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Hr iJata in This Oatabook 
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A su~vlem.D. ,1olume 1984 Data Acquisition Databook. It wilfhelp you solve problems in data acquisition system 
design with!. 11 > ,evices ICs, modules, and subsystems. It contains 3 categories of useful information: 

TECHNICAL-DATA on more than 76 new IC products and 14 new modules and subsystems, introduced since publication 
of the Databook. 

SELECTION GUIDES, with tabulsr data, classifying and comparing all products recommended for new designs. When 
you've chosen products to look at more closely, the handy indexes will help you fmd complete technical data, either in this 
volume (for new products) or Volumes I & II of the Databook (for other current products). 

INDEXES, updated to help you find what you're looking for in these volumes. 

IF YOU KNOW THE MODEL NUMBER 
Turn to the product index beginning on page 1-20 in the back of the book and look up the model number. You will fmd the 
Volume, Section, and Page location of data sheets bound into Volume I, Volume II, and this volume. 

If you're looking for a form-and-function-compatible version of an integrated circuit or hybrid product originally brought to 
market by some other manufacturer (second source), add our "AD" prefIX (or "ADSP", for digital signal processing ICs) and 
look it up in the index. 

IF YOU DON'T KNOW THE MODEL NUMBER 
Find the function in the Selection Guides Table of Contents on page 2-1 of this volume. Turn directly to the indicated page 
number. You will find one or more functional Selection Guides and comparative spec tables. The Selection Guide and/or spec 
tables will help you fmd the products that come closest to satisfying your need. Use them to compare all products in the 
category by salient criteria, no matter which Volume the technical data may reside in. Then refer to the Volume-Section-Page 
locations to find specific data sheet information. 

THIS BOOK IS NOT A SUBSTITUTE FOR THE 1984 DATABOOK 
.. ; 

/' ,-

There is much useful technical, specification, classification, and ordering information, in addition to product data, in the \.., 
1906 pages of Volumes I and II. If you don't have a set and would like to receive one, request it from any Analog Devices " 'C';-' 

office listed in the Worldwide Service Directory, in the last pages of this Volume. 

IF YOU CAN'T FIND IT ... ASK! 
See the Worldwide Service Directory, 1-18 and 1-19 at the back of this volume. 
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General Introduction 

Analog Devices designs, manufactures and sells worldwide 
sophisticated electronic components and subsystems fo~ use in 
precision measurement and control. More than six hundred 
standard products are produced in manufacturing facilities located 
throughout the world. These facilities encompass all relevant 
t~hnologies, including bipolar, 12L, CMOS, BiMOS and hybrid 
integrated circuits-and assembled products in the form of 
potted modules, printed-circuit boards and instrument 
packages. 

State-of~the-art technologi~ have been utilized (and, in many 
cases, invented) to provide timely, reliable, easy-to-use advanced 
designs at realistic prices. More than twenty years of successful 
applications experience and continuing vertical integration insure 
that these products are oriented to user needs. The continuing 
application of present state-of-the~art and the invention of future 
state-of-the-art processes strengthens the leadership position of 
Analog Devices in data acquisition products. 

MAJOR PROGRESS 
Since our two-volume 1984 Data Acquisition Databook appeared, 
more than 90 significant new products have been introduced, 
with entries from all our product lines; they run the gamut from 
brand-new product categories and technologies to new standard 
products (with improvements in price, performance, or design) 
to augmented second-source products. They are all documented 
in this Volume. Selection Guides place them in the context of 
the rest of the product line. Among the landmark new products 
introduced since pUblication of the 1984 Databook are: the first 
Word-Slice ™ chips for microcoded DSP systems - the ADSP-I401 
Program Sequencer and ADSP-1410 Address Generator; the 64-
Bit ADSP-3210 & ADSP-3220 floating-point Multiplier & ALU; 
the 2S50 LVDTIRVDT-to-Digital Converter; the AD202/204 
ultra-small, low cost isolation amplifiers; the single-chip AD538 
multifunction [Y(Z/X)M] Analog Computing Unit and the AD639 
Analog Trig-Function Generator; the monolithic AD569 16-Bit 
Monotonic DAC; the AD7549 single-chip dual 12-Bit DAC; the 
AD7572 complete-on-a-chip 12-Bit CMOS AID Converter; and 
the monolithic 12-bit AD574A ADC, available in both plastic 
and ceramic packaging. 

THE DATABOOK SUPPLEMENT 
This Supplement is intended to make it easy for users of our 
products to consider the new products, to compare them with 
other products in our line as possible solutions to measurement
an4-control equipment and system desigu problems, and to gain 
ready access to techuical data on any of our products, whether it 
appears in this update orin Volumes I and II. 

To this end, the present supplement contains: 

• Techuical data on all of the new products (ICs in Section 3; 
Modules & Subsystems in Section 4) 

• Updated Selection Guides, for comparing features and specifi
cations of all products, including the new ones (Section 2) 

• Two indexes to make product data easier to frnd, wherever it 
appears: 

• Index to Selection Guides in this volume (page 1-5) 
• Model-Number Index to product data in all 3 vulumes 

(pages 1-20 through 1-25, at the back of the book) 
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TEC~CALSUPPORT 
Our extensive technical literature discusses the technology and 
applications of products for precision measurement and control. 
Besides tutorial material and comprehensive data sheets, including 
the many in the Databook, we offer Application Notes, Application 
Guides, Techuical Hmdbooks (at reasonable prices), and several 
Serial publications; for example Analog ProdUCllog provides brief 
information on new products being introduced, and Analog 
Dialogue, our techuical magazine, provides in-4epth discussions 
of new developments in analog and digital circuit 'technology as 
applied to data acquisition, control and test. We maintain a 
mailing list of engmeers, scientists and techuicians with a serious 
intereSt in our products. In addition to databook catalogs-and 
updates, such as this one-we also publish several short-form 
catalogs, on specific product families. You will frnd typical 
pUblications described on pages 1-15 through 1-17 at the back 
of the book. 

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 up-to-date Worldwide Service Directory 
appears on pages 1-18 and 1-19 at the back of the book. 

RELIABILITY 
The manufacture of reliable products is a key objective at Analog 
Devices. We maintain facilities that have been qualified under 
such standards as MIL-M-38510 for ICs and MIL-STD-1772 
for hybrids. More than 15 of our products-both proprietary 
and second-source-have qualified for JAN part numbers; others 
are in the process. Most of our ICs are available in versions that. 
comply with MIL-STD-883C Oass B. We publish a Military 
Products Databook for designers who specify ICs and hybrids for 
military contmcts (the 1985 issue contains data on nearly 100 
available product families). A newsletter, Analog Briefings, pro
vides current information about the status of reliability at ADI. 

Our PLUS program makes available standard devices (commercial 
and industrial grades, plastic or ceramic packaging) for any user 
with demanding application environments, at a small premium. 
Subjected to stringent screening, similar to MIL-STD-883 test 
methods, they are often suffixed and are available from stock. 

PRODUCTS NOT CATALOGUED IN "I:HE DATABOOK 
For maximUm usefulness to designers of new equipment, we 
have limited the contents of the Databook to data sheets for 
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 any Index, tum to page 1-13 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 1-14 you will 
frnd a guide to substitutions for products no longer available. 

PRICES 
Accumte, up-to-date prices are an important consideration in 
making a choice among the many available product families. 
Since prices are subject to change, current price lists and/or 
quotations are available upon request from our sales offices. 
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Operational Amplifiers 
BIFET 

NC 

NC 

NC 

SPECIFICATIONS - Minor Max at TA = +2SoC 

Modell Is Vas VosTC 
pA mV .... VI"C 

AD547JH 50 1.0 5 
AD547KH 25 0.5 2 
AD547LH 25 0.25 1 
AD547SH 25 0.5 5 

AD548AH(AQ)(JN) 25 2 20 
AD548BH(BQ)(KN) 10 0.5 5 
AD548CH(CQ) 10 0.25 2 
AD548SH 25 2 20 

AD611JHQQ) 100 2.0 20 
AD611KH(KQ) 50 0.5 10 

NOTES 

AD547 
Ultra Low Drift: 1"Vrc - AD547L 
Low Offset Voltage: 0.2SmV - AD547L 
Low Input Bias Currents: 2SpA max, Warmed-Up 
Low Quiescent Current: 1.SmA 
Low Noise: 2"V POp 
High Open Loop Gain: 110dB 

AD548 
Low Quiescent Current: 200 .... A max 
AC Specs: 1.8V/"s Slew Rate, 1MHz Unity Gain 

Bandwidth 
Low Input Bias Current: 10pA max, Warmed-Up 

(ADS48LI 
Low Input Offset Current: 2pA typ (AD548LI 
Low Offset Voltage: 2S0 .... V max (AD548LI 
Low Drift: 2"Vrc max (AD548LI 
Low Noise: 2"V POp, 0.1 to 10Hz 
Improved Replacement for LF441 
Military Grade and Plus Parts Available 

AD611 
Low Offset Voltage: O.SmV max (AD611KI 
Low Offset Voltage Drift: 10"VI"C max (AD611KI 
Low Bias Current: SOpA max (AD611KI 
High Slew Rate: 8V1 .... s min 
Low Supply Current: 2.SmA max 
Fast Settling Time: 3J'S 
Available in Hermetically-Sealed CERDIP or 

Metal Can Packages 

Unity 
Gain Slew 

Gain BW Rate Temp. 
VN CMR MHz Vi ..... Range2 

k dB typ typ 

100 76 1.0 3.0 C 
250 80 1.0 3.0 C 
250 80 1.0 3.0 C 
250 80 1.0 3.0 E 

100 80 1.0 1.8 I1I1C 
100 80 1.0 1.8 IIIIC 
100 80 1.0 1.8 III 
100 80 1.0 1.8 E 

30 74 2 13 C 
50 80 2 13 C 

Volume" 
Section 
Page 

1-4-87 
1-4-87 
1-4-87 
1-4-87 

S-3-65 
S-3-65 
S-3-65 
S-3-65 

1-4-91 
1-4-91 

ISufflx "H" -metal header; Suffix "Q" -cerdip; SuffIx "N" - plastic mini-DIP. 
2C = 0 to + 70'C, I = - 25'C to + 85'C, E = - 55'C to + 125'C. 
*1= Volume I-Integrated Circuits; II= Volume2-Modules & Subsystems; S = This Volume. 
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Operational·Amplifiers 
Dual BIFET 

-va 

+v. 

-v. 

SPECIFICA nONS - Min or Max at T A = + 250C 

Modell Ia Vos VosTC 
pA mV ,.VI"C 

AD647]H 75 1.0 10 
AD647KH 35 0.5 5 
AD647LH 35 0.25 2.5 
AD647SH 35. 0.5 5 

AD648AH(AQ)(JN) 25 2 20 
. AD64SBH(BQ)(KN) 10 0.5 5 
AD648CH(CQ)(LN) 10 0.25 2 
AD648SH 25 2 20 

NOTES 

AD647 
Low Offset Voltage Drift 
Matched Offset Voltage 
Matched Offset Voltage Over Temparature 
Matched Bias Current 
Crosstalk - 124dB at 1kHz 
Low Bias Current: 35pA max Warmed·Up 
Low Offset Voltage: 250/,.V max 
Low Input Voltage Noise: 2,.V p.p 
High Open Loop Gain: 1~1l 
Low Quiescent Current: 2.8mA max 
Low Total Harmonic Distortion 
Standard Dual Amplifier Pin Out 

AD648 
Low Quiescent Current: 400,.A max 
AC Specs: 1.8V/,.. Slew Rate. 1MHz Unity Gain 

Bandwidth 
Low Input Bias Current: 10pA max. Warmed·Up 

(AD648L) 
Low Input Offsat Current: 2pA typ (AD648L) 
Low Offset Voltage: 250,.V max (AD648L) 
Low Drift: 2,.Vrc max (AD648L) 
Low Noise: 2,.V p-p; 0.1 to 10Hz 
Improved Replacement for LF441 
Military Grede and Plus Parts Available 

Unity 
Gain Slew 

Gain BW Rate Temp. 
VIV CMR MHz VI,.. Rangel 
VlVk dB typ typ 

100 76 1.0 3.0 C 
250 SO 1.0 3.0 C 
250 SO 1.0 3.0 C 
250 80 1.0 3.0 E 

100 SO 1.0 1.8 IIIIC 
100 SO 1.0 1.8 IIIIC 
100 80 1.0 1.8 IIIIC 
100 80 1.0 1.8 E 

'Suffix UH" -metaIheader; SuffixuQ" -ccrdip; Suffix UN" -plasticmini.DIP. 
'<:=010 + 70"C,1 = -25"Cto +SS"C,E= - SS"Cto + 12S"C. 
*1=Volumel-lnlegnltedCircuits; ll=VoIume2-ModuJes&Subsystems; S=TbisVolume. 
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Volume· 
Section 
Page 

1-4-103 
1·4-103 
1-4·103 
1-4-103 

S·3·135 
S·3·135 
S·3·135 
S·3·135 



Electrometer 
GUARD 

-VB 

GUARD 

-VB 

SPECIFICATIONS - Min or Max at TA = + 25°C 

Modell I. Vos VosTC 
pA mV "VI"C 

AD515JH 0.300 3.0 50 
AD515KH 0.150 1.0 15 
AD515LH 0.075 1.0 15 

AD545JH 2 1.0 25 
AD545KH 1 1.0 15 
AD545LH 1 0.5 5 
AD545MH 1 0.25 3 

NOTES 
·SufflX "HI) - metal header. 
'C = 0 to + 70'C, 1 = - 25'C to + 8S'C. 

AD515 
Ultra Low Bias Current: O.075pA max IAD51SL) 

0.1SOpA max IAD51SK) 
O.30OpA max IADS15J) 

Low Power: 1.SmA max Quiescent Current 
10.8mAtyp) 

Low Offset Voltage: 1.0mV max IAD51SK • L) 
Low Drift: 1S"Vrc max IADS1SK) 
Low Noise: 4"V pop. 0.1 to 10Hz 

AD545 
Low Offset Voltage: O.SmV max IAD545L). 

O.25mV max IAD545MI 
Low Offset Voltage Drift: s"vrc max IAD545L). 

3"Vrc max IAD545M) 
Low Power: 1.SmA max 
Low Bias Current: 1pA max IAD545K. L. M) 
Low Noise: 3"V pop. 0.1 to 10Hz 

Unity 
Gain Slew 
BW ltate Temp. 

Gain CMR MHz VI". Rangez 

VIV dB typ typ 

20k 66 0.35 0.3 C 
40k 80 0.35 0.3 C 
25k 70 0.35 0.3 C 

20k 66 0.7 0.3 C 
40k 70 0.7 0.3 C 
40k 76 0.7 0.3 C 
40k 76 0.7 0.3 C 

Volume· 
Section 
Page 

1-4-59 
1-4-59 
1-4-59 

1-4-83 
1-4-83 
1-4-83 
1-4-83 

*1 = Volume I-Integrated Circuits; II = Volume 2 - Modules * Subsystems; S = This Volume. 
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. Operational Amplifiers 
Precision 

NULL 

-v. 

NULL 

NULL 

,AD,OP-07 
Tan TImes More GaIn Than Other OP-07 Devices 

13.OMminl 
Ultra-Low Offset Voltage: 10jl.V 
Ultra-Low Offset Voltage Drift: 0.2j1.Vrc 
Ultra-5table vs. TIme: 0.2j1.V/month 
Ultra-Low Noise: O.35j1.V pop 
No External Components Required 
MonolithiC Construction 
High Common Mode Input Range: :t 14.0V 
Wide Power Supply Voltage Range: :t3V to :t18V 
Fits 725. 108A1308A, 741 Sockets ' 

AD OP-27 
Uitre-Low Noise: BOnV pop 10.1Hz to 10HzI. 

3nVrv'iii at 1 kHz 
Ultra-Low Offsat Voltage Drift: 'O.2j1.Vrc 
High Offsat Stability Over TIme: 0.2j1.Vlmonth " 
High Slew R-.: 2.8V1jI.B 
High Gain Bandwidth Product: 8MHz 
Low Offset Voltage: 10jl.V 
High CMRR: 128dB over :t11V Input Voltage Range 
Fits OP-07. OP-05. OP-o&. 5534. 725.714 and 

741 Sockets . 

AD OP-37 
. Uitre-Low Noise: BOnV p-p 10.1Hz to 10Hz1. 

3nVlYHZ at 1kHz 
High Speed: 17V/jI._ 
High Gain Bandwidth Product: 63MHz 
Uitre-LowOffset Voltage Drift: O.2j1.vrc 
High Offset Stability Over Time: 0.2j1.Vlmonth 
Low Offset Voltage: 10jl.V 
High CMRR: 1:z8dB Over :t 1 1V Input Voltage Range 
Fita OP-07. OP-05. OP-08. 5534. LHOO44. 

5130.3510. 725. 714 and 741 Sockets 
In Gains", 5 

SPECIFICATIONS - Min or Max at TA ~ +25OC -NGioe Goia OIW .... Temp. V_-
Model' V .. VooTC 0.101_ VIV I. MIk VI ... CMIl ...... -.. V .. VI'C p.V,pp • aA I7P I7P dB .... 
ADOP-07DH(DQ)(DN) ISO 2.S 0.63 1200 12 0.6 0.17 \l4 C 1-1-129 
ADON17CH(CQ)(CN) ISO 1.8 0.65 1200 7 0.6 0.17 100 C 1-1-129 
ADOP-G7EH(EQ)(I!N) 75 1.3 0.6 2000 4 0.6 0.17 106 C 1-1-129 
ADOP.o7H(Q) 75 1.3 0.6 2000 3 0.6 0.17 110 B 1-1-129 
ADON17AH(AQj 25 0.6 0.6 3000 2 0.6 0.17 110 B 1-1-129 

ADON7G11(GQ)(GN) 100 1.8 0.25 700 80 8.0 2.8 100 I 1-1-135 
ADOP·27FH(FQXFN) 60 1.3 I 0.18 1000 5S 8.0 2.8 106 I 1-1-135 
ADOP·271!H(EQ)(EN) 25 0.6 0.18 1000 40 8.0 2.8 114 I 1-1-135 
ADOP·27CH(CQ) 100 1.8 0.25 700 80 8.0 2.8 100, B 1-I-l3S 
ADOP·27BH(BQ) 60 1.3 0.18 1000 55 8.0 2.8 106 B 1-I-l3S 
ADOP·27AH(AQ) 25 0.6 0.18 1000 40 '8.0 2.8 114 B 1-1-135 

ADOP.37GH(GQ)(GN) 100 1.8 0.25 700 80 63 17 100 I 8-3-339 
ADOP·37FH(FQXFN) 60 1.3 0.18 1000 55 63 17 106 I 8-3-339 
ADOP·37B11(1!Q)(BN) 25 0.6 0.18 1000 40 63 11 114 I 8-3-339 
ADOP·37CH(CQ) 100 1.8 0.25 700 80 63 17 100 B 8-3-339 
ADOP·37BH(BQ) 60 1.3 0.18 1000 55 63 17 106 B 8-3·339 
ADOP·37AH(AQ) 25 0.6 0.18 1000 40 63 17 114 B 8·3·339 

NOTES 
'SufIix"ll"-__ , Sufth"ll'-..,.up, SufIix"N"-pludcmh>i·DIP. 
ZC-Oto +1O"C,I- -2S"Cto +.~.B- -55"Cto +lZSec. 
*I-V ...... 1-ID_tedCIn:uiD' D-Vol .... 2-_&S ........... ' S_Thk'Volume. 
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+V. 
TRIM 

-IN 

+IN 
OUT 

TRIM 
TRIM 

+V. 

COM 
-IN 

-Vs 
SG 

OUT 

TRIM 

SPECIFICATIONS - Min or Max at TA = +2S"C 

MocleJ I. Vos VosTC 
pA mV "vrc 

521 3 0.5 3 
52K 3 0.5 2 

2341 100 0.05 1 
234K 100 0.02 0.3 
234L 100 0.02 0.1 

235J 100 0.025 0.5 
235K 50 0.025 0.25 
235L 50 0.015 0.1 

NOTES 
IC=Oto +7O"C. 

MODEL 52 
Guaranteed Low Noi .. 1.5"V p-p ma. (0.01 to 1Hz) 
Low Voltage Drift: 2"Vrc me. (52K) 
Low Ble. Current: 3pA. ma. 
High CMR: 100dB. min 
High Voltage Gain: .120dB. min 
Wide Power Supply Range: :t:9V to :t:18V 
Excellent Long Term Stability: 5"V/month 
Fa'tThermaIRespon .. 

MODEL 234 
Low Drift: 0.1"Vrc. 1pArc 
Offset Stability: 2"V per month 
Submicrovolt Noi.e: 0.7"V p.p (0.01 to 1Hz B.W.) 
Fest Respon .. : 2.5MHz B.W •• 4", Settling (0.01%) 

MODEL 235 
Low COlt 
UItra·Low Noi .. : O.5"V pop. 1Hz B.W.(2"V. me.) 
Very Low Drift: 0.1"Vrc max. 0.5pArc ma. (235l) 
Excellent Long Term Stability: 5"V/yr 
Low Profile: 0.5" Height 

UDily 
Gain Slew 
BW Rate Temp. Volume· 

Gain CMR MHz VI,.. Raqel SectiOD 
VIV dB typ Page 

I,OOOk 100 0.5 o.is C 11-4-19 
I,OOOk 100 0.5 0.2S C 11-4-19 

10,OOOk N/A 2.5 30 C II-4-23 
10,OOOk N/A 2.5 30 C 11-4-23 
10,OOOk N/A 2.5 30 C 11-4-23 

50,OOOk N/A 0.3 C II-4-23 
50,OOOk N/A 0.3 C II-4-23 
50,OOOk N/A 0.3 C II-4-23 

*1 = Vohune 1-Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 
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Operational Amplifiers 
High Speed, Fast Settling 

~NC@NC .: 1":\. 12 . FREQUENCY 
.\!J '"' COMPENSATION 

OFJ8ff (9 ~ ®v \. 
INVE~ 3 -A 9 lpUT 

INPur ~O I 
NONINVERTING 4 f'i'\ OFFSET . 

INPUT r.\ \:.I NULL 

COMP 

\.-;-\9 0 0. / 
~ 

COMP 

SPECIFICATIONS - Min or MaX at TA = + 25'C 

Unity 
Gain Slew Settlin& 
BW Rate Time 

Modell MHz VI ... as 
typ typ typ 

AD3S0JH 40 330 250 
AD3S0KH 40 330 250 
AD380LH 40 330 250 
AD3S0SH 40 330 250 

AD509]H 20 120 200 
AD509KH 20 120 200 
ADS09SH 20 120 200 

ADSlSJH(JN) 12 70 800 
ADSlSKH(KN) 12 70 800 
AD51SSH 12 70 SOO 

NOTES 
'SutrlX"H"-metalheader;SufIix''N''-plasticmini.DIP. 
2C=Oto + 7O'C,E = -SS'Cto + 12S'C. 

Gain 
VIV 
k 

40 
40 
40 
40 

7.5 
10 
10 

25 
50 
50 

AD380 
High Slew Rate: 330V/ .... 
Fest Settling to 0.01%: 25Gns 
High Output Current: SOmA 
Low Input Bias Currents (10pA - AD38OL) 
Low Noise (3.3 .. V p.p) 

AD509 
Fest Settling Time 

0.1% in 500ns max 
0.01% in 2.S .... max 

High Slew Rete: 100V/ .... min 
Low los: 25nA max 
Guaranteed Vos Drift: 30 .. Vrc max 
High CMRR: BOdB min 
Drives 500pF 
LowPrlce 

AD518 
High Slew Rate: 70V/ .... 
~eBandwkhh:1~Hz 

60" Phase Margin (At Unity Gain crossover) 
Drives 300pF Load 
Guaranteed Low Offset Drift: 
1S .. Vrc max (ADS1BK) 
Pin Compatible with 11B·Type 

Op Amp Series 
MII·Standard Parts Available 
B·Pln Plastic Mini·DlP or TO·99 Hermetic 

Metal Can 

I. Vos VosTC CMR 
nA mV .. vrc dB 

0.1 2.0 50 60 
0.1 1.0 20 60 
0.1 1.0 10 60 
0.1 1.0 50 60 

250 10 74 
200 S.O 30 SO 
200 S.O 30 SO 

500 10.0 70 
250 4.0 15 SO 
250 4.0 20 SO 

*1 = Volume 1-Ioregrated CiIcui!S; II = Volume 2 - Modules & Subsystems; S = This Volume. 
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Temp. Volume· 
~2 Sectioa 

Page 

C 1-4-27 
C 1-4-27 
C 1·4-27 
E 1-4-27 

C 1-4-51 
C 1-4-51 
E 1-4-51 

C 1:4-71 
C 1-4-71 
E 1-4-71 



NC 

-Vs 

+Vs 

-v. 

SPECIFICATIONS - Min, or Max at T A = + 250(; 

Unity 
Gain 
BW Slew SettJjq 

Modell MHz Rate Time Gain 
typ VI,.s os VIV 

AD7l1AH(AQ)ON) 4 16 1000 lOOk 
AD711BH(BQ)(KN) 4 18 1000 lOOk 
AD711CH(CQ) 4 18 1000 lOOk 
AD7118H(8Q) 4 16 1000 lOOk 

AD712AH(AQ)(JN) 4 16 1000 lOOk 
AD712BH(BQ)(KN) 4 18 1000 lOOk 
AD712CH(CQ) 4 18 1000 lOOk 

AD7128H(SQ) 4 16 1000 lOOk 

NOTES 
'SuffIX "H" -metal header; Suffix ''Q'' -cerdip; Suffix ''N'' -plssticmini-DIP. 
>c = 0 to + 700c,1 = - 25"C to + 85"C, E = - 55"C to + 125"C. 

AD711/712 
Improved Replacement for LF4111lF412 
Dual Version Available: AD712 
AC Performance: 

Settles to 0.01"" in 1,._ 
51_ Rate (Unity Galnl: 1SV/,.s min (AD711BI 
Small Signal Bandwidth: 4MHz 

DC Performance: 
Low Offset Voltage: O.ZSmV max (AD711CI 
Low Offset Voltage Drift: 5,.VfC max (AD711CI 
Low Bias Current: 25pA max (AD711CI 
High Open Loop Gain: 100.000 VN (10OdBI min 
Low Noise: 3,.V P-P. 0.1Hz to 10Hz max (AD711CI 

Temp. 
Is Vos VosTC CMR Range' 
pA mV ,.VI"C dB 

50 2 20 74 IIIIC 
50 0.5 10 76 III1C 
25 0.25 5 80 1/1 
50 2 20 74 EIE 

50 3 20 74 IIIIC 
50 1 10 76 IIIIC 
25 0.5 5 80 EIE 

50 3 20 74 ElE 

Volume* 
Section 
Page 

8-3-163 
8-3-163 
8-3-163 
8-3-163 

8-3-165 
8-3-165 
8-3-165 

8-3-165 

*1= Volume I-lntegrstedCircuilS; 11= Volume 2-Modules * Subsystems; S=Tbis Volume. 
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Operational Amplifiers 
High Speed, Fast Settling 

-IN 

'+IN OUT 

COM 

-Vo 

SPECIFICATIONS - Min or Max at TA = +25"C 

MocIe1 I. Vos VosTC 
uA mV p.VJOC 

SO] 2 3 SO 
SOK 2 3 IS 

SlA 2 3 50 
SIB 2 3 20 

NOTES 
·C=Oto + 7O'C,1 = -2S"Cto +8S"C. 

MOD~LS50 & 51 
Fast Settling: 200nll max. 0.05% (5OJ1K1 

100ns max. 0.1% (5OJ/KI 
100mA Output: de to 8MHz (5OJ/KI 

de to &MHz (51A1BI 
AIl Hermetically"Sealed Semiconductors (51A1BI 
- 55"C to + 125"C Temperature Range (51A/1i11 
100MHz Gain Bandwidth (5OJ/KI 

UDity 
Gain Slew 
BW Rate Temp. 

Gaia CMR MHz Vi .... Raopl 
dB dB typ Vi .... 

88 60 100 SOO C 
88 60 100 SOO C 

94 60 80 400 I 
94 60 80 400 I 

*1 = Volume 1-mtegrated Ci=its; n = Volume 2 -Modules & Subsystems; S = This Volume. 
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Volume· 
Section' 
rage 
D-4-17 
II-4-17 

II-4-17 
II-4-17 



Wideband/Buffers 

INVERTED 
INPUT 

INPUT 

NC 

OUTPUT 
COMPENSA liON 

NC 

NC 

OUTPUT 

OUTPUT 

SPECIFICATIONS - Min or Max at TA = +2S"C 

Unity 
Gain Settling 
BW Slew Time 

Modell MHz Rate ns 
typ VI ... typ 

AD35S4AM 90 lOoo 120 
AD3554BM 90 1000 120 
AD3554SM 90 1000 120 

ADLH0032G 70 350 300 
ADLH0032GH 70 350 300 

ADLH0033G 100 1000 
ADLH0033CG 100 1000 

NOTES 

Gain 
VIV 

lOOk 
lOOk 
lOOk 

Ik 
Ik 

0.97 
0.97 

'SuffIX "M" -metal TO·3 style header; SuffIX "G" - metal TO·8 style header. 
21 = - 25"<: to + 85"<:, E = - 55'C to + 125"<:. 

AD3554 
Very High Slew Rate: 1000V/". 
Fast Settling: 150n. max to ±0.05% 
Gain Bandwidth Product: 1.7GHz typical 
High Output Current: 100mA min @ VOUT= 10V 
Full Differential Input 

ADLH0032 
2nd Source: Replaces All LH0032G 
High Slew Rete: 500Vl"s 
Wide 70MHz Bandwidth. 
Operation Guaranteed - 55"C to + 125"C 

(ADLH0032G) 
High Input Impedance of 1012n 
2mV Input Offset Voltage 

ADLH0033 
2nd Source: Replaces All LH0033G Series 
Wide Bandwidth - dc to 100MHz 
High Slew Rate - 1500V/"s 
Operates on Single or Dual Power Supplies 
Operation Guaranteed - 55"C to + 125"C 

(ADLH0033G) 
High 10"n Input Impedance 

I. Vos VosTC CMR 
nA mV "VI"C dB 
max max max min 

0.05 2 50 60 
0.05 I 15 60 
0.05 I 25 60 

0.1 5 SO SO 
0.2 15 SO 50 

0.1 10 100 
0.1 20 100 

Temp. 
Rangel 

1 
1 
E 

E 
1 

E 
1 

Volume· 
Section 
Pace 
1-4-111 
1-4-111 
1-4-111 

1-4-121 
1-4-121 

1-4-125 
1-4-125 

·1 = Volume I-Integrated Circuits; n = Volume 2 -Modules & Subsystems; S = This Volume. 
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Operational Amplifiers 
Wideband/Buffers 

GROUND 

-INPUT 

GND 

GND 

OUTPUT 

'PINS FOR CONNECTING 
OPTIONAL OFFSET 
POTENTIOMETER 

SPECIFICATIONS - Min or Max at TA = +25OC 

Unity 
Gain Slew 
BW Rate Gain 

Modell MHz VI". VIV 
typ typ typ 

HOS-050 55 300 lOOk 
HOS'()50A 55 300 lOOk 
HOS'()5OC 55 300 lOOk 

HOS-060SH 55 300 lOOk 

HOS-l00SH 100 1000 0.95 
HOS-l00AH 100 1000 0.94 

NOTES 
I All HOS family devices packsJCd in TO-S style metal headers. 
'1= -2S"Cto +SS"C,E= - 5S"Cro + 125"C. 

HOS-OSO 
sonS SettJifl9 to 0.1%; 200n8 to 0.01% 
100MHz Gain Bandwidth Product 
55MHz 3dB Bandwidth 
100mA Output@::t10V 

HOS-060 
<1mVVOS 
Low Drift 
80ns Settling to 0.1%; 2oon8 to 0.01% 
100mA Output @::t10V 

HOS-100 
Wide Bandwidth - de to 125MHz 
High Slew Rate - 1500V/"s 
Operation Guaranteed -55"C to !125"C ISH) 
High Output Drive - ::t 10V with 1000 Load 
MIL-STD-883 Processing Available 

Is Vas VosTC CMll Temp. 
nA mV "VI"C dB Ilaqel 

max max max typ 

2 35 150 70 E 
2 35 35 70 E 
2 65 200 70 1 

2 1 10(typ) 70 E 

20k 10 75 E 
25k 25 75 1 

*1 = Volume 1-Integrated Circuits; II = Volume 2 -Modules & Subsystems;. S = This Volume. 
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VoIume* 
Secticui 
Pap 

1-4-147 
1-4-147 
1-4-147 

1-4-153 

1-4-157 
1-4-157 



Operational Amplifiers 
High Voltage 

TRIM 

-IN 

MODEL 171 
High Output Voltage: ± 140V 
High CMR: 100dB min 

OUT 

+IN 

Operates with a Wille Range of Power Suppllas 
±25Voc to ± 150Voc 
High CMV: ±UVsl -10V) 
Full Power Response: 15kHz min 

TRIM -Vs 

SPECIFICATIONS - Min or Max at TA = +25OC 

Unity 
Gain 

Model Is Vos VosTC Gain CMR BW 

171J 
17lK 

NOTES 
'C=Oto +700c. 

pA mV 

SO 
20 

,..VI"C VIV dB MHztyp 

SO I,OOOk 100 3 
IS I,OOOk 100 3 

*1 = Volume I-Integrated Circuits; 11 = Volume 2 - Modules & Subsystems; S = This Volume. 

Comparators 
Ultra-Fast 
AD9685BD/BH FUNCTIONAL BLOCK DIAGRAM (SINGLE) 

NONINVERTlNGWo.OUTPUT INPUT 

INVERTING _ OOUTPUT 
INPUT 

Rl RL 

LATCH ENABLE Vy 

AD9687BD FUNCTIONAL BLOCK DIAGRAM (DUAL) 

NQNINYER11NG 
INPUT 

INVERTING 
INPUT 

L£[f 

'--r--' 
LATCH ENABLE 

'-v--' 
LATCH ENABLE 

INVERTING 
INPUT 

SPECIFICATIONS - Min or Max at TA = + 25°C 

Input Input Input Prop 

AD9685/9687 
2.2n8 Prop Dalay IAD968S) 
2.7ns Prop Dalay IAD9687) 
Typical O.Sns latch Setup 
Standard +SV/-S.2V Power 

Prop 
Modell Offset Offset Bias Delay (ns) Delay (ns) 

mV p.A p.A tm+&tm-

AD968SBDIBH ±S 10 2.2 
AD9687BD ±S 10 2.7 

NOTES 
'AD968SBD-16-PinDlP;AD968SBH-TOlOO;AD9687BD-16.PinDIP. 

tl'D + (E) & tl'D - (E) 

2.5 
2.7 

*1 = Volume I-Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 

Slew Temp. VoIume* 
Rate Raacel Section 
VI,... Page 

10 C 11-4-21 
10 C 11-4-21 

Minimum VoIume* 
SetuplHold Seetion 

(ns) Page 

111 1-4-117 
III 1-4-117 
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Isolation Amplifiers 

AD202JY 
Low Cost 
Small Size: 4 Channelsllnch 
Single Channel Design: 

+15V Power Input 
Functionally Complete 

High Accuracy: :to.05% max Nonlinearity 
1000V Peak CMV Isolation 
High CMR: 130dB IG=100vNl 
Low Output Drift: 20,...VI"C IG=1VNl 
Uncommitted Input Amplifier: 

Gain 1 to 100 VN 

AD204JY 
Low Coat 
Small Size: 4 Channelallnch 
Multichannel Design: 

25kHz Clock Input IA0248JY1 
Functionally Complete 

High Accuracy: :to.05% max Nonlinearity 
1000V Paak CMV Isolation 
High CMR: 130dB IG .100vNl . 
Low Output Drift: 20,...VI"C IG=1VNl 
Isolated Output Power: :t7.5V @:t2mA 
Uncommitted Input Amplifier: 

Gain 1 to 100 VN 

SPECIFICA nONS.- Min or Max at TA = + 250C 

Modell 

AD202JY 
AD204JY 

NOTES 
Iy = Single in-line package. 
"At pin = lOOVIV. 
'C = 0 to + 7O"C. 

Gain 
ItaDge 
VIV 

I to 100 
1 to 100 

Gain 
Nonlinearity 

% 

0.05 
0.05 

CMV Input Frequency 
InIOut T.e! RespoDSe 
Vpk ,...Vi"Ctyp kHztyp 

1000 10 5 
1000 10 I.S 

*1 = Volume 1-Integrated Ci=its; n = Volume 2-Modules & Subsystems; S = This Volume. 
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Temp. 
1taDge3 

e 
e 

Volume· 
Section 
Page 

S·3-5 
S-3-5 



HI 
OUTPUT 

• il=Ha 
• Input 

'---_001 '::R 

SPECIFICATIONS - Min or Max at TA = +25"C 

Model 

290A 
292A 

NOTES 
'At gain = 100VIV. 
21= -2S'Cro +8S'C. 

Gala 
Range 
VIV 

1£0100 
ho100 

Gala CMV 
Ncmliuearity 1Dl00t 

%typ Vplt 

0.25 1500 
0.25 1500 

MODEL 290A 
Isolated Power Supply: = 13V de @ =SmA 129OA) 
Low Nonlinearity: 0.1% @ 10V pk·pk Output 
High Gain Stebility: 0.001%11000 Hours: 0.01%I"C 
Small Size: 1.S"x 1.S" x 0.62" 
low Input OffIIet Voltage Drift: 10 .... Vrc 

IGain=100VN) 
Wtde Input/Output Dynamic Range: 20V pk·pk 
High CMV Isolation: 1500V dc, Contfnuous 
WIde Gain Range: 1 to 100VN 

MODEL 292A 
Multichannal Capability Using External Oscillator 

1292A) 
Isolated Power Supply: = 1SmA 1292A) 
Low Nonlinearity: 0.1% @ 10V pk·pk Output 
High Gain Stability: 0.001%11000 Hours; O.01%I"C 
Small Size: 1.S"x 1.S"xO.62" 
Low Input OffIIet Voltage Drift: 10 .... Vrc 

IGain= 100NN) 
Wide InputlOutput Dynamic Range: 20V pk·pk 
High CMV Isolation: 1500V dc, Continuous 
Wide Gain Range: 1 to 100VN 

Input Frequency Temp. Volume* 
T.C.1 Response Range2 Sectioa 
.... Vl"Ctyp kHztyp Pap 

11.5 2.5 U·5·21 
10.5 2.5 U·5·21 

*1 = Volume I-Integrated Circuits; n = Volume2-Modules & Subsysrem.; S = This Volume. 

SELECTION GUIDES 2·15 



Isolation Amplifiers 

"" O'FSfTTRIM 

t-=,-+@g~TNTRIM 

MODEL 277 
Versatile Op Amp Front End: Inverting; 

Noninverting. Differential Applications 
Low Nonlinearity: 0.025% max. Model 277K 
Low Input Offset Voltage Drift: 1 .. Vrc max. 

Model2nK 
floating Power Supply: ± 1SV de @ ± 1SmA 
High CMR: 160dB min @ de 
,High CMV: 3S00V ..... 

MODEL 289 , 
Low Nonlinearity: ±0.012% max (289L) 
Frequency Response: (-3clB) de to.2OkHz 

(Full Power) de to SkHz 
Gain Adjustable 1 to 100VN. Single Resistor 
3-Port isolation: ±2500V CMV Isolation 

Input/Output ' 
Low Gain Drift: ±O.OOS%FC max 
Floating Power Output: :l:1SV@ ±5mA 
120dB CMR at 60Hz: Fully Shielded Input Stage 
Meets UL Std. 544 Leakage: 2!iA rms max. 

@11SV ae. 60Hz 

SPECIFICA nONS - Min or Max at TA = + 2SOC 

Gain Gain CMV luput Frequency Temp. Volume· 
Model llaage Noaliaellrity 1uI0lit T.e. l Respoll8C llaagel Section 

V/V % Vpk .. VJOC kHztyp Page 

289J 1 to 100 0.05 2500 22 20 C U-S-17 
289K ltoloo 0.025 2500 16 20 C U-5-17 
289L ltoloo 0.012 2500 10.5 20 C U-S-17 

277J 1101000 0.05 2500 3 2.5 C U-5-9 
277K 1101000 0.025 2500 . 1 2.5 C U-S-9 
277A Ito 1000 0.05 2500 3 2.5 I U-S-9 

NOTES 
'AI maximum pin. 
ZC=Oto + 7O'C,1 = -25"Cto + 85"C. 
*1 = Volume l-lntegratedCircuits; II = Volume2-Modules & Subsystems; S = This Volume. 
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OUTPUT 

• i 110OkH:I: 
DSC 

10, INPUT 

-'--L==-~~POWER 8 COM 

MODEL 284J 
High CMV Isolation: ±5000V pk, 10ms Pulse; 

± 2500V de Continuous 
High CMR: 110dB min with 5kO Imbalance 
Low Nonlinearity: 0.05% @ 10V pk·pk Output 
High Gain Stability: ±0.OO75%J"C, ±0.001%11000 

hours 
Low Input Offset Voltage Drift: 10,.VI"C, 

G=100VN 
Resistor Programmed Gain: 1 to 10VN (284J1 
Isolated Power Supply: ±8.5V de@ ±5mA (284J1 
MeetS EEE Std 4n: Transient Protection (SWCI 
Meets UL Std 544 Leakage @ 115V ae, 60Hz: 

2.0pA max (284J1 

MODEL 286J 
High CMV Isolation: ±5000V pk, 10ms Pulse; 

±2500V de Continuous 
High CMR: 110dB min with 5kO Imbalance 
Low Nonlinearity: 0.05% @ 10V pk-pk Output 
High Gain Stability: ±0.0075%J"C, ±0.001%11000 

hours 
Low Input Offset Voltage Drift: 10,..vrC, 

G=100VN 
Resistor Programmed Gain: 1 to 100VN (286J1 
Isolated Power Supply: ± 15V de @ ± 15mA (286.11 
Meets IEEE Std 472: Transient Protection (SWCI 
Meets UL Std 544 Leakage @ 115V ae, 60Hz: 

2.5pA max (284J1 

SPECIFICATIONS - Min or Max at TA = +25"<: 

Model 

284J 
286J 

NOTES 
1 At maximum gaia. 
'C=Oto +700c. 

Gain 
Range 
V/V 

1 to 10 
ltol00 

. Gain 
NoD1inearity 

%typ 

0.05 
0.05 

CMV Input Frequency 
InIOot T.e.' Response 
Vpk ,.vrctyp kHz 

2500 35 
2500 10 

·1= Volume I-Integrated Circuits; 11= Volume 2-Modules & Subsystems; S=Thi. Volume. 

Temp. Volume· 
Raagez SectiOD 

Page 

C 11·5·11 
C 11·5·11 
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Isolation Amplifiers 

~1+.-w.-®lI1 :lTRIM 
~----4-+i~~~ 

f++-H~lI~ 

I------(ro~ 

AD293 
Hybrid Construction 
High CommQn-Mode Voltage: AD293 :i:2500V 

Peek mex 
Nonlinearity: :i: 0.0&% mllX (AD293B) 
Adjustable Input • Output Gain: 1V1V to 1000VIV 
Com~I\III with NEMA 1CS1~111 

AD294 
Hybrid Construction. 
High ComlllOn-Mocle Voltage: :i:8000V 

Peek mex 
Nonlinearity: :I: 0.0&% of I118X 

Adjustable Input • Output Gain: 1V1V to 1000VIV 
CompOea with NEMA 1CS,.,11 
Meata UL Std 644 Leakage: Z.OpA mex @ 

115V ae, 80Hz 

AD295 
HybrId Construction 
Low Nonlinearity: :1:0.012% mex (AOZ95C) 
Low Gain DrIft: :I: 8Oppmi"C mex 
Floeting Input end Output Poww: :I: 16V de @ SmA 
3-Port Isolation: :l:Z5OOV CMV (Input-to Output) 
Compllllll with NEMA 1CS1-111 
GaIn Adjustable: 1V1V to 1000VIV 
User Configureble Input Am~lfier 

SPECIFICATIONS - Min or Max at T A = + 2S"C 

Model 

AD293A 
AD293B 

AD294A 

AD295A 
AD295B 
AD29SC 

NOTES 
'AI pin = l000VN. 

'21= -25OCto + 85OC. 

Gain 
llaqe 
VIV 

1101000 
ltol000 

1 to 1000 

1 to 1000 
Ito 1000 
Ito 1000 

Gain 
Noalineanty 

% 

0.1 
0,05 

0.1 

0.05 
0.025 
0.012 

CMV "JIlIt F~CY 
1al0ut T.C.1 Ilespoiase 
Vpk .... VI"C kHztyp 

2500 10.5 2.5 
2SOO 5.2 2.5 

3SOO 11 2.5 

2500 10.4 4.5 
2500 3.3 4.5 
2SOO 1.6 4.5 

*1 = Volume 1-Integra~ Circuits; II = Volume 2-Modules & Subsystems; S = This Volume. 
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Temp. Volume* .... Section 
Pap 
1-5-13 
1-5-13 

1-5-13 

8-3-13 
8-3-13 
803-13 



Instrumentation Amplifiers 
Precision 

ATI 
NULL 

Rn 
NULL 

,......_--IJI!J RG, 

Rn 
NULL 

RTI 
NULL 

RTO 
NULL 

RTO 
NULL 

0·100 

G = zoo 

SPECIFICATIONS - Min or Max at T A = + 2S"C 

Gain Gain 
Error Tempc:o Nonlinearity 

Modell (G=lOO) (G=lOO) (G=lOO) 
% ppmI"C % 

AD524AD ±0.5 35 ±0.01 
ADS24BD ±0.3S 25 ±O.ooS 
ADS24CD ±0.2S 2S ±0.003 
ADS24SD ±O.S 25 ±0.01 

AD624AD ±0.2S 10 ±O.ooS 
AD624BD ±O.IS 10 ±0.003 
AD624CD ±0.1 10 ±O.ool 
AD624SD ±0.2S 10 ±O.OOS 

NOTES 
'Sufi'1X "D" -ceramic DIP. 
'RTINoisc(O.1 toIOHz)andG= 1000. 
31= -2S"Cto + 8S"C; E,. -SS"Cto +l2S"C. 

AD524 
Pin Programmable Gain, 'of 1. 10. 100. 1000 
Low NoI .. : 0.3"v pop 0.1Hz to 10Hz 
Low Nonlinearity: 0.003% (G = 11 
High CMRR: 120dB (0 = 10001 
Low Offaet Voltaga: &o"V 
Low Offaet Voltage Drift: 0.5"VI'C 
Gain Bandwidth Product: 25MHz 
Input Protection. Po_ On - Power Off 
No External Componentl Required 
Intemally Companll8t8d 

AD624 
Pin Programmable Galna of 1. 100. 200. 500. 1000 
Low Nol .. : 0.2"V p.p 0.1Hz to 10Hz 
Low Oaln TC: &ppm max (G = 11 
Low Nonlinearity: 0.001% max (0 - 1 to 2001 
High CMRR: 130dB max (0 = &00 to 10001 
Low Input Offaet Voltage: 2&"V, max 
Low Input OffIat Voltage Drift: O.2& .... VI'C max 
Oaln Bandwidth Product: 2&MHz 
No External Componentl R8qjlirad 
Internally Compen .. ted 

laput smaU 
laput OI&et Sipal 
0I&et Voltale BaDd· RTI Temp. 
Voltqe Drift W"Jdth Noise Raaae' 

"V .. VfC MHz "Vp-pz 

250 2 0.3 1 
100 0.75 0.3 1 
SO O.S 0.3 1 
SO 2.0 0.3 E 

200 2 0.2 1 
7S O.S 0.2 1 
25 0.2S 0.2 1 
75 2 0.2 ,E 

Volume* 
Section 
Pap 

1-5-31 
1-5-31 
1-5-31 
I-S-31 

I-S-43 
I-S-43 
I·S-43 
I·S-43 

*I=Volumel-IntqratedCircui18; II=VoIume2-ModuJes&Subsystems; S=TbisVolume. 
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Instrumentation Amplifiers 
Programmable Gain 

RTI 
NULL 

+GAIN 
DRIVE 

-INPUT, 

-GAIN 
SENSE 

RTO' 
NULL 

+ GAIN 
DRIVE 

VOUT 

SPECIFICATIONS - Min or Max at TA = +2S"C 

Gain ,Gain 
Moc1e11 Range Error 

% 

AD36SAM 1,10,100,500 0.1 

AD625AD(JN) Ito 10,000 0.01 
AD625BD(KN) 11010,000 0.008 
AD625CD 11010,000 0.005 
AD625SD 11010,000 0.01 

NOTES 

Gain 
Tempco 
ppmI"C 

10 

5 
5 
5 
5 

'SuffIX "M" -metal DIP; SuffIX "D" -ceramic DIP; SufflX"N" -plssticmini·DIP. 
2RTInoisespccitiedal0.1 to 10Hz,G = 500. 
3(:=Oto + 70"C, 1= -25"Clo + 85"C, E= - 55"Cto + 125"C. 

AD365 
Software Programmabla Gain 11. 10. 100. 5001 
Includes Fast Sampla·and-HoJd Amplifier 
Low Input Noise 10.2"V p·pl 
Low Gain Error 10.05% maxi 
Low Nonlinearity 10.005% maxi 
Low Gain Drift 11OppmI"C maxi 
Low Offset Drift 12"Vrc RTI maxi 
Fast Settling 115,.. @ Gain 1001 
,SmaJl16-Pin Metal DIP 

AD625 
Resistor Programmable Gain Amp 
Low Noise: 0.2"V p.p 0.1"z to 10Hz 
Low Nonlinearity: 0.001% max IG = 1 to 5001 
High CMRR: 130dB max IG=5001 
Low Offset Voltage: 25"V max 
Low Offset Voltage Drift: O.25"Vrc max 
Gain Bandwidth Product: 25MHz 
Internally Compensated 
Versatile Gain Progrl!mming 
Software Programmable Gain Amp 

Input 
Input Offset 
Offset Volta&e Band· RTI 
Voltage Drift W"Hlth Noise 

"V "VI"C kHz "Vp-~ 
200 2 850 0.2 

200 2 850 0.2 
50 0.5/1 850 0.2 
25 0.25 850 0.2 
200 2 850 0.2 

Temp. 
Range3 

I 

IIC 
IIC 
I 
E 

*1= Volume 1-Iotegrated Circuits; II = Volume 2 -Modules & SubsyatemS; S = This Volume. 
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Volume· 
Section 
Pace 
S·3-19 

S·3·11 I 
S·3·111 
S·3·111 
S·3-111 



Analog Signal Processing Components 
Multipliers/Dividers 

x, 

SPECIFICATIONS - Min or Max at TA = +25"C 

Accuracy 
FuRSea1e va. 

Modell Accuracy.% Temperature 
DUIll %FC(typ) 

AD532JD(JH) 2 0.04 
AD532KD(KH) 1 0.03 
ADS32SD(SH) 1 0.04 max 

AD534JD(JH) 1 0.022 
AD534KD(KH) 0.5 0.015 
AD534LD(LH) 0.25 0.008 
ADS34SD(SH) 1 0.02 max 
ADS34TD(TH) 0.5 0.01 max 

NOTES 
'SuffIX "H" - metal header; Suffix "D" -c:eramk: DIP. 
'C=Oto + 700c,E = -55"Cto + 125"C. 

X 
NonJiDearity 
% of 
FuRSea1e 

0.8 
0.5 
0,5 

0.4 
0.3 max 
0.12 max 
0.4 
0.3 max 

AD532 
Pntrimmed to =1.0% IAD532K) 
No External Components Required 
Guaranteed = 1.0% max 4-Ouedrant 

Error IAD532K) 
Diff Inputs For IX, - XI) IV, - VI)/10V 

Transfer Function 
Monolithic Construction. low Cost 
MIL·M·38510 Slash Sheet Part 

AD534 
Pretrlmmed to = 0.25% max 4-Quadrant Error 
IAD534l1 
All Inputs IX. V and Z) Differential. High Impedance 

for (IX, - XI) IV, -V.)/10V]+z. Transfer Function 
Scale·Factor Adjustable to Provide up to X100 Gain 
Low Noise Design: ao,.V rms. 10Hz-10kHz 
Low Cost. Monolithic Construction 
Excellent Long Term Stability 
MIL·M-38510 Slash Sheet Part 

y 
Noalinearity Bandwidth OpemtiDg 
%0£ Small Power Temp. Volume· 
FuRSea1e Sipal Supply Itange' Section 

(typ) MHz(typ) V Page 

0.3 10 to ± 18 C 1·6-17 
0.2 10to ± 18 C 1·6-17 
0.2 10to ±22 E 1-6-17 

0.01 8to ± 18 C 1·6-27 
0.01 max 8to ±18 C 1-6-27 
0.01 max 8to ± 18 C 1·6·27 
0.01 8to ±18 E 1-6-27 
0.01 max 8to ±18 E 1-6-27 

*1 = Volume 1-Integrated Circuits; n = Volume 2 -Modules & SubsystemS; S = This Volume. 
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Analog Signal Processing Compon~nts 
Multipliers/Dividers 

SPECIFICATIONS - Min or Max at T A = + 25"<: 

Multipfication 
Multipfication Error 
Error T.;.,.toT ..... 

Modell % of Full Scale % of Full Scale 

AD538AD' 500".V+ 1.0' 250",V+2.0' 
AD538BD 250".V+0.5' 500".V+ 1.0' 
AD5388D SOO".V+ 1.0' 1000".V+2.5 

AD539JD(JN) 2.5 2typ 
AD539KD(KN) 1.5 1typ 
AD539SD 4 ltyp 

NOTES 
'SuffIX "D" - ceramic DIP; SuffIX "N" - plastic DIP: 
ZC=Oto + 70"C,I= - 25"Cto + 85"C, E= - 55"Cto + 125"C. 
'Error specified in offset plus % of resding. 

AD538 
Tranlfer Function Vy (~M 
Wide Dynemlc Renlle 
Aneloll Multiplication and Division 
Resletor Prollrammable Powera Ie Roots 
Low Input Offsets <100 .... V 
Excellent Gain and Nonlinearity - 0.25% of Readlnll 
+ 2V and + 10V On~Chip References 
Monolithic Construction 

AD539 
Two auadrant MultlpllcatlonlDlvlBlon 
Two Independent Sllinal Channels 
Sllinel Bendwldth of 60MHz (loUT) 
Linear Control·Bendwldth of 5MHz 
Fully.Calibrated. Monolithic Circuit 

Bandwidth Operating 
Small Power 
Sipal Supply 
MHz,typ V 

0.4 ± 10to' ± 18 
0.4 ±10to±18 
0.4 ±10to±18 

30 ±4.5to 16.5 
30 ±4.5to 16.5 
30 ±4.5to 16.5 

Temp. 
Rangez 

1 
1 
E 

C 
C 
E 

*1= Volume l-IntegratedCircuit8; II= Volume2-Modules & Subsystems; S=ThisVolume. 
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Volume* 
Section 
Page 

8·3-57 
S·3-57 
8-3-57 . 

1-6-49 
1-6-49 
1-6-49 



Log-Antilog Amplifiers 

r--------------------, I 757 
I 

SPECIFICATIONS - Min or Max at TA = +25°C 

Model 

755N 
755P 
759N 
759P 
75m 
757P 

NOTES 
'C=Oto +700c. 

Input 
llange 

+(lOnAtollDA) 
- (10nA to llDA) 
+(20nA to llDA) 
-(20nA to llDA) 
+ (10nA to llDA) 
- (10nA to llDA) 

Log 
Conformity 
Error 

%RTI 

0.5 
0.5 
1.0 
1.0 
0.5 
0.5 

MODEL 755, MODEL 759 
High Accuracy: Models 755N. 755P 
Low Cost: Models 759N. 759P 
Complete Log-Antilog Amplifiers: External 

Components not Required 
Temperature-Compensatad Internal Reference 
6 Decades Current Operation: 1nA to 1mA 
1% max Error: 1nA to 1mA (755) 

20nA to 200pA (759) 
4 Decades Current Operation: 1mV to 10V 
1% max Error: 1mV to 10V (755) 

1mV to 2V (759) 

MODEL 757 
6 Decade Operation - 1nA to 1mA 
1/2% Log Conformity - 10nA to 100pA 
Symmetrical FET Inputs 
Voltage or Current Operation 
Temperature Compensated 
Complete Log Ratio Amplifier: External 

Components not Required 

Scale Bandwidth Temp. 
Factor -3dB llangel 

VlDecade kHz 

2,1,213 10 C 
2,1,213 10 C 
2,1,213 200 C 
2,1,213 200 C 
1 25 C 
1 25 C 

Volume* 
Section 
Pap 

11-8-7 
11-8-7 
11-8-7 
11-8-7 
11-8-11 
11-8-11 

*1 = Volume 1-Integrated Circuits; II = Volume 2 -Modules & SubsystC!DS; S = This Volume. 
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Analog Signal Processing Components 
. RMS-to-OC Converters 

""'-'---0'" 
OU, 

ON 

BUFFER 
INPUT 

ANALOG 
COMMON 

OUTPUT 
OFFSET 

CHIP 
SELECT 

DENOMI't'~ 6 

",," 

"," 

SIGNAL 
INPUT 

+Vs 

-v. 

SPECIFICATIONS - Min or Max at TA 
.aD CIC ..... Coaven;oo ........ -' "- ......... -v .... "'"'- "'"'-. 

ADS36AJDau> .7 :tSmV:t.O.s :to.2 
ADSl6ADK(KH) .7 :!:2mV:!:O.2 ::1:0.1 
ADS36ASD(SH) .7 ±SmV±O.5 :to.2 

AD636)D(JH) 0.2 ±O.Smv±1.0 :to.2 
AD636KD(KH) ~.2 ±O.2mV±O.S :to.1 

AD637JD(JQ)(SD) .7 ±lmV±O,S :to.lS 
AD63/KDCKQ) .7 ±O.SmV±O.2 :to.1 

NOTES 
1!W6x"H .. _mctJlbadu;Suftix"IY'_cenmicDlP;Suf1ix"Q"_c:erdip. 
l~raponacsn-II :t3dBbaadwidthamtfuUlCIIe. 
tc, ... Oto+1O"C,B-= -SS"Cto+l25"C. 

AD536A 
True rms-to-dc Conversion 
Laser-Trimmed to High Accuracy 

0.2% max Error (AD536AK) 
0.5% max Error (AD536AJ) 

Wide Response Capability: 
Computes rms of ac and de Signals 
300kHz Bandwidth: V,m.>1oomV 
2MHz Bandwidth: V,ms>1V 
Signal Crest Factor of 7 for 1 % Error 

dB Output with 60dB Range 
Low Power: 1mA Quiescent Current 
Single or Dual Supply Operation 
Monolithic Integrated Circuit 

AD636 
True rms-to-dc Conversion 
200mV Full Scale 
Laser-Trimmed to High Accuracy 

0.5% max Error (AD636K) 
1.0% max Error (AD636J) 

Wide Response Capability' 
Computes rms of ac and de Signals 
1MHz -3dB Bandwidth: Vnn.>1OOmV 
Signal Crest Factor of 6 for 0.5% Error 

dB Output with SOdB Range 
Low Power: 800..,A Quiescent Current 
Single or Dual Supply Operation 
Monolithic Integrated Circuit 

AD637 
High Accuracy 

0.02% Max Nonlinearity, 0 to 2V rms Input 
0.10% Additional Error to Crest Factor of 3 

Wide Bandwillth 
8MHz at 2V rms Input 
600kHz at 100mV rms 

Computes: 
True rms 
Square 
Mean Square 
Absolute Value 

dB Output (-6OdB Range) 
Chip Select-Power Down Feature Allows: 

Analog "3oState": Operation . 
Quiescent Current Reduction from 

2.2mA to 350pA 

+2S·C -... c-
FactoI'of? 
"'"'-1Jp 

-1.0 
-1.0 
-1.0 

-O.S 
-O.S 

-O.S 
-0.8 

Frequellq' ......... 
MHz,1Jp 

1.3 
1.3 

8 
8 

dB.".... T_. v ..... • - ....... Secdoa 
dll;1Jp .... 

±O,6 CJC 1 .... 3 
±O.3 CJC I .... ' 
:to.S EIE 1-6-43 

:t:O.S CJC 1-6-71 
.:!::0.2 CJC 1-6-71 ., C/CJIl 1-6-77 ., CJC l-6-n 

"'I=Vo1umel-IacepatcdCiraaib; n=VoJume2-~.Uublyateou. S',,;,TbilVo1ume. 
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"IN 

GAIN 

5 

5 +VS 

8 4 COM 

3 -VS 
7 442 

2 II()UT 

6 C. 

SPECIFICATIONS - Min or Max at T A = + 25"C 

Model 

4421 
442K 
442L 

NOTES 
IC=Oto +700c. 

Tota1Brror 
No Eu Adjust 

mV 

2 ±0.15%RDG. 
2 ±0.15%RDG. 
2 ±0.15%RDG. 

Total Error 
T.C. 

,.V/C 

100 
50 
35 

MODEL 442 
DC to 8MHz Response ( - 3dB) 
High Accuracy: 

With No Ext. Trim: ±ZmV ±O.15% of Rdg •• max 
With Ext. Trim: ±1mV ±O.05% of Adg •• max 

Low Drift: ±(35,.V ±O.01% of Reading)fC 
max.44ZL 

Fast Settling TIme: 5ms to 1% 
All Hermetically Sealed Semiconductors 
No External Components Required 

to Meet SpecifICations 

Frequeacy Frequency 
Response Response Temp. 
1% Error -3dBEnor Rangel 

kHz MHz 

800 7 C 
800 7 C 
800 7 C 

VoIume* 
Section 
Page 

11-7-7 
11-7-7 
11-7-7 

*1 = Volume I-Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 
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Analog Signal Processing Components 
Special Functions 

DIFF Off ADJ 3 

DIFF OFf ADJ 4 

AD630 
Recovers Signal from + 10(1(1B Noise 
2MHz Channel Bandwidth 
45V/ .... Slew Rate 
-120dB.Crosstalk@ 1kHz 

CMOFFADJ 5. 
Pin Programmable Closed Loop Gains of :1; 1 and :1; 2 
0.05% Closed Loop Gain Accuracy and Match 

eM OFF ADJ 8 

CHANNEL STATUS BlA 7 

SPECIFICATIONS - Min. or Max at T A = + 25"(; 

Cloaecl 
Loop Input Input 
Gain OtIaet Bias 

Modell Enor Voltap e_t 
% ,..V lIA 

AD630IN (AD) 0.1 typ 500 300 
AD630KN (DD) 0.05 100 300 
AD630SD 0.1 typ 500 300 

NOTES 
ISufIix"N" -Plastic DIP; SuffIX "0" -Ceramic DIP. 
2c: '" 0 to + 70'C, I", - 2S'C to + 8S'C, B = - SS'C to + 125'C. 

100,..V Channel Offset'Voltage (AD630BD) 
350kHz Full Power Bandwidth 

Relpouse 
Time UDity 

Switchiq (-S"Vto +S Gain Slew Temp. 
WiDclow mVStep) Baadwldth Rate Raqe2 

mV DB MHz V/j&I 

±1.5 200 2 45 C'I 
± 1.5 200 2 45 C'I 
±1.S 200 2 45 B 

*1= Volume l-lntqratedCirc:uil8; n-Volume2-Modules& SubsystemS; S -ThisVolume. 

SPECIFICATIONS - Min or Max at T ... = + 25"(; 

Law reak 
Coaformanc:e Enor 
-lJOOto +IJOO -180" to + 180" 

Modell % %ofF.S. 

AD639AD 0.02 1.5 
AD639BD 0.02 0.8 
AD6398D 0.02 1.5 

NOTES 
Isuflix "0" -Ceramic DIP. 
21 = - 2S'C to + 8S'C, E = - SS'C to + 12S'C. 

AD639 
Complete, Fully·Callbrated Synthesis System 
All Standard Functions: Sin, Cos, Tan, Cosec, 

Sec, Cot, Arcsin, Arccos, Arctan, etc. 
Accurate Lew Conformance (Sine to 0.02%) 
Angular Range of :500" (Sine Mode) 
Function Programmable by Pin Strapping 
1.5MHz Bandwidth (Sine Mode) 
Multiplication via External Amplitude Input 

Scale Slew Temp. 
Factor Bandwidth Rate Raqez 

°IV MHz VI .... 

SO 1.5 30 I 
SO 1.5 30 I 
SO 1.5 30 B 

*1 = Volume l-lntegratedCirc:uil8; n= Volume2-Modules& SubsystemS; S=This Volume. 
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Volwae· 
Seetioa 
rap 

1-6·57 
1-6-57 
1-6·57 

Volume· 
Secticm 
rap 

8·3-123 
8·3·123 
8·3·123 



Voltage References 

+E 

-E 

+vs 

-v 

SPECIFICATIONS - Min or Max at T A = +2S·C 

Output 
Output Voltage 

Modell Voltage Tolel'8llce 
V % Error 

AD580]H(KHXLH)(MH) 2.5 3.0(1.0)(0.4)(0.4) 

AD580SH(THXUH) 2.5 1.0(0.4)(0.4) 

AD581]H(KHXLH) 10.00 ± 0.3(0.1)(0.05) 

AD581SH(THXUH) 10.00 ±0.3(0.I)(o.o5) 

AD584]H(SH) Programmable ±0.3 
AD584KH(TH) :to.l 
AD584LH ±O.S 

NOTES 
ISufflX uR" -metal header. 
2C=Oto +70"C,E= -55"Cto + 125°C. 

AD580 
Laser-Trimmed to High Accuracy: 2.S00V ±0.4% 
3-Terminal Device: Voltage InNoltage Out 
Excellent Temperature Stability: 10ppmfC 

(ADS80M, U) 
Excellent Long Term Stability: 2S0",V (2S,LV/Month) 
Low Quiescent Current: 1.SmA max 
Small, Hermetic IC Package: TO-52 Can 

AD581 
Laser-Trimmed to High Accuracy: 

10.000 Volts ±SmV (L and U) 
Trimmed Temperature Coefficient: 

5ppmrC max, 0 to + 70·C (L) 
10ppmfC max, -S5·C to + 12S·C (U) 

Excellent Long-Term Stability: 
25ppm/1000 hrs. (Non-Cumulative) 

Negative 10 Volt Reference Capability 
Low Quiescent Current: 1.0mA max 
10mA Current Output Capability 
3-Terminal TO-S Package 

AD584 
Four Programmable Output Voltages: 

10.000V, 7.500V, S.OOOV, 2.500V 
Laser-Trimmed to High Accuracies 
No External Components Required 
Trimmed Temperature Coefficient: 

Sppm/·C max, 0 to 70·C (ADS84LH) 
15ppmfC max, -SS·C to + 12S·C (ADS84TH) 

Zero Output Strobe Terminal Provided 
Two Terminal Negative Reference 

Cabability (SV & Above) 
Output Sources or Sinks Current 
Low Quiescent Current: 1.0mA max 
10mA Current Output Capability 

Output Temp. Time 
Current Stability Stability 

mA pprnf'C, max typ 

10 85(40)(25)(10) 25,-,V/Month 
250,-,VLong 
Term 

10 55(25)(10) 25,-,V/Month 
250,-,VLong 
Term 

10 30(15)(5) 25ppmper 
1000 Hours 
Noncumulative 

10 30(15)(10) 25ppmper 
1000 Hours 
Noncumulative 

10 30 25ppmper 
10 15 1000 Hours 
10 5 Noncumulative 

Temp. Volume· 
Range' Section 

Plllle 

C 1-7-5 

E 1-7-5 

C 1-7-9 

E 1-7-9 

ClE 1-7-17 
C/E 1-7-17 

1-7-17 

*1 = Volume 1-Integrated Circuits; II = Volume 2 -Modules & Subsystems; S = This Volume. 
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Voltage References 

GAIN GND GND OV SV MIN 
ADJ SENSE SENSE 

+IN -IN 

+v 

~ 
-v 

+v, 

-v. 

AD588 
Ultra·Low Drift: 1ppmI"C 
Ultra·Low Initial Error: 1mV 
Pln~Programmabla Output 

+10V, +SV, ±SVTracking, -SV, -10V 
Flexlbla Output Force and Sense Terminals 
Machine-Insertable DIP Packaging 
Guaranteed Long.Term Stability: 

25ppml1000 hours 

AD589 
Superior Replacement for Other 1.2V References 
Wide Operating Range: SO,.A to SmA 
Low Power: 60,..W Total Po at SO,.A 
Low Temperature Coefficient: 

10ppmfC max, 0 to + 70·C (ADS89MI 
2SppmfC max, - SS·C to + 12SOC (ADS89UI 

Two Terminal HZenerH Operation 
Low Output Impedance: 0.60 
No Frequen~y Compensation Required 

AD1403 
Improved, Lower Cost, Replacements for Standard 
1403, 1403A 

SPECIFlCA nONS - Min or Max at T A = +25OC 

Output 
Output Voltage 

Modell Voltage Toleraoce 
V % Error 

AD588]N(AD)(SD) ± 10.0 0.03 
AD588KN(BD) ±1O.0 0.01 
AD588LN(CD) ±IO.O O,OJ 

AD588TD ±1O.0 0.03 

AD589JH(KH)(LH)(MH) 1.235 -2.8, + 1.2 
AD589SH(TH)(UH) 1.235 -2.8, + 1.2 
ADl403N 2.50 I 
ADl403AN 2.50 0.4 

NOTES 

Output 
Current 

mA 

10 
10 

.10 

10 

5 
5 
10 
10 

3·Terminal Device: Voltage InNoltage Out 
Laser-Trimmed to High Accuracy: 2.S00V :l:10mV 

(AD1403AI . 
Excellent Temperature Stability: 2SppmfC 

(AD1403AI 
Low Quiescent Cu ... !'nt: 1.SmA max 
10mA Current Output Capability 

Temp. Time 
Stability Stability 
ppmfC max 

3 
I 
I 25ppmper 

1000 Hours 
3 25ppmper 

1000 Hours 

100(50)(25)(10) 
100(50)(25) 
40 
25 

Temp. 
Raoge' 

CIlIE 
CII 
CII 

E 

C 
E 
C 
C 

'Suffll< UN" -plastic DIP; Suffll< "0" -ceramic OIP; Suffll< "H" -metal header. 
'C=Oto + 70·C, 1= -25OCto +85OC,E= -55·Cto + 125·C. 
*1= Volume I-Integrated Circuits; n = Volume2-Modules & Subsystems; S = This Volume. 
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Volume* 
Section 
Page 

S-3-99 
S-3-99 
S-3-99 

S-3-99 

1-7-25 
1-7-25 
1-7-29 
1-7-29 



fiNE 
+lS.OV ADJUST 

COMMON FINE 
ADJUST 

COMMON 

AD2700 

FINE 
ADJUST 

FINE 
+l&.OV ADJUST 

COMMON FINE 
ADJUST 

~15.0V ·FINE 
ADJUST 

SPECIFICATIONS - Min or Max at TA = +25"C 

Output 
Output Voltage 

Model Voltage Tolerance 
V % Error 

AD2700](S) 10.00 ±0.05 
AD2700L(U) 10.00 ±0.025 
AD2701](S) -10.00 ±0.05 
AD2701L(U) -10.00 ±0.025 

AD2702](S) ± 10.00 ±0.05 
AD2702L(U) ± 10.00 ±0.025 

NOTES 
'1= -25'Cto +85'C,E= -55'Cto + 125'C. 

AD2700/AD2701 
Very High Accuracy: 10.000 Volts ±2.5mV IL and UI 
Low Temperature Coefficient: 3ppml"C 
Performance Guaranteed - 55'C to + 125'C 
10mA Output Current Capability 
Low Noise 
Short Circuit Protected 

AD2702 
Very High Accuracy: 10.000 Volts ±2.5mV IL and UI 
Low Temperature Coefficient: 3ppmi"C 
Performance Guaranteed -55'C to +125'C 
10mA Output Current Capability 
Low Noise 
Short Circuit Protected 

Output Temp. Time Temp. Volume* 
Current Stability Stability 1laDge1 Section 

IDA ppmI"C typ Page 

10 10(3) lOOppmper lIE 1-7-33 
10 3 1000 Hours lIE 1-7-33 
10 10(3) lOOppmper lIE 1-7-33 
10 3 1000 Hours lIE 1-7-33 

@+55'C 
10 10(5) lOOppmper lIE 1-7-33 
10 5(3) 1000 Hours liE 1-7-33 

@+55'C 

*1=Volume 1-lutegratedCircuits; ll= Volume2-Modules & Subsystems; S = This Volume. 
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Voltage References 

COMMON FINE 
AOJUST 

FINE +FINE 
AOJUST AOJUST 

.-(11)---...(1121)-0-----0(3 

,.....-----+-'-......«13 ~U~~¥ 

COMMON FINE 
ADJUST 

-15.0V -FINE 
ADJUST 

-10.0000v 
OUTPUT 

SPECIFICATIONS - Min or Max at TA = +2S"C 

Modell 

AD2tIOKN(LN) 
AD2712KN(LN) 

NOTES 
'SufIix"N"-plasticmini.DIP. 
'<:=010 +700c. 

Output 
Voltage 

V 

± 10.00 
± 10.00 

Output 
Voltage 
Tolerance 
%Eftor 
±O.OI 
±0.0l 

AD2710 
Lase .... Trimmed to High Accuracy: 10.000Y ± 1.0mV 
Low Temperature Coefficient: 1ppml"C IL Grade) 
Excellent Long Term Stability: 2~ppml1000 ~ours 
~mA Output C:;urrent Capability 
Low Noise 130,..V pop) 
Short Circuit Protected 
No Heater Utilized 

AD2712 
Laser-Trimmed to High Accuracy: 10.000V ± 1.0mV 
Low Temperature Coefficient: 1ppmI"C IL Grade) 
Excellent Long Term Stability: 2~ppm/1000 hours 
~mA Output Current Capability 
Low Noise 130,..V pop) 
Short Circuit Protected 
No Heater Utilized 

Output Temp. Temp. Volume* 
CurrOt Stability Range2 Section 

IDA ppmI"C Page 

10 2(1) C 1-7-37 
10 2(1) C 1-7-37 

*1 = Volume 1-Integrated Circuits; II = Volume 2-Modules & Subsystems; S = This Volume. 
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Temperature Measurement ,Components 
Temperature Transducers 

c 

AD590 

+ -

;::+ 

AD590 
Linear Current Output: 1 JLAlK 
Wide Range: -55"C to + 150"C 
Probe Compatible Ceramic Sensor Package 
Two·Terminal Device: Voltage InlCurrent Out 
Laser·Trimmed to ±O.5°C Calibration Accuracy 

(AD590M) 
Excellent Linearity: ±O.3"C Over Full Range 

(AD59OM) 
Wide Power Supply Range: +4Vto +30V 
Sensor Isolation from Case 

AD592 
High Precalibrated Accuracy: O.5OC max @ 25"C 
Excellent Linearity: O.15"C max (0 to + 7DOC) 
Wide Operating Temperature Range: 

- 25"C to + 1 OS"C 
Single Supply Operation: +4V to +30V 
Excellent Repeatability and Stability , 
High Level Output: 1 "AlK 
Two Terminal Monolithic IC: Temperature Inl 

Current Out 
Minimal Self·Heating Errors 

AC2626 
Linear Current Output: 1 JLAlK 
Wide Range: -55°C to + 150"C 
Leser Trimmed Sensor (AD590) to ± O.5"C 

Calibration Accuracy (AC2626M) 
Excellent Linearity: ± O.3"C Over Full Range 

(AC2626M) 
6 Inch or 4 Inch Standard. Stainless Steel Sheath 
3/16 Inch in Outside Diametar 
3 Feat Teflon Coated Lead Wire 
Wide Power Supply Range +4V to +30V 
Fast Response: 2 Seconds (In Stirred Water) 
Sensor Isolated from Sheath 

SPECIFICATIONS - Min or Max at. T A = + 25°C 

NomiaaI 
Caneat Temp. CoIlbratioa 

Model' Outpat CoefIicieDt !!nor 
pA pAIK "C 

ADS90IH(IF) 298.2 :t20 
ADS90JH(JF) 298.2 :t10 
AOS90KH(KF) 298.2 :tS.S 
ADS90LH(LF) 298.2 :t3.0 
ADS90MH(MF) 298.2 :t1.7 

ADS92AN 298.2 :t3.0 
ADS92BN 298.2 :tI.S 
ADS92CN 298.2 :to.8 

AC2626J4(J6), 298.2 :tS 
AC2626K4(K6)' 298.2 :t2.S 
AC26261A(L6)' 298.2 :t1.0 
AD2626M4(M6), 298.2 :to.S 

NOTES 
'SufIb:"H"-_heacler;SufIb:"P-flat.,...u,e;SufIb:''N"-plasticmiDi·OIP. 
'I';' -25'Cto +IOS'C,B~ -S5'Cto + 150'<:. 
'4 =4-iD<b!eaath; 6= 6-iacb1eqth. 

NOJJIiDearity 
"C 

:t3.0 
:t 1.5 
:to.8 
:to.4 
:to.3 

:to.3S 
:to.2S 
:to.IS 

1.5 
0.8 
0.4 
0.3 

·1=VoIumel-lDlqrllledCin:uits; II = Volume 2-Moduies & Subsystems; S=1bisVolume. 

T_p. Volume· ... ' SectIoa 
Pap 

B 1·8·15 
B 1·8·15 
B 1·8-1S 
B 1·8-15 
B 1·8-15 

5-3·103 
S·3·103 
5-3·103 

B 11·9-13 
B 11·9-13 
B 11·9-13 
B 11·9·13 
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Temperature Measurement Components 
Temperature Transducer Signal Conditioners 

+IN 

-ALM 

SPECIFICATIONS - Min or Max at T A = + 25°C 

Nominal 
Transfer Closed 

Modell Function Loop 
mvrc Gain 

ADS94AD(AQ) 10 193.4 
ADS94CD(CQ) 10 193.4 
ADS95AD(AQ) 10 193.4 
ADS95CD(CQ) 10 193.4 

ADS96AH 10 180.6 
ADS97AH 10 245.5 

NOTES 

AD594/AD595 
Pretrimmed for Type J (AD594) or Type K (AD595) 

Thermocouples 
Can Be Used with Type T Thermocouple Inputs 
Low Impedance Voltage Output: 10mVrC 
Built-In Ice Point Compensation 
Wide Power Supply Range: +5V to ± 15V 
Low Power: <1mW typical 
Thermocouple Failure Alarm 
Laser Wafer-Trimmed to 1·C Calibration Accuracy 
Set-Point Mode Operation 
Self-Contained Celsius Thermometer Operation 
High Impedance Differential Input 
Side-Brazed DIP or Low Cost CERDIP 

AD596/AD597 
Low Cost 
Operates with Type J (AD596) or Type K (AD597) 

Thermocouples 
Built-In Ice Point Compensation 
Temperature Proportional Operation - 10mV/OC 
Temperature Set-Point Operation - ON/OFF 
Programmable Switching Hysteresis 
High Impedance Differential Input 

Calibration Stabilityvs_ Gain Volume* 
Error Temperature Error Section 

OC °crc % Page 

±3.0 ±O.OS ± 1.5 1-8-31 
±1.0 ±0.025 ±0.75 1-8-31 
±3.0 ±0.05 ± 1.5 1-8-31 
±1.0 ±0.025 ±0.7S 1-8-31 

±4.0 ±0.05 ± 1.5 1-8-39 
±4.0 ±0.05 ±1.S 1-8-39 

ISuffix "D" -ceramic DIP; SuffIX "Q" -cerdip; Suffix "H" -metal header. 
*1 ~ Volume 1-Integrated Circuits; II ~ Volume 2 - Modules & Subsystems; S ~ This Volume. 
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4-20mA Sensor Transmitters 

SPECIFICATIONS - Min or Max at T A = + 25"C 

4mA 
Modell +Vsllaqe Offset 

V p.A 

AD693AD(AQ) +12to +34 80 
AD693BD(BQ) + 12 to +34 40 

NOTES 
ISuffix "D" -ceramic DIP; Suffix ''Q'' -Cerdip. 
11 = - 4O"C to + 85"C. 

Gain Accuracy 
30mV +6OmVFS 

% 

0.5 
0.25 

AD693 
Loop-Powered Operation 
Precallbrated 30mV or 60mV Input Spans 
Precallbrated 100 0 RTD Interface 
Independently Adjustable OutpUt Span and Zero 
Precalibrated Output Spans: 4-20mA Unipolar 

Cl-20mA Unipolar 
12 ±8mA Bipolar 

6.2V Reference with 3.5mA Current Available 
Uncommitted Auxiliary Amp for Extra Flaxlbility 
Optional External Pass Transistor to Reduce 

SeIf·Heating Errors 

Bias Temp. 
NoDlinearity Current CMRR PSRR Ilaqel 

% nA dB dB 

0.02 20 95 100 III 
0.02 10 95 100 III 

Volume· 
Section 
Page 

S·3·161 
S·3·161 

*1 = Volume 1-Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 
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T~mperature Measurement -Components 
VOltage-to-Current Converters 

+10VTO +32V 

...---...... ------,4 TO 20mA 

+14V TO +32V 

...--_ .... _--,,.--......, 4 TO 20mA 

IOUTH ....... 

4'------18 ±1S00V pk +. 

+14VTO +28V 

4T020mA 
r---~--' ,.---., OR 0 TO 20mA 

4mAlO 
SELECTt-....... 

4'-------(8 ±1500V pk • 

2820 
Complete, No External Components Needed 
Small Size: 1.1"x 1.1"xO.4" Module 
Input: 0 to + 10V; Output 4 to 20mA ' 
Low Drift: 0.005%rC max: Nonlinearity: 0.005% max 

(2B20B) 
Wide Temperature Range: -25"<: to +8S"<: 
Single Supply: + 10V to + 32V 
Meets ISA Std. SO.1 for Type 3, Class Land U, 

Nonisolated Current Loop Transmitters 

2822 
Wide Input Range: 0 to + 1V to 0 to + 10V 
standard Output Range: 4 to 20mA 
High CMV Input/Output Isolation: 1S00V de 

Continuous 
Low Nonlinearity: _ O.OS% max, 2B22L 
Low Span Drift: 0.005%rC max, 2B22L 
Single Supply: + 14V to + 32V 
Meets IEEE Std. 472: Transient Protection (SWC) 
Meets ISA Std. 50.1: Isolated Currant Loop 

Transmitters 

2823 
Wide Input Range, Resistor Programmable 
Pin Programmable Output: 4 to 20mA or 0 to 20mA 
High CMV Input/Output Isolation: ± 1500V pk 

Continuous 
Low Nonlinearity: ±0.05% max (2B23K) 
Low Span Drift: ±0.OO5%rC max (2B23K) 
Single Supply Operation: +14V to +28V 
Small Si2ie: 1:8" x 2.4" x 0.6" 
Meets IEEE Std. 472: Transient Protection (SWC) 
Meets ISA ST. SO.1: Isoleted Current Loop 

Transmitters 

SPECIFICATIONS - Min or Max at TA = +2S"C 

Input Output Gain CMV Temp. Volume· 
Model Rqe Rqe Non1ioearity lnlOut Rqel Section 

V IDA % Vpk Page 

2B20A Oro + 10 4t020 0.025 N/A I 11·9·15 
2B20B Oto + 10 4t020 0.005 N/A I 11·9-15 
2B22J Oro +10 4to20 0.2 1500 C 11·9·19 

Oro +1 
2B22K Oro + 10 4ro20 0.1 1500 C 11·9·19 

Oto +1 
2B22L Oro + 10 4t020 0.05 ' 1500 C 11·9-19 

Oto +1 
2B23J Oto +10 4t020 0.1 1500 C 11·9·23 

Ot020 
2B23K Oto + 10 4ro20 0.05 - 1500 C 11·9·23 

Ot020 

NOTES 
'C=Oto +7O"C,I= -2S'Cto +8S'C. 
*1 = Volume 1-Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 
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Strain Gage/RTD Conditioners 
%15V 

%15V 

CHAND 

2834 

2830 
Complete Signal Conditioning Function 
Low Drift: 0.5,.VrC max ("LU); Low Noise: 

1,.V p.p max 
Wide Gain Range: 1 to 2000VN 
Low Nonlinearity: 0.0025% max ("L") 
High CMR: 140dB min (60Hz, G = 1000VN) 
Input Protected to 130V rms 
Adjustable Low Pass Filter: 60dBIDecade RolI·Off 

(from 2Hz) 

2831 
Complete Signal Conditioning Function 
Low Drift: 0.5,.VrC max ("L"); Low Noise: 

1,.V p.p max 
Wide Gain Range: 1 to 2000VN 
Low Nonlinearity: 0.0025% max ("L") 
High CMR: 140dB min (60Hz, G = 1000VN) 
Input Protected to 130V rms 
Adjustable Low Pass Filter: 6OdB/Decade RolI·Off 
, (from 2Hz) 
Programmable Transducer Excitation: Voltage (4V 

to 15V @ 100mA) or Current (100,.A to 10mA) 
\ 

2834 
Low Input Offset Drift: ±1.0,.Vrc 
Low Gain Drift: ±25ppmrc 
Low Nonlinearity: ±0.01% max (±0.005% typ) 
Differential Input Protection: ± 130V rms 
Channel Multiplexing: 3000 chan/sec 

Scanning Speed 
Solid State Reliability 
Internal RTD Excitation/Lead Wire Compensation 

SPECIFICATIONS - Min or Max at T A = + 250C 

Model 

2B30J 
2B30K 
2B30L 
2B31] 
2B31K 
2B31L 
2B34J 

NOTES • 
'C=Oto +7O"C. 

Gain 
Raage 
VN 

I to 2000 
1002000 
1 to 2000 
I to 2000 
I to 2000 
I to 2000 
50 to 1000 

Gain 
Nonlinearity 

% 

0.01 
0.005 
0.0025 
0.01 
0.005 
0.0025 
0.01 

Input Bandwidth Temp. 
T.C. -3dB Raage' 
,.V/C kHztyp 

3 30 C 
I 30 C 
0.5 30 C 
3 30 C 
1 30 C 
0.5 30 C 
I 0.004 C 

*1= Volume l-lntegratedCircuit1l; ll= VoIume2-Modules& Subsystems; S=This Volume. 

'Volume* 
Section 
Page 

II·9-29 
II·9·29 
11·9·29 
11·9·29 
II·9·29 
11·9·29 
11·9·35 
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Temperature Measurement Components 
Isolated Transducer Signal Conditioners 

t fv::I 
l.....-----~\!.::1 ±1500V pI!: 

±5OmV to :r5V 

~ 
~ 
~ 

±1SV 

±15V 

~~~--~ 
• fv::I 
l..... ___ ~~ ±1000vpk 

±15V 

+ 

+ 

2850 
Accepts J, K. T, E, R, S or B Thermocouple Types 
Internally Provided Cold Junction Compensation 
High CMV Isolation: ± 1500V pk 
High CMR: 160dB min @ 60Hz 
Low Drift: ±1,..Vrc max (2BSOB) 
High Unearity: ±0.01% max (2850B) 
Input Protection and Filtering 
Screw Terminal Input Connections 

2854 
Low Cost 
Wide Input' Span Range: ± SmV to ± 100mV 
12·BIt Systems Compatible 
High CMV Isolation: ± 1000V dc; CMR = 156dB min 

@60Hz 
Low Input Offset Voltage Drift: ±1,..Vrc max 

(2854B) 
Low Gain Drift: ±25ppmI"C max (2B54B) 
Low Nonlinearity: ±0.02% max (±0.012% typ) 
Normal Mode Input Protection (130V rms) and 

Filtering 
Channel Multiplexing: 400 chan/sec Scanning Speed 
Solid State Reliability 

2856 
Universal Thermocouple Compensation 

Internally Provided: Types J, K. T 
User Configurable: Types E, R, 5, B 

Digitally Programmable 
High Accuracy: ± O.S"C max over + S"C to + 45"C 
High Ambient Rejection: SO to 1 min 
Low Cost 
Small Size: 1'.S" x 2" x 0.4" 

2855 
Low Cost 
Wide Input Span Range: ± SOmV to ± SV 
12·BIt Systems Compatible 
High CMV Isolation: ± 1000V dc; CMR = 14SdB min 

@60Hz 
Low Input Offset Voltage Drift: ±S,..VfC max 
Low Gain Drift: ±25ppmfC max 
Low Nonlinearity: ±O.02% max (G = 1 to 100) 
Normal Mode Input Protection (130V rms) and 

Filtering' 
Channel Multiplexing: 400 chan/sec Scanning Speed 
Solid State Reliability 

SPECIFICATIONS - Min or Max at T A = + 25°C 

Model 

2BSOA 
2850B 
28S4A 
28S4B 
285SA 
2856A 

NOTES 
IAtmaximumpin. 
'C=O .. +7O'C. 
l-J'OWOUtpUterrof. 

Gaia ..... 
VIV 

50101000 
SO",IOOO 
SOlO 1000 
50101000 
110100 
I 

Gaia 
N-...ariIy 

% 

O.02S 
0.01 
0.03 
0.02 
0.02 
o.rc3 

~put CMV Temp. 
T.e.' CMR IaIOut ...... 
".VIC dB Vpk 

2.S 160 ISOO e 
I 160 ISOO C 
2.S 156 1000 C 
I 156 1000 C 
5 14S 1000 C 
IS N/A N/A C 

*I""VoIumel-hltegratedCircuih; ][=Volumc2-Modulcs&Subsystemsi S=ThisVolume. 
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Volume* 
s ...... 
Page 

U-9-41 
11-9-41 
11-9-47 
11-9-47 
11-9-47 
11-9-53 



Two-Wire Transmitters 

+ 

+ 

00 
ZERO SPAN 
ADJ AOJ 

00 
ZERO SPAN 
ADJ ADJ 

(1) 
SPAN 

2824 

2852 

2853 

SPECIFICATIONS - Min or Max at T A = 

Input Output 
Model mVor Signal 

Sensor mA 

2B24A 4t020 4t020 
2B24B 4t020 4t020 

10 to 50 10 to 50 
2B52A JIKff 4t020 
2B53A JIKIT 4t020 

NOTES 
lI~ -25"Cto + 85"C. 

+ 25°C 

2824 
SeN-Powered 
Wide Input Range: 1-50mA (2B24BI 
High CMV Isolation: ± 1500V pk; CMR: 120dB 
High Accuracy: ±O.1% 
RFl/EMIlmmunity 
Low Cost 

2852 
Accepts Type J. K or T Thermocouple Inputs 
Compatible with Standard 4-20mA Loops 
High Accuracy: ±O.1% 
High CMV Isolation: 600V rms; CMR = 160dB 
High Noisa Rejection and RFilmmunity 
Internal Cold Junction Compensation 
Open Thermocouple Detection 
Millivolt Signal Transmission 
Low Cost 
FMApproved 

2853 
Accepts Type J. K or T Thermocouple Inputs 
Compatible with Standard 4-20mA Loops 
High Accuracy: ±O.1% 
High Noise Rejection and RFI Immunity 
Internal Cold Junction Compensation 
Open Thermocouple Detection 
Millivolt Signal Transmission 
Low Cost 

Output CMV Temp. Volume" 
Error InIOut Rangel Section 

% Vpk Page 

0.1 1500 II-9-27 
0.1 1500 II-9-27 

0.1 800 II-9-45 
0.1 N/A II-9-45 

*1 ~ Volwne I-Integrated Circuits; II~ Volume2-ModuJes& Subsystems; S ~This Volwne. 

SELEcnON GUIDES 2-37 



Temperature Measurement Components 
Two-Wire Transmitters 

00 
ZERO SPAN 

2851-1 

INPUT OUTPUT 

A0590; ~-----' 
AD592 

OR 
AC2628 ...:;....---~ 

2WIRE 
RTD 

00 
ZERO SPAN 
ADJ AOJ 

2858 

2B59A "sUPPLY 
+10V TO +36V d..:: 

SPECIFICATIONS - ~ or Max at T A = + 2S"C 

Sensor 
Model Package Type 

2B57-1 ' Aluminum Case AD590 
2B57A Module AD590 
2B58A Aluminum Case RTD 
2B59A Module RTD 

NOTES 
'1= -25"<: to +85"<:. 

2B57 - 1 
Compatible with Standard 4-20mA Loops 
Low Span Drift: :to.005%I"C max 
Low Nonlinearity: :I: 0.05% max 
RFllmmunity 
Small Size: 1.S"x 1.S" x 0.4" 
Low Cost Module Available 

Model2B57A 

2B58A 
Platinum RTD Input 
LinearIzed 4-20mA Output 
High Accuracy: :1:0.1% 
Low Drift: :l:0.010C1"C max 
RFllmmunity 
Low Cost 
FM Approved 

2B59A 
Low Cost 
Standard, RTD Input 
Linearized 4-2OmA Output 
High Accuracy: :1:0.1% 
Small Size 
E_ of InstallatIon 

Output Output Response 
Range Error Time 

mA % ins 

4t020 0.05 150 
4t020 0.05 150 
4t020 0.1 400 
4t020 0.1 125 

Temp. 
Rangel 

*1 = Volume 1-Integrated Circuits; II = Volume 2-Modules & Subsystems; S = This Volume. 
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Volume· 
Section 
Paae 

11-9-57 
11-9-57 
11-9-61 
11-9-63, 



38 Series Signal Conditioning liD Subsystems 

TC OR mV --
SENSORS 

-- --4·20mA 

Input Module Selection 

Voltage Current 
Input Type/Span Output Output 

dc, ± IOmV, ±5OmV, ± lOOmV ±IOV 4-20mAl0-20mA 

dc, ±IV, ±5V ±IOV 4-2OmAl0-20mA 

dc, ±IOV ±IOV 4-20mAl0-20mA 

dc, 4-20mA, 0-2OmA Oto +IOV 4-20mAl0-20mA 

Thermocouple Types 
1,K, T,E,R,S,B Oto +IOV 4-20mA/0-20mA 

Thermocouple Types 
1, K, T, E, R, S, B (linearized) Oto +IOV Not Avai1able 

AD590/AD5921AC2626 Solid State 
Temperatute Transducer Oto +IOV 4-20mAlO-20mA 

lOOIlPlatinumRTD, 
2-,3-,4-Wire 
a = 0.00385 (linearized) Oto +IOV 4-20mAl0-20mA 

100OPIatinumRTD, 
Kelvin4-Wire 
a = 0.00385 (linearized) Oto +IOV 4-20mA!0-2OmA 

SttainGage ±3OmV, 
±IOOmV ±IOV 4-20mAl0-20mA 

Wideband Sttain Gage ±IOV 4-20mAl0-20mA 

LVDT,4,5,6-Wire ±IOV 4-20mAlO-20mA 

WidebandmV, V ±IOV 4-20mAlO-20mA 

AClnput Oto +IOV 4-20mA/0-20mA 

Frequency Input Oto+IOV 4-20mA!0-20mA 

Output Module Selection 

COMPUTER OR 
PROGRAMMABLE 

CONTROLLER 

Nonisolated Isolated 
Modules Modules 

3BIO 3B30 

3BIO 3B31 

3Bll 3B31 

3Bl2 3B32 

3B37 

3B47 

3B13 

3Bl4 3B34 

3Bl5 

3Bl6 

3Bl8 

3Bl7 

3B40/I 

3B42/3/4 

3B4516 

Volume· 
Section 
Page 

11-9-65 

11-9-65 

11-9-65 

11-9-65 

11-9-65 

11-9-65 

11-9-65 

11-9-65 

11-9-65 

11-9-65 

11-9-65 

S-4-47 

11-9-65 

11-9-65 

11-9-65 

Volume· 
Nonisolated Section 

Input TypelSpan Current Output Modules Isolated Modules Page 

Oto + lOY, ± lOY 4-20mA!0-20mA 3Bl9 3B39 11-9-67 

NOTE 
*1 = Volume1-Integrated Circuits; II = Volume 2 -Modules & Subsystems; S = This Volume. 
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Temperature Measurement Components 
38 Series lID Subsystems 

LOOP 
+24V COM +15V -15V 

4·20mA 
OR 

0-20mA 
OUTPUT 

48 Series Alarm Limit Subsystem 

2-40 SELECTION GUIDES 

RELAY ACTION 
fNO OR NC) 

Input M9dules 
Wide Variety of Sensor Inputs: Thermocouples, 

RTD's, Strain Gages, AD590/AD5921AC2626, lVDT 
Dual High level Outputs 

Voltage: 0 to + 10V or ± 10V 
Current: 4-20mAlG-20mA 
Mix and Match Input Capability 

Sensor Signals, mV, V, 4-20mA, 0-20mA 
High Accuracy: ±0.1% 
High Noise Rejection and RFlIEMI Immunity 
Reliable Transformer Isolation: ±1500V CMV 
Meets IEEE-STD 472: Transient Protection (SWC) 
Input Protection: 130V or 220V rms Continuous 

Output Modules 
High level Voltage Input: (0 to + 10V, ± 10V) 
Process Current Output: (4-20mAlO-20mA) 
High Accuracy: ±0.1% 
Reliable Transformer Isolation: ± 1500V CMV, 

CMR=9OdB 
Meets IEEE-STD 472: Transient Protection (SWC) 
Output Protection: 130V or 220V rms Continuous 

Features/Benefits 
low Cost, Completely Integrated 12-Channel 

Modular Alarm Limit Subsystem 
Selection of Alarm Limit Modules 
Rugged Industrial chassis, Rack or 
Surface Mounted 
On-Board Power Supplies Available 

Alarm Modules Accept High level Voltage 
and Process Current Inputs 

Complete Alarm Function per Module 
High Accuracy of ±0.1% 
Two Set Points, Adjustable Over 100% Span 
Dead Band Adjustment per Set Point, Adjustable 
Over 0.5% - 10.0% Span 

Alarm Types are Configurable for HI or 
lO Operation 

Two Relay Outputs 
Display Indicates Set Points and Process Variable 
lED per Set Point Provides local Alarm Indication 
Input Protection 
High RFIIEMI Immunity 
Specifications Valid Over the 0 to + 70"C 

Temperature Range 
Easy to Install Calibrate and Service 



Digital-to-Analog Converters 
General Purpose 8-Bit 

-Vo COMP B1 
MSB 

GND MSB __ LSB 

SPECIFICATIONS - Min or Max at T A = + 25°C 

Relative 
Modell Resolution Accuracy 

Bits "10 

ADDAC-OSD S ±0.19 
ADDAC-08AD 8 ±0.1 
ADDAC-08CD 8 ±0.39 
ADDAC-08ED 8 ±0.19 
ADDAC-OSHD 8 ±0.1 
AD7523JN 8 ±0.2 
AD7523KN 8 ±0.1 
AD7523LN 8 ±0.05 

NOTES 
'SuffIX "N" -plastic DIP; SuffIX "D" -cerdip. 
'C = 0 to + 70"C; E = - SS'C to + 12S"C. 

AD DAC-08 
Exact Replacement for Industry Standerd DAC-OS 
Fest l85ns typical) Settling Time 
Linearity Error :I: 1/4LSB 1:1: 0.1"10) Guaranteed Over 

Full remperature Range 
Wiele Output Voltage Compllence: -10V to + 18V 
Single Chip Monolithic Construction 
1S-Pin Cardip Peckaglng 

AD7523 
8 Bits of Resolution 
Fast Settling: 100ns 
Low Power: CMOS 
Low Feedthrough: 112LSB @ 200kHz 
Full Four-Ouadrant Multiplying 

Differential SettIiDg IIV Input 
Nonlinearity GainT.C. Time Out Logic 

ppmJOC ns 

Monotonicity 50 135 TIL & 
Guaranteed 50 135 CMOS 

80 135 
50 135 
50 135 

Monotonicity 66150/30 150typ CMOS 
Guaranteed 66150 150typ 

66150 150typ 

Temp. Volume· 
1laDge2 Section 

Page 

E 1-9-265 
E 1-9-265 
C 1-9-265 
C 1-9-265 
C 1-9-265 
C 1-9-167 
C 1-9-167 
C 1-9-167 

*1 = Volume 1-Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 
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Digital-to-Analog Converters 
General Purpose 10-Bit 

-vs 

voo 

B1 
MSB 

GND MSB _ LSB 

B10 
LSB 

SPECIFICATIONS - Min or Max at T A = + 25°C 

Relative 
Modell Resolution Accuracy 

Bits % 

AD561]N(JD) 10 ±0.05 
AD56IKN(KD) 10 ±0.025 
AD561SD 10 ±0.05 
AD561TD 10 ±0.025 
AD7533]N(ADXSD) 10 ±0.2 
AD7533KN(BDXTD) 10 ±O.I 
AD7533LN(CDXUD) 10 ±0.05 

NOTES 
ISufflx UN" -plastic DIP; SuffIX "D" -ceramic DIP. 
2GMOT -Guaranteed Monotonic Over Temperature. 
'e = 0 to + 70oe, I = - 25°e to + 85°e, E = - ssoe to + 12Soe. 

AD561 
Complete Current Output Converter 
High Stability Buried Zener Reference 
Laser Trimmed to High Accuracy (1/4 LSB Max Error, 

AD561K; T) 
Trimmed Output Application Resistors for 0 to + 10, 

±5 Volt Ranges 
Fast Settling - 250ns to 1/2LSB 
Guaranteed Monotonicity Over Full Operating 

Temperature Range 
TTL and CMOS Compatible (Positive True Logic) 
Single Chip Monolithic Construction 
Hermetically-Sealed Ceramic and Plastic DIPs 

AD7533 
Lowest Cost 10-Bit DAC 
Low Cost AD7520 Replacement 
Linearity: 1/2, 1 or 2LSB 
Low Power: CMOS 
Full Four-Quadrant Multiplying DAC 
CMOSITTL Direct Interface 
Latch-Free (Protection Schottky Not Required) 
End-Point Linearity 

Differential Settling IIV Input Temp. 
Nonlinearity' GainT.C. Tinle Out Logic Range' 

ppml"C ns 

± 1I2LSB ±80 250 TIL & C 
± 1I2LSB ±30 250 CMOS C 
± 1I2LSB ±60 250 E 
±1/2LSB ±30 250 E 
±0.4% 22/16/10 600 CMOS& ClIIE 
±0.2% 22/16110 600 TIL Cllill 
±O.I% 22/16110 600 CIIIE 

Volume" 
Section 
Page 

1-9-43 
1-9-43 
1-9-43 
1-9-43 
1-9-195 
1-9-195 
1-9-195 

"I = Volume I-Integrated Circnits; II = Volume 2 - Modules & Subsystems; S = This Volume. 
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General Purpose 12-Bit 

REF 
IN 

REF 
GND 

-VEE POWER 
GND 

BIPOLAR OFF 

SUMMING 
lOV SPAN 

JUNCTION 

10VSPAN 
REF 

IN 
DAC 
OUT 

- VEE 

. REFOUT GAIN ADJ BIPOLAR OFF 

17 

6k 

SPECIFICATIONS - Min or Max at T A = + 25"C 

Relative Differential 
Modell Resolution Accuracy Nonlinearity 

Bits LSB LSB 

ADS65A]D(SD) 12 ±1I2 ±3/4 
ADS6SAKD 12 ±1I4 ±1I2 
ADS66A]D(SD) 12 ±1I2 ±314 
ADS66AKD 12 ±1I4 ±1/2 
ADDACSON..cBI·V' 12 ±1I2 ±3/4 
AD DACSOD·CBI·V' 12 ±1I2 ±3/4 
AD DACBOD-CBI-I' 12 ± 112 ±3/4 
ADDACS5D..cBI-V' 12 ±1I2 ±3/4 
ADDACB7D-CBI-V' 12 ±3/4 ±3/4 
ADDACSOZ..cBI-V' 12 ±112 ±3/4 
AD DACSOZ-CBI-14 12 ±1I2 ±3/4 
AD DACBS-CBI-V 12 ±1I2 ± 112typ 
ADDACB5..cBI-I 12 ±1I2 ± 112typ 
AD DACB7..cBI-V 12 ±1I2 ± 112typ 
ADDACB7..cBI-I 12 ±1/2 ± 112typ 

NOTES 
ISufflX UN" -plastic DIP; Suffix "D" -ceramic DIP. 
'C=Oto +7O'C;1= -25"Cto +8S"C;E= -55"Cto +125"C. 
'Monolithic Technology. 
4"Z" Mode1sspecified for operation on ± 12V supplies. 

AD565A 
Single Chip Construction 
Very High Speed: Settles to 112LSB in 250ns mex 

Full Scale Switching TIme: 30ns 
High Stability Buried Zener Referance On Chip 
Monotonicity Guarantaad Over Tamperatura 
Linearity Guaranteed Over Temperetura: 112LSB 

max (AD565AK. SI 
Guaranteed for Operation with ± 12V SuppUes 
Low Power: 225mW Including Reference 
Pin.()ut Compatible with AD563. AD565 

AD566A 
Single Chip Construction 
Very High Speed: Settles to 112LSB in 350ns max 

Full Scele Switching Time: 30n5 
Guaranteed for Operation with -12V Supply 
Monotonicity Guaranteed Over Temperatura 
Linearity Guaranteed Over Temperature: 

112LSB max (AD566AK. SI 
Low Power: 180mW 
Pin-Out Compatible with AD562. AD5&6 

AD DAC80 SERIES 
Single Chip Construction 
On-Board Output Amplifier 
Low Power Dissipation: 300mW 
Monotonicity Guaranteed Over Temperature 
Guaranteed for Operation with ± 12V Supplies 
Improved Replacement for Standard DAC80 
High Stability. High Current Output Buried Zener 

Reference 
Laser Trimmed to High Accuracy: ± 112LSB max 

Nonlinearity 
Low Cost Plastic Packaging 
Current Out Models and Voltage Output Models 

Available 

Settlina IIV Input Temp. Volume· 
GainT.C. Time Out Locic Range' Section 

ppmI"C Page 

50/30 25008 TIL C/E 1-9-57 
20115 250ns TIL C 1·9·51 
10 3500. TIL ClE 1-9-65 
3 3500. 1 TIL C 1-9-65 
30 3 ... V TIL C 1-9·277 
30 3 ... V TTL C 1-9-277 
30 30008 1 TIL C 1-9-277 
20 3 ... V TIL 1 1-9-277 
20 3 ... V TIL E 1-9-277 
30 3 ... V TIL C 1-9-277 
30 300ns 1 TIL C 1-9-277 
20 3"" V TIL 1 1-9-277 
20 3000. 1 TIL 1 1-9-277 
20 3 ... V TIL E 1-9-277 
20 3000. 1 TTL E 1-9-277 

*r = Volume 1-Integrated Circuits; II = Volume 2~ Modules & Subsystem.; S = This Volume. 
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Digital-to-Analog Converters 
General Purpose 12-Bit 

v .. 

AD752S 

v .. v" v,. 
V l1lII 

1,0 DIGIT 0.1 DIGIT 0.01 DIGIT 0.001 DIGIT 

VDD 

GND MSB-LSB 

SPECIFICATIONS - Min or Max at T A = + 2S·C 

Relative 
Model' Resolution Accuracy 

LSB 

AD7525 
Resolution: 3 1/2 Digit BCD 11999 'Countsl 
Nonlinearity: ± 112LSB T MIN to T MAX 

Gain Error: ±O.05% FS 
Excellent Repeatability Accuracy 
Low Power: CMOS 

AD7541A 
12 Bits of Resolution 
Improved Version of AD7541 
Full Four Quadrant Multiplication 
12-Bit Linearity IEnd-Pointl 
± 1 LSB Gain Error 
All Parts Guaranteed Monotonic 
TTLJCMOS Compatible 
Protection .Schottky not Required 
Low Logic Input Leakage 
Low Power: CMOS 

Differential Settling IIV Input 
Nonlinearity GainT.C. Time Out Logic 

LSB ppmrc 

Temp. 
Range2 

AD7525KN(BDXTD) 3112Digits ±I ±I 25 I",. CMOS& CIIIE 
AD7525LN(CDXUD) 3112Digits ±112 ±112 
AD754IA]N(AQ)(SD) 12 Bits ±I ±I 
AD754IAKN(BQ)(TD) 12 Bits ±1I2 ±112 

NOTES 
'SufIlX "N" -plastic DIP; SufIIX "D" -ceramic DIP; SufIlX "Q" -cerdip. 
2C=Oto +70"C,1= -25"Cto +8S"C,E= -SS"Cto +12S0C. 

25 I .... 
5 600nslyp 
5 600nstyp 

*1 = Volume 1-Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 
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TTL CIIIE 
CMOS& c/IIE 
TTL C/IIE 

Volume· 
Section 
Page 

1-9-177 
1-9-177 
1-9-209 
1-9-209 



8-Bit .... P-Compatible 

DIGITAL DDD - DB7 
GND 

Voo 

co Wi! DBl - DBD 

SPECIFICATIONS - Min or Max at T A = + 25°C 

Relative Differential 
Modell Accuracy Nonlinearity 

AD558]N(JDXSD) ±1I2LSB Monotonicity 
AD558KN(KD)(TD) ±1/4LSB Guaranteed 
AD7224KN(BQ)(TQ) ±ILSB Monotonicity 

Guaranteed 
AD7224LN(CQ)(UQ) ±1I2LSB Monotonicity 

Guaranteed 
AD1524JN(AD)(SD) ±0.2% Monotonicity 
AD7524KN(BD)(TD) ±O.I% Guaranteed 
AD1524LN(CD)(UD) ±0.O5% 

NOTES 

AD558 
Complete 8-Bit DAC 
Voltage Output -2 Calibrated Ranges 
Internal Precision Band-Gap Reference 
Single-Supply Operation: +5V to + 15V 
Full Microprocessor Interface 
Fast: 1 ... Voltage Settling to ± 112lSB 
low Power: 75mW 
No User Trims 
Guaranteed Monotonic Over Temperature 
All Errors Specified T min to T mo. 

Small 16-Pin DIP Package or PlCC 
Single laser-Wafer-Trimmed Chip for Hybrids 

AD7224 
8-Bit DAC with Output Amplifier 
Full Double Buffering 
Microprocessor Compatible 
Single Supply Operation 
Multiplying Capability 
No User Trims 
low Power: CMOS 
0.3" Wide 18-Pin DIP 

AD7524 
Microprocessor Compatible 16800. 8085. ZSO. Etc.) 
TTUCMOS Compatible Inputs 
On-Chip Data Latches 
End Point Linearity 
low Power: CMOS 
Monotonicity Guaranteed IFull Temperature Range) 
Latch-Free INo Protection Schottky Required) 
4 Quadrant Multiplying 

SettIiDg IIV Input Temp'. Volume· 
GainT.C. Time Out Logic Rauge' Section 
ppmI"C max Page 

±2LSB 3",8 V TTL & c/E 1-9-35 
±2LSB 3",8 V CMOS C/E 1-9-35 
20 7",8 V TTL & C/IIE S-3-175 

CMOS 
20 7",8 V TTL & C/IIE S-3-175 

CMOS 
10 lOOns TTL & C/IIE 1-9-171 
10 lOOns CMOS C/IIE 1-9-171 
10 lOOns C/IIE 1-9-171 

ISufflX "N" -plastic DIP; SuffIX "D" -ceramic DIP; Suffix "Q" -cerdip. 
'C=Oto + 70"C, 1= -25"Cto + 85"C,E= - 55"Cto + 125"C. 
*1 = Volume I-Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 
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Digital-to-Analog Converters 
8-Bit .... P-Compatible 

VRDB 

SPECIFICATIONS - Min or Max at TA = +2S·C 

Relative Differential 
Moclel' Accuracy Nonlinearity 

LSD 

AD7225KN(BQ)(TQ) ±1 Monotonidty 
Guaranteed 

. AD7225LN(CQ)(UQ) ±1I2 Monotonicity 
Guaranteed 

AD7226KN(BQ)(TQ) ±1 Monotonicity 
Guraranteed 

AD7528JN(AQ)(SD) ±1 Monotonicity 
Guaranteed 

AD7528KN(aQ)(TD) ±1/2 Monotonicity 
Guaranteed 

AD7528LN(CQ)(UD) ±1I2 Monotonicity 

NOTES 

AD7225 
Four 8-Bit DACs with Output Amplifiers 
Separate Reference Input for Each DAC 
"p Compatible with Double·Buffered Inputs 
Simultaneoua Update of All Four Outputs 
Operates with Single or ,Dual Supplies 
No Usar'l'rlms Required ? 

, 0.3" Wide, 24-Pin DIP 

AD7226 
Four a·Bit DACs with Output Amplifiers 
0.3" Wide, 20·Pin DIP 
Microprocessor Compatible 
TTUCMOS Compatible 
'No User Trims 
Single Supply Operation Possible 
Monolithic CMOS Construction , 

AD7528 
Dual DIA Converter 
On·Chip Latches for Both DACs 
+ 5V to + 15V Operation 
DACs Matched to 1% 
Four Quadrant Multiplication 
TTUCMOS Compatible 
Latch·Free (Protection Schottkys Not Requirad) 
Low Power: CMOS 

Settling IIV Input Temp. 
GainT.C. Time Out Logic Ranp2 
ppmJ-C 

5 V TTL & C/IIE 
CMOS 

V TTL & c/I1E 
CMOS 

20 7.,.s V TTL & C/IIE 
CMOS 

3S 200ns C TTL & c/I1E 
CMOS 

35 200ns C TTL & c/I1E 
CMOS 

35 200ns C TTL & C/IJE 
CMOS 

I SuffIX "N" - plsstic DIP; SuffIX "0" - ceramic DIP; SuffIX "Q" - cerdip. 
2C=Oto + 70'C, I = -25'Cto +8S'C,E= -55'Cto + 125°C. 
*1 = Volume I-;-IntegratedCircuits; U = Volume 2-Modules & Subsystems; S = This Volume. 
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Volume· 
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S·3·183 

S·3·183 

1·9·133 

1·9·183 

1·9·183 

1·9,183 



12-Bit p.P-Compatible 

0811 DGND 

, SPECIFICATIONS - Min or Max at TA = +2S"C 

Relative 
Modell Resolution Accuracy 

Bits LSB 

AD567JD(SD) 12 ±112 
AD567KD 12 :1:114 
AD667JN(SD) 12 :1:112 
AD667 AD(AE) 12 :1:112 
AD667KN(BDXBE) 12 :1:114 
AD7245JN(AQ)(SQ) 12 :1:2 
AD7245KN(BQ)(TQ) 12 :1:1 

NOTES 

AD567 
Single Chip Construction 
Double·Buffered Latch for a·BIt p.P Compet1blllty 
Fast Settling TIme: 500ns max to :t 112LSB 
High Stability Buried Zener Reference on Chip 
Monotonlclty Guaranteed Over Temperature 
Linearity Guarenteed Over Temperature: 112LSB 

max (AD567KI 
Guaranteed for Operation with :t 12V or :t 15V 

Supplies 
Low Power: 300mW Including Reference 
TTlI5V CMOS Compatible Logic Inputs 

AD667 
Voltage Output 
Single Chip Construction 
Double-Buffered Lstch for a·BIt p.P.Compatibillty 
Fast Settling TIme: 3 .... max to :t 112LSB 
High Stability Burled Zener Reference On Chip 
Monotoniclty Guaranteed Over Temperature 
Linearity Guaranteed Over Temperature: 112LSB 

max (AD667KI 
Guaranteed for Operation with :t 12V or :t 15V 

Supplies 
Low Power: 300mW Including Reference 
Plastic. Ceramic DIP and LCC Available 

AD7245 
Complete 12·BIt DAC on a Chip 

On·Chlp Reference 
Buffered Output Voltage 
Fast Digital Interface 

Low Power CMOS: 60mW 
Single or Dual Supply Operation 
Unipolar or Bipolar Output 
Small 24-Pin 0.3" DIP 

Differential Settling I/V Input Temp. 
Nonlinearity GainT.C. Tune Out LoPc Range2 

LSB ppIIII"C 

±3/4 50/30 500ns 1 TTL & c/E 
±112 20 500ns 1 CMOS C/C 
±3/4 30 4fJ.s V TTL & C/E 
±3/4 30 4fJ.s V CMOS 1/1 
:1:112 15 4fJ.s V C/III 
:1:1 5 5fJ.s V TTL & C/IIE 
±1 5 5fJ.S V CMOS C/IIE 

'SufilX "N" -plsstic DIP; Suffix "D" -ceramic DIP; Suffix "E" -leadless cbip carrier; SufflX"Q" -cerdip. 
2c=Oto +7O'C,I= -25"Cto + 8S"C,E= - SS"Cto+ 125"C. , 
*1= Volume 1-lotegratedCircuits; U= Volume2-Modules& Subsystems; S=This Volume. 

Volume* 
Section 
Page 

1·9-73 
1-9-73 
1-9-83 
1-9-83 
1·9-83 
S-3-195 
S-3-195 
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Digital-to-Analog Converters 
12-Bit p.P-Compatible 

SPECIFICATIONS - Min or Max at T A = + 25°C 

Relative 
Modell Resolution Accuracy 

Bits LSB 

AD7248JN(AQ)(SQ) 12 ±2 
AD7248KN(BQ)(TQ) 12 ±I 
AD7542JN(AD)(SD) 12 ±I 
AD7542KN(BDXTD) 12 ± 112 
AD7543JN(AD)(SD) 12 ±1 
AD7543KN(BD)(TD) 12 ± 1/2 

NOTES 
1 SuffIX uN" _ plastic DIP; SuffIX uD" -ceramic DIP. 
'<:=Oto + 70°C, 1= -25°Cto + 85°C,E= - 55°C to + 125OC . 

AD7248 
Complete 12·Bit DAC on a Chip 

On.Chip Reference 
Buffered Output Voltage 
Fast Digital Interface 

Low Power CMOS: 60mW 
Single or Dual Supply Operation 
Unipolar or Bipolar Output 
Small 20-Pin 0.3" DIP 

AD7542 
Nonlinearity: ± 1/2LSB T min to T max 

Low Gain Drift: 2ppml"C typo 5ppml"C max 
Microprocessor Compatible 
Full 4·Quadrant Multiplication 
Low Multiplying Feedthrough 
Low Power: CMOS 
Small Size: 16·Pin DIP 

AD7543 
Nonlinearity: ± 1/2LSB T min to T max 

Low Gain T.C.: 2ppml"C typo 5ppml"C max 
Serial Load on Positive or Negative Strobe 
Asynchronous CLEAR Input for Initialization 
Full 4·Quadrant Multiplication 
Low Multiplying Feedthrough: 1LSB max @ 10kHz 
Requires no Schottky Diode Output Protection 
Low Power: CMOS 
+5V Supply 
Small Size: 16·Pin DIP 

Differential Settling IfV Input Temp. 
Nonlinearity GainT.C. Time Out Logic Range' 

LSB ppml°C .... 8 

±I 5 5 V TTL & CIIIE 
±I 5 5 V CMOS ClI/E 
±2 5 I CMOS C/llE 
±1 5 I c/IIE 
±2 5 I CMOS c/IIE 
±1 5 I c/IIE 

• , = Volume I-Integrated Circuits; 11= Volume2-Modules& Subsystems; S=This Volume. 
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Volume· 
Section 
Page 

S·3·195 
S·3·195 
1·9·215 
1-9-215 
1-9-223 
1-9-223 



v .. 

v~ 

DB7-DBO OGND 

DB. cs \Vii 

SPECIFICATIONS - Min or Max at TA = +25"(; 

Relative Differeatial 

AD7545 
Low Gain T.C.: 2ppmi"C typ 
Fast TTL Compatible Data Latches 
Single + 5V to + 15V Supply 
Small 20·Pin 0.3" DIP 
Latch Free (Schottky Protection Diode Not Requiredl 
Ideal for Battery Operated Equipment 
Low Power: CMOS 

AD7548 
8·Bit Bus Compatible 12·Bit DAC 
All Grades 12·Bit Monotonic Over Full Temperature 

Ranges 
Operation Specified at + 5V, + 12V or + 15V 

Power Supply 
Low Gain Drift of 5ppml"C Maximum 
Full 4·Quadrant Multiplication 
Small 20·Pin Package 
Low Power: CMOS 

AD7845 
12·Bit CMOS DAC with Output Amplifier 
4..Quadrant Multiplication 
Guaranteed Monotonic (T min - T .... l 
Space Saving 0.3", 24-Pin Package 
Low Power: CMOS 

Settling IIV Input Temp. Volume· 
Model' Resolution Ac:euracy Nonlinearity GainT.C. Time Out Logic JlaD&e2 Section 

Bits LSD LSD 

AD7845]N(AQ)(SQ) 12 ±2 ±1 
AD7845KN(DQ)(TQ) 12 ±1 ±1 
AD7845LN(CQ)(UQ) 12 ±112 ±1 
AD7545]N(AQ)(SD) 12 ±2 ±4 
AD7545KN(BQ)(TD) 12 ±1 ±1 
AD7545LN(CQ)(UD) 12 ±112 ±1 
AD7S48]N(AQ)(SD) 12 ±1 ±1 
AD7548KN(BQ)(TD) 12 ±1I2 ±1/2 

NOTES 
'Suffix ''N'' -plastic DIP; Suffix "D" -ceramic DIP; Suffix ''Q''. cerdip. 
ZC = 0 to + 7O"C,.1 = - 2S"C to + 85"C, E = - 5S"C to + 125"C. 

ppmI"C 

5 
5 
5 
5 
5 
5 
5 
5 

*1 = Volume 1-Integrated Circuits; n = Volume 2-Modulea & Subsystems; S = This Volume. 

p.s Page 

5 V TI'L& CIIJE S·3·313 
5 V CMOS C/IIE S·3·313 
5 V CJJJE S·3·313 

1 TI'L& CIIJE 1·9·231 
1 CMOS CIIJE 1·9-231 
1 CIIJE 1·9-231 
1 TI'L& CIIJE 1·9·247 
1 CMOS CIIJE 1·9-247 
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Digital-to-Analog Converters 
12-Bit p.P-Compatible 

""" 

,'" .. 
"'" 

SPECIFICATIONS - ¥in ~r Mai at TA = +2S"C 

Relative DiffereDdaI 
MocIeI' Reso1utloa Ac:eancJ Noaliaeuily 

Bill LSB LSB 

AD7S37]N(AQ)(SQ) 12 :tl :tl 
AD7S37KN(BQ)(TQ) 12 :t112 :tl 
AD7S47JN(AQ)(SQ) 12 :tl :tl 
AD7S47KN(BQ)(TQ} 12 :t112 :tl 
AD7S49JN(ADXSD) 12 :tl :tl 
AD7S49KN(BD)(TD) 12 :t1/2 :t112 
NOTES 
'SuIllx"N" ':plastic DIP; SuIllx "D" -c:ermtic DIP; SuIllx "Q" -cerdip. 
'C-Oto +7O'C,X= -2S'Cto +8S'C,E- -5S'Cto + 12S'C. 

AD7537 
Two 12-81t DACe In One Package 
Versatile 8·BIt Bus Interface 
4-Ouedrant Multiplication 
Low Gain Error IUSB maxi 
DAC Ladder Risl8tence Matching: 0.5% 
Space Saving 0.3". 2 ... Pln Package 

AD7547 
Two 12·BIt DAC. In One Package 
12·Bit Parallel Load 
Versatile 8-BIt Bus Interface 
4-Ouedrant Multiplication 
Low Gain Error IUSB maxi 
DAC Ladder Resistance Matching: 0.5% 
Space Saving 0.3". 24-Pin Package 

AD7549 
Two 12·Blt DACe In One Package 
Space Saving - 4-Bit Bus Interface 
4-Ouadrant Multiplication 
Simultaneous Updating of Both DACe 
DAC Ladder Resistance Matched to 1% Typical 
Low Power: CMOS 

SettIiDa IN Japal Temp. Volume· 
GIiaT.C. Tuae Out Lope ........ Seetin 
ppmI'C lAS ..... 

I.S TrL& CIIIB S·~233 
I.S CMOS CIIIB 8-3-233 
1.5 TrL& CIIIB S·3-233 
1.5 CMOS CIIIB S·3-233 
1.S TrL& CIIIB S·3-23S 
I.S CMOS CIIIB S·3·235 

*X = VolUllle I-Iatearllm Cittui .. ; n = Vo1UIIIe2-.MocIoles & Subsystems; S - This VoIUllle. 
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MSII 81 1 

I I 
I I 

" 

81212 

Ciil& 

"'" 

PINS 1_12 
D80H.SIII- DB1tIM68) 

SPECIFICATIONS - Min or Max at TA = +2SOC 

. Relative 
Modell Resolution Accuracy 

Bits LSB 
AD390ID(SD) 12 ±3/4 
AD390KD(TD) 12 ±112 
AD394]M(SM) 12 ±'3/4 
AD394KM(TM) 12 ±112 

NOTES 

Differential 

AD390 
Four Complete 12-Bit DACs in One IC Package 
linearity Error ± 1/2LSB T min - T mo. (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 

AD394 
Four Low Power 12-Bit CMOS DACs with Buffer 

Registers 
Linearity Error ± 112LSB T min-T m .. 

IAD394. AD395K. TJ 
Factory-Trimmed Gain and Offset 
Preci.ion Output AmpUfiers for VOUT 

Full Four Quedrant Multiplication per DAC 
Monotonicity Guaranteed Over Full Temperature 

Range 
Fast Settling: 15,.. max to ± 112LSB 

Settling IIV Input Temp. 
Nonlinearity GainT.C. Time Out Logic Raugel 

LSD ppm!"C ,. . 
±3/4 .w 8 V ITL& CIE 
±1/2 203 8 V CMOS CIE 
±3/4 10 IS V ITL& ClE 
±1I2 5 IS V CMOS ClE 

Volume· 
Section 
Page 

1-9-27 
1-9-27 
S-3-49 
S~3-49 

'SufI"lX "D"-ceramic DIP; Suffix "M"-meta1pacIcage. 'With internaI reference. 
'C=Oto +7O"C,E= -55OCto + 125OC. *1 = Volume l-IntegratedCircuits; II=Volume2-Modules&Subsystems; S=ThisVolume. 
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Digital-to-Analog Converters 
12-Bit p,P-Compat,ible 

SPECIFICATIONS - Min or Max at TA = +2S"C 

Relative 
Model' ResOlutiou Accurac:y 

Bits LSB 

AD395JM(SM) 12 ±3/4 
AD395KM(TM) 12 ±112 

NOTES 
'Sufi'", "M"'- metal pa<;kage. 
'C=Oto + 700c,E = -55'Cto + 125'C. 

AD395 
Four Complete 12·BIt CMOS DACs with Buffer 

Registers 
Linearity Error :t 112LSB T min-T max 

(AD394, AD395K. TI 
Factory· Trimmed Gain and Offset 
Precision Output Amplifiers for VOUT 

Two Quadrant Multipfication per DAC 
Monotonlcity Guaranteed Over Full Temperature 

Range 
Fast Settling: 15". max to :t 112LSB 

Differential SetdiDg IIV Input Temp. 
Noa1inearity GainT.C. Time Oat Logic Range' 

LSB ppmI"C ". 
±3/4 10 15 .V TI'L& C/E 
±112 5 15 V CMOS C/E 

*1 = Volume I-Integrated Circuits; 11 = Volume 2 - Modules & Subsystems; S = This Volume. 
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Volume* 
Section 
Page 

S·3-49 
S·3-49 



Log 

HBEN DB8 - OBO LBEN 

SPECIFICATIONS - Min or Max at TA = +2S"C 

Relative Differential 

AD7111 
Dynamic Range: 88.SdB 
Resolution: O.375dB 
On-Chip Data Latches 
Full ±2SV Input Range Multiplying DAC 
Low Distortion 
Single + SV Supply 
Latch-Up Free (No Protection Schottky Required) 
Low Power: CMOS 

APPLICATIONS 
Digitally Controlled AGC Systems 
Audio Attenuators 
Wide Dynamic Range AID Converters 
Sonar Systems 
Function Generators 

AD7115 
Dynamic Range: 0 to 19.9dB Plus Full Muting 
Resolution: O.1dB 
2 1/2 Digit BCD Input Coding 
On-Chip Data Latches 
Full ± 2SV Input Range 
Low Distortion and Noise 
Latch-Up Free (No Protection Schottky Required) 
TTL Compatible 
Low Power: CMOS 

AD7118 
Dynamic Range 85.5dB 
Resolution 1.SdB 
Full ±2SV Input Range Multiplying DAC 
Extended Temperature Range -S5"C to + 125"C 
Low Distortion 
Low Power: CMOS 
Latch-Proof Operation (Schottky Diodes Not 

Required) 

Settling IIV Input Temp. 
Modell Resolution Accuracy Nonlinearity GainT.C. Time Out Logic Rangel 

dB dB 

AD7111KN(BQ)(TD) 0.375 ±0.17 Monotonic 
AD7111LN(CQ)(UD) 0.375 ±0.17 Monotonic 
AD7115KN(BQ)(TD) 0.1 ±0.05 Monotonic 

AD7118KN(BDXTD) 1.5 ±1.0 Monotonic 
AD7118LN(CDXUD) 1.5 ±0.75 Monotonic 

NOTES 
'Suffix "N" -plastic DIP; SuffIX "0" -ceramic OIP; Suffix "Q" -cerdip. 
~ = 0 to + 7O"C, 1 = - 25"<: to + 85"<:, E = - 55"<: to + 125"<:. 

ppmI"C 

N/A 
N/A 
N/A 

N/A 
N/A 

·1 = Volume 1-Intesrated Circuits; n = Volume 2 -Modules & Subsystems; S = This Volume. 

1'. 

4.5 ITL&' CfIIE 
4.5 CMOS C!I!E 
7 ITL& C/IIE 

CMOS 
1.8 ITL& CfIIE 
1.8 CMOS CfIIE 

Volume· 
Section 
Page 

1-9-109 
1-9-109 
1-9-115 

1-9-123 
1-9-123 
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Digital-to-Analog Converters . , 

High Resolution 

'AD7534 

N.C. VOD 

DB. DGND v" 

SPECIFICATIONS - Min or Max at TA T +2S'C 

Modell Relative 
Resolution Accuracy 

Bits 

AD7534]N(ADXSD) 14 ±2LSB 
AD7S34KN(BD)(TD) 14 ±ILSB 
AD753S]N(ADXSD) 14 ±2LSB 
AD7S35KN(BDXTD) 14 ±ILSB 
AD7536]N(ADXSD) 14 ±2LSB 
AD7536KN(BDXTD) 14 ±ILSB 

NOTES 
'SuffIX "N" -plastic DIP; Suffix "0" -ceramic DIP. 
l(: = 0 to + 7O"C, I = - 2S"C to + 8S"C, B = - SS"C to + 12S"C. 

Differential 

All Grades 14-Bit Monotonic over the Full 
Temperature Range 

Full 4-Ouadrant Multiplication 
Microprocessor Compatible with Double Buffered 

Inputs 
Exceptionally Low Geln T!lmperature CoeffICient, 

O.5ppmi"C typ 
Small 20-Pin Package 
Low Output Leakage «20nA) over the Full 

Temperature Range 
Low Power: CMOS 

AD7535 
All Grades 14-Bit Monotonic over the Full 

Temperature Range 
Full 4 Quadrant,Multiplication 
Microprocessor Compatible with Double Buffered 

Inputs 
Exceptionally Low Gain Temperature Coefficient, 

O.5ppmi"C typ . 
Low Output Leakage «20nA) over the Full 

Temperature Range 
Low Power: CMOS 

AD7536 
Full 4-Quadrant Multiplication without External 

Resistors 
All Gredes 14-Bit Monotonic over the Full 

Temperature Range 
Low Output Leakage 1<20nA) over the Full 

Temperature Range' 
Low Gain Temperature Coefficient. 2ppmi"C 

Settllq IIV Input Temp. 
Nonlinearity GalnT.C. Time Out Logic 1lanae2 

LSB ' ppmI"C ... 
±l 5 I.S I TIL & CIIJE 
±1 2.5 I.S I CMOS CIIIE 
±l 5 I.S I TIL & CIIJE 
±1 2.5 1.5 I CMOS CIIJE 
±1 5 1.5 I TIL & C/IIE 
±1 5 1.5 I CMOS CIIJE 

*1 = Volume I-IDtegratedCircuits; II = Volume 2-Modu1ee & Subsystems; S = TbisVolw;ne. 
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Volume* 
Section 
Page 

S-3-197 
S-3-197 
S-3-209 
S-3-209 
S-3-221 
S-3-221' 



AD DAC71/AD DAC72 
16-Bit Resolution 
±0.003% Maximum Nonlinearity 
Low Gain Drift ±7ppml"C 
o to +70"COperation (AD DAC71. AD DAC71H. 

SPECIFICATIONS - Min or Max at TA = +2S"C 

Relative Differential 

AD DAC72C) 
- 25"C to + 85DC Operation (AD DAC72) 
Current and Voltage Models Available 
Improved Second-Source 

AD569 
Guaranteed 16-Bit Monotonicity 
Voltage Output. 6p.s Settling Time 
Monolithic BIMOS II Construction 
±O.01"" Nonlinearity 
8- and 16-Bit Bus Compatible 
3p.s Settling TIme to 16 Bits 
Low Drift 
low Power: 200mW 

SettIiJIg I/V Input 
MocIel' Resolution Accuracy Nonlinearity GainT.C. Time2 Out Logic 

Bits LSB LSB ppmI"C ... 
AD DAC7I-COB-I 16 ±1112 ±2 IS 5 I TIL 
AD DAC7I-CSB-I 16 ±1112 ±2 IS 5 I TIL 
AD DAC7IH-COB-I 16 ±11I2 ±2 IS 5 I TIL 
AD DAC71H-CSB-I 16 ±11I2 ±2 IS 5 I TIL 
AD DAC72C-COB-I 16 ±11I2 ±2 IS 5 I TIL 
AD DAC72C-CSB-I 16 ± 1112 ±2 IS 5 I TIL 
AD DAC72-COB-I 16 ±1112 ±2 15 5 I TIL 
AD DAC72-CSB-I 16 ±1112 ±2 15 5 I TIL 
AD DAC71-COB-V 16 ±1112 ±2 15 5 V TIL 
AD DAC71-CSB-V 16 ±1112 ±2 15 5 V TIL 
AD DAC71H-COB-V 16 ±11/2 ±2 15 S V TIL 
AD DAC71H-CSB-V 16 ±1112 ±2 15 5 V TIL 
AD DAC72C-COB-V 16 ±11/2 ±2 15 5 V TIL 
ADDAC72C-CSB-V 16 ±1112 ±2 15 S V TIL 
AD DAC72-COB-V 16 ±1112 ±2 15 5 V TIL 
AD DAC72-CSB-V 16 ±1112 ±2 15 S V TIL 
ADS69JN(AD)(SQ) 16 ±264 ±1 35 V TIL 
ADS69KN(BD) 16 ±134 ±112 35 V TIL 

NOTES 
'Suft'lX "N" -plastic DIP; Suffix "D" -ceramic DIP; Suffix''Q'' -cerdip. 
2SettJiDgtimctoO.003%. ' 
'c = 0 to + 7O"C. 1 = - 25'C to + 8S'C. E = - 55'C to + I25'C. 
"Relative accurac:y specified as ± 0.04% (J. A. S) and ± 0.024% (K. B). 
'Settlins time to 0.001%. 
*1 = Volume I-Integrated Circuits; II = Volume 2 -Modules & Subsystems; S = This Volume. 

Temp. 
Range' 

C 
C 
C 
C 
C 
C 
I 
1 
C 
C 
C 
C 
C 
C 
I 
I 
C/IfE 
C/IfE 

Volume* 
Section 
Pace 

1-9-271 
1-9-271 
1-9-271 
1-9-271 
1-9-271 
1-9-271 
1-9-271 
1-9-271 
1-9-271 
1-9-271 
1-9-271 
1-9-271 
1-9-271 
1-9-271 
1-9-271 
1-9-271 
1-9-81 
1-9-81 
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Digital-to-Analog Converters 
High Resolution ... 

ZERO 
71 ADJUST 

BIT 3 
BIT 0 

70 SkSENSE 

~;;:±:::~ 89 CURRENT OUT 
r--.....::=-=~ • 68 10k SENSE 

BIT8 
BIT 7 
BIT 8 

O-C~~V 
-15V 32 o----15V 

COMMON 34 

*DAC1138 ONLY 

M5i 1 

Msa 2 

BIT2 3 

BIT. , 
BIT' , 

BIT5 8 

BIT8 7 

BIl7 8 

BIT8 9 

BITS 10 

81T10 11 

BIT 11 12 

BrTf2 13 

BIT 13 14 

BIT 14 15 

OAC1136 
OAC1138 

la·BIT 
CMOSDAC 
(CURRENT 
OUTPUT) 

,..--+-.-0 53 REF IN 
52 REF OUT 

49 GAIN 

="--'-+_ 46 BIPOLAR 
OFFSET OUT 

OUTPUT 
AMPLIFIER 

44 AMP IN 

DAC1146 

10kO 

10kO 

'.-.kn 

AMP 
IN 

REF 
"N , , , , 
I , 

JREF 
OUT 

SPECIFICATIONS - Min or Max at TA = +25OC 

Relative Differential 
Model Resolntion Accuracy Nonlinearity 

Bits LSB LSB 

DACll36J 16 I 1 
DACll36K 16 1/2 112 
DACll36L 16 112 112 
DACII46 18 2 2 
DACll38J 18 1 1 
DACll38K 18 112 112 

NOTES 
'C';'Oto +70"C. 

DAC1136 
16-BIt Resolution and Accuracy 
Nonlinearity 1/2SL8 
Sattling to 1/2LSB 10.0008%) in 8,.s 

DAC1138 
18-Bit Rasolution and Accuracy 138,.V. 

1 Part in 262.144) 
Integral Nonlinearity 1/2LSB max 
Differential Nonlinearity 1/2LSB max 
Excellent Stability 
Settling to 1/2LSB 10.0002%) in 10,.. 
Hermetlcally-Sealed Semiconductors 

DAC1146 
Low Cost. High Accuracy 18-Bit DIA Converter 
Integral Nonlinearity: :1:0.00076"10 FSR max 
Differential Nonlinearity: ±0.00076% FSR max 
Low Differential NDnlinearity T.C.: :t 1ppmI"C max 
Wide Power Supply Operation: ±".5Vto ±16V 
Fast Settling: 6,.. to ±0.00076% FSR 
Small Size 2")( r)( 0.4" 

Settling Input I!V Temp. 
GainT.C. Time Logic Out Rangel 

ppmrc ,.5 
5typ 8typ TIL & CMOS I!V C 
5typ 8typ TIL & CMOS I!V C 
8 8typ TIL & CMOS I!V C 
12 6tYP TIL & CMOS IN C 
0.8typ 10typ TTL & CMOS IN C 
0.8typ 10typ TIL & CMOS IN C 

*1 = Volume 1-Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 
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Volume* 
Section 
Page 

11-10-27 
11-10-27 
11-10-27 
11-10-35 
11-10-27 
11-10-27 



891 B161 
CMSB CB8 

MGND REF '-_../ REF 
OUT IN 

+V PGND -Vs WA/C ola 

CMSB CB8 

10kU 

SkU 

r-,:-----{44} )AMPtN 

, ,Vo 
I 
I 

6 iMGND 
I 

) 

WR/M MS8 88 

WiiIM MS8 B16 

SPECIFICATIONS - Min or Max at T A = + 25°C 

Relative Differential 

AD1147 
16-Bit Hybrid: Microprocessor Compatible 
Latched 8-Bit Input DACs: 

Gein lit Offset Correction via ,..p 
Multiplexed with Main 16-Bit Input DAC 

Nonlinearity: ±O.00076% max 
Differentiel TC: ± 1 ppml"C max 
Fast Settling: 18,..s to ±O.OOO76% 
Low Power: 375mW (Including Reference) 
Current or Voltage Output 
Full Four Quadrant Multiplying 
Functionally Complete: 

Internal + 10V Reference; Output 
Amplifier; Input latches 

·AD1148 
16-Bit Hybrid: Microprocessor Compatible 
Latched 8-Bit Input DACs: 

Gain lit Offset Correction via ,..P; 
Separate from Main 16-Bit Input DAC 

Differential Nonlinearity: ±O.OO076% max 
Differential TC: ± 1 ppml"C max 
Fast Settling: 18,..s to ±O.00076% 
Low Power: 375mW (Including Reference) 
Functionally Complete: 

Internal + 10V Reference; Output 
Amplifier; Input Latches 

Settling Input IN 
Model Resolution Accuracy Nonlinearity GainT.C. Time Logic Out 

Bits LSB LSB ppml"C ,..5 
ADl147 16 112 112 10 18typ CMOS IN 
ADll48 16 I 112 10 18typ CMOS V 

NOTES 
'1= -250Cto + 85°C. 
*1 = Volume 1-Integrated Circuits; 11= Volume 2 - Modules & Subsystems; S = This Volume. 

Temp. Volume· 
Rangel Section 

Page 

S-3-167 
S-3·167 

SELECTION GUIDES 2-57 



Digita1-to-Analog Conve~ers 
Video Display 

{
'::~' 
~ .. 
~,. 

DlClrl'AI. lilt •• 
1NPUfS err. 1 

m .. . " . 
8IUTa 
u" 

~11 

AD9700 
Update Rates to 12I\MHz 
low Glitch Energy 
Complete Composite Signals . 
On-Chlp Reference SupplY 
Single -5.2V Power Supply 

AD9702 
ECL or TTL Compatible 
Composite Inputs 
125MHz Update Rates Minimum 

HDGSERIES 
Update Rates to 150MHz 
Low Glitch Energy 
Complete Composite Inputs 
Single -5.2V Power Supply 
Military Temperature Range Available 

SPECIFICATIONS -Min or Max at TA = +250(; 

ReIaIiYe Diffenmial 5ettIiaB 
Model' 

_on 
Accuraey NcmliDearity GaiaT.C. Time 

Blto ",%G5 ",%G5 ppmrc .. 
AD97ooBD(BIlV) 8 0.2 0.2 SO 10 
AD9700sD 8 0.2 0.2 SO 10 
AD9702BD(BIlV)' 4(x3) 0.8 ,0.8 200 5 
HDG-0405 4 3.2 3.2 SO 
HDG-0605. 6 0.8 0.8 50 
HDG.Q805 8 0:2 0.2 50 
HDG-0405BD(BIlV) 4 3.2 3.2 50 
HDG-0605BD(BW) 6 0.8 0.8 SO 
HDG.Q805BD(BW) 8 0.2 0.2 50 
HDG-0405SD 4 3.2 3.2 50 
HDG-0605SD 6 0.8 0.8 SO 
HDG-0805SD 8 0.2 0.2 50 

NOTES 
INoIUffbc-metal DIP; Suffix I&D" -hetmcticceramic DIP; Suffix "W" -oon-bcrmctic ceramic DIP. 
ai_ -2SDCto +85"CiB .. -55OCto + 1250(:. 
'Ccm ..... (3)4-bl. D/Aa. 
*l = Volume l-lntqntedCircuits; II "" Volume 2-Modules &: Subsystems; S "" This Volume. 
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IIV "put ,Temp. Volume" 
Out LoP: ....... -Pap 

1 ECL 1 5·3·315 
1 ECL B 5·3·315 
1 ECL&TIL 1 5-3..319 
1 ECL 1 1·9-310 
1 ECL 1 1·9-310 
.1 ECL 1 1·9·310 
1 BCL 1 1·9-310 
1 ECL 1 1·9-310 
1 ECL 1 1·9-310 
1 ' ECL E 1·9-310 
1 ECL B 1-9·310 

! ECL E 1·9-310 



SPECIFICATIONS - Min or Max at T A = + 25°C 

Relative Differential 
Model' ReoolutiOll Accuracy Nonlinearity 

Bits :I:%()' :I:%GS 

HDD·0810 0.1 
HDP·08IOC 0.1 
HDP-0810M(CM) 0.1 
HDG·0407BD(BW) 3.2 3.2 
HDG-0807BD(BW) 0,2 0.2 
HDL·3805BM 0.2 0.2 
HDL-3806BM(CM) 0.2 0.2 

N0TE5 

HOD SERIES 
HDD-0810 - 8 Bits of Resolution 
HDD-1015 - 10 Bits of Resolution 
10ns Settling nme to 0.2% IHDD-G810) 
15ns Settling Time to 0.1% IHDD-1015) 
Internal Monolithic Reference 
Low 200pV ... Glitch Impulse 
Compatible with EIA Standards RS-170 and RS-343. 

Including 10% Brightness 
Completa Composite Inputs I·C· Models) 

HDG-0407/0807 
Update Rates to 50MHz 
Low Glitch 
Complete Composite Inputs 
Single +5V Power Supply 
TTL-Compatible Inputs 
Directly Drives 750 to Ground 

HDL-3805/3806 
Triple 8-Bit D/A with LUTs 
115MHz Update Rates 
RGB Composite Functions 
Small Size 12.3" x 1.5"1 
Latched Composite Functions IHDL-3806) 

Settlinll IIV Input Temp. Volwne* 
GainT.C. Tune Out Lop- Ran .. ' Section 

ppml'C ns p. 

80 10 V ECL C 1·9·295 
80 10 V EeL C 1-9·295 
80 10 V ECL I 1·9-295 
350 8 V TIL 1 5-3-387 
350 14 V TIL 1 5·3-387 
125 10 1 ECL 1 5·3-391 
125 10 1 ECL 1 5-3-391 

IHDDsandHDLs-metaIDIP;Suffix"D"-hermeticceramicDIP;Suffix"W"-non-hermetic ceramic DIP. 
lRelative to full scale (FS) for binary versions; Gray scale (GS) forcompositc (C) versions. 
'C=Oto +70'C;1= -25'Cto +8S'C. 
*1 = Volume 1- Integrated Circuits; II = Volume 2 - Modules & Subsystems; S "" This Volume. 
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Digital-to-Analog Converters 
Video Display 

BIT 1 (MSB) 3 

..... 
BIT? 9 

BtT101 

1
m', 

D~rr~ i 
INPUTS I 

I 
I 
I 

81T12 
LS8 

INPUT ... mE. 

r::=--I..J r------~~~PUT 
r-----~~:~~~ 

, , , 
: , 
I 
I 
I 
I _______________ J 

ANALOG 
OUTPUT 

OUTI'IIT 

SPECIFlCA nONS - Min or Max at T A = + 25°C 

Relative Differential 

HDD-1206 
12-Bit Resolution 
&MHz Update Rates 
o.glltched Voltage Output 
Registers, D/A. and Amplifier 

in Single Hybrid 
Available with 883 Screening 

HDH SERIES 
8-,10·, and 12-Bit Resolution 
300ns Voltage Settling to 0.10/0 
Guaranteed Monotonicity 
Reliable Hybrid Construction. 

HDM-1210 
12-Bit Multiplying Accuracy 
Good Drive: 10mA 
Highest Speed Available 
Small Size: 24·Pin DIP 

SettIiDg IN Input 
Modell Resolution Accuracy Nonlinearity GainT.C. Tiine Out Logic 

Bits ±%FS ±%GS ppmI"C ns 

HDD-1206JW 12 0.0125 0.0125 40 W V TIL 
HDD·1206SM 12 0.0125 0.0125 40 603 V TIL 
HDH-0802 8 0:1 0.1 30 ISO"' V TIL 
HDH-0802M 8 0.1 0.1 30 ISO' V TTL 
HDH·l003 10 0.05 0.05 30 200' V TIL 
HDH·l003M 10 0.05 0.05 30 200"' V TIL 
HDH·120S 12 0.0125 0.0125 30 350' V TIL 
HDH·12OSM 12 0.0125 0.0125 30 350"' V TIL 
HDM-1210 12 0.0125 DNA 20 60' 1 TIL 

NOTES 

Temp. Volume* 
Range2 Section 

Page 

C 1·9·301 
E 1·9·301 
C 1·9·317 
E 1-9-317 
C 1·9·317 
E 1·9-317 
C 1-9·317 
E 1·9·317 
1 1·9·315 

'No suffIX and suffix ''W'' -non-hermetic ceramic DIP; Suffix "M" -metal DIP. 'S·volt outpUt step settling to 0.4%, 0.1%, and O.O~S% for 8·, 10-, 
2c=Oto +7O'C;I= -2S"Cto +8S"C;E= -SS·Cto + 12S"C. and 12·bit units. 
'One LSB change. 'Digital settling time to ± 1%;majorcarryttanSition. 

*1 = Volume 1-IntejJratedCircuits; n = Volume 2'-Modules & Subsystems; S=This Volume. 
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(MSB) 
BITl 

BIT 2 
BIT 3 
BIT4 
BITS 
BITS 
BIT 7 
BIT8 

BIT9 

BIT 10 
(LSB) 

HDS·081OE 
HDS·l015E HDS-081 OE/HDS-1 015E 

(MSBI 
BITl 

91T2 

BIT3 

BI!6 

BIT7 

BIT 8 

BIT10 

BIT 11 

BIT12 
{UBI 

INPUT 
BUFFER 

ECl 

ECl 
INPUT 

BUFFER 

ELECTRONIC 
SWITCHES 

ELECTRONIC 
SWITCHES 

PRECISION 
AESISTOR 
NETWORK 

PRECISION 

:~~~: f-----1~--f'-<> g~~~T 
312n 

10 

-15V GROUND 

Hr--:!;-F::O GROUND 

HDS-0810E: 8 Bits 
HDS-1015E: 10 Bits 
ECL Inputs 
Settling Time to 10ns 
Low Glitch Impulse 
100MHz Update Rates 
LowPo_r 

HDS-1240E 
12 Bits of Resolu1lon 
Settling Time of 40ns 
Low Glitch Impulse 
ECL Compatible 

[
::~1 

DIGITAL II 
INPUTS 

INPUT 
BUFFER ELEC-

LOGIC TRONIC 
OTLfTTL SWITCHES 

PR~ 
CISION 

RESISTOR 
NETWORK 

'-"'iI\;--¥'--o "'
f----__ t"'--o ~J\.R,~~T 

.J::---<&-+'~~~~:: 

HDS-0820/HDS-10251 
HDS-1250 
HDS-0820: 8 Bits 
HDS-1025: 10 Bits 
HDS-1250: 12 Bits 
25ns Settling to 0.1% 
10mA Currant Out 

I 
I 
I 
I 

CDMP 

+15V 

-15V BIT 12 LS. 
HDS·1250 Monotonic Over Temperature 

Reliable Hybrid Packaging 

SPECIFICA nONS - Min or Max at T A = + 25°C 

Relative Differential 
Model' Resolution Accuracy Nonlinearity GainT.C. 

Bits ±%FS ±%FS ppmrc 
HDS-0810E 8 0.1 0.2 80 
HDS-0810EM 8 0.1 0.2 80 
HDS-I015E 10 0.05 0.1 80 
HDS-I015EM 10 0.05 0.1 80 
HDS-124OE 12 0.0125 0.0125 25 
HDS-124OEM 12 0.0125 0.0125 25 
HDS-0820 8 0.1 0.2 30 
HDS-0820M 8 0.1 0.2 30 
HDS-I025 10 0.05 0.1 30 
HDS-I025M 10 0.05 0.1 30 
HDS-1250 12 0.0125 0.05 30 
HDS-1250M 12 0.0125 0.05 30 

NOTES 
INo suffIX and suffIX ''E'' - hermetic ceramic DIP; SuffIX "EM" or "M" - metal DIP. 
2C = 0 to + 70OC; E = - 550C to + 125OC. 
'Settling time to 0.2%, 0.1%, and 0.0125%FS for 8-,10-, and 12-bitunits. 
'Settling time to 0.4%, 0.1% and 0.025%FS for 8-, 10-, and 12-bit units. 
5 _ 550C to + IOOOC. 

Settling 
Time 

ns 

103 

103 

153 

153 

403 

403 

20' 
20' 
25' 
25' 
35' 
35' 

*1 = Volume I-Integrated Circuits; II= Volume 2-Modules & Subsystems; S = This Volume. 

IIV 
Out 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Input 
Logic 

ECL 
ECL 
ECL 
ECL 
ECL 
ECL 
TIL 
TIL 
TIL 
TIL 
TIL 
TIL 

Temp. Volume· 
Range2 Section 

Page 

C 1·9-321 
E 1-9-321 
C 1-9-321 
E 1-9-321 
C 1-9-323 
ES 1-9-323 
C 1-9-317 
E 1-9-317 
C 1-9-317 
E 1-9-317 
C 1-9-317 
E 1-9-317 

SELECTION GUIDES 2-61 



Analog-to-Digital Converters 
8-Bit 

BIPOLAR 
OFFSET 

CONTROL 

POWER GROUND + Vee 

DIGITAL 
COMMON 

8-81T 
SA' 

r--, 
liNT I 
'CLOCK I 
I I I... __ .J 

AD673 

SPECIFICATIONS - Min or MaX at T A = 

Relative 
Model' Resolution Accuracy 

Bits LSB 

AD670(JN)(AD)(SD) 8 ±1I4 
AD670KN(BD) 8 ±1/4 
AD673JN(JD)(SD) 8 ± 112 

NOTES 
'Suffix "N" -plastic DIP; Suffix uD" -ceramic DIP. 

+ 25°C 

Differential 
Nonlinearity> 

NMCOT 
NMCOT 
NMCOT 

2NMC-No missing codes; NMCOT -No missing codes over temperature. 
'c = 0 to + 70·C, I = - 4O·C to + 8S·C, E = - SS·C to + 12S"C. 

AD670 
Complete 8·Bit AID Converter 
Flexible Input Stage: Instrumentation Amp Front 

End Provides Differential Inputs and Good 
Common·Mode Rejection 

Fast Conversion Time: 10,.s max 
Full Microprocessor Bus Interface 
No User Trims Required 
No Missing Codes Over Temperature 
Single +5V Supply Required 
Convenient Input Ranges. 256mV and 2.56V 
Small 20·Pin Package 

AD673 
Complete 8·Bit AID Converter with Reference. Clock 

and Comparator 
Full Microprocessor Bus Interface 
Fast Conversion Time - 30,.s max 
No Missing Codes Over Temperature 
Operates on + 5V and -12V to -15V Supplies 
Unipolar or Bipolar Input Range 

Full Scale Error Conversion Temp. 
TM1N·TMAX Time Logic Range' 

LSB ,.s 

2.5 10 TTL CIlIE 
1.0 10 TTL C/I 
2typ 30 TTL C/E 

Volume* 
Section 
Page 

1·10·85 
1·10·85 
1·10·95 

*1 = Volume 1-Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 
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v~ 

SPECIFICATIONS - Min or Max at TA = +250(; 

Relative Differential 
Modell Resolution Accuracy Nonlinearity' 

Bits LSB 

AD7575]N(AQ)(SD) 8 ±1 NMCOT 
AD7575KN(BQ)(TD) 8 ±112 NMCOT 
AD7576]N(AQ)(SD) 8 ±1 NMCOT 
AD7576KN(BQ)(TD) 8 ±112 NMCOT 

NOTES 
'Suffix ''N'' -plastic DIP; Suffix "0" -ceramic DIP; Suffix "Q" -ccrdip. 
2NMC-Nomissingcodes;NMCOT -No missing codes over temperature. 
'c = 0 to + 70"C, 1 = - 25"C to + 85"C, E = - 55'C to + 12S'C. 

AD7575 
Fast Conversion Time: 5,.s 
On.Chip Track/Hold 
Low Total Unadjusted Error: USB 
Full Power Signal Bandwidth: 50kHz 
Single +5V Supply 
100ns Data Access Time 
Low Power '15mW typl 
Low Cost 
Small Package 

AD7576 
Single + 5V Operation with External Positive 

Reference 
Fast Conversion Time: 5'"s 
No Missed Codes Over Full Temperature Range 
Microprocessor Compatible 
Low Cost 
Low Power: CMOS 

FuJI Scale Error Conversion Temp. 
TMJN"TMAX Time Logic Range' 

LSB ,.8 
±1 5 CMOS ClIIE 
±1 5 CMOS CIIIE 
±1 5 CMOS CIIIE 
±1 5 CMOS CllfE 

Volume· 
Section 
Pa&e 
S·3·247 
S·3·247 
S·3·257 
S·3·257 

·1 = Volume I-lnte8l'1lted Circuits; n = Volume 2 - Modules & SubsystemS; S = This Volume. 
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Analog-to-Digital Converters 
8-Bit 

v .. 

SPECIFICATIONS - Min or Max at TA = +2S"C 

Total 
Unadjusted Differential 

AD7820 
Fast Conversion Time: 1.5 .... Max 
Built·ln Track·and·Hold Function 
No Missed Codes 
No Usar Trims Required 
Single + 5V Supply 
Low Power: CMOS 

AD7824 
4 Analog Input Channels 
Bullt·ln TrackIHold Function 
10kHz Signal Handling on Each Channel 
Fast Microprocessor Interface 
Single +5V Supply 
Low Power: 40mW 
Fast Conversion Rata, 2.5p.s1Channel 
Tight Error Specification: 112LSB 

AD7828 
8 Analog Input Channals 
Built·ln TrackIHold Function 
10kHz Signal Handling on Each Channel 
Fast Microprocessor Interface 
Single + SV Supply 
Low Power: 40mW 
Fast Conversion Rata, 2.5p.sIChannel 
Tight Error Specification: 112LSB 

Channel·to· 
Channel Conversion 

Modell Resolution Error Nonlineatitr Mismatch Time3 Logic 
Bits LSB 

AD7820KN(BQ)(TQ) 8 ±I NMCOT 
AD7820LN(CQ)(UQ) 8 ±1I2 NMCOT 
AD7824KN(BQ)(TQ) 8 ±I NMCOT 
AD7824LN(CQ)(UQ) 8 ±1I2 NMCOT 
AD7828KN(BQ)(TQ) 8 ±1 NMCOT 
AD7828KN(CQ)(UQ) 8 ±1I2 NMCOT 

NOTES 
'Sufi1" "N" - plastic DIP; SuffIX "Q" -cerdip. 
2NMC-No missing codes; NMCOT -No missing codes over temperature. 
3Conversion time expressed in f.LSIchannel for AD7824 and AD7828. 
"C=Oto + 700c, 1= -25OCto +85OC,E= -55OCto +125OC. 

LSB 

N/A 
N/A 
±1I4 
±1/4 
±1/4 
±1/4 

*1 = Volume I-Integrated Circuits; II = Volume 2-Modules & Subsystems; S = Tbis Volume. 
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... 
1.6 TTL 
1.6 TTL 
2.S TTL 
2.S TTL 
2.S TTL 
2.S TTL 

Temp. Volome* 
1lange4 Section 

Page 

CiIiE S·3·289 
C/IIE S·3·289 
CIIIE S·3·301 
C/IIE S·3·301 
C/IIE S·3·301 
C/IIE S·3·301 



lO-Bit 

BIPOLAR 
OFFSET 

CONTROL 

DIGITAL 
V - COMMON CONVERT 

DtGITAL 
V - COMMON CONVERT 

2 } LOW 
I I BYTE 

LSO 

ANAlOG INPUT 1 (1''>----t---., 
ANALOG INPUT 2 2 

EXTERNAL '-...r--.... J CLOCK 

1-----{i10 CLOCK OUTPUT 

1>-----{"'1) ~ 

SPECIFICATIONS - Min or Max at TA = +2S"C 

Relative Differential 
Modell Resolntion Accuracy NonUnear;.ty2 

Bits LSB 

ADS73]N(JD) 10 ±I NMC 
ADS73KN(KD) 10 ±1/2 NMCOT 
ADS73SD 10 ±1 NMCOT 

AD573 
Complete 10-Bit AID Converter with Reference. 

Clock and Comparator 
Full 8- or 16-BIt Microprocessor Bus Interface 
Fast Conversion Time - 30p.s max 
No Missing Codes Over. Tempersture 
Operates on +5V and -12V to -15V Supplies 
Unipolar or Bipolar Inpu~ Range 

AD575 
Complete 10-Bit AID Converter with Reference 

Clock and Comparetor 
Serial Output 
Fast Successive Approxlmstion Conversion: 30p.s 

max 
No Missing Codes Over Tempersture 
Operation on +5V and -12V to -15V SuppUes 
Unipolar or Bipolar Input Range 

Full Scale Error Conversion Temp. 
TMIN'"TMAX Time Logic Rangel 

LSB ,... 
±4 30 TIL C 
±2 30 TIL C 
±S 30 TIL E 

ADS7S]N(JDXSD) 10 ±1 NMC(NMC)(NMCOT) ±4(±4X±S) 30 TIL C/CIE 
ADS7SKN(KD) 10 ±1/2 NMCOT 

NOTES 
ISuff'1X UN" - plastic DIP; Suff'1X "0" - ceramic DIP. 
2NMC_ No missing codes; NMCOT - No missing codes over temperature. 
Jc=Oto + 7O"C,E = -5S"Cto + 12S'C. 

±2 

*1=Volumel-lntegratedCircuits; II = Volume 2-Modules&1!ubsystemS; S=ThisVolume. 

30 TIL C 

Volume· 
Section 
Page 

1·10-47 
1·10-47 
1·10-47 
S·3·79 
S·3·79 
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Analog-to-Digital Converters 
lO-Bit 

10V SPAN 
INPUT 

BIPOLAR 
OFFSET 

ANALOG 
GND 

CONVERT CLOCK CLOCK 
REF OUT START Eoe IN OUT 

DIGITAL +15V -15V +5V 
GND 

CMPOUT 

elK eLK iiiJSY Vee AD CS CE FORM HSELJLSEL 
IN OUT 

SPECIFICATIONS - Min or Max at TA = + 25°C 

Relative Differential 
Modell Resolution Accuracy Nonlinearity' 

Bits ' LSB 

AD579JN 10 ±1I2 NMCOT 
AD579KN(TD) 10 ±1I2 NMCOT 
AD757l]N(AQXSD) 10 + SIGN ±I NMCOT 
AD7571KN(BQ)(TD) 10 + SIGN ±1I2 NMCOT 

NOTES 
'SufI'1X "N" -plastic DIP; SufI'1X "D" -ceramic DIP; SufI'1X "Q" -cerdip. 
2NMC-No missing codes; NMCOT ~Nomissing codes over temperature. 
'C=Oto +70"C,I= -25'Cto +85'C,E= -55'Cto + 125'C. 

AD579 
Complete 10-Bit AID Converter with Reference and 

Clock 
Fast Successive Approximation Conversion: 1.8,..s 
Buried Zener Reference for Long Term Stability and 

Low Gain T.C.: ±40ppmrC max 
Max Nonlinearity: < ± 0.048% 
Low Power: 775mW 

AD7571 
10-Bit Plus Sign Resolution 
No Missed Codes Over Full Temperature Range 
Conversion Time 80,..s 
Differential Analog Voltage Inputs, ± 10V Range 
Serial and Parallel Data Outputs 
Easy Interface to Most Microprocessors 
Internal Clock Oscillator 
Single Supply Operation for Positive-Only Signals 
Low Power: CMOS 

Conversion Temp. Volume* 
GainT.C. Time Logic Range' Section 
ppmrc ,..s Page 

40 2.2 TTL C 1-10-79 
40 1.8 TTL ClE 1-10-79 
5 80 TTL & ClliE 1-10-139 
5 80 CMOS ClIIE 1-10-139 

*1 = Volume 1-Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 
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12-Bif 

DIGITAL +v. -v. ON. 

...... .... 

SPECIFICATIONS - Min or Max at T A = + 250C 

Relative Differential 
Modell Resolution Accuracy Nonlinearity' 

Bits LSB 

AD572AD(BDXSD) 12 :t:112 NMCOT 
AD574A]D(SNXSD) 12 :t:l NMC 
AD574AKD(KN)(TD) 12 :t:l12 NMCOT 
AD574ALD(LN)(UD) 12 :t:112 NMCOT 
ADS78]D(JNXSD)4 12 :t: 112 NMCOT 
AD578KD(KN)(TD)4 12 :t:112 NMCOT 
AD578LD(LN)4 12 :t:112 NMCOT 

NOTES 
'SufIlX UD" -ceramic DIP; Suffix UN" • polymer'sealed DIP. 
'NMC-Nomissingcodes;NMCOT -No missing codes over temperature. 
'<:=Oto + 7O"C,1 = -2S'Cto +8S'C,E= -SS'Cto + 12S'C. 
"'Z" grade versions for ± 12V operation available. 

AD572 
True 12-B1t Operation: Max Nonlinearity <±O.012% 
Low Gain T.C.: <±15ppmi"C (AD572BI 
Low Po_: 900mW 
Fast Conversion Time: <25 .... 
Monotonic Feedback DAC Guarantees No MilSing 

Codes 

AD574A 
Complete 12·BIt AID Converter with Reference and 

Clock 
Full 8-or 16-Bit MicroproC88S0r Bus Interface 
Industry Standard Pinout 
Guaranteed Unearlty Over Tempsrsture 
No MllSlng Cod_ Over Tempsrature 
Conversion Time: 35 .... max 
Burled Zener Reference for Long·Term Stability and 

Low Gain T.C. 
1Oppmi"C max AD574AL 
12.5ppmi"C max AD574AU 

Precision 10V Reference for External Applicstions 
Ceramic DIP. Plastic DIP or LCC Package 
Low Power: 390mW 

AD578 
Complete 12·Bit AID Converter with Reference and 

Clock 
Fast Conversion: 3 .... (maxI 
Buried Zener Reference for Long Term Stability and 

Low Gain T.C.: ±30ppml"C max 
Max Nonlinearity: <±O.012% 
Low Power: 75mW 
Hermetic Package Available 
Short Cycle Cepsbility 
Precision + 10V Reference for External Applications 
Adjustable Internal Clock 
·Z· Models for ± 12V Supplies 

GainT.C. Conversion Temp. Volume* 
GainT.C. Time LoPe Raqe3 Section 
ppmI"C ",8 Paae 

30(15)(25) 25 TIL ClIIE 1·10-39 
50 35 TTL ClCIE 1·10-55 
27(25) 35 TTL ClCIE 1·10-55 
10(12.5) 3S TTL ClCIE 1·10-55 
30(50) 6.0 TTL CIE S·3·87 
30 4.5 TTL CIE S·3·87 
30 3.0 TIL C S·3·87 

*1 = Volume 1-Integrated Circuits; II = Volume 2 -Modules & Subsystems; S = This Volume. 
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Analog-to-Digital Converters 
12-Bit 

AD7572 
12·Bit Resolution and Accuracy 
Fast 5 ... and 12 .... Conversion TImes 
Complete with On-Chip Reference and Clock 
No User Trims 
High-Speed Digital Interface 
Low Power 1135mW typ.) 
Small, 0.3" Wlda, 24-Pin Package 

AD7578 
12·Bit Successive Approximation ADC 
No Missed Codes Over Full Temperature Range 
Low Total Unadjusted Error ± nSB max 
High Impedance Analog Input 
Autozero Cycle for Low Offset Voltage 
Low Power, 75mW typ 
Small Size: 0.3", 24-Pin Package 
Conversion TIme of 100 ... 

AD7582 
12·Bit Successive Approximation ADC 
Four High Impedance Input Channels 
Analog Input Voltage Range of 0 to +5V with 

Positive Reference of + 5V 
Conversion TIme of 100"s per Channel 
No Missed Codes Over Full Temperature Range 
Low Total Unadjusted Error ±1LSB max 
Autozero Cycle for Low Offset Voltage 
Low Power: CMOS 

SPECIFICATIONS - Min or Max at TA = +2S"C 

........ .,...,."... Falls .... F ........ 
Model' ......... ......... N ......... _@2S" _TC .... LSB LSB LSB -'"" 
AD7S72JN05(AQOSXSQOS) 12 ~I ~I ~1S 4S 
AD7S72KNOS(BQOSXTQOS) 12 ~I ~I :t:l0 25 
AD7S72LN05(CQOS){UQOS) 12 .,12 ~I ;tIO 25 
AD7S72)NI2(AQI2XSQI2) 12 ., ., ;tl!li .5 
AD7S72KN12(BQ12)(TQ12) 12 

., 
~I :!:lO 25. 

AD7S72LN12(OQ12){UQ12) 12 ::t112 ~I ::!::10 25 

AD7S78KN(BD)(TD) 12 ~I :t3l4 :1::114 I"" 
AD7SS2KN(BD)(TD) 12 ., ~3J4 ;t1l4 5"" 

NOTES 
lSuffil:"N"-pluticDIP;SuBh."'Q"-cerdip;S1Iffix"D"-cmmicDIP. 
'c ... Oto +7O"C,r ... -2S"Cto +85"C,E~ -SS"Cm + lZS'"C. 
*I=VoJumel-mtepatedOn:Wtl; II=VoIumeZ-ModuJea&Subsyttems; S=TbieVoJume. 

c.. ....... T_. v_-.... ...... .... ....... ... .... 
5 TTL CIlIE 8-3-243 
5 TTL CIIIB $.3·243 
5 TTL CIlIE 8-3·243 
12 TTL CIlIE 8-3-243 
12 TTL CJIIB 8-3·243 
12 TTL CIlIE 8-'·24' 
100, . TTL CIIIB 8-3-265 

100 TTL CIlIE S-J.277 
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REF 
OUT 

GAIN ClOCK 
ADJ IN 

CLoex 
OUT 

20VI::~~ 14.}-'I"""' ..... _-i 
10V5PAN 

INPUT 13 

DIGITAL +5V CONVERT SHORT +5V 
GND DIGITAL START CYClE ANAlOG 

REF GAIN CLOCK RATE CONVERT 
OUT ADJ CONTROL COMMAND 

DIGITAL +5V +Vs SHORT -v. 
GND CYCLE 

SPECIFICATIONS - Min or Max at TA = +25OC 

Relative 
Modell Resolution Accuracy 

Bits LSB 

ADADC80-104 10 ±112 
ADADC80-124 12 ±112 
ADADC84-104 10 ±112 
ADADC84-124 12 ±112 
ADADC85C-I04 10 ±1/2 
AD ADC85C-124 12 ±1/2 
ADADC85-104 10 ±1/2 
ADADC85-1z4 12 ±112 
ADADC85S-10' 10 ±1/2 
ADADC85S-12' 12 ±1/2 

NOTES 
'Suffix"N" -plastic DIP; SuffIX "0" -ceramic DIP. 
'NMCOT -No missing codes over temperature. 
3C=Oto +7O"C,1= -25"Cto + 85"C,E = .- 55"Cto + 125"C. 
'''Z'' grade versions for ± 12V operation available. 

Differential 
Nonllnearity2 

NMCOT 
NMCOT 
NMCOT 
NMCOT 
NMCOT 
NMCOT 
NMCOT 
NMCOT 
NMCOT 
NMCOT 

AD ADC80 
True 12-Bit Operation: Max Nonlinaarity ±0.012%. 
Low Gain T.C.: ±3Oppmi"C max 
Low Power: BOOinW 
Fast Conversion Time: 25",s 
Precision 6.3V Referance for External Application 
Short-Cycle Capability 
Serial or Parallel Data Outputs 
Monolithic OAC with Scaling Resistors for Stability 
Low Chip Count - High Reliability 
Industry Standard Pin Out 
"z" Models for ± 12V Supplies 

AD ADC84/AD ADC85 
Complete 12-Bit AID Converter with Reference and 

Clock 
Fast Successive Approximation Conversion: 10",s 
Buried Zener Reference for Long Term Stability and 

Low Gain T.C.: 10ppmi"C 
Max Nonlinearity: <±0.012% 
Low Power: BBOmW Typical 
Hermetic Package Available 
Low Chip Count - High Reliability 
Industry Standard Pin Out 
"z" Models for ± 12V Operation Available 

Full Scale Full Scale Conversion 
Enor%FS EnorTC Time Logic 

ppmI"C jLS 

0.1 typ 30 25 TTL 
0.1 typ 30 25 TTL 
0.25 30 6 TTL 
0.25 30 10 TTL 
0.25 40 6 TTL 
0.25 25 10 TTL 
0.25 20 6 TTL 
0.25 IS 10 TTL 
0.25 25 6 TTL 
0.25 25 10 TTL 

Temp. 
Raqe3 

1 
1 
C 
C 
C 
C 
1 
1 
E 
E 

Volume· 
Section 
Pap 

1-10-183 
1-10-183 
1-10-191 
1-10-191 
1-10-191 
1-10-191 
1-10-191 
1-10-191 
1-10-191 
1-10-191 

*1 = Volume 1-Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 
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Ana I og-to-Digital Converters 
12-Bit 

ANALOG 
- IN 

-REFOUTI 
REF IN 

DIGITAL -5V 

CLOCK 
IN START 

GND 
-FORMODELSAO&2X1ANDAD&2X2WITHINTERNALREF,PlN1ZISREFOUT. 

FOR MOOELSADS2)UANDAD52X5WITH INTERNAL REF. PIN 12ISREFIN. 

REF GAIN CLOCK RATE CONVERT 
OUT ADJ CONTROL COMMAND 

OIGITAL +5V +v, SHORT ~v. 
GND CVct.E 

SPECIFICATIONS - Min or Max at TA = +2S"C 

Relative Differential 
Modell Resolution AcCmacy Nouliaearityl 

Bits LSB 

ADS20IBD(TD) 12 :1:112 NMCOT 
ADS202BD(TD) 12 :1:112 NMCOT 
A:PS204BD(TD) 12 :1:1/2 NMCOT 
AD520SBD(TD) 12 :I: 1/2 NMCOT 
ADS21IBD(TD) 12 :1:112 NMCOT 
ADS212BD(TD) 12 :± 112 NMCOT 
ADS214BD(TD) 12 :1:112 NMCOT 
ADS21SBD(TD) 12 :1:112 NMCOT 
ADS240KD 12 :1:112 NMCOT 
ADS240BD 12 :1:112 NMCOT 

NOTES 
1Suft .. " "D" -ceramic DIP. 
'NMCOT -No missing cocIes over temperatun:. 
'<:=010 + 7O"C,1 = -2S"Cto +8S"C,E= -SS"Cto +12S"C. 

AD5200SERIES 
AD5200: SOp.s. Conversion Time 
ADS210: 13"s Conversion.Time 

True 12·Bit Operation: :I: 112LSB max Nonlinearity 
Totally Adjustment·Free 
Guaranteed No Missing Codes Over tha SpecKied 

Temperature Range ' 
Hermetically·Sealed Package 
Standard Temperature Range: +2S"<: to +\l5°C 
Extended Temperature Range: -55°C to + 125"<: 
Serial and Parallel Outputs 
Monolithic DAC with Scaling Resistors'for Stability 
Low Chip Count for High Reliability 
Industry Standard Pin Out 
Small 24·Pin DIP 

AD5240 
Complate 12·Bit AID Converter with Reference and 

Clock 
Fast Successive Approximation Co~verslon: 5"s 
Buried Zener Rete..,nce for Long Term Stability and 

Low Gain T.C.: 10ppmI"C 
Max Nonlinearity: <:I: 0.012% 
Low Power: 775mW Typical 
Hermetic Package Available 
Low Chip Count - High Reliability 
Pin Compatible with AD ADC84JAD ADC85 

. "z" Models for :I: 12V Supplies 

Absolute Conversion Temp. 
Accuracy TIlDe Logic Jlaage3 

LSB ... 
2 SO TTL JJE 
2 50 TTL JJE 
2 SO TTJ. JJE 
2 50 TTL JJE 
2 13 TTL JJE 
2 13 TTL JJE 
2 13 TTL JJE 
2 13, TTL JJE 
N/A 5 TTL C 
N/A 5 TTL I 

Volume* 
Section 
Page 

I·IO-IOS 
1·10-105 
I·IO-IOS 
1·10-105 
1·10-105 
1·10-105 
1·10-105 
1·10-105 
I·I0-l11 
I·IO-lIl 

*1 = Volume I-Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 
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High Resolution 
REF GAIN CONVERT CLOCK 

OUT ADJ. COMMAND OUT 

DIGITAL +5V +V. SHORT -Va 
GND CYCLE 

r------------ - --- ----.---.1-----, 
I I 

I 
I 
I 
I 

I 

.. ,. .... 
"""" I I 

" HAI.MO. : 
I I L _______________________________ -I 

SPECIFICATIONS - Min or Max at TA = +25"C 

Relatioe DiIf .... 1iaI 
Model' Reaolu.tioa Accuracy No.Uaearlty' 

Bits % 

ADADC7IJN 16 ±O.OO6 NMCool3Bits 
ADADC7IKN 16 "'0.003 NMCtol4Bits 
ADADC72JN 16 ±O.OO6 NMCool3Bits 
ADADC72KN 16 ±O.OO3 NMCool4Bits 
ADADC72AN 16 ;to.OO6 NMCoo 13 lIits 
ADADC72BN 16 ±O.OO3 NMCto14Bits 
HAS-I409KM 14 ±O.OO6 NMC 
HAS-I409AKM 14 ±0.006 NMC 
HAS-I409LM 14 ±O.OO6 NMC 
AD7552KN 12 + SIGN ±0.012 NMCOT 

AD376JM 16 ±O.OO6 NMCOT 
AD376KM 16 ±0.003 NMCOT 

NOTES 
'Suffur: "N" -plutic DIP; Suffix "M" -metaU>IP. 
~MC-Nomiss.iDa:codes;NMCOT -Nomissingcodesover·temperature. 
~=Oto + 7O"C,I = -25°cto + 85"C. \ 

AD ADC71/AD ADC72 - AD376 
AD376: 15,.. Conversion TIme 
AD ADC71/AD ADC72: 45,._ Conversion Time 
Complete 16-Bit Converter with Reference and 

Clock 
±O.OO3'Yo Maximum Nonlinearity 
No Miaalng Codas over Temperatura (AD376) 
Short Cycle Capability 
Industry Standard Pinout 

HAS·1409 
14-Bit Resolution 
125kHz Word Rates 
Internal Track-and-Hold 
4G-Pin DIP 

AD7552 
12-Bit Binary with Polarity and Overrange 
Accuracy ±1LSB 
Microproc.sor Compatible 
Ratiometric Operation 
low Power: CMOS 

GIIiIlT.C. Convenioa Tanp. VollUlle* 
ppmI"C Time Lope Raap' Seetioa 

lIS Pap 

IS SO TIL C 1·10.175 
IS SO TIL C 1·10.175 
20 SO TIL C 1·10.175 
20 SO TIL C 1·10.175 
15 SO TIL I 1.10.175 
15 50 TIL 1 1·10.175 
20 8 TIL 1 1·10.207 
20 8 TIL 1 1·10-207 
20 8 TIL 1 1·10·207 
1 typ 160 TIL & C 1·10.127 

CMOS 
15 17 TIL C 803-41 
15 17 TIL C S·3-41 

*1 = Volume I-lDtqratcd. Circuits; II "" VoJume2-Modulca& Subsystems; S::z This Volume. 
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Analog-to-Digital Converters 
High Resolution 

AOC1140 
REf IN (20}------, 

15 BIT12 
14 BIT" 
13 BIll0 
12 BIT9 
\1 BITa 
10 81T7 
8 BIT6 
8 BIT& 
7 81T4 
8 Bill 
& INT2 

4 ... 

STATUS 

ADC1130/ADC1131 
14-Bit Resolution and Accuracy 
Fast 12 ... COnversion Time (ADC1131JIIQ 
Nonlinearity: :1:0.003% max 
Low 1OppmI"C Maximum Gain T.C. 
User Choice of Input Range 
No MIssing Codes 
Parallill and Serial Data Output 

ADC1140 
Low Cost 16-Bit AID Converter 
Guaranteed Nonlinearity: :1:0.003% FSR' max 
35 ... Maximum Conversion Time 
SmaU Size 2"x 2" x 0.4" 
Wide Power Supply Operation: :I: 12V to :I: 17V 

SPECIFICATIONS - Min or MaX at T A = + 25"C 

Model Resolution 

ADC1130 
ADC1131J 
ADC1131K 
ADCll40 

NOTES 
'pSRmeans Full Scale Range. 
'<:=Oto +70'C. 

Bits 

14 
14 
14 
16 

IleIative 
Accuracy 
%ofFSRl 

±O.OO3 
±O.OO3 
±O.OO3 
±0.OO3 

Differential 
Nonlinearity GainT.C. 
%ofFSRl ppmI"C 

±O.OO6 12 
±O.OO6 12 
±O.OO3. 10 
±0.OO3 12 

*1 = Volume 1-Integrated Circuits; n = Volume 2 -Modules & Subsystems; S = This Volume. 
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Conversion Output 
Time Loci" ... 

25 TIL 
12 TIL 
12 TIL 
35 TIL 

Temp. Volume* 
Raagel S"tion 

Pace 
C 11-11-27 
C 11-11-27 
C 11-11-27 
C 11-11-31 



DIG COM 

f------1 7 BUSY 

g~~~~~ 2 

-FACTORYTESTONL Y; LEAVE UNCONNECTED 

16·BIT SUCCESSIVE 
APPROXIMA nON REGISTER 

gg~!~b 21)--------1 INTERNAL 
CLOCK 

14 BIT11 

12 BIT9 
11 BlTa 
106IT7 
9 BIT6 

6 BIT3 
5 BIT2 

4 MSB 

SPECIFICATIONS - Min or Max at T A = + 25°C 

Model Resolution 

ADll70 
ADC1I43J 
ADC1I43K 

NOTES 
IpSR equals Pull Scale Range. 
'C=to +70"C. 

Bits 

IS' 
16 
16 

Relative 
Accuracy 
%ofFSR' 

±O.OOI 
±0.0015 
±O.OOOS 

'Resolution is user programmable from 7 to 22 Bits. 

Differential 
Nonlinearity 
%ofFSR' 

±O.OOOS 
±0.OOI5 
±O.OOOS 

'Integration time is user programmable from I to 350 milliseconds. 

AD1170 
Low Cost Integrating AID Converter 
Microcomputer-Based Design 

Programmable Output Data Format: 
7 to 18-Bit Resolution 
Offset Binary or Two's Complement 

Programmable Integration Time: 
1 to 3S0 Milliseconds 

Auto Zeroed and Electronic Calibration 
Low Integral Nonlinearity: ± 10ppm FSR 
High Normal Mode Rejection: 

-S4dB @60Hz 
-60dB@SOHz 

Microprocessor Compatible Interface 
Small Size: 1.24" X 2.S" X O.SS" maximum 

ADC1143 
High Performance 16-Bit AID Converter 
Low Power Consumption: 

17SmW max. Vs= ±1SV 
1S0mW max. Vs= ±12V 

Guaranteed Nonlinearity: 
±O.006% FSR max (ADC1143J) 
±O.003% FSR max (ADC1143K) 

Guaranteed Differential Nonlinearity: 
±O.006% FSR max (ADC1143J) 
±O.003% FSR max (ADC1143K) 

Low Differential Nonlinearity T.C.: 
±2ppmrC max (ADC1143J) 
±1ppm'oC max (ADC1143K) 

Fast Conversion Time: 
70"s max (ADC1143J) 
1ooJ'S max (ADC1143K) 

Wide Power Supply Operation: 
Vs= ±11.4Vto ±18.0V 
Vo= ±3.0Vto +18.0V 

Conversion 
GainT.C. Time 
ppml"C 

5 I to 35Oms' 
12 7Ol1s 
12 lOOl1s 

Output 
Logic 

CMOS 
CMOS 
CMOS 

Temp. Volume" 
Range2 Section 

Page 

C S-3-173 
C 11-11-35 
C 11-11-35 

*1= Volume I-Integrated Circuits; 11= Volume 2-Modules & Subsystems; S = This Volume. 

SELECTION GUIDES 2-73 



Analog-to-Digital Converters 
High-Speed 

-1OV REF -1SV RfF -1OV REF POWER 
OUT IN IN GROUND -I-1SV +6V 

COMPARATOR OND ENCOOE COMMAND 

AD ADC-S16 
10-8it Resolution 
BOOnl Conversion Time 
Six Input Range. 
Unipolar or Bipolar 

D/AOUTO-:+---;;;==--i 

~.')EAD HAS-OS02lHAS-1002 
BIPOLAR 
OFFSET 

GROUND 

COMPARATOR 
INPUT 

'fN~~'}'" <>-',..--..... --1 
GROUND """'=+-__ ':"-1 

DlAIN 

+1SV -15V +5V DIGITAL 
GROUND 

ENCORE 
COMMAND 

SPECIFICATIONS - Min or Max at TA = 

Relative 
Mndel1 Resolution Accuracy 

Bits LSB 

ADADC816KD 10 ±112 
AD ADC-816BD 10 ±112 
ADADC-816SD 10 ±112 
HAS-0802 8 ±'112 
HAS-0802M 8 ±112 
HAS-1002 10 ±112 
HAS·l002M 10 ±112 

NOTES 

IMSBI ~ 

: ~ 
I ~ 
I " 
I ~ 
I ~ 
I ~ 
I ~ 
I 

+25OC 

Differeutia1 
Nonlinearity2 

NMC 
NMC 
NMC 
NMCOT 
NMCOT 
NMCOT 
NMCOT 

HAS·0802: 8 Bits Resolution 
HAS-1002: 10 Bits Resolution 
Low Power 
AdJustment·Free Operation 

Convenion 
GainT.C. Time 
ppmI"C. .... 

28 800 
28 800 
28 800 
30 1500 
30 1500 
30 1700 
30 1700 

INoSUffix, Suffix "B", "D", "K", "8" -hermetic ceramic DIP; Snffix "M"-metal DIP. 
'NMC-Nomissingcodeo;NMCOT -No missing codes over temperature. 
Jc=Oto +7O"C,1 = -2S"Cto +8S"C,E= -SS"Cto + 12S"C. 
*1 = Volume 1-Integrated Circuits; II = Volume 2-Modules & Subsystems; S = This Volume. 
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LoPe 

TIL 
TIL 
TIL 
TIL 
TIL 
TIL 
TIL 

Temp. Volume* 
Rance! Section 

Page 

C S·3·m 
I S·3·323 
E 8-3·323 
C 1·10-201 
C 1·10-201 
C 1·10-201 
C 1·10-201 



ANAI.OQ [':~ ""'::::.,~O k CU'AEN' OU"'"' 0" 'ONVE'''" I 
GROUND 20 ~~~R~E 'r'--r-ro-;I'CC"T24m:;;y;A:,' r-r-r..--r' 

SOURCE I 5 

DIA OUTPUT (2'9' -----~, R+-H >-t-t+++-+-HH--<9. 
ag'1'~i~~ 29 Q.; 7 

:'f-1~OV'll.,"mA L ~L ~J 
':~ Lrj , DIGITAL 1--; 

aROUND 30 -1SV I L.1, 

~~:t'.g (,~ I L~, 

'"' 1M I 

-"y 4~ HAS,,202 L ~~: ~,: 
ANALOG q'40 L ~ ~ ~16 ,~~~,' 
aROUND 4 1" , COMPARATOR -, ~ DATA READY 

A~:-LO": .. .., r.-.. I L:l. I 
INPUT ~ SUCCESSIVEAPPfKlXIMATIONREGISTER J 

AND IJIGtTAL DRIVER 

" U".A.:GH ... "''-------.,:--.,----..J 

C~~~1~t:====C=~==AM='=0="======:j~,~~~~~N~~RW~AN~~~~I ____ ..J 

SPECIFICATIONS - Min or Max at T A = +2S'C 

Relative Diffelential 
Modell Resolution Accuracy Non1inearitr 

Bits LSB 

AD37SKD 12 NMCOT 
HAS-1202 12 ±112 NMC 
HAS-1202A 12 ±112 NMC 
HAS-1202M 12 ±112 NMC 
HAS-1202AM 12 ±112 NMC 
HAS-1202MB 12 ±1/2 NMC 
HAS-1202AMB 12 ±112 NMC 

NOTES 

AD375 
Guaranteed 12-Bit No Missing Codes Over 

Temperature 
900ns Conversion Time 
1MHz Throughput Rate 
Small 4O-Pin Hermetic Ceramic Package 
TIH Control Line 
Gain Accuracy 0.25% Untrimmed 
Four Input Ranges (±2.SV. ±SV. 0 to +SV and 

Oto +10VI 
Trl-5tate Latched Output Data 

HAS-1202/HAS-1202A 
12-Bit Resolution 
1.58,.s Conversion Time 
Conversion Rates to 641kHz 

• Conversion 
GainT.C. Time 
ppml"C 

2S lOOOns 
60 2860f-LS 
60 IS60..,. 
60 2860..,8 
60 IS60f-LS 
60 2860..,. 
60 1S60f-LS 

Logic 

TIL 
TIL 
TIL 
TIL 
TIL 
TIL 
TIL 

Temp. 
Raqe3 

C 
C 
C 
I 
I 
E4 
E4 

INo Suffix, Suffix "A", uR" ,-hermetic ceramic DIP; Suffix uD" -Ceramic DIP; Suffix "M" -metal DIP. 
'NMCOT -No missing code8 over tcmperature; NMC-No missing codes. 
~=Oto + 7O'C,1 = -2S'Cto +8S'C,E= -S5'Cto + 125'C. 
4 _ SS'C to + l00'C. 
*1 = Volume 1-Integrated Circuits; n = Volume 2 -Modules & Subsystems; S = This Volume. 

Volume· 
Section 
Page 

S-3-39 
S-3-379 
S-3-379 
S-3-379 
S-3-379 
S-3-379 
S-3-379 
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Analog-to-Digital. Converters. 
High-Speed 

ro~r~3}-----~ 
I 
I 
I 

~~;RL 8)-________________________ ~ 

+15V GROUND 

HAS-1201 
12-8it Resolution 
1MHz Word Rate 
TIH and Timing Circuits 
Single Hybrid Package 

HAS-1204 
12-8it Resolution 
500kHz Word Rate 
Internal Track-and-Hold 
Single 4O-Pin DIP 

SPECIFICATIONS - Min or Max at TA = +25"C 

Modell 

HAS-1201KM 
HAS-1201SM(SMB) 
HAS-1204BM 
HAS-1204SM 

NOTES 
'40·PinMetaiDIPs. 

Resolution 
Bits 

12 
12 
12 
12 

Relative 
Accuracy 

%FS 

0.0125 
0.0125 
0.0125 
0.0125 

'C = 0 to + 70'C, 1 = - 25°C to:;' 85'C, E = - 55'C to + 125'C. 

Linearity Small Conversion 
vs.Temp. SignalBW Rate 
ppml"C (3dB) MHz 

10 2 1.05 
10 2 1.00 
3 7 0.5 
3 7 0.5 

3HAS-1201 SMlSMB will operate with derated performance over temperature range of - 55'C to + l00'C. 
• - 55'C to + l00'C. 
*1= Volume I-Integrated Circuits; II= Volume 2-Modules& Subsystems; S = This Volume. 
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Temp. Volume* 
Logic Range2 Section 

Page 

TTL C S-3-377 
TTL 13 S-3-377 
TTL 1 S-3-381 
TTL E4 S-3-381 



Video 

~~~~ 2 
ITIETO 
PlN'61 

ENCODE Z 
COMMAND 

!m..' 

OFFSET 
+ 

OVERFLOW 

.v, 
7 

1ST 2ND 
ENCODER ENCODER 

-v, 

AD9000 

IUTtCMSBI 

iiiT 

iff3 

211i'f1 

'1 BIT a 
1tiiiiT 

l1iiiTi 

, i'i'i'lOCLSBI 

~------~~~--------------------~ 

SPECIFICATIONS - Min or Max at TA = +2S"C 

Relative Linearity 
Modell Resolution Accuracy vs.Temp. 

Bits %FS ppmf'C 

AD9000JD 6 0.04 30 
AD90008D 6 0.04 30 
CAV.oo20 9 0.1 10 
CAV·I04O 10 0.05 10 

NOTES 
I AD9000 = 16-Pinceramic DIP; CA V..()920andCA V·1040= 35·inchz car,1. 
'C=OIO + 700c,E = -55"<:10 +125"<:. 

AD9000 
6·BIt. 75MHz Minimum Rates 
No T/H Required 
-SS"C to + 125"C Temperature 
Overflow Bit for Cascading 

CAV-0920 
9·Bit Resolution 
20MHz Word Rates 
Single 35-lnch2 Card 
ECl Compatible 
No External Support Circuits 

CAV-1040 
10-Bit Resolution 
40MHz Word Rates 
Single 35-lnch2 Card 
ECl Compatible 
No External Support Circuits 

Small Conversion 
SipaJBW Rate 

(3dB) MHz 

25 100 
25 100 
30 20 
30 40 

Logic 

ECL 
ECL 
EeL 
EeL 

*1= Volume I-Integrated Circuits; II= Volume 2-Modules & Subsystems; S=Tbis Volume. 

• 

Temp. Volume· 
Ilaqez Section 

Pap 

C 1·10-167 
E 1·10·167 
C 11·11·39 
C 8+9 
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'Analog-to-DigitaIConverters 
Video 

=Og 

~ .. 
READV 

~" ..... , 

Il'arrl(r,'llllll .. "" .. "" " ... .. ... 
.. lin 
n "'. ....... 
.. • n ...... 
" .. " ...... .. "" ..... 
" "" ...... 
""" ..... 
10 lIT" 

" om 
" BlTn 

" 11m , ... 1T12,LSBI 

" om 

31 81T1 (MSIII 
3tI iiTi 
:t4 8rTI 
l511i'fl 
n Sl13 
33 iiifl 
318"4 .. ..,.. ... " .. "" ~. 8fT, 
~ .. iil'n .. "" 25 iiIT7 
:u 9111 

::: 
21 iI'fi 

SPECIFICATIONS - Min or Max at TAo = +2S"C 

CAV·1202 
12·Bit Resolution 
2MHz Word Rates 
Singla Eurocard Size 
TTL Compatible 
No External Support Circuits 

CAV·1210' 
12·Blt Resolution 
10MHz Word Rates 
Single 35·lnch2 Card 
ECl Compatible 
iIIo External 'Support Circuits 

CAV·1220 
12·Bit ~asolution 
20MHz Word Rates 
Single 35·lnch2 Card 
ECl Compatible 
No External Support Circuits 

Relative Linearity Small Convenion 
Modell Resolution Accuracy VI. Temp. 

Bits %FS ppml"C 

CAV·1202 12 0.0122 
CAV·1210 12 0.0125, 
CAV·I220 12 0.0125 

NOTES 
lCAV.1202-Eurocard;CAV.1210andCAV·1220:"'3S·inch'card. 
'C=Oto +7O'C. 

10 
10 
10 

SigaalBW Rate 
(3cIB) MHz 

5 2 
35 10 
40 20 

·1 = Volume I-Integrated Circuits; II = Volume 2-Modules & Subsystems; S = This Volume. 
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Temp. Volume· 
Lope JlaD&e2 Section 

Page 

TIL C 8-4-11 
EeL C 11·11·45 
EeL C 8-4-13 



~u\.DG 

ANALOG ... ~ 
UNIPOLARI 

t~A 
SELECT 

=~ ---.,,~ 

ANALDO 
GAOUND 

-" INPUT 

HV9A1O GRAY ENCODERS 

BITS' 

BITS 
ILSBI , 

I 
I 
I 
I 
I PARALLEL 

I DATA OUT 

I 
I 

.. I~~ 
DATA 
READY 

'"' 

-" .. , """ LOGIC 
INPUT ''''''' ~ GROUND GROUND 

~I>,.-¥';--o :::i' D,.,TAL 

I OUTPUTS , 
i 

BITa 

DAIVERS 1 

AANGE (L881 

SELECT .,.4-r----{~~~~~}_--F_0 ENCODE 
"-'ND 

ENCODE 
GROUND 

POWER LOGIC +16V 
GROUND GAOUND 

AA AND AE AAE DETERMINED BV THE ANALOG INPUT IMPEDANCE 
AND ENCODE COMMAND INPUT IMPeDANCE, RESPECTIVEL V. 

SPECIFICA nONS - Min or Max at T A = + 25"C 

Modell Resolution 

MATV-OS11 
MATV-OS16 
MATV-OS20 

NOTES 
1 All units 5.5" x 4.38" x 0.85". 
'C = 0 to + 7O"C. 

Bits 

S 
S 
S 

Relative Linearity 
Accuracy va. Temp. 

%FS ppmI"C 

0.15 100 
0.15 100 
0.15 100 

MATV-0811 
8-Bit Resolution 
11 MHz Word Rates 
Complete with T/H 
Factory Repairable 

MATV-0816 
8-Bit Resolution 
16MHz Word Retes 
Complete with TIH 
Factory Repairable 

MATV-0820 
8-Bit Resolution 
20MHz Word Rates 
Complete with T/H 
Factory Repairable 

Small Conversion 
SipalBW Rate 

(3dB) MHz 

20 11 
20 16 
20 20 

*1 = Volume I-Integrated Circuits; II = Volume 2-Modules & Subsystems; S = This Volume. 

Temp. Volume· 
LoPe: 1taqe2 Sec:tion 

'. 
TIL C 11-11-57 
TIL C 11-11-57 
TIL C 11-11-57 
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Analog-to-Digita,1 Converters 
Video 

:Jm:t 

MOD.1005 

r-------------~ 

-16V +6V 

ffi 

'~ 

! 

i1fT 

, "" 
om-
." 
i1f"i 

'"' ,.,..-

ii'fi 

liii7 

tlliffi 

17fii'fi 

1&iI'f1OILBBl 

~, 

~--~~~~----------------~ 

ANALOG 
INPUT 

ENCODE 
COMMAND 
QROUND 

"'V 
'WITH PIN 30 OPEN, ANALOG INPUT IMPEDANCE IS 4OOIl. WITH PIN 30 
GROUNDED, ANALOG IMPEDANCE IS &On. 

ii'fT 
Brr, ... 

I 

i~ 
l~ 
I' 
1° 
I 

BIT 12 
LIB 

SPECIFiCATIONS - Min o~ Max at TA = +2S"C 

Relative Linearity 
Modell Resolution Accurac:y va. Temp. 

Bits %FS ppmI"C 

MOD·1005 10 0.05 5 
MOD·1020 10 0.05 5 
MOD·1205 12 0.0125 5 

NOTES 
'MOD·lOOS-27·inch2 card; MOD·I020 and MOD-1205-35·inch2 card. 
>c = 0 to + 7O"C. 

MOD-1005 
10·Bit. 5MHz Word Rates 
Complete with TIH 
Single 27·lnch2 Card 
TTL Compatible 

MOD-1020 
1G-Bit Resolution 
20MHz Word Rates 
Complete with TIH 
ECL Compatible 

MOD-1205 
12·Bit Resolution 
&MHz Word Rates 
Built·ln Track 81 Hold 
TTL Compatible 

Small Conversion 
SignaJBW Rate 

(3dB) MHz 

20 5 
30 20 
15 5 

*1= Volume I-IntcgratedCircuits; U= Volume 2-Modules & SU!>s'ystem8; S=TbisVolume. 
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Temp. Volume· 
Logic Range' Section 

Pace 
TTL C 11-11-61 
EeL C 0:11.65 
TTL C 11·11-69 



Yoltage-to-Frequency Converters 

BIPOLAR 
OFFSET 4 

CURRENT 

ONE 
SHOT 6 

CAPACITOR 

~Va (CONNECTED TO CASEI 

OFFSET 
NULL 

OFFSET 
NULL 

+Vs 

ANALOG 
GND 

DIGITAL 
GND 

COMPARATOR 
INPUT 

AD537 
Low ~ A-D Conversion 
Versatile Input Amplifier 

Positive or Negative Voltage Modes 
Negative Current Mode 
High Input Impedance. Low Drift 

Single Supply. 5 to 36 Volts 
Unearity: :1:0.05% FS 
Low Power: 1.2mA Quiescent Current 
Full Scale Frequency up to 100kHz 
1.00 Volt Reference 
Thermometer Output (1mVIKI 
F-V Applications 

AD650 
V/F Conversion to 1MHz 
Reliable Monolithic Construction 
Very Low Nonlinearity 

0.002% typ at 10kHz 
0.005% typ at 100kHz 
0.07% typ at 1MHz 

Input Offset Trimmable to Zero 
CMOS or TTL Compatible 
Unipolar. Bipoler. or Differential VlF 
V/F or FN Conversion 

AD651 
Full-Scale Frequency (Up to 2MHzI Sat by External 

System Clock 
No Critical Extemal Components Required 
Extremely Low Unearlty Error 

(0.005% max at 100kHz 
0.02% max at 2MHzI 

Low Drift (25ppmI"C maxI 
Dual or Single Supply Operation 
Voltage or Current Input 

SPECIFICATIONS - Min or Max at TA = +25OC 

FuU 
Scale Nonlinearity Logic 

Modell Freq_ atr...,.-% Output 
MHz 10kHz, 100kHz, 250kHz, 500kHz, lMHz, 2MHz 

ADS37]H(JD) 0.15 0.15 0.25 Symmetrical 
ADS37KH(KD) 0.15 0.07 0.1 Symmetrical 
ADS37SH(SD) 0.15 0.07 0.1 Symmetrical 

AD6S0]N(AD) 1.0 0.005 0.02 0.05 Pulse 
AD6S0KN(BD) 1.0 0.005 0.02 0.05 0.1 Pulse 
AD6S0SD 1.0 0.005 0.02 0.05 0.1 Pulse 

AD6S1AQ(SQ) 2.0 0.02 0.02 0.02 0.05 Pulse 
AD6S1BQ 2.0 0.005 0.005 0.005 0.02 Pulse 

NOTES 
'SulTlX "N" -plastic DIP; Suffix "D" - ceramic DIP; Suffix "H" -metal header. 
'C=Oto +70"C,I= -25"Cto +85"C,E= -S5"Cto + 125"C. 
*1 = Volume 1-Integrated Circuits; U = Volume 2 -Modules & Subsystems; S = This Volume. 

Temp. 
Range' 

C/C 
C/C 
C/C 

C/I 
C/I 
E 

lIE 
I 

Volume* 
Section 
Page 

1·11·7 
1·11·7 
1-11-7 

1-11-15 
1-11-15 
I-ll-IS 

S-3-137 
S-3-137 
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· ·Voltage-to..;Frequency Converters 

ONE SHOT 
CAPACITOR 

10 COMPARATOR 
INPUT 

SPECIFICATIONS - Min or Max at TA = +25"C 

FaD 

AD654 
Low Cost 
Single or Dual Supply. 5 to 36 Volts. :tSV to :t18V 
Full Scale Frequency Up to 500kHz 
Minimum Number of Extemal Components Needed 
Versatile Input Amplifier ' 

Positive or Negative Voltage Modes 
.Negative Current Mode 
High Input Impedance. Low Drift 

Low Power: 2.0mA Quiescent Current 
Low Offset: 1mV 

ADVFC32 
High Linearity 

:to.01"1o max at 10kHz FS 
:to.05"1o max·at 100kHz FS 
:t 0.2"10 max at O.SMHz FS 

Output DTl/TTUCMOS Compatible 
V/F or FN Conversion 
6 Decade Dynamic Range 
Voltage or Current Input 
Raliable Monolithic Construction 

Scale Nonlinearity LotIic Temp. 
Modell Frequency at £",,-"10 Output llaqe2 

MHz 10kHz, 100kHz, 250kHz, 500kHz, IMHz, 2MHz 

AD654JN 0.5 0.1 0.4 Symmetrical C 

ADVFC32KN 0.5 0.01 0.05 0.2 Pulse C 
ADVFC32BH 0.5 0.01 0.05 0.2 Pu1se 1 
ADVFC32SH 0.5 0.01 0.05 0.2 Pu1se E 

NOTES 
'SuffIX "N" -plastic DIP; SuffIX "H" -Uleta! header. 
'c = 0 to + 7O"C,1 = - 250C to + 85OC, E = - 550C to + 125OC. 
*1= Volume I-Integrated Circuits; II = Volume2-Modules & Subsystems; S=this Volume. 
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Volumc* 
Section 
Pace 

S·3·153 

1·11·27 . 
1·11·27 
1·11·27 



SPECIFICATIONS - Min or Max at T A = +2Soc 

IDput IQput 
Model Range Range 

V mA 

458J 010 ± 10 010 +0.5 
458K 010 ± 10 010 +0.5 
458L 010 ± 10 010 +0.5 
460J 010 ± 10 010 +1 
%OK 010 ± 10 010 +1 
460L 010 ± 10 010 +1 

NOTES 
'C=OIO +7O"C. 

458/460 
Model 468: Full Scale Output 100kHz 
Model 460: Full Scale Output 1MHz 
High Stability: 5ppmFC max. Model 468L 

15ppmi"C max. Model 460L 
High linearity: ±0.01% max at 100kHz, ModelG8 

±0.015% max at 1MHz. Model 460 
Versatility: DiHerentlallnput Stage 

Voltage and Current Inputs 
Floating Inputs: ± tOV CMV 

Wide Dynamic RanQe: 6 Decades, Model 460 
TTlJDn Compatible Output 
No External Components to- Meet Rated 

Performanca 

FuJI Scale NoaJiaearity Temp. Volume· 
Output Error GainT.C. Ranae1 Section 

kHz % ppmrc Page 

100 0.01 20 C 11-12·13 
100 O.ol 10 C 11·12-13 
100 0.01 5 C II-12-13 
1000 0.015 50 C 11-12-13 
1000 0.015 25 C 11-12-13 
1000 0.015 15 C 11-12-13 

*1= Volume I-Integrated Circuits; 11= VoIume2-Moduies & Subsystems; S=This Volume. 
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Synchro, Resolver, Inductosyn* and LVOT-to-Oigital Converters 
All of the products described below use the trlicking conversion technique in which the digital output follows the synchro or resolver 
shaft automatically without the need for convert commands or wait loops. Apart from producing instantaneous angular data, this 
inherently ratiometric conversion method is also very toletant of noise on the signal inputs as well as voltage drops between the 
transducer and the converter. Advantage can, therefore, be taken of the fact that angular data can be transmitted in analog format 
through noisy environments to a digital converter which may be a considerable distance away from the resOlver, synchro or LVDT. 

Many of the hybrid products and all of the modular products contain internal transformer isolation and much use is made of custom 
integrated circuits. 

Applications for the products range from military and aerospace uses such as radar and sonar to industrial jobs such as robotics and 
CNC. Industrial applications have become very prominent in the last few years since it has been recognized that a brushless resolver 
and an R-to-D converter provide an unbeatable, cost effective and reliable method of obtaining an absolute digital representation of 
angular movement. 

TrackiDg Rate 
Resolution Output Jopul ""<:Ur8cy Options Reference Frequency SipaiJopul 
(Bits) ProcIIICI Format' Fol"llllll' (_mills) '(revs/see)' Options (Hz) Options (V nos) 

10 ISIO BIN I,R ±25 360,680 2.6k-+5k,5k _10k 2.0 

10 ISI4 BIN I,R ±25 680 2k_lOk 2.0 

10 SDClRDCI702 BIN S,R ±21 5,36,75 6O,4OO,2.6k 11.8,26,90 
10 SDClRDCI726 BIN S,R ±21 5,36,50 60,4OO,2.6k 11.8,26,90 

12 SDClRDCI741 BIN S,R ±15.3 18 4OO,2.6k 11.8,26,90 
12 SDCIRDCI742 BIN S,R ±8.S 18 4OO,2.6k 11.8,26,90 
12 SDClRDCI767 BIN S,R ±8.5 36 4OO,2.6k 11.8,26,90 

12 IS20 BIN I,R ±8.S 50,90,170 4OO_2.6k,2.6k ...-Sk,Sk-+IOk 2.0 

12 IS24 BIN I,R ±8.5 170 2k_lOk 2.0 

12 2S20 BIN I,R ±11' 100 Ik_lOk 2.5 

12 SDClRDCI700 BIN S,R ±8.5 5,36,75 6O,4OO,2.6k 11.8,26,90 
12 SDClRDCI725 BIN S,R ±8.S 5,36,50 60, 400, 2.6k 11.8,26,90 

12 IRDCI730 BIN I,R ±8.S 68,87,170 400, 2.6k, Sk, 10k 2.5 
4000 IRDCI731 Serial I,R ±2Counts 100 Sk 2.5 
Counts 
12 IRDCI732 BIN I,R ±21 50,100 4OO,lk-+lOk 2.5 
12 IRDCI733 BIN I,R ±8.S 68,87,170 400, 2.6k, Sk, 10k 2.5 

14 SDClRDCI740 BIN S,R ±5.2 12 4OO,2.6k 11.8,26,90 
14 SDClRDCI768 BIN S,R ±S.3 12 4OO,2.6k 11.8,26,90 

14 1840 BIN I,R ±S.3 12.5,22.5,42.5 4OO.-2.6k,2.6k.-Sk,Sk .-IOk 2.0 

14 1844 BIN I,R ±S.3 42.5 2k_IOk 2.0 

14 SDClRDCI704 BIN S,R ±4 1.4,12,25 60,400, 2.6k 11.8,26,90 

14 SBCDIRBCDl752 BCD S,R ±0.2° 5,36,75 60, 400, 2.6k 11.8,26,90 
14 SBCDIRBCDI753 BCD S,R ±0.2" 5,36,75 60,4OO,2.6k 11.8,26,90 
14 SBCDIRBCDl756 BCD S,R ±0.2" 5,36,75 6O,4OO,2.6k 11.8,26,90 
14 SBCDIRBCD1757 BCD S,R ±0.2° 5,36,75 6O,4OO,2.6k 11.8,26,90 

16 IS60 BIN I,R ± 4.0, ± 2.6' 3,5.5,10.5 4OO'-2.6k,2.6k .-5k,5k_lOk 2.0 

16 IS61 BIN I,R ± 10, ± 4.0' 3,5.5, 10.5 4OO_2.6k,2.6k '-5k,5k_lOk 2.0 
16 IS64 BIN I,R ±4.0, ±2.6' 10.5 2k_IOk l.O 

16 SDClRDCI711 BIN S,R ±1.3 400 11.8,26,90 
16 SDClRDCI721 BIN S,R ±0.67 360-2.9k 11.8,26,90 

16,14,12,106 IS74 BIN I,R ±2.67 6807 2k.-lOk 2.0 

11 2S50 BIN' LVDT 0.1' 2ooLSB/ns9 400, Ik -+-lOk 2.5 

NOTEii-
~utionisUserSelecblble. 'BIN - BiDary;BCD c BiDaryCodedDecimal;Serial- 4OOOCOUDtserialoutput~ 

28 = Syochro; R =- Resolver; 1 = hJductosyn. 'Depends on Resolution Selected. 

'RevaIsec cquivalcat to pitches/sec in the cue of an IDductosyn; in general 'LVDTConvencr Accuracyr;iven as % Full Scale. 
hiBher_frequeDtyoptionabavehiBhertrackiDarates. 'Slew Rau:(min). 

'C - Oto +7O"C;E - -55"Cto + 125"C;MR - -55"Cto + lO5"C. *lnductosyn iss re~ trademarkofFarrandlndustries, Inc. 
'Coasult DaIa Sheet. 
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TrIIIIlIformer Operating 
Reference IDpul lIP Packaae Temperature 
OpIioas (V rau) bolalioa Type ret Features 

2.0 No 32-Pin Triple DIP C,E High Tracking Rate with Velocity, Error, Ripply Carty and 
Direction Outputs. Latched Tri-StateOutput. Low Cost 

2.0 No 4O-Pin Triple DIP C,E High Speed, Inductosyn/Resolver Converter with 
Tachogenerator Velocity Output 

11.8,26,115 Yes Module C,MR Industry Standard ModularConverter 
11.8,26,115 Yes Module C,MR Tri-State, Latched Output 

11.8,26,115 Yes 32-Pin Triple DIP C,E Tri-State, Latched Output Internal Transformer Isolation 
11.8,26,115 Yes 32-Pin Triple DIP C,E Tri-State, Latched Output Internal Transformer 1aolatinn 
11.8,26,115 Yes 32-Pin Triple DIP C,E Tri-State, Latched Output High Tracking Rate. Error Output VelocitY 

Output.lDterna1 Transformer Isolation 

2.0 No 32-Pin Triple DIP C,E High Tracking Rate with Velocity, Error, Ripple Carty and 
Direction Outputs. Latched, Tri-State Output. Low Cost 

2.0 No 4O-Pin Triple DIP C,E High Speed, InductosynlResolver Converter with 
Tacbogen~tor Velocity Output 

2.5 No 32-Pin Triple DIP C Low Cost, High Speed, InductosynlResolverConVerter 

11.8,26,115 Yes Module C,MR Industry Standard Modular Converter 
11.8,26,115 Yes Module C,MR Tri-State, Latched Output 

2.5 Yes Module C,MR High Speed, InductosynlResolver Converter 
2.5 Yes Module C,MR High Speed, Serial Output, InductosynlResolver Converter 

2.5 No 32-Pin Triple DIP C,E Low Cost, High Speed, InductosynlResolver Converter 
2.5 Yes Module C,MR As IRDCI730 But No de Velocity Output 

11.8,26,115 Yes 32-Pin Triple DIP C,E Tri-State, Latched Output Internal Transformer Isolation 
11.8,26,115 Yes 32-Pin Triple DIP C,E Tri-State, Latched Output, Error and Velocity Outputs. 

Internal Transformer IsoJatinn. 
2.0 No 32-Pin Triple DIP C,E High Tracking Rate with Velocity, Error, Ripple Carty and 

Direction Outputs. Latched, Tri-State Output. LowCost 
2.0 No 4O-Pin Triple DIP C,R High Speed, InductosynlResolverConVerterwith 

Tacbogenerator Velocity Output 

11.8,26, il5 Yes Module C,MR Industry Standard Modular Converter 

11.8,26,115 Yes Module C,MR :t180.O"BCDOutput 
11.8,26,115 Yes Module C,MR o to 360" BCD Output 
11.8,26,115 Yes Module C,MR :t 180" BCD Output. + 15Vand + 5V de Power Supply 
11.8,26, 115 Yes Module C,MR o to 360" BCD Output. + 15V and + SV de Power Supply 

2.0 No 32-Pin Triple DIP C,E High Tacking Rate with Velocity, Error, Ripple Carty and 
Direction Outputs. Latched, Tri-State Output. Low Cost 

2.0 No 32-Pin Triple DIP C,E Lower Accuracy Version of IS6O. Low Cost 
2.0 No 4O-Pin Triple DIP C,E High Speed, IndUCIosynlResolver Converter with 

Tacbogenerator Velocity Output 

11.8,26, liS Yes Module C,MR Low Profile Modular, 16-Bit Converter 
11.8,26,115 Yes Module C,MR Modular 16-Bit Converter 

2.0 No 4O-Pin Triple DIP C,E High Speed, InductosynlResolver Converterwith 
Tacbogenerator Velocity Output and User Selectable Resolution 

2.5 No 32-Pin Triple DIP C,E Direct Conversion ofL VDT Signal, No External Trims 
Required, Tri-State Output 
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Digital-to-Synchro and R~solver Converters 
In addition to the traditional industry standard modular digital-to-synchro and resolver converters, Analog Devices manufacture 
the DRC1745 and DRC1746. These hybrid converters feature internal2VA power amplifiers, latched inputs, optional TransZorb* 

, protection on the outputs and the facility of using a' pulsating power supply for gready reduced power dissipation. These products 
modulate an ac or de reference voltage by the sine and cosine of an input digital angle. Along with the DRC1765 and DRC1766,. 
which are similar but have no power output stage, these products can be used for a variety of applications including digital-to-synchro 
and resolver conversion and PPI waveform generation. 

Ref ...... Ref ...... slpal 
Resolution Input Output A ........ Loado.m.a F ........ .,. Jnputv ...... OutputV ...... 
(Bits) PnxI .... F ....... • FonDat' (arcmin&) CapaIriIity 0pd0ns(Hz) Options (V .... ) 0pd0ns(V .... ) 

DSCfDRC1706 12 BIN s,il ±8 1.3VA 60,400 1l.8,Z6,llS '" 11.8,26,90 

I1TM17l7 12 BIN R ±3 SmA de_8000 0_7 o -+-7 

I1SClDRCI70S 14 BIN S,R ±, 1.3VA 60,400 11.8,26,115 11.8,26,90 

DTMl716 I' BIN R ±3 SmA de -+-8000 0_7 0-+7 
DRC1745 14 BIN' R z2, :!::4~ 2.0VA' dc.,.2600 0 .... 3.4 Q-+,6.8 

DRC1765 14 BIN' R ±2,±4s 4.3mA dc-.2600 0 .... 3.4 0 .... 6.8 

DRCI746 16 BIN' R ±2, ±4s 2.0VA6 dc~2600 0 ..... 3.4 0 .... 6.8 

DRC1766 16 BIN' R ±2,±45 4.3mA de_2600 0 ..... 3.4 0 ....... 6.8 

NOTES 
'BIN = B1nary. ZS = SyDCbro;R = Resofver. 3<; .. Oto+7O"C;MR = -SS"Cto+lOS"Ci 4'Jwo bytelatchcdinput,CMOSoriowpowerSc:hottky . 

B'"' -S5OCto + 125-<: depeDdil18ODopOOD. 

Transformers 
Input transformers are of two types, Reference and Signal. Reference transformers are used to isolate the reference input to 
either a digital-to-resolver or a resolver-to-digital convert:er. Signal transformers are used to isolate the signal inputs toa resolver-to
digital converter. 

Output transformers can be used with the digital-to-resolver converter products to provide an isolated synchro or resolver output. 
Converters without a power output stage will require the SPA1695 amplifier. All the modules except for the STMlRTMl683 
contain aD input reference transformer. , , 

INPUT TRANSFORMERS 
Input Voltage Package 

Frequency Accuracy Options Package Size 
ProiIuct Description (Hz) (arc mills) (Vrms)' Type Inches(mm) 

STMI680 Refisolalion for DRCI745 and 400 N/A 11.8,26,11.5 Module 1.12 x 1.12 x 0.4 
DRCI746 (28.5 x 28.5 x 10.2) 

5S72 Refisolalion for IS 14/24/44/64n4 36010 . N/A 11.8,26,11.5 Module i.12 x 1.12 x 004 
and IS 10/20/40/60/61 3000 (28.5 x 28.5 x 10.2) 

5S70 Signal inpul for IS 14/24144/64/74 36010 ±0.33(lyp) 11.8,26,90 Module 2.25 x 1.12 x 0.4 
and IS10/2014Ol60/61 3000 ±1.5(max) (57.0x28.5x 10.2) 

OUTPUT TRANSFORMERS 
Power Output Voltage Package 

Frequency Accuracy Handling Options Package Size 
Product Description (Hz) (arcmins) (VA) '(Vrms)' Type Inches(mm) 

STMlRTMI679 OUlpUland reffor60Hz DSCI705 60 ±2.0 1.3 11.8,26,90 Module 4.5 x2.0x 1.5 
and DSCI7060ptions. (114.3 x 50.8 x 38.1) 

STMlRTM1681 Qutpuland reffor DRCI745 and 400 ±2.5@ 2,0 11.8,26,90 Module 3.125 x 1.5 x 1.0 
DRCI746 lAVA (79.4 x 38.1 x 25.4) 

STMlRTMI683 Output for DRCI745and 400 ±2.5@ 2.0 11.8,26,90 Module 2.25 x I.BxO.4 
DRCI746 lAVA (57.1 x 28.7 x 10.2) 

STMIRTMI686 OUlpuland ref for 400Hz 400 ±2.4 5.0 11.8,90 Module 4.5x2.0x 1.5 
DRCI765/1766orDTMI71611717 (114.3x 50.8 x 38.1) 
andSPAI695 

STMI687 OUIPUI and ref set for 60Hz 60 ±2.4 5.0 90 Three Trans- See individual 
DRCI765/1766, DTMI71611717 former set data sheet. 
andSPA1695 

STMlRTMI696 Output and ref for 400Hz 400 ±2.4 5.0 11.8,90 Module 4.5x2.0x 1.5 
DRCI705/1706, and and SPAI695 ,(114.3 x 50.8 x 38.1) 
combination 

STMI697 Output and ref set for 60Hz 60 ±2.4 5.0 90 Three Trans· See individual 
DRC170511706 and SPA 1695 former set data sheet. 
combination 

NOTE 
ISynchro and resolver format available on.u models except STMl687 and STMl,697. 
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Package 
Operating 
Temperature Transformer Output 

Isolation Type ("cl I Features 

Int. on 400Hz Options. Use Module C,MR Industry Standard Modular Converter 
STM1679 on 60Hz Options. 

No Module C,MR Digital Vector Generator. Dc or ac Sin and Cos outputs. Used as 
D to SIR with Ext Amp, e.g., SPA 1695 or for Display Applications. 

Int. on 400Hz Options. Use Module C,MR Industry Standard ModularConverter 
STM16790n60HzOptions. 

No Module C, MR 14-Bit VersionofDTM1717 
UseExt.STMI681 4O.PinTripleDlP E Digital-to-Resolver Converterwith Int. 2VAPower Amplifier. 

or STMI683 Transfonner Optional Int. TransZorb Protection. 2 Byte Latched Inputs. 
No 32·Pin Triple DIP E Hybrid Digital Vector Generator . Deorac Sin and Cos OutputS Can be Used 

for(PPI) Display orwith Ext. Amp(e.g., SPA1695) for D to SIR Convenion. 

UseExt.STM1681 4O.PinTripleDIP E 16-BitVersionofDRCl745 
orSTMl683 Transfonner 

No 32-PinTripleDiP E 16-BitVersionofDRCl765 

SDepends 011 option. 0SCan be used with pulsating power supply *TransZorb is a trademark of General SemicondUctor Induatries, Inc. 
forreduetddissipation. 

Inductosyn Ancillary Products 
These oscillators and pre-amps are used with linear and rotary Inductosyns. 

Product 

IPAI75l 

OSC1754 

OSC1758 

IPA1764 

NOTES 

Description 

High gain pre-amp (sine and cos) to amplify Inductosyn slider or stator 
voltages loconverter levels. 
Drive oscillator for Inductosyn track orrolor. 10kHz. 5V A. 

Drive oscillator for Inductosyn track or rotor. 1.5VA. 

High gain pre-amp (sin and cos) to amplify Inductosyn slider or stator 
voltages to converter levels. 

IC =- Oto +70"C; MR '" -55"C to +105"C; E = -55"C to +12S"C. 

Instruments and Systems 
Description 

Package 
Type 

Module 

Module 

HybridIC 

HybridIC 

Package Operating 
Size Temperature 
Inches (mm) ("C)' 

2.0 x 2.0 x 0.4 C,MR 
(50.8 x 50.8 x 10.2) 
3.125x2.625x 1.0 C,MR 
(79Ax66.7x25.4) 
0.98xO.78xO.18 E 
(24.9x 19.8 x 4.6) 
0.98xO.78xO.18 E 
(24.9 x 19.8 x 4.6) 

Dimensions 
Inches(mm) Product 

APIl610 Angle position indicator. Accepts synchro, magslip or resolver infonnation and displays angular position in 
degrees/fractions to one arc-minute accuracy. Digital O/P on rear connector. 

11.75x8x4 
(300 x 204 x 102) 
11.75x8x4 
(300 x 204 x 102) 
6.25x 12.00 
(l71.5x304.8) 

APIl718 NATO codified version of API1620. (Code662S-99-539-8389) degreesJminutesinstead of degrees fractions. 

MCI1794 Three channel resolver-tcHiigitai converter board. Intel MUL TIBUS* Compatible. Uses 3 I"RDC1730 and 
includes 24-bit pitch COURter for each channel. 

NOTE 
*MULTIBUS is a trademark of Intel Corporation. 

Special Functions 
These products provide additional interfacing capability to positional control and readout systems. 

Package 
Package Size 

Product Description Type Inches (nun) 

TSL1612 Combines thecoarseandfmedigital outputs of a twospeed synchroor Module 3.1Z5x2.625xOA 
resolver system intoa single composite digital word. Standard ratios (79A x 66.7 x 10.2) 
of9:1, 18:1,36:1. Other ratios available. 

BDM16lS/1616 Binary angle to BCD converters. BDM1615 14-bits lIP, degrees/fractions Module 4.0x2.0xO.4 
OIP. BDM161614-bit, lIP, degreesJmmsOIP. (IOl.6x 51.0 x 10.2) 

BDM1617 Binary angle to BCD converter. 16-bit input, degrees/fractions output. Module 3.125 x 2.625 x 0.8 
(79Ax66.7x20A) 

SSCT1621 Solid state control transfonner. Give ac difference between Module 3.12Sx2.625xO.8 
synchro or resolver input and digital angle. (79Ax66.7 x 20.4) 

SCDX1623 Solid state control differential transmitter gives resolver fonnat difference Module 3.125 x 2.625 x 0.8 
between syncbro or resolver input and digital angle. (79.4 x 66.7 x 20A) 

SPAl695 Two channe1 (sioe andcos) power amp. 5VA. Die Cast 3.46 x 2.68 x 0.98 
Metal Case (88.0X 68.0x 25.0) 

SAC1763 Sync:bro or resolver input to dc linear outpUt converter. Module 3.125 x 2.625 x 0.8 
(79.4x66.7x20.4) 

NOTE 
!C =- 0 to + 10"C; MR =- - S5~C to + 105"(;. 

Operating 
Temperature 
(~C)l 

C,MR 

C,MR 

C,MR 

C,MR 

C,MR 

MR 

C,MR 
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High-SpeedDSP and Numerical Processing Components 
Analog Devices offers the industry's most cOmplete family of 
CMOS IC's for high-performance digital signalInumerical pro
cessors. Fabricated in 1.5 micron CMOS, this new generation of 
VLSI devices proVides all the key functional elements required 
to build high-speed, math~intensive processors. The family· 

~. consists of fixed point multipliers and muitiplier/accwnullitors, 
floating point processors, a program sequencer, and an address 
generator. 

The ADSP product family is designed to optimize system per
formance. ADSP products support a system cycle time of IOMHz 
(much more for some components). Powerful on-chip operations 
expand system functiona1ity and flexibility - saving processing 
time and hardware. A wide range of data formats allows the 
designer to optimize system precision and throughput. 

ADSP components reduce the cost and improve the reliability 
of systems. Functions which previously required many discrete 
components have been integrated into a few VLSI chips - yielding 
a substantial savings in board space. With a smaIl number of 
CMOS components, power supply and cooling requirements are 
reduced. The low operating temperature of CMOS components 
provides increased reliability relative to bipolar components 
which run hotter due to much greater power dissipation. All 
ADSP components are avai1able processed fully to MlL-STD-
8838, Rev C, and can be safely specifJed for operation over 
their extended temperature range ( - 55°C to + 125"C ambient). 

ADSP-1401 lji-BitProgramSequencer 

ADSP-1410 16-Bit Cascailable Address Generator 

ADSP-1l01 16-Bit Integet Arithmetic Unit 

F1oatiDgPoint Processors 

ADSP-3210 64-Bit IEEE Floating Point Multiplier 
ADSP-3220 64-Bit IEEE Floating Point ALU 
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FIXED POINT 
MULTIPLIERS 81 

MUL TIPLIERIACCUMULA TORS 

AOSP·1110A 
SINGLE·PORT 

MUL TlPUERIACCUMULATOR 

ADSp·ll01 
INTEGER ARITHMETIC UNIT 

ADSP-3210 
FLOATING POINT MULTIPUER 

ADSP-3220 
FLOATING POINT ALU 

Fixed Point Multipliers 

ADSP-I08OA 8-Bit Multiplier (twos complement only) 
ADSP-I081A 8-BitMultiplier (unsigned only) 
ADSP-I012A 12-BitMultiplier 
ADSP-IOl6A 16-BitMultiplier 
ADSP-1516 l6-BitMultiplier 
ADSP-l102 16,BitPipe1inedMultiplier 
ADSP-1517 l6-BitMultiplier 
ADSP-l103 l6,BitPipelinedMultipiicir 
ADSP-I024A 24-BitMultiplier 

Fixed Point Multiplier/Ac:c:umuiaton 

ADSP-1OOSA 
ADSP-lOO9A 
ADSP-lOlOA 
ADSP-IllOA 

8-Bit Multiplier! Accumulator 
·12-Bit Multiplier!Accumuiator 
16-Bit Multiplier! Accumulator 
16-Bit Single-port Multiplier! Accumulator 



SamplelTrack Hold Amplifiers 
General 'Purpose 

SUMMINGPT 

A~~~ 131}-~~f-----~~------------~ 

CONTROL 
LOGIC 1 )-----....., 
INPUT 

LOGICGND 4 

ANALOG 
IN 

AD346 

LOGIC 
HOLD REF 

NULL -Va NULL GND CH 

-15V MODE ANALOG 
CONTROL COMMON 

R" 

EXT. 
C 

SPECIFICATIONS - Min or Max at TA = +25"<: 

Open Loop Gain 
Modell Gain Bandwidth' 

VIV MHz 

AD346JD -1 1.4 
AD346SD -1 1.4 
ADSHC-85 +1 3.0 
ADSHC-85ET +1 3.0 
AD585AQ 200,000 2.0 
AD585SQ 200,000 2.0 

NOTES 
·SuffJX UDU -ceramic DIP; Suffix "Q" -cerdip. 
'<:=Oto +70'C,1= -2S'Cto +85'C,E= -SS'Cto + 12S'C. 

ANALOG 
OUTPUT 

ANALOG 
GNO 

Acquisition 

AD346 
Fast 2.0,..s Acquisition Time to ±0.01% 
Low Droop Rate: O.SmV/ms 
Low Offset 
Low Glitch: <40mV 
Aperture Jitter: 400ps 
Extended Temperature Range: -SsoC to +12SoC 
Internal Hold Capacitor 

AD585 
Fast 2.S,..s Acquisition Time to ±0.01% 
Low Droop Rate: O.SmV/ms 
Low Offset: 1mV 
Sample/Hold Offset Step: 1mV 
Aperture Jitter: O.Sns 
Extended Temperature Range: -SsoC to +12SoC 
Internal Hold Capacitor 

APPLlCATIONS 
Data Acquisition Systems 
Data Distribution Systems 
Analog Delay & Storage 
Peak Amplitude Measurements 

ADSHC-85 
Improved SJiC-8S Replacement 
SOOns Sample-to-Hold Transient 
SO,.. V rms Noise 
Low Droop Rate of 0.2mV/ms 

Aperture Aperture Droop Temp. 
Time (to 0.01%) Time Uncertainty Rate Range2 

fJ.S D8 D8 

2.0 60 0.4 0.5mV/,..s C 
2.0 60 0.4 O.5mV/,..s E 
4.5 25 0.5 O.2mV/ms C 
4.5 25 0.5 O.2mV/ms E 
3~0 35 0.5 ImV/ms 1 
3.0 3S 0.5 ImV/ms E 

*1 = Volume I-Integrated Circuits; II = Volume 2 -Modules & Subsystems; S = This Volume. 

Volume* 
Section 
Page 

1-14-11 
1-14-11 
1-14-37 
1-14-37 
S-3-93 
S-3-93 
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Sample/Track-Hold Amplifiers 
High Resolution 

AN:'~~ 131>-'''''''-1~---'I;_----~---. 

CONTROL 

~~~tW 1J------iL-__ ....I 
LOGICGND 4 

+INPUT 

-INPUT 

AD389 

-1SV 
ANALOG 
GROUND 

MODE <>+-=====~ CONTROL 

DIGITAL 
GROUND 

+15V 

ANALOG 
OUTPUT 

ANALOG 
GND 

AD389 
Companion to High Resolution AID Converters 
Fast Acquisition Time: 2.5"s to ±O.OO3% 
Low Droop Rate: O.1"VI..-
Aperture Jitter: 400ps 
Internal Hold Capacitor 
Unity Gain Inverter ' 
Low Power Dissipation: 300mW 

SHA1144 
High Resolution 14-Bit Sample-and-Hold Amplifier 
±10VRange ' 
SOns Aperture Delay 
O.5ns Aperture Jitter, 
Acquisition Time: 6..- to ±O.003% 
6..- Settling Time 
±O.OO1% Max Gain Linearity Error 
Complete with Input Buffer: No External 

Components Required to Meet Rated Performance 

SPECIFICATIONS - Min or Max at TA = + 250C 

OpenLoop 
Modell Gain 

VIV 

AD389KD -1 
AD389BD -1 
SHAl144 +1 

NOTES 
·SufilX "D"-ceramic DIP. 
·c = 0 to + 700c, 1 = - 25"C to + 8S"C. 
3Accuracyto ±O.OO3%. 

Gain 
Bandwidth 

MHz 

1.5 
1.5 
Ityp 

Acquisition Aperture 
T"UDe(O.Ol%) Time ... DB 

2.53 30 
2.53 30 
8 50 

*1 = Volume 1;.. Integrated Circuits; II = Volume 2-Modules & Subsystems; S = This Volume. 
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Aperture Droop Temp. Volume* 
Ullc:ertainty ltate ltaItge' Sec:ticm 

llS "VI". Page 

0,4 0.1 C 1-14-17 
0.4 0.1 1 1-14-17 
0.5 2 C II-I4-15 



High Speed 

+15V N/C N/C NJ< 

3 

ANALOG 
'N 

MODE ANALOG Nle EXT. 
CONTROL COMMON C 

N/c" NO CONNECTION 
INTERNALLY 

, , 
L._ - ~f--.-' 
OPTIONAL EXTERNAL C 

NJ< 

OUTPUT 

ADSHC-8S 
Improved ADSHC-85 Replacement 
500ns Sample·to·Hold Time 
50",V rms Noise 
Low Droop Rate 

ADSHM-S/ADSHM-SK 

EXTEltNAL 
CtRCUIT 
BVUSER 

I 

TRACK! 3 
HOLD 

HTC·OSOO EXTERNAL 
CIRCUIT 
BY USER 

GAIN \ 

ADJUST :f 
'''''' 

3 OUTPUT 

SPECIFICATIONS - Min or Max at TA = +25OC 

Open Small AcquisitiOD 
Modell LoopGain SignalBW Time-Ds 

VIV MHz (0.01%) 

ADSHC·85 +1 3 4500 
ADSHC·85ET +1 3 4500 
ADSHM·5 -I 5 1000 
ADSHM·5K -I 12 300 
HTC0500AM -I 2 850 
HTC0500SM -I 2 850 

NOTES 

Improved SHM·5 Replacement 
350ns Acquisition Time to ±0.01% 
Aperture Uncertainty 250ps 
250V/",s Slew Rate 
2nA Input Bias Current 

HTC-OSOO 
700ns Acquisition Time 
<750mW Power Dissipation 
14-Pin DIP 
0.01% Linearity 

Aperture Aperture 
Time Jitter 

DS ps 

25 500 
25 500 
20 250 
20 100 
30 60 
30 60 

Droop 
Rate 
",VII'S 

0.2 
0.2 
20 
12 
0.5 
0.5 

I ADSHM.5 units are 2" x 2" x 0.4" modules; ADSHC85 and HTC"()Soounits are 14-pinDIP. 
2C=Oto + 7O"C,I = -25'Cto + 85'C,E= -S5'Cto + 125'C. 
*1 = Volume l-lntegratedCircuits; U= Volume2-Modules& Subsystems; S=This Volume. 

Temp. Volume· 

RaDce' Section 
Page 

C 1·14-37 
E 1·14-37 
C II·I4-11 
C II·I4-11 
I II·I4-41 
E 11·14-41 
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SampleITrack-HoldAmplifiers 
Ultra High Speed 

v~- v~+ PWR 
GND 

SPECIFICATIONS - Min or Max at TA = +2S"C 

Open Small 
Modell Loop Gaia SignaIBW 

VIV MHz 

HTC0300 -1 8 
HTC0300A -1 8 
HTC0300M -1 8 
HTC0300AM -1 8 
HTS-0025 +0.95 30 
HTS-0025SM +0.95' 30 
HTS-OOI0KD +0.96 60 
HTS-OOI0SD +0.96 60 

NOTES 

HTC-0300 
Aperture Jitter of 1 OOps 
Input Range ± 10V 
Outpu1 Current ± SOmA 
Max Droop Rete S,.V/p.s 

HTS-0025 
Aperture Jitter of 20ps 
Acquisition Time 25ns 
Output Current ± SOmA 
250V/p.s Slew Rate 

HTS-0010 
Aperture Jitter of Sps 
Acquisition Time 10ns 
Outpu1 Current ±40mA 
Slew Rate 300V/p.s 

Acquisidon Aperture Aperture 
Time-as Time. Jitter 

(0.1%) as ps 

170 6 100 
150 6 100 
150 6 100 
150 6 100 
30 5 20 
30 5 20 
l6 -2 5 
16 -2 5 

Slew 
Rate 
VI,.. 

250 
260 
250 
250 
250 
250 
300 
300 

I Metal DIP-HTC-0300M, lITC-0300AM, HTS-OOiOand HrS-0025; Ceramic DIP-HrC-0300 andHTC-0300A. 
ZC=Oto + 70'C,E = :"'S5'Cto + l2S'C. 
'1=-25'Cto + lOO'C. 
*1= Volume l-IntegratedCircuitB; U= Volume2-Modules& Subsystems; S=ThisVolume. 
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Temp. Volume· 
Rangel Section 

Page 

C 1-14-41 
C 1-14-41 
I' 1-14-41 
E 1-14-41 
C 1-14-55 
I' 1-14-55 
C 1-14-49 
I' 1-14-49 



Data Acquisit.ion Subsystems 

,-------
I .~ 

I " 
I 
I 
I 
I 
I""'" 
I::: :: 
I 
I 
I 
I 

ANALOG 
-Vs GND 

C~tL~~il 
LATCH 

DIGITAL 
GNO 

HOLD 
CAP 

SAMPLE 
13 HOLD 

COMMAND 

::;63- -- ~ ~-: ~;~:~~~Z~ --l 
" I 

I 
I 
I 
I 
I 
I 

'r--<i?'=-' I 

I """ w",,",", ,~ .... 

17~' I 
I 
I 
I L _____ :_·="~ __________ _ _ --.l 

,---

I 
I 
I 
I 
I 
I 
I 

---, 
I 
I 
I 
I 

I I 
L _____ ~_:= _______________ ~ 

SPECIFICATIONS - Min or Max at TA + 25°C 

Input 
Modell Resolution Range Linearity 

Bits V % 

AD362KD' ±10 0.005 
AD362SD' ±10 0.005 
AD363KD 12 +5, +10, O.oz5 

±2.5, ±5, ± 10 
AD363SD 12 +5, +10, 0.025 

±2.5, ±5, ± 10 
AD364JD(SD) 12 +10, 0.024 

±5, ± 10 
AD364KD(TD) 12 +10, 0.012 

±5, ± 10 
NOTES 
'SufflX"D" -ceramic DIP. 
'c = 0 to + 70OC, E = - 55"C to + 125°C. 

AD362 
16 Single-Ended or 8 Differential Channels with 

Switchable Mode Control 
True 12-Bit Precision: Nonlinearity ,,;±0.005% 
High Speed: 10 ... s Acquisition Time to 0.01% 
Complete and Calibrated: No Additional Parts 

Required 
Small. Reliable: 32-Pin Hermetic Metal DIP 
Versatile: Simple Interface to Popular Analog-to

Digital Converters 
High Differential Input Impedance (10'00) and 

Common-Mode Rejection (80dB) 
Fully Protected Multiplexer Inputs 

AD363 
Complete System in Reliable IC Form 
Small Size 
16 Single-Ended or 8 Differential Channels 

with Switchable Mode Control 
Versatile Input/Output/Control Format 
Short-Cycle Capability 
True 12-Bit Operation: Nonlinearity,,; ±0.012% 
Guaranteed No Missing Codes Over Temperature 

Range 
High Throughput Rate: 30kHz 
Low Power: 1.7W 

AD364 
Complete Data Acquisition System in 2-Package 

IC Form 
Full 8- or 16-Bit Microprocessor Bus Interface 
16 Single-Ended or 8 Differential Channels with 

Switchable Mode Control 
True 12-Bit Operation: Nonlinearity,,; ±0.012% 
Guaranteed No Missing Codes Over Specified 

Temperature Range 
High Throughput Rate: 20kHz 
Fast Successive Approximation Conversion: 25 ... s 
Buried Zener Reference for Long-Term Stablility and 

Low Gain TC 
Small Size: Requires Only 2.8 Square Inches 
Short Cycle Capability 
Low Power: 1.4W 

Throughput Temp. 
Gain Error GainT.C. Rate Range2 

% ppm/"C kHz 

0.02 4 56 C 
0.02 2 56 E 
0.05 30 25 C 

0.05 25 25 E 

0.3 54 20 ClE 

0.3 31 20 ClE 

Volume* 
Section 
Page 

1-15-5 
1-15-5 
1-15-13 

1-15-13 

1-15-25 

1-15-25 

3 Analog front end for ADC, including sample-hold, 16-channel MUX, latches and logic. 
*1 = Volume 1-Integrated Circuits; II = Volume 2 - MOdules & Subsystems; S = This Volume. 
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Data Acquisition Subsystems 

+v, 

"". ''''OT , " 
BlTlBITZBlT3B1T4BTnarn 

:u 23 22 21 '8 16 

ANALOG 
aND 

DIGITAL 

"N" 
OFFSET 

"" 
REF OUT 
I-11M 

SPECIFICATIONS - Min or Max at TA = +25"C 

Modell Linearity ,Gain Ranges 
% 

AD367 
Differential Input - Programmable Gain Amplifier 
Wit (1 of 64) Gain Control 
Internal -10Y Reference 
15-Bit Integral Nonlinearity 
:t305,.V ResOlution 
10ms or Programmable Conversion Time 
External Integration Capacitor 

AD369 
Includes: Programmable Gain Instrumentation 

Ampllflar. Track and Hold Ampllflar 
12·Bit AID Converter 

Dlgltally-Controlled Gain (1. 10. 100. 500) 
50kHz Throughput Rata 
Small Size: 28-Pln Metal Hermetic Double DIP. 
Guarantaad No Missing Codes Over Temperature 
True 12·Bit Linear: Error ... 1I2LSB (B-Grade) 
Unipolar or Bipolar Operation 
Low Power: 775mW 
Differential Input 

, Intarnal Hold Capecitor 

Temp. Volume· 
Gain Ac:c:urac:y Gain Drift Rangel Section 

% ppmfOC Page 

AD367KM 0.00305 0.282 to 24 Binarily 2 10 C S·3·27 
S~3·29 AD369AM 0.0183 1,10,100,500 0.5 30 I 

AD369BM 0.0122 1,10,100,500 0.2 30 I S·3·29 

NOTES 
'Sufi"IX"M" -metal DIP. 
2C = 0 to + 70"(;, I = - 25°C to + 85"(;, 
*1= Volume I-Integrated Circuits; 11= Volume 2-Modules & SubsystemS; S=This Volume, 
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{' ANALOG 
INPUT : 

OOC 

TRIGGER 

-16V 

I------QREF OUT 

HI ENABLE 

MSi 
=~B2 (~~ ::.J.~,BJs 
BIT , 
BIT • 
BIT • 
BIT 6 

r-'--_~-.... BIT , 

LO ENABLE 

L-r--""",-_ABIT 8 

81T 9 

8fT 10 

BIT" 
aIT 12 
BIT 13 

8fT 14 (LSI FOR DAI"61) 
L-__ --' .... __ ~_....BIT 15 (LSB FOR DAS1168) 

+.v 

DIGITAL OND 

°SlH INPUT IS THE ANALOG SIGNAL INPUT IF THE 
INTERNAL SAMPLEIHOLD AMPUFlER IS USED. 

SPECIFICATIONS - Min or Max at TA = +25°C 

Relative Differential 
Model Resolution Accuracy NonJinearity 

Bits LSB LSB 

DASIl57 14 I 1/2 
DASIl58 15 I 112 
DASIl59 16 2 I 

NOTES 
11 = - 25"C to + 85"C. 

DAS1157,DAS1158,DAS1159 
Complete with High Accuracy Sample/Hold and 

AID Converter 
Low Power Consumption: 650mW max, Vs= ± 15V 
Rated Performance: -25"<: to +85"<: 
Low Nonlinearity (DAS1158 and DAS1159) 

Differential: ±O.OO15% FSR max 
Integral: ±O.OO3% FSR max 
Differential T.C.: ± 1ppmrc max 

High Throughput Rate: 18kHz min 
Byte-Selectable Tri-State Buffered Outputs 
Internal Gain III Offset Potentiometers 
All Hermetically-Sealed Semiconductors 

Output 
GainT.C. Throughput Logic 
ppm?C kHz 

8 16.6 TTL 
8 16.6 TTL 
8 16.6 TTL 

Temp. 
Rangel 

Volume· 
Section 
Page 

S-4-15 
S-4-15 
S-4-15 

*1= Volume 1-lntesratedCircuits; 11= VoIume2-Modules& Subsystems; S=Tbis Volume. 
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Data Acquisition Subsystems 

ANAlOG{.' 
''''''' . 

ANALOG 
GN. 

"S/tl llIIPUT .. nil! ANoUOO SIGNALIM'Ift IF THE 
INTERNALSAMrLEIHOI.D AMPLIFIER IS USED. 

REF OUTr-+--------I 
I 

B!POLAROFFSETL_ 

BlT'4 eLS8 FOR DAS11551 
L_J-L_J---<lln 16 (LSII FOR OASt1561 

(ANALOG. DIGITAL GROUNDS 
___ .!!!~~~~~~Y2... __ 

DAS1128 
Complete Data Acquisition System 
12-B1t Digital Output 
16 Single or 8 Differential Analoglnpuu 
High Throughput Reta 
Selectable Analog Input Ranges 
Versatile InputiOutput/Control Format 
Low 3 Watt Power Dissipation 
Small 3" x 4.6" x 0.375" Modula 

DAS11521DAS1153 
14-Bit • 15-Bit Sampling AID Convartar 
Complata with High Accuracy SampleIHold and 

AID Convarter 
Differential Nonlinearity: :1:0.002% FSR max 

(DAS1153) 
Nonlinearity: DAS11SZ: :1:0.005% FSR max 

DAS1153: :1:0.003% FSR max 
Low Differential Nonlinearity T.e.: :l:2ppmI"C max 
High Throughput Rata: 25kHz min (DAS11SZ) 
High Faedthrough Rejection: 96dB 
Byta-Selectable Trl-5tata Buffered Outputs 
Intamal Gain. Offset Potentiomaters 
Improved Second Source to AID/AIM 824 and 

AID/AJM825 Modules 

DAS1155/DAS1156 
14-B1t • 15-Bit Low Lavel Data Acquisition System 
Functionally Complate: 

Includes Instrumentation Amplifier. Sample/Hold 
Amplifier. and Analog-to-Digltel Convartar 

Differential Nonlinearity: :I: 0.002% FSR max 
(DAS1156) 

Guarantaad Nonlinearity: :1:0.005% FSR (DAS1155) 
:1:0.003% FSR (DAS1156i 

High Common-Mode Rejection: SOdB 
(up to 500Hz) 

High Feadthrough Rejection: 96dB 
Resistor Programmable Gain: 1VN to 1000VN 
Byta Selectable Tri-5tata Buffer Outputs 
Intamal Gain and Offset Potantiomatars 

SPECIFICATIONS - Min or Max at TA = + 25°C 

Model 

DAS1l28 
DASUS2 
DASllSS 
DASllS3 
DASllS6 

NOTES 
'C=Oto+'74fC. 

............ -12 
I' 
I' 
IS 
IS 

-.......... LSB 

Il2cyp 
I 
I 
I 
I 

-. N_ 
GaiDT.C. 

LSB ~ 
Icyp zo 
112 8 
112 16typ 
112 8 
112 16cyp 

*1 =VoIume l-lalqJratcdCJn:uiui D =VoIumeZ-Modules& SubaystmIs; S "'ThilVolume. 
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CMOS Switches 

SPECIFICATIONS - Min or Max at TA = +25"C 

Modell Function RoN 
0 

ADG20lAKN 90 
ADG20lABQ QuadSPST 90 
ADG20lATQ 90 

ADG202AKN QuadSPST 90 
ADG202ABQ 90 
ADG202ATQ 90 

ADG22IKN(BQ) QuadSPST 90 
ADG22ITQ 90 
ADG222KN(BQ) QuadSPST 90 
ADG222TQ 90 

NOTES 
• SuffIX "N" -plastic DIP; Suffix"Q" -cerdip. 
2C=Oto +70'C,I= -25'Cto +85'C,E= -55'Cto + 125'C. 

ADG201A1ADG202A 
44V Supply Maximum Rating 
± 15V Analog Signal Range 
Low RoN (600 typ) 
Low Power Dissipa1ion (18mW) 
TTUCMOS Compatible 
Superior Second Source: 

ADG201A Replaces oo201A., HI-201 
ADG202A Replaces 00202 

ADG221/ADG222 
44V Supply Maximum Rating 
±15V Analog S19'1al Range 
Low RoN (600 typ) 
Low Power Dissipation 118mW) 
"P. TTL. CMOS Compatible 
Superior DG221 Replecement 

Off Temp. 
Leakage Logic Range2 

nA 

2 C TIL & 
2 I CMOS 
1 E 

2 C TIL & 
2 I CMOS 
1 E 

2 C/I TIL & 
1 E CMOS 
2 C/I TIL & 

E CMOS 

'Dielectrically isolated features Iatchup-free overvoltage proof operation. 
*1= Volume I-Integrated Circuits; n= Volume2-Modules& Subsystems; S=Tbis Volume. 

Volume· 
Section 
Page 

S-3-327 
S-3-327 
S-3-327 

S-3-327 
S-3-327 
S-3-327 

S-3·333 
S-3-333 
S-3-333 
S-3-333 

SELECTION GUIDES 2-97 



CMOS Switches 

81 81 

01 01 

82 52 

02 02 

83 83 

03 

S4 S4 

SPECIFICATIONS - Min or Max at TA = + 25°C 

Modell Function RoN 
0 

AD751ODIJNUD) QuadSPST 
AD751ODIKN(KD) Note 3 100 
AD7510DISD 
AD75I lDI]NUD) QuadSPST 
AD75I lDIKN(KD) Note3 100 
AD751lDISD 
AD751lDITD 
AD7590DIKN QuadSPST 90 
AD7590DIBD with Data 90 
AD7591DIKN Latches 90 
AD7591DIBD 90 

NOTES 
'SuffIX "N" -plastic DIP; SuffIX "D" -ceramic DIP. 
'C=Oto +70"C,I= -2S"Cto +8S"C,E= -S5"Cto + 12S"C. 

AD7510DI/AD7511DI 
Latch-Proof 
Overvoltage-Proof: ± 25V 
Low RON: 750 
Low Dissipation: 3mW 
TTUCMOS Direct Interface 
Monolithic Dielectrically-lsolated CMOS 

AD7590DII AD7591 DI 
Latch-Proof 
Overvoltage-Proof: ±25V 
Low RON: 750 
Buffered Switch Logic 
TTL, CMOS Compatible 
Monolithic Dielectrically-Isolated CMOS 
Pin Compatible with AD7510DI Series 

Off Temp. 
Leakage Logic Range2 

nA 

5 CMOS Cli 
5 TTL/CMOS CII 
3 TTL/CMOS E 
5 CMOS C/I 
5 TTL/CMOS ClI 
3 CMOS E 
3 TTL/CMOS E 
5 TTL/CMOS C 
5 TTL/CMOS I 
5 TTLICMOS C 
5 TTL/CMOS I 

'DielectricaIly isolated features latchup-free overvoltage proof operation. 
·1 = Volume I-Integrated Circuits; II= Volume2-Modules & Subsystems; S = This Volume. 
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Volume· 
Section 
Price 

1-16-13 
1-16-13 
1-16-13 
1-16-13 
1-16-13 
1-16-13 
1-16-13 
1-16:21 
1-16-21 
1-16-21 
1-16-21 



S1 

OUT1 

S2 

OUT2 

SPECIFICATIONS - Min or Max at TA = + 25"C 

Off 

AD7512DI 
Latch-Proof 
Overvoltage-Proof: ± 25V 
Low RoN: 750 
Low Dissipation: 3mW 
TTUCMOS Direct Interface 
Monolithic Dielectrically-lsolated CMOS 

AD7592DI 
Latch-Proof 
Overvoltage-Proof: ±25V 
Low RON: 750 
Buffered Switch logic 
",P, TTL. CMOS Compatible 
Monolithic Dielectrically-Isoiated CMOS 
Pin Compatible with AD7510Dl Series 

Output Temp. 
Modell Function RoN Leakage Leakage Logic llaJtge2 

.n nA 

AD7512DI]NGD) DualSPDT 5 
AD7512DIKN(KD) Note 3 100 5 
AD7512DISD 3 
AD7512DITD 3 
AD7592DIKN DualSPDT 90 5 
AD7592DmD with Data 90 5 

Note 3 

NOTES 
'Suft-.,. "N" -plastic DIP; Suffix "0" -ceramic DIP. 
2C=Oto +70"C,1= -25"Cto +85"C,E= -55"Cto + 125"C. 
30ielectrically isolated features Iatchup-free overvoltage proof operation. 

nA 

15 CMOS 
15 TTL & CMOS 
9 CMOS 
9 TTL & CMOS 
10 TTL & CMOS 
10 TTL & CMOS 

*1 = Volume 1-Integrated Circuits; II = Volume 2 - Modules & Subsystems; S = This Volume. 

C/I 
C/I 
E 
E 
C 
1 

Volume* 
Section 
Page 

1-16-13 
1-16-13 
1-16-13 
1-16-13 
1-16-21 
1-16-21 
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Multiplexers 

SPECIFICATIONS - Min or Max at TA = +25"<: 

Model' Function RoN 
0 

AD7501JNUD) 
AD7501KN(KD) 8·Channel 300 
AD7501SD 
AD7502JNUD) Dual 
AD7502KN(KD) 4-Channel 300 
AD7502SD (differential) 
AD7503JNUD) 
AD7503KN(KD) 8·Channel 300 
AD7503SD 

NOTES 
18uft""!x UN" -plastic DIP; Suffix "D" -ceramic DIP. 
2C = 0 to + 70"C, 1 = - 25"C to + 8S'C, E = - SS"C to + 125"C. 
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AD7501/AD7503 
DTUTTUCMOS Direct Interface 
Power Dissipation: 30"W 
RoN: 1700 
Output Enable 
AD7503 Replaces HI·1818 

AD7502 
DTUTTUCMOS Direct Interface 
Power Dissipation: 30"W 
lIoN: 1700 
Output -Enable- Control 

Off 
Leakage Logic 

nA 

10 CMOS 
10 TTL & CMOS 
5 TTL & CMOS 
5 CMOS 
5 TTL & CMOS 
3 TTL & CMOS 
10 CMOS 
10 TTL & CMOS 
5 TTL & CMOS 

Temp. Volume* 
Range' Section 

Page 

CII 1·16·5 
CII 1·16-5 
E 1·16-5 
CII 1·16-5 
CII 1·16-5 
E 1·16-5 
CII 1·16·5 
CII 1·16-5 
E 1·16-5 



SPECIFICATIONS - Min or Max at T A = +2S"C 

Model' Function RoN 
0 

AD7506]NGD) 450 
AD7506KN(KD) 16-Channel 450 
AD7506SD 400 
AD7506TD 400 
AD7507]N(JD) Dual 450 
AD7507KN(KD) 8-Channel 450 
AD7507SD (differential) 400 
AD7507TD 400 

NOTES 
ISufflX"N" -plastic DIP; SuffIX uO" -ceramic DIP. 
2c=Oto +7O'C,1= -25"Cto +85"C,E= -5S"Cto +12S'C. 

AD7506 
RON: 300,0 
Power Dissipation: 1.5mW 
TTUOruCMOS Direct Interface 
Break·Befora-Make Switching 
Replaces DG506 

AD7507 
RoN: 3000 
Power Dissipation: 1,5mW 
TTUDTUCMOS Direct Interface 
Break-Before-Make Switching 
Replaces DG507 

Off 
Leakage Logic 

nA 

20 CMOS 
20 TTUCMOS 
10 CMOS 
10 TTUCMOS 
10 CMOS 
10 TTUCMOS 
5 CMOS 
5 TTUCMOS 

*1= Volume I-Integrated Circuits; II= Volume2-Modules & Subsystems; S =Tbis Volume. 

Temp. Volume· 
Range2 Section 

Page 

C/I 1-16-9 
C/I 1-16-9 
E 1-16-9 
E 1-16-9 
C/I 1-16-9 
C/I 1-16-9 
E 1-16-9 
E 1-16-9 
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Digital Panel Instruments 

/ LOGIC (+5V) POWERED DIGITAL PANEL METERS 

,£i § <:,.... ~ § ~ N ~.~@~.~,!.~,~./ I I I I I I I 
Digits; F .5. Range 3; -99 to +999m V • 

3Y.z; ±199.9mV • • 
±1.999V • • 
±19.99V • 

4Y.z; ±1.9999V • • 
±19.999V • 

4*; ±3.9999V 
±39.999V 

Input Type Ltd. Differential • • • • 
Differential • 
Floating • 

Data Outputs Character Serial • • 
Parallel BCD • 
Parallel BCD Latched • • • 

Display Type LED • • • • • 
Gas Discharge • 

Display Size in/mm 0.5/13 0.55/14 0.2717 0.5/13 0.2717 0.43/11 

Max Case Depth 1 in/mm 0.65/17 4.8/122 1.4/36 1.9/48 3.3/84 4.8/122 

*Volume, Section, Page 11-16-33 11-16·11 11-16·15 11-16-23 11-16-9 11-16-25 

NOTES 
1 Case depth includes mating connector. All logic powered DPMs use industry standard case with 3.175" X-t.8tO" 

(80.65 X 45.97mm) cutout. AU ac~powered DPMs except AD2006 use industry standard case with 3.930" X 1.682" 
(99.82 X 42.72mm) cutout. AD2006 uses same case as logic powered DPMs. 

·I=Volume 1-Integrated Circuits; Il=Volume 2-Modules & Subsystems; S=This Volume. 
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/ AC-POWERED DIGITAL PANEL METERS 

~ I .~ t:r ~ ~ !z!~~·// ~~~"'lll~~ 
6-Channel Scanning • 
Digits; F .S. Range 3; -99 to +999rn V • 

3'n; ±199.9rnV • • 
±1.999V • • • 
±19.99V • 
199.9V 
600V 

4'n; ±1.9999V • 
±19.999V • 

4l4; ±3.9999V • 
±39.999V • 

Input Type Single Ended 
Ltd. Differential • • • 
Differential • • 
Floating • • 
TrueRMS 

Data Outputs Character Serial • • • 
Parallel BCD • • • 
Parallel BCD Latched • • 

Display Type LED • • • • • 
Gas Discharge • 

Display Size in/mm 0.5/13 0.55/14 0.5113 0.43/11 0.43/11 0.5113 

Max Case Depth' in/mm 2.44/63 4.95/126 4.77/121 5.31135 5.3/135 6.03/153 

'Volume, Section, Page 11-16-33 11-16-11 11-16-19 11-16-25 11-16-29 11-16-37 

NOTES 
1 Full scale inputs when readfng out in dB are sOOmv, SV, SOV, SOOV and 62SV nns. 
I Case depth includes mating connector. All logic powered DPMs use industry standard case with 3.175" X 1.810" 

(80.65 X 4S.97mm) cutout. All ae-powered DPMs except AD2006 use industry standard case with 3.930" X 1.682/1 
(99.82 X 42.72mm) cutout. AD2006 uses same case as logic powered DPMs. 

*1=Volume I-Integrated Circuits; II=Volume 2-Modules & Subsystems; S=This Volume. 

/ 
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Digital Panel Instruments . 

/ DIGITAL TEMPERATUREI / TRANSDUCER METERS 

/l!t~'l! II It /I/l///l/ I I I I I I I , I I 
Input Number of 1 • • • • • • • Channels 6 • • • 
Sensor Thermocouple Switeh Selected • • • (Determines Type User Specified • • • • Temperature J,K,T • • • • • Range) E,R,S • • • • c, B,J DlN;T DIN • • 

AD590, AD592 (-55°C to +150oC) • • 
RTD • • • 
Thermistor • • • 

Features Self-Calibration • • • • • • Cold-Junction Compensation • • • • • Linearization • • • • • • • 
Isolation • • • .' .' .' .' • • 

Readout Digits 3+,2- • 
3* • • • • • • • 
4* • • 

LED o.s", 13mm • • • • 
DiSplay Height 0.56", 14.3mm • • • • • • 

Digital Isolated Parailel BCD, Latched • • • 
Data Output 7-Bit Character-Serial ASCII • • • • • • 

Isolated, 20rnA current loop • • • • 
RS232ITTL • • 

Analog Voltage • • • • • • • • • 
Output 

power AC Line • • • • • • • • • • 
Supply DC +7.5V to +28V • • • • • • 

+5V • • 
+12V • 

·Volume, Section, Page 11-16-35 11'16-37 11·16-37 11-16-39 11-16-43 11-16-43 11-l6-45 11-l6-45 S-4-5 S-4-5 

NOTES 
lAC Jinc-operated versions. 
·1=Volume I-Integrated Circuits; II=Volume 2-Modules & Subsystems; S=This Volume .. 
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J.1C Compatible Analog and Digital 110 Subsystems 
IBM/PC/Xl/AT Compatible I/O Boards 

The RTI-SOO Series products are a group of analog and digital 
input/output boards compatible with the IBM PClXT/AT* (or 
equivalent) computers. They are cost-effective and easy-ta-use 
solutions to your real-time measurement or data acquisition and 
control applications and include optional signal conditioning and 
MS-DOS software. This allows you to get up and running fast 
when you interface your PC to the real (i.e., analog and digital) 
world. 

RTI-800 IDGH PERFORMANCE ANALOG INPUT 
BOARD 

• 16 Input Channels (expandable to 32) 
• Software Programmable Gain Amplifier 
• 12-Bit AID Converter 
• S, 12 and 2S,...sAID Conversion Times 
• 16 Digital 110 Channels 
• 3 FrequencylTimer Channels 
• Supports DMA and Interrupt Capability 

Rn.IUS IDGH PERFORMANCE MULTIFUNCTION 
BOARD 

• 16 Analog Input Channels (expandable to 32) 
• Software Programmable Gain Amplifier 
• 12-Bit AID Converter 
• S, 12 and 2SfJ.S AID Conversion Times 
• 2 Analog Output Channels 
• 12-Bit D/A Converter 
• 16 Digital 110 Channels 
• 3 FrequencylTimer Channels 
• Supports DMA and Interrupt Capability 

RTI-S02 IDGH PERFORMANCE ANALOG OUTPUT 
BOARD 

• 4 or S Analog Output Channels 
• 12-Bit D/A Resolution 
• Outputs Protected Against Shorts 

RTI-817 LOW COST DIGITAL 110 BOARD 

• 24 Channels of Digital Input/Output 
• Input Latches and Selectable Strobe 
• Interrupt on Change of State 
• Compatible to Solid State Relay Subsystem 

3B SERIES ANALOG SIGNAL CONDITIONING 110 
SUBSYSTEM 

• Complete Modular Analog 110 Signal Conditioning 
• Direct Sensor Interface: 

Thermocouples, RTD's, Strain Gages, L VDT's 
• Provides Isolation and Input Protection 
• Cable Connection to RTI-800 Series Boards 

MS-DOS DRIVER SOFTWARE 

• Drivers for BASIC, Pascal, FORTRAN and Lattice C 
• Turbo Pascal Software Tools 
• Calibration Routines 

Convenient and powerful software interface routines running 
under MS-DOS that support the RTI-SOO Series products. 
These callable machine language routines provide analog and 
digital 110, frequency and event counting, and pulse output 
functions. 

APPLICATION SOFTWARE 
Completely menu driven data acquisition and control software 
which provides an easy way to collect and analyze in real time, 
analog data along with implementing PID or setpoint control. 

*IBM PClXT/AT is a trademark of InterDationaJ Bllliness Machines, Inc. 

IBMIPCIXT/AT COMPATIBLE ANALOG AND DIGITAL 110 BOARDS 

High Cluumel 
Analog Analog Digital Counterl Speed Espansion 

Model Input Output 110 Timer Option Option 

RTI-800 X X X X X 
RTI-S02 X 
RTI-S1S X X X X X X 
RTI-S17 X 

RTI-aOO Series Function Chart 

SELECTION GUIDES 2-105 

• 



.... C Compatible Analog and Digital 110· Subsystems 
YME, MULTIBUS and STD Bus Compatible liD Boards 

SELECTION GUIDE 
The Selection Guide provides selection information in capsule 
form, permitting board types to be matched to desired feamres. 
Additional information and complete specifications are provided 
on the individual boards or family data sheets. 

/ 
/ VMEbus / MULTIBUS' 

MICROCOMPUTER BUS COMPATIBILITY 

/ STOBUS / (NMOS) 

/ 
sm BUS / (CMOS) 

-·~II II //~i·//~1//.1 //~1////l/ Part Number f f f f f f f f f f f f f f 
Board Type Input • • 

Input/Output 
Output · · Channel Capacity Input 
(Single Ended! 

Differential) 32/16 32/16 
Output 4 4 

Input Resolution 10 Bits 
12 Bits · · Output Resolution 8 Bits 
12 Bits • • 

Additional Features 
Programmable Gain Amplification • • 
Single + SV Operation · · • · 4-20mA Output • 
Direct Sensor Interface 

Thermocouples, RTDs 

"''''Volume, Section, Page 11-17-5 11-17-5 11-17-7 11-17-7 

NOTES 
IRTI_I200, RTI-1230, RTI-1240, RTI·1150 series producb not listed, but still available. 
2This product includes sensor signal conditioning and on-board intelligence to perform 
scaling, linearization, and conversion to engineering unib. 
*MULTIBUS i;. a trademark of Intel Corporation . 

. · 
32/16 16/8 

2 . · 
· 
· · . · 

11-17-7 11-17-9 

•• '" Volume 1 - Integrated Circuit ... ; II '" Volume 2 - Modules & Subsystems; S = This Volume. 
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J1.MAC-4000 Measurement & Control Subsystems 
FEATURES 
Analog Inputs 

Thermocouples, RTDs, Strain Gages, AD590s 
High and Low Level Voltages, Current Loops 

± 1000V Isolated and Nonisolated 
Analog Outputs 

Voltage and Current 
± 1000V Isolated and Nonisolated 

Digital Inputs/Outputs 
Contact Closures 
ac and dc Signals (High and Low Level) 

Microcomputer Based 
linearization, Unit Conversion, limit Checking 
Powerful Command Set 

Serial Communications 
20mA or RS-232C 

Integral Power Supply 
ac or +24V dc 

GENERAL DESCRIPTION 
The J-lMAC-4000 Measurement and Control System is a complete, 
low cost solution designed to simplify process to computer interface 
in a wide range of industrial automation applications. 

The J-lMAC-4000 offers an unprecedented set of hardware and 
software capabilities that can be easily tailored to virtually any 
automation application. Modular design permits expansion within 
the system and the flexibility to accept a variety of analog and 
digital input and output functions. 

The J-lMAC-4000 is optimized for high performance measurement 
and control. Analog inputs handling capability offers reliable 
operation in harsh, electrically noisy, industrial environments. 
The high performance is assured by high quality signal condi
tioning featuring input protection, ± 1000V channel-to-channel 
and input-to-output isolation, high common mode rejection, 
filtering, low drift amplification and 13-bit A/D conversion. A 
unique plug-in module approach allows the selection of standard 
signal conditioning modules for direct connection to a wide 
range of sensors. The J-lMAC-4000 scales, linearizes and converts 
the input data to engineering units. 

Both analog and digital control capability is provided by the 
J-lMAC-4000 system. Analog outputs feature 12-bit resolution, 
voltage and 4-Z0mA/0-ZOmA current outputs with ± 1000V 
isolation, as well as increment/decrement and bumpless transfer 
for precise control in either manual or computer mode. Digital 
110 offers direct interface to contact closures, TTL levels or 
high level ac and de voltages. 

The J-lMAC-4000 system is designed to operate with any host 
computer which has a ZOmA or RS-Z3ZC serial port. The J-lMAC-
4000 can be either used as a local front end or located up to 
10,000 feet from' the host. A powerful command set is included 
in the J-lMAC's firmWare which allows control via the serial 
interface bus. Once the command is executed, the results are 
transmitted back to the host in an ASCII format-at speeds up to 
9600 baud. 

The J-lMAC-4000 system requires either ac line power or + Z4V 
dc. Circuitry is provided to detect intermittent ac power losses 
and switch automatically to an external battery backup mode. 

A wide variety of packaging options are available to match user 
requirements. These options include single board enclosures, 
card cage/rack mounting or NEMA enclosures. 

APPLICATIONS 
The J-lMAC-4000 is a versatile, self-contained measurement and 
control system designed for a broad range of industrial and 
laboratory applications. It is extremely useful in both control 
room and remote locations where monitoring and control of 
temperature, pressure, flow, analog and digital signals are 
required. 

DESIGN FEATURES AND USER BENEFITS 
Ease of Use: Direct sensor interface via screw terminal connectors, 
output in engineering units, powerful command set, make the 
J-lMAC-4000 extremely easy to use. 

Integral Signal Conditioning: High quality signal conditioning 
provides input protection and isolation, cold junction compensa
tion for thermocouples, RTD excitation, and sensor linearization 
and scaling, eliminating the need for expensive external signal 
conditioning. 

High Noise Rejection: The J-lMAC-4000 preserves high system 
accuracy in electrically noisy environments, providing excellent 
common mode and normal mode noise rejections and RFIIEMI 
immunity. 

Control Capability: Analog and digital outputs are provided 
to control motor speeds, dictate valve positions and drive 
actuators. 

Features such as isolation, bumpless transfer and DAC readback 
are included in the design. 

Expandability: Expansion capability to 384 analog input channels, 
256 analog output channels, 1088 digital inputs and 1088 digital 
outputs on one 20mA serial line using the J-lMAC-4000 with 
expander boards. 
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f.'MAC-40~O Measurement & Control Subsystems 

INPUTIOUTPUT 
Analog Inputs 
Thermocouples: J, K, T, S 
RTDs: lOOn Platinum 
Solid State Temperature Sensors: 

ADS90 or AC2626 
Strain Gage Transducers: 

±30mVand ± lOOmV spans 
dc Voltage: ±2SmV, ±SOmV, 

± IOOmV, ± IV, ±SV, ± lOY 
dc Current: 4 to 20mA, 

o to ± lrnA, 0 to ±20rnA 
Common Mode Voltage: ± lOOOV pk 

(chan/chanlgndHsolated input modules 
Input Protection: BOV rms con-

tinuous IEEE-472 (SWC) 'transient 
AID Converter: 13-Bit Dual Slope 
Scan Rate: IS or 30 chanlsec 
Analog Outputs 
Voltage: ± SV, ± IOV 0 to ± ISV, 

o to ± IOV 
Current: 4 to 20rnA, 0 to 20mA 
Resolution: Ii-Bits 
Isolation: ± 1000V pk (chan! 

chanlgnd}-current outputs 
Output Protection: 130V rms 
Digital Inputs 
Compatibility: TTL signals or 
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IlMAC-4000 System Configuration 
The .... MAC-4000 system consists of a 
family of boards providing the measurement 
and control functions through interfaces to 
analog and digital inputs and outputs and 
the host computer. 

The system includes: the ",MAC-4000 
Master Board, the ",MAC-401O Analog 
Input Expander, the ",MAC-4030 Analog 
Output Expander, the ",MAC-4040 Digital 
1/0 Expander, and the ",MAC-4020 High 
Level Digital 1/0 Subsystem. You select 
only tlie functions which are required. 

A typical configuration can consist of a 
single ",MAC-4000 Master Board which 
accepts 4, 8 or 12 analog inputs and includes 
8 digital inputs and 8 digital outputs. A 
multiple board configuration (cluster) 
consists of one ",MAC-4000 Master Board 
and up to six Expander Boards selected in 
any combination from up to three ",MAC-
401O's and/or ",MAC-40IS's, up to four 
.... MAC-4030's and up to four ",MAC-4040's. 
A ",MAC-4000 Master Board must reside 
in each cluster since'it contains the com
munications and intelligence . 

.... M~C-4000 System Specifications 

contact closures and ",MAC-4020 
for rugh level inputs 

Isolation: ± 300V pk 
Digital Outputs 
Compatibility: TTL signal and 

",MAC-4020 for high level outputs 
Channel Capacity per Board 

IlMAC-4000 and IlMAC-4010 
12 Analog Inputs 
8 Digital Inputs 
8 Digital Outputs 

IlMAC-4015 
12 Analog Inputs 
IlMAC-4030 
8 Analog Outputs 
IlMAC-4040 
32 Digital Inputs 
32 Digital Outputs 
IlMAC-4020 
16 High Level Digital Inputs and 
OutP\1ts 

Capacity per Cluster 
48 Analog Inputs 
32 Analog Outputs 
lsi Digital Inputs 
152 Digital Outputs 

Total System Capacity 
8 addressable clusters on 

one serial communication port 
COMMUNICATIONS 
Mode: 4 wire full duplex 

20rnA current loop or RS-232C 
Format: Serial Asynchronous ASCII 
Rate: Selectable from 110 to 9600 baud 
Distance: RS-232C: SO ft (15m) 

20mA, 10,000 ft (3048m) 
Protocol: CommandlReply (prompted) 

POWER 
1001llS!220/24OV ac, SO/60Hz 

or +24Vdc 
MECHANICAL 
Single Board: 9.5" x 13" 

(241.3 x 330.2mm) 
4-Slot Card Cage: 14.8"x 11.2"x 10.3" 

(376.0 x 284.5 x 261.6mm) 
7-Slot Card Cage: (IS.7S"x 19"x 11" 

(400.0 x 482.6 x 279.4mm) 
ENVIRONMENTAL 
Operating Temperature: 0 to +60°C 
Humidity: meets MIL-STD 202, 

Method 103 
Vibration: meets MIL-STD 167-1 
Magnetic Field Immunity: 200 gauss 
RFI Immunity: SW @27MHz @3 ft. 



f.1MAC-5000 Measurement & Control System 
FEATURES/BENEATS 
Low Cost, Completely Integrated Measurement and 
Control System On a Single Board 

• Wide Selection of FunCtionally Complete Analog 
and Digital I/O 

• Operates from ac or dc Power 

Integral Signal Conditioning Allows DireCt ConneCtion 
to a Wide Variety of Signal Sources 

• Sensors: Thermocouples, RTDs, Strain Gages, 
Load Cells, AD590/AC2626 

• Millivolt and Voltage Sources 
• 4-20mA/O-20mA Process Current Inputs 
• Counter or Pulse Inputs Provide for Frequency or 

Event Counting 

Powerful Measurement and Control p.MACBASIC™ 
Language 

• Programs Developed and Run On Board 
• Analog and Digital I/O Are Performed By Key 

Words In BASIC 
• Program Storage in PROM or Battery Backed-Up 

RAM 

Advanced p.MACBASIC Features 
• FunCtions and Procedures Allow User Defined 

KeyWords 
• Advanced Block StruCtures Allow Modular, Self

Documenting Programs 

Powerful Communications Capabilities 
• Supports Communications in RS-232C, 20mA, 

RS-422 and RS-423 
• Supports Asynchronous Communications 
• Protocol Emulation Easily Accomplished with 

p.MACBASIC 

GENERAL DESCRIPTION 
The ,..MAC-SOOO Measurement and Control System is a com
plete, low cost solution designed to solve a broad range of 
industrial measurement and control problems. It can be used 
in applications req~ distributed intelligence or as a local 
front end.' 

The ""MAC-SOOO offers an unprecedented set of hardware 
and software capabilities that can be easily tailored to virtually 
any measurement and control application. Modular design 
permits expansion within the system and the flexibility to 
accept a variety of analog and digital input and output functions. 
A powerful Measurement and Control BASIC language, ,..MAC
BASIC, is provided with each product. 

The fLMAC-SOOO is optimized for high performance measure
ment and control. Analog input handling capability offers 
reliable operation in harsh, electrically noisy, industrial envi
ronments. The high performance is assured by high quality 
signal conditioning featuring input protection, ± lOOOV chan
nel-to-channel and input-to-output isolation, high common 
mode noise rejection, filtering, low drift amplification and 14- . 
bit AID conversion (13 bits + sign). A unique plUg-in module 
approach allows the selection of standard signal conditioning 

pMACBASIC is a trademark of Analog Devices, Inc. 

modules for direct connection to a wide range of sensors. The 
""MAC-SOOO scales, linearizes and converts the input data to 
engineering units. 

Both analog and digital control capability are provided by the 
,..MAC-SOOO system. Analog outputs, provided by the ,..MAC-
4030 Analog Output Expander, feature 12-bit resolution, 
voltage and 4-20mA10-20rnA current outputs with ± lOOOV 
isolation, as well as the capability of either auto or manual 
operation with bumpless transfer and programmable slew 
rate. 

Analog outputs are also available directly on the ""MAC-SOOO, 
using the QMXAO output module, for a single board input 
and output solution. Digital 110 offers direct interface to 

contact closures, TTL levels or high level ac and dc voltages. 
Two pulse accumulator or frequency inputs are available on 
the ,..MAC-SOOO and both have a 32-bit counter and operate 
over a 0 to 20kHz frequency range. 

The ""MAC-SOOO hoard is designed to operate efficiently in 
stand-alone applications. The ,..MAC-SOOO, which has two 
serisl ports, can be used with any host computer. The local 
port can communicate in RS-232C, RS-422, or RS-423 and 
can be used for program development or for supporting a 
local printer or terminal. The remote port supports RS-232C, 
20rnA, RS-422, and RS-423. In supervisory control applications, 
the ""MAC-SOOO can be used either as a local front end or 
located up'to 10,000 feet from a host and can operate at 
speeds up to 19.2K baud in asynchronous mode. 

The ,..MACBASIC language was designed to address the 
needs of both the experienced and inexperienced programmers. 
The language provides the less experienced programmer with 
a powerful version of the popular BASIC programming ianguage 
which allows programmers with only a fundamental knowledge 
of BASIC to easily write programs. ,..MACBASIC also provides 
the experienced programmer with a truly modular, structured 
language which simplifies the task of writing larger, more 
complex programs and provides higher quality programs. 
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p,MAC-5000 Measurement & Control System 

12C1ianJ1el Pul5e OigHll1 
Analog/Sensor I~ lID 

InpulS 

Model Functi~n SYSTEM CONFIGURATION Description 

A single board system configuration consists of one ""MAC-5000 
Programmable Master Board which accepts 4, 8, or 12 analog 
inputs and includes 8 digital inputs and 8 digital outputs. Two 
of the digital inputs can optionally be used lis pulse accumulators 
or frequency inputs. 

A multiple board configuration (cluster) consists of one JLMAC-
5000 programmable Master Board and up to six Expander Boards. 
The ""MAC4000 Series of expander products provides a wide 
range of analog and digital I/O capability aI1d a cost effective 
solution to large point applications (see Table I). A JLMAC-5000 
must reside in each cluster since it contains the communications 
capability and intclligence. A network using up to 16 clusters in 
a multidrop configuration allows your host computer to monitor 
and control up to 1344 analog or 4864 digital points or varying 
combinations of both types from a single 20rnA or RS-422 com
munications line. 

COMMUNICATIONS 
The ""MAC-5000 System is designed to operate in stand-alone 
applications and can communicate with any host computer or 
terminal that has a 20rnA, RS-232C, RS-422, or RS-423 port. 
The JLMAC-5000 has two serial communication ports. Both 
ports have 256 byte RAM-buffers. A full duplex USART is 
used to receive and transmit data at selectable baud rates. The 
""MAC-5000's serial link allows use of either a party line 
(Figure I) or radial system configuration. 

The local communications port is primarily used for program 
development and will support RS-232C, RS-422, and RS-423. It 
can also be used to support a printer or terminal in a run time 
environment. This port is capable of communicating from ISO 
to 19.2K baud in an asynchronous mode. The local port can be 
used in either a full duplex or half duplex mode and can be 
used in a party line configuration when RS-422 is used. 

The remote communication port supports RS-232C, 20rnA, RS-
422 and RS-423. In the asynchronous mode, it can operate froin 
110 to 19.2K baud. This port can be used in either a full duplex 

. or half duplex mode and can be used in either a party line or 
radial configuration. The remote port has control lines (RTS, 
DCD, DTR, and crS) which allow connection to a modeni for 
long distance communications. The 20rnA loop is optically coupled 
for harsh industrial environments. 

2-110 SELECnON GUIDES 

IlMAC-401O 

IlMAC-40IS 

IlMAC-4030 

IlMAC-4040 

IlMAC-40S0 

IlMAC-4020 

-Analog input 
-DigitalUO 

-Isolated 
analog input 

-8 channels 
analog output 

-DigitaliiO 

-Multi
function 
digitaliiO 

-8 channels, 
mixed 
function 

-Interface 
subsystem to 
high level 
acanddc 
voltages and 
currents 

-Up to 12 channels 
usingQMX modules 

-16 channels 
digitaliiO 

-Low cost, 12 
channels of same 
inputtype 

-ISOOV isolation 
-Voltage or 

isolated 4-20mA 
outpUts 

-Readback, bumpless 
transfer 

-32 channels 
isolated 
digital inputs 

-32 channels 
digital outputs 
(TTL) 

-Pulse accumulator 
input 

-Frequency input 
-Pulse output 
.:. Time proportional 

output. 
-Solid state relay 

subsystem 
16 channels, mil' 
of.inputand 
output functions 

Table I. Il-MAC Se;;es Expander Boards 
(See Data Sheet) 

Figure 1. Party Line Connection (Multidrop) 



SPECIFICATIONS 
P.MAC-SOOO Board Features 
Analog Inputs 
12 channels, mix and match 
Thermocouples: J ,K, T ,S,R,E,B,W (linearized) 
RTD: lOOn Platinum (linearized) 
Strain Gage: 30mVand lOOmV spans 
DC Voltage: 2SmV to IOV 
Process Currents: O-lmA, 4-20mA, 0-20rnA 
Inputs Selectable by 4-channel QMX module-3 per board 
QMX03, 04 modules isolated to lOOOV channel-ta-channel, 
input-ta-output with IEEE-472 (SWC) transient 
protection 
AID Converter: 14-bit integrating 

Analog Outputs 
Up to 6 outputs using the new QMXAO module 
QMX input and output modules can be mixed 
Each QMXAO provides 2 isolated channels of current 
or voltage output (1000 volts isolation) 
12-bit D/A output resolution 
Can be used for programmable excitation 

Digital 110 
8 channels isolated digital or contact closure inputs 
8 channels digital outputs 
Connector-compatible with ... MAC-4020 high-level solid-state 
relay subsystem 

Pulse Inputs (optional use of two digital inputs) 
2 channels of frequency or pulse accumulator inputs 
32 bits pulse accumulation: 20kHz max frequency 

- Two Communication Ports. 
Full/haJf duplex, XoN"'"XoFF 
256 byte RAM buffered; asynchronous 
Selectable baud rate: 11 0 to 19,200 baud 
Distance: 20mA-IO,000 ft. (3048m) 

RS-232-S0 ft. (15m) 
RS-422-10,000 ft. (304Sm) 
RS-423-1,000 ft. (30Sm) 

8088-Based Microcomputer 
32K RAM - expandable to 128K 
80KPROM 
16K user EPROM - expandable to 32K 

Power 
On-board ac power supply: lOOV/11SV/220V/240Vor +24V dc 
(used as primary power or back-up to ac line) 

Environmental 
Operating Temperature: 0 to + 60°C 
Humidity: meets MlL-STD 202, method 103 
Vibration: meeds MIL-STD 167-1 
Magnetic Field Immunity: 200 gauss 
RFI Immunity: SW @ 27MHz @ 3 feet 

Mechanical 
tJMAC-SOOO Board: 9.5" x 13"(241.3 x 330.2mm) 
IJ.MACSOOO Board Enclosure: 
9.2" x 14.3" x 3"(234.2 x 363.2 x 76.2mm) 
2-Board Enclosure: 10" x IS" x 6"(254.0 x 381.0 x IS2.4mm) 
4-BoardCard Cage: 
14.8" x 11.2" x 10.3"(376.0 x 284.5 x 261.6mm) 
7-Boa,rd Card Cage: IS.7S"x 19" x 11"(400.0 x 482.6 x 279.4mm) 

pMAC-SooO APPLICATIONS 
Industrial Process Control and Monitoring: Temperature, 
pressure, flow and digital 110 measurements, and PID loop 
control are readily performed on the tJMAC-SOOO in stand-alone 
applications .... MACBASIC allows for the creation of proprietary 
algorithms that can be hidden from the end user. 

MachineIBoilerlFurnace Control: High immunity to electrical 
noise, 1000V isolation, 60°C operation, and single board packaging 
provide highly reliable operation in harsh industrial environments. 
The ... MAC-SOOO is an ideal replacement for programmable 
controllers where analog 110 is required in addition to digital 
110. 

Remote Terminal Units for data acquisition and control in pipe 
line, utilities and oil field applications. IJ.MAC-SOOO can readily 
emulate existing protocols with ... MACBASIC and is readily 
integrated into applications requiring distributed intelligence. 
... MAC-SOOO can also be used with modems in remote 
applications. 

Energy Management: The ... MAC-SOOO is a-low cost solution 
for applications requiring a high degree of I/O flexibility in 
distributed monitoring and control applications - making it a 
natural for energy management applications. 

Industrial Government or University R&D: ... MAC-SOOO's 
broad fun~tionaliry, low cost and ease of use make it the logical 
choice for monitoring or controlling experiments or pilot plants 
in a lab- environment. Programs can be developed and edited 
with a dumb terminal and stored in battery backed-up RAM or 
PROM. 

Personal Computers as Data Loggers: The ... MAC-SOOO is an 
ideal intelligent "front end" to a personal computer which allows 
it to be used to acquire, log, process, store and display data 
from a lab experiment or remote process. The ... MAC-SOOO with 
a printer can be used as a stand-alone data logger with the capability 
of sending exception messages to a host. Personal Computers 
can also be used as program development work stations for the 
... MAC-SOOO. 

FLOW 

ACTUATORS 

flMAC-SOOO 
SYSTEM 

MEASUREMENT 

OIGIT AL INPUT 

DIGITAL CONTROL 

ANALOG CONTROL 

Figure 2. p,MAC-5000 Measurement and Control Concept 
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MACSYM Measurement & Control Systems 

MACSYM WORKSTATIONS 
The Analog Devices' MACSYM@ Workstation Product Family 
is designed to perform all of the important functions required in 
Automation Management and Control. Workstations are used as 
complete systems or in conjunction with our other system building 
blocks. Both the MACSYM 120 plant-floor workstation and the 
higher-performance MACSYM 150 laboratory or control room 
system are optimized for data acquisition, real-time analysis, 
supervisory control, man-machine interface and data management. 
As commuuication gateways, these workstations can also send 
timely and comprehensive information to higher-level computers 
or other vendors' equipment. 

MACSYM Workstations servl! as a foundation for a family of 
software products including a high-level language, menu-driven 
application software, and assembly language. MACBASIC™, a 
BASIC optimized for speed, incorporates extensive command 
extensions for analog, digital, pulse and frequency I/O along 
with easy-to-use graphics operations. Additionally, MACBASIC's 
exceptional mulitasking capabilities simplify implementation of 
real-time applications. 

Application and Commuuication Software Products are available 
to work in conjunction with our Measurement and Control 
Units, other vendors' control uuits and higher-level computers. 
Both workstations utilize an industry-standard multitasking 
operating system which allows users to draw upon a large selection 
of popular software products. 

Integral Measurement and Control 110 cards allow either work
station to be applied in smaller-scale applications typically found 
in laboratories, pilot plants or discrete parts testing operations. 
Hardware commuuications options make it easy to connect to 
other vendors' equipment. 

Automation Management applications demand a variety of re
quirements from workstation products. MACSYM Workstations 
offer a selection of performanCe/features which will meet the 
demands of your application. 
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MACSYM 120 
The MACSYM 120 is designed to operate within the temperature, 
dust, vibration and powerline conditions found in plant-floor 
environments. Manufactured for Analog Devices by IBM, this 
workstation is software and hardware compatible with the IBM 
PC/XT*. Packaging features such as a sealed membrane keyboard, 
special cooling system, protective door over the system disk 
drives, battery backed-up clock and system temperature sensor 
set this system apart from a standard office environment personal 
computer. 

The MACSYM 120 Workstation accepts the Series 120 Family 
of 110 cards for local interface to analog and digital inputs and 
outputs, the ADI Family of Measurement and Control Units, 
peripherals and memory expansion cards. All of the hardware 
and software products offered by ADI with the MACSYM 120 
are also available for use with IBM PC's. 

The MACSYM 120 bnngs real workstation power to the plant 
floor. It combines the features of a sophisticated operator interface, 
a commuuications gateway and a control computer that implements 
advanced automation strategies. The MACSYM 120 delivers 
these capabilities to plant operating personnel. 

MACSYM 150 
The MACSYM 150 is a high-performance workstation designed 
for applications requiring more computational power, more 
memory, better graphics and more local 110 capacity than provided 
by the MACSYM 120. The system uuit accepts the Series 100 
Family of I/O cards for local interface to analog and digital 
inputs and outputs, the ADI Family of Measurement and Control 

. Units, IEEE-48 instruments, peripherals and memory expansion 
cards. 

Use the MACSYM 150 when a high-performance Measurement 
and Control Workstation is needed in a laboratory or control 
room. As a fast test and measurement system, instrument con
troller, supervisory controller and data collection and analysis 
system, this workstation provides an operator or higher-level 
computer with timely and comprehensive information. 



WORKSTATION COMPARISON 

MACSYM120 

Peformance Intel 8088 
Microprocessor 
w/8087Math 
Coprocessor 

Computation 
Speed 
Factor = 1.0 

Memory 640KBRAM 
maximum 

Graphics High Resolution 
Monochrome 

Medium 
Resolution Color 

Option Slots 4 Slots for Series 
120 Cards 

Compatible with 
IBMPClXT 
Options 

Environment Plant 

MACSYMlSO 

Intel 8086 
Microprocessor 
w/8087 Math 
Coprocessor 

Computation 
Speed 
Factor = 1.5 

1MB RAM 
maximum 

High Resolution 
Color 

High Speed 
Graphics Update 

6 Slots for Series 
100 Cards 

Lab/Control 
Room 

WORKSTATION MEASUREMENT & CONTROL 110 
Analog Input . 
Analog Output 
Digital Input and Output 
Interface to Many Transducers Such as Thermocouples, 

RTD's or Strain Gages via the 3B Family 

MEASUREMENT & CONTROL UNITS 
MACSYM 200 and ,...MAC4000 Interface Units 
MACSYM 250, MACSYM 260 and ,...MAC-5000 
Programmable Units 

SYSTEM EXPANSION PRODUCTS 
Memory Expansion Cards 
Communications Expansion Cards 
Monitors 
Printers 
Color Plotter 

SOFTWARE PRODUCTS 
High Level Laoguage 
Application Software: DAIS, MAS 
MCComm™ 
Communications to Other Computers 
Communications to Programmable Controllers 

MEASUREMENT AND CONTROL UNITS 
Analog Devices' Measurement and Control Units are system 
building blocks for a wide range of applications. Systems may 
be configured to meet requirements ranging from simple process 
monitoring to standalone control of complex processes or machine 

operations, to sophisticated product test systems. The product 
line includes rugged modules for factory-floor and process industry 
environments as well as units optimized for laboratory benchtop 
or pilot plant use. 

Measurement and Control Units achieve their ability to interact 
with real-world sensors and actuators through comprehensive 
families of 110 boards. Inputs may be analog voltages or currents 
at high or low levels, thermocouples, strain gages, RTD's, relays, 
pulses, or frequencies. Analog and digital outputs control valves, 
actuators, and motors. Electrical isolation, fault protection, and 
signal conditioning for noisy real-world signals assure accurate,' 
reliable measurements. Field wiring terminations promote ser
viceability and minimize hazards to equipment and personnel. 

MACSYM200 
MACSYM 200 is a high-performance unit for high-speed burst
mode data acquisition and high point-count scanning. Its family 
of over 30 ADIO cards facilitates connection to most any type 

of sensor or actuator. The 16 slots available for these cards 
enable a large number of points to be measured and controlled 
from one chassis. Product test, process monitoring, and laboratory 
control are among the applications for which the MACSYM 200 
is particularly effective. The MACSYM 200 is intended for 
laboratories, pilot plants, and industrial control rooms. 

MACSYM250 
MACSYM 250 is used to form high-performance Measurement 
and Control Systems in conjunction with MACSYM Workstations 
or mM Personal Computers. It features a large memory for 
program and data space, multi-tasking MACBASIC, and a high
speed integrated link to the workstation. It can acquire, analyze, 
and reduce data; implement and complex control strategies; 
respond to high-priority events; and report results. At the same 
time, the workstation can devote its full resources to operator
interface functions. 

Use the MACSYM 250 in a laboratory, pilot plant, or control 
room setting for high-performance monitoring or product test 
applications. 

MACSYM260 
MACSYM 260 is a rugged, high-performance unit capable of 
controlling complex operations in harsh plant environments. It 
has large memory capacity for sophisticated control strategies, 
arrays of test data, or multiple batch recipes. Programs may be 
stored in nonvolatile PROM for production applications. The 
MACSYM 260 has several forms of error-detection. Serviceability 
is designed-in with diagnostic indicator lights, and front panel 
replacement of all electronic assemblies. Multitasking MACBASIC 
simplifles the development of applications which require concur
rent data acquisition, computation, control and communication. 
Multiple communication ports support terminals, printers, and 
data exchange with other computers. 

The MACSYM 260 is used when significant measurement, 
control and computation power is required in a plant environment. 
These applications include high-performance product test stands, 
statistical process control of manufacturing, batch control, and 
control of complex equipment 'such as large extrusion machines. 

SELECTION GUIDES 2·773 



MACSYM Measurement & Control Systems 
MEASUREMENT & CONTROL INTERFACE UNITS COMPARISON 

MACSYM200 MACSYM250 MACSYM260 

Maximum Channel Capacity 
AnalogIJO 512 S/E 512 S/E S12SIE 

256 Diff. 256 Diff. 256 Diff. 
Digital 110 256 256 256 

Analog Sampling Speed (Burst Mode) 
Single Channel 33,OOO/Sec 33,OOO/Sec 33,OOO/Sec 
Multiple Channel 6,OOO/Sec 7,OOO/Sec 7,OOO/Sec 

Communication Ports 
Number One Two Four 
Type RS-422, Sync. RS-422, Sync. RS-422, Sync. 

Maximum Memory 64K 

Programmable No 

User EPROM No 

Operating Temperature O-SO°C 

APPLICATION SOFTWARE 
Application Software is a system building block that increases 
the level of solution provided by Analog Devices for Automation 
Management and Control. When combined with our other system 
building blocks, one can implement a fully-supported solution 
from a single vendor. 

DAIS (Data Acquisition Information System) is a foundation for 
process monitoring applications involving hundreds of points. 
MAS (Micro Automation System) is designed for controlling 
small process units such as pilot plants. Both packages can be 
used without knowledge of programming because they are 
menu-driven. 

DAIS 
DAIS provides a simple operator interface, integral data base 
(for points, groups and logs), and extensive on-line point processing 
capability. DAIS accepts a wide range of process inputs, converts 
raw values to engineering units, performs three levels of alarm 
checking, saves historical data and provides printed reports. 
DAIS can be extended or customized via easy-to-use 
MACBASIC. 
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RS-232, Async. RS-232, Async. 
Isolated 20rnA 
Current Loop 

SI2K SI2K 

Yes Yes 

No Yes 

O-SO°C 0-60°C 

DAIS is used in a variety of applications where real-time process 
monitoring and supervisory control provide tighter control and 
improve operating efficiency. 

MAS 
MAS is a complete system integrating operator interface and 
control. It is complete because it has both continuous control 
and a high-level sequence control language, since many applications 
require more than just PID control. Via its menus, the operator 
has access to alarms, real-time trends, operator comment display, 
varying control parameters, and initiation or suspension of control. 
MAS is easily adapted to changing operating conditions and 
control requirements. 

MAS improves repeatability and record keeping in small-scale 
automation projects. 

MACSYM is a reptered trademark of Analog Devices, Inc. 
MACBASIC and MCComm are trademarks of Analog Devices, Inc. 
*mM PC/XT is a trademark of International Business Machines 
Corporation. 



Machine Vision Systems 
IVS-IOO MACinNES VISION SYSTEMS 
The IVS-lOO, (The Eye™), built from the ground up by Analog 
Devices, is a powerful and flexible machine vision development 
system. It features state-of-the-art hardware and software for 
machine vision. The system performs full gray scale processing 
and is capable .of resolving both small and subtle defects at high 
speed. The IVS-IOO system is designed with the flexibility to 
meet your specific needs. Hardware enable the system to be 
"built up" or "built down" to meet your requirements. An 
extensive library of machine vision routines is available as are 
"turnkey" software packages. This flexibility in both hardware 
and software ensures the delivery of the right, user-friendly, 
system at the lowest cost. 

The IVS-IOO is commonly used in applications requiring: 

- Inspection, verification or sorting 
- Alignment 
- Character recognition 
- Robot guidance. 

Hardware Features of the Eye 
• 256 gray lef!el processing (the highest in the industry) to ac

commodate varying or poor lighting conditions and to enable 
the IVS-IOO to see small defects. 

• Dual process hardware. The IVS-IOO is the first vision system 
ever to employ the Intel* 80286/287 microprocessors and an 
Intel 80186 110 processor. The 110 processor unburdens the 
main processor, from performing time consuming input/output 
tasks. 

• High resolution (up to 512 x 512 pixels) is standard so The Eye 
can make accurate measurements and fwd small defects. 

• Built-in preprocessing. With an arithmetic logic unit, a look-up 
table, and dual ram image storage, preprocessing can be per
formed. This image preprocessing is virtually cost free in a 
time sense and consequently saves the CPU time in not having 
to perform these tasks. . 

• Two serial ports and one parallel port. The IVS-IOO communicates 
via one RS-232 serial port, one RS-4221423 serial port and 
one parallel port with 8 digital input lines and 8 digital output 
lines. It is capable of real-world interfacing and can communicate 
with host computers and a wide range of peripherals. 

• Up to eight cameras on one processingunir. The Camera Multiplexer 
provides the IVS-IOO with the capability of connecting up to 
8 cameras to its framegrabber. With camera multiplexing 
capabilities, the user is able to create multiple workstations 
with one vision system. 

• Choice of storage space. The IVS-IOO is standardly configured 
with one 640K byte floppy drive and a 15M byte Winchester 
drive. In place of the 15M byte drive, a 68M byte Winchester 
is available. Increased Winchester storage is particularly useful 
for applications where image archiving or the performance of 
trend analysis for quality control is required. 

Concurrent CP/M** Operating System and the Analog Devices 
Libraries of Machine Vision Software 
• Concurrent CP/M (CCP/M) is a multitasking, real-time operat

ing system. CCP/M is produced by Digital Research. On the 
IVS-lOO, CCP/M supports up to two physical consoles and 
eight virtual consoles. The machine vision software developed 
by Analog Devices is designed as a hierarchical structure of 

software building blocks to assist the machine vision pro
grammer in fasbion in efficient application programs. Having 
these building blocks available greatly increases productivity 
during program development. 

.' IVS-lOO Library. The machine vision primitives are the lowest 
layer in the IVS-IOO machine vision software structure. These 
are routines and drivers written in assembly language that 
implement a variety of low-level machine vision operations 
and are optimized for IVS-IOO hardware. 

On the next level are machine vision functions, which are 
written in assembly language and C. These functions implement 
a wide range of machine vision algorithms for image processing, 
analysis and interpretation. Each of these routines were written 
to perform one function very fast (i.e. acquire an image, 
freeze an image, ftlter a line of pixel data, calculate a 
histogram). 

• Applications Library. The Applications Library contains addi
tional, higher level machine vision functions for image analysis 
and interpretation. Capabilities include windowing, blob 
location, automatic threshdlding, centroid determination, etc. 
These routines are'written primarily in C, and consist of 
combinations oCthe functions incorporated in the IVS-IOO 

. Library described above. Source code for the Applications 
Library is included with the library. 

• Applications Packages. The fmallevel of machine vision software 
available from Analog Devices are applications packages: 
complete menu-driven, user-friendly progrmsperforming 
specific machine vision tasks. Applications packages currently 
available from Analog Devices include: Optical Character 
Recognition and Verification, and Alignment. 

The Eye is 8 trademark of ADaloI Devices, Inc. 
*1Dte1 is 8 trademark of Intel Corpontioa. 
**Concurrent CPIM is a trademark of DiaitaI Research, Inc. 
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Component Test Systems 
BI·DIRECTIONAL RS·232 PORT 
FOR COMMUNICATING WITH 
ANY RS·;Z32IDE\i'ICE 

DUAL DISK DRIVES, DOUBLE'SIDED FOR 
OPERATING SYSTEM, MASS DATA, 
USER 

PLUG·IN FAMILY BOARD MODULE IE.G., 
LINEAR, DIGITAL, DATA CONVERSION, DISCRETE) 

THE LTS SYSTEM CONCEPT 
The L TS-2020 is a versatile component test system which allows 
you to test a multitude of components to the manufacturer's 
specifications (linear, digital, data conversion and discrete devices). 
The system also offers such features as RS232 ports for networking, 
IEEE for compatibility with handlers and probers, dual disk 
drives for mass storage of data, automatic self calibration, and a 
full statistical analysis software package. 

The L TS-2020 provides several data output formats - data log, 
yield analysis and statistical analysis. The console provides the 
primary measurement and control functions to test a specific 
class of devices. The socket assembly is the mechanical and 
electronic interface for the family board and the DUT board. 
The DUT board plugs directly·into the socket assembly and 
contains the circuitry and socket, specific to the actual device 
under test. 

LTS-2020CONSOLE SPECIFICATIONS 

Voltage Measurement Ranse 
±IOV 

CurrentMeasuremeat Ranse 
10mA to + l50mA 

-150mAto + 10mA 
- I.OmAto + I.0mA 
-10mA to + 10mA 

VoJtaae Forc:inBRaose 

Oto +20V 
Oto -20V 
010 +IOV 
-IOVlo+ 10V 

CunentRaap 
HIZ 

VoJtaae Raose 
010 +20V 
Oto -20V 
Oto + 10V 
±IOV 

CuneotRaap 

-10mA to + ISOmA 
-150mAto + 10mA 
- I.0mA to + I.0mA 
-10mA 10 + 10mA 

Resolution 
IO ... V 

Resolution 
2.,.A 
2.,.A 
0.2 ... A 
O.I.,.A 

Resolution 

\OOmv 
1000V 
50mV 
ImV 

ANALOG DEVICES, Component Test Systems are the first 
benchtop testers that are programmable in BASIC and fill-ill-the
blanks CREATE. CREATE is menu-driven software which 
prompts the user for data Sheet limits and conditions, and builds 
a completed test program for the specified device. Turnkey 
program libraries are available for each of the device families. 

Far more thaD. just comprehensive production testers, they can 
handle complex engineeriog analysis and incoming inspection. 
They are the first systems that can provide all the capabilities of 
today's large centralized test systems at a cost that is approximately 
one-third that of a mainframe., The L TS-2020 not only provides 
the flexibility of distributed or decentralized testing, it allows 
for cost effective multiple system purchases. And they increase 
overall test reliability, since the threat of a single big failure is 
eliminated in a distributed testing environment. 

Accuracy 
±(0.0015% + ISO ... V) 

Aecuracy 
±(2.5% + loopA/V + IS.,.A) 
± (2.5% + 100pA/V + IS.,.A) 
± (0.5% + 10.,.A) 
±(0.5% + 10.,.A) 

Accuracy 

±5OmV 
±5OmV 
±25mV 
;:SOO ... V 

OperatinB Voltose Ranse 
105VtoI2SVAC@50Hzto60Hz 
210Vlo2S0VAC@50Hzto60Hz ' 

Conso1e Dimensions 

System Reference Stability 

10V ± 10ppml1OOObrs. nOD<WDuiative 
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W 19m. (48cm.) x D 26in. (66Cm.) x H 12in. (3Ian.) 
Wt.751bs.(39Kgs.) 

OperatinBTe~Raose 

Oto +4O"C, +32"Ftol04"F' 



Power Supplies 
Modular AC/DC Power Supplies 

SPECIFICATIONS (typical @ + 2S"C and 115V ac 60Hz unless otherwise noted) 

Output Output Line Reg. Load Reg. Output Ripple & 
Voltage Current Max Max Voltage Noise Dimensions 

Type Model Volts mA % % EnorMax mV rms Max Inches 

915 ±15 ±25 0.2 0.2 ±I% I 3.5 X 2.5 X 0.875 
904 ±15 ±50 0.02 0.02 ±2oomV 0.5 3.5 X 2.5 X 0.875 

-OmV 
902 ±15 ± 100 0.02 0.02 +300mV 0.5 3.5 X 2.5 X 1.25 

Dual -OmV 

Output 902-2 ±15 ±Ioo 0.02 0.02 +3OOmV 0.5 3.5 X 2.5 X 0.875 
-OmV 

920 ±15 ±2oo 0.02 0.02 +300mV 0.5 3.5 X 2.5 X 1.25 
-OmV 

925 ±15 ±350 0.02 0.02 ±I% 0.5 3.5 X 2.5 X 1.62 .... 
921 ±12 ±240 0.02 0.02 +3OOmV 0.5 3.5 X 2.5 X 1.25 .. 

I -OmV 

906 5 250 0.02 0.04 ±I% I 3.5 X 2.5 X 0.875 
1! Single 903 5 500 0.02 0.04 ±i% I 3.5 X 2.5 X 1.25 co 

Q Output 905 5 1000 0.02 0.05 ±l% I 3.5 X 2.5 x 1.25 = 
~ 922 5 2000 0.02 0.05 ±l% I 3.5 X 2.5 X 1.62 

928 5 3000 0.05 0.10 ±2O/o 5(typ) 3.5 X 2.5 X 1.25 

923 ±15 ±Ioo 0.02 0.02 ± 10/0 0.5 3.5 x 2.5 X 1.25 
+5 500 0.02 0.05 ±I% 0.5 

926 ±15 ±150 0.02 0.02 ±2O/o 0.5 (typ) 3.5 X 2.5 X 1.62 
+5 300 0.02 0.10 ±2O/o 1.0 (typ) 

Triple 927 ±15 ±150 0.02 0.02 ±2O/o 0.5(typ) 3.5 X 2.5 X 1.62 
Output +5 1000 0.02 0.10 ±2O/o 1.0 (typ) 

2B35J ±15 ±65 0.08 0.1 (-0, +300mV) 0.5 3.5 X 2.5 X 1.25 
+ I to + 15* 125 0.08 0.1 0.25 

2B35K ±15 ±65 0.01 0.02 (-0, +300mV) 0.5 3.5 X 2.5 X 1.25 
+ I to + 15* 125 0.01 0.02 0.25 

952 ±15 ±Ioo 0.05 0.05 ±2O/o 4.4x2.7x 1.44 
Dual 970 ±15 ±2oo 0.05 0.05 ±2% 4.4 X 2.7 X 1.44 

.... Output 973 ±15 ±350 0.05 0.05 ±2% 4.4 X 2.7 X 2.00 .. 
§ 975 ±15 ±5oo 0.05 0.05 ±2% 4Ax2.7x2.oo 

~ Single 955 5 1000 0.05 0.15 ±2O/o 2 4.4x2.7x 1.44 

.; Output 976 5 3000 0.05 0.10 ±2% 5 (typ) 4.75 X 2.7 X 2.00 

=: 972 ±15 ± 150 0.02 0.02 2% 0.5 (typ) 4.75 X 2.7 X 1.45 a Triple +5 300 0.02 0.10 2% 1.0 (typ) 
Output 974 ±15 ± 150 0.02 0.02 2% 0.5 (typ) 4.75x2.7x 1.45 

+5 1000 0.02 0.10 2% 1.0 (typ) 

*Resistor Programmable 
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Power Supplies 
Modular OC/OCConverters 

SPECIFICATIONS (typical@ + 25"C at nominal input voltage unless otherwise noted) 

Input' 
Output Output Input Voltage Input Output Temperature Efficiency 
Voltage Current Voltage Range Current Voltage Coefficient Full Load Dimensions 

Moclel Volts inA Volts Volts Full Load ErrorMu fCMu Min Inches 

943 5 lOOO 5 4.75/5.i5 1.52A ±1% ±0.02% 62% 2.0 x 2.0 x 0.38 
957- 5 100 5 4.5/5.5 200mA ±5% ±O.OI%(typ) 50% 1.25 x 0.8 x 0.4 
958 5 100 5 4.5/5.5 200mA ±5% ±O.OI%(typ) 50% 1.25 x 0.8 x 0.4 
941 :t12 ±150 5 4.75/5.25 l.17A ±0.5% ±0.01% 58% 2.0 x 2.0 x 0.38 
959- ±12 ±4O 5 4.5/5.5 384mA ±5% ±O.OI%(typ) 50% 1.25 x 0.8 x 0.4 
960 ±12' ±4O 5 4.5/5.5 384mA ±5% ±O.OI%(typ) 50% 1.25 x 0.8 x 0.4 
961- ±15 ±33 5 4.5/5.5 396mA ±5% ±O.OI%(ty'p) 50% 1.25 x 0.8 x 0.4 
962 ±15 ±33 5 4.5/5.5 396mA ±5% ±O.OI%(typ) 50% 1.25 x 0.8 x 0.4 
963- ±IS ±33 12V 10.8113.2 16SmA ±S% ±O.OI%(typ) 50% 1.25 x 0.8 x 0.4 
964 ±IS ±33 12V 10.8113.2 16SmA ±5% ±O.OI%(typ) 50% 1.25 x 0.8 x 0.4 
965 ±15 ±19O 5V 4.65/5.5 1.7A ±1% ±O.OOS%(typ) 62%(typ) 2.0 x 2.0 x 0.38 
966 ±15 ±19O 12V 11.2113.2 7l0mA ±1% ± 0.005% (typ) 62% (typ) 2.0 x 2.0 x 0.38 
967 ±15 ±19O 24V 22.3/26.4 350mA ±1% ±0.005%(typ) 62% (typ) 2.0 x 2'.0 x 0.38 
968 ±15 ±19O 28V 26/30.8 300mA ±1% ±O.OOS%(tYP) 62% (typ) 2.0 x 2.0 x 0.38 
949 ±IS ±60 .... 5 4.6SIS.S 0.6A ±2% ±0.03% 58% 2.0 x 1.0 x 0.375 
940 ±15 ±150 5 4 .. 75/5.25 U5A ' ±0.5% ±0.01% 62% 2.0x2.0xO.38 
953 :I: 15 ±150 12 11113 0.6A ±0.5% ±0.01% 62% 2.0 x 2.0 x 0.38 
945 ±15 ±150 28, 23/31 250mA :1:0.5% :1:0.01% 61% 2.0 x 2.0 x 0.38 
951 :1:15 :1:410 5 4.6515.5 3.7A ±0.5% :1:0.01% 62% 3.5 x 2.5 x 0.88 

NOTBS 
*UDIl1teredMociels 

**SiDgle-enclecl o.unbalanced operationia permisBibJe such tbat total output current losd 
doeaDOtexceo<i I total of lZOmA. 

I Models 940 and 941 wID cleliverup to 120000utput current (and model 943 wWdeliv .. 
up to6OOmA)ove. an input voItaae range of 4;65 and S.5 V de. 
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Integrated Circuits New Product Data Sheets 
Contents 

Operational Amplifiers 

AD548 - Low Power, Precision, BIFET Op Amp 

AD648 - Low Power, Precision, Dual BIFET Op Amp 

AD711 - Low Cost, High Speed, BIFET Op Amp .. 

AD712 - High Speed, Precision, Dual BIFET Op Amp 

AD OP-37 - Ultra Low Noise, High Speed, Precision Op Amp (AVCL ;,,5) 

Isolation Amplifiers 

Page 

3 -65 

3 -135 
3 -163 

3 -165 

3 - 339 

AD202 - Low Cost, Miniature Isolation Amplifier 3 - 5 

AD204 - Low Cost, Miniature Isolation Amplifier 3 - 5 

AD295 - Precision, Hybrid. Isolation Amplifier . 3 - 13 
Instrumentation Amplifiers 

AD625 - Programmable Gain Instrumentation Amplifier ........................ 3 -111 

Multipliers/Dividers 

AD538 - Real-Time Analog Computational Unit (ACU) ........................ 3 - 57 

Function Generators 

AD639 - Universal Trigonometric Function Generator . 

Voltage References 

AD588 - Ultra I:Iigh Precision Voltage Reference ... 

Temperature Transducers 

AD592 - Low Cost, Precision IC Temperature Transducer 

AD693 - 4-20mA Sensor Transmitter .......... . 

Digital-to-Analog Converters 

AD394 - jLP-Compatible, Multiplying, Quad, 12-Bit D/A Converter. 

AD395 - .. P-Compatible, Multiplying, Quad, 12-Bit D/A Converter. 

AD569 - BiMOS II, Monotonic, 16-Bit DAC .. 

AD1147 - .. P-Compatible, 16-Bit D/A Converter .. . 

AD1148 - .. P-Compatible, 16-Bit D/A Converter .. . 

AD7224 - LC2MOS, 8-Bit DAC with Output Amplifier 

AD7225 - LC2MOS, Quad, 8-Bit DAC with Separate References 

AD7245 - LC2MOS, 12-Bit DACPORT™. . . . 

AD7248 - LC2MOS, 12-Bit DACPORT™ . • . . . . . . . . . . 

AD7534 - LC2MOS, .. P-Compatible, 14-Bit DAC 

AD7535 - LC2MOS, .. P-Compatible, 14-Bit DAC 

AD7536 - LC2MOS, 14-Bit, .. P-Compatible DAC 

AD7537 - Dual 12-Bit DAC • . . . . . . • . . . 

AD7547 - Dual 12-Bit DAC . . . . • • . • . • . 

AD7S49 - LC2MOS, Dual 12-Bit, ILP-Compatible DAC 

AD7845 - LC2MOS, 12-Bit MUItiplying DAC 

AD9700 - Monolithic Video D/A Converter ..... . 

AD9702 - Triple 4-Bit D/A Converter . • • . . . . •. 

HDG Series - Hybrid, Video, Digital-to-Analog Converters 

HDG-0407 - Hybrid, Video, Digital-to-Analog Converters . 

HDG-0807 - Hybrid, Video, Digital-to-Analog Converters . 

HDL-3805 - Hybrid, Video, Digital-to-Analog Converters . 

HDL-3806 - Hybrid, Video, Digital-to-Analog Converters . 

HDM-1210 - Ultra High Speed, Multiplying D/A Converter 

3 -123 

3 - 99 

3 -103 

3 -161 

3 -49 

3 -49 

3-67 

3 - 167 

3 -167 

3 -175 

3 - 183 

3 - 195 

3 - 195 

3 -197 

3 - 209 

3 - 221 

3 - 233 

3 - 233 

3 - 235 

3-313 

3 - 315 

3 - 319 

3- 383 

3 - 387 

3 - 387 

3 - 391 

3 - 391 

3 - 395 
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Analog-to-Digital Converters 

AD375 - IMHz, j1.CCompatible 12-Bit ADC 

AD376 - Complete, High Speed, 16-Bit AID Converter .•. 

AD575 - Complete, 10-Bit AID Converter with Serial Output 

AD578 - Very Fast, Complete, 12-Bit AID Converter .... 

ADl170 - High Resolution, J.>rogrammable, Integrating AID Converter 

AD7572 - LC2MOS, Complete, High Speed, 12-Bit ADC _ 

AD7575 - LC2MOS, 5j1.s, 8-Bit ADC with TrackIHold .. 

AD7576 - LC2MOS, 10j1.s, j1.P-Compatible, 8-Bit ADC .. 

AD7578 - CMOS, 12-Bit, Successive Approximation ADC 

AD7582 - CMOS, 12-Bit, Successive Approximation ADC 

AD7820 - LC2MOS, High Speed, j1.P-Compatible, 8-Bit ADC with TrackIHold Function 

AD7824 - LC2MOS, High Speed, 4- & 8-Channel, 8-Bit ADC 

AD7828 - LC2MOS; High Speed, 4- & 8-Channel, 8-Bit ADC 

AD ADC816 - Ultra High Speed, 10-Bit AID Converter . . 

HAS-1201 - 12-Bit, IMHz, Analog-to-Digital Converter . • .. 

HAS-1202 - illtra Fast, Hybrid, Analog-to-Digital Converter . 

HAS-1202A - illtra Fast, Hybrid, Analog-to-Digital Converter 

HAS-1204 - illtra High Speed, 12-Bit AID Converter • . . .• 

Voltage-to-Frequency Converters 

AD651- Monolithic, Synchronous, Voltage-to-Frequency Converter 

AD654 - Low Cost, Monolithic, Voltage-to-Frequency Converter 

Synchro & Resolver Converters 

IPAI764 - Hybrid, Inductosyn ™ Preamplifier. . . . . . . . . ..... 

OSC1758 - Hybrid, Power Oscillator ••...•..•... 

IS14 - Tachogenerator Output, Hybrid, R-to-D Converter 

IS24 - Tachogenerator Output, Hybrid, R-to-D Converter 

IS44 - Tachogenerator Output, Hybrid, R-to-D Converter 

IS64 - Tachogenerator Output, Hybrid, R-to-D Converter 

IS74 - Tachogenerator Output, Variable Resolution, Hybrid; R-to-D Converter 

2S20 - Low Cost, Hybrid, 12-Bit, Resolver-to-Digital Converter. 

2S50 - LVDT-to-Digital Converter .....•...... 

Digital Signal Processing Components 

ADSP-l008A - 8 x 8-Bit, CMOS Multiplier/Accumulator 

ADSP-I009A - 12 x 12-Bit, CMOS Multiplier/Accumulator 

ADSP-I01OA - 16x 16-Bit, CMOS Multiplier/Accumulator 

ADSP-I012A - 12 x 12-Bit, CMOS Multiplier 

ADSP-I016A - 16x 16-Bit, CMOS Multiplier 

ADSP-I024A - 24 x 24-Bit, CMOS Multiplier 

ADSP-I080A - 8x8-Bit, CMOS Multiplier 

ADSP-1081A - 8 x 8-Bit, CMOS Multiplier . 

ADSP-1101 - Integer Arithmetic Unit ..•. 

ADSP-ll02 - 16 x16-Bit, CMOS Multiplier with Optional Pipeline 

ADSP-ll03 - 16 x 16-Bit, CMOS Multiplier with Optional Pipelirie 

ADSP-lllOA - 16 x 16-Bit, CMOS, Single-Port Multiplier/Accumulator . 
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ADSP-I401 - Program Sequencer ................ . 

ADSP-1410 - Address Generator ................. . 

ADSP-1516 - 16 x 16-Bit, CMOS Multiplier with Optional Pipeline 

ADSP-1517 -16x 16-Bit, CMOS Multiplier with Optional Pipeline 

ADSP-321O - IEEE Floating Point Multiplier 

ADSP-3220 - IEEE Floating Point ALU . . . . . . . . . .. 

SampleJTrack-Hold Amplifiers 

AD585 - High Speed, Precision Sample-and-Hoid Amplifier. 

Data Acquisition Subsystems 

AD365 - Programmable Gain & T/H DAS Amplifier ... . 

AD367 - High Resolution, Programmable Gain DAS ... . 

AD369 - Complete, Programmable Gain, 12-Bit Data Acquisition System 

CMOS Switches 

ADG201A - CMOS Quad SPST Switch 

ADG202A - CMOS Quad SPST Switch 

ADG221 - CMOS Quad SPST Switch 

ADG222 - CMOS Quad SPST Switch . 
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3 - 333 
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-'ANALOG 
WDEVICES 

FEATURES 
Small Size: 4 Channelsllnch 
Low Power: 35mW IAD204) 
High Accuracy: ± 0.05% max Nonlinearity 
High CMR: 130dB IGain=100 VN) 
Wide Bandwidth: 5kHz Full-Power 
High CMV Isolation: ±1000 V pk Continuous 

ISignal and Power) 
Isolated Power Outputs 
Uncommitted Input Amplifier 

APPLICATIONS 
Multi-Channel Data Acquisition 
Current Shunt Measurements 
Motor Controls 
Process Signal Isolation 
High Voltage Instrumentation Amplifier 

GENERAL DESCRIPTION 
The AD202 and AD204 are the first members of a new generation 
of low cost, high performance isolation amplifiers. A new circuit 
design, novel transformer construction, and the use of surface
mounted components in an automated assembly process result 
in remarkably compact, economical isolators whose performance 
in many ways exceeds that previously available from very expensive 
devices. The primary distinction between the AD202 and AD204 
is that the AD202 is powered directly from + 15V dc while the 
AD204 is powered by an externally supplied clock (AD246). 

The AD202 and AD204 employ transformer coupling and do 
not require the design compromises that must be made when 
optical isolators are used: each provides a complete isolation 
function, \\lith both signal and power isolation internal to the 
module, and they exhibit no long-term parameter shifts under 
sustained common-mode stress. Power consumption, nonlinearity, 
and drift are each an order of magnitude lower than can be 
obtained from other isolation techniques, and these advan-
tages are obtained without sacrifice of bandwidth or noise 
performance. 

The design of the AD202 and AD204 emphasizes ease of use in 
a broad ran&e of applications where signals must be measured or 
transmitted without a galvanic connection. In addition, the low 
cost and small size of these isolators makes component-level 
circuit applications of isolation practical for the first time. 

PRODUCT HIGHLIGHTS 
The AD202 and AD204 are full-featured isolators offering numer
ous benefits to the user: 

Small Size: The new SIP form factor provides complete isolation 
(both signal and power) in a package just 0.25" wide, giving the 
user a channel density of four ch8nnels per inch. The isolation 
barrier is across the width of the package, which facilitates 
board layout and maximizes input-output spacing. 

Low Cost, Miniature 
Isolation Amplifiers 

AD2021 AD204 I 
AD202fAD204 FUNCTIONAL BLOCK DIAGRAMS 

High Accuracy: With a maximum nonlinearity of ± 0.05% and 
low drift over temperature, the AD202 and AD204 can be used 
to provide isolation without loss of signal integrity. 

Low Power: Power consumption of 35mW (AD204) and 75mW 
(AD202) over the full signal range makes these isolators ides! 
for use in applications with large channel counts or tight power 
budgets. 

Wide Bandwidth: The AD204's full-power bandwidth of 5kHz 
makes it useful for wideband signals. It is also effective in appli
cations like control loops, where limited bandwidth could result 
in instability. 

Excellent Common-Mode Performance: Both models have 
± lOOOV common mode voltage isolation and a total common-mode 
input capacitance of less than 5pF inclwiw of power isolation. 
This results in CMR ranging from l30dB at a gain of 100 to 
104dB (min. at unity gain) and very low leakage current (2,..A 
max). 

Flexible Input: An uncommitted op amp is provided at the 
input of both models. This provides buffering and gain as required, 
and facilitates many Blternative input functions including filtering; 
summing, high-voltage ranges, and current (transimpedance) 
input. 

Isolated Power: The AD204 can supply isolated power of ± 7.5V 
, at 2mA. This is sufficient to operate a low-drift input preamp, 
provide excitation to a semiconductor strain gage, or to power 
any of a wide range of user-supplied ancillary circuits. The 
AD202 can supply ± 7.5V at 0.4mA which is sufficient to operate 
adjustment networks or low-power references and op amps, or 
to provide an open-input alarm. 
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SPECIFICATIONS 
Model 

. GAIN 
Range 
Error 
... TemperatUre 
vs. Time 
vs. Supply Voltage 
NonIinearity(G= IVN) 

INPUT VOLTAGE RATINGS 
Linear Di1ferential Range 
Max: CMV Input to Output 

AC, 60Hz, Coutinuous 
Coutinuous DC 

CommOn-Mode Rejection (CMR) 
R,;=,sIOOO (HI & LOlnputs)G= I 

G=IOO 
R,;=,slkfl (Input HI, LO,or Both)G= I 

G=IOO 
Leakage Current Input to Output 

@240V nns, 60Hz 

INPUT IMPEDANCE 
Differential(G=IVN) 
Couuuon Mode 

INPUT BIAS CURRENT 
Initial,@+2S"C 
vs. Temperature (0 to + 7O'C) 

INPUT DIFFERENCE CURRENT 
Initial,@+2S"C 
vs, Temperature (0 to + 70"C) 

INPUT NOISE 
Voltage, 0.1 to 100Hz 

t>200Hz 

FREQUENCY RESPONSE 
Bandwidth(Vo"IOV p-p, G= I-SOVN) 
SettlingTl11lI:, to ± IOmV (lOV Step) 

OFFSETVOLTAGE(RTI) 
Initial,@+2S"CAdjustabietoZero 

vs. TemperatUre (0 to + 70"C) 

RATEDOUTPUT 
Voltage (Out HI to Out LO) 
Voltage at Out HI or Out LO (Ref. Pin 32) 
Output Resistance 
Output Ripple, 100kHz Bandwidth 

SkHz Bandwidth 

ISOLATED POWEROUTPUT' 
Voltage, No Low! 
Accuracy 
Current 
Regulation, No Load to Full Low! 
Ripple 

OSCILLATOR DRIVE INPUT 
Input Voltage 
InputF""I'l"lCY 

POWER SUPPLY (AD202 Ooly) 
Voltage, Rared Performance 
Voltage; Operating 
Current, No Low! (V s = + ISV) 

TEMPERATURE RANGE 
Rared Performanoe 
Operating 
Stotage 

PACKAGE DIMENSIONS 

NCYrnS 
*~sameasAD204JY. 
'l.Op.F min decoupIing requin:d. 
23mA with one suppJy bded. 
SpOcificotioos,subjca tncbange_1lIlIice. 
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(1p:aI @ + 2ft, & Vs = + 15Y IIIIass oIherwise nobId) 

AD204JY AD202JY 

IVN-lOOVN 
±Oo5% typ (4% max.) 
± 2Oppmf'C typ (± 4Sppmf'C max) 
±·SOppmIlOOOHours 

. ±O.OOIO/oIV ±O.OI·/oIV 
± O.02S% typ (± 0.05% max) 

±SV 

7SOVnns 
±IOOOVPeak 

1l0dB 10SdB 
I30dB 
10000min lOOdBmin 
1l0dBmin 

2"Annsmax 

10'20 
200jj405pF 

±3OpA 
±10nA 

±SpA 
±2nA 

4p.Vp-p 
SOnVNHZ 

SkHz 105kHz 
Ims 

(± S ± IS/G)mV max 

(± 10±~)II.Vrc 

±SV 
±605V 
3kf1 7kfI 
IOmVpk-pk 
Oo5mVnns 

±705V 
±Io% 
2mA (Either Output)' , 4OO"A TOIlli 
S% 
lOOmVpk-pk 

ISV pk-pk Nontinal N/A 
2SkHz Nontinal N/A 

N/A +ISV±S% 
N/A +ISV ±Io% 
N/A SmA 

Oto +7O"C 
- 2S"C to + 8S"C 
- 2S"C to + 8S"C 

2.08" x 0.249' x 0.625" 

I' 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm) . 

2.08152.8IMAX 

AD202/AD204 
FRONT VIEW Ite:~ 

....... mnnr-------.... ...,rr-' L 0010xOO2O 
(025KOS', ." 125) 

~~~~===-~~~ 

NOTE 
PW311SPR£SENTONLYONAD202.. 
PIN33ISPRESENTONLVONAD204. 

ACI058 MATING SOCKET 

.,." 11;-
DI. I_ 010 

IIIOTltENDSI I (:LS) 

Iii' TVP,l;~1 

IIUI 
~ 0.075 rm !iv~ 

-..j&~~ 
AC1058 CAN BE USED AS A SOCKET 

FOR AD202, AD204 '00 AD246 

AD202/AD204 
PIN DESIGNATIONS 

PIN FUNCTION 

1 
2 
3 
4 
5 
6 

31 
32 
33 
37 
38 

+ INPUT 
INPUTIV,so COMMON 
-INPUT 
INPUT FEEDBACK 
-V,soOUTPUT 
+ V,so OUTPUT 

+ 15V POWER IN (AD202 ONLY) 
CLOCK/POWER COM 
CLOCK INPUT (AD204 ONLY) 
OUTPUTLO 
OUTPUT HI 

WARNING! ~ 
~~~ 
~l)sIDI~fNSI1IJl ')rJ r 

CAUTION 
ESD .(E1ectro-Static-Discharge) senSlnve de
vice. Permanent damage may occur on uncon
nected devices subject to high energy electrosta
tic fields. Unused devices must be stored in con
ductive foam or shUnts. The protective foam 
should be discharged to the destination socket 
before devices ate removed_ 



DIFFERENCES BETWEEN THE AD202 AND AD204 
The primary distinction between the AD202 and AD204 is in 
the method by which they are powered: the AD202 operates 
directly from + 15\7 dc while the AD204 is powered by a non
isolated externally-supplied clock (AD246) which can drive up 
to 32 AD204s. The main advantages of using the externally-clocked 
AD204 over the AD202 are reduced cost in multichannel appli
cations, lower power consumption, and higher bandwidth. In 
addition, the AD204 can supply substantially more isolated 
power than the AD202. 

Of course, in a great many situations, especially where only one 
or a few isolators are used, the convenience of stand-alone operation 
provided by the AD202 will be more significant than any of the 
AD204's advantages. There may also be cases where it is desirable 
to accommodate either device interchangeably, so the pinouts of 
the two products have been designed to make that easy to do. 

INSIDE THE AD202 AND AD204 
The AD202 and AD204 use all amplitude modulation technique 
to permit transformer coupling of signals down to dc (Figure la 
and Ib). Both models also contain an uncommitted input op 
amp and a power transformer which provides isolated power to 
the op amp, the modulator, and any external load. The power 
transformer primary is driven by a 25kHz, lSV p-p square wave 
which is generated internally in the case of the AD202, or supplied 
externally for the AD204. 

Within the signal swing limits of approximately ± SV, the output 
voltage of the isolator is equal to the output voltage of the op 
amp; that is, the isolation barrier has unity gain. The output 
signaJ is not internally buffered, so the user is free to interchange 
the output leads to get signal inversion. Additionally, in multi
channel applications, the unbuffered outputs can be multiplexed 
with one buffer following the mux. This technique minimizes 
offset errors while reducing power consumption and cost. The 
output resistance of the isolator is typically 3k.O for the AD204 
(7kO for AD202) and varies with signal level and temperature, 

Figure 1a. AD202 Block Diagram 

Figure 1 b. AD204 Block Diagram 

so it should not be loaded (see Figure 2 for the effects of load 
upon nonlinearity and gain drift). In many cases a high-impedance 
load will be present or a following circuit such as an output 
fIlter can serve as a buffer, so that a separate buffer function 
will not often be needed. 

GAIN GAINTC 
NONLINEARITY 

(%1 
CHANGE CHANGE 

('"!o) fppmf"Cl 
0.25 

II 
...... L202L'NALGA,Lc 

-10 -500 

0.20 -8 -400 

I 
~ I I I I 

AD202 NONLINEARITY 

~\ X- I I I I 
". AD204 GAIN AND GAIN Te 

0.15 -300 

0.10 -4 -200 

~ ~ ~ 
~g~O(.~I~ 

-:::; -. .- .-. -.- .-- - -- - - -
0.05 -2 -100 

o 0 
o ~ ~ ~ U ~ ~ U " ~ U 

OUTPUT LOAD - Mn 

Figure 2. Effects of Output Loading 

USING THE AD202 AND AD204 

Powering the AD202. The AD202 requires only a single + lSV 
power supply connected as shown in Figure 3a. A bypass capacitor 
is provided in the module. 

AD202 

~+15V±5% 
~'5VRETURN 

Figure3a. PoweringAD202 

Powering the AD204. The AD204 gets its power from an ex
ternally supplied clock signaJ (a lSV p-p square wave with a 
nominaJ frequency of 25kHz) as shown in Figure 3b. 

AD204 AD204 AD204 

Pt--f®l--
~----

AD246 

15V' 
RETURN 

Figure 3b. Powering One or More AD204's 

AD246 Clock Driver. The AD246 is a compact, inexpensive 
clock driver that can be used to obtain the required clock from 
a single 1SV supply. Alternatively, the circuit shown in Figure 4 
(essentially an AD246) can be used. In either case, one clock 

49.9k 

.-..--...... ----....... ----1r-....... -o+15V 

>+-.--+-+-og~~ 

Figure 4. Clock Driver 

1~F 
35V 
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circuit can 'Operate at least 32 AD204s at the rated minimum _ 
supply vDltage 'Of l4.2SV and 'One additiDnai isolatDr can be 
'Operated fDr each 40mV increase in supply voltage up tD ISV. A 
supply bypass capacitDr is included in the AD246, but if many 
AD204s are 'Operated from a single AD246, an external bypass 
capacitDr shDuld be used with a value 'Of at least IjLF fDr every 
five isolatDrs used. Place, the capacitDr as clDse as possible tD the 
clOCk driver. ' 

'Input·CDnfigurationS. The AD202 and AD204 have been de
signed tD be very easy tD use in a wide range 'Of applications. 
The basic connectiDn fDr standard unity gain applicatiDns, useful 
fDr signals up to ± SV, is ShDwn in Figure 5; some 'Of the possible 
variatiDns are described belDW. When smaller signals must be 

Figure 5. Basic Unity-Gain Application 

handled, Figure 6 shDWS hDW tD get gain while preseiving a 
very high input resistance. The value 'Of feedback resistor Rp 
shDuld be kept above 20kO fDr best results. Whenever a gain 'Of 
mDre than' five is taken, a lOOpF capacitDr frDm pin 4 to pin 2 
is required. At lDwer gains this capaCitDr is unnecessary, but it 
will nDt adversely affect perfDrmance if used. 

Figure 6. Input Connections for Gain> 1 

The ,"noninverting" circuit 'Of Figures 5 and 6 can also be used 
tD advantage when a signal inversiDn is needed: just interchange 
either the input leads Dr the 'Output leads to get inversiDn. This 
approach retains the high input resistance 'Of the "nDninverting" 
circuit, and at unity gain nD gain-setting resistors are needed. 

When the isolator is nDt powe1'¢, a negative input vDltage 'Of 
more thaD. about 2V will cause an input current tD flDW. If the 
signal source can supply more than a few mA under such condi
tions, the 2kO resistor shown in series with pin 1 should be 
used tD limit current tD a safe value. This is particularly important 
with the AD202, which may nDt start if a large input current is 
present. 

Figure 7 shows how tD accommodate current inputs Dr sum 
currents Dr voltages. This circuit can also be used when the 
input signal is larger than the ± SV input range of the isolator; 
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fDr example, a ± SOV input span can be accommodated with 
Rp' = 20k and Rs = 200k. Once again, a capacitDr from pin 4 
tD pin 2 is required fDr gains above S. . 

Figure 7. Connections for Summing orCurrentlnputs 

.) 

Adjustments. When gain and zero adjustments are needed, the 
circuit details will depend 'On whether adjustments are to be 
made at the isolator input Dr 'Output, and (fDr input adjustments) 
'On the input circuit used. Adjustments are usually best dDne 'On 
the input side, because it is better tD null the zero ahead 'Of the 
gain, and because gain adjustment is most easily done as part 'Of 
the gain-setting network. Input adjustments are also tD be preferred 
when the pots will be near the input end 'Of the isolatDr (tD 
minimize commDn-mode strays). Adjustments on the 'Output 
side might be used if pots 'On the input side wDuld represent a 
hazard due tD the presence 'Of large common-mode vDltages 
during adjustment. 

Figure 8a shDWS the input-side adjustment connections fDr use 
with the "nDninverting" connection 'Of the input amplifier. The 

'zero adjustment circuit injects a small adjustment voltage in 
series With the low side 'Of the signal source. (This will nDt wDrk 
if the source has anDther current path tD input common Dr if 
current flows in the signal source LO lead). Since the adjustment 
vDltage is injected ahead 'Of the gain, the values shown will work 
fDr any gain. Keep the resistance in series with input LO belDw 
a few hundred 'Ohms tD aVDid CMR degradatiDn. 

v, 

Figure 8a. Adjustments for Noninverting Connection 
ofOpAmp 

Also shown in Figure Sa is the preferred means of adjusting the 
gain-setting network. The circuit shDwn gives a nDminal Rp 'Of 
SOkO, and will work properly fur gainS 'Of ten Dr greater. The 
adjustment becomes less effective at lower gains (its effect is 
halved at G = 2) so that the pot will have tD be a larger fraction 
'Of the tDts! Rp at low gain. At G = 1 (fDllDwer) the gain cannDt 
be adjusted downward withDut compromising input resistance; 
it is better to adjuat gain at the signal source Dr after the 'Output. 

Figure 8b shDWS adjustments fDr use with inverting input circuits. 
The zero adjustment nulls the voltage at the summing node. 
This method is preferable to current injectiDn because it is less 
affected by subsequent gain adjustment. Gain adjustment is 
again done in the feedback; but in this case it will wDrk all the 
way down tD unity gain (and below) without alteratiDn. 



v, 

Figure 8b. Adjustments for Summing or Current Input 

Figure 9 shows how zero adjustment is done at the output by 
taking advantage of the semi-floating output port. The range of 
this adjustment will have to be incressed at higher gains; if that 
is done, be sure to use a suitably stable supply volt8ge for the 
pot circuit. 

There is no easy way to adjust gain at the output side of the 
isolator itself. If gain adjustment must be done on the output 
side, it will have to be in a following circuit such as an output 
buffer or filter. 

Figure 9. Output-Side Zero Adjustment 

Common-Mode Performance. Figures lOa and lOb show how 
the common-mode rejection of the AD202 and AD204 varies 
with frequency, gain, and source resistance. For these isolators, 
the significant resistance will normally be that in the path from 
the source of the common-mode signal to pin 2 (IN COM). The 
AD202 and AD204 also perform well in applications requiring 
rejection of fast common-mode steps, as described in the Appli
cations section. 

'8' r--,---,-r-T""--"---"-"'--'--' 
- __ G = 100 

51< 
FREQUENCY - Hz ~ 

Figure 10a. AD204 Common-Mode Rejection vs. Frequency 
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Figure 10b. AD202 Common-Mode Rejection vs. Frequency 

Dynamics and Noise. Frequency response plots for the AD202 
and AD204 are given in Figure 11. Since neither isolator is 
slew-rate limited, the plots apply for both large and small signala. 
Capacitive loads of up to 470pF will not materially affect frequency 
response. When large signals beyond a few hundred Hz will be 
present, it is advisable to bypass pins 5 and 6 to pin 2 with 1 ",F 
tantalum capacitors even if the isolated supplies are not loaded. 
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Figure 11. Frequency Response at Several Gains 

The step response of the AD204 for very fast input signala can 
be improved by the use of an input filter, as shown in Figure 
12. The filter limits the bandwidth of the input (to about 503kHz) 
so that the isolator does not see fast, out-of-band input terms 
that can cause small amounts (±O.3%) of internal ringing. The 
AD204 will then settle to ±O.l% in about 300 microseconds for 
a 10V step. 

Figure 12. Input Filter for Improved Step Response 
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Except at the highest useful gains, the noise seen at the output 
of theAD202 and AD204 will be almost entirely comprised of 

. carrier ripple at multipl!=S of 25kHz. The ripple is typically 2mV 
pop near zero output and increases to about 7mV pop for outputs 
of ± 5V (lMHz measurement bandwidth). Adding a capacitor 
across the output will reduce ripple at the expenSe of bandwidth: 
for example, O.05,...F at the output of the AD204 will result in 

. 1.5mV ripple at ±5V, but signal bandwidth will be down to 
1kHz. 

When the full isolator bandwidth is needed, the simple two-pole 
active filter shown in Figure 13 can be used. It will reduce, 
ripple to O.lmV pop with no loss of signal bandwith, and also 
serves as an output buffer. 

Figure 13. Output Filter Circuit Showing Proper 
Grounding 

An output buffer or filter may sometimes show output spikes 
that do not appear at its input. This is usually due to clock 
rioise appearing at the op amp's supply pins (since most op 
amps have little or no supply rejection at high frequencies). 
Another common source of carrier-related noise is the sharing of 
a ground track by both the output circuit and the power input. 

. Figure 13 shows how to avoid these problems: the clock/supply 
port of the isolator does not share ground or ISV tracks with 
any signal circuits, and the op amp's supply pins are bypassed 
to signal common (note that the grounded filter capacitor goes 
here as well). Ideally, the output signal LO lead and the supply 
common meet where the isolator output is actually measured, 
e.g. at an AID converter input. If that point is more than a few 
feet from the isola,tor, it may be. useful to bypass output LO to 
supply common at the isolator with a O.I",F capacitor. 

Using Isolated Power. Both the AD202 and the AD204 provide 
-±7.5V power outputs referenced to input common. These may 
be used to power various accessory circuits which must operate 
at the input common-mode level; the input zero adjustment pots 
described above are an example, and several other possible uses 
are shown in the section titled Application Examples. 

The isolated power output of the AD202 (400.,.A total from 
either or both outputs) is much more limited in current capacity 
than that of the AD204, but it is sufficient for operating micropower 
op amps, low power references (such as the ADS89), adjustment' 
circuits, and the like. 

The AD204 gets its power from an external clock driver, and 
can handle loads on its isolated supply outputs of 2mA for each 
supply terminal (+7.SV and -7.SV) or 3mA for a single loaded 
output. Whenever the external load on either supply is more 
than about 200.,.A, a I",F tantalum capacitor should be used to 
bypass each loaded supply pin to input common. 
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Upt032AD204scanbedrivenfroma~AD246(orequivalent) 
clock driver when the isolated power outputs of the AD204s are 
loadc;d with less than 200.,.A each, at a worst-case supply voltage 
of 14.25V at the clock driver. 'The number of AD204s that can 
be driven by one clock driver is reduced by one AD204 per 
3.SmA of isolated power load current at 7.SV, distributed in 
any way over the AD204's being supplied by that clock driver. 
Thus a load of 1.75mA from + VISO to - VISO would also count 
as 'one isolator because it spans ISV. 

It is possible to increase clock fanout by increasing supply voltage 
above the 14.2SV minimum required for 32 loads. One additional 
isolator (or 3.SmA unit load) can be driven for each 40mV of 
increase in supply voltage up to ISV. Therefore if the minimum 
supply voltage can be held to 15V - 1%, it is possible to operate 
32 AD204's and 52mA of 7.5V loads. Figure 14 shows the 
allowable combinations of load current and channel count for 
various supply voltages. 

~~--------------------~~ 

4Ot-----

; 
~ 30~------~~~-------'---~ 

~ 
:!; 

! 
14.50 14.75 15.0 

MINIMUM SUPPLY VOLTAGE 

Figure 14. AD246 Fanout Rules 

Operation at Reduced Signal Swing. Although the nominal 
output signal swing for the AD202 and AD204 is ±SV, there 
may be cases where a smaller signal range may be desirable. 
When that is done, the fixed errors (principally offset terms and 
output noise) becopte a larger fraction of the signal, but nonlinearity 
is reduced. This is shown in Figure 15. 
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Figure 15. Nonlinearity vs. Signal Swing 



PCB Layout for Multichannel Applications. The pinout of the 
AD204 has been designed to make very dense packing possible 
in multichannel applications. Figure l6a shows the recommended 
printed circuit board (PCB) layout for the simple voltage-follower 
connection. When gain-setting resistors are present, 0.2S" channel 
centers can still be achieved, as shown in Figure l6b. 

CHANNEL INPUTS 

O.l".,....!!..~~ 
GRID 

CLKCOM.· CLK 

OUT COM 

~ 
CHANNEL OUTPUTS 

TOMUX 

Figure 16a. PCB Layout for Multichannel Applications at 
G = 1 

CH.O CH.1 

'HILo' 'Hi.'LO' 

Figure 16b. PCB Layout for Multichannel Applications 
with Gain 

Synchronization. Since AD204's operate from a common clock, 
synchronization is inherent. AD202s will normally not interact 
to produce beat frequencies even when mounted on 0.2S-inch 
centers. Interaction may occur in rare situations where a large 
number of long, unshielded input cables are bundled together 
and channel gains are.high. In such cases, shielded cable may 
be required or AD204's can be used. 

APPLICATIONS EXAMPLES 
Lc!w-Level Sensor Inputs. In applications where the output of 
low-level sensors such as thermocouples must be isolated, a low
drift input amplifier can be used with an AD204, as shown in 
Figure 17. A three-pole active fllter is included in the design to 
get normal-mode rejection of frequencies above a few Hz and to 

provide enhanced common-mode rejection at 60Hz. If offset 
adjustment is needed, it is best done at the trim pins of the 
OP-07 itself; gain adjustment can be done at the feedback 
resistor. 

39' 

220M 

OPTIONAL OPEN 
INPUT DETECTION elK RET 

Figure 17. Input Amplifier & Filter for Sensor Signals 

Note that the isolated supply current is 1arge enough to mandate 
the use of 1!1F supply bypass capacitors. This circuit can be 
used with an AD202 if a low-power op amp is used instead of 
the OP-07. 

Process Current Input with Offset. Figure 18 shows an isolator 
receiver which translates a 4-20mA process current signal into a 
o to + 10V output. A I V to SV signal appears at the isolator's 
output, and a - I V reference applied to output LO provides the 
necessary level shift (in multichannel applications, the reference 
can be shared by all channels). This technique is often useful 
for getting offset with a follower-type output buffer. 

6.8k 

-15V 

Figure 18. Process Current Input Isolator with Offset 

The circuit as shown requires a source compliance of at least 
SV, but if necessary that can be reduced by using a lower value 
of current-sampling resistor and configuring the input amplifier 
for a amall gain. 

Motor Control Isolator. The AD202 and AD204 perform very 
well in applications where rejection of fast common-mode steps 
is important but bandwidth must not be compromised. Current 
sensing in a full-wave bridge motor driver (Figure 19) is one 
example of this c1ass of application. For 200V common-mode 
steps (lfl.S rise time) and a gain of SO as shown, the typical 
response at the isolator output will be spikes of ± SmV amplitude, 
decaying to zero in less than lOOfl.s. Spike height can be reduced 
by a factor of four with output flltering just beyond the isolator's 
bandwidth. 
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Figure 19. Motor Control Current Sensing 

HiP·CompJiaace CUl'IeJlt Source. In Figure 20, an isolator is 
used to sense the VQltage across current·sensing resistor R to 
allow direct feedback control of a high-voltage transistor or PET 
used as a high-compliance current source. Since the isolator has 
virtually no response to de common-mode voltage, the closed-loop 
current source has a static output resistance greater than 1014fi 
even for output currents of several mAo The output current 
capability of the circuit is limited only by power dissipation in, 
the source transistor. 

-15V 

Figure 20. High-Compliance Current Source 

FloatiDg Current Source/Ohmmeter. When a small floating 
current is needed with a compliance range of up to ± lOOOV de, 
the AD204 can be used to both create and regulate the current. 

SPECIFICATIONS 
Mocle1 
OUTPUT 

Frequency 
Voltage 
Fan-Out 

POWER SUPPLY 
REQUlREMENTS 

Input Voltage 
Supply Current 

Unloaded 
Each AD204 Adds 
Each lmALoad OnAD204 

+ VIsoor - VIsoAdds 
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AD246JY 

25kHz Nominal 
l5Vp-pNominal 
32 max 

+l5V ±5% 

3.5mA 
2.2mA 

0.7mA 

This can save considerable power, since the controlled current 
does not have to return to ground. In Figure 21, an AD589 
reference is used to force a small fixed voltage across R. That 
sets the current which the input op amp will have to return 
through the load to zero its input. Note that the isolator's output 
isn't needed at all in this application; the whole job is done by 
the input section. However, the signal at the output could be 
useful: it's the voltage across the load, referenced to ground. 
Since the load current is known, the output voltage is proportional 
to load resistance. ' 

30k 

AD589 

ILOAD "" ~ (2mA max) 

VLC1AO :s4V 

AD204 

Figure 21. Floating Current Source 

+ 

Photodiocle Amplifier. Figure 22 shows a transresiStance con
nection used to isolate and amplify the output of a photodiode. 
The photodiode operates at zero bias, and its output current is 
scaled by RF to give a + 5V' full-scale output. 

10",,1 
F.S. , 

.N''"------~~~ 
PHOTO 
DIODE 

Figure 22. Photodiode Amplifier 

OUTLINE DIMENSlONS 
Dimensions shown in inches and (mm). 
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PIN DESIGNATIONS 

PIN FUNCTION 

1 +15VPOWERIN 
2 CLOCK OUTPUT 

12 CLOCK COM 
13 POWER COM 
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FEATURES 
Low Nonlinearity: ±0.012% max (AD295C) 
Low Gain Drift: :!:60ppml"C max 
Floating Input and Output Power: :!:15V de @ 5mA 
3-Port Isolation: :!:2500V CMV /Input to Output) 
Complies with NEMA ICS1-111 
Gain Adjustable: 1VN to 1000VN 
User Configurable Input Amplifier 

APPLICATIONS 
Motor Controls 
Process Signal Isolator 
High Voltage Instrumentation Amplifier 
Multi-Channel Data Acquisition Systems 
Off Ground Signal Measurements 

GENERAL DESCRIPTION 
The AD295 is a high accuracy, high reliability hybrid isolation 
amplifier designed for industrial, instrumentation and medical 
applications. Three performance versions are available offering 
guaranteed nonlinearity error at lOY POp output: ±0.05% max 
(AD295A), ±0.025% max (AD295B), ±0.012% max (AD295C). 
Using a pulse width modulation technique the AD295 provides 
3-port isolation between input, output and power supply ports. 
Using this technique, the AD295 interrupts ground loops and 
leakage paths and minimizes the effect of high voltage transients. 
Additionally, floating (isolated) power ± l5V dc @ SmA is 
available at both the input and output. The AD295's gain can 
be programmed at the input, output or both sections allowing 
for user flexibility. An uncommitted input amplifier allows 
configuration as a buffer, inverter, subtractor or differential 
amplifier. 

The AD295 is provided in an epoxy sealed ceramic 4O-pin 
package that insures quality performance, high stability and 
accuracy. Input/output pin spacing complies with NEMA 
(ICS1-lll) separation specifications required for many industrial 
applications. 

WHERE TO USE THE MODEL AD295 
Industrial: The AD295 is designed for measuring signals in 
harsh industrial environments. The AD295 provides high 
accuracy with complete galvanic isolation and protection from 
transients or where ground fault currents or high common-mode 
voltages are present. The AD295 can be applied in process 
controllers, current loop receivers, motor controls and weighing 
systems. 

Instrumentation: In data acquisition systems theAD295 
provides common-mode rejection for conditioning thermocouples, 
strain gauges or other low-level signals where high performance 
and system protection is required. 

Precision Hybrid 
Isolation Amplifier 

AD295 I 
AD295 FUNCTIONAL BLOCK DIAGRAM 

t-:-H-.w.-(,il)1 g~::E~T TRIM 
DUTPUT 

L.. __ ..... -++.,...~,,~~~=, 
~-+--+--(,9") COMMON 

Medical:· In biomedical and patient monitoring equipment like 
diagnostic systems and blood pressure monitors, the AD295 
provides protection from lethal ground fault currents. Low level 
signal recording and monitoring is achieved with the AD295's 
low input noise (21LV pop @ G= lOOOVN) and high CMR 
(l06dB @ 60Hz). 

DESIGN FEATURES AND USER BENEFITS 
Isolated Power: Isolated power supply sections at the input and 
output provide ± l5V dc @ SmA. Isolated power is load 
regulated to 4%. This feature pettnits the AD295 to excite 
floating signal conditioners, front-end buffer amplifiers and 
remote transducers at the input and external circuitry at the 
output. This eliminates the need for a separate dc/dc converter. 

Input Amplifier: The uncommitted input amplifier allows the 
user to configure the input as a buffer, inverter, subtractor or 
differential amplifier to meet the application need. 

Adjustable Gain: Gain can be selected at the input, output or 
both. Thus, circuit response can be tailored to the user's 
application. The AD295 provides the user with flexibility 
for circuit optimization without requiring external active 
components. 

Three-Port Isolation: Provides true galvanic isolation between 
input, output and power supply ports. Eliminates the need for 
power supply and output ports being returned through a 
common ground. 

Wide Operating Temperature: The AD295 is designed to 
operate over the -400(; to + 1000(; temperature range with 
rated performance over - 250(; to + 85°C. 

Leakage: The low coupling capacitance between input and 
output yields a ground leakage current of less than 21LA rms at 
115V ac, 60Hz. The AD295 meets standards established by 
UL STD 544. 
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SPECIFICATIONS (1p:aI @ + 25"&, & Vs = + 15V unless oItJ8IWise noted) 

MODEL 

GAIN 
Range 
Open Loop 
AccuracyG-IVN 
vs. Temperature(-25OCto + 85"C) 

G-IVN[oIOOVN 
Nooline8rl!y(+ 5VSwing)G-IV-IOOVN 

INPUT VOLTAGE RATINGS 

AD295A 

IVN[oIOOOVN 
100dB 
±1.S% 

± 60ppmFC max 
+O.OS%ma:x 

Linear Differential Range ± IOV min 
Max Safe Diffetentiallnput ± 15V 
MaxCMV(lnpu[[oOu[pu[) 

Continuous ae or de ± 2500V peak 
ae,60Hz, I Minute Duration 2500V rms 
Max CMV (Input to PowerCommonlOutput to Power Common) 

Continuousacordc ±2000Vpeak 
ac,6OHz, 1 Minute Duration 2000V rms 

CMR, Input to Output 60Hz, G = I VJV 
Rs :$ lkn Balanced Source Impedance 1000B 
Rs s lk Source Impedance Imbalance lO3dB min 

Max Leakage Current,lnput to Output 
(dJ 1I5V Ie, 60Hz 2,.,A rms max 

INPUT IMPEDANCE 
Differential 
Common Mode 

INPUT BIAS CURRENT 
Initial,0! +25OC 
VS. Temperature ( -25°C to + 85"C) 

INPUT DIFFERENCE CURRENT 
Inl[ial,(dJ +25"<: 
VS. Temperature ( - 25"C to + 85°C) 

INPUT NOISE (Gain = IOOOVN) 
Voltage 

O.OIHz[o 10Hz 
10Hz to 1kHz 

Current 
O.OIHz to 10Hz 

FREQUENCY RESPONSE 
Small Signal ( - 3dB) 

G = IVN[o 100VN 
G = IOOOVN 

Full Power, 20V p-p Output 
G~ IVN[oIOOVN 
G = 1000VN 

Slew RateG = IVNtolOOVN 
Settling Time G = I VIV 

(to ±O.l%forIOVStep) 
(to ±O.I%for20VStep) 

OFFSET VOLTAGE,REFERRED TO INPUT 

lnitial@ + 25"C(Adjustable to Zero) 

5 x lO'llil33pF 
lo'nll20pF 

5nAmax 
-25~AI"Cmax 

±2nAmax 
±SpArCmax 

2 .. Vp-p 
IIJ.Vrms 

IOpAp-p 

45kHz 
600Hz 

I.4kHz 
200Hz 
O.lV/lJ.s 

550 .. , 
700"" 

(±3 ± ~N)mvmax 

AD295B ADZ95C 

+ 0.025% max +O.0l2%max 

vs. Temperature ( ...: 25°C to +85"<:) 

vs. Supply 

(±IO±~~k:"c (±3±~~)~:: (±I.5±~~k:"c 
(±I ±:)..v/% 

RATED OUTPUT 
Voltage, 2kO Load 
Output Impedance 
OutputRipple(IOHzto 10kHz) 

(IOHZlo 100kHz) 

ISOLATED POWER SUPPLIES' (V,so, & V1SOl) 

Voltage 
Accuracy 
Current2 

Load Regulation (No Load to Full Load) 
Ripple, 100kHz BW 

POWER SUPPLY (+ V,) 
Voltage, Rated Performance 
Voltage,Operating 
Current,Quiescent(Vs = + 15V) 
With V ISO Loaded 

TEMPERATURE RANGE 
Rated Performance 
Operating 
Storage 

CASE DIMENSIONS 

NOTES 

±10Vmin 
211 (dc [0 100Hz) 
6mVp-p 
4OmVp·p 

±15Vdc 
±S% 
± 5mA max 
-4% 
12mVp-p 

+ISVdc±3% 
+12Vdcto+16Vdc 
40mA 
45mA 

-25"<:[0 +85"<: 
- 4O"C to + 100°C 
-4O'C[O + lOO"C 

2.7" x 0.88" x 0.375" 

lVI5tJ2 accuracy and reJUlalion 10%. ·Specifications same as AD29SA. 

~ ':!: lOrnA can be supplied by VISO!> if VIS02 is nol used. Spedf&ealions subje(:1 10 chapge without notice. 
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PIN 
1 
2 
3 

• 
,. 
17 ,. 
20 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

AD295 1 
1.1 

I 
RECOMMENDED MATING SOCKET: AC1220 

PIN DESIGNATIONS 

FUNCTION PIN FUNCTION 
+ 15V 1 + V18o,1 40 INPUT FEEDBACK 
VISO,COM 3. + INPUT 
-15V 1-V,so,) 38 -INPUT 

37 INPUT COM 
NOCONNECTION 36 NOCONNEcnON 

+V. 2. OUTPUTCOMI 
VI802 COM 

POWER COMMON 2. FILTER 
23 OUTPUT FEEDBACK 

+1SVI+VISOZI 22 OUTPUT 
-15VI+VlSOal 21 OUTPUT OFFSET TRIM 



Understanding the Isolation Amplifier Performance 
INTERCONNECTIONS AND SHIELDING TECHNIQUE 
To preserve the high CMR performance of the AD295, care 
must be taken to keep the capacitance balanced about the input 
terminals. Use twisted shielded cable for the input signal to 
reduce inductive and capacitive pick-up. During circuit layout 
or interassembly connections, twisted wire pairs are recommended 
for power input and signal output. For basic isolator connections, 
see Figure 1. Capacitors Cl-C5 are required in all applications 
to achieve the low noise rating and provide adequate filtering of 
the power supply. 

NOTES: 1 
1. RESlSTORSAAE1%5Oppm/"CMETAlALMTYPE. 4. Cam .. 2,.F(1.5X,oatARADS-22Opf 

2. =;'~::::;::noMETfRSARETENTURN. 5. <1N = 2w~"" 
1DOppmI"CCERMETTYPE. 6. 10k1llNPUTPROlECTlONREStSTORIIEQUilED 

3. CAPAClTORS,C1...QiARE2.2p.F. FORGAINSLESSlllAN10. 

Figure 1. Basiclsolatorlnterconnection 

THEORY OF OPERATION 
The AD295 obtains its outstanding performance from a pulse 
width modulation technique using transformer coupling. This 
technique permits both signal and power transfer from input to 
the output stage of the isolator. Additionally, this technique 
provides higher noise immunity and lower nonlinearity than 
obtained from optically coupled or amplitude modulated trans
former coupled techniques. 

The three basic sections of the AD295 are shown in Figure 2. 
The power section 80kHz oscillator signal is transferred to the 
input and output sections via T2. The signal is then rectified 
and filtered providing dc power for that section's circnitry and 
for external application use. The input section consists of input 
amplifier Al and the input modulator attenuator circuit. A 
triangular waveform derived from the 80kHz oscillator is sent to 

t-'-H"'-;;;'-{,iD, g~;:g.\RIM 
OUTPUT 

L------+-+t-~~'95~~~~' ..,...+-+-£,) COMMON 

Figure 2. Basic Blo,ck Diagram 

the modulator. If the input signal of Al is zero, the triangle 
wave remains symmetrical. If Al moves away from zero, the 
triangle wave moves positive or negative becoming asymmetrical. 
These modulated signals are converted to a pulsed waveform 
and transferred to the output section via TI. In the output 
section the signals are demodulated and filtered. The output 
amplifier A2 provides gain and additional filtering. 

INTERELECTRODE CAPACITANCE AND TERMINAL 
RATINGS 
Capacitance: Interelectrode tennina1 capacitance arises from 
stray coupling capacitance effects between the input tennina1s 
and signal output tennina1s. Each are shunted by leakage resistance 
values exceeding 50GO. Figure 3 illustrates the AD295's capaci
tance between terminals. 

Terminal Ratings: CMV performance is given in both continuous 
ac, or dc ~ ratings. Continuous peak ratings apply from dc 
up to the normal full power response frequency. Figure 3 illustrates 
the AD295's ratings between terminals. Note that for the ± 2500V 
rating between the input and output terminals to apply, the 
AD295 must be used in a three port configuration. If the output 
common is tied to the power common, the input to output 
CMV rating is ±2000V. 

Figure 3. Interelectrode Capacitance and Terminal Ratings 

OFFSET AND GAIN ADJUSTMENT PROCEDURE 
The calibration procedure, illustrated in Circuits 1 and 2, shows 
the recommended techniques that can be used to minimize 
output error. In this example, the output span is -lOY to 
+lOV. 

Offset Adjustment 
1. Configure the AD295 as shown in Circuit 1. G = 1. 
2. Apply E1N=OV dc and adjust Ro for Eo=O volts. 
3. Configure the AD295.as shown in Circuit 2. G = 100. 
4. Apply EIN = OV dc and adjust RI for Eo = 0 volts. 
5. Repeat steps 1-4 if necessary. 

Gain Adjust 
6. Apply EIN= +O.lV dc adjust Ro for Eo= + 10.OOOV dc. 
7. Apply EIN= -O.lV dc and measure the output error (see 

Curve a.) 

OUTPUT VOLTAGE - Volts 

NEW PRODUCTS -ICs 3-15 



8. Adjust Ro until the output en-or. is one half that measured 
in step 6 (see Cur.ve b). 

9. Apply EIN= +O.IV dc and adjust Ro until the output en-or 
is one half that meas,ured in step 7 (see Cur.ve c). 

10. Repeat steps 6-9 if nCCCllSaI"y. 

Circujt 1. G= 1 

Circuit 2. G= 100 
SELECTING GAIN 
The AD295 basic gain is unity from input to output. All input 
signals are attenuated by 2.5 at the input modulator/attenuator 
then amplified at the output (see Figure 2). 

The AD295 contains both input and output amplifiers, the 
gains of which can be set independently. Figure 4 illustrates the 
basic gain configurations. Taking input gain helps dilute output 
stage offset drift and is recommended where offset drift is to be 
minimized since taking output gain multiplies output drift by 
the gain taken. Output gain can be used for improved linearity 
and frequency response at the expense of higher offset drift. 

Figure 4a illustrates the basic unity gain configuration. With the 
uncommitted input amplifier configured as a buffer and pius 22 
and 23 of the output amplifier jumpered, eo = es. 

tR=10k REQUIRED FOR e.>1V +15V 

a. Basic Unity Gain Configuration 
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Input to output gain greater than unity ,can be independently set 
'at the input, output, or both. For input gain configuration see 
Figures 4b and 4c. Output gain configuration is shown in Figure 
4d. 

R, 

*R-10k REQUIRED FOR 8 5>W +15V 

b. Basic Gain Noninverting Configuration 

R"it.10k 

c. Input Gain Inverting Configuration 

itR=10k REQUIRED FOR e.>1V +15V 80" (75~~lk!~ R1!) (.4) es 

d. Output Gain Noninverting Configura,tion 

Figure 4. Input/Output Gain Configurationr; 

PERFORMANCE CHARACTERISTICS 
Phase Shift vs. Frequency: The phase shift vs. frequency re
spon,se, for the AD295 is shown in Figure 5. 

360 

I 300 

I 
/ 

• / 
/ 60 

~ ,. 100 1k 10k 
FREQUENCY - Hz 

Figure 5. Typical AD295 - Phase Shift vs. Frequency 

CMR vs. Frequency: Input-tooQutput CMR is dependent on 
S01,lrce impedance imbalance, input signal frequency and amplifier 
gain. CMR is rated at 60Hz and lkO source impedance imbalance 
at a gain of IV IV. Figure 6 illustrates the CMR vs. frequency 
for the AD295. CMR approaches 120dB at dc with a source 
impedance 4ubalance of lkO. 
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Figure 6. Typical AD295 - CMR VB. Frequency 

Input Voltage Noise vs. Bandwidth: Voltage noise referred to 
the input is dependent on gain and bandwidth. Figure 7 illustrates 
the typical input noise in ,""V peak-ta-peak in a 10Hz to 10kHz 
frequency range. 

• 
5 

• 
3 

V , 
, .. ,. 

/ 

L 
./ 

~ 
GIN =1000VN 
GoUT =1V/V 

100 1000 10,000 
BANDWIDTH - Hz 

Figure 7. Typical AD295 - Input Voltage Noise VB. 

Bandwidth 

Output Voltage Noise vs. Bandwidth: Voltage noise referred to 
the output is dependent on gain, bandwidth, input and output 
noise contributions. Figure 8 illustrates the typical output noise 
in mV peak-to-peak in a 10Hz to 10kHz frequency range. 

t 
> 
E , 
w 
~ 
Z 
w 

~ 
~ 

~ 
0 

'.r---------;r---------,---------, 

.. , 

···'.,~.~-------;, .. ::---------:,:::!ooo=--------=,.~ .••• 
BANDWIDTH - Hz 

Figure 8. Typical AD295 - Output Voltage Noise VB. 

Bandwidth 

Gain Nonlinearity VS. Output Swing: Linearity error is defmed 
as the deviation of the output voltage from the best straight line 
and is specified as % peak-to-peak of output voltage span, e.g., 

. nonlinearity of model AD295A operating at an output span of 
1 o V peak-to-peak(±5V)is ±0.05%or ±5mV. Figure 9 illustrates 
the gain nonlinearity for output swing up to ± 10V (20V peak-to-
peak). . 

.... 

, ) 
V 

~ 

. ... , 
0.01 0.1 10 20 

OUTPUT SWING _ V/p-p 

Figure 9. Typical AD295 - Gain Nonlinearity VB. Output Swing 

Full Power Bandwidth vs. Gain: Figure 10 illustrates the full 3 
power bandwidth vs. gain for the AD29S. A 1.4kHz full power 
response is possible with gain up to l00VN. 

10.00 • 
:I! , 
~ ' .•. 
I 
~ 

• 

'" ~ ,. • 
~ 

• 10 100 '000 
G1N VN,Govr=1 

Figure 10. Typical AD295 - Full Power Bandwidth VB. Gain 

Small Signal Bandwidth vs. Gain: Figure 11 illustrates the 
smaIl signal bandwidth vs. gain for the AD295. The smaIl signal 
response remains at 4.5kHz for gain up to l00VN. 

10,000 

:I! , 

i 
11000 

I 
i 

, .. , 

I~ 
"' 

10 100 , ... 
GIN VN, GOUT = 1 

Figure 11. Typical AD295 - Small Signal Bandwidth VB. Gain 
•. , ,..---------..,.----------r---------.., 

ADZ95A 
~ , AD2958 

i :li •.• ,I-____ ~ADili295il1Zli.C--_r--::::.....--__j 

i 
0.001!-, --------...,,±.---------:,± .. :--------~1,OOO 

Figure 12. Typical AD295 ~ Gain Nonlinearity VB. Gain 
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Isolated Strain Gause Using FroDt End of AD295 
The AD295 can be used to condition and isolate differential 
'Signal sources like those present with strain gauge measurements. 
Figure 13 illustrates one possible configuration for conditioning 
a strain gauge. Amplifiers Al and A2 are powered by the AD295's 
input isolated power supply. This eliminates the need for a 
separate dc/de converter and provides a completely floated differen
tial input. Input gain is selected via ~ and determined by the 
input gain formula. 

-EXCITATION 
GAIN=1+~ 

INPUT AMPUFIER IS 
POWERED BV INPUT 
FLOAnNG SUPPLY 
A1/A2 = ADOp-07 

COM 

Figure 13. Isolated Strain Gauge Using Front End of 
AD295 

Isolated Temperature Measurement with Cold Junction 
Compensation 
The AD295 can be used to condition, isolate and provide cold 
junction compensation of thermocouples in temperature meas
urement applications. With the circuit shown in Figure 14, the 
AD590 must be thermally connected to the cold junction terminal 
for an accurate temperature measurement of the terminals. 
Using this circuit, accurate temperature measurements using the 
industry's popular J type thermocouple can be made. 

Figure 14. Isolated Temperatl./re Measurement with Cold 
Junction Compensation 
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Isolated Voltage-to-Current Loop Converter 
Illustrated in Figure IS, the AD295 is used to convert aO to 
+ 10V input signal to a standard 4-to-20mA' CUiTent. Here high 
common-mode 'rejection arid high common-mode voltage sup
pression are easily obtained with the AD295. The AD295 condi
tions the 0 to + 10V input signal and provides a proportional 
voltage at the isolator's output. This output signal is converted 
to a 4-to-20mA current, which in turn is applied to the loop 
load RLOAD• 

ADJUST TO 4mA 
WITII OV IN '- _ 

FORO TO +10VIN 
4-20mAOUT 

57&!! 

.CIot, 

1N414S 

L--..,----<MMr-oCURRENT 
RLOAO LOOP 

Figure 15. Isolated Voltage-to-Current Loop Converter 

N9iseReduction in Data Acquisition Systems 
In critical low noise applications like when an isolation amplifier 
precedes an analog to-digital converter, it may be desirable to 
add filtration, otherwise output ripple may cause inaccurate 
conversions. The 2-pole low-pass active filter shown in Figure 
16 limits isolator bandwidth of the AD295. The filter will reduce 
output ripple and provide smoothing of discontinuous high 
frequency waveforms. 

O.002p.F 

Figure 16. 2-Pole, 2kHz Active Filter 



~ANALOG 
WDEVICES 

FEATURES 
Software Programmable Gain (1. 10. 100. 5001 
Low Input Noise (0.2,..V pop) 
Low Gain Error (0.05% maxI 
Low Nonlinearity (0.005% max) 
Low Gain Drift (10ppmi"C maxI 
Low Offset Drift (2,..VrC RTI maxI 
Fast Settling (15,..s @ Gain 1001 
Small 16-Pin Metal DIP 

APPLICATIONS 
Digitally Controlled Gain Amplifier 
Auto-Gain Ranging Amplifier 
Wide Dynamic Range Measurement System 
Gain Selection/Channel Amplifier 
Transducer/Bridge Amplifier 
Test Equipment 

HIGHLIGHTS 
The AD365 is a two stage data acquisition system (DAS) front 
end consisting of a digitally selectable gain amplifier followed by 
an independent tracklhold amplifier. The programmable gain 
amplifier features differential inputs for excellent common-mode 
rejection, high open loop gain for superior linearity, and fast 
settling for use in multiplexed high speed systems. The tracklhold 
amplifier features high open loop gain for 12-bit compatible 
,linearity, internal hold capacitor for high reliability, and fast 
acquisition time for use with multichannel systems. Both amplifiers 
are capable of being used separately and are specified as inde
pendent function blocks. 

GENERAL DESCRIPTION 
The AD365 is comprised of the AD625 monolithic precision 
instrumentation amplifier to provide a precision differential 
input, the AD7502 monolithic CMOS multiplexer to handle 
gain switching, a precision thin-film resistor network, and the 
AD585 monolithic track and hold amplifier with internal hold 
capacitor. 

Programmable Gain & I/H 
DAS Amplifier 

AD365 I 
AD365 FUNCTIONAL BLOCK DIAGRAM 

The input stage provides high common-mode rejection, low 
noise, fast settling at all gains, and low drift over temperature. 
The gains of I, 10, 100, and 500 are digitally selected with the 
two gain control lines which are 5V CMOS compatible. 

The track and hold amplifier section is ideally suited for high 
speed 12-bit applications where fast settling, low noise, and low 
sample-to-hold offset are critical. The T/H mode is controlled 
with a single input line which can be tied to the status output 
line of the accompanying AID converter. 
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SPECIFICATIONS (typical @ Vs= :t:15Y. Itt. = 2kfi and T, = +25"& unless otherwisa .ifiad) 
AD365AM Min Typ Max Units 

PGAGAIN 
Inaccuracy! 

@G=I,10,loo 0.02 0.05 % 
@G=5oo 0.04 0.1 % 

Nonlinearity 
@G=I,lO,loo 0.005 % 
@G=5oo 0.01 % 

Drift 
@G=1 1 5 ppmfC 
@G= tO,loo, 500 3 10 ppmI"C 

PGA OFFSET (May be Nulled at Input and Output) 
Input Offset Voltage (RTI) 25 200 JLV 

vs. Temperature 0.1 2 jLVrC 
vs. Common-Mode Voltage 0.5 3.2 jLVN 
vs. Supply Voltage 1 10 jLVN 

Output Offset Voltage (RTO) 1 5 mV 
vs. Temperature 30 150 . jLV/"C 
vs. Common-Mode Voltage 60 316 jLVN 
vs. Supply Voltage 60 316 jLVN 

PGAINPUT 
Common- Mode and Differential Impedance 10~15 nllpF 
Differential Input Voltage, Linear 10 12 V 
Common-Mode Voltage, Linear 12 - VDlFF x G/2 V 
Input Stage Noise 0.1 to 10Hz 0.2 jLVp-p 
Input Stage Noise Density@ 1kHz 4 nV/YHz 
Bias Current 5 50 nA 

vs. Temperature 50 pAre 
Offset Current 2 20 nA 

vs. Temperature 20 pArC 
Noise Current (0.1 to 10Hz) 60 pAp-p 

PGAOUTPUT 
Voltage 2kOLoad 10 12 V 
Output Impedance 0.2 n 
Shott Circuit Current 25 rnA 
Capacitive Load 500 pF 
Output Stage Noise 0.1 to 10Hz 10 jLVp-p 
Output Stage Noise Density @ 1kHz 75 nV/YHz 
Guard Voltage (V +IN + V _1N)/2 V 
Guard Offset -550 mV 

PGA DYNAMIC RESPONSE 
Small Signal - 3dB 

G=1 800 kHz 
G=10 400 kHz 
G=loo 150 kHz -

G=5oo 40 kHz 
Full Power Bandwidth G = 1 @ Vo = 20V pop 60 kHz 
Slew Rate 4 V/jLs 
Settling Time to 0.01 %@ Vo - 20V pop 

G=I,10 8 10 jLs 
G=loo 12 15 JLS 
G=5oo 40 50 JLS 

Gain Switching Time 1.5 JLS 
Overdrive Recovery Time V1N = 15V @ G = 1 7 jLS 

PGA DIGITAL INPUTS 
Logic Low 0 0.8 V 
Logic High 3.0 +Vs V 
Current, IJNH or IJNL 0.01 1 !LA 
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AD36SAM Min Typ Max Units 

TRACK AND HOLD AMPLIFIER SECTION 

TRANSFER CHARACTERISTICS 
Open Loop Gain Vo = 10V, RL = 2k lOOk 200k VN 
Nonlinearity @G= +1 0.005 %FSR 
Output Voltage RL = 2kn 10 12 V 
Capacitive Load 100 pF 
Short Circuit Current 25 rnA 

TRACK MODE DYNAMICS 
Acquisition TimetoO.Ol% 10VStep 2 3 f.LS 

20VStep 4 5 f.LS 
Small Signal Bandwidth - 3dB 2 MHz 
Full Power Bandwidth (20V pop) 120 kHz 
Slew Rate 10 V/f.Ls 

TRACKlHOLD SWITCHING 
Aperture Time 3S ns 
Aperture Uncertainty 0.5 ns 

. Switching Transient 40 mV 
Settling Time to 2m V 0.5 f.Ls 

HOLD MODE 
DroopRate@ +25°C 0.3 1 V/sec 

from T AMBIENT to T MAX Doublesll0°C V/sec 
Feedthrough 25 f.LVN 
Pedestal, Offset @ + 25°C 2 3 mV 

Over Temperature 3 mV 

T/H ANALOG INPUT 
Bias Current 0.1 2 nA 

Over Temperature 0.2 5 nA 
Offset Voltage 2 mV 

Over Temperature 3 mV 
vs. Common Mode 25 100 f.LVN 
vs. Supplies 100 316 f.LVN 

Input Impedance W21/1O nl/pF 
Noise Density @ 1kHz 50 nV/YHz 
Noise o. 1Hz to 10Hz 10 f.LVp-p 

TIH DIGITAL INPUT CHARACTERISTICS 
Logic Low (Hold Mode) 0 0.8 V 
Logic High (Track Mode) 2.0 +Vs V 
Input Current 10 50 f.LA 

AD365 POWER REQUIREMENTS 
Positive Supply Range +11 +17 V 
Negative Supply Range -11 -17 V 
Quiescent Current 12 16 rnA 
Power Dissipation 360 550 mW 
Warm-UpTime to Specification 5 Minutes 
Ambient Operating Temperature -25 +85 OC 
Package Thermal Resistance (9j.) 60 °CIW 

AD365 ABSOLUTE MAXIMUM RATINGS 
Positive Supply + V s -0.3 +17 Vdc 
NegativeSupply - Vs +0.3 -17 Vdc 
Analog Input Voltage -Vs +Vs V 
Analog Input Current -10 +10 rnA 
Digital Input Voltage -0.3 +Vs V 
TIH Differential VIN ±30 V 
Storage Temperature -65 +150 OC 
Lead Soldering, 10 Sec 300 OC 
Short Circuit Duration Indefinite 

NOTE 
IGain= 10, l00aDdSOOarctrimmedandtestedratiometrictoG= 1. Specifications subject to c:baDse without notice. 
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TYPICAL CHARACTERISTICS (@ +25''Imless otheIwise noted) 
16.0 
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Figure 1. AD365 Quiescent 
Current vs. Supply Volta~e 
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Figure 4. PGA CMRR vs. 
Frequency RTI, Zero to 1k{} 
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Figure 7. PGA Offset Voltage, 
RTI, Turn On Drift 
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Figure 10. PGA Input Bias 
Current vs. Temperature 
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The AD365 PGA section uses the AD625 monolithic instrumen
tation amplifier based on a modification of the classic three-op-amp 
approach. Monolithic construction and laser-wafer-trimming 
allow the tight matching and tracking of circuit components. 
This insures the high level of performance inherent in this circuit 
architecture. . 

A preamp stage (QI-Q4) provides additional gain to Al and A2. 
Feedback from the outputs of Al and A2 forces the collector 
currents of QI-Q4 to be constant, thereby, impressing the input 
voltage across Ra. This creates a differential voltage at the outputs 
of Al and A2 which is given by the gain (2RplRa + 1) times 
the differential portion of the input voltage. The unity gain 
subtractor, A3, removes any common-mode signal from the 
output voltage yielding a single ended output, Your, referred to 
the potential at the reference pin. 

Digital gain control is provided using the DO and Dl inputs 
(pins 14 and 15) which are decoded internally in the gain switching 
AD7502 as shown in Figure 15 below. The switch selects the 
resistance Ra from the laser trimmed resistor network according 
to the following gain select table. 

Dl DO PGAGAIN 

0 0 1 
0 1 10 
1 0 100 

1 500 

+v, 

GAIN 

sou t::'VE 

I -INo-'WI_"'" "",_-JVVY--<l +IN 

I RG 
son 

L-~ __ ~>_~_~ ____ '-~ 
GAIN GAIN 

SENSE SENSE 

-v, 

Figure 13. Simplified Circuit of the PGA 

INPUT PROTECTION 
Differential input amplifiers frequently encounter input voltages 
outside of their linear range of operation. There are two consid
erations when applying input protection for the PGA; 1) that 
continuous input current must be limited to less than 10mA and 

Theory of Operation 
+v, 

FD333 F0333 

1.2kn 1.2kU 
+IN 

1.2kU 1.2kU VOUT 

-IN 

FD333 FD333 

-Vo 

Figure 14. Input Protection Circuit for PGA 
necessary to protect the PGA under all overload conditions at 
any gain. The diodes to the supplies are only necessary if input 
voltages outside of the range of the supplies are encountered. 

REFERENCE TERMINAL 
The reference terminal may be used to offset the output by up 
to ± 2V. This is useful when the load is "floating" or does not 
share a ground with the rest of the system. It also provides a 
direct means of injecting a precise offset. It must be remembered, 
however, that the total output swing, to be shared between 
signal and reference offset, should be ± 10 volts (from ground). 

The PGA section reference terminal must be presented with 
nearly zero impedance. Any significant resistance, including 
those caused by PC layouts or other connection techniques, will 
increase the gain of the noninverting signal path, thereby, upsetting 
the common-mode rejection of the In-Amp. Inadvertent ther
mocouple connections created in the sense and reference lines 
should also be avoided as they will directly affect the output 
offset voltage and output offset voltage drift. 

In the AD625, a reference source resistance will unbalance the 
CMR trim by the ratio of lOkOIRREF• For example, if the reference 
source impedance is 10, CMR will be reduced to 80dB (lOkO/l0 
= 8OdB). An opemtional amplifier may be used to provide the 
low impedance reference point as shown in Figure 15. The 
input offset voltage characteristics of that amplifier will add 
directly to the output offset voltage performance of the in
strumentation amplifier. 

2) that input voltages must not exceed either supply by more -v,o-"oVv-<r---~--=-----------------' 
than one diode drop (approximately 0.6V @ 25°C). 

Under differential overload conditions there is (Ra + 300)0 in 
series with two diode drops (approximately 1.2V) between the 
plus and minus inputs, in either direction. With no external os 
protection and Ra very smaJl (Le., 800 @ G = 500), the maximum "" 
overload voltage the PGA can withstand, continuously, is ap
proximately ±5V. Figure 14 shows the external components 

Figure 15. Software Controllable Offset 
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The circuit of Figure IS also shows a CMOS DAC operating in 
the bipolar mode and connnected to the reference terminal to 
provide software controllable offset adjustments. The total offset 
range is equal to ± (V~2 x RsJR.). To be symmetrical about 
OV, R3 must be equal to 2 x Ri. 
The offset per bit is equal to the total offset range divided by 
2N , where N = number of bitS of the DAC. The range of offset 
for Figure 15 is ± l20mV, and the offset is incremented in steps 
of O.9375mV/LSB. 

INPUT AND OUTPUT OFFSET VOLTAGE 
Offset voltage specifications are often considered a figure of 
merit for m:strumentation amplifiers. While initial offset may be 
adjusted to zero, shifts in offset voltage due to temperature 
variations will cause errors, Intelligent systems can often correct 
for this factor with an autQ,-zero cycle, but this requires extra 
circuitry. . 

Offset voltage and offset voltage drift each have two components: 
input and output. Input offset is that component of offset that 
is generated at the input stage. Measured at the output k is 
directly proportional to gain, i.e., input offset as measured at 
the output at G = 100 is 100 times greater than that measured 
at G = 1. Output offset is generated at the output and is constant 

. for all gains. Input errors dominate at high gains and output 
errors doI!linate at low gains. 

By separating these errors, one can evaluate the total error inde
pendent of the gain. For a given gain, both errors can be combined 
to give a total error referred to the input (RT!) or output (RTO) 
by the following formula: ' 

Total Error RTI = input error + (output error/gain) 

Total Error RTO = (Gain x input error) + output error 

The AD365 provides for input offset voltage adjustment (see 
Figure 16). This simplifies nulling in very high precision appli
cations and minimizes offset voltage effects in switched gain 
applications. In such applications'the input offset is adjusted 
first at the highest programmed gain, then the output offset is 
adjusted at G = 1. If only a single null is desired, the input 
offset null should be used. The most additional drift when using 
only the input offset null is O.9j1.VrC, RTO. 

Output offset adjustment is normally provided by the AID con
verter offset adjustment which will compensate for the output 
offset of the PGA, offset of the TIH amplifier, and offset of the 
AID. • 

Figure 16. Input Voltage Offset Adjustment 

COMMON-MODE REJECTION 
In an instrumentation amplifier, degradation of common-mode 
rejection is caused by a differential phase ,shift due to differences 
in distributed stray capacitances. In many applications shielded 

Figure 17. Common-Mode Shield Driver 
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cables are used to minimize noise. This technique can create 
common-mode rejection errors unless the shield is properly 
driven. Figure ·17 shows active data guards which are configured 
to improve ac common-mode rejection by "bootstrapping" the 
capacitances of the input cabling, thus minimizing differential 
phase shift. 

GROUNDING 
In order to isolate low level analog signals from a noisy digital 
environment, many data-acquisition components have two or 
more groUnd pins. These grounds must eventually be tied together 
at one point. It would be convenient to use a single ground line, 
however, current through ground wires and pc runs of the circuit 
card. can cause hundreds of millivolts of error. Therefore, separate 
ground returns should be provided to minimize the current flow 
from the sensitive points to the system ground (see Figure 18). 
Since the AD365 output voltage is developed with respect to the 
potential on the reference terminal, it can solve many grounding 
problems. 

Figure 18. Basic Grounding Practice 

GROUND RETURNS FOR BIAS CURRENTS 
Input bias currents are those currents necessary to bias the 
input transistors of a dc amplifier. There must be a direct return 
path for these currents; otherwise they will charge external 
capacitances, causing the output to drift uncontrollably or saturate. 
Therefore, when amplifying "floating" input sources such as 
transformers, or ac-coupled sources, there must be a dc path 
from each input to ground as shown in Figure 19, 

+Vs 

] 

Figure 19a. Ground Returns for Bias Currents with 
Transformer Coupled Inputs 

+v. 

Figure 19b. Ground Returns for Bias Currents with ac 
Coupled Inputs 



AUTO-ZERO CIRCUITS 
In many applications it is necessary to maintain high accuracy. 
At room temperature, offset effects can be nulled by the use of 
offset trimpots. Over the operating temperature range, however, 
offset nulling becomes a problem. For these applications the 
auto-zero circuit of Figure 20 provides a hardware solution. 

Figure 20. Auto-Zero Circuit 

OTHER CONSIDERATIONS 
One of the more overlooked problems in designing ultra-low-drift 
dc amplifiers is thermocouple induced offset. In a circuit comprised 
of two dissimilar conductors (i.e., copper, kovar), a current 
flows when the two junctions are at different temperatures. 
When this circuit is broken, a voltage known as the "Seebeck" 
or thermocouple emf can be measured. Standard IC lead material 
(kovar) and copper form a thermocouple with a high thermoelectric 
potential (about 3SIL VOC). This means that care must be taken 
to insure that all connections (especially those in the input circuit 
of the AD365) remain isothermal. This includes the input leads 
(I, 2). In addition, the user should also avoid air currents over 
the circuitry since slowly fluctuating thermocouple voltages will 
appear as "flicker" noise. 

The base emitter junction of an input transistor can rectify out
of-band signals (i.e., RF interference). When amplifying small 
signals, these rectified voltages act as small dc offset errors. In 
the case of a resistive transducer, a capacitor across the input 
working against the internal resistance of the transducer may 
suffice to provide an RC filter. These capacitances may also be 
incorporated as part of the external input protection circuit (see 
section on input protection). As a general practice every effort 
should be made to match the extraneous capacitance at pins I 
and 2, to preserve high ac CMR. 

THEORY OF OPERATION - TIH SECTION 
In sampled data systems there are a number of limiting factors 
in digitizing high frequency signals accurately. Figure 21 shows 
pictorially the track-and-hold errors that are the limiting factors. 
In the following discussions of error sources the errors will be 
divided into the following groups: 1. Track-to-Hold Transition, 
2. Hold Mode and 3. Hold-to-Track Transition. 

HOLDITRACK DELAY 

APERTURE DELAY T.lME 

LOGIC INPUT 

Figure 21. Pictorial Showing Various TIH Characteristics 

TRACK-TO-HOLD TRANSITION 
The aperture delay time is the time required for the track-and-hold 
amplifier to switch from track to hold. Since this is effectively a 
constant, it may be tuned out. If however, the aperture delay 
time is not accounted for then errors of the magnitude as shown 
in Figure 22 will result. 
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Figure 22. Aperture Delay Error vs. Frequency 

To eliminate the aperture delay as an error source the track-to-hold 
command may be advanced with respect to the input signal. 

Once the aperture delay time has been e1iminated as an error 
source then T/H trigger uncertainty/jitter and internal aperture 
jitter which are the variations in aperture delay time from sample
to-sample remain. The aperture jitter is a true error source and 
must be considered. The aperture jitter is a result of noise within 
the switching network which modulates the phase of the hold 
command and is manifested in the variations in the value of the 
analog input that has been held. The aperture error which results 
from this jitter is directly related to the dV/dt of the analog 
input. 

The error due to aperture jitter is easily calculated as shown 
below. The error calculation takes into account the desired 
accuracy corresponding to the resolution of the N-bit AID 
converter. 

_~2~-_(N_+_l)~_ 
Fmax = 'IT (Aperture Jitter) 
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For an application with a 12-bit NO converter with a lOY full 
scale to a 1/2LSB error maximum: 

2-(12+1) 
F""", = = 77.7kHz 

1f (0.5 x 10-9) 

Track-to-hold offset is caused by the transfer of charge to the 
holding capacitor via the gate capacitance of the switch when 
switching into hold. Since the gate capacitance couples the 
switch-control voltage applied to the gate on to the hold capacitor, 
the resulting track-to-hold offset is a function of the logic level 
applied to the gate and the change in the gate capacitance over 
temperature. 

HOLD MODE 
In the hold mode there are two important specifications that 
must be considered; feedthrough and the droop rate. Feedthtough 
errors appear as an attenuated version of the input at the output 
while in the hold mode. Hold-Mode fee<ithrough varies with 
frequency, increasing at higher frequencies. Feedthrough is an 
important specification when a track and hold follows an analog 
multiplexer that switches among many different 
channels. 

Hold-mode droop rate is the change in output voltage per unit 
of time while in the hold mode. Hold mode droop originates as 
leakage from the hold capacitor, of which the major leakage 
current contributors are switch leakage current and bias current. 
The rate of voltage change on the capacitor dVldt is the ratio of 
the total leakage current IL to the hold capacitance CH . 

dVOUT IL(pA) 
Droop Rate = -dt (Volts/Sec) = --

CH(PF) 

For the AD365 in particular; 

Droop Rate = ~~~~ = IV/sec maximum 

AdditioruiJ.ly the leakage current doubles for every 10°C increase 
in temperature above 25°C; therefore, the hold-mode droop rate 
characteristic will also double in the same fa,shion. 

Since a track and hold is used typically in combination with an 
AID converter, then the total droop in the output voltage has to 
be less than 1I2LSB during the period of a conversion. The 
maximum allowable signal change on the input of an NO converter 
is: 

.:l V max = Full Scale Voltage 
2(N+1) 

Once the maximum .:l V is determined then the conversion time 
of the AID converter (tcoNV) is required to calculate the maximum 
allowable dV/dt. 

dVmax .:lVmax 
~= tcoNv 

The maximum dV d~ as shown by the previous equation is 

the limit not only at 250C but at the maximum expected operating 
temperature range. Therefore, over the operating temperature' 
range the following criteria must be met (ToPERATION -25OC) 
= .:IT. 

(.1T'C) 

dV 25°C X2Tci'C s dV max 
dt dt 

HOLD-TO-TRACK TRANSITION 
The Nyquist theorem states that a band-limited signal which is 
sampled at a rate at least twice the maximum sigilal frequency 
can be reconstructed without loss of information. This means 
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that a sampled data system must sample, convert and acquire 
the next point at a rate at least twiCe the signal frequency. Thus 
the maximum input frequency is equal to 

f' 1 
MAX 2(TACQ + TCONV + TAP) 

Where T ACQ is the acquisition time of the sample-to-hold 
amplifier, TAP is the maximum aperture time (small enough to 
'be ignored) and T CONV, is the conversion time of the AID 
converter. 

DATA ACQUISITION SYSTEMS 
The fast acquisition time of the AD365 when used with a high 
speed NO converter allows accurate digitization of high frequency 
signals and'high throughput rates in multichannel data acquisition 
systems. The AD365 can be used with a number of different 
AID converters to achieve high throughput rates. Figures 23 
and 24 show the use of an AD365 with the AD,578 and 
AD574A. 

-.,....---1~--------1>-+'5V 

~~::~~ ___ ~~ _______ J 

Figure 23. AID Conversion System, 117.6kHz Throughput 
58,8kHz Max Signal Input 

Figure 24. 12-Bit'AlD Conversion System, 26.3kHz 
Throughput Rate, 13. 1kHz Max Signal Input ' 

PACKAGE I)IMENSIONS 
Dimensions shown in inches and (mm). 
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perMIL-5TD..a83. Method 1014). Pin 6 is Electrical'yConnected 
totheCase. case Has Metal Bottom Surface. 



IIIIIIIIIII ANALOG 
WDEVICES 

FEATURES 
Differential Input - Programmable Gain Amplifier 
6 Bit (1 of 64) Gain Control 
Internal -10V Reference 
15 Bit Integral Nonlinearity 
±3OSp.V Resolution 
10ms Conversion Time 
External Integration Capacitor 
Programmable Conversion Time 

APPUCAnONS 
Medicel Instruments 
Blood Analyzers 
Analytical Instrumentation 
Data Acquisition Systems 
Chromatography 
Process Control 

PRODUCT DESCRIPTION 
The AD367 is a wide dynamic range integrated circuit which 
contains all the analog functions needed to construct a high 
resolution, high accuracy integrating Data Acquisition System. 
It utilizes hybrid technology to incorporate a programmable gain 
amplifier, integration amplifier, -lOY reference, comparator, 
and control logic in a 24-pin hermetic dual-in-line package. 

The programmable gain amplifier provides 6 bits (1 of 64) gain 
control which are digitally selectable with CMOS voltage levels. 
The dual slope converter uses time to quantitize the analog 
input signal. The differential front-end allows true . 

inputs with high common-mode rejection, or 
with ground sense capability. This conversio 
inherent high frequency noise immuni 
mode noise rejection at frequencies 
lrr I (T I = the signal integration pe 
is independent of both the integratio apaci 
frequency, since they affect both the signal 
and reference integration phase in the same ratio. nncrop 
and software routine or any digitizing timer that accepts TTL 
inputs can be used to count clock pulses to digitize the AD367 
output. The integration capacitor is external, therefore conversion 
time may be adjusted by the user. The nominal value is O.OI2 .... F 
for an integration time of 4ms and total conversion time of 
lOms. By choice of integration capacitor and clock frequency 
the integration time is programmed from a minimum of 2ms to 
a maximum of 20ms. The maximum conversion rate is 200 per 
second. 

High Resolution 
Programmable Gain DAS 

AD367 I 

AD367 FUNCTIONAL BLOCK DIAGRAM 
AND PIN DESIGNATION 

INTEGRATION 
CAPACITOR 

+V'N -VIN BUFF PGA REF REf OFfSET 
OUT OUT IN OUT TRIM 

[-10V) 

PRODUCT IDGHLIGHTS 

INPUT 
SHORTING 

SWITCH 

1. The AD36 provides true IS-bit (±O.OO30S% FSR 
.ty error) performance with 30S .... V 

CLOCK 
'N 

input programmable gain amplifier front end 
64) gain control. This provides gains of 

, or input full scale ranges of O.417V to 
flexibility. 

tion capacitor is external. Conversion time is 
ammable, from 2ms to 2Oms. The maximum con

is 200 conversions per second. 

pe integration conversion technique provides 
frequency noise immunity, and excellent normal 

noise rejection of frequencies which are multiples of 
e inverse of the integration period. 

5. An internal precision -lO.OV reference is provided, but an 
external reference may be used for multi-channel applications 
where use of a system reference is required. 

6. The pulse~width output is easily converted to digital binary 
format by the addition of external IC counter-timers. The 
counter clock rate is independent of the integrator clock rate. 
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SPECIFICATIONS (typical@ + 25"C, Vs = ±l5V, +5V, n = 4.000ms,CINr = O.012p.F unless otherwise noted) 

Parameter 

ACCURACY~OLUTION 
Integral Nonlinearity Error 1 

Resolution 2 

ANALOG INPUTS 
VI1~PUT 
Input Resistance 
Common Mode Rejection Ratio! 
V REF Input Resistance 
Shorting Switch Isolation4 

DIGITAL INPUTS 
Clock 

V1NH 
VINL 

Gain BitsS 

V1NH 
V1NL 

DIGITAL OUTPUT (LSTTL Compatible) 
VOH 
VOL 
IOH 
IOL 

DYNAMIC PERFORMANCE 
Conversion Time 

Offset Pulse Width" 
Scale Factor 

Over Temperature 
PSRR7 

+15V±3% 
-15V±3% 
+5V±3% 

PROGRAMMABLE GAIN AMPLIFIER" 
Maximum Gain 
Minimum Gain 
Resolution 
Gain Error, Any Range 
Gain Linearity Error 

INTERNAL VOLTAGE REFERENCE 
VREF 

vs. Temperature 
Maximum External Current without Degradation 

POWER REQUIREMENTS 
Positive Supply Range 
Negative Supply Range 
Logic Supply Range 
Supply Current 

+15V 
-15V 
+5V 

Power Dissipation 

TEMPERATURE RANGE 
Specification 
OPerating 
Storage 

PACKAGE 

NOTBS 
'Referenced to the input. 
'Referenced to the outpUt of the programmable gain stage (Pin 4). 
'Soun:eimpedance<lfiOto 10V 
'AINL (Pin 2) at anaIogground. 
'Open coDec:tor TTL ODd 1 5V CMOS Compatible. 
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AD367KM 
Min Typ Mu Units 

0.00305 %FSR 
±305 ..,.V 

0 10 V 
80 kG 
90 100 dB 
300 kG 
45 56 dB 

2 V 
0.7 V 

14.5 V 
0.7 V 

2.4 V 
0.4 V 

-370 ..,.A 
6 rna 

10 ms 
152 200 248 ..,.S 
361 384 407 ..,.sN 

±10 ppmf'C 

0.5 ..,.sN 
0.5 ..,.sN 
1 ..,.sN 

24 VN 
0.282 VN 

6 Bits 
±2 %' 
±0.00305 %FSR 

-9.95 -10 -10.05 V 
10 15 ppmf'C 

500 ..,.A 

14.55 15 15.45 V 
-14.55 -15 -15.45 V 
4.75 5 5.25 V 

18 rna 
23 rna 
27 rna 
750 1100 mW 

0 70 ·C 
-25 +85 ·C 
-55 + 125 ·C 

24-Pin Double-DIP 

VOSCRINT2 
60ffset PuJsewidth (YIN = OV) = ---V;;;--. RINT 2 = 3271dl nominal. 

'VIN = 10V,Gain = 1.03. 
•. 24 x,(128 x 81 + 64 x 82 + 32 x 83 + 16 x B4 + 8 x 85 + 4 x B6 + 3) 
Gam = 255 

Specifications subject to cbangowithout notice. 



11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Includes: Progra~mable Gain Instrumentation 

Amplifier, Track and .Hold Amplifier 
12-Bit AID Converter 

Digitally Controlled Gain 11, 10, 100,500) 
50kHz Throughput Rate 
Small Size: 28-Pin Metal Hermetic Double DIP 
Guaranteed No Missing Codes Over Temperatura 
True 12-Bit Linear; Error ",,1I2LSB (B-Grade) 
Unipolar or Bipolar Operation 
Low Power: 775mW 
Differential Input 
Internal Hold Capacitor 

APPUCATIONS 
Computer Based Data Acquisition Systems 
Wide Dynamic Range Measurement Systems 
Test Equipment (ATE) 
Analytic and Medical Instruments 
Multi-Channel Systems With High/low Level Signals 

PRODUCT DESCRIPTION 
The AD369 is a wide dynamic range data acquisition system IC 
which conditions and subsequently converts an analog signal to" 
a 12-bit digital word. It utilizes hybrid technology to incorporate 
a programmable gain amplifier, a track-and-hold amplifier, and 
a 12-bit analog-to-digital converter into a 28-pin dual in-line 
package: 

The software programmable gain amplifier (PGA) allows the 
user to choose full-scale voltage ranges of 10V, IV, lOOmVand 
2OmV. Signals of SIL V can be resolved in the G = 500 mode, 
giving the AD369 a dynamic range of 126dB. Precision differential 
inputs provide the AD369 with an excellent common-mode 
rejection capability. 

The track-and-hold amplifier (T/H) features excellent linearity, 
low noise and a fast acquisition time. The T/H has an internal 
hold capacitor. 

Complete 
Programmable Gain 

12-Bit Data Acquisition System 
AD369 I 

AD369 FUNCTIONAL BLOCK DIAGRAM 

The successive approximation analog-to-digital converter (ADC) 
features true 12-bit operation, with 0.012% max nonlinearity (B
grade). The ADC is guaranteed to have no missing codes within 
the temperature range of - 2S·C to + 8S'C. The user can select 
bipolar or unipolar operation to digitize both ac and de input 
signals. 

The AD369 provides a completely specified and tested function 
in a space saving 28-pin metal hermetic package for system 
designers with cost, space, and time constraints. 
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SPECIFICATIONS (tJpicaI @.+25"&, Vs = ±l5Y, +5Y, R.. = 630. and R(BIP) = 310 unless oIheIwise noIId} 

AD369AM Grade AD369.BM Grade 

Parameter Min Typ Max Min Typ Max Unit. 

ANALOG INPUT 
Voltage Range, Unipolar(G= I) 0 +10 * * V 
Voltage Range, Bipolar(G= I) -5 +5 * * V 
Common-Mode Voltage 12 -(VDIPp xG/2) * V 
Resistance 10· * n 
Capacitance 5 * pF 
Bias Current (Is) 10 50 * 25 nA 

IB vs. Temperature 50 * pArC 
Input Offset Current (los) 2 20 * 10 nA 

Iosvs. Temperature 20 * pArC 
Noise Current (0.1 to 10Hz) 60 * pAp-p 
Output Offset Voltage (V OS)1 5+0.02xG 25+0.2xG * 10+0.lxG mV 

Vosvs. Temperature 70+0.2xG 3OO+2.0xG * * floVrC 
Vos vs. Common-Mode Voltage' 6O+0.5xG 320+3.2xG * 150+ 1.5 xG floVN 
Vosvs. SupplyVoitage' 100+ 1.0xG 2300+IOxG * lOOO+4xG floVN 

Output Noise Voltage (rms) 
G=I 250 * floV 
G=IO 260 * floV 
G=IOO 340 * floV 
G=500 600 * floV 

DIGITAL INPUTS' 
V1H 3.0 Vee * * V 
V1L 0.0 0.8 * * V 
IIH,IIL 0.01 1.0 * * floA 
CIS Pulse Width 50 * ns 

DIGITAL OUTPUTS, 12-BIT PARALLEL 
VoH@IoH = -4OtLA 3.6 5.0 * * V 
VoL@IoL = 1.6mA 0.2 0.4 .* * V 

SIGNAL DYNAMICS 
Conversion Time (tc) 12 15 * * flos 

Ie vs. Temperature +20 * nsl"C 
System Throughput RateS 

G=I,IO 50 * kHz 
G=IOO 50 * kHz 
G=500 20 * kHz 

Gain Switching Time 1.5 2.0 * * floS 
PGA Sett1ingTime(to 1I2LSB) 

G=I,IO 8 10 * * floS 
G=.IOO 12 15 * " flos 
G=500 40 50 * * flos 

Amplifier - 3dB Bandwidth 
G=I 1000 * kHz 
G=1O 400 * kHz 
G=IOO 150 * kHz 
G=500 40 " kHz 

T/H Acquisition Time (tACQ to 1I2LSB) 3 * flos 
TIHApertureDelayTime(tAP) 230 350 * * ns 

tAP vs. Temperature +0.5 * nsrC 
Aperture Jitter I * ns 
Feedthrough 25 * floVN 

ACCURACY 
Integral Nonlinearity 0.30 0.75 " 0.5 LSB 
Differential Nonlinearity (DNL)6 0.30 0.90 * 0.5 LSB 

DNLat + 85DC 0.4 I 0.4 0.8 LSB 
Monotonic Temperature Range -25 +85 * * DC 

Total Gain Error@G= I 0.05 0.5 * 0.2 % 
@ Other Gains Referred to G = I 0.01 0.1 * 0.05 % 

Gainvs. Temperature@G=1 3 30 * * ppmI"C 

@ Other Gains Referred to G = I 3 10 * * ppmI"C 
Gain vs. Supply Voltage 

Vp±IO% 10 30 * * ppml% 

VN±IO% 5 30 * * ppm/% 

Vee±IO% 5 15 * * ppmI% 
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Parameter Min 

REFERENCE 
Voltage (VREF) 6.28 

VREPvs. Temperature 
Internal Resistance 
External Load 

POWER REQUIREMENTS 
Positive Supply Range + 13.5 
Negative Supply Range -13.5 
Logic Supply Range 4.5 
Supply Current, VIN = IOV, fc = 50kHz 

+15V 
-15V -35 
+5V 

Power Consumption 

THERMAL RESISTANCE (J-A) 

NOTES 
*Same specifications as AD369AM. 
IOffset voltage applies to both bipolar and unipolar operating modes. 
2VCM = ±10V. 
3VS = ±lO%. 

AD369AM Grade 

Typ 

6.30 

2 

15 
-IS 
5.0 

20 
-30 
5 
775 

25 

4For digital inputs, pull-up resistors needed (typ Skn) when interfacing with TIUDTL logic. 
sAssumespipelining, i.e., signal ismputted to I.A. when T/H goes into hold mode, allowing voltage 
to settle concurrently with AID conversion (see timing diagram). 

6Includes TIH droop rate. 

Specifications subject [0 change withOut notice. 

AD369BM Grade 

Max Min Typ Max Units 

6.32 • * * V 
20 * ppml"C 

* {} 

0.5 * rnA 

16.5 * * * V 
-16.5 * * * V 
5.5 * * * V 

2S * * rnA 
• * rnA 

10 * • rnA 

* mW 

* • C/W 

ABSOLUTE MAXIMUM RATINGS 
Parameter Min Max Units 

Positive Supply, Vp -0.3 +17 V 
Negative Supply, VN +0.3 -17 V 
Digital-lo-Analog Ground -1 +1 V 
Logic Supply -0.3 +7 V 
Analog Input (Either) VN Vp V 
Analog Input Current -20 +20 rnA 
Lead Soldering, 10 sec +300 ·C 
Operating Temperature Range 

to Specifications -25 +85 ·C 
Operating Temperature Range 

with Derated Specifications -55 +125 ·C 
Storage Temperature -65 +150 ·C 
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LOGIC OUTPUTS TYPICAL PERFORMANCE GRAPHS 

TEMP = 25"C 

Vcc= 4V 4.5V 'V S.SV 'V 

V V V V 
V ~ ~ ~ .., -- 10 12 14 16 18 20 

OUTPUT SINK CURRENT_rnA 

Logic Low Level Output Voltage vs. Sink Current 

1 
Vee'" +5V 

--

TEMP=l25"C 25"<: -55"C 

./ ./ ./ 

.,/ V- i.--
.....-:::::: 

o 
o , . 10 12 14 16 18 m 

OUTPUT SINK CURRENT-rnA 

Logic Low Level Output Voltage vs. Sink Current 

AMPLIFIER LARGE SIGNAL RESPONSE 

2V/DIV, 

AD369 Input Stage Output Voltage 
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ANALOG INPUT 
An analog multiplexer and resistor network form the gain switching 
circuit of the PGA. As shown in Table I, the user selects a gain 
according to the state of binary address inputs GO and G 1. 

Also shown in the table is the input range data. The full-scale 
range of the DAS is 10V, and an LSB value is 4.88fLV in the 
gain 500 mode; therefore, the dynamic range of the AD369 is 
126dB. 

The PGA uses a monolithic instrumentation amplifier, which is 
based on the classic three-op-amp approach. The differential 
analog. input is amplified, according to gain selection, by two 
input op amps. The third amplifier, a unity gain subtractor, 
removes any common-mode signal and yields a single-ended 
output. 

DATA CONVERSION 
The track-and-hold amplifier is a monolithic device with an 
internal hold capacitor. It has an acquisition time of ";;3fLS. 

Input signals are digitized using a successive-approximation AID 
converter. The rising (L to H) edge of the Convert Start pulse 
resets the internal flip-flops of the SAR. The falling (H to L) 
edge of the pulse initiates the conversion. After an aperture 
delay of 23Ons, the track and hold amplifier goes into the hold 
mode, and the Status output goes High, indicating a conversion 
is in progreSs. Conversion time from the falling edge of the CS 

ANALOG INPUT 
VOLTAGE 

G1. GOQAIN "«~h;:::=====~@»X~~tI!!~IOOO~==: SELECT CODE It 

ANALOG OUTPUT 
VOLTAGE OF THE 

AD369 PROGRAMMABLE 
INPUT AMPUAER 

~A" TIH SETTUNG T'MEl 
s 11fL5'" G=I.10 
:st6",$'" G=100 
:::50""", G",500 ""'i tClS~ SOns 

CONVERT/START ~ 
~~E ----r-----------~~~~~~~~=--+-----I I-- APERTURE DELAY :Ii 350m; 

STATUS OUTPUT --'~ ______________ ,,-!I L---
I I t--CONVERSION TIME :0;; 1SI1$----t 

....j t--DA~A'~:5L1D 

"'gu~~:t"Yl/lll.1 V.LID OLD 0.'. ~ 
1=0 f.---MAXIMUM CONVEHSION TIME: :S:28". ,,, G=I.10------l 

'" 33"., .. G=100 
s67pst>< G=5oo 

Figure Ta. AD369 Timing Diagram Without Pipelining 

Theory of Operation 
pulse is 15fLS, maximum. A low output on the Status line indicates 
that the conversion is complete. The data at the output is valid 
at least 15ns before the Status goes low (see timing diagram). 
This gives sufficient setup time so that data may be latched to 
an external register on the falling edge of the Status pulse. The 
T IH amplifier returns to the tracking mode when the Status line 
goes low. Data is valid at the output until the next falling edge 
of a CIS pulse. After a maximum of 3fLS acquisition time, a new 
CIS pulse may be issued to begin a new conversion. Timing 
diagrams are shown in Figure 1. 

Figure la shows timing when a conversion sequence has first 
begun. All functions are being performed in series. This is the 
timing for the fIrst data conversion, assuming a new gain must 
be selected. 

The timing in Figure Ib assumes conversions are progressing • 
continuously. After a conversion has been initiated by the falling 
edge of the CIS pulse, a new analog signal may be inputted to 
the DAS or a new gain may be selected. The figure shows that 
if a new gain is selected, no more than 2fLS later, the new voltage 
begins settling at the PGA output. In the G = 500 mode, the 
determining factor for conversion speed is the amplifier settling 
time and, if necessary, the gain switching time. If the PGA gain 
is not switched, the conversion time for G = 500 becomes 50fLS, 
maximum, and a minimum throughput rate of 20kHz can be 
achieved. 

"'-ir-tcs.:t' SOns ~tc,&MA)( 

CONVp~~~TART~-;:-:===== __________ -1r_-_-__ --""1L-
1 ~ APERTURE DELAY,.; 35On$ I I 

STATUS OUTPUT V2CONVER810N ' V3 

~~~I~~»i~~CO~NV~"~SIO~N~"~ME~'~"~"~@>i~.lb~~1 ~CO~N;V;ERSION 
D:T~T8u~~T }1 CODE V2 CODE 

ANALOG INPUT 
VOLTAGE 

OUTPUT VOLTAGE Of 
THE PROGRAMMABLE 

GAIN AMPLIFIER 

'>H AMPLIFIER 
OUTPUT 
VOLTAGE 

DATAREADV ~ 15nSBEFORE--(1.-
STATUS LOW I 

~---------+I--~~ 
I 

r--'- j 

j.--PGA" 11H SETTLING TIME 
Sl1j1s (nO"1,10 
.. 16 .. _("G=100 TlME:S3f.1l 

V2'ElNGHE~"'''''G=''dJO 8EINrHELD 

MAXIMUM CONVERSION TIME: I 

1--____ :~~:= g~~DAND'OO 

Figure Tb. AD369 Timing Diagram With Pipe/ining 

Gain Programmable Analog Input One Least 
Code Gain Amplifier Voltage Range Significant Bit 

(LSB) Value 
GO Gl Gain Unipolar Bipolar 

0 0 I 0 +lOV -5V +5V 2.44mV 
0 I 10 0 +IV -0.5V +0.5V 0.24mV 
I 0 100 0 +IOOmV -5OmV +50mV 24.4fLV 
I I 500 0 +2OmV -IOmV +lOmV 4. 88fLV 

Table I. Input Voltage Range Selection 
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Using the AD369 
CALIBRATING THE AD369 WITH TRIMPOTS 
This is a calibration procedure which is implemented with 
potentiometers, resistors, and LEDs. The hardware can be 
incorporated on the board which utilizes the AD369 for convenient 
field calibration. 

The ideal transfer function of the AD369 in Figure 2 shows that 
the output code steps up from all ones to all zeros as the analog 
input voltage increases from the minus full scale limit to the 
plus full scale limit. The purpose of the calibration is to put the 
first and last bit transitions where they belong; ILSB above 
-FS and ILSB below +FS respectively. 

The transfer function shows that for each output code there is 
an associated quantization uncertainty of ILSB. For a given 
code, there is an LSB wide range of possible analog input voltages; 
Only at the transition point between two adjacent codes is there 
a precise correlation between input voltage and digital output. 
This circumstance must be utilized in the calibration or the 
accuracy may be off by ± 1I2LSB. 

In reality, due to noise on the analog input, the transitions do 
not occur as sharply as illustrated in the figure. When changing 
codes, the output will toggle constantly while moving from one 
value to the next. The desired trarisition point is obtained when 
50% of the time the output is above this point and 50% of the 
time the output is below it. This transition point may be observed 
on an oscilloscope. Another way to measure this 50"10 duty cyCle 
is by using a light emitting diode (LED) as shown in Figure 3. 
The duty cycle is approximately 50"10 when the LED is about 
halfway between minimum and maximum brightness. 

-COMPLEMENTARY 
BINARY OUTPUT CODE 

0000 .... 0000 

0000 0000 0001 

0000 0000 0010 

TRA'r::~ION -.,----. r', 
//~ +FSCALIBRAnON 

/ (II V,N = 
011' 1111 1110 

0111 1111' 1111 

1000 0000 0000 

1000 0000 0001 

/ 
/ (+FS-1LSBI 

-FS ; ~ CAUBRATION /..-. 
(1/ VII'~ = /...f CODE WIDTH: llSB 

I-FS+1LSBI/ ~ 

1111 1111 1101 

1111 1111 1110 

{r/ 
i:;:::::, FIRST TRANSITION ANALOG 

INPUT VOLTAGE 

Figure 2. AD369 Transfer Function (G = 1) 

UNIPOLAR MODE CALIBRATION 
Figure 3 shows the AD369 in the unipolar mode of operation, 
with calibration hardware connected. The calibration begins 
with cancellation of the input stage offset by applying OV to the 
input and manipulating RRTI and RRTO until the first transition 
occurs exactly at OV, regardless of the amplifier gain. The next 
step in the calibration is to cancel the output stage offset by 
adjusting RRTO to put the fU"St transition at the proper input 
voltage of + ILSB. Finally, RSPAN is adjusted and the last bit 
transition is put ILSB below + FS. 
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ANALOG 
SUPPLY ... +15V 

AGND 

Figure 3. AD369 in the Unipolar Mode with RTI Vos, RTO Vos 
and Span Trimpots 

Calibration steps for input stage offset voltage (Vos) 
cance1iation: 

1. Connect the inputs to analog ground. 

2. Set G = 500 and tumRRTI all the way Clockwise (CW). This 
shifts the transfer function to the right, causing the output 
code to be all ones. The LED will light up. 

3. Now turn RRTI counterclockwise (CCW) until the LED dims 
to half brightness. The fU"St transition is now positioned at 
the VIN=O line. 

4. Switch to G= 1 and turn RRTO all the way CWo This will 
cause the output code to be all ones again. 

5. Turn RRTO CCW until the LED dims; the first transition is 
at OV again. 

6. Switch the gain to G=500, tum RRTI CW just enough to 
assure an all ones code, then turn it CCW until the LED 
dims to half brightness. 

7. Switch the gain back to one, tum RRTO CW enough to assure 
an all ones code, then tum it CCW until the LED dims. 

8. Repeat steps 5 and 6 until the LED brightness does not 
change when switching between G= 1 and G=500. The 
input stage offset voltage is now zero. 

Calibration steps for the output stage offset voltage (V os) 
cancellation: 

1. Connect the inputs to a 2.44mV supply, as in Figure 4. 

2. Set G= 1, turn RRTO all the way CW, assuring an all ones 
output and lighting the LED. 

3. Turn RRTO CCW until the LED dims to half brightness. 
The first transition is now lLSB above OV. 

+15V 

Rl 
61.2kll 

R2 
1011 

2.44mV 

t----+ 
DIFFERENTIAL 

INPUT 

Figure 4. Input Connection for the RRTO Calibration 



Calibration steps for Gain Error (SPAN) cancellation: 

1. Apply a precise IOV-2.44mV across the input of the AD369. 
A voltage divider as shown in Figure 5 can be employed; in 
conjunction with a precision voltmeter to verify an input of 
9.997,56V. 

2. Set G= I, turn RsPAN all the way CCW, assuring an output 
of all zeros. 

3. Turn RsPAN CW until the LED begins to light up (about 
half-brightness). At this point the last transition will be at 
+FS -ILSB. 

The calibration in the unipolar mode is now complete. 

+15V ±1% 

2.49kll 

9.997.56 V 

~-o--...... --_+ 
DIFFERENTIAL 

INPUT 

Figure 5. Input Connection for the RSPAN Calibration 
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SUPPlV 
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tCW 

RIBIPI 

~~~~~-~~ ~ 

Figure 6. AD369 in the Bipolar Mode with Offset and Gain 
Trimpots 

Using the AD369 
BIPOLAR MODE CALIBRATION 
The AD369, with calibration hardware, is shown in Figure 6 for 
operation in the bipolar mode. The adjustments begin, as in the 
unipolar case, with the input stage Vos cancellation. In this case 
however, the calibration is different because the OV point is now 
at mid-scale; the MSB is used instead of the LSB. Next in the 
calibration is to adjust RRTO and put the first LSB transition at 
an input voltage of - 5V + ILSB. Last is the RSPAN adjust to 
put the last bit transition ILSB below + 5V. 

Input stage Vos cancellation steps: 

1. Connect the inputs to analog ground. 

2. Select G=500 and turn RRTI until the MSB LED is at half
brightness. 

3. Switch to G= 1 and adjust RRTO until the LED is again at 
half-brightness. 

4. Repeat steps 2. and 3. until the LED brightness does not 
change when gains are switched. This indicates that the 
input stage Vos=OV. 

Output stage Vos cancellation steps: 

1. SetG=1. 

2. Connect the plus input to ground and the minus input to 
4.997,56 volts using a voltage divider such as in Figure 7. 

3. Turn RRTO completely CW to assure an output code of all 
ones. 

4. Now turn RRTO CCW until the LSB LED dims to half
brightness. The first transition is now ILSB above - FS. 

+15V ±1% 

4.99kU 

4.997.56 V 

<:---0--....... --_ + 
DIFFERENTIAL 

INPUT 

Figure 7. Voltage Divider to Derive RTO Vas and Span 
Calibration Voltage . 

Gain Error cancellation steps: 

1. Set G= 1. 

2. Now connect the plus input to 4.997,56 Volts and the minus 
input to analog ground. 

3. Turn RSPAN completely CCW to assure an output code of all 
zeros. 

4. Now turn RsPAN CW until the LSB LED begins to light up. 
At this point the last bit transition will be at + FS - ILSB. 

Calibration in the bipolar mode is now complete. 
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CALIBRATING THE AD369 WITHOUT TRIMPOTS 
FigUre 8 shows the AD369 in the unipolar mode with calibration 
hardware consisting of a Quad 8-Bit D/A Converter (AD7226) 
circuit instead of the previous trimpot configuration. The cali
bration procedure is basic8ny the same as before except that 
instead of adjusting thepotentiomete~, three DACs are used to 
correct for offsets and gain error. Bipolar calibration may be 
accomplished by referring to Figure 6 and modifying Figure 8 
accordingly. 

This calibration routine has some excellent benefits in, addition 
to ,the elimination of potentiometers. Dipswitches may be used 
initially to set the 8-bit word values needed for each connection; 
however, after the word values are determined, this data may be 
stored into a memory (i.e., RAM) for auto-calibration in the 
field. The entire calibration may be accomplished under micro
processor cont1"9l. Temperature offsets may be cancelled by 
using a temperature sensor in conjunction with the 

. microprocessor. 
+15V 

DATA 
BUS 

15 WR 

16 Al 

AO 

VOUTO 

'9 

V OUTC 20 
AD7226 10 V~EF 

VOUT" 

_~20:Ok:n~[i~~~::::~~~~~~-l~ 
DIFFERENTIAL :> 1 i~PUT GAIN 

INPUT 2 _ CODE 

3 RTI 

-15V>-+--+-t-l.. 
A::pLp~~ +1SV >-__ +I-\.!I} 

AGND>-__ ......... 
,)+----==<: LOGIC .}-____ -< SUPPLY 

AD369 

L-_________ .,...:"-_ g~+~~\CODE 

Figure 8. AD369 in the Unipolar Mode with DIA Circuit 
Replacing Trimpots 

INPUT PROTECTION 
There are two considerations when applying input protection for 
the PGA: 1) that maximum input current'must be limited to 
less than 20mA and 2) that input voltages must not exceed the 
supplies. Outside the linear operating range, the input impedance 
of the AD369 becomes low and nonlinear due to the input transis
tors going into saturation. The graph in Figure 9 illustrates the 
input current vs. differential input voltage relationship without 
input protection. 

Resistors of lkO in series with each input would keep the currents 
within safe limits for input voltages in the range of Vp = + lSV 
to VN = -lSV. Figure 10 shows the external components necessary 
to protect the AD369 under all overload conditions at any gain. 
The diodes to the supplies are necessary if input voltages outside 
of the range of the supplies are encountered. 
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Figure 9. Input Current vs. Differential Input Voltage With
out Input Protection 

Vp = +15V 
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Figure 10. Input Protection Circuit for AD369 

The equivalent noise resistance of the AD369 input stage is only 
lkO. Input protection resistors, however, will quickly degrade 
the excellent noise performance of the DAS. To reduce the ' 
noise encountered with added resistors, FETs may be used· to 
limit the input current. FETs, such as the 2N4416, with low 
IDss and low on-resistance should be used. Figure 11 shows the 
protection circuit and Figure 12 shows the input current vs. the 
differential input voltage with the FET protection circuit. The 
20kO resistor is put in' series with the gate to limit the "reverse" 
loss current and does not add to the noise. 

The above input protection circuits also protect the AD369 in 
case there is a voltage applied to the' input while the supplies are 
shut off. 

+IN 

-IN 

R. 
20kU 

2N4416 

... 
20kn 

v, 

FD333 

FD333 

v. 

Figure 17. Low Noise Input Protection Circuit for AD369 



If using multiplexers, proper device selection can provide AD369 
input protection. Some MUXes limit the maximum current as 
well as the maximum output voltage to safe levels. Keep in 
mind that the on resistance of the MUX will add to the input 
stage noise. 
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Figure 12. AD369 Input Protection with 2N4416 FETs and 
FD333 Clamping Diodes 

GROUND RETURNS FOR INPUT BIAS CURRENTS 
There must be a direct return path for the input bias currents 
of the PGA input transistors; otherwise, they will charge external 
capacitances, causing the output to drift uncontrollably or saturate. 
Therefore, when amplifying floating input sources such as trans
formers, or ac-coupled sources, there must be a dc path from 
each input to ground as shown in Figure 13. 

1" ..... AD369 \ 
{ 

--j .......... 
I > 

-l .. .. 
v" 

TO ANALOG GROUND 

~ 
Figure 13a. Ground Returns for Bias Currents with Trans
former Coupled Input 

100kU 100tdl 

TO ANALOG GROUND 

Figure 13b. Ground Returns for Bias Currents with -ae 
Coupled Inputs 

Using the AD369 
GROUND CONNECTIONS 
The digital and analog ground pins of the AD369 should be tied 
together as close to the package as possible to avoid noise coupling 
from the digital ground to the analog circuit. When an application 
calls for separate grounding entirely, a O.I",F capacitor should 
be connected between the AGND and DGND pins to ftIter out 
any noise. 

POWER SUPPLY DECOUPLING 
Each of the AD369 supply terminals should be capacitively 
decoupled as close to the IC as possible. A I",F in parallel with 
a O.ljLF capacitor is usually sufficient. Analog supplies are 
decoupled to the analog ground pin and the Logic supply is 
decoupled to the digital ground pin . 

TRACK-AND-HOLD ERRORS 
The aperture delay time is the time required for the track-and-hold 
amplifier to switch from track to hold. Since this is effectively a 
constant, it may be tuned out by advancing the track-to-hold 
command with respect to the input signal. 

Unlike the aperture delay time, aperture jitter is a true error 
source and must be considered. Aperture jitter is a result of 
noise within the switching network. It causes variations in the 
value of the analog input being held. The aperture error which 
results from this jitter is directly related to the dV/dT of the 
analog input and may limit the signal bandwidth. The aperture 
jitter of the T/H in theAD369, however, is small enough that 
the instrumentation amplifier will limit the signal frequency well 
below the frequency at which the jitter error would be of 
concern. 

Droop rate is the change in output voltage per unit of time 
while in the hold mode. Hold mode droop originates as leakage 
from the hold capacitor, of which the major contributors are 
switch leakage current and bias current. This dVouridT is 
equal to the ratio of the total leakage current, II to the hold 
capacitance, CR. The droop rate of the TIH in the AD369 is 
included in the differential nonlinearity specification. 

COMMON-MODE REJECTION 
Common-mode rejection is a measure of the change in output 
voltage when both inputs are changed by equal amounts. These 
specifications are usually given for a full-range input voltage 
change. Care should be taken to assure that both input lines are 
balanced with regard to parasitic capacitances and source resis
tances; otherwise, the excellent common-mode rejection of the 
AD369 will be degraded. 

ERRORS DUE TO BANDWIDTH LIMITATIONS OF 
THEAD369 
When using the AD369 to digitize sine-wave signals, it is important 
to know the frequency at which the system response roll-off will 
cause an error of 1I2LSB. 

The ratio of output to input voltage for the instrumentation 
amplifier of the AD369 is: 

I VdVll = GIl (I +jf/f.,) I = G/[I + (flf.,)2]o.s 

where f. equals the - 3dB bandwidth and a single-pole roll-off 
is assumed. 
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It can be shown that the VoN I ratio will have an error of 1I2LSB 
for a 12-bit AID converter when: 

f(1I2LSB) = f,ly'2TI) = f.l64. 

The instrumentation amplifier will have reached the limit of 12-
bit precision for signal frequencies of f,.164. The frequency can 
be doubled at the expense of two bits of accuracy. 

The frequency at which the amplitude of a IOV p-p sine wave 
is reduced by one half of an LSB is typically 10kHz, 
3.5kHz, 1.7kHz, and O.SkHz at gains of 1, 10, 100, and SOO 
respectively. 

NOISE CONSIDERATIONS 
Assuming normally distributed or white noise, the rms noise 
voltage En of a system is a function of its noise bandwidth BWN • 

The correlation between -3dB bandwidth (BW) and BWN is 
dependant upon the frequency response of the system under 
consideration.! For a 6dB/octave fIlter, the ratio is 'Tr/2= I.S7. 
For a "brick wall" fIlter it is one. The noise correlation is simply: 
EN = eNVBWN, where eN is the noise density (nV/VHZ). 

The noise of the input signal must also be added to the noise of 
the DAS. Again, in calculating the rms noise contribution of the 
signal, the BWN of the source must be considered. If not fIlter 
limited before the AD369 input, the BWN of the PGA, as stated 
above, must be used, which is about 'Tr/2 times its - 3dB 
bandwidth. 

Input protection resistors will also contribute to the total system 
noise. The rms noise voltage of a lkO resistor over a noise band
width of 1Hz is 4nV. So, the noise voltage of a resistor, R(kO) 
and a noise bandwidth, BWN(Hz) is: ~(R)=4nVVR x BWN. 

The total system rms noise is given by the equation: 

Once the system rms noise value is known, the probability of 
the peak-to-peak value of the noise exceeding an LSB is given 
in Table II. 

1.0 
2.0 
3.0 
4.0 
S.O 
S.IS 
6.0 
6.6 

Probability of Noise 
Exceeding ILSB 

Table II. 

62.0% 
32.0% 
13.0% 
4.6% 
1.2% 
1.0% 

0.27% 
0.10% 

lSee "Low Noise Electronic Design," by C. D. Motchenbacher, 
F. C. FilcheD. 
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OTHER CONSIDERATIONS 
One of the more overlooked problems in designing ultra-low-drift 
de amplifiers is thermocouple induced offset. In a circuit comprised 
of two dissimilar conductors (i.e., copper, kovar), a voltage 
known as the "Seebeck" or thermocouple emf is generated 
when the two junctions are at different temperatures. Standard 
IC lead material (kovar) and copper form a thermocouple with a 
high thermoelectric potential (about 3S ..... VI"C). This means that 
care must be taken to insure that all connections in the input 
circuit of the AD369 remain isothermal. In addition, the user 
should also avoid air currents over the circuitry since slowly 
fluctuating thermocouple voltages will appear as "flicker" noise. 

The base emitter junction of an input transistor can rectify out
of-band signals (Le., RF interference). These rectified voltages 
act as small dc offset errors. In the case of a resistive transducer, 
a small capacitor (e.g. IS0pF) across the input working against 
the internal resistance of the transducer may suffice to provide 
an RC fIlter without affecting system bandwidth. Again, every 
effort should be made to match the capacitance at pins 1 and 2, 
to preserve CMR. 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

0.785119.93) 
0.B05 (20.48) 

~~J 
~ .. I· ... [r============-_~_·~~_~_:!_~·_·~~_:f-=--=--=--=--=--=--=--=--=--=--=--=-~~li~ 1470) 

g~~g:~~~: r~ ~ r~l-~ ~ rrr~-r~ ggd;~?51521) 
~I- ~ ..... 

0.16 (0.41) 
0.020 (0.51) 

0.095 (2.41) 
0.105 (2.67) 
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r.ANALOG 
WDEVICES 

FEATURES 
Guaranteed 12-Bit No Missing C?des Over 

Temperature 
1MHz Throughput Rate 
Small 4O-Pin Hermetic Ceramic Package 
T/H Control Line 
Gain Accuracy 0.25% 
Four Pin-Programmable Input Ranges 
Tri-5tate Latched Output Data 

APPLICATIONS 
High-Speed Measurement System 
Test Equipment (ATE) 
Board Level DAS for Computers 
Analytic and Medical Instruments 
Multichannel. High-Speed Systems 
Signal Processing 
Vibration Analysis 
Image Enhancement Systems 
Computer Aided Tomography and Magnetic 

Resonance Systems 

PRODUCT DESCRIPTION 

The AD375 is a small, 12-bit linear, IMHz throughput analog-to
digital converter hybrid. Packaged in a 4O-pin hermetic DIP, 
the AD375 provides a completely specified and tested ADC in 
space-saving hybrid as an economical solution for system d 
with space and time constraints. Designed for appli 
quiring a IMHz throughput rate, the AD375 is des' 
state-of-the-art integrated circuits. Laser t . 
and manufactured on a modern certifie 
assembly line the AD375 is a state-

The AD375 featuIes 12-bit no 
o to + 70°C (ambient temperature t c 
100% tested for linearity, missing codes, 

Because the flash converter is buffered in this ign, an ex 
external precision buffer is not required as in other flash desi 
The T/H control line controls an external track-and-hold amplifier 
to take maximum advantage of the AD375 architecture. The 
external TIH is automatically sent back to track mode during 
the AD375 digital error correction cycle. No additional active 
components are needed, only power, an analog input sighal, 
four decoupling caps, and a convert command is needed for 
operation. 

1 MHz fJ-C Compatible 
12-Bit ADC 

AD375 I 
AD375 FUNCTIONAL BLOCK DIAGRAM 

can be selected by connecting. the input pin 
ired for the span desired. The digital output 

r the status output transitions to the not busy 
alid until the next conversion update takes place. 

s and outputs are TTL compatible. Gain and 
externally trimmed to zero with optional 

s for better accuracy. Linearity is specified 
ore conservative end point linearity method. The 
e superior part for new designs today. 

TIONAL DESCRIPTION 
uses a two stage flash technique. It is comprised of 

flash converter, a 7-bit D/A converter (DAC), a high-speed 
plifier, switches and digital logic which handles timing and 

error correction. The analog input is digitized to 7-bit resolution. 
The digital output of the flash converter drives a 12-bit accurate 
D/A converter. The analog output of the DAC is subtracted 
from the analog input signal and the difference is multiplied by 
a gain factor of 32 (25). 

The scaled difference signal is then digitized by the flash converter 
again to 7 -bit resolution. This· digital output is fed into the error 
correction logic along with the initial 7-bits of digital data to 
produce a 12-bit accurate digital output. 
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SPECIFICATIONS (typical at +25"1: and'Vs = :l:l5Y, +5Y unless otheIwIse noI8d) 

Panmeter Min Typ Max UailS 

ANALOG INPUTS 
Impedance (IOV FSR Span) sk {1 

(sVFSRSpan) 2.sk {1 

Input Ranges 
Bipolsr ±2.5,s V 
Unipolsr Otos,IO V 

DIGITAL INPUTS 
VINH 2.4 5.0 V 
VINL 0.8 V 
IINH 20 IJ.A 
IINL 0.4 mA 
Convert/Start Poise Width SO ns 

DYNAMICS 
Missing Codes@ IMHz Rate None None 
Conversion Time 1000 ns 
Delay, Falling Edge of Status to Data Valid ±IO ns 
Delay, Falling Edge of Enable to Data Valid! 60 ns 

ACCURACY @ + 2S·C 
Integral Nonlinearity 114 LSB 
Diferential Nonliaearity 112 LSB 
Gain 0.05 %FSR 
Unipolar Offset 0.05 %FSR 
Bipolar Offset 0.05 %FSR 

DRIFT@ +70·C 
Integral Nonlineary Over Temperature 112 LSB 
Gain Error Over Temperature 0.10 %FSR 
GainT.C. 25 ppml"C 
Unipolar Offset Over Temperature 0.10 %FSR 
UnipolsrT.C. 5 ppml"C 
Bipolar Offset Error Over Temperature 0.10 %FSR 
BipoIsrOffsetT.C. 7 ppml"C 
Conversion Time Over Temperature 1000 ns 
No-Missing-Code Temperature Range 0 +70 ·C 

DIGITAL OUTPUTS 
VoL @1.6mA 0.4 0.8 V 
VOH@-'- 8OIJ.A 2.0 3.5 V 
U nipolsr Output Code Straight Binary 
Bipolar Output Code Offset Binary 

POWER REQUIREMENTS 
Positive Supply Range + 14.5 +15 + 15.5 V 
Negative Supply Range -14.5 -IS -15.5 V 
Logic Supply Range 4.75 5.0 5.25 V 
Quiescent Current 

+15V 53 65 rnA 
-15V 83 95 rnA 
+SV 93 120 rnA 

Power Consumption 2.3 2.7 W 

ABSOLUTE MAXIMUM RATINGS 
Positive Supply -0.3 + 18 V 
Negative Supply +0.3 -18 V 
Logic Supply, -0.5 +7 V 
Digital Inputs -0.5 5.5 V 
Analog Input -IS + 15 V 
Analog Input Current -10 + 10 mA 
Lead Soldering, 10 sec +300 ·C 
Operating Temperature Range to Specification 0 +70 ·C 
Storage Temperature -65 + ISO ·C 

PACKAGE 40 Pin Double-DIP 

NOTE 
IBusaccess time. 
Specifications subject to change without notice. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Complete 16-Bit Converter With Reference 

and Clock 
±O.OO3% Maximum Nonlinearity 
No Missing Codes to 14 Bits Over Temperature 
Fast Conversion - 15jU1(14 Bit) 
Short Cycle Cepebility 
Parallel Outputs 
Low Power: l100mW Typicel 
Industry Standard Pin Out 
Available to MIL-8TO-883 

PRODUCT DESCRIPTION 
The AD376 is a high resolution 16-bit hybrid IC analog-ta-digital 
converter including reference, clock, and laser-trimmed thin-film 
components. The package is a compact 32-pin metal DIP. The 
thin-film scaling resistors allow analog input ranges of ± 2.SV, 
±SV, ±10V,Oto +SV,Oto +10V,andOto +20V. 

Important performance characteristics of the devices are maximum 
linearity error of ± 0.003% of FSR AD376KM (TM), and 
maximum 14-bit conversion time of ISlJos. This performance is 
due to innovative design and the use of proprietary monolithic 
D/A converter chips. Laser-trimmed thin-film resistors provide 
the linearity and wide temperature range for no missing codes. 

The AD376 provides data in parallel form with corresponding 
clock and status outputs. All digital inputs and outputs are 
TTL compatible. 

APPLICATIONS 
The AD376 is excellent for use in applications requiring 14-bit 
accuracy over extended temperature ranges. Typical applications 
include medical and analytic instrumentation, precision meas
urement for industrial robots, automatic test equipment (ATE), 
multi-ch8nnel data acquisition systems, servo control systems 
and anywhere that excellent stability and wide dynamic range in 
the amallest space is required. 

Complete High Speed 
1 &-Bit AID Converter 

AD37& I 
AD376 FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 
1. The AD376 provides 16-bit resolution with maximum linearity 

error less than ±O.003% (±O.OO6% for J and S grades) at 
25°C. 

2. The AD376TM features guaranteed no missing code per
formance (14 bits) over the - SsoC to + 12SOC temperature 
range. 

3. Conversion time is 13.SIJoS typical to 14 bits with short cycle 
capability. 

4. Two binary codes are available on the AD376 output. They 
are complementary straight binary (CSB) for unipolar input 
voltage ranges and complementary offset binary (COB) for 
bipolar input ranges. Complementary two's complement 
(CTC) coding may be obtained by inverting pin 1 (MSB). 

S. The proprietary chips used in this hybrid design provide 
excellent stability over temperature and lower chip count for 
improved reliability. 
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SPECIFICATIONS (lJpicaI at 1, = +25"1:, Vs = ±15, +5 valls unless oIh8IWise noIIId) 

RESOLUTION 

ANALOG INPUTS 
Voltage Ranges 

Bipolar 
UDipolar 

Impedance (DireCt Input) 
Oto +SV, ±2.SV 
Oto +IOV, ±S.OV 
Oto +20V, ± IOV 

DIGITAL INPUTS' . 
Convert Command 
Logic Loading 

TRANSFER CHARACTERISTICS' 
ACCURACY 

Gain Error 
Offset Error 

UDipolar 
Bipolar 

Linearity Error (max) 
Inherent Quantization Error 
Diffcmltial Linearity Error 
3 "Noise at Trausitions(pk-pk) 

POWER SUPPLY SENSITIVITY 
±15Vde(±0.7SV) 
+ SV de (± 0.2SV) 

CONVERSION TIME' 
12 Bits 
14 Bits 
16 Bits 

WARM-UPTIME 

DRIFTS 
Gain 
Offset 

UDipolar 
Bipolar 

Linearity 

AD376JM AD376KM AD376SM1 

16 (max) *. * 

±2.S, ±S, ± 10 * * 
Oto +S,Oto + 10,Oto +20 * * 
1.88 * * 
3.75 * * 
7.50 

Positive PWse sOns Wide (tDiu) Trailing Edge IDitiates Conversion 
I * * 

±0.OS'(±0.2max) 

±0.OS4(±0.1 max) 
±0.OS4(±0.2max) 
±0.006 
±112 
±0.003 
0.001 (0.003max)s 

0.001 
0.001 

11.5 (13 max) 
13.5 (IS max) 
15.5 (17 max) 

I tDiuute 

±IS(max) 

±2(±4max) 
± 10 (max) 
±2(3max) 

* 
±0.003 

* 
* 
* 

* 

±S(±ISmax) 

±2(±4max) 
±3(±IOmax) 
±0.3(2max) 

* 

* 

* 
* 

* 

AD376TM1 

* 

* 
* 

* 
** 
* 

* 

** 

** 

** 

UDita 

Bits 

Volts 
Volts 

kfi 
kfi 
kfi 

LS TIL Load 

% 

%ofFSR' 
%ofFSR 
%ofFSR 
LSB 
%ofFSR 
%ofFSR 

%ofFSRI%.:I.V. 
%ofFSRI%.:I.V. 

"'. p.. 

"'. 
Mioutes 

ppmofFSRrC 
ppmofFSRrC 
ppmofFSRrC 

Guarauteed No MissiDgCode 
Temperarure Raoge' Oto70(13 bits) Oto70(l4bits) -SSto + 125 (13 Bits) - 55 to + 125 (148its) 'C 

DIGITAL OUTPUT' 
(AU C.odesComplemeumry) 

Parallel 
OutpUt Codes'· 

UDipolar 
Bipolar 
OutpUt Drive 

Stams 
Stams Output Drive 

Internal Clod<" 
Clock Output Drive 
Frequency 

POWERSUPPL YREQUIREMENTS 
Power Consumption 
Rated Voltage, Aoalog 
Rated Voltage, Disital 
Supply Drain + ISV de 
Supply Drain - ISV de 
Supply Drain + SV de 

TEMPERATURE RANGE 
Specification 
Operating 
Stotage 

NOTES 

CSB 
COB,crc" 
2 

2 (max) 

2 (max) 
1040 

1100 
± IS ± 0.5 (max) 
+5 ± 0.25 (max) 
+30 
-23 
+55 

Oto +70 
-2Sto+8S 
-SSto+12S 

* 

Logic" I" Duriog Conversion 

* 

* 

-SSto +125 

* 
-6Sto + ISO 

'AD376SudTpodesueavoilablotoMlL.S"fD.883.Method5OOll.ClaasB. SeeADologDevic:esMiliruyProductsIlaI8hook 
forpropel'ponDumborudckailopcdficodcms. 

lLoaic"O"", O.8V,DIU.Losic .... • = 2.0V, min for iDputa. For disiW outputl Logk:''O'' = +O.4Vmax.Lotic"r' = 2.4Vmin. 
'TesIOdou '" IOVudOIO +lov ....... . 
of Adjustable to zero. 
·FuUScole ....... 
"Wilhpiu23.cIodtn .. ""' ..... liodtodiairaltpOUDd. 
'Coavcnioatimemaybeobonmedwilh .. Sbortc,cle ..... ro. __ tiOD. 
'Guonuteedbur ... 1OO% productiOD ....... . 
'F .. defiDitiODof"N.MiAiqCada ... rdertoTbeoryofOpentiaD. 
''CsB-~Slniplllilwy.COB-c.mplemea_Oftiotllilwy.CTC-ComplemearuyTwo·.Complemea'. 
''CTCcodiaa_byimertiDaMSB(PiDl). 
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* 
TIL Loads 

TIL Loads 

TIL Loads 
kHz 

mW 
Vde 
V·de 
mA 
mA 
mA 

-SSto + 125 'C 
'C 

-6Sto + ISO 'C 

·Specilkatiom ........ AD376JM. 
**Spccificatious IllUDe II AD3161CM. 
Spccific:atiooa .. bjectto ....... witbou' .. tia:. 



OUTLINE DIMENSION'S 
(Dimensions shown in inches and (mm). 

~P~N 1 GREEN GLASS BEAD 

'\t • 1. 74 (44.2) ·1 
000000000000000-1 

e 

o~o 0 0 0 000000 0 0 ~l==-r=1J. 
I I 
I I- BOTTOM VIEW 
~ 0.10 (2.64) TYP 

0.2811.11,-___________ ..., 

D:;;;::r ;:::=====;::;;;;=:.) 
~,.50I38.,)---I~[I 

0.2 (5.0) 

b )-.1 
LO.01:~.002 V ~t 

I (0.46 - 0.05) I O.025l0.6) 

1-°.9122.91-1 

t ___ IDEAL TRANSITION r WITHOUT NOISE 
... --- OR OVERLAP 

W NOISY TRANSITION rrr-- WITH NOISE OVERLAP 
-.----~.- QFOABOUT ±1/4LSB 

1 II -;;: ~; ~Hl~jf!N~?~SJN OF 
1/2LSB 

ANALOG INPUT VOLTAGE 

Transition Noise Definition Based on Dynamic Cross Plot 

Model 

AD376JM 
AD376KM 
AD376SM 
AD376TM 

ACIH72 

ORDERING GUIDE 

Max Linearity 
Error 

O.OO6%FSR 
0.OO3%FSR 
O.OO6%FSR 
O.OO3%FSR 

Temperature 
Range 

Oto + 70°C 
Oto + 70°C 
- 55°C to + 125°C 
- 55OCto + 125°C 

Two 16-pln strip sockets 

+25 +10 
TEMPERATURE - "c 

Figure 1. Linearity Error vs. Temperature 

'" :i! 
~ 

0 

.' 

'" fi1 
ffi 
> 01 .. 
ii: 
:I z 
::; 
J 

S 

~ , 2lSB 12·81T 

'" 0.01 
~. 
is 
c 
Z 0.006 .. 
~ 

1 2lSB 13·81T 

ii: 0.003 
:I 1 2LSB 14·81T z 
::; 

0.001 
S 10 15 20 

CONVERSION TIME -fl$ 

Figure 2. AD376 Nonlinearity vs. Conversion Time 

+0.1 ~--i----jf------1L..---+--_+--_+----I 

-0.11---I---+----;i--+--t----I---+----J 

+10 +20 +30 +40 +50 +60 +10 

TEMPERATURE - '"C 

Figure 3. AD376 Gain Drift Error vs. Temperature 
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THEOllY OF OPERATION 
The analog continuum is p8rtitioned into .216 discrete ranges for 
16-bit conversiOlJ. All analog values within a given quannun are 
represented by the same digital code, usually assigned to the 
nominal midrange value. There is an inherent quantization 
uncertainty of ± 1I2LSB, associated with the resolution, in 
addition to the actual conversion errors. ' 

The actual conversion errors that are associated with AID con
verterS are combinations of analog errors due to the linear circuitry, 
matching and tracking propertic;s of the ladder and scaling net
works, reference error and power. supply rejection. The matching 
and tracking errors in the converter have been minimized by the 
use of monolithic DACs that include the scaling network. The 
initial gain and offset errors are specified at ± 0.2% FSR for 
gain and ±0.1% FSR for offset. These errors may be trimmed 
to zero by the use of external trim circuits as shown in FigUres 
5 and 7. Linearity error is defined for unipolar ranges as the 
deviation from a true straight line transfer characteristic from a 
zero voltage analog input, which calls for a zero digital output, 
to a point which is defmed as a full scale. The linearity error is 
based on the DAC resistor ratios. It is unadjustable and is the 
m9st meaningful indication of AID converter accuracy. Differential 
nonlinearity is a measure of the deviation in the staircase step 
width between codes from the ideal least significant bit step size 
(Figure 4). 

Monotonic behavior requires that the difIerentiallinearity error 
be less than lLSB, however a monotonic converter can have 
missing codes; the AD376 is spj:cltied aa having no missing 
codes over temperature ranges aa specified on the data page. 

There are three types of drift error over temperature: offset, 
gain and linearity. Offset ,drift causes a shift of the transfer 
characteristic left or right on the diagram over the operating 
temperature range. Gain drift causes a rotation of the transfer 
characteristic about the zero for unipolar ranges or minus full 
scale point for bipolar ranges. The worst case accuracy drift is 
the summation of all three drift errors over temperature. Statis
tically, hoWever, the drift error behaves as the root-sum-squared 
(RSS) and can be shown as: 

RSS = Veo2 + E02+ EL2 

EG = Gain Drift Error (PPmfC) 
Eo = Offset Drift Error (ppm of FSRI"C) 
EL = Linearity Error (ppm of FSRI"C) 

111 ... 111 

~-'LSB 

Figure 4. Transfer Characteristics for an Ideal Bipolar AID 
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DESCllIPTION OF OPERATION 
On receipt of a CONVERT START command, the AD376 
converts the voltage at its analog input into an equiValent 16-bit 
binary number,. This conversion is accomplished as follows: 'the 
16-bit successive-approxiJnation register (SAR) has its 16-bit 
outputs connected both to the device bit outpUt pins and to the 
corresponding bit inputs of the feedback DAC. The analog 
input is suc:cCssively compared to the feedback DAC output, 
ODe bit at a time (MSB first, LSB last). The decision to keep or 
reject each bit is then made at the completion of each bit comparison 
period, depending on the state of the comparator at that time. 

TIMING 
The timing diagram is shown in Figure 6. Receipt of a CONVERT 
START signal sets the STATUS flag, indicating conversion in 
progress. This, in turn, removes the inhibit applied to the gated 
clock, permitting it to run through 17 cycles. All the SAR parallel 
bits, STATUS flip-flops, and the gated clock inhibit signal are 
initialized on the trailing edge of the CONVERT START signal. 
At time to, BI is reset and B2 - BI6 are set unconditionally. At 
tl the Bit 1 decision is made (keep) and Bit 2 is reset uncondi
tionally. This sequence continues until the Bit 16 (LSB) decision 
(keep) is made at t16. The STATUS flag is reset, indicating that 
the conversion is complete and that the parallel output data is 
valid. Resetting the STATUS flag restores the gated clock inhibit 
signal, forcing the clock output to the low Logic "0" state. 
Note that the clock remains low until the next conversion. 

Corresponding parallel data bits become valid on the same positive
going clock edge. 

GAIN ADJUSTMENT 
The gain adjust circuit consists of a lOOppmfCpotentiometer 
connected across ± V s with its slider connected through a 300kO 
resistor to the gain adjust pin 29 as shown in Figure s. 
If no external'trim adjustment is desired, pins 27 (offset adj) 
and pin 29 (gain adj) may be left open. 

+15V 

10k{l 300k!! 
100ppml"C TO 

100k{l 

-15V 

Figure 5. Gain Adjustment Circuit (;t 0.2% FSR) 

OFFSET ADJUSTMENT 
The zero adjust circuit consists of a l00ppmI"C potentiometer 
connected across ± V s with its slider connected through a 1.8MO 
resistor to Comparator Input pin 27 for all ranges. As shown in 
Figure 7, the tolerance of this fixed resistor is not critical, and a 
eatbon composition type is generally adequate. Using a eatbon 
composition resistor having a - 1200ppmfC tempco contributes 
a worst-case offset tempco of 32LSBI4 x 61ppm/LSB14 x 
1200ppmI"C = 2.3ppmfC of FSR, if the OFFSET AD] poten
tiometer is set at either end of its adjustment range. Since the 
maximum offset adjustment required is typically no more than 



1-----MAXIMUM THROUGHPUT nME---------_~ 

STATUS 

BIT 8::: 
BIT9--~t=====:=::::~dd:::b:b:bbbc:r

::~ ~~~~~r--------------==; BIT '2---..... -------------=::::; 

:~~:~~~~============================~::~~-i~b:d:~::: BIT 'S::':-
LSB:::j----------------==t...:.l:rl.......J 

,,: .... ,.. .., .. "0" "0" .. ,.. .., .... , .. "0" .. , .... , .... , .... ,.. "0" .. , .... : I 
NOTES: 
,. THE CONVERT START PULSE WIDTH IS 60ns MIN AND MUST REMAIN LOW DURING 

A CONVERSION. THE CONVERSION IS INITIATED BY THE "TRAILING EDGE" OF THE 
CONVERT COMMAND. 

2. '5..,. FOR '4 BITS AND '4". FOR 13 BITS (MAX). 
3. MSB DECISION. 
4. CLOCK REMAINS LOW AFTER LAST BIT DECISION. 

Figure 6. Timing Diagram (Binary Code 0110011101110110) 

± 16LSB14, use of a carbOn composition offset summing resistor 
typically contributes no more than 1 ppmi"C of FSR offset 
tempco. 

+15V 

AD376 
,OOkO 

'OkO~'8MO TO 27 

-15V -------1 
Figure 7. Offset Adjustment Circuit (± 0.3% FSR) 

An alternate offset adjust circuit, which contributes negligible 
offsettempco if metal film resistors (tempco <100ppmf'C) are 
used, is shown in Figure 8. 

+15V 

OFFSET '~~O ~-""", __ ~_vv--4 
ADJ l00kO AD376 

-15V 

Figure 8. Low Tempco Zero Adjustment Circuit 

In either adjust circuit, the fixed resistor connected to pin 27 
should be located close to this pin to keep the pin connection 
runs short (Comparator Input pin 27 is quite sensitive to external 
noise pick-up and shouid be guarded by analog common). 

DIGITAL OUTPUT DATA 
Parallel data from TTL storage registers is in negative true form 
(Logic "1" = OV and Logic "0" = 2.4V). Parallel data output 
coding is complementary binary for unipolar ranges and com
plementary offset binary for bipolar ranges. Parallel data outputs 
change state on positive-going clock edges. 

Short Cycle Input: A Short Cycle Input, pin 32, permits the 
timing cycle shown in Figure 6 to be terminated after any number 
of desired bits has been converted, permitting somewhat shorter 
conversion times in applications not requiring full 16-bit resolution. 
When lO-bit resolution is desired, pin 32 is connected to Bit 11 
output pin 11. The conversion cycle then terminates and the 
STATUS flag resets after the Bit 10 decision (timing diagram of 
Figure 6). Short cycle connections and associated 8-, 10-, 12-, 
13-, 14-, and IS-bit conversion times are' summarized in Table 
I, for a 933kHz clock. 

Resolution 
Bits (%FSR) 

16 0.0015 
15 0.003 
14 0.006 
13 0.012 
12 0.024 
10 0.100 
8 0.390 

Maximum 
Conversion Status Flag 
Time (I's) Reset 

17.1 tl6 
16.1 tIS 
15.0 t14 
13.9 t13 
12.9 t12 
10.7 tlO 
8.6 t8 

Connect Short 
Cycle Pin 32 to 
Pin: 

N/C(Open) 
16 
15 
14 
13 
11 
9 

Table I. Short Cycle Connections 
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INPUT SCALING 
The AD376 inputs should be scaled as close to the maximum 
input signal range as possibJ.C in order to utilize the maximum 
signal resolution of the AID converter. Connect the input signal 
as shown in Table II. See F~ 9 for circuit details. 

r 25 IOV SPAN 

I . 3.:~1l 
L 24}--NV---i 

20V SPAN 

COMP IN 

BIPOLAR ~~'!!~ COMPARATOR 
OFFSET ~yy~ VREF 

ANALOG t22L--
COMMON~ 

TOSAR 

Figure 9. AD376 Input Scaling Circuit 

Code Under Test 

MSB LSB Range ±IOV 

000 ... 000* + Full Scale +IOV 
-3/2LSB 

011 ... III MidScale 0-1I2LSB 

III ... 110 - Full Scale -IOV 
+1/2LSB 

Input Conned Connect Connect 
Sipal Output PinUi Pin 24 Input 
Line Code to Pin to Sipalto 

±IOV COB 27 Input 24 
Sigoal 

±5V ' COB 27 Open 25 
±2.5V COB 27 Pin 27 25 

OVto +5V CSB 22 Pin 27 25 
OVto + 10V CSB 22 Open 25 
OVto+ZOV CSB 22 Input 24 

Signal 

Note: Pin 27 is extremely sensitive to noise and should be guarded by 8D8Iog 
common. 

Table II. AD376 Input Scaling Connections 

Low Side Transition Values 

±5V ±2.5V Oto +IOV Oto +5V 

+5V +2.5V +IOV +5V 
-3/2LSB -3/2LSB -3/2LSB -3/2LSB 

0-1I2LSB 0-1I2LSB +5V-1/2LSB + 2.SV-1I2LSB 

-5V -2.5V OV OV 
+1/2LSB +1/2LSB +1I2LSB +1I2LSB 

"VoltageS given are the nominal value for transition to the code specified. 

Table III. Transition Values VS. Calibration Codes 

Analog Input 
Voltage Range ±IOV ±SV ±2.SV OVto + IOV OVto +5V 

Code COB* COB* COB* 
Designation orCTC** orCTC** orCTC** CSB*** CSB*** 

One Least 
FSR 20V IOV SV lOY SV 

Significant 2n 2n 2n 2n 2n 2n 

Bit (LSB2 
n=8 78.13mV 39.06mV 19.53mV 39.06mV 19.53mV 
n=1O 19.53mY 9.77mV 4.88mV 9.77mV 4.88mV 
n= 12 4.88mV 2.44mV l.22mV 2.44mV 1.22mV 
n=13 2.44mV 1.22mV 0,61mV 1. 22mV 0.61mV 
n= 14 1.22mV 0.61mV O.31mV O.6ImV O.3ImV 
n= 15 0.61mV 0.31mV O.ISmV O.3lmV O.ISmV 

NOTES 
·COB = Complementary Offset Binary. 

**CTC = Complementary Two's Complement -achieved by using an inverter to complement 
the most significant bit to produce (MSB). 

"**CSB = Complementary Straight Binary. 

Table IV. Input Voltage Range and LS8 Values 

CALIBRATION (I4-Bit Resolution Examples) 
ExtemBl ZERO AD] and GAIN AD] potentiometers, connected 
as shown in Figure 5 and 7, are used for device calibration. To 
prevent interaction of these two adjustments, Zero is always 
adjusted first and then Gain. Zero is adjusted with the analog 
input near the most negative end of the analog range (0 for 
unipolar and - FS for bipolar input ranges). Gain is adjusted 
with the analog input near the most positive end of the analog 
range. 
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o to + lOY Range: Set analog inputto + ILSB14 = O.OOO6IV. 
Adjust Zero for digital output = 11111111111110. Zero is now 
calibrated. Set analog input to +FSR - 2LSB = +9.9987V. 
Adjust Gain for 00000000000001 digital output code; full-scale 
'(Gain) is now calibrated. Half-scale calibration check: set analog 
input to +5.00000V; digital output code should be 
01111111111111. 

-.lOV to +IOV Range: Set analog input to -9.99878V; adjust 
zero for 1111111111110 digital output (complementary offset 



NOTE: ANALOG (..ql AND DIGITAL (~I GNDS -15V 
ARE NOT TIED INTERNALLY AND MUST BE 
CONNECTED EXTERNAllY. 

Figure 10. Analog and Power Connections for Unipolar 0 
to + 10V Input Range 

NOTE: ANALOG (..ql AND DIGITAL (~) GNDS -1SV 
ARE NOT TIED INTERNAllY AND MUST BE 
CONNECTED EXTERNAllY. 

Figure 11. Analog and Power Connections for Bipolar 
+ 10V to + 10V Input Range 

binary) code. Set analog input to 9.99756V; adjust Gain for 
00000000000001 digital output (complementary offset binary) 
code. Half-scale calibration check: set analog input to O.OOOOOV; 
digital output (complementary olIset binary) code should be 
o lllllllllllli. 
Other Ranges: Representative digital coding for 0 to + lOY and 
- lOY to + lOY ranges is given above. Coding relationships and 
calibration points for 0 to + 5V, - 2.5V to + 2.5V and - 5V to 
+ 5V ranges can be found by halving proportionally the corres
ponding code equivalents listed for the 0 to + lOY and -lOY to 
+ lOY ranges, respectively, as indicated in Table III. 

Zero and full"scale calibration can be accomplished to a precision 
of approximately ± l/2LSB using the static adjustment procedure 
described above. By summing a small sine or triangular wave 
voltage with the signal applied to the analog input, the output 
can be cycled through each of the calibration codes of interest to 
more accurately determine the center (or end points) of each 
discrete quantization level. A detailed description of this dynamic 
calibration technique is presented in "Analog-Digital Con-version 
Handbook", edited by D. H. Sheingold, Prentice-Hall, Inc., 
1986. 

5kll<-----.;.....:..;.-{ AD376 

Figure 12. Clock Rate Control Circuit 

;. , 
~ 
;:; 
z 
o 10 I--+-.-::""';;:--F .... d...£--+--+---t~ 
! 
> z 
8 

5 0 ..... -~-.1....--1--...L.--,1-0--,.L2-...J.,4--J,5 

PIN 23 CONTROL VOLTAGE 

Figure 13. Converstion Time vs. Control Voltage 

GROUNDING, DECOUPLING AND LAYOUT 
CONSIDERATIONS 
Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
"grounds" are usually referred to as the Logic Power Return, 
Analog Common (Analog Power Return) and Analog Signal 
Ground. These grounds (pins 19 and 22) must be tied together 
at one point for the AD376 as close as possible to the converter. 
Ideally, a single solid analog ground plane under the converter 
would be desirable. Current flows through the wires and etch 
stripes of the circuit cards, and since these paths have resistance 
and inductance, hundreds of millivolts can be generated between 
the system analog ground point and the ground pins of the 
AD376. Separate wide conductor stripe ground returns should 
be provided for high resolution converters to minimize noise 
and IR losses from the current flow in the path from the converter 
to the system ground point. In this way AD376 supply currents 
and other digital logic-gate return currents are not summed into 
the same return path as analog Signals where they would cause 
measurement errors. 

Each of the AD376 supply terminals should be capacitively 
decoupled as close to the AD376 as possible. A large value 
capacitor such as 1 fi.F in parallel with a O.lfi.F capacitor is usually 
sufficient. Analog supplies are to be bypassed to the Analog 
Power Return pin and the logic supply is bypassed to the Logic 
Power Return pin. 

The metal case is internally grounded with respect to the power 
supplies, grounds and electrical signals. Do not externally ground 
the case. Glass beads standoff on the bottom will prevent shorting 
to board circuitry beneath the unit. 

CLOCK RATE CONTROL , 
The AD376 may be operated at faster conversion times by con
necting the Clock Rate Control (pin 23) to an external multiturn 
trim potentjometer (TCR <lOOppml"C) as shown in Figures 12 
& 13. The integral linearity and differential linearity errors will 
vary with speed as shown in Figure 2. 
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TIHREQUIREMENTS FOR HIGH RESOLUTION 
APPLICATIONS 
The AD389 is a companion T/H designed for use with the 
AD376 family. The characteristics required for high resolution 
track-and-hold amplifiers are low feedthrough, low pedestal 
shifts with changes of input signal or temperature, high linearity, 
low temperature coefficients, and minimal droop rate. 

The aperture jitter is a result of noise within the switching 
network which modulates the phase of the hold command and is 
~fested in the variations in the value of the analog input that 
has been held. The aperture error which results from this jitter 
is directly related to the dV Idt of the analog input which is 
easily calculated as shown below. The error calculation takes 
into account the desired accuracy corresponding to the resolution 
of the AID converter. 

F = . (Full Scale Voltage) (2·N) 

max (Full Scale Voltage) (21l") (Aperture Jitter) 

For an application with a l4-bit AID converter with a lOY full 
scale: 

(10) 2-14 

Fmax = (10) (21l") (4 x 10-10 sec) = 24kHz 

For an application with il 12-bit AID converter with a 10V full 
scale: 

(10) 2.12 

Fmax = (10) (21l"){4 x 10-10 sec) = 97kHz 

The TIH amplifier slew rate determines the maximum frequency 
tracking rate and part of the settling time when sampling pulses 
and square waves. The feedthrough from input to output while 
in the hold mode should be less than ILSB. The amplitude of 
ILSB of the companion AID converter for a given input range 
will vary from 61O .... V for a 14-bit AID using a 0 to lOY input 
range t04.88mV for a 12-bit AID using a ± IOV input range. 
The hold mode droop rate should produce less than ILSBof 

Spec 

Aperture Jitter (max) 
Slew Rate (max w/20V pk-pk signal) 
Feedthrough (ILSB max) 
Droop Rate (ILSB max in IS .... s) 
Droop Rate (ILSB max in SO .... s) 
Acquisition Time (to ± ILSB max) 

for 20kHz Signal w/lS .... s ADC 
Pedestal Shift (max) with Input Signal 
Gain Temperature Coefficient (max) 

for ± 10°C Ambient Operation 

droop in the output dUring the conversion time of the AID 
converter. For 610 .... V/LSB, as noted in the example above, for 
a ISjl.S 14-bit AID converter, the maximum droop rate will be 
610 .... V/IS .... s or 4O.7 .... V/ .... s during the IS .... s conversion period. 

Minimal therma1tai1. effects are another requirement of high 
resolution applications. The self-hell-ting errors induced by the 
changing currentlevela in the output stages ofTIH amps may 
cause more than lLSB of error due to thermal tail effects. 

The linearity error should be less than I LSB over the transfer 
function,as set by the resolution of the AID converter. The 
TIH acquisition time, TIH settling time along, with the conversion 
time of the AID converter determines the highest sampling rate. 
This in turn will determine the highest input signal frequency 
that can be sampled at twice a cycle. 

The maximum input frequency is constrained by the Nyquist 
sampling theorem to be half of the maximum throughput rate. 
Input frequencies higher than half the maximum throughput 
rate result in "under sampling" or aliasing errors of the input 
signal. In the following table the maximum input frequency is 
reported as half of the throughput rate, with an ideal brickwall 
low pass filter placed in the signal path prior to the AD389 and 
AID converter to eliminate aliasing. 

The pedestal shift due to input signal changes should either be 
linear, to be seen as a gain error, or negligible as with the feed
through spec. The temperature coefficients for drift should be 
low enough such that full accuracy is maintained over some 
minimum temperature range. The droop rate and pedestal will 
shift more above + 70"C ( + 158°F). For commercial and industrial 
users, these shifts will only appear above the highest temperatures 
their equipment will ever expect to experience. Most precision 
instrumentation is installed only in human inhabitable work 
spaces or in controlled enclosures if the area has a hostile envi
ronment. Thus, the AD376 used with a companion AD389 T/H 
offers high accuracy sampling in high precision applications. 

14 Bit 16 Bit AD389KD Units 

2.4 0.6 0.4 ns 
1.26 1.26 30 V/ .... s 
-84.3 -96.3 -86 dB 
40.7 10.2 0.1 .... V/ .... s 
12.2 3.0 0.1 .... V/ .... s 
10 10 3-5 .... s 

-84.3 -96.3 ':"86 dB 

6.1 1.5 2.0 pprnfC 
Thermal Tail (max) within SO .... s after Hold 1.2 0.3 0.1 mV 
Linearity Error (max) ILSB ±0.0061 0.0015 0.003 

Table V. TIH Amplifier Requirements vs. AD389 Specs 

Acquisition Time 
Input Frequency &TIHSettlingTime 

%FSR 

AD389in 
Combination 
With an 

Throughput 
Rate Range & AID Conversion Time 

AD376JM (13 bit) 
AD376KM(14bit) 

48.8kHz 
S2.6kHz 

dcto 24.4kHz 
dct026.3kHz 

20;5 .... 8 

23.0jl.S 

Table VI. TIH & ADC Combinlltions and Maximum Throughput Rate 
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IrIIIIIIII ANALOG 
WDEVICES 

FEATURES 
Four Complete 12-Bit CMOS DACs with Buffer 

Registers 
Lin~rity Error ±1I2LSB Tmln-T ..... (AD394, AD395K,n 
Factory-Trimmed Gain and Offset 
Precision Output Amplifiers for ,VOISf 

Full Four Quadrant Multiplication per DAC 
Monoticity Guaranteed Over Full Temperatura Range 
Fast Settling: 15 .... Max to ± 112LSB 
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 re1iability. 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 ± 1I2LSB 
max differential and integra1linearity (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-mm sca1ing 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 a single 12-bit wide word. The 12-bit 
parallel digital input interfaces to most 12- and 16-bit bus 
systems. 

The AD394 outputs (VREFIN= + lOY) provide a ± lOY bipolar 
output range with positive-true offset binary input coding. The 
AD395 outputs (VREFIN= - IOV)'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 
metal package and are available for operation over the 0 to 
+ 700C and - 55°C to + 125°C temperature range. 

PRODUCT HIGHLIGHTS 
1. The AD394, AD395 offer a dramatic reduction in printed 

circuit board 'space in systems using multiple DACs. 
2. The use of CMOS DACs provides low power consumption. 

rn 13 

ffi '4 

MSB 81 1 

I I 
I I 
, I 
I I 

S12 12 

CS3 15 

J.tp Compatible Multiplying 
Quad 12-Bit OIA Converter 

AD 3941 A0395 I 
AD394 FUNCTIONAL BLOCK DIAGRAM 

AD394 

3. Each DAC is independendy 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 
±O.OS%. Setding time to ±1I2LSB is 15 microseconds 
maximum. 

S. Maximum gain TC of 5ppm/"C is achievable by both the 
AD394 and the AD39S. 

6. The monolithic CMOS DAC chips provide excellent linearity 
and guaranteed monotonicity over the full operating tempera
ture range. 

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

8. Two or four quadrant multiplication can be achieved simply 
by applying the appropriate input voltage signal to the selected 
DAC's reference (VREFIN). 

9. Both the AD394S,TD and AD395S,TD feature guaranteed 
accuracy and linearity over the - 55°C to + 125°C temperature 
range. 

NEW PRODUCTS - ICs 3-49 



SPECIFICATIONS erA = +2ft. V .. = lOY. Vs = ±15Y IIIIItss aIIawIse specIIIad) 

AD394JMlSMl AD394KMrrMl 

AD395JMlSM AD39SKMrrM 
Model MIN TYP MAX MIN TYP MAX 

DATA INPUTS (Pins 1_16)2 
TTL or5 Volt CMOS Compatible 

Input Voltage 
Bit ON (Logic "I") +2.4 +5.5 +2.4 +5.5 
Bit OFF (Logic "0") .0 +0.8 0 +0.8 

Input Current ±4 ±40 ±4 ±40 

RESOLUTION 12 12 

OUTPUT 
Voltage Range' 

AD394 ±VREFIN ±VREFIN 
AD395 OV to -(VREFtN) OVto -(VREFtN) 

Current 5 5 

STATIC ACCURACY 
GaiuError ±0.05 ±O.I ±0.025 ±0.05 
Offset ±0.025 

, 
±0.05 ±0.012 ±0.025 

Bipolar Zero (AD394) ±0.025 ±0.OI2 
Integral Linearity Error' ±1/4 ±3/4 ± 118 ±112 
Differential Linearity Error ± 112 ±3/4 ±1/4 ± 112 

TEMPERATURE PERFORMANCE 
GaiuDrift ±IO ±5 
Offset Drift ±IO ±5 
Integral Linearity Error' 

TmintoTmu: ± 112 ±3/4 ± 114 ±1/2 
Differential Linearity Error MONOTONICITYGUARANTEED OVER FULL TEMPERATURE RANGE 

REFERENCE INPUTS 
Input Resistance 5 25 5 
Voltage Range -11 +11 -11 

DYNAMIC PERFORMANCE 
Sett1ingTime(to ± 1/2LSB) 

VREFIN = +IOV,CbangeAllDigital 
Inputs from + 5.0V to OV 10 IS 10 

VREFIN = Ot05VStep, 
All Digital Inputs = OV 10 IS 10 

Reference Feedtbrougb Error" 
AD395 5 5 
AD394 See Figure I See Figurel 

Digital-to-Analog Glitch Impulse7 250 250 
Crosstalk 

Digital Input (Static)8 0.1 0.1 
Reference" 2.0 2.0 

POWER REQUIREMENTS 
Supply VoltagelO ±13.5 ±16.5 ± 13.5 
Current (All Digital Inputs OV or + 5V) 

+Vs 20 22 20 
-Vs 18 28 18 

Power Dissipation 570 750 570 

POWER SUPPLY GAIN SENSITIVITY 
+Vs 0.002 0.006 0.002 
-Vs 0.0025 0.006 0.0025 

TEMPERATURE RANGE 
Operating (Full Specifications)J, K 0 +70 0 

S,T -55 +125 -55 
Storage -65 +150 -65 

NOTES . , 
1 AD394and AD395 SandT grsdes are available to M1L-STD-883, Method 5008, Class B. See AnaJOS Devices MilitaryCatalOS (1985)for 
proper part number and detail ~a~n. 

'Timing specifications appear in Table IV and F;,ure 5. 
'code tabiea aod grapba appearoo TbeoryofOperation page. 
'FSR means Full Scale Raogeandis eqnaJ t020V fora ± 10V bipolar range and 10V forO to IOV unipolarrange. 
5Jntegral nonlinearity isa measure of the lIl8Jrlm.um deviation from a straight line passing though the endpoints oftbc DAC transferfunction. 

25 
+11 

IS 

IS 

± 16.5 

22 
28 
750 

0.006 
0.006 

+70 
+125 
+150 

'For AD395 (unip01ar),DACregisterloaded withOOOOOOOOOOOO, VREP1N - 2OVI"P, 10kHzsinewave. For AD394(bip01ar), V •• FIN - 2OVI"P,60and400Hz. 
7Tbis is a measureoftheamount of chargeinj~from the digital inputs to tbeanalog outputs when the inpurschange stare. It is usually specified 
as the areaoftheglitch in nVs and ismeasuredwith VRBF1N =. AGND. 

IDigital crosstalk is defined as the.charigein anyoneoutpU('ssready state value as a result of any other output beingdrivenfrom. VOUTMIN to VOUTMAX 
into a Zkllioad by means ofvaryins the digital input code. 

'ReferencecrosstaIkisdefinedas the change inanyoneoutputasatesultof any other output being driven from VOUTMIN to VOUTMAx@10kHz 
intoa2kO load by means of varyins the amplitodeofthe reference signal. 

"'TheAD394and theAD395 can beuaed with SllpplyvoltagesaaIowaa ± 1l.4V, F;,ure 10. 

Specifications subject to change without notice. 
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UNITS 

V 
V 
",A 

Bits 

V 
V 
mA 

%ofFSR4 

%ofFSR 
%ofFSR 
LSB 
LSB 

ppmFSRrC 
ppmFSRrC 

LSB 

ill 
V 

flos 

fJ.S 

mVp-p 

nVsec 

LSB 
mVp-p 

V 

mA 
mA 
mW 

%FS/% 
%FS/% 

'C 
'C 
'C 



ABSOLUTE MAXIMUM RATINGS· 
+Vsto DGND .....•...•. 
-VstoDGND ........... . 
Digital Inputs (Pins 1-16) to DGND . 
VREFIN to DGND 
AGND to DGND . . . . . . . . •.. 

-O.3V to + 17V 
+O.3V to -17V 
-O.3V to +7V 

±25V 
..... ±O.6V 

Analog Outputs (Pins IS, 21, 24, 27) 
. . . . . . . . . • . . . . Indefinite Shon to AGND or DGND 

Momentary Shon to ± V s 

*Stresses. above those listed under "Absolute Maximum Ratinp" may cause 
permanent damage to the device. This is a SIess rating only and furu:tionai 
operation at or above this specification is not implied. Exposure to above 
maximum rating conditions for extended periods may affect deVice rclisbility. 

CA~ON:------------------------------------------------

ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are diode protected; 
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. 

WARNING! 0 
~~DEVICE 

PACKAGE OUTLINE 
Dimensions shown in inches and (mm), 

~ 1.555 139.501 ------r 
I 1.585/40.2&1 _I 

~I[DI 0.805120.48) 

l ~4 
~ (0.51' --.l. 

"lOf'" r I ~ ~ ~ ~. ~ .~ ~ ~ ~ ~ ~ ~ ~5 ::~:: 
.., ~ ~{3.561 

0.095 12.41) 0.210 15.331 

0.105 [2.67) 

NOTE: saUAREDCORNERANOOOTINSHADEOAREA 
INDICATE PIN 1. 

r t ~. • ~ [0.411 
0.020 [0.51\ 

-.f ~:~ g~:~~: I--
Figure 1. AD394 Feedthrough VREFIN = 60Hz (top photo) and 
400Hz (bottom photo) Sinewave. Digital code is set at 1000 
0000000. 

PIN CONFIGURATION 

SCALE: Reference Input 5VIDIV (Thin Trace) 
Feedthrough Output 5m VlDW 

TIME: TopPhoto5msiDIV 
Bottom Photo 500JLsiDIV 

MlL-STD-883 
The.rigors of the militarylaerospace 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 hazardous environ
ments. To funher insure reliability, the AD394, AD395 are 
both fully compliant to MIL-STD-SS3 Class B, Method 500S. 

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

ORDERING GUIDE 

Temperature 
Model Ranse Gain Error 

AD394JM Oto +700(; 4LSB 
AD395JM Oto + 70°C 4LSB 
AD394KM Oto +70"C 2LSB 
AD395KM Oto + 70°C 2LSB 
AD394SM - 550(; to + 1250(; 4LSB 
AD395SM - 55°C to + 1250(; 4LSB 
AD394TM - 550(; to + 125°C 2LSB 
AD395TM - 550(; to + 1250(; 2LSB 

Linearity Error 
TIDia-T_ 

3/4LSB 
3/4LSB 
1I2LSB 
1/2LSB 
3/4LSB 
3/4LSB 
1I2LSB 
1I2LSB 
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Theory of Operation 
The AD394 quad DAC provides four-quadrant multiplication. 
Itis a hybrid IC comprised offour monolithic 12-bit CMOS 
multiplying DACs and eight precision output amplifiers. Each 
of the four independent-buffered channels has an independent 
refe~ce input capable of accepting a separate dc or an ac signal 
fOf multiplying or for function generatio.n 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 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 

~ ~ § § ~ ~ ~ -
~. I § I ~ ~ -OFFSET 

BINARV - - lLSB 

VauT"'(V ....... ).(~-l) 

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

DATA INPUT ANALOG OUTPUT ANALOGPUTPUTVOLTAGEVUFIN = +IOVOLTS 

I1Il 1111 1111 +loCVREJ'lN) {:~} +9.99S1V +FULLSCALE-ILSB 

1100 0000 0000 +lo(VRBJlIN) I::} +s.ooov +IJ2SCALE 

1000 0000 0001 +loCVREFlN) {2~} +4.88m.V +IUB 

1000 0000 0000 +1°(VREfIN ){~} +o.ooov ZERO 

0111 lH,1 1111 -lo(VREFJN) {~8} -4.88mV -ILSB 

0100 0000 0000 -lo(VREFIN) I::} -s.ooov -1/2SCALE 

0000 0000 0000 -lo(VRE.FIN) {;~} -lO.OOOV -FULLSCALE 

Table I. AD394 Bipolar Code Table 
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a bipolar analog input which results in two-quadrant multiplica
tion. The AD395 can also operate as a standard unipolar DAC 
when a fixed ~c reference is applied to VREPlN• 

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 (V REFIN) 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. 

_l?; 
---------------- 12 

-FULL8CALE 

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

DATA INPUT ~ALOGOUTPUT ANALOGOUTPUTVOLTAGEVUPIN" + IOVOLTS 

1111 1111 1111 -lo(VREFlN) {::} -9.9976V - FULL SCALE -ILSD 

1000 0000 0000 -lo(VREPIN) {:} -S.OOOV -1/2 SCALE 

0000 0000 0001 -loCVREFIN) {~} ':"2.44mV -ILSB 

0000 0000 0000 . -lo(VREFIN} {~} O,OOOV ZERO 

Table 1/; AD395 Unipolar Code Table 



DATA AND CONTROL SIGNAL FORMAT 
The AD394 and AD395 accept 12-bit parallel data in response 
to control signals CSI-CS4. As detailed in Table III, 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. IfCSl-CS4 are all brought low coincident, all four DAC 
outputs will be updated to the value located on the data bus. All 
control inputs are level-triggered and may be hard-wired low to 
render any register (or group of registers) transparent. 

<::51 CS2 

1 
0 
1 
I 
1 
0 

ffi 14 

MSB 81 1 

I I 
I I 

I I 
812 12 

CS3 15 

1 
1 
0 
1 
1 
0 

AD394 

CS3 CS4 Operation 

All DACs Latched 
1 I Load DAC I From Data Bus 
I I Load DAC 2 From Data Bus 
0 1 Load DAC 3 From Data Bus 
1 0 Load DAC 4 From Data Bus 
0 0 All DACs Simultaneously Loaded 

Table III. DAC Select Matrix 

Figure 4. AD394 (Bipolar) Functional Block Diagram 

TIMING 
The AD394, AD395 control signal timing is very straightforward. 
CSI-CS4 must maintain a minimum pulsewidth of at least 400ns 
for a desired operation to occur. When loading data from a bus 
into a 12-bit wide data latch, the data must be stable for at least 
2IOns 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 imniediately 
after the chip select returns high. DAC settling time is measured 
from the falling edge of the active chip select. 

Digital Circuit Details 
Symbol Parameter Min Typ Max Units 

tcs Chip Select Pulse Width 400 150 ns 
tOA Data Access Time 0 ns 
tos DataSet-UpTime 210 150 ns 
tOR Data Hold Time 0 ns 

Table ,V. AD394, AD395 Timing Specifications, T min to T max 

\" to. "\,..-_v •• 

---!.-.,~t .. ~t~=:J.t'"J \' .. 
DATA IN I D4TAVALID ~ 0 
181-812) t::::7'---

-----L~ v,";v.:7 

t'm~l 
OUTPUT 7--l ... • ..... _ ....... '="-

---------- :t1I2LSB 

~~!E~F '" 20ns. ALL INPUT SIGNAL RISE AND FALL TIMES MEASURED 
FROM 10% to 90%ofVDD r +5VTYPI 
TIMING MEASUREMENTREFERENCELEVELISIV1H + V.L112 

MODE SELECTION 
WRITE MODE HOLD MODE 
CS LOW, DAt RESPONDS TO CS HIGH, DATA BUS IB1-B121 
DATA BUS IB1_812) INPUTS LOCKED OUT; D~HOLDS LAST DATA 

PflESENT WHEN CS ASSUMED 

CSi 13 

CS2 14 

MSB B1 1 

I i 
I I 
I I 
I I 

B12 12 

CSi 1S 

HIGH STATE. 

Figure 5. Timing Diagram 

A0395 

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-quaIity 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. 

I SHOWN WITH ALL I 
FOUR DACs IN I 

: MU~~~~ING I 
L ______ ...J 

AD394 
AD395 

V OUT1!-----
V OUT2 1----, 

TO OTHER 
ANALOG CIRCUITS 

Figure 7. Recommended Ground Connections 

Several complications arise in pmctical 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 signaI ground returns. While the 
DAC outputs are accurately developed between the output pin 
and pin 23 (AGND), delivering these signals to remote loads 

I. 

rr= 
z.. 

TO POWER 
GROUND 

AD394 
AD395 

23 

AD394 
AD395 

Rw, 

0" 
Ow> 

Ou 

REMOTE GROUND 

z.. 

"" A3 .... 

A1-A3: OPTIONAL CURRENT BOOSTERS 
Rw,-Rvn: WiRING RESISTANCES 
loA • .laa: SIGNAL GROUND RETURN IMPEDANCE 
40: POWER GROUND RETURN IMPEO~CES 

Figure 8. Grounding Errors in Multiple;AD394, AD395 
Systems 
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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 ilIustmtes the pamsitic iinpedances which 
influence output accumcy. 

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 ZGA are eliminated by sensing the remote ground 
directly with R3. ~tors Rl 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 RW2 and RW3) will reduce ground interaction 
errors by a factor of 100. 

TO POWER 
GROUND 

AD394 
AD395 

02 , .. 
2 .. 

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 H2 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 mnge 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 circuitto set up a ±S.192V output 
mnge. To help prevent poor gain drift due to possible mismatch 
between RJN and RTHEVENIN o( divider network it is recommended 
to buffer the potentiometer wiper voltage with an OP-07. 

+15V 

02 
soon 

03 
8.25k 

ANALOG 
OUTPUTS 

R1. R3: 1% METAL FILM OR BETTER 
H2: LOW Te MULTI~TURN TRIMPOT 

TO POWER 
GROUND 

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



POWER SUPPLY DECOUPLING 
The power supplies used with the AD394, AD395 should be 
well filtered and regulated. Local supply decoupling consisting 
of a lOfLF tantalum capacitor in parallel with 0.1 fLF 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 
± IppmI"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 ± 6ppmI"C and excellent 
tracking. 

+15V +15V 

+10.000V 

AD2710LN 

-15V 

TO POWER 
GROUND 

OUTPUTS 

Figure ". Low Drift AD394, AD395 Configuration 

Applications 
INTERFACING THE AD394, 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 I2-bit resolution DAC systems and are 
easily interfaced to 16-bit wide data buses. Several possible 
addressing configurations exist. 

In the !=ircuit of Figure 12, a system write signal is used to 
control the decoded address lines and a 74LS139 decoder driven 
from the least significant address bits provides the active-low 
CSI through CS4 signals. In the circuit of Figure 12, address 
lines AO 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, AO represents the least significant 
word address bit. Data may reside in either the I2MSBs (left-jus
tified) or the I2LSBs (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. 

16.81T r----------N Dl1 
DATA 12 BITS BUS 1... ________ ...,,1 DO 

ALL GATES: 114 74LS32 

AD394 
AD395 

ANALOG 
OUTPUTS 

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 74LS244 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 74LS373 octal latch 
and, when the second byte is sent to the DAC, it is combined 
with the flfSt byte to create a I2-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 74LS244 buffer 
ensure that the inputs to the DAC do not float at an ill-clefined 
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. 

."'{ co, r.J ~~: i,>-HH~-+++H 
I-H-~-+++H 
~--+++H 

." 1-4---+++H 

NOTE: 

• AD394 
AD395 

11141 

UNUSED HEX INVERTER INPUTS SHOULD BE TIED LOW. ALL OTHER 
GATE INPUTS SHOWN SHOULD BE nED HIGH TO +5V 
THROUGH A 10kn 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 
aIialog 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 aIialog output and aIialog input 
capability. While complete integrated circuit aIialog-to-digital 
conveners (such as the AD574A) are readily available, the AD394 
can be used as the precision aIialog section of an ADC if some 
extetnallogic is available. Several types of aIialog-to-digital 
conveners 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 At>3H comparator compares the unknown 
input Voltage to one of the AD394 outputs for the aIialog-to-digital 
conversion, while the other three outputs are used as normal 
DACs. The diode chimp shown limits the voltage swing at the 

~~~L 12 

OR .' 

+16V -1SV 

ANALOG 
INPUT 

-1OVTO +10V 

"1" '"' AIN > V0UT1 
"0" .. AIN < V0UT1 

Figure 14. Using One AD394 Output for AID 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 convened from anlIlog to digital or 
simply tested against high and low limits generated by the .two 
remaining DACs in the AD39S. . 
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+15V -1SV 

A1: DAC OUTPUT BOOSTER 
A2. A3: AD3" COMPARATOR (OR EQUIVALENT) 

Figure 15. Programmable Window Comparator Used in 
Power-Supply Testing 

In the circuit of Figure 15, two AD311 voltage comparators are 
used Within AD39S to test the output of a 5 volt power-supply 
regulator. The AD39S V0UT1 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 VOUT2 and VOUT3 outputs. 
When the output of the device under test is Within the limits, 
both comparators are off and D 1 lights. If the output is above 
or below the limits, either D4 or DS lights. 

AD39S AS A MULTIPLIER AND ATTENUATOR 
So far, it has been assumed that the reference voltage VREPlN is 
fixed. In fact, VREPlN can be any voltage Within the range (-llV 
< VREPlN < + llV). It can be negative, positive, sinusoidal or 
whatever the user prefers. This leads to the name "Multiplying 
D/A Conveners" because the output voltage, Your, is proportional 
to the product of the digital input word and the voltage at the 
VREPlN terminal. 

VOUT = -1' (VREFIN) . (~) (O<D<409S) 

D is the fractional binary value of the digital word applied to 
the convener. The AD395 multiplies the digital input value by 
the aIialog input voltage at ViU!FIN for any value. of VREPlN up 
to 22V pop. This in itself is a powerful tool. Aily applications 
requiring precision multiplication With minimal zero offset and 
very low distortion should consider the AD395 as a candidate. 
One popular use for AD39S is as a audio frequency attenuator. 
The audio signal is applied to the VREPlN 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 ...--------, 

VIN1 VRERN1 VOUT• 

AD395 
V1N2 VREFIN2 VOUT2 

V OUTX = -1 • IVREFlN) • (40~6) 
V'NI VREF1N3 VOUT3 

V, .. VREF1N4 VOUT4 

DIGITAL FRACTION D . 
(FROM ANALOG-To-DIGITAL CONVERTER) 

Figure 16. AD395 as a Multiplier or Attenuator 



r.ANALOG 
WDEVICES 

FEATURES 

VOUT = Vy (~t Transfer Function 

Wide Dynamic Range (Denominator) -1000:1 
Simultaneous Multiplication and Division 
Resistor-Programmable Powers & Roots 
No External Trims Required 
Low Input Offsets <100 .... V 
Low Error ±0.25% of Reading (100:1 Range) 
+2Vand + 10V On-Chip References 
Monolithic Construction 

APPLICATIONS 
One- or Two-Quadrant Mult/Div 
Log Ratio Computation 
Squaring/Square Rooting 
Trigonometric Function Approximations 
Linearization Via Curve Fitting 
Precision AGC 
Power Functions 

PRODUCT DESCRIPTION 
The ADS38 is a monolithic real-time computational circuit 
which provides precision analog multiplication, division and 
exponentiation. The combination of low input and output offset 
voltages and excellent linearity results in accurate computation 
over an unusually wide input dynamic range. Laser wafer trimming 
makes multiplication and division with errors as low as 0.25% of 
reading possible, while typical output offsets of 100fL V or less 
add to the overall off-the-shelf performance level. Real-time 
analog signal processing is further enhanced by the device's 
400kHz bandwidth. 

The ADS38's overall transfer function is Vo = Vy (V zN x)m. 
Programming a particular function is via pin strapping. No 
external components are required for one quadrant (positive 
input) multiplication and division. Two quadrant (bipolar 
numerator) division is possible with the use of external level 
shifting and scaling resistors. The desired scale factor for both 
multiplication and division can be set using the on-chip + 2V or 
+ 10V references, or controlled externally to provide simultaneous 
multiplication and division. Exponentiation with an m value 
from 0.2 to 5 can be implemented with the addition of one or 
two external resistors. 

Real-Time Analog 
Computational Unit (ACU) 

AD538 I 
AD538 FUNCTIONAL BLOCK DIAGRAM 

Ix 

Vx 

SIGNAL 
GND 

PWR 
GND 

Direct log ratio computation is possible by utilizing only the log 
ratio and output sections of the chip. Access to the multiple 
summing junctions adds further to the ADS38's flexibility. 
Finally, a wide power supply range of ±4.SV to ± 18V allows 
operation from standard ± SV, ± 12V and ± ISV supplies. 

The ADS38 is available in two accuracy grades (A and B) over 
the industrial ( - 25°C to + 85°C) temperature range and one 
grade (S) over the military ( - 55°C to + 125°C) temperature 
range. The device is packaged in an 18-pin TO-ll8 hermetic 
side-brazed ceramic DIP. 

PRODUCT HIGHLIGHTS 
I. Real-time analog multiplication, division and exponentiation. 

2. High accuracy analog division with a wide input dynamic 
range, 

3. On-chip + 2V or + 10V scaling reference voltages. 
4. Both voltage and current (summing) input modes. 
5. Monolithic construction with lower cost and higher reliability 

than hybrid and modular circuits. 
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SPECIFICATIONS IVs = ±15Y, TA=25OC unless otheIwisespacified) 

ADS38AD AD53SBD 
Parameten Conditions Min Typ Max Min Typ Max 

MULTIPLIER/DIVIDER 

PERFORMANCE 

Nominal Transfer 

(Vzf (Vzf Function IOV",Vx, Vy, Vz"'O Vo=Vy Vx Vo=Vy Vx 

4OOfLA."lx,ly,lz"'O Vo =25k{lx IY(~r Vo =25kUx IY(~r 
Total Error Terms lOOmV,,;Vx";IOV ±0.5 :1:1 ±0.25 :1:0.5 

lOO:lInputRangel U)O",V,,;Vy,,;IOV ±200 :1:500 ±Ioo :1:250 
lOOmV,,;Vz";IOV 

Vz,,;IOVx,m= 1.0 

TA=TmintoTmu ±I :1:2 ±0.5 :1:1 

±450 :1:750 ±350 :1:500 

Wide Dynamic Range' IOmV";V,,,,;IOV ±I :1:2 ±0.5 :1:1 
ImV,,;Vy";IOV ±200 :1:500 ±IOO :1:250 
OV,,;Vz,,;IOV ±IOO :l:2SO :1:750 :I: ISO 

Vz,,;IOVx,m= 1.0 

TA=TmintoTmax ±1.5 :1:3 ±I :1:2 
±450 :l:7SO ±350 :1:500 

±450 :1:750 ±350 :1:500 

Exponent (m) Range TA-TmintoTmax 0.2 5 0.2 5 

OUTPUT 

CHARACTERISTICS 

Offset Voltage Vy=O, Vc= -6OOmV ±200 :1:500 ±100 :l:2S0 

TA= Tmin to Tmax ±450 :1:750 ±350 ±5OO 
Output Voltage Swing RL=2kfi 11 :1:11 -11 +11 
Output Current 5 10 5 10 

FREQUENCY RESPONSE 

Slew Rate 1.4 1.4 
Small Sigoa1 Bandwidth lOOmVsVy, Vz) 400 400 

Vx,,;IOV 

VOLTAGE REFERENCE 

Accuracy VREF = lOY or 2V ±25 :I: SO ±15 :l:2S 

TA=TmintoTmax IS 30 15 30 

OUtput Current VREF= IOV to 2V 1 2.5 1 2.5 

Power Supply Rejection 

+2V=VREF ±4.5VsVss ± 18V 300 600 300 600 
+ 10V=VREF ± 13VsVss ± 18V 200 SOO 200 SOO 

POWER SUPPLY 

Rated RL=2kU ±15 ±15 
Operating Range' :!:4.5 :1:18 :1:4.5 :1:18 

PSRR ±4.5V<Vs<±18V 0.05 0.1 0.05 0.1 

Vx=Vy=Vz= IV 
VouT=IV 

Quiescent Current 4.5 7 4.5 7 

TEMPERATURE RANGE 

Rated -25 +S5 -25 +85 

Storage -65 +150 -65 +150 

NOTES 
lOver the lOOmV to lOY operating range total error is the sum ofa percent of reading term and an output offset. With 
this input dynamic range the input offset contribution to total error is negligible compared to the percent of reading 
error. Thus, it is specified indirectly as a part of the percent of reading error. 

2The most accurate representation afrotal error with low level inputs is the summation of a percent of reading term, 
an outpUt offset and an input offset multiplied by the incremental gain (Vy + V z)Nx. 
~en using supplies below ± 13V the IOV reference pin must be connected to the 2V pin in order for the 
ADS38 to operate correctly. 

Specifications subject to change without notice. 
Specifications shown in boldface are tested on all production units at fmale1ectrical test. Results from those 
tests are • to calculate outgoingquaJity levels. All min and max specifications are guaranteed, although 
only those shown in boldface are tested on all production units. 
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ADS38SD 

Min Typ Max Units 

(VzT Vo=Vy Vx 

Vo =25kUx IY(~r 
±0.5 :1:1 % of Reading + 

±2oo :1:500 fLV 

±1.25 :1:2.5 % of Reading + 

±750 :1:1000 fLV 

±I :1:2 % of Reading + 

±200 :1:500 fLV+ 
±200 :l:2SO fLVx(Vy+Vz)/Vx 

±2 :1:4 % bfReading + 
±750 :1:1000 fLV+ 
±750 :1:1000 fLVX(Vy+VzYVx 

0.2 5 

±200 :1:500 fLV 
±750. :1:1000 fLV 

-11 +11 V 

5 10 rnA 

1.4 V/fL' 
400 kHz 

±25 :1:50 mV 

15 30 ppm/'C 

1 2.5 rnA 

300 600 fLVIV 
200 SOo fLVlV 

:<15 V 

:1:4.5 :I: IS V 

0.05 0.1 %N 

4.5 7 rnA 

-55 + 125 'C 

-65 +150 "C 



RE-EXAMINATION OF MUL TIPLffiRIDIVIDER 
ACCURACY 
Traditionally, the "accuracy" of (actually the errors of) analog , 
mUltipliers and dividers have been specified in terms of percent 
of full scale. Thus specified, a 1% multiplier error with a lOY 
full scale output would mean a worst case error of + lOOmV at 
"any" level within its designated output range. While this type 
of error specification is easy to test, evaluate, and interpret, it 
can leave the user gnessing as to how useful the multiplier actually 
is at low output levels, those approaching the specified error 
limit {in this case) lOOmV. 

The AD538's error sources do not follow the percent of full-scale 
approach to specification, thus it more optimally fits the needs 
of the very wide dynamic range applications for which it is best 
suited. Rather than as a percent of full scale, the AD538's error 
as a multiplier or divider for a 100:1 (lOOmV to 10V) input 
range is specified as the sum of two error components: a percent 
of reading (ideal output) term plus a fixed output offset. Following 
this format the AD538AD, operating as a multiplier or divider 

AD538 SAMPLE ERROR CALCULATION CHART (worst case) 

with inputs down to lOOmV, has a maxinium error of:!: 1% of 
reading :!: 500IL V. Some sample total error calculations for both 
grades over the 100: I input range are illustrated in the chart 
below. This error specification format is a familiar one to designers 
and users of digital voltmeters where error is specified as a 
percent of rellding :!: a certain number of digits on the meter 
readout. 

For operation as a multiplier or divider over a wider dynamic 
range (> 100: I), the AD538 has a more detailed error specification 
which is the sum of three components: a percent of reading 
term, an output offset term and an input offset term for the Vyl 
Vx log ratio section. A sample application of this specification, 
taken from the chart below, for the AD538AD with Vy = IV, 
Vz = lOOmV and Vx = 10mV would yield a maximum error 
of :!:2.0%ofreading :!:500ILV :!:(lV + lOOmV)/IOmV x 
250ILVor :!:2.0% of reading :!:500ILV :!: 27.5mV. This example 
illustrates that with very low level inputs the AD538's incremental 
gain (Vy + V z)/V x has increased to make the input offset con
tribution to error substantial. 

Vy Vz Vx Ideal Total Offset % of Reading Total Error Total Error Summation 
Input Input 
(in V) (in V) 

100:1 10 10 
INPUT RANGE 

Total Error = 
:!:%rdg 

10 0.1 

:!:OutputVos 
I I 

0.1 0.1 

WIDE I 0.10 
DYNAMIC 

RANGE 
Total Error = 10 0.05 

:!:%rdg 
:!:OutputVos 

:!:InputVos x 
5 0.01 

(Vy+Vz)/Vx 
10 0.01 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ....•.. .. 
Internal Power Dissipation ... 
Output Short Circuit-to-Ground 
Input Voltages Vx, Vy, Vz ... 
Input Currents Ix, Iy, Iz , 10 . . . 
Operating Temperature Range 
Storage Temperature Range. 
Lead Temperature, Storage .. 

Input 
(in V) 

10 

0.1 

I 

0.1 

0.01 

2 

0.01 

0.1 

OUtput Error Term 
(in V) (inmV) 

10 0.5 (AD) 
0.25 (BD) 

10 0.5 (AD) 
0.25 (BD) 

I 0.5 (AD) 
0.25 (BD) 

0.1 0.5 (AD) 
0.25 (BD) 

10 28 (AD) 
16.75 (BD) 

0.25 1.76 (AD) 
I (BD) 

5 125.75 (AD) 
75.4 (BD) 

I 25.53 (AD) 
15.27 (BD) 

. . :!:18V 

. 250mW 
Indefinite 

(+Vs-IV), -IV 
. ...... ImA 
- 25°C to + 85°C 
-65°C to + 150° 

: ( . 60 sec, + 300°C 

Error Term Summation as a%ofthe Ideal 
(inmV) (inmV) Output 

100 (AD) 100.5 (AD) 1.0 (AD) 
50 (BD) 50.25 (BD) 0.5 (BD) 

100 (AD) 100.5 (AD) 1.0 (AD) 
50 (BD) 50.25 (BD) 0.5 (BD) 

10 (AD) 10.5 (AD) 1.05 (AD) 
5 (BD) 5.25 (BD) 0.5 (BD) 

I (AD) 1.5 (AD) 1.5 (AD) 
0.5 (BD) 0.75 (BD) 0.75 (BD) 

200 (AD) 228 (AD) 2.28 (AD) 
100 (BD) 116.75 (BD) 1.17 (BD) 

5 (AD) 6.76 (AD) 2.7 (AD) 
2.5 (BD) 3.5 (BD) 1.4 (BD) 

100 (AD) 225.75 (AD) 4.52 (AD) 
50 (BD) 125.4 (BD) 2.51 (BD) 

20 (AD) 45.53 (AD) 4.55 (AD) 
10 (BD) 25.27 (BD) 2.53 (BD) 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

[I:::I:13~ 
I 0.91(23.12) I . --- . 0.89 122.611 

"$:-~J ~ : =..J..:.51 0.12513.18\ 

-H- ~ 
0.06 (1.53) 0.02 (0.508) 0.105 12.671 

'O:Oi'i1.Oii~~ 

0.12(3.051 

~ 
j 

R=I1210'05' ~ ---I-- 0.00810.203) 

I-----l 
0.30617.781 

~ 
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Figure 1. Functional Block Diagram 

FUNCTIONAL DESCRIPTION 
As shown in Figures 1 and 2, the Vz and Vx inputs connect 
directly to the ADS 38's input log ratio amplifiers. This subsection 
provides an output voltage proportional to the natural log of 
input voltage Vz, minus the natural log of input voltage Vx . 
The output of the log ratio subsection at B can be expressed by 
the transfer function: 

VB = k: In (~~ 
(where k = 1.3806 X 10-23 J/K, q = 1.6 0219 x 10-19 C, 
T is in Kelvins) 

The log ratio configuration may be used alone, -if correctly tem
perature compensated and scaled to the desired output level (see 
Applications section). 

Under normal operation, the log-ratio output will be connected 
directly to a second functional block at input C, the antilog 
subsection. This section performs the antilog according to the 
transfer function: 

As with the log-ratio circuit included in the ADs38, the user 
may use the antilog subsection by itself. When both subsections 
are combined, the output at B is tied to C, the transfer function 
of the ADs38 computational unit is: 

Vo= Vye 

which reduces to: 

Finally, by increasing the gain or attenuating the output of the 
log ratio subsection via resistor programming, it is possible to 
raise the quantity VzNx to the mth power. Without external 
programming, m is unity. Thus the overall AD538 transfer 

function equals: 

(Vz\m 
Vo = Vy VxJ 
where 0.2 < m < 5 

When the ADs38 is used as an analog divider, the Vy input can 
be used to multiply the ratio V zN x by a convenient scale factor. 
The actual mUltiplication by the Vy input signal is accomplished 
by adding the log of the V y input signal to the signal at C which 
is already in the log domain. 

STABILITY PRECAUTIONS 
At higher frequencies, the multi-staged signal path of the ADs38, 
as illustrated in Figure 2, can result in large phase shifts. If a 
condition of high incremental gain exists along that path (e.g., 
Vo = Vy x VzNx = lOV x lOmV/IOmV = lOV so that 
AVdAVx = 1000), then small amounts of capacitive feedback 
from Vo to the current inputs Iz or Ix can result in instability. 
Appropriate care should be exercised in board layout to prevent 
capacitive feedback mechanisms under these conditions. 

Figure 2. Model Circuit 

USING THE VOLTAGE REFERENCES 
A stable bandgap voltage reference for scaling is included in the 
ADs38. It is laser-trimmed to provide a selectable voltage output 
of + 10V buffered (Pin 4), +2V unbuffered (Pin 5) or any 
voltages between + 2V and + 10.2V buffered as shown in Figure 
3. The output impedance at pin 5 is approximately sk!l. Note 
that any loading of this pin will produce an error in the + lOV 
reference voltage. External loads on the + 2V output should be 
greater than sOOk!l to maintain errors less than 1%. 

In situations not requiring both reference levels, the + 2V output 
can be converted to a buffered output by tying pins 4 and 5 

+2VTO +10.2V 
BUFFERED 

REF OUT 

50k ~_-,+.!.2V'-l 

11.5k 

Figure 3. +2V to + 10.2V Adjustab(e Reference 
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together. If both references are required simulta,neously, the 
+ lOY output should be used directly and the + 2V output 
should be externally buffered. 

ONE-QUADRANT MULTIPLICATIONIDMSION 
Figure 4 shows how the AD538 may be easily conflgured as a 
precision one-quadrant multiplier/divider. The transfer function 
VOUT == Vy 0IzlVXJ allows "three" independant input variables; 
a calculation not available with a conventional multiplier. In 
addition, the 1000:1 (i.e~ 10mV to lOY) input dynamic range of 
the AD538 greatly exceeds that of analog multipliers computing 
one-quadrant multiplication and division. 

VOUT=Vy(~) 

TWO-QUADRANT DMSION 
The two-quadrant linear divider circuit illustrated in Figure 5 

. uses the same basic connections as the one-quadrant version. 
However, in this circuit the numerator has been offset in the 
positive direction by adding the denominator input voltage to it. 
The offsetting Scheme changes the divider's transfer function 
from: 

Vo = lOY (~:) 
To: 

Vo=IOV 0I~:AViJ =IOV (lA+~~ 

( Vz\ 35kO 
= lOA + lOY ~; where A = 25kO 

As long as the magnitude of the denominator input is 'equal to 
or greater than the magnitUde of the numerator input, the circuit 
will accept bipolar numerator voltages. However, under the 
conditions of a OV numerator input, the output would incorrectly 

~---+"":;U+ equal + l4V. The offset can be removed by connecting the 

1-'-'----0() v, 
INPUT 

Figure 4. One·Quadrant Combination Multiplier/Divider 

By simply connecting the input Vx (pin IS) to the + iov reference 
(pin 4), and tying the log-ratio output at B to the antilog input 
at C, the AD538 can be conflgured as a one-quadrant analog 
multiplier with 10 volt scaling. If 2 volt scaling is desired, Vx 
can be tied to the + 2V reference. 

When the input Vx is tied to the + 10V reference terminal the 
multiplier transfer function becomes: ' 

Vo = VY(I~~) 
As a multiplier, this circuit provides a typical bandwidth of 
400kHz with values of Vx, Vy or Vz varying over a 100:1 range 
(i.e. IOOmV to lOY). The maximum error with a lOOmV to lOY 
range for the two input variables will typically be + 0.5% of 
reading. Using the optional Z offset trim scheme, as shown in 
Figure 5, this error can be reduced to + 0.25% of reading. 

By using the + lOY reference as the Vy input, the circuit of 
Figure 4 is configured as a one-quadrant divider with a fixed 
scale factor. As with the one-quadrant multiplier, the inputs 
accept only single (positive) polarity signals. The output of the 
one-quadrant divider with a + 10V scale factor is: 

Vo = lOV(~~) 
The typical bandwidth of this circuit is 370kHz with IV to lOY 
denominator input levels. At lower amplitudes, the bandwidth 
gradually decreases to approximately 200kHz at the 2mV input 
~d ' 
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+ lOY reference through resistors RI and R2 to the output 
section's summing node I at pin 9 thus providing a gain of 1.4 
at the center of the trimpot. The pot R2 adjusts out or corrects 
this offset, leaving the desired transfer function of 10V (VzNXJ. 

NUMERATOR 
V, 

OPTIONAL r------.., 
I -Vs I 
l 68k I 
I .% I 
I I 
I 
I 
I I 

I 3.9MU : 
L- _______ J 

35kJl 

OUTP .. U_TH ___ -'1 
R2 R1 

SkU 15kU I 

ZERO 
ADJUST 

FOR 
Vxi!!:V7, 

DENOMINATOR 
V. 

35kll 

Figure 5. Two-Quadrant Division with 10V Scaling 

LOG RATIO OPERATION 
Figure 6 shows the AD538 configured for computing the log of 
the ratio of two input voltages (or currents). The output signal 
from B is connected to the summing junction of the output 
amplifier via two series resistors. The 90.90 metal film resistor 
effectively degrades the temperature coefficient of the ± 3500ppm/ 
°C resistor to produce a 1.09kO + 3300ppmfOC equivalent value. 
In this configuration the Vy input, must be tied to some voltage 
less than zero (-1.2V in this case) removing this input from the 
transfer function. 

The 5kO potentiometer controls the circuit's scale factor adjust
ment providing a + IV per decade adjustment. The output 
offset potentiometer should be set to provide a zero output with 
Vx = Vz = IV. The input Vo adjustment should be set for an 
output of 3V with Vz = ImV and:Vx = IV. 



-v. 

AD589 

Figure 6. Log Ratio Circuit 

The log ratio circuit shown achieves ± 0.5% accuracy in the log 
domain for input voltages within three decades of input range: 
IOmV to 10V. This error is not defmed as a percent of full-scale 
output, but as a percent of input. For example, using a IV/decade 
scale factor, a 1% error in the positive direction at the INPUT 
of the log ratio amplifier translates into a 4.3m V deviation from 
the ideal OUTPUT (i.e., IV x 10gIO (1.01) = 4.3214mV). An 
input error 1% in the negative direction is slightly different, 
giving an output deviation of 4.3648mV. 

ANALOG COMPUTATION OF POWERS AND ROOTS 
Often it is necessary to raise the quotient of two input signals to 
a power or take a root. This could be squaring, cubing, square-root
ing or exponentiation to some noninteger power. Examples 
include power series generation. With the AD538, only one or 
two external resistors are required to set ANY desired power, 
over the range of 0.2 to 5. Raising the basic quantity VzJVx to a 
power greater than one requires that the gain of the AD538's 
log ratio subtractor be increased, via an external resistor between 

POWERS 

R. v, 196J1 
Vo 97.60 

Vy 64.9U 
4B.7U 

R. R. 

ROOTS 

v, R. 
Vo 100n 

V y 49.9U 
-49.9n 
4O.2U 

Figure 7. Basic Configurations and Transfer Functions for 
theAD538 

pins A and D. Simi1arly, a voltage divider which attenuates the 
log ratio output between points B and C will program the power 
to a value less than one. 

SQUARE ROOT OPERATION 
The explicit square root circuit of Figure 8 illustrates a precise 
method for performing a real time square root computation. For 
added flexibility and accuracy this circuit has a scale factor 
adjustment. 

The actual square rooting operation is performed in this circuit 
by raising the quantity V zJV x to the 112 power via the resistor 
divider network consisting of resistors Rs and Re. For maximum 
linearity, the two resistors should be 1 % (or better) ratio-matched 
metal fIlm types. 

r---iJ;:r;O~L- ---, 
I ABSOLUTE VALUE SECTION I 
I I 
I 
I 
I 
I 
I 
I 

v •• I 

I 
I 
I I L _________ .J 

SCALEFA~~~~--------------' 
TRIM 

'RATIO MATCH 1.0 METAL FILM 
RESISTORS FOR BEST ACCURACY 

Figure 8. Square Root Circuit 

" loon 

One volt scaling is achieved by dividing-down the 2V reference 
and applying approximately IV to both the Vy and Vx inputs. 
In this circuit, the V x input is intentionally set low, to about 
0.95V, so that the Vy input can be adjusted high; permitting a 
± 5% scale factor trim. Using this trim scheme, the output 
voltage will be within ±3mV ±0.2% of the ideal value over a 
10V to ImV input range (8OdB). For a decreased input dynamic 
range of 10mV to lOY (6OdB) the error is even less; here the 
output will be within ± 2m V ± 0.2% of the ideal value. The 
bandwidth of the AD538 square root circuit is approximately 
280kHz with a IV Pop sinewave with a + 2V dc offset. 

This basic circuit may also be used to compute the cube, fourth 
or fifth roots of an input waveform. All that is required for a 
given root is that the correct ratio of resistors, Re and Rs , be 
selected such that their sum is between 1500 and 2000. 

The optional absolute value circuit shown preceding the AD538 
allows the use of bipolar input voltages. Only one op-amp is . 
required for the absolute value function, because the Iz input of 
the AD538 functions as a summing junction. If it is necessary to 
preserve the sign of the input voltage, the polarity of the op-amp 
output may be sensed and used after the computation to switch 
the sign bit of a D.V.M. chip. 
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TRANSDUCER LINEARIZATION 
Many electronic transducers used in scientific, commercial or 
industrial equipment monitor the physical properties of a device 
and/or its environment. Sensing (and perhaps compensating for) 
changes in pressure, temperature, moisture or other physical 
phenomenon can be an expensive undertaking, particularly 
where high accUracy and very low Donlinearity are important. In 
conventional analog systems accuracy may be easily increased by 
offset and scale factor trims, however, nonlinearity is usUany the 
absolute limitation of the Sensing device. 

With the ability to easily program a complex analog function, 
the ADS 38 can effectively compensate for the nonlinearities of 
an inexpensive transducer. The ADS38 can be connected between 
the transducer preamplifier output and the next stage of monitoring 
or transmitting circuitry. The recommended procedure for lineariz
ing a particlillir transducer is first to fmd the closest function 
which best approximates the nonlinearity of the device and 
then, to select the appropriate exponent resistor value(s). 

ARC-TANGENT APPROXIMATION 
. The circuit of Figure 9 is typical of those ADS38 applications 
where the quantity Vz/Vx is raised to powers greater than one. 
In an approximate arc-tangent function, the ADS38 will accurately 
compute the angle that is defmed by X and Y displacements 
represented by input voltages V~ and Vz. With accuracy to 
within one degree (for input voltages between 100jLVand 10 
volts), the ADs38 arc-tangent circuit is more precise than con
ventional analog circuits and is faster than most digital techniques. 
For a direct arc-tangent computation that requires fewer external 
components refer to the AD639 data sheet. The circuit shown is 
set -up for the transfer funl:tion: 

[ (Vz)]1.21 
Vo= (VOref- Vo) (Vx) 

Where 0 = Tan -I (i) 
The (V 8ref - V 8) function is implemented in this circuit by adding 
together the output, V 8, and an externally applied reference 
voltage, V8ref, via an external ADs47 op-amp. The IjLF capacitor 
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-RATIO MATCH 1%M£TAL 
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ACCURACY 

Figure 9. The Arc-Tangent Function 

connected around the ADS47's lookO feedback resistor frequency 
compensates the loop (formed by the amplifier between V 8 and 
Vy ). 

The ViIV A quantity is calculated in the same manner as in the 
one-quadrant divider circuit, except that the resulting quotient 
is raised to the 1.21 power. Resistor RA (nominally 9310) sets 
the power or m factor. 

For the highest arc-tangent accuracy the external resistors RI 
and R2 should be ratio matched, however, the offset trim scheme 
shown in other circuits is not required, since nonlinearity effects 
are the predominant source of error. Also note, that instability 
. will occur as the output approaches 90° because, by definition, 
the arc-tangent function is infInite and therefore, the ADS 38's 
gain will be extremely high. 



1IIIIIIII ANALOG 
WDEVICES Low Power Precision BIFET Op Amp 

FEATURES 
Improved Replacement for LF441 
Low Quiescent Current: 200 .... A max 
Low Input Bias Current: 10pA max, Warmed-Up 

(AD548C) 
Low Offset Voltage: 250 .... V max (AD548C) 
Low Drift: 2 .... VI"C max (AD548C) 
Low Noise: 2 .... V POp, 0.1 to 10Hz 
AC Specs: 1.8Vf .... s Slew Rate, 1MHz Unity 
Gain Bandwidth 
Avail.able in Plastic, Hermetic CERDIP and 

Hermetic Header Packages 
MIL-STD-883B and Plus Parts Available 
Dual Version Available: AD648 

PRODUCT DESCRIPTION 
The AD548 is a low power, precision monolithic operational 
amplifier. It is fabricated with ion-implanted FET and laser 
wafer trimming technologies and offers both low bias current 
(25pA max, warmed-up) and low quiescent current (200ILA 
max). 

The economical J and A grades have a maximum gua 
offset voltage of less than 2m V and an offset volta 
than 201LVrC. This level of dc precision is a . 
Analog's exclusive laser wafer drift 
bination of low quiescent current a 
changes in offset voltage due to self 
grades are offered, which provide . 
the commercial, industrial and military tem 

The AD548 is recommended for any op amp app tion requi 
low power and excellent dc and ac performance. Battery-power 
precision instrument front ends and CMOS DAC buffers will 
benefit from this device's excellent combination of low offset 
voltage and drift, low bias current and low lIf noise. High common 
mode rejection (8OdB, min on the "B" and "c" versions) and 
high open-loop gain ensures better than 12-bit linearity in high 
impedance buffer applications. 

Devices are pinned out in a standard op amp configuration and 
are available in six performance grades. The AD548J and AD548K 
are rated over the commercial temperature range of 0 to + 70°C. 
The AD548A, AD548B and AD548C are rated over the industrial 
temperature range of - 25°C to + 85°C. The AD548S is rated 
over the military temperature range of - 55°C to + 125OC; and 
is 'available processed to MIL-STD-883B, Rev. C. Devices are 
available in an 8-pin CERDIP, a plastic Mini-DIP' or a TO-99 
metal can. 

AD548 I 
ADS48 PIN CONFIGURATION 

NC 

v-
NOTE: PIN 4 CONNECTED TO CASE 

~ 
L-.@-15V 

1. A comb' f low supply current, excellent dc and ac 
PRODUCT H1EfLIGHTS 

perfo a low drift makes the AD548 the ideal op 
rformance, low power applications. 

ith industry standard op amps such as the 
42, the AD548 enables designers to 
e while achieving a reduction in POWer 

up to 85%. 

low offset voltage (2mV max) and drift (20ILVrc 
achieved utilizing Analog Devices' Laser Wafer 

. g (LWDT) Technology, eliminating the need 

Devices specifies each device in the warmed-up con
'on, thus insuring that the device will meet its published 

specifications in actual use. 
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SPECIFICATIONS (@ +25"& and Vs = ±15V de unless oIIterWise specified) 

AD548J/AIS ADS48K!B AD548C 
-

Model Min Typ Max Min Typ Max Min Typ Max 

INPUT OFFSET VOLTAGE' 
Initial Offset 2 0.5 0.25 
Input Offset Voltage vs. Temp 20 5 2.0 
Input Offset Voltage vs. Supply, 

T_toT .... 200 100 100 

INPUT BIAS CURRENT 
Either Inpur, CMV = 0 10 25 5 10 5 10 
Offset Current 5 5 2 

INPUT IMPEDANCE 
Differential 1012116 1012116 10121/6 
Common Mode 1012116 1012116 10'2116 

INPUT VOLTAGE RANGE 
Differential3 ±20 ±20 ±20 
Common Mode ±IO ±12 ±IO ±12 ±IO ±12 
Common Mode Rejection 80 80 80 

INPUT VOLTAGE NOISE 
VoltageO. 1Hz to 10Hz 2 2 2 

f=lkHz 35 35 35 
FREQUENCY RESPONSE 

Unity Gain Small Signal 1.0. 1.0 1.0 
Full Power Response 30 30 30 
Slew Rate, Unity Gain I.S I.S 1.8 
Settling Time to ± 0.01 % S S 8 

OPEN LOOPGAIW 
Vo= ± IOV,RL= IOkO 100 100 100 
TmintoTmax,RL= 10kO 100 100 100 
.Vo= ± IOV,RL=5kO 86 86 S6 

OUTPUT CHARACTERISTICS 
Voltage@RL= IOkO, T _ to T .... ±ll ±13 ±ll ±13 ±ll ±13 
Shon Circuit Current 25 25 25 

POWER SUPPLY 
Rated Performsnce ±15 ±15 ±15 
Operating ±4.5 ±IS ±4.5 ±IS ±4.5 ±IS 
Quiescent CUrrent ISO 200 ISO 200 ISO 200 

TEMPERATURE RANGE 
Operating, Rated Performsnce 

Commercial (0 to + 7O"C) AD54SJ AD54SK 
Industrial ( - 25"C to + S5°C) AD54SA AD54SB AD54SC 
Military ( - WC to + 125"C) AD54SS 

Storage -65 +150 -65 +150 -65 +150 

PACKAGE OPTIONS JGrade:Plastic(NSA) K Grade: Plastic (NSA) 
A Grade: CERDIP (Q) BGrade: CERDIP(Q) CGrade: Cerdip(Q) 

TO-99 Style (HOSB) TO-99 Style (HOSB) 
S Grade: CERDIP (Q) 

TO-99 Style (H08B) 

NOTES 
'Input Offset Voltage specificstions are guaranteed after 5 minutes of operation at TA = + 2S"C. 
'Bias Current specificstions are guaranteed maximum at either input after 5 minutes uf operation at T A = + 2S"C. 
For bigher temperatures, the current doubles every lO"C. . 

'Defmed as voltage between inputs, such that neither exceeds ± lOY from ground. 
'Open Loop Gain is specified with Vos both nulled and unnulled. 
Specificstions subject to change without notice. 
Specificstions shown in boldface are tested on all production units at final 
eleclricsl test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specificstions are guaranteed, although only those 
shown in boldface are tested on ali production units. 

~ 
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NANALOG 
WDEVICES 

FEATURES 
Guaranteed 16-Bit Monotonicity 
Monolithic BiMOS II Construction 
±O.01% Typical Nonlinearity 
8- and 16-Bit Bus Compatible 
311.s Settling to 16-Bits 
Low Drift 
Low Power: 200mW 
Low Cost 

PRODUCT DESCRIPTION 
The ADS69 is a monolithic l6-bit digital-to-analog converter 
(DAC) manufactured in Analog Devices' BiMOS II process. 
BiMOS II allows the fabrication of low power CMOS logic 
functions on the same chip as high precision bipolar linear circuitry. 
The ADS69 includes two resistor strings, selector switches, 
decoding logic, buffer amplifiers, and double-buffered input 
latches on the same chip. 

The ADS69's voltage-segmented architecture insures 16-bit 
monotonicity over time and temperature. Integral linearity is 
maintained at ±O.OI%, while differential linearity is ±O.OOO4%. 
The on-chip high-speed buffer amplifiers provide voltage output 
settling tim~ of 3JLs to within ±O.OOI% for a full-scale step. 

The reference input voltage which determines the output range 
can be either unipolar or bipolar. Nominal reference range is 
± SV and separate reference force and sense connections are 
provided for high accuracy applications. The ADS69 can also be 
used with a variable or ac reference in multiplying applications. 

Data may be loaded into the ADS69's input latches from 8- and 
l6-bit buses. The double-buffered structure simplifies 8-bit bus 
interfacing, and allows multiple DACs to be loaded asynchronously 
and updated simultaneously. Four TTLlLSTTLlSV CMOS 
compatible signals control the latches: CS, LBE, HBE, and 
LDAC. 

The ADS69 is available in four grades: IN and KN versions are 
specified from 0 to + 70°C and are packaged in a 28-pin plastic 
DIP; AD and BD versions are specified from - 25°C to + 85°C 
and are packaged in a 28-pin ceramic DIP. The SD version, 
also in a 28-pin ceramic DIP, is specified from - 55°C to 
+ 12S"C. 

+VIII!F FORCE 

+V"Ef SENSE 

BiMOS II 
Monotonic 16-Bit OAC 

A0569 I 
ADS69 FUNCTIONAL BLOCK DIAGRAM 

.. 
R256 AD569 

.25' RS12 

R254 
MSB LSB 

SEGMENT TA' 
SELECTION SELECTION 

.3 .'58 

R2 R257 

PRODUCT HIGHLIGHTS 
1. Monotonicity to 16 bits is insured by the ADS69's voltage-seg

mented architecture. 

2. The output range is ratiometric to an external reference or ac 
signal. Gain error and gain drift of the ADS69 are negligible. 

3. The ADS69's versatile data input structure allows loading 
from 8- and 16-bit buses. 

4. The on-chip output buffer amplifier can supply ± SV into a 
lill load, and can drive capacitive loads of up to 1000pF. 

S. Kelvin connections to the reference inputs preserve the gain 
and offset accuracy of the transfer function in the presence of 
wiring resistances and ground loops. 
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SPECIFICATIONS (fa = +25"C, +Vs = +l2Y, -Vs = -l2Y, +Va = +5V, -Va = -5V,1IIIess alhelwisenollld) 

Model AD569JN/AD 

Parameter Min Typ Max 

RESOLUTION 16 
LOGIC INPUTS 

VIR (Logic "1") 2.1I 5.5 
VIL (Logic "O'~ 0 0.8 
IIR(VIR = S.SV) 10 

IlL (VIL = OV) 10 

TRANSFERFUNCI10N 
CHARACTERISTICS 

Integral Nonlinearity ±0.02 ±0.04 
T_toT .... ±0.02 ±0.04 

Differential Nonlinearity ±112 ±1 
T_toT .... ±112 ±1 

Unipo1ai-Offser ±SOO 
T_toT .... ±7SO 

Bipolar ooser2 ±SOO 
T_toT .... ±7S0 

Full Scale Error ±3SO 
T_toT .... ±4SO 

Bipolar Zero2 ±0.04 

Tmi. toT .... ±0.04 

REFERENCE INPUT 
+V~Range3 -S +5 
- VREP Range3 -5, +5 
Resistance 15 20 25 

OUTPUT CHARACTERISTICS 
Voltage -5 +5 
Capacitive Load '1000 
Resistive Load I 
Short Circuit Current 10 

PQWER SUPPLIES 
Voltage 

+Vs +10.8 +12 +13.2 
-Vs -10.8 -12 -13.2 

Current 

+ls +9 +13 
-Is -9 -13 

Power Supply Sensitivity' 
+ 10.8Vs + Vss + 13.2V ±0.5 ±2 
-10.8V'" - Vs'" - 13.2V ±1 ±3 

TEMPERATURE RANGE 
Specified 

IN,KN 0 +70 
AD,BD -25' +85 
SD 

Storage 
IN,KN -65 +150 
AD,BD,SD -65 +150 

NOTES 
ipSR stands for Full·Scale Range, and is 10V fora - 5 to + 5V spin. 
2Refer to Definitions section. 

AD569KNIBD 

Min Tnt- Max 

16 

2.0 5.5 
0 0.8 

10 
10 

. 
±0.0l ±0.024 
±0.020 ±0.024 
±114 ±112 
±lf2 ±1 

±3SO 
±4SO 
±3SO 
±4SO 
±3SO 
±4SO 
±0.024 
±O.024 

-5 +5 
-5 +5 
15 20 25 

-5 +5 
1000 

I 
10 

+10.8 +12 +13.2 
-10.8 -12 -13.2 

+9 +13 
-9 -13 

±O.S ±2 
±I ±3 

0 +70 
-25 +85 

-65 +150 
-65 +150 

3Por operation with supplies other than ± 12V, refer to the Power Supply and Reference Voltage Range Section. 
4Messured between + V REP Porce and - V REP Porce. 
'sCnsitivity of Pull· Scale Error due to changes in + V s and sensitivity ofOffsetto changes in - V s. 
Specifications subject to chanse without notice. 
Speciticstions shown in boldface are tested on aU production units at fmal 
electrical test. Results from those tests are used to cslculate outgoing quality 
levels: All min and max specifications are guaranteed, although only those 
shown in boldface are tested on aU production units. 
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AD569SD 

Min Typ Max Uaits 

16 Bits 

2.0 5.5 Volts 
0 0.8 Volts 

10 .,A 
10 .,A 

±0.04 % FSRi 

±0.04 %FSR 
±l LSB 
±1 LSB 

±SOO · ... V 

±7SO ... V 
±SOO ... V 
±7S0 ... V 
±3S0 ... V 
±4S0 ... V 
±0.04 %FSR 
±0.04 %FSR 

-5 +5 Volts 
-5 +5 Volts 
15 20 25 k04 

-5 +5 Volts 
1000 pF 

I kO 
10 mA 

+10.8 +12 +13.2 Volts 
.,.10.8 -12 -13.2 Volts 

+9 +13 mA 
-9 -13 mA 

±0.5 ±2 ppmf% 

±I ±3 ppmf% 

"C 
·C 

-55 +125 "C 

·c 
-65 + 150 "C 



AC PERFORMANCE CHARACTERISTICS 
These characbHistics are included for Design Guidance Only and are not subject to tIIst 
+Vs = +12V; -VS,= -12V; +VIIEf = +5V; -VREF = -5V8IC8PI:whentstallld. 

Parameter Limit Units Test Conditions/Comments 

Output Voltage Settling' S ILSmax No Load Applied 
(Time to ±O.OOI%FS 3 fl.styp (DAC output measured from falling edge ofiLDAC.) 
ForFSStep) 6 fl.smax VOUTLoad = lkO,CLOAD = lOOOpF. 

4 fl.styp (DACoutputmeasuredfromfallingedgeofLDAC.) 
Digital-to-Analog Glitch SOO nV-sectyp Measured with V REF = OV. DAC registers alternatively loaded 

Impulse with input codes of8000H and OFFFH(worst-case 
transition). Load = lkO. 

Multiplying Feedthrough -100 dB max + VREF = lVrms 10kHz sine wave, 
-VREF = OV 

Output Noise Voltage 40 nV/YHZtyp Measured between VOUTand - V REF 

Density (lkHz-1MHz) 

TIMING CHARACTERISTICSc+vs = +l2V, -Vs = -l2V, TmintoT .... ) 

Parameter Limit Units Test Conditions/Comments 

Case A! 1 sOns Pulse on HBE, LBE, and LDAC 
twc 70 nsmin CS Pulse Width 
tsc 60 nsmin CS Data Setup Time 
tHC 0 nsmin CS Data Hold Time 

CaseB2 lOOns Pulse on CS 
tWB 60 nsmin HBE, LBE Pulse Width 
tSB 30 nsmin HBE, LBE Data Setup Time 

,tHB 20 nsmin HBE, LBE Data Hold Time 
two 70 nsmin LDAC Pulse Width 

CaseC! lOOns Pulse on CS 
tws 70 nsmin LDAC & HBE, LBE Pulse Width 
tss 30 nsmin LDAC & HBE, LBE Data Setup Time 
tHS 10 nsmin LDAC & HBE, LBE Data Hold Time 

NOTES 
'Write strobe applied to CS as shown in Figure 19a. Address decoding defmes which 
register(s) data is strobed into (see F~ I). __ 

'Write strobe applied to HBEandlor LBE as in Figure 18 or applied to LDAC 
separately. DAC base address applied to CS (see F~ I). 

'Write strobe applied to LDAC and either HBE or LBE for synchronous load of 16-bit DAC 
register with one of the 8-bit first-rank registers as shown in Figure 19b (see Figure 2). 

Figure 7. AD569 Timing Diagram Figure 2. Timing for Synchronous Load of DAC Register 
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ABSOLUTE MAXIMUM RATINGS· 
(T A= + 25"C unless otherwise noted) 

+ V s (Pin I) to GND (Pin 18) 
- V s (Pin 28) to GND (Pin 18) 
+ Vs (Pin I) to - Vs (Pin 28) . 

, Digital Inputs 

. + 18V, -O.3V 

. -18V, +O.3V 
+26.4V; -0.3V 

(Pins 4-14, 19-27) to GND (Pin 18) + Vs, -O.3V 
+ VREF Force (Pin 3) to + VREF Sense (Pin 2) , ± 16.5V 

Power Dissipation (Any Package) . . • . 
OPerating Temperature Range 

Commercial Plastic ON, KN Versions) 
Industrial Ceramic (AD, BD Versions) 
Extended Ceramic (SD Versions) .• 

Storage Temperature ....•..•• 
,Lead Temperature (Soldering, 10000s) 

.. 10000W 

o to +70"C 
- 25"C to + 85"C 

- 55°C to + 125°C 
-65"Cto + 1500C 
. ~ . •. +300°C 

- VREI' Force (Pin 15) to -VREI' Sense (Pin 16) ± 16.5V 
VREI' Force (pins 3,15) to GND (Pin 18) . . . . . . ±Vs 
VREI' Sense (Pins 2, 16) to GND (Pin 18) .. '. . . . ± V s 
VOUT (Pin 17) . . . . . . . '. . . .. Indefmite Short to GND 

·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 

Momentary Short to + V s, - V s periods may affect device reliability. ' 

ESD SENSITIVITY 
The AD569 featurell input protection circuitry consisting of large "distributed" diodes and polysilicon 
series resistors to dissipate both high-energy discharges (Human Body Model) and fast, low-energy 
pulses (Charged Device Model). Per Method 3015.2 of MIL-STD-883C, the AD569 has been 
classified as a Category A device. 

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

WARNING! 0 
~~DEVICE 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

8::t~]1 j)~~ 
.l,~~F9o'14'±0'02 T "T-T 13.08, 

0,08' ~ ~ -;0.J" T 
,2,1., _II ' ," , .~:~? -'1-°,""°,0°:1 --u-- -, r- "I (0.254 :1:0.061 

O.O~I1i~·001 o·~.~~iOO3 0.1 (2.541 ~O.6 (15.241 

LEAD NO.1 IDENT1FIED BY DOT 

28-PIN CERAMIC DIP (D) 

C::::::::::Jj= I 14&138831 .. I L" 1 ..... 138&81 

V-~_ 
~ ~ ~ o:ii'ii.Oii 
0.045 11.161 0.0'15 10.381) 0.086 12.421 

. ·LEAD NO.1 IDENT1FIEO BY DOT OR NOTCH 
LEADS ARE SOLDER OR TIN PLATED KOVAR OR ALLOY 42 

28-PIN PLASTIC (N) 

16" .. 

PIN DESIGNATIONS 

DB13 

IMSB) DB15 

cs 
LDAC 

• 

, AD569 
TOP VIEW 

(Not to Scale) 

ORDERING INFORMATION 

Integral Nonlinearity Differential Nonlinearity Temperature Range and Package 

Plastic Ceramic Ceramic 
+ 25·C T_-T""", +25OC T __ T""", Oto +7O"C - 25·C to + 85· - 55"C to + 125"C 

±0.04% ±0.04% ±ILSB ±ILSB AD569JN AD569AD AD569SD 
±0.024% ±0.024% ±1I2LSB ±ILSB AD569KN AD569BD -
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FUNCTIONAL DESCRIPTION 
The AD569 consists of two resistor strings, each of which is 
divided into 256 equal segments (see Figure 3). The 8MSBs of 
the digital input word select one of the 256 segments on the 
first string. The taps at the top and bottom of the selected segment 
are brought to the inputs of the two buffer amplifiers A I and 
A2. These amplifiers exhibit extremely high CMRR and low 
bias current, and thus accurately preserve the voltages at the top 
and bottom of the segment. The buffered versions of the segment 
endpoints are applied across the second resistor string, where 
the 8LSBs of the digital input word select one of the 256 taps. 
Output amplifier A3 buffers this voltage and delivers it to the 
output, VOUT• 

Buffer amplifiers A I and A2 leap-frog up the first string to 
preserve monotonicity at the segment boundaries. For example, 
when increasing the digital code from OOFFH to OIOOH, (the 
first segment boundary), Al remains connected to the same tap 
on the first resistor, while A2 jumps over it and is connected to 
the tap which becomes the top of the next segment. This allows 
monotonicity even if the !Implifiers have large offsets. In fact, 
offset contributes only to integral linearity error. 

CAUTION 
It is generally considered good engineering practice not to insert 
integrated circuits into powered-up sockets. This is especially 
important with the ADS69. A powered-up, empty socket config
ures the buffer amplifiers open-loop such that their outputs are 

ANALOG CIRCUIT DETAILS 
Definitions 
LINEARITY ERROR: Analog Devices defines linearity error 
as the maximum deviation of the actual, adjusted DAC output 
from the ideal output (a straight line drawn from 0 to FS-ILSB) 
for any bit combination. The AD569's linearity is primarily 
limited by resistor uniformity in the first divider (upper byte of 
16-bit input). The plot in Figure 4 shows the AD569's typical 
linearity error across the entire output range to be within ± 0.01% 
of full scale. Maximum linearity error at 25°C for the AD569's 
IN and AD grades is specified as ±0.04%, and is ±0.024% for 
the KN and BD versions. 

% ERROR 

0.036 

0.03 

0.024 

0.01B 

0.012 

0.006 

''''''''' 
-0.006 

-0.012 

-0.018 

-0.024 

-0.03 

-0.036 

8_0 ~ °",8 g ~ ~ g g g g 
." .... liS ~ i ~ ~ 
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Figure 4. Tvpical Linearity 
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-VRU FORCE 

LDACA--J.-' r~-L--~~~~~-J, 

Figure 3. AD569 Block Diagram 

at the positive or negative rail. At that point, insertion may 
result in a large current surge between the reference force and 
sense connections which could permanently damage the AD569. 

MONOTONICITY: A DAC is said to be monotonic if the 
output either increases or remains constant for increasing digital 
inputs. All versions of the AD569 are monotonic over their full 
operating temperature range. 

DIFFERENTIAL NONLINEARITY:' DNL is the measure of 
the variation in analog value, norrnali2ed to full scale, associated 
with a lLSB change in digital input code. Monotonic behavior 
requires that the differential linearity error be less than ILSB 
both at + 25°C and over the temperature range of interest. For 
example, for a ± 5 volt output range, a change of ILSB in 
digital input code should result in a 152",V change in the analog 
output (lLSB = 10V/65,S36). If in actual use, however, the 
change is only 38", V, the differential linearity error would be 
- 114", V, or - 3/4LSB. 

Byleap-frogging the buffer amplifer taps on the first divider, 
the AD569 typically k~s DNL within ± 38", V (± 1I4LSB) 
around each of the 256 segment boundaries dermed by the 16-
bit input's upper byte (see Figure 5). Within the second divider, 
DNL also typically remains less than ± 38", V as shown in Figure 
6. Since the second divider is independent of absolute voltage, 
DNL is the same within the rest of the 256 segments. 

OFFSET ERROR: The deviation of the analog output from the 
ideal (- VREF) when the inputs are loaded with all zeroes is 
called an offset error. For the AD569, Unipolar Offset is specified 
with OV applied to - V REF and Bipolar Offset is specified with 
- 5V applied to - VREF• Either offset is trimmed by adjusting 
the voltage applied to the - V REF terminals. 
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Figure 5. Typical DNL at Segment Boundary Transitions 
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b. Segment 256 

Typical DNL Within Segments 

BIPOLAR ZERO,ERROR: The deviation of the analog output 
from the ideal half-scale output of O.OOOOV when the inputs are 
loaded with 8000H is called the Bipolar Zero Error. It is tested 
on the AD569 with ± 5 volts applied to the reference terminals. 
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MULTIPLYING FEEDTHROUGH ERROR: This is the error 
due to capacitive feedthrough from the reference to the output 
with the input registers loaded with all zeroes. 

FULL-SCALE ERROR: The AD569's voltage dividing ar
chitecture gives rise to a fIXed full-scale error which is independent 
of the reference voltage. This error is trimmed by adjusting the 
voltage applied to the + V REF termirials. 

DIGIT AL-TO-ANALOG GLITCH IMPULSE: The charge 
injected irito the analog output when a new input is latched into 
the DAC register gives fise to the Digital-to-Analog Glitch Impulse. 
Glitches can be due to either time skews between the input bits 
or charge injection from the internal switches. Glitch Impulse 
for the AD569 is mairily due to charge injection, and is thus 
measured with the reference connections tied to ground. It is 
specified as the area of the glitch in n V-sees. ' 

TOTAL ERROR: The worst-case Total Error is the sum of the 
fIXed full-scale and offset errors and the linearity error, which is 
ratiometric to the reference voltage. 

POWER SUPPLY AND REFERENCE VOLTAGE RANGES 
The AD569 is specified for operation with ± 12 volt power 
supplies. With ± 10% power supply tolerances, the maximum 
reference voltage range is ± 5 volts. Reference voltages up to 
± 6 volts can be used but linearity will degrade if the supplies 
approach their lower limits of ± 10.8 volts (12 volts - 10%). 

If ± 12 volt power supplies are unavailable in the system, two 
3Y zener diodes or voltage regulators can be used to drop ± IS 
volt supplies to ± 12 volts. Also, a single 6V zener can drop one 
of the supplies to 9 volts with the other supply left at 15V. 
Asymmetrical power supplies can be used since the A0569's 
output is referenced to - V REF only and thus floats relative to 
logic ground (GNO, pin 18). Assumirig a worst-case ± 1.5 volt 
tolerance on both supplies (10% of 15 volts), the maximum 
reference voltage ranges would be + 6 and - 2 volts for + V s= 
+ 15V and - Vs = -9V, and +2 to -8 volts for +Vs = 9V 
and -Vs = -15V. 

If both ± IS volt and ± 5 volt supplies are available, they can 
be used without adjustment. A combination of + V s = + 15V 
and - V s = - 5V can support a maximum reference range of 0 
to 6 volts, while supplies of + V s = + 5V and - V s = - 15V 
can be used for reference ranges up to 0 to - 8 volts. Again, 
± 10% power supply tolerances are assumed. 

NOTE: Operation with + V s = + 5V alters the input latches' 
operating conditions causing minimum write pulse widths to 
extend to ljJ.s or more. Control signals CS, HBE, LBE, and 
LDAC should, therefore, he tied low to render the latches 
transparent. 

No timing problems exist with operation at + V s = 9V and 
- Vs = '-15V. However, 10% tolerances on these supplies 
generate a worst-case condition,at - Vs = -16.5Vand + Vs = 

+ 7.5V (assuming + V s is derived from a + 15V supply). Under 
these conditions, write pulse widths can stretch to 200ns with 
similar degradation of data setup and hold times. However, 
± O. 75V tolerances (± 5%) yield miriiroal effects on digital timing 
with write pulse widths remairiirig below lOOns. ' 

ANALOG CIRCUIT CONNECTIONS 
The AD569 is intended for use in applications where high reso
lution and stability are critical. Designed as a multiplying 01 A 
converter, the AD569 may be used with a fIXed dc reference or 
an ac reference. VREF may be any voltage or combination of 
voltages at + VFORCE and - VFORCE that remain within the 
bounds set for reference voltages as discussed in the 'power 



supply range section. Since the ADS69 is a mUlriplying D/A 
converter, its output voltage, VOUT' is proportional to the product 
of the digital input word and the voltage at the reference terminal. 
The transfer function is VOUT = D· V REF where D is the fractional 
binary value of the digital word applied to the converter using 
offset-binary coding. Therefore, the outpUt will range from 
,- VREF for a digital input code of all zeros (OOOOH) to + VREF 

for an input code of all ones (FFFFH). 

For applications where absolute accuracy is not critical, the 
simple reference connection in Figure 7 can be used. Using only 
the reference force inputs, this configuration maintains linearity 
and 16-bit monotonicity, but introduces small, fixed offset and 
gain errors. These errors are due to the volrage drops across 
resistors RA and RB shown in Figure 8. With a lOY reference 
volrage, the gain and offset errors will range from 80 to 100m V . 
Note that the resistance between the force and sense terminals 
cannot be measured with an ohmmeter; the layout of the thin-film 
resistor string adds approximately 4kO of resistance (Rs) at the 

+15V 

sense tap which is transparent in actual circuit operation. 

Resistors RA and RB were included in the first resistor string to 
avoid degraded linearity due to uneven current densities at the 
string's endpoints. Similarly, linearity would degrade if the 
reference volrage were connected across the reference sense 
terminals. For those applications in which precision references 
and high accuracy are critical, buffer amplifiers are used at 
+ VREF and - VREF as shown in Figure 9 to force the volrage 
across resistors R1 to R2S6. This insures that any errors induced 
by currents flowing through the resistances of the package pins, 
bond wires, aluminum interconnections, as well as RA and RB 
are minimized. Errors will arise, however, as the buffer amplifiers' 
bias currents flow through Rs (4kO). If the bias currents are 
sufficiently large to induce such errors, resistance can be inserted 
at the noninverting terminal (RBd of the buffer amplifiers to 
minimize the errors. Suitable amplifiers are the ADS17, 
AD OP-07, AD OP-27, and AD71l. 

-9V 

Figure 7. Simple Reference Connection 
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Figure 8. MSB Resistor Divider Figure 9. Reference Buffer Amplifier Connections 
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AD588 
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-5VTO +5V 

Figure 10. Ultra Low Drift ±5V Tracking Reference 

Figures 10, 11, and 12 show reference configurations for various 
output ranges. The pin-programmable ADS88 shown in Figure 
10 provides a tracking ± SV option or single + SV and - SV 
outputs, with 1-3ppmf'C temperature stability. Buffer amplifiers 
are included for direct connection to the ADS69. The low-cost 
ADS84 offers 2.SV, SV, and 7.SV options and can be connected 
for ± SV tracking outputs as shown in Figure 12. If - Vs, rather 
than + V s, is used to power the ADS84, the same negative 
output ranges can be generated. 

Figure 11: Low Cost Programmable Reference 

+Vs -Vs 

Figure 12. Low Cost ±5V Tracking Reference 
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MULTIPLYING PERFORMANCE 
The ADS69's multiplying mode gain and phase characteristics 
are illustrated in Figure 13. Figure 13a shows the full power 
multiplying bandwidth while Figure 13b shows the associated 
phase shift. Performance is plotted for both a full-scale input of 
FFFFH and an input of 808~. An input of 8080H represents 
worst -case conditions since it places the buffer taps at the midpoints 
of both dividers. Figure 14 illustrates the ADS69's ability to 
resolve 16-bits (where lLSB is 96dB below full scale) while 
keeping the noise floor below - l30dB with an BC reference' of 
IV rms at 200Hz. 
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I I J I r -t' ;,' 
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Figure 13. FuJI Power Multiplying Performance 



GROUNDING RULES 
It is generally considered good engineering practice to use bypass 
capacitors on the device supply voltage pins and to insert small 
valued resistors in the supply lines to provide a measure of 
decoupling between various circuits in a system. With the AD569, 
bypass capacitors of 4.711F or more and series resistors of IOn 
are needed to slow down fast rising edges on the supply lines 
which could latch the device. Referred to the reference connection 
only, the ADS69's analog output floats relative to the device's 

V'N ground pin. Therefore, the supplies should be decoupled to the 
load ground, which need not be at the same potential as pin 18. 
The GND pin only establishes the reference for the logic 
inputs. 

a. Time Domain 

b. Frequency Domain 

Figure 14. Multiplying Mode Performance (Input 
Code 000lH ) 

MUltiplying feedthrough is due to capacitive coupling between 
the reference inputs and the output. As shown in Figure IS, 
feedthrough remains below - 100dB at ac reference frequencies 
up to 10kHz under worst-case conditions (hex input code 0000). 

Figure 15. Multiplying Feedthrough 

NOISE 
In many high resolution systems, noise is often the limiting 
factor. Using a 10 volt span, a l6-bit LSB ( - 96dB) is only 
15211 V, so the noise floor must remain below that in the frequency 
range of interest. The AD569's noise spectral density is shown 
in Figures 16 and 17. The lowband noise spectrum in Figure 16 
shows the lIf corner frequency at 1.2kHz, while Figure 17 
shows the wideband noise to be below 40nV/YHz. 

Figure 16. Lowband Noise Spectrum 

RtF ~2.8 v'f MJkU 500 000.0 Hz 
,5 de/OIY RRNCE 12.' ~y 40 nVNftz 

, 

: 
: II .... ,.,~ 
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Figure 17. Wideband Noise Spectrum 
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DIGITAL CIRCUIT CONNECTIONS 
The AD569's truth table appears in Table I. The High Byte 
Enable (HBE) and Low Byte Enable (LBE) inputs load the 
upper and lower bytes of the l6-bit input when Chip Select 
(CS) is valid (low). A similar strobe to Load DAC (LDAC) 
loads the 16-bit input into the DAC register and completes the 
DAC update. The DAC register can either be loaded with a 
separate write Cycle or synchronously with either of the 8-bit 
registers in the first rank. The simultaneous updatf: of several 
AD569's can be ac/lleved by controlling their LDAC inputs 
with a single control signal. 

~ 111m em ~ OPERATION, 

1 X X X No Operation 
X 1 1 1 No Operation 
0 0 1 1 Enable 8MSBs of First Rank 

0 1 0 1 Enable 8LSBsofFirst Rank 

0 1 1 0 Enable 16-Bit DAC Register 

0 0 0 0 All Latches Transparent 

Table I. AD569 Truth Table 

All four control inputs are active low and TTL-compatible. The 
latches are level-triggered, so if the DAC register is loaded 
directly off the bus, any invalid data at the digital inputs will 
cause spurious analog outputs as LDAC goes valid. This can be 
avoided by using an extra write cycle to load tlie DAC register 
or by delaying the write strobe pulse until the data is valid. If 
the pulse is delayed, the appropriate data hold time m!lst still be 
obeyed (see Timing Characteristics). 

Whenever possible, the write strobe signal should be applied to 
HBE and LBE with the AD569's decoded address applied to 
CS. With a minimum pulse width of 60ns at HBE and LBE, 

. tIiis allows the AD569 to interface to the fastest microprocessors. 
Actually, data can be latched with narrower pulses, but the data 
setup and hold times must be lengthened. 

16-Bit Microprocessor Interfaces 
Since 16-bit microprocessors supply the AD569's complete 16-
bit input in a single write cycle, the DAC register is often un
necessary. If so, it should be made transparent by grounding 
LDAC. The DAC's decoded address should be applied to CS, 
with the write strobe applied to HBE and LBE as shown in the 
68000 interface in Figure 18. 

DTACK~------------~ 

A23 

t-...... _t cs , 
AD569 

AO 

Figure .18. AD569/68000 Interface 
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WRITE 
STROBE 

AN 

A, 

"'1....r cs 

ADDR1 
HBE 

ADDR 
DECODE 

ADiiii2 
LBE 

LDAC 

a. Simple Interface 

~A,;;,;DD;,.R~ ___ -I cs 
ADDR 

DECODE 

AO -----_-----I __ L~}---t HiiE 

b. Fastlnterface 

AD569 

AD569 

Figure 79. 8-Bit Microprocessor Interface 

8-Bit Microprocessor Interfaces 
Since 8-bit micropro.cessors require two write cycles to provide 
the AD569's 16-bit input, the DAC register must be utilized. It 
is most often loaded as the second byte enters the fIrst rank of 
latches. This synchronous load method, shown in Figure 19, 
requires LDAC to be tied to either LBE or HBE, depending on 
the byte loading sequence. In either case, the propagation delay 
through the fIrst rank gives rise to longer timing requirements 
as shown in Figure 2. If the DAC register (LDAC) is controlled 
separately using a third write cycle, the minimum write pulse 
on LDAC is 70ns, as shown in Figure 1. 

Two basic methods exist for interfacing the AD569 to an 8-bit 
microprocessor's address and control busses. In either case, at 
least one address line is needed to differentiate between the 
upper and lower bytes of the first rank (HBE and LBE). The 
simplest method involves applying the two addresses directly to 
HBE and LBE and strobing the data using CS as shown in 
Figure 19a. However, the minimum pulse width on CS is 70ns 
with a minimum data setup ,time of 6Ons. If operation with a 
shorter pulse width is required, the base address should be 
applied to CS with an address line gated with the strobe signal 
to supply the HBE and LBE inputs (see Figure 19b). However, 
since the write pulse sees a propagation delay, the data still 
must remain valid at least 20ns after the rising edge of the delayed 
write pulse. 

OUTPUT SETTLING 
The AD569's output buffer amplifier typically settles to within 
±O.OOl% FS of its fInal value in 3j.1.s for a 10V step. Figure 20 
shows settling for positive and negative full-scale steps with no 
load applied. Capable of sourcing or sinking sma, the output 
buffer can also drive loads of IkO and lOOOpF without loss of 



stability. Typical settling to 0.001% under these worst-case 
conditions is 4jl.s, and is guaranteed to be a maximum of 6jl.s. 
The plots of Figure 20 were generated using the settling test 
procedure discussed in the next section. 

1.0 

> 
E , 
w 
3 ..: 
> ... ..: 
2 
it 
:;; 
0 
IE -1.0 
0: 
0 
0: 
0: 
w 

-2.0 

FFFF TO 0000 

9 10 11 12 13 14 15 
TIME- ~s 

a. Turn-On Settling 

0000 TO FFFF 

3 4 79 10 11 12 13 14 15 

TIME - ~s 

b. Turn-Off Settling 
Figure 20. Full-Scale Output Settling 
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CONTROL 

STROBE 
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~TlME 

TESTING 16-BIT DAC SETTLING 
Because the settling time of a 16-bit D-A converter is so difficult 
to measure accurately, manufacturers often estimate the value 
based on the appropriate number of time constants. However, a 
special technique, developed specifically for the AD569, resolves 
performance to within 100jl.V with 10jl.V repeatability. 

The method, performed under program control, averages the 
output of a high-resolution strobed comparator and feeds that 
signal back to the noninverting input for use as an offset adjust
ment. An integrator compares the averaged output with a I.4V 
reference several times, after which the comparator's output 
reflects an appropriate 50-50 balance of high and low results. 

A programmable pulse generator drives the digital inputs of the 
converter with a pulse train whose period is long enough to 
ensure that the converter will properly settle (see Figure 21). • 
The comparator's strobe input is also driven by a pulse train, 
one that is slightly. offset in time from that applied to the 
converter. 

The converter's output can then be mapped indirectly by varying 
the strobe delay time and measuring the change in the comparator's 
offset with a precision digital voltmeter. A lOO-to-l divider 
improves the meter's effective resolution. If a computer controls 
the two programmable pulse generators, the test procedure can 
be fully automated. 

In practice, a measurement starts when the strobe signal is 
delayed long enough after the input signal to the converter to 
ensure that the device under test has settled. The loop offset 
value measured at this moment represents the fmal value. Next, 
the delay is shortened, and after the filtering loop has settled, 
the resultant offset change determines the converter's output 
change. 

The strobe delay time is decreased in increments suitable for the 
resolution desired until the converter goes outside the desired 
error window. In the setup described, the generator can produce 
pulses as short as Ins. The settling time is the strobe delay 
period when the offset change first becomes larger than the 
desired error band - typically 1I2LSB. 

JU1. +5V 

-5V 

4k .flIl~~mv 

-5V 
VCONTROL 

HP3456 
DIGITAL VOLTMETER 

lOOk 

50k 
1-.... ~,.".~01.4V 

Figure 21. DAC Settling Test Fixture 
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Schottky diodes limit the input to the high-resolution comparator 
to ± SOOm V. A clamped node on that input is formed by two 
4kO load resistors, and the voltage on the lower one must be set 
to a value equal in magnitude but opposite in polarity to the 
expected final value of the converter's output for a transition of 
interest. 

Rather than tying together all the digital inputs for a full-scale 
transition test, the inputs can be driven by two inputs 1800 out 
of phase. Gating the two pulse trains to the separate inputs 
allows any type of transition to be measured, for example, LSB 
transitions. 

The measurement technique extends beyond D/A converter 
testing. For instance, it can evaluate the settling times of opera
tional amplifiers to within 0.0007%. Here, the ADS69 D/A 
converter could be used as a precision analog pulse generator. 

APPLICATION 
High-Speed, High-Resolution Subranging ADC 
A D/A converter is an integral component in subranging ADCs. 
The conversion process involves sequentially performing two or 
three low resolution AID "flash" conversions; each subsequent 
conversion is aimed at increasing the ADC's resolution. This 
method requires more hardware than the successive-approximation 
and integration approaches, but results in much shorter conversion 
times. On the other hand, "flash" ADCs are faster than subranging 
ADCs but the brute force flash technique is impossible at high 
resolutions. 

The subranging ADC shown in Figure 22 completes a conversion 
in less than 20fLS, including the sample-hold amplifier's sample 
time. The sample-hold amplifier is allocated SfLS to settle to 16 
bits. 

Before the first flash, the analog input signal is routed through 
the AD630 at a gain of + 1. The lower AD7820 quantizes the 
signal to the 8-bit level within 1.4fLs, and the 8-bit result is 
routed to the ADS69 via a digital latch which holds the 8-bit 
word for the ADS69 and the output logic. 

The ADS69's reference polarity is reversed so that a full-scale 
output is - SV and zero scale is OV, thereby subtracting an 8-
bit approximation from the original sampled signal. The residue 
from the analog subtraction is then quantized by the second 8-
bit flash conversion to recover the 8LSBs. Even though only the 
ADS69's upper 8MSBs are used, the ADS69's accuracy defines 
the AID converter's overall accuracy. Any errors are directly 
reflected in the output. 

Preceding the second flash, the residue signal must be amplified 
by a factor of 2S6. The OP-37 provides a gain of 2S.6 and the 
AD630 provides another gain of 10. In this case, the AD630 
acts as a gain element as well as a channel control switch. 

The second flash conversion yields a 9-bit word. This provides 
one extra bit of overlap for digital correction of any errors that 
occurred in the first flash. The correction bit is digitally added 
to the first flash before the entire l6-bit output is strobed into 
the output register. 

VREF = +5V 

DIG 
V ,N ~O:.:U:.:T_-t~ ___ ., 

LSBs 

A L 
D A 16 
D 

MSBs T 
E C DIG 
R H OUT 

TIMING & CONTROL 

Figure 22. 16-Bit Subranging ADC 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Complete Serial Output 10-Bit AID Converter with 

Reference, Clock and Comparator 
30jl.s Conversion 
No Missing Codes Over Temperature 
Operates on +5V and -12V to -15V Supplies 
Low Cost Monolithic Construction 
Internal or External Clock 
Triggered or Continuous Conversions 
Short Cycle Capability 

GENERAL DESCRIPTION 
The AD575 is a complete lO-bit successive-approximation analog
to-digital converter consisting of a DAC, voltage reference, 
clock, comparator, successive approximation register (SAR) and 
serial interface on a single chip. No additional components are 
required to perform a full-accuracy 100bit conversion in 30",s. 

The AD575 incorporates the most advanced integrated circuit 
design and processing technology available. The successive 
approximation function is implemented with I2L (integrated 
injection logic). Laser trimming of the SiCr thin-film resistor 
ladder network at the wafer stage insures high accuracy, which 
is maintained with a temperature-compensated sub-surface zener 
reference. 

Operating on supplies of + 5V and -12V to -15V, the AD575 
will accept full scale analog inputs of OV to + IOV, OV to + 20V, 
- 5V to + 5V or -lOY to + lOY. The rising edge of a positive 
pulse on the CONVERT line initiates the conversion cycle. 
Eleven pulses will appear at the CLOCK OUTPUT pin with 
data valid on the falling edges of the clock waveform. The data 
is presented serially beginning with the MSB which is valid on 
the falling edge of the second clock pulse. The part may be 
programmed to perform 8-bit conversions or short cycled to 2-, 
4-, 6- or 8-bit word lengths. EOC indicates that conversion is 
complete. The AD575 may be synchronized to an external clock 
if desired. 

The AD575 is available in two versions for the 0 to + 70°C 
temperature range, the AD575J and AD575K. The AD575S 
guarantees ± ILSB relative accuracy and no missing codes from 
- 55°C to + 125°C. 

*Protected by u.s. Patent Nos. 3,940,760; 4,400,689; and 4,400,690. 

Complete 1 O-Bit AID Converter 
with Serial O~put 

AD575* I 
ADS7S FUNCTIONAL BLOCK DIAGRAM 

y+ y-

SiiOii'fCYIE 
AND TERMINATE 

Two package types are available. All versions are offered in a 
14-pin hermetically-sealed ceramic DIP. The AD575J and 
AD575K are also available in a 14-pin plastic DIP. 

PRODUCT HIGHLIGHTS 
1. The AD575 is a complete 10-bit AID converter. No external 

active components or control signals are required to perform 
a conversion. 

2. The serial output of the AD575 allows a wide range of micro
processor interfacing and data transmission possibilities. 

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

4. The AD575 adapts to unipolar or bipolar analog inputs by 
grounding or opening a single pin. 

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

6. The AD575 can be synchronized to an external clock. 
7. Conversions can be initiated externally or internally. 

8. The AD575 can be short-cycled to 8 bits by pin 
programming. 

9. The Short Cycle and Terminate feature allows the user to 
program conversions of 2, 4, 6 or 8 bits. 
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SPECIFICATIONS (@25"C,V+=+5V •• -=-l2Vor-l5V ..... alhanliseillillld) 

ADS7SJ ADS7SK 

MiD Typ Mas MiD Typ Mas 

RESOLUTION 
For Which No MissiDgCodes 
is Guar8nteed 10 10 

T_toT_ 9 10 

UNIPOLAR OFFSET :t1 :tl 
T_toT .... :t1 :tl 

BIPOLAR ZERO :t1 :tl 
T_toT .... :t1 :tl 

GAINERROR1 ±1 :t1 

GAINDRlFTz 
T_to+ZS"C ±2 :tl 
+2S"CtoT_ ±4 :t1 

RELATlVEACCURACy3 :tl :tIll 
T_toT_ :tl :tIll 

POWERSUPPLYREJECTIOW 
Positive Supply: 

+4.5VsV+s+S.SV :t1 :tl 
Negative Supply: 

-15.7SVsV -s -14.2SV :t1 :tl 
-12.6VsV-s-II.4V :t1 :tl 

ANALoG INPVfIMPEDANCE 
Pin 1, Pin 2 6 10 14 6 10 14 

ANALOG INPUT RANGES 
Unipolar Otol0 Otol0 

Oto20 Ot020 
Bipolar -Sto +S -5to +S 

-10to +10 -10to + 10 

OUTPUT CODING 
NEGATIVE TRUE BINARY NEGATIVE TRUE BINARY Unipolar 

Bipolar NEGATIVE TRUE OFFSET NEGATIVE TRUE OFFSET 
BINARY BINARY 

LOGIC OUTPUTS (T _ toT....) 
VOL @ ISINK = 3.2mA 0 0.4 0 
VOH@lsoURCB=O.SmA 2.4 . 5.0 2.4 

LOGIC INPUTS (T_ toT....) 
IINH@VIN =5VS +50 
IINL@VIN=OVS -800 -800 
VINH 2.0 5.5 2.0 
VINL 0 0.8 0 

CONVERSION TIME (T_ toT....) 
Internal Clock 10 20 30 10 
External Clock 25 25 

POWER SUPPLY 
V+ +4.5 +5.5 +4.5 
V- -11.4 -15.75 -11.4 

OPERATING CURRENT 
V+ IS 15 
V- 9 15 

NOTES 
IGain Error is specified with a ISO reoisIor in serieo with the IOV input (Pins I lllli2tiecl tose!her) or a 
300 reoisIor in series with the lOV input (Pin I with Pin 2 tied toIlDlllogCOlllDlon). 

20 

15 
9 

Gain Error is IJIW'IIDteed trimmable tozoro (see tat). 
'Tbepindriftisoalcula .... frompin_tsatthe_ofthetempenturertlDlCwtdcr~tion. 
'Relati..,Ac:auac:y.oIsorefetredtossIntqrolLineatity,isdefinedssthedeviationofthecodetransitionpoints 
from theicleaJ trIDIferpointsonasuaiibt line fromzoro tofuH-scale. It is oIsoameastl!eofthe errorwbicb 
......u..w1tenoft'aetllllifuHscaleerrors""'trimmcdto ..... inanapplication. 

0.4 
5.0 

+50 

S.S 
0.8 

30 

+5.5 
. -15.75 

lS 
15 

4Masun:d.atfullscale. __ _ 
'These apec:ificationsapply to theCONV. XCL, and SCAT inputs. CLI is bardwited to DGND or' + V s inmost applications. 
T)opicaIly lINK = +3S0pA and IINL = llOpA for theCLI input. ' , 

Specific:ations sbown in bolcIliH:eare ....... onall production llllits atfiDal electrical test. Raultsfrom tbooe _"",used 
to oalculate ouQlOing quality levels. All min and_ specificatioos""'lJIW'IIDteed, altboushODly tbooe sbownin bolcIliH:e 
lie ....... 011 all production UDits. 
Specifications subject to cbanae withoutllOtM:e. 
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ADS75S 

MiD Typ ,'Mas 

10 
10 

:tZ 
:t1 

:t1 
:t1 

:t1 

:t5 
:':5 

:tl 
:tl 

:t1 

:tZ 
:t1 

6 10 14 

OtolO 
Oto20 
-5to +5 
-10to + 10 

NEGATIVE TRUE BINARY 
NEGATIVE TRUE OFFSET 
BINARY 

0 0.4 
1.4 5.0 

+50 
-800 
2.0 5.5 
0 0.8 

10 20 30 
25 

+4.5 +5.5 
-11.4 -15.75 

15 Z5 
9 15 

UDita 

Bits 
Bits 

LSB 
LSB 

LSB 
LSB 

LSB 

LSB 
LSB 

LSB 
LSB 

LSB 

LSB 
LSB 

ItO 

V 
V 
V 
V 

V 
V 

IIA 
IIA 
V 
V 

.... 

.... 
V 
V 

mA 
mA 



ABSOLUTE MAXIMUM RATINGS 
V + to Digital Common . . . . . . . 
V - to Digital Common . . . . . . . 
Analog Common to Digital Common 
Analog Inputs . . . . . . . . . . . . 
Control Inputs .......... . 
Digital Outputs (High Impedance State) 
Power Dissipation . . . . . . . . . . . . 

NOTE 

. . Oto +7V 

.0 to -16.5V 

..... ±IV 
(V-) -0.3V to +22V 

o to V+ 
o toV+ 
800mW 

All pinsmusl be kepI more positive than (V -) -O.3V. 

FUNCTIONAL DESCRIPTION 
A block diagram of the AD575 is shown in Figure I. A conversion 
is initiated by a positive pulse on the CONVERT line. EOC 
goes high within 150ns indicating that a conversion has started. 
The internal 10-bit current-output DAC is sequenced by the 
successive approximation register (SAR) from most significant 
bit to least significant bit to provide an output current which 
accurately balances the input signal current through the 10k!} 
input resistor(s). The comparator detertnines whether the addition 
of each successively-weighted bit current causes the DAC current 
to be higher or lower than the input current. If the sum is less 
the bit is left on (DO set low). If the sum is more, the bit is 
turned off (DO set high). The result of each bit decision is 
passed to DO on the rising edge of CO. 

ANALOG 
COMMON 

v+ v-
DIGITAL 

COMMON CONVERT 

EXTERNAL 
CLOCK 

SiiOiifCV[E 
AND TERMINATE 

Figure 1. AD575 Functional Block Diagram 

After all bits have been tested, the DAC output current will 
match the input signal current to within 0.05% (l/2LSB). EOC 
returns low after the final bit decision to indicate that the AD575 
has been reset and is ready to· perform a new conversion. The 
output data stream can be synchronized to an external clock 
using the XCL input and short cycled to any desired word 
length using the SCAT line. 

The AD575 contains all the active components required to 
perform a complete AID conversion. Thus, for many applications, 
all that is necessary is to connect the power supplies ( + 5V and 
- 12V or -15V), and the analog input. The pinout is shown in 
Figure 2. 

AD575 ORDERING GUIDE 

Temperature Relative 
Model Package Range-OC Accuracy 

AD575JN NI4A 010 +70 :±:ILSBmax 
AD575KN NI4A 010 +70 :±:1I2LSBmax 
AD575JD Dl4A 010 +70 :±:ILSBmax 
AD575KD Dl4A 010 +70 ±1/2LSBmax 
AD575SD Dl4A -5510 + 125 :±:ILSBmax 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

14-PINCERAMICDIPPACKAGE(D14A) 

~O.700±O.010~ 
0.31 :0.01 

17.87 ;to.25) 

0.035 to.0101 m·78 to.26) I----*-
(0.89 to.25) 

L- 0.085 (2.l6) 
, --. 

.- O.lBO to.030 O"2613"')MIN~L ~o.761 
0.047 ±0.007:t -.l1--..j I-- 0.1(2.64) 

t::=::I-.L flO.09S t2.41) 

0.01 to.002 
(0.25 to.05) 

11.19 to.18) O.017~g:gg~ 
I--,~:~)..j 

REF 

( 0.43 ~g:gg ) 

14-PIN PLASTIC DIP PACKAGE (N14A) 

0.310 0.250 nc~ L: ~) 
~ •. 770 " .... , MAX ~ I- ~:\--l---.t 
~ ftll .. , .. (4.61) 

8.l¥ III ~) :-T 
=I~-H-~hT ~ 

0,033 ~ 0.100 
(O.84) 0.021 (0.533) (2.54) 

NOMINAL 

EXTERNAL 
CLOCK 

~ 
AND TERMINATE 

• PIN 1 
IDENTIFIER 

AD575 

BIPOLAR OFFSET 

DIGITAL 
COMMON 

v+ 

CLOCK OUTPUT 

Figure 2. AD575 Pin Connections 
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ANALOG INPUT CONNECTIONS 
The AD575 can be configured for unipolar or bipolar operation 
on lOY span or 20V span input signals. The appropriate input 
range is selected by connecting pins 2 and 14 according to the 
table of Figure 3. 

The AD575's low ·offset and gain errors (shown in the Specifica
tions) are adequate for most applications, For these cases, a 
fixed gain resistor (Rl in Figure 3) is the only external component, 
in addition to any power supply decoupling that may be required. 
Pins 3 and 13 should be connected directly together. 

Figure 3 shows a trimming circuit that can be 'used to adjust the 
offset to zero, using the appropriate value of the Rl potentiometer 
as shown in the table. If gain trim is required, Rl should also 
be replaced by the appropriate potentlometer as shown in the 
table. 

ANALOG INPUT RANGE CONNECTIONS 
PIN2 PIN14 

ovro +10V PIN 1 PIN13 
OVTO +20V PIN3 PIN13 
-5VTO+5V PINI OPEN 
-10vro +10V PIN3 OPEN 

, 
+5V I 

lk 

SEE 
TABLE 

COMPONENTS 
RlI0FFSET) 

10n 
20si 
lOU 
.oil 

AD575 

+-------1 3 ~~~~ 
Rl0FFSET 

2k 

-15V 

R2IGAIN) 

1511 FIXED OR501l POT 
lOU FIXED OR loon POT 
1511 AXED OR SOH POT 
30U FIXED OR 100n POT 

Figure 3. AD575 Input Circuit Showing Offset and G(Jin 
Adjustment 

UNIPOLAR MODE OPERATION 
In unipolar mode, the nominal location of the low side transition 
of the first code (1111111110) occurs at an input voltage of 
+ lLSB (IOmV for the lOY span, 20mV for the 20V span). The 
offSet error of the AD575 can be trimmed out, if required, by 
applying an input voltage of· + lLSB to the analog input and 
adjusting Rl until the low side transition of the first code 
occurs. 

If the Gain Error needs to be trimmed, the gain resistor should 
be replaced with a potentiometer according to Figure 3. The 
nominal location of the low side transition of the full scale code 
(0000000000) in unipolar mode is full scale minus lLSB (9.99V 
for lOY span, 19.98V for 20V span). Once the offset has been 
adjusted, the full scale range cim be set by adjusting the gain 
potentiometer. 
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BIPOLAR CONNECTION 
If the bipolar offset control (pin 14) is left open, the AD575 will 
accept bipolar input voltages with OV as the nominal bipolar 
zero point. The input voltage corresponding to the low side 
transition ofthe mid-scale code (0111111111) is -1I2LSB (- 5mV 
for lOY spans and -IOmV for 20V spans). The nominal location 
of the code transitions are therefore offset by 1I2LSB as shown 
in Figure 4. This offset may be adjusted using the trim scheme 
shown in Figure 3 with a 1.2kO resistor in place of the lill 
resistor shown. 

OUTPUT 
CODE 

011 I 11 I 101 

0111111110 

0111 I I 111 I 

1000000000 

1000000001 
I __ oJ 

r--
I 

-3 -2 -I 
LSB LSB LSB 

1 2 3 
LSB LSB LSB 

Figure 4. A0575 Transfer Characteristic (Bipolar 
Operation) 

The gain error should be adjusted after any offset adjusunent. 
An input voltage offull scale minus 1112LSBs is applied (4.985V 
for - 5V to + 5V range, 9.971V for -lOY to + lOY range) and 
Rl is adjusted until the low-side transition of the full scale code 
(0000000000) occurs. 

The bipolar offset control input is not directly TTL compatible, 
but a TTL interface for logic control can be constructed as 
shown in Figure 5. 

USE 
ACTIVE 
puu-up 
GATE 

/ ))'Z 

.Ok 

GATE OUTPUT = 1 
GATE OUTPUT = 0 

-15V 

UNIPOLAR INPUT RANGE 
BIPOLAR INPUT RANGE 

Figure 5. Bipolar Offset Controlled by Logic Gate 



CONTROL AND TIMING OF THE AD575 
The AD575 has a flexible control architecture which supports 
several operating modes. It can provide its own clock or it can 
be synchronized to an external clock. Conversions can be initiated 
externally, or the part can perform continuous conversions yielding 
a stream of output data. In addition, the AD575 can be short-cycled 
to any of several convenient data word lengths to tailor the 
output to the specific input requirements of the system. Figure 
6 shows the control logic diagram of the AD575. The four inputs 
which control the operation of the AD575 are CONV (convert), 
CLI (clock inhibit), XCL (external clock), and SCAT (short 
cycle and terminate). Three outputs are provided: DO (Data 
Out), CO (Clock Out), and EOC (End of Conversion). 

EXTERNALLY INITIATED CONVERSIONS 
Figure 7 is the timing diagram which illustrates the operation of 
the AD575 with an externally applied convert signal. Conversions 
are initiated by a positive-going pulse applied to the CONY 
(convert) input. This pulse should be at least- 250ns wide and 
should return low before EOC returns low to prevent the initiation 
of a second conversion. If the internal clock is used, the clock 
will start on the rising edge of the convert start pulse. If an 
exterilal clock is used, the falling edge of the clock must occur 
no earlier than 900ns following the rising edge of the convert com
mand. 

INTERNAL CLOCK MODE 
The AD575 can be configured for internal clock operation by 
tying CLI and XCL to +5V. CO (clock output) provides the 
necessary synchronizing information in this mode. Data is trans
ferred to DO on the rising clock edge and is stable on the falling 
edge. The duty cycle of the CO waveform in this mode will be 
in the range of 30% to 70%. 

EXTERNAL CLOCK MODE 
When CLI is connected to digital common, an external clock 
can be applied to XCL. The exterilal clock should have a maximum 
frequency of 450kHz with a minimum of 900ns in the high or 
low phase. Arbitrarily slow clocks may be used as long as these 

t--tcs-j tee 

CONY 

Figure 6. AD575 Control Logic Diagram 

minimum high and low periods are observed. Conversion time 
will increase as clock frequency decreases. Each data bit will be 
stable within 150ns of the rising edge of the associated external 
clock pulse and will remain stable until the rising edge of the 
subsequent clock pulse. Data is guaranteed to be stable on the 
falling edge of the clock pulse. 

The state of the DO output during the first clock period is 
undefined but it is stable until the rising edge of the second 
clock period. The MSB appears at DO during the second clock 
period. The subsequent data bits are then clocked out until the 
Nth bit or LSB is clocked out on the (N + l)th clock pulse. EOC 
returns low within 150ns of the rising edge of this fiilal clock 
pulse. In internal clock mode, the output clock pulse associated 
with the LSB is shorter than the others but the LSB is guaranteed 
to be stable on the falling edge of this pulse. The LSB will 
remain stable until a new conversion is initiated. The value of N 
will be 10 unless the conversion has been short cycled (see "short 
cycle and terminate" text). 

r---------------------~l~ 
~~E~s, 

} \ 
EOC 

1t-.DCS 

1=:---' 
I ~ 

'DCcj 
XCL 

co 

--I ~ ~xc !-""--t 

DO ~~U-N-D-EF-IN-E-D~I)('----MS-B--~)(~ ____ D~ _____ ~~ ~B 
--/I/':: ... x 

~ J..-tODI 

Figure 7. Externally Initiated Conversions 
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~--------------~~----------------~ 

XCL 

co ~ 
__ .LS_B_N-_,_.JX UNDEFINED x:::::jD DBS. X LSB. 

Figure 8. Continuous Conversion Mode (CONV. Held High) 

CONTINUOUS CONVERSIONS 
Figure 8 is the timingdiagraIll associated with the continuous 
conversion mode of operation. If CONV is high when EOC goes 
low, another conversion will begin immediately. EOC will be set 
(high) following the falling edge of the (N + I)st CO pulse and 
conversion commences with the rising edge of the next CO 
pulse. The (N+ 1)81 CO pulse is not shortened in this mode. If 
CONVERT is held high the ADS7S will put out a continuous 
stream of conversions, punctuated by EOC which will mark the 
last clock pulse of a conversion. EOC will remain low until the 
falling edge of CO, the output clock, in this mode. Therefore, 
the rising edge of EOC may be used to signal that conversion is 
complete and that data is transferred. This sequence is useful 
for initiating parallel dumps from a serially loaded shift register. 

SHORT CYCLE AND TERMINATE 
For normal IO-bit operation, the Short Cycle and Terminate 
(SCAT) liIle should be tied high. If 8-bit conversions are required, 
SCAT should be tied low. In this mode, EOC will go low after 
the rising edge 'of the ninth clOCk pulse to indicate that the 
eighth and final data bit is valid. This mode is useful when 
parallel loads to 8-bit data buses are desired since it avoids the 

. complication of suppressing the 9th and 10th data bits. 

Conversions of 2, 4, 6 or 8 bits can be performed by pulling' 
SCAT low during the negative clock phase prior to the positive 

CONTINUOUS 
CONVERSION 

clock associated with the desired LSB. Figure 9 illustrates the 
timing associated with this mode of operation. For example, to 
terminate the conversion after six data bits, SCAT should be 
driven low during the negative clock phase following the sixth 
clock pulse. EOC will then go low following the rising edge of 
the seventh clock pulse to indicate that the sixth and final data 
bit is valid. 

This terminate feature can also be used to program conversions 
of 1,3,5,7 or 9 bits. However, the conversion immediately 
following a conversion of an odd number of data bits will be 
spurious. All subsequent conversions will be normal until the 
conversion following another odd data word length conversion. 

The negative edge of the SCAT signal should always occur 
during the negative phase of a clock cycle and it should be held 
low for a minimum of 900ns. SCAT may be held low into the 
next conversion but it must be restored high at least one clock 
cycle prior to being used to terminate a conversion. If SCAT is 
not restored high prior to the eighth clock pulse, EOC will go 
low and an 8-bit short cycle will occur. Care should be taken 
not to pulse SCAT from high to low between conversions (when 
EOC is low). This would initiate a terminate sequence which 
will execute on the rising edge of the first clock pulse following 
the next Convert command. 

---\~ ~r r--------------~ff~----~ r-
\ (/ \,---,,/-

----------------------------~--------------_IJJ~---P~-~~ 
SCAT ~ ~ , 

~ 
XCL 

co 

____ .Jx LSBN_ 1 X UNDEFINED X,, __ M_S_B_GD< ___ -JX,, __ LS_B __ _ 

Figure 9. Short Cycle and Terminate Operation 
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Parameter Symbol I Min Typ Max I Units 

EXTERNALLY-INITIATED CONVERSIONS 

Convert Pulse Width les 250 ns 
Convert to EOC Delay tDCS ISO ns 
CO LSB Clock Pulse Width tWL 400 ns 
XCL to EOC Reset tosx SO ISO ns 
t CO to oJ. EOC Reset Delay tOSI 20 ISO ns 

CONTINUOUS CONVERSIONS 

'" XCL to '" EOC Reset Delay tDCL SO ISO 
'" XCL to '" EOC Delay tDCH SO 1000 

INTERNAL CLOCK TIMING 

Conversion Time lec 10 20 30 
CO to DO Output Delay tom -100 + 100 

EXTERNAL CLOCK TIMING 

Conversion Time tcc 25 ,,"S 
'" XCLtoDOOutput toox 30 ISO ns 

XCL to CO Output toxc 30 160 ns 

'" Convertto '" XCL tDCC 900 ns 
Set-UpTime 

XCLPeriod tCE 2.2 ,,"S 

XCLHigh leH 900 ns 
XCLLow tCL 900 ns 

SHORT CYCLE TIMING 

SCAT Pulse Width tsew 900 ns 

Table I. AD575 Timing Specifications 

SAMPLE-HOLD AMPLIFIER CONNECTION TO THE 
AD575 
Many data acquisition systems for digitizing rapidly changing 
signals require a sample-hold amplifier (SHA) in front of the 
AID converter. A SHA can be used to accurately define the 
exact point in time at which the signal is sampled. A SHA can 
also serve as a high input-impedance buffer for the·AD575. 

Figure 10 shows the AD575 connected to the AD585 monolithic 
SHA. In this configuration, the AD585 will acquire a lOY signal 
in less than 2fLS and droop less than 1m V ims using the on-chip 
hold capacitor. 

EOC goes high after the conversion is initiated to indicate that a 
conversion is underway. In Figure 10 it is also used to put the 
AD585 into the hold mode while the AD575 begins its conversion 
cycle. (The AD585 output settles to fmal value well in advance 
of the first comparator decision within the AD575.) EOC goes 
low when the conversion is complete placing the AD585 back in 
the sample mode. 

Configured as shown in Figure 10, the next conversion can be 
initiated after a 2fLS delay to allow for signal acquisition by the 
AD585. 

o-..D...._---'Co;ON::.:Vo:;'""-'. ________ ~ 5 CONV 

Figure 10. AD575 to AD585 Sample and Hold Interface 

SUPPLY DECOUPLING AND LAYOUT 
For proper operation, the AD575's power supplies should be 
free from high-frequency noise. The stability of the transfer 
function is especially sensitive to noise on the V - supply. Noise 
on the V + supply can also propagate to the digital outputs. 

If decoupJing is required, tantalum capacitors are suggested. 
Best results will be obtained if the capacitors are connected 
directly to the appropriate pins of the AD575. DecoupJing 
capacitors for V - should be connected between pin 4 and Analog 
Common (pin 3). DecoupJing capacitors for V + should be 
connected between pin 12 and Digital Common (pin 13). 

Good circuit layout practice suggests that the AD575 and its 
associated analog input circuitry be kept separate from system 
logic circuitry to avoid unwanted interactions. 

GROUNDING CONSIDERATIONS 
The AD575 provides separate Analog and Digital Common 
connections. The circuit will operate properly with as much as 
± 200mV of common-mode voltage between the two commons. 
The absolute maximum voltage rating between the two commons 
is ± IV. A parallel pair of back-to-back protection diodes should 
be connected between the commons if they are not connected 
locally. 

In normal operation, the Analog Common terminal may generate 
transient currents of up to 2mA during a conversion. In addition, 
a static current of about 2mA will flow into Analog Common in 
the unipolar mode after a conversion is complete. The Analog 
Common current will be modulated by the variations in input 
signal. 
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ADs75 TO 8085 INTERFACE 
The 8085 has both serial output (SOD) 8IlIl serial input (SID) 
capability. A simple 3 hardware line interface can be constructed 
between the ADS7S and 8085. These leads can be opto-coupled 
in order to establish galvanic isolation between the two devices 
as shown in Figure 11. 

The software routine in Table II will read a complete lO-bit 
data word from the ADS7S in 180 .... s (3MHz 8085). The software 
perates the clock for the ADS7S in order to synchronize the 
data output with the 8085 serial read operation. 

The DATA procedure loads appropriate constants into the 8085 
registers and initiates the conversion. The CONV procedure 
assumes that the ADS7S clock was in the high state when the 
CONVERT pulse was generated (upon completion, this sample 
routine leaves the SOD line in the appropriate state to inSure 
this). A low clock pulse is generated, and the data bit is read 
into the MSB of the accumUlator. The data bit is then shifted 
into the LSB of the temporary register (L), the clock is set 
high, and the procedure is repeated. 

After the loop has executed three times, a logical AND is performed 
to set the first bit (the undefined bit) to zero, and the result is 
placed into the high byte (H) register. The loop counter is then 
reset, and the CONY procedure is executed 8 more times. Upon 
completion of the sample routine, 10 bits. of right-justified data 
will reside in the HL register pair. 

LABEL 

DATA 

CONV 

DONE 

MNEMONIC 

MVI 
MVI 
MVI 
MVI 
MVI 
MVI 

MOV 

MOV 
SIM 
RIM 
RAL 
MOV 
RAL 
MOV 
MOV 
SIM 
OCR 
]NZ 

OCR 
JZ 

MOV 
ANI 
MOV 
MVI 
JMP 

RET 

OPERAND COMMENT 

B,03 Set inner loop counter to 3 
C,02 Set outer loop counter to 2 
D,CO Setup register D for clock low 
E,40 Setup register E for clock high 
H,IO AD575 addri:ss location 
L,OO Clear temp register 

M,B GenerateCONVERT pulse 

A,D Setup ACC for clock low 
Output clock low 
Read AD575 data bit intO ACC 
Shift data. bit intO Carry 

A,L Move temp to ACC 
Shift data bit from Carry to ACC 

L,A Replace temp 
A,E Setup ACC for clock high 

Output clock high 
B Decrement inner loop counter 
CONV RepeatCONV until done 

C Decrement outer loop counter 
DONE Skip to DONE on 2nd pass 

A,L Move temp to ACC 
03 Mask undefined bit 
H,A Store temp in H register 
B,OB Set inner loop counter to 8 
CONV RcpeatCONV for 8 LSB. 

10 bits of right·justified data 
now reside in HL; return 

Note that the opto-isolators invert the clock and data lines. If 
these are not used (no inversion present), the constants in the D 
and E registers should be swapped, a CMA inStruction should 
be inserted after the RIM instructi,on, and an inverter should be 
connected between the address decoder and the CONVERT 

Tablell. Sample Assembly Code for AD575 to BOB51solated 

pin. Alao, the results of the first pass through the routine should 
be ignored following power up and reset cycles to insure thar 
the ADS7S has beeit reset. 

+ 
V, 

-4- ISOLATED COMMON 

\l LOCAL COMMON 

V· ISOLATED POWER + 5V· 

AD515 

BIP 
OFF 

":" 

ACOM DCOM 

Interface 

+5V· +5V 

Figure 1,. AD575 to BOB5/so/ated Interface 
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~ANALOG 
WDEVICES 

FEATURES 

Performance 
Complete 12-Bit AID Converter with Reference and 

Clock 
Fast Conversion: 3tJ.S (maxI 
Burled Zener Reference for Long Term Stability and 

Low Gain T.C.: ±30ppmI"C max 
Max Nonlinearity: <±0.012% 
No Missing Codes Over Temperature 
Low Power: 875mW 
Hermetic Package Available 
Available to MIL-STD-883 

Versatility 
Positive-True Parallel or Serial Logic Outputs 
Short Cycle Capability 
Precision + 10V Reference for External AppliClltions 
Adjustable Internal Clock 
"z" Models for :!:12V Supplies 

GENERAL DESCRIPTION 
The ADS78 is a high speed 12-bit successive approximation 
analog-to-digital converter that includes an internal clock, refer
ence and comparator. Its hybrid IC design utilizes MSI digital 
and linear monolithic chips in conjunction with a 12-bit monolithic 
DAC to provide superior performance and versatility with IC 
size, price and reliability. 

Important performance characteristics of the ADS78 include a 
maximum linearity error at +2SoC of ±0.012%, maximum gain 
temperature coefficient of ± 3OppmrG, typical power dissipation 
of 87SmW and maximum conversion time of 3 .... s. 

The fast conversion speeds of 3 .... s (L grade) 4.Sj.LS (K, T grades) 
and 6 .... s a, S grades) make the ADS78 an excellent choice in a 
variety of applications where system throughput rates from 
166kHz to 333kHz are required. In addition, it may be short 
cycled to obtain faster conversion speeds at lower resolutions. 

The design of the ADS78 includes scaling resistors that provide 
analog input signal ranges of ± SV, ± 10V, 0 to + 10V or 0 to 
+ 20V. Adding flexibility and value is the + lOY precision 
reference which can be used for external applications. 

The ADS78 is available with either the polymer seal (N) for use 
in benign environmental applications or hermetic solder-
seal (D) for more harsh or rigorous surroundings. Both are 
contained in a 32-pin side-brazed, ceramic DIP. 

I 

The ADS78S, T are available processed to MIL-STD-883 Level 
B, Method S008. 

Very Fast, Complete 
12-BitAlD Converter 

AD578 I 
AD578 FUNCTIONAL BLOCK DIAGRAM 

AD578 

'" ~------~~~~~ 27 10V SPAN INPUT 

[]]--------1H-1tttt--l iii ~ 
OD----~~ttt--l~8H_------~~ 

~ H_--------f241 

r-_--~2!l1 CONVERTSTART 

PRODUCT HIGHLIGHTS 
1. The ADS78 is a complete 12-bit AID converter. No external 

components are required to perform a conversion. 

2. The fast conversion rate of the AD578 makes it an excellent 
choice for high speed data acquisition and digital signal proc
essing applications. 

3. The internal buried zener reference is laser trimmed to 10.OOV 
± 1.0% and ± ISppmrG typical T.C. The reference is available 
for external use and can provide up to lmA. 

4. The scaling resistors are included on the monolithic DAC for 
exceptional thermal tracking. 

S. The component count is minimized, resulting in low bond 
wire and chip count and high MTBF. 

6. Short cycle and external clock capabilities are provided for 
applications requiring faster .conversion speeds and/or lower 
resolutions. 

7. The integrated package construction provides high quality 
and reliability with small size and weight. 
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SPECIFICATIONS (typical @ + 2!rC. :!: 15V and + 5V IIIIess otherwise noted) 

McideJ ADS78J ADS78K ADS78L ADS78SD' ADs78TD' 

RESOLUTION 12 Bits * * * * 
ANALOG INPUTS 

Voltage Ranges 
Bipolar ±S.OV,±IOV * * * * 
UDipoJar Oto + 10V,Oto +20V * *. * * 

Input I",pedance 
:. Oto+IOV,±.SV Sk{} * * * 

± IOV,Oto +20V 10k{} * * *. 
DIGITAL INPUTS 

Convert Command2 ILSTTLLoad * * * * 
Clock Input ILSTILLoad * * * 

TRANSFERCHARACfERISTICS 
Gain Error'" ±O.I%FSR, ±0.2S%FSRmax * * * * 
Unipolar Offset' ±O.I%FSR, ±0.2S%FSRmax * 
Bipolar Error'" ±O.I%FSR, ±0.2S%FSRmax * * * 
Linearity Error, 250C ± 1/2LSB max * * * 

T ... to T .... ±3/4LSB ±3/4LSBmax ±3/4LSBmax 

DIFFERENTIAL LINEARITY ERROR 
(Minimum resolution for which no 
missing code. are guaranteed) 

+25OC 12 Bits * * * 
T ... toT .... 12 Bit. * * * 

POWER SUPPLY SENSITIVITY 
+ISV ±Io% O.OOS%I%A V s max * * * 
-15V ±Io% O.OOS%I%aVsmax * * .. 
+5V±10% O.OOS%l%AVsmax * * * * 

TEMPERATURE COEFFICIENTS 
Gain ± ISppmlOCtyp * 

± 3OppmlOCmax * ± S()ppmI'C max ± 3OppmI"C max 
Unipolar Offset ±3ppmlOCtyp * * * 

± IOppmlOCmax * ± I SppmlOC max ± 10ppmlOCmax 
Bipolar Offset ± 8ppmI"C typ * * * 

± 2OppmI"C max * * ±25ppmlOCmax ± 2OppmlOCmax 
Differential Linearity ±2ppmlOCtyp * * 

CONVERSION TIME6,7,8(max) 6.0",. 4.5":. 3fJ.S 6.0fJ.S 4.5",s 

PARALLEL OUTPUTS 
Unipolar Code Binary 
Bipolar Code Offset BinarylTwo'. Complement 
Output Drive 2LSTIL Loads * * 

SERIAL OUTPUTS (NRZ FORMAT) 
Unipolar Code Binary/Complementary Binary * 
Bipolar Code Offset Binary/Comp. Offset Binary * 
Output Drive 2LSTIL Loads * 

END OF CONVERSION (EOC) Logic "I" During Conversion * * 
OutpUt Drive 8LSTTL Loads * * 

INTERNALCLOCK8 
Output Drive 2LSTIL Loads * 

INTERNAL REFERENCE 
Voltage 10.000 ± 1000V * 
Drift ± 12ppmlOC, ±20ppml"Cmax 
External Current ±lmAmax * * 

:POWER SUPPL YREQUIREMENTS· 
Range for Rated Accuracy 4.75 to S.2S and ± 13.5 to ± 16.5 * * 
Supply Current + ISV 3mA typ, 8mA max * 

-15V 22mA typ, 3SmA max * * 
+SV lOOmAtyp,I4OmAmax * 

Power Dissipation 87SmWtyp * * * 
TEMPERATURE RANGE 
~ting Oto +70OC * - SSOC to + 1250C -SS'Cto + 12S'C 
Storage - 5SOC to + 150'C * * -65OCto + 15O'C -6SOCto + ISO'C 

NOTES 
I Available •• MlL-ST0-883, Level B. See AD! Miliwy Products Databookfor 'Conversion time isdelmed .. the time between thefa11iD8 edge of 
derail specifICations. conven swtand thefa11iD8 edgeof.beEOC. 

'Pooi.ivcpulae2OOn, wide (min) leadios edge (0 to I) ...... outpUts. Trailing edge 'Each pwleis specified,a. theconveniOD opeed shown. 
iaitiatesconvenion. 'Eztemally adjustable by a resistororcapa<itor(see Fiaure 7). 

'WithSOO,I%filIecI_rinpla<:eofpinadjustpot .. tion>eter. 'For "Z"modeIs onIerADS78ZJ,ZK,ZL (± 1I.6Vb> ± 16.SV). 
4Adjustableb>zero. *Specifications""""asADS78J. 
'WithSon,1 % mistorbetween Ref Out and BipolarOffset (Pins24& 26). Spedflaltions sobje<:t b> clum8ewithoot notice. 
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THEORY OF OPERATION 

-15V 

ANALOGGND 

r-~""'~@ ZEROAOJ 

..... -"""---1261 BIPOLAR OFFSET 

Figure 1. AD578 Functional Diagram and Pinout 

The ADS78 is a complete pretrimmed 12-bit AiD converter 
which requires no external components to provide the successive
approximation analog-to-digital conversion function. A block 
diagram of the ADS78 is shown in Figure 1. 

When the control section is commanded to initiate a conversion 
it enables the clock and resets the successive-approximation 
register (SAR). The SAR, timed by the clock, sequences through 
the conversion cycle and returns an end-of -convert flag to the 
control section. The control section disables the clock and brings 
the output status flag low. The parallel data bits become valid 
on the rising edge of the clock pulse starting with t I and ending 
with tl2 (Figure 2), and accurately represent the input signal to 
within ± 1I2LSB. 

The temperature-compensated buried Zener reference provides 
the primary voltage reference to the DAC and guarantees excellent 
stability with both time and temperature. The reference is trimmed 
to 10.00 volts ± 1.0%, it is buffered and can supply up to 1.0mA 
to an external load in addition to the current required to drive 
the reference input resistor (O.SmA) and bipolar offset resistor 
(lmA). The thin-fIlm application resistors are trimmed to match 
the full scale output current of the DAC. There are two Sk'{} 
input scaling resistors to allow either a 10 volt or 20 volt span. 
The 10k.{} bipolar offset resistor is grounded for unipolar operation 
or connected to the 10 volt reference for bipolar operation. 

UNIPOLAR CALIBRATION 
The ADS78 is intended to have a nominal 1I2LSB offset so that 
the exact analog input for a given code will be in the middle of 
that code (halfway between the transitions to the codes above 
and below it). Thus, when properly calibrated, the first transition 
(from 0000 0000 0000 to 0000 0000 0001) will occur for an 
input level of + If2LSB (1.22mV for 10V range). 

If pin 26 is connected to pin 30, the unit will behave in this 
manner, within specifications. Refer to Table I and Figure 3 for 
further clarification. If the offset trim (RI) is used, it should be 
trimmed as above, although a different offset can be set for a 
particular system requirement. This circuit will give approximately 
± 2SmV of offset trim range. 

The full scale trim is done by applying a signal I 1/2LSB below 
the nominal full scale.(9.9963V for a 10V ~). Trim R2 to 
give the last transition (111111111110 to 1111 11111111). 

..-.I ~200ns. min -
CONVER n 
START f-r--"'T"'1r-__ ---------.....JI L 

200ns __ j\=8On$ 
CLOCK 

I i --l ~160.. __ 11 ___ 100• 

EOe -=f..F=lpons I 
BIT 1 • i 

r 
L 

BIT 2 u 
BIT 3 r 
BIT 4 u 
BIT 5 r 
BIT 6 u 
BIT 7 r 
BIT 8 u 
BIT 9 u 
BIT 10 :d=~-------~:::___;:::====-'-
BITllm U 
BIT12 ~ U 
SERIAL.~~~~J;~ OUT ~ 

CLOCK 
INTERNAL: CONNECT CLOCK OUT (18) TO CLOCK IN (19) 
EXTERNAL: CONNECT EXTERNAL CLOCK TO CLOCK IN (19) 

CLOCK SHOULD BE AT LEAST 30% DUTY CYCLE WITH 
MINIMUM PERIOD, TMIN ~F 10DnL 

NOTE 
'THE RISING EDGE OF CONVERT START PULSE RESETS THE MSB TO ZERO, 
AND THE LSBs TO ONE. THE TRAILING EDGE INITIATES CONVERSION. 

Figure 2. AD5783ps Timing Diagram 

+1SV 

OTO+2OV 

BITS 1-12 OTO+l0V 

AD578 

REF IN 

REF OUT 

8.8jtF --, 
I I L ______________ ~ _____ ~ 

Figure 3. Unipolar Input Connections 
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BIPOLAR OPERATION 
The connections for bipolar ranges are shown in Figure 4. Again, 
as for the unipolar ranges, if the offset and gain specifications 
are sufficient the lOOn trimmer shown can be replaced by a 
500 ± I % fixed resistor. The analog input is applied as for the 
unipolar ranges. Bipolar calibration is simiJar to unipolar cali
bration. First, a signal.1I2LSB above negative full scale ( ..:. 4.9988V 
for the ± SV range) is applied, and RI is trimmed to give the 
first transition (0000 0000 0000 to 0000 0000 0001). Then a 
signal I 1I2LSB below positive full-scale (+ 4.9963V for the 
± 5V range) is applied and R2 trimmed to give the last transition 
(1111 1111 1110 to 1111 1111 1111). 

±10V 
20V IN 

,OVIN 

AD578 

REF IN 

REF OUT 

r-
I I L ____________________ ~ 

Figure 4. Bipolar Input Connections 

LAYOUT CONSIDERATION 
Many data-acquisition components have two or more ground 
pins which are not Connected together within the device. These 
"grounds" are usually referred to as the Logic Power Return, 
Analog Cominon (Analog Power Return), and Analog Signal 
Ground. These grounds must be tied together at one point, 
usually at the system power-supply groimd. Ideally, a single 
solid ground would be desirable. However, since current flows 
through the ground wires and etch stripes of the circuit cards, 
and since these paths have resistance and inductance, hundreds 
of millivolta can be gene,rated between the system ground point 

Analog Input-Volts 

and the ground pin of the AD578. Separate ground returns 
should be provided to minimize the current flow in the path 
from sensitive points to the system ground point. In this way 
supply currents and logic-gate return currents are not summed 
into the same return path as analog signals where they would 
·cause measurement errors. 

Elich of the AD578's supply terminals should be capacitive1y 
decoupled as close to the AD578 as possible. A large value 
capacitor such as IO",F in parallel with a O.I",F capacitor is 
usually sufficient. Analog supplies are bypassed to the Analog 
Power Return pin and the logic supply is bypassed to the Digital 
GND pin. 

+5V 11+ @ 
OlGO.111FT . I 10",F '1s' 
COM \.!V 

@ 1 1 . -15V 

O.'PFi i 10PF 

1iQ\_-<_~_+-+~ ANALOG o COMMON 

O.1,uFr ~10.uF 

@ - ~+. +15V 

Figure 5. Basic Grounding Practice 

To minimize noise the reference output (pin 24) should be 
decoupled by a 6.8",F capacitor to pin 30. 

CLOCK RATE CONTROL 
The internal clock is preset to a nominal conversion time of 
5.6",s. It can be adjusted for either faster or slower conversions. 
For faster conversion connect the appropriate 1% resistor between 
pin 17 and pin 18 and short pin 18 to pin 19. 

For slower conversions connect a capacitor between pin 15 and 
pin 17. 

The curves in Figure 6 characterize the conversion time for a 
given resistor or capacitor connection. 

Note: 12-bit operarion with no missing codes is not guaranteed 
when operating in this mode if a particular grade's conversion 
speed specification has been exceeded. 

Short Cycle Input - A Short Cycle Input, pin 14, Permits the 
timing cycle shown in Figure 2 to be terminated after any number 
of desired bits has been converted, allowing somewhat shorte.t: 
conversion times in applications not requiring full 12-bit resolution. 
Short cycle pin connections and associated maximum 12-, 10-, 
and 8-bit conversion times are. summarized in Table II. 

Digital Output Code 
(Binary For Unipolar Ranges; 

(Center of Quantization Interval) Offset Binary for Bipolar Ranges) 

Oto +10V Oto +20V "';SVto +SV -10Vto +10V Bl B12 
Range Range Range Range (MSB) (LSB) 

+9.9976 + 19.9951 +4.9976 +9.9951 111111111111 
+9.9952 + 19.9902 +4.9952 +9.9902 111111111110 

· · · · · · · · · · 
+5.0024 + 10.0049 +0.0024 +0.0049 10000000000.1 
+5.0000 +10.0000 +0.0000 +0.0000 100000000000 

· · · · · · · · · · 
+0.0024 +0.0051 -4.9976 -9.9951 000000000001 
+0.0000 +0.0000 - 5.0000 -10.0000 000000000000 

Table I. Digital Output Codes vs. Analog Input for Unipolar aritiBipolar Ranges 
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"", CONVERSION 
RATE 

L GRADE 

13.0 

~10.0 

~ B.O 
z 
~ 6.0 

ffi 
~ 4.0 

8 2.0 

1.5 

1000 

200 

I9 

6., 
CONVERSION 

RATE 18 

J,S GRADES 

CAPACITANCE - pF 
680 

2. 
RESISTANCE -n. 

TO SLOW 
CONVERSION. 

~7 
USEe 
FROM T 

FIGURE 6 Q;) 

330 

10k 

Figure 6. Conversion Times VB. R or C Values 

Resolution (Bits) 12 10 8 

Connect Pin 14 to Pin 16 2 4 

Conversion Speed (,..,s) 3 2.5 2 

Table II. Short Cycle Connections 

External Clock - An external clock may be connected directly 
to the clock input, pin 19. When operating in this mode, the 
convert start should be held high for a minimum of one clock 
period in ~rder to reset the SAR and synchronize the conversion 
cycle. A positive going pulse width of 100 to 200 nanoseconds 
will provide a continuous string of conversions that start on the 
first rising edge of the external clock after the EOC output has 
gone low. 

External""Buffer Amplifier - In applications where the AD578 is 
to be driven from high impedance sources or directly from an 
analog multiplexer a fast slewing, wideband op amp like the 
AD711 should be used. 

S1 

Figure 7. Input Buffer 

MICROPROCESSOR INTERFACING 

+6V +15V _15V 

16 31 32 

AD678 

The 3/-LS conversion times of the AD578 suggests several different 
methods of interface to microprocessors. In systems where the 
AD578 is used for high samp~ rates on a single signal which 
is to be digitally processed, CPU -controlled conversion may be 
inefficient due to the slow cycle times of most microprocessors. 
It is generally preferable to perform conversions independently, 
inserting the resultant digital data directly into memory. This 

. can be done using direct memory access (DMA) which is totally 
transparent to the CPU. Interface to user-designed DMA hardware 

is facilitated by the guaranteed data validity on the falling edge 
of the EOC signal. 

In many multichannel data acquisition systems,the processor 
spends a good deal of time waiting for the ADC to complete its 
cycle. Converters with total conversion times of 25/-LS to 100,..,s 
are not slow enough to justify use of interrupts, nor fast enough 
to finish converting during one instruction and are usually timed 
out with loops, or continuously polled for status. The AD578 
allows the microprocessor to time out the converter with just a 
few dummy instructions. For example, an 8085 system running 
at a 5MHz clock rate will time out an AD578 by pushing a 
register pair onto the stack and popping the same pair back off 
the stack. Such a time-out routine only occupies two bytes of 
program memory but requires 22 clock cyles (4.4,..,s). The time 
saved by not having to wait for the converter allows the processor 
to run much more efficiently particularly in multichannel 
systems. 

ANA.LOG 
INPUT 

0-10V 

LOW BYTE 
ADDRESS 

(ACTIVE LOWI 

+SV +1SV -15V 

74LS244 

" M~~'~2 ____ ~~~D-~~~ __ __ 

AD&78 

7402 ..... 

11 

10 

12 

" ,. 
" 

1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 

L __ -I-.....!'l-~+~12'--.....J i 
I 
I 
I 

__ 3 _____ --1 
(OPTIONAL.I 

74LS244 

Figure B. AD57B-B085A Interface Connections 

AD7 

AD. 

AD' 

AD4 

AD, 

AD' 

ADI 

ADO 

Clearly, 12 bits of data must be broken up for interface to an 8-
bit wide data bus. There are two possible formats: right-justified 
and left-justified. In a right-justified system, the least-significant 
8 bits occupy one byte'and the four MSBs reside in the low 
nybble of another byte. This format is useful when the data 
from the ADC is being treated as a binary number between 0 
and 4095. The left-justified format supplies the eight most-sig
nificant bits in one byte and the 4LSBs in the high nybble of 
another ·byte. The data now represents the fractional binary 
number relating the analog signal to the full-scale voltage. An 
advantage to this organization is that the most-significant eight 
bits can be read by the processor as a coarse indication of the 
true signal value. The full 12-bit word can then be resd only 
when all 12 bits are needed. This allows faster and more efficient 
control of a process. 

Figure 8 shows a typical connection to an S085-type bus, using 
left-justified data format for unipolar inputs. Status polling is 
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optional, and can be read simultaneously with the 4LSBs. If it 
is desired to right-justify the data, pins I through 12 of the 
AD578 should be revetsed, as well as the connections to the 
data bus and high and low byte address signals. 

When dealing with bipolar inputs (±5V, ± lOY ranges), using 
the MSB directly yields an offset binary-coded output. If two's 
complement coding is de~, it can be produced by substituting 
MSB (pin 13) for the MSB. This facilitates arithmetic operations 
which are subsequently performed on the ADC output data. 

SAMPLED DATA SYSTEMS 
The conversion speed of the AD578 allows accurate digitization 
of high frequency signals and high throughput rates in multi~' 
channel data acquisition'systems. The AD578LD, for example, 

SEE 
NOTE 1 

'" 

SYMBOL 

A 
b 
b 
c 
D 
E 
E, 
e 
L 
L, 
Q 

5 
5, 

INCHES 
MIN' MAX 

0.280 
0.016 0.020 
0.035 0.045 
0.009 0.012 

1.69 
0.545 0.585 
0.590 0.610 

0.100BSC 
0.125 0.200 
0.160 
0.015 0.060 

0.098 
0.005 

MIWMETERS 
MIN MAX NOTES 

7.11 
0.41 0.51 
0.89 1.14 2 
0.23 0.31 

42.93 
13.84' 14.86 
14.99 15.49 6 

2.54BSC 4.7 
3.18 6.08 
3.81 
1.02 1.62 3 

2.49 5 
0.13 5 

is capable of a full accuracy conversion in 3,...s. iii. order to benefit 
from this high speed, a fast sample-h91d amplifier (SHA) such 
as the HTC-0300 is required. This SHA has an acquisition time 
to 0.01% of approXimately 300D.s, so that a complete sample-con
vert-acquire cycle can be accompliShed in approximately 4,...s. 
This means a sample rate of 250kHz can be realized, allowing a 
signal with no frequency components above 125kHz to be sampled 
with no loss of information. Note that the EOC signal from the 
AD578 places the SHA in the hold mode in advance of the 
actual start of the conversion cycle, and releases the SHA from 
the HOLD'mode only after completion of the conversion. Mter 
allowing at least 300ns for the SHA to acquire the next analog 
value, the converter can again be started. 

17 

16 

NOTES 
1. Index .rea; a notch or a lead one Identification mark 

is IDeatad adjacent to lead one. 
2. The minimum limit for dimension b, may be 0.023" 

(0.58mml for all four corner leads only. 
3. Dimension Q shall be measurad from the seating plane 

to the base plane. 
4. The basic pin spacing is 0.100" (2.54mml between 

cente,lines. 
5. Applies to all four corners. 
6. Lead center when III is 0". E, shall be measured at the 

centerline of the lead •. 
7. Thirty spaces. 

AD578 ORDERING GUIDE· 

AD578JN(JD) 
AD578KN(KD) 
AD578LN(LD) 
AD578SD 
AD578TD 

Conversion 
Speed 

6.0,...s 
4.51J.S 
3.0,...s 
6.0,...s 
4.5,...s 

Temperature 
Range 

Oto +70"C 
Oto +70"C 
Oto +70"C 
- 55"C to + 125°C 
- 55"C to + 125°C 

*For ± I2V operation .. z .. version order: ADS78ZIN, ... 
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Polymer (Solder) Seal 
Polymer (Solder) Seal 
P61ymer(Solder) Seal 
Solder Seal 
Solder Seal 



r.ANALOG 
WDEVICES 

FEATURES 
Fast 3.0"s Acquisition Time to :t 0.01% max 
Low Droop Rate: 1.0mV/ms max 
Sample/Hold Offsat Step: 3mV max 
Aperture Jitter: 0.5ns 
Extended Temperature Range: -55"C to +125"C 
Internal Hold Capacitor 
Internal Application Resistors 

APPLICATIONS 
Data Acquisition Systems 
Data Distribution Systems 
Analog Delay It Storage 
Peak Amplitude Measurements 

PRODUCT DESCRIPTION 
The AD585 is a complete monolithic sample-and-hold circuit 
consisting of a high performance operational amplifier in series 
with an ultra-low leakage analog switch and a FET input integrating 
amplifier. An internal holding capacitor and matched applications 
resistors have been provided for high precision and applications 
flexibility. 

The performance o~ the AD585 makes it ideal for high speed 
10- and 12-bit data acquisition systems, where fast acquisition 
time, low sample-to-hold offset, and low droop are critical. The 
l\D585 can acquire a signal to :to.Ol% in 3jl.S maximum, and 
then hold that signal with a maximum sample-to-hold offset of 
3mV and less than ImV/ms droop, using the on-chip hold 
capacitor. If lower droop is required, it is possible to add a 
larger external hold capacitor. 

The high-speed analog switch used in the AD585 exhibits aperture 
jitter of 0.5ns, enabling the device to sample full-scale (20V 
peak-to-peak) signals at frequencies up to 78kHz with 12-bit 
precision. 

The AD585 can be used with any user-defined feedback network 
·to provide any desired gain in the sample mode. On-chip precision 
thin-film resistors can be used to provide gains of + 1, - 1, or 
+2. Output impedance in the hold mode is sufficiently low to 
maintain an accurate output signal even when driving the dynamic 
load presented by a successive-approximation AID converter. 
However, the output is protected against damage from accidental 
shon circuits .. 

The control signal for the HOLD command can be either 
active high or active low. The differential HOLD signal is com
patible with all logic families, if a suitable reference level is 
provided. An on-chip TIL reference level is provided for TIL 
compatibility. 

High-Speed Precision 
Sample-and-Hold Amplifier 

AD585 I 
AD585 FUNCTIONAL BLOCK DIAGRAM 

lOGIC 
HOLD REF HOLD + Vs RIN RFa VOUT 

12 

- VIN + VIN NULL - Vs NULL OND CH 

The device is available in two versions: the "A" specified for 
the - 25"C to + 85°C industrial temperature range, and the "S" 
specified over the extended temperature range - 55°C to + 125°C. 
The "A" and "S" versions are available in a 14-pin cerdip 
package. 

PRODUCT HIGHLIGHTS 
1. The fast acquisition time (3",s) and low aperture jitter (O.Sns) 

make it the first choice for very high speed data acquisition 
systems. 

2. The droop rate is only 1.0mV/ms so that it may be used in 
slower high accuracy systems without the loss of accuracy. 

3. The low charge transfer of the analog switch keeps samp1e-to
hold offset below 3mV with the on-chip l00pF hold capacitor, 
eliminating the trade-off between acquisition time and SIR 
offset required with other SHAs. 

4. The AD585 has internal pretrimmed application resistors for 
applications versatility. 

5. The AD585 is complete with an internal hold capacitor for 
ease of usc. Capacitance cali be added externally to reduce 
the droop rate when long hold times and high accuracy are 
required. 

6. The ADS85 is recommended for use with 10- and 12-bit 
successive-approximation AID converters such as AD571, 
AD572, AD573, AD574A, AD575, AD578, AD579, AD 
ADCSO, AD ADCSS. 
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SPECIFI.CATIONS (typical@ +25"C and Ys = ±l5Y, and eH = Intama~ A ~ +1, HOLD active unless othenvise spacified) 

Model 

SAMPLElHOLD CHARACTERISTICS 
Acquisition Time, 10V Step to 0.01 % 

20VSteptoO.01% 
Aperture Time, 20V pop Input 

HOLDOV 
Aperture Jitter, 20V pop Input, 

HOLDOV 
Settling Time, 20V pop Input, 

HOLDOV,toO.OI% 
Droop Rate 
Droop Rate T min to T max 

Charge Transfer 
Sample-to-Hold Offset 

Feedthrough 
20Vp-p, 10kHz Input 

TRANSFER CHARACTERISTICS 
Open Loop Gain 

VOUT = 20V Pop, RL = 2k 
Application Resistor Mismatch 
Common Mode Rejection 

VCM = :tIOV 
Small Signal Gain Bandwidth 

VOUT = 100m V POp 
Full Power Bandwidth 

Vour = 20V Pop 
Slew Rate 

VOUT = 20V pop 
Output Resistance (Sample Mode) 

lOUT = :t lOrnA 
Output Short Circuit Current 
Output Short Circuit Duration 

ANALOG INPUT CHARACTERISTICS 
Offset Voltage 
Offset Voltage, TmintoTmax 
Bias Current 
Bias Current T nUn to T max 

Input Capacitance, f = IMHz 
Input Resistance, Sample or Hold 

20Vp-pInput,A = +1 

DIGITAL INPUT CHARACTERISTICS 
TTL Reference Output 

Hold Input Voltage With Respect to 
Logic Reference 
Hold Mode, T min to T max 

Sample Mode, T nUn to T max 

Logic Input Current (Either Input) 

POWER SUPPLY CHARACTERISTICS 
Operatmg Voltage Range 
SupplyCurrent,RL = 00 

Power Supply Rejection, Sample Mode 

TEMPERATURE RANGE 
Specified Performance 

NOTES 
'Nott.stedat -SS"C. 

Specifications subject to change without notice. 
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AD585AQ AD585SQ 
Min Typ Max Min Typ 

3 
5 

35 35 

0.5 0.5 

0.5 0.5 
1 

Doubles Every IO"C Doubles Every 10 "C 
0.3 

-3 3 -3 

0.5 0.5 

200,000 200,000 
0.3 

80 80 

2.0 2.0 

160 160 

10 10 

0.05 
50 50 

Indefinite Indefmite 

2 
3 
2 
5 20 

10 10 

1012 1012 

1.2 1.4 1.6 1.2 1.4 

-0.4 
0.4 
50 

+5, -12 :t 18 +5, -12 
6 10 6 
70 70 

-25 +85 -55 

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

Max Units 

3 ILS 
5 ILS 

.ns 

ns 

ILS 
1 mV/ms 

0.3 pC 
3 mV 

mV 

VN 
0.3 % 

dB 

MHz 

kHz 

V/ILS 

0.05 n 
mA 

2 mV 
3 mV 
2 nA 
SOl nA 

pF 

n 

1.6 V 

-0.4 V 
0.4 V 
50 ILA 

:t 18 V 
10 mA 

dB 

+ 125 "C 



-1mY 

-2mY 

CHANGE IN 
SAMPLE·TO·HOLO 

OFFSET 

'mV 

2V 

Figure 1. Sample-to-Hold Offset vs. Logic Level 
(HOLD Active) 

/ 
100pF .nF 'OnF 

HOLD CAPACITANCE 

Figure 2. Acquisition Time vs. Hold Capacitance 
(10V Step to 0.01%) 

Figure 3. U",rge Signal Response, Sample Mode 

Figure 4. Samp/~-to-Hold Settling Time (HOLD Active) 

NULL 

10kJl 

NULL 

TTL LOGIC REF 

HOLD 

Figure 5. Pin Configuration 

ABSOLUTE MAXIMUM RATINGS 

Supplies ( + Vs, - Vs) 
Logic Inputs 
Analog Inputs . . . . 
RIN, RFB Pins ..•. 
Storage Temperature 
Lead Temperature (Soldering) 
Output Short Circuit to Ground 
TTL Logic Reference Short 

Circuit to Ground 

±18V 
±Vs 

. ±Vs 
. ±Vs 

-65·C to + 150·C 
.• 3000C 
Indefmite 
Indefmite 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

!---- 0.77 iO.015 ----t 
I (19.55:1;0.39) ..- ....... I 

R D.,. ...... 
(3.76±0.381 

15° I 

0" " \ 0.010:t0.001 
..., \ (O.254!0.025) 

I-g=:-I 
REF 
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SIGNAL 
INPUT 

Figure 6. Connection Diagram, 
Gain = + 1, HOLD Active 

Figure 7. Connection Diagram, 
Gain = +2, HOLD Active 

Figure 8. Connection Diagram 
Gain = -1, HOLD Active 

SAMPLED DATA SYSTEMS 
In sampled data systems there are a number of limiting factors 
in digitizing high frequency signals accurately. Figure 9 shows 
pictorially the sample-and-hold errors that are the limiting factors. 
In the following discussions of error sOurces the errors will be 
divided into the following groups: 1. Sample-ta-Hold Transition, 
2. Hold Mode and 3. Hold-ta-Sample Transition. 

HOLD!SAMPLE DELAY 

I 
I 
I 
I 

APERTURE I 
I UNCERTAINTY I 

L. _____ J 

SAiiWi:El .. _____ Hl5'iJj_LD ____ --I1 SAMPLE 

LOGIC INPUT 

Figure 9. Pictorial Showing Various S/H Characterstics 

1% 

112SIT@ 
a SITS ~ 

0.1% 

!!I 112B1T~ 
10 BITS 

112B1T@ 
12 BITS '-

0.0'", 

1I2BIT@.< 
1481T8 

0.001% :'-

100 

V 
,.r 

/ 
~ 

i,l.:;E';;'ruRE DELAY 

~ 
(35nsl 

lk 10k 

SIGNAL FREQUENCY - Hz 

V 

lOOk 

Figure 10. Aperture Delay Error vs. Frequency 
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SAMPLE-TO-HOLD TRANSITION 
The apertUre delay time is the time required for the sample-and
hold amplifier to switch from sample to hold. Since this is effec
tively a constant then it may be tuned out. If however, the 
aperture delay time is not accounted for then errors of the mag
nitude as shown in Figure 10 will result. 

To eliminate the apertUre delay as an error source the sample-to
hold command may be advanced with respect to the input 
signal. 

Once the aperture dday time has been eliminated as an error 
so~ then the apertUre jitter which is the variation in aperture 
delay time from sample-to-sample remains. The apertUre jitter is 
a true error source and must be considered. The apertUre jitter 
is a result of noise within the switching network which modulates 
the phase of the hold command and is manifested in the variations 
in the value of the analog input that has been held. The apertUre 
error which results from this jitter is directly related to the 
dV/dT of the analog input. 

The error due to aperture jitter is easily calculated as shown 
below. The error calculation takes into account the desired 
accuracy corresponding to the resolution of the N-bit AID 
converter. 

2-(N+I) 

Fmax = 11" (Aperture Jitter) 

For an application with a 10-bit AID converter with a lOY full 
scale to a 1I2LSB error maximum.' 

2-(UHI) 
Fmax = --=-----::-

11" (0.5 x 1O-~ 

Fmax = 310. 8kHz. 

For an application with a 12-bit AfD converter with a 10V full 
scale to a 1I2LSB error maximum: 

Fmax = 
_-::..2 -_<_12_+_1_) .,... 

11" (0.5 x 10-9) 

Fmax = 77.7kHz. 

Figure 11 shows 'the entire range of errors induced by apenure 
jitter with respect to the input signal frequency. 
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Figure ". Aperture Jitter Error VB. Frequency 

Sample-ta-hold offset is caused by the transfer of charge to the 
holding capacitor via the gate capacitance of the switch when 
switching into hold. Since the gate capacitance couples the 
switch-control voltage applied to the gate on to the hold capacitor, 
the resulting sample-to-hold offset is a function of the logic 
level. 

The logic inputs were designed for application flexibility and, 
therefore, a wide range of logic thresholds. This was achieved 
by using a differential input stage for HOLD and HOLD. 
Figure 1 shows the change in the sample-ta-hold offset voltage 
based upon an independently programmed reference voltage. 
Since the input stage is a differential configuration, the offset 
voltage is a function of the control voltage range around the 
programmed threshold voltage. 

The sample-ta-hold offset can be reduced by adding capacitance 
to the internal l00pF capacitor and by using HOLD instead of 
HOLD. This may be easily accomplished by adding an external 
capacitor between Pins 7 and 8. The sample-to-hold offset is 
then governed by the relationship: 

Charge (pC) 
SIH Offset (V) = CH Total (pF) 

For the AD585 in particular it becomes: 

SIH Offset (V) = ~;i,~ + (CEXT) 

The addition of an external hold capacitor also affects the ac
quisition time of the AD585. The change in acquisition time 
with respect to the CEXT is shown graphically in Figure 2. 

HOLD MODE 
In the hold mode there are two important specifications that 
must be considered; feedthrough and the droop rate. Feedthrough 
errors appear as an attenuated version of the input at the output 
while in the hold mode. Hold-Mode feedthrough varies with 
frequency, increasing at higher frequencies. Feedthrough is an 
important specification when a sample and hold follows an 
analog multiplexer that switches among many different 
channels. 

Hold-mode droop rate is the change in output voltage per unit 
of time while in the hold mode. Hold mode droop originates as 
leakage from the hold capacitor, of which the major leakage 
current contributors are switch leakage current and bias current. 

The rate of voltage change on the capacitor dV/dT is the ratio 
of the total leakage current IL to the hold capacitance CH. 

dVOUT IL(PA) 
Droop Rate = ~ (VoltsiSec) = CH(pF) 

For the AD585 in particular; 

lOOpA 
Droop Rate = l00pF + (CEXT) 

Additionally the leakage current doubles for every 10°C increase 
in temperature above 25°C; therefore, the hold-mode droop rate 
characteristic will also double in the same fashion. The hold-mode 
droop rate can be traded-off with acquisition time to provide the 
best combination of droop error and acquisition time. The tradeoff 
is easily accomplished by varying the value of CEXT• 

Since a sample and hold is used typically in combination with 
an AID converter, then the total droop in the output voltage has 
to be less than 1I2LSB during the period of a conversion. The 
maximum allowable signal change on the input of an AID convener 
is: 

AV max = Full Scale Voltage 
2(N+l) 

Once the maximum AV is determined then the conversion time 
of the AID convener (T CONY) is required to calculate the maximum 
allowable dV/dT. 

dV max AV max 
~= TcoNY 

The maximum ~~ max as shown by the previous equation is 

the limit not only at 25°C but at the maximum expected operating 
temperature range. Therefore, over the operating temperature 
range the following critena must be met (ToPERATION -25OC) 
= AT. 

(aT"C) 

dV 25°C 2 wc- dV max 
~x ::s~ 

HOLD-TO-SAMPLE TRANSmON 
The Nyquist theorem· states that a band-limited signal which is 
sampled at a rate at least twice the maximum signal frequency 
can be reconstructed without loss of infonnation. This means 
that a sampled data system must sample, conven and acquire 
the next point at a rate at least twice the signal frequency. Thus 
the maximum input frequency is equal to 

f I 
MAX 2(TACQ + TCONV + TAP) 

Where T ACQ is the acquisition time of the sample-ta-hold 
amplifier, TAP is the maximum apenure time (small enough to 
be ignored) and T CONY is the conversion time of the AID 
converter. 

DATA ACQUlsmON SYSTEMS 
The fast acquisition time of the AD585 when used with a high 
speed AID convener allows accurate digitization of high frequency 
signals and high throughput rates in multichannel data acquisition 
systems. The AD585 can be used with a number of different 
AID conveners to achieve high throughPUt rates. Figures 12 
and 13 show the use of an AD585 with the AD578 and 
AD574A. 
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ANALOG 
INPUT 

OTO,10V 

- .... -,--1r---------.~+'5V 
-+--.... ---ir----<[I-----..... -t--15V 

~~~ O-~---================--J COMMAND 

Figure 12. AID Conversion System, 117.6kHz Throughput 
58.8kHz max Signal Input 

ANALOG 
INPUT 

OTO 10V 

- .... ---1[1-------~--._-+15V 
-+--.... -+-_.-_-------<l~+_--15V 

~~~fo-------------------~ 

Figure 13. 12 Bit AID Conversion System, 26.3kHz 
Throughput Rate, 13. 1kHz max Signal Input 

LOGIC INPUT 
The sample-and-hold logic control was designed for versatile 
logic interfacing. The HOLD and HOLD inputs may be used 
with both low and high level CMOS, TTL and ECL logic systems. 
Logic threshold programmability was achieved by using a differ
ential amplifier as the input stage for the digital inputs. A pre
dictable logic threshold may be programmed by referencing 
either HOLD or HOLD to the appropriate threshold voltage. 
For example, if the internall.4V reference is applied to HOLD 
an input signal to HOLD between + 1.8V and + V 5 will place 
the AD585 in the hold mode. The AD585 will go into the sample 
mode for this case when the input is between - V 5 and + l.OV. 
The range of references which may be applied is from ( - V 5 

+4V) to (.+Vs -3V). 

OPTIONAL CAPACITOR SELECTION 
If an additional capacitor is going to be used in conjunction 
with the internal IOOpF capacitor it must have a low dielectric 
absorption. Dielectric absorption is just that; it is the charge 
absorbed into the dielectric that is not immediately added to or 
removed from the capacitor when rapidly charged or discharged. 
The capacitor with dielectric absorption is modeled in 
Figure 14. 
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~T 
. Rx COA = (D.A.) X (C) 

Figure 14. Capacitor Model with Dielectric Absorption 

If the capacitor is charged slowly, COA will eventually charge to 
the same value as C. But unfortunately, good dielectrics have 
very high resistances, so while COA may be small, Rx is large 
and the time constant Rx COA typically runs into the millisecond 
range. In fast-charge, fast-discharge situations the effect of dielec
tric absorption resembles "memory". In a data acquisition system 
where many channels with widely varying data are being sampled 
the effect is to have an ever changing offset which appears as a 
very nonlinear sample-to-hold offset since the difference between 
the voltage being measured and the voltage previously measured 
determines the fraction by which the dielectric' absorption fIgUre 
is multiplied. It is impossible to readily correct for this error 
source. The only solution is to use a capacitor with dielectric 
absorption less than the maximum tolerable error. Capacitor 
types such as polystyrene, polypropylene or Teflon are 
recommended. 

GROUNDING 
Many data-acquisition components have two or more ground 
pins which are not connected together within the device. These 
"grounds" are· usually referred to as the Logic Power RetUrn, 
Analog Common (Analog Power Return), and Analog Signal 
Ground. These grounds must be tied together at one point, 
usually at the system power-supply ground. Ideally, a single 
solid ground would be desirable. However, since current flows 
through the ground wires and etch stripes of the circuit cards, 
and since these paths have resistance and inductance, hundreds 
of millivolts can be generated between the system ground point 
and the ground pin of the AD585. Separate ground returns 
should be provided to minimize the current flow in the path 
from sensitive points to the system ground point. In this way 
supply cUrrents and logic-gate return currents are not summed 
into the same return path as analog signals where they would 
cause measurement errors. 

Figure 15. Basic Grounding Practice 

DIGITAL 
DATA 

OUTPUT 
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WDEVICES Ultra High Precision Voltage Reference 

FEATURES 
Ultra Low Drift - 1ppmI"C 
Ultra Low Initial Error - 1mV 
Pin-Programmable Output 

+10V. +5V. :!:5V Tracking. -5V. -10V 
Flexible Output Force and Sense Terminals 
High Impedance Ground Sense 
Machine-Insertable DIP Packaging 
Guaranteed Long-Term Stability - 25ppml1000 hours 

PRODUCT DESCRIPTION 
The AD588 represents a major advance in the state-of-the··art in 
monolithic voltage references. It offers a combination of low 
initial error and low temperature drift previously found only in 
hybrid units at much higher cost. The AD588 uses a propri 
ion-implanted buried zener diode, and laser-wafer-drif 
of high stability thin-fIlm resistors to provide 0 

formance at low cost. 

The AD588 includes the basic referen 
amplifiers which provide pin-pro 
amplifiers are laser-trimmed for 
maintain the accuracy of the refer 
gured to allow Kelvin connections to the 
for driving long lines or high-current loads w 
full accuracy. 

The low initial error allows the AD588 to be used as a system 
reference in applications requiring 12-bit absolute accuracy. In 
such systems, the AD588 can provide a known voltage for system 
calibration in software and the low drift allows compensation for 
the drift of other components in a system. Manual system cali
bration and the cost of periodic recalibration can therefore be 
eliminated. Furthermore, the mechanical instability of a trimming 
potentiometer and the potential for improper calibration can be 
eliminated by using the AD588 and autocalibration software. 

The AD588 is available in seven versions. The AD588JN, KN, 
and LN are specified for the 0 to + 70"C temperature range and 
are packaged in a 16-pin plastic DIP. The AD588AD, BD, and 
CD grades are packaged in a 16-pin side-brazed ceramic DIP 
and are specified for the - 25°C to + 85°C industrial temperature 
range. The ceramic AD588SD and TD grades are specified for 
the full military/aerospace temperature range. 

AD588 I 
AD588 FUNCTIONAL BLOCK DIAGRAM 

NOISE 
REDUCTION 

A30UT 
A31N SENSE 

GAIN GND GND OV BAL SV MIN 
ADJ SENSE SENSE ADJ. 

+IN -IN 

.v. 
-v. 

o rs 12-bit absolute accuracy without any user 
Optional fine-trim connections are provided for 

requiring higher precision. The fme-trimming 
the operating conditions of the zener or the 

and thus does not increase the temperature 

erm stability is excellent and the LN, CD, and TD 
100% tested and guaranteed for 25 parts-per-million 

a 1000-hour period. 

nOIse of the AD588 is very low - typically 1Of.!. V POp. 
is provided for additional noise fIltering using an external 

capacitor. 

A precision :!: 5V tracking mode with Kelvin output connec
tions is available with no external components. Tracking 
error is less than one millivolt and a fme-trim is available for 
applications requiring exact symmetry between the + 5V and 
- 5V outputs. 

5. Pin strapping capability allows configuration of a wide variety 
of outputs: :!:5V, +5V& +IOV, -5V& -IOV dual outputs 
or + 5V, - 5V, + lOY, -lOY single outputs. 
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SPECIFICATIONS (typicaI@ +25"CandVs= ± 15V unless otIteIwide noted) 

AD588]NIADISDtrD 
Min Typ Max 

OUTPUT VOLTAGE ERROR 
+ IOV, -lOY Outputs -3 3 
+ SV, - 5V Outputs -1.5 1.5 

OUTPU'TVOLTAGE DRlFT 
25toTmiaorT~ -3 3 
2510 T mi.orT ~(T Grade) -5 5 

LINE REGULATION 
+ 10VOutput, 
+11.4V<+Vs<+ISV -100 100 

-lOY Output, 
-ISV< - Vs< -11.4V -100 100 

LOAD REGULATION 
+ lOY, -IOVOutputs, 
O<Iour<lOrnA -100 100 

QUIESCENT CURRENT 7 10 

OUTPUT NOISE (Any Output) 
O.ltolOHz 10 
Spectral Density, 100Hz 100 

LONG-TERMSTABILITY(@+25'C) 
J, K, A, B, S Grades 25 
L,C,TGrades 25 

,±5VTRACKINGMODE 
Symmetry Error -1.5 1.5 

BUFFER AMPLIFIERS 
Offset Voltage 100 
Bias Current 20 
Open Loop Gain 110 
Output CurrentA3, A4 -10 +10 

SHORT-CIRCUIT CURRENT 20 

TEMPERATURE RANGE 
Specified Performance 

J,K,LGrades 0 +70 
A,B,CGrades -25 +S5 
S, TGrades -55 +125 

NOTE 
Specifications subject to change without norice. 
Specifications shown in boldface are tested on an production units at fmal 
dectrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications are guaranteed, although only those 
shown in boldface are tested on all production units. 

AD588KNILNIBDICD 
Min Typ Max Units 

-1 +1 mV 
-0.5 +0.5 mV 

-1 +1 ppmI"C 
ppmI"C 

-100 100 ",VN 

-100 100 ",VN 

-100 100 ",VIrnA 

7 10 rnA 

10 ",Vp-p 
100 nVIYHZ 

25 ppmllOOOhr 
25 ppm/lOOOhr 

-0.5 +0.5 mV 

100 ",V 
20 nA 
110 dB 

-10 +10 mA 

20 rnA 

0 +70 'C 
-25 +85 'C 

'C 

ABSOLUTE MAXIMUM RATINGS AD588 PIN CONFIGURATION 
+Vs to -Vs . ' ..... . 
Power Dissipation ( + 25°C) 

D Package 
N Package ...... . 

Storage Temperature .. . 
Lead Temperature (Soldering, 100ec) 
Package Thermal Resistance 

D (Ojn/Ojc) . . . . • • . . . . . . . 
N (Ojn/Ojc) ....•.••...•. 

36V 

600mW 
600mW 

- 65°C to + 150"C 
.. 300°C 

Output Protection: All outputs safe if shorted to ground 

ORDERING GUIDE 
Part Initial Temperature Temperature 
Number Error Coefficient RangeOC Package 

AD588JN 3mV 3ppmfC Oto +70 Plastic 
AD588KN ImV IppmrC Oto +70 Plastic 
AD588LN ImV IppmrC Oto +70 Plastic 
AD588AD 3mV 3ppmrC -25to +85 Ceramic 
AD588BD ImV IppmrC -25to +85 Ceramic 
AD588CD ImV IppmrC -25to +85 Ceramic 
AD588SD 3mV 3ppmrC -55 to + 125 Ceramic 
AD588TD 3mV 5ppmrC -55 to + 125 Ceramic 
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Theory of Operation 
The AD588 consists of a buried zener diode reference, amplifiers 
used to provide pin programmable output ranges, and associated 
thin film resistors as shown in the block diagram of Figure 1. 
The temperature compensation circuitry provides the device 
with a temperature coefficient of IppmJ°C or less. 

A31N 

-v, 

GAIN GND GND BAL 5V A4 IN 
ADJ SENSE SENSE ADJ. 

+IN -IN 

Figure 1. AD588 Functional Block Diagram 

Amplifier Al performs several functions. Al primarily acts to 
amplify the zener voltage from 6.5V to the required IOVoutput. 
In addition, Al also provides for external adjustment of the IOV 
output through pin 5, the GAIN ADJUST. Using the bias 
compensation resistor between the zener output and the non-in
verting input to AI, a capacitor can be added at the NOISE 
REDUCTION pin (pin 7) to form a low pass filter and reduce 
the noise contribution of the zener to the circuit. Two matched 
thin film resistors (R4 & R5) divide the IOV output in half. The 
5V pin (pin 11) provides access to this voltage and pin 12 (BAL
ANCE ADJUST) can be used for fine adjustment of this 
division. 

Ground sensing for the circuit is provided by amplifier A2. The 
non-inverting input (pin 9) senses the system ground which will 

Applying the AD588 
be transferred to the point on the circuit where the inverting 
input (pin 10) is connected. This may be pin 6, 8 or 11. The 
output of A2 drives pin 8 to the appropriate voltage. Thus, if 
pin 10 is connected to pin 8, the OV pin will be the same voltage 
as the system ground. Alternatively, if pin 10 is connected to 
the 5V pin, it will be ground and pin 6 and pin 8 will be + 5V 
and - 5V respectively. 

Amplifiers A3 and A4 are internally compensated and are used 
to buffer the voltages at pins 6, 8, and 11 as well as to provide a 
full Kelvin output. Thus, the AD588 has a full Kelvin capability 
by providing the means to sense a system ground and provide 
forced and sensed outputs referenced to that ground. 

Applying the AD588 
The AD588 may be configured in a number of different ways to • 
provide dual reference outputs ( + 5V and + IOV, + 5V and 
- 5V, or - 5V and - IOV) or any of the following single reference 
outputs: + 5V, + IOV, - 5V or -IOV. The various options are 
set up by using the inverting input (pin 10) of A2. Table I 
details the appropriate pin connections for each output range. 

Single Outputs 
Pin 9 should be connected to the system ground and power is 
applied to pins 2 and 16. Figure 2 and Table I show the connections 
for each of the options. The unused output amplifiers A3 and/or 
A4 should have the output force and sense pins connected and 
their input tied to pin 6 or pin 8. 

Dual Outputs 
With power applied to pins 2 and 16 and pin 9 connected to the 
system ground, the AD588 will produce the appropriate output 
ranges when connected as shown in Table 1 and Figure 2. De~ 
pending npon the voltages required, the unbuffered outputs are 
available at pins 6, 8 and 11. Either signal may be buffered by 
amplifiers A3 and A4. At this point, the GAIN ADJUST and 
BALANCE ADJUST pins may be used as described in the 
CALIBRATION section. If desired, two outputs of the same 
voltage may be obtained by connecting both output buffers to 
the appropriate output pins. This is shown in Table I. 

CONNECT BUFFERED 
PINIO UNBUFFERED OUTPUT ON PINS OUTPUT BUFFEREDOUTPUTONPINS 

RANGE TOPIN: -lOY -SV OV +5V CONNECTIONS -lOY -SV OV +5V +IOV 

SINGLE 
OUTPUTS 
+5Vor+IOV It l1·ll & 14-15 IS -

64 & 3·1 

SVor+5V It 8-13 & 14--15 IS 

"' 64 & 3·1 

-SVor-IOV It • 11·13 & 14-1S IS 

" 8-4&3.l 

DUAL OUTPUTS 
+5V lI.1l & 14-15 IS 

6-4 & 3-1 

+5V 64 & 3.1 
It 

-5V 8·B& 14-15 IS 

5V 11-4 & 3-1 

-JOV 8-13 & 14-15 

+SV It 11·13 & 14-15 IS 

+SV 11-4 &),,1 

6-13 & 14-15 IS 

+lOV 64 & 3·1 

11 - 11-4 & 3-1 

-5V 1I.ll & 14--15 15 

IOV 8-4 & 3·1 

-IOV S·lJ & 14-15 15 

Table!. AD588Connections 

NEW PRODUCTS - ICs 3-101 



GAIN 
ADJUST 

'OOk 
20T 

GAIN 
ADJUST , .... 

20T 

GAIN 
ADJUST ,GO, 

20T 

>-0--'1----+10V , 

"">-(,i}---'I----. +5V 

(»--"""""1!'-- +15V 

'--~ ___ 15V 

Figure 2a. + 10V and +5V Outputs 

>0-~---+5V 

><@--+----5V 

'--~ ___ "V 

Figure 2b. +5Vand -5V Outputs 

>0-~----5V 

>@---+----1OV 

(i}----1o--- + 15V 

L-~ ___ 15V 

Figure 2c. -5Vand -10V Outputs 
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CALIBRATION 
Generally, theAD588 will meet the requirements of a precision 
system without additional adjustment. Initial output voltage 
error of 1m V and output noise specs of lOjL V p-p allow for 
accuracies of 12-16 bits. However, in applications where an even 
greater level of accuracy is required, additional calibration may 
be called for. Provision for trimming has been made through 
the use of the GAIN ADJUST and BALANCE ADJUST pins 
(pins 5 and 12 r'espectively). 

Gain adjustment can be accomplished by using a lOOk, 20 turn 
potentiometer connected between pins 6 and 8. The wiper should 
be connected to GAIN ADJUST pin 5 as shown in Figures 
2a, b, c. The typical adjustment range of this setup is - 3.5mV 
to +7.5mV with a resolution ofapproximately 550jLV/turn. 

Trimming the AD588 introduces no additional errors over tem
perature so a precision potentiometer is not required. 

For the ± 5V range, an additional adjustment, the BALANCE 
trim; may be required. Adjustments of these outputs independently 
control the gain (pin 6 - pin 8) and the symmetry or balance of 
the output, Gain adjustment is identical to the one described 
above. The balance adjustment also uses a lOOK, 20 turn poten
tiometer connected between pins 6 and 8. The tap is connected 
to pin 12, BALANCE ADJUST, and provides a range of ± 4.5m V 
with a resolution of 450jL V/turn. 

For single output voltage ranges, or in cases when BALANCE 
ADJUST is not required, pin 12 should be connected to pin 11. 
If GAIN ADJUST is not required, pin 5 should be left floating. 

NOISE REDUCTION 
The noise generated by the AD588 is typically less than 10jLV 
p-p over the 0.1 to 10Hz band. Noise in a IMHz bandwidth is 
approximately 800jL V p-p. The dominant source of this noise is 
the buried zener which contributes approximately l00nV/v1IZ. 
In comparison, the op amp's contribution is negligible. 

If further noise reduction is desired, an optional capacitor may 
be added to the NOISE REDUCTION pin. This will form a 
low pass filter on the output of the zener cell. A IjLF capacitor 
will have a 3dB point at 40HZ and will reduce the high frequency 
IMHz noise to about 200jL V p-p. Figures 2a, b, and c show a 
noise reduction capacitor connected. The NOISE REDUCTION 
function must not be used when configuring the device when 
pin 10 is connected to pin 6 ( -lOY output). 
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FEATURES 
High Precalibrated Accuracy: O.SOC max @ 2SOC 
Excellent Unearity: 0.1SOC max (0 to +700c) 
Wide Operating Temperature Range: -2SOC to +10SOC 
Single Supply Operation: +4V to +30V 
Excellent Repeatability and Stability 
High Level Output: 1p.A1K 
Two Terminal Monolithic IC: Temperature Inl 

Current Out 
Minimal Self-Heating Errors 

PRODUCT DESCRIPTION 
The ADS92 is a two terminal monolithic integrated circuit tem
perature transducer that provides an output current proportional 
to absolute temperature. For a wide range of supply voltages the 
transducer acts as a high impedance temperature dependent 
current source of IJJAlK. Improved design and laser wafer 
trimming of the IC's thin film resistors allows the ADS92 to 
achieve absolute accuracy levels and nonlinearity errors previously 
unattainable at a comparable price. 

The ADS92 can be employed in applications between - 25°C 
and + 105°C where conventional temperature sensors (i.e., ther
mistor, RTD, thermocouple, diode) are currently being used. 
The inherent low cost of a monolithic integrated circuit in a 
plastic package, combined with a low total parts count in any 
given application, make the ADS92 the most cost effective tem
perature transducer currently available. Expensive linearization 
circuitry, precision voltage references, bridge components, resis
tance measuring circuitry and cold junction compensation are 
not required with the ADS92. 

Typical application areas include; appliance temperature sensing, 
automotive temperature measurement and control, HVAC (heat
ing/ventilating/air conditioning) system monitoring, industrial 
temperature control, thermocouple cold junction compensation, 
board-level electronics temperature diagnostics, temperature 
readout options in instrumentation, and temperature correction 
circuitry for precision electronics. Particularily useful in remote 
sensing applications, the ADS92 is immune to voltage drops and 
voltage noise over long lines due to its high impedance current 
output. ADS92s can easily be multiplexed; the signal current 
can be switched by a CMOS multiplexer Of the supply voltage 
can be enabled with a tri-state logic gate. 

·Covered by Patent No. 4,123,698. 

Low Cost, Precision IC 
Temperature Transducer 

AD592* I 
AD592 CONNECTING DIAGRAM 

(BOTTOM VIEW) 

·PIN 2 CAN BE EITHER ATTACHED OR UNCONNECTED 

The ADS92 is available in three performance grades; the 
ADS92AN, ADS92BNand ADS92CN. All devices are packaged 
in a plastic TO-92 case rated from - 4SOC to + 125°C. Performance 
is specified from - 25°C to + 105°C. ADS92 chips are also 
available, contact the factory for details. 

PRODUCT IUGHLIGHTS 
1. With a single supply (4V to 30V) the ADS92 offers OSC 

temperature measurement accuracy. 
2. A wide operating temperature range ( - 25°C to + 105°C) and 

highly linear output make the ADS92 an ideal substitute for 
older, more limited sensor technologies (i.e., thermistors, 
RTDs, diodes, thermocouples). 

3. The ADS92 is electrically rugged; supply irregularities and 
variations or reverse voltages up to 20V will not damage the 
device. 

4. Because the ADS92 is a temperature dependent current source, 
it is immune to voltage noise pickup and IR drops in the 
signal leads when used remotely. 

S. The high output impedance' of the ADS92 provides greater 
than OSC/V rejection of supply voltage drift and ripple. 

6. Laser wafer trimming and temperature testing insures that 
ADS92 units are easily interchangeable. 

7. Initial system accuracy will not degrade significantly over 
time. The ADS92 has proven long term performance and 
repeatability advantages inherent in integrated circuit design 
and construction. 
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SPECIFICATIONS (typical @ 25"1:, Ys=5Y, unless otheIwise noted) 

ADS92AN 
Maciel MiD Typ 

ACCURACY 
Calibra!ion Error@25·C' 1.5 

TA = Oto +7O"C 
furor.over Temperature 1.8 
Nonlinearity' 0.15 

TA =' -25to + 105"C 
Errorover Temperature' 2.0 
Nonlinearity' 0.25 

OUTPUT CHARACTERISTICS 
Nominal Current Output 

@25"C(298.2K) 298.2 
Temperature Coefficient I 
Repeatability' 
LongTermStability' 

ABSOLUTE MAXIMUM RATINGS 
Operating Temperature -25 
Package Temperature' -45 
Forward Voltsse ( + to -) 
Reverse Voltage ( - to + ) 
Lead Temperature 

(Soldering 10 sec) 

POWER SUPPLY 
OperatingVoltsseRange 4 
Power Supply Rejection 

+4V<Vs<+5V 
+ 5V<Vs< + 15V 
+15V<Vs<+30V 

NOTES 
'An exteroal calibration trim can be used to zero the error@25"C. 

-'Defmedas the maximum deviation from amathematically best fit line. 
'Parameter tested on all production units at + IOS"C only. C grade at 
-25"Calso. 

'Maximum deviation between + 25"C readings after a temper&turecycle 
betWeen -45"Cand + 125"C. ErrOrsoftlristypearenoncummuiative. 

50peration@12SOC,errorovertimeisDoncummulative. 

PHYSICAL DIMENSIONS 
Dimensions sbown in inches and (mm). 

10
' 'I~ 0.135 I I (4.96 - 5.201 

(3.431 I 0 , • 

MIN r---, f 
I I~ 
, I (4.58 - 5.331 

SEATING PLANE L. _ I .-l. I ~(1.27IMAX 

0.500 
112.701 
MIN 

0.016 - 0.G19 
(0.407 - 0.4821 

SQUARE L 
~-'~~ ~ ..., (1.15 - 1.391 

(2.42 - 2.661 

O.oao - 0.1051 I-
(2.42 - 2.661 1---.1. 
.L~~ 

~:.~ = ~:~ ~ (3.94 - 4.191 ,-- -, 
TO-92 (N) 
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ADS92BN ADSlI2CN 
Max MiD Typ Max MiD Typ Max Vails 

< 
2.S 0.7 1.0 0.3 O.S "C 

3.0 0.8 1.5 0.4 0.8 "C 
0.35 0.1 0.25 0.05 0.15 "C 

3.S 0.9 2.0 0.5 1.0 "C 
0.5 0.2 0.4 0.1 0.35 "C 

298.2 298.2 !LA 
I I ..,ArC 

0.1 0.1 0.1 "C 
0.1 0.1 0.1 "CImonth 

+ 105 -25 +105 -25 +105 "C 
+125 -45 +125 -45 +125 "C 
44 44 44 V 
20 20 20 V 

300 300 300 "C 

30 4 30 4 30 V 

O.S O.S O.S "CIV 
0.2 0.2 0.2 "CIV 
0.1 0.1 0.1 "CIV 

'Although performance is not specified beyond the operatiog temperature range. temperature 
excursions within thepackage temperature range will not damage thedevice. 

SpeciflC8tions subject to. change without notice. 

Specifications shown in boldface are tested on all production units at fmal e1ectri~ 
cal test. Results from those tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, although only those shown in 
boldface are tested on all production units_ . 

K 
·c 

·F 

+~ +27~ +291r +3230 +373" +423° 
-500 ao +250 +50° +1000 +lSOO 

11111,,111111111111 ~ I I Ii ~ II 11111" 1\ 111111 I! til \ 111111/1 1 t't 
-100" 0" I ~ +1000 '+2000: +3000 

32" 70· 212" 

TEMPERATURE SCALE CONVERSION EQUATIONS 

°c = 2.- (OF -32) 
9 

. OF =. ~. °c +32 

K = °c +273.15 



Typical @ Vs = + 5V 
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Typical Performance Curves 
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-0.50 
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............. - ...df. 
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.... ~ 

--~- ./'" 
-0.75 

• SOD 1000 1500 
nME- Hours 

20 •• 

Long-Term Stability@ 85°C and'85% Relative Humidity 

•. 75r---,---.,----r---, 

Model 

AD592CN 
ADS92BN 
AD592AN 

5 •• 1000 
llME- Hours 

1500 

Long-Term Stability @ 125°C 

ADS92 ORDERING GUIDE 

MuError 

2000 

Package 

TO-92 
TO-92 
TO-92 

MuCal 
Error@2S"C - 2S"C to -+: lOS·C 

OSC l.OOC 
l.OOC 2.00c 
2SC 3.5"C 

Mu Nonlinearity 
- 2S"C to + lOS"C 

O.35°C 
OA·C 
O.5OC 
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· THEORY OF OPERATION 
The AD592 uses a fundamental property of silicon transistors to 
realize its temperature proportional output. If two identical 
transistors are operated at a constant ratio of collector current 
densities, r, then the difference in base-emitter voltages will be 
(kT/q)(ln r). Since both k, Boltzman's constant and q, the charge 
of an electron are constant, the resulting voltage is directly 
Proportional To Absolute. Temperature (PTAT). In the AD592 
this difference voltage is converted to a PTA T current by low 
temperature coefficient thin film resistors. This PTA T current 
is then used to force the total output current to be proportional 
to degrees Kelvin. The result is a current source with an output 
equal to a scale factor times the temperature (K) of the sensor. 
A typical V-I plot of the circuit at + 25°C and the temperature 
extremes is shown in Figure 1. 

+105"<: 
378 

/ +25" 

// -25'"C 

~ Ij 
-UP TO 

30V 

/ 

i 
j 298 

248 

SUPPLY VOLTAGE- Volts 

Figure 1. V-I Characteristics 

Factory trimming of the scale factor to llloAlK is accomplished 
at the wafer level by adjusting the ADS92's temperature reading 
so it corresponds to the actual temperature. During laser trimming 
the IC is at a temperature within a few degrees of 2SOC and is 
powered by a SV supply. The device is then packaged and 
automatically temperature tested to specification. 

FACTORS AFFECTING AD592 SYSTEM PRECISION 
The accuracy limits given on the Specillcations page for the 
ADS92 makes it easy to apply in a variety of diverse applications. , 
To calculate a total error budget in a given system it is important 
to correctly interpret the accuracy specifications, nonlinearity 
errors, the response of the circuit to supply voltage variations 
and the effect of the surrounding thermal environment. As with 
other electronic designs external component selection will have a 
major effect on accuracy. 

CALIBRATION ERROR, ABSOLUTE ACCURACY AND 
NONLINEARITY SPECIFICATIONS 
Three primary limits of error are given for the ADS92 such that 
the correct grade for any given application can easily be chosen 
for the overalllevc;l of accuracy required. They are the calibration 
accuracy at 25OC, and the error over temperature from 0 to 70"C 
and - 25°C to + l05OC. These specifications correspond to the 
actual error the user would see if'the current output of a ADS92 
were converted to a voltage with a precision resistor. Note that 
the maximum error at room temperature, over the commercial 
IC temperatJUe range, or an extended range including the boiling 
point of water, can be directly read from the Specifications 
Table. All three error limits are a combination of initial error, 
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scale factor variation and nonlinearity deviation from the ideal 
llloAlK output. Figure 2 graphically depicts the' guaranteed 
limits of accuracy for an AD592CN. 

+1.0 r---,...---,...------r----~ 

+0.51----/-----"'1"='--===;=.===--1 

-25 +25 +70 +1" 
TEMPERATURE - "C 

Figure 2. Error Specifications (AD592CN) 

The ADS92 has a highly linear output in comparison to older 
technology sensors (i.e., thermistors, RTDs and thermocouples), 
thus a nonlinearity error specification is separated from the 
absolute accuracy given over temperature. As a maximum deviation 
from a best-fit straight line this speciftcation represents the only 
error which cannot be trimmed out. Fignre 3 is a plot of typical 
ADS92CN nonlinearity over the. full rated temperature range. 
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Figure 3. Nonlineatity Error (AD592CN) 

TRIMMING FOR HIGHER ACCURACY 
Calibriltion error at 25°C can be removed with a single temperature 
trim. Fignre 4 shows how to adjust the ADS92's scale factor in 
the basic voltage output circuit. 

+V 

+ 

Figure 4. Basic Voltage Output (Single Temperature Trim) 



To trim the circuit the temperature must be measured by a 
reference sensor and the value of R should be adjusted so the 
output (VOUT) corresponds to ImV/K. Note that the trim proce
dure should be implemented as close as possible to the temperature 
highest accuracy is desired for. In most applications if a single 
temperature trim is desired it can be implemented where the 
AD592 current-to-output voltage conversion takes place (e.g., 
output resistor, offset to an op amp). Figure 5 illustrates the 
effect on total error when using this technique. 

+'.0 r------,----------, 
ACCURACV 

wrrHOUTTRIM 

+0.5 I----"'~--b",==----------I 

-'.01------+----------1 

-25 +25 
TEMPERATURE - "C 

+, .. 

Figure 5. Effect of Scale Factor Trim on Accuracy 

If greater accuracy is desired, initial calibration and scale factor 
errors can be removed by using the AD592 in the circuit of 
Figure 6. 

+5V 

AD1403 

"2 
97.SkU 5kU 

V-

+ 

Figure 6. Two Temperature Trim Circuit 

With the transducer at O°C adjustment of Rl for a OV output 
nulls the initial calibration error and shifts the output from K to 
DC. Tweaking the gain of the circuit at an elevated temperature 
by adjusting R2 trims out scale factor error. The only error 
remaining over the temperature range being trimmed for is 
nonlinearity. A typical plot of two trim accuracy is given in 
Figure 7. 

SUPPLY VOLTAGE AND THERMAL ENVIRONMENT 
EFFECTS 
The power supply rejection characteristics of the AD592 minimizes 
errors due to voltage irre~ity, ripple and noise. If a' supply is 
used other than 5V (used in factory trimming), the power supply 
error can be removed with a single temperature trim. The PT AT 
nature of the AD592 will remain unchanged. The general insen-
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Figure 7. Typical Two Trim Accuracy 

sitivity of the output allows the use of lower cost unregulated 
supplies and means that a series resistance of several hundred 
ohms (e.g., CMOS multiplexer, meter coil resistance) will not 
degrade the overall performance. 

The thermal environment in which the AD592 is used determines 
two performance traits: the effect of self-heating on accuracy 
and the response time of the sensor to rapid changes in temperature. 
~ the first case, a rise in the IC junction temperature above the 
ambient temperature is a function of two variables; the power 
consumption level of the circuit and the thermal resistance 
between the chip and the ambient environment (OJ,v. Self-heating 
error in "C can be derived by multiplying the power dissipation 
by OJA. BeCause errors of this type can vary widely for surroundings 
with different heat sinking capacities it is necessary to specify 
OJA under several conditions. Table I shows how the magnitude 
of self-heating error varies relative to the environment. In typical 
free air applications at 25°C with a 5V supply the magnitude of 
the error is 0.2"c or less. A common clip-un heat sink will 
reduce the error by 25% or more in critical high temperature, 
large supply voltage situations. 

Medium 8JA ("C/watt) T(sec)· 

Still Air 
Without Heat Sink 175 60 
With Heat Sink 130 55 

Moving Air 
Without Heat Sink 60 12 
With Heat Sink 40 10 

Fluorinert Liquid 35 5 
Aluminum Block·· 30 2.4 

*T is an average of five time constants (99.3% of fmal value). In cases where 
the thermal response is not a simple exponential function, the actual thermal 
response may be better than indicated. 
"With thermal grease. 

Table I. Thermal 6:haracteristics 
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RespOnse of the ADS92 outp/lt to abrupt changes in ambient 
temperature can be modeled by a single time constant 'T exponential 
function. Figure 8 shows typical response time plots for several 
media of interest. 
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Figure 8. Thermal Response Curves 

The time constant, 'T, is dependent on aJA and the thermal 
capacities of the chip and the package. Table I lists the effective 
'T (time to reach 63.2% of the final value) for several different 
media. Copper printed circuit board connections where neglected 
in the analysis, however, they will sink or conduct heat directly 
through the ADS92's solder dipped Kovar leads. When faster 
response is required a thei:mally conductive grease or glue between 
the ADS92 and the surface temperature being measured should 
be used. In free air applications a <;1i.p-on heat sink will' decrease 
output stabilization time by 10-20"10>. 

MOUNTING CONSIDERATIONS 
If the ADS92 is thermally attached and properly protected, it 
can be used in any temperature measuring situation where the 
maximum range of temperatures encountered is between - 25°C 
and + 10SoC. Because plastic IC packaging technology is employed, 
excessive mechanical stress must be safeguarded against when 
fastening the device with a clamp or screw-on heat tab. Thermally 
conductive epoxy or glue is recommended under typical mounting 
conditions. In wet or corrosive environments any electrically 
isolated metal or ceramic well can be used to shield the AD592~ 
Condensation at cold temperatures can cause leakage current 
related errors and should be 'avoided by sealing the device in 
nonconductive epoxy paint or dips. 

APPLICATIONS 
Connecting several ADS92 devices in parallel adds the currents 
through them and produces a reading proportional to the average 
temperature. Series AD592s will indicate the lowest temperature 

+5V 

+ + + 
AD592 

+16V 

+ 
AD592 

AD592 

AD592 

Figure 9. ,Average and Minimum Temperature 
Connections ' , 
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because the coldest device limits the series current flowing through 
the $CIlsors. Both of these circuits are depicted in Figure 9. 

The circuit of Figure 10 demonstrates a method in which 
a voltage output can be derived in a differential temperature 
measurement. 

+V 

AD592 

AD592 

-v 

+ 
VOUT= 

(T1-T:zI)( 
(10mVI'"C) 

Figure 10. Differential Measurements 

RI can be used to trim out the inherent offset between the two 
devices. By increasing the gain resistor (lOkO) temperature 
measurements can be made with higher resolution. If the mag
nitude of V + and V - is not the same, the difference in power 
consumption between the two devices can cause a differential 
self-heating error. 

Cold junction compensation (CJC) used in thermocouple signal 
conditioning can be implemented using an AD592 in the circuit 
configuration of Figure II. Expensive simulated ice baths or 
hard to trim, inaccurate bridge circuits are no longer required. 

MEASURING 
JUNCTION 

,---
I 
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520 
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----, 
Cu I tkO 
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I 
I 

REFERENCE I 
JUNCTION I 
___ ...J 

10k!} 

100kn~-_~ 
.~ 

(1kUI 

.... , 

410 
410 
.'0 an .0 

Figure ". Thermocollple Cold Junction Compensation 

The circuit shown can be optimized for any ambient temperature 
range or thermocouple type by simply selecting the correct 
value for the scaling resistor - R. The ADS92 output (ltJAlK) 
times R shoulq approximate the line best fit to the thermocouple 
curve (slope in vrC) over the most likely ambient temperature 
range. Additionally, the output sensitiviJ:Y can be chosen by 
selecting the resistors Roland Ro2 for the desired noninverting 
gain. The offset adjustment shown simply references the AD592 
to "C. Note that the TC's of the reference and the resistors are 
the primary contributors to error. Temperature rejection of 40 
to I can be easily achieved using the above technique. 

Although the ADS92 offers a noise immune current output; it is 
not compatible with process control/industrial automation current 
loop standards. Figure 12 is an example of a temperature to 4-
20mA transmitt;er for use'with 4OV, IkO systems. 

In this circuit the I tJAIK output of the AD592 is amplified to 
lmArC and offset so that 4mA is equiv,alent to 17"C and 20mA 
is equivalent to 33°C. Rt is trimmed for proper reading at an 



r------o +20V 

+1mAf"C 

.OO" 

"'" ~-20V 

Figure 12. Temperature to 4--20mA Current Transmitter 

intermediate reference temperature. With a suitable choice of 
resistors, any temperature range within the operating limits of 
the AD592 may be chosen. 

Reading temperature with an AD592 in a microprocessor based 
system can be implemented with the circuit shown in Figure 13. 

+ 
A0592 

+5V 

FORMAT V~ 

Vu~HI 

9kn 

SPAN loon CENTER 
TRIM POINT V""HI 

TRIM 

2.oa 
95.n V.roIlO 

,kn RIW 

Figure 13. Temperature to Digital Output 

8-81T8 
OUT 

By using a differential input AID converter and choosing the 
current to voltage conversion resistor correctly any range of 
temperatures (up to the 13O"C span the AD592 is rated for) 
centered at any point can be measured using a minimal number 
of components. In this confIguration the system will resolve up 
'to IOC. 

A variable temperature Controlling thermostat can easily be built 
using the AD592 in the circuit of Figure 14. 

RHIGH and RLOW determine the limits of temperature controlled 
by the potentiometer RsBT. The circuit shown operates over the 
full temperature range ( - 25°C to + 105°C) the ADS92 is rated 
for. The reference maintains a constant set point voltage and 
insures that approximately 7V appears across the sensor. If it is 
necessary to guardband for extraneous noise hysteresis can be 
added by tying a resistor from the output to the ungrounded 
endofRLOW• 

+15V 

AD581 

RPUL ..... UP 

+ RHIGH 

AD592 
62.7kU 

COMPARATOR 

",., 
10kH 

I TEMP",SETPOINT 
I OUTPUT LOW 

RttvST j 

-C-~.J 10k,u 
"cow (OPTIONAL) 

27.3kn C 

Figure 14. Variable Temperature Thermostat • 

Multiple remote temperatures can be measured using several 
ADS92s with a CMOS multiplexer or a series of SV logic gates 
because of the device's current-mode output and supply-voltage 
compliance range. The on-resistance of a FET switch or output 
impedance of a gate will not effect the accuracy, as long as 4 V is 
maintained across the transducer. MUXs and logic driving circuits 
should be chosen to minimize leakage current related errors. 
Figure 15 illustrates a locally controlled MUX switching the 
signal current from several remote AD592s. CMOS or TTL 
gates can also be used to switch the AD592 supply voltages, 
with the multiplexed signal being transmitted over a single 
twisted pair to the load. 

+ 
T, T, 

+ 
REMOTE 
ADS92'S 

+1SV -15V 

D D 

E " C , 

°v DE 

: " I 

VOUT 

10kO 

Figure 15. Remote Temperature Multiplexing 

To minimize the number of MUXs required when a large number 
of AD592s are being used, the circuit can be confJgllred in a 
matrix. That is, a decoder can be used to switch the supply 
voltage to a column of AD592s while a MUX is used to control 
which row of sensors are being measured. The maximum number 
of ADS92s which can be used is the product of the number of 
chancels of the decoder and MUX. ' 
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An example circuit controlling 80 AD592s is shown in Figure 
16. A 7-bit digital word is all that is required to select one of 
the sensors. The enable input of the multiplexer turns all the 
sensors off for minimum dissipation while idling. 

. 
8O-AD592S 

Figure 16. Matrix Multiplexer 
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To convert the AD592 output to °C or OF a single inex~nsive 
reference and op amp can be used as shown in Figure 17. Although 
this circuit is similar to .the two temperature trim circuit shown 
in Figure 6, two important differences exist. First, the gain 
resistor is fixed alleviating the need for an elevated temperature 
trim. Acceptable accuracy can be achieved by choosing an inex
pensive resistor with the correct toleranCe. Second, the AD592 
calibration error can be trimmed out at a known convenient 
temperature (i.e., room temperature) with a single pot adjustment. 
This step is independent of the gain selection. 

ADI403 

v-

"GAO. 
100kn 
180kO 

Figure 17. Celsius or Fahrenheit Thermometer 
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FEATURES 
User Programmed Gains of 1 to 10,000 
Low Gain Error: 0.02% max 
Low Gain TC: 5ppmfC max 
Low Nonlinearity: 0.001% max 
Low Offset Voltage: 25J1.V 
Low Noise 4nV/YHz (at 1kHz) RTI 
Gain Bandwidth Product: 25MHz 
16-Pin Ceramic or Plastic DIP Package 
MIL-Standard Parts Available 
Low Cost 

PRODUCT DESCRIPTION 
The AD625 is a precision instrumentation amplifier specifically 
designed to fulfill two major areas of application: 
I) Circuits requiring nonstandard gains (i.e., gains not easily 
achievable with devices such as the AD524 and AD624). 
2) Circuits requiring a low cost, precision software program
mable gain amplifier. 

For low noise, high CMRR, and low drift the AD625JN is the 
most cost effective instrumentation amplifier solution available. 
An additional three resistors allow the user to set any gain from 
I to 10,000. The error contribution of the AD625JN is less than 
0.05% gain error and under 5ppmrC gain TC; performance 
limitations are primarily determined by the external resistors. 
Common-mode rejection is independent of the feedback resistor 
matching. 

A software programmable gain amplifier (SPGA) can be configured 
with the addition of a CMOS multiplexer (or other switch network), 
and a suitable resistor network. Because the ON resistance of 
the switches is removed from the signal path, an AD625 based 
SPGA will deliver 12-bit precision, and can be programmed for 
any set of gains between I and 10,000, with completely user 
selected gain steps. 

For the highest precision the AD625C offers an input offset 
voltage drift of less than 0.25,..,VrC, output offset drift below 
15J.LVrC, and a maximum nonlinearity of 0.001% at G= I. All 
grades exhibit excellent ac performance; a 25MHz gain bandwidth 
product, 5V J.LS slew rate and 15J.Ls settling time. 

The AD625 is available in three accuracy grades (A, B, C) for 
industrial ( - 25°C to + 85°C) temperature range, two grades (J, 
K) for commercial (0 to + 70°C) temperature range, and one (S) 
grade rated over the extended ( - 55°C to + 125°C) temperature 
range. 

Programmable Gain 
Instrumentation Amplifier 

AD625 I 
AD625 FUNCTIONAL BLOCK DIAGRAM 

+GAIN 
DRIVE 

+GAIN 
SENSE 

PRODUCT HIGHLIGHTS 
I. The AD625 affords up to 16-bit precision for user selected 

fixed gains from I to 10,000. Any gain in this range can be 
programmed by 3 external resistors. 

2. A 12-bit software programmable gain amplifier can be confi
gured using the AD625, a CMOS multiplexer and a resistor 
network. Unlike previous instrumentation amplifier designs, 
the ON resistance of a CMOS switch does not affect the gain 
accuracy. 

3. The gain accuracy and gain temperature coefficient of the 
amplifier circuit are primarily dependent on the user selected 
external resistors. 

4. The AD625 provides totally independent input and output 
offset nulling terminals for high precision applications. This 
minimizes the effects of offset voltage in gain-ranging 
applications. 

5. The proprietary design of the AD625 provides input voltage 
noise of 4nV/YHz at 1kHz. 

6. External resistor matching is not required to maintain high 
common-mode rejection. 
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SPECIFICATIONS (typical@Vs = ± 15V, lit. = 2kO and TA = + 25°C unless otherwise specified) 
, AD6lSAIJIS AD6l5BIK AD6lSC 

Model Mia T~ Max Mia TYD Max Mia Typ Max Vails 
-

GAIN 
2RF 2 RF '2RF 

Gain Equation "J\;; + I -+1 "J\;; + I - II,; 

Gain Range I 10,000 I 10,000 I 10,000 
Gain_' '" .035 :0.05 :0.02 :0.03 ",o.01 :0.02 % 
NonIinearity,Gain= 1-256 "'0.005 ",0.002 "'0.001 % 

Gain>256, ±O.O1 "'0.005 "'0.005 % 
Gain vs. Temp. Gain< 10001 5 5 5 ppmrc 

GAIN SENSE INPUT 
Gain Sense Current 300 SOD ISO 2SO. SO 100 nA 

va. Temperature 5 20 2' IS 2 10 nArC 
Gain Sense Offset Current ISO SOD 75 250 so 100 nA 

vs. Temperature 2 15 I 1O I 5 nAl'C 

VOLTAGE OFFSET (May be Nulled) 
Input Offset Vol_ so 200 25 SO 1O 25 ~V 

vs. Temperature I 212 0.25 0.5011 0.1 0.25 ~VI'C 

OutputOllietVol_ 4 5 2 3. I 2 mV 
vs. Temperature 20 SO/50 1O 25140 1O 15 ~VI'C 

Offset Referred. to the 
Input vs. Supply 

G=I 70 75 75 85 80 90 dB 
G=IO 85 95 90 100 95 lOS dB 
G=IOO 95 100 105 110 lIO 12O dB 
G= 1000 100 110 110 12O 115 140 dB 

INPUT CURRENT 
Input BiasCurrent ",30 ±SO ±20 "'2S ",10 "'IS nA 

VI. Temperature ",SO ±50 ",50 pAl"C 
...- Input Offset Current ",2 ",35 ",I ±IS ",I ",5 nA 

vs. Temperature +20 +20 +20 pAI'C 

INPUT 
Input Impedance 

Differential Resistance I I I Gil 

Differential Capacitance 4 4 4 pF 

Common~Mode Resistance I I I Gil 

Common-Mode Capacitance 4 4 4 pF 

Input Voltage Range 
Differ. Input Linear(V D) ",10 ",10 ",10 V 

Common Mode Linear(VeM) 12V -(~ XVo ) 12V -(~ XVo ) 12V -(~ XV.o) 
Common-Mode Rejection Ratio de to 

60Hz with IkOSource ImbaJance 
G=I 70 75 75 85 80 90 dB 

G=IO 90 95 95 105 100 115 dB 

G=IOO 100 105 105 115 lIO 125 dB 

G~IOOO 110 115 115 125 120 140 dB 

OUTPUT RATING ",IOV ",IOV '" lOY 
a,S";A Cif rnA «,SmA 

DYNAMIC RESPONSE 
Small Signal - 3dB 

G = I (RF = 201dl) 650 650 650 kHz 

G= 10. 400 400 400 . kHz 

G= 100 ISO ISO ISO kHz 

G= 1000 25 25 25 kHz 

Slew Rate 5.0 5.0 5.0 V/ .... s 

Settling Time 100.01 %, 20V ,Step 

G = 110200 15 IS 15 ~. 

G=500 35 35 35 ,,"' 

G= 1000 75 75 75 ~. 

NOISE 
Voltage Noise, 1kHz 

nV/v'Hi R.T.1. 4 4 4 

R.T.O. 75 75 75 nV/v'Hi 

R.T.I.,O.I to 10Hz 
, 

G~I 10 10 10 ~Vp'P 

G=IO 1.0 " 1.0 1.0 ~Vp'P 

G=IOO 0.3 0.3 0.3 ~Vp'P 

G= 1000 0.2 0.2 0.2 "Vp'P 
Current Noise 

O.IHzto 10Hz 60 60 60 pAp'P 

SENSE INPUT 

R'N 10 10 10 ill 

l,N 30 30 30 ~A 

VoItageRanIl" ,,10 ",10 "'10 V 

Gain to Output 1+0.01 1+0.01 1"'0.01 % 

3-112 NEW PRODUCTS - ICs 



AD625A1JIS 
Model Min Typ Max Min 

REFERENCE INPUT 

Rn ... 20 
lIN 30 
Voltage Range ~IO ~IO 

Gain to Output I ~O.oI 

TEMPERATURE RANGE 
Specified Performance 

J/KGrades 0 + 70 0 
AlBIC Grades - 25 +85 -25 
SGrade -55 + 125 

SlOrage -65 + ISO -65 

POWER SUPPLY 
Power Supply Range =5(0 = 18 
Quiescent Current 3.5 5 

NOTES 
lGain Errorand Gain TCarefor the AD625 only. Resistor Network errors will add to the specified errors. 

Specifications subject to change without notice. 

Specifications shown in boldface are tested on all production units at final 
electrical rest. Resuhs from those teslSare used tocalculatc outgOing quality 
levels. All mim and max specifications are guaranteed, although only those 
shown in boJdfaccare tested on all production units. 

PIN CONFIGURATION 

AD625B1K AD625C 
Typ Max Min Typ Max Units 

20 20 kfl 
30 30 "A " 

~IO V 
1~0.01 1~0.01 % 

+ 70 'C 
+85 -25 +85 "C 

+ 150 -65 + ISO "C 

=:510:!: 18 ::!:510:t 18 V 

3.5 5 3.5 5 rnA 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

16-PIN CERAMIC PACKAGE 

I::'~ I::::I]~ ~ 
I---- 0 ... 0.0 010 --=-:.j 

* t20.32 ~O.2541 ,taOJg5 :00205~' 

IH*o,tll Il' ~7SI MIN 

. -1 FfO'08S12'1591 00951241)~ 

~1"t~:~~HL ~~ 101""1254) o 017 ~8 M~ BSC 

(0 43 ':.°000~ ) 

0700(17781BSC 

I 0.300 I 
t--(7.62I-toj 

REF 

N16B 
16-PIN PLASTIC DIP PACKAGE 

~ 
(0.254 ±O.OS) 

C:::::l~~ 
~~-I "--l~~ L_ ftI0.2941'.41) 0."" .•• ) 

0.17 14.321 ~13 05) 

MAX ~ ~ .--U U 0.17614.46) T --- 15" 

-1~ -I h'2 ,+05) ~ .. 
0.065 (1.66) 0.02 fO.5OB} 0.105 12.67) 0.008 (0.2031 

~ ~ o:o95"i2.42, 
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Typical Characteristics 
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Figure 13. Quiescent Current vs. 
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Figure 16. Low Frequency Voltage 
Noise. G=1 (System Gain=1000) 
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Figure 22. Large Signal Pulse 
Response and Settling Time, G = 10 
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Figure 17. Noise Test Circuit 
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Figure 23. Settling Time Test 
Circuit 
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Figure 18. Low Frequency Voltage 
Noise. G=1000 (System 
Gain=100,000) 

Figure 21. Large Signal Pulse 
Response and Settling Time, G = 100 

Figure 24. Large Signal Pulse 
Response and Settling Time, 
G=1000 
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Theory of Operation~ 
The AD625 is a monolithic instrumentation amplifier based on 
a modification of the classic three-op-amp approach. Monolithic 
construction and laser-wafer-trimming allow the tight matching 
and tracking of circuit components. This insures the high level 
of performance inherent in this circuit architecture. 

A preamp section (QI-Q4) provides additional gain to Al and 
A2. Feedback from the outputs of Al and A2 forces the collector 
currents of QI-Q4 to be constant, thereby, impressing the input 
voltage across ~. This creates a differential voltage at the outputs 
of Al and A2 which is given by the gain (2RPRG + I) times 
the differential portion of the input voltage. The unity gain 
subtractor, A3, removes any common-mode signal from the 
output voltage yielding a single ended output, VOUT, referred to 
the potential at the reference pin. 

The value of ~ is the determining factor of the transconductance 
of the input preamp stage. As ~ is reduced for larger gains the 
transconductance increases. This has three important advantages. 
First, this approach allows the circuit to achieve a very high 
open-loop gain of (3X 108 at programmed gains"" 500) thus 
reducing gain related errors. Second, the gain-bandwidth product, 
which is determined by C3, C4, and the input transconductance, 
increases with gain, thereby, optimizing frequency response. 
Third, the input voltage noise is reduced to a value determined 
by the collector current of the input transistors (4nV/YHZ). 

INPUT PROTECTION 
Differential input amplifiers frequently encounter input voltages 
outside of their linear range of operation. There are two consid
erations when applying input protection for the AD625; I) that 
continuous input current must be limited to less than lOrnA and 
2) that input voltages must not exceed either supply by more 
than one diode drop (approximately O.6V @ 25°C). 

Under differential overload conditions there is (~ + IOO)!l in 
series with two diode drops (approximately 1.2V) between the 
plus and minus inputs, in either direction. With no external 
protection and RG very small (i.e., 4O!l), the maximum overload 
voltage the AD625 can withstand, continuously, is approximately 
±2.5V. Fignre 26A shows the external components necessary to 
protect the AD625 under all overload conditions at any gain. 

-IN 

GAlN 

~., ~::'VE 
I .. I 

~~----~-~-~----t-~ 
GAIN GAIN 

SENSE SENSE 

... A 

-v, 

Figure 25. Simplified Circuit of the AD625 
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SENSE 

v. 

The diodes to the supplies are only necessary if input voltages 
outside of the range of the supplit;S are encountered. In higher 
gain applications where differential voltages are small, back-to
back zener diodes and smaller resistors, as shown in Figure 26b, 
provides adequate protection. Figure 26c shows low cost FETs 
with a maximum ON resistance of 300!l configured to offer 

. input protection with minimal degradation to noise, (5.2nV/YHZ 
compared to normal noise performance of 4nV/YHZ). , 

During differential overload conditions, excess current will flow 
through the gain sense lines (pins 2 and IS). This will have no 

. effect in fixed gain applications. However, if the AD625 is 
being used in an SPGA application with a CMOS multiplexer, 
this current should be taken into consideration. The current 
capabilities of the multiplexer may be the limiting factor in 
allowable overflow current. The ON resistance of the switch 
should be included as part of ~ when calculating the necessary 
input protection resistance. 

Figure 268. Input Protection Circuit 

.v. 

Vou , 

Figure 26b. Input Protection Circuit for G>5 

-v, 

Figure 26c. Input Protection Circuit 



Any resistors in series with the inputs of the AD625 will degrade 
the noise. performance. For this reason the circuit in Figure 26b 
should be used if the gains are all greater than 5. For gains less 
than 5, either the circuit in Figure 26a or in Figure 26c can be 
used. The two 1.4kO resistors in Figure 26a will degrade the 
noise performance to: 

v'4kTRext + (4nV/\IHZ)2 = 7.9nV/v'Hz 

RESISTOR PROGRAMMABLE GAIN AMPLIFIER 
In the resistor-programmed mode (Figure 27), only three external 
resistors are needed to select any gain from 1 to 10,000. Depending 
on the application, discrete components or a pretrimmed network 
can be used. The gain accuracy and 'gain TC are primarily de
termined by the external resistors since the AD625C contributes 
less than 0.02% to gain error and under 5ppm/"C gain TC. The 
gain sense current is insensitive to common-mode voltage, making 
the CMRR of the resistor programmed AD625 independent of 
the match of the two feedback resistors, RF.· 

Selecting Resistor Values 
As previously stated each RF provides feedback to the input 
stage and sets the unity gain transconductance. These feedback 
resistors are provided by the user. The AD625 is tested and 
specified with a value of 20kO for RF. Since the magnitude of 
RTO errors increases with increasing feedback resistance, values 
much above 20kO are not recommended (values below 10kO for 
RF may lead to instability). Refer to the graph of RTO noise, 
offset, drift, and bandwidth (Figure 28) when selecting the 
feedback resistors. The gain resistor (Ito) is determined by the 
formula Ito = 2RF/(G - I). 

Figure 27. AD625 in Fixed Gain Configuration 

A list of standard resistors which can be used to set some common 
gains is shown in Table I. 

For single gain applications, only one offset null adjust is necessary; 
in these cases the RTI null should be used. 

, 

Applying the AD625 
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Figure 28. RTO Noise, Offset. Drift, and Bandwidth vs. 
Feedback Resistance Normalized to 20kO 

GAIN 

1 
2 
5 

10 
20 
50 

100 
200 
500 

1000 
4 
8 

16 
32 
64 

128 
256 
512 

1024 

RF 
20kO 
19.6kO 
20kO 
20kO 
20kO 
19.6kO 
20kO 
20.5kO 
19.6kO 
19.6kO 
20kO 
19.6kO 
20kn 
19.6kO 
20kn 
20kO 
19.6kO 
19.6kn 
19.6kO 

00 

39.2kn 
IOkO 
4.42kn 
2.lkO 
8060 
4020 
2050 
78.70 
39.20 
13.3kn 
5.62kO 
2.67kn 
l.27kO 
6340 
3160 
1540 
76.80 
38.30 

Table I. Common Gains Nominally within "=:0.5% Error 
Using Standard 1% Resistors 
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SENSE TERMINAL 
The sense terminal is the feedback point for the Ar>625 output 
amplifier. Normally it is connected directly to the output. If 
heavy load currents are to be drawn through long leads, voltage 
drops through lead resistance can cause errors. In these instances 
the sense terminal can be wired to the load thus putting the 
I x R drops "inside the loop" and virtually eliminating this 
error source. 

Typically, IC instrumentation amplifiers are rated for a full ± 10 
volt output swing into 2kO. In some applications, however, the 
need exists to drive more current into heavier loads. Figure 29 
shows how a high-current booster may be connected "inside the 
loop" of an instrumentation amplifier. By using an external 
power boosting circuit, the power dissipated by the AD625 will 
remain low, thereby, minimizing the errors induced by self-heat
ing. The effects of nonlinearities, offset and gain inaccuracies of 
the buffer are reduced by the loop gain of the AD62S's output 
amplifier. 

v,,. + 

R, 

R. 

R, 
R, 

V,,.-

Figure 29. AD625 Instrumentation Amplifier with Output 
Current Booster 

REFERENCE TERMINAL 
The reference terminal may be used to offset the output by up 
to ± 1 OV. This is useful when the load is "floating" or does not 
share a ground with the rest of the system. It also provides a 
direct means of injecting a precise offset. However, it must be 
remembered that the total output swing is ± 10 volts, from 
ground, to be shared between signal and reference offset. 

The AD62S reference terminal must be presented with nearly 
zero impedance. Any significant resistance, including those 
caused by PC layouts or other connection techniques, will increase 
the gain of the noninverting signal path, thereby, upsetting the 
common-mode rejection of the In-Amp. Inadvertent thermocouple 
connections created .in the sense and reference lines should also 
be avoided as they will directly affect the output offset voltage 
and output offset voltage drift. 

In the AD625 a reference source resistance will unbalance the 
CMR trim by the ratio of 10kO/RREF• For example, if the reference 
source impedance is 10, CMR will be reduced to 80dB (lOkOIlO 
= 8OdB). An operational amplifier may be used to provide the 
low impedance reference point as shown in Figure 30. The 
input offset voltage characteristics of that amplifier will add 
directly to the output offset voltage performance of thdn
strumentation amplifier. 

The circuit of Figure 30 also shows a CMOS DAC operating in 
the bipolar mode and connnected to the reference terminal to 
provide software controllable offset adjustments. The total offset 
range is equal to ± (VREF/2 x R5/~), however, to be symmetrical 
about OV R3 = 2 x ~. 
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The offset per bit is eQual to the total off~t range divided by 
2N , where N = number of bits of the DAC. The range of offset 
for Figure 30 is ± 120mV, and the offset is incremented in steps 
of 0.9375mVILSB. 

Figure 30. Software Control/able Offset 

An instrumentation amplifier can be turned into a voltage-to
current converter by taking advantage of the sense and reference 
terminals as shown in Figure 31. 

Figure 31. Voltage-to-Current Converter 

By establishing a reference at the "low" side of a current setting 
resistor, an output current may be defined as a function of 
input voltage, gain and the value of that resistor. Since only a 
small current is demanded at the input of the buffer amplifier 
AI, the forced current I L will largely flow through the load. 
Offset and drift specifications of A2 must be added to the output 
offset and drift specifications of the In-Amp. 



INPUT AND OUTPUT OFFSET VOLTAGE 
Offset voltage specifications are often considered a figure of 
merit for instrumentation amplifiers. While initial offset may be 
adjusted to zero, shifts in offset voltage due to temperature 
variations will cause errors. Intelligent systems can often correct 
for this factor with an auto-zero cycle, but this requires extra 
circuitry. 

Offset voltage and offset voltage drift each have two components: 
input and output. Input offset is that component of offset that 
is generated at the input stage. Measured at the output it is 
directly proportional to gain, i.e., input offset as measured at 
the output at G = 100 is 100 times greater than that measured 
at G = 1. Output offset is generated at the output and is constant 
for all gains. 

The input offset and drift are multiplied by the gain, while the 
output terms are independent of gain, therefore, input errors 
dominate at high gains and output errors dominate at low gains. 
The output offset voltage (and drift) is normally specified at 
G = 1 (where input effects are insignificant), while input offset 
(and drift) is given at a high gain (where output effects are 
negligible). All input-related parameters are specified referred to 

the input (RTI) which is to say that the effect on the output is 
"G" times larger. Offset voltage vs. power supply is also specified 
as an RTI error. 

By separating these errors, one can evaluate the total error inde
pendent of the gain. For a given gain, both errors can be combined 
to give a total error referred to the input (RTI) or output (RTO) 
by the following formula: 

Total Error RTI = input error + (output error/gain) 

Total Error RTO = (Gain x input error) + output error 

The AD625 provides for both input and output offset voltage 
adjustment. This simplifies nulling in very high perecision ap
plications and minimizes offset voltage effects in switched gain 
applications. In such applications the input offset is adjusted 
first at the highest programmed gain, then the output offset is 
adjusted at G = 1. If only a single null is desired, the input 
offset null should be used. The most additional drift when using 
only the input offset null is 0.9ILV;oC, RTO. 

COMMON-MODE REJECTION 
Common-mode rejection is a measure of the change in output 
voltage when both inputs are changed by equal amounts. These 
specifications are usually given for a full-range input voltage 
change and a specified source imbalance. 

In an instrumentation amplifier, degmdation of common-mode 
rejection is caused by a differential phase shift due to differences 
in distributed stray capacitances. In many applications shielded 
cables are used to minimize noise. This technique can create 

Figure 32. Common-Mode Shield Driver 

common-mode rejection errors unless the shield is properly 
driven. Figures 32 and 33 show active data guards which are 
configured to improve ac common-mode rejection by "bootsrmp
ping" the capacitances of the input cabling, thus minimizing 
differential phase shift. 

Figure 33. Differential Shield Driver 

GROUNDING 
In order to isolate low level analog signals from a noisy digital 
environment, many data-acquisition components have two or 
more ground pins. These grounds must eventually be tied together 
at one point. It would be convenient to use a single ground line, 
however, current through ground wires and pc runs of the 
circuit card can cause hundreds of millivolts of error. Therefore, 
separate ground returns should be provided to minimize the 
current flow from the sensitive points to the system ground (see 
Figure 34). Since the AD625 output voltage is developed with 
respect to the potential on the reference terminal, it can solve 
many grounding problems. 

Figure 34. Basic Grounding Practice for a Data Acquisition 
System 

GROUND RETURNS FOR BIAS CURRENTS 
Input bias currents are those currents necessary to bias the 
input transistors of a dc amplifier. There must be a direct return 
path for these currents, otherwise they will charge external 
capacitances, causing the output to drift uncontrollably or saturate. 
Therefore, when amplifying "floating" input sources such as 
transformers, or ac-coupled sources, there must be a dc path 
from each input to ground as shown in Figure 35. 
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Figure 35a. Ground Returns for Bias Cu~rents with 
Transformer Coupled Inputs 

Figure 35b. Ground Returns for Bias Currents. with 
Thermocouple Input 

Figure 35c. Ground Returns for Bias Currents with AC 
Coupled Inputs 

AUTO-ZERO CIRCUITS 
In many applications it is necessary to maintain high accuracy. 
At room temperature, offset effects can be nulled by the use of 
offset trimpots. Over the operating temperature range, however, 
offset nulling becomes a problem. For these applications the 
auto-zero circuit of Figure 36 provides a hardware solution. 

OTHER CONSIDERATIONS 
One of the more overlooked problems in designing ultra-low-drift 
dc amplifiers is thermocouple induced offset. In a circuit comprised 
of two dissimilar conductors (i.e., copper, kovar), a current 
flows when the two junctions are at different temperatures. 
When this circuit is broken, a voltage known as the "Seebeck" 
or thermocouple emf can be measured. Standard IC lead material 
(kovar) and copper form a thermocouple with a high thermoelectric 
potential (about 35fLV·C). This means that care must be taken 
to insure that all connections (especially those in the input circuit 
of the AD625) remain isothermal. This includes the input leads 
(1, 16) and the gain sense lines (2, 15). These pins were chosen 
for symmetry, helping to desensitize the input circuit to thermal 
gradients. In addition, the user should also avoid air currents 
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Figure 36. Auto·Zero Circuit 

over the circuitry since slowly fluctuating thermocouple voltages 
will appear as "flicker" noise. In SPGA applications relay contacts. 
and CMOS mux leads are both potential sources of additional 
thermocouple errors. 

The base emitter junction of an input transistor can rectify out 
of band signals (i.e., RF interference). When amplifying small 
signals, these rectified voltages act as small dc offset errors. The 
AD625 allows direct access to the input transistors' bases and 
emitters enabling the user to apply some first order flltering to 
these unwanted signals. In Figure 37, th,e RC time constant 
should be chosen for desired attenuation of the interfering signals. 
In the case of a resistive transducer, the capacitance alone working 
against the internal resistance of the transducer may suffice. 

n, A, n, 

Figure 37. Circuit to Attenuate RF Interference 



These capacitances may also be incorporated as part of the external 
input protection circuit (see section on input protection). As a 
general practice every effort should be made to match the ex
traneous capacitance at pins IS and 2, and pins I and 16, to 
preserve high ac CMR. 

SOFTWARE PROGRAMMABLE GAIN AMPLIFIER 
An SPGA provides the ability to externally program precision 
gains from digital inputs. Historically, the problem in systems 
requiring electronic switching of gains has been the ON resistance 
(RoN) of the multiplexer, which appears in series with the gain 
setting resistor R.;. This can result in substantial gain errors and 
gain drifts. The AD625 eliminates this problem by making the 
gain drive and gain sense pins available (pins 2, IS, 5, 12; see 
Figure 39). Consequently the multiplexer'S ON resistance is 
removed from the signal current path. This transforms the ON 
resistance error into a small nullable offset error. To clarify this 
point, an error budget analysis has been performed in Table II 
based on the SPGA configuration shown in Figure 39. 

E. 

Figure 38. SPGA in a Gain of 16 

Figure 38 shows an AD625 based SPGA with possible gains of 
1,4, 16,64. R.; equals the resistance between the gain sense 
lines (pins 2 and 15) of the AD625. In Figure 38, R.; equals the 
sum of the two 9750 resistors ana the 6500 resistor, or 26000. 
RF equals the resistance between the gain sense and the gain 
drive pins (pins 12 and 15, or pins 2 and 5), that is RF equals 
the I5.6kO resistor plus the 3.9kO resistor, or 19.5kO. The 
gain, therefore equals: 

2RF 1 = 2(19.5kO) 1 = 16 
KG + (2.6kn) + 

As the switches of the differential multiplexer proceed syn
chronously, R.; and RF change, resulting in the various 
programmed gain settings. 

v," 

Figure 39. SPGA with Multiplexer Error Sources 

Figure 39 shows a complete SPGA feeding a 12-bit DAS with a 
O-IOV input range. This configuration was used in the error 
budget analysis shown in Table II. The gain used for the RTI 
calculations is set at 16. As the gain is changed, the ON resistance 
of the multiplexer and the feedback resistance will change, 
which will slightly alter the values in the table. 

Speeilkatioa 
Induced Enor AD61SC AD750lKN Cak:uladoa 

RTiOffset Gain Sense Switch 40nAx 1700= 
Voltage Offset Resistance 6.8p.V 

Current 1700 
40nA 

RTiOffset Gain Sense Differential 6OnAx6.80= 
VoItaSe Current Switch O.41p.V 

60nA ResjstllDCe 

6.80 

RTOOffset Feedhack Differential 2(O.2nA x 201tO) 
Volt ... Resistance LeaI<age =8p.V!16 

201tO' CUlTeDt (I,.)' 
+O.2nA 
-O.2nA 

RTOOffset Feedhack Differential 2(lnA x 201tO) 
Volt ... Resistance LeaI<age =40p.V!16 

201tO' Current 
(I,x"l 
+ Ina 
-Ina 

Total enol ladueeel by. typical CMOS muldpJaer 
toaaSPGAat25"C 

NOTES 

vol .... Offtoet 
IaducedRTI 

6.8p.V 

O.41p.V 

O.Sp.V 

2.Sp.V 

IThe resistor for this c:alculation is the user provided feedback resistance (Rp). 20kn is 
r«ammended value (see resistor programmable pin ampliflet section). 

2-Jbe leakage currents (Is and 10m) will induce an offset voltage, however, the offset will 
be determined by the difference between the leakages of each "hair' of the differential 
multiplexer. The differennalleakage current is multiplied by the feedback ... is ..... 
(see Note I),to determine offset voltage. Because differential leakage curent is not a 
parameter specified on multiplexer data sheers, the most extreme difference (one most 
positive and one most negative) was used for ttie calculations in Table II. Typical 
perfonnance will be much bener. . 

"The frequency rosponse and sett\ina will be affected by tbe ON resistance and internal 
capaci ..... of the multiplexer. Filure 40 sbows the settlins time .s. ON resistance tit 
different gain settinp for an AD62S bued SPGA. 

··Switch resimnce and Iealtsge current errors can be redueed by using relays. 

Table II. Errors Induced by Multiplexer to-an SPGA 
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Figure 40. Settling Time to 0.01% of a 20V Step Input for 
SPGA with AD625 

DETERMINING SPGA RESISTOR NETWORK VALUES 
The individual resistors in the gain network can be calculated· 
sequentially using the formula given below. The equation deter
mines the resistors as labeled in Figure 41. The feedback resistors 
and the gain setting resistors are interactive, therefore; the formula 
must be a series where the present term is dependent on the 
preceding term(s). The formula 

i G. 
Rp. 1 = (20kO -l Rp.) (I - r) 

J+ j=O J i+l 

can be used to calculate the necessary feedback resistors for any 
set of gains. This formula yields a network with a total resistance 
of 4OkO. A dummy variable (j) serves as a counter to keep a 
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running total of the preceding feedback resistors. To illustrate 
how the formula can be applied, an example similar to the cal
culation used for the resistor network in Figure 38 is examined 
below. 

I) Unity gain is treated as a separate case. It is implemented 
with separate 20kO feedback resistors as shown in Figure 41. It 
is then ignored in further calculations. 

2) Before making any calculations it is advised to draw a resistor 
network similar to the network in Figure 41. The network will 
have (2 x M) + 1 resistors, where M = number of gains. For 
Figure 38 M=3 (4,16,64), therefore, the resistor string will 
have 7 resistors (plus the two 20kO "side"resistors for unity 
gain). 

3) Begin all calculations with Go = I and Rpo = O. 

Rp1 = (20kn - RpO> (1-1/4): Rpo = 0 :. Rp1 = 15kO 

Rpz = [20kn-(Rpo +Rp1)J (1-4/16): 

Rpo + Rp1 = 15kO:.Rpz = 3. 75kO 

Rp3 = [20kO-(Rpo +Rp1 + Rp)J (1-16/64): 

Rpo +Rp1 + Rpz = 18.75kH:.Rp3 =937.50 

4) The center resistor (Re of the highest gain setting), is determined 
last. Its value is the remaining resistance of the 4OkO string, 
and can be calculated with the equation: 

M 

Re= (40kO- 2 l Rp.) 
j=O J 

~ = 4OkO - 2(Rpo + Rp1 + Rpz + Rp3) 

4OkO - 39.375kO = 6250 

5) If different resistor values are desired, all the resistors in the 
network can be scaled by some convenient factor. However, 
raising the impedance will increase the RTO errors, lowering 
the total network resistance below 20kO can result in amplifier 
instability. More information on this phenomenon is given in 
the RPGA section of the data sheet. The scale factor will not 
affect the unity gain feedback resistors. The resistor network in 
Figure 38 has a scaling factor of 650/625 = 1.04, if this factor is 
used on Rpl' Rpz' RP3' and Ro, then the resistor values will 
match exactly. 

6) Round off errors can be cumulative, therefore, it is advised 
to carry as many significant digits as possible until all the values 
have been calculated. 

2OkO 'F, 20,,0 

CONNECT IF UNITY TO GAIN DRIVE TO GAIN DRIVE CONNECT IF UNITV 
GAIN 15 oeSIREO (PIN 6'1 (PIN 12) GAIN IS DESIRED 

Figure 41 .. Resistors for a Gain Setting Network 
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FEATURES 
Complete. Fully-Calibrated Synthesis System 
All Standard Functions: Sin. Cos. Tan. Cosec. 

Sec. Cot. Arcsin. Arccos. Arctan. etc. 
Accurate Law Conformance (Sine to 0.02%1 
Angular Range of ± 500" (Sine Model 
Function Programmable by Pin Strapping 
1.5MHz Bandwidth (Sine Model 
Multiplication via External Amplitude Input 

APPLICATIONS 
Continuous Wave Sine Generators 
Synchro Sine/Cosine Multiplication· 
Coordinate Conversion and Vector Resolution 
Imaging and Scanning Linearization Circuits 
Quadrature and Variable Phase Oscillators 

PRODUCT DESCRIPTION 
The AD639 is a high accuracy monolithic function generator 
which provides all the standard trigonometric functions and 
their inverses via pin-strapping. Law conformance and total 
harmonic distortion surpass that previously attained using analog 
shaping techniques. Speed also exceeds that possible using ROM 
look-up tables and a DAC; in the sine mode, bandwidth is 
typically 1.5MHz. Unlike other function synthesis circuits, the 
AD639 provides a smooth and continuous sine conformance 
over a range of - 500° to + 5000. A unique sine generation 
technique results in 0.02% law conformance errors and distortion 
levels of -74dB in triwave to sinewave conversion. 

The AD639 is available in three performance grades. The A and 
B are specified from - 25°C to + 85°C and the S is guaranteed 
over the extended temperature range of - 550C to + 125°C. All 
versions are packaged in a hermetic TO-1l6, 16-pin ceramic 
DIP. 

PRODUCT HIGHLIGHTS 
The AD639 generates a basic function which is the ratio of a 
pair of independent sines: 

sin (XI - X2) 
. W = U -:-..:..;:-...-= 

sin (YI - Y2) 

*Protected by U.S. Patent Numbers 3,887,863; 4,475,169; 4,476,538. 

Universal Trigonometric 
Function Generator 

AO&39* I 
AD639 FUNCTIONAL BLOCK DIAGRAM 

The differential angle arguments are proportional to the input 
voltages X and Y scaled by 500 N. Using the 1.8V on-board 
reference any of the angular inputs can be preset to 90°. This 
provides the means to set up a ftxed numerator or denominator 
(sin 90° = I) or to convert either sine function to a cosine 
(cosO = sin (90" - 0)). Using the ratio of sines, all trigonometric 
functions can be generated (see Table I). 

The amplitude of the function is proportional to a voltage U, 
which is the sum of an external differential voltage (UI - U2) 

and an optional intc:rna1 preset voltage (Up). The control pin UP 
selects a OV, IV or 10V laser-trimmed preset amplitude which 
may be used alone (UI- U2 =0) or internally added to the UI - U2 

analog input. At the output, a further differential voltage Z can 
be added to the ratio of sines to· obtain the offset trigonometric 
functions versine (1- cos 0), coversine (1- sin 0) and exsecant 
(1- sec 0). A gating input is available which may be used to 
enable or disable the analog output. This pin also acts as an 
error flag output in situations where a combination of inputs 
will cause the output to saturate or to be undefmed. 

In the inverse modes, the argument can be the ratio of two 
input signals. This allows the user to compute the phase angle 
between the real and imaginary components of a signal using 
the arctangent mode. 
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SPEC IFICATIONS (1p:aI@T,=2ft,Ys= ± l5Y, U arUp = lOY II!Iess otherwisespacmad) 

AD639A AD639B AD639S 
Pilrameter Conditions Min Typ Max Min Typ Max ' Min Typ Max UDiII 

SYSTEM PERFORMANCE 

SINE AND COSINE , 
MODE ACCURACY 

LawCOnfomiance l -9O"to+9O", U = IOV 0.02 0.02 0.02 % 
Total Harmonic 

Distortion2 @IOkHz,U=IOV -74 -74 -74 dB 
Mismatch of Six Peaks - 540" to + 540" 0.05 0.05 0.05 % 
Output Noise @IOkHz,U=IOV 2.S 2.S 2.S .. vl'v'Hi 

@IOkHz U=IV 0.5 0.5 0.5 .. vtv'Hz 
PEAK ABSOLUTE ERROR 

Sine Mode -900 to +90", Up= IOV 0.4 O.S 0.2 0.4 0.4 0.8 %FS 
T~toTmax 1.0 O.S 1.8 2.0 3.0 %FS 

Cosine Mode -9O"to +90°, Up= IOV 0.6 1.2 0.4 0.7 0.6 1.2 %FS 
TJIJintoTmax 1.5 1.2 2.0 2.0 3.3 %FS 

Sine or Cosine -ISOOto + ISO°, Up= IOV O.S 1.5 ' 0.5 0.8 O.S 1.5 %FS 
TmintoTmax 1.7 1.3 2.5 2.S 4.0 %FS 

- 360° to + 360°, Up= IOV 1.2 1.0 1.2 %FS 

-900 to +90°, Up= IV 1.3 2.5 1.0 1.7 1.3 2.5 %FS 
TmintoTmax 1.5 1.0 2.3 2.0 3.5 %FS 

-ISOOto + ISO°, Up= IV 1.5 3.0 1.2 2.0 1.5 3.0 %FS 
TmintoTmax 1.7 1.3 2.5 2.3 4.2 %FS 

-3600 to +360", Up= IV 2.0 1.8 2.0 %FS 

vsSupply -3600 to +36O",Up=IOV 0,02 0.02 0.02 %FSN 
V,=±15V±IV 

-36O°,to +360°, Up = IV 0.07 0.07 0.07 %FSN 
V =+15V+IV 

TANGENT MODE ACCURACY 
Peak Error' -4S0 to +45°, Up= 10V 2.0 3.5 1.0 2.0 2.0 3.5 %FS 

TmintoTmax 2.5 1.5 2.8 3.0 %FS 
-45° to +45°, Up= IV 3.0 5.0 1.5 3.0 3.0 5.0 '%FS 
TmintoTmax 4.0 2.0 5.0 %FS 

ARCTANGENT MODE ACCURACY 
Peak Angular Error 

Fixed Scale Up":' IV 1.5 1.5 1.5 Degrees 
Variable Scale U=O.IV, -llV,;;Z,;;+llV 2.5 2.5 2.5 Degrees 

U=IOV, -llV,;;Z,;;+llV 0.5 0.5 0.5 Degrees 

SECTIOII{M. SPECIFICATIONS 

ANGLE INPUTS (XI & X2, YI & Y2)' 
\ 

Input Resistance to COM 3,6 3,6 3.6 I kfl 
Nominal Scaling Factor 50 50 50 !w 
XI &X2Inputs 

Angular Range For 
Specified Error(X I - X2) -360 +360 -360 '+360 -360 +360 Degrees 

Scaling Error XI or X2 0.2 0.65 0.2 0.65 0.2 0.65 % 
Angular Offset XI = X2 = 0 0.1 0.3 0.1 0.3 0.1 0.3 Degrees 

YI&Y2lnputs 
Angular Range Ror 

SpecifiedError(Y!- Y2) 0 +ISO 0 +ISO 0 +ISO Degrees 
Scaling Error YI or Y2 1.0 2.0 1.0 2.0 1.5 2.0 % 
Angu1~r Offset YI = Y2 = 0 0.5 1.0 0.5 1.0 0.5 1.0 Degrees 

AMPLITUDE INPUTS (U1 & U2) 
Input Resistance to COM 50 50 50 kfl 
Nominal G8in X,,;Y=VR, WtoZI I I I VN 
Gain Error U=O.ltoIOV 0.01 0.5 0.01 0.5 0.01 0.5 % 

TmintoTmax O.OS O.OS 0.25 % 
Voltage Offset U1=U,=OV 3.0 10 3.0 10 3.0 10 mV 

TmmtoTmax 3.0 3.0 4.0 mV 
Linearity Error O<U,-U,"'IOV 0.1 0.1 iI.1 % 

AMPLITUDE PRESET (UP) 
I V Preset Enabled UP tied to -Vs 
Amplitude Accuracy 0.4 2.0 0.4 2.0 , 0.4 2.0 % 

J"min toTmax 1.5 1.5 2.0 % 
10V Preset Enabled UPtiedto+Vs 
Amplitude Accuracy 0.1 0.55 0.1 0.55 0.1 0.55 % 

T •• toT. 1.0 1.0 ,5 % 

INVERSEINPUTS(ZI & Z2) 
ili Input Resistance to COM SO SO SO 
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AD639A AD639B AD639S 
Parameter Conditions Min 'Typ Max Min Typ Max Min Typ 

SIGNAL OUTPUT (W) RL "'2k!l,CL sIOOpF 
Small Signal Bandwidth W to Z I 

Cc=O 1.5 1.5 1.5 
Cc=200pF 30 30 30 

Slew Rate CC=O 30 30 30 
Output Voltage Swing ±11 :t13 ±11 :t13 ±11 ±13 
Short Circuit Current 20 30 45 20 30 45 20 30 
Output Offset Z,=Z2=0,Up=to 5 30 5 30 5 

Tmin to Tmax to 10 
Z, =Z2=0, Up = IV 20 20 
Tmin to Tmax 7 7 

VOLTAGE REFERENCE (VR) 
RL "'=1.8KO 

Nominal Output +1.8 +1.8 +1.8 
Output Voltage Tolerance 0.05 0.45 0.05 0,45 0.05 

Tmin toTmax 0,08 0.08 0,5 0.2 
Supply Regulation + Vs= 5Vto 18V 150 150 150 
Maximum Output Current 4 4 4 

GATE 1/0 (GT) 
Switching Threshold as an Input Output Valid +1.5 +1.S +1.5 

Output Invalid 0.1 0.1 0.1 
Voltage Output Error, Rl. = Sid} +2.25 +2.25 +2.25 

No Error, RL = 5kCl -0.25 -0.25 -0.25 

POWER SUPPLIES 
Operating Range ±4.75 ±IS ±4.75 ±IS ±4.75 
+ V s Quiescent Current U=X=OV,Y=Vr 7.5 10 7.5 10 7.5 
- V) Quiescent Current U=X=OV,Y=Vr 4.0 5 4.0 5 4.0 

TEMPERATURE RANGE 
Operating, Rated Performance -25 +85 -25 +85 -55 
Sto,,- . -65 +150 -65 +150' -65 

NOTES 
IIntrinsic accuracy measured at an amplitude of lOV using external adjustments to absorb residual errors in angular scaling, angular offset, amplitude scaling and output offset. 
lUsing a timeand amplitude symmetric triangular wave of + 3.6V peak-to-peakand external adjustments toabsocb residual errors in anguIarscaling and offset. 
lFull-scaleisdefmed as the ideal output when theaogle input is at eithercnd of the limit specified. 
4Specifications for the X inputs apply for range U:: IV to IOV. while the Y inpurcrrorsarespecificaUy given for U = 1 V. 

Specifications shown in boldface are tested on aU production units at fmal electrical test. Results from those tests are used. tocalculate outgoing quality levels. 
AU min and maxspecificationsare guaranteed, although only tbose shown in boldface are tested on all production units. ' 
Shaded area denotes preliminary technical data. Contact tbe factory for de[ai.ls. 

PIN CONFIGURATION & DIMENSIONS 
Dimensions shown in inches and (mm). 

D16A 
16-Lead Ceramic Package 

I-- 0.430 ~ 
I 110.922) I 

f 

"·O\~i I::: [I~ 0.290 +0.010 
17.37 ±0.254) 

+ I--- 0.800 +0.010 -=-:.j 
120.32 ±0.254) 0.035 ±0.01 

+10.889 +0.254) 
0.095 12.41) --L 
0.18;;;;;-

;;;;;~.I--~ f:::-0.017:': . Bse 

0.43 +_oo.1lI 

0.700117.78)BSe . 

-L ( FfO.085 12.159) 

I 0.300 I 
1-17.62)-1 

REF 

0010 +0.002 
10.254 ±0.05) 

X1 

X2 

U1 

U2 

COM 

VR 

Y1 

Y2 

• 

AD639 

Max Unils 

MHz 
kHz 
V/",S 
V 

45 mA 
30 mV 

mV 
20 mV 

mV 

V 
0,45 % 
0.7 % 

",VN 
rnA 

V 
V 
V 
V 

±18 V 
10 rnA 
5 rnA 

+125 'C 
+150 ·C 

+Vs 

CC 

W 

Z1 

Z2 

GT 

UP 

-Vs 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Internal Power Dissipation 
Output Short-Circuit to Ground 
InputVolragesXI>Xz, YI> YZI 
Input Voltages Up, U I> Uz, ZI> ZZI 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature, Soldering 

NOTES 
*Same as AD639A,B Specifications 

AD639A,B 

±ISV 
.300mW 
Indefinite 
±12V 
±2SV 
- 25°C to + SsoC 
-6S0Cto + IS00C 
6Osec, + 300°C 

AD639S 

* 
* 
* 
* 
* 
-S5OCto + 125°C 

* 
* 

'These inputs are purely resistive and the maximum inputs are determined by 
resistor dissipation limits, not the supply volrages. 

sin (0) = sin (0) = sin(O-O) 
cosec (0) 1 sin(900-0) 

= = 1 sin (90°-0) sin (0) sin(O-O) 

cos (0) = 008(0) = sin~9O"- O~ sec (0) 1 sin(900-0) 
1 sin(900-0) = 008(0) = sin(9O"-0) 

tan (0) = sin (0) = sin{O-O~ cotan(O) 
cos (0) sin~900-0~ 

cos (0) sin(900-0) = sin (0) = sin(O-O) 

Table I. 

Principles Of Operation 
Figure 1 is a functional equivalent of the AD639, intended to 
assist in understanding and utilizing the device: it is not a liter8I 
representation of the internal circuitryl. Two similar sine-shaping 
networks accept input voltages Xl> Xz, YI and Yz, proportional 
to the corresponding angles XI> Xz, YI and Y2, with a scaling 
factor of SOON (20mVf). 

Figure 1. Equivalent Block Schematic of the AD639 

The first of these networks generates an output proportional to 
the sine of X = (XI - X2) over a useful operating range in excess of 
- 500° to + 500° (see Figure 3). The accuracy of the function 
over the central ± IS0° is excellent, a consequence of the optimized 
network design, further enhanced by precision laser wafer trim
,ming during manufacture. The output of the X-network is 
multiplied by the amplitude-control voltage, U. This may be 

IFor detaiJs of the sine-network theory and desisn. see "A Monolithic Micro
system for Analog Synthesis of Trisonometric Functions and their Inverses," 
Durie Gilbert, IEEE J_l Df SIll»S_ Cimrirs, Vol. SC-17, No.6, Dec. 
1982, pp 1179-1191. Reprints available. ' 
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provided by applying inputs to Ul or U2, or pre-selected to be 
IV or lOY by a control input to UP, or in combination; that is, 
the function amplitude is U = (U 1-U V + Up. 

The second network generates an output 'proportional to the 
sine of y = (YI - Y2)' Although the X and Y networks are similar, 
other design considerations result in a smaller angular range for 
the V-input. The ,principal range is from 0° to + 180°; in the 
adjacent ranges (+ IS0° to + 360° and 0° to -IS00) the error 
trap is activated. 

The ratio of the two sines is generated by implicit division, 
rather than by use of a separate analog divider as indicated in 
Figw:e 1, and is summed with the voltage Z = (ZI - Z2). The 
difference is applied to the high-gain output op-amp. In the 
normal modes (see below) Zl is connected to the output W, and 
Z2 is grounded. Under these conditions, the function is . 

W=U sin (Xl - X2) 
sin (Yl - Y2) 

Either sine function can be converted to the cosine by applying 
the input to X2 or Y2 and introducing a + 90° offset, since 

1---..-- +15V 

OPTIONAL 

1---.-- ~'::''i1~'NG 

1-+--.-,.-- -15V 

Figure 2. Connections for the Sine Mode with Amplitude 
Preset to 10V 



cos (6) = sin(9O° - 6). For example, by connecting the + I.SV 
reference output at pin 6 (VR) to Xl and the angle voltage, Va, 
to X2 the numerator becomes the cosine of angle 6. Alternatively, 
by connecting VR to either Xl or YI and grounding X2 or Y2, 
the numerator or denominator, respectively, becomes unity, 
since sin(90° - 0) = 1. By these means, the full set of normal 
functions shown in Table I can be generated. All functions can 
be sign-inverted by interchanging the X-inputs. The Z2 input 
can be used to sum another function to the output, W, with 
unity gain. 

In addition to the normal modes providing sine, cosine, tangent, 
cosecant, secant and cotangent functions, the AD639 can generate 
the offset functions such as the versine, 1-cos (6), discussed 
below. The inverse functions such as arc-sine, arc-cosine and 
arc-tangent, are also supported by the AD639, by closing the 
feedback loop through the corresponding normal function. The 
output angle is limited to the principal range (for example, 
- 90° to + 90° for the arc-sine and arc-tangent, 0° to + ISO° or 
- 180° to 0° for the arc-cosine). 

TERMINOLOGY 
When discussing a device having as many inputs and operating 
modes as the AD639, it is important to clarify the nomenclature 
and scaling conventions. In all cases angles are denoted by lower
case letters (x, y, a) and have the dimension of angular degrees. 
Vpper-case letters (A, V, V, W, X, Y and Z) refer to voltages; 
subscripts are used to refer to one or the other of a differential 
pair such as XI - Xl> or the preset value Vp. Numbered upper-case 
letters refer to the variable name or the package pin. 

THE ANGLE ,INPUTS: Xl, X2, YI, Y2 
The angles X=(XI-X2) and y=(YI-Y2) are directly proportional 
to the differential voltages X = (XI - X2) and Y = (Y 1-Y 2) re
spectively, with a scaling factor of SOON. The X-inputs can be 
driven to ± 12V pk, that is ±600°. The V-input should be 
limited to 0 to + 3.6V COO to + 180°) to satisfy certain internal 
requirements. The resistance at these inputs is nominally 3.6kO 
to COM. 

The sine function exhibits odd-order symmetry: sine - 6) = 
- sin(a). By simply interchanging the X-inputs, the overall sign 
of any function can be inverted. The Y -inputs can also be inter
changed to allow operation with a negative input voltage (0 to 
- 3.6V) while maintaining the correct angular range. 

It may occasionally be desirable to reduce the angular scaling 
factor. For example, to convert a triwave of ± lOY amplitude 
into a continuous sinewave requires a scaling factor of 9°N 
(since ± lOY corresponds to ±900 ). This can be achieved by 
using a resistor (in this case, about I6.4kO) in series with the 
Xl input; a resistor of equal value must be inserted in series 
with the X2 input to minimize angular offset en:or. Note that 
the on-chip thin-film resistors are not trimmed to absolute value, 
so a scaling adjustment is needed; however, once set, scaling 
will be stable. 

THE AMPLITUD&-CONTROL INPUTS: Ul, U2, UP 
The amplitude of the function can be determined either by the 
application of an exterual voltage to the VI and V2' inputs, or 
by enabling the internal preset voltage Vp by taking the control 
pin VP low or high, or via a combination of these modes. The 

Interface Details 
net amplitude is V = (V I - V 2) + V p' This sum must be greater 
than zero and less than 1- V.I; voltages beyond these limits 
activate the error trap. 

In the external mode, the differential voltage (V I - V 2) will 
generally be in the range IOmV to. lOY. Positive inputs are 
applied to VI while V2 is grounded; for negative inputs, inter
change VI and V2. The input resistance at VI and V2 is nominally 
SOkO to analog common. A nominal bias current of - SO.,.A is 
needed at the V-inputs; zero-valued inputs must therefore 
be connected to common to prevent offset error. The gain 
from the V -interface to the output is trimmed to be unity for 
sin(x)/sin(y) = 1. The effective gain can be lowered using a series 
resistor; to avoid offset an equal resistor must be used in the 
zero-valued input. 

The VP control pin may be left unconnected (or grounded) to • 
disable the internal amplitude preset, connected to + V. to set 
Vp= IOV, or to - V. to set Vp= IV. An external resistor of 
7SkO (±V,=SV) to 360kO (±V,= ISV) can be inserted in 
series with VP (which also has an input resistance of typically 
50kO) to minimize power dissipation. Alternatively, V, can be 
used to enable Vp= lOY. The VP input can be used to switch 
the output on or off under logic control, but requires a relatively 
long response time. The GT interface is more suitable for this 
purpose and it allows gating to any amplitude, V not just to the , 
preset values of IV or IOV. 

THE REFERENCE OUTPUT: VR 
The voltage V, is laver-trimmed to + I.SV with respect to analog 
common. It can be used to fix the angle x or y to 90° and thus 
set sin(x) or sin(y) to unity. It can also provide a 90° offset to 
convert the numerator or denominator to a cosine function. 
Stable offsets less than 90° may be introduced using a voltage-divid
ing series-resistor (nominally 3.6kO for 45°). V, can also be used 
as the amplitude input voltage V I - V 2, or as a convenient control 
input to set Vp = IOV. This output is short-circuit protected and 
can provide up to 4mA total load current. 

THE ERROR-TRAP AND GATE: GT 
In some applications it may be useful to know that the output is 
severely in error due to a dynamic combination of inputs. For 
example, the tangent, cotangent, secant and cosecant all exhibit 
regions where the function increases sharply for small angular 
changes, and the output may easily saturate. Consider the case 
where (IOV) tan (6) is being'generated. W is lOY for 6=45°, 
and the theoretical output of I7.3V at 6 = 60° cannot be achieved 
using ± 15V supplies. LikeWise, the output is invalid whenever 
the angle y is outside of a valid range (principally 0 to + ISOO), 
or when V<O or V>I- V.I. Vnder such conditions the AD639 
generates a HIGH output at pin II and simultaneously clamps 
the analog output to zero (in fact, to the voltage Z2)' Grounding 
GT disables the error trap. 

The GT pin may also, be used as an input to gate the function 
output. This is achieved by raising pin II to a voltage above 
+ 1.5V. Response time is typically sOOns for a logic drive of 0 
to +2V, and the ON/OFF ratio is greater than S3dB when used 
as a continuous-wave sine converter with a single-sided ± I.SV 
triwave drive at frequencies up to 10kHz, or 63dB at 100kHz; 
the feedtbrough is entirely capacitive, and is equivalent to 5pF 
between XI or X2 and the op-amp summing node. Feedthrough 
can be minimized by using a balanced drive to Xl aDd X2. 
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Operation In Normal Modes 
In normal modes, the 'Z-input establish,es a feedback path around 
the oUtput op-amp, py connecting ZI ,to the output, W, andZ2 
to the ground associated with the load circuit. For the highest 
accuracy Zl can be used to sense the output at the load terminals. 
Similarly, zero-valued angle inputs and the angle common (pin 
5) should be connected to the ground associated with the source 
citcuitry. 

SINE MODE 
-The AD639 can generate either (I) a low-distortion continuous 
sinewave from a repetitive triwave input or (2) a high-accuracy 
sine function for use in computational applications. In most 
cases, the choice of preset or externa1ly-controlled amplitude 
will make little difference to distortion or accuracy, and both 
methods are used in this section. In all of the normal modes, the 
Z2 input can be used either to sum a further signal to the output 
(or introduce an optional output offset trim). The denominator 
is set to unity by making y = 90", using the + 1.8V output. 
Figure 2 shows typical connections. The lOY preset is selected, 
using Vr as a control input to UP, and the ideal output is 
(lOV)sin(x). In practice, five basic types of error arise: 

1. X-angle scaling error: The amount by which the angle generated 
for each volt of X-in put differs from 50". In triwave-to-sinewave 
(CW) applications this introduces odd-order harmonic distor
tion, and is indistinguishable from an incorrect triwave 
amplitude. 

2. X-angle offset error: The actual angle generated when 
X=(XI-XV=O. In CW applications this introduces even
order harmonic distortion, as a non-zero mean in the triwave 
would. 

3. Amplitude scaling error: The amount by which the peak-to-peak 
amplitude of the sinewave differs from the ideal value, Ulsin(y). 
This error is usually critical only in computational applications. 
Errors associated with the Y -network also affect the amplitude 
in the sine mode. 

4. Output offset mar: The amount by which the mean '/)(Ilue of 
the sinewave differs from zero (strictly, the voltage on Z2). 
This error is only important in computational applications. 
Note that the output may also be non-zero due to angular 
offset on the X-input. For example, the typical specified X
angle offset of 0.1 ° introduces an output error of l7.45m V 
when U/sin(y)= lOY, more than three times the specified 
mean offset component of 5m V. 

5. Lmo-conformance error: The residual deviation between the 
output function and the ideal function when all of the above 
errors have been removed by trimming during manufacture 
or further external trimming, limiting the ultimate accuracy 
of the function. 

Figure 3 shows the function when driven well beyond the specified 
angular range, using a differential X-input of :!:: 18V peak. This 
also shows the AD639's ability to drive :!:: 15V into a 6000 load, 
with supplies of :!:: 18V. Using an accurate data-acquisition system 
the output can be compared to a computer-generated sine function. 
When the first four types of errors are trimmed out, the peak 

, error over the full input range is typically less than 0.5%. Over 
the central - 90° to + 90°, the peak law-conformance error is 
typically only 0.02%. Figure 4 shows the law conformance for 
four typical samples of AD639. The differential signal interfaces 
simplify the inclusion of optional offset correction to any of the vari-
ables. -
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Figure 3, Output Function for Peak X-Input of :t 18V, with 
U=15V, RL =600fl (±Vs =18V) 
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Figure 4. Residual Error Over Central 1800 Using External 
Trimming 

HARMONIC DISTORTION 
The AD639 can generate continuous sinewaves of 'Very low 
distortion using a linear, highly-symmetric triangle-wave of 
:!:: 1.8V amplitude. Imperfections in the triwave will cause the 
following errors: 

1. Incorrect amplitude: This causes odd-order distortion. Each 
1% error (either too large or too small) generates 0.25% of 
HD3, 0.0833% of HD5 and a total harmonic distortion (THD) 
of 0.27% (- 51.42dBs). 

2.' Baseline offset: This causes even-order distortion: Each millivolt 
of offset in a 1.8V triwave generates 0.037% ofHD2, 0.0074% 
of HD4 and a THD of 0.038%, as well as a DC offset of 
0.055% of the output amplitude. 

3. Time-asymmetry: The run-up time, t\> and run-down time, t2, 
of the triwave may be unequal. This causes both odd-' and 
even-order harmonics. Let the asymmetry in perceilt be 
p = l00(tl - t2)/(tl + tv. The even-order terms are proportional 
to p; the odd-order terms increase as p2. A 1% time-asymmetry 
generates 0.57% of HD2, 0.00625% of HD3, 0.043% of 
HD4 and 0.00167% of HD5, and a THD of - 44dBs. There 
is no DC term. 

4. Amplitude-nonlinearity: This can take on many forms, such as 
an exponential nonlinc:arity in the triwave, amplitude com
pression, and so on. Distortion can be calculated for various 
special cases. Fortunately, it is fairly easy to avoid these 
types of imperfections in the triwave generator using appro
priate design methods. 



When triwave errors are minimized, harmonic distortion can be 
as low as 0.01%. Figure 5 shows the output spectrum at 10kHz, 
with an output amplitude of 20V pk-pk and a load resistance of 
10kn. An HP3325A synthesizer/function generator was used to 
produce the triwave. Distortion rises only slightly when using 
the minimum specified load of 2kn; in fact, the AD639 can 
drive loads down to 6000. At ±V.= ± 18V, sine amplitudes of 
± 15V (10.6V rms, or 225mW of load power) can be generated, 
with typically 0.03% HD2 and HD3. When driving loads of less 
than 2kn, a 25pF capacitor from pin IS to pin 9 avoids possible 
instability, although this is unnecessary when CL is greater than 
I5OpF. 

Figure 5. Spectrum of 10V Sine Output at 10kHz; 
HD2= -88dBs, HD3= -85.5dBs 

COSINE MODE 
The cosine function is generated by offsetting the sine by 90° 
using Yr' The X-input is connected to X2 and VRto XI; then 

_ sin (9O"-x) _ 
W - U sin (90"-0) - U cos (x) 

Connections for the cosine are shown in Figure 6; the amplitude 
in this case is determined externally, by way of illustration. The 
angular range now extends from - 400° to + 600°, with highest 
accuracy between 00 and + 1800. 

TANGENT AND COTANGENT MODES 
The tangent function is provided by the connections shown in 
Figure7. The angle voltage, corresponding to 0, is applied both 
to the numerator, set to the sine mode, and the denominator, 
set to the cosine of the same angle: 

sin (0 - 0) sin (0) 
W=U sin (90"-0) =U cos (0) =U tan (0) 

Most applications require accurate operation for angles up to 
nearly ±90° and accordingly U is preset to IV (rather than 
lOy). Under these conditions, W= IV when 0=45° and 1l.43V 
when 0=85°. Using 15V supplies, the output op-amp will be 
unable to generate the tangent much beyond this point: at only 
86° it would theoretically need to reach 14.3V. For an input 
exceeding 90" in either direction the denominator becomes nega
tive, and the error trap is enabled. Figure 8 shows the function 
for inputa up to ± 2.5V (± 125°). 

The errors associated with the sine mode, (see above) apply to 
the tangent mode also, but the total error in the tangent, cosecant, 
secant and cotangent modes (when the Y -input is also varied) 
are higher, since the Y network is not trimmed and the angular 

X-ANGLE 
VOLTAGE ---+-L!J 

(SOON) 

AMPLITUDE 
VOLTAGE,U 

IOto +10VJ 

+v, 

cc 

AD639 

Normal Modes 
+15V 

OPTIONAL 
1121---..... -- SUMMING 

INPUT 

1.F 
9CERAMIC 

Figure 6. Connections for the Cosine Mode with External 
Amplitude Control 

X-ANGLE 
VOLTAGE +v, 
(SO"N) 

cc 

AD639 

GT 

+15V 

OPTIONAL 
SUMMING 

<& 
INPUT 

1.F 
~CERAMIC 

Figure 7. connections for Tangent Mode with Amplitude 
Preset to 1V 

Figure 8. The Tangent Output for Angle Inputs Up to 
;!;: 125 0 (Error Trap Activated Above 85°) 

scaling and offset errors of this network are absorbed during 
trimming of the output in the sine mode. 

The cotangent is generated by interchanging numerator and 
denominator. The principal range is now from 0 to + 1800, and 
the output (IV)cot (0) ranges from + 1l.43V at 0=5°, through 
zero at 0=90", to -11.43V at 0= 175°. 
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SECANT AND COSECANT MODES 
In secant and cosecant modes, the numerator is fixed to unity 
by connecting XI to VR and X2 to analog common. For the 
secant, angle voltage A is connected to Y2 lII;Id YI is tied to VR; 
then 

sin(900-0) I 
W = U sin(W" _ 9) = U cos (9) = U sec (9) 

The principal range is - 90° to + 90°. The most pmcticai amplitude 
scaling is, provided using the U-preset oflV, when the output 
mnges from + 11.47V at 9= -85° and +85°, to + IV at 9=0. 
The cosecant differs only slightly: the angle input is connected 
to YI and Y2 is connected to analog common, making the de
nominator sin (9). The principal mnge is now 0 to + 180°. When 
U = IV the output is + 11.47V at 9 = + 5° and + 175°, and + IV 
at 0=90°. 

OFFSET MODES 
The versine, vers (0) = 1-cos (0), coversine, covers (0) = 
1-sin (0), and exsecant, exsec (9) = 1-sec (9) involve the addition 
of a constant term to one of the normal trigonometric functions. 
These can be genemted with the AD639 using the Z2 input to 
add a voltage to the output proportional to the amplitude of the 
basic function. In the versine and coversine modes this is simply 
the same voltage as applied to UI (U2 grounded) to set up 
the amplitude of the sign-inverted cosine or sine function, 
respectively: 

W=U - Uf (6)=U(I-f (0)) 

In these two modes the output starts at zero and has a peak 
'value of twice the amplitude voltage, U. 

For the exsecant a IU!gative voltage is added at Z2 and this same 
voltage is applied to U2 with UI grounded; this satisfies the 
requirement that the sign of U, - U 2 be positive. (See comments 
on the Amplitude Control Inputs). The angle inputs are set up 
for the secant; the piincipal mnge is still - 90° to + 90°, but the 
output is now zero when the input angle is zero. 

OPERATION AT LOW SUPPLY VOLTAGES 
The signal ranges at the angle interfaces are essentially independent 
of the supply voltages. In almost all cases, the primary limitation 
to the function's range will arise at the output, W, which can 
swing to within approximately 2V of either supply. For example, 
the X-input may have a peak value of ± 12V (:t 600°) even 
when using ± 5V supplies. 

'Inverse Function Modes 
The AD639 generates the inverse trigonometric functions by 
closing the feedback loop around the oUtput op-amp through 
the angle inputs, mther than through the Z-interface, resulting 
in a nonlinear feedback system. To understand, this, note first 
that the general tmnsfedunction (with UP disabled) is 

W=AoL [(U,- U2) s~ ~X'-X2~ -(Z,-Z2)] 
SlD Y'-Y2 

where AoL is the open-loop gain of the output op-amp (typically 
85dB). Provided that the overall feedbaCk remains negative, the 
loop can be closed in many ways, so as to force the quantity 
inside the bmckets to a null, when 

sin (x, - X2) (Z, - Z2) 

sin (Y'-Y2) = (U,- U2) 
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whatever combinations of variables are used to set up the feedback 
path. In particular, when the angle inputs are used the system 
will have one of the normal functions in the feedback path. The 
input to this system is now the ratio (ZlU), and the output is a 
voltage corresponding to the angle genemted by the inverse of ' 
the function in the feedback path. 

Since all of the normal functions are periodic, and the maximum 
value of the op-amp output can be equivalent to angles as 1arge 
as ± 6500, the closed-loop system could arrive at false "solutions" 
to the above equation, that is, at angles outside of the principal 
range. Also, the feedback can become positive in the wrong 
angu1ar mnge, causing latch-up. Hence, it is essential to limit 
the magnitude of the feedback voltage. Ideally, this is done 
using precise active clamps, but the satumted value of the output 
at given supply voltages, in combination with a simple resistive 
divider to the angle inputs, is usually sufficient to limit operation 
to the principal mnge. The voltage at the angle inputs will be 
accumte, but the op-amp output will in general have inaccumte 
scaling and may show large offsets, due to the bias currents at 
the angle inputs. The error-tmp should be disabled in the inverse 
modes by grounding GT. 

ARCTANGENT MODE 
The arctangent is the most useful of the inverse modes. With 
the connections shown in Figure 9 the loop solves the equation 

sin (0-0) _ _ _ (Z,-Z2) 
sin (90°-0) - tan (9)- (U,- U2) 

'where 9 is the angle corresponding to voltage A, scaled by SOON. 
It follows that 

O=tan-' (Z2- Z,) 
(U,-U2) 

The reversal of Z, and Z2 in the numemtor is due to the negative 
sign in the tangent function. The numerator may be either 
positive or negative, and the connections can be interchanged to 
alter the overall sign of the function. The denominator must be 
positive, but UI and U2 may be interchanged to accept a negative 
input voltage. The ability of the AD639 to form the ratio of two 
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71.5k 

5k 

+15V 

+v, f'16..]-t----..---
111F 

CC 15 t-t-----, '9' CERAMIC 

ZINPUT 

Figure 9. Connections for the General Arctangent Mode 



variables prior to the arctangent operation is very' useful in 
many applications, for example, in real-time Cartesian-to-polar 
conversion (see Applications section). The denominator can also 
be preset to IV or 10V using the UP input; when U= IV, the 
angle a is simply the arctangent of the voltage value of Z2 - Z I. 
Figure 10 shows an X-Y plot of the output for Z = -IOV to 
+ 10V (horizontal axis of photograph) with four values of U 
(0.3V, IV, 3V, 10V). 

Figure 10. The Arctangent Output for Z= ± 10V and 
U=0.3V, IV, 3Vand 10V 

Range-Limiting and Loading 
Resistor Rr in Figure 9 forms a divider with the parallel sum of 
the input resistance at X2 and Y2 and the load resistance, shown 
here as 2kO, which prevents the output angle voltage A from 
exceeding ± I. 7V (6 = ± 85°), using ± 15V supplies. This voltage 
is not directly affected by the load resistance (that is, the output 
behaves as a low-impedance node) but the angular range limits 
are. Consequently, the nominal value of Rr should be calculated 
for specific values of load resistance, angular range and supply 
voltages, and a trim range of about ± 10% included to set up 
the angle limits correctly. ~ is needed to compensate the input 
bias currents and thus equalize the clipping limits; it does not 
cause an offset in 6. The direct output at pin 14 is also the 
arctangent but with imprecise scaling. Although this can be 
trimmed by Rr there will also be a supply-dependent offset due 
to R.,.. For these reasons, the direct output should not be used 
in this mode. 

HF Compensation 
The output op-amp is internally compensated to be stable in all 
the normal modes when feedback is via the unity-gain difference 
amplifie~ associated with the Z-interface. The dominant pole is 
determined by the 30kO resistor and on-chip 3. 5pF capacitor 
(see Figure I) for a closed-loop bandwidth of 1.5MHz. In the 
arc-tangent mode, however, the gain of the feedback path is 
much greater than unity for practical angle values and is theoreti
cally unbounded. For example, if the forward path is set up to 
generate (IV)tan(6), the incremental gain near 6=0 is slightly 
less than unity (since a 20m V change in voltage A causes a 
change of (lV)tan(IO) or 17.5mV in output W) but at 6= 85° the 
gain is 115. While the resistive divider used to limit the angle ' 
voltage A will lower the loop gain, it can still exceed unity. The 
capacitors c., and c... in Figure 9 provide the HF compensation 
required for operation up to ± 85°, with all values of U. 

Inverse Modes 
ARCSINE AND ARCCOSINE MODES 
The basic principles for the arcsine and arccosine are similar to 
those described for the arctangent. As before, the argument of 
the function is the ratio ( - z/U), where U may be preset to IV 
or IOV, the loop gain must be negative over the principal angular 
range of the output, and the feedback voltage must be limited 
to ensure that this range is not exceeded. The loop stability is 
easier to ensure, since the peak gain is bounded. With U = 10V 
the maximum incremental gain of the forward path (at 0° for 
the sine and + 90° for the cosine) is 8.75 and the peak loop gain 
is much less than this because of the attenuation used to limit 
the angular range. Thus relatively little additional HF compen
sation is required. 

Connections for the arcsine are similar to the arctangent (Figure 
9) except that Y2 is grounded, and c., and em can be reduced or 
even omitted. Rr is adjusted for a peak angular range of ± 90° at 
the (attenuated) output; if too high, the function will still be 
correct, but the maximum angle will be less than 90°; if too 
low, the function will exhibit hysteresis near the peak output. 
Adjustments will be needed for other values of load resistance 
and supply voltages. Note that the general limitation on the 
amplitUde input (U < = 1-V,I) must be observed. Figure II 
shows an X-Y plot of the arcsine output for Z = -IOV to + lOY 
(horizontal axis of photograph) with three values of U (2V, 5V 
and 10V). The arcsine can be inverted by reversing the 
Z-interface. 

Figure 11. The Arcsine Output for Z= ± 10V and U=2V, 
5Vand 10V 

For the arccosine, use the arcsine connections with XI tied to 
Vr and insert a small-signal diode in series with Rr, having its 
cathode on the angle-interface side. This allows the output to 
move only in a positive direction. ZI now becomes the positive 
numerator input, and the principal range is from 0° (when 
ZIU = - I) to + 180°. The function is similar in appearance to 
the arcsine, except for the + 90° output pedestal and the reversal 
of phase along the horizontal axis. Note that 

cos-I(Z/U) = 90° - sin-I(ZIU) = 90° + sin-I( - Z/U). 

To generate the negative arccosine, reverse the X- and Z-interfaces 
and the polarity of the diode. The output now runs from -180° 
for an i!lput of Z=(ZI-Z2)= -lOY (with U= 10V) to 0° at 
Z= +IOV. 

It is strongly recommended that X-Y oscilloscope methods are 
used to investigate functional behavior during the development 
of any of these modes of operation: time-domain displays can 
easily become confusing. 
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Figure 12. General-Purpose Function Generator 

Applications 
WIDE-RANGE WAVEFORM GENERATOR 
Figure 12 shows an inexpensive signal generator, providing 
voltage control of frequency from 20Hz to 20kHz and a pre-set 
sine amplitude of 2.8V (within O.ldB of 2V rms). This output 
may be. further modulated by an input of up to :!: 2.8V to U2, 
or gated off by an input of + l.SV or more to GT; Figure 13. 
shows the gated response. If required, a further input can be 
summed into Z2. The sine output can be Set to 10Vamplitude 
by COIIIICCting UP to va and grounding Ul. 

An AD6S4 is used to generate the triwave which appears across 
the timiDg capacitor Cr, and is buffered, amplified and level-shifted 
by Al and Al. Using a spectrUm analyzer, P3 and P4 are adjusted 
to minimize even- and odd-harmonic distonion, respectively. 
The triwsve linearity is not good enough to lea1ize the inhereDt 
capabilities of the AD639, but total harmonic distortion is in the 
- SOdB to - 60dB range. A3provides further gain for a :!: 10V 
triwave output. The square-wave output is taken directly from 
the AD6S4 and is unbuffered. It swings between ground and 
+ lSV; if pins 2 and 5 of the AD6S4 are connected to -ISV, 
this output is 30V pk-pk. 

The frequency sca1ing with the linear input (shown) is IOkHzIV, 
calibrated using PI. The frequency can be controlled manually, 
~ a potentiometer and the Vr output of the AD639. PI has 
sufficient trim range to provide a full-scale frequency of 20kHz 
with the l.8V peak input. The alternative input scheme pro
.videa a "log-sweep" response with an approximate sca1ing of 
10v kHZ (when V is in volts). The range is now from about 
10Hz to 100kHz; the frequency should be set to 1kHz with 
V=O, using P2. The frequency is now sensitive to variations in 
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Figure 13. Gated Output. Top Trace: 0 to +2V Gate Input. 
Bottom Trace: 2V rms Gated Sine Output 

both temperature and the + ISV supply, but stability will be 
adequate for many applications. 

Frequency Multiplication 
Because of the exceptionally wide angular range of the numerator 
function of the AD639, it is possible to generate sinewave outputs 
with 2, 3, 4 or 5 times the triwave frequency using the cosine 
mode for even multiples or.the sine mode for odd multiples.2 

For ClQImple, to multiply the output frequency by 3, use the 
sine function with the X-input driven to :!: S.4V (:!: 270"). Dis
tortion remains low; !ill harmonics are typically under - 50dBs, 
even for the frequency-quintupling mode. 

lFor full details see "A Remarkable Monolithic Miaosystem Generates 
Trigonometric' Functions," Barrie Gilbert, Indrurrial Electtonia EquipmIm 
Design, September 1984, pp. 19-24. Reprints available. 
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Figure 14. Four-Quadrant Sine Multiplier; for Cosine, 
Interchange Xl and X2 and Connect Angle 'Lo' Input to VR 

FOUR-QUADRANT SINE/COSINE MULTIPLICATION 
In synchro applications it is often necessary to multiply an AC 
sinusoidal 'carrier' by a further sine 'modulation' function. This 
can be achieved in two ways; the first is suitable only when 
there is a large ratio between the carrier frequency and the 
modulation frequency. Using a single AD639. the carrier input 
Asin(wt) is applied to U2, and a DC bias voltage established on 
UI (which can be provided by a series resistor connected to 
+ V,). The modulation input, x, is applied to angle inputs 
connected for - sin(x). The' output is then W = - sin(x) 
(U 1-Asin(wt)). Using AC-coupling to the load, the voltage 
Asin(x)sin(wt) results. Since the peak value of W is (U 1 + A), a 
maximum of about 6V amplitude can be achieved before output 
saturation. A further limitation of this approach is that the AC
coupling may allow excessive transmission of the sine modulation 
function. However, with typical values of 400Hz for the carrier 
and 10Hz for the upper modulation frequency, this simple 
approach is practical. Cosine modulation is similarly achieved. 

An alternative method is DC-coupled and thus imposes no 
frequency-ratio limitations; it also allows an input/output 
amplitude of up to 12V. Two AD639s are used (Figure 14), the 
second having both the X- and U-interfaces phase-inverted 
relative to the first, and the two outputs are summed. The 
figure shows a general bipolar input, A, applied to the U-inputs. 
The first device generates Asin(x) when A is positive and zero 
when A is negative. The second device generates - Asin(x) 
(actually Asin( -x)) when A is negative 'and zero when A is 
positive. The instantaneous sum of the two half-sines is Asin(x). 
The switching speed of the U-interface is adequate to handle a 
sinusoidal input A = (IOV)sin(wt) at frequencies up to at least 
1kHz, without signiftcant crossover distortion. In synchro appli
cations errors as small as 5 arc-minutes can be achieved. 

Polar-tcK:artesian Conversion 
Using a pair of AD639s connected as shown in Figure 14, and a 
second pair connected similarly for the cosine function, a vector 

of magnitude A and angle x can be resolved into its orthogonal 
components Asin(x) and Acos(x), with unrestricted operation in 
all quadrants and very high accuracy. 

Cartesian-to-Polar Conversion 
A point Z, U in a plane can be converted to a magnitude component, 
A, and an angle component, II. A suitable vector summation 
circuit can be found in the AD637 data 'sheet. The AD639 in 
the arctangent mode can provide the angle output 11= tan-I(ZIU). 
If U is bipolar, iiil absolute-value circuit using an AD630 should 
be added. 

Sine/Cosine (Quadrature) Oscillators 
Quadrature oscillators generate a pair of sinusoudal outputs 
displaced by 90°, and invariably are based on a "state-variable" 
loop consisting of two integrators and a sign-inverter. Practical 
difficulties in this approach are (I) considerable additional circuitry 
is requited to control the amplit~de of the oscillation; (2) a 
trade-off arises between the settling-time of this control 'circuitry 
and the distortion level, particularly troublesome at low fre
quencies; (3) the amplitude balance of the two outputs is dependent 
on the matching of two time-constants; (4) two tracking analog 
multipliers or multiplying DACs are needed if the frequency is 
to be programmable. 

These problems are avoided using a function-shaping technique 
based on a triwave oscillator, which requires only one time-con
stant, and whose frequency can thus be more easily controlled. 
The need for an amplitude control system is eliminated using 
the scheme shown in Figure 15. The two outputs have accurate 
amplitudes of lOY (without the need for an external reference 
source) or can be individually controlled by external voltages, 
without any effect on frequency. Variable-amplitude sine and 
cosine outputs can be added (using the Z-input discussed earlier) 
to provide continuously-variable phase-control of the output. 
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Figure 15. Quadrature Oscillator 

The triwave oscillator comprises an AD630, which alternates the 
sign of the 1. 8V reference from one of the AD639s to generate a 
square-wave output of ± 1.8V amplitude, and an integrator 
formed by RI, CI and the op-amp, which generates the triwave. 
The amplitude of the triwave is determined by the ratio of R3 
and R4, and is nominally ± 1.845V, 2.5% higher than needed at 
the inputs of the AD639s, providing the adjustment range needed 
to minimize distortion. In many applications, all adjustments 
can be eliminated; to do this, make R3=R4=5k.O, omit P2, 
P4, R5 and R7 and replace PI, P3, R6, and R8 with short 
circuits. The frequency is nominally 1I4C1Rh and is 1kHz with 
the component values shown. A variety of methods may be used 
to provide external control of frequency, including the use of 
another AD630 in series with RI, or the use of a multiplying 
DAC. 

Figure 16. Top Waveform: Difference Voltage Between 
Triwave and Squarewave. Bottom Waveform: Resulting 
Output 

The sine output is generated using the triwave directly. PI and 
P2 should be adjusted using a spectrum analyzer for minimum 
odd-orderand even-order harmonics, respectively. The cosine 
output is generated by using the difference between the triwave 
and the square-wave, shown in the upper waveform in Figure 
16. This composite voltage first generates a sine-function over 
the range 0 to + 180·, then over the range 0 to -1800, to produce 
the function shown in the lower waveform, which can be seen 
to be 900 out of phase with the triwave. The complete set of 
waveforms available from this generator are shown in Figure 17. 
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Figure 17. Timing Relationships Between All Outputs of 
the Quadrature Oscillator 

Figure 18. Spectrum of Cosine Output at 1kHz 

P3 and P4 are adjusted for niliiimum odd-order and even-order 
cosine harmonics, respectively; Figure 18 shows the cosine 
spectrum for a well-adjusted circuit. 

Due to the finite transition time back to the baseline in the 
drive voltage to the cosine generator, a brief spike occurs at the 
zero-crossing of this output. The frequency components will be 
beyond the bandwidth of the output amplifier in the AD639, 
and the energy contained in these spikes will not generally be 
troublesome. They may be further reduced, if necessary, by 
adding a capacitor between pins 14 and 15, to roll off the AD639 
output response. 



11IIIIIIII ANALOG 
WDEVICES Low Power Precision Dual BIFET Op Amp 

FEATURES 
Improved Replacement for LF442 
Low Quiescent Current: 400 .... A max 
Low Input Bias Current: 10pA max, Warmed-Up 

(AD648C) 
Low Offset Voltage: 250 .... V max (AD648C) 
Low Drift: 2 .... Vrc max (AD648C) 
Low Noise: 2 .... V POp, 0.1 to 10Hz 
AC Specs: 1.8V/ .... s Slew Rate, 1MHz Unity 
Gain Bandwidth 
Available in Plastic, Hermetic CERDIP and 

Hermetic Header Packages 
MIL-STD-883B and Plus Parts Available 

PRODUCT DESCRIPTION 
The AD648 is a low power, dual precision monolithic operational 
amplifier. It is fabricated with ion-implanted FET and laser 
wafer trimming technologies and offers both low bias current 
(2SpA max, warmed-up) and low quiescent current (400ILA 
max). 

The economical J and A grades have a maximum 
offset voltage of less than 2m V and an offset 
than 20IL V/"C. This level of dc precision . 
Analog's exclusive laser wafer drift tri 
bination of low quiescent curren 
changes in offset voltage due to se 
grades are offered, which provide i ease 
the commercial, industrial and military tem ges 

The AD648 is recommended for any op amp application requi 
low power and excellent dc and ac performance. Battery-powered, 
precision instrument front ends and CMOS DAC buffers will 
benefit from this device's excellent combination of low offset 
voltage and drift, low bias current and low IIf noise. High common 
mode rejection (80dB, min on the "B" and "c" versions) and 
high open-loop gain ensures better than 12-bit linearity in high 
impedance buffer applications. 

Devices are pinned out in a standard op amp configuration and 
are available in six performance grades. The AD648J and AD648K 
are rated over the commercial temperature range of 0 to + 70°C. 
The AD648A, AD648B and AD648C are rated over the industrial 
temperature range of - 25°C to + 85°C. The AD648S is rated 
over the military temperature range of - 55°C to + 125°C, and 
is available processed to MIL-STD-883B, Rev. C. Devices are 
available in an 8-pin CERDIP, a plastic Mini-DIP or a TO-99 
metal can. 

AD648 I 
AD648 PIN CONFIGURATION 

NON-INVERTING 
INPUT A 

PIN 41S IN ELECTRICAL 
CONTACTWITHTHE CASE 

of low supply current, excellent dc and ac 
d low drift makes the AD648 the ideal op 

gh performance, low power applications. 

Ie with industry standard op amps such as the 
642, the AD648 enables designers to 

ance while achieving a reduction in power 
of up to 85%. 

uaranteed low offset voltage (2mV max) and drift (201LVrC 
achieved utilizing Analog Devices' Laser Wafer 

ing (LWDT) Technology, eliminating the need 
mal trimming. 

alog Devices specifies each device in the warmed-up con
dition, thus insuring that the device will meet its published 
specifications in actual use. 
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SPECIFICATIONS (@ +25"C and Vs = ±15V de unless otb8IWise specified) 

AD648JIAIS AD648K/JI AD648C 

Moc\eI MiD Typ Max MiD Typ Max Mia Typ Max 

INPUT OFFSET VOLTAGE' 
Initial Offset 2 0.5 0.25 
Inpilt Offset Voltage ... Temp 20 5 2.0 
Input Offset Voltage ... Supply, 

TmiotriTmu 200 100 100 

INPUT BIAS CURRENT 
Either Input', CMV = 0 10 25 5 10 5 10 
Offset Current 5 5 2 

INPuT IMPEDANCE 
Differential 10'~16 1012116 1012116 
'Common Mode 1012116 10'~16 1012116 

INPUT VOLTAGE RANGE 
Differential' ±20 ±20 ±20 
Common Mode ±IO ±12 ±IO ±12 ±IO ±12 
Common Mode Rejection 80 80 80 

INPUT VOLTAGE NOISE 
Voltage O. 1Hz to 10Hz 2 2 2 

f=lkHz 35 35 35 
FREQUENCY RESPONSE 

Unity Gain Small SigDal 1.0 1.0 1.0 
. FuU Power Response 30 30 30 
Slew Rate, UnityGain 1.8 I.S I.S 
SettlingTimeto ±0.01% S S S 

OPEN LOOP GAIN' 
Vo= ±10V,RL=10k{} .100 100 100 
T min to T .... , RL = 10k{} 100 .. 100 100 
Vo= ±IOV,RL=5k{} 86 S6 S6 

MA TCHlNGCHARACTERISTICS' 
InputOfIset Voltage 2.0 0.5 0.25 
Input Offset Voltage, T min to T...,. 20 5 2 
Input jiias Current 25 10 10 
CrossTalk -124 -124 -124 

OUTPUT CHARACTERISTICS 
Voltage@RL=IOk{},Tmin toT .... ±ll ±13 ±ll ±13 ±ll ±13 
Short Circuit Current 25 25 25 

POWER SUPPLY 
Rated Performance ±15 ' ±15 ±15 
Operating ±4.5 ±IS ±4.5 ±IS ±4.5 ±IS 
Quiescent Current 300 400 300 400 300 400 

TEMPERATURE RANGE 
Operating, Rated Performance 

Commercial (0 to + 70"<:) AD64SJ AD648K 
Industrial ( -25'Cto +S5'C) AD648A AD648B AD648C 
Military ( - 55'C to + 125'C) AD648S 

Storage -65 +150 -65 +150 -65 +150 

PACKAGE OPTIONS J Grade: Plastic (NSA) K Grade: Plastic (NSA) 
A Grade: CERDIP(Q), B Grade: CERDIP(Q), C Grade: Cerdip (Q), 

TO-99 Style (HOSB) TO-99 Style (HOSB) 
SGrade: CERDIP(Q), 

TO-99 Style (HOSB) 

NOTES 
'Input Offset Voltq<: specifications aresusnmteed after S minutes of operstionat TA = + 2S'C. 
'Bias Current specifications aresusnmteedmaximum ateither input after 5 minutes of operation atTA = + 2S'C. 
Forhishertemperatures, thecurrentdoublesevery IO'C. 

'Defined asvoltq<: between inputs, such tbat neither Ol<c:eeds ± lOY from sronnd. 
'Open Loop Gain is specified witb Vos botb nuUed and uonuUed. 
'Mstching is defined .. the difference between parameters of the twoamplifiers. 
Specifications subject to cbangewitbout notice. 
Specifications shown in boldface are tested on all production units at final 
eIecttical test. Results from !bose tests are used to calculate outaoiDi quality 
levels. All min and max specifications are susnmteed, a1thouih only tbose 
shown in boldface are tested un all production units. 
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rIIIIIII ANALOG 
WDEVICES 

FEATURES 
Full-Scale Frequency (Up to 2MHz) Set by External 

System Clock 
No Critical External Components Required 
Extremely Low Linearity Error (0.005% max at 100kHz 

FS. 0.02% max at 2MHz FS) 
Low Drift (25ppml"C max) 
Dual or Single Supply Operation 
Voltage or Current Input 
Low Cost 

PRODUCT DESCRIPTION 
The AD651 Synchronous Voltage-to-Frequency Converter (SVFC) 
uses a variation of the popular charge-balancing technique to 
perform the conversion function. The AD651 uses an external 
clock to defme the full-scale output frequency, rather than 
relying on the stability of an external one-shot capacitor. The 
result is a more stable, more linear transfer function, with sig
nificant application benefits in both single- and multi-channel 
systems. 

The AD6S 1 is a powerful building block for precision 
digital conversion, offering typical nonlinearity of 0.002 
maximum) at a 100kHz output frequency. The . 
monotonicity of the transfer function and . 
frequencies allows the conversion 
optimized for specific applicatio 

Gain drift is minimized u . 
reference and low-TC on
thermore, the initial gain err 
the use of laser-wafer-trimming. 

The analog and digital sections of the A S I have been 
to allow operation from a single-ended power source, sim 
its use with isolated power supplies. 

The AD6S1 is available in three performance grades. The 16-pin 
cerdip-packaged AQ and BQ grades are specified for operation 
over the - 2SoC to + 8SoC industrial temperature range, and the 
AD6SISQ is available for operation over the full - SsoC to 
+ 12SoC extended temperature range. 

Monolithic Synchronous 
Voltage-to-Frequency Converter 

AOS51 I 
AD651 PIN CONFIGURATION 

PRODUCT HIGHLIGHTS 
1. The use of an external clock to set the full-scale frequency 

allows the AD651 to achieve linearity and stability far superior 
to er monolithic VFC. By using the same clock to 

AD651 and (through a suitable divider) also set the 
riod, conversion accuracy is maintained indepen

of variations in clock frequency. 

51 Synchronous VFC requires only a single external 
noncritical integrator capacitor) for operation. 

input of the AD651 is TTL and CMOS compatible 
can· also be driven by sources referred to the negative 

power supply. The flexible open-collector output stage provides 
ient current sinking capability for TTL and CMOS 
as well as optical couplers and pulse transformers. A 

itor-programmable one-shot is provided for selection of 
optimum output pulse width for power reduction. 

The AD6S 1 can also be configured for use as a synchronous 
FN converter for isolated analog signal transmission. 
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SPEC I FI CAli ONS{tJpIcaI@TA == + 2ft. Vs = :t 15V.1IIIass IIIIIIIwise IICIIad) 

AD65IAQ/SQ AD65IBQ 

Mill Typ Max Mill Typ Max Units 

VOLTAGE-TO-FREQUENCY MODE 
Gain Error 

foUT= 100kHz ±0.5 ±I ±0.25 ±0.5 % 
foUT = 500kHz ±0.5 :1:1 ±0.25 ±O.S % 
foUT=2MHz ±0.5 :!::I.S ±0.25 :!::0.7S % 

Gain Drift l 

foUT= 100kHz ±25 :!::50 ±15 ±25 ppml"C 
foUT = 500kHz ±25 :1:50 ±15 :!::2S ppmI"C 
fOUT = ZMHz ±25 :1:75 ±15 ±SO ppmI"C 

Power Supply Rejection 0.001 0.01 0.001 0.01 %IV 
Linearity Error 

four = 100kHz ±0.002 ±0.02 ±0,002 ±0.005, % 
four = 500kHz ±0.002 :!::0.02 ±0.002 :1:0.005 % 
four=IMHz ±0.01 ±0.02 ±0.002 ±0.005 % 
four=2MHz ±0.02 :!::O.OS ±0.01 :!::0.02 % 

Offset2 ±1 :!::4.S ± I :!::2.S mV 
(Transfer Function, RTI) 

Offset Drift ±10 :!::SO ±10 ±30 fJ.VI'C 

FREQUENCY-TO-VOLTAGE MODE 
Gain Error 

fiN = 100kHz FS ±0.5 ±1 ±0.25 ±0.5 % 
Linearity Error 

fIN = l00kHzFS ±0.002 ±0.02 ±0.002 ±0.0l % 
Input Resistor 19.8 20.0 20.2 19.8 20.0 20.2 kO 

Temperature Coefficieot ±20 :!::5O ±20 :1:50 ppml"C 

INTEGRATOROP AMP 
Input Bias Curreot 

Inverting Input (Pin 5) ±8 :!::20 ±8 ±20 nA 
Noninverting Input (Pin 6) 40 100 40 100 nA 

Input Offset Current 40 120 40 120 nA 
Input Offset Voltage , ±1 :1:4 ±I :!::2 mV 
Open Loop Gain 86 86 dB 
Common Mode Input Range -10 10 -10 10 V 
Output Voltage Range -1 (+Vs -4) -1 (+Vs -4) V 

(Referred to Pin 6, RI> =5k) 

COMPARATOR 
InPut Bias Current 0.5 5 0.5 5 fJ.A 
Common Mode Voltage -Vs +4 +Vs -4 -Vs +4 +Vs-4 V 

CLOCK INPUT 
Maximum Frequeocy 4 5 4 5 MHz 
Threshold Voltage 1.4 104 V 

T_-Tmax 0.8 2.0 0.8 2.0 V 
(Referred to Pin 12) 

Input Current 
(-VS<VCLK<+VS) 5 20 5 20 fJ.A 

Voltage Range -Vs +Vs -Vs +Vs V 

OUTPUT STAGE 
VOL (lour = lOrnA) 0.4 0.4 V 
IOL 

VoL<0.8V IS IS rnA 
VOL <OAV, T nUn-T max 8 8 rnA 

IOH (Off Leakage) 0.01 10 0.01 10 fJ.A 
Delay Time, Positive Clock Edge to 100 150 200 100 150 200 ns 

Output Pulse 
Fall Time (Load = 500pF and ISINK = 5mA) 100 100 os 
Output Capacitance 5 5 pF 

OUTPUT ONE-SHOT 
Pulse Width 

Cos=300pF 1 1.5 2 1 1.5 2 fJ.S 
Cos,,; lOOOpF 4 5 6 4 5 6 fJ.S 
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AD651AQISQ 

Min Typ Max 

REFERENCE OUTPUT 
Voltage 5.4 6.8 8.2 
Drift 50 100 

POWER SUPPLY 
Rated Voltage 0: 15 
Operating Range 

Dual Supplies 0:6 0: 15 0: 18 
Single Supply ( - V s = 0) +12 +36 

Quiescent Current 0:9 ±15 
Digital Common -Vs +Vs-4 
Analog Common -Vs +Vs 

TEMPERATURE RANGE 
Specified Performance 

"Q"Package -25 +85 
"SQ"Grade -55 + 125 

NOTES 
'Gain Drift is the average drift from Tmm toT max' and is measured at +2SOC, Tminand T max' 

20ffset is guaranteed adjustable to zero using a 20K potentiometer on pins 2 and 3 with the wiper 
connected to + V s through a 2S0k resistor. 

Min 

5.4 

0:6 
+12 

-Vs 
-Vs 

-25 

Specifications in boldface are 100% tested at fmal test and are used to measure outgoing quality levels. 
Specifications subject to change without notice. 

AD651BQ 

Typ Max Units 

6.8 8.2 V 
25 50 ppml"C 

0: 15 V 

0: 15 0: 18 V 
+36 V 

±9 ±15 rnA 
+Vs -4 V 
+Vs V 

+85 DC 
DC 

ABSOLUTE MAXIMUM RATINGS ORDERING GUIDE 
Total Supply Voltage + Vs to - Vs ........ . 

Specified Maximum Input Voltage (Figure 6) . . . . . . . . . 
Maximum Output Current (Open Collector Output) 

. 36V 

. 36V 
SOmA 

Gain 
Drift 

Part ppml"C 
Number 100kHz 

IMHz Temperature 
Amplifier Short Circuit to Ground . Indefinite 
Storage Temperature Range: Cerdip .... - 6SaC to + ISOaC 

Linearity % Range "C Package 

AD65IAQ 50max 
AD65IBQ 25 max 
AD651SQ 50max 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

"Q"PACKAGE 
I6-Pin CERDIP 

OQ25(0635)R ! 

ALTERNATE ~::::::: ~ 'OENTI~'~R~ I ~~::o~ 
• 0760,01106 -----I t 

0.02 max 
0.005 max 
0.02 max 

L~(19.30±015) I 

""'''ww\XKl~rc:::~ A+ (376±038) -.i 15C \ 

0180+0030 --a- ""ir I \ 
(4.57 ; 0 76) T""'" ?o~~ 

0.100 I I:JL ~ (2.54) ~ r.- 0.300 REF 
sse 0,018 (7.62) 

/0.48) 

LEAD NO. 1 IDENTIFIED BY DOT OR NOTCH 

DEFINITIONS OF SPECIFICATIONS 

- 25 to-+ 85 Cerdip 
- 25 to + 85 Cerdip 
- 55 to + 125 Cerdip 

GAIN ERROR - The gain of a voltage-to-frequency converter 
is that scale factor setting that provides the nominal conversion 
relationship, e.g. IMHz full scale. The "gain error" is the dif
ference in slope between the actual and ideal transfer functions 
for the V-F converter. 

LINEARITY ERROR - The "linearity error" of a V-F is the 
deviation of the actual transfer function from a straight line 
passing through the endpoints of the transfer function. 
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THEORY OF OPERATION 
A synchronous VFC is simi1ar to other voltage-to-frequency 
converters in that an integrator is used to perform a charge-balance 
of the input signal with an intepWreference current. However, 
rather than using a one-shot as the primary timing element 
which requires a'high quality and low drift qtpacitor, a synchronous 
voltage-to-frequency converter (SVFC) uses an external clock; 
this allows the designer to determine the system stability and 
drift b8sed upon the external clock selected. A crystal oscillator 
may also be used if desired. 

The SVFC architecture provides other system advantages besides 
low drift. If the output frequency is measured by Counting 
pulses gated to a signal which is deriVed from the clock, the 
clock stability is unimportant and the device simply performs as 
a voltage controlled frequency divider, producing a high resolution 
AID. If a large number of inputs must be monitored simultaneously 
in a system, the controlled timing relationship between the 
frequency output pulses and the user supplied clock greatly 
simplifies this signal acquisition. Also, if the clock signal is 
provided by a VFC, then t}re output frequency of the SVFC 
will be proportional to the product of the two input voltages. 
Hence, multiplication and A-tOoD conversion on two signals are 
performed simultaneously. 

The pinout of the AD651 SVFC is shown in Figure 1. A block 
diagram of the device configured as a SVFC, along with various 
system ~veforms, is shown in Figure 2. 

Figure 1. AD651 Pin Configuration 

Figure 2 shows the typical up-and-down ramp integrator output 
of a charge-balance VFC. After the integrator output has crossed 
the comparator threshold' and the output of the AND gate has 
gone high, nothing happens until a negative edge of the clock 
comes along to transfer the information to the output of the D
FLOP. At this point, the clock level is low, so the latch does 
not change state. When the clOCk returns high, the latch output 
goes high and drives the switch to reset the integrator. At the 
same time the latch drives the AND gate to a low output state. 
On the very next negative edge of the clock the low output state 
of the AND gate is transferred to the output of the D-FLOP 
and then when the clock returns high, the latch output goes low 
and,drives the switch back into the Integrate Mode. At the 
same time the latch drives the AND gate to a mode ,where it 
will truthfully relay the information presented to it by the 
comparator. 

Since the reset pulses applied to the integrator are exactly one 
clock period long, the only place where drift can occur is in a 
variation of the symmetry of the switching speed with temperature. 
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Since each reset pulse is identical to every other, the AD651 
SVFC produces a very linear voltage to frequency transfer relation. 
Also, since all of ~ reset pulses are gated by the clock, there 
are no problems with dielectric absorption causing the duration 
of a reset pulse to be influenced by the length of time since the 
last reset. 
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Figure 2. AD651 Block Diagram and System Waveforms 

Referring to Figure 2, it can be seen that the period between 
output pulses is constrained to be an exact multiple of the clock 
period. Consider an input current of exactly one quarter of the 
value of the reference current. In order to achieve a charge 
balance, the output frequency will equal the clock frequency 
divided by fOUf; one clock period for reset and three clock 
periods of integrate. This is shown in Figure 3. If the input 
current is increased by a very small amount, the output frequency 
should also increase by a very small amount. Initially, however, 
no output change is observed for a very small increase in the 
input current. The output frequency continues to run at one 
quarter of the clock, delivering an average of 250jIA to the 

INTEGRATOR 
OUT 

Figure 3, Integrator Output for "N = 250j.tA 



~------------------~I, 
summing junction. Since the input current is slightly larger than 
this, charge accumulates in the integrator and the sawtooth 
signal starts to drift downward. As the integrator sawtooth drifts 
down, the comparator threshold is crossed earlier and earlier in 
each successive cycle, until fma1ly, a whole cycle is lost. When 
the cycle is lost, the Integrate Phase lasts for two periods of the 
clock instead of the usual three Periods. Thus, among a long 
string of divide-by-four's an occasional divide-by-three occurs; 
the average· of the output frequency is very close to one quarter 
ofthe clock, but the instantaneous frequency can be very different. 
Because of this, it is very difficult to observe the waveform on 
an oscilloscope. During all of this time, the signal at the output 
of the integrator is a sawtooth wave with an envelope which is 
also a sawtooth. This is shown in Figure 4. 

Figure 4. Integrator Output for lIN Slightly Greater 
than 250/J-A 

Another way to view this is that the output is a frequency of 
approximately one quarter of the clock that has been phase 
modulated. A constant frequency can be thought of as ac
cumulating phase linearly with time at a rate equal to 2'11"f radians 
per second. Hence, the average putput frequency which is slightly 
in excess of a quarter of the clock will require phase accumulation 
at a certain rate. However, since the SVFC is running at exactly 
one quarter of the clock, it will not accumulate enough phase 
(see Figure 5). When the difference between the required phase 
(average frequency) and the actual phase equals 2'11", a step in 
phase is taken where the deficit is made up instantaneously. 
The output frequency is then a steady carrier which has been 
phase modulated by a sawtooth signal (see Figure 5). The period 
of the sawtooth phase modulation is the time required to ac-

2. 

2. 

tf»MODftl 

TIME 

2. 

VOUT (t}=cos 121T1Ave·t+I/JMOD It)) 

+ + 
AVERAGE PHASE 
CARRIER MODULATION 
FREQUENCY 

Figure 5. Phase Modulation 

cumulate a 2'11" difference in phase between the required average 
frequency and one quarter of the clock frequency. The amplitude 
of the sawtooth phase modulation is 2'11". 

The result of this synchronism is that the rate at which data 
may be extracted from the series bit stream produced by the 
SVFC is limited. The output pulses are typically counted during 
a fixed gate interval and the result is interpreted as an average 
frequency. The resolution of such a measurement is determined. 
by the clock frequency and the gate time. For example, if the 
clock frequency is 4MHz and the gate time is 4.096ms, then a 
maximum count of 8,192 is produced by a full-scale frequency 
of 2MHz. Thus, the resolution is 13 bits. 

OVERRANGE 
Since each reset pulse is ouly one clock period in length, the 3 
full-scale output frequency is equal to one-half the clock frequency. 
At full scale the current steering switch spends half of the time 
on the summing junction; thus, an input current of O.5mA can 
be balanced. In the case of an overrange, the output of the 
integrator op amp will drift in the negative direction and the 
output of the comparator will remain high. The logic circuits 
will then simply settle into a "divide-by-two" of the clock state. 

SVFC CONNECTION FOR DUAL SUPPLY, POSITIVE 
INPUT VOLTAGES 
Figure 6 shows the AD65 I connection scheme for the traditional 
dual supply, positive input mode of operation. The ±Vs range 
is from ±6 to ± 18 volts. When + Vs is lower than 9 volts, it is 
necessary to shunt pin 16 to pin 13 in order to maintain a minimum 
of 2 volts between pin 16 and + V s. Pin 16 may be shorted 
directly to pin 13, or an external resistor may be shunted between 
the two pins .. Shorting these pins will make analog ground the 
comparator reference; in this case pins 16 and IS are tied directly 
to pin 13. If an external resistor is used then the comparator 
reference will be set by the 250fLA current and this resistor. 

The diode (IN4148 or similar) across pins 5 and 6 prevents any 
parasitic internal junctions from becoming forward biased under 
fault conditions. Opaque diodes should be used to prevent 
variances in the AD651 transfer function caused by photo 
injection. 

The AD651 accepts either a 0 to lOY or 0 to O.5mA full-scale 
input signal. The temperature drift of the AD65 I is specified 

+ 

DIG 
GND 

'-----f-.~'I,.,Q 

Figure 6. Standard V/F Connection for Positive Input Voltage 
with Dual Supply 
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for a 0 to lOY input range using the internal 20kO resistor: If a 
current input is used, the gain drift will be degraded by approx- . 
imately SOppmfC (the TC of the 20kO resistor). If an external 
resistor is connected to pin 5 to establish a different input voltage 
range, drift will be induced to the extent that the external resistor's 
TC differs from - SOppmf'C. The external resistor used to 
establish a different input voltage range should' be selected as to 

. provide a full-scale current of O.SmA (i.e., IOkn for 0 to SV). 

SVFC CONNECTIONS FOR NEGATIVE INPUT 
VOLTAGES 
Voltages which are negative with respect to ground may be used 
as the input to the AD6S1 SVFC. In this case, pin 7 is grounded 
and the input voltage is applied to pin 6 (see Figure 7). In this 
mode the input voltage can go as low as 4 volts above -Vs. In 
this configuration the input is a high impedance, and only the 
40nA (typical) input bias current of the op amp need be supplied 
by the input signal. This is contrasted with the more usual 
positive input voltage configuration, which has a 20kO input 
impedance and requires O.5mA from the signal source. 

+v, 

V'N 

+~ 

-v, 

Figure 7. Negative Voltage Input 

DIG 
GND 

FREQ 
OUT 

SVFC CONNECTION FOR BIPOLAR INPUT VOLTAGES 
A bipolar input voltage of ± SV can be accommodated by injecting 
a.2S0 .... A current into pin 5. A - SV signal will then provide a 
zero sum current at the integrator summing junction which will 
result in a zero output frequency, while a + SV signal will provide 
a O.SmA (full- scale) sum current which will result in the full-scale 
output frequency. 

The 2S0jJ.A bipolar offset current is best provided by an external 
reference voltage and resistor. However, if necessary, the com
parator reference may be used. Since the current SO\Jl'CC feeding 
the zener diode is only 2S0jJ.A, it is necessary to provide an 
additional 2S0jJ.A from + V s for the bipolar offset current. This 
is shown in Figure 8. 

GAIN AND OFFSET CALIBRATION 
The gain error of the AD6S1 is laser trimmed to within ±O.S%. 
If higher accuracy is required, the internal· 20kO resistor must 
be shunted with a 2Mn resistor to produce a parallel equivalent 
which is 1% lower in value than the nominal20kO. Full scale 
adjustment is then accomplished using a soon series trimmer. 
See Figure 9. When negative input voltages are used, this soon 
trimmer will be tied to ground and pin 6 will be the input pin. 
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Figure 8. Bipolar Offset 

DIG 
GND 

FREQ 
OUT 

This gain trim should be done with an input voltage of 9V, and 
the output frequency should be adjusted to exactly 45% of the 
clock frequency. Since the devire settles into adivide-by-two 
mode for an input overrange condition, adjusting the gain with 
a lOY input is impractical; the output frequency would be exactly 
one-half the clock frequency if the gain were too high and would 
not change with adjustment until the exact proper scale factor 
was achieved. Hence, the gain adjustment should be done with 
a 9V input. 

The offset voltage of the op amp may be trimmed to zero with a 
20kO potentiometer across pins 2 and 3 and the wiper connected 
to + V s through a 2S0kn resistor. This.is also shown in Figure 
9. The offset is then trimmed by grounding pin 7 and observing 
the waveform at pin 4 . .If the offset voltage of the op amp is 
positive, then the integrator will have saturated and the voltage 
at pin 4 will be at the positive rail. If the offset voltage is negative, 
then there will be a small effective input current that will cause 
the AD6S1 to oscillate and a sawtooth waveform will be observed 
at pin 4. The trimpot should be adjusted until the downward 
slope of this sawtooth becomes very slow, down to a frequency 
of 1Hz or less. 

Figure 9. Gain and Offset Trim 



GAIN PERFORMANCE 
The AD651 gain' error is specified as the difference in slope 
between the actual lind the ideal transfer function over the full-scale 
frequency range. Figure 10 shows a plot of the typical gain 
error changes vs. the clock input frequency, normalized to 
100kHz. If after using the AD651 with a full-scale clock frequency 
of 100kHz it is decided to reduce the necessary gating time by 
increasing the clock frequency, this plot shows the typical gain 
changes normalized to the original 100kHz gain. 

4~~~-+--~--~--+---r-~---+---r--i 
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Figure 10. Gain vs. Clock Input 

DIGITAL INTERFACING CONSIDERATIONS 
The AD651 clock input is a high impedance input with a threshold 
voltage of two diode voltages with respect to Digital Ground at 
pin 12 (approximately 1.2 volts at room temp). When the clock 
input is low, 5-10f.l.A flows out of this pin. When the clock 
input is high, no current flows. 

The frequency output is an open collector pull-down and is 
capable of sinking SmA with a maximum voltage of 0.4 volts. 
This will drive 5 standard TTL inputs. The open collector pull 
up voltage can be as high as 36 volts above digital ground. 

COMPONENT SELECTION 
The AD651 integrating capacitor should be 0.02f.1.F. If a large 
amount of normal mode interference is expected (more than 0.1 
volts) and the clock frequency is less than 500kHz, an integrating 
capacitor of 0.1 f.l.F should be used. Mylar, polypropylene, or 
polystyrene capacitors should be used. 

The open collector pull-up resisfor should be chosen to give 
adequately fast rise times. At low clock frequencies (lOOkHz) 
larger resistor values (several kO) and slower rise times may be 
tolerated. However, at higher clock frequencies (lMHz) a lower 
value resistor should be used. The loading of the logic input 
which is being driven must also be taken into consideration. For 
example, if 2 standard TTL loads are to be driven then a 3.2mA 
current must be sunk, leaving 4.SmA for the pull-up resistor if 
the maximum low level voltage is to be maintained at 0.4 volts. 
A 9600 resistor would thus be selected ((S-O.4)V/4.SmA) = 
9600. 

The one-shot capacitor controls the pulse width of the frequency 
output. The pulse is initiated by the rising edge of the clock 

signal. The delay time between the rising edge of the clock and 
the falling edge of the frequency output is typically 15Ons. The 
width of the pulse is 5ns/pF and the minimum width is about 
lOOns with pin 9 floating. If the one-shot period is accidentally 
chosen longer than the clock period, the width of the pulse will 
default to equal the clock period. The one-shot can be disabled 
by connecting pin 9 to + Vs (Figure 11); the output pulse width 
will then be equal to the clock period. The one-shot is activated 
(Figure 12) by connecting a capacitor from pin 9 to + V s,. - V s, 
or Digital Ground( + V s is preferred). 

+Vs 

Figure 11. One Shot Disabled 

ANY ACGND 
(+V .. -Vs.ORDIGGNDI 

Figure 12. One Shot Enabled 

DIGITAL GROUND 
Digital Ground can be at any potential between - V s and ( + V s 
-4 volts). This can be very useful a system with derived grounds 
rather than stiff supplies. For example, in a small isolated power 
circuit, often only a single supply is generated and the "ground" 
is set by a divider tap. Such a ground cannot handle the large 
currents associated with digital signals. With the AD651 SVFC, 
it is possible to connect the DIG GND to - Vs for a solid logic 
reference, as shown in Figure 13. 
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+v. 

-vs 

Figure 13. Digital GND at - Vs 

SINGLE SUPPLY OPERATION 
In addition to the Digital Ground being co~ected to - V s, it is 
also possible to connect Analog Ground to - V s of the AD6SI. 
Hence, the device is truly operating from a single supply voltage 
that can range from + 12V to + 36V. This is shown in 
Figure 14 for a positive voltage input and Figure IS for a negative 
voltage input. 

In Figure 14, the comparator reference is used as a derived 
ground, and the input voltage is referred to this point as well as 
the op amp common mode (pin 6 is tied to pin 16). It is necessary 
to place a pull up resistor between pin 16 and + V s to provide 
at least O.SmA of current into pin 16. Since the input signal 
source must drive O.5mA of full-scale signal current into pin 7, 
it must also draw the exact same current from the input reference 
potential. Since the internal current source driving the zener 
diode comparator reference is only 2S0JLA, it cannot supply the 
current needed; hence the reason for the pull-up resistor between 
pin 16 and + Vs. The exact amount of extra current that must 
be supplied by the external resistor is not critical, so long as it 
is more than the O. SmA full-scale signal current. 

+v. 

10k 

Figure 14. Single Supply Positive Voltage Input 
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Figure 15 shows the negative voltage input Configuration for use 
of the AD6Sl in the single supply mode. Again, an external 
resistor is. needed to supply the signal current being drawn out 
of the input reference. However, in this mode the signal source 
is driving the "+" input of the op amp which requires only 
40nA (typical), rather than the O.SmA required in the positive 
input voltage configuration. The voltage at pin 6 may go as low 
as 4 volts above ground ( - V s, pin 8). Since the input reference 
is about 6.5 volts above ground, this leaves a 2.SV window for 
the input signal. In order to drive the integrating capacitor with 
a O.5mA full-scale current, it is necessary to shunt the internal 
20k{} resistor with an external Sk{} resistor. This results in a 
4k!l equivalent resistor and a 2V input range. The external Sk{} 
resistor should be a low-TC metal-fIlm type for lowest drift 
degradation. 

10k 

SIGNAL 
SOURCE 
2VOLTS 
FULL SCALE 

+v, 

Figure 15. Single Supply Negative Voltage Input 

FREQUENCY.TO.VOLTAGE CONVERTER 
The AD6Sl SVFC also works as a frequency-to-voltage converter. 
Figure 16 shows the connection diagram for FIV conversion. In 
this case the" - " input of the comparator is fed the input 
pulses. Either comparator input may be used so that an input 
pulse of either polarity may be applied to the F IV. In Figure 16 
the" +" input is tied to a 1.2V reference and low level TIL 
pulses are used as the frequency input. The pulse must be low 
on the falling edge of the clock. On the subsequent rising edge· 
the lmA current source is switched-to the integrator summing 
junction and ramps up the voltage at pin 4. Due to the a, tion of 
the AND gate, the lmA current is switched off after only one 
clock period. The average current delivered to the summing 
junction varies from 0 to O.SmA; using the internal 20k{} resistor 
this results in a full-scale output voltage of lOY at pin 4. 

The frequency response of the circuit is determined by the 
capacitor; the - 3dB frequency is simply the RC time ~ons~t. 
A tradeoff exists between ripple and response. If low rIpple IS 

desired, a large value capacitor ~ust be used (lJLF), if fast 
response is needed, a small capacitor is used (l.nF minimum). 

The op amp can drive a Sk{} resistor load to lOY, using a lSV 
positive power supply. If a large load capacitance (O.OlJLF) must 
be driven, then it is necessary to isolate the load with a son 
resistor as shown. Since the SO{} resistor is 0.25% of the full 
scale and the specilled ~ error with the 20k{} resistor is 
± 0.5%, this extra resistor will only increase the total gain error 
to +0.75% max. 

The circuit shown is unipolar and only a 0 to + lOY output is 
. allowed. The integrator op amp is not a general purpose op 
amp, rather it has been optimized for simplicity and high speed. 
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Figure 16. Frequency-to-Voltage Converter 

The most significant difference between this amplifier and a 
general purpose op amp is the lack of an integrator (or level 
shift) stage. Consequently, the voltage on the output (pin 4) 
must always be more positive than I volt below the inputs 

IN4148 

(pins 6 and 7). For example, in the F-to-V conversion mode, 
the noninverting input of the op amp (pin 6) is grounded which 
means that the output (pin 4) cannot gO below -I volt. Normal 
operation of the circuit as shown will never call for a negative 
voltage at the output. 

A second difference between this. op amp and a general purpose 
amplifier is that the output will only sink 1.5mA to the negative 
supply. The only pulldown other than the IrnA current used for 
voltage-to-frequency conversion is a 0.5mA source. The op amp 
will source a great deal of current from the positive supply, and 
it is internally protected by current limiting. The output of the 
op amp may be driven to within 4 volts of the positive supply 
when not sourcing external current. When sourcing lOrnA, the 
output voltage may be driven to within 6 volts of the positive 
supply. 

DECOUPLING AND GROUNDING 
It is good engineering practice to use bypass capacitors on the 
supply-voltage pins and to insert small-valued resistors (10 to 
lOOn.) in the supply lines to provide a measure of decoupling 
between the various circuits in a system. Ceramic capacitors of 
O.Ij1.F to 1.0j1.F should be applied between the supply-voltage 
pins and analog signal ground for proper bypassing on the 
AD65 1. 

In addition, a larger board level decoupling capacitor of Ij1.F to 
lOj1.F should be located relatively close to the AD6S I on each 
power supply'line. Such precautions are imperative in high 
resolution data acquisition applications where one expects to 
exploit the fulliineariry and dynamic range of the AD651. 

Separate digital and analog grounds are provided on the AD651. 
The emitter of the open collector frequency output transistor 
and the clock input threshold only are returned to the digital 
ground. Only the comparator reference zener diode is connected 
to analog ground. The purpose of the two separate grounds is to 
allow isolation between the high precision analog signals and the 
digital section of the circuitry. Much noise can be tolerated on 
the digital. ground without affecting the accuracy of the VFC. 
Such ground noise is inevitable when switching the large currents 
associated with the frequency output signal. 

At high full scale, it is necessary to use a pull-up resistor of 
about soon in order to get the rise time fast enough to provide 
well defmed output pulses. This means that from a 5 volt logic 
supply, for example, the open collector output will draw lOrnA. 
This much current being switched will cause ringing on long 
ground runs due to the self inductance of the wires. For instance, 
#20 gauge wire has an inductance of about 20nH per inch; a 
current of lOrnA being switched in sOns at the end of 12 inches 
of 20 gauge wire will produce a voltage spike of 50mV. The 
separate digital ground of the AD6S I will easily handle these 
types of switching transients. 

A problem will remain from interference caused by radiation of 
electro-magnetic energy from these fast transients. Typically, a 
voltage spike is produced by inductive switching transients; 
these spikes can capacitively couple into other sections of the 
circuit. Another problem is ringing of ground lines and power 
supply lines due to the distributed capacitance and inductance 
of the wires. Such ringing can also couple interference into 
sensitive analog circuits. The best solution to these problems is 
proper bypassing of the logic supply at the AD651 package. A 
I j1.F to 10j1.F tantalum capacitor should be connected directly to 
the supply side of the pull-up resistor and to the digital ground, 
pin 12. The pull-up resistor should be connected directly to the 
frequency output, pin II. The lead lengths on the bypass capacitor 
and the pull-up resistor should be as short as possible. the 
capacitor will supply (or absorb) the current transients, and . 
large ac signals will flow in a physically small loop through the 
capacitor, pull-up resistor, and frequency output transistor. It is 
important that the loop be physically small for two reasons: 
first, there is less inductance if the wires are short, and second, 
the loop will not radiate RFI efficiently. 

The digital ground (pin 12) should be separately connected to 
the power supply ground. Note that the leads to the digital 
power supply are only carrying dc current. There may be a dc 
ground drop due to the difference in currents returned on the 
analog and digital grounds. This will not cause a problem. These 
features greatly ease power distribution and ground management 
in large systems. Proper technique for grounding requires separate 
digital and analog ground returns to the power supply. Also, the 
signal ground must be referred directly to analog ground (pin 6) 
at the package. More information on proper grounding and 
reduction of interference can be found in reference I. 

'''Noise Reduction Techniques in Electronic Systems", by H.W. Ott, 
Gohn Wiley, 1976). 
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Applications 
FREQUENCY OUTPUT MULTIPLIER 
The AD651 can serve as a frequency output multiplier when 
used in conjunction with a standard voltage-ta-frequency con
verter. Figure 17 shows the low cost AD654 VFC being used as 
the clock input to the AD651. Also shown is a second AD651 in 
the FN mode. The AD654 is set up to produce an output frequency 
of 0-500kHz for an input voltage (V I) range of O-IOV. The use 
ofR4, Cl, and the XOR gate doubles this output frequency 
from 0-500kHz to 0-IMHz. 

+5V 

Figure 17. Frequency Output Multiplier 

This IMHz full-scale frequency is then used as the clock input 
to the AD651 SVFC. Since the AD651 full-scale output frequency 
is one-half the clock frequency, the IMHz FS clock frequency 
establishes a 500kHz maximum output frequency for the AD651 
when its input voltage (V 2) is + IOV. The user thus has an 
output frequency range from 0-500kHz which is proportional to 
the product of V I and V 2. 
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This can be shown in equation fottn, where fc is the AD654 
o~tput frequency and four is the AD651 output frequency: 

IMHz 
fC = VI lOY 

The scope photo in Figure 18 shows VI and V2 (top two traces) 
and the output of the F-V (bottom trace). 

v, 

V2 

VOUT 

Figure 18. Multiplier Waveforms 

SINGLE-LINE MULTIPLEXED DATA TRANSMISSION 
It is often necessary to measure several different signals and 
relay the information to some remote location using a minimum 
amount of cable. Multiple AD651 SVFC devices may be used 
with a multiphase clock to combine these measurements for 
serial transmission and demultiplexing. Figure 19 shows a block 
diagram of a single-line multiplexed data transmission system 
with high noise immunity. Figures 20, 21 and 22 show the 
SVFC multiplexer, a representative means of data transmission, 
and an SVFC demUltiplexer respectively. 

Multiplexer 
Figure 20 shows the SVFC multiplexer. The clock inputs for 
the several SVFC channels are generated by a TIM9904A four 
phase clock driver, and the frequency outputs are combined by 
strapping all the frequency output pins together (a "wire or" 
connection). The one-shot in the AD651 sets the pulse width of 
the frequency output pulses to be slightly shorter than one 
quarter of the clock period. Synchronization is achieved by 
applying one of the four available phases to a fixed TTL one-shot 
('121) and combining the output with an external transistor. 
The width of this sync pulse is shorter than the width of the 
frequency output pulses to facilitate decoding the signal. The 
RC lag network on the input of the one-shot provides a slight 
delay between the rising edge of the clock and the sync pulse in 
order to match the 150ns delay of the AD651 between the rising 
edge of the clock and the output pulse. 

Transmitter 
The multiplexer signal can be transmitted in any manner suitable 
to the task at hand. A pulse transformer or an opto-isolator can 
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Figure 19. Single Line Multiplexed Data Transmission 
Block Diagram 
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Figure 20. SVFC Multiplexer 
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Figure 21. RS-422 Standard Data Transmission 
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provide galvanic isolation; extremely high voltage isolation or 
transmission through severe RF environments can be accomplished 
with a fiber-optic link; telemetry can be accomplished with a 
radio link. The circuit shown in Figure 21 uses an EIA RS-422 
standard for digital data transmission over a balanced line. 
Figure 23 shows the waveforms of the four clock phases and the 
multiplex output signal. Note that the sync pulse is present 
every clock cycle, but the data pulses are no more frequent than 
every other clock cycle since the maximum output frequency 
from the SVFC is half the clock frequency. The clock frequency 
used in this circuit is 819.2 kHz and will provide more than 
16 bits of resolution if 1 ()() millisecond gate time is allowed for 
counting pulses of the decoded output frequencies. 

SVFC Demultiplexer 
The demultiplexer needed to separate the combined signals is 
shown in Figure 22. A phase locked loop drives another four 
phase clock chip to lock onto the reconstructed clock signal. 
The sync pulses are distinguished from the data pulses by their 
shorter duration. Each falling edge on the multiplex input signal 
triggers the one-shot, and at the end of this one-shot pulse the 
multiplex input signal is sampled by a D-type flip-flop. If the 
signal is high, then the pulse was short (a sync pulse) and the Q 
output of the D-flop goes low. The D-flop is cleared a short 
time (two gate delays) later, and the clock is reconstructed as a 
stream of short, low-going pulses. If the Multiplex input is a 
data pulse, then when the D-flop samples at the end of the one
shot period, the signal will still be low and no pulse will appear 
at the reconstructed clock output. These waveforms are shown 
in Figure 24. 

If it is desired to recover the individual frequency signals, then 
the multiplex input is sampled with a D-flop at the appropriate 
time as determined by the rising edge of the various phases 
generated by the clock chip. These frequency signals can be 
counted as a ratio relative to the reconstructed clock, so it is not 
even necessary for the transmitter to be crystal controlled as 
shown here. 

Analog Signal Reconstruction 
If it is desired to reconstruct the analog voltages from the multiplex 
signal, then three more AD651 SVFC devices are used as fre
quency-ta-voltage converters, as shown in Figure 25. The com-

+5V 

4' 
IN4148 

parator. inputs of all the devices are strapped together, and the 
"+ " inputs are held at a 1.2 volt TTL threshold, while the 
"- " inputs are driven by the multiplex input. The three clock 
inputs are driven by the ;ji outputs of the clock chip. Remember 
that data at the comparator input of the SVFC is loaded on the 
falling edge of the clock signal and shifted out on the next rising 
edge. Note that the frequency signals for each data channel are 
available at the frequency output pin of each FVC. 

Figure 23. Multiplexer Waveforms 
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Figure 24. Demultiplexer Waveforms 
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Figure 25. Demultiplexer Frequency-to-Voltage Conversion 
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ISOLATED FRONT END 
In some applications it may be necessary to have complete galvanic 
isolation between the analog signals being measured and the 
digital portions of the circuit. The circuit shown in Figure 26 
runs off a Single 5 volt power supply and provides a self-contained, 
completely isolated analog measurement system. The power for 
the AD651 SVFC is provided by a chopper and a transformer, 
and is regulated to ± 15 volts. 

Both the chopper frequency and the AD651 clock frequency are 
125kHz, with the clock signal being relayed to the SVFC through 
the transformer. The frequency output signal is relayed through 
an opto-isolator and latched into a D-flop. The chopper frequency 
is generated from an AD654 VFC and is frequency divided by 

+5V 

+5V 

two to develop differential drive for the chopper transistors, and 
to ensure an accurate 50 percent duty cycle. The pull-up resistors 
on the D-tlop outputs provide a well defined high level voltage 
to the choppers to equalize the drive in each direction. The 
10jJll ind~or in the + SV lead of the transformer primary is 
necessary to equalize any residual imbalance in the drive on 

, each half-cycle and thus prevent saturation of.the core. The 
capacitor across the primary resonates the system so that under 
light loading conditions on the secondary the wave shape will be . 
sinusoidal and the clock frequency will be relayed to the SVFC. 
To adjust the chopper frequency, disConnect any load on the 
secondary and tune the AD654 for a minimum in the supply 
current drawn from the 5 volt supply. 

CLOCK 
FREQUENCY. 

1.65k 

r-----~~ ________________ 4~~\~~~NCY 

j-------

soon 

24 TURNS TRANSFORMER .i: ________________________ ..JT50-3 MICROMETALS 10,..,H PICD 31080 

:------------------~-:--~-------~:----~ ISOLATION BARRIER 

7915 

LOo-~----~~------------------~------~.,~ 

~Io-------~~------------------------~~~,~~ 

10k 

Figure 26. Isolated Synchronous VFC 

A-TO-D CONVERSION 
In performing an A-to-D conversion, the output pulses of a 
VFC are counted for a fixed gate interval. To achieve maximum 
performance with the AD65 I, the fixed gate interval should be 
generated using a multiple of the SVFC clock input. Counting 
in this manner will eliminate any errors due to the clock (whether 
it be jitter, drift with time or temperature, etc.) since it is 
the ratio of the clock and output frequencies that is being 
measured. 

The resolution of the A-to-D conversion measurement is deter
mined by the clock frequency and the gate time. If, for instance, 
a resolution of 12 bits is desired and the clock frequency is 
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IMHz (resulting in an AD651 FS frequency of 500kHz) the 
gate time will be: 

( FS Freq)-l = (! Clock Freq)-l = ( IMHZ)-l 
N 2 N 2(4096) 

= 8192 sec = 8.192ms 
1 x 106 

Where N is the 
total number of 
codes for a given 
resolution. 



Figure 27 shows the AD651 SVFC as an A-to-D converter in 
block diagram form. 

To provide the + 2N block a single chip counter such as the 
4020B can be used. The 4020B is a 14-stage binary ripple counter 
which has a clock and master reset for inputs, and buffeted 
outputs from the first stage and the last eleven stages. The 
output of the first stage isfcLOCK + 21 = fCLOCKI2, while the 
output of the last stage is fCLOCK + 214 = fcx..oaJI6384. Hence 
using this single chip counter as the + 2N block, 13-bit resolution 
can be achieved. Higher resolution can be achieved by cascading 
D-type flip-flops or another 4020B with the counter. 

I 

VON 

Table I shows the relationship ~tween clock frequency and 
gate time for various degrees of resolution. Note that if the 
variables are chosen such that the gate times are multiples of 50, 
60 or 400Hz, normal-mode rejection (NMR) of those line fre
quencies will occur. 

Figure 27. Block Diagram of SVFC A-to-D Converter 

Conversion 
or 

Resolution N Clock Gate Time TypLin Comments 

12 BilS 4096 81.92kHz lOOms 0.002% 50, 60, 400Hz NMR 
12 Bits 4096 2MHz 4.096ms 0.01% 
12 Bit. 4096 4MHz 2.048m. 0.02% 
4 Digits 10000 200kHz lOOms 0.002% 50,60,400HzNMR 
14 Bits 16384 327.68kHz lOOms 0.002% 50, 60, 400Hz NMR 
14 BilS 16384 1.966MHz 16.66ms 0.01% 60HzNMR 
14 Bits 16384 1.638MHz 20ms 0.01% 50HzNMR 
4112Digits 20000 400kHz lOOms 0.002% 50, 60, 400Hz NMR 
16 Bits 65536 655.36kHz 200ms 0.002% 50, 60, 400Hz NMR 
16 Bit. 65536 4MHz 32.77ms 0.02% 

Table I. 

DELTA MODULATOR 
The circuit of Figure 28 shows the AD651 configured as a delta 
modulator. A reference voltage is applied to the input of the 
integrator (pin 7), which sets the steady state output frequency 
at one-half of the AD651 full-scale frequency (1/4 of the clock 
frequency). As a 0 to lOY input signal is applied to the comparator 
(pin 15), the output of the integrator attempts to track this 
signal. For an input in an idling condition (dc) the output frequency 
will be one-half full scale. For positive going signals the output 
frequency will be between one-half full scale and full scale, and 

for negative going signals the output frequency will be between 
zero and one-half full scale. The output frequency will correspond 
to the slope of the comparator input signal. 

+15V 

5V REFERENCE 

-15V 

Since the output frequency corresponds to the slope of the input 
signal, the delta modulator acts as a differentiator. A delta mod
ulator is thus a direct way of finding the derivative of a signal. 
This is useful in systems where, for example, a signal corresponding 
to velocity exists and it is desired to determine acceleration. 

!--------oFOUT 

O,0047I1F 

Figure 28. Delta Modulator 
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Figure 29 is a scope photo showiDg a 20kHz, 0 to lOY sine 
Wave used as the input to the comparator and its ramp-wise 
approximation at the integrator output. The clock frequency 
used as 2MHz and the integrating capacitor was 360pF. Figure 
30 shows the same input signal and its ramp-Wise approximation, 
alOng with the output frequency corresponding to the derivative 
of the input signal. In this Case the clock frequency was 
850kHz. 

Figure 29. Delta Modulator Input Signal and Ramp-Wise 
Approximation . 
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The choice of an integrating .capacitor is primarily dictatj:d by 
the input. signal bandwidth. Figure 31 shows this relationship. 
It should be noted that as the value of CINT is lowered, the 
ramp size of the integrator approximation becomes larger. This 
can be compensated for by increasing the clock frequency. The 
effect of the clock frequency on the ramp size is demonstrated 
in Figures 29 and 30. 

~ 

Figure 30. Delta Modulator Input Signal, Ramp-Wise 
Approximation and Output Frequency 
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Figure 31. Maximum Integrating Cap Value vs. Input Signal Bandwidth 
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rIIIIIII ANALOG 
WDEVICES 

FEATURES 
Low Cost 
Single or Duel Supply, 5 to 36 Volts, ±5V to ±18V 
Full Scale Frequency Up to 500kHz 
Minimum Number of External Components Needed 
Versatile Input Amplifier 

Positive or Negative Voltage Modes 
Negative Current Mode 
High Input Impedance, Low Drift 

Low Power: 2.0mA Quiescent Current 
Low Offset: 1mV 

PRODUCT DESCRIPTION 
The AD654 is a monolithic V/F converter consisting of an input 
amplifier, a precision oscillator system, and a high current output 
stage, A single RC network is all that is required to set up any 
full scale (F.S.) frequency up to 500kHz and any F.S. input 
voltage up to ± 30V. Linearity error is only 0.03% for a 250kHz 
F.S., and operation is guaranteed over an 80dB dynamic range. 
The overall temperature coefficient (excluding the effects of 
external components) is typically ± 5Oppml°C. The AD654 
operates from a single supply of 5 to 36V and consumes only 
2.0rnA quiescent current. 

The low drift (4,...VrC typ) input amplifier allows operation 
directly from small signals such as thermocouples or strain 
gauges while offering a high (250MO) input resistance. Unlike 
most V/F converters, the AD654 provides a square-wave output, 
and can drive up to 12 TTL loads, opto-couplers, long cables, 
or similar loads. 

PRODUCT HIGHLIGHTS 
1. Packaged in an 8-pin mini-DIP, the AD654 is a complete 
V/F converter requiring only an RC timing network to set the 
desired full scale frequency and a selectable pull-up resistor for 
the open-collector output stage. Any full scale input voltage 
range from lOOmV to 10 volts (or greater, depending on + VS) 
can be accommodated by proper selection of the timing resistor. 
The full scale frequency is then set by the timing capacitor from 
the simple relationship, f = V/IORC. 

Low Cost Monolithic 
Voltage-to-Frequency Converter 

AD654 I 
AD654 PIN CONFIGURATION 

2. A minimum number of low cost external components are 
necessary. A single RC network is all that is required to set up 
any full scale frequency up to 500kHz and any full scale input 
voltage up to ± 30V. 

3. Plastic packaging allows low cost implementation of the 
standard VFC applications: AID conversion, isolated signal 
transmission, FN conversion, phase-locked loops, and tuning 
switched-capacitor filters. 

4. Power supply requirements are minimal; only 2.OmA of 
quiescent current is drawn from the single positive supply from 
4.5 to 36 volts. In this mode, positive inputs can vary from 0 
volts (ground) to ( + V s - 4) volts. Negative inputs can easily be 
connected for below ground operation. 

5. The versatile open-collector output stage can sink more than 
lOrnA with a saturation voltage less than 0.4 volts. The Logic 
Common terminal can be connected to any level between ground 
(or - V s) and 4 volts below + V s. This allows easy direct interface 
to any logic family with either positive or negative logic levels. 
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SPEC I FI CATIONS (@ + 25"C l1li Vs (1DIaI) = 5111 1&.5V. unless obrwise spicified. AI IIIsIiIll done @ 5V). 

Model Min 

CURRENT-TO-FREQUENCY CONVERTER 
Frequency Range 0 
Nonlinearity' 

fmax = 2S0kHz 
fmax = SOOkHz 

Full Scale Calibration Error 
C = 39OpF, lIN = 1.000mA -10 
vs. Supply (fmax :5 2S0kHz) 

Vs = +4.7Sto +S.2SV 
Vs= +S.2Sto+16.SV 

vs. Temp (0 to 7O"C) 

ANALOG INPUT AMPLIFIER 
(V oltage-to-Current Converter) 
Voltage Input Range 

Single Supply 0 
DuiuSupply -Vs 

Input Bias Current 
(Either Input) 

Input Offset Current 
Input Resistance (Non-Inverting) 
Input Offset Voltage 

vs.Supply 
Vs = +4.7Sto +S.2SV 
Vs = +S.2Sto + 16.SV 

.vs. Temp (0 to 70°C) 

OUTPUT INTERFACE (Open Collector Output) 
(Symmetrical Square Wave) 
Output Sink Current in Logic "0,,2 

VOUT = 0.4Vmax,25OC 10 
VOUT = 0.4Vmax,Ot070"C 5 

Output Leakage Current in Logic "1" 
Oto7O"C 

Logic Common Level Range -Vs 
RiselFallTimes(Cr = O.OIfJ.F) 

lIN = lmA 
lIN = ItLA 

POWER SUPPLY 
Voltage, Rated Performance 4.5 
Voltage, Operating Range 

Single Supply 4.S 
Dual Supply ±5 

Quiescent Current 
Vs(Total) = SV 
Vs(Total) = 30V 

TEMPERATURE RANGE 
Rated Performance 0 
Operating Range -40 

NOTES 
'Atf.,.. = 2S0kHz;RT = lkO,Cr = 39OpF,I'N = O-lmA. 

f.,.. = SOOkHz;RT = lkO,Cr = 200pF,I'N = O-lmA. 
'Tbe sink current is the amount of current that can flow into Pin 1 of the AD6S4 
while maintaining a maximum voltqe ofO.4V between Pin 1 and Logic Common. 

AD6S4JN 
Typ Max Units 

SOO kHz 

0.03 0.1 % 
0.20 0.4 % 

10 % 

0.20 0.40 %IV 
O.OS 0.10 %N 
SO ppmf'C 

(+Vs -4) V 
(+Vs -4) V 

30 SO nA 
S nA 
2S0 MO 
O.S 1.0 mV 

0.1 0.25 mVN 
0.01 0.1 mVN 
4 fJ.VrC 

20 mA 
10 mA 
10 100 nA 
50 SOO nA 

(+Vs-4) V 

0.2 fJ.s 
1 fJ.S 

16.5 V 

36 V 
±18 V 

1.5 2.5 mA 
2.0 3.0 mA 

70 °c 
85 °c 

SpecificaJiona shown in boldfac:e are teated on all production UDita at final electrical teat. Reaulta from those teata are used to calculate outsoins quality levels. 
All min and max specific:ationa are lJWII"IUIteed, althoup only those shown in boldface are tested on all production UDita. 
Specificationa subject tocban&e without notice. 
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ABSOLUTE MAXIMUM RATINGS 

Total Supply Voltage + Vs to - Vs 
Maximum Input Voltage 

(Pins 3, 4) to - Vs ... 
Maximum Output Current 

Instantaneous . . . . 
Sustained ....... . 

Logic Common to - V s . . 
Storage Temperature Range. 

CIRCUIT OPERATION 

· ...... 36V 

-300mVto +Vs 

· ..... SOmA 
· ..... 2SmA 

-SOOmV to (+Vs -4) 
... -6SoC to + ISO°C 

The AD6S4's block diagram appears in Figure I. A versatile 
operational amplifier serves as the input stage; its purpose is to 
convert and scale the input voltage signal to a drive current in 
the NPN follower. Optimum performance is achieved when, at 
the full scale input voltage, a IrnA drive current is delivered to 
the current-to-frequency converter (an astable multivibrator). 
The drive current provides both the bias levels and the charging 
current to the externally connected timing capacitor. This "adap
tive" bias scheme allows the oscillator to provide low nonlinearity 
over the entire current input range of 100nA to 2rnA. The square 
wave oscillator output goes to the output driver which provides 
a floating base drive to the NPN power transistor. This floating 
drive allows the logic interface to be referenced to a level other 
than -Vs. 

+,Vs 
1+5V TO -Vs +301 

v,. 

-v, 
(OVlO -f5VI 

+VlOG/C 

F~, 

FOUl = 110VIIR~\ R21 c,. 

Figure 1. Standard V-F Connection for Positive Input 
Voltages 

V/F CONNECTION FOR POSITIVE INPUT VOLTAGES 
In the connection scheme of Figure I, the input amplifier presents 
a very high (2S0MO) impedance to the input voltage, which is 
converted into the proper drive current by the scaling resistors 
at pin 3. Resistors Rl and R2 are selected to provide a ImA full 
scale current with enough trim range to accommodate the AD6S4's 
10% FS error and the components' tolerances. Full scale currents 
other than IrnA can be chosen, but linearity will be reduced; 
2mA is the maximum allowable drive. The AD6S4's positive 
input voltage range spans from - V s (ground in single supply 
operation) to four volts below the positive supply. Power supply 

*Teflon is a trademark of E. I. Du Pont de Nemours & Co. 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

t 0.39 (9.911 MAX:i 

t:;J' 0.25 

'·r'··" -.l(7.811 

PIN 1 IDENTIFIER ~ 

~
.'.35'.'01 

0.18 to.03 (0.89 :!:O.25) 
(4.57 to.761 ---.L 

Lil ~.'MI • 
•.• 33 , •.• ,' =l I--l -l~OO3 

NOM 0.1012.541 (0.46 to.OB) 
TVP 

·'"1:::A· 
l-O.3~J~.621-1 

O.on :!:O.OO3 
10.28 to.OBI 

rejection degrades as the input exceeds (+ Vs - 3.7SV) and at 
( + V s - 3.SV) the output frequency goes to zero. 

As indicated by the scaling relationship in Figure 1, a O.Ol",F 
timing capacitor will give a 10kHz full scale frequency, and 
O.OOI",F will give 100kHz with a lrnA drive current. Good V/F 
linearity requires the use of a capacitor with low dielectric ab
sorption (DA), while the most stable operation over temperature 
calls for a component having a small tempco. Polystyrene, poly
propylene, or Teflon* capacitors are preferred for tempco and 
dielectric absorption; other types will degrade linearity. The 
capacitor should be wired very close to the AD6S4. In Figure I, 
Schottky diode CRI (MBDI01) prevents logic common from 
dropping more than SOOmV below - Vs. This diode is not 
required if - V s is equal to logic common. 

V/F CONNECTIONS FOR NEGATIVE INPUT VOLTAGE 
OR CURRENT 
The AD6S4 can accommodate a wide range of negative input 
voltages with proper selection of the scaling resistor, as indicated 
in Figure 2. This connection, unlike the buffered positive con
nection, is not high impedance because the signal source ~ust 
supply the IrnA F.S. drive current. However, large negative 
voltages beyond the supply can be handled easily by modifying 
the scaling resistors appropriately. If the input is a true current 
source, Rl and R2 are not used. Again, diode CRI prevents 
latch-up by insuring Logic Common does not drop more than 
SOOmV below - Vs. The clamp diode (MBDlOI) protects the 
AD6S4 input from "below - V s" inputs. 

+v, 
f+5VTO -Vs +301 

-v, 
(OVTO -15V) 

Figure 2. V-F Connections for Negative Input Voltages or 
Current 
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OFFSET CALIBRATION 
In theory, two adjustments calibrate a V IF: scale and offset. In 
practice, most applications find the AD6S4's ImV max voltage 
offset sufficiently low to forgo offset calibration. However, the 
input amplifier's 30nA (tYP) bias currents will generate an offset 
due to the difference in DC source resistance between the input 
terminals. This offset can be substantial for large values of 
RT = RI + R2 and will vary as the bias currents drift over 
temperature. Therefore, to maintain the AD6S4's low offset, the 
application may require balancing the DC source resistances at 
the inputs (pins 3 and 4). 

For positive inputs, this is accomplished by adding a compensation 
resistor nominally equal to' RT in series with the input as shown 
in Figure 3a. This limits the offset to the product of the 30nA 
bias current and the mismatch 'between the source resistance RT 
and RcoMP. A second, smaller offset arises from the inputs' SnA 
offset current flowing through the source resistance RT or RcoMP. 
For negative input voltage and current connections, the com
pensation resistor is added at pin 4 as shown in Figure 3b in 
lieu of grounding the pin directly. For both positive and negative 
inputs, the use of RcoMP may lead to noise coupling at pin 4 
and should therefore be bypassed for lowest noise operation. 

Figure 3a. Bias Current Compensation - Positive Inputs 

Figure 3b. Bias Current Compensation - Negative Inputs 

If the AD654's 1m V offset voltage must be trimmed, the trim· 
must be performed external to the device. Figure 3c shows an 
optional connection for positive inputs in which RoFFI and 
RoFF2 add a variable resistance in series with RT. A variable 
source of ±0.6Vapplied to RoFFI then adjusts the offset± ImV. 
Similarly, a ±0.6V variable source is applied to RoFF in 
Figure 3d to trim offset for negative inputs. The ±0.6V bipolar 
source Could simply be an ADS89 reference connected as shown 
in Figure 3e. 

ROFf1 
10k 

::I:0.6V 

Figure 3c. Offset Trim Positive Input (10V FS) 
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±O.6V 

V'N o-..... _ ...... 'VVIo--{ }-t----.... 

Figure 3d. Offset Trim Negative Input (- 10it FS) 

Rl 
10k 

+SVo-..... NV-4~-~----, 

+ 
AD589 

R3 
'Ok 

R4 
'Ok 

RS 
,00k 

-svo-~~-t--~---~ 
R2 
10k 

:to.6V 

Figure 3e. Offset Trim Bias Network 

FULL SCALE CALIBRATION 
Full scale trim is the calibration of the circuit to produce the 
desired output frequency with a full scale input applied. In 
most cases this is accomplished by adjusting the scaling resistor 
RT • Precise calibration of the AD6S4 requires the use of an 
accurate voltage standard set to the desired FS value and an 
accurate frequency meter. A scope is handy for monitoring 
output waveshape. Verification of converter linearity requires 
the use of a switchable voltage source or DAC having a linearity 
error below ±O.OOS%, and the use of long measurement intervals 
to minimize count uncertainties. Since each AD6S4 is factory 
tested for linearity, it is unnecessary for the end-user to perform 
this tedious and time consuming test on a routine basis, 

Sufficient FS calibration trim range must be provided to accom
modate the worst-case sum of all major scaling errors. This 
in<;ludes the AD6S4's 10% full scale error, the tolerance of the 
fIXed scaling resistor, and the tolerance of the timing capacitor. 
Therefore, with a resistor tolerance of 1% and a capacitor tolerance 
of 5%, the fIXed part of the scaling resistor should be a DUJXimum 
of 84% of nominal, with the variable portion selected to allow 
116% of the nominal. 

If the input is in the form of a negative current source, the 
scaling resistor is no longer required, eliminating the capability 
of trimming FS frequency in this fashion. Since it is usually not 
practical to smoothly vary the capacitance for trimming purposes, 
an alternative scheme such as the one shown in Figure 4 is 
needed. Designed for a FS of lmA, this circuit divides the 
input into two current paths. One path is through the loon 

H2 

'0011 

R4 
39211 

,..:.. f--"""-$ ~= 
H, 

100n -I, 

'OPTIONAL OFFSET TRIM 
±O.6V, 

Figure 4. Current Source FS Trim 



resistor Rl, and flowing into pin 3; it constitutes the signal 
current h to be converted. The second path, through another 
lOon resistor R2, carries the same nominal current. Two equal 
valued resistors offer the best overall stability, and should be 
either 1% discrete film units, or a pair from a common array. 

Since the lmA FS input current is divided into two 500 .... A legs 
'(one to ground and one to pin 3), the total input signal current 
(Is) is divided by a factor of two in this network. To achieve the 
same conversion scale factor, CT must be reduced by a factor of 
two. This results in a transfer unique to this hookup: 

f= _I_s_ 
(20V) CT 

For calibration purposes, resistors R3 and R4 are added to the 
network, allowing a ± 15% trim of scale factor with the values 
shown. By varying R4's value the trim range can be modified to 
accommodate wider tolerance components or perhaps the cali
bration tolerance on a current output transducer such as the 
AD592 temperature sensor. Although the values of RI - R4 
shown are valid for 1 mA FS signals only, they can be scaled 
upward proportionately for lower FS currents. For instance, 
they should be increased by a factor of ten for a FS current of 
lOOILA. 

In addition to the offsets generated by the input amplifier's bias 
and offset currents, an offset voltage induced parasitic current 
arises from the current fork input network. These effects are 
minimized by uS,ing the bias current compensation resistor RoFF 
and offset trim scheme shown in Figure 3e. 

Although device warmup drifts are small, it is good practice to 
allow the devices operating environment to stabilize before trim, 
and insure the supply, source and load are appropriate. If provision 
is made to trim offset, begin by setting the input to 1110,000 of 
full scale. Adjust the offset pot until the output is 1110,000 of 
full scale (for example, 25Hz for a FS of 250kHz). This is most 
easily accomplished using a frequency meter connected to the 
output. The FS input should then be applied and the gain pot 
should be adjusted until the desired FS frequency is indicated. 

INPUT PROTECTION 
The AD654 was designed to be used with a minimum of additional 
hardware. However, the successful application of a precision IC 
involves a good understanding of possible pitfalls and the use of 
suitable precautions. Thus + VIN and RT pins should not be 
driven more than 300mV below - Vs. Likewise, Logic Common 
should not drop more than 500m V below - V s. This would 
cause internal junctions to conduct, possibly damaging the IC. 
In addition to the diode shown in Fi~s I and 2 protecting 
Logic Common, a second Schottky diode (MBDlOl) can protect 
the AD654's inputs from "below - V s" inputs as shown in 
Figure 5. It is also desirable not to drive + VIN and RT above 
+ V s. In operation, the converter will exhibit a zero output for 
Inputs above (+ Vs - 3.5V). Also, control currents above 2mA 
will increase nonlinearity. 

The AD654's 80dB dynamic range guarantees operation from a 
control current of lmA (nominal FS) down to lOOnA (equivalent 
to ImV to lOY FS). Below lOOnA improper operation of the 
oscillator may result, causing a false indication of input amplitude. 
In many cases this might be due to short-lived noise spikes 
which become added to input. For example, when scaled to 
accept an FS input of IV, the -8OdB level is only lOO .... V, so 
when the mean input is only 60dB below FS (lmV), noise spikes 

Figure 5. Input Protection 

of 0.9mV are sufficient to cause momentary malfunction. 

This effect can be minimized by using a simple low-pass filter 
ahead of the converter or a guard ring around the RT pin. The 
filter can be assembled using the bias current compensation 
resistor discussed in the previous section. For an FS of 10kHz, 
a single-pole filter with a time constant of lOOms will be suitable, 
but the optimum configuration will depend on the application 
and the type of signal processing. Noise spikes are only likely to 
be a cause of error when the input current remains near its 
minimum value for long periods of time; above lOOnA full 
integration of additive input noise occurs. Like the inputs, the 
capacitor terminals are sensitive to interference from other signals. 
The timing capacitor should be located as close as possible to 
the AD654 to minimize signal pickup in the leads. In some 
cases, guard rings or shielding may be required. 

DECOUPLING 
It is good engineering practice to use bypass capacitors on the 
supply-voltage pins and to insert small-valued resistors (10 to 
lOOn) in the supply lines to provide a measure of decoupling 
between the various circuits in the system. Ceramic capacitors 
of O.I .... F to 1.0ILF should be applied between the supply-voltage 
pins and analog signal ground for proper bypassing on the AD654. 
A proper ground scheme appears in Figure 6. 

AGNDo------------4--~~--+_--~ 

V'N 0----------------------1 
Figure 6. Proper Ground Scheme 

OUTPUT INTERFACING CONSIDERATIONS 
• The output stage's design allows easy interfacing to all digital 
logic families. The output NPN transistor's emitter and collector 
are both uncommitted. The emitter can be tied to any voltage 
between - V s and 4 volts below + V s, and the open collector 
can be pulled up to a voltage 36 volts above the emitter regardless 
of + V s. ,The high power output stage can sink over lOrnA at a 
maximum saturation voltage of 0.4V. The stage limits the output 
current at 25mA and can handle this limit indefinitely without 
damaging the device. 
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NONLINEARITY SPECIFICATION 
The preferred method of specifying nonlinearity error is in 
terms of maximum deviation from the ideal relationship after 
calibrating the converter at full scale. This error will vary with 
the full scale frequency and the mode of operation. The AD654 
operates best at a 250kHz full scale frequency with a negative 
voltage input; the linearity is typically within 0.03%. Operating 
at higher frequencies or with- positive inputs will degrade the 
linearity as indicated in the Specifications Table. The shape of 
typical linearity plot is given in Figure 7. 

0.20 

0.15-+---:-~-----------f:""':':I---l 

~ 
i 
~ 0.1+-I7"S+-------__f,4�_--t~l__l 

~ 
~ .. 
:Ii 0.05 +-&-:~-¥7+----__f,41_4:,...<l-_l 

Figure 7 .. Tvpical Nonlinearities at Different Full-Scale 
Frequencies 

TWO·WIRE TEMPERATURE· TO·FREQUENCY 
CONVERSION 
Figure 8 shows the AD654 in a two-wire temperature-ta-frequency 
conversion scheme. The twisted pair transmission line serves the 
dual purpose of supplying power to the device and also carrying 
frequency data in the form of current modulation. 

1= (1~'vICl 

m 
OUTPUT 
!1LOAOI 

Figure 8. Two-Wire Temperature-to-Frequencv Converter 

The positive supply line is fed to the remote VIF through a 
140n resistor. This resistor is selected such that the quiescent 
current of the AD654 will cause less than one V BE to be dropped. 
As the V/F oscillates, additional switched current is drawn 
through RL when pin I goes low. The peak level of this additional 
current causes QI to saturate, and thus regenerates the AD654's 
output square wave at the collector. The supply voltage to the 
AD654 then consists of a DC level, less the resistive line drop, 
plus a one VBE Pop square wave at the output frequency of 
the AD654. This ripple is reduced by the diode/capacitor 
combination. 

To set up the receiver circuit for a given voltage, the Rs and RL 
resistances are selected as shown in Table I. CMOS logic stages 
can be driven directly from the collector of Q I, and a single 
TTL load can be driven from the junction of R5 and R6. , 
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+Vs Rs RL 

lOY 270n Uk 
15V 680n 2.7k 

Table I. 

(+Vs) RI R2 R3 R4 RS 

K 
10V 
15V 

lOOk 127k F = 10HzlK 
lOOk 127k 

°C 10V 
15V 

6.49k 4.02k Ik 95.3k 22.6k 
F = 10HzI"C 

12.7k 4.02k Ik 78.7k 36.5k 

OF 10V 
15V 

6.49k 4.42k Ik 154k 22.6k 
F = 5.55Hzl°F 

12.7k 4.42k lk 105k 36.5k 

Table II. 

At the VIF end, the AD592C temperature transducer is interfaced 
with the AD654 in such a manner that the AD654 output frequency 
is proportional to temperature. The output frequency can be 
scaled and offset from K to °C or OF using the resistor values 
sh!lwn in Table II. Since temperature is the parameter of interest, 
an NPO ceramic capacitor is used as the timing capacitor for 
10wV/F TC. 

When scaling per K, resistors RI - R3 and the AD589 voltage 
reference are not used. The AD592 produces a I/LAiK current 
output which drives pin 3 of the AD654. With the timing capacitor 
of O.OI/LF this produces an output frequency scaled to 10HzlK. 
When scaling per °C and of, the AD589 and resistors RI - R3 
offset the drive current at pin 3 by 273.2/LA for scaling per °C 
and 255.42/LA for scaling per OF. This will result in frequencies 
scaled at 10HzI"C and 5.55HzI"F, respectively. 

OPTOISOLATOR COUPLING 
A popular method of isolated signal coupling is via optoelectronic 
isolators, or optocouplers. In this type of device, the signal is 
coupled from an input LED to an output photo-transistor, with 
light as the connecting medium. This technique allows DC to 
be transmitted, is extremely useful in overcoming ground loop 
problems between equipment, and is applicable over a wide 
range of speeds and power. 

Figure 9 shows a general purpose isolated V IF circuit using a . 
low cost 4N37 optoisolator. A +5V power supply is assumed 
for both the isolated ( + 5V isolated) and local ( + 5V local) supplies. 
The input LED of the isolator is driven from the collector output 
of the AD654, with a 9mA current level established by RI for 
high speed, as well as for a 100% current transfer ratio. 

Figure 9. Optoisolator Interface 



At the receiver side, the output transistor is operated in the 
photo-transistor mode; that is with the base lead (pin 6) open. 
This allows the highest possible output current. For reasonable 
speed in this mode, it is imperative that the load impedance be 
as low as possible. This is provided by the single transistor stage 
current-to-voltage, converter, which has a dynamic load impedance 
of less than 10 ohms and interfaces with TTL at the output. 

USING A STAND-ALONE FREQUENCY COUNTER/LED 
DISPLAY DRIVER FOR VOLTMETER APPLICATIONS 
Figure 10 shows the AD654 used with a stand-alone frequency 
counter/LED display driver. With CT = looopF and RT = 
lkfl the AD654 produces an FS frequency of lOOkHz when VIN 

= + IV. This signal is fed into the ICM7226A, a universal 
counter system that drives common anode LED's. With the 
FUNCTION pin tied to D I through a 10kfl resistorthe ICM7226A 
counts the frequency of the signal at A1N• This count period is 
selected by the user and can be lOms, lOOms, Is, or 10 seconds, 
as shown on pin 21. The longer the period selected, the more 
resolution the count will have. The ICM7226A then displays the 
frequency on the LED's, driving them directly as shown. Re
freshing of the LED's is handled automatically by the ICM7226. 
The entire circuit operates on a single + 5V supply and gives a 
meter with 3, 4, or 5 digit resolution. 

"0 OVERFLOW 
INDICATOR 

12 GND 

" , 
:: b 

", 
n 

10()OpF 

39pF 

Figure 10. AD654 With Stand-A/one Frequency Counter/LED 
Display Driver 

Longer count periods not only result in the count having more 
resolution, they also serve as an integration of noisy analog 
signals. For example, a nortnal-mode 60Hz sine wave riding on 
the input of the AD654 will result in the output frequency 
increasing on the positive half of the sine wave and decreasing 
on the negative half of the sine wave. This effect is cancelled by 
selecting a count period equal to an integral number of noise 
signal periods. A lOOms count period is effective because it not 
only has an integral number of 60Hz cycles (6), it also has an 

integral number of 50Hz cycles {5). This is also true of the 1 
second and 10 second count period. 

AD654-BASED ANALOG-TO-DIGITAL CONVERSION 
USING A SINGLE CHIP MICROCOMPUTER 
The AD654 can serve as an analog-to-digital converter when 
used with a single component microcomputer that has an interval 
timer/event counter such as the 8048. Figure 11 shows the AD654, 
with a full scale input voltage of + IV and a full scale output 
frequency of 100kHz, connected to the timer/counter input pin 
TI of the 8048. Such a system can also operate on a single + 5V 
supply. 

The 8748 counter is negative edge triggered; after the STRT 
CNT instruction is executed subsequent high to low transitions 
on TI increment the counter. The maximum rate at which the 
counter may be incremented is once per three instruction cycles; 
using a 6MHz crystal, this corresponds to once every 7.Sjl.s, or 
a maximum frequency of 133kHz. Because the counter overflows 
every 256 counts (8 bits), the timer interrupt is enabled. Each 
overflow then causes a jump to a subroutine where a register is 
incremented. After the STOP TCNT instruction is executed, 
the number of overflows that have occurred will be the number 
in this register. The number in this register multiplied by 256 
plus the number in the counter will be the total number of 
negative edges counted during the count period. The count 
period is handled simply by decrementing a register the number 
of times necessary to correspond to the desired count time. 
After the register has been decremented the required number of 
times, the STOP TCNT instruction is executed. 

:. Pl027} 

:::~ ).0"" 
.048 ~' . PORT:! 

" 

:::~, } ~ BUS 
• I PORT 

Figure ". AD654 VFC as an ADC 

The total number of negative edges counted during the count 
period is proportional to the input voltage. For example, if a I V 
full-scale input voltage produces a 100kHz signal and the count 
period is lOOms, then the total count will be 10,000. Scaling 
from this maximum is then used to determine the input voltage, 
i.e., a count of 5000 corresponds to an input voltage ofO.SV. 
As with the ICM7226, longer count times result in counts having 
more resolution; and they result in the integration of noisy 
analog signals. 
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FREQUENCY DOUBUNG 
Since the AD654's output is a square-wave rather than a pulse 
train, information about the input signal is carried on both ' 
halves of the output waveform. ~e circuit in Figure 12 converts 
the output into a pulse train, effectively doubling the output 
frequency, ,while preserving the better low frequency linearity of 
the AD654. This circuit also accommodates an input voltage 
that is greater than the AD654 supply voltage. 

mANS1STOR~ 

:JL..fl...fUl..J 
. :V\J\J\/\./\J 
c +:.JUUl.JUU..fllU 

WAV!fORMDlAGRAM 

Figure 12. Frequency Doubler 

Resistors RI - R3 are used to scale the 0 to + 10V input voltage 
down to 0 to + IV as seen at pin 4 of the AD654. Recall that 
VIN must be less than VSUPPLY -4V, or in this ease less than 
IV. The timing resistor and capacitor are selected such that this 
o to + IV signal seen at pin 4 results in a 0 to 200kHz output 
frequency. 

The use of R4, Cl and the XOR gate doubles this 200kHz 
output frequency to 400kHz. The AD654 output transistor is 
basically used as a switch, switching capacitor Cl between a 
charging mode and a discharging mode of operation. The voltages 
seen at the input of the 74LS86 are shown in the waveform 
diagram. Due to the difference in the charge and discharge time 
constants, the output pulse widths of the 74LS86 are not equal. 
The output pulse is wider when the capacitor is charging due to 
its longer rise time than fall time. The pulses should, therefore 
be counted on their rising, rather than falling, edges. 

OPERATION AT HIGHER OUTPUT FREQUENCIES 
Operation of the AD654 via the conventional output (pins I 
and 2) is speed limited to approximately 500kHz for reasons of 

TTL logic compatibility. Although the output stage may beCome 
speed limited, the multivibrator core itself is able to oscillate to 
lMHz or more. The designer may take advantage of this feature 
in order to operate the device at frequencies in excess of 
500kHz. 

Figure 13 illustrates this with a circuit offering 2MHz full scale. 
In this circuit the AD654 is operated at a full scale (FS) of 
lmA, with a Cr of lOOpF. This achieves a basic device FS 
frequency of lMHz across Cr. The P channel JFETs, Ql and 
Q2, buffer the differential timing capacitor waveforms to a low 
impedance level where the push-pull signal is then AC,coupled 
to the high speed comparator AZ. Hysteresis is used, via R7, for 
non-ambiguous switching and to eliminate the oscillations which 
would otherwise occur at low frequencies. 

The net result of this is a very high-speed circuit which does 
not compromise the AD654 dynamic range. This is a result of 
the FET buffers typically having only a few pA of bias C!lfl'Cnt. 

The high end dynamic range is limited, however, by parasitic 
package and layout capacitances in shunt with CT , as well as 
those from each node to AC ground. Minimizing the lead length 
between A2-6/A2-7 and 'Ql!Q2 in PC layout will help. A ground 
plane will also help stability. Figure 14 shows the waveforms VI 
- V4 found at the respective points shown in Figure 13. 

VI 

V2 

V3 

Figure 14. Waveforms of 2MHz Frequency Doubler 

The output of the comparator is a complementary square wave 
at IMHz FS. Unlike pulse train output VIP conveners, each 
half-cycle of the AD654 output conveys information about the 
input. Thus it is possible to count edges, rather than full cycles 
of the output, and double the effective output frequency. The 
XOR gate following AZ acts as an edge detector producing a 
shon pulse for each input state transition. This effectively doubles 
the VIP FS frequency to 2MHz. The fmal result is a IV full 
scale input V/F with a 2MHz full-scale output capability; typical 
nonlinearity is 0.5%. 

Figure 13. 2MHz, Frequency Doubling VIF 
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r'IIII ANALOG 
WDEVICES 

FEATURES 
Loop-Powered Operation 
Precalibrated 30mVor 60mV Input Spans 
Precalibrated 1000 RTD Interface 
Independently Adjustable Output Span and Zero 
Precalibrated Output Spans: 4-20mA Unipolar 

0-20mA Unipolar 
12±BmA Bipolar 

6.2V Reference with Max 3.5mA Current Output 
Uncommitted Auxiliary Amp for Extra Flexibility 
Optional External Pass Transistor to Reduce 

Self-Heating Errors 

PRODUCT DESCRIPTION 
The AD693 is a monolithic signal conditioning circuit which 
accepts low-level inputs from a variety of transducers to control 
a 4-20mA, 2-wire current loop. An on-chip reference and auxiliary 
amplifier are provided for transducer excitation; up to 3.5mA of 
excitation current is available when the device is operated in the 
loop-powered mode. Alternatively, the device may be locally 
powered for 3-wire applications when 0-20mA operation is 
desired. 

Input spans precalibrated for 0-3OmV and 0-
by simple pin strapping; other spans may 
addition of an external resistor. The 
used in combination with on-chip vo 
calibrated ranges for lOOn RTDs. Ou s 
also determined by pin strapping to obtain th 
4-20mA, 12 ± 8mA and 0-20mA. 

Active laser trimming of the on-chip thin mm resistors result in 
high levels of accuracy without the need for additional adjustments 
and calibration. The AD693 also allows for the use of an external 
pass transistor to further reduce errors caused by self-heating. 

Transmission of analog data over a 4-20mA 2-wire current loop 
offers advantages over other techniques: 1) immunity both to 
voltage drops over long distances and high electrical noise often 
encountered in harsh industrial environments and 2) no ambiguity 
between a "zero" and open circuit condition. Where this data 
represents low-level signals from a variety of transducers, such 
as RTD's, bridges, and pressure transducers, the monolithic 
AD693 offers the most cost-effective signal conditioning solution. 
For these reasons, the device is recommended for a variety of 
applications in process control, factory automation and system 
monitoring. 

The AD693 is packaged in a 20-pin hermetic DIP and specified 
over the -40°C to +85OC industrial temperature range. 

4-20mA Sensor Transmitter 
AD693 I 

AD693 FUNCTIONAL BLOCK DIAGRAM 

SIGNAI~AMPI 
AUX.AMP 

VOLTAGE REFERENCE I 
VII CONVERTER 

P1 P2 
AND DIVIDER ZERO I 

PRODUCT HIGHLIGHTS 
mplete monolithic voltage-to-current signal 

s derived from zero scale options in
-20mA, and 12 ± 8mA in two and three wire 

ogramming adds a continuum of ranges to 
¥ input spans. . 

e range of the instrumentation amplifier 
from below "ground" to beyond the positive 

e. 
transducer excitation includes a 6.2V reference 
auxiliary amplifier which may be configured 

or current output as well as signal amplification. 
t configuration permits simple linearization of 

ge, RTD, and other transducer signals. 
e chip provides a monitored output to drive an external 

pass transistor. This feature offloads power dissipation to 
extend the temperamre range of operation and to minimize 
self-heating errors. 

8. Laser trimming at the wafer stage results in low unadjusted 
errors and affords precalibrated input and output spans. 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

r°.430t1o.t.!j 
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· APPLICATION/CONNECTION INFORMATION 

GAINADJ 
P,l-1'2 OPEN 30mV FULL SCALE SPAN 
P1-1'2 SHORTED 60rnY FUll SCALE SPAN 
FULL SCALE DEANED WITH A limA SPAN, 
INPUTS OF 37.5mV OR 75mV ARE REQUIRED 

+ <>------.., 
V~ 

OFFSET ADJ 
CONNECTION OUTPUT WITH 0 INPUT 
12-14 
12-13 
12-11 

OmA (0-20 UNIPOLAR) 
4rnA (4-20 UNIPOLAR) 

12mA (4-20 BIPOLAR) 

LOCAUREMOTE POWER 
VIN CONNECTED TO BOOST: LOOP POWERED 
OPERATION, 3mA AVAILABLE FROM 
REFERENCE. 12V HEADROOM REQUIRED 
VIN TO + V: LOCAL POWER NEEDED FOR 
0-20mA OPERATION 

AD693 Features via Pin-Strapping 

V'NOT030mV 

Using an External Pass Transistor to Minimize Self-Heating 
Errors 

*360nZmVN 
E.G. SENSOTEC MODEL 41 
A.L DESIGN MODEL ALD·UTC 

10k 

Rl, R2 - OMIT OR ('HOOSE AS REQUIRED BY 
LOAD CEll ZERO ERROR 

Utilizing the Aux Amp to Drive a Load Cell 
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v,. 
oro 30mV 

Minimal Connection for 0-30mV Unipolar Input, 4-20rnA 
Output 

v,. 
OT030mV 

Local-Powered Operation with 0-37.5mV Unipolar Input 
and 0-20mA Output 

1Don 
R1D" 

ZERO PIN CONNEC11ON (PIN 12) 

INPUT 
SPAN 6.2V(PIN14) 4mA IptN 131 'ZmA!PIN111 

(PINS 15-16 25.9"C_130.S"C 0_103.re -&O.8"C_Sl.6"C 30mV :1' I 
-OPEN) 

"mV :1' I PlNS1s..'6 51.6"C_266A"C 0_21'.3"C -100.6"C_103.9"C 
JOINED) 

"or = 0.0038& 

Direct RTD to 4-20mA Interface" 



r.ANALOG 
WDEVICES Low Cost, High-Speed BIFET Op Amp 

FEATURES 
Improved Replacement for LF411 

AC PERFORMANCE: 
Settles to 0.01% in 1"s 
Slew Rate (Unity Gain): 18V1"s min (AD711K) 
Small Signal Bandwidth: 4MHz 

DC PERFORMANCE: 
Low Offset Voltage: 0.25mV max (AD711C) 
Low Offset Voltage Drift: 5"Vrc max (AD711C) 
Low Bias Current: 25pA max (AD711C) 
High Open Loop Gain: 100,000 VN (100dB) min 
Low Noise: 3"V POp, 0.1Hz to 10Hz max (AD711C) 

AVAILABLE IN PLASTIC, HERMETIC CERDIP AND 
HERMETIC HEADER PACKAGES 

MIL-STD-8838 and PLUS Parts Available 
Dual Version Available: AD712 

PRODUCT DESCRIPTION 
The AD7l1 is a high-speed, precision monolithic FET-input 
operational amplifier combining Analog's expertise in precision 
op amp design and laser wafer trimming technology. The AD711's 
high-speed, very low offset voltage and drift and low noise allow 
designers to easily upgrade existing designs using older precision 
BIFETs and, in many cases, bipolar op amps. 

This low cost op amp offers excellent ac and dc performan 
With a slew rate of 18V/ILS and a settling time of IlLS 
the AD711 is ideal as a buffer for 12-bit D/A and 
and as a high-speed integrator. The AD7l!' 
unmatched by any similar IC amplifier. 
excellent noise performance and I . 
useful for photo diode preamps. 
and open loop gain of lOO,OOOVN 
formance even in high-speed unity gain b 

Devices are pinned out in a standard op amp figuration 
are available in six performance grades. The AD7llJ and AD7l1 
are rated over the commercial temperature range of 0 to + 70°C. 
The AD711A, AD711B and AD711C are rated over the industrial 
temperature range of - 400C to + 85°C. The AD711S is specified 
over the military temperature range of - 55°C to + 125°C; and 
is available processed to MIL-STD-883B, Rev C. Devices are 
avai1able in an 8-pin CERDIP, Plastic Mini-DIP or a TO-99 
Metal Can. 

AD711 I 

AD711 PIN CONFIGURATION 

INVERTING INPUT 2 

NC 

4 

v-
NOTE: PIN 4 CONNECTED TO CASE 

~ 4-15V 

PRODUCT IUGHLIGHTS 
1. Analog Devices' advanced processing technology and 100% 

a low input offset voltage (0.50mV max, C 
ax, A grade). Offset voltage is specified in 

ndition. Analog Devices' proprietary laser 
. g process reduces offset voltage drifts to 

n the AD7l2C. 

i . n dc performance, the AD7l2 offers 
response. It settles to 0.0 I % in IlLS and 

and 100% tested minimum slew rate of 
making this device ideal for applications requiring a 
tion of superior ac and dc performance, such as 

d tested maximum voltage noise of 3IL V POP, 
Hz (AD7l2C) enhances AD7l2's performance as a 

precision op amp. 

4. Analog Devices' well-matched, ion-implanted JFETs ensure 
a guaranteed input bias current (at either input) of 25pA max 
(AD7l2C) and input offset current of IOpA max (AD7l2C). 
Input bias current and input offset current are guaranteed 
with the devices fully warmed-up at an ambient temperature 
of 25°C. 

5. The AD7l2 offers excellent overall performance at very 
competitive prices. It may be used as an automatic upgrade 
or alternate source for all grades of the LF412. 
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SPECIFICATIONS (@ +25"1: IIld Vs = :t:15V de.unIess oIhlllWise specified) 

AD7I1JIAIS AD7I1KIB AD7I1C 

Model Mia Typ M.a: Mia' 'l)p M.a: Mia 'l)p M.a: 

OPEN LOOP GAIN' 
VOUT = :tIOV.Ri2:2kfl 100.000 100.000 100.000 
TA ='mintoIJ1lll[RL",2kfl 100.000 100.000 100.000 

OUTPUTCHARACTElUSTICS 
·Voltaae@RL"'2kflT .... toT .... :til :t13 :til :t13 :til :t13 
Shott Circuit eu ...... t 25 25 25 

FREQUENCY RESPONSE 
Uaity Gain Small Si8uat 4 4 4 
Full Power Response 200 200 200 
Slew Rate. Unity Gain .16 20 IS 20 18 20 
SettlingTimetoO.OI% I I I 
Total Harmonic Distortion f = 1kHz 

RL"'2kfl. Vo=3Vrms 0.0025 0.0025 0.0025 

lNPUT OFFSET VOLTAGE' 
IaitialOffset 2.0 0.5 U5 
Input Offset Voltaae Over Temp 4.0 2.0 1.0 
Input Offset Voltaae VI. Temp 20 10 5 
Input Offset Voltaae VI. Supply 14 16 80 

Tmin toT_ 14 16 80 

lNPUT BIAS CURRENT' 
Either Input. VCM =0 25 50 20 50 20 25 
Either Input. VCM +IOVto -IOV 100 100 50 
Input Offset eu ...... t 10 25 5 25 5 10 

lNPUTIMPEDANCE 
Differential 1012116 10'~16 IO'~16 

lNPUTVOLTAGERANG~ 
Differmtial :t2O :t20, :t20 
Common·Mode Voltaae 

Over Max Operating Range -Vs+4V +Vs -4V -V.+4V +4s-4\LV.+4V +Vs-4V 
enmmon·Mode Rejection. 

VIN=>IOV. T ... toT .... 14 16 

lNPUTNOISE 
Voltaae. O.IHz to 10Hz I.S I.S 

f= 10Hz 3S 35 
f= 100Hz 22 22 
f= 1kHz IS 18 
f= 10kHz 16 16 

EQUIVALENTlNPUTNOISE 
CURRENT@f= 1kHz 0.01 0.01 

POWERSUPPL Y 
Rated Performance :t IS :t 15 
Opersting Range :1:4.5 :I: IS :1:4.5 :I: IS 
Quicac:cnt Cumnt 2.5 3.4 2.5 3.0 

TEMPERATURE RANGE 
Cipersting. Rated Performance 

Commen:ial(Oto +7O'C) ADillJ AD71lK 
lndustri8l ( - 4O'C to +8S"C) AD71lA AD71lB 
MiJiwy ( - SS"C to + 12S"C) AD71lS 

STORAGE -65 +JSO -65 +150 

PACKAGE OPTIONS J: Plastic (AD712JN)NSA K: Plastic (AD7J2KN) NSA 
A: Cerdip(AD7J2AQ)Q8A B:Cerdip(AD712BQ)Q8A 

Header(AD7J2AH) HOSB Header(AD712BH) H08E 
S:Cerdip(AD7J2SQ)QSA 

Header(AD712SH)HOSB 

NOTES 
'Opea LoopGomia opecitied with Vas both nullod and unnullod. 
'InputOflietVoI_spec:lficationll"'JIIWIIIlteeclafter5 min ..... ofoperstion.tTA = +25'C; 
'BiasCumnt.peeificationsoreJllWllllteeclnwdmum at eitber input after 5 minUIOs of operation at TA = + 25'C. 
For ........ tempOr1I_.tbec:urrentdoubleseverylO'C. 

"DeIinedasYOl_betweeninputs.sucl1 tbatneitber_ :I: 10VIiomIf<lUl1Ci. 

Speeifiestions .object to cbaDae without notiee. 
Speeifioations shown in boIcIW:e are tested on an procIw:tion units .tlinal 
eIeetriaJ teat. ResoJts from those tests .... I1IIOci to colcuIate 0I1III0inII quality 
levels. All min and IDU apeeifiestions .... __ • a1tboush only those 
shown in boIdfaoe .... tested on an procIuetiOD units. 
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80 

1.5 3.0 
35 
22 
IS 
16 

0.01 

:tIS 
:1:4.5 :I: IS 

2.5 2.S 

AD71lC 

-65 +150 

C:Cerdip(AD712CQ)QSA 
Header (AD712CH)H08B 

Uaih 

VN 
VN 

V 
mA 

MHz 
kHz 
V/jJ.S 

jJ.S 

% 

mV 
mV 
",VI'C 
dB 
dB 

pA 
pA 
pA 

OIlpF 

V 

V 

dB 

",Vp-p 
nVNHi 
nVNHi 
nVNHi 
nVNHi 

pArvHZ 

V 
V 
mA 

"C 



r.ANALOG 
WDEVICES 

FEATURES 
Improved Replacement for LF412 

AC PERFORMANCE: 
Settles to 0.01% in 1p.s 
Slew Rate (Unity Gain): 18V1,..s min (AD712K) 
Small Signal Bandwidth: 4MHz 

DC PERFORMANCE: 
Low Offset Voltage: O.SmV max (AD712C) 
Low Offset Voltage Drift: S,..VI"C max (AD712C) 
Low Bias Current: 2SpA max (AD712C) 
High Open Loop Gain: 100,000 VN (1OOdB) min 
Low Noise: 3,..V pop, 0.1Hz to 10Hz max (AD712C) 

AVAILABLE IN PLASTIC, HERMETIC CERDIP AND 
HERMETIC HEADER PACKAGES 

MIL-STD-883B and PLUS Parts Available 

PRODUCT DESCRIPTION 
The AD7l2 is a high-speed, dual precision monolithic FET-input 
operational amplifier combining Analog's expertise in precision 
op amp design and laser wafer trimming technology. The AD7l2's 
high-speed, very low offset voltage and drift and low noise allow 
designers to easily upgrade existing designs using older precisi 
BIFETs and, in many cases, bipolar op amps. 

This low cost op amp offers excellent ac and dc 
With a slew rate of 18V1J.1.s and a settling time 
the AD7l2 is ideal as buffers for 12-bit DI 
and as high-speed integrators. The A 
unmatched by any similar IC amp . 
excellent noise performance and 10 
useful for photo diode preamps. The 
and open loop gain of 100,OOOVN (l00dB) 
formance even in high-speed unity gain buffer 

Devices are pinned out in a standard op amp configuration and 
are available in six performance grades. The AD7l2J and AD7l2K 
are rated over the commercial temperature range of 0 to + 70"C. 
The AD7l2A, AD7l2B and AD7l2C are rated over the industrial 
temperature range of - 4O"C to + 85°C. AD7l2S is specified 
",ver the military temperature range of - 55°C to + 125°C; and 
is available processed to MIL-STD-883B, Rev C. Devices are 
available in an 8-pin CERDIP, Plastic Mini-DIP or a TO-99 
Metal Can. 

High-Speed 
Precision Dual BIFET Op Amp 

AD712 I 
AD712 PIN CONFIGURATION 

v-
PIN 41S IN ELECTRICAL 

CONTACT WITH THE CASE 

advanced processing teChnology and 100% 
a low input offset voltage (0.25mV max, C 
, A grade). Offset voltage is specilled in . 

condition. Analog Devices' proprietary laser 
. g process reduces offset voltage drifts to 

AD7l1C. 

ion dc performance, the AD711 offers 
·c response. It settles to 0.01% in 1J.1.s and 

anteed and 100% tested minimum slew rate of 
this device ideal for applications requiring a 

f superior ac and dc performance, such as 

teed and tested maximum voltage noise of 3J.1. V POP, 
0.1 to 10Hz (AD711C) enhances AD711's performance in 
low noise applications. 

4. Analog Devices' well-matched, ion-implanted JFETs ensure 
a guaranteed input bias current (at either input) of 25pA max 
(AD7I1C) and input offset current of lOpA max (AD7I1C). 
Input bias current and input offset current are guaranteed 
with the devices fully warmed-up at an ambient temperature 
of 25°C. 

5. The AD7l1 offers excellent overall performance at very 
competitive prices. It may be used as an automatic upgrade 
or alternate source for all grades of the LF411. 

NEW PRODUCTS -ICs 3-765 

• 



SPECifiCATIONS (@ +2SOC.and Vs = ±15V de unless otherwise specified) 

AD712J/A/S AD712KIB 

Model Min Typ Max Min Typ Max 

OPEN LOOP GAIN' 
Vom = ±10V,RL :2:2ldl ioo,ooo 100,000 
TA = mintomaxRL~2kO 100,000 100,000 

OUTPUT CHARACTERISTICS 
Voitage@RL ",,2kllT....,toT_ ±ll ±13 ±ll ±13 
Short Circuit Current . 25 25 

FREQUENCY RESPONSE 
Unity Gain Small Signal 4 4 
Full Power Response 200 200 
Slew Rate, Unity Gain 16 20 IS 20 
Settling Time to 0.01% I I 
Total Harmonic Distortion f = 1kHz 

RL :a:2kfi, Vo =3Vrms 0.0025 0.0025 

INPUT OFFSET VOLTAGE' 

InitialOffset 3.0 1.0 
Input Offset Voltage Over Temp 4.0 2.0 

Input Offset Voltage vs. Temp' 20 10 
Input Offset Voltage vs. Supply 74 76 

Tminto Tmax 74 76 

INPUT BIAS CURRENT' 

Either Input, VCM=O 25 50 20 50 
. Either Input, VCM + 10Vto -IOV 100 100 
Input Offset Current 10 25 5 25 

INPUT IMPEDANCE 

Differential 1012116 1012116 

INPUT VOLTAGE RANGE' 
Differential ±20 ±20 
Common-Mode Voltage 

Over Max Operating Range -Vs+4V +Vs -4V -Vs+4V +4s-4V' 
Common-Mode Rejection, 
VIN~>IOV 74 76 

INPUT NOISE 
Voltage,O.IHzto 10Hz 1.5 J.S 
f~ 10Hz 35 35 
f~ 100Hz 22 22 
f= 1kHz IS IS 
f~ 10kHz 16 16 

EQUIVALENT INPUT NOISE 

CURRENT@f= 1kHz 0.01 0.01 

POWER SUPPLY 

Rated Performance ±15 ±15 
Operating Range ±4.S ±IS ±4.S ±IS 

. Quiescent Current 2.5 6.S 2.5 6.0 

TEMPERATURE RANGE 
Operating, Rated Performance 

Commercial (0 to + 700c) AD712J AD712K 
Indu.trial ( - 40"<: to + S5"<:) AD7I2A AD7I2B 
Milita'!'( -55"<:to + 125"<:) AD7I2S 

STORAGE -65 +150 -65 +150 

PACKAGE OPTIONS J: Plasti<: (AD7I2JN) N8A K: Plasti<: (AD7I2KN) N8A 
A: Cerdip (AD712AQ)QSA B: Cerdip (AD7I2BQ) Q8A 

Header (AD712AH) HOSB Header(AD712BH)HOSB 
S: Cerdip(AD712SQ)Q8A 

Header (AD7I2SH) HOSB 

NOTES 
'Open Loop Gain i. specified with Vos both nulled and unnulled. 
2InputOffset Voltage specifications are guaranteed after 5 minutes of operation at TA = + 2S"C. 
lBiaaCurrent specifications are guaranteed maximum at either input after 5 minutes of operation atTA = + 25"<:. 
Fnrhighertemperatures, the current doubles every IO"C. 

"Defined as voltage between inputs, such that neither exceeds ± lOY from ground. 

Specifications subject ~ changewithoutDOtice. 
Specifications shown in boldface are tested on all production units at final 
electrical test. Results from those tests are used to calculate outgoing quality 
levels. All min and max specifications sre guaranteed, although only those 
shown in boldface are tested on all production uni.ts. 
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AD712C 

Min Typ Max 

100,000 
100,000 

±11 ±13 
25 

4 
200 

IS 20 
I 

0.0025 

0.5 
1.0 

5 
80 
80 

20 25 

50 
5 10 

1012116 

±20 

-Vs+4V +Vs -4V 

80 

1.5 3.0 

35 
22 
IS 

16 

0.01 

±lS 
±4.S ±IS 

2.5 5.6 

AD7I2C 

-65 +150 

C: Cerdip (AD712CQ) Q8A 
Header (AD7I2CH) HOSB 

Units 

VN 
VN 

V 
rnA 

MHz 
kHz 
VI.,.. 
.,.. 
% 

mV 
mV 
.,.vre 
dB 
dB 

pA 
pA 

pA 

llllpF 

V 

V 

dB 

.,.Vp-p 

nV/YHZ 
nV/YHZ 
nV/YHZ 

nV/YHZ 

pAtYHZ 

V 
V 

rnA 

'C 



1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Low Nonlinearity 

Differential: ±O.00016% max 
Integral: ±O.00016% max 
Differential TC: ± 1ppml"C max 

Fast Settling 
Full Scale: 18j1.S to ±O.00016% 
LSB: 3ILs to ±O.00016% 

Low Power: 315mW Including Reference 
Functionally Complete 

Internal Reference, Output Voltage Amplifier, 
Input Latches and 8-Bit Latched Input DACs 
for Offset and Gain Correction. 

Full Four Quadrant Multiplying 
Low Cost 

APPLICATIONS 
Automatic Test Equipment 
Scientific Instrumentation 
Beam Positioners 
Robotics 
Graphics Displays 

GENERAL DESCRIPTION 
The ADll47 and AD1l48 are 16-bit resolution, hybrid, latched 
input, digital-to-analog converters. Their two 8-bit latched input 
DACs allow direct offset and gain correction via microprocessor 
interface. 

The AD1l47 and AD1l48 are constructed as hybrids in a compac 
32-pin, triple wide dual-in-line package. Precision CMOS sw' 
and a lase~-trimmed thin-fiIin resistor network are used t 

The Main (l6-bit) DAC is loaded as a 1 
and gain correction DACs are each lOa 
AD1l47 multiplexes both correcti 
Main DAC's eight LSBs. This pin s 
pin connections providing: external re eren 
output and feedback resistors for voltage outp 
+5V, 0 to +lOV, +5V and +lOV. 

The AD1l48 correction DACs' inputs are separate from the 
Main DAC's. The gain correction DAC's inputs are multiplexed 
with the offset DAC's 8-bit inputs. This allows for a separate 8-
bit bus interface with the correction DACs - common in appli
cations such as Automatic Test Equipment. 

Microprocessor - Compatible 
16-Bit D/A Converter 

ADl147/ADl148 I 
AD1147 and AD 1148 FUNCTIONAL BLOCK DIAGRAM 

10kJ} 

10kU 

5kU 

,....., ____ -(4 )AMP IN 

, 
,Vo 3 : . 

6 IMGND , 
) 

891 816/ MGND REF ..... -../ REF 
CMSB CB8 OUT IN 

WRtM MSB B8 

+ V PGND - VS WRIC oiG 

SkU 
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SPEC I FI CATIONS CtrpicaI@ + 2ft and ndIId supples IIIIess DIhaIwise specliad) 

MODEL 

RESOLUTION 

. ACCURACY 
Integral NonJinearity 
Differential Nonlinearity 
Monotonic (16 Bits) 
Offset 
Gain 

STABILITY 
Differential Nonlinearity 
Offset 
BipolarOffset 
Gain (Includes Int. Ref.) 

REFERENCE VOLTAGE 
Output Voltage 
Output Current 
Ext. RefVoltageRange2 
Input Resistance 

DYNAMIC PERFORMANCE 
Settling Time to ±0.OOO76% 
Voltage, Full-Scale Step 
Voltage, LSB Step 
Current 

DIGITAL INPUT CODES 
MainDAC 

Unipolar 
Bipolar 

Correction DACs 

ANALOG OUTPUT 
Voltage 
Current 
Voltage Compliance 
Noise(IOOkHzBW) 

POWER REQUIREMENTS 

AD1147 

16 Bits 

±0.OOO76%FSR' (max) 
±0.OOO76%FSR'(max) 
Guaranteed 
Adjustsble to Zero 
Adjustable to Full Scale 

± Ippmf'C (max) 
± 20 ... V I"C (max) 
± 6Ppmf'C(max) 
± lOppmI"C(max) 

+ 10.OOV, ± 0.3% (max) 
2mA(max) 
-12Vto + 12V 
l2k.O 

5 Volt CMOSfTTL Compstible 

Binary (BIN) 
Offset Binary (OBN) 
Binary (BIN) 

+5V,+lOV,±5V;±IOV 
-2mA,±lmA 
±5OOmv 
6O ... Vrms 

Voltage (Rated Performance) ± l5V (± 5%) 
Voltage (Operating) ± l2.5Vto ± 17V 
Supply Current Drain ± 15mA(max) 
TotsiPower@Vs = ± 15V 375mW 

poWER SUPPLY SENSITIVITY 
Offset ±lOppmVV 
Gain ± IOppmVV 

OFFSET ADJUSTMENT 
Range 
Resolution (@± lOY) 

GAIN ADJUSTMENT 
Range (Unipolar/Bipolar) 
Resolution (Unipolar/Bipolar) 

± 0.05% FSR 
1I4LSB 

±0.2%FSR'/±0.I%FSR' 
lLSB/l/2LSB 

ADll48 

* 

±0.OOO76%FSR'(typ) 
±0.OOO76%FSR'(lyJi) 
* 
* 
* 

* 
** 
* 
* 

** 
** 
** 
** 

* 
* 
** 

** 
* 
* 

±IOV 

** 
** 
* 

* 
* 
* 
* 

* 
* 

* 
* 

NAI* 
NA/* 

TEMPERATURE RANGE 
Rated Performance - 25"Cto + 85"C * 
. Storage Temperature 
Relative Humidiry 

SIZE 

NOTES 
·Specifications same as AD1l47. 

-4O"Cto + lOO"C * 
Meets MlL-STD-202E, Method 103B * 
2.00" x 1. 17" x 0.225" (all maximums) 
(50.8x29.7x 5.7mm) 

**ADll48 does not provide pin connections to current output, reference input, reference output or the 
intemalfeedback resistors. OUlputvoltage range is fixed at ± IOV. 

'psa mean. Pull-Scale Range. 
'Rated performance is .pecifted with + lOY reference. 
Specification. subject to change without notice. 
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OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

0.15 
13.81 
..L 

,. 

1 

17 

32 

1 
2.00 

150.81 

I 
~ I-- ...j ~OTTOMV'EW 

O.1513.S} 0.112.5)GRID 

• PIN 1 LOCATION IS IDENTIFIED BY A WHITE DOT 
ONTHETOP SURFACE. 

WARNING! 0 
~~O'VICE 

AD1l47 PIN DESIGNATIONS 

PIN FUNCTION PIN FUNCTION 

1 +V. 32 Vo 
2 PGND 31 10k 

. 3 -V • 30 5k 
4 AMPIN 29 10k 
5 10 28 REF IN 
6 MGND 27 REF OUT 
7 WRIM 26 MGND 
8 WRiC 25 olii 
9 MSB 24 BI61CB8 

10 B2 23 BI5/CB7 
11 B3 22 BI41CB6 
12 B4 21 B131CB5 
13 B5 20 BI21CB4 
14 B6 19 Bll/CB3 
15 B7 ·18 B10!CB2 
16 B8 17 B91CMSB 

AD1l48 PIN DESIGNATIONS 

PIN FUNCTION PIN FUNCTION 

1 +V. 32 Vo 
2 PGND 31 MGND 
3 -V. 30 WRIM 
4 MSB 29 WRiC 
5 B2 28 olii 
6 B3 27 CB8 
7 B4 26 CB7 
8 B5 25 CB6 
9 86 24 C85 

10 B7 23 CB4 
11 88 22 C83 
12 B9 21 CB2 
13 810 20 CMS8 
14 Bll 19 B16 
15 B12 18 B15 
16 B13 17 B14 



ANALOG OUTPUT RANGE 
The ADII48 is internally connected for ± 10 volts output 
range. 

The AD1l47 is pin programmable to provide a variety of analog 
outputs, either current or voltage. A unipolar output current of 
o to -2mA is available at pin 5, and can be offset by ImA (by 
connecting pin 28 to pin 29) for a bipolar output of ± lmA. 
Output voltage ranges (+ SV, + IOV, ±5V and ± IOV) are 
available at pin 32 by connecting the current output (pin 5) to 
the amplifier input (pin 4) and the appropriate internal feedback 
resistors to the amplifier output (pin 32) as shown in Figure 1. 

o TO +5V OTO +10V 

±5V ±10V 

Figure 1. AD1147 Analog Output Range Pin Programming 

TIMING DIAGRAM 
The timing requirements for the models AD1l47 and AD1l48 
are shown in Table I. The timing diagrams for the MAIN 16-bit 
DAC and the 8-bit Correction DACs are shown in Figure 2. 
The three control lines operate as follows: 

WRIM is the write line for the main DAC. The latches are 
transparent when the write line is low, and latched when the 
write line goes high. 

WRIC is the write line for the correction DACs. Operation is 
.the same as above. 

0/0 selects between the offset correction DAC and the gain 
correction DAC. A high level on this pin selects the offset DAC. 
A low level selects the gain DAC. 

SYMBOL PARAMETER REQUIREMENT 

MainDAC 
tos 
tOH 
tWR 

Data Setup Time 
Data Hold Time 
Write Pulse Width 

I40nsuUn 
IOns min 
2S0nsmin 

Correction DACs 
tcs 0/0 To Write Setup Time 
tcH 0/0 To Write Hold Time 
tos Data Valid To Write 

Setup Time 
tOH Data Valid To Write Hold 
tWR Write Pulse Width 

200nsmin 
20nsmin 
lIOns min 

Onsmin 
lOOns min 

Table I. Timing Requirements 

~.-~,.... __ v" 

WRITE/MAIN IWRlMI \ 1-,-__ _ 
~tDS~DH~ 

DATA IN IMSB.B16). ___ oIX~: DATA VALID C :" 
MAIN DAC WRITE CYCLE TIMING DIAGRAM 

I---."---t""'..i yo-- V" 
OFFSETIGAIN (O/G)\. T. 

-----J-tw.-j V" 

WRITE/CORRECT (WRlc) " I 0 

1-... -1 T" I-
----\Iv," DATA.N ~ V" 

DATA IN (CMsa-CSB) A V1l VAUD "-- 0 

CORRECTION OACs WRITE CYCLE TIMING DIAGRAM 

NOTES; 
1. ALL INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 

10% to 90% of Voo' Voo "" +5V, t..=tF""20ns. 

2. TIMING MEASUREMENT REFERENCE LEVEL IS VII+2VI. 

Figure 2. AD1147 andAD1148Timing Diagrams 

OFFSET AND GAIN CALIBRATION 
Initial offset and gain errors can be adjusted to zero using the 
two internal 8-bit calibration DAC's. There are three control 
lines used in the calibration sequence: WRIM is the write line 
for the Main (I6-bit) DAC - the latches are transparent when 
the write line is low, and latched when the write line goes l)igh; 
WRIC is the write line for the correction DACs and operates the 
same as WRlM; 0/0 selects between the offset correction DAC 
and the gain correction DAC - a high levei on this pin selects 
the offset DAC and a low level selects the gain DAC. 

Offset and Gain calibrations are performed as follows: 

1. With WRlM low, set the digital inputs of the Main DAC to 
"OOO .... OO,,-(in unipolar mode) or "100 .... 00" (in bipolar 
mode). 

2. Set WRlM high to latch the digital input into the Main 
DAC. 

3. With WRIC low and 0/0 high, adjust the digital inputs of 
the offset correction DAC until the Main DAC's output 
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voltage (pin Vol is as close to 0.000000 volts as possible. 
Note that incrementing the digital input produces a more 
negative voltage output. 

4. Set WRJC high to latch the digital input into the offset correction 
DAC. 

5. With WRJM low, set the digital input of the Main DAC to 
"111. ... 11". 

6. Set WRJM high to latch the digital input into the Main 
DAC. 

7. With WRJC low and OIG low, adjust the digital inputs of the 
gain correction DAC until the Main DAC's output voltage 
(pin V 0) is as close as possible to the positive full-scale voltage 
shown below in Table II. Note that incrementing the digital 
input produces a more negative voltage output. 

8. Set WRJC high to latch the digital input into the gain correction 
DAC. 

9. Calibration is complete. Set WR/M low and beginlresume 
normal digital-to-analog conversion via the Main DAC. 

Output Voltage Range Positive Full-Scale Voltage 

Oto + 5 volts 
o to + 10 volts 
±5volts 
± 10 volts 

+ 4.999924 volts 
+ 9.999847 volts 
+ 4.999847 volts 
+ 9.999695 volts 

Table II. Gain Calibration 

GROUNDING AND GUARDING 
The current from the measurement ground pin (MGND) is 
constant, independent of digital input, for ease of making meas
urements. This is the high quality ground for the AD1l47 and 
AD1148. It should be connected to the high quality ground in 
the application. Power ground (PGND) should be connected to 

measurement ground (MGND) at the measurement point. 

The current output pin (10 ) of the AD 1147 is sensitive to inter
ference from the digital input lines. It should be surrounded by 
a grounded guard at all times. When using the ADIl47 in the 
voltage output mode, both the "10" and "AMP IN" pins should 
be guarded (see Figure 3). 

EXTERNAL 
AMPLIFIER 

AD1147 

@ I @ PIN 4/AMP IN 

I 

'"Iii!" " r"" ~ I i 
@ I • PIN 6/MGND 

I 

WITH EXTERNAL OUTPUT AMPLIFIER 

A01147 

,,,:: 
PIN 6 

WITH INTERNAL 
OUTPUT AMPLIFIER 

Figure 3. Typical Guarding Techniques 

EXTERNAL AMPLIFIER FOR LOW DRIFT VOLTAGE 
OUTPUT OR HIGH OUTPUT CURRENT 
The internal output amplifier of the ADIl47 is designed for 
high-speed applications that require fast settling times. An external 
precision operational amplifier like the AD OP-07C can be 
applied when lower offset (less than 2011 vrC) is important (see 
Figure 4). Simply connect the current output (Pin 5) to the 
inverting input of the amplifier and connect the proper feedback 
resistors as shown in Figure 1. Be certain to keep the current 
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output-amplifier's input connection short and surrounded by a 
grounded guard. To avoid degrading the gain drift performance 
of the DAC, always use the internal feedback resistors, since 
they are matched to the internal current weighting resistors of 
the DAC. It is also good practice to connect the negative input 
(Pin 4, AMP IN) of the unused internal output amplifier to its 
output (Pin 32, Vol. 

The current drift of the AD1147 is typically 350pArC from 
+ 15°C to +35°C. When using the AD OP-07, the total offset 
drift of the output signal will typically be less than 211 vrc. 

As a second example, a high output current amplifier can be 
connected to the AD1147 to create a programmable power supply. 
The configuration is the same as shown for the AD OP-07C in 
Figure 4. 

Figure 4. Precision DACwith ±8. 192 F.S. Output 
Voltage 

FULL FOUR-QUADRANT MULTIPLYING DAC 
The AD1147 is a full four-quadrant mUltiplying DAC and can 
be used with references varying between + 12 and - 12 volts. 
Typical linearity vs. external reference voltage is shown in Figure 
5. Output voltage ranges other than those provided can be obtained 
by connecting the appropriate reference voltage to "REF IN" 
(Pin 28), (see Figure 4). The DAC output voltage can be calculated 
as follows: 

UNIPOLAR V = DIGITAL INPUT x VREF x Rfb 
o 2~ 5k 

BIPOLAR Vo 
DIGITAL INPUT VREF 

2'6 x 5k x Rfb 

DIFFERENTIAL 
LINEARITY 
ERROR (% OF FULL-SCALE RANGE) 

0.00038% 

0.00076% 

0.00153% 

~ 
/' 

,/ 

0.00305% 

0.0061% 

0.0122% 

v-
........ V 

VREF 

10k 

10 12 

POSITIVE OR NEGATIVE REFERENCE VOLTAGE 

Figure 5. Typical Differential Linearity vs. External Ref
ence Voltage 



8-BIT MICROPROCESSOR INTERFACE 
The AD1147/AD1148 can easily be operated with an 8-bit bus 
by the addition of an octal latch. The 16-bit Main DAC is loaded 
from the 8-bit bus as two 8-bit bytes. Figure 6 shows the con
figuration when using a 74HC573 octal latch. 

The eight most significant bits are latched into the 74HC573 by 
setting the "latch enable" control line low. The eight least sig
nificant bits are then placed on the bus. Now all sixteen bits can 
be simultaneously latched into the Main DAC by setting WRIM 
high. 

The offset and gain correction DAC's are calibrated as they 
were for 16-bit microprocessor applications. See the "OFFSET 
AND GAIN CALIBRATION" section of this data sheet. 

Figure 6. Connections for 8-Bit Bus Interface 

AUTOMATIC TESTING OF 12-BIT ADC'S AND DAC'S 
The AD1147 and AD1148 can be used as a reference DAC to 
automatically test the integral and differential linearity of 12-bit 
ADCs and DACs. An ideal reference DAC should be an order 
of magnitude more accurate than the devices to be tested. The 
AD1147 and AD1l48 are sixteen times more accurate than the 
devices to be tested and therefore can be considered ideal. 

The general test procedures for ADCs and DACs are shown 
below. Before actual testing proceeds, calibrate the offset and 
gain of the AD1147 or AD1148 (see "OFFSET AND GAIN 
CALIBRATION" section of this data sheet). 

ADC TESTING (refer to Figures 7 and 8). 
The differential nonlinearity of ADC's is the difference between 
the actual code widths of the analog input voltage vs. the ideal, 
one LSB, code widths of a perfect converter. A code width is 
the range of analog input voltage which produces the desired 
digital output word. 

Applications 
A code width can be measured by determining the analog input 
voltage at which the transition occurs from the code under test 

. to its next lower digital output code and then differencing that 
analog value with the same determined for the transition from 
the code under test to its next higher digital output code. 

Virtually all converters exhibit a degree of noise. This will necessi
tate an averaging technique to determine the analog input value 
for a code transition - where a reduction in analog input voltage 
produces a majority of the lower digital code decisions and an 
analog input increase produces a majority of the higher digital 
code decisions. 

Begin testing by calibrating the offset and gain of the ADC 
under test per the manufacturer's instructions. Set the digital 
inputs of the reference DAC to the nominal value of the desired 
transition edge (produces an analog input to the device under 
test that is either 1I2LSB below or 1I2LSB above the ideal analog 
input for the code under test). Increment or decrement this 
digital input until the Device Under Test (D.U.T.) outputs the 
digital code below. the transition 50% of the time and the digital 
code above the transition 50% of the time. Record this digital 
input and repeat the procedure for the next transition of the 
nominal code to be measured. Compare this second digital input 
with the recorded input. The difference between these two 
digital values is the width of the code being measured. A perfect 
code width is 16 counts of the reference DAC. Each count. 
more, or less than 16, corresponds to a differential linearity 
error of 1I16LSB for the D.U.T. The arithmetic average of the 
two digital input values is the center of the code being tested. 
Each count of difference between this actual code center and the 
ideal, nominal code center represents an integral linearity error 
of 1I16LSB. 

16-BIT .. p 
AND 

CONTROL 

B8 

B9/CMSB 

B12 

1---...... 1;) STATUS 

AD1147 

12-BIT ADC 
IDEVICE UNDER TEST) 

1----9 CONVERT COMMAND 

Figure 7. ADC Testing 
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32(2) 

24 

~ 
~ 16(1) 

~ 
~ 

I 
0: 

~ 
:e 30 ... o 
~ 

8 
w 

~ _ 20 

~ 
~ 16(1) 

10 

IDEAL 12·BIT AID CONVERTER OUTPUT 

~,16'BIT REFERENCE DAC 

~ \ 
TRANSITION 
EDGE2 

( 
TRANSITION, 

EDGE 1 

0,5 

IDEAL CODE CENTER 

rl L INTEGR~L -l LINEARITY 
ERROR 

ACTUAL CODE WIDTH 

IDEAL 1 LSB DIFFERENTIAL 

CODE WIDTH --I ~\:":t:ITY 

i 
1,0 

) 
1.5 

I 
2.0 

VOLTAGE. IN LSBs (" 12·BITS 

Figure 8. 12-Bit ADC Linearity Testing 
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DAC TESTING (refer to Figure 9), 
To test 12-bit DACs begin widt offset and gain calibration of 
dte DAC under test per dle manufact1lfCr's instructions. Set·the 
digital inputs of the refereoce DAC and the D.U.T. to the 
desired code. Latch this digital input into the reference DAC. 
The DACs' outputs are differenced and amplified by an ADS24A 
instrumentation amplifier. The voltage error between the DACs 
is dle integral linearity error. 

Now null the meter and then increment or decrement the digital 
input to the D.U.T. only, by one LSB., The meter reading will 
correspond to the code width of the new digital input word. 
The deviation of this voltage from the ideal value of one LSB is 
the differeotiallinearity error of the D. U. T. 

16-BIT .... P 
AND 

CONTROL 

DtGlTAl 
VOLTMETER 

ANALOG INPUT 

Figure 9. DACTesting 



r.ANALOG 
WDEVICES 

FEATURES 
Low Nonlinearity: ± 0.001% 
Microcomputer - Based Design 

Programmable Integration Time: 1 to 350ms 
with Usable Resolution up to 18 Bits 
Programmable Output Data Format 
Auto-Zeroed Operetion and Electronic Calibration 
(No External Trims) 
Microprocessor Compatible Interface 

High Normal-Mode Rejection: 54dB at 60Hz. 
60dB at 50Hz 

APPLICATIONS 
Data Acquisition System 
Scientific Instruments 
Medical Instruments 
Weighing Systems 
Automatic Test Equipment 

GENERAL DESCRIPTION 
The AD1170 is a high resolution integrating AID converter 
intended for applications requiring high accuracy and throughput 
at low cost. A novel conversion architecture is employed to 
provide the user with outstanding accuracy, stability and ease of 
use. 

The ADI170 contains a complete microcomputer base 
urement subsystem, composed of three major el 
precise charge balancing converter, a single . 
and a custom CMOS controller chip. 
pendently programmable integrati 
to 3S0 milliseconds) and data fo 
complement, from 7 to 22 bits). The 
and exhibits a span drift of Sppmf'C, assu 
readings. 

The AD 1170 interfaces to the user system via an 8-bit micro
processor compatible data bus. The ADIl70's advanced features 
are controlled via simple commands sent to it via this bus. 

The converter utilizes surface mount technology and is housed 
in a small 1.2" x 2.5" x O.5S" package. It operates from :!:: ISV dc 
and + SV dc power. 

High Resolution, Programmable, 
Integrating AID Converter 

ADl170 I 
AD1l70FUNCTIONALBLOCKDIAGRAM 

. e dual slope converters, offers the user 
Pl"(lgrIlIIlIniIllg the integration time by selecting 
sent integration periods or by loading an 
tion period over the interface bus. 
hitecture provides for user programmable 

dent of the integration time. All data is 
-bit resolution and the user may specify any 

from 7 to 22 bits. Usable resolution will typically 
to 18 bits due to measurement and calibration 

. tal calibration eliminates the need for trim 
. The calibration data is stored in an internal 

latile memory chip. 
e conversion rate is greater than 50 conversions per second 

when using 60Hz line cycle integration. The maximum con-
version rate is greater than 250 conversions per second, using 
a one millisecond integration period. 

S. The AD1l70 contains an 8-bit microprocessor compatible 
interface structure with all necessary control lines. It may be 
interfaced to any microcomputer based system in a memory 
mapped or I/O mapped fashion. 
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SPECIFICATIONS (typicaI@ + 25"C and Vs = ± 15V, Vo = + 5V unless oIherwise specified) 

Model 

. RESOLUTION 

ACCURACY 
Integral Non1inearity 

THROUGHPUT RATE 
Time(Integrate) = Ims 
Time (Integrate) = 16.667ms 
Time(Integrate) = lOOms 

NOISE ERROR (peak-to-peak) 
TINT @ TCAL 

Ims IOms 
16.667ms lOOms 
300ms 300ms 

STABILITY 
Gain 

POWER SUPPLY REJECTION 
RATIO 

(Span Errorvs. Analog 
Supply Voltage) 

INPUT CHARACTERISTICS 
AnalogInputRange 

de 
de Plus Normal-Mode Voltage 
Absolut Maximum 

(Without Damage) 
Normal-Mode Rejection 

@6OHz 
@50Hz 

Input Bias Current 
Input Impedance 

DIGITAL LEVELS 
Inputs 

Low 
High 

Outputs 
Low(@4rnA) 
High(@ l00llA) 

WARMUP TIME 

POWER REQUIREMENTS 
+Vsand -Vs 
+Vo 
Supply Current Drain 

@±I:5V 
@+5V 

TEMPERATURE RANGE 
Rated Performance 

SIZE 

NOTE 

AD1l70 

Min Typ 

7 

250 
50 
9 

-5 
-6 

-30 

2.4 

2.4 

±IO 

±IOO 
±8 
±3 

±5 

-86 

54 
60 
10 
100 

5 

9 15 
4.75 5 

o 

20 
170 

Max Units 

18 Bits 

ppmFSR 

conv/sec 
conv/sec 
conv/see 

pp'mFSR 
ppmFSR 
ppmFSR 

ppm?C 

dB 

+5 Volts 
+6 Volts 

+30 Volts 

dB 
dB 
nA 
n 

0.4 Volts 
Volts 

0.45 Volts 

18 
5.25 

Volts 

. Minutes 

Volts 
Volts 

rnA 
rnA 

+70 OC 

1.24" X 2.5" X 0.55" max 
(31.4 x 63.5 x 14.Omm) 

'Noise error determines the usable resolution of the conv~r. Noise error is a function 
ofT INT and TeAL, and improves as these times are lengthened. 

Specificatinns subject to change without notice. 
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OUTLINE DIMENSIONS 
Dimensions are shown in inches and (mm). 

~1.24(3,.4IMAX_ 

1~'·O(2&.41--l ,': 71 
_L:. I 
I1,OI T 1 __ 1 =, 
r~-:L ~~ ~ -U _-L t 0.13013.1) 

0.020/0.02& , 
ro.D!IO.06l 

PlNAREO.010x0.20I2.5><S.1)RECTANGULAR 

PIN REFERENCE DIAGRAM 

PIN DESCRIPTIONS 

, 
~' , . , 

" " ~ 

8,1.24 
2Ii,Z)',211 

... 
:'" 
WR 

" .us. 

'" -w . ,""" 

XT"our 
XTAUN .,... 

DlgltllPowarSupply 
Addre""Un.et ......... 
Write Strobe ...... -WhenLow,lndic_ 

""""'" WhenHlgh,tndk:_ ........ 
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/ntefIratingthelnput 
Siglhll 
E_IUn.S~mple -NejjRl ... A".IotIPower .... '. I'osItiveA".IDg,",,
_. 
:=~;.::n';'!:. 
AnalogPowerSuppl1a 
Posttiwe&;gnallnput 
NegatlveSlgnllllnput ....... ~ ....... 
~II08VOI\JI~ 
UaedIfSp.n 
~D_rDeslred 
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Cormectlo .. for12MHz 

~onaIDn8lB"" 
FecturyT ... Only; 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
a-Bit CMOS DAC with Output Amplifier 
Operates with Single or Dual Supplies 
Low Total Unadjusted Error: 

Less than 1 LSB Over Temperature 
jl.P-Compatible with Double Buffered Input 
Small, 0.3" Wide, 18-Pin DIP 

GENERAL DESCRIPTION 
The AD7224 is a precision 8-bit, voltage-output, digital-to-analog 
converter with output amplifier and double buffered interface 
logic on a monolithic CMOS chip. No external trims are required 
to achieve full specified performance for the part. 

The double buffered interface logic consists of two 8-bit registers
an input register and a DAC register. Only the data held in the 
DAC register detertnines the analog output of the converter. 
The double buffering allows simultaneous update in a system 
containing multiple AD7224's. Both registers may be made 
transparent under control of three external lines, CS, WR and 
LDAC. With both registers transparent, the RESET line functions 
like a zero override; a useful function for system calibration 
cycles. All logic inputs are TTL and CMOS (5V) level compatible 
and the control logic is speed compatible with most 8-bit 
microprocessors. 

Specified performance is guaranteed for input reference voltages 
from + 2V to + 12.5V when using dual supplies. The part is 
also specified for single supply operation using a reference of 
+ lOY. The output amplifier is capable of developing + IOV 
across a 2kfl load. 

The AD7224 is fabricated in an all ion-implanted high speed 
Linear Compatible CMOS (LC2MOS) process which has been 
specifically developed to allow high speed digital logic circuits 
and precision analog circuits to be integrated on the same chip. 

LC2MOS 
8-Bit OAC With Output Amplifier 

A07224 I 
AD7224 FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGIH.IGHTS 
1. DAC and Amplifier on CMOS Chip: 

The single-chip design of the 8-bit DAC and outPut amplifier 
is inherently more reliable than multi-chip designs. CMOS 
fabrication means low power consumption (35mW typical 
with single supply). 

2. Low Total Unadjusted Error: 
The fabrication of the AD7224 on Analog Devices Linear 
Compatible CMOS (LC2 MOS) process, coupled with a novel 
DAC switch-pair arrangement, enables an excellent total 
unadjusted error of less than I LSB over the full operating 
temperature range. 

3. Single or Dual Supply Operation: 
The voltage-mode configuration of the AD7224 allows operation 
from a single power supply rail. The part can also be operated 
with dual supplies giving enhanced performance for some 
parameters. 

4. Versatile Interface Logic 
The high speed logic allows direct interfacing to most micro
processors. Additionally, the double buffered interface enables 
simultaneous update of the AD7224 in multiple DAC systems. 
The part also features a zero override function. 
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DUAL SUPPLY 
SPECIFICATIONS (VIII = 11AV to 16.5V; Vss = -5V ±10%; AGNO = OSNO = OV; VIIS' = +2V to (VIII -4'{)' 

unless o1herwise stated). AI specifications 1: to 1: unless o1herwise nob!d "*' ... 
Parameter 

STATIC PERFORMANCE 
Resolution 
Total UnadjUsted Error' 
Relative Ac;curacy' 
Differential Nonlinearity' 
Full Scale Error' 
Full Scale Temperarure Coefficient 
Zero Code Error 
Zero Code Error Temperature Coefficient 

REFERENCE INPUT 
Voltage Range 
Input Resistance 
Input Capacitance' 

DlGlTALINPUTS 
Input High Voltage, VINH 
Input Low Voltage, VINL 
Input Leakage Current 
Input Capacitance' 
Input Coding 

DYNAMIC PERFORMANCE 
Voltage Output Slew Rate' 
Voltage Output Settling Time' 

Positive Full Scale Change 
Negative Full Scale Change 

Digital Feedtl)rough' 
Minimum Load Resistance 

POWERSUPPUES 
VooRange 
VssRmge 
100 

@25"C 
Tmin to T...,. 

Iss 
" @25"C 
T_toT .... 

SWITCHING CHARACTERISTICS' 
t, 

@25"C 
T_toT .... 

t, 
@25"C 
Tmin toT .... 

t, 
@Z5"C 
T_toT .... .. 
@25"C 
Tmin toT .... 

ts 
@Z5"C 
T_toT .... 

r.; 
@Z5"C 
T_toT .... 

NOTES 
I Maximum possible rd'erenc:e vol ..... 
'Temperature ...... are as follows: 

AD7224KN, LN 0 to + 7O"C 
AD7224BQ, CQ - 2S'C to + 8S'C 
AD7224TD, UD - SS'C to + 12S'C 

'See TermiDolotlY. 

AD7224K,B, T' 

8 
±2 
±I 
±I 
±3/2 
±20 
±30 
±50 

2to(Voo -4) 
8 
100 

2.4 
0.8 
±I 
8 
Binary 

2.5 

5 
7 
50 
2 

11.4116.5 
4.515.5 

4 
6 

3 
5 

150 
200 

150 
200 

0 
0 

0 
0 

90 
100 

10 
10 

'Sample Tested It 2S'C by Product ASBUrIlIICO to eusure comp1iance. 
Specifieatioaa aubject to cbanae 1rithout notice. 
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AD7224L,C,U' Units Conditions/Comments 

8 Bits 
±I LSBmax Voo = + 15V ± 5%, VREF = + 10V 
±1I2 LSBmax 
±I LSBmax Guaranteed Monotonic 
±I LSBmax 
±20 ppml"Cmax Voo = 14Vto 16.5V, VREF = + 10V 
±20 mVmax 
±30 ",vrctyp 

Zto(Voo -4) Vmin toV .... 
,8 kOmin 

100 pFmax Occurs when DAC is loaded with alii's. 

2.4 V min 
0.8 V max 
±I ",A max VIN = OVor Voo 
8 pFmax 
Binary 

2.5 V/",smin 

5 ",smax VREF = + 10V; Settling Time to ± 1/2LSB 
7 ",smax VREF = + 10V; Settling Time to ± 1I2LSB 
50 nVsecstyp VREF=OV 
2 kOmin VOUT= +IOV 

1l.4116.S V~...,. For Specified Performance 
4.515.5 V~ .... For Specified Performance 

4 mAmax Outputs Unloaded; VIN= VINLorVINH 
6 mAmax Outputs Unloaded; VIN = VINL or VINH 

3 mAmax Outputs Unloaded; VIN = VINL or VINH 
5 mAmax Outputs Unloaded; VIN = VINL or VINH 

150 nsmin Chip Select/Load DAC Pulse Width 
200 nsmin 

150 nsmin WritelReset Pulse Width 
200 nsmin 

0 nsmin Chip Select/Load DAC to Write Serup Time 
0 nsmUt. 

0 nsmin Chip SelectlLoad DAC to Write Hold Time 
0 nsmin 

90 nsmin Data Valid to Write Serup Time 
100 nsmin ' 

10 nsmin Data Valid to Write Hold Time 
10 nsmin 



(V ... = +15V ±5%; Vss=AGIIII=DIItID=OV; v. = +1ov1 

SINGLE SUPPLY 
SPECIFICATIONS unless othIIIWisa staIIId~ AI spacifications T""" 10 T_ unless oth8IWise noIIId. 
Parameter 

STATIC PERFORMANCE 
Resolution 
Total Unadjusted Error' 
Differential Nonlinearity' 

REFERENCE INPUT 
Input Resistance 
Input Capacitance' 

DIGITAL INPUTS 
Input High Voltage, VINH 
Input Low Voltage, VINL 
Input Leakage Current 
Input Capacitance' 
Input Coding 

DYNAMIC PERFORMANCE 
Voltage Output Slew Rate' 
Voltage Output Settling Time' 

Positive Full Scale Change 
Negative Full Scale Change 

Digital Feedthrough' 
Minimum Load Resistance 

POWER SUPPLIES 
VDDRange 
IDD 

@2SOC 
T_toT .... 

SWITCHING CHARACTERISTICS' 
t, 

@2SOC 
T_toT .... 

t2 
@2SOC 
T_toT .... 

t, 
@2SOC 
T_toT .... 

4 
@2SOC 
T_toT .... 

t, 
@2SoC 
T_toT .... 

'" @2SoC 
Tmin to Tmax 

NOTES 
IMaximum possible reference voltage. 
Z<remperarole ranges are as follows: 

AD7224KN, LN 0 to + 7O'C 
AD7224BQ, CQ - 2S"C to + 8S"C 
AD7224TD, UD - SS"C to + 125"C 

'See Terminology. 

AD7224K,B,T' 

8 
±2 
±I 

8 
100 

2.4 
0.8 
±I 
8 
Binary 

2 

5 
20 
50 
2 

14.25115.75 

4 
6 

ISO 
200 

ISO 
200 

0 
0 

0 
0 

90 
100 

10 
10 

'Sample Tested at 25"C by Product Assurance to ensore compliance. 
Specification. subjett to cIwJ&e without notice. 

AD7224L,C,U' Units Conditions/Comments 

8 Bits 
±2 LSBmax 
±I LSBmax Guaranteed Monotonic 

8 kflmin 
100 pFmax Occurs when DAC is loaded with all I 'so 

2.4 V min 
0.8 V max 
±I IloAmax VIN=OVorVDD 
8 pFmax 
Binary 

2 V/floSmin 

5 ,,"smax Sett1iog Time to ± 1I2LSB 
20 ,,"smax SettiiogTimeto ± 1I2LSB 
50 nVsecstyp VREF = OV 
2 kOmin Vour = + 10V 

14.25/15.75 V_N .... For Specified Performance 

4 mAmax Outputs Unloaded; VIN = VlNLor VINH 

6 mAmax Outputs Unloaded; VIN = VINL or VINH 

150 DSmin Chip Select/Load DAC Pulse Width 
200 nsmin 

ISO nsmin WriteIResetPulse Width 
200 nsmin 

0 nsmin Chip Select/Load DAC to Write Setup Time 
0 nsmin 

0 nsmin Chip SelectlLoad DAC to Write Hold Time 
0 nsmin 

90 nsmin Data Valid to Write Setup Time 
100 nsmin 

10 nsmin Data Valid to Write Hold Time 
10 DSmin 
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ABSOLun MAXIMUM RATINGS· 

VootoAGND 
Vooto DGND .. . 
Voo to Vss .... . 
AGND to DGND .• 
Digital Input Voltage to DGND 
VREF to AGND ........ . 
VOUT to AGND1 •• ' •••••• 

Power Dissipation (Any Package) to + 75°C 
Defiltes above 750C by 

Operating Temperature 
Commerical . . . . . . 

· -O.3V, + 17V 
· -O.3V, + 17V 
· -O,3V, +24V 

-O.3V, Voo 
-O.3V, Voo 
-O.3V, Voo 

.. Vss, Voo 
450mW 

.. 6mWrC 

o to+700C 

Industria1 . . . . . 
Extended •.... 

Storage Temperature 
Lead Temperature (Soldering, IOsees) 

NOTES 

- 250C to + 850C 
- SsoC to + 12SOC 
- 6SOC to + ISO°C 

+3OOOC 

'The outputs may be shorted to AGND provided that the power 
dissipation of the package is not exceeded. TypicaJJy short 
circuit current to AGND is 6OmA • 

*Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent dsmage 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 (Electro-Static-Discharge) sensitive device. The digital control inputs are zener protect- WARNING! 0 
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 pro- ~~DEVICE tective foam shoUld be discharged to the destination socket before devices are removed. 

TERMINOLOGY 

TOTAL UNADJUSTED ERROR 
Total Unadjusted Error is a comprehensive specification which 
includes full scale error, relative accuracy and zero code error. 
Maximum output voltage is VREF -ILSB (ideal) where ILSB 
(ideal) is VREP'2S6. The LSB size will vary over the VREF range. 
Hence the zero code error, relative to LSB size, will increase as 
VREF decreases. Accordingly, the total unadjusted error, which 
includes the zero code error, will also vary in terms of LSB's 
over the VREF range. As a result, total unadjusted error is specified 
.for a fixed reference voltage of + I OV. 

RELATIVE ACCURACY 
Relative Accuracy or end-point nonlinearity is a measure of the 
lIIlIXimum deviation from a straight line passing through the 
end-points of the DAC transfer function. It is measured after 
allowing for zero code error and full scale error and is normally 
expressed in LSB's or as a percentage of full scale reading. 

ORDERING INFORMATION 

Total Temperature Range and Package 
Unadjusted Side Brazed 
Error Plastic Cerdipl Ceramic 

DIFFERENTIAL NONLINEARITY 
Differential Nonlinearity is the difference between the measured 
change and the ideal ILSB change between any two adjacent 
codes. A specified differential nonlinearity of ± ILSB max over 
the operating temperature range ensures monotonicity. 

DIGITAL FEEDTHROUGH 
Digital Feedthrough is the glitch impulse transferred to the 
output due to a change in the digital input code. It is specified 
in nV sees and is measured at VREF = OV. 

FULL SCALE ERROR 
Full Scale Error is defmed as: 
Measured Value - zero Code Error - Ideal Value 

PIN CONFIGURATION 

Vss v~ 

LOAC 

Oto +700c - 250C to + 85°C - 55°C to + 1250C Wi! 

±2LSB AD7224KN AD7224BQ AD7224TD co 
±ILSB AD7224LN AD7224CQ AD7224UD DBO (LSBI 

NOTE 
DB. 

'Analog Devices reserves the right to ship ceramic packages in lieu of cerdip packages. 

DB3 
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CIRCUIT INFORMATION 

D/ASECTION 
The AD7224 contains an 8-bit voltage-mode digital-to-analog 
converter. The output voltage from the converter has the same 
polarity as the reference voltage allowing single supply operation. 
A novel DAC switch pair arrangement on the AD7224 allows a 
reference voltage range from + 2V to + 12.SV. 

The DAC consists of a highly stable, thin-film, R-2R ladder and 
eight high speed NMOS single pole, double-throw switches. 
The simplified circuit diagram for this DAC is shown in 
Figure 1. 

"_ FF~ AGNDfi: 
SHOWN FOR ALL ,'SONOAC 

Figure 1. DIASimplifiedCircuitDiagram 

The input impedance at the VREF pin is code dependent and 
can vary from 8k!l minimum to infiuity. The lowest input 
impedance occurs when the DAC is loaded with the digital code 
01010101. Therefore, it is important that the reference presents' 
a low output impedance under changing load conditions. The 
nodal capacitance at the reference terminal is also code dependent 
and typically varies from 2SpF to SOpF. 

The VOUT pin can be considered as a digitally programmable 
voltage source with an output voltage of: 

VOUT = D . VREF 

where D is a fractional representation of the digital input 
code and can vary frotp 0 to 2SS/2S6. 

OP-AMP SECTION 
The voltage-mode D/A converter output is buffered by a unity 
gain non-inverting CMOS amplifier. This buffer amplifier is 
capable of developing + IOV across a 2kO load and can drive 
capacitive loads of 3300pF. 

The AD7224 can be operated single or dual supply resulting in 
different performance in some parameters from the output am
plifier. In single supply operation (VS5 = OV = AGND) the 
sink capability of the amplifier, which is nortnally 4OOj.tA, is 
reduced as the output voltage nears AGND. The full sink capability 
of 400jLA is maintained over the full output voltage range by 
tying Vss to -SV. This is indicated in Figure 2. 

Settling-time for negative-going output signals approaching 
AGND is similarly affected by V ss. Negative-going settling-time 
for single supply operation is longer than for dual supply operation. 
Positive-going settling-time is not affected by V 5S' 

Additionally, the negative Vss gives more head-room to the 
output amplifier which results in better zero code performance 
and improved slew-rate at the output, than can be obtained in 
the single supply mode. 

... 

... I 
v .. =t,v 

r.. --.J=.v 
300 

VDo =+15V 
TA=25"C 

'" 

to. 

. 
VauT-Volts 

Figure 2. Variation Of/SINK with VOUT 

DIGITAL SECTION 
The AD7224 digital inputs are compatible with either TTL or 
SV CMOS levels. All logic inputs are static-protected MOS 
gates with typical input currents of less than InA. Internal 
input protection is achieved by an on-chip distributed diode 
between DGND and each MOS gate. To minimize power supply 
currents, it is recommended that the digital input voltages be 
driven as close to the supply rails (VDD and DGND) as practically 
possible. 

INTERFACE LOGIC INFORMATION 
Table I shows the truth table for AD7224 operation. The part 
contains two registers, an input register and a DAC register. CS 
and WR control the loading of the input register while LDAC 
and WR control the transfer of information from the input 
register to the DAC register. Only the data held in the DAC 
register will determine the analog output of the converter. 

RESET LDAC WR CS Function 

H L L L Both Registers are Transparent 

H X H X Both Registers are Latched 

H H X H Both Registers are Latched 

H H L L Input Register Transparent 

H H S L Input Register Latched 

H L L H DAC Register Transparent 

H L S H DAC Register Latched 

L X X X Both Registers Loaded 
With All Zeros 

S H H H Both Register Latched With 
All Zeros and Output Remains 
at Zero 

I L L L Both Registers are Transparent 
and Output Follows Input Data 

H = High State, L = Low State, X = Don't Care 

Table I. AD7224 Truth Table 
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All control signals are level-triggered and therefore either or' 
both registers may be mi.de transparent; the input register by 
keeping CS and WR "LOW", the DAC register by keeping 
LDAC and WR "LOW". Input data is latched on the rising 
edgeofWR. 

The contents of both registers are reset by a low level on the 
. RESET tiDe. With both registers t:raDsparent, the RESET line 

functions like a zero override with the output brought to OV for 
the duration of the RESET pulse. If both registers are latched, 
a "LOW" pulse on 'RESET will latch all O's into the registers 
and the output remains at OV after the RESET line has returned 

-:k"--j 
cs t,I--" 

t, 

~ 

"HIGH". The RESET line can be used to ensure power-up to 
OV on the AD7224 output and is also dseful, when used as a 
zero override, in system calibration cycles. Figure 3 shows the 
input control logic for the AD7224. 

CS--",-_ 

RESET -------' 

INPUT DATA 

Figure 3. InputControlLC?gic 

DATA~ 
IN VALID 

NOTES 
,. ALL INPUT SIGNAL RISE AND FALL TIMES 

MEASURED FROM'O% TO 90% 01 Voo. 
t. = t, = 20n5 OVER VDo RANGE 

2. TIMING MEASUREMENT REFERENCE LEVEL IS 
V1NH + V1NL -.-

Figure 4. Write Cyc/~ Timing Diagram 

SPECIFICATION RANGES 
For the DAC to maintain specified accuracy, the reference voltage 
must be at least 4V below the VOD power supply voltage. This 
voltage differential is required for correct generation of bias 
voltages for the DAC switches. 

With dual supply operation, the' AD7224 has an extended V DO 
range from + 12V ± 5% to + 15V ± 10% (i.e., from + HAV to 
+ 16.5V); Operation is also specified for a single VOD power 
supply of + 15V ± 5%. 

Performance is specified' over a "Wide range of reference voltages 
from 2V to (VDD -4V) with dual supplies. This allows a range 
of standard reference generators to be used such as the AD580, 
a +2.5V bandgap reference and the AD584, a precision + lOY 
reference. Note that in order to achieve an output voltage range 
of OV to + 10V, a nomi.rniJ. + 15V ± 5% pOwer supply voltage is 
required by the AD7224. 

GROUND MANAGEMENT 
AC or transient voltages between AGND and DGND can cause 
noise at the analog output. This is especially true in microprocessor 
systems where digital noise is prevalent. The simplest method of 
ensuring that voltages at AGND and DGND are equal is to tie 
AGND and DGND together at the AD7224. In more complex 
systems where the AGND and DGND intertie is on the backplane, 
it is recommended that two diodes be connected in inverse 
parallel between the AD7224 AGND and DGND pins (IN914 
or equivalent). . 
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Applying the 7224 
UNIPOLAR OUTPUT OPERATION 
This is the basic mode of operation for the AD7224, with the 
output voltage having the saine positive polarity as V REp. The 
AD7224 can be operated single supply (Vss = AGND) or with 
positive/negative supplies (see op-amp section which outlines the 
advantages of having negative V ss). Connections for the unipolar 
output operation are shown in Figure 5. The voltage at VREF 

must never be negative with respect to DGNp. Failure to observe 
this precaution may cause parasitic transistor action and possible 
device destruction. The code table for unipolar output operation. 
is shown in Table II. 

v." VDD 

Figure 5. Unipolar Output Circuit 



DACRepterConteDts 
MSB LSB AuIog Output, Your 

1 1 1 1 1 1 1 1 (255 ) 
+VREF 256 

1000 0001 (129 ) 
+VREF 256 

1000 0000 ( 128 ) VREF 
+VREF 256 = + -2-

o I 1 1 I I I 1 ( 127 ) 
+VREF 256 

0000 0001 , +VREF (2~6 ) 

0000 0000 OV 

Table II. Unipolar Code Table 

BIPOLAR OUTPUT OPERATION 
The AD7224 can be configured to provide bipolar output operation 
using one external amplifier and two resistors. Figure 6 shows a 
circuit used to implement offset binary coding. In this case 

Vo = (I + ~). (D VREF) - (~). (VREF) 

With RI = R2 
Vo = (20 -I)· VREF 

where D is a fractional representation 
of the digital word in the DAC register. 

Mismatch between RI and R2 causes gain and offset errors; 
therefore, these resistors must match and track over temperature. 
Once again, the AD7224 can be operated in single supply or 
from positive/negative supplies. Table III shows the digital code 
versus output voltage relationship for the circuit of Figure 6 
with RI = R2. 

Yo 

Figure 6. Bipolar Output Circuit 

DAC RePster Contents 
MSB LSB Analog Output, Vo 

1 I I 1 1 1 I 1 (127 ) +VREF 128 

1000 0001 +VREF ( 1~8) 
1000 0000 OV 

01 1 I I I I 1 -VREF (1~8 ) 

0000 0001 ( 127 ) 
-VREF 128 

0000 0000 -VREF (g: ) = -VREF 

Table III. Bipolar (Offset Binary) Code Table 

AGNDBIAS 
The AD7224 AGND pin can be biased above system GND 
(AD7224 DGND) to provide an offset "zero" analog output 
voltage level. Figure 7 shows a circuit configuration to achieve 
this. The output voltage, VOUT> is expressed as: 

Your = VBIAS + D . (VJN) 

where D is a fractional representation of the digital word 
in the DAC register and can vary from 0 to 255/256. 

For a given VIN, increasing AGND above system GND will 
reduce the effective Vno-VREF which must be at least 4V to 
ensure specified operation. Note that V nn and V ss for the AD7224 
must be referenced to DGND. 

Figure 7. AGND Bias Circuit 
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Microprocessor Interface 
AIS 

A8~---...., 

808SA 
8088 

Wiit-----i 

ALE 

AD7 t------' 

ADDRESS BUS 

AIS 

AO 

8809 
6502 

RJiiii 

EOR 02 ~ 

07 

ADDRESS BUS 1 
_..1 .. L.. 

JEN ~~~~s: [ cs 

1 LDAC 

A07224' 

WR 

Ii::: 
DATA BUS 

ADO~ ____________________ J ~ DO 
·LlNEAR CIRCUITRY OMITTED FOR CLARITY '-___ oJ -LINEAR CIRCUITRY OMmED FOR CLARITY 

Figure 8. AD7224 to 8085A/8088 Interface Figure 9. AD7224 to 680916502 Interface 

AIS 

) ADDRESS BUS 

00 

-J l,. 

023 

S ADDRESS BUS ., 
j L,. 

Z·80 I CS ADDRESS 
~ DeCODE 

LOAC 
A07224' 

Wii WR 

68008 

I 
ADDRESS cs 
DECODE L 

I 
LDAC 

A07224' 

RIW Wii 

l' DB7 

Ir OBO 

07 
DATA BUS ) 

00 

DTACK OB7 

I~ DBO 

07 

DATA BUS 7 00 

"LINEAR CIRCUITRY QMITIED FOA CLARITY *lINEAR CIRCUITRY OMITTED FOR CLARITY 

Figure 10. AD7224 to Z-80 Interface Fighlre 11. AD7224 to 68008 Interface 

IS-PIN PLASTIC DIP (SUFFIX N) 

c::::::::[~:: 
~~~ 

... ~~ 
M'lAX U ~, 

0.12(11.05) 

-l -1 ~ 
0.08511.861 0.0210.501' 0.10512.611 
'O:ii4ii'iTsi' o:o1s'iG.iiii o:G95iiAii 

-I 0.30611.781 I-- i 

A-j( 0.1213.051 

~ 
" . ... 

0.1210.3051 

o:ooiTo:i03i 

NOTES: 
1. LEAD NO. , IDENTIFIED IY DOT 011 NOTCH. 
2. CERAMIC DIP LEADS WILL BE ElmER BOlO OR TIN PlATED IN 

ACCORDANCE WITH ML.M-3151D fIEOUliEMENTS 
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MECHANICAL INFORMATION 
OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 

IS·PIN CERDIP (SUFFIX Q) 

C::::::Jr--
r---0.950 124.13) MAX--------j 

-"-~]! 0.015/0.3811 0.18014.572) l 0.14013.556) 

f UTo."" ... ", ~l3.f75) 

....j I-- _II.... '''' lAm: 
::~~= :'::5\~~ll. 0.030. 

0.320JU!81 

I:"~I 

NOTES: 
T. L£AO NO. 1 IDENTlAm BY DOT OR NOTCH. 
Z. CERAMI(: DIP lEADS WTU. BE EITHER GOLO OR TIN PlATED IN 

ACCORDANCE WITH MIL-M-38510 REQUIREMENTS. 

IS-PIN CERAMIC (SUFFIX D) 

.L 

"r:-~~ ~ .. , 0.12513.18) 

~ --l r=-t 
..!:!!.i!;2L~~ 
0.04511.151 0.01510.381) 0.09512.42) 

0.1213.051 

"""O:ii6iUii 

'FE=; 
0.01210.3051 

~ 

I :.30617.78: I 
~ 

NOTES: 
T. lEAD NO.1 IDENTIFIED BY DOT 011 NOTCH. 
Z. CERAMIC OIP lEADS WILl BE ElTHER GOtD 011 TIN PLATED IN 

ACCOIlDANCE WITlI MIL·M·3I5TO REQUIREMENTS 



1IIIIIIII ANALOG 
WDEVICES 

LC2MOS 
Quad a-Bit OAC with Separate References 

FEATURES 
Four a-Bit DACs with Output Amplifiers 
Separate Reference Input for Each DAC 
pP Compatible with Double-Buffered Inputs 
Simultaneous Update of All Four Outputs 
Operates with Single or Dual Supplies 
No User Trims Required 
0.3" Wide, 24-Pin DIP 

GENERAL DESCRIPTION 
The AD7225 contains four 8-bit voltage output digital-ta-analog 
converters, with output buffer amplifiers and interface logic on 
a single monolithic chip. Each D/A converter has a separate 
reference input tertninal. No external trims are required to 
achieve full specified performance for the part. 

The double-buffered interface logic consists of two 8-bit registers 
per channel-an input register and a DAC register. Control inputs 
AO and Al determine which input register is loaded when WR 
goes low. Only the data held in the DAC registers determines 
the analog outputs of the converters. The double-buffering 
allows simultaneous update of all four outputs under control of 
LDAC. All logic inputs are TIL and CMOS (5V) level compatible 
and the control logic is speed compatible with most 8-bit 
microprocessors. 

Specified performance is guaranteed for input reference voltages 
from + 2V to + 12.5V when using dual supplies. The part is 
also specified for single supply operation using a reference of 
+ lOY. Each output buffer amplifier is capable of developing 
+ lOY across a 2kO load. 

The AD7225 is fabricated on an all ion-implanted high-speed 
Linear Compatible CMOS (LC2 MOS) process which has been 
specifically developed to integrate high-speed digital logic circuits 
and precision analog circuitry on the same chip. 

PRODUCT HIGHLIGHTS 
1. DACs and Amplifiers on CMOS Chip: 

The single-chlp design of four 8-bit DACs and amplifiers 
allows a dramatic reduction in board space requirements and 
offers increased reliability in systems using multiple converters. 
Its pinout is aimed at optimizing board layout with all analog 
inputs and outputs at one end of the package and all digital 
inputs at the other. 

A07225 I 
AD7225 FUNCTIONAL BLOCK DIAGRAM 

2. Single or Dual Supply Operation: 
The voltage-mode configuration of the AD7225 allows single 
supply operation. The part can also be operated with dual 
supplies giving enhanced performance for some parameters. 

3. Versatile Interface Logic: 
The AD7225 has a common 8-bit data bus with individual 
DAC latches, providing a versatile control architecture for 
simple interface to microprocessors. The double-buffered 
interface allows simultaneous update of the four outputs. 

4. Separate Reference Input for Each DAC: 
The AD7225 offers great flexibility in dealing with input 
signals with a separate reference input provided for each 
DAC and each reference having variable input voltage 
capability. 
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DUAL SUPPLY 
SPECIFICATIONS tv .. = l1.4V to 16.5V; Vss = - 5V ± 10%; AGIO = OGNO = DV; VREF = + 2Vto tvDD _4V)1 

unless oIh8IWise statad). All specifications Tmin to T_ unless oIhalWisa nol8d. 

AD7125KNZ AD7125LN 
'-tel AD7125BD AD7l25CD AD712Sm AD7125UD UDito Conditio...tCommea .. 

STATIC PERFOIWANCE 
Resolution Biu 
Total Unadjusted Error> ±2 ±I ±2 ±I LSB""", VDD = +ISV ± 5%, VREP = +IOV 
Relative Aeeuracy' ±I ±1I2 ±I ± 112 LSB""", 
Differential Nonlinearity' ±I ±I ±I ±I LSBmax GuaraDteed Monotonic 
Full Scale Error> ±I ±112 ±I ±112 LSB""", 
Full Scale Temp. Coeff. ±S ±S ±S ±S ppml"Ctyp VDD = 14Vlo 16.SV, VREP = +IOV 
Zero Code Error@2SOC ±2S ±IS ±2S ±IS mV""", 

TDliDtoT_ ±30 ±20 ±30 ±20 mVmax 
Zero Code Error Temp CoeIT. +30 ±30 +30 ±30 ,..vrcty)? 

REFERENCE INPUT 
Voltage Range 210(VDD -4) 210(VDD -4) 210(VDD-4) 2to(VDD-4) VmirltoV_ 
Inpul Resistance II II II II kIlmin 
Input Capacitance' 100 100 100 100 pFmax Oc:c:urs when each DAC is loaded with alii's. 
ChanneI-to-CIwmeilsoiation'" 60 60 60 60 dB min VREP = 10V p-pSine Wave@IOkHz 
AC Feedthrough'"'' -70 -70 -70 -70 dB max VREF = 10Vp-pSineWave@IOkHz 

DIGITAL INPUTS 
Input High Voltage, VINH 2.4 2.4 2.4 2.4 V min 
Input Low Voltage, VINL 0.8 0.8 0.8 0.8 V max 
Inpul Leakage Current ±I ±I ±I ±I ,..A""", VIN = OVorVDD 
Input Capacitance' 8 8 8 8 pFmax 
Inpul Coding Binary Binary Binary Binary 

DYNAMIC PERFORMANCE 
VoltageOutpUl Slew Rale' 2.5 2.S 2.S 2.5 V/,..smin 
VoltageOulput SettlingTime4 

Positive FuU S<:aIe ChanF 5 5 S S ,...max VREF = + 10V; Settling Time to ± II2LSB 
NeptiveFuUSc:aleChanF S 5 5 5 ,..smax VREF = + 10V; Settlinc Time to ± 1/2LSB 

DiBitai Feedthrousb'"'' 50 so 50 SO nVsecstyp Code transition all O's to alii's. 
DiBitai Crosstalk'" 50 SO SO 50 nVsecstyp Code transition all O's 10 alii's. 
Minimum Load Resistance 2 2 2 2 kIlmin Votrr = +IOV 

POWERSUPPUES 
VDDRange 11.4116.S 1I.4116.S 11.4116.S 11.4116.5 V.",/V_ For Specified Performance 
IDD 10 10 12 12 mAmax OulpuuUoloaded;V!N'=VlNLorVINH 

Iss 9 9 10 10 mAmax OutpUlsUnioaded;VIN=VlNLorVINH 

SWITCHINGCHARACTElUSTICS' 
II 

@25OC 95 95 9S 95 nsmin Write PoIse Width 
T miD to T IIWt 120 120 ISO ISO nsmin 

tz 
@2SOC 0 0 0 0 nsmin Address 10 Write'Setup Time 
TmiD to TIDIIX 0 0 0 0 nsmin 

I, 
@2SOC 0 0 0 0 nsmin Address 10 Write Hold Time 
TmiD to T_ 0 0 0 0 nsmin .. 
@2SOC 70 70 70 70 DSmin Data Valid to Write Setup Time 
TQlia to TIJWl 90 90 90 90 nsmin 

t, 
@2SOC 10 10 10 10 nsmin Data Valid to Write Hold Time 
T~toTIDP 10 10 10 10 nsmin 

to 
@25OC 95 95 95 95 ns"min Load DAC Pulse Width 
Tmm to T_ 120 120 ISO ISO nsmin 

NOTES 'Maxim_ P*ibIe me..... voI_. '1" __ ..... -
AD722SJCN, LN 0 to +70"<: 
A0122580, CD - 2S'C 10 + as'C 
AD1225TD, UO - 55'C 10 + 125'C 

'See TermiDoJosy. 
~ Taled at 25"C to GIIUlC complimce. 
'Peedtluouab ... be further .... w:od by COIIIIOCIiq the _ lid 011 the ....... pockqc (sum. 0) 10 DGND. 
Specitkadoao IUbjcc:t 10 ....... wirhout ootic:e. 
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SINGLE SUPPLY 
SPECIFICATIONS (v ... = +15Y ±5%, Va = MND = DGND = OV; VREf = +lOV1 

unless otherwise statad~ All spacifications T .... toT_ unless otherwise noIIId. 

AD7llSKN' 
Puomelel AD7ZlSBD 

STATIC PERFORMANCE 
Resolution 8 
Total UDidjusted Brror' ±2 
Dilf ...... tiaI NonliDearilY' ±I 

Rl!PERl!NCB INPUT 
Input Ilesi.tsnce II 
Input CspacilOD"'" 100 
Clwmel-Io-Channellsolation'" 60 
AC Feedthrouah····s -70 

DIGITAL INPUTS 
Inpul Hish Voitaae, VtNH 2.4 
InpulLowVoltaae, VtNL 0.8 
Inpul Leakqc Cuneol ±I 
InPUI Cspacitsnce' 8 
InPUI Codins Binary 

DYNAMIC PERFORMANCE 
Voitaae Outpul Slew Rate' 2 
Voltaae OUlpul Settling Time' 

Positive Full Scale Chanae 5 
Negative Full Scale Chanae 7 

Digital Feedthrougb' 50 
Digital Ctosstalk' SO 
Minimum LDId ResisIOD"" 2 

POWERSVPPUES 
VooRaoae 14.25/15.75 
100 10 

SWITCHING CHARACTERISTICS' 
I, 

@25OC 
TmintoT_ 

I, 
@25OC 
TmiratoTow: 

I, 
@25OC 
TmiatoTmax 

I< 
@25OC 
TmiD to T_ 

Is 
@25'C 
TaWa to Tmu 

to 
@25'C 
TmiD toT_ 

NOTES 
IMaximum poa,iblc rd'crcnce volllF. 
qempcrature nngn are as follows: 

AD7225JCN, LN 0 to + 1Q"C 
AD722SBD, CD - 2S'C to + 8S"C 
ADmSTD, UD - SS'C to + 12S"C 

'SeeT............,.. 

95 
120 

0 
0 

0 
0 

70 
90 

10 
10 

95 
120 

4Sample Tatcd 8l 2S'"C to ensure c:omp1iaDc:c. 

ADm5LN 
AD7ZlSCD AD72ZSTD AD72ZSUD 

±I ±2 ±I 
±I ±I ±I 

II II II 
100 100 100 
60 60 60 
-70 -70 -70 

2.4 2.4 2.4 
0.8 0.8 0.8 
±I ±I ±I 
8 8 8 
Binary Binary Binary 

5 5 5 
7 7 7 
50 50 50 
50 50 50 
2 2 2 

14.25/15.75 14.25/15.75 14.25/15.75 
10 12 12 

95 95 95 
120 150 150 

0 0 0 
0 0 0 

0 0 0 
0 0 0 

70 70 70 
90 90 90 

10 10 10 
10 10 10 

95 95 95 
120 ISO ISO 

'FoedtbJouab em be funber red'- by ............ ,the ... !allid OD the cerUDic pockqe (sulfa D) to DGND. 
SpecifICations aub)ect to cbaqe without notice. 

VDiIa Coadido,,",CommnIS 

Bits 
LSBmax 
LSBmax Gusronteed Monotonic 

kOmin 
pFmax Occun when each DAC is loaded with alii's. 
dB min VIUlF = 10Vp-pSineWave@IOkHz 
dB max V ..... = 10Vp-pSineWlve@IOkHz 

V min 
V max 
f'oAomax ViN = OVorVOD 

pFmax 

V/JIoSmin 

,",'DWt SettlingTimeto ± II2LSB 
,",.max Settling Time 10 ± II2LSB 
nVsecstyp Code transition all D's to all I 's. 
nVsecstyp CodetnlDSitionallO'.loalil's. 
kOmin VOl1T= +IOV 

V.w/V_ For Specifted Performance 
mAmax Oulputs UoJoaded; V IN = V INL or VtNH 

nsmin Write Pulse Width 
DSmin 

nsmin Addtes. 10 Write SetUp Time 
nsmiB 

nsmin Addtess 10 Write Hold Time 
nsmin 

nsmin Data Valid 10 Write Setup Time 
nsmin 

ns.min Data Valid 10 Write Hold Time 
nsmin 

DSmin LDId DAC Pulse Width 
nsmin 
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ABSOLUTE MAXIMUM RATINGS· 
VDD to AGND 
VDDtoOOND .. 
VDD to VSS ..•. 
AGND to DGND '. 
Digital Input Voltage to DGND 
VREF to AGND . . . . . . ... 
VOUT to AGND1 •••••••• 

Power Dissipation (Any Package) to + 75°C 
Derates above 750C by 

Operating Temperature 
Commercial 
Industrial .. .. .. 

-O.3V, + 17V 
-O.3V, + 17V 
-0.3V, +24V 

-O.3V,VDD 
-0.3V, VDD 
-0.3V, VDD 

.. Vss, VDD 
. sOOmw 

. 2.OmW/C 

o to +70OC 
- 2SOC to + 85°C 

Extended .............. . - S5°C to + 125°C 
Storage Temperature ... ~ . . .. . - 65°C to + ISOOC 
Lead Temperature (Soldering, 10secs) . .... +300OC 

NOTES 
'Outputs may be shorted to any voltage in the range V ss to V DD provided 
that the power dissipation of the package is not exceeded .. Typical short 
circuit current for a short to AGND or V ss is SOmA. 

*Stress .. above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This i. a stress rating only arid 
fuilctional 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 relisbility. 

CAUTION-------------------------------------------------
ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener 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 pro
tective foam should be discharged to the destination socket before devices are removed. 

WARNING! 0 
~~DEVICE 

TERMINOLOGY 
TOTAL UNADJUSTED ERROR 
Total Unadjusted Error is a comprehensive specificapon 
which includes full scale error, relative accuracy, and zero 
code error. Maximum output voltage is VREF -ILSB (ideal), 
where I LSB (ideal) is VREF/256. The LSB size will vary 
over the VREF range. Hence the zero code error will, relative 
to the LSB size, increase as VREF decreases. Accordingly, the 
total unadjusted error, which includes the zero code error, 
will also vary in terms of LSB's over the V REF range. As a 
result, total unadjusted error is specified for a fixed reference 
voltage of + 10V. 

RELATIVE ACCURACY 
Relative Accuracy or end-point nonlinearity is a measure of 
the maximum deviation from a straight line passing through 
the end-points of the DAC transfer function. It is measured 
after allowing for zero code error and full scale error and· is 
normally expressed in LSB's or as a percentage of full scale 
reading. 

DIFFERENTIAL NONLINEARITY 
Differential Nonlinearity is the difference between the 
measured change and the ideallLSB change between any 
two adjacent codes. A specified differential nonlinearity of 
± ILSB max over the operating temperature range ensures 
monotonicity . 

Total 
Unadjusted 
Error 

±2LSB 
±ILSB 

ORDERING INFORMATION 

Temperature Raoge and Pac:kage 

Plastic: 
Oto +70"C 

AD7225KN 
AD722SLN 

Side Brazed Side Brazed 
Ceramic: 
- 2S·C to + 8S·C 

AD7225BD 
AD7225CD 

Ceramic: 
- SSOC to + 12SOC 

AD7225TD 
AD7225UD 

3-186 NEW PRODUCTS - ICs 

DIGITAL FEEDTHROUGH 
Digital F eedthrough is the glitch impulse transferred to the 
output of the DAC due to a change in its digital input code. 
It is specified in rtV sees and is measured at V REF = OV. 

DIGITAL CROSSTALK 
Digital Crosstalk is the glitch impulse transferred to the 
output of one converter (not addressed) due to a change in 
the digital input code to another addressed converter. It is 
specified in n V sees and.is measured at V REF = OV.' 

AC FEEDTHROUGH 
AC Feedthrough is the proportion of reference input signal 
which appears at the output of a converter when that DAC is 
loaded with all O's. 

CHANNEL-TO-CHANNEL ISOLATION 
Channel-to-channel isolation is the proportion of input signal 
from the reference of one DAC (loaded with alii's) \Yhich 
appears at the output of one of the other three DACs (loaded 
with all O's). The figure given is the worst case for the·three 
other outputs and is. expressed as a ratio in dBs. 

FULL SCALE ERROR 
Full Scale Error is defined as: 

Measured Value - Zero Code Error - Ideal Value 

PIN CONFIGURATION 



'" '" 

'.0,-----------------------, 

-1.° 0"---'2---.-4--'-.--'-2-.--'-.0--'-'2---22-4---' 
INPUT CODE 

Figure 1. Channel-to-Channel Matching 

Figure 3. Differential Nonlinearity vs. VREF 

VOUT A 

'E 
, 

, 2 

~ 1 
ffi 

I 

~-:::::: --
-:::: ::::----r )"',,,C_ -.-, 
~ -- "r 

§ 
0-

ffi 
N -2 

-4 

-60 40 20 - 20 40 60 80 100 120 140 
TEMPERATURE _ Degrees 

Figure 5. Zero Code Error vs. Temperature 

Typical Performance Characteristics 
TA=25OC. Vou= + 15V. Vss= -5V unless otherwise staled. 

~ , , 
~ 
~ 2 
:0 

" > 
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~ 0 
I iil -

ffi -2 
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Figure 2. Relative Accuracy vs. VREF 
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Figure 4. Power Supply Current vs. Temperature 
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Figure 6. Broadband Noise 
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CIRCUIT INFORMATION 

D/A SECTION 
The AD7225 contains four, identical, 8-bit voltage-mode ~tal-to
analog converters. Each D/A convener has a separate reference 
input. The output voltages from the conveners have the same 
polarity as the reference voltages, allowing single supply operation. 
A novel DAC switch pair arrangement on the AD7225 alloWS a 
reference voltage range from + 2V to + 12.5V on each reference 
input. 

Each DAC consists of a highly stable, thin-film, R-2R ladder 
and eight high-speed NMOS, single-pole, double-throw switches. 
The simplified circuit diagram for channel A is shown in 
Figure 7. Note that AGND (Pin 6) is common to all four 
DACs. 

"_, fT_+~-+--, AGNOfr: 

VourA 

SHOWN FOR ALL 1'$ ON CAe 

Figure 7. DIA Simplified Circuit Diagram 

The input impedance at any of the reference inputs is code 
dependent and can vary from llkfl miIlimum to infinity. The 
lowest input impedance at any reference input occurS when that 
DAC is loaded with the digital code 01010101. Therefore, it is 
imponant that the reference presents a low output impedance 
under changing load'conditions. The nodal capacitance at the 
referenCe tenninals is also code dependent and typically varies 
from 15pF to 35pF. 

Each Vour pin can be considered as a digitally programmable 
voltage source with an output voltage of: 

VOU1'X = Dx' V\U!FX 

where Ox is fractional representation of the digital 
input code and can vary from 0 to 255/256. 

The output impedance is that of the output buffer amplifier. 

OP·AMP SECTION 
Each voltage mode D/A converter output is buffered by a unity 
gain noDinverting CMOS amplifier. This buffer amplifier is 
capable of developing + lOY across a 2kflload and can drive 
capacitive loads of 33OOpF. 

The AD7225 can be operated single or dual supply; operating 
with dual supplies results in enhanced perfonnance in some 
parameters which cannot be achieved with single supply operation. 
In single supply operation (Vss = OV = AGND) the sink capability 

, of the amplifier, which is nonnally 4OOJ,LA, is reduced as the 
output voltage nears AGND. The full sink capability of 4OO11A 
is maintained over the full output voltage range by tying V S8 to 

- 5V. This is indicated in Fig1.lre 8. 

SettliDg-time for negative-going output signals approaching 
AGND is similarly affected by Vss. Negative-going settling·time 
for single supply operation is longer than for dual supply operation. 
Positive-going settling.~e is not affected by V 55. 
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500 

400 

300 

200 

100 

o 
o 

( 

r:-

vss.L 

t-- Vas = ov 

Voo= +15V 
TA =25OC 

10 

VOUT - Volts 

Figure 8. Variation of ISINK with VOUT 

Additionally, the negative V ss gives more headroom to the 
output amplifiers which results in better zero code perfonnani:e 
and improved slew-rate at the output, than can be obtained in 
the single supply mode. 

DIGITAL SECTION 
The AD7225 digital inputs are compatible with either TTL or 
5V CMOS levels. All logic inputs are static-protected MOS 
gates with typical input currents of less than lpA._ Internal 
input protection is achieved by an on-chip distributed diode 
between DGND and each MOS gate. To minimize power supply 
currents, it is recommended that the digital input voltages be 
driven as close to the supply rails (Voo and DGND) as pra,ctically 
possible. 

INTERFACE LOGIC INFORMATION 
The AD7225 contains two registers per DAC, an input register 
and a DAC reliister. Address ~es AO and Al select which 
input register will accept data from the input pon. When the 
WR signal is LOW, the input latches of the selected DAC are 
transparent. The data is latched into the addressed input register 
on the rising edge of WR. Table I shows the addressing for the 
input registers on the AD7225. 

Only the data held in the DAC register detertnines the analog 
output of the convener. The LDAC signal is common to all 
four DACs and controls the transfer of infonnation from the 
input registers to the DAC registers. Data is latched into all 
four DAC registers simultaneously on the rising edge of LDAC. 
The LDAC signal is level triggered and therefore the DAC 
registers may be made transparent by tying LDAC LOW (in 

Al AO Selected Input Register 

L L DAC A Input Register 
L H DAC B Input Register 
H L DACCInputRegister 
H H DAC D Input Register 

Table I. AD7225 Addf'flssing 



this case the outputs of the converters will respond to the data 
held in their respective input latches). LDAC is an asynchronous 
signal and is independent of WR. This is useful in many appli
cations. However, in systems where the asynchronous LDAC 
can oc:c:ur during a write cycle (or vice versa) care must be taken 
to ensure that incorrect data is not latched through to the outpUt. 
In other words, if LDAC is activated prior to the rising edge of 
WR (or WR oc:c:urs during LDAC), then LDAC must stay 
LOW for ~ or longer after WR goes HIGH to ensure correct 
data is latched through to the output. Table II shows the truth 
table for AD7225 operation. Figure 9 shows the input control 
logic for the pan and the write cycle timing diagram is given in 
Figure 10. 

WR LDAC 

H H 
L H 

I H 
H L 

H ~ 
L L 

Func:tion 

No Operation. Devicenotsclected 
Input Register of Selected DAC Transparent 
Input Register of Selected DAC Latched 
All Four DAC Registers Transparent 
(Le. Outputs respond to data held in 
respective input registers) 
Input Registers are Latched 
All Four DAC Registers Latched 
DAC Registers and Selected Input Register 
Transparent 
Output follows Input Data for Selected Channel. 

Table II. AD7225 Truth Table 

GROUND MANAGEMENT AND LAYOUT 
Since the AD7225 contains four reference inputs which can be 
driven from ac sources (see AC REFERENCE SIGNAL section) 
careful layout and grounding is important to minimize analog 
crosstalk between the four channels. The dynamic performance 
of the four DACs depends upon the optimum choice of board 

-so 
I . 

-7 0 
TA = +25"C 
Voo = +15V 

r--- Vss = -5V 

~ • 
~ 

VREF : 1.24V p-p "" -30 

200 SDk 100k 200k 500' 1M 
INPUT FREQUENCY _ Hz 

Figure. 11. Channel-to-Channel Isolation 

LoAC --------------OAJ~~~HES 

AO 

A1 

TO INPUT 
LATCH A 

TO INPUT 
LATCH B 

TO INPUT 
LArCHe 

TO INPUT 
LATCH 0 

Figure 9. Input Control Logic 

NOTES 
,. ALL INPUT SIGNAL RISE AND FALL TIMES 

MEASURED FROM 10% TO 90% of +5V 
t, = tt = 20n8 OVER VOD RANGE 

2. TIMING MEASUREMENT REFERENCE lEVEL IS 
V1NH + VlNL 

------z-
3. IF li5A'C IS ACTIVATED PRIOR TO THE RISING eggJ:: OF WR THEN 

IT MUST STAV ~OW FORte OR LONGER AFTER WA GOES HIGH. 

Figure 10. Write Cycle Timing Diagram 

SYSTEM 

( GND 
PIN 1 

Your B 0---0- -0-----0 Your C 

VourA C>---<>- -0-----0 Your 0 

Vss 0---0- -O---VOD 

VREF B 0----0- -0-----0 VREF C 

VAEFA 0----0- -0------0 VREF 0 

AGND -0-----0 -DGND -0------0 - .... 
-0- -0-- -MSS -0- -0- LSS .... --0- ~ - -00- -0-- --0- -0-

Figure 12. Suggested PCB Layout for AD7225. Layout 
Shows Component Side (Top View). 

layout. Figure II shows the relationship between input frequency 
and channel-to-channel isolation. Figure 12 shows a printed 
circuit board layout which is aimed at minimizing crosstalk and 
feedthrough. The four input signals are screened by AGND. 
VREF was limited to between 2V and 3.24V to avoid slew rate 
limiting effects from the output amplifier during measurements. 
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SPECIFICATION RANGES 
For the AD7225 to operate to rated specifications, its input 
reference voltage must be at least 4V below the VDD power 
supply voltage. This voltage differential is the overhead voltage 
required by the output amplifiers. . 

The AD7225 is specified to operate over a V DD range from 
+ 12V ± 5% to + 15V ± 10% (i.e., from + 1l.4V to + 16.5V) 
with a Vss of - 5V ± lool\.. Operation is also specified for a 
single + 15V ± 5% V DD supply. Applying a V ss of - 5V. results 

UNIPOLAR OUTPUT OPERATION 
This is the basic mode of operation for each 'channel of the 
AD7225, with the output voltage having the same positive polarity 
as VREF• The AD7225 can be operated single supply (VSS = 
AGND) or with positive/negative supplies (see op-amp section 
which outlines the advantages of having negative V ss). Connections 
for the unipolar output operation are shown in Figure 13. The 
voltage at any of the reference inputs must never be negative 
with respect .to DGND. Failure to observe this precaution may 
cause parasitic transistor action and possible device destruction. 
The code table for unipolar output operation is shown in 
Table III. 

Figure 13. Unipolar Output Circuit 
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in improved zero code error, improved output sink capability 
with outputs near AGND and improved negative going settling 
time. 

Performance is specified over a wide range of reference voltages 
from 2V to (VDD - 4V) with dual supplies. This allows. a range 
of standard reference generators to be used such as the AD580, 
a + 2.5V bandgap reference and the AD584, a precision + 10V 
reference. Note that an output voltage range of OV to + lOY 
requires a nominal + 15V ± 5% power supply voltage. 

DAC Latch Contents 
MSB LSB 

I I I I I I I I 

1000 0001 

1000 0000 

o I I I I I I I 

0000 0001 

0000 0000 

Analog Output 

+VREF (~;~ ) 

+VREF (~~~ ) 

( 128 ) VREF 
+VREF 256 = + -2-

+VREF (~~~ ) 

+VREF (2~6 ) 

OV 

Note: ILSB = (VREFX2-8) = VREF ( 2~6 ) 

Table /II. Unipolar Code Table 

BIPOLAR OUTPUT OPERATION 
Each of the DACs of the AD7225 can be individually configured 
to provide bipolar output operation. This is possible using one 
external amplifier and two resistors per channel. Figure 14 
shows a circuit used to implement offset binary coding (bipolar 
operation) with DAC A of the AD7225. In this case 

Vom = (I + ~) • (DA VREF) - (~) . (VREF) 

With RI = R2 
VOUT = (2DA -I)· V REF 

where DAis a fractional representation of the 
digital word in latch A. (0 .. DA .. 2551256) 

Mismatch between RI and R2 causes gain and offset errors and, 
therefore, these resistors must match and track over temperature. 
Once again the AD7225 can be operated in single supply or 
from positive/negative supplies. Table IV shows the digital code 
versus output voltage relationship for the circuit of Figure 14 
with RI = R2. 



vRIE"cr--...... -------------, ·, 

Rl, R2 = 10kH ±O.1% 

·DIGITAL INPUTS OMITTED 
FOR CLARITY 

Figure 14. AD7225 Bipolar Output Circuit 

DAC Latch Contents 
MSB LSB Analog Output 

1 1 I 1 I I I 1 ( 127 ) 
+VREF 128 

1000 0001 +VREF ( 1~8 ) 

1000 0000 OV 

o 1 1 1 1 1 1 1 -VREF (1~8 ) 

0000 0001 ( 127 ) 
-VREF 128 

0000 0000 ( 128 ) -VREF 128 = -VREF 

Table IV. Bipolar (Offset Binary) Code Table 

AGNDBIAS 
The AD7225 AGND pin can be biased above system GND 
(AD7225 DGND) to provide an offset "zero" analog output 
voltage level. Figure 15 shows a circuit configuration to achieve 
this for channel A of the AD7225. The output voltage, VOUT A, 
can be expressed as: 

VOUT A = VBIAS + DA (VIN) 

where DAis a fractional representation of the digital word 
in DAC latch A. (0"" DA "" 255/256). 

For a given VIN, increasing AGND above system GND will 
reduce the effective Voo-VREF which must be at least 4V to 
ensure specified operation. Note that because the AGND pin is 
common to all four DACs, this method biases up the output 

Figure 15. AGND Bias Circuit 

voltages of all the DACs in the AD7225. Note that Voo and 
Vss of the AD7225 should be referenced to DGND. 

AC REFERENCE SIGNAL 
In some applications it may be desirable to have ac reference 
signals. The AD7225 has multiplying capability within the upper 
(Voo - 4V) and lower (2V) limits of reference voltage when 
operated with dual supplies. Therefore ac ,signals need to be ac 
coupled and biased up before being applied to the reference 
inputs. Figure 16 shows a sine wave signal applied to VREF A. 
For input signal frequencies up to 50kHz the output distortion 
typically remains less than 0.1%. The typical 3d8 bandwidth 
figure for small signal inputs is 800kHz. 

15V 

+4V 15k 

REFERENCE A - 0----1 f-.+----1 
INPUT - V 

-4V 
10k 

"DIGITAL INPUTS OMITTED 
FOR CLARITY 

Figure 16. Applying an AC Signal to the AD7225 

APPLICATIONS 

PROGRAMMABLE TRANSVERSAL FILTER 
A discrete-time filter may be described by either multiplication 
in the frequency domain or convolution in the time domain i.e. 

N 

Y(w) = H(w)X(w) or y. = I hkX.-k+l 
k=l 

The convolution sum may be implemented using the special 
structure known as the transversal filter (Figure 17). Basically, 
it consists of an N-stage delay line with N taps weighted by N 
coefficients, the resulting products being accumulated to form 
the output. The tap weights or coefficients hk are actually the 
non-zero elements of the impulse response and therefore determine 
the filter transfer function. A particular filter frequency response 
is realized by setting the coefficients to the appropriate values. 
This property leads to the implementation of transversal filters 
whose frequency response is programmable. 

FILTER 
i/P 

OIP 
yIn) = '! hk Xn -k+1 

k=1 

Figure 17. Transversal Filter 
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FILTER 
i P 0--- A07820 

ADC 

SAMPLES SAMPLES 

h, 

AD7225 

QUAO DAC 

h, 

ACCUMULATOR 

OIP 

) 
SHA 

FILTER 
OIP 

VOUT A Your B Your C VOUT D Xn_1' Xn -2 

AD584 

REF 

GAIN SET 

AD7226 

QUAD DAC 

TAP WEIGHTS 

Figure 18. Programmable Transversal Filter 

A 4-tap programmable transversal filter may be implemented 
,using the AD7225 (Figure IS). The input signal is first sampled 
and convened to allow the tapped delay line function to be 
provided by the Am29520. The multiplication of delayed input 
samples by fixed, programmable tap weights is accomplished by 
the AD7225, the four coefficients or reference inputs being set 
by the digital codes stored in the AD7226. The resultant products 
are accumulated to yield the convolution sum output sample 
which is held by the AD5S5. 

-10 

-20 

-30 

-40 

-50 

-60 

-70 

-80 

-90 

-100 

-r-
.............. 

~ 
h, = 0.111 '\ 
h2 = 0.417 \ h3 = 0.417 
h4 = 0.117 

o 0.05 0.1 0.15 0.2.0.25 0.3 0.35 0.4 0.45 0.5 

NORMALIZED FREQUENCY - fils 

Low pass, bandpass and highpass filters may be synthesized 
using this arrangement. The panicular tap weights needed for 
any desired transfer function may be obtained using the standard 
Remez Exchange Algorithm. Figure 19 shows the theoretical 
low pass frequency response produced by a 4-tap transversal 
filter with the coefficients indicated. Although the theoretiCaI 
prediction does not take into account the quantization of the 
input samples and the truncation of the coefficients, nevenheless, 
there exists a good correlation with the actual performance of 
the transversa1 filter (Figure 20). 

Figure 19. Predicted (Theoretical) Response 
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Figure 20. Actual Response 

AD7226 CODES: 

h, (DAC AI = 00011110 
h, IDAC BI = 0.1101011 
h, (DAC CI = 01101011 
h. IDAC DI = 00011110 



DIGITAL WORD MULTIPLICATION 
Since each DAC of the AD7225 has a separate reference input, 
the output of one DAC can be used as the reference input for 
another. This means that multiplication of digital words can be 
performed (with the result given in analog form). For example, 

Applications 

if the output from DACA is applied to VREP B then the output v,. 
from DACB, VOUT B, can be expressed as: 

VOUTB = DA·DB·VREPA 

where D A and DB are the fractional representations of the 
digital words in DAC latches A and B respectively. 

If DA = DB = D then the result is D2 . VREP A 

In this manner, the four DACs can be used on their own or in 
conjunction with an external summing amplifier to generate 
complex waveforms. Figure 21 shows one such application. In 
this case the output waveform, Y, is represented by: 

Y = -(x4 + 2x3 + 3x2 + 2x + 4)· VIN 

where x is the digital code which is applied to all 
four DAC latches. 

MICROPROCESSOR INTERFACE 

B08SA 
8088 

A15~------------------------------~ 

A8 

ALE 

AD7 

ADD 
"LINEAR CIRCUITRY OMITTED FOR CLARITY 

Figure 22. AD7225 to 8085A18088 Interface, Double
Buffered Mode 

A15 

A81-----------..., 

2-80 

WRI-------------------~~ 

~r-------------------J 

DO 
"LINEAR CIRCUITRY OMITTED FOR CLARITY 

Figure 24. AD7225 to Z-80 Interface Double-Buffered 
Mode 

-DIGITAL INPUTS OMITTED FOR CLARITY 

Figure 21. Complex Waveform Generation 

6809 
6502 

A15 

AD 

,w 

E OR ,1,2 r--------------------L..} 

D71-________________ __J 

DO 
"LINEAR CIRCUITRY OMITTEO FOR CLARITY 

Figure 23. AD7225 to 680916502 Interface, Single-Buffered 
Mode 

A23I---------------------__________ --, 

68008 

ASt=~~ 
'W 

DTACK~----------------------~ 

D71-----------------~ 

DO 
"LINEAR CIRCUITRY OMITTED FOR CLARITY 

Figure 25. AD7225 to 68008 Interface, Single-Buffered 
Mode 
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Vss GENERATION 
Operating the AD722S from dual supplies results in enhanced 
performance over single supply operation on a number of pa
rameters as previously outlined. Some applications may require 
this enhanced performance, but may only have a single power 
supply rail available. The circuit of Figure 26 shows a method 
of generating a negative voltage using one CD4049, operated 
from a V DD of + I5V. Two inverters of the hex inverter chip 
are used as an oscillator. The other four inverters are in parallel 
and used as buffers for' higher output current. The square-wave 
output is level translated to a negative-going signal, then rectified 
and filtered. The circuit configuration shown will provide an 
output voltage of -S.IV for current loadings in the range O;SmA 
to 9mA. This will satisfy the AD722S Iss requirement over the 
commercial operating temperature range. 

116 CD4049AE 

Figure 26. Vss Generation Circuit 

MECHANICAL INFORMATION 
OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 

24-PIN CERAMIC (SUFFIX D) 

[ ~ I ~ ~ ~ ~ J : : ]~.~ 
14 1~~O:8 +Oo~',~ -I ~~ .. 

~
~ o:ot.±o.o09 17.62±0.251 

T J l .Ef ±0.231 0010 +0.002 
~ ~~. -~ 
(4.451 , (025+0.05) 
..i..- . -0.03 

~~~ ~ i o.,00 ±0.005 
(O.4~:.05) 0.05(1.27) TVP (2.54±O.13) 

1------- 1.100 ::to.OOS .. 
127.94 ±O.131 

TOL NON ACCUM 

24-PIN PLASTIC (SUFFIX N) 

t; : : : : : :: : : : : I::r.~, 16.61 ±0.031 

-.l 
I . .1.228131.191 I ~ 0.3218.128) ~ 
• 1.226131.141 - 0.30 (7.621 

~
. 0.130(3.301 

J L 0·'~lIr·-0.-01-'-(0.-28-') 
0.009 (0.231 

..jj... ~ j... "I 
0.07(1.781 0.02(0.51 0.11 (2.791 15' 
0.05(1.271 0.016(0.411 0.0912.281 -0 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Complete 12-Bit DAC on Single Chip 

On-Chip Reference 
Buffered Voltage Output 
Fast Digital Interface 

Low Power (60mW) 
Single or Dual Supply Operation 
Unipolar or Bipolar Output 
0.3" Skinny DIP 

GENERAL DESCRIPTION 
The AD7245/48 is a complete, 12-bit, voltage-output, digital-to
analog converter with output amplifier and zener voltage reference 
on a monolithic CMOS chip. No external trims are required to 
achieve full specified performance for the part. . 

The parts feature double-buffered interface logic with a 1 
input register and 12-bit DAC register. Data is loade 
AD7245 input register in one 12-bit load while data 
AD7248 input register is loaded in an8-bit 
4-bit load. A separate LDAC signal 
input register to the DAC registe 
register determines the analog 
inputs are TTL and CMOS (5 
logic is speed compatible with 

The on-chip zener diode provides a low-n atu 
compensated reference for the DAC. The gam setting r 
allow a number of ranges at the output; 0 to + lOY, - 5V to 
+5V and 0 to +5V, when operated in dual supplies. The part 
can also be operated in single supply providing unipolar output 
ranges. The output amplifier is capable of developing + lOY 
across a 2kO load. 

PRODUCT HIGHLIGHTS 
1. Complete 12-bit DAC: 

The AD7245/48 is a complete voltage output 12-bit DAC on 
one chip. This single-chip design of the DAC, reference and 
output amplifier is inherently more reliable than multi-chip 
designs. 

2. Single or Dual Supply Operation: 
The voltage-mode configuration of the AD7245/48 allows 
operation from a single power .supply rail. The part can also 
be operated from dual supplies to allow bipolar outputs. 

DACPORT is a trademark of Analog Devices, Inc. 

LC2MOS 
12-Bit DACPORT™ 

AD7245/48 ., 
AD7245 FUNCTIONAL BLOCK DIAGRAM 

BOFS 

DBO DB7 

3. Low-Power Consumption: 
Fabrication on a high-speed Linear Compatible CMOS 
(LC2MOS) process allows on-chip reference and amplifier: 
circuits while retaining low-power consumption (60mW typical 
in single supply). 

4. Fast Digital Interface: 
The high-speed logic allows direct interfacing to 16-bit 
microprocessors for the AD7245 and to most 8-bit micropro
cessors for the AD7248. An asynchronous CLR function on 
the AD7245 allows features such as power-on reset to be 
implemented. 
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· SPECIFICATIONS wlID = + 12V1II + 15V; ±5%. Vss = -12V1II -15V ±5%.AGND=DGND=IIV; BOfS, AGNDCOIIIectad 
unless 0Ih8IWise s1ItId. All specificatlolls T,,*,1II T_ unless oIharwisa SIaIad). 

AD724S/48}Nl ADn4S148KN 
P_eter AD7245/48AD AD7245/48BD ADn4S/48SD ADn4S/48TD Units Test CondldoaslComments 

STATIC PERFORMANCE 
Rcsoludon 12 12 12 12 Bits 
Reladve AccUracy :1:2 :1:1 :1:2 :1:1 LSBmax 
Differential Nonlinearity :1:1 :1:1 :1:1 :1:1 LSBmax Guaranteed MODOtonic 
Unipolar Offset Error :1:2 :1:1 :1:2 :1:1 LSBmax 
Bipolar Offset Error at 25·C :1:2 :1:1 :1:2 :1:1 LSBmax BOFS connected to VREP 
Offset Error Temp. Coeff. 50 30 50 30 ....Vl"Cmax 
Full-Scale Error at 250C :1:2 :1:1 :1:2 :1:1 LSBmax 
Full-Scale Temp. Coeff. :1:5 :1:5 :1:5 :1:5 ppm/OCmax 

DIGITAL INPUTS 
Input High Voltage, VINH 2.4 2.4 2.4 2.4 Vtnin 
Input Low Voltage, VINL 0.8 0.8 0.8 0.8 V max 
Input Clirrent 

IINHat 250C -1 -1 -1 -1 IIoAmax 
T ..... toT .... -10 -10 -10 -10 IIoAmax 
IINLat 250C 100 100 100 100 .... Amax 
T ..... toT .... 100 100 100 100 .... Amax 

Input Capacitance 8 8 8 8 pFmax 

ANALOG OUTPUT 
Ranges +5, +10 +5, +10 +5, + 10 +5, + 10 V RL=2k!l,CL=lOOpF 

:1:5 :1:5 :1:5 :1:5 v 
D.C. Output lnlpedance 0.5 0.5 0.5 0.5 Otyp 
Short Circuit Current 40 40 40 40 mAmax 
Reference Output 4.95/5.05 4.95/5/05 4.9515.05 4.95/5.05 VminlVmax Typically 5V 
Reference Temperature 
CoeffIcient 20 20 20 20 ppm.I"C typ 
Reference External Current 1 I 1 1 mAtnin 

DYNAMIC PERFORMANCE 
Output Voltage Settling Time Settling Time to :I: 1I2LSB 

Positive Full-Scale Change 5 5 5 5 .... smax DAC Register all 0'. to all I' •.. 
Negative Full-Scale Change 5 5 5 5 ..... max DACResgisteralll's toallO' •. 
Negative Full-Scale Change 10 10 10 10 ..... max DAC Resister allI's to all O's. 

(Vss=OV) 
Output Voltage Slew Rate 2 2 2 2 V/ ..... tnin 
Digital Feedthrough 50 50 50 50 nVsecstyp 

POWERSUPPUES 
VooRange 11.4115.75 11.4115.75 11.4115.75 11.4/15.75 VminlVmax 
VssRange -ll.41-'15.75 -11.41-15.75 -11.41-15.75 -11.4/-15.75 VminlVmax 
100 

at250C 5 5 5 5 mAmax 
T ..... to T .... 10 10 10 10 JpAmax 

Iss 
at250C 4 4 4 4 mAnIax 
T ..... toTmax 8 8 8 8 mAmax 

NOTES 
lTemperatureranges are as follows: 

AD7245148JN, KN Oto7ff'C 
AD7245148AD, BD - 25'C to + 85'C 
AD7245148SD, TD - 55'C to + 125'C 

Specitkations subject to chanse without notice. 
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rill ANALOG 
WDEVICES 

FEATURES 
All Grades 14-Bit Monotonic over the Full Temperature 

Range 
Full 4-Quadrant Multiplication 
Microprocessor Compatible with Double Buffered 

Inputs 
Exceptionelly Low Gain Temperature Coefficient. 

O.5ppml"C typ 
Small 20-Pin Package 
Low Output Leakage I <20nA) over the Full 

Temperature Range 

APPLICATIONS 
Microprocessor Based Control Systems 
Digital Audio Reconstruction 
High Precision Servo Control 
Control and Measurement in High Tempereture 

Environments 

GENERAL DESCRIPTION 
The AD7534 is a 14-bit monolithic CMOS D/A converter which 
uses thin-ftlm resistors and laser trimming to achieve excellent 
linearity. 

The device is confIgUred to accept right-justified data in tWo 
bytes from an 8-bit data bus. Standard Chip Select and Memory 
Write logic is used to access the DAC. Address lines AO and Al 
control internal register loading and transfer. 

A novel low leakage configuration (patent pending) enables the 
AD7534 to exhibit excellent output leakage current characteristics 
over the specified temperature range. 

The device is fully protected against CMOS "latch up" phenomena 
and does not require the use of external Schottky diodes or the 
use of a FET Input op-amp. The AD7534 is manufactured 
using the Linear Compatible CMOS (LC2MOS) process. It is 
speed compatible with most microprocessors and accepts TTL 
or CMOS logic level inputs. 

PRODUCT HIGHLIGHTS 
I. Guaranteed Montonicity 

The AD7534 is guaranteed monotonic to 14-bits over the full 
temperature range for all grades. ; 

LC2MOS 
flP Compatible 14-Bit OAC 

AD7534 ] 
AD7534 FUNCTIONAL BLOCK DIAGRAM 

Voo 

DB7 DBU 

2. Low Output Leakage 

v •• 

Al 

AU 

C5 
WR 

By tying V ss (pin 20) to a negative voltage, it is possible to 
achieve a low output leakage current at high temperatures. 

3. Microprocessor Compatibility 
High speed input control (TTU5V CMOS compatible) allows 
direct interfacing to most of the popular 8-bit and 16-bit 
microprocessors. 

4. Monolithic Construction 
For increased reliability and reduced package size - 0.3" 
20-pin package. 
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SPECIFICATIONS 1 (VII) = + 11.4Yto + l5.7~, VAEF = + lOY, YP113 = YP1N4 = OY, Yss = -300mY. 
All specifications Tain to T .... unless otherwise sIatIId) 

AD7534JN AD7534KN 
Parameter AD7534AD AD7534BD AD7534SD AD7534TD 
ACCURACY 

Resolution 14 14 14 14 
RelativeAccuracy ±2 ±I ±2 ±I 
Differential Nonlinearity ±I ±I ±I ±I 
Full Scale Error ±8 ±4 ±8 ±4 

Gain Temperature Coefficient' 
~Gainl~Temperature ±5 ±2.5 ±5 ±2.5 

Output Leakage Current lOUT 
(Pin 3) 

+2S"C ±S ±5 ±S ±S 
T_toT .... ±1O ±10 ±20 ±20 
T_toTmax ±25 ±2S ± ISO ±150 

REFERENCE INPUT 
Input Resistance, Pin I 3.5 3.5 3.5 3.5 

10 10 10 10 

DIGITAL INPUTS 
VIH (Input High Voltage) 2.4 2.4 2.4 2.4 
VIL (Input Low Voltage) 0.8 0.8 0.8 0.8 
lIN (Input Current) 

+ 25·C ±I ±I ±I ±I 
Tminto Tmax ±IO ±10 ±IO ±10 

ClN (Input Capacitance)' 7 7 7 7 

POWER SUPPLY 
VooRange 11.4115.75 11.4115.75 11.4115.75 11.4115.75 
VssRange -200/-500 -200/-500 -200/-500 -200/-500 
100 3 3 3 3 

500 500 500 500 

AC PERFORMANCE CHARACTERISTICS 
1I1ese characteristics are included for Design Guidance only and are not subject to lest 
(VAEF= + lOY, YPII3 = YPlN4 = DY, Yss = -3IJOmY, OulputAmplifier isAD544 except where stated) 

VDD= + 1l.4Vto + 15.75V 
Parameter TA = 25°C TA:=Tmuu T .... 

Output Current Settling Time 1.5 -

Digital to Analog Glitch Impulse 100 -

Multiplying Feedthrough Error4 3 5 

Power Supply Rejection 
~GainI~VOD ±0.01 ±0.02 

Output Capacitance 
CoUT (Pin 3) 260 260 
CoUT (Pin 3) 130 130 

Output Noise Voltage Density 
.(lOHz-lOOkHz) IS -

NOTES 
'Temperature range as follows: IN,KNVersions: Oto +70·C 

AD,BDVersions: -2S·Cto +8S·C 
SD, TDVe\"Sions: - SS·Cto + 125°C 

Uaits 

J.Lsmax 

nV-sectyp 

mVp-ptyp 

0/0 per % max 

pFmax 
pFmax 

nV/YHztyp 

Uaits TestConditiou/Comments 

Bits 
LSBmax All grades guaranteed monotonic 
LSBmax over temperature. 
LSBmax Measured using internal RFB and 

includes effects ofleakage 
current and gain T.~. 

ppnifCmax Typical valueisO.5ppnifC 

nAmax All digital inputs OV 
nAmax Vss = -300mV 
nAmax Vss = OV 

kOmin Typical Input Resistance = 6kO 
kOmax 

V min 
V max 

",A max VlN=OVorVoo 
",A max 
pFmax 

VminlVmax Specifications guaranteed over 
mVminlmVmax thisrange. 
mAmax All digital inputs V IL or V IH 

",A max All digital inputs OV or V DO 

Test Conditions/Comments 

To 0.003% offull seale range. 
lOUT load = 1000, 
CEXT = 13pF. DAC register alternately 
loaded with alii's and all O's. 
Typical value of Settling Time is 0.8",s. 
Measured with V REF = OV. lOUT load 
= 1000, CEXT = 13pF. DAC 
register alternately loaded with all 
I's and allO's. 
V REF = ± IOV, 10kHz sine wave 
DAC register loaded with all O's. 

~Voo= ±5% 

DACregisterloadedwithalll's 
DAC register loaded with all O's 

Measured between RFB and lOUT 

'Specifications are guaranteed for a V 00 of + 1l.4V to + 1 S. 7SV. At V DO = SV, the device is fully functional with degraded specifications. 
'Guaranteed by Product Assurance testing. 
4Feedthrough can be further reduced by connecting the metal lid on the cersmic packsge to DGND. 
Specifications subject to change wimout nI>tice. 
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TIMING CHARACTERISTICS1 Noo = + 11.4Vto + l5.75V, VRfJ= + lOY, VPlI3 = V_ = DV, Vss = -300mVl 

Limit at 
Limit at T .. =Oto +7O"C Limit at 

Parameter T .. = 25'C T .. = -25"&10 +85OC T .. = -55'Cta +125OC Units Test Conditions/Comments 

tl 0 0 0 

t2 0 0 0 
t, 60 70 80 

l.! 20 20 30 
t, 0 0 0 

l,; 0 () 0 

t7 170 200 240 

NOTES 
ITemperaturerangeasfoUows: ]N,KNVersiohs: Oto +70"C 

AD, BD Versions: - 25"C to + 8S"C 
SD, TDVersions:. -S5"Cto + l2S'C 

Specifications subject to cbange without notice. 

ABSOLUTE MAXIMUM RATINGS 
(T .. = 25'C unless otherwise stated) 
VDD (Pin 19) to DGND . 
V ss (Pin 20) to AGND 
VREF (Pin I) to AGND . 
VRFB (Pin 2) to AGND . 
Digital Input Voltage (Pins 7-18) to DGND 
VPIN3 to DGND ........ . 
AGND to DGND . . . . . . . . 
Power Dissipation (Any Package) 
To +75'C ....•. 
Derates above + 75'C . . . . . . 

CAUTION: 

-O.3V, + 17V 
-15V, +0.3V 
. ... ±25V 
. ... ±25V 

-0.3V, VDD 

-0.3V, VDD 

-0.3V, VDD 

450mW 
6mW/'C 

nsmin Address Valid to Write Setup Time 
nsmin Address Valid to Write Hold Time 
nsmin Data Setup Time 
nsmin Data Hold Time 
nsmin Chip Select to Write Setup Time 
nsmin Chip Select to Write Hold Time 
nsmin Write Pulse Width 

Operating Temperature Range 
Commercial Plastic ON, KN, versions) . 
Industrial Ceramic (AD, BD, versions) 
Extended Ceramic (SD, TD, versions) 

Storage Temperature ........ . 
Lead Temperature (Soldering, 10 sees) . 

. .. 0 to +70'C 
- 25'C to + 85'C 

- 55'C to + 125'C 
- 65'C to + 150'C 
. .... +300'C 

·Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent dsmage 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. 

ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are 
zener protected; 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. 

WARNING! 0 
~~DEVICE 

ORDERING INFORMATION PIN CONFIGURATION 

Temperature Range and Package 

Relative Accuracy Full Scale Error Plastic Ceramic Ceramic VREF • Vss 

T..,;"toT.....,. T..,;" to Tmu Oto +7O'C - 25'C to + 85"C - 55'C to + 125"C R •• VDD 

±2LSB ±8LSB AD7534JN AD7534AD AD7534SD 
lOUT CS 

+ILSB ±4LSB AD7534KN AD7534BD AD7534TD 
AGNDS AD7534 WR 

TOP VIEW 
AGNDF (Not to Scale) AO 

DGND A1 

DB7 DBO 

DB6 DB1 

DB5 DB2 

DB4 DB3 
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TERMINOLOGY 
RELATIVE ACCURACY 
Relative accuracy or endpoint nonlinearity is a measure of the 
maximum deviation from a straight line passing through the 
endpoints of the DAC transfer function. It is measured after 
adjusting for zero error and full scale error and is normally 
expressed in Least Significant Bits or as a percentage of full 
scale reading. 

DIFFERENTIAL NONLINEARITY 
Differential nonlinearity is the difference between the measured 
change and the ideal ILSB change between any two adjacent 
codes. A specified differential nonlinearity of ± ILSB max over 
the operating temperature range ensures monotonicity. 

FULL-SCALE ERROR 
Full scale error or gain error is a measUre of the output error 
between an ideal DAC and the actual device output. Full scale 
error is adjustable to zero with an external potentiometer. 

DIGIT~ TO AN~OG GLITCH IMPULSE 
The amount of charge injected from the digital inputs to the 
analog output when the inputs change state. This is normally 
specified as the area of the glitch in either pA.sees or n V-sees 
depending upon whether the glitch is measured as a current or 
voltage. The measurement takes place with VREF=AGND. 

OUTPUT CAPACITANCE 
Capacitance from loUT to AGND. 

OUTPUT LEAKAGE CURRENT 
Current which appears at loUT with the DAC register loaded to 
all O's. 

MULTIPLYING FEEDTHROUGH ERROR 
AC error due to capacitive feedthrough from V REF terminal to 
loUT with DAC register loaded to all zeros. 

MECHANICAL INFORMATION 
OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 

20-PIN CERAMIC DIP (SUFFIX D) 

[[~~]~JT::: 
I.. 1.000 :1::0.010 -I 

125.40 :to.251 

~
.J.. ...... 
12.16 :t 0.231 

;r.- J .-{4.45J 

-1- -11-0.°'8 .0.002 ~. 0.'00 .0.005 
ID.46~pO.051 0.50 11.271 TVP 12.54 :to.131 

1------ r2~ ~~~ 
TOL NON ACCUM 

NOTES: 
1. LEAD NUMBER 1 IOENnFIED BY DOT OR NOTCH. 
2. LEADS WIll BE EITHER GOLD OR TIN PLATED IN ACCORDANCE 

WITH MIL-M-38510 REQUIREMENTS. 

0.300 ::1:0.010 
17.62 :t:0251 

-- f--- 0.010:::= 
( 0.25 ~ g:g~) 
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20-PIN PLASTIC DIP (SUFFIX N) 

~:::::::::IT I. 1.07~.1.1 .1 

·-t~~ 
0.065 (UI) 
~ un II_I ::u 8:;1 

LEAD NO. 1 IDENTIfIED 8'1 DOT OR NOTCH 
LEADS ARE SOUJER OR nN-PLATED KOVAR OR ALLOY 42 



Pin 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 
II 
12 
13 
14 
15 
16 
17 
18 

19 
20 

Function 

VREF 
RFB 
lOUT 

AGNDS 
AGNDF 

DGND 
DB7 
DB6 
DB5 
DB4 
DB3 
DB2 
DBI 
DBO 
Al 
AO 
WR 
CS 

VDD 
Vss 

Pin Function Description 
Description 

Reference Input Voltage 
Feedback resistor. Used to close the loop around an external op-amp. 
Current Output Terminal 
Analog ground sense line. Reference point for external circuitry. This pin should carry minimal current. 
Analog ground force line; carries current from internal analog ground connections. AGNDF and ~NDS are tied 
together internally. 
Digital Ground 
Data Bit 7 
DataBit6 
Data Bit 5 or Data Bit 13 (DAC MSB) 
Data Bit 4 or Data Bit 12 
Data Bit 3 or Data Bit 11 
Data Bit 2 or Data Bit 10 
Data Bit 1 or Data Bit 9 
Data Bit 0 or Data Bit 8 
Address line 1 
Address line 0 
Write input. Active low. 
Chip Select Input. Active low. 

WI ~ Al AD Function 

Xl 1 X X Device not selected 

1 X X X No data transfer 

0 0 0 0 DAC loaded directly from Data Bus2 

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. 

NOTES 
1. X=Don't Care 
2. When AI = 0, II" = 0 all DAC registers are transparent, so by placing all O's or all I's on the data inputs the user can load the 
DAC to zero or full scale output in one write operation. This facility simplifies system calibration. 

+ 12Vto + lSV supply input. 
Bias pin for High Temperature Low Leakage configuration. To implement low leakage system, the pin should 
be at a negative voltage. See Figures 4, 5 or 6 for recommended circuitry. 

t=t1 ~ ~t'=k 5V 
AO,A1 W///72A wffi 

I~ 
OV 

5V 
DATA m'~$~##& OV 

ff r'-Y- 5V 
CS OV 

b 5V 
WR 

OV 

NOTES 
1. ALL INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 10% TO 90% OF +5V. t,=t.=20ns. 

2. TIMING MEASUREMENT REFERENCE LEVEL IS VIH ~ VII. 

Figure 1. AD7534 Timing Diagram 
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Figure 2. Simplified Circuit Diagram for the AD7534 DIA Section 

CIRCUIT INFORMATION - D/A SECTION 
Figure 2 shows a simplified circuit diagram for the AD7534 
D/A section. The three MSB's of the 14-bit Data Word are 
decoded to drive the seven switches. A-G. The II LSB's of the 
Data Word drive an inverted R-2R ladder which steers the 
binarily weighted current available to it between lour and 
AGNDF. 

If I is taken as the input current at V REF the input current to 
the R-2R ladder is liS. 7/S I flows in the parallel ladder structure. 
Switches A-G steer binarily weighted current between lour and 
AGNDF. 

The input resistance at V REF is constant and may be driven by a 
voltage sourc.e or a current source of positive or negative 
polarity. 

EQUIVALENT CIRCUIT ANALYSIS 
Figure 3 shows an equivalent circuit for the analog section of 
the AD7534 D/A converter. The current source lLEAKAGE is 
composed of surface and junction leakages. The resistor Ro 
denotes the equivalent output resistance of the DAC which 
varies with input code. Gour is the capacitance due to the current 
steering switches and varies from about 90pF to ISOpF (typical 
values) depending upon the digital input. g(VREF, N) is the 
Thevenin equivalent voltage generator due to the reference 
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R/4 

,.--'V'W-.... ----4Ihe---OlouT 

L----~ __ --------~ __ ~__oAGNDS 

AGNDF 

Figure 3. AD7534 Equivalent Analog Output Circuit 

input voltage, VREF, and the transfer function of the R-2R 
ladder, N. 

CIRCUIT INFORMATION - DIGITAL SECTION 
The digital inputs are designed to be both TIL and 5V CMOS 
compatible. All logic inputs are static protected MOS giltes with 
typical input currents of less than InA. Internal input protection 
is achieved by an on-chip distributed diode from DGND to 
each MOS gate. To minimize power supply currents, it is 
recommended that the digital input voltages be driven as close 
as possible to 0 and 5V logic levels. 



UNIPOLAR BINARY OPERATION 
(2-QUADRANT MULTIPLICATION) 
Figure 4 shows the circuit diagram for unipolar binary operation. 
With an ac input, the circuit performs 2-quadrant multiplication. 
The code table for Figure 4 is given in Table I. 

Capacitor CI provides phase compensation and helps prevent 
overshoot and ringing when high speed op-amps are used. 

AO 

A, 
cs 
WR 

Figure 4. Unipolar Binary Operation 

Binary Number In 
DAC Register Analog Output, Vour 

MSB LSB 
11 1111 1111 1111 -V C6383) IN 16384 

10 0000 0000 0000 ( 8192 ) 
- VIN 16384 = -1/2V1N 

00 0000 0000 0001 - VIN(163~4) 
00 0000 0000 0000 OV 

Table I. Unipolar Binary Code Table for AD7534 

ZERO OFFSET AND GAIN ADJUSTMENT FOR 
FIGURE 4. 
Calibration codes for zero and full scale adjust (all O's, all 
l's) can be loaded in one write operation (see Pin Function 
Description). 

ZeroOflset Adjustment 
1. Load DAC register with all O's. 
2. Adjust offset of amplifier Al so that Vo is at a minimum 

(i.e., s;30jl.V). 

Gain Adjustment 

1. Load DAC register with all I's. (16383) 
2. Trim potentiometer R3 so that Vo= - VIN 16384 

In f!Xed reference applications full scale can also be adjusted 
by omitting R3 and R4 and trimming the reference voltage 
magnitude. 

Applying the AD7534 
For high temperature applications, resistors and potentiometers 
should have a low Temperature Coefficient. In many applications, 
because of the excellent Gain T.C. and Gain Error specifications 
of the AD7534, Gain Error trimming is 1I0t necessary. 

BIPOLAR OPERATION 
(4-QUADRANT MULTIPLICATION) 
The recommended circuit diagram for bipolar operation is shown 
in Figure 5. Offset binary coding is used. 

With the DAC loaded to 10 0000 0000 0000, adjust R3 for Vo 
= OV. Alternatively, one can omit R3 and R4 and adjust the 
ratio of R7 and R8 for Vo = OV. Full scale trimming can be 
accomplished by adjusting the amplitude of VIN or by varying 
the value of R9. • 

Resistors R7, R8 and R9 should be matched to 0.003%. Mismatch 
of R7 and R8 causes both offset and full scale error. When 
operating over a wide temperature range, it is important that 
the resistors be of the same type so that their temperature coefficient 
match. 

The code table for Figure 5 is given in Table II. 

A. 

AI 

cs 
Wli 

AS ,--__ '",",.n_-<> -15V 

Figure 5. Bipolar Operation 

Binary Number in 
DAC Register Analog Output 
MSB LSB 

11 1111 1111 1111 . (8191) 
+ViN 8192 

10 0000 0000 0001 +VIN(81~2) 
10 0000 0000 0000 0 

01 1111 1111 1111 -VIN (81;2) 

00 0000 0000 0000 (8192) -VIN 8192 

Table II. Bipolar Code Table for Offset Binary 
Circuit of Figure 5. 

Vo 
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GROUNDING TECHNIQUES 
Since the AD7534 is specified for high accuracy, it is important 
to use a proper grounding technique. The two AGND pins 
(AGNDF and AGNDS) provide flexibility in this respect. In 
Figure 4, AGNDS and AGNDF are externally shorted and A2 
is not used. Voltage drops due to bond wire resistances are not 
compensated for in this circuit. This means that an extra linearity 
error of less than O.ILSB is added to the DAC linearity error. If 
the user wishes to eliminate this extra error, then the circuit of 
Figure 6 should be used. Here, A2 is used to maintain AGNDS 

VDD 

NOTE 
CONTROL INPUTS OMITTED FOR CLARITY 

at Signal Ground potential. By using the Force, Sense technique 
all switch contacts on the DAC are at exactly the same potential 
and any error due to bond wire resistance is eliminated. 

Figure 7 shows a Printed Circuit Board layout for the AD7534 
with a single output amplifier. The input to VREF (pin I) is 
shielded to reduce ac feedthrough while the digital inputs are 
shielded to minimize digital feedthrough. The tracks connecting 
lour and AGNDS to the inverting and noninverting op amp 
inputs are kept as short as possible. Gain trim components, R3 
and R4, have been omitted. 

Va 

SIGNAL 
GROUND 

Figure 6. Unipolar Binary Operation with Forced Ground 

OUTPUT I 0-----

'?T~--- VAE, 

PI'N 1 AD7534 

AGND 
'--G--DGND 

o 
o 
o 
o 

LAYOUT IS FOR DOUBLE SIDED PCB. , 
DOTTED LINE INDICATES TRACK ON COMPONENT SIDE. 

Figure 7. Suggested Layout for AD7534 Incorporating 
Output Amplifier 
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ZERO OFFSET AND GAIN ADJUSTMENT FOR 
FIGURE 6 
Zerq Offset Adjustment 
1. Load DAC register with all O's. 
2. Adjust offset of amplifier A2 for minimum potential at AGNDS. 

This potential should be :$ 3011-V with respect to Signal 
Ground. 

3. Adjust offset of amplifier Al so that Vo is at a minimum 
(i.e. :$30"" V). ' 

Gain Adjustment 
1. Load DAC register with all 1'5. (16383) 
2. Trim potentiometer R3 so that Vo= - VIN 16384 



LOW LEAKAGE CONFIGURATION 
For CMOS Multiplying D/A converters, as the device is operated 
at higher temperatures the output leakage current increases. For 
a 14-bit resolution system, this can be a significant source of 
error. The AD7534 features a leakage reduction configuration to 
keep the leakage C\ll"rent low over an extended temperature 
range. One may operate the device with or without this config
uration. If V 55 (pin 20) is tied to AGND then the DAC will" 
exhibit normal output leakage current at high temperatures. To 
use the low leakage facility, V 55 should be tied to a voltage of 
approximately - 0.3V as in Figures 4, 5 and 6. A simple resistor 
divider (R5, R6) produces - 312mV from -15V. The capacitor 
C2 in parallel with R6 is an integral part of the low leakage 
configuration and must be 4.7",F or greater. Figure 8 is a plot 
of leakage current versus temperature for both conditions. It 
clearly shows the improvement gained by using the low leakage 
configuration. 

OP AMP SELECTION 
In choosing an amplifier to be used with the AD7534, three· 

60 

c( 
50 " I 

I-
40 2 

VDD =+15V 
f--- f-- VR".= + 10V 

w 
II! 
II! 30 :l 
(,) 

w 
CI 
c( 

20 

'" c( 
10 w 

-' 

0 

parameters are of prime importance. These are Input Offset 
Voltage (V05), Input Bias Current, (IBIAS) and Offset Voltage 
Drift. To maintain specified accuracy with VREF at lOY, Vos 
must be less than 30", V while IBIAS should be less than 2nA. 
Also the open loop gain of the amplifier must be sufficiently 
high to keep Vos:s30",V for the full output voltage range. Thus 
for a max output of lOY, AVOL must be greater than 340,000. 

An amplifier with low offset voltage drift is required to give the 
desired system accuracy over an operating temperature range. 

At low frequencies the AD OP-07 satisfies the above requirements 
and in most cases will not need an offset adjust potentiometer. 

For high frequency operation, one may use a wide bandwidth 
amplifier such as the AD544 or the LF356 with either an offset 
adjust potentiometer or automatic nulling circuitry. 

The choice of amplifier depends entirely on the required system 
accuracy, the required temperature range, and the operating 
frequency. 

/ 
V 

Vss =,';1 t--

./ 
V 

Vss = 
V~ -0.3V -

V j 

30 40 50 60 70 80 90 100 110 120 130 

TEMPERATURE - 'C 

Figure 8. Graph of Typical Leakage Current vs. Temperature 
forAD7534 
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MICROPROCESSOR INTERFACING 
AD7534 - 8085A INTERFACE 
A typical interface circuit for the AD7534 and the 8085A micro
processor is given in Figure 9. The microprocessor sees the 
DAC as four memory locations, identified by address lines AO, 
Al. In standard operation, three of these memory locations are 
used. A sample program for loading the DAC with a 14-bit 
word is given in Table III. The AD7534 has address locations 
3000-3003. 

The six MSBs are written into location 3001, arid the eight 
LSBs are written to 3002. Then with a write instruction to 3003 

A8-A15 

SOSSA 

ALE 

ADO-AD7 
1-------, 

"LINEAR CIRCUITRY 
OMITTED FOR CLARITY 

Figure 9. AD7534 - BOB5A Interface 

the full 14-bit word is loaded to the DAC register and the analog 
equivalent appears at the output. 

AD7534 - 8086 INTERFACE 
The AD7534 may be interfaced to the 16-bit 8086 microprocessor 
using the circuit of Figure 10. The bottom 8 bits (ADO-AD7) 
of the 16-bit data bus are connected to the DAC data bus. The 
14-bit word is loaded in two bytes using the MOV instruction. 
A further MOV loads the DAC register and causes the analog 
data to appear at the converter output. For the example given 
here, the appropriate DAC register addresses are 0002, 0004, 
0006. The program for loading the DAC is given below in 
Table IV. . 

ALE 

8086 

ADG-ADI5 

"LINEAR CIRCUITRY 
OMmED FOR CLARITY 

Figure 10. AD7534 - BOB61nterface Circuit 

Address Op-Code Mnemonic 

00 8CC9 
02 8ED9 
04 BF02DO 
07 C605"MS" 
OA 47 
OB 47 
OC C605"LS" 
OF 47 
10 47 
11 C60500 

14 .EAOOOO 
17 OOFF 
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2000 26 MVIH,*30 
01 30 
02 2E MVIL,*OI 
03 01 
04 3E MVIA,#"MS" 
05 "MS" 
06 77 MOVM,A 
07 2C INRL 
08 3E MVIA,*"LS" 
09 "LS" 

OA 77 MOVM,A 
OB 2C INRL 
OC 77 MOVM,A 

200D CF RSTI 

Table III. Program Listing for Figure 9 

ASSUME DS: DACLOAD, CS : DACLOAD 
DACLOAD SEGMENT AT 000 

MOVCX,CS DEFINE DATA SEGMENT REGISTER EQUAL 
MOVDS,CX TO CODE SEGMENT REGISTER 
MOV DI, '* D002 LOAD DI WITH 0002 
MOV MEM,* "MS" MS INPUT REGISTER LOADED WITH "MS" 
INCDI 
INCDI 
MOV MEM,* "LS" LS INPUT REGISTER LOADED WITH "LS" 
INCDI 
INCDI 
MOVMEM,*OO CONTENTS OF INPUT REGISTERS 

ARE LOADED TO THE DACREGISTER. 
JMPMEM CONTROL IS RETURNED TO THE MONITOR 

PROGRAM 

Table IV. Sample Program for Loading AD7534 from 8086 



AD7534 - MC6809 INTERFACE 
Figure 11 shows an interface circuit which enable. the AD7534 
to be programmed using the MC6809 8-bit microprocessor. By 
making use of the 16-bit D Accumulator, the transfer of data is 
simplified. The two key processor instructions are: 

LDD Load D Accumulator from memory. 
STD Store D Accumulator to memory. 

AO-AI5 
1-------, 

RiiN I------~ 
Q 

E ,,~~., 

MC6809 

00-07 

'LlNEAR CIRCUITRY 
OMITTED FOR CLARITY 

Figure 11. AD7534 - MC68091nterface Circuit 

AD7534 - 6502 INTERFACE 
The interface circuit for the 6502 microprocessor is shown in 
Figure 12. 

AD - A 15 ADDRESS BUS 
~------~ r-------------, 

6502 

01>2 1----------1 

00-07 

"LINEAR CIRCUITRY 
OMITTED FOR CLARITY 

AD7534* 

WR 

DBG-DB7 

Figure 12. AD7534 - 6502 Interface 

AD7534 - Z80 INTERFACE 
Interfacing to the Z80 microprocessor requires a minimal amount 
of extra components. The circuit consists of the Z80 processor, 
the .AD7534 and an address decoder for the DAC. Figure 13, 
below, illustrates the circuit. 

AO- AI5 

Z80 

MREQ 

WR 

DO-D7 

ADDRESS BUS 

..d ~. 
J ADDRESS I 
1 DECODE I 

DATA BUS 

'LlNEAR CIRCUITRY 
OMITTED FOR CLARITY 

V 

~2 
AD AI 

cs 
AD7534* 

WR 

DBG-DB7 

Figure 13. AD7534 - Z80 Interface 
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01000 

AD7S34.- MC68000 INTERFACE 
Interfacing between the MC68000 and the AD7534 is accomplished 
using the circuit of Figure 14. The following routine writes dsta 
to the DAC input registers and then outputs the dsta via the 
DAC register. 

·A2EOO3 Address Register 2 is loaded with E003. 

MOVE.W *W,DO ThedesiredDACdsta, W, is loaded 
into Data Register O. W msy be any value 
between 0 and 16383 (decimal) orO 
and 3FFF (hexadecimsl). 

MOVEP.W DO,$OOOO(A2) The data W is transferred between DO 
and the Input Registers of the DAC. 
The high order byte of dsta is trans-
ferred first. The memory address is 
specified using the address register in-
direct plus displacement addressing 
mode. The address used in this instance 
(E003) is odd and so dsta is transferred 
on the low order half of the dsta bus 
(DO-07). 

MOVE.W oo,$EOO6 This instruction provides appropriate 
signals to transfer the dsta W from the 
DAC Input Registers to the DAC Regis-
ter, which controls the switches in the 
14-bit DI A structure. 

MOVE.B * 228,D7 Control is returned to the System Monitor 
Program using these two insructions. 

TRAP * 14 

Since only the lower half of the Data Bus is used in this interfacing 
system, it is also suitable for use with the MC68008. This provides 
the user with an eight bit data bus instead of the MC68000's 
sixteen bit dsta bus. 

Al- A23 
1-------, 

ADDRESS BUS Ao~-__ I'l 

A 15 t-A-O"'""--,A 
MC68000 

AD7534* 
DTACK~4-----------~ 

RtW f-------'--------------j~/ 

DO-D7f--_____________ D_AT_A_B_U_S ______________ ~ 

'LlNEAR CIRCUITRY 
OMITTED FOR CLARITY 

Figure 14. AD7534 - MC68000 Interface 

DIGITAL FEEDTHROUGH 

WR 1--~~!.J-1-1 
MICROPROCESSOR 

SYSTEM 

00-07 

'LlNEAR CIRCUITRY 
OMmED FOR CLARITY 

AD7534* 

DBO-DB7 

In the preceeding interface configurations, most digital inputs to 
the AD7534 are directly connected to the microprocessor bus. 
Even when the device is not selected, these inputs will be constantly 
changing. The high frequency logic activity on the bus can feed 
through the DAC package capacitance to show up as noise on 
the analog output. To minimize this digital feedthrough isolate 
the DAC from the noise source. Figure 15 shows an interface 

Figure 15. AD7534 Interface Circuit Using Latches to 
Minimize Digital Feedthrough 
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circuit which physically isolates the DAC from the bus. One 
may also use other means, such as peripheral interface devices, 
to reduce the digital feedthrough. 



r.ANALOG 
WDEVICES 

FEATURES 
All Grades 14-Bit Monotonic over the Full Temperature 

Range 
Full 4 Quadrant Multiplication 
Microprocessor Compatible with Double Buffered 

Inputs 
Excaptionally Low Gain Temperature Coefficient. 

O.5ppml"C typ 
Low Output Leakage «20nA) over the Full 

Temperature Range 

APPLICATIONS 
Microprocessor Based Control Systems 
Digital Audio 
Precision Servo Control 
Control and Measurement in High Temperature 

Environments 

GENERAL DESCRIPTION 
The AD7535 is a 14-bit monolithic CMOS D/A converter which 
uses laser trimmed thin-fIlm resistors to achieve excellent 
linearity. . 

Standard Chip Select and Memory Write logic is used to access 
the DAC. 

A novel low leakage configuration (patent pending) enables the 
AD7535 to exhibit excellent output leakage current characteristics 
over the specified temperature range. 

The device is fully protected against CMOS "latch up" phenomena 
and does not require the use of external Schottky diodes or the 
use of a FET Input op-amp. The AD7535 is manufactured 
using the Linear Compatible CMOS (LC2MOS) process. It is 
speed conipatible with most microprocessors and accepts TTL 
or CMOS logic level inputs. 

PRODUCT HIGHLIGHTS 
I. Guaranteed Monotonicity 

The AD7535 is guaranteed monotonic to 14-bits over the full 
temperature range for all grades. 

2. Low Output Leakage 
By tying V ss (pin 27) to a negative voltage, it is possible to 
achieve a low output leakage current at high temperatures. 

LC2MOS 
f-tP Compatible 14-Bit OAC 

A07535 I 
AD7535 FUNCTIONAL BLOCK DIAGRAM 

N.C. Veo 

DB13 DBO DGND Vss 

3. Microprocessor Compatibility 
High speed input control (TTL/5V CMOS compatible) allows 
direct interfacing to most of the popular 8-bit and 16-bit 
microprocessors. When interfacing to 8-bit processors CSMSB 
and CSLSB are separate and the 8-bit data bus is connected 
to both the MS Input Register and the LS Input Register. 
For straight 14-bit parallel loading CSMSB and CSLSB are 
tied together giving one chip select to load the 14-bit word. 
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SPECIFICATIONS 1 (VOD == + 11.4V to + 15.75y2, VIID' = + lOV; VP1N4 = VPlN5 = OV, Vss = - 300mV 
All specifications TRin to T .... unless otherwise stated.) 

AD7535JN AD7535KN 
Parameter AD7535AD AD7535BD AD7535SD AD7535l'D Units Te.t ConditioDSiCoDimeats 

ACCURACY 
Resolution 14 14 14 14 Bits 
Relative Accuracy ±2 ±I ±,2 ±I LSBmax All gradeS guaranteed monotonic 
Differential Nonlinearity ±I ±I ±I ±I LSBmax over temperature. 
Full Scale Error ±S ±4 ±S ±4 LSBmax Measured using intemsl RFB and 

includes effects of leakage 
current and gsin T .C. 

Gain Temperature Coefficient3; 

.l.GainI.l.Temperature ±S ±2.S ±S ±2.S ppml"Cmax Typical value is O.Sppml'C 
Output Leakage Current IoUT (Pin 4) 

+2S'C ±S ±S ±S ±5 nAmax All digital inputs OV 
TmintoTmu ±to =10 ±20 ±20 nAmax Vss~ -300mV 
TmintoTmu ±2S ±25 ±150 ±ISO nAmax Vss~OV 

REFERENCE INPUT 
Input resistance, pin 1 3.5 3.5 3.5 3.5 kllmin Typical In!?ut Resistance ~ 6kll 

10 I 10 10 10 kllmax 

DIGITAL INPUTS 
V IH (Input High Voltage) 2.4 2.4 2.4 2.4 V min 
VIL (Input Low Voltage) O.S O.S O.S O.S V max 
lIN (Input Current) 

+2S'C ±I ±I ±I ±I J-LAmax VIN~OVorVoo 

TmintoTmu ±10 ±1O ±1O ±1O J-LAmax 
CIN (Input Capacitance)' 7 7 7 7 pF.max 

POWER SUPPLY 
VooRange 11.4115.75 11.4115.75 11.4115.75 11.4115.75 VminNmu Specification'guaranteed over 
VssRange -200/-500 -200/-500 -200/-500 -200/-500 mV minlmV max thisranse 
100 4 4 4 4 mAmax All digital inputs V IL or V IH 

500 500 500 500 ,...Amax All digital inputs OVorVoo 

These characteristics are included for Design Gllidance only and are not subject to test 

AC PERFORMANCE CHARACTERISTICS ~~~~:~~7::~;~~~i=VPlN5=OV, Vss=OVOR -300mV, 

Parameter TA = 25°C T A= T_, T .... Vaits Test ConditionslComments 

Output Current Settling Time 1.5 - f.LSmax To 0.003% offull scale range. 
loUT load = lOOn, 
CEXT = 13pF. DAC register alternately 
loaded with alii's and all O's. 
Typical value of Settling Time 
isO.8f.LS. 

Digital to Analog Glitch Impulse 50 - nV-sectyp Measured with VREF ~ OV. loUT load 
= lOOO,CEXT= 13pF. DAC 
register alternately loaded with all 
I's and all O's. 

Multiplying Feedthrough Error' 3 5 mVp-ptyp VREP= ± 10V, 10kHz sine wave 
DACregisterloaded with all O's. 

Power Supply Rejection 
.1Gain1.1 V DD ±0.0l ±0.02 % per % max .1VDD = ±5% 

Output Capacitance 
CoUT"(Pin4) 260 260 pFmax DAC register loaded with all I 's 
COUT(Pin4) 130 130 pFmax DAC register loaded with all O's 

Output Noise Voltage Density 
(10Hz-100kHz) 15 - nVYHZtyp Measured between RFB and lOUT 

NOTES 
ITemperature range as follows: IN,KNVersions: Oto +70'C 

AD, BD Versions: - 2S'C to + S5'C 
SD, TDVersions: -SS'Cto + 12S'C 

2Specifications are guaranteed fora Vooof + 11.4Vto + IS.7SV. AtVoo ~ 5V, the device is fully functional with degraded specifications. 
'Guaranteed by Product Assurance testing. 
'Feedthroul1" can be further reduced by connecting the metal lid on the ceramic package to DGND. 

Specifications subject to change without notice. 
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TIMING CHARACTERISTlCS1 Noo = + l1.4Vto + l5.75V, vREF = + lOY, VPII4 =VplI5 =OY, Vss=OY or -300mV 
All specifications Tmn to T mox unless otherwise stated. See Figure 1 for Timing Diagram.) 

Limit at 
Limit at T ... =Oto +700c Limit at 

Parameter T ... =25"<: T ... = -25"<: to +85"<: T ... = - 55"<: to + 125"<: Units Test Conditions/Comments 

t, 0 0 
t2 0 0 
t, 170 200 
t, 170 200 
ts 140 160 

to 20 20 

NOTES 
'Temperature range as follows: IN, KNVersions: 

AD,BDVersions: 
SD, TD Versions: 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS 
(T A = 25°C unless otherwise stated) 
Voo (pin 26) to DGND . 
V ss (pin 27) to AGND . 
VREFS (pin I) to AGND . 
VREFF (pin 2) to AGND 
VRFB (pin 3) to AGND . 
Digital Input Voltage (pins 8-25) to DGND 
VPIN4 to DGND . .. . . . . . . 
AGND to DGND . . . . . . .. 
Power Dissipation (Any package) 
To +75°C ..... . 
Derates above + 75°C . . . . . . 

CAUTION 

0 
0 
240 
240 
180 
30 

Oto +7O"C 
- 25"C to + 85"C 
- 55"C to + 125"C 

-O.3V, +17V 
-15V, +O.3V 

±25V 
.... ±25V 
. . . . ±25V 

-O.3V,Voo 
-0.3V, Voo 
-0.3V, Voo 

. IOOOmW 
10mWrC 

nsmin CSMSB or CSLSB to WR Setup Time 
nsmin CSMSB or CSLSB to WR Hold Time 
nsmin LDACPulseWidth 
nsmin Write Pulse Width 
nsmin Data Setup Time 
nsmin Data Hold Time 

Operating Temperature Range 
Commercial Plastic ON, KN versions) 
Industrial Ceramic (AD, BD versions) 
Extended Ceramic (SD, TD versions) 
Storage Temperature . . . . . . . . 

Lead Temperature (Soldering, 10 sees) . 

. .. 0 to +70°C 
- 25°C to + 85°C 

- 55°C to + 125°C 
- 65°C to + 150°C 
. .... +300°C 

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

ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are 
zener protected; 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. 

WARNING! 0 
~~OEVICE 

ORDERING INFORMATION PIN CONFIGURATION 

Temperature Range and Package 

Relative Accuracy Full Scale Error Plastic Ceramic Ceramic VREFS 1 • N.C. 

T..,;"toT ..... T..,;" to T""", Oto +700C - 2S'C to + 8S"C - SS·C to + 12S'C V •• 

±2LSB ±8LSB AD7535JN AD7535AD AD7535SD 

±ILSB ±4LSB AD7535KN AD7535BD AD7535TD 

Voo 

lOUT WR 

AGNDS CSLSB 

AGNDF 
AD7535 

TOP VIEW 
LDAC 

(Not to Scale) CSMSB 

DBO(LSB) 

DBl 

DB11 DB2 

DB10 DB3 

DB9 DB4 

DB8 DB5 

DB7 DB6 
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TERMINOLOGY 
RELATrvEACCURACY 
Relative accuracy or end-point nonlinearity is a measure of 
the maximum deviation from a straight line: passing through 
the end-points of the DAC transfer function. It is measured 
after adjusting for zero error and full scale error and is normally 
expressed in Least Significant Bits or as a percentage of full 
scale reading. 

DIFFERENTIAL NONLINEARITY 
Differential nonlinearity is the difference between the measured 
change and the ideallLSB change between any two adjacent' 
codes. A specified differential nonlinearity of ± 1 LSB max 
over the operating temperature range ensures monotonicity. 

FULL-SCALE ERROR 
Full scale error or gain error is a measure of the output 
error between an ideal DAC and the actual device output. 
Full scale error is adjustable to zero with an external 
potentiometer. 

DIGITAL-TO-ANALOG GLITCH IMPULSE 
The amount of charge injected from the digital inputs to the 
analog output when the inputs change state is called Digital-to
Analog Glitch Impulse. This is normally specified as the area: 
of the glitch in either pA-secs or n V-sees deJlC1lding upon 
whether the glitch is meaSured as a current or voltage. It is 
measured with VREF=AGND. 

OUTPUT CAPACITANCE 
This is the capacitance from lOUT to AGND. 

OUTPUT LEAKAGE CURRENT 
Output Leakage Current is current which appears at lOUT 

with the DAC register loaded to all O's~ 

MULTIPLYING FEEDTHltOUGH ERROR 
This is the ac error due to capacitive,feedthrough from VREF 

terminal to lOUT with DAC register loaded to all zeros. 

MECHANICAL INFORMATION 
OUTLINE DIMENSIONS 

Dimensions shown in inches and (moo). 

28-PIN CERAMIC DIP (SUFFIX D) 28-PIN PLASTIC DIP (SUFFIX N) 

,:~ [~~I:,:,::I~~~ 13~ . c::::::::::]} 
MAX I- 1.38 (35.06) .. I I.. 1.45 (38.83) .. I L L ~~ 

,~J ~'~ 
~ ~ -II- -I I- ~A" ~ ~ ~I- ~ ~ ---;;J.:~, 

0.065 (1.68) 0.02 (0.508) 0.105 (2.61) o.:ii5i3.iii 0.065 (1.66) 0.02 (0.608) 0.105 (2.67) ~ 12 (3 '06) 
0.038 (0.8651 0.016 (0.381) 0.095 (2.42) ~ 0.015 (0.381) 0.096 (2.42) .. 

LEAD NO.1 IDENTIFIED BY DOT OR NOTCH 
LEADS ARE GOLD PLATED (60 MICROINCHES MINI KOVAR OR ALLOY 42 

0.12 (3.05) 
o:o6"l1.53i 

rF====::::::Iij~ 

~ l-rWO$" f-- 0.606 (15.41 --I 0.008 (0.203) 

0.68 (14.74) 
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LEAD NO.1 IDENTIFIED BY DOT OR NOTCH 
LEADS ARE SOLDER OR TIN PLATED KOVAR OR ALLOY 42 

0.16 (4.01) 

I- 0.606 (16.4) ~ 0.14 .. 56) 

I r 0.594 (16.09) 

15' o 



Pin 

1 
2 

3 
4 
5 
6 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

26 
27 

28 

Fundion 

VREFS 
VREFF 

RFB 
IOlTT 
AoNDS 
AoNDF 

DGND 
DB 13 
DB12 
DB 11 
DBI0 
DB9 
DB8 
DB7 
DB6 
DB5 
DB4 
DB3 
DB2 
DBI 
DBO 
CSMSB 
LDAC 
CSLSB 
WR 

VDn 
Vss 

N.C. 

Pin Function Description 
Description 

Voltage Reference sense pin 
Voltage Reference force pin. If a remote voltage reference is being used V REFF and V REFS can be used in a Kelvin 
configuration to compensate for IR drop along the V REF line. See Figure 7. 
Feedback resistor. Used to close the loop around an external op-amp. 
Current Output Terminal. , 
Analog ground sense line. Reference point for external circuitry. This pin should carry minimal current. 
Analog ground force line; carries current from internal analog ground connections. AGNDF and AGNDS are tied 
together internally. 
Digital Ground 
Data Bit 13. DACMSB 
Data Bit 12 
Data Bit 11 
Data Bit 10 
Data Bit 9 
Data Bit 8 
Data Bit 7 
Data Bit 6 
Data Bit 5 
Data Bit 4 
Data Bit 3 
DataBit~ 
Data Bit 1 
Data Bit O. DAC LSB 
Chip Select Most Significant (MS) Byte. Active LOW input. 
Asynchronous Load DAC input. Active LOW. 
Chip Select Least Significant (LS) Byte. Active LOW input. 
Write input. Active LOW. 

CSMSB CSLSB LDAC Wi: Operation 

0 1 1 0 Load MS Input Register 

1 0 1 0 Load LS Input Register 

0 0 1 0 Load MS and LS Input Registers 

1 1 0 X Load DAC Register from Input Registers 

0 0 0 0 All Registers are transparent 

1 1 1 X No operation 

X X 1 1 No operation 

NOTE X = Don't Care 

+ 12V to + 15V supply input 

! 

i 
i 

I 

Bias pin for High Temperature Low Leakage configuration. To implement low leakage system, the pin should 
beat a~egativevoltage. See Figure 4, 5, 60r 7 for recommended circuitry. 
No connection 
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t, -.I r -.J J.-t, 5V 
CSMSB ~ I i w~-----------------------

\.l..-lJ' ov 
I I 

CSLSB \ I I: --------- 5V 

'r--( ov 
___ ~~--~--~~~rt'~5V 

L-..J OV 

NOTES 
1. ALL INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 

10% TO 90% OF +5V. t.=t,=20ns. 

2, TIMING MEASUREMENT REFERENCE LEVEL IS ~ 
3. IF LDAC IS ACTIVATED PRIOR TO THE RISING EDGE OF _ 

WR. THEN IT MUST ST AV LOW FOR t3 OR LONGER AFTER WR GOES HIGH. 

Figure 1. 'AD7535 Timing Diagram 

R R R 

2R 

RI4 C R'. 

'-1f-4-+ ..... -t-<Hf-4-+ ..... -t-<.....,----',....+-..... +-4~--...,I_+ lOUT 

AGNDF 

Figure 2. Simplified Circuit Diagram for the AD7535 DIA Section 

CIRCUIT INFORMATION - D/A SECTION RI4 

Figure 2 shows a simplified circuit diagram for the AD7S3S 
D/A section. The three MSB's of the 14-bit Data Word are 
decoded to drive the seven switches A-G. The 11 LSB's of the 
Data Word consist of an R-2R ladder operated in a current 
steering configuration. 

,--"11,..,... ..... ----..... -11----010'" 

The R-2R ladder current,is liS of the total reference input 
current. 7/S I flows in the parallel ladder structure. Switches A
G steer equally weighted currents between lOUT and AoNDF. 

Since the input resistance at VREF is constant, it may be driven 
by a voltage source or a current source of positive or negative 
polarity. 

EQUIVALENT CIRCUIT ANALYSIS 
Figure 3 shows an equivalent circuit for the analog section of 
the AD7S3S D/A converter. The current source l LEAKAGE is 
composed of surface and junction leakages. The resistor Ro 
denotes the equivalent output resistance of the DAC which 
varies with. input code .. CoUT is the capacitance due to the current 
steering switches and varies from about 90pF to ISOpF (typical 
values) depending upon the digital input. g(VREF, N) is 
the Thevenin equivalent voltage generator due to the reference 
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g(VREF,N) 

L---,....-----~I--~-oAGNDS 

AGNDF 

Figure 3. AD7535 Equivalent Analog Output Circuit 

input voltage, VREF, and the transfer function of the DAC 
ladder, N. 

CIRCUIT INFORMATION - DIGITAL SECTION 
The digital inputs are designed to be both TTL and SV CMOS 
compatible. All logic inputs are static protected MOS gates with ' 
typical input currents of less than lnA~ Internal input protection 
is achieved by an on-chip distributed diode from DGND to 
each MOS gate. To minimize power supply currents, it is 
recommended that the digital input voltages be driven as close 
as possible to 0 and SV logic levels. 



UNIPOLAR BINARY OPERATION 
(2-QUADRANT MULTIPUCATlON) 
Figure 4 shows the circuit diagram for unipolar binary operation. 
With an ac input, the circuit performs 2 quadrant multiplication. 
The code table for Figure 4 is given in Table I. 

Capacitor Cl provides phase compensation and helps prevent 
overshoot and ringing when high speed op-amps are used. 

LDAC 

C5M5B 

WR 
CSLSB 

INPUT 
DATA 

R4 
47kU '---"""""'-0 -15V 

Figure 4. Unipolar Binary Operation 

Binary Number In 
DAC Register Analog Output, Your 

MSB LSB 
11 1111 1111 1111 

100000 ()()()() ()()()() 

00 0000 ()()()() 0001 

00 ()()()() ()()()() ()()()() 

-VING~~:!) 
-VIN(I~~~) = -1/2V1N 

- VIN(163~4) 
OV 

Table I. Unipolar Binary Code Table for AD7535 

ZERO OFFSET AND GAIN ADJUSTMENT FOR 
FIGURE 4. 
Zero Offset Adjustment 

1. Load DAC register with all O's. 

2. Adjust offset of amplifier Al so that Vo is at a minimum 
(i.e. :s30fJ. V). 

Gain Adjustment 

1. Load DAC register with all I's. 

2 T · . Rl tha V V (16383) 
. nm potentiometer so t 0= - IN (16384) 

In fIXed reference applications, full scale can also be adjusted by 
omitting Rl and R2 and trimming the reference voltage 
magnitude. 

Applying the AD7535 
For high temperature applications resistors and potentiometers 
should have a low Temperature Coefficient. In many applications, 
because of the excellent Gain T.C. and Gain Error specifications 
of the AD7S3S, Gain Error trimming is not necessary. 

BIPOLAR OPERATION 
(4-QUADRANT MULTIPUCATION) 
The recommended circuit diagram for bipolar operation is shown 
in Figure S. Offset binary coding is used. 

With the DAC loaded to 10 0000 0000 0000, adjust Rl for 
Vo=OV. Alternatively, one can omit Rl and R2 and adjust the 
ratio of RS and R6 for Vo=OV. Full scale trimming can be 
accomplished by adjusting the amplitude of V IN or by varying 
the value of R7. 

Resistors RS, R6 and R7 should be ratio matched to 0.006% . 
Mismatch of RS and R6 causes both offset and full scale error. 
When operating over a wide temperature range, it is important 
that the reaistors be of the same type so that their temperature 
coefficients match. 

A range of precision voltage dividers, manufactured by Vishay, 
offers a suitable solution to implementing the bipolar circuit 
described above. The resistor networks are TCR and Ratio 
Matched, giving excellent performance over temperature. 

The code table for Figure 5 is given in Table II. 

~~-~-------------. 

Figure 5. Bipolar Operation 

Binary Number in 
DAC Register 
MSB LSB 

II 1111 1111 1111 

10 0000 0000 0001 

10 0000 0000 0000 

01 1111 1111 1111 

00 0000 0000 0000 

Analog Output Your 

+VIN(m~) 
+ VIN(81~2) 

OV 

-VIN(81~2) 
-VIN(:~~~) 

Table II. Bipolar Code Table for Offset Binary Circuit of 
Figure 5. 
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GROUNDING TECHNIQUES 

Since the AD7535 is specified for high acc'uracy it is important 
to use a proper grounding technique. The two AGND pins 
(AGNDF and AGNDS) provide flexibility in this respect. In 
Figure 4, the AD7535 is connected with the signal ground for 
the load located c1oseto the DAC. There is no.posSibility of a 
voltage drop along the signal ground due to track resistance. 

VDD 

VOLTAGE 
REFERENCE 

NOTE 

INPUT 
DATA 

AD7535 

If the signal ground for !he load is located at a distance from 
the DAC then the configuration of Figure 6 should be used. A2 
compensates for the error due to IR voltage drop between the 
DAC's internal Analog ground and the load signal ground. 

Figure 7 shows a remote voltage reference driving the AD7535. 
Op-amps A2 and A3 cOmpensate for voltage drops along the 
reference Input line and the analog ground line. 

C2 
4.7"F 

L-------~.__i + 
R3 

IkO 

R4 
47kO 

L-"""I'v--o -15V 
CONTROL INPUTS OMITTED FOR CLARITY 

ANALOG~r
GROUND Y 

Figure 6. Unipolar Binary Operation with Forced Ground for Remote Load 

~ .2 
+ . 

. VOLTAGE 
REFERENCE 

'4 47kU 

~ 
R3 C2 
1kU 4.7pf 

-., I-----~ .. 
+ NOTE 

SIGNAL OAC CONTROL INPUTS OMITIED FOR CLARITY 

GROUND 

Figure 7. Driving the AD7535 with a Remote Voltage 
Reference 
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ZERO OFFSET AND GAIN ADJUSTMENT FOR 
FIGURE 6 
Zero Offset Adjustment 
1. Load DAC register with all O's. 
2. Adjust offset of amplifier A2 fora mininlum potential at 

AGNDS. This potential should be :s30j.LV with respect to 
Signal Ground. Adjust offset of amplifier Al so that Vo is at 
a mininlum (i.e. :s30j.LV). 

Gain Adjustment 
1. Load DAC register with all I's. 

2 T · . Rl th V V (16383) 
. run potenttollleter so at 0= - IN (16384) 



LOW LEAKAGE CONFIGURATION 
For CMOS MUltiplying D/A converters, as the device is operated 
at higher temperatures the output leakage current increases. For 
a 14-bit resolution system, this can be a significant source of 
error. The AD7535 features a leakage reduction configuration 
(patent pending) to keep the leakage current low over an extended 
temperature range. One may operate the device with or without 
this configuration. If V ss (pin 27) is tied to AoND then the DAC 
will exhibit normal output leakage current at high temperatures. 
To use the low leakage facility, V ss should be tied to a voltage 
of approximately -0.3V as in Figures 4,5,6 and 7. A simple 
resistor divider (R3, R4) produces approximately - 300mV from 
-15V. The capacitor C2 in patallel with R3 is an integral part 
of the low leakage configuration and must be 4.7fLF or greater. 
Figure 8 is a plot of leakage current versus temperature for both 
conditions. It clearly shows the improvement gained by using 
the low leakage configuration. 

OP-AMP SELECTION 
In choosing an amplifier to be used with the AD7535, three 
parameters are of prime importance. These are (I) Input Offset 
Voltage (V os), (2) Input Bias Current (Is), (3) Offset Voltage 

60 

« 50 c 
I 
~ 

40 z 
W 
0: 
0: 

30 :::l 
t) 

w 
CI 20 « 
'" « 

10 w .... 

0 

Drift (TC Vos). To maintain specified accuracy with VREF at 
10V, Vos must be less than 30fLV while Is should be less than 
2nA. It is important that the amplifier Open Loop Gain, AVOL, 
be sufficiently large to keep Vos s30fL V for the full output 
voltage range. For a maximum output of 10V, AVOL must be 
greater than 340,000. 

The AD OP-07 series of op-amps have a very low Vos (25fL V) 
and can be used as the output amplifier for the AD7535 without 
any external adjustment of Offset Voltage. In the Forced Ground 
configuration of Figure 6, one can use an AD OP-07 for amplifier 
A2. Settling time to 0.003% for the AD OP-07 is typically greater 
than 50fLS. 

For faster settling time, one can use the AD544 series of op 
amps. Typically this settles to 0.003% (l4-bits) in 5fLS. Even 
faster settling time can be achieved using the HA-2620 series of 
op-amps. 

For operation over a wide temperature range Offset Voltage 
Drift and Bias Current Drift are critical parameters. The OP-27 
and OP-37 series of op-amps exhibit extremely low Offset Voltage 
Drift and the AD544 has very low Bias Current Drift. 

Voo= +15V 

VREF = +10V 

30 40 50 60 70 80 90 100 110 120 
TEMPERATURE _·C 

Figure 8. Graph of Typical Leakage Current vs Temperature for AD7535 
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MICROPROCESSOR INTERFACING 
AD7535 - 8086A INTERFACE 
The versatility of the AD7S3S loading structure alloWs interfacing 
to both 8- and 16-bit microprocessor systems. Figure 9 shows 
the 8086 16-bit processor interfacing to.a single device. In this 
setup the double buffering feature of the DAC is not used. 
ADO-AD13 of the l6-bit data bus are connected to the DAC 
data bus (D80-D813). The 14-bit word is written to the DAC 
in one MOV instruction and the analog output responds im
mediately. In this example the DAC address is 0000. A software 
routine for Figure 9 is given in Table III. 

ALE 

80 .. 

ViR 

ADO-A01S 

ADDRESS BUS 

I 
--1'.-.,T LATCH I I 

LINEAR CIRCUITRY 
OMITTED FOR CLARITV 

DATA BUS 

.J Ip 

ADDRESS 1--1: 
DECODE 

r 
AD13 

ADO 

CSMSB 

CSlSB 

LOAe 

WR 
AD7S3S* 

D80-DB13 

Figure 9. AD7535 - 8086 Interface Circuit 

\ 

ADDRESS BUS ) 
...!. ~ 

ALE H '6-BIT LATCH I ADDRESS Lcs' 
CSMSB 

DECODE r L ,.. CSLSB 
8"6 eS4 eS3 CS2 

LDAC 

ViR --:-:- ViR 
AD753S* 

DB~DB13 
----,. -

ADO-AD15 DATA BUS 

L -,: CSMSB 

CSLSB - LDAC 

=:=; ViR 
AD7S3S* 

DSo-DB13 
*LlNEAR CIRCUITRY ----,. 

OMITTED FOR CLARITY 

~ --r: CSMSB 

CSlSB - L'DAC 

=:=; ViR 
AD7S3S* 

DSO-DB13 

In a multiple DAC system the double buffering of the AD7S3S 
allows the user to simultaneously update all DAC's. In Figure 
10, a 14-bit word is loaded to the Input Registers of each of the 
DACs in sequence. Then, with one instruction to the appropriate 
address, CS4 (i.e. LDAC) is brought low, updating all the DACs 
simultaneously. 

Figure 10. AD7535 - 8086 Interface: Multiple DAC 
System 

00 8CC9 
02 8ED9 
04 8FOODO 
07 C70S"YZWX" 
08 EAOOOO 
OE OOFF 
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ASSUME DS: DACLOAD, CS : DACLOAD 
DACLOAD SEGMENT AT 000 

MOVCX,CS 
MOVDS,CX 
MOV 01, * DOOO 
MOV MEM,* YZWX" 

DEFINE DATA SEGMENT REGISTER EQUAL 
TO CODE SEGMENT REGISTER 
LOAD 01 WITH DOOO 
DAC LOADED WITHWXYZ 
CONTROL IS RETURNED TO THE 
MONITOR PROGRAM 

Table III. Sample Program for Loading AD7535 from 8086 



AD7535 - MC68000 INTERFACE 
Interfacing between the MC68000 and the AD7535 is accomplished 
using the circuit of Figure 11. The following routine writes data 
to the DAC input registers and then outputs the data via the 
DAC register. 

01000 MOVE.W +W,DO The desired DAC data, W, is loaded into 
Data RegisterO. W may be any value 
between o and 16383 (decimal)orO 
and 3FFF (hexademicaI). 

MOVE.W DO,$EOOO The data W is transferred between DO 
and the DACRegister. 

MOVE.B + 228,D7 Control is returned to the System 
Monitor Program using these two 

TRAP +14 instructions. 

A1-A23 ADDRESS sus ~ 
MC68000 ,.J I,. 

AS J ADDRESS L CSMSB 

I 1 DECODE r I L CSlSB 
DTACK 

I f"'" LDAC .-.... 
Rm ./ 

ViR 

AD7535* 

00-015 DATA 8US OBO-DBt3 

I 
I 

"LINEAR CIRCUITRY 

~ OMlnED FOR CLARITY 

Figure 11. AD7535 - MC68000 Interface 

AD7535 - ZSO INTERFACE 
Though the AD7535 is primarily intended for use either with 
Hi .. bit microprocessors or in stand alone applications, it can also 
be interfaced to 8 .. bit processor systems. Figure 12 is an interface 
circuit for the Z80 microprocessor. 

AD-A1S ADDRESS BUS <, 
~ ~ 

J CSLSB 

"o~~~~: [ MREa 
I CSMSB 

Z80 

* 
LDAC 

ViR WR 
AD7S3S* 

I DB~B13 

IlO-D7 DATA BUS C 
I DBD-DB7 

·LlNEAR CIRCUITRY 
OMITTED FOR CLARITY 

,Figure 12. AD7535 - Z80 Interface 

DIGITAL FEEDTHROUGH 
In the preceding interface configurations, most digital inputs to 
the AD7S35 are directly connected to the microprocessor bus. 
Even when the device is not selected, these inputs will be constantly 
changing. The high frequency logic activity on the bus can feed 
through the DAC package capacitance to show up as noise on 
the analog output. To minimize this Digital Feedthrough isolate 
the DAC from the noise source. Figure 13 shows an interface 
circuit which physically isolates the DAC from the bus. One 
may also use other means, such as peripheral interface devices, 
to reduce the Digital Feedthrough. 

AO-A15 

MICROPROCESSOR 
SYSTEM 

ViR 1------<>1 

00-015 

·LlNEAR CIRCUITRY 
OMITTED FOR CLARITY 

16 BIT 
LATCH 

1-----.... ViR AD753S* 

DBD-DS13 

Figure 13. AD7535 Interface Circuit Using Latches to 
Minimize Digital Feedthrough 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Full 4-Quadrant Multiplication without External 

Resistors 
All Grades 14-Bit Monotonic over the Full Temperature 

Range 
Low Output Leakage «20nA) over the Full 

Temperature Range 
Low Gain Temperature Coefficient, 

2ppmfOC 

APPLICATIONS 
Control and Measurement in High Temperature 

Environments 
Digital Audio 
Precision Servo Control 
All Microprocessor Based Control Systems 

GENERAL DESCRIPTION 
The AD7536 is a 14-bit monolithic CMOS D/A converter. The 
part is laser trimmed and specified as a dedicated bipolar DAC. 
The resistors needed for 4-quadrant multiplication are contained 
on the chip. Thus, the user requires only the AD7536, a voltage 
reference and two op-amps for bipolar operation. The AD7536 
has the same low leakage configuration (patent pending) as the 
other members of the 14-bit CMOS DAC family. The excellent 
output leakage current characteristics also ensure exceptional 
stability of linearity and gain error over the full temperature 
range. 

The device is sPeed compatible with most microprocessors and 
acCepts TTL or 5V CMOS logic level inputs. There is standard 
Chip Select and Memory Write logic for easy interfacing. The 
AD7536 has full protection against CMOS "latch-up" phenomena 
and does not require the use of external Schottky diodes or the 
use of a FET Input op-amp. 

LC2MOS 
14-Bit fLP Compatible DAC 

AD7536 I 
AD7536 FUNCTIONAL BLOCK DIAGRAM 

DB13 DBO DGND V •• 

PRODUCT HIGHLIGHTS 
1. Bipolar Operation 

The AD7536 gives the user 4-Quadrant Multiplication without 
any external resistors. 

2. Guaranteed Monotonicity 
14-Bit monotonicity is guaranteed over the full temperature 
range for all grades. 

3. Low Output Leakage 
The device has excellent output leakage current characteristics 
at all temperatures. 
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SPECIFICATIONS 1 {VIII= +11.4V to +15.7SVZ. VREf'= +lDV; V_=VPII5=DV. Vss= -3OOmV 
All speciIications Tmin to T ... llliess othaJwise s1aIIId. See fllUl'8 6 for Suges1ed Specification Circuit'> 

AD7536JN Ai>7536KN 
Parameter AD7536AD AD7536BD AD7536SD AD7536TD Uails Te.t CoDditionsiConmieDIs 

ACCURACY 
ReSolution 14 14 14 14 Bits ILSB ~2VREF/214 
Relative Accuracy :!:2 :!:I :!:2 :!:I LSBmax All grades guaranteed monotonic 
Differential Nonlinearity :!:I :!:I :!:I :!:I LSBmax ever temperature. 
Gain Error :!:16 :!:8 :!:16 :!:8 LSBmax Measured using internal RFB and 

includes effects ofleakage 
current and gain T.C. 

Offset Error :!:4 :!:4 :!:4 :!:4 LSBmax Error due to mismatch between RFB and 
offset resistor. It also includes leakage 
current to lOUT and is measute4 when 
DAC is loaded with all O's. 

Gain Temperature Coefficient4 , 

.l.GainI.l.Temperature ;:5 :!:5 :!:5 :!:5 ppmf'Cmax Typical Value is 2ppmFC 
Offset Temperature Coefficient' 

.l.Offsetl.l. Temperature :!:S :!:2.S :!:S :!:2.S ppmf'Cmax Typical Value is Ippmf'C 

INPUT RESISTANCES 
VREF InpUt Resistance, Pin 2 3 3 kOmin Typical Input Resistance ~ 6kn 

13 13 13 13 kOmax 
V tNV Input Resistance, Pin 28 2 2 2 2 knmin Typical Input Resistance ~ 4kO 

8 8 8 8 knmax 

DIGITAL INPUTS 
V tH (Input High Voltage) 2.4 2.4 2.4 2.4 V min 
V,L (Input Low Voltage) 0.8 0.8 0.8 0.8 V max 
l,N (Input Current) 

+2S'C ;:1 :!:I :!:I ;:1 ... Amax VlN~OVorVoo 

Tmm10Tmu ;:10 :!:1O :!:1O ±1O ... Amax 
elN (Input Capacitance)' 7 7 7 7 pFmax 

POWER SUPPLY 
VooRange 11.4115.75 11.4115.75 11.4115.75 11.4115.75 VrruoNrnu: Specification guaranteed over 
V"Range -200/-500 -200/-500 -200/-500 -200/-500 mVminlmVmax this range. 
100 4 4 4 4 mAmax All digital inputs V IL or V IH 

500 500 500 500 ... Amax All digital inputs OV or V 00 
Power Supply Rejection 

.l.GainI.l.Voo ±0.02 :!:0.02 :!:0.02 ;:0.02 %per%max .l.Voo~Voomax-Voomin 

AC PERFORMANCE 
CHARACTERISTICS 

These characleristics are included for Design Guidance only and al'8 not subject to test. 
(VIII = + l1.4Vto + 15.75V. vREF = + lDV. V~=VPIIIi=DV. Vss=DVOR -3OOmV. 
See fpe 6 for SUgesIad Specification Cin:uir'). 

T .. =2SOCT .. =T_. T ... 

Current Settling Time 1.5 

Disital-to-ADalog Glitch Impulse 50 

Multiplying Feedthruugh Error' 4 

OutpUt Capacitance 
CoUT (Pin 4) 260 260 
CoUT(Pin4) 130 130 

OutpUt Noise Voltage Density 
(10Hz-100kHz) 50 

NOTES 
'Temperature ........ f011ows: ]N,KNVersions: 010 +7O'C 

AD,BDVersions: -2S'C1O +8S'C 
SO, TDVersions: -55'C1O + 12S'C 

Uaits 

.... max 

nV-sectyp 

mVp-ptyp 

pFmax 
pFmax 

nV/VHztyp 

TestCoIlllitionslComm 

To 0.003% offull scale range • 
IouTload~ loon, 
CEXT ~ 13pF. DAC register alternstely 

loaded with all I '. and all O's. 
Typical value of Settling Time 
is 0.8 ..... 
Measured with VREF ~ OV. lOUT load 
~ loon, CnT ~ 13pF. DAC 
register alternste1y loaded with all 
l'sand allO's. 
VREF~:!: 10V, 1kHz sine wave 
DACregisterlOlldedwith 10 0000 0000 0000 

DAC register lOIIded with all I 's 
DAC register loaded with all 0'. 

Measured between RFB and loUT 

'SpecificalioDs .... JIUIII1Ulteedfor. Vooof + 1l.4Vto + IS.7SV. AtVoo ~ SV, the device is fullyfunctioaal with depaded specifications. 
'Oniythe O. U. T. (i.e., AD7S36) issubjected.o full temperature conditions. 
'GuoraDteed by Product Assurance testing. 
'Feedthroush C8D be further reduced by COIIIleC!iDg the met:allid on the ceramic packoae 10 DGNO. 
Specifications subject 10 c:banse without notice. 
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TIMING CHARACTERISTICS IV ... = + 11.4V1D + 15.75V. VREF = + lOY. VP114 =VptN5=OY. Vss=DV or -3OOmV 
All specifications Tmn1D TI1IlII unless otherwise staIIId. See fIgUre 1 for Timing Diagram.) 

Limit at 
Limit at TA=Oto +70"C Limit at 

Parameter T A=2S"C T A= -25"Cto + 85"C T A= -55"Cto +12S"C Units Test Conditions/Comments 

tl 0 0 0 
t, 0 0 0 
t3 170 200 240 
4 170 200 240 
t, 140 160 180 
t,; 20 20 30 

Specifications subject to change without notice. 

5V 
t,~ r -.j f.-_t_, ________ _ 

----i I I W 
U-..1.J t, t2 ov 

-·\+.:_-__ +L·,' ---·lDJ--- :~ 
--+1---;.-1 ___ -+I---.!-I -r t, --i,- 5V 

i I I I L-J ov 

-.I t. t+" tl------ 5V 

~ t, ov 

~:: DATA 

NOTES 
1. ALL INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 

10% TO 90% OF +5V. t,=tf=20ns. 

2. TIMING MEASUREMENT REFERENCE LEVEL IS V," ; VIC 

3. IF LOAC IS ACTIVATED PRIOR TO THE RISING EDGE OF 
WR, THEN IT MUST STAY LOW FOR t, OR LONGER AFTER WR GOES HIGH. 

I 
DAC LOADED 
WITH ALL O'S 

Figure 1. AD7536 Timing Diagram 

" " 

GAIN ERROR 
ANALOG OUTPUT -.l 

~;: ,----l 

" " " ,~ 

" 

-VREF' (8191) ','---. 
8192 ," I 

" " , , 
" " " 

" ,', 

, , , OFFSET ERROR 

':' 

~ 
DAC LOADED 
WITH ALL l'S 

OFFSET / 

/' 

ERROR /' 
..L, 

T 
ANALOG OUTPUT 

Figure 2. AD7536 Transfer Function 

nsmin 
nsmin 
nsmin 
nsmin 
nsmin 
nsmin 

CSMSB or CSLSB to WR Setup Time 
CSMSB or CSLSB to WR Hold Time 
LDAC Pulse Width 
Write Pulse Width 
Data Setup Time 
Data Hold Time 

PIN CONFIGURATION 

V1NV 

vss 

Voo 

WR 

CSLSB 

LOAC 

CSMSB 

DBOILSB) 

DBl 

DBll DB2 

DB10 DB3 

DB9 DB4 

DB8 DB5 

DB7 DB6 

ORDERING INFORMATION 

Relative Gain Temperature Rauge and Pa~kage 
A~~~y Error Plastic Ceramic Ceramic 
T ..... to T_ T ... toT .... 010 +70"C - 25"C 10 + 85"C - 55"C to + 125"C 

±2LSB ±16LSB AD7536JN AD7536AD AD7536SD 

±ILSB ±8LSB AD7536KN AD7536BD AD7536TD 
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ABSOLUTE MAXIMUM RATINGS 
(T A = 25"<: unless otherWise stated) 
VDD (pin 26) to DGND ....... . 
V 55 (pin 27) to AGND ....... . 
VREF (pin 28) to AGND 
VINV (pin 2) to.AGND ....... . 
RINT (pin I) to AGND .... . .. . 
VFB (pin 3) to AGND ........... . 

. . -0.3V, +17V 

.. -ISV, +O.3V 
±25V 
±25V 
±25V 

Digital Input Voltage (pins 8-25) toDGND .. 
VPlN4 to DGND. . . . . . .. . . . . . . . .. 
AGND to DOND . . . . . . . .. 

±25V 
-0.3V, Voo 
-O.3V,Voo 
-O.3V, Voo 

Power Dissipation (Any package) 
To +75"<: ............ . . .. 1000mW 

Derates above + 75°C .. . . . . .. . . 
Operating Temperature Range 

Commercial Plastic ON, KNversions) 
Industrial Ceramic (AD, BD versions) 
Extended Ceramic (SD, TD versions) 
Storage TemPerature ........ . 

Lead Temperature (Soldering, 10 sees) . 

. IOmwrc 

o to +70"<: 
- 25"<: to + 85"<: 

- 55°C to + 125°C 
- 65"<: to + 150"<: 
..... +3000C 

*Stresses above thOse listed under "Absolute Maximum Ratings" may aluse 
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 indialted 
in the operational sections of this specification is not implied. Expos"", to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

CAUTION--------------------------------------------------
ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are 
zener protected; 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. 

WARNING! 0 
~~DEVICE 

TERMINOLOGY 

LEAST SIGNIFICANT BIT (LSB) 
This is the analog weighting of 1 bit of the digital word ina 

2VREF 
DAC. For the AD7536 ILSB = 2i4 

RELATIVE ACCURACY 
Relative accuracy or end point nonlinearity is a measure of the 
maximum deviation from a straight line passing through the 
end-points of the DAC transfer function. It is measured after 
adjusting for both endpoints (Le., Offset and Gain Error are 
adjusted out) and is normally expressed in Least Significant Bits 
or as a percentage of full scale range. 

DIFFERENTIAL NONLINEARITY 
Differential nonlinearity is the difference between the measured 
change and the ideallLSB change between any two adjacent 
codes. A specified differential nonlinearity of + lLSB max over 
the operating temperature range ensures monotonicity. 

GAIN ERROR 
Gain error is a measure of the output error between an ideal 
DAC and the actual device output with all one's loaded after 
offset error has been adjusted out. Gain error is adjustable to 
zero with an external potentiometer. 
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OFFSET ERROR 
Offset error is a measure of the mismatch between RFB and the 
internal offset resistor, RoFS. It also includes the leakage com
ponent from the DAC (see Figure 8). It is present for all codes 
and is expressed in Least Significant Bits. 

DIGITAL-TO-ANALOG GLITCH IMPULSE 
The amount of charge injected from the digital inputs to the 
analog output when the inputs change state is called Digital-ta-Ana
log Glitch Impulse. Tjris is normally specified as the area of the 
glitch in either pA-secs or n V -secs depending upon whether the 
glitch is measured as a current or voltage. It is measured with 
V~ = AGND. 

OUTPUT CAPACITANCE 
This is the capacitance from lour to AGND. 

LEAKAGE CURRENT 
Leakage current flows into lour from the 14-bit DAC when all 
the DAC switches are off. It contributes to the Linearity, Gain 
and Offset error (see Figure 8). 

MULTIPLYING FEEDTHROUGH ERROR 
This is the ac error due to capacitive feedthrough from VREF 

terminal to lour with DAC register loaded with 
10 0000 0000 0000. 



Pin 

2 
3 
4 
S 
6 

7 
8 
9 

10 
11 
12 
13 
14 
IS 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2S 

26 
27 

28 

Function 

RINT 

VREF 
RFB 
lOUT 

AoNOS 
AoNOF 

DGND 
DB 13 
DB12 
DB 11 
DB 10 
DB9 
DB8 
DB7 
DB6 
DBS 
DB4 
DB3 
DB2 
DBI 
DBO 
CSMSB 
LDAC 
CSLSB 
WR 

VOO 
Vss 

VINV 

Description 

Contact point for internal resistors RI and R2 which perform the inverting function on V REF with external 
op-amp. See Figure 3. 
Reference inputto the DAC. It is internally connected to RoFS and Rl. See Figure 3. 
Feedback resistor. Used to close the loop around an external op-amp. 
Current Output Terminal. 
Analog ground sense line. Reference point for external circuitry. This pin should carry minimal current. 
Analog ground force line; carries current from internal analog ground connections. AoNDFand AoNOS are tied 
together internally. 
Digital Ground 
Data Bit 13. DAC MSB 
Data Bit 12 
Data Bit 11 
Data Bit 10 
DataBit9 
Data Bit 8 
Data Bit 7 
Data Bit 6 
Data Bit S 
Data Bit 4 
Data Bit 3 
Data Bit 2 
Data Bit I 
Data Bit o. DACLSB 
Chip Select Most Significant (MS) Byte. Active LOW input. 
Asynchronous Load DAC input. Active LOW. 
Chip Select Least Significant (LS) Byte. Active LOW input. 
Write input. Active LOW. 

CSMSB CSLSB LDAC WR Operation 

0 1 0 Load MS Input Register 

0 0 Load LS Input Register 

0 0 0 Load MS and LS Input Registers 

I 0 X Load DAC Register from Input Registers 

0 0 0 0 All Registers are transparent 

1 X No operation 

X X No operation 

NOTE X = Don't Care 

Power supply input. SpecificationsapplyforVoo = + 12V ±S%to + lSV ±S%. 
Bias pin for High Temperature Low Leakage configuration. To implement low leakage system, the pin should 
be at a negative voltage. See Figure S or6 for recommended circuitry. 
This pin must be connected to the output of the external inverting op-amp. See Figure 3. 
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Rl R2 R R R 

R R 

ROFS R/2 

Figure 3. Simplified Circuit Diagram of the AD7536 
DIA Section Showing Connection of External Op-Amps 

CIRCUIT INFORMATION - D/A SECTION 
Figure 3 is a simplified circuit diagram of the AD7536 D/A 
section and it also shows the external op-amp connection. The 
device is a 14-bit DAC with three extra resistors on chip for 
bipolar operation. It is configured so that the coding is Offset 
Binary. The 14-hit DACconsists of an R-2R ladder for the 
lower eleven bits (switches SO-SIO). The three MSB's are decoded 
to drive switches A-G sequentially. Each of these carries an 
equally weighted current which is also equal to the current in 
the R-2R ladder. RoFS has the same magnitude as RFB so that 
the output is offset by a constant - VREF• Rl and R2 (together 
with external op-amp AI) invert VREF and apply it to the 14-bit 
DAC (VINV)' See Table I for complete Offset Binary Code 
Table. 

To eliminate any slight variations in analog ground potential 
with changing code, there are two analog ground pins. AGNDF 
sinks all the current flowing through the switches to ground 
while AGNDS is used as a reference point with minimal current 
flowing in it. Figure 3 shows A3 maintaining AGNDS at Signal 
Ground. The connection of AGNDS and AGNDF may be changed 
depending on required systm. accuracy and output drive re
quirements (see Figures 5 and 6). 

EQUIVALENT CIRCUIT ANALYSIS 
Figure 4 shows an equivalent output circuit for the analog section 
of the AD7536 D/A converter. The current source ILEAKAGE is 
composed of surface and junction leakages. The resistor RO 
denotes the equivalent output resistance of the DAC and associated 
resistors. This varies with input code. GoUT is the capacitance 
due to the current steering switches and varies from about 

. 90pF to 180pF (typical values) depending on the digital input. 
: g(VREF, N) is the Thevenin equivalent voltage generator due 

to the reference input voltage, VREF, and the circuit transfer 
function, N. 
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R/2 

,-~~~--------~~----olmrr 

·g(VREF.N) 

~----~----------~-+--oAGNDS 

AGNDF 

Figure 4. AD7536 Equivalent Analog Output Circuit 

CIRCUIT INFORMATION - DIGITAL SECTION 
The digital inputs are designed to be both TTL and 5V CMOS 
compatible. All logic inputs are static protected MOS gates with 
typical input currents of less than InA. Internal input protection 
is achieved by an on-chip distributed diode from DGND to 
each MOS gate. To minimize power supply currents, it is re
commended that the digital input voltages be driven as close as 
possible to 0 and 5V logic levels. 



Voo 

R4 
47kll 

-15V 

Applying the AD7536 

Figure 5. AD7536 Operation 

BIPOLAR OPERATION 
(4-Quadrant Multiplication) 
Figure 5 shows the AD7536 connected fOl' bipolar operation. 
Specified accuracy is attained without the need for expensive 
closely matched external resistors. RI and R2 provide an optional 
gain adjustment and capacitor CI helps prevent overshoot and 
ringing when high-speed op-amps are used. The - 300m V bias 
voltage fOl' Vss is derived from R3, R4 and C2. Op-amp A3 
(Figure 3 and Figure 6) is omitted from Figure 5. AGNDS and 
AGNDF are externally shorted to Signal Ground. 

Table I shows the Offset Binary Code Table obtained with the 
circuit of Figure 5. It should be noted that the user can get a 
2's Complement transfer function by inverting the MSB of the 
DACword. 

Binary Number in 
DAC Register 
MSB LSB 
II 1111 1111 1111 

10 0000 0000 0001 

10 0000 0000 0000 

00 0000 0000 0001 

00 0000 0000 0000 

Analog Output Your 

(8191) 
+VIN 8192 

+VIN(81~2) 
OV 

(8191) 
-VIN 8192 

(8192) 
- VIN 8192 = - VIN 

Table I. Offset Binary Code Table for AD7536 

OFFSET AND GAIN ADJUSTMENT FOR FIGURE S. 
Offset Adjustment 
1. Adjust offset of amplifier A 1 so that potential at RINT is 

<IO .... V with respect to Signal Ground. 
2. Load DAC register with all O's. 
3. Adjust offset of amplifier A2 until Vo = - VIN ±·IO .... V. 

Gain Adjustment 
1. Load DAC register with all I's. 

2 T · . R2 tha V V (8191) . nm potentIometer so t 0= + IN (8192) 

For high-temperature applications, resistors and potentiometers 
should have a low Temperature Coefficient. In many applications, 
because of the excellent Offset Error, Full Scale Error and Gain 
T.C. specifications of the AD7536, trimming of the Offset and 
Gain is not necessary. 

NEW PRODUCTS - ICs 3-227 



voo 

AD7536 

GND 

NOTE: 
CONTROL INPUTS OMITTED FOR CLARITY 

voo 

R4 
47kn 

-15V 

i 
1 

Figure 6. AD7536 Operation with Forced Ground 

GROUNDING CONSIDERATIONS 
In the circuits of Figures 5 and 6, with VREF = + lOY, ILSB 
has a value of 1.2mV. So, factors which are not important in 
less accurate systems must, in this case, be given careful consid
eration. Among these, the whole question of grounding is crucial. 
Voltage reference ground, the lOUT pin on the DAC, the nonin
verting pin of Al and SIGNAL GROUND must all be at the 
same potential. Note that in Figure 5, AGNDS and AGNDF 
are externally shorted and A3 is not used. Voltage drops due to 
bond wire resistance are not compensated for in this circuit. 
This means that an extra linearity error of less than O.ILSB is 
added to the DAC linearity error. If the user wishes to eliminate 
this extra error, then the circuit of Figure 6 should be used. 

Cl LOCATION 

Here, A3 is used to maintain AGNDS at Signal Ground potential. 
lOUT is also at Signal Ground potential. By using the Force, 
Sense technique all switch contacts on the DAC are at exactly 
the same potential and any error due to bond wire resistance is 
eliminated. If A3 is not a low offset voltage «IOOJl.V) op-amp, 
it should be trimmed with a potentiometer until the voltage at 
AGNDS is <10Jl.V with respect to SIGNAL GROUND. Figure 
7 shows how the circuit of Figure 5 might be be laid out. Gain 
trim components RI and R2 have been omitted for clarity. Note 
how the input to VREF (pin 2) is shielded to reduce ac feed
through while the digital inputs are shielded to minimize digital 
f~through. 

v-
I 
l_PIN1Al .. ·.,-1 

V,N =::!~~,~::;:-;;::J;::i='.:",:,-: I 
v •• 
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• • • • • 

DGND 

LAYOUT IS FOR DOUBLE SIDED BOARD 
DOTTED UNE INDICATES TRACK ON 
COMPONENT SIDE 

Figure 7. Suggested Layout for AD7536 Circuit of Figure 5 
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Figure 8. Typical Graph of Offset Error vs. Temperature 
With and Without Low Leakage Configuration 

LOW LEAKAGE CONFIGURATION 
Leakage current in CMOS D/A converters has two components. 
Current leaks from V DD into the lOUT line and is present at all 
DAC codes. There is also leakage across the off switches in the 
DAC. The polarity of this current depends on V1NV and its 
magnitude is related to the code in the DAC register. At high 
temperatures (above 90°C) it is normal for the leakage current to 
increase dramatically. By its nature it will affect all critical dc 
parameters (Linearity Error, Gain Error and Offset Error). The 
AD7S36 features a leakage reduction configuration (patent pend
ing) to keep the leakage current low (typically < lOnA) over an 
extended temperature range. This ensures that the DAC maintains 
its 2SoC performance vety well at temperatures up to l2SoC. 

The AD7S36 can be operated with or without the leakage reduction 
configuration. If Vss (pin 27) is tied to AGND, then the DAC 
will exhibit normal output leakage current at high temperatures. 
To use the low leakage facility, Vss should be tied to -O.3V as 
in Figures S and 6. The current taken by Vss is very low «lO,...A) 
allowing a simple resistor divider (R3, R4) to produce the required 
- 300mV from -lSV. The capacitor C2 in parallel with R3 is 
an integral part of the low leakage configuration and must be 
4.7,...F or greater. Figure 8 is a plot of Offset Error versus tem
perature for both conditions. It clearly shows the improvement 
when the low leakage configuration is used. 

OP-AMP SELECTION 
In choosing an amplifier to be used with the AD7S36, three 
parameters are of prime importance. These are: 

1. Input Offset Voltage (V os) 
2. Input Bias Current (IB) 
3. Offset Voltage Drift (TC Vos). 

To maintain specified accuracy with VREF at lOY, Al and A2 of 
Figures S and 6 must have Vos <lOO,...V and IB <2nA. It is 
important that the amplifier Open Loop Gain, AVOL, be sufficiently 
large to keep Vos < 100,... V for the full output voltage range. 
For a maximum output of lOY, AVOL must be greater than 
100,000. 

In the Forced Ground configuration of Figure 6, one can use an 
AD OP-07 for amplifier A3, without any external adjustment 
for Vos. In low frequency or fixed reference applications where 
fast output settling time is not required, the AD OP-07 is also 
recommended for Al and A2. Because ofits low Vos no external 
potentiometers are needed. For faster settling time, one can use 
the ADS44 series of op-amps. 

Offset Voltage Drift and Bias Current drift are critical parameters 
for operation over a wide temperature range. The AD OP-07, 
AD OP-27 apd AD OP-37 all exhibit very low offset drift while 
the ADS44 has very low bias current drift. Table II summarizes 
the important specifications of the op-amps mentioned above. 

Input Offset Input Bias Offset Voltage Settling Time to 
Op-Atnp VoltagecYos) Current (IB) Drift (TC Vos) O.OO30/0FS 

ADS44L SOO,...V 2SpA s,...vrc S,...s 
ADOP-07H 7S,...V 3nA O.6,...V/oC SO,...styp 
ADOP-27CH lOO,...V 80nA O.6,...V/oC 6,...s typ 
ADOP-37CH lOO,...V 80nA O.6,...VrC l,...styp 
HA-2620 4mV 3SnA 20,...VrC O.8,...styp 

Table II. Guide to Op-Amp Selection 
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MICROPROCESSOR INTERFACING 
AD7536 - 8086A INTERFACE 

ALE 

"86 

Wi! 

ADO-AD15 

ADDRESS BUS 

I J I,. 

H '6·BIT LATCH I I ADDRESS h DECODE 

-F" 
AD13 

DATA BUS' 

·LlNEAR CIRCUITRV 
OMITTED FOR CLARITY 

ADO 

CSMsi 

CSLSB 
lDAc 

Wi! 
AD7536 

080-0813 

The versatility of the AD7S 36 loading sturcture allows interfacing 
to both8~ and l6-bit microprocessor systems. FigUre 9 shows 
the 8086 16-bit processor interfacing to a single device. In this 
circuit the double buffering feature of the DAC is not used. 
ADO-AD13 of the 16-bit data bus are connected to the DAC 
data bus (DBO-DB13). The 14-bit word is written to the DAC 
in one MOV instruction and the analog output responds im
mediately. In this example the DAC address is 0000. A software 
routine for Figure 9 is given in Table III. In a multiple DAC 
system the double buffering of the AD7S36 allows the user to 
simultaneously update all DAC's. In Figure 10, a l4-bit word is 
loaded to the Input Registers of each of the DACs in sequence. 
Then, with one instruction to the appropriate address, CS4 Figure 9. AD7536 - 8086 Interface Circuit 
(i.e., LDAC) is brought low, updating all the DACs 
simultaneously. 

ADDRESS BUS ~. 
J ..! t,. 

ALE H '6·BITLATCH I ADDRESS 
Lcs, 

CSMSB DECODE r L CSLSi 
BOBS 

~ ... CS4 CSO CS2 tDAc 

Wii r-- Wii 
AD7536* 

080-0813 --.. -
ADO-AD15 DATA BUS 

L 
L: CSMSB 

CSLSB -- LDAC 

~ 
Wii 

AD7536* 
OBG--DB13 

"(INEAR CIRCUITRV --.. 

00 8CC9 
02 8EOO 
04 BFOODO 
07 C70S"YZWX" 
OB EAOOOO 
OE OOFF 

OMmED FOR CLARITY 

'---- it: CSMSB 

CSLSB 

:-- lDAC 

C Wii 
AD7536* 

080-0813 

Figure 10. AD7536 - 8086 Interface: Multiple DAC 
System 

ASSUME DS: DACLOAD, CS : DACLOAD 
DACLOAD SEGMENT AT 000 

MOVCX,CS 
MOVDS,CX 
MOV 01, '*' 0000 
MOV MEM,,*, YZWX" 

DEFINE DATA SEGMENT REGISTER EQUAL 
TO CODE SEGMENT REGISTER 
LOAD 01 WITH 0000 
DAC LOADED WITHWXYZ 
CONTROL IS RETURNED TO THE 
MONITOR PROGRAM 

Table III .. Sample Program for Loading AD7536 from 8086 

3-230 NEW PRODUCTS - ICs 

\ 



AD7536 - MC68000 INTERFACE 
Interfacing between the MC68000 and the AD7536 is accomplished 
using the circuit of Figure 11. The following routine writes data 
to the DAC input registers and then outputs the data via the 
DAC register. 

01000 MOVE.W #W,DO The desired DAC data, W, is 
loaded into Data Register O. 
W may be any value between 0 
and 16383 (decimal) or 0 and 
3FFF (hexademical). 

MOVE.W DO,$EOOO The data W is transferred 
between DO and the DAC 
Register. 

MOVE.B #228,D7 Control is returned to the System 
Monitor Program using these tow 

TRAP #14 instructions. 

Al-A23 ADDRESS BUS j 
MC68000 ,.I ~ 

AS J ADDRESS l CSMSB 

I 1 DECODE r I L CSLSB 

OTACK I f'" LOAC ......... 
RIiiii ,/ 

WR 

AD7536* 

00-015 DATA BUS DBD-DS13 

, I l ·LlNEAR CIRCUITRV 

~ OMITTED FOR CLARITY 

Figure 11. AD7536 - MC68000 Interface 

AD7536 - ZSO INTERFACE 
Though the AD7536 is ideally suited for use either with 16-bit 
microprocessors or in stand-alone applications, it can also be 
interfaced to 8-bit processor systems. Figure 12 is an interface 
circuit for the popular Z80 microprocessor. 

AD-A15 ADDRESS BUS 

.J ~ 
J A:e~~~t [ CSLSB 

MREQ 

I CSMSB 
l80 

F LDAC 

Wii WR 
AD7536* 

I DBB-D013 

DO-Dl DATA BUS C 
I DBO-DB1 

-LINEAR CIRCUITRY 
OMITTED FOR CLARITY 

Figure 12. AD7536 - Z80 Interface 

) 

DIGITAL FEEDTHROUGH 
In the preceding interface confIgurations, most digital inputs to 
the AD7536 are directly connected to the microprocessor bus. 
Even when the device is not selected, these inputs will be constantly 
changing. The high frequency logic activity on the bus can feed 
through the DAC package capacitance to show up as noise on 
the analog output. To minimize this Digital Feedthrough isolate 
the DAC from the noise source. Figure 13 shows an interface 
circuit which physically isolates the DAC from the bus. One 
may also use other means, such as peripheral interface devices, 
to reduce the Digital Feedthrough. 

AO-A1S 

MICROPROCESSOR 
SYSTEM 

Wiil-----..j 

00-015 

-LINEAR CIRCUITRY 
OMITTED FOR CLARITY 

16 BIT 
LATCH 

DBO-DB13 

Figure 13. AD7536 Interface Circuit Using Latches to 
Minimize Digital Feedthrough 
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MECHANICAL INFORMATION 
OUTLINE DIMENSIONS 

Dimensions shown in inch .. and (min). 

28-PIN CERAMIC DIP (SUFFIX D) 

[~~I~~~~I~~~ 13~' 
0.17 1 I ~ (4.321 • 1.418 (36.021.. 0.06 (1.531 

MAX 1.38 (35.061 -..L 

~~~ irl==' ===::J,;+~~~= 
~U~ U U ~U~ U U~ ~U U-:'17& (4.461 ~ ~~~6:';:: ..., 

0.065(1.661 0.02 (0.5081 ~ o:i25i3.iii . 
0.038 (0.9661 0.015 (0.3811 0.096 (2.421 

LEAD NO.1 IDENTIFIED BY DOT OR NOTCH 
LEADS ARE GOLD PLATED 150 MICROINCHES MINI KOVAR OR ALLOY 42 

28-PIN PLASTIC DIP (SUFFIX N) 

[~~~:~::~::]J= .. ~ 
I 1.46 (38.831 .. I I- 0.808 "6.41 ~ 0.14 t·581 L .. 1.44 (38.681 I r 0.594 (16.091 

0.2~ 

~] ~ li ] li ] ] ] ] ] ] ] li P ~ ~ ~~ -j ~ ~4-t61J--~ IS' o 
~ 0.02 (0.5081 ~ ii.iii3.Osi 
0.046 (1.161 . 0.015 (0.3811 0.095 (2.421 

LEAD NO.1 IDENTIFIED BY DOT OR NOTCH 
LEADS ARE SOLDER OR TIN PLATED KOVAR OR ALLOY 42 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Two 12-Bit DACs in One Package 
4-Quadrant Multiplication 
Low Gain Error (3LSBs maxi 
VenatUe Interfaca Logic 
DAC Ladder Resistanca Matching: 1% 
Space-Saving 0.3", 24-Pin Package 

APPLICATIONS 
Programmable Filten 
Audio Applications 
Synchro Applications 
Automatic Test Equipment 
Microcomputer-Based Process Control 
Programmable Power Supplies 

GENERAL DESCRIPTION 
The AD7S37 and AD7S47 are monolithic, dual, 12-bit, current 
output D/A conveners. The AD7S37 has eight data inputs with 
a two-byte (8 + 4) loading structure suitable for interfacing with 
8-bit microprocessors. The AD7S47 has twelve data inputs 
a single-word loading structure. This is ideal when us· 
DACs with 16-bit microprocessors or in a stand-alo 
configuration. 

The devices are packaged in a 0.3", 24-
provide 4-quadrant multiplication ca 
reference input and feedback 
monolithic construction ensures 
gain error tracking between the 
loading structure, the AD7S37 also offi 
line for each DAC; 2) a CLR pin to async usly clear 
DACs; 3) a UPD pin which provides a double-buffering fa 

The AD7S37 and AD7S47 are manufactured using the Linear 
Compatible CMOS (LC2MOS) process. They are speed compatible 
with most microprocessors and accept TTL, 74HC and SV 
CMOS logic level inputs. 

PRODUCT HIGHLIGHTS 
1. DAC to DAC Matching: 

Since both DACs are fabricated on the same chip, precise 
matching and tracking is inherent. This allows applications 
which would not be practical using two dicrete DACs. 

2 .. Small Package Size: 
The AD7S37 and AD7S47 are packaged in a small 24-pin, 
0.3" DIP. 

Dual 12-Bit DACs 
AD7537/47 I 

AD7537 FUNCTIONAL BLOCK DIAGRAM 
VDD 

~----~~o)--------------------------, 
AD7537 

~ ____ -' ____ r-,~1 AGNM 

547 FUNCTIONAL BLOCK DIAGRAM 

AD7547 

I. 
DB11-DBD DGND 
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AD7537/47jNl AD7537/47KN 
Parameter AD7537/47AQ AD7537/47BQ AD7537/47SQ AD7537/47TQ Vails TestCcmditiOllllCommems 

ACCURACY 
Resolution 12 12 12 12 Bits 
ReIative Accuracy :!:I :!:1I2 :!:I :!: li2 LSBmax 
Differential NQ11!inearity :!:I :!:I :!:I :!:I LSBmax All grades guaranteed 

FuII:ScaJe Error 
monotonic over temperature. 

:!:6 :!:3 :!:6 :!:3 LSBmax Measured using internal RFB 
and includes effects of 
leakage current and 
gainT.C. 

Gain Temperature Coefficient2; 

&GainI&Temperature :!:5 :!:5 :!:5 :!:5 ppm/"Cmax Typical value is IppmI"C 
Output Leakage Current 
, louTA 

+25"C 20 20 20 20 nAmax DAC A Register loaded 
Tminto Tnw: ISO ISO 250 250 nAmax withallO's. 

loUTH 
+ 25'C 20 20 20 20 nAmax DAC B Register loaded 
T min to Tnw;: ISO ISO 250 250 nAmax with all O's. 

REFERENCE INPUT 
Input Resistance 
(VREFA, VRBFB) 7 7 7 7 ldlmin Typical Input Resistance ~ 

18 18 18 18 ldlmax llill 
VREFANREFD 

Input Resistance Match '±3 :!:2 :!:3 :!:2 % max Typically:!:l% 

DIGITAL INPUTS 
Vm (Input High Voltage) 2.4 2.4 2.4 2.4 V min 
VIL (Input Low Voltage) 0.8 0.8 0.8 0.8 V max 
lIN (Input Current) 

+ 25'C :!:I :!:I :!:I :!:I .. A max VlN~VOO 
TmintoTmax :!:10 :!:IO :!:IO :!:IO ~max 

ClN (Input Capscitsncel" 7 7' 7 7 pFm"" 

POWER SUPPLY 
VooRanse 10.8/16.5 10.8/16.5 10.8/16.5 10.8/16.5 VminNmax 
100 5 5 5 5 mAmax 

AC PERFORMANCE CHARACTERISTICS 
lhasa characteristics are included for Design Guidance only and are lilt subjlct to test 
(Villi = + l2Vto + l5Y; VREFA = VREFB = + lOY, VIIUTA = VIOUIB = VAIIIID = OY.outputAmpliersareAD644exceptwliarestated.) 

Parameter TA= +25'C TA = T ..... , Tmax 

Output Current Settling Time 1.5 

Digital-to-Analog Glitch Impulse 10 

AC Feedthrough3 

VREFA to IOUTA -70 -65 
VRBFB to IOUTH -70 -65 

Power Supply Rejection 
&GainI&Voo :!:0.01 :!:0.02 

Output Capscitance 
CoVTA 80 80 
COurD 80 80 
CoUTA 160 160 
COUTB 160 160 

ChanneI-to-Channellsolation 
V REFA to IOUTB -62 
VREFB to lovTA -62 

Digital Crosstalk 10 

Output Noise Voltage Density IS 
(10Hz-100kHz) 

Harmonic Distortion -90 
NOTES 
ITemperature range as follows: IN, KN Versions: 0 to + 700(;. 

AQ,BQVersioos: -25'<: to +85'<:. 
SQ, TQVersions: -55'<:to + 125'<:. 

'Guaranteed by Product Assuraoce testing. 

Vnits 

.. smax 

nV-styp 

dB max 
dB max 

%per%max 

pFmax 
pFmax 
pFmax 
pFmax 

'dBtyp 
dBtyp 
nV-styp 

nVtv'HZtyp 

dBtyp 

'Feedthrough eao be further redueed by COJIllectingtbe meta11id on tbe ceramic package to DGND. 
Speqfications subject tochangewithoutnotice. 
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Test Conditions/Comments 

ToO.OI%offull-scaJerange.lovTlosd~ 1000. 
CEXT~ J3pF. DACoutputmessuredfromfaJlingedge 
ofWR. Typical Value of Settling Time is 0.8 .. s. 

Measured with VREFA ~ VRFO ~ OV. lourA, loUTB, 
losd~ lOOO,CHXT~ J3pF. DACregistersalternstely 
losded with all O's and alii's. 

VREFA, VREFB~20Vp-p IOkHzsinewave 
DAC registers losded with all O's. 

&Voo~Voomax -Voomin 

DACA, DAC B loaded withallO's. 

DACA, DAC B loaded with all I's. 

VREFA ~20Vp-p lOOkHzsinewave, VREFB~OV 
VREFB ~ 20V POp 100kHz sinewave, VREFA '= OV 
Measured for a Code Transition of all O's to all I's 

Measured between RFBA and lourA or RF8B and loUTB 

VlN~6Vrms, 1kHz 



IIIIIIIIIII ANALOG 
WDEVICES 

FEATURES 
Two Doubled Buffered 12·Bit DACs 
4-Quadrant Multiplication 
Low Gain Error 13LSBs maxI 
DAC Ladder Resistance Matching: 1% 
Space Saving 0.3" 20·Pin Package 
Latch·up Proof 

APPLICATIONS 
Programmable Filters 
Automatic Test Equipment 
Microcomputer Based Process Control 
Audio Systems 
Programmable Power Supplies 
Synchro Applications 

GENERAL DESCRIPTION 
The AD7549 is a monolithic dual, 12·bit, current output D/A 
converter. It is packaged in a 0.3" wide 20-pin package. Botb 
DACs provide four quadrant multiplication capabilities witb a 
separate reference input and feedback resistor for each DAC. 
The monolithic construction ensures excellent tbermal tracking 
and gain error tracking between tbe two DACs. 

The DACs in tbe AD7549 are each loaded in tbree 4-bit 
nibbles. The control logic is designed for easy processor interfacing. 
Input and DAC register loading is accomplished using address 
lines AO,Al, A2 and CS, WR lines. A logic high level on tbe 
CLR input clears all registers. Botb DACs may be simultaneously 
updated using tbe UPD input. 

The AD7549 is manufactured using tbe Linear Compatible 
CMOS(LC2MOS) process. It is speed compatible witb most 
microprocessors and accepts TTL, 74HC or 5V CMOS logic 
level inputs. 

LC2 MOS 
Oual12-Bit p,P Compatible OAC 

A07549 I 
AD7549 FUNCTIONAL BLOCK DIAGRAM 

v,,,> 

AD7549 

~------~, ~.?-----~--------------
POlOSO 

PRODUCT HIGHLIGHTS 
I. Small package size: tbe loading structure adopted for tbe 

AD7549 enables two 12-Bit DACs to be packaged in a small 
20-pin 0.3" DIP. 

2. DAC to DAC matching: since both DACs are fabricated on 
tbe same chip, precise matching and tracking is inherent. 
This opens up applications which otberwise would not be 
considered, i.e., Programmable Filters, Audio Systems, etc. 
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SPECIFICATIONS 1 

AD7S49JN AD7S49KN 
~ AD7S49AD AD7S49BD AD7S49SD· AD7S49TD UIIiIIi T .. tCcmditioaolComm 

ACCUltACY 
Reoo1ution 12 12 12 12 Bits 
Relative Accuracy ±I ±112 ±I ±112 LSBmax 
DiIrorential NODlinearity ±I ±I ±I ±I LSBmax AU grades guaranteed monotonic over 

temperature. 
Fun Scale Error ±6 ±3 ±6 ±3 LSBmax Measured using internal Rn and inciudeo 

Gain Temperature CoefIicienr'; 
effectsofleakaae current and gain TC. 

AGaiDlATemperature ±5 ±5 ±5 ±5 ppmFCmax Typical value is IppmFC 
OutpUt l.eskqeCurrent 

IotrrA (Pin 17) 
+25"<: 20 20 20 20 uAmax DAC A Register loaded with aU O's 
T .... to T .... 150 ISO 250 250 uAmax 

I'otrra (Pin 15) 
+25"<: 20 20 20 20 uAmax DAC B Register loaded with all O's 
Tmira to Tma ISO ISO 250 250 uAmax 

REFERENCE INPUT 
Input Resistance (Pin 19, Pin 13) 7 7 7 7 kOmin Typical Input Resistance; llkO 

18 18 18 18 kOmax 
VRI!FANREPB 

Input RcsistanceMatch ±3 ±2 ±3 ±2 % max Typically ± 1% 

DIGITAL INPUTS 
VIH (1nput HipVol .... ) 2.4 2.4 2.4 2.4 V min 
VIL (Input LnwVol .... ) 0.8 0.8 0.8 0.8 V max 
l,N (Input Current) 

+25"<: ±I ±I ±I ±I ,.A max VIN = VDD 

TmiatoT ...... ±IO ±10 ±IO :!:IO ,.A max 
CJN (Input Capacitance>' 7 7 7 7 pFmax 

pOWER SUPPLY 
IDD 5 5 5 5 mAmax 

AC PERFORMANCE CHARACTERISTICS 
1lIese characlaristics are included for Design Guidance only and are not subject to tasl 
(VIII= + l5V; V.,,=V_= + lOY. VPII115 = VPII17 =VPIIlI= OV, OulputAmplifiers areAD644axceptwhel8sta111d) 

.......... r TA =+2S"C TA=TMIN. TMAlC 

OutputCunent Settling Time 1.5 -
Digital-to-Ana!og Glitch 

Impulse 10 -
AC Feedthrough4 

V REFA 10 IOUTA -70 -65 
V REFB to lotrrB -70 -65 

Power Supply Rejection 
AGaiDlAVDD ±0.01 ±O.O2 

OutPUt Capacitance 
CoUTA SO 80 

·Cc,UTB SO 80 
CoUTA 160 160 
Coun. 160 160 

Channe1~to-Channel Isolation 
V REPA to loUTB -62 -
V kEFB to IOUTA -62 -

Digital Crosstalk 10 -
Output Noise Voltage Density 

(10Hz-100kHz) 15 -
Harmonic Distonion -90 -

NOTES 
ITempentureJ'8Jl;lelsfoJlows: )N,KN, Versions: 010 + 7O"C 

AO,BD, Vcniona: -2S"Cto +850(: 
SO, TO, Versions: - SS"Cto + 1250(; 

1 At V 00 .. ISV, the device is fuUy functional with degraded performance. 
'Guumroed by l'rocIuctA'surancc....u.,. 

Vol .. 

.... smax 

nV-sectyp 

d~max 
dBrnax 

% per% max 

pFmax 
pFmax 
pFmax 
pFmax 

dBtyp 
dBtyp 

nV~sectyp 

nV/~typ 

dBtyp 

4feedtbrousb can hetilrther reduced bycoane<ting the...w lid em the cenmic poc:kage to DGND. 

SpecificatioDa subject .,<bongewithout DOtic:e. 
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Test ConditioDslComments 

To O.Ol%offull scale rangc. IOUTload-IOOn.,CEXT -13pF. DACoutputmeasuredfrom 
faUingedge ofWR. Typical valueofSeltiingTimeisO.S".s. 

Measured with VREPA = V RFB = OV. IOUTA' loUTS load = 1000, CEXT = 13pF. 
DAC registers alternately loaded with all O's and alII's. 

VRFPA, VREFB =20Vp-p 10kHz sine wave. 
DAC registers loaded with all Os. 

aVon == ±S% 

DAC A, DAC B loaded with all O's. 

DACA,DACBloadedwithalll's. 

VREFA =20Vp--p 100kHz sine wavc, VREFR==OV 
VRp.P8 = 20Vp-p 100kHz sine wave, VREFA =OV 

Measured for a Code Transition of all O's to alii's 

Measured between R.,lIA and IOUTA or RFRB and IOUTB 

V1N=6VrmslkHz 



TIMING CHARACTERISTICS 1 

Limit at Limit at 
Limit at TA=Oto +10"C T A= -SS'C 

Parameter T A=2S"C T A= -2S'Cto +SS"C to +12S"C Units Test Conditions/Comments 

tl 50 80 110 nsmin Address Valid to Write Setup Time 
t2 0 0 0 nsmin Address Valid to Write Hold Time 
t3 150 190 240 nsmin Data Setup Time 
4 0 0 0 nsmin Data Hold Time 
t5 20 20 20 nsmin Chip Select or Update to Write Setup Time 
~ 0 0 0 nsmin Chip Select or Update to Write Hold Time 
t7 170 200 250 nsmin Write Pulse Width 
t8 170 200 250 nsmin Clear Pulse Width 

Specifications subject to change without notice. 

A~A2777l77lJ1 I I YIIiIi//lI/TLIlJlj/// :: 
~ I I::: ',--I-',-..j 

DATA.,..,%rr.'l/.rr.V.rT2T7/f,'Tl'/lrT2T7'11-r.2"717"l~ri/,"'7{ I W/ !Ill/l/Tflil/l :~ 
-- ~ • ..j 1--'.---1, __ 
CS.UPD L I I ~- 5V 

I~. OV 

WR--------------~~.'~ 5V 

b·.d :~ 
CLR------------------------------....J Lov 

NOTES 
1. All INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 10% TO 

90% OF +5V. t.=t,=20ns. 

2. TIMING MEASUREMENT REFERENCE LEVEL IS VLH 2+ V1l 

Figure 1. Timing Diagram for AD7549 

ABSOLUTE MAXIMUM RATINGS* 
(T A = + 25"<: unless otherwise noted) 

V 00 (pin 20) to DGND . . . . . . . . 
VREFA, VREFB (pins 19, 13) to AGND 
VRFBA, VRFBB (pins 18, 14) to AGND 

..... -O.3V, + 17V 
.... ±25V 
.... ±25V 

Digital Input Voltage (pins 1-11) to DGND .. -O.3V,Voo 

Operating Temperature Range 
Commercial Plastic ON, KN versions) 
Industrial Ceramic (AD, BD versions) 
Extended Ceramic (SD, TD versions) 

Storage Temperature ......... . 
Lead Temperature (Soldering, 10secs) . 

... 0 to +70°C 
- 25°C to + 85°C 

- 55°C to + 125°C 
-65°C to + 150°C 
. .... +300°C 

VPINI5, VPIN1~' to DGND ........... . 
AGND to DGND . . . . . . . . 
Power Dissipation (Any Package) 

To +75"C ..... . 
Derates above + 75°C . 

-0.3V, Voo 
-0.3V, Voo 

450mW 
6mWI"C 

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

CAUTlON:-------------------------------------------------
ESD (ElectrO-Static-Discharge) sensitive device. The digital control inputs are zener protected; 
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. 

ORDERING INFORMATION 

Relative FuRScale . Temperature Range and Package 
. Accuracy Error Plastic Ceramic Ceramic 

TMINtoTMAli: TMINtoTMAX Oto +1O"C - 2S"C to + SS"C - SS"C to + 12S"C 

±lLSB ±6LSB AD7549JN AD7549AD AD7549SD 
±1/2LSB ±3LSB AD7549KN AD1549BD AD7549TD 

WARNING! 0 
~~DEVICE 
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TERMINOLOGY 

. RELATIVE ACCURACY 
Relative accuracy or endpoint nonlinearity is a measure of the 
maximum deviation from a straight line pas~g through the 
endpoints. of the DAC transfer function. It is measured after 
adjusting for zero error and full scale error and is normally 
expressed in Least Significant Bits or as a percentage of full 
scale reading. 

DIFFERENTIAL NONLINEARITY 
Differential nonlinearity is the difference between the measured 
change and the ideallLSB change between any two adjacent 
codes; A specified differential nonlinearity of lLSB max over 
the operating temperature range ensures montonicity. 

FULL-SCALE ERROR 
Full scale error or gain error is a measure of the output error 
between an ideal DAC and the actual device output. Full scale 
error is adjustable to zero. 

OUTPUT CAPACITANCE 
This is the capacitance from IoUTA or loUTS to AGND. 

DIGITAL-TO-ANALOG GLITCH IMPULSE: 
The amount of charge injected into the analog output when the 
inputs change state is called Digital-to-Analog Glitch Impulse. 
This is normally specified as the area of the glitch in either pA
sees or nY-sees depending upon whether the glitch is measured 
as a current or voltage signal. Digital charge injection is measured 
with VREFA and VREFB equal to AGND. 

OUTPUT LEAKAGE CURRENT 
Output Leakage Current is current which appears at IOUTA or 
lours with the DAC registers loaded to all zeros. 

MULTIPLYING FEEDTHROUGH ERROR 
This is the error due to capacitive feedthrough from VREFA to 
IOUTA or VREFB to lours with the DAC registers loaded to all 
zeros. 

CHANNEL-TO-CHANNEL ISOLATION 
Channel-tO-channel Isolation refers to the proportion of input 
signal from one DAC's reference input which appears at the 
output of the otherDAC, expressed as a ratio in dB. 

DIGITAL CROSSTALK 
The glitch impulse transferred to the output of one converter 
due to a change in digital input code to the other converter is 
defined as Digital Crosstalk and is specified in n V-sees. 

MECHANICAL INFORMATION 
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OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm), 

20-PIN CERAMIC DIP (SUFFIX D) 

NOTES: 
1. LEAD NUMBER 1 IDENTIfIED BY DOT OR NOTCH. 
2. LEADS WILL BE EITHER GOLD OR TIN PLATED IN ACCORDANCE 

WITH MIL·M·38510 REQUIREMENTS. 

20-PIN PLASTIC DIP (SUFFIX N) 



PIN 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

FUNCTION 

DB3 
DB2 
DBI 
DBO 
UPD 
A2 
Al 
AO 
CS 
WR 
CLR 
DGND 
VREFB 

RFBB 
IoUI'll 
AGND 
IOUTA 
RFBA 
VREFA 
Voo 

CLR 

0 
0 
1 
0 

0 

0 

0 

0 

0 

0 

0 

0 

DESCRIPI'ION 
Data Bit 3, Data Bit 7 or Data Bit 11 (MSB) 
Data Bit 2, Data Bit 60r Data Bit 10. 
Data Bit I, Data Bit 5 or Data Bit 9. 
Data Bit 0, Data Bit 4 or Data Bit 8. 
Updates DAC Registers from 4-bitinputregisters. DAC A and DAC B both updated simultaneously. 
Address line 2. 
Address line 1. 
Address line O. 
Chip Select Input. Active low. 
Write Input. Active low. 
Clear Input. Active High. Clears all registers. 
Digital Ground. 
Voltage reference inputto DACB. 
Feedback resistor ofDAC B. 
C~t output terminal ofDAC B. 
Analog ground. 
Current output terminal ofDAC A. 
Feedback resistor ofDACA. 
Voltage reference input to DAC A. 
+ I5V supply input. 

tJPI) ~ WI[ A2 Al AO FUNCTION 

X X 1 X X X No data transfer. 
1 1 X X X X No data transfer. 
X X X X X X All registers cleared. 
1 0 1.I 0 0 0 DACA LOW NIBBLE REGISTER 

loaded from Data Bus. 
1 0 1.I 0 0 1 DACA MID NIBBLE REGISTER 

loaded from Data Bus. 
I 0 "1..r 0 I 0 DACA HIGH NmBLE REGISTER 

loaded from Data Bus. 
1 0 "1..r 0 I I DAC A Register loaded from 

Input Registers. 
I 0 "1..r 1 0 0 DACB LOW NIBBLE REGISTER loaded 

from Data Bus. 
1 0 "1..r 1 0 I DAC B MID NmBLE REGISTER loaded 

from Data Bus. 
1 0 "1..r I I 0 DACB HIGH NmBLEREGISTERloaded 

from Data Bus. 
1 0 "l.f' I I 1 DAC B Register loaded from 

Input Registers. 
0 I V X X X DAC A, DAC B Registers updated 

simultaneously from Input Registers . . NOTE: X - Don .Care 
Table I. AD7549 Truth Table 

PIN CONFIGURATION 

• 20 VDD 

AD7549 
TOP VIEW 

(Not to Scalel 

lOUTS 

RFBB 

VREFB 

OGNO 

11 CLR 
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UNIPOLAR BINARY OPERATION 
(2-QUADRANT MULTIPUCATlON) 
Figure 2 shows the circuit diagram for unipolar binary operation. 
With an ac input, the circuit performs 2-qtllldrant multiplication. 
The code table for Figure 2 is given in Table II. 

Operati~nal amplifiers Al and A2 can be in a sirigIe package 
(i.e. AD644) or separate packages (ADS44). Capacitors Cl and 
C2 proVide phase compensation to help prevent overshoot and 
ringing when high speed op-amps are used. 

For zero offset adjustment, the appropriate DAC registe, is 
loaded with all O's and amplifier offset adjusted so that VOUTA 

or VOUTB is at a minimum (Le. ,..12011-V). Full scale trimming 
i~ accomplished by loading the DAC register with all.l's and 
adjusting RI (R3) so that V OurA (V OUTB) = - V IN (4095/4096). 
In fixed reference applications, full scale can also be adjusted by 
olliitting Rl, R2, R3, R4 and trimlliing the reference voltage 
magnitude. 

Figure 2. AD7549 Unipolar Binary Operation 

Binary Number in 
DAC Regiater Analog Output, VaurA 01' VOU'DI 

MSB LSB 

I I 1 1 1 1 1 1 I I I 1 
-VIN(=) 

1000 000'0 0000 (2048) . - VIN 4096 = - 1I2VIN 

0000 0000 0001 -VIN(~) 
0000 0000 0000 OV 

Table il. Unipolar Binary Code Table for Circuit of 
Figure 2 
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BIPOLAR OPERATION 
(4-QUADRANT MULTIPUCATlON) 
The recommended circuit diagram for bipolar operation is shown 
in Figure 3. Offset binary coding is used. 

With the appropriate DAC register loaded to 1000 0000 0000, 
adjust RI (R3) so that VOurA (VOUTB) = OV. Alternatively, Rl, 
R2 (R3, R4) may be olliitted and the ratios of R6, R7 (R9, 10) 
varied for VOUTA (VOUTB) = OV. Full scaletrimlliing can be 
accomplished by adjusting the amplitude of V IN or by varying 
the value of R5 (R8). 

Resistors R5, R6, R7 (R8, R9, RIO) must be ratio matched t~ 
0.01%. When operating over a wide temperature range, it is 
important that the resistors be of the same type so that their 
temperature coefficients matcli. 

The code table for Figure 3 is given in Table III. 

RS,20kU 

R10.20kU 

·CONTROL CIRCUITRY OMmEO FOR CLARITY 

Figure 3. Bipolar Op(Hation (Offset Binary Coding) 

Binary Number in 
DACRegiater Analog Output, VOUTAOI'VOU'DI 

MSB LSB 

1 1 I 1 1 1 1 1 I 1 1 1 (2047) +VIN 2048 

1000 0000 0001 +VIN(2~8) 
1000 0000 0000 OV 

o 1 1 1 1 1.Jl 1 I 1 I -VIN(2~8) 
0000 0000 0000 (2048) -VIN 2048 

Table III. Bipolar Code Table for Offset 'Binary Circuit of 
Figure 3 



APPLICATION HINTS 
Output Offset: CMOS D/A converters in circuits such as Figures 
2 and 3 exhibit a code dependent output resistance which in 
turn can cause a code dependent error voltage at the output of 
the amplifier. The maximum amplitude of this offset, which 
adds to the D/A converter nonlinearity, depends on Vos where 
Vas is the amplifier input offset voltage. To maintain mono
tonic operation, it is recommended that Vas be no greater than 
(25 x l~) (V REF) over the temperature range of operation. Suitable 
op amps are AD644L, AD5l7L and AD544L. The AD5l7L is 
best suited for fIXed reference applications with low bandwidth 
requirements: it has extremely low offset (50jJ. V) and in most 
applications will not require an offset trim. The AD544L has a 
much wider bandwidth and higher slew rate and is recommended 
for multiplying and other applications requiring fast settling. An 
offset trim on the AD544L may be necessary in some circuits. 

Temperature Coefficients: The gain temperature coefficient of 
the AD7549 has a maximum value of 5ppm/"C and typical value 
of Ippm/"C. This corresponds to worst case gain shifts of 2LSBs 
and O.4LSBs respectively over a 100°C temperature range. When 
trim resistors RI(R3) and R2(R4) are used to adjust full scale 
range, the temperature coefficient of RI(R3) and R2(R4) should 
also be taken into account. 

High Frequency Considerations: AD7549 output capacitance 
works in conjunction with the amplifier feedback resistance to 
add a pole to the open loop response. This can cause ringing or 
oscillation. Stability can be restored by adding a phase compen
sation capacitor in parallel with the feedback resistor. 

Feedthrough: The dynamic performance of the AD7549 depends 
upon the gain and phase stability of the output amplifier, together 
with the optimum choice of PC board layout and decoupling 
components. A suggested printed circuit layout for Figure 2 is 
shown in Figure 4 which minimizes feedthrough from VREFA, 

V REFS to the output in multiplying applications. 

PIN1AD7~g 

o 
o 
o 
o 
o 
o 
o 
o 

CDPPER TRACKS ARE ON COMPONENT SIDE 
DGND OF PRINTED CIRCUIT BOARD 

Figure 4. Suggested Layout for AD7549 with AD644 (Dual 
DpAmp) 

AD7549 - 80SSA INTERFACE 
A typical interfllce circuit for the AD7549 and the 8085A micro
processor is given in Figure 5. Only the bottom 4 bits of the 
microprocessor data bus are used. The address decoder provides 
both the CS and UPD signals for the DAC. Address lines AO, 
AI, A2 select one of six DAC Input Registers for accepting 
data. In applications where simultaneous loading of the DACs is 
required then the UPD pin must be used to strobe both DAC 
registers. Otherwise, UPD may be tied high and address lines 
AO-A2, in conjunction with CS and WR signals, will select each 
DAC register separately (see Pin Function Description). 

"LINEAR CIRCUITRY OMITTED FOR CLARITY 

Figure 5. AD7549-BOB5A Interface 

AD7549-~INTERFACE 
Figure 6 shows the AD7549 connected'to the Z80 microprocessor. 
The interface structure is similar to that for the 808SA. 

AIl-A1S ADDRESS BUS 2 J L ~ 
A2-AO 

zao J cs 
MREQ 

1 
ArfE~~E;: [ iTPD 

AD7549* 

ViiR WR 
FROM 

SYSTEM- CLR 
RESET " 

DO-D7 DATA BUS DBIl-DB3 

... 

"LINEAR CIRCUITRY OMITIED FOR CLARITY 

Figure 6. AD7549-ZBO Interface 
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AD7549 - 8048 INTERFACE 
The AD7S49 can be interfaced to the 8048 single component 
microcompu~ Using the circuit of Figure 7. A ~um.number 
of I/O lines are needed. The system is easily expanded by using 
extra pon lines to provide Chip Selects for more AD7S49's. The 
advantage of this interface lies in its simplicity. In either single 
or multiple DAC applications both the software and chip select 
decoding are simplified over what would be required if the 
devices were memory mapped in a conventional manner. 

P2~ DBO 

P21 DBI 

P22 DB2 

P23 DB3 
8048 

~ ~ 
AO AD7549* 

LATCH 
AI 

ALE 
, 

P24 A2 

P25 CLR 

P26 iJiiij 

PROG WR 

.f"CS 
'LINEAR CIRCUITRY OMITTED FOR CLARITY 

Figure 7. AD7549-8048 Interface 
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The combination of 8048 system and AD7549 is psrticularly 
suitable for dedicated control applications. By adding reference 
and output circuitry a complete control system can be configured 
with a minimum number of components. 

AD7549 - MC6809 INTERFACE 
Figure 8 is the interface circuit for the popular MC6809 8-bit 
microprocessor. CS and UPD signals are decoded from the 
&ddress for the simultaneous update facility while the WR pulse 
is provided by inverting the microprocessor clock, E. 

AO·A15 

MC6809 

RJWI---~~ 
01-_'--", 

AD7549* 

01l-07 DATA BUS....-_____ -.1 

"LINEAR CIRCUITRV OMITTED FOR CLARITY 

Figure 8. AD7549-MC6809 Interface 



1IIIIIIII ANALOG 
WDEVICES 

LC2MOS 
Complete, High-Speed 12-Bit ADC·· 

FEATURES 
12-Bit Resolution and Accuracy 
Fast Conversion Time 

AD7572XX05: 5~s 
AD7572XX12: 12.5~ 

Complete with On-Chip Reference 
Fast Bus Access Time: 90ns 
Low Power: 135mW 
Small. 0.3". 24-pin Package 

GENERAL DESCRIPTION 
The AD7572 is a complete, 12-bit ADC that offers high-speed 
performance combined with low, CMOS power levels. The 
AD7572 uses an accurate, high-speed DAC and comparator in a 
successive-approximation loop to achieve a fast conversion time. 
An on-chip, buried zener diode provides a stable reference 
voltage to give low drift performance over the full temperature 
range and the specified accuracy is achieved without any user . 
trims. An on-chip clock circuit is provided, which may be used 
with a crystal for stand-alone operation, or the clock input may 
be driven from an external clock source such as a divided-down 
microprocessor clock. The only other external components re
quired for basic operation of the AD7572 are decoupling capacitors 
for the supply voltages and reference output. 

The AD7572 has a high-speed digital interface with three-state 
data outputs and can operate under the control of standard 
microprocessor Read (RD) and decoded address (CS) signals. 
Interface timing is sufficiently fast to allow the AD7572 to operate 
with most popular microprocessors, with three-state enable 
times of only 90ns and bus relinquish times of 75ns. 

The AD7572 is fabricated in Analog Devices Linear Compatible 
CMOS process (LC2MOS), an advanced, all ion-implanted 
process that combines fast CMOS logic and linear, bipolar circuits 
on a single chip, thus achieving excellent linear performance 
while still retaining low CMOS power levels. 

The A,D7572 is packaged in a 0.3", 24-pin DIP and is also available 
in 28-pin leadless ceramic chip carrier (LCC). 

This four-page data summary contaiDs key specifications to speed your selec
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office. 

AD7572 I 
AD7572 FUNCTIONAL BLOCK DIAGRAM 

AGND V REf AIN 

011 08 D4 DGND 03111 D0J8 

PRODUCT HIGHLIGHTS 
1. Fast, 5",s and 12.5",s conversion times make the AD7572 

ideal for a wide range of applications in telecommunications, 
sonar and radar signal processing or any wideband data 
acquisition system. 

2. On-chip buried-zener reference has temperature coefficient as 
low as 25ppml"C, giving low full-scale drift over the operating 
temperature range. 

3. Stable DAC and comparator give excellent linearity and low 
zero error over the full temperature range. 

4. Fast, easy-to-use digital interface has three-state bus access 
times of 90ns and bus relinquIsh times of 75ns, allowing the 
AD7572 to interface to most popular microprocessors. 

5. LC2MOS circuitry gives low power drain (135mW) from 
+ 5, -15 volt supplies. 

6. 24-pin 0.3" package offers space saving over parts in 28-pin 
0.6" DIP. 
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SPECIFICATIONS (VIII = 5V ·:t5%, Vss = -15V :t5%, feu(, 2.5MHz for AD7572XX05, lMliz for AD7572XX12. 
AD Specifications Tn 10 T .... IHIless otherwise noted.. Specifications apply 10 Slow MaIiJory Moda~ 

AD7S72JN1 

AD7S72AQ 
Parameter AD7S72SQ 

ACCURACY 
Resolution 12 
Integral Nonlinearity ±1 
Differential Nonlinearity ±1 

Minimum Resolution for which no 
Missing Codes are guaranteed 12 

Offset Error@ + 25°C ±4 
T_toTmax ±8 

FuJI Scale (FS) Error @ + 25°C ±15 

FuJI Scale TC3,4 45 

ANALOG INPUT 
Input Voltage Range Oto +5 
Input Current 3.5 

INTERNAL REFERENCE VOLTAGE 
VREFOutput@ + 25°C -5.2/-5.3 
VREPOutputTC 40 
Output Current Sink Capability 500 

POWER SUPPLY REJECTION 
VooOuly ±112 

VssOnIy ±1I2 

LOGIC INPUTS 
CS,RD,HBEN,CLKIN 

V1NL,InputLowVoltage +0.8 
VINH, Input High Voltage +2.4 
CIN,s Input Capacitance 10 

CS,RD,HBEN 
lIN, Input Current ±10 

CLKIN' 
lIN, Input Current , ±20 

LOGIC OUTPUTS 
DIl-DO/8,BUSY,CLKOUT, 

VOL, Output Low Voltage +0.4 
VOL, Output High Voltage +4.0 

Floating State Leakage Current 
DIl-DO/8 ±10 

Floating State Output Capacitance' 15 

CONVERSION TIME 
AD7572XX05 

Synchronous Clock 5 
Asynchronous Clock 4.8/5.2 

AD7572XXI2 
Synchronous Clock 12.5 
Asynchronous Clock 12/13 

POWER REQUIREMENTS 
Voo +5 
Vss -15 
100• 7 
Iss· 12 
Power Dissipation 135 

215 

NOTES 
'Temperature range as follows: AD7572JN, KN, LN; 0 to + 7fY'C. 

AD7S72AQ, BQ, CQ; - 2S'C to + 8S'C. 
AD7S72SQ, TQ, UQ; - SS'C to + 125°C. 

2Inc1udes internal voltage reference error. 

AD7S72KN 
AD7S72BQ 
AD7S72TQ 

12 
±1 
±I 

12 
±3 
±6 
±10 

25 

Oto +5 
3.5 

-5.21-5.3 
20 
500 

±1/2 

±1I2 

+0.8 
+2.4 
10 

±10 

±20 

+0.4 
+4.0 

±IO 
15 

5 
4.8/5.2 

12.5 
12/13 

+5 
-15 
7 
12 
135 
215 

3FuU Sca1eTC ""' AFS/AT, where AFS is Full Scale change from TA = + 2S"C to T minorT max:' 
4Includes internal voltage reference drift, . 
sSample tested to ensure compliance. _ _ __ 
6Power supply current is measured when AD7S72 is inactive) i.e.,CS = RD= BUSY = HIGH. 
Specifications subject to change without notice, 
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AD7S72LN 
AD7S72CQ 
AD7S72UQ Units Test COl;ditionslComments 

12 Bits 
±1/2 LSBmax 
±1 LSBmax 

12 Bits 
±2 LSBmax 
±4 LSBmax Typical Change over Temp is ±2LSBs 
±10 LSBmax Voo=5V;Vss= -15V;FS=5V 

Ideal Last Code Transition = FS - 312LSBs 
25 ppmfOCmax 

Oto +5 Volts For bipolar operation, refer to Figures 10 & 
3.5 rnA max 120ffullI2-pagedatasheet. 

-5.2/-5.3 V minIV max -5.25V±I% 
20 ppmfOCtyp 
500 pAmax (External Load Should Not Change 

During Conversion) 

±1I2 LSBtyp FSChange, Vss= -15V 
Voo= +4.75Vto +5.25V 

±1/2 LSBtyp FSChange, Voo=5V 
Vss = -14.25Vto -15.75V 

+0.8 V max Voo= 5V±5% 
+2.4 Vntin 
10 pFmax 

±IO ,.A max VIN = OtoVoo 

±20 fl.Amax VIN=OtoVoo 

+0.4 V max ISINK = J.6rnA 
+4.0 V min ISOURCE = 200fl.A 

±10 fl.Amax 
15 pFmax 

5 fl.smax fCLK = 2.5MHz. See Under 
4.8/5.2 fl.sminimax Control Inputs Synchronization 

12.5 fl.smax fCLK = 1MHz 
12/13 fl..ntinimax 

+5 V NOM ± 5% for Specified Performance 
-15 V NOM ± 5% for Specified Performance 
7 rnA max CS = RD= Voo,AIN=SV 
12 rnA max ',CS = RD= Voo,AIN=5V 
135 mWtyp 
215 mWmax 



TIMING CHARACTERISTlCS1 NOD = 5V, Vss -5V) 

Limit at + 25°C Limit at T min, T max Limit at T min, T max 

Parameter (All Grades) cr, K, r., A, B, C Grades) (S, T, UGrades) Units Conditions/Comments 

tl 0 0 0 nsmin CS to RD Setup Time 
t2 190 230 270 nsmax RD to BUSY Propagation Delay 
tl 90 IlO 120 nsmax Data Access Time after RD, CL = 20pF 

125 150 170 nsmax Data Access Time after RD, CL = l00pF 
4 t3 t3 t3 nsmin RD Pulse Width 
t5 0 0 0 nsmin CS to RD Hold Time 
t62 70 90 100 nsmax Data Setup Time after BUSY 
tl 20 20 20 nsmin Bus Relinquish Time 

75 85 90 nsmax 
t8 0 0 0 nsmin HBEN to RD Setup Time 
t9 0 0 0 nsmin HBEN to RD Hold Time 
tlO 500 500 500 nsmin Delay Between Successive 

Read Operations 

NOTES 
'Timing Specifications are ssmple tested at + 25"<: to ensure compliance. All input control signals are specified with 
tr = tf = 5ns (10% to 90% of + SV)and timed from a voltage level of 1.6V. 

2t , and It; are measured with the load circuits of Figure I and defined as the time required foran 
·output to cross O.8V or 2.4V. 
't, is defined as the time required for the data lines to change O.5V when loaded with the circuits of Figure 2. 
Specifications subject to change without notice. 

DBNo---.-------~--~ 

a. High-Z to VOH (t3 ) 

and VOL to VOH (t6) 

J3kH 
DBN~ 

CL 

~DGND 
b. High-Z to VOL (t3 ) 

and VOH to VOL (t6 ) 

Figure 1. Load Circuits for Access Time 

DBNo---.-------~--~ 

a. VOH to High-Z 

J3k!l 
DBN~ 

10pF 

~DGND 
b. VOL to High-Z 

Figure 2. Load Circuits for Output Float Delay 

ABSOLUTE MAXIMUM RATINGS· 
(TA = + 25"<: unless otherwise noted) 

VDDto DGND . 
Vss to DGND .. 
AGND to DGND 
AINtoAGND . 
Digital Input Voltage to DGND 

(Pins 17, 19--21 ...... . 
Digital Output Voltage to DGND 

(Pins 4-11, 13-16, 18,22 . 
Operating Temperature Range 

IN, KN,LN 
AQ,BQ,CQ .. . 
SQ, TQ, UQ .. . 

Storage Temperature 

· .. -O.3V to +7V 
· .. +0.3V to -17V 
-0.3V, VDD + O.3V 

· . . -15V to + 15V 

-0.3V, VDD +0.3V 

-O.3V, VDD +0.3V 

... 0 to +7irC 
- 25°C to + 85°C 

- 55°C to + 125°C 
- 65°C to + 150°C 

Power Dissipation (Any Package) to + 75°C 
Derates above + 75°C by .. . . . . . . . . 

I,OOOmW 
10mWrc 

·Suess above those listed under UAbsolute 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 condition above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for ex
tended periods may affect device reliability. 

CAUTION: ______________________________________________ __ 

ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are diode protected; 
however, permanent damage may occur on unconnected devices SUbjected to high energy electrosta
tic fields. Unused devices must be stored in conductive foam or shunts. The foam should be dis
charged to the destination socket before devices are removed. 

WARNING! 0 
~~DEVICE 
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ORDERING INFORMATION1,2 

CONVERSION TIME = 511-s 

Temperature Raoge and Packace 
IntepaI Hermetic' Hermetic' 
NoDlinearity Plastic -25'Cto -55'Cto 

FuliScaleTC T .... IoT .... 010 +7O'C +85'C +125'C 

45ppmI'C ±l AD7572jN05 AD7572AQ05 AD7572SQ05 
2SppmJ'C ±l AD7S72KNOS AD7S72BQOS AD7S72TQOS 
2SppmI'C ±1/2 AD7S72LN05 AD7S72CQ05 AD7572UQ05 

NOTES . 
ITo onler military standard 883B REV. C processed parts, add 1883B to·part number. 
Contact your local sales offIce for military data sheet. 

2Lead1ess Ceramic Chlp Carner versions are available. To order~ replace Q with E. 
3 Analog Devices reserves ~ right to ship either cera'mic or cerdip hermetic packages. 

CONVERSION TIME = 12.511-8 

TemperallUe Raoge and Packace 

Intepal Hermetic' Hermetic:' 
NoDlinearity Plastic -2S'Cto -SS'Cto 

Full Sca1eTC T ... to T ..... 010 +7O'C +85'C +12S'C 

4SppmJ'C ±l AD7S72JN12 AD7572AQ12 AD7S72SQ12 
2SppmI'C ±l AD7572KN12 AD7S72BQ12 AD7S72TQ12 
2SppmI'C ±112 AD7572LN12 AD7572CQ12 AD7572UQ12 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

24-PIN PLASTIC (SUFFIX N) 

~ ~ ~ ~ ~ : ~ ~ ~ : ~ ~ !§f= I 1228(3119) I 
• 1226!31 '41--...l. 

012813251 
SEAT&NG_ _ _ _ _ _ _ _ _ _ _ _ ---r ~

013013301 

PlANE ~I-- ~.t-- j L '-I 
0.02(0.5) 0.1112.791 0.0711.78) 

0.016(0.411 0.0912.28} 0.05{'.271 

NOTES 
1. LEAD NO.1 IDfNTIFIEo BY DOT OR NOTCH. 

2. PLASTIC LEADS WILL BE EITHER SOLDER DtPf"ED OR TIN/LEAD 
PLATED IN ACCORDANCE WITH MIL-M-38510 REQUIREMENTS. 

24-PIN CERDIP (SUFFIX Q) 

f::::::::::: l~ I· 1290132771MAX ·1--1. 
.J;;~ 0180 (5715) (45721 x..: :::!:-;x s= I:.~:I - - - - - - - - - -I L- ;:f,Z18\ 19-9:i~.~=1 
~ ...f 0020(0508/ . TIP 

• ;1:".,31 '~'I' t! 2.OlliLillJ --I . 
OO'~Op.38l1 0090Tl p2861 0055113971 If 

NOTES 
1. LEAD NO.1 IDENTIFIED BY DOT OR NOTCH. 

2. CERDIP LEADS WILL BE EITHER TIN PLATED OR SOLDER DIPPED 
IN ACCORDANCE WrrH MIL·M·38510 REQUIREMENTS. 
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24-PIN CERAMIC (SUFFIX Q) 

[I::::I]~ I. 1.200:1:0.012 -I ~~-I __ ~~::::_F1"''''''S!~1 
PlANE 0.175 j L {2.t6;1::0.23/ 

(4.45/ 

,- -01 t-- ~ I-- -011--
~~0.05(1.271 
10.46 :!:0.051 12.54 :1:0.131 TVP 

TV. 

1o-----(~W4:00?,03~ -----..j 
TOl NONACCUM 

NOTES 
1. LEAD NO.1 IDENTIFIED BY DOT OR NOTCH. 

2. CERAMIC DIP L£ADS WILL BE EITHER GOLD OR TIN PLATED IN 
ACCORDANCE WITH MlL·M·38510 REQUIREMENTS. 

3. METAL UD IS CONNECTED TO DGND 

28-TERMINAL LEADLESS CHIP CARRIER 

0.070 :!:0.OO7 
(1.78 :!:G.111 

.L! 
'-~, 

0.011 :1:0.002 
{0.280:!:0.05/ 

0.010 ~~::~~ 
(0.25~::~l 



r.ANALOG 
WDEVICES 

FEATURES 
Fut Conversion Time: 5p.s 
On-Chip Track/Hold 
Low Total Unadjusted Error: 1LSB 
Full Power Signal Bandwidth: 50kHz 
Single + 5VSupply 
100ns Data Accus Time 
Low Powerl15mW typl 
Low Cost 
Small Package 

GENERAL DESCRIPTION 
The AD7575 is a high-speed 8-bit ADC with a built-in tracklhold 
function. The successive approximation conversion technique is 
used to achieve a fast conversion time of 5j1.s, while the built-in 
tracklhold allows full-scale signals up to 50kHz (386m VI j1.S slew 
rate) to be digitized. The AD7575 requires only a single + 5V 
supply and a low-cost, 1.23V bandgap reference in order to 
convert an input signal range of 0 to 2VREF• 

The AD7575 is designed for easy interfacing to all popular 8-bit 
microprocessors using standard microprocessor cOlJtrol signals 
(CS and RD) to control starting of the conversion and reading 
of the data. The interface logic allows the AD7575 to be easily 
configured as a memory mapped device and the part can be 
interfaced as SLOW-MEMORY or ROM. All data outputs of 
the AD7575 are latched and three-state buffered to allow direct 
connection to a microprocessor data bus or 110 port. 

The AD7575 is fabricated in an advanced, all ion-implanted 
high speed Linear Compatible CMOS (LC2MOS) process and is 
packaged in a small, 0.3" wide, 18-pin DIP. 

PRODUCT HIGHLIGHTS 
1. Fast Conversion TimelLow Power 

The fast, 5j1.s conversion time of the AD7575 makes it suitable 
for digitizing wideband signals at audio and ultrasonic fre
quencies, while retaining the advantage of low CMOS power 
consumption. 

2. On-Chip TracklHold 
The on-chip tracklhold function is completely self-contained 
and requires no external hold capacitor. Signals with slew 
rates up to 386mV/j1.s (e.g., 2.46V peak-to-peak 50kHz sine 
waves) can be digitized with full accuracy. 

LC2MOS 
5JLs a-Bit ADC with Track/Hold 

AD7575 I 
AD7575 FUNCTIONAL BLOCK DIAGRAM 

v~ 

3. Low Total Unadjusted Error 
The zero, full-scale and linearity errors of the AD7575 are so 
low that the total unadjusted error at any point on the transfer 
function is less than ILSB and offset' and gain adjustments 
are not required. 

4. Single Supply Operation 
Operation from a single + 5V supply with a low-cost + 1.23V 
bandgap reference allows the AD7575 to be used in 5V 
microprocessor systems without any additional power 
supplies. 

5. Fast Digital Interface 
Fast interface timing allows the AD7575 to interface easily to 
the fast versions of most popular microprocessors such as the 
Z80H, 8085A-2, 6502B, 68B09 and the DSP processor, the 
TMS3201O. 
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SPECIFICATIONS tv .. = + 5Y; Y.= + 1.23Y; MND = DGIII = OY; fm =Qllzllfllmal; 
AI speciIicatioIlS T .. to T ... unless otIawise noIIId.} . 

~7S7SJN' ~7S7SKN 
·PaiameIer ~S7SAQ ~S7SBQ ~7S7SSQ ~S7STQ Vails CoaditioasiCollUllellls 

AcctJR.\CY 
Resolution 8 8 8 Bits 
Total Unadjusted Error ±2 ±I ±2 ±I LSBmax 
Relative Accuracy ±I ±~ ±I ±~ LSBmu: 
Miuimum Resolution for which 

No Missing Codes is Guaranteed 8 8 8 8 Bitsmu: 
Full Scale Error 

25'C ±I ±I ±I ±I LSBmax Full Scale TC is typically 5ppmI'C 
T_toT .... ±I ±I ±I ±I LSBmax 

Offset Error' 
25'C ±~ ±~ ±~ ±~ LSBmu: Offset TC is typically 5ppmI'C 
T_toT ... ±~ ±~ ±~ ±~ LSBmu: 

ANALOG INPUT 
Voitase RIDge Oto2VRBP Oto2VRBP Oto2VRBP Oto2VRBP Volts ILSB-2V~256;SccFiJurcI6 
DC Input Impedance 10 10 10 10 MODlin 
Slew Rate, Trackiq 0.386 0.386 0.386 0.386 V/ .... mu: 
SNR' 45 45 45 45 dB min VIN-2.46Vp-p@10kHz;SccFiJurc11 

REFERENCE INPUT 
VRBP(For spcciflCCi Performance) 1.23 1.23 1.23 1.23 Volts ±5% 
IRBP SOO 500 500 500 ... Amu: 

LOGIC INPUTS es,m 
VlNL,Input LowVoItase 0.8 0.8 0.8 0.8 Vmu: 
VINH, Input Hish Voltage 2.4 2.4 2.4 2.4 V min 
lIN, Input Current 
25'C ±I :1:1 ±I ±I ."A max VIN=OorVoo 
T_toT ... :1:10 :1:10 :1:10 :1:10 ... Amax VIN-OorVoo 

Cm. Input Capacitance' 10 10 10 10 pFmu: 

CLK 
V1NL, Input Low VoItsge 0.8 0.8 0.8 0.8 V max 
V lNH, Input HiJh Voltase 2.4 2.4 2.4 2.4 V min 
IlNL' Input Low Current 700 700 800 800 ."A max VINL=OV 
I'NH, Input High Current 700 700 800 800 ."A max VINH=VOO 

LOGIC OUTPUTS 
BUS~, DBOto DB7 

VoL,OutputLowVoltage 0.4 0.4 0.4 0.4 V max ISINK=1.6mA 
VOH, Output High Voltase 4.0 4.0 4.0 4.0 V min I80URCE = 4O."A 

DBOto DB7 
F10sting State Lcskage Current ±"1 ±I ±10 ±10 ."A max VOUT=OtoVoo 
Flaating State Output Capacitance' 10 10 10 10 pFmax 

CONVERSIONTIME4 

With External Clock 5 5 5 5 .... fcLK= 4MHz 
With Intema1 Clock, T A = 25"C 5 5 5 5 .... min Using recommended clock 

IS 15 IS 15 ... smax come!!nent. shown in Fi!!!!fC 15 . 

POWER REQUIREMENTS' 
Voo +5 +5 +5 +5 Volts ± 5% for Specified Perfqrmance 
100 6 6 7 7 mAmax Typically 3mA with V nn = + 5V 
Power Dissipation 15 15 IS 15 mWtyp 
Power Supply Rejection ::tV. ±Y4 ±.'A ::tV. LSBmax 4.75V:$Voo:$5.25V 

NOTES 
ITempe:rarure Ranges are as foUows: 

AD757S)N, KN 010 +7O"C 
AD7S7SAQ, BQ - ZS-C to + 8S-C 
AD7S7SSQ, TQ - SS'C to + lZS'C 

zOffICt error is measured with respect to an ideal fll'St code transition which OCCUR at li2LSB. 
3Sample tesled at 2S~ to ensUlC compliance. 
4Accuracy may dcpade at conversion times other [ban those specifIed. 
5Powcr supply current is measured when AD157S is inactive i.e:. when CS= RD= BUSY = logic HIGH. 

Specifications subiect to change without notice. 
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TIMING SPECIFICATlONS1 (Yoo= +5V, vREF = +1.23V, AGND=DGND=DVl 

Limit at + 2S"C Limit at Til';'", T IIIIIX Limit at T miD, T max 

Parameter (All Grades) a,K,A,BGrades) (S, TGrades) Units Conditions/Comments 

tl 0 0 0 nsmin CS to RD Setup Time 
t2 100 100 120 nsmax RD to BUSY Propagation Delay 
tl 100 100 120 nsmax Data Access Time after RD 
t4 100 100 120 nsmin RD Pulse Width 
ts 0 0 0 nsmin CS to RD Hold Time 
l{,2 80 80 100 nsmax Data Access Time after BUSY 
tl 10 10 10 nsmin Data Hold Time 

80 80 100 nsmax 
ts 0 0 0 nsmin BUSY to CS Delay 

NOTES I 
'Timing Specifications are sample tested at +25'C to ensure compliance. All input control signals are specified with tr=tf=20ns (10% to 90% of +5V) 
and timed from a voltase level of 1.6V. 

2t, and to are measured with the load circuits of Figure 1 and defmed as the time required for an outpUt to cross O.8V or 2.4V. 
't, is defmed as the time required for the data lines to change O.5V when loaded with the circuits of Figure 2. 
Specifications subject to change without notice. 

Test Circuits 

DBNo---,---~---o 

3kH 

a. High-Z to VOH 

b. High-Z to VOL 

Figure 1. Load Circuits for Data Access Time Test 

_0 i 1 0 
3kH ~ 10pF 

DGND 

a. VOH to High-Z 

+lV
3kH 

. 

DBN~ 
10pF 

~DGND 
b. VOL to High-Z 

Figure 2. Load Circuits for Data Hold Time Test 
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ABSOLUTE MAXIMUM RATINGS· 
VooTOAGND ....••...••• 
VooTODGND ••.•..•.•... 
AGND TO DGND ......•••.••..• 
Digital Input Voltage to DGND (Pins 1,2) ... 
Digital Output Voltage to DGND 

(Pins 4, 6-8, 10-14) ..••.........• 
CLK Input Voltage (Pin S) to DGND ...•. 
VREF to AGND . . . . • • • . . . • . . . ... 
AINTOAGND .••..... 
Operating Temperature Range 

-0.3V, +7V 
-0.3V, +7V, 
-0.3V, Voo 
-0.3V, Voo . 

-0.3V, Voo 
-0.3V, Voo· 
-O.3V, Voo 
-0.3V, Voo 

IN,KN ...........• .• 0 to +70"C 

AQ. BQ • • . . . • • • • • - 25"C to + 85"C 
SQ. TQ • • . • • • . • . • - 55"C to + 125"C 

Storage Temperature Range • - 65"C to + 15O"C 
Lead Temperature (soldering. 10sec) • • • + 3OO"C 
Power Dissipation (Any Package) to +7S"C •.•.• 4SOmW 
Derates above 7S"C by ••.•••••.••••••. 6mWrc 

·S_ above those Iiste4 under "Absolute Maximum Ratings" may 
cause permanent damage t\I the device. This is a stress ratingcmJy and 
functioDal operation of the device at tbcsc or any other conditions above 
those indicated in theoperatioaaJ sections of this spccifkation is DOt 

implied. Exposure t\I absolute maximum rating conditions for extended 
periods may affectdevicc rcliability • 

CAUTION------------------------------------------------
ESD (Electro-Static-Discbarge) sensitive device. The digital control inputs are zener 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 pro
tective foam should be discharged to the destination socket before devices are removed. 

WARNING! 0 
~~OEVICE 

PIN CONFIGURATION 

DB6 

DB5 

DGND 9 

TERMINOLOGY 

AD7575 
TOP VIEW 

(Not to Seale) 

LEAST SIGNIFICANT BIT (LSB) 
An ADC with 8-bits resolution can resolve 1 part in 28 (i.e., 
256) of full scale. For the AD7575 with + 2.46V full scale one 
LSB is 9.6ImV. 

TOTAL UNADJUSTED ERROR 
This is a comprehensive specification which includes full scale 
error, relative accuracy and offset error. 

RELATIVE ACCURACY 
Relative Accurac:y is the deviation of the ADC's actual code 
transition points from a straight line drawn between the devices 
measured first LSB transition point and the measured full scale 
transition point. 

SNR 
Signa1-to-Noise Ratio (SNR) is the ratio of the desired signal to 
the noise produced in the sampled and digitized analog signal. 
SNR is dependent on the number of quantization levels used in 
the digitization process; the more levels. the smaller the quanti
zation noise. The theoretical sm for a sine wave input is given 

by SNR = (6.02N + 1.76)dB 
where N is the number of bits in the ADC. 
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ORDERING INFORMATIONl 

Temperature Range and Paekage 

Relative 
Accuraq Plastic Cerdip' Cerdip2 

(T .... to T..) Oto +7O"C ...,25"Cto +85"C - 55"C to + 125"C 

±lLSB AD7575JN AD7575AQ AD7575SQ 

±~LSB AD7575KN AD7575BQ AD7575TQ 
NOTES , 
'For information regarding 18838 versions, contact your local Analog Devices ..... offICe 
(or military data sheet. 

'Analog Devices resem:s the right to ship ceramic psckages in lieu o( cerdip packages. 

FULL SCALE ERROR (GAIN ERROR) 
The gain of a unipolar ADC is defined as the difference between 
the analog input levels required to produce the first and the last 
digital output code transitions. Gain error is a measure of the 
deviation of the actual span from the ideal span of FS - 2LSB's. 

ANALOG INPUT RANGE 
With VREF= + 1.23V the maximum analog input voltage range 
is 0 to + 2.46V. The output data in LSB's is related to the 
analog input voltage by the integer value of the following 
expression: 

256 AIN 
Data (LSB's) = --- +0.5 

2VREF 

SLEW RATE 
Slew Rate is the rilaximum allowable rate of change of input 
signal such that the digital sample values are not in error. Slew 
Rate limitations may restrict the analog ,signal bandwidth for 
fuR-scale analog signals below the bandwidth allowed from 
sampling theorem considerations. 
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Figure 3. Slow Memory Interface Timing Diagram 

TIMING AND CONTROL OF THE AD7575 
The two logic inputs on the AD7S7S, CS .and RD, control both 
the starting of conversion and the reading of data from the part. 
A conversion is initiated by bringing both these control inputs 
LOW. Two interface options then exist for reading the output 
data from the AD7S7S. These are the Slow Memory Interface 
and ROM Interface and their operation is outlined below. It 
should be noted that the TP pin of the AD7S7S must be hardwired 
HIGH to ensure correct operation of the part. This pin is used 
in testing the device and should not be used as a feedthrough 
pin in double-sided printed circuit boards. 

SLOW MEMORY INTERFACE 
The first interface option is intended for use with microprocessors 
which can be forced into a WAIT STATE for at least S","s (such 
as the 808SA). The microprocessor starts a conversion and is 
halted until the result of the conversion is read from the converter. 
Conversion is initiated by executing a memory READ to the 
AD7575 address bringing CS and RD LOW. BUSY subsequently 
goes LOW (forcing the microprocessor READY input LOW) 
placing the processor into a WAIT state. The input signal, 
which had been tracked by the analog input, is held on the 
third falling. clock edge of the input clock after CS and RD have 
gone LOW (see Figure 12). The AD7S7S then performs a con
version on this acquired input signal value. When the conversion 
is complete (BUSY goes HIGH), the processor completes the 
memory READ and acquires the newly-converted data. The 
timing diagram for this interface is shown in Figure 3. 

AB-A1S 

8085A-2 

so 

.------1 BUSY 
ALE 

D80-DB7 

ADO-AD7 

READV 1---------' -LINEAR CIRCUrrRY OMmED FOR CLARITY 
50=0 FOR READ CYCLES 

Figure 4. AD7575 to B085A-2 Slow Memory Intefface 

The major advantage of this interface is that it allows the micro- I 
processor to start conversion, WAIT and then READ data with 
a single READ instruction. The fast conversion time of the 
AD7S75 ensures that the microprocessor is not placed in a WAIT 
state for an excessive amount of time. 

Faster versions of many processors, including the 808SA-2, test 
the condition of the READY input very soon after the start of 
an instruction cycle. Therefore, BUSY of the AD7S75 must go 
LOW very early in the cycle for the READY input to be effective 
in forcing the processor into a WAIT state. When using the 
808SA-2, the processor SO status signal provides the earliest 
possible indication that a READ operation is about to occur. 
Hence, SO (which is LOW for a READ cycle) provides the 
READ signal to the AD757S. The connection diagram for the 
AD7S75 to 8085A-2 Slow-Memory interface is shown in 
Figure 4. 

ROM INTERFACE 
The alternative interface option on the AD7S7S avoids placing 
the microprocessor into a WAIT state. In this interface, a con
version is started with the first READ instruction and the second 
READ instruction accesses the data and starts a second conversion. 
The timing diagram for this interface is shown in Figure 5. It is 
possible to avoid starting another conversion on the second 
READ (see below). 

Conversion is initiated by executing a memory READ instruction 
to the AD7S7S address causing CS and RD to go LOW. Data is 
also obtained from the AD7575 during this instruction. This is 
old data and may be disregarded if not required. BUSY goes 
LOW indicating that conversion is in progress and returns 
HIGH when conversion is complete. Once again the input signal 
is held on the third falling edge of the input clock after CS and 
RD have gone LOW. 

The BUSY line may be used to generate an interrupt to the 
microprocessor or monitored to indicate that conversion is com
plete. The processor then reads the newly-converted data. Alter
natively, the delay between the convert stan (first READ in
struction) and the data READ (second READ instruction) must 
be at least as great as the AD757S conversion time. For the 
AD7S7S to operate correctly in the ROM interface mode CS 
and RD should not go LOW before BUSY returns IDGH. 

Normally, the second READ instruction starts another conversion 
as well as accessing the output data. HoweVer, if CS and RD 
are brought LOW within one external clock period of BUSY 
going HIGH then a second conversion does not occur. 
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Figure 5. ROM interface Timing Diagram 

Figures 6 and 7 show connection diagrams for interfacing the 
AD7575 in the ROM Interface mode. Figure 6 shows the AD7575 
interface i:o the 6502/6809 microprocessors while the comiection 
diagram for interfacing to the Z·80 is shown in Figure 7. 

As a result of its very fast interface timing the AD7575 can also 
be interfaced to the DSP processor, the TMS32010. The AD7575 
will interface (within specifications) to the TMS32010 running 
at up to 18MHz but will typically work over the full clock frequency 
range of the TMS32010. Figure 8 shows the connection diagram 
for this interface. The_AD7575 is mapped at a pon address. 
Conversion is initiated using an IN A, PA instruction where PA 
is the decoded pon address for the AD7575. The conversion 
result is obtained from the pan using a second IN A, PA instruction 
and the resultant data is placed in the TMS32010 accumulator. 

In many applications it is impottant that the signal sampling 
occUrs at exactly equal intervals to minimize errors due to sampling 
uncertainty or jitter. The interfaces outlined previously require 
that for sampling at equi·distant intervals the user must count 
clock cycles or match software delays. This is especially difficult 
in interrupt driven systems whereuncenaioty in interrupt servicing 
delays would require that the AD7575 would have to have priority 
interrupt status and even then redundant software delays may 
be necessary to equalize loop delays. 

This problem can be overcome by using a real time clock to 
control the staning of conversion. This can be derived from the 
clock source used to drive the AD7575 CLK pin. Sfuce the 
sampling instant occurs three clock cycles after CS and RD go 
LOW then the input signal sampling intervals are equi-distant. 
The resultant data is placed in a FIFO latch which can be accessed 
by the microprocessor at its own rate whenever it requires the 
data. This ensures that data is not READ from the AD7575 
during a conversion. If a data READ is performed during a 
conversion, valid data from the previous conversion will be 
ac~essed but the conversion in progress may be interfered with 
and an incorrect result is likely. 

If CS and RD go LOW within 20ns of a falling clock edge the 
AP7575 mayor may not see that falling edge as the first of the 
three falling clock edges to the sampling instant. In this case the 
sampling instant could vary by one clock period. If it is impottant 
to know the exact sampling instant, CS and RD sl;!.ould not go 
LOW within 20ns of a falling clock edge. 
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Figure 6. AD7575 to 650216809 ROM Interface 
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Figure 7. AD7575 to Z-80 ROM Interface 

PAZ 
ADDRESS BUS ~ 

PAO 

J ~ +L'... TMS32010 

lEN ~&~e:: L 
TP 

MEN cs 
AD757S4 

iiEiii AD 

I 
DB7 

t DBS 

D7. 
DATA BUS S 

DO 

-LINEAR CIRCUITRY OMlnED FOR CLARITY 

Figure 8. AD7575 to TMS32010 ROM Interface 



A SAMPLED·DATA INPUT 
The AD7575 makes use of a sampled-data comparator. The 
equivalent input circuit is shown in Figure 9. When a conversion 
starts, switch SI is closed and the equivalent input capacitance 
is charged to V IN. With a switch resistance of typically soon 
and an input capacitance of typically 2pF the input time constant 
is Ins. Thus CIN becomes charged to within ± 1I4LSB in 6.9 
time constants or about 7ns. Since the AD7575 requires two 
input clock cycles (at a clock frequency of 4MHz) before going 
into the compare mode, there is ample time for the input voltage 
to settle before the first comparator decision is made. Increasing 
the source resistance increases the settling time required. Input 
bypass capacitors placed directly at the analog input act to average 
the input charging currents. The average current flowing through 
any source impedance can cause full·scale errors. 

SI 

V'N OO-cs-I_-R_oN<\j:..",~ .... O_U_ ... ..,.Aoo---"l 

O.5P,F ¢ 2pF ~ 

Figure 9. AD7575 Equivalent Input Circuit 

REFERENCE INPUT 
The reference input impedance on the AD7575 is code dependent 
and varies by a ratio of approximately 3-to-l over the digital 
code range. The typical resistance range is from 6k!l to 18k!l. 
As a result of the code dependent input impedance, the VREF 

input must be driven from a low impedance source. Figure 10 
shows how an AD589 can be configured to produce a nominal 
reference voltage of + 1.23V. 

+5V 

3.3kU 

1.23V 

+ 
AD589 

Figure 10. Reference Circuit 

TRACK-AND·HOLD 
The on-chip track-and-hold on the AD7575 means that input 
signals with slew rates up to 386mV/fl.s can be converted without 
error. This corresponds to an input signal bandwidth of 50kHz 
for a 2.46V peak-to-peak sine wave. Figure 11 shows a typical 
plot of signal-to-noise ratio versus input frequency, over the 
input bandwidth of the AD7575. The SNR figures are generated 
using a 200kHz sampling frequency and the reconstructed sine 
wave passes through II filter with a cutoff frequency of 50kHz. 

The improvement in the SNR figures seen at the higher frequencies 
is due to the sharp cut -off of the filter (50kHz, 8th order Chebyshev) 
used in the test circuit. 

Analog Circuitry 
40 

42 

44 
T= 25"C 

46 
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Figure 11. SNR vs. Input Frequency 

The input signal is held on the third falling edge of the input 
clock after CS and RD go LOW. This is indicated in Figure 12 
for the Slow Memory Interface. In between conversions the 
input signal is tracked by the AD7575 track-lind-hold. Since the 
sampled signal is held on a small, on-chip capacitor it is advis
able that the data bus be kept as quiet as possible during a 
conversion. 

~~~----~--~sss----~ 

~~~--------~S~5----~ 
8uSYIL...-__ ~S'~ 

INPUT SIGNAL 
HELD HERE 

Figure 12a. Track-and-Hold (Slow Memory Interface) with 
External Clock 

~I 

~I 

BUSY I 
INTeRNAL 

CLOCK 

INPUT SIGNAL 
HELD HERE 

ss 

ss 

SS 

r--
r--

Figure 12b. Track-and-Hold (Slow Memory Interface) with 
Internal Clock 
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INTERNALlEXTERNAL CLOCK 
The AD7575 can be used with either its own internal clock or 
with an externally applied clock. In either case, the clock signal 
appearing at the CLK pin is divided internally by two to provide 
an internal clock signal for the AD7575. A single conversion 
lasts for 20 input clock cycles (10 internal clock cycles). 

INTERNAL CLOCK 
Clock pulses are generated by the action of the external capacitor 
(CcLIV charging through an external resistor (RcLIV and dis
charging through an internal switch. When a conversion is 
complete, the internal clock stops operating. In addition to 
conversion, the internal clock also controls the automatic internal 
reset of the SAR. This reset occurs at the start of each conversion 
cycle during the flrst internal clock pulse. 

Nominal conversion times versus temperature for the recom
mended RcLK and CcLK combination are shown in Figure 13. 
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I 12 

~ 11 
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V" 

--~ --~ --
RCLK = 100kH 
CCLK = 100pF -

I t 

-55 -25 +25 +50 +75 +100 +125 

AMBIENT TEMPERATURE _ °c 

Figure 13. Typical Conversion Times vs. Temperature 
Using Internal Clock 

The internal clock is useful in that it provides a convenient 
clock source for the AD7575. Due to process variations, the 
actual operating frequency for this RcLIdCCLK combination can 
vary from device to device by up to ± 50%. For this reason it is 
recommended that an external clock be used in the following 
situations; 

1. Applications reqniring a conversion time which is within 
50% of 5 .... s, the minimum conversion time for specifled 
accuracy. A clock frequency of 4MHz at the CLK pin gives 
a conversion time of 5 .... s. 

2. Applications where time related software constraints cannot 
accommodate time differences which may occur due to unit 
to unit clock frequency variations or temperature. 
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EXTERNAL CLOCK 
The CLK input of the AD7575 may be driven directly from 
74HC, 4000B series buffers (such as 4049) or from LS TTL 
with a 5.6kO pull-up resistor. When conversion is complete, the 
internal clock is disabled even if the external clock is still applied. 
This means that the external clock can continue to run between 
conversions without being disabled. The mark/space ratio of the 
external clock can vary from 70/30 to 30/70. 

The AD7575 is specifled for operation at a 5 .... s conversion rate 
with a 4MHz input clock frequency. If the part is operated at 
slower clock frequencies, it may result in slightly degraded 
accuracy performance from the part. This is a result of leakage 
effects on the hold capacitor. Figure 14 shows a typical plot of 
accuracy versus conversion time for the AD7575. 
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2.0 
T=25'C 
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1.0 

tDT5K~1 

1 II 
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Figure 14. Accuracy vs. Conversion Time 



UNIPOLAR OPERATION 
The basic operation for the AD7575 is in the unipolar single 
supply mode. Figure 15 shows the circuit connections to achieve 
this while the nominal transfer characteristic for unipolar operation 
is given in Figure 16. Since the offset and full-scale errors on 
the AD7575 are very small, in many cases it will not be necessary 
to adjust out these errors. If calibration is required the procedure 
is as follows: 

Offset Adjust 
Offset error adjustment in single-supply systems is easily achievable 
by means of the offset null facility of an op-amp when used as a 
voltage follower for the analog input signal, AIN. The op-amp 
chosen should be able to operate from a single supply and allow 
a common-mode input voltage range tbat includes OV (e.g., 
TLC271). To adjust for zero offset the input signal source is set 
to +4.8mV (i.e., 1I2LSB) while the op-amp offset is varied 
until the ADC output code flickers between 000 ... 00 and 
000 ... 01. 

Full Scale Adjust 
The full scale or gain adjustment is made by forcing the analog 
input AIN to +2.445V (i.e., Full-Scale Voltage -3/2LSB). 
The magnitude of the reference voltage is then adjusted until 
the ADC output code flickers between III ... 10 and 
III ... 11. 

AD589 

+5V 

+5V - .... ---1-----, 

+5V 

RCLk ' 
100kU,1% 

DB7~DBO 

DATA OUT 

Figure 15. AD7575 Unipolar Configuration 
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Figure 16. Nominal Transfer Characteristic for 
Unipolar Operation 

Unipolar/Bipolar. Considerations 
BIPOLAR OPERATION 
The circuit of Figure 17 shows how the AD7575 can be configured 
for bipolar operation. The output code provided by the AD7575 
is offset binary. The analog input voltage range is ±2.46V, 
although the voltage appearing at the AIN pin of the AD7575 is 
in the range OV to + 2.46V. Figure 18 shows the transfer function 
for bipolar operation. The LSB size is now 19.22mV. Calibration 
of the bipolar operation is outlined below. Once again, because 
the errors are small it may not be necessary to adjust them. To 
maintain specified performance without the calibration all resistors 
should be 0.1% tolerance with R4 and R5 replaced by one !OleO 
resistor and R2 and R3 replaced by one 1kO resistor. 

Offset Adjust 
Offset error adjustment is achieved by applying an analog input 
voltage of + 2.43V ( + FS - 3/2LSB). Resistor R5 is then adjusted 
until the output code flickers between III ... 10 and 
11l ... 11. 

Full Scale Adjust 
Full scale or gain adjustment is made by applying an analog 
input voltage of - 2.45V (- FS + 1I2LSB). Resistor R3 is then 
adjusted until the output code flickers between 000 . . . 00 and 
000 .•. 01. 

+5V'-4---t-------, +.v 
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100kH.1% 
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Figure 17. AD7575 Bipolar Configuration 
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Figure 18. Nominal Transfer Characteristic for 
Bipolar Operation 
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APPLICATION IUNTS 
1. NOISE: Both the: input sigoalleadto AIN,and the: sigoal 

return lead from AGND should be: ke:pt as shon as possible: 
to minimize: input-noise: coupling. In applications whc:rc: this 
is not possible:, either a shielded cable: or a twisted pair trans
mission linc: be:tw'c:c:n source: and ADC is recommended. 
Also, since: any. potential diffe:rence: in grounds· bc:twc:c:n the: 
sigoal source: and ADC appears as an error voltage in aeries 
with the: input sigoal, attention should be: paid to reducing 
the: ground circuit impedance: as much as possible:. In gene:ral, 
the: source:rc:sistance: should be: kept be:low 2kO, Larger 
values of source: resistance: can cauac: undesired system noise: 
pickup. 

2. PROPER LAYOUT: Layout foJ," a printed circuit board 
should en~urc: that digital and analog lines arc: kept ac:paratc:d 
as much as possible:. In particubir, care: should be: taken not 
to run any digital tiack alongside: an analog sigoal track. 
Both the: analog input and the: rc:fc:rc:nce:. input should be: 
scrc:c:ned by AGND .• A single: point analog ground which is 
aeparate from the: logic system ground should be: established 
at or ncar the: AD7575. This single: point analog ground 
subsystem should be: connc:ctc:d to the: digital system ground 
by a single-track connection only. Any rc:fc:rc:ncc: bypass 
capacitors, analog input filter capacitors or input sigoal shield
ing should be: returned to the: analog ground point. 

MECHANICAL INFORMATION 
OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 

IS-PIN PLASTIC DIP (SUFFIX N) IS-PIN CERDIP (SUFFIX Q) IS-PIN CERAMIC 

c:::::::[~~ c:::::]!= [I~~~I~ [~~, 
I V V V 0.91 (23.12) V V V I I. U1(Z3.12} .. I 

L J..--- D.ii"iii.&ii -----t r---0.950 (24.131 MAX---1 0.89122.811 

~ -"-~] LlJW 0.1814.581 . ~ :"Ultm: 0.17 (4.32) 
MAX ~.l. .,. MAX ~ 

Till 0.175' .... '.- U U To .- Ill· 0.175( .... ' . -l ~ om;:;5i I ..i ~ I.: D.iii1iTai 

0 .... " ... ' 0:11:., ;i"fT -l ~ --l~ g.m,i.m:·175 ~ .~~, 0.'05'.':- • 
o:o:i5"i1.i5i 0.015 (0.381) ~ ~:m f~:=l O~:5IrO~~1 .. 0.04 11,021 0,015 (0.381) 0.095 C2.421 

1 0.306 (7.7&1 ~ .. 

-A"0Jr. 0.1413.561 0.1213.051 

IT 
1S-

T 
0.1210.305) 

~ 

NOTE 
1. LEAD NO. 1 IDENTIFIED BV DOl OR NOTCH. 
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NOTE 
1. LEAD NO.1 100NnmD BY DOT OR NOTCH. 

NOTES: 

0.1213.061 

"'O:Oi"iiiii' 
J 

A=r12'0.3~' w·· ... ,· .... , 
~ 
0.29417.411 

1. LEAD NO. , IOENnFfED BV DOT OR NOTCH. 
2. CERAMIC DII' LEADS WIlL BE EmtER GOLD OR TIN PLATED IN 

ACCORDANCE WITH MIL-M-1II510 AEOUIRiM1NTS. 



11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Single +5V Operation with External Positive 

Reference 
Fast Conversion Time: 10j.LS 
No Missed Codes Over Full Temperature Range 
Microprocessor Compatible 
Low Cost 
Low Power (15mWI 
100ns Data Access Time 

GENERAL DESCRIPTION 
The AD7576 is a low cost, low power, microprocessor compatible 
8-bit analog-to-digital converter, which uses the successive 
approximation technique to achieve a fast conversion time of 
lO .... s. The device is designed to operate-with an external reference 
of + 1.23V (standard bandgap reference) and converts input 
signals from OV to 2VREF. 

The part is -designed for ease of microprocessor interface with 
three control inputs (CS, RD and MODE) controlling all ADC 
operations such as starting conversion -and reading data. The 
interface logic allows the part to be easily configured as a memory 
mapped device. All data outputs use latched, three-state output 
buffer circuitry to allow direct connection to a microprocessor 
data bus or system input port. The output latches serve to make 
the conversion process transparent to the microprocessor. 

The part is designed for single + 5V operation, has on-boa~d 
comparator, interface logic, and internal/external clock option. 
This makes the AD7576 ideal for most ADC/ .... P interface 
applications. 

The AD7576 is fabricated in an advanced, all ion-implanted 
high speed Linear Compatible CMOS (LC2MOS) process and is 
packaged in a small, 0.3" wide, 18-pin DIP. 

LC2MOS 
lOf..ts f..tP Compatible 8-Bit ADC 

AD7576 I 
AD7576 FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGHTS 
1. Single Supply Operation 

Operation from a single + 5V supply with a + 1.23V reference 
allows operation of the AD7576 with microprocessor systems 
without any additional power supplies. 

2. Low Power 
CMOS fabrication of the AD7576 results in a very low power 
dissipation figure of 15mW typical. 

3. Versatile Interface Logic 
The AD7576 can be configured to perform continuous con
versions or to convert on command. It can be interfaced as 
SLOW-MEMORY or ROM, allowing versatile interfacing to 
most microprocessors. 

4. Fast Conversion Time 
The fabrication of the AD7576 on Analog Devices' Linear 
Compatible CMOS (LC2MOS) process enables fast conversion 
times of lO .... s, eliminating the need for expensive Sample-and
Holds in many low frequency applications. 
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SPECIFICATIONS (Via = + 5Y; VREF = + 1.23V; MNo = olNo = IIV; fCUI = 2M1Iz exlllmaI; 
All specifications T .... to T_1II1ass otherwise noted.) 

AD7576jN1 AD7576KN 
Par-eter . AD7576AQ AD7576BQ AD7576SQ AD7576TQ Units Conditions/Comments 
ACCURACY 

ResOlution 8 8 8. 8 Bits 
Total Unadjusted Error ±2 ±I ±2 ±I LSBmax 
Relative ACc1iracy ±I ±lh ±I ±lh LSBmax 
Minimuin Resolution for which 

No Missing Codes is Guaranteed 8 8, 8 8 Bits max 
Full Scale Error 

2S"C ±I ±I ±I ±I LSBmax Full Scale TC is typically SppmI"C 
Tmin toT .... ±I ±I ±I ±I LSBmax 

Offset ErrorZ 
2S"C ±lh ±lh ±lh ±lh ·LSBmax Offset TC is typically sppmrc 
TmintoTmax :t'h ±'h ±lh ±lh LSBmax 

ANALOG INPUT 
VoitageRange Oto2VREF Oto2VREF Oto2VREF Oto2VREF Volts ILSB = 2V1<l!P256; See Figure 4 
DC Input Impedance 10 10 10 10 MOmin 

REFERENCE INPUT 
V REF (For specified Performance) 1.23 1.23 1.23 1.23 Volts ±5% 
lREF SOO SOO SOO SOO ".,A max 

LOGIC INPUTS 
CS,RD,MODE 

VINL, Input Low Voltage 0.8 0.8 0.8 0.8 V max 
VINH, Input High Voltage 2.4 2.4 2.4 2.4 V min 
liN' Input Current 

2S"C ±I ±1 ±I ±I ".,A max VIN=OorVoo 
Tmin to T .... ±IO ±IO ±IO ±IO I'oAmax VIN=OorVoo 

CIN, Input Capacitance3 10 10 10 10 pFmax 

CLK 
VINL, Input Low Voltage 0.8 0.8 0.8 0.8 V max 
VINH, Input High Voltage 2.4 2.4 2.4 2.4 V min 
IINL' Input Low Current 700 700 800 800 I'oAmax VINL=OV 
IINH' Input High Current 700 700 800 800 .. A max VINH = Voo 

LOGIC OUTPUTS 
BUSY,DBOtoDB7 

VOL, Output Low Voltage 0.4 0.4 0.4 0.4 V max ISIN]{ = 1.6mA 
VOH,OutputHigh Voltage 4.0 4.0 4.0 4.0 V min IsoURCE = 4O".,A 

DBOtoDB7 
Floating State Leakage Current ±I ±I ±10 ±IO I'oAmax VOUT=OtoVoo 
Floating State Output Capacitance3 10 10 10 10 pFmax 

CONVERSIONTIM~ 
With External Clock 10 10 10 10 I'oS fcLK=2MHz 
With Internal Clock, T A = 2S"C 10 10 10 10 I'osmin Using recommended clock 

20 20 20 20 I'osmax components shown in Figure 3. 

POWERREQUIREMENTSs 

Voo +S +5 +5 +5 Volts ± 5% for Specified Performance 
100 6 6 7 7 mAmax Typically 3mA with Voo = + SV 
Power Dissipation IS 15 15 15 mWtyp 
Power Supply Rejection ±V .. ±Y. ±V .. ±V .. LSBmax 4.75VSVoosS.25V 

NOTES 
'Temperature Ranges lie as follows: 

AD7S76}N, KN 0 to + 7O"C 
AD7S76AQ, BQ - 25"C to + 85"C 
AD7576SQ, TQ - SS"C to + 125"C 

20ffset error is measured with respect to an ideal first code transition which occurs at 1/2LSB. 
3Sampie tested at 2SOC to ensure compliance. 
"Accuracy may d~rade at conversion times other than tbose specified. 
'Power supply current is measured when AD7576 is inactive i.e. when CS ~ RD ~ MODE ~ BUSY ~ logic HIGH. 

Specifications subject to change: without notice. 
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TIMING SPECIFICATIONSl (VIII = + 5V, VREF = + 1.23V, AGNO = OINO = OV) 

Limit at + 25°C Limit at T min, T max Limit at T min, T ""'" 
Parameter (AU Grades) Q,K,A,BGrades) (S, TGrades) Units Conditions/Comments 

t1 0 0 0 nsmin CS to RD Setup Time 
t2 100 100 120 nsmax RD to BUSY Propagation Delay 
tl 100 100 120 nsmax Data Access Time after RD 
4 100 100 120 nsmin RD Pulse Width 
t5 0 0 0 nsmin CS toRD Hold Time 
1(,2 80 80 100 nsmax Data Access Time after BUSY 
tl 10 10 10 nsmin Data Hold Time 

80 80 100 nsmax 
t8 0 0 0 nsmin BUSY to CS Delay 

NOTES 
'Timing Specifications are sample tested at + 25"<; to ensure compliance. All input control signals are specified with rr = If = 20ns (10% to 90% of + 5V) 
and timed from a voltage level of 1.6V. 

't, and t,; are measured with the load circuits of Figure I and defmed as the time required for an output to cross O.8V or 2AV. 
't, is defined as the time required for the data lines to change O.5V when loaded with the circuits of Figure 2. 
Specifications subject to change without notice. 

DBNIT 
3kll ~ 100pF 

DGND 

a. High-Z to VOH 

+SV 

~ 3kll 

DBNT 

&100PF 

DGND 

b. High-Z to VOL 

Figure 1. Load Circuits for Data Access Time Test 

+5V -...----r-----, 
~O.'I'F +5V 

A0589 

Figure 3. AD7576 Operational Diagram 

DBN~ 

~~Il._~ 10pF 

DGND 

a. VOH to High-Z 

+5V 

~ 3kll 

DBNT 

10pF 

~DGND 
b. VOL to High-Z 

Figure 2. Load Circuits for Data Hold Time Test 

OUTPUT 
CODE FULi.. SCALE 

::::::} _/m~" 
111111011 

I 
I , 
I ' 
I " 

FS=2VREF 

1lSB=~ 
I ' 

:::::::tL' 
00000001 

00000000 ------ 1 I I. 
01lSB2lSS'S 3LSS'S L~~-lLSB 

AIN, INPUT VOLTAGE UN TERMS OF LSB'SI 

Figure 4. Nominal Transfer Characteristic for 
, Unipolar Operation 
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ABSOLUTEMAXIMUMRATlNGS* 
VDDTOAGND . 
VDDTODGND ........... . 
AGND TO I>GND . . . . • . . . . . . 
Digital Input Voltage to DGND (Pins 1-3) 
DigitalOutput Voltage to DGND 

(Pins 4, 6-8, 10-14) • . • • . . . . • . . 
CLK Input Voltage (Pin 5) to DGND .. 
VREF to AGND ........ . 
AINTOAGND ...... . 
Operating Temperature Range 

IN,KN .' .... ; ..... . 

-0.3V, +7V 
-0.3V, +7V 
-0.3V, VDD 
~0.3V, VDD 

-0.3V, VDD 
-O.3V,VDD 
-O.3V,VDD 
-0.3V, VDD 

. 0 to +70·C 

AQ,BQ .......•.. 
SQ,TQ ......... . 

Storage Temperature Range • 
Lead Temperature (soldering, 10 sees) 
Power Dissipation (Any Package) to +7SOC 
Derates above 7SOC by .......... . 

- ,2SOC to + 850C 
- SSOC to + 12SOC 
- 6SOC to + 1500C 

. 3000C 
450mW 

6mWrc 

*Stresses above those ii!lted under "Absolute Maximum Ratiup" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other condition. 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 . 

CA~ON--------------------------------~-------------
WARNING! ~ 
~~~ 

ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener 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 p~ 
tective foam should be discharged to the destination socket before devices are removed. ~lF\I[II~,r'.C-'lr"[lE If: 

PIN CONFIGURATION 

TERMINOLOGY 

AD7576 
TOP VIEW 

INot to Scalel 

LEAST SIGNIFICANT BIT (LSB) 
An ADC with 8-bits resolution can resolve 1 part in 28 (i.e., 
256) of full scale. For the AD7576 with + 2.46V full scale one 
LSB is 9.61mV. 

TOTAL UNADJUSTED ERROR 
This is a comprehensive specification which includes full scale 
error, relative accuracy and offset error. 

RELATIVE ACCURACY 
Relative Accuracy is the deviation of the ADC's actual code 
transition points from a straight line drawn between the devices 
measured first LSB transition point and the measured full scale 
transition point. 
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ORDERING INFORMATION 

Temperature Range and Package 

Relative 
Accuracy Plastic 
(T_toT....) Dto +700C 

± ILSB A07576]N 

±'/,LSB 

NOTE 

A07576KN 

Cerdip' 
- 2S·C to + 8S·C 

AD7576AQ 

A07576BQ 

Cerdip' 
- SSOC to + 12S·C 

A07576SQ 

AD7576TQ 

I Analog Devices reserves the right to ship ceramic packages in lieu of cerdip packages. 

FULL SCALE ERROR (GAIN ERROR) 
The gain of a uilipolar ADC is defined as the difference between 
the analog input levels required to produce the first and the last 
digital output code transitions. Gain error is a measure of the 
deviation of the actual span from the ideal span of FS - 2LSB's. 

ANALOG INPUT RANGE 
With VREP = + 1.23V the maximum analog input voltage range 
is 0 to + 2.46V. The output data in LSB's is related to the 
analog input voltage by the integer value of the following 
expression: 

256 AIN 
Data (LSB's) = --- +0.5 

2VREF _ 



\ / 

--: .. ~ : ____ --.-1 ---4'=.CONV---l-_...:..--i-____ _ 
BUSY L-

1 1 
-tt • .-

HIGH IMPEDANCE IF---O-LD-DA-T-A---....,,;r--'""""I.!,-----

BUS 
DATA 

Figure 5. Slow Memory Interface Timing Diagram 

TIMING AND CONTROL OF THE AD7576 
The AD7S76 is capable of two basic operating modes which are 
outlined in the timing diagrams below. These two operating 
modes are an Asynchronous Conversion Mode and a Synchronous 
Conversion Mode. The selection of the required operating mode 
is determined by the status of the MODE pin. When this pin is 
HIGH, the device performs conversions only when the required 
control signals (CS and RD) are applied; with this pin LOW the 
device performs continuous conversions and CS and RD are 
used only to access the output da.ta. 

SYNCHRONOUS CONVERSION MODE 
In the Synchronous Conversion mode the AD7S76 will perform 
a conversion when requested to do so by the microprocessor. 
The MODE pin of the AD7S76 is tied HIGH to place the device 
in Synchronous Conversion operation. Two interface options 
exist for reading the output data from the AD7S76. 

Slow Memory Interface 
The first of these interface options is intended for use with 
microprocessors which can be forced into a WAIT STATE for 
at least IOj!.s (such as the 808SA). The microprocessor starts a 
conversion and is halted until the result of the conversion is 
read from the convener. Conversion is initiated by executing a 
memory READ to the AD7576 address. BUSY subsequently 
goes LOW (forcing the microprocessor READY input LOW) 
placing the processor in aWAIT state. When conversion is 
complete (BUSY goes HIGH) the processor completes the memory 
READ. 

The major advantage of this interface is that it allows the micro
processor to stan conversion, WAIT, and then READ data with 
a single READ instruction. The fast conversion time of the 

I I CS 
1 --: 1-', ~~t, 
II I 

I 1 

Rii I-t.-/ 
__ I t.:- I 

I 

: I I 
BUSY I _:t.:- I 

---C', I--I I 

AB-A'& 

so 

,-----1 itiiV 
ALE 

DBO-DBl 

READV!--------' ·UNEAR CIRCUITRV OMlnED FOR CLARJTV 
SO"" 0 FOR READ CYCLES 

Figure 6. AD7576 to 8085A-2 Slow Memory Interface 

AD7576 ensures that the microprocessor is not placed in a WAIT 
state for an excessive amount of time. The timing diagram for 
this interface is shown in Figure 5. 

Faster versions of many processors, including the 8085A-2, test 
the condition of the READY input very soon after the stan of 
an instruction cycle. Therefore, BUSY of the AD7576 must go 
LOW very early in the cycle for the READY input to be effective 
in forcing the processor into aWAIT state. When using the 
8085A-2, the processor SO stlitus signal provides the earliest 
possible Indication that a READ operation is about to occur. 
Hence, SO (which is 0 for a READ cycle) provides the READ 
signal to the AD7576. The AD7576 connection diagram to the 
8085A-2 is shown in Figure 6. 

$S I 
1 
I 
I 

(S I 
I .. I I 
:~ 
I 

SS I 

DATA HIGH 
HIGH IMPEDANCE BUS HIGH 

,IMPEDANCE BUS IMPEDANCE BUS 

Figure 7. ROM Interface Timing Diagram 

NEW PRODUCTS - ICs 3-261 



DBO-DB7 

00-07 DATA BUS 

L-_--..J 'LINEAR ClRCUlTRV DMlnm FOR ClARITY 

Figure 8. AD7576 to 650216809 ROM Interface 

ROM Interface 
The alternative interface option in the Synchronous Conversion 
mode avoids placing the microprocessor into a WAIT state. In . 
this interface, .conversion is started with the first read instruction 
and a second read instruction accesses the data and starts a 
second conversion. The timing diagram for this interface is 
Shown in Figure 7 while Figure 8 Shows the connection diagram 
for the AD7576 with the 650216809 microprocessors; 

Conversion is initiated by executing a memory READ instruction 
to the AD7576 address. Data is also obtained from the AD7576 
~uring thiS. instruction. This is old data and may be disregarded 
if not required. BUSY goes LOW during conversion and returns 
HIGH when conversion is complete. 

The BUSY line may be used to generate an interrupt to the 
microprocessor indicating that conversion is complete. The 
processor then reads the newly-convened data. Alternatively, 
the delay between the conven stan (first READ instruction) 
and the data READ (second READ instruction) must be at least 
as great as the AD7576 conversion time. For the AD7576 to 
operate correctly in the ROM Interface mode CS and RD should 
not go low before BUSY returns HIGH. 

Normally, the second READ instruction starts another conversion 
as well as accessing the output data. However, if CS and RD 
are brought LOW within one external clock period of BUSY 
going HIGH then a second conversion does not occur. 

AO-AU AODRESSBUS 

MODE 
8085A 

A0757S* 

DBO-DBl 

ADO-AD7 PATA BUS 

r-------------------~ 
'--_.....J *I.,INEAR ClRCUITRV OMmED FOR CLARITY 

Figure 10. AD7576 to BOB5A Asynchronous Conversion 
Mode Interface 

ASYNCHRONOUS CONVERSION MODE 
When the MODE pin of the AD7576 is tied LOW, the.device 
performs continuous conversions, and the control lines CSand 
RD are used only to read the data from the convener. The' 
timing diagram for this operating mode is outlined in Figure 9, 
with the connection diagram to the 8085A shown in Figure 10. 

. Data is obtained· from the AD7576 by executing a memory 
READ instruction to its address. The AID process is completely 
transparent to the microprocessor and the AD7576 will behave 
like a ROM. Data may be read at any time completely independent 
of the clock. This is especially useful in internal clock applications 
where the user no longer has to worry about synchronizing the 
clock with the READ line of the microprocessor. 

The data latches are normally updated by BUSY going HIGH. 
However, if CS and RD are LOW when BUSY goes HIGH, the 
contents of the data latches are frozen until CS or RD returns 
HIGH. This ensures that incorrect data cannot be read from the 
AD7S76. The output latches are updated when CS or RD return 
HIGH and the converter is re-enabled. If CS or RD do not 
return HIGH the AD7576 will stop performing continuous 
conversions, and will not start again until either line goes 
HIGH. 

The advantage of this mode is its simplicity. The disadvantage 
of this mode is that the data which is read is not clearly defined 
in time. However, it will not be older than one conversion period 
and if this uncenainty is a problem it can be overcome by moni
toring the BUSY line. 

HIGH IMPE~CE BUS X· VALID X HIGH 
_-=::::.._....I,'--=~.JL-___ ...:.;,~~; ::.:.::.::.::.::.::.. __ ....J.. DATA IMPEDANCE BUS 

Figure 9. Asynchronous Conversion Mode Timing Diagram 
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Mode OpentiDg 
Pin Mode Device Operation 

High Synchronous 1. BUSY connected to jil' ready input. 

Low 

Conversion Memory Read instruction starts conver-
sion. ",p is driven into wait state for duration 
of AD7S76 conversion. 

2. Memory Read instruction starts conver
sion. BUSY generates interrupt when con
version is complete. Second Memory Read 
instruction reads newly-converted data. 
Alternatively, when software delay between 
the two read instructions is longer than 
conversion time, the second read instruction 
will access the newly-converted data. In both 
cases the second read normally starts a 
second conversion. 

Asynchronous AD7576 performs continuous conver· 
Conversion sions. The data may be read from the 

device independent of CLK by executing a 
Memory Read instruCtion. 

Table I. AD7576 Operating Modes 

A SAMPLED-DATA INPUT 
The AD7S76 makes use of a sampled-data comparator. The 
equivalent input circuit is shown in Figure II. When a conversion 
starts, switch S I is closed and the equivalent input capacitance 
is charged to V IN' With a switch resistance of typically soon 
and an input capacitance of typically 2pF the input time constant 
is Ins. Thus CIN becomes charged to within ± V4 LSBin 6.9 
time constants or about 7ns. Since the comparator switches are 
operating at one half the input clock frequency of 2MHz, there 
is ample time for the input voltage to settle before the comparator 
decision is made (at the end of a clock period). Increasing the 
source resistance increases the settling time required. Input 
bypass capacitors placed directly at the analog input act to average 
the input charging currents. This average current flowing through 
any source impedance can cause full-scale errors. 

S1 
RON,soon ~ 

V,N OO-c-
s 
-r---,,·/\J.:'IIr. ---' 00---1" 

0.5PF~ 2PF~ 

Figure 11. AD7576 Equivalent Input Circuit 

INTERNALlEXTERNAL CLOCK 
The AD7S76 can be used with either its own internal clock or 
with an extemaIly applied clock. In either case, the clock signal 
appearing at the CLK pin is divided internally by two to provide 
an internal clock signal for the AD7S76. A single conversion 
lasts for 20 input clock cycles (10 internal clock cycles). 

INTERNAL CLOCK 
Qock pulses are generated by the action of tJ1e external capacitor 
(Ccu:) charging through an external resistor (RcL~ and dis
charging through an internal switch. When a conversion is 
complete, the internal clock stops operating. In addition to 
conversion, the internal clock also controls the automatic internal 
reset of the SAR. This reset occurs at the start of each conversion 
cycle during the first internal clock pulse. 

Nomiual conversion times versus temperature for the recom
mended RcLK and Ccu: combination are shown in Figure 12. 

15 

~ 
14 

I 
III 
:E 13 ;: 
2 

~ 
12 Bi 

~ 
0 
u 11 

v 
~ ~ ~ 

./ 
V 

RCLK = 150kll 
I----

CcL.~15OpF 

10 
-55 -25 0 +25 +50 +75 +100 +125 

AMBIENT TEMPERATURE _ 'C 

Figure 12. Typical Conversion Time vs. Temperature 
Using Internal Clock 

The internal clock is useful in that it provides a convenient 
clock source for the AD7576. Due to process variations, the 
actual operating frequency for this RcLK/Ccu: combination can 
vary from device to device by up to ± 30%. For this reason it is 
recommended that an external clock be used in the following 
situations; 

1. Applications requiring a conversion time which is within 
30% of 1Of1.S, the minimum conversion time for specified 
accuracy. A clock frequency of 2MHz at the CLK pin gives 
a conversion time of 10,,"s. 

2. Applications where time related software constraints cannot 
accommodate time differences which may occur due to unit 
to unit clock frequency variations or temperature. . 

EXTERNAL CLOCK 
The CLK input of the AD7S76 may be driven directly from 
74HC, 4000 B-series buffers (such as 4049) or from LS TTL 
with a S.6kfi pull-up resistor. When conversion is complete the 
internal clock is disabled even if the external clock is still applied. 
This means that the external clock can continue to run between 
conversions without being disabled. The mark/space ratio of the 
external clock can vary from 70/30 to 30nO. 

APPLICATION HINTS 
1. NOISE: Both the input signal lead to AIN, and the signal 

return lead from AGND should be kept as short as possible 
to minimize input-noise coupling. In applications where this 
is not possible, either a shielded cable or a twisted pair trans
mission line between source and ADC is recommended. 
Also, since any potential difference in grounds between the 
signal source and ADC appears as an error voltage in series 
with the input signal, attention should be paid to reducing 
the ground circuit impedance as much as possible. In general, 
the source resistance should be kept below 2kn. Larger 
values of source resistance can cause undesired system noise 
pickup. 

2. PROPER LAYOUT: Layout for a printed circuit board 
should ensure that digital and analog lines are kept separated 
as much as possible. In particular, care should be taken not 
to run any digital track alongside an analog signal track. 

NEW PRODUCTS - ICs 3-263 

• 



Both the analog input and the reference input'should be 
screened by AGND. A single point analog ground which is 
separate from the logic system ground shoUld be established 
at or near the AD7576. This single point analog ground 
subsystem should be connected ,to the digital system ground 
by a single-track connection only. Any reference bypass 
capacitors, analog inpUt filter capacitors or input signal shield
ing mould be returned to the analog ground point. 

FROM SIGNAL 
SOURCE 

AGND 

1.SkU 

TO SIGNAL 
INPUT.AIN 

3. OFFSET ERROR:'Offset error,adjustment in single-supply 
systems may be easily achieved by means of the offset null 
facility of an op-amp when used asa voltage follower for the 
analog input signal AIN (see Figure 13). The op-amp chosen 
should be able to operate from a single supply and allow a 
Common-mode input voltage range that includes OV, e.g. 
TL09I. To adjust for zero offset error the input signal source 
is set to +4.8mV (i.e., Vz LSB) while the lOOkn potentiometer 
is varied until the ADC output code flickers between 000 •.. 00 
and 000 •••. 01. 

Figure 13. Offset Adjust Circuit 

4. FULL-SCALE ADJUST: The full-scale or gain adjustment 
is made by forcing the analog input AIN to + 2.445V (i.e., 
Full-Scale Voltage - 3/2 LSB). The magnitude of the reference 
voltage VREF is then adjusted until the ADC output code 
flickers between 111.. .10 and 111.. .11. 

+5V 

3.3kU 

+ 
AD589 

5. REFERENCE CIRCUIT: Figure 14 shows how an ADS89 
can be configured to produce a nominal reference voltage of 
+ 1.23V. Figure 14. Reference Circuit 

I8-PIN PLASTIC DIP (SUFFIX N) 

MECHANICAL INFORMATION 
OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 

IS-PIN CERDIP (SUFFIX Q) 

C::::::l~E C:::::]r= 
~ D .• '123.'21~ 

... !;~ ~'-'-]! MAX 1""'"" 0.015 0.381 0.180 14.5721 
~ -L 0.14013.5561 

~ U D.175I4.4') 
~ T To.200IS.0801 -I -I ~ ~.'2513.17') 

0.070 It.7781 ~ ~ ~ --I ~ -II- ~D'D3DID'''21 
0.04511.151 0.015(0.3811 0.09512.421 0.110 (2.~ 0.23 to.5841 

0.09012.286) 0.01510.381' 

1 0.306 (1.78) t--- .. 

ff")f" 0.12 (3.051 

IT 
15' 
O. 

0.12(0.3051 

~ 

NOTES; 
1. LEAD NO.1 IDENTIFIED BY DOT OR NOTCH. 
2. CERAMIC DIP LEAPS WfU. BE ErrH£R GOlD OR TIN PlATED IN 

ACCORDANCE WITH MIL-M·38510 REQUIREMENTS. 
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0.320(8.128 I: 7.36'~ 1 

NOTES: 
1. LEAD NO. 1 IDENTIFIED BY DOT OR NOTCH. 
2. CERAMIC 01' LEADS Will IlE EITHER GOLD OR TIN PLATED IN 

ACCORDANCE WITH MIL·M·38510 REQUIREMENTS. 

IS-PIN CERAMIC 

D'~~J~ ~51 0.12513.18) 

~ -I ~ 
~~~ 
0.04 11.021 0.01S (0.3811 0.09512.421 

NOTES: 

0.12 (3.05) 

~ 

-1. 

t==\=r'2)D'3D51 ~ + 0.008 (0.203) 

I---l 
0.30617.78) 

'G.294'i1.47i 

1. LEAD NO.1 IDENTIFIED BY DOT OR NOTCH. 
2. CERAMIC DIP L£AOS WILL BE EITHER GOLD OR TIN PLATED IN 

ACCORDANCE WITH MIL·M·38510 REQUiREMENTS. 



r.ANALOG 
WDEVICES 

CMOS 
12-Bit Successive Approximation ADC 

FEATURES 
12-Bit Successive Approximation ADC 
No Missed Codes Over Full Temperature Range 
Low Total Unadjusted Error ±1LSB max 
High Impedance Analog Input 
Autozero Cycle for Low Offset Voltage 
Low Power, 75mW typ 
Small Size: 0.3", 24-Pin Package 
Conversion Time of 1oop.s 

GENERAL DESCRIPTION 
The AD7578 is a medium speed, monolithic 12-bit CMOS AID 
converter which uses the successive approximation technique to 
provide a conversion time of l00j.LS. An auto-zero cycle occurs 
at the start of each conversion resulting in very low system 
offset voltages, typically less than 100/1-V. The device is designed 
for easy microprocessor interfacing using standard control signals; 
CS (decoded device address), RD (READ) and WR (WRITE). 

Conversion results are available in two bytes, 8LSBs and 4MSBs, 
over an 8-bit three state output bus. Either byte ~ be read 
first. Two converter busy flags are available to facilitate polling 
of the converter's status. 

The analog input voltage range is OV to + 5V when using a 
reference voltage of +5V. 

AD7578 I 
AD7578 FUNCTIONAL BLOCK DIAGRAM 

VOD Vss Vee 

iID cs Viii BVSl DGND 

PRODUCT IUGHLIGHTS 

DATA 
OUT 

1. The AD7578 is a complete 12-bit AID converter in a 24-pin 
package requiring only a few passive components and a voltage 
reference. 

2. Autozero cycle rea1izes very low offset voltages, typically 
lOO/l-V. 

3. Standard microprocessor control signals to allow easy inter
facing to most popular 8- and 16-bit microprocessors. 

4. Monolithic construction for increased reliability and small 
0.3", 24-pin package. 
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. (V .. = +15V, Va: = +5V,V.= -5V, V.= +5.IIV SPECIFICATIONS fa. = 1411d1z adamaI, II spacificatiallS T .... til T_1IIIass oIIawise noIId). 

Panmeter AD7578KN1 

ACCUll.i\CV 
Resolution 12 
Total Uoadjusted E~ ±I 
Differential Nonlinearity ±3/4 
Full Scale Error (Gain Error) ±114 
Offset Error ±114 

ANALOG INPUT 
Aoalog Ioput Range Oto +S 
CAIN, Ioput Capacitante 8 
lAIN, Ioput Leakage Current 

+2S"C 10 
T.,;., to T ..... lOll 

IlEFERENCE INPUT 
V REF (For Specified Performance) +S 
VREFRange +4to +6 
V REF Ioput Reference Current 1.0 

POWER SUPPLY REIECTION 
VooOnly ±I/B 

VssOnly ±I/B 

LOGIC INPUTS 
RD (Pin 16), CS (Pin 17), WR (Pin 18) 
BYSL(Pin 19) 

VILlnput Low Voltage +O.B 
VIH IoputHigh Voltage +2.4 
lIN Input Current 

+25"C ±I 
T.,;., to T .... +10 

CIN Ioput Capacitante~ 10 
CLK(Pin21) 

VIL,lnputLowVoltage +0.8 
VIH, Input High Voltage +3.0 
IlL, Ioput Low Current ±IO 
IIH' Input High Current +1.5 

LOGIC OUTPUTS 
DBG-DB7 (Pins3-15), BUSY (Pin 20)4 

VOL, Output Low Voltage +0.4 
VoH,OutputHighVoltage +4.0 

Fioatiilg State Leakage Current 
(Pins3-IS) ±I 

Fioatiilg State Output Capacitance IS 

CONVERSION TIMEs 
With Extcmal Oock lOll 
With Ioternal Oock, TA = + 2SDC lOll/ISO 

POWERREQUIREMENTS6 

Voo +IS 
Vss -S 
Voc +S 
100 7.S 
Iss 7.S 
Ioc lOll 

1.0 
Power Dissipstion 75 

NOTES 
'TemperatureiWIFufollowa:· AD1518KN;Oto +7O'C 

AD7518BD; - 25'C to + 85'C 
AD7578TD; - 55'C.o + 125'C 

zlDc;ludes Full Sale Error, 0I&et Error ODd Relative Accuncy. 
'Sample tested toeusurecompliaac:e. 

AD7578BD AD7578TD 

12 I~ 
±I ±l 
±3/4 ±3/4 
±114 ±114 
±114 ±1/4 

Oto +S Oto +S 
8 8 

10 10 
lOll lOll 

+S +5 
+4to +6 +4to +6 
1.0 1.0 

±I/B ±I/B 

±lIB ±lIB 

+O.B +0.8 
+2.4 +2.4 

±I ±l 
+10 +10 
10 10 

+0.8 +0.8 
+3.0 +3.0 
±IO ±IO 
+1.5 +1.5 

+0.4 +0.4 
+4.0 +4.0 

±I ±I 
IS IS 

lOll lOll 
lOll/ISO l0011S0 

+15 +lS 
-5 -5 
+S +5 
7.S 7.S 
7.5 7.5 
100 100 
1.0 1.0 
7S 75 

"'Nit for iiUSY (pin 20) is 1.0 milliamp. 
'Coavcnioll Time includes autozcro cyde time. 
'Power ouppiyc:urreD' is measured when AD7518 is iDaeti.., i.e., WR = iffi = CS = iiiJSY = LotPt HIGH. 
Specifialticms oubjetltoclwtse without DOIite. 
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UDits CoaditioaalCommeats 

Bits 
LS.Bmax 
LSBmax No missins codes guaranteed 
LSBmax Full Scale TC is typically IppmI"C 
LSBmax Offset Error TC is typically IppmI"C 

V VREF = +S.OV 
pFtyp 

AIN;Oto+SV 
nAmax 
nAmax 

V ±5% 
V Degraded transfer accuracy 
mAmax VREF=+S.OV 

LSBtyp Voo= + 14.2SVto + IS.7SV 
Vss= -SV 

LSBtyp Vss= -4.75Vto -5.25V 
Voo= +15V 

V max Vex:= +5V ±5% 
V min 

,.A max VIN=Oto Vex: 
,.A max 
pFmax 

V max Vex:= +5V ±5% 
V min 
,.A max 
mAmax 

V max Voc= +5V ±5%,lslNK=I.6mA4 
V min Voc= +SV ±5%,lsoURCs =200,.A 

,.A max VOUT= OV to Vex: 
pFmax , 

J.LSmin fcuc = 140kHz 
J.LSminlmax Using recommended clock componcuts 

as shown in Figure 6. 

V NOM ± 5% for specified performance 
V NOM ± 5% for specified performance 
V NOM ± S% for specified performance 
mAmax Typically4mAwithVoo= + lSV 
mAmax Typically 3mA with V ss= - sv 
,.Atyp VIN = VILorVIH 
mAmax 
mWtyp WR = RD = cS = BUSY = Logic HIGH 



TIMING SPECIFICATIONSl IV. = +lSY. Vee= +SY. Va= -51. v.,= +5Y) 

Limit at + 25"C LimitatTmim T...,. Limit at T mla, T""", 
Parameter- (AU Grades) (K & B Grades) (TGrade) Units ConditionsfComments 

t1 0 0 0 nsmin CS to WR Setup Time 
t2(INTi 200 240 
t2(EXTi 10 10 

280 nsmin 
10 j1.smin 

WR Pulse Width (Internal Clock Operation 
WR Pulse Width (External Clock Opei'atio 

) 
n) 

t3 0 0 0 nsmin CS to WR Hold Time 
4 130 160 200 nstyp 

200 250 300 nsmax WR to BUSY Propagation Delay 
ts 0 0 0 nsmin BUSY to CS Setup Time 

~ 0 0 0 nsmin CS to RD Setup Time 
t7 200 240 280 nsmin RD Pulse Width 
t8 0 0 0 nsmin CS to RD Hold Time 
t9 50 50 50 nsmin BYSL to RD Setup Time 
tlO 0 0 0 nsmin BYSL to RD Hold Time 
t113 150 180 200 nstyp 

200 240 280 nsmax RD to Valid Data (Bus Access Time) 
t124 20 20 20 nsmin RD to Three State Output 

130 160 180 nsmax (Bus Relinquish Time) 

NOTES 
'Timing Specifications are sample tested at + 2S"C to ensure compliance. All input control signals are 
specified with t, = 1(= 2On. (10% to 90% of + SV) and timed from a voltage level of + 1.6V. Data is timed from 
VOH,VOL' 

'When using an el<lerDal clock source the WR pulse width must be extended to provide the minimum 
auto-zero cycle time of lO.,.s. See "External Clock Operation". 

'tIl is meaaured with the load circuits of Figure 3 and defined as the timereq~foranoutput to cross O.8V or 2.4V. 
·tl2isdefinedasthetimereq~forthedatalinestochangeO.SVwhenloadedwiththecircuitsofFigure4. 

Specifications subject to change wit1wut notice. 

cs (PIN 11) 

t, 
t, 

t3 

WR (PIN 18) 

~ 
BUSV (PIN 201 \ 

NOTES 

Figure 1. Start Cycle Timing 
THE TWO·BYTE CONVERS!Q..N R§ULT CAN BE READ IN EITHER OROER. FIGURE IS FOR lOW BYTE, HIGH BYTE ORDER. 
IF BYSL CHANGES WHilE CS" RD ARE lOW THE DATA WILL CHANGE TO REFLECT THE 8YSlINPUT. 

OBNT.-;r-: 
~3~ __ ~'OP' 

DGND 

a. High-Z to VOH 

5V 

~ 3. 

DBNt 
10pF 

~DGND 

b. High-Z to VOL 

Figure 3. Load Circuits for Access Time Test (tl1 ) 

Figure 2. Read Cycle Timing 

DaNTI: 
3',& _ ~ lOOp' 

DGNO 

a. VOH to High-Z 

5V 

DaNt 
~'00P' 

DGNO 

b. VOL to High-Z 

Figure 4. Load Circuits for Output Float Delay Test (t I2) 
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ABSOLUTE MAXIMUM RATINGS· 
(T A ~ + 2S·C unless otherwise stated) 

VDDtoDGND . 
Vss to DGND .. 
AGNDtoDGND 
Va:: to DGND 
VREF to AGND . 
AINtoAGND . 
Digital Input Voltage to DGND 

(Pins 16-19,21) ...... . 
Digital Output Voltage to DGND 

(Pins 8-15, 20) ....... . 

. ... -0.3V, + 17V 
+0.3V, -7V 

-0.3V, VREF +0.3V 
-0.3V, VDD +O.3V 
-0.3V, VDD +0.3V 
-O.3V, VDD +0.3V 

-0.3V, VDD +0.3V 

-O.3V, VDD +O.3V 

Operating Temperature Range 
KN 
BD ....... . 
TD ....... . 

Storage Temperature 
Power Dissipation (any Package) 

to +75°C ......... . 
Derate above + 75°C by 

. .. 0 to +70°C 
- 25°C to + 85°C 

- 55°C to + 125°C 
- 65°C to + 150°C 

I,OOOmW 
lOmWI"C 

·Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or arty 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 (Electro-Static-Discharge) sensitive device. The digital control inputs are zener protect
ed; however, permanent damage may occur on uncounected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive foam or shunts. The pro
tective foam should be discharged to the destination socket before devices are removed. 

WARNING! 0 
~~DEVICE 

Total Unadjusted Error 
(TmintoT....,.) 

±ILSB 

PIN CONFIGURATION 

VDD 

v" 

N/e 

elK 

BUSY 
A07578 

TOP VIEW BVSL 
(Not to Scale) 

We 

cs 
iffi 

DB5 DBO(LSB) 

DB. DB' 

DB3 DB2 
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ORDERING INFORMATION 

Temperature Range and Package 

Plastic 
Oto +70·C 

AD7578KN 

Ceramic Ceramic 
- 2S·C to + 8S·C - ss·c to + 12S·C 

AD7578BD AD7578TD 

MECHANICAL INFORMATION 
OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 

24-PIN PLASTIC (SUFFIX N) 

I '.228131.'" I ~ 0.32".'2'1 ~ 
• 1.226(31.14) • 0.30(7.62) 

~
0.1J0'3.JOI 

J L o.1~/1t-\-0.-01-1I-0.-2 • ..J1 

O.DOS(O.23) 

...j I-- ...j I-- 'I 
0.07 (1.7a) p.021O.S) 0.11 (2.79) 15" 
O,05U.27) 0.016(0.41) 0.09(2.28) --0 

24-PIN CERAMIC (SUFFIX D) 

[~[~~]:]~:~ 
I 1.200 +0.012 I 

,~mmmmJ l .*::~:~ 
-*-- ...j I-0.018 ".002 ...j 10.100 :' 0.005 

(0.4~~:.05) 0.05(1.27) TYP (2.54 _0.13) 

1------ ~j~904~OO~1~~ t. 
TOL NON ACCUM 

0.010 ~g.gg~ 

(0.25 ~~:g~) 



PIN FUNCTION DESCRIPTION 

PIN MNEMONIC DESCRIPTION 

I CAZ Autozero Capacitor Input. Connect other side of capacitor to AGND. 

2 AIN Analog Input 

3 N/C No Connect pin 

4 VREF Voltage reference input. TheAD7S78 is specified with VREP = + S.OV. 

S AGND Analog Ground 

6 DGND Digital Ground 

7 V cc Logic Supply. For V cc = + SV digital inputs and outputs are TIL compatible. 

8-lS Three state data outputs. They become active when CS & RD are brought low. Individual pin function 
is dependent upon the Byte Select (BYSL) input. 

16 

17 

18 

19 

20 

21 

22 

23 

24 

BYSL 

CLK 

N/C 

Vss 

Voo 

DATABUSOUTPUT CS&RD - LOW -
BYSL-HIGH BYSL-LOW 

Pin 8 BUSy l DB7 

Pin 9 LOW2 DB6 

Pin 10 LOW2 DBS 

Pin 11 LOW2 DB4 

Pin 12 DBll(MSB) DB3 

Pin 13 DBI0 DB2 

Pin 14 DB9 DBI 

Pin IS DB8 DBO(LSB) 

IBUSY(Pin8)isacon~statusfiagandisIDGHduringaconversion. 
'Pina 9-11 output a logic LOW when BYSL isIDGH. 
DB11-DBO are the 12-bitconversionresults, DB 11 istbeMSB. 

READ input. This active LOW signal, in combination with CS, is used to enable the output data three
state drivers. 

CHIP SELECT Input. Decoded device address, active LOW. Used in combination with either RD or 
WR for control. 

WRITE Input. This active LOW signal, in combination with CS, is used to start a new conversion. 
When the AD7S78 internal clock is used, the minimum WR pulse width is t2 (INT). When an 
external clock source is used, the minimum WR pulse width must be extended to include the 
autozero cycle time. For external clock operation, the minimum WR pulse width is t2 (EXT). 

BYTE SELECT. This control input determines whether the high or low byte of data is placed on 
the output data bus during a data READ operation (CS & RD LOW). See description of pins 8-
IS. 

BUSY indicates converter status. BUSY is LOW during conversion, otherwise BUSY is held at a 
logic HIGH. 

CLOCK Inputfor internal/external clock operation. 

Internal: Connect RcLK and CcLK1/CcLKl timing components. See Figure 6 and Figure 7. 
External: Coilnect external 74HC compatible clock source as shown in Figure 8. 

No connect pin. 

Negative supply, - SV. 

Positivesupply, + ISV. 
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Operating Information 
OPBRATlONAL DIAGRAM 
An operational diagram for the AD7578 is shown in Figure 5. 
The only passive components required are the autozero capacitor 
CAZ and timing components RcLK, Ccutl & Ccua for the 
internal clock oscillator. If the AD7578 is to be used with an 
external clock source, then only CAZ is required. Individual pin 
functions are described in detail on the previous page. 

, 
Figure 5. AD7578 Operational Diagram 

INTERNAL CLOCK OPERATION 
The clock circuitry for internal clock operation is shown in 
Figure 6 and the AD7578 operating waveforms are shown in 
Figure 7. 

Vex;. +5V 

rrt~· .... 
IN914)(2, ~.8 

L..-_..J 

DGND 

Figure 6. Circuitry Required for Internal Clock Operation 

iiiii~"".TI' 

~ ------------------------------~~ 
MINIMUM 

AUTOZERO --l 
Vee . CYCLE TJMe I LEVElS DEfIN£D BY 

ctK 
_ (~T SCHMITT TJUGGER 

AUTOZ..oCYCLE t t t t t t t t t t t t t~ 
DI11 D810 D89 D88 pal D8t D8S DB4 DB3 082 081 DID 
tMS8J tLSBI 

OECJSION POINTS 

~TILS THE MINIMUM WRITE PULSi WIDTH ~EN USING 
INTERNAL CLOCK. _ TIMING SPECIFICATIONS. 

Figure 7. Operating Waveforms - Internal Clock 
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Between conversions (BUSY = HIGH) the AD7578 is in the 
autozero cycle. When WR goes LOW (with CS LOW) to start a 
new conversion, the autozero capacitor CAZ charges to AIN -
Vos where V:os is the input offset voltage of the aut!>~ro 
comparator. 

A minimum time of IOIIoS is required for this autozero cycle. In 
applications \ISing the internal clock oscillator, it is not necessary 
for WR to remain LOW for this period of time since it is auto
matically provided by the AD7578. This is 'achieved by switching 
a constant current load across the clock capacitors, CcLKI and 
Ccua, causing the voltage at the CLK input pin to slowly 
decay from Va:;. This occurs after WR returns HIGH. The 
Schmitt trigger circuit monitoring the voltage on the CLK input 
ends the autozero cycle when its LOW input trigger level is 
reached. At this point, the constant current load across the 
clock capacitors is removed allowing them to charge towards 
Va:; via RcLK. When the voltage at the CLK input reaches the 
HIGH trigger level, the constant current load is replaced across 
Ccutl and CcLK2. The MSB decision is made when the LOW 
trigger level is reached. This cycle repeats itself 12 times to 
provide 12 clock pulses for the conversion cycle. The circuit 
arrangement of Figure 6 provides the relatively slow autozero 
cycle time at the beginning of a conversion while allowing the 
clock oscillator to speed up once the autozero cycle is complete. 

EXTERNAL CLOCK OPERATION 
For external clock operation RcLK, CcLKI and Ccua are discarded 
and the CLK input is driven from a 74HC compatible clock 
source. The AD7578 WR pulse width must now be extended to 
provide the minimum autozero cycle time of 10llos since this is 
no longer provided automatically by the AD7578. Referring to 
the operating waveforms of Figure 9, the minimum WR pulse 
width when using an external clock source is t2 (EXT). The CS 
input must now remain valid for the extended WR pulse width. 
One approach to stretching the available IIoP signals is shown in 
the general 8-bit jI.P interface circuit of Figure 20. It is not 
necessary to synchronize the external clock source with the 
extended WR pulse width, the MSB decision being made on the 
second falling edge of the clock input after the WR input returns 
HIGH. 

iiiii 

CLil 

74HC COMPATIBLE 
CLOCK SOURCE. 

'elK = 140kHz 

Figure 8. External Clock Operation 

_____ I~-t2IEXTI·-,r----------_f,F--------------

DECISION POINTS 

-t,CEXTIIS THE MINIMUM WAITE PULSE WIDTH WHEN UStNG 
EXTERNAl CLOCK. ~£ T1M1NG SPECIFICATIONS. 

Figure 9. Operating Waveforms - External Clock 



READING DATA 
The 12-bit conversion data plus a converter starus flag are available 
over an 8-bit wide data bus. Data is transferred from the AD7578 
in right-justified format (i.e., the LSB is the most right-hand bit 
in a 16-bit word). Two READ operations are required, the Byte 
Select (BYSL) input determining which byt~8 least significant 
bits or 4 most significant bits plus starus flag-is to be read first. 

Since the AD7578 uses the successive approximation register 
(SAR) to hold conversion results (refer to Functional Diagram), 
it is necessary to wait until a conversion is finished before reading 
valid 12-bit data. Executing a READ instruction (HIGH or 
LOW byte) to the AD7578 while a conversion is in progress 
will place the existing contents of the SAR onto the data bus. 
Three different approaches can ensure valid 12-bit data is available 
for reading. 

I. Insert a software delay greater than the ADC conversion time 
between the conversion start instruction and the data read 
instructions. 

2. At user-defmed intervals after a conversion start instruction, 
poll the internal converter status flag, BUSY. This signal is 
available on pin 10 during a HIGH byte READ instruction 
and is the most left-hand bit in a l6-bit right-justified word. 
The starus bit can be shifted into a microprocessor's ac
cumulator-carry position for testing (BUSY is HIGH during 
conversion). 

3. Use the externally available BUSY (pin 20) signal as an interrupt 
to the microprocessor. This signal is LOW during a conversion 
and rerurns HIGH at conversion end. 

Executing a WRITE instruction to the AD7578 while a conversion 
is in progress will restart the conversion. 

COMPONENT SELECTION 
1. Autozero Capacitor, CAZ 

The autozero capacitor must be a low leakage, low dielectric 
absorption type such as polystyrene, polypropylene or teflon. 
To minimize noise connect the outside foil of CAZ to AGND 
(pin 5), the analog system ground. CAZ should be 2,200pF. 

2. Clock Oscillator Components, Rcr.K, Ca..Kl and CeLKl 
Clock pulses are generated by the action of series connected 
capacitors, CeLKI and CeLia charging through an external 
resistor RcLK and discharging through an internal switch. 
Nominal conversion time versus temperature for the recom
mended RcLK and CeLKl/CeLKl combination is shown in 
Figure 10. Due to process variations, the acrual operating 
frequency for this RcLK and CeLKI/CeLK2 combination can 
vary from device to device by up to 20%. For this reason, 
Analog Devices recommends using an external clock in the 
following siruations: . 

a. Applications requiring a conversion time which is within 
20% of IOOl1s, the minimum conversion time for specified 
accuracy (a 140kHz clock frequency gives a lOOl1s con
version time). 

b. Applications which cannot accommodate conversion time 
differences which may occur due to unit clock frequency 
variations or temperature variations. 

a. , 
! 
2 
0 
;;; 

~ z 
0 
u 

It is possible to replace the fixed Rcr.K resistor with a 
50k potentiometer in series with a fixed 22kO resistor to 
allow individual adjustment of internal clock frequency in 
applications where 100115 conversion times are required. 
Reducing the value of RcLK from 56k to 47k decreases 
the conversion time by typically 1511S. 

160 

150 

140 

130 

120 

ACll(=56k ~ 
- CCUtl = 3.9nF 

V Ccuu=560pF 

./ V 
........ ,., 

110 

100 

~ 
~ 

-55 -25 +25 +50 +75 +100 +125 

AMBIENT TEM~ERATURE - QC 

Figure 10. Typical Conversion Time vs. Temperature Using 
Internal Clock 
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Applying the AD7578 
APPLYING THE AD7578 
The high input impedance of the analog input, AIN, allows 
simple analog interfacing. Zero to + 5V signaJ sources can be 
connected directly to the analog input without additional buffering 
for source impedances up to 51d1 (see Figure II). The input/output 
transfer characteristic and transition. points for this input signal 
range are shown in Figure 12 and Table I respectively. The 
designed transition points on the AD7578 transfer characteristic 
occur on integer multiples of lLSB. The output code is Natural 
Binary with ILSB = (F.S.) (1/40%) = (5/4096)V = l.22mV. 

* ADDITIONAL PINS OMITTED FOR CLARrrv 

Figure ". Unipolar a to + 5V Operation 

1,···111 

1'···110 

~ ,,···101 / 

5 I /// 

i =1 ,r' 
00···000 LL-____ -+-_i--_.-.J 

FS=5V 
, LSB '" FSI4096 

ov 1LSB 2LS8 3LS8 FS-2L$B FS-1LS8 

ANALOG INPUT, ANY CHANNEL 

Figure 12. Ideal Input/Output Transfer Characteristic for 
Unipolar Circuit of Figure 11 

Analog Input, Volts Digital Output. 

0.00122 000 001 
.I 0.00244 • 000 010 

I I 2.49878 I 011 111 
2.50000 100 000 
2.50122 100001 

1 4.99756 I 111 110 

J 4.99878 111 111 

Table I. Transition Points for Unipolar 0 to + 5V Operation 

Signal ranges other than 0 to + 5V are easily accommodated by 
using resistor divider networks to produce 0 to + 5V signal 
ranges at the AD7578 input pins. Figure 13 shows a divider 
network to allow an input signal range of 0 to + 10V. The input 
resistors must be selected to match within 0.01% and should be 
the saIiIe type and from the saIiIe manufacturer so that their 
temperature coefficients match. Note that since the source im
pedance has not been mcluded in the resistor divider ratio, it 
must now be as low .as possible. For Figure 13 with a source 
impedance of 0.50 the maximum error across the network is 
approximately 0.5LSB. The LSB size is (F.S.)(I/4096) = 
(10/4096)V = 2.44mV. 
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·ADDITIONAL PINS OMITTED FOR CLARITY 

Figure 13. Unipolar 0 to + 10V Operation 

Bipolar signaJ ranges of - 5V to + 5V are accommodated by 
referencing. the resistor divider network to VREF as shown in 
Figure 14~ With the resistor, values shown, the signal source 
must be capable of sinking O.5mA. The input/output. transfer 
characteristic and transition points for this ± 5V signaJ range are 
shown.in Figure IS and Table II respectively. The output code 
is Offset Binary with an LSB size of (F.S.XI/4096) = (lO/4096)V 
= 2.44mV. 

With an anal~g input (V s) of - l.i2m V, the input offset voltage 
of Al should be adjusted until the ADC output flickers between 
0111 1111 1111 and 1000 0000 0000. Alternatively the - 1/2LSB 
signal offset can be included in the signal conditioning 
electronics. 

Figure 14. Bipolar -5V to +5V Operation 

111···111 

111···110 

:::::tFS 
, ..... -000 -r \---+-H----\\----o~-_l 

~-1LSB 
01,···111 : 

011--110 I r ~. T . " ..• :.:.: lJ ~ 'LS.·F~_ 
OV 

ANALOG INPUT, ANY CHANNEL 

Figure 15. Ideal Input/Output Transfer Characteristic for 
Bipolar Circuit of Figure 14 

Analog Input, Volts 

-4.99878 

f ~g~ 
1 +4.9938? 

+4.99634 

Digital Output 

000 001 
I. 000 010 

I 100 000 
100001 

T 111 110 1 111 III 

I 
r 

Table II. Transition Points for Bipolar -5Vto +5VOpBration 



Applications 
Power Supply Decoup1ing: All power supplies to the AD7578 
should be bypassed with either lO .... F tantulum or electrolytic 
capacitors. To ensure good high frequency performance, each 
capacitor should be bypassed with an O.OI .... F disc ceramic 
capacitor. All capacitors should be placed as close as possible to 
the AD7578. 

Reference Circuit: Figure 16 shows how to configure an 
AD584LH to produce a reference voltage of 5.00V. R2 provides 
a typical adjustment range of ±75mV. The AD584LH will 
contribute less than lLSB of gain error over the commercial 
temperature range. 

Figure 16. AD584LH as Reference Generator 

Transient currents flow at the VREF input during a conversion. 
To avoid dynamic errors place a 10jLF smoothing capacitor, 
either tantalum or electrolytic, in parallel with a O.OI .... F disc 
ceramic from the VREF pin to AGND. 

Microprocessor Interfacing 
NUCROPROCESSORINTERFACING 
When the AD7578 is used with its own internal clock oscillator, 
microprocessor interfacing is straightforward and requires at 
most a few external gates (see Figures 17 through 19,21 and 
22). When the AD7578 is used with an external clock source, 
additional circuitry is required to extend the .... p control signals 
(see Figure 20) .. 

MC6800, MC6809 and 6502 NUCROPROCESSORS 
A typical interface to the AD7578 with any of the above micro
processors is shown in Figure 17. The decoder can be enabled 
high using VMA in 6800 systems or enabled low by NOR'ing 
cI>o and "'2 in 6502 systems or by NOR'ing E and Q in 6809 
systems. Address line A2 of the 6800 has been tied to BYSL of 
the AD7578. Assuming the AD7578 is assigned a memory block 
starting at address 8000H, a write instruction to any address in 
this block will start a conversion. To read the conversion results, 

Proper Layout: Layout for a printed circuit board should ensure 
that digital and analog signal lines are separated as much as 
possible. In particular, care should be taken not to run any 
digital track alongside an analog signal track or close to the 
autozero capacitor. The analog inputs, the reference input and 
the autozero input should be screened by AGND. 

A single point analog ground separate from the logic system 
ground should be established at pin 5 (AGND) or as close as 
possible to the AD7578. This single point analog ground should 
be connected to the digital system ground, to which pin 6 (DGND) 
is connected, at one point only and as close to the AD7578 as 
possible. The autozero capacitor, bypass capacitors for the refer
ence input and the analog supplies, AIN common and any input 
signal screening should be returned to the analog ground point. 
Low impedance analog and digital power supply common returns 
are essential to low noise operation of the ADC and the foil 
width for these tracks should be as wide as possible. 

Noise: Input signal leads to AIN and signal return leads from 
AGND (pin 5) should be kept as short as possible to minimize 
input noise coupling. In applications where this is not possible, 
a shielded cable between source and ADC is recommended. 
Also since any potential difference in grounds between the signal 
source and ADC appears as an error voltage in series with the 
input signal, attention should be paid to reducing the ground 
circuit impedances as much as possible. 

In applications where the AD7578 data outputs are connected to 
a continuously busy (and noisy) microprocessor bus it is possible 
to get LSB errors in conversion results. These errors are due to 
feedthrough from the microprocessor bus to the autozero com
parator. The problem exists only for ceramic package versions 
of the AD7578, the electrically isolated metal lid acting like' a 
conductor to distribute the digital noise around the package. 

Grounding the lid to DGND eliminates t!ris problem. Alternatively 
the AD7578 can be isolated from the microprocessor bus by 
means of three-state buffers. 

it is necessary only to bring control inputs CS and RD low. The 
BYSL input (tied to A2 of the jLP) determines whether the data 
high or low byte is placed onto the 8-bit data bus. A read instruction 
to address 8000H will result in the low byte of data being transferred 
to the .... p (BYSL = Low). Similarly a read instruction to any 
address having A2 HIGH and within the assigned memory 
block, e.g., 8004H, transfers the high byte of data to the .... P. 
The converter status flag BUSY can be polled at intervala to 
check whether the present conversion has finished and valid 
12-bit data is available. This is accomplished by the following 
instructions on the 6800: 

LDA A $8004 
ASL A 
BCC FETCH 

Load Flag from AD7578 
Shift Flag into Carry 
Branch to Data Fetch· 
Subroutine if BUSY is LOW 
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AOOR BUS 

L~~r-ICs 

E OR ,~2 t--;:::==r:=C=)o-----I I RD 

6502 
6800 
6809 

DG-D7 

AD7578* 

'>o--Lf---1 iNA 

DBG-DB7 

DATA BUS 

·L1NEAR CIRCUITRY OMITTED FOR CLARITY. 
AD7578 OPERATING ON INTERNAL CLOCK 

Figure 17. AD7578 - MC6800, 6809, 6502 Interface 

808SA, ZSO MICROPROCESSORS 
A typical interface to either of these microprocessors is shown in 
Figure 18. Not shown in the figure is the 8-bit latch required to 
demultiplex the 8085A common address/data bus. This interface 
uses slightly different low-level address decoding than the previous 
interface. Address line AO of the ...,p has been tied to BYSL of 
the AD7578. This allows the 16-bit data move instructions on 
both the 8085A and the Z80 to be used when reading conversion 
results. Assuming the AD7578 is again assigned a memory 
block starting at address 8000H, a write instruction to any address 
in this block will start a conversion. The 12-bit conversion 
results can be read (low byte first then high byte) by a single 
read instruction; 

On the 8085A 

LHLD8000 

moves the conversion results into register pair HL 

On the Z80 

LD BC, (8000) 

moves the conversion results into register pair BC 

AG-A15 ADDR BUS ) AO 

~-I,.. ~ 

I DECODE t BYSl 

LOGIC cs 
AD7578" 

Ro Ro 

iNA iNA 

B08SA Ii O~O7 
Z80 

DBO-DB7 DATA BUS S 
-LINEAR CIRCUITRY OMITTED FOR CLARITY. 
AD757B OPERATING ON INTERNAL CLOCK. 

Figure 18. AD7578 - 8085A, Z80 Interface 
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MC68000, MC68008 MICROPROCESSOR 
Figure 19 shows an AD7578-MC68000/MC68008 interface. 
Address line Al of the ...,p has been connected to BYSL of the 
AD7578. With the simple decoding logic shown in Figure 19, 
the AD7578 is decoded in a memory block from COOOH to 
FFFFH. A write instruction to anyone of these addresses will 
start a conversion, i.e., 

MOVE. W DO $COO4 

starts a conversion. When the conversion is complete, the ...,p 
acquires the result by reading from the AD7578, i.e, 

MOVEP. W $000 (A2), DO 

This instruction places the conversion data in the DO register of 
the ...,P. Address register A2 should contain an odd-order address 
(having Al high) for the AD7578, e.g., $COO3. 

Me6S00a 
Me6S008 

-LINEAR CIRCUITRY OMITTED FOR CLARITY. 
AD1578 OPERATING ON INTERNAL CLOCK 

Figure 19. AD7578 - MC68000lMC68008 Interface 

MICROPROCESSOR INTERFACE TO AD7S78 WITH 
EXTERNAL CLOCK 
Figure 20 shows the additional circuitry generally required to 
interface an 8-bit ...,p to the AD7578 operating from an external 
clock source. During a write operation, the 74121 monostable 
(one-shot) is triggered to latch the low level on the CS input 
into the 7477, a 4-bit bistable latch. The monostable timing 
components (not shown in Figure 20) should be chosen to provide 
an output pulse width corresponding to t2 (EXT), the minimum 
autozero cycle time. To avoid any possibility of spurious triggering, 
the monostable should be enabled by a valid memory address 
signal. During a data read cycle, the 7477 latch is transparent 
and data is read normally. Note that the ...,p write and read 
cycle times are unaffected by the interface circuitry. 



AO-A1S 

8088 

Wiit--------L.../ A0757S" 

8-SIT f'P 

DATA BUS 

"LINEAR CIRCUITRY OMITTED FOR CLARITY 
, AD7S7B OPERATING WITH EXTERNAL CLOCK 

Figure 20. Interface to AD7578 Using External Clock 

8088, 8086 MICROPROCESSORS 
Figure 21 shows an AD7578-8088 interface. 

Address line AO of the fLP is connected to BYSL of the AD7S78. 
With the simple decoding shown in Figure 21 the AD7578 is 
decoded in a memory block from 4000H to 7FFFH. 

A write instruction to anyone of these addresses will start a 
conversion, i.e, 

MOY 4004, AX 

starts a conversion. When the conversion is fInished the 8088 
acquires the result by reading from the AD7578, i.e., 

MOY AX, 4000 

places the conversion data in the accumulator. 

MNIMx 

AS-A1S 

80S8 

101M 

ADO_AD7 

ADDRESS DECODE \ 
lOGIC 

A15 

I 
ADDRESS SUS 

/ 

1----------100 
I---------~Wii 

AD757S" 

OBQ-DB7 

DATA BUS 

-LINEAR CIRCUITRY OMITTED FOR CLARITY 
A07S78 OPERATING ON INTERNAL CLOCK. 

Figure 21. AD7578 - 8088 Interface 

Figure 22 shows an AD7578-8086 interface. Address line Al of 
the fLP is connected to BYSL of the AD7578. The AD7578 is 
again decoded in a memory block from 4000H to 7FFFH. 

A write instruction to anyone of these addresses will start a 
conversion, i.e, 

MOY 4008, AX 

starts a conversion. When the conversion is fInished, the 8086 
acquires the result by reading from the AD7578 in two read 
cycles, i.e., 

MOY AL, 4000 
MOY AH, 4002 

places the conversion data in the accumulator. 

MNIMx 

8086 

MtO 

ALE 

ADO_AD1S 

ADDRESS DECODE 
LOGIC 

t-----------~Oo 

t-----------~ WR 

080-087 

AD? 

-LINEAR CIRCUITRY OMITTED FOR CLARITY 
AD7S78 OPERATING ON INTERNAL CLOCK 

Figure 22. AD7578 - 8086 Interface 
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AD7S78-AD~8S SAMPLE-HOLD INTERFACE 
Figure 23 shows an AD585 Sample-Hold Amplifier driving the 
analog input of the AD7S78. At a sampling frequency of 8kHz' 
the maximum input signal frequency is 4kHz. The AD7578 is 
configured for bipolar operation to allow ap input signal swing 
of ±SV. No clock components are shown for the AD7578 but 
the conversion time should be adjusted for 100 microseconds. 
With an external hold capacitor of lOOpF, the acquisition time 
for the sample-hold amplifier is 10 microseconds. The circuit 
operates from O°C to + 70°C. 

To take a sample of the input, a WRITE instruction is executed 
to the AD7578 control inputs. The converter busy flag, BUSY, 
is driven low indicating that a conversion is in progress. The 

falling edge of this BUSY signal places the sample-hold amplifier 
into the HOLD mode "freezing" the input signal to the AD7578. 
After 100 microseconds the conv'ersion is finished and the BUSY 
signal is brought high. This allows a time of 25 microseconds 
for the AD585 to come out of the hold mode and acquire the 
input signal in time for the next sample. Between the end of 
one conversion and the start of the next, the conversion results 
must be read from the converter. 

Careful circuit layout and power supply decoupling are necessary 
to obtain maximum performance from the system. Decoupling 
capacitors in the diagram are all JOILF electroytics in parallel 
with O.OIILF disc ceramics. 

Figure 23. AD7578·AD585 Interface 
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r.ANALOG 
WDEVICES 

FEATURES 
12-Bit Successive Approximation ADC 
Four High Impedance Input Channels 
Analog Input Voltage Range of 0 to + 5V with Positive 

Reference of + 5V 
Conversion Time of 100",s per Channel 
No Missed Codes Over Full Temperature Range 
low Total Unadjusted Error ± 1lSB max 
Autozero Cycle for low Offset Voltage 
Monolithic Construction 

GENERAL DESCRIPTION 
The AD7S82 is a medium speed, 4-channel 12-bit CMOS AID 
converter which uses the successive approximation technique to 
provide a conversion time of lOO,..s per channel. An auto-zero 
cycle occurs at the start of each conversion resulting in very low 
system offset voltages, typically less than lOO,..V. The device is 
designed for easy microprocessor interface using standard control 
signals; CS (decoded device address), RD (READ) and WR 
(WRITE). The 4-channel input inultiplexer is controlled via 
address inputs AO and AI. 

Conversion results are available in two bytes, 8LSB's and 4MSB's, 
over an 8-bit three state output bus. Either byte can be read 
first. Two converter busy flags are available to facilitate polling 
of the converter's status. 

The analog input voltage range is OV to + SV when using a 
reference voltage of + SV. The four analog inputs are all high 
impedance inputs with tight channel-to-channel matching
typically O.ILSBs. 

CMOS 12-Bit 
Successive Approximation ADC 

AD7582 I 
AD7582 FUNCTIONAL BLOCK DIAGRAM 

RD cs VIR BVSL DGNO 

PRODUCT HIGHLIGHTS 

DATA 
OUT 

I. The AD7S82 is a complete 4 channel 12-bit AID converter in 
a 28-pin package requiring only a few passive components 
and a voltage reference. 

2. Autozero cycle realizes very low offset voltages, typically 
lOO,..V. 

3. The four channel input multiplexer (user addressable) features 
high input impedance and excellent channel-to-channel 
matching. 

4. Standard microprocessor control signals to allow easy inter
facing to most popular 8- and 16-bit microprocessors. 
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(V ... :::; +15Y, Vee:::; +5Y,Vss= -5Y, VAEF :::; +5.OV SPECIFICATIONS fCUI = 140kHz external aU specifications T .... to T ... IRlIess otherwise noIIId). , 
Parameter AD758lKN' 

ACCURACY 
Resolution 12 
Toral Unadjusted Emir2 ±1 
Differential Nonlinearity ±3/4 
Full Scale Error (Gain Error) ±1I4 

Offset Error ±1I4 

Channel to Channel Mismatch ±1I4 

ANALOG INPUTS 
Analog Input Range Oto +5 
CAIN, On Channel Input Capscitance S 
lAIN, Input Leakage Current 

+25"C 10 
T_toT .... 100 

REFERENCE INPUT 
V REP (For Specified Performance) +5 
VREFRange +4to +6 
V REF Input Reference Current 1.0 

POWER SUPPLY REJECTION 
VooOnly ± liS 

VssOnly ± liS 

LOGIC INPUTS 
RD(PinlS),CS(Pin 19), WR(Pin20) 
BYSL(Pin 21),AO(Pin24), AI (Pin 25) 

V1L Input Low Voltage +O.S 
VIH Input High Voltage +2.4 
lIN Input Current 

+ 2S"C ±1 
T_toT .... +10 

CIN Input Capacitance' 10 
CLK(Pin23) 

VIL> Input Low Voltage +O.S 
V IH, Input High Voltage +3.0 
IlL, Input Low Current ±IO 
IIH, Input High Current + 1.5 

LOGIC OUTPUTS 
DBG-DB7 (Pins 10...17), BUSY (Pin 22)' 

VOL, Output Low Voltage +0.4 
VOH, Output High Voltage +4.0' 

Floating State Leakage Current 
(Pins 10...17) ±I 

Floating State Output Capacitance IS 

CONVERSION TIME' 
With External Clock 100 
With Internal Clock, T" = + 2S'C 100/150 

POWER REQUIREMENTS· 
Voo +15 
V .. -5 
Vrx +5 
100 7.5 
Iss 7.5 

Irx 100 
1.0 

Power Dissipstion 75 

NOTES 
ITemperature Range as follows: AD7582KNi 0 to + 70"<: 

AD7582BD; - 25"<: to + 85"<: 
AD7582TD; - 55"<: to +125"<: 

2JncJudes Full Scale Error, Offset Error and Relative AcCuracy. 
3Sample tested to ensure compliance. 
41sINK for BUSY (pin 22) is 1.0 milliamp. 
5Conversion Time includes autozero cycle time. 
6powe~pp.!r. current is measured when AD7582 is inactive Le., 
WR = RD = CS = BUSY = Logic HIGH. 
Specifications subject to change without notice. 
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~7582BD AD758lTD UI1its CoacIitiouIComm 

12 12 Bits 
±1 ±1 LSBmax AU channels, AINO-AIN3 
±3/4 ±3/4 LSBmax No missing codes guaranteed 
±1I4 ± 114 LSBmax AU channels, AING-AIN3 

Full Scale TC is typically Sppmf'C 
±1I4 ±1I4 LSBmax AUcbaonels, AING-AIN3 

Offset Error TC is typically Sppmrc 
±1/4 ±1I4 LSBmax 

Oto +5 Oto +5 V VREF= +S.OV 
S S pFtyp 

AING-AIN3;Oto +SV 
10 10 nAmax 
100 100 nAmax 

+5 +5 V ±S% 
+4to +6 '+4to +6 V Degraded transfer accuracy 
1.0 1.0 mAmax VREF= +S.OV 

± liS ±1/S LSBtyp Voo= + 14.2SVto + IS.7SV 
Vss= -SV 

±1/S ±1/S LSBtyp Vss= -4.7SVto -S.2SV 
Voo= +ISV 

+O.S +O.S V max Vrx= +SV±S% 
+2.4 +2.4 V min 

±I ±1 !lAmax VIN=OtoVrx 
+10 +10 !lAmax 
10 10 pFmax 

+O.S +O.S V max Vrx=+SV ±S% 
+3.0 +3.0 V min 
±IO ±IO .. A max 
+1.5 + 1.5 mAmax 

+0.4 +0.4 V max Vrx= +SV ±S%,IslNK=1.6mA4 

+4.0 +4.0 V min Vrx= +SV ±S%,IsoURCE=200!IA 

±1 ±I !lAm.,. Vour=OVtoVrx 
IS IS pFmax 

100 100 .. smin fCLK = 140kHz 
100/150 100/150 .,..minlmax Using recommended clock components 

as shown in Figure 6. 

+15 +15 V NOM ± 5% for specified performance 
-5 -5 V NOM ± 5% for specified performance 
+5 +5 V NOM ± 5% for specified performance 
7.5 7.5 mAmax Typically4mAwithVoo= + ISV 
7.5 7.5 mAmax Typically 3mA with V ss = - SV 
100 100 !lAtyp VIN=V1LorVIH 
1.0 1.0 mAmax 
75 75 mWtyp WR = RD = CS = BUSY = Logic HIGH 



I· 
TIMING SPECIFICATIONSl (Voo = + 15V,Ycc = +5V,Yss= -5V,YREF= +5V) 

Limit at + 2SOC LimitatT_ T ..... Limit at T mill• T...,. 
Parameter (AU Grades) (K & B Grades) (TGrade) Units 

tl 0 0 0 nsmin 
t2(INTi 200 240 280 nsmin 
t2(EXT)2 10 10 10 j1.smin 
t3 0 0 0 nsmin 
4 130 160 200 nstyp 

200 250 300 nsmax 
ts 0 0 0 nsmin 
~ 20 20 20 nsmin 
t7 0 0 0 nsmin 
ts 0 0 0 nsmin 
19 200 240 280 nsmin 
t\O 0 0 0 nsmin 
t11 50 50 50 nsmin 
tl2 0 0 0 nsmin 
til 150 180 200 nstyp 

200 240 280 nsmax 
tl/ 20 20 20 nsmin 

130 160 180 nsmax 

NOTES 
'Timing Specifications are ssmple tested at + 25'C to ensure compIiance. All input control signals are 
speciftedwith 1,= tr= 20ns (10% to 90% of + 5V)and timed from a voltage leveI of + 1.6V. Data is timed fmm 
VIR, V'Lor VOH, VOL' 

'When using an external clock source the WR puIae width must be extended to provide the minimum 
auto-zero cycle time of 10 ..... See "External Clock Operation". 

Conditions/Comments 

CS to WR Setup Time 
WR Pulse Width (Internal Oock Operation) 
WR Pulse Width (External Oock Operation) 
CS to WR Hold Time 

WR to BUSY Propagation Delay 
AO,AI Valid toWR Setup Time 
AO,AI Valid toWR Hold Time 
BUSY to CS Setup Time 
CS to RD Setup Time 
lID Pulse Width 
CS to RO Hold Time 
BYSL toRO Setup Time 
BYSL to RDHoid Time 

RO to Valid Data (Bus Access Time) 
RO to Three State Output 
(Bus Relinquish Time) 

'tl3 is measured with the load circuits of Figure 3 anddefmed as the time required for an output to cross O.8V or 2.4V. 
't"is defmed .. the time required for the data lines to cbangeO.5V wbenloaded with the circuirs of Figure 4. 
Specifications subject to change without notice. 

cs (PIN 191 

t, t, 
t, 

WR IPIN 201 

4 
\ 

BUSY (PIN"} .et ' '-----_-'-:; 

AD. AI - - l--~v·l,.177777777 
(PINS 24,251 ~ 

Figure 1. Start Cycle Timing 

DBNTT. 
3k~_ _ J 100.' 

DGNO 

a. High-Z to VOH 

sv 

~'k DBN+ 
~'DOp' 

DGND 

b. High-Z to VOL 

Figure 3. Load Circuits for Access Time Test (t'3) 

Figure 2. Read Cycle Timing 

DBNT.-;r: 
~:: __ ~'0.' 

DGNO 

a. VOH to High-Z 

sv 

!.k 
DBNt 

T 10pF 

~DGND 

b. VOL to High-Z 

Figure 4. Load Circuits for Output Float Delay Test (t,4) 
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ABSOLUTE MAXIMUM RATINGS· 
'(T A = + 2S'C unless otherwise stated) • 

YootoDGND . 
VSS to DGND •. 
AGNDto DGND 
Vex; to DGND 
VREF to AGND . 
AIN (0-3) to AGND 
Digital Input Voltage to DGND 

(Pins 18-21, 23-25) ..... 
Digital Output Voltage to DGND 

(Pins 10-17,22) ....... . 

· ... -0.3V, +.17V 
· ... +0.3V, -7V 
-O.3V, VREF +O.3V 
-0.3V,Voo +0.3V 
-O.3V, Voo +0.3V . 
-0.3V, Voo +0.3V 

· -0.3V, Von +0.3V 

-O.3V, Voo +0.3V 

Operating Temperature Range 
KN 
BD ....... . 
TD ..... , .. 

Storage Temperature 
Power Dissipation (any Package) 

to + 75°C .......... . 
Derate above + 75°C by 

... 0 to +70'C 
- 25°C to + 85°C 

- WC to + 125°C 
-65'C to +150'C 

. ... 1,OOOmW 
IOmWI'C 

*Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the deyice. This is a stress rating only and 
functional operation of the device at these or any o!bet 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 (Electro-Static-Discharge) sensitive device. The digital control inputs are zener protect- WARNING! 0 
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 pro
tective foam should be discharged to the destination socket before devices are removed. ~~DEVICE 

, 
Total Unadjusted Error 
(T",;"to T.....,.) 

:t ILSB 

PIN CONFIGURATION 

V" 

N/C 

A' 
A. 
elK 

BUSY 

iiiii 

OS 

OBO (LSB) 

DB' DB' 

DB3 DB2 
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ORDERING INFORMATION 

Temperature Range and Package 

Plastic 
Oto + 70°C 

AD7582KN 

Ceramic Ceramic 
- 2S'C to + 8S·C - SS·C to + 12S·C 

AD7582BD AD7582TD 

MECHANICAL INFORMATION 
Dimensions shown in inches and (mm). 

28-PIN PLASTIC DIP (SUFFIX N) 

c::::::::::]]: .. ~ 
I 145(3883) ... \ ~~~ 014+ 561 .L ..... 144(3858) Ir 0694 (1609) 

O.2~ 

'~V ~ ¥ ¥ ¥ ¥ V ¥ V ¥ ¥ ¥ V l------L ~ ~ ~~ ~ ~ --:I451 
~~~~ 
0.045 (1.151 0.015 to.3Sl) 0.095 12.421 

LEAD NO.1 IDEN11FIED BY DOT OR NOTCH 
LEADS ARE SOLDER OR TIN PLATED KOVAR OR ALLOY 42 

28-PIN CERAMIC DIP (SUFFIX D) 

[]~~]~~~~ 13~' 
0.17 I I 0.12 (3.05) 

(4.32) • ~. 0.06 (1.531 

'5" o 

L~"3BI35'061 '~~ r ~ ..::.l [ i ~2103051 -. -I 0.008 10.203) 

-If- -I I- 0.176 14.451 I- ~": ;"* 
0.06511.66) ~ ~ ~ 
0.038(0.965) 0.015 10.381) 0.095 12.42) 

LEAD NO.1 IDENTIFIED BY DOT OR NOTCH 
LEADS ARE GOLD PLATED 160 MICROINCHES MINI KOVAR OR AllOY 42 



PIN FUNCTION DESCRIPTION 
PIN MNEMONIC DESCRIPTION 

2 

3 

4 

5 
6 

7 

8 

9 

10-17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

CAZ 

AINO 

AINI 

AIN2 

AIN3 
VREF 

AGND 

DGND 

Vee 

BYSL 

BUSY 

CLK 

AO 

AI 

N/C 

Vss 

VDD 

Autozero Capacitor Input. Connect other side of capacitor to AGND. 

Analog Input, channel 0 

J\nalog Input, channel I 

Analog Input, channel 2 

Analog Input, channel 3 
Voltage reference input. The AD7582 is specified with V REF = + 5.0V. 

Analog Ground 

Digital Ground 

Logic Supply. For Vee = + 5V digital inputs and outputs are TTL compatible. 

Three state data outputs. They become active when CS & RD are brought low. Individual pin function 
is dependent upon the Byte Select (BYSL) input. 

DATA BUS OUTPUT, CS & RD = LOW 

BYSL = HIGH BYSL=LOW 

Pin 10 BUSY' DB7 

Pill 11 LOW2 DB6 

Pin 12 LOW2 DB5 

Pin 13 LOW2 DB4 

Pin 14 DB 11 (MSB) DB3 

Pin is DBIO DB2 

Pin 16 DB9 DBI 

Pin 17 DB8 DBO(LSB) 

'BUSY (Pin 10) is a converter status flag and is HIGH during a conversion. 
'Pins 11-13 outputalogic LOW when BYSL is HIGH. 
DBII-DBO are the 12-bit conversion results, OBI I is the MSB. 

READ input. This active LOW signal, in combination with CS, is used to enable the output data three
state drivers. 

CHIP SELECT Input. Decoded device address, active LOW. Used in combination with either RD or 
WR for control. 

WRITE Input. This active LOW signal, in combination with CS, is used to start a new conversion on a selected 
channel. When the AD7582 internal clock is used, the minimum WR pulse width is t2 (INT). When an external 
clock source is u~, the minimum WR pulse width must be extended to include the autozero cycle time. 
For external clock operation, the minimum WR pulse width is t2 (EXT). 

BYTE SELECT. This control input determines whether the high or low byte of data is placed on the output data 
bus during a data READ operation (CS & RD LOW). See description of pins 10-17. 

BUSY indicates convener status. BUSY is LOW during conversion, otherwise BUSY is held at a logic HIGH. 

CLOCK Input for internal/external clock operation. 

Internal: Connect Rcx.K and CCLl{1/Ca.K2 timing components. See Figure 6 and Figure 7. 
External : Connect externa174HC c;ompatible clock source as shown in Figure 8. 

Address Input AO. See pin 25 description. 

Address Input AI. Address inputs AO and Al select the input channel to be convened. The address input 
la ch' h CS & WR LOW The address inputs are latched by WR returning HIGH. t IS transj)llrent w en are 

Al AO CHANNEL SELECTED 

0 0 AINO 
0 1 AINI 
I 0 AIN2 
1 1 AIN3 
No connect pm. 

Negativesupply, -SV. 

Positive supply, + ISV. 
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Operating Information 
OPERATIONAL DIAGRAM 
An operatioDaI diagram for the AD7582 is shOwn in Figure 5. 
The only'pasSlve components required are the autozero capacitor 
CAZ and timing components Ra.K, Ccr.Kl & CcLK2 for the 
internal clock oscillator. If the AD7582 is to be used with an 
external clock source, then only CAZ is required. Individual pin 
functions are described in detail on the previous page. 

ANALOG INPUTS 
OTO +5V, 

REFERRED TO 
AGND 

+5V 

Figure 5. AD7582 Operational Diagram 

INTERNAL CLOCK OPERATION 
The clock circuitry for internal clock operation is shown in 
Figure 6 and the AD7582 operating waveforms are shown in 
Figure 7. 

Vee. +5V 

IN914X2m:: ..... __ ...1 

~DGND 

DGND 

Figure 6. Circuitry Required for Internal Clock Operation 

-A 
WR I'--JI 
"'A1~ 

-{-~=NPUTS ~reHm r----mfi ~ ______________________________ -JI 

L_UM 

ClK 

VCC :~~-1 LEVUS DEANED BY _ t INPUT SCHMITT TRIGG£R 

AUTOZEROCYCLE ~I ! ! ! I ! I ! I ! I I I~ 
DB11 DB10 D89 DBa 087 DB6 DB5 DB4 083 DB2 DB' DBO 
IMSBI IUBI 

DECiStoN POINTS 

~ljNTIIS THE MINIMUM WRITE PULSE MOTH WHEN USING 
INTERNAL CLOCK. SEE TIMING SHCIRCATIONS. 

Figure 7. Operating Waveforms - Internal Clock 

Between conversions (BUSY = HIGH) the AD7582 is in the 
autozero cycle. When WR goes LOW (with CS LOW) to start a 
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new conversion, the input multiplexer is switched to the; selected 
channel N, via address inputs AO, AI. The autozero capacitor 
CAZ now charges to AIN N-Vos where Vos is the input offset 
voltage of the autozero comparator. 

A minimum time of 10fJoS is required for this autozero cycle. In 
applications using the internal clock oscillator, it is not necessary 
for WR to remain LOW for this period of time since it is auto
matically provided by the AD7582. This is achieved by switching 
a constant current load across the clock capacitors, CcLKI and 
CcLK2, causing the voltage at the CLK input pin to slowly 
decay from Vee. This occurs after WR returns HIGH; WR 
returning HIGH also latches the multiplexer address inputs AO, 
Al (see Figure 7). The Schmitt trigger circuit monitoring the 
voltage on the CLK input ends the autozero cycle when its 
LOW input trigger level is reached. At this point, the cOnstant 
current load across the clock capacitors is removed allowing 
them to charge towards Vee via RcLK. When the voltage at the 
CLK input reaches the IDGH trigger level, the constant current 
load is replaced across CcLKI and ~. The MSB decision is 
made when the LOW trigger level is reached. This cycle repeats 
itself 12 times to provide 12 clock pulses for the conversion 
cycle. The circuit arrangement of Figure 6 provides the relatively 
slow autozc:ro cycle time at the beginning of a conversion while 
'allowing the clock oscillator to speed up once the autozero cycle 
is complete. 

EXTERNAL CLOCK OPERATION 
For external clock operation Ra.K, CcLKI and CcLK2 are discarded 
and the CLK input is driven from a 74HC compatible clock 
source. The AD7582 WR pulse width must now be extended to 
provide the minimum autozero cycle time of 10","s since this is 
no longer provided automatically by the AD7582. Referring to 
the operating waveforms of Figute 9, the minimum WR pulse 
width when using an external clock source is t2 (EXT). Multiplexer 
address inputs AO and AI, in addition to the CS input must· 
now remain valid for the external WR pulse width. One approach 
to stretching the available ,...r signals is' shown in the general 8-
bit ,...r interface circuit of Figure 20. It is not necessary to syn
chronize the external clock source with the extended WR pulse 
width, the MSB decision being made on the second falling edge 
of the clock input after the WR input returns HIGH. 

74HC COMPATIBLE 
CLOCK SOURCE, f-----{23 eLK 

'cuc"'140kHz 

OGND 

Figure 8. External Clock Operation 

~""XTJ.-i~{:f----_ 
WR 1----1 

.. ,.,=:XI Ie 

ClK 

-q(EXTIIS THE MINIMUM WRITE PULSE WIrtH WHEN USING 
EXTERNAL ClOCK. SEE TIMING SP£CIFICATIONS. 

DECISION POINTS 

Figure 9. Operating Waveforms - External Clock 



READING DATA 
The 12-bit conversion data plus a convener status flag are available 
over an 8-bit wide data bus. Data is transferred from the AD7S82 
in right-justified format (i.e., the LSB is the most right-hand bit 
in a 16-bit word). Two READ operations are required, the Byte 
Select (BYSL) input determining which byto-8 least significant 
bits or 4 most significant bits plus status flag-is to be read fIrSt. 

Since the AD7582 uses the successive approximation register 
(SAR) to hold conversion results (refer to Functional Diagram), 
it is necessary to wait until a conversion is finished before reading 
valid 12-bit data. Executing a READ instruction (HIGH or 
LOW byte) to the AD7S82 while a conversion is in progress 
will place the existing contents of the SAR onto the data bus. 
Three different approaches can ensure valid 12-bit data is available 
for reading. 

I. Insert a software delay greater than the ADC conversion time 
between the conversion start instruction and the data read 
instructions. 

2. At user-defined intervals after a conversion start instruction, 
poll the internal converter status flag, BUSY. This signal is 
available on pin 10 during a HIGH byte READ instruction 
and is the most left-hand bit in a 16-bit right-justified word. 
The status bit can be shifted into a microprocessor's ac
cumulator-carry position for testing (BUSY is HIGH during 
conversion). 

3. Use the externally available BUSY (pin 22) signal as an interrupt 
to the microprocessor. This signal is LOW during a conversion 
and returns HIGH at conversion end. 

Executing a WRITE instruction while conversion is in progress 
will restart the conversion. 

COMPONENT SELECTION 
1. Autozero Capacitor, CAZ 

The autozero capacitor must be a low leakage, low dielectric 
absorption type such as polystyrene, polypropylene or teflon. 
To minimize noise connect the outside foil of CAZ to AGND 
(pin 7), the analog system ground. CAZ should be 2,200pF. 

2. Clock Oscillator Components, Rcuc:, Ccutl and Ccua 
Oock pulses are generated by the action of series connected 
capacitors, Ccutl and Ccua charging through an external 
resistor RcLK and discharging through an internal switch. 
Nominal conversion time versus temperature for the recom
mended Rcuc: and CcLK1/CcLK2 combination is shown in 
Figure 10. Due to process variations, the actual operating 
frequency for this RcLK and CcLKI/Ccua combination can 
vary from device to device by up to 20%. For this reason, 
Analog Devices recommends using an external clock in the 
following situations: 

a. Applications requiring a conversion time which is within 
20% of lOOf.LS, the minimum conversion time for specified 
accuracy (a 140kllz clock frequency gives a lOOILS con
version time). 

b. Applications which cannot accommodate conversion time 
differences which may occur due to unit clock frequency 
variations or temperature variations. 

~ , 
I 
~ 
~ 
Z 

8 

It is possible to replace the fixed Rcuc: resistor with a 
SOk potentiometer in series with a fixed 22kn resistor to 
allow individual adjustment of internal clock frequency in 
applications where lOOILS conversion times are required. 
Reducing the value of RcLK from S6k to 47k decreases 
the conversion time by typically ISILS. 

160 

'50 
Rct.K=~6k ~ 

~ Cct.K1= 3.9nF /' CcLK2= 560pF , .. 
'30 
120 --V 

./ I-"'" 

110 

100 

./ 
./"" 

-55 -25 +25 +50 +75 +100 +125 

AMBIENT TEMPERATURE - "C 

Figure 10. Typical Conversion Time, vs. Temperature Using 
Internal Clock 
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Applying the AD7582 
. APPL YINGTHE AD7582 
The high input impedance of the analog channels, AINO-AIN3, 
allows simple analog interfacing. Zero to + 5V signal sources 
can be connected directly to the analog input channels without 
additional buffering for source impedances up to 5kO (see Figure 
ll). The input/output transfer characteristic and transition points 
for this input signal range are shown in Figure 12 and Table I 
respectively. The designed transition points on the AD7582 
transfer characteristic occur on integer mUltiples of ILSB. The 
output code is Natural Binary with ILSB = (F.S.) (1/4096) = 
(5/4096)V = 1.22mV. 

§ADDITIONAl PINS OMITIED FOR CLARITY, 
ONLY CHANNEL 0 SHOWN 

Figure 11. Unipolar a to + 5V Operation 

11···'11 

11···110 

1'···101 

I / 

/ 
/ 

/ 

FS=5V 
lLSB=FSI4096 :::1 . ,r' 

00···.00 LL-------+--I----' 
OV lLSB 2LSB 3LSB FS-2LSB FS-1LSB 

ANALOG INPUT. ANY CHANNEL 

Figure 12. Ideal Input/Output Transfer Characteristic for 
Unipola~ Circuit of Figure 11 

Analog Input, Volts Digital Output 

0.00122 000 001 
,,,0.00244 ,", 000 010 L.. 

[
2.49878 I Oll III I 
2.50000 100 000 
2.50122 100 001 

TI-4_._99_7_56 ____ --lJ'--_1l_1_1_1_0_---'T· _4.99878 _ III III _ 

Table I. Transition Points for Unipolar a to + 5V Operation 

Signal ranges other than 0 to + 5V are easily accommodated by 
using resistor divider networks to produce 0 to + 5V signa1 
ranges at the AD7582 input pins. Figure 13 shows a divider 
network on channel 0 to allow an AIN 0 signa1 range of 0 to 
+ 10V. The input resistors must be selected to match within 
0.01% and should be the same type and from the same man
ufacturet so that their temperature I!Oefficients match. Note that 
since the source impedance has not been included in the resistor 
dividet ratio, it must now be as low as possible. For Figure 13 
with a source impedance of O.SO the maximum error across the 
network,is approximately O.SLSB. The LSB size is (F.S.XI/4096) 
= (IO/4096)V = 2.44mV. 
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"ADDInONAl PINS OMITTED FOR CLARITY, 
ONLY CHANNEL 0 SHOWN 

Figure 13. Unipolar a to + 10V Operation 

Bipolar signa1 ranges of - SV to + SV are accommodated by 
referencing the resistor dividet netwOrk to VREF as shown in 
Figure 14 for channel o. With the resistor values shown, the 
signa1 source must be capable of sinking O.SmA. The input/output 
transfet characteristic and transition points for this ± SV signal 
range are shown in Figure IS and Table II respectively. The 
output code is Offset Binary with an LSB size of (F.S.XI/4096) 
= (IO/4096)V = 2.44mV. 

With an analog input (V s) of - 1.22m V, the input offset voltage 
of Al should be adjusted until the ADC output flickets between 
Olll III I Illl and 1000 0000 0000. Alternatively the -1I2LSB 
signal offset can be included in the signal conditioning elec
tronics. 

Figure 14. Bipolar -5V to +5V Operation 

111···111 

111--·110 

::··:::t's 
10.···000 -r

1 
r---t-t+----i T---=-'---'i 

~-llSB 
01' ·111 I 

1 
011· "0 I 

--'Ii ~.. T w.'~_ ... _ ... u ~ 
.v 

ANALOG INPUT, ANY CHANNEL 

Figure 15. Ideal Input/Output Transfer Characteristic for 
Bipolar Circuit of Figure 74 

Analog Input, Volts 

-4.99878 

I -4.99634 r -0.00122 
+0.00122 

T +4.99389 
+4.99634 

, 

I 
I 

Digital Output 

000 001 
000 010 

100 000 
100001 

III 110 
III III 

I 
r 

Table II. Transition Points for Bipolar - 5Vto + 5V Operation 



Applications 
Power Supply Decoupling: All power supplies to the AD7582 
should be bypassed with either IO,..F tantulum or electrolytic 
capacitors. To ensure good high frequertcy performance, each 
capacitor should be bypassed with an O.Ol,..F disc ceramic 
capacitor. All capacitors should be placed as close as possible to 
the AD7582. 

Reference Circuit: Figure 16 shows how to configure an 
AD584LH to produce a reference voltage of 5.00V. R2 provides 
a typical adjustment range of ±75mV. The AD584LH will 
contribute less than ILSB of gain error over the commercial 
temperature range. 

O.01J.lF 
CER 

Figure 16. AD584LH as Reference Generator 

Transient currents flow at the V REF input during a conversion. 
To avoid dynamic errors place a IO,..F smoothing capacitor, 
either tantalum or electrolytic, in parallel with a O.01,..F disc 
ceramic from the VREF pin to AGND. 

Microprocessor InterfaCing 
MICROPROCESSOR INTERFACING 
When the AD7582 is used with its own internal clock oscillator, 
microprocessor interfacing is straightforward and requires at 
most a few external gates (see Figures 17 through 19, 21 and 
22). When the AD7582 is used with an external clock source, 
additional circuitry is required to extend the ,..p control signals 
(see Figure 20). 

MC6800, MC6809 and 6502 MICROPROCESSORS 
A typical interface to the AD7582 with any of the above micro
processors is shown in Figure 17. The decoder can be enabled 
high using VMA in 6800 systems or enabled low by NOR'ing 
<1>0 and <1>2 in 6502 systems or by NOR'ing E and Q in 6809 
systems. Address lines AO, AI, and A2 of the 6800 have been 
tied to AO, Al and BYSL respectively of the AD7582.Assuming 
the AD7582 is assigned a memory block starting at address 
8000H, the input multiplexer is addressed as follows: 

8000H 
8001H 
8002H 
8003H 

Channel 0 
Channell 
Channel 2 
Channel 3 

Proper Layout: Layout for a printed circuit board should ensure 
that digital and analog signal lines are separated as much as 
possible. In particular, care should be taken not to run any 
digital track alongside an analog signal track or close to the 
autozero capacitor. The analog inputs, the reference input and 
the autozero input should be screened by AGND. 

A single point analog ground separate from the logic system 
ground should be established at pin 7 (AGND) or as close as 
possible to the AD7582. This single point analog ground should 
be connected to the digital system ground, to which pin 8 (DGND) 
is connected, at one point only and as close to the AD7582 as 
possible. The autozero capacitor, bypass capacitors for the refer
ence input and the analog supplies, AIN commons and any 
input signal screening should be returned to the analog ground 
point. Low impedance analog and digital power supply common 
returns are essential to low noise operation of the ADC and the 
foil width for these tracks should be as wide as possible. 

Noise: Input signal leads to AIN 0-3 and signal return leads 
from AGND (pin 7) should be kept as short as possible to minimize 
input noise coupling. In applications where this is not possible, 
a shielded cable between source and ADC is recommended. 
Also since any potential difference in grounds between the signal 
source and ADC appears as an error voltage in series with the 
input signal, attention should be paid to reducing the ground 
circuit impedances as much as pOssible. 

In applications where the AD7582 data outputs are connected to 
a continuously busy (and noisy) microprocessor bus it is possible 
to get LSB errors in conversion results. These errors are due to 
feedthrough from the microprocessor bus to the autozero com
parator. The problem exists only for ceramic package versions 
of the AD7582, the electrically isolated metal lid acting like a 
conductor to distribute the digital noise around the package. 

Grounding the lid to DGND eliminates this problem. Alternatively 
the AD7582 can be isolated from the microprocessor bus by 
means of three-state buffers. 

A write instruction to one of these addresses will start a conversion 
of the selected channel. To read the conversion results, it is 
necessary only to bring control inputs CS and RD low. The 
BYSL input (tied to A2 of the ,..P) determines whether the data 
high or low byte is placed onto the 8-bit data bus. A read instruction 
to anyone of the previous channel addresses will result in the 
low byte of data being transferred to the ,..p (BYSL = Low). 
Similarly a read instruction to any address having A2 HIGH 
and within the assigned memory block, e.g., 8004H, transfers 
the high byte of data to the ,..P. The converter status flag BUSY 
can be polled at intervals to check whether the present conversion 
has finished and valid 12-bit data is available. This is accomplished 
by the following instructions on the 6800: 

LDA A $8004 Load Flag from AD7582 
ASL A Shift Flag into Carry 
BCC FETCH Branch to Data Fetch 

Subroutine if BUSY is LOW 
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AO-A15 ADOR BUS 

P-----t05 

E OR o!t2 t------<ri-),-----.:J iffi 

6502 
6800 
6809 

00-07 DATA BUS 

AD7582* 

DBO-DB7 

·lINEAR CIRCUITRY OMITTED FOR CLARITY. 
AD7582 OPERATING ON INTERNAL CLOCK. 

Figure 17. AD7582 - MC6800, 6809, 6502 Interface 

B08SA, Z80 MICROPROCESSORS 
A typical interface to either of these microprocessors is shown in 
Figure 18. Not shown in the figure is the 8-bit latch required to 
demultiplex the 808SA common address/data bus. This interface 
uses slightly different low-level address decoding than the previous 
interface. Address lines AO, Al & A2 of the floP have been tied 
to BYSL, AO & Al respectively of the AD7S82. This allows the 
16-bit data move instructions on both the 8085A and the Z80 to 
be used when reading conversion results. Assuming the AD7582 
is again assigned a memory block starting at address 8000H the 
input multiplexer is now addressed as follows: 

8000H 
8002H 
8004H 
8006H 

Channel 0 
Channell 
Channel 2 
Channel 3 

A write instruction to one of these addresses will start a conversion 
of the selected channel. The 12-bit conversion results can be 
read (low byte first then high byte) by a single read instruction; 

On the 8085A 

LHLD8000 

moves the conversion resUlts into register pair HL 

On the Z80 

LD BC, (8000) 

moves the conversion results into register pair BC 

A2 
AO-A15 AODR BUS .. t AD 

..,.I ~ t t t 

I DECODE l AO A1 BYSL 

LOGIC cs 
AD7582* 

iffi RD 

Wii Wii 

-
80S5A 00-07 

zao [ 
DBO-OB7 

DATA BUS 

) 

S 
·UNEAR CIRCUITRY OMITTED FOR CLARITY. 
AD7582 OPERATING ON INTERNAL CLOCK. 

Figur~ 18. AD7582 - 8085A, Z80 Interface 
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MC68000, MC6800S MICROPROCESSOR 
Figure 19 shows an AD7582-MC68000/MC68008 interface. 

Address lines AI, A2 and A3 oCthe p.P are coimected to BYSL, 
AO & Al inputs respectively of the AD7582. 

With the simple decoding logic shown in Figure 19, the AD7582 
is decoded in a memory block from COOOH to FFFFH. The 
input multiplexer is now addressed as follows: 

COOOH Channel 0 
COO4H Channell 
c008H Channel 2 
COOCH Channel 3 

A write instruction to one of these addresses will start a conversion 
of the selected channel, i.e., 

MOVE. W DO $COO4 

starts a conversion of channell. When the conversion is complete, 
the IJ.P acquires the result by reading' from the AD7S82, i.e, 

MOVEP. W $000 (A2), DO 

This instruction places the conversion data in the DO register of 
the IJ.P. Address register A2 should contain an odd-order address 
for the AD7582, e.g., $COO3. 

A1-A19 

ADDRESS 
DECODE LOGIC 

\ 
A14 A15) 

DTACK 1----\------'-_"-\05 

MC68000 
MC6BOOB 

00-07 

.-_-t-_-,--L-..JJo----iiffi AD7582* 

DATA BUS 

Jo----iWii 

"UNEAR CIRCUITRY OMITTED FOR CLARITY. 
AD7582 OPERATING ON INTERNAL CLOCK. 

Figure 19. AD7582 - MC68000lMC68008 Interface 

MICROPROCESSOR INTERFACE TO AD7S82 WITH 
EXTERNAL CLOCK 
Figure 20 shows the additional circuitry generally required to 
interface an 8-bit IJ.P to the AD7582 operating from an external 
clock source. During a write operation, the 74121 monostable 
(one-shot) is triggered to latch the data (AO, Al and CS) in the 
7477, a 4-bit bistable latch., The monostable timing components 
(not shown in Figure 20) should be chosen to provide an output 
pulse width corresponding to t2 (EXT), the minimum autozero 
cycle time. To avoid any possibility of spurious triggering, the 
monostable should be enabled by a valid memory address signal. 
During a data read cycle, the 7477 latch is transparent and data 
is read nortnally. Note that the p.P write and read cycle times 
are unaffected by the interface circuitry. 



AO-A15 

S08S 

WR t--------,L/ 

~t_-------------__1 

B·SIT",P 

00·07 

·LlNEAR CIRCUITRY OMITTEO FOR CLARITY. 
A075B2 OPERATING WITH EXTERNAL CLOCK. 

Figure 20. Interface to AD7582 Using External Clock 

8088, 8086 MICROPROCESSORS 
Figure 21 shows an AD7582-8088 interface. 

Address lines AO, Al and A2 are connected to BYSL, AO and 
Al inputs respectively of the AD7582. With the simple decoding 

Figure 22 shows an AD7582-8086 interface. Address lines AI, 
A2 and A3 are connected to BYSL, AO and Al inputs respectively 
of the AD7582. The AD7582 is again decoded in a memory . 
block from 4000H to 7FFFH. The input multiplexer is now 
addressed as follows: 

4000H 
4004H 
4008H 
400CH 

Channel 0 
Channell 
Channel 2 
Channel 3 

A write instruction to one of these addresses will start a conversion 
of the selected channel, i.e, 

MOV 4008, AX 

starts a conversion of channel 2. When the conversion is finished, 
the 8086 acquires the result by reading from the AD7582 in two 
read cycles, i.e., 

MOV AL,4000 
MOV AH,4002 

places the conversion data in the accumulator. 

MNIMX V" 
.------..T7~-+-----------, 

shown in Figure 21 the AD7582 is decoded in a memory block B086 

from 4000H to 7FFFH. The input multiplexer is now addressed 
as follows: 

4000H 
4002H 
4004H 
4006H 

Channel 0 
Channell 
Channel 2 
Channel 3 

A write instruction to one of these addresses will start a conversion 
of the selected channel, i.e, 

MOV 4004, AX 

starts a conversion of channel 2. When the conversion is finished 
the 8088 acquires the result by reading from the AD7582, i.e., 

MOV AX, 4000 

places the conversion data in the accumulator. 

MNIMX 

AB-A15 

8088 

loiM 

ALE 

ADO-AD7 

ADDRESS DECODE \ 
LOGIC 

A., 
I 

ADDRESS BUS 

~--------~RD 
r--~--------iWR 

AD7582* 

DBO-DB7 

DATA BUS 

-LINEAR CIRCUITRY OMITTED FOR CLARITY. 
AD7582 OPERATING ON INTERNAL CLOCK 

Figure 21. AD7582 - 8088 Interface 

Mlffi 

ADO-AD15 

r------------~RD 

~-----------iWR 

DBO-DB7 

DATA BUS AD7 

-LINEAR CIRCUITRY OMITTED FOR CLARITY. 
AD7582 OPERATING ON INTERNAL CLOCK. 

Figure 22. AD7582 - 8086 Interface 

NEW PRODUCTS - ICs 3~287 



AD7582·AD58S SAMPLE·HOLD INTERFACE 
FigUre 23 shows an AD585 Sample~Hold Amplifier driving AINI 
of the AD7582. At a sampling frequency of 8kHz the maximum 
input signal frequency is 4kHz. The AD7582 is configured for 
bipolar operation to allow an input signal swing of ±5V. No 
clock components are shown for the AD7582 but the conversi~n 
time of the AD7582 should be adjusted for 100 microseconds. 
With an external hold capacitor of lOOpF, the acquisition time 
forcthe sample-hold amplifier is 10 microseconds. The circuit 
operates from OOC to + 70°C. 

To take a sample of the input, a WRITE instruction is executed 
to the AD7582 control inputs. Tl)e converter busy flag, BUSY, 
is driven low indicating that a conversion is in progress. The 

falling edge of this BUSY signal places the sample-hold amplifier 
into the HOLD mode "freezing" the input signal to the AD7582: 
After 100 microseconds the conversion is finished and the BUSY 
signal is brought high. This allows a time of 25 microseconds 
for the AD585 to come out of the hold mode and acquire the 
mput signal in time for the'next sample. Between the end of 
one conversion and the start of the next, the conversion results 
must be read from the converter. 

Careful circuit layout and power supply decoupling are necessaty 
to obtain maximum perfonnance from the system. Decoupling 
capacitors in the diagram are all IOIJ-F electroytics in parallel 
with O.OIIJ-F disc ceramics. 

Figure 23. AD7582-AD585 Interface 
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~ANALOG 
WDEVICES 

LC2 MOS High Speed fJ-P Compatible 
8-Bit ADC with Track/Hold Function 

FEATURES 
Fast Conversion Time: 1.36",5 Max 
Built-In Track-and-Hold Function 
No Missed Codes 
No User Trims Required 
Single + 5V Supply 
Ratiometric Operation 
No External Clock 
0.3" Wide, 20-Pin DIP 

GENERAL DESCRIPTION 
The AD7820 is a high speed, microprocessor compatible 8-bit 
analog-to-digital converter which uses a half-flash conversion 
technique to achieve a conversion time of 1.36fLS. The converter 
has a OV to + SV analog input voltage range with a single + SV 
supply. 

The half-flash technique consists of 31 comparators, a most 
significant 4·bit ADC and a least significant 4-bit ADC. The 
input to the AD7820 is tracked and held by the input sampling 
circuitry, eliminating the need for an external sample-and-hold 
for signals with slew rates less than 100 mV/fLs. 

The part is designed for ease of microprocessor interface with 
the AD7820 appearing as a memory location or 110 port without 
the need for external interfacing logic. All digital outputs use 
latched, three-state output buffer circuitry to allow direct con
nection to a microprocessor data bus or system input port. A 
non-three state overflow output is also provided to allow cascading 
of devices to give higher resolution. 

The AD7820 is fabricated in an advanced, all ion-implanted, 
high speed, Linear Compatible CMOS (LC2MOS) process and 
features a low maximum power dissipation of7SmW. It is packaged 
in a O.3"wide, 20-pin DIP. 

PRODUCT HIGHLIGHTS 
1. Fast Conversion Time 

The half-flash conversion technique, coupled with fabrication 
on Analog Devices' LC2MOS process, enables very fast con
version times. The maximum conversion time for the WR-RD 
mode is 1.36 .... s, with 1.6fLs the maximum for the RD mode. 

2. Total Unadjusted Error 
The AD7820 features an excellent total unadjusted error 
figure of less than V2 LSB over the full operating temperature 

AD7820 I 
AD7820 FUNCTIONAL BLOCK DIAGRAM 

OBO-oB7 
DATA OUT 
PINS2-5,14-11 

GND MODE WRIRDY CS AD iNT 

range. The part is also guaranteed to have no missing codes 
over the entire temperature range. 

3. Built-In Track-and-Hold 
The analog input circuitry uses sampled-data comparators, 
which by nature have a built-in track-and-hold function. As 
a result, input signals with slew rates up to lOOmV/fLs can be 
converted to 8-bits without external sample-and-hold. This 
corresponds to a SV peak-to-peak, 7kHz sine wave 
signal. 

4. Single Supply 
Operation from a single + SV supply with a positive voltage 
reference allows operation of the AD7820 in microprocessor 
systems without any additional power supplies. 
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SPEC IFICATIONS (V ... = + 5Y; YREF ( +)= +5Y; YREF (- )=6ND.=OY unlessotherwisa SIaIBd).Al1 specificationsT ... toT ... 
. . . 1llless0llawise spaciIiad Specificatiolls apply for RD Mode (PIn 1 = OY) 

AD78lOBQ AD78lOCQ 
Par8nleter AD78lOKN' AD7820LN AD7820TQ AD7820UQ Uaits CoIlditioDSlColllJllellts 

ACCURACY 
Resolution 8 8 Bits 
Total Unadjusted Error' :!:I :!: 112 :!:I :!: \12 LSB 
Minimum Resolution for which 

No Missing Codes are guaranteed 8 Bits 

REFERENCE INPUT 
Input Rc;sistance 1.0/4.0 1.0/4.0 1.0/4.0 1.0/4.0 k(} ntin/k{l max 
VREF( + ) Input Voltage Rabge VREF(-yYOO VREF(-)Noo VREF(-yYOO VREF(-yYOO VminNmax 
VREF( - ) Input Voltage Range GNDNREF(+) GNDNREF(+) GNDNREF(+) GNDNREF(+) VminNmax 

ANALOG INPUT 
Input Voltage Range Vam-yYRm+) VREp( - yYREp( +) Vam - yYREp( +) VREp( - yYREF( +) V minN max 
Input LealtageCurrent :!:3 :!:3 :!:3 :!:3 tJAmax 
Input Capscitance' 45 45 45 45 pFtyp 

LOGIC INPUTS 
Cs,WR,RD 

VINH 2.4 2.4 2.4 2.4 V min 
VINL __ 0.8 0.8 0.8 0.8 V max 
IINH(CS,RD) I I I I tJAma. 
IINH(WR) 3 3 3 3 ".Amax 
IINL -I -I -I -I tJAmax 
Input Capacitance' 8 8 8 8 pFmax Typically 5pF 

MODE 
VINH 3.5 3.5 3.5 3.5 V min 
V1NL 1.5 1.5 1.5 1.5 V max 
IINH 200 200 200 200 tJAmax 50".Atyp 
IINL -I -I -I -I ".Amax 
Input Capscitance' 8 8 8 8 pFmax Typically 5pF 

LOGIC OUTPUTS 
DBO-DB7,OFL,INT 

VOH 4.0 4.0 4.0 4.0 V min IsouRcE = 360tJA 
VOL 0.4 0.4 0.4 0.4 Vma. ISINK= 1.6mA 
lOUT (DB~DB7) :!:3 :!:3 :!:3 :!:3 .... Amax Floating State LeaItage 

Output Capacitance' 8 8 8 pFmax Typically 5pF· 

SLEW RATE, TRACKING' 0.2 0.2 0.2 0.2 V/".Slyp 
0.1 0.1 0.1 0.1 V/".smax 

POWER SUPPLY 
. Voo Volts :!: 5% for Specified 

Performance 
100' IS IS 20 20 mAmax Cs=RD=OV 
Power Dissipation 40 40 40 40 mWtyp 
Power Supply Sensitivity :!: 114 :!: 114 :!:1/4 :!: 114 LSBmax :!: 1116LSB typ 

VDD =5V:!:5% 

NOTES 
ITemperature Ranges are as foUows: 

AD7820KN,LN 010 + 7O"C 
AD7820BQ,CQ - 25"C to + 85"C 
AD7820TQ,UQ - 55"C to + 125"C 

2Toral Unadjusted Error includesoffser, full·scalc and linearity errors. 
lSampJe tested at 250(; by Product Assurance to ensure compliance. 
'See Typical PerformanceCharacleristics. 
Specifications subject to change without notice. 
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TIMING CHARACTERISTICS 1 NOD= +5V;Y.+)= +5Y;VREF (-)=GND=OVunlessolherwisestated) 

Limit at Limit at 
Limit at 25°C Tmia,Tmo: T .... ,T .... 

Parameter (All grades) (K,L,B,Cgrades) (T ,U grades) Units Conditions/Comments 

tess 0 0 0 nsroin CS TO RDIWR Setup Time 

teSH 0 0 0 nsmin CS TO RDIWRHold Time 
tROYZ 70 90 100 nsmax CS to RDY Delay. Pull-Up 

Resistor 2kO. 
teRo 1.6 2.0 2.5 fLsmax Conversion Time (RD Mode) 
tA(".c03 teRo +20 teRD +35 teRo +50 nsmax Data Access Time (RD Mode) 
tINTH2 125 nstyp RD toINT Delay (RD Mode) 

175 225 225 nsmax 
tOH4 60 80 100 nsmax Data Hold Time 
tp 500 600 600 nsroin Delay Time between Conversions 
tWR 600 600 600 nsmin Write Pulse Width 

50 50 50 fLsmax 
tRO 600 700 700 nsmin Delay Time between WR and RD Pulses 
tACCl3 160 225 250 nsmax Data Access Time (WR-RD Mode, 

see Fig. 5b) 
tRl 140 200 225 nsmax RD to INT Delay 
tINTLz 700 nstyp WR to INT Delay 

1000 1400 1700 nsmax 
tAccz3 70 90 110 nsmax Data Access Time (WR-RD Mode, 

seeFig,jU 
tlHWRZ 100 130 150 nsmax WR to INT Delay (Stand-Alone Operation) 

tID 50 65 75 nsmax Data Access Time after INT 
(Stand-Alone Operation) 

NOTES 
'Sample tested at 2S'C to ensure compliance. All input control signals are specified with tr=tf=20ns (10% to 90% of +SV) and timed from a voltage level of 1.6V. 
2CL =SOpF. 
'Measured with load circuits of Figure I and defmed as the time required for an output to cross 0.8V or 2.4V. 
'Defmed as the time required for the data lines to change O.SV when loaded with the circuits of Figure 2. 
Specifications subject to change without notice. 

Test Circuits 

DBNo---~------__ ---o 

3kH T 100pF 

DGND \7 
a. High-Zto VOH 

!3kH 
DBN~ 

~::~: 
b. High-Zto VOL 

Figure 1. Load Circuits for Data Access Time Test 

DBNo---~------__ ---o 

3kU . T 10pF 

DGND \7 
a. VOHtoHigh-Z 

!3kH 
DBN~ 

T 10pF 

\7DGND 

b. it OL to High-Z 

Figure 2. Load Circuits for Data Ho/d Time Test 
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ABSOLUTE MAXIMUM RATINGS* , 

VDDtOGND ......•. 
Digital Input Voltage to GND 

Pins 6-8, 13) .....,. 
Digital Output Voltage to GND 

(Pins 2-5, 9, 14-18) 
VREF(+)toGND 
VREF(-)toGND . 
VINto GND ..... 
Operating Temperature Range 

KN,LN , .. , .. ",'" 

.. OV, +7V 

-O,3V, Voo 

-O.3V,Voo 
VREF (-), Voo 

OV,VREF(+) 
-O.3V,Voo 

o to +70"C 

BQ,CQ , ...... ". 
TQ, UQ ..•... ~ ,'. 

Storage Temperature Range . 
Lead Temperature (Soldering, lOsecs) .. 
Power Dissipation (Any Package) to +7S·C 
Derates above + 7S"C by .. . . . , . • . . 

- 2S"C to + 8S·C 
- SS"C to + 12S"C 
-6S·C to + IS0·C 

+300·C \ 
..... 4SOmW 
..... 6mWrc 

·Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a siress 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, 

CAUTlON:------------------------------------------------
ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener 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 foam 
should be discharged to the destination socket before devices are removed. 

WARNING! 0 
~~DEVICE 

PIN CONFIGURATION 

V,N 

DBO 

DB1 

DB2 

DB3 

WRIRDY 

MODE 

Ro 
iNT 

[[~~]]f:-= 
I_ 1.000 :to.010 -I 

IH.40ZO.HI 

::'=-;;;:;;;;;:;;~~;;=:=:-==l..ls ••. 000 
11.11:tO.2l1 

...Jf-.. 1I ...... J~="M ItM"':,D.OII UO 11.Z71 TVP' 12.14 :1:0.111 

t-----&z~ ~~~ 
TOe. NON ACCUM 

NOTES, 
1. LEAD NUMHR 1 IDINTRD 8'f' DOT OR NOTCH. 
I. LIA08 WILL IE IfTHER GOLD OR nN PLATID aN ACCORDANCIi 

WITH MIl-M.JII,O ftIQUIRIMENTI. 

NO'11l 

0.300 :to.01. 
(7.12:1:o.all 

.... I--O'010!tl:t 
( .... !~.ru 

ORDERING INFORMATION 

Temperature Range and Package 

Total 
Unadjusted Plastic Cerdipl Cerdipl 
Error Oto +700c - lS'C to + 8S·C - SS'C to + llS'C 

±1/2LSB AD7820LN AD7820CQ AD7820UQ 
±ILSB AD7820KN AD7820BQ AD7820TQ 

NOTE 
I Analog Devices reserves the right to ship ceramic packages in lieu of cerdip psckages, 

MECHANICAL INFORMATION 
OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm), 

10-PIN CERDIP (SUFFIX Q) 20·PIN PLASTIC DIP (SUFFIX N) 

I Analog Device. reserves the right to ship ceramic psckages in lieu of cerdip psckages, 
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PIN F'W'lCTION DESCRIPTJON 

PIN MNEMONIC DESCRIPTION 

VIN Analog Input. Range: VREF<: - }to 
VREP(+), 

2 DBO Data Output. Three State Output, bit 0 
(LSB) 

3 DB1 Data Output. Three State Output, bit 1 
4 DB2 Data Output. Three State Output, bit 2 
5 DB3 Data Output. Three State Output, bit 3 
6 WRlRI;>Y WRITE control input/READY status 

output. See Digital Interface section. 
7 Mode Mode Selection Input. It determines 

whether the device operates in the WR-RD 
or RD mode. It is internally tied to 
GND through a 50fLA current source. 
See Digital Interface section. 

8 RD READ Input. RD must be low to access 
data from the part. See Digital Interface 
section. 

9 INT INTERRUPT Output. INT going low 
indicates that the conversion is complete. 
INT returns high on the rising edge 
ofRD or CS. See Digital Interface section. 

lO GND Ground 
11 VREP(-) Lower limit of reference span. 

Range: GNDsVREP( - )SVREP( +) 
12 VREp(+) Upper limit of reference span. 

Range: VREP( -)s VREP( + )sVoo 
13 CS Chip Select Input. CS, the decoded 

device address, must be low for 
RD or WR to be recognized by the 
converter. 

14 DB4 Data Output. Three State Output, bit 4 
15 DB5 Data Output. Three State Output, bit 5 
16 DB6 Data Output. Three State Output, bit 6 
17 DB7 Data Output. Three State Output, bit 7 

(MSB) 
1,8 OFL Overflow Output. If the analog input is 

higher than (V REP( + ) - II2LSB), OFL 
will be low at the end of conversion. It 
is a non three state output which 
can be used to cascade 2 or more 
devices to increase resolution. 

19 NC No connection. 
20 Voo Power supply voltage, + 5V 
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CIRCUIT INFORMATION 
BASIC DESCRIPTION 
The AD7820 uses a half-flash conversion technique whereby 
two 4-bit flash AID converters are used to achieve an 8-bit 
result. Each 4-bit flash ADC contains 15 comparators which 
compare the unknown input to a reference ladder to get a 4-bit 
result. For a full 8-bit reading to be realized, the upper 4-bit 
flash, the most significant (MS) flash, performs a conversion to 
p~vide the 4 most significant data bits. An internal DAC, 
dnven by the 4 MSBs, then recreates an 8nalog approximation 
of the input voltage. This 8nalog resUlt is subtracted from the 
input, and the difference is converted by the lower flash ADC, 
the least significant (LS) flash, to provide the 4 least significant 
bits, of the output data. The MS flash ADC also bas one additional 
comparator to detect input overrange. 

OPERATING SEQUENCE 
The operating sequence for the AD7820 in the WR-RD mode is 
shown in Figure 3.~set-up time of 500ns is required prior to 
the falling edge of WR. (This 500ns is required between reading 
data from the AD7820 and starting another conversion). When 
WR is low the input comparators track the 8nalog input signal, 
VIN. On the rising edge of WR, the input signal is sampled and 
the result for the four most significant bits is latched. INT goes 
low approximately 700ns after the rising edge of WR. This 
indicates that conversion is complete and the data result is already 
in the output latch. RD going low then accesses the output 
data. If a faster conversion time is required, the RD line can be 
broUght low 600ns after WR goes high. This latches the lower 4 
bits of data and accesses the output data on DBO-DB7. 

WRL srns 
600nl 

SET.UPTIMEREQUIRED / V'NISSAMPLED 
BYTHEINTERNAL ANDTHE4MSB'$ 
COMPARATORS PRtORTO DECISION IS LATCHED 
STARTING CONVERSION VIN IS TRACKED 

BY INTERNAL 

OOGOING LOWINDICATES 
THAT CONVERSION IS COMPLETE 
AND THAT THE DATA RESUL TIS 
ALREADY IN THE OUTPUT 
LATCHANDCANBEREAD 

COMPARATORS Fffi BROUGHT LOW HERE LATCHES 
THE 4 LSBS INTO OUTPUT LATCH 
ANO ACCESSES DATA ON 080·087 

Figure 3. 'operating Sequence (WR-RD Mode) 



DIGITAL INTERFACE 
The AD7820 has two basic interface modes which are determined 
by the status of the MODE pin. When this pin is low the converter 
is in the RD mode, with this pin high the AD7820 is set up for 
the WR-RD mode. 

RDMode 
The timing diagram for the RD mode is shown in Figure 4. In 
the RD mode configuration, conversion is initiated by taking 
RD low. The RD line is then kept low until output data appears. 
It is very useful with microprocessors which can be forced into 
a WAIT state, with the microprocessor starting a conversion, 
waiting, and then reading data with a single READ instruction. 
In this mode, pin 6 of the AD7820 is configured as a status 
output, RDY. This RDY output can be used to drive the processor 
READY or WAIT input. It is an open drain output (no internal 
pull-up device) which goes low after the falling edge of CS and 
goes high impedance at the end of conversion. An INT line is 
also provided which goes low at the completion of conversion. 
INT returns high on the rising edge of CS or RD. 

cs~ y \ 
\ .. _-----

I '''"-i f-
RO I '0<O ~ lr--~~-rj- -~"~---

ROY --n ~WITHEX~ERNALPULL-UP 

., - '- ! '{ lr'-
,<ceo-II I 

0800B7-------------- I ~~~~! ---------
f--,,",o --j '0" f--

Figure 4. RDMode 

WR-RDMode 
In the WR-RD mode, pin 6 is configured as the WRITE input 
for the AD7820. With CS low, conversion is initiated on the 
falling edge of WR. Two options exist for reading data from the 
converter. 

Figure 5a. WR-RD Mode (tRO>tINTL) 

In the first of these options the processor waits for the INT 
status line to go low before reading the data (see Figure Sa). 
INT typically goes low 700ns after the rising edge of WR. It 
indicates that conversion is complete and that the data result is 
in the output latch. With CS low, the data outputs CDBO-DB7) 
are activated when RD gO€S low. INT is reset by the rising edge 
ofRD or CS. 

The alternative option can be used to shorten the conversion 
time. To achieve this, the status of the INT line is ignored and 
RD can be brought low 600ns after the rising edge of WR. In 
this case RD going low transfers the data result into the output 
latch and activates the data outputs (DBO-DB7). INT also goes 
low on the falling edge of RD and is reset on the rising edge of 
RD or CS. The timing for this interface is shown in Figure Sb. 

Figure 5b. WR-RD Mode (tRO<tfNTL) 

The AD7820 can also be used in stand-alone operation in the 
WR-RD mode. CS arid RD are tied low and a conversion is 
initiated by bringing WR low. Output data is valid approximately 
600ns after the rising edge of WR. The timing diagram for this 
mode is shown in Figure 6. 

--0 
:~ 

r---"'" -=::\ I;::: t,o 

D80-087 ==========) :C ~!~~ )---

Figure 6. WR-RD Mode Stand-Alone Operation, CS = RD = 0 
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APPLYING THE AD7820 
REFERENCE AND INPUT 
The two reference inputs on the AD7820 are fully differential 
and define the zero to full-scale input range of the AJD converter. 
As a re~ult, the span of the analog input can easily be varied 
since this range is equivalent to the voltage difference between, 
V~ +) and Vrn( -). By reducing the reference span, V~ +}
V~ -), to less than SV the sensivity of the converter can be 
increased (i.e., ifVREF = 2V then lLSB = 7.8mV). The input/refer
ence arrangeinent also facilitates ratiometric operation. 

This reference flexibility also allows the input span to be offset 
from zero. The voltage at V~ -) sets the input level which 
prod\1ces a digital output of all zeroes. Therefore, although VIN 
is not itself differential, it will have nearly differential-input 
capability in most measurement applications because of the 
reference design. Figure 7 shows some of the configurations that 
are possible. 

INPUT CURRENT 
Due to the novel conversion techniques employed by the AD7820, 
the analog input behaves somewhat differently than in conventional 
devices. The ADC's sampled-data comparators take varying 
amounts of input current depending on which cycle the conversion 
is in. 

The equivalent input circuit of the AD7820 is shown in Figure 
8a. When a conversion starts (WR low, WR-RD mode), all . 
input switches close, and V IN is connected to the most signillcant 
and least significant comparators. Therefore, V IN is connected 
to thirty one IpF input capacitors at the same time. 

The input capacitors must charge to the input voltage through 
the on resistance of the analog switches (about 2kU to SkU). In 
addition, about 12pF of input stray capacitance must be charged. 
For large source resistances, the analog input can be modelled 
as an RC network as shown in Figure 8b. As Rs increases, it 
takes longer for the input capacitance to charge. 

In the RD mode, the time for which the input comparators 
track the analog input is 600ns at the start of conversion. In the 
WR-RD mode the input comparators track VIN for the duration 
of the WR pulse. Since other factors cause this time to be at 
least 600ns, input time constants of lOOns can be accommodated 
without special consideration. Typical total input capacitance 
values of 4SpF allow Rs to be l.SkU without lengthening WR 
to give VIN more time to settle. 
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VIN(+I ----~ VIN 

-~-1I---I GND 

AD7820 
+5V --i,....---<.--.... -I VDD 

V.,,(+I 

VREFI-) 

Figure 7a. Power Supply as Reference 

---'--' .... --IGND 

AD7820 

+5V--i,....---<t----.... ----t VDD 

L.._+_-I V.E,(-I 

Figure 7b. External Reference2.5VFull-Scale 

GND 

AD7820 

+5V--i,....---< ..... --.... -----f VDD 

L..-'VII'v-.... --I V.E' (+ I 

.... --..... -1 V.E,(-I 

·CURRENT PATH MUST 
STILL EXIST:FROM 
Y'N (-I TO GROUND. 

Figure 7c. Input Not Referenced to GND 



Vl 12PF rkJ Rs RON 
VIN-.Ao/'>I\r-"'-""""'--C1"1i~ 

~~~ER ~ o-J 1:F ~ 1pF 

15LSBCOMPARA;0j;JS 

RON 

'---TO"VM\I\S~-cT '-~PF 
LADDER-<71O--l l~ ~ 1pF 

16 MSB COMPARA:ORS 

Figure 8a. AD7820 Equivalent Input Circuit 

Rs 
V,N--"IIV¥-.... - ...... M ___ .... --! 

Cs 

12PF~ 

Figure 8b. RC Network Model 

INPUT FILTERING 
It should be made clear that transients on the analog input 
signal, caused by charging current flowing into V IN will not 
normally degrade the ADC's performance. In effect, the AD7820 
does not "look" at the input when these transients occur. The 

Applications 

+5V-... ---.... ------~ Voo 

VREF VREF ( + ) 

V ,N V,N AD7820 Rii 

MODE DB7 

VREF(-) 

GND DBO 

Figure9a. 8-BitResolution 

comparators' outputs are not latched while Wi is low, sO at 
least 600ns will be provided to charge the ADC's input capacitance. 
It is therefore not necessary to filter out these transients with an 
external capacitor at the VIN terminal. 

INHERENT SAMPLE-HOLD 
A major benefit of the AD7820's input structure is its ability to 
measure a variety of high speed signals without the help of an 
external sample-and-hold. In a conventional SAR type converter, 
regardless of its speed, the input must remain stable to at least 
VzLSB throughout the conversion process if full accuracy is to 
be maintained. Consequently, for many high speed signals, this 
signal must be externally sampled and held stationary during 
the conversion. The AD7820 input comparators, by nature of 
their input switching inherently accomplish this sample-and-hold 
function. Although the conversion time for the AD7820 is 1.36 .... s, 
the time through which VIN must be VzLSB stable is much 
smaller. The AD7820 "samples" VIN only when WR is low. 
The value of V IN approximately lOOns (internal propogation 
delay) after the rising edge of WR is the measured value. This 
value is then used in the least significant flash to generate the 
lower 4-bits of data. 

Input signals with slew rates typically below 200mV/j.I.S can be 
converted without error. However, because of the input time 
constants, and charge injection through the opened comparator 
input switches, faster signals may cause errors. Still, the AD7820's 
loss in accuracy for a given increase in signal slope is far less 
than what would be witnessed in a conventional successive 
approximation device. An SAR type converter with a conversion 
time as fast as l .... s would still not be able to measure a 5V, 
1kHz sine wave without the aid of an external sample-and-hold. 
The AD7820 with no such help, can typically measure 5V, 
10kHz waveforms. 

OUTPUT 
CODE FULL SCALE 

:::::::: 1 _~SITIO\ 
111111011 

I 
I , 
I ' 1LSB=~ 
I ,/' ~~D 

I ' 

::::::::tL' 
00000001 

00000000 -- ---- I I I. 
o 1LSB2LSB'S 3LSB'S \. FS 

AIN. INPUT VOLTAGE (IN TERMS OF LSB'S) FS -1LSB 

Figure 9b. Nominal Transfer Characteristic for 8-Bit 
Resolution Circuit 
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Applications 
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*"" *.,,' L 
MODE WR 
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RD L 

VREF 
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1kO~ GND OFL -
~ SkU 

+lV 
Voo CS -T MODE WR -1kO AD7820 

~ RD -
VREF (+) 

V'N 
DB7 -

f- V_'-] 
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GND Of( 

Figure 10. 9-Bit Resolution 

25kll 

40kll 
V'N (:!:4Vp• 3kHz max)-_>III-~a---i 

+ 5V--'V"""~t---I 
27kll 

12kll 

+5V 

+5V--1~-----~--------i VOD 

WR 

AD7820* 
RD 

OBi 

DBO 

L 

CS 

W Ii 

RD 

)~ 07 

I 

·SAMPLE RATE IS 20kHz. 

Figure 11. Telecom AID Converter 
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Figure 12. 8-8it Analog Multiplier 
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Figure 13. FastlnfiniteSample-and-Hold 
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1IIIIIIII ANALOG 
WDEVICES 

LC2MOS 
High Speed 4- & 8-Channel 8-Bit AOCs 

FEATURES 
4- or B-Analog Input Channels 
Built-In Track/Hold Function 
10kHz Signal Handling on Each Channel 
Fast Microprocessor Interface 
Single + 5V Supply 
Low Power: 40mW 
Fast Conversion Rate. 2.5JJ.slChannel 
Tight Error Specification: 1/2LSB 

GENERAL DESCRIPTION 
The AD7824 and AD7828 are high-speed, multichannel, 8-bit 
ADCs with a choice of 4 (AD7824) or 8 (AD7828) multiplexed 
analog inputs. A half-flash conversion technique gives a fast 
conversion rate of 2.SjJ.s per channel and the parts have a built-in 
track/hold function capable of digitizing full-scale signals of up 
to 10kHz (l57mV/,..,s slew rate) on all channels. The AD7824 
and AD7828 operate from a single + SV supply and have an 
analog input range of 0 to + SV, using an external + 5V 
reference. . 

Microprocessor interfacing of the parts is simple, using standard 
Chip Select (CS) and Read (RD) signals to intitiate the conversion 
and read the data from the three-state data outputs. The half-flash 
conversion technique means that there is no need to generate a 
dock signal for the ADC. The AD7824 and AD7828 can be 
interfaced easily to most popular microprocessors. 

The AD7824 and AD7828 are fabricated in an advanced, all 
ion-implanted, Linear-Compatible CMOS process (LC2MOS) 
and have low power dissipation of 40mW (typ). The AD7824 is 
available in a 0.3" wide, 24-pin "skinny" DIP, while the AD7828 
is packaged in a 0.6" wide, 28-pin DIP. 

A07824/A07828 I 
AD7824/AD7828 FUNCTIONAL BLOCK DIAGRAM 

"A07824 - 4-CHANNEL MUX 
AD1828 _ a-CHANNEL MUX 

··A2 _ AD1828 ONLY 

PRODUCT HIGHLIGHTS 

DB' 
DB6 
DB. 
DB4 

DB> 
DB2 
DBI 
DBI 

iIii'f 

1. 4- or 8-channel input multiplexer gives cost-effective space
saving multichannel ADC system. 

2. Fast conversion rate of 2.5jJ.slchannel features a per channel 
sampling frequency of 100kHz for the AD7824 or 50kHz for 
the AD7828. 

3. Built-in track-hold function allows handling of 4- or 8-channels 
up to 10kHz bandwidth (l57mV/jJ.s slew rate). 

4. Tight total unadjusted error spec and channel-ta-channel 
mat<;hing eliminate the need for user trims. 

5. Single + SV supply simplifies system power requirements. 

6. Fast, easy-to-use digital interface allows connection to most 
popular microprocessors with minimal external components. 
No clock signal is required for the ADC. 

NEW PRODUCTS - ICs 3-301 



(VIII= + 5V; VREf'( +)= +5V; ViIEF( - )=GND=OYunlessolll8lwise sIaIIId). SPECIFICATIONS All specifications T ... to T_ unless oIhelWise specified. Spacifications apply for Mode O. 

AD7824KN1 AD7824LN 
Parameter AD7828KN1 AD7828LN 

ACCiJRACY 
Resolution Ii 8 
Total Unadjusted Erro~ ±1 ±112 
Minimum Resolution for which 

NoMissingCodesaregusranteed 8 8 
Chsnnel to Chsnnel Mismatch ±1I4 ±1I4 

REFERENCE INPUT 
Input Resistance 1.0/4.0 1.0/4.0 
VREF ( + ) Input Voltage Range VREP( -)/ VREP(-)/ 

Voo Voo 
VREP( - ) Input Voltage Range GNDI GNDI 

VREP(+) VREP ( +) 

ANALOG INPUT 
.InputVoltageRange VREP(-)/ VRm-)1 

VREP(+) VRm+) 
Input Leakage Current ±3 :!:3 
Input Capacitan~ 45 45 

LOGIC INPUTS 
RD,CS,AO,AI&A2 

VINH 2.4 2.4 
VINL 0.8 0.8 
IINH I 1 
IINL. -1 -1 
Input Capacitance3 8 8 

LOGIC OUTPUTS 
DBO·DB7 & INT 

VOH 4.0 4.0 
VOL 0.4 0.4 
lOUT (DBO-DB7) ±3 :!:3 

Output Capacitance3 8 8 
RDY 

VOL' 0.4 0.4 

loUT ±3 ±3 
Output Capacitance 8 8 

SLEWRA'tt, TRACKING3 0.7 0.7 
0.157 0.157 

POWER SUPPLY 
Voo 5 5 

Ioos 16 16 
Power Dissipation 40 40 

80 80 
Power Supply Sensitivity ±1I4 ± 114 

NOTES 
'Temperature Ranges are as follows: 

AD78241AD7828KN,LN Oto +70'C 
AD78241AD7828BQ, CQ - 25'C to + 85'C 
AD78241AD7828TQ, UQ - 55'C to + 125'C 

2Total Unadjusted Error includes offset, full·Scale and linearity errors. 
3Sample tested at 25'C by Product Assurance to ensure compliance. 
'ROY is an open drain output. 
'See Typical Perfonnance Characteristic •. 
Specifications subject to change without notice. 
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AD7824BQ AD7824CQ 
AD7824TQ AD7824UQ 
AD7828BQ AD1828CQ 
AD7828TQ AD7828UQ Units Conditions/Comments 

8 8 Bits 
±1 ±1I2 LSBinax 

8 8 Bits 
±.l/4 ±1I4 LSBmax 

1.0/4.0 1.0/4.0 kG min/kO max 
VREF(-)/ VREF(-)/ VminJVmax 
Voo Voo 
GNDI GNDI V~max 
VREP(+) VREP ( +) 

VREP(-)/ VRm-)/ VminJVmax 
VREP(+) VREP( +) 
:!:3 ±3 ,.A max Analog Input Any Chsnnel 
45 45 pFtyp Oto +5V 

2.4 2.4 V min 
0.8 0.8 V max 
1 1 .... Amax 
-1 -1 .... Amax 
8 8 pFmax Typically 5pF 

4.0 4.0 V min lsouRcE = 360,.A 
0.4 0.4 V max ISINK = 1.6mA 
:!:3 ±3 ,.A max Floating State Leskage 
8 8 pFmax Typically 5pF 

0.4 0.4 V max ISINK = 2.6mA 
±3 ±3 ,.A max Floating State Leakage 
8 8 pFmax Typically 5pF 

0.7 0.7 V/ .... styp 
0.157 0.157 V/ .... smax 

5 5 Volts ± 5% for Specified 
Performance 

20 20 mAmax CS=RD=2.40 
40 40 mWtyp 
100 100 mWmax 
±114 ±1I4 LSBmax ± 1I16LSB typ 

Voo=SV ±S% 



TIMING CHARACTERISTICS 1 (VIIII= +5V; vREF (+)= +5V; vREF (- )=GND=OV unless otherwise stated) 

Limit at Limit at 
Limit at 25°C T .... ,T .... T .... ,T .... 

Parameter (All&1'ades) (K,L,B,C &1'ades) (T, U &1'ades) Units Conditions/Comments 

tess 0 0 0 nsmin CS to RD Setup Time 
tcHS 0 0 0 nsmin CS to RD Hold Time 
tAs 0 0 0 nsmin Multiplexer Address Setup Time 
tAU 30 35 40 nsmin Multiplexer Address Hold Time 
tROy2 40 60 60 nsmax RD toRDYDelay.PulI-Up 

Resistor 5kO. 
tcRo 2.0 2.4 2.8 ,""smax Conversion Time, Mode 0 
tACCl3 85 110 120 nsmax Data Access Time after RD 
tACC23 50 60 70 nsmin Data Access Time after INT, Mode 0 
tINTH2 40 65 70 nstyp RD to INT Delay 

75 100 100 nsmax 
toH' 60 70 70 nsmax Data Hold Time 
tp 500 500 600 nsmin Delay Time between Conversions 
tRD 60 80 80 nsmin Read Pulse Width, Mode 1 

600 500 400 nsmax 

NOTES 
ISample tested at 2S'C to ensure compliance. All input control signals are specified with tr = If = 20tts (10% to 90% of + SV) and timed from a 
voltage level of 1.6V. . 

2CL = SOpF. 
'Measured with load circuits of Figure I and defined as the time required for an output to eros. O.8V or 2.4V. 
'Defined as the time required for the data lines to change O.SV when loaded with the circuits of Figure 2. 

Specifications subject to change without notice. 

Test Circuits 

DBNo---~------~~--~ 

3kH T 100pF 

DGND \7 

a. High-Zto VOH 

!3kH 
DBN~ 

~::O~: 
b. High-Zto VOL 

Figure 1. Load Circuits for Data Access Time Test 

DBNo---~------~,---~ 

10pF 

DGND ~ 
a. VoHtoHigh-Z 

!3kH 
DBN~ 

T 10pF 

\7DGND 

b. VOLtoHigh-Z 

Figure 2. Load Circuits for Data Hold Time Test 
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ABSOLUTEMAxlMUMRATlNGS* 

,VDD •................•••.. 
Digitai Input Voltage to GND 

(RD, CS, AO, Al & A2) •. 

.. OV, +7V 

-O.3V, VDD 

TQ,UQ ........•....... 
Storase Temperature Range '.' ••.... 
Lead Temperature (Soldering, 10secs) .. 
Power Dissipation (Any Package) to + 750C 

- 55"C to + I25°C 
-65OC to + ISOOC 

+300"C 
Digital Output Voltage to GND 

(D8O, DB7, RDY & OO} . -O.3V, VDD Dentes above + 750C by . . . • • . . . . . . . . . . 
45Om.W 

6mWI"C 
VaEF(+)toGND •.•.......•.•. VaEF (-), VDD 
VaEF(-)toGND ...•.......... OV,VaEF(+) ·Suesses above tho&e listed UDder "Absolute Muimum Ratings" may 

cause permanent dama&e to the device. This is a stress rating only and 
functiOll8i operatiOn of the device at these or any other conditions above 
tho&e indic:ated in the operational scc:tioDs of this specification. is not 
implied. Exposure to absolute maximum rating conditions for exten4ed 
periodS may affect device reliability. 

Analog Input (Any Channel) • . -O.3V, VDD 
Operating Temperature Range 

KN,LN 
BQ,CQ .......... . 

.. 0 to +700c 
- 250C to + 850C 

CA~ON:----------------------------------------------

ESD (E1ectro-Static-Discharge) sensitive device. The digital control inputs are zener protect
ed; .however, permanent daJ.nqe may occur on unconnected devices subject to high energy 
electrostatic fields. Unused devices must be stored in conductive fOatn or shunts. The fOatn 
should be discharged to the destination socket before devices are removed. 

WARNING! 0 
~~DEVICE 

PIN CONFIGURATION 

• 

AD7824 
TOP VIEW 

(Not to Scale) 

AD7828 
TOP VIEW 

INottoScaiel 

NC 

AO 

At 

DB7 

OB6 

DBS 

OB4 

CS 

RDY 

,VREF(+) 

VREF(-) 

A2 

OB7 

084 

ROY 
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ORDERING INFORMATION 

Temperature Range and Package 

Total 
Unadjusted Plastic Hermetic1 Hermetic1 

Error Oto +700c - 2S"C to + SS"C - SS"C to + llS"C 

±1/2LSB AD7824LN AD7824CQ AD7824UQ 
±ILSB AD7824KN AD7824BQ AD7824TQ 

NOTES 
I Analog Devices reserves the right to ship either cerdip or ceramic hermetic packages. 
2 For information regarding 1883B versions, contaet your local Analog Devices Sales Office . 
for Military data sheet. 

\ Temperature Range and Package 

Total 
Unadjusted Plastic Hermetic1 Hermetic1 

Error Oto +700c -2S"Cto.+SSOC - SS"C to + llS"C 

±1/2LSB AD7828LN AD7828CQ AD7828UQ 
±ILSB AD7828KN AD7828BQ AD7828TQ 

NOTES 
I Analog Devices reserves the right to ship either cerdip or ceramic hermetic packages. 
2 For infol1l)8tion regardins 1883B versions, contaet your local Analog Devices Sales Office 
for Military data sheet. 
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OPERATIONAL DIAGRAM. 
The AD7824 is a 4-clwmel.8-bit AID. converter and the 
AD7828 is .. an 8-cl:umnel 8-bit AID converter. Operatiooai 
diagrams for both of these devices are shown in Figures 3 
and 4. The addition of just a 4- SV reference alloWs the devices 
to perform the analog-to-digital function. 

ANALOG INPUTS { 
OTO+5V 

"P4LSB { 
DATA BUS 

"PCONTROL 
INPUT 

STATUS OUTPUT 

} "PADDRESS 
BUS 

} 
"P4MSB 

DATA BUS 

"PCONTROL 
INPUT 

STATUS OUTPUT 

Figure 3. AD7824 Operational Diagram 

ANALOG INPUTS 
OTO +5V 

} 
I'PADD. RESS 

BUS 

}~,: 
"PCONTROL 

INPUT 

STATUS OUTPUT 

+5V 

Figure 4. AD7828 Operational Diagram 

CIRCUIT INFORMATION 
BASIC DESCRIPTION 
The .AD78241AD7828 uses a half-flash conversion technique 
whereby twO 4-bit flash AID converters are .used to achieve 
an 8-bit result. Each 4-bit flash ADC contains IS comparators 
which compare the unknown input to a reference ladder to 
get a 4-bit result. For a full 8-bit reading to be realized, the 
upper 4-bit flash, the most significant (MS) flash, performs a 
conversion to provide the 4 most significant data bits. An 
internal DAC, driven by the 4MSBs, then recreates an analog 
approximation of the input voltage. This analog result is 
subtracted from the input, and the difference is converted by 
the lower flash ADC, the least significant (LS) flash, to 
provide the 4 least significant bits of the outpUt data. 
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APPLYING THE AD78241AD7828 
REFERENCE AND INPUT 
The two reference inputs on the AD7824/AD7828 are fully 
differential and define the zero to full-scale input range of the 
AID converter. As a result, the span of the analog input voltage 
for all channels can easily be varied. By reducing the, reference 
span, VREF (+) - VREF (-), to less than SV the sensitivity of 
the converter can be increased (e.g., ifVREF = 2V then ILSB 
= 7.8mV). The input/reference arrangement also facilitates 
ratiometric operation. 

This reference flexibility also allows the input channel voltage 
span to be offset from zero. The voltage at VREF (-) sets the 
input level for all channels which produces a digital output of 
all zeroes. Therefore, although the analog inputs are not themselves 
differential, they have nearly differential-input capability in 
most measurement applications because of the reference design. 
Figures 5 to 7 show some of the configurations that are 
possible. 

V'NI+) AINI 

GND 

AD7S24* 

+5V VDD AD7S2S* 

~.I"F ~7"F 
VREF(+I 

VREFI-) 

• ADDITIONAL PINS OMITTED FOR CLARITY. 
ONLY CHANNEL 1 SHOWN 

Figure 5. Power Supply as Reference 

V'NI+) -------jAIN 1 

---...... --IGND 

+5V - ..... --...... ----..... ----jVDD 

AD7S24* 
AD782S* 

'--...... --1 VREFI-) 

• ADDITIONAL PINS OMITTED FOR CLARITY. 
ONLY CHANNEL 1 SHOWN 

Figure 6. External Reference Using the AD580, Full-Scale 
Input is 2.5V 

V'NI+) 

+5V 

~.I"F ~7"F V2 

"ADDITIONAL PINS OMITTED FOR CLARITY, 
ONLY CHANNEL 1 SHOWN 

AINI 

GND 

AD7S24* 

VDD AD7S2S* DB7 

VREFI+) 

VREF (-) DBO 

DATA = ~ ·256 IFORALLCHANNELS) .'-V2 

Figuare 7. Input Not Referenced to GND 



INPUT CURRENT 
Due to the novel conversion techniques employed by the AD78241 
AD7828, the analog input behaves somewhat differently than in 
conventional devices. The ADC's sampled-data comparators 
take. varying amounts of input current depending on which 
cycle the conversion is in. 

The equivalent input circuit of the AD7824/AD7828 is shown in 
Figure 8. When a conversion starts (CS and RD going low), all 
input switches close, and the selected input channel is connected 
to the most significant and least significant comparators. Therefore, 
the analog input is connected to thirty-one IpF input capacitors 
at the same time. 

",-f] 
TOMS -xT~ lpF 
LADDER • ~ 

16MSB COMPARATORS 

Figure 8. AD7824 AD7828 Equivalent Input Circuit 

The input capacitors must charge to the input voltage through 
the on resistance of the analog switches (about 3k to 6k). In 
addition, about 14pF of input stray capacitance must be charged. 
The analog input for any channel can be modelled as an RC 
network as shown in Figure 9. As Rs increases, it takes longer 
for the input capacitance to charge. 

Figure 9. RC Network Model 

The time for which the input comparators track the analog 
input is approximately l .... s at the start of conversion. Because of 
input transients on the analog inputs, it is recommended that a 

I 
source impedence of not greater than 100 ohms be connected to 
the analog inputs. The output impedence of an op-amp is equal 
to the open loop output impedence divided by the loop gain at 
the frequency of interest. It is important that the amplifier 
driving the AD7824/AD7828 analog inputs have sufficient loop 
gain at the input signal frequency as to make the output impedance 
low. 

Suitable op-amps for driving the AD7824/AD7828 are the ADS44 
or AD644. 

INHERENT SAMPLE-HOLD 
A major benefit of the AD7824's and AD7828's analog input 
structUre is its ability to measure a variety of high-speed signals 
without the help of an external sample-and-hold. In a conventional 
SAR type converter, regardless of its speed, the input must 
remain stable to at least 1I2LSB throughout the conversion 
process if rated accuracy is to be maintained. Consequently, for 
many high-speed signals, this signal must be externally sampled 
and held stationary during the conversion. The AD7824/AD7828 
input comparators, by nature of their input ,switching inherently 
accomplish this sample-and-hold function. Although the conver
sion time for AD78241 AD7828 is 2 .... s, the time for which any 
selected analog input must be 1I2LSB stable is much smaller. 
The AD7824/AD7828 tracks the selected input channel for 
approximately I .... s after conversion start. The value of the analog 
input at that instant (I .... s from conversion start) is the measured 
value. This value is then used in the least significant flash to 
generate the lower 4-bits of data. 

SINUSOIDAL INPUTS 
The AD78241AD7828 can measure input signals with slew rates 
as high as IS7mV/ .... s to the rated specifications. This means that 
the analog input frequency can be up to 10kHz without the aid 
of an external sample and hold. Furthermore, the AD7828 can 
measure eight 10kHz signals without a sample and hold. The 
Nyquist criterion requires that the sampling rate be twice the 
input frequency (i.e., 2 x 10kHz). This requires an ideal anti-alias
ing filter with an infinite roll-off. To ease the problem of anti-alias
ing filter design, the sampling rate is usually much greater than 
the Nyquist criterion. The maximum sampling rate (FmaJ for 
the AD7824/AD7828 can be calculated as follows: 

I 
Fmax = lcRD + ~ 

I . 
F .... = 2E-6+0.5E-6 = 400kHz 

lcRD = AD7824/AD7828 Conversion Time 

tp = Minimum Delay Between Conversion 

This permits a maximum sampling rate of 50kHz for each of 
the 8 channels when using the AD7828 and 100kHz for each of 
the 4 channels when using the AD7824. 
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UNIPOLAR OPERATION 
The analog input range for any cbannel of the AD78241AD7828 
is.O to SV as shown in the unipolar operational diagram of Figure 
10. Figure 11 shows the designed code tranSitions which occur 
midway between successive integer LSB values (i.e., 112LSB, 
3/2LSB, 5/2LSB" FS-3/2LSBs). The output code is Natural 
Binary with ILS$ = FS/256 = (5/256)V = 19.5mV. 

+5V v •• 
511 

~.I~F ~7~F 
VREF VREF (+) 

Y'N AINI AD7824" 

o TO 511 
AD782S* 

DB7 

VREF (-) 

GND DBO 

• ADDITIONAL PINS OMITTED FOR CLARITY, 
ONLY CHANNEL 1 SHOWN 

Figure 10, AD78241AD7828 Unipolar 0 to 5V Operation 

OUTPUT 
CODE FULL SCALE 1 TRANsmON 

::::::::+ )r 
I , 
I ' lLSB=~6 
I ,," ,"Q 

I ' 

:::::::~" 
00000001 

00000000 -- ---- I I I. 
01 LSB 2LSB'S 3LSB'S \.. FS 

AIN, INPUT VOLTAGE (IN TERMS OF LSB'S) FS -1 LSB 

Figure 11. Ideal Input/Output Transfer Characteristic for 
Unipolar 0 to + 5V Operation . 

BIPOLAR OPERATION 
The circuit of Figure 12 is designed for bipolar operation. An 
ADS44 op-amp conditions the signal input (VIN) so that only 
poSitive voltages appeiu: at AIN 1. The closed loop transfer 
function of the op-amp for the reSistor values shown is given 
below: 

AIN 1 = (2.5 - 0.625 VIN) Volts 

The analog input range is ±4V and the LSB size is 31.25mV. 
The output code is complementary offset binary. The ideal 
input/output characteristic is shown in Figure 13. 
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25kU 

40kll 

AINI 

AD7S24* 
AD782S* 

VREF (+) 

+5V -+---...... ----1 v D• 

VREF(-) 

GND 

" ADDITIONAL PINS OMITTED FOR CLARITY. 
ONLY CHANNEL 1 SHOWN 

Figure 12. AD78241AD7828 Bipolar j;4VOperation 

11111111 

11111110 

11111101 

10000010 

10000001 

FS=8V 
lLSB = FSf256 . 

10000000 t-....!....--"'*--~..,...--i 

01111111 

01111110 

00000010 

00000001 

0000000 

=/!+ lLSB 

OV 

AIN, INPUT VOLTAGE (IN TERMS OF LSBs) 

Figure 13. IdeallnputiOutput Transfer Characteristic for 
J;4VOperation 

TIMING AND CONTROL 
The AD78241 AD7828 has two digital inputs for timins and 
control. These are Chip Select (CS) and Read (RD). A READ 
operation brinss CS and RD low which starts a converSion and 
latches the multiplexer address inputs (see Table I). There are 
two modes of operation as outlined by the timins diagrams of 
Figures 14 and 15. Mode 0 is deSigned for microprocessors 
which can be driven into a WAIT state. A READ operation 
(i.e., CS and RD are taken low) starts a conversion and data is 
read when converSion is complete. Mode 1 does not require 
microprocessor WAIT states. A READ operation initiates a 
converSion and reads the previous ConverSion results. 

AD7824 AD7828 CHANNEL 
Al AO A2 Al AO 

0 0 0 0 0 AINI 
0 1 0 0 1 AIN2 
1 0 0 1 0 AIN3 
1 1 0 1 I AIN4 

1 0 0 AINS 
1 0 1 AIN6 
1 1 0 AIN7 
1 1 1 Ah'll8 

Table I. Truth Table for Input Channel Selection 



~------------------~I 
~ODEO 
Figure 14 shows the timing diagram for Mode 0 operation. This 
mode can only be used for microprocessors which have a WAIT 
state facility, whereby a READ instruction cycle can be extended 
to accommodate slow memory devices. A READ operation 
brings CS and RD low, which latches the analog multiplexer 
address inputs and starts a conversion. The data bus (DB7-DBO) 
remains in the three-state condition until conversion is complete. 
There are two converter status outputs on the AD7824/AD7828, 
interrupt (INT) and ready (RDY) which can be used to drive 
the microprocessor READYIWAIT input. The RDY is an open 
drain output (no internal pull-up device) which goes low on the 
falling edge of CS and RD and goes high impedance at the end 
of conversion, when the 8-bit conversion result appears on the 
data outputs. If the RDY output status is not required, then the 
external pull-up resistor can be omitted. The INT input goes 
low when conversion is complete and returns high on the rising 
edge of CS or RD. 

MODEl 
Mode I operation is designed for applications where the micro
processor is not forced into aWAIT state. A READ operation 
takes CS and RD low, which latches the multiplexer address 
inputs and triggers a conversion (see Figure IS). Data from the 
previous conyersion is read from the three-state data outputs 
(DB7-DBO). This data may be disregarded if not required. The 
RDY output (open drain output) is low for the duration of the 
READ operation and goes high impedance on the rising edge of 
CS or RD. If the RDY output status is not required, then the 
external pull-up resistor can be omitted. At the end of conversion 
INT goes low. A second READ operation is required to access 
the new conversion result. This READ operation latches a new 
address into the multiplexer inputs and starts another conversion. 
INT returns high at the end of the second READ operation, 3 
when CS and RD returns high. A delay of 2.Sj.l.s must be allowed 
between READ operations. 

Figure 14. Mode 0 Timing Diagram 

ANALOG~~-U~~~~~~~-r~~~~~~~~~-r~7-~~ 
CHANNEL 
AOORESS~~~~~~~~~~-6~~~~-I~~~~-'~~~~ 

ROY ----i-'I 

INT -----i-~---!-'. 
tACC' --t 

QATA -----0( 

Figure 15. Mode 1 Timing Diagram 
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MICROPROCESSOR INTERFACING 
The AD7824/AD7828 is designed to interface to microprocessors 
as Read.Only Memory (ROM). Analog channel selection, con
version start and data read operations are controlled by CS, RD 
and the channel address inputs. These signal are common to all 
memory peripheral devices. 

Z80 MICROPROCESSOR 
Figure 16 shows a typical AD7824/AD7828 - Z80 interface. 
The AD78241AD7828 is operating in Mode O. AsSume the ADC 
is assigned a memory block starting at address COOO. The following 
LOAD instruction to any of the addresses listed In Table II will 
start a conversion of the selected channel and read the conversion 
result. 

LD B, (COOO) 

At the beginning of the instruction cycle when the ADC address 
is selected, RDY asserts the WAIT input, sO that the Z80 is 
forced into aWAIT state. At the end of conversion RDY returns 
high and the conversion result is placed in the B register of the 
microprocessor. 

A'5 

ADDRESS BUS 

AD 

~ 7-
-1 EN 

ADDRESS MREQ DECODE 

ZSO 

T· 
T 

5k 

WAIT 

Ro 

07 

DATA BUS 

00 

I 
-LINEAR 

**A2ISF 
ClRCUITRVOMITTED FORCLARITV 

ORTHEAD78280NLY 

A2 

;~ AD I 

! ! l 

I AD A' A2** 

cs 
AD7824* 

RoV AD7S2S* 

Ro 

oB7 

oBO 

Figure 16. AD78241AD7828-Z801nterface 

AD7824 AD7828 
ADDRESS Cluumel Cluumel 

COOO 1 1 
COOl 2 2 
c002 3 3 
c003 4 4 
COO4 - . 5 
COOS - 6 
COO6 - 7 
COO7 - 8 

Table II. Address Channel Selection 
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MC68000 MICROPROCESSOR . 
Figure 17 shows a MC68000 interface. The AD7824/AD7828 is 
operating in Mode O. Assume the ADC is again assigned a memory 
block starting at address COOO. A MOVE instruction to anY of 
the addresses in Table II starts a conversion and reads the con
version result. 

MOVE*B $COOO,DO 

Once conversion has begun, the MC68000 inserts WAIT states, 
until INT goes low asserting DTACK at the end of conversion. 
The microprocessor then places the conversion results in .the DO 
register. 

A23/-_____________ --, 

AS 
MC6S000 

.:»--,----~ ifIj 

iifAcK 1---------.; iNi 
o7/----------IOB7 

DATA BUS 

001-----, .----.;oBO 

*UNEAR CIRCUITRY OMITTED FOR CLARITY 
··A2IS FORTHE AD7828 ONLY 

Figure 17. AD78241AD7828-MC680001nterface 

TMS32010 MICROCOMPUTER 
A TMS32010 interface is shown in Figure 18. 1"he AD7824f 
AD7828 is operating in Mode I (i.e., no ",p WAIT states). The 
ADC is mapped at a port address. The following I/O instruction 
starts a conversion and reads the previous conversion result into 
the accumulator. 

IN, A PA (PA = PORT ADDRESS) 

The port address (000 to 111) selects the analog channel to be 
converted. When conversion is complete a second I/O instruction 
(IN, A PA) reads the up-to-date data into the accumulator and 
starts another conversion. A delay of 2.5",s must be allowed 
betWeen conversions. 

PA2 f------ .... A2" 

PAl AI 

PAD AD 
TMS32010 --{> 

AD7S24* 

MEN cs AD782S*· 

DEN Ro 

07 oB7 

DATA BUS 

00r---
lOBO 

·UNEARCIRCUITRV 
OMITTED FORClARITV 

·A2IS FOR THE AD78280NL V 

Figure 18. AD78241AD7828- TMS32010lnterface 



I 
+5V 

Voo 

AIN 1 CS 

RD 

AIN2 

AD7828 
SPEECH DB7 
INPUT 

AIN 7 DBO • A2 
AIN 8 

A1 

+5V VREF( +) AO 

Figure 19. Speech Analysis Using Real-Time Filtering 

+5V SAMPLE 
PULSE +15V 

1J 
Voo CS RD Voo +1DV 

AIN 1 VREF 

WR 
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Figure 20. 4-Channel Fast Infinite Sample-and-Hold 
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. OUTLINE DIMENSIONS. 
Dimensions shown in inches and (mm). 

24·PIN PLASTIC (SUFFIX N) 

f: : : : : : : : : : : : I~ 
1-1' ---~ . .'1 1 t-"\",'M\~--I 

~o .• ;:;:;;,-tr l' 
JL" D.,~ 0.01110.21' 

0.00110131 

. . ·.11.· ..j 10- '"/ 
0.0111.111 0.021G.111 0.1112.711 1" o:om:m r.omilii iOililii 0-

24-PIN CERDIP (SUFFIX Q)l 

24.PIN CERAMIC (SUFFIX Q)l 

[~~[~·~~~E~ 
I .......... , I 

• ~ • ~O.300=O.OIO 

~..t.'o.... 1Tifii:lii 
12.'1=0.UI 

oJ; T O.OI0~::= 
'L (D.25~:.:;1 

-.tl-~ ,UOD±O.D05 
IO.~;:.or;! 0.0511..271 n, i2.54:1:0.131 

t-----'-M:~\"'. I. 
TOLNONACCUM 

NOTE 

28·PIN PLASTIC DIP (SUFFIX N) 

c::::::::]} .. ~ I. .AI..... .j 'I-~~ 0 ....... . :.L 1,44138.68) 1.0.194 (15.081 

~~;. 
~ ~O.'IO&IU1) 'Q.i'"'i3.Oii 
0.046 (1.1'1 0.Dl5 1O.38tI 0.096 12.42) 

LEAD NO.1 IDIN11FfED BV DOT OR NOTCH 
LEADS AAE SOLDER OR TIN PLATED KOVAR OR ALLOV 42 

28.PIN CERDIP (SUFFIX Q)l 

LEAQNO. llD£NT1FlE08YDOTOfI NOTCH 
LEAD$ARE!SOUJlAORTIIIPLATEDKOYARORALLOYO 

28·PIN CERAMIC DIP (SUFFIX Q)l 

O.H8(11.19J ? ! 

... .. 

f.!.,,0 ,......."....,...e=e-e~=""""' .:C'· 
0.17 1- ~ 

14.321 1----1.4M (H.III 0:l2,'.631 L 1.38'31.011 r----,--*-. 

'~=:= F=i--r:!I:!:: ~U~ u U ~U~ U U~ ~ U-:'''''I44'' ~0iiiii74i-l 
~~~O:iii'iiiii 
0.041 ruel 0.015 (0.38\) 0.016 (2.411 

LEAD NO.1 IDENTIFIED IV DOT Of! NOTCH , 
LEADS WILL BE EITHER GOLD OR T1N PlATED IN ACCOADANCE WITH M,L·M·38StO REQUIREMENTS. 

1 Analog Devices reserves the right to ship either cerdip or ceramic hermetic packages. 
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r.ANALOG 
WDEVICES 

FEATURES 
12-Blt CMOS MDAC with Output Amplifier 
4-Quadrant Multiplication 
Guaranteed Monotonic IT min to T me.1 
Spac.Savlng 0.3", 24-Pin Package 
Application Resistors on Chip for Gain Ranging, Etc. 
Low Power LCZMOS 

APPUCATIONS 
Automatic Test Equipment 
Digital Attenuators 
Programmable Power Supplies 
Programmable Gain Amplifiers 
Digital to 4-20mA Converters 

GENERAL DESCRIPTION 
The AD7845 is the industry's first full 4-quadrant multiplying 
D/A converter with an on-chip amplifier. It also contains data 
latches for easy microprocessor interfacing and application resistors 
for gain ranging, offsetting the output voltage, etc. 

The Linear Compatible CMOS (LC2MOS) process used in th 
manufacture of the AD7845 has been specifically develo 
allow high-speed digital logic inputs and precision 
to be integrated on the same chip. 

The device is housed in a 0.3", 24-pin 
inputs drive latches which are con 
WR signals, making microproces 
stand-alone operation, the CS and inp 
ground, making all latches transparent. All 
TIL and 5V CMOS compatible. 

The output amplifier can supply ± lOY into a 2kO load. It is 
internally compensated and its input offset voltage is very low 
due to laser trimming at wafer level. For normal operation, RFB 
is tied to Your but the user may alternatively choose RA, RB or 
Rc to scale the output voltage range. 

PRODUCT HIGHLIGHTS 
1. Voltage Output Multiplying DAC: 

The AD7845 is the first DAC which has a full 4-Quadrant 
multiplying' capability and an output amplifier on-chip. All 
specifications include amplifier performance. 

LC2MOS 
12-Bit Multiplying OAC 

AD7845 I 
AD7845 FUNCTIONAL BLOCK DIAGRAM 

es space in two ways. The integration of the 
on-chip means that chip count is reduced. 

in a new 24-pin, 0.3" package which 
the space of the old 24-pin double DIP 

ION 

DB3 

DB2 

DGND 

AD7845 
TOP VIEW 

(Not to Scale) 

RF• 

Rc 

R. 

v •• 

Vss 

AGND 

DBO (LSB) 

DBI 
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SPECIFICATIONS 1 (VIII = +l2Vto +l5Y, ±111%. Yss = -l~to~- 15Y, ±10%. Y. = +l~,AGIID = II6ND =IIV, 
,_ Your (PIn 1) COIIIIIICIIId to R,a (PIn 24). AI spacilicaaolls T ... to T_1IIIass aIhaIwise staI8d). 

AD7845JN AD7845KN AD7845LN 
Panmeter AD784SAQ AD784SBQ AD784SCQ AD7845SQ AD7845TQ AD784SUQ UBits TeotCouditioaslCommeDts 

ACCURACY VREP 

Reoolutioti 12 12 12 12 12 12 Bits ILSB=2t' =2.4mV 
Relative ACCIUaCy: :!:2 :!:I :!:1I2 :!:2 :!:I :!:1I2 LSBmax AHgrades are guaranteed 
DiffeRlltialNonlinearity :!:I :!:I :!:I :!:I :!:I :!:I -LSBmax monotonic over temperature. 
Zero Code Offset Error :!:2 :!:I :!:I :!:2 :!:I :!:I mVmax DAC register loaded with all O's. 
Offset Temperature Coefficient; 

(AOffsetIATemperature)2 :!:5 :!:5 :!:5 :!:5 :!:5 :!:5 ",VrcDiax 
GainEtror :!:16 :!:'4 :!:I :!:16 :!:4 :!:I LSBmax RPB, V O<IT CODDected. 

+16 :!:4 :!:I :!:16 :!:4 :!:I LSBmax Rc, VOVTCODDected, VRBP= +5V 
:!:16 :!:4 :!:I :!:16 :!:4 :!:I LSBmax RB, Vourconnected, VRBP= + 5V 
:!:16 :!:4 :!:I :!:16 :!:4 :!:I LSBmax R", VOVTconnected, VRBP=2.5V 

Gain Temperature Coefficient; 
(AGaiDlATemperarure)2 :!:5 :!:5 :!:5 :!:5 :!:5 :!:5 ppmf'Cmax Typical value is I ppmf'C 

REFERENCE INPUT 
Input Resistance, Pin 17 5 5 5 5 5 5 kflmin Typical input resistance = 10kfl 

20 20 20 20 20 20 kflmax 

DIGITAL INPUTS 
V lH(lnput High Voltage) 2.4 2.4 2.4 2.4 2.4 2.4 V min 
V JL (Input Low Voltage) 0:8 0.8 0.8 0.8 0.8 0.8 V max 
V IN (Input Current) 

+25"(; :!:I :!:I :!:I :!:I :!:I :!:I fLAmax Digital Inputs _tOY 
Tmirl to Tmax :!:IO :!:IO :!:IO :!:IO :!:IO :!:IO fLAmax andVDD 

CIN (Input Capacitance) 7 7 7 7 7 7 pFmax 

POWER SUPPLY 
VDDRange 10.2/ 10.21 10.21 10.2/ 10.2/ 10.21 VminlVmax Specificatinna guaranteed 

16.5 16.5 16.5 16.5 16.5 16.5 over this range. 
VssRange -10.81 -10.81 -10.8/ -10.81 -10.81 -10.81 V minIV max 

-16.5 -16.5 -16.5 -16.5 -16.5 -16.5 VminlVmax 
Power Supply Rejection 

-AGainlAVDD :!:0.2 :!:0.2 :!:0.2 :!:0.2 :!:0.2 ±0.2 % per % max I1VDD=VDDmax -VDDmin 

AGaiDlAVss - :!:0.2 :!:0.2 :!:0.2 :!:0.2 :!:0.2 :!:0.2 % per % max AVss=V ...... - VSSmln 
Inn 5 5 5 5 5 5 mAmax "CS low, all other digital. 

inputs high, VOUTunioaded: 
Iss 4 4 4 4 4 4 mAmax Vour unloaded. 

DYNAMICPERFORMANCE 
Output Voltage SettiingTime fLSmax ToO.OI%offull-scale nmge. 

Vourload = 2kfl, lOOpF. 
DAC register alternately loaded 
withallO',andalll's. 

SlewRste 5 5 5 5 5 5 V/fLStYP Vour!osd=2kfl,IOOpF 
Digital.to-Analog 1000 1000 1000 1000 1000 1000 nV-sectyp Meyutedwith V""" = OV, 
Glithc Impulse DAC Register alternately loaded 

withallO',andalll's. 
Multiplying Feedthrough Error mVp-ptyp VRBF= :!: 10V,IOkHzsinewave. 

DAC register loaded with all O's. 
AtTA =25"(;, error is 3mVp-p typ. 

Unity Gain Small Signal 
Bandwidth MHztyp DACRegisterloadedwithalll's. 

V ...... = :!:lOOmV sinew_ve. 
Full-Power Bandwidth 100 100 100 100 100 100 kHztyp DAC register loaded with alii's. 

V....,,= :!:IOVsinewaveRL=2k!}. 
CL=IOOpF 

Total Harmonic Distortion -80 -80 -SO -SO -80 -80 dBtyp VItEP =6VRMS,lkHzsinewave 

OUTPUT CHARACTERISTICS 
Open Loop Gain 90 90 90 90 90 90 dB min vOlIT, RPB Dot connected. 

VOOT= ±IOV,RL=2kfl 
Output Voltage Swing :!:IO :!:IO :!:IO :!:IO :!:IO :!:IO Vmin RL=2kfl,CL= lOOpF 
Output Resistance 0.5 0.5 0.5 0.5 0.5 0.5 ntyp 
Short Circuit Current 40 40 40 40 40 40 mAtyp VourshOttedtoAGND. 
Output Noise Voltage 50 50 50 50 SO 50 nvNRityp Includes noise due to output 
Denslty(IOHz-lookHz) amplifierandJohnlOnNoiseofRPB• 

NOTES 
ITcmpemureraoaesarcasfoUows: IN, KN,LN Versions: Oto +7O"C. 

AQ, BQ, CQ Versions: - ZSOC to + ISOC 
SQ, TQ, UQVersions: ~SSOCto + 12SOC 

'Guaranteed by Produc:tAssuraace testing. 
'The metal lid on thecerami<~iaconnecJed to Pin 12(DGND). 

SpeciliQatioas subject '" <banae without DOtU:e. 
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-'ANALOG 
WDEVICES 

FEATURES 
Update Rates to 125MHz 
Low Glitch Energy 
Complete Composit. Inputs 
On-Chip Reference Voltage 
Single - 5.2V Power Supply 

APPLICATIONS 
Raster Scan Displays 
Color Graphics 
Automated Test Equipment 
TV Video Reconstruction 

GENERAL DESCRIPTION 
The AD9700 digital-to-arialog converter is a monolithic device 
capable of accepting eight bits of digital data at update rates as 
high as 125MHz. On-chip registers on the data lines help minimize 
"glitches" in the output signal. 

Incorporating the AD9700 into system designs is eased by its 
blanking, sync, 10% brightness, and reference white control 
signals.· An on-board reference eliminates the need' for external 
circuits, nWting it considerably easier to design the AD9700 
into high-speed applications than it is for converters which do 
not have this feature. 

The unit is housed in a 22-pin package; operates from a single 
-S.2V power supply; and dissipates only 65OmW, making this 
the smallest, lowest power DI A converter available to design 
engineers who need true "graphics ready" converters for raster 
scan, color graphics, and other high-speed systems. 

This device is a natural extension of the Analog Devices advanced 
technology that produced the first hybrid converters which 
included composite capabilities. Like the earlier HOG-Series 
D/A converters, the AD9700 is designed to have general output 
compatibility with EIA Standards RS-170 and RS-343. 

This four-page clata summary contains key specifications to speed your selec
tion of the proper solution for your appUcation. Additional information on this 
product can be obtained from your local sales office. 

Monolithic Video 
Of A Converter 

A09700 I 
AD9700 FUNCTIONAL BLOCK DIAGRAM 

Five versions of the AD9700 are available. The AD9700BW 
(non-hermetic) and AD9700BD (hermetic) are DIP units operating 
over a temperature range of - 25·C to + 85OC; the hermetic 
DIP AD9700SD is for use over a temperature range of - 550C 
to + 12S·C. The AD9700BE and AD9700SE are leadless chip 
carrier (LCC) devices for temperature ranges of - 250C to + 85·C 
and - 550C to + 12S·C, respectively. The SD and SE versions 
are available screened to military requirements; contact the 
factory for details. 
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SPEC I F I CAli 0 NS . ~icaI @ + 25"C with nominal IIII"8f supplies unless otherwise noIIId) 

Parameter 

RESOLUTiON 

LEAST SIGNIFICANT BIT(LsB) WEIGHT 
VoI_(adj\l8l8b!e) 
Current (adj\l8l8ble) 

ACCURACY (GS = Gray Scale; FS - Full Scale) 
Lm.anty 
Differential LiDcarity 
Integral Linearity 
Zero Offset (Initial) VoI_ 
MODOtonicity 

TEMPERATURECOEPFICIENTS 
Linearity . 

Gain 
ZeroOffset 

. DYNAMIC CHARACTERISTICS-GRAY 
SCALE OUTPUT' 

Sett1ing TimetoO.4% GS; 
OVt0637.SmVGS change 

Voltas< 
UpdateRate4 

Slew Rate 
RiseTime 
Gliteb ImpuIse' 

DIGITAL DATA INPUTS 
Losic Compatibility 
Coding 
Losic Levels 

"I" 
"0" 

Loadins{each bit) 

STROBE INPUT 
Logic Compatibility 
LosicLeve1s 

"I" 
"0" 

Loadins 
SetUpTime(Data) 
Hold Time (Data) 
i'ropaption Delsy 

·10% BRIGHT,REFERENCE WHITE, 
COMPOSITE SYNC, AND COMPOSITE 

. BLANKING INPUTS 
LosicCompatibiJity 
Losic Levels 

"I" 
''0'' 

Loadins 
SPEEDFERFORMANCE-CONTROLINPUTS 

Sett1ingTimeto 10% of Final Value for: 
100Briaht 
Reference White 
Composite Sync 
Composite Blanking 

SETUP CONTROL 
Ground 
Open 
Ikto -5.2V 
-5.2V 
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Vaits 

Bits 

mV 

"'" 
±%GS 
±%GS,mu: 
±%GS,max 
mV( .... ) 

ppmI"C(max) 
ppmI"C (max) 
ppmI"C(max) 

m(max) 
MHz(min) 
V/p.s 
os 
pV·s 

V(minJmax) 
V(minJmax) 

V(minJmax) 
V(minlmax) 

ns,min 
ns,min 
ns(mas) 

V(minJ .... ) 
V (minJmax) 

ns,max 
os,max 
os,max 
ns,max 

mV (IRE Units) 
mV(IREUnits) 
mV (IRE Units) 
mV (IRE Units) 

AD!I700BDIBW' 
8 

2.S 
67 

0.2 
0.2 
0.2 
0.3(0.9) 
Guaranteed 

IS 
SO 
10 

10(12) 
125(100) 
300 
2 
80 

ECL 
Complementaty Binary (CBN) 

-0.9( -1.1.1-0.6) 
-1.7(-2.01-1.5) 
SpFandSOkllto -S.2V 

ECL· 

-0.9( -1.11-0.6) 
-1.7( -2.01-1.5) 
SpF and 50kll to - S.2V 
2.5 
1.5 
4(5) 

ECL 

-0.9( -1.11-0.6) 
-1.7(-2.01-1.5) 
SpFandSOkllto -S.2V 

10 
10 
10 
10 

0(0) 
53.25(7.5) 
71(10) 
142(20) 

AD9700sD' 

*(30) 
*(12S) 
*(15) 

MECHANICAL DIMENSIONS 
Dimensions shown in inches and (mm). 

. 127.43,*,'. ~~=-=--:-j 

~lII~~]]~ 
DENOTES PIN I LOCATION 

... =0.110 0.110 :0.01. 
~ ~ 

1..r=====t..1 

Models AD9700BD, AD9700BW, andAD9700SD 

28-TERMINAL LEADLESS CHIP CARRIER 
JllDEC TYPE C 

Dimensions shown in inches and (mm). 

D.D7O z • ...., 
f'.71 :0.111 

-I to-

.... ::t ... 
11.27:t:0.13) 

.......... 
(1.12 x 45, 
.... PLCS 

....... 
to.l1x., ... 

Models AD9700BE.and AD9700SE 
(Pins numbered clockwise) 



Parameter Units 

ANALOG OUTPUT 
GSCurrenr" mA 
GS Voltage' mV(±I%) 
Compliance V 
Internallrnpedance o (minimax) 

REFERENCE WHITE' 
CUn'ent 

Losic"I" mA(±4%) 
Losic"O" mA(±4%) 

Voltage 
Logic"l" mV(±4%) 
Logic "0" mV(±4%) 

10% BRIGHT' 
Current 

Logic "I" mA(±5%) 
Logic "0" mA(±5%) 

Voltage 
Logic "I" mV(±5%) 
Logic "0" mV(+5%) 

COMPOSITE SYNC'·'o 
Current 

Logic"l" mA(±4%) 
Logic"O" mA(±4%) 

Voltage 
Logic "I" mV(±4%) 
Losic"O" mV(±4%) 

COMPOSITEBLANKING'·'o 
(Assumes Setup is Open, Which is 
Equiva1entto 7.5 IRE Units) 

Current 
Logic "I" mA(±4%) 
Logic "0" mA(±4%) 

Voltage 
Logic "I" mV(±4%) 
Losic"O" mV(±4%) 

VOLTAGE REFERENCE TOLERANCE 
(DeviationfromNominal-l.26V) mV(max) 

POWER REQUIREMENTS 
- 5.2V ± 0.25V mA(max) 
Power Supply Rejection Ratio %IV 
Power Dissipation mW(max) 

TEMPERATURE RANGE 
Operating (Case) °C 
Storage °C 

THERMAL RESISTANCE" 
Junction [0 Ail, 8ja(FreeAir) °CIW,max 
Junction to Case, Bje OCIW,max 

MTBFI2 
Mean Time Between Failures Hours 

NOTES 
IBJectrical specifications for AQ9:700BE same as AD9700BDlBW. 
lElectrical specifications for AD9700SE same as AD9700SD. 
lSettiing to OS percentage includes FS and MSB transitions. 
Inherent lns register delay (50% points) is not included. 

4Minimum update rate limited by full-scale settling time for eight bits. 
Unit can be updated to 125MHz. 

SOlitch can be reduced with glitch adjustment. 
6PS current = OS current + video functions = 30mA. 
7LSB value of 2.5mV used for calibration. This causes Gray Scale output to 
to be 637.5mV rather than 643mV shown in idealized composite waveform 
elsewhere in this data sheet; both values arc well within the output and EIA 
Standard RS-I70 tolerances. lOUT = (1.261Rs1IT) x 4 when RseT = 3000. 

REffect on analog output of logic "0" at Reference White input depends on signal 
at 10% Brisht input (see Table I). 

'10% Bright. Omlposite Sync, and Composite Blanking outputs shown add to 
Gray Scale analog output at Pin 13. 

l"Composite Sync or Composite Blanking control signals reset input registers. 
Composite Sync or Composite Blanking should not be operated simultaneously 
with Reference White. 

II Maximum junction temperature .,. l50"C. 
uCalculated using MIL HNBK-217; Ground Fixed; + 25"C Ambient. 

*SpecifiCitions same as AD9700BDlBW'. 
Specifications subject to change without notice. 

AD9700BDIBW' 

Oto -17 
Oto -637.5 
-l.2to +0.1 
800(6801920) 

Normal Operation 
Oor -1.9 

Normal Operation 
Oor -71 

-1.9 
0 

-71 
0 

0 
-7.6 

0 
-285 

0 
-1.4 

0 
-53.25 

±20(±60) 

125(140) 
0.025/0.25 
650(728) 

-2510 +85 
-55to+150 

55 
IS 

1.95 x 10' 

AD9700sD' 

-55to + 125 

ABSOLun 
lilt: OUTPUT 

UNITS VOLTAGE 

PIN DESIGNATIONS 
MODELS AD9700BD, AD9700BW •• nd AD9700sD 

PIN FUNCnoN PIN FUNCTION 
I GROUND 12 GROUND 

• -i.IV 13 OUTPUT 
3 IIT1(MSBI I. CURRENT SET 

• BIT. I. COMPENSAnoN 

• BIT3 .. REFERENCE WHtTE 

• BIT. 17 COMPOSITESYNC 

1 BITS II COMPOSrTE BLANKtNG 
I BIT. II 10% BRIGHT 
I BlTl .. OurCHAOJUST 

I. BlTIILSB' " SETUP 

" STROBE .. GROUND 

NOTE: CONNECT PINS 1, 12, AND 22 TOGETHER AND TO 
GROUNOASCLOSETO CASEAS POSSIBLE. 

PIN 

I 

• 
3 

• • • 
1 
8 

• 
I. 

" 12 
13 
1. 

PIN DESIGNATIONS 
MODELSAOI700BE.AD9700SE 

FUNCnON PIN FUNCTION 

GROUND IS GROUND 
GROUND .. OUTPUT 
GROUND 11 -S.2V 
-S.2V 18 CURRENT SET 
BIT1IMSB) .. COMPENSATION 
BIT2 .. REFERENCEWHJTE 
BIT3 .. COMPOSITE SYNC 
BIT. .. NO CONNECTION 
BITS .3 COMPOSITE BLANKING 
BITI •• 10%BRIGHT 
BlTl 25 GUTCH ADJUST 
BIT8 .. SETUP 
STROBE " -S.2V 
Ne .1 V. 

NOTE: CONNECT PINS 1.2.3.AND1STOGETHERANDTO 
GROUND AS CLOSETOCASEASPOSSIBLE. 

---- --- Rt:FEIlENCEWHITE 
LEVELIV_I 

IIIFERlNCEILACIt ___ LlVllIV .. 1 

'IO_UNlTI .. n ..... v 

Idealized Composite Output Waveform 
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DIGITAL INPUTS VS. ANALOGOVTPUT 

.Bit Bit Bh Bit· Bk Bit Bir Bit 10% Ref. Comp. All .... 
1 2 3 4 5 6 7 8 BriPt White 81 ........ Sync Ou!put(mV) 

1 1 1 1 1 1 0 
.1 i 1 1 1 1 -71 
1 0 0 0 0 I -320 
0 0 0 0 0 I -637.S 
0 0 0 0 0 I -70S.S 

X X X X X X X X 0 L 0 
X X X X X X X X I 1 -71 
X X X X X X X X 0 0 -637.S0' 
X X X X X X X X 0 1 -690.752 

X X X X X X X X 0 I -7QS.SO' 
X X X X X X X X 0 1 .,779.50' 

X X X X X X X X 0 0 -922.S0' 
X X X X X X X X 0 0 -97S.7S' 
X X X X X X X X 0 0 -993.SO' 
X 'X X X X X X X 0 0 -1064.50' 

X X X X X X X X -993.S0' 
X X X X, X X X X -1046.7S' 
X X X 'X X X X X -I064.SO' 
X X X X X X X X -II3S.So' 

. NOTES 
lSeruPlPin 21 lpounded ,0 IRE units). 
lSetuPlPin 21) open 17 .SIRE units). 
)Setup(Pin2IHo - S.JVthroua:h lktlOIRE'wUlsl. 
4SeruptPiD21Ho - S.2VI20IREunits). 

Analos outpUt values; shown are baed on LSB value of 2.SmV used for ease of calibration; this causes Gray Scale ouqnu to be 637.SmV rather than 643mV shown 
elsewhere in this data sbeet in skelch of idealU:ed composite output. Both values are well within tbe output and EIA Standard RS·170 lolt!rances. 

Table I. 

USING AD9700 AS RASTER SCAN D/A 

Refer to the block diagram of the AD9700 D/A converter. 

The digital input bits represent the Gray Scale value of the 256 
(2s) discrete levels between Reference Black and Reference 
White in a composite video signal, and are applied to Pins 3 
through 10. 

The output analog signal (at Pin 13) will be a function of these 
digital inputs. The output will also be affected by the EeL 
levels at the control inputs of 10% Bright, Reference White, 
Composite Sync, and Composite Blanking; and the level of the 
control signal (expressed in terms of IRE units) at the Setup 
input. 

The total effect of these combined signals can be illustrated in a 
truth table format if arbitrary values are assigned for Gray scale 
inputs and various combinations of control inputs are selected. 

Refer to Table I. 

As the footnote to this figure points out, the full-scale (-637.5mV) 
OUtput of the AD9700 is different from the - 643mV output of 
the idealized composite waveform shown elsewhere in this data 
sheet. The reason for this discrepancy is Analog Devices' use of 
2.5mV for the value of the LSB; that choice of LSB weighting 
eases calibration of the converter. The disparity does not cause 
any problems in using the device, since both values are well 
within the tolerances of the output and the RS-170 standard. 

Referring again to the block diagram, the Strobe input applied 
to the AD9700 clocks the input registers when the strobe signal 
makes the transition from a logic "0" to a logic "I". The purpose 
of the registers is to remove time skew from the digital input 
bits and minimize pertubations or ~'glitches" in the analog output 
signal. 

The signal applied to the Reference White input sets the input 
registers, thereby overriding the video input word. When this 
occurs, the analog output of the AD9700 goes toOVor to -7ImV, 
depending upOn whether or not the IOGA. Bright signal is also 
operated. . 

A logic "0" applied to either the Composite Sync or Composite 
Blanking input will reset the input registers to 00000000. The 
analog output at Pin 13 will be -922.SmV (-637.SmV plus 
- 285m\,) if the Composite Sync input is operated; this is not 
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affected by the value of IRE units at the setup input. 

When Composite Blanking is operated, the analog output will 
go to its fUll-scale value of -637.5mV plus some additional 
amount, as detertnined by the voltage at setup. The - 53.25mV 
example used in the specifications section of the data sheet is 
based on the setup input floating, which is equivalent to 7.5 
IRE units. (For this example, the analOIl output would be 
690.75mV.) 

The internal voltage reference shown in the block diagram is a 
bandgap type. Including this reference within the converter 
e1iminates the need for external circuits, making it markedly 
easier to design the AD9700 into various applications. The 
internal precision reference also provides superior power supply 
rejection and gain tempeo. 

Details on the connections for using the AD9700 in composite 
video applications are shown in Figure 1. 

VQu''''41~IAto''D. 
-"lOAD '" ALAQOI)f;Rn RTf_NATION 

Figure 1. AD9700 DIA Connections 



rIIIIII ANALOG 
WDEVICES 

FEATURES 
ECl or TTL Compatible 
Composite Inputs 
125MHz Update Rates Minimum 

APPLICATIONS 
Raster Scan Displays 
Color Graphics Systems 
General Video Reconstruction 

GENERAL DESCRIPTION 
The AD9702 O/A Converter is a single monolithic IC containing 
three separate 4-bit digital-to-analog (O/A) converters for red, 
green, blue (RGB) graphics display applications; 4,096 colors 
are available to the user. Composite blanking, green sync, and 
reference white digital control inputs are also included. On-chip 
data registers and a capability for varying output drive make 
this a total functional solution for graphics displays. 

A unique TTlJECL interface allows the designer a choice of 
logic compatibility for all inputs; this can be accomplished by 
applying either + SV or ground to the V cc pin. Internally, the 
registers and control switching signals operate at ECL logic 
levels to help assure low glitch impulse at the OAC outputs. 

The unit is housed in a 24-pin ceramic package and operates 
with - S.2V applied for the ECL mode; and - S.2V and + SV 
for TTL mode. Power dissipation is 1.3 watts for ECL operation 
and 1.5 watts for TTL. 

Monolithic devices are inherently less expensive and more reliable 
than hybrids. When combined with its small size and outstanding 
electrical characteristics, these attributes make the AD9702 01 A 
Converter the first choice for designers of next-generation, 
medium-resolution displays. 

Triple 4-Bit 
Of A Converter 

A09702 I 
A09702 FUNCTIONAL BLOCK DIAGRAM 

V<"I~SVORGROUND) V,,1-52Vl 
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SPECIFICATIONS {tJpicaI@ +M willi ... power.-sllllass CJIIawise noead} 

Parameter Units AD9702BDIBW 

RESOLUTION Bits 4 

LEAST SIGNIFICANT BIT (LSB) WEIGHT ABSOLUTE MAXIMUM RATINGS 
Voltage (Adjustable) mV 40 
Current (Adjustable) mA I ECL 1TL 

ACCURACY (GS = Gray Scale; FS = Full Scale) Lower Upper Lower Upper 

. Linearity ±%GS 0.8 Supply VoltageS 

Differential Linearity ±%GS,max 0.8 Va:: (Pin 10) -O.IV +l.OV O.OV +6.0V 

Zero Offset (Initial) mV,max 0.5 V." (Pin 17) -6.0V +0.3 -6.0V +0.3V 

Monotonicity Guaranteed 
Power Dissipation l.5W l.aw 

(Nominal VoltageS) 

TEMPERATURE COEFFICIENTS D/A Outpul Currenl 30mA 30mA 

Linearity ppmI"C(max) 20(30) Temperature 

Zero Offset ppmI"C (max) 10(15) Operating (Case) - 55"Clo + 125"C - 55"C to + 125"C 

Gain ppml"C (max) 200(400) 
Sionge - ss"C 10 + 15O"C -55"C.lo + lSO"C 

Gain Tracking ppml"C 100 

DYNAMIC CHARACTERISTICS 
Settling Time-Voltage' 

MECHANICAL DIMENSIONS ECLMode(to ±3.2%GS) ns,max. 5 
TTL Mode (to ±3.2%GS) ns,rnax 6 Dimensions shown in inches and (mm). 

Update Rate 
ECLMode MHz,min 125 
TTL Mode MHz,min 75 J--o.52J~3.211~ 

Rise Time ns 3 

~{~~D~~:8'~ 
Glitch Impulse pV-s 80 

DIGITAL INPUTS 
Logic Compatibility ECUITL 
Coding Binary (BIN) 
ECL Logic Levels 

U}" V (minimax) -0.9(-1.1/-0.6) I_ 1.200 :1:0.015 1 0.02010.5081 

"0" V (minimax) -1.7(-2.0/-1.5) 130.48 :1:0.381\ .L1=' 
TTL Logic Levels 

... :~~J;.~. "I" V (minimax) +3.5(+2.0/+5.0) 
"0" V (minimax) + 0.2 ( + 0.01 + 0.8) 

Loading (Each Bit; with Typical --II-- -I I-- 11.27 .0.'54' 
Input Logic Levels) 0.018 :!:D.002TYP 0.100 12.54\ TYP 0.05 

10.467 :1:0.0511 NON·CUM 11.211 
ECL"I" JLAlpF 5015 TVP 

ECL"O" JLAlpF -100/5 t=~~~~ ';E:'~,~ -l 
TTL "I" JLAlpF lOIS d 1.: 0.085 :1:0.009 

TIL "0" mA/pF 1.5/5 
,12.18:1:0.2291 

Setup Time (Data) I 0010.000:,+1 fO.~54 :1:0.0251 

ECL ns,ID3X 2.5 
I-I~s~~ ;~:=I-t TTL nS,max 3.5 

AT STANDOFF 

Hold Time (Data) 
ECL ns,max 2 
TTL nS,D18X 3 

Propagation Delay 
PIN DESIGNATIONS ECL ns(max) 4(5) 

TTL ns(max) 5(6) (As viewed from bottom) 

SPpED PERFORMANCE-CONTROL INPUTS 
ECLand TTL Settling Time to lO%ofGS for: P'N FUNCTION P,N FUNCTION 

Reference White ns,max 10 2. GROUND 1 REFERENCE WHITE 

Composite Blanking ns,max 10 23 GREENSVNC 2 RED BIT 1 (MSB) 

Green Sync ns,max 10 22 REO OUTPUT 3 REDBIT2 

10% Bright 10 
21 GREEN OUTPUT • RED BIT 3 

ns 2. CUHRENTSET 5 RED BIT 4 (LSB) 

RED,GREEN,AND BLUE ANALOG OUTPUTS I. GROUND • GREEN BIT 1IMSS) 

Gray Scale Current mA Oto-16 18 BLUE OUTPUT 7 GREENSIl2 

17 VEE I-S.2V) 8 GREENBIT3 
RefWhite2 = "0" mA 0 1. COMPOSITE BLANKING • GREEN BIT 4{lSB) 

RefWbite = "1" mA Normal Operation' I. STROBE I. Vcc (+5VORGROUNOI 

Composite Blanking4 = "0" mA -1.4 14 BLUEBIT41LSBI 11 BLUE BIT lIMSB) 

Composite Blanking "I" mA Normal Operation 13 BLUEBIl3 I. BLUEBIl2 

Green Sync' = "0" mA -7.6 .' 

Green Sync = "In mA Normal Operation 
NOTE: FOR NORMAL OPERATION, CONNECT PINS 19 AND 24 

Gray Scale Voltage mV Oto -600(±I%) 
~:ll~R c~~~~~J-g:skMli~~~~B~~.ouND 

RefWhite2 =;= "0" mV 0 
Ref White = "1" mV Normal Operation' 
Composite Blanking4 = "0" mV -53 
Composite Blanking - "I" mV Normal Operation 
Green SyncS = "0" mV -285 
Green Sync = "I" mV Normal Operation 
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Parameter Units 

RED,GREEN,AND BLUE ANALOG OUTPUTS (Cont.) 
Output Impedance !l(minlmax) 
Compliance V 
Matching ±%GS 

(Between any Two Gray Scale Outputs) 
RGB Outputs Time Skew ns,max 
RGB Outputs Crosstalk" mV 

(lOOMHz Bandwidth) 
Clock Noise on Outputs mV 

(lOOMHz Bandwidth) 

POWER REQUIREMENTS 
-S.2V ±0.2SV' mA(max) 
+SV ±0.25V(TTLOnly) mA(max) 
Power Supply Rejection Ratio mV/mV 
EeL Power Dissipation W(max) 
TTL Power Dissipation W(max) 

TEMPERATURE RANGE 
Operating (Case) ·C 
Storage ·C 

THERMAL RESISTANCEs 
Junction to Air, OJA (Free Air) °CIW,max 
Junction to Case, 8Jc °CIW,max 

THEORY OF OPERATION 
Refer to the Block Diagram of the AD9702 D/A Converter. 

The digital inputs are applied through TTlJECL converters to 
registers within the AD9702; the purpose of the registers is to 
eliminate time skew from the inputs and help reduce glitch 
impulse in the output signals. The switching of the inputs through 
the registers to the three internal DI A converters is controlled 
by the Strobe, Green Sync, Reference White, and Composite 
Blanking signals. 

When operating with ECL-compatible logic, VEE (-S.2V) is 
applied to Pin 17 and Pin 10 is connected to ground. Under 
these conditions, the TTlJECL converters at the input are 
transparent to incoming signals and the signals are applied directly 
to the registers. Regardless of the logic levels of the digital 
inputs, the registers and control logic internal to the AD9702 
are operated at ECL levels to help assure maximum switching 
speed and minimum glitch on the analog outputs. 

For TTL logic, Vcr; (+ SV) is applied to Pin 10 and - S.2V is 
applied to Pin 17. The positive voltage is used only on the 
TTlJECL converters, and adds to the flexibility of the AD9702 
by allowing it to be compatible with both forms of logic generally 
encountered in graphics displays. 

There is an alternate method of operating with TTL logic without 
a need for - S.2V supplies. In this arrangement, Pins 10, 19, 
and 24 are connected to + SV; and Pin 17 is grounded. In addition, 
digital inputsCRGB Bits 1 - 4) are connected to + SV through 
2k resistors on each input line. 

The disadvantage of this technique is that the output is referenced 
to the + SV supply instead of ground. When this happens, the 
dc component of the output may exceed the general requirementS 
of RS-170 and RS-343. In addition, any noise which is on the 
power supply can be coupled directly onto the video signal. 

One method of overcoming these potential problems is illustrated 
in Figure I, Using AD9702 in TTL Mode. 

AD970ZBDIBW 

10k (SkiISk) 
+3.0to -1.2 
1.0 

2 
20 

2S0(288) 
SO (60) 
O.lIS 
1.3 (I.S) 
1.5S (1.8) 

-2Sto +85 
-5Sto + ISO 

40 
12 

"NOTES 
'SettIiDs !O GS __ iDcludes FS and MSB trIIIIIi-

tioas. IDberent 3 .. ...ute. delay (50% poin .. ) i, 
DOt iDcluded. ~_~~ 

zDiai,taI"O" at lW'erence White control input (Pin 1) aet8 
I'CIiSIen; red, greeD, IDd blue outpUll 80 to zero. 

"in "1lOI'IIIII operation," GS current or GS voltlJe out .. 
pu" for .... , ...... , 0DdI .. blue ... Cltlblilbed by RGB 
diailll inpu ... :=:_.,.....,,,...,,.,.... 

'Diailll ''0'' It Composite BIatokiq toIItroI input (Pia 16) 
resets rePters; value shown is added to full.cale OUtpull 
It ............ and blue outpu ... Reference White and 
Composite BIatokiq should not be opented 
simultltleoUJly. 
'a..... SytIC toIItroI sipoI (@ Pin 23) affects oaIy a..... 
Output (@ Pin Zl); value shown is oddod !O G<eetl 
Output .... blilbed by G<eetl diailll inputs (ODd by 
Composite BIatokiq if diailll "0" is simuI!ItIeOUIIy 

applied !O Pin 16). 3 
'Lope "0" diailll inpu" applied!O DlA UDder teat; fuU 
scale .tep function "~ .. applied !O oo:tive DlA. 

'Power supplies ,bouId have .... than IOmV p-p ripple. 
'Muimom junc:tion rem .......... = ISO'C. 
Spec:ificatioas subject to cItoqe witbout notice. 

In this arrangement, the strobe signal is attenuated and shifted 
positively by a resistor network to minimize feedthrough of the 
clock signal. The digital input signals do not require the same 
kind of attenuation because their larger TTL swings do not 
present any problems. 

The pull-up resistors which are used on the inputs help assure 
proper digital "I" logic levels regardless of which TTL logic 
family is used. 

The PNP level shifter shown at the analog output in Figure 1 
eliminates the possible problems of TTL operation cited above. 
Most of the noise which might be present on the + SV supply is 
cancelled by common mode rejection in this circuit; and level 
shifting helps insure the dc component of the output meets 
'video standards. 

Minor linearity degradation and temperature drift which might 
be introduced by the level shifter are not discernible on most 
video displays. The level shifter circuit is repeated three times 
for the Red, Green, and Blue analog outputs of the AD9702. 

As shown in the block diagram and discussed in the Specifications 
section, a digital "0" level of the Reference White signal (at Pin 
1) is used to set the registers within the converter. This action 
causes the three (RGB) analog outputs to go to zero output. 

The Composite Blanking signal is applied to Pin 16; when a 
digital "0" level is used, it resets the registers and causes the 
three analog outputs to be -17.4mA or -6S3mV because of 
the amount added to the normal full-scale outputs. 

The Green Sync signal at Pin 23 has an effect only on the Green 
Output of the AD9702 (at Pin 21). When this control and 
Composite Blanking are at a digital ''0'' level, the value of the 
Green analog output will be -2SmA or ~938mV. 

When control inputs Reference White, Composite Blanking, 
and Green Sync are at digital "I" levels, the RGB analog outputs 
at Pins 22, 21, and 18 will be a function of their corresponding 
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DATA 
INPUTS 

RED MSB-++t-++H+H+t-{2) 

RED LSB -++H-+H-+ ..... ---{ 
GREEN MSB -++t-++H ...... ---{ 

GREEN LSB -++H .... -----{ 

BLUE MSa -++~------{ 

BLUE LSB ..... -----.,.----(i 
1600 

STROBE -"'W1<-.... -----(15) 

REFERENCE WHITE .;.' ---I-..... ---~ 
COMPOSITE BLANKING _--+-+-.--~~ 

GREEN SYNC ---+-+-:-t-.... -(23) 

5100 

+5V 

+5V 

-----(SAMEAS CIRCUIT 
(a PIN 22) 

EXCEPT AS NOTED, RESISTOR '= 2k. 

"IF UNUSED, DATA INPUTS, REFERENCE 
WHITE, COMPOSITE BLANKING, AND 
GREEN SYNC SHOULD BE RESISTIVELY 
CONNECTED ,!O +5V. 

Figure 1. Using AD9702 in TTL Mode (Single Supply) 

digital inputs. This is the "normal operation" referred to in the 
SpecifIcations Table. 

Resistor RsBT is connected between Pin 20,Current Set, and 
ground to establish the Gray Scale (GS). value of the RGB outputs. 
The value to be used is based on the desired full-scale GS output 
and the following equations: 

los=5 xlsBT 

RsET=M. 
ISET 

22xRLOAD 
VOUT --=Ro--=::::' 

SET 

When using these equations, typical values of ISBT and Vour 
(Gray'Scale output) wili. be within ± 5%. 

ABSOLUTE 
IRE OUTPUT 

UNITS VOLTAGE 

The idealized green analog output is illustrated in Figure 1. 

The red and blue analog outputs are similar to the waveform 
shown in Figure 1, with the exception no sync portion is present 
on the Red and Blue outputs. 

Sync control inputs are not required for Red and Blue outputs 
because of the RGB signals being synchronized within the AD9702. 
The majority of applications for the AD9702 in graphics displays 
use the green sync· as the synchronizing signal for the monitor. 

ORDERING INFORMATION 
The standard AD9702 triple four-bit D/A converter is supplied 
in hermetic and n9n-hermetic units. Both versions operate over 
a case temperature range of - 25"<: to + 85"<:. The hermetically
sealed ceramic DIP cOnfiguration is model number AD9702BD; 
the non-hermetic unit is AD9702BW. For special applications 
or units for military applications, contact the factory for details. 

+92 

~v - -----r---~ 
_____ REFERENCE WHITE 

LEVEL (V,w) 

WITH STANDARD 

+7.5 -600mV 
SETUP T - -;'~N:;I -

285mV PORCH : 

1.. ___ + 
o -653mV 

-40 -938mV 

I-: SYNC • I-
• PORTION I 

VIDEO PORTION--_"'I 

I 

Figure 2. Idealize Green Output Waveform 
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r.ANALOG 
WDEVICES 

FEATURES 
10-Bit Resolution 
SOOns Conversion Time 
Six Input Ranges 
Unipolar and Bipolar Operation 

APPLICATIONS 
Data Acquisition Systems 
Radar Systems 
Analytical Instruments 
Real-Time Waveform Analysis 

GENERAL DESCRIPTION 
The AD ADC-S16 AID Converter is an ultra high-speed successive 
approximation converter capable of 10 bits of resolution with a 
conversion time of only SOOns. 

It is a thin-film hybrid, hermetically packaged in a 32-pin DIP. 
Three models span temperature ranges of 0 to + 70°C, - 25°C 
to + S5°C, and - 55°C to + 125°C. 

The design offers the user flexibility in both input and output 
configurations. Six different analog inputs are available with 
strap options: OV to -5V; OV to -lOY; OV to -20V; ±2.5V; 
± 5V; and ± IOV. Output data are available in either serial or 
parallel format, also with external connections. 

Ultra High-Speed 
1 O-Bit AID Converters 

AD ADC-816 I 
AD ADC-S16 FUNCTIONAL BLOCK DIAGRAM 

-10VREF -15VREF -lOV REF POWER 
OUT IN IN GROUND 

SlGNALGND 6}-----t 

COMPARATOR GND ENCODE COMMAND 

28 SEIltALDATA 
CJUlPUT 

The AD ADC-S16 can be incorporated into a wide variety of 
Circuit and system· applications with a minimum of external 
components and design effort. When used with the HTC-0300, 
HTC-0300A, HTC-0500, or other Analog Devices' high-per
formance track-and-hold units, the AD ADC-SI6 AID can be a 
cost-effective solution for a broad range of digitizing problems. 

Model number suffixes designate the various temperature ranges. 
The AD ADC-SI6KD operates over a range of 0 to + 70°C; the 
AD ADC-SI6BD is for - 25°C to + S5°C; and the AD ADC-SI6SD 
is for use in operating environments between - 55°C and 
+ 125°C. 

PIN DESIGNATIONS 

PIN FUNCTION PIN FUNCTION 

1 POWER GROUND 17 +SVPOWER 
2 -10V REFERENCE OUT 18 MSB (BIT 11 

3 -15V REFERENCE IN 19 MSB(BITll 
4 -15VPOWER 20 BIT2 

5 -10V REFERENCE IN 21 BIT3 

6 SIGNAL GROUND 22 BIT4 

7 COMPARATOR GROUND 23 BITS 

8 BIPOLAR INPUT 24 BIT6 

9 - 5V ANALOG INPUT 25 BI17 

10 -10V ANALOG INPUT 26 BIT8 

11 - 20V ANALOG INPUT 27 BIT9 

12 + 15VPOWER 28 LSB(BITIOI 

13 NC 29 SERIAL DATA OUT 

14 NC 30 CLOCK OUTPUT 

15 NC 31 ENCODE COMMAND 

16 NC 32 DATA READY OUTPUT 

POWER GROUND (PIN 11. SIGNAL GROUND (PIN 61. AND 
COMPARATOR GROUND (PIN 71 MUST BE CONNECTED TO· 
GETHER AND TO LOW·IMPEDANCE GROUND FOR PROPER 
OPERATION. MAKE CONNECTIONS AS CLOSE TO DEVICE 
AS POSSIBLE. 

This four-page data summary contains key specifications to speed your selec
tion of the proper solution for your apptication_ Additional information on this 
product can be obtaioed from your local sales office. 
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SPEC I F I CATIONS (typical at + 25"1: with nominal power supplies, unless otherwise noted) 

Parameter Units AD ADC-816KD ADADC-816BD ADADC816SD 

RESOLUTION (FS = Full Scale) Bits 10 · · %FS 0.1 · · 
LSBWEIGlff 

SVp-pFS mV 4.88 · · 10Vp-pFS mV 9.76 · · 20Vp-pFS mV 19.53 · · ACCURACY 
Nonlinearity LSB,max ±1I2 · · Differential Nonlinearity LSB, max ±1/2 · · Monotonicity Guaranteed · · Nonlinearity Over Operating 

T emperatur~ Range LSB 112 · <I 

DYNAMIC CHARACTERISTICS 
Conversion Time ns,max1 800 · 900' 
Conversion Time Tempco %I"C(max) ± 0.06 (0.07) · · 

INPUT CHARACTERISTICS 
Analog Voltage Ranges 

Unipolar3 

InputPin9 V,p-pFS S · · Input Pin 10 V,p-pFS 10 · · Input Pin 11 V,p-pFS 20 · · Bipolar 
Inputs Pins 8 and 9 V,p-pFS ±2.S · · Inputs Pins 8 and 10 V,p-pFS ±S · · Inputs Pins 8 and 11 V,p-pFS ±IO · · - lOV Reference Input 
(PinS) V (max) -1O(±0.2) · · Impedance 

Unipolar SV Input n 2S0 · · Unipolar IOV Input n 500 · · Unipolar 20V Input n 1000 · · Bipolar Input' n 1000 · · Reference n 2000 · · Gain Ermr Before Adjustment 
Unipolar %ofFS 0.3 · · Bipolar %ofFS 0.2 · · Gain Error vs. Temperature 
Unipolar ppmt'Cma:x: ±37 · * 
Bipolar ppml"Cmax ±28 * · Zero Error Before Adjustment 
Unipolar %ofFS 0.2 · * 

Zero Errorvs. Temperature 
Unipolar ppml"Cmax ±1I2 * · Offset Error Error Before Adjustment 
Bipolar %ofFS 0.1 · · Offset Errorvs. Temperature 
Bipolar ppml"Cmax ±23 * · Reference Output Tempco ppmrCmax ±20 · · 

ENCODE COMMAND INPUT' 
Logic Levels, V (max) "0" = + 0.4( + 0.8) * · TTL-Compatible V,min(max) "1"= +2.0( +5.5) · * 
Loading TTL Loads I · · Rise and Fall Times ns 10 · * 
Width ns,min 40 · * 
FreqUency MHz 1.25 · 1.14 

DIGITAL OUTPUT CHARACTERISTICS 
Parallel 

@PinsI9-28 + Pin 18 Bits 11(10 +MSB) · * 
Time Skew nS,max 5 · · Format Non-Return-to-Zero (NRZ) * · Series I (cvPin29 Bits 11 (10 + MSB) · · Timing Successive decision pulses with MSB 

(or MSB) first; at internal clock frequency · · Format Non-Return-to-Zero (NRZ) · · CodingS 

Binary (BIN) I Unipolar Input · * 
Bipolar Input Offset Binary (OBN) or 

2'sComplement (2SC)' · · Logic Levels, V,max 

I 
"0"= +0.4 · · TTL-Compatible V,min "1"= +2.4 · * 

Loading TTL Loads 2 · * 
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Parameter Vails ~ADC-816KD 
CLOCK OUTPUT 

Format Series Train 
Amplitude 

Minimum/Maximum V 0/+5 
Width ns(min) 25(20) 
Frequency MHz 14.3 

REFERENCE OUTPUT' 
Voltage V (max) 10(±o.o2) 
Current (sink only) rnA Oto +20 
Impedance Ohms, max 10 

DATA READY OUTPUT 
Signal Status Logic" I" during reset and conversion 

Logic "0" when conversion is complete 
Logic Levels, V,max 

TTL-Compatible V,min 
Loading TTL Loads 
Rise and Fall Times nS,max 

POWER REQUIREMENTS' 
+ 15V ±2%(Pin 12, Power) mA,max 
-15V ± 3% (Pin 4, Power) mA,max 
-15V ± 3% (Pin 3, Reference) mA,max 
+SV ±S%(PinI7) mA,roax 
Power Consumption 9 W,max 
Power Supply Rejection Ratio 

(PSSR) for Rated Supplies LSB,max 

TEMPERATURE RANGE 
Operating lO "C 
Storage "C 

THERMAL RESISTANCE" 

Junction to Air, Sja 
(Free Ait) 'CIW 

Junction to Case, 8jc "CIW 

MTBF' 
Mean Time Between Failures Hours 

NOTES 
J Measured from leading edge Encode Command to trailing edge Data 
Ready; use trailing edge (0 strobe output data into external circuits. 

2AD ADC·816SD maximum conversion time shown is at full 
operating temperature. 

JBipolar input (Pin 8) must be tied to ground. 
4Logic "I" resets converter; logic "0" initiates conversion. 
sAil coding is inverted analog. 
"Two's Complement available for parallel output only. 
7To use internal reference, connect -15V REFERENCE IN (Pin 3) to 
-lSV POWER (Pin 4); and -IOV REFERENCE OUT (Pin 2) to 
-lOV REFERENCE IN (Pin 5). To use external rererence, leave 
Pins 2 and 3 open or grounded; conncct external reference to Pin 5. 
If Pin 3 is left open or grounded, internal reference is disabled 
and power decreases approximately 20OmW. 

SBypass power supplies with l..,F electrolytic capacitors and O.IILF 
ceramic capacitors as dose to supply pins as possible. 

9powcr dissipation shown is based on OV analog input. 
IOMinimum air flow of 400 linear reet per minute (LFPM) is 

recommended for operating temperatures above + 7O"C. 
At elevated temperatures, unit should be mounted directly to 
printed circuit board (PCB) without a socket; good thermal contact 
must be maintained between bottom of device and PCB. 

llMaximum junction temperature is + 15O"C. 
lZCalculated for "SO" version using MIL-HNBK 217; Ground Fixed; 

+ 7O"C cSse temperature. 
-Specifications same as AD AOC-SI6KD. 

Specifications subject to change without notice. 

ABSOLUTE MAXIMUM RATINGS 

"0"=+0.4 
"1"= +2.4 
4 
5 

105 
25 
35 
180 
2.9 

112 

Oto +70 
-65to + 150 

32 
13 

Positive Supply (Pin 12) . . • 
Negative Supply (Pins 3 & 4) 
Logie Supply (Pin 17) 
Logie Inputs 
AnalOg Inputs . _ . • 

+16V de 
-16V de 

_ +7V de 
_ +7V de 

± 2 x Selected Analog 
Input Range 

AD ADC-816BD ~ADC-816SD 

* * 

* · · · · · 
· · · · · · 
· · · · · · · * · * · 
· · * · * · · · · · 
· 
-25to +85 - 55to + 125 · · 
· · * · 

1.65 x 10' 

UNIPOLAR OPERATION 

DIGITAL 
ANAWGINPUT OUTPUT 

010 -20V 010 -IOV 010 -SV MSB LSB 

-19.9805 -9.9902 -4.9951 I 111 III 111 
-17.5000 -8.7500 -4.3750 I 110 000 000 
-15.0000 -7.5000 -3.7500 I 100 000 000 
-10.0000 -5.0000 -2.5000 I 000 000 000 

- 5.0000 -2.5000 -1.2500 o 100 000 000 
-2.5000 -1.2500 -0.6250 o 010 000 000 
-0.0198 -0.0098 -0.0049 o 000 000 001 

0.0000 0.0000 0.0000 0000 000 000 

BIPOLAR OPERATION 

DIGIT ALOVTPUT 

ANALOG INPUT Offsel Binary 2'5 Complement 

±10V ±SV ±2.SV MSB LSB mIi LSB 

-9.9805 -4.9902 -2.4951 I III III III o III III III 
-7.5000 -3.7500 -1.8750 I IIO 000 000 o 110 000 000 
-5.0000 -2.5000 -1.2500 I 100 000 000 o 100 000 000 

0.0000 0.0000 0.0000 I 000 000 000 0000 000 000 

+5.0000 +2.5000 + 1.2500 o 100 000 000 I 100 000 000 
+ 7.5000 + 3.7500 + 1.8750 o 010 000 000 I 010 000 000 
+9.9805 +4.9902 +2.4951 o 000 000 001 I 000 000 001 
+ 10.0000 + 5.0000 +2.5000 0000 000 000 I 000 000 000 

ADADC-816Coding Tables 
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~1·~·--------.~i~-----------800mSMAX----------------------~·~·1 
C~~~:~~_4_0n_S_M __ IN __________________ ~ __________________ ~ ________________ ~ ______ ___ 

190ns r----~--------------------------------------------------------, DATAREADY~ 
, 

CLOCK 130 
OUTPUT""; ns 
SERIAL 

DATA OUT 

MSB 
(BIT 1) ~~--------------------------------------
BIT 2 

LSB 
(BIT 10) 

'!IIIi1J 
I 
I 
I 
I 
I 

'tI1;/jjj 

·LJ 

LJ 
Figure 1. AD ADC-816KDIBD Timing Diagram 

AD ADC-816 TIMING 
Refer to Figure I, AD ADC-816KDIBD Timing Diagram. 

As shown elsewhere in this data sheet, operating temperatures 
for the AD ADC-816KD and AD ADC-816BD are 0 to + 7CY'C 
and - 2Soc; to + 8Soc;, respectively. The operating temperature 
for the AD ADC-816SD is - SSoc; to + 12Soc;. These differences 
in temperature cause slight differences in timing among the 
three models of converters, but all times are referenced to the 
leading edge of the ENCODE COMMAND pulse supplied by 
the user. 

For the AD ADC-816SD, the maximum time of 800ns shown to 
the falling edge of the DATA READY pulse is 9OOns; these 
intervals are the maximum times if operating at the maximum 
word rate, with an encode command no wider than 7Ons. In 
addition to this change in conversion time, spacing between 
CLOCK OUTOUT pulses increases from a typical4Sns to 
SSns. 

Figure I illustrates· timing intervals for the KD and BD devices. 
In the diagram, ENCODE COMMAND width is 4Sns, and this 
becomes the widtp of the set-uP pulse which occurs before clock 
pulse #1. 

The serial output data are in NRZ format with the MSB appearing 
first, and are synchronized by using the CLOCK OUTPUT 
pulses at Pin 30. The trailing (negative-going) edge of each 
clock pulse is recommended for use as a strobe to clock out its 
associated bit information. 

Delaying the clock pulses ISns-2Onsbefore using them as strobes 
will help assure sufficient set-up time for the serial data output 
to stabi1ize. For users who prefer positive-edge trigering, the 
clock pulses can be il!.verted via additional logic circuitS and the 
trailing edges of those pulses could still be used as strobes. 

Input Connections for the AD ADC-816 are shown in Figure 2 
(Unipolar Operation) aDd Figure 3 (Bipolar Operation). 
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GAIN 
ADJUSl 

OFFSET 
ADJUST 

-1SV +15V +5V 

Figure 2. Unipolar Operation 

-1SV +15V +5V 

Figure 3. Bipolar Operation 



11IIIIIIII ANALOG 
L.III DEVICES 

FEATURES 
44V Supply Maximum Rating 
± 15V Analog Signal Range 
Low RON (600) 
Low Leakage (0.5nA) 
Low Power Dissipation (45mW) 
TTUCMOS Compatible 
Superior Second Source: 

ADG201A Replaces DG201A. HI-201 
ADG202A Replaces DG202 

GENERAL DESCRIPTION 
The ADG201A and ADG202A are monolithic CMOS devices 
comprising four independently selectable switches. They are 
designed on an enhanced LC2MOS process which gives an in
creased signal handling capability of ± lSV. These switches also 
feature high switching speeds and low RoN. 
The ADG201A and ADG202A consist of four SPST switches. 
They differ only in that the digital control logic is inverted. All 
devices exhibit break before make switching action. Inheren 
the design is low charge injection for minimum transien 
switching the digital inputs. 

PRODUCT HIGHLIGHTS 
1. Extended Signal Range: 

These switches are fabricated 
process, resulting in high brea 
signal range of ± I SV. 

2. Single Supply Operation: 
For applications where the analog signal is unipolar (OV t 
lSV), the switches can be operated from a single + lSV 
supply. 

3. Low Leakage: 
Leakage currents in the range of SOOpA make these switches 
suitable for high precision circuits. The added feature of 
Break before Make allows for multiple outputs to be tied 
together for multiplexer applications while keeping leakage 
errors to a minimum. 

CMOS 
Quad SPST Switches 

ADG201A1ADG202A I 
ADG20lAlADG202A PIN CONFIGURATION 

(TOP VIEW) 

ADG20lA 
IN 

1 
o 

Table I. Truth Table 

SWITCH 
CONDmON 

ON 
OFF 
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SPECIFICATIONS (VIII = + 15V, Vss= -l5V, unless otherwise notad) 

ADG201AKN 
ADG202AKN 

Parameter 25'C 

ANALOG SWITCH 
Analog Signal Range ±IS 
RoN' 60 

90 

RoNVS. VD(VS) 20 
RoN Drift 0.5 
RoN Match S 

Is (OFF)' 0.5 
OFF Input Leakage 2 

ID(OFF)' 0.5 
OFF Output Leakage 2 

ID(ON)' 0.5 
ON Channel Leakage 2 

DIGITAL CONTROL 
VINH' High Threshold 
VINL' Low Threshold 
IINL l or IINHI 

DYNAMIC CHARACTERISTICS 
(OPEN 30 
tON2 300 
tOFl 2S0 

OFF Isolation 80 

Channel-to-Channel Crosstalk SO 
Cs(OFF) 5 
CD (OFF) 5 
CDS (ON) 16 
CIN Digital Input Capacitance 5 
QlNJ Charge Injection 20 

POWER SUPPLY 
IDD O.S 
IDD 

, 
Iss 0.1 
Iss 

, 
Power Dissipation 

NOTES 
I Max rating is 100% tested. 
2Sample tested at 25°C to ensure compliance. 
Specifications subject to change without notice. 
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Oto 
+70'C 

± IS 

145 

100 

100 

200 

2.4 
O.S 
I 

2 

0.2 
45 

ADG201ABQ ADG201ATQ 
ADG202ABQ ADG202ATQ 

-25'Cto -SS'Cto 
2S'C +SS'C 25'C + 12S'C 

±15 ± IS ±15 ±IS 
60 60 
90 145 90 14S 

20 20 
0.5 0.5 
5 5 

O.S 0.5 
2 100 I 100 

0.5 O.S 
2 100 I 100 

O.S 0.5 
2 200 I 200 

2.4 2.4 
O.S O.S 
I I 

30 30 
300 300 
250 250 

SO 80 

SO SO 
5 5 
S 5 
16 16 
5 5 
20 20 

0.5 O.S 
2 2 

0.1 0.1 
0.2 0.2 
45 45 

Units Test Conditions 

Volts 
!ltyp - JOV<Vs< + JOV 
!lmax IDs = LOrnA 

Test Circuit I 
%typ 
%fCtyp 
%typ Vs=OV,IDs=lmA 

nAtyp VD= ± 14V; Vs +14V; Test Circuit 2 
nAmax 

nAtyp VD= ± 14V; Vs= +14V; Test Circuit 2 
nAmax 

nAtyp VD = ± 14V; Vs= +14V; Test Circuit 3 
nAmax 

V min 
V max 
fLAmin 

nstyp 
nsmax Test Circuit 4 
nsmax 

dBtyp Vs=2V(p-p);f= 100kHz 
RL= Ik!l; Test Circuit 6 

dBtyp Test Circuit 7 
pFtyp 
pFtyp 
pFtyp 
pFtyp 
pCtyp Rs=O!l;CL= JOoopF; Vs=OV 

Test Circuit S 

mAtyp Digital Input.s = V lNL or V INH 
rnA max 
mAtyp 
mAmax 
mWmax 



ABSOLUTEMAXlMUMRATlNGS* 

Voo to Vss .............. . 
VootoGND .. . 
Vss toGND ........... . 
ADalog Inputs! 

Voltage at S, D . . . . . .. 
Continuous Current, S or D 
Pulsed Current S or D 

Ims Duration, 10% Duty Cycle 
Digital Inputs! 

. . . . • . . • . 44V 
. 25V 

. .. -25V 

Vss to Voo 
30mA 

70mA 

Power Dissipation (Package) 
Plastic DIP 

Up to +75OC ... 
Cerdip 

Up to +75OC ... 
Derates above + 750C by . . . 

Operating Temperature 
Plastic (KN Version) ..... . 
Cerdip (BQ Version) 
Cerdip (TQ Version) ..... . 

NOTE 

• .•.• 470mW 

. ... 9OOmWfC 
. 12mWfC 

o to +700c 
- 250C to +85OC 

- 550C to + 125°C 

Voltage at IN ....... . Vss -2V to 
Voo +2Vor 

20mA, Whichever Occurs First 

'OvcrvoItage at IN, S or D will be clamped by diodes. Current should be limited 
to the Muimum Rating above. 

·COMMENT: Stresses above those listed UDder "Absolute Muimum RatiDp". may cause permallCDt damaae to the clevie •. This is a stress rating olllyand 
functional operation of the device at thcac or any other conditions above those indicated in the operational sections of this spcciflC8tion is Dot implied. &poaurc 
to absolute maximum rating conditions for extended periods may affect device rcIiabiIity. 

CAtnnON:-------------------------------------------------
ESD (E1ectro-Static-Discharge) sensitive device. The digital control inputs are zener 
protected; 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. 

ADG201A1ADG202A FUNCTIONAL DIAGRAM 

+15V 

Voo 
a 

IN LEVEL 
SHIFTER 

GND 

a 
Vss 

-15V 

S 

IN 

0 

Voo 

5V 
GENERATOR 

lk 

WARNING! ~ 

~~OEVICE 

TO LEVEL 
SHIFTER 

Figure 1. Typical Digital Input Cell 

ORDERING INFORMATlONl 

Plastic 
Oto +700C 

ADG201AKN 
ADG202AKN 

NOTES 

CerdipZ 
- 2SOC to + 8SoC 

ADG201ABQ 
ADG202ABQ 

CerdipZ 
- SSOC to + 12SoC 

ADG201ATQ 
ADG202ATQ 

'For informatioD regarding 1883B versions, DODtact your local Analog Devices 
Sales OffICC for Military Data Sheet. 

Z Analog Devices rcacrves the right to ship ceramic packages in lieu of ccrdip 
packages. 
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Typical Perfonnance Characteristics 
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1mA ---
1-----V1 .. 

RON =V1/1mA 

Test Circuit 1 

Is (OFF) 

I ~v 
SO"oD 

~ 
Test Circuit 2 

S o 

ID(OFF) 

C?l 
,,14V ~ 

A 'D(ON) 

Test Circuit 3 



+15V 

Voo 

,.....---1r---o f"C1---;--.... ---.... -o Vo 

14pF 

Test Circuit 4 

+15V 

Test Circuit 5. Charge Injection 

+15V 

Voo 

r---=-------~~-CI~o_~D~------~---~-~~._-oVO 

ADG201A Y,N = 5V 
ADG202A Y'N = OV 

Test Circuit 6. Off Isolation 

OFF ISOLATION = 
20 x LOG IVsf\lol 

3V 
ADG201A 7."\ 1 

V,N ~ 50% /I 50% i '--------1 I 

.. 3Vl til 50% .::!:::..J. 50"4 ~ 
ADG202A I I 

I 

Vo I ,,90% ! t 
--l tON :-- --I to •• !--

5V 

~ 
. --L 

~.1Vo 

QINJ=CL x.1Vo 4 

+15V 

Vo~ 750 s D 

Y'N 

Voo-.-~_-_-_-__ -~-~--+~D~~~ __ ~S~~ __ -H~NC 

~-

ADG201A V'N=OV 
ADG202A Y'N = 5V 

GND 
L---r--oF-.... 

CHANNELISOLATION = 
20 x LOG IVsf\loI 

Test Circuit 7. Channel to Channel Isolation 
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TERMINOLOGY Delay time between the SO% and 90% points of 
the digital input md switch "ON" condition 
Delay time between the .SO% and 90% points of 
the digital input and switch ''OFF' condition 
"OFF' time measured between SO% points of 
both switches when switching from one adc:Iiess 
state to another 

RoN 
RoN Match 
Is (OFF) 

10 (OFF) 

10 (ON) 

Vo (Vs) 
Cs (OFF) 
Co (OFF) 
Cm 

. Cos (ON) 

Ohmic resistance between terminals OUT and S 
Difference between the RoN of any two chimnels 
Source tenninalleakage current when the switch -
is off 
OUT terminalleskage current when the switch 
is off 
Leakage current that flows from the closed switch 
into the body 
Analog voltage on terminal D, S / 
Switch input capacitance ''OFF' condition 
Switch output capacitance "OFF" condition 
Digital input capacitance . 
Input to output. capacitance when the switch 
is on 

tow 

VINL 
VINH 

IINL(I~ 
Voo 
Vss 
100 
Iss 

Threshold voltage for low state 
Threshold voltage for high state 
Input current of the digital input 
Most positive voltage supply 
Most negative voltage supply 
Positive supply curreilt 
Negative supply current 

MECHANICAL INFORMATION 

OUTLINE DIMENSIONS 
Dim~nsions shown in inches and (mm). 

16·PIN PLASTIC (SUFFIX N) 16·PIN CERDIP (SUFFIX Q) 

C:::::J:~~ 
~ O.7&S{19.18' ~ -.j 0.30.17.,.,~ 

CJ-:rr" 0.24 6.' . ~ 
pr 1.r LJ 1[" Lr '1 0.32 18'J281 

o"~~O'7'.""'3' -fXO.2 •• 'U7l 0.1413.", 
MAX ~ 0.12 (3.06) 

.-. !!2!.!!:!!! IT 
0.12 13.061 Uio U -1~ ~ hT 0012 ,O.30S, 0-

~~1TN:.94J----I 0.297.86 
. . .os, -LI.--~r--.I 

O.'55'3~hs-u--u-mnnri°.'1~_I~~\1i-J'IIlL-...J.-'-..J~ 
oO;~: I:~~~) DlI1UlfllfITl 
--.- -H- -I f-

:::1 l~:ml :::~: IC:ml \}j 'b~:ai' 
0.085 ".68) 0.02 (0.508) 0.10512.87) 0.008 (0.2031 

o:o4i'1Uii 'i.'Oii'iG.ii1i o:oi6"i2.4i, 
LEAD NO.1 IDENTIFIED BY DOT OR NOTCH 

LEADS ARE SOLDER OR TIN·PLATED KOVAR OR ALLOY 42 

16·PIN ,CERAMIC DIpl 

0.1213.05) 

··4:-WNMMj·. u ~ ~ 
0.126(3.181 

--H--l h4 

:r31 

IR= !.01.'0.305' ~ + 0.008 (0.2031 
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0.0&(1.531 ~ ~ 
0.04 (1.021. 0.15 (0.3811 0.085 (2A21 

I :308 (7,787 I 
ii:iii17.i7i 

LEAD NO. 1 IDENTIFIED BY DOT OR NOTCH 
LEADS W1U 8E EITHER GOLD OR TIN PLATED 

IN ACCORDANCE WITH Mll-M38510 REQUIREMENTS 

NOTE 
'ANALOG DEVICES RESERVES THE RIGHT TO 
SHIP CERAMIC PACKAGES IN LIEU OF CERDIP 
PACKAGES. 



11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
44V Supply Maximum Rating 
± 15V Analog Signal Range 
Low RON (600) 
Low Leakage (0.5nAI 
Low Power Dissipation (37.5mWI 
"P, TTL, CMOS Compatible 
Superior DG221 Replacement 

GENERAL DESCRIPTION 
The ADG221 and ADG222 are monolithic CMOS devices com
prising four independently selectable switches. On-chip latches 
facilitate microprocessor interfacing. They are designed on an 
enhanced LC2MOS process which gives an increased signal 
handling capability of ± lSV. These switches also feamre high 
switching speeds and low RoN. ' ' 
The ADG221 and ADG222 consist of four SPST switches. 
differ only in that the digital control logic is inverted. 
exhibit break before make switching action. Inhere 
design is low charge injection for minimum . 
switching the digital inputs. 

PRODUCT HIGHLIGHTS 
1. Easily Interfaced: 

Digital inputs are latched wi 
interfacing. A SV regulated supply is 
permitting wider tolerances on the supp 
the TTL digital input switching levels. 

2. Single Supply Operation: 
For applications where the analog signa1 is unipolar (OV to 
lSV), the switches can be operated from a single + lSV 
supply. 

3. Low Leakage: 
Leakage currents in the range of SOOpA make these switches 
,suitable for high precision circuits. The added feamre of 
Break before Make allows for multiple outputs to be tied 
together for multiplexer applications while keeping leakage 
errors to a minimum. 

CMOS 
Quad SPST Switches 

ADG221/ADG222 I 
ADG2211ADG222 PIN CONFIGURATION 

(TOP VIEW) 

221 ADG222 
IN 

1 
o 
X 

Table I. Truth Table 

SWITCH 
CONDmON 

ON 
OFF 
Retains Previons 
Switch Condition 
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SPECIFICATIONS (You = + 15V, Vss= -15V, unless otherwise noted) 

ADG221KN 
ADG222KN 

Oto 
Parameter 25"C +70"C 

ANALOG SWITCH 
Analog Signal Range ±15 ±15 
RoNI 60 

90 145 

RoNVS. Vo(Vs) 20 
RoN Drift 0.5 
RoN Match 5 

Is (OFF)I 0.5 
OFF Input Leakage 2 100 

10 (OFF) I 0.5 

OFF Output Leakage 2 100 

10 (ON) I 0.5 
ON Channel Leakage 2 200 

DIGITAL CONTROL 
V INH' High Threshold 2.4 
VINLI Low Threshold O.S 
IINL lor IINHI I 

DYNAMIC CHARACTERISTICS 
loPEN 30 
tON 

, 
300 

loFF 
, 

250 
tw'WritePulse Width 100 
Is' Digital Input Setup Time 100 
tH' Digital InpuI Hold Time 0 

OFF Isolation " SO 

Channel-to-Channel Crosstalk SO 
Cs(OFF) 5 
Co (OFF) 5 
Cos (ON) 16 
C1N Digital Input Capacitance 5 
QINJ Charge Injection 20 

POWER SUPPLY 
100 0.5 
100 

I 1.5 
Iss O.L 
Iss I 0.2 
Power Dissipation 37.5 

NOTES 
I Max rating is 100% tested. 
2Sample tested at 25°C to ensure compliance. 
toN) tOFF are the same for both IN and WR digital input changes. 

Specifications subject to change without notice. 
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ADG221BQ ADG221TQ 
ADG222BQ ADG222TQ 

-25"Cto -55"Cto 
25"C +S5"C 25"C + 125"C 

±15 ± IS ±15 ±15 
60 60 
90 145 90 145 

20 20 
0.5 0.5 
5 5 

0.5 0.5 
2 100 I 100 

0.5 0.5 

2 100 I 100 

0.5 0.5 
2 200 I 200 

2.4 2.4 
0.8 O.S 
I I 

30 30 
300 300 
250 250 

100 100 
100 100 
0 0 

SO SO 

SO 80 
5 5 
5 5 
16 16 
5 5 
20 20 

0.5 0.5 
1.5 1.5 

0.1 0.1 
0.2 0.2 
37.5 37.5 

Units Test Conditions 

Volts 
!ltyp -IOV<Vs< + IOV 
!lrnax Ios= 1.0rnA 

Test Circuit I 
%typ 
%/"Ctyp 
%typ Vs=OV,Ios= lmA 

nAtyp Vo= ± 14V;Vs + 14V; Circuil 2 
nAmax 

nAtyp Vo= ±14V;Vs =+14V;TestCircuit2 

nArnax 

nAtyp Vo = ± 14V;Vs= +l4V; Test Circuit 3 
nAmax 

V min 
V max 
tJ.Arnax 

nstyp 
nsmax Test Circuit 4 
nsmax 
nsroin See Figure 2 
nsmin See Figure 2 
nsmin See Figure 2 

dBtyp Vs=2V(p-p);f= 100kHz 
RL = Ik!l; Test Circuit 6 

dBtyp Test Circuit 7 
pFtyp 
pFtyp 
pFtyp 
pFtyp 
pCtyp RS=O!l;CL= 1000pF;Vs=OV 

Test Circuit 5 

rnAtyp Digital Inputs = V INL or V1NH 
mAmax 
rnAtyp 
rnA max 
mWmax 



ABSOLUTE MAXIMUM RATINGS· 

VDD to Vss .. 
VDDtoGND . 
Vss toGND .. 
Analog Inputs· 

Voltage at S, D 
Continuous Current, S or D 
Pulsed Current S or D 

.. 44V 
. 25V 

. -25V 

Vss to VDD 
30mA 

Ims Duration, 10% Duty Cycle 
Digital Inputs· 

70mA 

Voltage at IN, WR ..... Vss -2V to 
VDD +2Vor 

20mA, Whichever Occurs First 

Power Dissipation (Package) 
Plastic DIP 

Up to +75°C . 
Cerdip 

Up to +75°C . 
Derstes above + 75"C by 

Operating Temperature 
Plastic (KN Version) 
Cerdip (BQ Version) 
Cerdip (TQ Version) 

NOTE 

.. 470mW 

.9OOmWI"C 

. 12mWI"C 

o to +70"C 
- 25"C to + 85°C 

- 55"C to + 125°C 

10verv01tage at IN, WR, S or D will be clamped by diodes. Current should be 
limited to the Maximum Rating above. 

*COMMENT: Sttesaes above thoae listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating ooly and I 
functional operation of the device at these or any other conditiona above thoae indicated in the operational acctions of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect device reliability. 

CA~ON:-------------------------------------------------
'ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener 
protected; 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. 

WARNING! 0 
~~DEVICE 

Voo 

5V 
GENERATOR 

lkll 
IN~---W_-"'" 

TO 
LATCHES 

Figure 1. Typical Digital/nputCell 

ORDERING INFORMATION! 

Plastic 
Oto -70"C 

ADG221KN 
ADG222KN 

NOTES 

Cerdipl 
- 2S·C to + 8SOC 

ADG22IBQ 
ADG222BQ 

Cerdipl 
- SSOC to + 12S·C 

ADG221TQ 
ADG222TQ 

IPor information regarding 1883B versions, contact your local Analog Devices 
Sal .. Office for Military Data Sheet. 
2 Analog Devices reserves the right to sbip ceramic packages in lieu of cerdip 
packages. 

TIMING AND CONTROL SEQUENCE 
Figure 2 shows the timing sequence for latching the switch 
digital inputs (INI - IN4). The latches are level sensitive and, 
therefore, while WR is held low the latches are transparent and 
the switches respond to the digital inputs. The digital inputs are 
latched on the rising edge of WR. 

3V 

IN~ V--
:::.Jf\'-----~f:\-

3V I :---tw_: tH t-

WR : '\ Jr----
1 I 
I" ts "I 

tH - IN1-IN4VALIDTOWRHOLDTIME 
ts - IN1-IN4VALIDTOWRSETUPTIME tw -WR PULSE WIDTH 

Figure 2. Timing and Control Sequence 
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Typical PerformanceCharacteristic$ 
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1mA 

1~"---V1--""'''~1 

RON=V1/tmA 

Test Circuit 1 

Is (OFF) ID (OFF) 

~~v--r-S_O'o~D-r~.~ 

Test Circuit 2 

~ ±14V 

Test Circuit 3 



+15V 3V 
ADG221 

~50% 150% 
1'-------'1 

Vee 

3V II 
.050% \50% 

I I 
I 1 

_ ....;;.,.......;..1 --,fl 90% I t 90% 
Vo I /: I iL-

I I I 
"-t tON ~ --I tOF' ~ 

r------iI--";'01""C>-~--..... --__tI_.() Vo 

14pF 
ADG222 

Test Circuit 4 

+15V 

5V 

Vo ~ 
-L 

~.:1Vo 

. OINJ=CL x.:1Vo • 

Test Circuit 5. Charge Injection 

+15V 

Voo 
+ 15V ...-_____ -t=S_--l:,.,..o-...:D+-=_--eI--IVVIo-, 

~-

ADG221 V,N =5V 
ADG222V,N =OV 

Voo 
D - ____ _ 

OFF ISOLATION = 
20xLOGIVs/Vol 

Test Circuit 6. Off Isolation 

Y,N 

Voo-~~~-...:-...:-~-~-_-~D~~~_~S~-~-~-"':-4+-ONC 

----~-~~~-

ADG221 V,N=OV 
ADG222 Y'N = 5V 

CHANNELISOLA liON = 
20 x LOG IV sN 01 

Test Circuit 7. Channel to Channel/solation 
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TERMINOLOGY 

RoN 
RoN Match 
Is (OFF) 

10 (OFF) 

10 (ON) 

Vo (Vs) 
Cs (OFF) 
Co (OFF) 
CIN 

Cos (ON) 

Ohmic resistance between terminals OUT and S 
Difference between the RoN of any two channels 
Source. terminal leakage current when the switch 
is off 
OUT terminal leakage current when the switch 
is off 
Leakage current that flows from the closed switch 
into the body 
Analog voltage on terminal D, S 
Switch input capacitance "OFF" condition 
Switch output capacitance "OFF' condition 
Digital input capacitance 
Input to outpUt capacitance when the switch 
is on 

VINL 
VINH 
IINL(I~ 
Voo 
Vss 
IOD 

Iss 

Delay time between the 50% and 90% points of 
the digital input and switch "ON" cOndition 
Delay time between the SO% and 90% points of 
the digital input and switch "OFF" condition 
"OFF" time messured between 50% ·points of 
both switches when switching from one address 

. state to another 
Threshold voltage for low state 
Threshold voltage for high state 
Input current of the digital input 
Most positive voltage supply 
Most negative voltage supply 
Positive supply current 
Negative supply current 

MECHANICAL INFORMATION 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

16·PIN PLASTIC (SUFFIX N) 16·PIN CERDIP (SUFFIX Q) 

0.2416.11 C::::]3~ 
~~~ -l~.~ Lwmm ftID.Z9'''.'7} D.14,"'.} 

CJ~7.'21 
. ~ 
~D.7785i'9.")_~ 

G.' 19.051 ~Ir--'--r--,I 

--r--~018(4572J 0.1714.321 ~'3 OS} 

MAX ~. \-'---r o 155 (3~ D14_13,.',6JU1L-_'-'---' 

~ U ~ 0015 (0381' 
T --- ". ....-u U D.I76' •.•• } 0125131751 0008 (0203\ 

~~ -I h12rS} ~ .- ~ --11- --1 I-
0.07/1.178! 0.023 0.5841 0.11 (2.7941 

0.06& 11.88, 0.02 10.6081 0,105 12.671 0.008 (0.2031 
0.03 {O.7B21 0,015 0.381 0.09 12.281 

D.045"'iUii ~ o:Dii'i2.4z, 
LEAD NO.1 IDENTIFIED BY bOT OR NOTCH 

LEADS ARE SOLDER OR TlN·PlATEO KOVAR OR ALLOV 42 

16.PIN CERAMIC DIpt 

[[~~~II}~ 
I --~~--- I 
~ 0.77(19.561 ~ 

0.12 (3.051 

o:oiiiiii" 

't'1MIWIMBj U D.T/J, •.•• , 
0.125 (3.18) 

--H-~ ~ 
n~ 

0.012 10.305' 

D.OOi"iD.iOii 
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0.06 n.53) 0.02 (0.&081 0.106 (2.871 I :.306 r1.78~ I 
"Q.04"itO'ii~~ ~ 

LEAD NO. 1 IDENTIFIED BY DOT OA NOTCH 
LEADS Will BE EITHER GOLD OR TIN PLATED 

IN ACCORDANCE WITH MIL·MJ8510 REQUIREMENTS 

NOTE 
'ANALOG DEVICES RESERVES THE RIGHT TO 
SHIP CERAMIC PACKAGES IN LIEU OF CERDIP 
PACKAGES. 



r.ANALOG 
WDEVICES 

FEATURES 
Ultra-Low Noise: 80nV pop 10.1Hz to 10Hz), 

3nV/v'Hi at 1kHz 
High Speed: 11V/tLs 
High Gain Bandwidth Product: 63MHz 
Ultra-Low Offset Voltage Drift: 0.2tLVI"C 
High Offset Stability Over Time: 0.2tLV/month 
Low Offset Voltage: 10tLV 
High CMRR: 126dB Over ±11V Input Voltage Range 
Fits OP-01, OP-05, OP-06, 5534, LH0044, 

5130,3510,125,114 and 141 Sockets 
in Gains;;,: 5 

Military Grade and Plus Parts Available 
8-Pin Plastic Mini-DIP, CERDIP or TO-99 Hermetic 

Metal Can 
Available in Wafer-Trimmed Chip Form 

PRODUCT DESCRIPTION 
The AD OP-37 offers the combined features of high precision, 
ultra-low noise and high speed in a monolithic bipolar operational 
amplifier. High speed accurate amplification of very low level 
signals, where inherent device noise can be the limiting factor, 
is attainable with the AD OP-37 in applications requiring gains 
greater than or equal to five. This instrumenation grade op amp 
features industry standard dc performance; typical input offset 
voltages of IOjL V and typical input offset voltage t<;mperature 
coefficients ofO.2jLVrC. The super low input voltage noise 
performance of the AD OP-37 is characterized by an en PoP 
(typ) of 80nV (0. 1Hz to 10Hz), an en (typ) of 3.0nV/v1Iz (at 
1kHz) and a lIf noise corner frequency of 2.7Hz. High speed 
performance is assured by a typical l7V I jLS slew rate and a 
typical 63MHz gain bandwidth product. Long-term stability 
is guaranteed by an input offset voltage drift specification of 
0.2jL V Imonth. 

Source resistance related input errors with the AD OP-37 are 
minimized by a low input bias current of ± 10nA (typ) and an 
input offset current of7nA (typ). An input bias current cancellation 
circuit restricts bias and offset currents over the extended tem
perature range to ± 20nA (typ) and lSnA (typ), respectively. 
Other factors inducing input referred errors such as power 
supply variations and common-mode voltages are attenuated by 
a PSRR and CMRR of l20dB. 

The AD OP-37 is available in six performance grades. The AD 
OP-37E, AD OP-37F and AD OP-37G are specified for operation 
over the - 2S·C to + 8S·C temperature range, while the AD 
OP-37 A, AD OP-37B and AD OP-37C are specified for - SS·C 
to + l2S·C operation. All devices are available in either the 
TO-99 hermetically-sealed metal cans or the hermetically-sealed 
CERDIP packages, while the industrial grades are also available 
in plastic Mini-DIPs. 

Ultra-Low Noise, High Speed 
Precision Op Amp (AycL> 5) 

AD OP-37 I 
CONNECTION DIAGRAMS 

(Top View) 

TO-99 
(8) Package 

OffSET NULL 

v-
NOTE: PIN 4 CONNECTED TO CASE 

PRODUCT IDGIU..IGHTS 

Plastic Mini-DIP (N) Package 
and 

CERDIP (Q) Package 

INVERTING 
INPUT 

NON-INVERTING 
INPUT 

1. High speed accurate amplification (gains ;;,: 5) of very low 
level low frequency voltage inputs is enhanced by a high gain 
bandwidth product and ultra-low input voltage noise. 

2. The AD OP-37 maintains high dc accuracy over an extended 
temperature range due to ultra-low offset voltage, offset 
voltage drift and input bias current. 

3. Internal frequency compensation, factory adjusted offset 
voltage and full device protection eliminate the need for 
additional components. Circuit size and complexity are reduced 
while reliability is increased. 

4. Long-term stability and accuracy is assured with low offset 
voltage drift over time. 

S. Input referred errors are greatly reduced by superior common
mode and power supply rejection characteristics. 

6. Monolithic construction along with advanced circuit design 
and processing techniques result in low cost. 
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SPECIFICATIONS er,,= +25"C, Vs= :t15Y.1IIIIss CIIIInIse speciftad) 

MODEL ADOP·37G ADOP·37F ADOP·37E 

PARAMETER SYMBOL MIN TYP MAX MIN TYP MAX MIN 

OPEN LOOP GAIN Avo 700 1,500 1,000 I,SOO 1,000 
400 1,500 800 1,500 800 
200 500 250 700 250 
450 1,000 700 1,300 750 

OUTPUT CHARACTERISTICS 
Voltage Swing Vo :1:11.5 ± 13.5 :1:12.0 ±13.S :1::12.0 

:t 10.0 ±11.5 :tl0.0 ± 11.5 :tl0.0 
±11.0 ±13.3 :t11.4 ± 13.5 :tll.7 

Open-Loop Output Resistance Ro 70 70 

FREQUENCY RaSPONSE 
Gain Bandwidth Product GBW 45 63 45 63 45 

- 40 - 40 -
Slew Rate SR 11 17 11 17 11 

INPUT OFFSET VOLTAGE 
Initial Vos 30 100 20 ·60 

55 220 40 140 
Average Drift TCVos 0.4 I.S 0.3 1.3 
Long Term Stability VosITime 0.4 2.0 0.3 1.5 
Adjustment Range ±4.0 ±4.0 

INPUT BIAS CURRENT 
Initial Is ±15 :tSO ±12 :t55 

±25 ±150 ±IS :t95 

INPUT OFFSET CURRENT 
Initial los 12 75 9 50 

20 135 14 S5 

INPUT NOISE 
Voltage enp-p 0.09 0.25 O.OS O.IS 
Voltage Density en 3.S s.o 3.5 5.5 

3.3 5.6 3.1 4.5 
3.2 4.5 3.0 3.S 

Current Density in 1.7 - 1.7 4.0 
1.0 - 1.0 2.3 
0.4 0.6 0.4 0.6 

INPUT VOLTAGE RANGE 
Common Mode CMVR :t11.0 ±12.3 :tll.0 ± 12.3 :1:11.0 

±10.5 ± 11.S ± 10.5 ± 1I.S :1:10.5 
Common-Mode Rejection 

Ratio CMRR 100 120 106 123 114· 
96 118 102 121 110 

INPUT RESISTANCE 
Differential RIN O.S 4 1.2 5 1.5 
Common Mode R1NCM 2 2.5 

. POWER SUPPLY 
Rated Performance ±15 ±15 
Operating ±(4-lS) ±(4-lS) 
Current, Quiescent IQ 3.3 5.6 3.0 4./\ 
Rejection PSR 2 20 1 10 

2 32 2 16 
Power Consumption Pd 100 170 90 140 

OPERATING TEMPERATURE RANGE 
Tmln,T .... -25 +S5 -25 +85 -25 

PACKAGE OPTIONS 
, 

Plastic Mini-DIP (NSA) ADOP-37GN ADOP-37FN 
CERDIP (QSA) . ADOP-37GQ ADOP-37FQ 
TO-99 (HOSA) ADOP-37GH ADOP-37FH 

NOTES 
'Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of 
power. A and B grades are guaranteed fully warmed up. 

'Long-Term Input Offset Voltage Stability refers to the average trend line of Vos VB. time after the. fIrSt 30 days. 
Specifications subject to change without notice. 
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TYP MAX 

I,SOO : 
1,500 
700 
1,500 

±13.S 
±11.5 
±13.6 
70 . 

63 
40 
17 

10 25 
20 60 
0.2 0.6 
0.2 1.0 
±4.0 

±10 :t4O 
±14 :t6O 

7 35 
10 50 

O.OS O.IS 
3.5 5.5 
3.1 4.5 
3.0 3.8 
1.7 4.0 
1.0 2.3 
0.4 0.6 

±12.3 
± 1I.S 

126 
124 

6 
3 

±15 
±(4-lS) 
3.0 4.6 
1 10 
2 15 
90 140 

+85 

ADOP-37EN 
ADOP-37EQ 
ADOP37EH 



ADOP-37C ADOP-378 

MIN TYP MAX MIN TYP MAX MIN 

700 1,500 1,000 I,SOO 1,000 
400 1,500 800 1,500 800 
200 500 250 700 250 
300 800 SOO 1,000 600 

±l1.S ±13.5 ±U.O ±13.S ±12.0 
±IO.O ±1l.5 ±IO.O ±1l.5 ±IO.O 
±10.5 ±13.0 ±11.0 ±13.2 ±11.5 

70 70 

45 63 45 63 45 
- 63 - 40 -
II 17 II 17 II 

30 100 20 60 
70 300 50 200 
0.4 1.8 0.3 1.3 
0.4 2.0 0.3 1.5 
±4.0 ±4.0 

±15 ±80 ±12 ±55 
±35 ±ISO ±28 ±95 

12 75 9 50 
30 135 22 85 

0.09 0.25 O.OS O.IS 
3.S s.o 3.5 5.5 
3.3 5.6 3.1 4.5 
3.2 4.5 3.0 3.S 
1.7 - 1.7 4.0 
1.0 - 1.0 2.3 
0.4 0.6 0.4 0.6 

±11.0 ± 12.3 ±11.0 ± 12.3 ±1l.0 
±10.2 ± 11.5 ±10.3 ± 11.5 ±10.3 

100 120 106 123 114 
94 116 100 119 108 

O.S 4 1.2 5 1.5 
i 2.S 

± 15 ± 15 
±(4-IS) ±(4-1S) 
3.3 5.6 3.0 4.6 
2 20 I 10 
4 51 2 20 
100 170 90 140 

-55 + 125 -55 + 125 -55 

ADOP-37CQ ADOP-37BQ 
ADOP-37CH ADOP-37BH 

Specifications shown in boldface are tested on all production units at fInal 
electrical test. Results from those tests are used to caIculste outgoing quality 
levels. All min and max specifJCations are guaranteed, although uu1y those 
shown in·boldface are tested on all production units. 

ADOP-37A CONDmONS UNITS 

TYP MAX 

I,SOO RL",2kO, VOUT= ± 10V V/mV 
1,500 RL"'lkO, VOUT= ± lOY V/mV 
700 RL = 6000, VOUT= ±IV, Vs= ±4V V/mV 
1,200 RL",2kO, VOUT= ± 10V, T.=mintomax V/mV 

±13.8 RL"'2kO V 
±1l.5 RL"'6000 V 
±13.5 RL"'2kO,T. = min to max V 
70 IoUT=OA, VOUT=OV 0 

63 f.= 10kHz MHz 
40 f.=IMHz MHz 
17 RL",2kO V/",s 

10 25 (Note I) ",V 
30 60 T. = min to max ",V 

I 
0.2 0.6 T. = min to max ",vre 
0.2 1.0 (Note 2) ",V/month 
±4.0 Rp=IOkO mV 

± 10 ±4O nA 
±20 ±60 T.= min to max nA 

7 35 nA 
15 50 T. = min to max nA 

O.OS O.IS O.IHzto 10Hz "'V~ 
3.5 5.5 f.=IOHz nV/ Hz 
3.1 4.5 f. = 30Hz nV/YHz 
3.0 3.S fo=IOOOHz nVlYHZ 
1.7 4.0 f.= 10Hz pAlYHZ 
1.0 2.3 f.=30Hz pAlYHZ 
0.4 0.6 f.= 1000Hz pAlYHZ 

±12.3 V 
±1I.5 T. = min to max V 

126 VCM =±IIV dB 
122 VCM= ±IOV, T.= min to max dB 

6 MO 
3 GO 

± 15 V 
±(4-IS) V 
3.0 4.6 Vs= ±15V rnA 
I 10 Vs =±4Vto±ISV "'V/V 
2 16 Vs= ±4.5Vto ± ISV, T. = min to max "'V/V 
90 140 VOUT=OV mW 

+ 125 DC 

ADOP-37AQ 
ADOP-37AH 
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ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ..•........ 
Internal Power Dissipation (Note I) 
Input Voltage (Note 2) ...•.. 
Output Short Circuit Duration . . 
Differential Input Voltage (Note 3) 

NOTES: 

. ±lSV 
500mW 

. ±ISV 
Indeftnite 
.. ±O.7V 

Differential Input Current (Note 3) 
Storage Temperature Range • . • • 
Operating Temperature Range 

.... ±2SmA 
- 6SoC to + lS0°C 

AD OP-37A, AD OP-37B, AD OP-37C -55OC to +125°C 
AD OP-37E, AD OP-37F, AD OP-37G .' -25°C to +SsoC 

Lead Temperature Range (Soldering 6Osec) • . . • . .. 3000C 

Note 1: Maximum package power dissipation vs. ambient temperature. 

Package Type 

TO-99(H) 
MINI-DIP(N) 
CBRDIP(Q) 

Maximum Ambient Derate Above Maximum . 
Temperature for Rating Ambient Temperature 

BO'C 7.1mWrc 
360C 5.6mWrc 
750C 6.7mWrc 

Note 2: For supply voltages less than ± IBV, the absolute maximum input voltage is equal to tbe supply voltage. 

Note3: TbeAD OP-37's inputs are protected by back-to-back diodes. To achieve low noise current limiting resistora could 
not be used. If the differential input voltage exceeds ± 0.1V, tbe input current sbould be limited to 25mA. 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). CHIP DIMENSIONS AND BONDING DIAGRAM 

TO-99 (8) Package 

MINI-DIP (N) Package 

~J. .I. 
~~"7r 
~'.""".91'~ r'·""·62'"1 

,.16;r.:- MAX ~iiJ:~ AREF 11 
(4.19 :1:0.251 ==----t 

SE:~~~~ --'+'---)( -, 0.18 :!:0.03 l 
14.5. :1:0.78) 

" O.O~003 
Q·15· 10.28 :1:0.08) 

CElIDlP{Q) PACKAGE 
0.00510.13) 0.05511.35) 

MIN MAX . 

,~ --Ir-,.2'·0' (0.64) 

, 4 

L - 0.406 110.29) ...... _1 r MAX --, 

,-~~ 02015081 006(1521 
MAX :::!--r 

SE~~:~ -'-'-2!LC3-'_"- - - ~- tit 015 (3811 
0200 15 a) 'N 

'-~~..f01j.. ..J (254) 1 
BSC 

0.014(0.36) 0.0310.76) 
0.023 (a.58) 0.07(1.78) 
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4~:::1~::~:~ 
I 

Dimensions shown in inches and (rom). 

1--------0.10012.541 ----~-_l 

NUll 

THE AD OP·37 IS AVAILABLE IN WAFER·TRIMMED CHIP FORM. CONSULT THE FACTORY FOR DETAILS. 

ADOP-37 ORDERING GUIDE 
Temperature Mulnitial MuOffset 

Model Package Ranae("c) Oft"set( ... V) Drift ( ... vrc) 

ADOP-37GH TO-99 -25to +B5 100 I.B 
ADOP-37GN MINI-DIP -25to +85 100 I.B 
ADOP-37GQ CERDIP -25to +B5 100 1.8 
ADOP-37FH TO-99 '-25 to +B5 60 1.3 
ADOP-37FN MINI-DIP -25to +85 60 1.3 
ADOP-37FQ CERDIP -25to +85 60 1.3 
ADOP-37EH TO-99 -.25 to +B5 2S 0.6 
ADOP-37EN MINI·DlP -25to +B5 25 0.6 
ADOP-37EQ CERDiP -25to +B5 25 0.6 

ADOP-37CH TO-99 -55to +125 100 1.8 
ADOP-37CQ CERDIP -55to + 125 100 1.8 
ADOP-37BH TO-99 -55to + 125 60 1.3 
ADOP-37BQ CERDIP -55to + 125 60 1.3 
ADOP-37AH TO-99 -55to + 125 25 0.6 
ADOP-37AQ CERDIP -55to +125 25 0.6 



APPLICATION NOTES FOR THE AD OP·37 
The AD OP·37 can be used in the sockets of many of the popular 
precision bipolar input opemttonal amplifiers on the market. 
Elimination of external frequency compensation or nulling cir
cuitry may be possible in many cases. In 741 replacement situa
tions, if nulling has been implemented, it should be modified or 
removed for correct AD OP-37 performance. 

In applications where the initial factory adjusted input offset 
voltage provides insufficient accuracy, further offset trimming 
can be accomplished with the resistor network shown in Figure 
1. The adjustment mnge attainable using a lOkll potentiometer 
will be ± 4m V. If a smaller adjustment mnge is required, the 
sensitivity of the nulling can be increased by using a smaller 
potentiometer in series with fixed resistor(s). For example, a 
Ikll p0t in series with two 4.7kO resistors will yield a ± 280"" V 
range. 

Figure 1. Optional Offset Nulling Circuit 

Zeroing the initial offset with potentiometers other than 10kO, 
but between IkO and IMO, will introduce an additional input 
offset voltage temperature drift error of from 0.1 to 0.2""VrC. 
Additionally, by intentionally trimming in a dc level shift a 
voltage dependent offset drift will be created. It will be approxi
mately the input offset voltage at 25°C divided by 300 (in ""VI 
°C). 

Parasitic thermocouple EMF's can be generated where dissimilar 
metals meet the contacts to the input terminals of the AD OP-37. 
These tempemture dependent voltages can manifest themselves 
as drift type errors. Optimized tempemture performance will 
be obtained when both contacts are maintained at the same 
tempemture. 

Output stability with the AD OP-37 is possible with capacitive 
loads of up to lOOOpF and ± lOY output swings. Larger capaci
tances should be decoupled with a 500 resistor inside the feedback 
loop. 

High closed loop gain and excellent linearity can be achieved by 
opemting the AD OP-37 within an output current mnge of 
± lOrnA. Minimizing output current will provide the highest 
linearity. 

+18V 

-18V 

ALL OTHER PINS 
ARE NOT 
CONNECTED 

Figure 2. Burn-In Circuit 

CAUTION: NOISE MEASUREMENTS 
Precise measurement of the extremely low input noise associated 
with the AD OP-37 is a difficult task. In order to observe the 
mted noise in the O.IHz to 10Hz frequency mnge the following 
cautions should be exercised. 

(1) The test time to measure O.IHz to 10Hz noise should not 
exceed 10 seconds. As shown in the noise test frequency response 
plot in this data sheet the O.IHz comer is only defined by a 
single zero. A test time of 10 seconds acts as an additional zero 
to eliminate noise contributions from frequencies lower than 
O.1Hz. 

(2) Warm-up for a least five minutes will eliminate temperature 
induced effects. During the first few minutes the offset voltage 
typically increases 4""V. In a 10 second measurement interval. 
prior to temperature stabilization the reading could include 
several nanovolts of warm-up offset error in addition to the 
noise. 

(3) For reasons similar to (2) the device under test should be 
well shielded from air currents or other heat sinks to eliminate 
the possibility of temperature changes over time invalidating the 
measurements. Sudden motion in the vicinity or physical contact 
with the package can also increase the observed noise. 

An input voltage noise spectral density test is recommended 
when measuring noise on a large number of units. Because the 
IIf noise comer frequency is around 3Hz, a 1kHz noise voltage 
density measurement combined with a O.IHz to 10Hz peak-ta-peak 
noise reading will guarantee IIf and white noise performance 
over the rated frequency spectrum. 
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Typical Performance Curves 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
8 x B-Bit Parallel Multipllcation/Accumulation 
100mW Power Dissipation with TTL-Compatible 

1.5 Micron CMOS Technology 
55ns Multiply/Accumulate Time 
Improved TDC100&J4 Second Source 
Twos-Complement or Unsigned Magnitude 
Available In Hermatically-Sealed 48-Pln Ceramic DIP or 

48-Pin Plastic DIP 
Single +5V Power Supply 
Specified from -55"C to + 125"C Ambient 

APPUCATIONS 
Matrix Manipulations 
Fourier Transformations 
Digital Filtering 
Image Processing 

GENERAL DESCRIPTION 
The ADSP-lOO8A is a TIL compatible high-speed low-power 
8 x 8-bit multiplier accumulator (MAC) that is pin for pin com
patible with TRW's TDClOO8J4. The ADSP-lOO8A is a very 
fast (55ns) 8 x 8 MAC, with low power consumption (lOOmw 
max). Low power dissipation prevents the existence of a large 
temperature differential between the device's junction temperature 
and the ambient temperature. Thus, unlike existing bipolar and 
ECL devices, it is safe to both specify and operate the ADSP-lOO8A 
over the full MIL temperature range ( - 55°C to + 125°C ambient) 
without impairing its useful life. 

The low power is obtained by using CMOS technology. The 
high speed is obtained by the use of three time-saving techniques. 
A modified Booth algorithm reduces time-consuming operations. 
Feed-forward carry organization is used. Finally, a conditional 
sum adder speeds the [mal adder stage of the multiplier. 

The ADSp·lOO8A has two 8-bit input buses, two 8-bit product 
buses and a 3 bit extra product bus. All inputs are diode protected. 
The independent input registers are D-type positive edge triggered 
llip-flops as are the product registers. Each product register has 
its own three state output control which, when combined with 
the independent input clocks, allows the ADSP-lOO8A to operate 
on an 8-bit bus. 

This one·page data II\JIIUIIary COJItaias key speclficatioos to speed your selec:
tion of the proper solution for your application. Aclditionalinformatioo 00 this 
product can be obtainedfJom your local sale. office. 
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a x a-Bit CMOS 
Multiplier/Accumulator 

ADSP-l DDaA I 
ADSP·I008A FUNCTIONAL BLOCK DIAGRAM 
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The ADSP-lOO8A has a RND control which rounds the product 
to the 11 most significant bits by adding a I to the MSB of the 
LSP. The preload control is used in conjunction with the three 
state control to initialize the contents of the output registers. 
The ACC and SUB controls are used to determine whether a 
multiply/add, a multiply/subtract, or a straight multiply is per
formed. The TC control is used to distinguish between two's 
complement or unsigned magnitude inputs. 

The ADSP-lOO8A is available in a hermetically-sealed 48-pin 
ceramic DIP or 48-pin plastic DIP. 
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r.ANALOG 
WDEVICES 

FEATURES 
12 x 12-Bit Parallel Multiplication/Accumulation 
70ns Multiply/Accumulate Time 
375mW Power Dissipation with TTL-Compatible 

1.5 Micron CMOS Technology 
Pin-Compatible with ADSP-1009, TDC1009J1, and 

TMC2009J3 
Twos Complement or Unsigned Magnitude 
Preload able Accumulation Registers 
Available in Hermetically-Sealed 64-Pin DIP, 

Hermetically-Sealed 68-Pin Grid Array, or 
Plastic 64-Pin DIP 

Available Specified from -55"C to + 125°C Ambient 

APPLICATIONS 
Digital Signal Processing 

Digital Filtering 
Fourier Transformations 
Correlations 

Image Processing 
Telecommunications 

GENERAL DESCRIPTION 
The ADSP-1OO9A is a high-speed, low-power 12 x 12-bit parallel 
multiplier/accumulator fabricated in 1.5 micron CMOS. 

The ADSP-lOO9A has two 12-bit input ports, a 12-bit Most 
Significant Product (MSP) port, a 12-bit Least Significant Product 
(LSP) port, and a 3-bit Extended Product (XTP) port. Inputs 
can be represented in either twos-complement or unsigned-mag
nitude formats. The ADSP-1OO9A produces a 24-bit product 
whose MSP can be rounded with a control which causes a 1 to 
. be added to the Most Significant Bit (MSB) of the LSP. After 
multiplying, the ADSP-lOO9A can latch its product directly into 
the output registers or update the output registers with their 
previous contents added to or subtracted from the product. The 
output registers can also be initialized prior to multiplication/ac
cumulation with data preloaded from the output ports. 

All input pins are diode-protected. The input and output registers 
are all D-type positive-edge-triggered flip-flops. The input registers 
are controlled by independent clock lines. A third clock line 
controls the product registers. Each of the three product registers 
has its own three-state output control. Three-state outputs and 
independently clocked inputs allow the ADSP-1OO9A to be 
connected directly to a single 12-bit bus. 

This one-page data IWIlIII8r)' contaiDs key specifications to speed your selec
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office. 
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The ADSP-lOO9A is a pin-for-pin replacement for Analog Devices' 
ADSP-I009 and is also pin-for-pin compatible in a DIP package 
with TRW's TDCI009Jl and TMC2009J3. The ADSP-1OO9A's 
multiply/accumulate time is over twice as fast as either TRW 
device. 

The power consumption of the ADSP-1OO9A is 375mWmaximum, 
less than 10% of the power required by equivalent bipolar devices. 
The differential between the ADSP-1009A's junction temperature 
and the ambient temperature stays small because of this low 
power dissipation. Thus, unlike equivalent bipolar devices, the 
ADSP-1OO9A can be safely specified for operation at environmental 
temperatures over its extended temperature range (- 55°C to 
+ 125°C ambient) . 

The ADSP-lOO9A is available for both commercial and military 
temperature ranges. Extended temperature range parts are avail
able with high-reliability processing ("PLUS" parts). MIL-grade 
parts are available processed fully to MIL-STD-883, Class B. 
Additionally, the ADSP-I009A is available in either a 64-pin 
hermetically sealed ceramic DIP, a space-saving, hermetically 
sealed 68-pin grid array, or a plastic 64-pin DIP. 
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r'IIIANALOG 
WDEVICES 

FEATURES 
16x 16-Bit Parallel Multiplication/Accumulation 
200mW Power Dissipation With TTL-Compatible 

CMOS Technology 
85ns Multiply/Accumulate Time 
Pin Compatible with ADSP-1010, TDC101OJ1, 

and TMC201OJ3 
Twos-Complement or Unsigned Magnitude 

Data Formats 
Single +5V Power Supply 
Available in Hermetically-Sealed 64-Pin Ceramic DIP, 

68-Pin Grid Array or Plastic 64-Pin DIP 
Available Specified from - 55"C to + 125"C Ambient 

APPLICATIONS 
Digital Signal Processing 

Digital Filtering 
Fourier Transformations 
Correlations 
Power Series Expansions 

Matrix Manipulations 
Microprocessor Acceleration 

GENERAL DESCRIPTION 
The ADSP-I0I0A is a TIL-compatible high-speed low-power 
16 x 16-bit monolithic multiplier/accumulator that, in DIP form, 
is pin for pin compatible with the ADSP-IOI0, TDCIOIOJl, 
and TMC2010J3. Low power dissipation prevents the existence 
of a large temperature differential between the device's junction 
temperature and the ambient temperature. Thus, unlike bipolar 
and ECL multipliers, it is safe to both specify and operate the 
ADSP-I010A over the extended temperature range (- 55°C to 
+ 1250C ambient) without impairing its useful life. 

The low power is obtained by using CMOS technology. The 
high speed is obtained by the use of a 1.5 micron CMOS process 
and three time-saving techniques. A modified Booth algorithm 
is used. Feed-forward carry organization is used. Finally, a 
conditional sum adder speeds the final adder stage of the 
multiplier. 

The ADSP-lOIOA has two 16-bit input buses, a 16-bit MSP 
product bus, a 16-bit LSP product bus, the output port of 
which is shared with the Y input port, and a 3-bit extended 
product bus. All inputs are diode protected. The independently 
controlled input registers are D-type positive edge triggered flip
flops as are the product registers. Each product register has its 
own three state output control which, when combined with the 
independent input clocks, allows the ADSP-lOIOA to operate on 
a single 16-bit bus. 

This one-paae data sUlllllllltJ contaiDs key spec:ifieations to speed your selec
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office. 

16 x 16-Bit CMOS 
Multiplier/Accumulator 

ADSP-1 01 OA I 
ADSP-I01OA FUNCTIONAL BLOCK DIAGRAM 

The ADSP-IOIOA has a RND control that rounds the product 
to the 16 most significant bits by adding a 1 to the MSB of the 
16 LSBs of the multiplier array. The preload control is used in 
conjunction with the three-state controls to initialize the contents 
of the output registers. The ADSP-lOI0A will perform either a 
multiplication and addition or multiplication and subtraction or 
a straight multiplication depending upon the status of the ACC 
and SUB controls. The TC control provides the capability for 
either twos-complement or unsigned magnitude data fortnats. 

The ADSP-I01OA is available for both commercial and military 
temperature ranges. Extended temperature range parts are avail
able with high-reliability processing ("PLUS" parts). MIL-grade 
parts are available processed fully to MIL-STD-883, Class B. 
Additionally the ADSP-I0I0A is available in either a hermetically 
sealed 64-pin ceramic DIP, a 68-pin Grid Array or a 64-pin 
plastic DIP. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
12 x 12-Bit Parallel Multiplication 
65ns Multiply Time 
200mW Power Dissipation with TTL-Compatible CMOS 

Technology 
Twos-Complement. Unsigned-Magnitude. and 

Mixed-Mode Data Formats 
Available in Hermetically-Sealed 64-Pin DIP. 

Hermetically-Sealed 68-Pin PGA. 
or Plastic 64-Pin DIP 

Available Specified from - 55"C to + 125"C Ambient 
Pin-Compatible with ADSP-1012 and MPY012HJ1 

APPUCATIONS 
Digital Signal Processing 

Digital Filtering 
Fourier Transformations 
Correlations 

Image Processing 

GENERAL DESCRIPTION 
The ADSP-I012A is a high-speed, low-power 12x 12-bit 
multiplier fabricated in 1.5 micron CMOS. 

The ADSP-I012A has two 12-bit input ports, a 
Significant Product (MSP) port, and a 12-bit 
Product (LSP) port. Input data is intlerplrete 
format. The ADSP-1012A 
complement MSP can be 
I to be added to the Most 

All input pins are mclCle··pl1ltc;C:te<l. 
are all D-type poliithre-edgc:-trllggc:re<! tup-nro" 
are controlled by independent clock lines. the I' 
registers have their own independent clock lines and their 0 

independent three-state output controls. ThIee-state outputs and 
independently clocked inputs allow the ADSP-IOI2A to be 
connected directly to a single 12-bit bus. 

The ADSP-IOI2A is a pin-for-pin replacement for Analog Devices' 
ADSP-IOI2 and is also pin-for-pin compatible in a DIP package 
with TRW's MPY012HJI. The ADSP-IOI2A's multiply time is 
less than half that of tile TRW device. 
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ADSP-I012A FUNCTIONAL BLOCK DIAGRAM 

12><12·8IT 
ASYNCHRONOUS 

MULTIPLIER 
ARRAY 

r---~CU<L 

MSPou, 
I .. ,' ",iP., .al 

L-__ ~ClKM 

p01Ner c<}ll.mpltion of the ADSP-I012A is 200mW maximum, 
by equivalent bipolar devices. The 

the ADSP-I012A's junction temperature 
temperature stays small because of this low 

Thus, the ADSP-I012A can be safely specified 
,c;Ill1[il'ODimentaJ temoeratures over its extended 

- 55°C to + 125°C ambient). 

is available for both commercial and military 
ranges. Extended temperature range parts are avail

high-reliability processing ("PLUS" parts). MIL-grade 
. ble processed fully to MIL-STD-883, Class B. 
the ADSP-I012A is available in either a 64-pin 

Iy sealed ceramic DIP, a hermetically sealed ceramic 
pm grid array, or a plastic 64-pin DIP. 
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r.ANALOG 
WDEVICES 

FEATURES 
16 x 16-Bit Parallel Multiplication 
70ns Multiply Time 
300mW Power Dissipation with TTL-Compatible 

CMOS Technology 
Twos-Complement. Unsigned-Magnitude and Mixed

Mode Data Formats 
Available in Hermetically-Sealed 64-Pin DIP. 

Hermetically Sealed 68-Pin PGA. or Plastic 
64-Pin DIP 

Available Specified from -55"C to + 125"C Ambient 
Pin-Compatible with ADSP-1016 and MPY016HJ1 

APPLICATIONS 
Digital Signal Processing 

Digital Filtering 
Fourier Transformations 
Correlations 

Image Processing 
General Purpose Computing 

GENERAL DESCRIPTION 
The ADSP-1016A is a high-speed low-power l6x l6-bit parallel 
multiplier fabricated in 1.5 micron CMOS. 

The ADSP-1016A has two l6-bit input ports, a l6-bit Most 
Significant Product (MSP) port, and a l6-bit Least Significant 
Product (LSP) port. Input data is interpreted in twos-complement, 
unsigned-magnitude, or mixed-mode formats. The ADSP-I016A 
produces a 32-bit result whose MSP can be rounded with a 
control which causes a 1 to be added to the Most Significant Bit 
(MSB) of the LSP. 

All input pins are diode-protected. The input and output registers 
are all D-type positive-edge-triggered flip-flops. The input registers 
are controlled by independent clock lines. Both of the product 
registers have their own independent clock lines and their own 
independent three-state output controls. Three-state outputs and 
independently clocked inputs allow the ADSP-lOl6A to be 
connected directly to a single l6-bit bus. 

The ADSP-1016A is a pin-for-pin replacement for Analog Devices' 
ADSP-1016 and is also pin-for-pin compatible in a DIP package 
with TRW's MPY016HJ1. The ADSP-1016A's multiply time is 
more than twice as fast as the TRW device. 

The power consumption of the ADSP-1016A is 300mW maximum, 
less than 10% of the power required by equivalent bipolar devices. 
The differential between the ADSP-1016A's junction temperature 
and the ambient temperature stays small because of this low 
power dissipation. Thus, the ADSP-1016A can be safely specified 
for operation at environmental temperatures over its extended 
temperature range ( - 55°C to + 125°C ambient). 

This one-page data sUllllll8t)' contsins key specifications to speed your selec
tion of the proper solution for your application. Additional information on this 
product can be obtsined from your local sales office. 
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The ADSP-lOl6A is available for both commercial and military 
temperature ranges. Extended temperature range parts are avail
able with high-reliability processing ("PLUS") parts. MIL-grade 
parts are available processed fully to MIL-STD-883, Class B. 
Additionally, the ADSP-1016A is available in either a 64-pin 
hermetically sealed ceramic DIP, a hermetically sealed ceramic 
68-pin grid array, or a plastic 64-pin DIP. 
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-'ANALOG 
WDEVICES 

FEATURES 
24 x 24-Bit Parallel Multiplication 
90ns Multiply TIme 
300mW Power Dissipation with TTL-Compatible CMOS 

Technology 
Twos.-Complement Data Format 
Rounding Options at Three Positions 
Left-Shifts of 0, 1, or 2 Bits on Output 
Overflow and Normalization Status Flags 
Single-Cycle Output of Both 2~Bit Output Words 
Available in Hermatically-Sealed 84-Pin Grid Array 
Available Specified from -55"C to + 125"C Ambient 
Pin-Compatible with ADSP-1024 

APPUCATIONS 
High-Resolution Digital Signal Processing 

Digital Filtering 
Fourier Transformations 
Correlations 

Voice Recognition 
Mantissa Multiplication for Floating-pqlnt Operations 

GENERAL DESCRIPTION 
The ADSP-I024A is a high-speed, low-power 24 x 24-bit 
multiplier fabricated in 1.5 micron CMOS. The ADSP
a pin-for-pin replacement for Analog Devices' A 

The ADSP-I024A is a three-pon device 
input buses and two 24-bit product b 
Product (MSP) bus and the Least c 
share the output pon. In a single cy bo ~ 
be output. Input data must be in two's-com t. 
The ADSP-I024A produces a 48-bit result wh s-comp 
ment MSP can be rounded with controls which cause a I to be 
added to either bit 23, 22, or 21 of the LSP. 

All input pins are diode-protected. The input and output registers 
are all D-type positive-edge-triggered flip-flops. The input registers 
are controlled by independent clock lines. A third clock line 
controls the product registers. Both of the product registers 
have their own three-state output controls. Three-state outputs 
and independently clocked inputs allow the ADSP-I024A to be 
connected directly to a single 24-bit bus. 

'. 

24 x 24-Bit CMOS Multiplier 
ADSP-l024A I 

ADSP-I024A FUNCTIONAL BLOCK DIAGRAM 
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tion of the ADSP-I024A is 300mW maximum. 
een the ADSP-I024A's junction temperature 

ture stays small because of this low-power 
, the ADSP-I024Acan be safely specified. for 

vironmental temperatures over its extended tem-
S·C to + 1250C ambient). 

vailable for both commercial and military 
. Extended temperature range pans are avail

reliability processing ("PLUS" pans). MIL-grade 
available processed fully to MIL-STD-883, Class B. 

4-~~ is available in a hermetically-sealed ceramic 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
B x B-Bit Parallel Multiplication 
30MHz Multiplication Rate 
275mW Power Dissipation with TTL-Compatible 

1.5 Micron CMOS Technology 
Twos-Complement Data Format 
Available in Hermetically-Sealed 4O-Pin DIP or 

Plastic 4O-Pin DIP 
Available SpecifiecUrom - 55"C to + 125"C Ambient 
Pin-Compatible with ADSP-10BO and MPYOOBHJ5 

APPLICATIONS 
Digital Signal Processing 

Digital Filtering 
Fourier Transformations 
Coreelations 

Image Processing 

GENERAL DESCRIPTION 
The ADSP-I080A is a high-speed, low-power 8 x 8-bit parallel 
multiplier fabricated in 1.5 micron CMOS. 

The ADSP-I080A has two 8-bit input ports, an 8-bit Most 
Significant Product (MSP) port, and an 8-bit Least Significant 
Product (LSP) port. Input data is interpreted in twos-complement 
format. The ADSP-I080A produces a 16-bit result whose twos
complement MSP can be rounded with a control which causes a 
I to be added to the Most Significant Bit (MSB) of the LSP. 

All input pins are diode-protected. The input and output registers 
are all D-type positive-edge-triggered flip-flops. The input registers 
are controlled by independent clock lines. A third clock line 
controls the product registers. Both of the product registers 
have their own three-state output controls. Three-state outputs 
and independently clocked inputs allow the ADSP-1080A to be 
connected directly to a single 8-bit bus. 

The ADSP-I080A is a pin-for-pin replacement for Analog Devices' 
ADSP-1080 and is also pin-for-pin compatible in a DIP package 
with TRW's MPYOO8HJ5 and MPYOO8HJ5-1. The ADSP
I080A's multiply time is faster than either TRW device. 

This one-page data summary contains key specifications to speed your selec
tion of the proper solution for your application. AcIditionaI information on this 
prodnct can be obtained from your local sales office. 
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The power consumption of the ADSP-1080A is 275mW maximum, 
5% of the power required by equivalent bipolar devices. The 
differential between the ADSP-1080A's junction temperature 
and the ambient temperature stays small because of this low 
power dissipation. Thus, the AOSP-I080A can be safely specified 
for operation at environmental temperatures over its extended 
temperature range ( - 55"<: to + 125°C ambient). 

The ADSP-I080A is available for both commercial and military 
temperature ranges. Extended temperature range parts are avail
able with high-reliability processing ("PLUS" parts). MIL-grade 
parts are available processed fully to MIL-STD-883, Class B. 
Additionally, the ADSP-I080A is available in either a 4O-pin 
hermetically-sealed ceramic DIP or a plastic 4O-pin DIP. 
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liliiii ANALOG 
WDEVICES 

FEATURES 
B x B·Bit Parallel Multiplication 
30MHz Multiplication Rate 
275mW Power Dissipation with TTL·Compatible CMOS 

Technology 
Unsigned·Magnitude Data Format 
Available in Hermetically·Sealed 4O·Pin DIP or 

Plastic 40·Pin DIP 
Available Specified from -55"C to + 125"C Ambient 
Pin·Compatible with ADSP·1081 and MPYOBHUJ5 

APPLICATIONS 
Digital Signal Processing 

Digital Filtering 
Fourier Transformations 
Correlations 

Image Procassing 

GENERAL DESCRIPTION 
The ADSP·IOSIA is a high·speed, low-power S x S-bit parallel 
multiplier fabricated in 1.5 micron CMOS. 

The ADSP-IOSIA has two S-bit input ports, an S-bit Most 
Significant Product (MSP) port, and an S-bit Least Significant 
Product (LSP) port. Input data is interpreted in unsigned-mag
nitude format. The ADSP-IOSIA produces a I6-bit result whose 
unsigned-magnitude MSP can be rounded with a control which 
causes a 1 to be added to the Most Significant Bit (MSB) of the 
LSP. 

All input pins are diode·protected. The input and output registers 
are all D-type positive-edge-triggered flip-flops. The input registers 
are controlled by independent clock lines. A third clock line 
controls the product registers. Both of the product registers 
have their own three-state output controls. Three-state outputs 
and independently-clocked inputs allow the ADSP-IOSIA to be 
connected directly to a single S-bit bus. 

The ADSp·lOSIA is a pin-for-pin replacement for Analog Devices' 
ADSP-lOSI and is also pin-for-pin compatible in a DIP package 
with TRW's MPYOSHUJ5 and MPYOSHUJ5-1. The ADSP-
lOS lA's multiply time is less than either TRW device. 

This one·page data SIUIIIDary contains key specificaticms to speed your selec
tion of the proper solution for your application. Additional information on this 
product can be obtaineclfrom your local aaJes office. 
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The power consumption of the ADSP-IOSIA is 275mW maximum, 
less than 15% of the power reqnired by equivalent bipolar devices. 
The differential between the ADSP-lOSIA's junction temperature 
and the ambient temperature stays small because of this low 
power dissipation. Thus, the ADSp·lOSIA can be safely specified 
for operation at environmental temperatures over its extended 
temperature range ( - 55"C to + 125°C ambient). 

The ADSP-lOSIA is available for both commercial and military 
temperature ranges. Extended temperature range parts are avail
able with high-reliability processing ("PLUS" parts). MIL-grade 
parts are available processed fully to MIL-STD-SS3, Class B. 
Additionally, the ADSP-I08IA is available in either a 4O-pin 
hermetically· sealed ceramic DIP or a plastic 4O-pin DIP. 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
16x 16-Bit Parallel Multiplication/Accumulation 
70ns Cycle Time 
4O-Bit Adder/Subtracter Unit with Status Flags 
16-Bit Logic Unit 
Dual 40-Bit Accumulators with Status Flags 
7-Bit Right/Left Shift on Output 
Rexible LoadlBypass of Six Input Registers 
Rexible Preload of Both Accumulators 
Feadback from Accumulators to Adder/Subtracter 

with LeftlRight-Shift Control 
Feedback from Adder/Subtracter to Y Input Registers 

and Logic Unit/Multiplier 
On-Chip, Low Overhead Block Roating-Point Control 
Autonormalized Output with Exponent 
Output with Saturation 
Three 16-Bit Data Ports (Two Input and One Output) 

Can Each Transfer Two 16-Bit Words Per Cycle 
Twos-Complement and Unsigned Magnitude 

Multiplication 
Independent Microcode Control of Each Functional 

Unit 
Low-Power TTL-Compatible 1.5 Micron CMOS 

Technology, 300mW Max Power Dissipation 
100-Pin Grid Array 

GENERAL DESCRIPTION 
The Integer Arithmetic Unit is a versatile 16-bit integer processor 
which performs a full complement of arithmetic, logic, and shift 
functions. The ADSP-llOI performs complex, arithmetic, and 
low-overhead block floating-point operations completely on-chip. 
Sustainable single-cycle operations of the form y = mx + b are 
also supported. 

The ADSP-llOI is ideally snited for fast integer arithmetic. 
Multiple ADSP-llOls can be cascaded to perform single-cycle 
FIR filters without external memory or other hardware. The 
ADSP-ll 0 1 performs six-cycle radix-2 butterfly operations en . 
on-chip. Sums of products algorithms, including Taylo 
can also be performed on-chip. 

The ADSP-llOI has two input ports. Each 
two 16-bit words per cycle. The Y . 
either input port. One pair of X in 
the X-Port, the second pair, fro 
may be loaded from the V-Port. 

Y input register values can be passed 
prior to entering the Multiplier Array. The ct 
result may be routed to either or both accumulators, the 
Y registers, or the output port (via the 7 -Bit Right/Left Output 
Shifter). Accumulator contents may be routed to the Adder/ 
Subtracter and/or the output port (via the Output Shifter). 
Block Floating-Point Control is implemented entirely on-chip. 

The ADSP-llOl's 20-bit Z-Port can output a 16-bit data word 
or Status Register on its lower-order 16-bits and extension data, 
status flags, or autonormalized output exponents on its higb-order 
4 bits. The 16-bit data word can come from either accumulator 

Integer Arithmetic Unit 
ADSP-ll0l I 

ADSP-llOl FUNCTIONAL BLOCK DIAGRAM 

AOSP·1101 

" 

" 

6SIGNAS 

e Adder/Subtracter. Like the two input ports, 
transfer data at twice the clock rate. 

Ol's 39-bit instruction is partitioned to allow inde
of its functional elements. Subfields that do not 

from the system microcode word. Many 
conditioned on internal or external status 

II 0 1 is available for both commercial and military 
ranges. Extended temperature range parts are avail

-reliability processing ("PLUS" parts). MIL-grade 
ble processed fully to MIL-STD-883, Class B. 

ORDERING INFORMATION 

TI§ADSP·fE=: . 
~ Temp.Range 

Pan Number 

ADalogDcvices 
. o;ptalS;paI -...... 

......... 
G-PinGridAmroy 

.......... 
Blank-Standard 
+ -HighReliability 
8838 -MIL-ST[)"883 

............., T_ 
J-Standard,Oto +7O"C 
K-HighSpeed,Oto +700<: 
S-StaDdard, -55-OCto + l2See 
T-HigbSpctd, -SS"Cto+ 12S"C 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
High Speed 

35ns Pipelined Multiply Time IADSP-1102l1103) 
65ns Multiply Time 

250mW Power Dissipation with TIL-Compatible 
CMOS Technology 

Improved Second Sources to Am29516, Am29517, 
MPY016HJ1 and MPY016KJ1 

Twos-Complement, Unsigned-Magnitude or 
Mixed-Mode Multiplication 

Single +5 Volt Power Supply Operation 
Available in Hermetically-Sealed 64-Pin DIP, 

Hermetically-Sealed 6S-Pin Grid Array, or 
Plastic 64-Pin DIP 

Available Specified from - 55"C to + 125"C Ambient 

APPUCATIONS 
Fourier Transformations 
Digital Filtering 
Matrix Manipulations 
Video Processing 
Array Processing 

GENERAL DESCRIPTION 
The ADSP-ll02, ADSP-l~03, ADSP-1516, and ADSP-1517 
high-speed, low-power 16 x 16-bit multipliers fabricated . 
metal, 1.5 micron CMOS. The ADSP-ll02 and 
pin-for-pin compatible (in a DIP package) 
Devices' Am29516.' The ADSP-ll03 and 
pin compatible (in a DIP package 

The ADSP-ll021ll03 have intern 
by the PPLN control) that nearly 
clocked multiply time to a throughput rate 
ADSP-1516/1517 lack this pipeline register an ctio 
identical to the Am29516l29517. The ADSP-ll02ll516 differ 
from the ADSP-ll03/l5l7 only in how internal registers are 
clocked. 

The power consumption of each of these four multipliers is at 
or below 200mW, less than 5% of the power required by equivalent 
bipolar and ECL multipliers. The differential between these 
devices' junction temperature and the ambient temperature stays 
small because of this low power dissipation. Thus, unlike most 
equivalent bipolar and ECL devices, they can be safely specified 
for operation at environmental temperatures over their extended 
range ( - 55°C to + 125°C ambient). 

The four multipliers each have two l6-bit input ports and a 
l6-bit product output port. The inputs can be twos-complement, 
unsigned-magnitude or mixed-mode. The internal multiplier 
product is 32 bits in width and consists of a l6-bit Most Significant 
Product (MSP) and a 16-bit Least Significant Product (LSP). 

16 x 16-Bit CMOS Multipliers 
with Optional Pipeline 

ADSP-ll02/1103/1516/1517 I 
ADSP-l1021ll03 AND ADSP-lS16/1S17 
FUNCTIONAL BLOCK DIAGRAM 

TtIIEf.·TATI 

rr=======================~~w'~ 

The LSP can be routed back through the Y input port, multiplexed 
through the p output port, or both. A pin used for supply 
GND in 6HJl, MPY016KJI, ADSP-1016, and ADSP-
101 ly redefined as a MSP select control pin. 

SP select control multiplexes the MSP to the 
riv r at the product port, insuring the compatibility 

and ADSP-15l6 with the MPY016HJl, 
- 016, and ADSP-1016A. When high, the 

1 makes the LSP available at the product port. 

ins are diode-protected. The input, LSP, and MSP 
D-type postive-edge-triggered flip-flops. With the 

16, all four registers are controlled by independent 
the ADSP-ll03/1Sl7, there is a single clock, 

three independent register enables for the two input 
ers and the pair of product registers. Independent controls 

r the input registers simplify repeated multiplication by a 
constant. Three-state outputs and clocked inputs allow the four 
multipliers to be connected directly to a l6-bit bus. 

The RND control rounds the product to the 16 most significant 
bits by adding a 1 to the Most Significant Bit (MSB) of the 
LSP. The FA control format-adjusts twos-complement output 
by shifting the MSP and the MSB of the .LSP left one bit and 
then repeating the sign bit in the MSB of the LSP. For asyn
chronous output, the feed-through (FT) control allows the LSP 
and MSP to bypass the output registers and flow directly to the 
three-state output drivers. 

These four multipliers are all available for both commercial and 
MIL temperature ranges. Extended temperature range parts are 
available with high-re1iability processing ("PLUS" parts). MIL 
grade parts are available processed and tested fully to MIL-STD-
883, Class B. Additionally, all versions are available in either a 
64-pin hermetically-sealed ceramic DIP, a hermetically-sealed 
68-pin grid array, or a plastic 64-pin DIP. 
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11IIIIIIII ANALOG 
WDEVICES 

16 x 16~Bit CMOS 
Single-Port Multiplier/Accumulator 

ADSP-1110A I 
FEATURES ADSP-llIOA SINGLE-PORT MAC BLOCK DIAGRAM 
16x 16-Bit Parallel Multiplication/Accumulation 
4O-Bit Wide Accumulator with Overflow Flag. Satura-

tion Arithmetic. and Shift-Left Control 
Twos-Complement or Unsigned Magnitude Inputs 
85ns Multiply/Accumulate Time INn:ANAL DATA BUS 

Low-Power TTL-Compatible 1.5 Micron CMOS 
Technology 

150mW Max Power Dissipation 
28-Pin DIP (Ceramic or Low-Cost Plastic) 

GENERAL DESCRIPTION 
The ADSP-llIOA is a high-speed, low-power, single-port 16 x 16-
bit multiplier/accumulator (MAC), with processing throughput 
comparable to existing three-port MACs. Its single-bus structure 
offers unique advantages: more compact packaging in a 28-pin 
DIP, simpler interface to a single-bus system, and significantly 
reduced cost. In addition, innovative on-chip features extend 
the ADSP·llIOA's capabilities and eliminate external hardware. 

The ADSP-lllOA is optimal for applications where board space 
is limited but high throughput is required. In addition, a micro
processor-based system can realize greater throughput by utilizing 
the ADSP-lllOA in an accelerator. 

All inputs to and outputs from the ADSP-lllOA pass through 
its single l6-bit I/O port. All I/O operations are single-cycle. A 
multiply or multiply/accumulate operation requires two cycles to 
complete-consistent with the two cycles required to load input 
pairs to the multiplier. An internal pipeline register enables new 
inputs to be loaded as the previous multiply/accumulate is com
puted-aJJowing the device's fulll1.8MHz computational 
bandwidth to be utilized. 

A six-bit microcode instruction word governs the ADSP-lllOA's 
operation. The instruction set centers around I/O and multi I 
accumulate operations. Additional instructions allow 
sion in single- and double-precision operations to 
efficiently. 

Multiplier products are accumulated in 
Result (MR) register, which co 
Significant) and LS (Least Signific 
(Extension) register. Either multipli pu 
plement or unsigned maguitude number. Ove 

ORDERING INFOKMAt;ION 

I
ADSP'Is=1Il0Ai~ :::ing 

~. Performance, 
Temp. Range 

Pan Number 

Analog Devices 
----- Digilal signa! 

Processing 

Package 

D-Ceramic DIP 
N - Plastic DIP 

Processing 

Blank-Standard 
+ - High Reliability 
883B - MIL·STD·883 

AND 15, 
RNO ... 

---(]CLOCK 

ACCUMULATI! 
PATH 

R into the upper eight guard bits is detected 
red externally. Outputs can, conditional upon 
saturated to full scale. An MR register can 
e bit upon output; two independent controls 

ent with output formatting. 

lOA is available for both commercial and military 
rauges. Extended temperature range parts are avail
h-re1iability processing ("PLUS" parts). MIL-grade 

ble processed fully to MIL-STD-883, Class B. 
s include a 28-pin ceramic DIP and a low-cost 

c DIP. ' 

Performancel 
Tem.perature 

J -Standard,Olo +7O"C 
K - High Speed, 0 10 + 7O"C 
S-Standard, - 55"<:10 + 125"<: 
T-HighSpeed, -55"<:10 +I25'C 
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r.ANALOG 
WDEVICES 

FEATURES 
16-Bit Addressing Capability 
Look-Ahead™ Pipeline 
Extensive Interrupt Handling 

Ten On-Chip Interrupt Vectors 
70ns Cycle Time 
35ns Clock-to-Address Delay 
64-Word RAM for Storing 

Subroutine Linkage 
Jump Addresses 
Counters 
Status Register 

Low-Power TTL-Compatible 1.5 Micron CMOS 
Technology 

150mW Max Power Dissipation 
48-Pin DIP (Ceramic or Low-Cost Plastic) 

GENERAL DESCRIPTION 
The ADSP-I401 is a high-speed microprogram controller op
timized for the demanding sequencing tasks found in digital 
signal processors and general purpose computers (e.g. looping, 
jumping, branching, subroutines, condition testing and inter
rupts). In addition to high speed and large addressing range, it 
has unique features that make it highly versatile: 

• on-chip control of ten prioritized and maskable 
interrupts 

• four decrementing event counters 
• absolute, relative and indirect addressing capabili 
• download capability (writeable control sto 
• a dynamically configurable 64-word 

During each micro-instruction, the 
indicators and the current ins 
microprogram address. This 

Program Sequencer 
ADSP-1401 I 

ADSP-1401 PROGRAM SEQUENCER 

ed entirely on chip. The ADSP-I40l's internal 
gic includes registers for eight external interrupt 
. er, and a priority decoder. Two additional 
for internally-generated interrupts resulting 

underflow and stack limit violation. 

's four decrementing 16-bit counters are used to 
. These counters are referenced by 

instructions and can also trigger an internal 

DSP-I40I's Look-Ahead pipeline eliminates the need for 
. crocode pipeline register by internally latching 

addresses. A complementary latching arrangement 

several sources: the stack, the jump 
the data port, the interrupt vectors, or the mi ~. a instruction to be decoded (in preparation for the 

""un.;.... cycle) while the program memory address for the 

An extensive set of conditional instructions is a . ble, inc! 
jumps, branches, subroutines, interrupts, and writeable contro 
store. 

The ADSP-I40l's internal 64-word RAM is used for interrupt 
and subroutine linkage via the stack. It also provides the ability 
to associate counters, jump addresses, and the status register 
with nested interrupts and subroutines. 

current cycle is held constant. 

The ADSP-I401 is available for both commercial and military 
temperature ranges. Extended temperature range parts are avail
able with high-reliability processing ("PLUS" parts). MIL-grade 
parts are available processed fully to MIL-STD-883, Class B. 
Packaging options include a 48-pin ceramic DIP and a low-cost 
48-pin plastic DIP. 

ORDERlNG1NPORMATlON 

ADSp·I401mI8838 - Proc:cs~ng 

TI§~L-:: .. ce, 

Temp. Range 

Part Number 

Analog Devices 
. DigilalSiBDal 

PtoccsIing 

. Look-Ahead is • trademark of AaaIoa Devices, lac. 

P ...... 

D-CcramioDIP 
N-PIasti<:DIP 

r-eosing 

BIaok- StaDdard 
+ -lliab Reliability 
883B -MiL-STD·883 

hrionaaac:el T_ 
J-SlaDdard,Oto +7O"C 
K-lliabSpeed,O10 +7O"C 
S-StaDdard, - SS'CIO + 12S'C 
T -lliab Speed, - SS'CIO + 12S'C 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
16-Bit Addresses with Higher Precision Options 
Look-Ahead™ Pipeline 
80ns Cycle Time 
20n5 Clock-to-Address Delay 
Versatile Addressing Hardware: 

30 16-Bit Registers 
16-Bit ALU with Left/Right Shift & Carry 1/0 
Comparator 
Bit Reverser 

Dual Ports 
Powerful Single-Cycle Looping Instructions 
Low-Power TTL-Compatible 1.5 Micron CMOS 

Technology 
175mW Max Power Dissipation 
48-Pin DIP (Ceramic or Low-Cost Plastic) 

GENERAL DESCRIPTION 
The ADSP-141O is a fast, flexible address generator optimized for 
digital signal processors and general purpose computers. This low
power CMOS device rapidly generates the data memory addresses 
required by routines such as digital fIlters, FFTs, matrix opera
tions, and DMAs. 

The ADSP-141O's IO-bit microcode instructions include com
mands for looping, register read/writes, internal data transfers, and 
logical/shift operations. An internal Alternate Instruction Register 
(AIR) can also provide the instruction under external control, al
lowing ruicrocode to be conserved in many applications. 

In a single instruction cycle, the ADSP-141O can: 
• output a 16-bitmemoryaddress 
• modify this memory address 
• conditionally reinitialize the address based on a 

comparison with a preset value. 

Consequently, circular buffers and modulo addressing of data 
memories can be implemented without overhead. 

The ADSP-1410's architecture features a 16-bit ALU, a com
parator, and 30 16-bit registers. The registers are orgauized into 
four mes: sixteen address registers, six offset registers, four co 
pare registers, and four iuitialization registers. 

The ADSP-141O has a 16-bit address (Y) port for 
dresses and a 16-bit data (D) port for 110 betw . 
ternal registers. A value provided by the 
input to the 1410's ALU or may be direc 
port. 

ORDERING INFORMATION 

I
ADSP'~'41r~ ::;;n' 

~l,erf."='.n" .• Temp. Range 

ParI Numbcr 

AnaJogDevlces 
---- DignalSlgnaJ 

Pro.:essing 

Package 

D-Ceramic DIP 
N-PlaslicDlP 

Processin& 

Blank-Standard 
+ - High Reliability 
8838 -MIL-STD-883 

Performance} 
Temperature 

J-Standard,Olo +70"C 
K-HighSpeed,Oto +70'C 
S-Standard, -55"C10 +125"<: 
T -HighSpeed, -SS'Cto + 12S"C 

Address Generator 
ADSP-1410 I 

ADSP-1410 ADDRESS GENERATOR 
o,~ " 

elK 

16 

AIR 

lr=3J~::;=:;;:;:;=.~~ ENABLE 

ok-Ahead pipeline eliruinates the need for an 
pipeline register by internally latching instruc

complementary latching arrangement allows 
oded (in preparation for the following 

emory address for the current cycle is held 

ision (30-bit), single-cycle addressing can be perform
ADSP-141O's. Alternatively, a single 
vide one double-precision address every two 

-1410 is available for both commercial and military tem
re ranges. Extended temperature range parts are available 

ith high-reliability processing ("PLUS" parts). MIL-grade parts 
are available processed fully to MIL-STD-883, Class B. Packaging 
options include a 48-pin ceraruic DIP and a low cost 48-pin plastic 
DIP. 

Look-Ahead is a trademark of Analog Devices, Inc. 
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11IIIIIIII ANALOG 
WDEVICES IEEE Floating Point Multiplier 

ADSP-3210 I 
FEATURES ADSP-3210 IEEE FLOATING POINT MULTIPLIER 
Fully Compatible with IEEE Standard 754 
Three Data Formats: 

32-Bit Single-Precision Floating Point 
64-Bit Double-Precision Floating Point 
32-Bit Fixed Point 

High Speed: 
Single-Precision Throughput of 

100ns/10 MEGAFLOPS 
Double-Precision Throughput of 

400ns/2.5 MEGAFLOPS 
Fixed Point Throughput of 100ns/10MHz 
Low Latency for Scalar Operations: 

300ns Single-Precision Latency 
600n5 Double-Precision Latency 
300ns Fixed-Point Latency 

Two-Port Structure Supports Full Data Transfer Rate 
One Internal Pipeline Stage 
Low-Power TTL-Compatible 1.5 Micron CMOS 

Technology . 
400mW Max Power Dissipation 
Fully Registered 1/0 and Controls 
Three-State Outputs with Separate Enables 
100-Lead Pin Grid Array 

GENERAL DESCRIPTION 
The ADSP-321O is a high-speed floating point multiplier. The 
ADSP-321O and its companion ALU, the ADSP-3220 are basic 
building blocks for high-speed numerical processors. These 
devices offer a full set of operations on three data formats: 32-bit 
single-precision floating point, 64-bit double-precision floating 
point, and 32-bit twos-complement fixed point. 

The ADSP-321O provides a high-speed, low-power solution to 
floating point multiplication requirements. Pipelined results ar 
produced every lOOns for single-precision floating point 
fixed-point data formats .. The direct operand feed mode 
low total latency of 300nsl. Pipelined double-pre .. 
point results are produced every 400ns. 
pation is less than 400mW, worst case. 

The ADSP-3210's data formats and 
conform to the proposed IEEE Stan 
supports all four rounding modes in the st 
data formats. All four exception conditions-ov 
invalid operation, and inexact result-are flagged by dedicated 
status pins. 

ORDERING INFORMATION 

ADSP~3210TG/883B - Processing 

L- Performance. 
Temp. Range 

Package 

G- Pin Grid Array 

Processing 

Blank-Standard 

FAST 

DOUT" 0 

a two-port structure: one 32-bit input port 
put port. Two 32-bit registers are available 
nd B operands. Data inputs and outputs 
cycle rate, allowing two 32-bit input operations 

peration on every cycle. All inputs and 

o is available for both commercial and military 
ure ranges. Extended temperature range parts are avail

reliability processing ("PLUS" parts). MIL-grade 
processed fully to MIL-STD-883, Class B. 

Performancel 
Temperature 

J - Standard, 0 to + 70°C 
K - High Speed, 0 to + 70"<: 
S-Standard, - 55°C to + 125°C 
T -HigbSpeed, -55°Cto + 12Sce 

I~
L- Package 

Part Number 

Analog Devices 
.----- DigjtalSignal 

Processing 

+ - High Reliability 
8838 - MIL-STD-883 
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IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Fully Compatible with IEEE Standard 754 
Three Data Formats: 

32-Bit Single-Precision Floating Point 
64-Bit Double-Precision Floating Point 
32-Bit Fixed Point 

Three Classes of Operations: 
Arithmetic 
Logical - Negate, AND, OR, XOR, Pass, Clear 
Data Conversion - Between All Formats 

Performs Operations on Denormalized Numbers 
High Speed: 10MHz Throughput for All Operations on 

All Data Formats 
Low Latency 

250ns for Single-Precision Operations 
350ns for Double-Precision Operations 

Three-Port Structure Supports Full Data Transfer Rate 
One Internal Pipeline Stage 
Low-Power TTL-Compatible 1.5 Micron CMOS 

Technology 
400mW Max Power Dissipation 
Fully Registered 1/0 and Controls 
Three-State Outputs with Separate Enables 
144-Lead Pin Grid Array 

GENERAL DESCRIPTION 
The ADSP-3220 is a floating point ALU with a full complement 
of arithmetic, logical and data conversion operations. The ADSP-
3220 and its companion multiplier, the ADSP-3210, are basic 
building blocks for high-speed numerical processors with opera
tions on three data formats: 32-bit single-precision floating point, 
64-bit double-precision floating point, and 32-bit twos complement 
fixed point. 

The ADSP-3220 provides a high-speed, low-power solution to 
floating point processing requirements. Pipelined results of all 
operations are produced every lOOns for all data formats. The 
direct operand feed mode allows a low total latency of 250nsl. 
Maximum power dissipation is less than 400mW, worst case. 

The ADSP-3220's data formats and floating point opera 
conform to the proposed IEEE Standard 754. T 
supports all four rounding modes in the stan 
data formats. All four exception conditio 
invalid operation, and inexact res 
status pins. 

lData setup + processing + output delay of most 
word. 

P""kage 

G-Pin Grid Array 

~essin& 

Blank- Standard 

IEEE Floating Point ALU 
ADSP-3220 I 

ADSP-3220 FLOATING POINT ALU 

SELAx.SELBx 

IPORTO,'PORT1 tPORTD,'PORT1 

CONTROLS 

CONTROLS 

CONTROLS 

ee-port structure accommodates the full 10 
oughput rate for double-precision operations, 
operands on each cycle and operating internally 
ta paths. Four input registers are available 

operands. Each input port can load any 
registers, allowing the ADSP-3220 to be con-

e input port. 

SP-3220 is available for both commercial and military 
es. Extended temperature range parts are avail
liability processing ("PLUS" parts). MIL-grade 

ble processed fully to MIL-STD-883, Class B. 

Performance! 
Temperature 

J - Standard, 0 to + 7O"C 
K-HighSpeed,Oto + 7O"C 
S-Standard, -SSOCt. + I2SOC 
T -High Speed, -SS·Ct. + IZSOC EADsp.~mTS:::~, Temp. Range 

Part Number 

Analog Devices 
. . Digital Signal 

+ - High Reliability 
883B -MIL-STD-883 

Processing 
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FEATURES 
12-Bit Resolution 
1MHz Word Rate 
TIH and Timing Circuits Included 
Single Hybrid Package 

APPLICATIONS 
Radar Systems 
Medical Instrumentation 
Electro-Optics Systems 
Test Systems 
Digital Oscilloscopes 

GENERAL DESCRIPTION 
The HAS-120l AID Converter combines high resolution and 
speed in a single hybrid package. This is a complete 12-bit, 
IMHz unit which includes a track-and-hold and timing circuits. 
It's a total solution for the system designer who needs to perform 
the entire analog-ta-digital conversion function in the smallest 
possible space. 

This remarkable converter is a full answer to the question of 
digitizing analog signals into high-resolution data outputs and 
doing it in the most cost -effective way. The HAS-120 1 is the 
ideal choice for the designer who needs state-of-the-art performance 
in high-resolution, high-speed AID conversion. 

This two-page data summary contains key specifications to speed your selec
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office. 

12-Bit,lMHz 
Analog-to-Digital Converter 

HAS-1201 I 
HAS-1201 FUNCTIONAL BLOCK DIAGRAM 

C~~~~:D r 3 )--~ooj 
I 
I 
I 

11 BITHfiiil 

~~~1~L .}-------------~ 

-S.2V +5V -15V +15V GROUND 

Full-scale analog inputs are 5 or 10 volts; and the unit can operate 
with either bipolar or unipolar ranges. Analog input impedance 
is 1,000 ohms or 2,000 ohms and the three-state digital outputs 
are TTL compatible. The user needs to supply only an encode 
command and external power supplies for operation. 

All models of the HAS-1201 AID Converter are housed in 46-pin 
metal hybrid packages. The HAS-1201KM operates over a 
temperature range of 0 to + 70°C. The HAS-1201SM is rated 
over an operating temperature range of - 25°C to + 85°C, but 
will operate with derated performance over a range of - 55°C to 
+ lOOOC. For units operating from - 25°C to + 85°C and military 
screening, order HAS-1201SMB; contact the factory for details 
about derated performance and military screening. 
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SPEC I F I CATIONS (typical @ + 2ft with' noninaI powar supplies unless oIIterwise n!lllld) 
Parameter 

RESOLUTION (FS= Full Scale) 

ACCURACY 
Gain 
Gain ~.T(11lpcrature 
Linearity@de 
i>it'f. Nonlinearity vs. Temp. 
Monotonicity . 

DYNAMICCHARACfERISTICS 
In-Band Harmonics l 

(dc to 100kHz) 
(100kHz to 500kHz) 

Conversion Rate 
Conversion'Time2 

Over Temperature 
Apenure Uncertsinty(Jitter) 
Aperture Time (Delay) 
Signal to Noise Ratio (SNR), 
Transient ltesponse4 

Overvoltag<: Recovety' 
Input Bandwidth 

Small Signal, - 3dB" 
LargeSigna1, -3dB' 

Two·ToneLinearity(@inputfrequendes) 

VDits 
. Bits 
. %FS 

%FS 
ppmI'C 
%FS :t1l2LSB 
ppm?C 

dB below FS (min) 
dBbelowFS 
MHz,Dl8X 
ns,JDaX 
os,max 
ps,rms 
ns 
dB (min) 
ns(max) 
ns 

MHz 
MHz 

(75kHz; 105kHz) dB below FS 

ANALOG INPUT 
Voltage Ranges 

Impedance (5V/IOV inPUt) 
Bipolar Offset' 

Initial (5V Input) 
vs. Temperature 

DIGITAL INPUTS 
Logic Levels, TTL-Compatible 

Impedance 
Rise and Fall Times 
Frequency 
Enende Command Width' 

Min 
Max 

Register Strobe Width 
Min 
Max 

Enable Width 
Min 

DIGITAL OUTPUTS 
Format 

Logic Levels, TTL-CompstiblelO 

Drive 
Time Skew 
Delay; Register Strobe to 

Ootput Data Validity 
Coding 

POWER REQUIREMENTS 
+15V:t5% 
-15V±5% 
+5V ±5% 
-5.2V ±5% 
Power Consumption 

TEMPERATURERANGE" 
Operating 
Storage 

THERMAL RESISTANCE12 

Junction to Air, OJ. (Free Air) 
Junction to Case, Bjc 
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V,p·pFS 
V,·max 

!l(max) 

",V (max) 
FSppmf'C(max) 

V 
V 
LSTTLLoad. 
ns,max 
MHz,max 

ns 
ns 

os 
ns 

os 

Bitl, 
Bit I-Bit 12 
V 

TTL Loads 
ns,max 

ns 

rnA (max) 
mA(max) 
rnA (max) 
rnA (max) 
W(max) 

"C 
"C 

"CIW 
"CIW 

HAS-1201KM HAS-1201SMlSMB . 

12 
0.025 

:t3 
80 
0.0125 
10 
Guaran~ 

80(75) 
75 
1.05 
950 
950 
30 
25 
68(65) 
600(1000) 
1000 

80 

5.0110.0 
:t IS 

lOOOI2000(:t 1%) 

:t2(:t10) 
50(200) 

"o"=oio +0.4 
"1"='+2.4to +5 
3 
10 
l.05 

50 
Encode Period - 3500. 

SO 
Encode Period - 350ns 

100 

3-State; NRZ 
"O"=Oto +0.5 
"1"= + 2.4 to +5 
I' 
10 

30 
Complementary Binary 
(CBIN) 
Complementary Offset 
Binary (COB) 
Complementary 2's 
Complement (C2SC) 

55(70) 
65(80) 
195(235) 
35(40) 
3.0(3.6) 

Oto +70 

-55to+150 

12 
2.5 

IS 

1.00 

1000 

1.00 

-25[0 +85. 

OUTLINE DIMENSIONS 
I>imeiWODS shown in inches aDd (mm) • 

0.2305 
15.8551 

-L-r-----------------~ 
~l . ) 
T-;-IIIIIIII ~ 1111111 n 11111 

0.2'0 •.• ,.-:.:'=. 
16.3341 10.4671 

0.'" 13.5561-i 
:to.010 

j 

1-.- 1 

1:1 ~ 
II! 0 

~i 
i .,; 

I 0.100 (2.54) 
~:t:O.OO2 

22 PLACES 

ID BEAD AND 
DOT (ON TOP) DENOTE PIN 1 

I!! ... g 

I L -o·o-o.o-o.o.O-O-O-O-O-<X>-<>O-O<>-o-<><X>().()-
II I 

0·~01~~ •• 1~ 1· 2.200 155.8801 " 0.... ·11 
2.380 160.4&2) MAX 

HAS-120I PIN DESIGNATION 

PIN FUNCTION PIN FUNCTION 

48 +5V , +5V 

45 -'5V 2 GROUND 

'!4 UNIPOLAR POSITIVE 3 ENCODE COMMAND 

43 UNIPOLAR NEGATIVE 4 GROUND 

42 ..,5.2V 5 GROUND 

4' GROUND 6 DO NOT CONNECT-

40 5VRANGEIN 7 GROUND 

39 10VRANGEIN 8 REGISTER STROBE 

38 OFFSET 9 +5V 

37 DO NOT ~ONNECT' 10 ENABLE 

36 GROUND 11 BIT1IMSBI 

35 -'5V '2 Bi'fiIMSBI 

34 NO CONNECTION '3 iif2 
33 NO CONN~CTlON ,. BIT3 

32 +15V '5 BIT4 

3' +15V '6 BIT5 

30 GROUND 17 iiif1i 
29 GROUND '8 BIT7 

28 GROUND '9 iiif1i 
27 GROUND 20 lii'f9 
26 GROUND 2' jjjfi'ij 

25 GROUND 22 iiTIT 
24 GROUND 23 BIT12ILSBI 

NOTE: 
PINS2. 4. 5. 7. 2 .... 30. 36 and 41 NEED TO BE CONNECTED 
TO THE SAME COMMON GROUND AS CLOSE TO CASE AS 
POSSIBLE. POWER SUPPLY VOLTAGES NEED TO BE 
CONNECTED TO ALL DESIGNATED PINS. 
-FOR FACTORY USE ONLY. 

NOTES 
I In-Band Harmonics expressed in terms of spurious in-band signals 
generated. at IMHzencoderate ataDaloB iDput5sbown in ( ). 

2 Measured from leading cdgt: ofEru:odeCommand to time associated 
dataarevalid. 

'RMS sigDai to rIDS noise ratio with 100kHz analog input. 
"Por full-scale step input, 12-bit accuracY attained in specified time. 
SRemvers to specified perform.anee in specified time after 2 x FS input 
overvoI_. 

'w;thana\oamput4OdBbelow FS. 
1With FS analog input. (Large-signal bandwidth flat within O.SdB, 
de to SOIIkHz.) 

'Externally adjustable to zero. 
'T...,;tioa fromma;ta1 "0" to ma;taI"I" uutia ... ......w... 

1000tput dataue TTL-compatible wben anaIos input is withio specified 
raDge. Negativeover-voltqe inputs cause tri .... te output to drift 
to "IUJb" condition and may create erroneous output (see tnt). 

IICaseTem.pcracure. ModelsHAS-I201SMlSMBwiUoperatewith 
iJeratedperfOl'llWlCCoveftemperamreJ'8DICof -5SOCto + lOO"C; 
contactfactory(OJIdetails. 

12MaximumjUDCtionteUlperacureia + lSOOC. 
Spcc:ifations.subjcct tocbaUacwitboutaodce. 
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WDEVICES 

FEATURES 
Conversion Time of 1.561'5 (HAS-1202A1 
12-Bit Resolution 
Conversion Rates to 641kHz 
Adjustment-Free Operation 

APPLICATIONS 
Waveform Analysis 
Fast Fourier Transforms 
Radar Systems 

GENERAL DESCRIPTION 
The HAS-1202 and improved HAS-1202A AID Converters are 
thick-film hybrid 12-bit converters housed in 32-pin ceramic or 
metal DIP packages. They can be used with high-performance 
track-and-hold (T/H) amplifiers to solve high-speed, high-reso
lution digitizing problems economically and feature conversion 
times of 2.86",s (HAS-1202) and 1.56",s (HAS-1202A). 

These converters and the Analog Devices Model HTC-0300A 
TIH offer designers an opportunity to go from analog to digital 
with savings in power, board space, design time, and component 
costs. 

They are ideally suited for applications which require excellent 
performance with a minimum of adjustments. Included in these 
potential uses are radar systems, PCM, data acquisition systems, 
and digital signal processing (DSP) systems of various kinds. 

The HAS-1202 and HAS-1202A are rated over an operating 
temperature range of 0 to + 70"C and are packaged in 32-pin 
DIP ceramic housings. The HAS-1202M and HAS-1202AM are 
rated over a range of - 25°C to + 85°C and are packaged in 
metal cases. For metal case units with an operating range of 
- 55°C to +IOOOC and military screening, order part numbers 
HAS-1202MB or HAS-1202AMB. Their performance character
istics are identical except for differences in conversion rates; the 
HAS-1202 is specified for a maximum rate of 349kHz, while the 
HAS-1202A is capable of operating up to 641kHz. 

This two·page data summary contains key specifications to speed your selec· 
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office. 

Ultra-Fast Hybrid 
Analog-to-Digital Converters 

HAS-120211202A I 
HAS-1202 FUNCTIONAL BLOCK DIAGRAM 

~1 PRETRIMMED 

~~~~ ~ :=~J'E CURRENT °1"J~4~~ICONVERTEft I 
SOURCE J t t 5 :-S~I 

DA:;'~; ~ '1
1 

4+-~+:Lt-I-+++-H-l-+t--<!:i) 
tt -8V '5.12mA I ~: 8 

::f-i~ I L~.:It-HH-IH -t+ -++ ++-+I--S>," 
DIGITAL '2""1-, l ~ j 11 

GROUNO ~r '\l -15\1 LJ. 12 

:~~g 23 4~! 13 

4)-- HAS-1202 ' L~rl " 
::~~gg ~2: 14Q I L.1L , =::: r~~~r 

2. 
"'

- L :;t 3 DATAREADV COMPARATOR 
INPUT 

ANAlOG~ 
INPUT 26 ~ L.._S_UC_CE_SSl.:::X~::.~=r~r::':::W'=A'r:.;DR:::~J~=ER_RE_G"_"_R---,1 

22 ULTRA.HIGH.SPEED t 
ENCODE COMPARATOR GATING AND 

COMMAND 32 TIMING CIRCUITS 
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SPEC I FI CATIONS (tJpIcaI@ + 250C willi nominal poIIIIr'" unless oIIawise noIId) 

MAXlMUMRATINGS' 
Positive Supply (Pin 4) 
Neptive Supply(Pin28) 

. ~Supply(Pini2,27,31) 
Analoc Input (Pin 26)' 
LOIiclnput 

(EacocIoCommmcl@Pin32) 
Temperature 

Operaq(Case) 
Storaae 

RESOLUTION (FS = Full Scale) 

LEAST SIGNIFICANT BIT(LSB) WEIGHT 

ACCURACY 
MoaotoDicity 
IDtqralNonIinearity 
Differeotial Nonlinearity 
Nonlinearity ... Temperature 
GliDError 
GIiD VI. Temperature 
GliDVI. Power SupplyCiwJses 

DYNAMiCCHARACTBRlSTICS 
CoDversioD Rate 
Conversion Timel 

vs. Temperature 

ANALOGINPUT 
VoItspRanaes 

Bipolar 
Unipolar 

OvervoItsp 
ImpedllDCO 
Offset' 

Initial 
... Temperature 

Unipolar IDput 
Bipolar IDput 

ENCODE COMMAND INPUT' 
LOIic Levels, TTL-Compatible 

Impedaooe 
Rite aod Fall Times 
Width 

Min 
Frequency 

DIGITAL OUTPUT 
Format 

Logic Levels, TTL-Compatible 

Drive 
CodiDs 

POWER REQUIREMENTS 
+15V:!:0.5V 
-15V:!:0.sV 
+5V:!:0.25V 
Power Dissipation 

TEMPERATURE RANGE' 
Operating 

UDita 
Bits(%FS) 

mV 

LSB 
LSB 
pp1DI"C 
%FS, max 
ppmJ'C 
ppJD/mV 

kHz,max 
"",,max 
%I'C 

v 
V 
V,max 
n,max 

mV,max 

ppmI'C 
ppmJ'C 

V 

TTL Loads 
ns,DlU 

ns 
kHz 

DatsBits 
DataRcady 
V 

TTL Loads 

mA(mas) 
mA(max) 
mA(max) 
W,max 

'C 

HAS-UOZA 

+16VDC 
-16VDC 
+7VDC 
lOV 
+7V 

,'-SS'e to + lOO'C 
- ss'C to + 125'C 

JIAS.UOZA 

12(0,025) 

2,5 

Guaraotftd 
:!: 112 
:!:112 
3.5 
0.8(0.18) 
60 
2.2 

641 
1.56 
0.08 

:!:S.12 
Oto +10.24 
20 
1,000 (:!: 20) 

7(38) 

7 
35 

"O"=Oto +0.4 
"1"- +2.4to +5 
1 "S" aod 1 "LS" 
10 

50 
dcto641 

12 Parallel; NRZ 
I;RZ 
"O"=Oto +0.4 
"1"- +2.4to +5 
5 Standard 
Binary (BIN) 
Offset BiD. (OBN) 

48(60) 
30(46) 
150(232) 
'1.9(2.75) 

Oto +70 

JIAS.llOl 

* 
* 
* · · 
.. · JlAS.llOZ 

* 
• 

* · · · · · · 
349 
2.86 · 

· · · · · dc to 349 

· · · · 
· · · · 
· NOTE: Foroperatlns_of - 25'Cto + 85'C, specify HAS·1202Mor HAS·120ZAM; 

for operating _ of - 55'C to + 100'C aodmili.ary screening, specify 
HAS'1202MB or HAS·1202AMB. 

THERMAL RESISTANCE' 
JUnction to Air ,OJ. 

(Free Air) 'CIW 38 
JunctiOD 'oCase, Ojc 'CIW 18 

liIOTBS 
*Specjfications IIDJC as HAS-J202A. 
I Measured from Ie.liq edp of Encode Command to trailing edsc of 
Dlca Ready with 50ns encoc1e pulse. Conversion time increases equally with 
inaeuins width of Encode Command. 

aExtemally adjustable to zero. 
lofraasitioa from diPw ''0'' to digital "I" iDitiltel encodins. 
otc.e temperature. MeW cue HAS-IZ02M1HAS-I20lAM have opentina 
raaps of -25"<: to +85'"(;; HAS-l202MBIHAS.l20lAMB bave operam.,: 
raaps of - SS"C to + lOO"C and military scrtenins. 

'Maximum juDction tempentuft'=, lSO"C. 

SpedfkatioDlaubjcct to daansc without notice. 
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OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

CERAMIC PACKAGE 

~---------(~~~~~--~------~ 
~~~~~1~P 0.050-11.27) TVP 

l' D£NQTE PIN NO. 1 '"" I-- -*-
,Lltt JUlIlIU1.I1J1JU ~'s':::':,~ 

,g::~1; ~ Ul~ ~ U)·~ ~ U v ~~ ... ) 
0.040 0.018 0.100 :!: 0.005 

(1.016) fO.457) (2.54 ±0.1271 
TVP TVP 

I---__ --~ ~~10 :0~:J1--------i 

~ 1.090:l:0.011-------t 
I f27.69 :!:0.2791 I 

METAL PACKAGE 

0.12.13.17., 0.100 12.541 fn,"o.ol0 -I \-;-. '":J.~ES 
0.020 10.511 

MAX DIA 

11 I 16 
-'~o 0 0 0 0 0 0 0 0 0 0 0 0 0 

l! ~ "- 10 BEAD 
i 0 DENOTES PIN 1 

i.!! '. !l~ 
~i 
":0 

14_0 0 0 0 Q 0 0 0 0 0 0 0 0 0 0 '0'7 D 3Z 1 I "-1 1---•. 500138 .• 001 ±o.o .. -I 
0.125 (3.1751 • 1.745 t44.3231 MAX---------t 

±0.010 . 
PINS ARE GOLD PLATED 

BOTTOM VIEW 

HAS-1202/1202A PIN DESIGNATIONS 
(As viewed from bottom) 

PIN FUNCTION PIN FUNCTION 
32 ENCODE COMMAND 1 DIGITAL GROUND 
31 +5V 2 +5V 
30 DIGITAL GROUND 3 DATA READY 
29 BIPOLAR OFFSET 4 +15V 
28 -15V 5 BIT1IMSB) 
27 't-~V 6 BIT 2 
26 ANALOG INPUT 7 BIT 3 
25 COMPARATOR INPUT 8 BIT 4 
24 ANALOG GROUND 9 BITS 
23 ANALOG GROUND 10 BIT 6 
22 D/AINPUT 11 BIT7 
21 D/ADUTPUT 12 BITS 
20 ANALOG GROUND 13 BIT9 
19 ANALOG GROUND 14 BITIO 

·1. ANALOG GROUND 15 BIT 11 
17 ANALOG GROUND 16 BITl2 

NOTE 
Analog Ground (Pins 17-20; 23; 24) and 
Digital Ground IPlns 1 and 30) Are Electrically 
Independent of Each Other. Connect Together 
Externally and to Low-Impedance Ground Plane 
.s Close to Device as Possible. 



r.ANALOG 
WDEVICES 

FEATURES 
1Z·BIt R .. olutlon 
500kHz Word Ret .. 
Intemal Track·and·Hold 
Single 4O.pln DIP 

APPUCATIONS 
Medical Instrumentetlon 
Redar Systems 
Test Systems 
Waveform Analysis 
Fast Fourier Transforms 

GENERAL DESCRIPTION 
The HAS-1204 AID Converter is a complete 12-bit hybrid AID 
converter in a single 4O·pin metal DIP. In this context, "complete" 
means the unit includes a track-and-hold (T/H) amplifier, encoder, 
and all the necessary timing circuits. It is a remarkable, self-con
tained device ready to perform the conversion function without 
the need for external circuits. 

The maximum conversion time of the HAS-1204 is 2.0 micro
seconds, including the acquisition time of the internal T/H. The 
large-signal bandwidth of the TIH is 4MHz and the smaIl-signal 
bandwidth is 7MHz. This combination of characteristics assures 
that the HAS-1204 will operate at word rates from dc through 
500kHz, digitizing analog signals containing frequency compo
nents to 250kHz with minimum attenuation or distortion. 

Integrating the TIH, encoder, and timing circuits into a single 
package allows optimum matching of T/H-encoder parameters 
to obtain the best possible performance. It also lowers the overall 
power dissipation to 2.85 watts, making the HAS-1204 an ideal 
choice for designers who face space and/or power restrictions for 
their designs. 

This two·page data summary contains key specifications to speed your seIec· 
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office. 

Ultra High-Speed 
12-Bit AID Converter 

HAS-12D4 I 
HAS-1204 FUNCTIONAL BLOCK DIAGRAM 

, IIl'Ii"IItIISV 

7 IIT11MII' 

• lIT. 
tlIIT. 

" lit. 
11 I'" 
"11T7 .,. 1.1IT1 

CONVlRT!R 1111T1 

,.11T1II 

"lit" 
aoBIT1.ILlII 

II CLOCICOUT 
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Model 

RESOLUTION(FS" Full Scale) 

LSBWEIGHT 
.5V Input Range 
10V Inp,ut Rlin8!: 

AC(,'URACY 
Linearity@'de 
Monotonicity 
Nonlinearity vs. Tempera~ure 
Gain Error 
Gain vs. Temperature 

DYNAMIC CHARACTERISTICS 
In-Band Harmonics l 

(de to 60kHz) 
(60kHz to 120kHz) 
(120kHz to 200kHz) 

Conversion Rate 
Conversion Time 
Aperture Uncertainty (Jitter) 
Aperture Time (Delay) 
Signal to Noise Ratio (SNR)' 
Transient Response3 ' 

Overvoitage Recovery" 
Input Bandwidth 

Small Signal, - 3dB' 
Large Signal, - 3dB6 

Two-Tone Linearity (@InputFrequencies)7 
(3705klfz; 5205kHz) 

ANALOG INPUT 
Voltage Ranges 

Overvoltage 
Impedance 

5VRanges 
10VRanges 

Offset' 
Initial-IOV Input 
VS. Temperature (Unipolar) 
vs. Temperature (Bipolat) 

ENCODE COMMAND INPUT" 
Logic Levels, TTL-Compatible 

Impedance 
Rise and FaU Times 
Width 

Min 
Max 

Frequency 

D1GITALOUTFUT'· 
Format 

Logic Levels, TIL·Compatible 

Drive 
Coding 

Unipolar Mode 

Bipolar Mode 

POWER REQUIREMENTS 
+15V ±O.5V 
-15V ±O.5V 
+5V ±O.5V 
Power Dissipation l1 

TEMPERATURERANGE12 

Operating 
Storage 

THERMAL RESISTANCE" 
Junction to Air, Oja 

(Fret Air) 
Junction to Case, 8;c 
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Units 

Bits (%FS) 

mV 
mV 

%FS ±II2LSB 

ppm!"C 
%FS(max) 
ppm!"C 

dBbeJowFS 
dB beJow FS 
dB below FS 
kHz 
JLS,max 
ps 
os (minimax) 
dB 
ns 
ns 

,MHz 
MHz 

dB below FS 

V,FS 

V,max 

n(max) 
n(max) 

mV(max) 
FSppm!"C 
FSppm!"C 

v 

LS TTL Losd. 
nS,max 

lis 
ns 
kHz 

Data Bits 
Data Ready 
V 

TIL Loads 

mA,max 
mA,max 
mA,max 
W,max 

"C 
"C 

"CIW 
"CIW 

HAS-lZ04BM 

12(0.024) 

1.22 
2.44 

0.0125 
Guaranteed. 
3 
0.1(0.7) 
35 

75 
75 
70 
500 
2.0 
60 
10(4/18) 
69 
400 
900 

85 

Oto -5;Oto -10 
±S; ±2.S 
2xFS 

I,OOO(± 10) 
2,000(±20) 

10(60) 
15 
50 

"0"=010 +0.4 
"1"= + 2.4 to +5 
2 
10 

90 
160 
de to 500 

12 ParaUel; NRZ 
l;RZ 
"O"=Oto +0.4 
"1'"= + 2.4 to +5 
I Standard 

Complementary 
Binary (CBN) 
Complementary 
Offset Binary 
(COB) 

76 
55 
'In 
2.85 

HAS-U04SM 

,* 

-25 to +85 -5510+100 
-65to + ISO 

25 
16 

0.1'14.831 

OUTLI~DIMENSIONS 
,Dimensions sbown in incbes and (nllri). 

'"""1.. j( ~ -----------, 

PIN 
40 
39 
38 
37 
38 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 

NOTES 

ID BEAD ION BOTTOMI AND 
DOT ION TOP! OEN()'I1; PIN 1 

-o_o_o_o_o_o_o_o_o_o_o_o_o_o_o_o_o_!!? 
, I 

1--1-----1.I110148.2101:i: 0.001 

!-----a.146154.483IMAX-------! 

I:IAS-1204 PIN DESIGNATIONS 
(As viewed from bottom) 

FUNCTION PIN FUNCTION 
ANALOG GROUND , ENCODE COMMAND 
10VRANGE 2 DATA READY 
&VRANGE 3 ANALOG GROUND 
GAIN"'DJUST 4 +5V 
-15V & -1&V 
+15V 6 DIGITAL GROUND 
+5V 7 BIT1(MSB) 
DIGITAL GROUND 8 BIT2 
FACTORY USE ONLY 9 BIT3 
FACTORY USE ONLY 10 BIT4 
-15V 11 BIT& 
BIPOLAR OFFSET 12 BIT6 
D/AOUTPUT 13 +5V 
ANALOG GROUND 14 DIGITAL GROUND 
ANALOG GROUND 1& BIT 7 
ANALOG GROUND 16 BIT8 
ANALOG GROUND 17 BIT 9 
ANALOG GROUND 18 BIT 10 
CLOCKOUT 19 BIT 11 
SERIAL OUT 20 BIT 12 ILSB) 

*Specification same as HAS~ 1204BM 
IIn~band harmoni~ expressed in terms of spurious in~band signals 
generated at 500kHz encode rate at analog input frequencies 
shown in ( ). 

2RMS signal to rms noise:: ratio with 50kHz analog input and encode rate of 
SOOkHz; input signal at - 1.0dB. 

lFor fuU-scale step input, 12Mbit accuracy attained in specified rime. 
"Recovers to specifIed pedormllllCe in specified time after 2 x FS 
input voltage. 

SWim analog input 40dB below FS. 
~ith FS analog input. (Large-signal bandwidth flat within O.SdB, 
dele lMHz). 

'Each input frequency applied at a kvel 7dB below full scale. 
'Externally adjustable to zero. 
<>rransition from digital "0" to digital"t" initiates encoding. 

lOUse trailing edge of ~ pulse to strobe digital outputs into 
external circuits. 

Ilpower dissipation shown is at zero input. 
12T=Case temperature. 
11Maximum junction temperature <= ISOOC. Operating unit requires 

500 cubic feet per minute (CFPM) moving air. 

Specifications subject to change without notice. 
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FEATURES 
Update Rates to 150MHz 
Low Glitch Energy 
Complete Composite Inputs 
Single - 5.2V Power Supply 
Military Temperature Range Available 

APPUCAnONS 
Raster Scan Displays 
Color Graphics 
Analytical Instrumentation 
TV Video Reconstruction 

GENERAL DESC1UPTION 
The HOO-Series 01 A Conveners have become the standard of 
comparison for fast-settling O/A's with complete composite 
inputs. 

The units are available in three resolutions, or levels, of Gray 
Scale output. The HDG-040S accepts four bits (16 levels) of 
digital input; the HDG-060S has six bits (64 levels); and the 
HOO-080S is an eight-bit (2S6 levels) device. 

All versions have complete composite controls, including self-con
tained, digitally-controlled sync and blanking; and a reference 
white control input to help assure compatibility with EIA Standards 
RS-170, RS-330, and RS-343-A. Their performance is enhanced 
even more with a 10% bright input capability. 

Output inpedance on all units is 7S ohms and their full-scale 
output current is capable of developing standard video levels 
across video loads. In addition to all of these characteristics 

Hybrid Video 
Digital-to-Analog Converters 

HOG SERIES I 
HDG SERIES FUNCTIONAL BLOCK DIAGRAM 

which make them easy to incorporate into circuits, the 
need for a single - S.2V power supply also adds to their 
attractiveness. 

Model numbers without sufflXCS designate the "original" HOO 
Series O/A Conveners and are housed in 24-pin metal packages. 
Model numbers which include SuffIXes make use internally of 
the Analog Devices Model AD9700 to obtain better performance 
at a lower price; these devices are housed in ceramic DIP 
packages. 

The "BO" and "BW" versions in the newer (suffIXed) units are 
close equivalents to the original design, but a number of advantages 
accrue by using the newer units. Note particularly the parameters 
for linearity tempco; strobe input loading; Composite Sync and 
Composite Blanking outputs; Power Supply Rejection Ratio 
(PSRR); supply current; and power dissipation. Conversely, the 
original design is slightly better in terms of voltage settling 
time, glitch energy, and output compliance. 

BUFFER DIGITAL 
REGISTERS INPUT 

~~--~I-!X.~A~X~IS~r-~~-' XBty 
CONTROL Y.AXIS 
CIRCUITS 

Typical Raster Scan DiliPlay Syltem 

This four-pap data S1IlDJDlIl'Y contaiDs key specifications to speed your selec
lion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office. 
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SPEC I FI CATIONS (tJpIcII@ + 2ft willi IIOIIIkIaI PIMW supplies unlllls .... naIId) , ' ....... Viii .. III)G.6t05 ~ 1IDGoa5' JIDG.G405BDI ~ ~I 
BWISD awlSD awiSD 

RESOLUTION ' Bill 4 6 8 4 6 8 

LBASTSIGNlPlCANTBIT(LSB) 
WBlGHT 

Valtap (adIUllable) mV 40 10 2.5 40 10 2.5 
CurleDI (adIUllable) 

"'" 
1067 267 67 1067 267, 67 

ACCURACY 
(GS -Gray Scale; PS - Pun-Scale) 

Linearity :I:%GS 3.2 0.8 0.2 3.2 0.8 0.2 
DiffereDtiaI LinearIty , :I:%GS,max 3.2 0.8 0.2 3.2 0.8 0.2 
Zero 0ftieI (laitial) 

Valtap mV,_ 0.9 • • .' 
Moaotoaicity GUIlIIIteecI • • • • 

TEMPBRATURBCOBPPlCIBNTS 
Linearity ppmf'C (IIWI) 20(35) • • 15(30) •• •• 
GIiD. ppmI'C (IIWI) 50(125) • • • 
ZeroOftiel ppmf'C (IIWI) 10(15) • • • • 

DYNAMICCHARACTBRISTICS-
GRAYSCALBOUTPUT' 

SenliDsTime %GS; 6.4 1.6 0.4 6.4 1.6 0.4 
(OV 10 PS GS clwlac) 

Villtap ns(lIWI) 4(5) 6(8) 8(10) 5(6) 7(9) 9(11) 
Update Rate' MHz (min) 150(125) • * * * • 
SIcwRate VI".. 200 * 
RiscTime as 2 * • 
Glitch BDcriY' pV .. 50 80 *. , *. 

DIGITAL DATA INPUTS 
LoP: Compatibility BeL * • 
CodiDa Complementary Biliary • 

(CBN) 
LoP:LeveIs 

-'In V (miDIJIWI) -0.9( -1.1/-0.6) * * '" ''0'' V (miDlmU) -1.7( -2.01-1.5) * • 
LaediDa(each bil) SpPandSOldlIO -5.2V • * * * • 

STROBBINPUT 
LoP:Compatibility BeL * * • 
LoP: Levels 

1.1" V (miDllIWI) -0.9( -1.1/-0.6) • * 
''0'' V (miDllIWI) -1.7( -2.01-1.5) • * 

LaediDa 50pP and SklllO - S.2V • • SpF and 50kll - , ** .* 
10 -S.2V 

SctupTime(Data) , us,miD 2.5 * * • 
Hold Time (Data) nsJmin 1.5 • * 
~tionDelay ns(lIWI) 3(4) • 

10% BRIGHT ,REPE1lENCE WHITE, 
COMPOSITB SYNC,AND 
COMPOSmBLANKING INPUTS 

LoP:Compatibility BeL * * 
LoP: Levels 

"lit V (miDlmu) -0.9( -1.1/-0.6) * 
"0" V (miDlmu) -1.7( -2.01-1.5) * * * 

LaediDa SpFand5OklllO -S.2V * * 
SPEEDPBRPORMANCE-
CONTROL INPUTS 

SenIiDs Time 10 10% oCPinaI Volue for: 
100Brilht ns(mu) 8(10) * 
RCfCmiCC White nl(mu) 8(10) • 
composite Sync ns(mu) 8(10) 

Com~teB"n1"ns ns(mu) 8(10) * * • 
SBTUPCONTROL, 

Ground mV(IRBUnitl) 0(0) * • 
Open mV (IRB Unital 71(10) • • * 
-5.2V mV (IRE Uaill) 142(20) * * 

ANALOGOUTPUT 
GSCuncat mA(:!:)"') Oto -16 010 -16.8 010 -17 010 -16 010 -16.8 010 -17 
GSVoItap4 mV 010 -600 010 -630 010 -637.5 010 -600 010 -630 010 -637.5 

CompIiuce V - UIO +1.1 * -,1.210 +0.1 .. ** 
r-J~ I'l(miDllIWI) 75(11179) • • * * 
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Parameter Units HDG-440S HDG-460S .HD~S HDG-G405BDI HDG-4605BDI ~SBDI 
BW/SD BWISD BWISD 

OUTPUT -REFERENCE WHITE' 
Current 

Loaic"}n 

LcJsic:''O'' 
VoIUge 

LcJsic:"I" 

OtITPUT - 10% BRIGH'J'6 
Current 

Logic"!" 
LcJsic:''O'' 

VoIUge 
Losic"lu 
Logic "0" 

OUTPUT -COMPOSITE SYNC'·1 
Current 

LcJsic:"I" 
LcJsic:"0" 

VoIUge 

mA(:!:4%) 

mA(:!:4%) 

mV(:!:4%) 

mV(:!:4%) 

mA(:!:S%) 
mA(:!:5%) 

mV(:!:5%) 
mV(:!:5%) 

mA(:!:4%) 
mA(H%) 

LcJsic:"I" mV(:!:4%) 
Losic''O'' mV(+4%l 

OtITPUT -COMPOSITE BLANKiNG"·1 
(Assumes Setup is Open, Which is 
EquiavaleDlto lOIRE Units) 

Cunan 
LcJsic:"I" 
LoPc''O'' 

VoIUge 
Logic")" 
LoPc''O'' 

POWEll REQUIREMENTS 
- 5.2V :!:0.25VS 
Power Supply 

mA(:!:4%) 
mA (:!: 4%) 

mV(:!:4%) 
mV(:!:4%) 

mA(max) 

Normal 
Operation 
Oor -1.9 

Normal 
Operation 
Oor -71 

-1.9 
o 

-71 
o 

o 
-7.6 

o 
-2S5 

o 
-1.9 

o 
-71 

* 

* 

260(290) 

*' * 

* 

* 

-S.6 

-322.5 

* 
-2.9 

-IOS.7 

320(360) 125(140) 

Rejecticm Ratio 
Power Dissipation 

%1% 
mW(max) 

200(225) 

III 
1040(1170) 

0.005/1 
1350(1510) 1665 (IS75) 650(730) 

TEMPERATURE RANGE 
{)pentiaa (Cae)" 
OperatiDB ("SD" Cae) 
StorIfC 

THEIlMALRESISTANCE10 

JI1IICtioa to Air, 8. 
(C-air) 

Jwu:tion to Cae, 8. 

MTBFII 
Man Time IIetweeD Failures 

NOTES 

"C 
"C 
"C 

"CIW, max 

"CIW,mu 

Hoon 

-25 to +S5 * 

-55to+15O * 

45 

12 

'Settling to GS percentage includes FS and MSB transitions. Inherent 3ns register delay (50%) points) is not incJuded. 
2Minimum update rates limited by full-scale settling time for useable number of bits for each converter. 
Units can be updated to lSOMHz with settling degradation. 

3Glitch can be reduced with glitch adjustment. 
4LS8 value used for calibration causes Gray Scale output to be 637.5mV rather than 643mV shown in idealized composite waveform; 
both values are weD within the output and EtA Standard RS-170 tolerances. 

sEffect on analog output of logic "0" at Reference White input depends on 10% Bright signal input. 
610% Bright, Composite SynC, and Composite Blanking outputs shown add to Gray scale analog output at Pin 18. 

*(BDandBW) 
-55to +125 

* 

* 

-7.S 

-292.5 

-2.1 

-7S.7 

** 

*(BDandBW) 
-55to + 125 

'Composite Sync or Composite Blanking control signals reset input registers. Composite Sync or Composite Blanking sbould not be operated simultaneously with Reference Wbite. 
'Power supply must have less than 5mV p-p ripple. 
90perating temperature - 550C to + 125"<: on "SD" units. 
IOMaximum junction temperature· "'" 1500c. 
IlCalcuiated for HDG-OS:OSSDB using MIL HNBK-217j Ground Fixed; + 25"C Ambient. 

* Specification same as HDG-0405. 
** Specification same as HDG-Q40SBD/BW/SD. 
SpecifICations subject to change without notice. 

* 

-7.6 

-2S5 

-1.9 

-71 

*(BDandBW) 
-55to+125 

3.23 x 10' 
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OUTLINE DIMENSIONS 
. Dimensions shown in inches and (nun). 

1.100 "'.005 
127.94 "'0.127) 

I--- 0.790 :0.010 ----.I 
I 120.08 :0.2541 I 

0.090 
(2.29) 

.L 

12 

1 

-r-BOTTOM I 
1 VIEW -I 

1 

2' 

1 
1.280 
MAX 

IT' 
I -I 1- 0.090 12.291 

~ 0.1 (2.641 GRID 

DOT ON TOP INDICATES POSITION 
QF PIN 1 

1-0.780MAX--I § 
j.-l~::':::::I..j 

L (19.81 '( 

O.17SMAX ~ 1 .... 1 
0.25 'UL 0.018(0."1 

24-PIN CERAMIC 

DIP PACKAGE 

USING HDG-SERIES UNIT FOR RASTER SCAN 

24-PIN METAL CASE 

HYBRID PACKAGE 

PIN D~SIGNATIONS 

Pin Function Pin Function 
12 GROUND 13 GLITCH ADJUST 
11 BIT81LSBI ,. GROUND 
10 BlT7 15 GROUND • BlTa ,. GROUND 
8 BITS 17 GROUND 
7 STROBE 18 _'i.me~ a BIT. ,. 
S Blra 20 ""TUP • BIT. ., 1:IIf;'rsmW NG 3 BlTllMSBI 22 
2 -S.2V 23 REFERENCEW , GROUND 24 -s.w 

NOTES: For HDG-D606 units, Pin 9 IS LSI; Pin. 10 
and" are preHnt but not u ..... For HDG·0405 
units. Pin II. LSI; Pins •• ', 10. and 11.,. 
present but not uNd. Connect Pins 1. 12. and 
14-17together andto I~-Imped.nceground 
planeascloHtoC8lllaspossible. 

Refer to the block diagIim of the HOG-Series D/A Converter 
and the ideali2ed composite output waveform. 

The digital input bits represent the Gray Scale values (the discrete 
levels between Reference Black and Reference White) in a com
posite video sign8J.. For HOG-0405 units, there are 16 (24) of 
these levels; for the HDG-0605, 64 (2~ levels; and for the HOG-
0805, 256 (28) levels. 

lbe OUtput analog signal (at Pin 18) will be a function of these 
digital inputs. The output will also be affected by the ECL 
levels at the control inputs of 10% Bright, Reference White, 
Composite Sync, and Composite Blanking; and the level of the 
control signal (expressed in terms of IRE units) at the Setup 
input. 

The input bits are applied to Pins 3-6 (only, for theHDG-040S), 
and Pins 8 and 9 for the HDG-0605; or Pins 8-11 for the 
HDG-0805. 

+10 -714mV 

o -786If1V 

-40 -'071mY 

_______ lO'iftBRIGHT LEVEL 

-------REFERENCEWHITE· 
LEVELlY,.) 

--COMPOSITE BLANKING 
LEVELl",,' 

SVNC LEVEL l\fsl 

100 IRE UNITS· 114mV 

Figure 1. Composite Output Waveform 
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11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Update Rates to 50MHz 
Low Glitch 
Complete Composite Inputs 
Single + 5V Power Supply 
TTL-Compatible Inputs 
Directly Drives 75fi to Ground 

APPLICATIONS 
Raster Scan Displays 
Color Graphics 
Analytical Instrumentation 
TV Video Reconstruction 

GENERAL DESCRIPTION 
The HOG-0807/0407 O/A Converters are extensions of the 
technology and capabilities of the HOG-Series high-speed raster 
scan 01 A converters. They offer the user increased flexiblity 
because of their ability to operate on a single + 5V power supply, 
and their compatibility with TTL signals. 

The units are available in two resolutions, or levels, of Gray 
Scale output. The HOG-0407 accepts four bits (16 levels) of 
digital input; and the HOG-0807 is an eight-bit (256 levels) 
device. 

All versions have complete composite controls, including self-con
tained, digitally-controlied sync and blanking; and a reference 

Hybrid Video 
Digital-to-Analog Converters 

HOG-0407/0807 I 
HOG-0807 FUNCTIONAL BLOCK DIAGRAM 

orr, 
(MSB] 

BIn 

BIT. 

BITS 

BlTO 

BIT' 
BIT8 

(LSB) 

1, 
· · · • 
• 
" 
~ ,&110 

19 

21 

·if 
COMPOSITE SYNC 

111%BRIGHT 

COMPOSITE BLANKING 

REFERENCE WHITE 

DIGITALGROUND 

J 
+ 5V (EXCEPT AS NOTED RESISTORS ,. 2kJ 

17 
'T' 

,.L 
H CURRENT J 

MIRROR 

M AD9700 "'. CONVEftTER 

i 
" 

" ~7 

.l 
~ 

~ 

+.V 

DIAOUTPUT 

ANALOG GROUND 

GLITCH ADJUST 

CURRENTSET 

SETUP 

white control input to help assure compatibility with EIA Standards 
RS-170, RS-330, and RS-343-A. Performance is enhanced even 
more with a 10% bright input capability. 

Output impedance is 750 and the full-scale output current is 
capable of developing standard video levels across video loads. 
An output current mirror shifts the output to ground reference 
while attenuating power supply noise by means of common-mode 
rejection. 

Model numbers with "BW" suffixes are housed in 24-pin non
hermetic ce~amic dual-in-line packages. Versions with "BO" 
suffixes are housed in hermetically-sealed ceramic OIP 
packages. 

,~~~~1 ________________ _ 
-- - - - - --10% BRIGHT 

71mV 

9"."
mvi-- -----T-·1---- ________ REFERENCEWHITE 

631.SmV 
HOG-0807 

GS 

oo ... v 
HDG-1l407 

690.15mV GS 
WITH 7.5 IRE 

LEVEL(VRWI 

~_~lUPI ______ - __ -_-_~}-~~~~~9LACK 
338:2SmV 9o.1Smv I'53.2smv - SETUP COMPOSfTEBLANKING 

285mV -- - - - I - - ~I'--BA-C-' - - - - - - - - II - -LEVELIV.I 

285mV FRONT : L 
ov...L _____ ~H_L ..!. _P~C~ ________ I SYNC LEVEL {VsI 

GROUND-- ______ O.f!'S.!.~~T.Q.5C!!!'~!:IA..!. _________ :- __ 

--{ pg~~gN ~P~T~gN~ 

HDG-040710B07 Composite Waveform 
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SPECI FI CATIONS (typicaI@ + 250C wilhnomilal powar supplies IIIIeSs oIh8IWise noI8d) 

RSSOLUTION 

LEAST SIGNIFICANT BIT (LSB) WBiGHT 
Voltqe (adjustable) 
Current (ad\ustabl~) 

ACCURACY 
(GS - Gray Scale; FS - FuU-S<:aIe) 

Linearity 
Differential Linearity 
Zero Offset (Initial) 

Voltage 
Monotonicity 

TEMPERATURSCOEFFIClENTS 
Linearity 
Gain 
Zero Offset 

DYNAMICCHARACTERlSTlCS
GSOUTPUT' 
~tliDgTime 

ILSBMWbaU.Voltage~ 
OVtoFSGSVoltqe~ 

SIewRate 
Rise Time 
Glitch Impulse' 

DIGITAL DATA INPUTS 
Logic Compstibility 
Coding 

Lngic:Levets' 
"I" 
"0" 

Loading (each bit) 

Dsta Update Rate 

STROBE INPUT 
Logic Compstibility 
Logic Levels 

"1" 
''0'' 

Loading 

Setup Time (Dsta) 
Hold Time(Data) 
Pro_tion Delay 

100BRlGHT,REFERENCEWHITE, 
COMPOSITE SYNC,AND 
COMPOSITE BLANKING INP.UTS 

Logic Compstibility 
Logic Levels 

"I" 
"0" 

Loading 

SPEED PERFORMANCE
CONTROL INPUTS 

SettliDgTim. to 10% of Final Value for: 
W%Brl8lii 
Refen:nce Wbite 
Composite Sync 
Composite Blanking 

SETUP CONTROL 
+5V 
Open 

ANALOG OUTPUT 
, GS Voltage P'P' 

Compliance 
1otema1lmpedance 

OUTPUT -RSFERljNCEWHITE' 
(Assumes SetupisOpen, Wbich is 
Equivalent to 7 .5 IRE Units) 

Voltage . 
Logic "I" 

Logic ''0'' 
10% !!$¢t@"O" 
100Briaht@"I" 
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Uaita 

Bits 

mV 
p.A 

±%GS 
±%GS, DIU. 

mV,max 

ppmI"C(max) 
ppmI"C(max) 
mVI"C(max) 

%GS; 
os(max) 
os (max) 
Vi .... 
DS 
pV .. 

V (minlmax) 
V (minlmax) 

4 

40 
1067 

3.2 
3.2 

SO 
Guatanteed 

IS (30) 
3S0(1,000) 
1.0(2.0) 

6.4 
8(10) 
10(12) 
250 
2.2 
SO 

TTL 
Binary 
(BIN) 

(+ 3.81 + S.O) 
(01+3.0) 
5pFand2kll 
to+5V 

MHz(Guannteed) 50(45) 

TTL 

V (minlmax) (+2.51+5.0) 
V (minlmax) (01+ 1.5) 

IpFsnd2.2kO 
to +4.4V 

ns,min 3 
ns,min 3 
ns(max) 8 

TTL 

V (minlmax) ( +3.81+5) 
V (minlmax) (01+3.5) 

5pFand2kO 
to+5V 

DS(max) 15 
DS(max) 15 
ns(max) 15 
DS(max) 15 

mV(IRSUnits) 0(0) 
mV (IRE Units) 53.25(7.5) 

mV(±4%) 600 
V -3to +3 
O(min/max) 75(71179) 

mV(±4%) Normal 
Operation 

mV 1046.75 
mV 975.75 

2.S 
67 

0.2 
0.2 

0.4 
14(16) 
IS(18) 
• 

637.5 
-3to +3 

Pin 

24 

23 
22 
21 
20 
1. 
18 
17 
16 
15 
14 
13 

OUTLINE DIMENSIONS 
Dimensions shown in inches an~ (mm). 

PIN DESIGNATIONS 
(As Viewed from Bottom) 

function Pin Function 

ANALOG GROUND 1 +5V 
REFERENCE WHITE 2 DIGITAL GROUND 
COMPOSITE BLANKING 3 BIT1IMSB) 
10%BRIGHT 4 BIT2 
SETUP 5 BIT3 
COMPOSITE SYNC 6 BIT4 
ANALOG OUTPUT 7 STROBE 

+5V 8 BIT5 
+5V • BIT6 
+5V 10 BIT7 
+5V 11 BIT81LSBI 
GLITCH ADJUST 12 +5V 

NOTES: For HDG·0407 units. Pin 6is LSB; Pins 8, 9. 10 and 11.r. presant 
but not used. For both units, connect Pins 2 and 24 together and 
to low-impedance ground plane asclose to case as possible. 
+ 5V must be applied to all designated pins. 



Parameter Uaits IIDG-&W7BDIBW HJ>G..e807BDIBW 

OUTPUT -IO%BRlGHT" 
Voltqe 

Lope "I" mV(:!:4%) 0 
LoPe "0" mV(:!:4%) 71 

OUTPUT COMPOSITE SYNC',7 
. Voltqe 

Lope "I" mV(:!:4%) 0 
LoI!ic"O" mV (:!: 4%) 285 

OUTPUT -COMPOSlTEBLANKING6,7 
(Asswnes Setup is Open) 

Voltqe 
LoPe "I" mV(:!:4%) 0 
LoI!ic"O" mV(:!:4%) 90.75 53.25 

POWER REQUIREMENTS 
+5Vto :!:0.25V mA(max) 185(225) 185(225) 
Power Supply 

Rejection Ratio 'IoN 0.025/0.25 0.025/0.25 
Power Dissipatioo mW(max) 925(1125) 925(1125) 

TEMPERATURE RANGE 
Operatiug(Case) "C -25 to +85 
Storage "C -55to + ISO 

THERMALRESISTANCE8 

Junction to Air, 8ja OC/W,max 45 
(free air) 

Junction to Case, 8jc "CIW,max 12 

NOTES 
IScnliDa to GS pcrccntaac iDcluda FS and MSD trmsitiona. Inherent 3ns register delay (50%) points) i, not included. 
"Glitch can be reduced with glitcb adjustmeDt. 
lJntcmal 2k pull-up reaiston belp auurt compatibility with logic 1ewJ, of multiple TtL families. 
"LSB value used for calibration causes Gny Scale output to be 637.5mV ntber thin 643mV abown in idealized composite waveformi 
both values are well witbin the output and. mA StaDdan:l RS-I70 toIerancca. 

ou t of. ''0'' It RJercncc White input depends on 10% DriPt IignaJ input. 
Compolite SYDC. and Composite BIanItins outputs shown add to Gray scale analog output at Pin 18 and are mcasUP-d witb respect to 'ync level (Vs) shown in waveform. 

or Composite B1ankiag ccmtrol aigaals reset iDput registers. Composite Sync or Composite BJankiDs sbould not be operated simultalleOU81y witb Reference White, 
wbkb 8CtI input rqiaters. 

'Muimum junction temperat\ll'1!: '" l5O"C. 
* Specification same II HDG-0407. 
Spec:iflcations subject to cbanae witbout notice. 

BIT1 
(MSBI 

BIT2 

BIT3 

BI14 

BITS 

BIT 6 

BI17' 

BITS 
(LSBI 

STROBE 

COMPOSITE SYNC 

10% BRIGHT 

COMPOSITE BLANKING 

REFERENCE WHITE 

OIGITALGROUND 

3 

(4 

rs-
(:< 
(:< 
(:< 
~ 
(,"; 

1600 
7 

19 

21 

22 

23 

~ 

5100 640 

2 

-

+ 5V (EXCEPT AS NOTED RESISTORS 2kl = 

~ 

f I 

H CURRENT 

J MIRROR 

r;rG AD9700 
DIA 

CONVERTER f,s 

75 

24 

13 

16 

~O 

+5V 

HDG-OB07 Block Diagram 

D/AOUTPUT 

ANALOG GROUND 

GLITCH ADJUST 

CURRENT SET 

SETUP 
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THEORY OF OPERATION 
Refer to the block diagram of the HDG-0807 O/A Converter 
and the HDG-0407/0807 composite output waveform. 

The digital input bits represent the Gray Scale values (the discrete 
levels between Reference Black and Reference White) in a com
posite video signal .. For HDG-0407 units, there are 16 (2") of 
these levels; and for the HOG-0807, 256 (28) levels. 

Input bits are applied to Pins 3-6 and Pins 8-.11 for the HoG-0807; 
for the HDG-0407, only Pins 3-6 are used. 

The output analog signal (at Pin 18) will be a function of these 
. digital inputs. The output will also be affected by the TTL 
levels at the control inputs of 10% Bright, Reference White, 
Composite Sync, and Composite Blanking; and the level of the 
control signal (expressed in terms of IRE units) at the Setup 
input. 

The total effect of these combined signals c~ be illustrated in a 
truth table. format if arbitrary values are assigned for Gray scale 
inputs, and various combinations of control inputs are selected. 

Refer to Table I. 

Analog Devices uses 2.5mV for weighting the LSB during cali
bration of the converter, which causes the full-scale 637. 5m V 
output of the HOG-0807 to be different from the idesl643mV 
output shown in the composite waveform in the RS-170 

This disparity does not cause any problems in using the device, 
since both the ideal value and the actual value are well within 
the tolerances of the output and the RS-170 standard. 

Referring again to the block diagram, the Strobe input applied 
to the HOG O/A clocks the input registers when the strobe 
signal makes the transition from a logic ''0'' to a logic "1". The 
purpose of the registers is to remove time skew from the digital 
input bits and minimize perturbations or "glitches" in the analog 
output signal. . 

A logic "0" applied til either the Composite Sync or 
Composite Blanking input resets the input registers to 00 000 000 . 
A logic "0" signal applied to the Reference White input sets the 
input registers, thereby overriding the video input word. When 
this occurs, the analog output of the converter goes to 1046. 75m V 
or to 975.7SmV, depending upon whether or not the 10% Bright 
signal is also operated. 

When Composite Blanking is operated, the analog output will 
go to a Reference Black value of 338.25m V less some amount, 
as determined by the voltage at Setup. The 53.25mV example 
used in the Specifications section of the data sheet is based on 
the Setup input floating, which is equivalent to 7.S IRE units. 
(For this example, the analog output would be 28SmV.) 

standard. 
DIGITAL INPUTS VS. ANALOG OUTPUT 

BIT BIT BIT Brr BIT, BIT BIT BIT ""' REI:. BLANK- COMPo ANALOGOUTPUTrNmV I 

I 2 3 4 S , 7 8 BRIGHT WHITE iNG SYNC (1100-0807) 

1046.75 
915.75 

I 729.25 
0 409.25 
0 338.25 

X X X X X X X X 1046.75 
X X X X X X X X 975.75 
X X X X X X X X 338.2Sl 
X X X X X X X X 2853 

X X X X X X X X 124.252 

X X X X X X X X 71' 
X X X X X X X X 53.252 

X X X X X X X X 0' 

NOTES 
'Vo1u .. ~refOlGrayScaleoutpull>rHDo.0807mc:_rcdwirhreopec1loSyncIevcL HDG.&I07GrayScale0llIplilio 37.SmVl ... ,hI8.b'loutpul 
'Set\lp(Pin20)to+5V.(OIREWlill) 
lSerup(Pin20)opeD.(7.5IREllAital 

Table I. DIgital Inputs vs. Analog Output 

APPLICATIONS 
The HOG-0407 and HDG-0807 are specifically designed for 
operation in raster scan graphics applications, in which digital 
input data are being changed at a relatively high rate. 

The 01 A output is generally ae-coupled to the monitor, which 
eliminates the changing dc offset associated with the thermal 
drift of the level shift circuits. This offset drift, which is a function 
of output level, is held to a maximum of sOmv and will not 
affect dynamic video levels. 

For optimum performance, ground pins 2 and 24 should be 
connected together and to a large ground plane near the unit. 
As indicated in the footnotes on the pin designations table, 
+ SV must be applied to all pins which are called out to 
receive it. 

The performance of the HDG devices can be enhanced with 
external bypass capacitors which will supplement the internal 
components. Low-frequency bypassing should be provided with 
Ijl.F (or larger) tantalum capacitors between the + SV supply 
pins and ground. High-frequency bypassing can be provided 
with ceramic capacitors of O.ljl.F or larger. All bypass capacitors 
should be tied as closely as possible to the hybrid power supply 
pins. 

A 2000 potentiometer between + SV and ground with the center 
arm connected to Pin 13 changes the threshold of the internal 
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current switches; this can reduce the amount of glitch from the 
typical SOpV-s to a lesser value when required. 

For best performance, standafd 24-pin hybrid sockets should be 
avoided. Individual pin sockets are preferable for evaluating 
devices and are available from Analog Devices; in fmal designs, 
the 01 A should be soldered directly into the printed circuit 
board without sockets. 

If it is necessary to route digital signals and/or strobe signals for 
distances greater than one inch (2.54cm), microstrip techniques 
should be used. Otherwise, the performance of the O/A converter 
may be affected adverse1y. 

ORDERING INFORMATION 
There are two versions of the 4-bit converter, and two versions 
of the 8-bit device; all units operate over a temperature range of 
- 2SOC to + 85OC. For 4-bit operation, order the HDG-0407BO 
or HOG-0407BW; for 8-bit converters, the model numbers are 
HOG-0807BO or HOG-0807BW. In these model numbers, the 
"0" in the suffix indicates a ceramic, hermetically-sealed DIP; 
and the "WO' indicates a non-hermetic ceramic OIP. 

Versions are available screened to military requirements; contact 
the factory for details. It is also possible to order units with 
synchronous functions on a "special order" basis; detailed infor-
mation is available from the factory. . 



r'IIII ANALOG 
W'DEVICES 

FEATURES 
Triple 8-BIt D/A with LUTs 
115MHz Update Rates 
RGB Composite Functions 
Small Size (2.3")( 1 .5"1 
Latched Composite Functions (HDL-38061 

APPLlCAnoNS 
Raster Scan Displays 
Color Graphics Systems 

GENERAL DESCRIP'nON 
The HDL-3805 D/A Converter is a thick-film hybrid which 
includes three AD9700 IC D/A converters and three ECL random 
access memory (RAM) look-up tables in a single package. It is 
the smallest, lowest-power RGB (red, green, blue) video generator 
available to video designers of high-resolution raster scan graphics 
displays. 

With eight bits of Gray scale resolution per channel, the user 
has a total palette of 16.7 million colon. Since each of the three 
DACs has a 256 x 8 RAM, a total of 256 colon is available on 
each sweep. The write speed of the RAMS is sufticiendy high 
to rewrite the color map completely during vertical retrace, or 
update smaller blocks of data during horizontal retrace. 

IRE OUTPUT 

Hybrid Video 
Digital-to-Analog Converters 

HDL-3805/3806 I 
HDL-3805/3806 FUNCTIONAL BLOCK DIAGRAM 

Composite functions in the HDL units include Red Sync, Green 
Sync, Blue Sync, Composite Blanking, Reference White, and 
10% Bright. The ability of the devices to drive 75n loads directly 
with a IV composite signal combines with these functions to 
assure the outputs will be compatible with the general requirements 
of EIA Standards RS-170 and RS-343. 

The model HDL-3806 D/A Convener is a variation of the 
HDL-3805 which includes synchronous composite functions and 
offen increased tlezibility for the designer in a pin-for-pin com
patible package. 

All models of the HDL-3805 and HDL-3806 are housed in 46-
pin metal hybrid packages. Standard versions are rated over an 
operating temperature range of - 2S"C to + 8S"C; for units with 
this range and military screening, consult factory. 

ABSOLUTE 1 
UNITS VOLTAgE _______________ _ 

_ ______ 'CN.8RIGHT LEVEL 

-------REFEAENCEWHITE 

1V 

+10 -714tnV 

o -7IIcnV ~ITUP-~R:~' 
PORCH 1 

- ----+- 1 I 
1 IYNC 1 VIDEO I 
I-PORTION-I--PORTlON---I 

LEVEL IV,.) 

REFERENCE BLACK ___ LEVEL IV,b) 

-- COMPOSITE BLANKING 
LEVEL (V .. I 

100 IRE UNITS· 114mV 

Idealized Composite Output Waveform 

This four-page data s11lllJlUl1'Y contains key specifications to speed your selec· 
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office. 
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SPEC I FI CATIONS (tJpicaI@ + 2ft willi __ powar ..... unless oa.wise IIIIIIId) 

Val .. 
RESOLUTION Bits 

LEAST SIGNIFICANT BIT (LSB) WEIGHT 
Volraae mV 

Cum:nt "'" 
ACCURACY 

(GS = Gray Scale; FS - Full-Scale) 
Linearity 
Differential Linearity 
IDtcgral Linearity 
Zero Offset (laitial) 
Monotonicity 

TEMPERATURE COEFFICIENTS 
Linearity 
Gain 
ZeroOffsel 

DYNAMlCCHARACfERISTlCS-

±%GS 
±%GS 
:t%GS,mu 
mV,max 

ppmrc(max) 
ppmrc(max) 
ppmrc (max) 

GRAY SCALE OUTPUT' 
SenlingTimelo0.4%GS;OVt0637.5mVGSCbange 

Volraae ns(max) 
Output Time Skew 

(Among RGB Outputs) 
I)pdate Rate 
SlewRale 
RiseTime 
Glitch Energy 
Crosstalk 

(Among RGB Outputs) 
Oock Noise on RGB OutpUts 

(With 100MHzFilter) 

DIGITAL DATA INPUTS 
Lopc Compatibi.lity 
Coding 

LogicLevds 
"I" 
''0'' 

Loading 
Data and Address 
RGB Chip Select 
Write Enable 
RGB Sync, Co;<"m=-pos1=''''te:-;B'''I'''an:;:k''':in'''g 

ns,DlU 
MHz (min) 
VI .... , min 
os (max) 
pV-s 

±%GS 

mV 

V (minimax) 
V (minlmu) 

p.AlpF 
p.AlpF 
p.AlpF 

Reference While, or 100Brighl p.AlpF 
Strobe "AlpF 

SPEEDPERFO~CE-CONTROLINPUTS 
(StandardSetupControl = 7.5IREl)nilS = 53.25mV) 

Senling Time 10 1000fFioai Value for: 
10% Bright DS,DlU 

Reference White ns, max 
ilGifSyIiC DS,DlU 

Compoaite Blanking os, max 

ANALOGOVTPUTS(Red,Green,andBlue) 
GS Currenl' mA 
GSVolraae' mV(± 1%) 
Compliance V 
Internal Impedance 0 (minimax) 

REFERENCE WHITE' 
Current 

Lopc"I" mA(±5%) 

Lopc"O" mA(±5%) 
Voltage 

Logic "I" 'mV(±5%) 

Lopc"O" mV(±5%) 

10% BRIGHT' 
Current 

Logic "I" mA(±5%) 
Lopc"O" mA(±5%) 

Voltage 
Logic "I" mV(±5%) 
Lopc"O" mV(±5%) 
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HDL-3805BM HDL-3806BM HDL--3806CM 

2.5 
67 

0.2 
0.2 
0.2 
1.5 
Guaranteed 

30 
125 
15 

10(12) 

2 
100(85) 
300 
2(3) 
80 

0.2 

10 

EeL 
Complementary 
Binary (CBN) 

-0.9( -1.1/-0.6) * 
-1.7(-2.01-1.5) * 

650145 
880/18 
650165 

290110 
50/5 

10 
10 
10 
10 

Oto -17 
010 -637.5 
-1.210 +0.1 
75 (71/79) 

Normal 
Operation 
00r-1.9 

Normal 
Operation 
Oor -71 

-1.9 
o 

-71 
o 

(115) 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

0.2305 
15.8551 

~l J 
t!1I111111111111111111111 

0'/" 
15.3341 

0.'4013.5561-j 1":,10012.541 
~O.o,o :t:0002 

+ 22 PLACES 

ID BEAD AND 
DOT ION Top) DENOTE PIN 1 

PIN 

•• •• •• 
.3 
.2 ., 
.0 
3. 
3. 
37 
36 
3. 
3. 
33 
32 
31 
30 
2. 
2. 
27 
2. 
2. 
2. 

, 
o-o-o-~ 

PIN DESIGNATIONS 
(Bottom View) 

FUNCTION PIN FUNCTION 

RED CHIP SELECT 1 WRITE ENABLE 
DIGITAL GROUND 2 ADDRESS A7 (MSB) 
REDOUT 3 ADDRESSA6 

VEE (-5.2V) • ADDRESS As 
REDOUT • ADORESSA4 
RED RETURN • VEE f-5.2V) 
GREEN CHIP SELECT 7 ADDRESSA3 

DIGITAL GROUND • ADDRESSA2 
GREEN OUT • ADDRESSA1 

VEE{-5.2VI 10 ADDRESS ~ (LSB) 
GREEN OUT " DIGITAL GROUND 
GREEN RETURN 12 DATAIND, {MSB) 
DIGITAL GROUND 13 DATA IN De 
BLUE OUT ,. DATAIND5 
VEIi (-5.2VI " DATAIND4 
BLUE OUT 16 DATAIND3 
BLUE RETURN 17 DATAIND2 
REDSVNC ,. Vee {-5.2V) 
GREEN SYNC ,. DATA IN 0 1 

BLUE SYNC 20 DATAINDofLSB) 
10% BRIGHT 21 BLUECHIPSELECT 
REFERENCE WHITE 22 STROBE 
COMPOSITE BLANKING 23 DIGITAL GROUND 

NOTES: GROUNDS ARE NOT CONNECTED INTERNALLY. 
CONNECT PINS 11,23, 30, 34, 35, 39, 41, AND 45 
TOGETHER AND TO GROUND AS CLOSE TO CASE 
AS POSSIBLE. - 5.2V MUST BE APPLIED TO ALL 
DESIGNATED PINS. 



coMJiOSttESYNC''' 
(AppliedlO~,GREENSYNC, 

or BLUE SYNC Input Pius) 
CurleDI 

Lop: "1" 
Lop: "0" 

VoIlIp 
Lop: "1" 
Lop: ''0'' 

coMi'OSITBSLANKlNG',6 

mA(:4%) 
mA(H%) 

mV(:4%) 
mV(:4%) 

(StaadanlSetupCoDtroI = 7.5IREUai .... 53,25mV) 
CurleDI 

Lop: "1" 
Lop: "0" 

VoIlIp 
LotPc"I" 
Lop: ''0'' 

POWER REQUIREMENTS 
- 5,2V :O,25V 
Power Dissipation7 

_Supply 
Rejection Ratio 

THERMAL RESISTANCE' 
JUDCtion to Air t 8;-

(F .... Air) 
JUDCIion IOCue,.~ 

NOTES 

mA(:4%) 
mA(:4%) 

mV(:4%) 
mV(:4%) 

%GSN 

'C 
'C 

'CIW,mu 

'CIW,mu 

HDL-.J805BM 

o 
-7,6 

o 
-285 

o 
-1.4 

o 
-53.25 

1450 
7.55 

0,025/0,25 

-2510 +85 
-5510+150 

12 

2.5 

HDL-3I06lIM' HD~ 

'ScttIiao to GS ........... mdudco FS ODd MSB 1IOIIIidoaa, ......... 3m ....... delay (50%> ..... ra> is DOt mcluded. 
Z(;s CIImlIIt ,.. FS c:urraat - video fuacdoaa. 
ILS8 value of 2.5~V used for c:aIibntioD. 'fbiI; ca-u. Gray Stale output to be 637.'mV rather thaD 643mV Ihowa ia 
ideaIiIIICl compoIite waveform elIewben: ill this data Ibeet; both VIIucIIR well within the output mel EtA StaDdIrd 
JlS.343 I1IIen.-. 

"E8'cct on Whik iaput depeDds on 10'% Briabt lip" iDput. 
s~ Com . OUrpuD abowu ~ to Gray ICaIe anaIoa output at Pia 31. 36. or 42. 
'Red Syael GreeD or CODUOI ...... reset Up!! rgi!en. Harber me RGB S)'DC' __ ... _be_ ..... ..-ywith __ .. , 

7 Air flow of 500 LFPM required. wbeD opcqtiq wUt. 
'Muimum jllDCtioa taDpel'llUft: '" ISO"C. 
*Specificatioa IIIDC • HDL-3I05BM. 
Specificatioaa 1Ubjec:t to cbaDae wilbout aoDc:e. 

ORDERING INFORMATION 
There is one standard model of the HDL-380S D/A convener, 
and two model numbers for the HDL-3806 version. Specifically, 
the designations are HDL-380SBM; and HDL-3806BM and 
HDL-3806CM. The HDL-38Q5 unit operates with unlatched 
asynchronous composite inputs; and both models of the HDL-3806 
operate with latched synchronous signals. 

In terms of speed, the HDL-3805BM and HDL-3806BM are 
identical with minimum update rates of 85MHz, and typical 
word rates of lOOMHz. The HDL-3806CM is specified at a 
minimum update rate of llSMHz. 

Standard units operate over a case temperature ranse of - 2S·C 
to + 85OC; units with the same temperature range and military 
screening are also available. For these, consult the factory. 
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Theory of Operation 

Refer to the block diagram of the HDL-380S/3806 D/A 
Converter. 

As shown, the unit is comprised of three each random access 
memories (RAMs) and AD9700 current output D/A converters. 
These components operate as three pairs in controlling the red, 
green, and blue (RGB) analog outputs of the device; and greatly 
simplify the interface between the frame buffers and the monitor 
in raster scan graphics systems. 

RGB digital data information can be loaded into the RAMs 
during retrace periods. During horizontal retrace intervals, 

8 

256 
x 
8 

RAM 

256 
x 
8 

RAM 

GREEN CHIP SELECT 
256 

x 
8 

RAM 

REFERENCE WHITE 

small blocks of data can be entered; the complete color map can 
be rewritten during the longer vertical retrace times. 

Intensities for the RGB outputs are updated by a single 8-bit 
address word and a Strobe signal during the RAM read 
operations. 

The routing of the digital data to the correct RAM and its associated 
D/A is controlled by the digital Address input Signals; and by 
the Red Chip Select, GreeD Chip Select, Blue Chip Select, and 
Write Enable signals. 

In addition to digital input and address information, the user of 
the HDI-380S/3806 also has control over composite functions 
with Red Sync, GreeD Sync, Blue Sync, Composite Blanking, 
Reference White, and 10% Bright. 

8 
RED OUT 

AD9700 RED RETURN 
D/A 

CONVERTER RED OUT 

8 
GREEN OUT 

AD9700 
D/A 

GREEN RETURN 

CONVERTER GREEN OUT 

8 
BLUE OUT 

AD9700 BLUE RETURN 
D/A 

CONVERTER BLUE OUT 

'BUFFER REPLACED 
WITH D·TYPE 
REGISTERS 
CLOCKED BY PIN 22 
STROBE IN 
HOG-3806. 

HLD-3805/3806 Block Diagram 
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r-IANALOG 
WDEVICES 

FEATURES 
Small Size: 24-Pin DIP 
12-Bit Multiplying Accuracy 
Good Drive: 10.24mA 
Highest Speed Available 

APPLICATIONS 
CRT Displays 
Waveform Generation 
Vector Generation 
MHz-Rate Digital Attenuators 

GENERAL DESCRIPTION 
The HDM-121O converter is an ultra-high-speed current output 
multiplying converter which offers circuit designers a chance to 
obtain high speed, good drive, and flexible design parameters in 
a DIP package. It can accept 12 bits of digital input data and 
combine them with two analog inputs into a multiplied output 
for use in a wide variety of applications. 

Typical analog settling time to 1% is only 150ns; and 3d 
bandwidth is 10MHz. Digital settling time to 1% accu 
the major carry transition is an incredible 
HDM-1210 D/A extremely attractive for a 
multiplying functions. 

In one mode of operation, its out 
tional to the analog input signal, 
code. The analog signal being multip ed c 
triangle wave, sawtooth, or anyone of a vari 
waveforms. The output is an accurate scaled version of the 
input,. with the digital input used as the scale factor. 

In another mode of operation, the analog input voltage can be 
used as the scale factor for the digital input code. In addition to 
this kind of flexibility, the HDM-1210 also has various offsetting 
capabilities which allow the analog input, digital input, analog 
output,' and/or an external amplifier to be combined. With these 
features, the HDM-1210 can be used to accommodate unipolar 
or bipolar operation; and provide either one-quadrant or two
quadrant multiplication. 

Ultra High-Speed 
Multiplying Of A Converter 

HOM-1210 I 
HDM-1210 FUNCTIONAL BLOCK DIAGRAM 

DIGITAL 
INPUTS 
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SPECIFICATIONS~.!~~::=~VMU8(1)= -5V; 

RESOLUTION 

LEAST SIGNlFIeANTBIT(LSB) WEIGHT 
Current 
Voltage 

ACCURACY (FS = Full Scale) 
Di1ferential Linearity 
iotegral Linearity 
Gain 
Monotonicity 

TEMPERATURE COEFFICIENTS 
Di1ferential Linearity 
iotesral Linearity 
Gain 
Offset1,2 

,Offsetl ,3 

DYNAMIC CHARACTERISTICS 
ScttliusTime-Voltage 

D/aital 
(To ±1%;MajorCarryTraosition) 

Aoalog Scttlius to ± 1% FS 
(VANALOG(l) = OVto -SVStep; 

AllDigitallnputs(@"l'~ 

Update Rate 
Glitch Impulse 

DIGITAL DATA INPUTS 
LosicCompatability 
Logic Levels 

"I" 
"0" 

Loading (Each Bit; with Typical 
Input Logic Levels) 

TTL"I" 
lTL''O'' 

Coding 
Unipolar 
Bipolar 
AU "l's"lnput 
All "O's" Input 

OUTPUT'(FS = Full Scale) 
CurrentRangel (± O.5%Accurate@FS) 
. Voltage Range' (± I%Accurate@FS) 
ZeroOlTset1,l 
ZcroOffsetl ,3 

Voltage Noise, rms(O.IHz to ISMHz) 
Compliance 
Impedance'" 

MULTIPLYING CHARACTERISTICS' 
V ANALOG (I) ioput Impedance 
V ANALOG(2) Inputlmpedance 
V ANALOG (I) InputRange (Pin 14): 

V ANALOG(2) = OV 
to 

VANALOG (2) = -SV 
to 

VANALOG (2) = -IOV 
:v ANALOG(2) InputRange (Pin 16): 

V ANALOG(I) = OV 
to 

VANALOG(l) = -2.SV 
to 

VANALOG(I) = -5V 
Analog F~throughat lDAC 

(VANALOG(I) = OVto -SV,1.4MHz; 
All D/aitsl Inputs@ "0") 

FS Aoalog Bandwidth (3dB) 
Feedthruush at 10MHz (OV to - 5V) 

POWER REQUIREMENTS 
+lSV ±S% . 
-ISV ±S% 
Power Dissipation 
Power Supply 

Rejection Ratio 

TEMPERATURE RANGE 
Operatins(Case) 
Storaae 

N01'HS 
'Current output into shott circuit. 

IIDM-UlOBD 

12 

2.5 
250 

±112 
±1/2 
±0.2(±0.S) 
Guaranteed 

±3(±6) 
±3 
±20(±5O) 
±2(±S) 
±3.S(±8) 

60(70) 

ISO(17S) 
8.3 
700 

TTL 

+ 3.5 ( + 2.41 + 5.0) 
+0.2(0.0/+0.6) 

40/4.8 
5/4.8 

Binary (BIN) 
Offset Binary(OBN) 
Maximum Positive Output 
Maximum NegativeOutput 

Oto + 10.24FS 
Oto +1.024FS 
0.5(2.5) 
2.5(10) 
IS 
+1.5; -2 
100(2) 

4(±0.4) 
8(±0.8) 

Oto -5FS 
to 

+2.Sto -2.5FS 
to 

+5toOFS 

Oto -IOFS 
to 

+Sto -SFS 
to 

+lOtoOFS 

I 
10 
0.1 

60(72) 
25(35) 
1.3(1.6) 

0.01 

-2Sto +85 
-55 to +150 

2JIit inputa at ''0'' aad. VANAwG (1)@ -SV. 
3Jtitinputsat "1"1IDd VANALOC (I)@ -OV. 
"PS accuardes are ~ 1% when usiDa: V ANALOG (2) illput. 
'ttL (PIa Z!) 00IIDCCtal to IDAC (PIa 24). 
'Trimmod to value. 
~t Il1Ultiplyina requires _ op amp oporatioa .. bipolar mode. 
SpecificatioDa subject to cbaDac without DOtic:e • 
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IIDM-I11OSD/SDB Ullib 

-SSto+loo 

Bits 

LSB 
LSB 
%FS(mu) 

ppmI"C( .... ) 
ppmI"C 
ppmI"C(max) 
ppmI"C(max) 
ppmI"C(max) 

ns(max) 

ns(max) 
MHz 
pV .. 

V (min/max) 
V(min/max) 

nA/pF 
mA/pF 

mA 
V 
"",(max) 
"",(max) 
",V 
V 
O(±) 

k.O(max) 
k.O(max) 

V 

V 

V 

V 

V 

V 

LSB 
MHz 
%FS 

mA(max) 
mA(max) 
W(max) 

%N 

'C 
'C 

HDM·1210 PIN DESIGNATIONS 
(As Viewed from Bottom) 

PIN FUNCTION PIN FUNCTIoN 
24 IGAO (OUTPun 1 BIT1(MSB) 
23 At. 2 BIT2 
22 10VSPAN a BlTa 
21 GROUND 4 BIT4 
20 GROUND 5 81T5 
19 GROUND 6 BlT6 
18 GROUND 7 BIT7 
17 -leV 8 BlTa 
16 VANALOG(2J 9 BIT9 
15 AMPLIAER GRDUND 10 BIT 10 
14 VANALOG (l) 11 BIT 11 
13 +15V 12 BIT 121LSB) 

NOTE 
PlNS15.18.19.20ANP21 NEED TO BE CONNECTED 
TOGETHER AND TO GROUND AS CLOSE TO CASE 
AS POSSIBLE. 

v",-@ v",-@ DlAOatput '" Pia24 
VANALOG (1) . V ........ (l) WithAU"l" WitbAll"O" 
(PIa 14) (PIa 16) Jliajtal ...... t Jliajtal ...... 

ov Ground 0mA 0mA 
-sv +1.024mA 0mA 

+2.SV -sv 0mA 0mA 
-Z.SV +1.024mA 0mA 

Ground f1V 0mA 0mA 
-lOY +1.024mA 0mA 

-Z.5V +SV 0mA 0mA 
-SV +O.24mA OmA 

Table ,_ Output vs.lnputs 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

..... 0.01. 
11.0181 IDA67t 
m> m> 

1.100.t:O.OO5 
127.t4:tO.127) 

r-:O~ :::::,-; 

~ 
t--I~m :~,::,--t 



11IIIIIIII ANALOG 
WDEVICES 

FEATURES 
Hybrid Construction 
Phase Shift <5° 
Phase Match <1° 
Load Capacity 10.000pF 
Full Military Temperature Range 

APPUCATIONS 
The IPA1764 is recommended for use with the 

1S10/20. 1S14/24 and other 10- and 12-bit 
Inductosyn*lResolver-to-Digital Converters. 

GENERAL DESCRIPTION 
The output signals from an Inductosyn slider are at a low level 
of the order millivolts and require amplification and buffering 
before transmission to an Inductosyn-to-digital converter. The 
IPAI764 provides the necessary gain and output impedance for 
this purpose. 

Any gain mismatch in the two channels amplifying the sine and 
cosine outputs of the Inductosyn slider contributes to the system 
error. The IPAI764 with a 0.15% gain match over the temperature 
range only contributes an error of 0.23 micron using a 2mm 
pitch Inductosyn. By carefully controlling phase mismatch to 
less than 1°, the error contribution is only 0.2 micron in a 2mm 
pitch Inductos~. 

The IPAI764 with an output resistance ofless than 3 ohms and 
a capability of driving a cable capacity of 10,OOOpF is totally 
suited to machine tool applications where the Inductosyn-to-digital 
converter is remote from the measuring Inductosyn. 

The IPA I 764 is of hybrid manufacturing techniques, and available 
in two temPerature range versions-industrial temperature range 
(0 to + 70°C) and extended temperature range ( - 55°C to 
+ 12SOC). 

APPLICATION 
The diagram on the following page shows a "hookup" with the 
preamplifier, power oscillator and a IS20 with an Inductosyn. 
Precise application information is not possible as the Inductosyn 
in its application has many variables. 

Current Set Resistor 
This resistor is used to match the voltage output of the oscillator 
to the Inductosyn track'resistance and provide the manufacturer's 
recommended current. By variation of the voltage outputs and 
current resistance, track by this up to approximately 10 feet (3 
meters) can be accommodated. 

Decoupling 
The preamplifier and oscillator have internal high frequency 
decoupJing capacitors on the supply Jines, however, it is recom
mended that electrolytic decoupling capacitors are connected 
close to the hybrid pins. 

*Inductosyn is a registered trademark of Farrand Industries, loc. 

This two-page data summary contains key specifications to speed your selec· 
tion of the proper solution for your application. Additioaal information on this 
product con be obtained from your local sales office. 

Hybrid Inductosyn Preamplifier 
IPA1764 I 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

... ANALOG 

... OEVICES 

IPA1764 

• 

:fIll 11111 I 
0.1 12.541 _-1 1-- I 
~ 0.8 (20.32,---1 

PIN ONE (GREEN GLASS BEAD) 

'ir-----___ 
"booooooo0T: +a:-. I w l!i+ ALL UNMARKED PINS 

-7- 5 T ~~~~~~~~~NAl 
8 .. O.71S 

> > ~ ~ ~11.'68.1 
; ~ 7 B I 
000000000 

I~ 0.975 (24.7651---1 

ORDERING INFORMATION 

IPAI764 x 60 B 

L ffigh """'b;o", p~"", 
x 5 o to +70°C 

Operating Temperature Range 

x = 4 - 55°C to + 125°C 
Operating Temperature Range 

NEW PRODUCTS - ICs 3-397 



SPECIFICATIONS (typical @ +25"1: over full range of power supply inputs IIIIess oIh8IWise noIIId) 

Model IPA17641S60 IPA17641460 

GAIN 1250 ±5% * 
GAIN MISMATCH 

Channel to Channel Over ±0.15%(equivalent 
Full Temperature Range to2.5arc mins) ±0.3% 

PHASE SHIFT <S° * 
PHASE MISMATCH 

Channel to Channel <1° * 
CROSSTALK <0.1% * 
'OPERATING FREQUENCY 10kHz * 
INPUT RESISTANCE 5kO ± l00A. * 
OUTPUT RESISTANCE <SO * 
MAX LOAD CAPACITY 10,OOOpF * 
MAX SIGNAL OUTPUT LEVEL 3Vrms * 
POWER SUPPLIES 

Voltage ±12Vto ±15V * 
Current SOmA max * 

TEMPERATURE RANGE 
Operating Oto +70°C -' 55·C to + 125·C 

SIZE 
, 

0.775" x 0.975" x 0.175" * 
(l9.7mmx 24.8mmx 4.5mm) 

WEIGHT 0.25 ozs (7 grams) * 
NOTES 
*Specification same as IPA1764/560. 
Specifications subject to change without notice. 
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ABSOLUTE MAXIMUM VALUES WITH RESPECT TO 
SUPPLY GROUND 

Sin and Cos liP 
+VPin ...... . 
-VPin ...... . 
Sin and Cos OIP lk Load 
Indefinite Short Circuit Proof 

. +V 
+17V 
-17V 
+10V 

CURRENT SET RESISTOR --! t-- ONE PITCH 

OSC1758 

"E w ~ 
~u 3~ 

00 00 00 

e, 

INDUCTOSYN 
TRACK 

\~~~----------~~ 
OIGITAL WORD REPRESENTING POSITION WITHIN ONE INDUCTOSVN PITCH 

Use of 1520 with Inductosyn Preamplifier IPA 1764, Hybrid 
Power Oscillator 05G1758 



~ANALOG 
WDEVICES 

FEATURES 
Full Military Temperature Range 
Hybrid Construction 
18-Pin OIL Package 
0-10kHz Frequency Range 
In-Phase and Quadrature Outputs 

APPLICATIONS 
Synchro Resolver, and Inductosyn@ Excitation 
LVDT Drive 

GENERAL DESCRIPTION 
The OSC1758 is a hybrid sine/cosine power oscillator which can 
provide a maximum power output of 1.5 watts, over 0 to 
10kHz. 

The device comprises two independent parts-an oscillator and a 
power amplifier. 

The oscillator stage has two signal outputs, one 90° in phase 
advance with respect to the other. 

The oscillator frequency is programmable in the range of 0 to 
10kHz by two identical external capacitors. 

The power amplifier stage is externally short circuit protected 
and has a gain of 2.8 ± 1%. The maximum output current this 
stage can produce is 215mA rms (at 7V rms). 

Connecting either of the oscillator stage outputs to the power 
amplifier input, using an external link, will give a nominal 
output of7 volts rms. Lower voltages can be obtained by connecting 
an external resistor in series with the amplifier's inputs. 

The OSC1758 is housed in an hermetically-sealed 18-pin DIL 
metal case, and operates over full military temperature range 
( - 550C to + 125°C), as well as the industrial (0 to + 70°C) 
temperature range. 

MODELS AVAILABLE 
The OSC1758 is available in both industrial and military tem
perature ranges. For details of how to specify the required part, 
see "Ordering Information". 

CONNECTING THE OSC1758 
The block diagram shows the output configuration, when using 
the power amplifier stage. If only the oscillator stage is required, 
the connection between pin 3 and pin 7 is not included. 

The frequency of oscillation for the OSC1758 in the block diagram 
is determined by the two identical capacitors Cl and CZ. For 

This two-page data summary contains key specifications to speed your selec
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office. 

Hybrid Power Oscillator 

OSC1758 I 
OSC1758 FUNCTIONAL BLOCK DIAGRAM 

REF1 

Rs 

-15V OV +15V 

the frequency required, the value ofCI and C2 should be calculated 
using the following equation. 

1 
C, =C2 = 

Fosc xlOs 
Farads 

Where Fosc =Frequency of oscillation in Hz. 

For a reduced output a series resistor, Rg, must be added. 

For the required output voltage Kg should be calculated as 
follows: 

Rs = 37.5 x lIP _ 5350 Ohms 
VOUT(rms) 

STABILITY 
To ensure stability of both frequency and voltage level outputs 
it is essential that good quality external capacitors are used, 
e.g., Silver Mica or Polystyrene. 

The tolerance quoted in the specification applies if high grade 
Silver Mica capacitors, with a temperature coefficient of less 
than 5OppmrC, and a low loss factor, are used. 

POWER DISSIPATION 
The thermal dissipation characteristics for the OSCl758 are as 
follows: 

8 junction - case =15° CIW 
8 junction - ambient =40° CIW 
6 j (max) =150°C. 

Total Power Dissipation = 

(VSUPPLY x ISUPPLY) - (VOUT x lOUT x cosine <1» 

where <I> = load phase angle 

NOTE: Although the power amplifier stage has internal short 
circuit protection, a heat sink should be employed for protection 
against continuous short circuit conditions . 

. Inductosyn® is a registered trademark of Farrand Industries, Inc. 
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SPEC I F I CAli 0 NS (typical @ + 2ft with ± 15Y power $UJIIII8S IIIIass othBIWise noIIId) 

Moclel 

FREQUENCYRAN'GE 

FREQUENCY STABILITYl ,2 

REFERENCE 10UTPUTl 

REFERENCE 2 OUTPUTl 

AMPLIFIEROUTPUT3 

CAPACITIVE LOAD 

AMPLIFIERGAINl 

AMPLIFIER INPUT RESISTANCE 

POWER DISSIPATION 

POWER SUPPLy4 

TEMPERATURE RANGE 
Operating 
Storage 

SIZE" 

WEIGHT 

NOTES 
'Over fun operating temperature range. 
'See section on "Stability". 

OSC11S81SOO 

0-10kHz 

±S% 

2.SVrms ±S%@3mArms 

2.SVrms ±S%@3mArms 
90' Phase Advanced with Respect to 

Ref. 1 Outout 

7Vrms@21SmAmax 

lOnF(max) 

2.8 ±1% 

5.35kO±l% 

4.0 Watts (max) 

±15V , 
60mA (max) No Load 
l60mA (max) Full Load 

Oto +70OC 
- 6SOC to + 1500C 

0.975" x 0.775" x 0.175" 
(24.8mmx 19.7mmx4.5mm) 

0.250zs. 
7 grams 

'Derated to SV rms @ 21SmA if using ± 12 volt power supply. 
"Will operate with ± 12 volt power supply with derated output voltage. 
*Specifications same as OSCI7S8ISOO 

Specifications subject to change without notice. 

OSC11S81400 

• 
• 
• 

• 
• 
• 
• 
• 
• 
• 
• 

- 5S'C to + 12S'C 
• .. 
• 

ABSOLUTE MAXIMUM VALUES WITH RESPECT TO 
SUPPLY GROUND 

+Vs. 
-Vs ........ . 

ORDERING INFORMATION 

OSC1758 X· 00 B 

L High Reliability Processing 

X=5 Oto +70OC 
Operating Temperature Range 

X=4 - 550C to + 125°C 
Operating Temperature Range 
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. -0.3V to + 18V 

. +0.3V to -18V 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm) 

OSC1758 
• 

~;:tEIIIIIIIII) 
0.,,,.54,-11_ 1 

~O.8(20.321---i 

PIN ONE CGREEN GLASS BEAD) 

'~---~ ~oooooooou .., !; tit !<... ALL UNMARKED PINS 

II 11_ G ~ . ~~~:g:;:'NAL 
0< 0.775 a 119.6851 

~ !i~ L~' ~ ~ ~; ~~:i 
000000000 . 

1-0.975124.7651----1 



r.ANALOG 
WDEVICES 

FEATURES 
4O-Pin Hybrid 
Tachogenerator Velocity Output 
DC Error Output 
Sub LSB Output 
Angle Offset Input 
Reference Frequency of 2kHz to 10kHz 
Logic Outputs for Extension Pitch Counter 

APPUCATIONS 
Numerical Control of Machine Tools 
Feed Forward Velocity Stabilizing Loops 
Robotics 
Closed Loop Motor Drives 
Brushless Tachometry 
Single Board Controllers 

GENERAL DESCRIPTION 
The ISN4* are hybrid devices that conven standard resolver 
inputs to digital position and analog velocity outputs. All the 
essential features for multiturn or multipitch operation are included 
for numerically controlled machine tool and velocity feedback 
applications. 

Typically the input signals would be obtained from a brushless 
resolver and the resolver/convener combination gives a parallel 
absolute angular output word similar to that provided by an 
absolute encoder. The ratiometric conversion. principle of the 
ISN4 ensures high noise immunity and tolerance of lead length 
when the convener is at a distance from the resolver. 

The output word is in three-state digital logic fonn with a high 
and low byte enable input so that the convener can communicate 
with an 8- or 16-bit digital highway. 

A unique feature of the convener is its internally generated 
tachogenerator velocity output offering a linear voltage-speed 
relationship. Only one external resistor is required to scale the 
velocity output to the users chosen volts/rpm relationship. 

Repeatability is lLSB under constant temperature conditions. 

Four resolutions are available all operating over a frequency 
range of 2kHz to 10kHz. 

IS14 is 100bit up to 40,800 revolutions per minute. 
IS24 is 12-bit up to 10,200 revolutions per minute. 
IS44 is 14-bit up to 2,550 revolutions per minute. 
IS64 is 16-bit up to 630 revolutions per minute. 

*N is I, 2, 4 or 6 depending upon resolution of model. 

Tachogenerator Output, Hybrid, 
Resolver -to-Digital Converter 
lS14, lS24, 1S44 and lS64 I 

IS14, IS24, IS44 and IS64 FUNCTIONAL BLO~K DIAGRAM 

.... DC 

'RHO • 
ANGLE 
OFFSET INPUT 

=o----i,~~~J '--____ .....,~J~~:B 
~reHr_-------~~ 

EN~EM ___ r--~---L---, 

~----LrTTTTTTTTTTTTTTT" 

APPLICATIONS 
The ISN4 has been specifically designed for motor position 
control for the numerically controlled machine and robot industry, 
using the type 2 servo loop tracking principle that ideally suits 
these conveners to the electrically noisy environment found in' 
these industrial applications. 

USER BENEFITS 
Allows both velocity and position measurement from a single, 
low cost, standard, brushless resolver. 

80dB dynamic range of velocity output. 

0.5% ripple on velocity signal. 

0.1 % linearity of velocity signal. 

Cost effective tachogenerator replacement. 

Tracks at 5 to 10 times the rate of equivalent resolution 
encoders. 

Analog output for interpolation between digital codes. 

Direction and Ripple Clock (Datum) outputs facilitate revolution 
counting. 

Hybrid construction offering small size and MTBF of >200 
years at SO·C GB. 
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SPECIFICATIONS (typical for both commercial (5YO) and extended (4YO) temperature range options @ 25"& and 
± 15V or ± 1 'N power 5O,..es, unless otherwise noted) . 

ModeIa 
~ 1514 1524 1544 1564 UDits 
RESOL VERINPUTS 

. Signal Voltaae 2.0±5% .. .. .. Vrms 
Rcferenc:e Vol. 2.0 +50%1-20% .. .. .. Vrms 
Signal &. Rcferenc:e Frequency 2k-l0k 'l .. .. Hz 
Signal Input Impedance 100min) .. .. .. MO 

, Refe{ellCe Input Impedance 125 .. .. .. kO 
Allowable Pbase Shift 

(Signal to Reference) ±10 .. .. .. Degrees 

POSmONOUTPUT 
Resolution 10 12 14 16 Bits 
ILSB 0.35 0.088 0.022 0.0055 Degrees 
Acc:uracy (max error 5YO ±25.0(0.42) ±8.5(0.14) ±5.3(0.09) ±4.0(0.07) Arc-mins(degrees) 

over temp. rsuge) ±0.12 ±0.04 ±0.025 ±0.019 %F.S. 
4YO ±25.0(0.42) ±8.5(0.14) ±5.3(0.09) ±2.6(0.04) Arc-mins (degrees) 

±0.012 ±0.04 ±0.025 ±0.012 %F.S. 
Digital Position Output Format Parallel natural binary .. .. .. 

Load 6 (max) .. .. .. LSITL 
Monotonicity Guaranteed .. .. .. 
Repeatsbility I .. .. .. LSB 

DATA TRANSFER. 
Busy Output Logic "Hi" when Busy .. .. .. 

Load 6 (max) .. .. .. LSITL 
Busy Width 380 (min) 530 (max) .. .. .. ns 

ENABLE Inputs Logic "Lo" to Enable .. .. .. • 
Load I .. .. .. LSITL 
Enable&. Disable Times 250 (max) .. .. .. os 

INlDBIT Input Logic "Lo" to Inhibit .. .. .. 
Load I .. .. .. LSITL 

Direction Output (DIR) Logic "Hi" when counting up, 
Logic "Lo" when counting down. .. .. .. 

Load 6 (max) .. .. .. LSITL 
Ripple Clock (RC) Negative pulse indicating when 

internal counters change from all 
u 1 'su to all "O's" or vice versa. .. .. .. 

Load 6 (max) .. .. .. LSTTL 
Width ljL{max) 85On(min) .. .. .. Secs 

DYNAMIC CHARACTERISTICS 
Tracking Rate (min) 

with ± 15V supplies 40,800 10,200 2,550 630 rpm 
with ± 12V supplies 34,680 8,670 2,168 536 rpm 

Acceleration Constsnt 
Ka 220,000 .. .. .. Sec-2 

Settling time (l7'Y' step input) 25 (max) 35 (max) 60 (max) 120 (max) ms 
Bandwidth 230 .. .. .. Hz 

VELOCITY OUTPUT 
Polarity Positive for increasing angle .. .. .. 
Tachogencrator Vol. Scaling 0.25 4 16 VlKrpm 
Scale Factor AccuraCy ±I(max) .. .. .. % of output 
Scale Factor Tempco 200 (max) .. .. .. ppmf'C 
Reversion Error ±0.2(max) .. .. .. % 
Reversion Error Tempco 50 (max) .. .. .. ppmt'C 
Linearity 0.1 .. .. .. %ofoutput 

Over full temp range 0.25 (max) .. * * %ofoutput 
Ripple and Noise 

Steady Stste@IOkHz(200Hzblw) 100 150 300 1300 ",Vrms 
Dynamic Ripple (av-pk) 0.5 (max) * .. .. % of output 
Zero Offset ±500 .. .. .. ",V 
Zero Offset Tempco I 50 (max) .. .. .. ",vrc 
Output Load • 5(min) .. .. .. kO 
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Moclela 
Parameters 1514 1524 1544 1564 Uailll 

SPECIAL FUNCTIONS 
DC Error OutpUt Voltage 4S0 * * * mY/degree 
Inter LSB Output ±I(±20%) * * * VILSB 

Load 1 (min) * * * leO 
Angle Offset Input (over 

operating temperature range) 320(±10%) * * * nAlLSB 
Maximum Input 32 * * * LSB 

POWER REQUIREMENTS 
Power Supplies 

±Vs ±IS(±S%)or ±12(±S%) * * * Vdc 
+SV +4.7Sto +S.2S * * * Vdc 

Power Supply Consumption 
±Vs 30 (max) * * * mA 
+SV 12S(max) * * * mA 

Power Dissipation 1.5 (max) * * * W 

TEMPERATURE RANGE 
Operating SYOoption Oto +70 * * * ·C 

4YOoption -S5to + 12S * * * OC 
Storage SYOoption -55to + 125 * * * OC 

4YOoption -6Oto + ISO * * * OC 
DIMENSIONS 

SYOoption 2.I"x 1.1" XO.195(S.3 x28 x4.9S) * * * Inches (mm) 
4YOoption 2.14" x 1.14" x 0.18(S4.4 x 29 x 4.6) * * * Inches (mm)· 

WEIGHT 1(28) * * * oz.(srms) 

NOTES 
·SrecificationssameISISI4. 
SpecificaticmssubjecttochODsewitboutnotke. 

ABSOLUTI$ MAXIMUM INPUTS (with respect to GND) 

+VSI .. 
_VSI .• 
+5V2 •• 

Reference 
Sine •.. 
Cosine .. 
Any Logieal Input 

· OVto +17Vde 
· QV to -17V de 
· OV to +6.0V de 

:!:17V de 
:!:17V de 
:!:17V de 

-OAV to +5.5V de 

CAUTION: 
I. Correct polarity voltages must be maintained on the + V s and 

-Vs pins. 
2. The +5 volt power supply must never go below GND 

potential. 
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OPERATION OF THE CONVERTER 
The ISN4 are tracking converters, this means that tlie output 
automatically follows the input for speeds up to the maximum 
tracking rate for the resolution option. No convert command is 
necessary as the conversion is initiated by each LSB Increment 
for the input. Each LSB increment of the converter initiates a 
BUSY pulse. 

POSmON OUTPUT 
The resolver shaft position is represented at the converter output 
by a natural binary parallel digital word. ' 

The static angular accuracy quoted for each converter type is 
the worst case error that can occur over the full operating tem-
perature range with the following input conditions: ' 

a) Signal input amplitudes within 5% of the nominal values. 
b) Signal and reference frequency within the specified operating 

range. 
c) Phase shift between signal and reference less than 10 degrees. 
d) Signal and reference waveform harmonic distortion less than ' 

10 percent. 

These test conditions are selected primarily to establish a repeatable 
acceptance test procedure which can be traced to national stan
dards. In practice the converters can be used ,well outside these 
operating conditions providing the following points are 
observed: 

Signal Amplitude (Sine and Cosine Inputs) 
The amplitude of the signal inputs should' be maintained within 
5% of the nominal values if full performance is required from 
the analog outputs and inputs of the converter such as velocity, 
inter LSB position and angle offset. 

The digital position output is relatively insensitive to amplitude 
variation. Increasing the input signal levels by more than l()% 

will result in a dramatic loss in accuracy due to internal overload. 
Reducing level will result in a steady decline in accuracy. With 
the signal levels af 50"A> of the correct value, the angular error 
will increase to an amount equivalent to 1.3LSB. At this level 
the repeatability will also degrade to 2LSB and the,dynamic 
response will also change, since the factor Ka is proportional to 
signal level. 
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PIN CONNECTIONS 

" a 
11 o· 
10 0 

• 0 
• a 7 0 

• 0 
• 0 o 

o 
a 
o 

ENi: 0 
ENM 0 

GND 0 

+5V 0 

+Vs 0 
-v, 0 
Nrc 0 

DeER 0 

NOTES 

PIN10 '3 
0 

,. 
0 15 

a " 0 we 

a NIC 
BOTIOMVIEW 0 iNH 

0 ausv 
0 R.~ 

0 VEL 
0 ANGLE OFFSET 

0 GND REF 

0 INTER LSB 

a Re 
0 01. 

0 CASE 

a REF 

0 AGND 

a SIN 

0 COS 

1. HRUyH SHOULD BE CONNECTED TO WVELN WHEN 
NO SCALING REQUIRED. 

2. CASE PIN CONNECTED ON 460 OPTION ONLY. 

Signal and Reference Frequency 
Any frequency within the specified range of the converter may 
be used. It should be noted that the same frequency must be 
used on both inputs. 

Reference Voltage Level 
The amplitude of the reference signa1 applied to the converter's 
input is very uncritical, however it is essential that the Z!=ro 
crossing points are maintained in the correct place to drive the 
converter's phase sensitive detector. 

Harmonic Distortion 
The amount of harmonic distortion allowable on the signal and 
reference lines mainly depends on the type of transducer being 
used. 

Square and triangle waveforms can be used but the input levels 
should be adjusted so that the average value after rectification is 
1.9 volts. (For example - a square wave should be 1.9V peak). 

Note: The figure specified of 10% harmonic distortion is for 
calibration convenience only. 

Phase Shift (Between Signal and Reference) 
See Section on "Dynamic Accuracy vs. Resolver Phase Shift". 

DATA TRANSFER 
BUSY Output: 
The validity of the output data is indicated by the state of the 
BUSY output. WhCJl the input to the converter is changing, the 

I signal appearing on the BUSY output is a series of pulses of 
TTL levels. A BUSY pulse is initiated each time the input 
moves by the analog equivalent of an LSB and the internal 
counter is incremented or decremented. 

INHIBIT Input: 
The INHIBIT logic input only inhibits the data transfer from 
the up-down counter to the output latches and therefore, does 
not interrupt tJie operation of the tracking loop. Releasing the 
INHIBIT automatically generates a BUSY pulse to refresh the 
outpUt data. 

Note: With the INHIBIT input pin in the "Hi" TTL state, 
data will be transferred automatically to the output latches. 



ENABLE Inputs: 
Two ENABLE inputs are provided, ENABLE M for the most 
significant 8-bits and ENABLE L for the least significant re
mainder. These ENABLES determine the state of the output 
data. A TTL logic "Hi" maintains the output data pins in a 
high impedance condition, the application of a logic "Lo" presents 
the data in the latches to the output pins. The operation of 
these ENABLES has no effect on the conversion process. 

Two methods are available for transferring data, by using the 
inputs and outputs described. 

One method is to transfer data when the BUSY is in a "Lo" 
state or clock the data out on the trailing edge of the BUSY 
pulse. Both the INHIBIT and the ENABLES must be in their 
correct state of "Hi" and "Lo's" respectively. 

The alternative method is to use the INHIBIT input. Data will 
always be valid one microsecond after the application of a logic 
"Lo" to the INHIBIT. This is regardless of the time when the 
INIDBIT is applied. 

53005 "'0 I. 370ns min 

min = 936ns ('/ 4O,800rpm' 
m •• OEPENOSON • I • INPUT RATE .1 LOGIC 

STATE 

BUSY I I C-_~~~: 

DATA 

RIPPLE 
CLOCK 

VAUO 00 

J 

I 
VAUO VALID 

--I~ :.':~" 
L-____ -JI ___________ ~~-~: 

~~~'::in_t ~ 

DIRECTION VALID IXXXXJ 
NOTE: 
1.1514 

75ns sOns "". min 

VALID IXXXX>< 
Figure 1. Timing Diagram 

RIPPLE CLOCK (RC) and DIRECTION (DIR) Outputs: 
As the digital output of the converter passes through the major 
carry, i.e. all "l's" to all "O's" or the converse, a RIPPLE 
CLOCK (RC) logic output is initiated indicating that a revolution 
or a pitch of the input has been completed. 

The DIRECTION (DIR) logic output indicates the direction of 
input rotation and this data is always valid in advance of the 

RIPPLE CLOCK pulse, and stays valid until the direction 
changes (see Timing Diagram -Figure 1). 

These two logic outputs are provided so that the user can count 
the input revolutions or pitches. An external extension counter 
is required. Figure 7 shows the application circuit which should 
be used to perform this counting function. 

Note: CMOS external counters can be used (see Figure 2) but it 
is not advisable as great care must be taken to keep stray capaci
tances low because of the high tracking rate of the converter. 

VELOCITY OUTPUT 
The tracking conversion technique produces an internal signal 
at the input to the voltage controlled oscillator (VCO) that is 
proportional to the rate of the input angle. In the ISN4 series 
additional circuitry is included to linearize this signal, which is 
closely characterized, producing a high quality tachogenerator 

• REQUIRED 
" }lVl&s~ER 

4>-0-0-0--l 

PITCH COt.NT DATA 

Figure 2. CMOS External Counter 

velocity output at the VELOCITY (VEL) pin. 

This analog tachogenerator velocity output is resistively scaled 
internally to give a full scale output of ± lOY dc at the specified 
tracking rate for the converter. 

However, a full scale output of ± lOY dc can be obtained for 
lower speeds by changing the gain of the internal scaling amplifier 
using only one external resistor. The external resistor, REXn 
should be connected between "REXT" pin and the GND REF 
pin, and calculated using the following equation. 

IOxA 
REXT = B-A kO 

Where A = required rps to be represented by ± lOY FS 

and B = specified rps for the converter. 

Note: A cannot be greater than B and for unity gain "VEL" 
and "REXT" pins should be linked (no external resistor 
required). 

When the external resistor facility is used to provide large mag
nifications there is an additional velocity output offset generated 
due to the inevitable common ground impedance inherent with 
a single ground connection point. While these offsets will still 
be in spec, they can be code dependent. They can be minimized 
by taking the external scaling resistor from "REXT" to GND 
REF instead of "GND". This means that the velocity output 
will be unaffected by the varying current drawn from the + 5V 
supply as the digital output changes. 

Ripple and noise on the velocity signal consists of two components 
- steady state noise and dlnamic noise. 

Steady state noise - this is internally generated noise produced 
by the converter's circuitry and is the only noise signal present 
under static input conditions. 

Dynamic noise - this is the noise produced, in addition to steady 
state. noise, under dynamic operating conditions. 

The two main components of the dynamic noise signal are due 
to the "non-zero" angular error of the resolver/converter combi
nation. The figures given in the specification are typical for a 
size 11, 7 arc-minutes, brushless resolver. 

It should be noted that when operating at low tracking rates it 
is critical to maintain the signal input voltage at its nominal 
value in order to keep the noise level on the velocity signal to an 
absolute minimum. The effect of variation in signal voltage at 
low tracking rates is to produce low energy spikes on the Velocity 
output on the ris,jng edge of the BUSY pulse. The amplitude of 
these spikes will be in the region of 30!L V per percent variation 
in signal input voltage level .. 

Note: The velocity signal output and max tracking rate derates 
by 15% (max) for operation with ± 12 volt power supplies. 
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SPECIAL FUNCTIONS 
DC Error: The signal at the output o( the phase sensitive detector 
is the input to the internal nulling loop and hence is proportional 
to the error between the input angle and the output digital 
angle. As the Converters are a type -2 servo loop, this DC ERROR 
signal will increase if the output angle fails to track the input 
for any reason. It is therefore an indication that the input has 
exceeded the maximum tracking rate of the converter, or, due 
to some'internal malfunction, the converter is unable to reach a 
null. By the use of two external Comparators this voltage can be 
used as a "built in test". 

INTER LSB Output: In order to overcome the "free play" 
inherent in a servo sysd:m using digitized position feedback, 
an analog output voltage is available representing the resolver 
shaft position within the least Significant bit of the digital angle 
output. 

The output is therefore proportional to the inter LSB resolved 
position with a maximum output representing ILSB. 

I 
I 

INPUT I 
ANGLE 

DIGITAL 
COUNT ,0 
OUTPUT 

-1 

INTER LSB 
OUTPUT 

-IV 

Figure 3 

Figure 3 illustrates how the INTER LSB output compensates 
for the instances where, due to hysteresis, there is no change in 
the digital count output for ILSB change in input angle. The 
sum of the digital count output and INTER LSB output equals 
the actual input angle. 

ANGLE OFFSET Input: A IlI!ique feature of the ISN4 series 
of converter is their angle offset input which allows the user to 
electrically "rotate" the input shaft of the resolver. 

Injecting a current of 320nA into the angle offset input pin will 
offset the digital output of the converter by ILSB relative to the 
angle defmed by the resolver inputs. It is recommended that an 
offset equivalent to no greater than 30LSB's be applied to this 
input. 

DYNAMIC PERFORMANCE 
The transfer function of the converter is given below. 

TACHOGENERATOR OUTPUT 

Positional Transfer Function: 

90UT '" K,K2 • I + sT, Open Loop 
9IN S2 I + sT2 
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Tachogenerator Trimsfer Function: 

Tachogenerator Output _ K,(l + sT,) Open 
8IN . - 8(1 + sTv Loop 

Tachogenerator Output 

s2 s3Tz 
8IN K2CI +sT,) + KI +-,e;-

Qosed Loop 

Where: KI = 3.23 
K2 = 68.2 X 103 

K,. = 220 X 103 

Tl = 4.46ms 
T2 = 0.21ms 

Refer: Figures 4 and 5 
'2 
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Figure 4. Gain Plot 
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Figure 5. Phase Plot 

DYNAMIC ACCURACY VS. RESOLVER PHASE siIIFr 
Under static operating conditions phase shift between signal and 
reference lines theoretically does not effect the converter's static 
accuracy. 

However, when rotating, most resolvers, particularly those of 
the brushless type, exhibit a phase shift between the signal and 
the reference. This phase shift will give rise under dynamic 
conditions to an additional error defmed by: 

Shaft Speed CRPS) x Phase Shift CDEGS) 
Reference Frequency 

For example, for a phase shift of 20°, a shaft rotation of 22rps 
and a reference frequency of 5kHz, the converter will exhibit an . 

, additional error of: 

2~~2 '" 0.0880 

This effect can be eliminated by putting a phase shift in the 
reference to the converter equivalent to the phase shift in the 
resolver. 

Note: Capacitive and inductive crosstalk in the signal and reference 
leads and wiring can cause similar problems. 



DC ERROR 

NIC 

-v, 
+V, 

+5V 

GND 

PIN ',,' 
13 ;2 

OOTPUT{ 
14 t1 

ANGLE 
1SN4 

15 ,. 
16(LS8) 

NIC 

NIC 

iNH 
DATA { 

TRANSFER 
BUSY 

REl(T 
TACHOGENERATOR REl(T 

VEL OUTPUT 

ANGLE OFFSET 

+V, GND REF (MS8) 1 

INTER LS8 
INTER LSB EN[ OUTPUT 

PITCH { 
RC ENM 

COUNTER DIR GND 

C'Sf +5V 

REF +V, 

AGND -V, 

SIN CASE 

COS DC ERROR 

NOTES 
1. GND; GND REF AND AGND ARE INTERNALLY CONNECTED. 
2. EACH SUPPLY SHOULD BE DECOUPLED WITH 100nF CERAMIC CAPACITOR 

IN PARALL£L WITH A 6 .... F TANTALLUM CAPACITOR. 
3. REXT IS EXTERNAL TACHOGENERATOR SENSITIVITY SCALING RESISTOR 

(IF REQUIRED) _ SEE TEXT UNDER HEADING "VELOCITY OUTPUT". 

OUTPUT ANGLE 

} DATA TRANSfER 

} POWER 
SUPPLIES 
(NOTEZI 

BITE OUTPUT 
(NOTE 6) 

4. R1 AND RZ ARE ANGLE OFFSET INPUT SCALING RESISTORS (IF REQUIREDI_ SEE TEXT. 
5. CAse PIN CONNECTED ON 460 OPTION ONLY. 
6. POSSIBLE USE AS BUILT·IN TEST EQUIPMENT. (SEE HEADING "SPECIAL FUNCTlONS".) 

Figure 6. Electrical Connections 

COS 

SIN 

AGND 

REF 

CASE 

DlR 

ENM RC 
} REFERENCE ENL INTER LSB 

1 (MSB) GND REF 

ANGLE OFFSET 

VEL 

REl(T 

BUSY CLEAR 
1SN4 iiiiH 

NIC 

NIC 

(lSB) 18 ,. 15 "TO FURTHER 

t1 ,. STAGES IF 
REQUIRED 

'2 13 

PITCH CO~NT DATA 

Figure 7. Connections for Use with Inductosynl"LS" External Counters 

CONNECTING THE CONVERTER 
The electrical connection of the convener is straight-forward. 
The power supply voltages connected to + V s and - V spins 
can be ± 12V to ± lSV but must not be reversed. The + SV 
supply connects to the + SV pin and should not be allowed to 
become negative with respect to the GND pin. 

It is suggested that decoupling capacitors are connected in parallel 
between the power lines ( + V s, - V s and + SV) and GND 
adjacent to the converter. 

When more than one convener is used on a card, then separate 
decoupling capacitors should be used for each convener. 

The convener has some H/F decoupling provided internally, as 
well as input protection on the signal and reference inputs. 

The resolver connections are made to the sine and cosine inputs, 
reference and analog ground as shown in· the electrical connection 
diagram (Figure 6). 
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· PROCESSING FOR HIGH RELIABILITY 

STANDARD PROCESSING 
As part of the standard manufacturing procedure, all converters 
receive the following processing: 

Process 

I. Pre-Cap Visual Inspection 
2. Burn-In 
3. Constant Acceleration 
4. Gross Leak Test 
5. Final Electrical Test 

HIGH RELPROCESSING 

Condition 

In-House Criteria 
70'C 
5000G 
In-House Criteria 
Performed at 250C 

All models ordered to high reliability requirements will be iden
tified with aB suffix, and will have received the following proc
essing: 

1. Internal visual inspection 
2. Stabilization bake, 24 hours at 150'C 
3. Temperature cycling, -65'C to + ISOOC 
4. Constant acceleration, SOOOg 
S. Powered burn-in, 160 hours at 12S'e 
6. Final electrical test at T MIN and T MAX 

7. Seal test, fine and gross 
8. External visual inspection 

OUTLINE DI~ENSIONS 
PACKAGING SPECIFICATIONS 

Dimensions shown in inches and (mm). 

"ANALOG 
... DEVICES 

1664 

OPTIDN [:::J 
0.141:0.01313.56::1:0.331 

~~~~~~LIF===i~ 
L:>,/J1/J,fJ"Lli4l-\f.lf\H,li/1,4I-\HI/J,/i/1,f!nU T /I 00' +.002 .-L 

U -0001 

U1I * 0.112.541 _I r I-f025+005~--' 1:0.002 --a -0025 0175 
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00000000000000000000 -r 
1.09:tO.011 

00000000000000000000 

'1".0211 
I_ 2.095 :t:O.021IU.2 :to.53I--1 BOTTOM VIEW 

PACKAGE FOfI seo OPTION. 

"ANALOG 
... OEVICES 

1664 

OPTIONC:::·J----+-OPTIONCOOE 

booooooooooooooooooo 1 
00000000000000000000 

J~~ TOLERANCES :to.005"11.31 
UNLESS OTHERWISE STATED 

~====;::'.'~40;-;,;;,,:;.,,;::===::jI80nOM VIEW 

PACKAGE FOfl 460 AND 480B OPTIONS 

ORDERING INFORMATION 

N=I 
N=2 
N=4 
N=6 
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lSN4 

lO-bit resolution ~ 
12-bit resolution 
14-bit resolution . 
16-bit resolution 

X60 B [L_ ........ ,,_ 
2kHz to 10kHz reference frequency 

t---X = 5 

'----x = 4 

o to + 70'e operating temperature range 

- 550C to + 1250C operating 
temperature range 
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Tachogenerator 
Output, Variable Resolution, 

Hybrid, Resolver -to-Digital Converter 

FEATURES 
4O-Pin Hybrid 
Tachogenerator Velocity Output 
User Selectable Resolution 
DC Error Output 
Sub LSB Output 
Angle Offset Input 
Reference Frequency of 2kHz to 10kHz 
Logic Outputs for Extension Pitch Counter 

APPUCATIONS 
Numerical Control of Machine Tools 
Feed Forward Velocity Stabilizing Loops 
Robotics . 
Closed Loop Motor Drives 
Brushless Tachometry 
Single Board Controllers 

GENERAL DESCRIPTION 
The 1874 is a hybrid device that converts standard resolver 
inputs to digital position and analog velocity outputs. All the 
essential features of multiturn or multipitch operation are included 
for numerically controlled machine tool and velocity feedback 
applications. 

Typically, the input signal would be obtained from a brushless 
resolver and the resolver/converter combination gives a parallel 
absolute angular output word similar to that provided by an 
absolute encoder. The ratiometric converaion principle of the 
1874 ensures high noise immunity and tolerance of lead length 
when the converter is at a distance from the resolver. 

The output word is in three-state digital logic form with a high 
and low byte enable input so that the converter can communicate 
with an 8- or 16-bit digital highway. 

A unique feature of the converter is its internally generated 
tachogenerator velocity output offering a linear voltage-speed 
relationship. Only one external resistor is required to scale the 
velocity output to the user's chosen volts/rpm relationship. 

Repeatability is lL8B under constant temperature conditions. 

The resolution of the 1874 converter is user selectable by means 

lS74 I 
IS74 FUNCTIONAL BLOCK DIAGRAM 

REF 

SIN 
DC 

~----o~~~E~~ 

---~::i)----o~~~~\ 
INPUT 

DIRECTION 

~~6~~ 0-_-, 1-""'---00 VELOCITY 

SCI '-:;"-'1:::=-___ --0 INTER LSB 
- OUTPUT 

[~;;]::===:::;:::::: INHIBIT 
BUSV 

SC.2 

ENA8LEM~~r--L----L~, 

ENABLE L 

MSB DIGITAL ANGLE ~ lSB 
1180') 

PIN CONNECTIONS 

'2 
11 

•• • • 

• EN[ 
ENM 
GND 
+SV 
+V. 
-V, 
Nle 

DCER 

NOTES 

0 PIN10 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 BOTTOM 0 
0 VIEW 0 
0 0 
0 0 
0 0 
0 0 
0 Q 
0 0 
0 0 
0 0 
0 0 
0 0 

1. "RUT" SHOULD BE CONNECTED TO 
"VEL" FOR UNITV GAIN. 

.3 

•• .s 
•• SC2 
se. 
iNH 
BUSY 
REXT 
VEL 
ANGLE OFFSET 
GND REF 
INTER LSB 
Re 
DIR 
CASE 
REF 
AGNO 
SIN 
COS 

2. CASE PIN CONNECTED ON 460 OPTION ONLY 

ORDERING INFORMATION 

of applying a specific binary code to two of the converter's pins. 1874 X60 B 

Four resolutions can be selected, all operating over a frequency 
range of 2kHz to 10kHz. 

10 bit- up to 40,800 revolutions per minute. 
12 bit up to 10,200 revolutions per minute. 
14 bit up to 2,550 revolutions per minute. 
16 bit up to 630 revolutions per minute. 

This two-page data summary contains key specifications to speed your selec
tion ofthc propcnolution for your appHcation. Additional information on this 
product can be obtained from your local sales office. 

I '--:-High Reliability Processing 

L- 2kHz to 10kHz reference frequency 

x = 5 0 to + 70"C operating temperature range 

x = 4 - 55"C to + 125·C operating temperature range. 
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SP· EC I FI C .'JI O·NS (lyJJical for boIIt commercial (5YO) and extended (4YO) tem~ range options 
'. " . @25"Cand ± 15Y or ± 12V power suppfl8S, unless othalWlS8 noIIId) 

.' 

Resolution 10 Bits 12 Bits 14 Bits 16 Bits 

ALLSPE~CATIONS 
560 Option Same as ISI4 Same as IS24 SameaslS44 SameaslS64 

560 Option 560 Option 560 Option 560 Option 

460 Option Same as ISI4 Same as IS24 SameaslS44 SameaslS64 
460 Option 460 Option 460 Option 460 Option 

For full specification details please refer to the IS 14/24/44/64 data sheet on pages 3-400 and 3-401. 

RESOLUTION PROGRAMMING 
The IS74 converter can be programmed for resolutions of 10, 
12, 14, and 16 bit by applying a binary code to the pins "SCI" 
and "SCZ". 

The dc error output and maximum revolutions per minute for 
full scale are scaled internally according to the particular resolution 
selected. 

Table I gives the binary code, dc error output and maximum 
tracking rate for the resolutions available. 

TracldngRate 
Binary Code DC Error forFS(±lOV) 

Resolution SCI SC2 (mVlBit) rpm 

10 Bit 0 0 160 40,800 

12 Bit 0 1 40 10,200 

14 Bit 0 10 2,550 

16 Bit 2.5 630 

Tablel. 

NOTE: When changiDg resolution under dynamic cOnditions, a 
period of uncertainty will exist before position and velocity data 
is valid. 

For more information ask !or the relevant application note. 
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OUTLINE DIMENSIONS 
Dimensions Shown in inches and (mm). 
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FEATURES 
Converts Brushless Resolver Outputs to Digital Angles 
Low-Cost Digital Shaft Angle Measurement 
High Tracking Rate (6000 rpm) 
Uses Applications Specific LSI Integrated Circuit 
Hybrid Construction 
Three-State Digital Output 
Operates Over 1kHz to 10kHz Frequency Range 

APPLICATIONS 
Robotics 
Machine Tool Control 
Factory Automation 
Industrial Control 

GENERAL DESCRIPTION 
The 2820 converts the output of a brushless resolver into a 12-
bit parallel digital word representing the resolver's shaft angle. 
The combination of resolver and 2S20 can be regarded as a high 
reliability, low-cost absolute shaft encoder. 

The converter is of the continuous tracking type and can follow 
the resolver's shaft at speeds of up to 100 revs per sec (6000 
rpm) without additional error. . 

The converter operates over the reference frequency range of 
1kHz to 10kHz and the unit accepts signal inputs of 2.5 volts 
rms and reference inputs of 2.5 to 10 volts rms. 

The low cost has been achieved by the use of an Applications Specific 
Integrated Circuit which performs 90% of the total converter function 
and ensures extremely high reliabilit,y. 

The 2820 is housed in a 32-pin, triple DIP ceramic package and 
operates over the temperature range 0 to + 70°C. 

USER BENEFITS 
Unlike some other resolver-to-digital conversion techniques, the 
2820 uses only the ratio of the sine and cosine stator signals for 
the conversion and consequently is extremely insensitive to 
reference voltage, frequency and waveform variations. 

The ratiometric amplitude measurement technique and the 
internal phase sensitive detector provide very high input noise 
rejection by attenuating signals which are not phase and frequency 
coherent with the reference signal. 

Data is transmitted from the resolver to the 2S20 in analog 
format thus allowing noise immune data transmission over long 
distances. Furthermore only 6 wires are required to transmit the 
angular data. 

This two-page data summary contains key specifications to speed your selec
tion of the proper solution for your application. Additional infonnation on this 
product can be obtahied from your local sale. office. 

Low Cost, Hybrid, 12-Bit, 
Resolver -to-Digital Converters 

2S20 I 

2S20 FUNCTIONAL BLOCK DIAGRAM 

'-r--.,.J ===~ ~--.JIo----....(,,<). INHIBIT. 

" BIT1 SITU, 

DIGITAL OUTPUT WORD 
112BITSI . 

MODELS AVAILABLE 
Only one model of the 2820 is available operating over the 
frequency range 1kHz to 10kHz and 0 to + 70°C. 

PIN CONFIGURATION 

N/C 
N/C 

CASE 
COSH 

SIGCOM 
SIGCOM 

I 

SINH I 
ENABLE 

N/C 
N/C 

12 (lSB 
11 
10 

) 

7 

032 
031 
030 
029 
028 
027 
026 
025 
024 
023 
022 
021 
020 
019 
018 
017 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 

-VS 
+Vs 
+5V 
GND 

N/C 
RHI 

N/C 
N/C 
BUSY 
I NHIBIT 
MSB) 1 ( 

4 
5 

BOTTOM VIEW 

ABSOLUTE MAXIMUM INPutS (with respect to GND) 

+VSI 
_VSI ..... 
+SV2 •••• 

RmtoGND. 
Sin HilCos Hi 
Case to 
Any Logical Input 

OV to +17V de 
OV to -17V dc 

OV to +S.SV 
±20V dc 
±20V dc 
±20V dc 

-O.4V to +S.SV dc 
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S PEe I F I CATIONS. (tJpicaI @ + 25"&, unless otherwise notId) 

Model 

RESOLUTION 

ACCURACYI 

ACCURACY TEMPERATURE COEFFICIENT 

DIGITAL OUTPUT 

SIGNAL & REFERENCE FREQUENCY 

SIGNAL VOLTAGE 

SIGNAL INPUT IMPEDANCE 

REFERENCE VOLTAGE 

ALLOWABLE PHASE SIDFT 
(SIGNAL TO REFERENCE) 

TRACKING RATE 

2S20 

12 Bits 
(Natural Binary) 
±llarcmins 

0.12 arc minsrC 

ParallellLS TIL Load 
MSB = 180" 

2kHz ~o 10kHz 

2.SVrms 

SOkO±2% 

2.SV to 10V rms 

± 20" Will Give No 
Additional Static Error 

100 Revolutions 

OUTLINE DIMENSIONS. 
Dimensions shown in inches and (mm). 

110-. ----1.1i43.21-----01·1 
... ANALOG -y-
WOEVICES . I 

L+--_2_S20_---IJ 

0.112.541 

Per Second Minimum (6000 rpm) 

SETILING TIME (179" Step) 20msmax 

ACCELERATION CONSTANT (I<.) 6S0,OOO/sec/sec 
I---- 0.' 122.91 ----01 

BUSYOUTPUT Logic "Hi" When BUSY lj1.s max 
ILS TIL Load 

INHIBIT INPUT 

POWER SUPPLIES 
+Vs 
-Vs 
+SV 

POWER DISSIPATION 

TEMPERATURE RANGE 

DIMENSIONS 

WEIGHT 

NOTES 

Logic "Lo" to INHIBIT 
ILS TIL Load 

+ 12Vto + ISV@IOmA 
-12Vto -ISV@IOmA 
+4.7SVto +S.2SV@3mA 

0.320Watts 

Oto +7O"COperating 
- 6O·C to + lSO"C Storage 

1.72" x 1.1" X 0.20S" 
(43.S x28.0xS.2mm) 

I OZ (28 grams} 

1 Accuracy applies at 25'C and for ± 10% signal and reference voltage 
and frequenc:yvariation. ± 5% power supply variation. 
Specifications subject to change without notice. 

PIN FUNCTION DESCRIPTION 

-VS 

+Vs 

+5V 

GND 

Bit 1-12 

Sin Hi 
Cos Hi 

RHI 

Main negative power supply -12V de to .,..ISV dc. 

Main positive power supply + 12V dc to + ISV dc. 

Logic voltage. 

Power supply ground. Digital ground. 
Reference voltage low. 

Parallel output data bits IMSB = 180·. 

Input analog signals. 

Reference voltage input HI. Reference low 
connects to GND. 
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INHIBIT 

BUSY 

ENABLE 

CASE 

N/C 

SIGCOM 

Inhibit logic input. Taking this pin "10" inhibits 
data transfer from counter to output latches. The 
conversion loop continues to track. 

Converter BUSY. A "Hi" output indicates that the 
the output latches are being updated. Data should 
not be transferred from the converter output while 
BUSY is "Hi". 

The output data bits are set to a low impedance 
state by application of a logic "10". 

This should normally be grounded. Case can be 
be taken to any voltage with a low impedance 
up ±20V. 

Pins deSignated N/C not connected internally. 

Internally connected to GND. 
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FEATURES 
Internal Signal Conditioning 
Direct Conversion to Digits 
Reference Frequency 400Hz or 1 kHz to 10kHz 
High MTBF 
No External Trims 
Absolute Encoding 

APPUCATIONS 
Industrial Measurement and Gauging 
Numerical Control 
Avionic Control Systems 
Valves and Actuators 
Limit Sensing 

GENERAL DESCRIPTION 
The 2S50 series converters translate the outputs from L VDT 
and RVDT transducers into digits directly. No signal conditioning, 
trims, preamplifiers, demodulators or filters are required. The 
2S50 series can also be used as general purpose ratiometric A-to
D conveners; very compatible with load cells, strain gauge 
bridges, some pressure transducers and interferometers. 

The 2S50 linearly convens ac signals into an: lI-bit parallel 
digitlll word. The digital output is an offset binary word which 
is the ratio of the signal and reference inputs. When used with 
LVDT and RVDT transducers, the digital output represents 
the linear or rotary displacements of the transducer. The converter 
is a continuous tracking type using a type 2 servo loop. 

PRINCIPLE OF OPERATION 
The 2S50 is a tracking convener. This means that the output 
automatically follows the input without the necessity of a convert 
command. 

A conversion is initiated by a change of input signal equivalent 
to ILSB of the output. 

Each LSB increment of the output is indicated by a "Busy" 
pulse. 

With an LVDT connected to give a null at center position, the 
output will track the input from digital "I + all zeroes" to 
digital "all ones" for plus full scale, and digital "I + all zeroes" 
to digital "all zeroes" for negative full scale. 

The 2S50 operates only on the ratio of the two inputs for the 
conversion process. As such the whole system, consisting of 
excitation oscillator, L VDT and convener, is insensitive to 
change in excitation voltage, amplitude, frequency and 
waveshape. 

Since a phase sensitive demodulator is included with the conversion 
loop of the 2S50, the system has a high rejection to signals that 
are not phase and frequency coherent with the excitation voltage. 
This feature, combined with ratiometric conversion gives a very 
high standard of integrity to digitized LVDT and RVDT 
systems. 

,This two-page data summary contains key specifications to speed your selec
tion of the proper solution for your application. Additional information on this 
product can be obtained from your 1oc:a1 sales office. 

REFERENCE HI 
(PRIMARY 

eXCITATION) LO 

DIFFERENTIAL HI 
(SECONDARY 

VOLTAGE) LO 

LVDT -to-Digital Converter 

2S50 I 
2S50 FUNCTIONAL BLOCK DIAGRAM 

PIN FUNCTION DESCRIPTION 

-Vs 

+VS 

+5V 

GND 

Bit 1-11 

Ref Hi I 
DiffHi 
RefLo 
DiffLo 

INHIBIT 

BUSY 

ENABLE 

CASE 

N/C 

Main negative power supply - 15V dc. 

Main positive power supply + 15V dc. 

Logic supply. 

Power supply ground. Digital ground. 
Reference voltage low. 

Parallel output data bits. 

Analog reference input (Hi). 
Analog difference input (Hi). 
Analog'reference input (Lo). 
Analog difference input (Lo). 

Inhibit logic input. Taking this pin "Lo" 
inhibits data transfer from counter to output 
latches. The conversion loop continues to 
track. 

Converter BUSY. A "Hi" output indicates that 
the output latches are being updated. Data 
should not be transferred from the converter 
while BUSY is "Hi" . 

The output data bits are set to a low impedance 
state by application of a logic "Lo". 

This should normally be grounded. Case can be 
taken to any voltage with a low impedance 
up to ±20V. 

Pins designated N/C not connected internally. 

ORDERING INFORMATION 

x Y 0 B -ll -L High Reliability ProcessiDg 

Yy :_ 61 400Hz refereoce frequency 

1kHz to 10kHz reference frequency 

X - 4 - 55"C to + 125"C operating temperature range (Metal Package) 

X - 5 0 to +7O"C operating temperature range (Ceramic Package) 
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SPEC I F I CAli ONS (typicaI@ +25"1:, unless IIIhaIwise naIIId) 

RESOLUTION 

LlNEARlTY 
REFERENCIl FRIlQUIlNCY 

. SIGNALINPlITS' 

INPlITIMPEDANCil 

SLIlWRA TIl (Min) 

SIITTLING TIMil (99%FS Step) 

ACCIlLIlRA TION CONSTANT (k.) 

BUSyPUUiIl 

INHIBITINPlIT 

POWER DISSIPATION 

POWER SUPPLIES' 

TIlMPIlRATURIlRANGIl 
Operating 
S_ 

DIMIlNSIONS 

WIlIGHT 

NOTES 

25501510 

IIBiIs 
O.I%(FullSc:ale) 

±l/lLSB 

400Hz 

2.5Vrms 

5MIl(min) 

200LSBIms 

sOma 
70,000 

I"s(max) 
I LS TTL Load 

Logic uLo" to luhibit 
ILSTTLLoad 

sSOmw 
-ISV@18mA(typ)25mA(max) 
+ ISV@I8mA(typ)25mA( ..... ) 
+ 5V@3mA(max) 

010 +7O'C 
-6O'Cto + 15O'C 

l.72"x 1.1" x O.20S" 
(43.5 x 28.0x 5.2mm) 

I ... (28g) 

lAcc:uracyappJiesover:± 20%sipaI voltqe. :!: 20% ezc:itation frcqtIeDCY and full temperatureraQle, 
IUldforDOtJlUtetthan!°plweerrorbetweenrefercnceanddifl'erellceinputs. 

·2T'hisilancmiDalvalue. 
3±12voJ.tsto±17w1ts. 
*Speclficatioassame .. 2SSOISIO. 

*-SpecificatioDssameuZS501410, 
SpeciflCltioasmbjecttocbaDgewi1houtl1Otice. 

PIN CONFIGURATION 

.-____ "7f(PlN1IDEN1lFII!A 

<I' -v, o 
o 

CAS' 0 
REf HI 0 

IEFLD 0 

DlFFLO 0 

DlFFHI 0 

rom 0 
NIC 0 

NIC 0 
ILSBJl1 0 

10 0 

• 0 

• 0 
7 0 

• 0 

o +v .. 
o 
o GOD 

o 
o 
o 
o NIC 
o BUSY 

0""" 
o 
o flMSBI 

o • 
o • 
o • 
o • 

25S01S6O 

0.1% 

1kHz-10kHz 

400LSBlms 

25ms 

650,000 

25501410 

0.2% 

400Hz 

200LSBlms 

sOma 
70,000 

- S5'C to + 12S'C 

1.74" x 1.14" x 0.28" 
(44.2x28.9x7.lmm) 

25501460 

0.2% 

1kHz-10kHz 

400LSBlms 

25ms 

650,000 

ABSOLUTE MAXIMUM INPUTS (with respect to GND) 

+Vs. 
-Vs ..... 
+SV 
Ref, Hi to Lo 
Diff, Hi to Lo . 
Case to GND . 
Any Logical Input 

OVto +l7Vde 
OVto -l7Vde 

OV to +S.SV de 
±20Vde 
±20V de 
±20V de 

-O.4V to +S.SV de 

OUTLINE DIMENSIONS 
PACKAGING SPECIFICATION 

Dimensions shown in inches and (mm). 

O ..... 'aN [ ',:',::----- __ COOE 

\ 

25501510 and 560 Options, 0 to + 700C (Ceramic Package) 
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AD2060 - I1P-Based, Autoranging RTDlThermistor Meter 

AD2061 - I1P-Based, Autoranging RTD/Thermistor Meter 
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CAV-1040 - lO-Bit, Video Analog-to-Digital Converter 
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DAS1157 - Low Power, 14-Bit, Sampling Analog-to-Digital Converter 
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IIIIIIII ANALOG 
WDEVICES 

Microprocessor Based Autoranging 
RTDIThermistor Meter 

FEATURES 
Temperature Ranges: -328"F to +1562"F 

- 200"C to + 8500e 
Autoranging: 0.1° from -199.9" to + 199.9"; 1°;;,;200-
Sensor Selection (AD2060): RTD 1000 Platinum 

a = 0.00385. 0.00390. 0.00392 or 22520 Thermistor 
Universal Meter (AD2061) Sensor User Programmable 
Switch Selectable Sensor Configuration: 2. 3 or 4-wire 
7-Bit ASCII Character Serial Data Output 
Automatic Self-Calibration for Gain. Offset. Excitation 

and Sensor Linearization 
Optional Linearized Analog Voltage Output: 

1mVldegree 
Optional Isolated 20mA ASCII LoopfTTL Serial Outputs 

APPLICATIONS 
Temperature Monitoring in Laboratory. Manufacturing 

and Quality Control Environments 
Process Control Temperature Measurements 
Remote Data Logging 

GENERAL DESCRIPTION 
The AD2060/AD2061 are high performance single channel 3'12 
digit RTDffhermistor meters that can measure temperature 
accurately between - 328°F and + 1562°F (- 200"C and + 850°C). 
Both meters offer autoranging from O.loCIF to l°CIF. The 
AD2060 is supplied factory programmed for one of four sensor 
types: 1000 Platinum RTDs: a =0.00385, 0.00390, 0.00392 or 
a 22520 Thermistor. The AD2061 is a universal meter in which 
the user selects one of the four sensor types via switch program
ming. The microprocessor based AD2060/AD2061 provides 
gain, offset and excitation error correction, linearization and 0c/ 
OF scaling in f1l1llware. The AD2060/AD2061 display temperature 
information on large O.56"(l4.3mm) high LEDs. Digital infor
mation is provided in 7-bit standard ASCII character serial 

4WIME 
oro 

SELF·CALIBRATION CHANN£L SELECT }8'" AC OR DC POWER 
INPUT SUPPly, GAOUND ...... 

-., 

AD2060/ AD2061 I 

format with baud rate selection for easy interface to printers, 
terminals and other peripherals. For remote data acquisition 
applications, an optional isolated 2-wire 20mA ASCII serial 
looplTTL compatible interface is available. For driving recorders 
or other analog instruments, an optional linearized analog voltage 
output of ImV/degree is available. S~lection of °C or OF scaling 
is accessed by removing the front panel lens and setting the 
selector switch to its proper position. 

The AD2060/AD2061 can be ordered in one of the following 
power versions: 120V ac, 240V ac or + 7.5V dc to + 28.0V dc. 
Input voltage protection of 180V peak (RTD short to ac line), 
common-mode voltage to 1400V peak (ac version) with overrange 
and open sensor detection is provided. These meters are rated 
for operation over the 0 to + 4O"C temperature range. Each 
AD2060/AD2061 is burned-in for 168 hours @ 50"C with on/off 
power cycles for increased reliability. The AD2060/AD2061 are 
supplied in rugged molded plastic cases that meet UL94V-O and 
DININEMA standard dimensions. 

Figure 1. AD2060& AD2061 Functional Block Diagram 
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SPEC I FI CAli 0 NS (typical @ + 25"C and rated supply voIIages unless otherwise specified) 

RTDINPUTS 

• RTDTypes: lOon Platinum 
a ~ 0.00385 (Per DIN 43760) 
a~0.00390 

a~0.00392 

• Conftguration: 2, 3 or 4 Wire 
• Excitation Current: O.2SmA nominal 
• External Lead 

Resistance Effect: Automatically Compensated for 3 & 4 wire configurations 
• Lead Resistance: SOO/Lead max; RTD + Lead Resistance must be less than 4000 
• 3 Wire Error: 2.goC/O of impedance imbalance 
• Open Sensor: DISPLAY + EEE 
• RTD Short to ae Line: Internal protection provided to 180V peak (BOV rms) 
• Maximum Common-Mode Voltage: 1400V peak (ae or de) between input and power 

line ground (ae version) 
• Common-Mode Rejection Ratio: lOOdB ae power to RTD input 
• Normal Mode Rejection: 60dB @ SO/60Hz 

THERMISTOR INPUTS 
• Thermistor Type: Series 400 R = 2252.0 
• Configuration: 2 Wire 
• Open Sensor: DISPLAY ·EEE 

ACCURACY 
• Temperature Resolution: Autoranging (0.1° from -199.9° to + 199.9". 1°~2000) 
• All Ranges Guaranteed Monotonic 
• Range Temperature Coefficient: 20ppmFC typ. 3Oppmf'C max 
• Readout Accuracy* @ + 25°C 

Sensor Range 

loonRTDa~0.00385 - 200"C to + 850°C 
- 328°F to + 1562°F 

loon RTD a ~ 0.00392 -200"Cto + 640°C 
- 328°F to + 1184°F 

loonRTDa~0.00390 - 200°C to + 640°C 
- 328°F to + 1184°F 

Thermistor R"'" 22520 - 30°C to + 100°C 
-2ZOFro +212°F 

*Readout Accuracy: Includes Gain and Offset Errors. Recommended 
Recalibration ]ntervaIIS-MONTHS. 

DIGITAL OUTPUTS 
• Character Serial ASCII 

Data: Eleven transmitted characters, (each 7 bits plus strobe) 
Drive Capability: 2TTL loads, CMOSrrTL compatible 

Accuracy 

±O.3°C± 1/2LSD 
±0.6°F± 1I2LSD 
± 0.3"C ± 1I2LSD 
±0.6°F± 1I2LSD 
± 0.3°C ± 1/2LSD 
± 0.6°F ± 1I2LSD 
± 0.4°C ± 1/2LSD 
±0.8°F± 1I2LSD 

Strobe: Negative transition determines when character serial data is valid. CMOSrrTL 
compatible. 
Character Rate: Selectable on PI (Pin 32) 
Grounded: 25 characters/sec. (SLOW) 
Open: 100 characters/sec. (FAST) 

• Isolated Serial Output (Optional) 
Data: Asynchronous ASCII 20mA current loop (Optically isolated to :t: 600V peak) 
Baud Rate: Selectable on PI (Pin 32) 
Grounded: 300 baud (SLOW) 
Open: 1200 haud (FAST) 
Distance: 10,000 ft. max 

• Nonisolated Serial Output (Optional) 
Data: Serial ASCII 
Drive Capability: 2TTL Loads, CMOSrrfL compatible 
Baud Rate: (same as Isolated Serial Output) 

• Overrange: :t: EEE.E 
• Minimum Time Between New Data Update: ISOms 

DIGITAL INPUTS 
• REQ: Low~Level Triggered: Must go low at any time other than during data 

transmission to be recognized. REQ line taken low during data transmission will 
not be acknowledged and the ASCII digital output transmission will not occur. 
Display readings are not effected by REQ. 

• SERIAL INPUT (Optional): Edge Triggered, Current On to Current Off: Must be 
triggered at any time other than during data transmission to be recognized. Serial 
Input triggered during data transmission will not be acknowledged and the 20rnA 
isolatedfITL compatible serial output transmission will not occur. Display readings 
are not effeeted by Serial Input. 

ANALOG OUTPUT (OPTIONAL) 

• Voltage: ImV/degree, linearized 
• Current: ± 2mA max drive 
• CMV: 1400V peak (ac or de) between Analog Output Ground & ac Power Line 

Ground 
• Overrange: +2.048V, -0.512V 
• Accuracy: ±2mV from Display Reading 

~pecificatiODS subject to change without notice. 
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ANALOG TO DIGITAL CONVERSION 
• Technique: Offset Dual Slope with Gain and Offset Error Correction 
• Rate: 2.5 Conversions/Second Typical 
• Input Integration Period: lOOms for SO/60Hz Noise Rejection 

POWER REQUIREMENTS (Choice of Three Supply Ranges) 
• ac: 90V ac to 132V ac @ 25mA (47Hz to 500Hz) 

198Vac to 264V ac @ 12.5mA (47Hz to 500Hz) 
• dc: + 7.5V to + 28V de @ 200mA (Protected Against Supply Reversals) 

DISPLAY 
• Type: Seven Segment Orange LED 0.56" (14.3nun) high 
• Polarity Indication: "+" or "-" displayed 
• Overrange Indication: ± EEE 
• Display Test: At Power Turn-On, 3 Second Display of" + 188.8." Tests all 

Segments of Display 

ENVIRONMENTAL 
• Rated Temperature Range: 0 to + 400C 
• Operating Temperature Range: -lOce to + 50°C 
• Storage Temperature Range: - 4O"C to + 8S0C 
• Relative Humidity: Meets MIL-STD·202E, Method 103B 

(0 to 90%, Noncondensing) 

DIMENSIONS 
• ease: 3.78" x 1.89" x 5.1l" (96.8mm x 48.9mm x Ill.lmm), rugged molded 

plastic case. Meets UL94V~0 and D]NfNEMA Standard dimensions 
• Weight: IS.2 oz (431 grams) max, ac powered 

12.0 oz (341 grams) max, dc powered. 

RELIABILITY 
• MTBF: >SS,OOO hours calculated 
• Bum In: 168 Hours at + soce with Power ON/OFF Cycles. 
• Calibration: NBS Traceable 
• Recalibration: Recommended I S~Month Intervals 
• Warranty: 12 months 

CONNECTOR 
One 44 pin 0.1" (2.54mm) spacing card edge connector Viking 3VH22/1 JNS or 
equivalent 
Optional: Order AC2630 

Figure 2. Rear Panel View 

ORDERING GUIDE 
AD2061 LLL 

AD2060 LLI_I_ 
S~~8S5~~=.!:inumRTDa~0.0038S~J 
(390)IOOnplatinumRTDa~0.00390 ENTER 
(392) loonplatinumRTDa~0.00392 
(2252) Thermistor R ~ 225m 

POWEROPTION* 

(1)120Vac ) 
(2) 240V ac ENTER 
(3) +7.5Vdcro + 28Vdc . 

ANALOG OUTPUT OPTION 

(A) Cnntains Analog Output } ENTER 
(Blank) Does NotContain Analog Output 

SERIAL OUTPUT OPTION 
(S)Cnntains Serial Output } ENTER _____ -' 

(Blank) Does Not Cnntain Serial Output 

*Only one option can be ordered. The sensor type does not need to be specified 
when ordering the AD2061 since it is user programmable. 



-'ANALOG 
WDEVICES 

Microprocessor Based Autoranging 
Thermocouple Meters . 

I 
FEATURES 
Autoranging (0.1° _ 1°) 
4112 Digit Resolution 
Automatic Self-Calibration for Gain, Offset, Cold 

Junction Compensation and Thermocouple 
Linearization 

J, K, T, E, R, S, C, B, J DIN, and T DIN Thermocouple 
Selection 

Universal Meter (AD2071), User Programmable for all 
Thermocouple Types 

Four Port Isolation: Input, Power, Digital Output 
and Analog Output 

Optional Isolated and Linearized Analog Voltage Out-
put 1mV/Degree 

Optional Isolated 20mA LooplTTL Serial Data Output 
Optional Isolated RS-232/TTL Serial Data Output 
Heavy Gauge Rugged Metal Case 

GENERAL DESCRIPTION 
The AD2070/AD2071 are high performance, microprocessor 
based, autoranging, single channel thermocouple meters that 
can measure temperature accurately from - 328°F to + 4200°F 
(-200°C to +23l5°C). The AD2070 is supplied factory pro
grammed for any of the following ten thermocouple types: J, K, 
T, E, R, S, C, B, J DIN, and T DIN. The AD2071 is a universal 
meter in which the user selects one of the ten thermocouple 
types via switch programming. Both meters offer autoranging 
from O.l°c!"F to l°c!"F. The microprocessor based AD20701 
AD2071 provides gain and offset error correction, cold junction 
compensation, thermocouple linearization and °c!"F scaling in 
firmware. 

The AD2070/AD2071 display temperature information on large 
0.56" (14.3mm) high LEDs. Digital information is provided in 
standard ASCII character serial format with rate selection for 
easy interface to printers. For remote data acquisition applications, 
an optional isolated 20rnA serial loop or RS-232 compatible 

AC OR DC} 
INPUT 

POWER 

AD2070/AD2071 I 

interface is available. For driving recorders or other analog 
instruments, an optional isolated and linearized analog voltage 
output of lmV/degree is available. Selection of °C or OF scaling 
is accessed by removing the front panel lens and setting a selector 
switch. 

The AD2070/AD2071 can be ordered in one of the following 
power versions: l20V ac, 240Vac or +7.5V dc to +28.0V dc. 
Input overvoltage protection rating is 300V peak (thermocouple 
to ac line shorts). The common-mode voltage rating is l400V 
peak. Overrange and open thermocouple detection are provided 
in all models. Analog output and digital outputs are isolated to 
500V peak from power, input and output sections. Each meter 
is burned-in for 168 hours at 50°C with on/off power cycles for 
increased reliability. These meters are rated for operation over a 
+ 10°C to +40°C range. The AD2070/AD2071 are supplied in a 
heavy gauge, rugged metal case that meets DININEMA standard 
dimensions. 

} 
OPTIONAL 

20rnA 
LOOP 

}
O""'NAL 

RS·232 

Figure 1. AD20101AD2071 Functional Block Diagram 
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SPEC I F I CAT I 0 NS (typical @ + 25"C and rated S\lpplyvoltages IBIIess otherwise specified) 

THERMOCOUPLE INPUTS 

THERMOCOUPLE TYPES: 

J, K, T, E, R, S, B, C, J DIN and T DIN 
INPUT IMPEDANCE: 

lOOMO 
EXTERNAL LEAD RESISTANCE EFFECT: 

<20 ... V per 3500 of Lead resistance 
COLD JUNCTION COMPENSATION ERROR: 

±0.3"C max (+ 10°C to +400 C) 
OPEN THERMOCOUPLE: 

+ EEEE Display; + EEEE.E ASCII DIGITAL OUTPUT: + 3.500V 
ANALOG OUTPUT 

THERMOCOUPLE SHORT TO AC LINE: 
Internal Protection Provided to 300V peak, (200V ac nos) 

COMMON·MODE VOLTAGE: 
1400V peak (de or ae), Between Input and Power Line Ground 

COMMON·MODE REJECTION RATIO: 
> BOdB with 2500 Source Imbalance (de to 60Hz) 

NORMAL·MODE REJECTION RATIO: 
>80dB Cd SO/60Hz 

DIGITAL OUTPUTS 

ISOLATED CHARACTER SERIAL ASCII (Standard) 

DATA: 
Eleven transmitted characters, each 7 bits plus strobe 

DRIVE CAPABILITY: . 
2TTL Loads, CMOSrrTL compatible 

OVERRANGE: ± EEEE.E 
STROBE: 

Positive transition determines when character serial data is valid. 
CMOSrrTL compatible. 

ISOLATION: 
500V Between Input, Analog Output and Power Input 

CHARACTER RATE: 
Selectable on PI (Pin 20) 
Grounded: 25 Characters/sec. (SLOW) 
Open: 100 Characters/sec. (FAST) 

ISOLATED SERIAL OUTPUT (Optional) 

DATA: 
Asynchronous ASCII 20rnA current loop or RS·232 

. BAUD RATE: 
Selectable on PI (Pin 20) 
Grounded: 300 baud (SLOW) 
Open: 1200 baud (FAST) 

OVERRANGE: 
±BEEE.E 

DISTANCE: 
50 ft. (RS·232), 10,000 ft. (20rnA loop) 

ISOLATION: 
500V Between Input, Analog Output and Power Inpur 

ISOLATED SERIAL OUTPUT 
DATA: 

. Serial ASCII TTL 
DRIVE CAPABILITY: 

2TTL Loads, CMOSrrTL Compatible 
BAUD RATE: 

(same as above) 
OVERRANGE: 
. ±EEEE.E 
ISOLATION: 

SOOV Between Input, Analog Output and Power Input 
MINIMUM TIME BETWEEN NEW DATA UPDATE: 

lOOms 

DIGITAL INPUTS 

REq: LOW·LEVEL TRIGGERED: 
Must go low at any time other than during data transmission to be 
recognized. REQ line taken low during data transmission will not be 
acknowledged and the ASCII digital ~ut transmission will not occur. 
Display readings are not effected by REQ. 

SERIAL INPUT: EDGE TRIGGERED, CURRENT ON TO CURRENT OFF 
Must be triggered at any time other than during data transmission to be 
recognized. Serial Input triggered during data transmission will not 
be acknowledged and the isolated 20rnA looprrTL or isolated RS-232rrTL 
compatible serial OUJPut transmission will not occur. Display readings 
are not effected by erial Input. 
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ISOLATED ANALOG OUTPUT (OPTIONAL) 

VOLTAGE: 
lmV/degree, Fahrenheit or Celsius linearized 

CURRENT: 
±2mA max 

OVERRANGE: 
+3.500V, -0.328V 

ACCURACY: 
± 2m V from Display Reading 

ISOLATION: 
500V Between Input, Digital Output and Power Input 

ACCURACY 

TEMPERATURE RESOLUTION: 
Autoranging O.loCfF - IOCfF (see Sensor Ranges) 

RANGE TEMPERATURE COEFFICIENT: 
2OppmJ"C typ, ±4OppmJ"C max (of Reading) 
All Ranges are Guaranteed Monotonic. 

Sensor 
Type Range ReadoutAccuracy@+2SoC1 

-2oo.0°Cto + 760.0°C ±O.4°C ± 112 LSD 
-328.0°Fto + 1400.0°F ±0.8°F ± 1/2 LSD 

JDlN - 200.0°C to + 760.0°C ±0.4°C ± 1/2 LSD 
JDIN -328.0°Fto + 14OO.0°F ±0.8°F ± 112 LSD 

K -2oo.0°Cto + 1250.0°C ±O.4°C ± 112 LSD 
K -328.0°Fto + 1999.9°F ±0.8°F ± 112 LSD 
K + 2ooo°F to + 2282°F ±0.8°F ± 112 LSD 

T -2oo.0°Cto +4oo.0°C ±O.4°C ± 112 LSD 
T -328.0°Fto + 752.0°F ±0.8°F ±1/2LSD 

TDiN - 2oo.0°C to + 400.0°C ±0.4°C ± 1/2 LSD 
'TDIN - 328.0°Fto + 752.0°F ±0.8°P ± 112 LSD 
E -200.0°Cto + looo.O°C ±O.4°C ± 112 LSD 
E - 328.0°Fto + 1832.0°F ±0.8°F ±1I2LSD 

R O°C to + 299°C ±2°C ±1I2LSD 
R + 300°C to + 1768°C ±lOC ±1/2LSD 
R + 32°F to + 570°F ±4°P ± 1/2 LSD 
R +571°Fto +32WF ±2°F ±1I2LSD 

S O°C to + 299°C ±2"C ± 112 LSD 
S + 3oo"C to + 1768°C ±lOC ± 1I2LSD 
S + 32°F to + 570°F ±4°F ± 112 LSD 
S + 571°F to + 3214°F ±2°F ±1I2LSD 

B + 300°C to + 4OO"C ±3"C ± 112 LSD 
B +401 0Cto + 1820°C ±loC ± 1I2LSD 
B + 572°F to + 7S2°F ±6°F ± 1/2 LSD 
B + 753°F to + 3308°F ±2°F ± 112 LSD 

C O°C to + 400°C ±3°C ± 112 LSD 
C +401"Cto +2315°C ±I"C ±1I2LSD 
C + 32°F to + 752°F ±6°F ± 1/2 LSD 
C + 753°F to + 42oo°F ±2°F ± 112 LSD 
NOTE 
'Readout Accuracy includes all Conformity Errors, C]C Errors, Gain and Offset errors. Recom· 
mended recalibration interval IS-months. Warm-up time 10 minutes. 

ANALOG TO DIGITAL CONVERSION 

TECHNIQUE: 
Offset Dual Slope with Gain and Offset Error Correction 

RATE: 
2.5 Conversions/Second (Typical) 

INPUT INTEGRATION PERIOD: 
100 Milliseconds for SO/60Hz Noise Rejection 

POWER REQUIREMENTS (Choice of Three Supply Ranges) 

ae: 

de: 

90V a~ to 132V ac (a' iSmA (de to 1kHz) 
198V ac to 264V ac (II' 12.5mA (de to 1kHz) 

+ 7.5V to + 28V de Co' 600mA (Protected Against Supply Reversals) 

DISPLAY 

TYPE: 
Seven Segment Orange LED 0.56" (14.3mm) high 

POLARITY INDICATION: 
., + " or .. ~ .. displayed 

OVERRANGE INDICATION: 
±EEEE 

DISPLAY TEST: 
At Power Turn-On, 3 Second Display of U+ 1888.8." Tests All Segments 
of Display 



ENVIRONMENTAL 

RATED TEMPERATURE RANGE: 
+ IO"C to +4O"C 

OPERATING TEMPERATURE RANGE: 
-IO"Cto +50"C 

STORAGE TEMPERATURE RANGE: 
-4O"C to +85"C 

RELATIVE HUMIDITY: 
Mee .. MIL·STD·202E, Method 103B 
(0 to 90%, Noncondensing) 

RELIABILITY 

MTBF: 
> 200,000 hours calculated 

BURN IN: 
168 Hours at + 50"C with Power On/Off Cycles 

CALIBRATION: 
NBS Traceable 

RECALiBRATlON: 
Recommended 15·Month Intervals 

WARRANTY: 
12 months 

DIMENSIONS 

CASE: 
3.78" x J.89"x6.75" (96.8mmx48.Ommx 17J.Omm), rugged 
aluminum esse. DlNINEMA Standard. 

PANEL CUT OUT: 3.622,,+0.031"(92 + ,8)mmx J.771 +0.024(45 + ,6)mm 
PANEL THICKNESS: - 0.000" - ,0 - 0.000 - ,0 

1116" (J.5mm) to 3/16" (4.8mm) 
WEIGHT: 

23 oz. (650 grams) typ 

Specifications subject to change without notice. 

GENERAL THERMOCOUPLE OPERATION 
A thermocouple is a device that measures temperature by con
verting thermal energy to electrical energy. In order for this 
conversion process to take place, two phenomena must occur: 
(I) Two dissimilar metals must be bound together at one end to 
form the "HOT" or measuring junction with the free end attached 
to the instrument constituting the "COLD" or reference junction 
(shown in Figure 2) and (2) the "HOT" and "COLD" junction 
must be maintained at different temperatures (.1\ T). The magnitude 
of voltage (V I) developed at the "COLD" junction is directly 
proportional to temperature differential developed between the 
two junctions. 

"HOT" 
JUNCTION 

Figure 2. Typical Thermocouple 

In order for an accurate temperature measurement to be made 
of the "HOT" junction point, the "COLD" junction temperature 
must be known. Currently, there are two approaches in which 
this can be accomplished: 

I) By setting the "COLD" junction temperature to a fIXed 
value, or (2) by measuring the ambient temperature at the "COLD" 
junction termination. 

One common convention for setting the "COLD" junction 
temperature to a fIXed value is to place that junction into an ice 
bath which is set at the melting temperature of ice. 32°F/O"C. 

The A02070/A02071 use the second approach. By physically 
placing a "COLD" junction temperature sensor near the ther
mocouple input terminal block, the most accurate measurement 
.of the ambient "COLD" junction temperature is made. 

THERMOCOUPLE TYPE 
Thermocouples come in many forms depending upon the two 
dissimilar metals used, temperature range, and the application 
required. Because any two dissimilar metals that are bonded 
together can theoretically form a thermocouple, the National 
Bureau of Standards (NBS) sets standards and establishes cali
bration tables for each thermocouple temperature vs. output 
voltage. Shown in Table I are the thermoCouple types, metallic 
composition, and environmental applications that can be interfaced 
with the A02070/AD2071. 

Each thermocouple type is designated by an alphabetic letter 
that is accepted by the American National Standards Institute 
(ANSI). Shown in Figure 3 are the thermocouple types, that 
can interface with the A02070/A02071, displaying each NBS 
calibrated range and the corresponding specified operating range 
of the meter. 
ANSI~ 
TbermocoupIe Metallic 
Type Compooitioa 

E 

K 
S 

T 

R 

B 

Chromcl-Constantan Vacuumorinen.mildlyoxidiziDgorrcducing 
atmosphere. Not subject to c.:orrosioo at sub-zero 
temperatures. 

lron..('.onstantan Reducing atmospheres 

Chrome1·A1umcl ClcanOlWlizi .. Aunosphere 
Platinum-Platinum High resistance to oxidation and corrosion. 
10% Rhodium 

Coppcr-ConStaDbUl 

Platinum·Platinum 
13% Rhodium 

MildIyOllidizi .. ODd reduciDgaunospberes wbete 
moiHUreisprcsent,hightempctaturcsupto +7SOOF. 
High resistance to ozidatiOD and corrosion. 

Platinum6% Rhodium· Oxidiziogor incrtatmosphc:re. 
Platinum 30% Rhodium 

C* Tungsten S% Rhenium- Vacuum. inen or Hydrogen Aunosphere 
Tungsten26% Rhenium 

*Not ANSI Symbol 

DIN Dooipate4 
Type 

J 
T 

Reducing atmosphere 
MildlyOllidiziDlJandreduciDgatmosphereswbete 
moisture is present. high ranpcratures up to + 7serF. 

Table I. Thermocouple Types, Metallic Composition, and 
Environmental Applications 

-c -300 • . , .. ... ... "GO , ... , ... 
'F - ... 32 on 1112 , ... 2192 2732 3272 

-2OO"C 'OOO'C 
E 

-32O'F '132'f 
-2OD'C 7tO'C 

JI 
JotN 

-328'F , ..... 
-200'C ,,...., 

K 

- .... F 222I'F 

O'C 300'" 
,,...., 

R I 
+32'F S72"F 3214" 

-200'C <We I'llIJ OC SPECIFIED OPERATING RANGEl 
TI ... Of SPECIFIED OPERATING RANGE 

TOIN .. REDUCE ACCURACY OPERATlNQ RANGI! 
-328'1' l52'F t:::J NBS CAUBRATED THERMOCOUPLE RANGE 

O'C 3OO'C ,'''''''' 
s I 3'" S7O'f m, .. 

""'" 4OO"C ,a ... 
• 57,.. 752'F ..... F 

"C <We 231SOC 

C 

32'F 7I2'F ...... 
Figure 3. Thermocouple Temperature Range & AD2070/ 
AD2071 SpeCified Operating Ranges. 
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COLD JUNCTION COMPENSATION AND 
LINEARIZATION 
Cold junction. compensation is provided by measuring the tem
perature of the thermocouple screw terminals. The AD20701 
·AD2071 places an accurate temperature sensor in the terminal 
block .to obtain the best possible thermal contact. The screw 
terminal temperature is measured periodically and stored in 
memory. The microprocessor uses this information to mathemati
cally reference the thermocouple to OOC before linearization is 
performed. ThermQCouple linearization, for the AD2070/AD2071 
is accomplished in firmware using the multisegment piecewise 
linear approximation technique. Here, the thermocouple span is 
broken up into about seventy linear segments that were computer 
selected to provide the least squared error to segment conformity 
(see Figure 4). This multisegment information is stored digitally 
in look"up tables and used for each thermocouple measurement. 
Since linearization is provided digitally; all confomuty errors 
due to time and temperature are eliminated. 

Figure 4. Linearization and Conformity Error 

POWER SUPPLY 
The AD2070/AD2071 are configured in three input power ver
sions: 120V ac, 240V ac and + 7.5V dc to + 28V dc. The AD20701 
AD2071 are designed using an off-line high frequency switching 
power supply circuit, Using this technique, the input voltage is 
rectified to a high voltage, switched through a high frequency 
transformer and then rectified and filtered. Using this technique 
small size and isolated voltages between all sections of the meter 
is obtained. 

WARNING HIGH VOLTAGE: 
The internal power supply circuit generates lethal voltsgeS 
as high as 700V. Service to this meter should be performed 
by qusIifled persooneI only. 

The AD2070/AD2071 provides protection against high common
mode voltages as high as 14O()V peak, that may be present between 
the thermocouple input and power supply ground (shown in 
Figure 5). The CMV figure applies for both ac, and dc powered 
meters. The AD20701 AD2071 also provides protection up to 
300V peak across the thermocouple inputs in case one side is 
accidentally shorted to a 240V ac rms power line. 

Additionally, Digital Output, Analog Output and Input sections 
of the AD2070/AD2071 are isolated from each other by up to 
500V peak. 

. Figure 5. Rated CMV Specifications 

ISOLATED ANALOG OUTPUT (Optional) 
Shown in Figure 6 is the simplified block diagram of the optional 
analog output. It coimsts of a 12-bit digital-ta-analog converter 
followed by an amplifier that provides a ImV per degree output 
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voltage for either the Fahrenheit or Celsius temperature scales. 
This output voltage is also compensated for cold junction effects 
and thermocouple linearization. The Analog Output is .isolated 
to 500V peak between Input and Digital Output. 

The two potentiometers for analog output gain and offset ad
justments are located behind the lens. 

OPTIONAL 
ANALOG 
OUTl'UT 
j1mV PER 
DEGREEI 

Figure 6. Optional Isolated Analog Output 

ASCn DIGITAL OUTPUTS 

The AD20701 AD2071 provides its 4 112 digit plus sign information 
in an ASCII character serial format. A 7-bit Digital ASCII output, 
request (REQ), STROBE and CHARACTER/BAUD RATE 
lines are shown in Figure I. Optional isolated 20mA LooplTTL 
and Isolated RS-2321TTL serial output are provided in serial 
ASCII format, with SERIAL INPUT and CHARACTER/BAUD 
RATE control for remote data acquisition applications. 

T1 

" ASClotalTAL 
CONNECTOR 

REAR PANEL 

~~=§~ 

Figure 7. Rear Panel View 

ORDERING GUIDE 

THERMOCOUPLE TYPE" 

J 
AD207I 1--/---/---

K 
T 
E 
R 
S 
C 
B 

JOIN 
TOIN 

POWER OPTION" 

AD2070/T I

ENTER .-J 

(I) 120Vac } 
(2) 240Vae ENTER ---~ 
(3) +7.5V de to +28V de 

ANALOG OUTPUT OPTION 

(A) Contains Analog Ouput } ENTER 
(BLANK) Does Not Contain Analog Output 

SERIAL OUTPUT OPTION" 

I I 

(SI) Contains RS-232 Serial Output } 
(S2) Contains 20rnA Loop Serial Output ENTER ----... 
(BLANK) Does Not Contain Serial Output 

Example Order Number: AD2070/JIlIAlSI=AD2070 for J Thermocouple 
Type, 120V ae Power, Analog Voltage Output and 
Rs-232 Serial Output. 

*Only one opt~on caR be ordered. The thennocoupJe type does not need to 
be speciflCd when ordering the AD207I since it is user programmable . 



rIIIIIII ANALOG 
WDEVICES 

FEATURES 
1o-Bit Resolution 
40MHz Word Rate 
Single 35-ln2 PC Board 
EeL Compatible 
No External Circuits Required 

APPUCAnONS 
Radar Digitizing 
Meclicallnstrumentation 
Digital Communications 
Spectrum Analysis 
Transient Analysis 

GENERAL DESCRIPTION 
The Analog Devices Model CA V -1040 AID convener is a "system 
solution" which combines 10-bit resolution, 40MHz word rates, 
and small size to solve high-speed digitizing problems. Its design 
is based on proven concepts introduced in the MOD-I020 and 
MOD-1205 AID Conveners and takes advantage of recent advances 
in technology to achieve a new level of performance in high-resoiu
tion conveners. 

It is pin-for-pin compatible with the industry's first lO-bit, 
20MHz AID, the MOD-I020. But it doubles the word rate of its 
predecessor, making it possible for system designers to upgrade 
their systems without new layouts. 

This remarkable convener is a complete answer to the question 
of digitizing radar, video, and/or other high-frequency inputs; it 

lO-Bit Video 
Analog-to-Digital Converter 

CAV-1D40 I 

includes a track-and-hold, along with encoding and timing circuits. 
The CAV-I04O is an ideal choice for the designer who needs 
state-of-the-an performance in high-resolution, ultra-high-speed 
AID conversion. 

For applications requiring maximum analog bandwidth, the 
CAV-I04OA is the choice. In this version, the input operational 
amplifier and its associated offset and gain controls have been 
eliminated; this effectively doubles the analog input bandwidth, 

All inputs and outputs are ECL compatible. Analog input im
pedance is 250 ohms on IV range; 5()() ohms on 2V range. The 
AID requires only an encode command and external power 
supplies for operation. The cAV-I04O is repairable and backed 
by Analog Devices' limited one-year warranty. 

0;...

I'YI ... 
.... . " 

_lift 

I alTl 

" .... 
MIIYIO 

, IrrlIilua, 

CAV-1040 Block Diagram 

This two-page data summary contains key specifications to speed your selec
tion of the proper solution for your application. Additional information on this 
product can be obtained from your loesl sales office. 

NEW PRODUCTS - Modules & Subsystems 4-9 

• 



SPECIFICATIONS 
RESOLtmON{PS - NlScoie) 

ACCURACY 
(lncludiDflJoeorily)@dc -NoaIblcarityVa. TempaIlUre 
OIIietft.TemperatIIft: 
GliB'll. Temperature 

DYNAMlCCHARACTBlUSTICS 
ID-BlIDdHarmouicsI --2.3MHz_ 

9.3MHziDput 
CoD_~ 
CoD __ 

ApatUftlUncerblinty(Jkter) __ DoJorTlme 

(:t __ toleraaceWlit~) 

Sipal toN_Ratio(SNR)l 
N ............ (Nn)' 
T ........ .......... 

"'"""""" ......... ---s..u. Sipal. 3dB7 .... _3dB' 
Two-T ... lJoeoriIy(@_F ... _)' (36OkHz;_ 
oor....tIol ....... 
DifraamalGaiDJO 

ANALOGINPVT 
V_a.. 

lDPIllPb:9& IOCouected. 
lapalPiD 90r 10 _PiD. 

-Typo -IVlDpUtRaDp 
>v_a.. 

O&t 

ENCODBcOMMANDINPUT11 

. LoskLcoelo.l!CLOlaopo_ 
(BoImood-.J 

_(l.me<o-LiDe) 
_ODdI'JllTimco 
WidIb 

MID 
Max 

FrequeDt)'12 

DIGITAL OUTPUT 
F ...... 
LoP LcoeIo.l!CLOlaopo .... 
(BoImood~ 

Drive(LiDe-to-LiDe) 
TImes.... 
Codlq 

DATAREADYOUTPUT 
LoPe l.eftII,BCL-Ccapatl1J1e 
-Output) 

Drive(lJDe.to-LiDe) 
lUIeandFaUTimce 
Dunodoo 

POWBRREQUIItEMENTSIJ 
+lSV±S% 
-lSV::t5% 
+SV±5% 
-S.2V:t5% 

-~ 

CONSTRUCTION 
$inpePriDtedCiradtCard 

MEANTIMBBETWEBNFAILUR.BS14 

mV 
mV 

%PS ±II2LSB 

dBbclowFS ..... 
dB below ps. min 
dB below PS. miD. .. 
MHz.
PI.rmlmu: .. 
dB ..... 
dB(min) .. .. 
MHz 
MHz 

dB below PS, miD 

" 
V,p-pFS 
V,p-pPS V._ 
V,P"'PFS 

"""" 0Imu 
mV 

V 
V 

....... 
MHz 

Bi" 
V 
V 
Ohms,miD. 

".-
V 
V 
Obml,miD ".-.. (mu) 

mA ...... 
mA ..... 
mA._ A._ 
W(lPd.) 

CAV-I" 
10 
0.1 

0.05 _ ..... 
10 
200(300) 
SO(I00) 

65 
SS .. 
100 + lclodc.peri04 

'" 20 
-2 . 

S' 
SO(47) 
SO 
SO 

30 
20 

.7 
O.S 
1 

1 
2 
U 
N/A 
EitberUnipolarorBipolar 

'SO 
SOO 
Adjustable to Zero with 
Oo.-Card Potmtiomelcr 
200(300) 

''0'' ... -1.7 
....... -0.9 
100 
S 

CAV-IIMIA 

N/A 

* 

60 

'" 

N/A 
N/A . 
N/A . 
±4 
~otldjUltlble) 

,0 
7O%ofEncodeCommandperiod .,. 
dcto40 .,. 

lOPuallel;NIlZ 
"0"= -1.7 
"1" .. -0.9 
7S 
S 
Bbwy(BIN); 
2'sComp1ement(2SC) 

"0"= -1.7 
"I" - -0.9 
7' 
S 
'0(:') 

37S 
200 
2S 
2.S 
20(22) 

Compl.Binuy(CBlN) 
Comp!. ",Compt.(C2SC) 

"C 010+70 
"C -~to+~ 
LFPM sao· 
(Liac:u Fcct Per Minute) 

, ...... 7.0xS.OXO.S 

3.22xl(tf 

4-10 NEW PRODUCTS - Modules & Subsystems 

OUTLINE DIMENSIONS 
Dimensions shoWn in inches and (mm). 

Lr-----------. -------, ...... o.a.'.:7) I C(M(JNENT AREA , 17.8'1 
r.:g:::a'''''DiX U U U U 

11.O,.:tQ.OII 7JJ1177.1) ~ 

o.l87-0.173D1A. 
• PLACES 

,,jW!'~ 1--...... IU D:lm,", IU~. ml 

" :J 12 
o.8I1U!.:t " . 

~ J-G.2 IUIIGRIO _ ):O.21&IIiAIITVP 

r~------------=ro~~~~~L:7.IN=U~----------~ 
BOTTOMV'EW 

PIN DESIGNATIONS 

ALL GROUND PINS ARE CONNECTED TOGETHER WITHIN THE ADC. 

NOTES . 
'In·Band Harmonic:s expressed in tenDS of spurious in·bond 
sigaalsln<i related barmcmics JIOIWIIted at 40MHz eooode rate. 

'Measured from leading edae Encode Command to IniIiDB edae 
Data Ready; use IniIiDB edse to strobe outpUt data into extemal 
circuits. 

'RIlls sigaaI to rms noise ratio with 500kHz 8D8Iog input. 
4D<: to 8.2MHz white noise bandwidth with slot f""lueru:y of 
3.886MHz, and eooode rate of 4OMHz. 

'For full...:ale step input, 10·bitllCQUllCY Ittained in specified 
time. 

"R.oovers to 10000tllCQUllCY in speclfted time after 2 x FS input 
overvoltaae. 

'With 8D8Iog input 40dB below FS. 
'With FS 8D8Iog input. (l.arae-sigaaI bandwidth flat within O.2dB, 
de to 8MHz OIl CAV-I04O; de to 20MHz on CAV-I04OA.l 

"Each input frequeru:y Ipplied at1evel 7dB below full scale. 
"'Differential phase and differential pin measured with 2O-IRB 

nolt reference. 
"Tl'IDSilion from digital "0" to disital "I" initiates 0IIC0CIiq. 
"For _lion It word rates below 500kHz, cxmsu1t fB<lOly. 
J3 ± 15V must be equal and opposite within lOOmV and track over 

temperature. 
''caiculated usintI MIL HNBK·217; +25'(; Ambient; Ground 

Fixed; 500 LFPM Air Flow. 

·Specifications same as CA V-I04O. 
Specifications subject to c:ltanae without notK:e. 



1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
12-BIt Resolution 
2MHz Word Rate 
Single Eurocard Size 
TIL Compatible 
No External Support Circuits 

APPUCATIONS 
Radar Digitizing 
Medical Instrumentation 
Transient Analysis 

GENERAL DESCRIPTION 
The Analog Devices Model CAV-1202 AID Converter is a unique 
combination of 12-bit resolution, 2MHz word rates, and small 
size capable of being applied in a multitude of high-speed digitizing 
applications. 

This remarkable, complete converter includes a track-and-hold 
along with encoding and timing circuits in a single "Eurocard" 
format. The unit requires only an encode command and external 
power supplies; no external support circuits are needed. 

Increasingly, large scale electronic devices and systems are designed 
in modular fonn. This approach for combining complex circuits 
and subsystems is best served if all components of the systems 

ANALOG 
INPUT 

12-Bit Eurocard 
Analog-to-Digital Converter 

CAV-1202 I 

share a common, standard geometry. When they do, it becomes 
possible to combine modules of various functions and manufac
turers in one common subrack. 

In Europe and many other parts of the world, Europa and double 
Europa-size printed circuit boards are used extensively as the 
basis of a standardized 19" system. The four levels of this system 
have evolved into a standard arrangement of dimensions which 
make it possible to combine components in one level and insert 
them into the components'of the next higher level. 

The design of the CAV-1202 is based on the Level 2 requirements 
for printed circuit board subunits and meets the standards es
tablished by DIN 41494, lEe 48D (sec) 12. 

DATAREADV 

BIT1(MSBI 

BiTi(MSBI 

BI12 

Blt3 

BlTO 

BITS 

BIT6 

81T7 

BIT 8 

BIT9 

BIll0 

BIT 11 

BIT 12 (LSBI 

CAV-1202 Block Diagram 

This two-pap data sUllUlllllY coDtalns Ire)' apedflcatiou to speed your oe1ec
tiOD of the proper aolutioo for your appUcatioo. AcldltioaaI iafotmatioa oa this 
product can be obtained from your local aalea office. 
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SPECIFICATIONS (typical @ + 250C with nominal power supplies unless othelWise noted) 

Parameter 

RESOLUTION (FS = FullScale) 

LSBWEIGHT 

ACCURACY 
(Including Linearity)@de 
Monotonicity 
Diff. Nonlinearityvs. Temperature 
Offset vs. Temperature 
Gain vs. Temperature 

DYNAMIC CHARACTERISTICS 
In-Band Harmonics l 

dc to 500kHz Input 
500kHz to IMHz Input 

Conversion Time2 , 

Conversion Rate3 

Aperture Uncertainty (Jitter) 
Effective Apenure Delay Time 
Signal to Noise Ratio (SNR)4 

360kHz Input 
Transient Responses 
Overvoltage Recov.,.,.. 
Input Bandwidth (3dB)' 

. Two-Tone Linearity(@InputFrequencies)B 
(500kHz; 540kHz) 

ANALOG INPUT 
Voltage Range" 

Operating 
Maximum Without Damage 

Input Type 
Impedance 
Offset lO 

Initial 

ENCODE COMMAND INPUT" 
Logic Levels, TTL-Compatible 

Impedance 
Rise and Fall Times 
Width 

Min 
Max 

Frequency 

DIGITAL OUTPUT 
Format 

Logic Levels, TTL-Compatible 

Drive 
Time Skew 
Coding 

DATA READY OUTPUT 
Logic Levels, TTL-Compatible 

Drive 
Rise and Fall Times 
Duration 

POWERREQUREMENTS12 

+15V:t5% 
-15V:t5% 
+5V:t5% 
-5.2V:t5% 
PowerCpnsumption 

TEMPERATURE RANGE 
Operating 
Storage 
Cooling Air Requirements 

CONSTRUCTION 
Single Printed Circuit Card 

Including Connectors 

Board Only 

Units CAV-1202 

Bits (% FS) 12(0.024) 

mV 1.0 

%FS:t 1/2LSB 0.0122 
Guaranteed Over Temperature 

ppmfOC (max) 2(4) 
ppmFC(max) 50(100) 
ppmFC(max) 75(150) 

dB Below FS (min) 74(70) 
dB Below FS (min) 67(60) 
ns(max) 4OO(:t25) + 2 Clock Periods 
MHz (max) dct02(2.2) 
pS,nns,max 30 
ns(max) -19(:t5) 

dB (min) 66(65) 
ns 500 
ns 1000 
MHz 5 

dBBelowFS 65 

V,FS :t2.048 
V,max :t4 

Bipolar 
n 95 

mV ±2 

V "O"=Oto +0.4 
V "1"= +2.5to +5.0 
fi,min lOOk 
ns,max 10 

os 20 
70% of Encode Command Period 
MHz dct02 

Data Bits 
Data Ready 
V 

LSLoads 
nS,max 

V 

LSLoads 
nS,rnax 
ns(max) 

mA(max) 
mA(max) 
mA(max) 
A (max) 
W(max) 

"C 
"C 
LFPM 
(Linear Feet Per Minute) 

Millimeters 
Inches 
Millimeters 
Inches 

12 Parallel, Pins MSB; NRZ 
I;RZ 
"O"=Oto +0.5 
"1"= + 2.5 to +4.0 
10 
10 
Binary (BIN); 
2's Complement (2SC) 

"O"=Oto +0.5 
"1"= +2.5to +4.0 
10 
10 
50(:t 10) 

105(120) 
70(80) 
530(550) 
1.0(1.2) 
10.5(12) 

Oto +70 
-55to+85 
500 

167.3 x 100 x 13.13 
6.59x 3.93 x 0.517 
160 x 100 x 1.57 
6.3 x 3.93 X 0.062 
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NOTES 
lin-Band Harmonics ~ in terms of spurious in-band signals and 
related hannonics generated at 2MHz encode rate. Minimums shown 
~reed ~ operating temperature range of O"C to + 70"<:. 

2Measured leading edge Encode Command to ~ edge of associated 
Data Ready; use traiJing edge to strobe output data into external circuits. 

3por word rates below 100kHz, consult factory. 
4Rms signal to rms noise ratio with full scale 540kHz analog input; 
minimums guaranteed over operating temperature range of O"C to + 7O"C. 

sPor full--scale Step input, 12-bit accuracy attained in specified time. 
~rs to 12-bit accuracy in specified time after 2 x FS input 
overvoltage. 

7Input bandwidth flat within O.2dB. de to IMHz. 
REach input frequency applied at level 7dB below full scale. 
9Standard bipolar input is adjustable ±S% with on-catd potentiometer. 

IOAdjustable ± ISmV without perfonnance degradation. 
IITransition from digitaJ "0" to digital "I" initiates encoding. 
12 ± ISV must be equal and opposite within 200mV and track over 

temperature:. 
Specifications subject to change without notice. 

PIN DESIGNATIONS 

ROWA ROWB 

PIN FUNCTION PIN FUNCTION 

1 GROUND 1 ENCODE COMMAND 
2 GROUND 2 GROUND 
3 GROUND 3 GROUND 
4 GROUND 4 GROUND 
5 GROUND 5 GROUND 
6 GROUND 6 GROUND 
7 GROUND 7 GROUND 
8 NO CONNECTION 8 DATA READY 
9 GROUND 9 GROUND 

10 GROUND 10 GROUND 
11 -5.2V 11 -5.2V 
12 -5.2VSENSE 12 - 5.2V RETURN' 
'13 +15V 13 +15V 
14 + 15VSENSE 14 + 15V RETURN' 
15 -15V 15 -15V 
16 -15VSENSE 16 -15VRETURN' 
17 +5V 17 +5V 
18 +5VSENSE 18 +5VRETURN' 
19 GROUND 19 GROUND 
20 GROUND 20 BIT 1 (MSB) 
21 GROUND 21 BIT 1 (MSB) 
22 GROUND 22 BIT2 
23 GROUND 23 BIT 3 
24 GROUND 24 BIT4 
25 GROUND 25 BIT5 
26 GROUND 26 BIT6 
27 GROUND 27 BIT7 
28 GROUND 28 BIT 8 
29 GROUND 29 BIT9 
30 GROUND 30 BIT 10 
31 GROUND 31 BIT" 
32 GROUND 32 BIT 12 (LSB) 

'CONNECTED INTERNALLY TO GROUND PINS 
ANALOG INPUT IS SMA CONNEcrOR LABELED J2 



~ANALOG 
WDEVICES 

FEATURES 
12·Bit Resolution 
20MHz Word Rate 
Single 35-102 PC Board 
ECL Compatible 
No External Support Circuits 

APPUCAnONS 
Redar Digitizing 
Medical Instrumentation 
Digital Signal Processing 
Spectrum Analysis 
Transient Analysis 

GENERAL DESCRIPTION 
The Analog Devices model CAV-1220 AID converter is an 
outstanding combination of 12-bit resolution, 20MHz word 
rates, and small size. The unit is capable of solviIlg a multitude 
of high-speed digitizing problems. Its design is based on concepts 
pioneered in the MOD-I020 and MOD-120S AID conveners; 
and taken to an even higher level of achievement in the 
CAV-1210. 

It is pin-for-pin compatible with the other units in the MOD 
and CA V series of AID converters. But it doubles the word rate 
of its predecessor CA V-1210, making it possible for system 
designers to offer options or upgrade their high-resolution systems 
without new layouts. 

This remarkable converter includes a track-and-hold, along with 
encoding and timing circuits. The CAV-1220 is an ideal choice 
for the designer who needs state-of-the-art performance in high
resolution, ultra-high speed AID conversion. 

For radar applications, 12-bits of resolution increase the dynamic 

12-Bit Video 
Analog-to-Digital Converter 

CAV-1220 I 

range of the converter, making it possible to detect. weaker . 
signals than would be possible with lower resolution characteristics. 
The high-word rates enhance ranging resolution, thereby in
creasing system effectiveness. 

In imaging applications, the CAV-1220 increases the contrast 
and/or color resolution of systems in which it is used. Its high-word 
rates increase spatial resolution; and this combination of high 
resolution and high speed can materially improve system 
performance. 

All digital inputs and outputs are ECL compatible; optimum 
analog input impedance can be selected by the user. The unit 
requires only an encode command and external power supplies 
for operation. The CAV-1220 is repairable and backed by Analog 
Devices' limited one-year warranty. 

r-----------------~D~EL~AY~---------===--~==----~ 

ANALOG 
INPUT 

ENCODE 
~OMMAND 

n 
RIf'j :_ (SEE TEXT) 

DATA 
READY 

-S.2V 

BIT 1 

BI12 
35 BIT2 

32 BIl3 
81T3 
81T4 

Sif4 
BIT. 
Bi'fS 
BIT 6 

BIT 8 
BIT. 

ii'fi 
81T10 

81T10 

ii'f1i 
BIT12iLSB) 

CAV-1220 Block Diagram 

'I'histwo-page data 81111111lary contams key specific:ations to speed your selec
tion of the proper solution for your app6cation. Aclclitional iDformation on this 
product can be obtained from your local sales office. 
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SPECIFICATIONS (typical @ + 25"& with nominal power supplies unless othe!Wise noted) 

RESOLUTION (FS = Full Scale) 

LSBWEIGHT 
2.048Vp-pFS 

ACCURACY 
(Including Linearity)@de 
Monotonicity 
Nonlinearity vs. Temperature 
Offset VI. Temperalure 
Gain Error 

Uails 

Bits (% FS) 

mV 

%FS ±1I2LSB 

ppmf'C (max) 
ppmI"C(max) 
%FS 

CAV-lm 

12(0.024) 

0.5 

0.0125 
Guaranteed 
10(15) 
220(250) 
2 

Adjustable to Zero with On-Card Potentiometer 
Gain ... Temperature ppmI"C,max 150 

DYNAMIC CHARACTERISTICS 
. In-Band Harmonics' 

540kHz Input 
2.3MHz Input 
9.3MHzlnput 

Conversion Time' 
ConversiOn Rate 
Aperture Uncertainty Oitter) 
Effective ApertUre Delay Time 
Signal to Noise Ratio(SNR)' 
Noise PowerRatio(NPRt 
TraDSient Response' 
Overvoltsge Recovery" 
Input Bandwidth 

Small Signal, 3dB' 
Large Signal, 3dB' 

Two-ToneUnesrity(@lnputFrequencies)' 
(60kHz; 62kHz) 
(2.496MHz;2.49BMHz) 
(4.996MHz;4.99BMHz) 

ANALOG INPUT 
VoltsgeRange'o 

Operating 

1 

Maximum Without Damage 
Input Type 
Impedance 
Offset 11 

ENCODE COMMAND INPUT" 
Logic Levels, ECL-Compstible 

(Balanced Input) 
Impedance 
Rise and Fall Times 
Width 

Min 
Max 

Frequencyl! 

DIGITAL OUTPUT 
Format 

Logic Levels, ECL-Compstible 
(Balanced Output) 

Drive(Line-to-Line) 
Time Skew 
Coding 

DATA READY OUTPUT 
Logic Levels, ECL-Compstible 

(Balanced Output) 
Drive (Line-to-Line) 
Rise and Fall Time 
Duration 

POWERREQUREMENTS14 

+15V ±5% 
-ISV ±5% 
+5V±5% 
-5.2V ±5% 
Power Consumption 

TEMPERATURE RANGE 
Operating 
Storage 
CoolingAiJo ReqUirements 

CONSTRUCTION 
Single Printed Circuit Card 

dB Below FS, min 
dB Below PS, min 
dB Below FS, min 
ns(max) 
MHz,max 
ps,rmsmax 
ns(max) 
dB,(min) 
dB 
os 
08 

MHz 
MHz 

dB BelowFS 
dB below FS 
dBbelowFS 

V,FS 
V,max 

!l 
, mV 

v 
V 
fi,mIX 
ns,max 

70 
6S 
50 
I Clock Period + 15508(±10) 
20 
25 
2.5(±2.5) 
66(65) 
52 
100 
200 

40 
35 

70 
65 
60 

±1.024 
±2 
Bipolar 
1000 
Adjustable to Zero with 
On-Card Potentiometer 

"0"= -1.7 
"I" = -0.9 
100 
5 

08 10 
70% of Encode Command Period 
MHz de to 20 

Data Bits 
Data Resdy and 
DataResdy 
V 
V 
O,min 
ns,max 

V 

fi,min 
os,max 
ns(max) 

mA(max) 
mA(max) 
mA(max) 
A (max) 
W(max) 

12Parallel;NRZ 

2;RZ 
"0" = -1.7 
"I" = -0.9 
75 
5 
Binsry (BIN); 
2'sComplement(2SC) 

"0" = -1.7 
"1"= -0.9 
7S 
5 
22(±3) 

174(192) 
157(173) 
174(192) 
2.78(3.06) 
20.3(22.3) 

"C Oto +70 
"C -~to+~ 
LFPM 500 
(Linear Feet Per Minute) 

7.0x5.0xO.5 
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OUTLINE DIMENSIONS 
DimensioJIs shown in inches and (mm). 

.L~--:O------------~I:l.~~c:" o.u:.~71 == COMPONENT AREA -...i 
T: .............. 000 DDDU 

It.01hO.0II1 .. 

0.215.081 J---UII3,8) ~ J--o.I15.Q1I ~ • 7.o"n.aJ 

~~r... I G.21S.011--j tt" 

u 
163.51 

O.1I7-O.173D\A. ....... 

PIN DESIGNATIONS 

PIN FUNCTION PIN FUNCTION 

1 GROUND 40 DATA READY 
2 ENCODE COMMAND 39 GROUND 
3 ENCODE COMMAND 38 DATA READY 
4 GROUND 37 BIT1(MSB) 
5 -5.2V 36 BIT1(MSB) 
6 +15V 35 BIT2 
7 -15V 34 BIT2 
8 GROUND 33 BIT3 
9 ANALOG INPUT 32 BIT3 

10 GROUND 31 BIT4 
11 +5V 30 BIT4 
12 GROUND 29 BITS 
13 GROUND 28 BIT 5 
14 BIT12(LSB) 27 BIT6 
15 BIT12(LSB) 26 BIT6 
16 BIT11 25 BIT7 
17 BIT 11 24 BIT7 
18 BIT10 23 BITS 
19 BIT10 22 BITS 
20 BIT9 21 BIT9 

NOTES 
lIn-Band Harmonics expressed in temuI of spurious in-band signals and 
barmonk:s senerated at 20MHz encode rate. 

2Measured ftomleading edge Encode Command' to trailing edac Data 
Ready; use trailing edge to strobe output data into external circuits. 

3Rms signal to rms noise ratio with fuU«ale 540kHz analog input. 
4Dc to 8.2MHz white noise bandwidtb with slot frequency of 3.886MHz; 
and encode rate of 20MHz. 

'Pot fuU·scaSe step input, 12-bit accuracy attained in specified time. 
'Recovers to 12-bit accuracy in specified time after 2 x FS input --. ~ith analog input 40dB below FS. 
'With FS ana10g input. (Large-.signal bandwidth flat within O.2dB, 
de to IOMHz). 

'Both frequencies applied at IcveI 7dB below fuD scale, 
IOStaDdard bipolar input is adjustable :!:: 5% with on-card. potentiometer. 

Unipolar 0 to + 2V input range i. available on special order; consult 
fac~fordetails. 

IIAdjU&tab&c: :!:: lSmV without performance degradation. 
IZDisitai "0" to digital "1" transition initiates encoding. 
i3Encode rate specified by customer. Units operated outside ± 10% of 

± specified frequency (up to maximum. 20MHz) must be returned 
to factory for reca1ibration .. POl' operation at word rates below 500kHz, 
amsuIt factory. 

14± lSV must be equal and opposite within 200mV and. track oyer 
temperature. 

Specifications subject to change without norice. 

For Applications Help, Call Computer Labs Division @ (919) 668-9511. 



11IIIIIIII ANALOG 
WDEVICES 

Low Power l4-Bit, 15-Bit & l6-Bit 
Sampling Analog-to-Digital Converters 

FEATURES 
Complete with High Accuracy Sample/Hold and 

AID Converter 
Low Power Consumption: 650mW max. Vs = ::I: 15V 
Rated Performance: -25"C to +65"C 
Low Nonlinearity IDAS1158 and DAS1159) 

Differential: ::1:0.0015% FSR max 
Integral: ::1:0.003% FSR max 
Differential T.C.: ::I:1ppmI"C max 

High Throughput Rate: 18kHz min 
Byte-Selectable Tri-State Buffered Outputs 
Internel Gain &. Offset Potentiometers 
All Hermetically-Sealed Semiconductors 
Improved Second Source to AlD/AlM-834 and 

AlD/AlM-835 Modules 

APPLICATIONS 
Seismic Data Acquisition 
Portable Field Instrumentation 
Automated Test Equipment 
Process Control Data Acquisition 
Medicel Instrumentation 

GENERAL DESCRIPTION 
The DASllS7/DASllSS/DASllS9 are 14-/IS-/16-bit sampling 
analog-to-digital converters. They are ideally suited for use in 
portable and remote data acquisition equipment where low 
power consumption (6SOmW maximum) and wide temperature 
range ( - 2SoC to + SsoC rated performance) are required. 

DASllS7/DASllSS/DASllS9 provide guaranteed high accuracy 
and high stability system performance essential to medical, 
analytical and process control equipment: differential nonlinearity 
of ±O.OOIS% max and integral nonlinearity of ±0.003% max 
(DASllSS and DASllS9); no missing codes guaranteed; gain 
T.C. of ±Sppm/°C max, zero T.C. of ±SO/LVrC max and 
differential nonlinearity T.C. of ± lppm/°C max. 

The wide dynamic range will enhance the performance of critical 
measurements in gas and liquid chromatography, blood analyzers, 
distributed data acquisition in factory automation and power 
generating equipment, and in automatic test equipment. 

The DASllS7/DASllSSIDASllS9 make use of Analog Devices' 
proprietary CMOS technology to achieve low power operation, 
while utilizing the latest integrated circuit and thin-film compo
nents to achieve the highest level of performance and reliability. 
All hermetically-sealed semiconductor components are used 
to insure added reliability over a wide range of operating 
conditions. 

DASl157/DASl158/DASl159 I 

ANALoa{' 
INPUT 2 

3 

SlH OU1PU19-------, 

ANALOG aND 

"". STATE 
BUFFERS 

LO ENABLE 

BIT 9 
BIT 10 

BIT 11 
BIT 12 
BIT 13 
BIT 14 ILSB FOR DA$11S7, 

'-__ I '-_-' .~ BIT 15 (LSB FOR DAS11681 

"&lH INPUT IS THE ANALOG SIGNAL INPUT IF THE 
INTERNAL SAMPLE HOLD AMPLIFIER IS USED 

+sv 

DIGITAL GND 

Figure 1. DAS11571DAS11581DAS1159 Block Diagram 

As shown in Figure I, each device contains a precision sample/hold 
amplifier, high accuracy 14-/IS-/16-bit analog-to-digital converter, 
precision reference, CMOS tri-state output buffers (for direct S
bit or 16-bit bus interface), user accessible gain and offset adjust 
potentiometers, and power supply bypass capacitors, all in a 
compact low profile 2" x 4" x 0.37S" metal case package. No 
additional components are required for operation. 
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SPEC I FI CATIONS (tJpicaI@ + 25"C, Vs = :I: 15V. V. = + 5Y unless CIIhaIwIsa specIfted) 

MODEL 

RESOLUTION 

DYNAMIC PERFORMANCE 
ThroughpUt Rate 
Conversion Time: 
SIH Mquisition Tim~ 
S/H APCr:tUfe Delay' 
SIH Aperture Uncertainty 
FCedlhrougb Rejection I 
Droop Rate 
Dielectric Absorption Enor 

ACCURACY 
Integral Nonlinearitr 
Differential Nonlinearity4 

NoMissingCodes ' 
± 3(1 Noise (51H plus AID) 
±30'Noise(AID) 

STABILITY 
Differential NonlinearityT.C. 
GaioT.C. 
ZeroT.C. 
Conversion Time T .C. 
Power Supply Sensitivity 
W"'1'-UpTm.e 

ANALOG INPUT 
Voltage Range 

Bipolar 
Unipolar" 

ADClnputlmpedance Oto +5V 

S/H Input Impedance 

DIGITAL INPUTS 
AID Trigger5 

Logic Levels 
SIHControl 

Oto + IOV, ±5V 
±10V 

Low Enable, High Enable6 

DIGITAL OUTPUTS 
Parallel Data Outputs 

Unipolar 
Bipolar 
Output Drive 

End of Conversion 
Output Drive 

INTERNAL REFERENCE VOLTAGE 
External Load Current (Rated Performance) 

POWER REQUIREMENTS 
RatcdVol_ 
Operating Voltages8,9 

Supply Current Drain ± ISV 
+5V 

Total Power Consumption, Vs= ± l5V 

TEMPERATURE RANGE 
Rated Performance 
Openting 
Storage 
Relative Humidity 
Shielding 

SIZE 

NOTBS 
·SpeciflCltions same as DASIIS7 

··SpcciflCl.tions same as DASllS8 

DAS1157 

14 Bits 

18kHzmin 
SOfJ.smax 
Sp.smax 
2500. 
I"" 
-9OdBmin 
O.05fJ.V/1U,O.1 .... V/,...smax 
±O.OOS%ofInputVoltageChange 

± 0.005% FSR3 max 
± 0.003% FSR3 max 
Guaranteed 
O.OO22%p-p(7S~V nns) 
O.OOIS%p·p(SOp.Vrms) 

±2ppm?Cmax 
±8ppm.FCmax 
±30p.VfOCtyp, ±80tJ,Vl"Cmax 
±O.OS%I"C 
±O.OOl%FSR3I%Vs 
Less than 1 Minute 

±SV, ±lOV 
Oto +SV,Oto + lOY 
Bk{} 
SkU 
10k{} 
lOOMUllSpF 

Positive Pulse, Neg. Edge Triggered 
5V CMOS Compatible 
SAMPLE = Logic I, TfLCompatible 

DASl158 

IS BilS 

± 0.003% FSR3 max 
±O.OOlS%FSR3 max 

±lppmrcmax 
* 

ENABLE = LogicO, CMOSrrTL Compatible .. 

Binary 
Offset Binary, 2'sComplement 
2TTLLoads 
Logic "I" During Conversion 
2TTLLoaC:ls 

+lOV.±O.3% 
2mAmax 

±ISV(±3%). +SV(±S%) 
± UVto ± 17V, +4.75Vto +5.25V 
±l5mA 
IOmA 
SOOmW typ, 6S0mW max 

-25"Cto + 85°C 
-25"Cto + 85°C 
-4O"Cto +lOO"C 
Meets MIL·STD·202E, Method 103B 
Electrostatic (RFI) 6 Sides 
Electromagnetic (EMI) 5 Sides 

rx4"xO.375" Metal Package 

DASll59 

16 Bits 

.* 

Sce Note 7 
Sce Note 7 

'. 

IMcuurcd in bold mode, input 20V pk-plr. (a 101r.lb. 
2Worst-cue summation of SlH and AID IlOIIlineality ~n. 
JFSR means FuU Scale Ran(e. 

6Low Byte Enable pin conne<:tiOllB are Bits 8 through IS; High 
Byte Enable pin connections are MSB, MSB or Bit 16 and 
Bus 2 through 7. 

70ASl159 unipolar codiog is provided in a modified binary format 
(MSB complement) wbUe bipolar codil18 is two's complement 
only. The MSB must be inverted for binary and offset binary 

""'~. 
40ifferential Nonlinearity in the 0 to + 5V input ranae is specified as 
~O.D03% typical fortbe DASIIS7, DASlIS, and OASIIS9. 

SWhen connecting the Triuer and the SJH control terminals 
tosctbCt, the pWlC width 1l1u.t be loaK enourh for the SJH 
amplifIer to .acquire the input signal to the required accuracy (S"" 
min). If the AID converter only is 118ed., the Triger pulse width 
Ihouldbel""min(_Fi&Ure3). ' 

'When the SJH section is required, -Vs musrbeatleast5rolts 
more negative thin tbe most negative anaI08 input voltage (example: 
Vs = ~ l2V dc, therefore, maximum analog input is + 10 and 
-7V). 

9Recommended Power Supply: Analos Devices Model 923. 

SpcdflCations subject to chaDge without notite. 
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OUTLINE DIMENSIONS 
Dimensions shown in inches and (1IlIil). 

rNONCONDUCTlVE lABEL 
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Applying the DASl1511DASl158/DASl159 
OPERATION 
For operation, the only connections necessary to the DAS 11 571 
DAS1158IDAS1159 are the ± 15V and + 5V power supplies, 
analog input signal, trigger pulse, and the HI-ENABLElLO
ENABLE tri-state controls. Analog input and digital output 
programming are user selectable via external jumper 
connections. 

Input voltage ranges are selectable via user pin programming: 0 
to +5V,Oto +lOV, ±5Vand ±IOV. Unipolar coding is provided 
in true binary format with bipolar coding displayed in offset 
binary and two's complement (DAS 11 57 and DAS1158). DAS1l59 
unipolar coding is provided in a modified binary format (MSB 
complement) while bipolar coding is two's complement only. 

ANALOG INPUT SECTION 
The analog input can be applied to just the AID converter or to 
the internal sampleJhold amplifier ahead of the AID converter. 
When using just the AID converter, apply the analog input per 
the voltage range pin programming shown in Table I. When 
using the sampleJhold amplifier in conjunction with AID con
verter, apply the analog input to the SIH INPUT terminal and 
connect the S/H OUTPUT terminal to the appropriate AID 
converter analog input. 

Analog Voltage Connect Connect 
Input V1N or S/H Out Analog Common 
Range To To 

Oto +SV ANAIN1, 
ANAIN2, Ground 
ANA IN 3 

Oto + lOY ANAIN2 Ground 
ANA IN 3 ANA IN 1 

±SV ANA IN 1 Ground, 
ANAIN3 

±lOV ANAIN3 Ground, 
ANA IN 1 

*No Connection 

Table I. Analog Input Pin Programming 

,... -----
I 
I 
I CONNECT 
I FOR 

I O~~o;g.~~N 
I 
I L ____ _ 

REF OUT +1DV GAIN 
REFERENCE ADJUST 

, OFFSET 
ADJUST 

;---
ANA IN 1 

ANA IN 2 ANALOG 
INPUT r--RANGE 14--/15·11&-

ANA IN 3 SELECTION BIT 
AJD 

CONVERTER 

Sill OUTPUT 

S/H INPUT SAMPLElHOLO t-J I AMPLIFIER 

S/H CONTROL I '--

Figure 2. Analog Input Block Diagram 

Connect 
Ref Out 

To 

NC· 

NC· 

ANAIN2 

ANAIN2 

I 

ErtOrs due to source loading are eliminated since the sampleJhold' 
amplifier is a high-impedance unity-gain amplifier. High feed
through rejection is provided for either single-channel or multi
channel applications. Feedthrough rejection can be optimized, 
in multichannel applications, by changing channels at the rising 
or falling edge of the SIH control pulse. 

TIMING DIAGRAM 
The timing diagram for the DAS1157/DAS1158/DAS1159 is 
illustrated in Figure 3. This f1gl1re also includes the sampleJhold 
amplifier acquisition time. 

If the sampleJhold amplifier is required, the TRIGGER input 
and S/H CONTROL terminal can be tied together providing 
only one conversion control signal. When t/le trigger pulse goes 
high, it places the sampleJhold amplifier in the sample mode 
allowing it to acquire the present input signal. The trigger pulse 
must remain high for a minimum of 5",s to insure accuracy. If 
the sampleJhold amplifier is not used, the trigger pulse needs to 
be I "'S (minimum) in length to satisfy the AID converter trigger 
requirements. At the falling edge of the trigger pulse, the sample! 
hold amplifier is placed in the hold mode, all internal logic is 
reset and the AID conversion begins. The conversion process 
can be retriggered at any time, including during conversion. 

With this negative edge of the trigger pulse, the MSB is set 
high with the remaining digital outputs set to logic low state, 
and the end of conversion is set high and remains high through 
the full conversion cycle. During conversion each bit, starting 
with the MSB, is sequentially switched high at the rising edge 
of the internal clock. The DAC output is then compared to the 
analog input and the bit decision is made. Each comparison 
lasts one clock cycle with the complete 14-/15-/I6-bit conversion 
taking 50",s maximum. At this time, the end of conversion line 
goes low signifying that the conversion is complete. For micro
processor bus applications, the digital output can now be applied 
to the data bus by enabling the tri-state buffers. For maximum 
data throughput, the digital output data should be read while 
the sampleJhold amplifier is acquiring the new analo~ input 
signal. 

TRIGGERI n 
SlH CONTROL ,-----------,--, 
INPUT +FS J'r=t: =========== SIGNAL 0 -1- I 

-FS -:-----------, 
+FS~ 

SlH OUTPUT 0 - -:-----------
-FS --,------------

IS 
EOe ~50""S MAX~ 

, NOTES 
W'& 1. Output Data Valid. 

* 2. If 5tH Control and Trigger are Tied Together, 
Pulse Width Must Be 5Jls Min to Allow the 
S/H Amplifier to Acquire the Input Signal. If 
the ADC is Only Used, the Trigger Pulse Must 
Be 1115 Min. 

Figure 3. DASl1571DASl1581DASl159 Timing Diagram 
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GAIN AND OFFSET ADJUSTMENT 
The DAS1l57IDAS1l58/DAS1l59 contain internal gain and 
offset adjustment potentiometers. Each potentiometer has ample 
adjustment range so that gain and offset errors can be trimmed 
to zero. 

Offset calibmtion is not affected by changes in gain calibration, 
and should be performed prior to gain calibration. Proper gain 
and offset calibration requires great care and the use of extremely 
sensitive and accumte reference instruments. The voltage standard 
used as a signal source must be very stable and be capable of 
being set to within ± 1I10LSB of the desired value at any point 
within its mnge. 

OFFSET CALIBRATION 
For a 0 to + 10V unipolar range, set the input voltage precisely 
to +305J.LV for the DAS1l57, + 153,...V for the DAS1l58 and 
+ 76J.LV for the DAS1l59. For a 0 to +5V unipolar range, set 
the inputto + 153J.LV for theDAS 11 57, + 76J.LV for the DAS1l58 
and + 38~V for the DAS1159. Then adjust the zero potentiometer 
until the converter is just on the verge of switching from 
000 ...... 000 to 000 ...... 001 (DAS1l57/DAS1l58) or from 
100 .•...... 000 to ~OO ........ OOI (DAS1l59). 

For the ± 5V bipolar range, set the input voltage precisely to 
+305J.LV for the DAS1l57, + 153J.LV for the DAS1l58 and 
+ 76J.LV for the DAS1l59. For a ± lOY bipolar mnge, set the 
input voltage precisely to +610J.LV for the DAS1l57, + 305J.LV 
for the DAS1l58 and + 153,...V for the DAS1l59. Adjust the 
zero potentiometer until the offset binary coded units are just 
on the verge of switching from 000 ........ 000 to 000 ........ 001 
and the two's complement coded units are just on the verge of 
switching from 100 ........ 000 to 100 ........ 001. 

GAIN CALmRATION 
Set the input voltage precisely to +9.99909V (DAS1l57)1 
+9.99954V (DAS II 58)1 + 9.99977V (DAS1159) for the 0 to 
+ 10V units, +4.99954V (DAS1l57)/+4.99977V (DAS1l58)1 
+ 4. 99989V (DAS1159) for 0 to +5V units, +9.99817V 
(DAS1157)1 + 9.99909V (DAS1158)1 + 9.99954V (DAS1159) for 
± lOY units, or +4.99909V (DAS1l57)/+4.999S4V (DASllS8)1 
+4.99977V (DAS11S9) for ±5V units. Note that these values 
are I 1I2LSBs less than nominal full scale. Adjust the gain 
potentiometer until binary and offset binary coded units are just 
on the verge of switching from 11.. ... 10 to 11.. ... 11 or modified 
binary and two's complement coded units are just on the verge 
of switching from 011.. ... 10 to 011.. ... 11. 

DASllS7IDASllS8IDASllS9INPUT/OUTPUT 
RELATIONSHIPS 
The DAS11S7/DAS1158 produces a true binary coded output 
when configured as a unipolar device. Configured as a bipolar 
device, it can produce either offset binary or two's complement 
output codes. The most significant bit (MSB) is used to obtain 
the binary and offset binary codes while (MSB) is used to obtain 
two's complement coding. The DASl1S9 produces a modified 
binary coded output when configured as a unipolar device. 
Configured as a bipolar device it can only produce two's com
plement output codes. The DASllS9 uses MSB to obtain the 
modified binary and two's complement output codes; the DAS 1159 
does not have an MSB output. Table II shows the DAS11571 
DAS1158/DASllS9 unipolar analog input/digital output re
lationships. Table III shows the DASI157IDAS1l58/DAS11S9 
bipolar analog input/digital output relationships. 
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Input Voltage-Output Code Relationships 

Unipolar Input Voltages 

Analog Input Digital Output 

Oto +SVRange Oto +lOVRange 

DASll57 Binary Code 
+4.99969V +9.99939V 11 1111 1111 1111 
+O.OOOOOV +O.OOOOOV 00 0000 0000 0000 

DASI158 Binary Code 
+4.9998SV +9.99969V III 1111 1111 1111 
+O.OOOOOV +O.OOOOOV 000 0000 0000 0000 

DAS1159 Modified Binary Code 
+4.99992V +9.9998SV 0111 1111 1111 1111 
+O.OOOOOV +O.OOOOOV 1000 0000 0000 0000 

Table II. Unipolar Input-Output Relationships 

Bipolar Input Voltages 

Analog Input Digital Output 

±SVRange ±10VRange Offset Binary Code Two's Complement Code 

DASIIS7 
+4.99939V +9.99878V 11 1111 1111 1111 01 1111 1111 1111 
+O.OOOOOV +O.OOOOOV 10 0000 0000 0000 00 0000 0000 0000 
-S.OOOOOV -IO.OOOOOV 00 0000 0000 0000 10 0000 0000 0000 

DAS1l58 
+4.99969V +9.99939V III 1111 1111 llli 011 1111 llli 1111 
+O.OOOOOV +O.OOOOOV 100 0000 0000 0000 000 0000 0000 0000 
-S.OOOOOV -1O.OOOOOV 000 0000 0000 0000 100 0000 0000 0000 

DASIIS9 
+4.9998SV +9.99969V 0111 llli 1111 1111 
+O.OOOOOV +O.OOOOOV 0000 0000 0000 0000 
-S.OOOOOV - IO.OOOOOV 1000 0000 0000 0000 

Table III. Bipolar Input-Output Relationships 

TRI-STATE DIGITAL OUTPUT 
The ADC digital outputs are provided in parallel format to the 
output tri-state buffers. The output information can be applied 
to a data bus in either a one-byte or a two-byte format by using 
the HIGH BYTE ENABLE and LOW BYTE ENABLE terminals. 
If the tri-state feature is not required, normal digital outputs 
can be obtained by connecting the enable pins to ground. 

POWER SUPPLY AND GROUNDING CONNECTIONS 
No power supply decoupling is required since the DAS11571 
DAS1l58/DAS1159 contain high quality tantalum capacitors on 
each of the power supply inputs to ground. 

The analog and digital grounds are internally connected in the 
DAS1157/DAS11581DAS1159. But in many applications, an 
external connection between the digital ground pin and analog 
ground pin is advisable for optimum performance. 

DIGITAL 
POWER 
SUPPLY 

COMMON 

DI~1~:t8~~"L~~s STAR·POINT Of , ___________ , ANALOG GROUNDS 

I g~~~~~ ~~~b~~ I 
I I 
I DASl157/DASl158/DASl159 I l __________ J ANALOG 

POWER 
SUPPLY 

COMMON 

Figure 4. Typical Ground l.ayout for DASl1571DAS1158, 
DASl159 



r.ANALOG 
WDEVICES 

FEATURES 
• Ruggedized Packaging Designed to Address the 

Higher Temperatures, Vibration and Particulate 
Contaminants Found in Plant Floor Environments 

• Color Graphics, 5 1/4" Diskette Drive, 10 MB Fixed 
Disk, Parallel and Serial Communication Ports, 
256 KB RAM and Battery Backed-Up Clock 

• An Industry Standard Real-Time Operating System, 
Concurrent CP/M-86* from Digital Research, to 
Serve as a Powerful Foundation for Application 
Software Development 

• ADl's Measurement and Control BASIC, 
MACBASIC™, is Real Time, Multitasking, 
With Integral 110 Keywords and High Speed 
Graphics, to Optimize Monitoring, Test and 
Control Applications 

• Supports the MACSYM® Family of Application 
Software Tools Including High Level Language, 
Menu Driven Application Software Programming 
Utilities and Assembly Language 

• Compatibility with PC DOS** Files Allows Data 
Gathered in Real Time Using MAC BASIC to be 
Stored in PC DOS Format and Manipulated, Analyzed 
and Presented by Standard Third-Party Software, 
Such as Lotus 1-2-3***, Wordstart, and dBasett 

• A Family of Measurement and Control 110 Cards 
that Install in the System Unit for Workstation 
Based Measurement and Control Configurations 

• Integrated System Support for the Analog Devices 
Family of p.MAC™ and MACSYM Measurement 
Control Units 

• Expandable System Architecture Which Permits 
the Addition of Up to 640KB of Memory, Additional 
Communication Ports and Many Standard Products 
Designed for Use With the IBM PC/XT** 

• A Family of Peripherals Including Printers, 
Plotter, and Monitors 

MACBASIC and ... MAC are trademarks of Analog Devices, Inc. 
MACSVM is a registered trademark of Analog Devices, ,Inc. 
'CP/M-86 is a registered trademark of Digital Research, Inc. 
"PC DOS and IBM PC/XT are registered trademarks of International 
• Business Machines Corporation 
"'Lotus 1-2·3 is a registered trademark of Lotus Development Corp. 
tWordstar is a registered trademark of MicroPro International Corp. 
ttdBase is a trademark of Ashton Tate Corp. 

This four-page data summary contains key specifications to speed your selec
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office. 

Industrial Workstation 
MACSYM 120 I 

OVERVIEW 
The MACSYM 120 is a version of the IBM PClXT manufactured 
by IBM for Analog Oevices and designed for use in plant floor 
environments. The system hardware supports all of the functions 
of Analog Devices hardware and software products as well as 
the IBM PCIXT. The MACSYM 121 is comprised of the standard 
MACSYM 120 system unit configured to support the MACSYM 
200 family of products. 

The base MACSYM 120 consists of a system unit and a keyboard. 
The system unit contains a 10MB fixed disk drive, dual sided 
5 114" diskette drive, color/graphics monitor card, a multifunction 
combination card, 256KB of RAM and four system expansion 
slots. A door over the disk/diskette drive area protects the drives 
from particulate contaminants. A cooling fan with removable 
fllter protects the system internals from suspended and settleable 
particulates. A retainer bar inside the system unit secures each 
of the installed cards against vibration. The multifunction com
bination card provides an asynchronous communication port, a 
parallel printer port, battery backed-up calendar-clock and a 
thermal sensor interface to monitor temperature inside the system 
unit. 

The keyboard attaches to the rear of the system unit via a coiled 
cable. The keypad area is comprised of three sections: typewriter 
keys, numeric/editing keypad, and programmable function keys. 

Various options are available for use with the base system such 
as a color monitor, more system memory, serial/parallel com
munication ports, peripheral devices, measurement and control 
I/O cards and subsystems. 
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TIlE STANDARD SYSTEM UNIT 
The standard MACSYM 120 system unit has the following 
features: 

• System Board With Intel 8088 Microprocessor and 8087 
Math' Coprocessor 

• Power Supply 
• 83 Key Sealed Membrane Keyboard With Typewriter 

~eyboard, NumericlEditing Keypad, Buffered Input and Ten 
Function Keys 

• 10 MB Fixed Disk and Adapter Card 
• 5 1/4" Floppy Diskette Drive and Adapter Card 
• Color/Graphics Display Adapter Card . 
• Combination Adapter Card With One AsynchrOnous Com

munication Port, One Parallel Interface Port, .Battery Backed
Up Clock and Thermal Warning System 

• Four System Expansion Slots for Option Boards such as 
Additional Memory, Conununication Ports or Measurement 
and Control 10 

The Macsym ilO is supported by two levels of diagnostics. A 
power-On self test is executed to verify that base system elements 
are worklng properly. It will report on problems that could 
prevent the system {rom booting. Additionally, each system is 
shipped with a diagnostic diskette. These tests can be used to 
verify proper operation of the system board, keyboard, memory, 
adaptor and option cards. Each of these units is customer 
replaceable. 

System Board 
. The heart of the system unit is the System Board. It consists of 
five functional areas: the Microprocessor Subsystem and its 
support elements; the Read-Only-Memory (ROM) subsystem; 
the Random Access Memory (RAM) subsystem; 110 bus and 
adapter card interface circuitry. Eight IBM PClXT compatible 
62-pin card edge sockets are mounted on' the board for system 
I/O. The 110 signals are bussed across these eight slots for use 
by the standard adapter cards and optional expansion products. 

The MACSYM 120's processing power is based on the Intel 
8088 Microprocessor. It is an 8-bit external bus version of Intel's 
16-bit 8086 Microprocessor, and is software compatible with the 
8086. Thus the 8088 supports 16-bit operations. 

The 8088 operates in maximum mode so that an Intel 8087 
math coprocessor can be used. The coprocessor enables the 
system to perform high speed arithmetic, logarithmic functions, 
and trigonometric operations with exceptional speed and accuracy. 
The coprocessor works in parallel with the 8088. The parallel 
operation allows the coprocessor to do mathematical calcUlations 
while the 8088 microprocessor continues to do other functions. 
This performance is important when performing real-time analysis 
or calculating control algorithms. 

An eight position dual-in-line switch mounted on the system 
board provides system programs with information about installed 
options via the operating system. 

The System Board also contains the circuitry for the serial interface 
to the keyboard. These circuits generate an interrupt to the 
system unit's 8088 microprocessor when a keyboard scan complete 
code is received. The interface logic can also request execution 
of a diagnostic test in the keyboard. 

Power Supply 
The power supply is an integral part of the system unit chassis. 
It supplies the power and power OK reset signal necessary for 
the operation of the system board, installed options, .and the 
keyboard. It also provides two separate connectors for power to 
the 5 1/4" diskette drive and the 10MB fIXed disk drive. It is 
designed for continuous operation at 130 watts arid has a fused 
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120V ac input. The power supply is designed to operate in plant 
power environments. It provides system unit power through 
power line trarisients and input fluctuations from I04Vac to 
127V ac, 57HZ to 63Hz. When the power supply is turned on 
after it has been off for 5 seconds, it generates a power good 
system reset signa1 that indicates adequate power is available for 
processing. 

Keyboard 
The keyboard has a permanently attached cable that connects to 
a DIN connector at the rear of the system unit. The keyboard 
assembly incorporates a microprocessor to perform the keyboard 
scan function and a power-on self test. It is a typeWriter styled 
keyboard with full screen editing and cursor control keys. There 
are ten user definable function keys and a numeric keypad. The 
keypad assembly can be adjusted to a 5 or 1 S degree tilt for 
operator comfort. 

Fixed Disk Drive 
The 10MB Fixed Disk drive is a random access storage device 
that uses two non-removable S 1/4" disks for storage. It interfaces 
to the system board via the fIXed disk drive adapter. which is 
factory installed in one long slot on the system board. The total 
formatted capacity is 10M bytes (17 sectors per track with 512 
bytes per sector and a total of 1224 tracks). 

An impact-resistant enclosure provides mechanical and contami
nation protection for the heads, actuator and disks. A self contained, 
air recirculating system, which consists of an internal filter and 
a breather filter, maintains a clean air environment. Thermal 
isolation of the stepper and spindle motor assemblies from the 
disk enclosure results in a very low temperature rise within the 
enclosure. This isolation provides a greater off track margin and 
the ability to perform read and write operations immediately 
after power-up with no thermal stabilization delay. 

Floppy Diskette Drive 
The 5 114" Diskette Drive utilizes double-sided double density 
soft-seCtored diskettes with 40 tracks per side. The diskette 
drive itself is a self-contained unit consisting of a spindle drive 
system, a head-positioning system and a read/write/erase system. 
The diskette drive uses Modified Frequency Modulation (MFM) 
to read and write digital data. It interfaces to the system board 
via the diskette drive adapter card which is factory installed in 
one of the long system slots located on the system board. 

Color/Graphics Display Adapter 
The Color/Graphics Display Adapter Card is designed to interface 
the system unit with the MACSYM 120's Industrial Color Display. 
It is capable of operating with monochrome or color displays 
and provides three video interfaces: a composite-video port, a 
direct drive port (RGB), and a connection interface for driving a 
user supplied RF modulator. The adapter has two basic modes 
of operation: alpha-numeric (AlN) and all-points-addressable 
(APA) graphics. 

In the AIN mode, the display is operated under CCP/M-86 in' 
an 80 column by 2S row format for use with high resolution 
monitors. 

In the APA mode, there are two resolutions available: a medium 
resolution color graphics mode (320 x 200) and a high resolution 
monochrome graphics mode (64O'x 200). In the medium-reso
lution mode each pixel takes on one of four colors. The background 
color is fIXed as black. The remaining three colors come from 
one of the two program selectable color paUetes. 

The color/graphics adapter card is factory installed in a long slot 
on the system board. The direct drive video port is a 9-pin, D 
shell female connector. The composite video port is a standard 
female phono jack. 



Combination Adapter Card 
The Combination Adapter Card is factory installed in a short 
system slot. It has the following four functions: 

• Serial Asynchronous Communication 
• Parallel Printer Port 
• Battery Backed-Up Real Time Clock 
• Thermal Warning System 

The Serial Asynchronous Communication port is fully pro
grammable and supports asynchronous communications. The 
hardware will add and remove start, stop and parity bits. A 
programmable baud rate generator settable by a CCP/M-86 
operating system utility, allows operation from 50 to 9.600 baud. 
The operating system also controls transmit, receive, modem 
control, and error conditions via interrupts. Diagnostic capabilities 
accessible from assembly language provide loop-back functions 
of transmit/receive and input/output signals. The following 
modem control signals are supported by the implementation of 
the operating system: CTS, RTS, DSR and DTR. 

The parallel printer port is specifically designed to attach printers 
with a parallel port interface, but it can also be used as a general 
output port for any device that matches its capabilities. 

When this port is used to attach a printer, data or printer commands 
are loaded into an 8-bit latched output port, and the strobe line 
is activated writing data to the printer. The operating system 
automatically checks printer status indicating when the next 
character can be written. 

The thermal warning system monitors internal system temperature 
as a means of notifying the operator of a clogged mter, failed 
fan or excessive operating temperature. The operating system 
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automatically displays the warning condition on line 2S of the 
system monitor. A status bit representing the same information 
is also accessible from a user program on a polled basis. 

The real-time clock is a 24-hour battery backed-up calendar 
clock. It is also supported by the system software which can be 
set to read day, date and time. 

Below is a system block diagram of the MACSYM 120 Industrial 
Workstation System Unit. 

SYSTEM EXPANSION OPTIONS 
The MACSYM 120 Workstation can be expanded by adding a 
number of options. A family of peripherals including printers, a 
color plotter and monitor are available. Installation of the Series 
120 measurement and control 1/0 products makes the MACSYM 
120 a workstation based measurement and control system. System 
1/0 options such as memory and communications hardware may 
also be installed based on your application reqnirements. 

The MACSYM 120 can also be_expanded to work with the 
ILMAC and MACSYM family of I/O interface and programmable 
measurement and control units. The MACSYM 121 configuration 
of the workstation incorporates support for high speed com
munications to the MACSYM 200 family of measurement and 
control units. MCComm products allow the MACSYM 120 to 
be utilized with all of the Analog Devices measurement and 
control unit products as well as communicate easily with other 
popular computers. 

SYSTEM OPTION RESOURCE REQUIREMENTS 

Card 
Product Size 

MI0120: Long 
analog and 
digital I/O 

AOTl20: Long 
analog 
output 

010120 Short 
digital I/O 

MEMI20- Short 
010,1,2: 
RAMexp. 

MEMI20- Long 
020,1,2: 
RAM and 
comm.exp. 

DMA 
Channel Interrupt 
Req'd Req'd 

Optional Optional 

NO NO 

NO Optional 

NO NO 

NO YES 

Table III. 

Comments 

Interrupt and 
DMA required 
to utilize 
SCAN, or 
COLLECT 
statements 

Interrupt re-
quired if using 
ACTON EVENT 
statement. 

Serial port 
must use one 
interrupt; 
parallel 
port does not 
use interrupt. 
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MACSYM 120 TECHNICAl. DATA 

Standard S,.tem Uait 
• Intel 8088 mic:roproce8sor, 4.77MHz clock speed 
• Intel·8087 math coprocessor 
• 256KB RAM with memory parity checking 
• 250ns memory access time, 410ns memory cycle time 
• Operating system: 

- Digital Research CCP/M-86 with additions to support 
Analcig DeviceS measurement and control 110 products and 
graphics 

- Support for 4 virtual consoles with windows. 
- OCcupies 145KB of RAM 
- File Compatibility with PC DOS 

• MeBSlKelDent and control language: 
- Analog Devices MACBASIC 
- Real time 
- Multitasking 
- Integral 110 keywords 
- High speed, high resolution graphics 

• 130 watt power supply 
• Cooling fan with repIsi:eable filter 
• Dual sided 5 114" diskette drive and adapter card, 48tpi, 40 

tracks per side, 360K bytes formatted storage, 6 millisecond 
track-Io-track access. 

• 10MB Winchester disk drive and adapter card with 11-bit 
burst error detection and correction in the form of 32-bit 
error checking and correction. 

• Combination adapter card with thermal sensor input, 100year 
battery-backed calendar clock, serial asynchronous communi
cation port with RS232C120mA current loop, and psrallel 
interface port 

• Color/graphics display adapter 
- Medium Resolution: 320 x 200, 4 colors 
- High Resolution: 640 x 200, monochrome 
- Text Mode: 80 columns x 25 rows 

• System unit dimensions: 
- Width 19.5" (496mm) 
- Depth 17.9" (4S5mm) 
- Height 6" (l52mm) 

• System unit weight: 
Approximately 39 pounds (17.7kg) without keyboard 

• Electrical: 
- AC operating voltages: 104 minimum to 127 maximum, 

57Hz to 63Hz 
- Transients: ±2S00 volts maximum with 16 microsecond 

nominal pulse width 
• Temperature: 

- Operating: 39.2 degrees to 115 degrees F 
(4 degrees to 46.1 degrees C) 

- Storage: 39.2 degrees to 125 degrees F 
(4 degrees to 51.7 degrees C) 

• Particulate contaminsnts: 
- Suspended particulates: 500 micrograms per cubic meter 
- Benzene soluble organics: 30 micrograms per cubic meter 
- Settleable particulates: 1500 micrograms per'square 

centimeter 

• Shock: 
- O.5G at 10 millisecond interval 
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• Vibration: 
- 5Hz to 17Hz at 0.005 inches double amplitude 

displacement 
- 17Hz to 200Hz at 0.07G peak 
- 200Hz to 500Hz at 0.0300 peak 

• Keyboard: 83 keys, 182.88cm (6 ft.) coiled cable, 5 and 15 
degree tilt positions, standard typewriter keyboard laYout, 10 
function keys, 15 key numeric/screen editing keypad, 6.5 
pounds (2.9kg) 

MACSYM 120 WORKSTATION PERIPHERAL OPTIONS 
• 13" diagonal, 16 color industrial display: 

- Protective screen cover 
- Direct drive connects to color/graphics monitor adapter 

card 
- Cooling fan with replaceable filter 
- Height: 297mm (11.7 in) 
- Length: 392mm (15.4 in) 
- Depth: 467mm (15.6 in) 
- Weight: 12.3kg (i7 Ib) 
- Heat output: 240 BTUIHR 
- Power cable: I.83m (6 ft.) 
- Signal cable: I.Sm (5 ft.) 

• 80/132 column dot matrix printers 
• Interactive X-Y plotter, 8 colors 

Measurement and Control VO Options (see the Series 120 
Data Sheet for detailed specifications) 
• MIOI20: Multifunction measurement and control 110 

- 32 single endedl16 differential 12-bit analog inputs 
- 2, 12-bit analog outputs 
- 8 digital inputs, 8 digital outputs 
- Installs in one long slot 

• AOTl20: Analog output card 
- 4 or 8 analog output channels 
- 12-bit resolution 
- 4 selectable output ranges 
- Installs in one long slot 

• DI0120: digital input and output card 
- 24 channels selectable in 8 channel groups as input 

or output 
- Integral change of state detection for activating a system 

interrupt 
. - Installs in a long or short slot 

S,.tem VO Options 
• MEM120-010,01l,012: Memoryexpsnsion card for expanding 

system memory to the 640KB maximum 
- Adds up to 384KB to the 256KB in the standard system 

unit 
- Installs in' a short or long slot 

• MEM 1 20-020,02 1 ,022: Multifunction.memory/communications 
expansion card 
- Adds up to 384KB to the 256KB in the standard system 

unit 
- One parallel printer port 
- One serial asynchronous communications port, RS-232-C; 

same features as the Combination Adapter Card 
- Installs in one long slot 
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FEATURES 
Used with a MACSYM® Workstation, or IBM PC 
16 Slots for ADIO Cards for up to: 
. 512 Single Ended Analog Inputs, or 
256 Differential Analog Inputs, or 
256 Digital I/O Points, or 
64 Analog Outputs 

Versatile Data Acquisition: 
33,000 12-Blt Samples/Second COLLECT 
7,000 Samples/Second SCAN 
Noise Immune 16-blt Sampling 
220 Samples/Second from Multiple Relay Cards 
AVeraGe and Frequency INput 

Commands 
MACBASIClM - A Real-Time Multitasking BASIC 

which Is both Interactive and Compiled for Ease of 
Progrem Development and Fast Execution 

Local Umit Checking, Data Analysis and Statistical 
Report Generation to Offload Workstation 
Proceasor 

Local Process Control Without Additional Host 
Communication 

8088/8087 Math Co-Processor Architecture for High 
Speed Floating Point Operations 

Up to 512K Bytes RAM with Parity Checking 
Communication to Workstation at 307K baud 
RS-232 Port for Local Printer, Terminal, or Local 

Operator Terminal 
Watchdog Timer to Monitor Unit Operation 

This fo .... pap data "UIIIIIl8IY contaiDs key specifications to speed your selec· 
tion of the proper solution for your application. Additional information on t1!is 
product can be obtained Iiom your local sales office. 

Programmable 
Measurement and Control Unit 

MACSYM 250 I 

GENERAL DESCRIPTION 
The MACSYM 250 is a Programmable Measurement and Control 
Unit used with the MACSYM 121 or 150 Workstations or the 
IBM Personal Computer with an ADI Compatibility Kit. It 
provides 16 slots for ADIO (Analog/Digital Input/Output) cards. 
The MACSYM 250 features 12-bit high speed or 16-bit high 
resolution data acquisition, automatic self-calibration, and up to 
512K bytes of RAM. 

MACBASIC, a compiled, real-time multitasking BASIC, is the 
programming language for both the MACSYM 250 and Work
station. Thus the MACSYM 250 can implement measurement 
and control strategies locally. Used with a Workstation, this 
provides distributed processing. The MACSYM 250 acquires 
data, checks limits, analyzes data, develops control outputs, 
generates statistics, and reports results to the workstation. The 
workstation provides operator interface, manages disk storage, 
generates screen graphics, and runs other programs under Con
current CP/M-86*. 

The MACSYM 250 is optimized for measurement and control. 
For high speed floating point operations, it has 8088/8087 
microprocessor/math co-processor architecture. Its RAM supports 
the multitasking scheduler, MACBASIC, the application program, 
and variable data space. 

Real-world data is acquired and control outputs are sent through 
ADIO cards which are plugged into the 16 slots of the MACSYM 
250. The ADIO bus carries signals to and from the cards and 
the I/O Interface. The 110 Interface converts analog data to 

MACSYM i. a registered trademark of Analog Devices, Inc. 
MACBASIC is a trademark of Analog Devices, Inc. 

·CP/M·86 i. a registered trademark of Digital Research, Inc. 
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SPECIFICATIONS (Typical at 2ft unless otIawise specified) 

COMPUTER 
CPU 

OockRate 

RAM Memory 

System Memory 
Requirement 

Diagnostic and 
Boot-Up PROM 

, Communications 
PonO 

Ponl 

Local Operator 
Tenninal Power 

808818087 
ProcessorlMath Co-Processor 

5MHz 
256K Byte Standard 
(5l2KByteOptional) 

1l0KBytes 

16K Byte 
(Not User Accessible) 

RS422 Serial Synchronous 
at307.2KBaudtoWork 
Station (Up to 3.8 Volts 
Common-Mode Differential) 

RS-232 Serial Asynchronous 
50,75,110,134.5, 150,300, 
600, 1200, 1800,2000,2400, 
3600, 4800, 7200, 9600 or 19,200 
Baud (Switch Selectab~e) 

5 Volts at 500mA 

Watchdog Timeout Period 3 Seconds 

AlDCONVERTER FUNCTION 
12-Bit Successive 
Approximation Mode 

Accuracyl 
Resolution 
Speed 

16-Bit Resolution 
Integrating Mode 

Accuracyl 
Resolution 
Normal Mode 

Rejection 
Speed 

CALIBRATION 

±0.024% 
0.024% 
33,000 SBnlpleslSec Burst Mode 

±0.024% 
0.0015% 
50dB additiVe to ADIO card 

l6.6mslConversion 
(60Hz Systems) 

20.OmslConversion 
(50Hz Systems) 

Self-Calibration 
Minimizes Errors Over 
Changing Environmental 
Conditions 

TEMPERA TURECOEFFICIENTS1•2 

OffsetTC ± l5fLVrC 

GainTC ±3ppm/"C 
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PHYSICAL SPECIFICATIONS 
Size 8.0Hx17.5Wx25.5DIncb 

Weight 
Shipping Weight 

IlOSlots 

Environmental 

(20H x 45W x 6SDCM) 

501bs. (23kg) with 16 
6OlbS. (27kg) ADIOcards 

16-Slots for ADIO Cards 

Operating Temperature 32"F-122°F; 0-500c 
Relative Humidity 5-95% Noncondensing 

POWl):RAVAILABLE FOR ADIO CARDS 
+ 5 Volts 10 Amps 
+ l5Voits 2.4 Amps 
-15 Volts 2.4 Amps 

INPUT POWER 
Voltage lOOl120or 2201240 VAC 

Voltage Tolerance 

Frequency 

Power Consumption 

NOTES 

- 200A. to + 100/. 

47Hz to 63Hz 

l50WattswithoutADIO 
400 Watts max 

1 Does not include ADIO Card Specifications. 
2 Assumes periodic auto ca1ibration. 
Specifications subject to c:bange witbout notice. 



digital form, delivers data to and receives it from the micropro
cessor bus. Acquired data may be used immediately in a running 
program, or accumulated for future use. 

High-speed data and program communication is provided to 
MACSYM Workstations over a 307k baud link. A second com
munication port is available for a local terminal, printer, or 
other RS-232 device. 

MACBASIC 
Both the workstation and MACSYM 250 are programmed in 
MACBASIC. Each has the capability to run up to 18 tasks 
concurrently. As a result, the MACSYM 250 can effectively 
execute many tasks at once, providing real-time measurement 
and control. 

The MACBASIC commands implemented in the MACSYM 250 
support ADIO activity, computation, and communication. Since 
mass storage, screen graphics, and IEEE-488 communications 
are performed through the Workstation, those supporting MAC
BASIC commands appear only there. The MACSYM 250 can 
access a disk file and display tabular data on the screen through 
a cooperating Workstation program. 

PROGRAM SEGMENT EXAMPLE 
A small segment from a MACBASIC application program illus
trates the distributed control achieved with a Workstation and 
MACSYM 250. This program scans 256 real world points and 
compares them to a pre-set limit value. Values higher than the 
limit will be sent to the Workstation for future processing, 
minimizing communication and freeing the Workstation for 
higher level functions. 

MACSYM 250 PROGRAM 

10 TASK3,100 ACT3 
100 OPENW: 2"$BOX:0,5" 

DESCRIPTION 

Prepare to send data through 
software channel 2 to the 
workstation (box 0), 
active task 5 

110 SCAN (SPEC' (1), 256) Acquire data from all 256 
INTO DATA (1) Analog Input points 

120 FOR INDEX = 1 TO 256 For all points 

130IFDATA(INDEX):5LIMIT Check to see if their value is 
GO TO 150 greater than a limit, if so, 

140 PRINT: 2 INDEX, DATA report to Workstation 
(INDEX) 

150 NEXT INDEX 
160 CLOSE:2 Complete this segment 

WORKSTATION PROGRAM DESCRIPTION 

30 TASK 5,510 ACT 5 
510 OPENR:4"$BOX: 1,3" Prepare to receive data 

through software channel 4 
from Box 1, task 3 

520 INPUT: 4 SAMPLE, VALUE The task looks for data from 
the MACSYM 250. If there 
is none, it suspends. 

530 GOSUB 1000 REM Processes and develops 
EXCEPTION HANDLER displays 

540 GO TO 520 Return to await more data 

Enhancements to this program are easily added to check both 
high and low limits. Each point can be checked against limits 
specific to that point by defining arrays of limits. 

MULTITASKING SCHEDULER 
The MACSYM 250 has an executive which performs the operating 
system functions required by the MACSYM 250, while remaining 
transparent to the user. It keeps track of all the things to be 
done, and arranges for them to happen in an orderly fashion. 
This multitasking scheduler has been optimized for efficiency in 
the MACSYM 250 environment. It activates and suspends MAC
BASIC tasks based upon the function performed by the task, as 
well as other tasks waiting to be processed. It also supervises 
input/output functions. 

MACSYM 250 BLOCK DIAGRAM 
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NEW PRODUCTS - Modules & Subsystems 4-25 

II 



ADIOCAIIDS 
Real-world signal interfacing.is accomplished through the ADIO 
family .of over·30 (AnaloglDigitai Input/Output) cards. They 
provide all the signal conditioning neceasary for connection 
directly to voltages, currents, frequencies, thermocouples, strain 
gages, flow meters, relays, tachometers, valves, alarms, controllers, 
and other devices. Calibrated excitations, input protection, . 
isolation, multiplexing, amplification, and other required pre
conditioning are supplied by the ADIO cards. Sensors and 
actuators are connected to ADIO cards with convenient screw 
terminals .on a ~parate panel. 

The ADIO library includes solid state and relay multiplexer 
cards for analog inputs. Cards specifically for thermocouples, 
RTDs and strain gages are also available. Analog output cards 
have both voltage and current loop drive capability. Digital 
inputs and outputs are available on several. cards,'with either 
soli,d state or relay switching. Other cards inClude a calendar/clock, 
frequency measurement, pulse counting, and generation of 
priority interrupts. The dual loop PID control card functions 
independently of other system activity. Refer to the ADIO data 
sheets for additional details. 

MACSYM 250 ARCIDTECTURE 
Tracing a typical analog input signal flow into the MACSYM 
250 is one way to gain an appreciation for the strength of its 
design. An ADIO card is chosen for the particular measurement 
or control activity. Then the signal is multiplexed onto the 
ADIO bus. Shielding on the ADIO bus separates these signals 
from high speed digital signals and other noise sources within 
the MACSYM 250. The ADIO bus carries these signals to the 
central analog 1/0 Interface of the CPU board. Here a multiplexer 
selects the input signal from the card of interest. Final amplification 
through a programmable gain amplifier scales the signal into a 
± 10 volt range. Then a sample and hold amplifier captures the 
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signal for conversion by the analog to digital converter. This 
digital representation is stored in memory. 

The 8088 and 8087 work together to achieve rapid program 
execution with high accuracy. Program logic steps are executed 
by the 8088, while arithmetic ( + ,- ,/, x ) and transcendental 
operations (sine, cosine, log) are performed by the 8081. The 
computational power available is illustrated by the rapid execution 
speed of some representative MACBASIC operations. A 32-bit 
floating point multiply or divide (X = A * B or X = AlB) is 
completed in less than 290 microseconds. 

DUAL MODE AID CONVERTER 
Two modes of analog-to-digital conversion are selectable under 
program control in the MACSYM 250. High speed 12-bit con
versions usC the successive approximation technique. ln addition,. 
a statistical integration process may be used with the AIN command 
to achieve 16-bit resolution. High levels of noise immunity, and 
line frequency normal mode rejection result from this process. 

AUTO CALmRATION 
The MACSYM 250 automatically calibrates its data acquisition 
section when it is powered up, and after an initial temperature 
stab1ization period of IS minutes. Subsequent calibrations may 
be initiated at any time, under program control. Accurate system 
performance over long periods of time and changing environmental 
conditions is ensured by the calibration process employed in .the 
MACSYM250. 

Calibration is accomplished by applying known, accurate refererice 
voltages to the AID converter's analog input. AID conversions 
are performed, and each result is compared with the expected 
value for that particular input. Automatic adjustments are made 
until the AID conversion results match expected values. When 
this occurs, calibration is complete. 



r.ANALOG 
WDEVICES 

FEATURES 
16-Slots for ADIO Cards-for Up to 

512 Single Ended Analog Inputs or 
256 Differential Analog Inputs or 
256 Digital I/O Points or 
64 Analog Outputs 

Versatile, High Performance Data Acquisition 
33,000 12-Bit Samples Per Second (Single Channel 

Burst) 
7000 Samples per Second (Multiple Channels) 
Noise Immune 16-Bit Sampling 
Up to 220 Samples/Second from Multiple Relay 

Cards 
SCAN, COllECT, AVG and Frequency Input 

Commands 
MACBASIC™ - A Real-Time Multitasking BASIC 

Which is Both Interactive and Compiled for Ease 
of Program Development and Fast Execution 

8088/8087 Math Co-Processor Architecture for 
High Speed Floating Point Operations 

Local Umit Checking, Data Analysis, and Statistical 
Report Generation to Offload Workstation 

Program Development with a MACSYM® Work
station or Uses Programs Developed on a 

MACSYM 250 
Up to 512K Bytes RAM with Parity Checking, for Large 

Data Handling Capacity 
Runs Programs from PROM for Nonvolatile Program 

Storage and Automatic Operation on Power Up 
Up to 384K Bytes PROM for System and 

Application Programs 

This six·page data summary contains key. specifications to speed your selec· 
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office. 

Programmable 
Measurement and Control Unit 

MACSYM 260 I 

Rugged Metal Construction for Industrial 
Environments 

6O"C Operating Temperature 
All Assemblies Accessible from the Front 
Diagnostic Indicator Lights 
Stand-Alone or Distributed Control 
Three RS-232 Ports for Local Printers, Terminals, 

Communication with Non-ADI Computer, or Other 
Control Units 

Isolated 20mA Communications on 2 Ports 
System Monitor to Verify Unit Operation 
Monitors Internal Supply Voltages and Temperature to 

Facilitate Maintenance 
Automatic Power-Up Diagnostics 
Keylock Security 

GENERAL DESCRIPTION 
The MACSYM 260 is an industrial Programmable Measurement 
and Control Unit which may be used as a stand-alone controller; 
with a MACSYM Workstation; IBM· Personal Computer with 
an ADI compatibility kit; or any popular computer. It provides 
-16 slots for ADIO (AnaloglDigital Input/Output) cards. These 
accommodate up to 512 single ended or 256 differential analog 
inputs; or 256 digital 1/0 points; or up to 64 analog outputs. 
The MACSYM 260 features 12-bit high speed or 16-bit high 
resolution data acquisition, automatic self-calibration, up to 
384K of PROM, and up to 512K bytes of RAM. 

MACBASIC is a trademark of Analog Devices, Inc. 
MACSYM is a registered trademark of Analog Devices, Inc. 
*mM is a trademark of International Business Machines 
Corporation. 
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SPECIFICATIONS (Typical at m: unless oIhaIwise specWied) 

COMPUTER 
CPU 

Clock Rate 

RAM Memory 

PROM 

System Memory 
Requirement 

Diagnostic and 
Boot-Up PROM 

Communications 
PortO 

Port 1 

Local Operator 
Terminal Power 

Port2&3 

Watchdog Timeout Period 

8088/8087 
Processor/Math Co"Processor 

5MHz 

256K Byte Standard 
(512K Byte Optional) 

12 Sockets for 32K x 8 Chips 
(384K) or 16K x 8 Chips 
(192K) 

150KBytes 

16K Bytes (Not User 
Accessible) 

RS-422 at 307 .2K Baud to 
Workstation (Nonisolated, 
for Program Development 
only) 

RS-232 
50,75,110,134.5,150,300, 
600,1200,1800,2000,2400, 
3600,4800,7200,9600,19,200 
Baud (Switch Selectable) 

5 Volts at 500mA min 

RS-232 Serial Asynchronous 
ASCII or Isolated 20rnA 
Current Loop 
150,300,600,1200,2400, 
4800, %00 or 19,200 Baud 
(Switch Selectable) 

3 Seconds 

AID CONVERTER FUNCTION 
12-Bit Successive 
Approximation Mode 

Accuracy! 
Resolution 
Speed 

16-Bit Resolution 
Integrating Mode 

Accuracy! 
Resolution 
Normal Mode Rejection 

Speed 

CALIBRATION 

±0.024% 
0.024% 
33,000 Samples/Sec Burst Mode 

±0.024% 
0.0015% 
50dB Additive to 
ADIOCard 
16.6,...s Conversion 

(60Hz Systems) 
20.0,...s Conversion 

(50Hz Systems) 

Self-Calibration 
Minimizes Errors Over 
Changing Environmental 
Conditions 

TEMPERATURE COEFFICIENTS!,2 
OffsetTC ± IS,...VI"C 

Gain TC 3ppm/"C 
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PHYSICAL SPECIFICATIONS 
Size 20HxJ8Wx16DInch 

Weight 
Shipping Weight 

110 Slots 

ENVIRONMENTAL 
Operating Temperature 

Relative Humidity 

INPUT POWER 
Voltage 

Voltage Tolerance 

Frequency 

Power Consumption 

NOTES 

51Hx45Wx4IDCM 

651bs. (30kg) with 16 
801bs. (36kg) ADIOCARDS 

16-Slots for ADIO Cards 

0_60°C 
32°F_140°F 

5%-95% Noncondensing 

100/120 or 220/24OVac 

-20% to +10% 

47Hz to 63Hz 

150 Watts without ADIO 
450 Watts max 

I Does not include ADIO Card Specifications. 
2 Assumes periodic auto calibration. 
Specifications subject to change without notice. 



Distributed processing can be implemented with another com
puter. Either RS-232 or isolated 20mA current loop communication 
can be used. Protocols may be defined by MCComm, or custom. 
communications protocols may be developed. 

In a typical distributed application, the MACSYM 260 acquires 
data, checks limits, analyzes data, develops control outputs, 
generates statistics, and may report results to another computer. 
That computer manages mass storage, and may send supervisory 
control messages, or parameter changes to the MACSYM 260. 
Operator interface is accomplished through a Workstation, 
video display terminal, or other local terminal device. 

In stand-alone control applications, MACSYM 260 programs are 
stored in nonvolatile PROM. Operators may interact with the 
unit through a local terminal. Reports can be sent to a printer 
through a local serial port. 

The MACSYM 260 is optimized for measurement and control. 
For high speed floating point math operations it has 8088/8087 
microprocessor/math coprocessor architecture. Up to SI2K 
bytes of RAM is available. The multitasking scheduler and 
MACBASIC require about 150K bytes. Alternatively, the 
scheduler and MACBASIC can be programmed in PROM, for 
nonvolatile storage. For stand-alone operation, a debugged ap
·plication program can also be programmed into PROM and 
installed in the MACSYM 260. This frees over lOOK bytes of 
RAM for additional variable data space. 

Real-world data is acquired, and control outputs are sent through 
ADIO cards which are plugged into the 16 slots of the MACSYM 
260. The ADIO bus carries signals to and from the cards and 
the 110 Interface. This I/O Interface converts analog data to 
digital form, and passes data to and from the processor bus. 
Acquired data can be used immediately in a running program, 
or accumulated for future use. 

Communication for program development is provided to and 
from Workstations over a 307K baud RS-422 link. Three additional 
communication ports for local printers, terminals, and communica
tion to another computer are included on the MACSYM 260. 
Both RS-232 and 20mA current loop capability are provided. 

MACBASIC 
The MACSYM 260 is programmed in MACBASIC. It has the 
capability to run up to 18 tasks concurrently. As a result, the 
MACSYM 260 can effectively execute many tasks at once, pro
viding real time measurement and control. 

The subset of MACBASIC which is implemented in the MACSYM 
260 includes commands for ADIO activity, computation and 
communication, such as ACTIVATE ON EVENT, ALERT, 
SUSPEND, CHATR, POLY, and OPEN for Read or Write. 
MACBASIC in the MACSYM 260 works together with MAC
BASIC on the Workstation, where screen graphics and mass 
storage commands appear. Software developed for the MACSYM 
250 can be executed on the MACSYM 260. The two units use 

the same commands, except that directed 110 to ports 2 and 3, 
and return of a high internal temperature indication are not 
supported by MACSYM 250. 

PROGRAM SEGMENT EXAMPLE 
A small segment from a MACBASIC application program will 
illustrate the power it brings to measurement and control problems. 
As a positiqn sensor moves across a surface, its location is regis
tered. Points out of specification are displayed on a terminal, 
and the mean of the sampled data is calculated and displayed. 

MACSYM260 PROGRAM DESCRIPTION 

3IOOPENW:3"$QTO:I" Open port # 1 for com-
munication with a local 
operator interface terminal. 

. 320 COLLECT (7, 1, 1, 1000) Collect 1000 data points 
INTO DATA (1) from slot #7, channel # 1, at 

a gain of 1, into an array with 
index starting at 1. 

330 SUM=O Initialize the variable SUM 
toO. 

340 FOR INDEX = 1 to 1000 Over all points 
COLLECTED. 

350 SUM = SUM + DATA Add up their values. 
(INDEX) 

360 IF DATA (INDEX) :5 LIMIT Check for those above a 
GO TO 380 limit. 

370 PRINT: 3 "POINT #"; Display the measurement 
INDEX; "VALUE"; DATA number and data value of 
(INDEX) any data point greater than 

the limit. 

380 NEXT INDEX 

390 MEAN = SUMlIOOO.O Calculate the mean value of 
all sampled points. 

400 PRINT: 3 "MEAN IS"; MEAN Display the value of the 
mean. 

Enhancements to this program could easily be added to check 
both high and low limits. Each measurement could be checked 
against limits specific to that point by defining arrays of limits. 

MULTITASKING SCHEDULER 
The MACSYM 260 has an executive which performs the operating 
system functions required by the MACSYM 260. This multitasking 
scheduler has been optimized for efficiency in the MACSYM 
260 environment. It activates and suspends up to 18 MACBASIC 
tasks based upon the function performed by the task, as well as 
other tasks waiting to be processed. Input/output functions are 
also supervised by the multitasking scheduler. 

NEW PRODUCTS - Modules & Subsystems 4-29 

• 



PROM BASED SYSTEMS 
The sumdard MACSYM 260 is shipped with 256K RAM and 
12 socketed ROM locations to accommodate up to 384K of 
PROM in 32K x 8-bit chips. 16K x 8 chips can be used for 

'up to 192K bytes. When a MACBASIC program has been de
veloped and debugged, it may be burned into PROM with 
commercially available programmers, and installed in the 
MACSYM 260. From that time onward, the MACSYM 260 can 
operate in a stand-alone mode. When stand-alone operation is 
desired, applying line power to the MACSYM 260 will initiate 
program operation. 

ADIOCARDS 
Real-world signal interfacing is accomplished through the ADIO 
family of over 30 (AnaloglDigital Input/Output) cards. They 
provide all the signal conditioning necessary for connection 
directly to voltages, currellts, frequencies, thermocouples, strain 
gages, flow meters, relays, tachometers, valves, alarms, controllers, 
and other devices. Calibrated excitations, input protection, 
isoliltion, multiplexing, amplification, and other required pre
conditioning are supplied by ADIO cards. Sensors and actuators 
are connected to ADIO Cards with convenient screw terminals 
on a sepsrate panel. 

The ADIO library includes solid state and relay multiplexer 
cards for analog inputs. Cards specifically for thermocouples, 
RTDs and strain gages are also available. Analog output cards 
have both voltage and current loop drive capability. Digital 
inputs and outputs are available on several cards, with either 
solid state or relay switching. Other cards include a calendar 
clock function, frequency measurement, pulse counting and 
generation of priority interrupts. The dual loop PID control 
card functions independently of other system activity. Refer to 
the ADIO data sheets for additional details. 

MACSYM 260 ARCHITECTURE 
Tracing a typical analog input signal flow into the MACSYM 
260 is one way to gain an appreciation for the strength of its 
design. An ADIO card is chosen to provide the necessary signal 
conditioning for the particular measurement. Th~ the signal is 
multiplexed onto the ADIO bus. Shielding on the ADIO bus 
separates these signals from high speed digital signals and other 
noise sources within the MACSYM 260. The ADIO bus carries 
these signals to and from the central analog 110 Interface of the 
CPU board. Here a multiplexer selects the input signal from the 
card of interest. Final amplification through a prograinmable 
gain amplifier scales the signal into a ± 10 volt range. Then a 
sample and hold amplifier captures the signal for conversion by 
the analog to digital converter. This digital representation is 
now available to the processor bus. 

The 8088 and 8087 work together to achieve rapid program 
execution with high accuracy. Program logic steps are executed 
by the 8088, while arithmetic ( +, -, I, x) and transcendental 
operations (sine, cosine, log) are performed by the 8087. The 
computational power available is illustrated by the rapid execution 
time of some representative MACBASIC operations. A 32-bit 

, floating point multiply or divide (X = A * B or X = AlB) is 
completed in less than 290 microseconds. 

DUAL MODE AID CONVERTER 
Two modes of analog to digital conversion are selectable under 
program control in the MACSYM 260. High speed 12-bit con
versions use the successive approximation technique. In addition, 
a statistical integration process may be used with the AINcommand 
to achieve 16-bit resolution. High levels of noise immunity, and 
line frequency nortnal mode rejection result from this process. 

MACSYM 260 BLOCK DIAGRAM 
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AUTO CALIBRATION 
Accurate system performance over long periods of time and 
changing environmental conditions is ensured by the calibration 
process employed in the MACSYM 260. The MACSYM 260 
automatically calibrates its data acquisition section when it is 
powered up, and after an initial temperature stablization period 
of IS minutes. Subsequent calibrations may be initiated at any 
time, under program control. 

Calibration is accomplished by applying known, accurate reference 
voltages to the AID converter's analog input. AID conversions 
are performed, and each result is compared with the expected 
value for that particular input; Automatic adjustments are made 
until.the AID conversion results match expected values. When 
this occurs, calibration is complete. 

ANALOG DATA ACQUISITION 
Several modes of data acquisition are available in the MACSYM 
260. COLLECT takes multiple readings from a single channel 
at a selected frequency. SCAN performs an analog input from 
selected channels and slots, with all gains and the order of sampling 
set up in advance. AIN returns a single analog input value of a 
single channel. While many additional modes are available, 
diScussing these three modes gives information representative of 
MACSYM 260 performance. 

A program in the MACSYM 260 may COLLECT measurements 
from a single channel at a rate of 33,000 samples per second, 

COMMUNICATIONS 
For program development, port 0 of the MACSYM 260 com
municates to the Workstation through a synchronous RS-422 
port running an ADI proprietary protocol at 307.2K baud. The 
high speed communication link has built in error detection and 
recovery capability. Cyclical Redundancy Checking (CRC) error 
detection is performed on each message. If a bit error is detected, 
a retry is initiated. Should the retry fail, an ·error message is 
given, so the programmer may initiate an alternative recovery 
technique. 

At run time, either RS-232 or 20rnA isolated current loop com
munication may be used. Port I uses RS-232 to communicate 
with a terminal, printer, or other RS232 instrumentation. In 
addition, it supplies + 5 volt power for a portable field terrninal. 
Ports 2 and 3 support either RS-232 or isolated 20rnA current 
loop connections. Rates from SO to 19.2K baud are switch 
selectable. 

These ports can be applied to several uses. Because some in
strumentation provides an RS-232 data ~utput, a port could 
bring measurement data into the MACSYM 260. Data, reports 
and statistics could be communicated out of one of these ports 
to a printer, local terminal, or another computer. A port could 
accept parameter changes which would modify the behavior of a 
program, or cause a new recipe to be run. In addition, MACBASIC 
programs can be edited through one of these ports when a con
figuration switch is set to "field tertninal mode." 

MCComm is a trademark of Analog Devices, Inc. 

and load them into memory. Sampling multiple solid state channels 
is accomplished with a SCAN command, which can acquire an 
array of up to 16,000 data elements from one to 2S6 differential 
channels at a rate up to 7000 samples per second. 

Individual analog inputs may be acquired with a command of 
the forin "X = AIN (Slot, Channel, Gain). Response from solid 
state cards such as AIM03 and TICOI is very rapid, so that 
when multiple AIN's are perfOrtDed, data is loaded into memory 
at a rate above 800 samples per second. 

Relay-based cards such as AIM02-XXI and TIC02-XXI have a 
slower response time, to allow for such things as contact bounce. 
The typical throughput speed from an individual mercury wetted 
relay card is 75 samples per second. 

The multitasking capability of the MACSYM 260 allows a sig
nificant speed increase when several relay cards are in use. An 
AIN command in one task is used to initiate sampling from the 
first card. Without waiting for data to be returned, an AIN in 
the next task initiates data acquisition from the second card. 
Mter all the cards have been started, the first one is revisited to 

complete data acquisition from that card. Thus separate tasks 
are used in parallel to perform data acquisition from several 4 
slots at once. By setting up 8 two-slot mercury wetted relay 
cards in a fully loaded MACSYM· 260, and then retrieving all 8 
values, approximately 220 samples per second is achieved. Since 
these cards may connect to 240 to 256 individual real world 
points, the revisitation rate is just under once per second. 

MCComm™ 
Analog Devices MCComm communication software products 
facilitate the use of ports I, 2 and 3 of the MACSYM 260 when 
those ports are to be used to exchange data with non-ADI com
puters or Analog Devices Programmable Measurement and 
Control Units. Either RS-232 or isolated 20rnA current loop 
hardware can be used. MCComm provides run-time support 
with high level language calls added to MACBASIC. MCComm 
dermes a standard host and media independent protocol for all 
communicating deviCes. Its error checking and retry strategy 
makes the communication reliable. Point to point as well as 
multidrop configurations are supported. 

MCComm also facilitates use of the MACSYM 260 with the 
MACSYM 120, the MACSYM ISO with DSnOO/IOl, or IBM 
Personal Computers without a compatability kit. In these cases 
MACBASIC and an application program must be in PROM, 
installed in the MACSYM 260. That is because either RS-232 or 
isolated 20mA current loop communication is used at run time 
and those communication modes do not support downloading of 
MACBASIC from Workstation mass memory. Interaction with 
the Workstation is similar to interaction with any other computer 
in this configuration. 
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PROGRAM DEVELOPMENT 
Program development for the MACSYM 260 is accomplished 
through a Workstation, which may be either a MACSYM 121, 
MACSYM 150, or IBM Computer equipped with an ADI com
patability kit. The kit includes MACBASIC and necessary com
munication and processing hardware to interact with theMACSYM 
260 over the high speed link. Refer to compatibility kit data 
sheets for details. 

When programs are being developed, lines of MACBASIC are 
entered through the Workstation keyboard, used in a virtual 
terminal mode. Virtual terminal capability allows the Workstation 
screen and keyboard to service either the Workstation processor, 
or the MACSYM 260. Switching from one virtual terminal to 
another is accomplished instantly, with two keystrokes. When 
connected to the MACSYM 260, lines of MACBASIC are incre
mentally compiled by the MACSYM 260 as they are entered at 
the keyboard. Relevant messages are displayed on the screen. In 
this mode, the behavior is similar to a physical terminal direCtly 
connected to the MACSYM 260. 

Debugging programs is facilitated with virtual terminal operation. 
Full screen editing is supported, so a few characters in a long 
program line can be easily changed. The virtual terminal may 
be instantly switched between the Workstation and MACSYM 
260 to monitor the interactions between two programs l'Il1lnlng 
simultaneously. ' 

Through cooperating Workstation programs, the MACSYM 260 
has access to the Workstation's peripherals. Programs stored in 
the mass memory of the Workstation can be downloaded into 
the MACSYM 260. Programs developed in the MACSYM 260 
can be sent to the Workstation, and stored on disk. The MACSYM 
260 can also print programs or data through a printer connected 
to the Workstation. 

In addition, the MACSYM 260 is software compatible with the 
MACSYM 250. Programs may be developed, and debugged on 
a MACSYM 250, perhaps in a laboratory or pilot plant. Then, 
when the approach is finalized, the program can be burned into 
PROM, and installed in the MACSYM 260 for production use. 

UNATTENDED OPERATION 
When a program has been developed and loaded into PROM, 
the MACSYM 260 supports stand-alone unattended operation. 
When power is applied, program execution begins. A keylock 
prevents an unauthorized reset or shutdown from the front 
panel. 

Distributed unattended operation is also supported. RS232 or 
isolated 20rnA communication ports can be used to send reports 
and receive changes in program parameters. Unit status can be 
indicated at a remote location utilizing the system monitor relay. 

INDUSTRIAL PACKAGING 
The MACSYM 260 is built with rngged, heavy gage aluminum 
so it,will stand up to the vibration, shock; and handling found 
in many industrial installations. 

Reliable operation is ensured in many ways. Airflow patt~rns 
were s~udied to minimize internal hot spots, which are frequently 
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an underlying determinant of electronic reliability. Careful at
tention has also been given to reliable cabling and connections. 
Positive retention of field wiring cable connectors ensures con
tinuity to ADIO cards. Provisions for cable dressing and strain 
relief are extensive. ' 

Serviceability considerations are evident throughout the MACSYM 
260. Diagnostic indicators aid troubleshooting. All assemblies 
are accessible from the front. Each major component can be 
removed separately, without disturbing 'adjacent parts, of the 
system. For example, a cable trough routes ADIO field wiring 
cables up above the cards so the cable from one board does not 
interfere with extraction of the next. 

Many human factors aspects of the MACSYM 260 have been 
considered. Fully assembled, the center of gravity is directly 
below the lifting handles for stability. Alternatively, heavy com
ponents such as the power supply are easily removed to facilitate 
mounting. Filters are easily accessible. Keylock of the on/off/teset 
switch prevents unauthorized use. 

MOUNTING 
The MACSYM 260 can be mounted in several ways. Lugs are 
provided at the rear for wall mounting. Mounting in a NEMA 
enclosure is facilitated because all electronic assemblies are ac
cessible from the front. A rack mount kit, which provides a 
recessed front panel for cable dressing, is also available. 

FAILURE DETECTION 
The MACSYM 260 employs several modes of failure detection 
to ensure reliable operation, and provide clear indications of 
internal status. When initially powered up, diagnostics are run 
to verify microprocessor functions, and memory integrity. Parity 
bit error detection is employed when memory is accessed during 
run time. Internal voltage levels are monitored to detect line 
power outages or power supply problems. An improper dc level 
will hold the system reset until proper power is restored, when 
a power-up will occur. Overall operation is monitored with a 
watchdog timer which is periodically updated by ,the multitasking 
scheduler. Internal Unit temperature is monitored, and made 
available to MACBASIC programs to notify users that an air 
filter needs cleaning. 

External indication of internal status is provided. A green lamp 
indicates that ac power is connected. A green LED shows that 
internal dc power levels are proper. Overall Unit operation is ' 
indicated with a system monitor light. Should internal temperature 
rise too high, a red "high temp" LED is illuminated. 

Major failures, such as a parity error, or watchdog timeout will 
cause one of three preselected responses. The Unit can reset the 
ADIO cards, setting outputs of all cards except AOC07 and 
PlDOI to zero, and halt; or halt without a reset, not affecting 
output values; or reset and restart the program. In each case, a 
major failure will cause the monitor relay (form C) to change 
state. This can be used with an annunciator to alert the operator, 
or to transfer control to a manual back-up system. 
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FEATURES 
Run-Time Data Exchange Between Devices 
Multidrop Support (Up to 255 Devices) 
Host and Media Independent 
Accessible Using High Level Language Calls 
ASCII Based Protocol 
Reliable Serial Communications 

BENEFITS 
Easy to Use 

Master/Slave Relationship 
Tutorial Documentation 

Reduces Costs 
Saves on Software Development Time 
No Specialized Communications Hardware Required 

Flexible 
Supports Standard 20mA, RS-232C, Modem 

Communications 
Compatible with New ADI System Products 

Reliable 
Proven and Tested 
Data Integrity Met with Checksum and Time-Out 

Routines 

APPLICATIONS 
Distributed Systems - Data Transfer Between Host 

ComputerlMACSYM@ Workstations and ADl's 
Measurement and Control Units 

Data Logging - On-Line Monitoring of Process Data 
in Slaves . 

Supervisory Control - Transmit Set Points, Loop 
Parameters and Function Commands to Slave 
Monitor Alarm and Status of Slave 

Product Test - Transfer Setup Parameters to Slave 
Transfer Test Results to Host 

DESCRIPTION 
MCComm ™ is a series of run-time data communication software 
packages which allow ADI workstations (MACSYM 120, 
MACSYM 150) or other host computers, such as an IBM personal 
computer, to communicate with measurement and control units 
such as the MACSYM 260 and the ILMAC-5000 in a master/slave 
relationship. Capabilites of MCComm include on-line transmission 
of process parameters to host, sending of set points and alarm 
limits to slave, status monitoring. The software uses a simple 
ASCII protocol with a series of callable subroutines to pass data 
between the host and up to 255 slave devices. MCComm acts as 
a communications handler and does not effect the operation of 

This four-page data SIUlUlUll.')' contains key specifications to speed your selec
tion of the proper solution for your application. Additional information on this 
product can be obtained from your local sales office, 

Measurement and Control 
Communications Software 

MCComm I 

the application program. Data in the form of reals, integers and 
strings are passed between devices using global arrays. Data 
integrity is maintained though a checksum routine, character 
parity, automatic retry and time-outs. It is distributed in floppy 
disk or PROM form, depending on the target device. 

SOFTWARE OVERVIEW 
MCComm software is composed of two separate packages: the 
MCComm Master and MCComm Slave. These packages provide 
the necessary run-time data communications between computers! 
workstations (acting as a master) and ADl's Distributed Meas
urement and Control Units (acting as slaves). The packages 
consist of a series of high level callable routines accessed by the 
user's application program (such as MACBASIC™ and ""MAC
BASIC) and convert the host computer into a master and the 
distributed units into slaves. The following figure illustrates 
how MCComm MACBASIC master and the users application 
program are used. In the Master, the application program calls 
the MCComm routines which supports all communications and 
returns the status and data to the applications program. In the 
Slave, the communication software runs as a background routine 
independent of the application program, responding to the Master's 
requests for status and data. Data stored in arrays is passed 
betwj:en the application program and the MCComm software 
routine. 

MACSYM is a registered trademark of Analog Devices, Inc. 

MCComm and MACBASIC arc trademarks of Analog Devices, Inc. 
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MASTER SLAVE 

CALL 

~ COMMUNICATION ~~~OKG,;;~~~~E _ _ APPLICATION 

APPLICATION 
PROGRAM 

~ 
RETURN 

MCComm 
MACBASIC 

MASTER 

MEDIA 
COMMUNICATION PROGRAM 

ROUTINE 

Figure 1. MCComm Master/Slave Communication Scheme 

With the MCComm Master package, the host computer becomes 
a master. It initiates all communication to the slave devices. The 
master may be used to read data from or write data to any of 

. the slaves. The master may be used to read on-line measurement 
and control data and write new set points and configurations to 
the slave(s). It may also be used to simply monitor the status of 
the slave devices. 

With the MCComm Slave package, data passed between the 
master and slave is stored in arrays in the memory of the slave. 
These arrays or tables can be used by the application program 
that is running on the slave. The host (or master) is able to 
access the same data through communications calls. Single ele
ments, as well as groups of data, can be read from or written to 
data arrays which are resident in the slave device. The data 
arrays within the slave are in the form of integers, reals, and 
strings. 

MCComm OPERATION 
MCComm performs communications between a master and one 
or more slave devices by providing software communications 
routines that transfer data over a serial link using a predefined 
protocol. Data transfer is transparent to the user because it is 
done through MCComm routines which are called from the 
user's application program running in the master. The software 
routines, in turn, use the MCComm communications protocol to 
actually transfer the data. Communication takes place in a com
mand/response format with the host always initiating the com
munications action. 

Data transfer rates vary depending on the host computer used 
and the baud rate selected. 

In Figure 2, we see a typical command/response with the data 
exchange called a packet. In this example, three data values are 
returned to the host in the slave response. When using a host 
running MACBASIC, up to 3 packets of up to 5 data values can 
be exchanged every second. This means that a master can exchange 
data with up to 3 slaves every second. The number of slaves 

ASCII 
CHARACTERS 

TRANSMITTED 

SLAVE 
RECEIVES 

AND 
PROCESSES 
COMMAND 

which can be polled is dependent on the size of these packets. If 
only one slave is polled, a packet of 20 data values consisting of 
integer or real values can be transferred in one second. 

MCComm COMMANDS 
The MCComm commands determine the type of data that is 
transferred between the master and the slave devices. The 
MCComm Master routine provides six commands to read and 
write the data stored within the slave device as well as a dedicated 
command to read the slave status. These commands allow indi
vidual data items, as well as groups of data items, to be accessed 
in a single communication exchange. Included below is a listing 
of these commands: 

COMMAND 
CODE COMMAND FUNCTION 

I Write Integer Data to Slave Array 
2 Write Real Data to Slave Array 
3 Write String Data to Slave Array 
4 Read Integer Data from Slave Array 
5 Read Real Data from Slave Array 
6 Read String Data from Slave Array 
7 Read Status of Slave (see section on Slave Status) 

When the MCComm comm.mication routine is called from the 
user's application program, data is transferred according to the 
command selected. The following steps are required in the 
Master application program to perform this data transfer. 

1. Initialize the sizes of the integer, real, and string data 
variables. 

2. Select the appropriate COMMAND (1 to 7) for data transfer. 
3. Set up additional parameters (e.g., slave address) in the 

master. 
4. Call the MCComm communications routine. 

When the communication routine is called, data is transferred 
according to the standards of the MCComm communication 
protocol. 

SLAVE 
BUILDS 

RESPONSE 
PACKET 

ASCII 
CHARACTER 

TRANSMITTED 

MASTER 
RECEIVES 

AND 
PROCESSES 
RESPONSE 

Figure 2. MCComm Data Exchange 
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Figure 3. MCComm Status Checking Routing 
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SLAVE STATUS 
A variable in the slave stores a user-defmed integer value that is 
sent back to the master as part of any slave response. This 
parameter is only used by the user application program and is 
not tested by the communication routine. This status value can 
be used to flag events in the slave devices that need immediate 
attention by the master. 

In the follo~ing example, we are using MACBASIC and have 
predefined the variable SLA VEST AT' as follows: 

SLAVESTAT' = 0 when the slave is OK. 
SLA VEST AT' = I if the temperature measured by the slave 

is below a limit. 
SLA VESTAT' = 2 if the temperature measured by the slave 

is above a limit. 

Using the following routine in the MCComm Master application 
program, the slave status value is tested and appropriate action 
taken. 

STATUS EXAMPLE 

900 REM SUBROUTINE TO TEST AND OPERA TE ON 
SLAVESTAT' 

910 IFSLAVESTAT' = o THEN RETURN REM 
EVERYTHING OK 

920 IF SLAVESTAT' = 1 THEN GO TO 1000 REM 
TEMPLO 

930 IFSLAVESTAT' = 2 THEN GO TO 2000 REM 
TEMP HI 

940 RETURN REM IF SLAVESTAT' 
<> O,I,OR2 

1000 REM ROUTINE TO SERVICE LOW TEMP 
ALARM CONDITION 

1999 RETURN 
2000 REM ROUTINE TO SERVICE HI TEMP 

ALARM CONDITION 

2999 RETURN 

Status checks of the slaves can be performed at a rate of 4 per 
second. The structure of a status checking routine is shown in 
Figure 3. 

HOST/SLA VB CONNECTION 
MCComm supports a multidrop/distributed configuration of a 
master connected to slave devices such as the ones shown in 
Figure 4. Unlike many data highways, no special communications 
hardware is required since we use a simple asynchronous ASCII
based serial link to connect the devices. This eliminates the 
need to purchase expensive interface boxes and specialized test 
equipment. The master/slave communication link can be confi
gured in either point-ta-point or multidrop (party line) config
urations. Various hardware interface media such as RS-232C, 
20rnA, and modems can be used with the MCComm packages. 
You can also easily mix different devices since all slaves running 

MCComm look the same. The protocol can support up to 255 
slaves on the same communications link in a modem confIgUration. 
In a multidrop configuration, up to 16 slaves can be connected 
on the same 20rnA link. 

COMMUNICATIONS PROTOCOL 
MCComm protocol establishes a set of rules that are followed 
when transmitting data between different devices. MCComm is 
a command/response, packet-oriented protocol with all the com
munication requests originating from the host. The relationship 
between host and remote devices is that of a master and slaves. 
Address recognition is provided in the slave packBge to enable a 
series of multidrop slaves to share a single communication line 
with the master. Reliable data transmission is provided using 
check sum and character parity error detection. The MCComm 
master packages also contain time-out detection to prevent system 
hangup in the event that a slave fails to respond or a communication 
link failure occurs. If an error is detected by the master, it 
automatically tries again to communicate with the slave. If, after 
retrying, it still cannot achieve error-free communication to a 
slave device, the master communication package reports an 
error to the applications program. 

RUN-TIME COMMUNICATIONS 
The MCComm Master and MCComm Slave communications 
packages provide support for !"Un-time data communications 
between devices. Run-time'means that both sides (master and 
slave) of the communications process must have a running ap
plications program in order for data to be transferred. This data 
transfer is transparent to the user since it is done through MCConim 
software routines which are called from the user's application 
program. 

Data, in the form of integer, real, and strings, are passed between 
the host and slave as an accessible data arrays. They are accessed 
from the application program using high level command calls. 

HOST INDEPENDENT 
MCComm provides host and media independent communications 
to the user. The simple ASCII-based protocol has been designed 
in such a way that nearly any host not supported by ADI can be 
tied into a MCComm communication if it has a RS-232C or 
20mA serial port. The user's guide clearly defines the master/slave 
protocol which gives the systems programmer the ability to 
develop a master communication routine for other computers. 

Figure 4. Hierarchica/ Serial Data Link Configuration 
Supported. by MCComm ' 
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DOCUMENTATION 
MCComm is furnished with full tutorial dOcumentation to allow 
a user with little 'or no data communications experience to feel 
comfortable installing, using, and maintaining this comml,lDica
tions system. Documentation for MCComm includes a 'general 
MCComm Guide, the MCComm Master User's Guide and the 
MCComm Slave User's Guide. The MCComm Guide answers 
communications questions that the user may have, whether it be 
on recommended communications media or the nature of com
munications principles in general. The guide includes a discussion 
on ASCII asynchronous serial communications, media selection, 
hardware configurations and communications media installation 
as well as providing information on the communications protocol. 
The MCComm Master and Slave User's Guides detail the software 
structure and describe how to write application programs using 
MCComm software. 

DIsTRmunoN OF MCComm 
There are two types of MCComm software modules, one for the 

host and one for the, slave. They are installed by the user and 
supplied in floppy disk or PROM form. 

SUMMARY 
MCComm is ideal for users of Analog Devices' ~MAC and 
MACSYM products who want to have a simple but efficient 
method of implementing communication without having to 
write communications software. MCComm provides quick and 
easy startups since it Uses high level subroutine calls to interface 
with your program. Data integrity is maintained with error 
detection and automatic retry facilities which are built into the 
package. A simple protocol makes troubleshooting straightfor
ward. MCComm's open arChitecture and straightforward design 
makes it easy to port to other hosts. The software can operate 
over virtually any media, ranging from shielded twisted pair, to 
telephone lines, to radio links, to bioadband coaxial cable systems. 
And, fmally, the protocol allows up to 255 devices on one com
munications line. 

ORDERING INFORMATION 
To use MCComm, both a master and a slave package must be selected that runs on the appropriate unit. 

SOFTWARE PRODUCTS 

OPERATING 
PIN USED ON SYSTEM MEDIA DESCRIPTION 
MCCOMM-M120 MACSYM120 CCP/M Floppy Disk MACBASIC Master Sofrware 

IBMPClXT* MACBASIC Master User's Guide 
MACSYM2601 MCComm User's Guide 

MCCOMM-M150 MACSYM150 MP/Mor Floppy Disk MACBASIC MASTER Software 
MACSYM2601 CCP/M MACBASIC Master User's Guide 

MCComm User's Guide 

MCCOMM-SI20 MACSYMl20 CCP/M Floppy Disk MACBASIC SLAVE Software 
IBMPCIXT MACBASIC SLAVE User's Guide 
MACSYM2601 MCComm User's Guide 

MCCOMM-SI50 MACSYM150 MP/Mor Floppy Disk MACBASIC SLAVE Software 
MACSY¥2601 CCP/M MACBASIC SLAVE User's Guide 

MCComm User's Guide 

MCCOMM-SSOOO j1MAC-5000 REV I. 3 ROM j1MACBASIC SLAVE Software 
or j1MACBASIC SLAVE User's Guide 
later MCComm User's Guide 

NOTE 
I Attn. MACSYM 260 Users - To instidl MCComm communications and develop application programs, you must have either a 
MACSYM 121, MACSYM ISO or IBM PClXT with a compatibility kit. The MCComm Software is ordered for the workstation. 
Programa are then downloaded to MACSYM 260's or burned into EPROMs. 

*IBM PClXT is a trademark of International Business Machines Corporation. 
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rIIIIIII ANALOG 
WDEVICES 

FEATURES 
Two Independent Analog Output Channels 
1Z-BIt Resolution, ±0.05% Accuracy 
Simultaneous Voltage and Current Outputs per 
, Channel 
High CMV Isolation: ± 1000V Peak 
Plugs Into Sockets on the "MAC-5000 or "MAC-4010 

APPUCATIONS 
Excitation Source (Strain Gage and Potentlomaters) 
Proportional Control 
Current-to-Posltion Converter 
Low-Cost Multlloop Controller 
Fumace and Oven Control 

GENERAL DESCRIPTION 
The QMXAO is a two channel, analog output module that 
plugs into any QMX. socket on the ,..MAC-SOOO Master Board 
or ,..MAC-4010 Expander Board. It allows a user to add analog 
output capability to a ,..MAC-SOOO Master Board without the 
need for an analog output expander board (,..MAC-4030). 

Each analog channel has two tracking outputs; a 0 to + lOV or 
± IOV voltage output and a 4-to-20mA or O-to-20mA current 
loop output. In addition to the 12-bit resolution and ::!: O.OS% 
accuracy, each channel is isolated to ± lOOOV peak from each 
other and also from system ground. 

The drive capability in the voltage output mode is ± 4mA minimum 
at full scale range (::!: ISmA for ranges up to ± SV) and is protected 
against shorts to ground. Loop power is internally provided for 
the current loop output and is capable of driving resistive loads 
of 0 to soon. 
The QMXAO is a low cost solution to adding analog output 
capability to a ,..MAC-SOOO system. The QMXAO can be ordered 
separately and installed by the user in an existing ,..MAC-SOOO 
system or ordered configuration on a ,..MAC-SOOO or ,..MAC-40IO 
board. Up to three QMXAO modules can be installed on a 
board. It can be mixed with any combination of QMX. input 
modules. 

APPLICATIONS 
Analog outputs are required to drive actuators, position valves 
or operate set point controllers in control applications, or to 
drive recorders or indicators in monitoring applications. The 
voltage output mode can also be used as an excitation source for 
sensors such as strain gages and load cells. For example, a 3SOO 
strain gage can be excited by setting the voltage output to + SV 

Two Channel 
Isolated Analog Output Module 

QMXAO I 

(thereby drawing less th8n ISmA). To optimize accuracy, trimpots 
allow optional adjustment of the excitation source. 

Figure I shows a ,..MAC-SOOO configured with a single QMX.03 
input module and two QMXAO output modules implementing 
four PID control loops. The QMX. modules provide total isolation 
on both analog inputs and outputs. The simultaneous output on 
the QMXAO is driving a recorder which is monitoring the 
output drive level. 

Another potential application could be the ,..MAC-SOOO operating 
in a supervisory mode (performing monitoring or control functions 
and communicating to a host computer), where the QMXAO 
output is controlling the set point of a dedicated process 
controller. 

.,MAC·saoU 
SYSTEM 

QMX03 
INPUT 

MODULt 

QMXAO 
OUTPUT 
MODULE 

OMXAO 
OUTPUT 
MOOULE 

M' 

CHANNEL 1 I=::::;.========:::;l 
ANALOP INPUTS . 

CHANNel 4 1==== 

ANALOG OUTPUTS 

Figure 1. jJ.MAC-5000 Single Board 4-Loop PID Controller 
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SPECI FI CATIONS (lJpicaI +25"1:'" nominal pcJMIrsupply .... > 

Number of Channels 

OutPut Types per ChBnnel 

VoltageOutput 
Output Range' 
Oto+l0V2 

±10V2 

Current Drive 

Monotonicity 
OffsetTC 
SpanTC 
SettlingTime , 

Full Scale Step Change 
Output Resistance 
Output Protection3 

Common-Mode Rejection @ S0I6OHz 

Current Output' 
Output Range4,5 
O-to-20mA 
4-to-20mA 
Monotonicity 
OffsetTC 
SpanTC 
Settling Time 

Full Scale Step Change 
Common-Mode Rejection 

SO/60Hz, RL = 2Son 
Load Resistance Range6 

Isolated Loop Power 
Output Protection 

CMV Isolation 
Channel-to-Channel, Input-to-Output 
,...MAC Board Compatibility 
NumberofQMXAOperBoard 
AOTX Execution Time 
,i.MACBASIC Software Requirement 

NOTES 
I + 10% overrange capability in software. 

Resolution 
2.68mV 
S.4mV 
Oto ±SV: ± ISmA 
±Sto ± lOY: Deratedto +4mA 
±IOVto ±l1V: ±1.8mA 

Resolution 
S.4JJ.A 
S.4JJ.A 

2 

Isolated Voltage and Current 

Accuracy (% Span)' 
±O.OS 
±O.l% 

Guaranteed,Oto +6O"C 
±O.OOl%ofSpan"C 
± 0.003% of Span "C 

6OOf.l.s 
0.10 
2 NUnutes Shott to caound 
106dB 

Accuracy (% Span) 
±O.OS 
±O.OS 
Guaranteed,Oto +6O"C 
± 0.002% ofSpan"C 
± 0.004% ofSpanf'C 

104dB 
OtoSOOOmax 
Internally Provided 
130V rms continuous 

± lOOOV peak Continuous 
JLMAC40107 and ,...MAC-SOOO 
Upto3 
2Sms 
Rev 1.4 or higher' 

2Pactory..:alibrated system accuracy. Can be user-trimmed to higher accuracy if voltage output currents do not exceed SmA and current outputs are not used. 
'One channel only. 
4lfvoltage output is configured for ±IOV(bipolar),thecurrentoutputaccuracyonthesamechanneldegradesto2.S%whichcannotbetrimmedforhiBberaccuracy. 
> ± O.SmA maximum load current availableoD voltage output wbeo using current output operation. 
"User must provide loop power (up to + lOV) for hiBber load resistance ranges. 
7QMXAOcanbeusedon..,MAC40l0onlywbeoina..,MAC-SOOO·systcm. 
'The QMXAO can be used with esrlier releases of software by using • ..,MACBASIC procedure included with the module. 
Specificationa subject to change without notice. 
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1IIIIIIII ANALOG 
WDEVICES 

IBM PC/Xl/AT Compatible 
Multifunction Analog and Digital Board 

FEATURES 
RTI-800 Analog Input and Digital 1/0 Board 

16 Analog Input Channels (Expandable to 32) 
Software Programmable Gain 1, 10, 100 and 500 
12-Bit 25,..s AID (Optional 8 and 12,..s Versions) 
Throughputs up to 71,000 Sample/Second 
Three AID Trigger Modes Including External Trigger 
8 Digital Input and 8 Digital Output Channels 
3 CounterlTimer Channels 

RTI-815 Multifunction Analog Input/Output and Digital 
110 Board 

(Same Features as RTI-800 and Includes) 
2 Analog Output Channels 
12-Bit Resolution 

GENERAL 
Supports DMA, Polled Status and Interrupt 

Operation 
Compatible to IBM PC/XT/AT* or Equivalent 
Optional Screw Termination Panels 

SOFTWARE 
Callable Machine Language Routines for Analog and 

Digital 1/0 
High-Level Language Support 

BASIC, PASCAL, C, FORTRAN and TURBO 
PASCAL Running under PC-DOS 

Calibration Routines 

TYPICAL APPLICATIONS 
Electronic Test 
Quality Assurance 
Data Logging 
Machine Control 
Analytical Data Acquisition 

GENERAL DESCRIPTION 

Process Control 
Robotics 
Imaging 
Instrumentation 

The RTI-Soo and RTI-SI5, IBM-compatible members of the 
RTI® Interface family, are multifunction analog and digital 
110 boards that plug into one of the expansion slots in the IBM 
PClXT/AT. Their functions include analog input, analog output 
(RTI-SI5 only) digital 110 and time related functions. 

The boards provide data acquisition for 16 single-ended or S 
differential channels with optional expansion to 32 single ended 
or 16 differential channels. The instrumentation amplifier is 
Software selectable for gains of 1, 10, 100 and 500 which increases 
the dynamic input range for a variety of input signals. Combining 
this with a sample-hold circuit and a 12-bit AJD converter, the 
data acquisition section features ± 0.02% accuracy and 12-bit 
resolution with conversion times of either S, 12 or 25 .... s (depending 
on option). The RTI-SI5 provides two analog output channels 
consisting of two 12-bit DI A converters. 
RTI is a registered trademark of Analog Devices, Inc. 

*mM PClXT/AT is a trademark of International Business Machines 
Corporation 

This two-pqe data S\IIIIIII8ry contains key specifications to speed your selec
tion of the proper solution for your application. Additional information on this 
product can be obtained 110m your local sales office. ' 

RTI-800/815 I 

The digital 1/0 is brought out on a separate connector and 
contains S digital inputs and S digital outputs. A counter/timer 
device is used to generate a pacer clock for AJD triggers and can 
be set up for event 'counting, frequency measurements, time 
proportional outputs, or single pulse outputs. This provides two 
channels of frequency measurements to 100kHz or three channels 
for event counting or pulse train outputs. 

There are six interrupt lines (jumper selectable) to select from 
which are used by the PC to indicate an end of conversion. 
Several modes of AID operation are possible, since the RTI-Soo/SI5 
contains the hardware necessary to support Direct Memory 
Access (DMA), Polled Status, or Interrupt Operation. 

The RTI-Soo/SI5 maps into the 110 channel address structure 
as 16 consecutive bytes, addressable in any unoccupied 16-byte 
boundary via a DIP switch. The board contains a dcldc converter 
and is powered from the PC's +5V supply. It installs in one of 
the long slots in the PC expansion bus. 

FUNCTIONAL DESCRIPTION 
The RTI-Soo/SI5 is a multifunction analog/digital input/output 
board that plugs into one of the available long expansion slots in 
the IBM PC, PClXT, PClAT, or equivalent personal computer. 
The RTI -SOO board has capabilities for analog input, digital . 
input and output, and time-related digital 110 functions (through 
the AM9513A CounterlTimer chip). The RTI-SI5 board has the 
same capabilities as the RTI-8oo, along with two analog output 
channels. 
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SPECIFICATIONS (typical @ 25"C with nominal power supply voltage unless otherwise noted) 

ANALOG INPUT 

Numberoflnput Channels ' 

Analog Resolution 
A/DRanges' 
Analog Input Codes' 
Instrumentation Amplifier Gain Ranges 
AJD Conversion Time (Converter Only)2 

RTI-SOOandRTI-SI5 
RTI-SOO-AandRTI-815-A 
RTi-SOo-F and RTI-815-F 

System Throughput3 

RTI-SOOandRTI-815 
RTI-SOO-A and RTI-SI5-A 
RTI-SOO-FandRTI-SI5-F 

Measurement Accuracy 

Input Overvoltage Protection 
Input Impedance 
Input Bias Current 
Common Mode Voltage (CMV) 
Common Mode Rejection (CMR) 
Linearity 
Differential Nonlinearity 
Temperature Coefficients 

Gains 

Offset 

ANALOGOUTPUT(RTI-SI50NLY) 
Number of Output Channels 
Output Voltage Ranges l 

Df A Resolution 
Analog Output Accuracy 
D/AInputCodes1 

Differential Nonlinearity4 

Output Settling Time (Converter Only) 
Monotonicity 
Temperature Coefficients 

Gains 
Offset 

Output Protection 

D!GITALI/O 
DigitalIlO 

Input/Output Configuration 

TIME-RELATED DIGITAL 110 
Number ofCounterffimer Cbannelss 
Modes of Operation 

SYSTEM CONFIGURATION 
Bus Resource Utilization 
Address 
Data Acquisition Modes 

Compatibility 

PHYSICAL/ENVIRONMENTAL 
110 Connector 

Analog 110 (J2) 
Digital 110 (Jl) 

Dimensions (Induding Connector) 
Operating Temperature Range 
Storage Temperature Range 
Relative Humidity 

POWER 
Power Consumption 

NOTES 
I Jumper selectable. 

16 Single-Ended, 16 Pseudo~Differential, or 8 Differential Inputs Expandable to 
32 Single-Ended, 32 Pseudo-.Differential, or 
16 Differential Input Channels Using the 
Multiplexer Expansion Kit (AD! Part Number OAIO) 
12 Bits (40% Counts) 
Oto IOV; ± SV; ::!: lOY 
Binary, Two'sComplement 
1,10,100,SOOVN(SoftwareSe1ectable) 

32.2kHz 
55.5kHz 
71.4kHz 
± 0.02% of Full-Scale Range (IOV) 
± 0.03% of Full-Scale Range (1 V) 
±0.12%ofFull-ScaleRange(IOOmV) 
± 0.25% of Full-Scale Range (2OmV) 
± 3SV (Powered), ± 20V (Unpowered) 
>10'0 
±20nA 
± 10Vmin 
SOdB 
±1I2LSB 
±lLSBmax 

± 30ppml"C of Full-Scale Range (IOV) 
± lOOppml"C of Full-Scale Range (20m V) 
± IOppmI"C of Full-Scale Range (IOV) 
± lOOppml'CofFull-ScaleRange(20mV) 

Oto + lOY, ±IOV@2mA 
12 Bits (4096 Counts) 
±O.02% 
Binary, Two'sComplement 
± lLSBmax 
20l's(to ± 1I2LSB, lOY Step) 
Guaranteed Over Operating Temperature 

± ISppmJ°C of Full-Scale Range 
±251'VrC 
Short-to-Ground, Continuous 

8-Bit Digital Input Port and 8-Bit Digital Output Port, Polarity Inverted 
for Solid-State Relay Subsystem Compatibility (Active Low) 
TIL Compatible 

Event Counting, Frequency Measurement, Pulse Output, 
Time Proportional Outputs 

Occupies One Long Slot in the IBM Expansion Bus 
Switch-Selectable 110 Location (16 Consecutive Bytes in S12-Byte Block) 
High Speed Scan and Collect AID Conversions Require Availability ofDMA 
and Interrupt. Polled Status Does Not Require This Source 
IBM, Compaq, or Other IBM-Compatible Backplane 

SO-Pin Male Ribbon Connector 
34-Pin Male Ribbon Connector 
4.2"(1O.6cm) x 13.1"(33.2cm) x 1"(2.54cm) 
Oto +70'C 
-25"Cto + 85'C 
Up to 90% (Noncondensing) 

+5VCaJ l.lA 

lTbe AlDconversion must be initiated through the software convert command, an external convert pulse, orthe pacer output ofthe 
AM9513ACoQJlterrrimerchip. Ifusinganexternalconvertcommandpuise, itmu stbeanLSTTLinputsignai,fallingedgesensitive, 
withaminimumpulsewidthof200ns. 

3System throughput calculated for multipiechannel scan at again 011. The throughput will be less for hlghergain settings. 
Notethat throughput includes the Sv-s time required foreacb DMA data transfer (two transfers per AID conversion). 
Throughput = AlDconversiontime + data transfer time. 

4Monotonic over operating temperature range. 
sThe AM9S13A Counterrrimerchip is used to provide the time-related functions. In addition, there is adedicated 4-bit frequency output channel. 
Extensive assembly language programming is required to use these functions. 

Specifications subject to change without notice. 
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r.ANALOG 
WDEVICES 

FEATURES 
4 or 8 Analog Input Channels 
12-Bit Resolution 
o to + 10V or :!: 10V Output Range 

GENERAL 
Compatible to IBM PC/XT/AT* or Equivalent 
Optional Screw Termination Panels 

SOFTWARE 
Callable Machine Language Routines for Digital I/O 
High Level Language Support 

BASIC. PASCAL, C. FORTRAN and TURBO 
PASCAL running under PC-DOS 

Calibration Routines 

APPUCATIONS 
Precision Voltage Outputs 
Position and Motion Control 
Generate Set-Point Values for Loop Controllers 

GENERAL DESCRIPTION 
The RTI-802 analog output board, an IBM-compatible member 
of the RTI® Interface family, comes in two versions: a 4-channel 
(RTI-802-4 board) and an 8-channel board (RTI-802-8) for 
high-channel capacity applications. The analog outputs are user 
selectable for 0 to lOY or ± lOY and are protected from shorts 
to ground. There is one 12-bit D/A converter per channel for 
maximum update rates. 

The RTI-802 maps into the I/O channel structure as 4 consecutive 
bytes, addressable to any unoccupied 4-byte boundary via a DIP 
switch. The board contains a dc/dc converter and is powered 
from a PC's + SV supply. It installs in one of the long slots in 
the IBM PClXT/AT. 

Typical applications for the RTI-802 include direct control valve 
positioning or as a stimuli in test applications, utilizing a variable 
voltage output. The board can also be used for analog control in 
a process or laboratory application where material transfer rates, 
fluid flow, power consumption, motor speed, temperature levels, 
etc., are to be controlled. In a supervisory control applications, 
the generated analog outputs are used to provide set points to 
analog loop controllers. 

RTI i. a registe1"ed trademark of Analog Device., Inc. 

*IBM PClXT/AT is a trademark of International Business Machines 
Corporation. 

IBM PC/Xl/AT Compatible 
Analog Output Board 

RTI-802 I 

Figure 1. RTI-802 Block Diagram 
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. SPECIFICATIONS (1p:aI @ ft willi nomi1aI supply voIIap IllIess GIberwise Aotad) 

ELEcrRICAL 
Number of Analog Output Channels 

RTI-S02-4 
RTI-802-S 

AnalogVoltageRanges~ 
DIA ReSolution 
Analog Output Accuracy 
D/AlnputCodesl 

Differential Nonlinearity 
Output Settling Time (Converter Only) 
Temperature Coefficients 

Gain 
Offset 

Output Protection 

SYSTEM CONFIGURATION 
Bus Resource Utilization 
Address 
Compatiblity 

PHYSICAL/ENVIRONMENTAL 
110 Connector 
Dimensions 

. Operating Temperature Range 
Storage Temperature Range 
Relative Humidity 

POWER 
Power Consumption 

NOTES 
I Jumper selectable. 
Specifications subject to cbange without notice. 

4 
S 
Oto + 10V, ± IOV@2mA 
12 Bits (4096 CountS) 
±0.02% 
Binary, Two's Complement 
±ILSBmax 
20ILS (to ± 1I2LSB, lOY Step) 

± ISppmI"CofFull-ScaleRange 
±2SILVrc 
Short-ta-Ground, Continuous 

Occupies One Long Slot in the IBM Expansion Bus 
Switch Selectable 1/0 Location (4 Bytes in 512 Byte Block) 
IBM, Compaq, or Other IBM-Compatible Backplanes 

26-Pin Male Ribbon Cable 
13.S" (3Scm) x 5" (12. 72cm) x I" (2.S4cm) 
Oto +70·C 
- 2S.·C to + SS·C 
Up to 90% (Noncondensing) 

+ SV dc@O.Samp 
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1IIIIIIII ANALOG 
WDEVICES 

FEATURES 
24 Channels of Digital Input/Output 
Three a-Bit Groups Independently Selectable for 110 
Interrupt Generation on Change of State 
Compatible to 16 and 24 Position Solid-State Relay 

Subsystems 

GENERAL 
Compatible to IBM PC/XT/AT* or Equivalent 
Optional Screw Termination Panels 

APPLICATIONS 
Parallel Data Transfer to PC 
Digital 110 Control 
AC or DC Monitoring and Control of Voltages 
Relay Control 

GENERAL DESCRIPTION 
An IBM-compatible member of the RTI® Interface family, the 
RTI-SI7 is a 24-channel (bit) input and output board that plugs 
into one of the expansion slots in the IBM PClXTI AT. The 
board can be used with TTL low-level input/output circuitry or 
with solid-state relay subsystems (16- or 24-channel versions) to 
provide 2S00V isolation for interfacing with high-level ac and dc 
signals. 

The 24-channel capability of the RTI-SI7 is divided into three 
pons (or groups) witli. ,S bits per group. These eight bit pons 
can be conflgllred for either a digital input or output function. 

There are two unique features associated with the RTI-SI7: an 
eight-bit latching capability and an interrupt on change of state. 
The latching capability is software or hardware selectable. It 
stores the state of eight digital input lines in a register which 
can then be read from the PC data bus. Interrupt generation 
occurs when one of the eight digital iriput channels changes 
state in a single pon. This feature frees up the PC to do other 
activities since there is no need to poll the digital input pon for 
an event to occur. 

The RTI -S17 can be installed in either a long or short slot in 
the IBM PClXT/AT. The board maps into the 110 channel 
address structure as 4 consecutive bytes, addressable in an unoc
cupied 4-byte boundary using a DIP switch. The board operates 
from the bus + SV power source. 

Typical applications of the RTI -S17 include sensing and control 
of high-level signals, sensing low-level (TTL) switches or signals, 
driving indicator lights or controlling recorders, and parallel 
data transfer (via software) to computers or panel meters. 

RTf is a recistered trademark of AnalOi Devices. Inc. 
"IBM PCfXT/AT i. a trademark of Intematioaal Busineu Machines 
Corporatioll. 

IBM PC/XlI AT Compatible 
DigitallnputlOutput Board 

RTI-817 I 

PORT 

kr---;-Y' 

____ ~-,-,"':""" P~RT 

110 ADDRESS 
DIPSWITCH 

PORT 
kr----:-1I' 

DIGITAL 
110 

+5V..4.-+5V 
POW!fI I 

DIG~:~+:L 
I ~ 

PC BUS 

Figure 1. RT/-817BlockDiagram 
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SPEC I F I CAli ONS (typically at + 25"C and nominal power supply voltage unless oIheIwise specified) 

DIGITAL INPUT AND OUTPUT 

NUMBER OF CHANNELS 

I/OCONFIGURATION i 

INPUT SPECIFICATION 

OUTPUT SPECIFICATIONS 

MAXIMUM APPLIED VOLTAGE 

ISOLATION VOLTAGE 

SYSTEM CONFIGURATION SPECIFICATIONS 

Bus Resource Utilization 

Address 

Digital Input Monitoring Modes 

Compatibility 

PHYSICAL/ENVIRONMENTAL SPECIFICATIONS 

I/O Connector 

Dimensions 

Operating Temperature Range 

Storage Temperature Range 

Relative Humidity 

POWER 

Power Consumption 

NOTES 

24, Selectable in 8-Bit Groups or Ports 
Inputs or Outputs 

TTL Compatible 

VJH=2.0Vmin 
V1L =0.8Vmax 
IlL = 1. SmA max 
IJH= 20jU\max 

VOH=2.4Vmin 
VoL =0.5Vmax 
IoL =23mA 
IoH =3.6mAmax 

7Vdc 

N/A 

Occupies One Short or Long Slot in IBM Expansion Bus. 
Use ofInterrupt Channel is Optional 

Switch Selectable 1/0 Locations (4 Consecutive Bytes in 
512 Byte Block) 

Interrupt Line Required for Use as System Priority Interrupt 

IBM, Compaq, or Other IBM-Compatible Backplane 

50-Pin Male Ribbon Connector 

5 7/8 in. (14.4cm.) x 5 in. (17.2 cm.) x 1 in. (2.54cm.) 

O°Cto + 70°C 

- 25°C to + 85°C 

Up to 90% (Non-Condensing) 

+ SV dc @0.5Amax 

'Polarity inverted for solid~state relay compatibility (active low) such as OPTO-22 or equivalent. 

Specifications are subject to change without notice. 
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r.ANALOG 
WDEVICES 

FEATURES 
RTI-1280 Analog Input Card 

16SE/8D Analog Input Channels 
Jumper Selectable Gains of 1, 10, 100 and 500 
12-Bit AID Resolution 

RTI-1281 Analog Input/Output Card 
(Same Features as RT1-1280 and Includes) 
2 Analog Output Channels 
12-Bit Resolution 

RTI-1282 Analog Output Card 
4 or 8 Analog Outputs 
12-Bit Resolution 
4-20mA Current Loop Outputs (optional) 

Rn-1287 Digital Input/Output Card 
24 Digital Input/Output Channels 
Three 8-Bit ReadIWrite Ports Control 24 Bidirectional 

Unes 
Compatible to Industry Standard 1/0 Relay Rack 

(OPTO-22, Gordos) 

GENERAL 
Low Power CMOS Design 
Compatible to all CMOS STD CPU Cards 
Memory or Port 110 Configurable 
Single +5V Power Requirement 
-25"C to +85"C Temperature Range 

SERIES DESCRIPTION 
A CMOS STD·compatible family of the RTI® Interface product 
line, the RTI·12S0 Series products are analog and digital input/out
put cards. Designed with high-speed, low-power CMOS tech
nology, these products provide low-power, high noise immunity, 
and extended temperature ranges operation. They are cost effective 
and provide a convenient means of interfacing your CMOS STD 
bus microcomputer to the real (i.e., analog and digital) world. 

The series consists of an analog input card (RTI-12S0), an analog 
1/0 card (RTI-12S1), an analog output card (RTI-1282) and a 

CMOS STD Compatible 
Analog and Digital 110 Cards 

RTI-1280 Series I 

digital I/O card (RTI-1287): each of which interfaces to the 
CMOS STD bus as either memory mapped or I/O port addressed 
peripherals through user-selectable jumpers. 

APPLICATIONS 
This family of CMOS STD BUS I/O cards from Analog Devices 
solves the problem of interfacing real-world signals to the j1.C 
bus. Using new high·speed analog and digital CMOS technology, 
these cards offer low power, high noise immunity and extended 
operating temperature ranges. Described in this tecbnical docu
ment are analog and digital interface cards designed for use in 
harsh environments, remote sites, and battery-backed applications. 
Applications for these products include: 

Well Site Supervision 
Pipeline Monitoring 
Meterological Data Acquisition 
Process Control 
Medical Electronics 
Battery-Powered Instrumentation 
SCADA Systems 
Energy Management 

Card Type 

Analog Input 
Analog Input/Output 
Analog Output 
Analog Output 
Digital Input/Output 

Model Number 

RTI-1280 
RTI-1281 
RTI-1282-4 
RTI-1282-8 
RTI-1287 

Channel Capacity 
Input Output 

16SElSD 
16SEl8D 2 

4 
8 

241/0 

Table I. RTI-12BO Series Functional Chart 

RTI is a rqistered trademark of Analog Devices, Inc. 

This two-pap data summary contaios key specifications to ~ your selec
tioa oftbe proper solutioa for your app6catioa. AdditioaaI iDformation on this 
pmcIuct can be obtainec1 &om your 1oca1 sales office. 
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SPECIFICATIONS (tJpical @ 25"1: with nominal supply voltap. unless oIheIWise noted) 

ANALOG INPUTSItTl·12IOI1281 
Numbcroflnput CiuomeJi 
Input Overvi>ltqeProtection' 
Input Imped.lnee 
InputB;.s Cumnt 
Common·ModeVo!tIae(CMV) 
Instrumentatioll AmpWIerGain R.anaes' 
Commcm-Mode Rejcctioa Ratio (CMU) 
AID~ 
AID R.esolution 
AID Conversion Time 
l'broushput(MultipleCblnnels) 

(SiDBleOwmcl) 
TemperaiunoCoeflic:ients 

Gain 

Oftict 

Differential Nonlinearity 
TotalSystCIII Erron 

ANALOG OUTPUT ItTl·1281/1282 
NumberofOutpUtCbanne\s 

D/A Input Codes 
OutpUt VoItqe Rans<s 
OutpUt Cumnt RaDac 
Differential Nonlinearity 
Nonlinelrity 
Gain Enor (Adjuatsble to Zero) 
Oftict Enor (Adjustable to Zero) 
OutpUt Sett1ina Time 
Temperatun:CocfIicient 

Gain' 
Oftict 

DIGITAL INPUTIOUTPUtltTl.1287 
MNEM 

VOL LowLevclVoItqe 
(ioL = 2OmA) 

IoL Low Levcl C ....... t 
(VOL- +.4V) 

VOH HiP Levc:1 VoItqe 
(loa= -O.l\8mA) 

loa HiP Levcl CurRIn 
(VQH= +2.4V) 

VEXT Supply VoItqe to 
Module Rack 

leXT Supply Cumntto 
module rack 

Ioc Supply Cwrent 
(Vee- +5.0V:!: 10%) 
All OutpUts ON 
All OutpUts OFF 

IIOCONNECTION 
ItTI·128011281 , 
ItTl·1282 
RTI·1287 

NOTES 

16 SiDale-I!ndecI, 161'1euc1c>-Differentialor 8 Differential (Jumper Selectable) 
:!:35V (Die1ectricaIly Isolated) . 
>10'0 
:!:SODA 
:!:IOVmip 
1,IO,IOO,5OO(JumperSclec:table) 
(Proviiions fori R.esistor I'I\>IIrIIIImabieGain Up to 1000) 
86dB 
Oto +IOV,:!: 10V(JwnperSclectable) 
12 Bits 
55 .... 
12,OOOCbannelslsec 
10,000 CbannelsIsec 
7,500 OwmcIsisec 

16,OOOCbannelslllCC 

(Gain -1,10) 
(Gain = 100) 
(Gain = 500) 
(Gain = I, 10, 100) 

(Gain-I) 
(GOin = 500) 
(Gain-I) 
(Gain c 5OO) 

:!:3OppmfCofFSIt 
:!: 100ppmrC ofFSR. 
:!:3OppmfCofFSIt 
:!: lOOppmrCofFSIt 
:!:1/2LSB 
:!:O.02%ofFSIt (G=I) 

(G=IO) 
(G-lOO) 
(G = 500) 

:!: 0.05% ofFSIt 
:!:0.07%0fFSIt 
+O.I%ofFSIt 

2(RTI·1281) 
4(RTI·1282-4) 
8(RTI·1282-8) 
Binary, Offset Binary (Jumper Sclec:table) 
Oto +5V,Oto + 10V, :!:5V,:!: 10V@2mA(JumperSclec:table) 
4t02OmAUsiDaVIlConvenen·Option(RTI.12820u1y) 
:!:lIZLSB 
:!: 0.01% ofFSR 
:!:O.OI%' 
:!:O.OI%' 
2OO .... (to:!: 1/2LSB) for Full Scale Step Chan"" 

:!:35ppml"CofFSR 
:!: 15ppml"CofFSR 

INTERFACE PARAMETERS' 
MIN TYP MAX UNITS Compatibility 

0.2 0.4 V Imp1ementation 
Illtponoion Option 

20 25 mA 
Addrea Selection 

2.4 V POWEItREQUIREMENTS' 

-.118 mA 
ItTI·1280 

S1eepMoc1e 

+4.5 +30.0 V 
MuitipieConvcrlion Moc1e 

ItTl·1281 

500 mA 
S1eepMoc1e 
MuitipieConversion Moc1e 

ItTI·1282-4 
ItTI·1282-8 

40 50 mA 
ItTl·1287 

6 9 mA VoItqe 

3M # 3494. 34-Pin IDE ENVIItONMENTAL 
3M #3429, Zf>.Pin IDE • OperatinsTempe,ature 
SO-Pin, EdaoConne<tor,O.I" Spacinl Storap: Temperature 

R.elativc Humidity, Nonc:ondensiaa 

·Specifiodfar ..... _wilb.,......oppIied •• 2fNwilb.,......oIf. 
'Goia_ ...... !OI1( ........................ _) ... ybo .. bject .......... cUftcreotiol .... incoricy ....... 
':!:Z5ppmfCoIPSRfromOro +IS-C. 
4Ma:ialumpowcrtpeCif'1edI. Vcc '"' +'.SV.outpUtc:unentofZmA.wherelPJ)licable. 
'Doa ........... ....-,..JVn_(OAOl)II!0111W ...... 
'Accuncyat&ctoryc:a1ibn:lednapof 1: IOV.BrrofitOto +SVii :to.09typwbicbil 
odjuabIelO ..... 
JISJ.·PUU_ ..... . 
~1Ubject1O ....... wi __ • 
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STDCMOSBus(Processorlndependent) 
Memory or 110 Port Mapped 
MEMEX and IOEXP Fully Supported 
viaJumper Options 
JumE!;' Sclec:table 

270mW typ, 3BOmW max 
440mW typ, 5BOmW max 

27OmWtyp.3BOmWmax 
SOOmWtyp.74OmWmax 
350mW typo 650mW max' 
55OmWIYP.I.IWmax' 
30mW (All Outputs OFF) 275mWmax 
(All Outputs ON. Vee = + 5.5V) 
+5V:!: 10% (On·Board dc:Idc Convener 
Generate.:!: 15VtoPowerAuaIosCin:uit) 

-25'Cto + 85'C( -4O'Cto + 85'ConltTl·I287) 
-55'Cto +85'C 
Oto95% 



r.ANALOG 
WDEVICES 

The Complete 
Signal Conditioning liD Subsystem 

INPUT MODULE FEATURES 
Wide Variety of Sensor Inputs 

Thermocouples, RTDs, Strain Gages, AD590/AC2626, 
LVDTs 

Dual High-Level Outputs 
Voltage: 0 to +10V or :l:10V 
Current: 4-20mAlO-20mA (except 3847) 

Mix and Match Capability 
Sensor Signals, mY, V, 4-20mAlO-20mA, Frequency 

High Accuracy: ::1:0.1% 
Low Drift: ::I:1p.Vrc 
Reliable Transformer Isolation: 

::I: 1500V CMV, CMR=16OdB 
Meets IEEE-STD-472: Transient Protection (SWC) 

Input Protection: 130Vor 220V rms Continuous 
Low Cost Per Channel 

GENERAL DESCRIPTION 
The 3B Series Signal Conditioning 110 Subsystem, described on 
the following page, is continually evolving to meet new and 
changing signal conditioning needs. Its capabilities have been 
extended with the introduction of two new input modules: the 
3B47 Linearized Thermocouple Conditioner and the 3B17 LVDT 
Signal Conditioner. 

Each input module is a single-channel signal conditioner that 
plugs into sockets on the backplane and accepts its signal from 
the input screw terminals. All input modules provide input 
protection, amplification and filtering of the signal, accuracy of 
±0.1%, low drift of l .... VI"C (low-level input modules), and 
feature two high-level analog outputs that are compatible with 
most process instrumentation (the 3B47 has only voltage out). 
The isolated input modules also provide ± 1500V isolation. 

The choice of a specific module depends on the type of input 
signal and also whether an isolated or nonisolated interface is 
required. Input modules are available to accept millivolt, volt, 
process current, thermocouple, RTD, strain gage, LVDT, and 
AD590 inputs. The voltage output of each module is available 
from the voltage 1/0 connector while the current output (except 
3B47) is available on the output screw terminals. 

UNEARIZED THERMOCOUPLE INPUT MODULE 
The 3B47 accepts its signal from type J, K, T, E, R, S, and B 
thermocouples and, unlike other 3B modules, provides only a 0 
to + 10V output. The input signal is internally linearized to 
provide an output which is linear with temperature. This isolated 
thermocouple module incorporates cold junction compensation 
circuitry which provides an accuracy of ± OSC over the. + 5°C 
to + 45°C ambient temperature range. Open thermocouple de
tection (upscale) is also provided. 

This two-page clata summary contains key specifications to speed your 
selection of the pn>per solution for your application. Additional information 
on this product can be obtained from your local sales office. 

38 Series Update I 

LVDT INPUT MODULE 
Model3B17 is a nonisolated, wideband input module that accepts 
signals from 4-, 5-, or 6-wire LVDT or RVDT transducers. 
Unlike other 3B modules, an zero and span calibration is accom
plished by screwdriver adjustments. Gain can be adjusted on a 
256: I range with a combination of a rotary switch and a poten
tiometer. Zero suppression is output referred and can provide a 
±5V adjustment. The 3Bl7 provides an ac excitation of 1-5V 
rms at frequencies ranging from 1kHz to 10kHz. 

INPUT MODULE SPECIFICATIONS 
Japut Types 
Thermocouples: J. K, T, E, R. S, B 
RTDs: lOon Platinum (linearized) 
Strain Gage Transducers: 

± 30mV and ± lOOrnV spans 
Solid State Temperature Transducers: 

AD590 or ACZ626 
DC Voltage: ±lOmV. :tSOmV. ±lOOmV 

±tV, ±SV,±10V 
DC Current: 4 to 20mA" 0 to 20mA 

0. ...... (Sim ...... oo .. ) 
Oto +10Vor ±IOVaud 

4 to 20mA or 0 to 20rnA* 

Pcrformaac:e 
Accuracy: ±O.l% ofspan 
Nonlinearity: ±O.Ol% of span 
Bandwidth: 3Hz (- 3dB) 

Iso"'", Module. 
Common Mode Voltage, 

Input to Output: ± lSOOV pk continuous 

Transient Protection: Meets IEEE-Std 472 (SWC) 
Normal Mode Input Protection: 220V rms 

continuous 
Current Output Protection: 130V rms 

continuous 
Common Mode Rejection @ 50Hz or 60Hz: 

160dB 
Normal Mode Rejection @ 50Hz: or 60Hz: 

60dB 

NoDi.olated Module. 
Common Mode Voltage: ±6.SV 
Normal Mode Input Protection: BOV rms 

continuous 
Current Output Protection: 130V rms 

continuous 
Common Mode Rejection @ SOHz or 60Hz: 

90dB 
Normal Mode Rejection @ SOHz or 60Hz: 

60dB 

*3B47, 0 to + IOV only. 

SpeclflCatiom aubject to cbanae without notice. 
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3B SERIES SUBSYSTEM FEATURES 
Low Cost, Completely Integrated 16-Channel Modular 

Signal COnditioning Subsystem 
Wide Selection of Functionally Complete Input and 
Output Plug-In Modules .. 
Rugged .Industrial Chassis, Rack or Surface 
Mounted On-Board Power Supplies Available 

Analog Input Modules Available for Direct Interface to 
a Wide Variety of Signal Sources 

Thermocouples, RTDs, Strain Gages, LVDTs 
Millivolt and Voltage Sources, 
4-20mAlO-20mA Process Current Inputs 

Current Output Modules 
4-20mAlO-20mA Outputs 

Complete Signal Conditioning Function 
Input Protection, Filtering, Amplification, 
Galvanic Isolation to :t 1500V, 
Wide-Range Zero Suppression, 
High Noise Rejection and RRIEMI Immunity, 
Simulteneous Voltage and Current Outputs 

GENERAL DESCRIPTION 
The 3B Series Signal Conditioning I/O Subsystem provides a 
low cost, versatile method of interconnecting real world analog 
signals to a data acquisition, monitoring or control system. It is 
designed to interface directly to analog signals such as ther
mocouple, RTD, Strain Gage, LVDT, or ADS90/AC2626 solid 
state temperature sensor outputs or millivolt or process current 
signals and convert the inputs to standardized analog outputs 
compatible with high level analog I/O subsystems. 

The 3B Series Subsystem consists of a 19" relay rack compatible 
universal mounting backplane and a family of plug in (up to 16 
per rack) input and output signal conditioning modules. Eight 
and four channel backplanes are also available. Each backplane 
incorporates screw terminals for sensor inputs and current outputs 
and a connec~or for high level single ended outputs to the user's 
equipment. 

The input and output modules are offered in both isolated 
(± ISOOV peak) and nonisolated versions. The input modules 
feature complete signal conditioning circuitry ·optimized for 
specific sensors or analog signals and provide high level analog 
outputs. Each input module provides two simultaneous outputs:, 
o to 10V (or :t 10V) and 4-20mA (or 0-20mA) (the 3B47 has no 
current output). Output modules accept high level single ended 
signals and provide an isolated or nonisolated 4-2OmA (or 0-20mA) 
process signal. All modules feature a universal pin-out and may 
be readily "mixed and matched" and interchanged without 
disrupting field wiring. 

Each backplane contains the provision for a subsystem power 
supply. The 3B Series Subsystem can operate from a dc/dc 
converter or ac power supply mounted on each backplane or 
from externally provided dc power. Two LEDs are used to 
indicate that power is being applied. 

APPLICATIONS 
The Analog Devices 3B Series Signal Conditioning Subsystem,is 
designed to provide an easy and convenient solution to signal 
conditioning problems in measurement and control applications. 
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Some typical uses are in mini- and microcomputer based systems, 
standard data acquisition systems, programmable controllers, 
analog recorders, dedicated control systems, and any other ap
pliCations where monitoring and control of temperature, pressure, 
flow, and analog signals are required. Since each input module 
(except the 3B47) features two simultaneous outputs, the voltage 
output can be used to provide an input to a microprocessor 
based data acquisition or control system while the current output 
can be used for analog transmission, operator interface, or an 
analog backup system. 

DESIGN FEATURES AND USER BENEFITS 
Ease of Use: Direct sensof'interface via screw terminals, stan
dardized high level outputs, factory precalibration of each unit 
and the modular design make the 3B Series Subsystem extremely 
easy to use. The subsystem features rugged packaging for the 
industrial environment and can be easilY'installed and 
maintained. 

High Protection and Reliability: All field wired term,inations 
offer BOV or 220V rins nortnal mode protection. To assure 
connection reliability, gold plated pin and socket cOnnections 
are used throughout the system. The isolated modules ·offer 
protection against high common mode voltages and are designed 
to meet the IEEE Standard for Transient Voltage Protection 
(472-1~74: SWC). 

High Performance: The high quality signal conditioning features 
± 0.1 % calibration accuracy and chopper-based amplification 
which assures low drift (± IlL V rC) and excellent long term 
stability. For thermocouple applications, high accuracy cold 
junction sensing is provided in the backplane on each chapnel. 
Low drift sensor excitation is provided for RTD, strain gage, 
and LVDT models. For RTD models, the input signal is linearized 
to provide an output which is linear with temperature. 

38 SERIES SUBSYSTEM SPECIFICATIONS 
OUTPUT,MODULIlS 

.. put 
Ow +lOVor ±10V 

Output 
4 to 20mA or 0 to 20mA 

Paf ........ 
Af:CUtaC)': ±O.l% of span 
Nonlinearity: ±O.Ol% of span 

_Module 
Common Mode Voltage, 

Input to Output: ± ISOOV pk continuous 
Current Output Protection 

Transient: Meets IEEE-Std 472 (SWC) 
Continuous: nov rms 

NooiJolaied Module 
Current Output Protection: BOV rms 

continuous 

BACKPLANES 

Channd Capacity 
lBOI: 16 chatmeIs 
lB02: 8 chatmeIs 
lB03: 4 channels 

POWEll SUPPLIES 

Backplane Mounted: 
100, liS, 220, 240V ac, SO/60Hz 
or +24V de 

External Power Option 
± 15V de and +24V de 

MECHANICAL 

Input or Output Modules: 
l.15O" x 0.775" x l.l95" 
(BO.Omm x 19.7mm X 86.2mm) 

Backplanes: ' 
lBOI: 17.40" x S.20".X 4.l7" 

(442.Omm x 132.1mm x 111.1mm) 
3B02: IUIO" x 5.20" x 4.37" 

(279.4mm x 132.1mm x lll.lmm) 
3BOl: 7.80" x S.20" x 4.37" 

(198.1mm x 132.1mm x 11l.lmm) 

ENVIRONMENTAL 

Temperature Range, Rated Performaace: 
- 2S"C to + 8So(: 

Storage Temperature Range: 
- SS'e to + 8SOC 

Relative Humidity: Conforms to MJL.STD 202, 
Method 10l 

RFI Susceptibility: ±O.S% span error, 
SW @ 400MHz @ l ft. 

Specifications aubjc:ct to clwJgc Without DOtice. 



Product Families Not in This Oatabook 
(But Still Available) 
The information published in this Databook is intended· to assist the user in choosing components for the design of new 
equipment, using the most cost-effective products available from Analog Devices. The popular product types listed below 
may have been designed into your circuits in the past, but they are no longer likely to be the most economic choice for 
your new designs. Nevertheless, we recognize that it is often a wise choice to refrain from redesigning proven equipment, 
and we are continuing to make these products available for use in existing designs or in designs for which they are uniquely 
suitable. Data sheets on these products are available upon request. 

ADl081208/308 ADC1105 RTI-1202 184 
ADl08A1208A1308A ADC1109 RTI-1230 230 
ADl1l121l1311 ADC1111 RTI-1231 232 
AD351 ADC1133 RTI-1232 233 
AD370/371 ADG200 RTI-1240 260 
AD502 ADG201 RTI-1241 261 
ADS 11 BDM1615/1616l1617 RTI-1242 272 
ADS12 DAC-M RTI-1243 273 
ADS14 DAC-QG RTI-1250 275 
ADS20 DAC-QM RTI-1251 276 
ADS23 DAC-QS RTI-1252 285 
ADS28 DAC-QZ SCM 1677 288 
AD530 DAC-IODF SDC1604 310 
AD531 DAC-IOZ SHA-IA 311 
ADS40 DAC1OO9 SHA-2A 424 
ADS59 DAC1106 SHA-3 426 
AD801 DAC1108 SHA-4 428 
AD2003 DAC1ll8 SHA-5 432 
AD2008 DAC1125 SHA-11 14 433 
AD2009 DAC1132 SHA-l134 434 
AD2020 DAC1420 THC-0750 435 
AD2022 DAC1422 THC-1500 436 
AD2023 DAC1423 THS-006O 440 
AD2033 DAS 11 50 THS-0225 441 
AD75 13 DAS1151 40 450 
AD75 19 MAS-0801 42 452 
AD7527 MAS-lOOl 43 454 
AD7544 MDA-IOZ 44 456 
AD7555 MDH-0870 45 605 
AD7570 MDH-1001 46 606 
AD7583 MDH-1202 48 610 
ADC-QM MDS-0815 52 751 
ADC-QU MDS-0815E 105 752 
ADC-8S MDS-I020 118 756 
ADC-lOZ MDS-I020E 119 934 
ADC-12QZ MDS-1240 141 942 
ADC-14I1171 MDSL-0825 146 944 
ADC-16Q MDSL-I035 148 946 
ADCllOO MDSL-1250 165 947 
ADC1102 RTI-1200 180 956 
ADCll03 RTI-1201 183 
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Substitution Guide for Product Families 
No Longer Available 
The products listed in th~ left-hand column are no longer available from Analog Devices. In manY cases, comparable functions 
and performance may be obtained with mewer models, but-ilS a rule-they are not directly interchangeable. The closest 
recommended Analog Devices equivalent, physically and electrically, is listed in the right-hand column. If no equivalent is 
listed, or for further information, get in touch with Analog Devices. 

Closest Closest 
Recommended Recommended 

Model Equivalent Model Equivalent 

ADS01 ADS 11 107 11S 
ADS05 ADS09 lOS 52 
ADSOS ADS17 110 4S 
ADS 13 AD503 III AD30S 
ADS16 ADS06 114 119 
ADSSO None 115 43. 
ADSSI None 120 SO 
ADS53 None 142 .4S 
ADS5S AD7519 143 S2 
ADS10-S13 None 149 SO 
ADS14-S16 None 153 ADS 17 
ADS1S None 161 165 
ADS20-S22 None 163 165 
ADS30-S33 None 170 171 
ADS35-S39 None 220 234 
AD840-842 None 231 233 
ADS010/6020 AD9000 274J 2S4J 
AD7S16 AD7510Dl 279 2S6J 
ADC1121 AD7S50 2S0 2S1 
ADMS01 ADM501/506 2S2J 292A 
ADP501 ADP511 2S~J 292A 
CAV-1020 MOD-1020 301 (module) 52 
DAC-10H DAC-10Z 302 310 (module) 
DACl112 DAC12QS 350 None 
DAC1122 AD7S41 427 424 
IDC1703 IRDC1730/1731 602J10 ADS24 
MDA-LB None 602J100 AD524 
MDA-LD None 602K100 ADS24 
MDA-UB None 603 ADS24 
MDA-UD None 901 904 
MDA-SH MDA-10Z 907 921 
MDA-lOH MDA-I0Z 90S 921 
MDA-11MF AD7521 909 921 
MDS-OS3O HDS-OS20 93} None 
MDS-OS50 HDS-OS20 932 None 
MDS-1040 HDS-1025 933 None 
MDS-10S0 HDS-1025 935 None 
MDSL-OS02 HDS-OS20 94S 947 
MDSL-1002 HDS-1025 971 921 
MDSL-1201 HDS-1250 AD612 ADS24 
SERDEX tJMAC-5000 AD614 AD524 
SHA-6 SHAl144 
TSDC16OS-1611 . TSL1612 
2N3954 None 
2N5900 None 
41 AD515 
47 48 
101 (module) 45 
102 4S 
106 lIS 
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Technical Publications 

TECHNICAL PUBLICATIONS 
Analog Devices provides a wide array of FREE technical publi
cations. These include Data Sheets for all products; Catalogs; 
Application Notes and Guides; and four serial pUblications: 
Analog Productlog, a digest of new-product information, MCDigest, 
a quarterly digest of measurement-and-control system applications, 
feedback, and information for (and from) system users; Analog 
Bmfings, current information about products for military/avionics 
and the status of reliability at ADI; and Analog Dialogue, our 
technical magazine, with in-depth discussions of products, tech~ 
nologies, and applications. 

In addition to the free publications, three techniCal Handbooks, 
and Synchro & ResolfHlr Corwersion, are available at reasonable 
cOst. System and subsystem products are supported with hardware, 
software, and user documentation, at pri~ related to content. 

Brief descriptions of typical pUblications appear below. For 
copies of any items, to subscribe to any of our free serials, or to 
request any other publications, please get in touch with Analog 
Devices or the nearest sales offICe. 

CATALOGS 
1984 DATA-ACQUISITION PRODUCTS DATABOOK. 
Two volumes of data sheets for all Analog Devices ICs, hybrids, 
modules, and subsyatem components recommended for new 
designs. It alternates with new-product supplement: 1986 
UPDATE AND SELECTION GUIDE (this book). 

1985 MIliTARY PRODUCTS DATABOOK. 480 pages of 
information and data on products processed in accordance with 
MIL-STD-883C Class B. 

APPLICATION NOTES AND GUIDES 
App1ic:atioD Notes. If a page Dumber is given for an Application 
Note, it can be found in 1984 Databook, Volume 1. All others 
are available individually upon request. 

AID Converters: 
"AD670 8-Bit AID Converter Applications." 
"Exploring the AD667 12-Bit Analog Output Port." 
''The AD7574 Analog-to-Microprocessor Interface." 
"Temperature Measurement System with 100Bit 

Resolution Uaing the AD7571 10-Bit ADC and 
AD594/595 Thermocouple Amplifiers." 

Amplifiers: 
"An IC Amplifier User's Guide to Decoupling, 

Grounding, and Making Things Go Right for a 
Change." 

"Applications of High-Performance BIFET Op 
Amps." 

"A User's Guide to IC Instrumentation Amplifiers." 
"How to Select Operational.Amplifiers." 
"How to Test Basic Operational-Amplifier 

Parameters." 
"Low-Cost, Tw<K:hip Voltage-Controlled Amplifier 

and Video Switch." 
D/A Converters: 

"AD7528 Dual 8-Bit CMOS DAC." 
"CMOS D/A Converter Circuits for Single + 5-Volt 

Supplies." 
"CMOS DACs in the Voltage-Switching Mode Can 

Work from a Single Supply, Including Output 
Op Amp, for Fast Response, No Offset-Induced 
Nonlinearity. " 

"Gain Error and Tempco of CMOS Multiplying 
DACs." 

"Interfacing the AD558 DACPORT™ to 
Microprocessors" . 

"Interfacing the AD7549 Dual 12-Bit DAC to the 
MCS-48 and MCS-51 Microcomputer Fami1ies." 

"Methods for Generating Complex Waveforms and 
Vectors Uaing Multiplying D/A Converters." 

"Simple Interface Between D/A Converter and 
Microcomputer Leads to Programmable Sine-:Wave 
Oscillator." 

Page 

* 
* 

20-59 

* 

20-13 

20-73 
20-21 
20- 3 

20- 9 

* 

20-59 

20-69 

20-41 

20-37 

20-31 

* 

20-43 

* 
*Available upon request. ( cuntinued) 
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''The AD7224 DAC Provides Programmable Voltages 
'over Varying Ranges." 

"Three-Phase Sine-Wave Generation Using the 
AD7226 Quad DAC." 

"Understanding LOGDACS™.'' 
Good Practice: 

"Shielding and Guarding." 
"Understanding Interference-Type Noise." 

Resolver-to-Digital Conversion: 
"Dynamic Resolution-Switching oil the IS74 Resolver

ta-Digital Converter." 
"Resolver-ta-Digital Conversion-A Simple and 

Cost-Effective Alternative to Optical Shaft 
Encoders." 

Application Guides Available upon Request 

* 

* 
20-65 

20-85 
20-81 

* 

* 

CMOS DAC Application Guide by Phil Burton (1984- 64 pages). 
Introduction to CMOS DACs, Inside CMOS DACs, Basic Ap
plication Circuits in Current-Steering Mode, Single-Supply 
Operation Using Voltage-Switching Mode, The Logic Interface, 
Applications. 

RMS-to-DC Conversion Application Guide by Charles Kitchin 
and Lew Counts (1983-46 pages). RMS-DCConversion: Theory, 
Basic Design Consider\ltions; RMS Application Circuits; Testing 
Critical Parameters; Input Buffer Amplifier Requirements; 
Programs for Computing Errors, Ripple, and Settlins Time. 

Angular and Linear Data Con'lJef"sion-A 12-page short-form 
guide to analog-digital conversion products for synchros, resolvers, 

*Inductosyn is a registered trademark of Farrand Industries, Inc. 
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"Why the Velocity Output of the IS74 and IS64 
Series RID Converters is Continuous and Step-Free 
Down to Zero Speed." 

Sample-Holds: 
"Applying IC Sample-Hold Amplifiers." 

Switches: 
"Behind the Switch Symbol; Use CMOS Analog 

Switches More Effectively when You Consider 
Them as Circuits." 

''Generate 4 Channels of Analog Output Using AD7542 
12-Bit D/A Converters and Control It All with 
Only Two Wires." 

V IF Converters: ' 
"Operation and Applications of the AD654 IC V-to-F 

Converter." 

*AvaiJabJe upon request. 

* 

* 

20-49 

* 

* 

and Inductosyns*, in forms ranging from hybrid ICs to instroments 
and systems. 

I . 
Applications Guide fur Isolation Amplifiers and Signal Conditioners-
A 20-page,guide to specifications and applications of galvanically 
isolated amplifiers and signal conditioners for industrial, in
stromentation, and medical applications. 

A Cookbook to Digital Filtering and Other DSP Applications-A 
collection of reprints of papers that originally appeared.in EDN 
Magazine during 1983. Topics include: FIR filtering, temporal 
averaging, multiband filters, IIR filtering, and implementing 
modem control theory with digital signal processing. 

High-Speed Data Con'lJef"sion-A 12-page short-form guide to 
video and other high-speed aid and dla converters and accessories, 
in forms ranging from monolithic ICs to card-level products. 



BOOKS-Can be purchased from Analog Devices, Inc.; send 
check for indicated amount to P.O. Box 796, Norwood MA 
02062-0007. 

ANALOG-DIGITAL CONVERSION HANDBOOK: Third 
Edition, by the Engineering Staff of Analog Devices, edited by 
Daniel H. Sheingold. Englewood Cliffs, NJ: Prentice-Hall (1986). 
A comprehensive guide to AID and D/A converters and their 
applications. This third edition of our classic is in hardcover 
and has more than 700 pages, an Index, a Bibliography, and 
much new material, including: video-speed, synchro-resolver, 
VfF, high-resolution, and logarithmic conveners, ICs for 
DSP, and a "Guide for the Troubled." Seven of its 22 chapters 
are totally new. $32.95 

NONUNEAR CIRCUITS HANDBOOK: Designing with 
Analog Function Modules and ICs, by the Engineering Staff of 
Analog Devices, edited by Daniel H. Sheingold. Norwood MA: 

Analog Devices, Inc. (1974). A 540-page guide to multiplying 
and dividing, squaring and rooting, rms-to-dc,conversion, and 
multifunction devices. Principles, circuitry, performance, 
specifications, testing, and application of these devices. 
325 illustrations. $5.95 

SYNCHRO & RESOLVER CONVERSION, edited by Geoff 
Boyes. Norwood MA: Analog Devices, Inc. (1980). Principles 
and practice of interfacing synchros, resolvers, ·and Inductosyns ™ 
to digital and analog circuitry. $11.50 

TRANSDUCER INTERFACING HANDBOOK: A Guide to 
Analog Signal Conditioning, edited by Daniel H. Sheingold. 
Norwood MA: Analog Devices, Inc. (1980). A book for the 
electronic engineer who must interface transducers for tempera
ture, pressure, force, level, or flow to electronics, these 260 
pages tell how transducers work-as circuit elements--and how 
to connect them to electronic circuits for effective processing of 
their signals. $14.50 
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. Worldwide Service Directory 
North America 
Alabama Kansas New Jersey Texas 

(205) 536-1506 (B) *(312)350-9399 (B) *(215)643-7790 (B) *(214) 231-5094 (e) 

Alaska (913) 829-2800 (e) *(617) 329-4700 (e) *(713) 664-6704 (e) 

*(617) 329-4700 (B) Kentucky *(201) 634-7800 (5) *(713) 664-5866 (5) 

*(714) 641-9391 (B) *(312) 350-9399 (e) (516)673-1900 (e) Utah 
*(408) 947-0633 (B) (615) 459-0743 (B) New Mexico *(408) 947-0633 (B) 

Arizona Louisiana (505)262-1416 (e) *(303) 590-8906 (e) 

*(714) 641-9391 (e) *(713) 664-6704 (e) (505) 298-0998 (5) *(303) 691-5582 (5) 

(602) 949-0048 (e) *(713) 664-5866 (5) , New York (801) 466-9336 (e) 

*(303) 691-5582 (5) Maine *(201)634-7800 (5) Vermont 

Arkansas *(617) 329-4700 (B) *(716) 425-41 01 (e) *(617) 329-4700 (B) 

*(214) 231-5094 (e) Maryland *(315)437-5277 (e) Virginia 
*(713)664-6704 (e) *(215) 643-7790 (e) (516) 673-1900 (e) *(301)992-1994 (5) 
*(405) 751-5336 (5) *(301)992-1994 (5) North Carolina (301) 799-7490 (e) 

California (301) 799-7490 (e) (919)273-3040 (e) Washington 
*(714) 641-9391 (B) Massachusetts (919) 373-0380 (5) *(206) 251-9550 (e) 
*(408) 947-0633 (B) *(617) 329-4700 (B) (919) 787-0808 (5) (206) 643-1793 (5) 
*(619) 268-4621 (e) Michigan North Dakota (503) 224-0583 (5) 

Colorado *(312) 350-9399 (e) *(312)350-9399 (e) West Virginia 
*(714) 641-9391 (e) *(313) 694-5450 (5) *(612)829-1212 (5) *(614) 764-8795 (e) 
*(303)691-5582 (5) (313) 882-1717 (e) (612)835-2414 (e) *(614) 764-8870 (5) 

(303) 443-5337 (e) Minnesota Ohio (412) 487-3801 (e) 
(303) 590-8906 (e) *(312) 350-9399 (e) *(614) 764-8795 (e) Wisconsin 

Connecticut *(612) 829-1212 (5) *(216) 562-3115 (5) *(312)350-9399 (B) 
*(617) 329-4700 (B) (612) 835-2414 (e) *(614) 764-8870 (5) *(612) 829-1212 (5) 

(516) 673-1900 (e) (216) 248-4995 (e) . (414) 784-7736 (e) Mississippi 
Delaware (205) 536-1506 (B) Oklahoma Wyoming 
*(215) 643-7790 (B) *(214) 231-5094 (e) *(408) 947-0633 (e) Missouri *(713) 664-6704 (e) *(301)992-1994 (5) *(312)350-9399 (B) *(405) 751-5336 (5) 

*(303) 691-5582 (5) 

Florida (314) 725-5361 (e) (303) 443-5337 (e) 

(305) 855-0843 (B) Montana 
Oregon Puerto Rico 

(305) 724-6795 (5) *(206) 251-9550 (e) *(617) 329-4700 (B) 
(813) 693-1076 (5) 

*(714) 641-9391 (e) (503) 224-0583 (5) 
*(303) 691-5582 (5) Canada 

Georgia (303) 443-5337 (e) Pennsylvania (416) 821-7800 (e) 
(404) 449-7662 (B) *(215) 643-7790 (B) (613) 729-0023 (e) Nebraska *(412) 885-6625 (5) Hawaii *(312) 350-9399 (B) (514) 697-0804 (e) 

*(714) 641-9391 (B) *(614) 764-8795 (e) (604) 984-4141 (e) (913) 829-2800 (e) (412)487-3801 (e) 
Idaho Nevada 

(416)451-0813 (5) 

*(206) 251-9550 (e) Rhode Island (514)331-2032 (5) 

*(303)691-5582 (5) 
*(408) 947-0633 (e) *(617) 329-4700 (B) (403) 258-0422 (5) 
*(714) 641-9391 (e) (403) 468-1661 (5) (303) 443-5337 (e) *(303) 691-5582 (5) South Carolina 

Illinois (919) 273-3040 (e) Mexico 

*(312) 350-9399 (B) 
New Hampshire (404) 449-7662 (5) *(617)329-4700 (B) 

(312)945-8700 (e) 
*(617) 329-4700 (B) (919) 373-0380 (5) 

Indiana South Dakota 

*(312) 653-5000 (e) *(312) 350-9399 (e) 

(317) 244-7867 (e) *(612)829-1212 (5) 

*(3.17) 849-0688 (5) (612) 835-2414 (e) 

Iowa Tennessee 

*(312) 350-9399 (B) (205) 536-1506 (B) 

(312)945-8700 (e) (615) 459-0743 (5) 

*(612)829-1212 (5) 
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International 
Argentina Hong Kong Japan Sweden II (1)379890 (C) (3)855020 (B) *(3) 2636826 (B) *(8)282740 (B) 

Australia India *(6)3721814 (B) Switzerland 
(02) 8888777 (B) (44)510403 (B) Korea *(22)315760 (B) 
(03) 5750222 (B) (812) 560011 (B) (2)5813107 (B) *(22) 318720 (B) 

Austria (22) 3.18000 (B) Malaysia *(01)4927766 (B) 

(222) 2355550 (B) (11)6434274 (B) (65)5632512 (B) Taiwan 
*(222) 885504 ( ) Ireland (Singapore) (2)5018231 (B) 

Belgium *(01)9410466 (B) 
New Zealand United Kingdom 

*(3)2371672 (B) (United Kingdom) (9)592629 (B) *(01)9410466 (B) 
(353) (01) 452311 (B) *(01)9411066 (B) Brazil (Dublin, Ireland) Norway 

(11)2310277 (C) Israel (2) 123600 (B) *(021) 4559395 (B) 
*(279) 418611 (B) 

Denmark *(052) 28995 (B) People's Republic *(635) 35335 (B) 
*(2)845800 (B) Italy of China - Beijing *(506) 30306 (B) 

Finland *(2) 6883831 (B) 890721- Ext. 444 (B) (Scotland) 
(0)372300 (B) (2)9520551 (B) Romania West Germany 

France 
(51)555614 (B) *(22) 315760 (B) *(89) 570050 (B) 

*(1)46873411 (B) (49)633600 (B) (Switzerland) *(4181) 8051 (B) 

*(76) 222190 (B) (6)316204 (B) Singapore *(721) 616075 (B) 
*(61)408562 (B) (55)894105 (B) (65)5632512 (B) *(30) 316441 (B) 

*(99) 535200 (B) 
(11) 599224 (B) 

South Africa *(221) 686006 (B) 
*(2) 6883832 (B) 

*(8) 3516331 (B) 
*(2) 6883833 (B) (11) 7863710 (B) Yugoslavia 

Holland *(6)8393405 (B) Spain *(22) 318720 (B) 

*(1620)81500 (B) *(6) 831 2377 (B) (1)7543001 (B) (Switzerland) 

*(11) 6504572 (B) (3)3007712 (B) 

'ANALOG DEVICES, INC. DIRECT SALES OFFICES 
B- ALL PRODUCT LINES 
C-COMPONENTS 
S-SYSTEMS 

WORLDWIDE HEADQUARTERS 
TWO TECHNOLOGY WAY • NORWOOD, MASSACHUSETTS 02062-9106 U.S.A. 
TEL: 1617)329-4700,FAX: 1617)326-8703, TWX: 1710)394-6577, TELEX: 174059 
Cable: ANALOG NORWOODMASS 
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Product Index to All Volumes 

r" 
Boldface listings contain information .on new products. In addition, boldface listings for older products indicate newly available 
options or revisions to the information presented earlier. In cases where more than one listing is shown, the boldface listing 
should be used for new designs. 

Alpha-Numeric by Model Number 
This This 

Model # Vol.I vol.n Vol. Model # Vol.I Vol.n Vol. 

AC2626 .. 9 -13 AD562 9- 51 
ADlOIA. 4-17 ADS63 9 - 51 
AD201A. 4-17 AD565A. 9-57 
AD202 3-5 ADS66A. 9- 65 
AD204 3-5 ADS67 9-73 
AD293 5 -13 AD569 9 - 81 3-67 
AD294 5 -13 ADS70 .10 - 27 
AD295 3-13 AD571 . 10 - 31 
AD301A. 4-17 AD572 .10 - 39 
AD301AL 4-17 AD573 .10- 47 
AD346 .14 - 11 AD574A . .10 - 55 
AD362 . 15 - 5 AD575 .10 - 67 3-79 
AD363 .15 - 13 AD578 .10 - 73 3-87 
AD364 .15 - 25 AD579 .10 - 79 
AD365 3-19 ADS80 7-5 
AD367 3-27 AD581 7-9 
AD369 3-29 ADS82 .14 - 23 
AD375 3-39 AD583 .14 - 27 
AD376 3 -41 ADS84 7 -17 
AD380 4- 21 AD585 .14 - 31 3 :"'93 
AD381 4-27 AD588 3 -99 
AD382 4-27 ADS89 7 - 25 
AD389 .14 - 17 AD590 8 - 15 
AD390 9-27 AD592 8 - 23 3 -103 
AD394 3-49 AD594 .8 - 31 
AD395 3-49 ADS9S 8 - 31 
ADS03 4- 3S ADS96 8-39 
ADS04 4-39 ADS97 8 - 39 
AD506 4- 35 AD611 4-91 
ADS07 , 4-47 AD624 S -43 
ADS09 4 - 51 AD625 S - 55 3-111 
AD510 4- 55 AD630 6 - 57 
AD515 4- 59 AD632 6-67 
ADS 17 ; , 4-65 AD636 6 -71 
ADS18 4-71 AD637 6-77 
ADS21 5 - 21 AD639 3-123 
AD522 5 - 27 AD642 4-95 
ADS24 5 - 31 AD644 4-99 
AD532 6-17 AD647 4-103 
AD533 6-23 AD648 3-135 
AD534 6-27 AD650 .11 - 15 
ADS35 6- 37 AD651 3 -137 
ADS36A. 6-43 AD654 3 -153 
ADS37 .11-7 AD667 9- 83 
AD538 3-57 AD670 .10 - 85 
AD539 6-49 AD673 .10- 95 
ADS42 4-75 AD693 3 -161 
AD544 4-79 AD711 3 -163 
ADS45 4- 83 AD712 3-165 
AD547 4- 87 AD 74lJ/KlL/S 4 -107 
AD548 ; 3-65 AD1147 3 -167 
AD558 9-35 AD1148 3-167 
AD561 9-43 AD1170 3 -173 

(continued) 
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Boldface listings contain information on new products. In addition, boldface listings for older products indicate newly available 
options or revisions to the information presented earlier. In cases where more than one listing is shown, the boldface listing 
should be used for new designs. 

This This 
Model # Vol. I Vol.R Vol. Model # Vol. I Vol.R Vol. 

ADl403/1403A 7 -29 AD7522 9- 161 
ADl408 9- 89 AD7523 9-167 
ADl508 9- 89 AD7524 9-171 
AD2004 16- 9 AD7525 9-177 
AD2006 .. 16 - 11 AD7528 9- 183 
AD2010 16 - 15 AD7530 9- 191 
AD2016 · . 16 - 19 AD7531 9- 191 
AD2021 16 - 23 AD7533 9-195 
AD2024 16 - 25 AD7534 9- 201 3 -197 
AD2025 16 - 29 AD7535 3-209 
AD2026 16 - 33 AD7536 3 - 221 
AD2027 16 - 25 AD7537 .. 3-233 
AD2028 16 - 29 AD7541 9-203 
AD2036 · . 16 - 35 AD7541A 9-209 
AD2037 16 - 37 AD7542 9 - 215 
AD2038 16 - 37 AD7543 .'. 9- 223 
AD2040 16- 39 AD7545 9 - 231 
AD2050 16 - 43 AD7546 9-239 
AD2051 16- 43 AD7S47 3-233 
AD2060 16 - 45 4-3 AD7548 9- 247 
AD2061 16 - 45 4-3 AD7S49 3-235 
AD2070 · . 4-5 AD7550 .10-119 
AD2071 4-5 AD7552 .10 - 127 
AD2700/270112702 7 - 33 AD7560 7 - 41 
AD2710/2712 7 -37 AD7571 .10-139 
AD3554 4 - 111 AD7572 3-243 
AD3860 9-93 AD7574 .10-151 
AD5010 .10 - 103 AD7575 3-247 
AD5200 .10- 105 AD7576 3 - 257 
AD5210 .10 - 105 AD7578 3-265 
AD5240 .10 - 111 AD7581 .10 - 159 
AD6012 9-97 AD7582 3-277 
AD6020 .10- 103 AD7590Dl .16 - 21 
AD7110 9-103 AD7591DI .16 - 21 
AD7111 9-109 AD7592DI .16 - 21 
AD7115. 9-115 AD7820 3-289 
AD7118 9 -123 AD7824 3-301 
AD7224 9-129 3 -175 AD7828 3 -301 
AD7225 3-183 AD7845 3-313 
AD7226 9 -133 AD9000 Series .10 - 167 
AD7240 9 -145 AD9685/87 4-117 
AD7245 3 -195 AD9700 3 - 315 
AD7248 3 -195 AD9702 3 - 319 
AD7501 .16 - 5 AD9768 9- 261 
AD7502 .16 - 5 AD ADC71172 .10-175 
AD7503 .16 - 5 AD ADC80 .10-183 
AD7506 .16 - 9 AD ADC84/85 . 10 - 191 
AD7507 .16 - 9 AD ADC-816 .10-199 3 -323 
AD7510DI .16 - 13 ADC1130/1131 11- 27 
AD7511DI .16 -13 ADC1140 11- 31 
AD7512DI .16 - 13 ADC1143 11- 35 
AD7520 9 - 153 AD DAC-08 . 9- 265 
AD7521 .'. 9 - 153 AD DAC71172 9-271 
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Boldface listings contain information on new products. ,In l!(1dition, boldface listings for older products indicste newly available 
options or revisions to the information presented earlier. In esses where more than one listing is shown, the boldface listing 
should be used for new designs. 

This This 
Model # YoU Vol.D Vol. Model # Vol. I VoI.D Vol. 

ADDACSO · .. · . · . 9-277 DACS7 (see AD DACS7) 
ADDACSS · . · . · . 9-277 DACl00 (see,AD DACl00) 
AD DACS7 · . · .. 9-277 DAC1136 · . · ..... 10-27 
AD DACl00 · .. · . 9 - 2S7 DAC 11 3S · . · ... · .. 10- 27 
ADG201A ... · ... · . 3 -327 DAC1146 · . · . · ...... 10- 35 
ADG202A .. · . · . · .. 3-327 DAS112S · ........ · . 15 - 5 
,ADG221 . . · . · . 3-333 DASllS2 · . · . · ... · .. IS - 13 
ADG222 .. · . · . · . 3-333 DASllS3 · . · .. · ..... IS - 13 
ADLH0032 · . · .... · . 4 -121 DASllS5 · . · .. · .... 15 -17 
ADLH0033 · .. · ...... 4-125 DAS1156 · . · ........ 15 - 17 
AD OP-07 .... · .. · .. 4-129 DAS1157 · . · .. · ... · . 4-15 
AD OP-27 .. · .... . . . . 4-135 DAS1158 ' .. · .. · ... 4-15 
AD OP-37 ... · . · . · . 4-143 3-339 DAS1159 · . · . · ..... 4-15 
ADSHCS5 .... · . · . .14 - 37 DRC1745/46 . · .. · ..... 13 - 5 
ADSHM-5 · .... · . · . 14-11 DRC1765/66. · . · . · ... 013-13 
ADSP-l00S · . · . · . · .12-7 DSC1705 · . · ........ 13 - 9 
ADSP-l008A · . · . · . 3-347 DSC1706 · . · .. · . · ... 13-9 
ADSP-l009 · .. · . · ... .12 - 13 DTMI716 .. · ... · ... 13-13 
ADSP-l009A · . · . · . 3-349 DTMI717 .. · .. · .... 13-13 
ADSP-I0I0 · . · . · . .12 - 19 HAs Series · ... · ... 10- 20l 
ADSP-I0I0A · . · . 3-351 HAS-1201 .. · .... · . .10 - 205 3-377 
ADSP-I012 · ...... · .. 12 - 27 HAS-1202 .. · .. · .... 3-379 
ADSP-I012A · .. · . · . 3-353 HAS-1202A · ... · . 3-379 
ADSP-I016 · . · .. · . . 12 - 35 HAS-1204 .... · ... · . 3 -,381 
ADSP-I016A · . . . . · . 3 -355 HAS-1409 .. · ... . .. 10-207 
ADSP-I024 · . · .. · . · .12 - 43 HDD Series. · .. · . 9- 295 
ADSP-I024A · . · . · . 3-357 HDD-1206 · .. · .. · . 9- 301 
ADSP-1080 · . · . · . · .. 12 - 51 HDD-1409 · .. · .. · . 9-305 
ADSP-I0s0A · .. · . · . 3-359 HDG Series · .. · . · .. 9-309 3-383 
ADSP-IOS1 · . · . .12 - 57 HDG-0407 · .. · .... 3-387 
ADSP-IOSIA • •• "0 · .. 3-361 HDG-0807 · .. · ... 3-387 
ADSP-ll01 · . · .... 3-363 HDH Series. · .. · . · .. 9 - 317 
ADSP-ll02 · . · .. · . 3-365 HDL3805 · . · . · . 3-391 
ADSP-ll03 · . . . . . . . 3-365 HDL3806 · ... · .. 3-391 
ADSP-lllO · . · .12 - 65 HDM-I210 · . · . · . 9-315 3-395 
ADSP-I110A · . · . · . 3-367 HDS Series · ... · ... 9.- 317 
ADSP-I401 · .. · . · . · . 3-369 HDS-OSIOE · .. · .. · .. 9- 321 
ADSP-1410 · . · . 3 - 371 HDS-1015E · .. · . 9 - 321 
ADSP-1516 · . · .. · . 3-365 HDS-1240E · ... · . 9- 323 
ADSP-1517 · . · . · . 3-365 HOS-050/050Al05OC · .... 4-147 
ADSP-3210 · . · .. · . · . 3-373 HOS-06O · ~ .. · .. 4-153 
ADSP-3220 · . · . · . 3-375 HOS-l00 · ' ... · .. · .. 4-157 
ADVFC32 ... · . · . · . .11- 27 HTC Series · .. · ..... 14 - 41 
AP11620/171S · . · . 13 - 5 HTC-0500 ..... · . · . .14 - 45 
CAV-0920 ... · . · . 11- 39 HTS-00I0 . · . · ... 14 - 49 
CAV-I040 .. · . · ... · .. 11- 43 4-9 HTS-0025 · ... · ... 14 - 55 
CAV-1202 ... · . · . 4-11 IPA1751 . · . 13 -17 
CAV-1210 ... · . · . · . 11-45 IPAI764 ... · ... · . · .. 3-397 
CAV-1220 .. · ..... · .. 4-13 IRDCI730 .. · .... · .. 13 - 21 
DAC-OS(seeADDAC-OS) IRDC1731 ........ · .. 13 - 27 
DAC71n2 (see AD DAC71n2) IRDCI732 .. · ........ 13- 17 
DACSO (see AD DACSO) IRDCI733. · . · . · .. 13 - 21 
DACS5 (see AD DACS5) LTS-2010 · .. · .... IS -1 ' 
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Boldface listings contain information on new products. In addition, boldface listings for older products indicate newly available II 
options or revisions to the information presented earlier. In cases where more than one listing is shown, the boldface listing 
should be used for new designs. 

Model # 

MACSYM120 ....... . 
MACSYM 150 ....... . 
MACSYM200 ....... . 
MACSYM250 ....... . 
MACSYM260 ....... . 
MACSYM350 ....... . 
MAH-0801 .......•.. 
MAH-1001 ......... . 
MAS-0801 .......... . 
MAS-1001 .......... . 
MAS-1202 .......... . 
MA TV Series . . . . . . . . . 
MCComm .......... . 
MCI1794 .......... . 
MDD Series .••....•.• 
MDMS Series . . . . . . . . . 
MOD-1005 ......... . 
MOD-1020 •......... 
MOD-1205 ..•....... 
~~ ......... . 
fJoMAC-5000 ......... . 
OSC1754 .......... . 
OSC175S .......... . 
QMXAO .......... . 
RCDX1623 ......... . 
RDC1721 .......... . 

Vol •• 

RDC1740/174111742 ••.••• 13 - 23 
RSCT1621 .......... . 
RTI-600 ........... . 
RTI-602 ........... . 
RTI-711 ........... . 
RTI-724 ........... . 
RTI-732 ........... . 
RTI-800 ........... . 
RTI-S02 ........... . 
RTI-S1S .......... .. 
RTI-S17 ........... . 
RTI-1225 .......... . 
RTI-1226 .......... . 
RTI-1230 .......... . 
RTI-1231 .......... . 
RTI-1232 .......... . 
RTI-1240 .......... . 
RTI-1241 .......... . 
RTI-1242 .......... . 
RTI-1243 .......... . 
RTI-1250 .......... . 
RTI-1251 .......... . 
RTI-1252 .......... . 
RTI-126O .......... . 
RTI-1262 .......... . 
RTI-1270 .......... . 
RTI-12SO .......... . 

This 
Vol.n Vol. 

4-19 
19 - I 
19 -1 

4-23 
4-27 

19 -1 
11-49 
11-49 
11- 53 
11- 53 
11- 53 
11- 57 

4-33 
13 - 31 
10- 39 
10-43 
11- 61 
11-65 
11-69 
18 - 1 
18 - 3 
13 -17 

3-399 
4-37 

13 - 45 
13 - 55 

13 - 65 
17 - 5 
17 - 5 
17 -7 
17 -7 
17 -7 

4-39 
4-41 
4-39 
4-43 

17 -9 
17 - 9 
17 -11 
17 - 11 
17 -11 
17 -13 
17 -13 
17 -13 
17 -13 
17 -15 
17 -15 
17 -15 
17 -17 
17 -17 
17 - 19 . 

4-45 

Model # 

RTM Series 
SAC1763 
SBCD1752 
SBCD1753 
SBCD1756 
SBCD1757 
SCDX1623 
SDCI700 
SDC1702 
SDCI704 
SDCl721 
SDCl725 
SDCI726 
SDC1740/174111742 
SHAl144 
SPA1695 
SSCT1621 
STM Series 
THC Series 
THS Series 
TSL1612 
lS14. 
lS20 . 
lS24 . 
IS40 . 
IS44 . 
lS60 . 
lS61 . 
IS64 . 
IS74. 
2B20. 
2B22. 
2B23. 
2B24. 
2B30. 
2B31 . 
2B34. 
2B35. 
2B50. 
2B52. 
2B53. .. 
2B54. 
2B55. 
2B56. . . 
2B57. 
2B58. 
2B59. 
2S20. 
2S50. 
3D Series 
4B Series 
50/51 
52 

This 
Vol •• Vo1.n Vol. 

13 - 33 
13 - 37 
13 - 41 
13 -41 
13-41 
13 -41 
13 -45 
13-49 
13-49 
13-49 
13 - 55 
13 - 59 
13 - 59 

.13 - 23 
14 -15 
13 - 63 
13 - 65 
13 - 33 
14 -19 
14 - 19 
13-69 

3-401 
.13 - 29 

3-401 

~ .13 - 29 
3-401 

.13-29 
.. .13-29 

3-401 
3-409 

9-15 
9-19 
9-23 
9-27 
9-29 
9-29 
9 - 35 
9- 39 
9- 41 
9-45 
9-45 
9-47 
9-47 

. . 9- 53 
9 - 57 
9- 61 
9-63 

3-411 
3-413 

9-65 4-47 
9-69 
4-17 
4-19 
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Boldface listings contain information on new products. In addition, boldface listings for older products indicate newly available 
options or revisions to the information presented ·earlier. In cases where more than one listing is shown, the boldface listing 
should be. used for new designs. 

This This 
Model # Vol.l Vol.n Vol. Model # VoU Vol.n Vol. 

171 4-21 926 20-1 
234 4-23 927 20-1 
235 4-23 928 20-1 
277 5-9 940 20-2 
281 5 - 11 941 20-2 
284J 5 - 11 943 20-2 
286J 5 - 11 945 20-2 
289 5 - 17 949 20-2 
290A 5 - 21 951 20-2 
292A 5 - 21 952 20-1 
429 6-9 953 20-2 
442 7-7 955 20-1 
451 12 -7 957 " 20-2 
453 12 -7 958 20-2 
458 12 -13 959 20-2 
460 12 -13 960 20-2 
755NIP .' 8-7 961 20-2 
757N1P 8 -11 962 20-2 
759NIP 8-7 963 20-2 
9021902-2 20-1 964 20-2 
903 20-1 965 '. 20-2 
904 20-1 966 20-2 
905 20-1 967 20-2 
906 20-1 968 20-2 
915 20-1 970 20-1 
920 20-1 972 20-1 
921 20 -1 973 20-1 
922 20-1 974 20-1 
923 20-1 975 20-1 
925 20 -1 976 20-1 
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