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General 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 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 (SO, LCC,
PLCC), and many of our assembled products employ surface-
mount technology to reduce manufacturing costs and overall
size. More than twenty years of successful applications experi-
ence and continuing vertical integration insure that these prod-
ucts 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 leadership position of Analog
Devices in standard data-acquisition and signal-processing prod-
ucts and make us a strong contender in high-performance
mixed-signal ASICs.

MAJOR PROGRESS

Since publication of our 1988 Data Conversion Products Data-
book, more than 40 significant new data conversion products
have been introduced; 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. They are all classified and sum-
marized in this Volume, along with existing products that are
desirable for use in new designs.

Major new data conversion products include hybrid and mono-
lithic products with high levels of performance and integration,
complete and fully guaranteed specifications, and attractive
price. For high-speed A/D conversion, these include: the
AD9005 (12 bit, 10 MSPS), AD9006 and AD9016 (6 bit,

500 MSPS) with direct and demultiplexed 1:2 output, AD9011
(8 bit, 100 MSPS), AD9028 (8 bit, 300 MSPS) also with direct
and demultiplexed 1:2 output, and the AD9048 (8 bit,

20 MSPS). High-speed D/A conversion is available with the
AD9712 and AD9713 DACs, providing 100 MSPS and

80 MSPS update rates, respectively.

A variety of speed, functionality, and resolution combinations
are available from the AD7769 dual 8-bit ADC and DAC I/O
port, the AD7237 and AD7247 dual 12-bit DAC (8+4- or 12-bit
parallel data loading), AD662 12-bit single-supply DAC, the
AD7840 14-bit DAC (serial or parallel data loading), the
AD7772 12-bit, 10 ps serial output ADC, and the AD7871 and
AD?7872 14-bit ADCs (serial only or serial/parallel data inter-
face). Higher performance is achieved with the AD1679 and
AD1779 14-bit, 100 KSPS ADCs with byte-wide and fully par-
allel interface, the AD1377 16-bit, 10 us ADC, the AD1362 16-
channel, 10 ps ADC, the AD1334 ADC with 4 channels of
simultaneous or independent sampling (well-suited for DSP
applications), and the AD1330 which provides A/D conversions
at 100 KSPS with 18-bit dynamic range and 12 bits of resolution
in a floating-point output format.

Digital audio needs are met with the optimized AD1856 (16 bit)
and AD1860 (18 bit) DACs, both of which minimize the need
for external components; video applications are served by the
ADV453, ADV471, ADV476, and ADV478 video DACs plus
internal RAM which provide a variety of color resolution, pixel
density, and color palette choices. Conversion support circuitry
includes the monolithic AD684 quadruple sample/hold amplifier
for simultaneous sampling, and the AD1154 and AD386 16-bit
sample or track/hold devices. Switching and routing of wide-
band signals is facilitated by the AD9300 4-channel video
multiplexer.

THE 1989/90 DATA CONVERSION PRODUCTS
DATABOOK

This Volume provides complete technical data on Analog
Devices “data conversion” products ~ designed to process, con-
dition and otherwise operate between analog signals and digital
signals. One of a set of three volumes, it is accompanied by

the DSP Products Databook, dedicated to products for high-
performance digital signal-processing (i.e., digital-to-digital), and
the Linear Products Databook, which covers products involved in
spanning the interface berween analog signals and analog results.

The product data in this book is intended primarily for the
majority of users who are concerned with new designs. For this
reason, those existing and available products that offer little if
any unique advantage over newer products in future designs are
included in the Index and their data sheets are available from us
separately — but they aren’t published in this book.

This book includes:

® Comprehensive data sheets on more than 193 significant
product families:

® Orientation material and selection guides for rapid product
finding;

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

® Worldwide Service Directory; and

® Product Index to all three volumes.

TECHNICAL SUPPORT

Our extensive technical literature discusses the technology and
applications of products for precision measurement and control.
Besides tutorial material and comprehensive data sheets, includ-
ing a large amount 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 newsletter
that brings its reader up-to-date applications information on our
DSP products and the general field of digital signal processing.
We maintain a mailing list of engineers, scientists, and techni-
cians 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
15-6 to 15-8 at the back of the book.
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SALES OFFICES

Backing up our design and manufacturing capabilities and our
extensive array of publications is a network of sales offices and
representatives throughout the United States and most of the
world. They are staffed by experienced sales and applications
engineers, and many of them maintain a local stock of Analog
Devices products. Our Worldwide Service Directory, as of the
publication date, appears on pages 15-9 and 15-10 at the back of
the book.

RELIABILITY

The manufacture of reliable products is a key objective at Ana-
log 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
for ICs in the U.S. and Ireland and MIL-STD-1772 for hybrids.
More than 25 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 spe-
cifically characterized on Standard Military Drawings (SMDs).
Most of our ICs are available in versions that comply with MIL-
STD-883C Class B. We publish a Military Products Databook for
designers who specify ICs and hybrids for military contracts (the
1987 issue contains data on nearly 150 available product famili-
ties). A newsletter, Analog Briefings, provides current informa-
tion 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, they are often suffixed “/+” and are available
from stock.
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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 products 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 15-4 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 15-5 you will find a guide to
substitutions (where possible) for products no longer available.

PRICES

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

VOLTAGE OUTPUT DACs
Settling
Time Bus Reference
Res ps Interface Voltage Package Temp
Model Bits typ Bits! Int/Ext (M)? Options® Range* Page Comments
AD557 8 0.8 8, pP Int N, P C 2-43  Lowest Cost 8-Bit DACPORT™, Single
+5 V Supply
AD7569 8 1 8, pP Int E;,N,P,Q C, I, M 3-237 CMOS, Complete 8-Bit DAC/ADC/SHA/Reference
AD558 8 3 8, uP Int D,ELN,P CM 2-47 10 V Out DACPORT. Single or Dual Supply
AD7224 8 7 8, pP 2-125V,Ext E,N,P,Q C, I, M 2-189 CMOS, Low Cost 8-Bit DAC
HDD-1206 12 2 12 Int M, W C, M 2-459 Deglitched Voltage Output
*AD662 12 3 12, pp 2.56 V, Int N, Q C, I, M 2-95 Complete 12-Bit DACPORT™. Single +5 V Supply
AD DAC80-V 12 3 12 6.3V, Int D C 2-411 Improved Industry Standard
AD DAC85-V 12 3 12 6.3V, Int D LM 2-411 Improved Industry Standard
AD DAC87-V 12 3 12 6.3V, Int D LM 2-411 Improved Industry Standard
ADG667 12 3 4/8/12, pP 10V, Int D,E,N,P C,I, M 2-123 Highest Accuracy Complete 12-Bit DAC
AD767 12 3 12, pP 10V, Int D, N C, I, M 2-135 Fastest Interface Complete 12-Bit DAC
*AD7848 12 4 12, pP 3V, Int E,N,P,Q C, I,M 2-371 CMOS, Complete 12-Bit DAC with
DSP Interface
AD7845 12 5 12, pP Ext (M) E,N,P,Q C, I, M 2-345 CMOS, 12-Bit Multiplying DAC with
Output Amplifier
AD7245 12 10 12, pP 5V, Int E,N,P,Q C, I, M 2-221 CMOS, 12-Bit Complete DAC, Parallel Load
AD7248 12 10 8, nP 5V, Int E,N,P,Q C I, M 2-221 CMOS, 12-Bit Complete DAC, Byte Load
*AD7840 14 4 14/Serial, puP 3V, Int E,N,P,Q C, ILM 2-329 CMOS, 14-Bit Complete DAC, Parallel
or Serial Load
*AD1856 16 1.5 Serial, pP Int N (o} 2-161 16-Bit PCM Audio DAC
AD569 16 3 8/16, pP +*5V, Ext(M) D,N LM 2-83  Monolithic, 16-Bit Monotonic DAC
AD DAC71-V 16 5 16 6.3V, Int D, H C 2-407 High Resolution 16-Bit DAC
AD DAC72-V 16 5 16 6.3V, Int D, H C I 2-407 High Resolution 16-Bit DAC
*AD7846 16 6 16, pP Ext (M) D,E,N,P C,I, M 2-357 CMOS, 16-Bit Multiplying DAC with
Readback Capability
AD1145 16 6 8/16/Serial, pP 3-6 V, Ext G,PLLCC* C 2-149
DAC1136 16 8 16 6V, Int Module I 2-453 High Resolution and Accuracy
AD1147 16 20 16, pP 10 V, Int D I 2-155 8-Bit Latched Input DAC
for Offset and Gain Adjust
AD1148 16 20 16, pP 10V, Int D I 2-155 Separate 8-Bit Bus for Offset
and Gain Adjust DACs
*AD1860 18 1.5 Serial, pP Int N (o} 2-171 18-Bit PCM Audio DAC
DAC1138 18 10 18 6V, Int Module C 2-453 High Resolution and Accuracy
AD1139 18 40 8, pP -10 V, Int D C 2-143  True 18-Bit Accuracy

DACPORT is a trademark of Analog Devices, Inc.
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CURRENT OUTPUT DACs

Settling
Time Bus Reference
Res ps Interface Volt Package Temp
Model Bits typ Bits! Int/Ext (M)>  Options? Range* Page  Comments
AD9768 8 0.005 8, pP -1.26 V, Int D, E C, M 2-403  Ultrahigh Speed, ECL Compatible, 20 mA QOutput Current
AD7524 8 0.1 8, uP Ext (M) E, N, P, Q C, I, M 2-235 CMOS, Low Cost, 8-Bit Multiplying DAC with Latch
ADS561 10 0.25 10 Int D, N C,M 2-55  Industry Standard 10-Bit DAC, JAN Part Available
AD7533 10 0.6 10 Ext (M) E, N, P, Q C, I, M 2-245 CMOS, Low Cost 10-Bit Multiplying DAC
ADS568 12 0.035 12 Int Q C,M 2-71  Highest Accuracy 12-Bit Ultrahigh Speed DAC
HDS-1250 12 0.035 12 Int D, M C,M 2-477  Ultrahigh Speed 12-Bit DAC
AD668 12 0.05 12 Ext (M) Q C,M 2-131 Multiplying 12-Bit Ultrahigh Speed DAC
HDM-1210 12 0.085 12 Int D LM 2-471  Ultrahigh Speed 12-Bit Multiplying DAC
AD565A 12 0.25 12 10 V, Int D CGL M 263 Industry Workhorse High Speed DAC.
o JAN Part Available
AD DAC80-I 12 0.3 12 6.3V, Int D C 2-411 Industry Standard, High Speed DAC
AD DACS85-1 12 0.3 12 6.3V, Int D LM 2-411 Improved Industry Standard
AD DAC87-1 12 0.3 12 6.3V, Int D LM 2-411 Improved Industry Standard
ADS566A 12 0.35 12 10 v, Ext D CM 2-63  High Speed DAC
AD7541A 12 0.6 12 Ext (M) E, N, P, Q C, I, M 2-275 CMOS, 12-Bit Multiplying DAC
AD7548 12 1 8, pP Ext (M) E, N, P, Q C, I, M 2-305 CMOS, Byte Load 12-Bit DAC, Specified with
Single and Dual Supplies
ADS562 12 1.5 12 Ext D C, I, M 2-59  Industry Standard, JAN Part Available
AD563 12 1.5 12 2.5V, Int D C, M 2-59  Industry Standard
AD7542 12 2.0 4, pP Ext (M) D,E, N, P C, I, M 2-281 CMOS, Nibble Load 12-Bit Multiplying DAC
AD7543 12 2.0 Serial, pP  Ext (M) D,E,N,P,Q C, L M 2-289 CMOS, Serial Load 12-Bit Multiplying DAC
AD7545 12 2.0 12, pP Ext (M) E,N, P, Q C, I, M 2-293 CMOS, Parallel Load 12-Bit Multiplying DAC
AD7545A 12 1.0 12, pP Ext (M) E,N,P, Q C, I, M 2-297 CMOS, Improved AD7545
AD7534 14 1.5 8, pP Ext (M) D, N, P C, I, M 2-251 CMOS, Byte Load
AD7535 14 1.5 8/14, pP Ext (M) D,E N, P C, I, M 2-255 CMOS, Parallel or Byte Load
AD7536 14 1.5 8/14, pP Ext (M) D,E, N, P C, I, M 2-259 CMOS, Parallel or Byte Load, Bipolar Qutput
AD7538 14 1.5 14, pP Ext (M) N, Q C, I, M 2-267 CMOS, Parallel Load
*AD1856 16 0.35 Serial, pP  Int N C 2-161 16-Bit PCM Audio DAC
AD DAC71-1 16 1 16 6.3V, Int D, H C 2-407 High Resolution 16-Bit DAC
AD DAC72-1 16 1 16 6.3V, Int D, H C, 1 2-407 High Resolution 16-Bit DAC
*AD1860 18 0.35 Serial, pP  Int N (o} 2-171 18-Bit PCM Audio DAC

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

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

3Package Options: D-Side-Brazed Dual-In-Line Ceramic; E-Leadless Chip Carrier; H-Round Hermetic Metal Can (Header); M~Metal Hermetic Dual-In-Line; N-Plastic Molded Dual-In-Line; P-Plastic Leaded
Chip Carrier (PLCC); Q-Cerdip; W-Ceramic/Glass Dual-In-Line, Non-Hermetic; Z-Ceramic Leaded Chip Carrier.

“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.

SPLLCC = Plastic Leadless Chip Carrier.

Boldface Type: Product recommended for new design.

*New product since the publication of the 1987/1988 Databooks.



SHILHIANOD DOTYNVY-0OL-TVLIDId 9-C

Selection Guide
Digital-to-Analog Converters

Update Settling VIDEO DACs
Rate Time Reference
Res MH:z ns Voltage Package Temp

Model Bits min max Int/Ext’ Options’ Range® Page Comments

AD9702 4 125 5 Ext D, W I 2-391 RGB Output, TTL or ECL Interface
*ADV476 6 66, 50, 35 N C 2-431 CMOS, Triple 6-Bit Color Palette RAM-DAC
*ADV471 6 80, 50, 35 P C 2-441 CMOS, Triple 6-Bit Color Palette RAM-DAC

AD9703 8 300 6 Int D,W LM 2-395 Synchronous Composite Functions, Designed for

High Resolution Screens, 300 MHz Update Rate
AD9701 8 225 8 Int E,Q LM 2-385 Low Power, Low Glitch Impulse, Synchronous
Composite Functions, 250 MHz Update Rate

HDG-0805 8 150 9 Int D, W LM 2-463 —5.2 V Power Supply

AD9700 8 100 12 Ext D, W LM 2-379 Single —5.2 V Power Supply, On-Chip Reference
*ADV478 8 80, 50, 35 P (o] 2-441 CMOS, Triple 8-Bit Color Palette RAM-DAC
*ADV453 8 66, 40 N, P C 2-421 CMOS, Triple 8-Bit Color Palette RAM-DAC

HDG-0807 8 50 14 Int D, W I 2-467 TTL-Compatible Inputs
*AD9713 12 80 25 -12V,Int N,P C 2-399 TTL Compatible Inputs, Low Glitch Energy
*AD9712 12 100 25 -1.2V,Int N, P (o} 2-399 ECL Compatible Inputs, Low Glitch Energy

LOGDACs™
Full Scale
Res Range Accuracy Package Temp
Model dB dB dB Options> Range®  Page Comments
AD7111 0.375 88.5 0.17 E,N,Q C,ILM (C2-183 Low Distortion

LOGDAC is a trademark of Analog Devices, Inc.
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MULTIPLE DACs

Settling
Out Time Bus Reference
Res Mode ps Interface  Volt # Package Temp
Model Bits V/I typ Bits* Int/Ext’ DACs Options® Range® Page Comments
*AD7669 8 v 1 8, pP Int 2 N, P C, I, M 3-237 CMOS, Complete 8-Bit Dual
DAC/ADC/SHA/Reference
*AD7769 8 v 2.5 8, pP Ext 2 N, P C I 3-329 CMOS, Complete 8-Bit Dual DAC/
2-Channel ADC
AD7225 8 v 5 8, nP 2-12.5V, Ext 4 E, N, P, Q C, I, M 2-193 CMOS, Separate Reference for
Each DAC
AD7228 8 v 5 8, pP 2-10 V, Ext 8 E,N,P, Q C, I, M 2-205 CMOS, Specified with Single and
Dual Supplies, Skinny 20-Pin Package
AD7226 8 v 7 8, pP 2-12.5V, Ext 4 E,NP,QQR C, I, M 2-199 CMOS, No User Trims, Specified
with Single and Dual Supplies
AD392 12 A\ 4 12, pP Int 4 M C 2-21  Fast Bus Access Time (<40ns),
Data Readback Capability
AD390 12 v 8 12, pP +10V, Int 4 D CM 2-13 Factory Trimmed Gain and Offset
*AD7237 12 A" 10 8, nP +5V, Int 2 N,P,Q C, L M 2-213 CMOS, Complete 12-Bit Dual, Byte Load
*AD7247 12 v 10 12, uP +5V, Int 2 N,P,Q C, LM 2-213 CMOS, Complete 12-Bit Dual, Parallel Load
AD664 12 \'% 10 12, pP +145V, Ext(M) 4 D,E, N, P C, I, M 2-103 Readback, Reset, Low Power Quad DAC
AD3%4 12 \% 15 12, pP *11V, Ext (M) 4 D C,M 2-27  Four Independent Reference Inputs,
Precision Amps for Bipolar Output
AD395 12 v 15 12, pP +11V, Ext (M) 4 D C,M 2-27  Four Independent Reference Inputs,
Precision Amps for Unipolar Qutput
AD39%6 14 \4 15 8, uP =11V, Ext (M) 4 D C,M 2-35  Four Independent Reference Inputs,
Bipolar Qutput, Simultaneous Update
AD7528 8 1 0.2 8, pP Ext (M) 2 E, NP, QR C, I, M 2-241 CMOS, +5V to +15 V Operation, TTL
Compatible at V,, =5V
AD7628 8 I 035 - 8, pP Ext (M) ) 2 E, N, P, Q C, I, M 2-325 CMOS, +12V to +15 V Operation, TTL
Compatible at V=12 Vto 15V
AD7537 12 1 1.5 8, uP Ext (M) 2 E,N,P,Q C, I, M 2-263 CMOS, Byte Load, Double Buffered
AD7547 12 I 1.5 12, pP Ext (M) 2 E, N, P, Q C, I, M 2-301 CMOS, Parallel Load
AD7549 12 1 1.5 4, uP Ext (M) 2 D,E, N, P C, I, M 2-317 CMOS, Nibble Load, Double Buffered

!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.

2Package Options: D-Side-Brazed Dual-In-Line Ceramic; E-Leadless Chip Carrier; M—Metal Hermetic Dual-In-Line; N~Plastic Molded Dual-In-Line; P-Plastic Leaded Chip Carrier (PLCC); Q—Cerdip; R-Small
Qutline Plastic (SOIC); W—Ceramic/Glass Dual-In-Line, Non-Hermetic.

3Temperature 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.

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

Boldface Type: Product recommended for new design.
*New product since the publication of the 1987/1988 Databooks.




Orientation
Digital-to-Analog Converters

FACTORS IN CHOOSING A D/A CONVERTER

In this catalog there are listed some 57 different families of
digital-to-analog converters (DACs). If one were to consider all
the variations, there would be several times that number to
choose among. The reason for so many different types is the
number of degrees of freedom in selection — technological, func-
tional, performance and package. Complete information on
converters may be found in the 700-page book, Analog-Digital
Conversion Handbook, published by Prentice-Hall, Inc.

FUNCTIONAL CHARACTERISTICS

The basic structure of all conventional D/A converters involves
a network of precision resistors, a set of switches and some form
of level-shifting to adapt the switch drives to the specified logic
levels. In addition, the device may contain output-conditioning
circuitry, an output amplifier, a reference amplifier, an on-board
reference, on-board buffer registers (single- or dual-rank), con-
figuration conditioning and even high-voltage isolation.

Basic DAC

This form which supplies a current, and consequently a small
voltage across its internal impedance or an external low-impedance
load, is used principally for high speed, for example, the 10ns
HDM-1210. Basic current-output DACs, such as the AD565A,
are inherently fast, but additional elements (such as an output
op amp), furnished by the user to meet overall system specs,
slow down the conversion. Some popular CMOS IC devices,
such as the AD7543 and the AD7524, are quite simple (and
correspondingly low in cost), but they usually require a buffering
op amp.

While the basic DAC function is almost always linear, there are
exceptions. For example, the AD7111 LOGDAC, which has
linear two-quadrant analog response, has a digitally controlled
exponential gain function, i.e., 0.375dB per bit; thus its gain at
the input code 1000 0000 (binary 128) is —48dB (48 x 0.375),
and the analog output swing for 10V p-p input is 0.04 p-pViy

0.375N
to exp — 20 )

Output Conditioning )

The analog quantity that is the “output” of a DAC, representing
the input digital data may be a “gain” (multiplying DAC), a
current and/or a voltage. In order to obtain a substantial voltage
output at low impedance, an op amp is required. It is often
provided by the DAC itself (whether monolithic, modular or
hybrid), but many permit the user to choose an external op amp
that will meet the particular needs of the application in stability,
speed and cost.

Almost all types of DACs provide one or more feedback resistors;
they are matched to, and thermally track, resistances in the
network so that an external op amp, if used, will not require an
external feedback resistor that might introduce tracking errors.
If more than one feedback resistor is provided, a choice of analog
output voltage ranges becomes available, e.g., 0 — SV full-scale
or 0 — 10V full-scale. If bipolar output-voltage ranges are specified,
a bipolar-offset resistor is provided to subtract a half-scale value
from the current flowing through the-op amp summing point; it
is usually derived from the DAC’s reference (or analog) input to
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avoid additional tracking error. Multiplying DACs use an internal
or external op amp for bipolar offset.

In order to avoid difficulties, the user must pay special attention
to the specified output polarity, its relationship to the reference
(if external) and to the input digital code. This can be especially
tricky if the output is bipolar and the input requires a com-
plementary (negative-true) digital coding. Another such case is
where a current-output DAC, specified for a particular output-
voltage polarity when used with an inverting op amp, is used in
a mode that develops an output voltage passively (without the
op amp) across an external resistive load. In addition to polarity,
in this case, the user should be aware of the output-compliance
constraint and the specified resistive component of output
impedance.

Reference Input

The reference may be specified as external or internal, fixed or
variable, single polarity or bipolar. If internal, it may be perma-
nently connected (as in the ADS561) or optionally connectible (as
in the ADS65A). If the DAC is a 4-quadrant multiplying type,
the reference (or “analog input™) is external, variable and bipolar
(e.g., AD7533, AD7541, AD7541A, etc.). The user should
check a converter’s specifications to determine whether the full-
scale accuracy specifications are overall or subdivided into a
converter-gain spec and a reference spec.

Digital Data

There a number of ways in which converters differ in regard to
the input data: first, the coding must be appropriate (binary,
offset-binary, twos complement, BCD, arbitrary, etc.), and its
sense should be understood (positive-true, negative-true). The
resolution (number of bits) must be sufficient; in addition, the
specifications must be checked to ascertain that the 2" distinct
binary input codes will not only be accepted, but that also they
will (if necessary) correspond to 2" output values in a monotonic
progression at any temperature in the operating range with
sufficient accuracy. Analog Devices offers DACs with resolutions
of 8, 10, 12, 14, 16 and 18 bits. The data levels accepted by the
converter must be checked (TTL, ECL, low-voltage CMOS,
high-voltage CMOS), as must the input loading imposed by the
converter and the supply conditions under which the converter
will respond to the data. Check the data notation (is the MSB
Bit 1 or Bit (n-1)?) — misinterpretation can lead to connecting
the data bits in backward order.

If buffer registers are desired, the converter should have an ap-
propriate buffer configuration (for example, the AD558 and
AD7226 have a set of TTL buffers; the AD667 and AD7224
have two ranks of buffering).

Controls

If the DAC has external digital controls — for example, register
strobes — their drive levels, digital sense (true or false), loading
and timing must be considered. The function and use of config-
uration controls (where present), such as serial/parallel, short-cycle
or chip-select decoding, should be understood, and the appropriate
ways of disabling them when not needed should be employed.

Many DAC:s are specifically designed to interface directly to the
bus of the computer or microprocessor. These DACs provide
the necessary control and handshake lines, as well as the data
bit buffers, to minimize and often eliminate the interface circuitry



required. The bus timing should be studied with respect to the
timing provided by the DAC interface, especially as the processor
performs a data-write cycle to the DAC. Systems with higher
speed clocks require either shorter DAC strobe times (such as
the AD767) or the use of processor-wait states when the DAC is
addressed. DACs for video applications, such as the AD9701,
provide special control lines unique to CRT applications (e.g.
blanking, sync and reference level display).

STATIC AND DYNAMIC PERFORMANCE
SPECIFICATIONS

All DAGC:s are specified using terms such as accuracy, linearity,
offset, defined and explained below. These static, or “dc,”
parameters are necessary and sufficient for many applications;
they may not be sufficient for others, such as those in digital
signal processing, adaptive filtering, or waveform generation.
Dynamic, ac specifications define how the DAC performs using
parameters such as signal-to-noise ratio (SNR), intermodulation
distortion (IMD) and total harmonic distortion (THD). These
specifications characterize the performance of the DAC output
in applications where the envelope of output changes and output
timing errors are critical.

POWER SUPPLIES

Appropriate power supplies should be made available considering
the logic levels and analog output signals to be employed into
the system. The appropriate degree of power-supply stability to
meet the accuracy specs should be employed. In many cases
separate analog and digital grounds are required; ground wiring
should follow best practice to minimize digital interference with
high-accuracy analog signals while ensuring that a connection
between the grounds can always exist at one point, even if the
“mecca” point is inadvertently unplugged from the system.

SPECIFICATIONS AND TERMS
Definitions of the performance specifications and related infor-
mation are provided on the next few pages in alphabetical order.

Accuracy, Absolute

Error of a D/A converter is the difference between the actual
analog output and the output that is expected when a given
digital code is applied to the converter. Sources of error include
gain (calibration) error, zero error, linearity errors and noise.
Error is usually commensurate with resolution, i.e., less than
27+ D or «1/2L.SB” of full scale. However, accuracy may be
much better than resolution in some applications; for example, a
4-bit reference supply having only 16 discrete digitally chosen
levels would have a resolution of 1/16, but it might have an
accuracy to within 0.01% of each ideal value.

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 %, ppm or fractions of
1LSB is the deviation of the analog value at any code (relative
to the full analog range of the device transfer characteristics)
from its theoretical value (relative to the same range) after the
full-scale range (FSR) has been calibrated. Since the discrete
analog output values corresponding to the digital input values

ideally lie on a straight line, the relative accuracy error of a
linear DAC can be interpreted as a measure of nonlinearity (see
Linearity).

Compliance-Voltage Range

For a current-output DAC, the maximum range of (output)
terminal voltage for which the device will provide the specified
current-output characteristics.

Common-Mode Rejection (CMR)

The ability of an amplifier to reject the effect of voltage applied
to both input terminals simultaneously. Usually a logarithmic
expression representing a ‘“‘common-mode rejection ratio” e.g.,
1,000,000:1 (CMRR) or 120dB (CMR). A CMRR of 10°:1 means
that a 1V common-mode voltage passes through the device as
though it were a differential input signal of 1 microvolt.

Common-Mode Voltage

An undesirable signal picked up in a circuit by both wires making
up the circuit, with reference to an arbitrary “ground.”” Amplifiers
differ in their ability to amplify a desired signal accurately in
the presence of a common-mode voltage.

Deglitcher

As the input code to a DAC is increased or decreased by small
changes, it passes through what is known as major and minor
transitions. The most major transition is at half-scale when the
DAC switches around the MSB and all switches change state,
i.e., 0111 1111 to 1000 0000. If, at major transitions, the switches
are faster (or slower) to switch off than on, this means that for a
short time the D/A will give a zero (or full-scale) output and
then return to the required 1LSB above the previous reading.
Such large transient spikes which differ widely in amplitude and
are extremely difficult to filter out are commonly known as
“glitches,” hence, a deglitcher is a device which removes these
glitches or reduces them to a set of small, uniform pulses. It
normally consists of a fast sample-hold circuit which holds the
output constant until the switches reach equilibrium. Glitch
energy is smallest in fast-switching DACs driven by fast logic
gates that have little time skew between 0-1 and 1-0 transitions.

10000000

01111111

Feedthrough

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

Four-Quadrant

In a multiplying DAC, “four quadrant” refers to the fact that
both the reference signal and the number represented by the
digital input may be of either positive or negative polarity. A
four-quadrant multiplier is expected to obey the rules of multi-
plication for algebraic sign.
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Gain

The “gain” of a converter is that analog scale-factor setting that
provides the nominal conversion relationship, e.g., 10V span for
a full-scale code change in a fixed-reference converter.. For
fixed-reference converters where the use of the internal reference
is optional, the converter gain and the reference may be specified
separately. Gain- and zero-adjustment are discussed under Zero.

Harmonic Distortion (and Total Harmonic Distortion)

The DAC is driven by the digitized representation of a sine
wave. The ratio of the rms sum of the harmonics of the DAC
output to the fundamental value is the THD. Usually only the
lower order harmonics are included such as second through
fifth:

(V22 + ng + V42 + V52)1/2
Vi

where V) is the rms amplitude of the fundamental and V,, V3,
V4 and Vs are the rms amplitudes of the individual harmonics.

THD =20 log

Intermodulation Distortion

The DAC is driven by the digitized representation of two combined
sine waves of frequencies f, and f,. As with any imperfectly
linear device, distortion products (of order m +n) are produced
at sum and difference frequencies of mf, + nf,, where m, n=0,
1, 2, 3, . ... Intermodulation terms are those for which m or n
is not equal to zero. The second order terms include (f, +f,)
and (f, —f},) and the third order terms are (2f, +fy), (2f, — fy,),
(f,+ 2f,) and (f,— 2f,). IMD is defined as:

(rms sum of the sum and difference distortion products)
rms amplitude of the fundamental

IMD =20 log

Least-Significant Bit (LSB)

In a system in which a numerical magnitude is represented by a
series of binary (i.e., two-valued) digits, the LSB is that bit that
carries the smallest value or weight. For example, in the natural
binary number 1101 (decimal 13, or 23 + 22 + 0 + 2°), the
rightmost digit is the LSB. Its analog weight, relative to full
scale is 27 where n is the number of binary digits. It represents
the smallest analog change that can be resolved by an n-bit
converter.

Linearity

Linearity error of a converter (also integral nonlinearity, see
Linearity, Differential), expressed in %, ppm of full-scale range
or (sub)multiples of 1LSB, is a deviation of the analog values in
a plot of the measured conversion relationship from a straight
line. The straight line can be either a “best straight line” deter-
mined empirically by manipulation of the gain and/or offset to
equalize maximum positive and negative deviations of the actual
transfer characteristics from this straight line; or it can be a
straight line passing through the end points of the transfer char-
acteristic after they have been calibrated (sometimes referred to
as “end-point” linearity). End-point linearity error is similar to
relative accuracy error.

For multiplying D/A converters, the analog linearity error, at a
specified digital code, is defined in the same way as for multipliers,
i.e., by deviation from a “best straight line” through the plot of
the analog output-input response.
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Linearity, Differential

Any two adjacent digital codes should result in measured output
values that are exactly 1LSB apart (2™ of full scale for an n-bit
converter). Any deviation of the measured “step” from the ideal
difference is called differential nonlinearity expressed in (sub)mul-
tiples of 1LSB. It is an important specification because a differential
linearity error greater than 1LSB can lead to nonmonotonic
response in a D/A converter and missed codes in an A/D converter
(see Differential Linearity in the A/D converter section for an
illustration).

Monotonic

A DAC is said to be monotonic if the output either increases or
remains constant as the digital input increases with the result
that the output will always be a single-valued function of the
input. The specification “monotonic” (over a given temperature
range) is sometimes substituted for a differential nonlinearity
specification since differential nonlinearity less than 1LSB is a
sufficient condition for monotonic behavior.

Most-Significant Bit (MSB)

In a system in which a numerical magnitude is represented by a
series of binary (i.e., two-valued) digits, the MSB is that digit
(or bit) that carries the largest value of weight. For example, in
the natural binary number 1101 (decimal 13, or 23 + 22 + 0 +
29, the leftmost “1” is the MSB with a weight of 2°!, or 8LSBs.
Its analog weight, relative to a DAC’s full-scale span, is 1/2. In
bipolar DACs, the MSB indicates the polarity of the number
represented by the rest of the bits.

Multiplying DAC

A multiplying DAC differs from a fixed-reference DAC in being
designed to operate with varying (or ac) reference signals. The
output signal of such a DAC is proportional to the product of
the “reference” (i.e., analog input) voltage and the fractional
equivalent of the digital input number (see also four-quadrant).



Noise, Peak and rms

Internally generated random noise is not a major factor in D/A
converters, except at extreme resolutions (e.g., DAC1138) and
dynamic ranges (AD7111). Random noise is characterized by
rms specifications for a given bandwidth or as a spectral density
(current or voltage per root hertz); if the distribution is Gaussian,
the probability of peak-to-peak values exceeding 7x the rms
value is less than 0.1%.

Of much greater importance in DACs is interference in the
form of high-amplitude low-energy (hence low-rms) spikes ap-
pearing at the DAC’s output caused by coupling of digital signals
in a surprising variety of ways; they include coupling via stray
capacitance, via power supplies, via inadequate ground systems,
via feedthrough and by glitch generation. Their presence under-
scores the necessity for maximum application of the designer’s
art, including layout, shielding, guarding, grounding, bypassing
and deglitching.

Offset

For almost all bipolar converters (e.g., = 10-volt output), instead
of actually generating negative currents to correspond to negative
numbers, a unipolar DAC is used and the output is offset by
half full scale (IMSB). For best results, this offset voltage or
current is derived from the same reference supply that determines
the gain of the converter.

This makes the zero point of the converter independent of thermal
drift of the reference because the 1/2 scale offset cancels the
weight of the MSB at zero, independently of the amplitude of
both.

Power-Supply Sensitivity

The sensitivity of a converter to changes in the power-supply
voltages is normally expressed in terms of percent-of-full-scale
change in analog output value (of fractions of 1LSB) for a 1%
dc change in the power supply, e.g., 0.05%/1%AVs). Power
supply sensitivity may also be expressed in relation to a specified
dc shift of supply voltage. A converter may be considered “good”
if the change in reading at full scale does not exceed = 1/2LSB
for a 3% change in power supply. Even better specs are necessary
for converters designed for battery operation.

Quantizing Uncertainty (or “Error”)

The analog continuum is partitioned into 2" discrete ranges for
n-bit processing. All analog values within a given range of output
(of a DAC) are represented by the same digital code usually
assigned to the nominal midrange value. For applications in
which an analog continuum is to be restored, there is an inherent
quantization uncertainty of = 1/2LSB due to limited resolution,
in addition to the actual conversion errors. For applications in
which discrete output levels are desired (e.g., digitally controlled
power supplies or digitally controlled gains), this consideration
is not relevant.

Resolution

An n-bit binary converter should be able to provide 2" distinct
and different analog output values corresponding to the set of n-
bit binary words. A converter that satisfies this criterion is said
to have a resolution of n bits. The smallest output change that
can be resolved by a linear DAC is 27 of the full-scale span.
However, a nonlinear device, such as the AD7111 LOGDAC,

has a logarithmic gain resolution of 0.375/88.5dB = 1:256dB
which corresponds to a gain increment of 4.25%/step or
26,600:1.

Settling Time

The time required, following a prescribed data change, for the
output of a DAC to reach and remain within a given fraction
(usually + 1/2LSB) of the final value. Typical prescribed changes
are full scale, IMSB and 1LSB at a major carry. Settling time of
current-output DAC:s is quite fast. The major share of settling
time of a voltage-output DAC is usually contributed by the
settling time of the output op amp circuit.

Signal-to-Noise Ratio
Signal-to-Noise Ratio (SNR) is the measured signal to noise at
the output of the converter. 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. SNR is dependent on
the number of quantization levels used in the digitization process;
the more levels, the smaller the quantization noise. The theoretical
SNR for a sine wave is given by:

SNR = (6.02N + 1.76) dB

where N is the number of bits. Thus for an ideal 8-bit converter,
SNR = 50dB.

Slew Rate (or Slewing Rate)

Slew rate of a device or circuit is a limitation in the rate of
change of output voltage, usually imposed by some basic circuit
consideration such as limited current to charge a capacitor.
Amplifiers with slew rate of a few V/us are common and moderate
in cost. Slew rates greater than about 75 volts/ps are usually
seen only in more sophisticated (and expensive) devices. The
output slewing speed of a voltage-output D/A converter is usually
limited by the slew rate of the amplifier used at its output (if
one is used).

Stability

Stability of a converter usually applies to the insensitivity of its
characteristics to time, temperature, etc. All measurements of
stability are difficult and time consuming, but stability vs. tem-
perature is sufficiently critical in most applications to warrant
universal inclusion of temperature coefficients in tables of specifica-
tions (see “Temperature Coefficient”).

Staircase

A voltage or current increasing in equal incremer;‘t)/as a function
of time and having the appearance of a staircase,(in a time plot)
generated by applying a pulse train to a counter and the output
of the counter to the input of a DAC.

A very simple A/D converter can be built by comparing a staircase
from a DAC with the unknown analog input. When the DAC
output exceeds the analog input by a fraction of 1LSB, the
count is stopped and the code corresponding to the count is the
digital output.

Switching Time

In a DAC, the switching time is the time it takes for the switch
to change from one state to the other (“‘delay time” plus “rise
time” from 10% — 90%) but does not include settling time, e.g.,
to <1/2LSB.
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T perature Coefficient

In general, temperature instabilities are expressed as %/°C, ppm/
°C, as fractions of 1LSB/°C or as a change in a parameter over a
specified temperature range. Measurements are usually made at
room temperature and at the extremes of the specified range,
and the temperature coefficient (tempco, T.C.) is defined as the
change in the parameter divided by the corresponding temperature
change. Parameters of interest include gain, linearity, offset (bipolar)
and zero.

Gain Tempco: Two factors principally affect converter gain
stability with temperature.

a) In fixed-reference converters, the reference source will
vary with temperature. For example, the tempco of
an ADS81L is generally less than 5ppm/°C.

b) The reference circuitry and switches may add another
3ppm/°C in good 12-bit converters (e.g. ADS66K/T).
High resolution converters require much better tempcos
for accuracy commensurate with the resolution.

Linearity Tempco: Sensitivity of linearity (“integral” and/or
-differential linearity) to temperature (in % FSR/°C or ppm FSR/°C)
over the specified range. Monotonic behavior is achieved if the
differential nonlinearity is less than 1LSB at any temperature in
the range of interest. The differential nonlinearity temperature
coefficient may be expressed as a ratio, as a maximum change
over a temperature range and/or implied by a statement that the
device is monotonic over the specified temperature range.
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Offset Tempco: The temperature coefficient of the all-DAC-
switches-off (minus full scale) point of a bipolar converter (in %
FSR/°C or ppm FSR/°C) depends on three major factors:
a) The tempco of the reference source
b) The voltage zero-stability of the output amplifier
¢) The tracking capability of the bipolar-offset
resistors and the gain resistors

Unipolar Zero Tempco (in % FSR/°C or ppm FSR/°C): The
temperature stability of a unipolar fixed-reference DAC is prin-
cipally affected by current leakage (current-output DAC) and
offset voltage and bias current of the output op amp (voltage-output
DAC).

Total Unadjusted Error

Total unadjusted error is a comprehensive specification which
includes internal voltage reference error, relative accuracy, gain
and offset errors.

Zero- and Gain-Adjustment Principles

The output of a unipolar DAC is set to zero volts in the all-bits-off
condition. The gain is set for F.S.(1 — 2™) with all bits on.
The “zero” of an offset-binary bipolar DAC is set to —F.S.
with all bits off, and the gain is set for +F.S.(1 —2"®D) with
all bits on. The data sheet instructions should be followed.



ANALOG
DEVICES

Quad 12-Bit Microprocessor-
Compatible D/A Converter

AD390*

FEATURES

Four Complete 12-Bit DACs in One IC Package

Linearity Error +1/2LSB T, in — Tmex (AD390K, T)
Factory-Trimmed Gain and Offset

Buffered Voltage Output

Monotonicity Guaranteed Over Full Temperature Range
Double-Buffered Data Latches

Includes Reference and Buffer

Fast Settling: 8.s max to +1/2LSB

PRODUCT DESCRIPTION

The AD390 contains four 12-bit high speed voltage-output
digital-to-analog converters in a compact 28-pin hybrid package.
The design is based on a proprietary latched 12-bit DAC chip
which reduces chip count and provides high reliability. The
AD390 is ideal for systems requiring digital control of many
analog voltages where board space is at a premium. Such appli-
cations include automatic test equipment, process controllers,
and vector-scan displays.

The AD390 is laser-trimmed to =+ 1/2LSB max nonlinearity
(AD390K D, TD) and absolute accuracy of +0.05 percent of
full scale. The high initial accuracy is made possible by the use
of thin-film scaling resistors on the monolithic DAC chips. The
internal buried zener voltage reference provides excellent tem-
perature drift characteristics (20ppm/°C) and an initial tolerance
of =0.03% maximum. The internal reference buffer allows a
single common reference to be used for multiple AD390 devices
in large systems.

The individual DACs are accessed by the CS1 through CS4
control inputs and the A0 and AT lines. These control signals
permit the registers of the four DACs to be loaded sequentially
and the outputs to be simultaneously updated.

The AD390 outputs are calibrated for a + 10V output range
with positive-true offset binary input coding. A 0 to + 10V
version is available on special order.

The AD390 is packaged in a 28-lead ceramic package and is
specified for operation over the 0 to +70°C and —55°C to +125°C
temperature range.

*Covered by patent numbers 3,803,590; 3,890,611; 3,932,863;
3,978,473; 4,020,486 and other patents pending.

AD390 FUNCTIONAL BLOCK DIAGRAM

+Vg -V AGND
M\

7

DGND
3,

—

DAC1

M 12.BIT LATCH
12.8IT LATCH

o
?—(ﬂ) Vours

1

=y

@q,

g
B
T

_‘IZ»BIT LATCH

PINS 1-12
DBO(LSB) - DB11(MSB)

PRODUCT HIGHLIGHTS

1.

2.

The AD390 offers a dramatic reduction in printed circuit
board space requirements in systems using multiple DACs.
Each DAC is independently addressable, providing a versatile
control architecture for simple interface to microprocessors.
All latch enable signals are level-triggered.

. The output voltage is trimmed to a full scale accuracy of

+0.05%. Settling time to *1/2LSB is 8 microseconds
maximum.

. An internal 10 volt reference is available or an external reference

can be used. With an external reference, the AD390 gain TC
is = Sppm/°C maximum.

. The proprietary monolithic DAC chips provide excellent

linearity and guaranteed monotonicity over the full operating
temperature range.

. The 28-pin double-width hybrid package provides extremely

high functional density. No external components or adjustments
are required to provide the complete function.

. The AD390SD and AD390TD feature guaranteed accuracy

and linearity over the —55°C to + 125°C temperature range.
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SPECIFICATIONS (Ta = +25°C, Vg = =15V unless otherwise specified)

Model AD390JD/SD AD390KD/TD
Min Typ Max Min Typ Max Units
DATA INPUTS (Pins 1-12 and 23-28)!
Except Pin24 TTL or 5 Volt CMOS
Input Voltage
Bit ON (Logic “1”) +2.0 +5.5 +2.0 +5.5 \Y%
Bit OFF (Logic 0) +0.8 +0.8 \Y%
Input Current (Pin 24is 3 X Larger)
Bit ON (Logic “1”") 500 1200 500 1200 pA
Bit OFF (Logic “0”) 150 400 150 400 pA
RESOLUTION 12 12 Bits
OUTPUT?
Voltage Range? +10 *10 \%
Current 5 5 mA
Settling Time (to = 2L.SB) 4 8 4 8 s
ACCURACY
Gain Error (w/ext. 10.000V reference) +0.05 +0.1 +0.025 +0.05 % of FSR*
Offset +0.025 +0.05 +0.012 +0.025 % of FSR
Linearity Error +1/4 +3/4 +1/8 =112 LSB
Differential Linearity Error +1/2 +3/4 *1/4 *1/2 LSB
TEMPERATURE DRIFT
Gain (internal reference) +40 +20 ppm/°C
(external reference) +10 +5 ppm/°C
Zero +10 *5 ppm/°C
Linearity Error T pin— Trmax +1/2 +3/4 +1/4 *1/2 LSB
Differential Linearity MONOTONICITY GUARANTEED OVER FULL TEMPERATURE RANGE
CROSS TALK? 0.1 0.1 LSB
REFERENCEOUTPUT
Voltage (without load) 9.997 10.000 10.003 9.997 10.000 10.003 v
Current (available for external use) 2.5 3.5 2.5 3.5 mA
REFERENCE INPUT
Input Resistance 10" 10'° Q
Voltage Range 5 11 5 11 \%
POWER REQUIREMENTS
Voltage® +13.5 =15 +16.5 +13.5 =15 +16.5 \Y%
Current
+Vs 12 20 12 20 mA
-Vs =75 -90 =75 -90 mA
POWER SUPPLY GAIN SENSITIVITY
+Vs 0.002 0.006 0.002 0.006 %FS/%
-Vs 0.0025 0.006 0.0025 0.006 %FS/%
TEMPERATURE RANGE
Operating (Full Specifications)], K 0 +70 0 +70 °C
S, T -55 +125 —-55 +125 °C
Storage —65 +150 —65 +150 °C
NOTES

'Timing specifications appear in Table II.

2The AD390 outputs are guaranteed stable for load capacitances up to 300pF.
3+ 10V range is standard. A 0 to 10V version is also available. To order, use the following part numbers:

ADS50207-1 J Grade
AD50207-2 K Grade
ADS50207-3 S Grade
ADS50207-4 T Grade
AD50207-7 $/883B Grade
AD50207-8 T/883B Grade

*FSR means Full Scale Range and is equal to 20V fora = 10V range.
3Crosstalk is defined as the change in any one output as a result of any other output being driven from — 10V to + 10V into a 2k(2 load.
$The AD390 can be used with supply voltage as lowas = 11.4V, Figure 10.

Specifications subject to change without notice.
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AD390

PIN CONFIGURATION
TOP VIEW
wseyoso [T] © B
0BY E % ?
o082 [3 26] ¢52
o83 [ ] []) &1
oss 5] 24] Ao
oss [T} AD3%0 % %
oss [7 ] 22 +Vs
o7 (3 21] Vours
bBg E [20] Vouns
089 [10] 193] Vourz
os10 11 [78] Vour
(mse)0B11 [iZ [77] ReFin
DGND 13 16 ] REFOUT
-vs % E AGND

ABSOLUTE MAXIMUM RATINGS

+VstoDGND . . ... ... .. .. ... ..... 0to +18V
-VstoDGND . . ... .............. 0Ot —18V
Digital Inputs (Pins 1-12, 23-28) to DGND . . . —-10t0 +7V
RefIntoDGND . ... ... ... ........... +Vg
AGNDwoDGND . . . ... ... ... ........ +0.6V

Analog Outputs (Pins 16, 18-21)
.............. Indefinite Short to AGND or DGND
Momentary Shortto = Vg

ORDERING GUIDE
Temperature Gain Error Linearity Error | Package
Model Range 25°C T min— Tmax Option*
AD390]D 0to +70°C +4LSB +3/4LSB DH-28
AD390KD 0to +70°C +2LSB +1/2LSB DH-28
AD390SD —55°Cto +125°C +4LSB +3/4LSB DH-28
AD390TD —55°Cto + 125°C +2LSB +1/2LSB DH-28

*See Section 14 for package outline information.
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Digital Circuit Details

DATA AND CONTROL SIGNAL FORMAT

The AD390 accepts 12-bit parallel data in response to control
signals CS1-CS4, A0 and AT The input registers are double-buf-
fered, allowing any register to be updated independently of the
others. As detailed in Table I, the four chip select lines are used
to address the DAC register of interest. It is permissible to have
more than one chip select active at any time. The first rank
register of a given DAC is loaded by bringing the appropriate
chip select and A0 both low. The second rank register of any
DAC can then be loaded by bringing the appropriate chip select
AT both low. If CSI-CS4 are all brought low coincident with AT
low, all four DAC outputs will be updated to the value in the
corresponding first rank register. All control inputs are level-
triggered and may be hard-wired low to render any register (or
group of registers) transparent.

+Vs A DGND AGND

12-BIT LATCH

12-BIT LATCH

117

F—'—1 }—3Q

e
Ccs2!

YTHH

Sl

&
=i

DAC4

12-BIT LATCH

[t71

12-BIT LATCH

PINS 1-12
DBO(LSB) - DB11(MSB}

Figure 1. AD390 Functional Block Diagram
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Operation
No Operation
No Operation

A0
X
1
0 Enable Istrank of DAC 1
0 Enable Istrank of DAC2
0 Enable Istrank of DAC3
0 Enable I1strank of DAC4
1
1
1
1
0

Load DAC 1 second rank from first rank
Load DAC 2 second rank from first rank
Load DAC 3 second rank from first rank
Load DAC 4 second rank from first rank

All latches transparent

O MO = O x_g
O O et et et D bt = N"'gl

Al
X
1
1
1
1
1
0
0
0
0
0

Table I. AD390 Truth Table
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TIMING

The AD390 control signal timing is fairly straightforward. AO,
AT and CS1-CS4 must be concurrently valid for at least 100ns
for a desired operation to occur. When loading data from a bus
into the first rank register, the data inputs must be stable for at
least 50ns before any control signal returns high. Data can change
immediately after the control signals are inactive. When loading
the second rank registers from the first rank, it is possible to
exercise the chip select inputs at the same time as Al. DAC
settling time is measured from the falling edge of whichever
control signal last becomes valid.

WRITE CYCLE #1 _
(Load First Rank from Data Bus; Al = 1)

DB11 - DBO X -.1 XI-‘IDN

| we

WRITE CYCLE #2 _
(Load Second Rank from First Rank; A0 = 1)

e é' X

tas I.—— W ———
——— —
ouTPuT —/-“.:Z::

Figure 2. Timing Diagrams

2

Symbol Parameter Min Typ Max Units

taw CS1-4 Valid before A0 Rising Edge 100 ns
twp A0,AlLow Time 100 ns
tpw DB11-DB0 valid before A0 Rising Edge 50 ns
tou DBI11-DBO0 valid after A0 Rising Edge 10 ns
tas CS1-4 valid before AT Low 0 ns
tserr  Output Voltage Settling Time 4 8 us

Table Il. AD390 Timing Specifications

INTERFACING THE AD390 TO MICROPROCESSORS
The AD390 control logic provides simple interface to micropro-
cessors. The latches are fast enough to operate with even the
fastest processors.

16-Bit Processors

The AD390 is a 12-bit resolution DAC system and is easily
interfaced to 16-bit wide data buses. Several possible addressing
configurations exist.

In the circuit of Figure 3, the AD390 second rank registers are
made transparent by hard-wiring Al low. A system WR signal
is used to drive the A0 control input and a 7415138 decoder
driven from the least significant address bits provides the active-low
CST through CS4 signals. In this circuit, only one DAC at a
time may be updated. If simultaneous update of all four DACs
is required, a slightly different addressing scheme is used. The
circuit shown in Figure 4 allows selection of either register of
any DAC at the expense of larger memory space requirements.
In this circuit, address lines AQ through A3 each select a single
DAC of the four contained in the AD390. The use of a separate
address line for each DAC allows several DACs to be accessed



AD390

simultaneously. The address lines are gated by the simultaneous
occurrence of a system WR and the appropriately decoded base
address. Selection of first rank or second rank register for any
DAC is done by using two additional address bits. The AD390
thus occupies a block of 64 memory word locations but offers
considerable flexibility in DAC updating.

In this addressing scheme, the AS and A4 lines divide the 64
locations into 4 blocks. When both A5 and A4 are high, no
operation occurs. When AS and A4 are both low, data written
into any one of the DACs (selected by A3-A0) will immediately
update that analog output. In the address block where A4 is
low and AS is high, data is written into the first rank register
of the selected DAC (or DACs). When AS is low and A4 is
high, data previously written into the first rank register of

the selected DAC is transferred to the second rank register,
which updates the analog output. It is particularly useful to
perform a WR operation with AS low, A4 high, and A3
through AO all low (base address plus 32) since this action

will cause all four DAC outputs to be simultaneously updated
to the values previously written into the first rank registers.

In both addressing schemes shown, A0 represents the least
significant word address bit. In most 16-bit systems this will
be the Al address line. Data may reside in either the 12MSBs
(left-justified) or the lower 12 bits (right-justified). Left jus-

ANALOG
OUTPUTS

T

csa
A 12 po—{C83
0 ns13s b 1cs
| p— cs1

A6 A1

WA .l_.

Figure 3. AD390-16-Bit Bus Interface
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cs1
A0 AT
a3 ]
A2 ]
A3 A2 A1 A0 OPERATION
X X X 0 SELECTDAC1
a1 X X 0 X SELECTDAC2
X 0 X X SELECTDAC3
0 X X X SELECTDAC4
AQ ———— 0 0 0 O SELECTALLDACS
a8 :[>————— A4, AS: SEETEXT
o—

ALL GATES: 1/4 741832

Figure 4. Alternate 16-Bit Bus Interface

tification is useful when the data word represents a binary
fraction of full scale, while right-justified data usually represents
an integer value between 0 and 4095.

8-Bit Processors

Since the AD390 is designed to accept data in 12-bit words,
an external latch is required in order to interface with 8-bit
buses. Thus each DAC in the AD390 occupies 2 memory
locations. The choice of data format is similar to the choice
in the 16-bit bus interface. The data can either be right-justified
(one byte contains the 8LSBs and another the 4MSBs in the
bottom half of the byte) or left-justified (where one byte
contains the 8MSBs and another the 4LSBs in the top half of
the byte). The addressing scheme illustrated in Figure 6
allows 12-bit data to be sent to the first rank register of any
DAC in a right-justified format. The first rank register of
DAC occupies two memory locations-a write to the even (A0
low) address stores the 4MSBs of the DAC data in a 74LS173
quad latch. When the 8LSBs are written to the odd address
(A0 = 1), the eight bits present on the data bus and the four
bits held in the 74L.S173 are strobed into the first rank register
of the selected DAC. Address bits Al through A4 select the
DAC to be addressed, while A6 and A5 enable either the
first or second rank register (or both) as in the 16-bit interface
of Figure 4.

(T oo el ]

a. Right-Justified Data (0 < D < 4095);
VOUT = — 10V + (4.883mV x D)

L]

65520\,
65536/"

08 07
"B"JDawI naslnulowlosslonslnmlosskmzjfau (‘L’s“,'] x

b. Left-Justified Data(o =D=__——=
Vour = — 10V + (20V x D)
Figure 5. 12-Bit Data Formats for 16-Bit Bus
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OPERATION

A4 A3 A2 A1 AO

X X X 0 0 SELECTDAC1LOWBYTE
X X x o0 1 s DAC1 BYTE
X X 0 X 0 SELECTDAC2LOWBYTE
X X 0o X 1 DAC2HIGHBYTE
X 0 X X 0 SELECTDAC3LOWBYTE
X 0 X X 1 SELECTDAC3HIGI

0 X X X 0 SELECTDAC4LOWBYTE
0 X X X 1 SELECTDAC4HIGHBYTE

A6, AS: SEE TEXT

Figure 6. AD390-8-Bit Bus Interface Connections
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Analog Circuit Details

REFERENCE CONNECTIONS

The AD390 is equipped with a precision internal reference
voltage of 10.00 volts, trimmed to within = 3 millivolts. This
reference is available for external use and can typically supply
up to 3.5 milliamps of output current. In normal operation, this
reference is connected to pin 17 (REF IN), which establishes
the +10 volt output scale. The internal reference is sufficiently
accurate for most applications, however, if a master system
reference is available, or if a range other than =10V (+10.24V,
for example) is desired, an external reference may be used. It is
recommended that the reference used with the AD390 be at
least 5 volts and at most 11 volts to preserve specified linearity.

Digital Input Code Analog Output Voltage

0000 0000 0000 —10.000V — Full Scale

0100 0000 0000 —-5.000V —1/2 Scale

1000 0000 0000 0.000V Zero

1000 0000 0001 +4.88mV +1LSB

1100 0000 0000 +5.000V +1/2 Scale

1111 1111 1111 +9.9951V + Full Scale — 1LSB

Table Ill. AD390 Analog Output vs. Digital Input (+V
Scale)

GROUNDING RULES

The AD390 includes two ground connections in order to minimize
system accuracy degradation arising from grounding errors. The
two ground pins are designated DGND (pin 13) and AGND
(pin 15). The DGND pin is the return for the supply currents
of the AD390, and serves as the reference point for the digital
input thresholds. Thus DGND should be connected to the same
ground as the digital circuitry which drives the AD390.

Pin 15, AGND, is the high quality analog ground connection.
This pin should serve as the reference point for all analog circuitry
which follows the AD390. It is recommended that any analog
signal path carrying significant currents have its own return
connection to pin 15 as shown in Figure 7.

DATA

Jil

‘CONTROL

TOPOWER GROUND N
Figure 7. Recommended Ground Connections
Several complications arise in practical systems, particularly if
the load is referred to a remote ground. These complications

include dc gain errors due to wiring resistance between DAC
and load, noise due to currents from other circuits flowing in
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power ground return impedances, and offsets due to multiple
load currents sharing the same signal ground returns. While the
AD390 outputs are accurately developed between the output pin
and pin 15 (AGND), delivering these signals to remote loads
can be a problem. These problems are compounded if a current
booster stage is used, or if multiple AD390 packages are used.
Figure 8 illustrates the parasitic impedances which influence

output accuracy.
b Rw‘
AD390
\D3g '

DGND _ AGND
W 13 15

REMOTE GROUND

S Zoe Ap30

DGND AGND

2o 13 6
-W\—-—/u\ WA —o2
s Zes
<
255,

A1-A3: OPTIONAL CURRENT BOOSTERS
-Rwa: WIRING RESISTANCE!
Zoa, Zog: SIG ROUND RETURN IMPEDANCE
Zpq: POWER GROUND RETURN IMPEDANCES

TO POWER
GROUND

Figure 8. Grounding Errors in Multiple-AD390 Systems

An output buffer configured as a subtractor as shown in Figure
9 can greatly reduce these errors. First, the effects of voltage
drops in wiring resistances is eliminated by sensing the voltage
directly at the load with R4. The voltage drops caused by currents
flowing through Zg, are eliminated by sensing the remote ground
directly with R3. Resistors R1 through R4 should be well matched
in order to achieve maximum rejection of the voltage appearing
across Zga. Resistors matched to within one percent (including
the effects of Ry, and Ry;3) will reduce ground interaction

errors by a factor of 100.
R4 10k Rwz
; Rus
b)Y
T

1 10k
R,
R310k R REMOTE

‘GROUND

DGND _ AGND

52
VA

TO POWER
‘GROUND R1-R4 MATCH TO 1% OR BETTER

Figure 9. Use of Subtractor Amplifier to Preserve Accuracy

POWER SUPPLY DECOUPLING

The power supplies used with the AD390 should be well filtered
and regulated. Local supply decoupling consisting of a 10uF
tantalum capacitor in parallel with 0.1wF ceramic is suggested.
The decoupling capacitors should be connected between the
AD390 supply pins and the load ground (ideally the AGND
pin). If an output booster is used, its supplies should also be
decoupled to the load ground.



AD390

OPERATION FROM *12 VOLT SUPPLIES OUTPUT CURRENT BOOSTING

The AD390 may be used with +12 volt =5% power supplies if The output amplifiers used in the AD390 are capable of
certain conditions are met. The most important limitation is the supplying a =+ 10 volt swing into a resistive load of 2k(} or
output swing available from the output op amps. These amplifiers greater. Stability is guaranteed for load capacitance up to
are capable of swinging only as far as 3 volts from either supply. 300pF. Larger load capacitance may cause severe overshoot
Thus, the normal =+ 10 volt output range cannot be used. Changing and possible oscillation. The settling characteristic of the
the output scale is accomplished by changing the reference AD390 output amplifier is shown in Figure 12.

voltage. With a supply of +11.4 volts (5% less than +12V), the
output range is restricted to a maximum = 8.4V swing. It may
be useful to scale the output at +8.192 volts (yielding a scale
factor of 4 millivolts per LSB). The required 8.192V reference
can be derived from a precision, low TC divider from the
internal +10.000V reference. The only restriction is that the
total load resistance presented to the +10.000V reference
output must be at least 10k for —55°C to + 125°C temperature
range 12 volt applications. Figure 10 shows a suggested circuit
to set up a =8.192V output range. Multiple AD390 units

can share the same resistive divider-generated reference since
the REF IN terminal is very high impedance.

26 e out AL

19
AD3%0 = anALOG

P 20  OUTPUTS
REF IN =

R1
1.62k

R2
50002
21

R3 $
8.25k

AGND

DGND
13

R1, R3: 1% METAL FILM OR BETTER
R2: LOW TC MULTI-TURN TRIMPOT

TO POWER
GROUND

Figure 10. Connections for +8.192V Full Scale
(Recommended for + 12V Power Supplies)

IMPROVING FULL-SCALE STABILITY b. All Bits ON-to-OFF
In large systems using multiple AD390s, it may be desirable

for all devices to share a common reference. While it is possible
to use the reference output for one device to provide a reference

Figure 12. AD390 Settling Characteristic

. o In many applications, including automatic test equipment,
for all devices, use of an external precision reference can the load presented to the AD390 may be less than 2kQ or
greatly imp rovefsystem accuracy an dl temperature stability. include large capacitance. In such cases, it is advisable to use
The external re crelx;c; sl};)uld be at least +5V and at most a buffer amplifier capable of delivering rated output to the
+11V to preserve DAC linearity. most severe load anticipated. The AD382, for example, can

The AD2710 is a suitable reference source for such systems. supply * 10V into a 2000 load and the AD3554 is suitable
It features a guaranteed maximum temperature coefficient of for load resistances down to 100Q: In applications where
+ 1ppm/°C, compared with the 10 to 20ppm/°C drift of the errors due to output boosting must be minimized, the composite
AD390 internal reference. The combination of the AD2710LN amplifier shown in Figure 13 provides excellent dc stability
and AD390KD shown in Figure 11 will yield a multiple-DAC as well as 100mA output drive capability.
system with maximum full-scale drift of +6ppm/°C and
excellent tracking. i o al
VWV
+15V +|Isv -15V AD330 S A, J
+10.000V | REF b 0.01uF
AD2710LN ™ Apssokp [ outeuts ) }- ch
AGND DGND  |T™ DGND
o < sooner
Vo = =10V
TOPOWER
GROUND TO POWER
GROUND
Figure 11. Low Drift AD390 Configuration Figure 13. Composite Amplifier for Increased Output Drive
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APPLICATIONS

The functional density of the AD390 permits complex analog
functions to be produced under digital control, where board
space requirements would otherwise be prohibitive. Multiple-out-
put plotters, multi-channel displays and complex waveform
generation and multiple programmable voltage sources can all
be implemented with the AD390 in a fraction of the space which
would be needed if separate DACs were used.

PROGRAMMABLE WINDOW COMPARATOR

The AD390 can be used to perform limit testing of responses to
digitally-controlled input signals. For example, two DACs may
be used to generate software-controlled test conditions for a
component or circuit. The response to these input conditions
can either be completely converted from analog to digital or
simply tested against high and low limits generated by the two
remaining DACs in the AD390.

In the circuit of Figure 14 two AD311 voltage comparators are
used with an AD390 to test the output of a 5 volt power supply
regulator. The AD390 Voyr; output (through an appropriate
current booster) drives the input to the regulator to simulate
variations in input voltage. The output of the regulator is applied
to comparators 1 and 2, with their outputs wire-ORed with
LED indicators as shown. The test limits for each comparator
are programmed by the AD390 Vourt, and Voyrs outputs.
When the output of the device under test is within the limits,
both comparators are off and D1 lights. If the output is above
or below the limits, either D4 or D5 lights.

+15V =15V
+5V
DEVICE | OUTPUT
Vour: UNDER s
pB11 TeST E R
1
12 ]
' =
DBO Vourz
AD390
cs1
a 1 Vours
]
cs4
Vours
—] A1
—

A1: DAC OUTPUT BOOSTER
A2, A3: AD311 COMPARATOR (OR EQUIVALENT)

AGND
a0
DGND

Figure 14. Programmable Window Comparator Used In
Power Supply Testing
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USING THE AD390 FOR ANALOG-TO-DIGITAL CON-
VERSION

Many systems require both analog output and analog input
capability. While complete integrated circuit analog-to-digital
converters (such as the AD574A) are readily available, the AD390
can be used as the precision analog section of an ADC if some
external logic is available. Several types of analog-to-digital
converters can be built with a DAC, comparator, and control
logic, including staircase, tracking, and successive-approximation
types. In systems which include a microprocessor, only a com-
parator must be added to the AD390 to accomplish the ADC
function since the processor can perform the required digital
operations under software control. A suitable circuit is shown in
Figure 15. The AD311 comparator compares the unknown
input voltage to one of the AD390 outputs for the analog-to-digital
conversion, while the other three outputs are used as normal
DACs. The diode clamp shown limits the voltage swing at the
comparator input and improves conversion speed. With careful
layout, a new comparison can be performed in less than 10
microseconds, resulting in 12-bit successive approximation con-
version in under 120 microseconds. The benefit of the AD390
in this application is that one ADC and three DACs can be
implemented with only two IC packages (the AD390 and the com-
parator).

ANALOG

INPUT
~10V 70 +10v v
I8V -8V
| 5
S 1ka
3
%
—MN D81 oum b “17 = AIN > Voun
CONTROL 1 V. “0" = AIN < Voyr
ONTROL | 12 : ourz
uP — bBo Vours
LN est Vours
) o
A AGND|
a1
a0 1

Figure 15. Using One AD390 Outputfor A/D Conversion



ANALOG
DEVICES

Complete Quad 12-Bit
D/A Gonverter with Readback

AD392

FEATURES

Data Readback Capability

Four Complete, Voltage Output, 12-Bit DACs in One
32-Pin Hermetic Package

Fast Bus Access: 40ns max, Tmin-Tmax

Asynchronous Reset to Zero Volts

Minimum of Two TTL Load Drive (Readback Mode)

Double-Buffered Data Latches

Monotonicity Guaranteed T, in-Tmax

Linearity Error +1/2LSB

Low Digital-to-Analog Feedthrough, 2nV-sec typ

Factory Trimmed Gain and Offset

Low Cost

PRODUCT DESCRIPTION

The AD392 is a quad 12-bit, high speed, voltage output digital-to-
analog converter with readback in a 32-pin hermetically sealed
package. The design is based on a custom IC interface to complete
12-bit DAC chips which reduces chip count and provides high
reliability. The AD392 is ideal for systems requiring digital
control of many analog voltages and for the monitoring of these
analog voltages especially where board space is a premium. Such
applications include ATE, robotics, process controllers and
precision filters.

Featuring maximum access time of 40ns, the AD392 is capable
of interfacing to the fastest of microprocessors. The readback
capability provides a diagnostic check between the data sent
from the microprocessor and the actual data received and trans-
ferred to the DAC. When RESET is low, all four DACs are
simultaneously set to (bipolar) zero providing a known starting
point.

The AD392 is laser-trimmed to + 1/2LSB integral linearity and
+ 1LSB max differential linearity at + 25°C. Monotonicity is
guaranteed over the full operating temperature range. The high
initial accuracy and stability over temperature are made possible
by the use of precision thin-film resistors.

The individual DAC registers are accessed by the address lines
A0 and Al and control lines CS and 2ND UP. These control
signals permit the registers of the four DACs to be loaded
sequentially and the outputs to be simultaneously updated.

The AD392 outputs are calibrated for a + 10V output range
with positive true offset binary input coding.

The AD392 is packaged in a 32-lead metal platform DIP and is
hermetically sealed. The AD392 is specified for operation over
the 0 to +70°C temperature range.

AD392 FUNCTIONAL BLOCK DIAGRAM

+15V  —15V  CASE

LATCH 1

LATCH 1 |— LATCH 2

l-l LATCH 1

LATCH 1 LATCH 2 l DAC4

WR RD 2ND UP +5V  DGND

IYNOLLD3YIaIE
I

LATCH 2

JOHLINOD

PRODUCT HIGHLIGHTS
1. The AD392 is packaged in a 32-pin DIP and is a complete
solution to space constraint multiple DAC applications.

2. Readback capability provides system monitor of DAC output
useful in ATE, robotics or any closed-loop system.

3. Fast bus access time of 40ns maximum allows for fast system
updating compatible with high speed microprocessing.

4. Simultaneous reset to zero volts output is extremely useful
for system calibration or simply when all DAC outputs must
initially start at zero volts.

5. Readback drive capability of two TTL loads virtually eliminates
the need to buffer.

6. Each DAC is independently addressable, providing a versatile
control architecture for simple interface to microprocessors.

7. Monolithic DAC chips provide excellent linearity and guaran-
teed monotonicity over the full operating temperature range.

8. Low digital-to-analog feedthrough (2nV-sec typ) is maintained
to assure DAC accuracy.
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SPECIFICAT|0NS Ve = +15V, Vg = —15V, Vpp = +8V, Ty +25°C, unless otherwise specified)

AD392
Parameter Min Typ Max Units Comments
DATA INPUTS (Pins 1-13, 16-18, 30-32)
TTL Compatible
Input Voltage
Bit ON (Logic “1”) +2.0 +Vpp v Vpp = 5.25V
Bit OFF (Logic “0”") DGND +0.8 v Vpp = 4.75V
Input Current
+25°C -2 +2 rA Vin = VpporGND
T min t0 Tax -20 +20 rA Vin = VpporGND
RESOLUTION 12 Bits
OUTPUT
Bidirectional Outputs (Pins 2-13)
Voltage Output Low (Io;. = +4.0mA) 0 +0.4 \%
Voltage Olltpl.lt High (Iogy = —4.0mA) +2.4 Vop A\
Tristate Output Leakage
T min t0 Tax -20 +20 RA See Note 1
DAC Output Voltage Range +10 v
Current Range -5 +5 mA
Short Circuit Current +40 mA
STATIC ACCURACY
Gain Error -0.1 *0.05 +0.1 % of FSR
Offset -0.05 +0.025 +0.05 % of FSR
Bipolar Zero +0.025 % of FSR
Integral Linearity Error -0.5 +0.25 +0.5 LSB
Differential Linearity Error -1 +0.5 +1 LSB
TEMPERATURE PERFORMANCE
Gain Drift -25 *20 +25 ppm FSR/°C
Offset Drift =25 +20 +25 ppm FSR/°C
Integral Linearity Error
Tnin t0 Tmax -1 +1 LSB
Differential Linearity Error - Monotonicity Guaranteed Over Full Temperature Range —
AC ANALOG PERFORMANCE
Settling Time (to + 1/2LSB)
Change All Register Inputs
From +5Vto0V/0V to + 5V 4 s See Note 2
For LSB Change 1 2 us
Slew 10 V/us
Digital-to-Analog Glitch Impulse 2 nV.sec See Note 3
Crosstalk 0.1 LSB See Note 4
POWER REQUIREMENTS
+Vee, — Ve +13.5 +16.5 v
+Vpp +4.5 +5.5 v
Current (All Digital Inputs DGND or
+Vpp ONLY, No Load)
Icc 26 4 mA
Iee 62 82 mA
Ipp 7.2 13 mA
Power Dissipation 1356 1955 mW See Note 5
POWER SUPPLY GAIN SENSITIVITY
+Vee Voo, — Ve 0.002 %FS/%Vs See Note 6
TEMPERATURE RANGE
Operating (Full Specifications) 0 +70 °C
Storage -65 +150 °C
NOTES

Wour = Vpp or DGND. _
2 Referenced to trailing rising edge of WR.

3Digital-to-Analog Glitch Impulse: This is a measure of the amount of charge injected from the digital inputs to the analog outputs when the
inputs change state. Specified as the area of the glitch in nV-secs.
4Crosstalk is defined as the change in any one output as a result of any other output being driven from — 10V to + 10V into a 2k load.

59) approximately 10°C/W.
$+Vee, +Vpp, — Vig are +10%.

Specifications subject to change without notice.
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ABSOLUTE MAXIMUM RATINGS* PIN CONFIGURATION
+Vecto AGND (Any DAC) . . . ... ... ... 0to +18V U,
—Veeto AGND (Any DAC) . . ... ....... 0to —18V mfi1]e 32] a1
+VpptoDGND . . . . . . ... ... ... - =
.V.m) to DGND 0.3Vto +7V Lseoso [2 S
Digital Inputs to DGND —
(Pins 1-13, 16-18,30-32) . . .. ... ... —0.3Vto +7V ost (5] o] eser
Analog Outputs (Pins 20, 22, 26, 28) oe2 [ 4 5] acios
Short Circuit Duration . . . . ... ....... Indefinite 083 5 28] Vours
(+Vee, = Vezor AGND) oss 6] [27] acnos
Storage Temperature . . . ... ... ... —65°C to +150°C bBS E 6] Vours
*Stresses above those listed under ““Absolute Maximum Ratings” may cause 088 E Tg'?s'sfzw E Ve
permanent damage to the device. This is a stess rating only and functional oe7 [3| (NottoScalel To4] v
operation at or above this specification is not implied. Exposure to above bBs |10 23| AGND2
maximum rating conditions for extended periods may affect device reliability.
pse [11 22] Vourz
nsw% 21] AGND1
mss pB11 [13 20] Voun
+voo [14] [19] case
pan [15 [18] 2% up
W [6] [7] o

CAUTION

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- WARNING! 1
ed; however, permanent damage may occur on unconnected devices subject to high energy é
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective /w

foam should be discharged to the destination socket before devices are removed.

ESD SENSITIVE DEVICE

ORDERING GUIDE

Temperature Linearity Error | Package
Model Range GainError | Tin-Tmax Option*
AD392JV | Oto +70°C +4LSB +1LSB DH-32A

*See Section 14 for package outline information.
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Theory of Operation

The AD392 is a quad 12-bit digital-to-analog converter with
readback capability. The analog portion of the AD392 includes
four bipolar process digital-to-analog converters. Each DAC
contains current steering switches and a resistor ladder network
which is laser-wafer trimmed for 12-bit accuracy. A precision
output amplifier for voltage out operation and an internal highly
stable voltage reference are all integrated on a single chip. The
DAC is fixed to run in bipolar, 20V span analog output mode as
shown in Table I.

Data Input Analog Output Analog Output Voltage
M1 U | +1e(V) 2047
“(Veern) {22 | +9.9951V -+ Full Scale ~ ILSB
1024
1100 0000 0000 | +1:(Veerm) |jemf | +5000V  +12Scale
1000 0000 0001 | +1+(VRerno) ﬁ} +4.88mV  +ILSB

1000 0000 0000 +0.000V Zero

o111 1111 11 | —1+(VRerm) {2—;“7} —488mV  —ILSB
1024

0100 0000 0000 | ~I-(Vegrmo {321 | _s5000v  -12Scale
2048

0000 0000 0000 | — 1oV {21 | —10.000v  —Fuliscate

Tablel. AD392 Bipolar Code Table.

The digital portion of the AD392 includes the readback function,
control logic and registers all integrated on a custom IC. Data
can be latched into any one of the first rank registers by selecting
the correct combination of address lines (A0 and Al) and CS.
The second rank registers are controlled by the 2ND UP control
line. Use of the 2ND UP line enables the DACs to be updated
simultaneously. The digital word can be readback from the
second rank registers by asserting the correct address lines,
2ND UP and RD command. The RD and WR commands
control the bidirectional I/O port. The AD392 features a RESET
command for simultaneous update of all DACs to 0 volts out.
This is useful for easy system calibration.

+15V  —15V  CASE

TS

AD392
LATCH 1 LATCH 2 DAC1 20) Vours
l 21) AGND1
DBO -
] 2
[ =
11 o§ —8— LATCH 1 [ LATCH 2 DAC2 22) Vourz
I H
LR N . 23) AGND2
LATCH 1 LATCH 2 DAC3 26) Vours
RESET (30) 27) AGND3
TS (31 5§
23
ao (4 °9 LATCH 1 [ LATCH 2 DACA 28) Vours
a1 (32)
29) AGND4
16 )17, 18, 14 15,
WR RD 2ND UP +5V  DGND

Figure 1. AD392 Block Diagram
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DATA AND CONTROL SIGNAL FORMAT

The double buffered registers of the AD392 are addressed by
the CS, Al and AO lines. Each rank of registers is 12 bits wide
and is presented in a straight offset binary notation. The first
rank of registers are loaded sequentially, with valid CS, Al, A0
on the trailing rising edge of WR. The second rank of registers,
on the other hand, are loaded simultaneously with the data
which is in their corresponding first rank registers, with a valid
CS and positive pulse of the 2ND UP command. (Note: All
second rank registers can be made transparent by tieing the
2ND UP line to a Logic “1”.) The data loaded into the second
rank registers represents the actual digital code which is on the
input of the individual DACs. This data can be read back through
the data port, with valid CS, Al and A0, by taking the RD line
to a Logic “0”. The AD392 also features an asyncronous reset
to zero volts for all four DACs by applying a negative pulse to
the RESET line. Executing a reset replaces the contents of both
ranks of registers with the bipolar zero code (MSB equals Logic
“1”, all other bits equal Logic “0”.)

CS |A1 [ Ao | WR | RD | RESET | 2NDUp | Output
1 X |X|X X X Chip Read/Write Disable
X X XX X 0 X MSBsGoto1,All
Others Goto 0
[} XXX X 1 1 AlI2ND Rank
Latches Transparent
0 X |1X | X X 1 0 AlI2ND Rank
Latches Latched
0 0 0 1 0 1 X Read Back DAC1
2ND Rank
0 0 0 | f 1 1 X Write to 1ST Rank
DAC1
0 0 1 1 0 1 X Read Back DAC2
2ND Rank
0 0 1 1 1 X Write to 1ST Rank
Lf e
[1] 1 0 1 0 1 X Read Back DAC3
2ND Rank
0 1 0 | f 1 1 X Write to 1ST Rank
DAC3
0 1 1 1 0 1 X Read Back DAC4
2ND Rank
0 1 1 1 1 X Write to 1ST Rank
DAC4
Symbols: X = Don’tCare
1 = Logic High
0 = Logic Low

U= Positive Trailing Edge Triggered

Tablell. AD392 Truth Table
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TIMING

The timing diagrams (Figures 2 and 3) illustrate the precise
relationship between control signals, address signals and the
data. The address lines (CS, Al, A0) as well as the data (D0-D11)
must be valid a minimum of 15ns before a WR is executed, and
the data must remain valid a minimum of 15ns after the WR
has been executed. Minimum pulse width for the WR, 2ND UP
and RESET commands is 15ns. Similarly, the address lines (CS,
A1, A0) must be valid a minimum of 15ns before a RD is executed.
Data will be valid a maximum of 40ns after RD goes low. (Note:
This is a MAXIMUM and, therefore, data should be off the bus
just before RD goes low to avoid bus contention preblems, i.e.,
damage to the device, data bus oscillations which may result in
latching erroneous data in the registers.) Data will be off the
bus a maximum of 30ns after RD goes high. (Note: This is a
MAXIMUM and, therefore, the data read should be completed
just before RD goes high to avoid reading erroneous data.)

DAC settling time is measured from the trailing rising edge of
the WR signal.

| tn - tm =t
" R +
B i

—Tgl. A=A
S A

pu )

DATA TATA
DATA IN /ALID A TRISTATE vaLip 8 A DPATA VALID C TRISTATE
e ] |—-—'— ton OFF e e T e i
DATA OUT TRISTATE vaara X TRISTATE Ve et TRISTATE

RESET

*DATA IS IN BOTH 157 AND 2"° RANKS
**DATA B IS IN 2" RANK, DATA C IS IN 157 RANK

Figure 2. AD392 Write/Read Cycle Timing Diagram

a0 T\
N

e
I

| ta0N = -—{:..oﬁ'—- = taON |- - tons—=]

DATA OUT
WO BUS) TRISTATE I DATA VALID ’ TRISTATE X reser cooe I TRISTATE

TRISTATE TRISTATE

|- ts =

RESET
tw

Figure 3. AD392 Read Cycle Timing Diagram

"B

WR

DATA IN
0 BUS)

Symbol Parameter Min Max Unit
tps Device Select 15 ns
tw Write/Update/Reset Pulse Width 15 ns
tsu Data Setup Time 15 ns
tHp Data Hold Time 15 ns
trs Reset Valid for Read 35 ns
tvr Read Valid After Write 30 ns
tpps Device De-Select (from Read Data to Tristate 40 ns
tga On Bus Access On Time 40 ns
tpa Off Bus Access Off Time 30 ns
tr Minimum Latch Delay after Write/ 10 ns
L2 Minimum Latch Delay after Next Write/ 5 ns
TR 2ND Rank Transparent for Valid Read 25 ns
t2tp 2ND Rank Transparent to DAC Port Outputs 40 ns
Ry tF Data Rise, Fall Times 0 5 ns
NOTES

Timing between pulses measured at 50% points.
Bus access on time measured from 50% point of read going low to active high (2.4)
oractive low (0.4) (see Figures 4 and 5).
Bus access off time measured from 50% point of read going high to point at which voltage
trails away from active high or low under standard tristate load conditions (see Figurc6).

Table lll. AC Charactertics: Vpp = 5.0V +10%;
0<Ty=<+70°C; Viy=Vppor DGND

5

[ TRISTATE —m~ |

DATA

out

V

20 30 40
ns
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Figured. Typical Bus Access Off Time (tga Off)
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Figure5. Typical Bus Access On Time (tgq On)

+5V (HPB216A
2

TRISTATE

OUTPUT

TO SCOPE INP!
TEKTRONIX

S R1

7A26 PLUG-IN
P6106A PROBES
7704A MAINFRAME
7892 TIME BASE
OR EQUIVALENT

ur l S
J c1 3

T

R2 y

DIGITAL
GROUND

VOLTAGE SUPPLY)

1.35Kk02 = 1%, 1/4W
25k{) =1%, 1/4W
100pF, FOR tga ON
15pF, FOR tg, OFF

¥ AL DIODES 1N916
OR EQUIVALENT

Figure 6. Standard Tristate Load Circuit

DIGITAL-TO-ANALOG CONVERTERS

2-25



SETTLING TIME

The output amplifiers used in the AD392 are capable of supplying
a =10 volt swing into a resistive load of 2k() or greater. The
settling characteristics of the output amplifier is shown in
Figure 7. The test setup used to determine settling time is shown
in Figure 8.

POWER SUPPLY DECOUPLING

The power supplies used with the AD392 should be well filtered
and regulated. Internally the + Vcc and — Vg supplies are
independently decoupled about each DAC with 0.039u.F chip
capacitors to their corresponding AGND. Therefore, if the
grounding scheme of Figure 9 is used, it should be sufficient to
place a 4.7u.F tantalum electrolytic capacitor across the + Vcc
and — Vg supplies. Decoupling the + Vpp supply to DGND
should be done in the same manner, however, using a parallel
combination of 0.047uF ceramic and a 4.7u.F tantalum electrolytic
capacitor.

HP80128
PULSE GEN..

— I
Decons ———]*
] A1 AD392 DAC Vour

20 20
£0.01% 2001%  Vsermue

VOLTAGE
+5V = 2% UP SUPPLY)
Pm’ggﬂ, | WR AGND 1271}’\5']‘3 PLUNGI)-(IN
PROBE
770A MAINFRAME
892 TIME BASE
0.01% FSR = 1mV @ ARTIFICIAL SUMMING NODE
Figure 8. AD392 V,, Settling Time Circuit
GROUNDING RULES

The AD392 has been designed with four independent DAC
analog grounds and a separate digital ground return pin. The
analog ground pins are not only the reference points for the
individual voltage outputs, they also serve as the return path for
the switched DAC bit input currents. These rapidly switching
currents may be as large as several milliamps for each DAC
and, therefore, should be returned to a low impedance node to
avoid code dependent linearity errors, digital-to-analog feed-
through and crosstalk between DAC outputs. It is recommended
that all four DAC analog grounds and the digital ground be tied
together at the package for optimal performance. + V¢ and

— Vgg grounds can be tied together back at the system supply
and brought up to the AD392 together, whereas the + Vpp
ground is tied to the other grounds at the package and not back
at the system supply. This configuration is recommended because
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the DAC bit input currents are sourced from the + Vpp supply
and should return by the shortest possible path and not down
the analog return (see Figure 9 for details.).

ADDRESS BUS

ADDRESS
DECODER

i DATA BUS

+15V

Vour2
[12] pB10  AGND1
(13] pB11 Vours
(14] +voo CASE
DGND  2ND UP

+5V
(DIGITAL)

DGND
RETURN
WR

Figure 9. AD392 Recommended Circuit Schematic

CIRCUIT DETAILS
The following two suggestions are intended to aid the user in
the normal operation of the AD392:

1. Bus Termination: The bidirectional tristateable port of the
AD392 (as well as the digital inputs) should not be allowed
to “float”. These functions are provided by a custom CMOS
integrated circuit having an input control circuit which is
essentially the common gate contact of a pair of P and N
channel MOS devices connected in series between the + Vpp
and DGND supply lines. An unterminated bus allows the
gate potential to float to a point where both channels are
partially ‘“‘on” creating an ohmic path across the supply.
Therefore, to avoid excessive supply current drain and possible
reflections of the digital signal the bus should be terminated
in its characteristic impedance to DGND.

2. Digital Signal Integrity and the RESET line: The AD392
has been designed to respond to extremely fast data rates and
as a result must operate with a “clean” bus to ensure that
valid data is being transmitted (i.e., transients on the bus
that cross thresholds with sufficient duration, Sns-10ns, may
cause data to become invalid just before a WR command). If
the RESET line is not connected to this “clean” bus (i.e.,
connected to some sort of power on reset circuitry), then it is
recommended that this line be decoupled with a minimum of
1000pf capacitor to avoid an unwanted asynchronous zero
volt reset on all four DACs. If this signal is not used, it
should be tied to + Vpp at the package.



ANALOG
DEVICES

P-Compatible Multiplying
Quad 12-Bit D/A Converters

AD394/AD395

FEATURES

Four Complete 12-Bit CMOS DACs with Buffer
Registers

Linearity Error =1/2LSB T,,,in-Tmax (AD394, AD395K,T)

Factory-Trimmed Gain and Offset

Precision Output Amplifiers for Vour

Full Four Quadrant Multiplication per DAC

Monotonicity Guaranteed Over Full Temperature
Range

Fast Settling: 15ps Max to +1/2LSB

Available to MIL-STD-883 (See ADI Military Catalog)

PRODUCT DESCRIPTION

The AD394 and AD395 contain four 12-bit, high-speed, low
power, voltage output multiplying digital-to-analog converters in
a compact 28-pin hybrid package. The design is based on a
proprietary latched 12-bit CMOS DAC chip which reduces chip
count and provides high reliability. The AD394 and AD395
both are ideal for systems requiring digital control of many
analog voltages where board space is at a premium and low
power consumption a necessity. Such applications include auto-
matic test equipment, process controllers, and vector stroke
displays.

Both the AD394 and the AD395 are laser-trimmed to +1/2LSB
max differential and integral linearity (AD394, AD395K,T) and
full scale accuracy of +0.05 percent at 25°C. The high initial
accuracy is made possible by the use of precision laser trimmed
thin-film scaling resistors.

The individual DAC registers are accessed by the CS1 through
CS4 control pins. These control signals allow any combination
of the DAC select matrix to occur (see Table III). Once selected,
the DAC is loaded with a single 12-bit wide word. The 12-bit
parallel digital input interfaces to most 12- and 16-bit bus
systems.

The AD394 outputs (Vrgrin = + 10V) provide a = 10V bipolar
output range with positive-true offset binary input coding. The

AD395 outputs (Vrgrin = — 10V) provide a OV to + 10V unipolar

output range with straight binary input coding.

Both the AD394 and the AD395 are packaged in a 28-lead
ceramic package and are available for operation over the 0 to
+70°C and —55°C to + 125°C temperature range.

cs2 (14

msB
81 |
L
812(12)
€53 (15) S

o4 (19—

AD394/AD395 FUNCTIONAL BLOCK DIAGRAMS
AD395 AD394
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20) - 15V
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PRODUCT HIGHLIGHTS

1.

2.
3.

The AD394, AD395 offer a dramatic reduction in printed
circuit board space in systems using multiple DACs.

The use of CMOS DACs provides low power consumption.
Each DAC is independently addressable, providing a versatile
control architecture for simple interface to microprocessors.
All latch enable signals are level-triggered.

. The output voltage is trimmed to a full scale accuracy of

+0.05%. Settling time to *+ 1/2LSB is 15 microseconds
maximum.

. Maximum gain TC of Sppm/°C is achievable by both the

AD394 and the AD395.

. The monolithic CMOS DAC chips provide excellent linearity

and guaranteed monotonicity over the full operating tempera-
ture range.

. The 28-pin double-width hybrid package provides extremely

high functional density.

. Two or four quadrant multiplication can be achieved simply

by applying the appropriate input voltage signal to the selected
DAC’s reference (VRgrIN)-

. Both the AD394S,TD and AD395S,TD feature guaranteed

accuracy and linearity over the —55°C to + 125°C temperature
range.
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SPECIFICATIONS o, = + 250, v = 1o0v, =

=15V unless otherwise specified)

AD394JD/SD’ AD394KD/TD*
Model AD395JD/SD AD395KD/TD
MIN TYP MAX MIN TYP MAX UNITS
DATA INPUTS (Pins 1-16)*
TTL or 5 Volt CMOS Compatible
Input Voltage
Bit ON (Logic “1”") +2.4 +5.5 +2.4 +5.5 A
Bit OFF (Logic “0) 0 +0.8 1] +0.8 \

Input Current +4 +40 +4 +40 pA
RESOLUTION 12 12 Bits
OUTPUT

Voltage Range®
AD39% + VReFIN * VREFIN \%
AD395 0V to —(VREFIN) 0Vto —(VRerN) v
Current S 5 mA
STATICACCURACY
Gain Error *0.05 0.1 +0.025 +0.05 %of FSR*
Offset +0.025 +0.05 +0.012 +0.025 | %of FSR
Bipolar Zero (AD394) +0.025 +0.012 % of FSR
Integral Linearity Error’ +1/4 +3/4 +1/8 +1/2 LSB
Differential Linearity Error +1/2 +3/4 +1/4 +1/2 LSB
TEMPERATURE PERFORMANCE
Gain Drift 10 +5 ppm FSR/°C
Offset Drift 10 +5 ppm FSR/°C
Integral Linearity Error’
Tnin 10 Trax +1/2 +3/4 +1/4 +1/2 LSB
Differential Linearity Error MONOTONICITY GUARANTEED OVER FULL TEMPERATURE RANGE
REFERENCE INPUTS
Input Resistance 5 25 5 25 kQ
Voltage Range -11 +11 -11 +11 A%
DYNAMIC PERFORMANCE
Settling Time (to *+ 1/2LSB)
Vrerin = + 10V, Change All Digital
Inputs from + 5.0V to OV 10 15 10 15 s
Vgerin = 0to5V Step,
All Digital Inputs =0V 10 15 10 15 s
Reference Feedthrough Error®
AD395 5 5 mV p-p
AD39%4 See Figure 1 See Figure 1
Digital-to-Analog Glitch Impulse’ 250 250 nVisec
Crosstalk

Digital Input (Static)® 0.1 0.1 LSB

Reference’ 2.0 2.0 mV p-p
POWERREQUIREMENTS

Supply Voltage'® +13.5 +16.5 *13.5 +16.5 A
Current (All Digital Inputs OV or +5V)
+Vs 20 22 20 22 mA
-Vs 18 28 18 28 mA
Power Dissipation 570 750 570 750. mW
POWER SUPPLY GAIN SENSITIVITY
+Vg 0.002 0.006 0.002 0.006 %FS/%
-V 0.0025 0.006 0.0025 0.006 %FS/%
TEMPERATURE RANGE
Operating (Full Specifications)], K 0 +70 0 +70 °C
S, T —-55 +125 —55 +125 °C
Storage —65 +150 -65 +150 °C

NOTES

1AD394 and AD395 S and T grades are available to MIL-STD-883, Method 5008, Class B. See Analog Devices Military Catalog (1987) for

proper part number and detail specification.
2Timing specifications appear in Table IV and Figure 5.
3Code tables and graphs appear on Theory of Operation page.

“FSR means Full Scale Range and is equal to 20V for a + 10V bipolar range and 10V for 0 to 10V unipolar range.

i iation from a straight line passing though th
SFor AD395 (unipolar), DAC register loaded with 0000 0000 0000, Vrgrin = 20V p-p, 10kHz sinewave. For AD394 (bipolar), Vrgrin = 20V p-p, 60 and 400Hz.
7This is a measure of the amount of charge injected from the digital inputs to the analog outputs when the inputs change state. It is usually specified

SIntegral nonlinearity isa f the

as the area of the glitch in nVs and is measured with Vggrin = AGND.

d.

f the DAC transfer

8Digital crosstalk is defined as the change in any one output’s steady state value as a result of any other output being driven from Vourmin to Vourmax

intoa 2k load by means of varying the digital input code.

SReference crosstalk is defined as the change in any one outputasa rcsult of any other output being driven from Voutmin t0 Vou-rMAx @10kHz

intoa 2k(2 load by f varying the litude of the refe

19The AD394 and the AD395 can be used with supply voltages as lowas + 1L 4V, Figure 10.

Specifications subject to change without notice.
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AD394/AD395

ABSOLUTE MAXIMUM RATINGS*

+VstoDGND . ... ............ —0.3Vto +17V
=VstoDGND . ... ............ +0.3Vto —17V
Digital Inputs (Pins 1-16) to DGND . . . . . —0.3Vto +7V
VReEpntoDGND . . . . . . ... ... L. +25V
AGNDtoDGND . . . ... ... ...t uu.. +0.6V
CAUTION

Analog Outputs (Pins 18, 21, 24, 27)
.............. Indefinite Short to AGND or DGND
Momentary Short to +Vg

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

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

periods may affect device reliability.
WARNING! é

ESD SENSITIVE DEVICE

MIL-STD-883

The rigors of the military/aerospace environment, temperature
extremes, humidity, mechanical stress, etc., demand the utmost
in electronic circuits. The AD394, AD395, with the inherent
reliability of integrated circuit construction, were designed with
these applications in mind. The hermetically-sealed, low profile
DIP package takes up a fraction of the space required by equivalent
modular designs and protect the chips from kazardous environ-
ments. To further insure reliability, the AD394, AD395 are
both fully compliant to MIL-STD-883 Class B, Method 5008.

Consult Analog Devices Military Catalog for proper ordering
part number and detail specification.

PIN CONFIGURATION

\JS
Ms8 B1 E d EI Vgerint
B2 2] 27] Vours
83 3] 26] +15v
se[4] 25 Vaerma
8s[5] 24] Voura
o :3339945/ 23] AGND
81 (7] ortoSomel  [22] Vierma
Figure 1. AD394 Feedthrough Vagen = 60Hz (top photo) and o] 2 voor
400Hz (bottom photo) Sinewave. Digital code is set at 1000 o] %"w
0000000. wo 0 18] Voern
SCALE: Reference Input5V/DIV (Thin Trace) sl E Vours
Feedthrough Output 5mV.DIV Ls8 B2 17} bGno
TIME: Top Photo 5ms DIV o5t [ [e] &5
Bottom Photo 500us/DIV o2 [1e 1] &3
ORDERING GUIDE
Temperature Linearity Error | Package
Model Range Gain Error | Toin-Tmax Option*
AD394JD | Oto +70°C +4LSB +3/4L.SB DH-28A
AD395JD | Oto +70°C +4LSB +3/4LSB DH-28A
AD394KD | 0to +70°C +2LSB +1/2LSB DH-28A
AD395KD | 0to +70°C +2LSB +1/2LSB DH-28A
AD394SD | —55°Cto +125°C +4LSB + 3/4LSB DH-28A
AD395SD | —55°Cto +125°C +4LSB +3/4L.SB DH-28A
AD394TD | —55°Cto +125°C +2LSB +1/2LSB DH-28A
AD395TD | —55°Cto +125°C +2LSB +1/2LSB DH-28A

*See Section 14 for package outline information.
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Theory of Operation

The AD394 quad DAC provides four-quadrant multiplication.
It is a hybrid IC comprised of four monolithic 12-bit CMOS
multiplying DACs and eight precision output amplifiers. Each
of the four independent-buffered channels has an independent
reference input capable of accepting a separate dc or an ac signal
for multiplying or for function generation applications. The
CMOS DAGC: act as digitally programmable attenuators when
used with a varying input signal or, if used with a fixed dc
reference, the DAC would act as a standard bipolar output
DAC. In addition, each DAC has a 12-bit wide data latch to
buffer the converter when connected to a microprocessor data
bus.

The AD395 quad DAC provides two-quadrant multiplication
and is comprised of four 12-bit CMOS multiplying DACs and
four precision output amplifiers. The two-quadrant-multiplication
function arises from a straight-binary digital input multiplied by

OFFSET

8
8
8
BINARY 8

0110 0000 0000
1000 0000 0000
1110 0000 0000
111 111 1N

LS8

4 0010 0000 0000
m 1010 0000 0000

2

+FULL SCA
+3 T

= 0100 0000 0000

— 1100 0000 0000

+ o+
Rlw Rl Zle

+

NORMALIZED ANALOG
OUTPUT - RATIOTO FULL SCALE
°
|

'
RIS Rle Rl Rlw

'

- FULL SCALE

Vour = Vassm)- (505 = 1)

Figure 2. AD394 as a Four-Quadrant Multiplier of Reference
Input and Digital Input

DATAINPUT ANALOG OUTPUT ANALOG OUTPUT VOLTAGE Vaggry = +10VOLTS
HINUI |+ 1(Veerno) [%} +9.9951V +FULLSCALE — ILSB

1100 0000 0000 | +1+(Vrgem) {;&—Z;} +5.000V +172SCALE

1000 0000 0001 | +1+(Vegri) {#‘-s] +4.88mV +1LSB

1000 0000 0000 | +1(Vegrmv )[ %} +0.000V ZERO

o111 1111 nn = 1+(VReFIN) ‘Zgﬁl -4.88mV —1LSB

0100 0000 0000 | —1+(Vggri) {;—ﬁgl ~5.000V _12SCALE

0000 0000 0000 | —1+(Vagrno) {%:%} ~10.000V ~FULLSCALE

Table . AD394 Bipolar Code Table

2-30 DIGITAL-TO-ANALOG CONVERTERS

a bipolar analog input which results in two-quadrant multiplica-
tion. The AD395 can also operate as a standard unipolar DAC
when a fixed dc reference is applied to VreriN-

MULTIPLYING MODE

The figures below show the transfer function for each model.
The diagrams indicate an area over which many different com-
binations of the reference input and digital input can result in a
particular analog output voltage. The highlighted transfer line in
each diagram indicates the transfer function if a fixed reference
is at the input. The digital codes above each diagram indicate
the mid and endpoints of each function. The relationship between
the reference input (Vrerin) the digital input code and the
analog output is given in Tables I and II below. Note that the
reference input signal sets the slope of the transfer function (and
determines the full scale output at code 111 . . 111) while the
digital input selects the horizontal position in each diagram.

£
g
g

ULL SCAL
I

S 0000 0000 0000
< 0010 0000 0000
0100 0000 0000

<% 0110 0000 0000
™ 1010 0000 0000
- 1100 0000 0000

< 1110 0000 0000

-Ki"! 1 oun
s

DIGITAL
—-—

INPUT
CODES POSITIVE

REFERENCE

37¥DS TIN4 0L OLLVH — LNdLNO
DOTYNY a3ZITVWHON

—FULL SCALE

Vour = =1+ Waeen)-{

D
3096

Figure 3. AD395 as a Two-Quadrant Multiplier of Reference
Input and Digital Input

DATAINPUT ANALOG OUTPUT ANALOG OUTPUT VOLTAGE Vagrpy = + 10 VOLTS
4095
W | -1V {298 -9.9976V ~FULLSCALE - 1LSB
1000 0000 0000 | —1e(V, 2048 —5.000V -
~1+(VeerN) | Zo06 X 12SCALE
0000 0000 0001 | —1l+(Vagrin) {«)lTs} ~2.44mV ~1LSB
0000 0000 0000 | —1e(Vegrn) {43—%} 0.000V ZERO

Table Il. AD395 Unipolar Code Table



Digital Circuit Details — AD394/AD395

?’:TAADM?»;D (c:ioANDI3R9?L SIGIIQZA:" l::rallmml ;; . Symbol Parameter T min 10 Tax Units
e and AD395 accept 12-bit el data in response . . .
to control signals CS1-CS4. As detailed in Table I1I, the four tes Chip Select Pulse Width 380 nsmin
chip select lines are used to address the DAC register of interest. oA Data ccijs '?m ¢ (2)1 0 1S min
It is permissible to have more than one chip select active at any Ips ata Set- d p “ime ns min
time. If CS1-CS4 are all brought low coincident, all four DAC tou Data Hold Time 10 nsmin
outputs will be updated to the value located on the data bus. All Table IV. AD394, AD395 Timing Specifications

control inputs are level-triggered and may be hard-wired low to
render any register (or group of registers) transparent.

le t N

e e CHIP l +5V n
CS1 CS2 CS3 CS4 Operation SELECT 4 ) :

1 1 1 1 All DACs Latched l-— toa tos ton —-1

0 1 1 1 Load DAC 1 From Data Bus DATAIN +5V

1 o0 1 1 Load DAC2 From DataBus B e | DATA VAUD X,

1 1 0 1 Load DAC 3 From Data Bus | teer . }

1 1 1 0 Load DAC 4 From Data Bus r S TSNS EEAEEE

0 0 0 0  AllDACs Simultaneously Loaded oureur / e12LS8

Table lll. DAC Select Matrix NotEs
TR = TF = 20ns. ALL INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 10% to 90% of Vpp (+5V TYP)

TIMING MEASUREMENT REFERENCE LEVEL IS (Vi + V)2

28) Vagrny
AD334 L Ve MODE SELECTION
'WRITE MODE HOLD MODE
TS LOW, DAC RESPONDS TO TS HIGH, DATA BUS (db0-db11)1S
L 1 DATA BUS (db0-db11) INPUTS LOCKED OUT; DAC HOLDS LASTDATA
A b ) Vv, :IRSSESI;{;#HENCSASSUMED
o o
¢ ]l/
H 4, . . . .
Figure 5. Timing Diagram
cs1 q:{ 26) + 15V
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N 24) Vour L N { T 27) Vour
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cs2 (14 23) AGND f; M ¢ é
26) +15V
_35— R=
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N > 21) Vours M { T 29) Vour:
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+ T A ]
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54 (i6) =V DGND n? é 20) - 15V
&3 (19)
. . . . 19) Veerne
Figure 4. AD394 (Bipolar) Functional Block Diagram
— T
TIMING A8 I°
The AD394, AD395 control signal timing is very straightforward. & ¢ b2 ) bond
CS1-CS4 must maintain a minimum pulsewidth of at least 380ns &5 (1) ID;T
for a desired operation to occur. When loading data from a bus K4

into a 12-bit wide data latch, the data must be stable for at least
210ns before returning CS to a high state. When the CS is low,
the data latch is transparent allowing the data at the input to
propagate through to the DAC. Data can change immediately
after the chip select returns high. DAC settling time is measured
from the falling edge of the active chip select.

Figure 6. AD395 (Unipolar) Functional Block Diagram
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Analog Circuit Details

GROUNDING RULES

The AD394 and AD395 include two ground connections in
order to minimize system accuracy degradation arising from
grounding errors. The two ground pins are designated DGND
(pin 17) and AGND (pin 23). The DGND pin is the return for
the supply currents of the AD394, AD395 and serves as the
reference point for the digital input thresholds. Thus DGND
should be connected to the same ground as the circuitry which
drives the digital inputs.

Pin 23, AGND, is the high-quality analog ground connection.
This pin should serve as the reference point for all analog circuitry
associated with the AD394, AD395. It is recommended that any
analog signal path carrying significant currents have its own
return connection to pin 23 as shown in Figure 7.

AD394 Vour
DATA AD395

Vourz

Voura
CONTROL Vours

T Veeen

Veerinz

Vaeeins

Vageia GROUND

SHOWN WITHALL
FOURDACs IN
MULTIPLYING
MODE

I

TOOTHER
ANALOG CIRCUITS

L4

Figure 7. Recommended Ground Connections

Several complications arise in practical systems, particularly if
the load is referred to a remote ground. These complications
include dc gain errors due to wiring resistance between DAC
and load, noise due to currents from other circuits flowing in
power ground return impedances, and offsets due to multiple
load currents sharing the same signal ground returns. While the
DAC outputs are accurately developed between the output pin
and pin 23 (AGND), delivering these signals to remote loads

AD394
AD395

DGND _ AGND

(h__ 17/\ /\23 a—_-‘

Zs AD394 R
3 AD395 "

REMOTE GROUND

DGND  AGND
2o V7 23

la Zge
Zoo 4

A1-A3: OPTIONAL CURRENT BOOSTERS
Rwr-Rws: WIRING RESISTANCES

Zga, Zgp: SIGNAL GROUND RETURN IMPEDANCE
Zpo: POWER GROUND RETURN IMPEDANCES

TO POWER
GROUND

Figure 8. Grounding Errors in Multiple-AD394, AD395
Systems
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TOPOWER

can be a problem. These problems are compounded if a current
booster stage is used, or if multiple AD394, AD395 packages
are used. Figure 8 illustrates the parasitic impedances which
influence output accuracy.

An output buffer configured as a subtractor as shown in Figure
9 can greatly reduce these errors. First, the effects of voltage
drops in wiring resistances is eliminated by sensing the voltage
directly at the load with R4. The voltage drops caused by currents
flowing through Zg, are eliminated by sensing the remote ground
directly with R3. Resistors R1 through R4 should be well matched
in order to achieve maximum rejection of the voltage appearing
across Zga. Resistors matched to within one percent (including
the effects of Ry, and Rys3) will reduce ground interaction
errors by a factor of 100.

R4 10k Rw2

R1 10k ZRu
AD394 A ]
AD395
Rk PR o REMOTE
WA — GROUND
DGND  AGND R2 <
10k S
Zo 13 75
e AAA, b)Y
‘ a WA—(
TO POWER
GROUND R1-R4 MATCH TO 1% OR BETTER

Figure 9. Use of Subtractor Amplifier to Preserve
Accuracy

OPERATION FROM =12 VOLT SUPPLIES

The AD394, AD395 may be used with * 12 volt +5% power
supplies if certain conditions are met. The most important limi-
tation is the output swing available from the output op amps.
These amplifiers are capable of swinging only as far as 3 volts
from either supply. Thus, the normal + 10 volt output range
cannot be used. Changing the output scale is accomplished by
changing the reference voltage. With a supply of +11.4 volts
(5% less than + 12V), the output range is restricted to a maximum
+ 8.4V swing. It may be useful to scale the output at +8.192
volts (yielding a scale factor of 4 millivolts per LSB).

Figure 10 shows a suggested circuit to set up a =8.192V output
range. To help prevent poor gain drift due to possible mismatch
between Ry and Rryeveniy of divider network it is recommended
to buffer the potentiometer wiper voltage with an OP-07.

+15V
2710
KN
R1
1.62k
-
R2 < REF IN
50002 .

{ oP-07 AD394 ANALOG
a3 AD395 OUTPUTS
825k

AGND ——
DGND

R1, R3: 1% METAL FILM OR BETTER
R2: LOW TC MULTI-TURN TRIMPOT

TO POWER
GROUND

Figure 10. Connections for +8.192V Full Scale
(Recommended for + 12V Power Supplies)



AD394/AD395

POWER SUPPLY DECOUPLING

The power supplies used with the AD394, AD395 should be
well filtered and regulated. Local supply decoupling consisting
of a 10uF tantalum capacitor in parallel with 0.1wF ceramic is
suggested. The decoupling capacitors should be connected between
the AD394 supply pins and the AGND pin. If an output booster
is used, its supplies should also be decoupled to the load
ground.

IMPROVING FULL-SCALE STABILITY

In large systems using multiple DACs, it may be desirable
for all devices to share a common reference. A precision
reference can greatly improve system accuracy and temperature
stability.

The AD2710 is a suitable reference source for such systems.
It features a guaranteed maximum temperature coefficient of
+ 1ppm/°C. The combination of the AD2710LN and AD394,
AD395 shown in Figure 11 will yield a multiple-DAC system
with maximum full-scale drift of +6ppm/°C and excellent
tracking.

+15V +15V -15V
+10.000V | REF —o—
IN -

AD2710LN AD394
AD395 OUTPUTS
AGND DGND
TOPOWER
‘GROUND

Figure 11. Low Drift AD394, AD395 Configuration

Applications

INTERFACING THE AD39%4, AD395 TO
MICROPROCESSORS

The AD394, AD395 control logic provides simple interface to
microprocessors. The individual latches allow for multi-DAC
interfacing to a single data bus.

16-BIT PROCESSORS

The AD394, AD395 are 12-bit resolution DAC systems and are
easily interfaced to 16-bit wide data buses. Several possible
addressing configurations exist.

In the circuit of Figure 12, a system write signal is used to
control the decoded address lines and a 74L.S139 decoder driven
from the least significant address bits provides the active-low
CST through CS4 signals. In the circuit of Figure 12, address
lines A0 and Al each select a single DAC of the four contained
in the AD394 or AD395. The use of a separate address line for
each DAC allows several DACs to be accessed simultaneously.
The address lines are gated by the simultaneous occurrence of a
system WR and the appropriately decoded base address.

In the addressing scheme shown, A0 represents the least significant
word address bit. Data may reside in either the 12MSBs (left-jus-
tified) or the 12LSBs (right-justified). Left justification is useful
when the data word represents a binary fraction of full scale,
while right-justified data usually represents an integer value
between 0 and 4095.

16-BIT
DATA g 12 BITS
BUS

W4 po
HIGH —
ORDER
BASE
ADDRESS ——
DECODER ANALOG
AD394 OUTPUTS
BITS I AD395 e
——

Al

—

12
74L8139

i

ALL GATES: 1/4 74LS32

Figure 12. AD394, AD395 16-Bit Bus Interface

8-BIT PROCESSORS

The circuit of Figure 13 shows the general principles for
connecting the AD394 or the AD395 to an 8-bit data bus.
The 74L.S244 buffers the data bus; its outputs are enabled
when the DAC address appears on the address bus. The first
byte sent to the DAC is loaded to the 74L.S373 octal latch
and, when the second byte is sent to the DAC, it is combined
with the first byte to create a 12-bit word. The connections
shown are for right-hand justified data. CS and WR inputs
to the DAC are also gated, and when active, the DAC is
loaded. Pull-up resistors at the output of the 741.5244 buffer
ensure that the inputs to the DAC do not float at an ill-defined
level when the DAC is not being addressed. This method of
connecting 12-bit DACs to an 8-bit data bus is most cost
effective when multiple DACs are utilized for 8-bit data bus
applications.
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8 x 10k
Ls8|
[0
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BUS

741
204

mse L(D)M)

741830

10k - =
+5V r B
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3
DECODER

ADORESS,
BUS

144111

-
3
I

1!

NOTE:

UNUSED HEX INVERTER INPUTS SHOULD BE TIED LOW. ALL OTHER
GATE INPUTS SHOWN SHOULD BE TIED HIGH TO +5V

THROUGH A 10k{2 RESISTOR.

Figure 13. AD394, AD395 8-Bit Data Bus Interface
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Applications

The functional density of the AD394 and AD395 permits complex
analog functions to be produced under digital control, where
board space requirements would otherwise be prohibitive. Mul-
tiple-output plotters, multi-channel displays and complex
waveform generation and multiple programmable voltage sources
can all be implemented with the AD394 or AD395 in a fraction
of the space which would be needed if separate DACs were
used.

USING THE AD394 FOR ANALOG-TO-DIGITAL
CONVERSION

Many systems require both analog output and analog input
capability. While complete integrated circuit analog-to-digital
converters (such as the AD574A) are readily available, the AD394
can be used as the precision analog section of an ADC if some
external logic is available. Several types of analog-to-digital
converters can be built with a DAC, comparator, and control
logic, including staircase, tracking, and successive-approximation
types. In systems which include a microprocessor, only a com-
parator must be added to the AD394 to accomplish the ADC
function since the processor can perform the required digital
operations under software control. A suitable circuit is shown in
Figure 14. The AD311 comparator compares the unknown
input voltage to one of the AD394 outputs for the analog-to-digital
conversion, while the other three outputs are used as normal
DACs. The diode clamp shown limits the voltage swing at the

ANALOG

INPUT
~10V TO +10v
+18V -5V *

N v,
o1 oum

CONTROL
LOGIC 2

OR
nP

o

= AIN > Voyry
= AIN < Voury

Vour2

{OR EQUIVA-
LENT)

oursf—== » ANALOG

v,
AD394
cs1 Voura}—=/

l/ ose AGND|
Al
A0 DGNDJ

Figure 14. Using One AD394 Output for A/D Conversion

comparator input and improves conversion speed. With careful
layout, a new comparison can be performed in less than 15
microseconds, resulting in 12-bit successive approximation con-
version in under 180 microseconds. The benefit of the AD394
in this application is that one ADC and three DACs can be
implemented with only two IC packages (the AD394 and the
comparator).

PROGRAMMABLE WINDOW COMPARATOR

The AD395 can be used to perform limit testing of responses to
digitally-controlled input signals. For example, two DACs may
be used to generate software-controlled test conditions for a
component or circuit. The response to these input conditions
can either be completely converted from analog to digital or
simply tested against high and low limits generated by the two
remaining DACs in the AD395.
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Figure 15. Programmable Window Comparator Used in
Power-Supply Testing

In the circuit of Figure 15, two AD311 voltage comparators are
used within AD395 to test the output of a 5 volt power-supply
regulator. The AD395 Vour) output (through an appropriate
current booster) drives the input to the regulator to simulate
variations in input voltage. The output of the regulator is applied
to comparators 1 and 2, with their outputs wire-ORed with
LED indicators as shown. The test limits for each comparator
are programmed by the AD395 Voyr; and Voyrs outputs.
When the output of the device under test is within the limits,
both comparators are off and D1 lights. If the output is above
or below the limits, either D4 or D5 lights.

AD395 AS A MULTIPLIER AND ATTENUATOR

So far, it has been assumed that the reference voltage Vgrgpny is
fixed. In fact, Vrermy can be any voltage within the range (— 11V
< Vgrepin < +11V). It can be negative, positive, sinusoidal or
whatever the user prefers. This leads to the name “Multiplying
D/A Converters” because the output voltage, Vour, is proportional
to the product of the digital input word and the voltage at the
VReFIN terminal.

Vour = —1* (VRerm) - (0<D<4095)

_D_
(4096)
D is the fractional binary value of the digital word applied to
the converter. The AD395 multiplies the digital input value by
the analog input voltage at Vrep for any value of Vrgrmy up
to 22V p-p. This in itself is a powerful tool. Any applications
requiring precision multiplication with minimal zero offset and
very low distortion should consider the AD395 as a candidate.
One popular use for AD395 is as a audio frequency attenuator.
The audio signal is applied to the Vgrgrpy input and the attenuation
code is applied to the DAC; the output voltage is the product of
the two — an attenuated version of the input. The maximum
attenuation range obtainable utilizing 12-bits is 4096:1 or 72db.

AUDIO SIGNALS

Vin Vrerin Vour p——0
AD395
Vinz O——— Vrerinz Vour2 ——0

- D
Vourx = =1 (Vgern) * (m)
Ving O——— Vierina Vours p—0

Ving O——— Vrering Vours f——0

i,

DIGITAL FRACTION D
(FROM ANALOG-TO-DIGITAL CONVERTER)

Figure 16. AD395 as a Multiplier or Attenuator
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DEVICES

jP-Compatible Multiplying
Quad 14-Bit D/A Converter

AD396

FEATURES

Four, Pre-Trimmed, 14-Bit CMOS DACs

Double Buffered for Simultaneous Update

Precision Output Amplifiers for Voltage Out

Full Four Quadrant Multiplication - Independently
Pinned Out DAC Reference

Monotonicity Guaranteed Over Full MIL Temp. Range

Low Power — 780mW Max

Small 28 Lead, Hermetic Double DIP Package

MIL-STD-883 Processing Available

PRODUCT DESCRIPTION
The AD396 is a high-speed microprocessor compatible Quad
14-bit digital-to-analog converter. The AD396 contains four 14-
bit, low power multiplying digital-to-analog converters followed
by precision voltage output amplifiers all in a compact 28-pin
hybrid package. The design is based on a proprietary latched
14-bit CMOS DAC chip which reduces chip count and provides
high reliability. ,

The AD396 (K, T) is laser-trimmed to = 1LSB max differential
and integral linearity, and to full-scale accuracy of +0.05 percent
at 25°C. The high initial accuracy is made possible by the use of
precision laser trimmed thin-film scaling resistors.

The individual DAC registers are accessed by the CSI through
CS4 control pins. These control signals allow any combination
of the DAC select matrix to occur (see Table III). Once selected,
the DAC is loaded with right-justified data in two bytes from an
8-bit data bus. Standard Chip Select and Memory Write logic is
used to access the DACs. Address lines AQ, and Al, control
internal register loading and transfer.

The AD396 outputs (Vgge = + 10V) provide a + 10V bipolar
output range with positive-true offset binary input coding.

The AD396 is packaged in a 28-lead ceramic DIP package and
is available for operation over the 0 to +70°C and —55°C to
+125°C temperature range.

The AD396 is for systems requiring digital control of many
analog voltages where board space is at a premium and low
power consumption a necessity. Such applications include auto-
matic test equipment, process controllers, and vector stroke
displays. |

PRODUCT HIGHLIGHTS

1. The AD396 offers a dramatic reduction in printed circuit
board space in systems using multiple DACs.

2. The use of CMOS DACs provides low power consumption.

3. Each DAC is independently addressable, providing a versatile
control architecture for simple interface to microprocessors.
All latch enable signals are level-triggered.

4. The output voltage is trimmed to a full-scale accuracy of
+0.05%. Settling time to * 1/2LSB is 15 microseconds
maximum.

5. Maximum gain TC of 5ppm/°C is achievable by the AD396.

AD396 FUNCTIONAL BLOCK DIAGRAM
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6. The monolithic CMOS DAC chips provide excellent linearity
and guaranteed monotonicity over the full operating tem-
perature range.

7. The 28-pin double-width hybrid package provides extremely
high functional density.

8. Four quadrant multiplication can be achieved simply by
applying the appropriate input voltage signal to the selected
DAGCs reference (Vgggin)-

9. The AD396S, T features guaranteed accuracy and linearity
over the —55°C to + 125°C temperature range.

10. MIL-STD-883 processing is available. See Analog Devices
Military Data Sheet for further information.

11. Protection against power supply surges is included within
the AD396.
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SPECIFICATIONS 6, - 257, verm = 101, = - 15¥ e otvnis spocten

Model AD396)D/SD* AD396KD/TD!
MIN TYP MAX MIN TYP MAX UNITS
DATA INPUTS (Pins 1-16)?
TTLor 5 Volt CMOS Compatible
Input Voltage
Bit ON (Logic “1”) +2.4 +5.5 +2.4 +5.5 v
Bit OFF (Logic “0”) 0 +0.8 0 +0.8 v
Input Current +4 +40 +4 +40 pA
RESOLUTION 14 14 Bits
OUTPUT
‘ Voltage Range? + VREFIN + VREFIN \
i Current 5 5 mA
STATIC ACCURACY
Gain Error +0.05 +0.1 +0.025 +0.05 % of FSR*
Offset +0.025 +0.05 +0.012 +0.025 | %of FSR
Bipolar Zero +0.025 +0.012 % of FSR
Integral Linearity Error’ +1 +2 +1/2 +1 LSB
Differential Linearity Error *1/2 *1 *1/2 *1 LSB
TEMPERATURE PERFORMANCE
Gain Drift +10 *5 ppm FSR/°C
Offset Drift +10 +5 ppm FSR/°C
Integral Linearity Error’
0to +70°C +1 +2 +1/2 +1 LSB
—55°Cto +125°C *2 +4 *1 *+2 LSB
Differential Linearity Error MONOTONICITY GUARANTEED OVER FULL TEMPERATURE RANGE
REFERENCE INPUTS
Input Resistance S 25 5 25 kQ
Voltage Range -11 +11 -11 +11 A%
DYNAMIC PERFORMANCE

Settling Time (to + 1/2LSB)
Vrermn = + 10V, Change All Digital

Inputs from + 5.0V to OV 10 15 10 15 ps
Vrerin = 0to 5V Step,

All Digital Inputs =0V 10 15 10 15 s
Reference Feedthrough Error® 5 5 mV p-p
Digital-to-Analog Glitch Impulse’ 250 250 nV-sec
Crosstalk

Digital Input (Static)® 12 12 LSB
Reference® 4.0 4.0 mV p-p
POWER REQUIREMENTS
Supply Voltage!® +13.5 +16.5 +13.5 +16.5 \
Current (All Digital Inputs OV or +5V)
+Vg 20 22 20 22 mA
-Vs 18 28 18 28 mA
Power Dissipation 570 780 570 780 mW
POWER SUPPLY GAIN SENSITIVITY
+Vg 0.002 0.006 0.002 0.006 %FS/%
-Vs 0.0025 0.006 0.0025 0.006 %FS/%
TEMPERATURE RANGE
Operating (Full Specifications)J, K 0 +70 0 +70 °C
S, T -55 +125 —-55 +125 °C
Storage -65 . +150 -65 +150 °C

NOTES
1AD396S and T grades are available-to MIL-STD-883, Method 5008, Class B.
2Timing specifications appear in Table IV and Figure 3.
3Code tables and graphs appear on Theory of Operation page.
*FSR means Full Scale Range and is equal to 20V for a + 10V bipolar range.
SIntegral nonlinearity isa f the i deviation from a straight line passing though the endpoints of the DAC transfer function.
SFor AD396 (bipolar), DAC register loaded with 00 0000 0000 0000, Vkgrin = 20V p-p, 60 and 400Hz.
This is a measure of the amount of charge injected from the digital inputs to the analog outputs when the inputs change state. It is usually specified
as the area of the glitch in nVs and is measured with Vggpin = AGND.
8Digital crosstalk is defined as the change in any one output’s steady state value as a result of any other output being driven from Voyrmm to Vourmax
into a 2k} load by means of varying the digital input code.
9Reference crosstalk is defined as the change in any one output as a result of any other output being driven from Vourmin to Vourmax @10kHz
intoa 2k load by means of varying the amplitude of the reference signal.
10The AD396 can be used with supply voltages as low as + 11.4V, Figure 7.

Specifications subject to change without notice.
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AD396

ABSOLUTE MAXIMUM RATINGS* Analog Outputs (Pins 18, 21, 24, 27)

+VstoDGND . . ... ........... —03Vto +17V . . . .. oo Indefinite Short to AGND or DGND
=VstoDGND ... ............. +0.3Vto —17V Momentary Short to +Vg
Digital Inputs (Pins 1-16) to DGND . . . .. —-0.3Vto +7V

VRepn©O©DGND . . .. .. ... ... .. +25V *Stresses above those listed under “Absolute Maximum Ratings” may
AGNDtoDGND . . . . o oo +0.3V 1o +Vg cause permanent damage to the device. This is a stress rating only and

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

CAUTION

ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protect- WARNING!

ed; however, permanent damage may occur on unconnected devices subject to high energy é
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The protective M

foam should be discharged to the destination socket before devices are removed. E£SD SENSITIVE DEVICE

PIN CONFIGURATION PN FUNCTION | DESCRIPTION
1 DB7 DATABIT?7
2 D86 DATABITG
. 3 DBS DATABIT5/DATA BIT 13 (DAC MSB)
be7 E 28 | Vieen: ) DB4 DATABITS/DATABIT 12
5 B3 DATABIT3/DATABIT 11
DBs E 27| Vours 6 DB2 DATABIT 2/DATABIT 10
085 E [76] +15v 7 oB1 DATABIT UDATABITS
8 DBo DATABITO/DATABITS
pB4 E 25 Vegrme s A1 ADDRESS LINEO
10 A0 ADDRESSLINE 1
bB3 E 24 Vour n WR WRITEINPUT. ACTIVE LOW
AD396 12 Ne NO CONNECTION
o8z E TOP VIEW 23| AGND 13 cst CHIPSELECT DAC 1. ACTIVELOW
081 [7] (Not to Seale) 1= 1 rerms 1 [ CHIP SELECT DAC2. ACTIVELOW
5 s CHIP SELECT DAC3. ACTIVE LOW
DBO E 21| Vours 16 csa CHIP SELECT DAC4. ACTIVE LOW
” DGND DIGITALGROUND
A1 E E ~15V 18 Voure DAC4VOLTAGEOUTPUT
19 Veerin DAC 4 REFERENCE INPUT
0 [ 10 19 | Vaerina 20 —15V =15V SUPPLY INPUT
wr [ 18] Voure 2 Voura DAC3VOLTAGEOUTPUT
22 Vierms DAC3REFERENCE INPUT
ne [r2 17] bGND 23 AGND ANALOG GROUND
. __ 2 Vourz DAC2VOLTAGE OUTPUT
cs1]13 16§ Csa % Veernz DAC2REFERENCE INPUT
csi[e =l 2 +15V +15VSUPPLY INPUT
27 Vour DAC1VOLTAGEOUTPUT
28 Veerm DAC 1REFERENCE INPUT
MIL-STD-883

The rigors of the military/aerospace environment, temperature
extremes, humidity, mechanical stress, etc., demand the utmost
in electronic circuits. The AD396 with the inherent reliability of
intergrated circuit construction, was designed with these appli-
cations in mind. The hermetically-sealed, low profile DIP package
takes up a fraction of the space required by equivalent modular
designs and protect the chips from hazardous environments. To
further insure reliabilty, the AD396S,T/883B are fully compliant
to MIL-STD-883 Class B, Method 5008. See Analog Devices
Military Data Sheet for further information.

ORDERING GUIDE

Temperature Linearity Error | Package
Model Range Gain Error T minT max Option*
AD396]JD | 0to +70°C +16LSB +2LSB DH-28A
AD396KD | 0to +70°C + 8LSB +1LSB DH-28A
AD396SD | —55°Cto +125°C +16LSB +2LSB DH-28A
AD396TD | —55°Cto +125°C + 8LSB +1LSB DH-28A

*See Section 14 for package outline information.
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Theory of Operation

The AD396 quad DAC provides four-quadrant multiplication.

It is a hybrid comprised of four monolithic 14-bit CMOS multi-
plying DACs and eight precision output amplifiers. Each of the
four independent-buffered channels has an independent reference
input capable of accepting a separate dc or ac signal for multiplying
or for function generation applications. The CMOS DACs act as
digitally programmable attenuators when used with a varying
input signal or, if used with a fixed dc reference, the DAC
would act as a standard bipolar output DAC. In addition, each
DAC has data latches to buffer the converter when connected to
a microprocessor data bus.

MULTIPLYING MODE

Figure 1 shows the transfer function for the AD396. The diagram
indicates an area over which many different combinations of the
reference input and digital input can result in a particular analog
output voltage. The highlighted transfer line in the diagram
indicates the transfer function for a fixed reference at the input.
The digital codes above the diagram indicates the mid and end-
points of the function. The relationship between the reference
input (Vggrn)s the digital input code, and the analog output is
given in Table I below. Note that the reference input signal sets
the slope of the transfer function (and determines the full-scale
output at code 111..111) while the digital input selects the hori-
zontal position in each diagram.

8 8 8 8 8 8 8 8 ¢
=3 (=3 =3 -3 =3 -
§ g 888 g §8¢gc¢
o o =3 =3 o o o =3 -
8 8 8 8 8 8 8 8 ¢
€ 3 8 88 8 8 8¢
OFFSET 8 2 8 2 8 2 8 2 ¢
BNARY 8 8§ 5 5 2 2 T T & qs8
+FULL SCAL
‘1 —T 7 T
21
y *2s
g LA
g% *u
-
23 .7
2T *3| / NEGATIVE POSITIVE
a8 / REFERENCE REFERENCE| pigiraL
N 0—
=1 \,POSITIVE INPUT
S _Z2 REFERENCE CODES
£, =
g2 _1
E "1
2
° _2
28
_14
M| Cmm e = - —
~FULL SCALE

= (B -
Vour = (Vaern) (3192 1)

Figure 1. AD396 as a Four-Quadrant Multiplier of Reference
Input and Digital Input

DATA INPUT ANALOGOUTPUT | ANALOGOUTPUT VOLTAGE Vggpiy = +10VOLTS
1 o 1|+ 1-(Veerno) {8—9—} +9.9988V +FULLSCALE - 1LSB
4096
100 0000 000000| +1:(Vegrm) | S0 +5.000V +1/2SCALE
1000 0000 0000 01| +1+(Vrgrmy) [81‘—92] +1.22mV +1LSB
1000 0000 0000 00| +1+(Vrgrmn) { §1°—92-} +0.000V ZERO
1
o111 111 1N 1+(VREFIN) {8192} -1.22mvV ~1LSB
4096
0100 0000 000000 | —1+(Vrgrm) {59_2] —5.000V ~1/2SCALE
0000 0000 000000 | —1e(Vegrm) {—99—} ~10.000V ~FULLSCALE

Tablel. AD396 Bipolar Code Table
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Digital Circuit Details — AD396

DATA AND CONTROL SIGNAL FORMAT AD396
The AD396 accepts 14-bit data by loading two separate input
registers off an 8-bit data bus, and then loading the internal weor[8) Bl 2
. S . . . M H
DAC register. The LS (least significant) register is loaded with 8o
. . . . 3
the bottom 8-bits of the 14-bit word by selecting the appropriate weor |21 3] 18
address lines (see Table II). The MS (most significant) register e
is loaded with the top 6-bits in a similar manner. The CS and o
WR line must also be asserted to load the registers. The internal
DAC register can then be loaded with the 14-bit data word. The
appropriate DAC or DACs are selected by asserting CS1-CS4 s YT
(see Table III). If CS1-CS4 are all brought low coincidentally, ke H » H
all four DAC outputs will be updated to the value located in the = '_%" g
DAC register. When A, =0 and Ag=0 all DAC registers are OJ weur g 2
transparent so by placing all Os or 1s on the data inputs the user = cONTROL
can load the DACs to zero or full scale in one write operation. E E
This provides simple system calibration. o
J
no@-‘
WR| TS| A1 | A0 | Function E
X 1 X X Device not selected &
1 X X X No data transfer
0 0 0 0 DAC loaded directly from Data Bus
0 0 0 1 MS Input Register loaded from Data Bus
0 0 1 0 LS Input Register loaded from Data Bus
0 0 1 1 DAC Register loaded from Input Registers. HAR
2 -4
5 ha| 5
= NEME
Table Il. Truth Table AN AT
e e L Mo e
CS1 | CS2 | CS3 | CS4 | Operation W
1 1 1 1 All DACs Latched
0 1 1 1 Load DAC 1 From Data Register
1 0 1 1 Load DAC 2 From Data Register . .
1 1 0 1 | Load DAC 3 From Data Register Figure 2. AD396 Block Diagram
1 1 1 0 Load DAC 4 From Data Register
0 0 0 0 | Al DACs Simultaneously Loaded N l‘“" _'i
A0, A1 X — X ::
Table lll. DAC Select Matrix ] R
TIMING DATA 7 7/, S, ::
ts
The AD396 timing is shown in Figure 3, and has a few restrictions l*'( "*"—‘l v
as stated in Table IV. WR must maintain a minimum pulse s Nl ! /.
width of 240ns for desired operation to occur. When loading B l-'v*] sv
data in from the data bus, data must be stable for at least 180ns wR /S o
before retuming WR to a hlgh state. The Data must be held :‘,°Iff INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 10% TO 90% OF +5V. t, =t,=20ns.
constant for at least 30ns after WR goes high to assure latching 2. TIMING MEASUREMENT REFERENCE LEVEL IS —5—t
of valid data. DAC settling time is measured from the falling . o .
edge of the WR command. Figure 3. AD396 Timing Diagram
(Vee= +15V, Vgg= — 15V, Vg = +10V)
Limitat
Limitat Ta=0to +70°C Limit at
Parameter Ta=25C Ta= —25°Cto +85°C Ta= —55°Cto +125°C Units Test Conditions/Comments
4y 0 0 0 nsmin Address Valid to Write Setup Time
193 0 0 0 ns min Address Valid to Write Hold Time
t3 140 70 180 ns min Data Setup Time
1y 20 20 30 nsmin Data Hold Time
ts 0 0 0 ns min Chip Select to Write Setup Time
to 0 0 0 nsmin Chip Select to Write Hold Time
v 170 200 240 nsmin Write Pulse Width

Table IV. Timing Characteristics
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Analog Circuit Details

GROUNDING RULES

The AD396 includes two ground connections in order to minimize
system accuracy degradation arising from grounding errors. The
two ground pins are designated DGND (Pin 17) and AGND
(Pin 23). The DGND pin is the return for the supply currents
of the AD396 and serves as the reference point for the digital
input thresholds. Thus DGND should be connected to the same
ground as the circuitry which drives the digital inputs.

Pin 23, AGND, is the high-quality analog ground connection.
This pin should serve as the reference point for all analog circuitry
associated with the AD396. It is recommended that any analog
signal path carrying significant currents have its own return
connection to Pin 23 as shown in Figure 4.
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| TO OTHER
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Figure 4. Recommended Ground Connections

Several complications arise in practical systems, particularly if
the load is referred to a remote ground. These complications
include dc gain errors due to wiring resistance between DAC
and load, noise due to currents from other circuits flowing in
power ground return impedances, and offsets due to multiple
load currents sharing the same signal ground returns. While the
DAC outputs are accurately developed between the output pin
and Pin 23 (AGND), delivering these signals to remote loads
can be a problem. These problems are compounded if a current
booster stage is used, or if multiple AD396 packages are used.
Figure 5 illustrates the parasitic impedances which influence
output accuracy.

’ R
AD396
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Zp: POWER GROUND RETURN IMPEDANCES
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Figure 5. Grounding Errors in Multiple-AD396 Systems
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An ouput buffer configured as a subtractor as shown in Figure
6 can greatly reduce these errors. First, the effects of voltage
drops in wiring resistances is eliminated by sensing the voltage
directly at the load with R4. The voltage drops caused by currents
flowing through Zg, are eliminated by sensing the remote gound
directly with R3. Resistors R1 through R4 should be well matched
in order to achieve maximum rejection of the voltage appearing
across Zga. Resistors matched to within one percent (including
the effects of Ry, and Rys) will reduce ground interaction
errors by a factor of 100.

R4 10k Rwz
R1 10k
Rwy R
S
AD396 >
Rk R oy REMOTE
W ¢ GROUND
DGND  AGND 1’: <
Zpg 17 23 1
] Za
‘ ! aA—
ol YV TC
TO POWER
GROUND R1-R4 MATCH TO 1% OR BETTER

Figure 6. Use of Subtractor Amplifier to Preserve Accuracy

OPERATION FROM =12V SUPPLIES

The AD396 may be used with =12 volt *+5% power supplies if
certain conditions are met. The most important limitation is the
output swing available from the output op amps. These amplifiers
are capable of swinging only as far as 3 volts from either supply.
Thus, the normal + 10 volt output range cannot be used. Changing
the output scale is accomplished by changing the reference
voltage. With a supply of =+ 11.4 volts (5% less than +12V), the
output range is restricted to a maximum =+ 8.4 swing. It may be
useful to scale the output at +8.192 volts (yielding a scale factor
of 1 millivolt per LSB).

Figure 7 shows a suggested circuit to set up a +8.192V output
range. To help prevent poor gain drift due to possible mismatch
between Ry and Ryygyeniy of the divider network it is recom-
mended to buffer the potentiometer wiper voltage with an
OP-07.

+15V

2710

KN
Rl S
162k $
——
R2 | REF IN
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0P-07
AD39%6 OUTPUTS
R3 < —
8.25k i
AGND =
DGND
R1, R3: 1% METAL FILM OR BETTER
R2: LOW TC MULTI-TURN TRIMPOT
TO POWER
GROUND

Figure 7. Connections for +8.192V Full Scale
(Recommended for + 12V Power Supplies)



Applications — AD396

POWER SUPPLY DECOUPLING

The power supplies used with the AD396 should be well filtered
and regulated. Local supply decoupling consisting of a 10nF
tantalum capacitor in parallel with 0.1wF ceramic is suggested.
The decoupling capacitors should be connected between the
AD396 supply pins and the AGND pin. If an output booster is
used, its supplies should also be decoupled to the load ground.

IMPROVING FULL-SCALE STABILITY

In large systems using multiple DACs, it may be desirable for
all devices to share a commeon reference. A precision reference
can greatly improve system accuracy and temperature stability.
The AD2710 is a suitable reference source for such systems. It
features a guaranteed maximum temperature coefficient of

+ 1ppm/°C. The combination of the AD2710LN and AD396
shown in Figure 8 will yield a multiple-DAC system with maximum
full-scale drift of +6ppm/°C and excellent tracking.

+15V +15V -15V

+10.000V | REF -
IN t—=
AD2710LN AD396 OUTPUTS
b——
AGND DGND
TOPOWER
GROUND

Figure 8. Low Drift AD396 Configuration
Applications

USING THE AD396 IN AUTOMATIC TEST
EQUIPMENT

Most Automatic Test Equipment requires multiple accurate
analog voltage thresholds which must be under microprocessor
control. The AD396 is useful in such an application where
space is at a premium and accuracy is essential.

The circuit in Figure 9 demonstrates how the AD396 is used to
set up four different voltage thresholds (1 threshold per DAC).

INPUT AD1321

D.U.T.

DATA D396
aus | A Vos

ouTPUT

Figure 9. AD396in ATE Systems

A fixed reference is used for the Vggpy input of each of the
multiplying DACs. The digital code corresponding to the desired
voltage output is put on the bus, and the CHIP SELECT for
the proper DAC is asserted. Two of the four DACs are used to
set logic thresholds on the AD345 pindriver. The AD345 pindriver
will then accurately test the logic thresholds on an I/O pin of
the DUT (Device Under Test). The pindriver tests the pin by
driving the pin to the proper logic thresholds set by the DACs.
The response from the I/O pin will then enter the AD9687 dual
comparator. The other two DACs are used to set the voltage
threshold for either a Logic HI (2.2V-5.0V) or a Logic LO (0V-
0.8V). This is done by placing the upper voltage limit on the
positive terminal of the higher comparator, and the lower voltage
limit on the negative terminal of the lower comparator. The
response can then be accurately tested if it is either a Logic HI
or LO by looking if the output value of the pin falls within the
designated window.
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THE AD396 IN SYNCHRO-TO-DIGITAL CONVERTERS
The AD396 is useful in navigation systems where a Synchro-to-
Digital Converter is needed. The Synchro-to-Digital Converter
is used to measure angular position and is needed to measure
pitch in the x-y-z axes and roll in the x-y-z axes. An S-D converter
has three inputs and two converters are needed for this application.
Each S-D converter uses two multiplying DACs and the accuracy
of the S-D converter depends on the accuracy of the multiplying
DAC.

The outputs of the transformer are Vsinwt(sin0) and Vsinwt(cos8).
These two outputs are applied to the Vrgr inputs of the DACs
whose digital input words are proportional to the sine and cosine
of angle 0§ as shown in Figure 10. The output of the cosine
multiplier is given by Vsinwt(sin6)(cos¢), and the output of the

the sine multiplier is given by Vsinwt(cos0)(sind).
These signals are subtracted by the error amplifier to give the
error signal which is:

Vsinwt(sinBcosd-cossind) = Vsinwt(sind-¢)

This error signal is demodulated by the phase sensitive detector
which utilizes the system reference voltage and a dc error signal
proportional to sin(8-¢) is produced. The dc error signal is fed
back via an integrator and V.C.O. to drive the up-down counter
until the error signal is nulled. The contents of the up-down
counter give a binary representation of the angular position. For
more information on synchro-to-digital conversion the reader is
referred to Analog Devices Synchro & Resolver Conversion
Handbook.

Ret r—— "
e |
REF Rio | 3” [ REF
! " ¥
s1 |
PHASE
] " 1/4 AD396 s
s3] DETECTOR
|
v2 SIN(0-d)
: /4 AD396 ERROR ;
s2 1 ” ! . FREQUENCY
= | SHAPING
INTEGRATOR|
l—— _—— —l ¢ (DIGITAL) ! )
UP-DOWN vco
COUNTER
BUSY INHIBIT VELOCITY
OUTPUT

DIGITALOUTPUT
WORD

Figure 10. A Tracking Synchro-to-Digital Converter
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ANALOG
DEVICES

DACPORT Low-Cost Complete
j.P-Compatible 8-Bit DAC

AD357

FEATURES

Complete 8-Bit DAC

Volitage Output — 0 to 2.56V

Internal Precision Band-Gap Reference
Single-Supply Operation: +5V (x10%)
Full Microprocessor Interface

Fast: 1ps Voltage Settling to + 1/2LSB
Low Power: 75mW

No User Trims Required

Guaranteed Monotonic Over Temperature
All Errors Specified Tpin t0 Tmax

Small 16-Pin DIP or 20-Pin PLCC Package
Low Cost

PRODUCT DESCRIPTION

The AD557 DACPORT™ is a complete voltage-output 8-bit
digital-to-analog converter, including output amplifier, full
microprocessor interface and precision voltage reference on a
single monolithic chip. No external components or trims are
required to interface, with full accuracy, an 8-bit data bus to an
analog system.

The low cost and versatility of the AD557 DACPORT are
the result of continued development in monolithic bipolar
technologies.

The complete microprocessor interface and control logic is im-
plemented with integrated injection logic (I2L), an extremely
dense and low-power logic structure that is process-compatible
with linear bipolar fabrication. The internal precision voltage
reference is the patented low-voltage band-gap circuit which
permits full-accuracy performance on a single + 5V power supply.
Thin-film silicon-chromium resistors provide the stability required
for guaranteed monotonic operation over the entire operating
temperature range, while laser-wafer trimming of these thin-film
resistors permits absolute calibration at the factory to within
+2.5LSB; thus, no user-trims for gain or offset are required. A
new circuit design provides voltage settling to + 1/2LSB for a
full-scale step in 800ns.

The ADSS7 is available in two package configurations. The
ADSS7]N is packaged in a 16-pin plastic, 0.3"-wide DIP. For
surface mount applications, the ADSS7]JP is packaged in a 20-pin
JEDEC standard PLCC. Both versions are specified over the
operating temperature range of 0 to +70°C.

DACPORT is a trad: k of Analog Devices, Inc.
Covered by U.S. Patent Nos. 3,887,863; 3,685,045; 4,323,795; other
patents pending.

ADS57 FUNCTIONAL BLOCK DIAGRAM

CONTROL DIGITAL INPUT DATA
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Y,Y YYYYYYYY T % g
{' C?la'a?gl 5 2L LATCHES

OUTPUT
BAND- AMP

GAP
REFERENCE

8-BIT VOLTAGE-SWITCHING
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PRODUCT HIGHLIGHTS

1.

The 8-bit I’L input register and fully microprocessor-
compatible control logic allow the AD557 to be directly
connected to 8- or 16-bit data buses and operated with standard
control signals. The latch may be disabled for direct DAC
interfacing.

. The laser-trimmed on-chip SiCr thin-film resistors are cali-

brated for absolute accuracy and linearity at the factory.
Therefore, no user trims are necessary for full rated accuracy
over the operating temperature range.

. The inclusion of a precision low-voltage band-gap reference

eliminates the need to specify and apply a separate reference
source.

. The AD557 is designed and specified to operate from a single

+4.5V to +5.5V power supply.

. Low digital input currents, 100p.A max, minimize bus loading.

Input thresholds are TTL/low voltage CMOS compatible.

. The single-chip, low power I’L design of the ADS557 is in-

herently more reliable than hybrid multichip or conventional
single-chip bipolar designs.
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SPECIF|CA."0NS (@Ty = +25°%, Voo = +5V unless otherwise specified)

AD557)
Model Min __ Typ Max Units PIN CONFIGURATIONS
RESOLUTION 8 Bits DIP
RELATIVE ACCURACY' iy
0to +70°C £172 1 LSB
BIT 8 (LSB) E b E Vout
OUTPUT ] E
Ranges Oto +2.56 \Y BIT7 L Vour SENSE A
Current Source +5 mA BIT6 E E Vour SENSE B
Sink Internal Passive " BITS E ADSIt;-E7 E GND
Pull-Down to Ground: BT e E (,{gfg’&‘:{e) E .
OUTPUT SETTLING TIME? 0.8 1.5 us ars [5] E] Wee
FULL SCALE ACCURACY* sz [7] 0]
@25°C +1.5 *2.5 LSB SB) 81T 1 E 3] &
Trnin 10 Tmax 2.5 *4.0 LSB ¢
ZERO ERROR
@25°C +1 LSB PLCC
Tonin 10 Tonax +3 LSB
MONOTONICITY® 8 5
Tnin t0 Trnax G teed ~ ® e E
DIGTTI:L ImI:PUTS — 5 g >S >g§
Tmin t0 Trax [31f2) 20][19]
Input Current +100 pA
Data Inputs, Voltage BTe 18] v, sensE B
Bit On-Logic “1” 2.0 \% amrs (5] GND
Bit On — Logic “0” 0 0.8 v o o)
Control Inputs, Voltage ne 7] ) ne
On- Logic“1” 2.0 \Y% BIT 4 GND
On-Logic“0” 0 0.8 v BIT3 5] +Vee
Input Capacitance 4 pF
TIMING® (o Jlro] (1]
tw Strobe Pulse Width 225 ns £ g 2118
Timin t0 Trax 300 ns <
tpy Data Hold Time 10 ns NC = NO CONNECT
T min t0 Trnax 10 ns
tps Data Setup Time 225 ns
Tnin 10 Trnax 300 ns
POWER SUPPLY ADS557 ORDERING GUIDE
Operating Voltage Range (V)
2.56 Volt Range +4.5 +5.5 v Package
Current (Igc) 15 25 mA Model Options* Temperature
Rejection Ratio 0.03 %% ADSS7]N | Plastic(N-16) | 0to +70°C
POWER DISSIPATION, Vcc =5V 75 125 mW ADSS7JP | PLCC(P-20A)| Oto +70°C
OPERATING TEMPERATURERANGE | 0 +70 °C
*See Section 14 for package outline information.
NOTES

'Relative Accuracy is defined as the deviation of the code transition points from the ideal transfer point on a
straight line from the offset to the full scale of the device. See “Measuring Offset Error” on AD558 data sheet.

2Passive pull-down resistance is 2k(2.

3Settling time is specified for a positive-going full-scale step to + 1/2LSB. Negative-going steps to zero

are slower, but can be improved with an external pull-down.
“The full-scale output voltage is 2.55V and is guaranteed witha + 5V supply.
5A monotonic converter has a maximum differential linearity error of + 1LSB.
6See Figure 7.

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

Specifications subject to change without notice.

ABSOLUTE MAXIMUM RATINGS*

VectoGround . . . . .. ... ... L. 0V to +18V
Digital Inputs (Pins 1-10) . . . . ... ... ... 0to +7.0V
VOUT « « « v v v v e e e e e Indefinite Short to Ground
Momentary Short to Ve
Power Dissipation . . . . . . ... ... ....... 450mW
Storage Temperature Range
N/P (Plastic) Packages . ... ...... —25°C to +100°C
Lead Temperature (soldering, 10sec) . . . . . .. . .. 300°C
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Thermal Resistance
Junction to Ambient/Junction to Case
N/P (Plastic) Packages . . .. ... ..... 140/55°C/W

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



AD357

CIRCUIT DESCRIPTION

The ADS57 consists of four major functional blocks fabricated
on a single monolithic chip (see Figure 1). The main D/A converter
section uses eight equally weighted laser-trimmed current sources
switched into a silicon-chromium thin-film R/2R resistor ladder
network to give a direct but unbuffered 0OmV to 400mV output
range. The transistors that form the DAC switches are PNPs;
this allows direct positive-voltage logic interface and a zero-based

output range.
CONTROL DIGITAL INPUT DATA
INPUTS
BIT 1 BIT 8

—t— MmsBl, ., ., , . .(sB)

¢s  CE +Vec  GND  GND

YZY YYYYYTYT ¥ % g
{ ctl).gmgL 5 2L LATCHES

BAND-
GAP
REFERENCE

OUTPUT
AMP
8-BIT VOLTAGE-SWITCHING
D-TO-A CONVERTER

Vour

——< Vour SENSE A
A~ Vour SENSE B

>

v

Figure 1. Functional Block Diagram

The high-speed output buffer amplifier is operated in the nonin-
verting mode with gain determined by the user-connections at
the output range select pin. The gain-setting application resistors
are thin film laser trimmed to match and track the DAC resistors
and to assure precise initial calibration of the output range, 0V
to 2.56V. The amplifier output stage is an NPN transistor with
passive pull-down for zero-based output capability with a single
power supply.

The internal precision voltage reference is of the patented band-gap
type. This design produces a reference voltage of 1.2V and
thus, unlike 6.3V temperature-compensated zeners, may be
operated from a single, low-voltage logic power supply. The
microprocessor interface logic consists of an 8-bit data latch and
control circuitry. Low power, small geometry and high speed
are advantages of the I°L design as applied to this section. I’L
is bipolar process compatible so that the performance of the
analog sections need not be compromised to provide on-chip
logic capabilities. The control logic allows the latches to be
operated from a decoded microprocessor address and write
signal. If the application does not involve a wP or data bus,
wiring CS and CE to ground renders the latches “transparent”
for direct DAC access.

Digital Input Code Output
Binary Hexadecimal | Decimal | Voltage
0000 0000 00 0 0
0000 0001 01 1 0.010V
0000 0010 02 2 0.020V
0000 1111 OF 15 0.150V
0001 0000 10 16 0.160V
0111 1111 7F 127 1.270V
1000 0000 80 128 1.280V
1100 0000 Cco 192 1.920v
1111 1111 FF 255 2.55V

CONNECTING THE ADS557

The AD557 has been configured for low cost and ease of appli-
cation. All reference, output amplifier and logic connections are
made internally. In addition, all calibration trims are performed
at the factory assuring specified accuracy without user trims.
The only connection decision to be made by the user is whether
the output range desired is unipolar or bipolar. Clean circuit
board layout is facilitated by isolating all digital bit inputs on
one side of the package; analog outputs are on the opposite side.

UNIPOLAR 0 TO +2.56V OUTPUT RANGE

Figure 2 shows the configuration for the 0 to +2.56V full-scale
output range. Because of its precise factory calibration, the
ADS57 is intended to be operated without user trims for gain
and offset; therefore, no provisions have been made for such
user trims. If a small increase in scale is required, however, it
may be accomplished by slightly altering the effective gain of
the output buffer. A resistor in series with Voyt SENSE will
increase the output range. Note that decreasing the scale by
putting a resistor in series with GND will not work properly
due to the code-dependent currents in GND. Adjusting offset
by injecting dc at GND is not recommended for the same
reason.

ouTPUT
AMP

16; Vour

15K Vour SENSE A
3

W14~ v,y SENSE B

3

E?;ND

L

Figure 2. 0 to 2.56V Output Range

BIPOLAR —1.28V TO +1.28V OUTPUT RANGE

The AD557 was designed for operation from a single power
supply and is thus capable of providing only a unipolar 0 to
+2.56V output range. If a negative supply is available, bipolar
output ranges may be achieved by suitable output offsetting and
scaling. Figure 3 shows how a +1.28V output range may be
achieved when a — 5V power supply is available. The offset is
provided by the AD589 precision 1.2V reference which will
operate from a + 5V supply. The AD711 output amplifier can
provide the necessary =+ 1.28V output swing from =5V supplies.
Coding is complementary offset binary.

Vout = OV TO +2.56V

5k
Q3
.53k
453a g vowF Vo
5009 +1.28T0
BIPOLAR & ’V .
OFFSET EJ
ADJUST

00000000
10000000
ARRRRREE]

Figure 3. Bipolar Operation of AD557 from +5V Supplies
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Applications

GROUNDING AND BYPASSING

All precision converter products require careful application of
good grounding practices to maintain full rated performance.
Because the ADS557 is intended for application in microcomputer
systems where digital noise is prevalent, special care must be
taken to assure that its inherent precision is realized.

The AD557 has two ground (common) pins; this minimizes
ground drops and noise in the analog signal path. Figure 4
shows how the ground connections should be made.

! OuUTPUT
AmP
+ [7=1 Vout
0, +f
Vour SENSE A
:]15 our ° T )
S l
'
:1‘ Vour SENSE B ‘b SRL
'
5IEND & o
7
TO SYSTEM GND
12 ==~~~ TO SYSTEM GND
GND 0.1uF (SEE TEXT)
TO SYSTEM Ve
+Vee
L

Figure 4. Recommended Grounding and Bypassing

It is often advisable to maintain separate analog and digital
grounds throughout a complete system, tying them common in
one place only. If the common tie-point is remote and accidental
disconnection of that one common tie-point occurs due to card
removal with power on, a large differential voltage between the
two commons could develop. To protect devices that interface
to both digital and analog parts of the system, such as the AD557,
it is recommended that common ground tie-points should be
provided at each such device. If only one system ground can be
connected directly to the AD557, it is recommended that analog
common be selected.

USING A “FALSE” GROUND

Many applications, such as disk drives, require servo control
voltages that swing on either side of a “false” ground. This
ground is usually created by dividing the + 12V supply equally
and calling the midpoint voltage “‘ground.”

Figure S shows an easy and inexpensive way to implement this.
The AD586 is used to provide a stable 5V reference from the
system’s + 12V supply. The op amp shown likewise operates
from a single (+ 12V) supply available in the system. The resulting
output at the Voyr node is +2.5V around the “false” ground
point of SV. AD557 input code vs. Voyr is shown in Figure 6.

100k 200k

1/4 LM324

———0 Vour

= +12v

100k 6 2
—ev ] ADS86 [
“FALSE"

GROUND
100k ¢ =

=

Figure 5. Level Shifting the AD557 Output Around a “Faise”
Ground
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TIMING AND CONTROL

The AD557 has data input latches that simplify interface to 8-
and 16-bit data buses. These latches are controlled by Chip
Enable (CE) and Chip Select (CS) inputs. CE and CS are internally
“NORed” so that the latches transmit input data to the DAC
section when both CE and CS are at Logic “0”. If the application
does not involve a data bus, a “00” condition allows for direct
operation of the DAC. When either CE or CS go to Logic “1,”
the input data is latched into the registers and held until both
CE and CS return to “0.” (Unused CE or CS inputs should be
tied to ground.) The truth table is given in Table I. The logic
function is also shown in Figure 6.

Latch
InputData | CE | CS [ DACData | Conditi
0 0 010 “transparent”
1 0 0|1 “transparent”
0 f 0|0 latching
1 § 01 latching
0 o flo latching
1 0 1 latching
X 1 X | previousdata | latched
X X 1 | previousdata | latched

Notes: X = Does not matter
§ = Logic Threshold at Positive-Going Transition

Table I. AD557 Control Logic Truth Table

Vour

AD557 INPUT CODE

Figure 6. AD557 Input Code vs. Level Shifted Output in
“False” Ground Configuration

In a level-triggered latch such as that used in the AD557, there
is an interaction between the data setup and hold times and the
width of the enable pulse. In an effort to reduce the time required
to test all possible combinations in production, the AD557 is
tested with Tps =Ty =225ns at 25°C and 300ns at T, and
Tmax> With Tpg=10ns at all temperatures. Failure to comply
with these specifications may result in data not being latched
properly.

Figure 7 shows the timing for the data and control signals, CE
and CS are identical in timing as well as in function.
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