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Product Index

ACF2101 7.5"
ADC71 26
.10 o { - 2.10
ADCS0 ..... . 2.14
ADC8OMAH .. 2.18
ADCBA4 .......cocvrerirrinneriinnns 2.22
ADCBS ......ceeveernrcinnnnianene 2.22
ADCS87H ... . 2.22

ADC574A.
ADC674A ....

.. 2.26
.. 2.36

ADC700 ... 2.42
ADC701 ... .2.54
ADC774 ... .2.69
ADCS803 ... .2.76
ADC7802 . .2.79
ADSS574......coirrerinnininnenens 2.92
P\ 057 4 £ S — 2.105
ADS800

ADS801

ADS802

ADS820

ADS821....... 2.
ADS1210/11 ..uceecicnrenninne 2.182
ADS7800.......cccoceenrrrennnerenn 2.196
ADS7803..

ADS7804..

ADS7805 ..

ADS7806..

ADS7807 ..

ADS7808 .
ADS7809......ccceeemeennnrnrans 2.287
ADS7810.

ADS7811..

ADS7814..

ADS7819.

ADS7820.

ADS7821.

ADS7824.

ADS7825.

ADS7831 .....covereiinincarinnennn 2.351
AFET104E........cccovervuinninrnee 2.381
ALD1000 4.5"
BUF600 3.1.5*
BUF601 3.1.5*
BUF634 e 3.1,
DACS56 3.5
DACBO ....ceeeeeeecemrnereninnns 3.10

NOTE: (*) This product can be found in the 1996 Burr-Brown IC Data Book—Linear Products.

DACE00 ....cceeeeeemrememrrcnenns 3.19
DACE650 ... .. 3.31
DAC667 ... .. 3.42

DAC700 ... .. 3.51
DAC701 ... .. 3.51
(07107 {1 S — 3.51
(07107 (1 X S — 3.51
DAC707 ... .. 3.61

DAC708 ...
DAC709 ...
DAC712 ...
DAC714 ...
DAC715 ...

.. 3.61

DAC716 ... 3.109
DAC725 ... 3.122
[27. Vo7 ¢ L —— 3.129
(27,00} s [ 3.140
DACS813 ... 3.149

DAC2813
DAC2814 ....
DAC2815 ...
DAC4813 ...
DAC4814
DAC4815
DAC7528 ....
DAC7541 ....
DAC7545 ...
DAC7800 ....
DAC7801 ...
DAC7802
DAC8043

DSP102...

INAT01
INA102
INAT03
INA105
INA106
INAT10
INAT11
INA114
INA115
INAT16
INA117

INA118
INA128
INA131
INA141
INA2128
INA2141
1S0100
10102
150103
10106
1s0107
1S0113
180120
1s0121
1S0122
150130
ISO150
1S0164/174
1S0165/175.. .
ISOTE6/176 .....covveerererrerrrrisieens .

1so212 5.132*
1s0213 5.143"
150253 5.156"
1S0254 5.165"
180255 5.174*
1S0256 5.183"
1ISO485 ... 4.1
10806 5.203*
1s0807 5.215*
1S0808 5.227*
10809 5.234*
ez 7.12*
IXR100 5.241*
LOG100 7.14*
MPC100 .. 5.4
MPC102 ..

MPC104 ..

MPC506 ..

MPC507 ..

MPCS508

MPC509

MPC800 .. -
MPCBO1 ..o 5.73
MPY100 . 7.23°
MPY534 7.26*
MPY600 7.29*
MPY634 7.32*




Product Index

OPA27 2.8"
OPA37 28"
OPA77 2.74*
OPA111 2.23*
OPA121 2.26*
OPA124 2.29*
OPA128 237"
OPA129 2.46*
OPA130/2130/4130 ... .. 253"
OPA131/2131/4131 2.60*
OPA132/2132/4132 ... v 2.67%
OPA177 2.74*
OPA234/2234/4234 .....cvvevvverererrrn 2.82"
OPA237/2237/4237 ..ovvevererreenrrrnns 2.84*
OPA404 2.86*
OPA445 ... 3.2.29*
OPA501 ... 3.2.35"
OPA502 ... 3.2.41*
OPA512 .. 3.2.51"
OPA541 .. 3.2.57*
OPA544 ... 3.2.65*
OPA547/548 ... ... 3.2.73"
OPA602 2.89*
OPA603 2.92*
OPA604 2.96*
OPABOE .....coreeooererssrvressren i 2.108*
OPA620

OPA621 ..

OPA622 ...

OPA623 ..

OPA627

OPA628

OPA633

OPA637

OPA640

OPA641

OPA642 ..

OPA643 ..

OPA644 ...

OPA646

OPA648

OPA650

OPAB51

OPA654 ..

OPA655 ..

OPA658 ..

OPAGB60 ...
OPA671 ..
OPAG675 .....

OPA676
OPA678 ..
OPA1013
OPA2107 ....
OPA2111 ....
OPA2541 ....
OPA2544 ....
OPA2604
OPA2650
OPA2658
OPA2662
OPA4650
OPA4658 ....
OPT101
OPT202
OPT209
OPT210
OPT211
OPT301
PCM54
PCMS55 ...
PCM56 ...
PCM61 ...
PCM63 ...
PCM67/69 .
PCM78 ...
PCM1700
PCM1702 ..
PCM1710
PCM1712
PCM1715
PCM1717
PCM1718 ..
PCM1721 ..
PCM1750 ..
PCM1760 ..
PGA102 ..
PGA103
PGA202

PGA204
PGA205 ..
PGA206 ..
PGA207 ..
PWS725..
PWS726..
PWS740
PWS745
PWS750

NOTE: (*) This product can be found in the 1996 Burr-Brown IC Data Book—Linear Products.

210272 -s 4.230*
REFO1 8.4*
REF02 8.10*
REF102 8.17*
REF200 8.26™
REF1004 ...coveosveerireeeeniisssssrinsenenen 8.34"
REG1117 ... ... 8417
REG5601 ... ... 8.48%
REGS5608 ...oovvoererrirsressssssssssrsnsses 8.51*
SDM506 . .2.438
SDM507 .... . 2,438
SDM516 .... e 2,441
23 011,123 A 2.441
SDMB862 .....coccereeeecnrnrannnnns 2.444
SDMB863 .....oeeeeeeeennssermsnncens 2.444
SDM872 .............. ereneeessnenans 2.444
SDMB873 ...cooceeerrenreemsranenns 2.444
SHC76 6.4
SHC298 6.9

UAF42
VCAB10
VFC32
VFC100

VFC121
VFC320
XTR101

XTRT103 ccueeereveereeririssrseessasssinsns 4.255%
XTR104
XTR110
XTR501
0804MC
100MS
722
724
3583
3584
3650
3652
3656
4127

For information on any of these products or to receive the Burr-Brown Linear Products IC Data Book, call our
automated literature request line at 1-520-741-3884, or contact your local sales representative.



How to Use This Book

If you know the
MODEL NUMBER,

If you know the
PRODUCT TYPE,

If you want
NEW MODELS,

If you want a PRICE,

If you want TAPE
& REEL,

Use the Model Index on the
INSIDE FRONT COVER.

Use the TABBED TABLE OF CONTENTS,
or use the SELECTION GUIDE TABLES at
the front of each tabbed section.

Use the Model Index on the INSIDE FRONT
COVER or the SELECTION GUIDE
TABLES at the front of each tabbed section. All
new models contained in this edition are shown
in boldface. Also, contact your local Burr-
Brown representative for information on new

"~ models released since publication of this data

book.

Contact your local Burr-Brown office or sales
representative. See the sales office listing at the
back of the book.

See TAPE & REEL INFORMATION,
Appendix B, or contact your local Burr-Brown
representative.
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For Immediate Assistance, Contact Your Local Salesperson

LI-479
©1996 Burr-Brown Corporation
Printed in USA

Burr-Brown Corporation
International Airport Industrial Park

Mailing Address: Street Address:
PO Box 11400 6730 S. Tucson Blvd.
Tucson, AZ 85734 Tucson, AZ 85706

Tel: (520) 746-1111 « FAX: (520) 889-1510 + Cable: BBRCORP
For immediate Product Information or Technical Assistance, call
1-800-548-6132
in the USA.

World Wide Web Address
http://www.burr-brown.com/

Burr-Brown FAXLine (USA/Canada Only)
1-800-548-6133

Worldwide FAX Number
1-520-889-1510

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility
for inaccuracies or omissions. BURR-BROWN assumes no responsibility for the use of this information, and
all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to
change without notice. No patent rights or licenses to any of the circuits or products described herein are
implied or granted to any third party. BURR-BROWN does not authorize or warrant any BURR-BROWN
product for use in life support devices and/or systems.

BURR - BROWN®
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Or, Call Customer Service at 1-800-548-6132 (USA Only)

1 Burr-Brown Corporation

About Burr-Brown

Corporate Profile

Burr-Brown Corporation designs, manufactures,
and markets a broad line of high-performance,
standard analog and mixed signal integrated cir-
cuits used in the processing of electronic signals.
Our products are used in a wide range of markets
and applications, including industrial and process
control, test and measurement, medical and scien-
tific instrumentation, medical imaging, digital au-
dio and video, telecommunications, personal com-
puters, and multimedia.

Our product strategy is to design proprietary cir-
cuits that yield maximum functional value in our
customers’ applications. Many of the products,
although produced in standard configurations, are
strategically designed, specified, and tested to posi-
tion them for targeted applications such as audio
signal processing or sensor-specific signal condi-
tioning. :
Burr-Brown’s products include: operational ampli-
fiers, instrumentation amplifiers, programmable
gain amplifiers, isolation amplifiers, DC/DC con-
verters, voltage references and regulators, voltage-
to-frequency converters, optoelectronic amplifiers,
analog-to-digital converters, digital-to-analog con-
verters, and “application specific” standard prod-
ucts. Our products are manufactured using a variety
of wafer fabrication processes that include bipolar,
complementary bipolar, BiCMOS and CMOS with
lithography requirements down to the 0.6 micron
level.

We sell our products worldwide through our direct
sales force, independent sales representatives, and
third-party distributors. Burr-Brown has six direct
sales offices in the United States and international
sales subsidiaries in France, Germany, Italy, Japan,
the Netherlands, Switzerland, and the United King-
dom. Through direct sales and distributors, our

BURR - BROWN®

Burr-Brown IC Data Book—Mixed Signal Products

products reach over 25,000 OEM customers world-
wide. Sales are divided evenly throughout the world,
with approximately one-third from the United States
market, one-third from Europe, and the remainder
from Japan and the South East Asian region.

Burr-Brown employs over 1,900 people worldwide
with manufacturing and technical facilities in Tuc-
son, Arizona; Atsugi, Japan; and Livingston, Scot-
land. Located in Tucson, Arizona, corporate head-
quarters also includes an integrated circuit wafer
fab, assembly and test operations. Burr-Brown was
incorporated in Arizona in 1956; stock is traded on
NASDAQ under the symbol, BBRC.

Burr-Brown Receives
ISO9001 Certification in U.S. and Europe

In September 1993, Burr-Brown Corporation re-
ceived ISO9001 certification in the United States
and Europe, simultaneously. In the United States,
registration is recognized through the TUV Product
Service Quality Registrar by the Registration Ac-
creditation Board (RAB). Certification is accepted
through the Electronics Industries Quality Regis-
trar by the Dutch Registration Board (RCV) in
Europe.

ISO9001 is the international standard for assessing
the quality systems of companies that design, manu-
facture, and test products. Adopted by 91 member
countries, it’s the international quality standard for
manufacturing, trade, and communications indus-
tries. Certification indicates that a formal quality
system exists for all processes and that these pro-
cesses are audited on a timely basis.

1.7
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Applications Library

Applications Bulletins and Design Software

APPLICATIONS LIBRARY

The following applications information is available from Burr-
Brown at no charge.

Call 1-800-548-6132 to order.

APPLICATIONS BULLETINS

Increasing INA117 Differential Input.Range ................ AB-001
Make a Precision Current Source or Current Sink ...... AB-002
Voltage-Reference Filters .........cocoovrieccrnnnne ... AB-003
Make a Precision —10V Reference .. ... AB-004
Make a Precision +10V Reference AB-005
Make a ~10V to +10V Adjustable Precision

Voltage SoUrCe ... AB-006
Classical Op Amp or Current-Feedback Op Amp? This
Composite Op Amp Gives you the Best

of Both Worlds.............. (RS AB-007
AC Coupling Instrumentation and leference

Amplifiers ......... AB-008
Single-Supply Operation of Isolation Amplifiers .......... AB-009
+200V Difference Amplifier with Common-mode

Voltage MONitOr ..........cocrviviiiniiiiiinicccnecc e AB-010

Low Power Supply Voltage Operation of
REF102 10V Precision Voltage Reference .................

Boost ISO120 Bandwidth to More Than 100kHz
Increasing ADC603 Input Range ........cccccceereceeennne.
Input Overload Protection for the RCV420

4-20mA Current-loop Receiver .........ooccicnicicine AB-014
Extending the Common-mode Range of

Difference AmMPIIfiers ........ccoovvveivniiicnincccieee AB-015
Boost Amplifier Output Swing With Simple

Modification .......cccceiieniicicncree e

0-20mA Receiver Using the RCV420
Using the ADS7800 12-Bit ADC with Unipolar

Input Signals ... AB-019
Operational Amplifier and Instrumentation
Amplifier Macromodels. AB-020

Synchronization of ISO120/ISO121 Isolation Amplifiers AB-021
Fast Settling Low-Pass Filter ...........ccoviinevncrinnne. AB-022

Simple Output Filter Eliminates ISO Amp
Output Ripple and Keeps Full Bandwidth

Analog Isolation with Power ..
Boost Instrumentation Amp CMR with Common-Mode

Driven Supplies .........cccoceeeeue AB-025
A Low Noise, Low Distortion Design for

Anti-Aliasing and Anti-Imaging Filters .........ccocevvennne AB-026
High Speed Data Conversion ...........c.oceeeeeerueneeeenens AB-027

Feedback Plots Define Op Amp AC Performance ...... AB-028
Input Filtering the INA117 200V Difference

AMPIfIer ..ot AB-029
Thermal and Electrical Properties of Selected

Packaging Materials ............ccceovvemnneemninincsennreneenenes AB-030
1.8
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4-20mA to 0-20mA Converter and Current Summing.... AB-031
IC Building Blocks Form Complete Isolated

4-20mA Current-Loop Systems..........ccceeevvvvrrererneenne AB-032
Single-Supply, Low-Power Measurements

of Bridge NetWOrKS .......cccueeeceereereriiricineeeeeeeene AB-033
MFB Low-Pass Filter Design Program ............c.ccceueueee AB-034
Filter Design Program for the UAF42 Universal

ACtiVe FiIlter ...vcuvieeciriticrciccr s

Diode-Based Temperature Measurement...................
Mounting Consideration for TO-3 Package
Heat Sinking—TO-3 Thermal Model ...........cccceouvenenne
Power Amplifier Stress and Power Handling

Limitations ..... AB-039
Frequency-to-Voltage Conversion .............. AB-040
Single Supply 4-20mA Current Loop Receiver .. AB-041

Programmable-Gain Instrumentation Amplifiers ......... AB-042
Use Low-Impedance Bridges on 4-20mA

Current Loops ...... AB-043
Improved Device Noise Performance for the
3650 Isolation Amplifier . AB-044

Op Amp Performance Analysis .........ccccoceevecenniinnnens AB-045
Operational Amplifier Macromodels: A Comparison ...

Noise Sources in Applications Using Capacitive
Coupled Isolated AMPIIfiers .........cccevrvvvcecnricineicnnnn AB-047

The ACF2101 Used as a Bipolar Switched Integrator .. AB-048

The MPC100 Analog Multiplexer Improves RF
Signal Distribution ... AB-049

Compensate Transimpedance Amplifiers Intuitively ... AB-050
Double the Output Current to a Load with the

Dual OPA2604 Audio Op AMP ......ccomrermncecmnvcnennininns AB-051
OPAB60 Drives Magnetic Recording Head ................. AB-052
Improved Noise Performance of the ACF2101

Switched Integrator .......... AB-053
Clamping Amplifiers Track Power Supplies ................ AB-054
Precision IA Swings Rail-to-Rail on Single 5V Supply ... AB-056
Comparison of Noise Performance

Between a FET Transimpedance Amplifier

and a Switched Integrator ...........cccoeveivieercneeiccicncnn, AB-057
Simple Filter Turns Square Waves into Sine Waves .. AB-058
MTTF, Failrate, Reliability and Life Testing........c........ AB-059
Careful Layout Tames Sample-Hold Pedestal Errors .... AB-060
OPT201 Photodiode-Amplifier Rejects

Ambient Light ................ AB-061
Digitally Programmable, Time- Contlnuous

Active Filter .................. AB-062
Voltage-to-Frequency Converters Offer Useful

Options in A/D CONVErSION...........cccoveuemeemnucriesecnnnenenns AB-066
Dynamic Tests for A/D Converter Performance.......... AB-072

Photodiode Monitoring with Op AmMPpS .......ccceerreerucneene AB-075

BURR - BROWN®
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Applications Library

Applications Bulletins and Design Software

Design and Application of Transformer-Coupled Hybrid
Isolation Amplifier Model 3656 ...........ccccoevevvireverinenne. AB-078

The Key to Understanding Sources of Error in the
1SO100 Isolation AMPpifier.........ccveveinienviienineenne AB-079

Hybrid Isolation Amps Zap Prices and Voltage Barriers .. AB-080
DC-to-DC Converters.... . AB-081
Principles of Data Acquisition and Conversion ........... AB-082

10MHz Analog Multiplier Carries Output Amp Breaks
Bandwidth Barrier

Analog-to-Digital Converter Gounding Practlces

Effect System Performance ..........cccococeicenncccninnnens AB-084
Simple Circuit Delivers 38Vp-p at 5A from 28V

Unipolar SUPPIY ....oveevereeieeeietceeieieeee e e AB-085
Switch Gains Accurately with the INA120 ................... AB-086

Level Shifting Signals with Differential Amplifiers ....... AB-087
Improved Voltage Filter has Several Advantages....... AB-088

A Clarification of Use High-Speed S/H to Improve
Sampling ADC Performance .........cocoeeveeeeircrurmenenenene A

Feedback Circuit Clamps Precisely

Voltage-Feedback Amps vs Current-Feedback Amps:
Bandwidth & Distortion Considerations............c.c.c......

AB-091
SWOP Amplifiers Simplify RF Signal Processing ....... AB-092

Isolation Amps Hike Accuracy and Reliability ............. AB-093
Tame Photodiodes with Operational Amplifier

BOOESIIAP ..ttt AB-094
Tips for Using the ADS78xx Family of A/D

CONVEIEIS ...ttt AB-095

Build A Three Phase Sine Wave Generator With

the UAF42 ........ AB-096
DDC101 Evaluation Fixture PC lnterface Board.......... AB-097
Selecting an A/D CONVEMET .........ccccevereerevcrerirnerenenenns AB-098
An Easy Solution to Current Limiting an Op Amp ....... AB-099
Multiplexer Data Acquisition System............c.cccereeecee AB-100
Combining and Amplifier with the BUF634 ................. AB-101
Output Spectrum and Post-LPF Design of the

PCM1710 . AB-102
Voltage-to-Frequency Converters Offer Useful

Options In A/D Conversion. .. AB-130
An Error Analysis of the 1ISO102 in Small Signal

Measuring ............ .. AB-161

BURR - BROWN®
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DC/DC Converter Noise Reduction.
Partial Discharge Testing .........ccceveeievereiivcnieinneeees
Implementation and Applications of Current

Sources and Current RECEIVETS .......oovcveieririinciens AB-165
Coding Schemes Used with Data Converters............. AB-175
Exchanging Files on the Customer Service

Electronic Bulletin Board ........ccccocovveveneienincnnenennnnns AB-176

CDAC Architecture Plus Resistor Divider Gives
ADC574 Pinout with Sampling, Low-Power, New
Input Ranges

Video Operational Amplifiers............cccveveiiiniccnninns AB-179
Ultra High-Speed ICs AB-180
Diamond Transistor OPABBO .........c.cccveervcvineeenennnnns AB-181
New Ultra High-Speed Circuit Techniques

With Analog ICS .....cvevvrcriiiiciirnc e AB-183
Driving Video Output Stages with Monolithic

Integrated AMPS .......ccoecvierieciirircicece e AB-184
Automatic Gain Control (AGC) Using the Diamond

Transistor OPABBO..........cceeeeucriimniinsicineiesrenens AB-185

Current or Voltage Feedback: The Choice Is Yours

with the New, Flexible, Wide-Band Operational

Amplifier OPAB22..........ceeeveerineieniseniesien e AB-186
External Open-Loop Gain Adjustment: Check It Out

with the Demo Boards for the OPA623 and OPA622 . AB-187
Building a 400MHz Wide-Band Differential Amp: It's

a Breeze with the Diamond Transistor OPA660 ......... AB-188
Macromodels for RF Operational Amplifiers are a

Powerful Design Tool .

Designing Active Filters With The Diamond Transistor

OPABBO.......cocurerercreneeeseree e sese e e nanae AB-190

There's a World of Line Drivers to Choose From ........ AB-191

Fiber Optic Transmission .........ccoeuvimeerivennsennscreienienns AB-192

The Current-Feedback Operational Amplifier: A High

Speed Building BIOCK .......c.cooveucucuiceniciene AB-193

Intermodulation Distortion (IMD) .........cccccocvnirninnnenns AB-194

DESIGN SOFTWARE

FilterPro DiSK....ecceciceemcuemeaenereeieicieeereeeeinnes AB/E-034, 035

Spice DisK ......ccooervreririeeierienicnes AB/E-020
1.9
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Sales and Service

ABOUT THIS BOOK

To keep with the easy-to-use format we estab-
lished last year, the Burr-Brown Integrated Cir-
cuits Data Books for 1996/97 will be similar to the
1995 books. Both the Linear Products and Mixed
Signal Products books are available free from
your local salesperson or representative—see Sales
Office Listings at back of book—or by calling
our literature request line at 1-800-548-6132 (US
or Canada). Order both, or just the one that fits
your needs.

How to Use This Book

Burr-Brown product numbers are listed in the
Selection Trees and Tables at the beginning of
each tabbed section. With these tools you can
quickly compare specs among different products
and choose the best part for your design. Products
appearing in boldface type are new products in-
troduced by Burr-Brown since publication of the
1995 data books.

Data sheets are arranged alphanumerically by
product type, so if you know the name of the part
you can find it quickly. Or, use the Product Index
on the inside front cover, or page numbers as
listed in the Selection Guide trees and tables.

CUSTOMER SERVICE

Burr-Brown is committed to providing the best
customer service in the industry—whether it be a
need for additional technical literature, technical
assistance, to place an order, or to return products.
For immediate assistance with any problem or
inquiry, contact your local Burr-Brown salesper-
son or representative. See Sales Office Listings at
back of book.

Direct factory assistance is available by calling
the following number: 1-800-548-6132 (US or
Canada; 7:00am to 5:00pm MST).

1.10 Burr-Brown IC Data Book—Mixed Signal Products

Technical Literature or
Applications Assistance

In addition to individual data sheets, Burr-Brown
also provides its customers with applications
bulletins, promotional samples, comprehensive
brochures featuring many product types, and
applications assistance by calling 1-800-548-6132
(US or Canada).

Internet

Burr-Brown information is now available on the
Internet via the World Wide Web. Customers
with Internet access can visit our home page at

- http://www.burr-brown.com/ to obtain on-line

data sheets and corporate information any time of
the day, any day of the year. '

FAXLine

Burr-Brown’s FAXLine is available for custom-
ers to request product literature. Call 1-800-548-
6133 (USA/Canada Only) to receive a Document
Catalog, complete with FAXLine literature order

.numbers. Up to three pieces of literature may be

requested per call.

Prices and Quotations

Price quotations made by Burr-Brown or its
authorized field sales representatives are valid for
30 days. Delivery quotations are subject to recon-
firmation at the time of order placement. Please
call your local sales representative or distributor

~(see list at the back of this book).

Placing Orders

You can place orders via telephone, FAX, or mail
with any authorized Burr-Brown field sales
office, sales representative, or authorized distribu-
tors. See Sales Office Listings at back of book for
the office nearest you.

BURR -BROWN®
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Sales and Service

Returns and Warranty Service

When returning products for any reason, contact
Burr-Brown prior to shipping for authorization
and shipping instructions. For complete instruc-
tions, contact your local salesperson or represen-
tative. Customers outside the USA should call the
nearest sales office for details and information—
see International Sales Office Listing at back of
book.

To return product, please call for your Return
Material Authorization (RMA) number. Ship units
prepaid and supply the original purchase order
number and date, along with an explanation for
the return. Upon receipt of the returned devices,
Burr-Brown will verify and inform you of the
warranty status, cost to repair or replace, credits,
and status of replacements where applicable.

BURR-BROWN®
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z A/D Converters, Data
Acquisition Components

Burr-Brown’s Analog-to-Digital (A/D) converter
product line offers a broad selection of resolu-
tions, 12-, 14-, and 16-bit for industrial applica-
tions, and 16-, 18-, and 20-bit designed especially
for audio applications.

A new line of SpeedPLUS™ 10- and 12-bit resolu-
tion, 10-40MHz sampling rate A/D converters was
recently introduced. The ADS800 family of con-
verters is fabricated on 0.6um CMOS process,
utilizing a leading-edge pipeline architecture.
ADSB800 converters are complete with a quantizer,
wideband track/hold, internal reference, and three-
state outputs.

ADS7819 is a 12-bit monolithic, 800kHz sam-
pling A/D complete with an internal sample/hold,
clock and internal 2.5V reference. It uses state-of-
the-art CMOS structures, contains a parallel mi-
croprocessor interface, and has three-state output
drivers.

ADS7831 is a 12-bit monolithic, 600kHz sam-
pling A/D complete with an internal sample/hold,
clock and internal 2.5V reference. Its high spectral
performance make it especially suitable for appli-
cations such as HDSL, modems, and wireless
communication systems.

BURR - BROWN®

ADS7833 is a complete 10 channel data acquisi-
tion system—its three A/Ds operate simultaneously
at a 150kHz per converter sample rate with up to
five channels of simultaneous sample and hold
channels—it also contains digitally programmable
input ranges and an 8-bit voltage output.

ADS7820 is a new, complete 0-5V analog input
12-bit 100kHz sampling A/D converter. Part of a
new generation of Burr-Brown sampling A/D con-
verters, it offers faster sampling rates, multiple
channels, lower power, and more analog input
ranges.

ADS1210 and ADS1211 are precision, wide dy-
namic range, delta-sigma A/D converters with 24-
bit resolution operating from a single +5V supply.
Dynamic range is increased by the inclusion of a
low-noise programmable gain amplifier with gain
range of 1 to 16 in binary steps. Both converters
include a flexible synchronous serial interface
which is SPI compatible, and offers a two-wire
control mode for low cost isolation.

The DDC101 is a 20-bit, 15kHz integrating A/D
converter with digital error correction and direct
photosensor interface.

Burr-Brown IC Data Book—Mixed Signal Products 2.1
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Analog-to-Digital Converters

A/D CONVERTERS

g < 5kHz

ADS1210 (24 Bits, A%)

ADS1211 (24 Bits, AZ, 4-ch MUX)

5kHz < fg < 50kHz

[ 1
‘ Sampling L Non-Sampling
(fs, max) (fs, max)
12-BIT 12-BIT
ADS7806 (40kHz) ADCB0  (40kHz)

ADS7812 (40kHz)
ADS574  (40kHz)

ADS7624 (40kHz, 4-ch MUX)  16-BI

16-BIT
ADS7807 (40kHz)
ADS7813 (40kHz)

20-BIT

DDC101  (15kHz)

ADC574A (40kHz)

=

ADC71  (20kHz)

' I i
50KHz < 15 < 200Ktz [2o0utiz<ts <smz] | fsz5mz |

r Sampling E
(fs, max)

Non-Sampling

(s, max)

12-BIT
ADS774  (117kHz)

ADC7802 (117kHz, 4-ch MUX)
ADS7803 (117kHz, 4-ch MUX)
ADS7832 (117kHz, 4-ch MUX)

ADS7833 (100kHz, 10 ch)
ADS7804 (100kHz)
ADS7808 (100kHz)
ADS7820 (100kHz)

16-BIT

ADS7805 (100kHz)
ADS7809 (100kHz)
ADS7821 (100kHz)

12-BIT

ADS774

ADC84
ADC85
ADC87

ADC674A (66kHz)

16-BIT
ADC76

ADC700 (59kHz)

(17kHz)
(100kH2)
(100kHz)
(100kHz) -

(59KHz)

10-BIT
ADS820 (20MHz)
ADS821 (40MHz)

12-BIT

ADS800 (40MHz)
ADS801 (25MHz)
ADS802 (10MHz)
ADC603 (10MHz)

]
MULTI-CHANNEL|

SDM507 (16-Bit)
SDM516 (16-Bit)
SDM517 (16-Bit)
‘SDM862 (12-Bit)
SDM863 (12-Bit)
SDM872 (12-Bit)
SDM873 (12-Bit)

HDSL Analog
Front-End
(Compatibility)

AFE1103E (Brookiree/Metalink)

Sampling L Non-Sampling
(fs, max) (fs, max)
12-BIT 16-BIT

ADS7810 (800kHz)
ADS7819 (800kHz)
ADS7831 (600kHz)
ADS7800 (333kHz)

14-BIT
ADS7814 (300kHz)

16-BIT
ADS7811 (263kHz)

18-BIT
DSP101  (200kHz)
DSP102  (200kHz, Dual)

ADC701 (512kHz)

AFET104E (PairGain)

* DENOTES TYPICAL

DATA (see tables
ACQUISITION oo tes
SDM506 (16-Bit) DUAL

DSP102  (18-Bit, 200kHz)

4-ch MUX IN
ADS1211 (24-Bit, AX)

ADS7802 (12-Bit, 117kHz)

ADS7803 (12-Bit, 117kHz)
ADS7832 (12-Bit, 117kHz)

TEN
ADS7833 (12-Bit, 100kHz)

BOLD DENOTES NEW PRODUCT
BOLD, ITALIC DENOTES PRODUCT IN DEVELOPMENT

Some specifications have been estimated for comparison

purposes. Refer to data sheets for guaranteed specifications.
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2 Linearity Input GENERAL
m 2 Resolu- Error Range Sampling Serial
o tion max (see table, pg 2.5)  Rate THD Temp or
m 3 Product (Bits)  (%FSR) (V) (kHz) NMC (dB, max) Range(") Pkg® Parallel  Description
gADC71 16 +0.003 D,E,F,N,R, S 20 14 — Ind, Com TDIP S,P Industry Std Pinouts
©®ADC76 16 +0.003 D,E,N,R,S 60 14 — Ind, Com TDIP S, P Industry Std Pinouts
ty ADC80AG 12 +0.012 D,E,N,R, S 40 12 — Ind TDIP S, P Industry Std Pinout and Interface Medium Speed Monolithic
S ADC8OMAH 12 +0.012 D,E,N,R, S 40 12 —_ Ind TDIP S, P Industry Std Pinout and Interface Medium Speed Monolithic
T ADCB4KG 12 +0.012 D,E,N,R, S 100 12 — Ind TDIP S, P Medium Speed
E? ADC85H 12 +0.012 D,E,N,R,S 100 12 — Com TDIP S,P Medium Speed
% ADC87H 12 +0.012 D,E,N,R,S 100 12 -_ Mil TDIP S,P Mil Temperature Range
S ADC574A 12 +0.012 E,F,R,S 40 12 — Mil, Ind, Com  DDIP P Industry Std Pinout and Interface Medium Speed Monolithic
a ADC603 12 +0.018 L 10MHz NS  -68* Com, Ind, Mil  QDIP P High Speed Medium Resolution
o ADC674A 12 +0.012 E,F,R,S 66 12 — Mil, Ind, Com  DDIP P Industry Std Pinout and Interface Medium Speed Monolithic
S ADC700 16 +0.003 D,E,F,N,R, S 59 14 — Mil, Ind, Com  TDIP S, P Data-Bus Interface
S ADC701 16 +0.003 D,E,G,R,S 512kHz NS  -94w/SHC702* Com TDIP P High Accuracy, High Resolution
oy ADC774 12 +0.012 E,F,R,S 117 12 — Mil, Ind, Com  DDIP P Industry Std Pinout and Interface Medium Speed Monolithic
8 ADC803 12 +0.012 G,R, S 1MHz NS NA Ind, Mil HMD P High Speed Medium Resolution
T ADC7802 12 +0.012 D 117 12 — Ext DDIP,PLCC P~ High-Accuracy, 4-Channel MUX, Auto-Calibration, Sampling
E ADS574 12 +0.012 E,F,R,S 40kHz 12 — Com, Mil DIP, DDIP, SO P Sampling 574 Type
I ADS774 12 +0.012 E,F,R,S 117 12 — Com, Mil DIP, DDIP, SO P Sampling 774 Type
ADS800 12 10.024 z 40MHz 12 Com SoIC P Sampling, Internal Reference
& ADS801 12 10.024 z 25MHz 12 Com soIC P Sampling, Internal Reference
o ADS802 12 10.024 z 10MHz 12 Com SoIC P Sampling, Internal Reference
g ADS820 10 10.097 4 20MHz 10 Com soic P Sampling, Internal Reference, Low Power
=~ ADS821 10 10.097 z 40MHz 10 Com Soic P Sampling, Internal Reference
g’ ADS1210 24 +0.003 D, S Proglram- 24 — Xind SOIC, PDIP S Low Power, Single-Channel, A%, Differential In
mable
g‘ ADS1211 24 10.003 D,S Probglram- 24 — Xind SOIC, PDIP S Low Power, 4-Channel MUX, AZ, Differential In
= mable
“ ADS7800 12 +0.012 R, S 333kHz 12 — Com, Ind DIP, SOIC P Sampling, Interface
ADS7803 12 +0.018 D 117 12 - Ext DDIP,PLCC P High-Accuracy, 4-Channel MUX, Auto-Calibration, Sampling
ADS7804 12 +0.012 S 100 12 — Ext PDIP, SOIC P Full Parallel, Pin Compatible to ADS7805
ADS7805 16 +0.0023 S 100 16 -96 Ext PDIP, SOIC P Full Parallel, Pin Compatible to ADS7804
ADS7806 12 +0.012 C,D, S 40 12 —80 Ext PDIP, SOIC S, P 8-Bit Bytes or Serial, Pin Compatible to ADS7807
ADS7807 16 +0.0023 C,D,S 40 16 -96 Ext PDIP, SOIC S,P 8-Bit Bytes or Serial, Pin Compatible to ADS7806
ADS7808 12 +0.012 C,D,E,P,R S 100 12 -80 Ext PDIP, SOIC S Pin Compatible to ADS7809
ADS7809 16 +0.0023 C,D,E P,R,S 100 16 -96 Ext PDIP, SOIC S Pin Compatible to ADS7808
ADS7810 12 0.018 S 800 12 =77 Ext PDIP, SOIC P
ADS7811 16 +0.0015 N 263 16 -96 Xind PDIP, SOIC P Sampling, w/Internal Reference

* DENOTES TYPICAL
BOLD DENOTES NEW PRODUCT
BOLD, ITALIC DENOTES PRODUCT IN DEVELOPMENT

Some specifications have been estimated for comparison
purposes. Refer to data sheets for guaranteed specifications.

A/D CONVERTERS, DATA ACQUISITION COMPONENTS
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Linearity Input i . GENEHAL (cn“T)

Resolu- Error Range Sampling Serial

tion max (see table, pg 2.5) Rate THD Temp or
Product (Bits)  (%FSR) (V) (kHz) NMC (dB, max) Range(“ Pkg®@ Parallel  Description
ADS7812 12 +0.012 S,AA,R,E,M,P,BB 40 12 -80 Xind PDIP, SO s Sampling pin compatible with ADS7813
ADS7813 16 40.0023 S,AA,R E,M,P,BB 40 16  -96 Xind PDIP,SO S Sampiing pin compatible with ADS7812
ADS7814 14 10.018 N 300 14 -90 Xind PDIP, SO P Sampling, with output latches
ADS7819 12 0.018 N 800 12 =77 Ext PDIP,SOIC P
ADS7820 12 +0.01 D 100 12 -80 Xlind PDIP,SOIC P Sampling, pin compatible with ADS7821
ADS7821 16 +0.006 D 100 16 -90 Ind PDIP,SOIC P Sampling, pin compatible with ADS7820
ADS7824 12 +0.01 S 40 12 -80 Xind PDIP,SOIC S,P Sampling, 4-ch mux input
ADS7825 16 +0.002 S 40 16 -90 Xind PDIP,SOIC S,P Sampling, 4-ch mux input
ADS7831 12 0.024 N 600 12 -77 Ext PDIP,SOIC P Low Cost
ADS7832 12 10.049 B 117 12 -75* Xind PDIP, PLCC P Sampling, 8-bit bytes out
ADS7833 12 0.05 LM N 100 12 —_ Ext PLCC S 3-channel, simultaneous sampling
DDC101 20 +2.5ppm@ Current 15 18 — Ind DDIP, SOIC S High Accuracy
DSP101 18 0.003 o 200 — -90 Com DDIP S DSP Compatible, Single Channel
DSP102 18 0.003 (o] 200 — -90 Com DDIP S DSP Compatible, Dual Channel

NOTES: (1) Com = 0°C to +70°C, Ext = —40°C to +85°C, Ind = —25°C to +85°C, Mil = -55°C to +125°C. (2) DIP = 0.3" wide DIP, DDIP = 0.6" wide DIP, TDIP = 0.9" wide DIP, PLCC = Plastic Leaded Chip Carrier, SO = Small Outline
Surface Mount. (3) Linearity errors +£0.025% reading +2.5ppm FSR.

HDSL ANALOG FRONT END

Design  Minimum
Product Speed Speed Power Compatibility Description

AFE1103E  E1/T1 PCM-4  300mW Brooktree/Metalink Burr-Brown s HDSL Analog Front End greatly reduces the size and cost of an HDSL system by providing all of the active

dto the Brooktree Bt8952 HDSL digital signal processor to an external compromise
hybnd and a 1 -2 HDSL line former. F i , this unit is separated into a transmit and a receive section. The
, filters, and buffers outgoing 2B1Q data. The receive section performs initial filters and
digltlzes the sy bol data received on the tel ph line and | it to the HDSL DSP chip. The HDSL Analog Interface

is a monolithic device fabricated on 0.61 CMOS. It operates on a single +5V supply (using only 300mW). It is housed in
a 48-pin SSOP package. This unit is second sourced by Brooktree’s Bt8921.

AFE1104E E1/T1 PCM-4 300mw PairGain Burr-Brown s HDSL Analog Front End greatly reduces the size and cost of an HDSL system by providing all of the active
dto PairGain Technologies SPAROW HDSL digital stgnal processor to an external compromise
hybnd and a 1 :2 HDSL line transformer. Functionally, this unit is separated into a tr tandar The
transmit section generates, filters, and buffers outgoing 2B1Q data. The receive section performs initial echo cancellation and
filters and digitizes the symbol data received on the teleph. line and p it to the HDSL DSP chip. The HDSL Analog
Interface is a monolithic device fabricated on 0.6 CMOS. It operates ona s:ngle +5V supply (using only 300mW). It is housed
in a 48-pin SSOP package.

U0SIadsajes (07 o) J9EJUY ‘BIUEISISSY SjelpaliLL o4

* DENOTES TYPICAL
BOLD DENOTES NEW PRODUCT
BOLD, ITALIC DENOTES PRODUCT IN DEVELOPMENT

Some specifications have been estimated for comparison
purposes. Refer to data sheets for guaranteed specifications.
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DATA ACQUISITION COMP
Input
Range
Resolution Linearity (see table, pg 2.5) Throughput Temp

Product Channels (Bits) Error (%FSR) ) Rate (kHz) Range® Pkg® Description
SDM506'5) 16-Channel, single ended 16 10.012 S,RPE 100 Xind PLCC Serial Out
SDM5075) 8-Channel, differential 16 10.012 D, C 100 Xind PLCC Serial Out
SDM516(%) 16-Channel, single ended 16 10.012 s 100 Xind PLCC Parallel Out
SDM5175) 8-Channel, differential 16 10.012 s 100 Xind PLCC Parallel Out
SDmse2(h 16-Channel, single ended 12 +0.012 R, S, E 33 Com, Ind, Mil LCC, PGA Parallel Out
SDM863(M 8-Channel, differential 12 +0.012 R S, E 33 Com, Ind, Mil LCC, PGA Parallel Out
SDm872(") 16-Channel, single ended 12 +0.012 R, S, E 50 Com, Ind, Mil LCC, PGA Parallel Out
SDM873(M 8-Channel, differential 12 +0.012 R, S, E 50 Com, Ind, Mil LCC, PGA Parallel Out

NOTES: (1) Internal instrumentation amplifier can be pin programmed for G = 1, 10, 100. (2) Temperature Range: Com = 0°C to +70°C, Ind = -25°C to +85°C, XInd = —40°C to 85°C, Mil =-55°C to +125°C. (3) LCC = Hermetic 0.95" (typ)

square Leadless Chip Carrier, PGA = Hermetic 1.1" (typ) square Pin Grid Array. (4) Internal programmable gain amplifier can be programmable for G = 1, 10, 100, 1000.

KEY FOR A/D CONVERTER INPUT

RANGE SPECIFICATION TABLE
SPECIFICATION RANGE SPECIFICATION RANGE
CODE ) CODE )

A 0101.25 Lo +1.25
B 01025 M 2.0
c 0to4 N 125
D 0to5 o) 42.75
E 0t0 10 P +3.33
F 01020 Q +4.0
G 0t0-10 R 5.0
H +0.312 s +10.0
1 105 z 1.2510 3.25
J +0.625 AA 0312510 2.8125
K +1.0 BB 051045

* DENOTES TYPICAL

BOLD DENOTES NEW PRODUCT
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BOLD, ITALIC DENOTES PRODUCT IN DEVELOPMENT

Some specifications have been estimated for comparison
purposes. Refer to data sheets for guaranteed specifications.

A/D CONVERTERS, DATA ACQUISITION COMPONENTS




For Immediate Assistance, Contact Your Local Salesperson

BURR - BROWN®

ADCT1

ABRIDGED DATA SHEET

For Complete Data Sheet
Call FaxLine 1-800-548-6133
Request Document Number 11060

16-Bit
ANALOG-TO-DIGITAL CONVERTER

FEATURES DESCRIPTION

® 16-BIT RESOLUTION The ADC71 is a low cost, high quality, 16-bit succes-
® +0.003% MAXIMUM NONLINEARITY sive approximation analog-to-digital converter. It uses
® COMPACT DESIGN: 32-pin Hermetic laser-trimmed ICs and is packaged in a convenient

32-pin hermetic ceramic dual-in-line package. The
converter is complete with internal reference, clock,
comparator, and thin-film scaling resistors, which
allow selection of analog input ranges of 2.5V, +5V,
+10V, 0 to +5V, 0 to +10V and 0 to +20V.

Data is available in parallel and serial form with
corresponding clock and status output. All digital in-
puts and outputs are TTL-compatible.

Ceramic Package
©® CONVERSION SPEED: 50us max

Power supply voltages are £15VDC and +5VDC.

Reference

Ref Out (+6.3V)

16-Bit D/A
Converter

Parallel
Digital
Output

Short Cycle O——
Convert Command O——f

1L

16-Bit
Successive Approx.
Register (SAR) .

Input Range
} Select

-O Comparator In

Ve

Clock - O Clock Out

[

O Status

International Airport Industrial Park + Mailing Address: PO Box 11400 - Tucson, AZ85734 . Street Address: 6730 S. Tucson Blvd. « Tucson, AZ 85706
Tel: (520) 746-1111  «  Twx:910-952-1111 .« Cable: BBRCORP -« Telex:066-6491 « FAX:(520)889-1510 « Immediate Product Info: (800) 548-6132

BURR -BROWN®
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Or, Call Customer Service at 1-800-546-6132 (USA Only)
SPECIFICATIONS

ELECTRICAL

At +25°C and rated power supplies, unless otherwise noted.

A/D CONVERTERS, DATA ACQUISITION COMPONENTS H ADC71

ADC71J, K ADC71A, B
PARAMETER MIN TYP MAX MIN TYP MAX UNITS
RESOLUTION 16 16 Bits
INPUTS
ANALOG
Voltage Ranges: Bipolar +2.5, £5, 10 . +2.5, 15, £10 \
Unipolar 0 to +5, 0 to +10, 0to +5, 0 to +10, v
0 to +20 0 to +20
Input Impedance (Direct Input)
0 to +5V, £2.5V 25 25 kQ
0 to +10V, £5.0V 5 5 kQ
0 to +20V, 10V 10 10 kQ
DIGITAL(M
Convert Command Positive pulse 50ns wide (min) trailing edge (“1" to “0" initiates conversion)
Logic Loading 1 TTL Load
TRANSFER CHARACTERISTICS
ACCURACY
Gain Error( +0.1 +0.2 +0.1 +0.2 %
Offset(@: Unipolar +0.05 +0.1 +0.05 +0.1 % of FSR®
Bipolar 0.1 0.2 +0.1 10.2 % of FSR
Linearity Error: K, B +0.003 +0.003 % of FSR
J, A +0.006 +0.006 % of FSR
Inherent Quantization Error +1/2 +1/2 LSB
Differential Linearity Error +0.003 +0.003 % of FSR
POWER SUPPLY SENSITIVITY
+15VDC 0.003 0.003 % of FSR/%Vg
+5VDC 0.001 0.001 % of FSR/%Vg
CONVERSION TIME®)
14 Bits 50 50 us
WARM-UP TIME 5 . min
DRIFT
Gain +10 +15 o M ppm/°C
Offset: Unipolar +2 +4 +2 ppm of FSR/°C
Bipolar . 8 +10 5 *10 ppm of FSR/°C
Linearity +2 +3 +2 ppm of FSR/°C
No Missing Codes Temp Range .
J, A (13 Bits) 0 +70 -25 +85 °C
K, B (14 Bits) 0 +70 —25 +85 °C
OUTPUT
DIGITAL DATA
(All Codes Complementary)
Paralle! Output Codes(®): Unipolar csB
Bipolar COB, CTC®
Output Drive 2 > TTL Loads
Serial Data Code (NRZ) CSB, coB
QOutput Drive 2 * TTL Loads
Status Logic “1” During Conversion E .
Status Output Drive 2 2 TTL Loads
Clock Output Drive 2 2 TTL Loads
Frequency® 280 * kHz
INTERNAL REFERENCE VOLTAGE 6.0 6.3 6.6 6.0 6.3 6.6 v
Max External Current with
No Degradation of Specs +200 +200 pA
Temp Coefficient +10 * ppm/°C
POWER SUPPLY REQUIREMENTS
Power Consumption 655 655 mw
Rated Voltage, Analog *11.4 *15 +16 * * * vbC
Rated Voltage, Digital +4.75 +5 +4.75 * * * vDC
Supply Drain +15VDC +10 +15 * - mA
Supply Drain —-15VDC —28 -35 * * mA
Supply Drain +5VDC +17 +20 " * mA
TEMPERATURE RANGE
Specification 0 +70 -25 +85 °C
Operating (Derated Specs) -25 +85 -55 +125 °C
Storage . -55 +125 -55 +125 °C

NOTES: (1) CMOS/TTL compatible, i.e., Logic “0" = 0.8V, max Logic “1” = 2.0V, min for inputs. For digital outputs Logic “0” = +0.4V, max Logic “1” = 2.4V min.
(2) Adjustable to zero. (3) FSR means Full Scale Range. For example, unit connected for +10V range has 20V FSR. (4) Conversion time may be shortened with
“Short Cycle” set for lower resolution, see “Additional Connections Required” section. (5) See Table I. CSB = Complementary Straight Binary. COB = Complementary
Offset Binary. CTC = Complementary Two's Complement. (6) CTC coding obtained by inverting MSB (Pin 1).

BURR-BROWNG®
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For Immediate Assistance, Contact Your Local Salesperson
PIN CONFIGURATION

Top View DIP
sy Bit1 [1] [32] Short Cycle
Bit 2 z E Convert Command
Bit3 z,— | Reference | E +5VDC Supply
Bit4 1-— C g Gain Adjust
Bit5 [5 | -l 28] +15VDC Supply
Bit6 [6 « 27| Comparator In
Bit7 be é é% 0—3\3/'\(/‘9—E Bipolar Offset
Bit8 EJ ;E ﬁg, ska [Fal28] 1oV
Bite |9 | b [24] 20v
Bit10 [10] 23] Refout6.3v
Bit 11 Er—— g Analog Common()
Bit12 [12|— [21] -15vDC Supply
(LSB for 13 bits) Bit 13 [13] —]20] Clock Out
(LSB for 14 bits) Bit 14 [14] [19] Digital Common
Bit 15 E Comparator = E Status
Bit16 [16] E—————— [17] serial out

NOTE: (1) Metal lid of package is connected to pin 22 (Analog Common).

ABSOLUTE MAXIMUM SPECIFICATIONS PACKAGE INFORMATION

+V¢c to Common 0 to +16.5V PACKAGE DRAWING

—Vec to Common 0V to ~16.5V MODEL PACKAGE NUMBER(™

+Vpp to Common 0V to +7V - -

Analog Common 10 Digital COMMON ..............cceemmsemmrmeessssssessssnnnes +0.5V ADC71JG 32-Pin Hermetic DIP 1725

Logic Inpuits to G \ OV to Vpp ADC71KG 32—P!n Hermet!c DIP 172-5

Maximum Power Dissipation 1000mW ADC71AG 32-Pin Hermetic DIP 172-5

Lead Temp re (10s) 300°C ADC71BG 32-Pin Hermetic DIP 172-5
NOTE: (1) For detailed drawing and dimension table, please see end of data
sheet, or Appendix C of Burr-Brown IC Data Book.

ORDERING INFORMATION

MODEL TEMPERATURE RANGE NONLINEARITY

ADC71JG 0°C to +70°C +0.006% FSR

ADC71KG 0°C to +70°C +0.003% FSR

ADC71AG —25°C to +85°C +0.006% FSR

ADC71BG -25°C to +85°C +0.003% FSR

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third pany BURR-BROWN does not authorize or warrant
any BURR-BROWN product for use in life support devices and/or systems.

BURR -BROWN©®
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Or, Call Customer Service at 1-800-548-6132 (USA Only)

} M Throughput Time® !

i i |
Convert Gommand'” | Co Time ~ [
e LoY 1oy~ SN O e e Y Y Y Y Y Y Yy Oy

Status (EOC) — | B
MBS ____] ‘0"
gtz ____] LT«
Bits ____
Bit4 T Lo
Bit5
Bit6
Bit7
Bit8
Bit9
Bit 10
Bit 11
Bit 12
Bit 13
Bit 14
Bit 15
Bit 16
Serial Data Out

11

A/D CONVERTERS, DATA ACQUISITION COMPONENTS n ADCT71

Lo [
LT
o
o —
1LSB [
2 34 ls[ 6] 7] 8lgfto] 1] 12]13] 14] 15[ 16

L T Ry e O L LR LI, G L T SR LA G (R ST

NOTES: (1) The convert command must be at least 50ns wide and must remain low during a conversion. The conversion is initiated
by the “trailing edge” of the convert command. (2) 57us for 16 bits.

FIGURE 1. ADC71 Timing Diagram.

; ) /" Bit1e
~a— 40-125ns 40-125ns —=f |-— Bit 16 .
! A vaid__
Clock |
o __/—\—/_ Status 4012505 —=1 N\ ~—
ut | i
l t

FIGURE 2. Timing Relationship of Serial Data to Clock. FIGURE 3. Timing Relationship of Valid Data to Status.

Binary (BIN)

Output INPUT VOLTAGE RANGE AND LSB VALUES

Analog Input

Voltage Range Defined As: +10V 5V +2.5V 0 to +10V 0 to +5V 0 to +20V

Code coB™M cos(" COB("

Designation or CTC@ or CTCR or CTC®@ CSB® CSB® CSB®

One Least FSR 20v 10V 5V 1ov. 5V 20v

Significant 2n 2n 2n an 2n 2n 2n

Bit (LSB) n=12 4.88mV 2.44mV 1.22mV 2.44mV 1.22mV 4.88mV
n=13 2.44mV 1.22mV 610pV 1.22mV 610uV 2.44mV
n=14 1.22mV 610pV 305V 610pV 305V 1.22mV

Transition Values

MSB LSB

000 ... 000¢4) +Full Scale +10V-3/2L.SB +5V-3/2LSB +2.5V-3/2LSB +10V-3/2LSB +5V-3/2LSB +20V-3/2LSB

011 .. 111 Mid Scale 0 ] 0 +5V +2.5V +10V

111 ... 110 —Full Scale —10V +1/2LSB -5V +1/2LSB -2.5V +1/2LSB 0 +1/2LSB 0 +1/2LSB 0 +1/2LSB

NOTES: (1) COB = Complementary Offset Binary. (2) Compl y Two's Compl obtained by inverting the most significant bit MSB (pin 1). (3) CSB

= Complementary Straight Binary. (4) Voltages given are the nominal value for transition to the code specified.

TABLE I. Input Voltages, Transition Values, LSB Values, and Code Definitions.

BURR - BROWNG®
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BURR - BROWN®

ADC76

ABRIDGED DATA SHEET

For Complete Data Sheet
Call FaxLine 1-800-548-6133
Request Document Number 11063

16-Bit
ANALOG-TO-DIGITAL CONVERTER

FEATURES

©® 16-BIT RESOLUTION
@ LINEARITY ERROR: 10.003% max (KG, BG)

® NO MISSING CODES GUARANTEED
FROM -25°C TO +85°C

@ 17us CONVERSION TIME (16-Bit)
©® SERIAL AND PARALLEL OUTPUTS

Parallel
Digital
Output

~

16-Bit D/A
Converter

Reference

DESCRIPTION

The ADC76 is a high quality, 16-bit successive ap-
proximation analog-to-digital converter. The ADC76
uses state-of-the-art laser-trimmed IC thin-film resis-
tors and is packaged in a hermetic 32-pin dual-in-line
package. The converter is complete with internal ref-
erence, short cycling capabilities, serial output, and
thin-film scaling resistors, which allow selection of
analog input ranges of +2.5V, £5V, +10V, 0 to +5V,
0 to +10V and 0 to +20V.

It is specified for operation over two temperature
ranges: 0°C to +70°C (J, K) and -25°C to +85°C (A, B).
Data is available in parallel and serial form with
corresponding clock and status output. All digital
inputs and outputs are TTL-compatible.

Power supply voltages are £15VDC and +5VDC.

16-Bit
Successive Approx. g gl';?:: e(:tyglle .
Register (SAR)

— O Comparator In
1

4 Input Range
Select

-O Clock Rate Control

O Clock Out

-O Status

International Airport Industrial Park «+  Mailing Address: PO Box 11400
Tel: (520) 746-1111  +  Twx:910-952-1111 - Cable: BBRCORP

+ Tucson,AZ85734 - StreetAddress:67308.TuesonBlvd. . Tucson,Ai 85706
+ Telex:066-6491 -« FAX:(520)889-1510 -« Immediate Product Info: (800) 548-6132

O Serial Out
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SPECIFICATIONS

ELECTRICAL

At +25°C, and rated power supplies, unless otherwise noted.

ADC76J, K ADC76A, B
PARAMETER MIN TYP MAX MIN TYP MAX UNITS
RESOLUTION 16 . Bits
ANALOG INPUTS
Voltage Ranges: Bipolar +2.5, 45, £10 * \
Unipolar 0to +5,0to +10 M \
0 to +20 *
Impedance (Direct Input)
0 to +5V, 2.5V . 25 .
0 to +10V, 5.0V 5 *
0 to +20V, £10V 10 *
DIGITAL INPUTS(!)
Convert Command Positive pulse 50ns wide (min) trailing edge (1" to “0" initiates conversion)
Logic Loading | | 1 | | | . TTL Load
TRANSFER CHARACTERISTICS
ACCURACY .
Gain Error® +0.1 10.2 . i %
Offset Error: Unipolar(? +0.05 +0.1 * * % of FSR®)
Bipolar(® 0.1 +0.2 * * % of FSR
Linearity Error:K, B +0.003 * % of FSR
J, A +0.006 * % of FSR
Inherent Quantization Error *1/2 * LsB
Differential Linearity Error +0.003 * % of FSR
Noise (3c, p-p) 40.001 +0.003 . - % of FSR
POWER SUPPLY SENSITIVITY .
+15VDC 0.003 * % of FSR/%Vg
+5VDC 0.001 * % of FSR/%Vg
CONVERSION TIME()
14 Bits 15 . us
15 Bits 16 . us
16 Bits 17 * us
WARM-UP TIME 5 i Min
DRIFT .
Gain +15 > ppm/°C
Offset: Unipolar +2 +4 * * ppm of FSR/°C
Bipolar +10 * ppm of FSR/°C
Linearity +2 +3 * * ppm of FSR/°C
No Missing Codes Temp Range
J, A (13-bit) 0 +70 -25 +85 °C
K, B (14-bit) 0 +70 -25 +85 °C
OUTPUT DIGITAL DATA ’
(All codes complementary)
Parallel
Output Codes®): Unipolar CSB *
Bipolar COB, CTC® *
QOutput Drive 2 * TTL Loads
Serial Data Code (NRZ) CSB, COB *
Output Drive 2 * TTL Loads
Status Logic “1” during conversion *
Status Output Drive 2 * TTL Loads
Internal Clock: Clock Qutput Drive 2 * TTL Loads
Frequency 933 1400 * * kHz
POWER SUPPLY REOUIREMENTS
Power Consumption 0.655 * w
Rated Voltage: Analog *11.4 +15 +16 * * * vDC
Digital +4.75 +5 +5.25 * * * vDC
Supply Drain: +15VDC +10 +15 * * mA
-15VDC —28 -35 * * mA
+5VDC +17 +20 - * mA
TEMPERATURE RANGE
Specification 0 +70 —25 +85 °C
Storage -55 +125 * * °C

*Specification same as ADC76J, K.

NOTES: (1) CMOS/TTL compatible, i.e., Logic “0" = 0.8V, max, Logic “1” = 2.0V, min for inputs. For digital outputs Logic “0" = 0.4V, max, Logic “1" = 2.4V, min. (2) Adjustable
to zero. See “Optional External Gain and Offset Adjustment” section. (3) FSR means Full Scale Range. For example, unit connected for 10V range has 20V FSR. (4)
C ion time may be sh d with “Short Cycle” set for lower resolution and with use of Clock Rate Control. See “Optional Conversion Time Adjustment” section. The
Clock Rate Control (pin 23) should be connected to Digital Common for specified conversion time. Short Cycle (pin 32) should be left open for 16-bit resolution or connected
to the n + 1 digital output for n-bit resolution. For example, connect Short Cycle to Bit 15 (pin 15) for 14-bit resolution. For resolutions less than 16 bits, pin 32 should also
be tied to +5V through a 2kQ resistor. (5) See Table I. CSB = Complementary Straight Binary, COB = Complementary Offset Binary, CTC = Complementary Two's
Complement. (6) CTC coding obtained by inverting MSB (pin 1). (7) Adjustable with Clock Rate Control from approximately 933kHz to 1.4MHz.

BURR - BROWN®
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PIN CONFIGURATION

Top View

MSB Bit 1

Bit2

Bit3

Bit4

Bit5

Bité

Bit7

Bit8

Bit9

Bit 10

Bit 11

Bit 12

(LSB for 13 Bits) Bit 13
(LSB for 14 Bits) Bit 14
Bit 15

Bit 16

NOTE: (1) Metal lid is connected
to pin 22 (Analog Common).

32| Short Cycle

31] Convert Ci d

1]

2]

L3

[4] o
1 Q
B = 5
] =N
= [ — @ 8
L T— 5 5 =
8 © 2
— @
El &
10]

F
Comparator

123] Clock Rate Control
[22] Analog Common(")
—15V Supply

120] Clock Out

19] Digital Common
El Status

[17] serial Out

DIP

ABSOLUTE MAXIMUM SPECIFICATIONS

PACKAGE INFORMATION

+V¢c to Common

—Vc¢c to Common

+Vpp to Common
Analog C to Digital G

Logic Inputs to Common

Maximum Power Dissipation

OV to +16.5V PACKAGE DRAWING
OV to ~16.5V MODEL PACKAGE NUMBER()
Wi +7x ADC76JG 32-Pin Hermetic DIP 1725
o ;0\'/5 ADC76KG 32-Pin Hermetic DIP 172:5
1 OOOm?A'; ADC76AG 32-Pin Hermetic DIP 172-5
300°C ADC76BG 32-Pin Hermetic DIP 172-5

Lead Temperature (soldering, 10s)

ORDERING INFORMATION

sheet, or Appendix C of Burr-Brown IC Data Book.

LINEARITY ERROR
MODEL max (% of FSR) TEMPERATURE RANGE
ADC76AG +0.006 —25°C to +85°C
ADC76BG +0.003 —25°C to +85°C
ADC76JG +0.006 0°C to +70°C
ADC76KG +0.003 0°C to +70°C

NOTE: (1) For detailed drawing and dimension table, please see end of data

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject to change
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant
any BURR-BROWN product for use in life support devices and/or systems.
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Maximum Throughput Time®

Convert Cc 0 | | Col ion Time !
mternalClock — [ L LT LI LT LML rri e rrererrie

M
.

Status (EOC)
MBS
Bit 2 LT
Bit 3 )
i E—
Bit5
Bit6
Bit7
Bit8
Bit9
Bit 10
Bit 11
Bit12
Bit 13
Bit 14
Bit 15
Bit16
Serial Data Out

11

.

«q»

2 [ 34 s e 7] sl o 10T 11] 12

L L L O G L LI L O LS T (I L R (N L]

NOTES: (1) The convert command must be at least 50ns wide and must remain low during a conversion. The conversion is
initiated by the “trailing edge” of the convert command. (2) 17us for 16 bits.

FIGURE 1. ADC76 Timing Diagram.

| A— e
Serial 4 i
oo _>i\ ~—40-125ns  40-125ns ———/?! - Bit 16 \ / ?/I; I

Clock :
Out i Status 40-125ns —1 S
. ! Ll

FIGURE 2. Timing Relationship of Serial Data to Clock. FIGURE 3. Timing Relationship of Valid Data to Status.

BINARY

(BIN) OUTPUT INPUT VOLTAGE RANGE AND LSB VALUES

Analog Input

Voltage Range Defined As: *10V 5V +2.5V 0 to +10V 0to +5V 0 to +20V

Code COB(M COB( COoB(

Designation or CTC®@ or CTC® or CTC®@ CcSB® CcsB® CsB®@

One Least FSR 20V, v, 5V 10V, 5V 20V

Significant 2n 2n 2n 2n 2n 2n 2n

Bit (LSB) n=12 4.88mV 2.44mV 1.22mvV 2.44mV 1.22mVv 4.88mV
n=13 2.44mV 1.22mV 610pV 1.22mVv 610uV 2.44mV
n=14 1.22mV 610uV 305pV 610pV 305uV 1.22mvV

Transition Values

MSB LSB

000 ... 0004 +Full Scale +10V-3/2LSB +5V-3/2LSB +2.5V-3/2LSB +10V-3/2LSB +5V-3/2LSB +20V-3/2LSB

o011 ... 111 Mid Scale 0 0 0 +5V +2.5V +10V

111..110 ~Full Scale -10V +1/2LSB -5V +1/2LSB -2.5V +1/2LSB 0 +1/2LSB 0 +1/2LSB 0 +1/2LSB

NOTES: (1) COB = Complementary Offset Binary. (2) Complementary Two's Complement—obtained by inverting the most significant bit MSB (pin 1).
(3) CSB = Complementary Straight Binary. (4) Voltages given are the nominal value for transition to the code specified.

TABLE I. Input Voltages, Transition Values, LSB Values, and Code Definitions.

BURR - BROWN®
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BURR - BROWN®

#

ADC80

ABRIDGED DATA SHEET

For Complete Data Sheet
Call FaxLine 1-800-548-6133
Request Document Number 10676

General Purpose
ANALOG-TO-DIGITAL CONVERTER

FEATURES

@ INDUSTRY-STANDARD 12-BIT ADC
@ 10.012% LINEARITY

® 25us max CONVERSION TIME

@ +12V OR +15V OPERATION

DESCRIPTION

The ADCS80 is a 12-bit successive-approximation
analog-to-digital converter, utilizing state-of-the-art
CMOS and laser-trimmed bipolar die custom designed
for freedom from latch-up and optimum AC perfor-
mance. It is complete with a comparator, a monolithic

® NO MISSING CODES: -25°C to +85°C
® HERMETIC 32-PIN PACKAGE

@ PARALLEL AND SERIAL OUTPUTS
® 595mW max DISSIPATION

12-bit DAC which includes a 6.3V reference laser-
trimmed for minimum temperature coefficient, and a
CMOS logic chip containing the successive approxi-
mation register (SAR), clock, and all other associated
logic functions.

Internal scaling resistors are provided for the selection
of analog input signal ranges of 2.5V, £5V, 10V, 0
to +5V, or 0 to +10V. Gain and offset errors may be
externally trimmed to zero, enabling initial endpoint
accuracies of better than +0.12% (+£1/2LSB).

Clock The maximum conversion time of 25us makes the
ot ADCB0 ideal for a wide range of 12-bit applications
- Clock © Clock  requiring system throughput sampling rates up to

Short Clock —O Out

Cycle O—| [> Parallel
Comparator o
P o o Output
Successive |0 gerial
20V Range W Approximation out .
10V Range Regiter

= Data is available in parallel and serial form with
corresponding clock and status signals. All digital
input and output signals are TTL/LSTTL-compatible,
with internal pull-up resistors included on all digital
inputs to eliminate the need for external pull-up resis-
tors on digital inputs not requiring connection. The
ADCS80 operates equally well with either £15V or
+12V analog power supplies, and also requires use of
a +5V logic power supply. However, unlike many
ADC-type products, a +5V analog power supply is not
required. It is packaged in a hermetic 32-pin side-
brazed ceramic dual-in-line package.

40kHz. In addition, the ADC80 may be short-cycled
for faster conversion speed with reduced resolution,
and an external clock may be used to synchronize the
converter to the system clock orto obtain higher speed
operation.

12-Bit D/A
Converter

Bipolar
Offset ©

O
Reference Out

International Airport Industrial Park -  Mailing Address: PO Box 11400 N Tucson, AZ85734 + Street Address: 6730 S. Tucson Blvd. + Tucson, AZ 85706

Tel: (520) 746-1111 - Twx:910-952-1111 + Cable:BBRCORP « Telex: 066-6491 - FAX:(520)889-1510 -+ Immediate Product Info: (800) 548-6132
BURR - BROWN®
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SPECIFICATIONS

ELECTRICAL
At Tp = +25°C, £V = 12V or 15V, Vpp = +5V, unless otherwise specified.

A/D CONVERTERS, DATA ACQUISITION COMPONENTS H ADCS80

ADCB0AG
PARAMETER MIN TYP MAX UNITS
RESOLUTION
ADCB80AG-12, ADC80-AGZ-12(") 12 Bits
ADCB80AG-10 10 Bits
INPUT
ANALOG
Voltage Ranges: Unipolar 0to +5, 0 to +10 \
Bipolar +2.5, £5, £10 A
Impedance: 0 to +5V, 2.5V 245 25 2.55 kQ
0 to +10V, +5V 4.9 5 5.1 kQ
+10V 9.8 10 10.2 kQ
DIGITAL
Logic Characteristics (Over specification temperature range)
Viy (Logic “17) 2 55 \
V. (Logic “07) -0.3 +0.8 \%
I (Vin = +2.7V) -150 A
Iy (Viy = +0.4V) 500 HA
Convert Command Pulse Width(2 100 2000 ns
TRANSFER CHARACTERISTICS
ACCURACY
Gain Errorl@ 10.1 +0.3 % of FSR®4)
Offset Error®: Unipolar +0.05 +0.2 % of FSR
Bipolar +0.1 +0.3 % of FSR
Linearity Error: ADC80AG-12, ADCB0AGZ-12 +0.012 % of FSR
ADCB0AG-10 +0.048 % of FSR
Differential Linearity Error *1/2 +3/4 LsB
Inherent Quantization Error +1/2 LSB
POWER SUPPLY SENSITIVITY
11.4V < £V < 16.5V +0.003 +0.009 % of FSR/%Vc
+4.5V < Vpp < +5.5V +0.002 +0.005 % of FSR/%Vpp
DRIFT
Total Accuracy, Bipolar() +10 +23 ppm/°C
Gain +15 30 ppm/°C
Offset: Unipolar +3 ppm of FSR/°C
Bipolar +7 +15 ppm of FSR/°C
Linearity Error Drift +1 +3 ppm of FSR/°C
Differential Linearity over Temperature Range +3/4 LsB
No Missing Code Temperature Range -25 +85 °C
Monotonicity Over Temperature Range Guaranteed
CONVERSION TIME(®
ADCB80AG-12, ADC80-AGZ-12 15 22 25 pus
ADC80AG-10 13 20 22 us
OUTPUT
DIGITAL (Bits 1-12, Clock Out, Status, Serial Out)
Output Codes( .
Parallel: Unipolar csB
Bipolar COB, CTC
Serial (NRZ)®) CSB, COB
Logic Levels: Logic 0 (Igk < 3.2mA) +0.4 v
Logic 1 (Isource < 80p1A) +2.4 \
Internal Clock Frequency 545 kHz
INTERNAL REFERENCE VOLTAGE
Voltage +6.2 +6.3 +6.4 v
Source Current Available for External Loads(® - 200 pA
Temperature Coefficient +10 30 ppm/°C

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not
authorize or warrant any BURR-BROWN product for use in life support devices and/or systems.
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SPECIFICATIONS (conT)

ELECTRICAL
At Ty = +25°C, £Vo = 12V or 15V, Vpp = +5V, unless otherwise specified.

ADCB0AG
PARAMETER MIN TYP MAX UNITS
POWER SUPPLY REQUIREMENTS (For all models)
Voltage: +V¢¢ +11.4 +15 +16.5 - \
Voo +4.5 +5 +5.5 \2
Current: +lcc 5 85 mA
~lec 21 26 mA
loo ) 1 15 mA
Power Dissipation (£Vgc = 15V) 450 595 mw
Thermal Resistance, 6,5 50 °C/W
TEMPERATURE RANGE (Ambient) )
Specification 25 +85 °C
Operating (derated specs) -55 +125 °C
Storage -65 +150 °C

NOTES: (1) ADC80AGZ-12 is not recommended for new designs. Standard ADC80AG-12 now meets the extended power supply range of the ADC80AGZ-12. (2)
Accurate conversion will be obtained with any convert command pulse width of greater than 100ns; however, it must be limited to 2us (max) to assure the specified
conversion time. (3) Gain and offset errors are adjustable to zero. See “Optional External Gain and Offset Adjustment” section. (4) FSR means Full-Scale Range
and is 20V for £10V range, 10V for +5V and 0 to +10V ranges, etc. (5) Includes drift due to linearity, gain, and offset drifts. (6) Conversion time is specified using
internal clock. For operation with an external clock see “Clock Options” section. This converter may also be short-cycled to less than 12-bit resolution for shorter
conversion time: see “Short Cycle Feature” section. (7) CSB means Complementary Straight Binary, COB means Complementary Offset Binary, and CTC means
Complementary Two’s Complement coding. See Table 1 for additional information. (8) NRZ means Non-Return-to-Zero coding. (9) External loading must be constant
during conversion, and must not exceed 200pA for guaranteed specification.

PIN ASSIGNMENTS CONNECTION DIAGRAM
PIN DESCRIPTION PIN DESCRIPTION
1 Bit6 32 Bit7 Top View
2 Bit5 31 Bit8
3 Bit4 30 Bit9 B L]
4 Bit3 29 Bit 10 (LSB-10 Bits) L |
5 Bit2 28 Bit 11 . 2 31
6 Bit 1 (MSB) 27 Bit 12 (LSB-12 Bits) ] l 7 1] ]
7 NC() 26 Serial Out 8] 30|
8 Bit 1 (VSB) 25 RV T‘_| £5 B
9 +5V Digital Supply 24 Reference Out (+6.3V) =1—| P %’ —
10 Digital Common(@ 23 Clock Out L5 [ &8 28 |
11 Comparator In 22 Status T H—L —27_
12 Bipolar Offset 21 Short Cycle L S
13 R; 10V Range 20 Clock Inhibit 7 R 26
14 R, 20V Range 19 External Clock i - 5kQ S 1
15 Analog Common 18 Convert Command ; 6.3kQ_| % g i
" " e 2
16 Gain Adjust 17 +Vee ; 12-Bit Su ° é—‘}_
NOTE: (1) +5V applied to pin 7 has no effect on circuit. (2) Metal lid of package 0 Approx. Register (SAR) _—‘\E
is connected to pin 10. = T l =
" p— 22
ﬁ ——
12 LQ:,I_— 21
— Comparator~ - —
13 —120
L R, 5kQ =
14 I 19
15 ) 18
ok @
— —
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ABSOLUTE MAXIMUM RATINGS ORDERING INFORMATION
+Veg to Analog Common Oto +16.5V RESOLUTION
~Vcg to Analog Common 0to-16.5V MODEL (Bits)
Vpp to Digital C Oto +7V ADC80AG-10 10
Analog Common to Digital Common +0.5V ADC80G-12 12
Logic Inputs (Convert Command, Clock In) ADCB80GZ-12(1 12
to Digital Common -0.3V to +Vpp +0.5V
Analog Inputs (Analog In, Bipolar Offset) NOTE: (1) ADCB0AGZ-12 is not recommended for new designs. Standard
to Analog Common +16.5V ADCB80AG-12 now meets the extended power supply range of the
Reference OUPUL ..o Indefinite Short to Common, ADCB0AGZ-12.
Momentary Short to Vo
Lead Temperature, (SOIring, 10S) .......coevvereuemsiinseneviiesrsnesinsanas +300°C
PACKAGE INFORMATION
CAUTION: These devices are sensitive to electrostatic discharge. PACKAGE DRAWING
Appropriate 1.C. handling p should be fol d. MODEL PACKAGE NUMBER™M
Stresses above those listed under “Absolute Maximum Ratings” may N N
cause permanent damage to the device. Exposure to absolute maxi- :gggggﬁ;o ggg:: :2:22::2 :;Z
diti tend: i ffect devi iability. i g
mum conditions for extended periods may affect device reliability. ADCBOAZ-120) 32-Pin Hermetic 172

NOTE: (1) For detailed drawing and dimension table, please see end of data
sheet, or Appendix C of Burr-Brown IC Data Book.

1

Covert r—|
C and
ommant = <_1CD

Internal
Clock |  [=tsp I |=ter - |=tew
Status ——r I—
- =ty
Bit1 &
Bit2
Bit3
Bit4
Bit 12
sora - J=toy
erial " . " " " " " " " o " " "
oata _Datalnvalid [ Bit1 [eit2 [ Bita [ Bit4 [ Bits [ Bite | Bit7 | Bits | site [Bit10[it11]Bit 12]

UNITS

SYMBOL PARAMETER TYP
tco Clock delay from convert command 30 ns
tep Nominal clock period 1.65 ns
tew Nominal clock pulse width 0.65 us
tsp Status delay from convert command 130 ns
tr All bits reset delay from convert command 65 ns
tov Data valid time from clock pulse high -5 ns

FIGURE 1. ADC80 Timing Diagram (nominal values at +25°C with internal clock).
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BURR - BROWN®

ADC80MAH-12

ABRIDGED DATA SHEET

For Complete Data Sheet
Call FaxLine 1-800-548-6133
Request Document Number 10694

Monolithic 12-Bit
ANALOG-TO-DIGITAL CONVERTE

FEATURES  circuits have been redesigned to allow simplified free-
running operation with internal or external clock.
@ INDUSTRY-STANDARD 12-BIT ADC

Data is available in parallel and serial form with
©® MONOLITHIC CONSTRUCTION

corresponding clock and status. signals. All digital

@ LOW COST ~ input and output signals are TTL/LSTTL-compatible,
® +0.012% LINEARITY with internal pull-up resistors included on all digital
@ 255 max CONVERSION TIME inputs to eliminate the need for external pull-up resis-

tors on digital inputs not requiring connection. The
® 12V OR +15V OPERATION ADCSOMAH-12 operates equally well with either
® NO MISSING CODES: -25°C to +85°C +15V or 12V analog power supplies, and also re-
® HERMETIC 32-PIN PACKAGE quires use of a +5V logic power supply. However,
® PARALLEL OR SERIAL OUTPUTS unlike many ADC80-type products, a +5V analog

power supply is not required. It is packaged in a

® 705mW max DISSIPATION hermetic 32-pin side-brazed ceramic dual-in-line pack-

age.

DESCRIPTION

The ADC80MAH-12 is a 12-bit single-chip succes-

sive-approximation analog-to-digital converter for low Clock

cost converter applications. It is complete with a Inhibit

comparator, a 12-bit DAC which includes a 6.3V External

reference laser-trimmed for minimum temperature g::’:r: Clock ___Ogl:fk
coefficient, a successive approximation register (SAR), Cycle O——"l Parallel
clock, and all other associated logic functions. Comp o o :> 33:: it

Internal scaling resistors are provided for the selection 20V Range Successive |0 gerial
of analog input signal ranges of 2.5V, 5V, 10V, 0 , “ “ “ A Ao Out
to +5V, or 0 to +10V. Gain and offset errors may be 10V Range o

externally trimmed to zero, enabling initial end-point
accuracies of better than £0.12% (x1/2LSB).

The maximum conversion time of 25us makes the

C‘T
ADC80MAH-12 ideal for a wide range of 12-bit 12-Bit D/A
applications requiring system throughput sampling Converter
W

rates up to 40kHz. In addition, this A/D converter may
be short-cycled for faster conversion speed with re- Bipolar o
duced resolution, and an external clock may be used to Offset Reference Out
synchronize the converter to the system clock or to

obtain higher-speed operation. The convert command

International Airport industrial Park < Mailing Address: PO Box 11400 - Tucson, AZ85734 -« Street Address: 6730 S. Tucson Blvd. + Tucson, AZ 85706
Tel: (520) 7461111+  Twx:910-952-1111 . Cable:BBRCORP - Telex: 066-6491 -« FAX:(520)889-1510 + Immediate Product Info: (800) 548-6132
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SPECIFICATIONS

ELECTRICAL

At Ty = +25°C, V¢ = 12V or 15V, Vpp = +5V, unless otherwise specified.

ADCB0MAH-12

PARAMETER MIN TYP MAX UNITS
RESOLUTION 12 Bits
INPUT
ANALOG
Voltage Ranges: Unipolar 0to +5, 0 to +10 v
Bipolar +2.5, 45, 10 \
Impedance: 0 to +5V, +2.5V 245 25 2.55 kQ
0 to +10V, 5V 4.9 5 5.1 kQ
+10V 9.8 10 10.2 kQ
DIGITAL
Logic Characteristics (Over specification temperature range)
Vi (Logic “1”) 2 55 \Y
V. (Logic *0") -0.3 +0.8 Y
Iy (Vi = +2.7V) 20 pA
Iy (Viy = +0.4V) -20 RA
Convert Command Pulse Width(!) 100ns 20 us
TRANSFER CHARACTERISTICS
ACCURACY
Gain Error +0.01 0.3 % of FSR®
Offset Error?: Unipolar +0.05 +0.2 % of FSR
Bipolar +0.1 +0.3 % of FSR
Linearity Error +0.012 % of FSR
Differential Linearity Error +1/2 +3/4 LsB
Inherent Quantization Error +1/2 LsB
POWER SUPPLY SENSITIVITY
11.4V < Vo < 16.5V £0.003 £0.009 % of FSRI%Vc
+4.5V < £Vpp < +5.5V £0.002 +0.005 % of FSR/%Vpp
DRIFT
Total Accuracy, Bipolar) +10 +23 ppm/°C
Gain +15 +30 ppm/°C
Offset: Unipolar +3 ppm of FSR/°C
Bipolar +7 +15 ppm of FSR/°C
Linearity Error Drift £1 +3 ppm of FSR/°C
Differential Linearity over Temperature Range +3/4 LSB
No Missing Code Temperature Range -25 +85 °C
Monotonicity Over Temperature Range Guaranteed
CONVERSION TIME® 22 25 us
OUTPUT
DIGITAL (Bits 1-12 , Clock Out, Status, Serial Out)
Output Codes(®
Parallel: Unipolar csB
Bipolar COB, CTC
Serial (NRZ)?) CsB, COB
Logic Levels: Logic 0 (I < 3.2mA) +0.4 \
Logic 1 (Isource < 80pA) +2.4 \'%
Internal Clock Frequency 520 kHz
INTERNAL REFERENCE VOLTAGE
Voltage +6.20 +6.3 +6.40 \
Source Current Available for External Loads® 200 HA
Temperature Coefficient +10 +30 ppm/°C

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN

A/D CONVERTERS, DATA ACQUISITION COMPONENTS H ADC80OMAH-12

assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not
authorize or warrant any BURR-BROWN product for use in life support devices and/or systems.
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SPECIFICATIONS (conT)

ELECTRICAL

At Tp = +25°C, +Vg¢ = 12V or 15V, Vpp = +5V, unless otherwise specified.

ADC8OMAH-12
PARAMETER MIN TYP MAX UNITS
POWER SUPPLY REQUIREMENTS
Rated Supply Voltages +5, £12 or 15 \
Supply Ranges: V¢ +11.4 +16.5 v
oD +4.5 +5.5 Vv
Supply Drain: +leg (+Vge = 15V) 8.5 11 mA
~lec (—Veg = 15V) 21 24 mA
Iop (Voo = 5V) 30 36 mA
Power Dissipation (£V¢c = 15V, Vpp = 5V) 593 705 mwW
Thermal Resistance, 6, 50 °C/W
TEMPERATURE RANGE (Ambient)
Specification -25 +85 °C
Operating (derated specs) -55 +125 °C
Storage -65 +150 °C

NOTES: (1) Accurate conversion will be obtained with any convert command pulse width of greater than 100ns; however, it must be limited to 20us (max) to assure
the specified conversion time. (2) Gain and offset errors are adjustable to zero. See “Optional External Gain and Offset Adjustment” section. (3) FSR means Full-
Scale Range and is 20V for £10V range, 10V for +5V and 0 to +10V ranges, etc. (4) Includes drift due to linearity, gain, and offset drifts. (5) Conversion time is
specified using internal clock. For operation with an external clock see “Clock Options” section. This converter may also be short-cycled to less than 12-bit resolution
for shorter conversion time; see “Short Cycle Feature” section. (6) CSB means Complementary Straight Binary, COB means Complementary Offset Binary, and
CTC means Complementary Two's Complement coding. See Table | for additional information. (7) NRZ means Non-Return-to-Zero coding. (8) External loading
must be constant during conversion, and must not exceed 200nA for guaranteed specification.

ABSOLUTE MAXIMUM RATINGS PCM1760 ORDERING INFORMATION
+Vgg to Analog Common 0to +16.5V RESOLUTION
—V¢c to Analog Common 0to—-16.5V MODEL (Bits)
Vpp to Digital Common Oto+7V ADCSOMAH-12 12
Analog Common to Digital Common 0.5V
Logic Inputs (Convert Command, Clock In) BURN-IN SCREENING OPTION
to Digital Common —-0.3V to +V¢c BURN-IN TEMPERATURE
Analog Inputs (Analog In, Bipolar Offset) MODEL (160n)(M
to Analog Common +16.5V 10,
Reference Output.... . Indefinite Short to Common, ADCBOMAH 1281 12
Momentary Short to Vg NOTE: (1) Or equivalent.
Lead Temperature, (SOldering, 10S) ......cccceveerrerereeeersereeniecsnusnnenes +300°C
Maximum Junction Temperature +160°C
- - - PACKAGE INFORMATION
NOTE: Stresses above those listed under “Absolute Maximum Ratings™ may
cause permanent damage to the device. Exposure to absolute maximum PACKAGE DRAWING
conditions for extended periods may affect device reliability. MODEL PACKAGE NUMBER(
ADCBOMAH-12 32-Pin Hermetic 212

ELECTROSTATIC
DISCHARGE SENSITIVITY

This integrated circuit can be damaged by ESD. Burr-Brown
recommends that all integrated circuits be handled with ap-
propriate precautions. Failure to observe proper handling and
installation procedures can cause damage.

ESD damage can range from subtle performance degradation
to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric
changes could cause the device not to meet its published
specifications.
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NOTE: (1) For detailed drawing and dimension table, please see end of data
sheet, or Appendix C of Burr-Brown IC Data Book.
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CONNECTION DIAGRAM PIN ASSIGNMENTS
Top View PIN DESCRIPTION PIN DESCRIPTION
1 Bit6 32 Bit7
[ L] 2 Bit5 31 Bit8
:___‘ Lf_ﬂ 3 Bit 4 30 Bit9
2 -—l 31 4 Bit3 29 Bit 10 (LSB-10 Bits)
— e 5 Bit2 28 Bit 11
3 — 30 ; i i
L° | 12.8it Successive |1 30| 6 Bit 1 (MSB) 27 Bit 12 (L§B-12 Bits)
4 Approximation Register 29 7 NCt 26 Serial Out
L -— 8 Bit 1 (MSB) 25 Ve
5 28 9 +5V Digital Supply 24 Reference Out (+6.3V)
T ;‘ 10 Digital Common 23 Clock Out
L L 1 Comparator In 22 Status
7 26 12 Bipolar Offset 21 Short Cycle
1 3 F— 13 R; 10V Range 20 Clock Inhibit
8| & |25 | 14 R, 20V Range 19 External Clock
9 12-Bit D/A 5 o4 15 Analog Common 18 Convert Command
o " .
L—! Converter — 16 Gain Adjust 17 +Vee
10 23
R g i NOTE: (1) +5V applied to pin 7 has no effect on circuit.
1 o SkQI - > 22
— X + —
12 —\/\/\/‘— R —E_ 21
— 1 - —
5kQ
Do 2
14 19
g‘—:‘-_; I Clock i
16 17
Covert r—'
Command —l_l
~ ==fep ,
Internal
Clock | |=-tsp - [=ter = [=tow
Status I—
- =t
Bit 1
Bit 2
Bit3
Bit4
Bit 12
~| |=tov
Serial " " " - " " " " " " " " "
bata _Datalnvaiid [it1 [ Bit2 [ Bit3 [ eit4 | Bits [ site | Bit7 | Bits | site [sit10]sit 11|t 12]
SYMBOL PARAMETER TYP | UNITS
tco Clock delay from convert command 153 ns
tep Nominal clock period 1.81 us
tew Nominal clock pulse width 0.87 ps
tsp Status delay from convert command 186 ns
tg All bits reset delay from convert command 141 ns
tov Data valid time from clock pulse high -15 ns
FIGURE 1. Timing Diagram (nominal values at +25°C with internal clock).
BURR - BROWN®
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BURR - BROWN®

FEATURES

@ INDUSTRY STANDARD 12-BIT A/D
CONVERTERS

® COMPLETE WITH CLOCK AND INPUT
BUFFER

® HIGH SPEED CONVERSION: 10us (max)

® REDUCED CHIP COUNT—HIGH
RELIABILITY

® LOWER POWER DISSIPATION:
450MW (typ)

©® +0.012% max LINEARITY ERROR

DESCRIPTION

ADCS84, ADC85H, and ADC87H analog-to-digital
converters utilize state-of-the-art IC and laser-trimmed
thin-film components, and are packaged in a 32-pin
hermetic side-brazed package.

They are complete with internal reference and input
buffer amplifier. Thin-film internal scaling resistors
are provided for the selection of analog input signal
ranges of 2.5V, 5V, £10V, 0 to +5V, or 0-to +10V.
Gain and offset errors may be externally trimmed to
zero, offering initial accuracies of better than +0.012%
(£1/2LSB).

International Airport Industrial Park -«
Tel: (520) 7461111+

Mailing Address: PO Box 11400
Twx: 910-952-1111 «  Cable: BBRCORP

IC ANALOG-TO-DIGITAL CONVERTERS

ADC84
ADC85H
ADC87H

+ Tucson, AZ 85734
«  Telex: 066-6491

© THREE TEMPERATURE RANGES:
0°C to +70°C—ADC84
—25°C to +85°C—ADC85H
-55°C to +125°C—ADC87H

@ NO MISSING CODES OVER FULL
TEMPERATURE RANGE

©® PARALLEL AND SERIAL OUTPUTS

@ 12V OR 15V POWER SUPPLY
OPERATION

©® HERMETIC 32-PIN CERAMIC
SIDE-BRAZED DIP

The fast 10ps conversion speed for 12-bit resolution
makes these ADCs excellent for a wide range of
applications where system throughput sampling rates
of 100kHz are required. In addition, they may be short
cycled and the clock rate control may be used to
obtain faster conversion speeds at lower resolutions.

Data is available in parallel and serial form with
corresponding clock and status signals. All digital
input and output signals are CMOS/TTL-compatible.
Power supply voltages are £12VDC or £15VDC and
+5VDC.

« Street Address: 6730 S. Tucson Blvd. - Tucson, AZ 85706
FAX: (520) 889-1510 + Immediate Product Info: (800) 548-6132
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SPECIFICATIONS

ELECTRICAL

Specified at +25°C and rated supplies, unless otherwise noted.

ADCB4KG-12() ADC85H-12 ADCB87H-12
PARAMETER MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
RESOLUTION 12 . * Bits
ANALOG INPUTS
Voltage Ranges: Bipolar +2.5,15,£10 * . \
Unipolar 0to+5,0t0 +10 . . \'
Impedance (Direct Input): 0 to +5V, £2.5V 245 25 2.55 * * * * * * kQ
0to +10V, £5V 4.9 5 5.1 . . * . * ¢ kQ
+10V 98 10 10.2 " * * o * * kQ
Buffer Amplifier: Impedance 100 * * MQ
Bias Current 50 * * nA
Settling Time to 0.01%
for 20V Step@ 2 * * us
DIGITAL INPUTS®)
Convert Command Positive pulse 50ns (min), trailing edge initiates conversion
Logic Loading 1 * * TTL Load
TRANSFER CHARACTERISTICS
ACCURACY
Gain Error ) 0.1 +0.25 . * * * %
Offset Error4: Unipolar +0.05 +0.2 * * * * % of FSR(5)
Bipolar 0.1 +0.25 - . * . % of FSR
Linearity Error(®) +0.012 * * % of FSR
Inherent Quantization Error +0.5 * * LSB
Differential Linearity Error +0.5 * * LS8
No Missing Codes Temperature Range 0 +70 -25 +85 -55 +125 °C
POWER SUPPLY SENSITIVITY ’ .
Gain and Offset: +15V +0.004 * * % of FSR/%Vg
+5V +0.001 * - % of FSR/%Vg
DRIFT
Gain +30 15 *15 ppm/°C
Offset: Unipolar +3 +3 +5 ppm of FSR/°C
Bipolar +15 7 +10 ppm of FSR/FC
Linearity +3 2 +2 ppm of FSR/°C
Monotonicity Guaranteed * *
CONVERSION TIME 10 * * us
DIGITAL OUTPUT®
(Al Modes Complementary)
Parallet Output Codes: Unipolar CSB * *
Bipolar COB, CTC| > *
QOutput Drive 2 * e TTL Loads
Serial Data Codes (NRZ) CSB, COB| * *
Output Drive 2 * * TTL Loads
Status Logic “1” During Conversion v >
Output Drive 2 * * TTL Loads
Internal Clock: Output Drive 2 * * TTL Loads
Frequency(") 1.35 * * MHz
INTERNAL REFERENCE VOLTAGE
Reference Output +6.2 +6.3 +6.4 * * * * * hl v
Max. External Current with No Degradation 200 * * pA
Tempco of Drift +20 +5 +10 +5 +10 ppm/°C
POWER SUPPLY REQUIREMENTS
Rated Supply Voltages +5, £12 or £15 * * \
Supply Ranges: Vpp +4.75 +5.25 * * * * \
+Veo +11.4 +16.5 " * . * v
Supply Drain: +igg 20 * * mA
~lec 25 * * mA
Iop 10 * * mA
Total Power Dissipation 450 725 * * * * mwW
TEMPERATURE RANGE
Specification 0 +70 -25 +85 -55 +125 °C
Operating (with Derated Specs) -25 +85 -55 +125 °C
Storage -65 +150 * * - * °C

«Specification is the same as ADC84KG-12.

NOTES: (1) Model ADC84KG-10 is the same as model ADC84KG-12 except for the following: (a) Resolution: 10 bits (max), (b) Linearity Error: +0.048% of FSR
(maxy), (c) Conversion Time: 6us (max), (d) Internal Clock Frequency: 1.9MHz (typ). (2) If the buffer is used, delay Convert Command until amplifier settles. (3) DTL/
TTL compatible. For digital inputs Logic “0” = 0.8V (max) and Logic “1" = 2.0V (min). For digital outputs Logic “0" = 0.4V (max) and Logic “1” = 2.4V (min). (4)
Adjustable to zero. (5) FSR means Full Scale Range. (6) The error shown is the same as +1/2LSB max linearity error in % of FSR. (7) Internal clock is externally

adjustable.
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CONNECTION DIAGRAM — ADC84, 85H, 87H

Top View
(LSB for 12 bits) Bit 12| 1 32 | Serial Out
Bit11| 2 : ’i Vo
(LSB for 10 bits) Bit 10| 3 30 | Buffer in
Bit9| 4 29 | Buffer Out
Bit8| 5 | 28 | +Vg
Bit7| 6 % - 2% 27 | Gain Adjust
— | l 1 >0 —
Bit6| 7 —l‘— % ] é% 26 | Analog Common
—— 2 —1 fod —
Bit5| 8 [SI g—g 5kQ 25 [ R, 20V Range
— o F— =& —
sital s I——-‘ 5 H 22 [32 =d2¢]r 10vRange
Bita| 10 u MV 23 | Bipotar Oftset
— 6.3kQ
Bit2| 11 ——|—— El Comparator In
Bit 1 (MSB) | 12 21 | Convert Command
) L = =
Bit 1 (MSB) | 13 I_ EJ Status
Short Cycle | 14 ; Clock Out
Digital Common(") { 15 18 | Reft Out (+6.3V)
Vpp | 16 17 | Clock Rate Control
NOTE: (1) Metal lid of package is ]
connected to pin 15 (Digital Common).
ORDERING INFORMATION
RESOLUTION TEMPERATURE
MODEL (Bits) RANGE
ADCB84KG-10 10 0°C to +70°C
ADCB84KG-12 12 0°C to +70°C
ADC85H-12 12 —25°C to +85°C
ADC87H-12 12 -55°C to +125°C
PACKAGE INFORMATION
PACKAGE DRAWING
MODEL PACKAGE NUMBER®")
ADC84KG-10; Case Ceramic DIP 172-5
ADC84KG-12| Case Ceramic DIP 172-5
ADC85H-12 32-Pin Side-brazed 172-5
ADC87H-12 32-Pin Side-brazed 172-5

NOTE: (1) For detailed drawing and dimension table, please see end of data
sheet, or Appendix C of Burr-Brown IC Data Book.

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not
authorize or warrant any BURR-BROWN product for use in life support devices and/or systems.

BURR - BROWN®
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Convert" I—-i Maxi Throughput Time®
Command L Conversion Time

-

mamaoesc | L LT LI L L LI LI L L L L L L LT

wse l “0"

Status (EOC) I l_l

Bit2

Bit3

Bit 4

Bit5

Bit6

Bit7

Serial®
Data Out

the convert command. (2) 10.5ps for 12 bits and 6.4ps for 10 bits. (3) Use trailing edge of clock to strobe serial output.

NOTES: (1) The convert command must be at least 50ns wide and must remain low during a conversion. The conversion is initiated by the “trailing edge” of

FIGURE 1. Timing Diagram.

BURR - BROWN®
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BURR - BROWN®

ADC574A

Microprocessor-Compatible
ANALOG-TO-DIGITAL CONVERTER

FEATURES

@® COMPLETE 12-BIT A/D CONVERTER WITH
REFERENCE, CLOCK, AND 8-, 12-, or 16-
BIT MICROPROCESSOR BUS INTERFACE

® IMPROVED PERFORMANCE SECOND
SOURCE FOR 574A-TYPE A/l
CONVERTERS i
Conversion Time: 25is max
Bus Access Time: 150ns max
Ao Input: Bus Contention During Read
Operation Eliminated

® DUAL IN-LINE PLASTIC, PLCC AND
HERMETIC CERAMIC

® FULLY SPECIFIED FOR OPERATION ON
+12V OR £15V SUPPLIES

©® NO MISSING CODES OVER
TEMPERATURE:
0°C to +75°C: ADC574AJ and K Grades
-55°C to +125°C: ADC574ASH, TH

DESCRIPTION

The ADC574A is a 12-bit successive approximation
analog-to-digital converter, utilizing state-of-the-art
CMOS and laser-trimmed bipolar die custom-designed

for freedom from latch-up and for optimum AC per-
formance. It is complete with a self-contained +10V
reference, internal clock, digital interface for micropro-
cessor control, and three-state outputs.

Thereference circuit, containing aburied zener, is laser-
trimmed for minimum temperature coefficient. The
clock oscillator is current-controlled for excellent sta-
bility over temperature. Full-scale and offset errors may
be externally trimmed to zero. Internal scaling resistors
are provided for the selection of analog input signal
ranges of OV to +10V, OV to +20V, £5V, and +10V.

The converter may be externally programmed to pro-
vide 8- or 12-bit resolution. The conversion time for 12
bits is factory set for 25is maximum.

Output data are available in a parallel format from TTL-
compatible three-state output buffers. Output data are
coded in straight binary for unipolar input signals and
bipolar offset binary for bipolar input signals.

The ADC574A, available in both industrial and military
temperature ranges, requires supply voltages of +5V
and +12V or £15V. It is packaged in a 28-pin plastic
DIP, and a hermetic side-brazed ceramic DIP.

Control 8
Inputs O Control Logic
e
O Status
Spolr o~ oo 4
- = —
c
20V Range O——\\\ WA A 2§, .
2ER 8
Q= B =
+ 888 @
10V Rangg O————— & G © Paralle!
2 ® Data
Comparator &
Reference 12-Bit DIA 8 Output
Input | - Converter £
Reference J
Output 10V L
Reference
International Airport Industrial Park + Mailing Address: PO Box 11400 + Tucson, AZ85734 « Street Address: 6730 S. Tucson Blvd. + Tucson, AZ 85706
Tel: (520) 746-1111  + Twx:910-952-1111  Cable:BBRCORP -« Telex:066-6491 « FAX:(520)889-1510 + Immediate Product Info: (800) 548-6132
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SPECIFICATIONS

ELECTRICAL

At Tp = +25°C, Voo = +12V or +15V, Vgg = =12V or =15V, and V og c = +5V unless otherwise specified.

ADC574AJP, JH, SH ADC574AKP, KH, TH g
PARAMETER MIN TYP MAX MIN TYP MAX UNITS N~
RESOLUTION 12 * Bits 8
INPUTS Q
ANALOG <
Voltage Ranges: Unipolar 0to +10, 0 to +20 M v
Bipolar 15,110 * \
Impedance: 0 to +10V, £5V 4.7 5 53 * . * kQ
+10V, OV to +20V 9.4 10 10.6 * * * kQ
DIGITAL (CE, CS, RIC, Ao, 12/8)
Over Temperature Range
Voltages: Logic 1 +2 +5.5 * * v w
Logic 0 -0.5 +0.8 * * v I-
Current -5 0.1 +5 * " * pA z
Capacitance 5 * pF I.I.I
TRANSFER CHARACTERISTICS z
ACCURACY (@)
At +25°C n_
Linearity Error +1 +1/2 LsB E
Unipolar Offset Error (Adjustable to Zero) +2 * LSB
Bipolar Offset Error (Adjustable to Zero) +10 +4 LSB o
Full-Scale Calibration Error(!) ) 0
(Adjustable to Zero) 10.25 * % of FS(2)
No Missing Codes Resolution (Diff. Linearity) 1 12 Bits Z
Inherent Quantization Error *1/2 * LSB O
T 10 Trax —
Linearity Error: J, K Grades +1 +1/2 LsB -
S, T Grades +1 *3/4 LSB —
Full-Scale Calibration Error U)
Without Initial Adjustment("): J, K Grades +0.47 +0.37 % of FS 5
S, T Grades +0.75 0.5 % of FS
Adjusted to Zero at +25°C: J, K Grades +0.22 +0.12 % of FS O
S, T Grades +0.5 +0.25 % of FS o
No Missing Codes Resolution (Diff. Linearity) 1 12 Bits <
TEMPERATURE COEFFICIENTS (Tyy to Tyax)®
Unipolar Offset: J, K Grades +10 5 ppm/°C <
S, T Grades 5 +2.5 ppm/°C I_
Max Change: All Grades +2 +1 LSB <
Bipolar Offset: All Grades +10 15 ppm/°C o
Max Change: J, K Grades 12 + LsB -
S, T Grades +4 2 LsB u)
Full-Scale Calibration: J, K Grades 145 +25 ppm/°C m
S, T Grades 50 125 ppm/°C
Max Change: J, K Grades +9 5 LSB I.I.I
S, T Grades 420 +10 LsB -
POWER SUPPLY SENSITIVITY I
Change in Full-Scale Calibration u-l
+13.5V < Vo < +16.5V or +11.4V < Vg < + 12,6V 2 +1 LsB >
~16.5V < Vgg <—13.5V 0or—12.6V < Vgg <= 11.4V 2 e LSB =2
+4.5V < Viogc <+5.5V £1/2 . LSB o
CONVERSION TIME 4 0
8-Bit Cycle 10 13 17 * > * Hs
12-Bit Cycle 15 20 25 * . . Hs o
OUTPUTS 2
DIGITAL (DB, -DB,, STATUS) |
(Over Temperature Range)
Output Codes: Unipolar Unipolar Straight Binary (USB)
Bipolar Bipolar Offset Binary (BOB)
Logic Levels: Logic 0 (Igyk = 1.6mA) +0.4 . \
Logic 1 (Isource = 500pA) +2.4 * v
Leakage, Data Bits Only, High -Z State -5 0.1 +5 * * M pA
Capacitance 5 * pF
BURR - BROWN®
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SPECIFICATIONS (CONT)

ELECTRICAL
At Ty = +25°C, Vg = +12V or +15V, Vge = =12V or =15V, and V| ogic = +5V unless otherwise specified.

ADC574AJP, JH, SH ADC574AKP, KH, TH
PARAMETERS MIN TYP MAX MIN TYP MAX UNITS
INTERNAL REFERENCE VOLTAGE
Voltage +9.9 +10.0 +10.1 * * * v
Source Current Available for External Loads(®) 20 * mA
POWER SUPPLY REQUIREMENTS
Voltage: Ve +11.4 +16.5 * * v
Ve -11.4 -16.5 M * \
Vioaic . +4.5 +6.5 * * v
Current: Igg 35 5 * * mA
lee 15 20 * * mA
loaic 9 15 - . mA
Power Dissipation (x15V Supplies) 325 450 * * mwW
TEMPERATURE RANGE (Ambient: Ty, Tmax )
Specifications: J, K Grades 0 +75 * * °C
S, T Grades -55 +125 * * °C
Storage -65 +150 * * °C

* Same specifications as ADC574AJP, AJH, ASH.

NOTES: (1) With fixed 50Q resistor from REF OUT to REF IN. This parameter is also adjustable to zero at +25°C (see Optional External Full Scale and Offset
Adjustments section). (2) FS in this specification table means Full Scale Range. That is, for a +10V input range, FS means 20V; for a 0 to +10V range, FS means
10V. The term Full Scale for these specifications instead of Full-Scale Range is used to be consistent with other vendors' 574 and 574A type specifications tables.
(3) Using internal reference. (4) See Controlling the ADC574A section for detailed information concerning digital timing. (5) External loading must be constant during
conversion. The reference output requires no buffer amplifier with either £12V or +15V power supplies.

PIN CONFIGURATION
— -
+5VDC Supply (Vioe) | 1 H ~—{Power-up Reset| r—-' 28| Status
128 |2 H > 27| DB11(MSB)
¢s |3 H CLom_roI _[- < 26| pB10

= ogic o | =

Ao |4 H 8 25| DB9
— . =z —

me B U L Clock . g | 12| oes
— ko] 153 —

CE |6 [ % S —{23| pB7
— c —

Ve |7 10V El1z2sis| @ | @ F22] oes
L Reference 2 g3 \_ﬁ

RefOut |8 g 2|2 21| DB5
— R = o —

Analog Common | 9 13 /in g g —20 | DB4
—g [ — | —

Refln |10 Converter comparat B g —{19| DB3
—3 omparator | ‘G o F—

Vege |11 % o 18| o2

Bipolar Offset |12 2] Z 17| DB1

10V Range |13 [— 16| DBO(LSB)
— —— —_‘—-‘
20V Range |14 15| Digital Common

L] —- .
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ABSOLUTE MAXIMUM RATINGS

V¢ to Digital Common
Vee to Digital Common

Vyioaic Digital Common
Analog Common to Digital Common ..
Control Inputs (CE, CS, Ao, 12/8, R/C)

to Digital Common ...
Analog Inputs (Ref In, Bipolar Offset, 10V|y )

0V to +16.5V
0V to-16.5V
0Vito +7V

1V

..=0.5V 10 Viogic +0.5V

to Analog Common +16.5V
20V to Analog Common +24V
Ref Out Indefinite Short to Common,
Momentary Short to Vo

Max Junction T +165°C
Power Dissipation 1000mW
Lead Temperature (soldering,10s) +300°C
Thermal Resistance, 6, : Ceramic 50°C/W
Plastic 100°C/W

CAUTION: These devices are sensitive to electrostatic discharge.

BURN-IN SCREENING

Burn-in screening is available for both plastic and ceramic
package ADC574s. Burn-in duration is 160 hours at the
temperature (or equivalent combination of time and tem-
perature) indicated below:

Plastic “~BI” models: +85°C
Ceramic “~BI” models: +125°C
All units are 100% electrically tested after burn-in is com-

pleted. To order burn-in, add “-BI” to the base model
number (e.g., ADC574AKP-BI).

Appropriate I.C. handling pr should be d.
ORDERING INFORMATION
LINEARITY

TEMPERATURE ERROR MAX
MODEL PACKAGE RANGE (TiinTO Thax)
ADC574AJP Plastic DIP 0°C to +75°C +1LSB
ADC574AKP Plastic DIP 0°C to +75°C +1/2LSB
ADC574AJH Ceramic DIP 0°C to +75°C +1LSB
ADC574AKH Ceramic DIP 0°C to +75°C +1/2L.SB
ADC574ASH Ceramic DIP -55°C to +125°C +1LSB
ADC574ATH Ceramic DIP —55°C to +125°C +3/4LSB

See text for details.

BURN-IN SCREENING OPTION

TEMPERATURE | BURN-IN TEMP
MODEL PACKAGE RANGE (160 Hours)
ADC574AJP-BI Plastic DIP 0°C to +75°C +85°C
ADC574AKP-BI Plastic DIP 0°C to +75°C +85°C
ADC574AJH-BI Ceramic DIP 0°C to +75°C +125°C
ADC574AKH-BI Ceramic DIP 0°C to +75°C +125°C
ADC574ASH-BI Ceramic DIP -55°C to +125°C +125°C
ADC574ATH-BI Ceramic DIP -55°C to +125°C +125°C
PACKAGE INFORMATION
PACKAGE DRAWING
MODEL PACKAGE NUMBER("
ADC574AJP Plastic DIP 215
ADC574AKP Plastic DIP 215
ADC574AJH Ceramic DIP 149
ADC574AKH Ceramic DIP 149
ADC574ASH Ceramic DIP 149
ADC574ATH Ceramic DIP 149

NOTE: (1) For detailed drawing and dimension table, please see end of data
sheet, or Appendix C of Burr-Brown IC Data Book.

A/D CONVERTERS, DATA ACQUISITION COMPONENTS H ADC574A

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant
any BURR-BROWN product for use in life support devices and/or systems.
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DISCUSSION OF
SPECIFICATIONS

LINEARITY ERROR

Linearity error is defined as the deviation of actual code
transition values from the ideal transition values. Ideal
transition values lie on a line drawn through zero (or minus
full scale for bipolar operation) and plus full scale. The zero
value is located at an analog input value 1/2LSB before the
first code transition (000g to 001y). The full-scale value is
located at an analog value 3/2LSB beyond the last code
transition (FFEy to FFFy) (see Figure 1).

Full-Scale -
FFRu Calibration ’,

4 Error 7
FFEy Rotates H :
FFDy + The ™, P
= Line ! :
B 802, I - \ ! :
é 801, + > ! |
S 800, 2 -
| Offset 1 [
2 TFFu T Error ! ! :
7FE, 1+ Shifts |I | Lot
= The Line ! | :
002, + v ! ! .
" " )

001, + (Bipolar 1 ! Midscale !
H Offset —~I 1=~ (Bipolar b
000y T Transaction) | | Zero) I :
[ § 1! %() 'y

1/2LSBI IZero 1/£LISB 3/2LSBI I+Ful[
Zero  (-Full-Scale +Full-Scale Scale
(~Full Scale)  Calibration CaIibr_aIion
Transition) Transition
Analog Input

FIGURE 1. ADC574A Transfer Characteristics Terminology.

Thus, for a converter connected for biopolar operation and
with a full-scale range (or span) of 20V (£10V), the zero
value of —10V is 2.44mV below the first code transition
(000g to 001y at —9.99756V) and the plus full-scale value of
+10V is 7.32mV above the last code transition (FFEy to
FFFy at +9.99268) (see Table I).

NO MISSING CODES
(DIFFERENTIAL LINEARITY ERROR)

A specification which guarantees no missing codes requires
that every code combination to appear in a monotonically-
increasing sequence as the analog input is increased through-

out the range. Thus, every input code width (quantum) must
have a finite width. If an input quantum has a value of zero
(a differential linearity error of —~1LSB), a missing code will
occur.

ADC574AKP, KN, KH and TH grades are guaranteed to
have no missing codes to 12-bit resolution over their re-
spective specification temperature ranges.

UNIPOLAR OFFSET ERROR

An ADC574A connected for unipolar operation has an
analog input range of OV to plus full scale. The first output
code transition should occur at an analog input value 1/2
LSB above OV. Unipolar offset error is defined as the
deviation of the actual transition value from the ideal value.
The unipolar offset temperature coefficient specifies the
change of this transition value versus a change in ambient
temperature.

BIPOLAR OFFSET ERROR

A/D converter specifications have historically defined bipo-
lar offset as the first transition value above the minus full-
scale value. The ADCS574A specification, however, follows
the terminology defined for the 574 converter several years
ago. Thus, bipolar offset is located near the midscale value
of OV (bipolar zero) at the output code transition 7FFy to
800y. ‘ )

Bipolar offset error for the ADC574A is defined as the
deviation of the actual transition value from the ideal
transition value located 1/2LSB below OV. The bipolar
offset temperature coefficient specifies the maximum change
of the code transition value versus a change in ambient
temperature. ' )

FULL SCALE CALIBRATION ERROR

The last output transition (FFEy to FFFy) occurs for an:
analog input value 3/2LSB below the nominal full-scale
value. The full-scale calibration error is the deviation of the
actual analog value at the last transition point from the ideal
value. The full-scale calibration temperature coefficient
specifies the maximum change of the code transition value
versus a change in ambient temperature.

POWER SUPPLY SENSITIVITY

Electrical specifications for the ADC574A assumé‘ the
application of the rated power supply voltages of +5V and
+12V or £15V. The major effect of power supply voltage

BINARY (BIN) OUTPUT

INPUT VOLTAGE RANGE AND LSB VALUES

Analog Input Voltage Range Defined as: +1ov 15V 0 to +10V 0 to +20V
One Least Significant Bit (LSB) FSR 20V 10v iov 20V
2n 2n 2n 2n 2n
n=8 78.13mV 39.06mV 39.06mV 78.13mV
n =12 4.88mV 2.44mV 2.44mV 4.88mV
Output Transition Values
FFE, to FFFy +Full-Scale Calibration +10V - 3/2LSB +5 - 3/2LSB +10V - 3/2LSB | +10V — 3/2LSB
7FFy to 800, Midscale Calibration (Bipolar Offset) +5V — 1/2LSB

0-1/2LSB ‘0 -1/2LSB +10V - 1/2LSB

TABLE 1. Input Voltages, Transition Values, and LSB Values.
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deviations from the rated values will be a small change in the
full-scale calibration value. This change, of course, results in
a proportional change in all code transition values (i.e., a
gain error). The specification describes the maximum change
in the full-scale calibration value from the initial value for a
change in each power supply voltage.

TEMPERATURE COEFFICIENTS

The temperature coefficients for full-scale calibration, unipo-
lar offset and bipolar offset specify the maximum change
from the +25°C value to the value at Tyyy or Tyax-

QUANTIZATION UNCERTAINTY

Analog-to-digital converters have an inherent quantization
error of £1/2L.SB. This error is a fundamental property of the
quantization process and cannot be eliminated.

CODE WIDTH (QUANTUM)

Code width, or quantum, is defined as the range of analog
input values for which a given output code will occur. The
ideal code width is 1LSB.

INSTALLATION

LAYOUT PRECAUTIONS

Analog (pin 9) and digital (pin 15) commons are not con-
nected together internally in the ADC574A, but should be
connected together as close to the unit as possible and to an
analog common ground plane beneath the converter on the
component side of the board. In addition, a wide conductor
pattern should run directly from pin 9 to the analog supply
common, and a separate wide conductor pattern from pin 15
to the digital supply common. Analog common (pin 9)
typically carries +8mA.

If the single-point system common cannot be established
directly at the converter, pin 9 and 15 should still be
connected together at the converter; a single wide conductor
pattern then connects these two pins to the system common.
In either case, the common return of the analog input signal
should be referenced to pin 9 of the ADC. This prevents any
voltage drops that might occur in the power supply common
returns from appearing in series with the input signal.

Coupling between analog input and digital lines should be
minimized by careful layout. For instance, if the lines must
cross, they should do so at right angles. Parallel analog and
digital lines should be separated from each other by a pattern
connected to common.

If external full scale and offset potentiometers are used, the
potentiometers and associated resistors should be located as
close to the ADC574A as possible. If no trim adjustments
are used, the fixed resistors should likewise be as close as
possible.

POWER SUPPLY DECOUPLING

Logic and analog power supplies should be bypassed with
10yF tantalum-type capacitors located close to the converter

BURR - BROWN®
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to obtain noise-free operation. Noise on the power supply
lines can degrade the converter’s performance. Noise and
spikes from a switching power supply are especially
troublesome.

ANALOG SIGNAL SOURCE IMPEDANCE

The signal source supplying the analog input signal to the
ADCS74A will be driving into a nominal DC input imped-
ance of either 5kQ or 10kQ2. However, the output impedance
of the driving source should be very low, such as the output
impedance provided by a wideband, fast-settling operational
amplifier. Transients in A/D input current are caused by the
changes in output current of the internal D/A converter as it
tests the various bits. The output voltage of the driving
source must remain constant while furnishing these fast
current changes. If the application requires a sample/hold,
select a sample/hold with sufficient bandwidth to preserve
the accuracy or use a separate wideband buffer amplifier to
lower the output impedance.

RANGE CONNECTIONS

The ADC574A offers four standard input ranges: OV to
+10V, 0V to +20V, =5V, and +10V. If a 10V input range is
required, the analog input signal should be connected to pin
13 of the converter. A signal requiring a 20V range is
connected to pin 14. In either case the other pin of the two
is' left unconnected. Full-scale and offset adjustments are
described below.

To operate the converter with a 10.24V (2.5mV LSB) or
20.48V (5SmV LSB) input range, insert a 1209, 1% metal-
film resistor in series with pin 13 for the 10.24V range, or a
240Q, 1% metal-film resistor in series with pin 14 for the
20.48V range. Offset and gain adjustments are still per-
formed as described below. However, you must recalculate
full-scale adjustment voltages proportionately. A fixed metal-
film resistor can be used because the input impedance of the
ADCS574A is trimmed to less than +6% of the nominal
value.

CALIBRATION

OPTIONAL EXTERNAL FULL-SCALE
AND OFFSET ADJUSTMENTS

Offset and full-scale errors may be trimmed to zero using
external offset and full-scale trim potentiometers connected
to the ADC574A as shown in Figures 2 and 3 for unipolar
and bipolar operation.

CALIBRATION PROCEDURE —
UNIPOLAR RANGES

If adjustment of unipolar offset and full scale is not required,
replace R, with a 502, 1% metal-film resistor and connect
pin 12 to pin 9, omitting the adjustment network.

If adjustment is required, connect the converter as shown in
Figure 2. Sweep the input through the end-point transition
voltage (OV + 1/2LSB; +1.22mV for the 10V range, +2.44mV
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FIGURE 2. Unipolar Configuration.

for the 20V range) that causes the output code to be DBO ON
(high). Adjust potentiometer R; until DBO is alternately
toggling ON and OFF with all other bits OFF. Then adjust
full scale by applying an input voltage of nominal full-scale
value minus 3/2LSB, the value which should cause all bits
to be ON. This value is +9.9963V for the 10V range and
+19.9927V for the 20V range. Adjust potentiometer R, until
bits DB1-DB11 are ON and DBO is toggling ON and OFF.

CALIBRATION PROCEDURE—BIPOLAR RANGES

If external adjustments of full-scale and bipolar offset are
not required, the potentiometers may be replaced by 509,
1% metal-film resistors.

If adjustments are required, connect the converter as shown
in Figure 3. The calibration procedure is similar to that
described above for unipolar operation, except that the offset
adjustment is performed with an input voltage which is
1/2LSB above the minus full-scale value (-4.9988V for the
+5V range, —9.9976V for the +10V range). Adjust R, for

FIGURE 3. Bipolar Configuration.

DBO to toggle ON and OFF with all other bits OFF. To
adjust full-scale, apply a DC input signal which is 3/2LSB
below the nominal plus full-scale value (+4.9963V for +5V
range, +9.9927V for £10V range) and adjust R, for DBO to
toggle ON and OFF with all other bits ON.

CONTROLLING THE ADC574A

The Burr-Brown ADCS574A can be easily interfaced to most
microprocessor systems and other digital systems. The mi-
croprocessor may take full control of each conversion, or the
converter may operate in a stand-alone mode, controlled
only by the R/C input. Full control consists of selecting an
8- or 12-bit conversion cycle, initiating the conversion, and
reading the output data when ready—choosing either 12 bits
all at once, or 8 bits followed by 4 bits in a left-justified
format. The five control inputs (12/8, CS, Ag, R/C, and CE)
are all TTL/CMOS-compatible. The functions of the control
inputs are described in Table II. The control function truth
table is listed in Table III.

PIN

DESIGNATION | DEFINITION FUNCTION

CE (Pin 6) Chip Enable Must be high (“1”) to either initiate a conversion or read output data. 0-1 edge may be used to initiate a conversion.
(active high)

TS (Pin 3) Chip Select Must be low (“0”) to either initiate a conversion or read output data. 1-0 edge may be used to initiate a conversion.
(active low) .

R/f)(Pin 5) » Read/Convert Must be low (“0”) to initiate either 8- or 12-bit conversions. 1-0 edge may be used to initiate a conversion.
(“1” = read) Must be high (“1”) to read output data. 0-1 edge may be used to initiate a read operation.
(“0" = convert)

Ao (Pin 4) Byte Address In the start-convert mode, A, selects 8-bit (Ag = “1”) or 12-bit (Ag = "0") conversion mode. When reading output data
Short Cycle in two 8-bit bytes, Ag = “0” accesses 8 MSBs (high byte) and Ag = “1” accesses 4 LSBs and trailing “0s” (low byte).

12/8 (Pin 2) Data Mode Select | When reading output data, 12/8 = “1” enables all 12 output bits simultaneously. 12/8 = “0” will enable the MSBs
(“1" = 12 bits) or LSBs as determined by the Ag line.
(“0” = 8 bits)

TABLE II. ADC574A Control Line Functions.
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OPERATION

[}
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o
2
O
-
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None
None
Initiate 12-bit conversion
Initiate 8-bit conversion
Initiate 12-bit conversion
Initiate 8-bit conversion
Initiate 12-bit conversion
initiate 8-bit conversion
Enable 12-bit output
Enable 8 MSBs only
Enable 4 LSBs plus

4 trailing zeros

P s e =]
coococo€ €00~ X
- 2w € 000 O X X
OO =+ XXXXXXXX
—~“OX—=0~=0=0XX

TABLE III. Control Input Truth Table.

STAND-ALONE OPERATION

For stand-alone operation, control of the converter is accom-
plished by a single control line connected to R/C. In this
mode CS and A are connected to digital common and CE
and 12/8 are connected to V| ogic (+5V). The output data are
presented as 12-bit words. The stand-alone mode is used in
systems containing dedicated input ports which do not
require full bus interface capability.

Conversion is initiated by a high-to-low transition of R/C.
The three-state data output buffers are enabled when R/C is
high and STATUS is low. Thus, there are two possible
modes of operation; conversion can be initiated with either
positive or negative pulses. In either case the R/C pulse must
remain low for a minimum of 50ns.

Figure 4 illustrates timing when conversion is initiated by an
R/C pulse which goes low and returns to the high state
during the conversion. In this case, the three-state outputs
go to the high-impedance state in response to the falling
edge of R/C and are enabled for external access of the data
after completion of the conversion. Figure 5 illustrates the
timing when conversion is initiated by a positive R/C pulse.
In this mode the output data from the previous conversion is
enabled during the positive portion of R/C. A new conver-
sion is started on the falling edge of R/C, and the three-state
outputs return to the high-impedance state until the next
occurrence of a high R/C pulse. Table IV lists timing
specifications for stand-alone operation.

SYMBOL | PARAMETER MIN | TYP | MAX | UNITS
thaL Low R/C Pulse Width 50 ns
tos STS Delay from RIC 200 ns
thor Data Valid After R/C Low 25 ns
tus STS Delay After Data Valid 300 | 400 | 1000 ns
[ High R/C Pulse Width 150 ns
toor Data Access Time 150 ns

TABLE IV. Stand-Alone Mode Timing.

FULLY CONTROLLED OPERATION

Conversion Length

Conversion length (8-bit or 12-bit) is determined by the state
of the Ag input, which is latched upon receipt of a conver-
sion start transition (described below). If A is latched high,
the conversion continues for 8 bits. The full 12-bit conver-
sion will occur if Ag is low. If all 12 bits are read following

BURR - BROWN®
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FIGURE 4. R/C Pulse Low—Outputs Enabled After Con-
version.
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FIGURE 5. R/§ Pulse High—Outputs Enabled Only While
R/C Is High.

High-Z State

an 8-bit conversion, the 3LSBs (DB0-DB2) will be low
(logic 0) and DB3 will be high (logic 1). Ag is latched
because it is also involved in enabling the output buffers. No
other control inputs are latched.

CONVERSION START

The converter is commanded to initiate a conversion by a
transition occurring on any of three logic inputs (CE, CS,
and R/C) as shown in Table III. Conversion is initiated by
the last of the three to reach the required state and thus all
three may be dynamically controlled. If necessary, all three
may change states simultaneously, and the nominal delay
time is the same regardless of which input actually starts
conversion. If it is desired that a particular input establish the
actual start of conversion, the other two should be stable a
minimum of 50ns prior to the transition of that input. Timing
relationships for start of conversion timing are illustrated in
Figure 6. The specifications for timing are contained in
Table V.

The STATUS output indicates the current state of the con-
verter by being in a high state only during conversion.
During this time the three state output buffers remain in a
high-impedance state, and therefore data cannot be read
during conversion. During this period additional transitions
of the three digital inputs which control conversion will be
ignored, so that conversion cannot be prematurely termi-
nated or restarted. However, if Ag changes state after the
beginning of conversion, any additional start conversion
transition will latch the new state of A, possibly resulting
in an incorrect conversion length (8 bits vs 12 bits) for that
conversion.
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SYMBOL PARAMETER MIN TYP ‘MAX UNITS
Convert Mode

tosc STS Delay from CE 60 200 ns

tuec CE Pulse Width 50 30 ns

tssc TS to CE Setup time 50 20 ns

tusc CS low during CE high 50 20 ns

tsre R/C to CE setup 50 0 ns

tire R/C low during CE high 50 20 ns

tsac Ao to CE setup 0 ns

thac Ao valid during CE high 50 20 ns

tc Conversion time, 12-bit cycle 15 20 25 ns

8-bit cycle 10 13 17 us

Read Mode . ’

ton Access time from CE 75 150 ns

thp Data valid after CE low 25 ) 35 ns

the Output float delay 100 150 ns

tssr CS to CE setup 50 0 ns

tsrr R/C to CE setup 0 ns

tsar Ao to CE setup 50 - 25 ns

thsr CS valid after CE low 0 ns

[ R/C high after CE low 0 ns

thaR Ao valid after CE low 50 . ns

ths STS delay after data valid 300 400 1000 ns

NOTE: Specifications are at +25°C and measured at 50% level of transitions.

TABLE V. Timing Specifications.

!
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o
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oo | = v
| tuac /\’A
STS ————-jl |C_
~—tpse l e |
DB11- High Impedance
DBO

FIGURE 6. Conversion Cycle Timing.

READING OUTPUT DATA

After conversion is initiated, the output data buffers remain
in a high-impedance state until the following four logic
conditions are simultaneously met: R/C high, STATUS low,
CE high, and CS low. Upon satisfaction of these conditions
the data lines are enabled according to the state of inputs
12/8 and A,,. See Figure 7 and Table V for timing relation-
ships and specifications.

In most applications the 12/8 input will be hard-wired in
either the high or low condition, although it is fully TTL-
and CMOS-compatible and may be actively driven if
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FIGURE 7. Read Cycle Timing.

desired. When 12/8 is high, all 12 output lines (DBO-DB11)
are enabled simultaneously for full data word transfer to a
12-bit or 16-bit bus. In this situation the A state is ignored.

When 12/8 is low, the data is presented in the form of two
8-bit bytes, with selection of the byte of interest accom-
plished by the state of Ag during the read cycle. Connection
of the ADC574A to an 8-bit bus for transfer of left-justified
data is illustrated in Figure 8. The A input is usually driven
by the least significant bit of the address bus, allowing
storage of the output data word in two consecutive memory
locations.
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When A is low, the byte addressed contains the 8MSBs.
When Ag is high, the byte addressed contains the 4LSBs
from the conversion followed by four logic zeros which
have been forced by the control logic. The left-justified
formats of the two 8-bit bytes are shown in Figure 8. The
design of the ADCS574A guarantees that the Ag input may be
toggled at any time with no damage to the converter; the
outputs which are tied together as illustrated in Figure 9
cannot be enabled at the same time.

In the majority of applications the read operation will be
attempted only after the conversion is complete and the
STATUS output has gone low. In those situations requiring
the earliest possible access to the data, the read may be
started as much as 1.15ps (tpp max + tyg min) before
STATUS goes low. Refer to Figure 7 for these timing
relationships.

Word 1

Word 2

Processor | DB7 | DB6 DB5 | DB4 | DB3 | DB2 | DB1

DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 DBO

Converter | DB11 | DB10 DB9 | DB8 | DB7 | DB6 | DBS

DB3 | DB2 | DB1 DBO 0 ] 0 0

FIGURE 8. 12-Bit Data Format for 8-Bit Systems.

Ao S——E Ao

Address
Bus

ADC574A

—
STATUS )28 }—

DB11 (MSB) |27

DBO (LSB)

Digital Common

Data
Bus

FIGURE 9. Connection to an 8-Bit Bus.
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ADC674A

ABRIDGED DATA SHEET

For Complete Data Sheet
Call FaxLine 1-800-548-6133
Request Document Number 10551

Microprocessor-Compatible
ANALOG-TO-DIGITAL CONVERTER

FEATURES DESCRIPTION

©® COMPLETE 12-BIT A/D CONVERTER The ADC674A is a 12-bit successive approximation
WITH REFERENCE, CLOCK, AND 8-, 12-, analog-to-digital converter, utilizing state-of-the-art
OR 16-BIT MICROPROCESSOR BUS CMOS and laser-trimmed bipolar die custom-designed
INTERFACE for freedom from latch-up and for optimum AC per-
@ IMPROVED PERFORMANCE SECOND formance. It is complete with a self-contained +10V
SOURCE FOR ADC574A/674A-TYPE A/D reference, internal clock, digital interface for micro-
CONVERTERS processor control, and three-state outputs.
Conversion Time: 15us max The reference circuit, containing a buried zener, is
Bus Access Time:150ns max laser-trimmed for minimum temperature coefficient.
A, Input: Bus Contention During Read The clock oscillator is current-controlled for excel-
Operation Eliminated lent stability over temperature. Full-scale and offset
® FULLY SPECIFIED FOR OPERATION ON errors may be externally trimmed to zero. Internal
+12V OR +15V SUPPLIES scaling resistors are provided for the selection of
analog input signal ranges of OV to +10V, OV to
® NO MISSING CODES OVER 120V 45V, and 210V,
TEMPERATURE:
0°C to +75°C ADC674AJH, KH, JP, KP The converter may be externally programmed to
Grades provide 8- or 12-bit resolution. The conversion time

-55°C to +125°C (ADC674ASH, TH Grades) for 12 bits is factory set for 15us maximum.
Output data are available in a parallel format from
TTL-compatible three-state output buffers. Output data
are coded in straight binary for unipolar input signals
and bipolar offset binary for bipolar input signals.
The ADC674A, available in both industrial and
military temperature ranges, requires supply voltages
of +5V and £12V or £15V. It is packaged in a 28-pin
plastic DIP, or hermetic side-brazed ceramic DIP.
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o
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Comparator

Parallel
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Converter
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International Airport Industrial Park « Mailing Address: PO Box 11400 - Tucson, AZ85734 + Street Address: 6730 S. Tucson Bivd. + Tucson, AZ 85706
Tel: (520) 746-1111 .« Twx: 910-952-1111 . Cable: BBRCORP - Telex: 066-6491 « FAX:(520)889-1510 - Immediate Product Info: (800) 548-6132
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SPECIFICATIONS

ELECTRICAL

At Ty = +25°C, Voo =12V or +15V, Vgg = =12V or —-15VDC, and V| ggc = +5V, unless otherwise noted.

ADC674AJP, JH, SH ADC674AKP, KH, TH
PARAMETER MIN | TYP MAX MIN TYP MAX UNITS
RESOULUTION 12 * Bits
ANALOG INPUTS
Voltage Ranges: Unipolar 0to +10, 0 to +20 . "
Bipolar +5,+10 * \
Impedance: 0 to +10V, 5V 4.7 5 53 * * * kQ
+10V, OV to +20V 9.4 10 10.6 * * * kQ
DIGITAL INPUTS (CE, CS, RIC, Ao, 12/8)
Over Temperature Range
Voltages: Logic 1 +2 +5.5 * * Vv
Logic 0 -0.5 +0.8 * * "
Current -5 0.2 5 * * * HA
Capacitiance 5 * pF
TRANSFER CHARACTERISTICS
ACCURACY
At +25°C +1 +1/2 LsB
Linearity Error +2 * LsB
Unipolar Offset Error (adjustable to zero) +10 +4 LsB
Bipolar Offset Error (adjustable to zero)
Full-Scale Calibration Error(!) (adjustable to zero) +0.25 * % of FS@
No Missing Codes Resolution (differential linearity) 11 +1/2 12 Bits
Inherent Quantization Error * LsB
Thain 10 Tyax
Linearity Error: J, K Grades +1 *1/2 LsB
S, T Grades + +3/4 LSB
Full-Scale Calibration Error
Without Initial Adjustmen(®): J, K Grades +0.47 +0.37 % of FS
S, T Grades +0.75 0.5 % of FS
Adjusted to zero at +25°C: J, K Grades +0.22 +0.12 % of FS
S, T Grades +0.5 +0.25 % of FS
No Missing Codes Resolution (differential linearity) " 12 Bits
TEMPERATURE COEFFICIENTS (Ty 10 Tyax)©®
Unipolar Offset: J, K Grades *10 5 ppm/°C
S, T Grades 5 +2.5 ppm/°C
Max Change: All Grades +2 * LsB
Bipolar Offset: All Grades +10 5 pPMPC
Max Change: J, K Grades +2 + LSB
S, T Grades +4 +2 LSB
Full-Scale Calibration: J, K Grades +45 +25 ppm/F°C
S, T Grades +50 +25 ppm/°C
Max Change: J, K Grades +9 5 LSB
S, T Grades +20 +10 LSB
POWER SENSITIVITY
Change in Full-Scale Calibration
+13.5V < Ve < +16.5V or +11.4V < Vg < +12.6V +2 + LSB
+16.5V < Vg < +13.5V or 12,6V < Vgg < =11.4V +2 +1 LsSB
+4.5V <V ogic < +5.5V +1/2 * LSB
CONVERSION TIME(4)
8-Bit Cycle 6 8 10 * M * us
12-Bit Cycle 9 12 15 * * * us
DIGITAL OUTPUT (DB,,—DB,, Status)
(Over Temperature Range)
Outputs Codes: Unipolar Unipolar Straight Binary (USB)
Bipolar Bipolar Offset Binary (BOB)
Logic Levels: Logic 0 (lgyg = 1.6mA) +0.4 * \
Logic 1 (Isoyrce = S00pA) +2.4 . \
Leakage, Data Bits Only , High-Z State -5 0.1 +5 * * * HA
Capacitance 5 * pF
INTERNAL REFERENCE VOLTAGE
Voitage +9.9 +10 +10.1 * * * \
Source Current Available for External Loads(®) 2 * mA
BURR - BROWN©®
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SPECIFICATIONS (CconT)

ELECTRICAL

At Tp = +25°C, Vg = 212V or +15V, Vgg = =12V or —15VDC, and V| gg|c = +5V, unless otherwise noted.

ADC674AJP, AJH, ASH ADC674AKP, AKH, ATH
PARAMETER . MIN TYP - MAX MIN TYP MAX UNITS
POWER SUPPLY REQUIREMENTS
Voltage: Ve¢  +11.4 +16.5 * * \
Vee -114 -16.5 * * v
Vioaic +4.5 +55 * * v
Current: lgc 5 * * mA
lee 20 * < mA
Loic 15 i * mA
Power Dissipation (+15V Supplies) 450 v v . mW
TEMPERATURE RANGE (Ambient: Ty, Tyax)
Specification: K, J Grades 0 +75 * * °C
S, T Grades -55 +125 * * °C
Storage —65 +150 * * °C

* Specifications same as ADC674AJP, AJH, ASH.

NOTES: (1) With fixed 50Q resistor from REF OUT to REF IN. This parameter is also adjustable to zero at +25°C (see Optional External Full Scale and Offset
Adjustments section). (2) FS in this specification table means Full Scale Range. That is, for a +10V input range, FS means 20 V; for a 0 to +10V range, FS means
10V. The term Full Scale for these specifications instead of Full-Scale Range is used to be consistent with other vendor's 674A type specification tables. (3) Using
internal reference. (4) See Controlling the ADC674A section for detailed information concerning digital timing. (5) External loading must be constant during
conversion. The reference output requires no buffer amplifier with either £12V or £15V power supplies.

ABSOLUTE MAXIMUM RATINGS

Vg to Digital Common 0to +16.5V
Ve to Digital Common 0 to -16.5V
Vioaic to Digital Common 0to +7V

Analog Common to Digital Common . 1V
Control Inputs (CE, TS, Ao, 12/8, RIC)

to Digital Common
Analog Inputs REF IN, BIP. OFF., 10V}y)

~0.5V 10 Vyoaic +0.5V

to Analog Common +16.5V
20V to Analog Common +24V
REF OUT Indefinite Short to Common,

Momentary Short to Vg
Max Junction T Ir +165°C

Power Dissipation 1000mW
Lead Temperature (soldering, 10s) . .. +300°C
Thermal e, 6),: Ceramic 50°C/W

Plastic 100°C/W

CAUTION: These devices are sensitive to electrostatic discharge.
Appropriate 1.C. handling procedures should be followed.

BURN-IN SCREENING

Burn-in screening is available for both plastic and ceramic
package ADC674As. Burn-in duration is 160 hours at the
temperature (or equivalent combination of time and tem-
perature) indicated below:

Plastic “-BI” models: +85°C

Ceramic “-BI” models: +125°C

All units are 100% electrically tested after burn-in is com-
pleted. To order burn-in, add “-BI” to the base model
number (e.g., ADC674AKP-BI).

NOTE: (1) Or equivalent combination of time and temperature.

2.38 Burr-Brown IC Data Book—Mixed Signal Products

ORDERING INFORMATION PACKAGE INFORMATION
LINEARITY PACKAGE DRAWING
TEMPERATURE ERROR MODEL PACKAGE NUMBER(")

MODEL PACKAGE RANGE max (Tyy to Tyax) ADC674AJP Plastic DIP 215

N ADC674AKP Plastic DIP 215

ADC674AJP Plastic DIP |  0°C to +75°C +1LSB ADCE74AH Ceramic DIP 148

ADCE74AKP Plastic DIP |  0°C to +75°C +1/2LSB ADCG74AKH Geramic DIP 149

ADCE74AJH | Ceramic DIP | 0°C to +75°C +1LSB ADCE74ASH Ceramic DIP 149

ADC674AKH | Ceramic DIP | 0°C to +75°C +1/2LSB ADC674ATH Ceramic DIP 149
ADC674ASH Ceramic DIP | -55°C to +125°C ‘+1LSB

ADC674ATH | Ceramic DIP | -55°C to +125°C +3/4LSB :gggﬁdk':g 'P’:aS:fC g:g g:g

- astic

SURN-IN SCRECNING OPTION ADC674AJH-BI Ceramic DIP 149

- ADC674AKH-BI Ceramic DIP 149

BURN-IN ADC674ASH-BI Ceramic DIP 149

TEMPERATURE | TEMPERATURE ADC674ATH-BI Ceramic DIP 149

MODEL PACKAGE RANGE (160 Hours)(" NOTE: (1) For detailed drawing and dimension table, please see end of data
) ) sheet, or Appendix G of Burr-Brown IC Data Book.

ADC674AJP-BI Plastic DIP 0°C to +75°C +85°C
ADC674AKP-BI Plastic DIP 0°C to +75°C +85°C
ADC674AJH-BI | Ceramic DIP 0°C to +75°C +125°C
ADC674AKH-BI | Ceramic DIP 0°C to +75°C +125°C
ADC674ASH-BI | Ceramic DIP | -55°C to +125°C +125°C
ADC674ATH-BI | Ceramic DIP | -55°C to +125°C +125°C

BURR - BROWN®
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PIN CONFIGURATION
+5VDC Supply (Vioaie) | 1 | H <——| Power-up Reset| [—’ 28| Status
128 |2 [ > {27 | DB11(MSB)
cs =H Control py
Cs |3 ontrol < 26| DB10
= Logic J_ ) —
Ao |4 8 25| oBe
—_ =z f—
re |5 H =] Clock N 2 —{24| DB8
CE |6 2 b= — 23| DB7
'= Q [=4 —
Wee |7 10V Sl1zsis| o | @ 22| pBs
= Reference % Lo N
RefOut |8 | E al2 21| DBS
Analog C o | 12-Bit g & L 120] B4
nalog Common L9 DA (& & 120
Retin |10 Converter P g — 19| DB3
= Comparator @ =] o =
Vee |1 8 o 18| pB2
— S 81
Bipolar Offset |12 7] S 17| pBi
’=‘ —
10V Range |13 {16 | DBO (LSB)
20V Range |14 15| Digital Common
T’l}e Burr-Brown ADC674A can be efaS}ly interfaced to mo§t oE &= e | 128 7 | oPERATION
microprocessor systems and other digital systems. The mi-
. 0 X X X X None
croprocessor may take full control of each conversion, or the X . X X x| None
converter may_oPerate in a stand—alone. mode, cont.rolled 1 o 0 X o | initiate 12-bit conversion
only by the R/C input. Full control consists of selecting an T 0 0 X 1| mitiate 8-bit conversion
8- or 112-bit conversion cycle, initiating the conversion, and q L 0 X 0 Initiate 12-bit conversion
the output data when ready—choosing either 12 bits all at 1 l 0 X 1 Initiate 8-bit conversion
once, or 8 bits followed by 4 bits in a left-justified format. 1 0 l X 0 | Initiate 12-bit conversion
The five control inputs (12/8, CS, Ao, R/C, and CE) are all 1 0 { X 1 Initiate 8-bit conversion
TTL-/CMOS-compatible. The functions of the control in- 1 0 1 1 X | Enable 12-bit output
puts are described in Table I. The control function truth table 1 o 1 0 0 | Enable 8 MSBs only
is listed in Table IL. ! ol 0 | 1 |EnabledLSBsplus 4
trailing zeros

TABLE II. Control Input Truth Table.

PIN
DESIGNATION DEFINITION FUNCTION
CE (Pin 6) Chip Enable Must be high (“1”) to either initiate a conversion or read output data. 0-1 edge may be used to initiate a
(active high) conversion.
CS (Pin 3) Chip Select Must be low (“0”) ot either initiate a conversion or read output data. 1-0 edge may be used to initiate a conversion.
(active low) -
R/C (Pin 5) Read/Convert Must be low (“0") to initiate either 8- or 12-bit conversions. 1-0 edge may be used to initiate a conversion. Must be high
(“1” = read) (“1") to read output data. 0-1 edge may be used to initiate a read operation.
(“0” = convert)
Ao (Pin 4) Byte Address In the start-convert mode, Aq selects 8-bit (A o = “1") or 12-bit (A = “0”) conversion mode. When reading output
Short Cycle data in two 8-bit bytes, Ag = “0” accesses +8MSBs (high byte) and Ag = “1” accesses 4L.SBs and trailing “0s” (low
byte). :
12/8 (Pin 2) Data Mode Select | When reading output data. 12/8 = “1” enables all 12 output bits simultaneously. 12/8 = “0” will enable the MSBs
(“1" = 12-bits) or LSBs as determined by the Ag line.
(“0" = 8-bits)

A/D CONVERTERS, DATA ACQUISITION COMPONENTS H ADC674A

TABLE I. ADC674A Control Line Functions.

BURR - BROWN®
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STAND-ALONE OPERATION

For stand-alone operation, control of the converter is accom-
plished by a single control line connected to R/C. In this
mode CS and A, are connected to digital common and CE

and 12/8 are connected to Vi ogic (+5V). The output data are °

presented as 12-bit words. The stand-alone mode is used in
systems containing dedicated input ports which do not
require full bus interface capability.

Conversion is initiated by a high-to-low transition of R/C.
The three-state data output buffers are enabled when R/C is
high and STATUS is low. Thus, there are two possible
modes of operation; conversion can be initiated with either
positive or negative pulses. In either case, the R/C pulse
must remain low for a minimum of 50ns.

Figure 1 illustrates timing when conversion is initiated by an
R/C pulse which goes low and returns to the high state
during the conversion. In this case, the three-state outputs go
to the high-impedance state in response to the falling edge of
R/C and are enabled for external access of the data after
completion of the conversion. Figure 2 illustrates the timing
when conversion is initiated by a positive R/C pulse. In this
mode, the output data from the previous conversion is
enabled during the positive portion of R/C. A new conver-
sion is started on the falling edge of R/C, and the three-state
outputs return to the high impedance state until the next
occurrence of a high R/C pulse. Timing specifications for
stand-alone operation are listed in Table III.

SYMBOL PARAMETER MIN TYP | MAX . |UNITS
tumL Low R/C Pulse Width 50 ns
tos STS Delay from R/C 200 ns
twor Data Valid After R/C Low 25 ns
st STS Delay After Data Valid | 300 400 | 1000 ns
tuam High R/C Pulse Width 150 ns
topr Data Access Time 150 ns

_ B —
R [~

“_‘ ‘Ds"—_’l

STATUS —————————7“———&———

tc—>

tHoR|=- ) -~ tus
High-Z State

. |-

TABLE III. Stand-Alone Mode Timing.

FULLY CONTROLLED OPERATION

Conversion Length

Conversion length (8-bit or 12-bit) is determined by the state
of the Ag input, which is latched upon receipt of a conver-
sion start transition (described below). If Aq is latched high,
the conversion continues for 8 bits. The full 12-bit conver-
sion will occur if A is low. If all 12 bits are read following
an 8-bit conversion the 3LSBs (DB0 - DB2) will be low
(logic 0) and DB3 will be high (logic 1). Ap
is latched because it is also involved in enabling the output
buffers. No other control inputs are latched.

CONVERSION START

The converter is commanded to initiate conversion by a
transition occurring on any of three logic inputs (CE, CS,
and R/C) as shown in Table IT. Conversion is initiated by the
last of the three to reach the required state and thus all three
may be dynamically controlled. If necessary, all three may
change states simultaneously, and the nominal delay time is
the same regardless of which input actually starts conver-
sion. If it is desired that a particular input establish the actual
start of conversion, the other two should be stable a mini-
mum of 50ns prior to the transition of that input. Timing
relationships for start of conversion timing are illustrated in
Figure 3. The specifications for timing are contained in
Table IV.

Data Valid Data Valid

DB11-DBO

FIGURE 1. R/C Pulse Low—Outputs Enabled After Con-
versions.

3,5_7[——\

tam Hl.__tns_.. )
STATUS ‘ ‘
— -
toor 1 |<-tHDF\’ °
High-Z High-Z State
g Data Valid g
DB11-DBO

FIGURE 2. R/§ Pulse High—Outputs Enabled Only While
R/C is High.
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cE ———/ \ N
HEC |
tssc]«—-
f
S I
RIC —-\
VA
e
"X X
tsac—| |=
<—|tac
STATUS ———————
= thsc | tc !
DB11-DBO High Impedance

FIGURE 3. Conversion Cycle Timing.
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SYMBOL PARAMETER MIN TYP MAX UNITS
Convert Mode

tosc STS Delay from CE 60 200 ns
thec CE Pulse Width 50 30 ns
tesc CS to CE Setup 50 20 ns
thsc CS Low During CE High 50 20 ns
tsrc R/C to CE Setup 50 0 ns
turc R/C Low During CE High 50 20 ns
tsac Ag To CE Setup 0 ns
thac Ao Valid During CE high 50 20 ns

tc Conversion Time, 12 Bit Cycle 9 12 15 Hs

8 Bit Cycle 6 8 10 Hs

Read Mode

top Access Time From CE 75 150 ns

tup Data Valid After CE Low 25 35 ns

the Output Float Delay 100 150 ns
tssR CS to CE Setup 50 0 ns
tsra R/C to CE Setup 0 ns
tsar Ao to CE Setup 50 25 ns
thsr CS Valid After CE Low 0 ns
turr R/C high After CE Low 0 ns
thar Ag Valid After CE Low 50 ns

ths STS delay After Data Valid 100 300 600 ns

NOTE: Specifications are at + 25°C and measured at 50% level of transitions.

TABLE 1V. Timing Specifications

The STATUS output indicates the current state of the con-
verter by being in a high state only during conversion.
During this time the three state output buffers remain in a
high-impedance state, and therefore data cannot be read
during conversion. During this period additional transitions
of the three digital inputs which control conversion will be
ignored, so that conversion cannot be prematurely termi-
nated or restarted. However, if Ay changes state after the
beginning of conversion, any additional start conversion
transition will latch the new state of Ag, possibly resulting
in an incorrect conversion length (8 bits vs 12 bits) for that
conversion.

READING OUTPUT DATA

After conversion is initiated, the output data buffers remain
in a high-impedance state until the following four logic
conditions are simultaneously met: R/C high, STATUS low,
CE high, and CS low. Upon satisfaction of these conditions
the data lines are enabled according to the state of inputs
12/8 and A, See Figure 4 and Table IV for timing relation-
ships and specifications.

’.-— tsrR

l-—— tsam

STATUS

DB11-DBO

FIGURE 4. Read Cycle Timing.

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not
authorize or warrant any BURR-BROWN product for use in life support devices and/or systems.
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BURR - BROWN®

ADC700

16-Bit Resolution with

A/D CONVERTER

Microprocessor Interface

FEATURES

® COMPLETE WITH REFERENCE, CLOCK,
8-BIT PORT MICROPROCESSOR
INTERFACE

@® CONVERSION TIME: 17us max
@ LINEARITY ERROR: 10.003% FSR max

@ NO MISSING CODES TO 14 BITS OVER
TEMPERATURE

® SPECIFIED AT £12V AND *15V SUPPLIES

® OUTPUT BUFFER LATCH FOR IMPROVED
INTERFACE TIMING FLEXIBILITY

@ PARALLEL AND SERIAL DATA OUTPUT
® SMALL PACKAGE: 28-Pin DIP

DESCRIPTION

The ADC700 is a complete 16-bit resolution succes-
sive approximation analog-to-digital converter.

The reference circuit, containing a buried zener, is
laser-trimmed for minimum temperature coefficient.

Data Serial Data

The clock oscillator is current-controlled for excellent
stability over temperature. Gain and Zero errors may
be externally trimmed to zero. Analog input ranges of
0Vto+5V,0V to +10V, 0V to +20V, 2.5V, +5V, and
+10V are available.

The conversion time is 17s max for a 16-bit conver-
sion over the three specification temperature ranges.

After a conversion, output data is stored in a latch
separate from the successive approximation logic. This
permits reading data during the next conversion, a
feature that provides flexible interface timing, espe-
cially for interrupt-driven interfaces.

Data is available in two 8-bit bytes from TTL-compat-
ible three-state output drivers. Output data is coded in
Straight Binary for unipolar input signals and Bipolar
Offset Binary or Twos complement for bipolar input
signals. BOB or BTC is selected by a logic function
available on one of the pins.

The ADC700 is available in commercial, industrial
and military temperature ranges. It is packaged in a
hermetic 28-pin side-braze ceramic DIP.

Ready Status Strobe Serial Data
@ O 3-
RD O—{ .
wao—{ O poucoessive Data | St Parallel
TBEN O— an ) pproximation 16 Latch 8 Data
BTCEN o Control Logic Register 3-
Reset O— Comparator Stat
10V
Analog 20V =
Inputs
Sc‘J 13-/?! 16 Voltage
Bipolar Converter Reference
Offset J
(¢ 2%%

International Airport Industrial Park  +  Mailing Address: PO Box 11400
Tel: (520) 746-1111  +  Twx:910-952-1111 + Cable: BBRCORP

+  Telex: 066-6491

Tucson, AZ 85734« Street Address: 6730 S. Tucson Bivd.  + Tucson, AZ 85706
+  FAX:(520)889-1510 « Immediate Product Info: (800) 548-6132
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SPECIFICATIONS
ELECTRICAL

At T, = 25°C and at rated supplies: Vpp = +5V, +Vg¢ = +12V or +15V, ~Vg¢ = =12V or —15V, unless otherwise noted.

ADC700JH,AH,RH ADC700KH,BH,SH
CHARACTERISTICS MIN TYP MAX MIN TYP MAX UNITS 8
RESOLUTION 16 * Bits N~
ANALOG INPUTS (&]
Voltage Ranges n
Bipolar +2.5,45,£10 . \
Unipolar 0to +5,0to +10, 0 to +20 * \ <
Impedance (Direct Input)
0V to +5V, 2.5V 25+1% . kQ
0V to +10V, £5V 5+1% * kQ
0V to +20V, £10V 10+1% N kQ
DIGITAL SIGNALS (Over Specification Temperature Range)
Inputs
Logic Levels(") m
Vin +2.0 +5.5 . N V; I—
Vi 0 +0.8 . . % 2
(V) =+2.7V) +10 . A w
e (V) =+0.4V) +20 . pA
Outputs Z
Logic Levels o
Vo (loL =—1.6mA) +0.4 . v a
Von (lon = +20pA) +2.4 . v
LEAKAGE E
Data Outputs Only, High Z 10 * nA o
TRANSFER CHARACTERISTICS o
ACCURACY
Linearity Error +0.006 +0.003 % of FSR@ Z
Differential Linearity Error +0.012 +0.006 % of FSR O
Gain Error® +0.1 0.2 * * % —
Zero Error® =
Bipolar Zero 0.1 0.2 * * % of FSR by
Unipolar Zero 10.05 +0.1 * * % of FSR (D
Noise at Transitions (3op-p) +0.001 £0.008, . - % of FSR 5
Power Supply Sensitivity
+Vgo £0.0015 . %FSR/%Veg (e}
—Vee +0.0015 * %FSR/%Vee o
Voo +0.0005 . %FSR%Vpp <
DRIFT (Over Specification Temperature Range)
Gain Drift +8 15 . . ppm/°C <
Zero Drift =
Bipolar Zero 5 +10 * * ppm of FSR’C <
Unipolar Zero 2 +4 * * ppm of FSR/°C Q
Linearity Drift +1 +3 - +2 ppm of FSRFC
No Missing Codes Temperature Range -
JH (13-bit), KH (14-bit) 0 +70 * . °C (/)]
AH (13-bit), BH (14 bit) 25 +85 * M °C o
RH (13-bit), SH (14-bit) -55 +125 * * °C I.|.|
CONVERSION TIME 16 bits 15 17 * * us l_
WARM-UP TIME 5 * min m
OUTPUT DATA CODES® L
Unipolar Parallel usB * >
Bipolar Parallel® BTC, BOB v Z
Serial Output (NRZ) UsB, BOB "
POWER SUPPLY REQUIREMENTS o
Voltage Range 0
+Veg +11.4 +15 +16 . . M vDC
—Vee -11.4 -15 -16 * * * vDC Q
Vop +4.75 +5 +5.25 . . . vDC 2
Current(s)
+Veo +10 +15 N * mA
Ve 28 -35 . . mA
Voo +17 +20 * * mA
Power Dissipation 645 765 * * mwW
TEMPERATURE RANGE
Specification
J, K Grades 0 +70 * * °C
A, B Grades —25 +85 * * °C
R, S Grades -55 +125 * * °C
Storage -65 +150 M * °C
BURR - BROWN®
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TIMING SPECIFICATIONS®)
AtVpp = +5V, +Vge = +12V or +15V, =V = =12V or =15V, uniess otherwise noted.

LIMIT AT
LIMIT AT Ta=0,+70°C LIMIT AT
PARAMETER Tp=25°C ~25°C, +85°C Ta =-55°C, +125°C UNITS DESCRIPTION
CONVERSION AND SERIAL DATA OUTPUT TIMING
t 0 0 0 ns, min CS'to WR Setup time
t 110 130 145 ns, max WR to Status delay
3 40 40 40 ns, min WR pulse width
1y 0 0 0 ns, min CS to WR Hold time
ts 15 17 17 us, max Conversion time
ts 550 600 650 ns, max Data Ready to Status time
t 1100 1150 1250 ns, max WR to first Serial Data Strobe
ts 250 210 200 ns, min First Serial Data to first Serial Data Strobe
1y 310 360 400 ns, max Last Serial Data Strobe to Status
to 0 0 0 ns, min Status to WR Setup time
PARALLEL DATA OUTPUT TIMING
tyy 0 0 0 ns, min HBEN to RD Setup time
tiz 0 0 0 ns, min CS to RD Setup time
tg ™ 50 58 66 ns, max High Byte Data Valid after RD
Cy_ = 20pF (High Byte bus access time)
70 81 95 ns, max High Byte Data Valid after RD
Cy_ = 100pF (High Byte bus access time)
[ 40 40 40 ns, min RD pulse width -
s 40 45 50 ns, max Data Ready delay from_ RD (HBEN asserted)
t16‘3) 50 60 65 ns, max Data Hold time after RD (bus relinquish time)
ty7 0 0 0 ns, min RD to CS Hold time
tig 0 0 0 ns, min RD to ABEN Hold time
RESET TIMING
19 60 70 80 ns, max Data Ready low delay from Reset
oo 70 81 95 ns, max Status low delay from Reset

*Same specs as ADC700JH, AH, RH.
NOTES: (1) TTL, LSTTL, and 5V CMOS compatible. (2) FSR means Full Scale Range. For example, unit connected for 10V range has 20V FSR. (3) Externally
adjustable to zero. (4) See Table I. USB — Unipolar Straight Binary; BTC — Binary Two's Complement; BOB — Bipolar Offset Binary; NRZ — Non Return to Zero. (5)
Max supply current is specified at rated supply voltages. (6) All input control signals are specified with tg,sg = tra, = 5ns (10% to 90% of 5V) and timed from a voltage
level of 1.6V. (7) ty5 is measured with the load circuits of Figure 1 and defined as the time required for an output to cross 0.8V or 2.4V. (8) t;¢ is defined as the time
required for the data lines to change 0.5V when loaded with the circuits of Figure 2. '

ABSOLUTE MAXIMUM RATINGS PACKAGING INFORMATION

+Vpp to Digital Common 0V to +7V PACKAGE DRAWING

+V¢c to Analog Common 0V to +18V MODEL PACKAGE NUMBER(

—V¢c to Analog Common 0V to-18V ADC700JH 28-Pin Ceramic DIP 237

Digital Common to Analog Common -1Vto +1V ADC700KH 28-Pin Ceramic DIP 237

Digital Inputs to Digital Common . =0.5V to Vpp + 0.5V ADC700AH 28-Pin Ceramic DIP 237

Analog Inputs +16.5V ADC700BH 28-Pin Ceramic DIP 237

Power Dissipation 1000mW ADC700RH 28-Pin Ceramic DIP 237
Temperature —60°C to +150°C ADC700SH 28-Pin Ceramic DIP 237

Lead Temperature, (Soldering, 108) .......ccecuviuncurccrvcnrinnsenecvensennenes +300°C

NOTE: (1) For detailed drawing and dimension table, please see end of data
NOTES: Stresses above those listed under “Absolute Maximum Ratings” sheet, or Appendix C of Burr-Brown IC Data Book.

may cause permanent damage to the device. Exposure to absolute maxi-
mum rating conditions for extended periods may affect device reliability:

ORDERING INFORMATION
TEMPERATURE LINEARITY
MODEL RANGE ERROR (%FSR)
ADC700JH 0°C 0 70°C +0.006
ADC700KH 0°C to 70°C +0.003
ADC700AH ~25°C to +85°C +0.006
ADC700BH —25°C to +85°C £0.003
ADC700RH -55°C to +125°C £0.006
ADC700SH —55°C to +125°C £0.003

BURR - BROWN®
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The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant
any BURR-BROWN product for use in life support devices and/or systems.
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PIN CONFIGURATION
— 5kQ . 5kQ S
Comp In |1 M\ AV 28| 20V Range
. | Voltage A i .
Bipolar Offset ér——’\/\/\/—— Reference i 10V Range
+Vee | 3 T MSB LSB 26 | Analog Common
Gain Adjust | 4 ‘ ‘ 25| Digital Common
~Vee _5_ Control Logic l i ﬁ‘ Voo
Reset | 6 [ ﬂ _ L i 23| BTCEN
WR (7 : —{22 | DB15/DB7
RD | 8 . 16-Bit —{21 | DB14/DB6
= | D/A L
_— —
(&) ; MSB Converter i DB13/DB5
HBEN [10[——+ (Suocsssive | | gsme [|19) DBY2DBS
— pproximation Latch Dri =
Serial Data |11 Register ate nvers  I—18| DB11/DB3
Data Ready (12 —1 17 | DB10/DB2
Status |13 —]{ 16 | DBa/DB1
Serial Data Strobe |14 <—I Clock and Clock Logic J——> —1 15 |* DB8/DBO
All internal control lines not shown. Refer to Figures 4 and 5 for Offset and Gain Adjust connections.

DESCRIPTION
AND OPERATING FEATURES

The ADC700 is a 16-bit resolution successive approxima-
tion A/D converter. Parallel digital data as well as serial data
is available. Several features have been included in the
ADC700 making it easier to interface with microprocessors
and/or serial data systems. Several analog input ranges are
available.

Some of the key operating features are described here. More
detail is given in later sections of the data sheet. Refer to the
block diagram above.

RESET

The ADC700 has a Reset input that must be asserted upon
power-up or after a power interruption. This initializes the
SAR, the output buffer register and Data Ready flag. Since
microprocessor systems already use a power-on reset circuit,
the same system reset signal can be used to initialize the
ADCT700.

PARALLEL DATA

The parallel data output is available through an 8-bit port
with 3-state output drivers. High byte and low byte are
selected by HBEN (pin 10).

A buffer/latch is included between the successive approxi-
mation register (SAR) and the 3-state drivers. This feature
permits more flexible interface timing than is possible from
most successive approximation converters.

The “old” word can be read during the next conversion. A
Data Ready flag (pin 12) is asserted when a “new” word is
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in the buffer register. The Data Ready flag goes low (“0”)
when the most significant byte (high byte) is read. If the
“old” word is not read, or if only the least significant byte
(low byte) is read, Data Ready is not reset. The next
conversion output will overwrite the data latch when the
conversion is complete. The Data Ready flag remains high.
Refer to timing diagrams in the Specifications section.

SERIAL DATA

Sixteen-bit serial data output is available (pin 11) along with
a serial output strobe (pin 14). This serial data strobe is not
the internal SAR clock but is a special strobe for serial data
consisting of 16 negative-going edges (during conversion)
occurring about 200ns after each serial data bit is valid. This
feature eases the interface to shift registers or through opto-
couplers for applications requiring galvanic isolation. .

STATUS

The familiar Status (or Busy) flag, present in successive
approximation A/D converters, is available (pin 13) and
indicates' that a conversion is in progress. Status is valid
110ns after assertion of the convert command (WR low).
Status cannot be used as a sample-hold control because there
is not enough time for the sample-hold to settle to the
required error band before the ADC700 makes its first
conversion decision.

CHIP SELECT

CS (pin 9) selects the ADC700. No other functions can be
implemented unless CS is asserted. WR (pin 7) is the start-
of-conversion strobe. RD strobes each output data byte,
selected by HBEN (pin 10), to the 3-state drivers.

BURR - BROWN®
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TWO’S COMPLEMENT DATA CODE

BTCEN (pin 23) is a logic function that implements the
Binary Two’s Complement output code for bipolar (+ and —)
analog input signal operation. This feature is compatible
with twos complement arithmetic in microprocessor math
algorithms.

INTERNAL CLOCK

The ADC700 has a self-contained clock to sequence the
A/D logic. The clock is not available externally. An external
16-pulse strobe (pin 14) is brought out to clock serial data
only. Use of ADC700 with external clock is not possible.

INTERNAL VOLTAGE REFERENCE

The ADC700 has an internal low-noise buried-zener voltage
reference. The reference circuit has been drift compensated
over the MIL temperature range using a laser trim algorithm.
The reference voltage is not available externally.

DISCUSSION
OF SPECIFICATIONS

BASIC DEFINITIONS

Refer to Figure 3 for an illustration of A/D converter
terminology and to Table II in the Calibration section.

Full Scale Range, FSR

The nominal range of the A/D converter. For ADC700, the
FSR'is 20V for the OV to +20V and the —10V to +10V input
ranges or 10V for the OV to +10V and -5V to +5V input
ranges.

Least Significant Bit, LSB
The smallest analog input change resolved by the A/D
converter. For an A/D converter with N bits output, the input
value of the LSB is FSR(2N).

Most Significant Bit, MSB
That binary digit that has the greatest value or weight. The
MSB weight is FSR/2.

Resolution

An N-bit binary-coded A/D converter resolves the analog
input into 2N values represented by the 2N digital output
codes.

ACCURACY

Linearity Error, Integral Linearity Error (ILE)
Linearity Error is defined as the deviation of actual analog
input values from the ideal values about a straight line drawn
through the code mid-points near positive full scale (at +Vgg
—1LSB) and at Zero input (at 1/2LSB below the first code
transition, i.e. at Zero) or, in the case of bipolar operation,
near minus full scale (at 1/2LSB below the first code
transition, i.e. at —Vgg). Despite the definition, however,
code transitions are easier to measure than code midpoints.
Therefore linearity is measured as the deviation of the
analog input values from a line drawn between the first and
last code transitions. Linearity Error specifications are ex-
pressed in % of Full Scale Range (FSR). ADC700KH ILE
is £0.003% of FSR which is 1/2 LSB at 14-bits.

Differential Linearity Error (DLE), No Missing Codes
Differential Linearity Error is defined as the deviation in
code width from the ideal value of 1LSB. If the DLE is
greater than —1LSB anywhere along the range, the A/D will
have at least one missing code. ADC700KH is specified to
have a DLE of £0.006% of FSR, which is £1LSB at 14 bits.
ADCT700KH is specified to have no missing codes at the 14-
bit level over specified temperature ranges.

Gain Error

The deviation from the ideal magnitude of the input span
between the first code midpoint (at —Vgg + 1/2LSB, for
bipolar operation; at Zero for unipolar operation) to the last
code midpoint (Vgg —1LSB). As with the linearity error

ADC700

A/D CONVERTERS, DATA ACQUISITION COMPONENTS
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measurements, code transition values are the locations actu-
ally measured for this spec. The ideal gain is Vggg —2LSB.
Gain Error is expressed in % (of reading). See Figure 3.

Gain Error of the ADC700 may be trimmed to zero using
external trim potentiometers.

Offset Error

Unipolar Offset Error—The deviation of the actual code-
midpoint value of the first code from the ideal value located
at 1/2LSB below the ideal first transition value (i.e. at zero
volts).

Bipolar Offset Error—The deviation of the actual code-
midpoint of the first code from the ideal value located
at 1/2LSB below the ideal first transition value located at —
Vgs +1/2LSB.

Again, transition values are the actual measured parameters.
Offset and Zero errors of the ADC700 may be trimmed to
zero using external trim potentiometers. Offset Error is
expressed as a percentage of FSR.

Bipolar Zero Error—The deviation of the actual mid-
scale-code midpoint value from zero. Transition values are
the actual measured parameter and it is 1/2 LSB below zero
volts. The error is comprised of Bipolar Offset Error, 1/2 the
Gain Error, and the Linearity Error of bit 1. Bipolar Zero
Error is expressed as a percentage of FSR.

Power Supply Sensitivity

Power Supply Sensitivity describes the maximum change in
the full-scale transition value from the initial value for a
change in each power supply voltage. PSR is specified in
units of %FSR/% change in each supply voltage.

The major effect of power supply voltage deviations from
the rated values will be a small change in the Gain (scale
factor). Power Supply Sensitivity is also a function of ripple
frequency. Figure 4 illustrates typical Power Supply Sensi-
tivity performance of ADC700 versus ripple frequency.

INSTALLATION

POWER SUPPLY SELECTION

Linear power supplies are preferred. Switching power sup-
ply specifications may appear to indicate low noise output,
but these specifications are rms specs. The spikes generated
in switchers may be hard to filter. Their high-frequency
components may be extremely difficult to keep out of the
power supply return system. If switchers must be used, their
outputs must be carefully filtered and the power supply itself
should be shielded and located as far away as possible from
precision analog circuits.

LAYOUT CONSIDERATIONS

Because of the high resolution and linearity of the ADC700,
system design problems such as ground path resistance and
contact resistance become very important. For a 16-bit
resolution converter with a +10V Full-Scale Range, 1LSB is
153pV. Circuit situations that cause only second- or third-
order errors in 8-, 10-, or 12-bit A/D converters can induce
first-order errors in 16-bit resolution devices.
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Power Supply Wiring

Use heavy power supply and power supply common (ground)
wiring. A ground plane is usually the best solution for
preserving dynamic performance and reducing noise cou-
pling into sensitive converter circuits.

When passing converter power through a connector, use
every available spare pin for making power supply return
connections, and use some of the pins as a Faraday shield to
separate the analog and digital common lines.

Power Supply Returns

(Analog Common and Digital Common)

Connect Analog Common and Digital Common together
right at the converter with the ground plane. This will usually
give the best performance. However, it may cause problems
for the system designer. Where it is absolutely necessary to
separate analog and digital power supply returns, each should
be separately returned to the power supply. Do not connect
Analog Common and Digital Common together and then run
a single wire to the power supply. Connect a 1 to 47uF
tantalum capacitor between Digital Common and Analog
Common pins as close to the package as possible.

Power Supply Bypassing

Every power-supply line leading into an A/D converter must
be bypassed to its common pin. The bypass capacitor should
be located as close to the converter package as possible and
tied to a solid ground—connecting the capacitors to a noisy
ground defeats the purpose of the bypass. Use tantalum
capacitors with values of from 10pF to 100uF and parallel
them with smaller ceramic capacitors for high frequency
filtering if necessary.

Separate Analog and Digital Signals

Digital signals entering or leaving the layout should have
minimum length to minimize crosstalk to analog wiring.
Keep analog signals as far away as possible from digital
signals. If they must cross, cross them at right angles.
Coaxial cable may be necessary for analog inputs in some
situations.

Shield Other Sensitive Points

The most critical of these is the comparator input (pin 1). If
this pin is not used for offset adjustment, then it should be
surrounded with ground plane or low-impedance power

0.1
A
i
>
o _Vc(:/
£ oot i
e i
. i |
i Voo ]
/ I +Vpp | 3]
7
A il
0.001
1 10 100 1k 10k 100k
Frequency (Hz)

FIGURE 4. Power Supply Rejection Rippie vs Frequency.
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supply plane. If it is used for offset adjustment, the series
resistor and potentiometer should be located as close to the
converter as possible.

The Gain Adjust (pin 4) is an input that has a relatively high
input impedance and is susceptible to noise pickup. The
Gain Adjust pin should be bypassed with a 0.01uF to 0.1yF
capacitor whether or not the gain adjust feature is used.

If the 20V Analog input range is used (pin 28), the 10V
Range input (pin 27) may need to be shielded with ground
plane to reduce noise pickup.

ANALOG SIGNAL SOURCE IMPEDANCE

The input impedance of the ADC700, typical of most suc-
cessive approximation A/D converters, is relatively low
(2.5kQ to 10kQ). The input current of a successive
approximation A/D converter changes rapidly during the
conversion algorithm as each bit current is compared to the
analog input current. Since the output impedance of a
closed-loop amplifier or a sample-hold amplifier increases
with frequency and, in addition, the amplifier must settle to
the required accuracy in time for the next comparison/
decision after such a disturbance, care must be taken to
select the proper driving amplifier.

Unfortunately, high-accuracy operational amplifiers tend to
have low bandwidth, while wide-band amplifiers tend to
have lower accuracy. One solution is to use a wide-band but
perhaps less precise amplifier. Another solution is to add a
wide-band buffer amplifier such as the Burr-Brown OPA633
inside the feedback loop of a slower (but precision) ampli-
fier, Figure 5. This reduces the output impedance at high
frequencies yet preserves the accuracy at low frequencies.
When a sample/hold is needed, a high-linearity, high-speed
sample/hold such as the Burr-Brown SHC76 should be used
to drive the ADC700.

ANALOG INPUT RANGES

The analog input circuits of the ADC700 can be connected
to accept unipolar or bipolar input signals. These ranges and
connections are tabulated in Table I. Circuit connections are
shown in Figures 6 and 7. Gain and offset adjustments are
described in the calibration section.

To operate the ADC700 with a range that gives other
convenient values for the LSB, the input resistor may be
increased or decreased slightly without seriously affecting
the Gain Drift of the converter. Since the input resistors of
the ADC700 are within 2% from unit to unit, this can be

Precision
Low Bandwidth ~ Wideband
Op Amp Buffer
A | AD
—_— I Converter
]

OPA111 OPA633 Analog

OPA27 Common

FIGURE 5. Wideband Buffer Reduces Output Impedance at
High Frequencies.
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consistently done with a fixed series or parallel resistor. The
ADC700 can then be calibrated using the Gain and Offset
adjustments described in the calibration section. For ex-
ample, using the +10V input range, one can decrease the
range slightly by paralleling the 10k input resistor (pin 28
to pin 1) with a 610kQ2 metal film resistor to achieve a
300uV LSB instead of the nominal standard 305.17578uV
binary LSB.

OPTIONAL EXTERNAL GAIN AND OFFSET TRIM

Gain and Offset Error may be trimmed to zero using external
Gain and Offset trim potentiometers connected to the
ADC700 as shown in Figures 6 and Figure 7. A calibration
procedure in described in the Operating Instructions section.

Multiturn potentiometers with 100ppm/°C or better TCR are
recommended for minimum drift over temperature. These
potentiometers may be any value from 10k to 100k<2. All
resistors should be 20% carbon or better. Pin 1 (Comparator
In) and pin 4 (Gain Adjust) may be left open if no external
adjustment is planned; however, pin 4 should always be
bypassed with 0.0IpF or larger to Analog Common.

OPERATING INSTRUCTIONS

CALIBRATION

Offset and Gain may be trimmed by external Offset and
Gain potentiometers. Offset is adjusted first and then Gain.
Calibration values are listed in Table II for all ADC700
input ranges. Offset and Gain calibration can be accom-
plished to a precision of about £1/2LSB using a static
adjustment procedure described below. By summing a small
sine or triangular wave voltage with the accurate calibration
voltage applied to the analog input, the output can be swept
through each of the calibration codes to more accurately
determine the transition points listed in Table II. NOTE: The
transition points are not the same as the code midpoints used
in the static calibration example.

OFFSET ADJUSTMENT,
14-BIT RESOLUTION EXAMPLE

Static Adjustment Procedure (At Code Midpoints)
0V to +10V Range—Set the analog input to +1LSB;, =
0.00061V. Adjust the Offset potentiometer for a digital
output of 0004y. Set the analog input to +Full Scale —
2LSBy4 = +9.9987V. Adjust the Gain potentiometer for a
digital output of FFFCy;. For a half-scale calibration check,
set the analog input to +5.0000V and read a digital output
code of 8000y.

INPUT OUTPUT CODE CONNECT | CONNECT | CONNECT
SIGNAL PIN2 PIN 28 SIGNAL
RANGE BTCEN=1 | BTCEN=0 | TOPIN TOPIN TOPIN
+0V BOB BTC 1 Input Signal 28
15V BOB BTC 1 Open 27
2.5V BOB BTC 1 Pin1 27

0V to +5V usB — 26 Pin1 27

0V to +10V use - 26 Open 27

0V to +20V usB — 26 Input Signal 28

TABLE 1. ADC700 Input Range Connections.
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ANALOG INPUT VOLTAGE (V)
RANGE +10 15 125 0TO +20 0TO +10 0TO +5
+Veg +10 +5 +2.5 +20 +10 +5
Ve -10 -5 25 0 0 0
FSR 20 10 5 20 10 5
TRANSITION CODES
(Hexadecimal) TRANSITION VALUES (V)
For 16-bit Resolution (Reading all 16 bits)
FFFE to FFFF, +9.999542 +4.999771 +2.499886 +19.999542 +9.99971 +4.999886
7FFFy to 8000y —152.5pV -38uV -19uV +9.999847 +4.999924 +2.499962
0000, to 0001, -9.999847 —4.999924 -2.499962 +152uvV +76uV +38uV
LSB (FSR/2'6) 305pV 153pV 38uV 305uV 153uV 76UV
For 15-bit Resolution (Reading all 16 bits, Ignoring DBg)
FFFDy to 7FFEy +9.999084 +4.999542 +2.499771 +19.999084 +9.999542 +4.999771
7FFEy to 8000, -305uV ~153uV ~76uV +9.999625 +4.999847 +2.499924
00004 to 0002y, —9.999695 —~4.999847 -2.499924 +305uV +152uV +76pV
LSB (FSR/215) 610uV 305uV 153pV 610pV 305pV 153V
For 14-bit Resolution (Reading all 16 bits, Ignoring DB, and DB,) .
FFFCy to FFFDy +9.99817 +4.99908 +2.49954 +19.99817 +9.99908 +4.99954
7FFDy to 8000, —-610pV ‘ -305uV -153pvV +9.99939 +4.999695 +2.499847
0000y to 0004y, -8.999390 —4.999694 —2.499847 +610puV +305pV +153pV
LSB (FSR/2'4) 1221pv 610uV 305uv 1221pv 610uV 305uv
TABLE II. Transition Values for Calibration.
+Veo
Potentiometers 270k 4
10k to 100kG R, T M\ Gain Adjust
10V Range
-V, 27
cc o
-
: 0.01yF i- Comparator
S~ - [ 28
~O- MWV 'A% -
+Vee 20V Range
1 Comparator Input +
R, MW
Anal T 1.8MQ
nalog R 2
Input @ Vee BPO
26
Analog Common
v
FIGURE 6. Unipolar Input Configuration with Gain and Offset Adjust Connections.
+Veo
270kQ
Potentiometers 4 -
10k to 100k . T MW Gain Adjust
. 10V Range ;
-V, 27
cc _ O
:/ 0.01yF —— " Comparator
To A AN -
20V Range
1 Comparator Input +
%%
1.8MQ
Analog 2
Input BPO
26
Analog Common

FIGURE 7. Bipolar Input Configuration with Gain and Offset Adjust Connections.
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-10V to +10V Range—Set the analog input to -FS +
1LSB,, = -9.99878V. Adjust the Offset potentiometer for a
digital output of 0004y (8004 if BTCEN is asserted). Set
the analog input to +9.9976V. Adjust the Gain potentiometer
for a digital output of FFFCy (7FFCy; if BTCEN is assrted).
For a half-scale calibration check, set the analog input to
0.0000V and read a digital output code of 8000y (0000 if
BTCEN is asserted).

CONTROLLING AND
INTERFACING THE ADC700

RESET

The ADC700 requires a Reset command upon power-up or
after a power interruption to guarantee the condition of
internal registers. If Status powers-up High, no conversion
can be started. Reset initializes the SAR, the output buffer
register, and the Data Ready flag and terminates a conver-
sion in progress. Since microprocessor systems already use
a power-on reset circuit, the same system reset signal can be
used to initialize the ADC700. A power-up circuit is shown
in Figure 8. Refer to Reset function timing diagram follow-
ing the Timing Specifications Table.

+5V
24
VDD
L
50kQ g
6 ____
Reset
100pF I_ ADC700

FIGURE 8. Power-Up Reset Circuit.

Ag=Axx <

Microprocessor

bed

Address
Decoder

s

WR WR

RD RD

INT Data Ready

Reset
DB,-DB,

% At

ADC700

DB,-DB,

System Reset

FIGURE 9. Parallel Data Bus Interface.
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START OF CONVERSION

A conversion is started by asserting CS and WR Low. Status
goes high about t =t; + t, = 110ns later. The first successive
approximation decision occurs about 900ns after WR is
asserted. Status goes Low after the conversion is complete.
Refer to Start of Conversion and Serial Data Output Timing
following the Timing Specifications Table.

DATA READY FLAG

The data latch feature permits data to be read during the
following conversion. The Data Ready flag indicates that the
data from the most recent conversion is latched in the output
data latch and that it hasn’t been read. Data Ready remains
High until the most significant data byte is read. If a
subsequent conversion is initiated and completed, the new
word will be stored in the output data latch regardless of the
state of the Data Ready flag. The preceding word will be
overwritten and lost.

READING PARALLEL DATA

Parallel data is latched in the output data latch at the end of
a conversion. Data can be read any time, even during the
subsequent conversion. The output data latch is not cleared
by reading the data. Only the Data Ready flag is cleared by
reading the MSB.

The output three-state drivers are enabled by asserting the
CS and RD inputs Low. When HBEN is Low, the most
significant eight bits are enabled and the Data Ready flag is
cleared. When HBEN is High, the least significant eight bits
are enabled. Refer to Parallel Data Output Timing informa-
tion following the Timing Specifications Table.

To reduce noise interference to the absolute minimum, data
should be read after the current conversion is complete.
However, data can be read during the following conversion,
with minimal interference, to maximize the sampling rate of
the converter.

A typical parallel interface is illustrated in Figure 9.

READING SERIAL DATA

Serial data output of the ADC700 is facilitated by a Serial
Data Strobe that provides 16 negative-going edges for strobing
an external serial to parallel shift register located perhaps on
the other side of an opto-coupler. Refer to the Serial Data
Timing . information following the Timing Specifications
Table. An example of an isolation connection using the
serial port feature is illustrated in Figure 10.

CONTINUOUS CONVERSION OPERATION

When CS is permanently connected to Digital Common and
Status is connected to WR, Figure 11, the ADC700 will
continuously convert. The repetition time will not be precise
and will vary slightly with the temperature for the ADC700
because the time will be determined by the internal clock
frequency and control-circuit gate delays. If a precise repe-
tition rate is needed, the continuous conversion connection
should not be used.
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ADC700
$F
Serial
Data _
WR
ADC700 To Interrupt
Status
SS:taal FIGURE 11. Continuous Conversion Circuit Connection.
Strobe
Reset
: Isolation Barrier

FIGURE 10. Serial Data Output Providing Convenient

Isolation.

PIN DESIGNATION DEFINITION FUNCTION

Z’;—_S(Pin 9) Chip Select Must be Low to either initiate a conversion or read output data.

WR (Pin 7) Write (Convert) Conversion begins after the High-to-Low transition.

RD (Pin 8) Read Turns ON the three-state output drivers upon being asserted low. _

HBEN (Pin 10) High Byte Enable Selects the MSB or the LSB for readout. Data Ready is cleared when HBEN is Low and RD is asserted.

“1” = Low Byte

o “0” = High Byte

Reset (Pin 6) Reset Resets internal logic. Must be asserted after power-up or a power interruption clears Status and Data
Ready to Low.

BTCEN (Pin 23) BTC Enable : Sets the output code to Binary Twos Complement (BTC) when Low. Output code is Bipolar Offset Binary
(BOB) when High.

TABLE III. Control Line Functions.

CONTROL LINE

RESET | WR RD HBEN cs OPERATION

0 X X X X Reset converter logic. Status and Data Ready set Low.

1 X X X 1 No operation.

1 0 X X 0 Initiate conversion.

1 1 0 4] 0 Places High Byte on output port. Clears Data Ready flag.

1 1 0 1 0 Placed Low Byte on output port. Does not clear Data Ready flag.

1 0 0 0 0 Initiates conversion and places High Byte or output port. Clears Data Ready.

1 0 0 1 0 Initiates conversion and places Low Byte on output port. Does not clear Data Ready flag.
NOTE: If a conversion command is asserted while a conversion is in progress, the command is ignored. If the conversion command remains asserted when a
conversion is finished, a new conversion will begin.

TABLE IV. Control Input Truth Table.

BURR - BROWN®

2.52 Burr-Brown IC Data Book—Mixed Signal Products



Or, Call Gustomer Service at 1-800-548-6132 (USA Only)

Because the last data-word is stored in the data latch, it is
possible to read it during the next A/D conversion. Assertion
of CS and HBEN for reading parallel data should be timed
from Status going low. The two-byte read operation must be
complete before the conversion in process is complete or the
Data Read is invalid.

Serial Data is available during continuous conversion with
word synchronization available from STATUS.

USING A SAMPLE/HOLD WITH ADC700

Figure 12 illustrates using ADC700 with the Burr-Brown
SHC76. The sample-to-hold settling time (to 14 bits,
+0.003%FSR) of the SHC76 is 1ps typ, 3us max. The time
from the Status going High to the first conversion decision
is about 900ns. Therefore a time delay between the Sample-
to-Hold command to the WR command to the ADC700 is
required.

BURR - BROWN®
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Analog

Oo—{ SsHc76 |—— ADC700 ﬁ)

Mode
Control

Sample
Mode I
Control Hold I

i—-—ws to 3us ——i

ADC700
WR
Start Conversion

FIGURE 12. Using Sample/Hold with ADC700 Requires
Time Delay Between Sample and Start-of-Con-
version.
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BURR - BROWNO®

ADC701
SHC702

16-Bit 512kHz
SAMPLING A/D CONVERTER SYSTEM

FEATURES

® CONVERSION RATE: to 512kHz Over
Temp

@ NO MISSING CODES AT 16 BITS

® SPURIOUS-FREE DYNAMIC RANGE:
107dB

©® LOW NONLINEARITY: £0.0015%

® SELECTABLE INPUT RANGES: 15V,
+10V, 0 to +10V, 0 to +5V, —10V to 0

©® LOW POWER DISSIPATION: 2.8W Typical
Including Sample/Hold

® METAL AND CERAMIC DIP PACKAGES

DESCRIPTION

The ADC701 is a very high speed 16-bit analog-to-
digital converter based on a three-step subranging
architecture. Outstanding dynamic performance is
achieved with the SHC702 companion sample/hold
amplifier. Both devices use hybrid construction for
applications where reliability, small size, and low
power consumption are especially important.

APPLICATIONS

@ MEDICAL IMAGING

® SONAR

® PROFESSIONAL AUDIO RECORDING
® AUTOMATIC TEST EQUIPMENT

® HIGH PERFORMANCE FFT SPECTRUM
ANALYSIS

® ULTRASOUND SIGNAL PROCESSING
@ HIGH SPEED DATA ACQUISITION
® REPLACES DISCRETE MODULAR ADCs

Excellent linearity and stability are assured through
use of a new ultra-precise monolithic D/A converter
and a low-drift reference circuit. Custom monolithic
op amps provide very high bandwidth and low noise
in all sections of the analog signal path. Logic is
CMOS/TTL compatible and is designed for maxi-
mum flexibility.

Tk Input
W Scaling |—={PGA E'::jc"'er
1 Network
) /K t
Analog 1ka I =
Input 4444 - .
Timing and Data
+ DAC N
Buffer Control Logic Output
O —
Output =
Switch T
Buffer Drive
Input O 10V
Ref
SHC702 Sample/Hold ADC701
C
O Convert Command
International Airport Industrial Park + Mailing Address: PO Box 11400 « Tucson, AZ 85734 -« Street Address: 6730 S. Tucson Blvd. + Tucson, AZ 85706
Tel: (520) 746-1111 » Twx:910-952-1111 - Cable: BBRCORP - Telex:066-6491 .+ FAX:(520)889-1510 + Immediate Product Info: (800) 548-6132
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SPECIFICATIONS

ELECTRICAL (ADC701 ONLY)

At Tp = +25°C, 500kHz sampling rate, £V¢c = 15V, +Vppy = 25V, +Vppz = +5V, and five-minute warmup in a convection environment, unless otherwise noted.

ADC701JH ADC701KH
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
RESOLUTION 16 * Bits
INPUTS
ANALOG l I ]
Voltage Ranges Unipolar 0 to +5, 0 to +10, 10 to O Vv
Bipolar 15, 10 \%
Resistance 0 to +5V Range 245 25 2.55 * M . kQ -
0 to +10V, —-10 to 0, +5V Ranges 4.9 5 51 * * * kQ
+10V Range 9.8 10 10.2 * * * kQ
Capacitance All Ranges 5 * pF
DIGITAL |
Logic Family TTL-Compatible CMOS
Convert Command Start Conversion Rising Edge
Pulse Width t = Conversion Period 50 | ] t-50 I . l . ns
TRANSFER CHARACTERISTICS
ACCURACY
Gain Error() 0 to +10V Range +0.03 0.1 * * %
+10V Range +0.03 +0.1 * * %
Power Supply Sensitivity of Gain All Ranges, All Supplies +0.005 0.1 * * %N
Input Offset Error(!) 0 to +10V Range +1 +3 * * mVv
+10V Range 5 +10 M * mV
Power Supply Sensitivity of Offset All Ranges, All Supplies +0.006 0.1 * * %FSRV
Integral Linearity Error? +0.002 | +0.003 +0.0012 * %FSR®)
Differential Linearity Error(2 +0.0006 | +0.0012 * M %FSR
No Missing Codes Guaranteed Guaranteed
Noise Rsounce € 50Q 0.6 | . LSB rms
CONVERSION CHARACTERISTICS
Sample Rate Unadjusted DC 512 * * kHz
Conversion Time) Unadjusted 1.45 1.5 * * us
OUTPUTS
DIGITAL | ] T |
Logic Family TTL-Compatible CMOS
Data Coding Unipolar Ranges Straight Binary
Bipolar Ranges Offset Binary
Logic “0” Levels (Vo ) loL < 3.2mA 0.1 0.4 * * \
Logic “1” Levels (Vo) lon < BORA 4 49 . . v
Data Valid Setup Time Before Strobe Both Edges 28 37 * M ns
INTERNAL REFERENCE
Voltage Rioap 2 5kQ +9.995 | +10.000 | +10.005 * * * \
Current Available to External Loads 2 5 * * mA
POWER SUPPLY REQUIREMENTS
Supply Voltages: +Vgc Operating +14.25 +15 +15.75 * * * A
—Vee -14.25 -15 -15.75 * * * '
+Viop1 +4.75 +5 +5.25 . . . v
~Vppt -4.25 -5 -6 * * * \%
+Vppa +4.25 +5 +5.25 * * * \%
Supply Currents: +lgc Operating 25 30 - * mA
=lec 33 45 * * mA
+lpps 45 55 * * mA
—lops 37 50 * * mA
+lop2 133 150 * . mA
Power Dissipation Nominal Voltages 1.95 23 M * w
PERFORMANCE OVER TEMPERATURE
Specification Temperature Range Ta Min to T, Max +15 +55 0 +70 °C
Gain Error All Ranges - +10 #15 * * ppm/°C
Input Offset Error All Unipolar Ranges +1 5 o * ppm FSR/°C
All Bipolar Ranges +1 +5 * * ppm FSR/FC
Integral Linearity Error +0.2 * +0.5 ppm/°C
Differential Linearity Error@ +0.05 * +0.3 ppm/°C
No Missing Codes . Typical . Guaranteed
Reference Output Drift +3 * ppm/°C
Drift of Conversion Time Unadjusted 43 +4 * * ns/°C
Sample Rate Unadjusted DC 512 * * kHz
* Same specifications as ADC701JH.
BURR - BROWN®
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SPECIFICATIONS

ELECTRICAL (SHC702 ONLY)

At Tp = +25°C, 500kHz sampling rate, +V¢c = 15V, +Vpp; = +5V, and five-minute warmup in a convection environment, unless otherwise noted.

SHC702JM
PARAMETER CONDITIONS mn | tve [ max UNITS
INPUTS (Without Input Buffer)
ANALOG
Voltage Range +10.25 +11 \2
Resistance 0.98 1 1.02 kQ
Capacitance 3 pF
DIGITAL
Logic Family LSTTL
Input Loading . 2 LSTTL Loads
TRANSFER CHARACTERISTICS
ACCURACY
Gain Rsource = 0Q -1 \4%
Gain Error Rsource = 0Q . +0.02 10.1 %
Linearity Error Sample Mode +0.0003 %FSR
Oftset Error Sample Mode +0.5 . 13 mV
Charge Offset (Pedestal) Error Sample/Hold Mode, Rsoypce < 50Q +0.5 5 mV
Droop Rate Hold Mode +0.2 12 uVips
Dynamic Nonlinearity Sample/Hold Mode +0.0005 %FSR
Power Supply Sensitivity Offset Plus Charge Offset, All Supplies +0.003 %FSRNV
DYNAMIC CHARACTERISTICS
Acquisition Time 10V Step to +150uV 600 ns
5V Step to £150pV 500 ns
Sample-to-Hold Settling Time(s) to £150pV 120 ns
Aperture Delay Time 20 ns
Aperture Uncertainty (Jitter) 10 25 ps rms
Slew Rate 150 Vius
Small Signal Bandwidth Viy =21V 3.1 MHz
Full-Power Bandwidth Viy = 210V 2 MHz
Feedthrough Rejection Hold Mode, 10Vp-p Square Wave Input 0.001 %
OUTPUT
Voltage Range Rioap 2 1kQ +10.25 +1 \s
Output Current +40 mA
Short Circuit Protection Rioap = 0Q Indefinite
Output Impedance DC | oot | o1 Q
INPUT BUFFER CHARACTERISTICS
INPUT
Impedance 101 ||3 QllpF
Bias Current Viy =10V 2 +15 pA
Offset Voltage Rsource < 10kQ +0.3 £15 mv
Voltage Range +10.25 1 v
DYNAMIC CHARACTERISTICS
Slew Rate 20 35 Vips
Full-Power Bandwidth Viy = 10V 570 kHz
Settling Time 10V Step to +150uV 17 us
OuTPUT
Output Current +15 +20 mA
Short Circuit Protection Rioap = 0Q Indefinite
POWER SUPPLY REQUIREMENTS
Voltage: +V¢o Operating +13.5 +15 +16.5 v
~Vee -135 -15 -16.5 v
+Vppy +4.75 +5 +5.25 A
Current: +lgc Operating 33 40 mA
oc 18 25 mA
+lppy 5 10 mA
Power Dissipation Nominal Voltages 790 950 mw
PERFORMANCE OVER TEMPERATURE
Specification Temperature Range Ta Min to Ty Max 0 +70 °C
Sample/Hold Gain Error Rsource = 0Q +1 15 ppm/°C
Sample/Hold Offset Error Rsource < 50Q +10 +30 pv/ec
Sample/Hold Charge Offset Error Rsource < 50Q +10 +80 pv/eGc
Droop Rate +50 uVips
Buffer Offset Error Rsource < 10kQ +3 +15 © pv/rec

NOTES: (1) Adjustable to zero. Tested and guaranteed for 0 to +10V and +10V ranges only. (2) Peak-to-peak based on 99.9% of all codes. (3) FSR means full-
scale range and depends on the input range selected. (4) ADC conversion time is defined as the time that the Sample/Hold must remain in the Hold mode; i.e.,
the duration of the Sample/Hold command. This time must be added to the Sample/Hold acqusition time to obtain the total system throughput time. (5) Given for
reference only — this time overlaps with the ADC701 conversion time and does not affect system throughput rate.

BURR - BROWN®
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SPECIFICATIONS

ELECTRICAL (COMBINED ADC701/SHC702)

AtT,=+25°C, 500kHz sampling rate, Voo =+15V, £Vppy = +5V, +Vpp, = +5V, and five-minute warmup in a convection environment, 5V input range, unless otherwise noted.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Sample Rate Unadjusted DC 512 kHz
Dynamic Nonlinearity +0.002 %FSR
Total Harmonic Distortion (THD) fin = 20kHz (-0.3dB) -103 dB
fiy = 199kHz (-0.2dB) -82 dB
Spurious-Free Dynamic Range (SFDR) fiy = 20kHz (-0.3dB) 107 dB
fiy = 199kHz (~12dB) 94 dB
Two-Tone Intermodulation Distortion (IMD) f; = 195kHz (-6.5dB), f, = 200kHz (-6.5dB) -81 dBC
f; = 195kHz (~12.5dB), fF, = 200kHz (-12.5dB) -86 dBC
Signal-to-Noise Ratio (SNR) fin = 5kHz (—0.5dB) 93 dB
Total Power Dissipation Operating 2.8 3.25 W

ADC701 PIN ASSIGNMENTS

ADC701 ORDERING INFORMATION

PIN NO. DESCRIPTION PIN NO. DESCRIPTION
1 Bit 1/9 (Bit 1 = MSB) 40 —Vpp (-5V) Analog
2 Bit 2/10 39 Common (Analog)
3 Bit 3/11 38 +Vppy (+5V) Analog
4 Bit 4/12 37 Reference (Gain) Adjust
5 Bit 5/13 36 +10V Reference Output@
6 Bit 6/14 35 Common (Reference)
7 Bit 715 34 DNC
8 Bit 8/16 33 Common (Analog)
9 Clip Detect Output 32 +10V Reference Input(®
10 +Vpp, (+5V) Digital 31 Input D
1 Common (Digital) 30 Input C
12 Data Strobe 29 Common (Signal)
13 High/Low Byte Select 28 Input B ()
14 Convert Command 27 Input A ()
15 Sample/Hold Control®) 26 Ve (-15V) Analog
16 Common (Digital) 25 Common (Power)
17 Common (Digital) 24 +V¢c (+#15V) Analog
18 Clock Adjust 23 DNC®
19 Common (Digital) 22 Offset Adjust
20 +Vppg (+5V) Digital 21 Offset Adjust

NOTES: (1) Refer to Input Connection Table. (2) Reference Input is normally
connected to Reference Output, unless an external 10V reference is used. (3)
Sample/Hold Control goes high to activate Hold mode. (4) DNC = Do Not
Connect.

PACKAGING INFORMATION

PACKAGE DRAWING

MODEL PACKAGE NUMBER()
ADC701JH Metal and Ceramic 230
ADC701KH Metal and Ceramic 230

NOTE: (1) For detailed drawing and dimension table, please see end of data
sheet, or Appendix C of Burr-Brown IC Data Book.

BURR - BROWN®
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ADC701 () H

Basic Model Number
Performance Grade Code
K: 0°C to +70°C Ambient Temperature

J: +15°C to +55°C Ambient Temperature
Package Code
H: Metal and Ceramic

ADC701 ABSOLUTE MAXIMUM RATINGS

+Veo +18V
+Vpp1, +Vpp2 +7V, +7V
Analog Input +Veo
Logic Input —0.5V to (+Vpp, + 0.3V)
Logic Output +25mA
Case Temp e +150°C
Junction Temperature +165°C

Storage Temperature —65°C to +165°C
Power Dissipation . 3w
Stresses above these ratings may permanently damage the device.

A/D CONVERTERS, DATA ACQUISITION COMPONENTS H ADC701/SHC702
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ADC701 OUTPUT CODING

NOMINAL INPUT VOLTAGE TO ADC701
(Multiply by —1 for SHC702 Input Voltage) " OUTPUT CODE
INPUT LEVEL 0-10V RANGE +10V RANGE +5V RANGE (1 = Logic High) CLIP
(Exact Center of Code) (1LSB =153uV) (1LSB =05uV (1LSB ~153uV) MSB LSB DETECT
Underrange < =76pV < -10.000153V < -5.000076V 0000 0000 0000 0000 1
-FS ov =10V -5V 0000 0000 0000 0000 o
-FS + 1LSB +153uv —9.999695V —4.999847V 0000 0000 0000 0001 0
-3/4FS +1.25V -7.5V -3.75V 0010 0000 0000 0000 0
-1/2FS +2.5V -5V -2.5V 0100 0000 0000 0000 0
—1/4FS +3.75V -2.5V -1.25V 0110 0000 0000 0000 0
-1LSB +4.999847V -305uV -153uV 0111 1111 1111 1111 0
Mid-Scale +5V ov ov 1000 0000 0000 0000 0
+1LSB +5.000153V +305uV +153pV 1000 0000 0000 0001 0
+1/4FS +6.25V +2.5V +1.25V 1010 0000 0000 0000 0
+1/2FS +7.5V +5V +2.5V 1100 0000 0000 0000 0
+3/4FS +8.75V +7.5V +3.75V 1110 0000 0000 0000 0
+FS -2LSB +9.999695V +9.99939V +4.999695V 1111 1111 1111 1110 0
+FS - 1LSB +9.999847V +9.999695V +4.999847V 11111111 1111 1119 0
Overrange > +9.999924V > +9.999847V > +4.999924V 11111111 1111 1111 1
SHC702 PIN ASSIGNMENTS SHC702 ORDERING INFORMATION
PIN NO. DESCRIPTION PIN NO. DESCRIPTION SHC702 J M
1 Sample/Hold Output 24 +Vec (+15V) Analog
2 NC® 23 Common (Power) Basic Model Number
3 NC 22 —Vec (-15V) Analog Performance Grade Code
4 NC 21 Common (Analog) J: 0°C to +70°C Ambient Temperature
5 NC 20 NC Package Code
6 NC 19 NC M: Metal
7 NC 18
8 NC 17 Buffer Amp Input®
9 +Vppy (+5V) Analog 16 NC
10 Common (Digital) 15 Gommon (Signal) SHC702 ABSOLUTE MAXIMUM RATINGS
11 Hold Input(® 14 Buffer Amp Output
12 Hold Input™ 13 Analog Input Ve 18V
+Vppy +7V
NOTES: (1) Hold mode is activated only when pin 12 is low and pin 11 is high. Analog and Buffer Inputs Voo
For normal use with ADC701, pin 12 is grounded and pin 11 is connected to Outputs Indefinite Short to Common
ADC701 Sample/Hold control (ADC701 pin 15). (2) If the buffer amp is not used, Logic Inputs —0.5V to (+Vpp + 0.3V)
pin 17 should be grounded. (3) NC = No Internal Connection. Case Temperature +150°C
Junction Temperature +165°C
Storage Temperature -65°C to +165°C
PACKAGING INFORMATION Power Dissipation s 1.5W
above these ratings may permanently damage the device.
PACKAGE DRAWING
MODEL PACKAGE NUMBER()
SHC702JM 24-Pin 113

NOTE: (1) For detailed drawing and dimension table, please see end of data
sheet, or Appendix C of Burr-Brown IC Data Book.

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject to change
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant
any BURR-BROWN product for use in life support devices and/or systems.
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TYPICAL DYNAMIC PERFORMANCE (ADC701/SHC702)(")

FULL-SCALE SINEWAVE RESPONSE, f = 20kHz

Amplitude (dB)

0
-20
—40
-60
-80
-100
-120
-140
Frequency (kHz)
Input Frequency 19.9890136719 kHz
Fundamental -0.3 dB 4th Harmonic  ~115.6 dB
2nd Harmonic  -107.5 dB 5th Harmonic  -111.2 dB
3rd Harmonic  -111.5 dB 6th Harmonic  -124.5 dB
FULL-SCALE SINEWAVE RESPONSE, f,y = 200kHz
0
20
—40
o
S s
8 2
2 3v
c -80 |5 v
3 v 7
<
-100 v
-120
-140
0 50 100 150 200 250
Frequency (kHz)

199.005126953 kHz
4th Harmonic  —~111.5dB
5th Harmonic -97.0dB
6th Harmonic  —112.5dB

Input Frequency
Fundamental -0.7dB
2nd Harmonic  -81.4dB
3rd Harmonic ~ —89.4dB

Amplitude (dB)

Amplitude (dB)

FULL-SCALE SINEWAVE RESPONSE, f, = 100kHz

0
-20
—40
-60
-80
-100
-120
-140
0 50 100 150 200 250
Frequency (kHz)
Input Frequency 100.982666016 kHz

Fundamental -0.5 dB 4th Harmonic  —102.5 dB

2nd Harmonic  -89.1 dB 5th Harmonic  -110.2 dB

3rd Harmonic ~ -90.5 dB 6th Harmonic  -106.8 dB

TWO-TONE INTERMODULATION RESPONSE,
fiy = 195kHz and 200kHz
0
-20
—40
-60
-80
-100
-120
=140
0 50 100 150 200 250
Frequency (kHz)

Frequency 1 194.976806641 kHz

Frequency 2 199.981689453 kHz
f, -6.8dB 3> f +2f, -96.0dB
f, -6.3dB 4> 21 4, -96.8dB
1> 14, -87.7dB 5> f-2f, ~104.9dB
2>f -, -88.8dB 6> 2f —f, -109.0dB

NOTE: (1) For figures above, sampling rate = 500.0000000000kHz. 16,384 point FFT, non-windowed. Noise floor limited by synthesized generators.

DIFFERENTIAL NONLINEARITY OF ALL CODES,
19.6 MILLION SAMPLES

DNL (LSB)
o

-1

-2
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THEORY OF OPERATION

The ADC701 uses a three-step subranging architecture,
meaning that the analog-to-digital conversion is performed
in three passes which constitute coarse, medium and fine
approximations of the input signal. Refer to Figures 1 and 2
for simplified block diagrams of the system.

Before the input signal is presented to the ADC, it must be
sampled with high linearity and low aperture error by the
sample/hold amplifier.

In the SHC702, the sampling switch is placed at the sum-
ming junction (virtual ground) of a high speed FET ampli-
fier (Figure 1). This arrangement maintains constant charge

injection independent of the signal amplitude, which is Crowo
critically important for good linearity performance. The Analog 1k

sampling switch itself is a high speed DMOS FET whose input O~ LI >——o
gate is driven from a fast-slewing control signal, thus mini- v b Analog
mizing the time aperture between the fully closed (sample Hoid Output
mode) and the fully open (hold mode) states of the switch. , Swichand |

The signal voltage is held across the feedback capacitor, Clamp Drive

forcing the op-amp to maintain a constant output voltage for Hoid o—jj Signal

the duration of the A/D conversion. Feedthroﬁgh from the Conditioning

input, already low due to the MOSFET’s low capacitance, is
further reduced by clamping the summing point to ground
with another FET.

The ADC701 input voltage is converted to a current through
the input scaling resistors (Figure 2), and this current is
applied to the summing junction (virtual ground) of error
amplifier A;. The current output of the DAC (0 to 2mA) is
also applied to the summing point. If bipolar operation is
selected, the 10V reference output is applied to input D,
creating a 1mA offset current which sums with the input
current.

1kQ

'__.

FIGURE 1. Simplified Block Diagram of the SHC702.

Ref Ref Input Input Input
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= Error ! !
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PGA Control Viy
Lines
Adder 7 Bit
(Digital Error Correction) Flash ADC
ADC Timing and
Output Register Control Logic
Flash ADC
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Generator
\/ o (,L [e]
ADC Convert Hold Data
Output Command Command Strobe

FIGURE 2. Simplified Block Diagram of the ADC701.

BURR - BROWN®

2.60 Burr-Brown IC Data Book—Mixed Signal Products



Or, Call Customer Service at 1-800-548-6132 (USA Only)

At the beginning of each conversion, the DAC is reset to
mid-scale so that its output current is exactly 1mA. This
ImA is subtracted from the input signal current. The differ-
ence current flows through Rf and appears as an error
voltage at the output of A,.

During the first pass, the programmable gain amplifier
(PGA) is set to unity gain, which matches the error voltage
range to the input range of the flash ADC. The error signal
is digitized to 7-bit resolution by the flash ADC, creating a
coarse approximation of the digital output value, which is
then applied to the DAC.

Since the DAC output is now approximately equal to the
input signal current, the remaining difference current flow-
ing through Rf is small—ideally less than 1/128 of full scale,
which is due to the built-in quantizing uncertainty of the 7-
bit flash ADC. However, other sources of error (e.g., integral
and differential nonlinearity of the flash ADC, gain and
offset of the PGA, settling and noise errors throughout the
signal path) cause the possible error range to be significantly
greater. In fact, the ADC701 is designed to handle remainder
signals up to 1/32 of full scale, which is four times the
“ideal” value.

Therefore, the PGA is set during the second pass to a gain
of 32, allowing the small remainder signal to match the full
range of the flash ADC. This is again digitized to 7-bit
resolution and added to the previous result to create the
“medium” approximation of the input signal. Because the
full-scale range of the flash represents 1/32 of the input
signal’s full range, the 7-bit flash output is shifted right by
5 bits before being added to the original 7-bit “coarse”
result, creating a 12-bit word. There is an overlap of two bits
because the two least significant bits of the first-pass result
correspond to the two most significant bits of the second-
pass result. This overlap in the adder is called “digital error
correction”—the mechanism that allows nonideal remain-
ders from the first pass to be corrected in the second pass.

The 12-bit approximation is applied once again to the DAC,
causing the remaining difference current to become yet
smaller. For the third pass, the PGA’s gain is increased by
another factor of 32, and the remainder is again digitized by
the flash ADC.

At this point in the conversion, all of the necessary data has
been latched and it is no longer necessary to hold the analog
signals from the sample/hold or the DAC. From a systems
perspective, the conversion is now complete because the
sample/hold is released to begin acquiring the next input
sample and the DAC is reset to mid-scale for the next
conversion. Meanwhile, the final result from the flash is
added to the previous 12-bit result. Again there is a two-bit
overlap to allow for error correction. The adder output is
monitored to prevent a digital “rollover” condition, so that
the ADC clips properly at the signal extremes. The upper
sixteen bits of the final adder result are stored in the ADC’s
output register, ready to be presented in byte-sequential
form at the eight output data lines. The overrange or “clip”
condition can also be detected externally by monitoring pin
9. Refer to the section on ADC701 Digital 1/O for further
detail.

BURR - BROWNO®
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INSTALLATION AND
OPERATING INSTRUCTIONS

The ADC701/SHC702 combination is designed to be easy to
use in a wide variety of applications, without sacrificing
flexibility of the analog and digital interface.

SHC702 INTERFACE

The connection diagram (Figure 3) shows the basic hookup.
At the SHC702 input, the user may opt to connect the built-
in FET buffer amplifier. The buffer is most useful in multi-
channel applications where the signal bandwidth is less than
100kHz. In those applications, it serves to isolate the multi-
plexer output from the 1kQ input impedance of the sample/
hold. For higher frequency applications and for any system
that does not require the very high impedance, the best
results (lowest noise and distortion) will be achieved by
driving the SHC702’s analog input directly. If the buffer is
not used, its input should be grounded to avoid random noise
pickup and saturation of the buffer op amp.

Only two connections are required between the SHC702 and
the ADC701: SHC702 analog output to ADC701 input(s)
and the digital Hold Command from the ADC701 to the
SHC?702. As always, it is best to avoid routing these analog
and digital lines along parallel traces. Although the place-
ment of the SHC702 relative to the ADC is not extremely
critical, one good approach is to mount the SHC along one
end of the ADC package as shown in Figure 4. This mini-
mizes the length of the interconnections and keeps the
digital lines well away from sensitive analog signals.

ADC701 INPUT CONNECTIONS

The ADC input network has four separate terminals, allow-
ing many different input ranges. These should be connected
as indicated in Table I. Most users will take advantage of the
ADC701’s built-in reference circuit, which has very low
noise and excellent temperature stability. To use the internal
reference, it is only necessary to connect pin 36 (Reference
Output) to pin 32 (Reference Input). To use an external 10V
reference (to cause the ADC gain to track a system refer-
ence, for example), pin 36 is left unconnected and the
external reference is applied to pin 32. If required, the
ADC701 will typically accommodate a five to ten percent
variation in the 10V reference. External references should
have very low noise to avoid degrading the excellent signal-
to-noise ratio (SNR) of the ADC701.

INPUT RANGE CONNECT V|, TO CONNECT Refin TO
0 to +10V Input A and Input D —
10V Input A input D
5V Input A and Input B input D
-10V to 0 Input A and Input B Input C and Input D
0 to +5V Input B and Input C —

TABLE 1. ADC701 Input Connection Table.
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NOTES: (1) Forlowestdistortion at high input frequencies the non-buffered option should be used. If the buffer is not used, its input should be grounded. (2) Shown
connected for +5V input range. Refer to Input Connection Table for other options. (3) If the Clip Detect feature is used, then the signal may be latched with a simple
D type flip-flop as shown. See the section on ADC701 Digital I/O for additional applications information. (4) The second octal flip-flop is recommended but optional
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FIGURE 3. ADC701/SHC702 Connection Diagram.
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OFFSET, GAIN AND CONVERSION
SPEED ADJUSTMENTS (OPTIONAL)

Adjustment of the reference voltage is the most straightfor-
ward way to adjust the ADC gain. For the internal reference,
this is accomplished by connecting a 20kQ potentiometer as
shown in Figure 3. This will provide a gain trim range of
about £3%. It is also possible to use external series or
parallel resistance in the input network, but that is more
cumbersome and usually will degrade the gain stability over
temperature due to tempco (temperature coefficient) mis-
matches among the resistors.

ADC offset may be adjusted by connecting a S00kQ2 poten-
tiometer to pins 21 and 22, with the wiper connected
through a series 30kQ resistor to ground as shown in Figure
3. This will provide an offset trim range of approximately
+0.25% FSR. For a larger trim range of offset or gain, it is
recommended that trims be accomplished elsewhere in the
system.

The Clock Adjust input (pin 18) is intended primarily for
small adjustments of the conversion time. However, this
will rarely be necessary because the ADC701 is guaranteed
to convert up to 512kHz over the specified temperature
range without external clock adjustment.

POWER AND GROUND CONNECTIONS

Experience with testing and applying the ADC701 shows
that it will perform well in most board layouts, provided that
appropriate care is taken with grounding and bypassing.

Power supplies may be shared between the ADC701, SHC702
and other analog circuitry without difficulty. It is recom-
mended that each power pin be locally bypassed to the
ground plane with a high quality tantalum capacitor of at
least 1pF. If at all possible, power should be derived from
well-regulated linear supplies—switching power supplies
will require much more effort for proper decoupling and are
not recommended for this or any high performance wide-
band analog system.

The +5V Digital supply pins, though not as sensitive to
noise as the +5V Analog pin, should nonetheless be kept as
quiet as possible. If the system digital supply is noisy, then
it is best to use the system +5V analog supply for all of the
+5V connections on the ADC701 and SHC702 rather than
trying to separate them. If only one +5V supply is available
and it is shared with other system logic, then extra bypassing
and/or supply filtering may be required.

The -5V supply will operate with any voltage between —
4.75 and -6V. If -5V is not available from the system
supplies, then an industry-standard 7905 regulator may be
used to derive -5V from the —15V supply.

All ground pins on both the ADC701 and the SHC702
should be connected directly to a common ground plane.
This is true for both analog and digital grounds. However,
it is also helpful to recognize where the digital ground
currents flow in the system, and to provide PC board return
paths for potentially troublesome digital currents in addition
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to the ground plane connections. For example, the ADC701
output data lines will sink current (statically and/or dynami-
cally) when in the low state. This current comes from the
power supply that runs the interface logic, and so must
return to that supply’s ground. If the ground termination is
placed such that this digital current will flow away from the
ADC701, then the existing ground plane will suffice to carry
the current. On the other hand, if the ground termination
must be placed such that the digital current flows across the
ADC or SHC layout, then it would be advisable to break the
analog ground plane under the package (to stop the flow of
current across the package) and to provide a separate trace
(several centimeters wide) on another PC board layer to
carry the digital return current from pins 11 and 19 to the
termination point. If the ADC701 must interface into a fairly
noisy digital environment, then another approach is to keep
the first layer of latches and/or buffers connected to the
ADC701 power and ground planes, so that the ADC itself is
connected to “quiet” circuits with short return paths. This
transfers the interface problem to the outputs of the latches,
where it can be managed with less impact on the analog
components.

PHYSICAL INSTALLATION

The packages may be soldered directly into a PC board or
mounted in low-profile machined pin sockets with good
results. Use of tall (long lead length) sockets, adapters or
headers is not recommended unless a local ground plane and
bypass capacitors can be mounted directly under the pack-
ages.

In a room-temperature environment or inside an enclosure
with moderate airflow, the ADC701 and SHC702 normally
do not require heat-sinking. However, to keep the devices
running as cool as possible, it is helpful to install a thin heat-
transfer plate under the packages to conduct heat into the
ground plane. The plate may be made from metal (copper,
aluminum or steel) or from a special heat-conductive mate-
rial such as Sil-Pad®. The Sil-Pad material has the advan-
tage of being electrically insulating and somewhat pliable,
so that it will tend to distribute pressure evenly and conform
to the package—an advantage in systems where the board
may be flexed or subjected to vibration.

PC BOARD LAYOUT

An optimized layout has been designed for the DEM-
ADC701-E demonstration fixture. For information concern-
ing the demo board and the layout, contact your local sales
representative.
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ADC701 Digital I/0

Refer to the timing diagram, Figure 4. The conversion
process is initiated by a rising edge on the Convert Com-
mand input. This will immediately bring the sample/hold
command output to a logic high state (Hold mode).

After the ADC701 conversion is completed (approximately
1.5ps after the convert command edge), the Sample/Hold
Command falls to a low state, enabling the sample/hold to
begin acquisition of the next input sample. However, the
ADC701 internal clock continues to run so that the output
data may be processed.

There are two methods of reading data from the ADC:

1. Strobed Output—This will usually be the easiest and
fastest method. The data are presented sequentially as
high and low bytes of the total 16-bit word. The sequence
High-Low or Low-High is controlled by the state of the
High/Low Byte Select input. The first byte is valid on the
rising edge of the Data Strobe output; the second byte is
valid on the falling edge..

2. Polled output—With this method, data strobes will occur
as described above, but they are ignored by the user.
Instead, the user waits until the Data Strobe output falls,
and then manually selects high and low output data by
means of the High/Low Byte Select input. This polling
procedure may be carried out during the subsequent ADC
conversion cycle, but two precautions must be observed:
First, the user should avoid switching the High/Low Byte
Select immediately before or after the next convert com-
mand. This will prevent digital switching noise from
coupling into the system at the instant of analog sam-
pling. Second, the polling sequence must be completed
before the ADC begins to strobe out data from the
subsequent conversion.

OPTIONS FOR STROBED OUTPUT

There are several ways in practice to implement the logic
interface. Figure 3 shows the simplest configurations. In
order to convert the ADC701’s byte-sequential data into 16-
bit parallel form, the minimum requirement is for one single
octal flip-flop, such as a 74HC574 or equivalent. This will
latch the first byte on the rising edge of the ADC701 Data
Strobe. Then the second byte becomes valid, and all 16 bits
may be strobed to the outside system on the falling edge of
the Data Strobe.

For better noise isolation of the ADC701 from the digital
system, or if full three-state capability is required for the 16
output lines, a second octal flip-flop can be added as shown
in the dashed lines of Figure 3. This will also require an
inverter to convert the falling Data Strobe edge into a rising
clock edge for the second flip-flop IC.

If it is desirable to have all 16 output lines change simulta-
neously (for example when driving a D/A converter), then a
third octal flip-flop (not shown in Figure 3) may be added to
re-latch the output of the first byte. By driving that device’s
clock also from the inverted Data Strobe, fully synchronous
switching of the 16 output bits will be achieved.

USING THE CLIP DETECT OUTPUT

The ADC701 provides a built-in Clip Detect signal on pin 9
which indicates an ADC overrange or underrange condition.
The Clip Detect signal is only valid when the High Byte
becomes valid as shown in Figure 4. Therefore, the simplest
way to latch the Clip Detect signal is to provide an extra flip-
flop which is clocked on the same strobe edge as the High
Byte flip-flop. Such a setup is illustrated in Figure 3. The
Clip Detect signal remains at logic 0 under normal condi-
tions, and indicates a clip condition by rising to a logic 1.

Start Conversion Start Conversion
N N+1
ADC701 g
Convert Command - 50ns min —F - 50ns min >
(CC) —
—» |-« CC to Hold delay 18ns typ
.

Hold C d Hold Mod [

old Comman: - old Mode Sample Mode —————————

to SHC702 1.45ps typ

Data Outputs for Low Byte, @ - High Byte,® Low Byte,®

Pin 13 = Low Data N -1 Data N Data N
Data Outputs for High Byte,® g Low Byte,® High Byte,®

Pin 13 = High DataN -1 Data N Data N

;4———» %)
| ) [ Y]
Data Strobe Output 1,550 typ - 1 1’8:8—’
?.lL
NOTES: (1) Setup Time 28ns min, 37ns typ. (2) Hold Time 30ns min, 73ns typ. (3) High Byte refers to ADC bits 1 - 8, the most significant 8 bits.
Also, the Clip Detect signal on pin 9 is valid simultaneously with High Byte. (4) Low Byte refers to ADC bits 9 - 16, the least significant bits.

FIGURE 4. ADC701 Interface Timing Diagram.
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The latched version of Clip Detect may be used to generate
an interrupt to the user’s system computer, which would
then launch a service routine to generate the appropriate
alarms or corrective action. Another possible application
would be to stretch the pulse using a monostable so that it
would be easily visible when driving an LED warning lamp.

In some systems, it may be desirable to provide separate
latched outputs for Underrange and Overrange. These con-
ditions may be separately detected by using simple logic to
implement the boolean equations:

Underrange = Clip Detect AND Anybit
Overrange = Clip Detect AND Anybit
where “Anybit” is any one of the data output bits.

The Underrange and Overrange signals would then be latched
into two separate flip-flops. A simple solution using a single
74 dual flip-flop and a single *00 quad NAND provides
enough logic to implement the logic equations, with a spare
NAND gate left over to use for creating the inverted Data
Strobe signal.

USING THE ADC701 AT

MAXIMUM CONVERSION RATES

The ADC701 is guaranteed to accept Convert commands at
a rate of DC to 512kHz over the specified operating tem-
perature range. At a conversion rate of 500kHz, the total
throughput time of 2s allows for the 1.5us ADC conversion
time plus 500ns for the digital output timing and sample/
hold acquisition time.

If the user tries to exceed the maximum conversion rate by
a large amount, the Convert Command of conversion N+1
will occur before the Data Strobe has fallen from conversion
N. In such a situation, the ADC701 will simply ignore every
other Convert command so the actual conversion rate will
become half of the Convert command rate. Otherwise, the
conversion will proceed normally. Note that the ADC timing
slows down at high temperatures, so the frequency at which
this occurs will vary with temperature—although it is still
guaranteed to be greater than 512kHz over the specified
temperature range.

Another consideration for operation at very high rates is that
the sample/hold acquisition time becomes shorter as the
conversion rate is increased. Users will note that the avail-
able acquisition time becomes less than 550ns at rates above
500kHz, which is less than the typical SHC702 acquisition
time for a 10V step to 150UV accuracy. However, the signal
degradation is gradual as the acquisition time is shortened—
even at 512kHz, there is enough time to acquire a 5V step to
better than 500uV. Also, most signal processing environ-
ments do not contain full-power signals at the Nyquist
frequency, but rather show a rolloff of signal power at high
frequencies. If the ability to acquire extremely large input
changes at extremely high conversion rates is of paramount
importance, the user may elect to use a Burr-Brown model
SHCB803 sample/hold instead—it is pin compatible with the
SHC702 and provides much faster acquisition time at the
expense of some extra noise and higher distortion at low
input frequencies.
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TESTING THE ADC701/SHC702

The ADC701 and SHC702 together form a very high perfor-
mance converter system and careful attention to test tech-
niques is necessary to achieve accurate results. Spectral
analysis by application of a Fast Fourier Transform (FFT) to
the ADC digital output is the best method of examining total
system performance. Attempts to evaluate the system by
analog reconstruction through a D/A converter will usually
prove unsatisfactory; assuming that the static and dynamic
distortions of the D/A can be brought below the required
level (~110dB), the performance will still be beyond the
range of presently available spectrum analyzers.

Even when the analysis is done using FFT techniques,
several key issues must be addressed. First, the parameters
of the FFT need to be adequate to perform the analysis and
extract meaningful data. Second, the proper selection of test
frequencies is critical for good results. Third, the limitations
of commercial signal generators must be considered. These
three points are addressed in later sections. Finally, the test
board layout must follow the recommendations discussed on
pages 8 through 10. )

DYNAMIC PERFORMANCE DEFINITIONS
1. Total Harmonic Distortion (THD):

Harmonic Power (first 9 harmonics)
Sinewave Signal Power

10 log

2. Signal-to-Noise Ratio (SNR):

Sinewave Signal Power

101
8 Noise Power

3. Intermodulation Distortion (IMD):

IMD Product Power (RMS sum; to 3rd-order)

101
8 Sinewave Signal Power

4. Spurious-Free Dynamic Range (SFDR):

Power of Peak Spurious Component
Sinewave Signal Power

10 log

IMD is referred to the larger of the test signals f; or f,—not
to the total signal power, which would result in a number
approximately 6dB “better.” The zero frequency bin (DC) is
not included in these calculations—it represents total offset
of the ADC, SHC and test equipment and is of little impor-
tance in dynamic signal processing applications.
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FFT Parameters

Accurate FFT analysis of 16-bit systems requires adequate
computing hardware and software. The FFT length (number
of points) should be relatively large—at least 4K and prefer-
ably 16K or larger. There are several reasons for this:

1 The converter itself has 64K codes. Ideally, the test
" would guarantee that all codes are tested at least once.
Practically speaking, however, that would require im-
mensely long FFTs (>>64K points) or averaging of a
large number of smaller FFTs. By using an FFT length of
4K or greater and proper selection of the test frequencies,
a very good statistical picture of the ADC performance
will be obtained which shows the effect of any defects in
the transfer function.

2. The noise floor of the output spectrum is not low enough
if less than 4K points are taken. Shorter FFTs have fewer
bins to cover the output spectrum, so a larger fraction of
the total system noise appears in each bin. Although the
SNR of the ADC701/SCH702 system is in the range of
—93dB, the noise level of the available generators may
increase the total measured noise power to —~80dB. Every
doubling of the FFT length will spread the noise power
among twice as many bins, resulting in a 3dB reduction
of the spectral noise floor. In order to resolve spurious
components that are at the level of —~110dB, an average
noise floor of less than —113dB would be barely ad-
equate. This requires at least 2048 bins in the output
half-spectrum, corresponding to a 4K-point FFT. Even
at this level, it will be difficult or impossible to separate
higher order harmonics in the ADC701 response from
the average noise level, indicating that longer FFTs are
desirable.

3. Following the guidelines for test frequency selection
which are outlined in the next section, it becomes clear
that longer FFTs allow a much wider choice of test
frequencies without concern for sophisticated data win-
dowing or code coverage problems.

Besides the consideration of FFT length, it is important to
realize that the FFT calculations must be performed with
high-precision arithmetic. The use of 32-bit fixed or floating
point calculations will generally be inadequate because the
noise floor due to calculation errors alone will interfere with
the ADC performance data. Unfortunately, this considera-
tion precludes the use of most DSP accelerator boards and
similar hardware. In order to preserve the full dynamic range
of the ADC output, it is best to use standard 64- or 80-bit
arithmetic. To avoid excessively long calculation times, the
FFT algorithm should be written in an efficiently compiled
language and make use of techniques such as trigonometric
look-up tables in software and:dedicated floating-point
coprocessors in hardware. There are several commercial
software packages available from Burr-Brown and others
that meet these requirements.
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SELECTION OF TEST FREQUENCIES

The FFT (and any similar DSP operation) treats the total
time-domain record length as one cycle of an infinitely long
periodic signal. Therefore, if the end of the sampled record
does not match up smoothly with the beginning, the output
spectrum will contain serious errors known as leakage or
truncation error®. This well-known problem is usually
handled by applying a windowing function to the time-
domain samples, suppressing the worst effects of the mis-
match. However, the most often used windows such as
Hanning, Hamming, raised cosine, etc., are completely inad-
equate for 16-bit ADC testing. More sophisticated functions
such as the four-sample Blackman-Harris window® will
provide much better results, although there still will be
obvious spreadmg of the spectral lines.

The most successful approach is to eliminate. the need for
windowing. by properly selecting the test signal frequency
(or frequencies) in relation to the ADC sampling frequency®.
If the time sample contains exactly an integer number of
cycles, then there is no mismatch or truncation error. An-
other point to consider is that the sampling frequency should
not be an exact integer multiple of the signal frequency,
which would tend to reduce the number of different ADC
codes that are tested and also tend to artificially concentrate
quantization error in the harmonics of the test signal.

Both of these criteria are met by choosing an FFT length
which is a power of two (the most standard and fastest to
compute) and choosing a test frequency which causes an
exact odd integer number of cycles to appear in the time
record. In software, this selection can be accomphshed very
easily:

1. Determine the desired sampling frequency fg.
2. Determine the desired input signal frequency fspprox.

3. Determine the FFT length N, which should be a power of
2 (e.g., 4096 or 16384).

4. Divide fopprox by fs, multiply the quotient by N, and
round the result to the nearest odd integer. This is M the
number of cycles in the time record.

S. Multiply M by fg and divide by N to obtain the exact
input signal frequency f5cryar-

SIGNAL GENERATOR CONSlDERATIONS

To suppress leakage effects, the calculated ratio of fg to
facruar, must be precisely maintained during the test. This
requirement is met easily by the use of synthesized signal
generators whose reference osciliators can be locked to-
gether. Other possible approaches include external phase
locking of non-synthesized generators and direct digital
synthesis techniques. If it is not possible to use phase-locked
signals, then a Blackman-Harris window may be used as
mentioned previously.
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Another key issue is the purity of both the signal and
sampling frequency generators. The sampling clock’s phase
noise (jitter) will act as another source of SNR degradation.
This is not serious as long as the jitter is random and the
noise sidebands contain no sharp peaks. The HP3325 syn-
thesizer is suitable for this purpose. The input signal genera-
tor will require more attention because its distortion will
usually be greater than that of the ADC701/SHC702. Pres-
ently, the lowest distortion synthesized generator is the
Briiel & Kjer Model 1051 (or 1049). This is suitable for
testing the system in the audio range. The upper frequency
limit of the B&K synthesizer is 200kHz. Above 20kHz, the
distortion becomes a limiting factor, and low-pass filters
must be inserted into the signal path to reduce the harmonic
and spurious content.

As noted previously, the combined noise contributions of
the signal generator and sampling clock generator far exceed
the SNR of the ADC701/SHC702 itself. The SNR has been
measured separately by applying a highly filtered sinewave
to the input, resulting in typical SNR performance of -93dB.
However, the filters employed to achieve this low-noise test
stimulus are found to cause reactive loading of the signal
source which results in increased distortion. Therefore it is
best to separate the tests for SNR from those for THD and
IMD, unless a suitably pure and low-noise signal can be
generated.

Figures 5 and 6 show block diagrams of FFT test setups for
the ADC701 and SHC702, summarizing the placement of
the major components discussed above. The Typical Dy-
namic Performance section shows typical results obtained
from testing the ADC701/SHC702 at a 500kHz conversion
rate, using 16K samples for the FFT analysis.

ADC701/SHC702

Start Conversion

Start Conversion

(F

N N+1
ADC701 o S
Convert Command 50ns min S 50ns min >
(CC) _—
—» |-a— CC to Hold delay 18ns typ

Hold Command l¢—— HoldMode

Sample Mode —————————

to SHC702 1.45ps typ

Data Outputs for Low Byte,® - High Byte,® Low Byte,®

Pin 13 = Low DataN -1 Data N Data'N
Da?a Outpul_s for High Byte,@ Low Byte, High Byte,(®

Pin 13 = High DataN-1 Data N Data N

o
- @ [*
) )
110ns
Data Strobe Output 1.55ps typ wp —

35

NOTES: (1) Setup Time 28ns min, 37ns typ. (2) Hold Time 30ns min, 73ns typ. (3) High Byte refers to ADC bits 1 - 8, the most significant 8 bits.
Also, the Clip Detect signal on pin 9 is valid simultaneously with High Byte. (4) Low Byte refers to ADC bits 9 - 16, the least significant bits.

FIGURE 5. FFT Test Configuration for Single-Tone Testing.
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HISTOGRAM TESTING

The FFT provides an excellent measure of harmonic and
intermodulation distortion. Low-order spurious products are
primarily caused by integral nonlinearity of the SHC and
ADC. The influence of differential linearity errors is harder
to distinguish in a spectral plot—it may show up as high-
order harmonics or as very minor variations in the overall
appearance of the noise floor.

A more direct method of examining the differential linearity
(DL) performance is by using the popular histogram test
method ©), Application of the histogram test to the ADC701/
SHC702 is relatively straightforward, though once again
extra precision is required for a 16-bit system compared to
8- or 12-bit systems. Basically, this means that a very-large
number of samples are required to build an accurate statis-
tical picture of each code width. If a histogram is taken using
only one million points, then the average number of samples
per code is less than fifteen. This is inadequate for good
statistical confidence, and the resulting DL plot will look
considerably worse than the actual performance of the con-

verter. In practice 10 to 20 million samples will demonstrate
good results for a 16-bit system and expose any serious
flaws in the DL performance. If the memory incrementing
hardware can keep pace with the ADC701, then 20 million
samples can be accumulated in well under one minute. The
last figure on page six shows the results of a 19.6 million
point histogram taken at an input frequency of 1kHz.

NOTES:

1. Available from Bergquist, 5300 Edina Industrial Blvd., Minneapolis, MN 55435
(612) 835-2322.

2. Brigham, E. Oran, The Fast Fourier Transform, Englewood Cliffs, N.JI.: Prentice-
Hall, 1974. ’

3. Harris, Fredric J., “On the Use of Windows for Harmonic Analysis with the Discrete
Fourier Transform”, Proceedings of the IEEE, Vol. 66, No. 1, January 1978, pp 51-
83.

4. Halbert, Joel M. and Belcher, R. Allan, “Selection of Test Signals for DSP-Based
Testing of Digital Audio Systems”, Journal of the Audio Engineering Society, Vol.
34, No. 7/8, July/August, 1986, pp 546-555.

5. “Dynamic Tests for A/D Converter Performance”, Application Bulletin AB-133,
Burr-Brown Corporation, Tucson, AZ, 1985.
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FIGURE 6. FFT Test Configuration for Two-Tone (Intermodulation) Testing.
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ADC774

ABRIDGED DATA SHEET

For Complete Data Sheet
Call FaxLine 1-800-548-6133
Request Document Number 10835

Microprocessor-Compatible
ANALOG-TO-DIGITAL CONVERTER

FEATURES

@ COMPLETE 12-BIT A/D CONVERTER WITH
REFERENCE, CLOCK, AND 8-, 12-, or 16-
BIT MICROPROCESSOR BUS INTERFACE

©® ALTERNATE SOURCE FOR HI774 A/D
CONVERTER: 8.5us Conversion Time,
150ns Bus Access Time

® FULLY SPECIFIED FOR OPERATION ON
+12V OR +15V SUPPLIES

® NO MISSING CODES OVER
TEMPERATURE:
0°C to +75°C: ADC7744J, K
-55°C to +125°C: ADC774SH, TH

DESCRIPTION

The ADC774 is a 12-bit successive approximation
analog-to-digital converter, utilizing state-of-the-art
CMOS and laser-trimmed bipolar die custom-designed
for freedom from latch-up and for optimum AC per-

formance. It is complete with a self-contained +10V
reference, internal clock, digital interface for micropro-
cessor control, and three-state outputs.

The reference circuit, containing a buried zener, is laser-
trimmed for minimum temperature coefficient. The
clock oscillator is current-controlled for excellent sta-
bility over temperature. Full-scale and offset errors may
be externally trimmed to zero. Internal scaling resistors
are provided for the selection of analog input signal
ranges of OV to +10V, OV to +20V, =5V, and £10V.

The converter may be externally programmed to pro-
vide 8- or 12-bit resolution. The conversion time for 12
bits is factory set for 8.5us maximum.

Output data are available in a parallel format from TTL-
compatible three-state output buffers. Output data are
coded in straight binary for unipolar input signals and
bipolar offset binary for bipolar input signals.

The ADC774, available in both industrial and military
temperature ranges, requires supply voltages of +5V
and 12V or £15V. It is packaged in a 28-pin plastic
DIP, or a hermetic side-brazed ceramic DIP.

Control 8

Inputs O
O
O

Control Logic

Bipolar

e}

20V Range O \/\/\[L

10V Range

+

Reference
Input l

" |

=

l—o Status

Comparator
— 12-Bit D/A
- Converter

c
LRI
2T o 2]
3EZ 2
8xD -
cge a
8% ® Paraliel
< 8 Data
]
® Output
2
=

Reference
Output

International Airport Industrial Park + Mailing Address: PO Box 11400 + Tucson, AZ85734 - Street Address: 6730 S. Tucson Blvd.

10V
Reference

+ Tucson, AZ 85706
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SPECIFICATIONS

ELECTRICAL

Ta=+25°C, Ve = +12V or +15V, Vge = =12V or =15V, V| o c = +5V unless otherwise specified.

ADC774J, ADC774SH ADC774K, ADC774TH
PARAMETER MIN TYP MAX MIN TYP MAX UNITS
RESOLUTION 12 * Bits
INPUTS
ANALOG
Voltage Ranges: Unipolar Oto +10,0to +20 * v
Bipolar 5, +10 * \
Impedance: 0 o +10V, 5V 3.75 5 6.25 * * * kQ
+10V, OV to +20V 75 10 125 * * * kQ
DIGITAL (CE, CS, RIC, Ao, 12/8)
Over Temperature Range
Voltages: Logic 1 +2 +5.5 * * "
Logic 0 -0.5 +0.8 * * \
Current -5 0.1 +5 * * * HA
Capacitance 5 * pF
TRANSFER CHARACTERISTICS )
ACCURACY
At +25°C
Linearity Error +1 12 LsB
Unipolar Offset Error (Adjustable to Zero) +2 * LsB
Bipolar Offset Error (Adjustable to Zero) +10 +4 LsB
Full-Scale Calibration Error("
(Adjustable to Zero) +0.25 * % of FS@
No Missing Codes Resolution (Diff. Linearity) 1 12 Bits
Inherent Quantization Error +1/2 * LsB
Trin 10 Tuax
Linearity Error: J, K Grades +1 12 LsB
S, T Grades +1 +3/4 LsB
Full-Scale Calibration Error
Without Initial Adjustment () : J, K Grades +0.47 +0.37 % of FS
. . S, T Grades +0.75 0.5 % of FS
Adjusted to Zero at +25°C: J, K Grades +0.22 +0.12 % of FS
S, T Grades 0.5 +0.25 % of FS
No Missing Codes Resolution (Diff. Linearity) 11 12 Bits
TEMPERATURE COEFFICIENTS (Ty to Tyax)®
Unipolar Offset: J, K Grades +10 5 ppm/°C
S, T Grades 5 125 ppm/°C
Max Change: All Grades 2 +1 LsB
Bipolar Offset: All Grades +10 5 ppm/°C
Max Change: J, K Grades +2 +1 LsB
S, T Grades +4 +2 LsB
Full-Scale Calibration: J, K Grades 145 125 ppm/°C
S, T Grades +50 +25 ppm/°C
Max Change: J, K Grades +9 5 LsSB
S, T Grades +20 +10 LsB
POWER SUPPLY SENSITIVITY
Change in Full-Scale Calibration
+13.5V < Vg <+16.5V or +11.4V < Vo < +12.6V +2 +1 LsB
~16.5V < Vgg <-13.5V or ~12.6V < Vgg < —11.4V +2 +1 LsB
+4.5V <V ogic <+5.5V +1/2 * Lss
CONVERSION TIME (4.5
8-Bit Cycle 5 5.3 * * Hs
12-Bit Cycle 75 85 * * Hs
OUTPUTS
DIGITAL (DB11 - DBO, STATUS)
(Over Temperature Range)
Output Codes: Unipolar Unipolar Straight Binary (USB)
Bipolar Bipolar Offset Binary (BOB)
Logic Levels: Logic 0 (Igk = 1.6mA) +0.4 * \
Logic 1 (Isoyrce = S001A) +2.4 . v
Leakage, Data Bits Only, High-Z State -5 0.1 +5 - * * pA
Capacitance 5 * pF
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SPECIFICATIONS (ConT)

ELECTRICAL
Tp = +25°C, Vg = +12V or +15V, Vg = =12V or =15V, V| ggc = +5V unless otherwise specified.

ADC774J, ADC774SH ADCT774K, ADC774TH
PARAMETER MIN TYP l MAX MIN [ TYP MAX UNITS
INTERNAL REFERENCE VOLRAGE
Voltage +9.9 +10 +10.1 * * . v
Source Current Available for External Loads (6 2.0 . mA
POWER SUPPLY REQUIREMENTS
Voltage: Vo +11.4 +16.5 * * v
Vee -11.4 -16.5 . . \Y
Vioaie +4.5 +5.5 * * \
Current: lgc 35 5 * * mA
lee 15 20 . o mA
lLoaic 9 15 . . mA
Power Dissipation (+15V Supplies) N 325 450 * . mw
TEMPERATURE RANGE (Ambient: Ty, Tyax )
Specifications: J, K Grades 0 +75 * * °C
S, T Grades -55 +125 * * °C
Storage -65 +150 * * °C

*Same specification as ADC774JH, JP, SH.

NOTES: (1) With fixed 50Q resistor from Ref Out to Ref In. This parameter is also adjustable to zero at +25C. (2) FS in this specification table means Full Scale Range.
Thatis, for a+10V input range FS means 20V; for a 0V to +10V range, FS means 10V. The term Full Scale for these specification instead of Full-Scale Range is used
to be consistent with other vendors' specifications tables. (3) Using internal reference. (4) See “Controlling the ADC774” section for detailed information concerning
digital timing. (5) The Harris HI-774 uses a subranging/error correction technique that allows one to begin conversion before a preceding sample-hold or multiplexer
has settled to +1/2L.SB. For 12-bit accurate conversions, the input transient to the ADC774 must settle to less than +1/2LSB before conversion is started. The ADC774
is compatible with HI-774 in all other respects. (6) External loading must be constant during conversion. The reference output requires no buffer amplifier with either
+12V or £15V power supplies.

PIN CONFIGURATION

Top View " DIP
— —
+5VDC Supply (Vioae) | 1 <—|Power-up Resetl l———* 28| STATUS
I —
128 |2 > —{27 | DB11(MSB)

= |

CS | 3 | Control : < [—]26| DB10
= Logic g_) =

Ao |4 H 8 25| D89
—_— —_ P-4 —

RE |5 H = Clock : 2 L 124| D8
| E 8 =

CE |6 [ 2 —{23| DB7

i o

Voo | 7] 5|28t § H 22| DBS

RefOut | 8 | £ a |2 2] oss.

Analog Ct o | 128t g & 120 DBs
nalog Common L9 DA ?(__ 3 20

Refln {10 Converter o 8 —{ 19| oB3
= Comparator | 3 £lo =

Vee |11 3 o 18| pB2
: L 8 3| =

Bipolar Offset |12 @« Z 17| DBt

10V Range |13 —16 | DBO (LSB)
20V Range |14 15| Digital Common

L | —— —_—

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject to change
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant
any BURR-BROWN product for use in life support devices and/or systems.
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ABSOLUTE MAXIMUM RATINGS

BURN-IN SCREENING

V¢ to Digital Common 0Vto +16.5V
Ve to Digital Common 0V to -16.5V
V| oaic Digital Common 0V to +7V
Analog Common to Digital Common.. 1V

Control Inputs (CE, CS, Ao, 12/8, R/C)
to Digital Common

Analog Inputs (Ref In, Bipolar Offset, 10V, )

—0.5V to Viogic +0.5V

to Analog Common +16.5V
20V to Analog Common +24v
Ref Out Indefinite Short to Common,
Momentary Short to Ve

Max Junction Temp +165°C
Power Dissipation 1000mwW
Lead Temperature (soldering,10s) +300°C
Thermal Resistance, 6, : Ceramic 50°C/W
Plastic 100°C/W

CAUTION: These devices are sensitive to electrostatic discharge.
Appropriate 1.C. handling procedures should be followed.

PACKAGE INFORMATION

PACKAGE DRAWING
MODEL PACKAGE NUMBER(™
ADC774JP 28-Pin Plastic DIP 215
ADC774KP 28-Pin Plastic DIP 215
ADC774JH 28-Pin Ceramic DIP 149
ADC774KH 28-Pin Ceramic DIP 149
ADC774SH 28-Pin Ceramic DIP 149
ADC774TH 28-Pin Ceramic DIP 149
ADC774JP-BI 28-Pin Plastic DIP 215
ADC774KP-BI 28-Pin Plastic DIP 215
ADC774JH-BI 28-Pin Ceramic DIP 149
ADC774KH-BI 28-Pin Ceramic DIP 149
ADC774SH-Bl 28-Pin Ceramic DIP 149
ADC774TH-BI 28-Pin Ceramic DIP 149

NOTE: (1) For detailed drawing and dimension table, please see end of data
sheet, or Appendix C of Burr-Brown IC Data Book.

ORDERING INFORMATION
LINEARITY

TEMPERATURE ERROR MAX
MODEL PACKAGE RANGE (TminTO Tyax)
ADC774JP Plastic DIP 0°C TO +75°C +1LSB
ADC774KP Plastic DIP 0°C to +75°C +1/2L.SB
ADC774JH Ceramic DIP 0°C to +75°C +1LSB
ADC774KH Ceramic DIP 0°C to +75°C +1/2LSB
ADC774SH Ceramic DIP -55°C to +125°C +1LSB
ADC774TH Ceramic DIP -55°C to +125°C +3/4LSB
BURN-IN SCREENING OPTION
See text for details.

TEMPERATURE | BURN-IN TEMP
MODEL PACKAGE RANGE (160 HOURS)("
ADC774JP-Bl Plastic DIP 0°C to +75°C +85°C
ADC774KP-BI Plastic DIP 0°C to +75°C +85°C
ADC774JH-BI Ceramic DIP 0°C to +75°C +125°C
ADC774KH-BI Ceramic DIP 0°C to +75°C +125°C
ADC774SH-BI Ceramic DIP -55°C to +125°C +125°C
ADC774TH-BI Ceramic DIP -55°C to +125°C +125°C

Burr-Brown IC Data Book—Mixed Signal Products

Burn-in screening is available for both plastic and ceramic
package ADC774s. Burn-in duration is 160 hours at the
temperature (or equivalent combination of time and tem-
perature) indicated below:

Plastic “-BI” models: +85°C

Ceramic “-BI” models: +125°C
All units are 100% electrically tested after burn-in is com-
pleted. To order burn-in, add “-BI” to the base model
number (e.g. ADC774KP-BI). See Ordering Information for
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CONTROLLING THE ADC774

This is an abridged data sheet. For Discussion of Specifica-
tions, Installation, Calibration refer to ADC574A data sheet
or order PDS-835.

The Burr-Brown ADC774 can be easily interfaced to most
microprocessor systems and other digital systems. The
microprocessor may take full control of each conversion, or
the converter may operate in a stand-alone mode, controlled
only by the R/C input. Full control consists of selecting an
8- or 12-bit conversion cycle, initiating the conversion, and
reading the output data when ready—choosing either 12 bits
all at once, or 8 bits followed by 4 bits in a left-justified
format. The five control inputs (12/§, 65, Ao, R/E, and CE)
are all TTL-/CMOS-compatible. The functions of the con-
trol inputs are described in Table I. The control function
truth table is listed in Table II.

Read footnote 5 to the Electrical Specifications table if
using ADC774 to replace the HI-774.

STAND-ALONE OPERATION

For stand-alone operation, control of the converter is ac-
complished by a single control line connected to R/C. In this
mode CS and Ag are connected to digital common and CE
and 12/8 are connected to Vi ggic (+5V). The output data
are presented as 12-bit words. The stand-alone mode is used
in systems containing dedicated input ports which do not
require full bus interface capability.

Conversion is initiated by a high-to-low transition of R/C.
The three-state data output buffers are enabled when R/C is
high and STATUS is low. Thus, there are two possible
modes of operation; conversion can be initiated with either
positive or negative pulses. In either case the R/C pulse
must remain low for a minimum of 50ns.

|<-- 'HRL"‘

RIC
——— tpg —|

sTS ‘14_ T
<—>, tbR e tis

DB11-DBO __ Data Valid High-Z State | Data Valid

FIGURE 1. R/C Pulse Low—Outputs Enabled After Con-

version.
RIC ﬂ
thrn ; |
DS ‘
sTS - ~
! P
DDR [+~ <——>| 'HDR )
DB11- High-Z Data—\Vali ” High-Z State
DBO

FIGURE 2. R/C Pulse High—Outputs Enabled Only While

R/C Is High.
PIN

DESIGNATION DEFINITION FUNCTION

CE (Pin 6) Chip Enable Must be high (“1”) to either initiate a conversion or read output data. 0-1 edge may be used to initiate a
(active high) conversion.

CS (Pin 3) Chip Select Must be low (“0”) to either initiate a conversion or read output data. 1-0 edge may be used to initiate
(active low) a conversion.

R/C (Pin 5) Read/Convert Must be low (“0”) to initiate either 8- or 12-bit conversions. 1-0 edge may be used to initiate a
(“1" = read) conversion. Must be high (“1”) to read output data. 0-1 edge may be used to initiate a read operation.
(“0" = convert)

Ao (Pin 4) Byte Address In the start-convert mode, Agselects 8-bit (Ag = “1") or 12-bit (Ag = “0”) conversion mode. When reading
Short Cycle output data in two 8-bit bytes, Ag = “0” accesses 8 MSBs (high byte) and Ag = “1" accesses 4 LSBs and

trailing “0s” (low byte).

12/8 (Pin 2) Data Mode Select When reading output data, 12/8 = “1" enables all 12 output bits simultaneously. 12/8 = “0” will enable the
(“1" = 12 bits) MSBs or LSBs as determined by the A line.
(“0" = 8 bits)

TABLE 1. ADC774 Control Line Functions.

CE | Cs RIC | 128 Ao | OPERATION SYMBOL | PARAMETER MIN | TYP | MAX | UNITS
0 X X X X None [ Low R/C Pulse Width 50 ns
X 1 X X X None tos STS Delay from R/C 200 ns
4 0 0 X 0 Initiate 12-bit conversion bR Data Valid After R/C Low 25 ns
A 0 0 X 1 Initiate 8-bit conversion tus STS Delay After Data Valid 150 | 375 ns
1 v 0 X 0 Initiate 12-bit conversion tuRH High R/C Pulse Width 150 ns
1 Vv 0 X 1 Initiate 8-bit conversion toor Data Access Time 150 ns
1 0 v X 0 Initiate 12-bit conversion —
1 0 v X 1 Initiate 8-bit conversion TABLE III. Stand-Alone Mode Timing.
1 0 1 1 X Enable 12-bit output
1 0 1 4] 0 Enable 8 MSBs only
1 0 1 0 1 Enable 4 LSBs plus 4
trailing zeros
TABLE II. Control Input Truth Table.
BURR - BROWN®
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Figure 1 illustrates timing when conversion is initiated by an
R/C pulse which goes low and returns to the high state
during the conversion. In this case, the three-state outputs
go to the high-impedance state in response to the falling
edge of R/C and are enabled for external access of the data
after completion of the conversion. Figure 2 illustrates the
timing when conversion is initiated by a positive R/C pulse.
In this mode the output data from the previous conversion is
enabled during the positive portion of R/C. A new conver-
sion is started on the falling edge of R/C, and the three-state
outputs return to the high-impedance state until the next
occurrence of a high R/C pulse. Timing specifications for
stand-alone operation are listed in Table IIL.

FULLY CONTROLLED OPERATION

Conversion Length

Conversion length (8-bit or 12-bit) is determined by the state
of the Ag input, which is latched upon receipt of a conver-
sion start transition (described below). If A is latched high,
the conversion continues for 8 bits. The full 12-bit conver-
sion will occur if A is low. If all 12 bits are read following
an 8-bit conversion, the 3 LSBs (DB0-DB2) will be low
(logic 0) and DB3 will be high (logic 1). A is latched
because it is also involved in enabling the output buffers. No
other control inputs are latched.

7 R o8 —odF i
CE thec |
tssc |<-> | = !0 tssm tusr <>£
CS — ]L %_ 7C
t, |
R I<—> *——1 thsc RIG HAR "!
R/IC A
N f — j—
4——1 tire ’ tsrn
Ao
YT —X X
o =] toam "
| linc M
sTs —_7IL ‘)[E_ sTs - \ -
<—tosc l t ‘ Hs [~ HD
DB11- High Impedance oot High-Z Data Valid +:>—
DBO o — '
~—
FIGURE 3. Conversion Cycle Timing. FIGURE 4. Read Cycle Timing.
SYMBOL PARAMETER MIN TYP MAX UNITS
tosc STS Delay from CE 60 200 ns
L CE Pulse Width 50 30 ns
tee CS to CE Setup time 50 20 ns
tisc . CS low during CE high 50 20 . ns
tone R/C to CE setup 50 0 ns
tumc R/C low during CE high 50 20 ns
tsac A, to CE setup 0 ns
tuac A, valid during CE high 50 20 ns
t Conversion time
12-bit cycle at 25°C 75 - 85 us
0to +75°C 9.0 Hs
-55°C to +125°C 9.5 us
8-bit cycle at 25°C 5 5.3 us
0to +75°C 5.6 s
-55°to +125°C 6 us
Read Mode .
too Access time from CE 75 150 ns
two Data valid after CE low 25 35 ns
b Output float delay 100 150 ns
tser CS to CE setup 50 0 ns
tsar R/C to CE setup 0 ns
thsr CS valid after CE low 0 ns
. R/C high after CE low 0 ns
taan A, valid after CE low 50 ns
tis STS delay after data valid 150 375 ns

TABLE IV. Timing Specifications.
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CONVERSION START

The converter is commanded to initiate a conversion by a
transition occurring on any of three logic inputs (CE, CS,
and R/C) as shown in Table II. Conversion is initiated by the
last of the three to reach the required state and thus all three
may be dynamically controlled. If necessary, all three may
change state simultaneously, and the nominal delay time is
the same regardless of which input actually starts conver-
sion. If it is desired that a particular input establish the actual
start of conversion, the other two should be stable a mini-
mum of 50ns prior to the transition of that input. Timing
relationships for start of conversion timing are illustrated in
Figure 3. The specifications for timing are contained in
Table IV.

The STATUS output indicates the current state of the con-
verter by being in a high state only during conversion.
During this time the three-state output buffers remain in a
high-impedance state, and therefore data cannot be read
during conversion. During this period additional transitions

BURR - BROWN®
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of the three digital inputs which control conversion will be
ignored, so that conversion cannot be prematurely termi-
nated or restarted. However, if Ag changes state after the
beginning of conversion, any additional start conversion
transition will latch the new state of Ay, possibly resulting
in an incorrect conversion length (8 bits vs 12 bits) for that
conversion.

READING OUTPUT DATA
After conversion is initiated, the output data buffers remain

ADC774

in a high-impedance state until the following four logic
conditions are simultaneously met: R/C high, STATUS low,u

CE high, and CS low. Upon satisfaction of these conditions
the data lines are enabled according to the state of inputs
12/8 and Ag. See Figure 4 and Table IV for timing relation
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ADC803

ABRIDGED DATA SHEET

For Complete Data Sheet
Call FaxLine 1-800-548-6133
Request Document Number 10493

High Speed

ANALOG-TO-DIGITAL CONVERTER

FEATURES

©® LINEARITY ERROR:
(C Grade)

(S Grade)

@ CONVERSION TIME

Parallel

® HIGH SINAD RATIO:
® LOW HARMONIC DISTORTION: -73dB

® 12-BIT RESOLUTION

10.12%, max

72dB

: 500ns, 8 Bits
670ns, 10 Bits
1.5us, 12 Bits

® NO MISSING CODES: -55°C to +125°C

Digital

12-Bit

Output

L]

12-Bit

Converter

DESCRIPTION

The ADCB803 is a high speed hybrid successive
approximation analog-to-digital converter utilizing
laser-trimmed thin film components.

It is complete with internal reference, clock, and

comparator, and is packaged in a 32-pin metal pack-
age. Conversion time is set at the factory to 1.5us.

'With user-adjusted conversion time set at 1ps, +1LSB
accuracy can be achieved. The gain and offset errors
may be externally trimmed to zero.

Internal scaling resistors are provided for the selection
of analog signal input ranges of 0V to —10V, £5V,
and +10V.

Output codes available are complementary binary
for unipolar inputs and bipolar offset binary for
bipolar inputs.

All digital inputs and outputs are TTL-compatible.
Power supply requirements are +15V and +5V.

—C Convert Command
]
—/W—o

Input
Range
Select

Reference

Successive Approx.
Register (SAR)

¢———— 0 Comparator in

+

‘—O—O Bipolar Offset

Clock |

O Clock Rate Control
O Clock Out

O Status

Tel: (520) 746-1111

International Airport Industrial Park  «
Twx: 910-952-1111  «

Mailing Address: PO Box 11400
Cable: BBRCORP

+  Tucson, AZ 85734
«  Telex: 066-6491

« Street Address: 6730 S. Tucson Blvd. + Tucson, AZ 85706

» FAX:(520)889-1510 - Immediate Product Info: (800) 548-6132
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SPECIFICATIONS

At +25°C, rated power supplies, 1.5ps conversion time, and after 6-minute warm-up, unless otherwise noted.

ADCB803CM ADC803BM ADC803SM
PARAMETER MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
RESOLUTION 12 12 12 Bits
INPUTS
ANALOG
Voltage Ranges: Bipolar +5,+10 * * \2
Unipolar 0to-10 * * \
Impedance: =10V to 0V, 5V 1.4 * * kQ
+10V 24 . . e
DIGITAL . . . - - .
Convert Command Negative pulse 50ns wide (min) trailing edge (0 to 1) initiates conversion.
Logic Loading | 4 | | | . | | . TTL Loads
TRANSFER CHARACTERISTICS
ACCURACY
Gain Error (1) +0.04 +0.1 +0.08 +0.2 +0.04 +0.1 %
Offset Errort"): Unipolar +0.05 0.2 +0.07 +0.3 * * % of FSR@
Bipolar +0.02 +0.1 * +0.2 * * % of FSR
Linearity Error:
1.5ps Conversion Time +0.009 | +0.012 +0.020 $0.012 | £0.015 % of FSR
1.0ps Conversion Time +0.015 | +0.020 +0.020 % of FSR
Differential Linearity Error:
1.5us Conversion Time +0.012 | +0.015 +0.020 * * % of FSR
1.0us Conversion Time +0.024 +0.024 * % of FSR
Inherent Quantization Error 1/2 * - LsB
POWER SUPPLY SENSITIVITY
Gain and Offset: +15VDC +0.0036 * * % of FSR/%V¢g
-15VDC +0.0005 * * % of FSR/%V¢¢
+5VDC +0.001 * * % of FSR/%Vpp
Conversion Time: +15VDC +0.7 * * %l%N cc
-15VDC None * * %l %V ¢
+5VDC +0.8 * * %/%V pp
CONVERSION TIME
Factory Set 1.3 1.5 * * * * Hs
Range of Adjustments 0.8 2.2 . M * * us
DRIFT
Gain +10 +30 15 * > * ppm of FSR/°C
Offset: Unipolar +2 17 +3 * > . ppm of FSR/°C
Bipolar +3 +10 15 * * - ppm of FSR/°C
Linearity Error
-25°C to +85°C: '
1.5us Conversion Time +0.012 | +0.018 +0.024 * % of FSR
1.0ps Conversion Time +0.015 +0.020 * % of FSR
—55°C to +125°C:
1.7us Conversion Time, max() +0.015 | +0.024 % of FSR
Differential Linearity Error
-25°C to +85°C:
1.5ps Conversion Time +0.012 | +0.018 +0.024 % of FSR
1.0ps Conversion Time +0.015 +0.024 % of FSR
-55°C to +125°C:
1.7us Conversion Time, max(4) +0.1 1+0.015 | +0.024 % of FSR
Conversion Time * * % of FSR
No Missing Code Temp. Range:
1.5ps Conversion Time —25 +85 * * °C
1.7us Conversion Time, max(¥) -55 +125 °C
OUTPUT
DIGITAL DATA I
Parallel
Output Codes: Unipolar Complementary Straight Binary * *
Bipolar Bipolar Offset Binary * *
Output Drive 6 * * TTL Loads
Status Logic “1” During Conversion * *
Status Output Drive * * TTL Loads
Internal Clock
Clock Output Drive 3 > * TTL Loads
Frequency (without external clock adj.) 8 * M MHz

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject to change
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant

any BURR-BROWN product for use in life support devices and/or systems.
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SPECIFICATIONS (ConT)

At +25°C, rated power supplies, 1.5us conversion time, and after 6-minute warm-up, unless otherwise noted.

ADCB803CM ADC803BM ADC803SM
PARAMETER MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
POWER SUPPLY REQUIREMENTS
Power Consumption
Rated Voltage: Analog (+Vcc) +14.25 +15 +15.75 * * * * * * vDC
Digital (Vpp) +4.75 +5 +5.25 * * * * . * vDC
Supply Drain: +15V +27 +32 * * * * mA
-15V -38 -55 * * * * mA
+5V +180 +210 * * * r mA
TEMPERATURE RANGE (Ambient)
Specification -25 +85 * * -55 +125 °C
Storage -55 +125 * * * * °C

* Same specification as for ADC803CM.

NOTES: (1) Adjustable to zero. See Optional Gain and Offset Adjustment section. (2) FSR means Full Scale Range. For example, unit connected for £10V has
20V FSR. (3) See Optional Clock Rate Control section. For faster conversion time at less resolution, see section on External Short Cycle. (4) Conversion time is
factory-set at approximately 1.4us at +25°C. As temperature increases, the conversion time increases. At +125°C the conversion time will be no more than.1.7ps.
No Missing Codes is guaranteed over ~55°C to +125°C provided the conversion time is allowed to increase with temperature.

ADCB803 dynamic performance characteristics are described in a report titied “Analogue-to-Digital Converter Performance Tests Using the Fast Fourier Transform”

by R. A. Belcher, University College of Wales, UK. (available from Burr-Brown on letterhead request).
CONNECTION DIAGRAM
— -
(MsB)Bit1 | 1 32 | Analog Common
Bitz [ 2 | |a1] +15vDC Suppy (+Veo)
3 [3 ] 0 [30] C S v,
Bit3 |3 | |30 | ~15VDC Supply (-Veo)
Bit4 | 4 29 | Bipolar Offset
Bit5 T ?‘a— Analog Com
it nal mon
== F—
Bit6 | 6 [ < g |27 | Sense
+5VDC (Vpp) Supply ; g § P i C In
Digital Common i i 10v
ol |24 20v
= % =
Status {10 | ] |23 | ~15VDC Supply (-Ve)
Bit7 |11 I (22 +5vDC Supply (Vo)
Bits | 12| | 128itsar E Digital Common
Bit9 E—— _2— +15VDC Supply (+V¢c)
Bit 10 —14————— 1—91 Clock Rate Control
Bit 11 E E Convert Command
Bit12 [ 16] [17] Glock out
NOTE: (1) Serial data is not guaranteed.
ORDERING INFORMATION ABSOLUTE MAXIMUM RATINGS
ADC803 X M Analog Supply Voltage To Analog Common .+18V
. Digital Supply Voltage To Digital Common.... W7V
Basic Model Number Digital Controls Inputs +5.5V
Perfc Grade Code: Analog Inputs +15V
B, C = —25°C to +85°C Operating Temp e: Ambient +125°C
8§ = -55°C to +125°C Case +135°C
Package Code Storage Temp +125°C
M = Metal DIP )
Reliabity Screening ' PACKAGE INFORMATION
Q = Q-Screened
PACKAGE DRAWING
MODEL PACKAGE NUMBER(®™
ADC803 32-Pin Metal 116
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NOTE: (1) For detailed drawing and dimension table, please see end of data
sheet, or Appendix C of Burr-Brown IC.Data Book. .
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Autocalibrating, 4-Channel, 12-Bit
ANALOG-TO-DIGITAL CONVERTER

FEATURES

@® TOTAL UNADJUSTED ERROR < 1/2LSB
OVER FULL TEMPERATURE RANGE

@ FOUR-CHANNEL INPUT MULTIPLEXER

@® LOW POWER: 10mW plus Power Down
Mode

® SINGLE SUPPLY: +5V
® FAST CONVERSION TIME: 8.5us Including

DESCRIPTION

The ADC7802 is a monolithic CMOS 12-bit A/D
converter with internal sample/hold and four-channel
multiplexer. An autocalibration cycle, occurring auto-
matically at power on, guarantees a total unadjusted
error within +1/2LSB over the specified temperature
range, eliminating the need for offset or gain adjust-
ment. The 5V single-supply requirements and stan-
dard CS, RD, and WR control signals make the part

Acquisition very easy to use in microprocessor applications. Con-
® AUTOCAL: No Offset or Gain Adjust version results are available in two bytes through an 8-
Required bit three-state output bus.

The ADC7802 is available in a 28-pin plastic DIP and
28-lead PLCC, fully specified for operation over the
industrial —~40°C to +85°C temperature range.

® UNIPOLAR INPUTS: 0V to 5V

© MICROPROCESSOR-COMPATIBLE
INTERFACE

® INTERNAL SAMPLE/HOLD

Clock —o¢s
A0 O——{ Address Calibration o FD
Latch and Microcontroller Cl-cantrol RD
Al O——  Decoder and Memory ogic  |[——O WR
E V —O SFR
AINO O— L0 BUsY
ANt O———  Analog | Capacitor Array Three-State
AIN2 O——— Muitiplexer o Sampling ADC Input/Output 8-Bit
AIN3 O——] Data Bus

o

Veeet Ve

International Airport Industrial Park «  Mailing Address: PO Box 11400 + Tucson, AZ85734 .« Street Address: 6730 S. Tucson Bivd. -+ Tucson, AZ 85706

A/D CONVERTERS, DATA ACQUISITION COMPONENTS I ADC7802

Tel: (520) 746-1111 - Twx:910-952-1111 . Cable:BBRCORP + Telex: 066-6491 « FAX:(520)889-1510 + Immediate Product Info: (800) 548-6132
BURR -BROWN®
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SPECIFICATIONS

ELECTRICAL

At V) = Vp = Vgt = 5V £5%; Va2 Vp 2 Vgee+; Vg~ = AGND = DGND = 0V; CLK = 2MHz external with 50% duty cycle, T, = —40°C to +85°C, after calibration
cycle at any temperature, unless otherwise specified.

ADC7802BP, ADC7802BN
PARAMETER CONDITIONS MIN TYP MAX UNITS
RESOLUTION 12 Bits
ANALOG INPUT
Voltage Input Range Vgee+ = 5V, Vgge— = 0V 0 5 \
Input Capacitance 50 pF
On State Bias Current 100 nA
Off State Bias Current - Ta =25°C 10 nA
Ta =-40°C to +85°C 100 nA
On Resistance Multiplexer 2 kQ
Off Resistance Multiplexer 10 MQ
Channel Separation 500Hz 92 dB
REFERENCE INPUT
For Specified Performance: Vgee+ Vaege+ € Va 5 v
VRer— : 0 v
For Derated Performance: () Vpge+ 45 Va v
Vae— 0 1 v
input Reference Current Vpert = 5V, Vgge— = 0V 10 100 HA
THROUGHPUT TIMING
Conversion Time With External Clock (Including CLK = 2MHz, 50% Duty Cycle 8.5 us
Multiplexer Settling Time and Acquisition Time) CLK = 1MHz, 50% Duty Cycle 17 us
CLK = 500kHz, 50% Duty Cycle 34 us
With Internal Clock Using Ta = +25°C 10 us
Recommended Clock Components Tp = —40°C to +85°C 10 us
Analog Signal Bandwidth 500 Hz
Slew Rate @ 8 mV/ps
Multiplexer Settling Time to 0.01% 460 ns
Multiplexer Access Time 20 ns
ACCURACY
Total Adjusted Error, All Channels +1/2 LSB
Differential Nonlinearity +1/2 LsB
No Missing Codes Guaranteed
Gain Error All Channels +1/4 LsSB
Gain Error Drift Between Calibration Cycles 0.2 ppm/°C
Oftset Error All Channels +1/4 LSB
Offset Error Drift Between Calibration Cycles 0.2 ppm/°C
Channel-to-Channel Mismatch +1/4 LsSB
Power Supply Sensitivity Vp =Vp =475V to 525V +1/8 LSB
DIGITAL INPUTS
All Pins Other Than CLK: V,_ 0.8 \
Vin 2.4 \
Input Current Ta=+25C, Viy=0to Vp 1 HA
Tp = —40°C to +85°C, Vjy = 0 to Vp 10 pA
CLK Input: V. 0.8 v
Vi 35 \Y
Iy 10 pA
iy 1.5 mA
(™ Power Down Mode (D3 in SFR HIGH) 100 nA
DIGITAL OUTPUTS
VoL lsk = 1.6mA 0.4 v
Vou Isounce = 200uA 4 v
Leakage Current High-Z State, Vour = 0V to Vp +1 HA
Output Capacitance High-Z State 4 15 pF
POWER SUPPLIES
Supply Voltage for Specified Performance: Vj 4.75 5 5.25 v
Vo Va2 Vg 475 5 5.25 Y
Supply Current: I 1 25 mA
Ip Logic Input Pins HIGH or LOW 1 2 mA
Power Dissipation WR = RD = CS = BUSY = HIGH 10 mwW
Power Down Mode See Table I, Page 9 50 pwW
TEMPERATURE RANGE
Specification —40 +85 °C
Storage -85 +150 °C

NOTES: (1) For (Vges+) — (Vrer—) as low as 4.5V, the total error will typically not exceed +1LSB. (2) Faster signals can be accurately converted by using an external
sample/hold in front of the ADC7802. (3) After calibration cycle, without external adjustment. Includes gain (full scale) error, offset error, integral nonlinearity,
differential nonlinearity, and drift. .
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ABSOLUTE MAXIMUM RATINGS

Va to Analog Ground 6.5V
Vp to Digital Ground 6.5V
Pin V to Pin Vp 0.3V
Analog Ground to Digital Ground +V
Control Inputs to Digital Ground .-0.3Vto Vp + 0.3V
Analog Input Voltage to Analog Ground ... .—0.3Vto Vp + 0.3V
Maximum Junction Temp 150°C
Internal Power Dissipation 875mW
Lead Temperature (soldering, 10s) +300°C
Thermal Resistance, 6,: Plastic DIP . .75°CIW
PLCC 75°C/W
ORDERING INFORMATION
MAXIMUM SPECIFICATION
TOTAL TEMPERATURE
MODEL ERROR, LSB RANGE, °C PACKAGE
ADC7802BN +1/2 —40 to +85 PLCC
ADC7802BP +1/2 —40 to +85 Plastic DIP

PACKAGE INFORMATION
PACKAGE DRAWING
MODEL PACKAGE NUMBER()
ADGC7802BN 28-Pin PLCC 251
ADG7802BP 28-Pin Plastic DIP 215

NOTE: (1) For detailed drawing and dimension table, please see end of data

sheet, or Appendix C of Burr-Brown IC Data Book.

ADC7802

A/D CONVERTERS, DATA ACQUISITION COMPONENTS H

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject to change
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant

any BURR-BROWN product for use in life support devices and/or systems.
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PIN CONFIGURATIONS
Top View i DIP Top View Lcc
— T
SFR | 1 28| V, a
AINO | 2 27 | AGND 2 2= T 6o X x1I0
YR 26| CAL ' [alla]2]1]8]27] 8]
AIN2 | 4 25| A1 / O -
AIN3 | 5 24| A0 AIN3 | 5 —
= — == 24| A0
Veert | © 23| CLK Veer+ | 6 —
] = ___ ] 23| CLK
Vage— | 7 22 | BUSY Vegr- | 7 =
DGND | 8 21| HBE DGND | 8 =
Vp |9 20 [ WR Vp |9 =1
D7 F 19| CS D7 {10 =S
D6 |11 18| RD D6 |11
— = —
o5 |12] 17 oo (12 ][1a J[1e Jss [ 1o [[17 [ e
D4 ; 16| D1 8 8 88 5 812
D3 \1 15| D2
PIN ASSIGNMENTS
PIN # NAME DESCRIPTION
1 SFR Special Function Register. When connected to a microprocessor address pin, allows access to special functions through DO to
D7. See the sections discussing the Special Function Register. If not used, connect to DGND. This pin has an intemal pull-down.
2to5 AINO to AIN3 | Analog inputs. Channel 0 to channel 3.
6 Veert Positive voltage reference input. Normally +5V. Must be < V,.
7 Ve~ Negative voltage reference input. Normally OV.
8 DGND Digital ground. DGND = QV.
9 \ Logic supply voltage. V,, = +5V. Must be < V, and applied after V,.
10to 17 DO to D7 Data Bus Input/Output Pins. Normally used to read output data. See section on SFR (Special Function Register) for other
uses.
When SFR is LOW, these function as follows:
10 D7 Data Bit 7 if HBE is LOW; if HBE is HIGH, acts as converter status pin and is HIGH during conversion or calibration, goes
LOW after the conversion is completed. (Acts as an inverted BUSY.)
" D6 Data Bit 6 if HBE is LOW; LOW if HBE is HIGH.
12 D5 Data Bit 5 if HBE is LOW; LOW if HBE is HIGH.
13 D4 Data Bit 4 if HBE is LOW; LOW if HBE is HIGH.
14 D3 Data Bit 3 if HBE is LOW; Data Bit 11 (MSB) if HBE is HIGH.
15 D2 Data Bit 2 if HBE is LOW; Data Bit 10 if HBE is HIGH.
16 D1 Data Bit 1 if HBE is LOW; Data Bit 9 if HBE is HIGH.
17 DO Data Bit 0 (LSB) if HBE is LOW; Data Bit 8 if HBE is HIGH.
18 RD Read Input. Active LOW; used to read the data outputs in combination with CS and HBE.
19 [ Chip Select Input. Active LOW.
20 WR Write Input. Active LOW; used to start a new conversion and to select an analog channel via address inputs A0 and A1 in
combination with CS. The minimum WR pulse LOW width is 100ns.
21 HBE High Byte Enable. Used to select high or low data output byte in combination with CS and RD, or to select SFR.
22 BUSY BUSY is LOW during conversion or calibration. BUSY goes HIGH after the conversion is completed.
23 CLK Clock Input. For internal/external clock operation. For external clock operation, connect pin 23 to a 74 HC-compatible clock
source. For internal clock operation, connect pin 23 per the clock operation description.
241025 A0 to A1 Address Inputs. Used to select one of four analog input channels in combination with CS and WR. The address inputs are
latched on the rising edge of WR or CS.
Al A0 Selected Channel
Low Low AINO
Low HIGH AIN1
HIGH Low AIN2
HIGH HIGH AIN3
26 CAL Calibration Input. A calibration cycle is initiated when CAL is LOW. The minimum pulse width of CAL is 100ns. If not used,
connect to V... In this case calibration is only initiated at power on, or with SFR. This pin has an internal pull-up.
27 AGND Analog Ground. AGND = 0V.
28 v, Analog Supply. V, = +5V. Must be >'V,and V+.

BURR -BROWN®
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TYPICAL PERFORMANCE CURVES

At Vi = Vp = Vgee+ = 5V, Vpee— = AGND = 0V, Ty = +25°C, unless otherwise specified.

CHANNEL SEPARATION vs FREQUENCY
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THEORY OF OPERATION

ADC7802 uses the advantages of advanced CMOS technol-
ogy (logic density, stable capacitors, precision analog
switches, and low power consumption) to provide a precise
12-bit analog-to-digital converter with on-chip sampling and
four-channel analog-input multiplexer.

The input stage consists of an analog multiplexer with an
address latch to select from four input channels.

The converter stage consists of an advanced successive
approximation architecture using charge redistribution on a
capacitor network to digitize the input signal. A temperature-
stabilized differential auto-zeroing circuit is used to mini-
mize offset errors in the comparator. This allows offset errors
to be corrected during the acquisition phase of each conver-
sion cycle.

Linearity errors in the binary weighted main capacitor net-
work are corrected using a capacitor trim network and
correction factors stored in on-chip memory. The correction
terms are calculated by a microcontroller during a calibration
cycle, initiated either by power-up or by applying an external
calibration signal at any time. During conversion, the correct
trim capacitors are switched into the main capacitor array as
needed to correct the conversion accuracy. This is faster than
a complex digital error correction system, which could slow
down the throughput rate. With all of the capacitors in both
the main array and the trim array on the same chip, excellent
stability is achieved, both over temperature and over time.

For flexibility, timing circuits include both an internal clock
generator and an input for an external clock to synchronize
with external systems. Standard control signals and three-
state input/output registers simplify interfacing ADC7802 to
most micro-controllers, microprocessors or digital storage
systems.

Finally, this performance is matched with the low-power
advantages of CMOS structures to allow a typical power
consumption of 10mW.

OPERATION
BASIC OPERATION

Figure 1 shows the simple circuit required to operate
ADC7802 in the Transparent Mode, converting a single
input channel. A convert command on pin 20 (WR) starts a
conversion. Pin 22 (BUSY) will output a LOW during the
conversion process (including sample acquisition and con-
version), and rises only after the conversion is completed.
The two bytes of output data can then be read using pin 18
(RD) and pin 21 (HBE).

STARTING A CONVERSION

A conversion is initiated on the rising edge of the WR input,
with valid signals on A0, Al and CS. The selected input
channel is sampled for five clock cycles, during which the
comparator offset is also auto-zeroed to below 1/4LSB of
error. The successive approximation conversion takes place
during clock cycles 6 through 17.

2.84
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1 \_/ | +5V ?
NC |1 | SFR Vi |2
L] A e qonr L _wa:
2| ano  aenD [27t+ T
0-5V = R e e
Input L AIN1 CAL |26 | NC
— ] 1 100kQ §
4 | AIN2 A1 |25
owv - 5 | A3 Ao 4] -
6| Vot CLK |23
10]JF:L _L10nF = =L%
T T 17| Ve BUSY |22|—> BUSY
- = [ | - High Byte
— ; DGND  HBE i_< Enable Command
;‘ A WR |20 [ Convert Command
| i cs
BUSY ! Data Bit 7 i D7 [oF:] ;__l—_
LOW | DataBité |11| D6 RD |18 < Read Command
1 — —— " |
tow !pataits [12| Ds o [17 D‘;'fsf;)t 0 | bataite
| — —
LOW I Data Bit 4 E D4 D1 |16 | DataBit1 : Data Bit 9
Data Bit 111 o (ol ”m TS
(MSB) } Data Bit 3 14_ D3 D2 _15_ Data Bit 2 { Data Bit 10
_____ L [ T
I
HBE Input ‘, HBE Input HBE Input | HBE Input
HIGH | LOW LOW ' HIGH

FIGURE 1. Basic Operation.

Figures 2 and 3 show the full conversion sequence and the
timing to initiate a conversion.

CALIBRATION

A calibration cycle is initiated automatically upon power-up
(or after a power failure). Calibration can also be initiated by
the user at any time by the rising edge of a minimum 100ns-
wide LOW pulse on the CAL pin (pin 26), or by setting D1
HIGH in the Special Function Register (see SFR section). A
calibration command will initiate a calibration cycle, regard-
less of whether a conversion is in process. During a calibra-
tion cycle, convert commands are ignored.

Calibration takes 168 clock cycles, and a normal conversion
(17 clock cycles) is added automatically. For maximum
accuracy, the supplies and reference need to be stable during
the calibration procedure. To ensure that supply voltages and
reference voltages have settled and are stable, an internal
timer provides a waiting period of 42,425 clock cycles
between power-up/power-failure and the start of the calibra-
tion cycle.

READING DATA

Data from the ADC7802 is read in two 8-bit bytes, with the
Low byte containing the 8 LSBs of data, and the High byte
containing the 4 MSBs of data. The outputs are coded in
straight binary (with OV = 000 hex, 5V = FFF hex), and the
data is presented in a right-justified format (with the LSB as
the most right bit in the 16-bit word). Two read operations are
required to transfer the High byte and Low byte, and the
bytes are presented according to the input level on the High
Byte Enable pin (HBE).

BURR - BROWN®
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The bytes can be read in either order, depending on the status ADC7802 provides two modes for reading the conversion
of the HBE input. If HBE changes while CS and RD are results. At power-up, the converter is set in the Transparent
LOW, the output data will change to correspond to the HBE Mode.
input. Figure 4 shows the timing for reading first the Low

byte and then the High byte.

Offset Auto Zeroing Approximation

I
i
|
T
1
I
|
| 1
’\ and Sample Acquisition Conversion 1\
BUSY N\ | // //
1 - 1

FIGURE 2. Converter Timing.
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i
|
T
Multiplexer Settling, ‘w Successive
1
I
|
I
|
)

1 h t2 ]
WR or CAL \
—_— |
BUSY )
tg latg—]

SFR

P N\
A0, At _————_’Y Vin —

Vi A

FIGURE 3. Write Cycle Timing (for initiating conversion or calibration).

A/D CONVERTERS, DATA ACQUISITION COMPONENTS H ADC7802

FIGURE 4. Read Cycle Timing.
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TRANSPARENT MODE

This is the default mode for ADC7802. In this mode, the
conversion decisions from the successive approximation
register are latched into the output register as they are made.
Thus, the High byte (the 4 MSBs) can be read after the end
of the ninth clock cycle (five clock cycles for the mux
settling, sample acquisition and auto-zeroing of the compara-
tor, followed by the four clock cycles for the 4MSB deci-
sions.) The complete 12-bit data is available after BUSY has
gone HIGH, or the internal status flag goes LOW (D7 when
HBE is HIGH). i

LATCHED OUTPUT MODE

This mode is activated by writing a HIGH to DO and LOWs
to D1 to D7 in the Special Function Register with CS and WR
LOW and SFR and HBE HIGH. (See the discussion of the
Special Function Register below.)

In this mode, the data from a conversion is latched into the
output buffers only after a conversion is complete, and
remains there until the next conversion is completed. The
conversion result is valid during the next conversion. This
allows the data to be read even after a new conversion is
started, for faster system throughput.

TIMING CONSIDERATIONS

Table I and Figures 3 through 8 show the digital timing of
ADC7802 under the various operating modes. All of the
critical parameters are guaranteed over the full —40°C to
+85°C operating range for ease of system design.

SPECIAL FUNCTION REGISTER (SFR)

An internal register is available, either to determine addi-
tional data concerning the' ADC7802, or to write additional
instructions to the converter. Access to the Special Function
Register is made by driving SFR HIGH.

SYMBOL

PARAMETER (1 MIN TYP . MAX UNITS
1, CSto WR Setup Time @ 0 0 0 ns
t 'WR or CAL Pulse Width 100 ns
13 CS to WR Hold Time @ 0 0 0 ns
ts 'WR to BUSY Propagation Delay 20 50 150 ns
ts A0, A1, HBE, SFR Valid to WR Setup Time 0 ns
ts A0, A1, HBE, SFR Valid to WR Hold Time 20 ns
t; BUSY to CS Setup Time 0 ns
tg CS to RD Setup Time @ 0 0 0 ns
tg RD Pulse Width 100 ns
to CS to RD Hold Time @ 0 0 0 ns
ty HBE, SFR to RD Setup Time 50 ns
[ HBE, SFR to RD Hold Time 0 ns
[ RD to Valid Data (Bus Access Time) @ 80 150 ns
tyy RD to Hi-Z Delay (Bus Release Time) @ 90 180 ns
[ RD to Hi-Z Delay For SFR @ 20 60 ns
[ Data Valid to WR Setup Time 100 ns
tyy Data Valid to WR Hold Time 20 ns
NOTES: (1) All input control signals are specified with trise = trai = 20ns (10% to 90% of 5V) and tirﬂ from a voltage level of 1.6V. Data is u'miq fromﬁ,
Vi1, Vou of VoL (2) The internal RD pulse is performed by a NOR wiring of CS and RD. The internal WR pulse is performed by a NOR wiring of CS and WR.
(3) Figures 7 and 8 show the measurement circuits and pulse diagrams for testing transitions to and from Hi-Z states.

TABLE 1. Timing Specifications (CLK = 1MHz external, T, = -40°C to +85°C).

1

WR

—t -
HBE h
SFR \

VIH
— Valid Data Vi
DO - D7
[ te ti; =

s
o
rd
N\

~—tg—=

—ty
< SFR Data
D0o-D7

FIGURE 5. Writing to the SFR.

2.86

Burr-Brown IC Data Book—Mixed Signal Products

FIGURE 6. Reading the SFR.

BURR - BROWN®



Or, Call Customer Service at 1-800-548-6132 (USA Only)

Table II shows the data in the Special Function Register that
will be transferred to the output bus by driving HBE HIGH
(with SFR HIGH) and initiating a read cycle (driving RD and
CS LOW with WR HIGH as shown in Figure 4.) The Power
Fail flag in the SFR is set when the power supply falls below
about 3V. The flag also means that a new calibration has been
started, and any data written to the SFR has been lost. Thus,
the ADC7802 will again be in the Transparent Mode. Writing
a LOW to D5 in the SFR resets the Power Fail flag. The Cal
Error flag in the SFR is set when an overflow occurs during

PIN FUNCTION DESCRIPTION
Do Mode Status If LOW, Transparent Mode enabled for
data latches. If HIGH, Latched Output
Mode enabled.
D1 CAL Flag If HIGH, calibration cycle in progress.
D2 Reserved for factory use.
D3 Power Down Status | If HIGH, in Power Down Mode.
D4 Reserved for factory use.
D5 POWER FAIL Flag If HIGH, a power supply failure has
occurred. (Supply fell below 3V.)
D6 CAL ERROR Flag If HIGH, an overflow occured during
calibration.
D7 BUSY Flag It HIGH, conversion or calibration in
progress.
NOTE: These data are transferred to the bus when a read cycle is initiated
with SFR and HBE HIGH. Reading the SFR with SFR HIGH and HBE LOW
is reserved for factory use at this time, and will yield unpredictable data.

TABLE II. Reading the Special Function Register.

calibration, which may happen in very noisy systems. It is
reset by starting a calibration, and remains low after a
calibration without an overflow is completed.

Writing a HIGH to D3 in the FSR puts the ADC7802 in the
Power Down Mode. Power consumption is reduced to S0pW
and D3 remains HIGH. To exit Power Down Mode, either
write a LOW to D3 in the SFR, or initiate a calibration by
sending a LOW to the CAL pin or writing a HIGH to D1.
During Power Down Mode, a pulse on CS and WR will
initiate a single conversion, then the ADC7802 will revert to
power down.

ADC7802

Table III shows how instructions can be transferred to theu
Special Function Register by driving HBE HIGH (with SFR

HIGH) and initiating a write cycle (driving WR and CS
LOW with RD HIGH.) The timing is shown in Figure 3. Note
that writing to the SFR also initiates a new conversion.

CONTROL LINES

Table IV shows the functions of the various control lines on
the ADC7802. The use of standard CS, RD and WR control
signals simplifies use with most microprocessors. At the
same time, flexibility is assured by availability of status
information and control functions, both through the SFR and
directly on pins.

CSWR SFR/HBE DO D1 D3 D5 D7 D2/D4/D6
Enables Transparent Mode for Data Latches. Low HIGH Low X Low X Low Low
Enables Latched Output Mode for Data Latches. Low HIGH HIGH X Low X Low Low
Initiates Calibration Cycle. Low HIGH X HIGH Low X Low Low
Resets Power Fail flag. Low HIGH X X Low LOW Low Low
Activates Power Down Mode Low HIGH X X HIGH X Low Low

These modes are reserved for factory use at this time.

NOTES: (1) In Power Down Mode, a pulse on CS and WR will initiate a single conversion, then the ADC7802 will revert to power down. (2) X means it can be
either HIGH or LOW without affecting this action. Writing HIGH to D2, D3, D4 or D6, or writing with SFR HIGH and HBE LOW, may result in unpredictable behavior.

TABLE III. Writing to the Special Function Register.

cs RD WR SFR HBE CAL  BUSY OPERATION

X X X X X oT1 X Initiates calibration cycle.

X X X X X X 0 Conversion or calibration in process. Inhibits new conversion from starting.
1 X X X X 1 X None. Outputs in Hi-Z State.

0 1 o™ 0 X 1 1 Initiates conversion.

0 0 1 1] 0 1 X Low byte conversion results output on data bus.

0 0 1 0 1 1 X High byte conversion results output on data bus.

0 1 0 1 1 1 1 Write to SFR and rising edge on WR initiates conversion.

0 [ 1 1 1 1 X Contents of SFR output on data bus.

0 1 [} 1 0 1 X Reserved for factory use.

4] o] 1 1 0 1 X Reserved for factory use. (Unpredictable data on data bus.)

TABLE IV. Control Line Functions.
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For Immediate Assistance, Contact Your Local Salesperson

INSTALLATION

INPUT BANDWIDTH

From the typical performance curves, it is clear that ADC7802
can accurately digitize signals up to 500Hz, but distortion
will increase beyond this point. Input signals slewing faster
than 8mV/us can degrade accuracy. This is a result of the
high-precision auto-zeroing circuit used during the acquisi-
tion phase. For applications requiring higher signal band-
width, any good external sample/hold, like the SHCS5320,
can be used.

INPUT IMPEDANCE

ADC7802 has a very high input impedance (input bias
current over temperature is 100nA max), and a low 50pF
input capacitance. To ensure a conversion accurate to 12 bits,
the analog source must be able to charge the S0pF and settle
within the first five clock cycles after a conversion is initi-
ated. During this time, the input is also very sensitive to noise
at the analog input, since it could be injected into the
capacitor array.
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