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How to Find Product Data in This Reference Manual

THIS VOLUME*

Contains Data Sheets, Selection Guides and a wealth of background information on state-of-the-art products that are suitable
for new equipment design.

This volume is one member of a six-volume set of reference manuals describing and specifying Special Linear, Amplifier,
Converter and Military/Aerospace products from Analog Devices, Inc.

IF YOU KNOW THE MODEL NUMBER
Turn to the product index at the back of the book and look up the model number. You will find the Section-Page location of any
data sheet in this volume. You will find additional references for all other Analog Devices products currently available.

If you’re looking for a form-and-function-compatible version of a product originally brought to market by some other manufacturer
(second source), you may find it by adding our “AD” prefix and looking it up in the index. Or call our nearest sales office.

IF YOU DON'T KNOW THE MODEL NUMBER
Find your functional group in the list on the opposite page. Turn directly to the appropriate Section. You will find a functional
Selection Tree and Selection Guide at the beginning of the Section. The Selection Tree and Selection Guide will help you find the
products that are the closest to satisfying your need. Use them to compare all products in the category by salient criteria. A com-
prehensive Table of Contents is provided for your convenience on page 1-5 through 1-15.

IF YOU CAN'T FIND IT HERE . . . ASK
If you can't find the product you are looking for in this databook, please contact your local Analog Devices sales officer or phone
our Applications Department at 617-937-1428 or 1-800-262-5643 (U.S.A. only).

See the Worldwide Sales Directory on pages 24-16 and 24-17 at the back of this volume for our sales office phone numbers.

*The fax retrieval system number shown on abridged and preliminary data sheets applies to U.S.A. and Canada only.
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Introduction

Analog Devices, a Fortune 500 Industrials company, designs,
manufactures and sells worldwide sophisticated electronic com-
ponents and subsystems for use in real-world signal processing.
More than six hundred standard products are produced in
manufacturing facilities located throughout the world. These
facilities encompass all relevant technologies, including several
embodiments of CMOS, BiMOS, bipolar and hybrid integrated
circuits, each optimized for specific attributes—and assembled
products in the form of potted modules, printed-circuit boards
and instrument packages.

State-of-the-art technologies (including surface micromachining)
have been utilized (and in many cases invented) to provide
timely, reliable, easy-to-use advanced designs at realistic prices.
Our popular IC products are available in both conventional and
surface-mount packages (SOIC, LCC, PLCC), and many of our
assembled products employ surface-mount technology to reduce
manufacturing costs and overall size. A quarter-century of suc-
cessful applications experience and continuing vertical integra-
tion ensure that these products are oriented to user needs. The
ongoing application of today’s state-of-the-art and the invention
of tomorrow’s state-of-the-art processes strengthen the leader-
ship position of Analog Devices in standard data-acquisition and
signal-processing products and make us a strong contender in
high performance mixed-signal ASICs.

MAJOR PROGRESS

Since publication of the selection guides in the current set of
Reference Manuals, Analog Devices has introduced more than
200 significant new products; they run the gamut from brand
new product and market categories and technologies to standard
products (with improvements in price, performance, or design)
to augmented second source products. All of the newest prod-
ucts in the area of standard data converter, amplifier, and spe-
cial purpose linear are included in this volume, with our latest
offerings in DSP and special function products for audio, com-
munications, and computer peripherals to be published in our
forthcoming DSP Reference Manual.

Examples of the variety, performance, and innovation content of
outstanding new linear and data converter products to be found
in this volume include:

* AD8001/AD8002 800 MHz single and dual current feedback
operational amplifiers that use only 50 mW from * 5 volt sup-
plies—first amplifiers from the XFCB process

* ADXLOS second generation surface-micromachined acceler-
ometer with +5 g full scale and better than 1 milli-g useful
resolution

AD?7716 22-bit quad-input sigma-delta ADC with 105 dB

dynamic range at 146 Hz bandwidth on 50 mW from %5 volt
supplies

* AD420 16-bit complete digital-to-4-20 mA current loop
driver with serial interface and 3 MHz update rate

AD720/AD721 RGB to NTSC/PAL encoders needing no ex-
ternal filters or delay lines

* ADS878 14-bit 2.2 Msps ADC complete with SHA and refer-
ence using only 500 mW

« AD607 complete receiver IF subsystem with mixer/AGC/
RSSI from 3 volt supply

AD9Y101 125 MHz sample-hold amplifier with 350 MHz sig-
nal bandwidth

* OP291/0P491 rail-to-rail input/output dual and quad op
amps that work down to a 2.7 volt single supply

AD7853/AD7858 single/octal input 12-bit 200 Msps sam-
pling ADCs using only 5.5 mW from a 3 volt supply

* REF190 Series precision references with 0.5 volt dropout
voltage, £2 mV accuracy, and 45 pA supply current.

Many more could be added to this list.

DESIGN-IN REFERENCE MANUAL

This volume provides comprehensive technical data on the lat-
est Analog Devices standard linear and data conversion prod-
ucts for all of the electronic industries we serve, with particular
focus on the industrial, instrumentation, and military markets.
This Design-In Reference Manual contains technical information
on all of the standard linear products that we recommend for
new designs. This is a companion volume and update to the
series of Reference Manuals we began publishing in 1992.
These manuals include the two-volume Data Converter Reference
Manual, Amplifier Reference Manual, Special Linear Reference
Manual, and the Applications Reference Manual. While this vol-
ume provides up-to-date information on our products, products
which have appeared in a Reference Manual previously may
have an abbreviated data sheet, so it is important to retain the
entire set of Reference Manuals to have complete applications
information about all of our products. If you need one of the
previously printed Manuals, you can order it from our Litera-
ture Center.

In the approximately 2400 pages of this volume you will find:

Recently released products with a complete data sheet con-
taining all application and packaging information required to
design in the product.

Design-in products appearing in a previous Reference Manual
which may have an abbreviated data sheet containing only
specifications, packaging, pinout, and block diagram informa-
tion, sufficient to make a design choice, but possibly not suffi-
cient to complete a design; the full data sheets on these
products are in the previously printed Reference Manuals.

Advance technical information on upcoming new products
which may prompt you to seek more up-to-date information
on the product.

Selection guides and product function trees for finding prod-
ucts rapidly.

A representative list of available Analog Devices technical
publications on real-world analog and digital signal processing.

Our Worldwide Sales Directory.

The complete Product Index to all Analog Devices products
currently available or soon to be released which are covered in
any of our Reference Manuals or the upcoming DSP Reference
Manual.
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The product.data in this book are intended primarily for the
majority of users who are concerned with new designs. For this
reason, existing and available products that offer little if any
unique advantage over newer products in future designs are
listed in the Index, and data sheets may be available sepa-
rately—but they are not published in this book.

TECHNICAL SUPPORT

Our extensive technical literature discusses the technology and
applications of products for real-world signal processing. Be-
sides tutorial material and comprehensive data sheets, including
a large number in our reference manuals, we offer application
notes, application guides, technical handbooks (at reasonable
prices), and several free serial publications. For example, Analog
Briefings® provides current information about products for
military/avionics, and Analog Dialogue, our technical magazine,
provides in-depth discussions of new developments in analog
and digital circuit technology as applied to data acquisition, sig-
nal processing, control, and test. DSParch® is a quarterly news-
letter that brings its readers up-to-date applications information
on our DSP products and the general field of digital signal pro-
cessing. We maintain a mailing list of engineers, scientists, and
technicians with a serious interest in our products. In addition
to these reference manual catalogs—and general short-form se-
lection guides—we also publish several short-form catalogs on
specific product families. You will find typical publications de-
scribed on pages 24-11 to 24-15 at the back of the book.

SALES AND SERVICE

Backing up our design and manufacturing capabilities and our
extensive array of publications, is a network of distributors, plus
sales offices and representatives throughout the United States
and most of the world, staffed by experienced sales and applica-
tions engineers. Our Worldwide Sales Directory, as of the publi-
cation date, appears on pages 24-16 and 2417 at the back of
the book.

RELIABILITY

The manufacture of reliable products is a key objective at
Analog Devices. The primary focus is a companywide Total
Quality Management (TQM) Program. In-addition, we main-
tain facilities that have been qualified under such standards as
MIL-M-38510 (Class B and Class S) for ICs in the U.S., MIL-
STD-1772 for hybrids, and ISO9000 (required by many Euro-
pean customers). Many of our products—both proprietary and
second-source—have qualified for JAN part numbers; others are
in the process. A larger number of products—including many of
the newer ones just starting the JAN qualification précess—are
specifically characterized on Standard Military Drawings
(SMDs). Most of our ICs are available in versions that comply
with MIL-STD-883C Class B, and many also comply with
Class S. We publish a Military/Aerospace Reference Manual for

Analog Briefings and DSPatch are registered trademarks of Analog Devices, Inc.
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designers who specify ICs and hybrids for military contracts.
The 1994 issue contains data on 379 product families. It also
contains Mil/Aero Product Cross Reference Guides, radiation
information and space qualified products information: Our
newsletter Analog Briefings provides current information about
the status of reliability at ADIL:

Our PLUS program makes available standard devices (commer-
cial and industrial grades, plastic or ceramic packaging) for any
user with demanding application environments, at a small pre-
mium. Subjected to stringent screening, similar to MIL-STD-
883 test methods, these devices are suffixed “/+” and are
available from stock.

PRODUCTS NOT FOUND IN THE SELECTION GUIDES
For maximum usefulness to designers of new equipment, we
have limited the contents of selection guides to standard prod-
ucts most likely to be used for the design of new circuits and
systems with the exception of digital signal processing products.
For DSP products to be included in our forthcoming Digizal
Stgnal Processing Reference Manual, please turn to page 24-6 at
the back of this volume, Otherwise, if the model number of a
product you are interested in is not in the Table of Contents,
turn to page 244 where you will find a list of older products for
which data sheets are available upon request. On page 24-7 you
will find a guide to substitutions (where possible) for products
no longer available.

1Cs embodying combinations of functions that you need but
cannot find among our standard offerings may be available to
meet your specific requirements as custom designs. For more
information, get in touch with Analog Devices. A complete
Worldwide Sales Directory is included on pages 24-16 and
24-17.

PRICES

Accurate, up-to-date prices are an important consideration in
making a choice among the many available product families.
Since prices are subject to change, current price lists and/or
quotations are available upon request from our sales offices and
distributors.
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Selection Trees — Analog-to-Digital Converters

A/D
CONVERTERS
I
I I |
FAST FASTER FASTEST SPECIAL FUNCTION
SAR SUBRANGING FLASH AUDIO/STEREO
(< MSPS) (> 1 MSPS < 20 MSPS) (> 20 MSPS) CODECS
I/O PORTS
SIGMA-DELTA
— Encoders No T/H — Encoders No T/H
— Sampling with T/H — Sampling with T/H
SINGLE
SUPPLY
DAS*
FUNCTION

* DAS = Data Acquisition System: MUX, T/H & A/D
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Selection Trees — Analog-to-Digital Converters

- A/D CONVERTERS
FAST
ENCODERS
‘ NO T/H
Parallel Low Power
/0 CMOS
- H &Bit | L 14-Bit
AD670 (10 pus) - AD7871 (12 ps)
AD673 (30 us)
AD570 (40 ps)
[ 10-Bit
AD573 (30 pus)
AD571 (40 us)

— 12-Bit

- - AD774B (8 us)
AD674B (15 ps)
AD574A (30 ps)

Serial
I/O0

Low Power

CMOS

L

14-Bit

AD7872 (12 ps)
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A/D CONVERTERS

FAST
SAMPLING
WITH T/H
Parallél . Low Power Multichannel Serial
/0 CMOS o
10-Bit — 8-Bit 10-Bit 16-Bit
AD7777 (380 kSPS, 4 Ch) L
AD7776 (380 kSPS) AD7575 (10 ps) AD7778 §380 KSPS, 8 Ch) Self-Calibration
' AD677
12-Bit :
— 12-Bit Low Power

AD678 (200 kSPS) —| 12-Bit AD7890 (83 kSPS, 8 Ch) CMOS
AD1674 (100 kSPS) AD7874 (40 KSPS, 4 Ch)

: AD7870/ AD7870A (100 kSPS) e 12-Bit
14-Bit AD7875 (100 kSPS) i

AD7876 (100 kSPS) AD7892 (400 kSPS)
AD679 (100 kSPS, 8-Bit 1/0) AD7878 (100 kSPS, 8 Word FIFO) AD7893 (117 kSPS)
AD779 (100 kSPS, 14-Bit 1/0) AD7896 (100 kSPS, +3 V)
ADS878 (2MSPS, 14-Bit1/0) Ll 1¢ g
16-Bit AD7882 (400 kSPS, 16-Bit I/0) i
AD7884 (166 kSPS, 16-Bit 1/0) AD7872 (83 kSPS)

Self-Calibration

AD676 (100 kSPS)
AD1876 (100 kSPs,
AC Specs Only)

AD?7885 (166 kSPS, 8-Bit 1/0)
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Selection Trees — Analog-to-Digital Converters

A/D CONVERTERS
i FASTER!
MONOLITHIC
NoT/H With T/H
—  8-Bit — 10-Bit

AD7821 (500 kSPS)

H 10-Bit

ADB875 (15 MSPS)

Y 12-Bit

AD671°F (1.5 MSPS, Bipolar)

‘Multichannel

o

AD7824 (4 Channel)
AD7828 (8 Channel)

NOTES _ v
! Subranging or 1/2 Flash
2 Contact Factory For Versions Up to 2 MHz

AD9040A - (40 MSPS, TTL)
AD773A (20 MSPS)

ADS876 (15 MSPS, CMOS)
AD7776  (0.38 MSPS, CMOS)

12-Bit

AD9022 (20 MSPS, TTL)
AD9023 (20 MSPS, ECL)
ADS872 (10 MSPS)
ADS871 (5 MSPS)
AD1671 (1.25 MSPS)?
AD7886 (0.66 MSPS)

Multichannel '

E

10-Bit

. AD7777.(0.38 MSPS, 4 Ch, CMOS)

AD7778 (0.38 MSPS, 8 Ch, CMOS)

HYBRID
WITH T/H

12-Bit

AD9032  (25.6 MSPS)

16-Bit

ADI1382 (500 kSPS) ,
ADI1385 (500 kSPS, Self-Calibration)
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A/D CONVERTERS
FASTEST

SINGLE DUAL
6-Bit ECL 10-Bit ECL 8-Bit
AD9000 (77 MSPS) ADY060 (75 MSPS) AD9058 (50 MSPS)
8-Bit ECL 10-Bit TTL
LOW POWER
AD773A (200 MSPS) AD9020 (60 MSPS)
AD9002A (125 MSPS) AD9040/9040A (40 MSPS)
AD9050 40 MSPS, v
(40 MSPS, 300mV) 8-Bit CMOS
8-Bit TTL
12-Bit ECL AD775 (20 MSPS, 60 mW)
ADO9012 (100 MSPS)
ADO9048 (35 MSPS) AD9027 (31.5 MSPS) 10-Bit CMOS
12-Bit TTL ADB876 (15 MSPS, 185 mW)
AD9026 (31.5 MSPS)
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Selection Trees — Analog-to-Digital Converters

A/D CONVERTERS
SINGLE SUPPLY
[
| | |
DAS FUNCTION A/D 1/0 PORTS
8-Bit 8-Bit 8-Bit
AD7824 (4 Ch MUX) AD7575 (5 pis) AD7569

AD7828 (8 Ch MUX)
AD670 (In-Amp)
ADB8401 (4 Ch MUX)

10-Bit

AD7777 (4 Ch MUX)
"~ AD7778 (8 Ch MUX)

12-Bit

AD7890 (8 Ch MUX, 1 T/H)
AD7891 (8 Ch MUX, 1 T/H)
AD?7858 (8 Ch, Self-Calibration)

AD7821 (0.66 ps)

10-Bit

AD7776 (1.75 ps)

12-Bit

AD7880 (15 pis)

AD7883 (15 ps, +3 V)
AD7892 (3 us, Serial)
AD7893 (3 us, Serial)

AD7853 (3 us, +3 'V, Self-Calibration)

AD7669 (Dual, 8-Bit D/A)

Sigma-Delta

12-Bit

AD7721 (468 kSPS)

16-Bit

AD776 (100 kSPS)

24-Bit

AD7713 (1 to 50 Hz)
AD7714 (1to 50 Hz)
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A/D CONVERTERS
SPECIAL FUNCTION

I/0 PORTS
A/D & D/A

8-Bit/2 us

AD7569
AD7669 (Dual D/A)
AD8401 (4 Ch, Single D/A)

12-Bit

AD7868 (83 kSPS)

14-Bit

AD7869 (83 kSPS)

SIGMA-DELTA

Resolution

High

16-Bit

AD7701 (10 Hz)

20-Bit

AD7703 (10 Hz)

24-Bit

High Speed

l
12-Bit

AD7721 (486 kHz)

AD7710 (1 to 50 Hz)
AD7711/AD7711A
(1to50Hz)
AD7712 (1 to 50 Hz)
AD7713 (1 to 50 Hz,

Low Power)

3 V Supply

AD7714 (1 to 50 Hz,
Low Power)

Multichannel

L 20-Bit

16-Bit

AD776 (100 kSPS)

AD7716 (1 to 300 Hz, 4 Ch)




SHILYIANOD TVLIDIF-OL-D0TVYNY 0L-Z

Selection Guides—Analog-to-Digital Converters

Sampling ADCs
‘ Through- SHA
put Rate BW
Res kSPS kHz
Model Bits max typ*
AD7821 8 1000 100
ADS401 8 500 200
AD7820 8 500 14
AD7569 8 400 200
AD7669 8 400 200
AD7769 8 400 200
AD7824 8 400 10
AD7828 8 400 10
AD7575 8 190 50
AD7776 10 400 1000
AD7777 10 400 1000
AD7778 10 400 1000
ADS872 12 10,000 70,000
ADI671 12 1250 2000
AD7886 12 750 1000
AD7891 12 600 1200
AD7892 12 600 600
AD678 12 200 1000
AD7853 12 200 1000
AD7858 12 200 1000
ADI341 12 150 2500
AD7893 12 140 1000
AD7896 12 125 300
AD7874 12 116 500
AD7870 12 100 500
AD7870A 12 100 500
AD7875 12 100 500
AD7876 12 100 500
AD7878 12 100 500

Reference
Volt
Int/Ext’

0-5V, Ext

2.0V, Int/Ext

+2.5 V/int
2.5V, Int
5V, Ext
2.5, Int
2.5, Int
5V, Int

Int

Int

10V, Int
2.5V, Ext

Int

Int (+3 V), Ext

3V, Int
3V, Int
3V, Int
3V, Int
3V, Int

Bus Interface
Bits®
8, uP
8, pP
8, pP
8, pP

8, pP
8, uP

8, uP
8, nP
8, uP
10, pP

10, pP
10, pnP

12
12

12, pP

8/12, Serial, pP
12, Serial, pP
8/12, pP

Serial, pP
Serial, pP
16, pP
Serial
Serial

12, pP

8/12/Serial, pP
8/12/Serial, pP
8/12/Serial, pP
8/12/Serial, pP
12, pP

Package
Options*
E,N,P,Q,R
R

E,N,P,Q,R
E,N,P,Q,R

N,P,R

N, P
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Temp
Ranges®

I, M/p,
I

I, M/
C, 1, M/p

C, LM

G I

C, I, M/,
C’ Ia M/, D
C, 1, M/p

&
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Comments

CMOS, Bipolar or Unipolar Operation

4-Channel, 5 V, with 8-Bit DAC

CMOS, 8-Bit Sampling ADC

CMOS, Complete I/O Port with DAC, ADC,

SHA, Amps and Reference

CMOS, Complete I/O Port with 2 DACs,

ADC, SHA, Amps and Reference

CMOS, Complete 2-Channel I/O Port with
Input/Output Signal Conditioning

CMOS, 4-Channel, 8-Bit Sampling ADC

CMOS, 8-Channel, 8-Bit Sampling ADC

CMOS, Low Cost

CMOS, Single Channel Complete Sampling ADC,
Single Supply, Twos Complement Output Code
CMOS, 4-Channel Complete ADC for Single or
Simultaneous Dual Channel Sampling, Single Supply
CMOS, 8-Channel Complete ADC for Single or
Simultaneous Dual Channel Sampling, Single Supply
Complete, Monolithic 12-Bit, 10 MSPS ADC
Complete, Monolithic 12-Bit, 1.25 MSPS ADC
CMOS, 12-Bit 750 kSPS Sampling ADC

8-Channel High Speed, 5 V Supply

5 Volt Supply, Variable Range, Protected

BiMOS, High Impedance High Bandwidth

Sampling Input, 10 V Range, AC/DC Tested

3 V Supply, Self-Calibrating, Low Power

3 V Supply, 8 Channel, Self-Calibrating

High Speed 8/16 Channel DAS

CMOS, Single Supply Sampling ADC in 8-Pin Package
3 Volt Serial ADC in 8-Pin Package

CMOS, Simultaneous Sampling 4-Channel ADC

for =10 V Input Signals

CMOS, 100 kHz Throughput, 3 V Input

CMOS, 100 kHz Throughput, +3 V Input

CMOS, 100 kHz Throughput, 0-5 V Input

CMOS, 100 kHz Throughput, £10 V Input

CMOS, 100 kHz Throughput, +3 V Input, On-Chip FIFO

Page®

2-295
5-102

CII 2-511
2-196

2-196
CII 8-27

5-64
5-64
2-202
5-54

5-54
5-54

2-137
2-177
2-369

2-375
2-71

2-299
2-299
CII 7-25
2-383
2-393
2-329

2-317
2-317
2-317
2-317
2-333
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Model
AD1674

AD7890
AD7868

AD7880
AD7883
AD679

AD779

AD7869

AD7871
AD7872
AD1382
ADI1385

AD7882
AD7884
AD7885
AD1876
AD676
AD677

Res
Bits

12

12
12

12

14

Through- SHA

put Rate
kSPS

max

100

100
83

66
50
128

128

BW
kHz
typ!
500

1000
500

33
1000
1000
500
500
500

2200
2200

Reference

Volt
Int/Ext?

10V, Int

2.5V, Ext

3V, Int

5V, Ext
3.0, Ext
5V, Int

5V, Int

3V, Int

3V, Int
3V, Int

10V, Int
10 V, Int

2.5V, Ext

3V, Ext
3V, Ext

3-7V, Ext
3-10 V, Ext
3-10 V, Ext

Bus Interface
Bits®
8/12, pP

Serial

* Serial, pP

12, pP
12, pP
8, uP

14, pP
Serial

8/14/Serial, pP
Serial, pP

8, nP

8, pP

16, pP
16, pP
8, pP
Serial
16
Serial

'X indicates that the internal SHA bandwidth is not specified in kHz.

2Ext indicates external reference with the range of voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. Int indicates reference is internal. A voltage value is given if the

reference is pinned out.
3This column lists the data format for the bus with “uwP” indicating microprocessor capability—e.g., for a 12-bit converter 8/12, uP indicates that the data can be formatted for an 8-bit bus or can be in parallel

(12 bits) and is microprocessor compatible.

Temp
Ranges

CILM

I

I

C

C, LM
(O}

5

Comments

Complete AD574A Pinout Compatible, Sampling Input,
AC/DC Tested

8-Channel Single Supply Sampling ADC

CMOS, Complete I/O Port with 12-Bit ADC and
12-Bit DAC

Single +5 V Supply, Low Power Shutdown

3 Volt, 8 mW, Complete

BiMOS, High Impedance, High Bandwidth
Sampling Input, 10 V Input Range, AC/DC Tested
BiMOS, High Impedance, High Bandwidth
Sampling Input, 10 V Input Range, AC/DC Tested
CMOS, Complete I/O Port with 14-Bit DAC and
14-Bit ADC

CMOS, Complete Sampling ADC, 3 V Input
CMOS, Complete, Serial Interface, 16-Pin DIP/SOIC
High Speed, Guaranteed Dynamic Performance
Similar to AD1382 with Autocalibration Ability,
Guaranteed Dynamic Performance

16-Bit Self-Calibrating ADC

CMOS, Low Power (250 mW), 5.3 ps Conversion
Similar to AD7884, 28-Pin Package, Byte Output
Autocalibrating, 16-Pin DIP ADC, AC Tested
Autocalibrating, 28-Pin DIP, Parallel Output

, I, M/ps  Autocalibrating, 16-Pin Narrow DIP, Serial Output

Page
2-188

5-76

2-337
2-353
2-76

2-115
5-72

2-323
2-323
5-20
5-24

2-341
2-357
2-357
2-193
2-43
2-57

“Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package;

M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; S = Plastic
Quad Flatpack; ST = Thin Quad Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrier.
STemperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, —40°C to +85°C (Some older products —25°C to +85°C); M = Military, —55°C to +125°C. If a device has military grade offerings, the M
temperature designator will be followed by: / to indicate 883B, ; for JAN, p, for SMD, and ¢ for space level.
SCII = Data Converter Reference Manual, Volume II. All other entries refer to this volume.

Boldface Type: Data sheet information in this volume.
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Selection Guides —Analog-to-Digital Converters

Nonsampling ADCs

Conv

Rate  Reference

Res ps Voltage

Model Bits max Int/Ext!
ADC-908 8 6.0 —-10 V, Ext
AD670 8 10 Int
AD7576 8 10 1.23 V, Ext
AD7574 8 15 —-10 V, Ext
AD570 - 8 25 Int
ADG673 8 30 Int
AD7581 8 66.7 -5V to (—15V), Ext
ADS579 10 1.8 10 V, Int
ADS875 10 0.067 2.4V, +4V, Ext
ADC-910 10 6.0 2.5V, Int
AD571 10 25 Int
ADS573 10 30 Int
AD671 12 0.5 5V, Ext
AD7586 12 1 —4 V, Ext
AD578 12 3 10 V, Int
AD7572A 12 - 3 Int
AD7572 ‘12 5 Int
ADC-170 12 5.6 —5.25V, Ext «
AD774B 12 8 10 V, Int
AD ADC84 12 10 6.3V, Int
AD ADC85 12 10 6.3V, Int
ADC-912A 12 10 -5V, Ext
AD5210 12 13 —10 V, Int/Ext
AD674B 12 15 10 V, Int
AD572 12 25 10V, Int
AD ADC80 12 30 6.3V, Int
AD574A 12 35 10V, Int

ADS5200 12 50
AD7578 12 100

—10 V, Int/Ext
5V, Ext

Bus
Interface
Bits®

8, nP

8, nP

8, pP

8, nP

8

8, pP
8, uP
10/Serial

8/12, pP
8/12, P
Serial

8/12, uP

Package
Options>
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Comments
CMOS, +5 V Operation, Fast

Single +5 V Supply, Including In-Amp and Reference

CMOS, Low Cost, Single Supply
CMOS, +5 V Operation

CMOS 8-Bit ADC

High Speed with Low Power

CMOS, 165 mW, 10-Bit, 15 MHz ADC
Bipolar, Fast with Byte Output

Complete 10-Bit ADC

Complete 10-Bit ADC, Byte or Parallel Interface
12-Bit 500 ns Monolithic ADC

CMOS 12-Bit, 1 MHz ADC

Complete, 3 ps, 12-Bit ADC

Improved Version of Industry Standard
Industry Standard, 12-Bit ADC

Complete, 3 ps, 12-Bit ADC in 8-Pin Mini-DIP
Faster Version of AD674B, Industry Standard
Industry Standard

Industry Standard

CMOS, Improved Version of ADC-912
Industry Standard (AD5211/12/14/15)
Improved Version of AD674A/AD574A,
Industry Standard

12-Bit Successive Approximation ADC
Industry Standard

Complete ADC with Reference and Clock; Industry Standard

Industry Standard (AD5201/02/04/05)
CMOS, 1 LSB Total Unadjusted Error

Page®

D

2-28

CII 2-509
CII 8-63
2-17
2-37

CII 2-363
CII 2-61
2-156
CII 2-819
2-17
2-21
2-32

CII 2-383
CII 2-61
CII 2-303
CII 2-299
CII 2-817
CII 2-109
CII 2-809
CII 2-809
CII 2-831
D

2-39

CII 2-31
CII 2-803
2-24

D

CII 2-335
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Conv

Rate  Reference Bus
Res ps Voltage Interface Package Temp
Model Bits max Int/Ext! Bits? Options® Ranges*  Comments Page®
AD7582 12 100 5V, Ext 8, uP D,N,P,Q C, I,/ CMOS, 4 Channel, 1 LSB Total Unadjusted Error CII 2-371
ADI1377 16 10 Int 16, Serial D C Complete, High Speed 16-Bit ADC CII 2-215
B Operation over —25°C to +85°C
ADI1376 16 17 Int 16, Serial D C Complete 16-Bit Converter; Industry Standard Pinout CII 2-215
AD ADC71 16 50 6.3V, Int 16 D C Industry Standard CII 2-801
AD ADC72 16 50 6.3V, Int 16 D C, 1 Industry Standard CII 2-801
ADI1170 18 1000 S5V, Int 8 N C 7 to 22-Bit Programmable Integrating ADC CII 2-203

'Ext indicates external reference with the range of voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. Int iridicates reference is internal. A voltage value is given if the
reference is pinned out.

2This column lists the data format for the bus with “pP” indicating microprocessor capability—i.e., for a 13-bit converter 8/12, wP indicates that the data can be formatted for an 8-bit bus or can be in parallel

(12 bits) and is microprocessor compatible.

3Package Options: 1 = Hermetic DIP, Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline “SOIC” Package;
7 = Hermetic Metal Can; 8 = Hermetic Metal Can DIP; 9 = Ceramic Flatpack; 10 = Plastic Quad Flatpack; 11 = Single-In-Line “SIP” Package; 12 = Ceramic Leaded Chip Carrier; 13 = Nonhermetic Ceramic/
Glass DIP; 14 = J-Leaded Ceramic Package; 15 = Ceramic Pin Grid Array; 16 = TO-92.
“Temperature Ranges: C = Commercial, 0 to +70°C; I = Industrial, —40°C to +85°C (Some older products —25°C to +85°C); M = Military, —55°C to +125°C.

*CII = Data Converter Reference Manual, Volume IT; D = Data Sheet. All other entries pertain to this volume.

Boldface Type: Datasheet information in this volume.
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Selection Guides—Anang—to-DigitaI Converters

High Speed ADCs

Through- Full Power Bus Reference
Res  put Rate BW Interface  Voltage Package  Temp
Model Bits MSPS min MHz typ Bits! Int/Ext® Options®>  Range* Page® Comments
AD9000 6 77 20 [3 0.5-2 V, Ext D,Q C, M/ 2-399 MIL-STD-883, Rev. C, Devices Available;
Low Error Rate
ADY002 8 150 160 8 0.1-(—2.1) Ext D,E, ] I, M/p 2-402 Single Supply, Low Power, Low Input
Capacitance, MIL-STD-883, Rev. C
Device Available
AD9012 8 100 160 8 -2V, Ext E, J,Q I, M/p 2-406 TTL Outputs, Low Power, Low Input Cap
AD9058 8 50 175 8 +2V, Int D,J C, M/ 2-461 Dual 8-Bit, TTL Output
AD9Y048 8 35 15 8 -2V, Ext E J,Q C, M/p 2-455 35 MSPS, 8-Bit Video ADC, 16 pF Input
Capacitance
AD775 8 20 - 8 2.8,0.6 V, Ext N, R C 2-95 Single Supply, Low Power, Low Input Cap
AD9060 10 75 175 10 *1.75 V, Ext E,Z C, M/ 2-465 Fastest 10-Bit ECL. Monolithic ADC
AD9020 10 60 175 10 +1.75 V, Ext E,Z C, MW/ 2-410 Fastest 10-Bit TTL Monolithic ADC
AD9040A 10 40 48 10 +2.5V, Int N, R C 2-444 SNR = 53 dB with 10.3 MHz Input @ 40 MSPS
AD9050 10 40 40 10 2.5V, Int R C 2-458 Single Supply, Wide Range, Low Power
ADS873 10 30 200 10 3.0,1.5V, Ext N,R o} 2-152 Single Supply, CMOS, Low Noise
ADS876 10 20 250 : 10 4.0, 2.0 V, Ext R, ST C 2-169 Single Supply, 140 mW, 3.3 V Interface
AD773A 10 20 100 10 +2.5, Ext D (o} 2-81 Low Power, 10-Bit 20 MSPS with On-Chip T/H
ADS75 10 15 = 10 +2V,+4 V/Ext S C 2-156 CMOS, 165 mW, 10-Bit, 15 MHz ADC
AD9027 12 31 200 12 Int D I 2-429 Direct IF to Digital, Wideband, ECL
AD9032 12 25 ©220 12 Int D, Z LM 2-437 World’s Fastest Complete 12- th ADC
AD9034 12 20 - - 150 12 Int D,z IM D - 20 MSPS -
AD9023 12. 20 115 12 Int QZ LM 2-422 ECL Compatible Logic, with THA and Reference
AD9022 12 20 115 12 Int QZ LM 2-414 TTL Compatible Logic, with THA and Reference
ADS872 12 10 70 12 +2.5 V/Int D,E C, M/p 2-137 Complete, Monolithic 12-Bit 10 MSPS
AD9005A 12 10 38 12 Int M C, M/ CII 2-697 Complete 12-Bit ADC with T/H, Reference
and Timing Circuitry
AD9007 12 10 38 12 Int M C D +5 V Only Version of AD9005A
ADS871 12 5 15 12 2.5, Int D,E C,M 2-121 Low Noise, High Accuracy, Wide Dynamic Range
AD1671 12 1.25 2 12 2.5V, Int P, Q C, LM/ 2-177 Complete, Monolithic 12-Bit, 1.25 MSPS ADC
AD9014 14 10 60 14 Int Board C CII 2-729  Wide Spurious Free Dynamic Range
ADS878 14 2.2 2 14 2.5, Int P G, I 2-173 Low Power, Wide Dynamic Range, Low Cost

This column lists the data format for the bus with “wP” indicating microprocessor capability—i.e., for a 12-bit converter 8/12, pP indicates that the data can be formatted for an 8-bit bus or can be in parallel

(12 bits) and is microprocessor compatible.

2Ext indicates external reference with the range of voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. Int indicates reference is internal. A voltage value is given if the
reference is pinned out.

3Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic: Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; ] = J-Leaded Ceramic Package;
M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; S = Plastic
Quad Flatpack; ST = Thin Quad Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrier.
“Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, —40°C to +85°C (Some older products —25°C to +85°C); M = Military, —55°C to +125°C. If a device has military grade offerings, the M
temperature designator will be followed by: / to indicate 883B,  for JAN, p, for SMD, and s for space level.

SCII = Data Converter Reference Manual, Volume II; D = Data Sheet. All other entries refer to this volume.

Boldface Type: Data sheet information in this volume.
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Sigma-Delta ADCs

Model

AD776
ADI1878

AD7701
AD28msp02

AD28msp01
AD1879

AD7703
AD7710

AD7714
AD7711A
AD7711
AD7712
AD7713
AD7716
AD1848
ADI1849

AD7715
AD7721

reference is pinned out.

Res
Bits

16
16

16
16

16
18

20
24

24
24
21
21
21
2
16
16

16
12

Input
BW
kHz

50
24

10 Hz
4

34
24

10 Hz

2.62 to

262 Hz

2.62 to 262 Hz
2.62 to 262 Hz
2.62 to

262 Hz

2.62 to

262 Hz
0.52 to
52.4 Hz
36.5 to

584 Hz

8 to 48 kHz

8 to 48 kHz

S to 131 Hz
210

Through-
put Rate
kHz

100 to 400
2.51050

4
8

7.2/8.0/9.6
2.5t0 50

4

0.01 to
1.0
0.01to 1.0
0.01to 1.0
0.01 to
1.0

0.01 to
1.0

2.0 to
200 Hz
1 (max)

8 t0 48 kHz
8 t0 48 kHz

20 to 500 Hz
468

Reference
Voltage
Int/Ext!

2V, Int
3V, Int

2.5V, Ext
2.5, Ext

2.5, Int
3V, Int

2.5V, Ext
2.5V, Int

2.5V, Ext
2.5V, Int
2.5V, Int
2.5V, Int
2.5V, Ext
2.5V, Ext
2.25V, Int
225V, Int

2.5V, Ext
2.5V, Ext

Bus
Interface
Bits®
Serial
Serial

Serial, pP
Serial, uP

Serial, pP
Serial

Serial, pP
Serial, pP

Serial, pP
Serial, pP
Serial, pP
Serial, pP
Serial, pP
Serial

8

Serial

Serial, pP

Package
Options®

D
N

N,Q R
R,N

]

R,P,N

[
S

-

2227 ZZ

J-Y-Y-R-V-

LT
2

<

N,Q,R
N, QR
S, P

P,S

N,R

12/Serial, uP N, Q, R

'Ext indicates external reference with the range of voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. Int indicates reference is internal. A voltage value is given if the

Temp
Ranges*

HE0 0 o o
2=z 2R

ot ot

DRt

LM

I
LM

Page®

2-103
CII 2-295

2-206
CI4-25

CI49
C1II 2-297

2-212
2-218

2-271
2-265
2-244
2-218
2-244

5-40

5-28
2-287

Comments

16-Bit 100 kSPS Oversampling ADC, Single Supply
Dual Channel, High Performance Stereo 16-Bit
Oversampled ADC

16-Bit Sigma-Delta ADC, 0.1-10 Hz Input Bandwidth
Complete Voice Band Linear Codec with On-Chip
Filtering

Complete Analog Front End for High Performance,
DSP-Based Modems

Dual Channel, High Performance Stereo 18-Bit
Oversampled ADC

20-Bit Sigma-Delta ADC, 0.1-10 Hz Input Bandwidth
24-Bit Sigma-Delta Signal Conditioning ADC

with 2 Differential Input Channels

3 Volt Supply, PGA, 5 Channels

AD7711 Function—24 Bits, No Missing Codes
Similar to AD7710 but 24-Bit Sigma-Delta ADC with
1 Differential, 1 Single-Ended Input and RTD
Current Sources

24-Bit ADC with 1 Differential Input Channel and

1 High Voltage Input Channel

Loop Powered 24-Bit Sigma-Delta Signal
Conditioning ADC

22-Bit Data Acquisition System with

with 4 Independent Channels

16-Bit Parallel SoundPort® Stereo Codec. Stereo ADCs
and Stereo DACs, PGA, Attenuator and All Filters
16-Bit Serial SoundPort® Stereo Codec. Stereo ADCs
and Stereo DACs, PGA, Attenuator and All Filters.
Operates on +5 V Supplies

3 Volt, PGA, Low Power, 3-Wire

5 Volt Supply, FIR Filter, 16-Bit Resolution

2This column lists the data format for the bus with “P” indicating microprocessor capability—i.e., for a 12-bit converter 8/12, pP indicates that the data can be formatted for an 8-bit bus or can be in parallel

(12 bits) and is microprocessor compatible.

3Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package;
M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; S = Plastic
Quad Flatpack; ST = Thin Quad Flatpack; T = TO-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrier.
“Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, —40°C to +85°C (Some older products —25°C to +85°C); M = Military, —55°C to +125°C. If a device has military grade offerings, the M
temperature designator will be followed by: / to indicate 883B, ; for JAN, p, for SMD, and  for space level.
5CI = Data Converter Reference Manual, Volume I'; CIl = Data Converter Reference Manual, Volume II; D = Data Sheet. All other entries refer to this volume.
Boldface Type: Data sheet information in this volume.
SoundPort is a registered trademark of Analog Devices, Inc.
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Selection Guides —Analog-to-Digital Converters

Multiplexed ADCs

Conv SHA Reference Bus

Res # Time . BW Volt . Interface Package - Temp R
Model Bits Chan ps kHz  Int/Ext! Bits? Options? Ranges*  Comments ' Page®
AD7769 8 2 2.5 200 Ext 8, uP N, P C, 1 CMOS, Complete 2-Channel I/O Port with -~ CII 8-27
Input/Output Signal Conditioning .
AD7824 8 4 2.5 10 0-5V, Ext 8, pP N, QR C,I, M/, CMOS, On-Chip Track-Hold 5-64
AD8401 8 4 2 200 Int 8, P R I 5 Volt Supply, DAC Out, High Speed - 5-102
AD7828 8 8 2.5 10 0-5V, Ext 8, pP N,Q,E, P C,I, M/, CMOS, On-Chip Track-Hold 5-64
AD7777 10 4 2.5 1000 2.0V, Int 10, pP N,R I Dual SHA, Offset Adjust, CMOS 5-54
AD7778 10 8 2.5 1000 2.0V, Int 10, pP S I Dual SHA, Offset Adjust, CMOS 5-54
AD1341 12 8/16  6.67 2500 10V, Int 16, pP Z C,M High Speed, 16-Channel Programmable CII 7-25
, 12-Bit DAS with 25.ns Bus Interface -
AD7874 12 4 . 325 500 3V Int 12, pP N, QR C,I, M/, CMOS, Simultaneous Sampling Four-Channel 2-329
(for 4 Channels) 29 kHz ADC for 10 V Input Signals
AD363R 12 8/16 . 40 2000 10V, Int 12, nP D C,M High Speed, 16-Channel, 12-Bit DAS CII 7-5
AD364R 12 8/16 50 2000 10V, Int 12, pP D C,M 16-Channel, 12-Bit DAS with-Three-State Buffers CII 7-5
AD7582° 12 4 100 - 4V-6V, Ext 12, uP D,N,P,Q C, LW CMOS, 1 LSB Total Unadjusted Error CII 2-371
AD7890 12 8 5 10000 2.5V, Ext Serial, pP N,QR LM CMOS, 8-Channel Multiplexed ADC 5-76
AD7858 12 8 4.5 1000 Int Serial, pP N, R, RS I 3 Volt Supply, Low Power, 3-Wire 2-299
AD7891 12 8 1.6 1200 2.5V, Int 12, Serial, pP P, S I 5 Volt, Input Protected, Range Selectable .. 5-92
AD7714 24 5 I

1-100 ms — 2.5V, Ext Serial, pP N,QR,RS IM 3 Volt Supply, PGA, Prog. Filter 2=271 -

'Ext indicates external reference with the range of voltages listed where applicable. Ext (M) indicates external reference with multiplying capability. Int indicates reference is intemal. A voltage value is given if the
reference is pinned out.

2This column lists the data format for the bus with “pP” indicating microprocessor capability—i.e., for a 12-bit converter 8/12, wP indicates that the data can be formatted for an 8- bit bus er can be in parallel
(12 bits) and is microprocessor compatible.

3Package Options: D = Hermetic DIP, Ceramic or Metal; E = Ceramic Leadless Chip Carrier; F = Ceramic Flatpack; G = Ceramic Pin Grid Array; H = Hermetic Metal Can; J = J-Leaded Ceramic Package;
M = Hermetic Metal Can DIP; N = Plastic or Epoxy Sealed DIP; P = Plastic Leaded Chip Carrier; Q = Cerdip; R = Small Outline “SOIC” Package; RS = SSOP—Shrink Small Outline Package; S = Plastic
Quad Flatpack; ST = Thin Quad Flatpack; T = T0-92; U = TSOP—Thin Small Outline Package; W = Nonhermetic Ceramic/Glass DIP; Y = Single-In-Line “SIP” Package; Z = Ceramic Leaded Chip Carrier.

“Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, —40°C to +85°C (Some older products —25°C to +85°C); M = Military, —55°C to +125°C. If a device has military grade offerings, the M
temperature designator will be followed by: / to indicate 883B, ; for JAN, p, for SMD, and g for space level.

SCII = Data Converter Reference Manual, Volume II. All other enmes refer to this volume.

Boldface Type: Data sheet information in this volume. :



ANALOG
DEVICES

8- and 10-Bit
Analog-to-Digital Converters

AD570/AD371*

FEATURES

Complete A/D Converters with Reference and Clock
AD570: 8 Bit
ADS571: 10 Bit

Fast Successive Approximation Conversion - 25us

No Missing Codes Over Temperature

Digital Multiplexing — 3 State Outputs

18-Pin Ceramic DIP

Low Cost Monolithic Construction

MIL-STD-883 Compliant Versions Available

PRODUCT DESCRIPTIONS

The AD570/AD571 are successive approximation A/D converters
consisting of a DAC, voltage reference, clock, comparator,
successive approximation register and output buffers — all fabri-
cated on a single chip. No external components are required to
perform full accuracy conversions in 25pus.

The AD570/AD571 incorporate advanced integrated circuit
design and processing technologies. They employ I°L (integrated
logic) processing in the fabrication of the SAR function. Laser
trimming of the high stability SiCr thin-film resistor ladder
network insures high accuracy, which is maintained with a
temperature compensated, subsurface Zener reference.

Operating on supplies of +5V to +15V and — 15V, the AD570/
AD571 will accept analog inputs of 0 to + 10V, unipolar or
+5V bipolar, externally selectable. As the BLANK and CON-
VERT input is driven low, the three-state outputs will be open
and a conversion will commenceé. Upon completion of the con-
version, the DATA READY line will go low and the data will
appear at the output. Pulling the BLANK and CONVERT high
blanks the outputs and readies the device for the next
conversion.

The devices are available in two versions: the “J” and “K”
specified for the 0 to +70°C temperature range. The “S” guaran-
tees the specified accuracy and no missing codes from —55°C to
+125°C.

*Covered by Patent Nos. 3,940,760; 4,213,806; 4,136,349.

This is an abridged data sheet. To obtain the most recent version or
complete data sheet, call our fax retrieval system at 1-800-446-6212.
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FUNCTIONAL BLOCK DIAGRAM
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PRODUCT HIGHLIGHTS

1.

The ADS71 is a complete 10-bit A/D converter. The AD570
is an 8-bit version which employs the same architecture. No
external components are required to perform a conversion.

. The AD570/AD571 are single chip devices employing advanced

IC processing techniques. Thus, the user has at his disposal
a truly precision component with the reliability and low cost
inherent in monolithic construction.

. The converters accept either unipolar (0 to +10V) or bipolar

(—5V to +5V) analog inputs by simply grounding or opening
a single pin.

. Each device offers the specified accuracy with no missing

codes over its entire operating temperature range.

. Operation is guaranteed with —15V and +5V to +15V

supplies. The devices will also operate with a — 12V supply.

. The AD570 and AD571 are available in versions compliant

with MIL-STD-883. Refer to the Analog Devices Military -
Products Databook or current /883B data sheet for detailed
specifications.
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AD570/AD571 — SPECIFICATIONS e v repect o it common, s sterwise sty

ADS70) ADS70S
Model Min Typ Max Min Typ Max Units
RESOLUTION! 8 8 Bits
RELATIVE ACCURACY

Tomin 10 Trnax +1/2 +12 LSB
FULL-SCALE CALIBRATION +2 *2 LSB
UNIPOLAROFFSET *12 +12 LSB
BIPOLAR ZERO +1/2 +1/2 LSB
DIFFERENTIAL NONLINEARITY .

T min 10 Trnax 8 8 . Bits
TEMPERATURE RANGE 0 +70 —-55 +125 °C
TEMPERATURE COEFFICIENTS

Unipolar Offset +1 *1 LSB

Bipolar Offset 3 +1 LSB

Full-Scale Calibration *2 *2 LSB
POWER SUPPLY REJECTION

CMOS Positive Supply

+13.5V=V+=+16.5V - - - - - - LSB
TTL Positive Supply
+4.5V=V+=+5.5V +2 +2 LSB
Negative Supply
-16.0VsV—=<-13.5V ' *2 +2 LSB
ANALOG INPUT IMPEDANCE 3.0 5.0 7.0 3.0 5.0 7.0 kQ
ANALOG INPUT RANGES

Unipolar 0 +10 0 +10 v

Bipolar -5 +5 -5 +5 \Y%
OUTPUT CODING

Unipolar Positive True Binary Positive True Binary

Bipolar . Positive True Offset Binary Positive True Offset Binary
LOGICOUTPUT

Output Sink Current

(VouT =0.4V max, Tmin 10 Trayx) 3.2 3.2 mA

Output Source Current

(VQUT =2.4V max, Tmi,, to Tmzx) 0.5 0.5 mA

Output Leakage © x40 +40 rA
LOGICINPUTS

Input Current +100 +100 rA

Logic “1” 2.0 2.0 v

Logic “0” 0.8 0.8 v
CONVERSION TIME

Tomin 10 Trax 15 25 40 15 25 40 ws
POWER SUPPLY

V+ +45 +5.0 +7.0 +4.5 +5.0 +7.0 v

V- -120 -15 -16.5 -120 -1I5 -16.5 \Y
OPERATING CURRENT

V+ 7 10 7 10 mA

V- ) 9 15 9 15 mA
PACKAGE OPTION?3

Ceramic (D-18) ADS570JD ADS570SD
NOTES

The AD570 is a selected version of the AD571 10-bit A-to-D converter. Only TTL logic inputs should be connected to Pins 1 and 18
(or no jon made) or d: may result.

2D = Ceramic DIP. For outline information see Package Information section.

3For details on grade and package offerings for SD-grade in accordance with MIL-STD-883, refer to Analog Devices Military

Prod databook or /883B data sheet.

Specifications subject to change without notice.

Specifications shown in boldface are tested on all production units at final

electrical test. Results from those tests are used to calculate outgoing quality

levels. All min and max specifications are guaranteed, although only those

shown in boldface are tested on all production units.
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AD570/AD571

ADS571) ADS71K ADS71S
Model Min Typ Max Min Typ Max Min Typ Max Units
RESOLUTION 10 10 10 Bits
RELATIVE ACCURACY, Tp *1 +1/2 +1 LSB
Tomin 10 Trnax +1 x1/2 +1 LSB
FULL-SCALE CALIBRATION +2 +2 *2 LSB
UNIPOLAR OFFSET *1 +1/2 +1 LSB
BIPOLAR ZERO +1 +1/2 +1 LSB
DIFFERENTIAL NONLINEARITY, T, | 10 10 10 Bits
Tomin t0 Trmax 9 10 10 Bits
TEMPERATURE RANGE 0 +70 0 +70 -55 +125 | °C
TEMPERATURE COEFFICIENTS
Unipolar Offset +2 *1 +2 LSB
Bipolar Offset +2 x1 +2 LSB
Full-Scale Calibration +4 *2 x5 LSB
POWER SUPPLY REJECTION
CMOS Positive Supply
+13.5V=V+=+16.5V - - - *1 - - - LSB
TTL Positive Supply
+4.5V=V+=<+55V +2 +1 +2 LSB
Negative Supply
-16.0V=V-=<-13.5V *2 +1 +2 LSB
ANALOG INPUT IMPEDANCE 3.0 5.0 7.0 3.0 5.0 7.0 3.0 5.0 7.0 kQ
ANALOG INPUT RANGES
Unipolar 0 +10 0 +10 0 +10 v
Bipolar -5 +5 -5 +5 -5 +5 \Y%
OUTPUT CODING
Unipolar Positive True Binary Positive True Binary Positive True Binary
Bipolar Positive True Offset Binary Positive True Offset Binary Positive True Offset Binary
LOGICOUTPUT
Output Sink Current
(VouT = 0.4V max, Tnin t0 Tmay) 3.2 3.2 3.2 mA
Output Source Current’
(VouT =2.4V max, Tpin 10 Trax) 0.5 0.5 0.5 mA
Output Leakage *+40 +40 +40 pA
LOGICINPUTS
Input Current +100 +100 +100 pA
Logic“1” 2.0 2.0 2.0 v
Logic “0” 0.8 0.8 0.8 \%
CONVERSION TIME
Trmin t0 Trax 15 25 40 15 25 40 15 25 40 us
POWER SUPPLY
V+ +4.5 +5.0 +7.0 +4.5 +5.0 +16.5 +4.5 +5.0 +7.0 v
\ A -120 -15 -16.5 -120 -15 -16.5 -120 -15 -165 | V
OPERATING CURRENT
V+ 7 10 7 10 7 10 mA
' 9 15 9 15 9 15 mA
PACKAGE OPTION?3
Ceramic (D-18) ADS571]D ADS71KD ADS71SD
NOTES

'The data output lines have active pull-ups to source 0.5SmA. The DATA READY line is open collector with

a nominal 6k(} internal pull-up resistor.

2D = Ceramic DIP. For outline information see Package Information section.

3For details on grade and package offerings for SD-grade in accordance with MIL-STD-883, refer to Analog Devices Military
Products databook or current /883B data sheet.

Specifications subject to change without notice.

Specifications shown in boldface are tested on all production units at final
electrical test. Results from those tests are used to calculate outgoing quality
levels. All min and max specifications are guaranteed, although only those
shown in boldface are tested on all production units.
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AD570/ADST1

ABSOLUTE MAXIMUM RATINGS

V + to Digital Common ADS570], S/AD571], S 0to +7V

ADS71IK ... ... .. 0'to +16.5V
V= to Digital Common . . . ... ........ 0t —16.0V
Analog Common to Digital Common . . . ... ... .. *1V
Analog Input to Analog Common . .. . ... ... .. *15V
Control Inputs .. . . . . ... ... 0toV+
Digital Outputs (Blank Mode) . . . . ... .. ... 0toV+
Power Dissipation . . . . ... ... ... ..., 800mW

CHIP BONDING DIAGRAM

BIT2 BIT3 -BIT4 BIT5 BIT6 BIT7 -BITS

1
BIT 1—— BIT9*
mss BIT 10*
Ve —T ) Lse
BLANK:
&
CONV.
DATA
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=
B i
M IGITAL
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| (=] .
a BIPOLAR
v- == : OFFSET
. CONTROL
ANALOG COMMON

I ANALOG IN

I

*ADS71 ONLY.

.

CIRCUIT DESCRIPTION

The AD571 is a complete 10-bit A/D converter which requires
no external components to provide the completé successive
approximation analog-to-digital conversion function. The AD570
is an 8-bit version. A functional block diagram of the AD570/
AD571 is shown below. Upon receipt of the CONVERT command,
the internal 10-bit (AD571) current output DAC is sequenced
by the I’L successive approximation register (SAR) from its
most-significant bit (MSB) to least-significiant bit (LSB) to
provide an output current which accurately balances the input
signal current through the SkQ input resistor. The comparator
determines whether the addition of each successively weighted
bit current causes the DAC current sum to be greater or less
than the input current. If the sum is less, the bit is left on; if
more, the bit is turned off. After testing all the bits, the SAR
contains a 10-bit binary code which accurately represents the
input signal to within =+ 1/2LSB (0.05%).

Upon completion of the sequences, the SAR sends out a DATA
READY signal (active low), which also brings the three-state
buffers out of their “open” state, making the bit output lines
become active high or low, depending on the code in the SAR.
When the BLANK and CONVERT line is brought high, the
output buffers again go “open”, and the SAR is prepared for
another conversion cycle. Details of the timing are given further
on.

The temperature compensated buried Zener reference provides
the primary voltage reference to the DAC and guarantees excellent
stability with both time and temperature. The bipolar offset
input controls a switch which allows a positive bipolar offset
current to be injected into the summing ( + ) node of the comparator
to offset the DAC output. The nominal 0 to + 10V unipolar
input range now becomes a —5V to +5V range. The 5kQ thin-
film input resistor is trimmed so that with a full-scale input
signal, an input current will be generated which exactly matches
the DAC output with all bits on. (The input resistor is trimmed
slightly low to facilitate user trimming, as discussed on the next

page.)

POWER SUPPLY SELECTION
The AD570/AD571 are designed for optimum performance
using a +5V and — 15V supply, for which the J and S grades
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are specified. AD571K will also operate with up to a + 15V
supply, which allows direct interface to CMOS logic.
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AD570/AD571 Functional Block Diagram

CONNECTING THE AD570/AD571 FOR STANDARD
OPERATION ’

The AD570/AD571 contain all the active components required
to perform a complete A/D conversion. Thus, for most situations,
all that is necessary is connection of the power supply (+5 and
—15), the analog input, and the conversion start pulse. The
functional pin outs are shown below.

N E o Deimeen [N L E * ToENTiEen []Bm0 s
ae[7 ] 17] GATA RERDY srs[2] [17] ova reaov
BIT? E E DIGITAL COM BIT7 E 16 | DIGITAL COM
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8ITE E Nty [ ANALOG COM BITS E (ﬁ';:;'ﬁ.v{., EANALOG com
BIT4 E 13 | ANALOG IN BIT4 E EA"ALOG IN
srs7 ] [12] Vee a7 ] o [12] vee
IIYZE( E]!I.Kim IWZE E!Llﬂm

wsa oir 1[5 ] 0] Vee wsa i1 [ 0] Vee
Nee -

AD570 Pin Connection§ AD571 Pin Connections
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ANALOG
DEVICES

10-Bit A/D Converter

AD573*

FEATURES

Complete 10-Bit A/D Converter with Reference, Clock
and Comparator

Full 8- or 16-Bit Microprocessor Bus Interface

Fast Successive Approximation Conversion — 20ps
typ

No Missing Codes Over Temperature

Operates on +5V and —12V to — 15V Supplies

Low Cost Monolithic Construction

PRODUCT DESCRIPTION

The AD573 is a complete 10-bit successive approximation analog
to digital converter consisting of a DAC, voltage reference,
clock, comparator, successive approximation register (SAR) and
3 state output buffers—all fabricated on a single chip. No external
components are required to perform a full accuracy 10-bit con-
version in 20ps.

The AD573 incorporates advanced integrated circuit design and
processing technologies. The successive approximation function
is implemented with I’L (integrated injection logic). Laser trim-
ming of the high stability SiCr thin film resistor ladder network
insures high accuracy, which is maintained with a temperature
compensated sub-surface Zener reference.

Operating on supplies of +5V and —12V to — 15V, the AD573
will accept analog inputs of 0 to +10V or =5V to +5V. The
trailing edge of a positive pulse on the CONVERT line initiates
the 20ps conversion cycle. DATA READY indicates completion
of the conversion. HIGH BYTE ENABLE (HBE) and LOW
BYTE ENABLE (LBE) control the 8-bit and 2-bit three state
output buffers.

The ADS573 is available in two versions for the 0 to +70°C
temperature range, the AD573] and AD573K. The AD573S
guarantees + 1LSB relative accuracy and no missing codes from
—55°C to +125°C.

Three package configurations are offered. All versions are offered
in a 20-pin hermetically sealed ceramic DIP. The AD573] and
ADS573K are also available in a 20-pin plastic DIP or 20-pin
leaded chip carrier.

*Protected by U.S. Patent Nos. 3,940,760; 4,213,806; 4,136,349; 4,400,689;
and 4,400,690

This is an abridged data sheet. To obtain the most recent version or
complete data sheet, call our fax retrieval system at 1-800-446-6212.
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PRODUCT HIGHLIGHTS
1. The AD573 is a complete 10-bit A/D converter. No external
- components are required to perform a conversion.

2. The ADS573 interfaces to many popular microprocessors
without external buffers or peripheral interface adapters. The
10 bits of output data can be read as a 10-bit word or as 8-
and 2-bit words.

3. The device offers true 10-bit accuracy and exhibits no missing
codes over its entire operating temperature range.

4. The AD573 adapts to either unipolar (0 to + 10V) or bipolar
(—5V to +5V) analog inputs by simply grounding or opening
a single pin.

5. Performance is guaranteed with +5V and — 12V or —15V
supplies.

6. The AD573 is available in a version compliant with MIL-STD-

883. Refer to the Analog Devices Military Products Databook
or current /883B datasheet for detailed specifications. .
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ADS573 —SPECIFICATIONS i s % ™ ™

: ADS573] ADS73K AD573S
Model Min Typ Max Min Typ Max Min Typ Max Units
RESOLUTION 10 10 10 Bits
RELATIVE ACCURACY' +1 +12 1 LSB
Ta = Thint0 Tax. +1 *1/2 *1 LSB
FULL SCALECALIBRATION? *2 *2 *2 LSB
UNIPOLAR OFFSET %1 =12 *1 LSB
BIPOLAR OFFSET | +1 +112 3! LSB
DIFFERENTIAL NONLINEARITY? 10 . 10 10 Bits
Ta = Trmin 0 Trnax 9 10 10 Bits
TEMPERATURE RANGE 0 +70 0 +70 -55 +125 | °C
TEMPERATURE COEFFICIENTS*
Unipolar Offset %2 %1 +2 LSB
Bipolar Offset *2 *1 x2 LSB
Full Scale Calibration? +4 +2 +5 LSB
POWER SUPPLY REJECTION
Positive Supply
+4.5sV+ =455V *2 : *1 *2 LSB
Negative Supply
-15.75V=V - =-14.25V *2 . %1 *2 LSB
-12.6V=sV-=<-114V *2 *1 *2 LSB
ANALOG INPUT IMPEDANCE 3.0 5.0 7.0 3.0 5.0 7.0 3.0 5.0 7.0 kQ
ANALOG INPUT RANGES
Unipolar 0 +10 0 +10 0 +10 A%
Bipolar -5 +5 -5 +5 -5 +5 v
OUTPUT CODING
Unipolar Positive True Binary Positive True Binary Positive True Binary
Bipolar Positive True Offset Binary Positive True Offset Binary Positive True Offset Binary
LOGICOUTPUT
Output Sink Current
(VouTt=0.4Vmax, Tpmin 10 Trmax) 3.2 3.2 3.2 mA
Output Source Current®
(Vour =2.4Vmin, Tpin t0 Tray) 0.5 0.5 0.5 mA
Output Leakage *40 +40 +40 pA
LOGICINPUTS
Input Current +100 +100 +100 pA
Logic““1” 2.0 2.0 2.0 v
Logic “0” 0.8 0.8 0.8 v
CONVERSION TIME
Ta = Trin10 Tnax 10 20 30 10 20 - 30 10 20 30 ps
POWER SUPPLY
V+ +4.5 +5.0 +7.0 +4.5 +5.0 +7.0 +4.5 +5.0 +7.0 v
A ~11.4 -15 -16.5 +11.4 -15 -16.5 -11.4 ~15 -165 | V
OPERATINGCURRENT ’
V+ 15 20 15 20 15 20 mA
V- 9 15 9 15 9 15 mA
NOTES

'Relative accuracy is defined as the deviation of the code transition points from the ideal transfer point on a
straight line from the zero to the full scale of the device.

2Full-scale calibration is guaranteed trimmable to zero with an external 50 potentiometer in place of the 15Q
fixed resistor. Full scale is defined as 10 volts minus 1LSB, or 9.990 volts.

3Defined as the resolution for which no missing codes will occur.

“Change from +25°C value from +25°C to Tpin OF Trnax-

5The data output lines have active pull-ups to source 0.5SmA. The DATA READY line is open collector with
a nominal 6k() internal pull-up resistor.

Specifications subject to change without notice.

Specifications shown in boldface are tested on all production units at final
electrical test. Results from those tests are used to calculate outgoing quality
levels. All min and max specifications are guaranteed, although only those
shown in boldface are tested on all production units.
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AD573

ABSOLUTE MAXIMUM RATINGS

V+ to Digital Common . . . ... ........ 0t +7V
V- to Digital Common . .. .......... 0to —16.5V
Analog Common to Digital Common . . .. ... ... +1V
Analog Input to Analog Common . . . ... ... .. *+15V
Control Inputs . . . . ... ... ... ....... 0OtoV+
Digital Outputs (High Impedance State) . . . . . . . OtoV+
Power Dissipation . . . . . ... .......... 800mW
ORDERING GUIDE'
) Temperature Relative
Model Package Option> Range Accuracy
ADS73JN 20-Pin Plastic DIP (N-20) 0to +70°C ) + 1LSB max
ADS573KN 20-Pin Plastic DIP (N-20) 0to +70°C + 1/2LSB max
ADS73]P 20-Pin Leaded Chip Carrier (P-20A) | 0to +70°C + 1LSB max
ADS573KP 20-Pin Leaded Chip Carrier (P-20A) | 0to +70°C +1/2LSB max
ADS73]D 20-Pin Ceramic DIP (D-20) 0to +70°C + 1LSB max
ADS73KD 20-Pin Ceramic DIP (D-20) 0to +70°C + 1/2LSB max
AD573SD 20-Pin Ceramic DIP (D-20) —55°Cto +125°C + 1LSB max
NOTES
!For details on grade and package offerings screened in accordance with MIL-STD-883, refer to Analog Devices
Military Products Databook.
2D = Ceramic DIP; N = Plastic DIP; P = Plastic Leaded Chip Carrier. For outline information see Package
Information section.
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Figure 1. AD573 Functional Block Diagram
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ANALOG
DEVICES

Complete
12-Bit A/D Converter

AD574A*

FEATURES
Complete 12-Bit A/D Converter with Reference
and Clock
8- and 16-Bit Microprocessor Bus Interface
Guaranteed Linearity Over Temperature
0 to +70°C - AD574AJ, K, L
—55°C to +125°C — AD574AS, T, U
No Missing Codes Over Temperature
35ps Maximum Conversion Time
Buried Zener Reference for Long-Term Stability
and Low Gain T.C. 10ppm/°C max AD574AL
12.5ppm/°C max AD574AU
Ceramic DIP, Plastic DIP or PLCC Package
Available in Higher Speed, Pinout-Compatible Versions
(15ps AD674B, 8ps AD774B; 10ps (with SHA) AD1674)
Available in Versions Compliant with MIL-STD-883
and JAN QPL.

PRODUCT DESCRIPTION

The AD574A is a complete 12-bit successive-approximation
analog-to-digital converter with 3-state output buffer circuitry
for direct interface to an 8- or 16-bit microprocessor bus. A
high-precision voltage reference and clock are included on-chip,
and the circuit guarantees full-rated performance without external
circuitry or clock signals.

The AD574A design is implemented using Analog Devices’
Bipolar/I’L process, and integrates all analog and digital functions
on one chip. Offset, linearity and scaling errors are minimized
by active laser-trimming of thin-film resistors at the wafer stage.
The voltage reference uses an implanted buried Zener for low
noise and low drift. On the digital side, I°L logic is used for the
successive-approximation register, control circuitry and 3-state
output buffers. :

The AD574A is available in six different grades. The AD574A],
K, and L grades are specified for operation over the 0 to +70°C
temperature range. The AD574AS, T, and U are specified for
the —55°C to +125°C range. All grades are available in a 28-pin
hermetically-sealed ceramic DIP. Also, the J, K, and L grades
are available in a 28-pin plastic DIP and PLCC, and the J and
K grades are available in ceramic LCC.

The S, T, and U grades in ceramic DIP or LCC are available
with optional processing to MIL-STD-883C Class B; the T and
U grades are available as JAN QPL. The Analog Devices’ Military
Products Databook should be consulted for details on /383B
testing of the AD574A.

*Protected by U.S. Patent Nos. 3,803,590; 4,213,806; 4,511,413;
RE 28,633.

This is an abridged data sheet. To obtain the most recent version or
complete data sheet, call our fax retrieval system at 1-800-446-6212.
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BLOCK DIAGRAM AND
PIN CONFIGURATION
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PRODUCT HIGHLIGHTS :

1. The AD574A interfaces to most 8- or 16-bit microprocessors.
Multiple-mode three-state output buffers connect directly to
the data bus while the read and convert commands are taken
from the control bus. The 12 bits of output data can be read
either as one 12-bit word or as two 8-bit bytes (one with 8
data bits, the other with 4 data bits and 4 trailing zeros).

2. The precision, laser-trimmed scaling and bipolar offset resistors
provide four calibrated ranges: 0 to +10 and 0 to + 20 volts
unipolar, —5 to +5 and —10 to + 10 volts bipolar. Typical
bipolar offset and full-scale calibration errors of +0.1% can
be trimmed to zero with one external component each.

3. The internal buried Zener reference is trimmed to 10.00
volts with'0.2% maximum error and 15ppm/°C typical T.C.
The reference is available externally and can drive up to
1.5mA beyond the requirements of the reference and bipolar
offset resistors. )

4. AD674B (15ps) and AD774B (8us) provide higher speed,
pin compatibility; AD1674 (10us) includes on-chip Sample-
Hold Amplifier (SHA). .
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SPECIFICATIONS i senise e 1 awe = ¥ Yo = =iV or 2 AD574A

ADS574A) ADST4AK AD574AL
Model Min Typ Max Min Typ Max Min Typ Max Units
RESOLUTION 12 12 12 Bits
LINEARITY ERROR @ +25°C +1 *1/2 +1/2 LSB

Trmin 10 Trnax =1 =172 =1/2 LSB
DIFFERENTIAL LINEARITY ERROR

(Minimum resolution for which no

missing codes are guaranteed)

Trmin 10 Tmax 11 12 12 Bits
UNIPOLAR OFFSET (Adjustable to zero) *2 +1 +1 LSB
BIPOLAR OFFSET (Adjustable to zero) *4 *4 *2 LSB
FULL-SCALE CALIBRATION ERROR

(with fixed 502 resistor from REF OUT to REF IN)

(Adjustable to zero) 0.25 0.25 0.125 %of F.S.
TEMPERATURE RANGE 0 +70 0 +70 0 +70 °C
TEMPERATURE COEFFICIENTS

(Using internal reference)

Trmin t0 Trmax

Unipolar Offset *2(10) +=1(5) +1(5) | LSB(ppm/°C)

Bipolar Offset *2(10) +1(5) +1(5) | LSB(ppm/°C)

Full-Scale Calibration *9(50) *5@27) +2(10) | LSB (ppm/°C)
POWER SUPPLY REJECTION

Max change in Full Scale Calibration

Vec=15V £1.5Vor 12V =0.6V +2 +1 *1 LSB

Viocic=5V 0.5V =12 +1/2 =12 LSB

Vgg= —15V =1.5Vor - 12V 0.6V +2 +1 =1 LSB
ANALOGINPUT

Input Ranges

Bipolar -5 +5 -5 +5 -5 +5 Volts

-10 +10 -10 +10 -10 +10 Volts

Unipolar 0 +10 0 +10 0 +10 Volts

0 +20 0 +20 0 +20 Volts

Input Impedance

10 Volt Span 3 5 7 3 5 7 3 5 7 kQ

20 Volt Span 6 10 14 6 10 14 6 10 14 kQ
DIGITAL CHARACTERISTICS (T min=Tmax)

Inputs? (CE, CS, R/C, Ag)

Logic “1” Voltage +2.0 +5.5 +2.0 +5.5 +2.0 +5.5 Volts

Logic “0” Voltage -0.5 +0.8 -0.5 +0.8 -0.5 +0.8 Volts

Current -20 +20 -20 +20 -20 +20 pA

Capacitance 5 5 5 pF

Outputs (DB11-DBO, STS)

Logic “1” Voltage (Isource=500pA) +2.4 +2.4 +2.4 Volts

Logic “0” Voltage (Is;nk=<1.6mA) +0.4 +0.4 +0.4 Volts

Leakage (DB11-DB0, High-Z State) -20 +20 -20 +20 -20 +20 nA

Capacitance 5 5 5 pF
POWER SUPPLIES

Operating Range

Vvrocic +4.5 +5.5 +4.5 +5.5 +4.5 +5.5 Volts

Vee +11.4 +16.5 +11.4 +16.5 +11.4 +16.5 ] Volts

Ve -11.4 —16.5 —11.4 -16.5 —-11.4 —16.5 | Volts

Operating Current

TLocic 30 40 30 40 30 40 mA

Icc 2 5 2 5 2 5 mA

Ige 18 30 18 30 18 30 mA
POWER DISSIPATION 390 725 390 725 390 725 mW
INTERNAL REFERENCE VOLTAGE 9.98 10.0 10.02 9.98 10.0 10.02 9.99 10.0 10.01 Volts

Output current (available for external loads)* 1.5 1.5 1.5 mA

(External load should not change during conversion) .
PACKAGE OPTIONS*

Ceramic (D-28) AD574ASD AD574AKD ADS74ALD

Plastic (N-28) AD574AJN ADS74AKN ADS74ALN

PLCC(P-28A) ADS74AJP ADS574AKP ADS74ALP

LCC(E-28A) ADS74AJE AD574AKE
NOTES

‘Demled Timing Spccnﬁcauons appear in the Timing Section.

212/8 Input is not TTL-compatible and must be hard wired to VLOGIC or Digital Common.

3The reference should be buffered for operation on + 12V supp

“D = Ceramic DIP; N = Plastic DIP; P = Plastic Leaded Chip Carrier. For outline information see Package Information section.
Specifications subject to change without notice.
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ADS574AS ADS574AT _ ADS74AU
Model . . Min Typ Max Min Typ Max Min Typ - Max Units
RESOLUTION 12 12 12 ~| Bits
LINEARITY ERROR @ +25°C +1 +12 +1/2 LSB

Tmin 10 Trnax Cox] *1 *1 LSB
DIFFERENTIAL LINEARITY ERROR

(Minimum resolution for which no

missing codgs_are guaranteed)

Trmin 10 Tax 11 . 12 12 Bits
UNIPOLAR OFFSET (Adjustable to zero) + +1 +] LSB
BIPOLAR OFFSET (Adjustable to zero) +4 +4 +2 LSB
FULL-SCALE CALIBRATION ERROR

(with fixed S0Q resistor from REF OUT to REF IN)

(Adjustable to zero) 0.25 0.25 0.125 %of F.S.
TEMPERATURE RANGE -55 +125 -55 +125 -55 +125 °C
TEMPERATURE COEFFICIENTS

(U;ing internal reference)

Trmint0 Trmax

Unipolar Offset *2(5) +1(2.5) *1(2.5) | LSB(ppm/°C)

Bipolar Offset +4(10) +2(5) +1(2.5) | LSB(ppm/°C)

Full-Scale Calibration +20(50) +10(25) +5(12.5) | LSB (ppm/°C)
POWER SUPPLY REJECTION

Max change in Full Scale Calibration
Vec=15V £1.5Vor 12V =0.6V +2 +1 +1 LSB
Viocic=5V 0.5V ’ +1/2 +1/2 +1/2 LSB
Vgg=—15V £1.5Vor - 12V £0.6V *2 *1 +1 LSB

ANALOGINPUT
Input Ranges
Bipolar -5 +5 -5 +5 . -5 +5 Volts
-10 +10 -10 +10 -10 +10 Volts
Unipolar 0 +10 0 +10 0 +10 Volts
0 +20 0 +20 0 +20 Volts

Input Impedance
10 Volt Span 3 5 7 3 5 7 3 5 7 kQ
20 Volt Span 6 10 14 6 10 14 6 10 14 kQ

DIGITAL CHARACT] ERISTICS’ (T min-Tmax)

Inputs? (CE, CS, R/C, Ag) )
Logic “1” Voltage +2.0 +5.5 +2.0 +5.5 +2.0 +5.5 Volts
Logic “0” Voltage -0.5 +0.8 -0.5 +0.8 -0.5 +0.8 Volts
Current -20 +20 -20 +20 -20 +20 pA
Capacitance 5 5 5 pF

Outputs (DB11-DB0, STS)

Logic “1” Voltage (Isource=500pA) +2.4 +2.4 +2.4 Volts

Logic “0” Voltage (Ising <1.6mA) +0.4 +0.4 +0.4 Volts

Leakage (DB11-DB0, High-Z State) -20 +20 -20 +20 -20 +20 rA

Capacitance S 5 5 pF
POWER SUPPLIES

Operating Range
Viocic +4.5 +5.5 +4.5 +5.5 +4.5 +5.5 Volts
Vee +11.4 +16.5 +11.4 +16.5 +11.4 +16.5 Volts
Vee -11.4 -16.5 —-11.4 -16.5 -11.4 -16.5 Volts

Operating Current
ILocic 30 40 30 40 30 40 mA
Icc 2 5 2 5 2 5 mA
Iee 18 30 18 30 18 30 mA

POWER DISSIPATION 390 725 390 725 390 725 mW
INTERNAL REFERENCE VOLTAGE 9.98 10.0 10.02 9.98 10.0 10.02 9.99 10.0 10.01 Volts
Output current (available for external loads)* 1.5 1.5 1.5 mA

(External load should not change during conversion)

PACKAGE OPTIONS* .

Ceramic (D-28) ADS74ASD ADS74ATD AD574AUD

NOTES

'Det_niled Timing Specifications appear in the Timing Section.
212/8 Input is not TTL-compatible and must be hard wired to Vi ogic or Digital Common.

*The hould be buffered for operation on + 12V suppl
4D = Ceramic DIP. For outline inf ion see Package I ion section
Specifications subject to change without notice.
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AD574A Block Diagram and Pin Configuration

ABSOLUTE MAXIMUM RATINGS*
(Specifications apply to all grades, except where noted)

VectoDigital Common . . . . . . . ... .... 0to +16.5V
Vgg to Digital Common . . . . ... ....... 0to —16.5V
Viocic to Digital Common . . . . ... ... ... 0to +7V
Analog Common to Digital Common . ... ..... .. 1V
Control Inputs (CE, CS, Ao, 12/8, R/C) to v
Digital Common —0.5V to Vi ogic +0.5V

Chip Temperature . . . . . . . ... ..o unn 175°C
Power Dissipation . . . . ... .. e 825mW
Lead Temperature, Soldering . . . . ... .. +300°C, 10 sec.
Storage Temperature (Ceramic) . . . . . . . —65°C to +150°C

(Plastic) . . ...... —25°C to +100°C

Analog Inputs (REF IN, BIP OFF, iO.\I,N) to *Stresses above those listed under “Absolute ‘Maximum Ratings” may
..... cause permanent damage to the device. This is a stress rating only and
20V to Anal Aglog Common . . . Vee l:)_ Zf{; functional operation of the device at these or any other conditions above
IN to 0g LOMMON . .« v v v v v oo e e e - those indicated in the operational sections of this specification is not
REFOUT ............ Indefinite short to common implied. E e to absol i rating conditions for extended
Momentary shortto Ve periods may affect device reliability.
ORDERING GUIDE
Resolution Max
Temperature Linearity Error . | No Missing Codes | Full Scale
Model' Range Max (Timint0 Trnax) | (Tmint0 Tinax) T.C. (ppm/°C)
ADS74A)(X) Oto +70°C +1LSB 11 Bits 50.0
AD574AK(X) 0to +70°C +1/2LSB 12 Bits 27.0
ADS74AL(X) 0to +70°C +1/2LSB 12 Bits 10.0
ADS74AS(X)? —55°Cto +125°C +1LSB 11 Bits 50.0
ADS74AT(X)? —55°Cto +125°C +1LSB 12 Bits 25.0
ADS74AU(X)? —55°Cto +125°C +1LSB 12 Bits 12.5
NOTES

X = Package designator. Available packages are:

D (D-28) for all grades.
E (E-28A) for J and K grades and /883B processed S, T and U grades.
N (N-28)for J, K, and L grades.

P (P-28A)for PLCCin J, K grades.

Example: ADS74AKN is K grade in plastic DIP.

2For details on grade and package offerings screened in accordance with MIL-STD-883, refer to Analog Devices Military

Products Databook.
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ANALOG
DEVICES

Low Cost Signal
Conditioning 8-Bit ADC

AD670

FEATURES

Complete 8-Bit Signal Conditioning A/D Converter
Including Instrumentation Amp and Reference

Microprocessor Bus Interface

10pus Cunversion Speed

Flexible Input Stage: Instrumentation Amp Front End
Provides Differential Inputs and High Common-Mode
Rejection

No User Trims Required

No Missing Codes Over Temperature.

Single +5V Supply Operation

Convenient Input Ranges

20-Pin DIP or Surface-Mount Package

Low Cost Monolithic Construction

MIL-STD-883B Compliant Versions Available

GENERAL DESCRIPTION

The AD670 is a complete 8-bit signal conditioning analog-to-digital

converter. It consists of an instrumentation amplifier front end
along with a DAC, comparator, successive approximation register
(SAR), precision voltage reference, and a three-state output
buffer on a single monolithic chip. No external components or
user trims are required to interface, with full accuracy, an analog
system to an 8-bit data bus. The AD670 will operate on the

+ 5V system supply. The input stage provides differential inputs
with excellent common-mode re]ecuon and allows direct interface
to a variety of transducers

The device is conﬁgurcd with input scalmg resistors to permit
two input ranges: 0 to 255mV (ImV/LSB) and 0 to 2.55V
(10mV/LSB). The AD670 can be configured for both unipolar
and bipolar inputs over these ranges. The differential inputs and
common-mode rejection of this front end are useful in applications
such as conversion of transducer s1gnals superimposed on common-
mode voltages.

The AD670 incorporates advanced circuit design and proven
processing technology. The successive approximation function is
implemented with I°L (integrated injection logic). Thin-film
SiCr resistors provide the stability required to. prevent missing
codes over the entire operating temperature range while laser
wafer trimming of the resistor ladder permits calibration of the
device to within = 1LSB. Thus, no user trims for gain or offset
are required. Conversion time of the device is 10ps.

This is an abridged data sheet. To obtain the most recent version or
complete data sheet, call our fax retrieval system at 1-800-446-6212.
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FUNCTIONAL BLOCK DIAGRAM
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The AD670 is available in four package types and five grades.
The J and K grades are specified over 0 to +70°C and come in
20-pin plastic DIP packages or 20-terminal PLCC packages.
The A and B grades (—40°C to +85°C) and the S grade (—55°C
to +125°C) come in 20-pin ceramic DIP packages.

The S grade is also available with optional processing to MIL-STD-
883 in 20-pin ceramic DIP or 20-terminal LCC packages. The
Analog Devices Military Products Databook should be consulted
for detailed specifications.

PRODUCT HIGHLIGHTS o

1. The AD670 is a complete 8-bit A/D including three-state
outputs and microprocessor control for direct connection to
8-bit data buses. No external components are required to
perform a conversion.

2. The flexible input stage features a differential instrumentation
amp input with excellent common-mode rejection. This -
allows direct interface to a variety of transducers without
preamplification.

3. No user trims are required for 8-bit accurate performance.

4. Operation from a single +5V supply allows the AD670 to.
run off of the microprocessor’s supply.

5. Four convenient input ranges (two unipolar and two bipolar)

are available through internal scaling resistors: 0 to 255mV
(1mV/LSB) and 0 to 2.55V (10mV/LSB).

6. Software control of the output mode is provided. The user
can easily select unipolar or bipolar inputs and binary or 2’s
complement output codes.
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SPECIFICATIONS (@ v.. = +5v st +25% e overnis ot | AD670

Model AD670) AD670K

Min Typ Max Min Typ Max Units
OPERATING TEMPERATURERANGE | 0 +70 0 +70 °C
RESOLUTION 8 8 Bit
CONVERSION TIME 10 10 m
RELATIVE ACCURACY 12 +1/4 LSB

Tomin 10 Trnax *12 *12 LSB
DIFFERENTIAL LINEARITY ERROR!

Tmin 10 Trnax GUARANTEED NO MISSING CODES ALL GRADES
GAIN ACCURACY

@ +25°C +1.5 +0.75 LSB

Tenin 10 Trnax +2.0 +1.0 LSB
UNIPOLAR ZERO ERROR

@ +25°C *1.5 +0.75 LSB

Trnin 10 Trax +2.0 +1.0 LSB
BIPOLAR ZERO ERROR

@ +25°C *15 +0.75 LSB

Tomint0 Trnax +2.0 +1.0 LSB
ANALOG INPUT RANGES

DIFFERENTIAL (- Vinto +Vin)

Low Range 010 +255 0to +255 mV

-12810+ 127 ~128t0 + 127 mV

High Range 0to+2.55 0to +2.55 v

-1.2810 +1.27 ~1.28t0 +1.27 v

ABSOLUTE (Inputs to Power Gnd)

Low Range Trnin 10 Tnax -0.150 Ve ~3.4 -0.150 Vee —3.4 v

High Range Tpmin 10 Trax -1.50 Vee -1.50 Vee v
BIAS CURRENT (255mV RANGE)

Trmin t0 Trmax 200 500 200 500 nA
OFFSET CURRENT (255mV RANGE)

Tonint0 Trmax . 40 200 40 200 nA
2.55VRANGEINPUT RESISTANCE 8.0 12.0 8.0 12.0 kQ
2.55V RANGE FULL SCALE MATCH

+ AND - INPUT 12 =12 LSB
COMMON-MODE REJECTION

RATIO (255mV RANGE) . 1 1 LSB
COMMON-MODE REJECTION

RATIO(2.55VRANGE) 1 1 LSB
POWER SUPPLY

Operating Range 4.5 5.5 4.5 5.5 \%

CurrentIcc 30 45 30 45 mA

Rejection Ratio Trmin t0 Trmax 0.015 0.015 % of F$/%
DIGITALOUTPUTS

SINK CURRENT (Vour = 0.4V)

Tnin 10 Trnax L6 16 mA

SOURCE CURRENT (Vout = 2.4V)

Tmin 10 Trnax 0.5 0.5 mA
THREE-STATE LEAKAGE CURRENT *40 +40 rA
OUTPUT CAPACITANCE 5 5 pF
DIGITALINPUT VOLTAGE

VinL 0.8 0.8 v

Ving - 2.0 2.0 \
DIGITAL INPUT CURRENT

(O=<ViN=+5V)

I —-100 —100 pA

Inm - +100 +100 nA
INPUT CAPACITANCE 10 10 pF
NOTES

'Tested at Vec=4.5V, 5.0V and 5.5V.
Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality
levels. All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units.

Specifications subject to change without notice.
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Model AD670A AD670B AD670S

Min Ty Max Min Ty Max Min . Typ Max Units
OPERATING TEMPERATURERANGE | -40 +85 ) -40 ‘ +85 -5 +125 °C
RESOLUTION 8 8 i 8 Bit
CONVERSION TIME 10 10 10 Ks
RELATIVE ACCURACY =12 +1/4 : %12 LSB
Trmint0 Trnax =12 =12 x1 LSB
DIFFERENTIAL LINEARITY ERROR!' :
Trmin 0 Trmax GUARANTEED NO MISSING CODES ALL GRADES
GAIN ACCURACY
@ +25°C %15 +0.75 *1.5 LSB
Trnint0 Tnex +2.5 +1.5 +25 LSB
UNIPOLAR ZERO ERROR
@ +25°C +1.0 . %0.5 *1.0 LSB
Trmin t0 Trnax +2.0 %1.0 2.0 LSB
BIPOLAR ZERO ERROR
@ +25°C =10 +0.5 *1.0 LSB
Tonin 0 Trnax +2.0 +1.0 2.0 LSB
ANALOG INPUT RANGES :
DIFFERENTIAL (- Vinto +VN) :
Low Range 0t +255 Oto +255 Oto +255 mV
~128t0+ 127 —128t0 +127 - 12810 +127 mV
High Range 0to+2.55 Oto +2.55 Oto+2.55 v
—-1.2810 +1.27 -1.28t0 +1.27 -1.281w0 +1.27 v
ABSOLUTE (Inputs to Power Gnd)

Low Range Trmin 10 Trnax -0.150 Vee -3.5 -0.150 Vec -3.5 -0.150 Vee —3.5 v

High Range Tmin 10 Trnax -1.50 Vee -1.50 Vee -1.50 Vee v
BIAS CURRENT (255mV RANGE)

Tomin 10 Tpnax 200 500 200 500 200 750 nA
OFFSET CURRENT (255mV RANGE) i

Tomin 10 Trnax 40 200 40 200 40 200 nA
2.55VRANGEINPUT RESISTANCE 8.0 12.0 8.0 12.0 8.0 12.0 kQ
2.55VRANGEFULL SCALEMATCH .

+ AND - INPUT =12 =12 =12 LSB
COMMON-MODE REJECTION

RATIO (255mV RANGE) 1 1 1 LSB
COMMON-MODE REJECTION )

RATIO(2.55V RANGE) 1 1 1 LSB
POWER SUPPLY

Operating Range 45 5.5 45 5.5 4.75 5.5 v

CurrentIcc 30 45 30 45 30 45 mA

Rejection Ratio Tmin t0 Trmax 0.015 0.015 0.015 % of FS/%
DIGITALOUTPUTS

SINK CURRENT (Vout = 0.4V)

Tomin 10 Trnax 16 16 1.6 mA

SOURCE CURRENT (Vour = 2.4V) ‘

Trnin 10 Trnax 0.5 0.5 0.5 | mA
THREE-STATE LEAKAGE CURRENT N *40 : 40 +40 A
OUTPUT CAPACITANCE 5 S 5 pF
DIGITAL INPUT VOLTAGE )

Vine 0.8 0.8 0.7 v

Vinu 20 2.0 2.0 \4
DIGITAL INPUT CURRENT

0=ViN=+5V)

I -100 -100 -100 A

Invm +100 +100 +100 . pA
INPUT CAPACITANCE 10 10 10 pF
NOTES

'Tested at Vcc=4.5V, 5.0V and 5.5V for A, B grades; 4.75V, 5.0V and 5.5V for S grade.
Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate. outgoing quality

levels. All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. -
Specifications subject to change without notice. ’
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AD670

TE TS RW FORMAT BPOIUPO ABSOLUTE MAXIMUM RATINGS*
[s] [+ [#] [=] [9] VectoGround . ... ... 0V to +7.5V
v [ Digital Inputs (Pins 11-15) . . . .. .. —0.5V to Ve +0.5V
o [T contaoL Digital Outputs (Pins 1-9) . Momentary Short to V¢ or Ground
8 [s]swms  pnalog Inputs (Pins 16-19) . . . . . . .. . . ~30V to+30V
B b Power Dissipation . . . . .. ............. 450mW
Vi LOW [ 19 Storage Temperature Range . . . . ... .. —65°C to +150°C

Lead Temperature (Soldering, 10sec) . . , . ... .. +300°C 2
3 D7 (MSB)
APPROXAATIO o!'{:",:jg = *Stresses above those listed under “Absolute Maximum Ratings” may
REGISTER surrer [7 VL1 e cause permanent damage to the device. This is a stress rating only and
‘ [ ] oouser functional operation of the device at these or any other conditions above
those indicated in the operational sections of this specification is not
Apé70 implied. Exposure to absolute maximum rating conditions for extended
- =] Ii“I periods may affect device reliability.
POWER GND +Vee

Figure 1. AD670 Block Diagram and Terminal Configuration

(All Packages)
ORDERING GUIDE
Temperature Relative Accuracy Gain Accuracy
Model' Range @ +25°C @ +25°C Package Option®
AD670JN 0to +70°C +1/2LSB +1.5LSB PlasticDIP (N-20)
AD670JP 0to +70°C +1/2LSB +1.5LSB PLCC(P-20A)
AD670KN | O0to+70°C +1/4LSB +0.75LSB Plastic DIP (N-20)
AD670KP 0to+70°C +1/4LSB +0.75LSB PLCC(P-20A)
AD670AD —40°Cto +85°C +1/2LSB +1.5LSB Ceramic DIP (D-20)
AD670BD —40°Cto +85°C +1/4LSB +0.75LSB Ceramic DIP (D-20)
AD670SD —55°Cto +125°C +1/2LSB +1.5LSB Ceramic DIP (D-20)
NOTES :
!For details on grade and package offering d in accordance with MIL-STD-883 refer to the Analog Devices
Military Products Databook.

2D = Ceramic DIP; N = Plastic DIP; P = Plastic Leaded Chip Carrier. For outline information see Package Information section.
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ANALOG

. DEVICES

Monolithic 12-Bit
2 MHz A/D Converter

AD671

FEATURES

12-Bit Resolution

24-Pin “Skinny DIP” Package

Conversion Time: 500 ns max — AD671J/K/S-500

750 ns max — AD671J/K/S-750

Low Power: 475 mW

Unipolar (0 to +5 V, 0 to +10 V) and Bipolar Input
Ranges (+5 V)

Twos Complement or Offset Binary Output Data

Out of Range Indicator .

MIL-STD-883 Compliant Versions Available

PRODUCT DESCRIPTION

The AD671 is a high speed monolithic 12-bit A/D converter
offering conversion rates of up to 2 MHz (500 ns conversion
time). The combination of a merged high speed bipolar/CMOS
process and a novel architecture results in a combination of
speed and power consumption far superior to previously avail-
able hybrid implementations. Additionally, the greater reliability
of monolithic construction offers improved system reliability and
lower costs than hybrid designs.

The AD671 uses a subranging flash conversion technique, with

digital error correction for possible errors introduced in the first -

part of the conversion cycle. An on-chip timing generator pro-
vides strobe pulses for each of the four internal flash cycles and
assures adequate settling time for the interflash residue ampli-
fier. A single ENCODE pulse is used to control the converter.

The performance of the AD671 is made possible by using high
speed, low noise bipolar circuitry in the linear sections and low
power CMOS for the logic sections. Analog Devices’ ABCMOS-1
process provides both high speed bipolar and 2-micron CMOS
devices on a single chip. Laser trimmed thin-film resistors are
used to provide accuracy and temperature stability.

The AD671 is available in two conversion speeds and perfor-
mance grades. The AD671] and K grades are specified for oper-
ation over the 0 to +70°C temperature range. The AD671S
grades are specified for operation over the —55°C to +125°C
temperature range. All grades are available in a 0.300 inch wide
24-pin ceramic DIP. The J and K grades are also available in a
24-pin plastic DIP.

This is an abridged data sheet. To obtain the most recent version or
complete data sheet, call our fax retrieval system at 1-800-446-6212.

2-32 ANALOG-TO-DIGITAL CONVERTERS

FUNCTIONAL BLOCK DIAGRAM

AIN BPO/UPO ENCODE REFIN Voo ACOM Vg Viogc DCOM

COARSE[H 8-BIT
4-BIT LADDER
FLASH MATRIX

- —
4 FINE
4-BIT |,

L CORRECTION LOGIC | LFLasH
LATCHES
AD671
14 12 @
o WSB B2
PRODUCT HIGHLIGHTS

1. The AD671 offers a single chip 2 MHz analog-to-digital

conversion function in a space saving 24-pin DIP.

2. Input signal ranges are 0 to +5 V and 0 to +10 V unipolar,
and —5 V to +5 V bipolar, selected by pin strapping. Input
resistance is 1.5 k(). Power supplies are +5 V and —5 V,
and typical power consumption is less than 500 mW. -

3. The external +5 V reference can be chosen to suit the dc
accuracy and temperature drift requirements of the
application.

4. Output data is available in unipolar, bipolar offset or bipolar
twos complement binary format.

5. An OUT OF RANGE output bit indicates when the input
signal is beyond the AD671’s input range.

6. The AD671 is available in versions compliant with the
MIL-STD-883. Refer to the Analog Devices Military
Products Databook or current AD671/883B data sheet for
detailed specifications.
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SPECIFICATIONS ADGT1

(TM"‘ to TMAX With vl;c = +5 V + 5%, me = +5 V + 10%, vEE = _5 V= 5%, VREF = +5.000 V,

DC SPE[:":“:AT'ONS unless otherwise indicated)

AD671)/S-500 AD671K-500
Parameter Min Typ Max Min Typ Max Units
RESOLUTION 12 12 Bits
ACCURACY (+25°C)
Integral Noniinearity (INL)
Trmin 10 Tpax +4 +2 LSB
Differential Nonlinearity (DNL)
Tamin ©© Tyax 10 11 Bits
No Missing Codes 10 Bits Guaranteed 11 Bits Guaranteed
Unipolar Offset! +4 +4 LSB
Bipolar Zero! ‘ +10 +10 LSB
Gain Error? 0.1 0.25 0.1 0.25 % FSR
TEMPERATURE COEFFICIENTS?
Unipolar Offset =10 +10 ppm/°C
Bipolar Zero =15 *15 ppm/°C
Gain Error +20 +20 ppm/°C
ANALOG INPUT
Input Ranges
Bipolar -5 +5 -5 +5 Volts
Unipolar 0 +5 0 +5 Volts
0 +10 0 +10 Volts
Input Resistance
10 Volt Range 1.0 1.5 2.0 1.0 1.5 2.0 kQ
5 Volt Range 0.5 0.75 1.0 0.5 0.75 1.0 kQ
Input Capacitance 10 10 pF
Reference Input Resistance 2.4 3.5 4.7 2.4 3.5 4.7 kQ
POWER SUPPLIES
Power Supply Rejection* i
Ve (5 V £ 0.25V) *1 +1 LSB
Viogic (F5V £0.5V) *1 *1 LSB
Veg (-5 V £ 0.25 V) *1 +1 LSB
Operating Voltages
Vee +4.75 +5.25 +4.75 +5.25 Volts
Viocic +4.5 +5.5 +4.5 +5.5 Volts
Vee -5.25 —4.75 -5.25 —4.75 Volts
Operating Current
Icc 46 56 46 56 mA
I ocic’ 3 6 3 6 mA
) 46 56 46 56 mA
POWER CONSUMPTION 475 621 475 621 mW
TEMPERATURE RANGE
Specified (J/K) 0 +70 0 +70 °C
S) -55 +125 °C
NOTES

!Adjustable to zero with external potentiometers. See Offset/Gain Calibration section for additional information.

2Full-scale range (FSR) is 5 V for the 0 V to 5 V range and 10 V for the 0 V to 10 V and —5 V to +5 V ranges.

325°C to Ty and 25°C to Tyax.

“Change in gain error as a function of the dc supply voltage.

Tested under static conditions.

Specifications subject to change without notice.

Specifications shown in boldface are tested on all devices at final electrical test with worst case supply voltages at 0, +25°C and +70°C. Results from those tests
are used to calculate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested.
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ADG71—SPECIFICATIONS

(T 10 Tyug With Vg = +5V £ 5 %, Viogie = +5V 2 10%, Ve = —5 V = 5%, Vpgr = +5.000 V,

DC SPE[:“:IBAT'ONS unless otherwise indicated)

- AD671J/S-750 - AD671K-750
Parameter B Min Typ Max Min Typ Max Units
RESOLUTION . 12 12 : ‘ | Bits
ACCURACY (+25°C) ) )
Integral Nonlinearity (INL)
Trmin 10 Tpax 0D *2 *1.5 LSB
Tamm 10 Tayax (S) : +2.5 LSB
Differential Nonlinearity (DNL) : o
Tamm 10 Tapax 11 12 ) Bits
No Missing Codes 11 Bits Guaranteed 12 Bits Guaranteed .
Unipolar Offset! +4 +4 | LSB
Blpolar Zero! =10 +10 LSB
Gain Error” 0.1 0.25 0.1 0.25 % FSR
TEMPERATURE COEFFICIENTS? ) .
Unipolar Offset +=10 +10 ppm/°C
Bipolar Zero +15 %15 ppm/°C
Gain Error +20 *20 ppm/°C
ANALOG INPUT
Input Ranges
Bipolar -5 +5 =5 +5 Volts
Unipolar 0 ) +5 1 0. +5 Volts
0 +10 0 +10 Volts
Input Resistance .
10 Volt Range 1.0 1.5 2.0 1.0 1.5 2.0 ) kQ
5 Volt Range 0.5 0.75 1.0 0.5 0.75 1.0 kO
Input Capacitance . 10 10 . . pF.
Reference Input Resistance 24 - 35 4.7 2.4 3.5 47 | kQ
POWER SUPPLIES
Power Supply Rejection* .
Vee (5 V £ 0.25 V) +1 +1 LSB
- Viogic (t5V £05V) =1 =1 LSB
Ve (-5V £0.25V) *1 *1 LSB
Operating Voltages
Vee +4.75 +5.25 +4.75 +5.25 Volts
Vioaic +4.5 +5.5 +4.5 +5.5 Volts
Vee -5.25 -4.75 —5.25 -4.75 Volts
Operating Current
Iec 46 56 46 56 mA
I oaic’ 3 6 . 3 6 mA
Igr -46 - 56 46 56 mA
POWER CONSUMPTION 475 621 475 - 621 mW
TEMPERATURE RANGE
Specified (J/K) 0 +70 0 +70 °C
S) -55 +125 °C
NOTES

!Adjustable to zero with external potentiometers. See Offset/Gain Calibration section for further information.

2Full-scale range (FSR) is 5 V for the 0 V to S V range and 10 V for the 0 V to 10 V and =5 V to +5Vranges

325°C to TMlN and 25°C to Tyx.

“Change in gain error as a function of the dc supply voltage.

STested under static conditions.

Specifications subject to change without notice.

Specifications shown in boldface are tested on all devices at final electrical test with worst case supply voltages at 0, +25°C and +70°C. Results from those tests
are used to calculate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested.
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ADG671

(For all grades Tyy to Tyay, With Vg = +5V = 5%, Vigge = +5V = 10%, Ve = =5V

DIGITAL SPECIFICATIONS - 5%, v, = +5.000 V, unless otherwise noted)

Parameter Symbol Min Typ Max Units
LOGIC INPUT
High Level Input Voltage Via +2.0 \%
Low Level Input Voltage Vio +0.8 A%
High Level Input Current (Vi = Vi ogic) Iy -10 +10 pA
Low Level Input Current (Vyy = 0 V) I -10 +10 rA
Input Capacitance Civ 5 pF
LOGIC OUTPUTS
High Level Output Voltage (Io = 0.5 mA) Vou +2.4 A%
Low Level Output Voltage (Io; = 1.6 mA) VoL +0.4 \%
Output Capacitance Cout S pF

Specifications shown in boldface are tested on all devices at final electrical test. Results from those tests are used to calculate outgoing quality levels. All min
and max specifications are guaranteed, although only those shown in boldface are tested.

Specifications subject to change without notice.

(For all grades Ty t0 Tyax With Vg = +5V = 5%, Vigge = +5V = 10%, Ve = =5V

SWITCHING SPECIFICATIONS = 5e; v, = 08V, v, = 20V, V,, = 04V and Vg, = 24 V)

Parameter Symbol Min Typ Max Units
Conversion Time
(AD671-500) te 475 500 ns
(AD671-750) te 725 750 ns
ENCODE Pulse Width High
(AD671-500) teNC 20 30 ns
(AD671-750) tenc 20 50 ns
ENCODE Pulse Width Low tencL 20 ns
DAV Pulse Width
(AD671-500) tpav 75 200 ns
(AD671-750) Ipav 75 300 ns
ENCODE Falling Edge Delay tg 0 ns
Start New Conversion Delay tr 0 ns
Data and OTR Delay from DAV Falling Edge top! 20 75 ns
Data and OTR Valid before DAV Rising Edge tss” 20 75 ns
NOTES

'tpp is measured from when the falling edge of DAV crosses 0.8 V to when the output crosses 0.4 V or 2.4 V with a 25 pF load capacitor on each output pin.
2tgs is measured from when the outputs cross 0.4 V or 2.4 V to when the rising edge of DAV crosses 2.4 V with a 25 pF load capacitor on each output pin.

_>| fee f“ -t Lsr_c;
ENCODE ﬂ 7(_ ___7'( _>| |

= te J [ t

,4‘—‘0»1::‘ L '

|
c l _.I
ENCODE | tos —> "

DAV \ 7 DAV \k__j——
= tes too | tss

BIT 1-12 » BIT 1-12
MSB DATA 0 (PREVIOUS) ){ DATA 1 MSB DATA 0 (PREVIOUS) X DATA 1
OTR OTR
a. Encode Pulse HIGH b. Encode Pulse LOW

Figure 1. AD671 Timing Diagrams
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AD671

*Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated
in the operational sections of this specification is not implied. Exposure to

absolute maximum ratings for extended periods may effect device reliability.

CAUTION

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected;
however, permanent damage may occur on unconnected devices subject to high energy electro-
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam
should be discharged to the destination socket before devices are inserted.

2-36 ANALOG-TO-DIGITAL CONVERTERS

WARNING!

ABSOLUTE MAXIMUM RATINGS* - ORDERING GUIDE ;
With Temperature Package
Respect Model’ Linearity Range ~ Options®

Parameter to Min | Max Units  AD671JD-500 | +4LSB | 0°Cto +70°C D-24A

Vee ACOM | -0.5|+6.5 Volts AD671KD-500 +2 LSB 0°C to +70°C D-24A

Vee ACOM | -6.5 | +0.5 Volts AD671]D-750 +2 LSB 0°C to +70°C D-24A

Vi oorc DCOM | —0.5 | +6.5 Vols  AD671KD-750 | +1.5LSB | 0°C to +70°C D-24A

ACOM DCOM |-1.0 | +1.0 Volts AD671SD-500 +4 LSB —55°C to +125°C D-24A

Vee . Viooic | 6.5 | +6.5 Volts ~ AD671SD-750 | +2.5LSB | —55°Cto +125°C | D-24A

ENCODE DCOM |05 |Vioaet0.5|Volts

REF IN ACOM | —-0.5 | Vgct0.5 Volts 1 . . . .

AIN,BPOUPO  |ACOM |-6.5 |11.0 VOIS Nl ST S8 i o the Arin Bovioes Waivery Preioes Dok o

Junction Temperature +175 °C current AD671/883 data sheet. ‘

Storage Temperature —65 | +150 °C D = Ceramic DIP. For outline information see Package Information

Lead Temperature (10 sec) +300 °C section.

Power Dissipation i 1000 mW

@Wu

ESD SENSITIVE DEVICE
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ANALOG
DEVICES

8-Bit A/D Converter

AD673*

FEATURES

Complete 8-Bit A/D Converter with Reference, Clock
and Comparator

30ps Maximum Conversion Time

Full 8- or 16-Bit Microprocessor Bus Interface

Unipolar and Bipolar Inputs

No Missing Codes Over Temperature

Operates on +5V and —12V to — 15V Supplies

MIL-STD-883 Compliant Version Available

PRODUCT DESCRIPTION

The AD673 is a complete 8-bit successive approximation analog-to-
digital converter consisting of a DAC, voltage reference, clock,
comparator, successive approximation register (SAR) and 3 state
output buffers-all fabricated on a single chip. No external com-
ponents are required to perform a full accuracy 8-bit conversion
in 20ps.

The AD673 incorporates advanced integrated circuit design and
processing technologies. The successive approximation function
is implemented with I2L (integrated injection logic). Laser trim-
ming of the high stability SiCr thin film resistor ladder network
insures high accuracy, which is maintained with a temperature
compensated sub-surface Zener reference.

Operating on supplies of +5V and —12V to — 15V, the AD673
will accept analog inputs of 0 to + 10V or —5V to +5V. The
trailing edge of a positive pulse on the CONVERT line initiates
the 20ps conversion cycle. DATA READY indicates completion
of the conversion.

The AD673 is available in two versions. The AD673] as specified
over the 0 to + 70°C temperature range and the AD673S guarantees
+1,LSB relative accuracy and no missing codes from —55°C to
+125°C.

Two package configurations are offered. All versions are also
offered in a 20-pin hermetically sealed ceramic DIP. The AD673]
is also available in a 20-pin plastic DIP.

*Protected by U.S. Patent Nos. 3,940,760; 4,213,806; 4,136,349; 4,400,689;
and 4,400,690

This is an abridged data sheet. To obtain the most recent version or
complete data sheet, call our fax retrieval system at 1-800-446-6212.

REV. A

FUNCTIONAL BLOCK DIAGRAM

DIGITAL

Voo Ve COMMON CONVERT
] | | |
5k msa
ANALOG = |- bs7
ANALOG =A' 8817 » DB6
COMMON -
CURRENT 8-BIT
b outeut 1] sar oes
DAC
B4

BIPOLAR

T

OFFSET —|
CCONTROL 080
!__ DATA
ENABLE
| BURIED ZENER REF I
DATA. AD673
PRODUCT HIGHLIGHTS

1. The AD673 is a complete 8-bit A/D converter. No external
components are required to perform a conversion.

2. The AD673 interfaces to many popular microprocessors
without external buffers or peripheral interface adapters.

3. The device offers true 8-bit accuracy and exhibits no missing
codes over its entire operating temperature range.

4. The AD673 adapts to cither unipolar (0 to + 10V) or bipolar
(—5V to +5V) analog inputs by simply grounding or opening
a single pin.

5. Performance is guaranteed with +5V and —12V or —15V
supplies.

6. The AD673 is available in a version compliant with MIL-STD-

883. Refer to the Analog Devices Military Products Databook
or current AD673/883B data sheet for detailed specifications.

ORDERING GUIDE

Temperature Relative
Model Range Accuracy Package Option®
AD673JN 0to +70°C +1/2LSB max Plastic DIP (N-20)
ADé673]D 0to +70°C +1/2LSBmax | Ceramic DIP(D-20)
AD673SD? —55°Cto +125°C +1/2LSBmax | Ceramic DIP (D-20)
AD673]P Oto +70°C + 1/2LSB max PLCC(P-20A)
NOTES

D = Ceramic DIP; N = Plastic DIP; P = Plastic Leaded Chip Carrier. For outline information
see Package Information section. -

2For details on grade and package offering screened in accordance with MIL-STD-883, refer
to the Analog Devices Military Products Databook.
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respect to dlgltal common, unless otherwise noted)

ADG73 — SPECIFICATIONS rie's s comnn s s oy~ ™"

‘ ‘ AD673J AD6738 _
Model ; Min Typ Max Min Typ Max Units
RESOLUTION . 8 . - 8 Bits
RELATIVE ACCURACY,! +1/2 +1/2 LSB
Ta=Tmint0 Trax *1/2 . =12 LSB
FULL SCALE CALIBRATION? : +2 *2 LSB
UNIPOLAR OFFSET *12 . %12 LSB
BIPOLAR OFFSET +1/2 +1/2 LSB
DIFFERENTIAL NONLINEARITY,?> | 8 ) 8 Bits
Ta= Tmin t0 Trax 8 ‘ 8 Bits
TEMPERATURERANGE o . +70 —-55 +125 °C
TEMPERATURE COEFFICIENTS .
Unipolar Offset . +1 +1 LSB
Bipolar Offset *1 *1 LSB
Full Scale Calibration? *2 +2 LSB
POWER SUPPLY REJECTION
Positive Supply
+4.5=sV+=+55V EY +2 LSB
Negative Supply
—15.75V=V-=-14.25V *2 *2 LSB
-12.6V=V-=-11.4V . *2 *2 LSB
ANALOG INPUT IMPEDANCE ' 3.0 5.0 7.0 3.0 5.0 7.0 kQ
ANALOG INPUT RANGES
Unipolar 0 +10 0 +10 \Y%
Bipolar -5 +5 -5 +5 v
OUTPUT CODING '
Unipolar ' ’ Positive True Binary Positive True Binary
Bipolar Positive True Offset Binary Positive True Offset Binary
LOGICOUTPUT
Output Sink Current
(Vour=0.4Vmax, Tpin 0 Tmax) | 3.2 3.2 mA
Output Source Current*
(Vout=2.4V min, Tpyin 10 Trax) 0.5 0.5 mA
Qutput Leakage +40 +40 pA
LOGICINPUTS
Input Current : +100 ) - +100 rA
Logic“1” 2.0 2.0 v
. Logic“0” 0.8 0.8 A
CONVERSION TIME, Ty and : :
T aiiin t0 Trnax 10 - 20 30 10 20 30 s
POWER SUPPLY
V+ +4.5 +5.0 +7.0 +4.5 +5.0 +7.0 \Y%
V- —-11.4 -15 -16.5 -114 ~-15 -165 | V'
OPERATING CURRENT
V+ ) 15 20 15 20 mA
N . 9 15 9 15 mA
NOTES

IRelative accuracy is defined as the deviation of the code transition points from the ideal transfer point on a
straight line from the zero to the full scale of the device.

2Full scale calibration is guaranteed trimmable to zero with an extemx.l 200Q potentiometer in place of the 159
fixed resistor. :

Full scale is defined as 10 volts minus 1LSB, or 9.961 volts.

3Defined as the resolution for which no missing codes will occur:

“The data output lines have active pull-ups to'source 0.5SmA. The DATA READY line is open collector with
a nominal 6kQ internal pull-up resistor.

Specifications subject to change without notice.

Specifications shown in boldface are tested on all production units at final

electrical test. Results from those tests are used to calculate outgoing quality

levels. All min and max specifications are guaranteed, although only those

shown in boldface are tested on all production units.
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ANALOG
DEVICES

Complete
12-Bit A/D Converter

AD674B*/AD714B*

FEATURES

Complete Monolithic 12-Bit A/D Converters with
Reference, Clock, and Three-State Output Buffers

Industry Standard Pinout

High Speed Upgrades for AD574A

8- and 16-Bit Microprocessor Interface

8 ps (max) Conversion Time (AD774B)

15 ps (max) Conversion Time (AD674B)

+5V, 10V, 0-10 V, 0-20 V Input Ranges

Commercial, Industrial and Military Temperature
Range Grades

MIL-STD-883 Compliant Versions Available

PRODUCT DESCRIPTION

The AD674B and AD774B are complete 12-bit successive-
approximation analog-to-digital converters with three-state
output buffer circuitry for direct interface to 8- and 16-bit
microprocessor busses. A high precision voltage reference and
clock are included on chip, and the circuit requires only power
supplies and control signals for operation.

The AD674B and AD774B are pin compatible with the industry-
standard ADS74A, but offer faster conversion time and bus-
access speed than the ADS74A and lower power consumption.
The AD674B converts in 15 s (maximum) and the AD774B
converts in 8 ps (maximum).

The monolithic design is implemented using Analog Devices’
BiMOS II process allowing high performance bipolar analog cir-
cuitry to be combined on the same die with digital CMOS logic.
Offset, linearity and scaling errors are minimized by active laser-
trimming of thin-film resistors.

Five different grades are available. The ] and K grades are spec-
ified for operation over the 0°C to +70°C temperature range.
The A and B grades are specified from —40°C to +85°C, the T
grade is specified from —55°C to +125°C. The ] and K grades
are available in a 28-pin plastic DIP or 28-lead SOIC. All other
grades are available in a 28-pin hermetically sealed ceramic DIP.

*Protected by U.S. Patent Nos. 4,250,445; 4,808,908; RE30586.

This is an abridged data sheet. To obtain the most recent version or
complete data sheet, call our fax retrieval system at 1-800-446-6212.

REV.B

FUNCTIONAL BLOCK DIAGRAM
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PRODUCT HIGHLIGHTS
1. Industry Standard Pinout: The AD674B and AD774B utilize

the pinout established by the industry standard AD574A.

2. Analog Operation: The precision, laser-trimmed scaling and

bipolar offset resistors provide four calibrated ranges: 0 to
+10 V and 0 to +20 V unipolar; =5 Vto +5 Vand -10 V
to +10 V bipolar. The AD674B and AD774B operate on
+5 Vand 12 V or =15 V power supplies.

3. Flexible Digital Interface: On-chip multiple-mode three-state

output buffers and interface logic allow direct connection to
most microprocessors. The 12 bits of output data can be read
either as one 12-bit word or as two 8-bit bytes (one with 8
data bits, the other with 4 data bits and 4 trailing zeros).

. The internal reference is trimmed to 10.00 volts with 1%

maximum error and 10 ppm/°C typical temperature coeffi-
cient. The reference is available externally and can drive up
to 2.0 mA beyond the requirements of the converter and bi-
polar offset resistors.

. The AD674B and AD774B are available in versions compli-

ant with MIL-STD-883. Refer to the Analog Devices Mili-
tary Products Databook or current AD674B/AD774B data
sheet for detailed specifications.
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AD674B/AD774B — SPECIFICATIONS r,, i 1 vt ve, = +15v 105 o 412 2 5.

Viggic = +3V £ 10%, Ve = —15V = lll% or —12 V + 5% unless otherwise indicated)

. . J Grade ’ I( Grade .
Model (AD674B or AD774B) . . Min Typ Max Min Typ - Max
RESOLUTION ‘ ' , 12 12
LINEARITY ERROR @ +25°C - ' : *1 . *12

T 10 Tmax . *1 *1/2
DIFFERENTIAL LINEARITY ERROR

(Minimum Resolution for Which No : Lo

Missing Codes are Guaranteed) . 12 12
UNIPOLAR OFFSET! @ +25°C - +2 - -]
BIPOLAR OFFSET! @ +25°C- +6 o +3
FULL-SCALE CALIBRATION ERROR" 2 @ +25°C )

(with Fixed 50 Q Resistor from REF OUT to REF IN) : 0.1 0.25 0.1 0.125
TEMPERATURE RANGE 0 470 0 +70
TEMPERATURE DRIFT?

(Using Internal Reference) :

Unipolar *2 +1
Bipolar Offset +2 ' +1
Full-Scale Calibration +6 : +2
POWER SUPPLY REJECTION ) ) ‘
Max Change in Full-Scale Calibration
Ve =15V £15Vorl2V 06V *2 *1
Viogic =5V 05V +1/2 +1/2
g=—-15Vx15Vor-12V 0.6V *2 +1
ANALOG INPUT |
Input Ranges ’ ' .
Bipolar . . ) +5 -5 +5
) -10 COF10 - —10 C+10
Unipolar : 0 +10 0 410
! 0 +20 0 +20 .
Input Impedance .
10 Volt Span 3 . 5 7 3 5 -7
20 Volt Span ) 6 10 14 6 10 14
POWER SUPPLIES ) )
Operating Range L . '
Vioaic i +4.5 +5.5 +4.5 . 455
Vee ) ) +11.4 +16.5 +11.4 +16.5
Vee —-16.5 -11.4 -16.5 —-11.4
Operating Current
It s61c 3.5 7 3.5 -7
3.5 7 3.5 7
. : ' ' 10 14 ~ 10 14
POWER CONSUMPTION 220 375 220 375
C 175 175
INTERNAL REFERENCE VOLTAGE 9.9 10.0 10.1 9.9 10.0 10.1
Output Current (Available for External Loads) 2.0 2.0
(External Load Should Not Change During the Conversion)

NOTES

!Adjustable to zero.

2Includes internal voltage reference error.

3Maximum change from +25°C value to the value at Ty or Tyax-

“Tested with REF OUT tied to REF IN through 50 Q resistor, Vo = +16.5 V, Vgg = —16.5 V, Vi gc = +5.5 V, and outputs in high-Z mode.

STested with REF OUT tied to REF IN through 50 Q resistor, Voc = +12 V, Vgg = —12'V, Vi ogc = +5 V, and outputs in high-Z mode.

Specifications subject to change without notice.

Specifications shown in boldface are tested on all devices at final electrical test at Tyyy, +25°C, and Ty,x, and results from those tests are used to calculate
outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested.
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AD674B/AD774B

A Grade B Grade T Grade
Min Typ Max Min Typ Max Min Typ Max Units
12 12 12 Bits
=1 +1/2 *1/2 LSB
=1 +1/2 +1 LSB
12 12 12 Bits
*2 +2 *2 LSB
*6 +3 *3 LSB
0.1 0.25 0.1 0.125 0.1 0.125 % of FS
-40 +85 -40 +85 -55 +125 °C
*2 +1 +1 LSB
*2 =1 +2 LSB
+8 *5 *7 LSB
*2 *1 *1 LSB
+12 +1/2 +1/2 LSB
*2 *1 *1 LSB
-5 +5 -5 +5 -5 +5 Volts
-10 +10 -10 +10 -10 +10 Volts
0 +10 0 +10 0 +10 Volts
0 +20 0 +20 0 +20 Volts
3 7 3 7 3 7 kQ
6 10 14 6 10 14 6 10 14 kQ
+4.5 +5.5 +4.5 +5.5 +4.5 +5.5 Volts
+11.4 +16.5 +11.4 +16.5 +11.4 +16.5 Volts
-16.5 -11.4 -16.5 -11.4 -16.5 -11.4 Volts
35 7 35 7 35 7 mA
35 7 35 7 35 7 mA
10 14 10 14 10 14 mA
220 375 220 375 220 375 mW*
175 175 175 mWw?
9.9 10.0 10.1 9.9 10.0 10.1 9.9 10.0 10.1 Volts
2.0 2.0 2.0 mA
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AD674B/AD774B

(for all grades Ty,y to Tyay, With Vg = +15V = 10% or +12V £ §%, Viggc = +5V = 10%,

DIGITAL SPECIFICATIONS v, = —15v = 10% or —12V = 5%)

Parameter Test Conditions Min Max Units
LOGIC INPUTS
Vi High Level Input Voltage +2.0 Viocic 10.5V \%
Vi Low Level Input Voltage -0.5 +0.8 \%
I High Level Input Current Vin = Vioaic -10 +10 RA
I Low Level Input Current Vin=0V -10 +10 pA
Cin Input Capacitance 10 pF
LOGIC OUTPUTS
Vou High Level Output Voltage Ioy = 0.5 mA +2.4 \Y%
VoL Low Level Output Voltage Iop = 1.6 mA +0.4 \%
Ioz High-Z Leakage Current Vin = 0to Vioaic -10 +10 rA
Coz High-Z Output Capacitance 10 pF
ABSOLUTE MAXIMUM RATINGS* .
Vee to Digital Common . ... ...l Oto +16.5V
Vgg to Digital Common . . ............... 0Oto -16.5V PIN CONFIGURATION
Viogic to Digital Common . . . .............. Oto+7V
Analog Common to Digital Common . . .. .......... 1V Vioaie [1] ~ 28] sT8
Digital Inputs to Digital Common . —0.5 V to V, ogic +0.5 V 128 2] 27] 0811 mse)
Analog Inputs to Analog Common . .......... Vg to Ve & E ::E] DB10
20 Vpyto Analog Common . ... ... ... ... +24V n [2] 5] peo
REFOUT ............... Indefinite Short to Common
................. Momentary Short to V¢ ae 5] 2] o8
Junction Temperature . . . .. ...ovvvveneenn.n. +175°C CE |6 AD674B. 23] D87
Power Dissipation . . .. .......ouuvennenn... 825 mW vee [7] AD?I; 48 22] 088
Lead Temperature, Soldering . ............ 300°C, 10 sec rerout [3]  Topview 21] oes
Storage Temperature . ............... —65°C to +150°C acwo [5] (Not to Scale) 0] ose
*Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only End fur}l,ctional REFIN E E pes
operation of the device at these or any other conditions above those indicated Vee E E] DB2
in the operatjonal sec('ion of thxs specification is now_implied. Exposure_to BIP OFF E E] DB
absolute maximum rating conditions for extended periods may affect device
reliability. 10v,y [13] [16] oBo (LSB)
20v,, [1] [15] panp
ORDERING GUIDE
Conversion | INL Package Package
Model Temperature Time (max) | (Tpmn to Tyax) | Description | Option®
AD674BJN | 0°C to +70°C 15 ps +]1 LSB Plastic DIP N-28
AD674BKN | 0°C to +70°C 15 ps +1/2 LSB Plastic DIP N-28
AD674BJR | 0°C to +70°C 15 ps +]1 LSB Plastic SOIC | R-28
AD674BKR | 0°C to +70°C 15 ps +1/2 LSB Plastic SOIC | R-28
AD674BAD | —40°C to +85°C 15 ps +1 LSB Ceramic DIP | D-28
AD674BBD | —40°C to +85°C 15 ps +1/2 LSB Ceramic DIP | D-28
AD674BTD | —55°Cto +125°C | 15 ps +1 LSB Ceramic DIP | D-28
AD774BJN | 0°C to +70°C 8 us +1 LSB Plastic DIP N-28
AD774BKN | 0°C to +70°C 8 s +1/2 LSB Plastic DIP N-28
AD774BJR | 0°C to +70°C 15 ps +1 LSB Plastic SOIC | R-28
AD774BKR | 0°C to +70°C 15 ps +1/2 LSB Plastic SOIC | R-28
AD774BAD | —40°Cto +85°C | 8 us +]1 LSB Ceramic DIP | D-28
AD774BBD | —40°Cto +85°C | 8 us +1/2 LSB Ceramic DIP | D-28
AD774BTD | —55°Cto +125°C | 8 ps +]1 LSB Ceramic DIP | D-28

NOTES

For details on grade and package offerings screened in accordance with MIL-STD-883, refer to the Analog
Devices Military Products Databook or current AD674B/AD774B/883B data sheet.
2N = Plastic DIP; D = Hermetic DIP; R = Plastic SOIC. For outline information see Package Information section.
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ANALOG 16-Bit 100 kSPS
DEVICES Sampling ADC

AD676

FEATURES FUNCTIONAL BLOCK DIAGRAM
Autocalibrating

On-Chip Sample-Hold Function
Parallel Output Format Vin (9 | Anaos
16 Bits No Missing Codes AGND SENSE@AH inpuT [ 16-BIT com
+1LSBINL Vrer (9{BUFFERS[T] DAC
—97 dB THD aano G3H
90 dB S/(N+D) g:('-:
1 MHz Full Power Bandwidth
LOGIC & TIMING
| LEVEL TRANSLATORS
DIGITAL
CHIP [
caL (8 -ﬁ T
|| MICRO-CODED A
samPLE (3) CONTROLLER iEN é
PRODUCT DESCRIPTION e @oH = i
The AD676 is a multipurpose 16-bit parallel output analog-to- RAM
digital converter which utilizes a switched-capacitor/charge redis- ADeT

tribution architecture to achieve a 100 kSPS conversion rate
(10 ps total conversion time). Overall performance is optimized
by digitally correcting internal nonlinearities through on-chip

The AD676 operates from +5 V and +12 V supplies and typi-

autocalibration. . . .

. o cally consumes 360 mW during conversion. The digital supply
Thc? {\D676 circuitry is se.gmented onto two mqnohthm chips— (Vpp) is separated from the analog supplies (Ve, Vig) for
a digital control chip fabncatec% on Al?alog Devices QSP CMOS reduced digital crosstalk. An analog ground sense is provided
process and an analog ADC chip fabricated on our BiMOS II for the analog input. Separate analog and digital grounds are
process. Both chips are contained in a single package. also provided.
The AD676 is sl?eciﬁed for ac (or “dyn;ilniC”) Parameters suc.:h The AD676 is available in a 28-pin plastic DIP or 28-pin side-
as S/(N+D? Ratio, .TH.D and IMP Wthh are 1mportant in sig- brazed ceramic package. A serial-output version, the AD677, is
nal processing applications. In addition, dc parameters are speci- available in a 16-pin 300 mil wide ceramic or plastic package.

fied which are important in measurement applications.
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AD676 —SPECIFICATIONS

AC SPECIFICATIONS (ry to Tuu Voo = +12V 5%, Veg = —12V = 5%, Vg = +5V = 10%)"

AD676J/A AD676K/B
Parameter Min Typ Max Min Typ Max Units
Total Harmonic Distortion (THD)?
@ 83 kSPS, Typn to Tyax -96 —-88 -97 -90 dB
0.0016 0.004 0.0014 0.003 %
@ 100 kSPS, +25°C -96 -97 i dB
0.0016 " 0.0014 %
@ 100 kSPS, Tpn t0 Tyax -92 -92 - dB
0.0025 0.0025 %
Signal-to-Noise and Distortion Ratio (S/(N+D))* 3
@ 83 kSPS, Tpn to Tyax 85 89 87 90 dB
@ 100 kSPS, +25°C 89 90 dB
@ 100 kSPS, Tpn to Tyax 86 86 dB
Peak Spurious or Peak Harmonic Component -98 -98 dB
Intermodulation Distortion (IMD)*
2nd Order Products -102 -102 dB
3rd Order Products -98 -98 dB
Full Power Bandwidth 1 1 MHz
Noise 160 160 wV rms

DIGITAL SPECIFICATIONS (for i grades Ty to Ty Ve = +12V 5%, Vg = 12V 5%, Vg, = +5 V = 10%)

Parameter Test Conditions Min Typ Max Units
LOGIC INPUTS }
Viu High-Level Input Voltage 2.4 Vpp 0.3 v
Vo Low-Level Input Voltage -0.3 0.8 \%
Iin High-Level Input Current Viz = Vpp -10 +10 rA
I Low-Level Input Current Vi =0V -10 +10 A
Cin - Input Capacitance 10 pF
LOGIC OUTPUTS
Vou High-Level Output Voltage Ioy = 0.1 mA Vop — 1V \%
= 0.5mA 2.4 \%
VoL Low-Level Output Voltage Ior = 1.6 mA 0.4 v
NOTES ‘

Wger = 100V, Coﬁversion Rate (fs) = 83 kSPS, f;y = 1.0 kHz, V}, = —0.05 dB, Bandwidth = fs/2 unless otherwise indicated. All measurements referred to

a 0 dB (20 V p-p) input signal. Values are post-calibration.
2For other input amplitudes, refer to Figure 13.

3For other input ranges/voltages reference values see Figure 12.

“fa = 1008 Hz, fb = 1055 Hz. See Definition of Specifications section and Figure 15.

Specifications subject to change without notice.
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DC SPECIFICATIONS (1, to Tyu, Vg = +12V = 5%, Vee = —12V = 5%, Vop = +5V = 10%)’

AD676

AD676J/A AD676K/B
Parameter Min Typ Max Min Typ Max Units
TEMPERATURE RANGE
J, K Grades 0 +70 0 +70 °C
A, B Grades —40 +85 -40 +85 °C
ACCURACY
Resolution 16 16 Bits
Integral Nonlinearity (INL)
@ 83 kSPS, Tpn 10 Trpax +1 1 +1.5 LSB
@ 100 kSPS, +25°C +1 +] LSB
@ 100 kSPS, Tpun 10 Tpax *2 2 LSB
Differential Nonlinearity (DNL)—No Missing Codes 16 16 Bits
Bipolar Zero Error? (at Nominal Supplies) 0.005 0.005 % FSR
Gain Error (at Nominal Supplies)
@ 83 kSPS? 0.005 0.005 % FSR
@ 100 kSPS, +25°C 0.005 0.005 % FSR
@ 100 kSPS? 0.01 0.01 % FSR
Temperature Drift, Bipolar Zero® % FSR
J, K Grades 0.0015 0.0015 % FSR
A, B Grades 0.003 0.003 % FSR
Temperature Drift, Gain?
J, K Grades 0.0015 0.0015 % FSR
A, B Grades 0.003 0.003 % FSR
VOLTAGE REFERENCE INPUT RANGE* (Vggg) 5 10 5 10 \Y%
ANALOG INPUT®
Input Range (Vi) *Vgrer *Vger \
Input Impedance * *
Input Settling Time 2 2 s
Input Capacitance During Sample 50* 50* pF
Aperture Delay 6 6 ns
Aperture Jitter 100 100 ps
POWER SUPPLIES
Power Supply Rejection
Vee = +12V = 5% *1 LSB
Ve = —12V £ 5% +1 +1 LSB
Vpp = +5V * 10% * * LSB
Operating Current
Iec 14.5 18 14.5 18 mA
Igg 14.5 18 14.5 18 mA
Iop 2 5 2 5 mA
Power Consumption 360 480 360 480 mW

NOTES

"Wier = 5.0 V, Conversion Rate = 83 kSPS unless otherwise noted. Values are post-calibration.
2Values shown apply to any temperature from Ty to Tyax after calibration at that temperature.
3Values shown are based upon calibration at +25°C with no additional calibration at temperature. Values shown are the worst case variation from the value at

+25°C

4See “APPLICATIONS” section for recommended voltage reference circuit, and Figure 12 for dynamic performance with other reference voltage values.

SSee “APPLICATIONS” section for recommended input buffer circuit.

*For explanation of input characteristics, see “ANALOG INPUT” section.

Specifications subject to change without notice.
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ADG76

TIMING SPECIFICA“ONS (Tyan 10 Tywg, Vg = +12V = 5%, Vgg =

—12V % 5%, Vop = +5V = 10%, Vogr = 10.0 V)

Parameter Symbol Min Typ Max Units
Conversion Time? te 10 1000 ws
CLK Period? teLk 480 ns
Calibration Time ter 85,530 terk
Sampling Time (Included in tc) tg 2 ws
CAL to BUSY Delay tcaLB ) 75 150 ns
BUSY to SAMPLE Delay tgs 2 s
SAMPLE to BUSY Delay tsp 15 100 ns
CLK HIGH* ten 50 ns
CLK LOW* teL 50 ns
SAMPLE LOW to 1st CLK Delay tsc 50 ns
SAMPLE LOW tsL 100 . ns
Output Delay top 125 200 ns
Status Delay tsp 50 ns
CAL HIGH Time tcaLH 50 ns
NOTES

!See the “CONVERSION CONTROL” and “AUTOCALIBRATION” sections for detailed explanations of the above timing.
2Depends upon external clock frequency; includes acquisition time and.conversion time. The maximum conversion time is specified to account for the droop of
the internal sample/hold function. Longer conversion times may degrade performance. See “General Conversion Guidelines” for additional explanation of maxi-

mum conversion time.

3580 ns is recommended for optimal accuracy over temperature.

*ten + lor = topx and must be greater than 480 ns.

CAL

BUSY

CLK

—J;J

[-tean >

ter
- tcas

'c;n ::1 |<-}<- o

s

to

Figure 1. Calibration Timing
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BIT1-BIT16 § 4 S
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Busy \ tes |} HE o0
(OUTPUT) ;._1 Kgs—
—

tse

Figure 2a. General Conversion Timing
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AD676

ORDERING GUIDE
Package
Model Temperature Range’ S/N+D) | Max INL Package Description | Option?
AD676]D 0°C to +70°C 85 dB Ceramic 28-Pin DIP D-28
AD676KD 0°C to +70°C 87 dB +1.5 LSB Ceramic 28-Pin DIP D-28
AD676AD —40°C to +85°C 85 dB Ceramic 28-Pin DIP D-28
AD676BD —40°C to +85°C 87 dB +1.5 LSB Ceramic 28-Pin DIP D-28

NOTES
'For details on grade and package offerings screened in accordance with MIL-STD-883, refer to the AD676/883 data sheet.
2D = Ceramic DIP. For outline information see Package Information section.

ABSOLUTE MAXIMUM RATINGS*

VectO VEg oo oo e e -0.3Vito +264V
VoptoDGND .................... -03Viwo +7V
Vecto AGND . ... ... .. ... ..., -03Vito +18V
Vegto AGND . ...... .. ... .. ..... —18 Vit +03V
AGNDtoDGND ........................ +0.3V
Digital Inputs to DGND . .. .............. Oto +5.5V
Analog Inputs, Vggr to AGND

................... (Ve + 0.3 V) to (Vgg — 0.3V)
Soldering . ............. .. ... ... ... +300°C, 10 sec
Storage Temperature . ............... —65°C to +150°C

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

CAUTION

The AD676 features input protection circuitry consisting of large “distributed” diodes and polysilicon
series resistors to dissipate both high energy discharges (Human Body Model) and fast, low energy
pulses (Charged Device Model). Per Method 3015.2 of MIL-STD-883C, the AD676 has been

classified as a Category 1 Device. WARNING!
Proper ESD . precautions are strongly recommended to avoid functional damage or performance W “
degradation. Charges as high as 4000 volts readily accumulate on the human body and test equip-

ment, and discharge without detection. Unused devices must be stored in conductive foam or shunts, ESD SENSITIVE DEVICE
and the foam discharged to the destination socket before devices are removed. For further informa-

tion on ESD precaution, refer to Analog Devices’ ESD Prevention Manual.
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AD676

PIN DESCRIPTION

Pin Name Type | Description
1-6 BIT 11-BIT 16 | DO | “BIT 11-BIT 16 represent the six LSBs of data.
7 BUSY DO Status Line for Converter. Active HIGH, indicating a conversion or calibration in progress
BUSY should be buffered when capacitively loaded.
8 CAL DI Calibration Control Pin (Asynchronous).
9 SAMPLE DI Vi~ Acquisition Control Pin. Active HIGH. During conversion, SAMPLE controls the state of
the internal sample-hold amplifier and the falling edge initiates conversion (see “Conversion
Control” paragraph). During calibration, SAMPLE should be held LOW. If HIGH during
calibration, diagnostic information will appear on the two LSBs (Pins 5 and 6).
10 CLK DI Master Clock Input. The AD676 requires 17 clock cycles to execute a conversion.
11 DGND P Digital Ground.
12 Vee P +12 V Analog Supply Voltage.
13 AGND P/AI | Analog Ground.
14 AGND SENSE | Al Analog Ground Sense.
15 Vin Al Analog Input Voltage.
16 VREF Al External Voltage Reference Input.
17 Ve P —12 V Analog Supply Voltage Note: the lid of the ceramic package is internally connected to
V.
18 Vob P +5 V Logic Supply Voltage
19-28 | BIT 1-BIT 10 DO BIT 1-BIT 10 represent the ten MSB of data.
Type: Al = Analog Input
DI = Digital Input
DO = Digital Output
P = Power
ANALOG
srn[a]® 28] BIT 10 @1 — CcHIP
. AGND SENSE(@AHH npuT | 16-BIT oGS
BiT12[2 7] BiTe Veer QH{BUFFERS[] PAC ;
BIT 13 E 26]BIT8 AGND GH , ﬁ
CAL
BT 14 4] 5] BIT7 DAC
Bir1s [5] 4] BIT 6 LOGIC & TIMING
BIT16 (LSB) (] _AD676 2|BITS ' ‘ [ LEVEL TRANSLATORS
eusy[7]  1opview 22| BIT4 '
cAL|8 (Notto Scale) f21]BiT3 - DIGITAL
sampLE [ 9 [20] BT 2 cHp [
cik [10 [19] BT 1 (MsB) caL(@H T
- o snurse o emecooze Laen {4
Vee [12] [17] Vee ck O H a
AGND [13 [16] Veer
AGND SENSE |14 Es:l Vin AD676
Package Pinout Functional Block Diagram
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Definition of Specifications

NYQUIST FREQUENCY

An implication of the Nyquist sampling theorem, the “Nyquist
frequency” of a converter is that input frequency which is one
half the sampling frequency of the converter.

TOTAL HARMONIC DISTORTION

Total harmonic distortion (THD) is the ratio of the rms sum of
the harmonic components to the rms value of a full-scale input
signal and is expressed in percent (%) or decibels (dB). For
input signals or harmonics that are above the Nyquist fre-
quency, the aliased components are used.

SIGNAL-TO-NOISE PLUS DISTORTION RATIO
Signal-to-noise plus distortion is defined to be the ratio of the
rms value of the measured input signal to the rms sum of all
other spectral components below the Nyquist frequency, includ-
ing harmonics but excluding dc.

GAIN ERROR

The last transition should occur at an analog value 1.5 LSB
below the nominal full scale (4.99977 volts for a =5 V range).
The gain error is the deviation of the actual difference between
the first and last code transition from the ideal difference
between the first and last code transition.

BIPOLAR ZERO ERROR

Bipolar zero error is the difference between the ideal midscale’
input voltage (0 V) and the actual voltage producing the mid-
scale output code.

DIFFERENTIAL NONLINEARITY (DNL)

In an ideal ADC, code transitions are one LSB apart. Differen-
tial nonlinearity is the maximum deviation from this ideal value.
It is often specified in terms of resolution for which no missing

codes are guaranteed.

INTEGRAL NONLINEARITY (INL) .
The ideal transfer function for an ADC is a straight line bisect-
ing the center of each code drawn between “zero” and “full
scale.” The point used as “zero” occurs 1/2 LSB before the most
negative code transition. “Full scale” is defined as a level

1.5 LSB beyond the most positive code transition. Integral non-
linearity is the worst-case deviation of a code center average
from the straight line.

REV. A

BANDWIDTH
The full-power bandwidth is that input frequency at which the

amplitude of the reconstructed fundamental is reduced by 3 dB
for a full-scale input.

INTERMODULATION DISTORTION (IMD)

With inputs consisting of sine waves at two frequencies, fa and
fb, any device with nonlinearities will create distortion products,
of order (m+n), at sum and difference frequencies of mfa =
nfb, where m, n = 0, 1, 2, 3. . . . Intermodulation terms are
those for which m or n is not equal to zero. For example, the
second order terms are (fa + fb) and (fa — fb), and the third
order terms are (2 fa + fb), (2 fa — fb), (fa + 2 fb) and (fa —
2 fb). The IMD products are expressed as the decibel ratio of
the rms sum of the measured input signals to the rms sum of
the distortion terms. The two signals applied to the converter
are of equal amplitude, and the peak value of their sum is

—0.5 dB from full scale. The IMD products are normalized to a
0 dB input signal.

APERTURE DELAY

Aperture delay is the time required after SAMPLE pin is taken
LOW for the internal sample-hold of the AD676 to open, thus
holding the value of Vyy.

APERTURE JITTER
Aperture jitter is the variation in the aperture delay from sample
to sample. |

POWER SUPPLY REJECTION

DC variations in the power supply voltage will affect the overall
transfer function of the ADC, resulting in zero error and gain
error changes. Power supply rejection is the maximum change in
either the bipolar zero error or gain error value. Additionally,
there is another power supply variation to consider. AC ripple
on the power supplies can couple noise into the ADC, resulting
in degradation of dynamic performance. Th1s is displayed in
Figure 16.

INPUT SETTLING TIME

Settling time is a function of the SHA’s ablhty to track fast
slewing signals. This is specified as the maximum time required
in track mode after a full-scale step input to guarantee rated
conversion accuracy.

ANALOG-TO-DIGITAL CONVERTERS 2-49




ADG676

FUNCTIONAL DESCRIPTION -

The AD676 is a multipurpose 16-bit analog-to-digital converter
and includes circuitry which performs an input sample/hold
function, ground sense, and autocalibration. These functions are
segmented onto two monolithic chips—an analog signal proces-
sor and a digital controller. Both chips are contained within the-
AD676 package. )

The AD676 employs a successive-approximation technique to
determine the value of the analog input voltage. However,
instead of the traditional laser-trimmed resistor-ladder approach,
this device uses a capacitor-array, charge redistribution tech-
nique. Binary-weighted capacitors subdivide the input sample to
perform the actual analog-to-digital conversion. The capacitor
array eliminates variation in the linearity of the device due to
temperature-induced mismatches of resistor values. Since a:
capacitor array is used. to perform the data conversions, the
sample/hold function is included without the need for additional
external circuitry. :

Initial errors in capacitor matching are eliminated by an auto-
calibration circuit within the AD676. This circuit employs an
on-chip microcontroller and a calibration DAC to measure and
compensate capacitor mismatch errors. As each error is deter-
mined, its value is stored in on-chip memory (RAM). Subse-
quent conversions use these RAM values to improve conversion
accuracy. The autocalibration routine may be invoked at any
time. Autocalibration insures high performance while eliminat-
ing the need for any user adjustments and is described in detail
below.

The microcontroller controls all of the various functions within

the AD676. These include the actual successive approximation -
algorithm, the autocalibration routine, the sample/hold opera-
tion, and the internal output data latch.

AUTOCALIBRATION ‘ .
The AD676 achieves rated performance without the need for
user trims or adjustments. This is accomplished through the use
of on-chip autocalibration.

In the autocalibration sequence, sample/hold offset is nulled by
internally connecting the input circuit to the ground sense cir-
cuit. The resultinig offset voltage is measured and stored in
RAM for later use. Next, the capacitor representing the most
significant bit (MSB) is charged to the reference voltage. This
charge is then transferred to a capacitor of equal size (composed
of the sum of the remaining lower weight bits). The difference
in the voltage that results and the reference voltage represents
the amount of capacitor mismatch. A calibration digital-to-
analog converter (DAC) adds an appropriate value of error cor-
rection voltage to cancel this mismatch. This correction factor is
also stored in RAM. This process is repeated for each of the
capacitors representing the remaining top eight bits. The accu-
mulated values in RAM are then used during subsequent con-
versions to adjust conversion results accordingly.

As shown in Figure 1, when CAL is taken HIGH the AD676
internal circuitry is reset, the BUSY pin is driven HIGH, and
the ADC prepares for calibration. This is an asynchronous hard-
ware reset and will interrupt any conversion or calibration cur-
rently in progress. Actual calibration begins when CAL is taken
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LOW and completes in 85,530 clock cycles, indicated by BUSY
going LOW. During calibration, it is preferable for SAMPLE to
be held LOW. If SAMPLE is HIGH, diagnostic data will
appear on Pins 5 and 6. This data is of no value to the user.

The AD676 requires one clock cycle after BUSY goes LOW to
complete the calibration cycle. If this clock cycle is not pro- '
vided, it will be taken from the first conversion, likely resulting
in first conversion error.

In most applications, it is sufficient to calibrate the AD676 only

upon power-up, in which case care should be taken that the

power supplies and voltage reference have stabilized first. If not
calibrated, the AD676 accuracy may be as low as 10 bits.

CONVERSION CONTROL

The AD676 is controlled by two signals: SAMPLE and CLK, as
shown in Figures 2a and 2b. It is assumed that the part has
been calibrated and the digital I/O pins have the levels shown at
the start of the timing diagram.

A conversion consists of an input acquisition followed by 17
clock pulses which execute the 16-bit internal successive approx-
imation routine. The analog input is acquired by taking the
SAMPLE line HIGH for a minimum sampling time of tg. The
actual sample taken is the voltage present on Vy one aperture
delay after the SAMPLE line is brought LOW, assuming the
previous conversion has completed (signified by BUSY going
LOW). Care should be taken to ensure that this negative edge is
well defined and jitter free in ac applications to reduce the
uncertainty (noise) in signal acquisition. With SAMPLE going
LOW, the AD676 commits itself to the conversion—the input at
Vin is disconnected from the internal capacitor array, BUSY
goes HIGH, and the SAMPLE input will be ignored until the
conversion is completed (when BUSY goes LOW). SAMPLE
must be held LOW for a minimum period of time tg; . A period
of time tgc after bringing SAMPLE LOW, the 17 CLK cycles
are applied; CLK pulses that start before this period of time are
ignored. BUSY goes HIGH tgg after SAMPLE goes LOW, sig-
nifying that a conversion is in process, and remains HIGH until
the conversion is completed. BUSY goes LOW during the 17th
CLK cycle at the point where the data outputs have changed
and are valid..The AD676 will ignore CLK after BUSY has
gone LOW and the output data will remain constant until a new
conversion is completed. The data can, therefore, be read any
time after BUSY goes LOW and before the 17th CLK of the
next conversion (see Figures 2a and 2b). The section on Micro-
processor Interfacing discusses how the AD676 can be interfaced
to a 16-bit databus.

Typically BUSY would be used to latch the AD676 output data
into buffers or to interrupt microprocessors or DSPs. It is
recommended that the capacitive load on BUSY be minimized
by driving no more than a single logic input. Higher capacitive
loads such as cables or multiple gates may degrade conversion
quality unless BUSY is buffered.

CONTINUOUS CONVERSION

For maximum throughput rate, the AD676 can be operated in a
continuous convert mode (see Figure 2b). This is accomplished
by utilizing the fact that SAMPLE will no longer be ignored
after BUSY goes LOW, so an acquisition may be initiated even
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during the HIGH time of the 17th CLK pulse for maximum
throughput rate while enabling full settling of the sample/hold
circuitry. If SAMPLE is already HIGH when BUSY goes LOW
at the end of a conversion, then an acquisition is immediately
initiated and tg and t¢ start from that time. Data from the previ-
ous conversion may be latched up to tg, before BUSY goes
LOW or top after the rising edge of the 17th clock pulse. How-
ever, it is preferred that latching occur on or after the falling edge
of BUSY.

Care must be taken to adhere to the minimum/maximum timing
requirements in order to preserve conversion accuracy.

GENERAL CONVERSION GUIDELINES

During signal acquisition and conversion, care should be taken
with the logic inputs to avoid digital feedthrough noise. It is
possible to run CLK continuously, even during the sample
period. However, CLK edges during the sampling period, and
especially when SAMPLE goes LOW, may inject noise into the
sampling process. The AD676 is tested with no CLK cycles
during the sampling period. The BUSY signal can be used to
prevent the clock from running during acquisition, as illustrated
in Figure 3. In this circuit BUSY is used to reset the circuitry
which divides the system clock down to provide the AD676
CLK. This serves to interrupt the clock until after the input
signal has been acquired, which has occurred when BUSY goes
HIGH. When the conversion is completed and BUSY goes
LOW, the circuit in Figure 3 truncates the 17th CLK pulse
width which is tolerable because only its rising edge is critical.

Figure 3.

Figure 3 also illustrates the use of a counter (74HC393) to
derive the AD676 SAMPLE command from the system clock
when a continuous convert mode is desirable. Pin 9 (2QC) pro-
vides a 96 kHz sample rate for the AD676 when used with a
12.288 MHz system clock. Alternately, Pin 8 (2QD) could be
used for a 48 kHz rate.

If a continuous clock is used, then the user must avoid CLK
edges at the instant of disconnecting Vi which occurs at the
falling edge of SAMPLE (see tgc specification). The duty cycle
of CLK may vary, but both the HIGH (tcy) and LOW (tc;)
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phases must conform to those shown in the timing specifica-
tions. The internal comparator makes its decisions on the rising
edge of CLK. To avoid a negative edge transition disturbing the
comparator’s settling, tc; should be at least half the value of
teLk- To also avoid transitions disturbing the internal compara-
tor’s settling, it is not recommended that the SAMPLE pin
change state toward the end of a CLK cycle.

During a conversion, internal dc error terms such as comparator
voltage offset are sampled, stored on internal capacitors and
used to correct for their corresponding errors when needed.
Because these voltages are stored on capacitors, they are subject
to leakage decay and so require refreshing. For this reason there
is a maximum conversion time ts (1000 ps). From the time
SAMPLE goes HIGH to the completion of the 17th CLK pulse,
no more than 1000 ps should elapse for specified performance.
However, there is no restriction to the maximum time between
conversions.

Output coding for the AD676 is twos complement, as shown in
Table I. By inverting the MSB, the coding can be converted to
offset binary. The AD676 is designed to limit output coding in
the event of out-of-range inputs.

Table 1. Output Coding

Vin Output Code
>Full Scale 011...11
Full Scale 011...11
Full Scale — 1 LSB 011...10
Midscale + 1 LSB 000...01
Midscale 000 ...00
Midscale — 1 LSB 111...11
—Full Scale + 1 LSB 100 .. .01
—Full Scale 100 ... 00
<—Full Scale 100...00

POWER SUPPLIES AND DECOUPLING

The AD676 has three power supply input pins. Ve and Vgg
provide the supply voltages to operate the analog portions of the
AD676 including the ADC and sample-hold amplifier (SHA).
Vpp provides the supply voltage which operates the digital por-
tions of the AD676 including the data output buffers and the
autocalibration controller.

As with most high performance linear circuits, changes in the
power supplies can produce undesired changes in the perfor-
mance of the circuit. Optimally, well regulated power supplies
with less than 1% ripple should be selected. The ac output
impedance of a power supply is a complex function of fre-
quency, and in general will increase with frequency. In other
words, high frequency switching such as that encountered with
digital circuitry requires fast transient currents which most
power supplies cannot adequately provide. This results in volt-
age spikes on the supplies. If these spikes exceed the +5% toler-
ance of the =12 V supplies or the =10% limits of the +5 V
supply, ADC performance will degrade. Additionally, spikes at
frequencies higher than 100 kHz will also degrade performance.
To compensate for the finite ac output impedance of the sup-
plies, it is necessary to store “reserves” of charge in bypass
capacitors. These capacitors can effectively lower the ac imped-
ance presented to the AD676 power inputs which in turn will
significantly reduce the magnitude of the voltage spikes. For
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bypassing to be effective, certain guidelines should be followed.
Decouplmg capacitors, typically 0.1 uF, should be placed as
closely as possible to each power supply pin of the AD676. It is
essential that these capacitors be placed physically close to the
IC to minimize the inductance of the PCB trace between the
capacitor and the supply pm The logic supply (Vpp) should be
decoupled to digital common and the analog supplies (Vo and
Vgg) to analog common. The reference input is also considered
as a power supply pin in this regard and the same decoupling
procedures apply. These points are displayed in Figure 4. .,

Vec Vee Vmer

wF
SYSTEM SYSTEM 12v- -12v

DIGITAL  ANALOG
COMMON COMMON

Figure 4. Grounding and Decoupling the AD676

Additionally, it is beneficial to have large capacitors (>47 pF)
located at the point where the power connects to the PCB with
10 pF capacitors located in the vicinity of the ADC to further
reduce low frequency ripple. In systems that will be subjected to
particularly harsh environmental noise, additional decoupling
may be necessary. RC-filtering on each power supply combined
with dedicated voltage regulation can substantially decrease
power supply ripple effects (this is further detailed in Figure 7).

BOARD LAYOUT

Designing with high resolution data converters requires careful
attention to board layout. Trace impedance is a significant issue.
A 1.22 mA current through 2 0.5 Q trace will develop a voltage
drop of 0.6 mV, which is 4 LSBs at the 16-bit level fora 10 V
full-scale span. In addition to ground drops, inductive and
capacitive coupling need to be considered, especially when high

~ accuracy analog signals share the same board with digital signals.

Analog and digital signals should not share a common return
path. Each signal should have an appropriate analog or digital
return routed close to it. Using this approach, signal loops
enclose a small area, minimizing the inductive coupling of noise.
Wide PC tracks, large gauge wire, and ground planes are highly
recommended to provide low impedance signal paths. Separate
analog and digital ground planes are also desirable, with a single
interconnection point at the AD676 to minimize interference
between analog and digital circuitry. Analog signals should be
routed as far as possible from digital signals and should cross
them, if at all, only at right angles. A solid analog ground plane
around the AD676, will isolate it from large switching ground
currents. For these reasons, the use of wire wrap circuit con-
struction will not provide adequate performance; careful printed
circuit board construction is preferred.
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GROUNDING

The AD676 has three grounding pins, designated ANALOG
GROUND (AGND), DIGITAL GROUND (DGND) and
ANALOG GROUND SENSE (AGND SENSE). The analog
ground pin'is the “high quality” ground reférence point for the
device, and should be connected to the analog common point in
the system.

AGND SENSE is intended to be connected_ to the input signal
ground reference point. This allows for slight differences in level
between the analog ground point in the system and the input
signal ground point. However no more than 100 mV is recom-
mended between the AGND and the AGND SENSE pins for
specified performance.

Using AGND SENSE to remotely sense the ground potential

of the signal source can be useful if the signal has to be carried
some distance to the A/D converter. Since all IC ground cur-
rents have to return to the power supply and no ground leads
are free from resistance and inductance, there are always some
voltage differences from one ground point in a system to another.

Over distance this voltage difference can easily amount to sev-
eral LSBs (in a 10 V input span, 16-bit system each LSB is
about 0.15 mV). This would directly corrupt the A/D input sig-
nal if the A/D measures its input with respect to power ground
(AGND) as shown in Figure 5a. To solve this problem the
AD676 offers an AGND SENSE pin. Figure 5b shows how the:
AGND SENSE can be used to eliminate the problem in Figure
5a. Figure 5b also shows how the signal wires should be shielded
in a noisy environment to avoid capacitive coupling. If inductive
(magnetic) coupling is expected to be dominant such as where
motors are present, twisted-pair wires should be used instead.

The digital ground pin is the reference point for all of the digital
signals that operate the AD676. This pin should be connected to
the digital common point in the system. As Figure 4 illustrated,
the analog and digital grounds should be connected together at
one point in the system, preferably at the AD676.

AD676

Vin

--------- AGND

TO POWER

SUPPLY GND
GROUND LEAD

— lgrounp >0

Figure 5a. Input to the A/D Is Corrupted by IR Drop in
Ground Leads: V,y = Vg + AV. '

AD676
Vin

AGND
SENSE

SHIELDED CABLE

SOURCE
Vs

AGND

TO POWER
SUPPLY GND

— lgrounp >0

GROUND LEAD

Figure 5b. AGND SENSE Eliminates the Problem in
Figure 5a.

REV. A



VOLTAGE REFERENCE

The AD676 requires the use of an external voltage reference.
The input voltage range is determined by the value of the refer-
ence voltage; in general, a reference voltage of n volts allows an
input range of +n volts. The AD676 is specified for both 10 V
and 5.0 V references. A 10 V reference will typically require
support circuitry operated from +15 V supplies; a 5.0 V refer-
ence may be used with =12 V supplies. Signal-to-noise perfor-
mance is increased proportionately with input signal range. In
the presence of a fixed amount of system noise, increasing the
LSB size (which results from increasing the reference voltage)
will increase the effective S/(N+D) performance. Figure 12
illustrates S/(N+D) as a function of reference voltage. In con-
trast, INL will be optimal at lower reference voltage values
(such as 5 V) due to capacitor nonlinearity at higher voltage
values.

During a conversion, the switched capacitor array of the AD676
presents a dynamically changing current load at the voltage ref-
erence as the successive-approximation algorithm cycles through
various choices of capacitor weighting. (See the following section
“Analog Input™ for a detailed discussion of the Vigp input char-
acteristics.) The output impedance of the reference circuitry
must be low so that the output voltage will remain sufficiently
constant as the current drive changes. In some applications, this
may require that the output of the voltage reference be buffered
by an amplifier with low impedance at relatively high frequen-
cies. In choosing a voltage reference, consideration should be
made for selecting one with low noise. ‘A capacitor connected
between REF IN and AGND will reduce the demands on the
reference by decreasing the magnitude of high frequency compo-
nents required to be sourced by the reference.

Figures 6 and 7 represent typical design approaches.

Figure 6.

Figure 6 shows a voltage reference circuit featuring the 5 V out-
put AD586. The AD586 is a low cost reference which utilizes a
buried Zener architecture to provide low noise and drift. Over
the 0°C to +70°C range, the AD586L grade exhibits less than
2.25 mV output change from its initial value at +25°C. A noise-
reduction capacitor, Cy, reduces the broadband noise of the
AD586 output, thereby optimizing the overall performance of
the AD676. It is recommended that a 10 wF to 47 pF high
-quality tantalum capacitor be tied between the Vygg input

of the AD676 and ground to minimize the impedance on the
reference.
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Figure 7.

Using the AD676 with =10 V input range (Vggr = 10 V) typi-
cally requires =15 V supplies to drive op amps and the voltage
reference. If =12 V is not available in the system, regulators
such as 7812 and 79L12 can be used to provide power for the
ADG676. This is also the recommended approach (for any input
range) when the ADC system is subjected to harsh environments
such as where the power supplies are noisy and where voltage
spikes are present. Figure 7 shows an example of such a system
based upon the 10 V AD587 reference, which provides a

300 wV LSB. Circuitry for additional protection against power
supply disturbances has been shown. A 100 wF capacitor at each
regulator prevents very large voltage spikes from entering the
regulators. Any power line noise which the regulators cannot
eliminate will be further filtered by an RC filter (10 /10 uF)
having a —3 dB point at 1.6 kHz. For best results the regulators
should be within a few centimeters of the AD676.

ANALOG INPUT

As previously discussed, the analog input voltage range for the
AD676 is +Vggg. For purposes of ground drop and common
mode rejection, the Vi and Vg inputs each have their own
ground. Vggp is referred to the local analog system ground
(AGND), and Vy is referred to the analog ground sense pin
(AGND SENSE) which allows a remote ground sense for the
input signal.

The AD676 analog inputs (Vyy, Vrer and AGND SENSE)
exhibit dynamic characteristics. When a conversion cycle begins,
each analog input is connected to an internal, discharged 50 pF
capacitor which then charges to the voltage present at the corre-
sponding pin. The capacitor is disconnected when SAMPLE is
taken LOW, and the stored charge is used in the subsequent
conversion. In order to limit the demands placed on the external
source by this high initial charging current, an internal buffer
amplifier is employed between the input and this capacitance for
a few hundred nanoseconds. During this time the input pin
exhibits typically 20 k() input resistance, 10 pF input capaci-
tance and =40 pA bias current. Next, the input is switched
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directly to the now precharged capacitor and allowed to fully
settle. During this time the input sees only a 50 pF capacitor.
Once the sample is taken, the input is internally floated so that
the external input source sees a very high input resistance and a
parasitic input capacitance of typically only 2 pF. As a result,
the only dominant input characteristic which must be considered
is the high current steps which occur when the internal buffers
are switched in and out.

In most cases, these characteristics require the use of an external
op amp to drive the input of the AD676. Care should be taken
with op amp selection; even with modest loading conditions,
most available op amps do not meet the low distortion require-
ments necessary to match the performance capabilities of the
AD676. Figure 8 represents a circuit, based upon the AD845,
recommended for low noise, low distortion ac applications.

For applications optimized more for low bias and low offset than
speed or bandwidth, the AD845 of Figure 8 may be replaced by
the OP-27.

Figure 8.

AC PERFORMANCE

AC parameters, which include S/(N+D), THD, etc., reflect the
AD676’s effect on the spectral content of the analog input sig-
nal. Figures 12 through 16 provide information on the AD676’s
ac performance under a variety of conditions.

As a general rule, averaging the results from several conversions
reduces the effects of noise, and therefore improves such param-
eters as S/(N+D). AD676 performance may be optimized by
operating the device at its maximum sample rate of 100 kSPS
and digitally filtering the resulting bit stream to the desired sig-
nal bandwidth. This succeeds in distributing noise over a wider
frequency range, thus reducing the noise density in the fre-
quency band of interest. This subject is discussed in the follow-
ing section.

OVERSAMPLING AND NOISE FILTERING

The Nyquist rate for a converter is defined as one-half its sam-
pling rate. This is established by the Nyquist theorem, which
requires that a signal be sampled at a rate corresponding to at
least twice its highest frequency component of interest in order
to preserve the informational content. Oversampling is a conver-
sion technique in which the sampling frequency is more than
twice the frequency bandwidth of interest. In audio applications,
the AD676 can operate at a 2 X Fg oversampling rate, where Fg
= 48 kHz.
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In quantized systems; the informational content of the analog
input is represented in the frequency spectrum from dc to the
Nyquist rate of the converter. Within this same spectrum are
higher frequency noise and signal components. Antialias, or low
pass, filters are used at the input to the ADC to reduce these
noise and signal components so that their aliased components do
not corrupt the baseband spectrum. However, wideband noise
contributed by the AD676 will not be reduced by the antialias
filter. The AD676 quantization noise is evenly distributed from
dc to the Nyquist rate, and this fact can be used to minimize its
overall affect.

The AD676 quantization noise effects can be reduced by
oversampling—sampling at a rate higher than that defined by
the Nyquist theorem. This spreads the noise energy over a
bandwidth wider than the frequency band of interest. By judi-
cious selection of a digital decimation filter, noise frequencies
outside the bandwidth of interest may be eliminated.

The process of analog to digital conversion inherently produces
noise, known as quantization noise. The magnitude of this noise
is a function of the resolution of the converter, and manifests
itself as a limit to the theoretical signal-to-noise ratio achievable.
This limit is described by S/(N+D) = (6.02n + 1.76 + 10 log
Fg/2F ) dB, where n is the resolution of the converter in bits,
Fg is the sampling frequency, and Fa is the signal bandwidth of
interest. For audio bandwidth applications, the AD676 is capa-
ble of operating at a 2 X oversample rate (96 kSPS), which typi-
cally produces an improvement in S/(N+D) of 3 dB compared
with operating at the Nyquist conversion rate of 48 kSPS. Over-
sampling has another advantage as well; the demands on the
antialias filter are lessened. In summary, system performance is
optimized by running the AD676 at or near its maximum sam-
pling rate of 100 kHz and digitally filtering the resulting spec-
trum to eliminate undesired frequencies.

- DC CODE UNCERTAINTY

Ideally, a fixed dc input should result in the same output code
for repetitive conversions. However, as a consequence of system
noise and circuit noise, for a given input voltage there is a range
of output codes which may occur. Figure 9 is a histogram of the
codes resulting from 1000 conversions of a typical input voltage
by the AD676 used with a 10 V reference.

g

NUMBER OF CODE HITS

g

. I

-1 [ R 2
DEVIATION FROM CORRECT CODE - LSBs

Figure 9. Distribution of Codes from 1000 Conversions,
Relative to the Correct Code.
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The standard deviation of this distribution is approximately

0.5 LSBs. If less uncertainty is desired, averaging multiple con-
versions will narrow this distribution by the inverse of the

_ square root of the number of samples; i.e., the average of 4 con-
versions would have a standard deviation of 0.25 LSBs.

MICROPROCESSOR INTERFACE

The AD676 is ideally suited for use in both traditional dc mea-
surement applications supporting a microprocessor, and in ac
signal processing applications interfacing to a digital signal pro-
cessor. The AD676 is designed to interface with a 16-bit data
bus, providing all output data bits in a single read cycle. A vari-
ety of external buffers, such as 74HC541, can be used with the
AD676 to provide 3-state outputs, high driving capability, and
to prevent bus noise from coupling into the ADC. The following
sections illustrate the use of the. AD676 with a representative
digital signal processor and microprocessor. These circuits pro-
vide general interface practices which are applicable to other
processor choices.

ADSP-2101

Figure 10a shows the AD676 interfaced to the ADSP-2101 DSP

processor. The AD676 buffers are mapped in the ADSP-2101’s
memory space, requiring one wait state when using a 12.5 MHz

processor clock.

The falling edge of BUSY interrupts the processor, 1nd1cat1ng
that new data is ready. The ADSP-2101 automatically jumps to
the appropriate service routine with minimal overhead: The
interrupt routine then instructs the processor to read the new
data using a memory read instruction.

IRQ2

A0
H ADDRESS BUS
A13

RD cs ;
—_— DECODER |
—d —
DMS " =

Y1-Y8

W

D8 - D23

A1-A3
74HC541

G2

ADSP-2101 BUSY

BIT1-BIT 16

G1
Y1-v8
A1-A3

74HC541
&

AD676

Figure 10a.
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Figure 10b shows circuitry which would be included by a typi-
cal address decoder for the output buffers. In this case, a data
memory access to any address in the range 3000H to 37FFH
will result in the output buffers being enabled.

The AD676 CLK and SAMPLE can be generated by dividing
down the system clock as described earlier (Figure 3), or if the
ADSP-2101 serial port clocks are not being used, they can be
programmed to generate CLK and SAMPLE.

A13
" A2

ANl
DMs
Figure 10b.

80286

The 80286 16-bit microprocessor can be interfaced to a buffered
AD676 without any generation of wait states. As seen in Figure
11, BUSY can be used both to control the AD676 clock and to
alert the processor when new data is ready. In the system
shown, the 80286 should be configured in an edge triggered,
direct interrupt mode (integrated controller provides the inter-
rupt vector). Since the 80286 does not latch interrupt signals,
the interrupt needs to be internally acknowledged before BUSY .
goes HIGH again during the next AD676 conversion (BUSY =
0). Depending on whether the AD676 buffers are mapped into
memory or I/O space, the interrupt service routine will read the
data by using either the MOV or the IN instruction. To be able
to read all the 16 bits at once, and thereby increase the 80286’s
efficiency, the buffers should be located at an even address.
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Figure 11.
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AD676 —Typical Dynamic Performance
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DEVICES

16-Bit 100 kSPS
Sampling ADC

AD6717

FEATURES

Autocalibrating

On-Chip Sample-Hold Function
Serial Output

16 Bits No Missing Codes
+1LSB INL

-99 dB THD

92 dB S/(N+D)

1 MHz Full Power Bandwidth

PRODUCT DESCRIPTION

The AD677 is a multipurpose 16-bit serial output analog-to-
digital converter which utilizes a switched-capacitor/charge redis-
tribution architecture to achieve a 100 kSPS conversion rate

(10 s total conversion time). Overall performance is optimized
by digitally correcting internal nonlinearities through on-chip
autocalibration.

The AD677 circuitry is segmented onto two monolithic chips—
a digital control chip fabricated on Analog Devices DSP CMOS
process and an analog ADC chip fabricated on our BiMOS II
process. Both chips are contained in a single package.

The AD677 is specified for ac (or “dynamic™) parameters such
as S/(N+D) Ratio, THD and IMD which are important in sig-
nal processing applications. In addition, dc parameters are speci-
fied which are important in measurement applications.

The AD677 operates from +5 V and =12 V supplies and typi-
cally consumes 450 mW using a 10 V reference (360 mW with
5 V reference) during conversion. The digital supply (Vpp) is
separated from the analog supplies (Vc, Vgg) for reduced digi-
tal crosstalk. An analog ground sense is provided to remotely
sense the ground potential of the signal source. This can be use-
ful if the signal has to be carried some distance to the A/D con-
verter. Separate analog and digital grounds are also provided.

The AD677 is available in a 16-pin narrow plastic DIP, 16-pin
narrow side-brazed ceramic package, or 28-lead SOIC. A parallel
output version, the AD676, is available in a 28-pin ceramic or
plastic DIP. All models operate over a commercial temperature
range of 0°C to +70°C or an industrial range of —40°C to
+85°C.
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PRODUCT HIGHLIGHTS
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Autocalibration provides excellent dc performance while
eliminating the need for user adjustments or additional exter-

nal circuitry.

peak spurious —101 dB.

scale and offset.
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. *5V to =10 V input range (= Vggg).
. Available in 16-pin 0.3” skinny DIP or 28-lead SOIC.
. Easy serial interface to standard ADI DSPs.

. TTL compatible inputs/outputs.
. Excellent ac performance: —99 dB THD, 92 dB S/(N+D),

. Industry leading dc performance: 1.0 LSB INL, =1 LSB full




AD677—SPECIFICATIONS
AC SPEClFlCATlUNS Ty 10 Ty Voo = +12V & 5%, Ve = —12V £ 5%, Vpp = +5V = 10%)'

Parameter

Min

AD677)/A

Typ Max

Min

AD677K/B

Typ Max

g
g

Total Harmonic Distortion (THD)?
@ 83 kSPS, Tpy 10 Taiax
@ 100 kSPS, +25°C
@ 100 kSPS, Ty to Tyax
Signal-to-Noise and Distortion Ratio (S/(N+D))*
@ 83 kSPS, Tpn t0 Tpax
@ 100 kSPS, +25°C
@ 100 KSPS;, Tpn to Tyax
Peak Spurious or Peak Harmonic Component
Intermodulation Distortion (IMD)*
2nd Order Products ’
3rd Order Products
Full Power Bandwidth
Noise

3

89
89

—9
-92

-97
-97
-93

160

88

-99
-99
=95

-95
-95

92
92
90
—-101

—-102
-98
1

160

TEBE BEEE 8
g

D|G|TA|. SPECIFI[:ATIGNS (for all grades Ty 10 Tyng Voo = +12V 2 5%, Ve = —12V = 5%, Vpp =

+5V = 10%)

Parameter

Test Conditions

Min

Typ

Max

Units

LOGIC INPUTS

Viu High Level Input Voltage
Vo Low Level Input Voltage
j High Level Input Current
I Low Level Input Current
Cin Input Capacitance

2.0
-0.3
-10
-10

10

Vpp + 0.3
0.8
+10
+10

355 <

LOGIC OUTPUTS

Vou High Level Output Voltage

VoL Low Level Output Voltage

Iog = 0.1 mA
=0.5mA
Ior = L6 mA

Vpp — 1V
2.4

0.4

< <<

NOTES

Weer = 10.0 V, Conversion Rate = 100 kSPS, f, = 1.0 kHz, V; =

to a 0 dB (20 V p-p) input signal. Values are post-calibration.

2For other input amplitudes, refer to Figure 12.

3For dynamic performance with différent voltage reference values see Figure 11.

“fa = 1008 Hz, fb =
Specifications subject to change without notice.
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1055 Hz. See Definition of Specifications section and Figure 16.

—0.05 dB, Bandwidth = 50 kHz unless otherwise indicated. All measurements referred
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ADG677
DC SPECIFICATIONS t,,, to Ty, Vec = +12V £ 5%, Vs = —12V 2 5%, Vpp = +5V = 10%)'

ADG677J/A AD677K/B
Parameter Min Typ Max Min Typ Max Units
TEMPERATURE RANGE
J, K Grades 0 +70 0 +70 °C
A, B Grades —40 +85 —40 +85 °C
ACCURACY
Resolution 16 16 Bits
Integral Nonlinearity (INL)
@ 83 kSPS, Tyn t0 Tyax *1 +1 +1.5 LSB
@ 100 kSPS, +25°C *1 +1 *1.5 LSB
@ 100 kSPS, Ty 10 Trax +2 +2 LSB
Differential Nonlinearity (DNL)—No Missing Codes 16 16 Bits
Bipolar Zero Error? +2 +4 +1 +3 LSB
Positive, Negative FS Errors?
@ 83 kSPS +2 +4 +1 +3 LSB
@ 100 kSPS, +25°C +2 +4 +1 +3 LSB
@ 100 kSPS +4 +4 LSB
TEMPERATURE DRIFT?
Bipolar Zero +0.5 +0.5 LSB
Positive Full Scale +0.5 +0.5 LSB
Negative Full Scale +0.5 +0.5 | ‘ LSB
VOLTAGE REFERENCE INPUT RANGE? (Vggr) 5 10 5 10 v
ANALOG INPUT? ‘ :
Input Range (Vi) *Vgrer : *Vrer \
Input Impedance * *
Input Settling Time 2 ns
Input Capacitance During Sample 50% 50% pF
Aperture Delay 6 6 ns
Aperture Jitter 100 100 ps
POWER SUPPLIES
Power Supply Rejection®
Vee = +12V £ 5% *0.5 +0.5 LSB
Vgg = —12V £ 5% +0.5 +0.5 LSB
Vpp = +5V = 10% +0.5 +0.5 LSB
Operating Current ‘
Veer = +5V
Icc 14.5 18 14.5 18 mA
Igx 14.5 18 14.5 18 —mA
Iop 3 5 3 5 mA
Power Consumption 360 480 360 480 mW
Vger = +10V
Icc o 18 24 18 24 mA
Ieg 18 24 18 24 —-mA
Iop 3 5 3 5 mA
Power Consumption 450 630 - 450 630 mW
NOTES

'Vrer = 10.0 V, Conversion Rate = 100 kSPS unless otherwise noted. Values are post-calibration.

2Values shown apply to any temperature from Ty 10 Tyax after calibration at that temperature at nominal supplies.

3Values shown are based upon calibration at +25°C with no additional calibration at temperature. Values shown are the typical variation from the value at +25°C.
“See “APPLICATIONS” section for r ded voltage refi e circuit, and Figure 11 for dynamic performance with other reference voltage values.

See “APPLICATIONS” section for recommended input buffer circuit.

STypical deviation of bipolar zero, —full scale on +full scale from min to max rating.

*For explanation of input characteristics, see “ANALOG INPUT” section.

Specifications subject to change without notice.
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AD677
TIMING SPECIFICATIONS (1, to Ty, Voo = +12V 2 5%, Vee = 12 2 5%, Vo = +5V = 10%)

Parameter Symbol Min Typ Max Units
Conversion Period” > tc 10 1000 us
CLK Period* teLk 480 ns
Calibration Time ter 85532 R
Sampling Time tg 2 s
Last CLK to SAMPLE Delay® tics 2.1 us
SAMPLE Low tsr 100 ns
SAMPLE to Busy Delay tsp 30 75 ns
Ist CLK Delay : trcp 50 ns
CLK Low® ter 50 ns
CLK High® teu 50 ns
CLK to BUSY Delay tep 180 300 ns
CLK to SDATA Valid tep 50 100 175 ns
CLK to SCLK High tesH 100 180 300 ns
SCLK Low tscL 50 80 ns
SDATA to SCLK High tpsH 50 80 ns
CAL High Time tcaLH 50 ns
CAL to BUSY Delay tcaLs 15 50 ns
NOTES

!See the “CONVERSION CONTROL” and “AUTOCALIBRATION? sections for detailed explanations of the above timing.

2Depends upon external clock frequency; includes acquisition time and conversion time. The maximum conversion period is specified to account for the droop
of the internal sample/hold function. Operation at slower rates may degrade performance.

*tc = trep + 16 X tork + tics

4580 ns is recommended for optimal accuracy over temperature (not necessary during calibration cycle).

If SAMPLE goes high before the 17th CLK pulse, the device will start sampling approximately 100 ns after the rising edge of the 17th CLK pulse.

ten + top = terk and must be greater than 480 ns.

cAL b toarn -] I|= ter >i
(INPUT) s

85530 85531 85532

tc"’l:_]:]- o

'CLK

*SHADED PORTIONS OF INPUT SIGNALS ARE OPTIONAL. FOR BEST PERFORMANCE, WE
RECOMMEND THAT THESE SIGNALS BE HELD LOW EXCEPT WHEN EXPLICITY SHOWN HIGH.

Figure 1. Calibration Timing

a8

*SHADED PORTIONS OF INPUT SIGNALS ARE OPTIONAL. FOR BEST PERFORMANCE, WE
RECOMMEND THAT THESE SIGNALS BE HELD LOW EXCEPT WHEN EXPLICITY SHOWN HIGH.

Figure 2. General Conversion Timing
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ORDERING GUIDE

Package
Model Temperature Range | S/(N+D) | Max INL | Package Description | Option*
AD677]JN | 0°C to +70°C 89 dB Typ Only | Plastic 16-Pin DIP N-16
AD677KN | 0°C to +70°C 90 dB +1.5 LSB | Plastic 16-Pin DIP N-16
AD677]D | 0°C to +70°C 89 dB Typ Only | Ceramic 16-Pin DIP D-16
AD677KD | 0°C to +70°C 90 dB +1.5 LSB | Ceramic 16-Pin DIP D-16
AD677JR | 0°C 1o +70°C 89 dB Typ Only | Plastic 28-Lead SOIC | R-28
AD677KR | 0°C to +70°C 90 dB +1.5 LSB | Plastic 28-Lead SOIC | R-28
AD677AD | —40°C to +85°C 89 dB Typ Only | Ceramic 16-Pin DIP | D-16
AD677BD | —40°C to +85°C 90 dB +1.5.LSB | Ceramic 16-Pin DIP D-16

*D = Ceramic DIP; N = Plastic DIP; R = Small Outliné IC (SOIC). For outline information see Package
Information section.

ABSOLUTE MAXIMUM RATINGS* .

VectO VEE oo i e -0.3Vito +26.4V
VpptoDGND . ................... —03Vto+7V ~
VectoAGND .. ... . . i -03Vitw +18V
Vgg©0AGND .. ........... e ~18 Vo +06.3V
AGNDtoDGND ............ e e +0.3V
Digital Inputs to DGND . ................ Oto+5.5V

Analog Inputs, Vg to AGND

.................... (Vee +0.3 V) to (Vg —0.3 V)
Soldering . .......... 0. +300°C, 10 sec
Storage Temperature . . .............. —65°C to +150°C

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

CAUTION _ ‘
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily

accumulate on the human body and test equipment and can discharge without detection. WARNING'
Although the AD677 features proprietary ESD protection circuitry, permanent damage may “
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD

precautions are recommended to avoid performance degradation or loss of functionality. ESD SENSITIVE DEVICE
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PIN DESCRIPTION
DIP Pin | SOICPin | Type Name | Description ‘ )
1 1 o SAMPLE DI Vi Acquisition Control Pin. Active HIGH. During conversion, SAMPLE
| controls the state of the internal sample-hold amplifier and the falling edge
initiates conversion. During calibration, SAMPLE should be held LOW. If
HIGH during calibration, diagnostic information will appear on SDATA.
2 CLK DI Master Clock Input. The AD677 requires 17 clock pulses to execute a
conversion. CLK is also used to derive SCLK.
3 3 SDATA DO Serial Output Data Controlled by SCLK.
4 6,7 DGND P Digital Ground.
5 8 Vee P +12 V Analog Supply Voltage.
8 12 AGND P Analog Ground.
9 15 AGND SENSE | Al Analog Ground Sense.
10 16 Vin Al Analog Input Voltage.
11 17 VREF . Al External Voltage Reference Input.
12 21 Ve P —12 V Analog Supply Voltage.
13 22,23 Vob P +5 V Logic Supply Voltage.
14 26 SCLK DO Clock Output for Data Read, derived from CLK.
15 27 BUSY DO Status Line for Converter. Active HIGH, indicating a conversion or
calibration in progress.
16 28 CAL DI "Calibration Control Pin.
6,7 4,5,9,10, 11, | NC - No Connection. No connections should be made to these pins.
13, 14, 18, 19,
20, 24, 25
Type: Al = Analog Input
DI = Digital Input
DO = Digital Output
P = Power
I R s [

 soam 5]

ok [2]
oano [7]

5] sus

14 | SCLK
13| Voo

AD677
Vee E (N:torov;owh) E Vee
NC E E VRer
w & ]
aanp [3] o] ;g::s
NC = NO CONNECT
DIP Pinout
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ax [2]

' SDATA ]
e

ne [5]
oano1 [6]
panp2 [7]

NC |11

AN [i2]

NC |43

ne [14

SOIC Pinout
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NYQUIST FREQUENCY

An implication of the Nyquist sampling theorem, the “Nyquist
frequency” of a converter is that input frequency which is one
half the sampling frequency of the converter.

TOTAL HARMONIC DISTORTION

Total harmonic distortion (THD) is the ratio of the rms sum of
the harmonic components to the rms value of a full-scale input
signal and is expressed in percent (%) or decibels (dB). For
input signals or harmonics that are above the Nyquist fre-
quency, the aliased components are used.

SIGNAL-TO-NOISE PLUS DISTORTION RATIO
Signal-to-noise plus distortion is defined to be the ratio of the
rms value of the measured input signal to the rms sum of all
other spectral components below the Nyquist frequency, includ-
ing harmonics but excluding dc.

+/— FULL-SCALE ERROR

The last + transition (from 011 ... 10 to 011 ... 11) should
occur for an analog voltage 1.5 LSB below the nominal full
scale (4.99977 volts for a +5 V range). The full-scale error is
the deviation of the actual level of the last transition from the
ideal level.

BIPOLAR ZERO ERROR

Bipolar zero error is the difference between the ideal midscale
input voltage (0 V) and the actual voltage producing the mid-
scale output code.

DIFFERENTIAL NONLINEARITY (DNL)

In an ideal ADC, code transitions are one LSB apart. Differen-

tial nonlinearity is the maximum deviation from this ideal value.
It is often specified in terms of resolution for which no missing

codes are guaranteed.

INTEGRAL NONLINEARITY (INL)

The ideal transfer function for an ADC is a straight line bisect-
ing the center of each code drawn between “zero” and “full
_scale.” The point used as “zero” occurs 1/2 LSB before the most
negative code transition. “Full scale” is defined as a level

1.5 LSB beyond the most positive code transition. Integral non-
linearity is the worst-case deviation of a code center average
from the straight line.

BANDWIDTH

The full-power bandwidth is that input frequency at which the
amplitude of the reconstructed fundamental is reduced by 3 dB
for a full-scale input.

REV. A
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INTERMODULATION DISTORTION (IMD)

With inputs consisting of sine waves at two frequencies, fa and
fb, any device with nonlinearities will create distortion products,
of order (m+n), at sum and difference frequencies of mfa +
nfb, wherem,n = 0, 1, 2, 3. . . . Intermodulation terms are
those for which m or n is not equal to zero. For example, the
second order terms are (fa + fb) and (fa — fb), and the third
order terms are (2 fa + fb), (2 fa — fb), (fa + 2 fb) and (fa —

2 fb). The IMD products are expressed as the decibel ratio of
the rms sum of the measured input signals to the rms sum of
the distortion terms. The two signals applied to the converter
are of equal amplitude, and the peak value of their sum is

—0.5 dB from full scale. The IMD products are normalized to.a
0 dB input signal.

APERTURE DELAY .
Aperture delay is the time required after SAMPLE pin is taken
LOW for the internal sample-hold of the AD677 to open, thus
holding the value of Vyy.

APERTURE JITTER
Aperture jitter is the variation in the aperture delay from sample
to sample.

POWER SUPPLY REJECTION

DC variations in the power supply voltage will affect the overall
transfer function of the ADC, resulting in zero error and full-
scale error changes. Power supply rejection is the maximum
change in either the bipolar zero error or full-scale error value.
Additionally, there is another power supply variation to con-
sider. AC ripple on the power supplies can couple noise into the
ADC, resulting in degradation of dynamic performance. This is
displayed in Figure 15.

INPUT SETTLING TIME

Settling time is a function of the SHA’s ability to track fast
slewing signals. This is specified as the maximum time required
in track mode after a full-scale step input to guarantee rated
conversion accuracy.

NOISE/DC CODE UNCERTAINTY

Ideally, a fixed dc input should result in the same output code
for repetitive conversions. However, as a consequence of
unavoidable circuit noise within the wideband circuits in the
ADC, there is a range of output codes which may occur for a
given input voltage. If you apply a dc signal to the ADC and
record a large number of conversions, the result will be a distri-
bution of codes. If you fit a Gaussian probability distribution to
the histogram, the standard deviation is approximately equiva-
lent to the rms input noise of the ADC.
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FUNCTIONAL DESCRIPTION - -

The AD677 is a multipurpose 16-bit analog- o-dlgltal converter

and includes circuitry which performs an input sample/hold
function, ground sense, and autocalibration. These functions are
segmented onto two monolithic chips—an analog signal proces-
sor and a digital controller. Both ch:ps are contamed thlun the
AD677 package.

" . The AD677 employs a successive-approximation technique o

determine the value of the analog input voltage. However,
instead of the traditional laser-trimmed resistor-ladder approach,
this device uses a capacitor-array, charge redistribution tech- -
nique. Binary-weighted capacitors subdivide the input sample to
perform the actual analog-to-digital conversion. The capacitor
array eliminates variation in the linearity of the device due to
temperature-induced mismatches of resistor values. Since a
capacitor array is used to perform the data conversions, the
sample/hold function is included, without the need for addmonal
external circuitry.

Initial errors in capacitor matchmg are ehmmated by an auto-
calibration circuit within the AD677. This circuit employs an
on-chip microcontroller and a calibration DAC to measure and
compensate capacitor mismatch errors. As each error is deter-
mined, its value is stored in on-chip memory (RAM). Subse-
quent conversions use these RAM values to improve. conversion
accuracy. The autocalibration routine may be invoked at any
time. Autocalibration insures high performance while eliminat-
ing the need for any user adjustments and is described in detail
below.

The microcontroller controls all of the various functions-within
the AD677. These include the actual sticcessive approximation -
algorithm, the autocalibration routine, the sample/hold opera-
tion, and the internal output data latch.

AUTOCALIBRATION

The AD677 achieves rated performance without the need for
user trims or adjustments. This is accomphshed through the use:
of on-chip autocalibration.

In the autocalibration sequence, sample/hold offset is nulled by
internally connecting the input circuit to the ground sense cir-
cuit. The resulting offset voltage is measured and stored in
RAM for later use. Next, the capacitor representing the most .
significant bit (MSB) is, charged to the reference voltage. This
charge is then transferred to a capacitor of equal size (composed
of the sum of the remaining lower weight bits). The voltage that
results represents the amount of capacitor mismatch. A calibra-
tion digital-to-analog converter (DAC) adds an appropriate value
of error correction voltage to cancel this mismatch. This correc-
tion factor is also stored in RAM. This process is repeated for
each of the eight remaining capacitors representing the top nine
bits. The accumulated values in RAM are then used during sub-
sequent conversions to adjust conversion results accordingly.

As shown in Figure 1, when CAL is taken HIGH the AD677
internal circuitry is reset, the BUSY pin is driven HIGH, and
the ADC prepares for calibration. This is an asynchronous hard-
ware reset and will interrupt any conversion or calibration cur-
rently in progress. Actual calibration begins when CAL is taken
LOW and completes in 85,532 clock cycles, indicated by BUSY
going LOW. During calibration, it is preferable for SAMPLE to

2-64 ANALOG-TO-DIGITAL CONVERTERS

be held LOW. If SAMPLE is HIGH, diagnostic data will
appear on SDATA. This data is of no value to the user. -

In most applications, it is sufficient to calibrate the AD677 only
upon power-up, in which ¢ase care should be taken that the
power supplies and voltage reference have stabilized first. If cali-
bration is not performed, the AD677 may come up in an unknown
state, or performance could degrade to as low as 10 bits.

CONVERSION CONTROL ) N
The AD677 is controlled by two signals: SAMPLE and CLK, as’
shown in Figure 2. It is assumed that the part has been cali-
brated and the digital I/O pins have the levels shown at the start
of the timing diagram.

A conversion consists of an input acquisition followed by 17

clock pulses which execute the 16-bit internal successive approx-
imation routine. The analog input is acquired by taking the.
SAMPLE line HIGH for a minimum sampling time of tg. The
actual sample taken is the voltage present on Vy one aperture
delay after the SAMPLE line is brought LOW, assuming the
previous conversion has completed (signified by BUSY going
LOW). Care should be taken to ensure that this negative edge is
well defined and jitter free in ac applications to reduce the
uncertainty (noise) in signal acquisition. With SAMPLE going
LOW, the AD677 commits itself to the conversion—the input at
V| is disconnected from the internal capacitor array, BUSY
goes HIGH, and the SAMPLE input will be ignored until the
conversion js completed (when BUSY goes LOW). SAMPLE
must be held LOW for a minimum period of time tg; . A period
of time tgcp after bringing SAMPLE LOW, the 17 CLK cycles
are applied; CLK pulses that start before this period of time are
ignored.. BUSY goes HIGH tgy after SAMPLE goes LOW, sig-
nifying that a conversion is in process, and remains HIGH until
the conversion is completed. As indicated in Figure 2, the twos
complement output data is presented MSB first. This data may
be captured with the rising edge of SCLK or the falling edge of
CLK, beginning with pulse #2. The AD677 will ignore CLK
after BUSY has gone LOW and SDATA or SCLK will not
change until a new sample is acquired.

CONTINUOUS CONVERSION

For maximum throughput rate, the AD677 can be operated ina.
continuous convert mode. This is accomplished by utilizing the
fact that SAMPLE will no longer be ignored after BUSY goes
LOW, so an acquisition may be initiated even during the HIGH
time of the 17th CLK pulse for maximum throughput rate while - -
enabling full settling of the sample/hold circuitry. If SAMPLE is
already HIGH during the rising edge of the 17th CLK, then an
acquisition is immediately initiated approximately 100 ns after -
the rising edge of the 17th clock pulse.

Care must be taken to adhere to the minimum/maximum timing
requirements in order to preserve conversion accuracy.

GENERAL CONVERSION GUIDELINES

During signal acquisition and conversion, care should be taken
with the logic inputs to avoid digital feedthrough noise. It is
possible to run CLK continuously, even during the sample
period. However, CLK edges during the sampling period, and
especially when SAMPLE goes LOW, may inject noise into the
sampling process. The AD677 is tested with no CLK cycles
during the sampling period. The BUSY signal can be used to
prevent the clock from running during acquisition, as illustrated
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in Figure 3. In this circuit BUSY is used to reset the circuitry
which divides the system clock down to provide the AD677
CLK. This serves to interrupt the clock until after the input
signal has been acquired, which has occurred when BUSY goes
HIGH. When the conversion is completed and BUSY goes
LOW, the circuit in Figure 3 truncates the 17th CLK pulse
width which is tolerable because only its rising edge is critical.

12.288MHz
SYSTEM
CLOCK

Figure 3.

Figure 3 also illustrates the use of a counter (74HC393) to
derive the AD677 SAMPLE command from the system clock
when a continuous convert mode is desirable. Pin 9 (2QC) pro-
vides a 96 kHz sample rate for the AD677 when used with a
12.288 MHz system clock. Alternately, Pin 8 (2QD) could be
used for a 48 kHz rate.

If a continuous clock is used, then the user must avoid CLK
edges at the instant of disconnecting Vi which occurs at the
falling edge of SAMPLE (see tgcp specification). The duty
cycle of CLK may vary, but both the HIGH (tc) and LOW
(ter) phases must conform to those shown in the timing specifi-
cations. The internal comparator makes its decisions on the ris-
ing edge of CLK. To avoid a negative edge transition disturbing
the comparator’s settling, to; should be at least half the value of
tepk. It is not recommended that the SAMPLE pin change state
toward the end of a CLK cycle, in order to avoid transitions
disturbing the internal comparator’s settling.

During a conversion, internal dc error terms such as comparator
voltage offset are sampled, stored on internal capacitors and used
to correct for their corresponding errors when needed. Because
these voltages are stored on capacitors, they are subject to leak-
age decay and so require refreshing. For this reason there is a
maximum conversion time ts (1000 ps). From the time SAMPLE
goes HIGH to the completion of the 17th CLK pulse, no more
than 1000 ps should elapse for specified performance. However,
there is no restriction to the maximum time between individual
conversions. :

Output coding for the AD677 is twos complement as shown in
Table 1. The AD677 is designed to limit output coding in the
event of out-of-range input.
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Table I. Serial Output Coding Format (Twos Complement)

Vin Output Code
<Full Scale 011...11
Full Scale o11...11
Full Scale — 1 LSB 011...10
Midscale + 1 LSB 000 ...01
Midscale 000 . ..00
Midscale — 1 LSB 11...11
—Full Scale + 1 LSB 100 .. .01
—Full Scale 100 ... 00
<—Full Scale 100 .. .00

POWER SUPPLIES AND DECOUPLING

The AD677 has three power supply input pins. Vo and Vgg
provide the supply voltages to operate the analog portions of the
AD677 including the capacitor DAC, input buffers and compar-
ator. Vo, provides the supply voltage which operates the digital
portions of the AD677 including the data output buffers and the
autocalibration controller.

As with most high performance linear circuits, changes in the
power supplies can produce undesired changes in the perfor-
mance of the circuit. Optimally, well regulated power supplies
with less than 1% ripple should be selected. The ac output
impedance of a power supply is a complex function of fre-
quency, and in general will increase with frequency. In other
words, high frequency switching such as that encountered with
digital circuitry requires fast transient currents which most
power supplies cannot adequately provide. This results in volt-
age spikes on the supplies. If these spikes exceed the +5% toler-
ance of the =12 V supplies or the +10% limits of the +5 V
supply, ADC performance will degrade. Additionally, spikes at
frequencies higher than 100 kHz will also degrade performance.
To compensate for the finite ac output impedance of the sup-
plies, it is necessary to store “reserves” of charge in bypass
capacitors. These capacitors can effectively lower the ac imped-
ance presented to the AD677 power inputs which in turn will
significantly reduce the magnitude of the voltage spikes. For
bypassing to be effective, certain guidelines should be followed.
Decoupling capacitors, typically 0.1 pF, should be placed as
closely as possible to each power supply pin of the AD677. It is
essential that these capacitors be placed physically close to the
IC to minimize the inductance of the PCB trace between the
capacitor and the supply pin. The logic supply (Vpp) should be
decoupled to digital common and the analog supplies (V¢ and
Vgg) to analog common. The reference input is also considered
as a power supply pin in this regard and the same decoupling
procedures apply. These points are displayed in Figure 4.

+5V Voo AD677
DGND AGND Vee
G
o] . ] 1
1
0.1uF O1uF
== ot
SYSTEM  SYSTEM .
DIGITAL  ANALOG AV 12y
COMMON  COMMON

Figure 4. Grounding and Decoupling the AD677

ANALOG-TO-DIGITAL CONVERTERS 2-65




ADG677

Additionally, it is beneficial to have large capacitors (>47 pF)
located at the point where the power connects to the PCB with
10 pF capacitors located in the vicinity of the ADC to further
reduce low frequency ripple. In systems that will be subjected to
. particularly harsh environmental noise, additional decoupling
may be necessary. RC-filtering on each power supply combined
with dedicated voltage regulation can substantially decrease
power supply ripple effects (this is further detailed in Figure 7).

BOARD LAYOUT

Designing with high resolution data converters requires careful
attention to board layout. Trace impedance is a significant issue.
A 1.22 mA current through a 0.5 Q) trace will develop a voltage
drop of 0.6 mV, which is 4 LSBs at the 16-bit level for a 10 V
full-scale span. In addition to ground drops, inductive and capaci-
tive coupling need to be considered, especially when high accu-
racy analog signals share the same board with digital signals.

Analog and digital signals should not share a common return
path. Each signal should have an appropriate analog or digital
return routed close to it. Using this approach, signal loops
enclose a small area, minimizing the inductive coupling of noise.
Wide PC tracks, large gauge wire, and ground planes are highly
recommended to provide low impedance signal paths. Separate
analog and digital ground planes are also desirable, with a single
interconnection point at the AD677 to minimize interference
between analog and digital circuitry. Analog signals'should be
routed as far as possible from digital signals and should cross

them, if at all, only at right angles. A solid analog ground plane

around the AD677 will isolate it from large switching ground
currents. For these reasons, the use of wire wrap circuit con-
struction will not provide adequate performance; careful printed
circuit board construction is preferred.

GROUNDING

The AD677 has three grounding pins, designated ANALOG
GROUND (AGND), DIGITAL GROUND (DGND) and
ANALOG GROUND SENSE (AGND SENSE). The analog
ground pin is the “high quality” ground reference point for the
device, and should be connected to the analog common point in
the system.

AGND SENSE is intended to be connected to the input signal
ground reference point. This allows for slight differences in level
between the analog ground point in the system and the input
signal ground ‘point. However no more than 100 mV is recom-
mended between the AGND and the AGND SENSE pins for
specified performance.

Using AGND SENSE to remotely sense the ground potential
of the signal source can be useful if the signal has to be carried
some distance to the A/D converter. Since all IC ground cur-
rents have to return to the power supply and no ground leads
are free from resistance and inductance, there are always some
voltage differences from one ground point in a system to another.

Over distance this voltage difference can easily amount to sev-
eral LSBs (in a 10 V input span, 16-bit system each LSB is
about 0.15 mV). This would directly corrupt the A/D input sig-
nal if the A/D measures its input with respect to power ground
(AGND) as shown in Figure 5a. To solve this problem the
AD677 offers an AGND SENSE pin. Figure 5b shows how the
AGND SENSE can be used to eliminate the problem in Fig-
ure Sa. Figure 5b also shows how the signal wires should be

2-66 ANALOG-TO-DIGITAL CONVERTERS

AD677
Vin

--------- AGND

TO POWER

SUPPLY GND
GROUND LEAD

> Igrounp >0

Figure 5a. Input to the A/D Is Corrupted by IR Drop in
Ground Leads: Vi = Vs + AV.

SHIELDED CABLE AD677
V,
SOURCE w
Vs AGND
/ SENSE

AGND
TO POWER
SUPPLY GND

GROUND LEAD — lgrounp >0

Figure 5b. AGND SENSE Eliminates the Problem in
Figure 5a.

shielded in a noisy environment to avoid capacitive coupling. If
inductive (magnetic) coupling is expected to be dominant such

as where motors are present, twisted-pair wires should be used

instead.

The digital ground pin is the reference point for all of the digital
signals that operate the AD677. This pin should be connected to
the digital common point in the system. As Figure 4 illustrated,
the analog and digital grounds should be connected together at
one point in the system, preferably at the AD677.

VOLTAGE REFERENCE

The AD677 requires the use of an external voltage reference.
The input voltage range is determined by the value of the refer-
ence voltage; in general, a reference voltage of n volts allows an
input range of +n volts. The AD677 is specified for a voltage
reference between +5 V and +10 V. A 10 V reference will typi-
cally require support circuitry operated from +15 V supplies; a
5.0 V reference may be used with =12 V supplies. Signal-to-
noise performance is increased proportionately with input signal
range (see Figure 12). In the presence of a fixed amount of sys-
tem noise, increasing the LSB size (which results from increas-
ing the reference voltage) will increase the effective S/(N+D)
performance. Figure 11 illustrates S/(N+D) as a function of ref-
erence voltage. In contrast, dc accuracy will be optimal at lower
reference voltage values (such as 5 V) due to capacitor non-
linearity at higher voitage values.

During a conversion, the switched capacitor array of the AD677
presents a dynamically changing current load at the voltage ref-
erence as the successive-approximation algorithm cycles through
various choices of capacitor weighting. (See the following section
“Analog Input” for a detailed discussion of the Vggy input
characteristics.) The output impedance of the reference circuitry
must be low so that the output voltage will remain sufficiently -
constant as the current drive changes. In some applications, this
may require that the output of the voltage reference be buffered
by an amplifier with low impedance at relatively high frequen-
cies. In choosing a voltage reference, consideration should be
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made for selecting one with low noise. A capacitor connected
between REF IN and AGND will reduce the demands on the
reference by decreasing the magnitude of high frequency compo-
nents required to be sourced by the reference.

Figures 6 and 7 represent typical design approaches.

+
$ 6“#” AD677

Figure 6.

Figure 6 shows a voltage reference circuit featuring the 5 V out-
put AD586. The ADS586 is a low cost reference which utilizes a
buried Zener architecture to provide low noise and drift. Over
the 0°C to +70°C range, the ADS86M grade exhibits less than
1.0 mV output change from its initial value at +25°C. A noise-
reduction capacitor, Cy;, reduces the broadband noise of the
ADS586 output, thereby optimizing the overall performance of
the AD677. It is recommended that a 10 pF to 47 wF high
quality tantalum capacitor and a 0.1 wF capacitor be tied
between the Vgxgp input of the AD677 and ground to minimize
the impedance on the reference.

Using the AD677 with =10 V input range (Vggr = 10 V) typi-
cally requires +15 V supplies to drive op amps and the voltage
reference. If +12 V is not available in the system, regulators
such as 78112 and 79L12 can be used to provide power for the
ADG677. This is also the recommended approach (for any input
range) when the ADC system is subjected to harsh environments
such as where the power supplies are noisy and where voltage
spikes are present. Figure 7 shows an example of such a system
based upon the 10 V AD587 reference, which provides a

300 .V LSB. Circuitry for additional protection against power
supply disturbances has been shown. A 100 pF capacitor at each

Figure 7.
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regulator prevents very large voltage spikes from entering the
regulators. Any power line noise which the regulators cannot
eliminate will be further filtered by an RC filter (10 /10 wF)
having a —3 dB point at 1.6 kHz. For best results the regulators
should be within a few centimeters of the AD677.

ANALOG INPUT

As previously discussed, the analog input voltage range for the
AD677 is +Vggg. For purposes of ground drop and common
mode rejection, the Vi and Vigg inputs each have their own
ground. Vggg is referred to the local analog system ground
(AGND), and Vyy is referred to the analog ground sense pin
(AGND SENSE) which allows a remote ground sense for the
input signal.

The AD677 analog inputs (Vin, Vrer and AGND SENSE)
exhibit dynamic characteristics. When a conversion cycle begins,
each analog input is connected to an internal, discharged 50 pF
capacitor which then charges to the voltage present at the corre-
sponding pin. The capacitor is disconnected when SAMPLE is
taken LOW, and the stored charge is used in the subsequent
conversion. In order to limit the demands placed on the external
source by this high initial charging current, an internal buffer
amplifier is employed between the input and this capacitance for
a few hundred nanoseconds. During this time the input pin- -
exhibits typically 20 kQ input resistance, 10 pF input capaci-
tance and =40 pA bias current. Next, the input is switched
directly to the now precharged capacitor and allowed to fully
settle. During this time the input sees only a 50 pF capacitor.
Once the sample is taken, the input is internally floated so that
the external input source sees a very high input resistance and a
parasitic input capacitance of typically only 2 pF. As a result,
the only dominant input characteristic which must be considered
is the high current steps which occur when the internal buffers
are switched in and out.

In most cases, these characteristics require the use of an external
op amp to drive the input of the AD677. Care should be taken
with op amp selection; even with modest loading conditions,
most available op amps do not meet the low distortion require-
ments necessary to match the performance capabilities of the
AD677. Figure 8 represents a circuit, based upon the AD845,
which will provide excellent overall performance.

For applications optimized more for low distortion and low
noise, the AD845 of Figure 8 may be replaced by the AD743.

AD677

SENSE

Figure 8.
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AC PERFORMANCE

AC parameters, which include S/(N+D), THD, etc., reﬂect the
AD677’s effect on the spectral content of the analog input sig-
nal. Figures 11 through 18 provide information on the AD677’s
ac performance under a variety of conditions.

A perfect n-bit ADC with no errors will yield a theoretical quan-
tization noise of q/A/12, where q is the weight of the LSB. This
relationship leads to the well-known equation for theoretical full-
scale rms sine wave signal-to-noise plus distortion level of

S/(N + D) = 6.02 n + 1.76 dB, here n is the bit resolution.
An actual ADC, however, will yield a measured S/(N + D) less
than the theoretical value. Solving this equation for n using the
measured S/(N + D) value yields the equation for effective
number of bits (ENOB):

[S/AN + D)1 acruar — 1.76 dB
6.02

As a general rule, averaging the results from several conversions
reduces the effects of noise, and therefore improves such param-
eters as S/(N+D). AD677 performance may be optimized by
operating the device at its maximum sample rate of 100 kSPS
and digitally filtering the resulting bit stream to the desired sig-
nal bandwidth. This succeeds in distributing noise over a wider
frequency range, thus reducing the noise density in the fre-
quency band of interest. This subject is discussed in the follow-
ing section.

OVERSAMPLING AND NOISE FILTERING

The Nyquist rate for a converter is defined as one-half its sam-
pling rate. This is established by the Nyquist theorem, which
requires that a signal be sampled at a rate corresponding to at
least twice its highest frequency component of interest in order
to preserve the informational content. Oversampling is a conver-
sion technique in which the sampling frequency is more than
twice the frequency bandwidth of interest. In audio applications,
the AD677 can operate at a 2 X Fg oversampling rate, where

Fs = 48 kHz.

In quantized éystems, the informational content of the analog
input is represented in the frequency spectrum from dc to the
Nyquist rate of the converter. Within this same spectrum are

ENOB =

higher frequency noise and signal components. Antialias, or low '

pass, filters are used at the input to the ADC to reduce these
noise and signal components so that their aliased components do
not corrupt the baseband spectrum. However, wideband noise
contributed by the AD677 will not be reduced by the antialias
filter. The AD677 quantization noise is evenly distributed from
dc to the Nyquist rate, and this fact can be used to minimize its
overall affect.

The AD677 quantization noise effects can be reduced by
oversampling—sampling at a rate higher than that defined by
the Nyquist theorem. This spreads the noise energy over a
bandwidth wider than the frequency band of interest. By judi-
cious selection of a digital decimation filter, noise frequencies
outside the bandwidth of interest may be eliminated.

The process of analog to digital conversion inherently produces
noise, known as quantization noise. The-magnitude of this noise
is a function of the resolution of the converter, and manifests
itself as a limit to the theoretical signal-to-noise ratio achievable.
This limit is described by S/(N+D) = (6.02n + 1.76 + 10 log
Fg/2F,) dB, where n is the resolution of the converter in bits,
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F is the sampling frequency, and Fa is the signal bandwidth of
interest. For audio bandwidth applications, the AD677 is capa-
ble of operating at a 2 X oversample rate (96 kSPS), which typi-
cally produces an improvement in S/(N+D) of 3 dB compared
with operating at the Nyquist conversion rate of 48 kSPS. Over-
sampling has another advantage as well; the demands on the
antialias filter are lessened. In summary, system performance is
optimized by running the AD677 at or near its maximum sam-
pling rate of 100 kHz and digitally filtering the resulting spec-
trum to eliminate undesired frequencies.

DC PERFORMANCE

The self-calibration scheme used in the AD677 compensates for
bit weight errors that may exist in the capacitor array. This
mismatch in capacitor values is adjusted (using the calibration
coefficients) during conversion and provides for excellent dc lin-
earity performance. Figure 19 illustrates the DNL plot of a typi-
cal AD677 at +25°C. A histogram test is a statistical method for
deriving an A/D converter’s differential nonlinearity. A ramp
input is sampled by the ADC and a large number of conversions
are taken and stored. Theoretically the codes would all be the
same size and, therefore, have an equal number of occurrences.
A code with an average number of occurrences would have a
DNL of “0”. A code with more or less than average will have a
DNL of greater than or less than zero LSB. A DNL of —1 LSB_
indicates missing code (zero occurrences).

Figure 20 illustrates the code width distribution of the DNL
plots of Figure 19.

DC CODE UNCERTAINTY : )
Ideally, a fixed dc input should result in the same output code "
for repetitive conversions. However, as a consequence of
unavoidable circuit noise within the wideband circuits in the
ADC, there is range of output codes which may occur for a
given input voltage. If you apply a dc signal to the AD677 and
record 10,000 conversions, the result will be a distribution of
codes as shown in Figure 9 (using a 10 V reference). If you fit a
Gaussian probability distribution to the histogram, the standard
deviation is approximately equivalent to the rms input noise of
ADC.

LB 8 g g gE g

-2 -1 [} 1
DEVIATION FROM CORRECT CODE - LSBs

Figure 9. Distribution of Codes from 10,000 Conversions,
Relative to the Correct Code =
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The standard deviation of this distribution is approximately

0.5 LSBs. If less uncertainty is desired, averaging multiple con-
versions will narrow this distribution by the inverse of the
square root of the number of samples; i.e., the average of 4 con-
versions would have a standard deviation of 0.25 LSBs.

DSP INTERFACE

Figure 10 illustrates the use of the Analog Devices ADSP-2101
digital signal processor with the AD677. The ADSP-2101 FO
(flag out) pin of Serial Port 1 (SPORT 1) is connected to the
SAMPLE line and is used to control acquisition of data. The
ADSP-2101 timer is used to provide precise timing of the FO
pin.

ADSP-2101 AD677
Fo SAMPLE
SCLKO 1 cLk
DR |- SDATA
SERIAL {  gpgp |<=- BUSY
PORT 0
pTo
TFSO

Figure 10. ADSP-2101 Interface

The SCLK pin of the ADSP-2101 SPORTO provides the CLK
input for the AD677. The clock should be programmed to be
approximately 2 MHz to comply with AD677 specifications. To
minimize digital feedthrough, the clock should be disabled (by
setting Bit 14 in SPORTO control register to 0) during data
acquisition. Since the clock floats when disabled, a pull-down
resistor of 12 kQ-15 kQ should be connected to SCLK to
ensure it will be LOW at the falling edge of SAMPLE. To max-
imize the conversion rate, the serial clock should be enabled
immediately after SAMPLE is brought LOW (hold mode).

The AD677 BUSY signal is connected to RF0 to notify
SPORTO when a new data word is coming. SPORTO should be
configured in normal, external, noninverting framing mode and
can be programmed to generate an interrupt after the last data
bit is received. To maximize the conversion rate, SAMPLE
should be brought HIGH immediately after the last data bit is
received.

106

THD

S/(N+D)
\,

TS

86 /'

82

25 35 45 55 65 75 85 95 100
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Figure 11. S/(N+D) and THD vs. Vggg, fs = 100 kHz
(Calibration is not guaranteed below +5 V REF)
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Figure 12. S/(N+D) and THD vs. Input Amplitude,
fs = 100 kHz
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Figure 13. 4096 Point FFT at 100 kSPS, f,, = 1 kHz,
Veer =5V
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Figure 14. 4096 Point FET at 100 kSPS, Fy = 1 kHz, Ver
=10V
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Figure 15. AC Power Supply Rejection (f, = 1.06 kHz)
fsampLe = 96 kSPS, Vgpp e = 0.13 V p-p
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Figure 16. IMD Plot for f,y, = 1008 Hz (fa), 1055 Hz (fb) at
96 kSPS
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Figure 17. AC Performance vs. Clock Period, T, =
+85°C (5 V and 10 V Reference)
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Figure 18. AC Performance Using Minimum Clock Period
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Figure 19. DNL Plot at Vigee = 10V, T = +25°C, fs =
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Figure 20. DNL Error Distribution (Taken from Figdre 19)
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ANALOG
DEVICES

12-Bit 200 kSPS
Complete Sampling ADC

AD678*

FEATURES
AC and DC Characterized and Specified
(K, B and T Grades)
200k Conversions per Second
1 MHz Full Power Bandwidth
500 kHz Full Linear Bandwidth
72 dB S/N+D (K, B, T Grades)
Twos Complement Data Format (Bipolar Mode)
Straight Binary Data Format (Unipolar Mode)
10 MQ Input Impedance
8-Bit or 16-Bit Bus Interface
On-Board Reference and Clock
10 V Unipolar or Bipolar Input Range
Commercial, Industrial and Military Temperature
Range Grades
MIL-STD-883 Compliant Versions Available

PRODUCT DESCRIPTION

The AD678 is a complete, multipurpose 12-bit monolithic
analog-to-digital converter, consisting of a sample-hold amplifier
(SHA), a microprocessor compatible bus interface, a voltage
reference and clock generation circuitry.

The AD678 is specified for ac (or “dynamic’’) parameters such
as S/N+D ratio, THD and IMD which are important in signal
processing applications. In addition, the AD678K, B and T
grades are fully specified for dc parameters which are important
in measurement applications.

The AD678 offers a choice of digital interface formats; the 12
data bits can be accessed by a 16-bit bus in a single read opera-
tion or by an 8-bit bus in two read operations (8+4), with right
or left justification. Data format is straight binary for unipolar
mode and twos complement binary for bipolar mode. The input
has a full-scale range of 10 V with a full power bandwidth of

1 MHz and a full linear bandwidth of 500 kHz. High input
impedance (10 MQ) allows direct connection to unbuffered
sources without signal degradation.

This product is fabricated on Analog Devices’ BIMOS process,
combining low power CMOS logic with high precision, low
noise bipolar circuits; laser-trimmed thin-film resistors provide
high accuracy. The converter utilizes a recursive subranging
algorithm which includes error correction and flash converter
circuitry to achieve high speed and resolution.

The AD678 operates from +5 V and =12 V supplies and dissi-
pates 560 mW (typ). The AD678 is available in 28-pin plastic
DIP, ceramic DIP, and 44 J-leaded ceramic surface mount
packages.

Screening to MIL-STD-883C Class B is also available.

*Protected by U.S. Patent Nos. 4,804,960; 4,814,767; 4,833,345; 4,250,445;
4,808,908; RE30,586.

This is an abridged data sheet. To obtain the most recent version or
complete data sheet, call our fax retrieval system at 1-800-446-6212.
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PRODUCT HIGHLIGHTS

1.

COMPLETE INTEGRATION: The AD678 minimizes
external component requirements by combining a high speed
sample-hold amplifier (SHA), ADC, 5 V reference, clock and
digital interface on a single chip. This provides a fully speci-
fied sampling A/D function unattainable with discrete
designs.

. SPECIFICATIONS: The AD678K, B and T grades provide

fully specified and tested ac and dc parameters. The
ADG678], A and S grades are specified and tested for ac
parameters; dc accuracy specifications are shown as typicals.
DC specifications (such as INL, gain and offset) are impor+
tant in control and measurement applications. AC specifica-
tions (such as S/N+D ratio, THD and IMD) are of value in
signal processing applications.

. EASE OF USE: The pinout is designed for easy board lay-

out, and the choice of single or two read cycle output pro-
vides compatibility with 16- or 8-bit buses. Factory trimming
eliminates the need for calibration modes or external trim-
ming to achieve rated performance.

. RELIABILITY: The AD678 utilizes Analog Devices’

monolithic BiMOS technology. This ensures long term reli-
ability compared to multichip and hybrid designs.

. UPGRADE PATH: The AD678 provides the same pinout as

the 14-bit, 128 kSPS AD679 ADC.

. The AD678 is available in versions compliant with MIL-

STD-883. Refer to the Analog Devices Military Products
Databook or current AD678/883B data sheet for detailed
specifications.
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ADG678 — SPECIFICATIONS

(T 10 Ty Vo = +12V & 5%, Vg = =12V £ 5%, Vop = +5 V' = 10%, fpypre = 200°KSPS,

AC SPEC'FICATIONS fiw = 10.06 kHz unless otherwise noted)'

. ADG678J/A/S AD678K/B/T

Parameter Min Typ Max Min Typ Max Units
SIGNAL-TO-NOISE AND DISTORTION (S/N+D) RATIO

—0.5 dB Input (Referred to —0 dB Input) 70 71 72 73 dB

—20 dB Input (Referred to —20 dB Input) 51 53 dB

—60 dB Input (Referred to —60 dB Input) 11 13 dB
TOTAL HARMONIC DISTORTION (THD) —88 —80 —88 —-80 dB

0.004 0.010 0.004 ~ 0.010 | %

PEAK SPURIOUS OR PEAK HARMONIC COMPONENT —-87 -80 -87 —80 dB
FULL POWER BANDWIDTH 1 1 . MHz
FULL LINEAR BANDWIDTH 500 500 oo kHz
INTERMODULATION DISTORTION (IMD)? )

2nd Order Products -85 —80 -85 -8 . | dB

3rd Order Products . =90 -80 -90 -80 dB
NOTES

'f, amplitude = —0.5 dB (9.44 V p-p) bipolar mode full scale unless otherwise indicated. All measurements referred to a —0 dB (9.997 V p-p) input signal
unless otherwise indicated.
fy = 9.08 kHz, fy = 9.58 kHz, with fsampre = 200 kSPS.

Specifications subject to change without notice.

DIGITAL SPEClFlCATlUNSV (A devics ypes T 10 T Veo = +12V 3 5%, Vg = —12V 2 5%, Vgp = +5V = 10%)

Parameter . . . Test Conditions Min Max Units
LOGIC INPUTS ‘
Via High Level Input Voltage 2.0 Vb \Y%
Vi Low Level Input Voltage : . 0 0.8 V.
In High Level Input Current Vi~x = Vob -10 +10 RA
I Low Level Input Current Vin =0V ' -10 +10 | pA
Cin Input Capacitance 10 pF
LOGIC OUTPUTS
Vou High Level Output Voltage : Iog = 0.1 mA 4.0 v

‘ . Ioyg = 0.5 mA 2.4 v
VoL Low Level Output Voltage IoL = 1.6 mA : 0.4 \Y%
Ioz High Z Leakage Current Vi = 0or Vpp -10 +10 RA
Coz High Z Output Capacitance 10 pF

Specifications subject to change without notice.
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DC SPECIFICATIONS 1, to7,, Ve, = +12V % 5% Ve = —12V = 5%, Vo = +5 V = 10% unless otherwise indicated)

ADG678]J/A/S ADG678K/B/T
Parameter Min Typ Max Min Typ Max Units
TEMPERATURE RANGE
J, K Grades 0 +70 0 +70 °C
A, B Grades —40 +85 —40 +85 °C
S, T Grades —-55 +125 —55 +125 °C
ACCURACY
Resolution 12 12 Bits
Integral Nonlinearity (INL) *1 *0.7 +1 LSB
Differential Nonlinearity (DNL) 12 12 Bits
Unipolar Zero Error (@ +25°C) *4 +2 *3 LSB
Bipolar Zero Error (@ +25°C) +4 +3 +5 LSB
Gain Error (@ +25°C)* 2 +4 +3 +6 LSB
Temperature Drift
Unipolar/Bipolar Zero
J, K Grades +2 *2 *4 LSB
A, B Grades *4 +3 +4 LSB
S, T Grades *5 +4 *5 LSB
Gain®
J, K Grades +4 +4 *6 LSB
A, B Grades +7 +5 *7 LSB
S, T Grades +10 +8 +10 LSB
Gain*
J, K Grades +2 +2 +4 LSB
A, B Grades +4 *3 +4 LSB
S, T Grades +6 +*5 +6 LSB
ANALOG INPUT
Input Ranges
Unipolar Range 0 +10 0 ©+10 \%
Bipolar Range -5 +5 -5 +5 A%
Input Resistance 10 10 MQ
Input Capacitance 10 10 pF
Input Settling Time 1 1 s
Aperture Delay 10 10 ns
Aperture Jitter 150 150 ps
INTERNAL VOLTAGE REFERENCE
Output Voltage® 4.98 5.02 4.98 5.02 A
External Load
Unipolar Mode +1.5 +1.5 mA
Bipolar Mode +0.5 +0.5 mA
POWER SUPPLIES
Power Supply Rejection
Vee = 12V = 5% +2 +2 LSB
Vgg = 12V .+ 5% +2 +2 LSB
Vpp = +5V = 10% +2 +2 LSB
Operating Current
Icc 18 20 18 20 mA
Ige 25 34 25 34 mA
Ino 8 12 8 12 mA
Power Consumption 560 745 560 745 mW

NOTES

!Adjustable to zero.

“Includes internal voltage reference error.
3Includes internal voltage reference drift.
“Excludes internal voltage reference drift.
SWith maximum external load applied.

Specifications subject to change without notice.
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AD678

(All grades, Ty, 10 Tog Voo = +12V = 5%, Vg = —12V £ 5%, Vpp = +5 V = 10% unless

TIMING SPECIFICATIONS “oeres s

Parameter Symbol Min Max Units
SC Delay tsc 50 ns
Conversion Time tc 3.0 4.4 [T
Conversion Rate! ter 5 us
Convert Pulse Width tep 97 ns
Aperture Delay tap 5 20 ns
Status Delay tsp 0 400 ns
Access Time? 3 tga 10 100 ns

10 574 ns
Float Delay® trp 10 80 ns
Output Delay top 0 ns
Format Setup tes 47 ns
OE Delay toE 0 ns
Read Pulse Width trp 97 ns
Conversion Delay tep 150 ns
EOCEN Delay [ 0 ‘ns
NOTES

"Includes acquisition time.

2Measured from the falling edge of OE/EOCEN (0.8 V) to the time at which the data lines/EOC cross 2.0 V or 0.8 V. See Figure 3.

Cogr = 100 pF.
“Cour = 50 pF.

SMeasured from the rising edge of OE/EOCEN (2.0 V) to the time at which the output voltage changes by 0.5 V. See Figure 3; Cour = 10 pF.

Specifications subject to change without notice.

OUTPUT DATA O X DATA 1

NOTES

1IN ASYNCHRONOUS MODE, STATE OF CS DOES NOT AFFECT OPERATION.
SEE THE START CONVERSION TRUTH TABLE FOR DETAILS.

2EOCEN = LOW; SEE FIGURE 2. IN SYNCHRONOUS MODE, EOC IS A THREE-
STATE OUTPUT. IN ASYNCHRONOUS MODE, EOC IS AN OPEN DRAIN OUTPUT.

3DATA SHOULD NOT BE ENABLED DURING A CONVERSION.

Figure 1. Conversion Timing
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EOCEN

le—

let sa ¥ A'm

NOTE

'SEE END-OF-CONVERT (EOC) PARAGRAPH FOR DETAILS.

Figure 2. EOC Timing

TEST

Ver

cOUT

ACCESS TIME HIGH Z TO LOGIC LOW
FLOAT TIME LOGIC HIGH TO HIGH Z
ACCESS TIME HIGH Z TO LOGIC HIGH
FLOAT TIME LOGIC LOW TO HIGH Z,

5V
oV
ov
5V

100 pF
10 pF
100 pF
10 pF

Figure 3. Load Circuit for Bus Timing Specifications
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AD678

ABSOLUTE MAXIMUM RATINGS*

With
With Respect
Respect Specification To Min | Max Units
Specification To Min | Max Units Operating Temperature
Ve AGND | —03 | +18 v J and K Grades 0 +70 °C
Ver AGND | —18 | +0.3 v A and B Grades —40 | +85 °C
Vee Vee —0.3 | +26.4 v S and T Grades =55 | +125 °C
Voo DGND | 0 +7 v Storage Temperature -65 | +150 °C
AGND DGND | -1 +1 v Lead Temperature
AIN, REF, AGND | Vgg | Vee v (10 sec max) +300 °C
Digital Inputs DGND | —0.5 | +7 \Y *Stresses above those listed un}ier “Apsqlute Maximu_m Ratings” may cause
. _ permanent damage to the device. This is a stress rating only and functional
Digital Oquuts DGND 0.5| Vpp +0.3}V operation of the device at these or any other conditions above those indi-
Max Junction cated in the operational sections of this specification is not implied. Expo-
Temperature 175 °C sure to absolute maximum rating conditions for extended periods may affect

device reliability.

ESD SENSITIVITY

The AD678 features input protection circuitry consisting of large ‘“distributed” diodes and
polysilicon series resistors to dissipate both high energy discharges (Human Body Model) and fast,
low energy pulses (Charged Device Model). Per Method 3015.2 of MIL-STD-883C, the AD678
has been classified as a Category 1 device.

WARNING!

Wu

ESD SENSITIVE DEVICE

Proper ESD precautions are strongly recommended to avoid functional damage or performance
degradation. Charges as high as 4000 volts readily accumulate on the human body and test equip-
ment and discharge without detection. Unused devices must be stored in conductive foam or
shunts, and the foam should be discharged to the destination socket before devices are removed.
For further information on ESD precautions, refer to Analog Devices’ ESD Prevention Manual.

ORDERING GUIDE

Model’ Package Temperature Range | Tested and Specified | Package Option>
AD678JN | 28-Pin Plastic DIP 0°C to +70°C AC N-28
AD678KN | 28-Pin Plastic DIP 0°C to +70°C AC + DC N-28
AD678]D | 28-Pin Ceramic DIP 0°C to +70°C AC D-28
AD678KD | 28-Pin Ceramic DIP 0°C to +70°C AC + DC D-28
AD678AD | 28-Pin Ceramic DIP —40°C to +85°C AC D-28
AD678BD | 28-Pin Ceramic DIP —40°C to +85°C AC + DC D-28
ADG678A] 44-Lead Ceramic JLCC | —40°C to +85°C AC J-44
AD678B] 44-Lead Ceramic JLCC | —40°C to +85°C AC + DC J-44
AD678SD | 28-Pin Ceramic DIP —55°C to +125°C AC D-28
AD678TD | 28-Pin Ceramic DIP —55°C to +125°C AC + DC D-28
NOTES

!For details on grade and package offerings screened in accordance with MIL-STD-883, refer to Analog Devices Military Products
Databook or /883 data sheet.
2N = Plastic DIP; D = Ceramic DIP; J = J-Leaded Ceramic Chip Carrier. For outline information see Package Information section.

PIN CONFIGURATIONS
DIP Package JLCC Package
=
Bl el el 28ga
Eocen [1 28] v r|
o [2] |27] eoc NC PIN1 30 [ oB1o
sc 3] [26] pB11 Vee IDENTIFIER 8 E NC
s [4] 5] pe10 Ne a7 a DBS
VE‘E [24] oo AG:; ADE78 :: u :::
an[s bBe TOPVIEW ;
acnD [7] AD678 pB7 REFO:: : % ::
REFOUT [8 (21] pB6 REFIN 32 [] Nc
REFIN [ 9] [20] pes BIPOFF 31 [] pBa
BIPOFF [10] [19] pBa vuc b %D”
ves [1] [18] os b ma
1278 [12] pB2
syNe [13] [16] DB1 (RD) ¥'§ ggeeem F
DGND [14] [15] pBo (HBE) '?' 8 |§' § .
NC = NO CONNECT 23
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ANALOG
DEVICES

-

14-Bit 128 kSPS
‘Complete Sampling ADC

AD679*

FEATURES
AC and DC Characterized and Specifi ied (K BT
Grades)

128k Conversions per Second

1 MHz Full Power Bandwidth

500 kHz Full Linear Bandwidth

80 dB S/N+D (K, B, T Grades)

Twos Complement Data. Format (Blpolar Mode)

Straight Binary Data Format (Unipolar Mode)

10 MQ Input Impedance

8-Bit Bus Interface (See AD779 for 16-B|t Interface)

On-Board Reference and Clock

10 V Unipolar or Bipolar Input Range

Pin Compatible with AD678 12-Bit, 200 kSPS ADC
- MIL-STD-883 Compliant Versions Available

'PRODUCT DESCRIPTION ]

The AD679 is a complete, multipurpose 14-bit monolithic
analog-to-digital converter, consisting of a sample-hold amplifier
(SHA), a microprocessor compatible bus interface, a voltage ref-
erence and clock generation circuitry.

The AD679 is specified for ac (or “dynamic”) parameters such
as S/N+D ratio, THD and IMD which are'important in signal
processing applications. In addition, the AD679K, B and T
grades are fully specified for dc parameters which are important
in measurement applications.

The 14 data bits are accessed in two read operations (8+6), with
left justification. Data format is straight binary for unipolar
mode and twos complement binary for bipolar mode. The input
has a full-scale range of 10 V with a full power bandwidth of

1 MHz and a full linear bandwidth of 500 kHz. High input
impedance (10 MQ) allows direct connection, to unbuffered
sources without signal degradation. Conversions can be initiated
either under microprocessor control or by an extemal clock
asynchronous to the system clock.

This product is fabricated on Analog Devices’ BIMOS process,
combining low power CMOS logic with high precision, low
noise bipolar circuits; laser-trimmed thin-film resistors provide
high accuracy. The converter utilizes a recursive subranging
algorithm which includes error correction and flash converter
circuitry to achieve high speed and resolution.

The AD679 operates from +5 V and =12 V supplies and dissi-
pates 560 mW- (typ.). 28-pin plastic DIP, ceramic ' DIP and 44
J-leaded ceramic surface mount packages are available.

*Protected by U.S. Patent Nos. 4,804,960; 4,814,767; 4,833,345; 4,250,445;
4,808,908; RE 30,586

This is an abridged data sheet. To obtain the most recent version or
complete data sheet, call our fax retrieval system at 1-800-446-6212.
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FUNCTIONAL BLOCK DIAGRAM
e s o EOCEN SYNC 12/8 EOC

AD679
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BIPOFF
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4-BIT FLASH N
AIN AD Vnn‘ |
CONVERTER DGND
AGND ——
- DGND
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PRODUCT HIGHLIGHTS
1. COMPLETE INTEGRATION: The AD679 minimizes
_ external component requirements by combining a high speed
sample-hold amplifier (SHA), ADC, 5 V reference, clock
and digital interface on a single chip. This provides a fully
specified sampling A/D function unattainable with discrete
designs.

* 2. SPECIFICATIONS: The AD679K, B and T grades provide

fully specified and tested ac and dc parameters. The

ADG679], A and S grades are specified and tested for ac

parameters; dc accuracy specifications are shown as typicals.

DC specifications (such as INL, gain and offset) are impor-

tant in control and measurement applications. AC specifica-

tions (such as S/N+D ratio, THD and IMD) are of value in
. signal processing applications.

3. EASE OF USE: The pinout is designed for easy board lay-
out, and the two read output provides compatibility with
8-bit buses. Factory trimming eliminates the need for
calibration modes or external mmmmg to achieve rated
performance.

4. RELIABILITY: The AD679 utilizes Analog Devices’

monolithic BIMOS technology. This ensures long term reli-
ability compared to multichip and hybrid designs.

5. UPGRADE PATH: The AD679 provides the same pinout as
the 12-bit, 200 kSPS AD678 ADC.

6. The AD679 is available in versions compliant with MIL-
STD-883. Refer to the Analog Devices Military Products
Databook or current AD679/883B data sheet for detailed
specifications.
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SPECIFICATIONS ADG79

(T 10 Tya, Vo = +12V % 5%, Ve = —12V = 5%, Vo = +5V = 10%, fqyype = 128 KSPS,

AC SPEC'F'CAT'ONS f,y = 10.009 kHz unless otherwise noted)'

_ AD679J/A/S ADG679K/B/T

Parameter Min Typ Max Min Typ Max Units
SIGNAL-TO-NOISE AND DISTORTION (S/N+D) RATIO '

—0.5 dB Input (Referred to —0 dB Input) 78 79 80 81 dB

—20 dB Input (Referred to —20 dB Input) 58 59 60 61 dB
. —60 dB Input (Reférred to —60 dB Input) 18 19 20 21 dB
TOTAL HARMONIC DISTORTION (THD)

@ +25°C -90 -84 -90 —84 dB

. 0.003  0.006 . 0.003 0.006 %
Tamm 10 Tyax —88 —82 —88 —-82 dB
0.004 0.008 0.004  0.008 %

PEAK SPURIOUS OR PEAK HARMONIC COMPONENT -90 -84 -90 -84 dB
FULL POWER BANDWIDTH 1 1 MHz
FULL LINEAR BANDWIDTH 500 500 kHz
INTERMODULATION DISTORTION (IMD)? :

2nd Order Products -90 -84 -90 —84 dB

3rd Order Products -90 -84 -90 -84 dB

DIGITAL SPECIFICATIONS (i device types Ty to Ty, Veg = +12 V 2 5%, Ve = —12V = 5%, Vg = +5 V = 10%)

Parameter Test Conditions Min Max Units
LOGIC INPUTS

Viu High Level Input Voltage 2.0 Vop \%
Vi Low Level Input Voltage 0 : 0.8 \%
I High Level Input Current Vin =5V -10 +10. | pA
I Low Level Input Current V=0V -10 +10 | pA
Civ Input Capacitance 10 pF
LOGIC OUTPUTS

Vou High Level Output Voltage Iog = 0.1 mA 4.0 \Y%
Iog = 0.5 mA 2.4 \Y
VoL Low Level Output Voltage Ior = 1.6 mA 0.4 \%
Ioz High Z Leakage Current Vin=0o0rs5V —-10 +10 wA
Coz High Z Output Capacitance 10 pF
NOTES

If  amplitude = —0.5 dB (9.44 V p-p) bipolar mode full scale unless otherwise indicated. All measurements referred to a —0 dB (9.997 V p-p) input signal
IN

unless otherwise noted.

’f, = 9.08 kHz, fz = 9.58 kHz, with fg,ppr ¢ = 100 kSPS.

Specifications subject to change without notice.
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AD679

Ty 10 Ty, Voo = +12.V = 5%, Ve = —12V. £ §%, Vyp = +5V = 10% unless

I]C SPEC'F'CA"ONS otherwise indicated)

AD679J/A/S AD679K/B/T
Parameter Min  Typ Max Min Typ Max Units
TEMPERATURE RANGE ‘ -
J, K Grades 0 +70 0 +70 °C -
A, B Grades —40 +85 —40 +85 °C -
S, T Grades -55 +125 =55 +125 °C
ACCURACY
Resolution 14 14 ¢ Bits
Integral Nonlinearity (INL) *2 *1 +2 LSB
Differential Nonlinearity (DNL) 14 14 Bits
Unipolar Zero Error' (@ +25°C) 0.08 0.05 0.07 % FSR*
Bipolar Zero Error! (@ +25°C) 0.08 0.05 0.07 % FSR
Gain Error® 2 (@ +25°C) 0.12 0.09 0.11 % FSR
Temperature Drift
Unipolar Zero®
J, K Grades 0.04 0.04 0.05 % FSR
A, B Grades 0.05 0.05 0.07 % FSR
S, T Grades 0.09 0.09 0.10 % FSR
Bipolar Zero®
J, K Grades 0.02 0.02 0.04 % FSR
A, B Grades 0.04 0.04 0.05 % FSR
S, T Grades 0.08 0.08 0.09 % FSR
Gain®
J, K Grades 0.09 0.09 0.11 % FSR
A, B Grades 0.10 0.10 0.16 % FSR .
S, T Grades 0.20 0.20 0.25 % FSR
Gain*
J, K Grades 0.04 0.04 0.05 % FSR
A, B Grades 0.05 0.05 -0.07 % FSR
S, T Grades 0.09 0.09 0.10 % FSR
ANALOG INPUT
Input Ranges
Unipolar Mode 0 +10 0 +10 \Y%
Bipolar Mode -5 +5 -5 +5 \%
Input Resistance 10 10 MQ
Input Capacitance 10 10 pF
Input Settling Time 1.5 1.5 ns
Aperture Delay 10 10 ns
Aperture Jitter 150 150 ps
INTERNAL VOLTAGE REFERENCE
Output Voltage® 4.98 5.02 4.98 5.02 \
External Load
Unipolar Mode +1.5 +1.5 mA
Bipolar Mode +0.5 +0.5 - mA
POWER SUPPLIES
Power Supply Rejection
Vee = +12V = 5% +6 *6 LSB
Vegg = =12V = 5% +6 *6 LSB
Vpp = +5V = 10% +6 +6 LSB
Operating Current
Icc 18 20 18 20 mA
Igs 25 34 25 34 mA
Ipp 8 12 8 12 mA
Power Consumption 560 745 560 745 mW
NOTES
!Adjustable to zero.
2Includes internal voltage reference error.
®Includes internal voltage reference drift.
“Excludes internal voltage reference drift.
>With maximum external load applied.
*% FSR = percent of full-scale range.
REV.C
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TIMING SPECIFICATIONS

(All device types Ty t0 Tyax, Voo = +12V = 5%, V;; = —12V
* 5%, Vo = +5V = 10%)

Parameter Symbol Min Max Units
SC Delay tse S0 ns
Conversion Time te 6.3 ws
Conversion Rate! ter 7.8 us
Convert Pulse Width tep 0.097 3.0 us
Aperture Delay tap 5 20 ns
Status Delay tsp 0 400 ns
Access Time? 3 tsa 10 100 ns
10 57* ns
Float Delay® tep 10 80 ns
Output Delay top 0 ns
Format Setup tgs 100 ns
OE Delay toE 20 ns
Read Pulse Width trp 195 ns
Conversion Delay tep 400 ns
EOCEN Delay teo 50 ns

NOTES

'Includes Acquisition Time.

2Measured from the falling edge of OE/EOCEN (0.8 V) to the time at which the
data lines/EOC cross 2.0 V or 0.8 V. See Figure 4.

3Corr = 100 pF.

*Cour = 50 pF.

SMeasured from the rising edge of OE/EOCEN (2.0 V) to the time at which the
output voltage changes by 0.5. See Figure 4; Coir = 10 pF.

Specifications subject to change without notice.

ORDERING GUIDE!

Tested

Temperature and Package
Model?  |Package Range Specified |Option®
AD679]N |28-Pin Plastic DIP 0°C to +70°C AC N-28
AD679KN |28-Pin Plastic DIP 0°C to +70°C AC + DC|N-28
AD679JD |28-Pin Ceramic DIP  |0°C to +70°C AC D-28
AD679KD|28-Pin Ceramic DIP  [0°C to +70°C AC + DC|D-28
AD679AD |28-Pin Ceramic DIP | -40°C to +85°C |AC D-28
AD679BD |28-Pin Ceramic DIP | -40°C to +85°C |AC + DC|D-28
AD679SD |28-Pin Ceramic DIP  |-55°C to +125°C|AC D-28
AD679TD |28-Pin Ceramic DIP  |-55°C to +125°C|AC + DC|D-28
ADG679A] |44-Lead Ceramic JLCC|—40°C to +85°C [AC J-44
AD679B] |44-Lead Ceramic JLCC|—40°C to +85°C |AC + DC|J-44
AD679S] |44-Lead Ceramic JLCC|—55°C to +125°C|AC J-44
AD679T] |44-Lead Ceramic JLCC|-55°C to +125°C|AC + DC|J-44
NOTES

!For parallel read (14-Bits) interface to 16-bit buses, see AD779.

2For details grade and package offerings screened in accordance with MIL-
STD-883, refer to the Analog Devices Miliary Products Databook or current
AD679/883B data sheet.

3N = Plastic DIP; D = Ceramic DIP; J = J-Leaded Ceramic Chip Carrier.
For outline information see Package Information section.

REV.C
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NOTES

"IN ASYNCHRONOUS MODE, STATE OF CS DOES NOT AFFECT OPERATION.
SEE THE START CONVERSION TRUTH TABLE FOR DETAILS.

2EOCEN = LOW (SEE FIGURE 3). IN SYNCHRONOUS MODE, EOC IS A THREE-
STATE OUTPUT. IN ASYNCHRONOUS MODE, EOC IS AN OPEN DRAIN OUTPUT.

3DATA SHOULD NOT BE ENABLED DURING A CONVERSION.

Figure 1. Conversion Timing

|

Figure 2. Output Timing

LOW BYTE

teo
e\
I
EOCEN

l
e to 0 "’ ]" tro
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NOTE .

'EOC IS A THREE-STATE OUTPUT IN SYNCHRONOUS
MODE AND AN OPEN DRAIN OUTPUT IN ASYNCHRO-
NOUS. ACCESS (tas) AND FLOAT (tg5) TIMING SPECIFI-
CATIONS DO NOT APPLY IN ASYNCHRONOUS MODE
WHERE THEY ARE A FUNCTION THE TIME CONSTANT
FORMED BY THE 10 pF OUTPUT CAPACITANCE AND
THE PULL-UP RESISTOR.

Figure 3. EOC Timing
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Figure 4. Load Circuit for Bus Timing Specifications
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AD679

ABSOLUTE MAXIMUM RATINGS*

With "
. . Respect : lv:;' ::lsect

Specification To Min | Max Units Specification To Min - | Max Units

Vee - AGND | —03 | +18 v e

Ve , AGND | -18 | +0.3 v Tg;perafure

Vee (Note 1) Vee 0.3 | +26.4 v T o K Grades 0 w70 o

e el R M A and B Grades —40 | +85 °C
S and T Grades =55 | +125 °C

AIN, REFyy AGND | Vgg | Vee v Storage Temperature —65 | +150 °C

Digital Inputs DGND | -0.5 | +7 \Y% Lead Temperature

Digital Outputs DGND | —0.5 | Vpp +0.3 | V (10 se0 o) +300 °C

Max Junction

Temperature 175 °C NOTES

*Stresses above those listed under “Absolute Maximum Ratings” may cause perma-

nent damage to the device. This is a stress rating only and functional operation of the
device at these or any other conditions above those indicated in the operational
sections of this specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.

IThe AD679 is not designed to operate from

ESD SENSITIVITY

*15 V supplies.

The ADG679 features input protection circuitry consisting of large “distributed” diodes and
polysilicon series resistors to dissipate both high energy discharges (Human Body Model) and fast,
low energy.pulses (Charged Device Model). Per Method 3015.2 of MIL-STD-883C, the AD679
has been classified as a Category 1 device.

degradation. Charges as high as 4000 volts readily accumulate on the human body and test equip-

. WARNING! g
Proper ESD precautions are strongly recommended to avoid functional damage or performance W “

ment and discharge without detection. Unused devices must be stored in conductive foam or
shunts, and the foam should be discharged to the destination socket before devices are removed.
For further information on ESD precautions, refer to Analog Devices’ ESD Prevention Manual.

ESD SENSITIVE DEVICE

PIN DESIGNATIONS
DIP Package _JLCC Package

AP

a ~

EOCEN [T] BIgelBelgeL,8¢e 8

BEE minininininininininin

% 3] 6 5 4 3 2 O 4443 42 41 40

sC PIN1

— Nne (] 7 391 | pBe
cs [a] Ver E s IDENTIFIER o a NG
Vee [5] Nc[] o " 37| bes
AN [6] Qeslza an [ 10 36[] pea
acn [7] (Not to Scale) aenp O] 11 Q?S"za - 35[] o83
REFour €] ' REFgur L] 12 - (Not to Scale) %[ ps2
REFyy [9] ne []13 33[] b1
BIPOFF [10] REFy [ 14 327 ne
Vee [1] BIPOFF [ 15 317 peo
DGND [i2] nc []16 307 nC
syne [i3] Vee O} 17 29[ ne

18 19 20 21 22 23 24 25 26 27 28

bako 14 OO0 OO OO

QO OO0 0O OaoLwo oo

22z 22 z200 2z 22

> S T
n a

NC = NO CONNECT
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10-Bit 20 MSPS
Monolithic A/D Converter

AD773A

FEATURES

Monolithic 10-Bit 20 MSPS A/D Converter

Low Power Dissipation: 1.0 W

Signal-to-Noise Plus Distortion Ratio
fin = 1 MHz: 56 dB
fin = 10 MHz: 54 dB

Guaranteed No Missing Codes

On-Chip Track-and-Hold Amplifier

100 MHz Full Power Bandwidth

High Impedance Reference Input

Out of Range Output

Twos Complement and Binary Output Data

Available in Commercial and Military Temperature
Ranges (See Military/Aerospace Reference Manual
for Specifications)

PRODUCT DESCRIPTION

The AD773A is a monolithic 10-bit, 20 Msps analog-to-digital
converter incorporating an on-board, high performance track-
and-hold amplifier (THA). The AD773A converts video band-
width signals without the use of an external THA. The AD773A
implements a multistage differential pipelined architecture with
output error correction logic. The AD773A offers accurate per-
formance and guarantees no missing codes over the full operat-
ing temperature range.

Output data is presented in binary and twos complement for-
mat. An out of range (OTR) signal indicates the analog input
voltage is beyond the specified input range. OTR can be
decoded with the MSB/MSB pins to signal an underflow or
overflow condition. The high impedance reference input allows
multiple AD773As to be driven in parallel from a single
reference.

The combined dc precision and dynamic performance of the
AD773A is useful in a variety of applications. Typical applica-
tions include: video enhancement, HDTV, ghost cancellation,
ultrasound imaging, radar and high speed data acquisition.

The AD773A was designed using Analog Devices’ ABCMOS-1
process which utilizes high speed bipolar and 2-micron CMOS
transistors on a single chip. High speed, precision analog cir-
cuits are now combined with high density logic circuits. Laser
trimmed thin film resistors are used to optimize accuracy and
temperature stability.

The AD773A is packaged in a 28-pin ceramic DIP and is avail-
able in commercial (0°C to +70°C) and military (—55°C to
+125°C) grades.

REV.0

FUNCTIONAL BLOCK DIAGRAM

REFIN REFGND AVpp AGND AVgs DVpp DGND DRVpp DRGND
®

AD773A

(MSB) (LSB)

PRODUCT HIGHLIGHTS

1.

2.

On-board THA

The high impedance differential input THA eliminates the
need for external buffering or sample and hold amplifiers.
The THA offers the choice of differential or single-ended
inputs. Input current is typically 5 pA.

High Impedance Reference Input

The high impedance reference input (200 k() allows direct
connection with standard +2.5 V references, such as the
AD680, AD580 and REF43.

. Output Data Flexibility

Output data is available in bipolar offset and bipolar twos
complement binary format.

. Out of Range (OTR)

The OTR output bit indicates when the input signal is
beyond the AD773A’s input range.

. Military Temperature Range
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AD773A—SPECIFICATIONS

(T 10 Ty With Ay = +5V = 5%, AVge = —5 V 2 5%, DVyy = +5 V & 5%,
DC SPECIFICATIONS v, = +5v = 5%, v, = +2500V unless otherwise indicated)

.

) AD773A) AD773AK
Parameter Min Typ Max Min Typ Max Units
RESOLUTION 10 10 Bits'
DC ACCURACY ‘
Integral Nonlinearity LSB
Tamin t0 Tpax +0.75 +0.75 +2 LSB
- Differential Linearity Error LSB
Trmin 0 Tpax . +0.75 +0.75 *1 LSB
Zero Error 0.5 0.5 35 % FSR
Gain Error 0.5 0.5 3.0 % FSR
No Missing Codes GUARANTEED
ANALOG INPUT :
Input Range 1 1 V pp
Input Current: 5 20 5 20 pA
Input Capacitance 10 10 pF
REFERENCE INPUT
Reference Input Resistance 50 200 50 200 kQ
Reference Input 2.5 2.5 Volts
LOGIC INPUT
High Level Input Voltage +3.5 +3.5 \%
Low Level Input Voltage ‘ +0.5 +0.5 v
High Level Input Current (V;y = DVpp) -10 +10 -10 +10 pA
Low Level Input Current (Viy = 0 V) -10 +10 -10 +10 RA
Input Capacitance ' 10 10 pF
LOGIC OUTPUTS
High Level Output Voltage (Io;; = 0.5 mA) +2.4 +2.4 \%
Low Level Output Voltage (Io;. = 1.6 mA) +0.4 +0.4 \%
POWER SUPPLIES
Operating Voltages
AVpp +4.75 +5.25 +4.75 +5.25 Volts
AVgg -5.25 —4.75 -5.25 -4.75 Volts
DVpps DRV +4.75 +5.25 +4.75 +5.25 Volts
Operating Current
IAVpp 65 80 65 80 mA
TAVgg -115 —140 -115 ~140 mA
IDVpp 10 20 10 20 mA
IDRVpp 10 15 10 15 mA .
POWER CONSUMPTION? 1.0 12 1.0 12 w
POWER SUPPLY REJECTION 10 18 10 18 mV/V
TEMPERATURE RANGE )
Specified (J/K) 0 +70 0 +70 °C
NOTES
ICy =15 pF.
2100% production tested.

Specifications subject to change without notice. See Definition of Specifications for additional information.
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AD773R

(T 10 Tyax With AVpp = +5V % 5%, AVgg = —5V = 5%, DVyy = +5V = 5%, DRVyy = +5V
AC SPECIHCATIONS zmg%, V::: = +2..':'lll,0 V unless otherwisesisndicated, fsampLe = Z%D Msps, f,y amplitude =nn—0.5 dB)

AD773A) : AD773AK
Parameter Min Typ Max Min Typ Max. Units
DYNAMIC PERFORMANCE!
Signal-to-Noise plus Distortion
(S/N+D) Ratio
fix = 1 MHz 52 56 54 56 dB
foe = 10 MHz 50 54 51 54 dB
Effective Number of Bits (ENOB)
fin = 1 MHz 9.0 9.0 Bits
fin = 10 MHz 8.7 8.7 Bits
Total Harmonic Distortion (THD)
fiw = 1 MHz -67 -57 -67 -59 dB
fin = 10 MHz -65 -54 -65 -55 dB
Spurious Free Dynamic Range? 70 70 dB
Full Power Bandwidth 100 100 MHz
Intermodulation Distortion (IMD)?
Second Order Products -69 -69 dB
Third Order Products —64 —64 dB
Differential Phase 0.2 0.2 Degree
Differential Gain 0.5 0.5 %
Transient Response . 25 25 ns
Overvoltage Recovery Time 25 25 ns
NOTES
!For typical dynamic performance curves at fg,yp e = 20 Msps see Figures 2 through 7.
e = 1 MHz.

3fa = 1.0 MHz, fb = 1.05 MHz.
Specifications subject to change without notice.

(for all grades Ty 10 Tya With AVpp = +5 V = 5%, AVgg = —5 V % 5%, DVpy = +5 V = 5%,

TIMING SPECIFICATIONS orv,, = +5 v = 5%, Vg, = +2.500 V unless otherwise indicated, fguypyc = 20 Msps)

Symbol Min Typ Max Units
Conversion Rate 20 Msps
Clock Period teLk 50 ns
Clock High tcu 24.5 ns
Clock Low ter 24.5 ns
Output Delay top 20 ns
Aperture Delay ' 7 ns
Aperture Jitter 9 ps
Pipeline Delay (Latency) 4 Clock Cycles

N
VIN N+1

'l tc .'
ST [V Y R W R VY B W R W A
o |t | —! — 10

s XXX XXX

Figure 1. AD773A Timing Diagram

REV.0 ‘ i ANALOG-TO-DIGITAL CONVERTERS 2-83



AD773A

CAUTION i . . :

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily
accumulate on the human body and test equipment and can discharge without detection.
Although the AD773A features proprietary ESD protection circuitry, permanent damage may
occur on devices subjected to high energy electrostatic -discharges. Therefore, proper ESD

WARNING!

W«

precautions are recommended to avoid performance degradation or loss of functionality. ESD SENSITIVE DEVICE
ABSOLUTE MAXIMUM RATINGS* PIN CONFIGURATION
Parameter With Respect to | Min | Max | Units v ——r A 4 AGND
AVpp AGND -05({+65 |V
AV AGND -6.5]+05 |V werw 2] 2 Ve
Vinas Vig AGND . -6.5|+65 |V aves [3] 125] v
DVpp, DRV, DGND, DRGND | -0.5|+6.5 |V AV [4] o 28] Aves
AGND DGND, DRGND | -1.0| +1.0 |V oo [5] APTT3A Rl oves
AVpp DVpp; DRVp, -6.5|+05 |V © ToPVIEW
CLK DVpp, DRV, | —6.5]+0.5 |V oawo [e] (Not to Scale) B oK
REFIN REFGND, AGND | —0.5 | +6.5 |V DRVpp [ 7] [22] bRV o
Junction Temperature +150 | °C DRGND ] ) 1] DRGND
Storage Temperature —-65 | +150 | °C
Lead Temperature BIT 10(L58) E E OTR
(10 sec) +300 | °C 8o [10] 10] B
' : BIT8 E E BIT 1 (MSB)
*Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only and functional BIT7 E E BIT2
operation of the device at these or any other conditions above those indicated BIT6 E E BIT3
in the operational sections of this specification is not implied. Exposure to
absolute maximum ratings for extended periods may affect device reliability. BITS E : E BIT4.
ORDERING GUIDE!
Temperature Package
Model Range Description Option®
AD773AJD |. 0°C to +70°C | 28-Pin Ceramic DIP | D-28
AD773AKD | 0°C to +70°C | 28-Pin Ceramic DIP | D-28
NOTES
See Military/Aerospace Reference Manual for AD773ASD/883B
specifications.
2D = Ceramic DIP. For outline information see Package Information section.
PIN DESCRIPTION
Symbol Pin No. | Type | Name and Function
AGND 5, 28 P Analog Ground.
AVpp 4 P +5 V Analog Supply.
AV 3,25 P —5 V Analog Supply.
MSB 19 DO Inverted Most Significant Bit. Provides twos complement output data format.
OTR 20 DO Out of Range is Active HIGH on the leading edge of Code 0 or the trailing edge of Code 1023.
See Output Data Format Table II.
BIT 1 (MSB) | 18 DO Most Significant Bit.
BIT 2-BIT 9 | 17-10 DO Data Bit 2 through Data Bit 9.
BIT 10 (LSB) | 9 DO Least Significant Bit. i )
CLK 23 DI Clock Input. The'AD773A will initiate a conversion on the falling edge of the clock input. See the
} Timing Diagram for details.
DVpp 24 P +5 V Digital Supply.
DRVpp 7,22 P +5 V Digital Supply for the output drivers.
- DGND 6 P Digital Ground.
DRGND 8,21 P Digital Ground for the output drivers.
REFGND 1 Al REFGND is connected to the ground of the external reference.
REFIN 2 Al REFIN is the external 2.5 V reference input, taken with respect to REFGND.
Vina 26 Al (+) Analog input signal to the differential input THA.
Vins 27 Al (-) Analog input signal to the differential input THA.

Type: Al = Analog Input; DI = Digital Input; DO = Digital Output; P = Power.
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INTEGRAL NONLINEARITY (INL)

Linearity error refers to the deviation of each individual code
from a line drawn from “zero” through “full scale.” The point
used as “zero” occurs 1/2 LSB before the first code transition.
“Full scale” is defined as a level 1 1/2 LSB beyond the last code
transition. The deviation is measured from the center of each
particular code to the true straight line.

DIFFERENTIAL LINEARITY ERROR (DNL, NO
MISSING CODES)

An ideal ADC exhibits code transitions that are exactly 1 LSB
apart. DNL is the deviation from this ideal value.

ZERO EROR

The major carry transition should occur for an analog value 1/2
LSB below analog common. Zero error is defined as the devia-
tion of the actual transition from that point.

GAIN ERROR

The first code transition should occur for an analog value 1/2
LSB above nominal negative full scale. The last transition
should occur 1 1/2 LSB below the nominal positive full scale.
Gain error is the deviation of the actual difference between first
and last code transitions and the ideal difference between first
and last code transitions.

POWER SUPPLY REJECTION .

One of the effects of power supply variation on the performance
of the device will be a change in gain error. The specification
shows the maximum gain error deviation as the supplies are var-
ied from their nominal values to their specified limits.

SIGNAL-TO-NOISE PLUS DISTORTION (S/N+D)
RATIO

S/N+D is the ratio of the rms value of the measured input sig-
nal to the rms sum of all other spectral components including
harmonics but excluding dc. The value for S/N+D is expressed
in decibels.

EFFECTIVE NUMBER OF BITS (ENOB)
ENOB is calculated from the following expression:

S/N+D = 6.02N + 1.76, where N is equal to the effective
number of bits.

TOTAL HARMONIC DISTORTION (THD)

THD is the ratio of the rms sum of the first six harmonic com-
ponents to the rms value of the measured input signal and is
expressed as a percentage or in decibels.

SPURIOUS FREE DYNAMIC RANGE

The peak spurious or peak harmonic component is the largest
spectral component excluding the input signal and dc. This
value is expressed in decibels relative to the rms value of a full-
scale input signal.

REV. 0

Definitions of Specifications—AD773A

INTERMODULATION DISTORTION (IMD)

With inputs consisting of sine waves at two frequencies, fa and
fb, any device with nonlinearities will create distortion products,
of order (m+n), at sum and difference frequencies of mfa+nfb,
where m, n = 0, 1, 2, 3 . . . . Intermodulation terms are those
for which m or n is not equal to zero. For example, the second
order terms are (fa+fb) and (fa—fb) and the third order terms
are (2fa+fb), (2fa—fb), (fa+2fb) and (fa—2fb). The IMD prod-
ucts are expressed as the decibel ratio of the rms sum of the
measured input signals to the rms sum of the distortion terms.
The two signals are of equal amplitude and the peak value of
their sums is —0.5 dB from full scale. The IMD products are
normalized to a 0 dB input signal.

DIFFERENTIAL GAIN

The percentage difference between the output amplitudes of a
small high frequency sine wave at two stated levels of a low fre-
quency signal on which it is superimposed.

DIFFERENTIAL PHASE

The difference in the output phase of a small high frequency
sine wave at two stated levels of a low frequency signal on which
it is superimposed.

TRANSIENT RESPONSE
The time required for the AD773A to achieve its rated accuracy
after a full-scale step function is applied to its input.

OVERVOLTAGE RECOVERY TIME

The time required for the ADC to recover to full accuracy after
an analog input signal 150% of full scale is reduced to 50% of
the full-scale value.

APERTURE DELAY

The difference between the switch delay and the analog delay of
the THA. This effective delay represents the point in time, rela-
tive to the falling edge of the CLOCK input, that the analog
input is sampled.

APERTURE JITTER
The variations in aperture delay for successive samples.

PIPELINE DELAY (LATENCY)

The number of clock cycles between conversion initiation and
the associated output data being made available. New output
data is provided every clock cycle.

FULL POWER BANDWIDTH

The input frequency at which the amplitude of the recon-
structed fundamental is reduced by 3 dB for a full-scale input.
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AD773A—Dynamic Characteristics
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Theory of Operation

The AD773A uses a pipelined multistage architecture with a
differential input, fast settling track-and-hold amplifier (THA).
Traditionally, high speed ADCs have used parallel, or flash
architectures. When compared to flash converters, multistage
architectures reduce the power dissipation and die size by reduc-
ing the number of comparators. For example, the AD773A uses
48 comparators compared to 1023 comparators for a 10-bit flash
architecture.

The AD773A’s main signal path transmits differential current
mode signals. Low impedance current summing techniques are
employed, increasing speed by reducing sensitivity to parasitic
capacitances. Pipelining allows the stages to operate concurrently
and maximizes system throughput.

The input THA is followed by three 4-bit conversion stages. At
any given time, the first stage operates on the most recent sam-
ple, while the second stage operates on a signal dependent on
the previous sample. This process continues throughout all three
stages. The twelve digital bits provided by the three 4-bit stages
are combined in the correction logic to produce a 10-bit repre-
sentation of the sampled analog input.

Pipeline delay, or latency, is four clock cycles. New output data
is provided every clock cycle and is provided in both binary and
twos complement format. The AD773A will flag an out-of-range
condition when the analog input exceeds the specified analog
input range. )

Applying the AD773A

DRIVING THE AD773A INPUT

The AD773A may be driven in a single-ended or differential
fashion. Vi, is the positive input, and Vyg is the negative
input. In the single-ended configuration either Vi, or Viyg is
connected to Analog Ground (AGND) while the other input is
driven with a full-scale input of =500 mV p-p. An inverted
mode of operation can be achieved by simply interchanging the
input connections.

Both inputs of the AD773A, Vi, and Vg, are high imped-
ance and do not need to be driven by a low impedance source.
Note, however, that as the source impedance increases, the
input node becomes more susceptible to noise. The increased
noise at the input will degrade performance. A 10 pF capacitor
across Viya and Vyyg as shown in Figure 8 is recommended to
bypass high frequency noise. ‘

+500mV
WTE vm‘

10pF | AD773A

Vie

Figi/re 8. AD773A Single-Ended Input Cbnnéction
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AD773A

INPUT CONDITIONING

In some cases, it may be appropriate to buffer the input source,
add dc offset, or otherwise condition the input signal of the
AD773A. Choosing an appropriate op amp will vary with system
requirements and the desired level of performance. Some sug-
gested op amps are the AD9617, AD842; and AD827. .

Figure 9 shows a typical application where a unipolar signal is
level shifted to the bipolar input range of the AD773A. Note
that the reference used with the AD773A can also provide a
noise-free voltage source to generate the dc offset.

2.49kQ 499Q
+2.5V

—>- Vina
ANALOG 4890

INPUT
(0TO +1V)
2.49kQ

Figure 9. Unipolar to Bipolar Input Connection

DIFFERENTIAL INPUT CONNECTIONS

Operating the AD773A with fully differential inputs. offers the
advantage of rejecting common-mode signals. present on both
Vina and Viyg. The full-scale input range of Vi, and Ving
when driven differentially is =250 mV p-p as shown-in Table I.

Table I. AD773A’s Maximum Differential Input Voltage

Vina . Vine Vina~Vine
+250 mV | —250 mV | +500 mV
=250 mV | +250 mV | —500 mV

In some applications it may be desirable to convert a single-
ended signal to a differential signal before being applied to the
AD773A. Figure 10 shows a single-ended to differential video
line driver capable of driving doubly terminated cables.

510Q
510Q
- 75Q Vine
AAA
ANALOG + vy
INPUT 50
(+500mV)
5100
510Q
750 ViNa
75Q

Figure 10. Single-Ended to Differential Connection
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AD773A

REFERENCE INPUT .

The AD773A’s high impedance reference input allows direct
connection with standard voltage references. Unlike the resistor
ladder requirements of a flash converter the AD773A’s single
pin, high impedance input can be driven from one low cost, low
power reference. The high impedance input allows multiple
AD773A’s to be driven from one reference thus minimizing drift
errors. . )

Figure 11 shows the AD773A connected to the AD680. The
AD680 is a single supply, low power, low cost 2.5 V reference
with performance specifications ideally suited for the AD773A.
The low pass filter minimizes the AD680’s wideband noise.
Other recommended 2.5 V references are the AD580 and
REF43.

REFIN
AD773A

1) REF GND

0.1uF

Figure 11. Recommended AD773A to 4D680 Connection

CLOCK INPUT : :

The AD773A’s pipelined architecture operates on both the ris-
ing and falling edges of the clock input. A low jitter, symmetri-
cal clock will provide the highest level of performance. The
recommended logic family to drive the clock input is HC. The
AD773A’s minimum clock half cycle may necessitate the use

of an external divide-by-two circuit as shown in Figure 12.
Power dissipation will vary with input clock frequency as shown
in Figure 13.

40MHz O—>

a|-ocLk

Figure 12. Divide-by-Two Clock Circuit
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Figure 13. Power Dissipation vs. Sample Frequency

EQUIVALENT ANALOG INPUT CIRCUIT

The AD773A equivalent analog input circuit is shown in Fig-
ure 14. The typical input bias current is 5 pA, while input
capacitance is typically 5 pF. In the single-ended input configu-
ration one input is connected to AGND while the second input
is driven to full scale (+500 mV). Under nominal conditions the
collector of the'input transistor is at +1.15 V. This allows sig- )
nals to be offset by up to +0.65 V without significantly degrad-
ing performance. In the negative direction, the emitter of the
input transistor should not drop below —1.25 V. Therefore, sig-
nals can be offset by —0.65 V without significant performance
degradation. Figure 15 shows signal-to-noise ratio vs. common-
mode input voltage. :

+5V

1.0mA

AIN

+1.15V
“1Vp-p '

AD773A

Figure 14. ) Equivalent Analog Input Circuit

60 - v
. . AN = -0.3d8
A I ™
0 AN - - 6dB
A
0
-]
©
a 30
+
5
20
10
o

-14 -12 -1.0 -0.8 0.6 -04 -02 00-02 04 06 08 10
COMMON MODE INPUT VOLTAGE - V

Figure 15. S/N+D vs. Common-Mode Input Voltage,
feux = 20 MSPS
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EQUIVALENT REFERENCE INPUT CIRCUIT

The AD773A is designed to have a reference to analog input
voltage ratio of 2.5:1. When the AD773A is configured for
single-ended operation a 2.5 volt reference input establishes a
full-scale analog input voltage of 1 V p—p (=500 mV with
respect to Viyg). Although the AD773A is specified and tested
with Vggp equal to 2.5 V and Vy equal to 500 mV the refer-
ence input voltage and analog input voltages can be changed. To
optimize the AD773A’s performance the 2.5:1 ratio should be
maintained. The simplified model of the AD773A’s reference
input circuit is shown in Figure 16..

A AD773A
EFIN O

Figure 16. Typical Reference Input Circuit

The 2.5 V external reference is applied across resistor R1 pro-
ducing a current which in turn generates a voltage Vgias. Multi-
ple reference currents are generated from Vg, and are used
throughout the converter. R3 is used to cancel errors induced by
the input bias current of the REFGND buffer. Figure 17 shows
the SNR performance as the reference voltage is varied from its
nominal value of 2.5 V. The input full-scale voltage is defined
by the following equation,

Reference Voltage
2.5

The power dissipation is modulated by variations in the refer-
ence voltage. Figure 18 shows the variation in power dissipation
versus reference voltage.

Input Full-Scale Voltage =

60 T T T

AIN = -0.3dB
]

/ ,L—ﬂ—"'

50 —

AN

30
1.0 14 18 22 26 3.0 34 38
' REFERENCE INPUT VOLTAGE - V

Figure 17. S/N+D vs. Reference Input Voltage,
feix = 20 MSPS, fiy = 1 MHz
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Figure 18. Power Dissipation vs. Reference Input Voltage,
feroexk = 20 MSPS

TRANSIENT RESPONSE

The fast settling input THA accurately converts full-scale input
voltage swings in under one clock cycle. The THA’s high
impedance, fast slewing performance is critical in multiplexed or
dc stepped (charge coupled devices, infrared detectors) systems.
Figure 19 show the AD773A’s settling performance with an
input signal stepped from —500 mV to 0 V. As can be seen, the
output code settles to its final value in under one clock cycle.

1000

CODE

|
|

. A
e
/

] 10 20 30 40
TIME - ns

Figure 19. Typical AD773A Settling Time
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OUTPUT DATA FORMAT
The AD773A provides both MSB and MSB outputs, delivering
positive true offset binary and twos complement output data.

Table II shows the AD773A’s output data format.

Tablé II. Output Data Format

Analog Input Digital Output

~ Offset Twos
Vina-Vins Binary - Complement OTR
=499.5 mV 11 1111 1111 01 1111 1111 1
499 mV 11 1111 1111 01 1111 1111 0
0 mV 10 0000 0000 00 0000 0000 0
-500mV 00 0000 0000 10 0000 0000 0
=-500.5 mV 00 0000 0000 10 0000 0000 1
OUT OF RANGE

An out-of-range condition exists when the analog input voltage
is beyond the input range (=500 mV) of the converter. [Note
the AD773A has a 4 clock cycle latency.] OTR (Pin 20) is set
low when the analog input voltage is within the analog input
range. OTR is set HIGH and will remain HIGH when the ana-
log input voltage exceeds the input range by 1/2 LSB from the
center of the + full-scale output codes.-OTR will remain HIGH
until the analog input is within the input range. Note that if the
input is driven beyond +1.5 V, the digital outputs may not stay
at +FS, but may actually fold back to midscale. By logical
ANDing OTR with the MSB and its complement, overrange
high or underrange low conditions can be detected. Table III is
a truth table for the over/under range circuit in Figure 20. Sys-
tems requiring programmable gain conditioning prior to the
AD773A can immediately detect an out of range condition, thus
eliminating gain selection iterations.

.

Figure 20. Overrange or Underrange Logic

Table III. Out-of-Range Truth Table

OTR | MSB | ANALOG INPUT IS
0 0 In Range

0 1 In Range

1 0 Underrange

1 1 Overrange
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GROUNDING:AND LAYOUT RULES

As is the case for any high performance device,- proper. ground-
ing and layout techniques are essential in achieving optimal per-
formance, .(Note—Figures 22-26 are not to scale.) The analog
and digital grounds on the AD773A have been separated to opti-
mize the management of return currents in a system. It is rec-
ommended that a.4-layer printed circuit board (PCB) which . -
employs ground planes and power planes be used with the
AD773A. The use of grouncl and power planes offers distinct
advantages:

1. The minimization of the loop area encompassed by a signal
and its return path.

2. The minimization of the impedance associated with ground
and power paths.

3. The inherent distributed capacitor formed by the power
plane, PCB insulation, and ground plane.

These characteristics result in both a reduction of electro-
magnetic interference (EMI) and an overall improvement in
performance.

It is important to design a layout which prevents noise from
coupling onto the input signal. The wide input bandwidth of the
AD773A permits noise’ outside the desired Nyquist bandwidth
to be sampled along with the desired signal. This can result in a
higher overall level of spurious noise in the digitized output.
Digital signals should not be run in parallel with the circuitry. It
is also suggested that the traces associated with Vi, and Vg
be the same length.

Separate analog and digital grounds should be 1omed together
directly under the AD773A (see Figure 24). A solid ground
plane under the:AD773A is also acceptable if care is taken in
the management of the power and ground return currents. A
general “rule-of-thumb” for mixed signal layouts dictates that °
the return currents from digital circuitry should not pass
through critical analog circuitry.

POWER SUPPLY DECOUPLING

The analog and digital supplies of the AD773A have been sepa-
rated to prevent the typically large transients associated with
digital circuitry from coupling into the analog supplies (AVpp;
AVgg). Each analog power supply pin should be decoupled with
a 0.1 uF capacitor located as close to the pin as possible. Addi-
tionally, 0.22 wF capacitors for the DRV, and DV, supplies
are required to adequately suppress high frequency noise. For
optimal performance, surface-mount capacitors are recom-
mended. The inductance associated with the leads of through-
hole ceramic capacitors typically render them ineffective at
higher frequencies. A complete system will also incorporate tanta-
lum capacitors in the 10-100 wF range to decouple low fre-
quency noise and ferrite beads to limit high frequency noise.

The digital supplies have also been separated into DRV, and
DVpp. The DRV, pins provide power for the digital output
drivers of the AD773A and are likely to contain high energy
transients. Pin 22 should be decoupled directly to Pin 21
(DRGND) and Pin 7 should be decoupled directly to Pin 8
(DRGND) to minimize the length of the return path for these
transients. A single +5 V supply is all that is required for
DRV and DVpp, but decoupling DV, with an RC ﬁlter
network is suggested (see Figure 21). :
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Figure 21. AD773A Evaluation Board Schematic

Table IV. Components List

Reference Designator

Description

R2, R4

RS, R6, R11-R22
R7, R8

R9

P10

Cl, C3-C8, Cl1, Cl4, C17-C21
(7]
C9, C12, C15

Cl0, C13, C16
Ul

FBI1-FB3

Resistor, 1%, 49.9 O
Resistor, 5%, 22 Q
Resistor, 5%, 39 Q
Resistor, 5%, 75 Q0
Resistor, 5%, 560 )

Chip Cap, 0.1 pF
Capacitor, Tantalum, 10 pF
Chip Cap, 0.01 pF
Capacitor, Tantalum, 22 pF
AD773A

ADV7122

AD680

AD589

74AS804

Ferrite Bead

— ANALOG
ouTPUT
Quantity
2
14
2
1
1
14
1
3
3
1
1
1
1
1
3
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ANALOG
DEVICES

8-Bit 20 MSPS, 60 mW
Sampling A/D Converter

AD775

FEATURES
CMOS 8-Bit 20 MSPS Sampling A/D Converter
Low Power Dissipation: 60 mW
+5 V Single Supply Operation
Differential Nonlinearity: 0.3 LSB
Differential Gain: 1%
Differential Phase: 0.5 Degrees
Three-State Outputs
On-Chip Reference Bias Resistors
Adjustable Reference Input
Video Industry Standard Pinout
Small Packages:
24-Pin, 300 Mil SOIC Surface Mount
24-Pin, 400 Mil Plastic DIP

PRODUCT DESCRIPTION

The AD775 is a CMOS, low power, 8-bit, 20 Msps sampling
analog-to-digital converter (ADC). The AD775 features a built-
in sampling function and on-chip reference bias resistors to pro-
vide a complete 8-bit ADC solution. The AD775 utilizes a
pipelined/ping pong two-step flash architecture to provide high
sampling rates (up to 35 MHz) while maintaining very low
power consumption (60 mW).

Its combination of excellent DNL, fast sampling rate, low dif-
ferential gain and phase errors, extremely low power dissipation,
and single +5 V supply operation make it ideally suited for a
variety of video and image acquisition applications, including
portable equipment. The AD775’s reference ladder may be con-
nected in a variety of configurations to accommodate different
input ranges. The low input capacitance (11 pF typical) provides
an easy-to-drive input load compared to conventional flash
converters.

The AD775 is offered in both 300 mil SOIC and 400 mil DIP
plastic packages, and is designed to operate over an extended
commercial temperature range (—20°C to +75°C).

This is an abridged data sheet. To obtain the most recent version or
complete data sheet, call our fax retrieval system at 1-800-446-6212.
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FUNCTIONAL BLOCK DIAGRAM

AvVpp Vin DVpp
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BANK B

Avgg CLOCK LOGIC
@ —D@—

Avgg CLK DVgg

RREF
3-STATE OUTPUT LATCHES

LSB MULTIPLEXOR

PRODUCT HIGHLIGHTS

Low Power: The AD775 has a typical supply current of 12 mA,
for a power consumption of 60 mW. Reference ladder current:
is also low: 6.6 mA typical, minimizing the reference power
consumption.

Complete Solution: The AD775’s switched capacitor design fea-
tures an inherent sample/hold function: no external SHA is
required. On-chip reference bias resistors are included to allow a
supply-based reference to be generated without any external
resistors. .

Excellent Differential Nonlinearity: The AD775 features a typi-
cal DNL of 0.3 LSBs, with a maximum limit of 0.5 LSBs. No
missing codes is guaranteed.

Single +5 V Supply Operation: The AD77S is designed to oper-
ate on a single +5 V supply, and the reference ladder may be
configured to accommodate analog inputs inclusive of ground.

Low Input Capacitance: The 11 pF input capacitance of the
AD?775 can significantly decrease the cost and complexity of
input driving circuitry, compared with conventional 8-bit flash
ADCs. ‘
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AD775—SPECIFICATION;

(T, = +25°C, Moy, Doy = +50V, Mg DVgs = O, v,,,= 26V, Voo = 05V,

CLOCK = 20 MHz, unless otherwise noted)

AD775) S o
Parameter ~ Min Typ Max “ - Units
RESOLUTION 8 Bits
DC ACCURACY i
Integral Nonlinearity (INL) +0.5 1.3 LSB
Differential Nonlinearity (DNL) *0.3 +0.5 LSB
No Missing Codes GUARANTEED
Offset :
To Top of Ladder Vg -10 -35 —60 mV
- To Bottom of Ladder Vgg 0 +15 +45 mV
VIDEO ACCURACY!
Differential Gain Error 1.0 %
Differential Phase Error 0.5 Degrees
ANALOG INPUT
Input Range (Vgr~Vgg) 2.0 - Vpp
Input Capacitance 11 pF
AC SPECIFICATIONS? -
Signal-to-Noise and Distortion (S/(N+D))
fix = 1 MHz " 47 dB
fix = 5 MHz 41 dB
Total Harmonic Distortion (THD) ‘
fin = 1 MHz =51 dB
fix = SMHz -42 " dB
REFERENCE INPUT : !
Reference Input Resistance (Rggr) 230 300 450 Q
Case 1: Ve = Virss Ves = Vias )
Reference Bottom Voltage (Vi) 0.60 0.64 0.68 A%
Reference Span (Vg1—Vgg) 1.96 - 2.09 2.21 vV
Reference Ladder Current (Iggg) 4.4 7.0 9.6 mA
Case 2: Ver = Vrrs, Vs = AV .
Reference Span (Vg1—Vgg) 2.25 2.39 2.53 \%
Reference Ladder Current (Iggr) 5 8 11 mA
POWER SUPPLIES
Operating Voltages :
AVpp +4.75 +5.25 Volts
DVpp +4.75 +5.25 Volts
Operating Current . .
IAVpp 9.5 mA
IDVyp 2.5 -mA
IAVpp + IDVp, 12 17 mA
POWER CONSUMPTION 60 85 mW
TEMPERATURE RANGE
Operating =20 +75 °C
NOTES
INSTC 40 IRE modulation ramp, CLOCK = 14.3 Msps.
2f; amplitude = —0.3 dB full scale.
Specifications subject to change without notice. See Definition of Specifications for additional information.
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AD775

(I‘ = +25°c with Av“n, DVnn =45 V, Avss, Dvss =0 V, Vm = 2.6 V, VRB = +0.6 V,

I]IGITAI. SPECIF'CA."UNS CLOCK = 20 MHz unless otherwise noted)

AD775)
Parameter Symbol DVpp Min Typ Max Units

LOGIC INPUT
High Level Input Voltage Viu 5.0 4.0 \Y%
Low Level Input Voltage Vi 5.0 1.0 \Y%
High Level Input Current

(Vig = DVpp) Iy 5.25 5 nA
Low Level Input Current
Ve =0V) Iy 5.25 -5 ) wA
Logic Input Capacitance Cin 5 pF

LOGIC OUTPUTS
High Level Output Current
OE = DV, Vo = DVpp—0.5V Ion 4.75 ~-1.1 mA
OE = DVpp, Vou = DVpp Ioz 5.25 16 A
Low Level Output Current
OE = DVg, Vo = 04V IoL 4.75 3.7 mA
OE = DVpp, Vor. =0V Ioz 5.25 16 nA

TIMING SPECIFICATIONS

Symbol Min Typ Max Units

Maximum Conversion Rate 20 35 MHz
Clock Period tc 50 ns
Clock High tcu 25 ns
Clock Low teL 25 ns
Output Delay top 18 30 ns
Pipeline Delay (Latency) 2.5 Clock Cycles
Sampling Delay tps 4 ns

Aperture Jitter 30 ps

Specifications subject to change without notice.

SAMPLE N+2

SAMPLE N SAMPLE N+1
VIN

ax \_/ \ j \
le——t — o r
out X DATA N-3 X DATA N-2 r DATA N-1 X DATAN

Figure 1. AD775 Timing Diagram
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PIN DESCRIPTION

Pin No. Symbol Type | Name and Function

1 OE DI |OE = Low OE = High
| Normal Operating Mode. High Impedance Outputs.

2,24 DVgg P Digital Ground. Note: DVggand AV pins should share a common ground plane on the 4circ'1>1'it board.

3 DO (LSB) | DO | Least Significant Bit, Data Bit 0.
4-9 DI1-Dé6 DO | Data Bits 1 Through 6.
10 D7 (MSB) | DO | Most Significant Bit, Data Bit 7.

11, 13 DVpp P +5 V Digital Supply. Note: DV, and AV, pins should share a common supply on the circuit board.
12 CLK DI Clock Input.

16 VrTs Al Reference Top Bias. Short to Vg for Self Bias.
17 Vit Al Reference Ladder Top.
23 Vzs Al Reference Ladder Bottom.
22 Vras Al Reference Bottom Bias. Short to Vg for Self Bias.
14, 15,18 | AVpp P +5 V Analog Supply. Note: DV, and AV, pins should share a common supply within 0.5 inches
of the AD775.
19 Vin Al Analog Input. Input Span = Vg1—Vgg.
20, 21 AVgg P Analog Ground. Note: DVgg and AV pins should share a common ground within 0 5'inches ‘of the
AD775.
NOTE
Type: Al = Analog lnput DI = Digital Input; DO = Digital Output; P = Power.
PIN CONFIGURATION MAXIMUM RATINGS* .
(DIP and SOIC) Supply Voltage (AVpp, DVpp) oo v v v i i i 7 V
Supply Difference (AVpp-DVpp) . . . .. O ov
oe [1] [24] DVes Ground Difference (AVgg-DVgg) .. oo oo v i vt .. 0V
OVss [Z] =) v Reference Voltage (Vgrs Vgp) + v v v v v v v v v v e Vpp to Vgg
ss "8 Analog Input Voltage (Vi) « v oo v v vviv e Vpp 10 Vg
0o .s8) [3] 22] Vons Digital Input Voltage (CLK) . . . ... ........ Voo 10 Vs
o1 [4] 21] Avss Digital Output Voltage (VorsVor) « - -« v« o v .. . Voo 10 Vg
o2 [5] 120] Avgg Storage Temperature . ............... " —55°C to +150°C

D3 E AD775 [19] Vin

*Stresses above those listed under “Absolute Maximum Ratings” may cause

TOP VIEW 3

D4 E (No? to Scale) 18] AVpp permanent damage to the device. This is a stress rating only and functional

D5 E Var Lo operation of the device at these or any other conditions above those indicated

’ co in the operational sections of this specification is not implied. Exposure to

Dé E [16] Vars absolute maximum rating conditions for extended periods may affect device

D7 (MsB) [10] [15] Avpp reliability.
DVgp [11] [14] Avpp .
cLK [12] [13] DVpp ‘
| ORDERING GUIDE
Temperature |Package Package
Model |Range Description Option*

AD775JN|-20°C to +75°C|24-Pin 400 Mil Plastic DIP N-24B
AD775]JR |-20°C to +75°C|24-Pin 300 Mil SOIC R-24A

*For outline information see Package Information section.

CAUTION
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily
accumulate on the human body and test equipment and can discharge without detection.
Although the AD775 features ESD protection circuitry, permanent damage may occur on
devices subjected to high energy electrostatic discharges. Therefore, proper ESD precautions
are recommended to avoid performance degradation or loss of functionality.

WARNING!

W%Wv

ESD SENSITIVE DEVICE
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Figure 4. Typical Differential Nonlinearity (DNL) Figure 7. Typical Integral Nonlinearity (INL) »
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AD775

DEFINITIONS OF SPECIFICATIONS

Integral Nonlinearity (INL)

Integral nonlinearity refers to the deviation of each individual
code from a line drawn from “zero” through “full scale.” The
point used as “zero” occurs 1/2 LSB before the first code transi-
tion. “Full scale” is defined as a level 1 1/2 LSB beyond the last
code transition. The deviation is measured from the center of
each particular code to the true straight line.

Differential Nonlinearity (DNL, No Missing Codes)

An ideal ADC exhibits code transitions that are exactly 1 LSB
apart. DNL is the deviation from this ideal value. It is often
specified in terms of the resolution for which no missing codes
(NMQC) is guaranteed.

Offset Error

The first code transition should occur at a level 1/2 LSB above
nominal negative full scale. Offset referred to the Bottom of
Ladder Vg is defined as the deviation from this ideal. The last
code transition should occur 1 1/2 LSB below the nominal posi-
tive full scale. Offset referred to the Top of Ladder Vg is
defined as the deviation from this ideal.’

Differential Gain
The percentage difference between the output amplitudes of a

small high frequency sine wave at two stated levels of a low fre-
quency signal on which it is superimposed.

Differential Phase

The difference in the output phase of a small high frequency
sine wave at two stated levels of a low frequency signal on which
it is superimposed.

Pipeline Delay (Latency)

The number of clock cycles between conversion initiation and
the associated output data being made available. New output
data is provided every clock cycle.

Signal-to-Noise Plus Distortion Ratio (S/N+D)

S/N+Dis the ratio of the rms value of the measured input sig-
nal to the rms sum of all other spectral components including
harmonics but excluding dc. The value for S/N+D is expressed
in decibels.

Total Harmonic Distortion (THD)

THD is the ratio of the rms sum of the first six harmonic com-
ponents to the rms value of the measured i input signal and is
expressed as a percentage or in decibels.

THEORY OF OPERATION

The AD775 uses a pipelined two-step (subranging) flash archi-
tecture to- achieve significantly lower power and lower input
capacitance than conventional full flash converters while still
maintaining high throughput. The analog input is sampled by
the switched capacitor comparators on the falling edge of the
input clock: no external sample and hold is required. The coarse
comparators determine the top four bits (MSBs), and select the
appropriate reference ladder taps for the fine comparators. With
the next falling edge of the clock, the fine comparators deter-
mine the bottom four bits (LSBs). Since the LSB comparators
require a full clock cycle between their sampling instant and
their decision, the converter alternates between two sets of fine
comparatofé in a “ping-pong” fashion. This multiplexing allows
a new input sample to be taken on every falling clock edge,
“thereby providing 20 Msps operation. Thé data is accumulated
in the correction logic and output through a three-state output
latch on the rising edge of the clock. The latency between input
sampling and the correspondmg converted output is 2.5 clock
cycles.

All three comparator banks utilize the same resistive ladder for
their reférence input. The analog input range is determined by
the voltages applied to the bottom and top of. the ladder, and
the AD775 can digitize inputs down to 0 V using a single sup-
ply. On-chip application resistors are provided to allow the lad-
der to be conveniently biased by the supply voltage.

The AD775 uses switched capacitor auto-zeroing techniques to
cancel the comparators’ offsets and achieve excellent differential
nonlinearity performance: typically +0.3 LSB. The integral
nonlinearity is determined by the linearity of the reference lad-
der and is typically +0.5 LSB.
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APPLYING THE AD775

REFERENCE INPUT

The AD775 features a resistive reference ladder snmllar 1o that
found in most conventional flash converters. The analog input
range of the converter falls between the top (Vi) and bottom
(Vgg) voltages of this ladder. The nominal resistance of the lad-
der is 300 ohms, though this may vary from 230 ohms to 450
ohms. The minimum recommended voltage for Vgg is 0 V; the
linearity performance of the converter may deteriorate for input
spans (Vgg—Vgg) below 1.8 V. While 2.8 V is the recommended
maximum ladder top voltage (Vgy), the top of the ladder may
be as high as the positive supply voltage (AVp) with minimal
linearity degradation.

AVpp
a0
~ AD775
300Q
*VALUES FOR

RESISTANCE

ARE TYPICAL
90Q
AVgg

Figure 8. Reference Configuration: 0.64 V to 273V
To simplify biasing of the AD775, on-chip reference bias resis-

tors are provided on Pins 16 and 22. The two recommended
configurations for these resistors are shown in Figures 8 and 9.

REV.0



In the topology shown in Figure 8, the top of the ladder (Vgy)
is shorted to the top bias resistor (Vgrs) (Pin 17 shorted to Pin
16), while the bottom of the ladder (Vgg) is shorted to the bot-
tom bias resistor (Vggs) (Pin 23 shorted to Pin 22). This creates
a resistive path (nominally 725 ohms) between AVy,;, and AVgs.
For nominal supply voltages (5 V and 0 V respectively), this
creates an input range of 0.64 V to 2.73 V.

Both top and bottom of the reference ladder should be decou-
pled, preferably with a chip capacitor to ground to minimize
reference noise.

The topology shown in Figure 9 provides a ground-inclusive
input range. The bottom of the ladder (Vgp) is shorted to AVgg.
(0 V), while the top of the ladder (V) is connected to the
on-board bias resistor (Vgrs). This provides a nominal input
range of 0 V to +2.4 V for AV, of 5 V. The Vggg pin may be
left floating, or shorted to AVgg.

AD775

*VALUES FOR
RESISTANCE
ARE TYPICAL

Figure 9. Reference Configuration: 0 Vto +2.4V

More elaborate topologies can be used for those wishing to pro-
vide an input span based on an external reference voltage. The
circuit in Figure 10 uses the AD780 2.5 V reference to drive the
top of the ladder (Vg), with the bottom (Vgg) of the ladder
grounded to provide an input span of 0 V to +2.5 V. This is
modified in Figure 11 to shift the 2.5 V span up 700 mV.

+5V

NC = NO CONNECT \\/

Figure 10. Reference Configuration: 0 V to 2.5V

The AD775 can accommodate dynamic changes in the reference
voltage for gain or offset adjustment. However, conversions that
are in progress, including those in the converter pipeline, while
the reference voltages are changing will be invalid.
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Figure 11. Reference Configuration: 0.7 V to 3.2 V

ANALOG INPUT

The impedance looking into the analog input is essentially
capacitive, as shown in the equivalent circuit of Figure 12, typi-
cally totalling around 11 pF. A portion of this capacitance is
parasitic; the remainder is part of the switched capacitor struc-
ture of the comparator arrays. The switches close on the rising
edge of the clock, acquire the input voltage, and open on the
clock’s falling edge (the sampling instant). The charge that must
be moved onto the capacitors during acquisition will be a func-
tion of the converter’s previous two samples, but there should
be no sample-to-sample crosstalk so long as ample driving
impedance and acquisition time are provided.

SWITCHES EACH
( CLOCK CYCLE

AVpp
"Ll

v

( SWITCHES ON ALTERNATE

vin C

CLOCK CYCLES

gﬁ
RS

AVgg
C14C2+C3~11pF ;;

Figure 12. Equivalent Analog Input Circuit (V,y)

AD775

For example, to ensure accurate acquisition (to 1/4 bit accuracy)
of a full-scale input step in less than 20 ns, a source impedance
of less than 100 ohms is recommended. Figure 13 shows one
option of input buffer circuitry using the AD817. The AD817
acts as both an inverting buffer and level shifting circuit. In
order to level shift the ground-based input signal to the dc level
required by the input of the AD775, the supply voltage is resis-
tively divided to produce the appropriate voltage at the nonin-
verting input of the AD817. For most applications, the AD817
provides a low cost, high performance level shifter. The AD811
is recommended for systems which require faster settling times.
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1kQ
A 0Vpe O—MN—

5.6k
+5V O—MW,

1W0uFAS .

Figure 13. Level Shifting Input Buffer

The analog input range is set by the voltage at the top and bot-
tom of the reference ladder. In general, the larger the span
(Vrr-Vrs), the better the differential nonlinearity (DNL) of the
converter; a 1.8 V span is suggested as a minimum to realize
good linearity performance. As the input voltage exceeds 2.8 V
(for AVpp = 4.75 V), the input circuitry may start to slightly -
degrade the acquisition performance. -

CLOCK INPUT ’

The AD775’s internal control circuitry makes use of both clock
edges to generate on-chip timing signals.. To ensure proper
settling and linearity performance, both teyy and te; times
should be 25 ns or greater. For sampling frequencies at or near.
20 Msps, a 50% duty cycle clock is recommended. For slower -
sampling applications,:the AD775 can accommodate a wider
range of duty cycles, provided each clock phase is as: least 25 ns.

Under certain conditions, the AD775 can be operated at sam-
pling rates above 20 Msps. Figure 14 shows the signal-to-noise
plus distortion (S/(N+D)) performance of a typical AD775 ver-
sus clock frequency. It is extremely important to note that the
maximum clock rate will be a strong function of both temperature
and supply voltage. In general, the part slows down with increas-
ing temperature and decreasing supply voltage.

50 \
)
g
1
a
+*
Z 2
2]
10
o . ; ,
0.1 B 1 10 100

,CLOCK FREQUENCY — MHz

Figure14. S(N+D) vs Clock Frequency (Temperature =

+25°C) »
A significant portion of the AD775's powér: dissipation is pro-. .
portional to the clock frequency: Figure 15 illustrates this trade-
off for a typical part.
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In applications sensitive to aperture jitter, the clock signal
should have a fall time of less than 3 ns. High speed CMOS
logic families (HC/HCT) are recommended for their symmetrical
swing and fast rise/fall times. Care should be taken to minimize
the fanout and capacitive loading of the clock input line.

DIGITAL INPUTS AND OUTPUTS

The AD775’s digital interface uses standard CMOS, with logic
thresholds roughly midway between ‘the supplies (DVg,
DVpp)- The digital output is presented in straight binary for-
mat, with full scale (1111 1111) corresponding to Viy = Vg,
and zero (0000 0000) corresponding to Vi, = Vgg. Excessive
capacitive loading of the digital output lines will increase the
dynamic power dissipation as well as the on-chip digital noise.
Logic fanout and parasitic capacitance on these lines:should be
minimized for optimum noise performance.

The data output lines may be placed in a high ‘output impedance
state by bringing OE (Pin 1) to a logic high. Figure 16 indicates
typical timing for access and float delay times (tyyr and tpp
respectively). Note that even when the outputs are in a high
impedance state,’ ‘activity on the digital bus can couple back to -
the sensitive analog portions of the AD775 and corrupt conver-
sions in progress.

) -

tI)I) ‘ML
DATA . 2 _
————-———DATA ACTIVE
(HIGH IMPEDANCE)
top=18ns TYPICAL  t, =12ns TYPICAL

Figure 16. High Impedance Output Timing
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ANALOG
DEVICES

16-Bit 100 kSPS
Oversampling ADC

AD776

FEATURES

Monolithic 16-Bit Sigma-Delta ADC
Third-Order Noise Shaping

96 dB Dynamic Range

90 dB SNR

16-Bit 100 kHz Output from FIR Filter
12-Bit 400 kHz Output from Comb Filter
No Missing Codes

<0.001 dB In-Band Ripple

APPLICATIONS

Digital Audio Disk/Tape

Voice Bandwidth Communications
ADC Support for ADSP-21XX

High Accuracy Measurement Systems

PRODUCT DESCRIPTION
The AD776 is a 16-bit sigma-delta oversampled ADC, incorpo-

rating a 1-bit third-order modulator and digital decimation filter.

An on-chip voltage reference circuit is also included.

The AD776 does not generally require the use of sample-hold
circuits or complex antialiasing filters as a result of its sigma-
delta architecture. The output is available both before and after
the final Finite Impulse Response (FIR) decimation filter. This
provides the flexibility of optimizing conversion speed or dy-
namic range: 12-bit/400 kHz (from the comb filter) or 16-bit/
100 kHz (from the FIR filter). The serial port provides easy
interface with a variety of standard processors including the
ADSP-21XX.

The AD776 is specified for ac (or “dynamic’) parameters such
as SNR, THD and IMD which are important in signal process-
ing and audio applications. Third order noise shaping is
employed using 64 times oversampling to provide 90 dB SNR
and —100 dB peak spurious component for signal bandwidths
up to 45 kHz.

The AD776 operates from a single +5 V supply and typically
consumes 350 mW during conversion. The device is packaged
in 20-pin ceramic DIP (cerdip) and is offered in an industrial
temperature grade (—40°C to +85°C).

REV.A

FUNCTIONAL BLOCK DIAGRAM
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PRODUCT HIGHLIGHTS

1.

Analog Front End. The analog input is differential providing
increased signal swing, increased power supply rejection
ratio, and reduced sensitivity to clock jitter. Since the input
signal is oversampled by a factor of 64, a complex anti-
aliasing filter is not needed.

. Flexible Digital Interface. The AD776 has three output pins
for the serial interface: 1) serial data out (DOUT), 2) frame
sync out (FSO), and 3) serial clock out (DOUT CLOCK).
The serial port can interface with general purpose DSPs such
as the ADSP-21XX, TMS320XX, and DSP56001/2 without
additional “glue” logic.

. Inherently Self-Sampling. The AD776 needs no external
sample-and-hold amplifier to capture and freeze the analog
input while the conversion takes place.

. Speed/Performance Options. In addition to the standard

16-bit resolution at 100 kHz, the output of the comb filter

can be accessed to provide 12-bit resolution at 400 kHz.
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AD776 SPECIF|CAT|0NS (Tyy tO T,m, AVpg, DVpy = +5 V, FIR filter output mode: unless otherwnse nuted)

Parameter . 3 . Units
RESOLUTION. . 16 ' ~ ‘ Bits .
TEMPERATURE RANGE e C o —40 ) : +85 °C
TOTAL HARMONIC DISTORTION (THD)" > * —80 -83 dB
0.01 0.003 %
SIGNAL- TO-NOISE RATIO (SNR)!* 2, fs = 48 ksps ' ‘88 ) ' 90" — dB
Signal to Noise Ratio (SNR)"* %, fs'= 100 ksps 86 dB
Comb Filter Mode, CLKIN = 12.8 MHz 72 k : dB
PEAK SPURIOUS OR PEAK HARMONIC COMPONENT —100 ) : dB
INTERMODULATION DISTORTION (IMD)* : '
2nd Order Products . -102 ~ dB
3rd Order Products —98 e : dB
VOLTAGE REFERENCE OUTPUT (Vggp) (AVpp X 0.4) — 4% AV, X 0.4V (AVpp X 0.4) + 4% \4
MAXIMUM ANALOG INPUT RANGE?® } 2 X Vggg — 0.5 " Vp-p
MAXIMUM INPUT SIGNAL® ' +0.5 Vggr V pp
DC ACCURACY! ‘ _ '
Differential Nonlinearity . +0.5 LSB
INL ’ 2 S LSB
Gain Error o 1.0 . . 1 %
Midscale Error ' 0.5 . %
DIGITAL FILTER CHARACTERISTICS
Passband Ripple 0.001 dB
Stopband Attenuation . . -9 dB
POWER SUPPLY REQUIREMENTS7 . '
Analog Supply Voltage (AVpp) : 4.5 5.0 . 5.5 v
Digital Supply Voltage (DVpp) 4.5 . AVpp \%
Analog Supply Current 20 mA
Digital Supply Current ’ 20 ) mA
Power Consumption® . ) 300 400 o mW
Power Supply Rejection® ) Lo . ’ 70 : dB
Parameter ) Test Conditions Min Typ Max Units:
LOGIC INPUTS i i ‘ : R
Vi ~ High Level Input Voltage ' ' .20 Vob v
Vo Low Level Input Voltage ' -0.5 0.8 v
Iy High Level Input Current Vi = Vpp 1 ) pA
I Low Level Input Current . . Vi =0V ) wA
Cin Input Capacitance ‘10 ) : pF
I, Hi-Z Input Current for SDO | ' IQ BA
LOGIC OUTPUTS . o . ] j B "
Vou High Level Output Voltage Ioy = 0.4 mA 2.4 \%
VoL Low Level Output Voltage ) Iop = 2.0 mA 0.5 \%
NOTES '
'At +25°C. .
2Analog Input = 1.2 V rms @ 10 kHz, Vcommon MODE = 2. 5 V, CLKIN = 6.4 MHz. R . .
3THD performance can be improved, depending upon the application, by making slight adj to the dc mode voltage at the analog inputs.

“IMD measured at f, = 48 kHz and using 61.6 Hz and 986.4 Hz as the input tones (sum of the two peaks added to be —3 dB FS).

SApplied differentially between AIN+ and AIN—.

SThe input signal may be centered at any choice of dc offset voltage as long as peak values are bounded by the Maximum Analog Input Range value. Performance may be
improved by reducing the maximum input signal by 3 dB. For nominal operation, 2.5 V dc offset is recommended.

7The AD776 may be operated from a single +5 V supply.

8AVpp, DVpp = 5.5 V; f = 12.8 MHz; T, = +85°C.

*With external voltage reference.

Specifications subject to change without notice.
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TIMING CHARACTERISTICS (av,,, 0v,, = +5V  10%, T,y to Ty — see Figures 14 through 18.

Symbol Parameter Min Max Units
f Clock in Frequency 1 12.8 MHz
terk Clock in Period (= V/f) 78 1000 ns
tp Duty Cycle 0.475 tep k 0.525 tep k ns
ter Clock LOW 37 41 ns!
475 525 ns’
ten Clock HIGH 37 41 ns'
475 525 ns’
tr Rise Time 5 ns
tg Fall Time 5 ns
tgss Frame Sync Input Setup Time 20 78 ns
trsH Frame Sync Input Hold Time 20 -3 ns
tesIL Frame Sync Input LOW 2 teLk
tpop Data Output Clock Delay 25 . 75 ns
tpop Data Output Clock Period 156 ns"*
312 ns' 3
trsosc FSO Setup Time Before CLKIN 130 ns®
tESOHC FSO Hold Time After CLKIN 130 ns®
tESOSD FSO Setup Time Before DOUT CLK 110 ns’
trsonn FSO HIGH to DOUT CLK Rising Edge 110 ns’
tio FSI to FSO Delay 1 o
5 terk’
tpsu Data Output Setup Time 40 ns*
130 ns’
tou Data Output Hold Time 40 ns*
130 ns®
tpp Data Delay Time 0 20 ns
o Data Float Time 0 20 ns
NOTES

!CLKIN = 12.8 MHz. .
2CLKIN = 1 MHz.

3FSI must be deasserted for at least two CLKIN periods prior to being asserted.

*Comb Filter mode.
*FIR Filter mode.

Specifications subject to change without notice.

ABSOLUTE MAXIMUM RATINGS*

AVpp 0o AGND . ....... ... ... ... -03Vt +7.0V
DVppto DGND ... ............... 03Vt +7.0V
AGNDtoDGND ............. ... ........ +0.3V
Digital Inputs to DGND .. ........... —0.3 Vo DVpp
Analog Inputs to AGND . .. ........... —0.3 Vit AVpp
REFINtw0 AGND ................. -03Vito+2.5V
Soldering (10sec) . . . .. v vt v it i +300°C
Storage Temperature . ............... —55°C to +150°C

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

CAUTION

The AD776 features input protection circuitry consisting of large “distributed” diodes and polysili-
con series resistors to dissipate both high energy discharges (Human Body Model) and fast, low

energy pulses (Charged Device Model). Per Method 3015.2 of MIL-STD-883C, the AD776 has been

classified as a Category 1 Device.

Proper ESD precautions are strongly recommended to avoid functional damage or performance
degradation. Charges as high as 4000 volts readily accumulate on the human body and test equip-
ment, and discharge without detection. Unused devices must be stored in conductive foam or shunts,

WARNING!

e

ESD SENSITIVE DEVICE

and the foam discharged to the destination socket before devices are removed. For further informa-
tion on ESD precaution, refer to Analog Devices’ ESD Prevention Manual.

REV. A
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AD776 PIN DESCRIPTION
Symbol Pin Number | Type | Name and Function
AGND 1 Analog Ground. Return current for analog front end. No internal connection to DGND.
AIN+ 2 I Analog Signal Input. Noninverting terminal.
AIN - 3 I Analog Signal Input. Inverting terminal.
CLKIN 4 1 Clock In. This TTL compatible input accepts clock frequencies in the range of

1.0 MHz—12.8 MHz, with the output sample rate of the AD776 equal to CLKIN
divided by 128 in FIR filter mode and 32 in comb filter mode.

FSI 5 I Frame Sync Input. FSI is an optional control pin used to synchronize internal
circuits and to start or reset the serial output data. If FSI is grounded, frame syncs
will be automatically generated internally. When FSI is brought HIGH, serial data
is presented at the output (DOUT—Pin 11). The purpose of FSI is to control
externally the phasing of the A/D conversion process. FSI should be a periodic
signal occurring every 16 DOUT CLK clock cycles in the 12-bit/400 kHz mode and
every 32 DOUT CLK clock cycles in the 16-bit/ 100 kHz mode. When utilized,
FSI must be synchronized to CLKIN as defined in the timing specification (see
Figure 17). FSI allows multiple AD776s to be synchronized using a common frame
sync source, requiring a common CLKIN signal.

FSEL 6 I Filter Select. FSEL = “0” selects FIR output. FSEL = “1” selects comb filter output.
SF 7 I Serial Format. Selects output format of DOUT and FSO when FSEL = “0.”
See Figures 14b and 15b.
DVpp 8 +5V +£10%. Digital Power Supply.
FSO 9 (0] Frame Sync Output. Indicates beginning of serial data transmission on DOUT.
See Timing Diagrams.
DOUT CLK 10 (0] Serial Data Clock. See Figures 14a and 14b. In the FIR filter output mode

(FSEL = 0), DOUT CLK is CLKIN divided by four; in the comb filter output
mode (FSEL = 1), DOUT CLK is CLKIN divided by two.

DOUT 11 (6] Data Output. Serial data is transmitted MSB first, twos complement format,
once per FSO cycle with the data synchronous with DOUT CLK.
DOE 12 I Data Output Enable. Serial data (Pin 11) is an active output when DOE = “0.”
Serial data is three stated when DOE = ““1.” :
DGND 13 Digital Ground. Return current for digital circuitry and pad drivers.
TP3, TP2, TP1, TPO | 14, 15, 16, 17 Test Points. These pins must be connected to DGND.
AVpp 18 +5V +10%. Analog Power Supply.
REFOUT 19 (6] Internal Reference Output. Nominally +2 V with AV, = +5.0 V.
REFIN 20 1 Reference Input. +2 V maximum.
I = Input ‘
O = Output
PIN CONFIGURATION ORDERING GUIDE
. \_J Temperature Package Package
AGND | 1 20 | REFIN Model Range Description Option*
an, [2] 19| RerFout AD776AQ | —40°C to +85°C | 20-Pin Cerdip | Q-20
AN E E AVoo *For outline information see Package Information section.
CLKIN IZ El TPO
AD776
FSI E ) El ™1
TOP VIEW "
FSEL E (Notto Scale) 15 | TP2
se[7] 14] TPa
DVpp E e 13| DGND
Fso [9] 12] boE
DOUT CLK E 11 | pout
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TOTAL HARMONIC DISTORTION

Total Harmonic Distortion (THD) is the ratio of the rms sum of
the harmonic components to the rms value of a full-scale input
signal and is expressed in percent (%) or decibels (dB).

SIGNAL-TO-NOISE RATIO (SNR)

Signal-to-Noise Ratio (SNR) is defined to be the ratio of the rms
value of the measured input signal to the rms sum of all other
spectral components below the passband.

INTERMODULATION DISTORTION (IMD)

With inputs consisting of sine waves at two frequencies, fa and
fb, any device with nonlinearities will create distortion products,
of order (m+n), at sum and difference frequencies of

mfa* nfb, where m, n = 0, 1, 2, 3. . . . Intermodulation terms
are those for which m or n is not equal to zero. For example,
the second order terms are (fa+fb) and (fa—fb), and the third
order terms are (2fa+fb), (2fa—fb), (fa+2fb) and (fa—2fb). The
IMD products are expressed as the decibel ratio of the rms sum
of the measured input signals to the rms sum of the distortion
terms. The two signals applied to the converter are of equal
amplitude and the IMD products are normalized to a 0 dB input
signal.

DIFFERENTIAL NONLINEARITY (DNL)

In an ideal ADC, code transitions are one LSB apart. Differen-

tial nonlinearity is the maximum deviation from this ideal value.
It is often specified in terms of resolution for which no missing

codes are guaranteed.

INTEGRAL NONLINEARITY (INL)

The ideal transfer function for an ADC is a straight line drawn
between “zero” and “full scale.” The point used as “zero”
occurs 1/2 LSB before the most negative code transition. “Full
scale” is defined as a level 1 1/2 LSB beyond the most positive
code transition. INL is the worst-case deviation of a code center
average from the straight line.

GAIN ERROR

The last transition should ideally occur at an analog value

1.5 LSB below the nominal full scale. The gain error is the
deviation of the actual difference between the first and last code
transition from the ideal difference between the first and last
code transition.

ws

MIDSCALE ERROR

Midscale error is the difference between the ideal midscale ana-
log input voltage and the actual voltage producing the midscale
output code.

PASSBAND

The passband is the region of the frequency spectrum unaf-
fected by the attenuation of the decimation filter. In the case of
the AD776, the passband is a function of the CLKIN frequency
(see Table I).

PASSBAND RIPPLE

Passband ripple is defined as the variation in the amplitude
response of the converter for input signal frequencies within the
passband.

STOPBAND

The stopband is the region of the frequency spectrum in which
the amplitude response is fully attenuated by the digital filter.
In the case of the AD776, the stopband is a function of the
CLKIN frequency (see Table I).

STOPBAND ATTENUATION

Stopband attenuation is defined to be the amount by which
spectral components in the stopband are attenuated by the digi-
tal filter relative to the full-scale input range of the converter.

POWER SUPPLY REJECTION

DC variations in the power supply voltage will affect the mid-
scale transition point, resulting in offset error. Power supply
rejection is the maximum change in the midscale. transition point
due to a change in power-supply voltage from the nominal
value. Additionally, there is another power supply variation to
consider. AC ripple on the power supplies can couple noise into
the ADC, resulting in degradation of dynamic performance.

GENERAL OVERVIEW

The AD776 is a single supply (+5 V) ADC providing simple
analog and digital interface requirements. A minimal number of
external connections are required to achieve the specified
performance:

1. POWER

2. GROUNDS

3. CLOCKING

4. INPUT BUFFER CIRCUIT

These points will be further explored in the Application Infor-
mation section.

THEORY OF OPERATION
The AD776 differs from traditional multi-bit ADCs through its
use of sigma-delta conversion architecture. A 1-bit analog-to-

REV. A

digital conversion is performed at a very high rate, which redis-
tributes quantization noise to beyond the frequency band of
interest (see Figure 1). The frequency band of interest is
denoted by fc, and f is the sample frequency; fg/2 is the
expanded noise spectrum resulting from oversampling. The total
noise energy remains constant, but by spreading it over a wider
spectrum, the amount in the frequency band of interest is
reduced. Noise shaping, performed by the modulator, attenuates
noise in the signal passband and pushes out the noise energy
into the higher frequency range (Figure 2). The oversampled
signal is presented to the digital filter circuitry for:

- sophisticated averaging (filtering).

- removing high frequency noise (quantization noise removal).
- reducing sampling rate (decimation).
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The resulting output data stream is presented in a format equiv-
alent to a traditional ADC at a much reduced output-sample
rate. .

FREQUENCY BAND
OF INTEREST :
|
1
i
1
w SIGNAL :
2 SPECTRUM |
5 1
a
s 1
< I
: QUANTIZATION
i NOISE
1
1
1
1
4 >
1g/2
FREQUENCY

Figure 1. Noise Spectrum from Oversampling

FREQUENCY BAND

OF INTEREST TRANSFER FUNCTION OF

DIGITAL LOW-PASS FILTER

SIGNAL
SPECTRUM SHAPED
QUANTIZATION

NOISE

AMPLITUDE

fs/2
FREQUENCY

Figure 2. Noise Shaping

Figure 3 provides a block diagram of the various sections of the
AD776. The Analog Front End is comprised of three differen-
tial switched-capacitor linear integrators which perform the
noise-shaping function. Digital filter complexity of the AD776 is
reduced by performing the filtering and decimation in two
stages. The first section contains a 16:1 decimating comb filter
stage with the output presented to a 4:1 decimating low-pass/
compensation FIR filter, resulting in a final decimation ratio of -
64:1. The decimation function is described in detail in the DEC-
IMATION paragraph. The output data is presented in twos
complement, MSB first serial data format, providing serial com-
munication to a host processor.

This interface uses three dedicated pins: serial data output
(DOUT),.frame sync output (FSO), and serial clock output
(DOUT -CLK). The serial interface format of operation is pin
selectable. The timing diagrams for the serial interface are
described in the DIGITAL TIMING section.
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Figure 3. Block Diagram

ANALOG FRONT-END

The integrators of the third-order modulator front-end form a
differential switched-capacitor network which results in
increased signal swing, increased power supply rejection, and
reduced sensitivity to clock jitter. Due to the nature of
switched-capacitor circuits, the input impédance of AIN+,
AIN—, and REFIN will vary with clock frequency. More infor-
mation about these inputs is given in Table II and Table III.

The AD776 modulator is a third-order noise shaper which
reduces quantization noise in the passband to the 16-bit level.
The input signal is sampled at the rate of CLKIN/4. Since the
input signal is oversampled by a factor of 64, a complex anti-
aliasing filter is not needed; a single-pole RC filter will generally
be sufficient. High quality polystyrene or NPO ceramic capaci-
tors should be used for this filter.

DIGITAL FILTER OVERVIEW

The digital filters of the AD776 have two functions: high perfor-
mance low-pass filtering and digital decimation. The shaped
quantization noise from the output of the modulator is low-pass
filtered to reduce the out-of-band noise components to a level
which will not alias into the passband during the decimation
process. Decimation then reduces the data rate to a manageable
level.

DECIMATION

The comb filter performs the first-stage filtering of the analog
front-end’s quantized and noise-shaped output and decimates
the input sample rate by a factor of 16:1. The z-domain transfer
function for the comb filter is expressed by

Hie) — 1 -z~ 16
ST
The frequency domain equivalent transfer function is

1 sin (16 7 fT))"
H = ,[1_6 “sin (m /T
where T = 1/fg
fs = the input sample rate for the Analog Front End
(maximum 6.4 MHz). :
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The attenuation characteristics of the comb filter are shown in
Figure 4. As illustrated, the frequency response in the passband
region exhibits a nonflat behavior. In the 400 kHz mode, the
output of the comb filter provides conversion data. The dynamic
range is equivalent to approximately 72 dB, or 12 bits, in this
mode. In the 16-bit/100 kHz mode, the comb filter serves as the
input to the FIR filter. The FIR filter compensates for the pass-
band roll-off of the comb filter and provides the final sharp cut-
off required for stopband attenuation, removing the out-of-band
noise components while partially serving as the system anti-
aliasing filter.
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Figure 4. Comb Filter Response

Figure 5 illustrates the low-pass response of the FIR filter and
Figure 6 shows the compensation function of the filter. The
255-tap FIR filter is low-pass with 9% transition-band, and with
a CLKIN frequency of 12.8 MHz has a 45.5 kHz passband cut-
off frequency, 50 kHz stopband frequency, 0.001 dB passband
ripple, and a stopband ripple of —96 dB.
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g | 04001(19
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s -72 =
g K 0 45.5kHz
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-120 -
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FREQUENCY - kHz
Figure 5. FIR Filter, Low-Pass Response
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Figure 6. FIR Filter, Compensation Function

The passband and stopband frequencies of both the comb and
FIR filters scale linearly with the CLKIN frequency, as shown
in Table 1.

Table I. FIR and Comb Filter Characteristics

CLKIN Passband Stopband
(MHz) (kHz) (kHz)
12.8 45.5 50
12.288 43.7 48
11.2896 40.1 44.1
10.0 35.5 39.1

6.4 24.6 . 271

ANALOG INPUT

The input to the AD776, as previously described in the discus-
sion of the analog front end, uses a switched-capacitor structure.
As a result, the input impedance of AIN+ and AIN~— will vary
with clock frequency. Table II gives the typical analog input
impedance for some common CLKIN frequencies. The input
impedance is equal to ~10"%/3fq; x1n> Where fop gy is the input
clock rate. i

Table II. Analog Input Impedance

Output Analog

Input Sample Input
Clock Rate Rate (kHz) Impedance
(MHz) (FIR Filter Mode) (kQ)
12.8 100 26

6.4 50 52

6.144 48 54.3

5.6448 44.1 59

The AD776 is designed to accept input signals of (2 X Vggg)
—0.5 V which can be centered at various dc offsets (common-
mode inputs) as long as the signal peaks are bounded by +4.0 V
and 0 V. Signal peaks outside this range will result in signal
clipping and increased distortion products.

Capacitive coupling between the CLKIN and AIN pins can
cause degradation to dynamic performance. Special care should
be taken with respect to the layout of the clock and analog
inputs.
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In consideration of the dynamic characteristics of the analog
input, an external op amp is generally required to provide a low
impedance drive. Care should be taken with op amp selection;
even with modest loading conditions, most available op amps do
not meet the low distortion requirements necessary to match the
performance capabilities of the AD776. The AD712 op amp is a
good choice for low noise and low distortion.

SINGLE-ENDED INPUT CONFIGURATIONS -

The differential input of the AD776 provides a choice of several
different input connections. Figure 7 shows a simple configura-
tion for a single-ended input. AIN— is nominally biased at
+2.5 V by resistively dividing the +5 V power supply (AVpp).
Since the analog input impedance is a function of the input
clock rate, determination. of bias resistor values to achieve a par-
ticular bias voltage will vary with clock rate and AV,

The circuit shown in Figure 7 is a low cost, minimal component
solution, but may suffer from poor power supply rejection as
noise present on the power supply could be coupled directly into
the AIN— pin. An improved input circuit is shown in Figure 8,
where the offset voltage is derived from the AD680 voltage ref-
erence. The AD680 has 40 wV/V line regulation which results in
only a 20 uV error due to 10% supply fluctuation. This
improves power supply rejection of AIN— input to approxi-
mately 88 dB. '

'PROCESSOR

1004F = =
Figure 7. Simple Single-Ended Input Circuit

+5V
0

0.1uF g V
<2xV, p-{)\) }
REF 22uF

Figure 8. Single-Ended Input Circuit for Improved PSRR

For optimal performance in single-ended input applications,
the circuit in Figure'9 may be used to convert the input to a
differential signal. : i
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Figure 9. Single-Ended Input to Differential Circuit

REFERENCE INPUT

The AD776 has an on-chip 0.4 Vp,, reference voltage circuit
which can be used to drive REFIN, as shown in Figure 10.
Alternately, an external voltage reference may be used to supply
the required 2 V. REFIN exhibits characteristics similar to the
Analog Input in that the input impedance is a function of the
clock rate. This is illustrated in Table III. The minimum refer-
ence impedance is equal to 10'%/2.5 f; x, where fq; i is the
input clock rate.

Table III. Reference Input Impedance

Reference

Input ) Output Input
Clock Rate Sample Impedance
(MHz) Rate (kHz) (kQ min)
12.8 100 31.3

6.4 50 62.5

6.144 48 65.1

5.6448 44.1 70.9

Figure 10. Simblé Reference Voltage Circuit

While the internal reference will be adequate for most applica-
tions, power supply rejection and overall regulation may be
improved through the use of an external reference. The process
of selecting an external voltage reference should include consid-
eration of drive capability, initial error, noise, and drift charac-

" teristics. A suitable choice would be the AD680 as shown in

Figure 11.
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Figure 11. External Voltage Reference Circuit

MULTIPLEXING

The AD776 can also be used with an input multiplexer when
the comb filter output is selected by setting FSEL = 1. If f;
= 12.8 MHz, the minimum multiplex intervals are (including
the time to shift the data out from the serial interface):

15 ps (if the FSI and mux are perfectly synchronized)
17.5 us  (if the FSI and mux are not synchronized).

CLOCK GENERATION

With sigma-delta converters, it is critical that clock jitter be
minimized in order to achieve optimal performance. Figure 12
illustrates a simple circuit used to derive a clock source for the
AD776. An alternative would be to use an oscillator such as the
CK1100 series from Cardinal Components (Montclair, NJ) or
the F1100 from Fox Electronics. Compared with performance
obtained with a typical crystal, use of an oscillator improves
SNR by approximately 4 dB.

6.144MHz
M
il
470k

p s TO AD776
PIN 4 (CLKIN)
[
3300
[ ] 74HCU04

68pF i; 74HCU04 Q;GBPF

Figure 12. Basic Clock Circuit

BOARD LAYOUT
Designing with high resolution data converters requires careful

attention to board layout. Trace impedance is a significant issue.

A 1.22 mA current through a 0.5 € trace will develop a voltage
drop of 0.6 mV, which is 20 LSBs at the 16 bit level fora 2 V
full-scale span. In addition to ground drops, inductive and
capacitive coupling need to be considered, especially when

high accuracy analog signals share the same board with digital
signals.

Analog and digital signals should not share a common return
path. Each signal should have an appropriate analog or digital
return routed close to it. Using this approach, signal loops
enclose a small area, minimizing the inductive coupling of noise.
Wide PC tracks, large gauge wire, and ground planes are highly
recommended to provide low impedance signal paths. Separate
analog and digital ground planes are also desirable, with a single
interconnection point at (or under) the part to minimize ground
loops. This is preferred to interconnecting the grounds at the
supplies.

REV. A
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Analog signals should be routed as far as possible from digital
signals and should cross them, if at all, only at right angles. The
AD776 may be treated as an analog component, with both
AGND and DGND connected to a single analog ground plane.
This helps to isolate the AD776 from large digital ground cur-
rents. For these reasons, the use of wire wrap circuit construc-
tion will not provide adequate performance; careful printed
circuit board construction is preferred.
POWER SUPPLIES AND DECOUPLING

With high performance linear circuits, changes in the power

supplies can produce undesired changes in the performance of

the circuit. Optimally, well regulated power supplies with less

than 1% ripple should be selected. The ac output impedance of

a power supply is a complex function of frequency, but in gen-

eral will increase with frequency. High frequency switching such

as that encountered with digital circuitry requires fast transient

currents which most power supplies cannot adequately provide.

This results in voltage spikes on the supplies. To compensate

for the finite ac output impedance of the supplies, it is necessary

to store ‘“‘reserves” of charge in bypass capacitors. These capaci-

tors can effectively lower the ac impedance presented to the

AD776 power inputs which in turn will significantly reduce the
magnitude of the voltage spikes. Decoupling capacitors, typi-

cally 0.1 uF, should be placed as close as possible to each power

supply pin of the AD776. It is essential that these capacitors be

placed physically close to the AD776 to minimize the inductance

of the PCB trace between the capacitor and the supply pin.

Additionally, it is beneficial to have large capacitors (>47 pF)
located at the point where the power connects to the PCB with
10 uF capacitors located in the vicinity of the ADC to further
reduce low frequency ripple.

The AD776 may be operated from a single +5 V supply. How-
ever, performance is optimized by using separate analog (AVpp)
and digital (DVpp) supplies. Separate supplies enable isolation
of digital noise from the analog circuitry. When separate sup-
plies are used, AV, should be decoupled to analog ground
(AGND) and DV, should be decoupled to digital ground
(DGND) with decoupling capacitors.

When a single +5 V supply is used, the circuit shown in Fig-
ure 13 provides adequate decoupling.

+5V AVpp

AD776

DVpp

Figure 13. Single Supply Decoupling
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DIGITAL TIMING

The CLKIN frequency and the choice of output filter mode
(FIR or Comb) determine the output sample rate of the AD776.
With FSEL LOW, the FIR filter output is selected and the out-:
put rate is equal to CLKIN divided by 128. When FSEL is
HIGH, the Comb filter is selected and the output sample rate is
equal to CLKIN divided by 32. The input sample rate (or mod-
ulator frequency) is always the CLKIN frequency divided by 2.

The flexible serial data output interface of the AD776 may be
configured in one of three modes: MODE A and MODE B are
used when the FIR filter output is desired. MODE C should be
selected when output from the comb filter is used. Output data
is always transmitted as 16-bit, twos complement, MSB first,
serial words. In all modes, the FSI pin may be asserted to reset
the serial data output and synchronize internal circuits. A DOE
pin is available to place the DOUT pin in a high impedance
state.

Configuring the appropriate timing mode is controlled by the
FSEL and SF pins. The truth table is shown in Table IV.

CLKIN

L =

sl

DOUT CLK —_/—\_/_-‘

Table IV. Timing Mode Truth Table

FSEL- SF  Output Mode

0 0 A
0 1 B
1 0 C

MODE A
The timing diagrams for MODE A are shown in Figures 14a
and 14b. If MODE A is selected, an internal multiplexer routes
serial data from the output of the FIR filter to the DOUT pin.
The output sample rate is a function of the clock present at the
CLKIN pin where: '

Output Sample Rate = CLKIN/128
A continuous serial output clock, DOUT CLK, is available with
the bit rate determined by:
DOUT CLK = CLKINI/4.

Serial data from the DOUT pin is valid-on the falling edges of
DOUT CLK. A framing signal, FSO, occurs with a period
equal to the output sample rate (Figure 14b). The FSO signal is
HIGH during the falling edge of DOUT CLK prior to the
beginning of a new output data word.

NAAAAVAAAARAARRNVARARNVAVVAASARRNAVVAARAAAAAARRRAAVA

tesonc ]
FSO

DOUT

ZERO (AFTER PREVIOUS D0)

Figure 14a. Mode A Timing

CLKIN ' | , |
POUT CLK '

FSO

- 128t  CYCLES >

[—————————— 32 DOUT CLK CYCLES —— P

JUUUY

UL
AN W
. . w—_ —\\\ o

DouT

I VALID FOR FIRST 16 DOUT s S( ZERO FOR LAST 16 DOUT ’ VALID
17 .

Figure 14b. Mode A Timing
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MODE B

The timing diagrams for MODE B are shown in Figures 15a
and 15b. If Mode B is selected, the internal multiplexer routes
serial data from the output of the FIR filter to the DOUT pin
similar to MODE A. The output sample rate is a function of the
clock present at the CLKIN pin where:

Outpur Sample Rate = CLKIN/128.
A continuous serial output clock, DOUT CLK, is available with

CLKIN

FSI

DOUT CLK

JL =

FSO

LOW FOR D15 - DO

AD776

the bit rate determined by:

DOUT CLK = CLKIN/4.

Note that serial data present at the DOUT pin is valid on the
rising edges of DOUT CLK. The framing signal, FSO, occurs
with a period equal to the output sample rate. In MODE B, the
FSO signal goes LOW at the beginning of the output data word
and remains LOW until the entire word is transmitted.

JUVVULTUUUIUL

ARRNVAAVAAAARARNNRAAVMAAAARRANVAAALAASRAAAAARRARRAAMAAAAAARAA

et > tosu ™™ I+

pout ZERO (AFTER PREVIOUS D0) D15 D14

£LC
27
[ty
‘“msx* ”kmxxm“\

Figure 15a. Mode B Timing

€¢————————————— 32DOUT CLK CYCLES — >

FSO

pout

HIGH (DEASSERTED) FOR LAST

16 DOUT CLK CYCLES

LOW (ASSERTED) FOR FIRST
16 DOUT CLK CYCLES
7

VALID FOR FIRST 16 DOUT CLK CYCLES s( ZERO FOR LAST 16 DOUT CLK CYCLES VALID

7/

Figure 15b. Mode B Timing

MODE C
The timing diagrams for MODE C are shown in Figure 16. If
Mode C is selected, the internal multiplexer routes serial data
from the output of the COMB filter to the DOUT pin, bypass-
ing the FIR filter. The output sample rate is a function of the
clock present at the CLKIN pin where:

Outpur Sample Rate = CLKIN/32.

A continuous serial output clock, DOUT CLK, is available with

CLKIN

tio >

the bit rate determined by:
DOUT CLK = CLKIN/2.

Serial output data is valid on the falling edges of DOUT CLK.
The framing signal, FSO, occurs with a period equal to the out-
put sample rate. The FSO signal is HIGH during the falling
edge of DOUT CLK prior to transmission of the next output
data word. Note that in MODE C, this is also when the LSB,
(D0), of the previous data word is valid.

AVAVAVAVAVAVAVAVAVAVAVAVAR

- g, >

Fs [T

]

‘\\\\\\\\\\\\\\\\\Z

DOUT CLK —/—\f

32 DOUT CLK CYCLES ————

| tou
tosu e

Bt » [T\
AV E ) Y ) () B\ DV

Figure 16. Mode C Timing
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AD776

FSI Operation
A frame sync input-is available to the user on the FSI pin to
reset the serial data output and synchronize internal circuits.

Referring to Figure 17, the FSI pin is sampled on the falling
edge of CLKIN. The FSI pin must adhere to several conditions
depending on which mode is being used as follows:

FSI in MODE A, MODE B
1. FSI should be a periodic signal occurring every 32 DOUT
CLK periods.

2. FSI must be deasserted for at least 2 CLKIN periods prior to

being asserted.
3. FSI must be synchronizéd to CLKIN to meet the timing
requirements outlined in Figure 17.

FSI in MODE C

1. FSI should be a periodic signal occurring every 16 DOUT
CLK periods.

2. FSI must be deasserted for at least 2 CLKIN periods prior to
being asserted.

3. FSI must be synchronized to CLKIN to meet the timing
requirements outlined in Figure 17. )

TR
DOUT CLK )
le- toop —J toop

tekour

Figure 17. Frame Sync Input (FSI) Timing (FIR Filter
Output Mode)

Synchronizing Two Channels

The FSI pin is useful when multiple AD776s are used together
and must be synchronized. In such a case, a single pulse may be
applied to FSI inputs of the converters. This causes the internal
“state-machine” of the AD776 to be reset. Thus, the internal
clocking for both the analog and digital circuitry of each individ-
ual converter is synchronized and in-phase. In the case of a sin-
gle FSI pulse, it must still adhere to the timing outlined in
Figure 17.
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Three-Stating the DOUT Pin (DOE)

In all modes DOUT may be three-stated using the DOE pin.
Operation of the DOE input is shown in Figure 18. When the
DOE input is HIGH, serial data will be present and active at
the DOUT pin. When DOE is brought LOW, the DOUT pin
is placed in a high-impedance state. DOE is completely asyn-
chronous and independent of input and output clocks. DOUT
loading will affect actual performance.

DOE Nf
) _’, top [ tor

—
% \

DATA OUT ———{\ —
Figure 18. Data Output Timing

INTERFACING THE AD776

The AD776 is designed for ease of interface with a variety of
popular processors. The following diagrams illustrate typical
configurations:

———
AD776
FSO RFSO
pout DRO
DOUT CLK SCLKO
s DoE ADSP-21XX
LoGico =
AD776
FSO PCS5/FSR
DouT PC7/SRD
DOUT CLK PC6/SCK
SF BEE DSP56001
Logice =
AD776
FSO FSR
pout DR
DOUT CLK CLKR
sF DoE TMS320C25
Logico =
Figure 19.
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ANALOG
DEVICES

14-Bit 128 kSPS
Complete Sampling ADC

AD779*

FEATURES

AC and DC Characterized and Specified (K, B, T
Grades)

128k Conversions per Second

1 MHz Full Power Bandwidth

500 kHz Full Linear Bandwidth

80 dB S/N+D (K, B, T Grades)

Twos Complement Data Format (Bipolar Mode)

Straight Binary Data Format (Unipolar Mode)

10 MQ Input Impedance

16-Bit Bus Interface (See AD679 for 8-Bit Interface)

On-Board Reference and Clock

10 V Unipolar or Bipolar Input Range

MIL-STD-883 Compliant Versions Available

PRODUCT DESCRIPTION

The AD779 is a complete, multipurpose 14-bit monolithic
analog-to-digital converter, consisting of a sample-hold amplifier
(SHA), a microprocessor compatible bus interface, a voltage
reference and clock generation circuitry.

The AD779 is specified for ac (or “dynamic’’) parameters such
as S/N+D ratio, THD and IMD which are important in signal
processing applications. In addition, the AD779K, B and T
grades are fully specified for dc parameters which are important
in measurement applications.

The 14 data bits are accessed by a 16-bit bus in a single read
operation. Data format is straight binary for unipolar mode and
twos complement binary for bipolar mode. The input has a full-
scale range of 10 V with a full power bandwidth of 1 MHz and
a full linear bandwidth of 500 kHz. High input impedance

(10 MQ) allows direct connection to unbuffered sources without
signal degradation.

This product is fabricated on Analog Devices’ BiIMOS process,
combining low power CMOS logic with high precision, low
noise bipolar circuits; laser-trimmed thin-film resistors provide
high accuracy. The converter utilizes a recursive subranging
algorithm which includes error correction and flash converter
circuitry to achieve high speed and resolution.

The AD779 operates from +5 V and +12 V supplies and dissi-
pates 560 mW (typ). Twenty-eight-pin plastic DIP and ceramic
DIP packages are available.

*Protected by U.S. Patent Numbers 4,804,960; 4,814,767; 4,833,345;
4,250,445, 4,808,908; RE30,586.

This is an abridged data sheet. To obtain the most recent version or
complete data sheet, call our fax retrieval system at 1-800-446-6212.

REV.B

FUNCTIONAL BLOCK DIAGRAM

cs SC OF  EOCEN _ EOC
CONTROL LOGIC
REFour Je—| VvOLTAGE | ”‘N
4
ouTPUT
. [
1 .
AD779 CONS’EARTER LoGic
BIPOFF [
SAMPLE/ GAIN 4-BITFLASH
AIN HOLD U STAGE CONVENTER
AGND }-—-% —
PRODUCT HIGHLIGHTS

1. COMPLETE INTEGRATION: The AD779 minimizes

external component requirements by combining a high speed
sample-hold amplifier (SHA), ADC, 5 V reference, clock and
digital interface on a single chip. This provides a fully speci-

fied sampling A/D function unattainable with discrete
designs.

2. SPECIFICATIONS: The AD779K, B and T grades pro-
vide fully specified and tested ac and dc parameters. The
AD779], A and S grades are specified and tested for ac

parameters; dc accuracy specifications are shown as typicals.

DC specifications (such as INL, gain and offset) are impor-
tant in control and measurement applications. AC specifica-

tions (such as S/N+D ratio, THD and IMD) are of value in

signal processing applications.

3. EASE OF USE: The pinout is designed for easy board lay-
out, and the single cycle read output provides compatibility
with 16-bit buses. Factory trimming eliminates the need for
calibration modes or external trimming to achieve rated
performance.

. RELIABILITY: The AD779 utilizes Analog Devices’

monolithic BIMOS technology. This ensures long term
reliability compared to multichip and hybrid designs.

5. The AD779 is available in versions compliant with MIL-
STD-883. Refer to the Analog Devices Military Products
Databook or current AD779/883B data sheet for detailed
specifications.
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AD779— SPECIFICATIONS

(Tin 10 T Vg = +12V £ 5%, Veg = —12V % 5%, Vpp =

AC SPECIFICATIONS +,'= 10.005 kiiz unless otherwise noted)'

+50 = - 10% fsampie = 128 KSPS,

AD779)/A/S AD779K/B/T
Parameter ! Min Typ Max Min Typ Max Units
SIGNAL-TO-NOISE AND DISTORTION (S/N+D) RATIO
—0.5 dB Input (Referred to —0:dB Input) 78 79 80 81 dB
—20 dB Input (Referred to —20 dB Input) 58 59 60 61 dB
—60 dB Input (Referred to —60 dB Input) 18 19 20 21 dB
TOTAL HARMONIC DISTORTION (THD) : ‘
@ +25°C -90 -84 -90 -84 dB
, 0.003  0.006 0.003  0.006 %
Toin 10 Troax ) —-88 —-82 —-83% -8 dB
. 0.004  0.008 0.004 0.008 - |. %
PEAK SPURIOUS OR PEAK HARMONIC COMPONENT -90 -84 -9 -84 dB
FULL POWER BANDWIDTH 1 1 MH:z
FULL LINEAR BANDWIDTH 500 500 kHz
INTERMODULATION DISTORTION (IMD)? )
2nd Order Products -90 -84 -90 -84 dB
3rd Order Products -90 -84 -90 -84 dB
DIGITAL SPECIFICATIONS (a1 device types T,y 0 Ty Vog = +12V 2 5% Vg = —12V 5% Vg = +5V = 10%)
Parameter Test Conditions Min Max Units
LOGIC INPUTS
Via ~ High Level Input Voltage 2.0 Vob A%
Vi Low Level Input Voltage 0 0.8 A%
I High Level Input Current Vin = Vop -10 +10 RA
I Low Level Input Current V=0V -10 +10 RA
Civ Input Capacitance ) 10 pF
LOGIC OUTPUTS
Vou High Level Output Voltage Iog = 0.1 mA 4.0 v
‘ Iog = 0.5 mA 2.4 \Y
VoL Low Level Output Voltage Ior = 1.6 mA 0.4 v
Ioz High Z Leakage Current Vi~ = Vop -10 +10 pA
Coz High Z Output Capacitance 10 pF
NOTES

!f,w amplitude = —0.5 dB (9.44 V p-p) bxpolar mode full scale unless otherwise indicated. All measurements referred to a —0 dB (9.997 V p-p) input signal

unless otherwise noted.
f, = 9.08 kHz, fy = 9.58 kHz, with fSAMl>LE 128 kSPS.
Specifications subject to change without notice.
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(Tonin 10 Tinaw Voo = +12V = 5%, Ve = —12V % 5%, Vyp = +5V = 10% unless
DC SPECIFICATIONS otﬂgrwisemiar:dic;cted) * B

AD779

AD779J/A/S AD779K/B/T
Parameter Min Typ Max Min Typ Max Units
TEMPERATURE RANGE
J, K Grades 0 +70 0 +70 °C
A, B Grades —40 +85 —40 +85 °C
S, T Grades -ss +125 -s5 +125 °C
ACCURACY
Resolution 14 14 Bits
Integral Nonlinearity (INL) +2 +1 +2 LSB
Differential Nonlinearity (DNL) 14 14 Bits
Unipolar Zero Error! (@ +25°C) 0.08 0.05 0.07 % FSR*
Bipolar Zero Error’ (@ +25°C) 0.08 0.05 0.07 % FSR
Gain Error ? (@ +25°C) 0.12 0.09 0.11 % FSR
Temperature Drift
Unipolar Zero?
J, K Grades 0.04 0.04 0.05 % FSR
A, B Grades 0.05 0.05 0.07 % FSR
S, T Grades 0.09 0.09 0.10 % FSR
Bipolar Zero®
J, K Grades 0.02 0.02 0.04 % FSR
A, B Grades 0.04 0.04 0.06 % FSR
S, T Grades 0.08 0.08 0.09 % FSR
Gain?
J, K Grades 0.09 0.09 0.11 % FSR
A, B Grades 0.10 0.10 0.16 % FSR
S, T Grades 0.20 0.20 0.25 % FSR
Gain*
J, K Grades 0.04 0.04 0.05 % FSR
A, B Grades 0.05 0.05 0.07 % FSR
S, T Grades 0.09 0.09 0.10 % FSR
ANALOG INPUT
Input Ranges
Unipolar Mode 0 +10 0 +10 \Y%
Bipolar Mode -5 +5 -5 +5 v
Input Resistance 10 10 MQ
Input Capacitance 10 10 pF
Input Settling Time 1.5 1.5 s
Aperture Delay 10 10 ns
Aperture Jitter 150 150 ps
INTERNAL VOLTAGE REFERENCE
Output Voltage’ 4.98 5.02 4.98 5.02 \'
External Load
Unipolar Mode +1.5 +1.5 mA
Bipolar Mode +0.5 +0.5 mA
POWER SUPPLIES
Power Supply Rejection
Vee = +12V £ 5% +6 +6 LSB
Vegg = —12V £ 5% +6 +6 LSB
Vpp = +5V £ 10% +6 +6 LSB
Operating Current
Iec 18 20 18 20 mA
Ige 25 34 25 34 mA
Inp 8 12 8 12 mA
Power Consumption 560 745 560 745 mW

NOTES

!Adjustable to zero.

2Includes internal voltage reference error.
3Includes internal voltage reference drift.
“Excludes internal voltage reference drift.
>With maximum external load applied.
*% FSR = percent of full-scale range.

Specifications subject to change without notice.
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AD779
TIMING SPECIFICATIONS

(ANl device types Teyiy 10 Trpgy, Voo = +12V = 5%, Ve = —12V

+ 5%, Voo = +5V = 10%)

Parameter Symbol Min Max Units
Conversion Rate! ter 7.8 us
Convert Pulse Width tep 0.097 3.0 ws
Aperture Delay taD 5 20 ns
Conversion Time te 6.3 s
Status Delay tsp 0 400 ns
Access Time”" 3 tra 10 100 ns
10 57* ns
Float Delay® tep 10 80 ns
Output Delay top 0 ns
OE Delay toE 20 ns
Read Pulse Width trp 100 ns
Conversion Delay tep 400 ns

NOTES
'Includes Acquisition Time.

*Measured from the falling edge of OE/EOCEN (0.8 V) to the time at which

the data lines/EOC cross 2.0 V or 0.8 V. See Figure 4.
3Cour = 100 pF.
*Covr = 50 pF.

*Measured from the rising edge of OE/EOCEN (2.0 V) to the time at which
the, output voltage changes by 0.5 V. See Figure 4; C,,.+ = 10 pF.

Specifications subject to change without notice.

ten ]
- tep r
s LY
| ol
SHA  TRACK woo | TRACK | wow
two» e
. tc o
tso
Eoc’
I
CONTENT OF
OUTPUT oatao X DATA 1
REGISTER I '
ﬁz \ '
NOTES
'EOCEN = LOW.

2DATA SHOULD NOT BE ENABLED DURING A CONVERSION.

Figure 1. Conversion Timing

Figure 2. Output Timing

2-118 ANALOG-TO-DIGITAL CONVERTERS

DB13-DBO

TEST

ACCESS TIME HIGH Z TO LOGIC LOW
FLOAT TIME LOGIC HIGH TO HIGH Z
ACCESS TIME HIGH Z TO LOGIC HIGH
FLOAT TIME LOGIC LOW TO HIGH 2

amoou|<
<<<<|?

Figure 4. Load Circuit for Bus Timing Specifications
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AD779

ABSOLUTE MAXIMUM RATINGS*

With
Respect

Specification To Min | Max Units
Vee AGND | -0.3 | +18 A%
Ves AGND | -18 | +0.3 \%
Vee (Note 2) Vee -0.3 | +26.4 A%
Vop DGND 0 +7 \%
AGND DGND | -1 +1 \%
AIN, REF AGND | Vgg | Vee v
Digital Inputs DGND | -0.5 | +7 \%
Digital Outputs DGND | =05 | Vpp +0.3 | V
Max Junction

Temperature : 175 °C
Operating Temperature

J and K Grades 0 +70 °C

A and B Grades —40 | +85 °C

S and T Grades ) =55 | +125 °C
Storage Temperature —-65 | +150 °C
Lead Temperature

(10 sec max) +300 °C
NOTES

!Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated
in the operational sections of this specification is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device
reliability.

2The AD779 is not designed to operate from *15 V supplies.

ESD SENSITIVITY
The AD779 features input protection circuitry consisting of large “distributed* diodes and
polysilicon series resistors to dissipate both high energy discharges (Human Body Model) and fast,
low energy pulses (Charged Device Model). Per Method 3015.2 of MIL-STD-883C, the AD779 has

been classified as a Category 1 device. WARNING!

Proper ESD precautions are strongly recommended to avoid functional damage or performance “
degradation. Charges as high as 4000 volts readily accumulate on the human body and test equip-

ment and discharge without detection. Unused devices must be stored in conductive foam or ESD SENSITIVE DEVICE

shunts, and the foam should be discharged to the destination socket before devices are removed.
For further information on ESD precautions, refer to Analog Devices’ ESD Prevention Manual.

ORDERING GUIDE'
ModeP Package Temperature Range ~ Tested and Specified Package Option®
AD779]N 28-Pin Plastic DIP 0 to +70°C AC N-28
AD779KN 28-Pin Plastic DIP 0 to +70°C AC + DC N-28
AD779]D 28-Pin Ceramic DIP 0to +70°C . AC D-28
AD779KD 28-Pin Ceramic DIP 0 to +70°C ) AC + DC D-28
AD779AD 28-Pin Ceramic DIP —40°C to +85°C AC D-28
AD779BD 28-Pin Ceramic DIP —40°C to +85°C AC + DC D-28
AD779SD 28-Pin Ceramic DIP —55°C to +125°C AC D-28
AD779TD 28-Pin Ceramic DIP —55°C to +125°C AC + DC D-28

NOTES

!For two cycle read (8+16 bits) interface to 8-bit buses, see AD679.

2For details on grade and package offerings screened in accordance with MIL-STD-883, refer to the Analog Devices Military Products Databook or current
AD779/883B data sheet.

3D = Ceramic DIP; N = Plastic DIP. For outline information see Package Information section.
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AD779

AD779 PIN DESCRIPTION
28-Pin DIP | 44-Lead JLCC :

Symbol Pin No. Pin No. Type | Name and Function ‘

AGND 7 11 P . | Analog Ground. This is the ground return for AIN only.

AIN 6 10 AI | Analog Signal Input.

BIPOFF |10 15 Al | Bipolar Offset. Connect to AGND for +10 V input unipolar mode and straight
binary output coding. Connect to REF oy for =5 V input bipolar mode
and twos-complement binary output coding.

CS 12 19 DI Chip Select. Active LOW.

DGND 14 23 P Digital Ground .

DBI13-DB0 | 28-15 43, 42, 40, 39, 37, | DO | Data Bits. These pins provide all 14 bits in one 14 bit parallel output.

36, 35, 34, 33, 31, Active HIGH
30, 27, 26, 25

EOC 2 3 DO | End-of-Convert. EOC goes LOW when a conversion starts and goes HIGH
when the conversion is finished. EOC is a three-state output. See EOCEN
pin for information on EOC gating.

EOCEN 13 21 DI | End-of-Convert Enable. Enables EOC pin. Active LOW.

OE 3 5 DI | Output Enable. A down-going transition on OE enables data bits. Active LOW.

REF; 9 14 Al Reference Input. +5 V input gives 10 V full scale range.

REFout 8 12 AO .| +5 V Reference Output. Tied to REF,y for normal operation.

SC 4 6 DI | Start Convert. Active LOW.

Vee 11 17 P +12 V Analog Power.

Vee 5 8 P —12 V Analog Power.

P +5 V Digital Power.

Voo 1 1

Type: AI = Analog Input.
AO = Analog Output.
DI = Digital Input.

DO = Digital Output. All DO pins are three-state drivers.

P = Power.
PIN CONFIGURATION

DIP Package

N ‘
VDDE . 28| DB13
eoc [ 2] 27] pB12
EE 26 | DB11
5[ 25| DB10
Vee [5] 24| DB9
A.INE: 23] pB8
AGND[Z AD779 22| pB7
REFour [ 8 | (N.L?;owsecﬁe) [21] oBs
REFWE ::ﬂoss
BIPOFF [ 10 13| DB4
A Ve [11 18] B3
TS |12 17 | 0B2
EOCEN | 13 16 | DB1
DGND | 14 15 | DBo

2-120 ANALOG-TO-DIGITAL CONVERTERS REV.B



ANALOG
DEVICES

Complete 12-Bit 5 MSPS
Monolithic A/D Converter

AD8T1

FEATURES

Monolithic 12-Bit 5 MSPS A/D Converter

Low Noise: 0.17 LSB RMS Referred to Input

No Missing Codes Guaranteed

Differential Nonlinearity Error: 0.5 LSB

Signal-to-Noise and Distortion Ratio: 68 dB

Spurious-Free Dynamic Range: 73 dB

Power Dissipation: 1.03 W

Complete: On-Chip Track-and-Hold Amplifier and
Voltage Reference

Pin Compatible with the AD872

Twos Complement Binary Output Data

Out of Range Indicator

28-Pin Ceramic DIP or 44-Pin Surface Mount Package

PRODUCT DESCRIPTION

The AD871 is a monolithic 12-bit, 5 Msps analog to digital
converter with an on-chip, high performance track-and-hold
amplifier and voltage reference. The AD871 uses a multistage
differential pipelined architecture with error correction logic to
provide 12-bit accuracy at 5 Msps data rates and guarantees no
missing codes over the full operating temperature range. The
ADS871 is a redesigned variation of the AD872 12-bit, 10 Msps
ADC, optimized for lower noise in applications requiring sam-
pling rates of 5 Msps or less. The AD871 is pin compatible with
the AD872, allowing the parts to be used interchangeably as
system requirements change.

The low-noise input track-and-hold (T/H) of the AD871 is ide-
ally suited for high-end imaging applications. In addition, the
T/H’s high input impedance and fast settling characteristics
allow the AD871 to easily interface with multiplexed systems
that switch multiple signals through a single A/D converter. The
dynamic performance of the input T/H also renders the AD871
suitable for sampling single channel inputs at frequencies up to
and beyond the Nyquist rate. The AD871 provides both refer-
ence output and reference input pins, allowing the on-board ref-
erence to serve as a system reference. An external reference can
also be chosen to suit the dc accuracy and temperature drift
requirements of the application. A single clock input is used to
control all internal conversion cycles. The digital output data is
presented in twos complement binary output format. An out-of-
range signal indicates an overflow condition, and can be used
with the most significant bit to determine low or high

overflow.

REV. 0

FUNCTIONAL BLOCK DIAGRAM

DVpp DGND *DRVp,  *DRGND
o abiiad

AD871

AVpp AGND AVgg
S

CLOCKQ
REFINQ
REF OUT Q

*OUTPUT OTR *MSB MSB-BIT 12 (LSB)
ENABLE
*ONLY AVAILABLE ON 44-PIN SURFACE MOUNT PACKAGE.

REF GND

The ADS871 is fabricated on Analog Devices ABCMOS-1 process
which utilizes high speed bipolar and CMOS transistors on a
single chip. High speed, precision analog circuits are now com-
bined with high density logic circuits.

The AD871 is packaged in a 28-pin ceramic DIP and a 44-pin
leadless ceramic surface mount package and is specified for
operation from 0°C to +70°C and —55°C to +125°C.

PRODUCT HIGHLIGHTS

The AD871 offers a complete single-chip sampling 12-bit,

5 Msps analog-to-digital conversion function in a 28-pin DIP or
44-pin leadless ceramic surface mount package (LCC).

Low Noise—The AD871 features 0.17 LSB referred-to-input
noise, producing essentially a “1 code wide” histogram for a
code-centered dc input.

Low Power—The AD871 at 1.03 W consumes a fraction of the
power of presently available hybrids.

On-Chip Track-and-Hold (T/H)—The low noise, high impedance
T/H input eliminates the need for external buffers and can be
configured for single ended or differential inputs.

Ease of Use—The AD871 is complete with T/H and voltage
reference and is pin-compatible with the AD872 (12-bit, 10
Msps monolithic ADC).

Out of Range (OTR)—The OTR output bit indicates when the
input signal is beyond the AD871’s input range.
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AD871— SPECIFICATIONS

Ty 0 Ty With AVpp = +5V, DVpp = +5V, DRVyp = +5 V, Mg = =5 V, fopupic = 5 MHZ unless

DC SPECIFICATIONS ctpervise micated)

Parameter J Grade S Grade! Units
RESOLUTION 12 12 Bits min
MAX CONVERSION RATE 5 5 MHz min
INPUT REFERRED NOISE 0.17 0.17 LSB rms typ
ACCURACY v
Integral Nonlinearity (INL) +1.5 +1.5 LSB typ
Differential Nonlinearity (DNL) +0.5 +0.5 - LSB typ,
No Missing Codes ’ 12 12 Bits Guaranteed
~ Zero Error (@ +25°C)? +0.75 +0.75 % FSR max
Gain Error (@ +25°C)? +1.25 +1.25 % FSR max
TEMPERATURE DRIFT?
Zero Error +0.15 +0.3- % FSR max
Gain Error® * +0.80 +1.75 % FSR max
Gain Error® ° +0.25 +0.50 % FSR max
POWER SUPPLY REJECTION®
AVpp, DVpp (45 V £ 0.25 V) +0.125 +0.125 % FSR max
AVg (-5V £0.25V) +0.125 +0.125 % FSR max
ANALOG INPUT
Input Range +1 =S| Volts max
Input Resistance 50 50 kQ typ
Input Capacitance 10 10 pF typ
INTERNAL VOLTAGE REFERENCE
Output Voltage 2.5 2.5 Volts typ
Output Voltage Tolerance *20 +40 mV max
Output Current (Available for External Loads) 2.0 2.0 mA typ
(External load should not change during conversion.)
REFERENCE INPUT RESISTANCE 5 5 kQ typ
POWER SUPPLIES
Supply Voltages
AVpp +5 +5 V (£5% AVpp Operating)
AVgg -5 -5 V (5% AVgg Operating)
DVpp +5 +5 V (£5% DVpp, Operating)
DRVpp’ +5 +5 V (£5% DRV, Operating)
Supply Current
IAVpp 87 88 mA max (82 mA typ)
TAVgg 147 150 mA max (115 mA typ)
IDVpp 20 21 mA max (7 mA typ)
IDRVpp’ 2 2 mA max
POWER CONSUMPTION 1.03 1.03 W typ
1.25 1.3 W max
NOTES

!Temperature ranges are as follows: J Grade: 0°C to +70°C, S Grade: —55°C to +125°C.

2Adjustable to zero with external potentiometers (see Zero and Gain Error Calibration section).

3425°C to Ty and +25°C to Tyax.
“Includes internal voltage reference error.
>Excludes internal reference drift.

SChange in Gain Error as a function of the dc supply voltage (V nominal to V min, V nominal to V max).

7LCC package only.
Specifications subject to change without notice.
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(T 10 Ty with AVpy = +5V, DVpy = +5V, DRVyp = +5V, AVgg = =5V, = 5 Msps,
AC SPECIFICATIONS unI:.ss otl'::xrwise not:l:l)‘ " " s SAMPLE

J Grade S Grade Units

SIGNAL-TO-NOISE AND DISTORTION RATIO (S/N+D)
finpur = 750 kHz 68 68 dB typ
fivpur = | MHz 66 66 dB typ
63 62 dB min
fiwpur = 2.499 MHz 60 60 dB typ
TOTAL HARMONIC DISTORTION (THD)
finpur = 750 kHz =72 =72 dB typ
finpur = 1 MHz —-69 -69 - dB typ
—64 —63 dB max
finput = 2.49 MHz -62 -62 dB typ
SPURIOUS FREE DYNAMIC RANGE (SFDR)
finpuT = 750 kHz 73 73 dB typ
fineur = 1 MHz 70 70 dB typ
finpur = 2.49 MHz 62 62 dB typ
INTERMODULATION DISTORTION (IMD)?

Second Order Products —-80 —80 dB typ
Third Order Products =73 =73 dB typ
FULL POWER BANDWIDTH 15 15 MHz typ
SMALL SIGNAL BANDWIDTH 15 15 MHz typ

APERTURE DELAY ' 6 6 ns typ
APERTURE JITTER 16 16 ps rms typ
ACQUISITION TO FULL-SCALE STEP 80 80 ns typ
OVERVOLTAGE RECOVERY TIME 80 80 ns typ
NOTES

!f, amplitude = —0.5 dB full scale unless otherwise indicated. All measurements referred to a 0 dB (1 V pk) input signal unless otherwise indicated.
*fa = 1.0 MHz, fb = 0.95 MHz with fg,yp = 5 MHz.

Specifications subject to change without notice.

DIGITAL SPECIFICATIONS ., to 1, with AV, = +5V, DV, = +5 V, AVsg = —5 V unless otherwise noted)

Parameter Symbol J, S Grades Units
LOGIC INPUTS
High Level Input Voltage Viu +2.0 V min
Low Level Input Voltage Vo +0.8 V max
High Level Input Current (Viy = DVpp) Iu +10 pA max
Low Level Input Current (Viy = 0 V) I +10 pA max
Input Capacitance Cin 5 pF typ
LOGIC OUTPUTS
High Level Output Voltage (Ioy = 0.5 mA) Vou +2.4 V min
Low Level Output Voltage (Io;, = 1.6 mA) VoL +0.4 V max
Output Capacitance Cout 5 . pF typ
Leakage (Three-State, LCC Only) 1Z *10 A max

Specifications subject to change without notice.
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SWITCHING SPECIFkICATIONS

Vie =20V, Vo = 04V and Vg, = 24 V)

(Tum to Tm with Aan = +5 V, nv“n =45 V, nRVnn =‘ +5 v, AvSs = _5 v; V||.y =08 V,

Parameter Symbol J, S Grades Units
Clock Period® te 200 ns min
CLOCK Pulse Width High ten 95 ns min
CLOCK Pulse Width Low teL 95 ns min
Clock Duty Cycle? 40 % min (50% typ)

60 % max .
Output Delay top 10 ns min (20 ns typ)
Pipeline Delay (Latency) 3 Clock Cycles
Data Access Time (LCC Package Only) top 50 ns typ (100 pF Load)
Output Float Delay (LCC Package Only)? tyr 50 ns typ (10 pF Load)

NOTES

!Conversion rate is operational down to 10 kHz without degradation in specified performance.
2For clock periods of 200 ns or greater, see Clock Input Section.

3See Section on Three-State Qutputs for timing diagrams and application information.
Specifications subject to change without notice.

VIN

CLOCK

BIT 2-12
MSB, OTR

XX

N+1

tc—

N+

ton |t

.
) S 0 ¢

Figure 1. Timing Diagram

ABSOLUTE MAXIMUM RATINGS'

Parameter With Respect to Min Max Units
AVpp AGND -0.5 +6.5 Volts
AV AGND -6.5 +0.5 Volts
DVyp, DRV, DGND, DRGND -0.5 +6.5 Volts
DRV’ DVpp -6.5 +6.5 Volts
DRGND? DGND -0.3 +0.3 Volts
AGND DGND -1.0 +1.0 Volts
AVpp DVpp -6.5 +6.5 Volts
Clock Input, OEN DGND -0.5 DVpp + 0.5 Volts
Digital Outputs DGND -0.5 DVpp + 0.3 Volts
Vinas Vins REF IN AGND -6.5 +6.5 Volts
REF IN AGND AVgg AVpp Volts
Junction Temperature +150 °C
Storage Temperature —65 +150 °C
Lead Temperature (10 sec) +300 - °C
NOTES

IStresses above those listed under “Absol

Maxi R 3

ings” may cause per

to the device. This is a stress rating only and functional operation

of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum
ratings for extended periods may affect device r;liabi[ity.

2LCC Package Only.
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PIN DESCRIPTION

DIP LCC
Symbol Pin No. | Pin No. Type | Name and Function
AGND S5, 24 9, 36 P Analog Ground.
AVpp 4 6, 38 P +5 V Analog Supply.
AVgg 3,25 5, 40 P —5 V Analog Supply.
MSB 19 29 DO Inverted Most Significant Bit. Provides twos complement output
data format.
MSB N/A 27 DO Most Significant Bit.
BIT 2-BIT 11 | 18-9 26-17 DO Data Bits 2 through 11.
BIT 12 (LSB) 8 16 DO Least Significant Bit.
CLK 21 31 DI Clock Input. The AD871 will initiate a conversion on the rising
edge of the clock input. See the Timing Diagram for details.
DVpp 7,22 33 P +5 V Digital Supply. :
DGND 6,23 10 P Digital Ground.
DRVpp N/A 12, 32 P +5 V Digital Supply for the output drivers.
DRGND N/A 11, 34 P Digital Ground for the output drivers.
(See section on Power Supply Decoupling for details on
) DRV, and DRGND.)
OTR 20 30 DO Out of Range is Active HIGH on the leading edge of code 0 or
the trailing edge of code 4096. See Output Data Format Table III.
OEN N/A 13 DI Output Enable. See the Three State Output Timing Diagram for details.
REF GND 27 42 Al Reference Ground.
REF IN 28 43 Al Reference Input. +2.5 V input gives +1 V full-scale range.
REF OUT 26 41 AO +2.5 V Reference Output. Tie to REF IN for normal operation.
Vina 1 1 Al (+) Analog Input Signal on the differential input amplifier.
Vine 2 2 Al (=) Analog Input Signal on the differential input amplifier.
NC N/A 3,4,7, 8,14, 15, No Connect. )
28, 35, 37, 39, 4

TYPE: Al = Analog Input; AO = Analog Output; DI = Digital Input; DO = Digital Output; P = Power; N/A = Not Available on 28-pin DIP. Only avail--
able on 44-pin surface mount package.

28-Pin Ceramic DIP
U
Vow [1]® 28] reF IN
Vie |2 27] Rer anp
avs [3] 26] REF OUT
Avpo [4] 25] Avgg
ano [5] 24] AGND
e 23] panp
ovpo [7|  ADB71 - [22] Vg
S

REV. 0

o1t [o]
BT 10 [10]
Brrs [11]

eivs 1z

BIT7 |13
BIT6 |14

[20] ot
[19] MsB
18] miv2
[17] &3
16] Br74
[15] errs

PIN CONFIGURATIONS
’ 44-Pin LCC
: 23
8 8 2 5 wow w8
2 228 5SS 8 Bz
/T TR
w [7] ’ ' ] v
NC z] . E AVpo
AGND zl E NC
oao [1o] ADeT1 [] soro
DRGND E TOP VIEW E NG
(NOT TO SCALE)
DRVpp 1__2| Ea: DRGND
OEN 1__?| E DVgo
NC _1__4| E DRVpp
Ne 1__5| E oLk
BIT 12 (LSB) EI E oTR
BIT11 E E MSB
\ FEEFEEEEEEE
NC = NO CONNECT é
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DEFINITIONS OF SPECIFICATIONS

LINEARITY ERROR

Linearity error refers to the deviation of each individual code
from a line drawn from “negative full scale” through “positive
full scale.” The point used as “negative full scale” occurs .

1/2 LSB before the first code transition. “Positive full scale” is
defined as a level 1 1/2 LSB beyond the last code transition.
The deviation is measured from the middle of each particular
code to the true straight line.

DIFFERENTIAL LINEARITY ERROR (DNL, NO
MISSING CODES)

An ideal ADC exhibits code transitions that are exactly 1 LSB
apart. DNL is the deviation from this ideal value. Guaranteed
no missing codes to 12-bit resolution indicates that all 4096
codes must be present over all operating ranges.

ZERO ERROR

The major carry transition should occur for an analog value

1/2 LSB below analog common. Zero error is defined as the
deviation of the actual transition from that point. The zero error
and temperature drift specify the initial deviation and maximum
change in the zero error over temperature.

GAIN ERROR

The first code transition should occur for an analog value 1/2
LSB above nominal negative full scale. The last transition
should occur for an analog value 1 1/2 LSB below the nominal
positive full scale. Gain error is the deviation of the actual dif-

ference between first and last code transitions and the ideal dif-

ference between first and last code transitions.

TEMPERATURE DRIFT
The temperature drift for zero error and gain error specifies the
maximum change from the initial (25°C) value to the value at:

Tamme or Tygax-

POWER SUPPLY REJECTION

The specifications show the maximum change in the converter’s
full-scale as the supplies are vaned from nominal to min/max
values. :

APERTURE JITTER
Aperture jitter is the variation in aperture delay for successive
samples and is manifested as noise on the input to the A/D.

APERTURE DELAY . )

Aperture delay is a measure of the Track-and-Hold Amplifier
(THA) performance and is measured from the rising edge of the
clock input to when the input signal is held for conversion.

2-126 ANALOG-TO-DIGITAL CONVERTERS

OVERVOLTAGE RECOVERY TIME
Overvoltage recovery time is defined as that amount of time
required for the ADC to achieve a specified accuracy after an

-overvoltage (50% greater than full-scale range), measured from

the time the overvoltage signal reenters the converter’s range.

- DYNAMIC SPECIFICATIONS

SIGNAL-TO-NOISE AND DISTORTION (S/N+D) RATIO
S/N+D is the ratio of the rms value of the measured input sig-
nal to the rms sum of all other spectral components below the
Nyquist frequency, including harmonics but excluding dc. The
value for' S/N+D is expressed in decibels.

TOTAL HARMONIC DISTORTION (THD)

THD is the ratio of the rms sum of the first six harmonic com-
ponents to the rms value of the measured input signal and is
expressed as a percentage or in decibels.

INTERMODULATION DISTORTION (IMD)

With inputs consisting of sine waves at two frequencies, fa and
fb, any device with nonlinearities will create distortion products,
of order (m + n), at sum and difference frequencies of

mfa + nfb, wherem,n = 0, 1, 2, 3. . . . Intermodulation
terms are those for which m or n is not equal to zero. For exam-
ple, the second order terms are (fa + fb) and (fa — fb), and the
third order terms are (2 fa + fb), (2 fa — fb), (fa + 2 fb) and

(2 fb — fa). The IMD products are expressed as the decibel
ratio of the rms sum of the measured input signals to the rms
sum of the distortion terms. The two signals are of equal ampli-
tude and the peak value of their sums is —0.5 dB from full
scale. The IMD products are normalized to a 0 dB input signal.

FULL-POWER BANDWIDTH

The full-power bandwidth is that iriput frequency at which the
amplitude of the reconstructed fundamental is reduced by 3 dB
for a full-scale input.

SPURIOUS FREE DYNAMIC RANGE
The difference, in dB, between the rms amphtude of the input
signal and the peak spurious signal.

ORDERING GUIDE
Model Temperature Range Package Option®: 2
AD871]D 0°C to +70°C D-28
ADS71JE 0°C to +70°C E-4A
AD871SD? —55°C to +125°C D-28
ADS871SE? —55°C to +125°C ~E-44A
NOTES

D = Ceramic DIP, E = Leadless Ceramic Chip Carrier.
2For outline information see Package Information section.
3MIL-STD-883 version will be available; contact factory.
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Dynamic Characteristics—Sampie Rate: 5 MSPS—AD871

69.5 62
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Figure 2. AD871 S/(N+D) vs. Input Frequency Figure 3. AD871 Distortion vs. Input Frequency,
Full-Scale Input
1
A 4
1, = 1MHz HARMONICS - dB
f,y AMPLITUDE = -0.5dB 2ND 80
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Figure 4. AD871 Typical FFT, f,, = 1 MHz, f,,, Amplitude = —0.5 dB
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Figure 5. AD871 Typical FFT, f,, = 1 MHz, f,, Amplitude = —6 dB
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AD871—Dynamic Characteristics-Sample Rate: 5 MSPS

& 4 I
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Figure 6. AD871 Typical FFT, f,n, = 750 kHz
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Figure 7. AD871 Typical FFT, f,y = 2 MHz
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DEVIATION FROM CORRECT CODE (LSB)
Figure 8. AD871 Output Code Histogram for DC input
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Figure 9. AD871 Code Probability at a Transition
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THEORY OF OPERATION

The AD871 is implemented using a 4-stage pipelined multiple
flash architecture. A differential input track-and-hold amplifier
(THA) acquires the input and converts the input voltage into a
differential current. A 4-bit approximation of the input is made
by the first flash converter, and an accurate analog representa-
tion of this 4-bit guess is generated by a digital-to-analog con-

. verter. This approximation is subtracted from the THA output
to produce a remainder, or residue. This residue is then sam-
pled and held by the second THA, and a 4-bit approximation is
generated and subtracted by the second stage. Once the second
THA goes into hold, the first stage goes back into track to
acquire a new input signal. The third stage provides a 3-bit
approximation/subtraction operation, and produces the final resi-
due, which is passed to a final 4-bit flash converter. The 15 out-
put bits from the 4 flash converters are accumulated in the
correction logic block, which adds the bits together using the
appropriate correction algorithm, to produce the 12-bit output
word. The digital output, together with overrange indicator, is
latched into an output buffer to drive the output pins.

The additional THA inserted in each stage of the AD871 archi-
tecture allows pipelining of the conversion. In essence, the con-
verter is converting multiple inputs simultaneously, processing
them through the converter chain serially. This means that
while the converter is capable of capturing a new input sample
every clock cycle, it actually takes three clock cycles for the con-
version to be fully processed and appear at the output. This
“pipeline delay” is often referred to as latency, and is not a con-
cern in most applications, however there are some cases where it
may be a consideration. For example, some applications call for
the A/D converter to be placed in a high speed feedback loop,
where its input is servoed to provide a desired result at the digi-
tal output (e.g., offset calibration or zero restoration in video
applications). In these cases the 3 clock cycle delay through the
pipeline must be accounted for in the loop stability calculations.
Also, because the converter is working on three conversions
simultaneously, major disruptions to the part (such as a large
glitch on the supplies or reference) may corrupt three data sam-
ples. Finally, there will be a minimum clock rate below which
the THA droop corrupts the signal in the pipeline. In the case
of the AD871, this minimum clock rate is 10 kHz.

The high impedance differential inputs of the AD871 allow a
variety of input configurations (see APPLYING THE ADS871).
The AD871 converts the voltage difference between the Vi
and Vg pins. For single-ended applications, one input pin
(Vina Or Ving) may be grounded, but even in this case the dif-
ferential input can provide a performance boost: for example,
for an input coming from a coaxial cable, Viyg can be tied to
the shield ground, allowing the AD871 to reject shield noise as
common mode. The high input impedance of the device mini-
mizes external driving requirements and allows the user to exter-
nally select the appropriate termination impedance for the
application.

The AD871 clock circuitry uses both edges of the clock in its
internal timing circuitry (see spec page for exact timing require-
ments.) The AD871 samples the analog input on the rising edge
of the clock input. During the clock low time (between the fall-
ing edge and rising edge of the clock) the input THA is in track
‘mode; during the clock high time it is in hold. System distur-
bances just prior to the rising edge of the clock may cause the
part to acquire the wrong value, and should be minimized.

REV. 0
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While the part uses both clock edges for its timing, jitter is only
a significant issue for the rising edge of the clock (see CLOCK
INPUT section).

APPLYING THE ADS871
ANALOG INPUTS

The AD871 features a high impedance differential input that
can readily operate on either single-ended or differential input
signals. Table I summarizes the nominal input voltage span for
both single-ended and differential modes, assuming a 2.5 V ref-
erence input.

Table I. Input Voltage Span

Vina Ving Vina—Vine
Single-Ended | +1V GND +1 V (Positive Full Scale)
-1V GND —1 V (Negative Full Scale)
Differential +0.5V | =0.5V | +1 V (Positive Full Scale)
=05V | +0.5V | —1 V (Negative Full Scale)

Figure 10 shows an approximate model for the analog input cir-
cuit. As this model indicates, when the input exceeds 1.6 V
(with respect to AGND), the input device may saturate, causing
the input impedance to drop substantially and significantly
reducing the performance of the part. Input compliance in the
negative direction is somewhat larger, showing virtually no deg-
radation in performance for inputs as low as —1.9 V.

+5V

Vina OR Ving

-5V

Figure 10. AD871 Equivalent Analog Input Circuit

Figure 11 illustrates the effect of varying the common-mode
voltage of a —0.5 dB input signal on total harmonic distortion.

§ 6535,
-

THD - dB
&

1

N

:
\
\

=70

-100

-1 1

]
CM INPUT VOLTAGE - Volits

Figufe 11. AD871 Total Harmonic Distortion vs. CM Input
Voltage, f,n, = 1 MHz, FS = 5 MSPS
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Figure. 12 shows the common-mode rejection performance vs.
frequency for a 1 V p-p common mode input. This excellent
common-mode rejection over a wide bandwidth affords the user
the opportunity to eliminate many potential sources of input
noise as common mode by using the differential mput ‘structure
of the AD871. .

-a0
-50
LA
[ y. Figure 15. Single-Ended to Differential Connections;
§I -70 U1, U2 = AD811 or AD9617
o I . .
_80 The use of the differential input signal can help to minimize
: even-order distortion from the input THA where performance
o0 beyond —70 dB is desired.
/ ) Figure 16 shows the AD871 large signal (—0.5 dB) and small
~100 i signal (—20 dB) frequency response.
10k 100k ™ 10M
INPUT FREQUENCY - Hz 1
Figure 12. Common-Mode Re;ectlon vs. Input Frequency,
1V p-p Input o
) . . ) . \
Figures 13 and 14 illustrate typical input connections for single- o \
ended inputs. 3
£ o
Q
F4
2
-20 - \\
-30

104 105 108 107 108

Figure 13. AD871 Single-Ended Input Connection  INPUT FREQUENGY - Hz

Figbre 16. Full Power (—0.5 dB) and Small Signal
Response (—20 dB) vs. Input Frequency

The AD871’s wide input bandwidth facilitates rapid acquisition
of transient input signals: the input THA can typically settle to
12-bit accuracy from a full-scale input step in less than 80 ns.
Figure 17 illustrates the typical acquisition of a full-scale input
step.

Figure 14. AD871 Single-Ended Input Connection Using a
Shielded Cable

\
The cable shield is used as the ground connection for the Vg \\
input, providing the best possible rejection of the cable noise
from the input signal. Note also that the high input impedance
of the AD871 allows, the user to select the termination imped-
ance, be it 50 ohms, 75 ohms, or some other value. Further-
more, unliké many flash converters, most AD871 applications
will not require an external buffer amplifier. If such an amplifier
is required, we suggest either the AD811 or AD9617.

Figure 15 illustrates how external amplifiers may be used to

convert a single-ended input into a differential signal. The resis-

tor values of 536 Q and 562 () were selected to provide opu- o . 2 “maz—m“ 8 100
. mum phase matching between Ul and U2.

\
\
\

MAGNITUDE - LSB

-s8B8BEEEELE

N\

Figure 17. Typical AD871 Settling Time
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The wide input bandwidth and superior dynamic performance
of the input THA make the AD871 suitable for sampling inpr
at frequencies up to the Nyquist Rate. The input THA is
designed to recover rapidly from input overdrive conditions,
returning from a 50% overdrive in less than 100 ns.

Because of the THA’s exceptionally wide input bandwidth,
some users may find the AD871 is sensitive to noise at frequen-
cies from 10 MHz to 50 MHz that other converters are incapa-
ble of responding to. This sensitivity can be mitigated by careful
use of the differential inputs (see previous paragraphs). Addi-
tionally, Figure 18 shows how a small capacitor (10 pF-20 pF
for 50 Q terminated inputs) may be placed between Vi, and
Vins to help reduce high frequency noise in applications where
limiting the input bandwidth is acceptable.

Figure 18. Optional High Frequency Noise Reduction

The AD871 will contribute its own wideband thermal noise. As
a result of the integrated wideband noise (0.17 LSB rms,
referred-to-input), applying a dc analog input. may produce more
than one code at the output. A histogram of the ADC output
codes, for a dc input voltage, will be between 1 and 3 codes
wide, depending on how well the input is centered on a given
code and how many samples are taken. Figure 8 shows a typical
ADS871 code histogram, and Figure 9 illustrates the AD871’s
transition noise.

REFERENCE INPUT

The nominal reference input should be 2.5 V, taken with
respect to REFERENCE GROUND (REF GND). Figure 19
illustrates the equivalent model for the reference input: there
is no clock or signal-dependent activity associated with the
reference input circuitry, therefore, no “kickback” into the
reference.

Figure 19. Equivalent Reference Input Circuit
However, in order to realize the lowest noise performance of the

AD871, care should be taken to minimize noise at the reference
input. '
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The AD871’s reference input impedance is equal to 5 k()
(*£20%), and its effective noise bandwidth is 10 MHz, with a
referred-to-input noise gain of 0.8. For example, the internal
reference, with an rms noise of 28 pV (using an external 1 pF
capacitor), contributes 24 pnV (0.05 LSB) of noise to the transfer
function of the AD871.

The full-scale peak-to-peak input voltage is a function of the
reference voltage, according to the equation:

(Vina — Ving) Full Scale = 0.8%(Vgrr — REF GND)

Note that the AD871’s performance was optimized for a 2.5 V
reference input: performance may degrade somewhat for other
reference voltages. Figure 20 illustrates the S/(N+D) perfor-
mance vs. reference voltage for a 1 MHz, —0.5 dB input signal.
Note also that if the reference is changed during a conversion,
all three conversions in the pipeline will be invalidated.

70

o
//

]

S/(N +D)~dB
8

15 2 25 3 35
REFERENCE INPUT VOLTAGE ~ Volts

Figure 20. S/(N+D) vs. Reference Input Voltage,
fiw = 1 MHz, FS = 5 MHz

Table II summarizes various 2.5 V references suitable for use
with the AD871, including the onboard bandgap reference (see
REFERENCE OUTPUT section).

Table II. Suitable 2.5 V References

Drift (PPM/°C) Initial Accuracy %
REF-43B 6 (max) 0.2
AD680JN 10 (max) 0.4
Internal 30 (typ) 0.4

If an external reference is connected to REF IN, REF OUT
must be connected to +5 V. This should lower the current in
REF-GND to less than 350 pA and eliminate the need for a
1 wF capacitor, although decoupling the reference for noise
reduction purposes is recommended.

Alternatively, Figure 21 shows how the AD871 may be driven
from other references by use of an external resistor. The exter-
nal resistor forms a resistor divider with the on-chip 5 k() resis-
tor to realize 2.5 V at the reference input pin (REF IN). A trim
potentiometer is needed to accommodate the tolerance of the
ADB871’s 5 k() resistor.
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Figure 21. Optional +5 V Reference Input Circuit

REFERENCE GROUND

The REF GND pin provides the reference point for both the
reference input, and the reference output. When the internal
reference is operating, it will draw approximately 500 wA of cur-
rent through the reference ground, so a low impedance path to
the external common is desirable. The AD871 can tolerate a
fairly large difference between REF GND and AGND, up to

+1 V, without any performance degradation.

REFERENCE OUTPUT

The AD871 features an onboard, curvature compensated
bandgap reference that has been laser trimmed for both absolute
value and temperature drift. The output stage of the reference
was designed to allow the use of an external capacitor to limit
the wideband noise. As Figure 22 illustrates, a I nF capacitor on
the reference output is required for stability of the reference output
buffer. Note: If used, an external reference may become unstable
with this capacitor in place.

DREFIN
0.1uF AD871
) REF GND
1uF
+
REF OUT

Figure 22. Typical Reference Decoupling Connection

With this capacitor in place, the noise on the reference output is
approximately 28 WV rms at room temperature. Figure 23 shows
tthe typical temperature drift performance of the reference, while
Figure 24 illustrates the variation in reference voltage with load
currents.

The output stage is designed to provide at least 2 mA of output
current, allowing a single reference to drive up to four AD871s,
or other external loads. The power supply rejection of the refer-
ence is better than 54 dB at dc.
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Figure 23. Reference Output Voltage vs. Temperature
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Figure 24. Reference Output Voltage vs. Output Load
DIGITAL OUTPUTS
In 28-pin packages, the AD871 output data is presented in twos

complement format. Table III indicates offset binary and twos
complement output for various analog inputs.

Table III.. Output Data Format

Analog Input Digital Output

Vina—Vine Offset Binary Twos Complement | OTR
=0.999756 V | 1111 1111 1111 | O111 1111 1111 1
0.999268 V 1111 1111 1111 | 0111 1111 1111 0
ov 1000 0000 0000 | 0000 0000 0000 0
-1V 0000 0000 0000 | 1000 0000 0000 0
—1.000244 V | 0000 0000 0000 | 1000 0000 0000 1

Users requiring offset binary encoding may simply invert the
MSB pin. In the 44-pin surface mount packages, both MSB and
MSB bits are provided.

The AD871 features a digital out-of-range (OTR) bit that goes
high when the input exceeds positive full scale or falls below
negative full scale. As Table III indicates, the output bits will be
set appropriately according to whether it is an out-of-range high
condition or an out-of-range low condition. Note that if the
input is driven beyond +1.5 V, the digital outputs may not stay
at +FS, but may actually fold back to midscale.
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The AD871’s CMOS digital output drivers are sized to provide
sufficient output current to drive a wide variety of logic families.
However, large drive currents tend to cause glitches on the sup-
plies and may affect S/(N+D) performance.. Applications requir-
ing the AD871 to drive large capacitive loads or large fanout
may require additional decoupling capacitors on DRV, and
DVpp. In extreme cases, external buffers or latches could be
used.

THREE-STATE OUTPUTS

The 44-pin surface mount AD871 offers three-state outputs.
The digital outputs can be placed into a three-state mode by
pulling the OUTPUT ENABLE (OEN) pin LOW. Note that
this function is not intended to be used to pull the AD871 on
and off a bus at 5 MHz. Rather, it is intended to allow the ADC
to be pulled off the bus for evaluation or test modes. Also, to
avoid corruption of the sampled analog signal during conversion
(3 clock cycles), it is highly recommended that the AD871 be
placed on the bus prior to the first sampling.

- T\
e

Figure 25. Three-State Output Timing Diagram

For timing budgetary purposes, the typical access and float
delay times for the AD871 are 50 ns.

CLOCK INPUT

The AD871 internal timing control uses the two edges of the
clock input to generate a variety of internal timing signals. The
optimal clock input should have a 50% duty cycle; however,
sensitivity to duty cycle is significantly reduced for clock rates of
less than 5 megasamples per second.

+5V

{

R
D Q
74XX74
10MHz O—> _ Q f—oCLK
S
T
+5V

Figure 26. Divide-by-Two Clock Circuit

Due to the nature of on-chip compensation circuitry, the duty
cycle should be maintained between 40% and 60% even for
clock rates less than 5 Msps. One way to realize a 50% duty
cycle clock is to divide down a clock of higher frequency; as
shown in Figure 26. )

In this case, a 10 MHz clock is divided by 2 to produce the
5 MHz clock input for the AD871. In this configuration, the
duty cycle of the 10 MHz clock is irrelevant.
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The input circuitry for the CLKIN pin is designed to accom-
modate both TTL and CMOS inputs. The quality of the logic
input, particularly the rising edge, is critical in realizing the best
possible jitter performance for the part: the faster the rising
edge, the better the jitter performance.

As a result, careful selection of the logic family for the clock
driver, as well as the fanout and capacitive load on the clock
line, is important. Jitter-induced errors become more pro-
nounced at higher frequency, large amplitude inputs, where the
input slew rate is greatest.

The AD871 is designed to support a sampling rate of 5 Msps;
running at slightly faster clock rates may be possible, although
at reduced performance levels. Conversely, some slight perfor-
mance improvements might be realized by clocking the AD871
at slower clock rates. Figure 27 presents the S/(N+D) vs. clock
frequency for a 1 MHz analog input.

75

S/ (N+D) - dB
a

55
3 . 8 13
FREQUENCY ~ MHz

Figure 27. Typical S/(N+D) vs. Clock Frequency '
fin = 1 MHz, Full-Scale Input

The power dissipated by the correction logic and output buffers
is largely proportional to the clock frequency; running at
reduced clock rates provides a slight reduction in power con-
sumption. Figure 28 illustrates this tradeoff.

1.03
;( /
T 402 ]
R
3
a

1.01

0.100 1.100 2.100 3.100 4.100 5.100

FREQUENCY - MHz

Figure 28. Typical Power Dissipation vs. Clock Frequency

ANALOG SUPPLIES AND GROUNDS )

The AD871 features separate analog and digital supply and
ground pins, helping to minimize digital corruption of sensitive
analog signals. In general, AVgg and AV, the analog supplies,
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ADST

should be decoupled to AGND, the analog common, as close to

the chip as physically possible::Care has been taken to minimize
the signal dependence of the power supply currents; however,

the analog supply currents will be proportional to the reference -

input. With REFIN at 2.5.V, the typical currerit into AVpp, is
82 mA, while the typical current out of AVSS is 115 mA. Typi-
cally, 33 mA will flow into the AGND pin.

Careful design and the use of differential circuitry provnde the
AD871 with excellent rejection of power supply-noise over a
wide range of frequencies, as illustrated in Figure 29.

-75

.

o /
3 AVpp //
4
% -85 — /
w “ q ”
a /] AVss LA N
:—90 4 DVpp /Z
3 L~
a
2
@
-95
=100 g
P10k 7 100k ™ 10M

FREQUENCY - Hz

Figﬁre 29. Power Supply Rejection vs. Frequency,
100 mV p-p Signal on Power Supplies

Figure 30 shows the degradation in SNR resulting from 100 mV
of power supply ripple at various frequencies. As Figure 30
shows, careful decoupling is required to realize the specified
dynamic performance. Figure 34 demonstrates the recom-
mended decouplihg strategy for the supply pins. Note that in
extremely noisy environments, a more elaborate supply ﬁltermg
scheme may be necessary. .

7 T
,r“vnn
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8 ™\ 7\\
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. .
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FREQUENCY - Hz

Figure 30. SNR vs. Supply Noise Frequency
(fin = 1MHz) :

DIGITAL SUPPLIES AND GROUNDS

The digital activity on the AD871 chip falls i into two general
categories: CMOS correction logic, and CMOS output drivers.
The internal correction logic draws relatively small surges of
current, mainly during ‘the clock transitions; in the 44-pin pack-
age, these currents flow through pins DGND and DV, The
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output drivers draw large current impulses while the output bits’
are changing. The size and duration of these currents is a func- -
tion of the load on the output bits: large capacitive loads are to
be avoided. In the 44-pin package, the output drivers are sup-- -
plied through dedicated pins DRGND and DRVy,,. Pin count
constraints in the 28-pin packages require that the digital and
driver supplies share package pins (although they have separate
bond wires and on-chip routing). The decoupling shown in Fig-
ure 34 is appropriate for a reasonable capacitive load on the digi~
tal outputs (typically 20 pF -on each pin). Applications involving
greater digital loads should consider increasing the digital decou-
pling prcpomonately, and/or usmg external buffers/latches.

APPLICATIONS

OPTIONAL ZERO AND GAIN TRIM :

The AD871.is factory trimmed to ‘minimize zero error, gain .
error and linearity errors. In some applications the zero and gain
errors of the AD871 need to be externally adjusted to zero. If
required, both zero error and gain error can be trimmed with
external potentiometers as shown in Figure 31. Note that gain
error.adjustments must be made with an external reference.

Zero trim should be adjusted first. Connect Vi, to ground and
adjust the 10 k) potentiometer such that a nominal digital out-
put code of 0000 0000 0000 (twos.complement output) exists.
Note that the zero trim should be decoupled and that the accu-
racy of the 2.5 V reference signals will du'ectly affect the offset.

Gain error may Lhen be calibrated by adlustmg the REF IN
voltage.. The. REF IN voltage should be adjusted such that a
+1 V input on Vyy, results in the digital output code 01111 .-
1111 1111 (twos complement output).

425V . |- AD8T1 ‘AD8T1
Vour———QREFIN
10k Vma ' AD | : to
REF43
1o..F 0.F s
; g s et
(a) ZERO TRIM (&) GAIN TRIM

Figure 31. Zero and Gain Error Trims

DIGITAL OFFSET CORRECTION
The AD871 provides differential inputs that may be used to cor-

.rect for any offset voltages on the analog input. For applications

where the input signal contains a dc offset, it may be advanta-
geous to apply a nulling voltage to the Vg input. Applying a
voltage equal to the dc offset will maximize the full-scale input
range and therefore the dynamic range. Offsets ranging from
—0.7 V to +0.5 V can be corrected.

Figure 32 shows how a dc offset can be applied using the

ADS68 12-bit, high speed digital-to-analog converter (DAC).

This circuit can be used for applications requmng “offset adjust-
ments on every clock cycle The ADS68 connection scheme is
used to provide a —0. 512V to +0.512 V output range. The off-
set voltage must be stable on the rising ‘edge of the AD871 clock.
input.
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Figure 32. Offset Correction Using the AD568

UNDERSAMPLING USING THE ADS871 AND AD9100
The AD871’s on-chip THA optimizes transient response while
maintaining low noise performance. For super-Nyquist (under-
sampling) applications it may be necessary to use an external
THA with fast track-mode slew rate and hold mode settling
time. An excellent choice for this application is the AD9100,
an ultrahigh speed track-and-hold amplifier.

In order to maximize the spurious free dynamic range of the
circuit in Figure 33 it is advantageous to present a small signal
to the input of the AD9100 and then amplify the output to the
ADB871’s full-scale input range. This can be accomplished with a
low distortion, wide bandwidth amplifier such as the AD9617.
The circuit uses a gain of 3.5 to optimize S/(N+D).

AD8T1

The peak performance of this circuit is obtained by driving the
AD871 + AD9100 combination with a full-scale input. For
small scale input signals (—20dB, —40 dB), the AD871 performs
better without the track-and-hold because slew-limiting effects
are no longer dominant. To gain the advantages of the added
track-and-hold, it is important to give the AD871 a full-scale
input.

An alternative to the configuration presented above is to use the
AD9101 track-and-hold amplifier. The AD9101 provides a built-
in post amplifier with a gain of 4, providing excellent ac charac-
teristics in conjunction with a high level of integration.

As illustrated in Figure 33, it is necessary to skew the AD871
sample clock and the AD9100 sample/hold control. Clock skew
(tg) is defined as the time starting at the AD9100’s transition
into hold mode and ending at the moment the AD871 samples.
The AD871 samples on the rising edge of the sample clock, and
the AD9100 samples on the falling edge of the sample/hold con-
trol. The choice of tg is primarily determined by the settling
time of the AD9100. The droop rate of the AD9100 must also
be taken into consideration. Using these values, the ideal tg is
17 ns. When choosing clock sources, it is extremely important
that the front end track-and-hold sample/hold control is given a
very low jitter clock source. This is not as crucial for the AD871
sample clock, because it is sampling a dc signal.

5\ 33F
IL
\7 I CLOCK 2
s Vs 5 4 110-1F N
i
Ry
-0} - -4
AD9100 T otnF
I 442
LAAA
CLOCK 1 : \AAs
IN 1 AD871
g:D & 6 A EB
17
/Eg .
0.1yl
. B
15 0.1uF”
Ak
3
1 o]l 1 33vF
s | -5V ‘}
g =50V (D@
i
-Vg=-52V
* OPTIONAL, SEE I
AD9617 DATASHEET 104F v
ALL CAPACITORS ARE 0.01uF %
(LOW INDUCTANCE - DECOUPLING) 1
UNLESS OTHERWISE NOTED. ~
T = 200ns v
- - - - - - - - I—— - ov
tg =17ns -t [
I= r—— +1V
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Figure 33. Undersampling Using the AD871 and AD9100
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ANALOG
DEVICES

Complete 12-Bit 10 MSPS
Monolithic A/D Converter

AD872

FEATURES

Monolithic 12-Bit 10 MSPS A/D Converter

Low Power Dissipation: 1.15 W

No Missing Codes Guaranteed

Differential Nonlinearity Error: 0.5 LSB

Complete: On-Chip Track-and-Hold Amplifier and
Voltage Reference

Signal-to-Noise and Distortion Ratio: 65 dB

Spurious-Free Dynamic Range: 72 dB

Out of Range Indicator

Twos Complement Binary Output Data

28-Pin Ceramic DIP or 44-Pin Surface Mount Package

PRODUCT DESCRIPTION

The AD872 is a monolithic 12-bit, 10 Msps analog to digital
converter with an on-chip, high performance track-and-hold
amplifier and voltage reference. The AD872 uses a multistage
differential pipelined architecture with output error correction
logic to provide 12-bit accuracy at 10 Msps data rates and guar-
antees no missing codes over the full operating temperature
range. The AD872 combines a merged high speed bipolar/
CMOS process and a novel architecture to achieve the resolution
and speed of hybrid implementations at a fraction of the power
consumption. Additionally, the greater reliability of monolithic
construction offers improved system reliability and lower costs
than hybrid designs.

The high input impedance, fast-settling input track-and-hold
(T/H) amplifier is equally suited for both multiplexed systems
that switch negative to positive full-scale voltage levels in succes-
sive channels and sampling single-channel inputs at frequencies
up to and beyond the Nyquist rate. The AD872’s wideband
input combined with the power and cost savings over previously
available hybrids will allow new design opportunities in commu-
nications, imaging and medical applications. The AD872 pro-
vides both reference output and reference input pins, allowing
the onboard reference to serve as a system reference. An exter-
nal reference can also be chosen to suit the dc accuracy and tem-
perature drift requirements of the application. A single clock
input is used to control all internal conversion cycles. The digi-
tal output data is presented in twos complement binary output
format. An out-of-range signal indicates an overflow condition.
It can be used with the most significant bit to determine low or
high overflow.

This is an abridged data sheet. To obtain the most recent version or
complete data sheet, call our fax retrieval system at 1-800-446-6212.

REV. A

FUNCTIONAL BLOCK DIAGRAM

AVpp AGND AVgg DVp, DGND  *DRV,, *DRGND
o —0—

CLOCKQ
REFIN Q
REF OUT O

REF‘;SND

*OUTPUT OTR ‘MSB  MSB-BIT 12 (LSB)
ENABLE

* ONLY AVAILABLE ON 44 PIN SURFACE MOUNT PACKAGE.

The AD872 is fabricated on Analog Devices ABCMOS-1 process
which utilizes high speed bipolar and CMOS transistors on a
single chip. High speed, precision analog circuits are now com-
bined with high density logic circuits.

The AD872 is packaged in a 28-pin ceramic DIP and a 44-pin
leadless ceramic surface mount package and is specified for
operation from 0°C to +70°C and —55°C to +125°C.

PRODUCT HIGHLIGHTS

The AD872 offers a complete single-chip sampling 12-bit,

10 Msps analog-to-digital conversion function in a 28-pin DIP or
44-pin leadless ceramic surface mount package (LCC).

Low Power—The AD872 at 1.15 W consumes a fraction of the
power of presently available hybrids.

Onboard Track-and-Hold (T/H)—The high impedance T/H input
eliminates the need for external buffers and can be configured
for single ended or differential inputs. .

Out of Range (OTR)—The OTR output bit indicates when the
input signal is beyond the AD872’s input range.

Ease-of-Use—The AD872 is complete with T/H and voltage
reference.
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AD872 —SPECIFICATIONS

(T 10 Tyuy With AVpy = +5V, DVpy = +5 V, AVgs =

DC SPECIFICATIONS minana;

—5V, fouupie = 10 MHz unless otherwise

"Temperature ranges are as follows: J Grade: 0°C to +70°C, S Grade: —55°C to +125°C.

2Adjustable to zero with external potentiometers (See Zero and Gain Error Calibration section).

3425°C to Ty and +25°C to Tyax-

*Includes internal voltage reference error.

SExcludes internal reference drift.

SChange in Gain Error as a function of the dc supply voltage.

Specifications subject to change without notice.
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Parameter J Grade! S Grade’ Units
RESOLUTION 12 12 Bits min
MAX CONVERSION RATE 10 10 . MHz min
ACCURACY
Integral Nonlinearity (INL) +2.5 +2.5 LSB typ
Differential Nonlinearity (DNL) +0.5 +0.5 LSB typ
No Missing Codes 12 12 " Bits Guaranteed
Zero Error (@ +25°C)? +0.75 +0.75 % FSR max
Gain Error (@ +25°C)? +1.25 +1.25 % FSR max
TEMPERATURE DRIFT? R
Zero Error +0.15 +0.30 % FSR max
Gain Error® * +0.80 +1.75 % FSR max
Gain Error™ ® +0.25 +0.50 % FSR max
POWER SUPPLY REJECTION®
AVpp, DVpp (+5V £ 0.25 V) +0.125 +0.125 % FSR max
AV (5V £0.25V) +0.125 +0.125 % FSR max
ANALOG INPUT
Input Range +1 *1 Volts max
Input Resistance 50 50 kQ typ
Input Capacitance 10 10 pF typ
INTERNAL VOLTAGE REFERENCE
Output Voltage 2.5 2.5 Volts typ
Output Voltage Tolerance +20 - +40 mV max
OQutput Current (Available for Extemal Loads) 2.0 2.0 mA typ
(External load should not change during conversion.)
REFERENCE INPUT RESISTANCE 5 5 kQ typ
' POWER SUPPLIES
Supply Voltages
AVpp +5 +5 V (£5% AVpp Operating)
AV -5 -5 V (£5% AVgg Operating)
DVpp +5 +5 V (5% DVpp Operating)
Supply Current
1AV, 87 88 mA max (78 mA typ) -
IAVgg 147 150 mA max (134 mA typ)
IDVyp 20 21 mA max (15 mA typ)
POWER CONSUMPTION 1.15 1.15 W typ
' 1.25 1.3 W max
NOTES
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AC SPEC'HCAT'ONS (Ty 10 Ty With AVpp = +5V, DVpy = +5V, AV = —5 V, fupe = 10 Msps, unless otherwise

noted)’
J Grade S Grade Units
SIGNAL-TO-NOISE AND DISTORTION RATIO (S/N+D)
fynpur = | MHz 65 64 dB typ
61 61 dB min
finpur = 4.99 MHz 63 63 dB typ
TOTAL HARMONIC DISTORTION (THD)
fineer = 1 MHz =70 —68 dB typ
—63 -62 dB max
finper = 4.99 MHz —66 —65 dB typ
SPURIOUS FREE DYNAMIC RANGE
finper = 1 MHz 72 72 dB typ
fonprr = 4.99 MHz 70 70 dB typ
INTERMODULATION DISTORTION (IMD)? 70 70 dB typ
FULL POWER BANDWIDTH 70 70 MHz typ
SMALL SIGNAL BANDWIDTH 70 70 MHz typ
APERTURE DELAY 8 8 ns typ
APERTURE JITTER 10 10 ps rms typ
ACQUISITION TO FULL-SCALE STEP 40 40 ns typ
OVERVOLTAGE RECOVERY TIME 40 40 ns typ
NOTES
'f,»; amplitude = —0.5 dB full scale unless otherwise indicated. All measurements referred to a 0 dB (1 V pk) input signal unless otherwise indicated.

’fa = 1.0 MHz, fb = 0.95 MHz with f, s, = 10 MHz, typical value for second and third order products.
Specifications subject to change without notice.

DIGITAL SPECIFICATIONS (1, to Ty, with AV,, = +5V, DV, = +5V, AV = —5 V unless otherwise noted)

Parameter Symbol J, S Grades Units
LOGIC INPUTS
High Level Input Voltage Vin +2.0 V min
Low Level Input Voltage Vi +0.8 V max
High Level Input Current (Vyy = DVpp) Iin +10 pA max
Low Level Input Current (V;y = 0V) | *10 rA max
Input Capacitance Cin 5 pF typ
LOGIC OUTPUTS
High Level Output Voltage (I = 0.5 mA) Vou +2.4 V min
Low Level Output Voitage (I, = 1.6 mA) VoL +0.4 V max
Output Capacitance Cour 5 PF typ
Leakage (Three-State, LCC Only) 1Z +10 RA max

Specifications subject to change without notice.
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AD872

SWITCHING SPECIFICATIONS

Vo= 04V and Vg, = 24 V)

(Tyun 10 Tyn With AV = +5 V, DVpy = +5 V, AV

—5V;V, = 08V,V, =20V,

Parameter Symbol J, S Grades Units
Clock Period* tc 100 ns min
CLOCK "Pulse Width High tenu 45 ns min
CLOCK Pulse Width Low tor 45 ns min
Clock Duty Cycle? 40 % min (50% typ)

60 % max
Output Delay top 10 ns min (20 ns typ)
Pipeline Delay (Latency) 3 Clock Cycles max
Data Access Time (LCC Package Only)* top 50 ns typ (100 pF Load)
Output Float Delay (LCC Package Only)? tar 50 ns typ (10 pF Load)
NOTES
Conversion rate is operational down to 10 kHz without degradation in specified performance.
2For clock periods of 200 ns or greater, see Clock Input Section.
3See Section on Three-State Outputs for timing diagrams and application information.
Specifications subject to change without notice.

N
VIN N+1
t
cLock
N+1
"j I“ too :
BIT2-12 x X X X DATA x DATA )( x ><
MSB, OTR N N+1
Figure 1. Timing Diagram

ABSOLUTE MAXIMUM RATINGS?
Parameter With Respect to Min Max Units
AVpp AGND -0.5 +6.5 Volts
AVgg AGND -6.5 +0.5 - Volts
DVpp, DRVpp DGND, DRGND -0.5 +6.5 Volts
DRVpp? DVpp -6.5 +6.5 Volts
DRGND? DGND -0.3 +0.3 Volts
AGND DGND -1.0 +1.0 Volts
AVpp DVpp -6.5 +6.5 ~ Volts
Clock Input, OEN DGND -0.5 DVpp + 0.5 Volts
Digital Outputs DGND -0.5 DVpp + 0.3 Volts
Vinvas Vins REF IN AGND -6.5 +6.5 Volts
REF IN AGND AVgg AVpp Volts
Junction Temperature +150 °C
Storage Temperature —-65 +150 °C
Lead Temperature (10 sec) +300 °C

NOTES

!Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum

ratings for extended periods may affect device reliability.
2LCC Package Only.
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PIN DESCRIPTION
DIP LCC

Symbol Pin No. | Pin No. Type | Name and Function

AGND S5, 24 9, 36 P Analog Ground.

AVpp 4 6, 38 P +5 V Analog Supply.

AVgg 3,25 5,40 P —5 V Analog Supply.

MSB 19 29 DO Inverted Most Significant Bit. Provides twos complement output
data format.

MSB N/A 27 DO Most Significant Bit.

BIT 2-BIT 11 | 18-9 26-17 DO | Data Bits 2 through 11.

BIT 12 (LSB) | 8 16 | DO .| Least Significant Bit.

CLK 21 31 DI Clock Input. The AD872 will initiate a conversion on the rising
edge of the clock input. See the Timing Diagram for details.

DVpp 7,22 33 P +5 V Digital Supply.

DGND 6,23 10 P Digital Ground.

DRVpp N/A 12, 32 P +5 V Digital Supply for the output drivers.

DRGND N/A 11, 34 P Digital Ground for the output drivers.
(See section on Power Supply Decoupling for details on
DRV, and DRGND.)

OTR 20 30 DO Out of Range is Active HIGH on the leading edge of code 0 or
the trailing edge of code 4096. See Output Data Format Table III.

OEN N/A 13 DI Output Enable. See the Three State Output Timing Diagram for details.

REF GND 27 42 Al Reference Ground.

REF IN 28 43 : Al Reference Input. +2.5 V input gives =1 V full-scale range.

REF OUT 26 41 AO +2.5 V Reference Output. Tie to REF IN for normal operation.

Vina 1 1 Al (+) Analog Input Signal on the differential input amplifier.

Vine 2 2 Al (-) Analog Input Signal on the differential input amplifier.

NC N/A 3,4,7,8, 14,15 No Connect.

28, 35, 37, 39, 44

TYPE: Al = Analog Input; AO = Analog Output; DI = Digital Input; DO = Digital Output; P = Power; N/A = Not Available on 28-pin DIP. Only avail-
able on 44-pin surface mount package.

BIT7 E E BIT4
BIT6 E EI BITS

PIN CONFIGURATIONS
28-Pin Ceramic DIP 44-Pin LCC
e 2 5
VmAII' 28| REFIN 38 ?f 2 2 £ 52 E % g 33
s [2 z] ver oo /T ETEeTTT T
aves [3] 26 | REF OUT « 5] I_] & e
AVpp [z a AVss " El E e
acno 5] 24| AGND aaro [3] [=] e
DGND E 23| DGND oano [10] ADBT2 [3] Ao
DVpp E AD872 22| DVpp ' DRGND E TOP VIEW E NG
TOP VIEW (NOT TO SCALE)

BIT 12 (LSB) E (Not to Scale) ;_1__| CLK DRV |12 [3#] orano
BIT 11 E E OTR OEN |13 E DVoo
BIT10 E E MsB e {18 [z2] oveo
Biro [11] 18] Brr2 we [1e] [or] o

BIT 12 (LSB) E E OTR
BIT8 E 1_—7| BIT3 arr o1 [2] =]
/

BIT6 E
BITS E
BIT4 E
BIT3 E
BIT2 E

BIT 1 (MSB) E
«[5]

BIT9
BIT8

BIT 10 E
EI
5]
on+ [5]

NC = NO CONNECT
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DEFINITIONS OF SPECIFICATIONS

LINEARITY ERROR

Linearity error refers to the deviation of each individual code
from a line drawn from “negative full scale” through “positive
full scale.” The point used as “negative full scale” occurs

1/2 LSB before the first code transition. “Positive full scale” is
defined as a level 1 1/2 LSB beyond the last code transition.
The deviation is measured from the middle of each particular
code to the true straight line. )

DIFFERENTIAL LINEARITY ERROR (DNL, NO
MISSING CODES)

An ideal ADC exhibits code transitions that are exactly 1 LSB
apart. DNL is the deviation from this ideal value. Guaranteed
no missing codes to 12-bit resolution indicates that all 4096
codes must be present over all operating ranges. )

ZERO ERROR

The major carry transition should occur for an analog value

1/2 LSB below analog common. Zero error is defined as the
deviation of the actual transition from that point. The zero error
and temperature drift specify the initial deviation and maximum
change in the zero error over temperature.

GAIN ERROR

The first code transition should occur for an analog value 1/2
LSB above nominal negative full scale. The last transition
should occur for an analog value 1 1/2 LSB below the nominal
positive full scale. Gain error is the deviation of the actual dif-
ference between first and last code transitions and the ideal dif-
ference between first and last code transitions.

TEMPERATURE DRIFT
The temperature drift for zero error and gain error specifies the
maximum change from the initial (25°C) value to the value at

Tmnx of Tyax-

POWER SUPPLY REJECTION

The specifications show the maximum change in the converter’s
full scale as the supplies are varied from nominal to min/max
values.

APERTURE JITTER
Aperture jitter is the variation in aperture delay for successive
samples and is manifested as noise on the input to the A/D.

APERTURE DELAY

Aperture delay is a measure of the Track-and-Hold Amplifier
(THA) performance and is measured from the rising edge of the
clock input to when the input signal is held for conversion.
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OVERVOLTAGE RECOVERY TIME

Overvoltage recovery time is defined as that amount of time
required for the ADC to achieve a specified accuracy after an
overvoltage (50% greater than full-scale range), measured from
the time the overvoltage signal reenters the converter’s range.

DYNAMIC SPECIFICATIONS

SIGNAL-TO-NOISE AND DISTORTION (S/N+D) RATIO
S/N+D is the ratio of the rms value of the measured input sig-
nal to the rms sum of all other spectral components below the
Nyquist frequency, including harmonics but excluding dc. The
value for S/N+D is expressed in decibels.

TOTAL HARMONIC DISTORTION (THD)

THD is the ratio of the rms sum of the first six harmonic com-
ponents to the rms value of the measured input signal and is
expressed as a percentage or in decibels.

INTERMODULATION DISTORTION (IMD)

With inputs consisting of sine waves at two frequencies, fa and
fb, any device with nonlinearities will create distortion products,
of order (m + n), at sum and difference frequencies of

mfa + nfb, where m, n = 0, 1, 2, 3. . . . Intermodulation
terms are those for which m or n is not equal to zero. For exam-
ple, the second order terms are (fa + fb) and (fa — fb), and the
third order terms are (2 fa + fb), (2 fa — fb), (fa + 2 fb) and

(2 fo — fa). The IMD products are expressed as the decibel
ratio of the rms sum of the measured input signals to the rms
sum of the distortion terms. The two signals are of equal ampli-
tude and the peak value of their sums is —0.5 dB from full
scale. The IMD products are normalized to a 0 dB input signal.

FULL-POWER BANDWIDTH

The full-power bandwidth is that input frequency at which the
amplitude of the reconstructed fundamental is reduced by 3 dB
for a full-scale input.

SPURIOUS FREE DYNAMIC RANGE
The difference, in dB, between the rms amplitude of the input
signal and the peak spurious signal.

ORDERING GUIDE
Model Temperature Range Package Option’
ADS872]D 0°C to +70°C D-28
ADS872JE 0°C to +70°C E-44A
ADS8728D? —-55°C to +125°C ) D-28
ADB872SE? —55°C to +125°C E-44A
NOTES

!D = Ceramic DIP, E = Leadless Ceramic Chip Carrier. For outline infor-
mation see Package Information section.
2MIL-STD-883 and SMD versions available; contact factory.
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Dynamic Characteristics—Sample Rate: 10 MSPS—AD872
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Figure 5. AD872 Typical FFT, f, = 5 MHz
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AD872 —Dynamic Characteristics-Sample Rate: 5 MSPS
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THEORY OF OPERATION

The AD872 is implemented using a 4-stage pipelined multiple
flash architecture. A differential input track-and-hold amplifier
(THA) acquires the input and converts the input voltage into a
differential current. A 3-bit approximation of the input is made
by the first flash converter, and an accurate analog representa-
tion of this 3-bit guess is generated by a digital-to-analog con-
verter. This approximation is subtracted from the THA output
to produce a remainder, or residue. This residue is then sam-
pled and held by the second THA, and a 4-bit approximation is
generated and subtracted by the second stage. Once the second
THA goes into hold, the first stage goes back into track to
acquire a new input signal. The third stage provides another
4-bit approximation/subtraction operation, and produces the
final residue, which is passed to a final 4-bit flash converter.
The 15 output bits from the 4 flash converters are accumulated
in the correction logic block, which adds the bits together using
the appropriate correction algorithm, to produce the 12-bit out-
put word. The digital output, together with overrange indicator,
is latched into an output buffer to drive the output pins.

The additional THA inserted in each stage of the AD872 archi-
tecture allows pipelining of the conversion. In essence, the con-
verter is converting multiple inputs simultaneously, processing
them through the converter chain serially. This means that
while the converter is capable of capturing a new input sample
every clock cycle, it actually takes three clock cycles for the con-
version to be fully processed and appear at the output. This
“pipeline delay” is often referred to as latency, and is not a con-
cern in most applications, however there are some cases where it
may be a consideration. For example, some applications call for
the A/D converter to be placed in a high speed feedback loop,
where its input is servoed to provide a desired result at the digital
output (e.g., offset calibration or zero restoration in video appli-
cations). In these cases the 3 clock cycle delay through the pipe-
line must be accounted for in the loop stability calculations.
Also, because the converter is working on three conversions
simultaneously, major disruptions to the part (such as a large
glitch on the supplies or reference) may corrupt three data sam-
ples. Finally, there will be a minimum clock rate below which
the THA droop corrupts the signal in the pipeline. In the case
of the AD872, this minimum clock rate is 10 kHz.

The high impedance differential inputs of the AD872 allow a
variety of input configurations (see APPLYING THE AD872).
The AD872 converts the voltage difference between the Vs
and Vg pins. For single-ended applications, one input pin
(Vina OF Viygp) may be grounded, but even in this case the dif-
ferential input can provide a performance boost: for example,
for an input coming from a coaxial cable, Vg can be tied to
the shield ground, allowing the AD872 to reject shield noise as
common mode. The high input impedance of the device mini-
mizes external driving requirements and allows the user to exter-
nally select the appropriate termination impedance for the
application.

The AD872 clock circuitry uses both edges of the clock in its
internal timing circuitry (see spec page for exact timing require-
ments.) The AD872 samples the analog input on the rising edge
of the clock input. During the clock low time (between the fall-
ing edge and rising edge of the clock) the input THA is in track
mode; during the clock high time it is in hold. System distur-
bances just prior to the rising edge of the clock may cause the
part to acquire the wrong value, and should be minimized.
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While the part uses both clock edges for its timing, jitter is only
a significant issue for the rising edge of the clock (see CLOCK
INPUT section).

APPLYING THE ADS872

ANALOG INPUTS

The AD872 features a high impedance differential input that
can readily operate on either single-ended or differential input
signals. Table I summarizes the nominal input voltage span for
both single-ended and differential modes, assuming a 2.5 V ref-
erence input.

Table I. Input Voltage Span

leA leB leA“leB
Single-Ended | +1V GND +1 V (Positive Full Scale)
-1V GND —1 V (Negative Full Scale)
Differential +0.5V | =0.5V | +1 V (Positive Full Scale)
=0.5V | +0.5V | —1V (Negative Full Scale)

Figure 10 shows an approximate model for the analog input cir-
cuit. As this model indicates, when the input exceeds 1.6 V
(with respect to AGND), the input device may saturate, causing
the input impedance to drop substantially and significantly
reducing the performance of the part. Input compliance in the
negative direction is somewhat larger, showing virtually no deg-
radation in performance for inputs as low as —1.9 V. .

. +5V

Vina OR Ving
=1V

-5V

Figure 10. AD872 Equivalent Analog Input Circuit

Figure 11 illustrates the effect of varying the common-mode
voltage of a —1 dB input signal on total harmonic distortion.

THD - dB

-100
-1 o 1

CM INPUT VOLTAGE ~ Volts

Figure 11. AD872 Total Harmonic Distortion vs. CM Input
Voltage, f,y = 1 MHz, FS = 10 MSPS
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Figure 12 shows the common-mode rejection performance vs.
frequency for a 1 V p-p common mode input. This excellent
common-mode rejection out over a wide bandwidth affords the
user the opportunity to eliminate many potential sources of
input noise as common mode by using the differential input
structure of the AD872.

40

-70

CMR - dB

-100
108 107 108
INPUT FREQUENCY - Hz

Figure 12. Common-Mode Rejection vs. Input Frequency,
1V p-p Input )

Figures 13 and 14 illustrate typical input connections for single-
ended inputs.

VO Vi

‘5—(2) Vine

Figure 13. AD872 Single-Ended Input Connection

:1V?;__ﬂ

AD872

1) Vina

Ay AD872

2) Vine

Figure 14. AD872 Single-Ended Input Connection Using a
Shielded Cable

The cable shield is used as the ground connection for the Vi\p
input, providing the best possible rejection of the cable noise
from the input signal. Note also that the high input impedance
of the AD872 allows the user to select his own termination
impedance; be it 50 ohms, 75 ohms, or some other value. Fur-
thermore, unlike many flash converters, most AD872 applica-
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tions will not require an external buffer amplifier. If such an
amplifier is required, we suggest either the AD811 or AD9617.

Figure 15 illustrates how external amplifiers may be used to
convert a single-ended input into a differential signal. The resis-
tor values of 536 ) and 562 () were selected to provide opti-
mum phase matching between Ul and U2.

Vina

AD872

Vine

Figure 15. Single-Ended to Differential Connections;
U1, U2 = AD811 or AD9617

The use of the differential input signal can help to minimize
even-order distortion from the input THA where performance
beyond —70 dB is desired.

Figure 16 shows thé ADS872 large signal (—0.5 dB) and small
signal (—20 dB) frequency response.

10

' A\

)
-
=

FUND AMP - dB
8
/

108 108 107 108 10°
INPUT FREQUENCY - Hz

Figure 16. Full Power (—0.5 dB) and Small Signal
Response (—20 dB) vs. Input Frequency

The AD872’s wide input bandwidth facilitates rapid acquisition
of transient input signals: the input THA can typically settle to
12-bit accuracy from a full-scale input step in less than 40 ns.
Figure 17 illustrates the typical acquisition of a full-scale input
step.
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Figure 17. Typical AD872 Settling Time

The wide input bandwidth and superior dynamic performance
of the input THA makes the AD872 suitable for undersampling
applications where the input frequency exceeds half the sam-
pling frequency. The input THA is designed to recover rapidly
from input overdrive conditions, returning from a 50% over-
drive in less than 50 ns.

Because of the THA’s exceptionally wide input bandwidth,
some users may find the AD872 is sensitive to noise at frequen-
cies from 50 MHz to 100 MHz that other converters are incapa-
ble of responding to. This sensitivity can be mitigated by careful
use of the differential inputs (see previous paragraphs). Addi-
tionally, Figure 18 shows how a small capacitor (10 pF-20 pF
for 50-ohm terminated inputs) may be placed between Vi, and
Vine to help reduce high frequency noise in applications where
limiting the input bandwidth is acceptable.

:wo—Y(D Vina
10 OR 20pF ADS72

2) Vine

Figure 18. Optional High Frequency Noise Reduction

The AD872 will contribute its own wideband thermal noise. As
a result of the integrated wideband noise (1/2 LSB rms,
referred-to-input), applying a dc analog input produces more
than one code at the output. A histogram analysis of the AD872
with a dc input will show a bell shaped curve consistent with
the Guassian nature of the thermal noise. This histogram will be
between 3 and 5 codes wide, depending oh how well the input is
centered on a given code and how many samples are taken.

REFERENCE INPUT

The nominal reference input should be 2.5 V, taken with
respect to REFERENCE GROUND (REF GND). Figure 19
illustrates the equivalent model for the reference input: there
is no clock or signal-dependent activity associated with the
reference input circuitry, therefore, no “kickback” into the
reference.
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Figure 19. Equivalent Reference Input Circuit

The AD872’s input impedance is 5 k(), with a tolerance of
+20%. The effective noise bandwidth through the input channel
is 10 MHz, and the referred-to-input noise gain is 0.4. For
example, the internal reference, with peak-to-peak noise of

180 wV (using an external 1 wF capacitor), contributes 0.3 LSBs
of noise to the transfer function of the AD872.

The full-scale peak-to-peak input voltage is a function of the
reference voltage, according to the equation:

(Vina = Ving) Full Scale = 0.8%(V gz — REF GND)

Note that the AD872’s performance was optimized for a 2.5 V
reference input: performance will degrade somewhat for other
reference voltages. Figure 20 illustrates the S/(N+D) perfor-
mance vs. reference voltage for a 1 MHz, —0.5 dB input signal.
Note also that if the reference is changed during a conversion,
all three conversions in the pipeline will be invalidated.

72
66
o
°
1
+
2
@
60 /
54
15 20 25 3.0 35

REFERENCE INPUT VOLTAGE - Voits

Figure 20. S/(N+D) vs. Reference Input Voltage,
fin = 1 MHz, FS = 10 MHz

Table IT summarizes various 2.5 V references suitable for use
with the AD872, including the onboard bandgap reference (see
REFERENCE OUTPUT section).

Table II. Suitable 2.5 V References

Drift Initial Accuracy
(PPM/°C) %

REF-43B 6 (max) 0.2

AD680JN 10 (max) 0.4

Internal 30 (typ) 0.4
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If an external reference is connected to REF IN, REF OUT
must be connected to +5 V. This should lower the current in
REF GND to less than 350 pA, and eliminate the need for a
1 pF capacitor.

Alternatively, Figure 21 shows how the AD872 may be driven
from other references by use of an external resistor. The exter-
nal resistor forms a resistor divider with the on-chip 5 k() resis-
tor to realize 2.5 V at the reference input pin (REF IN). A trim
potentiometer is recommended to accommodate the tolerance of
the AD872’s 5 k() resistor.

AD872

REF IN
% 5kQ

)-=-!

REF GND

Figure 21. Optional +5 V Reference Input Circuit

REFERENCE GROUND

The REF GND pin provides the reference point for both the
reference input, and the reference output. When the internal
reference is operating, it will draw approximately 500 pA of cur-
rent through the reference ground, so a low impedance path to
the external common is desirable. The AD872 can tolerate a
fairly large difference between REF GND and AGND, up to

+1 V, without any performance degradation.

REFERENCE OUTPUT

The AD872 features an onboard, curvature compensated
bandgap reference that has been laser trimmed for both absolute
value and temperature drift. The output stage of the reference
was designed to allow the use of an external capacitor to limit
the wideband noise. As Figure 22 illustrates, a I wF capacitor on
the reference output is required for stability of the reference output
buffer. Note: If used, an external reference may become unstable
with this capacitor in place.

Figure 22. Typical Reference Decoupling Connection

With this capacitor in place, the noise on the reference output is
approximately 30 wV rms at room temperature. Figure 23 shows
the typical temperature drift performance of the reference, while
Figure 24 illustrates the variation in reference voltage with load
currents. )
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Figure 23. Reference Output Voltage vs. Temperature
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Figure 24. Reference Output Voltage vs. Output Load

The output stage is designed to provide at least 2 mA of output
current, allowing a single reference to drive up to four AD872s,
or other external loads. The power supply rejection of the refer-
ence is better than 54 dB at dc.

DIGITAL OUTPUTS

In 28-pin packages, the AD872 output data is presented in twos
complement format. Table III indicates offset binary and twos
complement output for various analog inputs.

Table III. Output Data Format

Analog Input Digital Output

Vina-Vine Offset Binary Twos Complement | OTR
=0.999756 V | 1111 1111 1111 | 0111 1111 1111 1
0.999268 V 1111 1111 1111 | O111 1111 1111 0
ov. 1000 0000 0000 | 0000 0000 0000 0
-1V 0000 0000 0000 | 1000 0000 0000 0
—1.000244 V | 0000 0000 0000 | 1000 0000 0000 1

Users requiring offset binary encoding may simply invert the
MSB pin. In the 44-pin surface mount packages, both MSB and
MSB bits are provided.

The AD872 features a digital out-of-range (OTR) bit that goes
high when the input exceeds positive full scale or falls below
negative full scale. As Table III indicates, the output bits will be

REV. A



set appropriately according to whether it is an out-of-range high
condition or an out-of-range low condition.

The AD872’s CMOS digital output drivers are sized to provide
sufficient output current to drive a wide variety of logic families.
However, large drive currents tend to cause glitches on the sup-
plies and may affect S/(N+D) performance. Applications requir-
ing the AD872 to drive large capacitive loads or large fanout
may require additional decoupling capacitors on DRV, and
DVpp. In extreme cases, external buffers or latches could be
used.

THREE-STATE OUTPUTS

The 44-pin surface mount AD872 offers three-state outputs.
The digital outputs can be placed into a three-state mode by
pulling the OUTPUT ENABLE (OEN) pin LOW. Note that
this function is not intended to be used to pull the AD872 on
and off a bus at 10 MHz. Rather, it is intended to allow the
ADC to be pulled off the bus for evaluation or test modes. Also,
to avoid corruption of the sampled analog signal during conver-
sion (3 clock cycles), it is highly recommended that the AD872
be placed on the bus prior to the first sampling.

OEN _/—\—
’4— too —D‘ I‘——tm_—bl
-———-__ACTWE
THREE-STATE -

Figure 25. Three-State Output Timing Diagram

DATA
OuTPUT

For timing budgetary purposes, the maximum access and float
delay times for the AD872 are 200 ns.

CLOCK INPUT

The ADS872 internal timing control uses the two edges of the
clock input to generate a variety of internal timing signals. The
optimal clock input should have a 50% duty cycle; however,
sensitivity to duty cycle is significantly reduced for clock rates of
less than 10 megasamples per second.

+5V

f

= O

D Q
74XX74
20MHz O—— _ a —ocLk
S
{f
+5V

Figure 26. Divide-by-Two Clock Circuit

Due to the nature of on-chip compensation circuitry, the duty
cycle should be maintained between 40% and 60% even for
clock rates less than 10 Msps. One way to realize a 50% duty
cycle clock is to divide down a clock of higher frequency, as
shown in Figure 26.
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In this case, a 20 MHz clock is divided by 2 to produce the
10 MHz clock input for the AD872. In this configuration, the
duty cycle of the 20 MHz clock is irrelevant.

The input circuitry for the CLKIN pin is designed to accom-
modate both TTL and CMOS inputs. The quality of the logic
input, particularly the rising edge, is critical in realizing the best
possible jitter performance for the part: the faster the rising
edge, the better the jitter performance.

As a result, careful selection of the logic family for the clock
driver, as well as the fanout and capacitive load on the clock
line, is important. Jitter-induced errors become more predomi-
nant at higher frequency, large amplitude inputs, where the
input slew rate is greatest.

The AD872 is designed to support a sampling rate of 10 Msps;
running at slightly faster clock rates may be possible, although

at reduced performance levels. Conversely, some slight perfor-

mance improvements might be realized by clocking the AD872
at slower clock rates. Figure 27 presents the SNR vs. clock fre-
quency for a 1 MHz analog input.

74
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Figure 27. Typical S/(N+D) vs. Clock Frequency
fin = 1 MHz, Full-Scale Input

The power dissipated by the correction logic and output buffers
is largely proportional to the clock frequency; running at
reduced clock rates provides a slight reduction in power con-

sumption. Figure 28 illustrates this tradeoff.
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Figure 28. Typical Power Dissipation vs. Clock Frequency
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ANALOG SUPPLIES AND GROUNDS

The AD872 features separate analog and digital supply and
ground pins, helping to minimize digital corruption of sensitive
analog signals. In general, AVgg and AV, the analog supplies,
should be decoupled to AGND, the analog common, as close to
the chip as physically possible. Care has been taken to minimize
the signal dependence of the power supply currents; however,
the analog supply currents will be proportional to the reference
input. With REFIN at 2.5 V, the typical current into AV, is
78 mA, while the typical current out of AV is 134 mA. Typi-
cally, 55 mA will flow into the AGND pin.

Careful design and the use of differential circuitry provide the
AD872 with excellent rejection of power supply noise over a
wide range of frequencies, as illustrated in Figure 29.
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Figure 29. Power Supply Rejection vs. Frequency,
100 mV p-p Signal on Power Supplies

Figure 30 shows the degradation in SNR ratio resulting from
100 mV of power supply ripple at various frequencies. As Fig-
ure 30 shows, careful decoupling is required to realize the speci-
fied dynamic performance. Figure 35 demonstrates the
recommended decoupling strategy for the supply pins. Note that
in extremely noisy environments, a more elaborate supply filter-
ing scheme may be necessary.
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Figure 30. SNR vs. Supply Noise Frequency (fy =
1 MHz)
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DIGITAL SUPPLIES AND GROUNDS

The digital activity on the AD872 chip falls into two general
categories: CMOS correction logic, and CMOS output drivers.
The internal correction logic draws relatively small surges'of
current, mainly during the clock transitions; in the 44-pin pack-
age, these currents flow through pins DGND and DVpp,. The
output drivers draw large current impulses while the output bits
are changing. The size and duration of these currents is a func-
tion of the load on the output bits: large capacitive loads are to
be avoided. In the 44-pin package, the output drivers are sup-
plied through dedicated pins DRGND and DRV,p,. Pin count
constraints in the 28-pin packages require that the digital and
driver supplies share package pins (although they have separate
bond wires and on-chip routing). The decoupling shown in Fig-
ure 35 is appropriate for a reasonable capacitive load on the digi-
tal outputs (typically 20 pF on each pin). Applications involving
greater digital loads should consider increasing the digital decou-
pling proportionately. )

APPLICATIONS

OPTIONAL ZERO AND GAIN TRIM

The AD872 is factory trimmed to minimize zero error, gain
error and linearity errors. In some applications the zero and gain
errors of the AD872 need to be externally adjusted to zero. If
required, both zero error and gain error can be trimmed with
external potentiometers as shown in Figure 31. Note that gain
error adjustments must be made with an external reference.

Zero trim should be adjusted first. Connect Vi, to ground and
adjust the 10 k) potentiometer such that a nominal digital out-
put code of 0000 00000000 (twos complement output) exists.
Note that the zero trim should be decoupled and that the accu-
racy of the 2.5 V reference signals will directly affect the offset.

Gain error may then be calibrated by adjusting the REF IN
voltage. The REF IN voltage should be adjusted such that a

*+1 V input on Vi, results in the digital output code 01111

1111 1111 (twos complement output).

+2.5V AD872 AD872
Vour REF IN
10k T Ving AD
REF43
10uF 0.1uF
TRIM 9= 100kQ
(a) ZERO TRIM (b) GAIN TRIM
Figure 31. Zero and Gain Error Trims
REV. A
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Figure 32. AD872 Evaluation Board Schematic
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ANALOG
DEVICES

10-Bit 30 MSPS, 530 mW
CMOS A/D Gonverter

AD873

FEATURES

Monolithic 10-Bit 30 MSPS A/D Converter
Power Dissipation: 530 mW

On-Chip Sample-and-Hold Amplifier

+5 V Single-Supply Operation
Signal-to-Noise Ratio fyy=3.58 MHz: 53 dB
Differential Nonlinearity: 0.8 LSB
Adjustable Reference Input

Differential Inputs

24-Pin “Skinny” DIP and 28-Pin SOIC -

PRODUCT DESCRIPTION

The AD873 is a low power, single supply, CMOS 10-bit,

30 Msps analog-to-digital converter (ADC). The AD873 com
bines 10-bit video speed conversion with single-supply o
tion. The AD873’s on-chip high impedance differen
sample-and-hold amplifier (SHA) allows direct conv
video and HDTV bandwidth signals. The differential inpu
SHA can be driven either differentially to reject high frequen
noise coupled on the analog inputs or single ended with one
input set to a dc offset level.

The AD873’s dynamic performance is ideal in a variety of appli-
cations such as video enhancement, HDTV, ghost cancellation,
medical imaging and high speed data acquisition. The AD873’s
30 Msps sampling rate allows eight times oversampling of a
standard NTSC video color subcarrier. The AD873’s low
power and single-supply operation are also suited for portable
applications.

The AD873 is available over the commercial temperature range
(0°C to +70°C) and is packaged in a space saving 24-pin plastic
“skinny” DIP (JN) and 28-pin SOIC (JR).

This is a preliminary data sheet. To obtain the most recent version or
complete data sheet, call our fax retrieval system at 1-800-446-6212.

FUNCTIONAL BLOCK DIAGRAM

CLK AVpp DVpp DRVp,
O O O

() BIT 1(MSB)
N

O BiT 10(LSB)

tial input SHA eliminates the
ample-and-hold amplifiers.

873 has a typical power consumption of
dder current is also low 5mA (typlcal),

Single +5 V Supply Operation: The AD873 is designed to
operate on a single +5 V supply.

Small Size: The AD873 is available in a space saving 24-pin
“skinny” DIP and 28-pin SOIC.

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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SPECIFICATIONS AD873

(Tyy to me with Av“n =45V, DVDB =45V, foroek = 30 MHz, Veerr = +3.0V, vREFB =+15V

DC SPENHCA“ONS unless otherwise noted)

Parameter Min Typ Max Units
RESOLUTION 10 Bits
DC ACCURACY
Linearity Error +4 LSB
Differential Linearity Error +0.8 LSB
Offset (+25°C) ’ 2.2 % FSR
Gain Error (+25°C) 5 % FSR
ANALOG INPUT
Input Range 3 Vp-p
Input Current 30 A
Input Capacitance 5 pF
REFERENCE INPUT
Reference Input Resistance Q
Reference Input Voltage, Top A
Reference Input Voltage, Bottom v
CLOCK INPUT
High Level Input Voltage A%
Low Level Input Voltage +1.0 A%
High Level Input Current (CLK = DVpp) +10 A
Low Level Input Current (CLK =0V) +10 A
Input Capacitance pF
LOGIC OUTPUTS
\Y%
High Level Output Voltage (IOH = 50 pA) \%
Low Level Output Voltage (Io.= 0.6 mA) +0.4 v
Low Level Output Voltage (IoL = 50 pA) +0.5 v
POWER SUPPLIES
Operating Voltages
AVpp +4.75 +5.25 A%
DVpp +4.75 +5.25 v
Operating Current
IAVpp 84 TBD mA
IDVpp 22 TBD mA
POWER SUPPLY REJECTION 9 mV/V
POWER CONSUMPTION 530 TBD mW
TEMPERATURE RANGE
Specified 0 +70 °C

Specifications subject to change without notice. See Definition of Specifications for additional information.

This information applies to a product under development. its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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AD873

(AVM_ +5V, DVM— +5 Vfgwcx— 30 MHZ Vierr = +3. ov, Veers = +1. 5 V

AC SPECIFICA"ONS fiy Amplitude = —0.9 dB, unless otherwise noted)

Parameter Min Typ Max Units
DYNAMIC PERFORMANCE
Signal-to-Noise and Distortion (S/N+D) Ratio
fix = 1.0 MHz 51 dB
fix = 10 MHz 46 dB
Signal-to-Noise Ratio (S/N)
fix = 1.0 MHz 53 dB
fix = 10 MHz 51 dB
Total Harmonic Distortion (THD)
fin = 1.0 MHz : -56 -TBD dB
fin= 10 MHz -47 ~TBD dB
Spurious Free Dynamic Range! -56 dB
Full Power Bandwidth 200 MHz
Intermodulation Distortion (IMD)?
Second Order Products TBD dB
Third Order Products TBD dB
Differential Phase Degree
Differential Gain %
NOTES
'y =1 MHz.
%fa = TBD MHz, fb = TBD MHz.
Specifications subject to change without notice.
TIMING SPECIFICATIONS
Units
MAXIMUM CONVERSION RATE! Msps
Clock Period ns
Clock High ns
Clock Low ns
Output Delay? ns
Aperture Delay ns
Aperture Jitter ps
Pipeline Delay (Latency) Clock Cycles
Output Rise Time? ns -
Output Fall Time? tg ns
NOTES

!Conversion rate is operational down to xx kHz without degradation in specified performance.

2Cp =25 pF.

Vin N+1
t
N N NN
ton tor ~ fton
BIT 1-10 x X Xoatan-2)oata n-1 X oaTaN

This information applies to-a product under.development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to.in writing.

2-154 ANALOG-TO-DIGITAL CONVERTERS

REV. 0



AD873

PIN DESCRIPTION

Pin No. Pin No.
Symbol DIP SOIC Type Name and Function
AVgg 6 6, 7 P Analog Ground.
AVpp 7 8,9 P +5 V Analog Supply.
BIT 1 (MSB) 12 14 DO Most Significant Bit.
BIT 2-BIT 9 13-16, 21-24 15-18, 25-28 DO Data Bit 2 through Data Bit 9.
BIT 10 (LSB) 1 1 DO Least Significant Bit.
CLK 11 13 DI Clock Input.
DVss 20 23,24 P Digital Ground.
DVpp 17 19, 20 P +5 V Digital Supply.
DRVgs 19 22 P Digital Ground for the digital output drivers.
DRVpp 18 21 P +5 V Digital Supply for the digital output drivers.
REFT 9 11 Al Reference Top Input.
REFB 8 10 Al Reference Bottom Input.
Vina 5 5 Al (+) Analog Input Signal to the differential input SHA.
Vine 4 4 Al (-) Analog Input Signal to the differential input SHA.
CML 3 3 AO Bypass pin for an internal bias point.
NC 2,10 2,12 No Connection. Connect to AVgg.

TYPE: Al = Analog Input, AO = Analog Output, DI = Digital Input, DO = Digital Output, P = Power. - A

ORDERING GUIDE IN CONFIGURATION: sorc
28-Pin
Temperature | Package
Model Range Description LSB
g : P B(IT 13 e 28] BIT9
ADS873JN| 0°C to +70°C | 24-Pin Plast ne [Z] [27] mirs
AD873JR | 0°C to +70°C 28-Pin SOIC 2] Brr7 ome [3] 28] BT 7
*For outline information see Package Information section. 21] BIT 6 Vine E E BIT6
Vina E 120] DVgs Via [5] E DVgg
Avs [6] ADS73  [ig] pRvgs  aves [6] 23] Dvgs
ABSOLUTE MAXIMUM RATINGS* TOP VIEW AD873
AVoo E (Not to Scale) m DRVpp Avss E TOP VIEW E DRVgg
Parameter With Respect to Min Max  Units REFB [ | DVpp AVoo [8] (Not to Scale) |21] DRV,
REFT [9] [16] BITS AVp, [0 20] ov
AVpp, DVpp © AVgs, DVss, DRVgs 0.5 +6.5  Volts v [ W oms  rere % % v
AVSS DVss, DRVSS -1.0 +1.0 Volts oLk E m T3 oo
Analog Inputs AVgs -0.5 +6.5 Volts ReFT [11] [1e] orr's
CLK DVss -0.5 +6.5  Volts (r:s"s; 2] BIT2 ne [12] 7] Brra
Junction Temperature +150 °C NC = NO CONNECT ek [ig) [16] BiT3
Storage Temperature -65 +150 °C ot [4] [15] BIT2
Lead Temperature (10 sec) +300 °C s8)

NC = NO CONNECT
*Stresses above those listed under “Absolute Maximum Ratings” may cause

permanent damage to the device. This is a stress rating only and functional

operation of the device at these or any other conditions above those indicated in the

operational sections of this specification is not implied. Exposure to absolute

maximum ratings for extended periods may affect device reliability.

CAUTION
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily
accumulate on the human body and test equipment and can discharge without detection.
Although the AD873 features proprietary ESD protection circuitry, permanent damage may
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD
precautions are recommended to avoid performance degradation or loss of functionality.

WARNING!

s

ESD SENSITIVE DEVICE

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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ANALOG
DEVICES

10-Bit 15 MHz, 165 mW
CMOS A/D Converter

AD875

FEATURES

CMOS 10-Bit 15 MHz A/D Converter

Low Power Dissipation: 185 mW

+5 V Single-Supply Operation

Differential Nonlinearity: 0.4 LSB

Guaranteed No Missing Codes

Power-Down (Standby) Mode: <50 mW
Three-State Outputs

Digital 1/0s Compatible with +5 V or +3.3 V Logic
Adjustable Reference Input

Small Size: 48-Pin Thin Quad Flatpack (TQFP)

PRODUCT DESCRIPTION

The AD875 is a CMOS, low power 10-bit, 15 MHz analog-to-
digital converter (ADC). The AD875 combines high speed
10-bit resolution and performance with low power and single-
supply operation. By implementing a multistage pipelined archi-
tecture with output error correction logic, the AD875 offers
accurate performance and guarantees no missing codes over the
full operating temperature range. To minimize external voltage
drops, the reference ladder top and bottom are provided with
force and sense pins.

The AD875’s digital I/Os can interface to either +5 Vor +3.3 V
logic. The AD875 can be placed into a standby mode of opera-
tion reducing the power below 50 mW. Digital output data can
be placed in a high impedance state and is offered in a variety of
formats, including straight binary and twos complement output.
The ADS87S also provides both underrange and overrange output
bits, indicating when the analog input has exceeded the analog
input range.

The AD875’s speed, resolution and single-supply operation are
ideally suited for a variety of applications in imaging, high speed
data acquisition and communications. The AD875’s low power
and single supply operation are required for high speed portable
applications. Its speed and resolution are ideally suited for
charge coupled device (CCD) input systems such as color scan-
ners, digital copiers, electronic still cameras and camcorders.

The ADB875 is packaged in a space saving 48-pin thin quad flat-
pack (TQFP) and is specified over the commercial (0°C to
+70°C) temperature range.

This is an abridged data sheet. To obtain the most recent version or
complete data sheet, call our fax retrieval system at 1-800-446-6212.
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FUNCTIONAL BLOCK DIAGRAM

CLK AVpp  DVpp DRVpp
O O

- O
cML AVgs  DVgg

DRVgg

PRODUCT HIGHLIGHTS

Low Power—The AD875 at 185 mW consumes a fraction of the
power of presently available 10-bit, video-speed converters.
Power-down mode and single-supply operation further enhance
its desirability in low power, battery operated applications such
as electronic still cameras, camcorders and communication
systems.

Superior Differential Nonlinearity Performance—The AD875’s typ-
ical DNL performance is 0.4 LSB and a maximum of 0.8 LSBs
for the 0 to 255 code range (ideal for imaging systems). No
missing codes are guaranteed.

Very Small Package—The ADS875 is available in a 48-pin surface
mount, thin quad flatpack. The TQFP package is ideal for very
tight, low headroom designs. The AD875 is available in tape-
and-reel.

Digital I/O Functionality—The AD875 offers several digital fea-
tures which allow output data formatting, fixed output test pat-
tern generation to facilitate in-circuit testing, three-state output
control and over/underrange indicators.

REV. 0



SPECIFICATIONS AD875

(Tyw 10 Tyuay With AVgp = +5.0V, DVgg = +5.0 V, DRVpg = +3.3 V, Vggrrs = +4.0V,

.
DC SPECIFICATIONS ..., = +20V, fyc, = 15 MHz, unless otherwise noted)

Parameter Min Typ Max Units
RESOLUTION ) 10 Bits
DC ACCURACY
Integral Nonlinearity (INL) *1.5 *2.5 LSB
Differential Nonlinearity (DNL)
Codes 0 to 255 +0.4 +0.8 LSB
Codes 256 to 1023 +0.4 *1 LSB
No Missing Codes GUARANTEED
Offset 0.1 %FSR
Gain 0.2 %FSR
ANALOG INPUT
Input Range 1.8 2 2.2 V p-p
Input Resistance 100 kQ
Input Current 10 pA
Input Capacitance 5 pF
REFERENCE INPUT
Reference Top Voltage 3.6 4.0 4.1 A%
Reference Bottom Voltage 1.6 2.0 2.1 \Y%
Reference Input Resistance 250 400 Q
Reference Input Current 5 8 mA
Force-Sense Offset
Top 25 mV
Bottom 25 mV
POWER SUPPLIES
Operating Voltages '
AVpp +4.5 +5.25 Volts
DVpp +4.5 +5.25 Volts
DRVpp +3.0 +5.25 Volts
Operating Current
IAVyp 19 34 mA
IDVpp 17 25 mA
IDRVpp! 1 5 . mA
POWER CONSUMPTION 185 235 mW
TEMPERATURE RANGE
Operating 0 +70 °C
NOTES
!C, = 20 pF

Specifications subject to change without notice. See Definition of Specifications for additional information.
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AD875

(T 10 Tyay With AVpg = +5.0V, DVpy = +5.0V, DRVpy = +3.3 V, Vyerrr = #4.0V,

DIGITAL SPECIFICATIONS vecrs: = +20V, fos = 15 Mz, €, = 20 DF unless otherwise noted)

Parameter Symbol DRVDD Min Typ Max Units
LOGIC INPUT :
High Level Input Voltage Viu 3.0 2.4 \%
4.75 3.8 \%
5.25 4.2 '
Low Level Input Voltage Vi 3.0 0.6 \%
4.75 0.95 \%
. 5.25 1.05 A%
High Level Input Current Iim 4.75 -10 +10 rA
Low Level Input Current I 4.75 -50 +50 pA
Low Level Input Current (CLK Only) Ie 4.75 -10 +10 rA
Input Capacitance Civ 5 pF
LOGIC OUTPUTS
High Level Output Voltage Vou
(Ioy = 50 pA) 3.0 2.4 \%
4.75 3.8 \%
(om = 0.5 mA) 4.75 2.4 v
Low Level Output Voltage VoL
(IorL = 50 pA) 3.6 0.7 \Y%
5.25 1.05 \Y%
(IoL = 0.6 mA) 5.25 0.4 \Y%
Output Capacitance Cout 5 pF
Output Leakage Current Ioz -10 +10 RA
Specifications subject to change without notice. '
(Tyin 10 Tyax With AVpy = +5.0 V, DVyp = +5.0 V, DRVyp = +33 V, Vo = +4.0V,
TIM'NG SPECIHCA"ONS Veersr = +2.0V, foocx = 15 MHz, G, = 20 pF unless otherwise noted)
Symbol Min Typ Max Units
Maximum Conversion Rate’ 15 MHz
Clock Period tc 66 ns
Clock High tcu 30 33 ns
Clock Low tcL 30 33 ns
Output Delay?- top 12 15 ns
Pipeline Delay (Latency) 3 Clock Cycles
Sampling Delay 13 ts; 2.5 ns
Sampling Delay 23 tsz 2.5 ‘ns
External Settling Requirement? Vse *16 mV
NOTES
!Conversion rate is operational down to 10 kHz without degradation in specified performance.
2C, = 20 pF. .
3S:e the section entitled “Driving the Analog Input.”
Specifications subject to change without notice.
SAMPLE N+2
SAMPLE N
AIN NA \/W
[ toy e to -]
« [ [ \_J \_J—\_
l—— to ——|
out X DATA N-3 X DATAN-2 X DATAN-1 DATAN
Figure 1. AD875 Timing Diagram
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AD875

PIN DESCRIPTION
Symbol  |PinNo.  |Type|Name and Function po-D9, UNR, OVR
DD
DO (LSB) 1 DO |Least Significant Bit DRV,
D1-D4 2-5 DO |Data Bits 1 Through 4 -~—
D5-D8 8-11 DO |Data Bits 5 Through 8
D9 (MSB) |12 DO [Most Significant Bit
UNR 46 DO |[Underrange Output
OVR 47 DO |Overrange Output L AVgg
TESTMODE(19 DI |TESTMODE = LOW TESTMODE = HIGH o
1010... Pattern On or NIC D
D0-D9 Normal Operating Mode
LINV 20 DI |Invert the Lower Order Output Bits TESTMODE, LINV, MINV,
LINV = LOW LINV = HIGH or N/C THREE-STATE, STBY
No Inversion Invert Low Order Aoy
Output Bits (D0-D8) DRVpp
MINV 21 DI |Invert the Most Significant Bit
MINV = LOW MINV = HIGH or N/C
No Inversion Invert MSB (D9)
THREE- 23 DI |THREE-STATE = LOW THREE-STATE = HIGH A
STATE Normal Operating Mode  or N/C * DRVgs
High Impedance Outputs
STBY 24 DI |[STBY = LOW STBY = HIGH or N/C CLK
Normal Operating Mode Standby Mode AVpo DRVgp
CLK 22 DI |Clock Input
CML 38 AO |[Bypass Pin for an Internal Bias Point. A 10 pF capacitor O_?_E
in parallel with a 0.1 pF capacitor must be connected to
CML. CML is not to be used to drive external circuitry. AVgs
REFTS 29 Al  [Reference Top Sense PRVss
REFTF 30 Al  |Reference Top Force
REFTQ 31 Al  [Reference Top Quarter Point (Bypass)
REFMID 32 Al  [Reference Midpoint (Bypass)
REFBQ 33 Al [Reference Bottom Quarter Point (Bypass)
REFBF 34 Al [Reference Bottom Force
REFBS 35 Al  [Reference Bottom Sense
AIN 39, 40 Al |Analog Input
AVpp 37,42 P +5 V Analog Supply
AV 36, 43, 44 P Analog Ground
DVpp 15, 18, 25, 26|P +5 V Digital Supply
DVgg 13, 14, 17, 27|P Digital Ground
DRVpp 7,45 P +3.3 V/+5 V Digital Supply. Supply for Digital
Input and Output Buffers
DRVgg 6, 16 P +3.3 V/+5 V Digital Ground. Ground for Digital
Input and Output Buffers
TP1 28 P Connect to AVgg (Analog Ground)
TP2 48 P Connect to DV (Digital Ground)
N/C 41 No Connect
TYPE: Al = Analog Input; AO = Analog Output; DI = Digital Input;
DO = Digital Output;
P = Power
Equivalent Circuits
REV. 0 ANALOG-TO-DIGITAL CONVERTERS 2-159
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PIN CONFIGURATION

DD

TYPICAL CHARACTERISTIC CURVES

c>838 28
BgEELTzeE3Es wrs
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44
DO (LSB) 1 CT]|® PIN 1 IDENTIFIER 36 AVgg 025
D1 2 [ [T135 REFBS @
D2 3 ] [T134 REFBF o
D3 4 [ 33 REFBQ -E‘
DRVes 6 = AD875 FRs: nEFra. 025
S el [EDR T »
D6 9 T [T128 TPI
D7 10 1] T127 DVgg 075
D8 11 1] FT126 DVpp
D9 (MSB) 12 [ [T125 DVp,
- FULL SCALE + FULL SCALE
H H HH H H H H HH ANALOG INPUT VOLTAGE
PILeLER2QRNRS Figure 2. Typical DNL
3m03$0m>>xw>
388gadgisssl \
@ I
- 4
3
1
ORDERING GUIDE
m
Temperature | Package Package 0 '_’:’
Model Range Description Option* 2
ADS875]ST 0°C to +70°C | 48-Pin TQFP ST-48
AD875]JST-Reel | 0°C to +70°C | 48-Pin TQFP 4
(Tape and Reel 13")
*For outline information see Package Information section.
-2
~FULL SCALE + FULL SCALE
ANALOG INPUT VOLTAGE
Figure 3. Typical INL
ABSOLUTE MAXIMUM RATINGS*
Parameter With Respect to Min Max Units
AVpp AV -0.5 +6.5 Volts
DVpps DRV, DV, DRVgg -0.5 +6.5 Volts
ss DV, DRV -0.5 +0.5 Volts
AIN AVgg -0.5 +6.5 Volts
REFTS, REFTF, REFBS, REFBF AVgg -0.5 +6.5 Volts
Digital Inputs, CLK DV, DRV -0.5 +6.5 Volts
Junction Temperature +150 °C
Storage Temperature —65 +150 °C
Lead Temperature (10 sec) +300 °C

*Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum
ratings for extended periods may affect device reliability.

CAUTION

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily
accumulate on the human body and test equipment and can discharge without detection.
Although the AD875 features proprietary ESD protection circuitry, permanent damage may
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD

precautions are recommended to avoid performance degradation or loss of functionality.
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DEFINITIONS OF SPECIFICATIONS

Integral Nonlinearity (INL)

Integral nonlinearity refers to the deviation of each individual
code from a line drawn from “zero” through “full scale.” The
point used as “zero” occurs 1/2 LSB before the first code transi-
tion. “Full scale” is defined as a level 1 1/2 LSB beyond the last
code transition. The deviation is measured from the center of
each particular code to the true straight line.

Differential Nonlinearity (DNL, No Missing Codes)

An ideal ADC exhibits code transitions that are exactly 1 LSB
apart. DNL is the deviation from this ideal value. It is often
specified in terms of the resolution for which no missing codes
(NMC) are guaranteed.

Offset Error

The first transition should occur at a level 1/2 LSB above
“zero.” Offset is defined as the deviation of the actual first code
transition from that point.

Gain Error

The first code transition should occur for an analog value

1/2 LSB above nominal negative full scale. The last transition
should occur for an analog value 1 1/2 LSB below the nominal
positive full scale. Gain error is the deviation of the actual dif-
ference between first and last code transitions and the ideal dif-
ference between the first and last code transitions.

Pipeline Delay (Latency)

The number of clock cycles between conversion initiation and
the associated output data being made available. New output
data is provided every clock cycle.

Reference Force/Sense Offset

Resistance between the reference input and comparator input

tap points causes offset errors. These errors can be nulled out
by using the force-sense connection as shown in the Reference
Input section.

THEORY OF OPERATION

The AD875 uses a pipelined multistage architecture to achieve
high sample rate with low power. The multistage approach dis-
tributes the conversion over several smaller A/D sub-blocks,
refining the conversion with progressively higher accuracy as it
passes the results from stage to stage. As a consequence of the =
distributed conversion, the AD875 requires only a small fraction
of the 1023 comparators that would be required in a more tradi-
tional 10-bit flash type A/D. A sample-and-hold (SHA) function
within each of the stages permits the first stage to operate on a
new sample of the input while the second and third stages oper-
ate on the two preceding samples. This “assembly line”” opera-
tion on multiple samples, known as pipelining, allows higher
throughput at the cost of some delay, referred to as latency. (See
the output timing diagram.)

The detailed operation is as follows: the first stage makes a 4-bit
estimate of the analog input voltage by means of the first stage
A/D sub-block. The first stage estimate is converted to analog
form by the first stage D/A and subtracted from the original
input signal. The remainder, or residue, is the difference
between the first stage estimate and the actual analog input.
Next, the residue is amplified and passed to the second stage
where another A/D sub-block makes a 4-bit estimate of its
value. Again the analog version of the estimate is subtracted
from the signal, and an even finer residue is generated. Finally,

REV. 0
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the A/D sub-block in the last stage measures the value of this
second stage residue.

The A/D sub-blocks within each stage are actually 4-bit flash
converters. Ideally 3 bits in the second and third stages would be
sufficient for a 10-bit A/D. The additional bits allow for digital
correction of errors in preceding stages, reducing the tolerances
on the sub-block components and making a more robust A/D. The
reference ladders for all three of these flash sub-blocks are wired
in parallel and connected to the reference pins of the AD875.

Inside the AD875 all signals are processed differentially. This not
only enhances the internal dynamic range of the components but
provides a high level of noise immunity in a digital environment.

APPLYING THE ADS875

DRIVING THE ANALOG INPUT

The high input resistance and low input capacitance features of
the AD875 simplify the current and settling time demangds
placed on input drive circuitry. Figure 4 shows the equivalent
input circuit of the AD875.

The full-scale input range is set by the voltage span, REFTF-
REFBF (see “Driving the Reference” section). The recom-
mended span should nominally be 2 V peak-to-peak. This span
must remain bounded by the minimum and maximum input
range (specified in the Analog Input section under DC Specifica-
tions). Some example input ranges are given in Table I.

21-=cLK
02 =LK
AD875 w
AIN (39— < o—T
o1 02
1.6pF

AIN (40 +5V —r—f/

Figure 4. AD875 Equivalent Input Structure

Table 1. Input Range Examples

—Full Scale +Full Scale Input
= REFBF = REFTF Span
m o W)

+1.6 +3.6 +2.0
+2.0 +4.0 +2.0
+2.1 +4.1 +2.0

While the input impedance of the AD87S is quite high, the
switched-capacitor input structure results in a small dynamic
input current. In order to prevent gain variations as a result of
the input current, maintaining a source impedance of less than
or equal to 75 () is suggested (Figure 5). In general, a low drive
impedance is suggested to minimize noise coupled on the AIN

inputs.
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Figure 5. Simple AD875 Drive Requirements

For systems which must level shift a ground-referenced signal in
order to comply with the input requirements of the AD875, a
circuit like Figure 6 is recommended. The suggested op amp, an
AD817 or AD818, is configured in inverting mode, where the ac
gain of the input signal is —1. The amount of dc-level shifting is
controlled by the dc voltage at the noninverting input of the op
amp. The REFBF signal is attenuated by a resistive voltage
divider and then multiplied by 2. In the case where REFBF =
1.6 V, the dc output level will be 2.6 V. The AD817 is a low
cost, fast settling, single-supply op amp with a 29' MHz unity
gain bandwidth. The AD818 is similar to the AD817 but has a
50 MHz unity gain bandwidth.

Ry = 4.99k

Figure 6. DC Level Shift with Gain of —1x

The AD875 samples the analog input voltage twice: once on the
rising edge of the clock (CLK) and once on the falling edge.
The first sample, taken on the rising edge, is used to perform a
coarse estimate of the input. As indicated in Figure 7, the ana-
log input voltage must be settled within Vg (16 mV) of its
final value at this time and must remain within Vgg until the
second sample has been taken. The second sample, taken on the
falling edge of the clock, will determine the exact value digitized
and should be accurate to within 10 bits (0.1%).- Note that the
actual sample points are delayed by tg; and tg,.

For applications where step input signals are expected (i.e., CCD
or multiplexed outputs), the settling time of the input drive cir-
cuitry should be examined carefully. In most cases, the settling
time requirements placed on the input amplifier are easily met
by the AD817 or AD818. For higher speed operation, it may be
necessary to use faster op amps such as the AD810 or ADS8I11.

As a result of the AD875’s settling requirements, there is a max-
imum slew rate limitation placed on the analog input signal. For
applications using CCDs and other sampled analog systems, the
AD875 can be used directly. However, for continuous signal
applications, Figure 7 implies a maximum slew rate limitation
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on the analog input:

Slew Rate of Analog Input (maximum) = %@K (Vlsec)

. . CH
where tey is the “high” period of the‘sample clock in seconds,
or one-half the full period when the clock is run with 50% duty
cycle. For example, at 15 MHz clock rate, the maximum slew
rate is about 0.48 V/us. This corresponds to a maximum analog
input frequency of 76 kHz when a full-scale (2 V peak-to-peak)
sine wave is used. For input signals with higher slew rates, a
sample-and-hold amplifier must be used for accurate digitization.

CLK

Figure 7. Analog Input Settling Requirement

REFERENCE INPUT

Driving the Reference Terminals

The AD875 requires an external reference on pins REFTF and
REFBF. Reference sense pins REFTS and REFBS are also pro-
vided for Kelvin connections to minimize voltage drops due to
external and internal wiring resistances. A resistor ladder ‘nomi-
nally 400 Q) is connected internally between pins REFTF and
REFBF. : '

The voltage drop across the internal resistor ladder determines
the input span of the AD875. The driving voltages required at the
REFTF and REFBF pins are nominally +4 Vand +2 V respec-
tively resulting in a 2 V input span. In order to maintain the requi-
site 2 V drop across the internal ladder, the external reference
must be capable of typically providing 5 mA of dc current.

Transient current flows in and out of the REFTF and REFBF
pins. Therefore, a low ac impedance is required at these termi-
nals for proper operation. Bypassing each pin with suitable
capacitive decoupling should effectively attenuate any transients.
See the AD875 Evaluation Board Schematic for recommended
values. Mid (REFMID) and quarter (REFTQ, REFBQ) ladder
tap points are also available for additional decoupling if required.
It is important to note that these tap points cannot be used to
correct integral linearity as is sometimes done in a typical flash
converters.

There are several reference configurations suitable for the -
ADB875 depending on the application, desired performance and
cost trade-offs. The simplest configuration, shown in Figure 8,
utilizes a resistor string to generate the reference voltages from
the converter’s analog power supply. A 10 wF tantalum capaci-
tor in parallel with a 0.1 pF ceramic capacitor will provide ade-
quate decoupling for both the REFTF and REFBF pins. The
0.1 wF capacitors should be physically located within 1cm of
REFTF and REFBF. A 10 pF capacitor connected between
REFTF and REFBF is also recommended for optimum perfor-
mance. This reference configuration provides the lowest cost
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solution but has several disadvantages including poor dc power
supply rejection and poor accuracy due to the variability of the
internal and external resistor values.

165 (£1%)
+5V

10uF <
340 (1%)

NC = NO CONNECT
Figure 8. Low Cost Reference Circuit

A higher performance solution employs a voltage regulator to
improve dc power supply rejection and absolute accuracy. Fig-
ure 9 shows a LM317 adjustable regulator configured to gener-
ate a 1.6 V output for REFBF. This output is also used to
generate the 3.6 V REFTF signal by multiplying the REFBF
signal by 2.25. Note that the AD817 op amp used to multiply
REFBF has been compensated to ensure stability while driving
the large capacitive load. The accuracy of this solution is limited

by the externa] resistors and the initial accuracy of the reference.

12.5k (+1%)
‘VAVAV
22nF
10K (+1%) I
10
ADB17 7]
LM317L v
+5V 0—¢- Vi Vour e e 34) REFBF
$o.m= ADJ $1opr $o.1..|=
8 243 NC —(35)

NC = NO CONNECT
Figure 9. Reference Circuit with Good PSRR

For optimal performance, a force sense or Kelvin configuration
can be used as shown in Figure 10. This circuit uses a high-
accuracy reference (AD589) and a dual op amp (OP-295) to
maintain accuracy and minimize voltage drops which are gener-
ated in the wire connections to the REFTF and REFBF inputs.
The output of the AD589 is increased to 1.6 V and 3.6 V at the
outputs of the op amps as required. Both op amps are compen-
sated to maintain stability while driving the decoupling capaci-
tors required at the REFTF and REFBF pins.

These outputs, being connected in a feedback loop, tend to can-
cel any errors caused by the voltage drops in the wires. Note
that if the REFTS and REFBS are not used in a force sense
configuration, they should. be left unconnected and should not
be connected to REFTF and REFBF.
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20k (+1%)

>—| A 29) REFTS
Y 0k e1%) 4.,an
W 10 36V
(30) REFTF
+ .
1/2 OP-295

OTuF ok (21%)

A 35) REFBS

30K (+1%)

} @9
10uF == 0.1uF
1/2 OP-295 $ 6

Figure 10. High Performance Reference Circuit Using
Kelvin Connections

Like any high resolution converter, the layout and decoupling of
the reference is critical. The actual voltage digitized by the AD875
is relative to the reference voltages. In Figure 11, for example, the
reference returns and the bypass capacitors are connected to the
shield of the incoming analog signal. Disturbances in the ground
of the analog input, which will be common-mode to the REFTF,
REFBF, and AIN pins because of the common ground, are effec-
tively removed by the AD875’s high common-mode rejection.

High frequency noise sources, Vy, and Vy,, are shunted to
ground by decoupling capacitors. Any voltage drops between the
analog input ground and the reference bypassing points will be
treated as input signals by the converter via the reference
inputs. Consequently, the reference decoupling capacitors
should be connected to the same analog ground point used to
define the analog input voltage. (For further suggestions, see the
“Grounding and Layout Rules” section of the data sheet.)

Figure 11. Recommended Bypassing for the Reference
Inputs

CLOCK INPUT

The AD875 clock input is buffered internally with an inverter
powered from the DRVpp, pin. This feature allows the AD875
to accommodate either +5 V or +3.3 V CMOS logic input sig-
nal swings with the input threshold for the CLK pin nominally
at DRVpp/2.

The AD875’s pipelined architecture operates on both rising and
falling edges of the input clock. To minimize duty cycle varia-
tions the recommended logic family to drive the clock input is
high speed CMOS (HC/HCT) logic. HCMOS logic provides
both symmetrical voltage threshold levels and sufficient rise and
fall times to support 15 MHz operation.- The AD875’s minimum
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clock half cycle may necessitate the use of an external divide-by-
two circuit as shown in Figure 12.

30MHz O—D>

¢

+5V

CLK
(TO AD875)

Figure 12. Divide-By-Two Clock Input Circuit

The AD87S is designed to support a conversion rate of 15 MHz;
running the part at slightly faster clock rates may be possible,
although at reduced performance levels. Conversely, some slight
performance improvements might be realized by clocking the

ADB8T75 at slower clock rates.

The power dissipated by the correction logic and output buffers
is largely proportional to the clock frequency; running at reduced
clock rates provides a reduction in power consumption. Figure

13 illustrates this trade-off.

DIGITAL INPUTS AND OUTPUTS
Each of the AD875’s digital control inputs, MINV, LINV,

TEST MODE, THREE-STATE; and STBY is buffered with an
inverter powered from the DRV, supply pins. With DRV,

m N
s )
£ 180 ]
« ) /
g‘“//

140 -

10 15 20
CLOCK FREQUENCY - MHz

Figure 13. Typical Power Dissipation vs. Clock Frequency

set to +5 V all digital inputs readily interface with S V CMOS
logic. For interfacing with lower voltage CMOS logic, DRV
can be set to 3.3 V effectively lowering the nominal input
threshold of all digital inputs to 3.3 V/2 = 1.65 V.

The AD875 provides several convenient digital input pins for
controlling the converter output format. By utilizing digital
input pins MINV and LINV, three digital output formats are
possible: binary, twos complement, and ones complement.

Another element of digital functionality is provided with the
TEST MODE pin. To facilitate in-circuit testing of the digital
portion of your application, a fixed digital pattern controlled by
a digital input is available. For TEST MODE = LOW, an
alternating 1010101010 pattern is established. This pattern is
further manipulated when used in conjunction with the LINV
and MINV pins (see Output Data Format, Table II below).

- Table II. Output Data Format
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Also, a sleep mode feature is provided such that for STBY =
HIGH and the clock disabled, the static power of the AD875
will drop below 50 mW. The AD875 reaches rated accuracy 4
clock cycles after STBY is brought LOW and the clock is
started.

DIGITAL OUTPUTS

Each of the on-chip buffers for the AD875 output bits (D0-D9,
OVR, UNR) is powered from the DRV, supply pins, separate
from AVpp or DV, The output drivers are sized to handle a
variety of logic families while minimizing the amount of glitch
energy generated. In all cases, a fan-out of one is recommended
to keep the capacitive load on the output data bits below the
specified 20 pF level.

For DRV, = 5V, the AD875 output signal swing is compati-
ble with both high speed CMOS and TTL logic families. For
TTL, the AD875 on-chip, output drivers were designed to
support several of the high speed TTL families (F, AS, S).

For applications where the clock rate is below 15 MHz, other
TTL families may be appropriate. For interfacing with lower
voltage CMOS logic, the AD875 sustains 15 MHz operation
with DRV, = 3.3 V. In all cases, check your logic family
data sheets for compatibility with the AD875 Digital Specifica-
tion table.

THREE-STATE OUTPUTS

The digital outputs of the AD875 can be placed in a high
impedance state by setting the THREE-STATE pin to HIGH.
This feature is provided to facilitate in-circuit testing or evalua-
tion. Note that this function is not intended for enabling/
disabling the ADC outputs from a bus at 15 MHz. Also, to
avoid corruption of the sampled analog signal during conversion
(three clock cycles), it is highly recommended that the AD875
outputs be enabled on the bus prior to the first sampling. For
_the purpose of budgetary timing, the maximum access and float
delay times (tpp, ty;. shown in Figure 14) for the AD875 are
150 ns.

THREE-STATE — | -
[ top —- l— by —>|
DO0-D9, D
UNR, OVR C:
ACTIVE HIGH IMPEDANCE

Figure 14. High Impedance Output Timing Diagram

OUT OF RANGE

As Table II indicates, an Underrange (UNR) or Overrange
(OVR) condition exists when the analog input voltage is beyond
the input range (nominally +2 V to +4 V) of the converter.
UNR (Pin 46) is set LOW when the analog input voltage is
within the analog input range. UNR is set HIGH (after account-
ing for pipeline latency) and will remain HIGH when the analog
input voltage is less than the input range by 1/2 LSB from the
center of the negative full-scale output code. OVR (Pin 47) is set
LOW when the analog input voltage is within the analog input
range. OVR is set HIGH (after accounting for pipeline latency)
and will remain HIGH when the analog input voltage is greater
than the input range by 1/2 LSB from the center of the positive
full-scale output code.
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GROUNDING AND LAYOUT RULES
As is the case for any high performance device, proper ground-
ing and layout techniques are essential in achieving optimal per-
formance. The analog and digital grounds on the AD875 have
been separated to optimize the management of return currents
in a system. It is recommended that a 4-layer printed circuit
board (PCB) which employs a ground plane and power planes
be used with the AD875. The use of ground and power planes
offers distinct advantages:
1. The minimization of the loop area encompassed by a signal

and its return path.

2. The minimization of the impedance associated with ground
and power paths.

3. The inherent distributed capacitor formed by the power
plane, PCB insulation, and ground plane.

These characteristics result in both a reduction of electro-,
magnetic interference (EMI) and an overall improvement in
performance.

It is important to design a layout which prevents noise from
coupling onto the input signal. Digital signals should not be run
in parallel with the input signal traces and should be routed
away from the input circuitry. -

Separate analog and digital grounds should be joined together
directly under the AD875. A solid ground plane under the
AD&7S5 is also acceptable if care is taken in the management
of the power and ground return currents. A general “rule-of-
thumb” for mixed signal layouts dictates that the return cur-
rents from digital circuitry should not pass through critical
analog circuitry.

POWER SUPPLY DECOUPLING

The analog and digital supplies of the AD875 have been sepa-
rated to prevent the typically large transients associated with
digital circuitry from coupling into the analog supply (AVpp).

The digital supplies have also been separated into DRV, and
DVpp. The DRV, pins provide power for the digital 1/0’s of
the AD875 and are likely to contain high energy transients. Each
power supply pin should be decoupled with a 0.1 pF capacitor
located as close to the pin as possible. For optimal performance,
surface-mount capacitors are recommended. The inductance
associated with the leads of through-hole ceramic capacitors typ-
ically render them ineffective at higher frequencies. A complete
system will also incorporate tantalum capacitors in the 10-100 wF
range to decouple low frequency noise and ferrite beads to limit
high frequency noise.

APPLICATIONS

IMAGING SYSTEM OVERVIEW

While the specifics of a particular imaging system will vary,
most architectures will employ some or all of the building blocks
shown in Figure 15. The image sensor, often a charged-coupled
device (CCD), transforms light to electrical output. The result-
ant pixel stream is conditioned by a clamp/sample-hold circuit
which is sometimes referred to as a correlated double sampler
(CDS). A gain block sets signal levels which maximize the
utilization of the dynamic range of the A/D converter. DC
restoration is often used to remove any static dc errors which
may accumulate over time and temperature. The digitized
signal is then processed by the application specific digital signal
processor.
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Figure 15. Typical Imaging System B[ock ‘Diagram

For optimum performance the CDS is tailored to the sensor out-
put characteristics. When used in conjunction with a CCD, the
CDS acts to remove low frequency signal variations, kT/C noise,
and other noise components, all of which are artifacts generated
by the CCD. The output signal from the CCD is characterized
by a series of pixels, each containing both a reset level and the
actual video data. Aside from the'various noise’components, the
video data is essentially a stream of stepped dc signals. This
pixel stream from the CCD is then ac-coupled through a capaci-
tor to a switch (contained within the CDS block).

This switch, in turn, is connected to. a clamp reference voltage.
The switch is closed during the reset portion of each pixel. As a
result, the difference between the reset level of each pixel and
the clamp reference voltage is stored on the coupling capacitor.
When the switch is opened, the dc voltage stored on the cou-
pling capacitor sets the dc level for the pixel stream. The video
portion of each pixel is then sampled and held using traditional
sample/hold (SHA) architectures. Since the CCD noise sources
are correlated between the reset and video portions of the pixel
stream, and the output of the SHA represents the difference
between these two levels, the noise is effectively eliminated.

The output of the CDS will generally require some form of gain
control in-order to maximize the full-scale input range of the
A/D converter. In some applications, a fixed gain may be ade-
quate while in many applications such as camcorders, variable
gain control is used to automatically account for variations in
scene brightness. Gain control can be achieved using analog or
digital techniques and often times must be able to respond at a
rate equivalent to the pixel rate. Gilbert multiplier cells and
multiplying D/As are two common circuits used for the gain
block. :

The dc restore block acts to set the final dc level of the signal
before digitization by the A/D converter. A fixed voltage level
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(equivalent to the black level or negative full scale) generated by
the CCD is sampled by the dc restoration circuit usually at the
beginning or end of a “scan line.” Any difference between the
sampled black level and the desired negative full scale is’
removed either by a servo loop or corrected digitally. To maxi-
mize the use of the A/D’s input range, the error must be
removed prior to the A/D. This is generally accomplished by a
high dc-gain feedback path which servos any error detected at
the output. The dc restoration effectively removes dc level shifts
which may occur as a result of long-term parameter shifts such
as component drift and temperature variations.

The main criterion for choosing the ‘A/D converter is generally
based on resolution and speed. Resolution affects the signals-to-
noise ratio of the system, dictates the maximum digital dyhamic
range of the image, and is a consideration for round-off errors. -
produced in the digital signal processing. The speed of the A/D
converter is related to the number of pixel elements and the '
pixel output rate of the-particular image sensor. Multichannel
systems may multiplex more than one pixel stream into a single
A/D, thus requiring faster conversion rates. Similarly, ar¢a
CCDs (CCDs which: capture video information' in-two-dimen-
sions) operate at higher rates than linear (one dimensional)
CCDs.

MULTICHANNEL IMAGE ACQUISITION SYSTEM

The AD875s fast conversion rate combined with the AD783
sample/hold amplifiers (SHAs) and the AD9300 high speed mul- *
tiplexer can be used to construct an analog front-end capable of
acquiring and digitizing three or more analog signals at a rate of

1 Msps. Figure 16 shows a typical circuit which employs three
AD783s capable of acquiring a 2 V p-p step input to-10-bit
accuracy in-less than 350 ns.
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Figure 16. Multichannel Image Acquisition System

Referring to the timing diagram in Figure 17, the three analog
inputs are simultaneously sampled on the falling edge of S/H.
After allowing the SHAsS to settle (250 ns), the R channel is dig-
itized at the conversion rate of 12 MHz (83.3 ns). Next, the
MUX is switched to the G channel, allowed to settle (83.3 ns),
and digitized. The B channel is digitized similarly. While the B
channel is converted, the R channel data becomes available at
the output of the AD875 (due to the pipelined latency). The
rising edges of the signals RDAV, GDAV, and BDAV are the
signals which indicate when valid data is available at the output
of the A/D converter.

N 1

20 L

Al l l
RDAV
GDAV

a.

1
1
L

BDAV

Figure 17. Timing Diagram for Figure 16
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HIGH SPEED SAMPLE-AND-HOLD AMPLIFIER (SHA)
A sample-hold amplifier is often needed as part of a correlated
double sampler or when high bandwidth inputs such as video
signals are to be converted by the AD875. For fast, precise sam-
pling required for video signals, an integrated solution such as
the AD9101 track-and-hold amplifier is suggested for optimum
performance. However, the requirements of many 10-bit imag-
ing systems can be achieved using a SHA architecture similar to
the one shown in Figure 18. This discrete SHA can accurately
acquire a 1 V input step within 1 mV accuracy in less than

200 ns. Hold-mode settling within 1 mV is typically less than
50 ns. The resultant throughput rate is 3.3 Msps.
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Figure 18. High Speed Discrete SHA
CIRCUIT DESCRIPTION TIMING DESCRIPTION

The discrete SHA shown in Figure 13 is a closed-loop, nonin-
verting architecture that accepts 1 V p-p inputs. The overall
gain of the SHA is +2 in order to accommodate the 2 V input
span of the AD875. The AD847, with 0.1% settling time of

65 ns, is the suggested input buffer to the SHA. The circuit also
employs an SD5001 that contains four ultrahigh speed DMOS
switches (Q1-Q4). The low cost, fast settling time and high
CMRR of the AD817 op amp are critical features necessary for
optimal performance and economy. !

In sample mode, Q1 and Q3 of the SD5001 are closed (Q2 and
Q4 are open). C28 is charged to the input voltage level at a rate
primarily determined by the time constant, R9 X C28, and the
gain (2X). Simultaneously, C29 is connected to ground through
a 250 Q) resistor. If C28 is equal to C29, charge injection from
Q1 will be approximately equal to charge injection form Q3
based on the symmetry of the circuit and the inherent matching
of the switch capacitance. The resultant pedestal errors appear
as a common-mode signal to the AD817 and are approximately
canceled from the differential architecture.

In hold mode, Q2 and Q4 are closed (Q1 and Q3 are open) to
reduce feedthrough. The AD817 buffers the voltage held on C28
and settles within the requisite 1 mV within 50 ns. The output
of the AD817 must then be level-shifted in order to interface
with the AD875 input span requirements. Throughput rates
greater than 3.3 Msps using this architecture are limited by the
Ron of the SD5001. Faster sample rates require open-loop
architectures or diode-bridge switching in order to reduce the
on-resistance.
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Figure 19 shows the timing requirements for the discrete SHA.
The complementary S/H inputs are HCMOS-compatible
although larger gate voltages will improve performance slightly
by lowering the on resistances of the DMOS switches. The con-
version is started as soon as the output of the SHA has settled
within 16 mV of its final value.

SHA
OUTPUT :

L—

| i
SH 100ns —91
'

20008 —————>)

- -

W

~ Figure 19. Timing Diagram for Discrete SHA
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ANALOG | 10-Bit 20 MSPS, 140 mW
DEVICES | CMOS A/D Converter

AD876

FEATURES FUNCTIONAL BLOCK DIAGRAM

CMOS 10-Bit 20 MSPS Sampling A/D Converter

Power Dissipation: 140 mW cLK AVy, DV, DRV,
O Oo—0 O

+5 V Single Supply Operation

Differential Nonlinearity: 0.5 LSB sTBY

Guaranteed No Missing Codes ANQ .

Power Down (Stand-By) Mode STATE

Three-State Outputs REFTF Q

Digital 1/0s Compatible with +5 V or +3.3 V Logic REFTS Q CORRECTION LOGIC

Adjustable Reference Input REFBS O £ (MSB)

Small Size: 28-Pin SOIC or 48-Pin Thin Quad nerer & ADB76 L outPuteurrems | b9
Flatpack (TQFP) Do

O—O (LSB)

PRODUCT DESCRIPTION
The AD876 is a CMOS, 140 mW, 10-bit, 20 Msps analog-to-, %
digital converter (ADC). The AD876 has an on-chip in, %
sample-and-hold amplifier. The AD876’s digital I/Q%
to either +5 V or +3.3 V logic. By 1mplemeng% FW
pipelined architecture with output error corre@gnn

ADB876 offers accurate performance and guarantees n qi%;ﬁ
codes over the full operating temperature range. To migimi %
external voltage drops, the reference ladder top and bottom are %

“Powg;;é ’I’ﬁ é‘&sﬂ?() at 140 mW consumes a fraction of the
re: ﬁ; y available 10-bit, video-speed converters.
&1‘ ode and single supply operation further enhance
ablh in low power, battery operated applications such
gu%lc Qg&»cameras, camcorders and communication

mall Package: The AD876 is available in both a 28-pin
OIC and 48-pin surface mount, thin quad flat package. The

provided with force and sense pins. TQFP package is ideal for very tight, low headroom designs.
The AD876 can be placed into a standby mode of operation re- Digital /O Functionality: The AD876 offers three-state output
ducing the power below 50 mW. Digital output data can be control.

placed in a high impedance state and is offered in straight binary

output.

The AD876’s speed, resolution and single supply operation are
ideally suited for a variety of applications in video, multimedia,
imaging, high speed data acquisition and communications. The
AD876’s low power and single supply operation are required for
high speed portable applications. Its speed and resolution are
ideally suited for charge coupled device (CCD) input systems
such as color scanners, digital copiers, electronic still cameras
and camcorders.

The ADB876 is packaged in a space saving 28-pin SOIC and 48-
pin thin quad flatpack (TQFP) and is specified over the com-
mercial (0°C to +70°C) temperature range.

This is a preliminary data sheet. To obtain the most recent version or
complete data sheet, call our fax retrieval system at 1-800-446-6212.

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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AD876—SPECIFICATIONS ‘in= 50 cum = 0, o otvrvisemoten

AD876
Parameter ) Min Typ Max Units
RESOLUTION 10 ’ Bits
DC ACCURACY
Integral Nonlinearity (INL) +1.0 +2.0 LSB
Differential Nonlinearity (DNL) +0.5 +1 - LSB
No Missing Codes Guaranteed
Offset 0.5 % FSR
Gain 1.5 % FSR
ANALOG INPUT
Input Range 2 ) Vp-p
Input Resistance 50 kQ
Input Current 60
Input Capacitance ' 2.4 pF
REFERENCE INPUT
Reference Top Voltage 4.2 \Y%
Reference Bottom Voltage 2.5 \%
Reference Input Resistance Q
Reference Input Current 7.0 mA
Reference Top Offset mV
Reference Bottom Offset mV
DYNAMIC PERFORMANCE
Effective Number of Bits
fin =1 MHz Bits
fin = 3.58 MHz Bits
fix = 10 MHz Bits
Signal-to-Noise and Distortion (S/N+D) Ratio
fn=1 MHz =~ dB
fix = 3.58 MHz dB
fin = 10 MHz dB
Total Harmonic Distortion (THD)
fivn = 1 MHz dB
fin = 3.58 MHz dB
fin = 10 MHz dB
Spurious Free Dynamic Range dB
Full Power Bandwidth MHz
Intermodulation Distortion (IMD)!
Second Order Products TBD dB
Third Order Products TBD dB
Differential Phase 0.5 Degree
Differential Gain 1 %
POWER SUPPLIES
Operating Voltages
AVpp +4.5 +5.25 Volts
DVpp +4.5 +5.25 Volts
DRVpp . +3.0 +5.25 Volts
Operating Current
1AVpp 18 21 mA
IDVpp 9 12 mA
IDRVpp 1 3 mA
POWER CONSUMPTION 140 170 mW
TEMPERATURE RANGE
Specified 0 +70 °C
NOTES

!fa = 4.5 MHz, fb = 5.5 MHz
Specifications subject to change without notice. See Definition of Specifications for additional information.

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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AD876

(Tmu to me with AVM =+5.0 V, Dan =+5.0 V, DRVM =+33 V, v"gn =+4.0 V. Vnm = +2.Il V,

DlGlTAI. SPENHCA"UNS feroex = 20 Msps, C, = 20 pF unless otherwise noted)

ADS876)
Parameter Symbol DRVpp | Min Typ Max Units
LOGIC INPUT
High Level Input Voltage Vi 3.0 2.4 v
5.0 4.0 \Y
5.25 4.2 \Y%
Low Level Input Voltage A% 3.0 0.6 A%
5.0 1.0 \Y%
5.25 1.05 \Y%
High Level Input Current Iy . 5.0 -10 +10 HA
Low Level Input Current I 5.0 =50 +50 HA
Low Level Input Current (CLK Only) I 5.0 -10 +10 HA
Input Capacitance CiN 5 pF
LOGIC OUTPUTS
High Level Output Voltage Vou
(Ion = 50 pA) \
\Y%
(Iog = 0.5 mA) \Y%
Low Level Output Voltage
(oL = 50 pA) 0.7 v
1.05 \%
(IOL =0.6 mA) 0.4 \%
Output Capacitance pF
Output Leakage Current 10 A
TIMING SPECIFICATIONS
Max Units
Maximum Conversion Rate 20 MHz
Clock Period tc 50 ns
Clock High tcH 24 25 ns
Clock Low tcL 24 25 ns
Output Delay top 34 35 ns
Pipeline Delay (Latency) 4 Clock Cycles
Aperture Delay Time TBD ns
Aperture Jitter TBD ps
NOTE

!Conversion rate is operational down to 10 kHz without degradation in specified performance.

SAMPLE SAMPLE

N Net SAMPLE
AIN /-\_V_\_/
ten to

-+ -l >
% > >

e TV /[ /[ \

[— t; —> tw—>|

our X DATA N-3 X DATA N-2 X DATA N-1 X DATAN

Figure 1. Timing Diagram

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.

Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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AD876

SOIC PIN DESCRIPTIONS
Symbol Pin No. | Type | Name and Function
DO (LSB) | 3 DO | Least Significant Bit.
D1-D8 4-11 DO | Data Bits 1 through 4.
D9 (MSB)| 12 DO | Most Siginificant Bit.
THREE- | 16 DI THREE-STATE =1.OW THREE-STATE = HIGH
STATE or N/C )
Normal Operating Mode ~ High Impedance
Outputs )
STBY 17 DI STBY =10WorN/C + STBY = HIGH
: Normal Operating Mode ~ Standby Mode
CLK 15 DI Clock Input.
CML 26 AO | Bypass Pin for an Internal Bias Point.
REFTF 22 Al Reference Top Force.
REFBF 24 - |AI Reference Bottom Force.
REFTS 21 Al Reference Top Sense.
REFBS 25 Al Reference Bottom Sense.
AIN 27 Al Analog Input.
AVpp 28 P +5 V Analog Supply.
AVgg 1,19 P Analog Ground.
DVpp 18 P +5 V Digital Supply.
DV 14 P Digital Ground.
DRVpp 2 P +3.3 V/+5 V Digital S
input and output buffé
DRVss 13 P +3.3 V/+5 V Digital
input and output buffers.
TP1 .1 20. P Connect to DVgg,

Type: Al = Analog Input; AO = Analog Output; DI = Digital Input; DO = Digital Output;
P = Power.

EQUIVALENT CIRCUITS

D0 -D9

DD
L
AVgg

DRV

DVgg

Three-State, STBY

AV DRV,

DRV,

DRV,

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation-regarding future manufacture unless otherwise agreed to in writing.
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ANALOG
DEVICES

Complete 14-Bit 2.2 MSPS
Monolithic A/D Converter

FEATURES

Monolithic 14-Bit 2.2 MSPS A/D Converter

Low Power Dissipation: 500 mW

No Missing Codes Guaranteed

Differential Nonlinearity Error: 0.5 LSB

Complete: On-Chip Track-and-Hold Amplifier and
Voltage Reference

Signal-to-Noise and Distortion Ratio: 80 dB

Spurious-Free Dynamic Range: 85 dB

Out-of-Range Indicator

44-Pin PLCC

PRODUCT DESCRIPTION

The AD878 is a monolithic 14-bit, 2.2 Msps analog-to-digital
converter with an on-chip, high performance sample-and-hol
amplifier and voltage reference. The AD878 uses
pipelined architecture with factory programmed
cuitry and output error correction logic to prayig
racy at 2.2 Msps data rates. The AD878 combines a
high speed bipolar/CMOS process and a novel archlteé@
achieve the resolution and speed of hybrid 1mplementatr6ns ata
fraction of the power consumption. Additionally, the greater re-
liability of monolithic construction offers improved system reli-
ability and lower costs than hybrid designs.

The high input impedance, fast-settling input sample-and-hold
(S/H) amplifier is well suited for both multiplexed systems that
switch negative to positive full-scale voltage levels in successive
channels and sampling single-channel inputs at frequencies up
to the Nyquist rate. The AD878’s wideband input combined
with the power and cost savings over previously available hy-
brids will allow new design opportunities in communications,
imaging and medical applications. The AD878 provides both
reference output and reference input pins, allowing the on-
board reference to serve as a system reference. An external ref-
erence can also be substituted to suit the dc accuracy and
temperature drift requirements of the application. A single
clock input is used to control all internal conversion cycles. The
digital output data is presented in binary output format. An
out-of-range signal indicates an overflow condition. It can be
used with the most significant bit to determine low or high
overflow.

This is a preliminary data sheet. To obtain the most recent version or
complete data sheet, call our fax retrieval system at 1-800-446-6212.

%”%’é@

FUNCTIONAL BLOCK DIAGRAM
ACOM Ve Vee AGND DCOM DVpp  DRCOM DRVy,
STAGE 1 AD878
- STAGE6
AIN
SHH, @ H H H @
AINCOM stace| [sTace| [sTace| |sTace
SEdiNNE
cLock
REFIN U4 ) L) QLY SR ¢ 3
| CORRECTION LOGIC |
REFOUT { e
ar ADS EFERENCE | | CALIBRATION OUTPUT BUFFERS
%’ -
nsrcoub TRIEN OTR  BIT1-BIT14

5 e
%ﬁcated on Analog Devices’ ABCMOS process
s high speed bipolar and CMOS transistors on a

: speed, precision analog circuits are now com-

(£ C) package and is specified for operation from 0°C to
0°C and —40°C to +85°C.

PRODUCT HIGHLIGHTS

The AD878 offers a complete single-chip sampling 14-bit,

2.2 Msps analog-to-digital conversion function in a 44-pin
PLCC surface mount package.

Low Power: The AD878 at 650 mW max consumes a fraction
of the power of presently available hybrids.

On-Chip Sample-and-Hold (S/H): The high impedance S/H
input eliminates the need for external buffers.

Out of Range (OTR): The OTR output bit indicates when the
input signal is beyond the AD878’s input range.

Ease-of-Use: The AD878 is complete with S/H and voltage
reference.

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no'obligation regarding future manufacture uniess otherwise agreed to in writing.
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AD878-SPECIFICATIONS

(Tnm to Ty with Ve =+5V, DVnn =43V, DRVW =49V, Vg =-5YV, fsmm =22 MSDS, )

DC SPEC'HCA"UNS unless otherwise noted)

Parameter : J Grade! A Grade! | Units
RESOLUTION 14 14 Bits min
MAX CONVERSION RATE 2.2 2.2 MHz min
ACCURACY .
Integral Nonlinearity (INL) i +2.5 +2.5 LSB typ
Differential Nonlinearity (DNL) +0.5 +0.5 LSBtyp. .
No Missing Codes 14 14 Bits Guaranteed:
Zero Error (@ +25°C)? +TBD +TBD % FSR max
Gain Error (@ +25°C)? +TBD +TBD % FSR max
TEMPERATURE DRIFT?
Zero Error . +TBD +TBD % FSR max
Gain Error>* +TBD +TBD % FSR max
Gain Error*?® +TBD +TBD % FSR max
POWER SUPPLY REJECTION®
Vec(+5 V£ 0.25V) +TBD +TBD +% FSR max
DVpp (#5V £ 0.25V) +TBD +TBD % FSR max
Ve (-5V+£0.25V) % FSR max
ANALOG INPUT
Input Range Velts max
Input Resistance "MQ typ
Input Capacitance pF typ
INTERNAL VOLTAGE REFERENCE
Output Voltage Volts typ
Output Voltage Tolerance mV max
Output Current (Available for External Loads) mA typ
(External Load Should Not Change During Conversion)
REFERENCE INPUT RESISTANCE 2 2 kQ typ
POWER SUPPLIES
Supply Voltages .
Vee +5 +5 V (5% V¢ Operating)
VEE -5 -5 . \'% (iS% VEE Operating)
DVpp, DRVpp +5 +5 V (5% DVpp, DRVpp Operating)
Supply Current
IVCC 80 80 mA max
IVge 45 45 mA max
IDRVDD, IDVDD 5 5 mA max
POWER CONSUMPTION 500 500 mW typ
650 650 mW max
NOTES

Temperature ranges are as follows: J Grade: 0°C to +70°C; A Grade: —40°C to +85°C.
2Adjustable to zero with external potentiometers (See Zero and Gain Error Calibration section).
34+25°C to Ty and +25°C to Tyax-

“Includes internal voltage reference error.

SExcludes internal reference drift.

®Change in Gain Error as a function of the dc supply voltage.

Specification subject to change without notice.

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future- manufacture unless otherwise agreed to in writing.
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AD878

(T t0 Tyax with Ve = +5V, DVpp = +5 V, DRVpp= 45V, Vee = -5 V, fsappie = 2.2 Msps,

AC SPECIFICATIONS uniess otherwise noted)'

Parameters J Grade A Grade Units
SIGNAL-TO-NOISE AND DISTORTION RATIO (S/N+D)
fINPUT =100 kHz 80 80 dB typ
TBD TBD dB min
fineuT = 1 MHz TBD TBD dB typ
TOTAL HARMONIC DISTORTION (THD)
fineuT = 100 kHz -83 -83 dB typ
TBD TBD dB max
fineur = 1.0 MHz TBD TBD dB typ
SPURIOUS FREE DYNAMIC RANGE (SFDR)
lePUT =100 kHz 85 85 dB typ
INTERMODULATION DISTORTION (IMD)?
Second Order Products 80 80 dB typ
Third Order Products 80 80 dB typ
FULL POWER BANDWIDTH 2.0 MHz typ
SMALL SIGNAL BANDWIDTH 5 MHz typ
APERTURE DELAY TBD ns typ
APERTURE JITTER TBD ps rms typ
ACQUISITION TO FULL-SCALE STEP 200 ns typ
OVERVOLTAGE RECOVERY TIME ns typ
NOTES
!f; amplitude = -0.5 dB full scale unless otherwise indicated. Altmasu@rgmts refe
*fa =100 kHz, fo = 95 kHz with fgayprs = 2.2 MHz. L
Specifications subject to change without notice. G
Ty to Toax With Voo = +5V, DVpp= +5 V, DRVpp =45V, Ve = =5 V, fpmpie = 2.2 Msps,
DIGITAL SPECIHCATIONS unless otherwise noted)
Parameters Symbol J, A Grades Units
LOGIC INPUTS
High Level Input Voltage Vg +3.8 V min
Low Level Input Voltage Vi +0.95 V max
High Level Input Current (Viy = DVpp) Iig +10 MA max
Low Level Input Current (Viy =0V) I +10 MA max
Input Capacitance Civ 5 pF typ
LOGIC OUTPUTS
High Level Output Voltage (Ioy = 0.5 mA) Vou +2.4 V min
Low Level Output Voltage (Io. = 1.6 mA) VoL +0.4 V max
Output Capacitance Cour 5 pF typ

Specifications subject to change without notice.

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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AD878

SWITCHING SPECIFICATIONS

»

(T 10 Ty With Vg = +5'V, DVp = +5V, DRVyp = +5V, Ve = ~5.V; Vi, = 0.95V, Vyy =

38V,Vy=04VandVyy=24YV)
Parameters Symbol J, A Grades Units
Clock Period! tc 455 ns min
CLOCK Pulse Width High tcH 227 ns min
CLOCK Pulse Width Low (%8 227 ns min :
Clock Duty Cycle? TBD % min (50% typ)
TBD % max
Output Delay top 20 ns min’
Pipeline Delay (Latency) 4 Clock Cycles max
Data Access Time top TBD ns typ (100 pF Load)
Output Float Delay tHL TBD ns typ (10 pF Load)
NOTES o

!Conversion rate is operational to TBD without degradation in specified performance.

2See Clock Input section for clock periods of TBD ns or greater.
Specifications subject to change without notice.

ABSOLUTE MAXIMUM R

permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated in
the operational sections of this specification is not imp

ratings for

With ‘
Parameter Respectto  Min Max Units
Vee ACOM ~-0.5 +6.5 Volts
Vg ACOM -6.5 ~ +0.5 Volts

DVpp DCOM -0.5 +6.5 Volts
DRVpp DRCOM -0.5 +6.5 Volts
ACOM DCOM -1.0 +1.0 Volts
AINCOM ACOM -1.0 +1.0 Volts
REFCOM ACOM -1.0 +1.0 Volts
DRCOM DCOM -1.0 +1.0 Volts
Vee DVpp -6.5 +6.5 Volts
Clock Input DCOM -0.5 DVpp+ 0.5 Volts
~ Digital Outputs DCOM -0.5 DRVpp+ 0.3 Volts

AIN, REFIN AGND TBD TBD Volts
REF IN Vce Vee 0 Volts
REF IN VEe 0 Vee Volts
Junction Temperature +150 °C
Storage Temperature —65 +150 °C
Lead Temperature (10 sec) +300 °C
*Stresses above those listed under “Absol Ratings” may cause

d. Exposure to absol

d periods may effect device reliability.

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.

Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.

2-176 ANALOG-TO-DIGITAL CONVERTERS

REV. 0



ANALOG
DEVICES

Complete 12-Bit 1.25 MSPS
Monolithic A/D Converter

AD1671

FEATURES

Conversion Time: 800 ns

1.25 MHz Throughput Rate

Complete: On-Chip Sample-and-Hold Amplifier and
Voltage Reference

Low Power Dissipation: 570 mW

No Missing Codes Guaranteed

Signal-to-Noise Plus Distortion Ratio
fin = 100 kHz: 70 dB

Pin Configurable Input Voltage Ranges

Twos Complement or Offset Binary Output Data

28-Pin DIP and 28-Pin Surface Mount Package

Out of Range Indicator

PRODUCT DESCRIPTION

The AD1671 is a monolithic 12-bit, 1.25 MSPS analog-to-digital
converter with an on-board, high performance sample-and-hold
amplifier (SHA) and voltage reference. The AD1671 guarantees
no missing codes over the full operating temperature range. The
combination of a merged high speed bipolar/CMOS process and
a novel architecture results in a combination of speed and power
consumption far superior to previously available hybrid imple-
mentations. Additionally, the greater reliability of monolithic
construction offers improved system reliability and lower costs
than hybrid designs.

The fast settling input SHA is equally suited for both multi-
plexed systems that switch negative to positive full-scale voltage
levels in successive channels and sampling inputs at frequencies
up to and beyond the Nyquist rate. The AD1671 provides both
reference output and reference input pins, allowing the on-board
reference to serve as a system reference. An external reference
can also be chosen to suit the dc accuracy and temperature drift
requirements of the application.

The AD1671 uses a subranging flash conversion technique, with
digital error correction for possible errors introduced in the first
part of the conversion cycle. An on-chip timing generator pro-
vides strobe pulses for each of the four internal flash cycles. A
single ENCODE pulse is used to control the converter. The dig-
ital output data is presented in twos complement or offset binary
output format. An out-of-range signal indicates an overflow con-
dition. It can be used with the most significant bit to determine
low or high overflow.

This is an abridged data sheet. To obtain the most recent version or
complete data sheet, call our fax retrieval system at 1-800-446-6212.

REV.B

FUNCTIONAL BLOCK DIAGRAM

SHA
OUT UPO/BPO ENCODE Vocc ACOM Ver Vioak DCOM

ign
REF IN | CORRECTION LOGIC | | prasu
REF OUT E U‘ g

L LATCHES |
AD1671 ] 1 Ij"
—s -O- __D——i—-
REF COM OTR WSB  BIT1-12 DAV

The performance of the AD1671 is made possible by using high
speed, low noise bipolar circuitry in the linear sections and low
power CMOS for the logic sections. Analog Devices’ ABCMOS-1
process provides both high speed bipolar and 2-micron CMOS
devices on a single chip. Laser trimmed thin-film resistors are
used to provide accuracy and temperature stability.

The AD1671 is available in two performance grades and three
temperature ranges. The AD1671] and K grades are available
over the 0°C to +70°C temperature range. The AD1671A grade
is available over the —40°C to +85°C temperature range. The
AD1671S grade is available over the —55°C to +125°C tempera-
ture range.

PRODUCT HIGHLIGHTS

The AD1671 offers a complete single chip sampling 12-bit,
1.25 MSPS analog-to-digital conversion function in a 28-pin
package.

The AD1671 at 570 mW consumes a fraction of the power of
currently available hybrids.

An OUT OF RANGE output bit indicates when the input sig-
nal is beyond the AD1671’s input range.

Input signal ranges are 0 V to +5 V unipolar or =5 V bipolar,
selected by pin strapping, with an input resistance of 10 k().
The input signal range can also be pin strapped for 0 V to

+2.5 V unipolar or £2.5 V bipolar with an input resistance of

10 MQ.

Output data is available in unipolar, bipolar offset or bipolar
twos complement binary format. .

ANALOG-TO-DIGITAL CONVERTERS 2-177




AD1671— SPECIFICATIONS

DC SPECIFICATIONS (. to Ty with Vg = +5V 5% Vygge = +5V  10%, Ve = —5V = 5%, unless otherwise noted)

- AD1671J/A/S AD1671K
P: Min Typ Max Min Typ Max Units
RESOLUTION 12 12 Bits
CONVERSION TIME 800 800 ns
ACCURACY |
Integral Nonlinearity (INL) *1.5 +2.5 +0.7 *2.5 LSB
(S-Grade) +3.0
Differential Nonlinearity (DNL) 11 12 Bits
No Missing Codes 11 Bits Guaranteed 12 Bits Guaranteed
Unipolar Offset’ (+25°C) +9 +9 LSB
Bipolar Zero' (+25°C) +10 +10 LSB
Gain Error" 2 (+25°C) 0.1 0.35 0.1 0.35 % FSR
TEMPERATURE COEFFICIENTS?
Unipolar Offset +25 +25 ppm/°C
(S-Grade) +25
Bipolar Zero +25 +25 ppm/°C
(S-Grade) +30
Gain Error’ +30 +30 ppm/°C
(S-Grade) +40
Gain Error* +20 +20 ppm/°C
POWER SUPPLY REJECTION®
Vec (#5V £ 0.25 V) +4 +4 LSB
(S-Grade) *5
Vioeic (+5V £0.25V) +4 +4 LSB
(S-Grade) +5
Vee (-5V £0.25V) +4 *4 LSB
(S-Grade) *5
ANALOG INPUT
Input Ranges
Bipolar -2.5 +2.5 -2.5 +2.5 Volts
-5.0 +5.0 -5.0 +5.0 Volts
Unipolar 0 +2.5 (1] +2.5 Volts
0 +5.0 0 +5.0 Volts
Input Resistance .
(0 Vto +2.5 Vor 2.5 V Range) 10 10 MQ
(0 Vto +5.0 V or £5.V Range) 8 10 12 8 10 12 kQ
Input Capacitance 10 10 pF
Aperture Delay 15 15 ns
Aperture Jitter 20 20 ps
INTERNAL VOLTAGE REFERENCE
Output Voltage 2.475 2.5 2.525 2.475 2.5 2.525 Volts
Output Current
Unipolar Mode +2.5 +2.5 mA
Bipolar Mode +1.0 +1.0 mA
LOGIC INPUTS
High Level Input Voltage, Vy;; 2.0 2.0 Volts
Low Level Input Voltage, V;; 0.8 0.8 Volts
High Level Input Current, Iyy; (Vi = Viogic) -10 +10 -10 +10 A
Low Level Input Current, I;; (Viy =0V) -10 +10 -10 +10 wA
Input Capacitance, Cpy 5 5 pF
LOGIC OUTPUTS
High Level Output Voltage, Vo (Ioy = 0.5 mA) 2.4 24 Volts
Low Level Output Voltage, Vi, (Io. = 1.6 mA) 0.4 0.4 Volts
POWER SUPPLIES )
Operating Voltages
e +4.75 +5.25 +4.75 +5.25 Volts
Vioaic +4.5 +5.5 +4.5 +5.5 Volts
BE —4.75 —~5.25 —4.75 -5.25 Volts
Operating Current
) 55 68 55 68 mA
Iioaic® 3 5 3 5 mA
Iee -55 —68 -55 —68 mA
POWER CONSUMPTION 570 750 570 750 mW
TEMPERATURE RANGE (SPECIFIED)
JK 0 +70 0 +70 °C
A —40 +85 —40 +85 °C
S -55 +125 —55 +125 °C
NOTES
!Adjustable to zero with external potentiometers.
2Includes internal voltage reference error.
3425°C to Ty and +25°C to Tyyax-
“Excludes internal reference drift.
5Change in gain error as a function of the dc supply voltage.
STested under static conditions. See Figure 15 for typical curve of I; ogic vs. load capacitance at maximum tc.
Specifications subject to change without notice.
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AD1671

(Tyin 10 Tyay With Ve = +5V £ 5%, Vigge = +5V = 10%, Vge = =5V = 5%, = 1 MSPS,
AC SPECIHCAHONS f.,.'::, = MIAI);II kHz, fl‘:lless otherwise notels‘);'m * e

AD1671J/A/S AD1671K
Parameter Min Typ Max Min Typ Max Units
SIGNAL-TO-NOISE PLUS DISTORTION RATIO
(S/N + D)
—0.5 dB Input 68 70 68 71 dB
—20 dB Input 50 51 dB
EFFECTIVE NUMBER OF BITS (ENOB) 11.2 11.2 Bits
TOTAL HARMONIC DISTORTION (THD) -80 =75 —-83 =75 dB
PEAK SPURIOUS OR PEAK HARMONIC COMPONENT —80 =77 —-81 =77 dB
SMALL SIGNAL BANDWIDTH 12 12 MHz
FULL POWER BANDWIDTH 2 2 MHz
INTERMODULATION DISTORTION (IMD)?
2nd Order Products —80 =75 —80 =75 dB
3rd Order Products -85 =75 -85 =75 dB
NOTES

'f,; amplitude = —0.5 dB (9.44 V p-p) bipolar mode full scale unless otherwise indicated. All measurements referred to a 0 dB (+5 V) input signal, unless
otherwise indicated.
f, = 99 kHz, fy = 100 kHz with fgoppr e = 1 MSPS.

Specifications subject to change without notice.

(For all grades Ty to Ty With Voo = +5V = 5%, Viggc = +5V = 10%,

SWITCHING SPECIFICATIONS v, = —5v = 5%; v, = 08V, V;y = 20V, Vo, = 0.4V and Vgy = 24 V)

Parameters Symbol Min Typ Max Units
Conversion Time tc 800 ns
Sample Rate Fg 1.25 Msps
ENCODE Pulse Width High (Figure la) tene 20 50 ns
ENCODE Pulse Width Low (Figure 1b) tencL 20 ns
DAV Pulse Width tpav 150 300 ns
ENCODE Falling Edge Delay tg 0 ns
Start New Conversion Delay tr 0 ns
Data and OTR Delay from DAV Falling Edge tpp 20 75 ns
Data and OTR Valid before DAV Rising Edge tss” 20 75 ns
NOTES

ltpp is measured from when the falling edge of DAV crosses 0.8 V to when the output crosses 0.4 V or 2.4 V with a 25 pF load capacitor on each output pin.
2tss is measured from when the outputs cross 0.4 V or 2.4 V to when the rising edge of DAV crosses 2.4 V with a 25 pF load capacitor on each output pin.

Specifications subject to change without notice.

tenc
ENCODE

)F' ENCODE
|- t
| ° |
DAV DAV
- _BIT1-12 J
WBBIT L.:: DATA 0 (PREVIOUS) X DATA1 MSB, OTR DATA 0 (PREVIOUS) X DATA 1
Figure 1a. Encode Pulse HIGH Figure 1b. Encode Pulse LOW

REV.B ANALOG-TO-DIGITAL CONVERTERS 2-179



AD1671

PIN DESCRIPTION

Symbol Pin No. | Type | Name and Function

ACOM 27 P Analog Ground.

AIN 22,23 Al Analog Inputs, AIN1 and AIN2. The AD1671 can be pin strapped for four input ranges:
Range Pin Strap Signal Input
Oto +2.5V, +25V Connect -AIN1 to AIN2 AIN1 or AIN2
Oto +5V, =5V Connect AIN1 or AIN2 to ACOM AIN1 or AIN2

BIT 1 (MSB) | 13 DO | Most Significant Bit.

BIT 2-BIT 11 | 12-3 DO Data Bits 2 through 11.

BIT 12 (LSB) | 2 DO | Least Significant Bit.

BPO/UPO 26 Al Bipolar or Unipolar Configuration Pin. See section on Input Range Connections for details.

DAV 16 DO Data Available Output. The rising edge of DAV indicates an end of conversion and can be used
to latch current data into an external register. The falling edge of DAV can be used to latch
previous data into an external register.

DCOM 19 P Digital Ground.

ENCODE 17 DI The analog input is sampled on the rising edge of ENCODE.

MSB 14 DO Inverted Most Significant Bit. Provides twos complement output data format.

OTR 15 DO | Out of Range is Active HIGH when the analog input is out of range. See Output Data Format,
Table III.

REF COM 20 Al REF COM is the internal reference ground pin. REF COM should be connected as indicated in
the Grounding and Decoupling Rules and Optional External Reference Connection Sections.

REF IN 24 Al REF IN is the external 2.5 V reference input.

REF OUT 21 AO REF OUT is the internal 2.5 V reference output.

SHA OUT 25 | AO No Connect for bipolar input ranges. Connect SHA OUT to BPO/UPO for unipolar input ranges.

Vee 28 P +5 V Analog Power.

Vee 1 P —5 V Analog Power.

Vioaic 18 P +5 V Digital Power.

TYPE: Al = Analog Input; AO = Analog Output; DI = Digital Input; DO = Digital Output; P = Power.

PIN CONFIGURATION
Y
Vee E L] E Vee
Bir12(us8) 7| 27| ACOM

o1 3] 26] srowpo

B0 [4] 25] sna out
erro 5] 24| REFIN
BIT8 E E AIN1
er7[7] AD16T [22] Anz2

TOP VIEW
86 [8] (nottoScale) |21] REFOUT

errs [o] 20] rer com
Bira [10] [19] ocom
eirs [i1] . 18] Vioaic
Bir2 [12] El ENCODE

BIT 1 (MSB) [13 E DAV
wse [14 I.r.] oTR
CAUTION
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; WAR N]NGI

however, permanent damage may occur on unconnected devices subject to high energy electro-
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam
should be discharged to the destination socket before devices are inserted.
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ABSOLUTE MAXIMUM RATINGS*

Parameter With Respectto  Min Max Units
Vee ACOM -0.5 +6.5 Volts
Vee ACOM -6.5 +0.5 Volts
Viocic DCOM -0.5  +6.5 Volts
ACOM DCOM -1.0 +1.0 Volts
Vee Vioaic —6.5 +6.5 Volts
ENCODE DCOM -0.5  Viogict0.5  Volts
REF IN ACOM -0.5  Vgct+0.5 Volts
AIN ACOM -11.0  +11.0 Volts
BPO/UPO ACOM -0.5  Vet0.5 Volts
Junction Temperature +150 °C

Storage Temperature -65 +150 °C

Lead Temperature (10 sec) +300 °C

*Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated
in the operational sections of this specification is not implied. Exposure to
absolute maximum ratings for extended periods may effect device reliability.

ORDERING GUIDE
Temperature Package

Model' Linearity Range Option* 3
AD1671JQ +2.5 LSB 0°C to +70°C Q-28
AD1671KQ +2 LSB 0°C to +70°C Q-28
ADI1671JP +2.5 LSB 0°C to +70°C P-28A
ADI1671KP +2 LSB 0°C to +70°C P-28A
ADI1671AQ +2.5 LSB —40°C to +85°C Q-28
ADI1671AP +2.5 LSB —40°C to +85°C P-28A
AD1671SQ +3 LSB —55°C to +125°C Q-28
NOTES

!For details on grade and package offerings screened in accordance with
MIL-STD-883, refer to Analog Devices’ Military Products Databook or cur-
rent AD1671/883 data sheet.

2P = Plastic Leaded Chip Carrier; Q = Cerdip. For outline information see
Package Information section. .

3Analog Devices reserves the right to ship side brazed ceramic packages in
lieu of cerdip.

DEFINITIONS OF SPECIFICATIONS

INTEGRAL NONLINEARITY (INL)

Integral nonlinearity refers to the deviation of each individual
code from a line drawn from “zero” through “full scale.” The
point used as “zero” occurs 1/2 LSB (1.22 mV for a 10 V span)
before the first code transition (all zeros to only the LSB on).
“Full-scale” is defined as a level 1 1/2 LSB beyond the last code
transition (to all ones). The deviation is measured from the low
side transition of each particular code to the true straight line.

DIFFERENTIAL LINEARITY ERROR (NO MISSING
CODES)

An ideal ADC exhibits code transitions that are exactly 1 LSB
apart. DNL is the deviation from the ideal value. Thus every
code has a finite width. Guaranieed no missing codes to 11 or
12-bit resolution indicates that all 2048 and 4096 codes, respec-
tively, must be present over all operating ranges. No missing
codes to 11 bits (in the case of a 12-bit resolution ADC) also
means that no two consecutive codes are missing.

UNIPOLAR OFFSET

The first transition should occur at a level 1/2 LSB above analog
common. Unipolar offset is defined as the deviation of the actual
from that point. This offset can be adjusted as discussed later.
The unipolar offset temperature coefficient specifies the maxi-
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mum change of the transition point over temperature, with or
without external adjustments.

BIPOLAR ZERO

In the bipolar mode the major carry transition (0111 1111 1111
to 1000 0000 0000) should occur for an analog value 1/2 LSB
below analog common. The bipolar offset error and temperature
coefficient specify the initial deviation and maximum change in
the error over temperature.

GAIN ERROR

The last transition (from 1111 1111 1110 to 1111 1111 1111)
should occur for an analog value 1 1/2 LSB below the nominal
full scale (4.9963 volts for 5.000 volts full scale). The gain error
is the deviation of the actual level at the last transition from the
ideal level. The gain error can be adjusted to zero as shown in
Figures 4 through 7.

TEMPERATURE COEFFICIENTS

The temperature coefficients for unipolar offset, bipolar zero
and gain error specify the maximum change from the initial
(+25°C) value to the value at Ty o Tyax-

POWER SUPPLY REJECTION

One of the effects of power supply error on the performance of
the device will be a small change in gain. The specifications
show the maximum full-scale change from the initial value with
the supplies at the various limits.

DYNAMIC SPECIFICATIONS

SIGNAL-TO-NOISE PLUS DISTORTION (S/N+D) RATIO
S/N+D is the ratio of the rms value of the measured input sig-
nal to the rms sum of all other spectral components, including
harmonics but excluding dc. The value for S/N+D is expressed
in decibels.

EFFECTIVE NUMBER OF BITS (ENOB)
ENOB is calculated from the expression (S/N+D) = 6.02N +
1.76 dB, where N is equal to the effective number of bits.

TOTAL HARMONIC DISTORTION (THD)

THD is the ratio of the rms sum of the first six harmonic com-
ponents to the rms value of the measured input signal and is
expressed as a percentage or in decibels.

INTERMODULATION DISTORTION (IMD)

With inputs consisting of sine waves at two frequencies, fa and
fb, any device with nonlinearities will create distortion products
of order (m+n), at sum and difference frequencies of mfa = .
nfb, where m, n = 0, 1, 2, 3. . . . Intermodulation terms are
those for which m or n is not equal to zero. For example, the
second order terms are (fa + fb) and (fa — fb), and the third
order terms are (2 fa + fb), (2 fa — fb), (fa + 2 fb) and 2fb —
fa). The IMD products are expressed as the decibel ratio of the
rms sum of the measured input signals to the rms sum of the
distortion terms. The two signals are of equal amplitude and the
peak value of their sum is —0.5 dB from full scale. The IMD
products are normalized to a 0 dB input signal.

PEAK SPURIOUS OR PEAK HARMONIC COMPONENT
The peak spurious or peak harmonic component is the largest
spectral component, excluding the input signal and dc. This
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value is expressed in decibels relative to the rms value of a full-
scale input signal.

APERTURE DELAY

Aperture delay is the difference between the switch delay and
the analog delay of the SHA. This delay represents the point in
time, relative to the rising edge of ENCODE input, that the
analog input is sampled.

APERTURE JITTER
Aperture jitter is the variation in aperture delay for successive
samples.

FULL POWER BANDWIDTH
The input frequency at which the amplitude of the recon-
structed fundamental is reduced by 3 dB for a full-scale input.

THEORY OF OPERATION

The AD1671 uses a successive subranging architecture. The
analog-to-digital conversion takes place in four independent
steps or flashes. The sampled analog input signal is subranged
to an intermediate residue voltage for the final 12-bit result by
utilizing multiple flashes with subtraction DACs (see the
AD1671 functional block diagram).

The AD1671 can be configured to operate with unipolar (0 V to
+5V, 0V to+2.5V) or bipolar (+5 V, £2.5 V) inputs by
connecting AIN (Pins 22, 23), SHA OUT (Pin 25) and BPO/
UPO (Pin 26) as shown in Figure 2.

[ AIN1 5k : 2.5V AIN1 51
TO A\ —AAA

W SHA 0 v SHA
25V amz| s '-D 25V amz| sk 'P-D
VW

AA
\AAZ

I:E SHA OUT [ sHaour

AD1671 AD1671
BPO/UPO BPO/UPO
REF IN REF IN

REF OUT REF OUT

a. 0 Vto +2.5 V Input Range b. 2.5 V Input Range

o ANt g P
70 o——{ W\ SHA 25V O— |-\ SHA
v
+ Az '-D ANz s r—D
{E VWA ) W
SHA OUT [} staour
AD1671 AD1671
BPO/UPO BPO/UPO
REF IN REF IN
REF OUT REF OUT

c. 0 Vto +5 V Input Range d. =5V Input Range
Figure 2. AD1671 Input Range Connections

2-182 ANALOG-TO-DIGITAL CONVERTERS

The AD1671 conversion cycle begins by simply providing an
active HIGH level on the ENCODE pin (Pin 17). The rising
edge of the ENCODE pulse starts the conversion. The falling
edge of the ENCODE pulse is specified to operate within a win-
dow of time, less than 50 ns after the rising edge of ENCODE
or after the falling edge of DAV. The time window prevents
digitally coupled noise from being introduced during the final
stages of conversion. An internal timing generator circuit accu-
rately controls SHA, flash and DAC timing.

Upon receipt of an ENCODE command the input voltage is
held by the front-end SHA and the first 3-bit flash converts the
analog input voltage. The 3-bit result is passed to a correction
logic register and a segmented current output DAC. The DAC
output is connected through a resistor (within the Range/Span
Select Block) to SHA OUT. A residue voltage is created by sub-
tracting the DAC output from SHA OUT, which is less than
one eighth of the full-scale analog input. The second flash has
an input range that is configured with one bit of overlap with
the previous DAC. The overlap allows for errors during the
flash conversion. The first residue voltage is connected to the
second 3-bit flash and to the noninverting input of a high speed,
differential, gain of eight amplifier. The second flash result is
passed to the correction logic register and to the second seg-
mented current output DAC. The output of the second DAC is
connected to the inverting input of the differential amplifier.
The differential amplifier output is connected to a two-step,
backend, 8-bit flash. This 8-bit flash consists of coarse and fine
flash converters. The result of the coarse 4-bit flash converter,
also configured to overlap one bit of DAC 2, is connected to the
correction logic register and selects one of 16 resistors from
which the fine 4-bit flash will establish its span voltage. The fine
4-bit flash is connected directly to the output latches.

The internal timing generator automatically places the SHA into
the acquire mode when DAV goes LOW. Upon completion of
conversion (when DAV is set HIGH), the SHA has acquired the
analog input to the specified level of accuracy and will remain in
the sample mode until the next ENCODE command.

The AD1671 will flag an out-of-range condition when the input
voltage exceeds the analog input range. OTR (Pin 15) is active
HIGH when an out-of-range high or low condition exists. Bits
1-12 are HIGH when the analog input voltage is greater than
the selected input range and LOW when the analog input is less
than the selected input range.

AD1671 DYNAMIC PERFORMANCE

The AD1671 is specified for dc and dynamic performance. A
sampling converter’s dynamic performance reflects both quan-
tizer and sample-and-hold amplifier (SHA) performance. Quan-
tizer nonlinearities, such as INL and DNL, can degrade
dynamic performance. However, a SHA is the critical element
which has to accurately sample fast slewing analog input signals.
The AD1671’s high performance, low noise, patented on-chip
SHA minimizes distortion and noise specifications. Nonlineari-
ties are minimized by using a fast slewing, low noise architec-
ture and subregulation of the sampling switch to provide
constant offsets (therefore reducing input signal dependent
nonlinearities).
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Figure 3 is a typical 2k point Fast Fourier Transform (FFT)
plot of a 100 kHz input signal sampled at 1 MHz. The funda-
mental amplitude is set at —0.5 dB to avoid input signal clip-
ping of offset or gain errors. Note the total harmonic distortion
is approximately —81 dB, signal to noise plus distortion is 71 dB
and the spurious free dynamic range is 84 dB.

SIGNAL AMPLITUDE - dB

1T [ 71T 71

o FREQUENCY

Figure 3. AD1671 FFT Plot, f,, = 100 kHz,
fsampre = 1 MHz

Figure 4 plots both S/(N+D) and Effective Number of Bits
(ENOB) for a 100 kHz input signal sampled from 666 kHz to
1.25 MHz.
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Figure 4. S/(N+D) vs. Sampling Frequency, f,, = 100 kHz

Figure 5 is a THD plot for a full-scale 100 kHz input signal
with the sample frequency swept from 666 kHz to 1.25 MHz.
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T
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Figure 5. THD vs. Sampling Rate, f,,, = 100 kHz
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The AD1671°s SFDR performance is ideal for use in communi-
cation systems such as high speed modems and digital radios.
The SFDR is better than 84 dB with sample rates up to 1.11
MHz and increases as the input signal amplitude is attenuated
by approximately 3 dB. Note also the SFDR is typically better
than 80 dB with input signals attenuated by up to —7 dB.

@ 68

o 70

g -n

= 74

% -76 //
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o -80

b e /
‘Z -84

3 86

§ -88

@ -9

666 714 769 833 909 1000 1111 1250
SAMPLING FREQUENCY - kHz

Figure 6. Spurious Free Dynamic Range vs. Sampling
Rate, f,,, = 100 kHz
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SPURIOUS FREE DYNAMIC RANGE - dB

Figure 7. Spurious Free Dynamic Range vs. Input
Amplitude, f,, = 250 kHz

APPLYING THE AD1671

GROUNDING AND DECOUPLING RULES

Proper grounding and decoupling should be a primary design
objective in any high speed, high resolution system. The
AD1671 separates analog and digital grounds to optimize the
management of analog and digital ground currents in a system.
The AD1671 is designed to minimize the current flowing from
REF COM (Pin 20) by directing the majority of the current
from V¢ (+5 V-Pin 28) to Vgg (=5 V-Pin 1). Minimizing ana-
log ground currents hence reduces the potential for large ground
voltage drops. This can be especially true in systems that do not
utilize ground planes or wide ground runs. REF COM is also
configured to be code independent, therefore reducing input

. dependent analog ground voltage drops and errors. Code depen-

dent ground current is diverted to ACOM (Pin 27). Also critical
in any high speed digital design is the use of proper digital
grounding techniques to avoid potential CMOS “ground
bounce.” Figure 3 is provided to assist in the proper layout,
grounding and decoupling techniques.
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+0 (23) ANt AD1671 sm::

Vi (£5V) AIN2 B 12(2)
- REF COM

AGP* Acom encope (17)

pcom DAV (16)

(25) sHa out otR ()

(26) BPO/UPO 5 (9

*GROUND PLANE RECOMMENDED

Figure 8. AD1671 Grounding and Decoupling

Table I is a list of grounding and decoupling rules that should
be reviewed before laying out a printed circuit board.

Table I. Grounding and Decoupling Guidelines

Power Supply

Decoupling Comment

Capacitor Values 0.1 wF (Ceramic) and 1 pF
(Tantalum) Surface Mount Chip
Capacitors Recommended to

Reduce Lead Inductance

Capacitor Locations Directly at Positive and Negative

Supply Pins to Common Ground

Plane
Reference (REF OUT) .
Capacitor Value 1 pF (Tantalum) to ACOM
Grounding )
Analog Ground Ground Plane or Wide Ground

Return Connected to the Analog
Power Supply

Reference Ground
(REF COM)

Digital Ground

Analog and Digital Ground

Critical Common Connections
Should be Star Connected to REF
COM (as Shown in Figure 8)

Ground Plane or Wide Ground
Return Connected to the Digital
Power Supply

Connected Together Once at the
AD1671
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UNIPOLAR (0 V TO +5 V) CALIBRATION

The AD1671 is factory trimmed to minimize offset, gain and
linearity errors. In some applications the offset and gain errors
of the AD1671 need to be externally adjusted to zero. This is -
accomplished by trimming the voltage at AIN2 (Pin 22). The
circuit in Figure 9 is recommended for calibrating offset and
gain errors of the AD1671 when configured in the 0 Vto +5 V
input range. If the offset trim resistor R1 is used, it should be
trimmed as follows, although a different offset can be set for a
particular system requirement. This circuit will give approxi-
mately =5 mV of offset trim range. Nominally the AD1671 is
intended to have a 1/2 LSB offset so that the exact analog input
for a given code will be in the middle of that code (halfway
between the transitions to the codes above it and below it).
Thus, the first transition (from 0000 0000 0000 to 0000 0000
0001) will occur for an input level of +1/2 LSB (0.61 mV for

5 V range).

The gain trim is done by applying a signal 1 1/2 LSBs below the
nominal full scale (4.998 V for a 5 V range). Trim R2 to give
the last transition (1111 1111 1110 to 1111 1111 1111). This cir-
cuit will give approximately +0.5% FS of adjustment range.

Vin AN
070 +5V 250 5k
¥ o VY SHA
o— WA W
+
¢
OFFSET R1 Sk
ADJ 10k M
-V SHA OUT
AD1671
BPO/UPO
REFIN
REF OUT

"y

Figure 9. Unipolar (0 V to +5 V) Calibration

BIPOLAR (=5 V) CALIBRATION
The connections for the bipolar =5 V input range is shown in
Figure 10.

Bipolar calibration is similar to unipolar calibration. First, a sig-.
nal 1/2 LSB above negative full scale (—4.9988 V) is applied and
R1 is trimmed to give the first transition (0000 0000 0000 to
0000 0000 0001). Then a signal 1 1/2 LSB below positive full
scale (+4.9963 V) is applied and R2 is trimmed to give the last
transition (1111 1111 1110 to 1111 1111 1111).
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BIPOLAR (2.5 V) CALIBRATION

Vin The connections for the bipolar +2.5 V input range is shown in
V1O av — ‘f‘:‘ SHA Figure 12.
+5V 4
OFFSET R1 3%
ADJ 10k v +15V
-sv SHA OUT Vi 3%00
AD1671 _25VT0 +2.5V OFFSET ADJ
BPO/UPO
REF IN GAIN R2 AN
ADJ 2k A'-'{:“ SHa
REF OUT 4
1uF $ e A'sltA
[swaour
Figure 10. Bipolar (+5 V) Calibration AD1671
BPO/UPO
UNIPOLAR (0 V TO +2.5 V) CALIBRATION REF IN
The connections for the 0 V to +2.5 V input range calibration is
shown in Figure 11. Figure 11 shows an example of how the REF OUT
offset error can be trimmed in front of the AD1671. The proce- WF
dure for trimming the offset and gain errors is the same as for $

the unipolar 5 V range.
Figure 12. Bipolar (+2.5 V) Calibration

+15V

OUTPUT LATCHES
Vin 3902 Figure 13 shows the AD1671 connected to the 74HC574 octal
070 25V OFFSET ADJ D-type edge-triggered latches with 3-state outputs. The latch

can drive highly capacitive loads (i.e., bus lines, I/O ports) while
maintaining the data signal integrity. The maximum setup and
5k SHA hold times of the 574 type latch must be less than 20 ns (tpp
and tgg minimum). To satisfy the requirements of the 574 type
latch the recommended logic families are S, AS, ALS, F or
BCT. New data from the AD1671 is latched on the rising edge

GAIN R2 AN
ADJ 2k

AIN2| 5 9

g
b3 b3
b >

SHA OUT of the DAV (Pin 16) output pulse. Previous data can be latched
AD1671 by inverting the DAV output with a 7404 type inverter.
BPO/UPO
REF IN 74HC574 DATABUS
BIT1 1D 10
BIT2 20 20
REF OUT BIT3 D 3Q
W BIT4 D 4
BITS sD sQ
BIT6 6D 6a
" . . . BIT7 L) 7Q
Figure 11. Unipolar (0 V to +2.5 V) Calibration BITS &b 8
DAV CLOCK OC —
74HC574
BIT9 10 1
BIT 10 20 20
BIT 11 3D 3Q
BIT 12 4D aQ
5D 5Q
e 6a
™ 7Q
AD1671 8D 8Q
L {cLock oc|—e— tg;:;zl_

Figure 13. AD1671 to Output Latches
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OUT OF RANGE :
An out-of-range condition exists when the analog.input volt-,
age is beyond the input range (0 Vto +2.5V,0V w0 +5V,
+2.5V, =5 V) of the converter. OTR (Pin 15) is set low when
the analog input voltage is within the analog input range. OTR
is set HIGH and will remain HIGH when the analog input volt-
age exceeds the input range by typically 1/2 LSB (OTR transi-
tion is tested to =6 LSBs of accuracy) from the center of the
+full-scale output codes. OTR will remain HIGH until the ana-
log input is within the input range and another conversion is
completed. By logical ANDing OTR with the MSB and its com-
plement, overrange high or underrange low conditions can be
detected. Table II is a truth table for the over/under range
circuit in Figure 14. Systems requiring programmable gain con-
ditioning prior to the AD1671 can immediately detect an out-of-
range condition, thus eliminating gain selection iterations.

Figure ‘f4. Overrange or Underrange Logic

Table II. Out-of-Range Truth Table

OTR | MSB Analog Input Is
0 0. In Range

0 1 In Range

1 0 Underrange

1 1 Overrange
mSB — )

) OVER = *1"

OTR

. T UNDER = "1"
wsB

Table III. Output Data Format

‘Input

Range Coding

Analog
Input!

Digital
Output

3

0Vt +2.5V Straight Binary

= —0.0003 V
ov

+2.5V

= +2.5003 V

0000 0000 0000
0000 0000 0000
1111 1111 1111
1111 1111 1111

0Vt +5V Straight Binary

= —0.0006 V
ov

+5V

= +5.0006 V

0000 0000 0000
0000 0000 0000
1111 1111 1111
1111 1111 1111

—2.5Vto +2.5V | Offset Binary

= —2.5006 V
-25V
+25V
> +2.4994 V

0000 0000 0000
0000 0000 0000
1111 1111 1111
1111 1111 1111

-5Vt +5V Offset Binary

= -5.0012V.

-5V
+5V
= +4.9988 V

- 0000 0000 0000
0000 0000 0000
1111 1111 1111
1111 1111 1111

-2.5V to >+2.5 V | Twos Complement

(Using MSB)

= -2.5006 V
-25V
+2.5V
= +2.4994 V

1000 0000 0000
1000 0000 0000
0111 1111 1111
0111 1111 1111

=5Vt +5V Twos Complement

(Using MSB)

= -5.0012V
-5V
+5V
= +4.9988 V

1000 0000 0000
1000 0000 0000
0111 1111 1111
0111 1111 1111

—_ OO OO FOOM| P OO M = OO M OO

NOTES

'Voltages listed are with offset and gain errors adjusted to zero.

2Typical performance.
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OUTPUT DATA FORMAT

The AD1671 provides both MSB and MSB outputs, delivering
data in positive true straight binary for unipolar input ranges
and positive true offset binary or twos complement for bipolar
input ranges. Straight binary coding is used for systems that
accept positive-only signals. If straight binary coding is used
with bipolar input signals, a 0 V input would result in a binary
output of 2048. The application software would have to subtract
2048 to determine the true input voltage. Host registers typically
perform math on signed integers and assume data is in that
format. Twos complement format minimizes software overhead
which is especially important in high speed data transfers, such
as a DMA operation. The CPU is not bogged down performing
data conversion steps; hence the total system throughput is
increased.

OPTIONAL EXTERNAL REFERENCE

The AD1671 includes an on-board +2.5 V reference. The refer-
ence input pin (REF IN) can be connected to reference output
pin (REF OUT) or a standard external +2.5 V reference can be
selected to meet specific system requirements. Fast switching
input dependent currents are modulated at the reference input.
The reference input voltage can be held with the use of a capaci-
tor. To prevent the AD1671’s on-board reference from oscillat-
ing when not connected to REF IN, REF OUT must be
connected to +5 V. It is possible to connect REF OUT to +5 V
due to its output circuit implementation which shuts down the
reference.

I ocic vs: CONVERSION RATE
Figure 15 is the typical logic supply current vs. conversion rate
for various capacitor loads on the digital outputs.

6.5
6.0

55
5.0
45
4.0

30
25 /
20 CL = 30pF A
15 I

1.0 —_— — CL = OpF ]
05 L

1k 10k 100k ™
CONVERSION RATE - Hz

Figure 15. I, ogic vs. Conversion Rate for Various
Capacitive Loads on the Digital Outputs

REV.B

AD1671

APPLICATIONS

AD1671 TO ADSP-2100A

Figure 16 demonstrates the AD1671 to ADSP-2100A interface.
The 2100A with a clock frequency of 12.5 MHz can execute an
instruction in one 80 ns cycle. The AD1671 is configured to
perform continuous time sampling. The DAV output of the
AD1671 is asserted at the end of each conversion. DAV can be
used to latch the conversion result into the two 574 octal
D-latches. The falling edge of the sampling clock is used to gen-
erate an interrupt (IRQ3) for the processor. Upon interrupt, the
ADSP-2100A starts a data memory read by providing an address
on the DMA bus. The decoded address generates OE for the
latches and the processor reads their output over the DMA bus.
The conversion result is read within a single processor cycle.

DMRD o j oAV
DMA0:13 | ADDRESS BUS 574
Qo:7
’/ 18, AD1671
ADSP- Do:7
2100A
16 0E I BIT1:12
DMAO:15 DATA BUS 574 | 4,
8, Do:3
DMACK |—+5V Qo7 |,
D0:7 —f%
— SAMPLING o
IRG3 4—{ cLock | | ENCODE

Figure 16. AD1671 to ADSP-2100A Interface

AD1671 TO ADSP-2101/2102

Figure 17 is identical to the 2100A interface except the sampling
clock is used to generate an interrupt (IRQ2) for the processor.
Upon interrupt the ADSP-2100A starts a data-memory read by
providing an address on the address (A) bus. The decode
address generates OE for the D-latches and the processor reads
their output over the Data (D) bus. Reading the conversion
result is thus completed within a single processor cycle.

RD | OF DAV
A0:13 | ADDRESS ausl 574
34 F Qo7 ., |AD1671
: DECODE al8y
ADSP-2101 po:7 ("7
= U,
16 OE 1 BiT1:12
DO:15 DATA BUS 574 | 4,
,8 DO0:3 L
Al 4
Qo0:7
Do:7 -/?47
— SAMPLING | -
Raz ‘__‘Iﬂ_l | ENCODE

Figure 17. AD1671 to ADSP-2101/ADSP-2102 Interface
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ANALOG
DEVICES

12-Bit 100 kSPS
A/D Converter

AD1674*

FEATURES

Complete Monolithic 12-Bit 10 ps Sampling ADC

On-Board Sample-and-Hold Amplifier

Industry Standard Pinout

8- and 16-Bit Microprocessor Interface

AC and DC Specified and Tested

Unipolar and Bipolar Inputs

+*5V, £10V, 0-10 V, 0-20 V Input Ranges

Commercial, Industrial and Military Temperature
Range Grades

MIL-STD-883 and SMD Compliant Versions Available

PRODUCT DESCRIPTION .
The AD1674 is a complete, multipurpose, 12-bit analog-to-
digital converter, consisting of a user-transparent on-board
sample-and-hold amplifier (SHA), 10 volt reference, clock and
three-state output buffers for microprocessor interface.

The AD1674 is pin compatible with the industry standard
AD574A and AD674A, but includes a sampling function while
delivering a faster conversion rate. The on-chip SHA has a wide
input bandwidth supporting 12-bit accuracy over the full
Nyquist bandwidth of the converter.

The AD1674 is fully specified for ac parameters (such as
S/(N+D) ratio, THD, and IMD) and dc parameters (offset,
full-scale error, etc.). With both ac and dc specifications, the
AD1674 is ideal for use in signal processing and traditional dc
measurement applications.

The AD1674 design is implemented using Analog Devices’
BiMOS II process allowing high performance bipolar analog
circuitry to be combined on the same die with digital CMOS
logic.

Five different temperature grades are available. The AD1674]
and K grades are specified for operation over the 0°C to +70°C
temperature range. The A and B grades are specified from
—40°C to +85°C; the AD1674T grade is specified from —55°C
to +125°C. The ] and K grades are available in both 28-lead
plastic DIP and SOIC. The A and B grade devices are available
in 28-lead hermetically sealed ceramic DIP and 28-lead SOIC.
The T grade is available in 28-lead hermetically sealed ceramic
DIP.

*Protected by U. S. Patent Nos. 4,962,325; 4,250,445; 4,808,908; RE30586.

This is an abridged data sheet. To obtain the most recent version or
complete data sheet, call our fax retrieval system at 1-800-446-6212.
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FUNCTIONAL BLOCK DIAGRAM
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AD1674

PRODUCT HIGHLIGHTS
Industry Standard Pinout: The AD1674 utilizes the pinout
established by the industry standard AD574A and AD674A.

Integrated SHA: The AD1674 has an integrated SHA which
supports the full Nyquist bandwidth of the converter. The SHA
function is transparent to the user; no wait-states are needed for
SHA acquisition.

DC and' AC Specified: In addition to traditional dc specifica-
tions, the AD1674 is also fully specified for frequency

domain ac parameters such as total harmonic distortion, signal-
to-noise ratio and input bandwidth. These parameters can be
tested and guaranteed as a result of the on-board SHA.

Analog Operation: The precision, laser-trimmed scaling and
bipolar offset resistors provide four calibrated ranges: 0 to
+10 V and 0 to +20 V unipolar, =5 Vto +5 Vand —~10 V to
+10 V bipolar. The AD1674 operates on +5 V and =12 V or
+15 V power supplies.

Flexible Digital Interface: On-chip multiple-mode three-state
output buffers and interface logic allow direct connection to
mOSt MiCroprocessors. '
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SPECIFICATIONS AD1674

(Tin 10 T Voo = +15V = 10% or +12V = 5%, Vg = +5V + 10%, Vg = —15V = 10% or

DC SPEC'HCATIONS —12V = 5% unless otherwise noted)

AD1674) AD1674K
Parameter Min Typ Max Min Typ Max Units
RESOLUTION 12 12 Bits
INTEGRAL NONLINEARITY (INL) +1 +1/2 LSB
DIFFERENTIAL NONLINEARITY (DNL)
(No Missing Codes) 12 12 Bits
UNIPOLAR OFFSET' @ 25°C +3 +2 LSB
BIPOLAR OFFSET! @ 25°C +6 +4 LSB
FULL-SCALE ERROR" 2 @ 25°C
(with Fixed 50 Q Resistor from REF OUT to REF IN) 0.1 0.25 0.1 0.25 % of FSR |
TEMPERATURE RANGE 0 +70 0 +70 °C
TEMPERATURE DRIFT?
Unipolar Offset? +2 +1 LSB
Bipolar Offset? *2 +1 LSB
Full-Scale Error? +6 +3 LSB
POWER SUPPLY REJECTION
Vee=15V£15Vorl2V=06V +2 +1 LSB
Viogic =3V 05V *1/2 *1/2 LSB
Vege = —15V£15Vor-12V =06V +2 *1 LSB
ANALOG INPUT
Input Ranges
Bipolar =5 +5 -5 +5 Volts
-10 +10 -10 +10 Volts
Unipolar 0 +10 0 +10 Volts
0 +20 0 +20 Volts
Input Impedance
10 Volt Span 3 5 7 3 5 7 kQ
20 Volt Span 6 10 14 6 10 14 kQ
POWER SUPPLIES
Operating Voltages
Viocic +4.5 +5.5 +4.5 +5.5 Volts
Vee +11.4 +16.5 +11.4 +16.5 Volts
Vee -16.5 -11.4 -16.5 ' -11.4 Volts
Operating Current
ILoaic 5 8 5 8 mA
Icc 10 14 10 14 mA
Igg 14 18 14 18 mA
POWER DISSIPATION 385 575 385 575 mW
INTERNAL REFERENCE VOLTAGE 9.9 10.0 10.1 9.9 10.0 10.1 Volts
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