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Since its founding in 1965, Analog Devices has dedicated itself to the design, manufac-
ture and marketing of products used in real-world signal processing applications. Our
product universe includes data converters, operational amplifiers, digital signal proces-
sors, special function devices and application specific ICs that combine these functions
on a single chip.

Analog’s core strengths are its analog circuit design expertise and state-of-the-art linear
and mixed-signal semiconductor process technology, which have led to a long list of
technically innovative products. These strengths are supported by a number of manu-
facturing locations around the world and by a technical sales force trained and ready to
serve your needs.

The decade of the *90s offers many exciting opportunities for linear and mixed-signal
ICs for a wide range of emerging applications in computer peripherals, telecommunica-
tions equipment and consumer products, including the automotive market. Many of
these involve processing audio and/or video information, which has become an increas-
ingly significant part of Analog’s business in recent years, and which was enhanced last
year by the acquisition of Precision Monolithics.

Among other successes, our efforts to provide technically innovative and economically
practical products for audio and video signal processing applications have resulted in
Analog becoming a leading supplier of both D/A converters used in compact disc play-
ers and RAM-DACs used in VGA displays. And our monolithic SSM-2125 Dolby Pro-
Logic Surround Sound Decoder has been recognized as the best integrated solution
available for implementing this function in consumer electronics products.

This first edition of our Audio/Video Reference Manual is a clear sign of our commit-
ment to continue developing and marketing high performance integrated circuits for a
wide range of audio and video signal processing applications in professional, consumer,
automotive, medical, military and industrial applications. Here you will find data sheets
containing complete specifications and applications information on 103 product fami-
lies, as well as 40 application notes to assist you in your product development efforts.

The products described in this reference guide represent integrated solutions that offer
higher performance, increased reliability and lower overall cost, and as a consequence,
will help you design products that make your company more competitive in its mar-
kets. We look forward to serving your needs for these types of products for many years
to come.

Eystata
Chairman of the Board

Chief Executive Officer
Analog Devices
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Introduction

Analog Devices designs, manufactures and sells worldwide
sophisticated 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, 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 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

Audio electronic components are an important subset of prod-
ucts for equipment designers instrumenting the multimedia
interface between information in electronic form and human
communication capabilities (particularly sight, speech, hearing,
and the audible and visual arts).

The Audio Handbook, published by Precision Monolithics, Inc.
—which was acquired by and became a Division of Analog
Devices in 1990 —described many of our analog IC products for
the audio equipment subset. However, we also manufacture
many analog, digital, and mixed-signal products that are useful
in the processing and display of video signals, as well as conver-
sion products for professional and consumer audio equipment. It
appeared to make good sense in this new edition to expand the
publication’s concept to include all products—including many
new ones—designed for the multimedia interface.

Important products described here that we have introduced for
this industry include:

® the AD9020/9060 families of 10-bit “flash” converters that
provide interfacing for both conventional and HDTV digital
video systems

*Dolby is a registered trademark of Dolby Laboratories, Inc.
CEG/DAC and TrimDAC are trademarks of Analog Devices, Inc.
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® the ADSP-2105 and ADSP-21020 fixed- and floating-point
digital signal processors for high speed implementation of
computational algorithms

the ADV7141/46/48 CEG/DAC™ family of monolithic RAM-
DAGCs, designed to eliminate “jaggies” and improve color res-
olution in VGA displays at low cost

the AD712 family of low-noise-and-distortion op amps for
audio preamplification

the AD847 op amp for video line dr1vmg and other high
speed applications

® the AD1879 dual-channel 18-bit ADC and the AD1865 dual-
channel DAC for stereo applications

the DAC-8840 and DAC-8841 TrimDACs™ for digitally con-
trolled circuit parameter adjustment

the SSM-2018 voltage-controlled amplifier, for audio panning,
equalization, remote volume control, and compressor/limiter
applications—using patented Operational Voltage-Controlled-
Element (OVCE) architecture

® the SSM-2125 Dolby* Pro-Logic Surround Sound Matrix
Decoder, a low cost chip that gives home-entertainment sys-
tem manufacturers a practical way to bring the benefits of
theater-type sound to consumers

the SSM-2142 and SSM-2141 balanced line driver and line
receiver for transporting analog signals with minimal signal
degradation

Many more could have been added to this list.

AUDIO/VIDEO REFERENCE MANUAL

The Audio/Video Reference Manual is one of a set of books
cataloguing Analog Devices products. It is accompanied by the
Linear Products Databook and the two-volume Data Converter
Reference Manual.

This volume provides comprehensive technical data and applica-
tion notes on 103 Analog Devices product families designed for
incorporation in professional and consumer audio, video, imag-
ing, and multimedia equipment. Included are the following:

® comprehensive data sheets and package information

® selection guides for finding products rapidly

® a set of 40 application notes

® ordering guide, publications list, and worldwide sales

directory

indexes:

—application notes, by topic and by part numbers

—all Analog Devices products, listed alphanumerically by
part number and keyed to catalog location.



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
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
13-4 to 13-7 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 13-8 and 13-9 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

Analog Briefings is a registered trademark of Analog Devices, Inc.
DSPatch is a trademark of Analog Devices, Inc.

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 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 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 prod-
ucts manufactured by our PMI Division. A newsletter, Analog
Briefings®, provides current information about the status of reli-
ability 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.

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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How to Use This Book

THIS IS THE ANALOG DEVICES AUDIO/VIDEO REFERENCE MANUAL
It contains Data Sheets, Selection Guides and Application Notes on IC products for audio and video equlpment design.

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

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 location of any product
catalogued in this volume or those listed below, with the Volume-Section-Page location of any data sheet in this volume.

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 func-
tional Selection Guide at the beginning of the Section. The Selection Guides will help you find the products that are the clos-
est 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 provided for your convenience on pages 1-7 through 1-10.

IF YOU CAN'T FIND IT HERE . . . ASK!
If it’s not an audio/video product, it’s probably in one of the two companion reference manuals, the Linear Products
Databook or the Data Converter Reference Manual. If you don’t already own these volumes, you can have them FREE by get-
ting in touch with Analog Devices or the nearest sales office, or by phoning 1-800-262-5643 (U.S.A. only) or (617) 329-4700,
Ext. 3392.

See the Worldwide Sales Directory on pages 13-8 and 13-9 at the back of this volume for our sales office phone numbers.

Contents of Other Reference Manuals

DATA CONVERTER PRODUCTS DATA CONVERTER PRODUCTS LINEAR PRODUCTS

(VOLUME I) (VOLUME II) Operational Amplifiers
D/A Converters A/D Converters Comparators
S/D Converters V/F & F/V Converters Instrumentation Amplifiers
Communications Products Sample/Track-Hold Amplifiers Isolation Amplifiers
Digital Panel Meters Switches & Multiplexers Analog Multipliers/Dividers
Digital Signal Processing Products Voltage References Log/Antilog Amplifiers
Bus Interface & Serial I/0O Products Data Acquisition Subsystems RMS-to-DC Converters
Application Specific ICs Analog /0 Ports Mass Storage Components
Power Supplies Application Specific ICs ATE Components

Power Supplies Special Function Components

Temperature Transducers

Signal Conditioning Components
& Subsystems

Digital Panel Instruments

Bus Interface & Serial
1/0 Products

Automotive Components

Application Specific ICs

Power Supplies

Component Test Systems
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Selection Guide
Operational Amplifiers

Video Amplifiers

Settling BW at

SR AP AG Time A Min A

Vips deg % nsto% MHz Vv
Model typ typ typ typ typ . min
AD8I1 2500 0.01 0.01 65-0.01 120 1
AD844 2000 0.025 0.008 100-0.1 60 -1
OP160 1300 0.04 0.04 75-0.1 90 1
OP260 1000 0.067 0.02 250-0.1 90 1
ADS5539 600 0.1 0.04 12-1 220 2
AD846 450 0.03 0.01 110-0.01 80 -1
ADS840 400 0.04 0.025 100-0.01 40 10
AD842 375 0.035 0.015 100-0.01 40 2
AD841 300 0.02 0.03 110-0.01 40 1
AD847 300 0.2 0.04 120-0.1 50 1
AD827 300 0.2 0.04 120-0.1 50 1
AD829 300 0.04 0.02 90-0.1 S0 1
ADS848 300 0.08 0.07 100-0.1 35 5
AD849 300 0.04 0.08 80-0.1 30 25
ADS843 250 0.025 0.025 135-0.01 34 1
OP64 170  0.018 0.045 100-0.1 16 b
AD845 100 0.025 0.04 350-0.01 16 1

VOS
mV

0.75

0.25

Voltage
Noise
nV/VHz
@ 10 kHz

2

2
5.5
5.5

lOUT

mA
min
100

Supply
Range
+Volts

451018

451018
41015
41015
451010
Sto18
51018
5to0 18
51018
451018
451018
451018
451018
4510 18
451018
5t 18
4.75t0 18

Supply

Current Spice

mA
typ
16.5

Model
Avail.
X

T M

IsRaRolel

»

Page
2-41

2-101
2-225
2-267
2-153
2-121
2-65
2-81
2-73
2-133
2-45
2-53
2-145
2-145
2-89
2211
2-113

Comments

Best Video Specifications Flatness = 0.1 dB
to 35 MHz

Constant 10 ns Rise Time for Any Pulse
Disable Mode for Low Power Applications
Dual OP160; Only Dual Transimpedance
Improved Replacement for Industry Standard
Highest DC Precision High Speed Amplifier
Fast Settling Time; Gain > 10

High Current Output; Gain > 2

Fast Settling Time and Unity Gain Stable
General Purpose, Low Power, Unity Gain
Dual AD847

Low Noise and High Speed

General Purpose, Low Power, Gain > 5
General Purpose, Low Power Preamplifier
High Performance, Replaces LH0032

Stable for Gains > 5§

General Purpose. Unity Gain Stable
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Operational Amplifiers

Audio Amplifiers

Single Op Amps

Voltage Noise SR

@ 1 kHz Vips
Model nVNHztyp  typ
ADB829 2 300
AD846 2 450
AD844 2 2000
or27 3 2.8
OP37 3 17
OP61 3.4 40
SSM2134 35 13
OP160 5.5 1300
OP64 8 170
SSM2131 13 50
AD711 18 20
AD843 19 250
AD845 25 100
Dual Op Amps

Voltage Noise SR

@ 1 kHz Vips
Model nV/VHz typ  typ
SSM2139 3.6 11
OP275 5 20
OP260 6 1000
OP271 7.6 8.5
0OP249 17 22
AD712 18 20
Quad Op Amps

Voltage Noise SR
@ 1 kHz Vips

Model nV/VHz typ typ
OP471 6.5 8
AD713 18 20

GBW  Supply
MHz

Current
typ mA max Vg Volts min Page Comments
750 6.8 +10, R = 500 Q 2-53  Ideal High Gain, Low Noise Input Device
80 6.5 +10, R, = 500 Q 2-121  Current Feedback
60 7.5 +10, R = 500 Q 2-101 Low Noise, Highest Slew Rate
8 4.67 +10, R, = 600 Q 2-169  Low Cost, Precision
63 4.67 +10, R, = 600 Q 2-181 Ayg = S, Low Cost
200 8 +11, R = 500 Q 2-193 Ay =10
10 6.5 +12, R = 600 Q 2-325 Improved 5532
90 8 +11, Ry = 500 Q 2-225  Current Feedback
80 8 +10, R =200 Q 2-211  Ayep = 5, High Output Current
10 6.5 +11.5, R = 1000 Q 2-315  Ultralow Distortion
4 2.8 +13/-12.5, R, = 2000 Q@ 2-5 Precision BiFET
34 13 +10, R, = 500 Q 2-89 Low Bias Current, Fast Settling
16 12 +12.5, R =500 2-113  Low Bias Current, Faster Settling
GBW  Supply Vour
MHz  Current Volts
typ mA/Amp max min Page Comments
30 3.25 +12, Ry = 2000 Q 2-331 Ay =3
8 2 *13, R = 600 2-297  Ultralow Distortion
90 5.25 +12, R, = 1000 O 2-267  Current Feedback
5 3.25 +12, R, = 2000 Q 2-287  Precision
4.7 3.5 +12, Ry = 2000 2-249  Low Power, Low Distortion
4 2.8 +13 —12.5, R = 2000 Q@ 2-17 Low Cost, Dual AD711
GBW  Supply Vour
MHz  Current Volts
typ mA/Amp max  min Page Comments
6.5 2.75 +12, Ry, = 2000 Q 2-299  Precision
4 3 +13/~12.5,R;, = 2000 Q@ 2-29  Quad AD711
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Audio Analog-to-Digital Converters

Res Converter SNR THD+N Input Input Range Supplies Power
Model Bits Type Channels 0dB-dBtyp % typ Architecture  Volts Volts mWtyp Pins Page
ADI1876 16 Sampling  Single No Spec 90! Single-ended +3V *5, +12 235 16 33
AD1879 18 SA Dual 103 98 Differential *3V +5 1100 28 3-17
ADI1878 16 A Dual 98 98 Differential +*3V +5 1100 28 3-15
AD1885 16 A Dual 85 85 Differential +3V +5 500 28 3-19

'-0.05 dB Input, A-Weighted Filter

Video Analog-to-Digital Converters

Sample  Input Power
Res Rate Bandwidth Dissipati

Model Bits (MSPS) MHz, -3dB W Page Comments

AD9048 8 35 15 0.55 4-31
4-31
4-31
4-31

AD773 10 18 100 1.3 4-3 On-Board Track and Hold, Evaluation PCB

AD9020 10 60 175 2.8 4-19  Evaluation PCB
4-19

AD9060 10 75 175 2.8 4-39  Evaluation PCB
4-39
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Audio Digital-to-Analog Converters

Res SNR THD+N  Supplies Power

Model Bits Channels 0dB-dBtyp % typ Volts mW typ Pins Page

ADI851 16 Single 110 0.003 *5 100 16 5-13

ADI1856 16 Single No Spec 0.002 +5t0 12 110 16 5-3

ADI860 18 Single No Spec 0.002 +5t0 12 110 16 5-21

ADI861 18 Single 110 0.003 +5 100 16 5-3

ADI862 20 Single 119 0.0012 +5t0 +12 288 16 5-33

AD1864 18 Dual 108 0.0017 *S5t *12 225 24/28 5443

ADI1865 18 Dual 110 0.0017 *5 225 24/28 5-55

AD1866 16 Dual 95 0.005 5 45 16 5-65

ADI1868 18 Dual 97.5 0.004 5 50 16 5-67

Video Digital-to-Analog Converters

RAM
Clock Rate D/A Converter (Color Palette)

Model MHZ Organization Size Overlays Page Comments
ADV471 35, 50, 66, 80 Triple 6-Bit 256 x 18 15x 18 6-19 ADV478 Pin-Compatible
ADV476 35, 40, 50, 66, 80, 100  Triple 6-Bit 256 x 18 6-9 Triple 6-Bit RAM-DAC
ADV7141 35, 50, 66 Triple 6-Bit 256 x 18 6-49  CEG - Effective 24-Bit True Color
ADV7146 35, 50, 66 Triple 6-Bit 256 x 18 6-49  CEG - Effective 24-Bit True Color
ADV453 40 Triple 8-Bit 256 x 24 3x24 6-3 Triple 8-Bit RAM-DAC
ADV478 35,50, 66, 80, 100 Triple 8-Bit 245 x 24 15 x 24 619 Triple 8-Bit RAM-DAC
ADV7148 35, 50, 66 Triple 8-Bit 256 x 24 6-49  CEG - Effective 24-Bit True Color
ADV7120 35, 50, 80 Triple 8-Bit 6-31  True Color DAC
ADV7121 35,50, 80 Triple 10-Bit 6-37  True Color DAC
ADV7122 35,50, 80 Triple 10-Bit 6-37  True Color DAC
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Special Function Audio Products

Audio Preamplifiers (All Values Typical)

THD+N Slew  Gain CMRR
Input Voltage Noise %, G = 1000, Rate Bandwidth dB, G = 1000
Model nV/\VHz, G = 1000 f=1KkHz V/ps MHz, G = 1000 f =60 Hz Page Comments
SSM-2015 1.3 0.007 8 0.7 100 7-59  Programmable Input Stage for Noise
vs. Source Impedance Optimization
SSM-2016 0.8 0.009 10 0.55 100 7-65 =9V to =36 V Operation
SSM-2017  0.95 0.012 17 1 112 7-73  Only One External Component Required
7-73
Volume Control
Voltage Controlled Amplifiers (All Values Typical)
Audio THD+N Gain/Atten  Gain Gain
# Dynamic Range %, @ 1kHz Range Bandwidth Core
Model Channels dB G=1 dB MHz Class Page Comments
SSM-2013 1 106 0.004 115 0.8 A 7-51 Includes Mute Function
SSM-2014 Discontinued — Specify Pin-Compatible Upgrade SSM-2018
SSM-2018 1 117! 0.006? 140 10 A/AB 7-81 Programmable Gain Core Class
7-81
SSM-2024 4 82 0.05 A 7-93  Lowest Cost Per VCA
SSM-212012 2 100 0.005 140 0.25 A 7-111  SSM-2120 Contains Two Level
7-111  Detection Side Chains On-Chip
AD600 2 98 40 3980 A 7-5 32 dB/V Scale Factor
7-5
AD602 2 108 40 1258 A 7-5 32 dB/V Scale Factor
7-5
LogDACs
Step Attenuation
# Resolution Range
Model Channels dB dB Page Comments
AD7111 1 0.375 89.6 7-9 8-Bit Control Input
AD7118 1 1.5 88.5 7-15  6-Bit Control Input
'Class AB

*Trimmed, Class AB
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Dolby* Pro-Logic Decoders** (All Values Typical Unless Otherwise Noted)

Audio Min Channel Min Channel

Dynamic THD+N Separation Separation

Range %, @ 1 kHz, dB dB
Model dB 0dBd =500 mVrms CptoL, Royr All Other Channels Page Comments
SSM-2125 103 0.02 35 25 7-123  Autobalance, Noise Sequencer On-Chip
SSM-2126 103 0.02 25 25 7-123  Autobalance, Noise Sequencer On-Chip

Audio Line Driver and Receivers (All Values Typical)
Balanced Line Driver

Audio
Dynamic THD+N Output Slew
Range %, @ 1 kHz CMRR Rate
Model dB Vin=10Vmms dB,f=1kHz V/ps Page Comments
SSM-2142 116 0.006 —45 15 7-139  No External Components Required, Drives Difficult Loads

Differential Line Receivers

Audio
Dynamic THD+N Slew
Range %, @ 1 kHz, Input CMRR Rate
Model dB 10 V rms dB,f=60Hz V/ps Gain Page Comments
SSM-2141 126 0.001 100 9.5 1 7-133  No External Components Required

SSM-2143 128 0.0008 90 10 1/20r2 7-145 No External Components Required
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Audio Switches (All Values Typical)

Comments

Low Cost
Low Cost

OFF
Noise THD+N Isolation Charge
# Voltage % dB Injection
Model Switches nVVHz @1kHz 20Hzto20kHz pC Page Comments
SSM-2402 2 1 0.003 120 50 7-167 Handles +24 dBu Signals (20 V supplies)
SSM-2404 4 0.8 0.0009 100 35 7-181  Lowest Cost-Per-Switch
SSM-2412 2 1 0.003 120 150 7-167  Faster Version of SSM-2402 (1o = 4 ms)
Matched Transistors
Unity Gain Voltage
Voltage Noise Max Ahfe Max Bandwidth Offset Max
Model Type nV/VHz, f =1kHz Hfe Min %,Ic=1mA MHz I. =10mA (typ) pV Page
SSM-2210 Dual NPN 1 300 5 200 200 7-147
SSM-2220 Dual PNP 1 80 6 180 200 7-159
MAT-04 Quad NPN 2.5 400 2 300 200 7-21

Other Special Function Audio Products

Model Page Comments

PKD-01 7-33  Monolithic Peak Detector
SSM-2110 7-99  RMS-t0-DC Converter

*Dolby is a registered trademark of Dolby Laboratories Licensing Corporation, San Francisco, CA.
**Available only to licensees of Dolby Laboratories

Low Cost
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Special Function Video Products

CRT Geometry Correction Selection Guide

Peak Signal Power

Bandwidth  Slew Amplitude Supplies
Model MHz Rate Ve, Ip Volts
AD539 60 +1mAOQOut, #2VIn  *5t0 *15
AD633 1 20 V/ius 10V +8.51t0 *15
AD734 10 450 V/ips =10V +8.51t0 *15
ADS834 500 +4mAOut, 21 VIn =5
DAC8408 1 1mA/ps *1mAOut, *10VIn +5
DACS8800 DC Vgsto Vpp—4 'V (Vpp—Vss)<18
DACS8840 1 1.3V/ps *3V Vop = +5, Vgg = =5
DACS8841 1 1.3V/ips O0Viwo+3V Vpp = +5, Vgg = =5

Other Special Function Video Products

Model Page Comments

AD720 819 RGB to NTSC and PAL Converter
AD9300 8-41 4 x 1 Video Multiplexer

Page
8-3
8-11
8-21
8-33
8-49
8-63
8-77
8-87

Comments

2 CH, Current Output

Vour

Vour

Current Output

4 CH, Iy, Parallel Data In

8 CH, 10 kQ, Royr, Serial Data In
8 CH, Vour Serial Data In

8 CH, Vour Serial Data In
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Digital Signal Processing Products

DSP Processor Key Feature Summary

Instruction Internal Internal Internal

Cycle Off-Chip Program Data Program Program Low

Time Harvard Memory Memory  Cache Memory Serial Programmable Ext Power Pin
Model ns Arch RAM RAM Word Boot Ports Timer Interrupts Modes Count Page
ADSP2100A 80 \ 16 x 24 4 100 9-13
ADSP-2101 60 2K x 24 1K X 16 \ 2 \ 3 1 68 9-17
ADSP-2105 100 1K x 24 0.5K x 16 \ 1 \ 3 1 68 9-23
ADSP-2111 60 2K x 24 1K x 16 \ 2 \ 3 1 100 9-29
32/40-Bit Floating Point
ADSP-21020 40 \ 32 x 48 4 1 223 9-33




Product Assurance

PRODUCT ASSURANCE OVERVIEW

Introduction

Analog Devices has long been a leader in its innovations of ana-
log integrated circuit design, processing, and testing. Of equal
importance to innovation is its commitment to continuous
improvement of quality, reliability and excellence in service.
Achieving, and continuously striving to improve the quality and
reliability have led to Analog’s success as a world-recognized,
leading supplier of analog integrated circuits.

Product Assurance Philosophy

Product Assurance’s role within Analog Devices is many fac-
eted. All of the traditional roles of Product Assurance are main-
tained, including Military Programs management, QA/Reliability
conformance inspections, specification control, auditing, failure
analysis, corrective action, calibration systems, as well as many
other functions. In addition, Analog’s Product Assurance
departments maintain an active role in servicing internal opera-
tional entities’ requirements as well as our customers’ needs.
This is accomplished through various programs aimed at
improving product quality, reliability and service.

Continuous Improvement and Statistical Process Control
Programs

Fundamental to our beliefs about manufacturing success is that
quality and reliability are not inspected into the process as was
the historical methodology, but instead built into the process
from the outset. In order to be successful at consistently provid-
ing excellence in all areas, it is essential that the processes be
measured, understood, and have controlled variance. Keeping
this in mind, ADI has been aggressively pursuing statistical pro-
cess control.

ADI is engaged in continuous improvement as an integral por-
tion of our cultural development. The overall intent of this pro-
cess has been to create an environment in which each employee
is trained and is empowered to change and to improve the pro-
cess. Essential to this environment are the absence of fear and
an active encouragement to take risks to improve.

All manufacturing and related service personnel are trained in
the concepts of problem solving and statistical process control
(SPC) techniques. SPC training is also an orientation require-
ment for all new employees.

Quality improvement teams are continually being formed, as
opportunities to improve and to implement change are identi-
fied. These groups have addressed many issues and have had a
dramatic effect on ADI’s manufacturing and administrative pro-
cesses. These teams have typically crossed departmental and
functional lines, as the effects of change or the type of problem
could not be solved without cooperation and resultant expanded
knowledge bases.
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PRODUCT RELIABILITY

Reliability Assurance Programs

Reliability assurance programs at Analog Devices are designed
to encompass all aspects necessary to achieve and to improve
product performance and lifetimes. We recognize that reliability
cannot be tested or screened in if the aggressive goals set by
both our customers as well as ourselves are to be met.

The major areas of focus within Analog Devices include:

Design For Manufacturability (Design for Success). Product
and process designs focus on achieving product performance and
“building-in reliability.” Causes for degraded reliability perfor-
mance must be well understood and controlled. Reliability
design rules, updated frequently as experience grows and the
industry matures, are essential to improving product performance.

Process Capability. A new or an established process must not
only be capable of meeting specification limits but must also
exhibit a sufficient safety margin to ensure continued perfor-
mance over the product life.

Manufacturing Process Control. Of utmost importance is the
control of the manufacturing environment under which product
is fabricated, assembled, tested or stored. Temperature, humid-
ity, particulate, ionic contamination and equipment interactions
must be well understood and controlled.

Process Monitoring. 100% inspections or sampling points of
key parameters with appropriate controls on output are utilized
throughout the manufacturing process. These include the fol-
lowing as listed in order of timeliness of information feedback:

In-line or in-situ measurements utilizing SPC.

Process step specific.

Wafer ship measurements.

Wafer level testing; i.e., sort, wafer level stress testing.
Die visual quality. )

Final electrical testing after assembly.

Reliability stress testing of customer-ready finished goods.
Customer feedback.

Program Goal

Our goal is to provide our customers with the highest level of
reliability performance obtainable. It is a program which is, by
its nature at Analog Devices, an integral part of all new prod-
ucts and process introductions, as well as all changes made
within the products, processes or facilities for which it measures.

Reliability Qualification Program

Analog Devices maintains a reliability qualification program that
includes extensive use of accelerated stress testing. The pro-
gram’s intent is not only to meet the requirements of the mili-
tary programs but also to provide products in plastic which, at
minimum, meet or exceed world-class standards of excellence.
All new processes and facilities are qualified. Any changes to
existing qualified processes are also qualified as appropriate (see
Process Change Notification section).



Reliability Monitor/Audit Program

Periodic monitoring of all fabrication and assembly locations is
performed. The monitoring program uses highly accelerated
stress testing in order to monitor our various processes. The
program is geared to fabrication process and packaging families.

Process Change Notification System

Analog Devices has a standard procedure and criteria for classi-
fying and controlling changes to our processes, packages, mate-
rials, facilities and manufacturing techniques. This system
includes technical reviews of proposed changes, qualification
plans including all considerations of MIL-M-38510, customer
specification, as well as ADI’s internal qualification require-
ments. Included in this program is a system to notify customers
of the proposed changes in a timely fashion.

Reliability Definitions and Theory

Reliability The probability that a device or system will perform
a required function satisfactorily or without failure (within speci-
fication limits) under stated conditions for a stated period of
time. Reliability is described as a mathematical expression of
probability.

Hazard Rate The instantaneous rate of failure for units of the
population that have survived to a given time.

Failure Usually involves the degradation in performance to
specified parameters which are typically electrically measurable.

Semiconductor failure patterns follow that of long-life devices
and are typically described by the so-called “Bathtub Curve,”
named for its shape, as shown in Figure 1. There are three dis-
tinct regions on this curve: Early Life, Constant Failure Rate
Life, and Wear-Out.

EARLY LIFE WEAR-OUT
FAILURE
RATE "CONSTANT" FAILURE RATE LIFE
Ay
~
TIME - t

Figure 1. Semiconductor Failure Rate “Bathtub Curve”

Early Life Sometimes called infant mortality, early or initial
failure time. This region may exhibit a high initial failure rate
compared to the remaining population, typically because of
defects from the manufacturing or assembly process. To a user
the failures can also exhibit themselves due to debugging or mis-
use. Refer to Table I. Early failure rate reduction programs are
in place throughout Analog Devices.

Table I. Early Life Failure Mechanisms (Infant Mortality)

Failure Mechanism Defect Stress Factors

Oxide ruptures Thin or defective System electrical

oxide (masking noise/transients.
and oxidation) System power
interruptions.

Inductive loading.

Open wire bonds  Assembly defects Ultrasonic expo-
sure during
printed circuit
board assembly.

Excessive burn-in

temperatures.
Lifted die bonds Assembly defects Excessive burn-in
temperatures.
Fused die System electrical
metallization noise/transients.
System power
interruptions.
Inductive loading.
Shorts Inadequate spacing
between adjacent
traces.
Opens Inadequate trace

width (masking
and evaporation)

Corrosion of wire  Seal leaks Handling damage.
bonds and/or die (defective Excessive solder
metallization encapsulation); heat during printed

poor lead frame/plastic circuit board
adhesion at assembly. Ionic
interface contamination.

Constant Failure Rate Region Also called the intrinsic or acci-

dental failure time and is considered the useful life region of the
product. This region is a mixture of any of the remaining manu-
facturing defects which require longer times to fail as well as the
failures from the main distribution of the product.

Wear-out Region Alternately referred to as the degradation
period. The failure rate continuously increases with time. Under
typical use conditions, silicon semiconductor devices will never
approach this region relative to system life expectancies (see
Table II).
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Table II. Wearout Failure Mechanisms

Failure Mechanism Defect Observed Contributing Factors

Electromigration Voids, open

circuits, hillock

Grain boundary
diffusion. Grain

or metal size and distribution.
accumulation. Fiber texture.
Slow Trapping Electrical Structural defects
charge injection degradation related to the
oxidation process.
Metallic impurities.
Bond breaking
processes.
Charge Electrical Alkali ions—sodium,
Accumulation degradation potassium and

lithium in the oxide.
Other negative ions/
heavy metals.

mobile ions

Intermetallic Highly resistive Kirkendahl Voiding.
Growth in bonds. Open Diffusion of Al into
Al-Au wire circuit at bond. Au.

bonds Bond lift failures.

Wire and Wire Open/intermittent A fatigue mechanism.
Bond Failures circuits. Thermal mismatch.

Stress induced wire
creep. Intermetallics.
Wire Length not
optimized
Too taut—breakage
Too long —sag.

during thermal Short circuits.

cycling

Life Distributions

Time-to-failure data is analyzed in order to predict the future
reliability of the product. Four life distributions are typically
used in the analysis of silicon semiconductor reliability.

1. Normal Distribution Function— Describe the wear-out region
where there exists a monotonically increasing failure rate with
respect to time.

2. Lognormal Distribution Function—The natural logarithm of
the failure time is distributed normally. Extensive use of this
distribution occurs, as it can be used to fit many different
kinds of data.

3. Weibull Distribution Function—In this case the hazard rate
varies as a power of device age. The failure-rate curve does
not start at zero as is the case of the lognormal distribution.

4. Exponential Distribution Function— This distribution is used
when the failure rate is constant. Failures occur randomly
and are characteristic of the constant failure rate region of the
“Bathtub Curve.”
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Accelerated Life Stress Testing

It is possible to evaluate the early life reliability levels from
short-term burn-ins, customer system burn-ins, and early failure
rates in the field. It is not practical, however, to evaluate the
useful life or wear-out failure rates from these same sources.
The amount of time necessary to obtain statistically significant
data far exceeds the useful life of most systems. Obtaining data
about the life of a semiconductor beyond the infant stage
requires a higher than normal stress level to be applied to the
device. In practice, a sample of devices of sufficient quantity to
statistically represent the population is subjected to stress levels
from various types of environmental stimuli to evaluate these
failure levels and mechanisms. This type of testing is known as
accelerated stress testing.

The time and temperature dependences of most semiconductor
failure mechanisms over the life of a product have been studied
and quantified. The established relationship between time,
temperature, and particular failure mechanisms has been
demonstrated to be a log-normal function capable of being rep-
resented by the “Arrhenius” model that includes the effects of
temperature and activation energy of the failure mechanisms.

It is possible, by using the model, to characterize failure modes
from accelerated stress testing, and then to predict reliability
levels at normal, nonaccelerated conditions. -

As applied to accelerated life testing of semiconductors, the
Arrhenius model assumes that the degradation of a performance
parameter is linear with respect to time, with the mean time
between failures (MTBF) as a function of the temperature
stress. The temperature dependence is taken to be the exponen-
tial function that defines the probability of occurrence, resulting
in the following formula for defining the lifetime or MTBF at a
given temperature stress level:

t, = t, exp[E/k(1/T, — 1/T,)]
where:
t, = MTBF at junction temperature T,
t, = MFBF at junction temperature T,
Tx = junction temperature in °K
E, = thermal activation energy in electron volts (eV)
k = Boltzman’s constant (8.617 x 1075 eV/°K

The activation energy in this formula is the mean E, for all of
the failure mechanisms of the particular product line for which
the calculation is being done. These activation energies are
established by the examination of failures from stress testing.
See Table III.



Table III. Time-Dependent Failure Mechanisms in Silicon Semiconductor Devices’

Device Failure Relevant Acceleration  Acceleration
Association Mechanism Factors Factors (E, eV = Apparent Activation Energy)
Silicon Oxide Surface Charge Mobile ions T E,=10-15eV
and Accumulation VvV, T depends on ion density
Silicon-Silicon
Oxide Interface Dielectric Breakdown EF, T EF, T E.=02-10eV,EF,(T)=1- 44
Charge Injection EF, T, Q; EF, T E, = 1.3 eV (slow trapping)
E, = —1 eV (hot electron ejection)
Metallization Electromigration T, J, A, Gradients of T, ] E,=05-12eV
T and J, Grain Size I, (T) =1-4
Corrosion Contamination H,V, T Strong H effect
(chemical, galvanic, H,V, T E, = 0.3 — 1.1 eV (for electrolysis)
electrolytic) V may have thresholds
Contact Degradation T, Metals, Impurities  Varied
Bonds and Other Intermetallic Growth T, Impurities, T Al — Aw: E, = 1.0 — 1.05 eV
Mechanical Interfaces Bond Strength
Fatigue Bond Strength, Temperature
Temperature Cycling extremes in
cycling
Hermeticity Seal Leaks Pressure Differential, Pressure
Atmosphere
NOTE

V-voltage, T-temperature; EF-electric field; J-current density; A-area; H-humidity; Q;-charge
ID. S. Peck, “Practical Applications of Accelerated Testing—Introduction,” Reliability Physics, 13th Annual Proceedings, 1975, pp. 253—254.

Reliability Testing
Standards Conformance. Test methods to confirm the reliabil-
ity of Analog Devices product are detailed below, and are deter-
mined primarily through conformance to the various industry
standards. These include MIL-STD, JEDEC, IEC, JIS, and
EIA]J.
1. MIL-STD — U.S. Military Standards:
MIL-STD-750 Test Methods for Semiconductor Devices
MIL-STD-202 Test Methods for Electronics and Electrical
Component
MIL-STD-883 Test Methods and Procedures for Microelec-
tronics

2. JEDEC

3. JIS - Japanese Industrial Standards:
JIS-C-7022 Environmental Testing Methods and Endurance
Testing Methods for Semiconductor Integrated Circuits.

4. IEC Standard:
Publication 68 Basic Environmental Testing Procedures.

5. EIAJ Standard:
IC-121 Test Methods for Reliability of Integrated Circuits.

Methods

High Temperature Operating Life Test (HTOL). The operat-
ing life test demonstrates the quality or reliability of devices
subjected to the specified conditions over an extended time
period. HTOL stressing applies a static DC bias at an elevated
ambient temperature. This bias is maintained throughout the
duration of the test as well as during cool-down from elevated
temperature after stress. HTOL testing is particularly useful
because it provides a means of accelerated time-to-failure of tem-
perature sensitive failure mechanisms.

High Temperature Storage Life Test (HTSL). High tempera-
ture storage life testing is performed in order to demonstrate the
quality or reliability of devices subjected to elevated temperature
storage conditions without electrical bias.

Thermal Shock (TMSK). Thermal shock testing demonstrates
the quality or reliability of devices exposed to extreme changes
in temperature, especially to alternating extremes. The change
in temperature is quite rapid as the heat transfer is by conduc-
tion and the transfer time from one temperature extreme to
another in minimal (<10 sec.). Thermal shock testing induces
mechanical stresses caused by thermal expansion and contrac-
tion. These stresses can be extreme, especially in plastic molded
devices where large differences in the thermal coefficients of
expansion between the die, leadframe and plastic material can
exist. This is especially critical for large dies where the stress
can be too severe and will induce failures that would not be
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expected in a real application. As a result of the permanent
changes in electrical and mechanical characteristics and/or physi-
cal damage that may result from thermal shock, any tests in
which the duration is greater than ten cycles shall be considered
destructive.

Temperature Cycle (TMCL). Temperature cycle testing is
performed to demonstrate the quality or reliability of devices
exposed to the extremes of high and low temperatures, and
especially to alternating extremes. TMCL testing more closely
relates to actual use conditions as the temperature change of the
device is due to convection and, therefore, is at a slower rate
than thermal shock. This slower rate of change will more closely
simulate such use conditions as the transfer to or from heated
storage in cold climates, or where ambient temperature is
relatively mild but heats up greatly as the system is operating.
This is a very good test to measure the overall die-to-package
compatibility.

Temperature and Humidity Life (THB). Temperature and
humidity life testing demonstrates the quality or reliability of
devices exposed to the combination of high temperature and
high humidity, with an applied voltage bias. Maximum bias
voltage levels are desired as this bias accelerates any electrolysis
of the device metalization as well as increasing ion mobility. At
the same time, device power dissipation is desired to be mini-
mized as any localized heating at die level will tend to lower the
humidity level at the die surface and lessen the electrolysis
potential. In certain cases, power cycling must be used in order
to permit moisture accumulation on die surface during the
“power-off” periods.

Autoclave/Pressure Pot (PTH). Autoclave testing evaluates the
quality and reliability of devices exposed to a saturated humidity
and high temperature environment under pressure. This test is
performed without bias, and therefore, once equilibrium is
reached, the die temperature and relative humidity will be the
same as the external environment. PTH conditions, although
not typical of actual operating environments, are very effective
at evaluating the moisture resistance of a device/package combi-
nation in a relatively short period of time.

Biased Pressure Pot (HAST). Biased pressure pot testing eval-
uates the quality and reliability of devices under bias subjected
to a humid, high temperature environment under pressure. This
test can be considered an acceleration of the THB test due to
the elevated temperature and steam environment which is under
pressure. Biasing guidelines are the same as for THB testing,
with an additional consideration: because of the elevated temper-
ature, certain high power devices will dissipate sufficient power
to elevate the die temperature above the glassivation temperature
of the plastic molding compound. This could occur even though
power cycling techniques are employed. This condition is not
desired as abnormal conditions not related to real operating con-
ditions could exist, resulting in anomalous failure mechanisms.

Resistance to Solder Heat (RTSH). Resistance to solder heat .
evaluates the ability of a product/package to withstand the
worst-case heat cycles that could be encountered during normal
printed circuit board assembly.
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QUALITY ASSURANCE

Vendor Assurance Programs

Analog maintains an active program with its vendors to ensure
that the highest standards of quality are met. The program
focuses on many key areas including vendor qualification and
certifications, periodic vendor audits, rigorous incoming inspec-
tion of fit, form, and function, as well as tracking the vendor
performance over time.

Analog Devices has established minimum standards of perfor-
mance for our vendors, who are audited for compliance to mini-
mum standards. We then rate each vendor on the quality and
delivery of incoming material. It is through this program that
we can assess and then purchase material based upon cost-of-
ownership. This contrasts to buying strictly on purchase price,
as the purchase price alone does not completely reflect the total
cost. Another benefit of our vendor quality program is that we
have the necessary information to work in partnership with our
vendors to continuously evaluate and improve the quality of
incoming product.

Incoming Quality Assurance (IQA)

Analog Devices’ IQA organization performs detailed inspections
of vendor quality performance. Conformance to specification is
directly measured to ensure compliance with the specified
requirements. When a failure to meet the requirements is dis-
covered, a corrective action from the vendor is required. Exten-
sive follow-up is done to ensure future and continued
compliance.

Vendor Audits

Analog Devices performs periodic audits of all of its
manufacturing-related vendors. ADI performs these audits to
assess compliance to MIL-Q-9858 and MIL-1-45208. Corrective
action requests are issued with deadlines for compliance appro-
priate to the noncompliance. These audits are also used to dis-
cuss both open and closed quality, reliability, and service issues.
Through this extensive interaction, ADI has been able to contin-
uously improve the quality and reliability of incoming materials.

QUALITY CONTROL SYSTEMS

Corrective Action

An active, internal, closed loop-corrective action system has
been utilized for many years both to communicate deficiencies
as well as to provide traceability of corrective actions. This sys-
tem has been a key element of process audits and customer
return issues. The program has been very effective in correcting
deficiencies in a timely manner.

Traceability and Recerd Retention

Traceability after shipment is maintained through actual mark-
ing of devices with lot identifiers. This information will provide
traceability through assembly and wafer fabrication for all
devices. This traceability allows for very good control of prod-
ucts as well as for direct correlation of products to time of pro-
cess, machines, processes, and other pertinent related items.



Control of Nonconforming Material

Whenever nonconforming material is found, it is put under con-
trol for disposition. This holding of material is done at all stages
in the process from incoming inspection through all inventory
locations. Response to hold requests, whenever necessary, is
quick and complete.

Process Audits — Fab, Assembly, and Test

In addition to auditing our venders, ADI has an ongoing inter-
nal process auditing group. This group audits all of Analog’s
manufacturing areas to ensure compliance to specification. In
addition, selected service areas are audited where appropriate.
Dedicated process auditors perform verifications in wafer fabri-
cation, assembly and test. All types of critiques are used to
review compliance, and the results are reviewed with appropri-
ate supervisors and managers. The criticality of all deficient
items is assessed and appropriate action is taken. Periodic
reports are also issued to all levels of management.

Quality Conformance Inspections (QCI)

In-process QCI is employed throughout the manufacturing pro-
cess to verify compliance to specification. All QCI is performed
to specification and results are tracked and reported as appropri-
ate. The QCI inspections include both very traditional and inno-
vative methods to measure and to control product conformance.
These inspections provide very valuable information about the
processes they measure. Analog Devices uses these inspections
and the results obtained to enhance, where appropriate, our sta-
tistical process control program.

Average Outgoing Quality (AOQL)

At the end of manufacturing processing, just prior to moving
product into finished goods inventory, product is sampled for
electrical, visual/mechanical and hermeticity to determine com-
pliance to the requirements. The sampling and results include
all products released to production and, therefore, include all
new products and packages. These performance levels are
tracked in very precise detail. Results of this inspection deter-
mine ADI’s reported AOQ.

Added to this very extensive sampling program are quality
improvement teams to address the findings. These teams meet
on an ongoing basis to review the results, to determine root
causes and to correct the processes as appropriate.

CUSTOMER SERVICE

Regional Customer Service Centers

Responsiveness to customer problems is a key factor in main-
taining a leadership position in today’s semiconductor market-
place. In order to improve support to Analog Devices’ customers,
five Regional Customer Service Centers have been established
worldwide. These locations are strategically located within direct
reach of our customers without having time zone logistics issues.
Two centers are established in Asia (Japan/Taiwan), two are in
the USA (Boston, MA/Santa Clara, CA), and one is in Europe
(Ireland). These centers will provide Engineering Support to
customers in the areas of failure analysis, problem resolution
and reliability information.

The goals established for the Regional Customer Service Centers
include the following:

® Assume regional failure analysis responsibility for all ADI
monolithic products.

® Provide rapid response to customer perceived problems
through correlation, failure analysis results and failure analysis.

©® Minimize the impact of a field performance problem by
immediate, on-site interaction with the customer.

® Provide to ADI a “voice of the customer” for field perfor-
mance information.

® Improve customer satisfaction and become a competitive tool
for ADI.

® Maintain the technical expertise required to meet customer
and factory needs.

® Provide a single point of contact for all quality and failure
analysis issues.

Customer Returns

The customer returns processing area, as well as evaluations of
returned material, is administered by the Quality Assurance
Engineering organization. QA Engineering receives the returned
material, and also controls it until disposition. All customer
returns are reviewed, verified, and/or failure analyzed as appro-
priate. Formal reports of findings are issued and appropriate
actions are taken.

Periodic reports are issued to all levels of management and engi-
neering. The reports provide details of any returned material as
well as trend information to highlight appropriate areas for
action.

The extensive evaluations of customer returns have, over time,
been one of the more valuable feedbacks from the customer to
ADP’s internal systems. By directly working with both ADI’s
engineering and the customer, Analog has been able to supply
its customers with the highest level of quality. Consistent pro-
cessing and delivery of quality product that meets the custom-
er’s expectations are direct results of close working relationships.

Failure Analysis

Analog maintains a full service analytical laboratory staffed with
professional engineers and technicians who analyze failures. The
purpose of the laboratory is to provide, through detailed analy-
sis, timely and effective feedback to customers on the quality
and reliability of Analog’s product. The analysis will involve the
identification of the failure modes and mechanisms and probable
failure causes. A complete written report is then supplied to the
customer describing in detail the exact steps taken during the
analysis and any conclusions drawn from the analysis. Where
necessary, corrective actions are initiated based on the results
and conclusions of the analysis. Thus, the results of analysis
performed are fed back into the manufacturing process to con-
tinually improve the quality and reliability of Analog’s product.

A flow of how Analog handles customer failure analysis is shown
in Figure 2. Figure 3 shows a failure analysis approach diagram
and Figure 4 shows a generalized failure analysis flow diagram.
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A flow of how Analog handles customer failure analysis is shown
in Figure 2. Figure 3 shows a failure analysis approach diagram
and Figure 4 shows a generalized failure analysis flow diagram.
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Table IV. Failure Modes

Failure Mode Definition

Effect on Device or IC

1. Internal Short
Junction.

2. Internal Open

3. Parametric Variation

4. Junction Leakage
5. Threshold Shift
6. Seal Integrity

Shift in Turn-on Voltage.

Short Circuit between Metallized Leads or Across

Open Circuit in the Metallization or Wire Bond
Variation in Gain or Other Electrical Parameter

Leakage Current Across P-N Junctions.

Ingress of Ambient Air, Moisture and/or Contaminants.

Short Circuit or Circuit Malfunction.

Open Circuit

Marginal Performance, Temperature Sensitivity,
or No Effect

Effects Range from None to Malfunctions.
Random Logic Malfunction

Effects Range from Degradation to Complete
Malfunction.

Following are definitions used in ADI failure analysis:

Failure mode — the characteristic of a device for which the
device has been characterized a failure, i.e., deviation from a
specification or desired performance. A summary of failure
modes is given in Table IV.

Failure mechanism — a physical process which leads to failure.
The “physics of failure.”

Ionic contamination — ionic species in the passivation layers can
cause permanent or temporary threshold voltage shifts of the
silicon surface below. This may cause leakage (channeling)
between device elements resulting in nonfunctionality.

Electromigration — at high current densities atoms of the con-
ductor material are swept along due to the momentum of the
electron “wind.” This creates a depletion of conductor material
upwind and an accumulation downwind. Electromigration can
cause open circuits or short circuits between closely spaced con-
ductor lines.

Intermetallics — in the microdimensions of integrated circuits,
the interactions between dissimilar metals cannot be ignored.
These intermetallics can have radically different physical, chemi-
cal and electrical properties from those of the individual ele-
ments or compounds.

Radiation — the ionizing effects of radiation can generate
electron-hole pairs. Recombination of these electron-hole pairs
can result in latch-up, shorting paths, pin junction breakdown
and excessive leakage. Robustness to these radiation effects is
particularly important for semiconductors intended for space or
military applications.

Mechanical — thermal cycling or power cycling can lead to
device failure due to the differences in the coefficients of ther-
mal expansion of the materials used in semiconductor manufac-
ture. Coefficients of thermal expansion can range from 2 to over
40 ppm/°C. Fatigue of bond wires can occur during ultrasonic
cleaning due to a high cycle fatigue mechanism. This happens in
hermetic packages that are ultrasonically cleaned in a tank
whose resonant frequency matches those of the bond wires.

Electrostatic discharge (ESD) and electrical overstress (EOS) —
these are probably two of the most frequently identified failure
mechanisms. ESD, created by the exchange of charge between
two dissimilar materials, can cause pin junction damage as well
as rupture of dielectrics. Although it generally has a short pulse
width, the voltage and current transients generated can be
extremely large. EOS is characterized by excessive voltages or
currents that tend to be sustained for a much longer period than
ESD pulses. It will cause conductor or wire bond burn-out as
well as pin junction damage.

Corrosion — package environment, package moisture content,
glassivation/passivation integrity, presence of ionic species and
electrical bias conditions can all contribute to corrosion. Corro-
sion occurs when two or more electrodes are present in an elec-
trolyte (typically moisture) along with some ionic species
(contamination).

Figure 5 shows a summary of identified failure mechanisms
from 1983 to 1990.

UNKNOWN
3% USER'S
RESPONSIBILITY
(ESD, EOS)
45%
MANUFACTURER'S

RESPONSIBILITY
34%

Figure 5. Identified Failure Mechanisms (1983—1990)
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deg
typ
0.01

AG
%
typ
0.01

Settling
Time
ns to %

65-0.01

100-0.1
75-0.1
250-0.1
12-1
110-0.01
100-0.01
100-0.01
110-0.01
120-0.1
120-0.1

100-0.1
80-0.1
135-0.01
100-0.1
350-0.01

BW at

Ag Min Ag

—_A e N W bt et et e BN e

w

Vos
mV
max

0.15
3.5

0.075

0.75

0.25

Voltage
Noise
nV/\VHz
@ 10 kHz

2
2
5.5
5.5
6

2

4
9
13
15
15
2

5

3
19
8
18

Supply
Range
+Volts

451018

4.510 18
41015
41015
451010
51018
510 18
51018
51018
451018
451018
451018
451018
451018
451018
5t018
4.75 10 18

Supply

Current Spice

mA
typ
16.5

Model
Avail.

X

X KM

R oo Ro]

Page
2-41

2-101
2-225
2-267
2-153
2-121
2-65
2-81
2-73
2-133
2-45
2-53
2-145
2-145
2-89
2-211
2-113

Comments

Best Video Specifications Flatness = 0.1 dB
to 35 MHz

Constant 10 ns Rise Time for Any Pulse
Disable Mode for Low Power Applications
Dual OP160; Only Dual Transimpedance
Improved Replacement for Industry Standard
Highest DC Precision High Speed Amplifier
Fast Settling Time; Gain > 10

High Current Output; Gain > 2

Fast Settling Time and Unity Gain Stable
General Purpose, Low Power, Unity Gain
Dual AD847

Low Noise and High Speed

General Purpose, Low Power, Gain > 5
General Purpose, Low Power Preamplifier
High Performance, Replaces LH0032

Stable for Gains > 5

General Purpose. Unity Gain Stable
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Audio Amplifiers

Single Op Amps

Voltage Noise SR GBW  Supply

@ 1 kHz V/ips MHz  Current
Model nV/VHz typ typ typ mA max Vg Volts min Page Comments
ADS829 2 300 750 6.8 +10, Ry = 500 Q 2-53  Ideal High Gain, Low Noise Input Device
AD846 2 450 80 6.5 +10, Ry = 500 O 2-121  Current Feedback
ADg44 2 2000 60 7.5 +10, Ry = 500 Q 2-101  Low Noise, Highest Slew Rate
or27 3 2.8 8 4.67 +10, Ry = 600 Q 2-169  Low Cost, Precision
OP37 3 17 63 4.67 +10, R = 600 O 2-181 Ay = 5, Low Cost
OP61 34 40 200 8 *11, Ry = 500 Q 2-193 Ay = 10
SSM2134 35 13 10 6.5 +12, Ry = 600 Q 2-325 Improved 5532
OP160 5.5 1300 90 8 +11, Ry = 500 O 2-225  Current Feedback
OP64 8 170 80 8 +10, Ry = 200 O 2-211  Aycp = 5, High Output Current
SSM2131 13 50 10 6.5 +11.5, R, = 1000 O 2-315  Ultralow Distortion
AD711 18 20 4 2.8 +13/-12.5, R = 2000 Q 2-5 Precision BiFET
ADS843 19 250 34 13 +10, R = 500 Q 2-89  Low Bias Current, Fast Settling
AD845 25 100 16 12 +12.5, Ry = 500 Q 2-113  Low Bias Current, Faster Settling
Dual Op Amps

Voltage Noise SR GBW  Supply Vour

@ 1 kHz V/ius MHz  Current Volts
Model nV/VHz typ typ typ mA/Amp max  min Page Comments
SSM2139 3.6 11 30 3.25 +12, Ry = 2000 Q 2-331  AycL =3
OP275 5 20 8 2 +13, R = 600 Q 2-297  Ultralow Distortion
OP260 6 1000 90 5.25 +12, R = 1000 Q 2-267  Current Feedback
OP271 7.6 8.5 5 3.25 +12, Ry = 2000 Q 2-287  Precision
OP249 17 22 4.7 3.5 +12, Ry, = 2000 Q 2-249  Low Power, Low Distortion
AD712 18 20 4 2.8 +13 —12.5, R =2000 Q@ 2-17  Low Cost, Dual AD711
Quad Op Amps

Voltage Noise SR GBW  Supply Vour
@ 1 kHz V/ps MHz  Current Volts

Model nV/VHz typ typ typ mA/Amp max min Page Comments
OP471 6.5 8 6.5 2.75 +12, Ry = 2000 Q 2-299  Precision
AD713 18 20 4 3 +13/-12.5, R =2000Q 229 Quad AD711
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ANALOG
DEVICES

Precision, Low Cost,
High Speed BiFET Op Amp

AD711

FEATURES
Enh d Repl t for LF411 and TLO081
AC PERFORMANCE:
Settles to +0.01% in 1ps
16V/ps min Slew Rate (AD711J)
3MHz min Unity Gain Bandwidth (AD711J)
DC PERFORMANCE:
0.25mV max Offset Voltage: (AD711C)
3uV/°C max Drift: (AD711C)
200V/mV min Open-Loop Gain (AD711K)
4pV p-p max Noise, 0.1Hz to 10Hz (AD711C)
Available in Plastic Mini-DIP, Plastic SO, Hermetic
Cerdip, and Hermetic Metal Can Packages
MIL-STD-883B Parts Available
Available in Tape and Reel in Accordance with
EIA-481A Standard
Surface Mount (SOIC)
Dual Version: AD712
Quad Version: AD713

PRODUCT DESCRIPTION

The AD711 is a high speed, precision monolithic operational
amplifier offering high performance at very modest prices. Its
very low offset voltage and offset voltage drift are the results of
advanced laser wafer trimming technology. These performance
benefits allow the user to easily upgrade existing designs that
use older precision BiFETs and, in many cases, bipolar op
amps.

The superior ac and dc performance of this op amp makes it
suitable for active filter applications. With a slew rate of 16V/ps
and a settling time of 1ps to +0.01%, the AD711 is ideal as a
buffer for 12-bit D/A and A/D Converters and as a high-speed
integrator. The settling time is unmatched by any similar IC
amplifier.

The combination of excellent noise performance and low input
current also make the AD711 useful for photo diode preamps.
Common-mode rejection of 88dB and open loop gain of 400V/mV
ensure 12-bit performance even in high-speed unity gain buffer
circuits.

The AD711 is pinned out in a standard op amp configuration
and is available in seven performance grades. The AD711J and
AD711K are rated over the commercial temperature range of 0
to +70°C. The AD711A, AD711B and AD711C are rated over
the industrial temperature range of —40°C to +85°C. The
AD711S and AD711T are rated over the military temperature
range of —55°C to + 125°C and are available processed to MIL-
STD-883B, Rev. C.

REV. A

CONNECTION DIAGRAMS

Plastic Mini-DIP (N) Package
Plastic Small Outline (R)

and
Cerdip (Q) Package

TO-99
(H) Package

OFFSET NULL NC
OFFSET NULL ° V+ n n
INVERTING 5] v
INPUT l
INVERTING OuTPUT NINVERTING
INPUT NONINVERTING [ | [ 6] ourpur
NONINVERTING (3) (5) oFFseT NULL v-[4] [5 ] oreser nu
INPUT ®
v-
NOTE: PIN 4 CONNECTED TO CASE
NC = NO CONNECT & e o
(@ -15v
Vos TRIM

Extended reliability PLUS screening is available, specified over
the commercial and industrial temperature ranges. PLUS screening
includes 168-hour burn-in, as well as other environmental and
physical tests.

The AD711 is available in an 8-pin plastic mini-DIP, small
outline, cerdip, TO-99 metal can or in chip form.

PRODUCT HIGHLIGHTS

1. The AD711 offers excellent overall performance at very
competitive prices.

2. Analog Devices’ advanced processing technology and with
100% testing guarantees a low input offset voltage (0.25mV
max, C grade, 2mV max, ] grade). Input offset voltage is
specified in the warmed-up condition. Analog Devices’ laser
wafer drift trimming process reduces input offset voltage
drifts to 3uV/°C max on the AD711C.

3. Along with precision dc performance, the AD711 offers
excellent dynamic response. It settles to +0.01% in lps and
has a 100% tested minimum slew rate of 16V/us. Thus this
device is ideal for applications such as DAC and ADC buffers
which require a combination of superior ac and dc
performance.

4. The AD711 has a guaranteed and tested maximum voltage
noise of 4V p-p, 0.1 to 10Hz (AD711C).

5. Analog Devices’ well-matched, ion-implanted JFET's ensure
a guaranteed input bias current (at either input) of 25pA max
(AD711C) and an input offset current of 10pA max (AD711C).
Both input bias current and input offset current are guaranteed
in the warmed-up condition.

OPERATIONAL AMPLIFIERS 2-5




ADTI I - SPEC|FI CATIONS (@ +25°C and Vg = 15V dc, unless otherwise noted)

Model AD711J/A/S AD711K/B/T AD711C
Min Typ Max Min Typ Max Min Typ Max Units
INPUT OFFSET VOLTAGE'

Initial Offset 0.3 211 0.2 0.5 0.1 0.25 mV
Tomin 10 Timax 3/2/2 1.0 0.45 mV
vs. Temp. 7 20/20/20 10 2 3 uvrC
vs. Supply 76 -95 80 100 86 110 dB
vs. Supply, Tmin 10 Trax 76/76/76 80 86 dB

Long Term Offset Stability 15 15 15 wV/month

INPUT BIAS CURRENT?

Either Input, Vey =0 15 50 15 50 15 25 PA

Either Input at Ty, 1.1/3.2/51 1.1/3.2/51 1.6 nA
Vem =0(70°C/85°C/125°C)

Either Input, Vey = + 10V 20 100 20 100 20 50 PA

Offset Current, Vem = 0 10 25 S 25 S 10 PA

Offset Current at Tpax
(70°C/85°C/125°C) 0.57/1.6/26 0.57/1.6/26 0.65 nA

FREQUENCY RESPONSE

Unity Gain, Small Signal 3.0 4 3.4 4 34 4 MHz

Full Power Response 200 200 200 kHz

Slew Rate, Unity Gain 16 20 18 20 18 20 Vips

Settling Time t00.01%3 1 1.2 1 1.2 1 1.2 us

Total Harmonic Distortion
f=1kHz

Rp.=2kQ, Vo =3VRMS 0.0003 0.0003 0.0003 %

INPUT IMPEDANCE
Differential 3x102)5.5 3%x10%2))5.5 3x10'2|[5.5 Q| pF
Common-Mode 3x10'2||5.5 3x10'2||5.5 3x10'2||5.5 Q| pF
INPUT VOLTAGE RANGE

Differential* =20 =20 =20 v

Common-Mode Voltage +14.5, -11.5 +14.5, - 11.5 +14.5, - 11.5
Over Max Operating Range’ —Vs+4V +Vs=2V | —Vs+4V +Vs—2V | —Vs+4V +Vs—2v | Vv

Common-Mode Rejection Ratio
Vem= =10V 76 88 80 88 86 94 dB

Tonin t0 Trnax 76/76/76 84 80 84 86 90 dB

Vem= =11V 70 84 76 84 76 90 dB

Tmint0 T max 70/70/70 80 74 80 74 84 dB
INPUT VOLTAGE NOISE

Voltage 0.1Hz to 10Hz 2 2 2 4.0 wVp-p
f=10Hz 45 45 45 nV/VHz
f=100Hz 2 22 22 nV/VHz
f=1kHz 18 18 18 nViVHz
f=10kHz 16 16 16 nV/VHz

INPUT CURRENT NOISE
f=1kHz 0.01 0.01 0.01 pA/VHz
OPEN LOOP GAIN®

Vo= =10V,R =>2kQ 150 400 200 400 200 400 VimV

Vo= +10V,Rp =2k},

Tomint0 Tmax 100/100/100 100 100 VimV
OUTPUT CHARACTERISTICS

Voltage @ Ry =2k} +13,-12.5 +13.9,-13.3 +13,-12.5 +13.9,~13.3 +13, -12.5 +13.9,-13.3 v

Voltage @ Ry =2kQ2,

Tenin t0 Tmax *12/=12/£12 +13.8,-13.1 *12 +13.8,-13.1 *12 +13.8,-13.1 \%

Short-Circuit Current 25 25 25 mA

POWER SUPPLY

Rated Performance =15 =15 =15 v

Operating Range +4.5 +18 +4.5 +18 +4.5 +18 Y

Quiescent Current 2.5 34 2.5 3.0 25 2.8 mA

TEMPERATURE RANGE

Operating, Rated Performance
Commercial (0o +70°C) AD711] AD711K
Industrial (~40°C to +85°C) AD711A AD711B AD711C
Military (- 55°Cto +125°C) AD7118 AD711T

PACKAGE OPTIONS’

Plastic (N-8) AD711JN AD711KN

SOIC(R-8) AD711JR AD711KR

Cerdip(Q-8) AD711AQ,AD7118Q AD711BQ,AD711TQ AD711CQ

TO-99 (H-08A) AD711AH, AD711SH AD711BH,AD711TH AD711CH

Tape and Reel AD711JR-REEL AD711KR-REEL

J, Kand S Chips Available

TRANSISTOR COUNT 30 30 30
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AD711

NOTES
'Input offset voltage specifications are gimranteed after S minutes of operation at Tp= +25°C.
2Bias current specifications are guaranteed maximum at either input after 5 minutes of operation at To= +25°C.
For higher temperature, the current doubles every 10°C.
3Refer to Figure 29. )
“Defined as voltage between inputs, such that neither exceeds + 10V from ground.
STypically exceeding — 14.1V negative common-mode voltage on either input results in an output phase reversal.
%Open-Loop Gain is specified with Vog both nulled and unnulled.
"H = Metal Can; N = Plastic DIP; Q = Cerdip; R = SOIC. For outline information see Package Information section.
Specifications subject to change without notice.

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

ABSOLUTE MAXIMUM RATINGS!

Supply Voltage . . . . ... .............. + 18V NOTES

Internal Power Dissipationz ,,,,,,,,,,,,,, 500mW 'Stresses above those listed under “Absolute Maximum Ratings” may cause
Input Voltage3 .................... + 18V permanent damage to the device. This is a stress rating only and functional
Output Short Circuit Durati Indefini operation of the device at these or any other conditions above those

. P! y ort Lircuit Duration .. .« . .w e ndelinite indicated in the operational section of this specification is not implied.

Differential Input Voltage . . . . . ... ... +Vsand - Vg Exposure to absolute maximum rating conditions for extended periods may
Storage Temperature Range Q. H . . . . . —65°C to +150°C affect device reliability.

Storage Temperature Range N . . . . . . . —65°C to +125°C “Thermal Characteristics

8-Pin Plastic Package: 0)c = 33°C/W, 6;4 = 100°C/W

Operating Temperature Range 8-Pin Cerdip Package: 65 = 22°C/W, 85 = 110°C/W

AD711J/K . . ..o 0to +70°C 8-Pin Metal Can Package: 6 = 65°C/W, 8,5 = 150°C/W
AD711A/B/C . . . . . . ... .. ... —40°C 1o +85°C 3For supply voltages less than = 18V, the absolute maximum input voltage is
AD711S/T . . ... ... .. ... —55°C to +125°C equal to the supply voltage.

Lead Temperature Range (Soldering 60 seconds) . . . . 300°C

METALLIZATION PHOTOGRAPH

Dimensions shown in inches and (mm).
Contact factory for latest dimensions.

OFFSET
NULL

0.067
(1.7018)

0.065 V- CONNECTED TO CASE
(1.651) PIN 8 = NO CONNECT
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AD711—Typical Characteristics
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AMBIENT TEMPERATURE - °C

Figure 8. Short Circuit Current
Limit vs. Temperature

TEMPERATURE - °C

Figure 9. Unity Gain Bandwidth
vs. Temperature
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ADT11

ouTPUT

2kQ

100pF

SLEW RATE - Viis
N
8

15
~60 -40 -20 0 20 40 60 80 100 120 140

TEMPERATURE - °C

Figure 19. Slew Rate vs. Temperature

Vour

R cL

2 $100pF

Figure 22a. Unity Gain Follower Figure 22b. Unity Gain Follower Figure 22c. Unity Gain Follower
Pulse Response (Large Signal) Pulse Response (Small Signal)

Vour

Ry C,
2k $1oopp

Figure 23a. Unity Gain Inverter Figure 23b. Unity Gain Inverter Figure 23c. Unity Gain Inverter
Pulse Response (Large Signal) Pulse Response (Small Signal)
REV. A
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ADT11

OPTIMIZING SETTLING TIME

Most bipolar high-speed D/A converters have curent outputs;
therefore, for most applications, an external op amp is required
for current-to-voltage conversion. The settling time of the con-
verter/op amp combination depends on the settling time of the
DAC and output amplifier. A good approximation is:

t; Total = V/(t, DAC)* + (1, AMPY
The settling time of an op amp DAC buffer will viry with the
noise gain of the circuit, the DAC output capacitance, and with

the amount of external compensation capacitance across the
DAC output scaling resistor.

Settling time for a bipolar DAC is typically 100 to 500ns. Previ-
ously, conventional op amps have required much longer settling
times than have typical state-of-the-art DACs; therefore, the
amplifier settling time has been the major limitation to a high-speed
voltage-output D-to-A function. The introduction of the AD711/
712 family of op amps with their 1ps (to £0.01% of final value)
settling time now permits the full high-speed capabilities of
most modern DACs to be realized.

In addition to a significant improvement in settling time, the
low offset voltage, low offset voltage drift, and high open-loop
gain of the AD711 family assures 12-bit accuracy over the full
operating temperature range.

The excellent high-speed performance of the AD711 is shown in
the oscilloscope photos of Figure 25. Measurements were taken
using a low input capacitance amplifier connected directly to the
summing junction of the AD711 - both photos show the worst
case situation: a full-scale input transition. The DAC’s 4k()
[10k(2||8k(} = 4.4k(}] output impedance together with a 10k}
feedback resistor produce an op amp noise gain of 3.25. The
current output from the DAC produces a 10V step at the op
amp output (0 to — 10V Figure 25a, — 10V to 0V Figure 25b.)

Therefore, with an ideal op amp, settling to =+ 1/2LSB (+0.01%)
requires that 375UV or less appears at the summing junction.
This means that the error between the input and output (that
voltage which appears at the AD711 summing junction) must be
less than 375uV. As shown in Figure 25, the total settling time
for the AD711/ADS65 combination is 1.2 microseconds.

0.5mA

BIPOLAR
_OFFSET ADJUST
R1
1009 BIPOLAR
\Z OFF
= B 20V
SPAN
1
<
AD565A < 5k
0953 | LA T
SPAN

Figure 24. =+ 10V Voltage Output Bipolar DAC

AD711
SUMMING
JUNCTION
ov
AD711
0 OuTPUT
-10v

a. (Full-Scale Negative Transition)

AD711

SUMMING
JUNCTION

ov

'AD711
OUTPUT

b. (Full-Scale Positive Transition)

' Figure 25. Settling Characteristics for AD711 with AD565A
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ADT11

OP AMP SETTLING TIME - A MATHEMATICAL
MODEL

The design of the AD711 gives careful attention to optimizing
individual circuit components; in addition, a careful tradeoff
was made: the gain bandwidth product (4MHz) and slew rate
(20V/ps) were chosen to be high enough to provide very fast
settling time but not too high to cause a significant reduction in
phase margin (and therefore stability). Thus designed, the AD711
settles to +0.01%, with a 10V output step, in under lps, while
retaining the ability to drive a 250pF load capacitance when
operating as a unity gain follower.

If an op amp is modeled as an ideal integrator with a unity gain
crossover frequency of wo/2w, Equation 1 will accurately describe
the small signal behavior of the circuit of Figure 26a, consisting
of an op amp connected as an I-to-V converter at the output of
a bipolar or CMOS DAC. This equation would completely
describe the output of the system if not for the op amp’s finite
slew rate and other nonlinear effects.

Equation 1.
Vo _ -R
Im MSZ+ _Gﬂ+chs+1
wo (“)0 f

W,y , . .

where 3. =Op amp’s unity gain frequency
g3

Gn = “noise” gain of circuit (1 + %—o)

This equation may then be solved for Cy:
Equation 2.

2 - Gy + 2VRCxw, + (1-Gy)
Raw, Ro,

Ce =

In these equations, capacitor Cy is the total capacitance appearing -

at the inverting terminal of the op amp. When modeling a DAC
buffer application, the Norton equivalent circuit of Figure 26a
can be used directly; capacitance Cx is the total capacitance of
the output of the DAC plus the input capacitance of the op amp
(since the two are in parallel).

3)+

VOUT
AD711 Y6 ) _Lo
2)— ¢ | Sr c

1,

Figure 26a. Simplified Model of the AD711 Used as a
Current-Out DAC Buffer
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When R and I are replaced with their Thevenin Vpy and Rin
equivalents, the general purpose inverting amplifier of Figure
26b is created. Note that when using this general model, capaci-
tance Cx is EITHER the input capacitance of the op amp if a
simple inverting op amp is being simulated OR it is the combined
capacitance of the DAC output and the op amp input if the
DAC buffer is being modeled.

3)+

VDU\'
ap711 Y6
2)- cr i: R TG
Rin R

Figure 26b. Simplified Model of the AD711 Used as an
Inverter

In either case, the capacitance Cx causes the system to go from
a one-pole to a two-pole response; this additional pole increases
settling time by introducing peaking or ringing in the op amp
output. Since the value of Cx can be estimated with reasonable
accuracy, Equation 2 can be used to choose a small capacitor,
Cp, to cancel the input pole and optimize amplifier response.
Figure 27 is a graphical solution of Equation 2 for the AD711
with R = 4kQ.

: ///

o o o
40 /

/ /
) /)

Cx

20

0 10 20 30 40 50 60
cr

Figure 27. Value of Capacitdr Cr vs. Value of Cx

The photos of Figures 28a and 28b show the dynamic response
of the AD711 in the settling test circuit of Figure 29.

The input of the settling time fixture is driven by a flat-top
pulse generator. The error signal output from the false summing
node of Al is clamped, amplified by A2 and then clamped
again. The error signal is thus clamped twice: once to prevent
overloading amplifier A2 and then a second time to avoid over-
loading the oscilloscope preamp. The Tektronix oscilloscope
preamp type 7A26 was carefully chosen because it does not
overload with these input levels. Amplifier A2 needs to be a
very high speed FET-input op amp; it provides a gain of 10,
amplifying the error signal output of Al.
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AD711

Figure 28a. Settling Characteristics 0 to + 10V Step
Upper Trace: Output of AD711 Under Test (5V/Div)
Lower Trace: Amplified Error Voltage (0.01%/Div)
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Figure 28b. Settling Characteristics 0 to — 10V Step
Upper Trace: Output of AD711 Under Test (5V/Div)
Lower Trace: Amplified Error Voltage (0.01%/Div)
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Figure 29. Settling Time Test Circuit

GUARDING

The low input bias current (15pA) and low noise characteristics
of the AD711 BiFET op amp make it suitable for electrometer
applications such as photo diode preamplifiers and picoampere
current-to-voltage converters. The use of a guarding technique
such as that shown in Figure 30, in printed circuit board layout
and construction is critical to minimize leakage currents. The
guard ring is connected to a low impedance potential at the
same level as the inputs. High impedance signal lines should not
be extended for any unnecessary length on the printed circuit
board.

Plastic DIP (N) Package
and
Cerdip (Q) Package
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Figure 30. Board Layout for Guarding Inputs
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D/A CONVERTER APPLICATIONS

The AD711 is an excellent output amplifier for CMOS DACs.
It can be used to perform both 2 quadrant and 4 quadrant operation.
The output impedance of a DAC using an inverted R-2R ladder
approaches R for codes containing many 1s, 3R for codes containing
a single 1, and for codes containing all zero, the output impedance
is infinite.

For example, the output resistance of the AD7545 will modulate
between 11k() and 33k(2. Therefore, with the DAC’s internal
feedback resistance of 11k(}, the noise gain will vary from 2 to
4/3. This changing noise gain modulates the effect of the input
offset voltage of the amplifier, resulting in nonlinear DAC-
amplifier performance.

The AD711K with guaranteed 5001V offset voltage minimizes
this effect to achieve 12-bit performance.

Figures 31 and 32 show the AD711 and AD7545 (12-bit CMOS
DAC) configured for unipolar binary (2-quadrant multiplication)
or bipolar (4-quadrant multiplication) operation. Capacitor Cl
provides phase compensation to reduce overshoot and ringing.
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Voo R2* NOISE CHARACTERISTICS

The random nature of noise, particularly in the 1/f region, makes
it difficult to'specify in practical terms. At the same time, designers
of precision instrumentation require certain guaranteed maximum
noise levels to realize thc full accuracy of their equipment.

Vin O (19) veer . AD7545

R1* The AD711C g