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How to Find Product Data in This Reference Manual

THIS IS VOLUME II OF THE DATA CONVERTER REFERENCE MANUAL
It and its companion volume contain Data Sheets, Selection Guides and a wealth of background information on signal
conversion and a wide variety of components for mixed signal processing.

It is one member of a four-volume set of reference manuals describing and specifying Linear, Converter and Audio/Video
products from Analog Devices, Inc., in IC, hybrid and assembled form for measurement, control and real-world signal
processing.

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 Volume-Section-Page
location of any data sheet in this volume or Volume I. You will find additional references for product categories not included
in the Data Converter Reference Manual.

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, or in the listing for Volume I below. Turn directly to the
appropriate Section. You will find a functional Selection Guide at the beginning of the Section. The Selection Guide (and
the “Orientation” that usually accompanies it) 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 comprehensive Table of Contents (of this volume) is pro-
vided for your convenience on pages 1-5 through 1-10.

IF YOU CAN’T FIND IT HERE OR IN VOLUME. . . ASK!
If it’s not a signal conversion product, it’s probably in one of the two companion volumes, the Linear Products Reference
Manual or the Audio/Video Products Reference Manual. If you don’t already own these volumes, you can have them FREE by
getting in touch with Analog Devices or the nearest sales office, or phoning 1-800-262-5643.

See the Worldwide Sales Directory on pages 12-12 and 12-13 at the back of this volume for our sales office phone numbers.
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Introduction

Analog Devices designs, manufactures and sells worldwide so-
phisticated electronic components 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 spe-
cific 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, PL.CC), 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 insure 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 1990 Databook
Series, more than 120 significant new products have been intro-
duced by Analog Devices; they run the gamut from brand new
product categories and technologies to new standard products
(with improvements in price, performance or design) to aug-
mented second-source products. In addition, the Analog Devices
line of IC products now includes the products of Precision
Monolithics, Inc., which was acquired by Analog Devices in
1990. The new products are all classified and summarized in
these volumes, along with existing products that are desirable
for use in new designs.

Examples of the variety and innovation content of outstanding
new ICs to be found in these two volumes include:

o the ADV7141/46/48 Edsun CEG/DAC™ family of monolithic
RAM-DAC:, designed to eliminate “‘jaggies” and improve
color resolution in VGA displays (Vol. I)

® the AD28msp02 16-bit codec, a complete analog front end for
high-performance voiceband DSP applications (Vol. I)

® the DAC-8800 and -8840 TrimDACs™, which eliminate pots
and permit automatic trimming of offsets and gains in elec-
tronic circuits and systems (Vol. I)

® the AD7710/11/12 family of 21-bit sigma-delta a/d converters
with complete on-chip signal conditioning (Vol. II)

® the AD9100 wideband low-distortion monolithic track-hold
amplifier with 13 ns acquisition time to 0.1% (Vol. II)

@ the AD1674 12-bit sampling a/d converter, a “faster, better,
cheaper” upgrade for AD574/674/774 a/d converter sockets
(Vol. IT)

o the AD9020/9060 10-bit TTL/ECL flash a/d converters with
sampling rates to 75 MSPS (Vol. II)

® the AD671 12-bit, 500 ns a/d converter (Vol. II).

Many more could have been added to this list.
CEG/DAC, TrimDAC and DSPatch are trademarks of Analog Devices, Inc.

2-VOLUME DATA CONVERTER REFERENCE MANUAL
This two-volume set provides comprehensive technical data on
Analog Devices data-conversion products, which are involved in
spanning the interface between analog and digital worlds. It is a
companion to the Linear Products Databook, which provides sim-
ilar data for analog-to-analog products. Both volumes

contain:

® comprehensive data sheets and package information on a total
of more than 350 significant product families

® orientation material and selection guides for finding products
rapidly

® a representative list of available Analog Devices technical pub-
lications on real-world analog and digital signal processing

® our Worldwide Sales Directory

® the complete Product Index to all data-conversion and DSP
products listed in these two volumes and all products listed in
the Linear Products Databook.

Division of Product Groups between the Two Books
Volume I contains information on
Digital-to-analog converters
Synchro/resolver-to-digital converters
Communications products
Digital panel meters
Digital signal processing products
Bus interface and serial I/O products
Application specific ICs
Power supplies.

Volume II contains information on:
Analog-to-digital converters
Voltage-to-frequency and frequency-to-voltage converters
Sample/track-hold amplifiers
Switches and multiplexers
Voltage references
Data acquisition subsystems
Analog 1/0 ports
Application-specific ICs
Power supplies.

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 separately —
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. Besides
tutorial material and comprehensive data sheets, including a
large number in our Databooks, we offer Application Notes,
Application Guides, Technical Handbooks (at reasonable prices),
and several free serial publications; for example, Analog
Productlog provides brief information on new products being
introduced, and Analog Dialogue, our technical magazine, pro-
vides in-depth discussions of new developments in analog and
digital circuit technology as applied to data acquisition, signal
processing, control, and test. DSPatch™ is a quarterly newslet-
ter that brings its readers up-to-date applications information on
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our DSP products and the general field of digital signal process-
ing. We maintain a mailing list of engineers, scientists, and
technicians with a serious interest in our products. In addition
to Databook catalogs—and general short-form selection
guides—we also publish several short-form catalogs on specific
product families. You will find typical publications described on
pages 12-8 to 12-11 at the back of the book.

SALES AND SERVICE

Backing up our design and manufacturing capabllmes 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 12-12 and 12-13 at the back of
the book.

RELIABILITY
The manufacture of reliable products is a key objective at
Analog Devices. The primary focus is the companywide Quality
Improvement Process (QIP). In addition, we maintain facilities
that have been qualified under such standards as MIL-M-38510
(Class B and Class S) for ICs in the U.S. and MIL-STD-1772
for hybrids. Many of our product —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 process—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 Products Databook for designers who
specify ICs and hybrids for military contracts. The 1990 issue
consists of two volumes with data on 343 product families; the
120 entries in the second of those volumes describe qualified
products manufactured by our PMI Division. A newsletter, An-
alog Briefings®, provides current information about the status of
reliability at ADI.

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.

Analoo Reief: . : q 4,
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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. If the model number of a product you are interested in
is not in the Index, turn to page 12—4 at the back of this volume
where you will find a list of older products for which data sheets
are available upon request. On page 12-5 you will find a guide
to substitutions (where possible) for products no longer
available.

ICs 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. Consult the
section in this book on Application Specific ICs—and/or get in
touch with Analog Devices.

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 Tree
A/D Converters

A/D CONVERTERS
1
[ I | [
fS =>1MSPS 100 kSPS < fS <1MSPS 10 kSPS < fS < 100 kSPS fs < 10 kSPS
tconv=<1us 1us <toony <10us 10 us < teony <100 us tconv > 100 ps
(see page 2-4) (see page 2-5) (see page 2-6)
1 |
with T/H without T/H*
[
— 8-Bit
AD7821 (1 MSPS) 6-Bit 10-Bit
AD9006 (Flash/470 MSPS) AD9060 (Flash/75 MSPS)
— 10-Bit AD9016 (Flash/470 MSPS) AD9020 (Flash/60 MSPS)
AD9040 (40 MSPS) ) :
AD773 (18 MSPS) 8-Bit 12-Bit
AD9028 (Flash/300 MSPS) AD671-500 (500 ns)
— 12-Bit AD9038 (Flash/300 MSPS) AD671-750 (750 ns)
AD?770 (Flash/200 MSPS) AD?7586 (1 is)
AD9032 (25 MSPS) AD9002 (Flash/125 MSPS)
AD9034 (20 MSPS) AD9012 (Flash/75 MSPS)
AD9005A (10 MSPS) AD9058 (Dual/Flash/50 MSPS)
AD1671 (1.25 MSPS) AD9048 (Flash/35 MSPS)
AD9003 (1 MSPS)
— 14-Bit
AD9014 (10 MSPS) *Flash ADCs generally do not require a T/H
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Selection Tree
A/D Converters

100 kSPS < fg <1 MSPS"
lps <tcony <10ps

F
with T/H
]
— 8-Bit L— 12-Bit
AD7820 (500 kSPS) AD7886 (750 kSPS)
AD7569 (I/O Port/400 kSPS) AD678 (200 kSPS)
AD7669 (/O Port/400 kSPS) AD1341 (8-16 Ch/FIFO/150 kSPS)
AD7769 (2 Ch I/O Port/400 kSPS) AD7892 (SS/140 kSPS)
AD7824 (4 Ch/400 kSPS) AD7893 (SS/8-Pin/140 kSPS)
AD7828 (8 Ch/400 kSPS) AD1332 (FIFO/125 kSPS)
AD7575 (190 kSPS) AD7870 (100 kSPS)
AD7875 (100 kSPS)
10-Bit AD7876 (100 kSPS)
AD7878 (FIFO/100 kSPS)
AD7776 (450 kSPS) AD1674 (100 kSPS)
AD7777 (4 Ch/450 kSPS) AD7890 (SS/8 Ch/100 kSPS)
AD7778 (8 Ch/450 kSPS) AD7891 (SS/8 Ch/100 kSPS)

SS - Single Supply

1 - Primary selection of ZA ADCs is by output data rate in kSPS

*¥A ADCs generally do not require a T/H

14-Bit

AD679 (128 kSPS)
AD779 (128 kSPS)

16-Bit

AD1382 (500 kSPS)
AD1385 (500 kSPS)
AD?7884 (200 kSPS)
AD?7885 (100 kSPS)
AD1876 (100 kSPS)
AD675 (100 kSPS)

AD676 (100 kSPS)

l

without T/H*

—1 8-Bit

ADC-908 (6 1)
AD670 (10 ps)
AD7576 (10 pis)

—1 10-Bit

AD579 (1.8 pis)
ADC-910 (6 ps)

—1 12-Bit

AD578 (3 ps)
AD?7572A (3 ps)
AD7672 (3 pis)
ADC-170 (5.6 us)
AD774B (8 us)
ADC-912A (10 us)

— 16-Bit

AD776 (XA/50 kHz
3dB BW/100 kSPS)
AD1377 (10 ps)
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10 kSPS < fg < 100 kSPS?
10 us < togny <100 ps

with T/H

— 10-Bit

AD7579 (SS/50 kSPS)
AD7580 (SS/50 kSPS)

12-Bit

AD7868 (I/O Port/83 kSPS)
AD1334 (4 Ch/FIFO/67 kSPS)
AD7874 (4 Ch/29 kSPS)

14-Bit

AD7869 (I/0 Port/83 kSPS)
AD7871 (83 kSPS)
AD7872 (Serial/83 kSPS)

16-Bit
AD1380 (50 kSPS)

SS - Single Supply

without T/H*

8-Bit

AD/PM-7574 (15 pis)
ADS570 (25 pis)
AD673 (30 pis)

——

10-Bit

AD571 (25 pis)
AD573 (30 pis)
AD575 (Serial/30 ps)

12-Bit

AD674B (15 pus)
AD574A (35 ps)
AD?7578 (100 ps)
AD?7582 (4 Ch/100 ps)

16-Bit

AD1376 (17 ps)
AD1378 (17 pis)
AD1878 (Dual ZA/24 kHz 3dB BW/50 kSPS)

18-Bit

AD1879 (Dual XA/24 kHz 3dB BW/50 kSPS)

1 - Primary selection of ZA ADCs is by output data rate in kSPS

*YA ADCs generally do not require a T/H
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Selection Tree
A/D Converters

tconv > 100 us

I

without T/H*

16-Bit

AD28msp01 (ZA I/O Port/3.4 kHz 3dB BW/8 kSPS)
AD28msp02 (£A I/0 Port/4 kHz 3dB BW/8 kSPS)
AD7701 (£A/10 Hz 3dB BW/4 kSPS)

18-Bit

AD1170 (Integrating/1 ms)

20-Bit

AD7703 (XA/10 Hz 3dB BW/4 kSPS)
AD79024 (Quad =A/300 Hz BW/1.14 kSPS)

21-Bit

AD?7710 (ZA/Thermocouple Input/262 Hz 3dB BW/1 kSPS)
AD7711 (ZA/RTD Input/262 Hz 3dB BW/1 kSPS)

AD7712 (2A/262 Hz 3dB BW/1 kSPS)

AD?7713 (£A/Low Power/52.4 Hz 3dB BW/1 kSPS)

1 - Primary selection of XA ADCs is by output data rate in kSPS
*YA ADCs generally do not require a T/H
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Selection Guide
Analog-to-Digital Converters

Sampling Converters

Through- SHA
put Rate BW Reference
Res kSPS kHz Volt Bus Interface  Package Temp
Model Bits max typ* Int/Ext® Bits® Options* Range® Page Comments
AD7821 8 1000 100 0-5V, Ext 8, pP 2,3,4,5,6 LM CII 2-521 CMOS, Bipolar or Unipolar Operation
AD7820 8 500 14 0-5V, Ext 8, uP 2,3,4,5,6 LM CII2-511 CMOS, 8-Bit Sampling ADC
AD7569 8 400 200 Int 8, pP 2,3,4,5,6 C,CL,M CII87 CMOS, Complete /O Port with DAC, ADC,
SHA, Amps and Reference
AD7669 8 400 200 Int 8, pP 2,5,6 C, LM CII87 CMOS, Complete I/O Port with 2 DACs,
ADC, SHA, Amps and Reference
AD7769 8 400 200 Ext 8, pP 2,5 C CII 827 CMOS, Complete 2-Channel I/O Port with
Input/Output Signal Conditioning
AD7824 8 10 0-5V, Ext 8, nP 2,3,6 C, LM CII2-533 CMOS, 4-Channel, 8-Bit Sampling ADC
AD7828 8 400 10 0-5V, Ext 8, pP 2,3,4,5 C, LM CII2-533 CMOS, 8-Channel, 8-Bit Sampling ADC
AD7575 8 190 50 1.23V, Ext 8, uP 2,3,4,5 C,I,M CII2-323 CMOS, Low Cost
*AD7776 10 500 50 2.0V, IntExt 10, pP 2,6 (0% § CII2-509 CMOS, Single Channel Complete Sampling ADC,
Single Supply, Twos Complement Output Code
*AD7777 10 500 50 2.0V, Int/Ext 10, pP 2,6 GI CII2-509 CMOS, 4-Channel Complete ADC for Single or
Simultaneous Dual Channel Sampling, Single Supply
*AD7778 10 500 50 2.0V, IntExt 10, pP 10 G I CII 2-509 CMOS, 8-Channel Complete ADC for Single or
Simultaneous Dual Channel Sampling, Single Supply
AD7579 10 50 25 2.5V, Ext 8, pP 2,3,4,5 C, LM CII2-347 CMOS, Low Cost 10-Bit Sampling ADC
AD7580 10 50 25 2.5V, Ext 10, pP 2,3,4,5 C,I,M CII2-347 CMOS, Low Cost 10-Bit Sampling ADC
AD9%003 12 1000 10000  Int 12 8 C C I12-689 12-Bit, 1 MSPS ADC, Single 40-Pin DIP
*AD1671 12 1250 2000 2.5V, Int 12 1,2,4,5 C, LM CII2-259 Complete, Monolithic 12-Bit, 1.25 MSPS ADC
*AD7886 12 750 1000 5V, Ext 12, pP 2,3,5 C I CII12-637 CMOS, 12-Bit 750 kSPS Sampling ADC
AD678 12 200 1000 5V, Int 8/12, pP 1,2,14 C,I,M CII2-137 BiMOS, High Impedance High Bandwidth
Sampling Input, 10 V Range, AC/DC Tested
*AD1341 12 150 150 10V, Int 16, pP 12 C,M CII7-25 High Speed 8/16 Channel DAS
*AD7893 12 140 70 2.5V, Ext Serial 2,3,6 LM CII2-669 CMOS, Single Supply Sampling ADC in 8-Pin Package
*AD7892 12 140 70 2.5V, Ext 8/12/Serial, pP 2,3, 6 LM CII2-663 =10V Input, Single Supply Sampling ADC
AD1332 12 125 125 -5V, Int 12, pP 1 LM CII7-17 Complete 12-Bit 125 kHz Sampling ADC for

Digital Signal Processing, On-Chip FIFO

'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—i.e., for a 13-bit converter 8/12, P indicates that the data can be formatted for an 8-bit bus or can be in parallel
(12 bits) and is microprocessor compatible.

“*Package 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.

Boldface Type: Product recommended for new design.

*New product since the publication of the most recent Databooks.
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Selection Guide

Analog-to-Digital Converters

Sampling Converters

Model
*AD7874

AD7870
*AD7875
*AD7876

AD7878
*AD1674

*AD7890
*AD7891
*AD7868

AD1334
*AD7880
AD368
AD369
AD363R
AD364R

AD679
AD779
*AD7869

AD7871
AD7872
DASI1152
DAS1157
DASI1153
DASI1158
*AD1382
*AD1385

*AD7884
*AD7885
*AD1876

Res
Bits

Through- SHA
putRate BW
kSPS
max

29

100
100
100
100
160

100
100
83

8% gg888 £ 4E

67 235

66 33

50 40-1000
50 40-1000
25

20

128

128

25
18
20
18

g8

TN

166

%6& QSNNNN§§ § g §

100

Reference
Volt
InvExt’

Int (+3 V), Ext

3V, Int
3V, Int
3V, Int
3V, Int
10V, Int

2.5V, Ext
2.5V, Ext
3V, Int

-5V, Int
5V, Ext

6.3V, Int
6.3V, Int
10V, Int
10V, Int

5V, Int
5V, Int
3V, Int

3V, Int
3V, Int

10V, Int
10V, Int
10V, Int
10V, Int
10V, Int
10V, Int

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

Bus Interface
Bits®

12, pP

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

12, pP
8/12, pnP

Serial
12, pP
Serial, pP

Jowf
S

zz2& B B2EZ

M

(oXeFakalal ol

M

CLM

2}
-
2

]

po-—=~po o
= -
2z

O &
==

Page
C1II 2-579

C I 2-545
CII2-545
C I 2-545
C I 2-595
C II 2-269

C I 2-653
C II 2-659
CII8-79

CcIl7-21
CI2-611
CII 124
CII 124
CII7-5
cu7-5

CII 2-149
CII 2-191
CII 895

C I 2-563
C II 2-563
CII7-65
CII7-69
CII7-65
CII7-69
C II 2-239
CII 2-255

CII 2-625
CII2-625
C 1 2-283

Comments

CMOS, Simultaneous Sampling 4-Channel ADC

for £10 V Input Signals

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

=10 V Input 8-Channel Single Supply Sampling ADC
+10 V Input 8-Channel Single Supply Sampling ADC
CMOS, Complete /O Port with 12-Bit ADC and

12-Bit DAC

Four- Channel 67 kHz 12-Bit Sampling ADC, On-Chip FIFO
Single +5 V Supply, Low Power Shutdown

Complete 12-Bit ADC, PGA with Gains of 1, 8, 64, 512
Complete 12-Bit ADC, PGA with Gains of 1, 10, 100, 500
16-Channel, 12-Bit DAS

High Speed, 16-Channel, 12-Bit DAS with

Three-State Buffered Output

BiMOS, High Imped High Bandwidth

Sampling Input, 10 V Input Range, AC/DC Tested
BiMOS, High Imped High Bandwidth

Sampling Input, 10 V Input Range, AC/DC Tested
CMOS, Complete /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
14-Bit High Accuracy Sampling ADC

Low Power Sampling ADC

15-Bit High Accuracy Sampling ADC

Low Power, 15-Bit Sampling ADC

High Speed, Guaranteed Dynamic Performance

Similar to AD1382 with Autocalibration Ability,
Guaranteed Dynamic Performance

CMOS, Low Power (250 mW), 5.3 ps Conversion
Similar to AD7884, 28-Pin Package, Byte Output
Autocalibrating, 16-Pin DIP ADC, AC Tested
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Through- SHA
put Rate BW Reference

Res kSPS kHz Volt Bus Interface  Package Temp

Model Bits max typ! Int/Ext® Bits® Options* Range® Page Comments

*ADG675 16 100 1000 3-10 V, Ext 8/Serial, pP 1,2 C,ILM CII2-121 Autocalibrating, 24-Pin DIP ADC, AC/DC Tested
*AD676 16 100 1000 3-10 V, Ext 16, pP 1,2 C,I,M CII2-123 Similar to AD675 but in 28-Pin DIP, Parallel Output

ADI380 16 50 900 Int 16/Serial 1 C CII2-231 Low Cost, 16-Bit Sampling ADC

DAS1159 16 18 X 10V, Int 16 Module 1 CII7-69 Low Power, 16-Bit Sampling ADC
Nonsampling Converters

Conv
Rate Reference Bus
Res ps Voltage Interface Package Temp

Model Bits max Int/Ext? Bits® Options* Range® Page Comments

ADC-908 8 6.0 -10V, Ext 8, uP 2,3,4,6 C,CI,M CII124 CMOS, +5 V Operation, Fast

AD670 8 10 Int 8, uP 1,2,4,5 C,I,M CII2-69 Single +5 V Supply, Including In-Amp and

Reference

AD7576 8 10 1.23 V, Ext 8, uP 2,3,4,5 C,CI,M CII12-4 CMOS, Low Cost, Single Supply

PM-7574 8 150 -10V, Ext 8, pP 2,3,4,6 C,I,M CII 124 CMOS, +5 V Operation

AD7574 8 15 -10 V, Ext 8, nP 2,3,4 C, LM CII2-315 CMOS, +5 V Operation

ADS570 8 25 Int 8 1 C,M CII2-25

AD673 8 30 Int 8, uP 1,2,5 C,M C1I2-97

AD7581 8 66.7 -5Vt (~15V),Ext 8, pP 2,3,5 C1I C1II2-363 CMOS 8-Bit ADC

AD579 10 1.8 10V, Int 10/Serial 1 G, CII 2-61 High Speed with Low Power

ADC-910 10 60 25V,Int 8, 10, pP 3 C,I,M CII2-819 Bipolar, Fast with Byte Output

AD571 100 25 Int 10 1 C,M CII2-25 Complete 10-Bit ADC

ADS573 10 30 Int 8/10, pP 1,25 C,M CII 2-33 Complete 10-Bit ADC, Byte or Parallel Interface

AD575 10 30 Int Serial 1,2 C,M CII2-53 Complete 10-Bit ADC with Serial Interface

AD671-500 12 05 5V,Ext 12 1,2 C,M CII2-81 12-Bit 500 ns Monolithic ADC

AD671-750 12 075 S5V,Ext 12 1,2 C,M CII2-81 12-Bit 750 ns Monolithic ADC
*AD7586 12 1 -4V, Ext 12, pP 1,25 G I C Il 2-383 CMOS 12-Bit, 1 MHz ADC

ADS78 12 3 10V, Int 12 1 C, M CII2-61 Complete, 3 ps, 12-Bit ADC
*AD7572A 12 3 Int 8/12, pP 2,3,4,6 C,LM CII2-303 Improved Version of Industry Standard

AD7672 12 3 -5V, Ext 12, uP 2,3,4,5 C,I,M CII2-391 CMOS, Unipolar or Bipolar, —12V, +5V

Supply

AD5240 12 5 6.3V, Int 12 1 C,M CII 2-809 Industry Standard

AD7572 12 5 =5.25V, Int 8/12, pP 2,3,4,5 C,IL,M CII2-299 CMOS 12-Bit ADC
*ADC-170 12 5.6 —5.25 V, Ext Serial 2,3,6 LM CII 2-817 Complete, 3 ps, 12-Bit ADC in 8-Pin Mini-DIP
*AD774B 12 8 10V, Int 8/12, uP 1,2,6 C, LM CII2-109 Faster Version of AD674B with 8 ps Conversion

'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 “pP” indicating microprocessor capability—i.e., for a 13-bit converter 8/12, P indicates that the data can be formatted for an 8-bit bus or can be in parallel
(12 bits) and is microprocessor compatible.

“Package 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.

>Temp Ranges: C = C ial, 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.

Boldface Type: Product recommended for new design.

*New product since the publication of the most recent Databooks.
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Selection Guide
Analog-to-Digital Converters

Nonsampling Converters

Model

AD ADCB84/85
*ADC-912A
ADC-912
AD5210
AD674A

*AD674B
ADS572
AD ADC80
ADS574A
ADS5200
AD7578
AD7582
ADI1377
AD1376

*AD1378

ADC1140

AD ADC71
AD ADC72
AD1170

Res
Bits
12
12
12
12
12

12
12
12
12
12
12
16
16

16

16

16
16
18

Conv

Rate Reference
ps Voltage
max Int/Ext!
10 6.3V, Int
10 -5V, Ext
125 -5V, Ext
13 —10 V, Int/Ext
15 10V, Int
15 10 V, Int
25 10 V, Int
30 6.3V, Int
35 10V, Int
50 —10 V, Int/Ext
100 5V, Ext
100 5V,Ext
10 Int

17 Int

17 Int

35 10 V, Int
50 6.3V, Int
50 6.3V, Int

1000 5V, Int

Bus
Interface
Bits?

12

12, pP
12, uP
12

8/12, P

8/12, pP
12

12

8/12, pP
12

8, pP

8, pP
16, Serial
16, Serial

16, Serial

16

16
16
8

Package
Options®

1
2,3,6
2,3,6
1
1

1,2,6

bk ok ot ok ot ot

v

N N

Module

M
N

-
-

<
w

Temp
Range*

C,LM

porp-r o oror
Bz B o~ z® B
2

-
-

2z

2z 0o 0

000 o
P

Page

C II 2-809
CII 2-831
CII 124
CII 124
C II 2-105

C1II 2-109
CII 2-31
C II 2-803
CII 241
CII 124
CH 2-335
CII2-371
CII 2-215
CII 2-215

CII 2-223

CII2-843

C II 2-801
C II 2-801
C II 2-203

Comments

Industry Standard

CMOS, Improved Version of ADC-912
CMOS, Low Transition Noise

Industry Standard (AD5211/12/14/15)
Complete 12-Bit ADC, Industry Standard
Pinout

Improved Monolithic Version of AD674A
and AD574A

12-Bit Successive Approximation ADC
Industry Standard

Complete ADC with Reference and Clock
Industry Standard (AD5201/02/04/05)
CMOS, 1 LSB Total Unadjusted Error
CMOS, 4 Channel, 1 LSB Total
Unadjusted Error

Complete, High Speed 16-Bit ADC
Operation over —25°C to +85°C
Complete 16-Bit Converter; Industry
Standard Pinout

Complete 16-Bit Converter; MIL Temp
Range; Industry Standard Pinout

16-Bit ADC, Operates over —25°C

to +85°C Temperature Range

Industry Standard

Industry Standard

7 to 22-Bit Programmable Integrating ADC
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High Speed ADCs

Through-  Full Power Reference Bus
Res put Rate BW Voltage Interface Package Temp
Model Bits MSPS min MHztyp Int/Ext! Bits? Options®> Range* Page Comments
AD9006 6 470 550 +1V, Ext 6, pP 4,12 CM C II 2-705 470 MSPS, 6-Bit ADC; 8.0 pF Input Capacitance
AD9%016 6 550 +1V, Ext Dual 6, pP 4, 12 C,M CII 2-705 AD9006 with 1:2 Demultiplexed Data Output
Demultiplexing Circuitry
AD9000 6 50 20 0.5-2V,Ext 6 1,3 C,M CII 2-673 MIL-STD-883, Rev. C, Devices Available;
Low Error Rate
AD9028 8 300 250 -2V, Ext 8 4 C,M C II 2-753 300 MSPS, 8-Bit ADC, Guaranteed Dynamic
Performance
AD9038 8 300 250 -2V, Ext Dual 8 4 C,M CII 2-753 AD9028 with On-Board 1:2 Demultiplexed
Data Outputs
AD770 8 200 250 +2V, Ext 8 1 C,M C II 2-161 High Bandwidth, Error Correction
AD9%002 8 125 160 0.1(—2.1) Ext 8 1,4 LM C II 2-681 Single Supply, Low Power, Low Input
Capacitance, MIL-STD-883, Rev. C
Device Available
AD9012 8 75 160 -2V, Ext 8 3,4 LM CII2-721 TTL Outputs, Low Power, Low Input Cap
*AD9058 8 50 175 +2V, Int 8 1,5,14 C, M C II 2-781 Dual 8-Bit, TTL Output
AD9048 8 35 15 -2V, Ext 8, uP 2,3,5,12 C;M C1II 2-773 35 MSPS, 8-Bit Video ADC, 16 pF Input
Capacitance
*AD9020 10 60 175 +1.75V, Ext 10 4, 12 C,M CII 2-741 Fastest 10-Bit TTL Monolithic ADC
*AD9060 10 75 175 +1.75V, Ext 10 4, 12 C, M C II 2-789 Fastest 10-Bit ECL Monolithic ADC
*AD9040 10 40 50 +1.2V 10 3,4,5 C,M CII 2-769 Low Cost, High Performance 10-Bit TTL
Monolithic
*AD773 10 18 75 +2.5, Ext 10 1,2 C,M CII 2-173 Low Power, 10-Bit 18 MSPS with On-Chip T/H
*AD9032 12 25 150 Int 12 8 C,M CII 2-765 World’s Fastest Complete 12-Bit ADC
*AD9034 12 20 150 Int 12 8 C,M CII2-765 20 Ms
*AD9005A 12 10 38 Int 12 8 C,M CII 2-697 Complete 12-Bit ADC with T/H, Reference
and Timing Circuitry
*AD1671 12 1.25 2 2.5V, Int 12 1,2,4,5 C,ILM CII2-259 Complete, Monolithic 12-Bit, 1.25 MSPS ADC
AD9003 12 1 10 Int 12 8 (o} C1II 2-689 12-Bit, 1 MSPS ADC, Single 40-Pin DIP
" *AD7886 12 .75 1 +5V, Ext 12, pP 1,2,5 C, LM CII2-637 CMOS, 12-Bit 750 kSPS Sampling ADC
*AD9014 14 10 60 Int 14 Board (o} C1II 2-729 Wide Spurious Free Dynamic Range

'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
reference is pinned out.

*This column lists the data format for the bus with “pP” 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: 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.

Boldface Type: Product recommended for new design.

*New product since the publication of the most recent Databooks.
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Selection Guide

Analog-to-Digital Converters

Sigma-Delta ADCs
Input
Res BW
Model Bits kHz
*AD776 16 50
*AD1878 16 24
*AD7701 16 10 Hz
*AD28msp02 16 4
*AD28msp01 16 34
*AD1879 18 24
*AD79024 20 18.5 to
300 Hz
*AD7703 20 10 Hz
*AD7710 21 DC to
262 Hz
*AD7711 21 DC to
262 Hz
*AD7712 21 DC to
262 Hz
*AD7713 21 DC to
52.4 Hz

7.2/8.0/9.6

2.5t0 50

0.075

to 1.145
4

0.01 to

Reference
Voltage
Int/Ext*

2V, Int
3V, Int
2.5V, Ext
2.5, Ext
2.5, Ext
3V, Int
25V, Int

2.5V, Ext
2.5V, Int

25V, Int
25V, Int

2.5V, Ext

Interface
Bits?

Serial

Serial, pP
Serial, pP

Serial, pP
Serial
Serial

Serial, pP
Serial, pP

Serial, pP
Serial, pP

Serial, pP

Package
Options®
1,2

2,3,6

Temp
Range*
C,LM

LM

M0 0O 0

2 2z ZE

Page

CII 2-189
CII2-295
C II 2403
CI4-25
CI49
CII 2-297
CII 7-57

CII 2419
CII 2435

CII 2-457
C 112479

CII 2-501

Comments

16-Bit 100 kSPS Oversampling ADC, Single Supply
Similar to AD1879 with 16-Bit Resolution

16-Bit Sigma-Delta ADC, 0.1-10 Hz Input Bandwidth
Complete Voice Band Linear Codec with On-Chip
Filtering, Single Supply .
Complete Analog Front End for High Performance,
DSP-Based Modems, Single Supply

Dual Channel, High Performance Stereo 18-Bit
Oversampled ADC

Quad 20-Bit Sigma Delta ADC, Low Power

with BW up to 300 Hz

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

for Thermocouple or mV Input

Similar to AD7710 but for RTD or mV Input

Similar to AD7710 with Higher Input Voltage Range,
More General Purpose

Loop Powered 21-Bit Sigma-Delta Signal
Conditioning ADC
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Multiplexed ADCs

Conv SHA Reference Bus

Res # Time BW  Volt Interface Package  Temp
Model Bits Chan ps kHz Int/Ext' Bits> Options®> Range* Page Comments
AD7769 8 2 2.5 200 Ext 8, pP 2,5 (o} CII 827 CMOS, Complete 2-Channel /O Port with
Input/Output Signal Conditioning
AD7824 8 4 2.5 10 0-5V, Ext 8, pP 2,3,6 C,ILM CII2-533 CMOS, On-Chip Track-Hold
AD7828 8 8 2.5 10 0-5V, Ext 8, nP 2,3,4,5 C, LM CI2-533 CMOS, On-Chip Track-Hold
AD7581 8 8 66.7 —10 V, Ext 8, pP 2,3,5 C, I CII 2-363 CMOS, 8-Channel DAS
*AD1341 12 8/16 6.67 10V, Int 16, pnP 12 C,M CII7-25  High Speed, 16-Channel Programmable
12-Bit DAS with 25 ns Bus Interface
ADI1334 12 4 15 235 -5V, Int 12, pP 1 LM CII7-21  Four-Channel 65 kHz 12-Bit Sampling ADC
for Digital Signal Processing, On-Chip FIFO
*AD7874 12 4 32.5 500 3V iInt 12, pP 2,3,6 C,LM CII2-579 CMOS, Simultaneous Sampling Four-Channel
(for 4 Channels) 29 kHz ADC for +10 V Input Signals
AD363R 12 8/16 40 10V, Int 12, uP 1 C,M CII7-5 High Speed, 16-Channel, 12-Bit DAS
AD364R 12 8/16 50 10 V, Int 12, P 1 C,M CII7-5 16-Channel, 12-Bit DAS with Three-State Buffers
AD7582 12 4 100 4V-6V,Ext 12, pP 1,2,5 C,ILM CII2-371 CMOS, 1 LSB Total Unadjusted Error
*AD7890 12 8 10 500 2.5V, Ext Serial, pP 2,3, 6 LM CII 2-653 CMOS, 8-Channel Multiplexed ADC

for =10 V Input Signals
*AD7891 12 8 10 500 2.5V, Ext 12, pP 10 LM CII 2-659 CMOS, 8-Channel Multiplexed ADC
for £10 V Input Signals

!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
reference is pinned out.

2This column lists the data format for the bus with “uP” 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: 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.

Boldface Type: Product recommended for new design.

*New product since the publication of the most recent Databooks.




Orientation
Analog-to-Digital Converters

FACTORS IN CHOOSING AN A/D CONVERTER

This section contains technical data and selection guides for
stand-alone general- and special-purpose log-to-digital converters
(ADCs), including many sampling types. Devices and sub-
systems that perform analog-to-digital conversion functions are
also to be found in many other sections of this reference man-
ual; they include ICs (general purpose and application specific),
multichip modules, and larger packages:

® V/F and F/V Converters (for low noise, high resolution con-
version applications)

® Synchro- and Resolver-to-Digital Converters (for position- and
motion-control applications)

® Data Acquisition Subsystems (for applications requiring signal
conditioning combined with conversion)

® I/O Ports (for applications requiring both A/D & D/A
conversion)

® Bus Interface and Serial I/O Products (subsystems)
® Digital Panel Meters
® ASICs (systems-on-a-chip for custom applications)

® Communications Products (codecs for modems, DSP periph-
erals, etc.)

The devices in this section include approximately 80 different
families of analog-to-digital converters (ADCs) constructed using
elements of a few basic architectures. If one were to consider all
the variations, there would be hundreds of different types among
which to choose. Why so many?

The answer is found in the diversity of real-world applications.
Besides the key parameters, resolution and speed, many other
considerations influence the choice of converter for a given ap-
plication. Among the degrees of freedom are static and dynamic
accuracy, digital data interface, control interface and timing,
sample-and-hold capability, the analog signal, reference require-
ments, calibration capability, number of channels, power con-
sumption, environmental requirements, package constraints, and
software-related issues.

In this section, we discuss the various types of converter archi-
tectures that have evolved to deal with these considerations, fol-
lowed by a glossary that includes definitions of the most-
important specifications and many additional terms. Much
additional information can be found in books listed in the Tech-
nical Publications section, starting on page 12-8, particularly the
Analog Devices High-Speed Design Seminar (1990) and Mixed-
Signal Design Seminar (1991) and the classic Analog-Digital Con-
version Handbook from Prentice Hall (1986); all of these can be
purchased from Analog Devices at reasonable cost.

FUNCTIONAL CHARACTERISTICS

Direct Conversion

In concept, the simplest—and fastest—A/D converter is one that
performs a conversion directly. The basic architectural element
of all A/D converters is a 1-bit converter, the comparator. If the
input signal, applied to the + input (for example), is greater
than a reference, applied to the — input, the output goes high
(“1”); if the input signal is less, the output goes low (“0”).
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A “flash”—or direct—converter provides the fastest multibit
conversion. The basic n-bit flash converter typically consists of
2" — 1 comparators* connected in parallel, with references
spaced Vs/2" (i.e., 1 LSB) apart; if the input signal increases,
more comparators go high. The latched comparator outputs are
combined by a priority encoder to form parallel #-bit digital
words. An example of flash converter is the 10-bit AD9060,
which can convert at a rate of 75 megasamples per second.
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The space, input capacitance, and power required by large
numbers of comparators have historically limited the resolution
available with direct conversion. For this reason, most of the
converters in use today perform a sequence of partial direct
conversions and/or rely on an indirect method involving time
integrations.

Partial Conversions in Sequence
Converters in this class perform several conversions involving
one or more bits to arrive at the complete n-bit conversion.

® Subranging Converters use two or more steps of lower-
resolution flash conversion to convert an analog signal at high
speeds with resolutions of up to 14 bits (e.g., the 14-bit,
10 MSPS hybrid AD9014, and the 12-bit, 500 ns monolithic
AD671). For example, in performing an n-bit conversion
using two steps of subranging, first a coarse m-bit conversion
is performed, then the result is converted back to one of 2™
levels—using a D/A converter with at least #-bit accuracy—and
compared with the input. The difference is then converted
with a k-bit converter (where £ + m = n) and the two outputs
are combined. If k + m > n, digital correction may be used
to eliminate overlap errors.

*An efficient variation of the flash converter, invented at Analog Devices
(U.S. Patent 4,928,103) uses one-half as many input comparators.
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® Successive Approximations. In this popular technique, a single
comparator is used to compare the input with the output of
an n-bit DAC as a reference, and n single-bit conversions are
performed—in a manner similar to weighing an object on a
chemist’s balance with binary weights. Using a successive-
approximations (shift) register (SAR), the MSB of the DAC
is asserted and the input is compared with the MSB alone
(one-half the DAC’s span). The choice (1 or 0) is latched in
and—applied to the DAC—fixes the DAC output (at 0 or 1/2).
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The register is clocked, the second bit is asserted, and the input is
now compared with the first result plus the second bit, (0 + 1/4)
or (1/2 + 1/4). The result of the second-bit test (1 or 0) is
latched in; the DAC’s output is either 0, 1/4, 1/2, or 3/4; the
third bit is asserted; and the process continues until the LSB
has been tried, the DAC output is within 1/2 LSB of the input,
and all n bits have been latched into the corresponding states.
Successive-approximation converters are widely used because
they are capable of speeds approaching 1 MHz and resolutions
up to 16 bits and more. A typical example is the industry-
standard 12-bit ADS574A, plus its variants and successors.

Integrating Converters

Integrating converters have two main sections, a measuring sec-
tion—that converts the analog information to a time interval or a
train of pulses—and a counter or filter to quantify the result as a
digital number.

® Dual-Slope. Typically, a dual-slope converter consists of an
analog integrator with switched inputs, a comparator, and a
counter. Starting from an initial value and computing for a
fixed interval (number of counts), NAt, with the analog input
signal applied, the output of the integrator traverses a range
proportional to the average value of the analog signal, V.
At the end of the N counts, a fixed reference voltage of oppo-
site sense to the signal is applied, and the integrator ramps
linearly in the opposite direction until the comparator detects
that the integrator output has reached the original starting
point—after n counts. Since # is proportional to the voltage
range traversed (which in turn is proportional to the average
value of the input signal), n = N (V;5/Vggr). Between con-
versions, a calibration cycle can be used to zero out offsets.
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The inherent —6-dB-per-octave low-pass characteristic of the
integrator in dual-slope converters tends to reject high frequency
noise; in addition, noise components having periods that are
submultiples of the signal-integration interval (N) will integrate
to zero. At may therefore be chosen to reject noise at power fre-
quency (e.g., 50 or 60 Hz) and its harmonics. Because of the
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time required for integration, these types of converters tend to
be used for signals having relatively low bandwidths (compared
to the types discussed above). They are especially useful where
noisy signals are to be converted and relatively infrequent updat-
ing is necessary, for example in numeric display of voltage (e.g.,
digital panel meters).

Charge-Balance. This architecture is used by voltage-to-frequency
converters and is similar to architectures used for =-A types.
Employing a free-running integrator in a feedback loop, it con-
tinually seeks to null its input by subtracting precisely deter-
mined packets of charge when the accumulated charge exceeds a
reference value. The number of charge packets per second (or
frequency) required to balance a given input is proportional to
the input. A counter may be used to convert the serial pulse
train to a digital word. The figure shows a synchronous charge-
balance voltage-to-frequency converter.
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Oversampling, or Sigma-Delta

A sigma-delta converter quantizes an analog signal with very low
resolution (1 bit) and a very high sampling rate (in the mega-
hertz). With the use of oversampling techniques and digital fil-
tering, the sampling rate is reduced and the resolution can be
increased to as many as 20 or more bits. Since oversampling
converters employ digital signal processing, they.can work hand-
in-glove with DSP systems to optimize the processing burden.

The basic oversampling converter consists of a sigma-delta mod-
ulator, which produces a stream of bits, and a digital filter, to
interpret the bit stream as an 7n-bit word. The basic form uses a
tracking loop, consisting (in the simplest configuration) of a one-
bit ADC (latched comparator), a one-bit DAC (two-level
switched reference), and an integrator; The DAC’s output is
subtracted from the input and the result is integrated,* com-
pared to zero, and latched at a megahertz rate; the DAC feeds
back a one-bit analog representation of the ADC’s output, a se-
rial stream of bits—1s and 0s. The bit stream is filtered digitally
to trade speed for resolution.

Because sigma-delta converters latch on a high speed clock
pulse, they do not require sample-holds. Since the bit stream is
a train of 1s and zeros, there are no missing codes. The digital
filtering is essentially another sampling operation; it produces
data at a rate less than one-half the fast clock rate but substan-
tially higher than twice the maximum signal bandwidth. The
ratio of the output data rate to the input’s Nyquist rate is the

*The name, sigma-delta, is a consequence of the integral, or summation over
time (Z), applied to the difference (A).
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oversampling ratio. The sigma-delta modulation process permits
noise to be shaped so as to move most of the quantization noise
energy into higher frequencies that are more easily filtered out.

Sigma-delta converters are especially useful for high resolution
conversion of low-frequency signals as well as low-distortion
conversion of signals containing audio frequencies. Their high
proportion of digital circuitry makes them excellent candidates
for high yield manufacture in IC form.

APPLICATION CONSTRAINTS

The many factors that call for large numbers of different devices
are summarized briefly here. Definitions and discussions of
terms used will be found in the glossary.

® Static and Dynamic Accuracy. Examples of static accuracy
specifications, required in many precision low-frequency ap-
plications, include differential and integral nonlinearity,
missing-code specs, gain error, offset error and drift, as well
as conversion time (or rate). Dynamic accuracy is important
in ac applications such as audio, video, and with digital signal
processors; such applications call for sampling-type ADCs (or
ADCs and sample-holds specified together). Important speci-
fications include bandwidth, signal-to-noise ratio, distortion
(total harmonic and 2-tone intermodulation), sampling (or
throughput) rate, aperture jitter. How much error is allowed
for the converter in the system error budget?

o Digital Data Interface. Considerations here include code (bi-
nary, offset binary, twos complement, BCD) and the format
of the signal to be interfaced —n-bit parallel (or “broadside™),
with on-chip or off-chip registers, byte-serial (e.g., to inter-
face 12-bit data to an 8-bit bus), n-bit-serial, or serial bit
stream. Byte-serial considerations include the choice of left or
right justification. Overrange error indication may also be
provided. Some processor-friendly ADCs include one or more
words (FIFO) of buffer memory; less-friendly ADCs may rely
on interrupts to indicate when conversions have been com-
pleted. What logic compatibility is required (TTL, low-
voltage CMOS, high voltage CMOS, ECL)?

o Control Interface and Timing. These specify modes of chip
selection and enabling, starting conversions, status indication
(busy, data ready, end of conversion), data format, short cy-
cle, conversion clocking, repetitive (continuous) conversions,
sample-hold control, serial clock, synchronization, reset, and
“sleep” mode (to minimize dissipation). They may also con-
trol analog functions, such as bipolar offset, gain, self-
calibration modes, and selection of multiplexer channel.



® Sampling Capability. An ADC requires a low-jitter sample/
hold (or track/hold) function to maintain a constant input
value during conversion, to establish precisely the instant of
time associated with the converted data, and—in consequence
—to obtain a train of regularly spaced conversions for digital
signal-processing applications. For applications where a
sample-hold function is needed, sampling ADCs (SADCs)
eliminate the need for an external sample-hold function.
Where all other considerations are met, this has the key ad-
vantages of compactness, combined tested specifications (usu-
ally better than for separate devices), and lower cost. Some
sampling converters are ready for another sample well before
a multiple-step conversion has been completed; this pipelining
makes it possible to speed up the conversion rate for multiple
conversions; but for an isolated data point one must consider
latency, the time required for a complete single conversion.

©® The Analog Signal. Elements of choice include range,
whether unipolar or bipolar, and bandwidth. What resolution
is desired? Is it single-ended or differential? Is signal condi-
tioning needed (isolation, fixed or programmable gain or at-
tenuation, I-to-V conversion, offsetting, noise filtering,
multiplexing)? Is it already sampled? Is the output low
enough in dynamic impedance to drive a proposed ADC’s
input? (If not, a buffer amplifier may be needed.) Is imped-
ance matching necessary to avoid reflections? What sort of
ground management will be necessary?

® Reference Requirements. What reference range and polarity
are needed? Is an internal reference desired, or will a system
reference be used? (Or will the converter’s internal reference
provide the system reference?) Is the converter to be used
ratiometrically (because the variable actually converted is the
ratio of signal to reference, accuracy can be gained by using
for the converter the same reference that provides excitation
for an input source, e.g., bridge excitation voltage). What
current load must it supply? Is one end grounded, or must its
output be differential? Are Kelvin connections necessary? de-
sirable? available? Are the gains and/or the bipolar offset jum-
pered externally or switched by software.

Calibration Capability. How are the offset and gain trimmed?
Are zeroing and/or gain adjustment terminals available? Are
trim DACs provided on chip for digital adjustment? Is cali-
bration performed automatically on the device? Periodically or
on request?

© Number of Channels. Does the application call for more than
one input? Is multiplexing to be provided on- or off-chip? Is
more than one A/D conversion at a time needed simulta-
neously in the same device? Is a multiple sample-hold needed
for simultaneous sampling of input channels? Can conversion
of a single channel be speeded up by “ping-ponging” pairs of
sampling converters? Does a fast converter have a pair of al-
ternately updated output registers so that its output can be
distributed to two slow memory channels?

® Clock. Considerations include: speed range, drive required,
edge rate, allowable overshoot, internal/external system clock,
duty cycle, rising/falling-edge reference.

® Power Supply. What supply voltage levels are available? Is
the supply a switching or a linear type? What are the power
supply’s regulation and noise characteristics? What sort of
bypassing will be needed? Is there a limitation on available
current drain or power dissipation? What are the supply’s
power-up characteristics? Is operation continuous or intermit-
tent? Is a reference voltage to be derived from the power sup-
ply? Where is the supply located physically in relation to the
converter and analog signals? Are electrical or magnetic fields
associated with the supply likely to cause problems? Are re-
mote devices powered centrally or locally? What is the best
grounding scheme? Is isolation desirable?

o Environmental Requirements. What is the specified operat-
ing temperature range: 0°C to +70°C (commercial), —25°C to
+85°C (industrial), —40°C to +85°C (extended industrial), or
—55°C to +125°C (military)? What other environmental as-
pects are of importance (humidity, barometric pressure, dust,
moisture, shock, vibration, ionizing radiation)? What behavior
is expected in worst-case environmental conditions (survival,
reliable operation, performance within specifications)? Is the
environment electrically noisy? What is the character of the
noise (amplitude, frequency, waveshape)?

® Package Constraints. What level of physical protection is
required (chip, multichip reel, plastic package, hermetic pack-
age)? What kind of package and interconnections does your
customer specify? What is the assembly method (automated,
surface-mount, chip-and-wire, manually board-mounted)?
How much space is available? Is a completely self-contained
device desirable? What terminals or functions must be
accessible?

® Software- and Control-Related Issues. Is conversion to occur
at a regular rate or on the occurrence of an event? How much
latency is permissible? How much time is available for con-
version? For bus access? Must the conversion results be used
immediately? If not, must buffer capacity be available to store
more than one result? Must a new conversion start as soon as
the last one ended? Is glue logic undesirable?

SPECIFICATIONS AND TERMS

Definitions of performance specifications and other frequently
used terms will be found below in alphabetical order. Since they
tend to be broad and generally applicable, specific data sheets
and application notes should be consulted for details as they ap-
ply to specific products and applications.

Accuracy, Absolute

The error of an A/D converter at a given output code is the
difference between the theoretical and the actual analog input
voltages required to produce that code. Since the code can be
produced by any analog voltage in a finite band (see Quantizing
uncertainty), the “input required to produce that code” is de-
fined as the midpoint of the band of inputs that will produce the
code. For example, if 5 volts (1.2 mV) will theoretically pro-
duce a 12-bit half-scale code of 100000000000, then a converter
for which any voltage from 4.997 V to 4.999 V will produce that
code will have an absolute error of (4.997 + 4.999)/2 — 5 volts
= —2 mV.
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Absolute error comprises gain error, zero error and nonlinearity,
together with noise. Absolute-accuracy measurements should be

made under a set of standard conditions with sources and meters
traceable to an internationally accepted standard.

Accuracy, Relative

Relative accuracy error, expressed in percent, parts per million,
or fractions of an LSB (full-scale range/2"), is the deviation of
the analog value at any code, (relative to the full analog range of
the device transfer characteristic) from its theoretical value (rela-
tive to the same range) after the full-scale range (FSR) has been
calibrated.

Since the discrete points on the theoretical transfer characteristic
lie on a straight line, this deviation can also be mterpreted as a
measure of nonlinearity.

The “discrete points” of an A/D transfer characteristic are the
midpoints of the quantization bands at each code (see Accuracy,
absolute). However, since transitions between codes are easier to
find than the midpoints, this characteristic is often defined in
terms of an adjacent transition, usually the low-side transition.
Aliasing

A signal within a bandwidth, f,, must be sampled at a rate,

fs > 2 f, in order to avoid loss of information. If the number of
samples of a signal, f, is inadequate, i.e., fg¢ < 2 f, a phenome-
non called aliasing, inherent in the spectrum of the sampled sig-
nal, will cause a frequency equal to fs — £, called an “alias” to
appear in the signal band (of frequencies below f/2). For exam-
ple, if f¢ = 4 kHz and f = 3 kHz, a 1 kHz alias will appear.
Note also that, for a 1 kHz signal (which is within the band,
fs/2), the alias will be at 3 kHz, outside the band. Since noise is
also aliased, it is essential to provide low-pass filtering prior to
the sampling stage to prevent high frequency noise on the signal
line from being aliased into the signal range.

Analog-to-Digital Converter (ADC)

An analog-to-digital converter quantizes an analog input voltage
(i.e., measures and assigns it to one of 2” equal ranges, or
quanta, within the expected span) and interprets the quantum as
a digital number.

Aperture Jitter

Aperture jitter is the sample-to-sample variation in the space in
time between the effective points at which the samples are actu-
ally taken. It is often due to phase jitter on the input sine wave
or unwanted phase-modulation of the sampling clock by sources
such as random noise, power line noise, or digital noise stem-
ming from poor layout, bypassing, or grounding. The resulting
error can be expressed in terms of an rms time jitter, which pro-
duces a corresponding rms voltage error, decreasing the overall
ADC signal-to-noise ratio.

When a sample-hold is used ahead of a nonsampling A/D con-
verter (typically successive-approximation and flash), the timing
uncertainty of the conversion process is reduced. by the ratio of
aperture jitter to the conversion time. Expressed another way,
the maximum frequency that can be handled with less than

1 LSB error due to timing is 2~"/(w7,), instead of 27/(mwt,),
where 7, is the aperture uncertainty and 7, is the conversion
time.
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Aperture Time (Delay)

Aperture time (sometimes called aperture delay time—although
it may be either a delay or an advance) is a measure of the inter-
val between the leading edge of the sampling clock and the in-
stant at which the sample-hold or sampling ADC actually takes
the sample. The variation or tolerance placed on this parameter
from part to part is important in simultaneous sampling applica-
tions or other applications where ADCs are required to track
each other when processing dynamic signals. Timing can be ad-
vanced or delayed to improve accuracy, but precision is ulti-
mately limited by aperture jitter.

Bandwidth, Full-Linear

The full-linear bandwidth is the input frequency at which the
slew-rate limit of the sample-hold amplifier (SHA) is reached.
Up to this point, the amplitude of the reconstructed fundamen-
tal will have been attenuated by less than 0.1 dB. Beyond this
frequency, distortion of the sampled input signal increases
significantly.

Bandwidth; Full-Power (FPBW)

The full-power bandwidth is that input frequency at which the
amplitude of the reconstructed fundamental (using FFTs) is re-
duced by 3 dB for a full-scale input. In order to be meaningful,
the FPBW must be examined in conjunction with the signal-to-
noise ratio (SNR), effective number of bits (ENOB), and har-
monic distortion in order to ascertain the true dynamic
performance of the ADC at the FPBW frequency."

Binary Coding

The digital output of an ADC is considered binary-coded when
outputs start at all-zeros for a zero-scale (unipolar) analog input,
increasing to all-ones for FSR (1 —27"), in binary sequence. For
a bipolar analog range, all-zeros starts at negative full-scale, in-
creasing in binary sequence to FSR (1—27"*1) for all ones; this
coding is called offset binary, which is easy for converters but
not useful for computers; however, it is easily converted to rwos
complement by complementing the MSB.

Bipolar Mode )

A configuration that an A/D converter uses to handle signal
spans containing both positive and negative signals. Usually it
means offsetting half-scale to become analog zero, and either
accepting the resulting offset binary code or changing it to twos
complement by complementing the most-significant bit (see
Binary Coding).

Bipolar Negative Full-Scale Error

In bipolar converters, for the first step of code (from

0000 . . . 00 to 0000 . . . 01 in offset binary, or 1000 . . . 00

to 1000 . . . 01 in twos complement), the ideal transition occurs
at 1/2 LSB above —Vgzr. Bipolar negative-full-scale error is the
deviation of the first code transition from the ideal when operat-
ing in the bipolar mode.

Bipolar Zero Error (Offset) and Drift

In the bipolar mode, this is the deviation of the midscale
transition (011 . . . 111 to 100 . . . 000 in offset binary,
111...111 t0-000 . . . 000 in twos complement) from the
ideal (Agnp — 0.5 LSB).



Bus

A parallel path of binary information signals—usually 8, 16, or
32 bits wide. Three common types of information usually found
on buses are data, addresses, and control signals. 3-state output
switches (inactive, high, and low) permit many sources—such
as ADCs—to be connected to a bus, while only one is active at
any time.

Byte

A byte is a binary digital word, usually 8 bits wide. A byte is
often part of a longer word that must be placed on an 8-bit bus
in two stages. The byte containing the MSB is called the high
byte; that containing the LSB is called the low byte. A four-bit
byte is called a nybble.

Byte, High

When a 12- or 16-bit word is placed on an 8-bit bus in two
stages, the high byte contains the 4- or 8 most-significant bits.
If 8, a 12-bit word is said to be left-justified; if 4 (plus filled-in
leading sign bits), the word is said to be right justified.

Byte, Low

When a 12- or 16-bit word is placed on an 8-bit bus in two
stages, the low byte contains the 4- or 8 least-significant bits.

If 8, a 12-bit word is said to be right justified; if 4 (plus trailing
zeros), the word is said to be left-justified.

Capacitance, Input (Cpy)

The capacitance measured between the analog input and all sup-
ply pins (including grounds) of an A/D converter. Input capaci-
tance often varies with input voltage, so it should be measured
at worst-case input voltage. This parameter is important at high
input frequencies because an amplifier or track-and-hold must
drive it without introducing unacceptable levels of distortion.

Chip Select (CS)

A logic input signal activating data or control information trans-
fer between the ADC and the digital circuitry. This signal is
usually active-low, as designated by the overbar. CS is used in
conjunction with additional qualifying logic signals to determine
the exact activities to take place.

Clock (CLK)

The operation of many common A/D conversion processes re-
quires a clock to order events in the process. A system clock is
also present to time the interfacing between the converter and
the system. Operations may depend on clock levels or cloc
edges, either ascending or descending. '

Code, Missing

In practice, the 2"-2 inner codes (excluding zero and full scale)
are always wider or narrower than the ideal 1 LSB, especially in
flash, subranging, and successive-approximation converters. If
code-width errors (see Nonlinearity, Differential) exceed 1 LSB,
one or more codes may have zero width; as the input increases,
the output will jump between the adjacent codes, e.g., from
11...011t0 11... 101, skipping 11 . . . 010. A specification
that guarantees no missing codes requires that every code com-
bination appear in a monotonically increasing sequence as the
analog input level is increased.

Code Repetition
The ability of the ADC to continuously provide the same digital
output for a stable analog input voltage in the middle of a code.

Code Width and Uncertainty

Code width is the amount of input voltage change between out-
put code transitions, expressed in LSBs of full scale (FSR/2").
The ideal code width is 1 LSB. Since transition voltage is sensi-
tive to noise and jitter, there is always a degree of uncertainty
associated with code-width measurements.

Coding

This term refers to the code and format employed to express an
ADC’s digital output data. Codes include binary, binary-coded
decimal (BCD), offset binary, twos complement, and comple-
mentary (negative-true) versions of these codes. The codes may
be expressed in parallel, byte-serial, and bit-serial formats. Some
converters, (e.g., V/Fs) have uncoded (i.e., bit-stream) outputs.

Command Register

An internal register of the ADC that can be programmed by the
user to select various modes of operation; examples of selection
choices include unipolar or bipolar conversion, range, data out-
put format.

Common-Mode Rejection

The ability of a device to reject the effect of voltage applied to
both input terminals simultaneously—often through variation of
a ground level —is specified as a common-mode rejection ratio
(CMRR, or in logarithmic form, CMR = 20 log CMRR).
CMRR is the ratio of gain for the differential, or normal-mode,
signal to the gain for the common-mode signal.

Conformance, Straight Line

This term describes how closely the ADC transfer characteristic
conforms to a reference straight line. Nonconformance can be
described in terms of integral nonlinearity (the difference be-
tween the actual code centers and a straight line), or dynami-
cally in terms of waveform distortion. For many applications,
this property is far more important than calibration errors

and drifts.

Control Lines

Digital input/output pins that activate or monitor and control
ADC operation. Examples include chip select, low byte, high
byte, start convert, end of conversion, conversion complete,
busy, read, etc.

Conversion Complete (CC)

This digital output signal indicates the end of conversions.
When this signal is in the opposite state, the ADC is considered
to be “busy.” Also called end of conversion, or EOC.

Conversion Time (tc) and Conversion Rate

The time required for a complete measurement by an ADC is
called conversion time. For most converters (assuming no signifi-
cant additional delays), this is the same as the inverse of conver-
sion rate. For simple sampling ADCs, however, the conversion
rate is the inverse of the conversion-time-plus-the-sample-hold’s
acquisition-time. However, in some high speed sampling con-
verters, because of pipelining, new conversions are initiated be-
fore a prior conversion has been completed. Once a train of
conversions has been initiated, as in signal-processing applica-
tions, the conversion rate can be much faster than the conver-
sion time would imply.
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Cycle Time )
The time required for the converter clock to finish a complete
conversion cycle and be ready to start the next cycle. This can
be longer than the conversion time because of a cycle required
to reset the successive-approximation register or several cycles
longer to perform a calibration. Sometimes known as latency.

Delta-Sigma, see Sigma-Delta
Differential Nonlinearity (DNL), see Nonlinearity

Distortion, (Total) Harmonic

THD is usually measured as the ratio of the rms sum of the
next five harmonic components to the rms value of a full-scale
fundamental input signal and is expressed as a percentage or in
decibels:

THD = 10 log [(V2 + V32 + V2+ Vi+ VAV
where V, is the rms amplitude of the fundamental and V,, V,
V4, Vs, and Vi are the rms amplitudes of the second through
the sixth harmonic. The THD can be derived from the mea-
sured FFT plot of the device’s output spectrum. For input sig-

nals or harmonics that are above the Nyquist frequency, the
aliased component is used.

Distortion, Intermodulation (IMD)

With inputs consisting of sine waves at two frequencies, f, and
fz> any device with nonlinearities will create distortion products,
of order (m+n), at sum and difference frequencies of mf,, + nfg,
where myn = 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 (f, + fg) and (f, — f), and the third-order
terms are (2f4 + fg)s (2fa - f5)s (fa + 2fp)s and (f4 — 2f3).

The IMD products are expressed as the decibel ratio of the rms
sum of the distortion terms to the rms sum of the measured in-
put signals.

Drift, Temperature

The temperature drifts for full-scale (or gain) error, unipolar

offset, and bipolar offset specify the maximum change from the .

initial (25°C) value to the value at Ty or Tyax.

Dual-Slope Conversion
A form of integrating conversion. See the FUNCTIONAL
CHARACTERISTICS section.
Effective Number of Bits i
For a sine wave, signal-to-noise ratio (SNR) can be expressed in
terms of the number of bits. Rewriting the SNR formula, it is
possible to get a measure of performance expressed as N, the
effective number of bits (ENOB).

N = (SNR - 1.76)/6.02

Thus, effective number of bits for a device for sine wave inputs
at a given input frequency can be calculated directly from its
measured SNR.

End of Conversion (EOC)
This digital output signal flags the conversion complete and
data-ready condition of an A/D converter.

Feedthrough
Undesirable signal coupling around switches of other devices
that are supposed to be turned off or provide isolation, e.g.,
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feedthrough error in a multiplexer. It is variously specified in per-
cent, ppm, fractions of 1 LSB, or fractions of 1 volt, with a
given set of inputs at a specified frequency.

FIFO (First-In, First-Out Memory)

This is best defined by an example. The AD7878 12-bit sam-
pling ADC, designed to interface with signal processors, has
eight words of first-in, first-out (FIFO) memory on-chip. This
permits up to 8 data samples to be acquired and stored before
the processor is required to read; the benefit is that the software
overhead associated with servicing processor interrupts is greatly
reduced. The 8 words that were stored can then be read out of
the FIFO at maximum processor speed.

“Flash” Converter
A converter providing direct (hence the most rapid) conversion.
See the FUNCTIONAL CHARACTERISTICS section.

Frequency-Domain Testing

In one approach, a device is tested dynamically using a sine-
wave input and a 2,048-point fast Fourier transform (FFT) to
analyze the resulting output. Coherent sampling is used,
wherein the ADC sampling frequency and the analog input fre-
quency are related to each other by a ratio of integers. This en-
sures that an integral multiple of input cycles is captured,
allowing direct FFT processing without windowing or digital
filtering, which could mask some of the dynamic characteristics
of the device. In addition, the frequencies are chosen to be “rel-
atively prime” (no common factors) to maximize the number of
different ADC codes that are present in a sample sequence. The
result, called prime coherent sampling, is a highly accurate and
repeatable measure of the actual frequency-domain response of
the converter.

Full-Scale Calibration Range

For self-calibrating =-A converters in the system calibration
mode, the range of voltages the device can accept and still cali-
brate full-scale accurately. )

Full-Scale Error, see also Gain Error

The last transition (from 111 . .. 10 to 111 . . . 11) should oc-
cur for an analog magnitude 1 1/2 LSB (i.e., 1.5 FSR/2") below
the nominal full scale. The full-scale error is the deviation of the
actual level of the last transition from the ideal level at 25°C
without adjusting the offset. The full-scale error can be adjusted
to zero.

Full-Scale Range (Span)
The difference between the maximum and minimum analog val-
ues for input to an A/D converter.

Gain Drift, see Drift

Gain Error

The last transition should occur at an analog value 1 1/2 LSB
below the nominal full scale. The first transition is 1/2 LSB
above the low end of the scale (zero in unipolar converters, —FS
in bipolar converters). The gain error is the deviation of the ac-
tual difference between the first and last code transitions from
the ideal difference between the first and last code transitions.
This error can be adjusted.



Half-Step Offset (Low-Side Transition)

In designing an ADC, since comparisons establish transition
points, a half-step offset is necessary to center the analog input
voltages halfway between the output code transition points. For
example, the successive-approximation converter architecture
inherently has a 1 LSB transition voltage (instead of 1/2 LSB)
for the first code change if a half-step offset is not inserted.

Impedance, Input

The dynamic load presented by a converter to its input source.
In unbuffered successive-approximation converters employing
current-summing at the comparator input, the presence of cur-
rent pulses at the converter’s clock frequency mandates that the
converter be driven from a low impedance (at the clock fre-
quency) in order to maintain an accurate voltage input.

Input Range (Span)
See Full-Scale Range. See also individual data sheets, especially
for devices that provide self-calibration.

Integral Nonlinearity, see Nonlinearity

Least-Significant Bit (LSB)

In a digital word, the binary digit with the smallest numerical
weighting—or its voltage equivalent. Normally, one LSB is
equal to the full-scale range divided by 2”, where n is the num-
ber of bits provided by the converter.

Left-Justified Data

When a 12-bit word is placed on an 8-bit bus in two stages, the
high byte contains the 4- or 8 most-significant bits. If 8, the
word is said to be left justified; if 4 (plus filled-in leading sign
bits), the word is said to be right justified.

Linearity Error, see Nonlinearity

Major Transition
The digital output code change at one-half the full span, from
011...111to 100 . .. 000.

Missing Codes, see Code

Most-Significant Bit

The binary digit with the largest numerical weighting. Nor-
mally, the MSB of a digital word has a weighting of 1/2 the full-
scale range. In bipolar-input converters, the MSB is also used as
a sign bit (representing the upper or lower half of the full-scale
range). If placed on a right justified bus wider than the data
word, all bits to the left of the MSB should be filled with the
same bit.

Noise, Quantization

As the input to an A/D converter increases smoothly, the output
moves up in a series of steps. When the analog input is summed
with an ideal DAC reconstruction, these steps produce an error
waveform shaped like an irregular sawtooth as each bit transi-
tion is crossed. This waveform can be considered as a type of
white noise. In sigma-delta converter design, the quantization-
noise spectrum is shaped so as to move most of its energy out of
the baseband, a key to the low noise and high resolution avail-
able in these converters.

Noise, Transition

As repeated conversions are made in the vicinity of a transition,

the transition will be found to occur at somewhat differing values

of input. Transition noise is the rms value of the variation in the
transition region.

Nonlinearity, AC (Histogram Method)

A full-scale sine wave is applied to the ADC and a large number
of samples are taken (several million for a 12-bit converter, to
achieve statistically satisfactory results). The number of occur-
rences of each code is recorded on a histogram plot. The data is
normalized by comparison with the U-shaped ideal probability
density distribution of a sine wave. From it, DNL can be plot-
ted, and integral nonlinearity can be determined by compiling a
cumulative histogram, in which the bin widths are the transition
levels. (An example of the results can be found in the AD7870
technical data.)

Nonlinearity, Differential (DNL)

In an ideal ADC, code transitions are 1 LSB apart. Differential
nonlinearity is the maximum deviation, expressed in LSBs,
from this ideal value. It is often specified in terms of the maxi-
mum number of bits for which no missing codes (NMC) are
guaranteed.

Nonlinearity, Integral (INL)

The ideal transfer function for an ADC is a straight line drawn
between “zero” and “full scale.” The point used as “zero” oc-
curs 1/2 LSB before the first code transition. “Full scale” is de-
fined as a level 1 1/2 LSB beyond the last code transition.
Integral nonlinearity is the worst-case deviation of a code from
the straight line. The deviation of each code is measured from
the middle of that code. In some cases, integral nonlinearity is
defined with respect to a best-fit straight line, which is typically
calculated using the least-squares method.

Nyquist Frequency, Sampling Rate

According to the sampling theorem, a signal within a band-
width, f,,, must be sampled at a rate, fg > 2 f, in order to
avoid loss of information (see Aliasing). The “Nyquist (input)
frequency” of a converter sampling at f is f5/2; alternatively,
the “Nyquist (sampling) rate” is 2 f,.

Offset Binary Code

A digital binary code used to represent bipolar analog voltages.
Negative full-scale voltage is assigned all-zeros (000 . . . 00),
zero voltage is at MSB high—all other bits zero (100 . . . 00),
and positive “full-scale” (from a transition 1 1/2 LSB below full-
scale) is assigned all-ones (111 . . . 11). The more useful twos-
complement code is similar to offset binary, except that the
MSB is complemented.

Offset, Bipolar (also Bipolar Zero Error)

In the bipolar mode the major carry transition (011111111111 to
100000000000) should occur for an analog value 1/2 LSB below
analog common. The bipolar offset error specifies the maximum
deviation of the actual transition point at 25°C. This offset is
usually adjustable. The bipolar offset error and temperature co-
efficient respectively specify the initial deviation and maximum
change in the error over temperature.

Offset Calibration Range

For self-calibrating =-A converters in the system calibration
mode, this is the range of voltages the device can accept and still
calibrate offset accurately.

Offset, Unipolar

The first transition should occur at a level 1/2 LSB above analog
common. Unipolar offset is defined as the deviation of the actual
transition from that point at 25°C. This offset can be adjusted.
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The unipolar offset temperature coefficient specifies the maximum
change of the transition point over temperature, with or without
external adjustments.

Overrange ) )

When analog input voltages exceed the input range, an over-
range condition is in effect. Normally, the digital output code
stays at all-ones for positive overrange and all-zeros for negative
overrange, with binary coding. Some converters have a digital
output flag to signal overrange.

Overrange, Negative Full-Scale

In =-A converters, negative full-scale overrange is the amount of
overhead available to handle input voltages below — Vg (for
example, noise peaks or excess voltages due to system gain er-
rors in system calibration routines) without introducing errors
due to overloading the analog modulator of Z-A converters or
overflowing the digital filter. Note that the analog input will
accept negative voltage peaks, even in the unipolar mode.

Overrange, Positive Full-Scale

In =-A converters, positive full-scale overrange is the amount of
overhead available to handle input voltages greater than +Vggr
(for example, noise peaks or excess voltages due to system gain
errors in system calibration routines) without introducing errors
due to overloading the analog modulator or overflowing the digi-
tal filter of =-A converters.

Oversampling

Sampling at a rate greater than Nyquist is oversamplmg If the
degree of oversampling is substantial, the noise-filtering problem
is ameliorated. Oversampling is the key to the advantages of
sigma-delta conversion.

Overvoltage Recovery

Overvoltage recovery time is defined as that amount of time
required for the ADC to achieve a specified accuracy after

an overvoltage (usually 50% greater than full-scale range),
measured from the time the overvoltage signal reenters the
converter’s range. The ADC should act as an ideal limiter for
out-of-range signals, producing a positive or negative full-scale
code during the overvoltage condition. Some converters provide
over- and underrange flags to allow gain-adjustment circuits to
be activated.

Peak Spurious (Peak Harmonic Component)

In the FFT spectrum of a converter output for a given sinusoi-
dal input signal, the peak “spur” is the largest individual
spectral component, excluding the input signal and dc. Its mag-
nitude is expressed in dB relative to the rms value of a full-scale
input signal. The dB difference in amplitude between it and the
signal is the spurious-free dynamic range (SFDR).

Pipelining

A pipelined converter is a multistage converter which is capable
of accepting a new signal before it has completed the conversion
of one or more previous ones. A new signal arrives while others
are still “in the pipeline.” This is a technique used where a fast
conversion rate is highly desirable and the latency of mdwxdual
conversions is relatively unimportant.

Power Supply Rejection, Sensitivity
For many converters, variations in power supply will affect
the scale factor, but not the converter’s linearity. Power supply
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rejection is the maximum change in the full-scale transition
point due to a change in power supply voltage from the
nominal value.

Quantizing Uncertainty (Error) i

The analog continuum is partitioned into 2” discrete ranges for
n-bit conversion. All analog values within a given range are
represented by the same digital code, which is assigned to the
nominal midrange value. There is, therefore, an inherent quanti-
zation uncertainty of =1/2 LSB, in addition to the actual con-
version errors. In integrating converters, this “error” is often
expressed as “+1 count.” :

R-2R Ladder
A resistor network providing the basic binary-current division
used in many successive-approximation A/D converters.

Ratiometric Converter

The output of an A/D converter is a digital number proportional
to the ratio of (some measure of) the input to a reference. Many
requirements for conversions call for an absolute measurement,
i.e., against a fixed reference. In some cases, where the mea-
surement is affected by a changing reference voltage (e.g., the
voltage applied to a bridge), it is advantageous to use that same
reference as the reference for the conversion, to eliminate the
effect of variation.

Reference ,

The reference voltage establishes an A/D conversion system’s . - .
accuracy at full scale. At other voltages, the integral nonlinearity
and reference determine absolute accuracy. References may be
furnished either externally or internally.

Resolution

Resolution of an ADC is the number of states (2") that the ana-
log input voltage is resolved—or divided—into, where 7 is equal
to the number of bits.

Right Justified Data

When a 12-bit word is placed on an 8-bit bus in two stages, the
high byte contains the 4- or 8 most-significant bits. If 8, the
word is said to be left-justified; if 4 (plus filled-in leadmg sign
bits), the word is said to be right justified.

Sampling A/D Converter

A sampling A/D converter includes a sample-hold which ac-
quires the input value at a given instant and holds it throughout
the conversion (or until the converter is ready for the next data
point). (See Aperture Time.)

Sampling Frequency

The rate at which an ADC can continuously convert analog in-
puts into digital outputs. In successive-approximation convert-
ers, clock frequency and data-transfer overhead determine the
sampling frequency.

Serial Output

A bit-serial output consists of a series of bits clocked out on a
single line. There must be a means of identifying the beginning
and end of words; this can be furnished via an additional clock
line, by using synchronized clocks, and/or by providing a consis-
tent identifying signature for the beginning of a word. Byte serial
consists of a series of bytes transrmtted in sequence on a bus ’
(see Byte)



Settling Time, see also Transient Response

Settling time is a function of the sample-hold’s (SHA) 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.

Short Cycling

An n-bit successive-approximation converter takes at least n
clock cycles to complete a conversion. Some converters have the
capability of stopping the conversion at an arbitrary point, thus
shortening the cycle. Speeding up the conversion by such an
approach is useful for maximizing information transfer when
the full » bit accuracy or resolution is not needed for a given
conversion.

Sigma-Delta Converter

An A/D converter that uses a one-bit or other low-resolution
quantizer and very high oversampling rate, combined with a
one-bit or low-resolution DAC in a feedback loop. The digital
quantizer output is then followed by a low-pass digital filter to
remove the noise and output an n-bit digital representation of
the input signal.

Signal-to-Noise and Distortion (S/N+D) Ratio

S/(N+D) is the logarithmic expression (decibels) of 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. This is actually the generally
accepted definition for signal-to-noise ratio (SNR); in this case,
the “+D” is intended to emphasize the inclusion of harmonic
distortion for audio applications.

Signal-to-Noise Ratio (SNR)

SNR is the measured signal-to-noise ratio at the output of an
ADC. The signal is the rms magnitude of the fundamental.
Noise is the RMS sum of all the nonfundamental signals up to
half the sampling frequency (fsmpr £/2) excluding DC. SNR is
dependent on the number of levels used in the quantization pro-
cess; the more levels, the smaller the quantization noise. The
theoretical signal-to-noise ratio for a sine wave input is given by:

SNR = (6.02 N + 1.76) dB

where N is the number of bits. Thus, for an ideal 14-bit con-
verter, SNR ~ 86 dB.

Slew Rate

Slew rate is the maximum rate of change allowed at the input
such that the a digitized recreation of the output will track the
input without increased error.

Span '

The full-scale analog input range. Some ADCs have resistor- or
software-selectable analog input ranges.

Spurious-Free Dynamic Range (SFDR)

The difference, in dB (log scale) between the rms amplitude of
the input signal and the peak spurious signal (see Peak Spurious).

Status Register
A register indicating current status of the analog-to-digital con-
version by means of a Busy or Conversion Complete signal.

Subranging

High-resolution fast conversion using flash converters to per-
form partial conversions. See the FUNCTIONAL CHARAC-
TERISTICS section.

Successive Approximation Conversion

A popular conversion method in which an n-bit conversion is
performed by n successively finer approximations. See the
FUNCTIONAL CHARACTERISTICS section.

Successive Approximation Register (SAR)

A digital circuit that controls the operation of a successive-
approximation ADC and accumulates the digital output word in
its register.

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 or Tpyax-

Three-State (Output Buffer), see Bus

Transient Response

The transient response (or settling time) of an ADC is the time
required for the ADC to settle to rated accuracy after the appli-
cation of a full-scale step input.

Transition, see Accuracy, Relative
Transition, Major; see Major Transition

Undersampling

Sampling at a rate below Nyquist. Ordinarily this results in loss
of information. However, the aliasing it produces can be used to
translate the sidebands of a high frequency carrier down to a
lower frequency for detection and demodulation, provided that
the ADC has sufficient analog bandwidth.

Unipolar Mode

Operation of an ADC with zero-to-full-scale voltage inputs of
one polarity only.

Zero- and Gain Adjustment Principles

The zero adjustment of a unipolar ADC is set so that the transi-
tion from all-bits-off to LSB-on occurs at 1/2 X 27" of nominal
full scale. The gain is set for the final transition to all-bits-on to
occur at FS (1 — [3/2 x 277)).

The “zero” of an offset-binary bipolar ADC is set so that the
first transition occurs at —FS (1 — 27) and the last transition
at FS (1 — [3 X 27™]). The data sheet instructions should be
followed.

Zero-Code Error

The difference between the ideal 1/2-LSB offset at zero of an
ADC and the actual value of input required to produce the first
transition.

Zero Drift

The change with temperature of analog zero for an ADC operat-
ing in the unipolar mode. It is generally expressed in ppm of
FS/°C, or LSBs.
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