Pulse Width HIGH 

CP 2.00 2.00 2.00 ns Figures 1, 2 

Note 4: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Commercial Version (Continued) 

PCC and Cerpack AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C 

Min Max Min Max 

fmax Toggle Frequency 425 425 

tPLH Propagation Delay 
1.40 2.80 1.40 2.80 

tPHL CP to Output 

trLH Transition Time 
0.45 1.90 0.45 1.90 

trHL 20% to 80%, 80% to 20% 

ts Setup Time 

Dn 1.00 1.00 
CEN (Disable Time) 0.30 0.30 
CEN (Release Time) 1.00 1.00 

th Hold Time Dn 0 0 

tpw(H) Pulse Width HIGH CP 2.00 2.00 

tosHL Maximum Skew Common Edge 
Output-to-Output Variation 200 200 
Data to Output Path 

tosLH Maximum Skew Common Edge 
Output-to-Output Variation 200 200 
Data to Output Path 

tosr Maximum Skew Opposite Edge 
Output-to-Output Variation 260 260 
Data to Output Path 

tps Maximum Skew 
Pin (Signal) Transition Variation 280 280 
Data to Output Path 

Tc= +85°C 
Units Conditions 

Min Max 

425 MHz Figures 1, 2 

1.50 2.90 ns 
Figures 1, 2 
(Note2) 

0.45 1.90 ns Figures 1, 2 

1.00 
0.30 ns Figures 1, 3 
1.00 

0 ns Figures 1, 4 

2.00 ns Figures 1, 2 

PCCOnly 
200 ps (Note 1) 

PCCOnly 
200 ps (Note 1) 

PCCOnly 
260 ps (Note 1) 

PCCOnly 
280 ps (Note 1) 

Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (tosHLl. or LOW to HIGH (losLH). or in opposite directions both 
HL and LH (losr). Parameters tosr and tps guaranteed by design. 

Note 2: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Industrial Version 

PCC DC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee = VccA = GND, Tc = - 40°C to + 85°C (Note 1) 

Symbol Parameter 
Tc= -40°c Tc= o·c to +as·c 

Units Conditions 
Min Max Min Max 

VoH Output HIGH Voltage -1085 -870 -1025 -870 mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1575 -1830 -1620 mV orV1L (Min) 500 to -2.0V 

VoHC Output HIGH Voltage -1095 -1035 mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1565 -1610 mV orV1L (Max) 50n to -2.ov 

V1H Input HIGH Voltage -1170 -870 -1165 -870 mV Guaranteed HIGH Signal for all Inputs 

V1L Input LOW Voltage -1830 -1480 -1830 -1475 mV Guaranteed LOW Signal for all Inputs 

l1L Input LOW Current 0.50 0.50 µA V1N = V1L (Min) 

l1H Input HIGH Current 240 240 µA V1N = V1H (Max) 

IEE Power Supply Current Inputs Open 

-119 -61 -119 -61 
mA 

VEE= -4.2V to -4.8V 

-122 -61 -122 -61 VEE = -4.2V to -5.7V 

Note 1: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

PCC AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= -40°c Tc= +25°C Tc= +as·c 

Units Conditions 
Min Max Min Max Min Max 

fmax Toggle Frequency 425 425 425 MHz Figures 1, 2 

tPLH Propagation Delay 
1.40 2.80 1.40 2.80 1.50 2.90 ns 

Figures 1, 2 

tpHL CPto Output (Note 2) 

tTLH Transition Time 
0.40 2.50 0.45 1.90 0.45 1.90 Figures 1, 2 ns 

tTHL 20% to 80%, 80% to 20% 

ts Setup Time 

Dn 0.60 1.00 1.00 

GEN (Disable Time) 0.90 0.30 0.30 ns Figures 1, 3 

GEN (Release Time) 1.40 1.00 1.00 

th Hold Time Dn 0.30 0 0 ns Figures 1, 4 

tpw(H) Pulse Width HIGH CP 2.00 2.00 2.00 ns Figures 1, 2 

Note 2: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Military Version-Preliminary 

DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = -55°C to + 125°C 

Symbol Parameter Min Max Units Tc 

VoH Output HIGH Voltage 
-1025 -870 mV 

0°Cto 
+125°C 

-1085 -870 mV -55°C 

VoL Output LOW Voltage 0°Cto 
-1830 -1620 mV 

+125°C 

-1830 -1555 mV -55°C 

VoHC Output HIGH Voltage 
-1035 mV 

0°Cto 
+125°C 

-1085 mV -55°C 

VoLC Output LOW Voltage 0°Cto 
-1610 mV 

+125°C 

-1555 mV -55°C 

V1H Input HIGH Voltage 
-1165 -870 mV 

-55°Cto 
+125°C 

V1L Input LOW Voltage 
-1830 -1475 mV 

-55°C to 
+125°C 

l1L Input LOW Current 
0.50 µA 

-55°Cto 
+125°C 

l1H Input HIGH Current 
240 µA 

0°Cto 
+125°C 

340 µA -55°C 

IEE Power Supply Current 
-55°Cto 

-125 -50 mA 
+125°C 

-130 

Conditions Notes 

V1N = V1H (Max) Loading with 
1, 2, 3 

orV1L (Min) 50.0. to -2.0V 

V1N = V1H (Min) Loading with 
1, 2, 3 

orV1L (Max) 50.0. to -2.0V 

Guaranteed HIGH Signal for all Inputs 
1,2,3,4 

Guaranteed LOW Signal for all Inputs 
1, 2, 3, 4 

VEE= -4.2V 
1, 2, 3 

V1N = V1L (Min) 

VEE= -5.7V 
1, 2, 3 

V1N = V1H (Max) 

Inputs Open 
VEE = -4.2V to -4.8V 1, 2, 3 
VEE= -4.2V to -5.7V 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at -55°C, + 25'C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at -55'C, + 25°C, and + 125°C, Subgroups A 1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVQL. 
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Military Version-Preliminary (Continued) 

AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -55°C Tc= +25°C 

fmax 

trLH 
trHL 

tpw(H) 

Toggle Frequency 

Propagation Delay 
CP to Output 

Transition Time 
20% to 80%, 80% to 20% 

Setup Time 

Dn 
CEN (Disable Time) 

GEN (Release Time) 

Hold Time Dn 

Pulse Width HIGH GP 

Min Max Min Max 

400 400 

0.70 3.30 0.80 3.10 

0.40 2.50 0.40 2.40 

0.60 0.60 
0.90 0.70 
1.40 1.40 

0.30 0.30 

2.00 2.00 

Tc= + 125°C 
Units Conditions Notes 

Min Max 

400 MHz Figures 1, 2 4 

0.80 3.80 ns 1,2,3,5 
Figures 1, 2 

0.40 2.70 ns 4 

0.60 
0.90 ns Figures 1, 3 4 
2.10 

0.30 ns Figures 1, 4 4 

2.00 ns Figures 1, 2 4 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at +25'C temperature only, Subgroup A9. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at +25'C, Subgroup A9, and at+ 125'C and -55'C, temperatures, Subgroups A10 and 
A11. 

Note 4: Not tested at + 25'C, + 125'C, and - 55'C temperature (design characterization data). 

Note 5: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Test Circuitry 

Notes: 

Vee. VeeA = +2V, VEE = -2.SV 

PULSE 
GENERATOR 

PULSE 
GENERATOR 

L 1 and L2 = equal length son impedance lines 
RT = son terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance ,,;; 3 pF 

Switching Waveforms 

DATA 

CLOCK 

OUTPUT 

Yee 

v I0.1µf' 
[[ 

L1 

I I 

_L 

FIGURE 1. AC, Toggle Frequency Test Circuit 

__ / 

SCOPE 
CHAN A 

SCOPE 
CHAN B 

FIGURE 2. Propagation Delay (Clock) and Transition Times 
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Cf) 
Lt> 

S Switching Waveforms (Continued) 
0 ..... 

0.7 ns 0.7 ns 

CLOCK 

FIGURE 3. Setup and Pulse Width Times 

DATA 
~+1.0SV 

~.kc- th --4 +0.31V 

!;=------- +1.05V 

-----~--s_o_r.~~~~~-. +0.31V 

CLOCK 

FIGURE 4. Data Setup and Hold Time 
Note 1: t5 is the minimum time before the transition of the clock that information must be present at the data input. 

TL/F/9882-9 

TL/F/9882-10 

Note 2: th is the minimum time after the transition of the clock that information must remain unchanged at the data input. 
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~National 
~Semiconductor 

100354 
Low Power 8-Bit Register with Cut-Off Drivers 

General Description 
The 100354 contains eight D-Type edge triggered, master/ 
slave flip-flops with individual inputs (On). true outputs (On), 
a clock input (CP), an output enable pin (OEN), and a com­
mon clock enable pin (GEN). Data enters the master when 
CP is LOW and transfers to the slave when CP goes HIGH. 
When the GEN input goes HIGH it overrides all other inputs, 
disables the clock, and the Q outputs maintain the last 
state. 

A Q output follows its D input when the OEN pin is LOW. A 
HIGH on OEN holds the outputs in a cut-off state. The cut­
off state is designed to be more negative than a normal EGL 
LOW level. This allows the output emitter-followers to turn 
off when the termination supply is - 2.0V, presenting a high 
impedance to the data bus. This high impedance reduces 

Ordering Code: see section 6 

Logic Symbol 

CP 

CEN 

OEN 
Oo 01 02 03 04 05 Os 07 

Connection Diagrams 

TL/F/10610-1 

termination power and prevents loss of low state noise mar­
gin when several loads share the bus. 

The 100354 outputs are designed to drive a doubly termi­
nated 50!1. transmission line (25!l. load impedance). All in­
puts have 50 k!l. pull-down resistors. 

Features 
• Cut-off drivers 
• Drives 25!1. load 
• Low power operation 
• 2000V ESD protection 
• Voltage compensated operating range = -4.2V to 

-5.7V 
• Available to industrial grade temperature range 

Pin Names Description 

Do-07 Data Inputs 
GEN Clock Enable Input 
CP Clock Input 

(Active Rising Edge) 
OEN Output Enable Input 

Oo-01 Data Outputs 

24-Pin DIP 24-Pin Quad Cerpak 28-Pin PCC 

Do CEN CP VEE VeCA Oo 01 02 03 Vers 04 05 Os 

D4 24 D3 [j] II2I [[] rn m rn rn 
D5 23 D2 24 23 22 21 20 19 

Ds 22 D1 D1 18 o, Oo Ii] rn 01 

D1 4 21 Do D2 17 02 VeeA Ii]] l:II VeeA 
VEE~ !Il VeeA 

OEN 5 20 CEN D3 16 03 VEES fill OJ Vee 

Vee 19 CP D4 15 04 ep Im ~VeeA 

VeeA 18 VEE D5 14 05 CEN [ZJ ~OEN 

VeeA 17 VCCA Ds 13 Os Do [j]J ~D7 

7 8 9 10 11 12 
07 16 Oo [l]] @I IITI llll l~H~ @I 

Os 10 15 o, D1 OEN VeeVceAVeeA07 D1 Di ~ VEES D4 Ds D5 

05 11 14 02 TL/F/10610-3 TL/F/10610-4 

04 12 13 03 

TL/F/10610-2 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military I Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Temperature (Tsrn) -65°C to + 150°C 

Maximum Junction Temperature {TJ) 
Ceramic 
Plastic 

Vee Pin Potential to Ground Pin 

Input Voltage (DC) 

Output Current (DC Output HIGH) 

ESD (Note2) 

+175°C 
+ 150°c 

-7.0Vto +0.5V 

Veeto +0.5V 
-100 mA 

~2000V 

Note 1: Absolute maximum ratings are those values beyond which the de­
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 

Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Commercial Version 

DC Electrical Characteristics 

Recommended Operating 
Conditions 
Case Temperature (Tc) 

Commercial 
Industrial 
Military 

Supply Voltage (Vee) 

0°cto +85°C 
- 40°c to + 85°C 

- 55°C to + 125°c 
-5.7V to -4.2V 

Vee = -4.2V to -5.7V, Vee = VccA = GND, Tc = o·c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -1025 -955 -870 
mV V1N = V1H (Max) Loading with 

Vm Output LOW Voltage -1830 -1705 -1620 orV1l(Min) 25fi to -2.0V 

VoHc Output HIGH Voltage -1035 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 orV1l(Max) 25fito -2.0V 

Volz Cutoff LOW Voltage -1950 mV V1N = V1H (Min) 
OEN= HIGH 

orV1l (Max) 

V1H Input HIGH Voltage 
-1165 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1830 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

Ill Input LOW Current 0.50 µA V1N = Vil (Min) 

l1H Input HIGH Current 240 µA V1N = V1H (Max) 

lee Power Supply Current Inputs Open 
-202 -105 

mA 
Vee = -4.2V to -4.8V 

-209 -105 Vee = -4.2V to -5.7V 
Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Commercial Version (Continued) 

DIP AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= o·c 

Min Max 

fMax Toggle Frequency 250 

tpLH Propagation Delay 
1.40 3.00 

tPHL CPto Output 

tpzH Propagation Delay 1.60 4.20 

tpHz OEN to Output 1.00 2.70 

trLH Transition Time 
0.45 2.00 

trnL 20% to 80%, 80% to 20% 

ts Setup Time 

Dn 1.10 
CEN (Disable Time) 0.40 
CEN (Release Time) 1.10 

tH Hold Time 

Dn 0.10 

tpw(H) Pulse Width High 
CP 2.00 

Tc= +2s0 c Tc= +as·c 
Units 

Min Max Min Max 

250 250 MHz 

1.40 3.00 1.50 3.10 ns 

1.60 4.20 1.60 4.20 
1.00 2.70 1.00 2.70 

ns 

0.45 2.00 0.45 2.00 ns 

1.10 1.10 
0.40 0.40 ns 
1.10 1.10 

0.10 0.10 ns 

2.00 2.00 ns 

Note 1: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Conditions 

Figures 1 and 4 

Figures 1 and 4 
(Note 1) 

Figures 3 and 7 
(Note 1) 

Figures 1 and 4 

Figures 2 and 5 

Figures 1 and 6 

Figures 1 and 4 
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PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C 

Min Max Min Max 

fMax Toggle Frequency 250 250 

tpLH Propagation Delay 
1.40 2.80 1.40 2.80 

tPHL CP to Output 

tpzH Propagation Delay 1.60 4.00 1.60 4.00 

tpHz OEN to Output 1.00 2.50 1.00 2.50 

trLH Transition Time 
0.45 1.90 0.45 1.90 

trnL 20% to 80%, 80% to 20% 

ts Setup Time 

Dn 1.00 1.00 
CEN (Disable Time) 0.30 0.30 
CEN (Release Time) 1.00 1.00 

tH Hold Time 

Dn 0.00 0.00 

tpw(H) Pulse Width High 
CP 2.00 2.00 

tosHL Maximum Skew Common Edge 
Output-to-Output Variation 
Clock to Output Path 280 280 

tosLH Maximum Skew Common Edge 
Output-to-Output Variation 
Clock to Output Path 340 340 

tosr Maximum Skew Opposite Edge 
Output-to-Output Variation 
Clock to Output Path 340 340 

tps Maximum Skew 
Pin (Signal) Transition Variation 
Clock to Output Path 250 250 

Tc= +ss0 c 
Units Conditions 

Min Max 

250 MHz Figures 1 and 4 

1.50 2.90 ns 
Figures 1 and 4 
(Note 2) 

1.60 4.00 ns Figures :J and 7 

1.00 2.50 (Note 2) 

0.45 1.90 ns Figures 1 and 4 

1.00 
0.30 ns Figures 2 and 5 
1.00 

0.00 ns Figures 1 and 6 

2.00 ns Figures 1 and 4 

PCCOnly 
ps (Note 1) 

280 

PCCOnly 
ps (Note 1) 

340 

PCCOnly 
ps (Note 1) 

340 

PCCOnly 
ps (Note 1) 

250 

Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (losHU· or LOW to HIGH (losLH), or in oppostie directions both 
HL and LH (tosr). Parameters tosr and tps guaranteed by design. 
Note 2: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Industrial Version 

PCC DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = -40°C to +85°C (Note 1) 

Symbol Parameter 
Tc= -40°c Tc= 0° to +ss·c 

Units Conditions 
Min Max Min Max 

VoH Output HIGH Voltage -1085 -870 -1025 -870 
mV V1N = V1H (Max) Loading with 

Vm Output LOW Voltage -1830 -1575 -1830 -1620 orV1l (Min) 50!1 to -2.0V 

VoHC Output HIGH Voltage -1095 -1035 
mV 

V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1565 -1610 orV1l (Max) 50!1 to -2.0V 

Volz Cutoff LOW Voltage 
-1900 -1950 mV 

V1N = V1H (Min) OEN= HIGH 
orV1l (Max) 

V1H Input HIGH Voltage 
-1170 -870 -1165 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1830 -1480 -1830 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 0.50 µA V1N = V1l (Min) 

l1H Input HIGH Current 240 240 µA V1N = V1H (Max) 

IEE Power Supply Current Inputs Open 
-202 -105 -202 -105 

mA 
VEE= -4.2V to -4.8V 

-209 -105 -209 -105 VEE= -4.2V to -5.7V 

Note 1: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

PCC AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= -40°c 

Min Max 

fMax Toggle Frequency 250 

tPlH Propagation Delay 
1.40 2.80 

tPHl CPto Output 

tpzH Propagation Delay 1.50 4.10 

tpHz OEN to Output 1.00 2.50 

tTlH Transition Time 
0.45 1.90 

trnl 20% to 80%, 80% to 20% 

ts Setup Time 

Dn 1.00 
CEN (Disable Time) 0.30 
CEN (Release Time) 1.00 

tH Hold Time 

Dn 0.00 

tpw(H) Pulse Width High 
CP 2.00 

Tc= +2s0 c Tc= +ss·c 
Units 

Min Max Min Max 

250 250 MHz 

1.40 2.80 1.50 2.90 ns 

1.60 4.00 1.60 4.00 
1.00 2.50 1.00 2.50 

ns 

0.45 1.90 0.45 1.90 ns 

1.00 1.00 
0.30 0.30 ns 
1.00 1.00 

0.00 0.00 ns 

2.00 2.00 ns 

Note 2: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Conditions 

Figures 1 and 4 

Figures 1 and 4 
(Note2) 

Figures 3 and 7 
(Note2) 

Figures 1 and 4 

Figures 2 and 5 

Figures 1 and 6 

Figures 1 and 4 
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('f) Military Version-Preliminary 0 
0 .,.. 

DC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee = VccA = GND, Tc = - 55°C to + 125°C 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage -1025 -870 mV 0°C to + 125°C 

-1085 -870 mV -55°C V1N = V1H (Max) Loading with 
1, 2, 3 

Vol Output LOW Voltage -1830 -1620 mV 0°C to + 125°C orV1l(Min) 250. to -2.0V 

-1830 -1555 mV -55°C 

VoHC Output HIGH Voltage -1035 mV 0°C to + 125°C 

-1085 mV -55°C V1N = V1H (Min) Loading with 
1, 2, 3 

VolC Output LOW Voltage -1610 mV 0°C to + 125°C orV1l(Max) 250. to -2.0V 

-1555 mV -55°C 

Volz Cutoff LOW Voltage -1950 
mV 

0°C to + 125°C V1N = V1H (Min) 
OEN= HIGH 1, 2, 3 

-1850 -55°C orV1l (Max) 

V1H Input HIGH Voltage 
-1165 -870 mV - 55°C to + 125°C 

Guaranteed HIGH Signal 
1,2,3,4 

for All Inputs 

V1l Input LOW Voltage 
-1830 -1475 mV - 55°C to + 125°C 

Guaranteed LOW Signal 
1, 2, 3, 4 

for All Inputs 

l1l Input LOW Current 
0.50 µA -55°C to + 125° 

VEE= -4.2V 
1, 2, 3 

V1N = V1l (Min) 

l1H Input HIGH Current 240 µA 0°C to + 125°C VEE= -5.7V 
1, 2, 3 

340 µA -55°C V1N = V1H (Max) 

IEE Power Supply Current 
-55°C to 

Inputs Open 

-215 -85 
mA +125°C 

VEE = -4.2V to -4.8V 1, 2, 3 

-225 -85 VEE= -4.2Vto -5.7V 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 
Note 2: Screen tested 100% on each device at -55'C, + 25'C, and + 125'C, Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at -55'C, + 25'C, and + 125'C, Subgroups A 1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 
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Military Version-Preliminary (Continued) 

AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -55°C Tc= +25°C 

Min Max Min Max 

fMax Toggle Frequency 200 250 

tPLH Propagation Delay 
0.9 3.70 1.0 3.20 

tPHL GP to Output 

tpzH Propagation Delay 1.20 5.0 1.60 4.20 
tpHz OEN to Output 0.70 3.0 0.70 2.80 

tTLH Transition Time 
0.40 2.50 0.40 2.40 

trnL 20% to 80%, 80% to 20% 

ts Setup Time 

Dn 1.30 1.30 
GEN (Disable Time) 0.60 0.60 
GEN (Release Time) 1.30 1.30 

tH Hold Time 

Dn 0.30 0.30 

tpw(H) Pulse Width HIGH 
GP 2.4 2.4 

Tc= + 125°C 
Units Conditions Notes 

Min Max 

200 MHz Figures 1 and 4 4 

1.20 3.90 ns Figures 1 and 4 1,2,3,5 

1.40 4.30 
Figures 3 and 7 1,2,3,5 

0.70 3.20 
ns 

0.40 2.70 ns Figures 1 and 4 4 

1.30 
0.60 ns Figures 2 and 5 4 
1.30 

0.30 ns Figures 1 and 6 4 

2.4 ns Figures 1 and 4 4 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at + 25'C, temperature only, Subgroup A9. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at + 25'C, Subgroup A9, and at + 125'C and -55'C temperatures, Subgroups A10 and 
A11. 

Note 4: Not tested at + 25'C, + 125'C, and - 55'C temperature (design characterization data). 

Note 5: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Test Circuitry 

PULSE 
GENERATOR 

PULSE 
GENERATOR 

PULSE 
GENERATOR 

PULSE 
GENERATOR 

PULSE 
GENERATOR 

PULSE 
GENERATOR 

r 
\I 

..L 

\I 

l 

\I 

..L 

\I 

l 

CP 

son 

son 

son 

L 1 

\I 

..L 
Yee 

CIRCUIT 
UNDER 
TEST 

1
0.lµF 

y I0.1µF 
EE 

L2 

SCOPE 
CHAN A 

SCOPE 
CHAN B 

TL/F/10610-5 

FIGURE 1. Toggle Frequency Test Circuit 

L 1 

SCOPE 
\I CHAN A 

Yee ..L Rr 

CEN 
SCOPE 

\I CHAN B 

y I 0.1µF EE _ "i 
TL/F/10610-6 

FIGURE 2. AC Test Circuit 

L 1 

SCOPE 
\I CHAN A 

Yee ..L Rr 

I 0.1µF 

OEN - L2 

SCOPE 
\I CHAN B 

y I 0.1µF EE _ "i 
TL/F/10610-7 

FIGURE 3. AC Test Circuit 
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Notes: 

Vee. VeeA = +2V, VEE = -2.5V 

L 1 and L2 = equal length 50!1 impedance lines 

Rr = 50!1 terminator internal to scope 

Decoupling 0.1 µF from GND to Vee and VEE 

All unused outputs are loaded with 25!1 to GND 

CL = Fixture and stray capacitance ,;; 3 pF 

Notes: 

Vee. VeeA = +2V, VEE= -2.5V 

L 1 and L2 = equal length 50!1 impedance lines 

Rr = 50!1 terminator internal to scope 

Decoupling 0.1 µF from GND to Vee and VEE 

All unused outputs are loaded with 25!1 to GND 

CL = Fixture and stray capacitance ,;; 3 pF 

Notes: 

Vee. VeeA = +2V, VEE = -2.5V 

L 1 and L2 = equal length 50!1 impedance lines 

Rr = 50!1 terminator internal to scope 

Decoupling 0.1 µF from GND to Vee and VEE 

All unused outputs are loaded with 25!1 to GND 

CL = Fixture and stray capacitance ,;; 3 pF 



Switching Waveforms 

DATA __ / 
CLOCK 

OUTPUT 

TL/F/10610-B 

FIGURE 4. Propagation Delay (Clock) and Transition Times 

CLOCK 

Notes: 

0.7 ns 0.7 ns 

FIGURE 5. Setup and Pulse Width Times 

DATA 

CLOCK 

~+1.0SV 

::::kc-th~ +0.31V 

~------ +1.0SV /so% 
----·-------- +0.31V 

FIGURE 6. Data Setup and Hold Time 

t5 is the minimum time before the transition of the clock that information must be present at the data input. 

th is the minimum time after the transition of the clock that information must remain unchanged at the data input. 

OUTPUT =x ..... __ _ 

Note: The output AC measurement point for cut-off propagation delay 
testing = the 50% voltage point between active Vol and VoH· 

I I 

FIGURE 7. Cutoff Times 
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~National 
D Semiconductor 

100355 
Low Power Quad Multiplexer/Latch 

General Description Features 
The 100355 contains four transparent latches, each of 
which can accept and store data from two sources. When 
both Enable (En) inputs are LOW, the data that appears at 
an output is controlled by the Select (Sn) inputs, as shown in 
the Operating Mode table. In addition to routing data from 
either Do or D1, the Select inputs can force the outputs 
LOW for the case where the latch is transparent (both En­
ables are LOW) and can steer a HIGH signal from either Do 
or D1 to an output. The Select inputs can be tied together 
for applications requiring only that data be steered from ei­
ther Do or D1. A positive-going signal on either Enable input 
latches the outputs. A HIGH signal on the Master Reset 
(MR) input overrides all the other inputs and forces the Q 
outputs LOW. All inputs have 50 kn pulldown resistors. 

• Greater than 40% power reduction of the 100155 

Ordering Code: see sections 

Logic Symbol 

Connection Diagrams 

24-Pin DIP 

D1d 1 DOd 

od 2 Die 

ijd 3 D0c 
So [j1J 

ii. 21 E2 
S111] 

o. 
VEE [j}) 

Vee 6 

Vw. VEE 
VEES~ 

ijb S1 
MR[§] 

ob 9 E1 fiZJ 
o. 10 Dlb 

E2 [i]] 

o. 11 Dob 

Do. 12 13 D1a 

TL/F/10147-2 

• 2000V ESD protection 
• Pin/function compatible with 100155 
• Voltage compensated operating range = -4.2V to 

-5.?V 
• Available to MIL-STD-883 
• Available to industrial grade temperature range 

Pin Names 

E1,E2 
So, S1 
MR 

Dna-Dnd 
Oa-Od 
Oa-Od 

TL/F/10147-1 

28-Pln PCC 

D1b Dob Dia VEEs Do. o. o. 
(j][ill][]][]][LJ[§:][fil 

mob 

rn ob 

l1J VCCA 

[jJ Vee 

~Vee 

[llJ o. 

~ii. 

[i]]@J~~l~H~~ 
Doc D1c DOd VEEs D1d Od ijd 

TL/F/10147-4 
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Description 

Enable Inputs (Active LOW) 
Select Inputs 
Master Reset 
Data Inputs 
Data Outputs 
Complementary Data Outputs 

24-Pln Quad Cerpak 

[ 2 [ 1 MR VEE s1 50 

24 23 22 21 20 19 

D0c 1 18 D1b 

010 2 17 Dob 

Dod 3 D18 

D1d Daa 

Qd 

~ 6 ~ 

TL/F/10147-3 



Logic Diagram 

D1d DOd 

E D 

CD 

a 

ild ad 

Operating Mode Table 

Controls 

E1 E2 S1 
H x x 
x H x 
L L L 
L L H 

L L L 

L L L H l 
•stores data present before E went HIGH 
H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

So 
x 
x 
L 
L 

H 
H 

Die Doc 

E 

CD 

a 

ilc ac 

Outputs 

On 
Latched• 
Latched• 

Dox 
Dox + D1x 

L 

D1x 

D1b Dob 

E D E 

CD CD 

a 

ab ab a. 

Truth Table 
Inputs 

MR E1 E2 S1 
H x x x 
L L L H 
L L L H 
L L L L 

L L L L 
L L L L 
L L L H 
L L L H 

L L L H 
L H x x 
L x H x 
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D 

a 

a. 

So D1x Dox 
x x x 
H H x 
H L x 
L x H 

L x L 
H x x 
L H x 
L x H 

L L L 
x x x 
x x x 

TL/F/10147-5 

Outputs 

Ox Ox 
H L 
L H 
H L 
L H 

H L 
H L 
L H 
L H 

H L 
Latched• 
Latched• 
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Cll 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Temperature (T sTG) - 65°C to + 150°C 

Maximum Junction Temperature (TJ) 
Ceramic 
Plastic 

VEE Pin Potential to Ground Pin 

Input Voltage (DC) 

Output Current (DC Output HIGH) 

ESD(Note2) 

+175°C 
+ 150°c 

-7.0Vto +0.5V 

VEE to +0.5V 

-50mA 

::?:2000V 
Note 1: Absolute maximum ratings are those values beyond which the de­
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 
Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Commercial Version 

DC Electrical Characteristics 

Recommended Operating 
Conditions 
Case Temperature (Tc) 

Commercial 
Industrial 
Military 

Supply Voltage (VEE) 

0°cto +85°C 
-40°Cto +85°C 

- 55°C to + 125°C 

-5.7V to -4.2V 

VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = o·c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -1025 -955 -870 mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1830 -1705 -1620 mV orV1L(Min) 50!1 to -2.0V 

VoHC Output HIGH Voltage -1035 mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1610 mV orV1L(Max) 50!1 to -2.0V 

V1H Input HIGH Voltage 
-1165 -870 mV 

Guaranteed HIGH Signal 
for ALL Inputs 

V1L Input LOW Voltage 
-1830 -1475 mV 

Guaranteed LOW Signal 
for ALL Inputs 

l1L Input LOW Current 0.50 µA V1N = V1L (Min) 

l1H Input HIGH Current 

So,S1 220 

E1,E2 350 
µA V1N = V1H (Max) 

Dna-Dnd 340 
MR 430 

IEE Power Supply Current -87 -40 mA Inputs Open 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guard banding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Commercial Version (Continued) 0 
CA) 
U1 

DIP AC Electrical Characteristics 
U1 

VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +as0 c 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 

tPHL Dna-Dnd to Output 0.60 1.90 0.60 1.90 0.70 2.00 ns 
(Transparent Mode) 

tPLH Propagation Delay 
Figures 1 and 2 

tPHL So, 81 to Output 1.00 2.60 1.00 2.60 1.20 2.70 ns 
(Transparent Mode) 

tPLH Propagation Delay 
0.80 2.00 0.80 2.00 0.80 2.10 ns 

tPHL E1, E2 to Output 

tPLH Propagation Delay 
0.80 2.30 0.80 2.30 0.80 2.30 ns Figures 1 and 3 

tPHL MR to Output 

tnH Transition Time 
0.60 1.40 0.60 1.40 0.60 1.40 Figures 1 and 2 

trnL 20% to 80%, 80% to 20% 
ns 

ts 8etupTime 

Dna-Dnd 0.90 0.90 0.90 Figure4 
80,81 1.70 1.70 1.70 

ns 

MR (Release Time) 1.50 1.50 1.50 Figure3 

tH Hold Time 

Dna-Dnd 0.40 0.40 0.40 ns Figure4 
80,81 0.00 0.00 0.00 

tpw (L) Pulse Width LOWE1, E2 2.00 2.00 2.00 ns Figure2 

tpw(H) Pulse Width HIGH MR 2.00 2.00 2.00 ns Figure3 
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Commercial Version (Continued) 

PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VecA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

tpLH Propagation Delay 

tPHL Dna-Dnd to Output 0.60 1.70 0.60 1.70 0.70 1.80 ns 

(Transparent Mode) 

IPLH Propagation Delay 
Figures 1 and 2 

lpHL So, S1 to Output 1.00 2.40 1.00 2.40 1.20 2.50 ns 

(Transparent Mode) 

tPLH Propagation Delay 
0.80 1.80 0.80 1.80 0.80 1.90 ns 

IPHL E1, E2 to Output 

lpLH Propagation Delay 
0.80 2.10 0.80 2.10 0.80 2.10 ns Figures 1 and 3 

tPHL MR to Output 

trLH Transition Time 
0.60 1.30 0.60 1.30 0.60 1.30 Figures 1 and 2 ns 

ITHL 20% to 80%, 80% to 20% 

ts Setup Time 

Dna-Dnd 0.80 0.80 0.80 
Figure4 

So,S1 1.60 1.60 1.60 
ns 

MR (Release Time) 1.40 1.40 1.40 Figure3 

tH Hold Time 

Dna-Dnd 0.30 0.30 0.30 
Figure4 

So,S1 -0.10 -0.10 -0.10 
ns 

tpw(L) Pulse Width LOW E1, E2 2.00 2.00 2.00 ns Figure2 

tpw(H) Pulse Width HIGH MR 2.00 2.00 2.00 ns Figure3 

tosHL Maximum Skew Common Edge 
PCC only 

Output-to-Output Variation 330 330 330 ps 
(Note 1) 

Data to Output Path 

tosLH Maximum Skew Common Edge 
PCConly 

Output-to-Output Variation 370 370 370 ps 
(Note 1) 

Data to Output Path 

tosr Maximum Skew Opposite Edge 
PCConly 

Output-to-Output Variation 370 370 370 ps 
(Note 1) 

Data to Output Path 

tps Maximum Skew 
PCConly 

Pin (Signal) Transition Variation 270 270 270 ps 
(Note 1) 

Data to Output Path 

Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (tosHU· or LOW to HIGH (loSLHl. or in opposite directions both 
HL and LH (tosr). Parameters tosr and tps guaranteed by design. 
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Industrial Version 

PCC DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = - 40°C to + 85°C (Note 1) 

Symbol Parameter 
Tc= -40°C Tc= 0°C to +B5°C 

Units Conditions 
Min Max Min Max 

VoH Output HIGH Voltage -1085 -870 -1025 -870 mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1575 -1830 -1620 mV orV1l (Min) 50!l to -2.0V 

VoHC Output HIGH Voltage -1095 -1035 mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1565 -1610 mV orV1l (Max) 50!l to -2.0V 

V1H Input HIGH Voltage 
-1170 -870 -1165 -870 mV 

Guaranteed HIGH Signal 
for ALL Inputs 

V1l Input LOW Voltage 
-1830 -1480 1830 1475 mV 

Guaranteed LOW Signal 
for ALL Inputs 

l1l Input LOW Current 0.50 0.50 µA V1N = V1l (Min) 

l1H Input HIGH Current 

So,S1 300 220 

Eh E2 350 350 
µA V1N = V1H (Max) 

Dna-Dnd 340 340 
MR 430 430 

IEE Power Supply Current -87 -40 -87 -40 mA Inputs Open 

Note 1: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guard banding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

PCC AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= -40°C Tc= +25°C Tc= +B5°C 

Units Conditions 
Min Max Min Max Min Max 

tPlH Propagation Delay 

tPHl Dna-Dnd to Output 0.60 1.70 0.60 1.70 0.70 1.80 ns 
(Transparent Mode) 

tPlH Propagation Delay 
Figures 1 and 2 

tPHl So, S1 to Output 1.00 2.40 1.00 2.40 1.20 2.50 ns 
(Transparent Mode) 

tplH Propagation Delay 
0.80 1.80 0.80 1.80 0.80 1.90 ns 

tPHl E1, E2 to Output 

tPlH Propagation Delay 
0.80 2.10 0.80 2.10 0.80 2.10 ns Figures 1 and 3 

tPHl MR to Output 

trlH Transition Time 
0.40 1.90 0.60 1.30 0.60 1.30 Figures 1 and 2 

trHl 20% to 80%, 80% to 20% 
ns 

ts Setup Time 

Dna-Dnd 0.90 0.80 0.80 
Figure4 

So,S1 2.40 1.60 1.60 
ns 

MR (Release Time) 1.50 1.40 1.40 Figure3 

tH Hold Time 

Dna-Dnd 0.40 0.30 0.30 
Figure4 

So,S1 0.00 -0.10 -0.10 
ns 

tpw(L) Pulse Width LOWE1, E2 2.00 2.00 2.00 ns Figure2 

tpw(H) Pulse Width HIGH MR 2.00 2.00 2.00 ns Figure3 
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Military Version 

DC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee = VccA = GND, Tc = - 55°C to + 12s0 c 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage -1025 -870 mV 0°c to + 12s0 c 

-1085 -870 mV -55°C V1N = V1H (Max) Loading with 
1,2,3 

Vol Output LOW Voltage -1830 -1620 mV 0°c to + 12s0 c orV1l(Min) son to -2.ov 

-1830 -1555 mV -55°c 

VoHC Output HIGH Voltage -1035 mV o·c to + 12s0 c 

-1085 mV -55°C V1N = V1H (Min) Loading with 
1,2,3 

Vole Output LOW Voltage -1610 mV o·c to + 12s0 c orV1l(Max) son to -2.ov 

-1555 mV -55°C 

V1H Input HIGH Voltage 
-1165 -870 mV 

-55°Cto Guaranteed HIGH Signal 
1,2,3,4 

+12s0 c for ALL Inputs 

V1l Input LOW Voltage 
-1830 -1475 mV 

-55°Cto Guaranteed LOW Signal 
1,2,3,4 

+125°C for ALL Inputs 

l1l Input LOW Current 
0.50 µA 

-55°C to VEE= -4.2V 
1,2,3 

+ 12s0 c V1N = V1l (Min) 

l1H Input HIGH Current 

So,S1 220 

E1,E2 350 µA o·c to + 12s0 c 

Dna-Dnd 340 
VEE= -5.7V 

MR 430 
V1N = V1H (Max) 1,2,3 

So,S1 320 

E1,E2 500 
µA -55°C 

Dna-Dnd 490 

MR 630 

IEE Power Supply Current -95 -32 mA - 55°C to + 12s0 c Inputs Open 1,2,3 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals - 55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 
Note 2: Screen tested 100% on each device at -55°C, +25°C, and + 125°C Temp., Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table 1) on each Mfg. lot at +25°, + 125°C, and -55°C Temp., Subgroups 1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVQL. 
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Military Version (Continued) 

AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -ss·c 

Min Max 

tPLH Propagation Delay 

tPHL Dna-Dnd to Output 0.40 2.30 
(Transparent Mode) 

tPLH Propagation Delay 

tPHL So. 81 to Output 0.60 3.00 
(Transparent Mode) 

tPLH Propagation Delay 
0.50 2.60 

tPHL E1, E2 to Output 

tPLH Propagation Delay 
0.60 2.80 

tPHL MR to Output 

trLH Transition Time 
0.40 1.90 

trHL 20% to 80%, 80% to 20% 

ts Setup Time 

Dna-Dnd 0.90 
So,S1 2.40 
MR (Release Time) 1.50 

tH Hold Time 

Dna-Dnd 0.40 
So,S1 0.00 

tpw(L) Pulse Width LOW E1, E2 2.00 

tpw(H) Pulse Width HIGH MR 2.00 

Tc= +25°C Tc= +125°c 
Units Conditions Notes 

Min Max Min Max 

0.50 2.20 0.50 2.60 ns 

0.80 2.70 0.80 3.20 ns 
Figures 1 and 2 1,2,3 

0.60 2.30 0.70 2.70 ns 

0.70 2.60 0.70 2.90 ns Figures 1 and 3 1,2,3 

0.40 1.90 0.40 1.90 ns Figures 1 and 2 4 

0.90 0.90 Figure4 
4 

2.40 2.40 
ns 

1.50 1.50 Figure3 

0.40 0.40 Figure4 4 
0.00 0.00 

ns 

2.00 2.00 ns Figure2 4 

2.00 2.00 ns Figure3 4 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55"C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at +25"C, Temperature only, Subgroup A9. 

Note 3: Sample tested (Method 5005, Table 1) on each Mfg. lot at +25", Subgroup A9, and at +125"C, and -55"C Temp., Subgroups A10 & A11. 

Note 4: Not tested at +25"C, +125"C and -55"C Temperature (design characterization data). 
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Test Circuit 

50 !! 

son 

50!1 

son 

Notes: 

Vee. VeeA = +2V, VEE = -2.SV 
L 1 and L2 = equal length son impedance lines 
Rr = son terminator internal to scope 
Decoupling 0.1 µ.F from GND to Vee and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance ~ 3 pF 

24 
1 

5 

6 
7 

L1 , ..... 
i 23 22 21 20 19 

18 

17 

16 ,... 
I \ 
\ ' r. 
L2 , .... 

I 

I 

-=-

Vee 

FIGURE 1. AC Test Circuit 
(Using Quad Cerpak) 

Pin numbers shown are for flatpak; for DIP see logic symbol 

Switching Waveforms 

Rr 

-=-

Rr 

-=-

,r-----------1 
I \ 

\ I \ 
\ I 

~-----------.J 

''"1 

SCOPE 
CHANA 

PULSE 
GENERATOR 

SCOPE 
CHAN B 

0.7::!:0.1 ns 

TRANSPARENT TRANSPARENT 

OUTPUT 

tTHLo ITLH 

FIGURE 2. Enable Timing 
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Switching Waveforms (Continued) 

DATA 

RESET TIMING 

DATA ----------------------------'x---------------

RESET/SET 

OUTPUT 

TL/F/10147-B 

FIGURE 3. Reset Timing 

----.---------+ 1.05 v 

50% 

-----+0.31 v 
TL/F/10147-9 

FIGURE 4. Data Setup and Hold Times 
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Notes: 

ts is the minimum time before the transition of the enable that information 
must be present at the data input. 

th is the minimum time after the transition of the enable that information must 
remain unchanged at the data input. 

..... 
0 
c::> 
w 
U1 
U1 



0 co 
C") 
0 
0 ,... ~National 

Q Semiconductor 

100360 
Low Power Dual Parity Checker/Generator 

General Description Features 
• Lower power than 100160 
• 2000V ESD protection 
• Pin/function compatible with 100160 

The 100360 is a dual parity checker/generator. Each half 
has nine inputs; the output is HIGH when an even number of 
inputs are HIGH. One of the nine inputs (la or lb) has the 
shorter through-put delay and is therefore preferred as the 
expansion input for generating parity for 16 or more bits. 

• Voltage compensated operating range = -4.2V to 
-5.7V 

The 100360 also has a Compare (C) output which allows 
the circuit to compare two 8-bit words. The C output is LOW 
when the two words match, bit for bit. All inputs have 50 kn 
pulldown resistors. 

• Min to Max propagation delay 35% tighter than 100160 
• Available to industrial grade temperature range 

Ordering Code: see section 6 

Logic Symbol 
Pin Names Description 

la loa l1a l2a l3a 141 Isa Isa l1a lob l1b l2b l3b l4b lsb lsb l1b lb la. lb, Ina• lnb Data Inputs 

Za,Zb Parity Odd Outputs 
c Compare Output 

TL/F/10611-1 

Connection Diagrams 
24-Pin DIP 28-Pin PCC 24-Pln Quad Cerpak 

Isa 14a 1311 VEES,2a l1a loa l2b 11 b lob VEE l1a Isa 
lsb 24 lsb [j] [QI [[] [[] [[] (fil [[] 

l7b 23 l4b 24 23 22 21 20 19 

lb 22 l3b 

zb 4 21 l2b 

c 20 l1b 

Vee 19 lob 

VecA 7 18 VEE 

Za 8 17 l1a 

la 16 16a 

Isa li1I rn la l3b 18 Isa 
l1a Ii]] 0 Za l4b 17 14a 
VEE~ [I]VcCA 

lsb 16 13a Vm~ ITlVcc 
lob [j]) ~Vee lsb 15 1211 

l1b lill llll c l7b 14 '1a 
'2b [j]) g§l zb lb 13 lea 

7 8 9 10 11 12 
llID!m~~~~lm 

lea 10 15 Isa l3b 1,b lsb VEEs 'sb l1b lb zb c VccVccA Za la 

l1a 11 14 14a TL/F/10611-4 TL/F/10611-3 

l2a 12 13 13a 

TL/F/10611-2 
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Logic Diagram 
la 

z. 
TL/F/10611-5 

Truth Table (Each Half) 

Sum of Output 
HIGH Inputs z 

Even HIGH 
Odd LOW 

Comparator Function 
C = (loa EB l1a) + (12a EB l3a) + (l4a EB Isa) + (16a EB l7a) + (lob EB l1b) + (l2b EB l3b) + (14b EB lsb) + (16b EB l7b) 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired (Note 1) Conditions 
If Military/Aerospace specified devices are required, 

Case Temperature (Tc) 
please contact the National Semiconductor Sales 

Commercial o·cto +85°C 
Office/Distributors for availability and specifications. 

Industrial -40°C to + 85°C 
Storage Temperature (T sTG) - 65°C to + 15o•c Military - 55°C to + 125·c 
Maximum Junction Temperature (TJ) Supply Voltage (VEE) -5.7V to -4.2V 

Ceramic +175°C 
Plastic + 15o•c 

VEE Pin Potential to Ground Pin - 7.0V to + 0.5V 

Input Voltage (DC) VEEtO +0.5V 

Output Current (DC Output HIGH) -50mA 

ESD (Note2) ~2000V 

Note 1: Absolute maximum ratings are those values beyond which the de-
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 
Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Commercial Version 

DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = o•c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -1025 -955 -870 mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1830 -1705 -1620 mV orV1L(Min) 50!1 to -2.0V 

VoHC Output HIGH Voltage -1035 mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1610 mV orV1L(Max) 50!1 to -2.0V 

V1H Input HIGH Voltage 
-1165 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1830 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current 0.50 µA V1N = V1L (Min) 

l1H Input HIGH Current 

la. lb 340 
µA V1N = V1H (Max) 

Ina• lnb 240 

IEE Power Supply Current -100 -50 mA Inputs Open 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

DIP AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c Tc= +25°C Tc= +ss·c 

Units Conditions 
Min Max Min Max Min Max 

tpLH Propagation Delay 
1.10 2.75 1.10 2.75 1.10 2.75 ns 

tpHL Ina• lnb to Za. zb 

tpLH Propagation Delay 
1.10 2.80 1.10 2.80 1.10 2.80 ns 

tPHL Ina• lnb to C Figures 1 &2 

tpLH Propagation Delay 
0.50 1.20 0.60 1.30 0.60 1.30 ns 

tPHL la. lb to Za, Zb 

lTLH Transition Time 
0.35 1.10 0.35 1.10 0.35 1.10 ns 

trnL 20% to 80%, 80% to 20% 
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Commercial Version (Continued) 

PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C 

Min Max Min Max 

tplH Propagation Delay 
1.10 2.75 1.10 2.75 

tPHl Ina• lnb to Za. Zb 

tPlH Propagation Delay 
1.10 2.80 1.10 2.80 

tPHl Ina• lnb to C 

tPlH Propagation Delay 
0.50 1.20 0.60 1.30 

tPHl la. lb to Za. Zb 

trlH Transition Time 
0.35 1.10 0.35 1.10 

trHl 20% to 80%, 80% to 20% 

Industrial Version 

PCC DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = -40°C to +85°C (Note 1) 

Symbol Parameter 
Tc= -40°C Tc= 0°C to +85°C 

Min Max Min Max 

VoH Output HIGH Voltage -108S -870 -102S -870 

Vol Output LOW Voltage -1830 -1S7S -1830 -1620 

VoHC Output HIGH Voltage -109S -103S 

Vole Output LOW Voltage -1S6S -1610 

V1H Input HIGH Voltage 
-1170 -870 -116S -870 

V1l Input LOW Voltage 
-1830 -1480 -1830 -147S 

l1l Input LOW Current o.so o.so 

l1H Input HIGH Current 
la, lb 340 340 

Ina, lnb 240 240 

IEE Power Supply Current -100 -50 -100 -so 

Tc= +85°C 
Units Conditions 

Min Max 

1.10 2.75 ns 

1.10 2.80 ns 
Figures 1 &2 

0.60 1.30 ns 

0.3S 1.10 ns 

Units Conditions 

mV V1N = V1H (Max) Loading with 

mV orV1l (Min) son to -2.ov 

mV V1N = V1H (Min) Loading with 

mV orV1l (Max) son to -2.ov 

mV 
Guaranteed HIGH Signal 
for All Inputs 

mV 
Guaranteed LOW Signal 
for All Inputs 

µA V1N = V1l (Min) 

µA V1N = V1H (Max) 

mA Inputs Open 

Note 1: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Industrial Version (Continued) 

PCC AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= -40°C 

Min Max 

tPLH Propagation Delay 
1.00 2.75 

tPHL Ina• lnb to Za. zb 

tPLH Propagation Delay 
1.00 2.80 

Tc= +25°C Tc= +85°C 
Units Conditions 

Min Max Min Max 

1.10 2.75 1.10 2.75 ns 

1.10 2.80 1.10 2.80 ns 
tpHL Ina• lnb to C Figures 1 &2 
tPLH Propagation Delay 

0.50 
tPHL la, lb to Za, Zb 

tTLH Transition Time 
0.35 

tTHL 20% to 80%, 80% to 20% 

Military Version - Preliminary 

DC Electrical Characteristics 

1.20 0.60 1.30 

1.10 0.35 1.10 

VEE= -4.2Vto -5.7V, Vee= VccA = GND, Tc= -55°Cto +125°C 

Symbol Parameter Min Max Units Tc 

VoH Output HIGH Voltage 
-1025 -870 mV 

0°Cto 
+ 125°C 

-1085 -870 mV -55°C 

Vol Output LOW Voltage 0°Cto 
-1830 -1620 mV 

+125°C 

-1830 -1555 mV -55°C 

VoHC Output HIGH Voltage 
-1035 mV 

0°Cto 
+ 125°C 

-1085 mV -55°C 

VoLC Output LOW Voltage 0°Cto 
-1610 mV 

+ 125°C 

-1555 mV -55°C 

V1H Input HIGH Voltage 
-1165 -870 mV 

-55°Cto 
+ 125°C 

V1L Input LOW Voltage 
-1830 -1475 mV 

-55°Cto 
+ 125°C 

l1L Input LOW Current 
0.50 

µA -55°Cto 
+ 125°C 

l1H Input HIGH Current 
la, lb 340 

µA 
0°Cto 

Ina• lnb 240 + 125°C 

la, lb 490 
µA -55°C 

Ina• lnb 340 

IEE Power Supply Current -110 -50 mA 
-55°Cto 
+ 125°C 

0.60 1.30 ns 

0.35 1.10 ns 

Conditions Notes 

V1N = V1H (Max) Loading with 1, 2, 3 
orV1L (Min) son to -2.ov 

V1N = V1H (Min) Loading with 
1, 2, 3 

orV1L (Max) 50flto -2.0V 

Guaranteed HIGH Signal 
1,2,3,4 

for All Inputs 

Guaranteed LOW Signal 
1, 2, 3, 4 

for All Inputs 

VEE= -4.2V 
1, 2, 3 

V1N = V1L (Min) 

VEE= -5.7V 
1, 2, 3 

V1N = V1H (Max) 

Inputs Open 
1, 2, 3 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at -55°C, +25°C, and + 125°C, Subgroups 1, 2, 3, 7, and B. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at -55°C, + 25°C, and + 125°C, Subgroups A 1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 
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Military Version - Preliminary (Continued) 

AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -ss·c Tc= +25°C Tc= +12s·c 

Units Conditions Notes 
Min Max Min Max Min Max 

tPLH Propagation Delay 
1.00 2.95 1.00 2.95 1.00 2.95 ns 

tPHL Ina• lnb to Za. Zb 

tPLH Propagation Delay 
1.00 3.00 1.00 3.00 1.00 3.00 ns 1, 2, 3 

tpHL Ina• lnb to C Figures 1 &2 

tPLH Propagation Delay 
0.40 1.40 0.50 1.50 0.50 1.50 ns 

tPHL la. lb to Za. Zb 

trLH Transition Time 
0.35 1.10 0.35 1.10 0.35 1.10 4 ns 

trHL 20% to 80%, 80% to 20% 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup A9. 

Note 3: Sample tested (Method 5005, Table I) on each mfg. lot at + 25°C, Subgroup A9, and at + 125°C and - 55°C temperatures, Subgroups A 1 o and A 11. 

Note 4: Not tested at + 25°C, + 125°C, and - 55°C temperature (design characterization data). 
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Notes: 
Vee. VeeA = +2V, VEE= -2.5V 

PULSE 
GENERATOR 

SCOPE 
CHANA 

SCOPE 
CHAN B 

L 1 and L2 = equal length 50!1 impedance lines 
Ar = 50!1 terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with 50!1 to GND 
CL = Fixture and stray capacitance ~ 3 pF 

-=-

Pin numbers shown are for flatpak; for DIP see logic symbol 

Switching Waveforms 

Vee 

,-, 
\ I I0.1µF 

I 
L1 ,-, 24 23 22 21 20 19 

\ I 1 18 

I 2 17 

Rr 3 16 

4 15 

5 14 

6 13 

L2 7 8 9 10 11 12 ,-, 
\ I 

Rr l 
-=- -=-

Vee 

FIGURE 1. AC Test Circuit 

0.7±0.1 ns~ r 1 t=0.7±0.1 ns 

){ 

IL80% +1.0SV 

INPUT ~ Yi2::o 
• -----+0.31V 

IPHL i.- ___.. 
TRUE I 

50% 

OUTPUT ~ ~ LtPHL rr 1:: 
COMPLEMENT L j 

tnH-..J 

FIGURE 2. Propagation Delay and Transition Times 
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~National 
~Semiconductor 

100363 
Low Power Dual 8-lnput Multiplexer 

General Description Features 
The 100363 is a dual 8-input multiplexer. The Data Select 
(Sn) inputs determine which bit (An and 8n) will be present­
ed at the outputs (Za and Zb respectively). The same bit 
(0-7) will be selected for both the Za and Zb output. All 
inputs have 50 kn pulldown resistors. 

• 50% power reduction of the 100163 

Ordering Code: see section 6 

Logic Symbol 

Connection Diagrams 

24-Pin DIP 

24 B4 

B2 23 Bs 

B1 22 Bs 

Bo 21 B7 

zb 20 S2 

Yee 6 19 S1 

VCCA 7 18 VEE 

Za 8 17 So 

Ao 9 16 A1 

A1 10 15 As 

A2 II 14 As 

A3 12 13 A4 

TL/F/10612-2 

• 2000V ESD protection 
• Pin/function compatible with 100163 
• Voltage compensated operating range 

-5.7V 
• Available to MIL-STD-883 

-4.2V to 

• Available to industrial grade temperature range 

Pin Names Description 

So-S2 Data Select Inputs 
Ao-A7 A Data Inputs 

80-87 8 Data Inputs 

Za.Zb Data Outputs 

TL/F/10612-1 

A1 (j] 

So [j] 

VEE l8J 
VEES [fil 

S1 Ii]] 

S2 li1J 
B7 Ii]] 

28-Pin PCC 

As As A4VEES A3 A2 A1 
[j][QJ (]](]][II(]][]] 

[2]@1Ii.J~~~~ 

Bs 85 84 VEES 83 82 81 

III Ao 
rnza 
11] VCCA 

mvcc 
~Vee 
llll zb 
~Bo 

TL/F/10612-4 
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24-Pin Quad Cerpak 
87 S2 S1 VEE So A1 

18 A6 
17 As 

IS A4 
15 A3 
14 A2 
13 A1 

TL/F/10612-3 
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Truth Table 

Select 

S2 S1 So A1 
87 

L L L 
L L L 

L L H 
L L H 

L H L 
L H L 

L H H 
L H H 

H L L 
H L L 

H L H 
H L H 

H H L 
H H L 

H H H 
H H H 

H = HIGH Voltage Level 
L = LOW Voltage Level 
Blank = X = Don't Care 

L 
H 

Inputs 

As As 
85 85 

L 
H 

L 
H 

TL/F/10612-5 

Outputs 
Data 

A4 Aa A2 A1 Ao Za 
84 83 82 81 Bo zb 

L L 
H H 

L L 
H H 

L L 
H H 

L L 
H H 

L L 
H H 

L 
H 

L 
H 

L 
H 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impared (Note 1) Conditions 
If Military/Aerospace specified devices are required, 

Case Temperature (Tc) 
please contact the National Semiconductor Sales 

Commercial 0°c to +8S°C 
Office/Distributors for availability and specifications. 

Industrial -40°C to +8S°C 
Storage Temperature (T srn) - 6S°C to + 1 so°C Military - SS°C to + 12S°C 
Maximum Junction Temperature (TJ) Supply Voltage (VEE) -S.7V to -4.2V 

Ceramic +17S°C 
Plastic +1S0°C 

VEE Pin Potential to Ground Pin -7.0V to +O.SV 

Input Voltage (DC) VEE to+ 0.SV 

Output Current (DC Output HIGH) -SOmA 

ESD (Note 2) ~2000V 

Note 1: Absolute maximum ratings are those values beyond which the de-
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 
Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Commercial Version 

DC Electrical Characteristics 
VEE = -4.2V to -S.7V, Vee = VccA = GND, Tc = 0°C to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -102S -9SS -870 mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -170S -1620 mV orV1l (Min) son to -2.ov 

VoHC Output HIGH Voltage -103S mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 mV orV1l (Max) son to -2.ov 

V1H Input HIGH Voltage -116S -870 mV Guaranteed HIGH Signal for All Inputs 

V1l Input LOW Voltage -1830 -147S mV Guaranteed LOW Signal for All Inputs 

l1l Input LOW Current o.so µA V1N = V1l (Min) 

l1H Input HIGH Current V1N = V1H (Max) 

Sn 26S 
µA 

An, Bn 340 

IEE Power Supply Current -80 -40 mA Inputs Open 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

DIP AC Electrical Characteristics 
VEE = -4.2V to -S.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

tPlH Propagation Delay 
0.70 1.65 0.80 1.70 0.80 1.80 ns 

tPHl Ao-A7, Bo-87 to Output Ell 
tPlH Propagation Delay 

1.30 2.60 1.40 2.70 1.40 2.70 ns Figures 1 and 2 
tPHl So-S2 to Output 

trlH Transition Time 
0.45 1.30 0.45 1.30 0.45 1.30 

trHl 20% to 80%, 80% to 20% 
ns 
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PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= o·c Tc= +2s0 c Tc= +ss·c 

Units Conditions 
Min Max Min Max Min Max 

tpLH Propagation Delay 
0.70 1.65 0.80 1.70 0.80 1.80 ns 

tPHL Ao-A7, Bo-87 to Output 

tPLH Propagation Delay 
1.30 2.60 1.40 2.70 1.40 2.70 ns Figures 1 and 2 

tpHL So-S2 to Output 

trLH Transition Time 
0.45 1.30 0.45 1.30 0.45 1.30 ns 

trHL 20% to 80%, 80% to 20% 
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Industrial Version 

DC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee = VccA = GND, Tc = -40°C to +85°C (Note 1) 

Symbol Parameter 
Tc= -40°C Tc= 0°C to + 85°C 

Units Conditions 
Min Max Min Max 

VoH Output HIGH Voltage -1085 -870 -1025 -870 mV V1N = V1H (max) Loading with 

VoL Output LOW Voltage -1830 -1575 -1830 -1620 mV orV1L (min) 50.0. to -2.0V 

VoHC Output HIGH Voltage -1095 -1035 mV V1N = V1H (min) Loading with 

VoLC Output LOW Voltage -1565 -1610 mV orV1L (max) SOD.to -2.0V 

V1H Input HIGH Voltage -1170 -870 -1165 -870 mV Guaranteed HIGH Signal for All Inputs 

V1L Input LOW Voltage -1830 -1480 -1830 -1475 mV Guaranteed LOW Signal for All Inputs 

l1L Input LOW Current 0.50 0.50 µA V1N = V1L (min) 

l1H Input HIGH Current V1N = V1H (Max) 
Sn 265 265 

µA 
An, Bn 380 340 

IEE Power Supply Current -80 -35 -80 -40 mA Inputs Open 

Note 1: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= -40°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.60 1.65 0.80 1.70 0.80 1.80 ns 

tPHL Ao-A7, Bo-87 to Output 

tPLH Propagation Delay 
1.20 2.60 1.40 2.70 1.40 2.70 ns Figures 1 and 2 

tPHL So-S2 to Output 

trLH Transition Time 
0.30 1.90 0.45 1.30 0.45 1.30 ns 

trHL 20% to 80%, 80% to 20% 
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DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = -55°C to + 125°C 

Symbol Parameter Min Max Units Tc Conditions Note 

VoH Output HIGH Voltage 
-1025 -870 mV 

o·cto 
+125°C 

-1085 -870 mV -55°C V1N = V1H (Max) Loading with 
1, 2, 3 

VoL Output LOW Voltage o·cto orV1L (Min) 50!1 to -2.0V 
-1830 -1620 mV 

+125°C 

-1830 -1555 mV -55°c 

VoHC Output HIGH Voltage 
-1035 mV 

o•cto 
+125°c 

-1085 mV -55°C V1N = V1H (Min) Loading with 
1, 2, 3 

VoLC Output LOW Voltage o·cto orV1L (Max) 50!1 to -2.0V 
-1610 mV 

+125°C 

-1555 mV -55°C 

V1H Input HIGH Voltage 
-1165 -870 mV 

-55°Cto Guaranteed HIGH Signal for All Inputs 
1, 2, 3, 4 

+ 125·c 

V1L Input LOW Voltage 
-1830 -1475 mV 

-55°C to Guaranteed LOW Signal for All Inputs 
1, 2, 3, 4 

+125°C 

l1L Input LOW Current 
0.50 µA 

-55°Cto VEE= -4.2V 
1, 2, 3 

+ 125•c V1N = V1L (Min) 

l1H Input HIGH Current 
Sn 265 

µA 
o·cto 

An, Bn 340 +125°c VEE= -5.7V 1, 2, 3 

Sn 385 V1N = V1H (Max) 

An, Bn 490 
µA -55°C 

IEE Power Supply Current 
-87 -30 mA 

-55°C to Inputs Open 
1, 2, 3 

+125°c 

Note 1: F100K 300 Series cold temperature testing is perlormed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at -55'C, +25'C, and + 125'C, Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at -55'C, +25'C, and + 125'C, Subgroups A1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 
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AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -55°C 

Min Max 

tPLH Propagation Delay 
0.50 2.40 

tPHL Ao-A7, Bo-87 to Output 

tpLH Propagation Delay 
0.80 3.00 

tPHL So-S2 to Output 

trLH Transition Time 
0.30 1.90 

trHL 20% to 80%, 80% to 20% 

Tc= +25°C Tc= + 125°C 
Units Conditions Notes 

Min Max Min Max 

0.60 2.30 0.70 3.00 ns 
1, 2, 3 

0.90 2.80 0.80 3.40 ns Figures 1 and 2 

0.40 1.80 0.30 2.10 ns 4 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at +25°C temperature only, Subgroup A9. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at + 25°C, Subgroup A9, and at + 125°C and - 55°C, temperatures, Subgroups A 10 and 
A11. 

Note 4: Not tested at + 25°C, + 125°C, and -55°C temperature (design characterization data). 

Test Circuitry 

Notes: 
Vee. VeeA = +2V, VEE = -2.5V 

SCOPE 
CHANA 

L 1 and l2 = equal length 50!1 impedance lines 
RT = 50!1 terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with 50!1 to GND 
CL = Fixture and stray capacitance :;; 3 pF 

\I 

-!-

' 
Rri 

Pin numbers shown are for flatpak; for DIP see logic symbol 

+1.0SV 

25"F I I 0.1 µF 

-:- Vee -:­

FIGURE 1. AC Test Circuit 
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Switching Waveforms 

dh0.1 .. 1 1 110 ..... 1 •• 

INP~ ¥ ~-1-20_;_~%-0% ____ ~:::: 
IPHL~ r ~ 

OUTPUT 

J~-· 
TL/F/10612-7 

FIGURE 2. Propagation Delay and Transition Times 
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100364 
Low Power 16-lnput Multiplexer 

General Description 
The 100364 is a 16-input multiplexer. Data paths are con­
trolled by four Select lines (So-S3). Their decoding is shown 
in the truth table. Output data polarity is the same as the 
seleted input data. All inputs have 50 kn pulldown resistors. 

Ordering Code: see section 6 

Logic Symbol 

Features 
• 35% power reduction of the 100164 

• 2000V ESD protection 
• Pin/function compatible with 100164 

• Voltage compensated operating range 
= -4.2V to -5.7V 

• Available to industrial grade temperature range 
• Available to MIL-STD-883 

lo '1 12 13 14 Is I& 11 la lg 110 111 112 113 114 l1s 
So 

Pin Names Description 

lo-115 Data Inputs 

So-S3 Select Inputs 

z Data Output 

51 

52 

$3 z 

TL/F/10265-1 

Connection Diagrams 

24-Pin DIP 28-Pin PCC 24-Pin Quad Cerpak 

114 113 112VEES111110 lg S3 S2 S1 VEE So 115 
13 1 24 12 !Ill [QI [[! [[] [I] III @J 

14 2 23 11 24 23 22 21 20 19 

15 3 22 lo 
115 I]] [II Is lo 18 
So Ii] rn z 

15 4 21 S3 VEE~ III YeCA 
11 2 17 

17 5 20 S2 VEES !ill ITl Yee 12 3 16 

Yee 19 S1 
S1 Im @l Yee 13 4 15 
S2 llZI llll 17 14 5 14 

VCCA 7 18 VEE S3 [ID @115 
z 8 17 So 15 13 

[fil!mll:llllll~~~ 
7 8 9 10 11 12 

Is 16 115 

lg 10 15 114 
lo 11 12 VEES 13 14 15 

15 17 Yee YeeA z Is 
TL/F/10265-4 

114 

113 

112 

111 

110 

lg 

110 11 14 113 TL/F/10265-3 

111 12 13 112 

TL/F/10265-2 
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Logic Diagram 

Truth Table 

So 

L 
H 
L 
H 

L 
H 
L 
H 

L 
H 
L 
H 

L 
H 
L 
H 

H = HIGH Voltage Level 
L = LOW Voltage Level 

Select Inputs 

S1 

L 
L 
H 
H 

L 
L 
H 
H 

L 
L 
H 
H 

L 
L 
H 
H 

z 
TL/F/10265-5 

Output 

S2 S3 z 
L L lo 
L L 11 
L L 12 
L L 13 

H L 14 
H L 15 
H L la 
H L 17 

L H la 
L H lg 
L H 110 
L H 111 

H H 112 
H H 113 
H H 114 
H H 115 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired (Note 1) Conditions 
If Military/Aerospace specified devices are required, 

Case Temperature (Tc) 
please contact the National Semiconductor Sales 

Commercial 0°Cto +85°C 
Office/Distributors for availability and specifications. 

Industrial - 40°C to + 85°C 
Storage Temperature (T sTG) - 65°C to + 150°C Military - 55°C to + 125°C 
Maximum Junction Temperature (TJ) Supply Voltage (VEE) -5.7V to -4.2V 

Ceramic + 175°C 
Plastic + 150°C 

Pin Potential to 
Ground Pin (VEE) - 7.0V to + 0.5V 

Input Voltage (DC) VEE to +0.5V 

Output Current 
(DC Output HIGH) -50mA 

ESD(Note2) ~ 2000V 
Note 1: Absolute maximum ratings are those values beyond which the de-
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 

Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Commercial Version 

DC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee= VccA = GND, Tc= 0°c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -1025 -955 -870 mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1830 -1705 -1620 mV orV1L (Min) son to -2.ov 

VoHC Output HIGH Voltage -1035 mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1610 mV orV1L(Max) 500 to -2.0V 

V1H Input HIGH Voltage 
-1165 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1830 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current 0.5 µA V1N = V1L (Min) 

l1H Input HIGH Current 300 µA V1N = V1H (Max) 

IEE Power Supply Current -89 -45 mA Inputs Open 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operate under "worst case" conditions. 

DIP AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +2s0 c Tc= +as0 c 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.90 2.00 0.90 2.00 0.90 2.10 ns 

tPHL lo-115 to Output 

tPLH Propagation Delay 
1.40 2.80 1.40 2.80 1.50 2.90 ns 

tPHL So, S1 to Output 
Figures 1, 2 

tPLH Propagation Delay 
1.00 2.20 1.00 2.20 1.10 2.40 ns 

tPHL S2, S3 to Output 

tTLH Transition Time 
0.35 1.20 0.35 1.20 0.35 1.20 

trnL 20% to 80%, 80% to 20% 
ns 
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Commercial Version (Continued) 

PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter Tc= 0°C Tc= +25°C 

Min Max Min Max 

tplH Propagation Delay 0.90 1.80 0.90 1.80 
tPHl lo-115 to Output 

tplH Propagation Delay 1.40 2.60 1.40 2.60 
tPHl So, S1 to Output 

tPlH Propagation Delay 
tPHl S2. S3 to Output 

1.00 2.00 1.00 2.00 

tTlH Transition Time 0.35 1.10 0.35 1.10 
tTHl 20% to 80%, 80% to 20% 

Industrial Version 

PCC DC Electrical Characteristics 

Tc= +B5°C Units Conditions 
Min Max 

0.90 1.90 ns 

1.50 2.70 ns 
Figures 1, 2 

1.10 2.20 ns 

0.35 1.10 ns 

VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = -40°C to +85°C (Note 3) 

Symbol Parameter Tc= -40°C Tc= 0°C to +B5°C Units Conditions 
Min Max Min Max 

VoH Output HIGH Voltage -1085 -870 -1025 -870 mV v,N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1575 -1830 -1620 mV orV1l (Min) 5onto -2.ov 

VoHC Output HIGH Voltage -1095 -1035 mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1565 -1610 mV orV1l (Max) 50nto -2.ov 

V1H Input HIGH Voltage -1170 -870 -1165 -870 mV Guaranteed HIGH Signal for All Inputs 

V1l Input LOW Voltage -1830 -1480 -1830 -1475 mV Guaranteed LOW Signal for All Inputs 

l1l Input LOW Current 0.5 0.5 µA v,N = Vil (Min) 

l1H Input HIGH Current 325 325 µA V1N = V1H (Max) 

IEE Power Supply Current -89 -45 -89 -45 mA Inputs Open 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life imparied. Functional operation under these 
conditions is not implied. 

Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Note 3: The specified limits represent the '"worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Industrial Version (Continued) 

PCC AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= -40°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.90 1.80 0.90 1.80 0.90 1.90 ns 

tPHL lo-115 to Output 

tPLH Propagation Delay 
1.20 2.60 1.40 2.60 1.50 2.70 ns 

tPHL So, S1 to Output 
Figures 1, 2 

tPLH Propagation Delay 
0.80 2.10 1.00 2.00 1.10 2.20 ns 

tPHL S2, S3 to Output 

trLH Transition Time 
0.20 1.20 0.35 1.10 0.35 1.10 

trnL 20% to 80%, 80% to 20% 
ns 

Military Version 

DC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee= VccA = GND, Tc= - 55°C to + 125°C 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage 
-1025 -870 mV 

0°Cto V1N = V1H (Max) Loading with 1, 2, 3 
+125°C orV1L (Min) 5011 to -2.0V 

-1085 -870 mV -55°C 

Vol Output LOW Voltage 
-1830 -1620 mV 

0°Cto 
+125°C 

-1830 -1555 mV -55°C 

VoHC Output HIGH Voltage 
-1035 mV 

0°Cto V1N = V1H (Min) Loading with 1, 2, 3 
+125°C orV1L (Max) 5011 to -2.0V 

-1085 mV -55°C 

VoLC Output LOW Voltage 
-1610 mV 

0°Cto 
+125°C 

-1555 mV -55°C 

V1H Input HIGH Voltage 
-1165 -870 mV 

-55°C to Guaranteed HIGH Signal 1, 2, 3, 4 
+125°C for All Inputs 

V1L Input LOW Voltage 
-1830 -1475 mV 

-55°Cto Guaranteed LOW Signal 1, 2, 3, 4 
+125°C for All Inputs 

l1L Input LOW Current 
0.50 µA 

-55°C to VEE= -4.2V 1, 2, 3 
+125°C V1N = V1L (Min) 

l1H Input HIGH Current 300 
µA 

0°Cto VEE= -5.7V 1, 2, 3 
+125°C V1N = V1H (Max) 

450 µA -55°C 

IEE Power Supply Current 
-95 -35 mA 

-55°C to Inputs Open 1, 2, 3 
+125°C 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at -55'C, +25'C, and + 125'C, Subgroups, 1, 2, 3, 7 and 8. 

Note 3: Sampled tested (Method 5005, Table I) on each manufactured lot at -55'C, +25'C, and + 125'C, Subgroups A1, 2, 3, 7 and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 
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Military Version (Continued) 

AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -55°C 

Min Max 

tPLH Propagation Delay 
0.50 2.60 

tPHL lo-115 to Output 

tPLH Propagation Delay 
0.70 3.30 

tPHL So, S1 to Output 

tPLH Propagation Delay 
0.50 2.90 

tpHL S2, S3 to Output 

trLH Transition Time 
0.20 1.20 

trHL 20% to 80%, 80% to 20% 

Tc= 25°C Tc= + 125°C 
Units Conditions Notes 

Min Max Min Max 

0.60 2.40 0.60 2.80 ns 
1, 2, 3 

0.90 3.10 1.00 3.50 ns 

Figures 1, 2 

0.70 2.60 0.60 3.00 ns 

1--

0.20 1.20 0.20 1.20 
4 

ns 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at +25'C, temperature only, Subgroup A9. 

Note 3: Sample tested (Method 5005, Table I) on each Mfg. lot at + 25'C, Subgroup A9, and at + 125'C, and - 55'C temp., Subgroups A 10 and A 11. 

Note 4: Not tested at + 25'C, + 125'C and -55'C temperature (design characterization data). 

Test Circuit 

PULSE 
GENERATOR 

SCOPE 
CHAN A 

-::-

('\ 
\ I 

l 

L1 
{'\ 
\ I 

Rr..l-

Vee0.1 µF 

~ 

24 23 22 21 20 19 
1 18 

17 

16 

15 

14 

13 
7 8 9 10 11 12 

L2 

l\ 
\ I 

0.1µFl 

I J 
-::-

Vee 

FIGURE 1. AC Test Circuit 
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Switching Waveforms 

....... 1 r 1 r.:···'"· ...... 
INPUT 1,j\ r ~-t-2-00~S_!_% _____ + 0.31 V 

OUTPUT 

FIGURE 2. Propagation Delay and Transition Times 
Notes: 

Vee. VeeA = +2V, VEE = -2.SV 
L1 and L2 = Equal length son impedance lines 

Rr = son terminator internal to scope 

Decoupling 0.1 µF from GND to Vee and VEE 

All unused outputs are loaded with son to GND 

CL = Fixture and stray capacitance ,.;; 3 pF 

Pin numbers shown are for flatpak; for DIP see logic symbol 
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100370 
Low Power Universal Demultiplexer/Decoder 

General Description 
The 100370 universal demultiplexer I decoder functions as 
either a dual 1-of-4 decoder or as a single 1-of-8 decoder, 
depending on the signal applied to the Mode Control (M) 
input. In the dual mode, each half has a pair of active-LOW 
Enable (E) inputs. Pin assignments for the E inputs are such 
that in the 1-of-8 mode they can easily be tied together in 
pairs to provide two active-LOW enables (E1a to E1b. E2a to 
E2b)· Signals applied to auxiliary inputs Ha. Hb and He deter­
mine whether the outputs are active HIGH or active LOW. In 
the dual 1-of-4 mode the Address inputs are Aoa. A1a and 
Aob· A1b with A2a unused (i.e., left open, tied to VEE or with 

Ordering Code: see sections 

Logic Symbols 

LOW signal applied). In the 1-of-8 mode, the Address inputs 
are Aoa. A1a· A2a with Aob and A1b LOW or open. All inputs 
have 50 kn pulldown resistors. 

Features 
• 35% power reduction of the 100170 
• 2000V ESD protection 
• Pin/function compatible with 100170 
• Voltage compensated operating range 

-5.7V 
-4.2V to 

Single 1-of-8 Application Dual 1-of-4 Application Pin Names Description 

Ana• Anb Address Inputs 

Ena• Enb Enable Inputs 
M Mode Control Input 
Ha Zo-Z3 (Zoa-Z3a) 

Polarity Select Input 
Hb Z4-Z7 (Zob-Z3b) 

Polarity Select Input 
He Common Polarity 

Select Input 

TL/F/10649-1 TL/F/10649-4 
Zo-Z7 Single 1-of-8 

Data Outputs 
Zna• Znb Dual 1-of-4 

Data Outputs 

Connection Diagrams 

24-Pin DIP 28-Pin PCC 24-Pln Quad Cerpak 

Z1a Z2a 

A1b 24 Aob A2a M A1aVcESAoa(Z1)(Z2) 

Z3b(Z7) 23 Hb 
[j] IIQJ m m m [II m 

Zob(Z4) 22 He Zoa 

Z2b(Z5) 21 Ha E1a [j] [!)(Zo} 

Z1b(Z5) 20 E2a E1b II] ffiZ3a 
(Z3) 

Vee 19 E2b 
VEE[ill lIJ VCCA 

VeCA 18 VEE 
VEES !)]] [j] Vee 

Z3a(Z3) 17 E1b E2b fill ~Vee 

ZoaCZo) 9 16 E1a 
E2a li1l llll(~:) 

Z2aCZ2) 10 15 A2a 
H8 1!fil ~Z2b 

Z1aCZ1) 
(Z5) 

11 14 M 

Aoa 12 13 A1a 
[fil@]mJ~~IEJfil] 
He Hb Aob VEES A1b Z3b Zob 

Ha E2a E2b VEE E1b E1a 

24 23 22 21 20 19 
He 18 A2a 

Hb 17 M 

Aob 16 A1a 

A1b 15 Aoa 
Z3b 

14 
Z1a 

(Z7) (Z1) 
Zob 6 13 Z2a 
(Z4' 7 8 9 10 11 12 (Z2) 

Z2b Z1b VccVCCA Z3a Zoa 
(Z5)(Z5) (Z3)(Zo) 

TL/F/10649-3 

(Z7)(Z4) 
TL/F/10649-2 

TL/F/10649-5 
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Logic Diagram 

Note: (Znl for 1-of-4 applications. 

Truth Tables 

Inputs 

E1a E2a A1a 
E1b E2b A1b 

H x x 
x H x 
L L L 
L L L 
L L H 
L L H 

Zo. z2. 
(Zo) (Z2) 

TL/FI 10649-6 

Dual 1·of·4 Mode (M = A2a = He= LOW) 

Active HIGH Outputs Active LOW Outputs 
(Ha and Hb Inputs HIGH) (Ha and Hb Inputs LOW) 

Aoa Zoa Z1a Z2a Zaa Zoa Z1a Z2a 
Aob Zob Z1b Z2b Zab Zob Z1b Z2b 

x L L L L H H H 
x L L L L H H H 

L H L L L L H H 
H L H L L H L H 
L L L H L H H L 
H L L L H H H H 

Single 1·of·8 Mode (M = HIGH; Aob = A1b = Ha = Hb = LOW) 

Inputs 
Active HIGH Outputs• 

(He Input HIGH) 

E1 E2 A2a A1a 

H x x x 
x H x x 
L L L L 
L L L L 
L L L H 
L L L H 

L L H L 
L L H L 
L L H H 
L L H H 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

Aoa Zo Z1 Z2 

x L L L 
x L L L 

L H L L 
H L H L 
L L L H 
H L L L 

L L L L 
H L L L 
L L L L 
H L L L 

•tor He = LOW, output states are complemented 
1:1 = E1a and E1b wired; E2 = E22a and E2b wired 
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Z3 Z4 Zs 

L L L 
L L L 

L L L 
L L L 
L L L 
H L L 

L H L 
L L H 
L L L 
L L L 

Zs 

L 
L 

L 
L 
L 
L 

L 
L 
H 
L 

Z1 
L 
L 

L 
L 
L 
L 

L 
L 
L 
H 

Zaa 
Z3b 

H 
H 

H 
H 
H 
L 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Temperature (T srn) - 65°C to + 150°C 

Maximum Junction Temperature (TJ) 
Ceramic 
Plastic 

VEE Pin Potential to Ground Pin 

Input Voltage (DC) 

Output Current (DC Output HIGH) 

ESD (Note2) 

+175°C 
+150°C 

- 7.0V to + 0.5V 

VEE to +0.5V 

-50mA 

~2000V 

Note 1: Absolute maximum ratings are those values beyond which the de­
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 

Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Commercial Version 

DC Electrical Characteristics 

Recommended Operating 
Conditions 
Case Temperature (Tc) 

Commercial 
Industrial 
Military 

Supply Voltage (VEE) 

0°Cto +85°C 
- 40°C to + 85°C 

- 55°C to + 125°C 

-5.7V to -4.2V 

VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -1025 -955 -870 mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1705 -1620 mV orV1L (Min) 50D. to -2.0V 

VoHC Output HIGH Voltage -1035 mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1610 mV orV1L (Max) 50D. to -2.0V 

V1H Input HIGH Voltage -1165 '-870 mV Guaranteed HIGH Signal for All Inputs 

V1L Input LOW Voltage -1830 -1475 mV Guaranteed LOW Signal for All Inputs 

l1L Input LOW Current 0.50 µA V1N = V1L (Min) 

l1H Input HIGH Current 240 µA V1N = V1H (Max) 

IEE Power Supply Current -95 -50 mA Inputs Open 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Commercial Version (Continued) 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= o·c Tc= +25°C 

Min Max Min Max 

tPLH Propagation Delay 
0.75 1.85 0.75 1.85 

tPHL Ena• Enb to Output 

tPLH Propagation Delay 
0.75 2.20 0.75 2.20 

tPHL Ana• Anb to Output 

tPLH Propagation Delay 
0.75 2.20 0.75 2.20 

tPHL Ha. Hb, He to Output 

tPLH Propagation Delay 
1.10 2.70 1.10 2.70 

tPHL M to Output 

trLH Transition Time 
0.40 1.30 0.40 1.30 

trHL 20% to 80%, 80% to 20% 

PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= o·c Tc= +25°C 

Min Max Min Max 

tPLH Propagation Delay 
0.75 1.65 0.75 1.65 

tPHL Ena• Enb to Output 

tPLH Propagation Delay 
0.75 2.00 0.75 2.00 

tPHL Ana• Anb to Output 

tPLH Propagation Delay 
0.75 2.00 0.75 2.00 

tPHL Ha, Hb, He to Output 

tPLH Propagation Delay 
1.10 2.50 1.10 2.50 

tPHL M to Output 

trLH Transition Time 
0.40 1.20 0.40 1.20 

trHL 20% to 80%, 80% to 20% 
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Tc= +as·c 

Min Max 

0.85 2.05 

0.75 2.30 

0.75 2.20 

1.10 3.00 

0.40 1.30 

Tc= +as·c 

Min Max 

0.85 1.85 

0.75 2.10 

0.75 2.00 

1.10 2.80 

0.40 1.20 

Units 

ns 

ns 

ns 

ns 

ns 

Units 

ns 

ns 

ns 

ns 

ns 

Conditions 

Figures 1 and 2 

Conditions 

Figures 1 and 2 

..... 
0 
0 
w 
....... 
0 



Industrial Version 

PCC DC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee = VccA = GND, Tc = -40°C to +85°C (Note 3) 

Symbol Parameter 
Tc= -40°C Tc= 0°C to +85°C 

Units Conditions 
Min Typ Min Max 

VoH Output HIGH Voltage -1085 -870 -1025 -870 mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1575 -1830 -1620 mV orV1l (Min) 50.0. to -2.0V 

VoHc Output HIGH Voltage -1095 -1035 mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1565 -1610 mV orV1l (Max) 50.0. to -2.0V 

V1H Input HIGH Voltage 
-1170 -870 -1165 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1830 -1480 -1830 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 0.50 µA V1N = V1l (Min) 

l1H Input HIGH Current 300 240 µA V1N = V1H (Max) 

IEE Power Supply Current -95 -50 -95 -50 mA Inputs Open 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

PCC AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= -40°C Tc= +25°C Tc= +as0 c 

Units Conditions 
Min Max Min Max Min Max 

tplH Propagation Delay 
0.75 1.65 0.75 1.65 0.85 1.85 ns 

tPHl Ena• Enb to Output 

tPlH Propagation Delay 
0.65 2.00 0.75 2.00 0.75 2.10 ns 

tPHl Ana. Anb to Output 

tplH Propagation Delay 
0.70 2.00 0.75 2.00 0.75 2.00 ns Figures 1 and 2 

tPHl Ha. Hb, He to Output 

tplH Propagation Delay 
1.10 2.50 1.10 2.50 1.10 2.80 ns 

tPHl M to Output 

trlH Transition Time 
0.40 1.30 0.40 1.20 0.40 1.20 ns 

tTHl 20% to 80%, 80% to 20% 
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Military Version-Preliminary 

DC Electrical Characteristics 
VEE = -4.2V to -S.7V, Vee = VccA = GND, Tc = - ss·c to + 12s·c 

Symbol Parameter Min Max Units Tc Conditions Notes 

-102S -870 mV 
o•cto 

VoH Output HIGH Voltage +12s·c 

-108S -870 mV -ss·c V1N = V1H (Max) Loading with 
1, 2, 3 

o•cto orV1L (Min) son to -2.ov 

VoL Output LOW Voltage 
-1830 -1620 mV 

+12s·c 

-1830 -1SSS mV -ss·c 

-103S mV 
o·cto 

VoHC Output HIGH Voltage + 12s·c 

-108S mV -ss·c V1N = V1H (Min) Loading with 
1, 2, 3 

o•cto orV1L (Max) son to -2.ov 

VoLC Output LOW Voltage 
-1610 mV 

+12s·c 

-1SSS mV -ss·c 

V1H Input HIGH Voltage 
-116S -870 mV 

-ss•cto Guaranteed HIGH Signal for 
1, 2, 3, 4 

+12s·c All Inputs 

V1L Input LOW Voltage 
-1830 -147S mV 

-ss·cto Guaranteed LOW Signal for 
1, 2, 3, 4 

+ 12s0 c All Inputs 

l1L Input LOW Current 
o.so µA 

-ss•cto VEE= -4.2V 
1,2, 3 

+12s0 c V1N = V1L (Min) 

l1H Input HIGH Current 

He, Aoa. A1 a• A2a 310 
µA 

o·cto 

All Others 2SO + 12s·c 

VEE= -S.7V 1, 2, 3 

He, Aoa. A1a· A2a 46S µA -ss·c V1N = V1H (Max) 

All Others 3SO 

IEE Power Supply Current 
-110 -70 mA 

-ss·cto 
Inputs Open 1, 2, 3 

+12s·c 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C, then testing immedi-
ately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be considered a 
worst case condition at cold temperatures: 

Note 2: Screen tested 100% on each device at - 55°C, + 25°C, and + 12s•c, Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at - 55'C, + 25°C, and + 125°C, Subgroups A 1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specific input condition and testing VoHIVOL· 

FJI 
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Military Version-Preliminary (Continued) 

AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -ss·c Tc= +25°C 

Min Max Min Max 

tPLH Propagation Delay 
0.90 2.30 0.90 2.20 

tPHL Ena• Enb to Output 

tPLH Propagation Delay 
1.00 2.80 1.00 2.70 

tPHL Ana• Anb to Output 

tPLH Propagation Delay 
1.00 3.00 1.00 2.90 

tPHL Ha. Hb, He to Output 

tPLH Propagation Delay 
1.50 3.90 1.60 3.80 

tPHL M to Output 

tTLH Transition Time 
0.45 1.70 0.45 1.70 

tTHL 20% to 80%, 80% to 20% 

Tc= +12s·c 
Units Conditions Notes 

Min Max 

0.90 2.30 ns 

1.00 2.90 ns 
1, 2, 3 

1.00 3.00 ns Figures 1 and 2 

1.60 3.90 ns 

t----

0.45 1.80 ns 4 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at +25'C, temperature only, Subgroup A9. 

Note 3: Sample tested (Method 5005, Table I) on each Mfg. lot at + 25'C, Subgroup A9, and at + 125'C, and -55'C Temp., Subgroups A 10 and A 11. 

Note 4: Not tested at +25'C, + 125'C and -55'C Temperature (design characterization data). 

Test Circuit 

,-, 
\ I 

0.1 µF J 
~ 

L1 

24 23 22 21 20 19 
, .... 

1 

500 

6 
7 8 

son 

'::" 

25µ.F J 0.1 µF 

Notes: 
Vee. VeeA = +2V, VEE= -2.5V 
L 1 and L2 = equal length 50!1 impedance lines 
RT = 50!1 terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with 50!1 to GND 
CL = Fixture and stray capacitance s: 3 pF 
Pin numbers shown are for flatpak; for DIP see logic symbol 

18 I 

17 I 
16 

15 

14 L2 .... , \ 13 
9 10 11 12 I 

l 
50 n son 

-=- '::" 

10.1µ.F 

Vee-:-

FIGURE 1. AC Test Circuit 
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Switching Waveforms 

+1.05 v 

+0.31 v 

FIGURE 2. Propagation Delay and Transition Times 
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~Semiconductor 

100371 
Low Power Triple 4-lnput Multiplexer with Enable 

General Description Features 
• 35% power reduction of the 100171 
• 2000V ESD protection 
• Pin/function compatible with 100171 

The 100371 contains three 4-input multiplexers which share 
a common decoder (inputs So and S1). Output buffer gates 
provide true and complement outputs. A HIGH on the En­
able input (E) forces all true outputs LOW (see Truth Table). 
All inputs have 50 kn pull-down resistors. 

• Voltage compensated operating range = -4.2V to 
-5.7V 

Ordering Code: see section 6 

Logic Symbol 

E loa 11a 121 l3a lob l1b l2b l3b loc l1c l2c l3c 
So 

• Available to industrial grade temperature range 

Pin Names Description 

lox-13x Data Inputs 

So,S1 Select Inputs 

E Enable Input (Active LOW) 

Za-Zc Data Outputs 

Za-Zc Complementary Data Outputs 
TL/F/10048-1 

Connection Diagrams 

24-Pin DIP/SOIC 24-Pin Quad Cerpak 28-Pin PCC 

l1b lob f VEE s, So 13a l2a 11 a Vrrs loa Za Za 
l1c 24 loc [] ffQI rn ffil m rn lfil 
l2c 23 l3b 24 23 22 21 20 19 

l3c 22 l2b l2b 18 13a So Ii] rn zb 

Zc 4 21 l1b 
13b 2 17 l2a S1 I]] rn zb 

VEE Ii] f1) VeCA 
zc 5 20 1ob 

1oc 3 16 l1a VEES Ii]] ITI Vee 
Vee 19 f l1c 4 15 loa E II§J ~Vee 

VeeA 18 VEE l2c 5 14 Za lob li1I Ill! Zc 

zb 17 S1 
13c 13 Za l1b !!§] Im zc 

zb 
7 8 9 10 11 12 

16 So [fil@I~~~~~ 
Za 10 15 138 Zc Zc YeeVccA zb zb l2b l3b loc Yrrs l1c l2c l3c 

Za 11 14 1211. TL/F/10046-3 TL/F/10148-4 

loa 12 13 1111. 

TL/F/10046-2 
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Logic Diagram 

Truth Table 
Inputs 

E So 

L L 
L H 
L L 
L H 
H x 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

51 

L 
L 
H 
H 
x 

Outputs 

Zn 

lox 
l1x 
l2x 
lsx 
L 

TL/F/10148-5 

2-257 

..... 
0 
0 
w 
....... ..... 



,.... 
........ 
C") 
C> 
c::> ,.... 

Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Temperature (T srn) - 65°C to + 150°C 

Maximum Junction Temperature (TJ) 
Ceramic 
Plastic 

VEE Pin Potential to Ground Pin 

Input Voltage (DC) 

Output current (DC Output HIGH) 

ESD (Note2) 

+ 175°C 
+150°C 

- 7.0V to + 0.5V 

VEE to +0.5V 

-50mA 

~2000V 

Note 1: Absolute maximum ratings are those values beyond which the de­
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 

Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Commercial Version 

DC Electrical Characteristics 

Recommended Operating 
Conditions 
Case Temperature (Tc) 

Commercial 
· Industrial 

Military 

Supply Voltage (VEE) 

0°c to +85°C 
- 40°C to + 85°C 

- 55°C to + 125°C 

-5.7Vto -4.2V 

VEE = -4.2V to -5.7V, Vee= VccA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -1025 -955 -870 mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1830 -1705 -1620 mV orV1L (Min) 50.0. to -2.0V 

VoHC Output HIGH Voltage -1035 mV V1N = V1H (Min) Loading with 

VOLc Output LOW Voltage -1610 mV orV1L (Max) 50.0. to -2.0V 

V1H Input HIGH Voltage 
-1165 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1830 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current 0.50 µA V1N = V1L (Min) 

l1H Input HIGH Current 

lox-l3x 340 
µA 

V1N = V1H (Max) 
So,S1, E 300 

IEE Power Supply Current -75 -39 mA Inputs Open 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Commercial Version- (Continued) 

DIP AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.45 1.50 0.45 1.50 0.45 1.60 ns 

tPHL lox-13x to Output 

tPLH Propagation Delay 
0.90 2.40 0.90 2.40 1.00 2.60 ns 

Figures 1 and 2 

tPHL So, S1 to Output (Note 1) 

tPLH Propagation Delay 
0.65 2.30 0.65 2.30 0.75 2.40 ns 

tPHL Eto Output 

tTLH Transition Time 
0.35 1.20 0.35 1.20 0.35 1.20 Figures 1 and 2 ns 

tTHL 20% to 80%, 80% to 20% 

Note 1: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 

SOIC, PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.45 1.30 0.45 1.30 0.45 1.40 ns 

tPHL lox-13x to Output 

tPLH Propagation Delay 
0.90 2.20 0.90 2.20 1.00 2.40 ns 

Figures 1 and 2 

tPHL So, S1 to Output (Note2) 

tPLH Propagation Delay 
0.65 2.10 0.65 2.10 0.75 2.20 ns 

tPHL EtoOutput 

tTLH Transition Time 
0.35 1.10 0.35 1.10 0.35 1.10 Figures 1 and 2 ns 

tTHL 20% to 80%, 80% to 20% 

tosHL Maximum Skew Common Edge 
PCConly 

Output-to-Output Variation 400 400 400 ps 
(Note 1) 

Data to Output Path 

tosLH Maximum Skew Common Edge 
PCConly 

Output-to-Output Variation 490 490 490 ps 
(Note 1) 

Data to Output Path 

tosT Maximum Skew Opposite Edge 
PCC only 

Output-to-Output Variation 490 490 490 ps 
Data to Output Path 

(Note 1) 

tps Maximum Skew 
PCConly 

Pin (Signal) Transition Variation 430 430 430 ps 
(Note 1) 

Data to Output Path 

Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (losHL.l. or LOW to HIGH (tosLHl. or in opposite directions both 
HL and LH (losr). Parameters tosr and tps guaranteed by design. 
Note 2: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Industrial Version 

PCC DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc= -40°C to +85°C (Note 1) 

Symbol Parameter 
Tc= -40°C Tc= 0°C to +ss0 c 

Units Conditions 
Min Max Min Max 

VoH Output HIGH Voltage -1085 -870 -1025 -870 mV V1N = V1H (Max) Loading with 

Vm Output LOW Voltage -1830 -1575 -1830 -1620 mV orV1L (Min) 50.nto -2.0V 

VoHC Output HIGH Voltage -1095 -1035 mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1565 -1610 mV orV1L (Max) 50!1 to -2.0V 

V1H Input HIGH Voltage 
-1170 -870 -1165 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1830 -1480 -1830 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current 0.50 0.50 µA V1N = V1L (Min) 

l1H Input HIGH Current 

lox-l3x 340 340 
µA 

V1N = V1H (Max) 
So,S1,E 300 300 

IEE Power Supply Current -75 -35 -75 -39 mA Inputs Open 

Note 1: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

PCC AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= -40°C 

Min Max 

tPLH Propagation Delay 
0.40 1.30 

tPHL lox-13x to Output 

tPLH Propagation Delay 
0.70 2.20 

tPHL So, S1 to Output 

tPLH Propagation Delay 
0.65 2.10 

IPHL E to Output 

ITLH Transition Time 
0.20 1.60 

tTHL 20% to 80%, 80% to 20% 

Tc= +25°C Tc= +ss0c 
Units 

Min Max Min Max 

0.45 1.30 0.45 1.40 ns 

0.90 2.20 1.00 2.40 ns 

0.65 2.10 0.75 2.20 ns 

0.35 1.10 0.35 1.10 ns 

Note 2: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Conditions 

Figures 1 and 2 
(Note 2) 

Figures 1 and 2 



Military Version-Preliminary 

DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = -55°C to + 125°C 

Symbol Parameter Min Max Units Tc 

VoH Output HIGH Voltage 
-1025 -870 mV 

o•cto 
+ 125•c 

-1085 -870 mV -55°c 

VoL Output LOW Voltage o•cto 
-1830 -1620 mV 

+125°C 

-1830 -1555 mV -55°C 

VoHC Output HIGH Voltage 
-1035 mV 

o·cto 
+ 125·c 

-1085 mV -55°C 

VoLC Output LOW Voltage o•cto 
-1610 mV 

+125°C 

-1555 mV -55°c 

V1H Input HIGH Voltage 
-1165 -870 mV 

-55°Cto 
+125°C 

V1L Input LOW Voltage 
-1830 -1475 mV 

-55°Cto 
+ 125·c 

l1L Input LOW Current 0.50 µA -55°Cto 
+ 125•c 

l1H Input HIGH Current 

lox-l3x 340 
µA 

o·cto 
So,S1,E 300 +125°C 

lox-l3x 490 
So,S1,E 450 

µA -55°C 

IEE Power Supply Current 
-80 -30 mA 

-55°Cto 
+125°C 

Conditions Notes 

V1N = v (Max) Loading with 
1, 2, 3 

orV1L(Min) 50!1 to -2.0V 

V1N = V1H (Min) Loading with 
1,2,3 

orV1L (Max) 50!1 to -2.0V 

Guaranteed HIGH Signal 
1, 2, 3, 4 

for All Inputs 

Guaranteed LOW Signal 
1, 2, 3, 4 

for All Inputs 

VEE= -4.2V 
1, 2, 3 

V1N = V1L (Min) 

VEE= -5.7V 
1, 2, 3 

V1N = V1H (Max) 

Inputs Open 1, 2, 3 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissapation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at -55'C, +25'C, and + 125'C, Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at -55'C, + 25'C, and + 125'C, Subgroups 1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVQL. 
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Military Version-Preliminary (Continued) 

AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -55°C Tc= +25°C 

Min Max Min Max 

tPLH Propagation Delay 
0.30 1.90 0.40 1.70 

tPHL lox-13x to Output 

tPLH Propagation Delay 
0.40 2.70 0.60 2.40 

tPHL So, S1 to Output 

1PLH Propagation Delay 
0.50 2.70 0.60 2.40 

1PHL Eto Output 

tTLH Transition Time 
0.20 1.60 0.30 1.50 

tTHL 20% to 80%, 80% to 20% 

Tc= + 125°C 
Units Conditions Notes 

Min Max 

0.30 2.00 ns 

0.50 2.90 ns 1, 2, 3, 5 
Figures 1 and 2 

0.50 2.90 ns 

0.20 1.60 ns 4 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup A9. 

Note 3: Sample tested (Method 5005, Table 1) on each mfg. lot at + 25°C, Subgroup A9, and at + 125°C and -55°C temperatures, Subgroups A 1 O and A 11. 

Note 4: Not tested at + 25°C, + 125°C and -55°C temperature (design characterization data). 

Note 5: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 

Test Circuitry 

Notes: 

Vee. VeeA = +2V, VEE= -2.5V 

L 1 and L2 = equal length 500 impedance lines 

Rr = 500 terminator internal to scope 

Decoupling 0.1 µF from GND to Vee and VEE 

All unused outputs are loaded with 500 to GND 

CL = Fixture and stray capacitance ,,;: 3 pF 

Pin numbers shown are for flatpak; for DIP see logic symbol 

I0.1µF 

24 23 22 21 20 19 
1 18 

17 

16 

15 
50 ll 

14 

6 13 
7 8 9 10 11 12 

50 ll 50 ll 

50 ll 50 ll 

25µFI 1
0.1 µF 

Vee 

FIGURE 1. AC Test Circuit 
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Switching Waveforms 

0.7:!:0.1 ns--.\l' 1- 1 L0.7:!:0.1 ns 
- + 1.05 v 

80% 

INPUT 50% 

1

----
20

% + 0.31 v 

TRUE IPHL __.. 1- -
OUTPUT ~~ 

COMPLEMENT L j 
ITLH-1 

FIGURE 2. Propagation Delay and Transition Times 
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~Semiconductor 

100389 
Single Supply Hex CMOS-to-ECL Translator 
with Cutoff Drivers 

General Description 
The 100389 is a hex translator for converting CMOS logic 
levels to positive referenced F1 OOK ECL logic levels (or 
PECL). This translator is designed to operrate from a single 
+5V supply, eliminating the need for a separate -5V sup­
ply. The differential outputs of the 100389 due to its high 
common mode rejection, overcomes voltages gradients be­
tween the CMOS and ECL ground systems. 

A LOW on the input enable pin (E) sets the true outputs to a 
LOW state and the inverting outputs to a HIGH state. 

Logic Symbol 

Features 
• Operates from a single + 5V supply 
• Differential ECL outputs 
• 2000V ESD protection 

Pin Names Description 

Do-Ds Data Inputs (CMOS) 

Oo-Os Data Outputs (PECL) 

Oo-Os Inverting Data Outputs (PECL) 

Connection Diagrams 

24-Pin DIP/SOIC 

05 1 24 05 

04 2 23 05 

04 3 22 04 

03 4 21 03 

03 5 20 E 

Yee 19 GNDECL 

YccA 18 GNDECL 

02 8 17 GNDCt.IOS 

02 9 16 D2 

01 10 15 D1 

01 11 14 Do 

Oo 12 13 Oo 

TL/F/10999-1 

TL/F/10999-2 
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E 

D2 li1J 
GNDCMOS II] 

GNDECL Ii] 

Vm fill 
GNDECL (!fil 

E [j] 

D3 l!fil 

Enable Input (CMOS) 

28-Pln PCC 
D1 Do Oo Vm Oo 01 o, 
IIiJITQl[!][!]UJ!IJIII 

fill~IIH~IDI~~ 
04 D5 05 Vm 05 04 04 

lil 02 
!II02 
IIIVecA 
OJ Vee 
~Vee 
Ill! 03 
~03 

TL/F/10999-3 



~National 
D Semiconductor 

100390 
Low Power Single Supply Hex ECL-to-TTL Translator 

General Description 
The 100390 is a hex translator for converting F1 OOK logic 
levels to lTL logic levels. Unlike other level translators, the 
100390 operates using only one + 5V supply. Differential 
inputs allow each circuit to be used as an inverting, non­
inverting, or differential receiver. An internal reference gen­
erator provides Vss for single-ended operation. The stan­
dard FAST® TRI-STATE® outputs are enabled by a com­
mon active low lTL compatible OE input. Partitioned Vees 
on chip are brought out on separate power pins, allowing 
the noisy lTL Vee power plane to be isolated from the rela­
tively quiet EGL Vee. The 100390 is ideal for applications 
limited to a single + 5V supply, allowing for easy EGL to lTL 
Interfacing. 

Ordering Code: see sections 

Logic Symbols 

Do Do 0, o, D2 02 D3 03 D4 04 

OE 
D5 05 

Features 
• Operates from a single + 5V supply 
• TRI-STATE outputs 
• 2000V ESD protection 
• Vss supplied for single-ended operation 

Pin Names Description 

Do-Ds Data Inputs (PEGL) 
Yee Do-Ds Inverting Data Inputs (PEGL) 

Oo o, 02 03 04 05 Oo-Os Data Outputs (lTL) 
OE Output Enable (lTL) 

TL/F/10897-1 Vss Reference Voltage (PEGL) 

Connection Diagrams 

24-Pin DIP/SOIC 28-Pin PCC 24-Pin Quad Cerpak 
~ 04 D4 GNO 05 D5 05 ECL 

Do 1 24 Do lillliQllIH!J[ZJIIJl!J D2 D2 OE Vee Yee D3 

Oo 2 23 o, 
01 22 o, 
02 21 D2 

m Vee 5 20 02 

GND 19 OE 
GNO 18 ECL Vee 

03 17 Yee 

04 16 D3 

05 10 15 03 

~lill III o4 24 23 22 21 20 19 

Yes fill ill% ii, 18 03 
Eel Vee IEJ III GND 

D1 2 17 04 
GND [i]J [i] GND 

Do 16 04 or Ii] ~GND 

ii2 li1I [lll TTL Vee iio 4 15 05 

02 ITh'J ~02 Oo 14 05 

o, 6 13 05 
(i]l~[Il§l~~~ 7 8 9 10 11 12 
0, 0, Do GND Do 0o C1i 

05 11 14 D4 

05 12 13 04 

TL/FI 10897-3 02 TTL GND GND 03 04 
Vee 

TL/F/10897-4 

TL/F/10897-2 
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Logic Diagram Detail 

SEE DETAIL [:>-- VBB 

............ - - - ., 

ECLYcc 

Truth Table 
Data 

Inputs 
(PECL) 

Dn Dn 

x x 
L H 
H L 
L L 
H H 

OPEN OPEN 
L V99 
H Vss 

Vss L 

Vss H 

Vss OPEN 
OPEN Vss 

H = HIGH Voltage Level 
L = LOW Voltage Level 
Z = HIGH Impedance 
U =Undefined 

Do 
Oo 

Do 

D1 
01 

D1 

D2 
02 

D2 

D3 
03 

D3 

D4 
04 

D4 

Ds 
05 

Ds 

OE 

TL/F/10897-5 

Control 
TTL 

Input 
Outputs Comments (TTL) 

OE On 

H z Outputs Disable 

L L Differential Operation 
L H Differential Operation 
L u Invalid Input States 

L u Invalid Input States 
L u Invalid Input States 
L L Single Ended Operation 

L H Single Ended Operation 
L H Single Ended Operation 

L L Single Ended Operation 

L H Single Ended Operation 

L L Single Ended Operation 

2-266 

DIFFERENTIAL 
PECL TO TTL 
TRANSLATOR 

Yee (PECL) 

GENERATOR 
1----+--+--~> Yee 
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Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Temperature - 65°C to + 150°C 

Maximum Junction Temperature 
Ceramic 
Plastic 

Vee Pin Potential to 
Ground Pin 

TTL Input Voltage (Note 2) 

TTL Input Current (Note 2) 

V99 Output Current 

EGL Input Potential 

Vee Differential 
EGL Vee to TTL Vee 

+175°C 
+150°c 

-0.5V to + 7.0V 

-0.5V to+ 7.0V 

-30 mA to +5.0 mA 

-5.0 mA to+ 1.0 mA 

GND to EGL Vee + 0.5V 

-1.0Vto +1.0V 

Voltage Applied to Output 
in High State (with Vee = OV) 
TRI-STATE Output 

Current Applied to Output 
in Low State (Max) 

ESD Last Passing Voltage (Min) 

- 0.5V to + 5.5V 

Twice the Rated loL (mA) 

2000V 

Recommended Operating 
Conditions 
Case Temperature o·cto +85°C 

Supply Voltage + 4. 75V to + 5.25V 
Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 

Note 2: Either voltage limit or current limit is sufficient to protect inputs. 

DC Electrical Characteristics ECLVcc = +5.ov ±5%, TTL Vee= +5.ov ±5%, GND = ov 

Symbol Parameter Min Max Units Conditions 

V1H Input HIGH Voltage Data 
EGL Vee - 1.165 EGL Vee - 0.870 v 

Guaranteed HIGH Signal for ALL 
Inputs (with One Input Tied to V99) 

OE 2.0 v Guaranteed HIGH Signal (TTL) 

V1L Input LOW Voltage Data 
EGL Vee - 1.830 EGL Vee - 1.475 v 

Guaranteed LOW Signal for ALL 
Inputs (with One Input Tied to V99) 

OE 0.8 v Guaranteed LOW Signal (TTL) 

V99 Output Reference Voltage EGL Vee - 1.38 EGL Vee - 1.26 v 199 = 0.0 mA or -1.0 mA 

VoH Output HIGH Voltage (TTL) 2.7 v loH = -3 mA 

VoL Output LOW Voltage (TTL) 0.5 v loL = 24mA 

l1H Input HIGH Current Data 
50 µA 

V1N = V1H(Max), Do-D5 = V99, 
Do-D5 = V1L(Min) 

OE 20 µA V1N = 2.7V (TTL) 

l1L Input LOW Current OE -200 µA V1N = 0.5V (TTL) 

l9v1 Input Breakdown Current OE 10 µA V1N = 7.0V (TTL) 

lc90 Input Leakage Current 
-10 µA 

V1N = GND, Do-D5 = V99 
Do-D5 = V1L(Min) 

lozH TRI-STATE Current 
50 µA 

Vour = +2.7V 
Output HIGH 

lozL TRI-STATE Current 
-50 µA 

Vour = +0.5V 
Output LOW 

Ice EGL Supply Current 13 30 mA 

lccz TTL Supply Current 10 20 mA TRI-STATE 

lccL TTL Supply Current 8 17 mA Low State 

lccH TTL Supply Current HIGH 0.4 2.0 mA HIGH State 

las Output Short-Circuit Current -150 -60 mA Vour = o.ov, Vee= +5.25 

Voiff Differential Input Voltage 150 mV Required for Full Output Swing 

VcM Common Mode Voltage ECLVcc - 2.0 ECLVcc - 0.5 v 

Vco Clamp Diode Voltage -1.2 v l1N = -18 mA 
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S DIP AC Electrical Characteristics 
~ Vee= 5.0V ±5%; Tc= 0°c to +85°C 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Min Max Min Max Min Max 

FMAX Maximum Clock Frequency 100 100 100 

tPLH Propagation Delay 
3.3 6.4 3.3 6.1 3.3 6.1 

tPHL Data to Output 

tpzH Output Enable Time 2.7 4.8 2.7 4.8 3.0 5.1 

tpzL 2.3 3.9 2.3 3.9 2.6 4.3 

tpHz Output Disable Time 2.3 4.6 2.3 4.6 2.3 4.6 

tpLz 2.0 3.6 2.0 3.6 2.0 3.6 

SOIC, Cerpak and PCC Package AC Electrical Characteristics 
Vee = 5.0V ± 5%; Tc = 0°c to + 85°C 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Min Max Min Max Min Max 

FMAX Maximum Clock Frequency 100 100 100 

tPLH Propagation Delay 
3.3 6.2 3.3 5.9 3.3 5.9 

tPHL Data to Output 

tpzH Output Enable Time 2.7 4.6 2.7 4.6 3.0 4.9 

tpzL 2.3 3.7 2.3 3.7 2.6 4.1 

tpHz Output Disable Time 2.3 4.4 2.3 4.4 2.3 4.4 

tpLz 2.0 3.4 2.0 3.4 2.0 3.4 

Switching Waveforms 

PECL INPUT I 503 
ECL Vee - 0.95V 0.7:1:0.1ns~~r- l~r;:·"°"" 

J 203~ 
*i>LH __ rr ____ --l __ .,__ _____ ECL Vee - 1.69V 

TTL 
OUTPUT 

FIGURE 1. Data to Output Propagation Delay 

FIGURE 2. Enable/Disable Propagation Delay 
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Units 
Fig. 
No. 

MHz 

ns 1 

ns 2 

ns 2 

Units 
Fig. 
No. 

MHz 

ns 1 

ns 2 

ns 2 
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Test Circuit 

ECLVcc ~ w TTLVcc 

.-J L-. r---1--- +7.0V 

ECLYcc-1.32V -ECLYc;--TTLV;c- s1\ I o.1 µf 

s ECLYcc - 0.95V 

ECLYcc - 1.69V fPECL 

S/H 
S/H--+....-{ 

L 1 
50 

GND .. ___ _ 
-:r_-

OPEN 

r-3V 

OV __J Fm 

S/H-..... -.f 
L 1 

50 

TL/F/10897-7 

FIGURE 3. AC Test Circuit 
Notes: 
GND = OV, ECL Vee= +SY, TTL Vee= +sv 
L 1 and L2 = equal length 50!1 impedance lines 
50!1 terminators are internal to S/H measurement unit 
Decoupling 0.1 µF from GND to ECL Vee and TTL Vee 
All unused outputs are loaded with 500!1 to GND 
CL = Fixture and stray capacitance = 50 pF 
Switch S1 is open tor tPLH· tPHL· tpHz and tpzH tests 
Switch S1 is closed only for tpLZ and tpzL tests 

Application Notes 
1. Device performance will be enhanced by the use of dual 

Vee power planes as illustrated in the Application Fig­
ures 4 and 5. This will minimize the coupling of TTL 
switching noise into the primary reference to the ECL 
circuitry and take full advantage of the 100390's on chip 
V cc partitioning. 

2. The device's partitioned Vee may be operated from two 
5V, 5% tolerance, supplies provided that they are 
ramped up/down together so that the max differential is 
1 V. This is to prevent overstress to internal ESD diodes. 
If the ECL driver to the F390 is powered from a separate 
supply, it must obey this sequence rule also. 

3. Glitch-free power up, independent of Data input levels, is 
achieved if TTL logic HIGH is held on the Output Enable 
pin during ramping up/down of the Vee supply. 
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4. Undefined output states can occur for some invalid com­
binations. See Truth Table. This should be avoided to 
prevent possible oscillation or increased power con­
sumption due to TTL outputs biased into a quasi state 
with both pullup and pulldown stages partially on. TRl­
STATEing the outputs will counteract the effects of inval­
id input states. 

5. Pins 8, 15, and 22 on the 28-pin PCC package are tied to 
the chip's substrate and are named GNDs. These pins 
are electrically common to the ground pins 1, 2, and 28. 
For best thermal performance, tie the GND pins to the 
circuit ground plane. They may be tied to an electrically 
isolated thermal dissipation plane or may float. 

6. Figure 4 illustrates typical differential input operation. 

7. Figure 5 illustrates typical single-ended input operation. 
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Vee VeeA 

ECL 
DRIVER 

300 

EeLVee PLANE 

300 

Vee+ 5.0VDC 

TTLVee PLANE 

ii 
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FIGURE4 

Vee+ 5.o voe 

TTLVee PLANE 

TL/F/10897-9 
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~National 
~Semiconductor 

100391 
Low Power Single Supply Hex TTL-to-ECL Translator 

General Description 
The 100391 is a hex translator for converting TTL logic lev­
els to F1 OOK ECL logic levels. The unique feature of this 
translator, is the ability to do this translation using only one 
+ 5V supply. The differential outputs allow each circuit to be 
used as an inverting/non-inverting translator, or as a differ­
ential line driver. A common enable (E), when low, holds all 
inverting outputs HIGH and all non-inverting inputs LOW. 

The 100391 is ideal for those mixed ECL/TTL applications 
which only have a + 5V supply available. When used in the 
differential mode, the 100391, due to its high common mode 
rejection, overcomes voltage gradients between the TTL 
and ECL ground systems. 

Ordering Code: see section 6 

Logic Symbol 

D, 

TL/F/10939-1 

Connection Diagrams 

24-Pin DIP and SOIC 

05 24 05 

04 2 23 D5 

04 22 D4 

03 4 21 D3 

03 5 20 E 

Vee 19 GNDECL 

VeeA 18 GNDECL 

02 8 17 GNDTTL 

02 16 D2 

o, 10 15 D, 

o, 11 14 Do 

Oo 12 13 Oo 

TL/F/10939-2 

Features 
• Operates from a single + 5V supply 
• Differential ECL outputs 
• 2000V ESD protection 
• Companion chip to 100390 hex ECL-to-TTL translator 

Pin Names 

Do-Ds 
Oo-Os 
Oo-Os 
E 

D2 [j]J 
GNDTTL fill 
GNDECL [gJ 

GNDS ~ 

GNDECL [j]] 
E ffZ) 

D3 [j]] 

Description 

Data Inputs (TTL) 
Data Outputs (PECL) 
Inverting Data Outputs (PECL) 
Enable Input (TTL) 

28-Pin PCC 

D1 D0 o0 GNos o0 o1 o1 
WI ITID III !!I IIl [!][II 

[i]]~!Illlll~~lm 
D4 D5 05 GNDS 05 04 04 

002 
III 02 

[]] VeeA 
DJ Vee 
~Vee 
!m03 

~03 

TL/F/10939-3 
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O> 
(") Logic Diagram 0 
0 ...... 

Oo 
Do Oo 

01 
Di 01 

Oz 
Dz Oz 

03 
D3 03 

o,. 
D_. o,. 

05 
D5 05 

TL/F/10939-5 

Truth Table 
Inputs Outputs 

Dn E On On 

H H H L 
L H L H 
H L L H 
L L L H 
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Absolute Maximum Ratings (Note 1) Recommended Operating 
If Military/ Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales 

Case Temperature (Tc) 
Office/Distributors for availability and specifications. 

Commercial o·cto +8s0 c 
Storage Temperature (T srn) - 65°C to + 1 so·c Military -ss·c to+ 12s0 c 
Maximum Junction Temperature {TJ) Supply Voltage (Vee) 4.5Vto 5.5V 

Ceramic + 11s·c Commercial 
Plastic +1so·c 

Vee Pin Potential to 
Ground Pin -0.5Vto +7.0V 

ECL Output Current 
(DC Output HIGH) -50mA 

TIL Input Voltage (Note 3) -0.5Vto +7.0V 

TIL Input Current (Note 3) -30 mA to +5.0 mA 

ESD (last Passing Voltage) (Min) (Note 2) 2000V 

Note 1: Absolute maximum ratings are those values beyond which the de-
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 
Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 
Note 3: Either voltage limit or current limit is sufficient to protect inputs. 

Commercial Version 

TTL-to-ECL DC Electrical Characteristics Vee= +s.ov ±10%, GND =av 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage Vee - 102s Vee - 955 Vee - 870 mV V1N = V1H (max) or Vil (min) 

Vol Output LOW Voltage Vee - 1890 Vee - 1705 Vee - 1620 mV Loading with son to Vee - 2V 

VoHC Output HIGH Voltage 
Vee -1035 mV V1N = V1H (min) or V1L (max) 

Corner Point High Loading with son to Vee - 2V 

Vole Output LOW Voltage 
Vee - 1610 mV 

Corner Point Low 

V1H Input HIGH Voltage 2.0 5.0 v Over Vrrl. VEE· Tc Range 

V1l Input LOW Voltage 0 0.8 v Over Vrrl. VEE· Tc Range 

l1H Input HIGH Current 10 µA V1N = +2.7V 

Breakdown Test 20 µA V1N = +5.5V 

l1l Input LOW Current 

Dn -0.8 
mA 

V1N = +o.sv 
E -4.2 

VFCD Input Clamp 
-1.2 v 

l1N = -18 mA 
Diode Voltage 

Ice Vee Supply Current 32 69 mA Inputs Open 

Note 4: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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DIP Package AC Electrical Characteristics 
Vee= 5.0V ±10% 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +B5°C 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.30 1.40 0.35 1.30 0.40 1.30 ns Figures 1, 2 

tPHL Data to Output 

tPLH Propagation Delay 
0.40 1.50 0.45 1.40 0.50 1.40 ns Figures 1, 2 

tPHL Enable to Output 

tTLH Transition Time 
0.35 1.70 0.35 1.70 0.35 1.70 Figures 1, 2 

tTHL 20% to 80%, 80% to 20% 
ns 

SOIC and PCC Package AC Electrical Characteristics 
Vee= 5.ov ±10% 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.30 1.40 0.35 1.30 0.40 1.30 ns 

tPHL Data to Output 

tPLH Propagation Delay 
0.40 1.50 0.45 1.40 0.50 1.40 ns Figures 1 and 2 

tPHL Enable to Output 

trLH Transition Time 
0.35 1.70 0.35 1.70 0.35 1.70 

trnL 20% to 80%, 80% to 20% 
ns 

tosHL Maximum Skew Common Edge 
PCCOnly 

Output-to-Output Variation 750 750 750 ps 

Data to Output Path 
(Note 1) 

tosLH Maximum Skew Common Edge 
PCCOnly 

· Output-to-Output Variation 700 700 700 ps 

Data to Output Path 
(Note 1) 

tosT Maximum Skew Opposite Edge 
PCCOnly 

Output-to-Output Variation 450 450 450 ps 
Data to Output Path 

(Note 1) 

tps Maximum Skew 
PCCOnly 

Pin (Signal) Transition Variation 525 525 525 ps 

Data to Output Path 
(Note 1) 

Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (tosHL), or LOW to HIGH (tost.Hl• or in opposite directions both 
HL and LH (tosr). Parameters tosr and tps guaranteed by design. 
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Industrial Version 

DC Electrical Characteristics 
Vee = +5.0V ±10%, GND = OV (Note 1) 

Symbol Parameter 
Tc= -40°c Tc= o·c to +as·c 

Units Conditions 
Min Max Min Max 

VoH Output HIGH Voltage Vee - 1085 Vee - 870 Vee - 1025 Vee - 870 mV V1N = V1H (max) or V1L (min) 

Vm Output LOW Voltage Vee - 1890 Vee - 1575 Vee - 1890 Vee - 1620 mV Loading with 50!1 to Vee - 2V 

VoHe Output HIGH Voltage Vee - 1095 Vee - 1035 mV V1N = V1H (min) or V1L (max) 
Corner Point High Loading with 50!1 to Vee - 2V 

Vole Output LOW Voltage Vee - 1565 Vee - 1610 mV 
Corner Point High 

V1H Input HIGH Voltage 2.0 5.0 2.0 5.0 v 
V1L Input LOW Voltage 0 0.8 0 0.8 v 
l1H Input HIGH Current 10 10 µA V1N = +2.7V 

Breakdown Test 20 20 µA V1N = +5.5V 

l1L Input LOW Current 

Dn -0.8 -0.8 
mA 

V1N = +0.5V 
E -4.2 -4.2 

VFCD Input Clamp -1.2 -1.2 v l1N = -18 mA 
Diode Voltage 

Ice Vee Supply Current 29 69 29 69 mA Inputs Open 

PCC AC Electrical Characteristics 
Vee= +5.0V ±10%, GND = ov 

Symbol Parameter 
Tc= -40°c Tc= +2s0 c Tc= +as·c 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.20 1.50 0.35 1.30 0.40 1.30 ns 

tPHL Data to Output 

tPLH Propagation Delay 
0.35 1.60 0.45 1.40 0.50 1.40 ns Figures 1 and 2 

tPHL Enable to Output 

trLH Transition Time 
0.35 1.70 0.35 1.70 0.35 1.70 

trHL 20% to 80%, 80% to 20% 
ns 

Note 1: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Military Version-Preliminary 

TTL-to-ECL DC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee = VccA = GND, Tc = - 55°C to + 125°C, VnL = + 4.5V to + 5.5V 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage 
Vee - 1025 Vee - 870 mV 

0°Cto 
+125°C 

Vee - 1085 Vee - 870 mV -55°C V1N = V1H (max) Loading with 
1, 2, 3 

Vol Output LOW Voltage 0°Cto or V1L(min) 50!1 to Vee - 2.ov 
Vee - 1830 Vee - 1620 mV 

+125°C 

Vee - 1830 Vee - 1555 mV -55°C 

VoHe Output HIGH Voltage Vee - 1035 
mV 

0°Cto 
+125°C 

Vee - 1085 mV -55°C V1N = V1H (min) Loading with 
1, 2, 3 

VoLC Output LOW Voltage 0°Cto orV1L(max) 50!1 to Vee - 2.ov 
Vee - 1610 mV 

+125°C 

Vee - 1555 mV -55°C 

V1H Input HIGH Voltage 
2.0 v 

-55°C to 
1, 2, 3, 4 

+125°C 

V1L Input LOW Voltage 
0.8 v 

-55°Cto 
1, 2, 3, 4 

+125°C 

l1H Input HIGH Current 
70 µA 

-55°Cto 
V1N = +2.7V 1, 2, 3 

125°C 

l1L Input LOW Current 
-1.0 mA 

-55°C to 
V1N = +0.5V 1, 2, 3 

+ 125°C 

VFCD Input Clamp 
-1.2 v 

-55°Cto 
l1N = -18 mA 1, 2, 3 

Diode Voltage +125°C 

Ice Vee Supply Current 
20 70 mA 

-55°Cto 
Inputs Open 1, 2, 3 

+125°C 

AC Electrical Characteristics Vee = +5.0 ± 10%, GND = OV 

Symbol Parameter 
T = -55°C T = +25°C T = +125°C 

Units Conditions Notes 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.40 2.50 0.50 2.10 0.50 2.10 ns Figures 1, 2 1, 2, 3 

tpHL Data and Enable to Output 

trLH Transition Time 
0.30 2.00 0.30 2.00 0.30 2.00 Figures 1, 2 1, 2, 3 ns 

trnL 20% to 80%, 80% to 20% 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°e), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold termperatures. 

Note 2: Screen tested 100% on each device at -55°e, + 25°C and + 125'C, Subgroups 1, 2, 3, 7 and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at -55°e, + 25°C and + 125°C, Subgroups A 1, 2, 3, 7 and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL. 
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Switching Waveforms 

INPUT ------1.SV 

OUTPUT 

TRUE 

FIGURE 1. Propagation Delay and Transition Times 

Test Circuit 
VIH GNDTTL 

''"'I I :t l·'"' 
--------~ 

SCOPE 
CHAN A 

Rr 

L 1 , .. , 

r 
- , .. , -

L2 , .. , 
l. 

L3 , .. , PULSE 
GENERATOR r O.tµFtT~:.rr l. 

Notes: 

Vee= VceA = +2V, GNDECL = GNDTIL = 3.0V 
V1H = OV, V1L = -3V 
L 1, L2 and L3 = equal length 5011 impedance lines 
RT = 5011 terminator internal to scope 
Decoupling 0.1 µF from GND to Vee. VEE and VnL 
All unused outputs are loaded with 5011 to GND 
CL = Fixture and stray capacitance ,;; 3 pF 

GNDECL Yoe 

FIGURE 2. AC Test Circuit 
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ADVANCE INFORMATION 

100392 
Single Supply Quint CMOS-to-ECL Translator 
with Cutoff Drivers 

General Description 
The 100392 is a quint translator for converting CMOS logic 
levels to positive referenced F1 OOK EGL logic levels (or 
PECL). This translator is designed to operate from a single 
+ 5V supply, eliminating the need for a separate - 5V sup­
ply. The differential outputs of the 100392, due to its high 
common mode rejection, overcomes voltage gradients be­
tween the CMOS and EGL ground systems. 

A LOW on the input enable pin (E) sets the true outputs to a 
LOW state and the inverting outputs to a HIGH state. A 
HIGH on the output enable pin (OE) sets both true and in­
verting outputs to a cutoff or high impedance state. 

Logic Symbol 

Do D1 D2 D3 D4 

OE 

Oo Oo 01 01 02 02 03 03 04 04 

TL/F/10951-1 

Connection Diagrams 

24-Pin DIP/SOIC 

03 24 04 

03 23 04 

02 22 D4 

02 4 21 D3 

Yee 20 D2 

Yee 19 GNDEeL 

YeeA 18 GNDEeLD 

YeeA 17 GNDCMOS 

01 16 OE 

01 10 15 

Oo 11 14 D1 

Oo 12 13 Do 

TL/F/10951-2 

The outputs of the 100392 are designed to drive a double 
terminated 50!1 differential transmission line (25!1 load im­
pedance). 

Features 
• Drives 25!1 load with cutoff capability 
• Operates from a single + 5V supply 

• Differential EGL outputs 
• 2000V ESD protection 

Pin Names 

Do-D4 

Oo-04 
Oo-04 
E 

OE 

OE Ii] 
GNDCMOS fill 
GNDECLD IJ1I 

VEES [fil 
GNDECL l!fil 

Dz (j] 

D3 ll]] 

Description 

Data Inputs (CMOS) 

Data Outputs (PECL) 
Inverting Data Outputs (PECL) 

Enable Input (CMOS) 

Output Enable Input (CMOS) 

28-Pin PCC 

E D1 Do VEES Oo Oo 01 
[i] [Q1 [[) III Ill III [[) 

[IDWJ~~~lllllm 

D4 04 04 VEES 03 03 02 

mo1 
III YeeA 

III YeeA 

DJ Yee 

~Vee 
~Vee 
~02 

TL/F/10951-3 
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100393 
Low Power 9-Bit ECL-to-TTL 
Translator with Latches 

General Description 
The 100393 is a 9-bit translator for converting F1 OOK logic 
levels to FAST® TTL logic levels. A LOW on the latch en­
able (LE) latches the data at the input state. A HIGH on the 
LE makes the latches transparent. A HIGH on either the 
EGL or TTL output enable (OE EGL or OE TTL), holds the 
outputs in a high impedance state. 

The 100393 is designed with FAST® TTL, 64 mA outputs for 
Bus Driving capability. All EGL inputs have 50 kn pull down 
resistors. When the inputs are either unconnected or at the 
same potential, the outputs will go LOW. 

Ordering Code: see section 6 

Logic Symbol 

Connection Diagram 

D5 [i] 

!?~ 
Da~ 
03 Ii]) 

07 li]J 

05 llll 
05 [j]I 

OE 
D5 TTL Vee VEE Vee LE D4 
[j] [Q] rn llil m rn [[] 

[j]]~~~l~H~~ 

YcCA~YmVCCAVCCA04 03 
Eel 

Oo-a 

TL/F/10650-1 

III D3 
rn D2 

mo1 
ITl Do 
~Oo 
llll01 
~02 

TL/F/10650-2 

Features 
• 64 mA loL drive capability 
• 2000V ESD protection 
• -4.2V to -5.7V operating range 
• Latched outputs 
• FAST® TTL outputs 

Pin Names Description 

Do-Da Data Inputs (EGL) 

Oo-Oa Data Outputs (TTL) 
LE Latch Enable Input (EGL) 

OE TTL Output Enable (TTL) 
OE EGL Output Enable (EGL) 
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Cf) 
0) 
Cf) Logic Diagram 0 
0 ..... 

Truth Table 
Inputs 

OE TTL OEECL 

L 

L 

L 

H 

x 
H = High Voltage Level 
L = Low Voltage Level 
X = Don't Care 
Z = High Impedance 

L 

L 

L 

x 
H 

Q Oo 

Q 01 

Q 02 

Q 03 

Q 04 

Q 05 

Q Os 

Q 07 

Q Os 

TL/F/10650-3 

Outputs 

LE ON QN 

H L L 

H H H 

L x Latched 

x x z 
x x z 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired (Note 1) Conditions 
If Military/Aerospace specified devices are required, Case Temperature (Tc) 0°Cto +85°C 
please contact the Nation al Semiconductor Sales 

Supply Voltage 
Office/Distributors for avallablllty and specifications. 

VEE -5.7V to -4.2V 
Storage Temperature (T sTG) -65°C to + 150°C VrrL + 4.5V to + 5.5V 
Maximum Junction Temperature (TJ) + 150°C 

Case Temperature under Bias (Tc) o·cto +85°C 

VEE Pin Potential to Ground Pin -7.0Vto +0.5V 

VrrL Pin Potential to Ground Pin -0.5V to + 6.0V 

ECL Input Voltage (DC) VEE to +0.5V 

TTL Input Voltage -0.5Vto +7.0V 

Output Current (DC Output HIGH) +130mA 

ESD(Note2) ::::2ooov 

Note 1: Absolute maximum ratings are those values beyond which the de-
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 

Note 2. ESD testing conforms to MIL-STD-883, Method 3015. 

DC Electrical Characteristics 
VEE = -4.2V to -5.7V; Vee = VeeA = GND, VrrL = + 4.5V to + 5.5V, Te = o·c to + 85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage 2.5 
v 

loH = -1 mA V1N = V1L (Min) or 
2.0 loH = -15 mA V1H (Max) 

VoL Output LOW Voltage 0.55 
v 

loL = 64mA V1N = V1L (Min) or 
0.50 loL = 24mA V1H (Max) 

V1H Input HIGH Voltage ECL Inputs -1165 -870 mV Guaranteed HIGH Signal for All Inputs 

OE TTL 2.0 v 

V1L Input LOW Voltage ECL Inputs -1830 -1475 mV Guaranteed LOW Signal for All Inputs 

OE TTL 0.8 v 

lav1 Input Breakdown Current 10 µA Va1 = 7.0V 

l1H ECL Input HIGH Current ECL Inputs 240 V1N = V1H (Max) 

OEECL 
µA 

350 

TTL Input HIGH Current OE TTL 5.0 µA V1N = 2.7V 

l1L ECL Input LOW Current ECL Inputs 0.5 µA V1N = V1L (Min) 

TTL Input LOW Current OE TTL -50 µA V1N = 0.5V 

leEX Output HIGH Leakage Current 250 µA 

los Output Short-Circuit Current -100 -225 mA Your= O.OV, VrrL = +5.5V 

loZH TRI-STATE Current Output HIGH +50 µA Your= +2.7V 

lozL TRI-STATE Current Output LOW -50 µA Your= 0.5V 

VFeD Input Clamp Diode Voltage -1.2 v l1N = -18mA 

IEE VEE Power Supply Current -39 -18 mA Inputs Open 

leeH VrrL Power Supply Current HIGH 29 mA 

leeL VrrL Power Supply Current LOW 65 mA 

leez VrrL Power Supply Current 
49 mA 

TRI-STATE 

Note 3. The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are 
chosen to guarantee operation under "worst case" conditions. 
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~ AC Electrical Characteristics vEE = -4.2v to -5.7V, Vee= GND, vnL = +4.5V to +5.5V 
0 
0 
T"" 

Symbol 

tPLH 
tPHL 

tPLH 
tPHL 

tpzH 
tpzL 

tpHZ 
tpLZ 

tpzH 
tpzL 

tpHz 
tpLZ 

ts 

th 

tpw(L) 

Parameter 
Tc= 0°C 

Min Max 

Propagation Delay 
2.3 4.8 

Data to Output 

Propagation Delay 
2.3 5.6 

LE to Output 

Output Enable Time 2.0 5.5 
OE TTL! toQN 3.5 8.0 

Output Disable Time 2.0 6.0 
OE TTL f toQN 2.0 5.5 

Output Enable Time 2.4 5.6 
OE EGL f toQN 3.2 8.5 

Output Disable Time 2.4 6.0 
OE EGL! toQN 3.2 7.6 

Setup Time, DN to LE 0.7 

Hold Time, DN to LE 1.3 

Pulse Width LOW, LE 2.0 

Yrr=-4.SV Yee= ov YnL = 5.0V 

r--0.95 

-1.71 __J ---------.... 

INPUT 
TTL 

OUTPUTS 

Tc= +25°C Tc= +85°C 
Units Conditions 

Min Max Min Max 

2.3 4.8 2.3 5.3 ns Figures 1, 2 

2.3 5.6 2.3 6.4 ns Figures 1, 2 

2.0 5.5 2.0 5.5 
Figure3 

3.5 8.0 3.5 8.0 
ns 

2.0 6.0 2.0 6.0 
Figure3 

2.0 5.0 2.0 5.0 
ns 

2.4 5.6 2.4 5.6 
Figure4 

3.2 8.5 3.2 8.5 
ns 

2.4 6.0 2.4 6.0 
Figure4 

3.2 7.6 3.2 7.6 
ns 

0.7 0.7 ns Figures 1, 2 

1.3 1.3 ns Figures 1, 2 

2.0 2.0 ns Figures 1, 2 

Switch Positions 
for Parameter Testing 

Parameter S·Posltlon 

tPLH• tPHL Open 

tpHz, tpzH Open 

tpLZ, tpzL Closed 
ECL INPUTS 

S/H o---... D, LE Q 1-.--"<f'tllt--+I 11-P----.<J OUTPUT S/H 

son 

r-JV 
ov__J n 

INPUT 

OE ECL 

100393 

...... -~ 6~L T~N:UT 

-=I 

I 

I SOpF 
son : 

I-= 
~----- .. 

TL/F/106S0-4 

FIGURE 1. AC Test Setup 
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Switching Waveforms 

,.------" 
' '----------

---t--"- ~>------ 'i>w(L) ----~ ----
LE (TRANSPARENT) 503 (LATCHED) (TRANSPARENT) 

-----~~!_4~ ~~~ t:,--. 
~ "')K 1.SV 

~---------- ---.1 
FIGURE 2. Propagation Delays, Setup and Hold Times, and Pulse Width 

ON 
DISABLE 

TL/F/10650-5 

TL/F/10650-6 

FIGURE 3. Enable and Disable Waveforms, OE TTL 

ON 
DISABLE -0.0V 

FIGURE 4. Enable and Disable Waveforms, OE ECL 
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100395 
Low Power 9-Bit ECL-to-TTL 
Translator with Registers 

General Description 
The 100395 is a 9-bit translator for converting F1 OOK logic 
levels to FAST® TIL logic levels. A high on the output en­
able (OE) holds the TIL outputs in a high impedance state. 
Two separate clock inputs are available for multiplexing and 
system level testing. 

The 100395 is designed with FAST TIL 64 mA outputs for 
bus driving capability. All inputs have 50 kn pull down resis­
tors. When the inputs are either unconnected or at the same 
potential, the outputs will go LOW. 

Ordering Code: see section 6 

Logic Symbol 

CP1 
CP2 O"E--------

Connection Diagram 

Ds IJll 
D7 l!}l 

Da IHJ 
Oa [!fil 

07 lm 
05 (j] 

05 [j]] 

D5CP2 Vee VEE VeeCP1D4 

Wl [@] rn 00 !lHII III 

[fil~!Ii]~~~~ 

VccAOE VmVccAVccA04 03 

Oo-s 

TL/F/10651-1 

[±]D3 

[I] D2 

[I] D1 

moo 
~Oo 
gzJ 01 

~02 

TL/F/10651-2 

Features 
• 64 mA loL drive capability 
• 2000V ESD protection 
• - 4.2V to - 5. 7V operating range 
• Registered outputs 
• FAST TIL outputs 

Pin Names Description 

Do-De Data Inputs (EGL) 

Oo-Oa Data Outputs (TIL) 
OE Output Enable 

CP1. CP2 Clock Inputs 
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Logic Diagram 

Truth Table 
Inputs 

CP1 CP2 

_/ L 

L _/ 

_/ L 

L _/ 

H x 
x H 

L L 

x x 
H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 
Z = High Impedance 
NC = No Change 

CP1 

CP2 

OE 

OE 

L 

L 

L 

L 

x 
x 
x 
H 

..... 
0 
0 
w 
<O 
U1 

Q Oo 

CP 

Q 01 

CP 

Q 02 

CP 

Q 03 

CP 

Q 04 

CP 

Q 05 

CP 

Q 05 

CP 

Q 07 

CP 

Q Oa 

CP 

TL/F/10651-3 

Outputs 

DN QN 

L L 

L L 

H H 

H H 

x NC 

x NC 

x NC 

x z 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired (Note 1) Conditions 
If Miiitary/Aerospace specified devices are required, Case Temperature (Tc) o•cto +85°C 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. Supply Voltage 

Storage Temperature (Tsrn) - 65°C to + 15o•c VEE -5.7Vto -4.2V 
VnL + 4.5V to + 5.5V 

Maximum Junction Temperature (TJ) +150°c 

Case Temperature under Bias (Tc) o•cto +85°C 

VEE Pin Potential to 
Ground Pin -7.0Vto +0.5V 

VnL Pin Potential to 
Ground Pin -0.5Vto +6.0V 

ECL Input Voltage (DC) VEE to +0.5V 

TTL Input Voltage -0.5V to+ 7.0V 

Output Current 
(DC Output HIGH) +130 mA 

ESD (Note2) ~ 2000V 
Note 1: Absolute maximum ratings are those values beyond which the de-
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 
Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Commercial Version 

DC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee = VccA = GND, Tc = o·c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage 2.4 v loH = -15 mA J V1N = V1H (Max) 

Vol Output LOW Voltage 0.55 v loL = 64mA . I or V1L (Min) 

V1H Input HIGH Voltage -1165 -870 mV Guaranteed HIGH Signal for All Inputs 

V1L Input LOW Voltage -1830 -1475 mV Guaranteed LOW Signal for All Inputs 

l1L Input LOW Current 0.5 µA V1N = V1L (Min) 

l1H Input HIGH Current 240 µA V1N = V1H (Max) 

lozL TRI-STATE® Current 
-50 µA 

VouT = +0.4V 
Output High 

lozH TRI-STATE Current 
+50 µA 

VouT = +2.7V 
Output Low 

lcEx Output High Leakage Current 250 µA Vour =Vee 

los Output Short-Circuit Current -100 -225 mA 

IEE VEE Power Supply Current -67 -29 mA Inputs Open 

lccH VnL Power Supply Current High 29 mA 

lccL VnL Power Supply Current Low 65 mA 

lccz VnL Power Supply Current TRI-STATE 49 mA 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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PCC, AC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee= GND, VnL = +4.5V to +5.5V 

Symbol Parameter 
Tc= o·c Tc= +25°C 

Min Max Min Max 

tPLH Propagation Delay 2.30 5.00 2.30 5.00 
tPHL Clock to Output 3.00 5.60 3.00 5.60 

tpzL Output Enable Time 3.20 7.60 3.20 7.60 
tpzH OE! to ON 2.40 5.60 2.40 5.60 

tpLz Output Disable Time 3.20 7.60 3.20 7.60 
tpHz OEf to ON 2.40 5.60 2.40 5.60 

tH Data toCP, EN 1.5 1.5 
Hold Time 1.5 1.5 

ts Data toCP EN 0.5 0.5 
Setup Time 0.5 0.5 

tpw(H) Clock Pulse Width 2.0 2.0 

Test Circuit 

YnL = 5.0V 

Yee= ov VeeA = ov 

-0.95 

_J 
-1.71 

TTL 
ECL INPUTS OUTPUTS 

INPUT 1--'\/V\~---t D. CP1• CP2• OE Q 1-----------o OUTPUT 

-4V 

I SOpF 

-= 

1oon 
F100395 

soon 

Tc= +as·c 
Units Conditions 

Min 

2.30 
3.40 

3.20 
2.40 

3.20 
2.40 

1.5 
1.5 

0.5 
0.5 

2.0 

Max 

5.00 Figures 1, 2 
6.40 

ns 

7.60 Figures 1, 3 
5.60 

ns 

7.60 Figures 1, 3 
5.60 

ns 

ns 
Figures 1, 2 

ns 
Figures 1, 2 

ns Figures 1, 2 

Switch Positions for Parameter 
Testing 

Parameter S-Position 

tPLH· tPHL Open 

tpHz, tpzH Open 
tpLz, tpzL Closed 

TL/F/10651-4 

Notes: 

Vee= ov, VeeA = ov, VEE= -4.5V, VnL = +5V. 

All unused outputs are loaded with 500!1 to GND. Decoupling capacitors are necessary in the test and end 
application environment. When Vee and VeeA are common to a single power plane, typically O.OV, decou­
ple VnL to that plane with one 0.01 µF capacitor. 

FIGURE 1. AC Test Circuit 
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LD 
O> 

S Switching Waveforms 
0 ...... 

50% 

FIGURE 2. Propagation Delay and Transition Times 

fil~ 
tm~ ~~ r-

DISABLE : -3.5V 
I ON I 

LOW - - .L +-~----.. 1 

ON 
DISABLE 

tpzH -l 
HIGH - - - +-...----.. 1 

-0.0V 

FIGURE 3. Enable and Disable Waveforms, OE to QN 
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~National 
U Semiconductor 

100397 
Quad Differential ECL/TTL 
Translating Transceiver with Latch 
General Description 
The 100397 is a quad latched transceiver designed to con­
vert TTL logic levels to differential F1 OOK ECL logic levels 
and vice versa. This device was designed with the capability 
of driving a differential 25.fl ECL load with cutoff capability, 
and will sink a 64 mA TTL load. The 100397 is ideal for 
mixed technology applications utilizing either an ECL or TTL 
backplane. 

The direction of translation is set by the direction control pin 
(DIR). The DIR pin on the 100397 accepts F100K ECL logic 
levels. An ECL LOW on DIR sets up the ECL pins as inputs 
and TTL pins as outputs. An ECL HIGH on DIR sets up the 
TTL pins as inputs and ECL pins as outputs. 

A LOW on the output enable input pin (OE) holds the ECL 
output in a cut-off state and the TTL outputs at a high im­
pedance level. A HIGH on the latch enable input (LE) latch­
es the data at both inputs even though only one output is 
enabled at the time. A LOW on LE makes the latch transpar­
ent. 

The cut-off state is designed to be more negative than a 
normal ECL LOW level. This allows the output emitter-

Ordering Code: see section 6 

Logic Symbol 

Connection Diagrams 

24-Pin DIP 

Ea 24 LE 

Eo 23 GNOTTLO 

f1 22 To 

Ei 21 T1 

VEE 20 VnL 

GNDECL 19 GNDTTL 

GNDECLO 18 VnLD 

VErn 17 T2 

E2 16 T3 

f2 10 15 GNDTTLD 

E3 11 14 DIR 

E3 12 13 OE 

OE 

TL/F/10971-2 

followers to turn off when the termination supply is - 2.0V, 
presenting a high impedance to the data bus. This high im­
pedance reduces termination power and prevents loss of 
low state noise margin when several loads share the bus. 

The 100397 is designed with FAST® TTL output buffers, 
featuring optimal DC drive and capable of quickly charging 
and discharging highly capacitive loads. All inputs have 
50 Kn pull-down resistors. 

Features 
• Differential ECL input/ output structure 
• 64 mA FAST TTL outputs 
• 25.fl differential ECL outputs with cut-off 
• Bi-directional translation 
• 2000V ESD protection 
• Latched outputs 
• TRI-STATE® outputs 
• Voltage compensated 

operating range = - 4.2V to - 5. 7V 

LE 

DIR 

T3 l!l] 
T2 [!] 

Vmo ~ 
GNDS li}I 

GNDTTL [i]] 

Vm IW 
T1 I]] 

TL/F/10971-1 

28-Pin PCC 
c 

~ ~ 
~ ~ ~ ~ IL&J..-,L&J"'IL&JN 

1IJ E2 

0VEED 
III GNDECLO 

[!) GNDECL 

~GNDECL 

~VEE 

llliEi 

TL/F/10971-3 
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SEE DETAIL 

EcLci TTLO 
ECLO 

EcLi TTL 1 
ECL 1 

ffi2 TTL2 
ECL2 

ECL3 TTL3 
ECL3 

(LE) LATCH ENABLE 

(DIR) ECUTTL 
DECODE 

(OE) OUTPUT ENABLE 

TL/F/10971-5 

Note: LE, DIR, and OE use EGL logic levels 

Pin Names Description 

go-gs ECLDatal/O 
Eo-Es Complementary ECL Data 1/0 
To-Ts TTLDatal/O 
OE Output Enable Input (ECL Levels) 
LE Latch Enable Input (ECL Levels) 
DIR Direction Control Input (ECL levels) 

GNDECL ECLGround 
GNDECLO ECL Output Ground 
GNDS ECL Ground-to-Substrate 
VEE ECL Quiescent Power Supply 
VEED ECL Dynamic Power Supply 
GNDTTL TTL Quiescent Ground 
GNDTTLD TTL Dynamic Ground 
VnL TTL Quiescent Power Supply 
VnLD TTL Dynamic Power Supply 

All pins function at 1 OOK EGL levels except for To-T 3. 

2-290 

Detail 
0 

LATCH 

LATCH 
ENABLE 

DIRECTION 

OUTPUT 
ENABLE 

Truth Table 

LE DIR OE ECL TTL 
Port Port 

0 0 0 
LOW z 

(Cut-Off) 

0 0 1 Input Output 

0 1 0 

0 1 1 

1 0 0 

1 0 1 

1 1 0 

1 1 1 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 
Z = High Impedance 

LOW 
(Cut-Off) 

Output 

Input 

Latched 

LOW 
(Cut-Off) 

Latched 

Note 1: EGL input to TIL output mode. 

Note 2: TIL input to EGL output mode. 

Note 3: Retains data present before LE set HIGH. 

Note 4: Latch is transparent. 

z 

Input 

z 
x 

Input 

x 

TTL 

TL/F/10971-6 

Notes 

1, 4 

2,4 

1, 3 

1, 3 

2,3 

2,3 



Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, Voltage Applied to Output 
please contact the National Semiconductor Sales in HIGH State 
Office/Distributors for availability and specifications. TRI-STATE Output -0.5V to + 5.5V 

Storage Temperature (T srn) - 65°C to + 15o·c Current Applied to TTL 

Maximum Junction Temperature (TJ) Output in LOW State (Max) Twice the Rated loL (mA) 

Ceramic +175°C ESD (Note2) 22000V 
Plastic +150°c 

VEE Pin Potential to Recommended Operating 
Ground Pin -7.0Vto +o.5V Conditions 

VnL Pin Potential to Case Temperature (Tc) 
Ground Pin -0.5V to +6.0V Commercial o•cto +85°C 

ECL Input Voltage (DC) VEE to +0.5V Industrial - 4o·c to + 85°C 
ECL Output Current Military - 55°C to + 125·c 

(DC Output HIGH) -50mA ECL Supply Voltage (VEE) -S.7V to -4.2V 
TTL Input Voltage (Note 3) -0.5V to + 7.0V TTL Supply Voltage (Vnu + 4.5V to + 5.5V 
TTL Input Current (Note 3) -30 mA to +5.0 mA 
Note t: Absolute maximum ratings are those values beyond which the de-
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 
Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 
Note 3: Either voltage limit or current limit is sufficient to protect inputs. 

Commercial Version 

TTL-to-ECL DC Electrical Characteristics 
VEE = -4.2V to -5.7V, GND = OV, Tc = o·c to +85°C, VnL = + 4.5V to + 5.5V (Note 4) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -1025 -955 -870 mV V1N = V1H(Max) or V1L(Min) 

Vm Output LOW Voltage -1830 -1705 -1620 mV Loading with son to - 2V 

Cutoff Voltage OE and LE Low, DIR High 
-2000 -1950 mV V1N = V1H(Max) or V1L(Min), 

Loading with son to - 2V 

VoHC Output HIGH Voltage 
-1035 mV V1N = V1H(Min) Or V1L(Max) 

Corner Point High Loading with son to - 2V 

VoLC Output LOW Voltage 
-1610 mV 

Corner Point Low 

V1H Input HIGH Voltage 2.0 5.0 v Over VnL. VEE· Tc Range 

V1L Input LOW Voltage 0 0.8 v Over VnL. VEE· Tc Range 

l1H Input HIGH Current s.o µA V1N = +2.7V 

I av IT Input HIGH Current o.s mA 
V1N = 5.5V 

Breakdown (1/0) 

l1L Input LOW Current -1.0 mA V1N = +0.5V 

VFCD Input Clamp 
-1.2 v l1N = -18 rnA 

Diode Voltage 

IEE VEE Supply Current 
-99 -50 

LE Low, OE and DIR High 
Inputs Open 

IEEZ VEE Supply Current 
-159 -90 

LE and OE Low, Dir High 
Inputs Open 

Note 4: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Commercial Version (Continued) 

ECL-to-TTL DC Electrical· Characteristics 
VEE= -4.2V to -5.7V, GND = OV, Tc = 0°C to +85°C, CL= 50 pF, VnL = + 4.5V to + 5.5V (Note 4) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage 2.7 3.1 v loH = -3 mA, VnL = 4. 75V 

2.4 2.9 v loH = -3 mA, VnL = 4.50V 

VoL Output LOW Voltage 0.3 0.5 v loL = 24 mA, VnL = 4.50V 

V1H Input HIGH Voltage -1165 -870 mV Guaranteed HIGH Signal for All Inputs 

V1L Input LOW Voltage -1830 -1475 mV Guaranteed LOW Signal for All Inputs 

Vo1FF Input Voltage 
150 mV 

Required for Full Output Swing 

Differential 

VcM Common Mode Voltage GNDECL - 2.0 GNDECL - 0.5 v 
l1H Input HIGH Current V1N = V1H(Max) 

Eo-E3, Eo-E3 240 
µA 

OE, LE, DIR 35 

lcEX Output HIGH 
50 µA 

VouT = VnL 
Leakage Current 

lzz Bus Drainage Test 
500 µA 

VouT = 5.25V 

VnL = O.OV 

l1L Input LOW Current 0.50 µA V1N = V1L(Min) 

lozHT TRI-STATE Current 
70 µA 

VouT = +2.7V 
Output High 

lozLT TRI-STATE Current 
-650 µA 

VouT = +0.5V 
Output Low 

los Output Short-Circuit 
-100 -225 mA 

VouT = O.OV, VnL = + 5.5V 
Current 

lnL VnL Supply Current 39 mA TTL Outputs LOW 

27 mA TTL Outputs HIGH 

39 mA TTL Outputs in TRI-STATE 

Note 4: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Commercial Version (Continued) 

DIP and PCC TTL-to-ECL AC Electrical Characteristics 
VEE = -4.2V to -5.7V, VnL = +4.5V to +5.5V 

Symbol Parameter 
Tc= o·c Tc= 2s·c Tc= as·c 

Min Max Min Max Min 

FM ax Maximum Clock Frequency 180 180 180 

tPLH Tn to En, En 
0.9 2.1 0.8 2.2 0.7 

tPHL (Transparent) 

tPLH 
tPHL 

LE to En. En 
1.2 2.3 1.3 2.4 1.4 

tpzH OE to En. En 
2.5 4.5 2.5 4.5 2.5 

(Cutoff to High) 

tpHz OE to En. En 
2.1 3.8 2.3 4.0 2.5 

(High to Cutoff) 

tpHz DIR to En. En 
2.0 3.5 2.1 3.7 2.3 

(High to Cutoff) 

ts Tn to LE 0.8 0.8 0.8 

tH Tn to LE 0.6 0.6 0.6 

trLH Transition Time 
0.8 2.8 0.8 2.8 0.8 

trHL 20% to 80%, 80% to 20% 

DIP and PCC ECL-to-TTL AC Electrical Characteristics 
VEE = -4.2V to -5.7V, VnL = +4.5V to +5.5V, CL = 50 pF 

Max 

2.5 

2.5 

4.6 

4.5 

4.2 

2.8 

Symbol Parameter 
Tc= o·c Tc= 2s·c Tc= as·c 

Min Max Min Max Min Max 

FMax Maximum Clock Frequency 75 75 75 

tpLH En, En to Tn 
1.7 4.9 1.7 5.1 1.8 5.8 

tpHL (Transparent) 

tpLH LE to Tn 2.2 4.0 2.2 4.0 2.3 4.1 

tpHL 3.3 5.2 3.4 5.4 3.8 6.1 

tpzH OEtoTn 3.2 5.6 3.3 5.7 3.6 6.3 

tPZL (Enable Time) 4.9 8.3 5.1 8.5 5.6 9.2 

tpHz OEtoTn 3.6 8.6 3.5 8.3 3.5 7.5 

tpLz (Disable Time) 3.4 6.9 3.5 6.7 3.6 6.7 

tpHz DIR toTn 3.5 8.1 3.5 8.1 3.5 7.6 

tpLz (Disable Time) 3.4 6.8 3.4 6.7 3.6 6.7 

ts En. En to LE 0.6 0.6 0.6 

tH En, En to LE 0.7 0.7 0.7 

tpw(L) Pulse Width LE 2.0 2.0 2.0 
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Units Conditions 

MHz 

ns 
Figures 1, 3 

ns 
Figures 1, 3 

ns 
Figures 1, 3 

ns 
Figures 1, 3 

ns 
Figures 1, 3 

ns Figure 1, 3 

ns Figures 1, 3 

ns 
Figures 1, 3 

Units Conditions 

MHz 

ns 
Figures2, 4 

ns 
Figures2, 4 

ns 
Figures2, 5 

ns 
Figures2, 5 

ns 
Figures2, 6 

ns Figures2, 4 

El 
ns Figures2, 4 

ns Figures2, 4 
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TTL-to-ECL DC Electrical Characteristics 
VEE = -4.2V to -5.7V, GND = OV, Tc = - 40°C to + 85°C, VnL = + 4.5V to + 5.5V (Note 1) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -1085 -955 -870 mV V1N = V1H(Max) or V1L(Min) 

VoL Output LOW Voltage -1830 -1705 -1575 mV Loading with 50!1 to - 2V 

Cutoff Voltage OE and LE Low, DIR High 
-2000 -1900 mV V1N = V1H(Max) or V1L(Min)• 

Loading with 50!1 to - 2V 

VoHC Output HIGH Voltage 
-1095 mV V1N = V1H(Min) or V1L(Max) 

Corner Point High Loading with 50!1 to - 2V 

VoLC Output LOW Voltage 
-1565 mV 

Corner Point Low 

V1H Input HIGH Voltage 2.0 5.0 v Over VnL. VEE· Tc Range 

V1L Input LOW Voltage 0 0.8 v Over VnL• VEE· Tc Range 

l1H Input HIGH Current 5.0 µA V1N = +2.7V 

lsv1r Input HIGH Current 
0.5 mA 

V1N = 5.5V 
Breakdown (1/0) 

l1L Input LOW Current -1.0 mA V1N = +0.5V 

VFCD Input Clamp 
-1.2 v l1N = -18 mA 

Diode Voltage 

IEE VEE Supply Current 
-99 -40 

LE Low, OE and DIR High 
Inputs Open 

IEEZ VEE Supply Current 
-159 -90 

LE and OE Low, Dir High 
Inputs Open 

Note 1: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Industrial Version (Continued) 

ECL-to-TTL DC Electrical Characteristics 
VEE= -4.2V to -5.7V, GND = OV, Tc= -40°C to +85°C, CL= 50 pF, VnL = +4.5V to +5.5V (Note 1) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage 2.7 3.1 v loH = -3 mA, VnL = 4.75V 
2.4 2.9 v loH = - 3 mA, VnL = 4.50V 

VoL Output LOW Voltage 0.3 0.5 v loL = 24 mA, VnL = 4.50V 

V1H Input HIGH Voltage -1170 -870 mV Guaranteed HIGH Signal for All Inputs 

V1L Input LOW Voltage -1830 -1480 mV Guaranteed LOW Signal for All Inputs 

VolFF Input Voltage 
150 mV 

Required for Full Output Swing 
Differential 

VcM Common Mode Voltage GNDECL - 2.0 GNDECL - 0.5 v 
l1H Input HIGH Current V1N = V1H(Max) 

Eo-E3, Eo-E3 300 
µA 

OE, LE, DIR 35 

lcEX Output HIGH 
50 µA 

Vour = VnL 
Leakage Current 

lzz Bus Drainage Test 
500 µA 

VouT = 5.25V 
VnL = 0.0V 

l1L Input LOW Current 0.50 µA V1N = V1L(Min) 

lozHT TRI-STATE Current 
70 µA 

Vour = +2.7V 
Output High 

lozLT TRI-STATE Current 
-650 µA 

Vour = +0.5V 
Output Low 

los Output Short-Circuit 
-100 -225 mA 

VouT = O.OV, VnL = +5.5V 
Current 

lnL VnL Supply Current 39 mA TTL Outputs LOW 
27 mA TTL Outputs HIGH 
39 mA TTL Outputs in TRI-STATE 

Note 1: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions tor testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Industrial Version (Continued) 

PCC TTL-to-ECL AC Electrical Characteristics 
VEE= -4.2V to -5.7V, VnL = +4.5V to +5.5V 

Symbol Parameter 
Tc= -40°c Tc= +25°c Tc= +as·c 

Units Conditions 
Min Max Min Max Min Max 

FM ax Maximum Clock Frequency 180 180 180 MHz 

tPLH Tn to En, En 
0.9 2.4 0.8 2.2 0.7 2.5 ns 

Figures 1, 3 

tPHL (Transparent) 

tPLH LE to En. En 
1.2 2.3 1.3 

tPHL 
2.4 1.4 2.5 ns 

Figures 1, 3 

tpzH OE to En, En 
1.9 3.8 2.5 4.5 2.5 4.6 ns 

Figures 1, 3 
(Cutoff to High) 

tpHz OE to En. En 
2.5 4.7 2.3 4.0 2.5 4.5 ns 

Figures 1, 3 
(High to Cutoff) 

tpHz DIR to En, En 
1.8 3.5 2.1 3.7 2.3 4.2 ns 

Figures 1, 3 
(High to Cutoff) 

ts Tn to LE 0.8 0.8 0.8 ns Figures 1, 3 

tH Tn to LE 0.6 0.6 0.6 ns Figures 1, 3 

trLH Transition Time 
0.8 2.8 0.8 2.8 0.8 2.8 

Figures 1, 3 

trHL 20% to 80%, 80% to 20% 
ns 

PCC ECL-to-TTL AC Electrical Characteristics 
VEE = -4.2V to -5.7V, VnL = +4.5V to +5.5V, CL = 50 pF 

Symbol Parameter 
Tc= -40°c Tc= +25°C Tc= +as·c 

Units Conditions 
Min Max Min Max Min Max 

FMax Maximum Clock Frequency 75 75 75 MHz 

tPLH En. En to Tn 
1.7 4.9 1.7 5.1 1.8 5.8 ns 

Figures2, 4 

tpHL (Transparent) 

tPLH LE to Tn 2.2 4.3 2.2 4.0 2.3 4.1 Figures2, 4 

tPHL 3.3 5.2 3.4 5.4 3.8 6.1 
ns 

tpzH OEtoTn 3.1 5.6 3.3 5.7 3.6 6.3 Figures2, 5 

tpzL (Enable Time) 4.8 8.3 5.1 8.5 5.6 9.2 
ns 

tpHz OEtoTn 3.5 9.2 3.5 8.3 3.5 7.5 Figures2, 5 
ns 

tpLz (Disable Time) 3.2 7.3 3.5 6.7 3.6 6.7 

tpHz DIR to Tn 3.5 8.8 3.5 8.1 3.5 7.6 Figures2, 6 

tpLZ (Disable Time) 3.2 7.2 3.4 6.7 3.6 6.7 
ns 

ts En. En to LE 0.6 0.6 0.6 ns Figures2, 4 

tH En, En to LE 0.7 0.7 0.7 ns Figures2, 4 

tpw(L) Pulse Width LE 2.0 2.0 2.0 ns Figures2, 4 
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Military Version-Preliminary 

TTL-to-ECL DC Electrical Characteristics 
VEE= -4.2V to -5.7V, GND =av, Tc= -55°C to +125°C, VnL = +4.5V to +5.5V 

Symbol Parameter Min Max Units Tc Conditions 

VoH Output HIGH Voltage 
-1025 -870 mV 

o•cto 
+125°C 

-1085 -870 mV -55°c V1N = V1H (Max) 

Vol Output LOW Voltage o·cto orV1L (Min) 
-1830 -1620 mV 

+125°C 
Loading with 

50!1 to -2.0V 
-1830 -1555 mV -55°c 

Cutoff Voltage 
-1950 mV 

o•cto 
+125°C OE or DIR Low 

-1850 mV -55°c 

VoHC Output HIGH Voltage 
-1035 mV 

o·cto 
+ 125·c 

-1085 mV -55°c V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage 0°cto orV1L (Max) 50!1 to -2.0V 
-1610 mV 

+ 125°C 

-1555 mV -55°c 

V1H Input HIGH Voltage 
2.0 v 

-55°Cto Over VTTL• VEE· Tc Range 
+125°C 

V1L Input LOW Voltage 
0.8 v 

-55°C to Over VnL· VEE· Tc Range 
+125°C 

l1H Input HIGH Current 
70 µA 

-55°Cto V1N = +2.7V 
125°c 

Breakdown Test 
1.0 mA 

-55°Cto V1N = +5.5V 
+125°C 

l1L Input LOW Current 
-1.0 mA 

-55°Cto V1N = +0.5V 
+ 125·c 

VFCO Input Clamp 
-1.2 v 

-55°Cto l1N = -18 mA 
Diode Voltage +125°C 

IEE VEE Supply Current LE Low, OE and DIR High 
-55°Cto Inputs Open 

-165 -65 
mA 

+125°C VEE = -4.2V to -4.8V 
-175 -65 VEE = -4.2V to -5.7V 

Notes 

1, 2, 3 

1, 2, 3 

1, 2, 3, 4 

1, 2, 3, 4 

1, 2, 3 

1, 2, 3 

1, 2, 3 

1, 2, 3 
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Military Version-Preliminary (Continued) 

ECL-to-TTL DC Electrical Characteristics 
Vee = -4.2V to -5.7V, GND = OV, Tc = - 55°C to + 125°C, CL = 50 pF, VnL = + 4.5V to + 5.5V 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage 2.5 
mV 

0°C to + 125°C loH = -1 mA, VnL = 4.50V 
2.4 -55°C loH = -3 mA, VnL = 4.50V 

1, 2, 3 
Vol Output LOW Voltage 

0.5 mV 
-55°Cto loL = 24 mA, VnL = 4.50V 
+125°C 

V1H Input HIGH Voltage 
-1165 -870 mV 

-55°Cto Guaranteed HIGH Signal 
1, 2, 3, 4 

+125°C for All Inputs 

V1L Input LOW Voltage 
-1830 -1475 mV 

-55°Cto Guaranteed LOW Signal 
1, 2, 3, 4 

+125°C for All Inputs 

l1H Input HIGH Current 350 
µA 

0°C to Vee= -5.7V 
1, 2, 3 

500 +125°C V1N = V1H(Max) 

l1L Input LOW Current 
0.50 µA 

-55°Cto Vee= -4.2V 
1, 2, 3 

+125°C V1N = V1L(Min) 

lozHT TRI-STATE Current 
70 µA 

-55°Cto VouT = +2.7V 
1, 2, 3 

Output High + 125°C 

lozLT TRI-STATE Current 
-1.0 mA 

-55°Cto VouT = +0.5V 
1, 2, 3 

Output Low + 125°C 

los Output Short-Circuit 
-150 -60 mA 

-55°Cto VouT = o.ov, VnL = + 5.5V 
1, 2, 3 

CURRENT + 125°C 

lnL VnL Supply Current 75 mA 
-55°Cto 

TTL Outputs Low 

50 mA 
+ 125°C 

TTL Output High 1, 2, 3 
70 mA TTL Output in TRI-STATE 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 
Note 2: Screen tested 100% on each device at -55°C, +25°C, and +125°C, Subgroups, 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at -55°C, +25°C, and +125°C, Subgroups A1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 

TTL-to-ECL AC Electrical Characteristics 
Vee= -4.2V to -5.7V, VnL = +4.5V to +5.5V, Vee= VccA = GND 

Symbol Parameter 
Tc= -55°C Tc= +25°C Tc= +125°C 

Units Conditions Notes 
Min Max Min Max Min Max 

tPLH Tn to En, En 
1.0 3.9 u 3.6 u 4.0 ns 

Figures 1, 2 

tPHL (Transparent) 
1,2,3 

tPLH LE to En. En 
1.2 3.8 1.4 3.7 1.6 4.2 ns 

Figures 1, 2 

tPHL 

tpzH OE to En. En 
1.0 4.3 1.5 4.4 1.7 5.2 ns 

Figures 1, 2 
(Cutoff to HIGH) 

tpHz OE to En. En 
1.5 5.1 1.6 4.5 1.6 5.1 ns 

Figures 1, 2 
(HIGH to Cutoff) 

tpHz DIR to En, En 
1.6 4.7 1.6 4.3 1.7 4.9 ns 

Figures 1, 2 
1, 2, 3 

(HIGH to Cutoff) 

tset Tn to LE 2.5 2.0 2.5 ns Figures 1, 2 
4 

tho Id Tn to LE 2.5 2.0 2.5 ns Figures 1, 2 

tpw(H) Pulse Width LE 2.5 2.0 2.5 ns Figures 1, 2 4 

trLH Transition Time 
0.4 2.3 0.5 2.1 0.4 2.4 

Figures 1, 2 
4 

tTHL 20% to 80%, 80% to 20% 
ns 
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Military Version-Preliminary (Continued) 

ECL-to-TTL AC Electrical Characteristics 
VEE = -4.2V to -5.7V, VnL = +4.5V to +5.5V, GND = OV, CL = 50 pF 

Symbol Parameter 
Tc= -ss·c Tc= 2s0 c Tc= +125°c 

Units Conditions Notes 
Min Max Min Max Min Max 

tpLH En, En to Tn 
2.3 6.4 2.4 5.6 2.6 6.3 ns 

Figures3, 4 

tpHL (Transparent) 
1, 2, 3 

tpLH LE to Tn 
3.1 8.0 3.1 7.3 3.3 8.0 ns 

Figures3, 4 

tpHL 

tpzH OEtoTn 3.2 8.9 3.7 9.0 4.0 10.2 Figures3, 5 

tpzL (Enable Time) 3.6 9.4 4.0 9.3 4.3 10.4 
ns 

tpHz OEtoTn 3.2 9.9 3.3 9.0 3.5 9.4 Figures3, 5 
1, 2, 3 ns 

tpLZ (Disable Time) 3.0 9.7 3.4 8.8 4.1 10.6 

tpHz DIR to Tn 2.6 9.4 2.8 8.8 2.9 9.1 Figures3, 6 
ns 

tpLz (Disable Time) 2.7 8.5 3.1 8.0 4.0 9.7 

ts et En. En to LE 2.5 2.0 2.5 ns Figures3, 4 
4 

tho Id En, En to LE 3.0 2.5 3.0 ns Figures3, 4 

tpw(H) Pulse Width LE 2.5 2.0 5.0 ns Figures3, 4 4 

Test Circuitry (TTL-to-ECL) 
VTTL = 5V 

GND = OV t 

VEE = -4.5V 
4 

------------------~ r------------------~ 
TTL INPUT FORCE/SENSE CIRCUIT 

ECL OUTPUT SENSE CIRCUIT I 

_f"1 500. COAX _f"1 I 

r SECL : 

~ 500. y y 
ov F TTL---, .> I 

- - Rr •= I 

4500. E (OUT) 1--4 I 

SnL 
fl 500. COAX fl 

.AAA _.. 2:1 DIVIDER -==- I 

y y .... . T (IN) 
:: 1000. 

- I 

Rr ~ 
560. ~ 

I 
LE DIR OE I 

500. > - - • EQUIVALENT CIRCUIT FOR I 

-o~ -4V -2V/50!l. TERMINATION I 

-==- TTL INPUT SENSE -==- ------------------~ - 10: 1 DIVIDER -
CIRCUIT = 5000. TO GROUND 

--------------------~ ------------------ ECL INPUT FORCE/SENSE CIRCUIT 

-o:r-r----------'I FECL I ECL INPUT FORCE/SENSE I -1.71V 
I CIRCUIT I fl 500. COAX £j_ 
.. _________ .. 

SECL 
1- y y .> ·= 500. - - Rr .~ 

2: 1 DIVIDER -==-
~ 1000. 

-
~ 

• EQUIVALENT CIRCUIT FOR 

-4V -2V/50!l. TERMINATION 

-------------------- TL/F/10971-15 

Note 1: Rt = son termination. When an input or output is being monitored by a scope, Rt is supplied by the scope's son resistance. When an input or output is not 
being moinitored, and external son resistance must be applied to serve as Rt. 

Note 2: TTL and EGL force signals are brought to the OUT via son coax lines. 
Note 3: VnL is decoupled to grouond with 0.1 µ.F to ground, VEE is decoupled to ground with O.Q1 µ.F and GND is connected to ground. 
Note 4: For EGL input pins, the equivalent force/sense circuitry is optional. 

FIGURE 1. TTL·to-ECL AC Test Circuit 
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S Switching Waveforms (TTL-to-ECL) 
0 ,... 

TTL DATA oc:o 
I I I --~~~~~~~~~~~~~~~~~~~~~~~~--

! 

LATCH ENABLE 

DIRECTION CONTROL 

OUTPUT ENABLE 

ECL OUTPUT 

I 

803 

203 

I I 

~: 

~ 
I 

'Po ts 'H 'Po 'PHz 'PHz 'PzH 
FIGURE 2. TTL to ECL Transition-Propagation Delay and Transition Times 

Test Circuitry (ECL-to-TTL) 

TL/F/10971-9 

VTTL = 5V 

GND = OV --------------------~ ECL INPUT FORCE/SENSE CIRCUIT I 
VEE = -4.5V 

------------------· 

Rr 
5on 

TTL OUTPUT SENSE CIRCUIT 

~ : 
50pF I: 

10: 1 DIVIDER ":' I 
I 
I 

__________________ .. 

r----------• 

LE DIR OE 

I ECL INPUT FORCE/SENSE ;..I __ __. 

I CIRCUIT I .. _________ .. 

-0.95V I : 
.-----Fm -1.71V __J I 

50n 

1oon 

-4V 

2: 1 DIVIDER 

I 
I 

5EcL I 
I 
I 
I 
I 
I 
I 
I 

EQUIVALENT CIRCUIT FOR I 
-2V/5on TERMINATION I 

·--------------------~ 

--------------------· ECL INPUT FORCE/SENSE CIRCUIT 

r-----FECL 

-4V 

-0.95V I 
-1.71V __j 

EQUIVALENT CIRCUIT FOR 
-2V/5on TERMINATION ____________________ .. 

TL/F/10971-17 

Note 1: Rt = 5011 termination. When an input or output is being monitored by a scope, Rt is supplied by the scope's 5011 resistance. When an input or output is not 
being moinitored. and external 5011 resistance must be applied to serve as Rt. 

Note 2: The TTL Tri-State pull up switch is connected to + 7V only for ZL and LZ tests. 

Note 3: TTL and ECL force signals are brought to the OUT via 5011 coax lines. 

Note 4: VrrL is decoupled to grouond with 0.1 µ.F to ground, VEE is decoupled to ground with 0.01 µ.F and GND is connected to ground. 

FIGURE 3. ECL·to· TTL AC Test Circuit 
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Switching Waveforms (Continued) 

ECL DATA 

I f ! \ . ., , , ..... __ 
j\iw-

LATCH ENABLE 

TTL OUTPUT 
........... ~1~--_,. ....... ~~----1 

I ;-;-: ;-; 
ti>o ts 'H ti>o 

Note: DIR is LOW, and OE is HIGH Tl/F/10971-11 

FIGURE 4. ECL-to-TTL Transition-Propagation Delay and Transition Times 

OUTPUT ENABLE 

VoH (TTL) 

TTL OUTPUT 

ov 

3.SV 

TTL OUTPUT 

Vol (TTL) 

Note: DIR is LOW, LE is HIGH TL/F/10971-12 

FIGURE 5. ECL·to-TTL Transition, OE to TTL Output, Enable and Disable Times 

DIRECTION CONTROL 

tpHz 

VoH (TTL) 

TTL OUTPUT 

ov 

3.SV 

TTL OUTPUT Ell 
Vol (TTL) 

Note: OE is HIGH, LE is HIGH Tl/F/10971-13 

FIGURE 6. ECL-to-TTL Transition, DIR to TTL Output, Disable Time 
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OJ 

"' ~ 

0 

"' ~ 

~ OJ 

OJ ~ 
"' 

"' "' 
>-

WRITE 
DATA 

ADDRESSES 

READ/ 

F100360 
PARITY 

GEN. 

WRITE DATA 
LATCH PARITY 

1-----------DATA 
l/P 

ADDRESS 
LATCH 

CACHE 
512 KBYTE 

MEMORY ARRAY 

1----------- ADRS 

Cs 
WE 

MEMORY READ DATA LATCH STROBE 

0 

8 
"' 

100397 

TL/F/10971-14 

FIGURE 7. Applications Diagram-MOS/TTL SRAM Interface Using 100397 ECL-TTL Latched Translator 
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~National 
~Semiconductor 

100398 
Quad Differential ECL/TTL 
Translating Transceiver with Latch 

General Description 
The 100398 is a quad latched transceiver designed to con­
vert TTL logic levels to differential F1 OOK ECL logic levels 
and vice versa. This device was designed with the capability 
of driving a differential 25!l ECL load with cutoff capability, 
and will sink a 64 mA TTL load. The 100398 is ideal for 
mixed technology applications utilizing either an ECL or TTL 
backplane. 

The direction of translation is set by the direction control pin 
(DIR). The DIR pin on the 100398 accepts TTL logic levels. 
A TTL LOW on DIR sets up the ECL pins as inputs and TTL 
pins as outputs. A TTL HIGH on DIR sets up the TTL pins as 
inputs and ECL pins as outputs. 

A LOW on the output enable input pin (OE) holds the ECL 
output in a cut-off state and the TTL outputs at a high im­
pedance level. A HIGH on the latch enable input (LE) latch­
es the data at both inputs even though only one output is 
enabled at the time. A LOW on LE makes the latch transpar­
ent. 

The cut-off state is designed to be more negative than a 
normal ECL LOW level. This allows the output emitter-fol-

Ordering Code: see section 6 

Logic Symbol 

Connection Diagrams 
24-Pin DIP 

Ea 24 LE 

Ea 23 GNDTTLD 

E1 22 To 

E, 21 1, 

VEE 20 VnL 

GNDECL 19 GNDTTL 

GNDECLO 18 VTTLD 

VEEO 17 12 

E2 16 T3 

E2 10 15 GNDTTLD 

E3 11 14 DIR 

E3 12 13 OE 

OE 

TL/F/10970-2 

lowers to turn off when the termination supply is - 2.0V, 
presenting a high impedance to the data bus. This high im­
pedance reduces termination power and prevents loss of 
low state noise margin when several loads share the bus. 

The 100398 is designed with FAST® TTL output buffers, 
featuring optimal DC drive and capable of quickly charging 
and discharging highly capacitive loads. All Inputs have 
50 k!l pull-down resistors. 

Features 
• Differential ECL input/ output structure 
• 64 mA FAST TTL outputs 
• 25!l differential ECL outputs with cut-off 
• Bi-directional translation 
• 2000V ESD protection 
• Latched outputs 
• TRI-STATE® outputs 
• Voltage compensated 

operating range = - 4.2V to - 5. 7V 

LE 

DIR 

T3 IIlJ 
T2 fill 

VmD Im 
GNDS [i]] 

GNDTTL fill 
Vm IJll 

T1 fill 

TL/F/10970-1 

28-Pin PCC 

III E2 

III VEEO 
[I) GNDECLO 

[i] GNDECL 

iW GNDECL 

lllJ VEE 

IW E1 

TL/F/10970-3 
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SEE DETAIL 

ECi:O 
r---~ 

TTLO 
ECLO 

ECL 1 TTL 1 
ECL 1 

ECL2 TTL2 
ECL2 

'ffi3 TTL3 
ECL3 

(LE) LATCH ENABLE 

(DIR) ECUTTL 
DECODE 

(OE) OUTPUT ENABLE 

TL/F/10970-5 

Note: LE, and OE use TTL logic levels 

Pin Names Description 

Eo-E3 ECL Data 1/0 
Eo-E3 Complementary ECL 

Data 1/0 
To-T3 TTLDatal/O 
OE Output Enable Input Levels 
LE Latch Enable Input Levels 
DIR Direction Control 

Input (TTL levels) 

GNDECL ECLGround 
GNDECLO ECL Output Ground 
GNDS ECL Ground-to-Substrate 

VEE ECL Quiescent Power Supply 

VEED ECL Dynamic Power Supply 
GNDTTL TTL Quiescent Ground 
GNDTTLD TTL Dynamic Ground 

VnL TTL Quiescent Power Supply 

VnLD TTL Dynamic Power Supply 

2-304 

Detail 
D 

LATCH 

LATCH 
ENABLE 

DIRECTION 

OUTPUT 
ENABLE 

Truth Table 

LE DIR OE ECL TTL 
Port Port 

0 0 0 
LOW z 

(Cut-Off) 

0 0 1 Input Output 

0 1 0 

0 1 1 

1 0 0 

1 0 1 

1 1 0 

1 1 1 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 
Z = High Impedance 

LOW 
(Cut-Off) 

Output 

Input 

Latched 

Low 
(Cut-Off) 

Latched 

Note 1: ECL input to TTL output mode. 

Note 2: TTL input to ECL output mode. 

Note 3: Retains data present before LE set HIGH. 

Note 4: Latch is transparent. 

z 

Input 

z 
x 

Input 

x 

TTL 

TL/F/10970-6 

Notes 

1, 4 

2,4 

1, 3 

1, 3 

2,3 

2,3 



Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, Voltage Applied to Output 
please contact the National Semiconductor Sales in HIGH State 
Office/Distributors for availability and specifications. TRI-STATE Output -0.5Vto +S.SV 

Storage Temperature (T srn) - 6S°C to + 1 so°C Current Applied to TTL 

Maximum Junction Temperature (TJ) Output in LOW State (Max) Twice the Rated loL (mA) 

Ceramic +17S°C ESD (Note 2) :?:2000V 
Plastic +150°C 

VEE Pin Potential to Recommended Operating 
Ground Pin -7.0Vto +0.5V Conditions 

VnL Pin Potential to Case Temperature (Tc) 
Ground Pin -0.SVto +6.0V Commercial 0°Cto +8S°C 

EGL Input Voltage (DC) VEE to +0.5V Industrial -40°C to +85°C 
EGL Output Current Military - S5°C to + 125°C 

(DC Output HIGH) -SOmA EGL Supply Voltage (VEE) -5.7Vto -4.2V 
TTL Input Voltage (Note 4) -0.5V to+ 7.0V TTL Supply Voltage (Vnd + 4.SV to + S.5V 
TTL Input Current (Note 4) -30 mA to + S.O mA 
Note 1: Absolute maximum ratings are those values beyond which the de-
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 
Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Commercial Version 

TTL-to-ECL DC Electrical Characteristics 
VEE = -4.2V to -S.7V, GND = ov, Tc = 0°C to +8S°C, VnL = + 4.5V to + S.SV (Note 4) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -102s -955 -870 mV V1N = V1H(Max) or V1L(Min) 

Vol Output LOW Voltage -1830 -1705 -1620 mV Loading with son to - 2v 

Cutoff Voltage OE and LE Low, DIR High 

-2000 -1950 mV V1N = V1H(Max) or V1L(Min), 
Loading with son to - 2V 

Vo HG Output HIGH Voltage 
-103S mV 

V1N = V1H(Min) or V1L(Max) 
Corner Point High Loading with 500. to - 2V 

VoLC Output LOW Voltage 
-1610 mV 

Corner Point Low 

V1H Input HIGH Voltage 2.0 s.o v Over VnL. VEE· Tc Range 

V1L Input LOW Voltage 0 0.8 v Over VnL. VEE· Tc Range 

l1H Input HIGH Current s.o µA V1N = +2.7V 

Breakdown Test 0.5 mA V1N = +S.SV 

l1L Input LOW Current -700 µA V1N = +O.SV 

VFCD Input Clamp 
-1.2 v 

l1N = -18mA 

Diode Voltage 

IEE VEE Supply Current 
-99 -so mA 

LE Low, OE and DIR High 

Inputs Open 
El 

IEEZ VEE Supply Current 
-1S9 -90 mA 

LE and OE Low, DIR High 

Inputs Open 

Note 3: Either voltage limit or current limit is sufficient to protect inputs. 
Note 4: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Commercial Version (Continued) 

ECL-to-TTL DC Electrical Characteristics 
Vee = -4.2V to -5.7V, GND = OV, Tc = 0°C to +85°C, CL = 50 pF, VnL = +4.5V to +5.5V (Note 4) 

Symbol 

VoL 

Vo1FF 

lozHT 

lozLT 

los 

lcex 

lzz 

lnL 

Parameter 

Output HIGH Voltage 

Output LOW Voltage 

Input HIGH Voltage 

Input LOW Voltage 

Input Voltage 
Differential 

Common Mode 
Voltage 

Input HIGH Current 

Input LOW Current 

TRI-STATE Current 
Output High 

TRI-STATE Current 
Output Low 

Output Short-Circuit 
Current 

Output HIGH 
Leakage Current 

Bus Drainage Test 

VnL Supply Current 

Min 

2.7 
2.4 

-1165 

-1830 

150 

GNDECL - 2.0 

0.50 

-650 

-100 

Typ 

3.1 
2.9 

0.3 

Max 

0.5 

-870 

-1475 

GNDECL - 0.5 

30 

70 

-225 

50 

500 

39 
27 
39 

Units 

v 
v 
v 

mV 

mV 

mV 

v 

µA 
µA 

µA 

µA 

mA 

µA 

µA 

mA 
mA 
mA 

Conditions 

loH = -3 mA, VnL = 4.75V 
loH = -3 mA, VnL = 4.50V 

loL = 24 mA, VnL = 4.50V 

Guaranteed HIGH Signal for All Inputs 

Guaranteed LOW Signal for All Inputs 

Required for Full 
Output Swing 

Vour = +2.7V 

Vour = +0.5V 

Vour = o.ov, VnL = +5.5V 

Vour = 5.5V 

Vour = 5.25V 

TTL Outputs LOW 
TTL Outputs HIGH 
TTL Outputs in TRI-STATE 

Note 4: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

DIP and PCC TTL-to-ECL AC Electrical Characteristics 
Vee= -4.2V to -5.7V, VnL = +4.5V to +5.5V 

Symbol Parameter 
Tc= 0°C Tc= 25°C Tc= 85°C 

Fmax 

tpzH 

ts 

trLH 
trHL 

Toggle Frequency 

Tn to En, En 
(Transparent) 

OE to En, En 
(Cutoff to High) 

OE to En, En · 
(High to Cutoff) 

DIR to En, En 
(High to Cutoff) 

Tn to LE 

Transition Time 
20% to 80%, 80% to 20% 

Min Max 

180 

0.90 2.10 

1.40 2.70 

2.90 8.00 

1.30 2.70 

1.30 2.70 

0.70 

0.90 

0.45 1.50 

Min Max Min Max 

180 180 

0.80 2.20 0.70 2.50 

1.50 2.70 1.80 3.10 

2.80 6.90 2.80 5.80 

1.40 2.90 1.70 3.40 

1.40 2.90 1.80 3.50 

0.70 0.70 

0.80 0.70 

0.45 1.50 0.45 1.50 

2-306 

Units Conditions 

MHz 

ns 
Figures 1, 3 

ns Figures 1, 3 

ns 
Figures 1, 3 

ns 
Figures 1, 3 

ns 
Figures 1, 3 

ns Figures 1, 3 

ns Figures 1, 3 

ns 
Figures 1, 3 



Commercial Version (Continued) 

DIP and PCC ECL-to-TTL AC Electrical Characteristics 
VEE = -4.2V to -5.7V, VnL = +4.5V to +5.5V, CL = 50 pF 

Symbol Parameter 
Tc= 0°C Tc= 25°C Tc= 85°C 

Min Max Min Max Min Max 

Fm ax Toggle Frequency 75 75 7S 

tpLH En. En to Tn 
1.70 4.90 1.70 5.10 1.80 S.80 

tPHL (Transparent) 

tPLH LE to Tn 2.30 4.60 2.40 4.70 2.60 4.90 

tPHL 3.30 5.SO 3.50 5.70 4.00 6.70 

tpzH OEtoTn 2.30 4.90 2.10 4.70 2.00 4.30 

tpzL (Enable Time) 4.10 7.90 4.10 7.80 4.20 7.80 

tpHz OEtoTn 3.30 7.90 3.30 7.50 3.70 7.90 

tpLz (Disable Time) 4.10 7.50 4.30 7.80 5.30 9.40 

tpHz DIR toTn 2.00 6.00 1.90 S.70 1.70 5.20 

tpLz (Disable Time) 2.00 4.00 2.00 3.70 1.90 3.70 

ts En, En to LE 0.50 0.50 o.so 

tH En, En to LE 1.00 1.00 1.00 

Industrial Version 

TTL-to-ECL DC Electrical Characteristics 
VEE = -4.2V to -S.7V, GND = OV, Tc = -40°C to +8S°C, VnL = +4.SV to +s.sv (Note 1) 

Symbol Parameter Min Typ Max Units 

VoH Output HIGH Voltage -108S -9SS -870 mV 

VOL Output LOW Voltage -1830 -170S -1S7S mV 

Cutoff Voltage 
-2000 -1900 mV 

VoHC Output HIGH Voltage 
-109S 

mV 
Corner Point High 

VoLC Output LOW Voltage 
-1S6S mV 

Corner Point Low 

V1H Input HIGH Voltage 2.0 s.o v 

V1L Input LOW Voltage 0 0.8 v 

l1H Input HIGH Current s.o µA 

Breakdown Test o.s mA 

l1L Input LOW Current -700 µA 

VFCD Input Clamp 
-1.2 v 

Diode Voltage 

IEE VEE Supply Current 
-99 -40 mA 

Units Conditions 

MHz 

ns 
Figures2, 4 

ns 
Figures2, 4 

ns 
Figures2, 5 

ns 
Figures2, 5 

ns 
Figures2, 6 

ns Figures2, 4 

ns Figures2, 4 

Conditions 

V1N = V1H(Max) or V1L(Min) 
Loading with son to - 2V 

OE and LE Low, DIR High 

V1N = V1H(Max) or V1L(Min)• 
Loading with son to - 2V 

V1N = V1H(Min) or V1L(Max) 
Loading with son to - 2V 

Over VnL. VEE· Tc Range 

Over VnL. VEE· Tc Range 

V1N = +2.7V 

V1N = +5.SV 

V1N = +O.SV 

l1N = -18 mA 

LE Low, OE and DIR High 
Inputs Open 

Note 1: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Industrial Version (Continued) 

ECL-to-TTL DC Electrical Characteristics 
VEE= -4.2V to -5.7V, GND = OV, Tc = -40°C to +85°C, CL = 50 pF, VnL = + 4.5V to + 5.5V (Note 1) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage 2.7 3.1 v loH = -3 mA, VnL = 4.75V 

2.4 2.9 v loH = -3 mA, VnL = 4.50V 

Vm Output LOW Voltage 0.3 0.5 v loL = 24 mA, VnL = 4.50V 

V1H Input HIGH Voltage -1170 -870 mV Guaranteed HIGH Signal for All Inputs 

V1L Input LOW Voltage -1830 -1480 mV Guaranteed LOW Signal for All Inputs 

Vo1FF Input Voltage Differential 150 mV Required for Full Output Swing 

VcM Common Mode 
GNDECL - 2.0 GNDECL - 0.5 v 

Voltage 

l1H Input HIGH Current 35 µA V1N = V1H(Max) 

l1L Input LOW Current 0.50 µA V1N = V1H(Min) 

lozHT TRI-ST ATE Current 
70 µA 

VouT = +2.7V 
Output High 

lozLT TRI-ST ATE Current 
-650 µA 

VouT = +0.5V 
Output Low 

los Output Short-Circuit 
-100 -225 mA 

VouT = o.ov, VnL = + 5.5V 
Current 

le EX Output HIGH 
50 µA 

VouT = 5.5V 
Leakage Current 

lzz Bus Drainage Test 500 µA VouT = 5.25V 

lnL VnL Supply Current 39 mA TTL Outputs LOW 

27 mA TTL Outputs HIGH 

39 mA TTL Outputs in TRI-STATE 

Note 1: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

PCC TTL-to-ECL AC Electrical Characteristics 
VEE = -4.2V to -5.7V, VnL = + 4.5V to + 5.5V 

Symbol Parameter 
Tc= -40°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

Fmax Toggle Frequency 180 180 180 MHz 

tPLH Tn to En, En 
0.90 2.40 0.80 2.20 0.70 2.50 ns 

Figures 1, 3 

tPHL (Transparent) 

tPLH LE to En, En 

tPHL 
1.30 2.70 1.50 2.70 1.80 3.10 ns 

Figures 1, 3 

tpzH OE to En. En 
2.90 9.00 2.80 6.90 2.80 5.80 ns 

Figures 1, 3 

(Cutoff to High) 

tpHz OE to En. En 
1.10 2.70 1.40 2.90 1.70 3.40 ns 

Figures 1, 3 
(High to Cutoff) 

tpHz DIR to En. En 
1.10 2.70 1.40 2.90 1.80 3.50 ns 

Figures 1, 3 
(High to Cutoff) 

ts Tn to LE 0.70 0.70 0.70 ns Figures 1, 3 

tH Tn to LE 0.90 0.90 0.90 ns Figures 1, 3 

tTLH Transition Time 
0.45 2.20 0.45 1.50 0.45 1.50 Figures 1, 3 

tTHL 20% to 80%, 80% to 20% 
ns 
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Industrial Version (Continued) 

PCC ECL-to-TTL AC Electrical Characteristics 
VEE= -4.2V to -5.7V, VnL = +4.5V to +5.5V, CL= 50 pF 

Symbol Parameter 
Tc= -40°C Tc= +25°C 

Min Max Min Max 

Fmax Toggle Frequency 75 75 

tPLH En. En to Tn 
1.70 4.90 1.70 5.10 

tPHL (Transparent) 

tPLH LE toTn 2.30 4.80 2.40 4.70 

tPHL 3.30 5.50 3.50 5.70 

tpzH OEtoTn 2.30 5.50 2.10 4.70 

tpzL (Enable Time) 4.10 8.20 4.10 7.80 

tpHz OEtoTn 3.20 7.90 3.30 7.50 

tpLz (Disable Time) 4.00 7.40 4.30 7.80 

tpHz DIR toTn 2.00 6.60 1.90 5.70 

tpLz (Disable Time) 2.10 4.70 2.00 3.70 

ts En. En to LE 0.50 0.50 

tH En, En to LE 1.00 1.00 
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Tc= +85°C 

Min Max 

75 

1.80 5.80 

2.60 4.90 
4.00 6.70 

2.00 4.30 

4.20 7.80 

3.70 7.90 

5.30 9.40 

1.70 5.20 

1.90 3.70 

0.50 

1.00 

Units 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Conditions 

Figures2, 4 

Figures2, 4 

Figures2, 5 

Figures2, 5 

Figures2, 6 

Figures2, 4 

Figures2, 4 
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Military Version-Preliminary 

TTL-to-ECL DC Electrical Characteristics 
VEE = -4.2V to -5.7V, GND = ov, Tc = - 55°C to + 125°C, VrrL = + 4.5V to + 5.5V 

Symbol Parameter Min Max Units Tc Conditions 

VoH Output HIGH Voltage 
-1025 -870 mV 

0°Cto 
+ 125·c 

-1085 -870 mV -55°c V1N = V1H (Max) 

VoL Output LOW Voltage o·cto orV1L (Min) 
-1830 -1620 mV 

+125°C 
Loading with 

50!!to -2.0V 
-1830 -1555 mV -55°C 

Cutoff Voltage 
-1950 mV 

0°cto 
+ 125°C OE or DIR Low 

-1850 mV -55°C 

VoHC Output HIGH Voltage 
-1035 mV 

0°Cto 
+ 125·c 

-1085 mV -55°c V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage 0°cto orV1L (Max) 50!! 0 to - 2.0V 
-1610 mV 

+125°c 

-1555 mV -55°c 

V1H Input HIGH Voltage 
2.0 v 

-55°C to Over VrrL. VEE· Tc Range 
+ 125•c 

V1L Input LOW Voltage 
0.8 v 

-55°Cto Over VrrL. VEE· Tc Range 
+ 125·c 

l1H Input HIGH Current 
70 µA 

-55°Cto 
V1N = +2.7V 

125°c 

Breakdown Test 
1.0 mA 

-55°Cto 
V1N = +5.5V 

+ 125·c 

l1L Input LOW Current 
-1.0 mA 

-55°Cto V1N = +0.5V 
+ 125°c 

VFCD Input Clamp 
-1.2 v 

-55°Cto l1N = -18mA 
Diode Voltage + 125° c 

IEE VEE Supply Current LE Low, OE and DIR High 
-55°Cto Inputs Open 

-165 -65 
mA 

+ 125°c VEE = -4.2V to -4.8V 
-175 -65 VEE = -4.2V to -5.7V 
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Military Version-Preliminary (Continued) 

ECL-to-TTL DC Electrical Characteristics 
VEE = -4.2V to -5.7V, GND = ov, Tc = - 55°C to + 125°C, CL = 50 pF, VnL = + 4.5V to + 5.5V 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage 2.5 
mV 

0°C to + 125°C loH = -1 mA, VnL = 4.50V 
2.4 -55°C loH = - 3 mA, VnL = 4.50V 

1, 2, 3 
VoL Output LOW Voltage 

0.5 mV 
-55°Cto loL = 24 mA, VnL = 4.50V 
+125°C 

V1H Input HIGH Voltage 
-1165 -870 mV 

-55°Cto Guaranteed HIGH Signal 
1,2,3,4 

+125°C for All Inputs 

V1L Input LOW Voltage 
-1830 -1475 mV 

-55°Cto Guaranteed LOW Signal 
1,2,3,4 

+125°C for All Inputs 

l1H Input HIGH Current 350 
µA 

0°Cto VEE= -5.7V 
1, 2, 3 

500 + 125°C V1N = V1H(Max) 

l1L Input LOW Current 
0.50 µA 

-55°Cto VEE= -4.2V 
1, 2, 3 

+ 125°C V1N = VJL(Min) 

lozHT TRI-STATE Current 
70 µA 

-55°Cto VouT = +2.7V 
1, 2, 3 

Output High + 125°C 

lozLT TRI-STATE Current 
-1.0 mA 

-55°Cto VouT = +0.5V 
1, 2, 3 

Output Low + 125°C 

los Output Short-Circuit 
-150 -60 mA 

-55°Cto VouT = O.OV, VnL = + 5.5V 
1, 2, 3 

Current + 125°C 

lnL VnL Supply Current 75 mA -55°Cto TTL Outputs Low 
50 mA + 125°C TTL Output High 1, 2, 3 
70 mA TTL Output in TRI-STATE 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 
Note 2: Screen tested 100% on each device at -55°C, + 25°C, and + 125°C, Subgroups, 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at -55°C, + 25°C, and + 125°C, Subgroups A 1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 

TTL-to-ECL AC Electrical Characteristics 
VEE= -4.2V to -5.7V, VnL = +4.5V to +5.5V, GND = OV 

Symbol Parameter 
Tc= -55°C Tc= +25°C Tc= +125°C 

Units Conditions Notes 
Min Max Min Max Min Max 

tPLH Tn to En, En 
1.0 3.9 1.1 3.6 1.1 4.0 

ns Figures 1, 2 

tPHL (Transparent) 
1, 2, 3 

tPLH LE to En. En 
1.2 3.8 1.4 3.7 1.6 4.2 

ns Figures 1, 2 

tPHL 

tpzH OE to En. En 
1.0 4.3 1.5 4.4 1.7 5.2 ns 

Figures 1, 2 

(Cutoff to HIGH) 

tpHz OE to En. En 
1.5 5.1 1.6 4.5 1.6 5.1 ns 

Figures 1, 2 
1, 2, 3 

(HIGH to Cutoff) 

tpHz DIR to En. En 
1.6 4.7 1.6 4.3 1.7 4.9 ns 

Figures 1, 2 

(HIGH to Cutoff) 

ts Tn to LE 2.5 2.0 2.5 ns Figures 1, 2 
4 

tH Tn to LE 2.5 2.0 2.5 ns Figures 1, 2 

tpw(H) Pulse Width LE 2.5 2.0 2.5 ns Figures 1, 2 4 

tTLH Transition Time 
0.4 2.3 0.5 2.1 0.4 2.4 

Figures 1, 2 
4 

tTHL 20% to 80%, 80% to 20% 
ns 
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Military Version-Preliminary (Continued) 

ECL-to-TTL AC Electrical Characteristics 
VEE = -4.2V to -5.7V, VnL = +4.5V to +5.5V, GND = OV, CL= 50 pF 

Symbol Parameter 
Tc= -55°C Tc= +2S°C Tc= + 125°C 

tPLH En, En to Tn 

tPHL (Transparent) 

tPLH LE to Tn 

tPHL 

tpzH OEtoTn 

tpzL (Enable Time) 

tpHz OEtoTn 
tpLZ (Disable Time) 

tpHz DIR to Tn 
tpLZ (Disable Time) 

ts En, En to LE 

tH En, En to LE 

tpw(H) Pulse Width LE 

Test Circuitry 

3VI 

ov__J 

ATTENUATOR 

Min 

2.3 

3.1 

3.2 
3.6 

3.2 
3.0 

2.6 
2.7 

'2.5 

3.0 

2.5 

Max 

6.4 

8.0 

8.9 
9.4 

9.9 
9.7 

9.4 
8.5 

VTTL = SV 

GND = OV 

Min Max Min 

2.4 5.6 2.6 

3.1 7.3 3.3 

3.7 9.0 4.0 
4.0 9.3 4.3 

3.3 9.0 3.5 
3.4 8.8 4.1 

2.8 8.8 2.9 
3.1 8.0 4.0 

2.0 2.5 

2.5 3.0 

2.0 5.0 

VEE = -4.SV 

OUT 

LE DIR OE 

-4V 

so.a 

ECL 
TERMINATOR 

NET 

------------· ·----· 
F ECL : ·----· 

ECL 
TERMINATOR 

NET ·----· 
F ECL : 

(SEE CIRCUIT DETAIL A) 

·----· 
F TTL -TTL FORCING FUNCTION 
F ECL - ECL FORCING FUNCTION 

TL/F/10970-7 

FIGURE 1. TTL·to-ECL AC Test Circuit 
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Max 

6.3 

8.0 

10.2 
10.4 

9.4 
10.6 

9.1 
9.7 

-4V 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

F ECL 

son. 

100.n 

Conditions Notes 

Figures3, 4 

1, 2, 3 
Figures3, 4 

Figures3, 5 

Figures3, 5 
1, 2, 3 

Figures3, 6 

Figures3, 4 
4 

Figures3, 4 

Figures3, 4 4 

-0.95 

_J 
-1.71 

so.a 

ECL 
TERMINATOR ·----------------· NET 
TL/F/10970-8 



Test Circuitry (Continued) 

S/H 

son 

Ct = 50 pF including stray and jig capacitance. 

VTTL = SV 

GND = OV 

VEE = -4.SV 

{ 

ZL 

LZ 

-7 

soon 

4SOn 

I~ 

OUT 

LE DIR OE 

f ECL 

son 

1oon 

-.9S 

__] 
-1.71 

son 

-4V ECL 
TERMINATOR ----------------· ·----· NET 

f ECL : ·----· 
·----· 

f ECL : ·----· 

ECL 
TERMINATOR 

NET 
(USE CIRCUIT SHOWN ABOVE) 

f ECL - ECL FORCING FUNCTION 

Note: son to ground termination must be Included on ECL 1/0 pins not monitored by a son scope to prevent oscillatory feedback. 

FIGURE 2. ECL-to-TTL AC Test Circuit 

Switching Waveforms 

TL/F/10970-10 

TTL DATA ~-------------------------------------------------
LATCH ENABLE 

DIRECTION CONTROL 

OUTPUT ENABLE 

ECL OUTPUT 
BOX 

20X 
I 

I I I 

-l- H :--: H l-l 
ti>o ts \ii ti>o ti>Hz ti>Hz ti>zH 

FIGURE 3. TTL-to-ECL Transition-Propagation Delay and Transition Times 
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Switching Waveforms (Continued) 

ECL DATA 

I 

I I! \ 
... -+---+-""'· 1 I 1---

-j 'iiw -

LATCH ENABLE 

TTL OUTPUT 

I 
I I ,-. 

ti>o 
TL/F/10970-11 

Note: DIR is LOW, and OE is HIGH 

FIGURE 4. ECL-to-TTL Transition-Propagation Delay and Transition Times 

OUTPUT ENABLE 

VoH (TTL) 

TTL OUTPUT 

ov 

3.SV 

TTL OUTPUT 

Vol (TTL) 

Note: DIR is LOW, LE is HIGH TL/F/10970-12 

FIGURE 5. ECL-to-TTL Transition, OE to TTL Output, Enable and Disable Times 

DIRECTION CONTROL 

VoH (TTL) 

TTL OUTPUT 

ov 

3.SV 

TTL OUTPUT 

Vol (TTL) 

Note: OE is HIGH, LE is HIGH TL/F/10970-13 

FIGURE 6. ECL-to-TTL Transition, DIR to TTL Output, Disable Time 
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Applications 

g 
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~ 

0 

"' 
~ 

cc g 
0 

"' 
:::IE 

<( 

"' 

WRITE 
DATA 

ADDRESSES 

READ/ 

f100360 
PARITY 

GEN. 

100398 PARITY 

WRITE DATA 
LATCH PARITY 

1-----------M DATA 
1/P 

CACHE 
512 KBYTE 

MEMORY ARRAY 

ADDRESS 
LATCH 

1-----------M ADRS 

ENABLE OUTPUT DATA 

MEMORY READ DATA LATCH STROBE 

cs 
'WE 

100398 

TL/F/10970-14 

FIGURE 7. Applications Diagram-MOS/TTL SAAM Interface Using 100398 ECL-TTL Latched Translator 
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~National 
U Semiconductor 

100117 
Triple 2-Wide OA/OAI Gate 

General Description 
The 100117 is a monolithic triple 2-wide OR/ AND gate with 
true and complement outputs. All inputs have 50 kfl pull­
down resistors and all outputs are buffered. 

Ordering Code: see section 6 

Logic Symbol 

TLIF/9843-3 

Connection Diagrams 

24-Pin DIP 

02c 1 24 01c 

03c 2 23 04b 

04c 3 22 03b 

oc 4 21 02b 

oc 5 20 01b 

Vee 6 19 Ee 

VeeA 7 18 VEE 

ob 8 17 Eb 

ob 9 16 E11 

611 10 15 0411 

011 11 14 0311 

0111 12 13 0211 

TL/F/9843-1 
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Not Intended For New Designs 

Pin Names 

Dna-Dnc 
Ea-Ee 
Oa-Oc 
Oa-Oc 

Description 

Data Inputs 
Enable Inputs 
Data Outputs 
Complementary Data Outputs 

24-Pin Quad Cerpak 

02b 01 b Ee YEE Eb Ell 

24 23 22 21 20 19 

18 0411 

17 0311 

16 0211 

15 0111 

14 011 

13 011 
7 8 9 10 11 12 

TL/F/9843-2 

...... 
0 
0 ...... ...... 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military I Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°Cto +85°C 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin -7.0Vto +0.5V 
Office/Distributors for availability and specifications. 

Input Voltage (DC) VEEto +0.5V 
Storage Temperature -65°C to + 150°C 

Output Current (DC Output HIGH) -50mA 
Maximum Junction Temperature (T J) +150°C Operating Range (Note 2) ~5.7V to -:::4.2V 

DC Electrical Characteristics 
VEE = -4.5V, Vee = VccA = GND, Tc = 0°C to + 85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1025 -955 -880 
mV V1N =V1H (Max) Loading with 

VOL Output LOW Voltage -1810 -1705 -1620 orV1l(Min) 50!1to -2.0V 

VoHC Output HIGH Voltage -1035 
mV V1N = V1H (Min) Loading with 

VOLc Output LOW Voltage -1610 orV1l(Max) 50!1 to -2.0V 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.2V, Vee = VccA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max .Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1605 orV1l(Min) 50!1to -2.0V 
... 

VoHC Output HIGH Voltage -1030 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1595 or Vil (Max) 50!1 to -2.0V 
' 

V1H Input HIGH Voltage 
-1150 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 

.. for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.8V, Vee = VccA = GND; Tc = 0°C to +85°C (Note 3) 

Symbol Parameter .··Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1035 -880 
mV V1N = V1H (Max) Loading with 

Vol OutputLOW Voltage -1830 -1620 orV1l(Min) 50!1 to -2.0V 

VoHC Output HIGH Voltage -1045 
mV V1N = V1H (Min) Loading with 

VolC Output LOW Voltage -1610 orV1l(Max) 50!1 to -2.0V 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1830 -1490 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.8V. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = o·c to +85°C 

Symbol Parameter 

Input HIGH Current 
All Inputs 

Power Supply Current 

Min 

-79 

DIP AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c 

Min Max 

tpLH Propagation Delay 
0.90 2.60 

tpHL Data to Output 

tpLH Propagation Delay 
0.45 1.40 

tpHL Enable to Output 

trLH Transition Time 

trHL 20% to 80%, 80% to 20% 
0.45 1.30 

Typ Max Units Conditions 

260 µA V1N = V1H (Max) 

-54 -37 mA Inputs Open 

Tc= +25°C Tc= +as·c 
Units Conditions 

Min Max Min Max 

0.90 2.50 0.90 2.60 ns· 

0.45 1.30 0.45 1.40 ns Figures 1 and 2 

I 
0.45 1.20 0.45 1.30 ns 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c 

Min 

tpLH Propagation Delay 

tpHL Data to Output 
0.90 

tpLH Propagation Delay 
0.45 

tpHL Enable to Output 

trLH Transition Time 
0.45 

trHL 20% to 80%, 80% to 20% 

L1 
l''\ 
\ I 

-4-: "'Rr 
Vee 

-;::-
L2 ,-, CIRCUIT ,-, 

GENERATOR \I 
UNDER 

\I 
l PULSE 

TEST 

J -!- < ,.Rr 

Vee -;::-

FIGURE 1. AC Test Circuit 
Notes: 
Vee. VccA"' +2V, VEE = -2.5V 
L 1 and L2 .;. equal length 50n impedance lines 
Ar = 50n terminator internal to scope 
Decoupling 0.1 µF from GND to V cc and VEE 
All unused outputs are loaded with 500 to GND 
CL = Fixture and stray capacitance ,,; 3 pF 

Max 

2.40 

1.20 

1.20 

SCOPE ] 
CHAN A 

SCOPE] 
CHAN B 

TL/F/9843-5 

Tc= +25°c Tc= +as·c 
Units Conditions 

Min 

0.90 

0.45 

0.45 

3-5 

Max Min Max 
.. • 

2.30 0.90 2.40 ns 

1.10 0.45 1.20 ns Figures 1 and 2 

1.10 0.45 1.20 ns 

.,. •.• M---i r 1 1:=·1±01,. 

I\ . ----- +0.31 v 

INPUT ~\_I_ 

1
~':" +•.os v 

IPHL I- 1-IPLH 
TRUE 1 Ir 

OUTPUT ,,J ~ ~ ~'"' 
L j 

50% 

20% 

ITLH_.j i=ITHL 

COMPLEMENT 

TL/F/9843-6 

FIGURE 2. Propagation Delay and Transition Times 
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0 
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100118 
5-Wide 5, 4, 4, 4, 2 OA/OAI Gate 

General Description 
The 100118 is a monolithic 5-wide 5, 4, 4, 4, 2 OR/AND 
gate with true complementary outputs. All inputs have 
50 k!l. pull-down resistors and all outputs are buffered. 

Ordering Code: see section 6 

Logic Symbol 

D11 
D2a---. 
D3a 
04.----4-
Dsa 

D1b 
D2b 
03b -----,L__..,,, 

04b 

D1d 
D2d 
D3d-----....-
D4d 

Connection Diagram~ 
24-Pin DIP 

0 9 

D1$ 10 

,, Dia 11 

D3a 12 

18 

17 

16 

15 

14 

13 

TL/F/9844-3 

D1d 

D4c 

D3c 

D2c 

D1c 

D4b 

VEE 

D3b 

D2b 

D1b 

Dsa 

D4a 

TL/F/9844-1 

3-6 

Not Intended For New Designs 

Pin Names Description 

D3c 

D4c 

D1d 

D2d 4 

D3d 

D4d 

Data Inputs 
Data Outputs 

24-Pin Quad Cerpak 

D2c D1c D4b VEE D3b D2b 

24 23 22 21 20 19 

18 o1b 

17 Dsa 

16 048 

15 038 

14 D2a 

13 018 
7 8 9 10 11 12 

TL/F/9844-2 



Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military/ Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°Cto +8S°C 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin - 7.0V to + O.SV 
Office/Distributors for availability and specifications. 

Input Voltage (DC) VEE to +O.SV 
Storage Temperature - 6S°C to + 1 so0 c 

Output Current (DC Output HIGH) -'-SOmA 
Maximum Junction Temperature (TJ) + 150°C 

Operating Range (Note 2) -5.7Vto -4.2V 

DC Electrical Characteristics 
VEE = -4.SV, Vee = VeeA = GND, Tc = 0°C to +8S°C (Note 3) 

Symbol · Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -102S -95S -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -170S -1620 orV1l(Min) son to -2.0V 

VoHC Output HIGH Voltage -103S 
mV V1N = V1H(Min) Loading with 

Vole Output LOW Voltage -1610 orV1l(Max) son to -2.ov 

V1H Input HIGH Voltage 
-116S -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -147S mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current o.so µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE= -4.2V, Vee= VecA = GND, Tc= 0°c to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -160S orV1l (Min) son to -2.ov 

VoHC Output HIGH Voltage -1030 
mV V1N = V1H (Min) Loading with 

Vmc Output LOW Voltage -1S9S orV1l (Max) son to -2.0V 

V1H Input HIGH Voltage 
-11SO -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -147S mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current o.so µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.8V, Vee = VeeA = GND, Tc = 0°C to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -103S -880 
mV V1N = V1H (Max) Loading with 

Vm Output LOW Voltage -1830 -1620 orV1l(Min) son to -2.ov 

VoHC Output HIGH Voltage -104S 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 orV1l(Max) son to -2.ov 

V1H Input HIGH Voltage 
-116S -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1830 -1490 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.8V. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee= VccA = GND, Tc= o·c to +85°C 

Symbol Parameter Min 

l1H 
Input HIGH Current 
All Inputs 

IEE Power Supply Current -92 

DIP AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c 

Min Max 

tPLH Propagation Delay 
0.85 2.50 

tPHL Data to Output 

trLH Transition Time 
20% to 80%, 80% to 20% 

0.45 1.60 
trHL 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c 

Min Max 

tPLH Propagation Delay 
0.85 2.30. 

tpHL Data to Output 

trLH Transition Time 

trnL 20% to 80%, 80% to 20% 

Typ Max Units 

350 µA 

-69 -42 .mA 

Tc= +2s0 c Tc= +ss·c 

Min Max Min Max 
I'.> 

0.95 2.50. I 2.70 
..!.. ..::.:.:.· .:.:::... 

.•· 
0.45 1.50 0.45 1.60 

. 

Tc= +2s·c Tc= +ss·c 

Min Min Max 

0.95 2.30 0.95 2.50 

1.40 0.45 1.50 

3-8 
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Conditions 

····· V1N = .ViH (Max) 
·: 
lilpots Open 

·. 

Units Conditions 

ns 
Figures 1 and 2 

ns 

Units Conditions 

ns 
Figures 1 and 2 

ns 



PULSE 
GENERATOR 

Notes: 

Vee. VeeA = +2V, VEE= -2.5V 

L 1 and L2 = equal length 500 impedance lines 

Rr = 500 terminator internal to scope 

Decoupling 0.1 µ.F from GND to Vee and VEE 

All unused outputs are loaded with 500 to GND 

CL = Fixture and stray capacitance s: 3 pf 

L1 
,~, 

SCOPE 

\' CHANA 

i Ar 

Vee 

-=-
L2 ,-, CIRCUIT ,-, 

SCOPE 
I I 

UNDER 
CHAN B TEST I I 

J -1- Ar 

VEE -=-
FIGURE 1. AC Test Circuit 

80% 

0.7::1:0.1 nsl r 1 '-0.7::1:0.1 ns 

M 
+1.0SV 

INPUT 50% 

I ~.... • •. ,,. 
TRUE 

1

'"'4. I I ~~n> 

OUTPUT .. J ~ ~ t··"' 
COMPLEMEH:~~ L j 

FIGURE 2. Propagation Delay and Transition Times 
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100126 
9-Bit Backplane Driver 

General Description 
The 100126 contains nine independent, high-speed, buffer 
gates each with a single input and a single output. The 
gates are non-inverting. These buffers are useful in bus-ori­
ented systems where minimal output loading or bus isola-

Ordering Code: see Section 6 

Logic Symbol 

01 ---t>----- 01 

02 ---t>----- 02 

03 ---t>----- 03 

04 ---t>----- 04 

Os ---t>----- Os 

Os~Os 

07 ---t>----- 07 

Os ---t>----- Os 

09 ---t>----- Og 

Connection Diagrams 
24-Pin DIP 

VccA 24 

03 2 23 

02 3 22 

01 4 21 

09 20 

Vee 19 

VccA 7 18 

Os 8 17 

07 9 16 

Os 10 15 

05 11 14 

04 12 13 

TL/F/9850-3 

D3 

D2 

o, 
D9 

Ds 

VccA 

VEE 

D7 

Ds 

D5 

D4 

VccA 

TL/F/9850-1 

Not Intended For New Designs 

tion is desired. The output transition times are longer to min­
imize noise when used as a backplane driver. All inputs 
have 50 kn pull-down resistors. 

Pin Names Description 

D1-D9 Data Inputs 
01-0g Data Outputs 

24-Pin Quad Cerpak 

D9 Ds VccA VEE D7 Ds 

24 23 22 21 20 19 

o, 18 D5 

D2 2 17 D4 

D3 3 16 VccA 

VccA 4 15 04 

03 5 14 05 

02 13 Os 
7 8 9 10 11 12 

TL/F/9850-2 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°Cto +85°C 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin - 7.0V to + 0.5V 
Office/Distributors for availability and specifications. 

Input Voltage (DC) VEE to +0.5V 
Storage Temperature - 65°C to + 150°C 

Output Current (DC Output HIGH) -50mA 
Maximum Junction Temperature (TJ) + 150°C 

Operating Range (Note 2) -5.7V to -4.2V 

DC Electrical Characteristics 
VEE= -4.5V, Vee= VccA = GND, Tc= 0°c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1025 -955 -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1705 -1620 orVrl(Min) 50!1 to -2.0V 

VoHC Output HIGH Voltage -1035 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 orV1l (Max) 50!1 to -2.0V 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

Vil Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
tor All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.2V, Vee = VccA = GND, Tc= 0°c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1605 orV1l(Min) 50!1 to -2.0V 

VoHC Output HIGH Voltage -1030 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1595 orV1l(Max) 50!1 to -2.0V 

V1H Input HIGH Voltage 
-1150 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE= -4.8V, Vee= VccA = GND, Tc= 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1035 -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1620 orV1l (Min) 50!1 to -2.0V 

VoHC Output HIGH Voltage -1045 
mV V1N = V1H (Min) Loading with 

VolC Output LOW Voltage -1610 orV1l(Max) 50!1 to -2.0V 

VrH Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

Vil Input LOW Voltage 
-1830 -1490 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.8V. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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CD 
N ,... 
0 
0 ,... 

DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = 0°C to +85°C 

Symbol Parameter Min 

l1H Input HIGH Current 

IEE Power Supply Current -96 

DIP AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C 

Min Max 

tPLH Propagation Delay 
1.05 2.75 

tPHL Data to Output 

trLH Transition Time 
1.15 3.40 

trHL 20% to 80%, 80% to 20% 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C 

Min Max 

tPLH Propagation Delay 
1.05 2.55 

tPHL Data to Output 

trLH Transition Time 
1.15 3.30 

trHL 20% to 80%, 80% to 20% 

L1 
/'\ 

\I 

l 
Vee 

-= 
L2 

PULSE ,-, CIRCUIT ,-, 
GENERATOR UNDER \., \I TEST J_ l 

VEE -= 
TL/F/9650-5 

FIGURE 1. AC Test Circuit 

Notes: 

Vee. VeeA = + 2V, VEE =. -2.SV 

L 1 and L2 = equal length 50!1 impedance lines 

Rr = 50!1 terminator internal to scope 

Decoupling 0.1 µ.F from GND to Vee and VEE 

All unused outputs are loaded with 50!1 to GND 

CL = Fixture and stray capacitance ,;;; 3 pF 

Typ Max Units Conditions 

350 µA V1N = V1H (Max) 

-70 -46 mA Inputs Open 

' 
Tc= +25°C Tc= +ss•c 

Units Conditions 
Min Max Min Max 

··' 

1.05 2.75 1.05 2.75 I ns 
Figures 1 and 2 

1.15 3.40 1.05 3.40 ns 

Tc= +25°C Tc= +ss0 c 
Units Conditions 

Min Max Min Max 

1.05 2.55 1.05 2.55 ns 
' Figures 1 and 2 ,, -:c-

1.15 3.30 ... 1.05 3.30 ns 

01±0.1 "lr 1 r.0:±01 "' +1.0SV 

INM °'"' > r ~~,__2_0~~-:o;._. ____ +0.31 V 
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FIGURE 2. Propagation Delay and Transition Times 



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~--, ...&. 

~National D Semiconductor 

100130 
Triple D Latch 

General Description 
The 100130 contains three D-type latches with true and 
complement outputs and with Common Enable (Ee), Master 
Set (MS) and Master Reset (MR) inputs. Each latch has its 
own Enable (En). Direct Set (SDn) and Direct Clear (CDn) 
inputs. The Q output follows its Data (D) input when both En 
and Ee are LOW (transparent mode). When either En or Ee 

Ordering Code: see section 6 

Logic Symbol 

Connection Diagrams 
24·Pin DIP 

CD2 1 24 

E2 2 23 

Di 3 22 

02 4 21 

Oz 5 20 

Vee 19 

YeeA 7 18 

01 8 17 

01 9 16 

Oo 10 15 

Oo 11 14 

Do 12 13 

TL/F/9852-3 

SD2 
CD1 

E1 

D1 

SD1 
MR 

VEE 

Ee 

MS 

SD0 

CD0 

Eo 

TL/F/9852-1 
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Not Intended For New Designs 

(or both) are HIGH, a latch stores the last valid data present 
on its Dn input before En or Ee goes HIGH. 

Both Master Reset (MR) and Master Set (MS) inputs over­
ride the Enable inputs. The individual CDn and SDn also 
override the Enable inputs. All inputs have 50 kn pull-down 
resistors. 

Pin Names Description 

CD0-CD2 Individual Direct Clear Inputs 
SD0-SD2 Individual Direct Set Inputs 

Eo-E2 Individual Enable Inputs (Active LOW) 

Ee Common Enable Input (Active LOW) 
· Do-D2 Data Inputs 
MR Master Reset Input 
MS Master Set Input 

Oo-02 Data Outputs 

Oo-02 Complementary Data Outputs 

24-Pin Quad Cerpak 

D1 SD1 MR VEE Ee MS 

24 23 22 21 20 19 

E1 18 SDo 

CD1 2 17 CDo 

SD2 3 16 Ea 
CD2 4 15 Do 

E2 5 14 Oo 

D2 13 Oo 
7 8 9 10 11 12 

02 02 Vee YeeA 01 01 
TL/F/9852-2 

C> 
C> 
...&. 
(,) 
0 

• 



0 
C") 

c; Logic Diagram 
0 ,... 

MS 

MR 

SDo 

Truth Tables (Each Latch) 

Do Eo 

D 

Co 

Latch Operation 

Inputs 

Dn En Ee 
MS MR 
SDn CDn 

L L L L L 
H L L L L 
x H x L L 
x x H L L 

*Retains data presented before E positive transition 
H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 
U =Undefined 

Oo 
TL/F/9852-5 

Asynchronous Operation 

Outputs Inputs Outputs 

On Dn En Ee 
MS MR 

On SDn CDn 

L x x x H L H 
H x x x L H L 

Latched* x x x H H u 
Latched* 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military I Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°Cto +85°C 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin - 7.0V to + 0.5V 
Office/Distributors for availability and specifications. 

Input Voltage (DC) VEE to +0.5V 
Storage Temperature - 65°C to + 150°C 

Output Current (DC Output HIGH) -50mA 
Maximum Junction Temperature (TJ) + 150°C 

Operating Range (Note 2) -5.7Vto -4.2V 

DC Electrical Characteristics 
VEE = -4.5V, Vee = VccA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1025 -955 -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1705 -1620 or Vil (Min) 50!1 to -2.0V 

VoHC Output HIGH Voltage -1035 
mV V1N = V1H (Min) Loading with 

Vmc Output LOW Voltage -1610 orV1l (Max) 50!1 to -2.0V 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1L (Min) 

DC Electrical Characteristics 
VEE= -4.2V, Vee= VccA = GND, Tc= 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H (Max) Loading with 

Vm Output LOW Voltage -1810 -1605 orV1l (Min) 50!1 to -2.0V 

VoHC Output HIGH Voltage -1030 
mV V1N = V1H (Min) Loading with 

Vmc Output LOW Voltage -1595 or Vil (Max) 50!1 to -2.0V 

V1H Input HIGH Voltage 
-1150 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1L (Min) 

DC Electrical Characteristics 
VEE = -4.8V, Vee= VccA = GND, Tc= 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1035 -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1620 orV1l(Min) 50!1 to -2.0V 

VoHC Output HIGH Voltage -1045 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 or Vll(Max) 50!1 to -2.0V 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1830 -1490 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.BV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = o·c to +85°C 

Symbol Parameter Min Typ Max Units 

l1H Input HIGH Current 

Dn 350 

CDn. SDn 530 JJ-A 
En 240 

Ee. MR, MS 450 

IEE Power Supply Current -149 -106 -74 mA 
~ -:c 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c Tc= +2s0 c i Tc:;;;. +as·c 

Min Max Min Max Min Max 

tpLH Propagation Delay Dn to 
0.50 1.80 0.50 1.70 .0.50 1.90 

tPHL Output (Transparent Mode) 

tPLH Propagation Delay 
0.65 2.10 0.75 2.00 0.75 2.10 

tPHL Ecto Output 

tpLH Propagation Delay 
0.50 2.00 0.60 1.75 0.60 2.00 

tPHL CDn, SDn, En to Output ..;:;., 
.. 

tPLH Propagation Delay 

tPHL MS, MR to Output 
1.10 2.50 1.10 2.40. 1.10 2.60 

trLH Transition Time 
0.45 1.60 0.45 1.60 0.45 1.60 

trHL 20% to 80%, 80% to 20% 

ts Setup Time 

Do-D2 0.90 
·.··•··.· .... 

0.70 0.90 
CDn, SDn (Release Time) 1.20 uo 1.40 
MR, MS (Release Time) 1.90 1.90 2.00 

th Hold Time Do-D2 .. :' -:c_· 0.60 0.60 0.80 

tpw(L) Pulse Width LOW .2.oo·· 2.00 2.00 
En.Ee _•:_ · 1 ... • 

: .. 

tpw(H) Pulse Width HIGH 

CDn, SDn, MR, MS 
2.00 2.00 2.00 
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: ;.::_ Conditions 

v,N = V1H (Max) 

Inputs Open 

Units Conditions 

ns 
Figures 1 and 2 

ns 

ns Figures 1, 2 and 3 

ns Figures 1 and 2 

ns Figures 1 and 2 

ns 
Figures 3 and 4 

ns Figure4 

ns Figure2 

ns Figure3 



Cerpak AC Electrical Characteristics vEE = -4.2v to -4.8V, Vee = veeA = GND 

Symbol Parameter 

Propagation Delay Dn to 
Output (Transparent Mode) 

Propagation Delay 
Ee to Output 

Propagation Delay 

CDn, SDn. En to Output 

Propagation Delay 
MS, MR to Output 

Transition Time 
20% to 80%, 80% to 20% 

Setup Time 

Do-D2 
CDn. SDn (Release Time) 
MR, MS (Release Time) 

Hold Time Do-D2 

Pulse Width LOW 

En.Ee 

Pulse Width HIGH 

CDn, SDn. MR, MS 

PULSE 
GENERATOR 

PULSE 
GENERATOR 

DATA 

OUTPUT 

l 
MR 

E 

Tc= 0°C Tc= +25°C Tc= +85°C 
Units Conditions 

Min 

0.50 

0.65 

0.50 

1.10 

0.45 

0.80 
1.10 
1.80 

0.50 

2.00 

2.00 

Max Min 

1.60 0.50 

1.90 0.75 

1.80 0.60 

2.30 1.10 

1.50 0.45 

0.60 
1.00 
1.80 

0.50 

2.00 

2.00 

Max 

1.50 

1.80 

1.55 

2.20 

1.50 

SCOPE 
, CHANA 

SCOPE 
CHAN B 

Min 

0.50 

0.75 

0.60 

1.10 

0.45 

0.80 
1.30 
2.00 

0.70 

,2.00 

2.00 

TL/F/9852-6 

FIGURE 1. AC Test Circuit 

,r----------~ 
I \ 

FIGURE 2. Enable Timing 
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Max 

1.70 ns 
Figures 1 and 2 

1.90 ns 

1.80 ns Figures 1, 2 and 3 

2.40 ns Figures 1 and 3 

1.50 ns Figures 1 and 2 

ns 
Figures 3 and 4 

ns Agure4 

ns Figure2 

ns Figure3 

Notes: 
Vee. VeeA = +2V, VEE= -2.SV 
L 1 and L2 = equal length 501l impedance lines 
Rr = son terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance ,,; 3 pF 

0.7 :t 0.1 ns 

+ 1.05 v 

TL/F/9852-7 

El 
I 



0 
(") ,... 
0 
0 ,... 

DATA ___________________________ Jx------------H-
TRANSPARENT LATCHED TRANSPARENT 

t1(RELEASE TIME) 

RESET/SET 

OUTPUT 

TL/F/9852-8 

FIGURE 3. Reset Timing 

-DATA _x ).( __ 
-ENABLE _____,~·•r--lh~-

Notes: 
ts is the minimum time before the transition of the enable that information 
must be present at the data input. 
th is the minimum time after the transition of the enable that information must 
remain unchanged at the data input. 

TL/F/9852-9 

FIGURE 4; Data Setup and Hold Time 
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~National 
~Semiconductor 

100135 
Triple J-K Flip-Flop 

General Description 
The 100135 contains three J-K, edge-triggered master­
slave flip-flops with true and complement outputs. All have 
individual Clock (CPn). Clear (Cn). and Set (Sn) inputs. 
Clocking occurs on the rising edge of CPn. All inputs have 
50 kn pull-down resistors. 

Ordering Code: see section 6 

Logic Symbol 

C1 

F100135 

So 

Co 

Connection Diagrams 

24-Pin DIP 

Sz 1 24 

Jz 2 23 

Kz 3 22 

Oz 4 21 

Oz 5 20 

Yee 6 19 

VccA 7 18 

01 8 17 

01 16 

Oo 10 15 

Oo 11 14 

So 12 13 

TL/F/9854-3 

Cz 

CPz 

C1 

CP1 

J1 

Kl 

VEE 

S1 

Ko 

Jo 

CP0 

Co 

TL/F/9854-1 

Not Intended For New Designs 

Features 
• Toggle frequency 750 MHz Typical 
• Propagation delay 2.2 ns max 
• Outputs specified to drive a 50.0. load 

Pin Names . Description 

Jo-J2 J Inputs 

Ko-K2 K Inputs 
So-S2 Direct Set Inputs 

Co-C2 Direct Clear Inputs 
CP0-CP2 Clock Inputs 

Oo-02 Data Outputs 

Oo-02 Complementary Data Outputs 

24-Pin Quad Cerpak 

CP1 J1 K1 VEE S1 Ko 

24 23 22 21 20 19 

c, 18 Jo 

CPz 2 17 CP0 

Cz 3 16 Co 

Sz 4 15 So 

J2 5 14 Oo 

Kz 13 Oo 
7 8 9 10 11 12 

Oz Oz Yee VeCA 01 01 

TL/F/9854-2 
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Lt) 
(") 

c; Logic Diagram 
0 
T"" 

Truth Tables (Each Flip-Flop) 

Ko 

CPo 

do 

Synchronous Operation 

Inputs 

Jn Kn CPn Sn Cn 

L L _r L L 
L H _r L L 
H L _r L L 
H H _r L L 
x x H L L 
x x L L L 

Asynchronous Operation 

Inputs 

Jn Kn 

x x 
x x 
x x 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 
U = Undefined 

CPn 

x 
x 
x 

Sn 

H 
L 
H 

t = Time before CP Positive Transition 
t + 1 = Time after CP Positive Transition 
../"" = LOW-to-HIGH Transition 

Cn 

L 
H 
H 

Outputs 

Qn(t + 1) 

On(t) 

L 
H 

On(t) 

On(t) 

On(t) 

Outputs 

Qn 

H ·•'>l 
• .. 

..;, 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military I Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°Cto +85°C 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin -7.0Vto +0.5V 
Office/Distributors for availability and specifications. 

Input Voltage (DC) VEE to +0.5V 
Storage Temperature - 65°C to + 150°C 

Output Current (DC Output HIGH) -50mA 
Maximum Junction Temperature (TJ) +150°C 

Operating Range (Note 2) -5.7V to -4.2V 

DC Electrical Characteristics 
VEE = -4.5V, Vee = VccA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1025 -955 -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1705 -1620 orV1l(Min) 50.0. to -2.0V 

VoHC Output HIGH Voltage -1035 
mV V1N = V1H(Min) Loading with 

Vole Output LOW Voltage -1610 orV1l (Max) 50.0. to -2.0V 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.2V, Vee = VccA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1605 orV1l(Min) 50.0. to -2.0V 

VoHC Output HIGH Voltage -1030 
mV V1N = V1H (Min) Loading with 

Vmc Output LOW Voltage -1595 orV1l (Max) 50.0. to -2.0V 

V1H Input HIGH Voltage 
-1150 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.8V, Vee = VccA = GND, Tc = 0°c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1035 -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1620 orV1l(Min) 50.0. to -2.0V 

VoHC Output HIGH Voltage -1045 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 orV1l(Max) 50.0. to -2.0V 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1830 -1490 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.8V. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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a.n 
C") 
or- DC Electrical Characteristics 0 
0 VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = 0°C to +85°C or-

Symbol Parameter Min Typ Max Units Conditions 

IJH Input HIGH Current 
350 µA _ V1N = V1H (Max) 

All Inputs 

IEE Power Supply Current -195 -150 -90 mA Inputs Open 

Ceramic Dual-In-Line Package AC Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°c Tc= +25°C Tc= +as·c 

Units Conditions 
Min Max Min Max Min Max 

fmax Toggle Frequency 600 600 - 600 MHz Figure 1 

tPLH Propagation Delay 
0.70 2.20 0.70 2.00 0.70 2.20 ns Figures 2 and 3 

tPHL CPn to Output 

tPLH Propagation Delay 
0.90 1.80 0.90 2.00 0.90 2.40 ns CPn = L, CPn = H 

tPHL Cn, Sn to Output 

trLH Transition Time 
0.30 1.40 0.30 1.40 0.30 1.40 

trHL 20% to 80%, 80% to 20% 
ns 

ts Setup Time 

Jn, Kn to CPn 0.90 0.70 0.90 ns 
Cn, Sn (Release Time) 1.50 1.30 1.50 Figures 2 and 3 

tH Hold Time 
0.80 0.80 0.80 

Jn, Kn to CPn 
ns 

tpw(H) 
Pulse Width HIGH 

2.00 2.00 2.00 
CPn, Cn, Sn 

ns 

Cerpak AC Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +as0 c 

Units Conditions 
Min Max Min Max Min Max 

fmax Toggle Frequency 650 650 650 MHz Figure 1 

tPLH Propagation Delay 
0.70 2.00 0.70 1.80 0.70 2.00 ns Figures 2 and 3 -

tPHL CPn to Output 

tPLH Propagation Delay 
0.90 1.60 0.90 1.80 0.90 2.20 ns - CPn = L, CPn =_H 

tPHL Cn. Sn to Output 

trLH Transition Time 
0.30 1.30 0.30 1.30 0.30 1.30 

trHL 20% to 80%, 80% to 20% 
ns 

ts Setup Time 

Jn, Kn to CPn 0.80 0.60 0.80 ns 
Cn, Sn (Release Time) 1.40 1.20 1.40 Figures 2 and 3 

tH Hold Time 
0.70 0.70 0.70 

Jn, Kn to CPn 
ns 

tpw(H) 
Pulse Width HIGH 

2.00 2.00 2.00 
CPn, Cn, Sn 

ns 
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+1.0SV 

1 GHz ,-, 
PULSE 

\I 
GENERATOR r 

SCOPE ,-, 
CHANA r 

Sn 

Jn On 
i'"\ SCOPE 

CHANB 

CPn 1 
Kn an 

Cn son 

TL/F/9854-6 

FIGURE 1. Toggle Frequency Test Circuit 
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Notes: 
Vee= VeeA = +2V 
VEE= -2.SV 
• = equal electrical length S011 lines 
Rr = son termination 
Decouple power supplies with 0.1 µF from Vee 
and VEE to GND 
CL = Fixture and stray capacitance :;; 3 pF 
Load all unused outputs with son to GND 
Set pulse generator output level for 7 40 mV p-p 
at a frequency of 10 MHz as measured at the 
clock input pin of the device under test. Do not 
readjust this voltage for frequencies up to fmax· 
The pad isolates the generator output for D.U.T. 
input impedance variations. Signal voltage mea­
sured at the D.U.T. input will vary as input imped­
ance varies with frequency. 

Notes: 

Vee = VccA = +2V 

Vt:E = -:-2.SV 

Decouple power supplies with 0.1 µF from Vee 
and VEE to GND 

Rr = son termination 

Load all unused outputs with son to GND 

CL = Fixture and stray capacitance :;; 3 pF 

• = equal electrical length S011 lines 

# = Connect Scope CHAN A to pulse generator 
as required 

t = Connect pulse generator to input under test; 
else connect input to voltage source set to 
+ 1.0S volts for logic HIGH or + 0.31 volts for 
logic LOW 

Consult truth table for appropriate logical condi­
tion 

..... 
0 
0 ..... 
(,,) 
U1 

I • 



i.n 
(f) ,.... 
0 
0 ,.... 

CPn 

I 
~'· 

TRANSITION TIMES 

TEST 
INPUT SIGNAL 
CHARACTERISTICS 

1 lpw(H) \ f •% 

111max 

·1 I \0% 
14 lpw(H) •~•.!RELEASE TIME)---! 

\:" 
lh-1 I f ·% 

I· IPLHI-----~~ 

~ ... ,__J'---50% --

ITHL 

•1.05V 
•0.31V 

TL/F/9854-8 

FIGURE 3. Propagation Delays and Setup and Hold Time 
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~National U Semiconductor 

Not Intended For New Designs 

100142 
4 x 4-Bit Content Addressable Memory 

General Description 
The 100142 is a 4 word by 4-bit Content Addressable Mem­
ory (CAM). Reading is accomplished when an address se­
lect input (Ao. A7, A2, A3) is LOW and the write strobe input 
(WS) is HIGH. The corresponding stored word appears on 
the data outputs (Oo-03). Writing can be performed to indi­
vidual bits of a word or to the whole word. (A LOW on an 
address select input enables a 4-bit word.) A LOW on a bit 
mask input (MKo, MK1, MK2, MK3) enables a bit within all 
four 4-bit words. Write data is presented on the data inputs 
(Do. D1, D2, D3) and is latched into the addressed bit latch 
when the write strobe input (WS) is LOW. Hence, the bit 

Ordering Code: See section 6 

Logic Symbol 

03 

D2 

01 03 

Do 02 

A3 01 

A2 Oo 

A1 M3 

Ao M2 

MK3 M1 

MK2 Mo 

MK1 

MKo ws 

TL/F/9857-3 

Connection Diagrams 

24·Pln DIP 

MK3 24 D3 

Mo 23 MK2 

M1 22 D2 

M2 21 Ao 

M3 20 A1 

Yee 19 ws 
YcCA 7 18 VEE 

03 17 A2 

02 16 A3 

01 10 15 Do 

Oo 11 14 MK0 
MK1 12 13 D1 

TL/F/9857-1 

mask inputs are used to selectively store data bit-wise with­
in an addressed word. During writing, the data input word is 
simultaneously compared to each of the stored memory 
words. A search/compare is performed by placing a LOW 
on the bit mask inputs and presenting a data pattern to the 
data inputs. Corresponding to the bit mask inputs, the match 
outputs (M0-M3) go LOW if a data bit of the pattern 
matches the respective stored bit. A HIGH on any bit mask 
input forces a LOW on the respective match output. Each 
input has a 50 kn (typical) pull-down resistor to VEE· 

Pin Names Description 

MK0-MK3 Data Mask Inputs 

Ao-A3 Address Inputs 

Do-D3 Data Inputs 

ws Write Strobe Input 

Mo-M3 Match Outputs 

Oo-03 Data Outputs 

24-Pin Quad Cerpak 

Ao A1 WS VEE A1 A3 

24 23 22 21 20 19 

D2 18 Do 

MK2 17 MKo 

D3 16 D1 

MK3 15 MK1 

Mo 14 Oo 

M1 13 01 
7 8 9 10 11 12 

M1 M3 Yee YccA 03 02 

TL/F/9857-2 
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Truth Table 

Operation 

Write 

Disabled 

Write 

Read 

Match 

Masked 

Match Not 
Satisfied 

Match 
Satisfied 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

WS 

ws 

x 
x 
L 
L 

H 

H 

H 

H 
H 
H 
H 

H 
H 
H 

H 

NC = No Change from Previous State 
WS = Write Strobe 
A; = Address for ith Word 
Dj = Data for jth Bit 

A1 

Ao 
A1 
A2 

A3 

H 

L 

L 
L 

L 
L 

x 

L 
H 

H 
L 

L 
H 

H 
L 

Inputs 

DJ. MKJ 

Do MKo 

D1 MK1 

D2 MK2 

D3 MK3 

x x 
x H 

H L 
L L 

x x 
x x 

x H 

H L 
H L 

L L 

L L 

H L 
H L 
L L 
L L 

MKj = Data Mask for jth Bit 
H = Mask 

O;j = Cell State for ith Word, jth Bit 

M; = Match Output of ith Word 
L"" True 

Qi "" Data Output of jth Bit 

On-1 = Previous Cell State 
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Flip-Flop 

011 M1 

Mo 

M1 
M2 
M3 

NC x 
NC L 

H L 
L L 

H x 
L x 

.NC L 

L H 

L H 

H H 
H H 

H L 
H L 
L L 
L L 

Outputs 

Ci 
Oo 
01 
02 

03 

L 

Oiin-1 

H 
L 

H 

L 

x 

L 
L 

L 
H 

H 
L 
L 
L 

..... 
0 
0 ..... 
.i:i. 
N 



Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military I Aerospace specified devices are required, Case Temperature under Bias (Tc) o·c to +85°C 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin -7.0Vto +0.5V 
Office/Distributors for availability and specifications. 

Input Voltage (DC) VEE to +0.5V 
Storage Temperature - 65°C to + 150°c 

Output Current (DC Output HIGH) -50mA 
Maximum Junction Temperature (TJ) + 15o•c 

Operating Range (Note 2) -5.7V to -4.2V 

DC Electrical Characteristics 
VEE = -4.5V, Vee = VccA = GND, Tc = o·c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units .· Conditions (Note 4) 

VoH Output HIGH Voltage -1025 -955 -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1705 -1620 orV1l(Min) 50!1 to -2.0V 

VoHC Output HIGH Voltage -1035 
mV V1N = V1H(Min) Loading with 

VolC Output LOW Voltage -1610 orV1l(Max) 50!1 to -2.0V 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.2V, Vee = VccA = GND, Tc = o·c to +85°C (Note 3) 

~ 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1605 orV1l (Min) 50!1 to -2.0V 
. 

VoHC Output HIGH Voltage -1030 
~ mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1595 orV1l(Max) 50!1 to -2.0V 

V1H Input HIGH Voltage 
-1150 -:--870 mV 

Guaranteed HIGH Signal 

c". 
for All Inputs 

V1l Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.8V, Vee = VccA = GND, Tc = o·c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1035 -880 
mV V1N = V1H (Max) Loading with 

VOL Output LOW Voltage -1830 -1620 orV1l(Min) 50!1 to -2.0V 

VoHC Output HIGH Voltage -1045 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 orV1l(Max) 50!1 to -2.0V 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l · Input LOW Voltage 
-1830 -1490 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l 
. 

Input LOW Current 
. .:C 

0.50 µA V1N = V1l (Min) 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.SV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = o·c to +85°C 

Symbol Parameter Min Typ Max Units 

l1H Input HIGH Current 
200 µA All Inputs 

IEE Power Supply Current -288 -190 -114 mA 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter Tc= o·c Tc= +25°C Tc= +es·c 

Min Max Min Max Min Max 

tAo Address to Data Out 1.20 4.40 1.20 4.30 1.20 4.50 

toM Data In to Match Out Time 1.60 3.70 1.60 3.60 1.60 3.80 

tMM Mask In to "Enable 
Partial" Match Out Time 

1.20 3.90 1.20 3.90 1.20 4.00 

too Data In to New Data Out 1.70 4.40 1.70 4.40 1.70 4.60 

two Write to New Data Out 2.50 5.40 2.50 5.20 2.30 5.10 

tAM Address to Match 2.50 4.60 2.50 4.60 2.50 4.90 

tMD Mask to Data 2.20 4.90 2.20 4.80 2.20 5.00 

twsM WSto Match 2.80 4.90 2.80 4.80 2.80 5.10 

tw Write Pulse Width 1.30 1.30 1.30 

tAs Address Setup before Write Time 1.40 1.40 1.40 

tAH Address Hold after Write Time 1.40 1.40 1.40 

tos Data In Setup before Write Time 0.60 0.60 .· 0.60 

toH Data In Hold after Write Time 1.10 1.10 1.10 

tMH Mask In Hold Write Time 2.50 2.50 2.50 

tMS Mask In Setup Write Time 1.10 1.10 1.10 

trLH Transition Time 
0.50 2.30 0.50 2.30 0.50 2.30 

trHL 20% to 80%, 80% to 20% 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c Tc= +25°C Tc= +es·c 

Min Max Min Max Min Max 

tAo Address to Data Out 1.20 4.20 1.20 4.10 1.20 4.30 

toM Data In to Match Out Time 1.60 3.50 1.60 3.40 1.60 3.60 

tMM Mask In to "Enable 
Partial" Match Out Time 1.20 3.70 1.20 3.70 1.20 3.80 

too Data In to New Data Out 1.70 4.20 1.70 4.20 1.70 4.40 

two Write to New Data Out 2.50 5.20 2.50 5.00 2.30 4.90 

tAM Address to Match 2.50 4.40 2.50 4.40 2.50 4.70 

tMO Mask to Data 2.20 4.70 2.20 4.60 2.20 4.80 

twsM WSto Match 2.80 4.70 2.80 4.60 2.80 4.90 

tw Write Pulse Width 1.20 1.20 1.20 

tAs Address Setup before Write Time 1.30 1.30 1.30 

tAH Address Hold after Write Time 1.30 1.30 1.30 

tos Data In Setup before Write Time 0.50 0.50 0.50 

toH Data In Hold after Write Time 1.00 1.00 1.00 

tMH Mask In Hold Write Time 2.40 2.40 2.40 

tMs Mask In Setup Write Time 1.00 1.00 1.00 

trLH Transition Time 0.50 2.20 0.50 2.20 0.50 2.20 
trHL 20% to 80%, 80% to 20% 
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Conditions 

V1N = V1H (Max) 

Inputs Open 

Conditions 

Figures 2 and 3 

Figures 

Figure2 

Figure 1 

Figure2 

Conditions 

Figures 2 and 3 

Figures 
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Switching Waveforms 

L1 
,~, 

SCOPE 
\I CHAN A 

J_ 
Rr 

Vee 

-::'" 

L2 . 

PULSE ,-, CIRCUIT ,-, 
SCOPE 

GENERATOR UNDER 
I I CHAN B \I TEST 

l l Rr 

VEE -::'" 

TL/F/9857-6 

FIGURE 1. AC Test Circuit 

Note: 

Vee. VeeA = +2V, VEE = -2.SV 
L 1, L2 and L3 = equal length son impedance lines 
Rr = son terminator internal to scope 
Decoupling 0.1 µ.F from GND to Vee and VEE 

TL/F/9857-7 

FIGURE 2. Output Rise and Fall Times and Waveforms 
All unused outputs are loaded wilh son to GND 
CL = Fixture and stray capacitance :;; 3 pF 

=\ .. , j~% 

-, I I ••• lr----
~.ATA \ I I (NEW D~TA) I f so% 

I \.----.--.. -.-. _____ / 11-.. i I . loo~ ._toH_. 

.. I tos I I 
MASK 
IN 

1 1 

tMs-

1
~1 

WRITE 
STROBE 

j:=tw IMH ·i 
\ 1~% 

--1--iw.=\1 -- .• , --,-------"'\ 
I \ 

DATA OUT (OLD DATA) (NEW DATA) +so% 
\ 

FIGURE 3. Write Mode and Read/Write Mode Waveforms 

3-30 

TL/F /9857 -8 



Switching Waveforms (Continued) 

TL/F/9857-9 

FIGURE 4. Read Mode Waveforms 

Application 
The 100142 is an ideal choice for the register file unit of a 
bit-slice processor. Figure 5 shows the configuration of four 
100145s into a 16 x 16 register file. The write enbles (WE 1, 

WE2) and output enables (OE1, OE2) are configured to al­
low access to one array of sixteen 16-bit registers or two 
arrays of sixteen 8-bit registers. Simultaneous read and 
write addressing is made possible with separate buses. 
Also, reading and then writing to the same address is easily 
and efficiently done by tying one write enable to an output 
enable. 

YB15-YB12 

MRL~-------f 

WTL~-------f 

CSL --------t 
WTH-------e--t 
MRH------t---t 

RB3-RBO 

CSH 

RD 

0815-0812 

YB11-YB8 

0811-088 

50% 

/b;,;-=--::1 ___ _/ 1--loM-
I 

~~~~A~~TF~~ 50% 

I 
ONE OR MORE BITS IL _____ _ 

MASK IN 

-IMM=\I !.=tMM--i 
M-A-TC_H_O_U_T_P_U_T ___ \ F 

TL/F/9857-10 

FIGURE 5. Search Mode Waveforms 

YB7-YB4 

087-084 

YBJ-YBO 

083-080 

TL/F/9857-11 

FIGURE 5. 16 x 16 Register File (Two 16 x 8 Register Files) 
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100156 
Mask-Merge/Latch 

General Description 
The 100156 merges two 4-bit words to form a 4-bit output 
word. The AMn enable allows the merge of A into B by one, 
two or three places (per the ASn value) from the left. The 
BMn enable similarly allows the merge of B into A from the 
left (per the BSn value). The B merge overrides the A merge 
when both are enabled. This means A first merges into B 
and B then merges into the A merge. If the B address is 

Ordering Code: See Section 6 

Logic Symbol 

E 83 AJ 82 Ao BSoASo Bo Al BS1AS1 81 A2 

BM1 

BMo 

A Mo 

AM1 

TL/F/9861-3 

Note: 

When E is HIGH, On outputs do not change. . . 
When E is LOW, On = A or B depending on which is selected. 

Connection Diagrams 

24-Pin DIP 

AM1 24 BM1 

A3 2 23 AMo 

B3 3 22 BMo 

03 4 21 AS1 

02 5 20 es1 

Vee 19 A So 

VccA 7 18 VEE 

01 17 E 
Oo 16 BSo 

Bo 10 15 A2 

Ao 11 14 B2 

B1 12 13 A1 

TL/F/9861-1 

Not Intended For New Designs 

equal to or greater than the A address, then outputs are 
forced to B. 

The merge outputs feed four latches, which have a common 
enable (E) input All inputs have a 50 kn (typical) pull-down 
resistor tied to VEE· 

Pin Names Description 

E Latch Enable Input (Active LOW) 

Ao-A3 A Data Inputs 

Bo-83 B Data Inputs 

AM0,AM1 A Merge Enable Inputs 

BMo, BM1 B Merge Enable Inputs 

AS0,AS1 A Address Inputs 

BSo, BS1 B Address Inputs 

Oo-03 Data Outputs 

24-Pin Quad Cerpak 

AS1 es, ASo VEE E BSo 

24 23 22 21 20 19 

8Mo 1 18 A2 

A Mo 2 17 B2 

BM 1 3 16 A1 

AM 1 4 15 81 

A3 14 Ao 

83 13 Bo 
7 8 9 10 11 12 

03 02 YccYccA01 Oo 

TL/F/9861-2 
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E 
Ao 

BSo Co 

A So 

Bo 

A1 

BS1 
a, 

AS1 

81 

A2 

02 

BMo 

82 

A3 

AM0 
Q3 

BM1 
AM1 

83 

TL/F/9861-5 
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Truth Table 

Merge Enables 

BM1 BMo AM1 

x x H 
I 

H x x 
L L L 

L L L 
L L L 

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 

L H L 

L H L 
L H L 

L H L 
L H L 

l H L 
L H L 

L H L 

L H L 
L H L 

L H L 
L H L 
L H L 

x x x 
Before At After 

Start Start End 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

Inputs 

Addresses 

A Mo BS1 BSo AS1 

x x x x 
x x x x 
L x x x 
H x x L 
H x x L 

H x x H 
H x x H 

L L L x 
L L H x 
L H L x 
L H H x 
H L L L 

H L L H 
H L L H 

H L H H 
H L H H 
H H L H 

H H H H 
H H H H 
H H H l 
H H H L 

H H L H 

H H L L········· 
H H L L 

H L H L 
H L ... H · .. · L 
H .L • l L 

x x .. · x x 
At ······ .. ··· 

End 

Outputs 
Remarks 

A So E Oo 01 02 03 

x L Bo B1 B2 B3 
x L Bo B1 B2 B3 

Select B 

x L Ao A1 A2 A3 Select A 

L L Bo B1 B2 B3 
H L Ao B1 B2 B3 

MergeA ~ B 
L L Ao A1 B2 B3 
H L Ao A1 A2 B3 

x L Ao A1 A2 A3 
x L Bo A1 I A2 A3 

MergeB ~A x L 'Bo 81 A2 A3 
x L Bo 81 82 A3 

H L Ao 81 82 B3 
L L Ao A1 B2 B3 Merge A~ B 

H L Ao A1 A2 B3 

L L Bo I·· A1 B2 B3 MergeA ~ B 

H L Bo A1 A2 B3 then 

H L Bo B1 A2 B3 MergeB ~A 

H L Bo B1 B2 B3 
l L Bo B1 B2 B3 
H l Bo B1 B2 B3 
L 

I 

L Bo B1 B2 B3 
l L Bo B1 B2 B3 

B Address ~ A Address 
H L Bo B1 B2 B3 
L L Bo B1 B2 B3 
H L Bo B1 B2 B3 
L L Bo B1 B2 83 
L L Bo B1 B2 B3 

x H Oo 01 02 03 Latch 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military I Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°Cto +8S°C 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin -7.0V to +O.SV 
Office/Distributors for availability and specifications. 

Input Voltage (DC) VEE to +o.sv 
Storage Temperature - 6S°C to + 1 so·c 

Output Current (DC Output HIGH) -SOmA 
Maximum Junction Temperature (TJ) + 1so0 c 

Operating Range (Note 2) -S.7V to -4.2V 

DC Electrical Characteristics 
VEE= -4.SV, Vee= VccA = GND, Tc= 0°C to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -102S -9SS -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -170S -1620 orV1l(Min) son to -2.ov 

VoHC Output HIGH Voltage -103S 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 orV1l(Max) son to -2.ov 

V1H Input HIGH Voltage 
-116S -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -147S mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current o.so µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE= -4.2V, Vee= VccA = GND, Tc= 0°C to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H (Max) Loading with 

VOL Output LOW Voltage -1810 -160S orV1l(Min) son to -2.ov 

VoHC Output HIGH Voltage -1030 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1S9S orV1l(Max) son to -2.ov 

V1H Input HIGH Voltage 
-11SO -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -147S mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current o.so µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.8V, Vee = VccA = GND, Tc = o·c to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -103S -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1620 orV1l (Min) son to -2.ov 

VoHC Output HIGH Voltage -104S 
mV V1N = V1H (Min) Loading with 

VolC Output LOW Voltage -1610 orV1l(Max) son to -2.ov 

V1H Input HIGH Voltage 
-116S -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l 
. 

Input LOW Voltage Guaranteed LOW Signal 
-1830 -1490 mV 

for All Inputs 

l1l Input LOW Current o.so µA V1N = V1l (Min) 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.BV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE= -4.2V to -4.8V unless otherwise specified, Vee= VccA = GND, Tc= 0°C to +85°C 

Symbol Parameter Min Typ Max Units 

l1H Input HIGH Current 
265 µA 

An, Bn, BMn, AMn. BSn, ASn, E 

IEE Power Supply Current -235 -161 -107 mA 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

. 

Symbol Parameter 
Tc= o·c Tc= +25°C Tc= +as·c 

Min Max Min Max Min Max 

tPLH Propagation Delay 

tPHL An. Bn to Outputs 0.45 1.90 0.50 1.80 0.50 2.00 
(Transparent Mode) 

tPLH Propagation Delay 
1.00 2.50 1.00 2.40 1.00 2.50 

tPHL E to Outputs 

tPLH Propagation Delay 

tPHL AMn, BMn, ASn, BSn to 1.20 3.70 1.20 3.70 1.20 3.80 

Outputs (Transparent Mode) 

trLH Transition Time 
0.45 1.90 0.45 1.80 0.45 1.90 

trHL 20% to 80%, 80% to 20% 

ts Setup Time 

An, Bn 0.80 0.80 0.80 

AMn, BMn. ASn, BSn 2.90 2.90 2.90 

tH Hold Time 

An, Bn 2.10 2.10 2.10 

AMn, BMn. ASn, BSn 0.80 0.80 0.80 

tpw(L) Pulse Width LOWE 2.00 2.00 2.00 

Cerpak AC Electrical Characteristics 
VEE= -4.2V to -4.8V, Vee= VccA =.GND 

Symbol Parameter 
Tc= o·c Tc= +25°C Tc= +as·c 

Min Max Min Max Min Max 

tPLH Propagation Delay 

tPHL An, Bn to Outputs 0.45 1.70 0.50 1.60 0.50 1.80 
(Transparent Mode) 

-::c-
tPLH Propagation Delay 

1.00 2.30 1.00 2.20 1.00 2.30 
tPHL EtoOutputs .. 

tPLH Propagation Delay 

tPHL AMn. BMn, ASn, BSn to 1.20 3.50 1.20 3.50 1.20 3.60 
Outputs (Transparent Mode) 

trLH Transition Time 
0.45 1.80 0.45 1.70 0.45 1.80 

trHL 20% to 80%, 80% to 20% 

ts Setup Time 

An, Bn 0.70 0.70 0.70 

AMn, BMn, ASn, BSn 2.80 2.80 2.80 

tH Hold Time 

An, Bn 2.00 2.00 2.00 

AMn, BMn. ASn, BSn 0.70 0.70 0.70 

tpw(L) Pulse Width LOWE 2.00 2.00 2.00 
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Conditions 

V1N = V1H (Max) 

Inputs Open 

Units Conditions 

ns 

ns 

Figures 1 and 2 

ns 

ns 

ns 

Figure3 

ns 

ns Figure2 

Units Conditions 

ns 

ns 
Figures 1 and 2 

ns 

ns 

ns 

Figure3 

ns 

ns Figure2 



Notes: 
Vee. VeeA = +2V, VEE = -2.SV 
L 1 and L2 = equal length son impedance lines 
Ar = son terminator internal to scope 
Decoupling 0.1 µ.F from GND to Vee and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance ,.;; 3 pF 
Pin numbers shown are for flatpak; for DIP see logic symbol 

An, Bn. AMn, BMn. 
ASn,BSn 

OUTPUT (Qn) 

Vee 

i0.1 µF 

24 23 22 21 20 19 
18 

17 

'"' 16 

15 

14 i 
6 13 

8 9 10 11 12 ~~ 

c 

"' 4 

-=-

FIGURE 1. AC Test Circuit 

'".- ---- ------~ I . • '+-
I \ 

PULSE 
GENERATOR 

SCOPE 
CHANA 

Ar 

";;' 

SCOPE 
CHAN B 

0.7:!:0.1 ns 

trHLo ITLH 

FIGURE 2. Enable Timing 

An. Bn, AMn, x x 
B•M-n._A_s_"_' B-M·"--.1 ------

~·· t=-'h~-
ENABLE l -- TL/F/9861-8 

Notes: 

15 is the minimum time before the transition of the enable that information must be present at the designated input. 

th is the minimum time after the transition of the enable that information must remain unchanged at the designated input. 

FIGURE 3. Data Setup and Hold Times 
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100158 
8-Bit Shift Matrix 

General Description 
The 100158 contains a combinatorial network which per~ 
forms the function of an 8-bit shift matrix. Three control lines 
(Sn) are internally decoded and define the number of places 
which an 8-bit word present at the inputs (Dn) is shifted to 
the left and presented at the outputs (Zn). A Mode Control 
input (M) is provided which, if LOW, forces LOW all out-

Ordering Code: see section 6 

Logic Symbol 

Do D1 D2 03 04 Ds De 07 
So 
S1 

S2 

M 
Zo Z1 Z2 Z3 Z4 Zs Zs Z1 

Connection Diagrams 

24-Pin DIP 

TL/F/9862-1 

Not Intended For New Designs 

puts to the right of the one that contains D7. This operation 
is sometimes referred to as LOW backfill. If M is HIGH, an 
end-around shift is performed such that Do appears at the 
output to the right of the one that contains D7. This opera­
tion is commonly referred to as. barrel shifting. All inputs 
have 50 kn pull-down resistors. 

Pin Names Description 

Do-D7 Data Inputs 
So-S2 Select Inputs 
M Mode Control Input 

Zo-Z7 Data Outputs 
·.· ., 

24-Pin Quad Cerpak 

D4 S2 M VEE S1 So 

24 23 22 21 20 19 

Ds 18 D3 

D5 2 17 D2 

0., 3 16 D1 

Z7 4 15 Do 

Zs 5 14 Zo 

Zs 13 Z1 
7 8 9 10 11 12 

Z4VccAVccYccAZ3 Z2 

TL/F/9862-2 

3-38 



Logic Diagram 

Truth Table 
Inputs 

M So 51 
x L L 
L H L 
L L H 
L H H 
L L L 
L H L 
L L H 
L H H 

H H L 
H L H 
H H H 
H L L 
H H L 
H L H 
H H H 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

52 Zo Z1 
L Do D1 
L D1 D2 
L D2 D3 
L D3 04 
H 04 05 
H D5 D5 
H D5 07 
H D1 L 

L D1 D2 
L D2 D3 
L D3 04 
H D4 D5 
H D5 05 
H D5 D1 
H D1 Do 

Outputs 

Z2 Z3 Z4 

D2 D3 D4 
D3 D4 D5 
D4 Ds D5 
D5 05 D1 
D5 D1 L 
D1 L L 
L L L 
L L L 

D3 D4 Ds 
D4 D5 D5 
05 D5 D1 
D5 D1 Do 
D1 Do D1 
Do D1 D2 
D1 D2 D3 
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Zs Zs 

Ds D5 
D5 D1 
D1 L 
L L 
L L 
L L 
L L 
L L 

D5 D1 
D1 Do 
Do D1 
D1 D2 
D2 D3 
D3 D4 
04 D5 

Z7 

D1 
L 
L 
L 
L 
L 
L 
L 

Do 
D1 
D2 
D3 
D4 
Ds 
D5 

TL/F/9862-5 

_,,, 
0 
0 _,,, 
U1 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°Cto +85°C 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin - 7.0V to + 0.5V 
Office/Distributors for availability and specifications. 

Input Voltage (DC) " 
VEE to +0.5V 

Storage Temperature - 65°C to + 150°C 
Output Current (DC Output HIGH) -50mA 

Maximum Junction Temperature (TJ) + 150°C 
Operating Range (Note 2) _;,;5.7V to _...-,4.2V 

DC Electrical Characteristics 
VEE = -4.5V, Vee= VccA = GND, Tc= 0°C to +85°C (Note 3) 

_c2 

Symbol Parameter Min Typ Max Units j_ Conditions (Note 4) 

Vott Output HIGH Voltage -1025 -955 -880 
mV V1N =Vitt (Max) Loading with 

Vol Output LOW Voltage -1810 -1705 -1620 L 
oi'V1t.(Min) 50.0. to -2.0V 

Vottc Output HIGH Voltage -1035 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 orV1l(Max) 50.0.to -2.0V 
~ -:c 

V1tt Input HIGH Voltage Guaranteed HIGH Signal 
-1165 -880 mV :_ 

..:::. for All Inputs 

V1l Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 

:c: for All Inputs 

l1l Input LOW Current 0.50 µA_----. 
V1N = V1l (Min) 

· .. 

DC Electrical Characteristics 
VEE = -4.2V, Vee = VccA = GND, Tc = 0°C to + 85°C (Note 3) 

~ 

Symbol Parameter Min Typ Max iUnlts Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
.. , ...... 

V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1605~ 
Ii mV or Vil (Min) 50.0. to -2.0V 

~,., ... ....., 
Vottc Output HIGH Voltage -1030 / _b V1N = Vitt (Min) Loading with 

;.;;._ ... mV 
Vole Output LOW Voltage / Ii -":1595 orV1l(Max) 50.0.to -2.0V 

V1H Input HIGH Voltage 
-1150 -'-870 mV 

Guaranteed HIGH Signal 

. : ...•.. :· for All Inputs 

V1l Input LOW Voltage 
'. ·.:: ·,.· 

Guaranteed LOW Signal 
-1810 -1475 mV 
~ for All Inputs 

l1l Input LOW Current _{_ 0.50 µA V1N = Vil (Min) 

DC Electrical Characteristics 
VEE= -4.8V, Vee= VccA = GND,Tc "'." o~¢tC> +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

Vott Output HIGH Voltage -1035 -880 
mV V1N = V1tt (Max) Loading with 

Vol OutputLOW Voltage -1830 -1620 orV1l(Min) 50.0.to -2.0V 

VoHC Output HIGH Voltage -1045 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage 
.. 

-1610 or Vil (Max) 50.0. to -2.0V 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1830 -1490 mV 

Guaranteed LOW Signal 
for All Inputs 

...;;.. 

l1l ·, Input LOW Current 0.50 µA V1N = V1l (Min) 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied, 
Note 2: Parametric-values specified at -4.2V to -4.BV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc 0°C to +85°C 

Symbol Parameter Min Typ Max Units 

l1H Input HIGH Current 
220 µA 

All Inputs 

IEE Power Supply Current -205 -140 -95 mA 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Min Max Min Max Min Max 

tpLH Propagation Delay 
1.10 2.80 1.10 2.70 1.10 2.80 

tPHL Dn to Output 

tPLH Propagation Delay 
1.15 4.20 1.25 4.20 1.15 4.20 

tpHL M to Output 

tPLH Propagation Delay 
1.70 4.20 1.70 4.20 1.70 4.20 

tPHL Sn to Output 

trLH Transition Time 
0.50 2.30 0.50 2.30 0.50 2.30 

trHL 20% to 80%, 80% to 20% 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Min Max Min Max Min Max 

tPLH Propagation Delay 
1.10 2.60 1.10 2.50 1.10 2.60 

tPHL Dn to Output 

tPLH Propagation Delay 
1.15 4.00 1.25 4.00 1.15 4.00 

tpHL MtoOutput 

tpLH Propagation Delay 
1.70 4.00 1.70 4.00 1.70 4.00 

tpHL Sn to Output 

trLH Transition Time 
0.50 2.20 0.50 2.20 0.50 2.20 

trHL 20% to 80%, 80% to 20% 
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Units 

ns 
' 

ns 

ns 

ns 

Units 

ns 

ns 

ns 

ns 

Conditions 

V1N = V1H (Max) 

Inputs Open 

Conditions 

Figures 1 and 2 

Conditions 

Figures 1 and 2 
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co 
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T"" 
0 
0 
T"" 

50 fl 

50 fl 

50 fl 

50 fl 

-= 

Notes: 

Vee. VeeA = +2V, VEE = -2.5V. 
L 1 and L2 = equal length 50!1 impedance lines. 
Rr = 50!1 terminator internal to scope. 
Decoupling 0.1 µF from GND to Vee and VEE· 
All unused outputs are loaded with 50!1 to GND. 
CL = fixture and stray capacitance s; 3 pF. 

VEE 
0.1 µF 

~ L1 
,"'\ 
\I 

24 23 22 21 20 19 J-1 18 

17 

16 

15 

14 

6 13 
7 8 9 10 11 12 

50 {l 

0.1 µFI I25µF 

-=Vee-= 

Pin numbers shown are for flatpak; for DIP refer to logic symbol. 

FIGURE 1. AC Test Circuit 

PULSE 
GENERATOR 

SCOPE 
CHANA 

Rr 

-= 

SCOPE 
CHAN B 

Rr 

-= 

0.7'0.1 "'1 r 1 r.0:•0.1 "' +1.0SV 

INPUT ffi . {'_+-2_;,05_;_% _____ + 0.31 V 

lpHL-t . r ...j 

OUTPUT 

FIGURE 2. Propagation Delay and Transition Times 
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Applications 
The following technique uses two ranks of 100158s to shift 
a 64-bit word from O to 63 places. Although two stage de­
lays are required (one for each rank), the total shift takes 
only about 4 ns. This technique performs a bit shift on each 
8-bit byte in the first rank and then a modulo-8 byte shift on 
the 64-bit word in the second rank. 

Basic 16-Blt 0-7 Place Shifter 

Figure 3 shows the basic 0-7 place shift technique which 
can be expanded to accommodate any word length. 

DATA INPUTS 

01234567 

......i--1-~1-1--2 4 

Each 8-bit byte requires a pair of 100158s operating in the 
LOW backfill mode. The address lines for each pair of ICs 
are driven out of phase by three OR gates. Inputs for the 
two ICs are taken from two bytes transposed in order; out­
puts are transposed and emitter-OR tied. One device shifts 
right from location O and the other shifts left from location 7. 
The bits shifted off one pair are picked up by the next pair of 
100158s or-in the case of the last one in. the rank~re­
turned to the first device. The net result is a 0-7 place shift 
of the entire word. 

8 9101112131415 

F100158 3---+-+-+-
1 2 --+-f-+--+-

._::t::i} i~00158 
......i--1-.+-11-1--1---1 ..--~~~~~·· 

FROM·{~a 
1 --+-<-+--+-+-

................ + _.4 
...... --1-._ ~ .... +-...._ 

4
_,,_ -l .... -_ -o l l 

Do DtD2 0304 DsDe 07 
r--- So 

.------ St F100158 
.-- S2 2 

-M 
Zo Zt Z2Z3Z.ZsZs Z1 

DoDtD20304D5DeD1 
,---,..--- So 
r-- St F100158 

.--- s~ 3 
-M 

ZoZt Z2Z3Z4ZsZe Z7 

0 ... _l--l-+--+-i_lf-+--11-

DoDt D2D3D4 DsDeD7 
,-so 
r- St F100158 
.-- S2 4 

-M 
Zo ZtZ2Z3Z4 ZsZ&Z7 
I - t- I 

St o....+-t--t--~+-t-+--+-IH--+-l--+-+-+~~-+--+-1~4-1-+~~-l-~-l--Wl-l--4-1-l.-l---l 

'--~-t-~~+-f-+--+-l'--+--+-l-~~~~-+--+-1~4L~4-~+-ll--~l-+~.J.-.l.-l-4--<l--_...J 

-

.. 

01234567 B 9101112131415 

OATA OUTPUTS 

TL/F/9862-8 

FIGURE 3. Basic 16-Blt 0-7 Place Shifter 
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Applications (Continued) 

Expanding to 64-Bit Word and 64-Place Shift 

The basic 0-7 place shift technique can be expanded to 
accommodate a 64-bit word shifted from o to 63 places, 
however, two ranks of 100158s are required (Figure 4). The 
~irst ran~ is identical to the one illustrated in Figure 3 except 
1t contains a total of 16 devices. The second rank consists 
of eight additional 100158s connected in the modulo-8 con­
figuration shown in Figure 5. 

The modulo-8 rank is used to simulate an 8-bit simultaneous 
shift since the 100158 cannot shift in 8-bit jumps. The mod­
ulo-8 configuration is achieved by wiring the first rank and 
the output device to the second rank as illustrated in Figure 
5. The LSB of each output byte in the first rank is wired to 
one of the eight inputs of the first 100158 in the 

So S1 

second rank. The next least significant bit of each first-rank 
100158 pair, however, is connected to the inputs of the sec­
ond 100158 in the second rank. The other first-ranked out­
puts are connected in a similar fashion to the remainder of 
the second-rank inputs. Ultimately, the outputs of the sec­
ond rank must then be connected to.re~orm the rinal usable 
64-bit word so that the bits are again ordered from o-63. 

The effect is that each single-location shitt i~ the ~et~nd 
rank appears to be an eight place shift in ttie. finafword due 
to the way the inputs and outputs of the 5econd rank are 
connected. The combination of the two ranks· produces the 
64-place shift of the entire word. 

RANK ·1--16~~1P{· ' 
0-7 PLACE BIT SHIFT 

RANK 2 - 8 CHIPS 
MODUL0·8 BYTE SHIFT 

1 2 • 64·BIT INPUT WOR0-_..61 62 63 
TL/F/9662-9 

4. 64-Bit 0-63 Place Barrel Shifter 
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Applications (Continued) 

FROM 
FIRST 
RANK 

TO 
OUTPUT 
DEVICE 

--~~~~~~~~~~~~-WORDTOBESHIFTED~~~~~~~~~~~~~~~_.63 i > .. ~ j ........... ) ~rn,..~J 

0 8 16 24 32 40 48 58 1 9 17 25 33 41 49 57 7 15 23 31 39 47 55 153 

llllllll llllllll l l l LI ll t 
l;:iD1D2D304DsDal>r SoDo 01 02 D3 D4 Ds De 07 So Do 01 D2 D3 D4 05 De D1 

s, F100158 ......---- s, F100158 r----1 S1 F100158 
S2 1 ,..--- ~ 2 ,..--- S2 8 

Mlo Z1 Z2 ZJ Z4 Zs 
r--

Mlo Z1 Z2 Z3 Z4 Zs Za Z1 Ze Z1 
r-

Mlo Z1 Z2 Z3 Z4 Zs Ze Z1 

..1. 

~ -J 

01234587 8 9 .10 11 12 13 14 15 56 57 58 59 60 81 82 83 
..-~~~~~~~~~~~~~woRDAFTERSHIFT~~~~~~~~~~~~~~~--83 

Tl/F/9862-10 

FIGURE 5. Modulo-8 Shift 
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100165 
Universal Priority Encoder 

General Description 
The 100165 contains eight input latches with a common 
Enable (E) followed by encoding logic which generates the 
binary address of the highest priority input having a HIGH 
signal. The circuit operates as a dual 4-input encoder when 
the Mode Control (M) input is LOW, and as a single 8-input 
encoder when M is HIGH. In the 8-input mode, Oo. 01 and 
02 are the relevant outputs, lo is the highest priority input 
and GS1 is the relevant Group Signal output. In the dual 
mode, Oo. 01 and GS1 operate with lo-13. 02. 03 and GS2 

Ordering Code: See section 6 

Logic Symbol 

M lo 11 12 13 14 Is Is 11 

Connection Diagram~ . 

Not Intended For New Designs 

operate with 14-17. A GS out,llJt goes LOW 
nent inputs are all LOW. 

Inputs are latched when E ~9es HIGH. A HIGH signal on the 
Output Enable (OE) inp(rtforcefi all Qoutputs LOW and GS 
outputs HIGH. Expansion to accommo.d~te more inputs can 
be done by connecting the GS output of a higher priority 
group to the OE: input of the next lower priority group. All 
inputs have 59 k!l'pulldown resistors. 

Pin Names.•, . 

. 1()717 
·i: ... 

OE 
M 
GS1-GS2 
Oo-03 
Oo-03 

12 

1, 

lo 
Oo 
Oo 
a, 

1 

2 

3 

4 

5 

Description 

Data Inputs 
Enable Input (Active LOW) 
Output Enable Input (Active LOW) 
Mode Control Input 
Group Signal Outputs 
Data Outputs 
Complementary Data Outputs 

24-Pin Quad Cerpak 

13 M E VEE OE 14 

24 23 22 21 20 19 

18 15 

17 15 

16 17 

15 03 
14 03 
13 02 

7 8 9 10 11 12 

TL/F/9866-2 
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Logic Diagram 

Truth Table 

E OE M 

L L L 
L L L 
L L L 
L L L 
L L L 

L L L 
L L L 
L L L 
L 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 L H 

L L H 

x H x 
H 

L ·· ........ 
L 

H L H 

H = HIGH Voltage Level 
L = LOW Voltage Level 
Blank = X = Don't Care 

lo 

H 
L 
L 
L 
L 

H 
L 
L 
L 
L 
L 
L 
L 

L 

x 
x 
x 

Inputs 

11 12 13 14 

x x x 
H x x 
L H x 
L L H 
L L L 

H 
L 
L 
L 
L 

x x x x 
H x x x 
L H x x 
L L H x 

.L L L H 
L L L L 
L L L L 
L L L L 

L L L L 

x x x x 
x x x x 
x x x x 

Is 15 17 

x x x 
H x x 
L H x 
L L H 
L L L 

x x x 
x x x 
x x x 
x x x 
x x x 
H x x 
L H x 
L L H 

L L L 

x x x 
x x x 
x x x 
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Outputs 

Oo 01 02 03 GS1 GS2 

L L H 
H L H 
L H H 
H H H 
L L L 

L L H 
H L H 
L H H 
H H H 
L L L 

L L L L H H 
H L L L H H 
L H L L H H 
H H L L H H 
L L H L H H 
H L H L H H 
L H H L H H 
H H H L H H 

L L L L L H 

L L L L H H 

Given by lo-17 when E was LOW and M = L 
Given by lo-17 when E was LOW and M = H 

...... 
C> 
C> ...... 
en 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military I Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°Cto +8S°C 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin -7.0Vto +O.SV 
Office/Distributors for availability and specifications. Input Voltage (DC) VEE to +O.SV 
Storage Temperature - 6S°C to + 1 so0 c Output Current (DC Output HIGH) -SOmA 
Maximum Junction Temperature (TJ) +1S0°C Operating Range (Note 2) ~5.7V to -4.2V 

DC Electrical Characteristics 
VEE = -4.SV, Vee = VccA = GND, Tc = 0°C to + 8S°C (Note 3) 

/ 

Symbol Parameter Min Typ Max Units 
~ 

Conditions (Note 4) 

VoH Output HIGH Voltage -102S -9SS -880 
mV VJN =v1H (Max) Loading with 

VoL Output LOW Voltage -1810 -170S -1620 orV1L(Min) son to -2.ov 
I 

VoHC Output HIGH Voltage -103S 
mV V1N = V1H (Min) Loading with 

VOLc Output LOW Voltage -1610 orV1L(Max) son to -2.0V 

V1H Input HIGH Voltage -116S -880 1 .. ···· mv./ .. 1 
Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1810 -147S mV 

Guaranteed LOW Signal 
I for All Inputs 

l1L Input LOW Current o.so µA .·· V1N = V1L (Min) 

DC Electrical Characteristics 
VEE = -4.2V, Vee= VccA = GND, Tc = 0°C to +8S°C (Note 3) 

.. " 
Symbol Parameter Min Typ Max j_ Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 .··. 

V1N = V1H (Max) Loading with 
mV 

VoL Output LOW Voltage -1810 -160S I orV1L(Min) son to -2.ov 
.~· 

VoHC Output HIGH Voltage 
-1030 Li······ 

.. 

V1N = V1H (Min) Loading with ... ._ 
mV 

VoLC Output LOW Voltage i ""'.:"1S9S orV1L(Max) son to -2.ov 

V1H Input HIGH Voltage 
-1150' ~870 mV 

Guaranteed HIGH Signal 

I _;;;_ for All Inputs 

V1L Input LOW Voltage 
-1810 

.... 
-147S mV 

Guaranteed LOW Signal 
.. for All Inputs 

l1L Input LOW Current _;_·,' o.so µA V1N = V1L (Min) 

DC Electrical Characteristics 
VEE= -4.8V, Vee= VccA = GND;Tc =:' ()~Cto +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGHVoltage -103S -880 
mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1830 -1620 or V1L (Min) son to -2.0V 

VoHC Output HIGH Voltage -' -1045 
mV V1N = V1H (Min) Loading with 

VOLc Output LOW Voltage -1610 or V1L(Max) son to -2.ov 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 

·~ 
for All Inputs 

V1L I lnflUt LOW Voltage -1830 -1490 mV 
Guaranteed LOW Signal 

•······ 

for All Inputs 

l1L _:_: 
Input LOW Current 0.50 µA V1N = V1L (Min) 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not Implied. 
Note 2: Parametric values specified at -4.2V to -4.BV. 

Note 3: The specified limits represent the "worsi case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VeeA = GND, Te = o·c to + 85°C 

Symbol Parameter Min Typ Max 

l1H Input HIGH Current 
230 

All Inputs 

IEE Power Supply Current -200 -140 -77 

Ceramic Dual-In-Line Package AC Characteristics 
VEE = -4.2V to -4.8V, Vee = VeeA = GND 

Symbol Parameter 
Tc= o·c Tc= +25°C Tc= +ss·c 

Min Max Min Max Min Max 

tPLH Propagation Delay 

tPHL lo-17 to Oo-03, Oo-03 1.10 4.10 1.10 4.10 1.10 4.60 
(Transparent Mode) 

tPLH Propagation Delay 

tPHL lo-17 to GS1-GS2 1.30 3.90 1.30 3.90 1.30 4.20 
(Transparent Mode) 

tPLH Propagation Delay 
1.00 3.00 1.00 3.00 1.10 3.30 

tPHL OE to Oo-03, Oo-03 
- __ -_ 

tPLH Propagation Delay 
1.10 2.60 1.10 2.60 1.20 2.80 

tPHL OE to GS1-GS2 

tPLH Propagation Delay 
0.90 3.60 1.00 3.60 too 3.80 

tPHL M to Oo-03, Oo-03 

tPLH Propagation Delay 
1.50 4.70 1.50 4.60_' 1.50 5.00 

tPHL E to Oo-03, Oo-03 

trLH Transition Time 
0.45 1.50 0.45 1.40 0.45 1.50 

trHL 20% to 80%, 80% to 20% 

ts Setup Time 
1.00 0.9~ 1.00 

lo-17 . , . 

tH Hold Time 
1.20 1.20 1.20 

lo-17 . ' 

tpw(L) Pulse Width LOW 
2.00. 2.00 2.00 E 

--: 
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Units 

µA 

mA 

Units 

' 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Conditions 

V1N = v,H (Max) 

Inputs Open 

Condition 

,/ 

Figures 1 and 3 

Figures 1 and 2 

Figures 1 and 3 

Figures 1, 2 and 3 

Figure4 

Figure3 

...... 
0 
0 ...... 
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Lt) 
CD 

0 Cerpak AC Electrical Characteristics 
~ v E - -4 2V to -4 8V Vee = VeeA = GND E -

Symbol Parameter 
Tc= 0°C 

Min Max 

tPLH Propagation Delay 

tPHL lo-11 to Oo-03, Oo-03 1.10 3.90 
(Transparent Mode) 

tPLH Propagation Delay 

tPHL lo-17 to GS1-GS2 1.30 3.70 
(Transparent Mode) 

tPLH Propagation Delay 
1.00 2.80 

tPHL OE to Oo 03, Oo-03 

tPLH Propagation Delay 
1.10 2.40 

tPHL OE to GS1 -GS2 

tPLH Propagation Delay 
0.90 3.40 

tPHL M to Oo 03, Oo-03 

tPLH Propagation Delay 
1.50 4.50 

tPHL E to Oo 03, Oo-03 

trLH Transition Time 
0.45 1.40 

tTHL 20% to 80%, 80% to 20% 

ts Setup Time 
0.90 

lo-11 

tH Hold Time 
1.10 

lo-11 -
tpw(L) Pulse Width LOW 

2.00 :1 E :_c___::c_ 

-::" 

Tc= +25°C Tc= +Bs0 c 
Min Max Min Max 

1.10 3.90 1.10 4.40 

1.30 3.70 1.30 4.00 .. 

.· 

1.00 2.80 1.10 3.10 . ·.· . 

1.10 . 2.40 1.20 2.60 

1.00 3.40 1.00 3.60 . 
1.50 4.40 1.50' 4.80 

0.45 1.30 0.45. 1.40 

0.80 0.90 
. 

"7 

1.10 1.10 ... 

2.00 2.00 

... 

PULSE 
\ I GENERATOR 
_L 

Rr 

Rr 

-::" 

SCOPE 
CHAN A 

SCOPE 
CHAN B 

FIGURE 1. AC Test Circuit 
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Units Conditions 
. 

ns 
·I 

. Figures 1 and 3 

ns 

ns 

ns Figures 1 and 2 

ns 

ns Figures 1 and 3 

ns Figures 1, 2 and 3 

ns 
Figure4 

ns 

ns Figure3 
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M,OE 

TRUE 

OUTPUT 

COMPLEMENT 

ITLH-.J 

TL/F/9868-7 

FIGURE 2. Propagation Delay (M, OE) and Transition Times 
Notes: 

Vee. VeeA = +2V, VEE= -2.SV 

L 1 and L2 = equal length son impedance lines 

Ar = son terminator internal to scope 

Decoupling 0.1 µ.F from GND to Vee and VEE 

All unused outputs are loaded with son to GND 

CL = Fixture and stray capacitance ::;; 3 pF 

Pin numbers shown are for flatpak; for DIP see logic symbol 

,r---~---~--i 
0.7~0.1 ns 

I . \ 
DATA 

\ I 
\ . I '-------------' 

OUTPUT(Qn) 

ITHL• ITLH 

FIGURE 3. Enable Timing 

-~-~ ____ '! x ___ __ 
-ENABLE _~~r--th~-

TL/F/9866-9 

FIGURE 4. Setup and Hold Times 

Is is the minimum time before the transition of the enable that information must be present at the data input. 

th is the minimum time after the transition of the enable that information must remain unchanged at the data input. 
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100166 
9-Bit Comparator 

General Description 
The 100166 is a 9-bit magnitude comparator which com­
pares the arithmetic value of two 9-bit words and indicates 
whether one word is greater than, or equal to, the other. 

Ordering Code: see section 6 

Logic Symbol 

B>A A=B A>B 

TL/F/9867-3 

Connection Diagrams 

24-Pin DIP 

Not Intended For New Designs 

Other functions can be generated by the 
outputs. All inputs have 50 kfi pulldown resistors. 

B5 

e, 
B3 3 

B2 4 

e, 5 

Bo 

Description 

AData Inputs 
8 Data Inputs 
A Greater than B Output 
B Greater than A Output 
Complement A Equal to B Output 
(Active LOW) 

24-Pin Quad Cerpak 

B5 B7 Bs VEE As A1 

24 23 22 21 20 19 

18 As 

17 As 

16 A4 

15 A5 

14 Az 

13 A1 

7 8 9 10 11 12 

B>A A=B Vee VccAA>B Ao 
TL/F/9867-2 
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Logic Diagram 

Truth Table 

A a Ba A1B1 

H L 
L H 

Aa =Ba H L 
Aa =Ba L H 

Aa =Ba A1 = B1 
Aa =Ba A1 = B1 
Aa =Ba A1 = B1 
Aa =Ba A1 = B1 

Aa =Ba A1 = B1 
Aa =Ba A1 = B1 
Aa =Ba A1 = B1 
Aa =Ba A1 = B1 

Aa =Ba A1 = B1 
Aa =Ba A1 = B1 
Aa =Ba A1 = B1 
Aa =Ba A1 = B1 

Aa =Ba A1 = B1 
Aa =Ba A1 = B1 
Aa =Ba A1 = B1 

H = HIGH Voltage Level 
L = LOW Voltage Level 
Blank = Don't Care 

AsBs 

H L 
L H 

A5 = B5 
A5 = B5 

A5 = B5 
A5 = B5 
A5 = B5 
A5 = B5 

A5 = B5 
A5 = B5 
As= B5 
Ae =Ba 

Ae = B5' 
Ae =Be 
A5 =Ba 

Inputs 

AsBs A4B4 

H L 
L H 

As= Bs H L 
As =Bs L H 
As= Bs A4= 84 
As= Bs , A4 = B4 

As= Bs A4 =84 
As= Bs 'A4 = B4 
As= Bs A4 = B4 
As~ Bs A4 = B4 

As =Bs A4 = B4 
As= Bs A4 = B4 
As= Bs A4 = B4 

B>A A"'B A>B 

A a Ba A2B2 A1B1 
I 

I 

H L 
L H 

As= B3 H L 
As= Bs L H 
As= Bs A2 = B2 H L 
As= Bs A2 = B2 L H 

As= Bs A2 = B2 A1 = B1 
As= Bs A2 = B2 A1 = B1 
A3 = Bs A2 = B2 A1 = B1 
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Ao Bo A>B 

H 
L 
H 
L 

H 
L 
H 
L 

H 
L 
H 
L 

H 
L 
H 
L 

H L H 
L H L 

Ao= Bo L 

TL/F/9867-5 

Outputs 

B>A A=B 

L H 
H H 
L H 
H H 

L H 
H H 
L H 
H H 

L H 
H H 
L H 
H H 

L H 
H H 
L H 
H H 

L H 
H H 
L L 

..... 
0 
0 ..... 
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Cl) 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military I Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°C to +85°C 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin -7.0Vto +0.5V 
Office/Distributors for availability and specifications. 

Input Voltage (DC) VEE to +0.5V 
Storage Temperature - 65°C to + 150°C 

Output Current (DC Output HIGH) -50mA 
Maximum Junction Temperature (TJ) +150°C 

Operating Range (Note 2) :-"5.0V to -4.2V 

DC Electrical Characteristics 
VEE = -4.5V, Vee= VccA = GND, Tc = 0°C to +85°C (Note 3) .. 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1025 -955 -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1705 -1620 orVll(Min) 500 to -2.0V 

VoHC Output HIGH Voltage -1035 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 orV1l(Max) 500to -2.0V 
,;_ 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA ·. V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.2V, Vee= VccA = GND, Tc = 0°C to +85°C (f\JOte 3) L 
Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1605 ··. orV1l(Min) 500 to -2.0V 
;,;;.. 

VoHC Output HIGH Voltage -1030 .. 
~ _;_ mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage ~1595 or Vil (Max) 500to -2.0V 

V1H Input HIGH Voltage 
-1150· -:-870 mV 

Guaranteed HIGH Signal 
.. for All Inputs 

V1l Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 
... 

0.50 __;__ µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.8V, Vee = VccA = GND,Tc =;o0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1035 -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW VOitage ... -1830 -1620 orV1l(Min) 500 to -2.0V 

VoHC Output HIGH Voltage -1045 
mV V1N = V1H (Min) Loading with 

VolC Output LOW Voltage -1610 orV1l(Max) 500 to -2.0V 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1830 -1490 mV 

Guaranteed LOW Signal 

:: for All Inputs 

l1l .· Input LOW Current 0.50 µA V1N = V1l (Min) 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 

Note 2: Parametric values specified at -4.2V to -4.BV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 

Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = 0°C to +85°C 

Symbol Parameter Min Typ Max Units Conditions 

l1H Input HIGH Current 
250 µA 

All Inputs 

IEE Power Supply Current -238 -170 -119 mA 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C 

Min Max Min Max 

tPLH Propagation Delay 
1.40 3.50 1.40 3.50 

tpHL Data to Output 

trLH Transition Time 
0.45 1.55 0.45 1.50 

trHL 20% to 80%, 80% to 20% 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C 

Min Max Min Max 

tpLH Propagation Delay 
1.40 3.30 1.40 3.30 

tPHL Data to Output 

trLH Transition Time 
0.45 1.45 0.45 1.40 

trHL 20% to 80%, 80% to 20% 

Vee 
0.1 µF 

~ 

Tc= +85°C 

Min Max 

1.40 3.90 

0.45 1.50 

Tc= +ss0 c 
Min Max 

1.40 3.70 

0.45 1.40 

,-, PULSE 

son 

-::-

24 23 22.212019 
1 18 

17 

16 

15 

14 

6 13 
7 8 9 10 11 12 

25µFJ 10.1 µF 

Vee 

°'I 

\ I GENERATOR 

J 

\ I 

J 
L2 , ... , 
\I 

J 

-::-

-::-

Rr 

Rr 

SCOPE 
CHANA 

SCOPE 
CHAN B 

FIGURE 1. AC Test Circuit 
Notes: 

Vee. VeeA = .+2V, Vee "" -2.SV 
L 1 and L2 ,,;; ·equal length son impedance lines 
Ar = son terminator internal to scope 
Decoupling 0.1 µ.F from GND to Vee and Vee 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance :s; 3 pF 
Pin numbers shown are for flatpak; for DIP see logic symbol 
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V1N = v,H (Max) 

Inputs Open 

Units Conditions 

ns 
Figures 1 and 2 

ns 

Units Conditions 

ns 
Figures 1 and 2 

ns 

TL/F/9867-6 

.... 
0 
0 .... 
en 
en 

• 



<D 
<D 
'I"'" 
0 
0 
'I"'" 

FIGURE 2. Propagation Delay and Transition Times 
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~National 
U Semiconductor 

100175 
Quint Latch 100K ln/10K Out 

General Description 
The 100175 is a 5-bit latch with temperature and voltage 
compensated 1 OOK compatible inputs and voltage compen­
sated 1 OK compatible outputs. Each latch has one data in­
put and one output. All five latches share a common clear 
input and two enable inputs. All inputs have 50 kn. pull­
down resistors. 

Ordering Code: see section 6 

Logic Symbol 

Do 01 02 03 04 

c 

Oo a, 02 Q3 Q4 

TL/F/9870-2 

Pin Names Description 

Do-D4 1 OOK Data Inputs 

E1, E2 1 OOK Enable Inputs 
c 1 OOK Common Clear Input 

Oo-04 1 OK Data Outputs 

Logic Diagram 

Co 

TL/F/9870-3 

Not Intended For New Designs 

Features 
• Outputs specified to drive a 50!1. load 
• Available in 16-pin ceramic DIP 
• 100K compatible inputs/10K compatible outputs 

Connection Diagram 

16-Pin DIP 

VeeA 

Oo 2 

01 3 

02 4 

D2 5 

E1 6 

E2 7 

VEE 8 

Truth Table 
Inputs 

Dn E1 

H L 

L L 

x H 

x x 
x H 

x x 
H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Don't Care 

On-1 = Previous State 

E2 

L 

L 

x 
H 

x 
H 

16 Vee 
15 04 

14 03 

13 Do 

12 04 

11 c 
10 03 

D1 

c 
x 
x 
L 

L 

H 

H 

TL/F/9870-1 

Output 

On 

H 

L 

On-1 

On-1 

L 

L 
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Absolute Maximum Ratings 
Above which the useful life may be impaired 

If Military I Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Temperature -65°C to + 1so0 c 

Ambient Temperature Under Bias (TA) 

Maximum Junction Temperature (TJ) 

Supply Voltage 

Input Voltage (DC) 

Output Current (DC Output HIGH) 

Operating Range 

Lead Temperature (Soldering, 10 sec.) 

- ss·c to + 12s·c 

+1so·c 

-av 
-5.2Vto +ov 

-55mA 

-5.72Vto -4.68V 

3oo·c 

DC Electrical Characteristics 

Recommended Operating 
Conditions 

Supply Voltage (VEE) 
Ambient Temperature (TA) 

Min 
-5.72V 

o·c 

Typ 
-5.2V 

Max 
-4.68V 
+1s·c 

VEE = -5.2V, Vee = VeeA = GND, TA = o·c to + 75°C (Notes 1, 2) 

Symbol Parameter Temp Min Typ Max Units Conditions 

VoH Output HIGH Voltage TA= o·c -1000 -840 mV V1N =V1H (Max) 

TA= +2s0 c -960 -810 mV orV1L(Min) 

TA= +7s0 c -900 -720 mV 

VoL Output LOW Voltage TA= o·c -1870 -1665 mV V1N = V1H (Max) 

TA= +2s0 c -1850 -1650 mV orV1L(Min) 
L 

TA= +7s0 c -1830 -:::1625 mV 
Loading with 

VoHe Output HIGH Voltage TA= o·c -1020 .. mV V1N = V1H (Min) son to -2.ov 

TA= +2s0 c -980 mV orV1L (Max) 
.. 

TA= +7s0c _:.-920 mV 
.. 

Vole Output LOW Voltage TA= o·c -1645 mV V1N = V1H (Min) 

TA= +2s0 c 
·, 

-1630 mV orV1L(Max) 
_:. 

TA= +7s0 c +· ..... -1605 mV 

V1H Input HIGH Voltage -1165 -880 mV Guaranteed HIGH Signal for All Inputs 

V1L Input LOW Voltage L.:__·_:._ -1810 -1475 mV Guaranteed LOW Signal for All Inputs 

l1H Input HIGH Current .···· ··. 

290 V1N = V1H (Max) __:._· f .. .... 

l1L Input LOW Current 
.. .·· 

0.50 µA V1N = V1L (Min) . · ... · .. 

IEE VEE Supply Current ~ I -125 -90 -50 mA Inputs Open 

Note 1: The specified limits representthe "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 

Note 2: The specified limits shown in 'the DC Characteristics can be met only after thermal equilibrium has been established. Thermal equilibrium is established by 
applying power for at least 2 minutes while maintaining transverse air flow of 2.5 meters/s (500 linear feet/min) over the device either mounted in the test socket or 
on the printed circuit board.Test voltage values are given in the DC Operating Conditions and defined in Figure 4. 
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DC Electrical Characteristics 
VEE= -4.68V, Vee= VeeA = GND, TA= o·c to +75°C (Notes 1, 2) 

Symbol Parameter Temp Min Typ Max Units Conditions 

VoH Output HIGH Voltage TA= o·c -1000 -840 mV V1N = V1H (Max) 

orV1L(Min) 
. 

TA= +25°C -960 -810 mV 

TA= +75°C -900 -720 mV 

Vol Output LOW Voltage TA= o·c -1870 -1665 mV V1N = V1H (Max) 

TA= +25°C -1850 -1650 mV orV1L(Min) 

TA= +75°C -1830 -1625 mV 
Loading with 

VoHe Output HIGH Voltage TA= o·c -1020 mV V1N= V1H(Min) 50n to -2.ov 

TA= +25°C -980 mV orYtL(Max) 

TA= +75°C -920 mV 

Vole Output LOW Voltage TA= o·c -1645 mV. V1N = V1H (Min) 

TA= +25°C -1630 mV orV1L(Max) 

TA= +75°C -1605 :mv· 
_c'._ _'.'_ 

V1H Input HIGH Voltage -1150 -880 mV Guaranteed HIGH Signal for All Inputs 

V1L Input LOW Voltage -1810 -1475 mV ·· 1 ·· Guaranteed LOW Signal for All Inputs 

l1H Input HIGH Current 290 V1N = V1H (Max) 

l1L Input LOW Current 0.50 . µA V1N = V1L (Min) 

IEE VEE Supply Current -125 ~·go ~50 :mA Inputs Open 

Note 1: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable syste111 operating ranges. 

Note 2: The specified limits shown in the DC Characteristics can be met only after thermal equilibrium has been established. Thermal equilibrium is established by 
applying power for at least 2 minutes while maintaining transverse air flow of 2.5 meters/s (500 linear feet/min) over the device either mounted in the test socket or 
on the printed circuit board. Test voltage values are given in ti}& DC Operating Conditions and defined in Figure 4. 
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DC Electrical Characteristics 
VEE= -5.72V, Vee= VeeA = GND, TA = o·c to +75°C (Notes 1, 2) 

Symbol Parameter Temp Min Typ Max Units Conditions 

VoH Output HIGH Voltage TA= o·c -1000 -840 mV V1N = V1H (Max) 

tr:> TA= +25°C -960 -810 mV orV1L(Min) L TA= +75°C -900 -720 mV 

VoL Output LOW Voltage TA= o·c -1870 -1665 mV V1N = V1H .~~: .. , 
1:-,(i'( ·.:.. .. : 

TA= +25°C -1850 -1650 mV orV1L(Min) 

TA= +75°C -1830 -1625 mV .//'.::::. 
Loading with 

VoHe Output HIGH Voltage TA= o·c -1020 mV Vil'·t°~YtH (Min) 500 to -2.0V 

TA= +25°C -980 mV .~~y1L .(M~r:"' 

TA= +75°C -920 mV 

VoLe Output LOW Voltage TA= o·c -1645 rJlt/+ V1N = V1H (Min) 

TA= +25°C -1630 ··rr.v ,:O~, V1L (Max) 

TA= +75°C -1605 'mv,/ _A:~t 
VtH Input HIGH Voltage -1165 -880 ·:mv . Gµtiranteed HIGH Signal for All Inputs 

V1L Input LOW Voltage -1810 -1490 mV'' $uaranteed LOW Signal for All Inputs 

l1H Input HIGH Current 290 \i'IN = V1H (Max) 

l1L Input LOW Current 0.50 Ab µ,A V1N = V1L (Min) 

IEE VEE Supply Current -125 ~g(),. : ·::c;5o mA Inputs Open 

Note 1: The specified limits represent the "worst case" value for the parameter. Sinc~··~se!•W<>rst' case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable s~em operating ranges. 

Note 2: The specified limits shown in the DC Characteristics can be.mel(lrlly after thermal equilib~ium has been established. Thermal equilibrium is established by 
applying power for at least 2 minutes while maintaining transverse ~r. flQYI Qf2.5'.ineters/s (500 linear feet/min) over the device either mounted in the test socket or 
on the printed circuit board. Test voltage values are given in t~ op Operatlng .~itions and defined in Figure 4. 

AC Electrical Characteristics I 
:1 -~ 

VEE= -5.2V ± 10%, Vee = VeeA = GND ,.$;/:·~ 

TA= o·c ,.,.~.;.:, :.TA= +25°C TA= +7S°C 
Symbol Parameter 

,·<":. 
Units Conditions 

, .. Min Max Min Max Min Max 

tpoLH Propagation Delay 

f······1': 

.~<·~~;······ ::,,_60 
!, ·.·:( 1.10 2.75 1.10 3.00 ns Figures 1 &2 

tpoHL Data to Output l'.'0':Jv '}· f""v 
tpoLH Propagation Delay 

:.•,,;,. 
. <~~:-:g~;:i::•>': 3.40 1.20 3.50 1.20 3.75 ns Figures 1 &3 

tpoHL Enable to Output <>•. 
tpoHL Propagatiop p· 

b 1.30 3.20 1.30 3.20 1.30 3.20 ns Figures 1, 3 & 4 
Clear to O(rtpJt 

ts setup,;fimaDo+b4' 
w.·,·;; 

2.50 2.50 2.50 ns 
Figures 1 &5 

tH Hold Time 00..:04. M 0.50 0.50 0.50 ns 

tTLH Transition Time<:., . . _:; 
1.10 3.25 1.20 3.25 1.20 3.50 Figures 1, 2, 3 & 4 

trHL ~to 80%, 00%''t6'20% 
ns 

~t:~,:~:t~~~ 
•:::•.<::•\'.:; .. :::;.:.:• 
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Notes: 

PULSE 
GENERATOR 

PULSE 
GENERATOR 

Vee. VeeA = +2V, VEE= -3.2V 
L 1 and L2 = equal length son impedance lines 
Ar = son terminator internal to scope 
Decoupling 0.1 µI from GND to Vee and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance ~ 3 pF 

Vee 

500 

{'\ E 
1-..+-..;-----1 D 

r 
FIGURE 1. AC Test Circuit 

\I 

l 
SCOPE 
CHANA 

SCOPE 
CHANB 

Dn 

_ /.,r"'-"• -------~.-:--0:--'""'.""-..----- +1.osv 

if~- i7,,}'W•• --,PD-U.i:i - •031V 

On ___ 2~-:7!L 
ITLH-l 

FIGURE 2. Data ~~()pagatlon Delay @ TA = + 25°C 

--------~ 

Dn 80% \ 

0.7±0.1 ns[ 
20% 

FIGURE 3. Enable Propagation Delay @ TA = + 25°C 
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Ln ...... 
"P"" 
0 
0 
"P"" 

,.--------------------------+1.05V 

\ .. ______ t.;~%-~ ~ ~ ~·~ ------------------------•0.31V 

+1.05V 

Dn _______ ,,,/ _ -- - ------ - -- --- --- ----- --------- ...... 
c 

- - - .;;""."".+1.05V 

0.7:t0.1 ns [ 
80% 

.-----IPDHL 

On_/ 
TL/F/9670-7 

FIGURE 4. Clear Propagation Delay @ TA = + 25°.C 

----------- -, 1~-----------------+1.0SV 

0.7±0.1ns[\, BO% •>so:_ / Ao.1±0.1na 
20% '\ >.20% _J 

·, _________ - ---- ___ :.::i;._1 

DATA 

-------------+0.31V 
. lH~--~~----~ 

E, orE2 ts 

----------------------•1.0SV 

---------~-------------------------------------------+0.31V 
,. . .. ·:··· ... ::,:' 

<.r.'( FIGU~E·?· Data Setup and Hold Time 
TL/F/9670-6 
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~National 
~Semiconductor 

100179 
Carry Lookahead Generator 

General Description 
The 100179 is a high-speed Carry Lookahead Generator 
intended for use with the 100180 6-bit fast Adder and the 
100181 4-bit ALU. All inputs have 50 kn pulldown resistors. 

Ordering Code: see Section 6 

Logic Symbol 

Connection Diagrams 

24-Pin DIP 

P1 24 

G2 2 23 

P2 3 22 

en+2 4 21 

en+4 5 20 

Yee 19 

YeeA 7 18 

en+s 8 17 

en+B 9 16 

G3 10 15 

P3 11 14 

G4 12 13 

TL/F/9871-3 

G1 

Po 

Go 

P7 

G1 
en 

VEE 

Ps 

Gs 

Ps 

Gs 

P4 

TL/F/9871-1 
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Not Intended For New Designs 

Pin Names 

Cn 
Po-P7 
Go-G7 
Cn + 2, Cn + 4 

Cn + 6, Cn + 8 

G0 1 

Po 2 

G1 3 

P1 4 

G2 5 

P2 

Description 

Carry Input (Active LOW) 
Carry Propogate Inputs (Active LOW) 
Carry Generate Inputs (Active LOW) 

Carry Outputs 

24-Pin Quad Cerpak 

P7 G7 en Yrr Ps Gs 

24 23 22 21 20 19 

7 8 9 10 11 12 

en+2 Yee en+S 

18 Ps 

11 Gs 

16 P4 

15 G4 
14 P3 
13 G3 

en+4 V CCA en+B 
TL/F /9871-2 



O> 

"""' c; Logic Diagram 
0 ..-

Truth Tables 
Cn + 2 Output 

Inputs 

Cn Go Po G1 
x x x L 
x L x x 
L x L x 

All other combinations 
- -

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

- - -

Output 

P1 Cn + 2 

x L '' 

L L 
L L 

H I 
··. 
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TL/F/9871-5 

Cn + 4 Output 
~ 

Inputs Output 

Cn Go Po G1 P1 G2 P2 Ga Pa Cn + 4 

x x x x x x x L x L 
x x x x x L x x L L 
x x x L x x L x L L 
x L x x L x L x L L 
L x L x L x L x L L 

All other combinations H 

Cn+4 = G3 • (P3 + G2) • (P3 + P2 + G1) • (P3 + P2 + P1 +Go) 

• (P3 + P2 + P1 + Po + Cn) 



Truth Tables (Continued) 

Cn+6 Output 

Inputs 

Cn Go Po G1 P1 G2 G2 G3 

x x x x x x x x 
x x x x x x x x 
x x x x x x x L 
x x x x x L x x 
x x x L x x L x 
x L x x L x L x 
L x L x L x L x 

All other combinations 

Cn+6 = Gs• (Ps + G4) • (Ps + P4 + GJ) • (Ps + P4 + P3 + G2) 
• (Ps + P4 + P3 + P2 + G1) • (Ps + P4 + P3 + P2 + P1 + Go) 
• (Ps + P4 + P3 + P2 + P1 +Po + Cn) 

Cn+a Output 

Inputs 

Cn Go Po G1 P1 G2 P2 G3 P3 G4 

x x x x x x x x x x 
x x x x x x x x x x 
x x x x x x x x x x 
x x x x x x x x x L 

x x x x x x x L x x 
x x x x x L x x L x 
x x x L x x L x L x 
x L x x L x L x L x 
L x L x L x L x L x 

All other combinations 

Cn+e = G1 • (P7 + G5) • (P7 + P5 + Gs)• (P7 + P5 + Ps + G4) 

·~+~+~+~+~·~+~+~+~+~+~ 
• (P7 + P5 + Ps + P4 + P3 + P2 + G1) 

·~+~+~+~+~+~+~+~ 
·~+~+~+~+~+~+~+~+~ 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 
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P3 G4 P4 

x x x 
x L x 
x x L 
L x L 

L x L 
L x L 
L x L 

P4 Gs Ps Gs 

x x x x 
x x x L 
x L x x 
x x L x 
L x L x 
L x L x 
L x L x 
L x L x 
L x L x 

Gs Ps 

L x 
x L 
x L 
x L 

x L 
x L 
x L 

Pe G1 

x L 
x x 
L x 
L x 
L x 
L x 
L x 
L x 
L x 

P1 

x 
L 
L 
L 

L 
L 
L 
L 
L 

Output 

Cn+s 

L 

L 
L 
L 

L 
L 
L 

H 

Output 

Cn+a 

L 
L 
L 
L 

L 
L 
L 
L 
L 

H 

...... 
0 
0 ...... ...... 
<O 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Miiitary I Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°Cto +85°C 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin -7.0Vto +0.5V 
Office/Distributors for availability and specifications. Input Voltage (DC) VEEtO +0.5V 
Storage Temperature - 65°C to + 150°C Output Current (DC Output HIGH) -50mA 
Maximum Junction Temperature {TJ) +150°C Operating Range (Note 2) -"-5.7V to ;-::4.2V 

DC Electrical Characteristics 
VEE = -4.5V, Vee = VccA = GND, Tc = 0°C to +85°C (Note 3) 

..::. 
Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1025 -955 -880 
mV V1N =: V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1705 -1620 ./ ... or V1L (Min) 50!1to -2.0V 

VoHC Output HIGH Voltage -1035 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 orV1l(Max) 50!1to -2.0V 
~ 

V1H Input HIGH Voltage 
. 

Guaranteed HIGH Signal -1165 -880 mV for All Inputs 

V1l Input LOW Voltage 
-1810 -1475 ... · mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 
.. 

DC Electrical Characteristics 
VEE = -4.2V, Vee = VccA = GND, Tc = 0°C to + 85°C (Note 3) 

_.c... 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 . 
. 

V1N = V1H (Max) Loading with 
mV 

Vol Output LOW Voltage -1810 -1605 I·•·· or Vil (Min) 50!1to -2.0V 
........ 

VoHC Output HIGH Voltage -1030 _) 2·· 
'°'" 

mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage >·.·.1·· ,-.,.1595 orV1l(Max) . 50!1 to - 2.0V 

V1H Input HIGH Voltage -1150; •.•. , •... . -~870 mV 
Guaranteed HIGH Signal 

.. , .... .. _j for All Inputs 

V1l Input LOW Voltage ·•<> I/ 
mV Guaranteed LOW Signal -1810 -1475 

~ 
for All Inputs 

l1l Input LOW Current £ ·•. 0.50 µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.8V, Vee = VccA = GNO, TC=:. Q~C tO + 85°C (Note 3) 

Symbol Parameter 'Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1035 -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1620 orV1l(Min) 50!1 to -2.0V 

VoHC Output HIGH Voltage -1045 
mV V1N = V1H (Min) Loading with 

VolC Output LOW Voltage . -1610 orV1l(Max) 50!1 to -2.0V 

V1H Input HIGH Voltage 
-1165 -880 mV Guaranteed HIGH Signal 

~ 
for All Inputs 

V1l 
..... 

·Input LOW Voltage -1830 mV Guaranteed LOW Signal -1490 .. for All Inputs 

l1l :T Input LOW Current 0.50 µA V1N = V1l (Min) 
Note 1: Absolute maxi.mum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not Implied. 
Note 2: Parametric values specified at -4.2V to -4.SV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = 0°C to +85°C 

Symbol Parameter Min Typ Max Units 

l1H input HIGH Current 
CN, Go-G7 250 

µA Po-P7 340 

IEE Power Supply Current -220 -150 -100 mA 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°c 

Min Max 

tpLH Propagation Delay 
1.10 2.90 

tpHL Cn, Go-G7, Po-P7 to Cn+x 

trLH Transition Time 
0.45 1.80 

trHL 20% to 80%, 80% to 20% 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°c 

Min Max 

tpLH Propagation Delay 
Cn. Go-G7, Po-P7 to Cn+x 

1.10 2.70 
tpHL 

trLH Transition Time 
0.45 1.70 

trHL 20% to 80%, 80% to 20% 

Tc= +25° Tc= +as0 c 

Min Max Min Max 

1.10 2.90 1.10 3.00 

0.45 1.80 0.45 1.80 

Tc= +25° Tc= +as0 c 

Min Max Min Max 
... 

1.10 2.70 1.10 2.80 

0.45 1.70 0.45 1.70 
I 
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Units 

ns 

ns 

Units 

ns 

ns 

Conditions 

V1N = V1H (Max) 

Inputs Open 

Conditions 

Figures 1 and 2 

Conditions 

Figures 1 and 2 
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PULSE 
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Notes: 

Vee. VeeA = +2V, VEE = -2.SV 
L 1 and L2 = equal length son impedance lines 
Rr = son terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance ~ 3 pF 
Pin numbers shown are for flatpak; for DIP see logic symbol 

":'" 

0.1,,F 

~ 

+1.05 v 24 23 22 21 20 19 

+1.05V 

son 
son 

1 18 

6 
7 

0.1 

17 
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,,FI 
Vee -= , 

FIGURE 1. AC Test Circuit 

+1.05 v 

+0.31 v 

FIGURE 2/Propagatlon Delay and Transition Times 
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Applications 

MSB 

Cn+4 

Cn+4 

MSB 

Cour 

Fast Adder and Carry Lookahead 

P2 'G2 Cn+2 

F100179 

F100179 

Po Go 
en 

Cn+2 Pt Gt Po Go 
Cn 

24-Bit Adder Using One Carry Lookahead 
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~ ~National U Semiconductor 

100180 
High-Speed 6-Bit Adder 

General Description 
The 100180 is a high-speed 6-bit adder capable of perform­
ing a full 6-bit addition of two operands. Inputs for the adder 
are active-LOW Carry, Operand A, and Operand B; outputs 
are Function, active-LOW Carry Generate, and ac-

Ordering Code: See Section 6 

Logic Symbol 

TL/F/9872-3 

Connection Diagrams 

24-Pin DIP 

Not Intended For New Designs 

tive-LOW Carry Propagate. lfv'hen used with the 100179 Full 
Carry Lookahead as a second order lookahead block, the 
100180 provides high-speed addition of very long words. All 
inputs have 50 kn pull~down resistors. 

Ao-As 

Bo-Bs 
Cn 
G 
j5' 

Fo~Fs-' 

81 1 

A1 2 

Bo 3 

Ao 4 

f'o 5 

F'1 6 

Description 

Operand A Inputs 

Operand B Inputs 
Carry Input (Active LOW) 

Carry Generate Output (Active LOW) 
Carry Propagate Output (Active LOW) 

Function Outputs 

24-Pln Quad Cerpak 

A2 82 Cn VEE A3 83 

24 23 22 21 20 19 

18 A-4 

17 8-4 

16 As 

15 85 

14 c 
13 p 

7 8 9 10 11 12 

F'2 F3 YccYccAF-4 F5 
TL/F/9872-2 
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Logic Diagram 

Logic Equations 
Pi= Ai EB Bi 

Gi =Ai Bi 
i = 0, 1, 2, 3, 4, 5 

Fo = Po EB Cn 

F1 = P1 EB (Go + Po Cn) 

F2 = P2 EB (G1 + P1Go + P1P0Cn) 

F3 = P3 EB (G2 + P2G1 + P2P1Go + P2P1P0Cn) 

F4 = P4 EB (G3 + P3G2 + P3P2G1 + P3P2P1Go + P3P2P1P0Cn) 

Bs As 

F5 = P5 EB (G4 + P4G3 + P4P3G2 + P4P3P2G1 + P4P3P2P1Go + P4P3P2P1P0Cn) 

P = PoP1P2P3P4P5 

G = G5 + P5G4 + P5P4G3 + P5P4G3G2 + P5P4P3P2G1 + P5P4P3P2P1Go 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military I Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature -65°C to+ 150°C 

Case Temperature under Bias (Tc) 

VEE Pin Potential to Ground Pin 

Input Voltage (DC) 

o•cto +85°C 

-7.0Vto +0.5V 

VEE to +0.5V 

-50mA 
Maximum Junction Temperature (TJ) + 150°C 

Output Current (DC Output HIGH) 

Operating Range (Note 2) 

DC Electrical Characteristics 
VEE = -4.5V, Vee = VccA = GND, Tc= o·c to +85°C (Note 3) 

Symbol Parameter Min Typ Max 

VoH Output HIGH Voltage -1025 -955 -880 

VoL Output LOW Voltage -1810 -1705 -1620 

VoHC Output HIGH Voltage -1035 

VoLc Output LOW Voltage -1610 

V1H Input HIGH Voltage 
-1165 -880 

V1L Input LOW Voltage 
-1810 -1475 

Units 

mv 
_,I 

mV 
./'••·· 

, .• · •...... ...,;.{>·;" 
·r •. ~ 

i' L_ Conditions (Note 4) 

. VtN ==;.\J1H (Max) Loading with 
.orV1L (Mtn) 500. to - 2.0V 

V1N = V1H (Mi~) 
or V1L (Max) · · · 

Loading with 
500. to -2.0V 

Guaranteed HIGH Signal 
for All Inputs 

Guaranteed LOW Signal 
/ forAll Inputs 

l1L Input LOW Current 0.50 ji,A V1N = V1L (Min) 

DC Electrical Characteristics 
VEE= -4.2V, Vee= VccA = GND, Tc= o·c to +85°C (~ote 3) 

Symbol Parameter Min Typ ·"~Max... ,.Units 

VoH Output HIGH Voltage -1020 -870.< 
1 

jimV 

VoL OutputLOWVoltage -1810 .•... -1605 I/ 
VoHC Output HIGH Voltage -1030 .iLI~ .. Gif> 
VoLc OutputLOWVoltage £[7 '? +1595 

mV 

Input HIGH Voltage 
mV 

Input LOW Voltage 
mV 

Input LOW Current LJ 0.50 "'· µA 

DC Electrical Charact~ristib~x; \ 
VEE = -4.8V, Vee = VccA = GND;Tc ~.Q~.9t9 +85°C (Note 3) 

Symbol Parameter <Nitti•/ Typ Max Units 

VoH Output HIGHVoltage -1035 -880 
mV 

v 0 L outputtowv~ttage ,, -1830 -1620 

VoHC OutpiJ' HIGHVottage ... -1045 
mV 

VoLC Output LOW.Voltage -1610 

Input HIGH Voltage.' 
-1165 -880 mV 

-1830 -1490 mV 

l1L T _i Input LOW Current 0.50 µA 

Conditions (Note 4) 

V1N = V1H (Max) 
orV1L(Min) 

V1N = V1H (Min) 
orV1L(Max) 

Loading with 
500. to - 2.0V 

Loading with 
500. to -2.0V 

Guaranteed HIGH Signal 
for All Inputs 

Guaranteed LOW Signal 
for All Inputs 

Conditions (Note 4) 

V1N = V1H (Max) Loading with 
orV1L(Min) 500. to - 2.0V 

V1N = V1H (Min) Loading with 
orV1L(Max) 500. to - 2.0V 

Guaranteed HIGH Signal 
for All Inputs 

Guaranteed LOW Signal 
for All Inputs 

V1N = V1L (Min) 

Note 1: Ab~.IUte maxirnuinr~tings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is ng~ l)Tipl~g. · 
Note 2: Parametric values specified at -4.2V to -4.BV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 

Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 

3-72 



DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = 0°c to +85°C 

Symbol Parameter Min Typ Max Units 

l1H 
Input HIGH Current 

220 µA 
All Inputs 

IEE Power Supply Current -290 -195 -135 mA 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°c 

Min Max 

tPLH Propagation Delay 
1.10 4.70 

tPHL An, Bn to Fn 

tPLH Propagation Delay 
1.00 3.00 

tPHL An, Bn to P 

tPLH Propagation Delay 
1.40 3.90 

tPHL An, BntoG 

tPLH Propagation Delay 
1.10 4.00 

tPHL Cn to Fn 

tTLH Transition Time 
0.45 2.40 

trHL 20% to 80%, 80% to 20% 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c 

Min Max 

tPLH Propagation Delay 
1.10 4.50 

tPHL An, Bn to Fn 

tPLH Propagation Delay 
1.00 2.80 

tPHL An, Bn to P 

tPLH Propagation Delay 
1.40 3.70 

tPHL An. BntoG 

tPLH Propagation Delay 
1.10 3.80 

tPHL Cn to Fn 

trLH Transition Time 
0.45 2.30 

trHL 20% to 80%, 80% to 20% 
--:;-

Tc= +25°C Tc= +ss0 c 

Min Max Min Max 

1.10 4.60 1.10 4.70 

1.00 3.00 1.00 3.30 
. 

1.40 3.80 1.40 3.90 

1.10 3.90 1.10 4.00 

0.45 2.30 0.45 2.40 

Tc= +25°C Tc= +ss·c 

Min Max Min Max 

1~ 10 4.40 1.10 4.50 

1.00 2.80 1.00 3.10 

1.40 3.60 1.40 3.70 

1.10 3.70 1.10 3.80 

0.45 2.20 0.45 2.30 
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Units 

ns 
_.::_ 

ns 

ns 

ns 

ns 

Units 

ns 

ns 

ns 

ns 

ns 

Conditions 

V1N = V1H (Max) 

Inputs Open 

Conditions 

Figures 1 and 2 

Conditions 

Figures 1 and 2 
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CHAN A 
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J 
L1 
(\ 
\ I 

Rr I 

24 23 22 21 20 19 
1 18 

17 

16 

15 

14 L2 

6 13.--~_,...'--'.,.._--~ ... 
7 8 9 10 11 12 l 

Rt 

Vee 

FIGURE 1. AC Test Circuit 

0.7±0.1 ns1\l1- 11...--0.7±0.1 ns 
- +1.0SV 

80% 

INPUT 50% 

I 
____ _, 203 + 0.31 v 

OUTPUT 

NON·INV~~f1N7 1- -

~~ 
LJ 

FIGURE 2. Propagation Delay and Transition Times 
Notes: 

Vee. VeeA = +2V, VEE = -2.5V 

L 1 and L2 = equal length 5011 Impedance lines 

Rr = 5011 terminator internal to scope 

Decoupling 0.1 µF from GND to Vee and VEE 

All unused outputs are loaded with 5011 to GNO 

CL = Fixture and stray capacitance ~ 3 pF 

Pin numbers shown are for flatpak; for DIP see logic symbol 
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~National 
D semiconductor 

Not Intended For New Designs 

100181 
4-Bit Binary/BCD Arithmetic Logic Unit 

General Description 
The 100181 performs eight logic operations and eight arith­
metic operations on a pair of 4-bit words. The operating 
mode is determined by signals applied to the Select (Sn) 
inputs, as shown in the Function Select table. In addition to 
performing binary arithmetic, the circuit contains the neces­
sary correction logic to perform BCD addition and subtrac­
tion. Output latches are provided to reduce overall package 
count and increase system operating speed. When the 
latches are not required, leaving the Enable (E) input LOW 
makes the latches transparent. 

Ordering Code: see section 6 

Logic Symbol 

(MSB) 

Cn Ao Bo A1 81 A2 82 AJ 83 
So Cn+4 

51 

G 

Connection Diagrams 

24·Pin DIP 

24 A1 

23 A2 

22 A3 

21 S3 

20 S2 

19 E 
18 VEE 

17 S1 

16 Sa 

15 83 

14 B2 

13 B1 

TL/F/9873-4 

TL/F/9873-1 

The circuit uses internal lookahead carry to minimize delay 
to the Fn outputs and to the ripple Carry output, Cn + 4. 
Group Carry Lookahead Propagate (P) and Generate (G) 
outputs are also provided, which are independent of the 
Carry input Cn. The P output goes. LOW when a plus opera­
tion produces fifteen (nine for BCD) or when a minus opera­
tion produces zero. Similarly, G goes LOW when the sum of 
A and B is greater than fifteen (nine for BCD) in a plus 
mode, or when their difference is greater than zero in a 
minus mode. All inputs have 50 k!l pull-down resistors. 

Pin Names i 

Ao-As 

Bo-B3 
Cn 
So-S3 
E 
p 

I 

G 

Cn+4 
Fo-F3 

Description 

Word A Operand Inputs 

Word B Operand Inputs 
Carry Input (Active LOW) 

Function Select Inputs 
Latch Enable Input (Active LOW) 

Carry Lookahead Propagate Output 

(Active LOW) 

Carry Lookahead Generate Output 
(Active LOW) 

Carry Output 

Function Outputs 

24-Pin Quad Cerpak 

S3 S2 E VEE S1 Sa 

24 23 22 21 20 19 

18 83 

17 e2 
16 e1 

15 Ba 

14 en 
13 ii 

7 8 9 10 11 12 

TL/F/9873-2 
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Functional Description 
There are two modes of operation: Arithmetic and Logic. 
The S3 input controls these two modes: 

S3 = LOW for Arithmetic mode 

S3 = HIGH for Logic mode 

The arithmetic mode includes decimal and binary arithmetic 
operations. S2 is the control input: with S3 = LOW, 

S2 = LOW for Decimal Arithmetic (BCD) 

S2 = HIGH for Binary Arithmetic 

DECIMAL ARITHMETIC OPERATION 

Addition 

F = A plus B plus Cn. Arguments A and B are directly ap­
plied to the inputs. The circuit automatically performs the 
"+6" and "-6" logic correction internally. 

Subtraction 

F = A minus B plus Cn. Arguments A and B are directly 
applied to the inputs. The circuit automatically takes the 
nines complement of B and adds "+6". A "-6" adjust­
ment is made if the subtraction algorithm calls for it. If there 
is a carry out, the result is a positive number. With no carry 
out, the result is a negative number expressed in its nines 
complement form. Therefore, to perform a subtraction with 

Function Table 

Fn 
S3 S2 S1 So Function 

L L L L Fn = A plus B plus Cn (BCD) 
L L L H Fn = A minus B plus Cn (BCD) 
L L H 
L L H 

L H L 
L H L 
L H H 
L H H 

H L L 
H L L 
H L H 
H L H 

H H L 
H H L 
H H H 
H H H 
H = HIGH Voltage Level 

L = LOW Voltage Level 

L 
H 

L 
H 
L 
H 

L 
H 
L 
H 

L 
H 
L 
H 

P = Po + P1 + P2 + P3 

Fn = B minus A plus Cn (BCD) 
Fn = 0 minus B plus Cn (BCD) 

Fn = A plus B plus Cn (Binary) 
Fn = A minus B plus Cn (Binary) 
Fn = B minus A plus Cn (Binary) 
Fn = 0 minus B plus Cn (Binary) 

Fn = AnBn + AnBn 
Fn = AnBn + AnBn 
F0 =An+ 80 

Fn =An 

Fn = Bn 
Fn = Bn 
Fn = AnBn 
Fn =LOW 

G = G3 + P3G2 + P3P2G1 + P3P2P1Go 

Cn + 4 = G • (P + Cn) 

Arithmetic Operations 

Fn = G0 .+ Pn EB C; i = Oto3 

Logic Operations 

Fn = Gn + Pn 
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results in the tens complement form, an initial carry should 
be forced into the lowest order bit, i.e., set Cn = LOW. 

(tens complement of B) = (nines complement of B) + 1 

F = B minus A plus Cn. Operation is similar to and results 
are the same as F = A minus B plus Cn. 

BINARY ARITHMETIC OPERATION 

Addition 

F = A minus B plus Cn. Arguments A and B are directly 
applied to the inputs. 

Subtraction 

F = A minus B plus Cn. Arguments A and B are directly 
applied to the inputs. The circuit automatically takes the 
ones complement of B (by inverting B internally). If there is a 
carry out the result is a positive number. With no carry out, 
the result is a negative number expressed in its ones com­
plement form. Therefore, to perform a subtraction with re­
sults in the twos complement form, an initial carry should 
forced into the lowest order bit, i.e., set Cn = LOW. 

(twos complement of B) = (ones complement of B) + 1 

F = B minus A plus Cn. Operation is similar and results are 
the same as F = A minus B plus Cn. 

Gn Pn Outputs 
(n = 0 to 3) (n = o to 3) 

Internal Signals Cn+4 

AnDn An+ Dn Cn+4 
AnBn An+ Bn Cn+4 
AnBn An+ Bn Cn+4 

L Bn Cn+4 

AnBn An+ Bn Cn+4 
AnBn An+ Bn Cn+4 
AnBn An+ Bn Cn+4 

L Bn Cn+4 

AnBn An+ Bn Cn+4 
AnBn An+ Bn Cn+4 

An Bn Cn+4 
An H Cn+4 

L Bn Cn+4 
L Bn Cn+4 
L An+ Bn Cn+4 
L H Cn 

Internal Equations for Carry Lookahead 

(i = 0, 1, 2, 3) 

Co= Cn + S3 

C1 = Go + PoCn + S3 

C2 = G1 + P1Go + P1P0Cn + S3 

C3 = G2 + P2G1 + P2P1Go + P2P1P0Cn + S3 

Internal Equations for + 6 Logic 

Do= Bo 

D1 =81 

D2 = 8182 + 8182 

D3 = B1 + B2 + B3 

Gx = G3P3 + P3G2 + P3P2G1 + P3P2P1Go 

G 

G 
G 
G 
H 

G 
G 
G 
H 

G 
G 
Gx 
G 
H 
H 
H 
H 

p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
L 

p 
p 
p 
L 

• 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military I Aerospace specified devices are required, Case Temperature under Bias (Tc) o·cto +85°C 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin -7.0Vto +0.5V 
Office/Distributors for availability and specifications. Input Voltage (DC) VEE to +0.5V 
Storage Temperature - 65°C to + 150°c Output Current (DC Output HIGH) -50mA 
Maximum Junction Temperature (TJ) + 15o·c Operating Range (Note 2) """4.2V 

DC Electrical Characteristics 
VEE= -4.5V, Vee= VccA = GND, Tc= o·c to +85°C (Note 3) 

.c::. ..;;,. .. 

Symbol Parameter Min Typ Max Units 

_!"_······ .· 

Conditions (Note 4) 

VoH Output HIGH Voltage -1025 -955 -880 
mV VtN =y1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1705 -1620 / orVIL(Min) 500 to -2.0V 

VoHC Output HIGH Voltage -1035 
mV V1N = V1H (Mio) Loading with 

Vole Output LOW Voltage -1610 orV1l (Max) 500 to -2.0V 
.•·. 

V1H Input HIGH Voltage 
-1165 -880 mV ,i · 1 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage I 7 
Guaranteed LOW Signal -1810 -1475 . 

I~ ..:.'.. 
_::_ forAll Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 
·. 

DC Electrical Characteristics 
VEE = -4.2V, Vee = VccA = GND, Tc = o·c to + 85°C (r-Jote.3) ·. 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -87(), .. ·.·.···.·I 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1605 ·~ .••.•.•• orV1l(Min) 500to -2.0V 
····•· ... 

VoHc Output HIGH Voltage -1030 ~ ·~.~ _l mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage ·I· 
·~1595 or Vil (Max) 500 to -2.0V 

..:.:::. 

V1H Input HIGH Voltage -1150 t. f 870 mV 
Guaranteed HIGH Signal 

l.···__h .. for All Inputs 

V1l Input LOW Voltage 
i< ·••·•· 1/ Guaranteed LOW Signal -1810 ..• -1475 mV 

L::..'..:···· for All Inputs 

l1l Input LOW Current ,:__ 0.50. µA V1N = V1l (Min) . 
DC Electrical Charatt~risties .. 
VEE= -4.8V, Vee= VccA = GNO,TC ~ .. ()~Cto +85°C (Note 3) 

Symbol Parameter 'Min···· Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1035 -880 
mV V1N = V1H (Max) Loading with I 

Vol Output tow Voltage -1830 -1620 orV1l(Min) 500 to -2.0V 

VoHC Output HIGH Voltage ·· -1045 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 orV1l(Max) 500 to -2.0V 

V1H Input HIGH Voltage -1165 -880 mV 
Guaranteed HIGH Signal 

I ••:c ····• for All Inputs 

V1l ~····· lnptrt LQW Voltage -1830 -1490 mV 
Guaranteed LOW Signal 
for All Inputs 

l1l 
.. 

Input LOW Current 0.50 µA V1N = V1l (Min) 

Note 1: AbSolute.maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not Implied, 
Note 2: Paramet~lc values specified at -4.2V to -4.SV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these ''worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = 0°C to +85°C 

Symbol Parameter Min Typ Max Units 

IJH 
Input HIGH Current 

Sn,E 350 
All Others 250 

µA 

IEE Power Supply Current -300 -210 -130 mA 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +ss0 c 

Min Max Min Max Min Max 

tpLH Propagation Delay 
2.00 6.90 2.10 6.80 2.30 7.40 

tpHL An, Bn to Fn 

tpLH Propagation Delay 
1.40 4.70 1.40 4.40 1.40 4.70 

tpHL An, Bn to P, G 

tpLH Propagation Delay 
2.00 6.50 2.00 6.50 2.10 6.80 

tpHL An, Bn to Cn+4 

tpLH Propagation Delay 
1.60 5.10 1.60 5.20 1.60 5.50 

tpHL Cn to Fn 

tpLH Propagation Delay 
1.30 3.00 1.40 3.00 1.40 3.10 

tpHL Cn to Cn+4 

tpLH Propagation Delay 
1.40 8.80 1.50 8.60 1.50 9.00 

tpHL Sn to Fn 

tpLH Propagation Delay 
1.70 7.40 2.00 5.90 2.00 6.50 

tpHL Sn toP, G 

tpLH Propagation Delay 
2.70 10.10 2.80 8.50 2.90 8.70 

tpHL Sn to Cn+4 

tpLH Propagation Delay 
1.00 3.40 0.90 3.60 1.10 3.80 

tpHL EtoFn 

tTLH Transition Time 
0.45 2.70 0.45 2.60 0.45 2.70 

trnL 20% to 80%, 80% to 20% 

ts Setup Time 

An, Bn 7.60 7.60 8.10 

Sn 8.70 8.50 9.60 

Cn 4.80 5.00 5.30 

th Hold Time 

An, Bn 0.10 0.10 0.10 

Sn 
' 

0.60 0.60 0.60 

Cn 0.60 0.60 0.60 

tpw(L) Pulse Width LOW 
2.00 2.00 2.00 

E 

3-79 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Conditions 

V1N = VJH (Max) 

Inputs Open 

Conditions 

Figures 1 and 2 

Figures 1 and 2 

Figures 1 and 2 

Figures 1 and 2 

Figures 1 and 2 

Figure3 

Figure2 

...a. 
C> 
C> 
...a. 
co 
...a. 
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co 
c; Cerpak AC Electrical Characteristics vEE = -4.2v to -4.av, Vee = VeeA = GND 
0 ..... 

Symbol 

tPLH 
tPHL 

tPLH 

tPHL 

tPLH 
tpHL 

tpLH 

tPHL 

tPLH 
tPHL 

tPLH 
tPHL 

tPLH 
tpHL 

tPLH 
tPHL 

tPLH 

tPHL 

trLH 
trnL 

ts 

th 

tpw(L) 

Parameter 

Propagation Delay 

An, Bn to Fn 

Propagation Delay 

An, Bn to P, G 

Propagation Delay 

An, Bn to Cn+4 

Propagation Delay 

Cn to Fn 

Propagation Delay 

Cn toCn+4 

Propagation Delay 

Sn to Fn 

Propagation Delay 

Sn to P, G 

Propagation Delay 

Sn toCn+4 

Propagation Delay 

Eto Fn 

Transition Time 

20% to 80%, 80% to 20% 

Setup Time 

An, Bn 

Sn 
Cn 

Hold Time 

An, Bn 

Sn 
Cn 

Pulse Width LOW r-E 

Tc= o·c 

Min Max 

2.00 6.70 

1.40 4.50 

2.00 6.30 

1.60 4.90 

1.30 2.80 

1.40 8.60 

1.70 7.20 

2.70 9.90 

1.00 3.20 

0.45 2.60 

7.50 
.······•·· 8.60 : ... : 

4.70 / 

0 / 
0.50 .. :: 

. 0.50 
:>:-

~· ~'< .. "7 

··.··· ) 

Tc= +25°C Tc= +ss·c 
Units 

Min Max Min Max 
.·· .. 

2.10 6.60 2.30 7.20 ns 
.: 

1.40 4.20 1.40 4.50 ns 

·· .. 

2.00 6.30 2.10 6.60 ns 
/ 

1.60 5.00 1.60 5.30 ns 
.. 

:: 

1.40 2.80 1.40 2.90 ns 
~ 

1.50 8.40 l'· ... f.50 8.80 ns . 

2.00 5.10····.: 2.00 6.30 ns 
·. ... 

2.80 8.30 2.90 8.50 ns 
~ 

0.90 3.40 1.10 3.60 ns 
..... ··.·~ L 

0.45 ·2.50 0.45 2.60 ns 

:. 

,7.50 8.00 
BAO 9.50 ns 

4.90 5.20 

0 0 
0.50 0.50 ns 
0.50 0.50 

2.00 2.00 ns 
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Conditions 

I 

Figures 1 and 2 

Figures 1 and 2 

Figures 1 and 2 

Figures 1 and 2 

Figures 1 and 2 

Figure3 

Figure2 



+1.0SV 

+1.0SV 

24 23 
1 

17 

16 

I 

l 
L1 , .... , 

I I 

Rr 

PULSE 
GENERATOR 

SCOPE 
CHANA 

Notes: 

Vee. VeeA = +2V, VEE = -2.SV 

L1 and L2 = equal length son impedance lines 

Ar = son terminator internal to scope 

Decoupling 0.1 µF from GND to Vee and Vee 

All unused outputs are loaded with son to GND 

CL = Fixture and stray capacitance ~ 3 pF 

Pin numbers shown are for flatpak; for DIP see logic symbol 
l 

15 
50!1 -:-

50 (} 

25µFJ J0.1µF 

Vee 

Rr 

SCOPE 
CHAN B 

TL/F/9873-7 

FIGURE 1. AC Test Circuit 

,r-----~~~--~ 0.7:t:0.1 ns 

I \ 
DATA, SELECT \ 

OUTPUT 

\ '·· \ . ,. . . .. I 

~------:~,-i-------------.1 

FIGURE 2. Enable Timing 

f \ __ 5_0_% ___ + 1.05 v 

____ .,,_ I I '"· ---- +0.31 v 

__... Is :==-·h-1 
+1.05 v 

ENABLE _______ __,f ___ so_~-o--------~ 
• +0.31 v 

DATA, SELECT 

TL/F/9873-9 

FIGURE 3. Setup and Hold Times 
Notes: 

18 is the minimum time before the transition of the enable that information must be present at the data input. 

th is the minimum time after the transition of the enable that information must remain unchanged at the data input. 
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100182 
9-Bit Wallace Tree Adder 

General Description 
The 100182 is a 9-bit Wallace tree adder. It is designed to 
assist in performing high-speed hardware multiplication. The 
device is designed to add 9 bits of data 1-bit-slice wide and 
handle the carry-ins from the previous slices. The 100182 is 
easily expanded and still maintains four levels of delay re­
gardless of input string length. In conjunction with the 

Ordering Code: see section 6 

Logic Symbol 

Do D1 D2 D3 D4 Ds De D1 Da 
Cln-2 

Cl1 

Cl2 

Cl3 
COn + 2 C01 C02 C03 PS PC 

Connection Diagrams 

D1 1 

Do 2 

20 

19 Ds 

18 VEE 

17 Ds 

16 D1 

15 Ds 

14 Cln-2 

13 c11 

TL/F/9874-1 

···. 

··.··· 

Not Intended For New Designs 

100183 Recode Multiplier, 'he 100179 Carry' Lookahead, 
and the 100180 High-speed Adder, the 100182 assists in 
performing parallel multiplication of two signed numbers to 
produce a signed twos complement product. See 100183 
data sheet for additionaUnformation/AH inputs have 50 kn 
pull-down resistors. 

Pin Names Description 

Do-Ds Data Inputs 

Cl1-Cl3;Cln-2 Carry Inputs 

. : C01 "'."'C03, COn + 2 Carry Outputs 
PS .. Partial Sum Output 
PC Partial Carry Output 

24-Pln Quad Cerpak 

NC NC Ds VEE D5 ~ 

24 23 22 21 20 19 

D4 18 Ds 

D3 2 17 Cln-2 

D2 3 16 Cl1 

D1 4 15 Cl2 

Do 5 14 Cl3 

COn+2 6 13 PS 

7 8 9 10 11 12 

C03 co, VccVcCAC02 PC 

TL/F/9874-2 
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Logic Diagram 

DATA INPUTS 

Do 04 Os 

A B C 

co 

CARRY 
OUTPUTS 

s 

COn+2 

Os 01 De 

A B C 

co co s 

C02----+-----' 

C03·----' 

PC 
PARTIAL 

CARRY 

PS 
PARTIAL 
SUM 

CARRY 
INPUTS 

TL/f/9874-5 
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0 

Adder Logic Diagram 0 
~ 

co 
N 

A 

B co 

c 

s 

TL/F /987 4-6 

Adder Truth Table 

Inputs Outputs 

A 8 c s co 
L L L L L 
L L H H L 
L H L H L 
L H H L H 
H' L L H L 
H L H L H 
H H L L H 
H H H H H 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°cto +8s0 c 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin -7.0Vto +o.sv 
Office/Distributors for availability and specifications. Input Voltage (DC) VEE to +o.sv 
Storage Temperature - 6S°C to + 1 so0 c Output Current (DC Output HIGH) -SOmA 
Maximum Junction Temperature (TJ) + 1so0 c Operating Range (Note 2) -;-S.7V to.,.-4.2V 

DC Electrical Characteristics 
VEE = -4.SV, Vee = VccA = GND, Tc= o·c to +8S°C (Note 3) .... . :· 

Symbol Parameter Min Typ Max Units .!__ Conditions (Note 4) 

VoH Output HIGH Voltage -102S -9SS -880 
mV i, VtN =.V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -170S -1620 orV1l(Min) son to -2.ov 
_:'.::_ . _:c. 

VoHc Output HIGH Voltage -103S 
mV V1N = V1H(Min) Loading with 

Vole Output LOW Voltage -1610 orV1l(Max) son to -2.ov 
>'·.._ 

V1H Input HIGH Voltage -1165 -880 I/' mV 
Guaranteed HIGH Signal 

:' ./ for All Inputs 

V1l Input LOW Voltage -1810 -147S mV 
Guaranteed LOW Signal 

...::. 
for All Inputs 

l1l Input LOW Current o.so µA .····J V1N = V1l (Min) 
~ 

DC Electrical Characteristics 
VEE = -4.2V, Vee = VccA = GND, Tc = 0°c to +8S°C (Note 3) L 
Symbol Parameter Min Typ Max ·Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
·. 

V1N = V1H (Max) Loading with 
mV 

Vol Output LOW Voltage -1810 -160S ····.• orV1l(Min) son to -2.ov 
...... 

VoHC Output HIGH Voltage -1030 J 

·~· :..:. mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage . 
I > :-1s9s orV1l(Max) son to -2.ov 

V1H Input HIGH Voltage -11SO -870 mV 
Guaranteed HIGH Signal 

·~ for All Inputs 
... 

V1l Input LOW Voltage .•. Guaranteed LOW Signal 
-1810 -147S mV 

L'.2:'•' for All Inputs 

l1l Input LOW Current < o.so ..... µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE= -4.8V, Vee= VccA = GND,Tc == 0°cto +85°C (Note 3) 

Symbol Parameter 'Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -103S -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage ·. ·. -1830 -1620 orV1l(Min) son to -2.ov 

VoHc Output HIGH Voltage -104S 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage .. -1610 orV1l (Max) son to -2.ov 

V1H Input HIGH Voltage -116S -880 mV 
Guaranteed HIGH Signal 

1· ...... for All Inputs 

V1l Input LOW Voltage -1830 -1490 mV 
Guaranteed LOW Signal 

: 
..L 

for All Inputs 

l1l : •. Input LOW Current 0.50 µA V1N = V1l (Min) 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.SV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = o•c to +85°C 

Symbol Parameter Min Typ Max Units 

Input HIGH Current 

Cl1-Cl3, Cln-2 
300 

l1H D1, D3, D4, Ds, D5, Da µA 

Do, D2, D1 250 

IEE Power Supply Current -260 -180 -125 mA 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c Tc= +25"C Tc= +as·c 

Min Max Min Max Min Max 

tPLH Propagation Delay 
1.40 4.50 1.40 4.50 1.50 4.70 

tPHL Dn to COn+2 

tpLH Propagation Delay 
1.30 4.80 1.30 4.70 1.50 5.00 

tPHL DntoC01 

tPLH Propagation Delay 
2.20 6.20 2.20 6.10 2.30 6.40 

tpHL DntoC02 

tpLH Propagation Delay 
1.30 4.70 1.40 4.70 1.50 5.00 

tPHL DntoC03 

tPLH Propagation Delay 
2.50 7.20 2.50 7.20 I 2.70 7.40 

tPHL DntoPS, PC 

tpLH Propagation Delay 
1.00 3.50 1.00 3.40 1.10 3.70 

tpHL Cln-2· Cl1 to C02 _C 

tpLH Propagation Delay 
1.50 4.50 1.50 4.45 1.60 4.60 

tPHL Cln-2• Cl1 to PS, PC 

tPLH Propagation Delay 
0.80 3.30 0.80 3.20 0.90 3.60 

tpHL Cl3, Cl2 to PS, PC 

tTLH Transition Time 
0.45 1.60 0.45 1.60 0.45 1.60 

trHL 20% to 80%, 80% to 20% 
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Units 

_'·_ 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Conditions 

V1N = V1H (Max) 

Inputs Open 

Conditions 

Figures 1 and 2 

A"gures 1 and 2 

Figures 1 and 2 

..... 
0 
0 ..... 
o:> 
N 
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co 

Cerpak AC Electrical Characteristics ,.. 
0 
0 VEE = -4.2V to -4.8V, Vee = VeeA = GND ,.. 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
1.40 4.30 1.40 4.30 1.50 4.50 

tPHL Dn to COn+2 

tPLH Propagation Delay 
1.30 4.60 1.30 4.50 1.50 4.80 ns 

tPHL Dn to C01 

tPLH Propagation Delay 
2.20 6.00 2.20 5.90 2.30 6.20 ns Figures 1 and 2 

tPHL DntoC02 

tPLH Propagation Delay 
1.30 4.50 1.40 4.50 1.50 4.80 ns 

tPHL Dn to C03 

tPLH Propagation Delay 
2.50 7.00 2.50 7.00 2.70 7.20 ·ns 

tPHL Dn to PS, PC 

tPLH Propagation Delay 
1.00 3.30 1.00 3.20. 1.10 3.50 ns 

tPHL Cln-2• Cl1 to C02 

tPLH Propagation Delay 
1.50 4.30 1.50 4.25 1.60 4.40 ns Figures 1 and 2 

tPHL Cln-2• Cl1 to PS, PC 

tPLH Propagation Delay 
0.80 3.10 0.80 3.00 0.90 3.40 ns 

tPHL Cl3, Cl2 to PS, PC 

trLH Transition Time 
0.45 1.50 1.50 0.45 1.50 ns Figures 1 and 2 

trHL 20% to 80%, 80% to 20% 
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PULSE 
GENERATOR 

SCOPE 
CHANA 

VEE 

L2 ,-

rl 

Notes: 

Vee. VeeA = +2V, VEE = -2.5V 

L1 and L2 = equal length 500 impedance lines 

RT = 500 terminator internal to scope 

Decoupling 0.1 µF from GND to Vee and VEE 

All unused outputs are loaded with son to GND 

CL = Fixture and stray capacitance .. :!: 3 pF 

Pin numbers shown are for flatpak; for DIP see logic 
symbol 

Rr 

TL/F/9874-7 

FIGURE 1. AC Test Circuit 

TL/F/9874-8 

FIGUJ:IE 2. ~ropagatlon Delay and Transition Times 
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Application 
Typical Horizontal Interconnection of 9-Bit Wallace Tree Adders F100182 

MSB 

NOT 
USED 

PCn------' 

.---------Dn-10 
~------Dn-11 

r-------Dn-12 
~----Dn-13 

.-----Dn-14 
Dn-15 
Dn-16 
Dn-17 
Dn-18 

.---------Dn-20 
.--------Dn-21 

.-------Dn-22 
r------Dn-23 

r-----D,.;..24 
Dn..'.:25 
Dn-26 
Dn-27 
Dn-28 

PSn 

PCn-1------~ 

PSn-1 

PCn-2------~ 

.---------010 
~----_.;...-'011 

.-------012 
.------013 

.-----014 
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D1s 
D1s 
017 
D18 

LSB 

~----PSo 

TL/F/9874-9 



Application (Continued) 

16-Blt Vertical Expansion of Wallace Tree Adders 

MSB 

[fr= Iii= 
Do D1 Ch D3 D4 Ds De D1 De Do D1 D2 D3 D4 Ds De D1 De - C01 Cl1 C01 Cl1 - C02 

F100182 
Cl2 C02 F100182 

Cl2 - C03 Cl3 C03 Cl3 

.---..: C0n+2 Cln-2 t-- r co •• , "·-· 11 ,--

PC PS PC PS 

~ 

.· 
~ 

~ ~ 
Do 01 D2 03 04 Os De 01 De Do D1 D2 DJ 04 Os De 07 De - co, Cl1 co, Cl1 - C02 

F100182 
Cl2 C02 

F100182 
Cl2 - C03 Cl3 C03 Cl3 - COn+2 Cln-2 1-- f co,,., "·-· 11 ,--

PC PS PC PS 

PS2 PS1 

PC2 PC1 PCo 
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LSB 

~ 
Do 01 D2 03 04 Ds Ds 01 De 

COt Cl1 r--
C02 

F100182 
Cl2 r--

C03 Cl3 t---
COn+2 Cln-2 r--

PC PS 

~ 
Do 01 02 03 04 Os De 01 De 

co, Cit t--
C02 

F100182 
Clz t---

C03 Cl3 t---
COn+2 Cln-2 t---

PC PS 

PSo 

TL/F/9874-10 
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100183 
2 x 8-Bit Recode Multiplier 

General Description 
The 100183 is a 2 x 8-bit recode multiplier designed to per­
form high-speed hardware multiplication. In conjunction with 
the 100182 Wallace Tree Adder, the 100179 Carry Look­
ahead, and the 100180 High-speed Adder, the 

Ordering Code: see section 6 

Logic Symbol 

Ba B1 Bs Bs B4 B3 B2 B1 Bo 
A2 

A1 

Ao 
Fa F1 Fs Fs F4 F3 F2 F1 Fo 

Connection Diagrams 

24-Pin DIP 

Bo 1 

Fo 2 

F'1 3 

F'2 4 

F'3 5 

Vee 

VccA 
F'4 

F'5 

F's 

r,.; 
fs 

B1 

23 B2 

B3 

Ao 

A1 
A"{ 

VEE 

84 

16 B5 

15 Bs 

14 B1 

13 Bs 

TL/F/9875-3 

TL/F/9875-1 

Not Intended For New Designs 

100183 performs parallel multiplication of two signed num­
bers in twos complement form to produce a signed twos 
complement product. All inputs tiave 50 k!l pull-down resis­
tors. 

Pin Names .,· Description 

Ao-A2 Multiplier (Recode) Inputs 

Bo-Ba Multiplicand Inputs 
Fo-F7 
Fa 

Partial Product Outputs 

..::.. 
Sign Extension Output 

.. 

24-Pin Quad Cerpak 

Ao A1 A2 VEE B4 B5 

24 23 22 21 20 19 

B3 18 Bs 

B2 2 17 B1 

B1 3 16 Ba 

Bo 4 15 fa 

Fo 5 14 F7 
F1 13 F's 

7 8 9 10 11 12 

TL/F/9875-2 
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Logic Diagram 

Truth Table 
Inputs 

A2 A1 
L L 
L L 
L H 
L H 
H L 
H L 
H H 
H H 

H = HIGH Voltage Level 
L = LOW Voltage Level 

A2 

A1 

Ao 

Bo 

B1 

B2 

BJ 

B4 

Bs 

Be 

Br 

Ba 

Ao 
L 
H 
L 
H 
L 
H 
L 
H 

k 
1~ 

~ 

~ 

.£ 

..£ 

.,£ 

--:- _;, 

Recode 
Mode 

0 
+1 
+1 
+2 
-2 
-1 
-1 
0 

Fa f7 

H L 
Ba Ba 
Ba Ba 
Ba B1 
Ba B1 
Ba Ba 
Ba Ba 
H L 

Outputs 

Fe f5 f4 F3 

L L L L 

B1 Bs Bs B4 
B1 Bs B5 B4 
Bs B5 B4 B3 
Bs B5 B4 B3 
B1 Bs B5 B4 
B1 Bs B5 B4 
L L L L 
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F2 F1 
L L 

B3 B2 
B3 B2 
B2 B1 
B2 B1 
B3 B2 
B3 B2 
L L 

Fo 
L 

B1 
B1 
Bo 
Bo 
B1 
B1 
L 

..... 
C) 
C) ..... 
co 
w 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°Cto +8S°C 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin -7.0Vto +O.SV 
Office/Distributors for availability and specifications. 

Input Voltage (DC) VEE to +O.SV 
Storage Temperature - 6S°C to + 1 so°C Output Current (DC Output HIGH) -50mA 
Maximum Junction Temperature (TJ) + 1so°C 

Operating Range (Note 2) 

DC Electrical Characteristics 
VEE = -4.SV, Vee = VccA = GND, Tc= 0°C to +8S°C (Note 3) 

~ 

Symbol Parameter Min Typ Max Units 
~ 

• ·••·· Conditions (Note 4) 

VoH Output HIGH Voltage -102S -9SS -880 
mV VJN =v1H (Max) Loading with 

Vol Output LOW Voltage -1810 -170S -1620 , : / orV1L(Mln). son to -2.ov 

VoHC Output HIGH Voltage -103S 
mV v1N = v1H (M1ri) Loading with 

Vole Output LOW Voltage -1610 or Vil (Max) ·. son to -2.ov 

V1H Input HIGH Voltage 
.•· 

Guaranteed HIGH Signal 
-1165 -880 /nvL· for All Inputs 

V1l Input LOW Voltage 
> :" ·.•· Guaranteed LOW Signal 

-1810 -147S' 
le. _. /for All Inputs 

l1l Input LOW Current o.so Ji.Ai_ I·• V1N = V1l (Min) 

DC Electrical Characteristics 
VEE= -4.2V, Vee= VccA = GND, Tc= 0°c to +8S°C (Note3) 2 
Symbol Parameter Min Typ Max •units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -B7Q I I··.•· V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -160S ····. 
1/ mV 

orV1l(Min) son to -2.ov 
LC 

VoHC Output HIGH Voltage -1030 -·"' IG~ ~ mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage _;;:_I :'(1S9S orV1l(Max) son to -2.ov 

V1H Input HIGH Voltage 
.... 

Guaranteed HIGH Signal 
-11SO 

·,I•-'-······· 
:-870 mV 

for All Inputs 

V1l Input LOW Voltage 
-1810 

,, . :>·I I) -147S mV 
Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current _if o.so µA V1N = V1l (Min) 

DC Electrical Characteristfos · 
VEE = -4.8V, Vee = VccA = GND,Tc "";0°Qto +8S°C (Note 3) 

Symbol Parameter 'Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -103S -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1620 orV1l(Min) son to -2.ov 

VoHC Output HIGH Voltage . -104S 
mV V1N = V1H (Min) Loading with 

Vole Output LOWVoltage -1610 orV1l(Max) son to -2.ov 

V1H Input HIGH Voltage ... 
-116S -880 mV 

Guaranteed HIGH Signal 

L-··· .• for All Inputs 

V1l 
;'//·······1 

· Input LOW Voltage 
-1830 -1490 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l u Input LOW Current o.so µA V1N = V1l (Min) 

Note 1: At)~l~e fT1a>Cimurn ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is nct lmplled, • 
Note 2: Parametric values specified at - 4.2V to - 4.BV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = 0°C to +85°C 

Symbol Parameter Min Typ Max Units 

l1H Input HIGH Current 

Bo-Ba 215 

Ao 215 
µA 

A1 285 

A2 310 

IEE Power Supply Current -250 -170 -115 mA 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE= -4.2V to -4.8V, Vee= VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Min Max Min Max Min Max 

tPLH Propagation Delay 
1.10 3.90 1.10 3.80 1.10 4.20 

tpHL Ao-A2 to Fo-F7 : 

tPLH Propagation Delay 
0.90 3.20 1.00 3.10 ·· .. • 1.00 3.60 

tPHL Ao-A2to Fa _: 

tPLH Propagation Delay 
0.80 2.20 0.90 2.15 0.90 2.50 

tpHL Bo-Ba to Fo-F1 

tPLH Propagation Delay 
0.80 2.00 0.90 2.00 0.90 2.50 

tPHL Ba to Fa 
_::_ 

~ 

tTLH Transition Time 

trnL 20% to 80%, 80% to 20% 
0.45 2.50 0.45 2.40 .. 0.45 2.60 

: 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND ·,. 

Symbol Parameter 
Tc= 0°C Tc:= +25°C Tc= +85°C 

Min ..::.. Max .. Min Max Min Max 
: 

tPLH Propagation Delay 
I 1.10 3.70 1.10 3.60 1.10 4.00 

tPHL Ao-A2 to Fo-F7 _::::._ 

tPLH Propagation Delay 
0.90 - 3.00 1.00 2.90 1.00 3.40 

tPHL Ao-A2to Fa . 

--
tPLH Propagation Delay ) 

0.80 2.00 0.90 1.95 0.90 2.30 
tPHL Bo-Ba to Fo-F7 L 

tPLH Propagation Delay 
0.80 1.80 0.90 1.80 0.90 2.30 

tPHL Ba to Fa 

tTLH Transition Time 
0.45 2.40 0.45 2.30 0.45 2.50 

trnL 20% to 80%, 80% to 20% 
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Units 

ns 

ns 

ns 

ns 

ns 

Units 

ns 

ns 

ns 

ns 

ns 

Conditions 

V1N = V1H (Max) 

Inputs Open 

Conditions 

Figures 1 and 2 

Agures 1 and 2 

Figures 1 and 2 

Conditions 

Figures 1 and 2 

Figures 1 and 2 

Figures 1 and 2 
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Notes: 

PULSE 
GENERATOR 

SCOPE 
CHANA 

Vee. VeeA = +2V, VEE = -2.SV 

,-, 

r 
,-.. L1 

-: ··r 
L1 and L2 = equal length son impedance lines 

Ar = 500. terminator internal to scope 

Decoupling 0.1 µF from GND to Vee and VEE 

All unused outputs are loaded with 500. to GND 

CL = Fixture and stray capacitance ~ 3 pF 

Pin numbers shown are for flatpak; for DIP see logic symbol 

50 {} 

50 {} 

50 {} 

50 {} 

Vee 

J0.1µF 

24 23 22 21 20 19 
1 18 

17 

16 

15 

14 

6 13 
7 8 9 10 11 12 

FIGURE 1. AC Test Circuit 
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0.7::0.1 ns~1 ..-- l '~0.7::0.1 ns 

u: +1.05 v 
80% 

INPUT 50% 

I 

20% 
------ + 0.31 v 

NON-1Nv~'\'i~ I - I.._'"" 

OUTPUT 1rLH- 1=-1 1~:PHL 
INVERTING L j 

lnH-...1 
TL/F/9875-7 

FIGURE 2. Propagation Delay and Transition Times 

Application 
100183 is a 2 x 8-bit recode multiplier that performs parallel 
multiplication using twos complement arithmetic. In multiply­
ing, the multiplier is partitioned into recode groups, then 
each recode group operates on the multiplicand to provide 
a partial product at the same time. The 100183, 2 x 8-bit 
recode multiplier provides partial products in 3.6 ns. 

The 100182, 9-Bit Wallace Tree Adder combines the partial 
products to obtain the partial sum and partial carries in an 
additional 10. 7 ns. Then the Carry Lookahead generator 
and 6-bit adder combine the results of a 16 x 16-bit multiply 

for a total of 24.3 ns. The propagation delays and package 
count for implementing various size multipliers are listed in 
Tables I and II. 

Multiplication of twos complement binary numbers is ac­
complished by first obtaining all the partial products. Then 
the weighted partial products are added together to yield 
the final result. In the Wallace Tree method of multiplication 
the sign bit is treated the same as the rest of the bits to 
obtain a signed result. 

TABLE I. Propagation Delay Summation* 

Array 
Recode Wallace High-speed Carry 

Total (Max) 
Size 

Multiplier TreeAdder Adder Lookahead 
Delay 

100183 100182 100180 100179 

16x16 3.6 10.7 7.3 2.7 = 24.3 ns 

17x17 
thru 3.6 21.4 7.3 2.7 = 35.0 ns 

24x24 

25x25 
thru 3.6 21.4 7.3 5.4 = 37.7 ns 

48x48 

49x49 
thru 3.6 21.4 7.3 8.1 = 40.4 ns 

72x72 

73x 73 3.6 32.1 7.3 10.8 = 53.8 ns 

*Worst case, Flatpak 
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Application (Continued) 

TABLE II. Package Count 

100102 
100183 100182 100180 100179 Total 

100117 

16x16 6 16 32 6 2 = 62 

18x 18 7 27 38 6 2 := 70 

24x24 9 36 60 8 2 = 115 

32x32 11 64 96 11 4 = 186 

36x36 13 80 116 12 4 = 225 

64x64 24 256 328 22 6 = 634 

For a quick review of the twos complement number format 
see Table Ill. Note that subtraction is accomplished by add­
ing the negative number. An example of changing from a 
positive number to a negative number is shown. 

TABLE Ill. Twos Complement Format 

1011 negative number-5 

0100 bits inverted 
+ 0001 add one 
"CROT Results 5 
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Sign 
Bit 

0 
o, 

0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 

22 

1 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 

Magnitude Decimal 
21 20 Number 

1 1 +7 
1 0 +6 
0 1 +5 
0 0 +4 
1 1 +3 
1 0 +2 
0 1 +1 
0 0 +o 
1 1 -1 

1 0 -2 
0 1 -3 
0 0 -4 
1 1 -5 
1 0 -6 

0 1 -7 
0 0 -8 



Multiplication Algorithm 
In the multiplication algorithm used, the multiplier (Y n ... Yo) 
is partitioned into recode groups and each recode group 
operates on the multiplicand (Xn ... Xo) as in Figure 4. The 
100183, 2 x 8-bit recode multiplier partitions the multiplier 
(Xn ... Xo) into groups of eight and the multiplicand (Y n ... 
Yo) into groups of two. Each recode group is two bits wide 
but requires three bits to determine the partial products. Ta­
ble IV lists the significance of the various recode groups. 
The partial product is ± 0, ±multiplicand, or ±two times the 
multiplicand. A forced zero is required to establish the least 
significant bit of the first recode group. By connecting re­
code multipliers in parallel the partial products are available 
at the same time. The weighted partial products (An ... A0, 
Bn ... Bo) ... are added together using 100182, 9-bit Wal­
lace Tree Adders. The results of the partial sum and partial 

carry are combined together using Carry Lookahead gener­
ators and 6-bit adders. An example of using recode multipli­
cation is shown in Figure 3: multiplier (11710) 01110101 
times multiplicand (1051 o) 01101001. The first recode group 
010 requires adding the multiplicand; the second recode 
group 010 also requires adding the multiplicand; the third 
group 11 O requires subtracting the multiplicand (the same 
as inverting each digit and adding 1); the fourth group 011 
requires adding twice the multiplicand. Combining the re­
sults of four groups, 1228510, we have the correct answer. 

TABLE IV. Recode Product 

Recode Group Recode 
Partial Product 

Y1+1 Y1 Y1-1 Value 

0 0 0 +o Add zero 

Forced Zero 

01101001 I 
01.:1~ 

-1 +1 
+2 +1 

0000000001101001 
00000001101001 
111110010111 
0011010010 

0010111111111101 

(+1) 
(+1) 
(-1) 

(+2) 

105 
---1!Z_ 

735 
105 

-1.QL 
12285 

12285 

0 0 1 
0 1 0 

+1 
+1 

Add multiplicand 
Add multiplicand 

TL/F/9875-8 

FIGURE 3. Recode Multiplication Example 
0 1 

1 0 

1 0 

1 1 

1 1 

1 

0 

1 

0 

1 

+2 Add twice the 
multiplicand 

-2 Subtract twice the 
multiplicand 

-1 Subtract the 
multiplicand 

-1 Subtract the 
multiplicand 

-0 Subtract zero 

Multiplicand----. 
Multiplier----

Recode Groups ----1~ 

First Product Only----- 1 

Sign Bit Magnitude Bits Forced f Zero 

X15X14X13X12X11X10X9 Xa X7 Xs Xs X4 X3 X2 X1 Xo ~ 
Y1s Y14 Y13 Y12Y11 Y10Y9 Ya Y7 Ys Ys Y4 Y3 Y2 Y1 Yo 0 

1 IA1sA1sA14A13A12A11A10A9 As A1 As As A4 A3 A2 ~ 
Ko 

Hardware-wired Logic Ones- 1 IB1sB1sB14B13B12B11 B10B9 Ba B7 Bs Bs B4 B3 B2 ~ 
K2 

Partial Products 1 IC15C1sC14C13C12C11 C10C9 Ca C7 Cs Cs C4 C3 C2 C1 Co! 

~Dt4Dt3D12D11D10D9 Da D1 Ds Ds 04 D3 D2 D1 Do! K
4 

Ks 
1 IE15 Ets Ei4 Ei3 E12 E11 E10 E9 Ea E1 Es Es E4 E3 E2 ~ 

Ka - Rounding Bits 
1 IF1s Fis Ft4 F13 F12 F11 F10 F9 Fa F1 Fs Fs F4 F3 F2 £.l..£QI From External Gates 

Kio 
1 IG1sG1sG14G13G12G11G10G9 Ga G1 Gs Gs G4 GJ G2 G1 Gol 

K12 
1 IH16 His H14H13H12H11 H10H9 Ha H7 Hs Hs H4 HJ H2 Ht Ho! 

Kt4 
PS31 P$30 PS29 PS2a .................................... Partial Sum ............................... PS4 PS3 PS2 PS 1 PSo 
PC30 PC29 PC28 PC21., ............................. Partial Carry .................................. PC3 PC2 PC1 PCo 

531 S30 S29 S2a ..•..••.......••.....................................•.......................... S4 S3 S2 S1 So t Final Product 

Sign Bit 

FIGURE 4. 16 x 16 Multiply 
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Hardware Implementation 
For the hardware implementation of the 100183 recode 
multiplier the sign bit is connected to the Ba input, and B7 
through Bo are the magnitude bits. Two extend the word 
length greater than eight bits, the Bo and Ba inputs of adja­
cent devices are connected together (see Figure 7). The 
device outputs Fo through F7 are used as the partial prod­
ucts; these correspond to Ao through A1, or Aa through A15· 
or Bo through B1. etc. To reduce the hardware, the Fa bit 
(A15 in Figure 7) is used as the sign bit of the partial prod­
uct. The sign bits are extended by using hardware wired 
logic "1 s". The ones are located in front of each partial 
product with an extra "1" at the sign bit of the first partial 
product as in Figure 4. The logic "1s" are wired as inputs 
into the Wallace Tree Adders as shown in Figure 6. If the 
recode group requires the multiplicand to be added, then 
the 100183 outputs the correct partial products to be added. 
But when the recode group requires that the multiplicand be 
subtracted, then the 100183 outputs the ones complement. 
External gates are required to generate a "1" to be added 
to the ones complement to complete the twos complement 
for the partial product (Figure 7). These external gates gen­
erate the rounding bits, Ko . . . Kn, which are input to the 
Wallace Tree Adder. Figures 4, 6 and 7 show the location. 
An example of multiplication which has the rounding bits 
and the hardware wired logic "1s" is shown in Figure 5. 

The weighted partial products are added together using 
100182, 9-bit Wallace Tree Adders as shown in Figure 6. 
The output is a partial sum and partial carry which can be 
reduced to the final product using Carry Lookahead and 6-
bit adders. See Figure 8. 
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Hardware-

Forced Zero 
01101001 I = 10s 
01~1~ =117 

-1 +1 
+2 +1 

1 
1116110100....1] 

0 

1l1011010Q.!j 
0 

wired 
Logic 
ones 

__.. 1!0100101.!.Qj ..•...•. 
1 .·+- Rounding Bits 

llTI 
10100

1.QI · (external gates) 

0 

0010111111111101 = 12285 
TL/F/9875-10 

FIGUijE 5. Example of Multlpllcatlon 
Rounding Bits 



Hardware Implementation (Continued) 

Noll Used 

PC11 

A, B1 

Intermediate Stages 
t A11 e,4 C,,D10 E1 Fs G4 H2 Nol Shown A15 e13c,, Do E7 Fs G3 H1 

PS11 
PC11 ___ _. 

PSI& 
PC15 ----

Intermediate Stages 
Not Shown A, 

PS,, Pc, .... • __ _ 

Ao Ko 

Do 01 02 03 o. Ds 06 o, Da 

PS3 
PC2 ___ __, 

PS2 
PC, ___ __, PS1 

PCo 

co, 
co, 
co, 
C0"+2 

PC 

___ __. 

FIGURE 6. 100182 Hook-up for 16 x 16 Multiplier 
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Hardware Implementation (Continued) 

TL/F/9675-12 

FIGURE 7. 100183 Hook-Up for 16 x 16 Multiplier 
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Hardware Implementation (Continued) 

MSB 

P1G1CN+I PsGs 

F100179 

FIGURE 8. Final Summation for 16 x 16 Multiplier 
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~National a Semiconductor 

Not Intended For N~w·Designs 

100250 
Quint Full Duplex Line Transceiver 

General Description 
The 100250 is a quint line transceiver capable of simulta­
neously transmitting and receiving differential mode signals 
on a twisted pair line. Each transceiver has a signal input 
S1N. a signal output SouT and two differential line inputs/ 
outputs L and [. Signals received from the lines L and [ can 
be stored in an internal latch. The line outputs are designed 
to drive twisted pair lines. The ENABLE input is common to 
all five transceivers. 

Ordering Code: see Section 6 

Logic Symbol 

Connection Diagrams 

L2 

L2 2 

Sl2 3 22 s11 
S02 4 21 so, 

E 5 20 S05 

Vee 6 19 Sis 

7 18 VEE 

8 17 Ls 

9 16 Ls 

10 15 S04 
11 14 Sl4 
12 13 L4 

TL/F/9876-1 

.... 

.... 

Features 
• Full duplex operation 
• Common mode noise immunity of ± 1 V 

Pin Names Description 

E Common Enable 

Sin 1 OOK Signal Inputs 

Son 1 OOK Signal Outputs 

Ln, Ln Differential Line 
Inputs/Outputs 

24-Pin Quad Cerpak 

S01 S05 Sl5 VEE L5 L5 

24 23 22 21 20 19 

s11 1 18 S04 

L1 2 17 Sl4 

L1 3 16 L4 

L2 4 15 L4 

L2 5 14 L3 

Sl2 13 L3 
7 8 9 10 11 12 

so2 E VeeVeeAso3 s13 

TL/F/9876-2 
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Logic Diagram 

/SEE DETAIL 

r---., 
S11 

501 

S12 

So2 

513 

503 

514 

So4 

515 

Sos 

~ 

Truth Table 
E S1A 

H x 
L L 

L L 

L H 

L H 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 
n -1 = Previous State 

519 

x 
L 

H 

L 

H 

• = Dependent on S1A and Sis 

Functional Waveform 

Soe 

L1 

l1 
L2 

G 
L3 

L3 
L4 

G 
Ls 

Ls 

TL/F/9676-6 

So A 

SoA(n-1) 

L 

H 

L 

H 

Sos 

Detail 

TWISTED PAIR 

TL/F/9676-5 

FIGURE 1. Interconnection of Two 100250 Circuits, 
Duplex Mode Operation 

L [ 

Sos(n-1) . . 
L 

L 

H 

H 

3-103 

UL 

(UL+ UH)/2 

(UL+ UH)/2 

UH 
UL::::: -1.27V 
UH ::::: -0.27V 
(UL + UH)/2 ;:::: -0.77V 

UH 

(UL+ UH)/2 

(UL+ UH)/2 

UL 

TL/F/9676-15 
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0 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military I Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°cto +85°C 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin -7.0Vto +0.5V 
Office/Distributors for availability and specifications. 

Input Voltage (DC) VEE to +0.5V 
Storage Temperature -65°C to + 1 so0 c 

Output Current (DC Output HIGH) -50mA 
Maximum Junction Temperature (TJ) +1so0 c Operating Range (Note 2) _;5.7V to -4.2V 

DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = 0°C to + 85°C 

Symbol Parameter Min Typ Max Units Conditions 

l1H Input HIGH Current Sin 
200 .· .. · 

µA 
V1N = VIH(Max) E 250 µA 

IEE Power Supply Current -300 -180 mA Inputs Open 

DC Electrical Characteristics 
VEE = -4.5V, Vee = VccA = GND, Tc = o·c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1025 -955 -880 mV VtN = V1H(Max) 

Vol Output LOW Voltage -1810 -1705 -1620 mV orV1l(Min) Loading with 

VoHC Output HIGH Voltage -1035 mV V1N = V1H(Min) 
50!lto -2.0V 

Vole Output LOW Voltage -'-1610 mV or V1l(Max) 

VKH Line Output HIGH Voltage -370 -220 mV No Load 

VKl Line Output LOW Voltage -1400 -1090 mv V1N = V1H(Max) or V1l(Min) 

V1H Input HIGH Voltage -1165 -880 mV Guaranteed HIGH Signal for All Inputs 

V1l Input LOW Voltage -1810 -1475 mV Guaranteed LOW Signal for All Inputs 

Ill Input LOW Current 0.50 µA V1N = V1l(Min) 

DC Electrical Characteristics 
VEE = -4.2V, Vee = VccA = GND, Tc = o·c to +0s0 c (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage .. """.1020 -870 mV V1N = V1H(Max) 

Vol Output LOW Voltage .' -1810 -1605 mV orV1l(Min) Loading with 

VoHC Output HIGH Voltage ....:1030 mV V1N = V1H(Min) 
son to -2.ov 

VolC Output LOW Voltage -1595 mV orV1l(Max) 

VKH Line Output HIGH Voltage -350 -200 mV No Load 

VKl Line Output LOW Voltage -1300 -990 mV V1N = V1H(Max) or V1l(Min) 

V1H Input HIGH Voltage -1150 -870 mV Guaranteed HIGH Signal for All Inputs 

V1l Input LOW Voltage -1810 -1475 mV Guaranteed LOW Signal for All Inputs 

Ill Input LOW Current 0.50 µA V1N = V1l(Min) 
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DC Electrical Characteristics 
VEE = -4.8V, Vee= VccA = GND, Tc= o·c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1035 -880 mV V1N = VJH(Max) 

Vm Output LOW Voltage -1830 -1620 mV orV1L(Min) Loading with 

VoHC Output HIGH Voltage -1045 mV V1N = VJH(Min) 
5011 to -2.0V 

VoLC Output LOW Voltage -1610 mV orV1L(Max) 

VKH Line Output HIGH Voltage -400 -250 mV No Load 

VKL Line Output LOW Voltage -1500 -1190 mV V1N = V1H(Max) or V1L(Min) 

mV 
Guaranteed HIGH 
Signal for All Inputs 

V1H Input HIGH Voltage 
-1165 -880 

mV 
Guaranteed LOW 
Signal for All Inputs 

V1L Input LOW Voltage 
-1830 -1490 

IJL Input LOW Current 0.50 µA V1N = VJL(Min) 

Note 1: Unless specified otherwise on individual data sheet. 
Note 2: Parametric values specified at -4.2V to -4.BV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND, Tc = o·c to +85°C 

Symbol Parameter 
Tc= o·c Tc= +25°C Tc= +ss·c 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
1.1 2.4 1.1 2.4 1.2 2.6 ns 

tPHL S1toL,I 
Figures 2 and 4 

tPLH Propagation Delay 
1.2 2.8 1.2 2.9 1.3 3.0 ns 

tPHL L, Ito So 
Figures 3 and 5 

tPLH Propagation Delay 
1.2 2.6 1.2 2.7 1.3 2.9 ns 

tPHL EtoSo 
Figures 3 and 5 

trnL Transition Time 
0.5 2.0 0.5 2.0 0.5 2.0 ns 

trLH 20% to 80%, 80% to 20% 

ts Setup Time L, L 1.3 1.3 1.5 ns Figure3 
tH Hold Time L, L 1.3 1.3 1.5 ns 

Cerpak AC Electrical Characteristics 
VEE= -4.2V to -4.8V, Vee= VccA = GND, Tc= o·c to +85°C 

Symbol Parameter 
Tc= o·c Tc= +25°C Tc= +ss·c 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propag~tion Delay 
1.1 2.2 1.1 2.2 1.2 2.4 ns Figures 2 and 4 

tPHL Sito L, L 

tPLH Propagation Delay 
1.2 2.6 1.2 2.7 1.3 2.8 ns Figures 3 and 5 

tPHL L, Ito So 

tPLH Propagation Delay 
1.2 2.4 1.2 2.5 1.3 2.7 ns Figures 3 and 5 

tPHL EtoSo 

trHL Transition Time 
0.5 1.9 0.5 1.9 0.5 1.9 ns 

trLH 20% to 80%, 80% to 20% 

ts Setup Time L, I 1.3 1.3 1.5 ns Figure3 
tH Hold Time L, L 1.3 1.3 1.5 ns 
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Switching Waveforms 

0.7 :I: 0.1 ns 

+0.31V r- tPLH r-1 .,., r-
1 .------------..+== : 

-!- + I \ 
I \ ----------4 ~-------s TL/F/9876-8 

S19 = H then P = UH, 0 = (UL + UH)/2, R = (UL + UH)/2, S = UL 
L, [loaded with another F100250 

FIGURE 2. s1 to Differential Line 

0.7 :I: 0.1ns =1 r 
·. ~ .,. ··'"'}_r= __ _ +1.05V 

+0.31V 
~/ \'-----'/ 
__ J \/ \ / __ 
----------.. I I .. ------.. I .. -----------·.-

0 

[A + + \ + \ \ I \ I \ \, _______ ./I \·-·-------~' \. ________ _ 1r rtH ts 

EA 

tPLH 

So A 

TL/F/9876-9 

Notes: SrA = L then P = (UL + UH)/2, 0 = UL, R = UH, S = (UL + UH)/2 } 
SrA = H then p = UH, a= (UL+ UH)/2, R =(UL+ UH)/2, s = UL L, [loaded with another F100250 

Is is the minimum time before the transition of the enable that information must be present at the data input. 

tH is the minimum time before the transition of the enable that information must remain unchanged at the data input. 

FIGURE 3. Differential Line to So 
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Test Circuitry 

24 

504 

-= 

0.1µF 

504 q 
23 22 21 20 19 504 

18 

-= 
17 

16 

F100250 
15 

Notes: 

Vee. VccA = +2V, VEE = -2.5V 
14 L 1 and L2 = equal length 500 impedance lines. 

Ar = 500 terminator internal to scope. 

13 
Decoupling 0.1 µ.F from GND to Vee and VEE· 
All unused outputs are loaded with 500 to GND. 

10 11 12 CL = fixture and stray capacitance s: 3 pF. 
L.and t terminated by 1002so or Thevenin equivalent. 

504 Signal levels will be a percentage of full swing if using 
equivalent network. 

-= RA = 910, Rs = soon, Re = 22on, Ro = 11.sn 
forSrs = L 

25µF I. I. 0.1µF 
RA = 22on, Rs = 71.5n, Re = 910, Ro = soon 
for Srs = H. 

Vee 
TL/F/9876-13 

FIGURE 4. AC Test Circuit SI to Dlfferentlal Line 
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0 
Lt> 
N 
0 
0 ..... 

Pulst 
Gen 

VEE 

-= 0.1 µf 

50A q 
24 23 22 21 20 19 

18 

17 

F100250 
16 

DRIVER 
15 

14 

13 

10 11 12 

50A 50A 

-= -= 

Notes: 

Vee. VccA = +2V, VEE= -2.SV 
L 1 and L2 = equal length son impedance lines. 
Ar = son terminator internal to scope. 
Decoupling 0.1 µF from GND to Vee and VEE· 
All unused outputs are loaded with son to GND. 
CL = fixture and stray capacitance :s: 3 pF. 

Rr l 
-= 

24 23 

FIGURE 5. AC Te1at~~ltC?.U,!,~ __ '-?!fl~l'!tntllal Line to So and E to So 
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~National 
~Semiconductor 

11C01 
Dual 5-4 Input OR/NOR Gate 

General Description 
The 11C01 is a voltage-compensated ECL dual 5-4 input 
OR/NOR gate. The circuit has standard internal voltage 
compensation with DC parameters identical to 1 OK ECL de­
vices. 

Ordering Code: see section 6 

Logic Symbol 

Pin Names 

D1a-D1e. D2a-D2d 
01. 01. 02, 02 

Truth Tables 
In 

D1a D1b D1c 

L L L 

H x x 
x H x 
x x H 

x x x 
x x x 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don"t Care 

D1d 

L 

x 
x 
x 
H 

x 

TL/F /9888-2 

Description 

Data Inputs 

Outputs 

Out 

D1e 01 

L L 

x H 

x H 

x H 

x H 

H H 

01 

H 

L 

L 

L 

L 

L 

4-3 

D2a 

L 

H 

x 
x 
x 

Not Intended For New Designs 

Connection Diagrams 
16-Pin DIP 

\J 
Ycc1-- 1 161-Vcc2 

02-- 2 151-01 

02-i 3 14 1-0, 

D2a -i 4 13 t-018 

D2b -i 5 12 t-D1b 

D2c-i 6 11 l-D1c 

D2d-- 7 10 1-01d 

VEE-- 8 9 l-D1e 

16-Pin Flatpak 

\J 
D1a-i 1 16 t-D1b 

o,-- 2 15 t-D1c 

o,-- 3 14 t-D1d 

Ycc2-- 4 13 t-018 

Ycc1-- 5 121-VEE 

02-i 6 11 t-D2d 

02-- 7 10 t-D2c 

D2a-- 8 9 t-D2b 

In Out 

D2b D2c D2d 02 02 

L L L L H 

x x x H L 

H x x H L 

x H x H L 

x x H H L 

TL/F/9888-1 

TL/F/9888-3 

..... ..... 
0 
0 ..... 

• 



,... 
0 
0 ,... ,... Absolute Maximum Ratings 

Above which the useful life may be impaired 
Recommended Operating 
Conditions 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Min Typ Max 

Supply Voltage (VEE) 

Ambient Temperature (TA) 

-5.5 -5.2 -4.75 

Storage Temperature - 65°C to + 150°C 

Maximum Junction Temperature (TJ) + 150°C 

Supply Voltage Range - 7 .OV to GND 

Input Voltage (DC) VEE to GND 

-50mA Output Current (DC Output HIGH) 

Operating Range - 5.5V to - 4. 75V 

Lead Temperature (Soldering, 10 sec.) 

DC Electrical Characteristics 
VEE= -5.2V, Vee= GND 

300°C 

0 +75 

Symbol Parameter Min Typ Max Units TA Conditions 

Output Voltage HIGH -1000 -840 0°C V1N = V1H(Max) 
-960 -810 mV +25°C orV1L(Min) 
-900 - 720 +75°C per Truth Table 

~V-o-L~___,,._O_u_tp_u_t_V_ol-ta_g_e_L_O_W~-+--_-1_8_7_0-+-~~-+--_~16_6_5-+~~~+---0-0-C-. --1 •. 

-1850 -1650 mV +25°C 

Units 

v 
oc 

VoHe Output Voltage HIGH 

-1830 -1625 +75°C 

-1020 0°C 
+25°C 
+75°C 

V1N = V1H(Min) 
orV1L(Max) 

Loading is 
50!1 to -2.0V 

Vole Output Voltage LOW 

Input Voltage HIGH 

Input Voltage LOW 

Input Current HIGH 
. 

Input Current LOW 

I 

-980 
-920 

-1145 
-1105 
-1045 

-1870 
~1850 

-1830. 

0.5 

-1645 
-1630 
...;.1605 

-840 
-810. 
-720 

·.•.• -1490 
-1475 
-1450 

350 
·• 

Power Supply Current -30...... -24 

AC Electrical Characteristics 
VEE= -5.2V, TA.""' +25°C 

Symbol Parameter 
Flatpak 

Min Typ Max 

tPLH Propagation Delay 
_.._ .· LOWtoHIGH 

Propagation Delay 
HIGH to LOW 

-

tTLH .··. Output Transition Time 
LOW to HIGH (20% to 80%) 

tTHL Output Transition Time 
HIGH to LOW (80% to 20%) 

0.45 

0.45 

0.7 0.95 

0.7 0.95 

0.7 0.95 

0.7 0.95 

4-4 

mV 

... 

mV 

mV 

mV 

µA 

µA 

mA 

Min 

0.60 

0.60 

0°C 
+25°C 
+75°C 

0°C 
+25°C 
+75°C 

0°C 
+25°C 
+75°C 

+25°C 

+25°C 

+25°C 

DIP 

Typ 

0.90 

0.90 

0.90 

0.90 

per Truth Table 

Guaranteed Input Voltage 
HIGH for All Inputs 

Guaranteed Input Voltage 
LOW for All Inputs 

Inputs and Outputs Open 

Units Conditions 
Max 

1.15 ns 

1.15 ns 
See Figure 1 

1.15 ns 

1.15 ns 



Notes: 

PULSE 
GENERATOR \ I 

I 

L1 and L2 = equal length 50!l impedance lines 
Rr = 50!l Termination of scope 
Decoupling 0.1 µF from GND to VEE and Vee 
CL,;; 3 pF 

OR 

OUTPUTS 

Notes: 

Jig setup with no circuit under test 
Vcc1 = Vcc2 = +2.0V 
VEE= -3.2V 

\ I 

Vee ·2V l 

VEE= ·3.2V 

FIGURE 1. Switching Circuit and Waveforms 
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SCOPE 
CHANA 

SCOPE 
CHANB 

· 1.11V 

TL/F/9888-4 

TL/F/9888-5 
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Not Intended For New Designs 

11C05 
1 GHz Divide-By-Four Counter 

General Description 
The 11 C05 is an ECL Divide-By-Four Counter with a maxi­
mum operating frequency above 1 GHz over the 0°C to 
+ 75°C temperature range. The input may be DC or AC (ca­
pacitively) coupled to the signal source. The emitter follower 

Ordering Code: see section 6 

Logic Symbol 

-a 
CP 

TL/F/9889-1 

Pin Names Description 

CP Clock Input 

VREF Reference Input 
Q,Q Counter Outputs 

Logic Diagram 

CP 
4 

+2 

~ 
4000~ 

6 
VREF r 

I 
I 
I 

outputs (Q and Q) are capable of driving 50!! lines. The 
outputs are voltage-compensated and provide standard 
ECL output levels. 

Connection Diagram 
14-Pin DIP 

NC 1 14 Vee 

NC 2 13 NC 

NC 12 NC 

CP 4 11 Q 

NC 5 10 Q 

VREF 6 9 NC 

VEE 7 NC 

TL/F/9889-2 

Vccl14 

11 

l +2 

a 

h. 
10 

.... 

VREF 

VE~ 

TL/F /9889-3 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired Conditions 
Storage Temperature - 65°C to + 150°C Min Typ Max 
Maximum Junction Temperature (TJ) +150°C Supply Voltage (VEE) 
Supply Voltage Range -7.0VtoGND Commercial -5.25V -5.0V -4.75V 

Input Voltage (DC) VEEtoGND Military -5.5V -'-5.0V -4.75V 

Output Current (DC Output HIGH) -50mA Ambient Temperature (TA) 

Operating Range -5.5V to -4.75V Commercial 0°C +75°C 
Military -55°C + 125°C 

Lead Temperature (Soldering, 10 sec.) 300°C 

Commercial DC Electrical Characteristics 
VEE = 5.0V, Vee = GND 

Symbol Parameter Min Typ Max Units TA Conditions 

VoH Output Voltage HIGH -1060 -995 -910 mV 0°C V1N = V1H or Vil· 
-1025 -960 -880 mV +25°C Loading 500. to - 2V 
-980 -910 -830 mV +75°C 

Vol Output Voltage LOW -1810 -1705 -1620 mV 0°Cto +75°C 

V1H Input Voltage HIGH -2.45 v 0°C Guaranteed Input HIGH 
-2.50 v +25°C 
-2.60 v +75°C 

V1l Input Voltage LOW -3.25 v 0°C Guaranteed Input LOW 
-3.30 v +25°C 
-3.40 v +75°C 

IEE Power Supply Current -90 -65 mA +25°C Input Open 

VEE Supply Voltage Range -5.25 -5.0 -4.75 v 0°Cto +75°C 

VREF Input Reference Voltage -2.9 v +25°C 

Military DC Electrical Characteristics 
VEE= -5.0V, Vee= GND 

-'-

Symbol Parameter Min Typ Max Units TA Conditions 

VoH Output Voltage HIGH -1100 -1030 ...:...950 mV -55°C V1N = V1H or Vil· 
-980 -910 -820 mV +25°C Loading 1 OO!l. to - 2V 

'""910 -820 -720 mV + 125°C 

Vol Output Voltage LOW -1810 -1705 -1620 mV - 55°C to + 125°C 

V1H Input Voltage HIGH ...:...2.35 v -55°C Guaranteed Input HIGH 
-2.50 v +25°C 
-2.70 v + 125°C 

V1l Input Voltage LOW -3.15 v -55°C Guaranteed Input LOW 
-3.30 v +25°C 
-3.50 v +125°C 

IEE Power Supply Current -90 -65 mA +25°C Input Open 

VEE Supply Voltage Range -5.5 -5.0 -4.75 v - 55°C to + 125°C 

VREF Input Reference Voltage -2.9 v +25°C 
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0 
~ Commercial and Military AC Electrical Characteristics 
.,... VEE = -5V, Vee = GND, TA -55°C to + 125°C unless otherwise noted 

Symbol Parameter Min Typ Max Units Conditions 

feoUNT Maximum Sinusoidal 1000 
MHz 

0°C to +75°C AC Coupled 

Input Frequency 950 - 55°C to + 125°C 800mV 
Peak-to-Peak 

feoUNT Minimum Sinusoidal 25 
MHz Input 

Input Frequency (Note 2) 

SRMIN Slew Rate of Squareware 50 V/µs (Note 1) 

Note 1: Very low frequency operation is possible as long as sufficient slew rate of the input pulse edges is maintained. 

Note 2: Input drive shall not exceed 1.5V peak-to-peak max. 

SCOPE 
CHANA 

SIGNAL 
GENERATOR 

Rr = 500 termination of scope 

L1 = 500 transmission line 

RT 

r,L1 
\ J 

I 
,-,L1 

\ I 

J 

C1 = 0.1 µF leadless capacitor, 250 pF for F > 25 MHz 

R1 = on for commercial grade, 500 for military grade 

R2 = 500 for commercial grade, 1000 for military grade 

Horizontal Scale= ns/div 
Vertical Scale= 200 mV/div 

TL/F/9889-5 

25 MHz Operation 

Vee ·2.ov 

Input 

Output 

4-8 

SCOPE 
CHANB 

TL/F /9889-4 

Horizontal Scale = 1 ns/div 
Vertical Scale= 200 mV/div 

1.2 GHz Operation 
TL/F/9889-6 
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I 
~ 
~ 
Q. 
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~ 
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~ 
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~ 
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1
2s0 c 

I I 
1_J_ 

~-l 
.~ 

~ l~ 
1--'1 J.....--

600 BOO 1000 1200 1400 

INPUT FREQUENCY - MHz 
TL/F/9889-7 

FIGURE 2. AC Input Requirements 
Note: Trigger amplitudes refer to the circuit end of the input cable as opposed to the signal generator end. 

A DC coupled input should be designed to provide specified 
V1H and V1L levels. For AC coupling, an external resistor 
may or may not be necessary depending on the application. 
If an input signal is always present, only the capacitor is 
required because an internal 4000 resistor connected be­
tween CP and VREF centers the AC signal about mid­
threshold. For applications in which an input signal is not 

4-9 

always present, AC coupling requires that an external 10 
Kn resistor be connected between CP and VEE· This off­
sets the input sufficiently Jo avoid extreme sensitivity to 
noise when no signal is present. Otherwise, noise triggering 
can lead to oscillation at about 450 MHz. For best opera­
tion, both outputs should be equally loaded. 
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0 
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0 ,... ,... ~National 

D Semiconductor 

11C06 
750 MHz D-Type Flip-Flop 

General Description 
The 11 C06 is a high-speed ECL D-Type Master-Slave Flip­
Flop capable of toggle rates over 750 MHz. Designed pri­
marily for high-speed prescaling, it can also be used in any 
application which does not require preset inputs. The circuit 
is voltage-compensated, which makes input thresholds and 

Ordering Code: see section 6 

Logic Symbol 

Not Intended For New Designs 

output levels insensitive to VeE variations. Complementary 
Q and Q outputs are provided, as are two Data inputs, Clock 
and Clock Enable inputs. The 11 COB is pin-compatible with 
the Motorola MC1690L but is a higher-frequency replace­
ment. 

Connection Diagrams 

16-Pin DIP 16-Pin Flatpak 

a Vcc1 
Q 

0 
NC 4 

NC 5 

NC 6 

CP 7 
TL/F/9890-3 

VEE 8 

Pin Names Description 

Dn Data Input 
CP Clock Input 
CE Clock Enable (Active LOW) 
Q,Q Outputs 

16 Vcc2 

15 NC 

14 NC 

13 NC 

12 02 
11 o, 
10 NC 

cr 

TL/F /9890-1 

Truth Table 
CE 

L 
L 

L 

L 
H 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

CP 

L 
H 

....r 

....r 
x 

.../ = LOW to HIGH Transition 
On-1 = Previous State 

4-10 

Vcc1 1 16 Vcc2 

a 15 NC 

a 3 14 NC 

NC 4 13 NC 

NC 5 12 D2 

NC 11 o, 
CP 10 NC 

VEE 8 9 cr 

TL/F/9890-2 

D an 
x On-1 
x On-1 
L L 

H H 
x On-1 



Absolute Maximum Ratings 
Above which the useful life may be impaired 

If Military I Aerospace specified devices are required, Operating Range -S.7V to -4.?V 
please contact the National Semiconductor Sales Lead Temperature (Soldering, 10 sec.) 300°C 
Office/Distributors for availability and specifications. 

I 

Storage Temperature - 6S°C to + 1 S0°C Recommended Operating 
Maximum Junction Temperature (TJ) +1S0°C Conditions 
Supply Voltage Range -7.0Vto GND Min Typ Max 
Input Voltage (DC) VEEtoGND Supply Voltage (VEE) -S.7V -S.2V -4.?V 
Output Current (DC Output HIGH) -SOmA Ambient Temperature (TA) 0°C +7S°C 

DC Electrical Characteristics 
VEE= -S.2V, Vee= GND 

Symbol Parameter Min Typ Max Units TA Conditions 

VoH Output Voltage HIGH -1000 -840 mV 0°C V1N = V1H (Max) or V1L (Min) per Truth 
-960 -810 mV +2S°C Table Loading son to -2V 
-900 -720 mV +7s0 c 

Vm Output Voltage LOW -1870 -163S mV 0°C 
-18SO -1620 mV +25°C 
-1830 -1S9S mV +7s0 c 

VoHe Output Voltage HIGH -1020 mV 0°C V1N = V1H (Min) or V1L (Max) for Dn Inputs 
-980 mV +2S°C Loading son to - 2V 
-920 mV +7S°C 

I 

Vme Output Voltage LOW -161S mV o·c 

-1600 mV +2S°C 
-1S7S mV +7S°C 

V1H Input Voltage HIGH -113S -840 mV 0°C Guaranteed Input Voltage HIGH 
-109S -810 mV +2S°C for All Inputs 
-103S -720 mV +7S°C 

V1L Input Voltage LOW -1870 -1SOO mV 0°C Guaranteed Input Voltage LOW 
-18SO -1485 mV +2S°C for All Inputs 
-1830 -1460 mV +7S°C 

l1H Input Current HIGH V1N = V1H (Max) 
Clock Input 2SO µA +2s0 c 
Data Input 270 µA +2s0 c 

l1L Input Current LOW 0.5 µA +2S°C V1N = V1H (Min) 

IEE Power Supply Current -S9 -40 mA +2S°C All Inputs Open 

AC Electrical Characteristics 
VEE = -S.2V, Vee= GND, TA = +2S°C 

Symbol Parameter Min Typ Max Units Conditions 

tPHL Propagation Delay (CP-0) 0.7 1.0 1.2 ns 

tPLH Propagation Delay (CP-0) 0.7 1.0 1.2 ns 

trLH Transition Time 20% to 80% o.s 0.8 1.0 ns 
See Figure 1 

trHL Transition Time 80% to 20% o.s 0.8 1.0 ns 

ts Set-up Time 0.2 ns 

tH Hold Time 0.2 ns 

fTQG (MAX) Toggle Frequency (CP) 6SO ?SO MHz See Figure 2, Note 

Note: The device is guaranteed for froG (CP) ~ 600 MHz, froa(CE) ~ 550 MHz over the o·c to + 75°C temperature range. 
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(J) 
C> 
0 ...... ...... 

Functional Description 
While the clock is LOW, the slave is held steady and the 
information on the D input is permitted to enter the master. 
The next transition from LOW to HIGH locks the master in 
its present state making it insensitive to the D input. This 
transition simultaneously connects the slave to the master 
causing the new information to appear on the outputs. Mas­
ter and slave clock thresholds are internally offset in oppo­
site directions to avoid race conditions or simultaneous 

master-slave changes when the clock has slow rise or fall 
times. 

PULSE 
GENERATOR 

SCOPE 
CHANA 

Rr = son termination of scope 
L1 = son impedance lines 
All input transition times are 2.0 ns ± 0.2 ns 

SIGNAL 
GENERATOR 

L1 ,-, 
\ I 

l 
L1 ,-, 
\ I 

l 
Rr 

The CP and CE inputs are logically identical, but physical 
constraints associated with the Dual-In-Line package make 
the CE input slower at the upper end of the toggle range. To 
prevent new data from entering the master on the next CP 
LOW cycle, CE should go HIGH while CP is still HIGH. 

Vcc1 = Vcc2 = +2.0V 

20µFJ 1
0.tµF 

r---- ---1 

I I D a 
I I 
I CP I 
I I I CE a 

I L _______ J 

O.tµFI 

VEE=·3.2V 

\ I 

l' 

son 

Ry 

SCOPE 
CHAN B 

TL/F/9890-4 

FIGURE 1. Propagation Delay (CP to Q) 

L1 

1
-, 0.1µF 

\ J 

l 400n 

Vcc1 = Vcc2 = +2.0V 

2SµFl 

l-------- 1 L1 

I D Q1--~1--..,_~~'--~ 
I I \ I 

SCOPE 
CHANB 

I CP I l 
I CE a I Va1AS 

SCOPE 
CHANA 

Rr = son termination of scope 
L1 = son impedance lines 

Adjust Vs1As for +0.7V baseline of 
800 mV peak-to-peak sinewave input. 
All input transition times are 2.0 ns ± 0.2 ns 

O.tµF 

1 L _______ J 

son 

TL/F/9890-5 

FIGURE 2. Toggle Frequency Test Circuit 
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Typical Waveforms 

700 MHz Operation 

Horizontal Scale= 1.0 ns/div 

Vertical Scale = 200 mV /div 
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~~National 
U Semiconductor 

Not Intended For New Designs 

11C70 
Master-Slave D-Type Flip-Flop 

General Description 
The 11 C70 is a high-speed EGL D-Type Master-Slave Flip­
Flop capable of toggle rates over 650 MHz. Designed pri­
marily for communications and instrumentation, it can also 
be used in other digital applications and is fully compatible 
with 1 OK EGL. Asynchronous Direct Set and Direct Clear 
inputs are provided which override the clock. 

The circuit is voltage-compensated, which makes output 
levels and input thresholds insensitive to VEE variations. 

Ordering Code: see section 6 

Logic Symbol 

So------. 

0 a 

CP 

a 

Co----~ 

TL/F/9891-2 

Pin Names Description 

CE Clock Enable (Active LOW) 
CP Clock Pulse 
D Data Input 
Q,Q Outputs 

So Direct Set 

Co Direct Clear 

This also allows operation with EGL supply voltage VEE of 
-5.2V or with TTL supply Vee of + 5.0V. Each input has an 
internal 50 kn pull-down resistor, which allows unused in­
puts to be left open. Open emitter-follower outputs accom­
modate a variety of loading and terminating schemes. The 
11 C70 is pin-compatible with the Motorola MC1670 but is a 
higher-frequency replacement. 

Connection Diagram 
16-Pin DIP 

Vcc1 1 16 

Q 2 15 

Q 14 

Co 4 13 

So 5 12 

NC 11 

CP 7 10 

VEE 8 9 

Truth Table 
Inputs 

Ot+ 1 
So Co D CE 

H L x 
L H x 
H H x 
L L x 
L L H 
L L L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

x 
x 
x 
H 
L 
L 

.../" = LOW to HIGH Transition 

CP 

x H 
x L 
x -

_r Ot 
_r H 
_r L 

Ycc2 
NC 

NC 

NC 

NC 

D 

NC 

cr 
TL/F/9891-1 

Operation 

Direct Set 
Direct Clear 
Intermediate 
Disable Clock 
Clocked Set 
Clocked Clear 

t, t+ 1 = Time Before and After Clock Positive Transition 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired Conditions 
If Military/Aerospace specified devices are required, Min Typ Max 
please contact the National Semiconductor Sales 

Supply Voltage (VEE) -5.7V -5.2V -4.7V 
Office/Distributors for availability and specifications. 

Ambient Temperature (TA) o·c +75°c 
Storage Temperature - 65°C to + 15o·c 

Maximum Junction Temperature {TJ) + 15o•c 

Supply Voltage Range -7.0VtoGND 

Input Voltage (DC) VEE to GND 
Output Current (DC Output HIGH) -50mA 

Operating Range -5.7V to -4.7V 

Lead Temperature (Soldering, 1 o sec.) 3oo·c 

DC Electrical Characteristics 
VEE= -5.2V, Vee= GND 

Symbol Parameter Min Typ Max Units TA Conditions 

VoH Output Voltage HIGH -1000 -840 mV o·c V1N = V1HA or V1lB per Truth 
-960 -810 mV +25°C Table Loading 500 to -2V 
-900 -720 mV · .. +75°C 

Vol Output Voltage LOW -1870 -1665 mV · ... o•c< · 
-1850 -1620 mV +25°c 
-1850 -1595 mV +75°c 

VoHe Output Voltage HIGH -1020 mV o·c V1N = V1HB or V1LA for D Input 
-980 mV ·· +25°c Loading 500 to - 2V 
-920 mv• +75°C 

Vole Output Voltage LOW -1615 mV o·c 
-1600 mV +25°C 
....;1575 mV +75°c 

V1H Input Voltage HIGH -1135 -840 mV o·c Guaranteed Input Voltage HIGH 
-1095 -810 mV +25°C for All Inputs 
-1035 -720 mV +75°C 

V1l Input Voltage LOW -1870 *:"'.1500 mV o·c Guaranteed lnp1.1t Voltage LOW 
-1850 -1485 mV +25°C for All Inputs 
-1830 -1460 . mV +75°c 

l1H Input Current HIGH +25°c V1N = V1HA 
Clock Input 250 µA 
Data Input I 270 µA 
So and Co 550 µA 

l1l Input Current LOW 0.5 µA +25°c V1N= V1HB 

IEE Power Supply Current I -48 mA +25°c All Inputs Open 

AC Electrical· Characteristics 
VEE= -5.2V, Vee= GND, TA= +25°C 

Symbol 
-"-

Parameter Min Typ Max Units Conditions 

tPlH• tPHL .. Propagation Delay (CP-Q) 1.1 1.4 ns See Figures 3 and 4 

tPlH;tPHl Propagation Delay (So·O, Co-0) 1.3 1.7 ns 
> 

Transition Time 20% to 80% trlH S 0.9 1.3 ns 

t ···:s_············ THl ··· . Transition Time 80% to 20% 0.9 1.3 ns 
.. 

froG(MAX) Toggle Frequency (CP) 550 650 MHz SeeFigure2 

Note: This device is guaranteed for froG(max) ~ 500 MHz over the o·c to + 75°C temperature range. 
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0 ..... 
0 ..... ..... Functional Description 

Master and slave clock thresholds are internally offset in 
opposite directions to avoid race conditions or simultaneous 
master-slave changes when the clock has slow rise or fall 
times. While the clock is LOW, the slave is in a HOLD condi­
tion and information present on the D input is gated into the 
master. When the clock goes HIGH, it locks the master into 
its present state, making it insensitive to the D input, caus­
ing the new information to appear on the outputs. 

The CP and CE inputs are logically identical, but physical 
constraints associated with the Dual In-Line package make 
the CE input slower at the upper end of the toggle range. To 
prevent new data from entering the master on the next CP 
LOW cycle, CE should be HIGH while CP is still HIGH. 

A HIGH signal on So or Co will override the clocked inputs 
and force Q or Q, respectively, to go HIGH. If both Co and 
So are HIGH, the two output voltages will be somewhere 
between the HIGH and LOW levels and thus, cannot be 
usefully defined. 

When the input signals for the 11 C70 come from other EGL 
circuits, either 11 CXX series or 1 OK types, these circuits will 
automatically provide appropriate signal swings, provided, 
of course, that these circuits are operated within their rat­
ings and that due consideration is given to terminations ap­
propriate to the particular application, as discussed in the 
F1 OOK ECL Design Guide (Section 5 of Databook). 

For applications where the clock signal comes from a circuit 
type other than EGL (in high frequency prescaling, for exam­
ple) it is generally necessary to use external components to 
shift the signal levels and center them about the 11 G70 
input threshold region. A typical biasing scheme is shown in 
Figure 1. Resistors R1 and R2 are chosen such 

Yee 

quiescent voltage at the GP input is -1.3V with respect to 
the V cc terminal. of the 11 C70. Also indicated is the cou­
pling from Q back to the D input to make a simple toggle. 
The clock source should be designed to provide a signal 
swing in the range of 400 mV to 1200 fl'IV, peak-to-peak, 
over the specified frequency and temperature. range. To 
avoid saturating the input transis~or, and thus limiting the 
frequency capability, the positive peak'ofthe clock should 
not be more positive than -0.4V with respeett() VcC. 
The 11 C70 outputs have r!() internal pull-do\Vn resistors. 
When driving a microstrip line.terminated at the far end by a 
resistor returned to -2V (w.r.t. Vee). the quiescent loH cur­
rent in the line performs the pull-down function when ttie 
output starts to go ~QW-~or.series termination or for short 
unterminated lines, a'270fl resistorto VEE will provide ade­
quate pull-down current. The outputs switch slightly faster 
when both outputs are equally loaded than if only one out­
put is loaded/Equal and opposite changes in a and a load 
currents tend fo cancel the effects of the small inductance 
of the v cc pin. 
The tesfa"l'#ngements iUustrate the use of split power sup­
plies, with·a.2VVcc and-3.2V VEE· This is done as a 
matter of instn.imentatior'I convenience, since it allows the 
outputs to be connect.Eid via 50n cables directly to the sam­
pling scope inputs, which have 50n internal terminations. 
By thus avoiding the use of probes, test correlation prob-

· l~ms betwe~ry-supplier and user are minimized. In actual 
f.lPPli~atiOl')S, pnly a single power supply is needed, and 
ground can be assigned to Vee. as in EGL systems or to 
VEE side as in TTL systems. RF bypass capacitors are rec­
ommended in either case. 

-, 
I 
I 

TL/F/9891-3 

1. Input Biasing for AC Coupled Triggering 
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L1 
SIGNAL ('\ 

GENERATOR \ I 

l 
VarAs 

SCOPE 
CHANA 

Ar = 500 termination of scope 
L1 = 500 impedance lines 

Adjust Ve1As for ±0.7V baseline of 
800 mV peak-to-peak sinewave input 

Your 

,-, 
\ I 

RT l 

V CC1 = V CC2 =+2.0V 

J0.1µF 

,---- ---, 
I I L1 

So ,-, SCOPE 

I 
CP a 

I \ I CHANB 

I CE I r 
I I 

0.1µF 

400!1 

I D a , I 
I 

Co 

L ---- __ _J 0.1µFJ 

VEE=·3.2V 

Tl/F/9691-4 

Tl/F/9691-5 

FIGURE 2. Toggle Frequency Test Circuit 

4-17 



0 ..... 
(.) ..... ..... 

Vcc1 = Vcc2 = +2.0V 
VEE= -3.2V 

DELAYED 
PULSE 

GENERATOR 

PULSE 
GENERATOR 

Ar = 500 termination of scope 
L1, L2 = equal 500 impedance lines 
All input transition times are 2.0 ns ± 0.2 ns 

\ I 

1 

r 

D 

SCOPE 
CHAN A 

So 
a 

CP a 
Co 

L2 ,-, 
\ I 

l 

FIGURE 3. Propagation Delay and Co Test Circuit 
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Vcc1 = Vcc2 = +2.0V 
VEE = -3.2V 

PULSE 
GENERATOR 

DELAYED 
PULSE 

GENERATOR 

Rr = 5011 termination of scope 
L1. L2 = equal 5011 impedance lines 
All input transition times are 2.0 ns ± 0.2 ns 

L1 

r' 

r 
+0.3V 

r 

L1 
(\ SCOPE ---r CHANA 

Ry 

L2 
So ,-, SCOPE 

D a 
\ I CHANB 

I Ry 

CP a 
Co 

son 

SCOPE 
CHANA 

Ry 

1
12.0 ±0.2 ns 

1.11V 

Ll80% \ -fl2:0% 
.;C.o.P----~------------' j'O% "----- 0.31V 

: _ ___...._.H. t~' 
50% 

a 

FIGURE 4. Propagation Delay and So Test Circuit 
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~National 
U Semiconductor 

11C90/11C91 
650 MHz Prescalers 

General Description 
The 11 C90 and 11 C91 are high-speed prescalers designed 
specifically for communication and instrumentation applica­
tions. All discussions and examples in this data sheet are 
applicable to the 11 C91 as well as the 11 C90. 

The 11 C90 will divide by 10 or 11 and the 11 C91 by 5 or 6, 
both over a frequency range from DC to typically 650 MHz. 
The division ratio is controlled by the Mode Control. The 
divide-by-10 or -11 capability allows the use of pulse swal­
lowing techniques to control high-speed counting modules 
by lower-speed circuits. The 11 C90 may be used with either 
EGL or TTL power supplies. 

In addition to the EGL outputs Q and Q, the 11 C90 contains 
an EGL-to-TTL converter and a TTL output. The TTL output 
operates from the same Vee and VEE levels as the counter, 
but a separate pin is used for the TTL circuit VEE· This mini­
mizes noise coupling when the TTL output switches and 

Ordering Code: see section 6 

Logic Symbol 

CE 

CP 

Pin Names 

CE 
CP 

Mn 
MS 
Q,Q 
QTTL 

RMn 

VREF 

MS 

TL/F/9892-2 

Description 

Count Enable Input (Active LOW) 
Clock Pulse Input 
Count Modulus Control Input 
Asynchronous Master Set Input 
EGL Outputs 
TTL Output 
2 kn Resistor to Mn 
400n Resistor to Vss 

Not Intended For New Designs 

also allows power consumption to be reduced by leaving 
the separate VEE pin open if the TTL output is not used. 

To facilitate capacitive coupling of the clock signal, a 400n 
resistor (VREF) is connected internally to the Vss reference. 
Connecting this resistor to the Clock Pulse input (CP) auto­
matically centers the input about the switching threshold. 
Maximum frequency operation is achieved with a 50% duty 
cycle. 

Each of the Mode Control inputs is connected to an internal 
2 kn resistor with the. other end uncommitted (RM1 and 
RM2). An M input can be driven from a TTL circuit operating 
from the same Vee by connecting the free end of the asso­
ciated 2 kn resistor to VeeA· When an M input is driven 
from the EGL circuit, the 2 kn resistor can be left open or, if 
required, can be connected to VEE to act as a pull-down 
resistor. 

Connection Diagram 

16-Pin DIP 

CE 16 CP 

t.l1 2 15 VREF 

t.l2 3 14 t.lS 

Yee 4 13 VEE 

YccA 5 12 VEE 

Rt.l1 11 om 
Rt.l2 7 10 NC 

Q 8 9 Q 

TL/F/9892-1 
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Absolute Maximum Ratings 
Above which the useful life may be impaired 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Temperature - 65°C to + 150°C 

Maximum Junction Temperature (TJ) 

Supply Voltage Range 

Input Voltage (DC) 

Output Current (DC Output HIGH) 

Operating Range 

Lead Temperature 
(Soldering, 1 O sec.) 

+1so·c 

-7.0VtoGND 

VEEtoGND 

-50mA 

-5.7V to -4.7V 

3oo·c 

TTL Input/Output Operation 

DC Electrical Characteristics 

Recommended Operating 
Conditions 

Min Typ Max 
Ambient Temperature (TA) 

Commercial o·c +7s0 c 
Military -ss·c + 12s·c 

Supply Voltage (VEE) 
Commercial -5.7V -5.2V -4.7V 
Military -5.7V -5.2V -4.7V 

Over Operating Temperature and Voltage Range unless otherwise noted, Pins 12 and 13 = GND 

Symbol Parameter Min 

V1H Input HIGH Voltage 
M1 and M2 Inputs 

V1L Input LOW Voltage 
M1 and M2 Inputs 

VoH Output HIGH Voltage 
QTILOutput 2.3 

VoL Output LOW Voltage 
QTILOutput 

l1L Input LOW Current 
M1 and M2 Inputs 

lse Output Short Circuit 
Current 

-20 

AC Electrical Characteristics 
Vee= VeeA = 5.0V Nominal, VEE= GND,TA = 
Symbol Parameter 

tPLH Propagation Delay, (50% to 50%) 
tPHL CPtoOTIL 

tpLH Propagation Delay, (50% to 50%) 
MStoOTIL 

ts Mode Control Setup Time 

th Mode Control Hold Time 

tTLH Output Rise Time 
(20% to80%) 

trnL Output Fall Time 
(80% to 20%) 

fMAX Count Frequency 

Typ 
(Note 3) 

4.1 

3.3 

3.3 

0.2 

-2.3 

-35 

+25°C 

Min 

6 

4 

0 

550 
600 

Max 

0.5 

-5.0 

-80 

Typ 

10 

12 

2 

-2 

10 

2 

650 
650 
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Units 

v 

v 

v 

v 

mA 

mA 

Max 

14 

17 

Conditions 

Guaranteed Input HIGH Threshold 
Voltage (Note 4), Vee = VeeA = 5.0V 

Guaranteed Input LOW Threshold 
Voltage (Note 4), Vee = VeeA = 5.0V 

Vee = VeeA = Min, 
loH = -640 µA 

Vee = VeeA = Min, 
loL = 20.0 mA 

Vee = VeeA = Max, 
V1N = 0.4V, Pins 6, 7 = Vee 

Vee = VeeA = Max, 
VouT = O.OV, Pin 14 =Vee 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

Conditions 

See Figure 1 

- 55°C to + 125°C 
o·cto +75°C 
Clock Input AC Coupled 
350 mV Peak-to-Peak 
Sinewave (Note 5) 

...... ...... 
0 
(0 
0 
....... ...... ...... 
0 
(0 ...... 
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ECL Operation-Commercial Version 

DC Electrical Characteristics 
Vee = VeeA = GND, VEE = -5.2V 

Symbol Parameter Min Typ Max 

VoH Output HIGH Voltage -1060 -995 -905 
QandQ -1025 -960 -880 

-980 -910 -805 

VoL Output LOW Voltage 
-1820 -1705 -1620 

QandQ 

V1H Input HIGH Voltage -1135 -840 
-1095 -810 
-1035 -720 

V1L Input LOW Voltage -1870 -1500 
-1850 -1485 
-1830 -1460 

l1H Input HIGH Current 
CP Input (Note 1) 400 
MS Input 400 

M1 and M2 Input : 250 
. 

l1L Input LOW Current 0.5 

IEE Power Supply Current -110 
.... 

-75 
-119 .. •.·.·· 

:. 

VEE Operating Supply 
-5.7 <ii -4.7 Voltage Range 

..:.::..C:.. . .i. 

VREF Reference Voltage 
...... 

•· -1550 
..:. .:···· .......... 

······· :·:···· 

AC Electrical Characteristics 
TA = o·c to + 75°C, Vee = VeeA- GND,Yee ,,,= -5.2V 

Symbol Parameter 
:··· o·c I ·) +2s0 c 
.. Typ Min Typ Max 

tpLH Propagation Delay, 1·.8 1.3 2.0 3.0 
tpHL (50% to 50%)CPtoO 

tPLH Propagation Delay, 
3.7 4.0 6.0 

(50% to50%) MStOO 

ts Setup Time, Mto CP "c ~···/ 2.0 4.0 2.0 

th Hold Time, M to Cf> . -2.0 0.0 -2.0 

tTLH Qutput Rise Time 
1.0 1.0 2.0 

:···· 

• (20%to 80%) 

tTHL :1 Output Fall Time 
1.0 1.0 2.0 

.... · ..... I> (80% to 20%) 

fMAX 
.. .Max,iJT)UJT) Clock Frequency 

650 600 650 
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Units TA .... Conditions 

o·c Load = 500 to -2V 
mV +25°C ··• 

+75°C 

mV 
o•cto 
+75°C 

0°c Guaranteed Input HIGH 
mV +2s0 c Signal (Note 6) 

. +75°C 

o·c Guaranteed Input LOW 
mV +2s0c Signal 

..:. ... +75°C 

V1N = V1HA 
+25°C 

µA +25°C 

·········· 

+25°C 

µA +25°c V1N = V1LB 

0°cto Pins 6, 7, 13 not connected 
mA 

+75°C 

0°cto v 
+75°C 

VRM1 = VRM2 = -5.2V 
mV +25°c 

IN= -10.0 µA 

+1s0 c 
Units Conditions 

Typ 

2.5 ns 
Output: 
RL = 500 to - 2.0V 

4.5 . ns Input: 
tri = tfi = 2.0 ±0.1 ns 

2.0 ns (20% to BO%) 

-2.0 ns See Figure 1 

1.0 ns 

1.0 ns 

AC Coupled Input 350 mV 

625 MHz 
Peak-to-Peak. fMAX is 
Guaranteed to be 575 MHz 
Min at 0°c to + 75°C. 



ECL Operation-Military Version 

DC Electrical Characteristics 
Vee= VeeA = GND, VEE= -5.2V 

Symbol Parameter Min Typ 

VoH Output HIGH Voltage -1100 -1030 
QandQ -980 -910 

-910 -820 

Vol Output LOW Voltage 
-1820 -1705 

QandQ 

V1H Input HIGH Voltage -1190 
-1095 
-975 

V1L Input LOW Voltage -1890 
-1850 
-1800 

l1H Input HIGH Current 
CP Input (Note 1) 
MS Input 

M1 and M2 Input 

l1L Input LOW Current 0.5 

IEE Power Supply Current -110 -75 

-119 

VEE Operating Supply 
-5.7 -5.2 

Voltage Range 

VREF Reference Voltage 
-1550 

AC Electrical Characteristics 

Max 

-900 
-820 
-670 

-1620 

-905 
-810 
-690 

-1525 
-1485 
-1435 

400 
400 
250 

-4.7 

-1150 

TA= -55°C to + 125°C, Vee= VeeA = GND, VEE = -5.2V 

Symbol Parameter 
..:..55°c +25°C 
Typ Min Typ 

tPLH Propagation Delay, . 1.5 I 1.3 2.0 
tPHL (50% to 50%) CP to Q 

-"-
tPLH Propagation Delay, 

3.5 4.0 
(50% to 50%) MS to Q 

ts Setup Time, M to CP 2.0 4.0 2.0 

th Hold Time, M to CP : -2.0 0.0 -2.0 

trLH Output Rise Time 
1.0 1.0 

(20% to80%) .. 
trHL Output Fall Time 

1.0 1.0 
(80% to20%) 

fMAX Maximum Clock Frequency 

··. 700 600 650 

I 

Units TA 

-55°C 
mV +25°C 

+125°C 

mV 
-55°Cto 
+ 125°C 

-55°C 
mV +25°C 

+125°C 

-55°C 
mV +25°C 

+125°C 

+25°C 
µA +25°C 

+25°C 

µA +25°C 

mA . +25°C 

mA 
-55°Cto 
+ 125°C 

v 
-55°Cto 
+ 125°C 

mV +25°C 

+ 125°C 
Units 

Max Typ 

3.0 3.0 ns 

6.0 5.0 ns 

2.0 ns 

-2.0 ns 

2.0 1.0 ns 

2.0 1.0 ns 

600 MHz 

Note 1: Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 

Conditions .• 

Load= 1oon to ..,..2v 

Guaranteed Input HIGH 
Signal (Note 6) 

Guaranteed Input LOW 
Signal 

V1N = V1HA 

V1N = V1LB 

Pins 6, 7, 13 not connected 

VRM1 = VRM2 = -5.2V 
IN= -10.0µA 

Conditions 

Output: 
RL = 50!1 to - 2.0V 

Input: 
tri = tfi = 2.0 ±0.1 ns 
(20% to80%) 
See Figure 1 

AC Coupled Input 350 mV 
Peak-to-Peak. fMAX is 
Guaranteed to be 550 MHz 
Min at - 55°C to + 125°C. 

Note 2: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature and supply 
voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 

Note 3: Typical limits are at Vee = 5.0V and TA = + 25°C. 

Note 4: The M1 and M2 threshold specifications are normally referenced to the Vee potential, as shown in the ECL operation tables. Using VEE (GND) as the 
reference, as in normal TTL practice, effectively makes the threshold vary directly with Vee· Threshold is typically 1.3V below Vee (e.g., +3.7V at Vee = +5V). A 
signal swing about threshold of ±0.4V is adequate, which gives the state VrH and VrL values. The internal 2 kfi resistors are intended to pull TTL outputs up to the 
required VrH range, as discussed in the Functional Description and shown in Figure 5. 

Note 5: TTL Output Signal swing is guaranteed at IMAX over temperature range. 

Note 6: M1 or M2 can be tied to Vee for fixed divide-by-ten operation. 
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'I"'" 

O> 
0 
'I"'" 
'I"'" 
...... 
0 
O> 
0 
'I"'" 
'I"'" 

PULSE /""\ 
GEN 

t 

(711). OPEN --0 Vee (710) 

Jil 
_UJ ; I i-- ""· c• To a 

=x=L =:i , ~ 11 M TO CP 

Conditions: 

Vee= +2.0V 
VEE= -3.2V 
Rr = son (scope input impedance) 
CL = Jig and stray capacitance. < s.o pF 
11 = L2 = equal son impedance lines 
C = 0.1 pF 

Note 7: Use high impedance to test QTTL. 
Connect pin 13 toVEE' 

Note 8: For High frequency test use AC coupled input as in Figure 3. 
Adjust input amplitude to 350 mV 'peak-to-peak. 

L1 ,-, SCOPE 

i 
CHANA 

Rr 

Lz ,-, 
\ I 

l Rr 

SCOPE 
EXT 

Rr 
TRIG 

TL/F/9892-3 

!\ r::PUTQ(+11} 

-I 1-+-.. IPHL• CP TO Q, 711 

TL/F/9892-4 

FIGURE 1. AC Test Circuit 
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Functional Description 
The 11 C90 contains four ECL Flip-Flops, an ECL to TIL 
converter and a Schottky TIL output buffer with an active 
pull-up. Three of the Flip-Flops operate as a synchronous 
shift counter driving the fourth Flip-Flop operating as an 
asynchronous toggle. The internal feedback logic is such 
that the TIL output and the Q ECL output are HIGH for six 
clock periods and LOW for five clock periods. The Mode 
Control (M) inputs can modify the feedback to make the 
output HIGH for five clock periods and LOW for five clock 
periods, as indicated in the Count Sequence Table. 

The feedback logic is such that the instant the output goes 
HIGH, the circuit is already committed as to whether the 
output period will be 10 or 11 clock periods long. This 
means that subsequent changes in an M input signal, in­
cluding decoding spikes, will have no effect on the current 
output period. The only timing restriction for an M input sig­
nal is that it be in the desired state at least a setup time 
before the clock that follows the HHLL state shown in the 
table. The allowable propagation delay through external log­
ic to an M input is maximized by designing it to use the 
positive transition of the 11 C90 output as its active edge. 
This gives an allowable delay of ten clock periods, minus 
the CP to Q delay of the 11 C90 and the M to CP setup time. 
If the external logic uses the negative output transition as its 
active edge, the allowable delay is reduced to five clock 
periods minus the previously mentioned delay and setup 
time. 

Capacitively coupled triggering is simplified by the 4000 re­
sistor which connects pin 15 to the internal v88 reference. 
By connecting this to the CP input, as shown in Figure 3, the 
clock is automatically centered about the input threshold. A 
clock duty cycle of 50% provides the fastest operation, 
since the Flip-Flops are Master-Slave types with offset clock 
thresholds between master and slave. This feature ensures 
that the circuit will operate with clock waveforms having 
very slow rise and fall times, and thus, there is no maximum 
frequency restriction. Recommended minimum and maxi­
mum clock amplitude as a function of a frequency and tem­
perature are shown in the graph labeled Figure 2, When the 
CP or any other input is driven from another ECL circuit, 
normal ECL termination methods are recommended. One 
method is indicated in Figure 4. Other ECL termination 
methods are discussed in the F1 OOK ECL Design Guide 
(Section 5 of Databook). 

w 
Q 

~ 
::; 600 ... 
:I 
< 
~ 

~ 
~ 400 _, 
< 
Q 

g 
:::> 
z 
iii 

0 
0 200 400 600 800 1000 

INPUT FREQUENCY - MHz 

TL/F/9892-5 

FIGURE 2. AC Coupled Triggering Characteristics 
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11 C90/11C91 r-------
1 
I 

0.1 µF I 
f1N o---111-(---.0.-16-'--C_P __ 

rr==-=VREF 
1s1 4oon 

L ______ _ 
TL/F/9892-10 

FIGURE 3. Capacitively Coupled Clocking 

ECL 
CIRCUIT 

zon 
R1!1 

R2!1 

Zo 

/Tl7777 

50 

80.6 

130 

Vee 

11C90/11C91 ,----
1 

16 CP 

Vn 

Vee 

75 

121 

196 

I 
L----

TL/F/9892-11 

100 

162 

261 

VEE = -5.2V, Vee = OV, Vn = -2.0V 

FIGURE 4. Clocking by ECL Source via Terminated Line 

When an M input is to be driven from a TIL output operating 
from the same Vee and ground (VEE), the internal 2 k!l 
resistor can be used to pull the TIL output up as shown in 
Figure 5. Some types of TIL outputs will only pull up to 
within two diode drops of Vee. which is not high enough for 
11 C90 inputs. The resistor will pull the signal up through the 
threshold region, although this final rise may be somewhat 
slow, depending on wiring capacitance. A resistor network 
that gives faster rise and also lower impedance is shown in 
Figure 6. 

Vee 

2 Kii 

12 13 (OPTIONAL) 

TL/F/9892-12 

FIGURE 5. Using Internal Pull-Up with TTL Source 
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FIGURE 6. Faster Low Impedance TTL to ECL Interface 
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The ECL outputs have no pull-down resistors and can drive 
series or parallel terminated transmission lines. For short 
interconnections that do not require impedance matching, a 
2700 to 51 on resistor to VEE can be used to establish the 
VoL level. Both Vee pins must always be used and should 

Logic Diagram 11 C90 

be connected together as close to the package as possible. 
Pin 12 must always be connected to the Vi:E: side of the 
supply, while pin 13 is required or\lyif the Tfl output is 
used. Low impedance Vee and VEE distribution and RF by­
pass capacitors are recommended to prevent crosstalk. 

TL/F/9892-6 

Note: This diagram is provided for understanding of logic operation only. It should not be used for evaluation of propagation delays as many internal functions are 
achieved more efficiently than shown. 

Count Sequence Table 11C90 

01 02 03 04(QTTL) 

H H H H 
+10 L H H H 

L L H H .• 

L L L 
H L L 
H H L 
L H H 
L L H 
L L L 
H L L 
H H L 

TL/F/9892-7 

Note: A HIGH on MS forces all Qs HIGH. 
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Operating Mode Table 11C90 
·. 

Inputs 

MS CE 

H x 
L H 
L L 

L ' L 
L L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

M1 M2 

x x 
x x 
L L 
H x 
x H 

Output 
Response 

Set HIGH 
Hold 
+11 
+10 
+10 
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Count Sequence Table 11C91 Operating Mode Table 11C91 

01 02 03(QTTL) 

H H []+6 75 

[~ 
H 
L 
L 
L 
H 

TL/F/9892-9 

Note: A HIGH on MS forces all Qs HIGH. 
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Inputs 

MS CE 

H x 
L H 
L L 
L L 
L L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

Output 

M1 M2 
Response 

x x Set HIGH 
x x Hold 
L L -7-6 
x H -;-5 

H x +-5 

_... 
_... 
0 
CD 
0 
....... _... 
_... 
0 
CD _... 
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Chapter 1 
Circuit Basics 

Introduction 
ECL circuits, except for the simplest elements, are schemat­
ically formidable and many of the specified parameters are 
relatively unfamiliar to system designers. The relationships 
between external parameters and internal circuitry are best 
determined by individually examining the fundamental sub­
circuits of a simple element. 

Basic ECL Switch 
At the bottom of every ECL circuit, literally and figuratively, 
is a current source. In the basic ECL switch (Figure 1-1), a 
logic operation consists of steering the current through ei­
ther of two return paths to Vee; the state of the switch can 
be detected from the resultant voltage drop across A 1 or 
R2. The net voltage swing is determined by the value of the 
resistors and the magnitude of the current. Further, these 
two values are chosen to accomplish the charging and dis­
charging of all of the parasitic capacitances at the desired 
switching rate. 

Required Input Signal 
The voltage swing required to control the state of the switch 
is relatively small due to the exponential change of emitter 
current with base-emitter voltage and to the differential 
mode of operation. For example, starting from a condition 
where the two base voltages are equal, which causes the 
current to divide equally between 01 and 02, an increase of 
V1N by 125 mV causes essentially all of the current to flow 
through 01. Conversely, decreasing v1N by 125 mV causes 
essentially all of the current to flow through 02. Thus the 
minimum signal swing required to accomplish switching is 
250 mV centered about V99. The signal swing is made larg­
er (approximately 750 mV) to provide noise immunity and to 
allow for differences between the v88 of one circuit and the 
outpu~ voltage levels of another circuit driving it. 

---------Vee 

Ve2 

Ves 

----------VEE 
TL/F/9905-1 

FIGURE 1-1. Basic ECL Switch 
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Transition Region 
If the voltage at the collector of 01 is monitored while vary­
ing V1N above and below the value of v88, the relationship 
between Ve1 and V1N appears as shown in Figure 1-2. Note 
that the horizontal axis of the graph is centered on v88; this 
emphasizes the importance of v88 in fixing the location of 
the transition region. The shape of the transition (or thresh­
old) region is governed by the transistor characteristics and 
the value of current to be switched. Both of these factors 
are determined by the circuit designer. The shape of the 
transition region is essentially invariant over a broad range 
of conditions, due to the matching of transistor characteris­
tics inherent with IC technology and because the transistors 
are at the same temperature. The inherent matching of IC 
resistors assures equal voltage swings at the two collectors. 

Emitter-Follower Buffers 
In Figure 1-2, Ve1 ranges from Vee (ground) when 01 is off 
to approximately -0.90V when 01 is conducting all of the 
source current. To make these voltage levels compatible 
with the voltages required to drive the input of another cur­
rent switch, emitter followers are added as shown in the 
buffered current switch (Figure 1-3). In addition to translat­
ing Vc1 and Vc2 downward, the emitter followers also iso­
late the collector nodes from load capacitance and provide 
current gain. Since the output impedance of the emitter fol­
lowers is low (approximately 7!l), ECL circuits can drive 
transmission lines-coaxial cables, twisted pairs, and 
etched circuits-having characteristic impedances of son 
or more. 

> Vee r----.._,--..-----
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w 
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~ 
0 
> 
cc 

~1 on: 
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FIGURE 1-2. Vc1-V1N Transition Region 
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Emitter-Follower Buffers (Continued) 

VeeA 

Vee 

TL/F/9905-3 

FIGURE 1-3. Buffered Current Switch 

In this buffered current switch, the collectors of 03 and 04 
return to a separate ground lead, VeeA· This separation in­
sures that any changes in load currents during switching do 
not cause a change in Vee through the small but finite in­
ductance of the VeeA bond wire. Vee and VeeA are joined 
together on the leadframe of the package. Outside the 
package, the Vee and VeeA leads should be connected to 
the common Vee distribution. 

For internal functions of complex circuits where loading is 
minimal, the buffer transistors are scaled down to maintain 
high switching speeds with modest source currents. For 
service as output buffers, the emitter followers are designed 
for a maximum rated output current of 50 mA. For standard­
ization of testing, detailed specifications on guaranteed 
min/max output levels apply when an output is loaded with 
son returned to - 2V. The emitter followers have no inter­
nal pull-down resistors; consequently, there is maximum de­
sign flexibility when optimizing line terminations and using 
wired-OR techniques for combinatorial logic or data buss­
ing. 

Multiple Inputs 
The buffered switch of Figure 1-3 is essentially an EGL line 
receiver circuit with the bases of both 01 and 02 available 
for receiving differential signals. With one input connected 
to the Vss terminal, the switch can receive a signal transmit­
ted in a single-ended mode or it can act as a buffer or logic 
inverter. To perform the OR and NOR of two or more func­
tions, additional transistors are connected in parallel with 
01 as indicated in Figure 1-4. When any input is HIGH, its 
associated transistor conducts the source current and 02 is 
turned off; this causes the collector of 01 to go LOW and 
the collector of 02 to go HIGH, with the emitters of 03 and 
04 following the collectors of 01 and 02 respectively. 
When two or more inputs are HIGH, the results are the 
same. Thus, with a HIGH level defined as a True or logic 
"1" signal, 03 provides the NOR of the inputs while 04 
simultaneously provides the OR. In addition to the logic de­
sign flexibility afforded by the availability of both the asser­
tion and negation, the 03 and 04 outputs can drive both 
conductors of a differential pair for data transmission. Also 
shown in Figure 1-4 are the pull-down resistors, nominally 
50 kn, connected between EGL inputs and the negative 
supply. These resistors serve the purpose of holding un­
used inputs in the LOW state by sinking leso current and 
preventing the build-up of charge on input capacitances. Ac­
cordingly, most non-essential EGL inputs are designed to be 
active HIGH. When such inputs are not used, the pull-down 
resistors eliminate the need for external wiring to hold them 
LOW. 

5-4 

VeeA 

Vee 

A+B+C 

B--1 ____ _. 

C--"~+---------' 

TL/F/9905-4 

FIGURE 1-4. Input Expansion by Parallel Transistors 

Power Conservation, 
Complementary Functions 
Power dissipation in an EGL circuit is due in part to the 
output load currents and in part to the internal operating 
currents. Load currents depend on system design factors 
and are discussed in Chapter 5. In the basic switch (Figure 
1-1 ), power dissipation is fixed by the source current and the 
supply voltage, whether the circuit is in a quiescent or tran­
sient state. There is no mechanism for causing a current 
spike such as occurs in TTL circuits, and thus the power 
dissipation is not a function of switching frequency. 

A distinct advantage of the EGL switch is the ease of form­
ing both the assertion and negation of a function without 
additional time delay or complexity. This is very significant in 
complex MSI functions, since it helps to maximize the effi­
ciency of the internal logic while minimizing chip area and 
power consumption. Since most 1 OOK EGL devices have 
complementary outputs, the system designer has similar op­
portunities to reduce package count and power consump­
tion while enhancing logic efficiency and reducing through­
put times. 

Series Gating, Wired-AND 
Quite often in EGL elements, the circuitry required to gener­
ate functions is much simpler than the detailed logic dia­
grams suggest. In addition to readily available complemen­
tary functions and the wired-OR option, other techniques 
providing high performance with low part count are series 
gating and wired collectors. These are illustrated in principle 
by the simplified schematics of Figures 1-5 and 1-6. 



Series Gating, Wired-AND (Continued) 

A 

TL/F/9905-5 

FIGURE 1-5. Series/Parallel Gating 

V'ee 

TL/F/9905-6 

FIGURE 1-6. Exclusive-OR/NOR 

In Figure 1-5, if both A and B are HIGH, then 01 and 03 
conduct and Is flows through R1, making the collector of 01 
go LOW, thereby achieving the NANO of A and B. Connect­
ing the collectors of 02 and 04 to the same load resistor 
provides the AND of A and B. If the collectors of 03 and 04 
were interchanged, a different pair of functions of A and B 
would be produced. Similarly, a third functional pair is 
achieved by interchanging the collectors of 01 and 02. For 
03 and 04 to operate at a lower voltage level than 01 and 
02, the voltage level of B is translated downward from the 
normal ECL levels and V' BB is similarly translated down­
ward from the VBB voltage. In the slightly more complex 
circuit in Figure 1-6, another pair of transistors is added to 
obtain the Exclusive-OR and Exclusive-NOR functions. 

Connecting transistors in series is not limited to two levels 
of decision making; three levels are shown in the simplified 
schematic of an octal decoding tree (Figure 1-7). If the three 
input signals are all HIGH, 01 conducts through 09 and 
013 to make the collector of 01 LOW. In all, there are eight 
possible paths through which the source current can return 
to the positive supply. A LOW signal at the collector of any 
one of the transistors in the top row represents a unique 
combination of the three input signals. This 1-of-8 decoding 
circuit illustrates very clearly how ECL design techniques 
make the most efficient use of components and power to 
generate complex functions. This same set of switches, with 
the upper collectors wired in two sets of four collectors 
each, generates the binary sum and its complement of the 
three input signals. 
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The Current Source, Output 
Regulation 
All elements of the F1 OOK circuits use a transistor current 
source illustrated in Figure 1-8. Source current is deter­
mined by an internally generated reference voltage Vcs. the 
emitter resistor Rs and the base-emitter voltage of 05. The 
reference voltage is designed to remain fixed with respect 
to the negative supply VEE· which makes Is independent of 
supply voltage. 

B-----+-------------r------------------------------+----------_, 

c-----1.. 

TL/F/9905-7 

FIGURE 1-7. Octal Decoding Tree 

as 

.i-----Vcs 

Rs 

----------VEE 
TL/F/9905-8 

FIGURE 1-8. Constant Current Source for a Switch 

Regulating the current source (Is) simplifies system design 
because output voltage and switching parameters are not 
sensitive to VEE changes. Output voltage levels are deter­
mined primarily by the voltage drops across R1 and R2 re­
sulting from the collector currents of 01 and 02. Since the 
collector current of the conducting transistor (01 or 02) is 
determined by Is and the transistor a, the voltage drop 
across the collector load resistor is not sensitive to VEE 
variations. For example, a 1 V change in VEE changes the 
output level Vm by only 10 mV. 

Switching parameters are affected by transistor characteris­
tics, the collector resistor (R1 or R2), stray capacitances, 
and the amount of current being switched. In other forms of 
ECL where source currents change with VEE· switching pa­
rameters are directly affected. This sensitivity is essentially 
eliminated in F1 OOK circuits by regulating Is against VEE 
changes. 

Power dissipation in an ECL switch is the product of Is and 
VEE· By holding Is constant with VEE· incremental changes 
in dissipation are linear with VEE changes. In non-regulated 
ECL, Is increases with VEE causing switch dissipation to 
change more rapidly with VEE· 
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Threshold Regulation 
As previously discussed, the input threshold region of an 
ECL switch is centered on the internal reference V99. In 
F1 OOK circuits, the on-chip bias driver holds Vss constant 
with respect to Vee. thus minimizing changes in input 
thresholds with VEE· For a VEE change of 1V, for example, 
Vss changes by approximately 25 mV. 

With output voltage levels and input thresholds regulated, 
F1 OOK circuits tolerate large differences in VEE between a 
driving and a receiving circuit and still maintain good noise 
margins. For example, a driving circuit operated with -4.2V 
and receiving circuit operated with - 5. 7V experience no 
LOW state noise margin loss compared to a driver and re­
ceiver both with VEE = -4.5V. This insensitivity to VEE 
simplifies the design of system power distribution and regu­
lation. 

Temperature Compensation 
In F100K circuits, input thresholds are made insensitive to 
temperature by regulating Vss- Output voltage levels are 
made insensitive to temperature by a correction factor de­
signed into the current source and by a simple network con­
nected between the bases of the output transistors as 
shown in Figure 1-9. 

Vee 

TL/F/9905-9 

FIGURE 1-9. Temperature Compensation 

With 01 conducting and 02 off, most of the source current 
flows through R1, while a small amount flows through R2, 
01 and R3. If the chip temperature increases, the source 
current is made to increase, causing an increase in the volt­
age drop of sufficient magnitude across R1 to offset the 
decrease in base-emitter voltage of 03. The voltage drop 
across R1 increases with temperature at the rate of approxi­
mately 1.5 mV l°C, while the voltage drop across 01 de­
creases at the same rate. This means that there is a net 
voltage increase of 3 mV l°C across the series combination 
of R2 and R3. This increase is equally divided between the 
two resistors since R3 is equal to R2 (and R1); thus the 
voltage at the base of 04 goes negative by 1.5 mV l°C, off­
setting the decrease in the base-emitter voltage of 04. 
When 02 is on and 01 is off, the same relationships apply 
except that most of the current flows through R2, and 02 
conducts instead of 01. F1 OOK 300 series change rates for 
VoH. V99, and Vol are approximately 0.06, 0.08 and 0.1 
mV /°C, respectively. 
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The stabilization of output levels against changes in temper­
ature provides significant advantages to both the user and 
manufacturer. In testing, an extended thermal stabilization 
period is not required, nor is an elaborate air cooling ar­
rangement necessary to obtain correlation of test results 
between user and supplier. In a system, the output signal 
swing of a circuit does not depend on its temperature, there­
fore temperature differences do not cause a mismatch in 
signal levels between various locations. With temperature 
gradients thus eliminated as a system constraint, the design 
of the cooling system is greatly simplified. 

Noise Margins 
The most conservative values of ECL noise margins are 
based on the DC test conditions and limits listed on the data 
sheets. Acceptance limits on VoH and Vol are identified on 
a symbolic waveform in Figure 1-10, with the boundaries of 
the input threshold region also identified. The HIGH-state 
noise margin is usually defined as the difference between 
VoH(Min) and V1H(Min)• with the LOW-state margin defined 
as the difference between Vol(Max) and V1l(Max)· These two 
differences are identified as VNH and VNl respectively. The 
worst case input and output test points are also identified on 
the OR gate transfer function shown in Figure 1-11. The 
transition region indicated by the solid line is applicable 
when the internal reference v88 has the design center val­
ue of -1.32V for F1 OOK circuits. The transition regions indi­
cated by the dashed lines represent the lot-to-lot displace­
ment resulting from the normal production tolerances on 
v88, which amount to ±40 mV for F100K circuits. Using 
F1 OOK circuit values as an example, the dashed curve on 
the right correlates with a v88 value of -1.280V, and the 
input test voltage V1H(Min) is -1.165V, for a net difference 
of 115 mV. Similarly, the dashed curve on the left applies 
when Vss is -1.360V with V1l(Max) specified as -1.475V, 
which also gives a net difference of 115 mV. The points 
VoHe and Vole are commonly referred to as the corner 
points because of their location on the transfer function of 
worst case circuits. 

OUTPUT VOLTAGE 
LEVEL LIMITS 

-VOL{mlnl 
INPUT TRANSITION 

REGION LIMITS 

TL/F /9905-10 

FIGURE 1-10. Identifying Specification Limits on 
Input and Output Voltage Levels 

In actual system operation, the noise margins VNH and VNl 
are quite conservative because of the way V1H(Min) and 
V1l(Max) are defined. From the transfer function of Figure 
1-11, for example, V1H(Min) is defined as a value of input 
voltage which causes a worst-case output to decrease from 
VoH(Min) to VoHc This change in VoH amounts to only 
1 O mV for F1 OOK circuits. Thus, if a worst case OR gate has 
a quiescent input of VoH(Min)• a superimposed negative-go­
ing disturbance of amplitude VNH causes an output change 
of only 1 O mV, assuming that the time duration of the distur­
bance is sufficient for the OR gate to respond fully. In 



Noise Margins (Continued) 

contrast, a system fault does not occur unless the superim­
posed noise at the OR input is of sufficient amplitude to 
cause the output response to extend into the threshold re­
gion(s) of the load(s) driven by the OR gate. In general, 
noise becomes intolerable when it propagates through a 
string of gates and arrives at the input of a regenerative 
circuit (flip-flop, counter, shift register, etc.) with sufficient 
amplitude to reach the Vss level. 

The critical requirement for propagating either a signal or 
noise through a string of gates is that each output must 
exhibit an excursion to the Vss level of the next gate in the 
string, assuming, of course, that the time duration is suffi­
cient to allow full response. If the excursion at the input of a 
particular gate either falls short or exceeds V99, the effect 
on its output response is magnified by the voltage gain of 
the gate. On the voltage transfer function of a gate, the 
slope in the transition region is not, strictly speaking, con­
stant. However, for input signal excursions of about 
±50 mV on either side of Vss. a value of 5.5 may be used 
for the voltage gain. For example, if the noise (or signal) 
excursion at the input of a gate falls short of Vss by 20 mV, 
the gate output response is 11 O mV less. Another useful 
relationship is that if the input voltage of a gate is equal to 
V98 , the output voltage is also equal to V99, within perhaps 
30 mV. 

To determine the combined effects of circuit and system 
parameters on noise propagation through a string of gates, 
refer to Figure 1-12. The voltages V1 and V2 represent dif­
ferences in ground potential, while V3 and V4 are VEE differ­
ences. The output of gate A is in the quiescent LOW state 
and Vpl is a positive-going disturbance voltage. Now, how 
large can Vpl be without causing propagation through gate 
C? For a starting point, assume all three gates are identical 
with typical parameters; VEE is -4.5V, the ground drops are 
zero, and there are no temperature gradients. Voltage pa­
rameters of F1 OOK circuits are used. With typical circuits 
and the idealized environment, the maximum tolerable value 
of Vpl for propagation is the difference between the nomi­
nal Vss of -1.320V and nominal Vol of -1.705V, or 385 
mV. The following steps treat each non-ideal factor sepa­
rately and the required reduction in Vpl is calculated. 
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FIGURE 1-11. Location of Test Points 
and Threshold on a Transfer Function 
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V1 V2 

T'1T+'1~ 
cc · Vee . 1 Vee 

- Vpl + 

L r r 
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V3 V4 
TL/F/9905-12 

FIGURE 1-12. Arrangement for Noise 
Propagation Analysis 

Non-Typical V88 of Gate B: Specifications provide for Vss 
variations of ± 40 mV. If the Vss of gate B is 40 mV more 
negative than nominal, Vpl must be reduced by the same 
amount. 

/:i.Vpl = -40 mV 
Vpl = 385 - 40 = 345 mV 

Non-Typical Vol of Gate A: Vol limits are -1.620V to 
-1.830V corresponding to the ± 3<T points on the distribu­
tion. Statistically, this means that 98% of the circuits have 
Vol values of -1.650V or lower. Since this value differs 
from the nominal Vol by 55 mV, Vpl must be reduced ac­
cordingly. 

/:i.Vpl = -55 mV 
Vpl = 345 - 55 = 290 mV 

Difference in Ground (Vee) Potential between Gates A 
and B: Since the Vee lead of Gate Bis the reference poten­
tial for input voltages, V 1 in the polarity shown effectively 
makes the Vol of Gate A more positive. Minimizing ground 
drops is one of the system designer's tasks {Chapter 5) and 
its effect on noise margins emphasizes its importance. For 
this analysis, a value of 30 mV is assumed. 

/:i.Vpl = 30 mV 
Vpl = 290 - 30 = 260 mV 

Difference in VEE between Gates A and B: In the polarity 
shown, V3 reduces the supply voltage for Gate A since it is 
assumed that Gate B has VEE of -4.5V. The indicated po­
larities of V1 and V3 seem to be in conflict if it is assumed 
that v3 represents only ohmic drops along the VEE bus. 
Since v3 may, however, be caused by the use of different 
power supplies or regulators as well as by ohmic drops, the 
polarities may exist as indicated. In any actual situation, the 
designer can usually predict the directions of supply current 
flow by observation of the physical arrangement. As men­
tioned earlier, a 1V change in VEE causes a Vol change 
30 mV, or 3%. Assuming a value of 0.5V for V3 and adding 
the 30 mV of V 1, the net reduction in supply voltage for Gate 
A is 0.53V. Using 3% of this reduction as the change in Vol 
gives a positive Vol shift of 16 mV, which is a reduction of 
noise margin. 

/:i.Vpl = -16 mV 
Vpl = 260 - 16 = 244 mV 

If the net supply voltage of Gate A is assumed to be -4.5V, 
then V1 and V3 cause Gate B to have a greater supply volt­
age. This, in turn, causes the Vss of Gate B to go more 
negative at the rate of 25 mV IV of VEE change, or 2.5%. 
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Noise Margins (Continued) 

Thus, for the same values of V1 and V3, the required reduc­
tion of VpL is only 13 mV instead of the 16 mV computed 
above. 

Non-Typical Vee of Gate B: This was considered earlier 
for its effect at the input of Gate 8. It must also be consid­
ered for its effect on the excursions of the output voltage of 
Gate 8. Since the net input voltage of Gate 8 (VoL + VpL) 
reaches the Vss level of Gate 8, the output excursion also 
extends to the Vss level and perhaps 30 mV beyond (more 
negative). This means that the output excursion of Gate 8 
could be 90 mV more negative than the nominal Vss of 
Gate C. This excess excursion must be divided by the volt­
age gain of Gate 8 to determine exactly how much VpL 
must be reduced as compensation. 

AVpL = -90/5.5 = -16 mV 
VpL = 244 -16 = 228mV 

Non-Typical Vee of Gate C: The Vss of Gate C could be 
40 mV more positive than the nominal value of -1.320V. 
Dividing by the voltage gain of Gate 8 gives the necessary 
reduction of VPL· 

AVpL = -40/5.5 = -7 mV 
VpL = 228 - 7 = 221 mV 

Difference in Vee Potential between Gates Band C: For 
the polarity shown, V2 makes the net voltage at the C input 
more negative with respect to the Vee lead of Gate C. As­
sume 30 mV for V2 as was done for V1. 

AVpL = -30/5.5 = -5.0 mV 
VpL = 217 - 5 = 212mV 

Difference in VEE between Gates B and C: In the polarity 
shown, V4 reduces the supply voltage for Gate C, as does 
V2. As previously mentioned, Vss changes with VEE at a 
rate of 25 mV/V, or 2.5%. Assuming a value of 0.5V for V4, 
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as was done for V2. adding V2 gives a net VEE reduction of 
0.53V. This makes the Vss of Gate C about 13 mV more 
positive, with respect to its own Vee lead. This must be 
divided by the gain of Gate 8 to determine the effect on the 
permissible value of VPL· 
AVpL = -13/5.5 ~ -2 mV 
VpL = 212 - 2 = 210 mV 

At this point the more conservatively defined VNL (Figure 
1-10) should be evaluated and compared with VPL· Sub­
tracting the values of VoL(Max) and V1L(Max)• a value of 
145 mV for VNL is obtained. 

The primary advantage of using VNH and VNL as the limits 
of tolerable noise is that they provide for simultaneous ap­
pearance of noise on inputs and outputs. Whatever the sys­
tem designer's preference regarding noise margin defini­
tions, the important factor is to recognize that the AVee and 
AVEE between devices decrease the noise margins and 
therefore should be minimized. 
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Chapter 2 
Logic Design 

Introduction 
The F1 OOK family is comprised of SSI, MSI, LSI, logic func­
tions, gate arrays, BiCMOS SRAMs, and PALs. The latest 
addition to the F1 OOK family is the 300 Series. 300 Series 
devices are functionally equivalent redesigns of existing 
F1 OOK devices, but with added enhancements such as: low­
er power, PCC packaging, extended operating voltage 
range, military versions and ESD protection of 2000V (mini­
mum). 

This chapter covers basic gates and flip-flops, as well as 
applications using MSI functions. In most cases a 300 Se­
ries redesign is available in place of the referenced 100 
Series part. Refer to the Applications section of this data­
book for the latest publications using EGL logic. Gate Ar­
rays, PALs, and MSI are covered in separate publications. 
All BiCMOS SAAM applications are included in the Memory 
Databook. 

National F1 OOK EGL logic symbols use the positive logic or 
"active-HIGH" option of MIL-STD-8068. Logic '1' or "ac­
tive-High" is the more positive voltage, nearest ground (typi­
cally -0.955V). Logic 'O' or "active-LOW" is the more neg­
ative level, nearest VEE (typically -1.705V). 

OR/NOR Gates 
The most basic F100K EGL circuit is the OR/NOR gate (Fig­
ure 2-1). If the input (A or B) voltages are more negative 
than the reference voltage V99, 01 and 02 are cut off (non­
conducting) and 03 conducts, holding the collector of 03 

VccA 

as 
__ _. 04 

NOR OR 

02 

e---+----___. 

.__ ___ _,.. ___ ._ ______ VEE 

TL/F/9899-1 

FIGURE 2·1. Basic ECL Gate 
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LOW. Since the base of 04 is LOW, the pull-down resistor 
or terminator connected to its emitter makes the OR output 
LOW. The base of 05 is HIGH (near ground) and its emitter 
pulls the NOR output HIGH. If either input is more positive 
than v88, 01 or 02 conducts and 03 is cut off. This makes 
the base of 04 HIGH, resulting in a HIGH at the OR output. 
At the same time, the base of 05 is LOW and the pull-down 
resistors or terminator pulls the NOR output LOW. Detailed 
information concerning F1 OOK EGL circuit basics may be 
found in Chapter 1. 

The F1 OOK family includes two OR/NOR-gate devices. The 
100301 is a triple 5-input OR/NOR and the 100302 is a 
quint 2-input OR/NOR with common enable. One element 
of the 100302 is shown in Figure 2-2, the corresponding 
truth table is Table 2-1. 

D1x ---~r--'-"--Ox 

D2x Ox 

E 

FIGURE 2·2. 100302 OR/NOR Gate 

TABLE 2·1. 100302 Truth Table 

D1x D2x E Ox 

L L L L 

L L H H 

L H L H 

L H H H 

H L L H 
H L H H 

H H L H 

H H H H 

H = HIGH Voltage Level 
L = LOW Voltage Level 

Wired-OR Function 

TL/F/9899-2 

Ox 

H 

L 
L 

L 

L 
L 

L 
L 

A wired-OR function can be implemented simply by con­
necting the appropriate outputs external to the package 
(see Figure 2-3 ). Each output is buffered so that the internal 
logic is not affected by the wire-OR. This is a positive logic 
OR, not to be confused with a DTL wired-AND or the inter­
nal series gating used for some EGL functions. This wired­
OR is especially useful in implementing data busses. For 
further information see Chapter 4. 
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Wired-OR Function (Continued) 

~~F 
TL/F/9899-3 

A~ B F 

c 
o 

TL/F/9899-4 

:=D=rl-F 
D~G 

TL/F/9899-5 

F = (A + B) + (C + D) 
=A+B+C+D 

F=A+B+C+D 
=AB+ CD 

G = (A-=i=B) + (C+ D) 
=(AB)+ c + D 

F = A+B + c+i) 
= A+B +(CD) 

FIGURE 2-3. Wired-OR Function 

AND Function 
The positive logic AND function is directly available in 
F100K ECL (100304). There are two other approaches 
which can be taken to solve the problem of implementing an 
AND. 

The first solution is indicated in Figure 2-4. A positive logic 
OR gate can be redrawn as a negative logic AND gate. To 
take advantage of this requires active-LOW input terms; but, 
since practically every F1 OOK circuit provides complementa­
ry outputs, this should not be a problem. 

TL/F/9899-6 

FIGURE 2-4. 100301 Redrawn as AND/NANO Gate 

Exclusive-OR/Exclusive-NOR Gate 
The 100307 is a quint exclusive OR/NOR gate. In addition 
to providing the exclusive-OR/exclusive-NOR of the five in­
put pairs, a comparison output is available. If the five pairs 
of inputs are identical, bit by bit, then the common output 
will be LOW. 

Flip-Flops and Latches 
Flip-flops and latches are treated together due to their simi­
larity. The only difference is that latch outputs follow the 
inputs whenever the enable is LOW, whereas a flip-flop 
changes output states only on the LOW-to-HIGH clock tran­
sition. 

The advantage of an edge-triggered flip-flop is that the out­
puts are stable except while the clock is rising; a latch has 
better data-to-output propagation delay while the enable is 
kept active. 

5-10 

Both latches and flip-flops are available three to a package 
with individual as well as common controls and six to a 
package with only common controls. There are a total of 
three parts as indicated below. 

Triple w/lndividual Hex w/Common 
Controls Controls 

Flip-Flops 100331 100351 

Latches 100350 

Figure 2-5 shows the equivalent logic diagram of 1h of an 
100331. The internal clock is the OR of two clock inputs, 
one common to the other two flip-flops. The OR clock input 
permits common or individual control of the three flip-flops. 
In addition, one input may be used as a clock input and the 
other as an active-LOW enable. 

When the clock is LOW, the slave is held steady and the 
information on the D input is permitted to enter the master. 
The transition from LOW to HIGH locks the master in its 
present state making it insensitive to the D input. This tran­
sition simultaneously connects the slave to the master, 
causing the new information to appear at the outputs. Mas­
ter and slave clock thresholds are internally offset in oppo­
site directions to avoid race conditions or simultaneous 
master/slave changes when the clock has slow rise or fall 
times. 

The Clear and Set Direct for each flip-flop are the OR of two 
inputs, one common to the other two flip-flops. The output 
levels of a flip-flop are unpredictable if both the Set and 
Clear Direct inputs are active. 

The outputs of all F1 OOK flip-flops and latches are buffered. 
This means that they can be OR-wired; noise appearing on 
the outputs cannot affect the state of the internal latches. 

Table 2-2 is the truth table for the 100331 flip-flop. 

TABLE 2-2. 100331 Truth Table 
T T 

Dn CPn CPc 

L _r 
H _r 

L L 
H L 

x H 
x x 
x x 
x x 
x x 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 
U = Undefined 

L 
L 

_r 
_r 

x 
H 

x 
x 
x 

MS MR 
SDn CDn 

L L 
L L 

L L 
L L 

L L 
L L 

H L 
L H 
H H 

t, t + 1 = Time before and after CP positive transition 

Qn(t + 1) 

L 
H 

L 
H 

On(t) 
On(t) 

H 
L 
u 

If eight flip-flops are desired, such as for pipeline register 
applications, the 100341 Shift Register can be used. Neither 
reset nor complementary outputs are available. The Select 
inputs may be used to mechanize a clock enable as shown 
in Figure 2-6. 



Flip-Flops and Latches (Continued) 

SD 
MS 

D 

TO OTHER 
DEVICES 

CP 
CPc~-.__,_~.,,,.._~~~~--lf--~~~~~~~ 

CD 
MR 

TO OTHER 
DEVICES 

TL/F/9899-8 

FIGURE 2-5. 100331 D Flip-Flop 

CLOCK ENABLE 
(ACTIVE LOW) 

CLOCK 

Po P1 P2 P3 P4 Ps Pe P7 
So 

51 

CP 
Oo 01 02 03 04 Os Os 01 

TL/F/9899-9 

FIGURE 2-6. 100341 as Octal D Flip-Flop 

Counters 
The 100336 operates either as a modulo-16 up/down coun· 
ter or as a 4-bit bidirectional shift register. It has three Select 
inputs which determine the mode of operation as shown in 
Table 2-3. In addition, a Terminal Count output, and two 
Count Enables are provided for easy expansion to longer 
counters. A detailed truth table for the 100336 is included in 
the specification sheet. To achieve the highest possible 
speed, complementary outputs should be equally terminat­
ed, i.e., if 02 is used, 02 should be equally terminated even 
if not used. If neither output of a particular stage is used, 
then both outputs can be left open. 

TABLE 2-3. 100336 Function Select Table 

S2 S1 

L L 
L L 
L H 
L H 
H L 
H L 
H H 
H H 

H = HIGH Voltage Level 
L = LOW Voltage Level 

So Function 

L Parallel Load 
H Complement 
L Shift to LSB 
H Shift to MSB 
L Count Down 
H Clear 
L Count Up 
H Hold 
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VARIABLE MODULUS COUNTERS 

A 100336 can act as a programmable divider by presetting it 
via the parallel inputs, counting down to minimum and then 
presetting it again to start the next cycle. Figure 2-7 shows a 
one-stage counter capable of dividing by 2 to 15. So and S1 
are unconnected (therefore LOW) and the counter thus is in 
either the Count Down or Parallel Load mode, depending on 
whether S2 is HIGH or LOW, respectively. CEP and CET are 
also LOW, enabling counting when s2 is HIGH. Immediately 
after the counter is preset to N, which must be greater than 
one, the LOAD signal goes HIGH and the 100336 starts 
counting down on the next clock. When it counts down to 
one, the LOAD signal goes LOW and presetting will occur 
on the next clock rising edge. Generating the LOAD signal 
on the count of one, rather than zero, makes up for the 
clock pulse used in presetting. 

PRESET N 

Po-P3 

100336 four= f1N + N 

---four 

TL/F /9899-10 

FIGURE 2-7. 1-Stage Counter 
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Counters (Continued) 

A 3-stage programmable divider is shown in Figure 2-8. The 
TC output of the first stage enables counting in the upper 
stages, while the TC output of the second stage also en­
ables counting in the third stage. The D-input signal to the 
flip-flop is normally HIGH and thus Q is normally LOW. 
When both the second and third stage counters have count­
ed down to zero, the TC output of the third stage goes LOW. 
When the first stage subsequently counts down to one, the 
D signal goes LOW, as does LOAD. Presetting thus occurs 
on the next clock and Q goes HIGH to end the LOAD signal 
and permit counting to resume on the next clock. 

In Figure 2-7, the maximum clock frequency is determined 
by the sum of the propagation delays from CP to Q and the 
OR gate, plus the setup time from S to CP. The maximum 
frequency is approximately 220 MHz for typical units or 
170 MHz for worst-case units. In Figure 2-8 the critical path 
is CP to Q of the first stage plus both OR gates, plus 

PRESET N 

No-N3 

Po-P3 Po-P3 
S2 S2 

CEP 100336 
CEP 

100336 
TC 

f1N CP CP 
Oo 01 02 03 

the S to CP set-up time of the counters. Typical and worst­
case maximum frequencies are 190 MHz and 140 MHz re­
spectively. 

INTERCONNECTING COUNTERS 

The terminal count and count enable connections provide 
an easy method of interconnecting the 100336 counter to 
achieve longer counts. Figure 2-9 shows a method that 
uses few connections but has a drawback. The counters are 
fully synchronous, since the clock arrives at all devices at 
the same time; the only drawback is that the count enables 
have to "trickle" down the chain. This results in a lower 
maximum counting rate since it drastically increases the set­
up time from enable to clock. 

Figure 2-10 shows a method for partially overcoming these 
drawbacks. The enable to clock set-up is now one CET to 

Ne-N11 

Po-P3 
S2 

CEP 
100336 

TC CET TC 

CP 

.-------.-------------~-~lour 

D 

TL/F /9899-11 

FIGURE 2-8. 3-Stage Programmable Divider 

COUNT CEP CEP CEP CEP 

ENABLE ---IJI CET 100336 TC CET 100336 TC CET 100336 TC CET 100336 TC 

CP CP CP CP 

CLOCK~-....---------..... ----------+----------' 
TL/F /9899-12 

FIGURE 2-9. Slow Expansion Scheme 

COUNT CEP TC CEP CEP 

ENABLE ---a1 CET 100336 100336 TC CET 100336 TC CET 100336 TC 

CP CP CP 

CLOCK~-....... ---------4----------+----------' 
TL/F/9899-29 

FIGURE 2·10. Fast Expansion Scheme 
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Counters (Continued) 

TC propagation delay plus one CEP to CP set-up. The count 
speed is thus increased. This is best seen by assuming that 
all stages except the second are at terminal count. At the 
next clock pulse, the second counter reaches terminal 
count and the first stage exits terminal count. The command 
to suppress counting in the third and fourth (and subse­
quent) stages arrives very quickly (via CEP). The terminal 
count from the second stage propagates via TC and CEP to 
the high order stages, but has a full 15 counts to do so. 

DECODING OUTPUTS 

Since the complementary outputs from each stage are 
available, it is an easy matter to decode any value. (Clearly, 
if many values needed to be decoded one would choose a 
decoder chip.) Figure 2-11 shows a 100336 and 1h 100301 
interconnected to decode 1001 (NINE). Both complementa­
ry outputs of NINE are available and there is a spare input 
on the decoding gate. 

1/3 100301 

NINE 
NINE 

TLIF/9899-13 

FIGURE 2-11. Decoding States of 100336 

Shift Registers 
The 100341 is an 8-bit universal shift register. It can be used 
for parallel-to-serial or serial-to-parallel conversion and it will 
shift left or right. The truth table is shown in Table 2-4. 

TABLE 2-4. 100341 Truth Table 

S1 So 

L L 
L H 
H L 

H H 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

CP Mode 

_r Parallel Load 
_r Shift to MSB (Oo -+ 07) 
_r Shift to LSB (07 -+ Oo) 
x Hold 

Figure 2-12 shows the 100341 used as a 7-bit serial-to-par­
allel converter. When Initialize (INIT) becomes active, the 

CLOCK 

next clock pulse presets the register to '10000000', and 
Register-Full (REG-FULL) becomes inactive. Each time a 
data bit becomes available, Data-Available (DATA-AVAIL) 
must be made active during one clock LOW-to-HIGH tran­
sition. This clocks the bit into the register moves the flag bit 
closer to Oo. When the seventh data bit is entered, the flag 
bit reaches Oo and REG-FULL becomes active. The seven 
data bits may be removed at this time (01 to 07) and the 
conversion is complete. 

SERIAL 
DATA IN--------, 

L 

H~ 

D7 P1 Pe P5 P4 PJ P2 P1 Po CLOCK-------1 CP 
INITIALIZE 

DATA 
AVAILABLE-----,, _..,,, 

s, 
So 

100341 

REG-FULL 

TL/F/9899-14 

FIGURE 2-12. Serial-to-Parallel Conversion 

Table 2-5 summarizes the control inputs and corresponding 
100341 modes for this circuit. 

TABLE 2-5. Select Inputs Truth Table 

INIT DATA-AVAIL 

L L 

L H 
H L 

H H 

H = HIGH Voltage Level 
L = LOW Voltage Level 

S1 

H 

H 
L 

L 

So Mode 

H Hold 
L Shift to LSB 

L Preset 
L (Illegal) 

Figure 2-14 shows a parallel-to-serial converter using the 
100336 counter. Figure 2-13 shows the associated timing 
diagram. Each time the external device has taken a bit of 
data, it makes the signal Serial-Data-Accept (SERIAL­
DATA-ACPT) HIGH. The shift register shifts right which 
makes the next bit available and the counter counts up. The 
Serial-Data-Accept term must be synchronized with the 
clock. The counter counts to eight after the eighth data bit 
has been accepted and Parallel-Data-Request (PARALLEL­
DATA-ROST) becomes active HIGH. When the device sup­
plying data makes the next byte available, Parallel-Data­
Ready (PARALLEL-DATA-ROY) goes HIGH. On the next 
clock pulse the shift register loads the new data byte and 
the counter clears to zero. Table 2-6 shows the operating 
mode as a function of the control inputs. 

COUNT I I I 

~~':~CPT----------------r--1~----------....ir--1~--------------------...ir--1~-----------
PARALLEL-

DATA-RQST -----------------------....1 
PARALLEL· 
DATA-ROY 

FIGURE 2-13. Timing Diagram Parallel-to-Serial Converter 
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·~ Shift Registers (Continued) 

c 
u TABLE 2·6. Parallel-to-Serial Converter Truth Table ·c;, 
0 

...I 
PARALLEL· SERIAL· Shift Register Counter 
DATA·RDY 

L 
L 
H 

H = HIGH Voltage Level 
L = LOW Voltage Level 

DATA·ACPT 
S1 

L H 
H H 
L L 

PARALLEL DATA 

~ 

P1 Po 
------------11CP CLOCK 

SERIAL­
DATA-ACPT 

-..---;-'ID-----1---1 So 100341 

Oo 

So 

H 
L 
L 

SERIAL DATA 

CP 

So 

~---1S1 

H S2 

100336 

PARALLEL­
DATA-RQST 

TL/F/9899-16 

FIGURE 2-14. Parallel-to-Serial Converter 

Multiplexers 
Multiplexers send one of several inputs to a single output. 
The function can be implemented with standard gates or 
bus drivers and the wired-OR connection. Figure 2-15 
shows the 100323 Hex Bus Driver used as a wired-OR mul­
tiplexer. The 100323 devices could be in physically different 
parts of the system, since they can drive double-terminated 
busses. 

The 100355 is a quad 2-input multiplexer with transparent 
latches. The device has two. select terms and can accept 
data from either, neither, or both (OR) sources. 

The 100363 is a dual 8-input multiplexer with common se­
lects. The 100364 is a single 16-input multiplexer. 

Mode So S1 S2 Mode 

Hold H H H Hold 
Shift to LSB L H H Count Up 
Load H L H Clear 

5-14 

·SELECT 

A1 F1 

A2 F2 

A3 
100323 

F3 

A4 f4 

As Fs 

As Fe 
E 

81 
E 

82 

83 
100323 

84 

Bs 

Be 

TL/F/9899-17 

FIGURE 2·15. Wired-OR Multiplexer 

The 100363 and 100364 do not feature complementary out­
puts or an enable for wired-ORing. The 100371 is a triple 4-
input multiplexer with enable and complementary outputs. 

Figure 2-16 shows an 100364 multiplexer and 100336 con­
nected to convert 16-bit parallel data to single-bit serial 
data. A gate is added to provide complementary serial data. 
If the input data is stable, then the output data is stable from 
6.4 ns after a clock until 2.5 ns after the next clock. This 
would insure valid data 50% of the time at a clock rate of 
100 MHz. Terminal Count on the counter can be used as a 
term to indicate the last bit is being transmitted. This can be 
used as a clock enable to the register containing the parallel 
data. The propagation delay through the register is masked 
by the propagation delay through the counter. 



Multiplexers (Continued) 

CLOCK CP 

So 

H S1 

TC 

100336 

TRANSMITTING 
LAST BIT 

PARALLEL DATA 

So 

S1 

'-----tS2 

'------tS3 

lo 115 

100364 

z ' 

~COMPLEMENTARY 
SERIAL DATA 

TL/F/9699-18 

FIGURE 2-16. Parallel-to-Serial Data Transmission 

Decoder 
The 100370 is a universal demultiplexer/decoder. It can 
function as either a dual 1-of-4 decoder or as a single 1-of-8 
decoder. The outputs can be either active HIGH or active 
LOW. 

If the M input is LOW, then the 100370 is configured as a 
dual 1-of-4 decoder. Both A2a and He must be LOW. Table 
2-7 is a truth table for each half of the 100370; the two 
halves are completely independent. The truth table is shown 
for active-HIGH outputs; for active-LOW outputs, Hx is made 
LOW. 

TABLE 2-7 Dual 1-of-4 Mode Truth Table 

Inputs 

E1a E2a A1a Aoa 
E1b E2b A1b Aob 

H x x 
x H x 
L L L 
L L L 
L L H 
L L H 

M = A2a = He = LOW 
H = HIGH Voltage Level 
L =LOW Voltage Level 
X = Don't Care 

x 
x 
L 
H 
L 
H 

Active-HIGH Outputs 
(Ha and Hb Inputs HIGH) 

Zoa Z1a Z2a Z3a 
Zob Z1b Z2b Z3b 

L L L L 
L L L L 

H L L L 
L H L L 
L L H L 
L L L H 
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TABLE 2-8. Single 1-of-8 Mode Truth Table 

Inputs 
Active-HIGH Outputs 

(He Input HIGH) 

E1 E2 A2a A1a Aoa Zo Z1 Z2 Z3 

H x x x x L L L L 
x H x x x L L L L 

L L L L L H L L L 
L L L L H L H L L 
L L L H L L L H L 
L L L H H L L L H 

L L H L L L L L L 
L L H L H L L L L 
L L H H L L L L L 
L L H H H L L L L 

M =HIGH; 
Aob = A1b = Ha= Hb = LOW 
E1 = E1a and E1b Wired; E2 = E2a and E2b Wired 
H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

Z4 Zs 

L L 
L L 

L L 
L L 
L L 
L L 

H L 
L H 
L L 
L L 

Zs 

L 
L 

L 
L 
L 
L 

L 
L 
H 
L 

Z1 

L 
L 

L 
L 
L 
L 

L 
L 
L 
H 

If the M input is HIGH, then the 100370 is configured as a 
single 1-of-8 decoder. Aob• A1b• Ha. and Hb must all be 
LOW. Table 2-8 is a truth table for the 100370 in single 
1-of-8 mode. The truth table is shown for active-HIGH out­
puts; for active-LOW outputs, He is mode LOW. 
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Decoder (Continued) 

Figure 2-17 and Table 2-9 show a universal decimal decod­
er and the decode table, respectively. The sense of the out­
puts can be easily modified. The entire decoder may be 
enabled with a LOW at the Function input. 

TABLE 2-9. Output Selection 

Ao-A3 Selected Output per Input Code 
Weighted Excess Excess 

8421 5421 2421 
Figure 2-18 shows a scheme to decode five lines with a 
1-of-32 decoder. Inputs Ao, A1, and A2 are connected to the 
address select inputs of all four decoders in parallel. Both 
the true and complement of the two high order addresses 
are formed and then ANDed together at the decoder enable 
inputs. 

Figure 2-19 shows a 1-of-64 decoder which uses the LOW 
outputs of one 100370 to enable one-of-eight 100370 devic­
es whose address inputs are connected together. The un­
used enable inputs may be used to enable all 64 outputs. 
The 64 outputs may be either active HIGH or LOW. The 
propagation delay from address to any output is 4.5 ns max­
imum. 

Ea 
H H 

Input 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Aoa Ala A2a 
M 

3 

0 3 
1 4 
2 5 
3 6 
4 7 
8 8 
9 9 
10 10 
11 11 
12 12 

Ea 

100370 
He 

Zo Z1 Z2 Z3 Z4 Zs Z5 Z7 

100370 
He 

Zo Z1 Z2 Z3 Z4 Zs Z6 Z7 

HIGH/LOW -----+--+--+--t---1-t--+-+--~ 

01234567 8 9 10 11 12 13 14 15 

FIGURE 2-17. Universal Decimal Decoder 

H-~-_._-1--+-+-1'"4-_._-1-~t--1-_._-1--+-+-+'"4--+--+-~>-+---1--+-+-1'"4-_._-1--+---' 

HIGH/LOW-~>---+-+-+-+---1,...+-+-+--~.__-+-+-+-+-+,...+-+-+--_.--+-+-+---1,...+-+-+-+---' 

01234567 8 9 10 11121314 15 1617 1819 20 212223 

FIGURE 2·18. 1-of-32 Decoder 

5-16 

3Gray 

2 0 
6 1 
7 2 
5 3 
4 4 
12 11 
13 12 
15 13 
14 14 
10 15 
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Decoder (Continued) 

Ea Eb 
H M 

100370 
L He 

Ea Eb 
M 100370 M 

100370 
He 

Oo 01 02 03 04 Os Os 01 

H-..... -4----1-1--+--+--+--+-+--t-----' 

HIGH/LOW---+---1-1--+--+--+--+-+--t------' 

0 1 2 3 4 5 6 7 • • • • • 56 57 58 59 60 61 62 63 

TL/F/9899-21 

FIGURE 2·19. 1·of·64 Decoder 

Parity Generator I Checker 
The 100360 is a dual 9-bit parity checker I generator. The 
output (of each section) is HIGH when an even number of 
inputs are HIGH. Thus, to generate odd parity on eight bits, 
the ninth input would be held HIGH. One of the nine inputs 
on each half has a shorter propagation (la, lb) delay and is 
thus preferred for expansion. 

Figure 2-20 shows how to build a 16-bit parity checker using 
a single 100360. The typical propagation delay from the 
longest input is 4.05 ns. This circuit can be turned into a 
parity generator by replacing "P" at input lb with a LOW or 
HIGH for even or odd parity, respectively. 

p 16 15 14 13 12 11 10 9 

lb l1b lsb lsb 14b 13b l2b h b lob 

100360 

zb 

87654321 

la 17a Isa Isa 14a 13a l2a ha loa 

Aa 

TL/F/9899-25 

FIGURE 2·20. 16-Bit Parity Checker/Generator 
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TTL/F1 OOK Interfacing­
Translators 
The problem of mixing F1 OOK ECL logic levels with TTL 
logic levels can be easily overcome with the use of level 
translators. Level translators are designed to convert the 
input level of one logic family to a level which is consistent 
with that of another logic family. This enables designers to 
take advantage of the high speeds offered by F1 OOK ECL in 
critical system paths and to use other logic families in areas 
where speed is not as essential. National's wide range of 
level translators offer designers a solution for most level 
translation applications. 

For more information on translators, see Application Note 
784 "F1 OOK ECL Dual Rail Translators" and Application 
Note 780 "Operating ECL from a Single Positive Supply". 
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10K/F100K Interfacing 
The problem caused by mixing 1 OK ECL and F1 OOK ECL is 
illustrated in Figures 2-21 and 2-22. 1 OK output levels and 
input thresholds vary with temperature whereas F1 OOK lev­
els and thresholds remain essentially constant. This means 
that the noise margins vary with temperature, even if the 
temperatures of the driving and receiving circuits track. Per­
haps the worst case is shown in Figure 2-22, which illus­
trates F1 OOK driving 1 OK. 

> 
~ - 1·1 t---t---F-1 O+-O-K_V_1H .... (m-in-)-+--++--+--t---i 

.J 

~ -1.2 t---+---+---+--+--+--+--+---i 
w 
.J 
I­
::> 
Q. 
I-
::> 
0 
~ 
:::> 
Q. 

~ 

-1.3 1---+---+---+--+--+--+--+---i 

-1.4 1---+---+---+--+--+--+--+---i 
LOW STATE MARGINS 

_
1 

_
5 

..__F_1o_o_K_v_1L.;..(m..;.ax..;.)-+--+-1o_K_-_F,.1_oo_K-+--4 

-1.7 1--_....__..___....___....___....__...__....___, 
0 10 20 30 40 50 60 70 80 

TA-AMBIENTTEMPERATURE 

TL/F/9899-26 

FIGURE 2-21. 10K ECL Driving 100K ECL 

At + 75°C, the high margins are seen to be less than 
100 mV. Clearly this would not represent acceptable DC 
margins in any real system. 

If the use of 1 OK ECL in an F1 OOK system is unavoidable, it 
is recommended that all interfacing be done differentially. 
This is illustrated in Figure 2-23 which is applicable for either 
direction. 

-2V -2V 

- ·9 .--.....,.---..---r--H-1 G--H~S~T":"A-::::T-::::E":"M--A~R:'.'":G:'.'":1"."'.N"'.:'S_, 
F100K-10K 

> 
I -1.1 

-1.3 1---~-+--+--+--+---t--+--l 

-1.4 1---~-+--+--+--+---t---i--l 

10 20 30 40 50 60 70 80 

TA-AMBIENTTEMPERATURE 

TL/F/9899-27 

FIGURE 2-22. 100K ECL Driving 10K ECL 

DIFFERENTIAL 
LINE RECEIVER 

TL/F/9899-28 

FIGURE 2-23. Interfacing 10K and F100K 
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Chapter 3 
Transmission Line Concepts 

Introduction 
The interactions between wiring and circuitry in high-speed 
systems are more easily determined by treating the inter­
connections as transmission lines. A brief review of basic 
concepts is presented and simplified methods of analysis 
are used to examine situations commonly encountered in 
digital systems. Since the principles and methods apply to 
any type of logic circuit, normalized pulse amplitudes are 
used in sample waveforms and calculations. 

Simplifying Assumptions 
For the great majority of interconnections in digital systems, 
the resistance of the conductors is much less than the input 
and output resistance of the circuits. Similarly, the insulating 
materials have very good dielectric properties. These cir­
cumstances allow such factors as attenuation, phase distor­
tion, and bandwidth limitations to be ignored. With these 
simplifications, interconnections can be dealt with in terms 
of characteristic impedance and propagation delay. 

Characteristic Impedance 
The two conductors that interconnect a pair of circuits have 
distributed series inductance and distributed capacitance 
between them, and thus constitute a transmission line. 
For any length in which these distributed parameters are 
constant, the pair of conductors have a characteristic im­
pedance Zo. Whereas quiescent conditions on the line are 
determined by the circuits and terminations, Zo is the ratio 
of transient voltage to transient current passing by a point 
on the line when a signal charge or other electrical distur­
bance occurs. The relationship between transient voltage, 
transient current, characteristic impedance, and the distrib­
uted parameters is expressed as follows: 

~= Zo = ~ 
I \j~ 

(3-1) 

where Lo = inductance per unit length, Co = capacitance 
per unit length. Zo is in ohms, Lo in Henries, Co in Farads. 

Propagation Velocity 
Propagation velocity v and its reciprocal, delay per unit 
length o, can also be expressed in terms of Lo and C0. A 
consistent set of units is nanoseconds, microhenries and 
picofarads, with a common unit of length. 

1 
v = ~LoCo a= KOCO (3-2) 

Equations 3-1 and 3-2 provide a convenient means of deter­
mining the Lo and Co. of a line when delay, length and im­
pedance are known. For a length I and delay T, o is the ratio 
Tl/. To determine Lo and Co. combine Equations 3-1 and 
3-2. 
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Lo= 8Zo 

0 
Co=­

Zo 

(3-3) 

(3-4) 

More formal treatments of transmission line characteristics, 
including loss effects, are available from many sources.1-3 

Termination and Reflection 
A transmission line with a terminating resistor is shown in 
Figure 3-1. As indicated, a positive step function voltage 
travels from left to right. To keep track of reflection polari­
ties, it is convenient to consider the lower conductor as the 
voltage reference and to think in terms of current flow in the 
top conductor only. The generator is assumed to have zero 
internal impedance. The initial current 11 is determined by V 1 
and Zo. 

V1 

V1,l1- 11- Ir - - 1) 
v, Ir 

'1=~ 
Zo v~J Ar 

LINE LENGTH= I DELAY=T= lo 
TL/F/9900-1 

FIGURE 3-1. Assigned Polarities and 
Directions for Determining Reflections 

If the terminating resistor matches the line impedance, the 
ratio of voltage to current traveling along the line is matched 
by the ratio of voltage to current which must, by Ohm's law, 
always prevail at Rr. From the viewpoint of the voltage step 
generator, no adjustment of output current is ever required; 
the situation is as though the transmission line never existed 
and Rr had been connected directly across the terminals of 
the generator. From the Rr viewpoint, the only thing the line 
did was delay the arrival of the voltage step by the amount 
of timeT. 

When Rr is not equal to Zo, the initial current starting down 
the line is still determined by V1 and Zo but the final steady 
state current, after all reflections have died out, is deter­
mined by V 1 and Rr (ohmic resistance of the line is as­
sumed to be negligible). The ratio of voltage to current in the 
initial wave is not equal to the ratio of voltage to current 
demanded by Rr. Therefore, at the instant the initial wave 
arrives at Rr, another voltage and current wave must be 
generated so that Ohm's law is satisfied at the line­
load interface. This reflected wave, indicated by Vr and Ir in 
Figure 3-1, starts to return toward the generator. Applying 
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Termination and Reflection (Continued) 

Kirchoff's laws to the end of the line at the instant the initial 
wave arrives, results in the following. 

11 + Ir = Ir = current into Rr (3-5) 

Since only one voltage can exist at the end of the line at this 
instant of time, the following is true: 

V1 + Vr = Vr 

Vr V1 + Vr 
thus Ir = - = -- (3-6) 

Rr Rr 

also 
V1 __ Vr 

11 =-and Ir= 
Zo Zo 

with the minus sign indicating that Vr is moving toward the 
generator. 

Combining the foregoing relationships algebraically and 
solving for Vr yields a simplified expression in terms of V1, 
Zo and Rr. 

V1 _ Y..!_ = V1 + Vr = V1 + Vr 
Zo Zo Rr Rr Rr 

V1 (~-~) =Vr(~+~) 
Zo Rr Rr Zo 

Vr = V1 (RRr - Zo) = PL V1 
r + Zo 

(3-7) 

The term in parenthesis is called the coefficient of reflection 
p. With Rr ranging between zero (shorted line) and infinity 
(open line), the coefficient ranges between -1 and + 1 re­
spectively. The subscript L indicates that p refers to the 
coefficient at the load end of the line. 

Equation 3-7 expresses the amount of voltage sent back 
down the line, and since 

Vr = V1 + Vr (3-8) 

then Vr = V1 (1 + pL). 

Vr can also be determined from an expression which does 
not require the preliminary step of calculating PL· Manipulat­
ing (1 + PL) results in 

Rr - Zo ( Rr ) 1 + PL = 1 + --- = 2 ---
Rr + Zo Rr + Zo 

Substituting in Equation 3-8 gives 

Vr=2(~)v1 
Rr + Zo 

(3-9) 

The foregoing has the same form as a simple voltage divid­
er involving a generator V1 with internal impedance Zo driv­
ing a load Rr, except that the amplitude of Vr is doubled. 

The arrow indicating the direction of Vr in Figure 3-1 correct­
ly indicates the Vr direction of travel, but the direction of Ir 
flow depends on the Vr polarity. If Vr is positive, Ir flows 
toward the generator, opposing 11. This relationship be­
tween the polarity of Vr and the direction of Ir can be de­
duced by noting in Equation 3-7 that if Vr is positive it is 
because Rr is greater than z0. In turn, this means that the 
initial current Ir is larger than the final quiescent current, 
dictated by V1 and Rr. Hence, Ir must oppose 11 to reduce 
the line current to the final quiescent value. Similar reason­
ing shows that if Vr is negative, Ir flows in the same direction 
as 11. 
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It is sometimes easier to determine the effect of Vr on line 
conditions by thinking of it as an independent voltage gener­
ator in series with Rr. With this concept, the direction of Ir is 
immediately apparent; its magnitude, however, is the ratio of 
Vr to Z0, i.e., Rr is already accounted for in the magnitude of 
Vr. The relationships between incident and reflected signals 
are represented in Figure 3-2 for both cases of mismatch 
between Rr and Zo. 
The incident wave is shown in Figure 3-2a, before it has 
reached the end of the line. In Figure 3-2b, a positive Vr is 
returning to the generator. To the left of Vr the current is still 
11, flowing to the right, while to the right of Vr the net current 
in the line is the difference between 11 and Ir. In Figure 3-2c, 
the reflection coefficient is negative, producing a negative 
Vr. This, in turn, causes an increase in the amount of current 
flowing to the right behind the Vr wave. 

a. Incident Wave 

DISTANCE 

TL/F/9900-2 

Vr-. 11-lr 

•·1 __ ~_<2T _+-f------.t _.._1}_vr 
I 

b. Reflected Wave for Rr > Zo 

Vr 

c. Reflected Wave for Rr < Zo 
FIGURE 3-2. Reflections for Rr =I= Zo 

TL/F/9900-3 
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Source Impedance, Multiple Reflections 
When a reflected voltage arrives back at the source (gener­
ator), the reflection coefficient at the source determines the 
response to V r· The coefficient of reflection at the source is 
governed by Zo and the source resistance Rs. 

Rs - Zo 
Ps =Rs+ Zo 

(3-10) 

If the source impedance matches the line impedance, a re­
flected voltage arriving at the source is not reflected back 
toward the load end. Voltage and current on the line are 
stable with the following values. 

Vr = V1 + Vrand Ir= 11 - Ir (3-11) 

If neither source impedance nor terminating impedance 
matches Zo, multiple reflections occur; the voltage at each 
end of the line comes closer to the final steady state value 
with each succeeding reflection. An example of a line mis­
matched on both ends is shown in Figure 3-3. The source is 
a step function of 1 V amplitude occurring at time t0. The 
initial value of V1 starting down the line is 0.75V due to the 
voltage divider action of Z0 and Rs. The time scale in the 
photograph shows that the line delay is approximately 6 ns. 
Since neither end of the line is terminated in its characteris­
tic impedance, multiple reflections occur. 

The amplitude and persistence of the ringing shown in Fig­
ure 3-3 become greater with increasing mismatch between 
the line impedance and source and load impedances. Re-

Rs=31 !J Zo=93 {J 

::~--· fv, --.,=v:j 
TL/F/9900-5 

31 - 93 
PS = 31 + 93 = -0.5 

00 - 93 
PL = oo + 93 = + 1 

Initially: V1 = _Z_o - • Vo=~• 1 = 0.75V 
Z0 + Rs 124 

ducing Rs (Figure 3-3) to 13!1 increases PS to -0.75V, and 
the effects are illustrated in Figure 3-4. The initial value of 
Vr is 1.8V with a reflection of 0.9V from the open end. When 
this reflection reaches the source, a reflection of 0.9V x 
-0.75V starts back toward the open end. Thus, the second 
increment of voltage arriving at the open end is negative 
going. In turn, a negative-going reflection of 0.9V x -0.75V 
starts back toward the source. This negative increment is 
again multiplied by -0.75 at the source and returned 
toward the open end. It can be deduced that the difference 
in amplitude between the first two positive peaks observed 
at the open end is 

Vr - V'r = (1 + pL) V1 - (1 + pL) V1 p2L p2s 

= (1 + pL) V1 (1 - p2L p2s). 
(3-12) 

The factor (1 - p2L p2s) is similar to the damping factor 
associated with lumped constant circuitry. It expresses the 
attenuation of successive positive or negative peaks of ring­
ing. 

- Vr 

- V1 

H = 20 ns/div 
V=0.4 V/div 

TL/F/9900-7 

FIGURE 3-4. Extended Ringing when Rs 
of Figure 3-3 is Reduced to 13!l 

Lattice Diagram 
In the presence of multiple reflections, keeping track of the 
incremental waves on the line and the net voltage at the 

- vr ends becomes a bookkeeping chore. A convenient and sys­
tematic method of indicating the conditions which combines 
magnitude, polarity and time utilizes a graphic construction 
called a lattice diagram.4 A lattice diagram for the line condi-

H = 20 ns/div 
V =0.5 V/div 

TL/F/9900-6 

FIGURE 3-3. Multiple Reflections Due to 
Mismatch at Load and Source 
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tions of Figure 3-3 is shown in Figure 3-5. 

The vertical lines symbolize discontinuity points, in this case 
the ends of the line. A time scale is marked off on each line 
in increments of 2T, starting at to for V1 and T for Vr. The 
diagonal lines indicate the incremental voltages traveling 
between the ends of the line; solid lines are used for posi­
tive voltages and dashed lines for negative. It is helpful to 
write the reflection and transmission multipliers p and 
(1 + p) at each vertical line, and to tabulate the incremental 
and net voltages in columns alongside the vertical lines. 
Both the lattice diagram and the waveform photograph 
show that V1 and Vr asymptotically approach 1V, as they 
must with a 1 V source driving an open-ended line. 
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Lattice Diagram (Continued) 

v, Vy 

(1 +P)= +0.5 P= -0.5 P= +1 (1+P)= +2 

SUM: SUM: 

+oTsV t=to 

+1.SOV 

+0.375V 2T 
+1.125V 

-0.375~ - - -=- ::::- 3T -0.75V 
+0.75V 

-0.188V 
4T 

_ ....... --
+o:937V 

ST +0.375V 
+1.125V 

+0.094V 6T 
+1.031 v -- - ..:::._0.094 v ---._ -0.188V 

-o.09411_ - :::: 7T +0.937V ---0.047V 
+0.984 v 8T 

9T +0.094V 
+1.031 v 

TL/F/9900-8 

FIGURE 3·5. Lattice Diagram for the Circuit of Figure 3-3 

Shorted Line 
The open-ended line in Figure 3-3 has a reflection coeffi­
cient of + 1 and the successive reflections tend toward the 
steady state conditions of zero line current and a line volt­
age equal to the source voltage. In contrast, a shorted line 
has a reflection coefficient of -1 and successive reflections 
must cause the line conditions to approach the steady state 
conditions of zero voltage and a line current determined by 
the source voltage and resistance. 

Shorted line conditions are shown in Figure 3-6a with the 
reflection coefficient at the source end of the line also nega­
tive. A negative coefficient at both ends of the line means 
that any voltage approaching either end of the line is reflect­
ed in the opposite polarity. Figure 3-6b shows the response 
to an input step-function with a duration much longer than 
the line delay. The initial voltage starting down the line is 
about +0.75V, which is inverted at the shorted end and 
returned toward 'the source as -0.75V. Arriving back at the 
source end of the line, this voltage is multiplied by (1 + Ps), 
causing a -0.37V net change in V1• Concurrently, a reflect­
ed voltage of +0.37V (-0.75V times Ps of -0.5) starts 
back toward the shorted end of the line. The voltage at V 1 is 
reduced by 50% with each successive round trip of reflec­
tions, thus leading to the final condition of zero volts on the 
line. 

When the duration of the input pulse is less than the delay 
of the line, the reflections observed at the source end of the 
line constitute a train of negative pulses, as shown in Figure 
3-6c. The amplitude decreases by 50% with each succes­
sive occurrence as it did in Figure 3-6b. 

TL/F/9900-9 

0 - 93 
ps=-0.5 PL=o+e3=-1 

a. Reflection Coefficients for Shorted Line 

H = 10 ns/div 
V=0.2 V/div 

TL/F/9900-10 

b. Input Pulse Duration ~ Line Delay 

H = 10 ns/div 
V=0.2 V/div 

TL/F/9900-11 

c. Input Pulse Duration < Line Delay 

FIGURE 3-6. Reflections of Long and Short Pulses on a Shorted Line 
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Series Termination 
Driving an open-ended line through a source resistance 
equal to the line impedance is called series termination. It is 
particularly useful when transmitting signals which originate 
on a PC board and travel through the backplane to another 
board, with the attendant discontinuities, since reflections 
coming back to the source are absorbed and ringing thereby 
controlled. Figure 3-7 shows a 93!1 line driven from a 1 V 
generator through a source impedance of 93!1. The photo­
graph illustrates that the amplitude of the initial signal sent 
down the line is only half of the generator voltage, while the 
voltage at the open end of the line is doubled to full ampli­
tude (1 + PL = 2). The reflected voltage arriving back at 
the source raises V 1 to the full amplitude of the generator 
signal. Since the reflection coefficient at the source is zero, 
no further changes occur and the line voltage is equal to the 
generator voltage. Because the initial signal on the line is 
only half the normal signal swing, the loads must be con­
nected at or near the end of the line to avoid receiving a 2-
step input signal. 

An ECL output driving a series terminated line requires a 
pull-down resistor to VEE· as indicated in Figure 3-8. The 
resistor Ro shown in Figure 3-8 symbolizes the output resist­
ance of the ECL gate. The relationships between Ro. Rs, RE 
and Zo are discussed in Chapter 4. 

Rs=930 Zo=93!l 

.:'f.--J:-1 --J.'.' 
TL/F/9900-12 

H = 10 nsldiv 
V = 0.4 Vldiv 

TL/F/9900-13 

FIGURE 3·7. Series Terminated Line and Waveforms 

-D Ro Rs Zo r.-
FIGURE 3·8. ECL Element Driving 

a Series Terminated Line 

TL/F/9900-14 
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Extra Delay with Termination 
Capacitance 
Designers should consider the effect of the load capaci­
tance at the end of the line when using series termination. 
Figure 3-9 shows how the output waveform changes with 
increasing load capacitance. Figure 3-9b shows the effect 
of load capacitances of 0, 12, 24, 48 pF. With no load, the 
delay between the 50% points of the input and output is just 
the line delay T. A capacitive load at the end of the line 
causes an extra delay !!i. T due to the increase in rise time of 
the output signal. The midpoint of the output is used as a 
criterion because the propagation delay of an ECL circuit is 
measured between the 50% points of the input and output 
signals. 

TL/F/9900-15 

a. Series Terminated Line with Load Capacitance 

H = 1 nsldiv 
V =0.2 V/div 

b. Output Rise Time Increase with 
Increasing Load Capacitance 

TL/F/9900-16 

L LIN 
IN 

LINE 
OUTPUT 

TL/F/9900-17 

c. Extra Delay !!i. T Due to Rise Time Increase 

FIGURE 3·9. Extra Delay with Termination Capacitance 
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Extra Delay with Termination Capacitance (Continued) 

V~N (I) __ zo __ l ... 

I 
a. Thevenin Equivalent for 

Series Terminated Case 

Z'=~ 
~ 2 

TL/F/9900-18 

V1N(t)l1 V1N(I)~ t cl ~ c Ve Rr=~l_/ 

r=Z'C=~c I -=-= 2-= 

b. Thevenin Equivalent for 
Parallel Terminated Case 

LINE 

I 
l=O t=a 

v 
Vjn(t) = a [ tu(t) - (t - a)U (t - a)] 

O fort< 0 
u(t) = 1 fort > 0 

u(t _ a) = 0 fort < a, 
1 fort> a 

v 
V1N(S) = as2 (1 - e-as) 

v 1 
Vc(S) = - • (1 - e-as) 

ar s2 (s + 1/7) 

v 
vc(t) = a [t - 7(1 - e-t/T)j U(t) 

v 
--[(t-a) 

a 

- 7(1 - e- ' )] u (t - a) 
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c. Equations for Input and Output Voltages 

FIGURE 3-10. Determining the Effect 
of End-of-Line Capacitance 
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The increase in propagation delay can be calculated by us­
ing a ramp approximation for the incident voltage and char­
acterizing the circuit as a fixed impedance in series with the 
load capacitance, as shown in Figure 3-10. One general 
solution serves both series and parallel termination cases 
by using an impedance Z' and a time constant 7, defined in 
Figure3-10a and 3-10b. Calculated and observed increases 
in delay time to the 50% point show close agreement when 
7 is less than half the ramp time. At large ratios of 7/a 
(where a = ramp time), measured delays exceed calculated 
values by approximately 7%. Figure 3-11, based on mea­
sured values, shows the increase in delay to the 50% point 
as a function of the Z'C time constant, both normalized to 
the 10% to 90% rise time of the input signal. As an example 
of using the graph, consider a 1 oon series terminated line 
with 30 pF load capacitance at the end of the line and a no­
load rise time of 3 ns for the input signal. From Figure 3-10a, 
Z' is equal to 1 OOfl; the ratio Z'Cltr is 1. From the graph, 
the ratio AT !tr is 0.8. Thus the increase in the delay to the 
50% point of the output waveform is 0.8 tr, or 2.4 ns, which 
is then added to the no-load line delay T to determine the 
total delay. 

Had the 1 oon line in the foregoing example been parallel 
rather than series terminated at the end of the line, Z' would 
be 50fl. The added delay would be only 1.35 ns with the 
same 30 pF loading at the end. The added delay would be 
only 0.75 ns if the line were 50fl and parallel terminated. 
The various trade-offs involving type of termination, line im­
pedance, and loading are important considerations for crit­
ical delay paths. 
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FIGURE 3·11. Increase in 50% Point Delay Due 
to Capacitive Loading at the End 

of the Line, Normalized to Tr 



Distributed Loading Effects on Line Characteristics 
When capacitive loads such as ECL inputs are connected 
along a transmission line, each one causes a reflection with 
a polarity opposite to that of the incident wave. Reflections 
from two adjacent loads tend to overlap if the time required 
for the incident wave to travel from one load to the next is 
equal to or less than the signal rise time.5 Figure 3-12a 
illustrates an arrangement for observing the effects of ca­
pacitive loading, while Figure 3-12b shows an incident wave 
followed by reflections from two capacitive loads. The two 
capacitors causing the reflections are separated by a dis­
tance requiring a travel time of 1 ns. The two reflections 
return to the source 2 ns apart, since it takes 1 ns longer for 
the incident wave to reach the second capacitor and an 
additional 1 ns for the second reflection to travel back to the 
source. In the upper trace of Figure 3-12b, the input signal 
rise time is 1 ns and there are two distinct reflections, al­
though the trailing edge of the first overlaps the leading 
edge of the second. The input rise time is longer in the 
middle trace, causing a greater overlap. In the lower trace, 
the 2 ns input rise time causes the two reflections to merge 
and appear as a single reflection which is relatively constant 
(at :::::: -10%) for half its duration. This is about the same 
reflection that would occur if the 93!1 line had a middle sec­
tion with an impedance reduced to 75!1. 

With a number of capacitors distributed all along the line of 
Figure 3-12a, the combined reflections modify the observed 
input waveform as shown in the top trace of Figure 3-12c. 
The reflections persist for a time equal to the 2-way line 
delay (15 ns), after which the line voltage attains its final 
value. The waveform suggests a line terminated with a re­
sistance greater than its characteristic impedance (Rr > 

Rs=93 n 

t 
I 

Vo 

t 2V 

V1 

-= 

Z0). This analogy is strengthened by observing the effect of 
reducing Rr from 93!l to 75!l, which leads to the middle 
waveform of Figure 3-12c. Note that the final (steady state) 
value of the line voltage is reduced by about the same 
amount as that caused by the capacitive reflections. In the 
lower trace of Figure 3-12c the source resistance Rs is re­
duced from 93!l to 75!l, restoring both the initial and final 
line voltage values to the same amplitude as the final value 
in the upper trace. From the standpoint of providing a de­
sired signal voltage on the line and impedance matching at 
either end, the effect of distributed capacitive loading can 
be treated as a reduction in line impedance. 

The reduced line impedance can be calculated by consider­
ing the load capacitance CL as an increase in the intrinsic 
line capacitance Co along that portion of the line where the 
loads are connected.6 Denoting this length of line as /, the 
distributed value Co of the load capacitance is as follows. 

CL 
Co=/ 

Co is then added to c0 in Equation 3-1 to determine the 
reduced line impedance Zo. 

~ Z'o + __ C_o_ = Zo 

c-:-Co r;-;co '11 'Co '11 'Co 

(3-13) 

Zo = 93 n 

I I I 
_L ...L ...L 

I I I Rr=93n 

-= 
TL/F/9900-22 

a. Arrangement for Observing Capacitive Loading Effects 

H =2 ns/div 
V = 0.25 V/div 

TL/F/9900-23 

b. Capacitive Reflections Merging 
as Rise Time Increases 

-Rs= Rr= 
93 ~! 

Rs= 93!! 

•••••••• - Rr = 75 !! 
- Rs= Rr= 

75 !l 

H = 5 ns/div 
V = 0.25 Vldiv 

c. Matching the Altered Impedance 
of a Capacitively Loaded Line 

TL/F/9900-24 

FIGURE 3-12. Capacitive Reflections and Effects on Line Characteristics 
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Distributed Loading Effects on 
Line Characteristics (Continued) 

In the example of Figure 3-12c, the total load capacitance is 
33 pF while the total intrinsic line capacitance /Co is 60 pF. 
(Note that the ratio Co/Co is the same as CL//C0.) The 
calculated value of the reduced impedance is thus 

I 93 93 z 0 =Ro= /1:55 = 750 (3-14) 

This correlates with the results observed in Figure 3-12c 
when Rr and Rs are reduced to 750 . 

The distributed load capacitance also increases the line de­
lay, which can be calculated from Equation 3-2. 

8' = ~Lo(Co +Co)= Fco~1 + ~~ 

=8Fl 

(3-15) 

The line used in the example of Figure 3-12c has an intrinsic 
delay of 6 ns and a loaded delay of 7.5 ns which checks 
with Equation 3-15. 

18' = /8,[[55 = 6/1:55 = 7.5ns (3-16) 

Equation 3-15 can be used to predict the delay for a given 
line and load. The ratio Co/Co (hence the loading effect) 
can be minimized for a given loading by using a line with a 
high intrinsic capacitance c0. 

A plot of Z' and 8' for a 500 line as a function of Co is 
shown in Figure 3-13. This figure illustrates that relatively 
modest amounts of load capacitance will add appreciably to 
the propagation delay of a line. In addition, the characteris­
tic impedance is reduced significantly. 

.__ _ _.___....__...._ _ _.__~ _ _.J 0 

10 20 30 
Co-DISTRIBUTED CAPACITANCE-pF/ln 
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FIGURE 3-13. Capacitive Loading 
Effects on Line Delay and Impedance 

Worst case reflections from a capacitively loaded section of 
transmission line can be accurately predicted by using the 
modified impedance of Equation 3-9. 6 When a signal origi­
nates on an unloaded section of line, the effective reflection 
coefficient is as follows. 

Z'o - Zo 
p = Z'o + Zo (3-17) 
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Mismatched Lines 
Reflections occur not only from mismatched load and 
source impedances but also from changes in line imped­
ance. These changes could be caused by bends in coaxial 
cable, unshielded twisted-pair in contact with metal, or mis­
match between PC board traces and backplane wiring. With 
the coax or twisted-pair, line impedance changes run about 
5% to 10% and reflections are usually no problem since the 
percent reflection is roughly half the percent change in im­
pedance. However, between PC board and backplane wir­
ing, the mismatch can be 2 or 3 to 1. This is illustrated in 
Figure 3-14 and analyzed in the lattice diagram of Figure 
3-15. Line 1 is driven in the series terminated mode so that 
reflections coming back to the source are absorbed. 

The reflection and transmission at the point where imped­
ances differ are determined by treating the downstream line 
as though it were a terminating resistor. For the example of 
Figure 3-14, the reflection coefficient at the intersection of 
lines 1 and 2 for a signal traveling to the right is as follows. 

Z2 - Z1 93 - 50 
P12 = 

22 
+ 

21 
= ~ = +0.3 (3-18) 

Thus the signal reflected back toward the source and the 
signal continuing along line 2 are, respectively, as follows. 

V1r = P12 V1 = +0.3V1 (3-19a) 

V2 = (1 + P12) V1 = + 1.3 V1 (3-19b) 
At the intersection of lines 2 and 3, the reflection coefficient 
for signals traveling to the right is determined by treating z3 
as a terminating resistor. 

Z3 - Z2 39 - 93 
P23 = --- = --- = -0.41 (3-20) 

Z3 + Z2 132 
When V2 arrives at this point, the reflected and transmitted 
signals are as follows. 

V2r = P23 V2= -0.41 V2 
= (-0.41) (1.3) V1 (3-21a) 
= -0.53V1 

V3 = (1 + p23) V2 = 0.59 V2 
= (0.59) (1.3) V1 (3-21b) 
= 0.77V1 

Voltage V3 is doubled in magnitude when it arrives at the 
open-ended output, since PL is + 1. This effectively cancels 
the voltage divider action between Rs and z1. 

V4 = (1 + pL) V3 = (1 + pL) (1 + p23) V2 

= (1 + pL) (1 + p23) (1 + P12) V1 (3-22) 

Vo 
= (1 +Pd (1 + P23) (1 + P12)2 

V4 = (1 + p23) (1 + P12) Vo 
Thus, Equation 3-22 is the general expression for the initial 
step of output voltage for three lines when the input is series 
terminated and the output is open-ended. 



Mismatched Lines (Continued) 

Note that the reflection coefficients at the intersections of 
lines 1 and 2 and lines 2 and 3 in Figure 3-15 have reversed 
signs for signals traveling to the left. Thus the voltage re­
flected from the open output and the signal reflecting back 
and forth on line 2 both contribute additional increments of 
output voltage in the same polarity as Vo. Lines 2 and 3 
have the same delay time; therefore, the two aforemen­
tioned increments arrive at the output simultaneously at 
time 5T on the lattice diagram (Figure 3-15). 

In the general case of series lines with different delay times, 
the vertical lines on the lattice diagram should be spaced 
apart in the ratio of the respective delays. Figure 3-16 
shows this for a hypothetical case with delay ratios 1 :2:3. 
For a sequence of transmission lines with the highest im-

Rs= 50 a Z1 =500 

Vo t V1 t V2 
1V 

Ps=O P12= +0.3 
P21 = -0.3 

pedance line in the middle, at least three output voltage 
increments with the same polarity as Vo occur before one 
can occur of opposite polarity. On the other hand, if the 
middle line has the lowest impedance, the polarity of the 
second increment of output voltage is the opposite of Vo. 
The third increment of output voltage has the opposite po­
larity, for the time delay ratios of Figure 3-16. 

When transmitting logic signals, it is important that the initial 
step of line output voltage pass through the threshold region 
of the receiving circuit, and that the next two increments of 
output voltage augment the initial step. Thus in a series ter­
minated sequence of three mismatched lines, the middle 
line should have the highest impedance. 

Z2=930 Z3=39 0 

t V3 

P23= -0.41 
P32 = + 0.41 

H = 20 ns/div 
V=0.4 V/dlv 

Rr= co 

tv4 
PL=1 

TL/F/9900-26 
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FIGURE 3·14. Reflections from Mismatched Lines 

V1 
p=O 

+ 0.50V l=O 

+0.15V 
+ 0.65 v 

2T 

3T 

-0.19V 4T 
+0.46V 

5T 

+0.35V 6T 
+O.llV 

7T 

+0.24V BT 
+1.15V 

9T 

ETC. 

V2 
P12= +0.3 
P21 = -0.3 

V3 
P23= -0.41 
P32= +0.41 

V4 
PL=1 (1+PL)= +2 --

+0.77V 

+0.40 v 
+1.17V 

-'~11 -,().<>&" 
ETC. 

-0.12V 
+1.05V 

FIGURE 3-15. Lattice Diagram for the Circuit of Figure3-14 
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Mismatched Lines (Continued) 

V1 V2 V3 V4 

~T1-.•~l~41--~-12~~---•~l••~~~~T3~~~~~-~1 
t=O 

TL/F/9900-29 

FIGURE 3-16. Lattice Diagram for Three Lines with Delay Ratios 1:2:3 

Rise Time versus Line Delay 
When the 2-way line delay is less than the rise time of the 
input wave, any reflections generated at the end of the line 
are returned to the source before the input transition is com­
pleted. Assuming that the generator has a finite source re­
sistance, the reflected wave adds algebraically to the input 
wave while it is still in transition, thereby changing the shape 
of the input. This effect is illustrated in Figure 3-17, which 
shows input and output voltages for several comparative 
values of rise time and line delay. 

In Figure 3-1 lb where the rise time is much shorter than the 
line delay, V1 rises to an initial value of 1V. At time T later, 
Vr rises to 0.5V, i.e., 1 + PL = 0.5. The negative reflection 
arrives back at the source at time 2T, causing a net change 
of -0.4V, i.e., (1 + ps) (-0.5) = -0.4. 

The negative coefficient at the source changes the polarity 
of the other 0.1 V of the reflection and returns it to the end of 
the line, causing Vr to go positive by another 50 mV at time 
3T. The remaining 50 mV is inverted and reflected back to 
the source, where its effect is barely distinguishable as a 
small negative change at time 4T. 

In Figure 3-17c, the input rise time (0% to 100%) is in­
creased to such an extent that the input ramp ends just as 
the negative reflection arrives back at the source end. Thus 
the input rise time is equal to 2T. 

The input rise time is increased to 4T in Figure 3-17d, with 
the negative reflection causing a noticeable change in input 
slope at about its midpoint. This change in slope is more 
visible in the double exposure photo of Figure 3-1 le, which 
shows V1 (tr still set for 4T) with and without the negative 
reflection. The reflection was eliminated by terminating the 
line in its characteristic impedance. 
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The net input voltage at any particular time is determined by 
adding the reflection to the otherwise unaffected input. It 
must be remembered that the reflection arriving back at the 
input at a given time is proportional to the input voltage at a 
time 2T earlier. The value of V1 in Figure 3-17d can be 
calculated by starting with the 1 V input ramp. 

1 
V1 = -•t forO::;; t ::;;4T 

tr 
= 1V fort~ 4T 

The reflection from the end of the line is 

V = PL(t - 2T). 
r tr , 

(3-23) 

(3-24) 

the portion of the reflection that appears at the input is 

V' = (1 + ps) PL (t - 2T). (3-25) 
r ~ ' 

the net value of the input voltage is the sum. 

V' 1 = .!_ + (1 + Ps) + pL(t - 2T) (3-26) 
tr tr 

The peak value of the input voltage in Figure 3-1 ld is deter­
mined by substituting values and letting t equal 4T. 

V' 
1 

= 
1 

+ (0.8) (-0.5) (4T - 2T) (
3

_27) 

tr 
= 1 - 0.4 (0.5) = 0.8V 

After this peak point, the input ramp is no longer increasing 
but the reflection is still arriving. Hence the net value of the 
input voltage decreases. In this example, the later reflec­
tions are too small to be detected and the input voltage is 
thus stable after time 6T. For the general case of repeated 
reflections, the net voltage V 1 (t) seen at the driven end of 
the line can be expressed as follows, where the signal 
caused by the generator is V 1 (t)· 



Rise Time versus Line Delay (Continued) 

V'1(1) = V1(t) 
for O < t < 2T 

V' 1(1) = V1(1) + (1 + PS) PL V1(1-2T) 
for2T < t < 4T 

V' 1(1) = v1(t) + (1 + Ps) PL V1(1-2T) 

+ (1 + Ps) PSPL 2 V1(1-4T) 
for4T < t < 6T 

V' 1(1) = V1(t) + (1 + ps) PL V1(1-2T) 

+ (1 + PS) PSPL2 V1(t-4T) 

+ (1 + Ps) Ps2PL3 V1(t-6T) 
for 6T < t < 8T, etc. 

Rs=50{J 

va 

(3-28) 

Ps= -0.2 

The voltage at the output end of the line is expressed in a 
similar manner. 

VT(I) = 0 
forO < t < T 

VT(t) = (1 + pL) V1(t-T) 
forT < t < 3T 

VT(t) = (1 + pL) V1(1-T) 

+(1 + pL) PSPL V1(t-3T) 
for3T < t <ST 

VT(t) = (1 + pL) V1(t - T) 

Zo=75{J 

+ (1 +PL) PSPLV1(t-3T) 

+ (1 + pL) ps2PL2 V1(t-5T) 
for ST < t < 7T, etc. 

t Rr 
Vy 25 !l 
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a. Test Arrangement for Rise Time Analysis 

H = 10 ns/div 
V =0.5 V/div 

TL/F/9900-31 

b. Line Voltages for tr <{ T 

H = 10 nsldiv 
V =0.5 V/div 

-vr 

-v1 

TL/F/9900-32 

c. Line Voltages for tr = 2T 

H = 10 ns/div 
V=0.5 V/div 

TL/F/9900-33 

d. Line Voltages for tr = 4T 

H =10 ns/div 
V = 0.5 V/div 

TL/F/9900-34 

e. Input Voltage with and without Reflection 

FIGURE 3-17. Line Voltages for Various Ratios of Rise Time to Line Delay 
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Ringing 
Multiple reflections occur on a transmission line when nei­
ther the signal source impedance nor the termination (load) 
impedance matches the line impedance. When the source 
reflection coefficient PS and the load reflection coefficient 
PL are of opposite polarity, the reflections alternate in polari­
ty. This causes the signal voltage to oscillate about the final 
steady state value, commonly recognized as ringing. 

When the signal rise time is long compared to the line delay, 
the signal shape is distorted because the individual reflec­
tions overlap in time. The basic relationships among rise 
time, line delay, overshoot and undershoot are shown in a 
simplified diagram, Figure 3-18. The incident wave is a ramp 
of amplitude 8 and rise duration A. The reflection coefficient 
at the open-ended line output is + 1 and the source reflec­
tion coefficient is assumed to be -0.8, i.e., Ro = Zo/9. 

.--£: 
~· Ps= -0.8 

Vo=1.11B ~ 

Figure 3-18b shows the individual reflections treated sepa­
rately. Rise time A is assumed to be three times the line 
delay T. The time scale reference is the line output and the 
first increment of output voltage Vo rises to 28 in the time 
interval A. Simultaneously, a positive reflection (not shown) 
of amplitude 8 is generated and travels to the source, 
whereupon it is multiplied by -0.8 and returns toward the 
end of the line. This negative-going ramp starts at time 2T 
(twice the line delay) and doubles to -1.68 at time 2T + A. 

The negative-going increment also generates a reflection of 
amplitude - 0.88 which makes the round trip to the source 
and back, appearing at time 4T as a positive ramp rising to 
+ 1.288 at time 4T + A. The process of reflection and re­
reflection continues, and each successive increment chang­
es in polarity and has an amplitude of 80% of the preceding 
increment. 

lo=T 

Po= +1 

t 
1 
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a. Ramp Generator Driving Open-Ended Line 

w z 
:; 
Q 
w +8 
Q 
z w z w 
a.. 
0 
a: 
0 ..... 
<C a: 
w z w 
CJ -8 
a.. 
:E 
<C a: 

-28 

Vo 
+28 

+8 

Vo1 =(1 +Po)· RoZ:.Zo ·Va 

b. Increments of Output Voltage Treated Individually 

-~ 

T 2T 3T 4T 5T ST 7T BT 9T 10T 11T 12T 13T 

c. Net Output Signal Determined by Superposition 

FIGURE 3-18. Basic Relationships Involved in Ringing 
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Ringing (Continued) 

In Figure 3-1 Bc, the output increments are added algebrai­
cally by superposition. The starting point of each increment 
is shifted upward to a voltage value equal to the algebraic 
sum of the quiescent levels of all the preceding increments 
(i.e., O, 28, 0.48, 1.688, etc.). For time intervals when two 
·ramps occur simultaneously, the two linear functions add to 
produce a third ramp that prevails during the overlap time of 
the two increments. 

It is apparent from the geometric relationships, that if the 
ramp time A is less than twice the line delay, the first output 
increment has time to rise to the full 28 amplitude and the 
second increment reduces the net output voltage to 0.48. 
Conversely, if the line delay is very short compared to the 
ramp time, the excursions about the final value VG are 
small. 

Figure 3-1Bc shows that the peak of each excursion is 
reached when the earlier of the two constituent ramps 
reaches its maximum value, with the result that the first 
peak occurs at time A. This is because the earlier ramp has 
a greater slope (absolute value) than the one that follows. 

Actual waveforms such as produced by ECL or TTL do not 
have a constant slope and do not start and stop as abruptly 
as the ramp used in the example of Figure 3-18. Predicting 
the time at which the peaks of overshoot and undershoot 
occur is not as simple as with ramp excitation. A more rigor­
ous treatment is required, including an expression for the 
driving waveform which closely simulates its actual shape. 
In the general case, a peak occurs when the sum of the 
slopes of the individual signal increment is zero. 

Summary 
The foregoing discussions are by no means an exhaustive 
treatment of transmission line characteristics. Rather, they 
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are intended to focus attention on the general methods 
used to determine the interactions between high-speed log­
ic circuits and their interconnections. Considering an inter­
connection in terms of distributed rather than lumped induc­
tance and capacitance leads to the line impedance concept, 
i.e., mismatch between this characteristic impedance and 
the terminations causes reflections and ringing. 

Series termination provides a means of absorbing reflec­
tions when it is likely that discontinuities and/or line imped­
ance changes will be encountered. A disadvantage is that 
the incident wave is only one-half the signal swing, which 
limits load placement to the end of the line. EGL input ca­
pacitance increases the rise time at the end of the line, thus 
increasing the effective delay. With parallel termination, i.e., 
at the end of the line, loads can be distributed along the line. 
EGL input capacitance modifies the line characteristics and 
should be taken into account when determining line delay. 
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Chapter 4 
System Considerations 

Introduction 
All of National's EGL input and output impedances are de· 
signed to accommodate various methods of driving and ter­
minating interconnections. Controlled wiring impedance 
makes it possible to use simplified equivalent circuits to de­
termine limiting conditions. Specific guidelines and recom­
mendations are based on assumed worst-case combina­
tions. Many of the recommendations may seem conserva­
tive, compared to typical observations, but the intent is to 
help the designer achieve a reliable system in a reasonable 
length of time with a minimum amount of redesign. 

PC Board Transmission Lines 
Strictly speaking, transmission lines are not always required 
for F1 OOK EGL but, when used, they provide the advan­
tages of predictable interconnect delays as well as reflec­
tion and ringing control through impedance matching. Two 
common types of PC board transmission lines are microstrip 
and stripline, Figure 4-1. Stripline requires multilayer con­
struction techniques; microstrip uses ordinary double-clad 
b~ards. Other board construction techniques are wire wrap, 
stitch weld and discrete wired. 
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a. Microstrip 

Stripline, Figure 4-1b, is used where packing density is a 
high priority because increasing the interconnect layers pro­
vides short signal paths. Boards with as many as 22 layers 
have been used in EGL systems. 

Microstrip offers easier fabrication and higher propagation 
velocity than stripline, but the routing for a complex system 
may require more design effort. In Figure 4-1a, the ground 
plane can be a part of the VEE distribution as long as ade­
quate bypassing from VEE to Vee (ground) is provided. Also, 
signal routing is simplified and an extra voltage plane is ob­
tained by bonding two microstrip structures back to back 
Figure 4-1c. ' 

Micros trip 

Equation 4-1 relates microstrip characteristic impedance to 
the dielectric constant and dimensions.1 Electric field fring­
ing requires that the ground extend beyond each edge of 
the signal trace by a distance no less than the trace width. 

(4-1) 
Z ( 

60 ) ( 4h ) o = In 
~0.475 Er + 0.67 0.67 (0.8 W + t) 

( 
87 ) ( 5.98 h ) 

= ~Er + 1.41 In 0.8 w + t 
where h = dielectric thickness, w = trace width, t = trace 
thickness, Er = board material dielectric constant relative to 
air. 
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b. Stripline 
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c. Composite Microstrip 

FIGURE 4-1. Transmission Lines on Circuit Boards 
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PC Board Transmission Lines (Continued) 

Equation 4-1 was developed from the impedance formula 
for a wire over ground plane transmission line, Equation 4-2. 

(4-2) 

where d = wire diameter, h = distance from ground to wire 
center. 

Comparing Equation 4-1 and 4-2, the term 0.67 (0.8 w + t) 
shows the equivalence between a round wire and a rectan­
gular conductor. The term 0.475 Er + 0.67 is the effective 
dielectric constant for microstrip Ee, considering that a mi­
crostrip line has a compound dielectric consisting of the 
board material and air. The effective dielectric constant is 
determined by measuring propagation delay per unit of line 
length and using the following relationship. 

o = 1.0167 • ~ ns/ft (4-3) 

where o = propagation delay, ns/ft. 

Propagation delay is a property of the dielectric material 
rather than line width or spacing. The coefficient 1.0167 is 
the reciprocal of the velocity of light in free space. Propaga­
tion delay for microstrip lines on glass-filled G-10 epoxy 
boards is typically 1. 77 ns/ft, yielding an effective dielectric 
constant of 3.03. 

w 
(.) 

120 

~ 100.__-+'l~--+----+----+----+---I 
c 
w 
a. 
~ 
(.) 

~ 801----A.---?o.~--+----+----+---I 

a: 
w ..... 
(.) 
c:( 
a: 
~ 60 
(.) 

I 
~ 

0.020 0.040 0.060 0.080 0.100 

TRACE WIDTH - INCHES 

TL/F/9901-4 

FIGURE 4-2. Microstrip Impedance 
Versus Trace Width, G-10 Epoxy 

Using Er = 5.0 in Equation 4-1, Figure 4-2 provides micros­
trip line impedance as a function of width for several G-10 
epoxy board thicknesses. Figure 4-3 shows the related Co 
values, useful for determining capacitive loading effects on 
line characteristics, (Equation 3-15). 

System designers should ascertain tolerances on board di­
mensions, dielectric constant and trace width etching in or­
der to determine impedance variations. If conformal coating 
is used the effective dielectric constant of microstrip is in­
creased, depending on the coating material and thickness. 
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FIGURE 4-3. Microstrip Distributed Capacitance 
Versus Impedance, G-10 Epoxy 

Stripline 

Stripline conductors are totally embedded. As a result, the 
board material determines the dielectric constant. G-10 
epoxy boards have a typical propagation delay of 2.26 ns/ft. 
Equation 4-4 is used to calculate stripline impedances.1.2 

(
60) ( 4b ) Zo = - In 
JE; 0.67 1T (0.8 w + t) 

(4-4) 

where b = distance between ground planes, w trace 
width, t = trace thickness, w/(b-t) < 0.35 and t/b < 0.25. 

Figure 4-4 shows stripline impedance as a function of trace 
width, using Equation 4-4 and various ground plane separa­
tions for G-1 O glass-filled epoxy boards. Related values of 
Co are plotted in Figure 4-5. 
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FIGURE 4-4. Stripline Impedance 
Versus Trace Width, G-10 Epoxy 
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PC Board Transmission Lines (Continued) 
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FIGURE 4-5. Stripline Distributed Capacitance 
Versus Impedance, G-10 Epoxy 

Wire Wrap 

Wire-wrap boards are commercially available with five volt­
age planes, positions for several 24-pin Dual-In-Line Pack­
ages (DIP), terminating resistors, and decoupling capaci­
tors. The devices are mounted on socket pins and intercon­
nected with twisted pair wiring. One wire at each end of the 
twisted pair is wrapped around a signal pin, the other around 
a ground pin. The # 30 insulated wire is uniformly twisted to 
provide a nominal 93fl impedance line. Positions for Single­
In-Line Package (SIP) terminating resistors are close to the 
inputs to provide good termination characteristics. 

Discrete Wired 

Custom Multiwire* boards are available with integral power 
and ground planes. Wire is placed on a controlled thickness 
above the ground plane to obtain a nominal impedance line 
of 55fl. Then holes are drilled through the wire and board. 
Copper is deposited in the drilled holes by an additive-elec­
trolysis process which bonds each wire to the wall of the 
holes. Devices are soldered on the board to make connec­
tion to the wires. 
*Multiwire is a registered trademark of the Multiwire Corporation. 

Parallel Termination 

Terminating a line at the receiving end with a resistance 
equal to the characteristic line impedance is called parallel 
termination, Figure 4-6a. F1 OOK circuits do not have internal 
pull-down resistors on outputs, so the terminating resistor 
must be returned to a voltage more negative than Vol to 
establish the LOW-state output voltage from the emitter fol­
lower. A - 2V termination return supply is commonly used. 
This minimizes power consumption and correlates with 
standard test specifications for EGL circuits. A pair of resis­
tors connected in series between ground (Vee) and the VEE 
supply can provide the Thevenin equivalent of a single re­
sistor to - 2V if a separate termination supply is not avail­
able, Figure 4-6b. The average power dissipation in the 
Thevenin equivalent resistors is about 1 O times the power 
dissipation in the single resistor returned to - 2V, as shown 
in Figures 5-10 and 5-13. For either parallel termination 
method, decoupling capacitors are required between the 
supply and ground (Chapter 6). 
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a. Parallel Termination 

Vrr 

b. Thevenin Equivalent of Ry and Vrr 

c. Equivalent Circuit for Determining 
Approximate VoH and Vol Levels 
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d. F100K Output Characteristic with Terminating 
Resistor Ry Returned to Vrr = - 2.0V 
-0----.-....... .----.--.----.---.------.---,.--........ ----.. 

ct 
E -8 

I 
I- -12 
z 
w 
a: -16 a: 
:::> 
() -20 
I-
:::> 
Q. -24 I-
:::> 
0 -28 
I .. -32 ::> 

.E 
-36 

-1.6 -1.2 -0.8 -0.4 -0 

Vour - OUTPUT VOLTAGE - v 

TL/F/9901-11 

FIGURE 4-6. Parallel Termination 



PC Board Transmission Lines (Continued) 

F1 OOK output transistors are designed to drive low-imped­
ance loads and have a maximum output current rating of 
so mA. The circuits are specified and tested with a son load 
returned to - 2V. This gives nominal output levels of 
-0.9SSV at 20.9 mA and -1.70SV at S.9 mA. Output levels 
will be different with other load currents because of the tran­
sistor output resistance. This resistance is nonlinear with 
load current since it is due, in part, to the base-emitter volt­
age of the emitter follower, which is logarithmic with output 
current. With the standard son load, the effective source 
resistance is approximately 6n in the HIGH state and an in 
the LOW state. 

The foregoing values of output voltage, output current, and 
output resistance are used to estimate quiescent output lev­
els with different loads. An equivalent circuit is shown in 
Figure 4-6c. The ECL circuit is assumed to contain two inter­
nal voltage sources EoH and Eol with series resistances of 
6n and an respectively. The values shown for EoH and 
Eol are - o.asv and -1.67V respectively. 

The linearized portion of the F1 OOK output characteristic 
can be represented by two equations: 

For VoH: VouT = -aso -6 louT 
For Vol: VouT = -1670 -a louT 

where louT is in mA, VouT is in mV. 

If the range of louT is confined between a mA to 40 mA for 
VoH· and 2 mA to 16 mA for Vol. the output voltage can be 
estimated within ± 1 O mV (Figure 4-6d). 

An ECL output can drive two or more lines in parallel, pro­
vided the maximum rated current is not exceeded. Another 
consideration is the effect of various loads on noise mar­
gins. For example, two parallel 7Sn terminations to - 2V 
(Figure 4-6d) give output levels of approximately -1.000V 
and -1. 716V. Noise margins are thus 3S mV less in the 
HIGH state and 11 mV more in the LOW state, compared to 
son load conditions. Conversely, a single 7Sn load to -2V 
causes noise margins 3a mV greater in the HIGH state and 
11 mV less in the Low state, compared to a son load. 

The magnitude of reflections from the terminated end of the 
line depends on how well the termination resistance RT 
matches the line impedance Zo. The ratio of the reflected 
voltage to the incident voltage Vi is the reflection coefficient 
p. 

Vr RT - Zo 
~ = p = RT+ Zo (4-5) 

The initial signal swing at the termination is the sum of the 
incident and reflected voltages. The ratio of termination sig­
nal to incident signal is thus: 

VT 2RT 
- = 1 + p = -- (4-6) 
Vi RT+ Zo 

The degree of reflections which can be tolerated varies in 
different situations, but to allow for worst-case circuits, a 
good rule of thumb is to limit reflections to 1 S% to prevent 
excursions into the threshold region of the ECL inputs con­
nected along the line. The range of permissible values of RT 
as a function of Zo and the reflection coefficient limitations 
can be determined by rearranging Equation 4-S. 

RT= Zo 
1 

+ p 1 - p (4-7) 

S-3S 

Using 1 S% reflection limits as examples, the range of the 
RT/Zo ratio is as follows. 

1.1S RT O.aS RT 
->->- 1.3S >-> 0.74 (4-8) 
o.a5 z0 1.1s z0 

The permissible range of the RT/Zo ratio determines the 
tolerance ranges for RT and Zo. For example, using the 
foregoing ratio limits, RT tolerances of ± 10% allow Zo toler­
ance limits of + 22% and -19%; RT tolerances of ± S% 
allow Zo tolerance limits of +2a% and -23%. 

An additional requirement on the maximum value of RT is 
related to the value of quiescent loH current needed to in­
sure sufficient negative-going signal swing when the ECL 
driver switches from the HIGH state to the LOW state. The 
npn emitter-follower output of the ECL circuit cannot act as 
a voltage source driver for negative-going transitions. When 
the voltage at the base of the emitter follower starts going 
negative as a result of an internal state change, the output 
current of the emitter follower starts to decrease. The trans­
mission line responds to the decrease in current by produc­
ing a negative-going change in voltage. The ratio of the volt­
age change to the current change is, of course, the charac­
teristic impedance Zo. Since the maximum decrease in cur­
rent that the line can experience is from loH to zero, the 
maximum negative-going transition which can be produced 
is the product loH Zo. 

If the loH Zo product is greater than the normal negative-go­
ing signal swing, the emitter follower responds by limiting 
the current change, thereby controlling the signal swing. If, 
however, the loH Zo product is too small, the emitter follow­
er is momentarily turned off due to insufficient forward bias 
of its base-emitter junctions, causing a discontinuous nega­
tive-going edge such as the one shown in Figure 4-14. In 
the output-LOW state the emitter follower is essentially non­
conducting for Vol values more positive than about 
-1.SSV. Using this value as a criterion and expressing loH 
and VoH in terms of the equivalent circuit of Figure 4-6c, an 
upper limit on the value of RT can be developed. 

t:.V = loHZo > 1.S5 - IVoHI 

(
EoH - Vn) z 1vn Ro= EoHRTI 0 > 1.SS -
Ro+ RT Ro+ RT 

RT < (EoH - Vn) Zo - (1.SS - IVnl) Ro 
1.ss - IEoHI 

(4-9) 

For a Vn of - 2V, Ro of 6n and EoH of - o.asv, Equation 
4-9 reduces to 

RT < 1.64 Zo + 3.86n 

For Zo = son, the emitter follower cuts off during a nega­
tive-going transition if RT exceeds 86n. Changing the volt­
age level criteria to -1.60V to insure continuous conduction 
in the emitter follower gives an upper limit of nn for a son 
line. For a line terminated at the receiving end with a resist­
ance to -2V, a rough rule-of-thumb is that termination re­
sistance should not exceed line impedance by more than 
SO%. This insures a satisfactory negatve-going signal swing 
to ECL inputs connected along the line. The quiescent Vol 
level, after all reflections have damped out, is determined by 
RT and the ECL output characteristic. 

Input Impedance 
The input impedance of ECL circuits is predominately ca­
pacitive. A single-function input has an effective value of 
about 2.S pF for F1 OOK flatpak, as determined by its effect 
on reflected and transmitted signals on transmission lines. 
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Input Impedance (Continued) 

Jn practical calculations, a value of 3 pF should be used. 
Approximately one third of this capacitance is attributed to 
the internal circuitry and two thirds to the flatpak pin and 
internal bonding. 

For F1 OOK flatpak circuits, multiple input Jines may appear 
to have up to 4 pF to 5 pF but never more. For example, in 
the 100302, an input is connected internally to all five gates, 
but because of the philosophy of buffering these types of 
inputs in the F1 OOK family this input appears as a unit load 
with a capacitance of approximately 2.5 pF. For applications 
such as a data bus, with two or more outputs connected to 
the same line, the capacitance of a passive-LOW output can 
be taken as 3 pF. 

Capacitive loads connected along a transmission line in­
crease the propagation delay of a signal along the line. The 
modified delay can be determined by treating the load ca­
pacitance as an increase in the intrinsic distributed capaci­
tance of the line, discussed in Chapter 3. The intrinsic ca­
pacitance of any stubs which connect the inputs to the line 
should be included in the load capacitance. The intrinsic 
capacitance per unit length for G-10 epoxy boards is shown 
in Figure 4-3 and 4-5 for microstrip and stripline respective­
ly. For other dielectric materials, the intrinsic capacitance Co 
can be determined by dividing the intrinsic delay o (Equation 
4-3) by the line impedance Zo. 

The length of a stub branching off the line to connect an 
input should be limited to insure that the signal continuing 
along the line past the stub has a continuous rise, as op­
posed to a rise (or fall) with several partial steps. The point 
where a stub branches off the line is a low impedance point. 
This creates a negative coefficient of reflection, which in 
turn reduces the amplitude of the incident wave as it contin­
ues beyond the branch point. If the stub length is short 
enough, however, the first reflection returning from the end 
of the stub adds to the attenuated incident wave while it is 
still rising. The sum of the attenuated incident wave and the 
first stub reflection provides a step-free signal, although its 
rise time will be longer than that of the original signal. Satis­
factory signal transitions can be assured by restricting stub 
lengths according to the recommendations for unterminated 
lines (Figure 4-10). The same considerations apply when 
the termination resistance is not connected at the end of 
the line; a section of line continuing beyond the termination 
resistance should be treated as an unterminated line and its 
length restricted accordingly. 

Series Termination 
Series termination requires a resistor between the driver 
and transmission line, Figure 4-7. The receiving end of the 
line has no termination resistance. The series resistor value 
should be selected so that when added to the driver source 
resistance, the total resistance equals the line impedance. 
The voltage divider action between the net series resistance 
and the line impedance causes an incident wave of half 
amplitude to start down the line. When the signal arrives at 
the unterminated end of the line, it doubles and is thus re­
stored to a full amplitude. Any reflections returning to the 
source are absorbed without further reflection since the line 
and source impedance match. This feature, source absorp­
tion, makes series termination attractive for interconnection 
paths involving impedance discontinuities, such as occur in 
backplane wiring. 

A disadvantage of series termination is that driven inputs 
must be near the end of the line to avoid receiving a 2-step 
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signal. The initial signal at the driver end is half amplitude, 
rising to full amplitude only after the reflection returns from 
the open end of the line. In Figure 4-7, one load is shown 
connected at point D, aways from the line end. This input 
receives a full amplitude signal with a continuous edge if the 
distance I to the open end of the line is within recommended 
lengths for unterminated line (Figure 4-10). 

Rs Zo 

TL/F/9901-12 

FIGURE 4-7. Series Termination 

The signal at the end has a slower rise time that the incident 
wave because of capacitive loading. The increase in rise 
time to the 50% point effectively increases the line propaga­
tion delay, since the 50% point of the signal swing is the 
input signal timing reference point. This added delay as a 
function of the product line impedance and load capaci­
tance is discussed in Chapter 3. 

Quiescent VoH and Vol levels are established by resistor 
RE (Figure 4-7), which also acts with VEE to provide the 
negative-going drive into Rs and Zo when the driver output 
goes to the LOW state. To determine the appropriate RE 
value, the driver output can be treated as a simple mechani­
cal switch which opens to initiate the negative-going swing. 
At this instant, Zo acts as a linear resistor returned to VoH· 
Thus the components form a simple circuit of RE, Rs and Zo 
in a series, connected between VEE and VoH· The initial 
current in this series circuit must be sufficient to introduce a 
0.38V transient into the line, which then doubles at the load 
end to give 0.75V swing. 

VoH - VEE 0.38 (4-10) IRE= ~ --
RE+ Ps + Zo Zo 

Any loH current flowing in the line before the switch opens 
helps to generate the negative swing. This current may be 
quite small, however, and should be ignored when calculat­
ing RE. 

Increasing the minimum signal swing into the line by 30% to 
0.49V insures sufficient pull-down current to handle reflec­
tion currents caused by impedance discontinuities and load 
capacitance. The appropriate RE value is determined from 
the following relationship. 

VoH - VEE ~ 0.49 (4-11) 
RE+ Rs+ Zo Zo 

For the RE range normally used, quiescent VoH averages 
approximately 0.955V and VEE = -4.5V. The value of Rs 
is equal to Zo minus Ro (Ro averages ?fl). Inserting these 
values and rearranging Equation 4-11 gives the following. 

RE ~ 5.23 Zo + 7n (4-12) 

Power dissipation in RE is listed in Figure 5-14. The power 
dissipation in RE is greater than in Rr of a parallel termina­
tion to - 2V, but still less than the two resistors of the 
Thevenin equivalent parallel termination, see Figure 5-10, 
5-13 and 5-14. 

The number of driven inputs on a series terminated line is 
limited by the voltage drop across Rs in the quiescent HIGH 
state, caused by the finite input currents of the ECL loads. 
liH values are specified on data sheets for various types of 



Series Termination (Continued) 

inputs, with a worst-case value of 265 µA for simple gate 
inputs. The voltage drop subtracts from the HIGH-state 
noise margin as outlined in Figure 4-Ba. 

However, there is more HIGH-state noise margin initially, 
because there is less loH with the RE load than with the 
standard 50!! load to - 2V. This makes VoH more positive; 
the increase ranges from 43 mV for a 50!1 line to 82 mV for 
a 10on line. Using this VoH increase as a limit on the volt­
age drop across Rs assures that the HIGH-state noise mar­
gin is as good as in the parallel terminated case. Dividing 
the VoH increase by Rs+ Ro (=Zo) gives the allowed load 
input current (Ix in Figure 4-Ba). This works out to 0.86 mA 
for a 50!1 line, 0.92 mA for a 75n line and 0.82 mA for a 
1 OOH line. Load input current greater than these values can 
be tolerated at some sacrifice in noise margin. If, for exam­
ple, an additional 50 mV loss is feasible, the maximum val­
ues of current become 1.86 mA, 1.59 mA and 1.32 mA for 
50!1, 75!1 and 1 oon lines respectively. 

An ECL output can drive more than one series terminated 
line, as suggested in Figure 4-Bb, if the maximum rated out­
put current of 50 mA is not exceeded. Also, driving two or 
more lines requires a lower RE value. This makes the quies­
cent loH higher and consequently VoH lower, due to the 
voltage drop across R0. This voltage drop decreases the 
HIGH-state noise margin, which may become the limiting 
factor (rather than the maximum rated current), depending 
on the particular application. 

The appropriate RE value can be determined using Equation 
4-13 for VEE = - 4.5V. 

1 -;;::: + +-----
RE 6.23 Z1 - Rs1 6.23 Z2 - Rs2 6.23 Z3 - Rs3 

(4-13) 

Circuits with multiple outputs (such as the 100313) provide 
an alternate means of driving several lines simultaneous 
(Figure 4-Bc). Note, each output should be treated individu­
ally when assiging load distribution, line impedance, and RE 
value. 

Unterminated Lines 
Lines can be used without series or parallel termination if 
the line delay is short compared to the signal rise time. Ring­
ing occurs because the reflection coefficient at the open 
(receiving) end of the line is positive (nominally + 1) while 
the reflection coefficient at the driving end is negative (ap­
proximately - 0.8). These opposite polarity reflection coeffi­
cients cause any change in signal voltage to be reflected 
back and forth, with a polarity change each time the signal is 
reflected from the driver. Net voltage change on the line is 
thus a succession of increments with alternating polarity 
and decreasing magnitude. The algebraic sum of these in­
crements if the observed ringing. The general relationships 
among rise time, line delay, overshoot and undershoot are 
discussed in Chapter 3, using simple waveforms for clarity. 

Excessive overshoot on the positive-going edge of the sig­
nal drives input transistors into saturation. Although this 
does not damage an ECL input, it does cause excessive 
recovery times and makes propagation delays unpredict-
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b. Driving Several Lines from one Output 
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c. Using Multiple Output Element for Load Sharing 

FIGURE 4-8. Loading Considerations 
for Series Termination 

able. Undershoot (following the overshoot) must also be lim­
ited to prevent signal excursions into the threshold region of 
the loads. Such excursions could cause exaggerated tran­
sition times at the driven circuit outputs, and could also 
cause multiple triggering of sequential circuits. Signal swing, 
exclusive of ringing, is slightly greater on unterminated lines 
than on parallel terminated lines; loH is less and loL is 
greater with the RE load, (Figure 4-9a) making VoH higher 
and Vol lower. 

For worst case combinations of driver output and load input 
characteristics, a 35% overshoot limit insures that system 
speed is not compromised either by saturating an input on 
overshoot or extending into the threshold region on the fol­
lowing undershoot. 

For distributed loading, ringing is satisfactorily controlled if 
the 2-way modified line delay does not exceed the 20% to 
80% rise time of the driver output. This relationship can be 
expressed as follows, using the symbols from Chapter 3 and 
incorporating the effects of load capacitance on line delay. 

t = 2T' = 2 f' o' = 2 f' o ~ 1 + CL 
r f'Co 

Rearranging terms yields the quadratic equation: 

CL tr2 
f' 2max + Co f' max + 4o2 = 0 (4-14) 
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Unterminated Lines (Continued) 

A 

a. Unterminated Line 

H = 10 ns/div 
V = 0.3 V/div 
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b. Line Voltages Showing Stair-step Trailing Edges 

H = 1 ns/div 
V = 0.3 V/div 
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c. Load Gate Output Showing Net 
Propagation Increase for Increasing 

Values of RE: 330fl, 510fl, 1 kfl 

FIGURE 4-9. Effect on RE Value 
on Trailing-Edge Propagation 
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The shorter the rise time, the shorter the permissible line 
length. For F1 OOK EGL, the minimum rise time from 20% to 
80% is specified as 0.4 ns. Using this rise time and 3 pF per 
fan-out load, calculated maximum line lengths for G-1 O 
epoxy microstrip are listed in Figure 4-10. The length (f) in 
the table is the distance from the terminating resistor to the 
input of the device(s). For other combinations of rise time, 
impedance, fan-out or line characteristics (o and Co), maxi­
mum lengths are also calculated using Equation 4-14. 

Zo 
Number of Fan-Out Loads 

1 2 3 4 

50 0.94* 0.68 0.52 0.41 
62 0.87 0.59 0.44 0.34 

75 0.79 0.52 0.37 0.29 
90 0.72 0.45 0.32 0.25 

100 0.68 0.41 0.29 0.22 

•Length in inches. 
Unit load = 3 pF, 8 = 0.148 ns/inch 

FIGURE 4-10. F100K Maximum Worst-Case 
Line Lengths for Unterminated 
Microstrip, Distributed Loading 

Resistor RE must provide the current for the negative-going 
signal at the driver output. Line input and output waveforms 
are noticeably affected if RE is too large, as shown in Figure 
4-9b. The negative-going edge of the signal falls in stair­
step fashion, with three distinct steps visible at point A. The 
waveform at point B shows a step in the middle of the nega­
tive-going swing. The effect of different RE values on the 
net propagation time through the line and the driven loads is 
evident in Figure 4-9c which shows the output signal of one 
driven gate in a multiple exposure photograph. The horizon­
tal sweep (time axis) was held constant with respect to the 
input signal of the driver. The earliest of the three output 
signals occurs with an RE value of 330fl. Changing RE to 
51 on increases the net propagation delay by 0.3 ns, the 
horizontal offset between the first and second signals. 
Changing RE to 1 kfl produces a much greater increase in 
net propagation delay, indicating that the negative-going 
signal at B contains several steps. In practice, a satisfactory 
negative-going signal results when the RE value is chosen 
to give an initial negative-going step of 0.6V at the driving 
end of the line. This gives an upper limit on the value of RE, 
as shown in Equation 4-15. 

initial step = ill • Zo = (VoH - VEE) Zo ;;::: o.6 
RE +Zo 

RE = ::;: 5 Zo (at VEE = 4.5V) (4-15) 



Unterminated Lines (Continued) 

An EGL output can drive two or more unterminated lines, 
provided each line length and loading combination is within 
the recommended constraints. The appropriate RE value is 
determined from Equation 4-15, using the parallel imped­
ance of the two or more lines for Z0. 

An EGL output can simultaneously drive terminated and un­
terminated lines, although the negative-going edge of the 
signal shows two or more distinct steps when the stubs are 
long unless some extra pull-down current is provided. Figure 
4-11a shows an EGL circuit driving a parallel terminated 
line, with provision for connecting two worst-case untermi­
nated lines to the driver output. Waveforms at the termina­
tion resistor (point A) are shown in the multiple exposure 

a. Multiple Lines 

Z1 

Vn 

TL/F/9901-19 

photograph of Figure 4-11b. The upper trace shows a nor­
mal signal without stubs connected to the driver. The middle 
trace shows the effect of connecting one stub to the driver. 
The step in the negative-going edge indicates that the qui­
escent loH current through Rr is not sufficient to cause a 
full signal for both lines. The relationship between the quies­
cent loH current through Rr and the negative-going signal 
swing was discussed earlier in connection with parallel ter­
mination. 

The bottom trace in Figure 4-11 shows the effect of con­
necting two stubs to the driver output. The steps in trailing 
edge are smaller and more pronounced. The deteriorated 
trailing edge of either the middle or lower waveform increas-

b. Waveforms at Termination Point A 

H = 5 ns/div 
V = 0.5 V/div 

- NO STUBS 

-1 STUB 

TL/F/9901-20 

c. Equivalent Circuit for Determining Initial 
Negative Voltage Step at the Driver Output 

,._,RT 

Z1 

VoH x 

TL/F/9901-21 

FIGURE 4-11. Driving Terminated and Unterminated Lines in Parallel 
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Unterminated Lines (Continued) 

es the switching time of the cirucit connected to point A. If 
this extra delay cannot be tolerated, additional pull-down 
current must be provided. One method uses a resistor to 
VEE as suggested in Figure 4-11 a. The initial negative-going 
step at point A should be about 0.7V to insure a good fall 
rate through the threshold region of the driven gate. The 
initial step at the driver output should also be 0.7V. If the 
driver output is treated as a switch that opens to initiate the 
negative-going signal, the equivalent circuit of Figure 4-11 c 
can be used to determine the initial voltage step at the driv­
er output (point X). The value of the current source IRT is the 
quiescent loH current through Rr. Using Z' to denote the 
parallel impedance of the transmission lines and A. V for the 
desired voltage step at X, the appropriate value of RE can 
be determined from the following equation, using absolute 
values to avoid polarity confusion. 

RE = ( IVEEI - IVoHI - A. v I) • (it:. v I ~,llRTIZ') 
For a sample calculation, assume that Rr and the line im­
pedances are each 100fl., VoH is -0.955V, A. V is 0.750V, 
VEE is - 4.5V and Vn is - 2V. IRT is thus 10.45 mA and the 
calculated value of RE is 232fl.. In practice, this value is on 
the conservative side and can be increased to the next larg­
er (10%) standard value with no appreciable sacrifice in 
propagation through the gate at point A. · 

Again, the foregoing example is based on worst-case stub 
lengths (the longest permissible). With shorter stubs, the 
effects are less pronounced and a point is reached where 
extra pull-down current is not required because the reflec­
tion from the end of the stub arrives back at the driver while 
the original signal is still falling. Since the reflection is also 
negative going, it combines with and reinforces the falling 
signal at the driver, eliminating the steps. The net result is a 
smoothly falling signal but with increased fall time compared 
to the stubless condition. 

The many combinations of line impedance and load make it 
practically impossible to define just with stub length begins 
to cause noticeable steps in the falling signal. A rough rule­
of-thumb would be to limit the stub length to one-third of the 
values given in Figure 4-10. 

Data Bussing 
Data bussing involves connecting two or more outputs and 
one or more inputs to the same signal line, (Figure 4-12). 
Any one of the several drivers can be enabled and can ap­
ply data to the line. Load inputs connected to the line thus 
receive data from the selected source. This method of 
steering data from place to place simplifies wiring and tends 
to minimize package count. Only one of the drivers can be 
enabled at a given time; all other driver outputs must be in 
the LOW or CUT-OFF state. Termination resistors matching 
the line impedance are connected to both ends of the line to 
prevent reflections. For calculating the modified delay of the 
line (Chapter 3) the capacitance of a LOW (unselected) driv­
er output should be taken as 3 pF. 

An output driving the line sees an impedance equal to half 
the line impedance. Similarly, the quiescent loH current is 
higher than with a single termination. For line impedance 
less than 1 OOfl., the loH current is greater than the data 
sheet test value, with a consequent reduction of HIGH-state 
noise margin. This loss can be eliminated if necessary by 
using multiple output gates (100313) and paralleling two 
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Zo 

Rr Rr=Zo 

Vn Vn 

TL/F/9901-22 

FIGURE 4-12. Data Bus or Party Line 

outputs for each driver. In the quiescent LOW state, termi­
nation current is shared among all the output transistors on 
the line. This sharing makes Vol more positive than if only 
one output were conducting all of the current. For example, 
a 1 OOfl. line terminated at both ends represents a net son 
DC load, which is the same as the data sheet condition for 
Vol· If one worst-case output were conducting all the cur­
rent, the Vol would be -1.705V. If another output with 
identical DC characteristics shares the load current equally, 
the Vol level shifts upward by about 25 mV. Connecting two 
additional outputs for a total of four with the same charac­
teristics shifts Vol upward another 22 mV. Connecting four 
more identical outputs shifts Vol upward another 20 mV. 
Thus the Vm shift for eight outputs having identical worst­
case Vol characteristics is approximately 67 mV. In prac­
tice, the probability of having eight circuits with worst-case 
Vol characteristics is quite low. The output with the highest 
Vol tends to conduct most of the current. This limits the 
upward shift to much less than the theoretical worst-case 
value. In addition, the LOW-state noise margin is specified 
greater than the HIGH-state margin to allow for Vol shift 
when outputs are paralleled. Exclusive use of devices with 
CUT-OFF DRIVERS on the bus (i.e., 100352) will eliminate 
low state current sharing and preserve the low state noise 
margins. 

In some instances a single termination is satisfactory for a 
data bus, provided certain conditions are fulfilled. The single 
termination is connected in the middle of the line. This re­
quires that for each half of the line, from the termination to 
the end, the line length and loading must comply with the 
same restrictions as unterminated lines to limit overshoot 
and undershoot to acceptable levels. The termination 
should be connected as near as possible to the electrical 
mid-point of the line, in terms of the modified line delay from 
the termination to either end. Another restriction is that the 
time between successive transitions, i.e., the nominal bit 
time, should not be less than 15 ns. This allows time for the 
major reflections to damp out and limits additive reflections 
to a minor level. 

Wired-OR 
In general-purpose wired-OR logic connections, where two 
or more driver outputs are expected to be in the HIGH state 
simultaneously, it is important to minimize the line length 
between the participating driver outputs, and to place the 
termination as close as possible to the mid-point between 
the two most widely separated sources. This minimizes the 
negative-going disturbances which occur when one HIGH 
output turns off while other outputs remain HIGH. The driver 
output going off represents a sudden decrease in line cur­
rent, which in turn generates a negative-going voltage on 
the line. A finite time is required for the other driver outputs 
(quiescently HIGH) to supply the extra current. The net re-



Wired-OR (Continued) 

suit is a "V" shaped negative glitch whose amplitude and 
duration depend on three factors: current that the off-going 
output was conducting, the line impedance, and the line 
length between outputs. If the separation between outputs 
is kept within about % inch, the transient will not propagate 
through the driven load circuits. 

If a wired-OR connection cannot be short, it may be neces­
sary to design the logic so that the signal on the line is not 
sampled for some time after the normal propagation delay 
(output going negative) of the element being switched. Nor­
mal propagation delay is defined as the case where the ele­
ment being switched is the only one on the line in the HIGH 
state, resulting in the line going LOW when the element 
switches. In this case, the propagation delay is measured 
from the 50% point on the input signal of the off-going ele­
ment to the 50% point of the signal at the input farthest 
away from the output being switched. The extra wiring time 
required in the case of a severe negative glitch is, in a 
worst-case physical arrangement, twice the line delay be­
tween the off-going output and the nearest quiescently 
HIGH output, plus 2 ns. 

An idea of how the extra waiting time varies with physical 
arrangement can be obtained by qualitatively comparing the 
signal paths in Figure 4-13. With the outputs at A and B 
quiescently HIGH, the duration of the transient observed at 
C is longer if B is the off-going output than if A is the off-go­
ing element. This is because the negative-going voltage 
generated at B must travel to A, whereupon the corrective 
signal is generated, which subsequently propagates back 
toward C. Thus the corrective signal lags behind the initial 
transient, as observed at C, by twice the line delay between 
A and B. On the other hand, if the output at A generates the 
negative-going transient, the corrective response starts 

A I =15" 

when the transient reaches point B. Consequently, the tran­
sient duration observed at C is shorter by twice the line 
delay from A to B. 

rD-Rr 

Vrr 

TL/F/9901-23 

FIGURE 4·13. Relative to Wired-OR Propagation 

Backplane Interconnections 
Several types of interconnections can be used to transmit a 
signal between logic boards. The factors to be considered 
when selecting a particular interconnection for a given appli­
cation are cost, impedance discontinuities, predictability of 
propagation delay, noise environment, and bandwidth. Sin­
gle-ended transmission over an ordinary wire is the most 
economical but has the least predictable impedance and 
propagation delay. At the opposite end of the scale, coaxial 
cable is the most costly but has the best electrical charac­
teristics. Twisted pair and similar parallel wire interconnec­
tion cost and quality fall in between. 

For single-wire transmission through the backplane, a 
ground plane or ground screen (Chapter 5) should be pro­
vided to establish a controlled impedance. A wire over a 
ground plane or screen has a typical impedance of 150!1 
with variations on the order of ± 33%, depending primarily 
on the distance from ground and the configuration of the 
ground. Figure 4-14 illustrates the effects of impedance vari­
ations with a 15-inch wire parallel terminated with 150!1 to 
-2V. Figure 4-14b shows source and receiver waveforms 
when the wire is in contact with a continuous ground plane. 

WIRE OVER GND PLANE OR SCREEN 

150 n 

-2.0V 

a. Wire over Ground Plane or Screen 

H = 5 ns/div 
V = 0.4 ns/div 

-A 

-a 

TL/F /9901-25 

TL/F/9901-24 

H =5 ns/div 
V =0.4 Vldiv 

-A 

-a 

TL/F /9901-26 

b. Wire in Contact with Ground Plane c. Wire Spaced Ya" from Ground Screen 

FIGURE 4-14. Parallel Terminated Backplane Wire 
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Backplane Interconnections (Continued) 

The negative-going signal at the source shows an initial step 
of only 80% of a full signal swing. This occurs because the 
quiescent HIGH-state current loH (about 7 mA) multiplied by 
the impedance of the wire (approximately 90!1) is less than 
the normal signal swing, and this condition allows the driver 
emitter follower to turn off. The negative-going signal at the 
receiving end is greater by 25% (1 + p = 1.25). The receiv­
ing end mismatch causes a negative-going reflection which 
returns to the source and establishes the VoL level. The 
positive-going signal at the source shows a normal signal 
swing, with the receiving end exhibiting approximately 25% 
overshoot. 

Figure 4-14c shows waveforms for a similar arrangement, 
but with the wire about 1/a inch from a ground screen. The 
impedance of the wire is greater than 150!1 termination, but 
small variations in impedance along the wire cause interme­
diate reflections which tend to lengthen the rise and fall 
times of the signal. As a result, the received signal does not 
exhibit pronounced changes in slope as would be expected 
if a 200!1 constant impedance line were terminated with 
150!1. 

Series source resistance can also be used with single wire 
interconnections to absorb reflection. Figure 4-15a shows a 
16-inch wire with a ground screen driven through a source 
resistance of 100!1. The waveforms (Figure 4-15b) show 
that although reflections are generated, they are largely ab­
sorbed by the series resistor, and the signal received at the 
load exhibits only slight changes and overshoot. Series ter­
mination techniques can also be used when the signal into 
the wire. comes from the PC board transmission line. Figure 
4-16a illustrates a 12-inch wire over a ground screen, with 
12-inch microstrip lines at either end of the wire. The output 
is heavily loaded (fan-out of 8) and the combination of im­
pedances produces a variety of reflections at the input to 
the first microstrip line, shown in the upper trace of Figure 
4-16b. The lower trace shows the final output; a comparison 
between the two traces shows the effectiveness of damping 
in maintaining an acceptable signal at the output. Figure 
4-16c shows the signals at the input to the driving gate and 
at the output of the load gate, with a net through-put time of 
8.5 ns. The circuit in Figure 4-16a is a case of mismatched 
transmission lines, discussed in Chapter 3. 
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Signal propagation along a single wire tends to be fast be­
cause the dielectric medium is mostly air. However, imped­
ance variations along a wire cause intermediate reflections 
which tend to increase rise and fall times, effectively in­
creasing propagation delay. Effective propagation delays 
are in the range of 1.5 to 2.0 ns per foot of wire. Load 
capacitance at the receiving end also increases rise and fall 
time (Chapter 3), further increasing the effective propaga­
tion delay. 

100 0 A 

16" WIRE OVER GROUND SCREEN 

TL/F/9901-27 

a. Wire over Ground Screen 

H = 10 nsldiv 
V = 0.3 Vldiv 

TL/F/9901-28 

b. Series Terminated Waveform 

FIGURE 4-15. Series Terminated Backplane Wire 



Backplane Interconnections (Continued) 

INPUT f 
12" MICROSTRIPSl OUTPUT 

12" WIRE OVER ~ 
GROUND SCREEN ~ 

100SJ -- _,_ ---

A Zo = 150 SJ B 
Zo = 100SJ Zo = 100 SJ I 

L[>-

TL/F/9901-29 

a. Backplane Wire Interconnecting PC Board Lines 

H = 10 nsldiv 
V=0.4 Vldiv 

TL/F/9901-30 

b. Signals into the First Microstrip and at the Loads 

H = 10 nsldiv 
V = 0.4 Vldiv 

-INPUT 

-OUTPUT 

TL/F/9901-31 

c. Input to Driving Gate and Output of Load Gate 

FIGURE 4-16. Signal Path with Sequence 
of Microstrip, Wire, Microstrip 

Better control of line impedance and faster propagation can 
be achieved with a twisted pair. A twisted pair of AWG 26 
Teflon* insulated wires, two twists per inch, exhibits a prop­
agation delay of 1.33 ns/ft and an impedance of 115!1. 
Twisted pair lines are available in a variety of sizes, imped­
ances and multiple-pair cables. Figure 4-1 la illustrates sin­
*Teflon is a registered trademark of E.I. du Pont de Nemours Conpany. 
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-Do--o -----+-t --1---t~ 
l qt 

TL/F/9901-32 

a. Single-ended Twisted Pair 

p 

RE RE 

TL/F/9901-33 

b. Differential Transmission Reception 

c. Backplane Data Bus 

Vee 

TL/F/9901-34 

FIGURE 4-17. Twisted Pair Connections 

gle-ended driving and receiving. In addition to improved 
propagation velocity, the magnetic fields of the two conduc­
tors tend to cancel, minimizing noise coupled into adjacent 
wiring. 

Differential line driving and receiving complementary gates 
as the driver and a 100314 line receiver is illustrated in Fig­
ure 4-1 lb. Differential operation provides high noise immu­
nity, since common mode input voltages between - 0.5V 
and - 2.0V are rejected. The differential mode is recom­
mended for communication between different parts of a sys­
tem, because it effectively nullifies ground voltage differenc­
es. For long runs between cabinets or near high power tran­
sients, interconnections using shielded twisted pair are rec­
ommended. 

Twisted pair lines can be used to implement party line type 
data transfer in the backplane, as indicated in Figure 4-1 lc. 
Only one driver should be enabled at a given time; the other 
outputs must be in the VoL state. The Vss reference volt­
age is available on pin 22 of the flatpak and pin 19 of the 
dual-in-line package for the 100314. 

In the differential mode, a twisted pair can send high-fre· 
quency symmetrical signals, such as clock pulses, of 
100 MHz over distances of 50 to 100 feet. For random data, 
however, bit rate capability is reduced by a factor of four or 
five due to line rise effects on time jitter.3 
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Backplane Interconnections (Continued) 

Coaxial cable offers the highest frequency capability. In ad· 
dition, the outer conductor acts as a shield against noise, 
while the uniformity of characteristics simplifies the task of 
matching time delays between different parts of the system. 
In the single-ended mode, Figure 4· 1Ba, 50 MHz signals can 
be transferred over distances of 100 feet. For 100 MHz op­
eration, lengths should be 50 feet or less. In the differential 
mode, Figures 4-18b, c, the line receiver can recover small­
er signals, allowing 100 MHz signals to be transferred up to 
100 feet. The dual cable arrangement of Figure 4-1 Bc pro­
vides maximum noise immunity. The delay of coaxial cables 
depends on the type of dielectric material, with typical de­
lays of 1.52 ns/ft for polyethylene and 1.36 ns/ft for cellular 
polyethylene. 

-Do ,--, ,, D->--','--'J-Zo-------;......iif-.<fo--Rr=Zo 
Vrr 

TL/F/9901-35 

a. Single-Ended Coaxial Transmission 

, \ 

~~ 
2 2 

Vn 

TL/F/9901-36 

b. Differential Coaxial Transmission 

Vn 

Rr 
I - L 1 ,-, 

~ t 
,-, L2 ,-, 

i ~ 
L 1 = L2 Vn 

TLIF/9901-37 

c. Differential Transmission with Grounded Shields 

FIGURE 4-18. Coaxial Cable Connections 
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Chapter 5 
Power Distribution and Thermal Considerations 

Introduction 
High-speed circuits generally consume more power than 
similar low-speed circuits. At the system level, this means 
that the power supply distribution system must handle the 
larger current flow; the larger power dissipation places a 
greater demand on the cooling system. The direct current 
(DC) voltage drop along ground busses affects noise mar­
gins for all types of EGL circuits. Voltage drops along VEE 
busses have only a slight effect on F1 OOK circuits, but they 
require consideration to obtain the performance available 
from the family. 

Logic Circuit Ground, V cc 
The positive potential Vee and VccA in EGL circuits is the 
reference voltage for output voltages and input thresholds 
and should therefore be the ground potential. When two 
circuits are connected in a single-ended mode, any differ­
ence in ground potentials decreases the noise margins, as 
discussed in Chapter 1. This effect for TIL/DTL circuits, as 
well as for EGL circuits, is illustrated in Figure 5-1. The fol­
lowing analysis assumes some average value of current 
flowing through the distributed resistance along the ground 
path between two circuits. For the indicated direction of IG. 
the shift in ground potential decreases the LOW-state noise 
margin of the TTL/DTL circuits and the HIGH-state noise 
margin of the EGL circuits. If IG is flowing in the opposite 
direction, it increases these noise margins, but decreases 
the noise margins when the drivers are in the opposite 
state. For tabulation of ground currents in EGL, the designs 
must include termination currents as well as IEE operating 
currents. EGL logic boards which use microstrip or stripline 
techniques generally have large areas of ground metal. This 
causes the ground resistance to be quite low and thus mini­
mizes noise margin loss between pairs of circuits on the 
same board. 

IT;~ 
TOTAL RESISTANCE= Ra 

TL/F/9902-1 

TTL/DTL ECL 

V'oL =Vol= +IGRG V'oH=VoH+IGRG 
IGRG = (V' OL -VoLJ =Noise Margin Decrease= IGRG = (V' oH-VoH) 

FIGURE 5-1. Effect of Ground Resistance 
on Noise Margins 
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In practice, two communicating circuits might be located on 
widely separated PC cards with other PC cards in between. 
The net resistance then includes the incremental resistance 
of the ground distribution bus from card to card, while the 
ground current is successively increased by the contribution 
from each card. Figure 5-2 illustrates a distribution bus for a 
row of cards with incremental resistances along the bus. 

~~~,--~---~ 
CARD 3 - - - j · - - - - - k - :-- - - - n 
POSITION 

r = Incremental Bus Resistance between Positions 
i = Average Ground Current per Card 

TL/F/9902-2 

FIGURE 5-2. Ground Shift Along a Row of PC Cards 

The ground shift can be estimated by first determining an 
average value of current per card based on the number of 
packages, the mix of SSI and MSI, and the number and 
types of terminations. With n cards in the row, an average 
ground current (i) per card, and an incremental bus resist­
ance (r) between card positions, the bus voltage drops be­
tween the various positions can be determined as follows: 

between positions 1 and 2: v1 -2 = (n - 1) ir 

between positions 1 and 3: v1 _3 = (n - 1) ir + 
(n - 2) ir 

between positions 1 and 4: v1 -4 = (n - 1) ir + 
(n - 2)ir + 
(n - 3) ir 

between 1 and n: v1-n = ir l(n - 1) + 
(n - 2) + (n - 3) 

+ ... + [n - (n - 1)]l 
= ir [1 + 2 + 3 
+ ... + (n - 1)] 

n-1 

v1-n = ir L n 

1 

For a row of 15 cards, for example, the total ground shift 
between positions 1 and 15 is expressed as in Equation 5-1. 

14 

v1-15 = ir L n = ir (1 + 2 + 3 + ... + 13 + 14) 
1 (5-1) 
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Logic Circuit Ground, V cc (Continued) 

The ground shift between any two card positions j and k can 
be determined as follows for the general case. 

Vj-k = (n - j) ir + [n - (j + 1 )] ir + 
[n - (j + 2)] ir 

+ ... + In - [j + (k-j-1)ll ir 

= (k - j) nir - ir Ii+ (j + 1) + (j + 2) 

+ ... + [j + (k-j-1)ll 
k-1 k-1 

Vj-k = (k - j) nir - ir L n = ir [(k - j) n - L n] 

j j 

(5-2) 

In a row of 15 cards, the ground shift between positions four 
and nine, for example, is determined as follows. 

Vj-k = ir [(9 - 4) 15 - (4 + 5 + 6 + 7 + 8)] (5-3) 
= ir (75 - 30) = 45 ir 

The ground shift between the same number of positions 
further down the row is less because of the decreasing cur­
rent along the row. Consider the ground shift between card 
positions 10 and 15. 

v10-1s = ir [(15 - 10)15 -
(10 + 11 + 12 + 13 + 14)] (5-4) 

= ir (75 - 60) = 15 ir 

These examples illustrate several principles the designer 
should consider regarding the ground distribution bus and 
assignment of card positions. The bus resistance should be 
kept as low as possible by making the cross-sectional areas 
as large as practical. Logic cards which represent the heavi­
est current drain should be located nearest the end where 
ground comes into the row of cards. Cards with single-end­
ed logic wiring between them should be assigned to posi­
tions as close together as possible. Conversely, if the 
ground shift between two card positions represents an un­
acceptable loss of noise margin, then the differential trans­
mission and reception method i.e., twisted pair, should be 
used for logic wiring between them, thereby eliminating 
ground shift as a noise margin factor. 

Conductor Resistances 
Conductors with large cross-sectional areas are required to 
maintain low voltage drops along power busses. For conve­
nience, Figure 5-3 lists the resistance per foot and the 
cross-sectional area for more common sizes of annealed 
copper wire. Other characteristics and a complete list of 
sizes can be found in standard wire tables. A useful rule-of­
thumb regarding resistances and, hence, areas is: as gauge 
numbers increase, resistance doubles with every third 
gauge number; e.g., the resistance per foot of # 1 O wire is 
1 mn, for # 13 wire it is 2 mn. Similarly, the resistance per 
foot of # O wire is 0.078 mn, which is half that of # 2 wire. 

For calculations involving conductors having rectangular 
cross sections, it is often convenient to work with sheet 
resistance, particularly for power distribution on PC cards. 
Copper resistivity is usually given in ohm-centimeters, indi­
cating the resistance between opposing faces of a 1 cm 
cube. The sheet resistance of a conductor is obtained by 
dividing the resistivity by the conductor thickness. These 
relationships follow. 
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AWG 
Resistance 

Cross-Sectional 
B&S mn Per Feet Area 

Gauge Square Inches 

#2 0.156 5.213 x 10-2 
#6 0.395 2.062 x 10-2 
#10 0.999 8.155 x 10-3 
#12 1.588 5.129 x 10-3 
#18 6.385 1.276 x 10-3 
#22 16.14 5.046 x 10-4 
#26 40.81 1.996 x 10-4 
#30 103.2 7.894 x 10-s 

FIGURE 5-3. Resistance and Cross-Sectional Area 
of Several Sizes of Annealed Copper Wire 

Copper resistivity = p = 1. 724 x 1 o - 6 ncm @ 20°c 

. I I 
Resistance of a conductor = p A = p ~ 

where: I = length t = thickness w =width 

Sheet resistance ps = £ n per_!_ 
t w 

The length/width ratio (l/w) is dimensionless; therefore, the 
resistance of a length of conductor of uniform thickness can 
be calculated by first determining the number of "squares," 
then multiplying by the sheet resistance. For example, a 
conductor one-eighth inch wide and three inches long has 
24 squares; its resistance is 24 times the sheet resistance. 
Since many thickness dimensions are given in inches, it is 
convenient to express the resistivity in ohm-inch, as follows. 

p(D.in.) = p(D.cm) -:- 2.54 = 6.788 x 10-7 nin. 

The use of sheet resistance and the "squares" concept is 
illustrated by calculating the resistance of the conductor 
shown in Figure 5-4. Assume the conductor is a 1 oz. cop­
per cladding with a 0.0012 inch minimum thickness on a PC 
card. 

• 11=2" 12=1" 13=1.5" • 

W1=1/4"1-R1-·-R2-j i 
-· '-R3-lw2=1/2" 

t I -----..._; . 
-------R TOTAL IT 

TL/F/9902-3 

FIGURE 5-4. Conductor of Uniform Thickness 
but Non-Uniform Cross Section 

Sheet resistance = PS = £ 
t 

= 5.657 x 10-4 n per square 

The number of squares S for the rectangular sections are as 
follows. 

S1 = ~ = 8 
13 

S3 = - = 3 
W1 W2 

The middle average segment of the conductor has a trapez­
iodal shape. The average of w1 and w2 can be used as the 
effective width, within 1 % accuracy, if the w2/w1 ratio is 1.5 
or less. Otherwise, a more exact result is obtained as fol­
lows. 

12 (W2) S2 = --- In - = 4 In 2 = 2.77 squares 
W2 - W1 W1 

Total R = R1 + R2 + R3 = Ps(S1 + S2 + S3) 
= 7.51 mn 

(5-5) 



Conductor Resistances (Continued) 

As another example, assume that a 1 oz. trace must carry a 
200 mA current six inches with a voltage drop less than 
10 mV. 

Vmax 0.01 
Amax = -

1
- = Q2 = 0.05D 

I 
0.05 = Ps; (5-6) 

w 
I= 20 Ps 

w = 120 Ps = (120) 5.657 x 10-4 = 67.9 x 10-3 

.". minimum trace width, w = 68 mils 

At a higher current level, consider the voltage drop in a 
conductor 20 mils thick, 1.25 inches wide and 3 feet long 
carrying a 50A current. 

6.788 x 10-7 
Ps = 

2 
x 

10
_ 2 = 3.364 x 10-s n per square 

V = IR - (50) (3.364 x 10-S) ~ 
1.25 

= 0.0484 = 48.4 mV 

(5-7) 

Sheet resistances for various copper thicknesses are listed 
in Figure 5-5. Standard thicknesses and tolerances for cop­
per cladding are tabulated in Figure 5-6 and resistance per 
foot as a function of width is shown in Figure 5-7. 

Weight 
Sheet 

Sheet 
Resistance 

or n per 
Thickness Resistance 

Thickness 
Square 

D per Square 

2oz. 2.715 x 10-4 0.02 in. 3.364 x 10-s 

3 oz. 1.886 x 10-4 0.05 in. 1.358 x 10-s 
5oz. 1.077 x 10-4 1;1s in. 1.086 x 10-s 

0.01 in. 6.788 x 10-s %in. 2.715 x 10-6 

FIGURE 5-5. Sheet Resistance for Various 
Thicknesses of Copper 

Nominal Thickness 
Nominal Tolerances 
Weight By 

in. mm oz/ft2 Weight,% in. 

0.0007 0.0178 % +10 +0.0002 
0.0014 0.0355 1 +10 +0.0004 

-0.0002 
0.0028 0.0715 2 +10 +0.0007 

-0.0003 
0.0042 0.1065 3 +10 +0.0006 
0.0056 0.1432 4 +10 +0.0006 
0.0070 0.1780 5 +10 +0.0007 
0.0084 0.2130 6 +10 +0.0008 
0.0098 0.2460 7 +10 +0.001 
0.014 0.3530 10 +10 +0.0014 

0.0196 0.4920 14 +10 +0.002 

FIGURE 5-6. Thickness and Tolerances for 
Copper Cladding 
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10 20 50 100 200 500 

RESISTANCE - mil PER FOOT 

TL/F/9902-4 

FIGURE 5-7. Conductor Resistance vs 
Thickness and Width 

Temperature Coefficient 
The resistances in Figures 5-3, 5-5, and 5-7, as well as 
those used in the sample calculations, are 20°C values. 
Since copper resistivity has a temperature coefficient of ap­
proximately 0.4%1°C, the resistance at a temperature (T) 
can be determined as follows. 

Rr = R2o·c [1 + 0.004 (T + 20°C)J 

At 55°C: (5-8) 

R = R20·c [ 1 + 0.004 (55°C - 20°C)] = 1.14 R2o·c 

When specifying power bus dimensions for PC cards con­
taining many IC packages, designers should bear in mind 
that excessive current densities can cause the copper tem­
perature to rise appreciably. Figure 5-8 illustrates the ohmic 
heating effect of various current densities.1 

"' I 
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a: 
a: 
::::> 
u 

4.0 

100 150 200 250 300 

CROSS-SECTIONAL AREA - mll2 

TL/F/9902-5 

FIGURE 5-8. Temperature Rise with Current 
Density in PC Board Traces 
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Distribution Impedance 
Power busses should have low AC impedance, as well as 
low DC resistance, to prevent propagation of extraneous 
disturbances along the distribution system. As far as current 
or voltage changes are concerned, power and ground bus­
ses appear as transmission lines; thus their impedances can 
be affected by shape, spacing and dielectric. The effect of 
geometry on impedance is illustrated in the two arrange­
ments of Figure 5-9. The same cross-sectional area of cop­
per is used, but the two round wires have an impedance of 
about 75fl while the flat conductors have an impedance 
determined as follows. 

377d d 
z0 = ,/€ h ~or h < 0.1 

With a Mylar®* or Teflon®* dielectric (e = 2.3) two mils 
thick, impedance of the flat conductor pair is only 0.5n. 
Power line impedance can be reduced by periodically con­
necting RF-type capacitors across the line. 

···~-·~•o••·11 + 
Zo = 750 . . --

d=0.002" --.11...-
Zo ""0.750 

(AIR DIELECTRIC) 

TL/F/9902-6 

FIGURE 5-9. Effect of Geometry 
on Power Bus Impedance 

"Mylar and Teflon are registered trademarks of E.I. du Pont de Nemours 
Company. 

Ground on PC Cards 
It is essential to assign one layer of copper cladding almost 
exclusively to ground. This provides low-impedance, non-in­
terfering return paths for the current changes which travel 
along signal traces when the IC outputs change state. 
These currents flow from the VeeA pins of the IC packages, 
through the output transistors, then into the loads and the 
stray capacitances. These stray capacitances exist from an 
output to VEE· output to ground, and to other signal lines. 
Thus, displacement currents through stray capacitances 
flow in many paths, but must ultimately return through 
ground to the output transistor where they originated. To 
reduce the length and impedance of the return path, the 
ground metal should cover as large an area as possible and 
one decoupling capacitor should be provided for every one 
to two IC packages. Additional capacitors may be needed 
for multiple output devices. These capacitors should be ce­
ramic, monolithic or other RF types in the 0.01 µF to 0.1 µF 
range. 

The load current returning to an IC package through ground 
metal is predictable, both in magnitude and in the return 
path. Since the magnetic and capacitive coupling between a 
signal trace and the underlying ground provides the trans­
mission line characteristic, it follows that the load current 
flowing through the signal trace is accompanied by a ground 
return current equal in magnitude but opposite in direction. 
For example, in a 50fl terminator loL is 5.9 mA, loH is 
20.9 mA. Then signal change will cause about 15 mA cur­
rent change and, as this current change propagates along 
the signal trace, a current of -15 mA advances along the 
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ground directly underneath the signal trace. Therefore, if 
there is an interruption in the ground, the return current is 
forced to go around it. The 15 mA current change can be 
reduced by terminating the complementary output of the 
signal. Then a signal change will direct the current from true 
output to the complement output reducing the ~ currents in 
the ground plane. When it is necessary to interrupt the 
ground plane, the interruptions should be kept as short as 
possible; every effort should be made to locate them away 
from overlying signal lines. When the ground plane is inter­
rupted for short signal lines between packages, these lines 
should be at right angles to signal lines on the other side to 
minimize coupling. VEE and Vrr distribution lines can also 
act as the return side of transmission lines, as long as de­
coupling capacitors to ground are placed in the immediate 
areas where the signal return current must continue through 
ground . 

Several connections along the edge of a PC card should be 
assigned to ground to accommodate backplane signal 
ground. These should be spaced at one-half to one inch 
intervals to minimize the average path length for signal re­
turn currents and to simulate a distributed connection to the 
backplane signal ground. 

Not enough emphasis can be placed on the requirement for 
a good ground. All input signals are referenced to internal 
v88 and the v88 is referenced to Vee (ground). Any varia­
tion from one side of the board to the other affects the noise 
margins. To help eliminate some of the variations a sepa­
rate VeeA is provided on F100K EGL circuits to power the 
output drivers and leave the Vee going to internal circuitry 
unaffected. 

Backplane Construction 
In order to take complete advantage of the speeds inherent 
in F100K EGL it is desirable to construct the backplane as a 
multilayer printed circuit board. Generally, two internal lay­
ers are devoted to ground and VEE and the signals occupy 
the outside layers. Where power densities are very high, it 
may be necessary to supplement the power layers with ex­
ternal busses (see Backplane Interconnections, Chapter 4 ). 

If it is necessary to use wires to augment the interconnec­
tion provided by the traces, less critical signals should use 
the wires. The wires will exhibit an impedance which can be 
calculated with the wire-over-ground formula 

138 4h 
Zo = JE Log10 d (5-9) 

where d is diameter, h is distance to ground, and E is di­
electric constant. 

Bear in mind that if the ground plane is buried inside the 
board, then both h and e are made up of multiple compo­
nents. 

Termination Supply, VTT 
A separate return voltage for the termination resistors offers 
a way to minimize power dissipation in systems extensively 
using parallel termination techniques. A-2V Vrr value rep­
resents an optimum speed/power trade-off, allowing suffi­
cient termination current to discharge load capacitances 
while minimizing the average power consumption. Figure 
5-1 O shows the average values of current, IC power dissipa­
tion and resistor power dissipation for various values of the 
termination resistor Rr returned to -2V. Average values 
are determined by calculating the output HIGH and output 
LOW values, then taking the average. These 50% duty cy-



Termination Supply, VTT (Continued) 

cle values are useful in determining the current drain on the 
- 2V supply and the contribution to dissipation on the logic 
boards. Peak values of termination current are approximate­
ly 60% greater than the average values listed. 

DC regulation of the - 2V supply is not critical; a variation of 
± 5% causes a change in output levels of ± 12 mV for son 
terminations or ± 7 mV for 100!1 terminations. 

The high frequency characteristics of the Vn distribution 
are extremely important. Ideally, a solid voltage plane 
should be devoted to Vn. If this is not feasible, the Vn 
distribution should form a grid using orthogonal traces. In 
any case, decoupling capacitors to ground should be used 
to reduce the high frequency impedance. 

RT 

n 

50 
62 

75 
90 

100 
150 

I::>oc------------zo ________ _,. 

f ., 

I avg 

mA 

13.6 
11.0 

9.1 
7.6 

6.8 
4.5 

Vn= -2.0 V 

TL/F/9902-7 

Po(avg) mW 

IC Output Resistor 

17.9 9.3 
14.6 7.9 

12.2 6.8 
10.3 5.8 

9.2 5.3 
6.2 3.7 

FIGURE 5-10. Average Current and Power Dissipation 
for Parallel Termination to - 2V 

If the terminators used are in Single In-line Packages (SIP) 
or Dual-In-line Packages (DIP) as opposed to discrete resis­
tors, particular attention must be given to decoupling in or­
der to maintain a solid Vn voltage inside the package. This 
is necessary to avoid crosstalk due to mutual inductance to 
Vn. SIPs have been developed which have multiple Vn 
connections and on-board decoupling capacitors. 

VEE Supply 
The value of VEE is not critical for F1 OOK since all circuits in 
the family operate over the range of -4.2V to -5.7V. De­
coupling capacitors to ground should be used on each card, 
as previously discussed in connection with the ground on 
PC cards. In addition, each card should used 1 µF to 10 µF 
decoupling capacitors near the points where VEE enters the 
card. 
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The current drain for the VEE supply for each circuit type 
can be determined from the data sheet specifications. For 
VEE values other than -4.SV, the current drain varies as 
shown in Figure 5-11. This graph is made from data from the 
100301. 
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TL/F/9902-8 

FIGURE 5-11. Supply Current vs 
Supply Voltage for 100301 

Series dividers used to obtain Thevenin equivalent parallel 
terminations increase the current load on the VEE supply, as 
do the pull-down resistors to VEE used with series termina­
tion. Average VEE current and resistor dissipation for Theve­
nin equivalent terminations are listed in Figure 5-13 for sev­
eral representative values of equivalent resistance. The av­
erage values apply for 50% duty cycle. Peak current values 
are approximately 11 % greater. Dissipation in the IC output 
transistor is the same as in Figure 5-10. Average dissipation 
and IEE current for several values of pull-down resistance to 
VEE are listed in Figure 5-14. The RE values are appropriate 
for series termination of transmission lines with impedances 
listed in the z0 column, determined from Equation 4-12. 
Peak current values are approximately 12% greater than 
average values. 

Figures 5-10, 13 and 14 show that the Thevenin equivalent 
parallel termination method leads to ten times as much dis­
sipation in the resistors as in the single resistor returned to 
- 2V. Similarly, the dissipation in RE for series termination is 
three times the dissipation in the parallel termination resistor 
to -2V. 
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Vee Supply (Continued) 

RT 
n 
50 
62 
75 
82 
90 
100 
120 
150 

Vcc=GND 

R1 

R2 ~1., 
VEE= - 4.5 V Vn = - 2 V 

TL/F/9902-10 

Rm R20. IEE (avg) Po(avg)mW 
= 1.80 RT = 2.25 RT mA Resistors 

90.9 113 28.2 109 
113 140 22.7 87.9 
133 169 18.8 72.7 
147 182 17.2 66.5 
162 205 15.7 60.5 
182 226 14.1 54.5 
215 274 11.7 45.4 
274 340 9.4 36.3 

FIGURE 5·13. Series Divider for Thevenin 
Equivalent Terminations 
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T 
VEE= -4.5 V 

TL/F/9902-11 

Zo RE IEE (avg) 
Po(avg)mW 

n n mA IC Output RE 

50 267 9.8 12.9 25.8 
62 332 7.9 10.4 20.6 
75 402 6.5 8.6 16.8 
90 475 5.4 7.1 13.9 
100 536 4.9 6.5 12.7 
120 634 4.1 5.4 10.6 
150 787 3.2 4.2 8.1 

FIGURE 5·14. Average Current and Power Dissipation 
Using Pull-Down Resistor to VEE 

Reference 
1. Harper, C.A., Editor, Handbook of Wiring, Cabling and In­

terconnecting for Electronics, McGraw-Hill, 1972. 
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Chapter 6 
Testing Techniques 

Introduction 
The purpose of this chapter is to assist personnel involved 
with incoming inspection and qualification testing, by dis­
cussing the various methods and techniques used in testing 
ECL devices. 

Testing includes verifying functionality, checking DC para­
metric limits and measuring AC performance. These tasks 
are particularly difficult for ECL devices in light of the broad 
range of products: RAMs, PROMs, gate arrays, and logic 
circuits. Correlation between supplier and user is extremely 
important. Recognizing the differences between high-vol­
ume instantaneous testing, as performed by the supplier, 
and the user's concern for long term performance in a given 
operating environment, National guarantees the data sheet 
limits as specified, although testing may be performed by 
alternate methods. 

Tester Selection 
Although many makes and types of automatic test systems 
are available and in use today, not all are capable of testing 
ECL RAMs, PROMs, logic and gate arrays. 

Logic and gate array testers require DC Accuracy, subnano­
second AC test capability, and the ability to change soft­
ware for each device. Software capability and the number of 
test pins available are major considerations in choosing a 
gate array tester. Functional, DC and threshold tests are 
successfully performed on automatic test equipment, but 
subnanosecond propagation delays are difficult to measure 
accurately. 

The use of dedicated testers to perform high-volume memo­
ry testing is very common. Testers containing hardware ad­
dressing capability are usually the most efficient. Although 
basic DC testing is similar for any device type, RAM and 
PROM functional testing usually require special addressing 
capabilities to test for pattern sensitivity. The pattern gener­
ators and output comparators must have minimum skew to 
obtain maximum tester accuracy. Functional and AC tests 
are performed simultaneously; then, DC and threshold tests 
are performed. 

The following considerations must be taken into account 
when selecting a tester. 

Noise 

Since the voltage swing on ECL input and output levels is 
only about 800 mV, it is very important that the power sup­
plies and voltage drivers be extremely clean and free of 
spikes, hum, or any other type of noise. 

DC Resolution 

The threshold measurements (V1H (Min)• V1L (Max)) require 
that input voltage be extremely accurate and repeatable, 
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i.e., if the V1L (Max) is specified as -1.475V, a voltage 
source of -1.475 ± 5 mV is not adequate to accurately test 
the part. Ideally, the driver and the output comparators 
should have an accuracy of ± 1 mV. 

Current Capability 

Since ECL is noted for high current requirements, power 
supplies for VEE should be capable of supplying current with 
a 25% reserve over the highest powered parts. This reserve 
should be included because power supplies tend to get 
noisy when approaching the current clamp. Some ECL LSI 
parts dissipate over 4.5W; therefore, with a VEE of -4.5V, 
the power supply must provide well over 1 A 

Edge Rates 

When testing edge-triggered sequential logic parts such as 
flip-flops and shift registers, it is important that the rise and 
fall times of the clock pulses be fast, clean and free from 
overshoot. If the clock edges are not adequate, the deficien­
cy can be overcome using a Schmitt trigger as shown in 
Figure 6-1. 

RELAY TELEDYNE 
VEE 5-712 5 V 

....---------..--. 2K FORM 
"C" CONTACTS 

1k{] 

l TO DEVICE 

...-----------~ UNDER TEST 68 ll -

TL/F/9903-1 

FIGURE 6-1. Typical Schmitt Trigger Circuit 

The 68!1 resistor provides hysteresis by positive feedback, 
thus improving the edge rates. When energized, the relay 
provides a path to bypass the Schmitt trigger, so the input 
currents of the device under test can be measured. 

Functional Testing 
The functional operation and truth table for all device types 
are checked using automatic test equipment. For memory 
devices, pattern sensitivity and AC characteristics are also 
tested automatically. Functional testing is usually performed 
before DC testing. Logic parts are functionally tested in all 
modes of operation. The inputs are driven using typical V1H 
and V1L values. The outputs are compared against relaxed 
VoH and Vol limits. The V1H. V1L. VoH and Vol limits are 
tested during DC testing. 
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on the individual data sheet for each input and output. The 
device may have to be preconditioned to obtain the correct 
output logic state. The cable length should be kept to a 
minimum to insure signal integrity. 

Threshold Measurements 

Threshold measurement on an automatic tester is probably 
the most difficult DC test and the test most prone to oscilla­
tion. When testing, take one input at a time to threshold; all 
other inputs remain at full V1H or V1L levels. For example, to 
test a flip-flop, make sure the output is LOW before test, 
take the data pin to HIGH threshold, and apply the clock 
pulse. Verify that the HIGH has been transferred to the out­
put. Next, apply LOW threshold to the data input and clock it 
through; use hard levels on the clock (full V1H and V1L). 
Check that the output pin goes LOW. 
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Occasionally, it is necessary to obtain data not easily avail­
able from an automatic tester. This is accomplished by test­
ing devices in a universal test board. The typical test circuit 
board is double-clad copper. All input/output pins go to sin­
gle-pole, triple-throw switches so that V1H. V1L or a 50!! ter­
minating resistor can be connected. Leadless 0.05 µF ca­
pacitors decouple all pins to V cc ( + 2V) at the socket pins. 
Access to the device under test is made via banana sockets 
to the X-Y plotter. 

V1H/Vour Plot-The input ramp supply is OV to -2V varied 
by a multi-turn potentiometer. The input voltage (V1N) versus 
output voltage (Vour) is plotted on an X-Y recorder using 
the test setup shown in Figure 6-2. 

Vourllour Plot-The output voltage (Vour) versus output 
current (lour) can be plotted using the test setup shown in 
Figure 6-3. 
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V1 VEE Vee 
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AC Testing 
Because few automatic measurements systems have suffi­
cient accuracy to perform subnanosecond testing, AC test­
ing of ECL is one of the most difficult tests to accomplish. 
To obtain subnanosecond accuracy usually requires special 
test fixtures and equipment. The physical location of the test 
fixture, the input driver and the output comparator is very 
important. 

Depending upon the accuracy and repeatability of the auto­
matic tester, a bench setup may be required for correlation. 
Comparing an air line with known propagation delay to the 
test setup is recommended. 

AC Test Fixtures 
Test fixture design plays a pivotal role in insuring that undis­
torted waveforms are applied to the Device Under Test 
(D.U.T.) and that the device output can be monitored cor­
rectly. 

Board Construction and Layout 

ECL AC bench test fixtures are built on a double-clad print­
ed circuit board or on a multilayer printed circuit board with 
semi-rigid coax. The power planes are shorted at the device 
and brought out to banana sockets with the decoupling ca­
pacitors at the device. Transmission lines of 50.!1 are main­
tained from soldered-on BNC or SMA connectors to the 
D.U.T. Sense lines from the D.U.T. output and input pins to 
the connectors must be of electrically equal length. For in­
put pins, care must be taken to insure that the force and 
sense lines are brought directly to the point that makes con­
tact with the D.U.T. For output pins, only the output sense 
lines are used to monitor the signals. The force lines are 
disconnected at the device to minimize signal distortion. 
Special care must be taken to minimize crosstalk and stray 
capacitance in the area of the D.U.T. For correlation, flat­
paks are not tested in sockets but are clamped to the traces 
of a multilayer PC board. Dual in-line devices are plugged 
into individual pin sockets instead of normal test sockets. 
Due to equipment limitations and for correlation, the ampli­
tude, offset, rise and fall time are set up with no device in 
the test socket. 

The bench test fixture to measure toggle frequency utilizes 
the principles described in the preceding paragraph except 
that the feedback path between the output and data input is 
as short as possible. 

Output Termination 

All outputs should be terminated with 50!1 ± 1 % resistors. 
This is especially important for complementary outputs. 
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When bench testing, the device is offset by + 2V; VEE is 
-2.5V; Vee. VeeA is +2V. Then the 50n input impedance 
of the sampling oscilloscope acts as the termination resistor 
to OV. The input and output coaxial cable to the oscillo­
scope should be cut to exactly the same electrical length. 

Decoupling 

Not enough emphasis can be put on the importance of good 
decoupling on the D.U.T. because oscillations can give erro­
neous test results. A sampling scope should be used to 
make sure that oscillation is not occurring. 

The value of capacitors used depends on the type of tester 
used and the frequency of test. Some testers use pulse test; 
in other words, for each individual test in a program, VEE is 
powered up and down. On this type of tester, electrolytic­
type (i.e., large value) capacitors cannot be used because of 
the time constant needed to charge the capacitor. 

Always start with the minimum decoupling needed to 
achieve good results, perhaps merely a capacitor between 
Vee and VEE· Capacitors should be placed as close as pos­
sible to the D.U.T. to eliminate as much inductance as pos­
sible. Only low-inductance capacitors should be used; lead­
less monolithic ceramic capacitors are very effective. 

There are no rigid decoupling rules, and each device type 
may have its own decoupling requirements. A typical decou­
pling technique that works well on most F1 OOK devices is to 
place 0.01 µF to 0.1 µF monolithic ceramic capacitors in 
the following locations. 

• If no offset is used: 
between VEE (-4.5V) and Vee. VeeA (OV) 
between Vn ( - 2V) and ground (OV) 

• If + 2V offset is used: 
between Vee. VeeA ( + 2V) and ground (OV) 
between VEE (-2.5V) and ground (OV) 

• In most cases, VeeA and Vee should be shorted as close 
to the D.U.T. as possible. However, if the VeeA and Vee 
pins are physically separated, individual decoupling ca­
pacitors may be necessary. 

• For DC test only place a 0.001 µF capacitor: 
between an input pin and VEE 
between an output pin and VeeA 

Decoupling problems will appear mainly at threshold test. If 
certain outputs fail, try the decoupling technique, described 
in the preceding paragraph, on those outputs and the asso­
ciated inputs. With testers that use the power-hold method, 
such as the Sentry®, large electrolytics can be used in par­
allel with smaller (0.01 µF) disk capacitors for the high-fre­
quency bypass. 
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ELECTROSTATIC DISCHARGE 

Introduction 
The study of ESD failures began in earnest back when sys­
tem designers, faced with very expensive assembly and 
post-assembly rework, began investigating system failures 
in great detail. In the course of their study, they checked all 
the records to determine which devices has passed earlier 
testing, but had failed once in the system. The data clearly 
indicated that something in the handling process resulted in 
higher attrition rates among the devices. Reliability physi­
cists examined the failed devices in minute detail, in some 
cases subjecting them to examination under high powered 
scanning electron microscopes. 

The problem was found to be one of electrical overstress, 
and further investigation determined that the cause of the 
overstress was a phenomenon called electrostatic dis­
charge (or ESD). 

Explanation of How ESD Occurs 
The concept of electrostatic discharge is easily understood. 
Electrostatic energy is static electricity, a stationary charge 
which can build up in either a nonconductive material or in 
an ungrounded conductive material. This charge can occur 
in one of two ways, either through polarization, which occurs 
when a conductive material is exposed to a magnetic field, 
or triboelectric effects, which occur when two surfaces con­
tact and then separate, leaving one positively charged and 
one negatively charged. Friction between two materials in­
creases triboelectric charge by increasing the surface area 
that comes in contact. A good example of this phenomenon 
would be the charge one accumulates walking across a ny­
lon carpet. The discharge occurs when one reaches for a 
doorknob or other conductive surface. The types of ESD 
with which we will be concerned fall into the category of 
triboelectric effects. Within this category, various materials 
have differing potentials for charge. Asbestos, nylon, human 
and animal hair and wool have a high positive triboelectric 
potential. Silicon has one of the highest negative triboelec­
tric potentials, followed by such materials as polyurethane, 
polyester and rayon. Cotton, wood, steel and paper all tend 
to be relatively neutral, which makes cotton clothing and 
steel table tops excellent ESD protective materials in envi­
ronments where ESD problems can be anticipated. 

The intensity of the charge is inversely proportional to the 
relative humidity. As humidity decreases, ESD problems in­
crease. For example, walking across a carpet will generate 
a 1.5 kV charge at 90%RH, but will generate 35 kV at 
10%RH. When an object storing a static charge comes in 
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contact with another object, the charge will attempt to find a 
path to ground, discharging into the contacted object. Al­
though the current level is extremely low (typically less than 
0.1 nanoamp), the voltage can be as high as 35-50 kV. 

The degree of damage caused by electrostatic discharge is 
a function of the size of the charge (which is determined by 
the capacitance of the charged object) and the rate at which 
it is discharged (determined by the resistance into which it is 
discharged). This relationship can be shown with a wave­
form (Figure 6-4 ) that utilizes what is termed a double expo­
nential decay pulse. With such a pulse, 99% of the energy 
will be dissipated in five time constants, with each time con­
stant established by the resistance and capacitance men­
tioned above. Where both are low, the discharge rate will be 
rapid enough to cause damage if the object into which dis­
charge occurs is a semiconductor. As resistance and ca­
pacitance increase, both the discharge rate and the risk of 
damage decrease. 
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FIGURE 6-4. Ideal RC Waveform 
TL/F/9903-6 

It is estimated that the value of devices lost to ESD could 
run as high as $1 billion per year. Most electrostatic damage 
is caused by the handling of devices by personnel who have 
not taken adequate precautions. One would expect this in 
light of the fact that the capacitance of the human body 
ranges from 50 to 200 pF. The ESD characteristics of work 
surfaces and of materials passing through the area should 
not be ignored, however, in an attempt to concentrate on 
the human effect. 



Types of ESD Damage 
The damage caused by ESD results from the charge's tend­
ency to seek the shortest path to ground, overstressing any 
electrical interfaces in that path. There are several different 
types of damage that result, and each of these tends to be 
typical of specific component technologies and elements. 

Dielectric Breakdown 

Dielectric breakdown occurs when the voltage across an 
oxide exceeds its dielectric breakdown strength. The single 
most important factor in this breakdown is the oxide thick­
ness (Figure 6-5). Thinner oxide is more susceptible to elec­
trostatic punch-through, which leaves a permanent low-re­
sistance short through the oxide. Where there are pin holes 
or other weaknesses in the oxide, damage will be possible 
at lower charge levels. It should be noted that semiconduc­
tor manufacturers have reduced oxide thicknesses as they 
have reduced the overall size of the devices. ESD sensitivity 
has therefore increased dramatically. 
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FIGURE 6-5. Bipolar Transistor 

Electrostatic charge which does not actually result in a 
breakdown can cause lattice damage in the oxide, lowering 
its ability to withstand subsequent ESD exposure. A weak­
ened lattice will also have a lower breakdown threshold volt­
age, and this mechanism is voltage dependent. 

Thermal Secondary Breakdown or Junction Burnout 

Junction burnout is a significant failure mechanism for bipo­
lar devices, and tends to be power dependent rather than 
voltage dependent. The interface (or junction) between a 
P-type diffusion and an N-type diffusion normally has a posi­
tive temperature coefficient at low temperatures (that is, in­
creased temperature will result in increased resistance). 
When a reverse-biased pulse is applied, the junction dissi­
pates heat in its very narrow depletion region, and the tem­
perature increases rapidly. If enough energy is applied, the 
temperature of the junction will reach a point at which the 
temperature coefficient of the silicon will turn negative (that 
is, at which increased temperature will result in decreased 
resistance). Since the area of the junction is not uniform, hot 
spots occur. When the melting temperature of silicon 
(1415°C) is reached as a result of the ensuing thermal run­
away condition, junction melting occurs in the localized 
area. If there is an additional energy available after the initia­
tion of melt, the hot spot can grow into a filament short. The 
longer the pulse, the wider the resultant filament short. 

After the occurrence of the transient, the silicon will resolidi­
fy. In a relatively short pulse, a hot spot may form, but not 
grow completely across the junction. As a result, the dam­
age may not manifest itself immediately as a junction short 
but will appear at a later time as a result of electromigration. 
Shrinking geometries will decrease junction areas, and this 
should increase the susceptibility of these devices to ESD 
related junction problems. 
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Metallization Melt 

Semiconductor interconnect metallization typically has a 
small cross-sectional area and limited current carrying capa­
bility. As feature sizes continue to be reduced, metallization 
cross-section will be reduced as well. Reducing metalliza­
tion line width by half and metallization thickness by half 
reduces the current carrying capability of that metallization 
stripe by 75%. Metallization melt, which is a power-depen­
dent failure mechanism, is more likely to occur during short 
duration, high current pulses, since the only available heat 
sink (the bonding pad) is nearby and the heat dissipated in 
the metallization does not have time to flow into the sur­
rounding areas. It can also occur as a side effect during 
junction melt. 

Latent Failures 

Immediate failure resulting from ESD exposure is easily de­
termined: the device no longer works. A failed device may 
be removed from the lot or from the subassembly in which it 
is installed, and it represents no further reliability risk to the 
system. There are, however, devices which have been ex­
posed to ESD but which have not immediately failed. Unfor­
tunately, there has never been sufficient data dealing with 
the long-term reliability of devices which have survived ESD 
exposure, although some experts feel that two to five devic­
es are degraded for every one that fails. It should be obvi­
ous from an examination of the failure mechanisms de­
scribed above that there can be significant degradation 
without immediate failure. Damage can manifest itself in ei­
ther a shortening of the device's lifetime (a possible cause 
for many of the infant mortality failures seen during burn-in) 
or in electrical performance shifts, many of which cause the 
device to fail electrical test limits. 

ESD Protective Measures 
It should be obvious then that there are three principal con­
siderations when dealing with ESD. The first is that the de­
vice should be designed in a manner that minimizes ESD 
sensitivity and incorporates some ESD protective features. 
The second is that both manufacturers and users must un­
derstand the ESD susceptibility of the devices with which 
they are dealing. Thirdly, both user and manufacturer must 
understand the generation of and sources of ESD charges 
well enough to establish proper precautions throughout their 
plants. 

Device Design 

The continuing development of faster and more complex 
ICs makes it unlikely that we will see a return to thicker 
oxide layers or larger junctions. Early ICs used fairly simple 
clamping diodes on the inputs to protect them against volt­
age transients in the system. Similar, but more complex pro­
tective networks can be employed to provide ESD protec­
tion. An example of such circuitry is shown in Figure 6-6 as it 
is employed in the design of the F1 OOK 300 Series family. 
Electrostatic discharge (ESD) protection diodes were added 
to all 300 Series designs specifically in the circuit paths that 
were most prone to ESD damage on F1 OOK 100 Series 
products: input-to-Vee. input-to-VEE· and output-to-Vee. 
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FIGURE 6-6. 300 Series ESD Protection Circuitry 

These diodes (D1, D2 and D3) are utilized to shunt the cur­
rent caused by an ESD voltage pulse away from either the 
input or output circuitry. Depending on the polarity of the 
ESD voltage, the diodes either become forward-biased, di­
recting the current into the supply, or go into reverse break­
down, directing the current into the substrate. Either way the 
ESD-caused current is shunted away from the input and 
output transistors, avoiding damage to the circuitry. The di­
odes are designed to be rugged enough to guarantee 
2000V of ESD protection on all 300 Series products (they 
typically withstand up to 4000V). Even in providing this pro­
tection level, these diodes have a negligible impact on input 
capacitance. Addition of these diodes typically adds only 
tenths of picofarads to each product's input capacitance. 

Assessing ESD Tolerance Levels 

As awareness of the importance of addressing ESD con­
cerns spread, many experts felt that ESD testing had to be 
uniform if results were to be shared. Method 3015 of MIL­
STD-883 was created for the purpose of allowing manufac­
turers to assess the ESD tolerance levels of the devices 
they offered and to allow users to determine the ESD sensi­
tivity of the parts with which they were assembling systems. 
Method 3015 has established a test circuit (see Figure 6-7) 
which approximates the resistance and capacitance found 
in the human body (which continues to provide the major 
source of destructive ESD). The testing is performed by 
charging the capacitor in the test circuit and then discharg­
ing that capacitor into the unit under test. After testing, a 
device will be classified as either Class 1, those devices 
which exhibit ESD-induced failure or degradation at levels 
between zero volts and 1,999V; or Class 2, those which may 
exhibit ESD sensitivity at levels between 2,000V and 
3,999V; or Class 3, those devices which may exhibit ESD 
sensitivity at levels above 4,000V but have passed all test­
ing up to that level. This testing is performed on a sample 
basis at initial device qualification and need not be repeated 
unless the device is redesigned. The testing is considered 
destructive, even for those devices which do not fail. 
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FIGURE 6-7. ESD Test Circuit 
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A device may be characterized as Class 1 in lieu of testing 
at a manufacturer's discretion. Some manufacturers, con­
cerned with the possibility of latent damage due to inade­
quate protection of devices which test as Class 2, and con­
cerned that static charges resulting from handling can run 
as high as 50 kV, have elected to treat all of their devices as 
Class 1, thus ensuring that consistent implementation of 
common handling procedures will provide maximum protec­
tion for all devices. 

Data generated by an RADC study of electrostatic dis­
charge susceptibility (VZAP-1, Spring 1983) would seem to 
support that kind of a conservative approach. The data (see 
Figure 6-8 ) shows the point at which failure first occurred 
for a given device. It indicates that there are a number of 
devices which can be expected to fail between 2 kV and 
5 kV, but few that will survive beyond 10 kV. 

Those devices which are classified as Class 1 must be 
marked with one equilateral triangle, and those classified as 
Class 2 must be marked with two equilateral triangles to 
identify them as static sensitive. (Class 3 devices will have 
no top mark designator.) 

TABLE I. Device ESD Failure Threshold Classification 

MIL Class ESD Tolerance Top Mark Designation 

Class 1 OV to 1,999V One triangle (i.e., "") 

Class2 2,000V to 3,995V Two triangles (i.e., """") 

Class3 4,000V and above No mark 

ESD Precautionary Measures 

ESD protective measures fall into two categories: those 
which shield the device from ESD and those which control 
the occurrence of ESD. ESD shielding can be accomplished 
by either grounding all of the device leads together, thus 
providing a more direct path to ground, or by surrounding 
the device with insulating material that would keep ESD 
from reaching the device. The first method is most practical 
during device assembly and environmental test, the second 
during shipment and storage. However, neither can be uti­
lized during electrical testing. 

Most of the handling of ICs, however, occurs during electri­
cal testing. Testing cannot be performed if the device's 
leads are shorted together, nor can it take place if the de­
vice is within an insulated container. Control of ESD during 
testing is therefore extremely important. This is accom­
plished through the grounding of all potential sources of 
ESD. Stainless steel work surfaces connected to ground 



through an appropriate resistive element provide a harmless 
bleed-off of any charge that occurs. Requiring that all per­
sonnel who handle devices wear ground straps can effec­
tively eliminate the human body and its clothing as sources 
of ESD. It is also important to minimize the handling of de­
vices. This can be partially accomplished through the use of 
automated test handlers, which allow the devices to be 
loaded into the testers from ESD-protective rails and re­
turned to those rails from the tester. Equally important is the 
elimination of any unnecessary testing or test insertions. 
Semiconductor manufacturers have decreased the number 
of test insertions for many devices by combining parametric, 
functional and switching tests onto a single insertion test 
program. Users have minimized handling by relying more 
heavily on the testing performed by their vendors and by 
eliminating incoming testing. Pick-and-place systems and 
other automated board assembly hardware have also 
helped to minimize device handling. Most systems manufac­
turers have also implemented procedures that minimize the 
handling of boards and subassemblies in order to ensure 
that devices receive no potentially damaging exposure to 
ESD after board assembly. 
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Effective control of ESD, however, cannot be accomplished 
unless the entire work area is designed around ESD con­
cerns. At the National Mil/ Aero facilities, all work areas in 
which parts may be handled or through which parts may 
pass have ESD-protective flooring in addition to grounded 
work surfaces, ground straps for all operators, and other 
protective features. This level of attention to detail is essen­
tial to the minimization of ESD problems. 

Summary 
Electrostatic discharge will continue to be a major concern 
for those who use semiconductor devices. As device geo­
metries continue to shrink, the ESD sensitivity of devices 
will increase. Only through proper handling and packaging, 
and through proper attention to ESD concerns will we be 
able to ensure that long term reliability of key systems is not 
negatively affected by ESD problems. 
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FIGURE 6-8. Failure Rate at Ascending ESD Voltages 
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INTRODUCTION 

In order to facilitate migration from the original F1 OOK EGL 
100 Series (1001XX) family to the F100K EGL 300 Series 
(1003XX) family, National Semiconductor has published this 
guide to 300 Series qualification. Much of the focus is 
toward the secondary migration of ceramic to plastic pack­
aging. 

This guide contains thermal comparison data by package 
type, AC comparison data by package type, input capaci­
tance comparison data by package type, and other valuable 
information for use in qualifying the 300 Series for your ap­
plication. 

The original F100K 100 Series family (1001XX) was the ac­
cepted standard for subnanosecond logic used in high­
speed next-generation systems. The main features were: 

• High speed: 750 ps internal gate delays 

• Temperature compensation (signal levels, noise 
margins) 

• Complementary outputs (with no sacrifice of speed) 

• High common mode noise rejection (differential line 
receivers) 

• Easy-to-use edge rates (1V Ins) 

• High fanout capability 

• Wired-OR capability 

• Low EMI 

• Low impedance drive capability (250, 500) 

• Optimum 1/0 pin assignment (side power pins, outputs 
adjacent to GND) 

But, while perfectly adequate for its original intended pur­
pose (supercomputers, mainframes, etc.), the 100 Series 
had several limitations that gave some system designers 
reasons to avoid utilizing the superior performance of 
F1 OOK EGL. Some of those problem areas were power con­
sumption, limited temperature and voltage ranges, the ab­
sence of ESD protection, limited packaging options, incom­
patibility with + 5.0V systems, and no military product avail­
ability. 

F1 OOK 300 Series EGL was introduced with plastic packag­
ing options to retain all the traditional benefits and high per­
formance of. the original 100 Series, along with some key 
enhancements: 

• POWER REDUCTION: 300 Series power consumption 
was reduced by 30%-50% from original 100 Series lev­
els (even while increasing the specified voltage range 
from -4.8V to -5.7V). This improvement has lowered 
F100K power-per-bit to the same or less than 10K/10KH 
EGL levels. Also, EGL power levels are constant over 
frequency, making 300 Series the low-power bipolar al-
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ternative above 45 MHz, and the overall low-power alter­
native (including both Bipolar TTL and CMOS logic fami­
lies) above 60 MHz. 

• EXTENDED TEMPERATURE RANGE: The 300 Series 
has been designed to operate at Commercial (0°C to 
+85°C), Industrial (-40°C to +85°C), and Military 
( - 55°C to + 125°C) temperature ranges. 

• EXTENDED VOLTAGE RANGE: The 300 Series has 
been designed to operate over an extended voltage 
range of -4.2V to -5.7V, spanning the voltage ranges 
of all EGL logic families, and also making it possible to 
operate EGL in a + 5.0V system. 

• NEW OUTPUT SKEW SPECS: The improvements to the 
300 Series circuitry that have increased the temperature 
and voltage ranges also make it possible to specify sev­
eral output skew parameters on the PCC package which 
guarantee the level of pin-to-pin skew and output duty 
cycle degradation. 

• ESD PROTECTION: The 300 Series has been designed 
to have a minimum of 2,000V of electrostatic discharge 
(ESD) protection, which helps eliminate "walking wound­
ed" at incoming test, and even ESD-related board fail-
ures. 

• INCREASED PACKAGING OPTIONS: The 300 Series is 
now offered in 28-lead Plastic Chip Carrier (PCC), 
24-lead 400 mil Plastic DIP (PDIP), and 24-lead 300 mil 
SOIC. The availability of plastic packaging allows Nation­
al Semiconductor to set initial PDIP and SOIC pricing sig­
nificantly below historic F1 OOK EGL pricing. 

• + 5.0V COMPATIBILITY: The increased voltage range 
of the 300 Series allows it to be operated in a + 5.0V 
system. Also, several Single-Rail Positive EGL (PECL) 
devices, which translate from differential EGL operated 
at + 5.0V to traditional TTL-compatible levels, have been 
developed. 

• MILITARY AVAILABILITY: The 300 Series is in com­
plete compliance with the requirements of MIL-STD-883 
for Class B devices. Also, DESC has initiated Standard 
Military Drawings (SMD's) for the 300 Series. 

An F1 OOK 300 Series device is easily identified by the de­
vice numbering scheme. A typical F1 OOK 100 Series device 
was referred to as 1001 XX, 300 Series devices are referred 
to as 1003XX. For example, the 100101 has been replaced 
by the 100301. This naming convention carries throughout 
the whole family. 

POWER REDUCTION 

New Process 

F1 OOK 300 Series EGL is fabricated using an advanced iso­
planar technology called FAST-LSI. FAST-LSI includes 
many improvements over FAST-Z (the process used for the 



original F1 OOK 100 Series ECL), which enhance perform­
ance, manufacturability, and reliability. Both processes are 
descendants of Fairchild's lsoplanar II oxide-isolated pro­
cess which yielded the industry standard FAST® family of 
products. 

Power Comparison (1001XX vs 1003XX) 

Parasitic capacitances and resistances are reduced due to 
smaller geometries, allowing significant power reduction, up 
to 50% lower than FAST-Z. Dual-Supply (ECL, TTL) Level 
Translators were prime candidates for power reduction 
since they have a high supply voltage across the part (nomi­
nally 9.5V, 5V TTL plus 4.5V ECL). The 1003XX replace­
ments for the 1001 XX level translators (100124, 100125, 
100128) all exhibit a 50% power reduction from the 1001XX 
part. 

--, 220 
I-

For more information on the FAST-LSI process, refer to the 
Family Overview. 

Decreased Junction Temperature 

With the lower power of the 300 Series, there is a reduction 
in junction temperature when converting from 100 Series in 
ceramic packaging to 300 Series in plastic packaging. This 
factor, combined with the inherent flat power requirements 
over frequency of ECL circuitry, enable designers to use 
ECL in plastic in high performance systems which have sig­
nificant power constraints and little or no airflow, such as 
desktop workstations. Figure 7-1 compares the junction 
temperatures of the original 100 Series packaged in COIP 
with 300 Series ECL packaged in PDIP, PCC, and SOIC. 
Figure 7-1 represents worst case conditions: zero airflow, 
power current at the maximum limit, and a 70°C ambient 
temperature. 
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The Effect of Airflow on Junction Temperature The junction temperatures in Figures 7-1 through 7-3 are 
based on the worst possible case of power dissipation, 
which assumes that the device is being opcrntcd nt the 
maximum power supply voltage ( - 5. 7V) and that the power 
supply current is marginal to the extreme maximum current 
limit. Using nominal power dissipation (-4.5V supply volt­
age with typical power supply current) significantly reduces 
the calculated junction temperature increase with respect to 
ambient. 

A small amount of airflow significantly decreases the ther­
mal resistance of the plastic packages. Figure 7-2 shows 
the impact of airflow on the thermal resistance of the PDIP 
package. Most of the benefit from adding airflow is realized 
in the first 225 linear feet per minute (LFPM). The reduction 
in thermal resistance due to the increase in airflow signifi­
cantly reduces the device junction temperature. Figure 7-3 
is identical to Figure 7-1, with the exception of a moderate 
airflow of 225 LFPM. As an example, at 70°C ambient, the 100324SC has a worst 

case junction temperature of 135°C, whereas its nominal 
junction temperature is 112°C. 
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FIGURE 7-2. OJA vs Airflow for 4 Die Areas 

No matter what the frequency or duty cycle is, EGL circuitry 
draws constant DC power, eliminating the noise margin 
jeopardy associated with the dynamic switching currents of 
other technologies. When an internal EGL gate switches, 
the gate current is simply redirected from one side of the 
gate to the other, yielding no net change in power require­
ments, even at frequencies of 50 MHz-250 MHz or more. In 
addition, the complementary output buffers of EGL are simi­
lar in that there is no dynamic switching current, which 
results in no ground bounce. Figure 7-4 compares power 
consumption over frequency on several octal registers 
(100353, 74ALS374, 74F374, and 74AC374). This graph 
shows that the power requirements of the 300 Series 
100353 are less than all of the other technologies above 
60 MHz. 
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Note: Ice measured in test jig, 25°C, CL = 50 pF, 50% duty cycle, all outputs switching. ECL current = Ice + In. 

FIGURE 7-4. Power Comparison by Technology 

Speed-Power Product over Frequency 

The speed-power product is one generally accepted mea­
sure of overall device performance. When the power num­
bers from Figure 7-4 are weighted with the device speed 
performance (in Figure 7-5, effectively producing a plot of 
speed-power product over frequency), the benefits of ECL 
become even more evident. At frequencies greater than 
5 MHz, ECL exhibits the lowest speed-power product. 

EXTENDED VOLTAGE RANGE 
AND IMPROVED NOISE MARGIN 

F1 OOK 300 Series ECL was designed with a more stabilized 
voltage reference generator, which allows all products to 
offer a single set of DC Input/Output specifications across a 
wider supply range (-4.2V to -5.7V) than the original 
F1 OOK 100 Series (see Figure 7-6 ). 
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Regardless of whether the designer's system is F1 OOK in­
put/output levels at a nominal -4.5V, F100K input/output 
levels at a nominal -5.2V, 10K input/output levels at a 
nominal -5.2V or ECL operated on a nominal + 5.0V rail, 
the single set of 300 Series DC input/output specifications 
guarantee full operation. This allows easy interconnectivity 
with ECL ASICS, RAM's, 1 OK- and 10 KH-compatible logic, 
and + 5.0V TTL devices. As usual, if F1 OOK ECL is driving a 
1 OK ECL input (non-temperature-compensated), care must 
be taken when operating at ambient temperatures above 
55°C. 

ECL has an inherent insensitivity to power supply (VEE) vari­
ations, since ECL is referenced to ground (Vee), unregulat­
ed power supplies do not cause changes in input thresholds 
or output levels. 
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This single set of DC specifications increases 300 Series 
noise margin to a minimum of 140 mV compared to 115 mV 
of the original 100 Series (see Figure 7-7). 

OUTPUT SKEW 

ECLSkew 

EGL is inherently low skew due to several factors. The dif­
ferential pair circuitry of EGL keeps the skew between 
"true" and "complement" outputs to a minimum. The lack 
of dynamic current demands during switching eliminates the 
skew associated with power supply pin impedance and its 
associated "ground bounce" effects. Lastly, EGL is not a 
saturating logic, so LH-to-HL skew is also minimized. 

Addition of Skew Specifications 

Several skew specifications, chosen based on system per­
formance demands, have been added to the 300 Series 
EGL PCC AC datasheet specifications for most devices to 
enable EGL designers to take advantage of EGL low skew. 
The parameters (tosLH· tosHL• tosT and tps) relate back to 
a specific system requirement which helps the designer to 
compensate for pin-to-pin skew and output duty cycle deg­
radation. (For a more detailed explanation, refer to the Fam­
ily Overview Section.) 

THERMAL CONSIDERATIONS 

To calculate the operating junction temperature (TJ) of 
F1 OOK EGL 300 Series devices, one can use either of the 
two equations listed below, depending on whether the ambi­
ent temperature (TA) or case temperature (Tc) is known: 

TJ =TA+ (PoXOJA) 

T J = Tc + (Po x 8 Jc) 

One can see that the junction temperature of a device is 
dependent on thermal factors in the environment (TA or Tc), 
the power dissipation of the device itself (Po). and package­
dependent thermal resistance coefficients (OJA or OJc). 

100 SERIES LOGIC 

-870 VoH MAX 

VoH MIN = -1035 

VNH = 115 mV 

Calculating Device Power Dissipation 

The device power dissipation Po is a function of the maxi­
mum absolute value of device power (VEE MAx). the maxi­
mum absoulte value IEE limit (IEE MAx). the number of load­
ed outputs in the high state (nh), and the number of loaded 
outputs in the low state (nl), as follows: 

Po = (VEE MAX X IEE MAX) + 
(nh x [VoH x loH]) + (nl x [VoL x Im]) 

VEE MAX is defined either by the worst case power supply 
voltage in a specific application, or it can be taken from the 
databook absolute value maximum limit (-5.7V). IEE MAX is 
taken from the databook device specification. 

The second and third factors of the power dissipation (Po) 
equation depend on the output loading scheme used; for 
the standard 50n to - 2V EGL load, this term results in 
27 mW per complementary output pair (14 mW for the out­
put at VoH. and 13 mW for the output at Vou. Figures 5-10 
and 5-14 in Chapter 5 of this databook list output power 
dissipation figures for multiple combinations of parallel and 
serial output terminations. Po for single-ended ECL outputs 
should be calculated with the outputs in the high state, 
which is worst case. 

8 JA and 8 JC are package-dependent thermal resistance co­
efficients derived empirically in the National Semiconductor 
Packaging Development Laboratory in compliance with MIL­
STD-883 Method 1012. The laboratory presents data on 
each package using several die sizes to generate a family of 
curves. The data is taken at several airflows. From the ther­
mal resistance charts (Figures 7-8 through 7-12), increased 
airflow reduces the thermal resistance. Increase die size 
also reduces the thermal resistance, which is convenient 
since die size corresponds in general with device power. 
Table 7-1 contains die areas of 1003XX devices to use in 
conjunction with the thermal resistance charts in Figures 7-8 
through 7-12. 

300 SERIES LOGIC 

VNH = 140 mV 
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----_

1

_ --- -1025 = VoH MIN 

______ .__ ____ _,. _________________________ __ 
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FIGURE 7-7. 300 Series Improved Noise Margins 
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TABLE 7-1. F100K 300 Serles Die Area 

Part Type Area= Mll2 

100301 4422 
100302 4422 
100304 3843 
100307 3843 
100310 5670 
100311 5670 
100313 4422 
100314 4422 
100315 2401 
100316 4420 
100319 4420 
100321 2907 
100322 2907 
100323 4420 
100324 4422 
100325 5475 
100328 9309 
100329 9309 
100331 5325 
100336 10494 
100341 6106 
100343 6230 
100344 6230 
100350 4636 
100351 4636 
100352 6230 
100353 6230 
100354 6230 
100355 4891 
100360 4422 
100363 5032 
100364 5032 
100370 5110 
100371 4422 
100389 5767 
100390 3905 
100391 5767 
100392 5767 
100393 8736 
100395 8736 
100397 6622 
100398 6622 

Case Temperture vs Ambient Temperature: 
What is the Difference? 

F1 OOK ECL Logic is specified over a case temperature 
range, as opposed to an ambient temperature range. There 
is a critical difference between case temperature and ambi­
ent temperature that can not be overlooked, and can be 
shown with the following example: 
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Looking at a 300 Series device with typical power dissipa­
tion and thermal resistance figures: 

OJA 0Jc ~ 
68°c1w 32•c1w o.5 w 

At TA = 70°C, the junction temperature is calculated as: 

T J = TA + (Po X (} JA) 
= 10°c + (0.5 w x 68°C/W) 
= 10°c + 34•c 
= 104·c 

Using the same TJ of 104°C to work back toward a Tc. you 
get: 

Tc= TJ - (Pox (}Jc) 

= 104°C - (0.5 W X 32°C/W) 
= 104·c - 16°C 
= 00°c 

So, on this device at a TJ of 104°C, Tc is 18°C higher than 
TA (88°C vs 70°C). Figure 7-13 shows that the difference 
between Tc and TA increases linearly with increasing Po­
everything else being equal, a 1.0W device in the above 
scenario would have a 36°C difference (2 x 18°C) between 
Tc and TA. 
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FIGURE 7-13. Case vs Ambient Temperature 
24-Lead PDIP 

The difference between Tc and TA decreases with increas­
ing airflow. In fact, Tc is the temperature of the case when 
measured at 2000 LFM (closely approximates infinite air­
flow). 

PACKAGING OPTIONS 

The low power designs of 300 Series ECL, combined with 
the manufacturability of the FAST-LSI process, have en­
abled the 300 Series to be offered in packaging that takes 
up less board space than the standard 400-mil DIP of the 
original 100 Series, namely the 28-lead Plastic Chip Carrier 
(PCC) and 24-lead 300-mil SOIC. These plastic package so­
lutions can dramatically increase board density and reduce 
user cost compared to the package offerings of the original 
100 Series. 
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The required board space for the 24-lead PCC is 113% less 
than that for 24-lead 400-mil DIP packages. The SOIC is a 
103% reduction compared to the DiP. 

The new 24-lead 400 mil Plastic DIP is intended as a drop-in 
replacement cost reduction for all users of "100 Series" or 
"300 Series" 24-lead 400 mil Ceramic DIP. 

PACKAGE COMPARISONS 

A comparison between the SOIC, PDIP, CDIP, and PCC 
packages (prop delays, input capacitance) is provided here 
to assist in the transition from ceramic to plastic packaging. 

AC Comparisons 

Two devices were selected for the AC comparison: the 
100304 is a simple EGL gate in which inputs and outputs are 
found on both side pins and corner pins of the dual-in-line 
packages, and the 100325 is an EGL-TTL level translator 
which represents the dynamic current switching effects of 
TTL outputs. 

The results show that there is less than 100 ps of difference 
in the 100304 Dn ~ On propagation delay between all 
four packages (see Figure 7-14). 
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FIGURE 7-14. Propagation Delay 
Comparison by Package, 100304 
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Figure 7-15 shows that the CDIP package exhibits a 
130 ps-150 ps spread between side pins and corner pins, 
whereas the PDIP package reduces that to 90 ps, indicating 
that dual-in-line packaging has an inherent pin-to-pin skew. 

Due to the complementary nature of EGL circuitry and its 
flat power requirements over its frequency range, the ef­
fects of differences in power supply lead inductance and 
capacitance are minimized. Therefore, the minimal differ­
ence between packages, and the extremely low output 
skew displayed in Figures 7-14 and 7-15, should be expect­
ed. Once dynamic supply current effects are eliminated, the 
difference in propagation delay measurements between 
packages are mainly due to differences in package lead 
length, and measurement accuracy. 

Figure 7-16 shows that there is less than 300 ps difference 
between the four packages on a 3 ns measurement on the 
100325, even with its TTL outputs. 
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Comparison by Package, 100325 
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Figure 7-17 shows that the differences between corner pins 
and side pins on a 100325 in a DIP package are negligible, 
although the outputs (03, 04, and 05) closest to the TTL 
supply (Vnd pins have a somewhat tighter range of values 
than the outputs (00, 01 and 02) closest to the ground 
(Vee) pins. 

This data shows that there is negligible difference in AC 
propagation delay between the CDIP, PDIP, SOIC and PCC 
packages. 

Figures 7-18 and 7-20 show that the PCC package is an 
electrically symmetrical package, all outputs exhibit similar 
propagation delays. Figures 7-19 and 7-21 show that the 
SOIC package exhibits similar characteristics to the PDIP 
package (typically longer delays on corner pins, as opposed 
to side pins). 

3.5 

c 

Cl ....... 

2.5 

1100 

1000 

900 
(/) 
a. 

800 
Cl ....... 

700 

600 

500 

1100 

1000 

900 
(/) 
a. 

800 
Cl ....... 

700 

600 

500 

I 
MAXIMUM 

"-
~ ...... DELAYS 

r- ...,,.. 

JtCDIP~ 
MINIMUM L-P- PDIP 

DELAYS 

" 
..c. ...&> G ~ 

1'. ::Ii ..1'l ...ti. 
r ,-

T 

TL/F/10993-17 

FIGURE 7-17. Propagation Delay 
Comparison PDIP VS CDIP, 100325 

P-
..... 
r 

"-
.A, 

MAXIMUM 
DELAYS 

....c. 
""T ' 

MINIMUM ~ v DELAL 

..,... 

De 
OUTPUT 

...0 --. 

h 

TL/F/10993-18 

FIGURE 7-18. Propagation Delay 
Comparison PCC, 100304 

OA <\i Oc Cb Or 
OUTPUT 

TL/F/10993-19 

FIGURE 7-19. Propagation Delay 
Comparison PDIP VS SOIC, 100304 

5-69 

Input Capacitance Comparisons 

Input capacitance differences were also measured between 
packages. The 100304 was used for the input capacitance 
comparison. Figure 7-22 shows that one of the reasons for 
in-line package corner pins exhibiting longer propagation 
delays is due to an increase in lead capacitance on the 
corner pins. 
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Chapter 8 
Quality Assurance and Reliability 

Introduction 
F1 OOK EGL is manufactured to strict quality and reliability 
standards. Product conformance to these standards is in­
sured by careful monitoring of the following functions: (1) 
incoming quality inspection, (2) process quality control, (3) 
quality assurance, and (4) reliability. 

Incoming Quality Inspection 
Purchased piece parts and raw materials must conform to 
purchase specifications. Major monitoring programs are the 
inspection of package piece parts, inspection of raw silicon 
wafers, and inspection of bulk chemicals and materials. Two 
other important functions of incoming quality inspection are 
to provide real-time feedback to vendors and in-house engi­
neering, and to define and initiate quality improvement pro­
grams. 

Package Piece Parts Inspection 

Each shipment of package piece parts is inspected and ac­
cepted or rejected based on AOL sampling plans. Inspec­
tion tests include both inherent characteristics and function­
al use tests. Inherent characteristics include physical dimen­
sions, color, plating quality, material purity, and material 
density. Functional use tests for various package piece 
parts include die attach, bond pull, seal, lid torque, salt at­
mosphere, lead fatigue, solderability, and mechanical 
strength. In these tests, the piece parts are sent through 
process steps that simulate package assembly. The units 
are then destructively tested to determine whether or not 
they meet the required quality and reliability levels. 

Silicon Wafer Inspection 

Each shipment of raw silicon wafers is accepted or rejected 
based on AOL sampling plans. Raw silicon wafers are sub­
jected to non-destructive and destructive tests. Included in 
the testing are flatness, physical dimensions, resistivity, oxy­
gen and carbon content, and defect densities. The test re­
sults are used to accept or reject the lot. 

Bulk Chemical and Material Inspection 

Bulk chemicals and materials play an important role in any 
semiconductor process. To insure that the bulk chemicals 
and materials used in processing F1 OOK wafers are the 
highest quality, they are stringently tested for trace impuri­
ties and particulate or organic contamination. Mixtures are 
also analyzed to verify their chemical make-up. 

Incoming inspection is only the first step in determining the 
acceptability of bulk chemicals and materials. After accept­
ance, detailed documentation is maintained to correlate pro­
cess results to various vendors and to any variations found 
in mixture consistency. 
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Process Quality Control 
Process quality is maintained by establishing and maintain­
ing effective controls for monitoring the wafer fabrication 
process, reporting the results of the monitors, and initiating 
valid measurement techniques for improving quality and reli­
ability levels. 

Methods of Control 

The process quality control program utilizes the following 
methods of control: (1) process audits, (2) environmental 
monitors, (3) process monitors, (4) lot acceptance inspec­
tions, (5) process qualifications, and (6) process integrity 
audits. These methods of control, defined below, character­
ize visually and electrically the wafer fabrication operation. 

Process Audit-Audits concerning manufacturing operator 
conformance to specification. These are performed on all 
operations critical to product quality and reliability. 

Environmental Monitor-Monitors concerning the process 
environment, i.e., water purity, air temperature/humidity, 
and particulate count. 

Process Monitor-Periodic inspection at designated pro­
cess steps for verification of manufacturing inspection and 
maintenance of process average. These inspections pro­
vide both attribute and variables data. 

Lot Acceptance-Lot by lot sampling. This sampling meth­
od is reserved for those operations deemed as critical and, 
as such, requiring special attention. 

Process Qualification-Complete distributional analysis is 
run to specified tolerance averages and standard devia­
tions. These qualifications are typically conducted on depo­
sition and evaporation processes, i.e., epi, aluminum, vapox, 
and backside gold. 

Process Integrity Audit-Special audits conducted on oxi­
dation and metal evaporation processes (CV drift-oxida­
tion; SEM evaluation-metal evaporation). 

Data Reporting 

Process quality control data is recorded on an attribute or 
variable basis as required; control charts are maintained on 
a regular basis. This data is reviewed at periodic intervals 
and serves as the basis for judging the acceptability of spe­
cific processes. Summary data from the various process 
quality control operations are relayed to cognizant line, engi­
neering and management personnel in real time so that, if 
appropriate, the necessary corrective actions can be imme­
diately taken. 

Process Flow 

Figure 8-1 shows the integration of the various methods of 
control into the wafer fabrication process flow. The process 
flow chart contains examples of the process quality controls 
and inspections utilized in the manufacturing operation. 



Process Quality Control (Continued) 

MATERIAL INPUT 
Photo Resist 
Quartzware 
Gas-Dopant and Solvents 
Wafers 

RUN SETUP 

OXIDATION 

MASKING 
PHOTORESIST 
AND ETCHING 

SOLID STATE DIFFUSIONS: 
Buried Layer, Epitaxy, 
Getter, Ion Implant, 
Base and Emitter 

THIN FILM: Metal (aluminum, 
nichrome, titanium-tungsten 
and Chemical Vapor) 
Deposition (silox, doped silox 
and nitride passivation) 

WAFER SORT 

OUTGOING 
WAFER 

INSPECTION 

ASSEMBLY 

FIGURE 8-1. Process Flow Chart 
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Process Controls (Examples) 

A. Environmental 

B. Chemical supplies 

C. Substrate examination (resistivity, flatness, thickness, 
crystal perfection, etc.) 

D. Photoresist evaluation 

E. Mask inspections 

A. Process audit 

A. Process audit/qualification 

B. Environmental 

C. Process monitors (thickness, pinhole and crack mea­
surements) 

D. C V Plotting 

E. Calibration 

A. Process audits 

B. Environmental 

C. Visual examinations 

D. Photoresist evaluation (preparation, storage, application, 
baking, development and removal) 

E. Etchant controls 

F. Exposure controls (intensity, uniformity) 

A. Process audits/qualification 

B. Environmental 

C. Temperature profiling 

D. Quartz cleaning 

E. Calibration 

F. Electrical tests (resistivity, breakdown voltages, etc.) 

A. Process audits/qualification 

B. Environmental 

C. Visual examinations 

D. Epitaxy controls (thickness, resistivity cleaning, visual 
examination) 

E. Metallization controls (thickness, temperature cleaning, 
SEM, C V plotting) 

F. Glassivation controls (thickness, dopant concentration, 
pinhole and crack measurements) 

A. Process audit 

B. Environmental 

C. Visual examinations 

A. Process audit 

B. Inspection 
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Quality Assurance 
To assure that aii product shipped meets both internal Na­
tional specifications for standard product and customer 
specifications in the case of negotiated specs, a number of 
QA inspections throughout the assembly process flow (Fig­
ure 8-2) are required. A flow, much more detailed than the 
one presented in Figure 8-2, governs the assembly of the 
devices and the performance of the environmental, me­
chanical and electrical tests. 

Reliability 
A number of programs, among them qualification testing, 
reliability monitoring, failure analysis, and reliability data col­
lection and presentation, are maintained. 

Qualification Programs 

All products receive reliability qualification prior to the prod­
uct being released for shipment. Qualification is required for 
(1) new product designs, (2) new fabrication processes or 

Operation 

Die Forming/Scribe 

Plate 

Internal Visual (2nd OPT) 

QA-Internal Visual (2nd OPT) 
Optional 

MIL-STD-883 
Method/Condition 

2010/B 

2010/B 

(3) nevv packages or assembly precesses. Stress tests are 
run and the results are evaluated against existing reliability 
levels. These results must be better than or equal to current 
product for the new product to receive qualification. 

New Product Designs-Receive, as a minimum, + 125°C 
operating life tests. Readouts are normally scheduled at 168 
hours, 1168 hours and 2168 hours. The samples stressed 
are electrically good units from initial wafer runs. Additional 
life testing, consisting of high-temperature operating life 
test, 85/85 humidity bias tests and bias pressure pot 
(BPTH) tests, may be run as deemed necessary. Redesigns 
of existing device layouts are considered to be new product 
designs, and full qualification is necessary. 

New Fabrication Processes-Qualifications are designed 
to evaluate the new process against the current process. 
Stress tests consist of operating life test, high-temperature 
operating life test, 85/85 humidity bias test and/or biased 

Operation 

Plating (Tin/Gold)-Lead Finish 

QA-Plating 
lnspection/Solderability 

Lead Clip and Form 

Seal, Fine 
(Hermeticity Check) 

MIL-STD-883 
Method/Condition 

2003 

1014 
5 x 10-a 

Die Attach cc/sec 

QA-Die Shear Strength 2019 

Ultrasonic Bonding 

QA-Ultrasonic Bond Strength 2011 

Internal Visual (3rd OPT) 2010 

QA-Internal Visual (3rd OPT) 2010 

Seal-Solder or Glass 

External Visual (4th OPT) 2009 

QA-External Visual (4th OPT) 2009 

High Temperature Storage 1008/C,E 

Temperature Cycling 1010/C 

Constant Acceleration 2001/E 

TL/F/9904-1 

Seal, Gross (Hermeticity Check) Bubble Test­
Fluorocarbon 

Mark and Pack 

QA-External Visual 

QA-Seal, Fine 
(Hermeticity Check) 

QA-Seal, Gross (Hermeticity 
Check) 

Electrical Test 

QA-Plant Clearance 

Distribution Store 

2009 

1014 
5 x 10-a 

cc/sec 

Bubble Test­
Fluorocarbon 

TL/F/9904-2 

FIGURE 8-2. Generalized Process Flow 
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Reliability (Continued) 

pressure pot (BPTH) test. In addition, package environment 
tests may be performed. Evaluations are performed on vari­
ous products throughout the development stages of the 
new process. Units stressed are generally from split wafer 
runs. All processing is performed as a single wafer lot up to 
the new process steps, where the lot is split for the new and 
the current process steps. Then the wafers are recombined, 
and again processed as a single wafer lot. This allows for 
controlled evaluation of the new process against the stan­
dard process. Both significant modifications to existing pro­
cess and transferring existing products to new fabrication 
plants are treated as a new process. 

New Packages or Assembly Processes-Qualifications 
are performed for new package designs, changes to exist­
ing piece parts, changes in piece part vendors, and signifi­
cant modification to assembly process methods. In general, 
samples from three assembly runs are stressed to a matrix 
shown in Table 8-1. In addition, + 100°C operating life tests, 
85/85 humidity bias tests, biased pressure pot (BPTH) tests 
and unbiased pressure pot tests are performed. 

Reliability Monitors 

Reliability testing of mature products is performed to estab­
lish device failure rates, and to identify problems occurring 
in production. Samples are obtained on a regular basis from 
production. These units are stressed with operating life tests 
or package environmental tests. The results of these tests 
are summarized and reported on a monthly basis. When a 
problem is identified, the respective engineering group is 
notified, and production is stopped until corrective action is 
taken. 

Current testing levels are in excess of 14,000 units per year 
stressed with operating life tests, and 23,000 units per year 
stressed with package environmental tests. 

Failure Analysis 

Failure analysis is performed on all units failing reliability 
stress tests. Failure analysis is offered as a service to sup­
port manufacturing and engineering, and to support custom­
er returns and customer requested failure studies. The fail­
ure analysis procedure used has been established to pro­
vide a technique of sequential analysis. This technique is 
based on the premise that each step of analysis will provide 
information of the failure without destroying information to 
be obtained from subsequent steps. The ultimate purpose is 
to uncover all underlying failure mechanisms through com­
plete, in-depth, defect analysis. The procedure places great 
emphasis on electrical analysis, both external before decap­
sulation, and internal micro-probing. Visual examinations 
with high magnification microscopes or SEM analysis are 
used to confirm failure mechanisms. Results of the failure 
analysis are recorded and, if abnormalities are found, re­
ported to engineering and/or manufacturing. 

Data Collection and Presentation 

Product reliability is controlled by first stressing the product, 
and then feeding back results to manufacturing and engi­
neering. This feedback takes two forms. There is a formal 
monthly Reliability Summary distributed to all groups. The 
summary shows current product failure rates, highlights 
problem areas, and shows the status of qualification and 
corrective action programs. Less formal feedback is ob­
tained by including reliability personnel at all product meet­
ings, which gives high visibility to the reliability aspects of 
various products. As a customer service, product reliability 
data is compiled and made available upon request. 

TABLE 8·1. Package Environmental Stress Matrix 

Test 

GROUPS 

Subgroup 1 
Physical Dimensions 

Subgroup 2 
Resistance to Solvents 

Subgroup 3 
Solderability 

Subgroup 5 
Bond Strength 
(1) Thermocompression 
(2) Ultrasonic or Wedge 

GROUPC 

Subgroup 2 
Temperature Cycling 
Constant Acceleration 

Seal 
(a) Fine 
(b) Gross 

Visual Examination 
End-Point Electrical 

Parameters 

Method 

2016 

2015 

2003 

2011 

1010 
2001 

1014 

MIL-STD-883 

Condition 

Soldering Temperature of 260 ± 10°C 

(1) Test Condition C or D 
(2) Test Condition C or D 

Test Condition C ( - 65°C to + 150°C) 
Test Condition E (30 kg), Y1 Orientation and X1 Orientation 
Test Condition D (20 kg) for Packages over 5 gram weight or 
with Seal Ring Greater than 2 inches 

5-73 



Reliability (Continued) 

TABLE 8-1. Package Environmental Stress Matrix (Continued) 

Test 
MIL-STD-883 

Method Condition 

GROUPD 

Subgroup 1 
Physical Dimensions 2016 

Subgroup 2 
Lead Integrity 2004 Test Condition 82 (Lead Fatigue) 
Seal 1014 As Applicable 

(a) Fine 
(b) Gross 

Lid Torque 2024 As Applicable 

Subgroup 3 
Thermal Shock 1011 Test Condition B (-55°C to + 125°C) 15 Cycles Minimum 
Temperature Cycling 1010 Test Condition C (-65°C to+ 150°C) 100 Cycles Minimum 
Moisture Resistance 1004 
Seal 1014 

(a) Fine 
(b) Gross 

Visual Examination 
End-Point Electrical 

Parameters 

Subgroup 4 
Mechanical Shock 2002 Test Condition B (1500g, 0.5 ms) 
Vibration, Variable 2007 Test Condition A (20g) 

Frequency 
Constant Acceleration 2001 Same as Group C, Subgroup 2 
Seal 

(a) Fine 
(b) Gross 

Visual Examination 
End-Point Electrical 

Parameters 

Subgroup 5 
Salt Atmosphere 1009 Test Condition A Minimum.(24 Hours) 
Seal 1014 As Applicable 

(a) Fine 
(b) Gross 

Visual Examination 

Subgroup 6 
Internal Water-Vapor 1018 

Content 

Subgroup 7 
Adhesion of Lead Finish 2025 
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Terminating F100K ECL 
Inputs 

INTRODUCTION 

Many F1 OOK designs require that certain inputs be preset to 
a HIGH or LOW level. Because of the construction of the 
F1 OOK input circuitry, a LOW can be realized by simply leav­
ing the input OPEN. However, a HIGH must be terminated in 
a special way, as simply tying the input to Vcc/VccA is un­
acceptable. 

DESIGN CONSIDERATIONS 

The ranges of V1H and V1L across VEE (-4.2V to -5.7V for 
F1 OOK ECL 300 Series) are -870 mV to -1165 mV and 
-1475 mV to -1830 mV respectively. 

By staying within these ranges, the input conditions are as­
sured. Figure 1 shows the voltage versus current for the 
F100K input transistor. If the input is tied to VcclVccA the 
input transistor saturates (Point D) which can damage inter­
nal circuitry. The best V1H to realize a HIGH is a voltage drop 
of 0.9V below VcclVccA· As can be seen from the graph, 
this locates the quiescent point on the flat part of the curve 
(Point C) midway within the acceptable range of V1H· Figure 
2 shows three ways in which a HIGH can be realized on the 
input. These circuits allow the user to maintain constant in­
put signals at optimum levels of VEE and temperature. Each 
circuit can handle multiple fanouts, the number depending 
upon the maximum current capability of the circuit. The de­
signer should be aware that although Figures 2A, 28 and 2C 

300 r-- VEE = -4.SV 
TA= +25oC 

100 r-- A L 
l 
F100K 

SIGNAL RANGE 

National Semiconductor 
Application Note 682 
The ECL Applications Staff 

supply ECL compatible signal levels, they differ in power 
consumption and susceptibility to changes in temperature 
and VEE· 
For designs where there are multiple unused inputs and ex­
tra logic gates available, fanout from the unused gates is 
possible. As an example of this, one gate of the 100302 is 
capable of driving ten quiescent inputs at voltage and cur­
rent levels typical of F1 OOK as shown in Figure 3. 

Figure 4 shows, in more detail, the F1 OOK pull-up scheme 
and the input circuitry. Although the circuits of Figure 2 are 
good examples, a detailed circuit analysis must include the 
50 kn input resistor. In Figure 4A, the resistor (Ro) which 
sets the diode biasing current is in parallel with the 50 kn 
input resistor. Likewise, the circuit of Figure 48 shows that 
R2 is in parallel with the input resistor. 

The point to emphasize is never tie an F1 OOK input to 
VcclVccA in order to realize a HIGH preset. Instead, the 
following is recommended: 

• For a LOW level-leave input open or tie to VEE· 

• For a HIGH level-tie input to a diode drop or 0.9V be­
low VcclVccA· 

Remember also that the 50 kn input resistor must be con­
sidered in the circuit parameter calculations. 

D 

O'--~_._...._~~-'-~~----'~~...&..-...._~~-'-~~__.~~--' 

A-50 k!l Pull-Down Current 
B-Transition (Switching) Region 
C-Base Current plus 50 k!l 
0--lnput Transistor Saturation 

-20 -1.7 -1.4 -1.1 -0.8 -0.5 -0.2 

VIN - INPUT VOLTAGE - V 
TL/F/10644-1 

FIGURE 1. Input Characteristics 
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N co 
<D 

:2: --
Vee Vee Vee 

y __y 
+ + 

1.1 k.O. 0.9V 47.0. 0.9V 
0.1 µr 0.1 µr 0.1 µr 

INPUT INPUT 

+ 
3.6V 3.6V ZENER 

VEE VEE 
TL/F/10644-3 TL/F/10644-4 

B c A 
TL/F/10644-2 

Note: Nominal values are shown. 

INPUT 

FIGURE 2. Equivalent Circuits for HIGH Termination 

Vn (-2.0V) 
TL/F/10644-5 

FIGURE 3. Utilizing Unused Gates to Terminate Multiple HIGHs and LOWs 

.--...... -----------..--0 VeeA __ ...... -------------oVc~ 
------Vee ------Vee 

OUTPUT OUTPUT 

INPUT 

_...,....,.--t..,_-----------o VEE ---t--+------------0 VEE 

TL/F/10644-6 TL/F/10644-7 

A B 
FIGURE 4. Pull-Up Circuit Examples 
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300 MHz Dual Eight-Way 
Multiplexer/Demultiplexer 

INTRODUCTION 

National Semiconductor 
Application Note 683 
The EGL Applications Staff 

High speed multiplexing and demultiplexing is an integral 
part of the fast expanding telecommunications market, and 
can be used successfully in inter-computer and intra-com­
puter wide-path communications. The National family of 
F1 OOK ECL components provides an excellent solution to 
this design problem. This applications note describes a data 
transmission scheme that can transfer information at the 
rate of 75 Mbytes per second using only four twisted pair 
transmission lines. 

mux/demux that can operate at speeds as high as 300 MHz 
(Figure 1). The data to be multiplexed onto the transmission 
lines are applied as 16 bits (2 bytes) in parallel to the inputs 
of the 100341 s where they are loaded into the registers 
under control of a synchronization pulse (SYNC). The mode 
of the 100341 s is then changed to shift right and the data is 
transmitted on the output lines at the clock rate. When the 
last bit has been shifted out, the register is loaded with the 
next data to be transmitted. 

Using 100341 8-Bit Shift Registers as parallel to serial and 
serial to parallel converters it is possible to design a simple 

D15 

P7 
SYNC -------1S1 

PO 
100341 

CLOCK -1r--~f-""L.::::.-..-.-.-.-...-~_J 

r--
1 

DO 

ORIGINAL DATA 

PO 

MULTIPLEXED DATA 

I 100250 
I I I I I I 

·--x---0----------r~-----------------7~-------· 
~ ~ ~ ~ ,,, ,,, ,,, ,,, 
('~ ('~ ('~ ('~ 
i< r: x ;;: TRANSMISSION LINES v v v ~ 
t'1 !'1 !'1 t'1 x x x x 
:)(: :)(: :)(: :~: 

r-- t-- 1---------~~------------------ t------- 1 
I 100250 I 
I I ·------- ---------- ---------------------------~ 

----ID7 

CP 07 

--------------icpa 
... ----+--------------------ICPb 

D15 

100341 

100351 

01 

so 
S1 

CPa 

CPb 

100341 
07 

100351 

FIGURE 1. 300 MHz Dual Eight-Way Multiplexer/Demultiplexer 
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Cf) 

~ The clock signal (CLOCK) is a free-running 300 MHz square 
I z wave and the synchronization signal (SYNC) goes low for 

'!!t one clock cycle in every eight. These tvvo signals aie tians­
mitted along with the data to facilitate synchronized recep­
tion at the other end. 

At the receiving end, the 100341 s are used as simple shift 
registers that accomplish the task of demultiplexing the 
data. The SYNC signal controls the loading of the 100351 
receiver registers. 

CLOCK AND SYNC GENERATION 

The CLOCK signal in this application is a 300 MHz square 
wave generated with a voltage controlled oscillator coupled 
with a phase-locked loop. However, any available clock sig­
nal may be used at a frequency of DC to 300 MHz. 

The SYNC signal is generated with the use of another 
100341 connected as in Figure 2. This circuit is self starting, 
requiring no initialization for proper operation. When the 
SYNC signal is low, the data present at the parallel load 
inputs (PO-P7) are loaded into the register on the next clock 
pulse. When SYNC goes high (as a result of loading the 
high value on PO), the mode of the 100341 is changed to 
shift right and the low loaded from P7 is shifted across the 

CLOCK AND SYNC WAVEFORMS 

CLOCK 

SYNC l .. __ __, 

100341 and appears on the SYNC wire eight cycles later. 
This in turn causes the 100341 to load again and the cycle 
repeats. Tho SYNC s!gmi! is h:gh fer seven c!cck cyc!es and 
low for one cycle, allowing it to be used as the synchroniza­
tion pulse for the mux/demux circuit. 

so 
CLOCK 

S1 
CP 

HI 
DO 00 
PO 
Pl 01 
P2 100341 02 
P3 03 
P4 04 
PS 05 
P6 06 
P7 07 
07 

TL/F/10645-2 

FIGURE 2. SYNC Pulse Generator 

TL/F/10645-3 
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100336 Four-Stage 
Counter /Shift Register 

INTRODUCTION 

Many system designs require bi-directional counting and 
shifting functions. In most cases these functions are sepa­
rate and unique requirements within the system design. For 
this reason, separate catalog parts are available. In some 
cases however, there is a requirement to have a device that 
will allow both counting and shifting functions. This is espe­
cially true in arithmetic, timing, sequential, or communication 
applications. National offers a very versatile counter/shift 
register in the 100336. This application note describes its 
function in detail and offers some simple uses. 

DESCRIPTION 

The 100336 contains four synchronous, presettable flip­
flops. Synchronous operation is provided by having all flip­
flops clocked simultaneously so that all output changes co­
incide. This mode of operation eliminates counting spikes 
on the outputs which are normally associated with asyn­
chronous counters. The clock input is buffered and triggers 
the four flip-flops on the rising (positive-going) edge. 

The counters are fully programmable allowing the outputs to 
be set to either a HIGH (1) or LOW (0). As presetting is 
synchronous, setting low levels on the select inputs (S0-S2) 
(see Table I) disables the counter and causes the outputs to 
agree with the parallel inputs (P3 -Po) on the next rising 
edge of the clock. Loading is accomplished regardless of 
the levels of the two enables (CEP, GET). 

TABLE I. Function Select Table 

S2 S1 So Function 

L L L Parallel Load 
L L H Complement 
L H L Shift Left 
L H H Shift Right 
H L L Count Down 
H L H Clear 
H H L Count Up 
H H H Hold 

National Semiconductor 
Application Note 684 
ECL Applications Staff 

The 100336 features both synchronous and asynchronous 
clear functions. The synchronous clear is performed by set­
ting a binary five (1018) at the select inputs. On the next 
rising edge of the clock, the outputs will be forced LOW 
(0000) regardless of the levels at the enable inputs. A buf­
ferred asynchronous master reset (MR) is provided to clear 
all outputs LOW (0000) regardless of the levels of the clock, 
select, or enable inputs. 

Count up/count down functions are selected with the select 
inputs (S2-So). These are synchronous operations and the 
outputs will increment/decrement in value on the rising 
edge of the clock. Both count enable inputs (CEP, GET) 
must be true (LOW) to count. The terminal count output 
(TC) becomes active-LOW when the count reaches zero in 
the DOWN mode or fifteen in the UP mode. Its duration is 
approximately equal to one period of the clock. The TC out­
put is not recommended for use as a clock or synchronous 
reset for flip-flops. See Figure 1 for timing relationships in 
UP/DOWN counting. 

In simple ripple-carry cascading applications the terminal 
count TC is fed forward to enable the trickle enable (GET) 
input. This method is increasingly inefficient as the counting 
chain lengthens. The upper limit of the clock frequency is 
determined by the clock-to-terminal-count delay of the first 
stage, the cumulative trickle-enable (CET)-to-terminal-count 
delay of the intermediate stages, and the trickle-enable-to­
clock delay of the last stage. For faster counting rates a 
carry-lookahead scheme is necessary. In this scheme the 
ripple delay through the intermediate stages commences 
with the same clock that causes the first stage to change 
over from MAX to MIN in the UP mode, or from MIN to MAX 
in the DOWN mode. Since the final count cycle takes 16 
clocks to complete, there is ample time for the ripple to 
propagate through the intermediate stages. The critical tim­
ing that limits the counting rate is the clock-to-terminal­
count of the first stage plus the parallel-enable-to-clock 
(CEP) setup time of the last stage. Figure 2 shows the con­
nections for the fast-carry counting scheme. 
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TYPICAL CLEAR, LOAD, AND COUNT SEQUENCES 

Illustrated below is the followini:i sequence: 

1. Clear outputs to zero. 

2. Load (Preset) to binary thirteen. 

3. Count up to fourteen, fifteen, carry, zero, one, and two. 

4. Count down to one, zero, borrow, fifteen, fourteen, and thirteen. 

5. Inhibit counting. 

CLOCK 
CP 

ASYNCHRONOUS _n CLEAR MR ' ,..._ _____ ..._ ____ ..._ ___________________ _ 

' ' 
' ' 
' ' 

FUNCTION [SO 
SELECT 
INPUTS 

Sl --------­
S2 --..__......,., 

u.__J 

CET ---.....-....... ----. 

ill----...... 

PO_J 

Pl 

INPUTS 

P2_J 

P3_J 

ao 

OUTPUTS 

01 ~----~~; ... , ____ ...._ __ __, 

02 -----w 
I , I 03·----w 

.__ ____ _.r--1..._ ____ ~ 

Tc---------------------LJ LJ 

14 15 
SEQUENCE 

ILLUSTRATED 

15 14 131. 
i-------COUNT UP -----+->-----COUNT DOWN------+f-.... --INHIBIT---,....,......... ,....,......... 

CLEAR PRESET 

TL/F/10646-1 

Note: A MR overrides enables, data, and count inputs. 

FIGURE 1. 100336 Used as Binary Up/Down Counter 
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CEP TC CEP CEP CEP 

CET 100336 CET 100336 TC" ---KCET 100336 TC •~---"11 CET 100336 TC 0-
CP CP CP CP 

CLOCK--------------------------------' 
TL/F/10646-2 

FIGURE 2. Fast Carry Counting Scheme 

Shift right/left modes are performed by making the appro­
priate selection on the selection inputs (S2-So). Each rising 
edge of the clock will cause the outputs to shift once in the 
direction which is selected. For shift-left operation, input 0 3 
is used as the serial input. For shift-right operation, input 
CET/Do is used as the serial input. During shift operation 
the terminal count output reflects the level at the 0 3 output 
and the enables are "don't cares". See Figure 3 for shift 
operation timing relationships and shift sequences. 

The 100336 provides two special modes of operation. The 
complement mode performs a one's complement of the out­
puts (Q3-0o) on the rising edge of the clock input regard­
less of the levels at the enable inputs. The hold feature is 
asynchronous and simply stops counting or shifting opera­
tions. Both complement and hold are performed with proper 
selection of the select inputs. For a complete truth table of 
the 100336 operation, refer to Table II. 

DESIGN CONSIDERTIONS 

Presetting the parallel inputs (P3-Po) may require a mixture 
of HIGH's and LOW's. A LOW may be preset by leaving the 
respective input open as the 100336 has a 50 k.O. resistor to 
VEE on the parallel inputs. A HIGH must never be made by 
tying the input to Vee/VeeA· This saturates the input tran­
sistor. Instead the input is set at a diode drop below Vee/ 
VeeA for a preset HIGH. See Applications Note 682. 
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Unused output pairs (On/On) may be left unterminated. 
However, unused single outputs should be terminated to 
balance current switching in the outputs. For further details 
on system design considerations refer to the FtOOK EGL 
Design Guide. For AC/DC performance specifications and 
critical timing parameters refer to the 100336 datasheet. 

APPLICATIONS 

Figures 4 and 5 demonstrate the use of the 100336 as UP/ 
DOWN BCD counters. One additional gate is required to 
detect the limit count. Notice the alternate gate methods in 
Figure 4. The 100304 shows the classical AND/NANO de­
sign similar to TIL and the 100302 shows the OR/NOR 
design of ECL. 

Figure 6 incorporates the use of a 100331 triple D-type flip­
flop. By using one stage of the 100331, a 50150 duty cycle 
can be realized from the divider. 

An 8-bit parallel-to-serial shifter can be constructed by cas­
cading two 100336's as shown in Figure 7. The third coun­
ter reloads another 8-bit data word after eight serial counts. 
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TYPICAL, CLEAR, LOAD, AND COUNT SEQUENCES 

Illustrated below is the following sequence: 

1. Clear outputs to zero. 

2. Load (preset) to binary twelve. 

3. Shift-left using 03 as serial input. 

4. Shift-right using GET /Do as serial input. 

CLOCK 
CP 

ASYNCHRONOUS n' . 

CLEAR ~R---~. ~----------------------------!---------------------

FUNCTION : 

[

soYl 

SELECT S1----,--.,....-
INPUTS I 

s2Yl------------------------------

CEP 
I ' . 

SERIAL 
INPUT CET/DO - - ____ ,,__.;----------------------

(SHIFT-RIGHT) 

PARALLEL 
INPUTS 

SERIAL 
INPUT 

(SHIFT-LEFT) 

PO:X..------.;. ________ _ 
P1:x 
P2:X-----------------
P3:x ___ ....,.. _______ ....., __________________ -;--------------------
03 ·-----

00 ----- LJ ~-----r--1~----------------

OUTPUTS 

I 
I 

01 __________ _.r----1~----~ 

02 ---

03 ----­

~-----------------------------------------;-----------------.L.____ 

o I 12 l-sH1FT-LEFT----...i..----sH1FT-RIGHT---­

CLEAR PRESET 
TL/F/10646-3 

Note 1: In shift-right mode TC follows the 0 3 output. 

Note 2: In shift-left mode TC follows the D3 input. 

Hote 3: ~ is a "don't care" during shifting. 

FIGURE 3. 100336 Used as Bi-Directional Shift Register 
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Truth Table 
Oo = LSB 

MR S2 S1 So 

L L L L 

L L L H 

L L H L 

L L H H 

L H L L 

L H L L 
L H L L 

L H L H 

L H H L 

L H H L 
L H H L 

L H H H 

H L L L 
H L L H 
H L H L 
H L H H 
H H L L 
H H L L 
H H L H 
H H H L 
H H H H 

©= L if Oo-03 = LLLL 

H if Oo-03 *- LLLL 

@= L if Oo-03 = HHHH 

H if Oo-03 *- HHHH 

H= HIGH Voltage Level 

L= LOW Voltage Level 

X = Don't Care 

Inputs 

CEP 

x 
x 
x 
x 
L 

H 
x 
x 
L 

H 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

.../ = LOW-to-HIGH Transition 

_rt.. -----tCP 

----1so 

Do/CET 

x 
x 
x 
x 
L 

L 
H 

x 
L 

L 
H 

x 
x 
x 
x 
x 
L 
H 
x 
x 
x 

CEP CET 

100336 

100304 

TABLE II. Truth Table 

Outputs 

03 CP 03 02 01 

x _r P3 P2 P1 

x _r 03 02 01 

x _r D3 03 02 

x _r 02 01 Oo 

x _r (Oo-03) minus 1 

x x 03 02 01 
x x 03 02 01 

x _r L L L 

x _r (Oo-03) plus 1 

x x 03 02 01 
x x 03 02 01 

x x 03 02 01 

x x L L L 
x x L L L 
x x L L L 
x x L L L 
x x L L L 
x x L L L 
x x L L L 
x x L L L 
x x L L L 

Oo 

Po 

Oo 

01 

Do 

Oo 
Oo 

L 

Oo 
Oo 

Oo 

L 
L 
L 
L 
L 
L 
L 
L 
L 

TC Mode 

L Preset (Parallel Load) 

L Invert 

D3 Shift Left 

03* Shift Right 

<D Count Down 

<D Count Down with CEP not active 
H Count Down with CET not active 

H Clear 

@ Count Up 

@ Count Up with CEP not active 
H Count Up with CET not active 

H Hold 

L 
L 
L 
L 

Asynchronous 
L 
H 

Master Reset 

H 
H 
H 

*Before the clock, TC is 03 

After the clock, TC is 02 

PO P 1 P2 P3 _rt.. -----cP 
so 

CEP CET 

100336 

PO Pl P2 P3 

TC TC 

100302 
TL/F/10646-4 

FIGURE 4. BCD Up Counter (0-9) 
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..fl_ 
CP CEP CET PO P1 P2 

so 
100336 

S1 

S2 MR 00 01 02 

CLEAR 

FIGURE 5. BCD Down Counter (9-0) 

FIN 

...fl_ -------1 CP eEP eET PO P 1 P2 P3 

----1so 
100336 TC 

FIGURE 6. Divide by Five 
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Yee 

P3 VEE 

TC 

03 

MR 

TL/F/10646-5 

CPe 

100331 

---- SYMMETRICAL 
Four=F1N+s 

TL/F/10646-6 
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07 06 05 04 03 02 01 DO co 
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...n... CP CET CEP PO P1 P2 P3 CP CET CEP PO P1 P2 P3 

so 
100336 TC 

so 
100336 TC 

S1 S1 

S2 MR S2 MR 

SERIAL/OUT 

CLEAR 
Yee 

ENABLE 

CET CEP P3 P2 P1 PO VEE 
CP 

so 
100336 TC 

S1 

S2 MR 00 01 02 03 

100301 

TL/F/10646-7 

FIGURE 7. 8-Bit Shift Left 
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Doug Bush 
Applications Engineer 

INTRODUCTION 

Designers are constantly trying to improve the performance 
of their systems. In many applications, this can be accom­
plished by increasing the speed of the system backplane. 
As system bandwidth requirements exceed 50 MHz, EGL is 
the logic of choice over TTL. EGL devices are designed for 
transmission line applications which means that ringing, re­
flections, and noise are minimized. These problems are not 
easily handled with TTL devices. EGL devices are the fast­
est in common use today and have increased steadily in 
popularity over the past 1 o years with the additional speed 
requirements of many systems. With this popularity have 
come improvements such as increased reliability, power re­
duction, and better ESD protection. 

EGL devices today offer the flexibility of single-ended or dif­
ferential backplanes. National Semiconductor has respond­
ed to the increasing need for EGL backplanes by introduc­
ing octal registers, latches and translators. The registers 
and latches offer the flexibility to drive a 250 (with cutoff) or 
500 load impedance. The 250 drivers are intended to drive 
a 500 transmission line which is doubly terminated in its 
characteristic impedance, or a single low impedance 250 
line. Considerations such as transmission line media (mi­
crostrip, stripline, coaxial, twisted pair, etc.) terminations, 
connectors, power planes and loading effects must all be 
understood to design the optimum system. 

ECL/TTL PERFORMANCE PARAMETERS 

There are several advantages associated with using EGL. 
EGL is a non-saturating logic, as opposed to TTL, which 
results in much faster switching speeds for drivers tied to 
the backplane. The EGL circuit contains a differential ampli­
fier with its outputs being a function of the difference be­
tween two input voltages; where one is a reference voltage 
(Vss) and the other CViN) is a logic HIGH or LOW (see Fig­
ure 1 ). The differential inputs determine which path the con­
stant current (Is) will flow. An internal reference circuit es­
tablishes a stable Vss voltage of -1.32V. When a LOW 
level (-1.730V typical) signal is applied to V1N. 01 "cuts 
off". Transistor 02 is turned on with collector current 
through the 02 branch being supplied by the current source 
(Is). This sets up a LOW level on A and a HIGH level on the 
compliment output as long as the output is properly termi­
nated. 

A HIGH level (-0.970V typical) applied to V1N will then turn 
on 01 and "cutoff" 02. This will set up a HIGH voltage level 
on A and a LOW level on its compliment. Since the current 
is nearly constant at all times, even during switching, current 
spikes are minimized on the power supply. This is an impor­
tant feature of EGL (unlike TTL) because the power require­
ment is unaffected by frequency. EGL becomes more favor­
able at frequencies above 50 MHz with a 50% duty cycle. 
The outputs of EGL devices require typically an external ter­
mination resistor and termination voltage (Vrr) to develop 
the proper output voltage levels. 

-----------Vee 
-------------- VccA 

RT 

TL/F/10910-1 

FIGURE 1. ECL Gate 
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EGL outputs are perfectly suited to drive transmission lines. 
With an output impedance of 6!1 to 8!1 and rise times less 
than 1 ns, reflections are minimized resulting in a clean sig­
nal. 

A comparison of the approximate input and output capaci­
tance values for non-1/0 IC's shows that TIL devices gen­
erally run higher than EGL devices. These parameters are 
important because they in part determine the amount of 
loading that will be present on the backplane. With reduced 
loading on the backplane comes increased speed. 

ECL(PCC) TTL(PDIP) 

Input Capacitance 3.0 pF 5.0 pF 

Output Capacitance 3.0 pF 5.0 pF 

EGL also has the ability to drive low impedance transmis­
sion lines (i.e., 25!1). As the transmission line impedance 
decreases, the speed of the transmitted signal increases. 
The lower impedance also reduces the effects of noise. The 
National Semiconductor F1 DOK 300 Series octal devices 
were specifically designed for this type of application. 

ECL TERMINAL SCHEMES 

Parallel Termination 

Termination of EGL outputs can be accomplished in several 
different ways. The most common way is to terminate the 
emitter follower output in the transmission line characteristic 
impedance (Zo) to a Vn voltage of - 2.0V as shown in 
Figure 1. This method is used with Zo = 50!1) to set specifi­
cations for most of the F1 DOK 300 Series devices. 

Thevenin Termination 

The Thevenin equivalent termination method (shown in Fig­
ure 2) requires one resistor be connected between the end 

DRIVER 

-------Vee 

Q 

R1 = 1.80 (Zo) 
R2 = 2.25 (Z0) 

of the line to be terminated and the Vee rail, with another 
placed between the end of the line and the VEE supply. This 
method will of course eliminate the need for a - 2.0V Vn 
supply, but the penalty is that the power dissipated will in­
crease nearly eight times from the previous method. Several 
designers avoid this method for exactly that reason. 

Series Termination 

An alternate way to terminate the output is by a series termi­
nation scheme. With this arrangement, a resistor pair is 
placed directly at the output of the driver (shown in Figure 
3 ). The series damping resistor (RS) should be chosen 
such that; 

Zo =RS+ RouT 
where: Zo characteristic impedance of the trans­

mission line 

RouT = output resistance of the gate 

RS series damping resistor 

The value of RouT for the F1 DOK 300 Series devices is 6!1 
when the output is conditioned to a HIGH level, and 8!1 
when conditioned to a LOW level. An average value of 7!1 is 
used when calculating the value of RS. The RE resistor in 
this termination scheme is used to discharge the line when 
the driven output goes into a low condition. To ensure that 
the proper amount of current needed is available, RE is cho­
sen by the formula: 

RE < Zo [(VoH - VEE)/0.49] - RS - Zo 

The table (shown in Figure 3) gives the resistor values of 
RS and RE max for VEE = -4.5V) needed for several dif­
ferent characteristic impedance transmission lines. 

Vee 
(O.OV) 

VEE 

(-4.SV) 

RECEIVER 
__ ...,_-41 __ Vee 

Q 

TL/F/10910-2 

FIGURE 2. Thevenin Termination 
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DRIVER RECEIVER 
__ ... _____ Yee 

Q 

A RS 

RE 

TL/F/10910-3 

Zo RS RE 
Ohms Ohms Ohms 

50 43 269 
75 68 404 

100 93 542 
120 113 661 

FIGURE 3. Series Termination Scheme 

The advantages of the series termination method is that an 
additional Vn supply is not required (unlike parallel termina­
tion), and all reflections back to the driver are absorbed by 
the series resistor (RS). This makes series termination ideal 
for situations in which ringing and overshoots are present on 
the transmission line. A voltage divider action occurs at the 
beginning of the transmission line (marked A in Figure 3) 
which means that only half the amplitude of the driver out­
put will be present along the line until the signal reaches the 
end of the transmission line. For this reason, loads should 
not be distributed along the line. For parallel and thevenin 
terminations, the full amplitude is seen on the line at all 
times. 

Although there are other termination schemes available, the 
ones discussed above are the easiest, cost effective and 
most popular. 

BOARD DESIGN CONSIDERATIONS 

As with any good design, transmission line media, power/ 
ground distribution, connectors, board layout, decoupling, 
and thermal effects must all be considered. 

When designing a backplane with F1 OOK 300 Series EGL 
logic, a controlled impedance transmission line is recom­
mended. If the transmission line characteristic impedance is 
not matched along the line, reflections will occur. Available 
transmission line media include microstrip, stripline, coax, 
ribbon cable, and twisted pair to name a few. The most 
popular transmission line media for EGL is microstrip and 
stripline. Stripline is embedded within the layers of the PC 
board between two ground layers, while microstrip is run on 
the top and/or bottom layers of the board. Microstrip and 
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stripline enable the designer to have very accurate and con­
trolled impedances. This becomes important when deter­
mining delays and terminations within a designed system. It 
is important to remember that all transmission line types 
mentioned have a distinct propagation delay/unit length as­
sociated with them. As an example, microstrip lines on 
G10/FR4 boards have a propagation delay of approximate­
ly 1.77 ns/ft. 

In order to transfer EGL signals from one board to another, 
a connector is needed. In most cases, the connector will 
cause impedance discontinuities. In order to keep reflec­
tions and signal distortions at a minimum, the discontinuity 
should be as small as possible. Although impedance 
matched connectors are expensive, the distortions that re­
sult are nearly negligible. Connectors also have a capaci­
tance associated with them on the order of 1 pF-3 pF. This 
capacitance will of course have a direct effect on the back­
plane loading. When using edge connectors to interface 
data from a motherboard and a daughter card, several pins 
(> 10%) should be dedicated to power and ground in order 
to maintain signal and power fidelity from one board to an­
other. An example of this is shown in Figure 4. 

When using a PC board with EGL and TTL logic together, 
the most noise will generally be found at the TTL ground. 
Since EGL logic levels are referenced directly from the Vee 
line, it is critical to have a dedicated EGL Vee plane that is 
stable and noise free. For this reason, the TTL ground and 
EGL Vee planes are placed as far from each other as possi­
ble. Variations on Vn and VEE are more tolerable. Figure 5 
shows a typical layout for an eight layer TTL/EGL PC board. 
Signals are run on both sides of the board for ease of con­
necting signals. 
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I- I- I- I- I-

TL/F/10910-4 

FIGURE 4. PC Board Pin Distribution 

LAYER 1 Signal 

LAYER 2 TILGround 

LAYER 3 TIL+5V 

LAYER4 Vn 

LAYER 5 Signal/Thermal 

LAYER 6 EGL -4.5V (VEE) 

LAYER 7 EGL 0.0V (Vee) 

LAYER 8 Signal 

FIGURE 5. PC Board Power Planes 

Inductance is always present in any conductor. As the rate 
of change in current through an inductor increases, the 
greater the induced voltage will be since V = L(dl/dt). With 
digital systems changing logic levels, a change in current 
will inevitably occur and produce unwanted voltage drops. 
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Oscillations are also connected with additional inductance 
present in digital circuits. This implies that inductance in 
board design should be kept at a minimum. 

Inductance is very dependant on geometry, with solid sheet 
conductors being the best for keeping inductance at the 
lowest possible level. This is the reason why planes (as in 
Figure 5) instead of grids, combs, or traces are used for 
power and ground. It is best to mount IC's directly over 
ground planes and connect the device ground pins to it 
whenever possible. It is also recommended that decoupling 
capacitors of 0.01 µF to O.Q1 µF be placed between VEE 
and Vee. and between Vn and Vee· 

The power required for different IC's will vary, meaning that 
the heat dissipated by each will change. In order to maintain 
gate junction temperatures, cooling devices may be neces­
sary. As an example, planes can be used as thermal mass 
resulting in an effective heat sink. Cooling is important be­
cause if junction temperatures exceed manufacturer specifi­
cations, circuits can fail, degrade, or function incorrectly. 
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SYSTEM DESIGN CONSIDERATIONS 

Wired-OR Configuration 

F100K 300 Series devices have an emitter follower configu­
ration on each output. The open emitter outputs of several 
devices can be tied together to create a Wired-OR configu­
ration. An example of this is shown in Figure 6. This configu­
ration has the advantage of obtaining the OR operation 
without using an external gate, thus reducing the package 
count of the design. The Wired-OR also saves on power by 
reducing the number of terminations needed (one termina­
tion for each Wired-OR grouping), and increases the speed 
of the system by removing the additional propagation delay 
that would have been inherent with an additional OR gate. 
Since ringing and undershoots are functions of the trans­
mission line intrinsic capacitance and inductance, it is im­
portant to minimize these by using the shortest trace 
lengths possible. 

Although the Wired-OR allows for additional levels of logic, 
there is a penalty. This penalty is a reduction in the LOW 
level nc!sc margin. ,1J.,s the number cf outputs tied together 
increases, the VoL level rises significantly. With a single out­
put in the LOW state of approximately -1.70V driving a 
50.11 impedance terminated in - 2.0V, a typical loL current 
of 6.0 mA flows. In the Wired-OR state with four outputs tied 
together (all in the LOW state), the loL current supplied by 
each output is nearly equal. The decreased current being 
supplied by each output transistor due to current sharing 
results in a reduction of the VsE junction voltage which in 
turn raises the Vm level. As a rule of thumb, the VoL level 
will be raised approximately 25 mV for every two outputs 
that are tied together on a bus. It should also be mentioned 
that the VoH levels will rise as the number of outputs tied 
together increases and thus the high level noise margin in­
creases. This effect is usually ignored since VoH is moving 
away from the threshold. 

I 
~--1~1------ (8i + B2 + E) + (C, + c2 + E) 

Vn 
TL/F/10910-5 

FIGURE 6. Wired-OR Configuration 
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Cutoff Drivers 

The Vm noise margin degradation found in Wired-OR net­
works can be avoided by using Nationals octal cutoff driver 
devices. When the output enable (see Figure 7) of the cut­
off driver is brought to a HIGH level, the base of the output 
transistor is biased to a level of -1.SV to -1.6V which in 
turn "cuts it off". This implies that a cutoff output will not 
source any current. With this, the HIGH and LOW level 
noise margins will not change from the non Wired-OR situa­
tion. With the output in the cutoff state, an output capaci­
tance of 3 pF is present on the backplane. 

Loading Effects 

As the number of devices tied to the backplane increases, 
distributed loading effects due to gate input and output ca­
pacitance need to be considered. The additional capaci­
tance on the backplane reduces the effective characteristic 
impedance of the transmission line. This change indicates 
that in order to avoid reflections and terminate the line prop­
erly, a new terminating resistor needs to be calculated. The 
characteristic impedance for a lossless transmission line is 
calculated by: 

z0 = J(Lo!Co) 

Where: Lo = intrinsic inductance/unit length 

Co = intrinsic capacitance/unit length 

Co = distributed capacitance 

With the effects of distributed loading on the transmission 
line, the effective characteristic impedance becomes: 

Z'o = J(lo/(Co +Co)= Zo + J(1 +Co/Co) 

As an example, consider the distributed loading scheme 
shown in Figure B. A son microstrip line, 1 O inches long, on 
glass epoxy board (Er = S.O), is used as the transmission 
line with five equally spaced distributed loads. 

Co= tpo/Zo = 0.148 ns/inch +son= 2.96 pF/inch 

With an input impedance of approximately 3.0 pF I gate (for 
PLCC devices); 

Co= Zo + ~,.,....(1,....+--=c,_o....,.,/C:--0""") = s (3.0 pF)/10 inches 
= 1.S pF/inch 

This gives an effective transmission line impedance of 

Z'o=Zo + J(Co+Co) =so+ J(1 +(1.S/2.96))=40.?n 

This implies that in order to terminate the transmission line 
properly, a terminating resistor (RT) of 40n is required. 

--... -------------Vee 

VOLZ = -2.0V 

_ (WHEN Vrr = -2.0V) 
OEN = HIGH LEVEL 

TL/F/10910-6 

FIGURE 7. ECL Cutoff Driver 

RT 

L = 10 INCHES (2 INCH SPACINGS) 

tpo (MICROSTRIP GLASS EPOXY) = 1.77 ns/ft = 0.148 ns/inch 
TL/F/10910-7 

FIGURE 8. Distributed Loading Example 
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APPLICATION EXAMPLES 

In order to transfer data efficiently on an ECL backplane, 
ECL drivers receivers, translators, and transceivers are re­
quired. Single ended ECL backplane devices include the 
following: 

100328 Octal ECL/TTL Bidirectional Translator with 
Latch 

100329 Octal ECL/TTL Bidirectional Translator with 
Register 

100343 Octal Latch (50!1 drive) 

100344 Octal Latch with Cutoff Drivers (25!1 drive) 

100352 Octal Buffer with Cutoff Drivers (25!1 drive) 

100353 Octal Register (50!1 drive) 

100354 Octal Register with Cutoff Drivers (25!1 drive) 

Differential ECL backplane devices include the following: 

100314 Quint Differential Line Receiver 

100316 Quad Low Skew Differential Cutoff Driver 
(25!1 drive) 

100319 Hex Single-Ended Input, Differential Output 
Cutoff Driver (25!1 drive) 

100324 Hex TTL-to-ECL Translator 

100325 Hex ECL-to-TTL Translator 

100397 Quad Differential ECL/TTL Bidirectional 
Translator/Driver with Cutoff (25!1 drive) 

100398 Quad Differential ECL/TTL Bidirectional 
Translator/Driver with Cutoff (25!1 drive), with 
TTL Control 

REGISTER 

EDGE CONNECTOR (2 pF) 

BUFFER 

Length of stubs from 
device to edge connector 

are less than 1 inch 

\ 

100354 

100344 

Single-Ended ECL Backplane 

A single-ended ECL backplane implies that signals are 
transmitted as a voltage on a singie iine referenced to AC 
ground. In the example shown in Figure 9, several listeners 
and talkers are tied to the common backplane. The 50!1 
transmission line is terminated at both ends of the line in its 
characteristic impedance of 50!1. This, in effect, requires a 
25!1 driver. This need is satisfied with National Semiconduc­
tors 100344 octal latch with 25!1 cutoff drive, 100352 octal 
buffer with 25!1 cutoff drive, and the 100354 octal register 
with 25!1 cutoff drive. When designing such a system, the 
effects of connectors, transmission line delay, and load ca­
pacitance should all be considered as discussed previously. 

Differential ECL Backplane 

A single-ended backplane is susceptible to ground potential 
differences at the ends of the line thus creating distorted 
signals being transmitted or received. For this reason, a sin­
gle-ended backplane is not recommended for noisy environ­
ments. Differential line driving (as shown in Figure 10) has a 
high noise rejection which results in a more reliable data 
transmission. Common mode voltages of :5: - 2.0V are re­
jected with an input voltage differential of 150 mV required 
for full output swing. (Please refer to VcM specification for 
the 100314 in the F100K ECL Databook.) 

Length of stubs from 
device to edge connector 

are less than 1 inch 

EDGE CONNECTOF: (2 pF) 

/ REGISTER 

'1N = CouT = 3 pf 

TL/F/10910-8 

FIGURE 9. Single-Ended ECL Backplane 
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The differential line driver and receivers communicate over 
a pair of wires where one is a HIGH voltage level and the 
other must be a LOW. If external noise occurs near the 
differential line, both wires will obtain the same distortions. 
Since the noise present on both of the lines is the same, the 
signal received at the terminated end of the line will not be 
effected because it is obtained by the difference of the sig­
nals on the lines. The difference of two lines will be the 
same with or without the noise problem. 

The advantage of a differential line driving scheme is the 
clean transmission of signals in noisy or industrial environ­
ments. As the differential line driving application in Figure 10 
shows, in order to isolate unused outputs from the line 25!1 
cutoff drivers are required. With the introduction of National 
Semiconductors 100316 quad differential 25!1 cutoff driver, 
100319 hex single-ended input, differential output 25!1 cut­
off driver, and 100397 /100398 EGL/TTL quad bidirectional 
translators/ drivers with latch and EGL 25!1 cutoff drive, this 

OEN 

RT 

100397 

£CL 
DATA OUT 

TTL 
DATA IN 

type of application is now possible. The 100397 has EGL 
control pins while the 100398 offers TTL control pins. 

ECL Transceiver 

Although an EGL transceiver does not currently exist, creat­
ing one is rather simple when using 25!1 cutoff driver devic­
es as shown in Figure 11. This device could be used to 
communicate between a single-ended or differential EGL 
bus and other circuitry. The circuit shown uses two 100352 
devices configured to give a transceiver operation. The 
function table for the operation of the transceiver is shown 
in Figure 11 ~rder to transmit data from A to B, OEN2 is 
HIGH while OEN1 is LOW. The HIGH level on OEN2 "cuts 
off" the bottom driver and allows for data transfer from A to 
B. To transfer data from B to A, OEN1 is held HIGH with 
OEN2 at a LOW level. When both output enable pins are at 
a HIGH level, both 100352 devices are in the cutoff state 
which results in a lower than low VoLz state (Vou = 
- 2.0V) at points A and B. 

TTL 
OEN DATA OUT 

ECL 
DATA IN 

ECL 
DATA OUT 

RT 

TTL 
DATA 
OUT 

TL/F/10910-9 

FIGURE 10. Differential ECL Backplane (1-Bit) 

Truth Table 

OEN1 OEN2 Outputs 

L L A, B HIGH 
L H Bus A Data to Bus B 
H L Bus B Data to Bus A 
H H A, B, Cutoff (VoLz) 

TL/F/10910-10 

FIGURE 11. ECL Transceiver 
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Operating ECL from a 
Single Positive Supply 

INTRODUCTION 

EGL is normally specified for operation with a negative VEE 
power source and a negative Vrr termination supply. This is 
the optimum operating configuration for EGL but not the 
only one. Operating EGL from a positive Vee supply is a 
practical alternative that is gaining in popularity. Positive ref­
erenced EGL, or PECL as it is referred to, has been imple­
mented in various mixed signal ASIC for use in the Video 
Graphics and Communications fields and is used in clock 
distribution as well. New single supply translator chips are 
becoming available to facilitate the interface of PECL logic 
levels to TTL and back again. Logic designers who strive for 
maximum speed in a system, now can easily replace sec­
tions of TTL logic with EGL and operate in PECL fashion 
from the common TTL Vee supply. 

STANDARD NEGATIVE SUPPLY 
ECL OPERATION AND WHY 

Figure 1 shows F1 OOK logic elements operating in standard 
negative supply EGL configuration. The most positive poten­
tial is the primary voltage reference for EGL operation. Stan­
dard EGL input and output levels are therefore negative po­
tentials referenced to the stable passive Ground (OV). The 
inherent F1 OOK voltage compensation permits stable input 
and output levels over a broad range of VEE's; i.e., -4.2 to 
- 5. 7 VDC for 300 Series F1 OOK. Thus EGL logic operating 
from a -4.2V VEE is compatible to logic operating from a 
-5.7V supply assuming both are referenced to a common 
OV Ground. 

Since EGL logic outputs only source currents that originate 
from the potential applied to its VeelVeeA pins, the use of a 
OV low impedance and low inductance ground potential is 
the optimum choice for operation. The use of a continuous 

Zo = son 

500 RE 

National Semiconductor 
Application Note 780 
John Davis 

copper ground plane as the primary EGL reference is the 
ideal source for the high frequency transient currents de­
manded by the logic during switching. Note that despite the 
ideal nature of a ground plane as the primary EGL refer­
ence, when mixing TTL (or other noisy circuitry) into EGL 
systems, the recommendation is to reference the TTL to a 
separate ground plane. This is to keep the high transient 
TTL switching energy out of the primary ECL reference and 
preserve EGL noise margins. 

When F1 OOK EGL output signal interconnection lengths are 
direct and short enough, transmission line effects may be 
ignored and then only a RE output biasing resistor is re­
quired for logic operation. Please refer to section seven of 
the "F100K EGL Logic Databook and Design Guide" for a 
more detailed explanation of transmission line effects and 
EGL termination techniques. The RE resistor provides bias 
to keep the EGL emitter follower output transistor on for 
both high and low logic states. The RE resistor is normally 
connected between the EGL output and the most negative 
potential (VEE) thus permitting "single" supply operation. 

The VEE potential will ideally be distributed to the ECL logic 
from a power plane or bus which has low DC series resist­
ance and low AC impedance. The low AC impedance is 
essential to supply the transient energy needed during 
switching. Although the inherent nature of EGL by design is 
to maintain essentially constant IEE current even during 
switching, the charging and discharging of internal and ex­
ternal capacitances and the switching currents in the RE 
resistors place transient demands on VEE· The degree to 
which the user can maintain complementary balance of EGL 
output loading will greatly influence the nature of the tran­
sient IEE demands. 

F100K 300 Series Voltage Levels 
Specified for Standard Negative 

VEE Supply Operation 

Level Min Typ Max Units 

VoH -1.025 -0.955 -0.87 voe 
V1H -1.165 -0.87 voe 
Vss -1.320 voe 
V1L -1.83 -1.475 voe 
VoL -1.83 -1.705 -1.62 voe 

------- -2.0V VTT PLANE Conditions: VcclVccA = 0.0 VDC Ground 
VEE = -4.2 to -5.7 voe -------.... ---.... ----1------e-- -4.SV VEE PLANE 

0.01.I. 0.01.I. 0.01.I. 

TL/F/10919-1 

RT = 5on; Vrr = - 2.0 voe 
All Levels W.R.T. Ground 

FIGURE 1. ECL Standard Operation from a Negative VEE Supply 
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The usual recommendation for the VEE plane is to bypass 
every ECL device at its VEE pin with a good RF quality ce­
ramic capacitor. The point at which the RE resistors return 
to the VEE plane should also be bypassed particularly if it is 
a single return from a multiple resistor A-PAK. Values from 
O.Q1 µF to 0.10 µF of the "High K Class II Dielectric" ce­
ramic Z5U grade capacitor are recommended for commer­
cial applications. The lower series inductance inherent in 
the leadless chip style capacitor is preferred over leaded 
types for highest frequency performance. The "Mid K Class 
II Dielectric" ceramic X7R grade capacitor offers acceptable 
bypass operating characteristics over the broader tempera­
ture range of - 55°C to + 125°C. 

Bulk bypassing of the VEE plane with a 1 µF to 1 O µF is 
recommended at the point where the VEE supply connects 
to the plane. Aluminum or Tantalum Electrolytic capacitors 
are usually used for bulk bypassing. Miniaturized surface 
mount Electrolytic capacitors are available for use in high 
density component applications. 

In typical ECL system designs, some inter-connection 
lengths will exceed the critical values and force the consid­
eration of transmission line effects. The most common high 
performance and power efficient termination scheme re­
quires the use of a negative 2.0V Vrr termination supply. A 
single RT resistor in conjunction with the Vrr supply will 
terminate each output's transmission line in its characteris­
tic impedance and will also provide optimum bias to the ECL 
output transistor. 

The Vrr potential will ideally be distributed to the RT termi­
nators from a power plane which has low DC series resist-

0.01.I Zo = son 

500 RE 

ance and low AC impedance. The low AC impedance is 
essential to supply the transient energy in the termination 
resistors during switching. Bypassing Vrr wherever RT re­
sistors return to the Vrr plane is essential to maintaining the 
low AC impedance of the plane. Capacitor recommenda­
tions for bypassing Vrr are the same as for VEE above. 

The regulation of the Vn supply is not critical. A variation of 
± 5% from nominal causes typically only ± 12 mV variation 
in output levels for 50!1 terminations or ± 7 mV variation for 
1 oon terminations. Note that in standard ECL configuration, 
the Vrr supply need only sink current into its negative termi­
nal (single ended Vrr operation with positive terminal 
grounded). Vrr here will typically be a simple series regulat­
ed supply. If the need for single negative supply operation is 
paramount, a less power efficient Thevenin termination 
scheme can be used between the VeelVeeA and VEE 
planes and selective use of series damping in conjunction 
with RE resistors may also be implemented. 

THE PECL TRANSFORMATION 

Transforming ECL from negative supply to positive supply 
operations is conceptually quite easy. Just offset all stan­
dard ECL operating potentials by a positive amount equal to 
an absolute value within the normal VEE operating range. 
For F100K 300 Series the normal VEE range is -4.5 to 
- 5. 7 VDC. A 5V offset fits nicely within the range and hap­
pens to match the nominal potential for TTL systems. Thus 
VEE becomes the OV ground with VeelVeeA offset to + 5V 
and Vrr (if required) offset to + 3 VDC. Figure 2 illustrates 
the transformation (from Figure 1). 

.I 0.01 

------- +3.0V Vn PLANE 

ZERO VOLT 
----------------------GROUND PLANE 

0.01.I 

F100K 300 Series Voltage Levels Specified for 
Positive Vee Supply [PECL] Operation 

Level Min Typ 

VoH Vee - 1.025 Vee - 0.955 

V1H Vee - 1.165 

Vss Vee - 1.320 

V1L Vee - 1.83 

VoL Vee - 1.83 Vee - 1.705 

Conditions: VcclVccA = 4.2 to 5.7 voe 
VEE = O.OV to Ground 
RT= son; Vrr = Vee - 2.0 VDC 
All Levels W.R.T. Ground 

Max 

Vee - 0.87 
Vee - 0.87 

Vee - 1.475 
Vee - 1.62 

Units 

voe 
voe 
voe 
voe 
voe 

FIGURE 2. ECL Operation from a Positive Vee Supply [PECL] 
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CONSIDERATIONS FOR PECL OPERATION 

All the considerations prAvio1_1sly discussed for standard op­
eration still apply; i.e., solid isolated and well bypassed ref­
erence planes, etc. Some additional considerations apply 
for PECL operation. 

PECL input and output levels are referenced to the active 
positive Vee rail that is variable and subject to line and load 
regulation. PECL level compatibility between sub-systems 
or systems can be difficult if precise Vee distribution and 
accuracy are not maintained throughout. Differential PECL 
signal transmission and reception between systems may be 
necessary to ease the Vee accuracy burden. 

This active positive Vee potential is the primary reference 
for PECL levels and the source of PECL switching currents. 
The distribution of Vee to PECL logic is just as important as 
is the ground distribution to the standard ECL configuration. 
Vee should be delivered from a continuous copper plane 
with liberal use of high frequency decoupling capacitors at 
each PECL device's VeelVeeA pins. 

If TTL or other noisy circuitry is to share the Vee. a separate 
powerplane should be provided. TTL switching transients 
should be isolated from the PECL Vee plane to preserve 
PECL noise immunity. Again, differential PECL operation 
may be warranted for situations where noise control is limit­
ed and good common mode noise rejection is required. 

The various requirements for output termination and bias 
previously discussed for standard ECL applies directly to 
PECL operation. Note that the nominal + 3V Vn supply in 
PECL mode is required to sink current into its positive termi­
nal (single ended Vn operation with negative terminal 
grounded) from the emitter follower outputs throught the RT 
resistors. A current sinking Vn supply will be necessary if 
operated single ended to ground. The Vn supply should 
track the Vee supply keeping a nominal 2V offset to assure 
optimum biasing of the outputs. 

The VEE for PECL operation is OV or ground potential and 
should be distributed from a continuous copper plane in 
consideration of handling the transients switching currents 
from the RE bias resistors. Although the PECL VEE plane 
will be somewhat tolerant of TTL noise, the recommenda-

5-96 

tion is to isolate TTL transient switching energy in a sepa­
rate TTL ground plane. 

POWER PLANES 

The dedication and organization of powerplanes is essential 
to successful ECL system design. 

Figure 3 illustrates an optimum powerplane implementation 
for Standard ECL operation on a printed circuit mother 
board in conjunction with TTL circuitry. Figure 4 shows an 
optimum powerplane configuration for PECL operation. 
Note that the dedication and positioning of separate ECL 
and TTL powerplanes is intended to preserve ECL noise 
immunity when operating in a mixed signal environment. 

Copper Plane 1 Signal 

2 TTL OV Ground 

3 TTL +5VVee 

4 Auxillary GND/Power/Thermal 

5 ECL - 2VVn 

6 ECL - 4.5V VEE 

7 ECL OV Ground 

8 Signal 

FIGURE 3. Powerplane Layup for 
Standard ECL Operation 

Copper Plane 1 Signal 

2 TTL OV Ground 

3 TTL +5VVee 

4 Auxillary GND/Power/Thermal 

5 ECL + 3VVn 

6 ECL OV VEE/Ground 

7 ECL + 5VVee 

8 Signal 

FIGURE 4. Powerplane Layup for Positive 
Referenced ECL 



The optimum multiple powerplane approach may not be fea­
sible for some designs. Logic and powerplane partitioning 
(islands) can be used to control noise when ECL and TIL 
must share the same powerplane. Figure 5 illustrates the 
basic concept where areas of a system board are organized 
by logic type and share the same horizontal powerplane. 
Low pass filters are usually used to help isolate high fre­
quency signals in sections of the shared plane. 

POWER SUPPLY SEQUENCING CONSIDERATIONS 

In logic systems where multiple independent power supplies 
are used, or where two independently powered systems are 
connected logically, some consideration must be given to 
supply sequencing. This is particularly true for ECL/PECL 
logic due to placement of ESD (Electrostatic Discharge) 
protection diodes on the inputs and outputs. Figure 6 shows 
the typical ESD diode placement in a F1 OOK 300 Series 
device. Figures 7a and 7b illustrate independently powered 
ECL driver and receiver operating with an independent 
ground referenced Vn termination supply. 

/'-n-L-..-1 PECL TO TTL .,.P_Ee_L __ 
" .... ---.....--11 TRANS LA TOR 

PECL LOGIC 

TTL LOGIC PEeL 

+SY TTL Yee PLANE +SY PECL Yee PLANE 

F 1 = FERRITE BEAD 
C 1 = PARALLEL COMBO 10/ /0.1 µF 

300 

FIGURE 5. Powerplane and Logic Partitioning 

Yee 

300 SERIES 
CIRCUIT 

SERIES C>--.---"Mr---t---t 
INPUT 

VEE 

FIGURE 6. F100K 300 Series ESD Diode Circuit Placement 

5-97 

300 
SERIES 
OUTPUT 

TL/F/10919-5 

TL/F/10919-6 

)> 
z 
I ....... 

co 
0 



When the devices (Figure la) are operated in Standard ECL 
fashion, VEE1 may be off while VEE2 and VTT remain on 
without caus;ng a for.-:ard b!c.::; potential en any of the ESD 
diodes. Note that both the true and complement outputs of 
the ECL 1 driver will source logic one current simultaneously 
to the VTT supply when VEE1 is off while VTT remains on. 
Emitter follower transistors of ECL 1 are biased on to a logic 
high level by the VTT/RT even in absence of VEE1· The 
potential for VTT current overload exists under these cir­
cumstances. 

When VEE2 is powered off and VTT remains on, the low rail 
input ESD diode of ECL2 (connected to VEE2) will forward 
bias and conduct heavily as VTT tries to re-power the VEE2 
rail. The diode conduction will be limited by the RT resistor 
and the impedance of the off VEE2 supply in parallel with the 
ECL2 logic impedance. Although the ESD diode current 
density rating will typically support this current overstress, 
the recommendation is to avoid this by insuring that VEE2 
and VTT are ramped together and that VEE2 is never more 
positive than VTT by 0.5V. 

When the devices (Figure lb) are operated in PECL fashion, 
there is a very clear forward bias hazard to ESD diodes 
when supplies are sequenced. If Vee2 is dropped before 
V ee1, the positive referenced emitter followers of ECL 1 will 
attempt to re-power up ECL2 through its high rail input ESD 
diode (connected to Vee). The ECL emitter follower outputs 
are low impedance voltage sources (6n typical) and can 
source an incredible amount of current (greater than 
200 mA each output). Thus Vee2 must never be more nega­
tive than Vee1 by 1.0V to avoid current overstress. 

When Vee1 is powered off and VTT and VEE2 remain on, 
the output ESD diode of ECL1 (connected to Vee1) will for-

-4.SV VEEI --.... --... 

ward bias and conduct heavily as VTT tries to re-power the 
Vee1 rail. The diode conduction will be current limited by the 
RT resistor and the impedance of the off Vcc1 supply in 
parallel with the ECL 1 impedance. Although the ESD diode 
current density rating will typically support this current over­
stress, the recommendation is to avoid this by insuring that 
VTT is never more positive than Vee1 by 0.5V. 

If Vee1 and Vee2 are dropped while VTT remains on, then 
VTT tries to re-power both Vee rails through the output ESD 
diode of ECL 1 and the high rail input ESD diode of ECL2. 
The forward bias current is limited by the RT resistor and 
the Vee1/Vee2 supply impedance in parallel with the collec­
tive logic impedance. This diode overstress is undesirable 
and should be avoided by insuring that VTT is never more 
positive than Vee1 or Vee2 by more than 0.5V. 

If VTT is dropped before Vee1, then increased load current 
can flow through the RT resistor from the emitter follower 
output of ECL 1. Therefore VTT ramping should be timed 
with Vee1 and Vee2. 

From the previous discussion, the most critical concern is 
that no PECL receiver should be powered down if driven 
directly by a powered up PECL driver without some form of 
current limiting. The inputs to the receiver must be current 
limited with external resistors of 1 oon or greater to be able 
to survive the overstress caused if Vee1 is ever permitted to 
be more positive than Vee2 by more than 1.0V. Although 
the use of current limiting resistors will alter the effective 
input edge rates and device propagation delays slightly, 
careful selection and placement of resistors will minimize 
device performance degradation. Use of surface mounted 
chip resistors located close to the input is recommended. 

.___-4t------- -4.SV VEEZ 
...._ __________ -2.0V VTT 

TL/F/10919-3 

FIGURE 7a. ESD Diodes in Standard ECL Operation 

Zo = 50 

--... --.... ---------1---. .... -~.------0VGROUND 
'-----------+3VVn 

FIGURE 7b. ESD Diodes in PECL Operation 
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DUAL SUPPL V TRANSLATORS-THE CONVENTIONAL family to operate in their conventional and Data Book speci-
APPROACH tied manner. System designers typically are most comfort-

Dual supply ECL-to-TIL and TIL-to-ECL IC translators have able with the dual supply aproach. This conventional meth-

been in general use for several years. These devices per- od permits the use of the most familiar design practice for 

form the logic level translations between EGL operating EGL and should easily yield reliable mixed signal system 

from a negative VEE supply and TIL operating from a posi- operation. The growing list of F1 OOK 300 Series Dual Supply 

tive Vee supply. This approach naturally allows each logic Translators, as shown in Figure 8, is testimony to the contin-
ued popularity and versatility of this approach. 

Features 100324 100325 100328 100329 100393 100395 100397 100398 

Data Bits 6 6 8 8 9 9 4 4 

ECL-to-TIL x x x x x x x 
TIL-to-ECL x x x x x 
Flow-Thru x x 
Latched x x x x 
Registered x x 
EGL Differential Input X1 x x 
EGL Differential Output x x x 
EGL Output Drive (!l.) 50 50 50 25 25 

EGL Cutoff (Hi Z) x x x x 
TIL Output Drive (mA) (loLlloH) 20/-2 23/-3 24/-3 64/-15 64/-15 64/-15 64/-15 

TIL TRI-ST ATE® x x x x x x 
EGL Control Pins x x x x x 
TIL Control Pins x x x 
TPD E to T (ns Max) 4.8 5.9 7.7 5.3 6.4 5.8 5.8 

TPD T to E (ns Max) 3.0 3.8 3.9 2.4 2.2 

IEE (mA Max) -70 -37 -169 -199 -39 -67 -99 -99 

IEE (mA Max) (Cutoff) -169 -199 -159 -159 

lee(mAMax) 38 65 74 74 65 65 36 45 

1V8s provided for Single-ended Operation 

FIGURE 8. Table of F100K 300 Series Dual Supply Translators 
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SINGLE SUPPLY TRANSLATORS-THE NEW WAVE AP­
PROACH 

Single Supply Tram;iaiors ihai aiiow FECL-to-TTL or TTL­
to-PECL interfaces are a recent addition to the F1 OOK 300 
Series ECL family. Development of these devices is motivat­
ed by the need for a convenient technique by which higher 
performance ECL logic can be integrated into existing TTL 
systems containing a single positive supply. These devices 
should also provide a vehicle for new lower cost designs of 
mixed signal single supply systems. 

Figure 9 describes three such devices being offered in the 
F1 OOK 300 Series family. The popularity of PECL operation 

Features 100390 

Data Bits 6 

ECL-to-TTL x 
TTL-to-ECL 

CMOS-to-EGL 

ECL Differential Input x2 
ECL Differential Output 

ECL Output Drive (!l) 

ECL Cutoff (Hi Z) 

TTL Output Drive (mA) (loL/loH) 24/-3 

TTL TRI-ST ATE x 
TTL Control Pins x 
CMOS Control Pins 

TPD E to T (ns Max) 6.4 

TPD T to E (ns Max) 

TPD C to E (ns Max) 

IEE (mA Max) (Cutoff) 

lee(mAMax) 48 

2Vss provided for Single-ended Operation 

is expected to grow significantly as designers become more 
familiar with the technique. As interest and usage of Single 
Supply TianslatoiS inciease, the family of this type of device 
can be expected to expand. 

A simple illustration of the ease with which the Single Sup­
ply Translator can accomplish the interface from TTL to 
PECL and back to TTL is shown in Figure 10. Note that the 
translator devices have on chip Vee partitions that facilitate 
the use of dual powerplanes for the preservation of ECL 
noise immunity. Differential operation on the PECL side of 
the translator is recommended to be used to maximize 
noise immunity. A Vss reference voltage output is provided 
on the 100390 device to facilitate single ended operation. 

100391 100392 100389 

6 5 6 

x 
x x 

x x x 
50 25 50 

x 

x 
x x 

1.7 

TBD TBD 

TBD 

60 TBD TBD 

FIGURE 9. Table of F100K 300 Series Single Supply Translators 

+5V TTL Yee PLANE 

+5V ECL Yee PLANE 
--- _... 

l l l 
Yee TTL Vee ECLVee Yee YeeA ECLVee TTL Vee Yee 

TTL 
i---- 100391 PECL 100390 1-----1 TTL 

LOGIC ""'- _,.. LOGIC ""'- _,,., LOGIC 
I"' ~ I"' ~ 

GND GND VEE GND GND 

I RE : : ~ > 

I RE : 
: ~ > 

I ~ ,.. ~ : RE 
~ 

,.. : : RE 

-
av GROUND PLANE 

TL/F/10919-7 

FIGURE 10. Use of Single Supply Translators 
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F100K ECL Dual Rail National Semiconductor 

~ Application Note 784 

Translators Doug Bush 

INTRODUCTION the 100325). As systems and data widths become larger, 

The complex electronic systems being designed today often more bits need to be translated. This need was satisfied 

require mixed technologies to incorporate the most efficient with the introduction of 8- and 9-bit translators. The 8-bit 

balance of performance, speed, power, and cost. In order translators (100328, 100329) also offer bidirectional transla-

for one technology to communicate with the other, an inter- tion functionality for applications which require two way 

face is needed. One of the most common mix of technolgies communication. In many cases, communication over signifi-

seen today is high speed ECL with the slower, but very pop- cant distances is needed in noisy environments. To handle 

ular TTL and CMOS. To make this interface as quick and this situation, differential translators like the 100397 and 

clean as possible, level translators are used. This applica- 100398 are used. The 100397 and 100398 also offer bidi-

tions note will discuss ECL to TTL and TTL to ECL level rectional translation with differential ECL and 25!1 drive with 

translators available from National Semiconductor's F1 OOK cutoff. The 100397 uses ECL control pins while a separate 

ECL 300 Series product line. Focus will be on Dual Rail option, the 100398, has TTL control pins. In applications 

Translators (translators which require both ECL and TTL where high output drive is needed after an ECL to TTL 

power supplies for normal operation), their differentiating translation the 9-bit 100393, and 100395, or 4-bit 100397 

features and possible uses. and 100398 can be used. The 64 mA loL output current 

TRANSLATOR SELECTION 
capability is ideal for driving long lines and achieving faster 
switching times by discharging the line it is tied to faster 

National Semiconductor offers translators of all different when in the LOW output state. These outputs are also capa-
types. Table I shows the TTL to ECL and ECL to TTL trans- ble of driving higher fanouts than the lower output current 
lators that are presently available. The first 300 Series devices. 
translators designed were the 100324 and 100325. With If the designer only has a + 5V supply available (i.e., An 
these devices, unidirectional translation is possible in either additional ECL supply cannot be used), single rail transla-
direction (TTL to ECL with the 100324, ECL to TTL with tors can be used. For more information on single rail transla-

TABLE I. 300 Series Dual Rail Translators 

Features 100324 100325 100328 100329 100393 100395 100397 100398 

Data Bits 6 6 8 8 9 9 4 4 

ECLtoTTL x x x x x x x 
TTL to ECL x x x x x 
Latched x x x x 
Registered x x 
ECL Differential OUT IN* 1/0 1/0 

ECL Drive 
(Ohms) 

50 50 50 25 25 

ECL Cutoff x x x x 
TTL Drive 

20/-2 
loL/loH (mA) 

24/-3 24/-3 64/-15 64/-15 64/-15 64/-15 

TTL TRI-STATE® x x x x x x 
ECL Control Pins x x x x x 
TTL Control Pins x x x 
TPD ECL to TTL 
(ns Max) 

4.8 5.9 7.7 5.3 6.4 5.7 5.7 

TPD TTL to ECL 
3.0 

(ns Max) 
3.8 3.9 2.4 2.4 

IEE (mA Max) -70 -37 -169 -199 -39 -67 -99 -99 

Ice (mA Max) 38 65 74 74 65 65 36 45 

*Vss output available for 100325 
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tion refer to applications note AN-780 "Operating ECL From 
a Single Positive Supply". 

TRANSL~TOR OPERATION SPEED ADVANTAGES 

Designers who have primarily a TTL system will often use 
ECL in areas such as clock distribution, backplanes, and 
differential data transmission where speed is most impor­
tant. This can be accomplished by level translating from 
TTL to ECL, performing the desired ECL operation, and 
then translating back to TTL. As intimidating as this ap­
proach sounds, the propagation delay savings gained can 
be very significant. Consider as an example the TTL "error 
capture circuit" shown in Figure 1A and the same function 
performed using ECL shown in Figure 18. In Figure 1A, a 
TTL system with control lines CRO and CR1 is being moni­
tored for errors. The error capture circuit consists of a buff­
er, decoder, and six counters. The buffer transfers signals 
from the control lines to the inputs of the decoder. 

The decoder determines which type of error is present and 
then feeds into a 2 stage counter to keep track of how many 
times a particular error occurs. 

Table II gives conditions for all possible levels on the control 
lines. When a counter reaches a terminal count of 256 for 
any type of error, a signal is fed to the TTL controller which 
initiates a service routine for that particular type of error. For 
the PDIP devices shown in Figure 1A, the maximum propa­
gation delay at room temperature for the error capture cir­
cuit is approximately 51 ns. 

TABLE II. System Errors 

CRO CR1 zo Z1 Z2 Z3 Operation 

L L L H H H No Errors 
H L H L H H Type 1 Error (T1) 
L H H H L H Type 2 Error (T2) 
H H H H H H Type 3 Error (T3) 

CRO -----., CRO 
11----1----1 ~------11 DECODER 

74F139 

TTL 
SYSTEM 

SERVICE INTERRUPT 

TTL 
CONTROLLER 

1---~1---cR_l-I BUFFER _cR_1 __ ...... 
CLK 74F125 

TPD MAX. = 8.0 ns 

TO 

T2 

TPD MAX. = 7 .5 ns 
CLK 

TC 

TC 

CLK 

COUNTER 
74F169 

TPD MAX. = 

CLK 

COUNTER 
74F169 

ZO Z1 Z2 Z3 

CLK 

COUNTER 
74F169 

15.5 ns/COUNTER 

CLK 

COUNTER 
74F169 

TPD MAX. = 15.5 ns/COUNTER 

CLK 

COUNTER 
74F169 

CLK 

COUNTER 
74F169 

TPD MAX. = 15.5 ns/COUNTER 

FIGURE 1A. TTL Error Capture Circuit 
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A significant amount of time can be saved by using transla­
tors and performing the error capture with ECL. In Figure 
18, an ECL error capture solution is implemented. In this 
case, a 100324 TIL to ECL translator is used to buffer the 
control line signals and provide the required ECL voltage 
levels. Data is then fed into the 100370 decoder and invert­
ed for counter input. As in the TIL circuit (see Figure 1A ), 
when the count reaches 256 for any type of error, a signal is 
fed into the controller for service routine activation. The ECL 
signal is first converted to TIL by use of the 100325 before 
being transferred to the controller. The error circuit for Fig­
ure 18 has a maximum propagation delay (using CDIP pack­
age at 25°C) of approximately 20 ns. 

A comparison of the ECL and TIL error capture circuits 
shows that ECL offers a 31 ns advantage in speed over the 
equivalent TIL design. This is a savings of more than half of 
the entire TIL timing budget. Another benefit of using ECL 
in high speed applications is that as frequency increases, 
TIL power increases while ECL power remains constant. In 
fact, as system bandwidth requirements exceed 50 MHz, 
ECL shows a power advantage over TIL. Since the transla­
tors in Table I have either TIL inputs or outputs, the power 
will increase slightly with frequency, but not as much as pure 
TIL devices. 

POWER SUPPLY AND NOISE CONSIDERATIONS 

The primary consideration with mixed voltage, dual rail 
translators is to insure maximum noise protection between 
the TIL and ECL ground. The ECL bandgap circuit (shown 
in Figure 2A ) is used to generate internal reference volt­
ages. The internally generated reference voltage used to 
set the input and output threshold levels is called V99. The 
potential generated to control the level of the active current 
source is called Vcs· These reference voltages (Vss and 
Vcs) set up by the bandgap circuitry are referenced to the 
ECL ground (Vee). Any noise on this ground will be injected 
into the reference voltages (Vss and Vcs) producing re­
duced noise immunity. This implies that a stable, noise free 
ECL ground is needed. 

TL/F/10938-3 

FIGURE 2A. ECL Bandgap Circuit 

CRO -----. CRO 

___ c_R ...... 1 TRANSLATOR ,_c_R_1 _ _, DECODER 
100370 

TTL 
SYSTEM 

CLK 100324 ..._.. __ -! TPD t.IAX. = 2.2 ns 

SERVICE INTERRUPT 

TO T1 T2 T3 

CLK 

TPD MAX. = 4.5 ns 

TRANSLATOR 
100325 

IN 

TPD MAX. 
= 1.45 ns 

INVERTER 
100321 

TTL TPD MAX. = 4.4 ns/COUNTER 
CONTROLLER 

TPD MAX. = 4.4 ns/COUNTER 

CLK 

TC COUNTER 
.__ __ a 100336 

CLK 

COUNTER 
100336 

TPD MAX. = 4.4 ns/COUNTER 

FIGURE 18. ECL Error Capture Circuit 
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Ground bounce has been a concern of TTL designers for 
many years. Figure 28 shows the TTL totem pole output 
structure. The intiinsic inductance in the ground lead (TTL 
GND) and power lead (Vnu are labeled as L 1 and L2, re­
spectively. In order to switch from HIGH to LOW, current 
(marked 11 in Figure 28) must flow through 03 and L2 to 
discharge the load capacitance. As this current changes, a 
voltage is developed across the inductor L2 (Recall: 
V2= L2(dl2/dt). Since the inductor (L2) is between system 
ground and the device ground, there will be a voltage drop 
between them. This voltage difference between device and 
system ground will cause the device input and output levels 
to be offset because they are referenced to the internal 
device ground. The devices which are driving inputs or be­
ing driven by the outputs are referenced to the system 
ground (TTL GND in Figure 28). This effect is known as 
ground bounce. 

VTTL 

TL/F / 10938-4 

FIGURE 2B. TTL Totem Pole Output 

To insure maximum noise protection, it is recommended 
that the EGL and TTL ground planes on the printed circuit 
board (PCB) are run independently, and are only connected 
back at the low impedance source of the power supply. 
Likewise separate power planes will be used for the TTL 
positive supply (Vnu. EGL negative supply (VEE). and EGL 
output load power supply (Vr). This leads to five layers of a 
multi-layer PCB being dedicated to power planes. Additional 

layers, either internal or on the surface, can be used to run 
signal lines. Agure 3 shows a typical layout for a seven layer 
TTLIECL PCB. Signals are nm on both sides of the bof!rrl. 

LAYER 1 Signal 

LAYER2 TTL Ground 

LAYER3 TTL + 5V (Vnu 

LAYER4 VT 

LAYER 5 EGL -4.5V (VEE) 

LAYER 6 EGL O.OV (V cc) 

LAYER 7 Signal 

FIGURE 3. PC Board Power Planes 

Consideration should be made with regard to the power up 
sequencing of translators. Table Ill describes the conditions 
observed for the various translators when EGL or TTL pow­
er is lost. 

Control pins should be driven by power up referenced sig­
nals, so that during power up sequencing, the Output En­
able pins are driven to the disable state. 

DESIGN CONSIDERATIONS 

Translator Pin Connections 

Dual rail translation implies that both positive (Vnu and 
negative (VEE) voltage supplies must be used. These volt­
ages are typically +5V and -5V respectively. Vee and 
VccA pins are used for the ground connection to OV. In 
addition to the traditional ceramic DIP and Flatpak pack­
ages, the F1 OOK 300 Series translators offer a 28-pin Plas­
tic Leadless Chip Carrier (PLCC) package for surface mount 
capability to reduce board space. This package includes 
three VEES pins which are used to dissipate heat from the 
package. These pins are connected internally through the 
substrate to VEE· It is recommended that these pins be con­
nected to the VEE power plane and NEVER to Vee. VccA. 
or VnL· 

Translator Location 

When using EGL with TTL or CMOS, it is important to group 
CMOS and TTL devices away from the EGL devices. This 
will reduce the possibility of corruption of EGL signals 
caused by noisy TTL or CMOS switching. Translators with 
TTL outputs should be grouped with the TTL devices on the 
printed circuit board (PCB), and translators with EGL outputs 
should be grouped with the EGL devices. 

TABLE Ill. Output State Under Power Loss 

Product 
Loss of VnL Loss Of VEE 

ECL Output State TTL Output State ECL Output State TTL Output State 

100324 VoH N/A VoH NIA 
100325 N/A Hl-Z N/A Hl-Z 
100328 VoH Hl-Z VoH Hl-Z 
100329 VoH Hl-Z VoH Hl-Z 
100393 NIA Hl-Z N/A Hl-Z 
100395 N/A Hl-Z N/A Hl-Z 
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APPLICATIONS 

Some of the many uses for EGL/TIL translators are: 

High Speed Cache Memory: Figure 4 shows a two way set 
associative cache system. Data is transferred from the EGL 
memory to cache with the use of a single 8-bit 100328 bidi­
rectional translator. Once the data reaches the cache, it can 
be moved to the microprocessor quickly for manipulation. 
Since the data bus is a two way communication system, a 
bidirectional translator is needed. The address bus, on 

the other hand, requires only a one way communication. 
This implies a unidirectional translator could be used to in­
terface the address to EGL memory. It would take three hex 
100324 devices for the 16-bit line shown in Figure 4, but to 
reduce package count two 8-bit 100329 devices are used. 
The EGL memory based system allows reading and writing 
access within one clock cycle. Since the memory is ac­
cessed quickly, the wait states produced by memory read 
and write are virtually eliminated which results in a faster 
operating system. 

A 15 A 7 AS A4 A3 AO 

ADDRESS --1 TAG I INDEX I OFFSET I L 

9 BITS 3 BITS 4 BITS 
100329 x 2 -L \ TTL --Z' AO-A 15 ADDRESS BUS 7 AO-A 15 

1---i 7 1s -I ECL ~16-1 
i....-

1S ~ CACHE - 256 BYTES 
/j 

AO-AS 
/ J\ 

7 
'a v 

MICROPROCESSOR 

AO-AS 
/ J\ 

7 
77 y 

v9 y A7-A 15 

A 
Do-D7 v'f 

OUTPUT 

OUTPUT = "0" __,. CACHE HIT 

OUTPUT = "1" __,. CACHE IAISS 

BL 
7 

7 

TAG I DATA 
(9 BITS) (64 BITS) 

BLOCK AO 
BLOCK A 1 A _L_ 

BLOCK A2 L 
BLOCK A3 ~ /8 
BLOCK A4 
BLOCK AS 
BLOCK AS 
BLOCK A7 

BLOCK BO 
BLOCK B1 A / 
BLOCK B2 -, '{+a BLOCK B3 
BLOCK B4 
BLOCK BS 
BLOCK BS 
BLOCK B7 

A TAGI B TAG 

IT TT 
~ DATA BUS 

/·tt 
y 

l 

FIGURE 4. Two Way Set Associative Cache System 
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Peripheral Interface Applications: The 100393 and 
100395 9-bit translators are ideal for translation applications 
where an 8-bit data bus with parity is used. An example of 
this situation is shown in A"gure 5. In this case, ECL data 
and parity is transferred through an ECL controller and sent 
to the ECL-to-TTL translator. Data and parity is then con­
verted to TTL levels and sent through a cable to the periph­
eral unit (such as a printer) for parity checking and data 
transfer. The 9-bit ECL-to-TTL translator (100393 or 
100395) allows for an 8-bit data transfer and 1 bit for parity. 
The 9-bit function of the 100393 and 100395 also enables 
the translation to be performed with one chip which reduces 
chip count and board space. These translators also have a 
64 mA output drive which is needed to drive the long length 
of cable associated with the printer hook up. 

DO- 07 

ECL CONTROLLER 

PARITY 

TO ERROR 
DETECTION CIRCUITRY 

PARITY 
CHECKER 

PERIPHERAL 

PARITY 

100393 
OR 

100395 

D0-07 

TL/F/10938-6 

FIGURE 5. Peripheral Interface Application 

TTL/CMOS Dynamic Random Access Memories 
(DRAMs): In instances where high speed ECL CPUs are 
used, low power/low cost DRAMs can be addressed as 

bulk storage for non-speed critical operations by interfacing 
the ECL CPU with DRAM via the 100328/100329. This en­
ables you to perform all of your high speed data processing 
tasks in ECL and use more readily available TTL/CMOS 
DRAMs for data storage. 

High Speed Coprocessor: A high speed ECL coprocessor 
can be added to a lower speed processor for enhancement 
of high density computations. This will increase the speed 
and improve the overall system performance. The 100324 
and 100325 would allow differential communication to the 
ECL coprocessor and the differential ECL signals give noise 
immunity from the surrounding TTL system. 

ECL Bussing: All the translators give TTL systems the abili­
ty to use high speed and low EMI ECL backplanes. ECL 
backplane applications typically use mixed technologies off 
the backplane which means that quick and reliable transla­
tion is needed. Refer to the "ECL Backplane Design", appli­
cations note for additional information. 

Graphics: The 100324/100328/100329 give TTL to ECL 
conversion for use in high speed ECL graphics applications. 
The graphics will be in parallel form in the TTL state, con­
verted to ECL then turned into serial form by either the 
100341/100336 shift registers, before being fed to a high 
speed graphics driver. 

REFERENCES 
D. Bush, "ECL Backplane Design", April 1991 Applications 
Note AN-768. 

J. Davis, "Operating ECL From a Single Positive Supply", 
June 1991 Applications Note AN-780 

W. Blood, "MECL System Design Handbook", Fourth Edi­
tion, 1988. Copyright Motorola, Inc. 

"F1 OOK ECL Logic Databook and Design Guide", 1990 Edi­
tion. 
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Taking Advantage of ECL 
Minimum-Skew Clock 
Drivers 

CLOCK DISTRIBUTION BACKGROUND 

Digital systems have tended from their inception toward in­
corporation of higher speed elements rather than architec­
tural changes as the solution to the computational speed 
problem. One result of this has been mounting pressure on 
the semiconductor elements of these systems for higher 
speed and all that this implies. Not only the operating fre­
quency and signal propagation delay but also the relative 
timing relationships of devices performing parallel tasks 
were challenged. As semiconductor process improvements 
pushed operating speeds higher, the evolution from individ­
ually-packaged to multiply-packaged gates helped reduce 
delay and speed differences among like devices. Even so, 
areas still existed where system designers demanded ever 
greater improvements in performance uniformity of digital 
logic elements. The synchronization signal generation sys­
tem, often referred to as the clock system, is one area in 
need of such improvement. 

Most digital logic systems employ some means of synchro­
nizing the actions carried out by the system's elements. The 
precision with which these various elements are regulated 
can be shown to have a direct effect on the overall speed of 
the system. The less time variation that must be allocated to 
the logic elements in the signal path, the faster that opera­
tion may be executed. Therefore, the overall time to perform 
all operations may be reduced or the system speed may be 
increased. In addition, the coordinated timing of the syn­
chronizing system itself must benefit from an equivalent re­
duction in relative timing of its elements, or else only limited 
overall benefit to system performance is possible. 

CLOCK NETWORK ELEMENTS 

The typical synchronizing or clock system consists of sever­
al closely related elements: 

- a primary signal source, usually a precisely regulated, 
high frequency oscillator, 

- frequency dividers to derive lower frequencies from the 
primary source, 

- distribution amplifiers to boost signal power or supply 
separated loads, 

- signal delay, duty-cycle alteration or re-synchronizing 
elements, 

- interconnect wiring, connectors and signal distribution 
network, 

- and a power source and distribution system for the semi-
conductor devices in the system. 

Each of these elements contributes a degree of variability to 
the overall timing precision capability of the system. By vir­
tue of the fact that the physical properties of each element 
can be controlled only within certain limits, the complete 
system will exhibit a variability somewhat larger than its ele­
ments taken individually. The effect of the variations contrib­
uted by the elements to the overall system variability is a 
physical fact that may be demonstrated mathematically. 

National Semiconductor 
Application Note 817 
Jim Mears 

Among the factors affecting variability are: 

- physical size such as the length of wiring, 

- electrical properties such as resistance and charge, 

- internally generated and externally induced noise, 

- and environmental factors like temperature and altitude. 

The visible effect of variability on the system timing is popu­
larly termed "skew". Similarly, the individual variabilities of 
each element are likewise termed "skew". The term "skew" 
is used also to describe the difference in delay between like 
paths taken by signals in a logic device or system. However, 
as with many useful terms when carelessly applied, the term 
"skew" can lead to some confusion unless it is more pre­
cisely defined. 

When applied to the differences in propagation of electrical 
signals through like paths in a logic system, the term 
"skew" will be taken to mean "differential timing error". In 
terms of the overall effect on the desired timing perform­
ance of the affected system or device, "skew" will be de­
fined as "a deviation or asymmetry from the mean or de­
sired timing value". The latter meaning of skew will assume 
greater importance in the prediction and analysis of system 
timing errors to be covered later in this note. 

MEETING THE SKEW CHALLENGE 

Control of skew in systems is at best a difficult challenge for 
design engineers. At its worst, skew can be the thing that 
makes or breaks a design. So, to give engineers an advan­
tage in controlling skew, National offers ECL devices specif­
ically designed to minimize the device-related component of 
skew. In addition, the skew properties of these devices are 
specified and tested. This has been done to reduce the de­
sign effort required to compensate for device-related skew 
effects. The results are tighter system timing margins, more 
reliable operation and faster operating speeds. This means 
greater system through-put and information processing effi­
ciency. 

300-SERIES ECL-The Best Weapon Against Skew 

300-Series ECL has some natural advantages in the war on 
skew. ECL differential amplifiers are minimum-skew by their 
very circuit configuration. The fundamental property of the 
differential amplifier used as a logic element is balanced 
switching. The amplifier, Figure 1, is symmetrical. This re­
sults in identical switching delays regardless of output. Fol­
lowing stages are added symmetrically, Figure 2, so that 
overall balance is maintained internally. 300-Series devices 
designed for minimum-skew also employ a unique die layout 
to preserve the basic amplifier balance. 

Another advantage of 300-Series ECL is its precise, stable 
Vss reference supply with wide operating power supply 
range. This reference is compensated for stability from the 
effects of changes in temperature or supply voltage. 300-
Series minimum-skew devices operate from -4.2V to 
- 5. 7V supplies as do all other 300-Series logic devices. Ad-
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vanced semiconductor processing, design and manufactur­
ing result in uniquely low power consumption for this ECL 
family. 

Augmenting the inherent balanced design of the amplifier, 
300-Series minimum-skew devices feature differential inputs 
and outputs. Selected devices have an additional single­
ended input and input selector for use as a test input or 

Yee 

auxiliary main input. However, skew tolerances are wider 
when using the single-ended input. The differential outputs 
are fully buffered emitter-foiiowers. They are designed io 
have symmetrical transitions and skew performance under 
symmetrical loading conditions. Some devices also make an 
external Vss reference available for use in situations where 
the inputs must be separately biased. 

1---1----- Your­

i----- Your+ 

TL/F/10982-1 

FIGURE 1. ECL Differentical Amplifier 

TL/F/10982-2 

FIGURE 2. ECL Buffered Amplifier 
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Skew can be adversly affected by packaging. For this rea­
son National has chosen to supply F1 OOK minimum-skew 
devices in packaging complementing their inherent perform­
ance. F1 OOK devices are supplied in SOIC, PCC and flat­
pak packaging as appropriate for the intended class of serv­
ice; commercial, industrial or military. 

PACKAGE TYPE AND LAYOUT 

Packaging and pinout also affect skew performance. Small­
er, more symmetrical packaging like PLCC and SOIC types 
contribute less to skew than do DIP packages. Their smaller 
size reduces parasitic inductance, a contributor to noise and 
signal delay. Symmetrical pin layout equalizes path length 
for all signals from the die to the circuit board thereby reduc­
ing a skew component. And, additional output Vee pins help 
reduce skew by providing extra paths for output signal re­
turn currents to ground. 

TESTING 

Despite careful design, packaging and advanced process­
ing, skew performance is worth little unless its effect on 
device performance can be accurately known. Reliable 
skew values, guaranteed by test, are essential in predicting 
system performance. 300-Series ECL minimum-skew devic­
es are fully tested and specified for all standard DC and AC 
parameters as well as all relevant skew parameters. 

It should be appreciated that devices designed for minimum 
skew values of a few tens of picoseconds are difficult to test 
using ordinary IC test equipment. Therefore, National has 
developed advanced production test equipment capable of 
measuring the AC and skew characteristics of these high­
performance devices. This results in more accurate and de­
pendable data for design and greater uniformity of product. 

SYSTEM DESIGN OBJECTIVES 

The best way to take advantage of minimum-skew driver 
capabilities is through good system design. Minimum-skew 
specified devices cannot compensate for or improve on a 
poor system design. However, these devices can add extra 
margin to a good design. They also permit more predictable 
performance in well designed system environments. 

The majority of problems that plague clock generation and 
distribution systems lies beyond the active devices and out­
side of their effect. These problems result from shortcom­
ings in the signal transmission, power supply or mechanical 
systems. A good system design should give the minimum­
skew driver a fighting chance to perform satisfactorily. This 
is the primary job of the system designer. 

But, before the designer can effectively use these devices, 
a reasonable set of electrical and mechanical specification 
objectives for the overall system must first be developed. 
Next, the device specifications as they apply within the 
scope of the system specification must be understood thor­
oughly. Only then can devices with performance appropriate 
to the overall objectives be selected. Indeed, the process of 
resolving device and system objectives may reveal incom­
patibilities. Then either the system requirements or the 
choice of device must be changed. Lastly and most impor­
tantly, the active devices must not be over-worked or handi­
capped by improper load conditions or the system environ­
ment. 

A good set of system objective specifications will incorpo­
rate all of the following considerations: 

- A stable, adequate, noise-free and well isolated DC pow­
er supply and power distribution system, 

- Noise-resistant and RFl/EMl-proof design and suppres­
sion techniques, 
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- A carefully designed signal transmission and distribution 
system, 

- Appropriate and efficient printed circuit board layout, 

- Adequate cooling for all power-dissipative devices, 

- Environmental requirements like altitude, humidity, and 
temperature: 

- The appropriate active devices for the required perform-
ance. 

The sections that follow present design techniques and 
guidelines formulated around the above objective specifica­
tions. Colateral sources where more complete or additional 
design information may be found will be noted or may be 
found listed in the Appendix. 

POWER SUPPLY NETWORK DESIGN OBJECTIVES 

ECL minimum-skew devices can benefit especially from a 
well designed power supply system. Though not unique for 
minimum-skew devices, the design of ECL power supply 
systems must achieve several important objectives. 

1. The power system must supply constant, noise-free volt­
age at adequate current levels to all active devices in the 
system. 

2. The power system must appear as a virtual battery to 
each device .. That is, it must effectively isolate devices 
such that each appears to be independently powered. 
Thus, noise signals resulting from operations going on 
within each device will not propagate to other devices 
through the power supply system. 

3. The power supply system also must propagato without 
distortion the return or image currents for all signal-carry­
ing transmission lines. 

4. The power distribution planes within each printed circuit 
board (FCP) should act as electrostatic shields to reduce 
RFI radiation from the transmission line system. 

These objectives can be adequately met if reasonable care 
is taken in the design of the power supply feed system, the 
supply isolation and bypassing and the organization and lay­
out of the PCB's. 

More information on power supply design considerations 
can be found in the "F1 OOK ECL Logic Databook and De­
sign Guide", Chapter 5. 

POWER SUPPLY BYPASSING 

The topic of power system bypassing is generally given in­
adequate treatment in logic applications literature. The com­
mon approach taken is to simply recommend that a 0.1 µF 
ceramic capacitor be used for every so many devices. In 
systems with frequencies predominating below 10 MHz and 
edge rates on the order of 1V/ns or slower, this prescription 
may be adequate. However, for systems with frequencies 
above 10 MHz and edge rates less than 1V/ns, the above 
prescription is bad medicine. The reasons are easy to ex­
plain but require a look at the role and objective of bypass­
ing. 

Bypassing serves two general roles in the power supply sys­
tem-filtering and energy storage. Both of these are related 
by the fact that, in performing filtering, the capacitor stores 
and releases energy. To be more specific, the four goals of 
an efficient bypassing scheme are: 

1. Reducing the internal impedance of the power distribu­
tion wiring system, 

2. Low-pass filtering of the DC being supplied to each active 
device, 
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3. Isolating active devices from each other, and 

4. Controlling noise due to transient current demands on the 
c-11nnlu C>\IC>tom ...,_l""l"'"J .... , ..... _ •••• 

These four goals are interrelated and are parts of the pri­
mary objective of having each active device appear as 
though powered by an internal, ideal battery. In fact, goals 
2, 3 and 4 can be considered as results of achieving goal 1. 
Reducing the impedance of the power system conductors at 
all frequencies in the system pass-band helps accomplish 
all goals of efficient bypassing. 

The "F1 OOK ECL Logic Databook and Design Guide" (Sec­
tion 7, Chapter 5) recommends multi-layer PCB construction 
with entire layers assigned to each supply voltage and 
ground. While this might appear to be an ideal power distri­
bution method for DC, it increasingly deviates from the ideal 
as frequency increases. For frequencies below about 
1 O MHz, the internal impedance of power plane layers may 
be in the range of 1 n to 1 on depending upon geometry. At 
higher frequencies, and especially above 50 MHz to 
100 MHz, skin and striction effects cause a ten-fold or 
greater increase in internal impedance. This means that cur­
rent changes resulting from switching of the active devices 
at high frequencies can induce large voltages in the power 
planes. These noise voltages affect nearby circuits and sig­
nals on transmission lines. To eliminate this interference, a 
means is needed for decreasing the impedance of the 
planes at high frequencies. 

Restricting the pass-band of a wire transmission system to 
frequencies approaching DC is termed low-pass filtering. 
Suitably sized capacitors placed at regular intervals on a 
wire transmission system form a low-pass filter. As frequen­
cy increases, the capacitor's reactance decreases. This re­
duces the amplitude of the signal as it traverses the trans­
mission line. Therefore, the effect of noise generated by an 
IC on the ·power supply voltage of its near neighbors is re­
duced. In addition, lowering the internal impedance of the 
power plane system reduces radiated RFI and the effects of 
external interference sources on the power supply system. 
And, the power plane system will appear as a more nearly 
uniform AC ground for signal-carrying transmission lines in 
adjacent layers of the PCB. 

Another property of the transmission line, low-pass filter is 
that it delays signals traveling on the line. In addition to 
attenuating AC signals and noise generated by the active 
devices, the signals are also delayed. This effectively in­
creases the isolation between devices in the time-domain. 
Naturally, as the delay of the power supply transmission 
system increases, the closer the bypass capacitors must be 
to the noise source in order for them to be optimally effec­
tive. 

Supply bypassing is generally less critical in F1 OOK ECL 
systems than in 1 OK systems, especially since output load 
balancing can be used. Bypassing still must perform the 
functions mentioned previously, but the balanced switching 
of F1 OOK results in a quieter overall system to begin with. 
The primary suppression role of bypassing is in controlling 
noise from unbalanced output switching on the power sys­
tem. 

The selection of bypassing components for F100K systems 
should be based on the expected operating frequencies of 
the various networks as well as the output transition rates. 
Also, the choice of balanced versus unbalanced output 
loading plays a major role. 
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Capacitors bypass or suppress frequencies best near their 
self resonant frequency, Figure 3. At this frequency the ca­
pacitor appears to be more nearly a short-circuit. Below res­
onance the capacitive component of reactance dominates. 
Above resonance the inductive component plays a bigger 
role. The effective impedance at resonance is the resistive 
component or ESR (equivalent series resistance). It is nor­
mally desirable to minimize the ESR so that the capacitor is 
a good short circuit. However, it may be more desirable to 
have some resistance in series with the capacitor in order to 
broaden the range of frequencies where the capacitor is 
effective. 

In the time domain, the capacitor's behavior becomes more 
complex. Fast risetime transient pulses contain frequencies 
generally far above the capacitor's self-resonant frequency. 
During these pulses, the capacitor has an instantaneous im­
pedance value ten or more times its ESR. For this reason, it 
is often desirable to "bandspread" the bypass capacitor by 
using several different capacitor values in parallel. An exam­
ple of this is placing 0.1 µF, 1 O nF and 1 nF ceramic chip 
capacitors in parallel. The capacitors may be attached to 
the PCB in a sandwich, "piggy-back" style, provided their 
lengths are equal. Leaded capacitors may be placed close 
together on the circuit board to achieve a similar result, also. 

The signal frequencies being transmitted by the logic devic­
es and the switching frequencies of device outputs are not 
the only signals that must be handled by the bypassing. 
There are also frequencies associated with the energy 
transfer between different functional groups of components 
on the PCB's and in the overall system. For instance, a 
memory system may be active at one-fourth of the rate of 
an associated CPU group. The peak energy exchange rate 
between the memory system and the power supply would 
be one-fourth that of the CPU and the supply. Though the 
memory may handle signals at the same frequency as the 
CPU during communications, the power supply system also 
sees the lower frequency as well. Therefore, the power sup­
ply system and the memory/CPU circuit board must have 
bypass capacitors for both sets of frequencies. For this rea­
son, larger value capacitors, usually tantalum or similar elec­
trolytic types, are found on circuit boards. These capacitors 
smooth energy transfers at lower frequencies. 

CLOCK SOURCE NOISE CONTROL 

The clock system is normally the source of most high fre­
quency noise in digital systems. Part of the overall design 
objective for the clock system is that it not create interfer­
ence with other parts of the system. 

Isolation of the clock source and its associated distribution 
amplifiers is an effective way of reducing such interference. 
Insertion of a ferrite choke in the power supply feed to the 
active devices forms a noise filter that reduces interference 
from these devices to other logic through the power system. 
The filter may take the form of a Pi-network or longitudinal 
choke as in Figure 4. In selecting the inductor, the core must 
have sufficient current rating to handle the load without sat­
uration. Also, the core material should be capable of operat­
ing over the frequency range of the oscillator and associat­
ed components. Type 3B or 4B core materials are typical for 
ECL applications. Suitable 6-hole ferrite chokes are avail­
able from Fair-Rite, Siemens, Ferroxcube and others. 

CLOCK NETWORK TOPOLOGIES 

The choice of clock network topology is intimately a part of 
the architecture and partitioning of the system. To recom-
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co mend a particular topology would be presumptive. There-
Z fore, the scope of this discussion will be limited to more 
CC genera! ccns!derat!cns cf the ner.a:orks. 

The general forms of networks suitable for clock distribution 
are: point-to-point, daisy-chain, radial (star), branching 
(tree), auxiliary main input and bus. Any of these can be 
implemented as single-wire-over-ground or balanced differ­
ential networks. The differential method has advantages of 
less suceptability to interference from noise, temperature 
effects, threshold shifts and common-mode signals. These, 
plus the network's inherent balance, mean lower skew. 
F1 OOK is particularly suited to use in differential networks. It 
employs differential outputs on virtually all devices and dif­
ferential inputs particularly on clock distribution devices. 

Naturally, to benefit from the advantages of the differential 
network, its balance must be maintained. Loading and termi­
nations should be applied equally to both conductors of the 
differential pair. If loading is not balanced, the propagation 
delay of each conductor will be different. This can lead to 
differences in the arrival time of the complementary signals 
thereby increasing skew. 

Regardless of the network topology, the relationships of 
network impedance, drive capability, critical loading and ter­
mination must always be considered. 

IMPEDANCE, LOADING AND INTERFERENCE 

The equivalent generator resistance of the F1 OOK output 
emitter follower is approximately 7n. With this low value, the 
output is nearly an ideal voltage source capable of driving 
almost any reasonable value of load impedance or trans­
mission line type. High impedance transmission lines (above 
son) are difficult to achieve in practice on PCB's with thin 
dielectrics. However, high impedances are more common 
with twisted-pair lines. The propagation velocity of energy is 
more affected by capacitive loading on high impedance 
lines. And high impedance lines are more susceptable to 
crosstalk and noise interference. 

Low impedances (less than son) require wide line widths, a 
problem where small packages and dense PCB layout are 
desirable. Also, lower impedances require more energy from 
the driver. For a given output type, this results in lower volt­
age swings into the line and higher DC and AC power since 
the termination value is lower, also. An advantage of lower 
impedances is that of their being less affected by capacitive 
loading and crosstalk. 

The effect of loading versus line impedance is easily illus­
trated. A son line in FR-4 material has an unloaded propa­
gation delay of about S6 ps/cm. Unloaded 2sn and 10on 
lines in this material have the same delay. By adding only 
1 pF I cm load to the son line, the delay is increased by 
21 ps. The 2Sn line's delay increases 11 ps and the 1 oon 
line by 38 ps. Clearly, skew-versus-loading is easier to con­
trol if the line impedance is kept low. This is the reason that, 
from all practical standpoints, son is widely considered as 
the best line impedance choice. 

Controlling the chosen impedance and skew in practical 
networks can be difficult in practice. This is particularly true 
where many loads need to be driven in precise phase rela­
tionship to a source. Ideally, it would be best to drive each 
load in a point-to-point connection. Except for the most ex­
acting applications, this can be costly in terms of board 
space, power and components. 
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Series-terminated radial or star networks can be used in 
many cases to drive multiple loads from one output. As long 
as the load impedance diiven does not exceed output drive 
capability, 2, 3 or 4 lines may be driven. Radial nets may 
also be driven from the end of another transmission line 
connected to the driver output. In this case, the impedance 
of the line between the driver output and the star-point must 
be less than the impedance of any line connected to it. 
Each line radiating from the star-point is driven through a 
series termination. The value of the resistor is chosen to 
give the minimum required voltage swing at the input con­
nected at the receiving end of the line. More details for de­
signing radial networks may be found in Chapter 4 of the 
"F100K Logic Databook and Design Guide". 

Timing and skew are more difficult to control with the daisy­
chain network and its bi-directional equivalent, the bus net­
work. Differences in the individual load values attached to 
the net contribute to increased skew. This is especially true 
in parallel-path buses where there is another complicating 
factor. The bus is normally bi-directional. Whereas the dai­
sy-chain net has one source and multiple loads, the bus has 
multiple sources. Delay from one source to a given destina­
tion, relative to another source to the same destination, may 
create difficult timing situations, especially where all sources 
share a common distributed clock. In such situations, con­
sideration should be given to re-synchronization of the com­
mon clock relative to the other signals being transmitted 
from the particular location on the bus. This re-timed clock 
will then be properly synchronized to its related signals and 
a reduction in location-dependent skew on the bus will re­
sult. 

TERMINATION NETWORKS 

Minimum-skew drivers cannot correct the behavior of im­
properly terminated networks. In fact, operation of any driv­
er-network combination is impaired by faulty termination. 
Faulty termination corrupts signals and contributes to skew, 
timing and noise problems. A brief look at the goals of basic 
series and parallel termination networks will clarify their use. 

The goal of parallel termination is absorbtion of all transmit­
ted energy at the network terminus with none reflected to 
the source. Any signal distortion occurring is solely due to 
reflections from the loads attached to the line. The parallel 
termination should have a resistive value close to that of the 
network's impedance to be optimally effective. Parallel ter­
minations may be simply a single resistor from the terminus 
of the network to a voltage source (normally - 2V) or they 
may be Thevenin networks equivalent to the single resistor 
and voltage source values. 

The series termination operates on the principle of Ohm's 
Law. As a voltage divider, the goal of the series termination 
is to reduce the driver's output voltage transmitted into the 
line by about one-half. When this voltage (referred to as the 
incident wave voltage) reaches the opposite end or termi­
nus of the network, which is unterminated and approximate­
ly an open circuit, the voltage level doubles. A receiver at 
the terminus of the line sees its full input voltage swing. 
However, receivers between the input and terminus ends 
see only the voltage transmitted into the line. All of the volt­
age arriving at the terminus is reflected back to the source 
with the same polarity as that of the incident wave voltage. 



As this reflected wave voltage transits the line toward the 
source end, the voltage level along the line is raised to the 
full swing voltage of the driver's output. Only at the instant 
when this voltage wave reaches each input will that input 
see its full voltage swing. Therefore, intermediate loads ex­
perience a period where input voltage is at or near threshold 
level. Consequently, there is a delay of more than one line 
transit time until the input voltage reaches a proper level. 
For this reason, series terminations are used almost exclu­
sively in point-to-point networks. 

In some cases, networks may require combinations of se­
ries and parallel terminations to achieve satisfactory per­
formance. Networks of this type must be carefully designed 
and tested on an individual basis to assure correct opera­
tion. The laws governing such networks are the same as for 
the basic networks and terminations. Further information on 
terminations, other network configurations and their design 
requirements can be found in the "F100K ECL Logic Data­
book and Design Guide", Chapter 4. 

PC BOARD LAYOUT RECOMMENDATIONS 

Proper PC board layout is high on the list of important con­
siderations when using ECL minimum-skew devices. The 
performance enhancement offered by minimum-skew devic­
es can be wasted by inadequate layout. So, a look at some 
additional layout recommendations aimed at maintaining the 
high performance that these ECL devices are capable is 
essential. 

F1 OOK ECL minimum-skew devices are available standardly 
in surface mount packaging. Devices use either SOIC and 
PCC packages. Each package type has its own unique 
mounting requirements. However, there are some common 
areas where both types can benefit from attention to layout. 
These areas are bypassing location, power and ground con­
nections, differential line layout and power plane isolation. 

Literature available from National Semiconductor is listed in 
the Appendix. 

BYPASS CAPACITOR PLACEMENT 

The placement of bypass capacitors is as important as their 
electrical characteristics. Placement and connection into 
the system can significantly alter the effectiveness and 
electrical performance of the bypassing elements. Ideally, 
the capacitor is placed as close as possible to the device 
requiring the bypass. Only an absolute minimum of wire 
length should connect the capacitor to the power planes or 
the IC leads. If surface mount capacitors are used, the 
mounting lands are connected directly to the power planes 
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through vias and omit any extra wiring. Figure 5 shows the 
recommended placement and connection methods for PCC 
layouts on conventional multi-layer PCB's. Figure 6 shows 
the recommended application where SOIC packaging is 
used. 

POWER AND GROUND CONNECTIONS 

Power and ground connection paths must be kept short oth­
erwise excess inductance is introduced in the IC's power 
leads. Excess inductance reduces the effectiveness of any 
associated bypassing and makes the power supply seen by 
the IC less stable. Where multiple power or ground pins are 
provided on the IC package, all should be connected to the 
appropriate supply potential. Figure 7 shows examples of 
correct and incorrect power connections to PCC and SOIC 
packaged devices. 

DIFFERENTIAL LINE LAYOUT 

National's minimum-skew devices generally employ differ­
ential inputs and outputs as an aid in combating skew. 
When combined with properly designed differential trans­
mission line layouts, precise system timing is possible. How­
ever, careless layout of differential lines can cause serious 
timing and skew problems. By observing a few simple rules, 
effective differential transmission systems can be easily de­
signed. 

1. Differential transmission lines must be organized in pairs. 
Lines originating at complementary outputs must be 
paired throughout their lengths. Additional spacing should 
be allowed between pairs in all layers. Approximately 
twice the spacing between the lines of the pair should be 

. used between pairs. 

2. Both lines of a differential pair must be of equal length. 
Changes of direction must be accompanied by either an 
equal and opposite change of direction or additional 
length must be added to the resulting shorter line. 

3. Differential lines should be paired (run parallel) in the 
same layer. When a direction change dictates a change 
of layer, both conductors should change layers. In gener­
al, there should be an equal number of vias in each line 
as the result of layer changes. The width of the lines may 
be adjusted according to preserve line impedance. 

4. Corners in lines with angles greater than 45° should be 
mitered or radiused to preserve impedance uniformity. 

Figure 8 illustrates these rules with several ways in which 
differential lines may be implemented correctly and incor­
rectly. 
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AVOIDING SKEW TOLERANCE BUILD-UP 

There are additional steps that can be taken to avoid skew 
build-up. Perhaps the simplest is to observe the rule of 
equal loading and termination. Briefly stated, all matching 
delay paths must be loaded equally, both resistively and 
reactively. Complementary outputs must have equal resis­
tive termination values. Capacitive loading must be equal for 
both outputs, also. This is especially true of differential lines. 

For example and using the delay value for son lines men­
tioned previously, a loading difference of 5 pF between the 
conductors of a differential line can result in a skew of 
105 ps, or about one-fifth of a risetime. When combined with 
other effects like crosstalk and impedance discontinuities, 
significant skew can occur. 

Path delay distribution is another step that can be taken to 
avoid skew build-up, Figure 9. This means that, if a clock 
distribution path must pass through several amplifiers, steps 
should be taken to assure that the signal does not use the 
same path, pin-wise, through all amplifiers. To illustrate, as­
sume that the path passes through three F100311, 1 :9 dif­
ferential drivers. The input pins in all cases are 28 (in) and 
2 (in/). If the first output pair is 25 (DO) and 24 (DO/), then 
choose pins 23 (D1) and 22 (D1 /) for amplifier # 2 and pins 
20 (D2) and 19 (D2/) for the third amplifier. Additional varia­
tion can be achieved by reversing the input phase through 
each amplifier. Of course, the output phase must be similar­
ly reversed to match the input. These points may seem mi­
nor, but all contribute to reducing the mathematical proba­
bility of skew tolerance build-up. 

TESTING MINIMUM-SKEW CLOCK SYSTEMS 

As with all types of electronic systems, the performance of 
minimum-skew circuits must be verifyable and testable. The 
very nature of these systems calls for more care and preci­
sion in testing than other types of logic systems. And, great­
er precision is required from the test equipment and its use. 

Certainly the oscilloscope is the most frequently used piece 
of test equipment for logic systems. While it does provide 
much information about the quality of signals, it may be the 
cause of error if improperly applied. Perhaps the single larg­
est error source and the least recognized is the place where 
scope and circuit meet, the probe. To do justice to the sub­
ject of probing and probes in pulse application would require 
a book unto itself. One very useful book from Tektronix is 
"ABC's of Probes". In it are emphasized some essentials 
for choosing a suitable probe for the job. Some of these are: 

- Compatibility with the scope system, 

- Adequate bandwith and risetime capability exceeding 
that of the system to be tested, 

- Low circuit loading, which implies low capacitance at the 
tip, 

- High enough impedance so as to not unduly load the 
circuit being probed (This does not mean that FET 
probes are the best choice!), 

- And delay matching when multiple probes are used for 
relative delay measurements. 

TL/F/10982-14 

FIGURE 9. Avoiding Skew Tolerance Buildup 

5-117 

)> 
z 
a, ..... 
........ 



...... ..... cp The choice of scope is equally important and the list of its 

., basic features is similar to that for the probe. Where the 
Ci precise nature of the signal to be measured is unknown, the 

analog scope may provide the most useful information ini­
tially. While it does not have all of the sophistication of digi­
tal scopes, it offers fewer complications and a fidelity that is 
hard to beat. The digital scope, especially if it has storage 
capability, can be an asset where comparison of signals 
taken at different times and places in the circuit is important. 

Additional useful information on scopes and in-circuit mea­
surements may be found in the series "Troubleshooting An­
alog Circuits" by National Semiconductor's Bob Pease in 
"EON" and available as a reprint from National. 

A final consideration and one that is often overlooked is the 
incorporation of test points in the circuit. The increasing use 
of surface mount devices and dense layouts makes probing 
these circuits more difficult. Inclusion of test points or test 
connectors can ease the job considerably. Just remember 
to make sure that the test points do not corrupt the signals 
and are themselves designed for minimum-skew. Test 
points may even be provided by reserving one output of an 
EGL minimum-skew device at each critical point in the cir­
cuit. This provides isolation for the probe and minimal load­
ing on the monitored circuit. And, of course it should go 
without saying that test points should be accessible without 
the need to mechanically or electrically alter normal opera­
tion of the equipment being tested. 

APPENDIX 

Available Literature 

Application Notes 

AN-467 - Surface Mount: From Design to Delivery 

AN-468 - Wave Soldering of Surface Mount Components 

AN-469 - Reliability of Small Outline Surface Mount Pack-
ages 

AN-470- Wave Soldering: Is SOIC Reliability Compro-
mised? 

Datasheets 

113295-001- Plastic Chip Carrier Technology 

113615-001 -A Basic Guide to Surface Mounting of Elec-
tronic Components 

Other Literature 

570430-001 - Reliability Report Update Small Outline (SO) 
Package 

570435-001 - Getting Started in Surface Mount 

980040-001 - Reliability Report Update - Plastic Chip 
Carrier (PCC) Package 

980045-001- Reliability Report Update - Small Outline 
(SO) Package 

980055-004 - Surface Mount Availability Guide 

Databooks 

F1 OOK ECL 100 Series to 300 Series Con­
version Book 

Troubleshooting Analog Circuits (EON Arti­
cle Series Reprint) 

400080 - Reliability Handbook 

400028 - F1 OOK EGL Logoic Databook and Design Guide 
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ORDER INFORMATION 

The device number is used to form part of a simplified purchasing code where the package type and temperature range are 
defined as follows: 

100XXX or 11CXX D 

Device Number __________ __.J T 
(basic) J 
Package Code-----------------' 

D = Ceramic Dual-In-Line 
F = Flatpak or Quad Cerpak 

*Q = Plastic Chip Carrier (PCC) 

*Available in 300 Series devices only 

C QR 

L Special Variations 
QR = Commercial grade device 

with burn-in 
*QB = Military grade device with 

environmental and burn-in 
processing 

~--Temperature Range 
C = Commercial (0°C to + 85°C) 
*I = Industrial (-40°C to + 85°C) 

(PCCOnly) 
*M = Military (-55°C to + 125°C) 

For most current packaging information, contact product marketing . 
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ECL Tape-and-Reel Specification 

General Description 
Tape-and-Reel is a new method for shipment of surface 
mount devices. This approach simplifies the handling of 
semiconductors for automated circuit board assembly sys­
tems. A Tape-and-Reel holds hundreds-to-thousands of 
surface mount devices (as compared with less than 100 
devices in a rail), so that pick-and-place machines have to 
be reloaded less frequently. This savings in labor will further 
reduce manufacturing costs for automated circuit board as­
sembly. 

Features 
• Conductive PVC material redeuces static charge build­

up 
• Fully meets proposed EIA standard RS-481A (taping of 

surface-mounted components for automatic placing) 

Tape-and-Reel Diagram 

ARBOR HOLE 
(FOR MOUNTING REEL 

ON PICK-AND-PLACE 
MACHINE) 

LABEL 
(IDENTIFIES 

DEVICE CONTENTS) 

REEL 
(CARRIES 

TAPE DURING 
SHIPPING AND 
COMPONENT 

FEEDING) 

6-4 

• Fully compatible with National's surface mount package 
types 

• Variable code density code 39 bar code label for Auto­
mated Inventory Management availability 

• Mechanical samples of surface mount packages avail­
able in Tape-and-Reel for automated assembly process 
development 

• Single Tape-and-Reel holds hundreds-to-thousands of 
surface mount semiconductors for additional labor sav­
ings 

• Conductive cover Tape-and-Reel availability 
• Reels individually packed 

•MADE OF CONDUCTIVE PVC MATERIAL 

COVER TAPE 
(SECURES DEVICE 
IN CAVITY) 

'SPROCKET HOLES 
(GUIDE TAPE IN 
PICK-AND-PLACE 
MACHINE) 

TL/F/10995-1 



Tape-and-Reel Overview 

TAPE FORMAT AND DEVICE ORIENTATION 

MATERIALS 

HUB 
END 

DIRECTION 
OFfEED 

l____ TRAILER CARRIER SECTION-------•• r•1--------.-t• I ,--SECTION 

000000000000000000000000000 00~0000000000000000 

~~~~~~~~~~..---~~+-.,.._~~~'---,---"~ 

• EMPTY • EMPTY • EMPTY • EMPTY 
CAVITIES CAVITIES CAVITIES CAVITIES 

• UNSEALED • SEALED • UNSEALED 
COVER TAPE COVER TAPE COVER TAPE 

:~--~---;,--: 
I I 

i l1u
0

u
11 I 

I I 
I I L.: _________ J 

:~--~---;,--: 
I I 

i l1n; 1
1 i 

I I 
I I t.: _________ J 

1 OPTIDN1 OPTION 2 1 

I 
SOT-23 

DEVICES 

• Cavity Tape: Conductive PVC (less than ms O./Sq) • Reel: 1. Solid 80 pt. Fibreboard (standard) 

• Cover Tape: Polyester 
1. Conductive Cover available 

2. Conductive Fibreboard available 
3. Conductive Plastic (PVC) available 

LABEL 

TL/F/10995-2 

Human and machine readable label is provided on reel. A variable (C.P.I.) density code 39 is available. NSC STD Label (7.6 
C.P.I.). 

Field 
Lot Number 
Date Code 
Revision Level 
National Part No. l.D. 
Quantity 

Fields are separated by at least one blank space. 

Future Tape-and-Reel packs will also include a smaller-size 
bar code label (high-density code 39) at the beginning of the 
tape. (This tape label is not available on current production.) 

Example: 

LOT 
\NUMBER 

LOT: EPb393b3K027 

DATE 
(CODE 

DIC: M8b44 R: 
(

REVISION 
NUMBER 

1~1~1~11~1~11~111~1~1~~1111111m11111f11~~~~11H1 11~111~~11f1i~111mm 
/63 QTY: 2500 

NATIONAL SEMICONDUCTOR PART NUMBER 

TL/F/10995-3 

National Semiconductor will also offer additional labels containing information per your specific specification. 
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c 
0 
~ S0-24 (Wide) 
;;: 
'(3 TAPE FORMAT 
Cl) 
Q, 
en 
Ci) 
Cl) 

a: Direction 
-C of t 
~ Feed 
cL 
Q, 
ca 
1-
...J 
frl TAPE DIMENSIONS 

Tape Section 

Leader 
(Start End) 

Carrier 

Trailer 
(Hub End) 

#Cavities Cavity Status Cover Tape Status 

5(min) Empty Unsealed 

5(min) Empty Sealed 

1000 Filled Sealed 

2(min) Empty Sealed 

2(min) Empty Unsealed 

o.-.s::o~i004 TYP 

(SEE NOTE 1) 
(0.3) il!J!fil_lr 

~TYP 
2.05±0.05 

<I> 0.061±0.002 TYP 
1.55±0.05 

0 0 0 0 0 0 

0.472 ± 0.004 
12±0.1 

11.05±0.1 0.435 + 0.004 I~ 
@TANGENT POINTS a• MAX 

-3=~ 
(3) 

REEL DIMENSIONS 

ill.:!Ql 
(330) 

0.79 ± 0.002 TYP 0.069 ±0.004 
2±0.05 1.75±0.1 

0.453 ± 0.002 
11.5±0.05 

1 D.945± 0.012 
24±0.3 1--+-t 

~REF 

c::__il!J!filREF 
(0.3) 

/8' MAX 

I\ 
0.630 ± 0.004 

16.00±0.1 

"'L 
0.118± 0.004 I I 

3±0.1 I r-

MAXIMUM ALLOWABLE 
BENO RADIUS 

TL/F/10995-4 

0.059 
1.5 1.197 MAX--1 1-

30.4 I 
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0.512 ±0.002 
13±~ 

j_ 
I 
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PLCC-28 

TAPE FORMAT 

Direction 
of I 
Feed 

TAPE DIMENSIONS 

REEL DIMENSIONS 

Tape Section #Cavities 

Leader 5(min) 
(Start End) 5(min) 

Carrier 750 

Trailer 2(min) 
(Hub End) 2(min) 

Lo.157:tD.oo• 
4.D:tD.1 

0 0 0 

D.63a :t 0.004 
16 :tD.1 

0.524 :tD.004 
133±D.1 

0 

@TANGENT POINTS 

0.079 :t D.002 TYP 
2:tD.05 

0 0 

6-7 

Cavity Status 

Empty 

Empty 

Filled 

Empty 

Empty 

I 
0.453±0.002 

tt.5:tD.D5 

i D.945±D.012 

-r24:tD.3 

~ 
(10.75) 

Cover Tape Status 

Unsealed 

Sealed 

Sealed 

Sealed 

Unsealed 

0.012 
OT 

f \ 
D.524:t0.DD4 
13.fiiiT 

@ TANGEr POINTS 

1-

MAXIMUM ALLOWABLE 
BEND RADIUS 

~MAX-1 1--
30.4 I 

1.969 
50 

0.512 ± 0.002 
13±0.05 

l_ 
I 

FULL RADIUS 

TL/F/10995-7 
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Application-Total System Saving 

SEMICONOUCTOR 
SUPPLIER 

TAPE·ANO-REEL IMPROVES THE COST 
SAVINGS OF AUTOMATEO ASSEMBLY 
BY REDUCING THE LABOR INVOLVED 
WITH DEVICE HANDLING. 

ELECTRONIC EQUIPMENT MANUFACTURER 

Cost pressures today are forcing many electronics manu­
facturers to automate their production lines. Surface mount 
technology plays a key role in this cost-savings trend be­
cause: 

1. The mounting of devices on the PC board surface elimi­
nates the expense of drilling holes; 

2. The use of pick-and-place machines to assemble the PC 
boards greatly reduces labor costs; 

3. The lighter and more compact assembled products re­
sulting from the smaller dimensions of surface mount 
packages mean lower material costs. 

Production processes now permit both surface mount and 
insertion mount components to be assembled on the same 
PC board. 

Ordering Information 
When you order a surface mount semiconductor, it will be in 
one of the 15 available surface mount package types (see 
Section 6 for the physical dimensions of the surface 

PICK-AND-PLACE 
MACHINE 

SIMPLIFIED DEVICE HANDLING DURING AUTOMATED ASSEMBLY 

ASSEMBLED 
PC 

BOARDS 

TL/F/10995-B 

Automated manufacturers can improve their cost savings by 
using Tape-and-Reel for surface mount devices. Simplified 
handling results because hundreds-to-thousands of semi­
conductors are carried on a single Tape-and-Reel pack (see 
the "Ordering Information" section for the exact quantities). 
With this higher device count per reel (when compared with 
less than 100 devices per rail), pick-and-place machines 
have to be re-loaded less frequently and lower labor costs 
result. 

With Tape-and-Reel, manufacturers save twice-once from 
using surface mount technology for automated PC board 
assembly and again from less device handling during ship­
ment and machine set-up. 

mount packages). Specifying the Tape-and-Reel method of 
shipment means that you will receive your devices in the 
following quantities per Tape-and-Reel pack: 

Device Quantity 

f 
Small Outline IC I S0-24 (Wide) 1000 

Plastic Chip Carrier IC l PLCC-28 750 

6-8 



Appendix I-Short-Form Procurement Specification 

TAPE FORMAT 

~ Direction of Feed 

Trailer (Hub End) Carrier Leader (Start End) 

Empty Cavities, Empty Cavities, 
min min 

(Unsealed (Sealed 
Cover Tape) Cover Tape) 

SMALL OUTLINE IC 

S0-24 (Wide) 2 2 

PLASTIC CHIP CARRIER IC 

PLCC-28 2 2 

TAPE DIMENSIONS (24 Millimeter Tape or Less) 

Filled Cavities 
Empty Cavities, 

(Sealed 
min 

Sealed 
Cover Tape) 

Cover Tape) 

1000 5 

750 5 

- Po 10 PITCH CUMULATIVE 
TAPE TOLERANCE ± 0.2 mm 

DEVICE ORIENTATION 

~ ~ a PIN [J 1 

OPTIONl OPTION 2 SO-IC SOT-23 SOT-23 
PCC-IC 

w p F E P2 Po D T Ao Bo 

SMALL OUTLINE IC 

Empty Cavities, 
min 

(Unsealed 
Cover Tape) 

I. 5 

5 

TL/F/10995-9 

Ko D1 IR 

, S0-24 (WideJJ24 ± .30112.0 ± .1oJ11.5 ± .1oJ1. 75 ± .10J2.o ± .o5J4.0 ± .1ol1.55 ± .o51.3o ± .1oJ10.9 ± .1oJ15.85 ± .1 oJ3.o ± .10J2.05 ± .o5J5o 

PLASTIC CHIP CARRIER IC 

PLCC-20 124±.3oJ16.o ± .1oJ11.5 ± .1011. 75 ± .1012.0 ± .o5J4.0 ± .1011.55 ± .o5J.3o ± .1ol13.o ± .10J 13.o ± .1 o J4.9 ± .1012.05 ± .o5J5o 

Note 1: Ao. Bo and Ko dimensions are measured 0.3 mm above the inside wall of the cavity bottom. 

Note 2: Tape with components shall pass around a mandril radius R without damage. 

Note 3: Cavity tape material shall be PVC conductive (less than 10s !l/Sq). 

Note 4: Cover tape n:iaterial shall be polyester (30-65 grams peel-back force). 

Note 5: D1 Dimension is centered within cavity. 

Note 6: All dimensions are in millimeters. 
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Appendix I-Short-Form Procurement Specification (Continued) 

REEL DIMENSIONS 

A 

A (Max) 

24mmTape I S0-24 (Wide) (13.00) 

PLCC-28 (330) 

B (Min) 

0.059 --
1.5 

c 
0.512 ± 0.002 

13 ±0.05 

Inches 
Units: 

Millimeters 

Material: Paperboard (Non-Flaking) 

6-10 

c:c::: 

FULL RADIUS 

D(Min) N (Min) 

0.795 1.969 -- --
20.2 50 

TL/F/10995-10 

G T(Max) 

0.960~g·g~g 1.197 --
24.4~1_ 30.4 



~National 
"tJ 
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U Semiconductor All dimensions are in inches (millimeters) e!. 

14 Lead Ceramic Dual In-Line Package {D) 
NS Package Number J 14A 

0.025 

(0.635) 
RAD 

0.785 

(19.939)-----;-1 
MAX 

I 
0.220-0.310 

(5.588-7.874) __ ..........__..,......__J 

0.200 

(5.080) 

.._....__, ·---------.--M_A+-X 0.020-0.060 

16 Lead Ceramic Dual In-Line Package {D) 
NS Package Number J16A 

0.025 
(0.635) 

RAO 

6-11 

(0.508-1.524) 

L 
O.Ol 8 ±0.003 ._j 1-- 0.125-0.200 

(0.457 ±0.076) (3.175_5.0801 
0.100 ±0.010 0.150 

(2.540 ±0.254) (3.81 ) 

MIN J14A(REVG) 

0.005-0.020 
(0.127-0.508) 
RAD TYP 

0.200 
(5.080) 

MAX 

J16A(REV K) 

c 
3· 
C'D 
::s 
en a· 
::s 
en 

• I 



t/) 
c 
0 ·u; 
r-
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·u; 
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24 Lead Ceramic Dual In-Line Package (0.400" Wide) (D) 
I.I~ n-.-1,--.- I.lo._ ........... l~AC 
·~~ ra"n.a~ ... l"IUlllU ... I U£'T&.. 

0.025 
(D.635) 

RAD 

J24E(REVG) 

8 Lead (0.150" Wide) Molded Small Outline Package (S) 
NS Package Number MOSA 

0.053-0.069 
(1.346-1.753) 

* 
0.004-0.010 

(0.102-0.254) 

-*---~d • SEATING 

t .:fu, ,::J LJll .. :~:~::;: 
TYP .!!J!!!!TYP~._ 

(0,203) M08A (REV H) 

6-12 



16 Lead Small Outline Integrated Circuit (S) 
NS Package Number M 16A 

0.010-0.020 45~ (,~:~~~=~:!;:, 1-
(0.254-0.508) x 

a• MAX TYP L (,. __ _,) ALL LEADS 

-t .J-i--\1.--i 
,:::::::::) I j L ,:~::::::, 
TYP ALL LEADS 0.004 TYP ALL LEADS 

(Q.102) 
ALL LEAD TIPS 

LEAD N0.1 
IDENT 

0.053-0.069 
(1.346 -1. 753) 

' + 
t 0.L 

(0.356) 

30° 

~:;:;:::::;;::;::;::;::::;:;::;:;:::;:;:::;:;~ 
a-----i-

~MAX 
(0.254) 

0.004 -0.010 
(0.102-0.254) 

rn§~_J SEATING 

j L O.DSOJL J [I:;:p 
(1.270) (0.356-0.508) 

TYP ~TYP 
(0.203) M16A (REV HI 

24 Lead (0.300" Wide) Molded Small Outline Package (S) 
NS Package Number M24B 

22 21 

10.432) 1 I 

0.596-0.612 ------
115.14-15.54) I 

20 19 18 17 16 15 14 13 

5 6 8 9 10 11 12 

[,~:~::=~:~::,--~ 0.037-0.044 0.093-0.104 .!Q!I.-1 10.940-1.118) 12.362-2.642) 

~ x45: j j 
(0.229-0.330) l = ) --'------'---1=============================t 0.004-0.012 
TYPAL~LEADSj\ Jl o•-a•TYrLLLEAOS (0.102r.305) 

t i _J [:!0050 J 1-~ JI_ O.OL0.019 
0.004 (0. 762 -1.270) (1.270) (0.356 -0.483) 
~ mru~ m 

ALL LEAD TIPS 

6-13 



.i I 24 Lead Molded Dual In-Line Package (P) 
~ NS Package Number N24E 
E c 
(ij 
(,) 
·c;; 
>­.c 
0.. R 0.035-0.045 

[0.89-1.14] 

0. 125-0. 135 
[3.18-3.43] 

0.145-0.200 
[3.68-5.08] 

0.202 
[5. 13] -t-.-1-3~ 

0.337-0.347 
[8.56-8.81] 

~--_........... ............... __.__.._l 

0.060 TYP 
[1.52] 

4X 0.039 
[0.99] 0.065 

1-r-~~~~-........ -~....-............ -~ ........ -1 _I [ 1.65] 

28 Lead Plastic Chip Carrier (Q) 
NS Package Number V28A 

11 

0.026-0.032 TYP 
[0.66-0.81] 

25 

6-14 

ti------<~- 0.380 MIN 
[9.65] 

0.428 ~~:~~~ 
lt------.r-- [ 10 87 + 1.0Z] 

0.009-0.015 . -0.38] 
[0.23-0.38] 

N24E (REV A) 

V28A(REVH) 



16 Lead Ceramic Flatpak (F) 
NS Package Number W16A 

0.050-0.080 ->! ~ 
11.210-2.032) I I 

0.004-0.006 TYP-tj 

10.102- 0.1521 I I 

0.026-0.040 TYP 
(0.660-1.016) 

f--. 0. 71-0.390 ...... 
(9.423-9.906) 

0.007 -0.018 
(0.178-0.457) 

TYP 
-. ~ 1 t (~:~;~:~:~~~) TYP 

I 71 ~0.000 MIN TYP 

00.370 
(6.350-9.398) 

I ...................................... 1~~' + 16151413121110 9 r 
0.300 0.245 ~0.275 

11.6201 D (6.223-6.985) 
MAX GLASS I 

_i --, 2 3 4 5 6 7 8 ' 

PIN ND. 1 0.250-0.370 
DETAIL A-->~~~ t 

IDENT (6.350-9.398) 

__l 
-.ll 0.015-0.019 

(0.381 -0.482) 
TYP W16AiAEV H) 

24 Lead Quad Cerpak (F) 
NS Package Number W24B 

i 
I 0.008-0.012 

- ..-,0.203-0.305) 

DETAIL A 

0.250-0.360 
(6.350-9.144) 

TYP 

- 0.370 
(9.398) 

MIN SQUARE 
0.250-0.360 

(6.350-9.144) 
TYP 

~~ 0.004-0.006 
II 10.102-0.152) 

PIN NO. 1 

IDENT\ :---<.._.,......,.....,...._......_. 
i=========~:!l1 24 23 22 212019181===== 

c=:::=====~ 2 17 l========::J 
c=:::======~ 3 16 l========::J 
c=:::======~4 1st===== 

=====15 141===== 
=====1 5 7 8 9 10 11 ,p 1===== 

0.075 

L/(1.905) 

----'--'--~-~I I~ ....,L-- 8MPALCXS 0.016-0.018 ~ r-
(0.40~;~·457) ~ 0.050±0.005. 

(1.270±0.127) 

i..- 0.400 - TYP 
(10.16) 

SQUARE MAX 
GLASS 

6-15 

._ 0.035-0.050 
(0.889-1.270) 

0.085 
(2.159) 

MAX 

W24B(AEVC) 
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~'I 'llQll.IUI IUI . Semiconductor 
Bookshelf of Technical Support Information 
National Semiconductor Corporation recognizes the need to keep you informed about the availability of current technical 
literature. 

This bookshelf is a compilation of books that are currently available. The listing that follows shows the publication year and 
section contents for each book. 

For datasheets on new products and devices still in production but not found in a databook, please contact the National 
Semiconductor Customer Support Center at 1-800-272-9959. 

We are interested in your comments on our technical literature and your suggestions for improvement. 

Please send them to: 

Technical Communications Dept. MIS 16-300 
2900 Semiconductor Drive 
P.O. Box 58090 
Santa Clara, CA 95052-8090 

ALS/AS LOGIC DATABOOK-1990 
Introduction to Advanced Bipolar Logic • Advanced Low Power Schottky • Advanced Schottky 

ASIC DESIGN MANUAL/GATE ARRAYS & STANDARD CELLS-1987 
SSl/MSI Functions• Peripheral Functions• LSI/VLSI Functions• Design Guidelines• Packaging 

CMOS LOGIC DATABOOK-1988 
CMOS AC Switching Test Circuits and Timing Waveforms• CMOS Application Notes• MM54HC/MM74HC 
MM54HCT/MM74HCT • CD4XXX • MM54CXXX/MM74CXXX •Surface Mount 

DATA ACQUISITION LINEAR DEVICES-1989 
Active Filters• Analog Switches/Multiplexers• Analog-to-Digital Converters• Digital-to-Analog Converters 
Sample and Hold• Temperature Sensors• Voltage Regulators• Surface Mount 

DATA ACQUISITION DATABOOK SUPPLEMENT-1992 
New devices released since the printing of the 1989 Data Acquisition Linear Devices Databook. 

DISCRETE SEMICONDUCTOR PRODUCTS DATABOOK-1989 
Selection Guide and Cross Reference Guides • Diodes • Bipolar NPN Transistors 
Bipolar PNP Transistors• JFET Transistors• Surface Mount Products• Pro-Electron Series 
Consumer Series• Power Components• Transistor Datasheets •Process Characteristics 

DRAM MANAGEMENT HANDBOOK-1991 
Dynamic Memory Control • Error Detection and Correction • Microprocessor Applications for the 
DP8408A/09A/17/18/19/28/29 •Microprocessor Applications for the DP8420A/21A/22A 
Microprocessor Applications for the NS32CG821 

EMBEDDED CONTROLLERS DATABOOK-1992 
COP400 Family• COP800 Family• COPS Applications• HPC Family• HPC Applications 
MICROWIRE and MICROWIRE/PLUS Peripherals• Microcontroller Development Tools 

FDDI DATABOOK-1991 
FDDI Overview• DP83200 FDDI Chip Set • Development Support• Application Notes and System Briefs 

F100K ECL LOGIC DATABOOK & DESIGN GUIDE-1992 
Family Overview • 300 Series (Low-Power) Datasheets • 100 Series Datasheets • 11 C Datasheets 
Design Guide • Circuit Basics • Logic Design • Transmission Line Concepts • System Considerations 
Power Distribution and Thermal Considerations• Testing Techniques• 300 Series Package Qualification 
Quality Assurance and Reliability• Application Notes 



FACT™ ADVANCED CMOS LOGIC DATABOOK-1990 
Description and Family Characteristics • Ratings, Specifications and Waveforms 
Design Considerations• 54AC/74ACXXX • 54ACT/74ACTXXX •Quiet Series: 54ACQ/74ACQXXX 
Quiet Series: 54ACTQ/74ACTQXXX • 54FCT/74FCTXXX • FCTA: 54FCTXXXA/74FCTXXXA 

FAST® ADVANCED SCHOTTKY TTL LOGIC DATABOOK-1990 
Circuit Characteristics• Ratings, Specifications and Waveforms• Design Considerations• 54F/74FXXX 

FAST® APPLICATIONS HANDBOOK-1990 
Reprint of 1987 Fairchild FAST Applications Handbook 
Contains application information on the FAST family: Introduction• Multiplexers• Decoders• Encoders 
Operators• FIFOs • Counters• TTL Small Scale Integration• Line Driving and System Design 
FAST Characteristics and Testing• Packaging Characteristics 

GENERAL PURPOSE LINEAR DEVICES DATABOOK-1989 
Continuous Voltage Regulators • Switching Voltage Regulators • Operational Amplifiers • Buffers • Voltage Comparators 
Instrumentation Amplifiers • Surface Mount 

IBM DATA COMMUNICATIONS HANDBOOK-1992 
IBM Data Communications • Application Notes 

INTERFACE: LINE DRIVERS AND RECEIVERS DATABOOK-1992 
EIA-232 • EIA-4221423 • EIA-485 • Line Drivers • Receivers • Repeaters • Transceivers • Application Notes 

LINEAR APPLICATIONS HANDBOOK-1991 
The purpose of this handbook is to provide a fully indexed and cross-referenced collection of linear integrated circuit 
applications using both monolithic and hybrid circuits from National Semiconductor. 

Individual application notes are normally written to explain the operation and use of one particular device or to detail various 
methods of accomplishing a given function. The organization of this handbook takes advantage of this innate coherence by 
keeping each application note intact, arranging them in numerical order, and providing a detailed Subject Index. 

LOCAL AREA NETWORK DATABOOK-1992 
Integrated Ethernet Network Interface Controller Products • Ethernet Physical Layer Transceivers 
Ethernet Repeater Interface Controller Products• Hardware and Software Support Products• FOOi Products• Glossary 

LOW VOLTAGE DATABOOK-1992 
This databook contains information on National's expanding portfolio of low and extended voltage products. Product datasheets 
included for: Low Voltage Logic (LVQ), Linear, EPROM, EEPROM, SRAM, Interface, ASIC, Embedded Controllers, Real Time 
Clocks, and Clock Generation and Support (CGS). 

MASS STORAGE HANDBOOK-1989 
Rigid Disk Pulse Detectors • Rigid Disk Data Separators/Synchronizers and ENDECs 
Rigid Disk Data Controller• SCSI Bus Interface Circuits • Floppy Disk Controllers • Disk Drive Interface Circuits 
Rigid Disk Preamplifiers and Servo Control Circuits• Rigid Disk Microcontroller Circuits• Disk Interface Design Guide 

MEMORY DATABOOK-1992 
CMOS EPROMs • CMOS EEPROMs • PROMs • Application Notes 

PROGRAMMABLE LOGIC DEVICE DATABOOK AND 
DESIGN GUIDE-1990 
Product Line Overview • Datasheets • Design Guide: Designing with PLDs • PLO Design Methodology 
PLO Design Development Tools• Fabrication of Programmable Logic• Application Examples 

REAL TIME CLOCK HANDBOOK-1991 
Real Time Clocks and Timer Clock Peripherals • Application Notes 



RELIABILITY HANDBOOK-1987 
Re.liability <1nrl the Die• Internal Construction• Finished Package• MIL-STD-883 • MIL-M-38510 
The Specification Development Process • Reliability and the Hybrid Device • VLSl/VHSIC Devices 
Radiation Environment • Electrostatic Discharge • Discrete Device • Standardization 
Quality Assurance and Reliability Engineering • Reliability and Documentation • Commercial Grade Device 
European Reliability Programs • Reliability and the Cost of Semiconductor Ownership 
Reliability Testing at National Semiconductor• The Total Military/ Aerospace Standardization Program 
883B/RETSTM Products• MILS/RETS™ Products• 883/RETS™ Hybrids• MIL-M-38510 Class B Products 
Radiation Hardened Technology• Wafer Fabrication• Semiconductor Assembly and Packaging 
Semiconductor Packages• Glossary of Terms• Key Government Agencies• AN/ Numbers and Acronyms 
Bibliography• MIL-M-38510 and DESC Drawing Cross Listing 

SPECIAL PURPOSE LINEAR DEVICES DATABOOK-1989 
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NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS 
ALABAMA Sunnyvale Norcross Tyngsboro 

Huntsville Bell Industries Bell Industries Port Electronics 
Hamilton/ Avnet (408) 734-8570 (404) 662-0923 (508) 649-4880 
(205) 837-7210 Hamilton/ Avnet Time Electronics Wakefield 
Pioneer Technology (408) 743-3300 (404) 368-0969 Zeus Components 
(205) 837-9300 Time Electronics ILLINOIS (617) 246-8200 
Time Electronics (408) 734-9888 Addison Wilmington 
(205) 721-1133 Torrance Pioneer Electronics Anthem Electronics 

ARIZONA Time Electronics (708) 495-9680 (508) 657-5170 

Chandler (213) 320-0880 Bensenville MICHIGAN 
Hamilton/ Avnet Tustin Hamilton/ Avnet Grand Rapids 
(602) 961-1211 Time Electronics (708) 860-7700 Pioneer Standard 

Tempe (714) 669-0100 Elk Grove Village (616) 698-1800 
Anthem Electronics Woodland Hills Bell Industries Grandville 
(602) 966-6600 Hamilton/ Avnet (708) 640-1910 Hamilton/ Avnet 
Bell Industries (818) 594-0404 Schaumburg (616) 243-8805 
(602) 966-7800 Yorba Linda Anthem Electronics Livonia 
Time Electronics Zeus Components (708) 884-0200 Pioneer Standard 
(602) 967-2000 (714) 921-9000 Time Electronics (313) 525-1800 

CALIFORNIA COLORADO (708) 303-3000 Novi 

Agora Hills Denver INDIANA Hamilton/ Avnet 

Bell Industries Bell Industries Carmel (313) 347-4720 

(818) 706-2608 (303) 691-9010 Hamilton/ Avnet Wyoming 

Time Electronics Englewood (317) 844-9333 R. M. Electronics, Inc. 

(818) 707-2890 Anthem Electronics Fort Wayne (616) 531-9300 

Zeus Components (303) 790-4500 Bell Industries MINNESOTA 
(818) 889-3838 Hamilton/ Avnet (219) 423-3422 Eden Prairie 

Burbank (303) 799-7800 Indianapolis Anthem Electronics 
Elmo Semiconductor Time Electronics Advent Electronics Inc. (612) 944-5454 
(818) 768-7400 (303) 721-8882 (317) 872-4910 Pioneer Standard 

Calabasas CONNECTICUT Bell Industries (612) 944-3355 
F/X Electronics Danbury (317) 875-8200 Edina 
(818) 591-9220 Hamilton/ Avnet Pioneer Standard Time Electronics 

Chatsworth (203) 7 43-6077 (317) 573-0880 (612) 943-2433 
Anthem Electronics Shelton IOWA Minnetonka 
(818) 775-1333 Pioneer Standard Cedar Rapids Hamilton/ Avnet 
Time Electronics (203) 929-5600 Advent Electronics (612) 932-0600 
(818) 998-7200 Waterbury (319) 363-0221 MISSOURI 

Costa Mesa Anthem Electronics Hamilton/ Avnet Chesterfield 
Hamilton Electro Sales (203) 575-1575 (319) 362-4757 Hamilton/ Avnet 
(714) 641-4100 FLORIDA KANSAS (314) 537-1600 

Cypress Altamonte Springs Lenexa St. Louis 
Bell Industries Bell Industries Hamilton/ Avnet Time Electronics 
(714) 895-7801 (407) 339-0078 (913) 888-8900 (314) 391-6444 

Gardena Pioneer Technology 
Hamilton/ Avnet MARYLAND NEW JERSEY 

(407) 834-9090 
(213) 516-8600 Zeus Components Columbia Cherry Hill 

Irvine Anthem Electronics Hamilton/ Avnet 

Anthem Electronics 
(407) 788-9100 

(301) 995-6840 (609) 424-0100 
Deerfield Beach Fairfield (714) 768-4444 Time Electronics Bell Industries Hamilton/ Avnet 

Rocklin (305) 421-1997 (301) 964-3090 
(201) 575-3390 Anthem Electronics Zeus Components 

(916) 624-9744 
Pioneer Technology 

(301) 997-1118 Pioneer Standard 

Bell Industries 
(305) 428-8877 

Gaithersburg (201) 575-3510 
Fort Lauderdale Marlton (916) 652-0414 Hamilton/ Avnet Pioneer Technology 

Time Electronics 
Roseville (305) 767-6377 (301) 921-0660 

(609) 596-6700 
Hamilton/ Avnet Time Electronics MASSACHUSETTS Pine Brook 
(916) 925-2216 (305) 484-1778 Andover Anthem Electronics 

San Diego Orlando Bell Industries (201) 227-7960 
Anthem Electronics Chip Supply (508) 474-8880 
(619) 453-9005 (407) 298-7100 Beverly 

Wayne 

Hamilton/ Avnet 
Time Electronics 

Time Electronics Sertech Laboratories (201) 785-8250 
(619) 571-1900 (407) 841-6565 (508) 927-5820 
Time Electronics St. Petersburg Lexington NEW MEXICO 
(619) 586-0129 Hamilton/ Avnet Pioneer Standard Albuquerque 

San Jose (813) 572-4329 (617) 861-9200 Alliance Electronics Inc. 
Anthem Electronics Winter Park Norwood (505) 292-3360 
(408) 453-1200 Hamilton/ Avnet Gerber Electronics Bell Industries 

Pioneer Technology (407) 657-3300 (617) 769-6000 (505) 292-2700 

(408) 954-9100 Peabody Hamilton/ Avnet 

Zeus Components GEORGIA 
Hamilton/ Avnet (505) 345-0001 

Duluth (408) 629-4789 
Hamilton/ Avnet (508) 531-7430 

(404) 446-0611 Time Electronics 

Pioneer Technology (508) 532-9900 

(404) 623-1003 



NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS (Continued) 

NEW YORK Columbus Dallas Calaarv 
Binghamton Time Electronics Hamilton/ Avnet Eiectro Sonic Inc. 

Pioneer (614) 794-3301 (214) 308-8111 (403) 255-9550 
(607) 722-9300 Dayton Pioneer Standard Semad Electronics 

Buffalo Bell Industries (214) 386-7300 (403) 252-5664 
Summit Electronics (513) 435-8660 Houston Zentronics 
(716) 887-2800 Bell Industries-Military Hamilton/ Avnet (403) 295-8838 

Com mack (513) 434-8231 (713) 240-7733 Edmonton 
Anthem Electronics Hamilton/ Avnet Pioneer Standard Zentronics 
(516) 864-6600 (513) 439-6700 (713) 495-4700 (403) 468-9306 

Fairport Pioneer Standard Richardson Markham 
Pioneer Standard (513) 236-9900 Anthem Electronics Semad Electronics Ltd. 
(716) 381-7070 Zeus Components (214) 238-7100 (416) 475-3922 

Hauppauge (513) 293-6162 Time Electronics Richmond 
Hamilton/ Avnet Solon (214) 644-4644 Electro Sonic Inc. 
(516) 231-9444 Hamilton/ Avnet Zeus Components (604) 273-2911 
Time Electronics (216) 349-5100 (214) 783-7010 Zentronics 
(516) 273-0100 OKLAHOMA UTAH (604) 273-5575 

Port Chester Tulsa Midvale Saskatoon 
Zeus Components Hamilton/ Avnet Bell Industries Zentronics 
(914) 937-7400 (918) 664-0444 (801) 255-9611 (306) 955-2207 

Rochester Pioneer Standard Salt Lake City Winnipeg 
Hamilton/ Avnet (918) 665-7840 Anthem Electronics Zentronics 
(716) 292-0730 Radio Inc. (801) 973-8555 (204) 694-1957 
Summit Electronics (918) 587-9123 Hamilton/ Avnet EASTERN PROVINCES 
(716) 334-8110 

OREGON (801) 972-2800 Mississauga 
Ronkonkoma 

Beaverton West Valley Hamilton/ Avnet 
Zeus Components 

Anthem Electronics Time Electronics (416) 795-3825 
(516) 737-4500 

(503) 643-1114 (801) 973-8494 Time Electronics 
Syracuse 

Hamilton/ Avnet WASHINGTON (416) 672-5300 
Hamilton/ Avnet 

(503) 627-0201 Bothell Zentronics 
(315) 437-2641 
Time Electronics Lake Oswego Anthem Electronics (416) 564-9600 

Bell Industries (206) 483-1700 Nepean 
(315) 432-0355 

(503) 635-6500 Kirkland Hamilton/ Avnet 
Westbury 

Hamilton/ Avnet Export Div. Portland Time Electronics (613) 226-1700 

Time Electronics (206) 820-1525 Zentronics 
(516) 997-6868 

(503) 684-3780 Redmond (613) 226-8840 
Woodbury 

Bell Industries Ottawa 
Pioneer Electronics PENNSYLVANIA Electro Sonic Inc. 
(516) 921-8700 Horsham (206) 867-5410 

(613) 728-8333 
Anthem Electronics Hamilton/ Avnet 

NORTH CAROLINA 
(215) 443-5150 (206) 241-8555 Semad Electronics 

Charlotte (613) 727-8325 
Hamilton/ Avnet Pioneer Technology WISCONSIN Pointe Claire 
(704) 527-2485 (215) 674-4000 Brookfield Semad Electronics 
Pioneer Technology Mars Pioneer Electronics (514) 694-0860 
(704) 527-8188 Hamilton/ Avnet (414) 784-3480 St. Laurent 

Durham (412) 281-4150 Mequon Hamilton/ Avnet 
Pioneer Technology Pittsburgh Taylor Electric (514) 335-1000 
(919) 544-5400 Pioneer (414) 241-4321 Zentronics 

Morrisville (412) 782-2300 Waukesha (514) 737-9700 
Pioneer Technology TEXAS Bell Industries Willowdale 
(919) 460-1530 Austin (414) 547-8879 ElectroSonic Inc. 

Raleigh Hamilton/ Avnet Hamilton/ Avnet (416) 494-1666 
Hamilton/ Avnet (512) 837-8911 (414) 784-8205 Winnipeg 
(919) 878-0810 Minco Technology Labs. CANADA Electro Sonic Inc. 
Time Electronics (512) 834-2022 WESTERN PROVINCES (204) 783-3105 
(919) 874-9650 Pioneer Standard Burnaby 

OHIO (512) 835-4000 Hamilton/ Avnet 

Cleveland Time Electronics (604) 420-4101 

Pioneer (512) 346-7346 Semad Electronics 

(216) 587-3600 (604) 420-9889 
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