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For Immediate Assistance, Contact Your Local Salesperson

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 SPECS,

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 representative.
See INSIDE BACK COVER.

See TAPE & REEL SPECIFICATIONS,
Appendix C, or contact your local Burr-Brown
representative. '
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LI-465
©1995 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: (602) 746-1111M « FAX: (602) 889-1510 « Cable: BBRCORP

For immediate Product Information or Technical Assistance, call
1-800-548-6132
in the USA.

Worldwide FAX Number
(602) 889-1510.™

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

NOTE: (1) As of March 19, 1995, the area code for Arizona (except for the metropolitan Phoenix
area) will be changed from 602 to 520, pl dial your op for further assistance.

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.
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1 Burr-Brown Corporation

About Burr-Brown

Burr-Brown Corporationis an international leaderin
the design and manufacturing of precision microcir-
cuits and microelectronic-based systems for use in
data acquisition, signal conditioning, and control
applications throughout the world.

The Company’s produces a wide range of precision
linear integrated circuits. The Company’s integrated
circuit components are used in analog and digital
signal processing applications found in medical and
scientific instrumentation, factory automation, auto-
matic test equipment, process control, and consumer
products such as electronic musical instruments and
professional audio equipment.

Company Facts

* Founded in 1956.

» Corporate headquarters: Tucson, Arizona.

* 1470 employees.

¢ 1000+ products.

* Manufacturing and technical facilities in: Tucson,
Arizona; Atsugi, Japan; Livingston, Scotland.

¢ 7 North American direct sales offices, 130 sales
representatives and distributors in 180+ locations.

* International sales and distribution subsidiaries in
Austria, France, Germany, Italy, Japan, the Neth-
erlands, Switzerland, and the United Kingdom; 26
sales representatives throughout the rest of the
world.

¢ Over 200 sales and service staff worldwide.

BURR - BROWN®

Burr-Brown IC Data Book — Data Conversion Products

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, regis-
tration is recognized through the AT&T Quality
Registrar by the Registration Accreditation Board
(RAB). Certification is accepted through the Elec-
tronics Industries Quality Registrar by the Dutch
Registration Board (RCV) in Europe.

I[SO9001 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.

BURR-BROWN
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Applications Library

Applications Bulletins, 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 .........ccoocvevvveeinirvcneenennnes AB-003
Make a Precision —10V Reference ........cccccoverervennne AB-004
Make a Precision +10V Reference..........cccocevreeencrnnne AB-005
Make a —10V to +10V Adjustable Precision

Voltage SOUICE........ccvurieiiriiici e AB-006

Classical Op. Amp or Current-Feedback Op Amp? This
Composite Op Amp Gives you the Best

of Both Worlds .......cooeeirccrcceincneee .. AB-007
AC Coupling Instrumentation and Difference

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

Voltage MONIOr ........ccevreieeirmreee e AB-010
Low Power Supply Voltage Operation of

REF102 10V Precision Voltage Reference.................. AB-011
Boost ISO120 Bandwidth to More Than 100kHz ........ AB-012
Increasing ADC603 Input Range .......cc.coceevecereirniecnnes AB-013
Input Overload Protection for the RCV420

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

Difference AMPHfiers ........cccvevvverienereereereee e AB-015
Boost Amplifier Output Swing With Simple

Modification ..........ccccciiiirrc e AB-016
Low-pass Active Filter Design Program .........c.ccceveeeue AB-017
0-20mA Receiver Using the RCV420........ccccoccomnneneeee. AB-018
Using the ADS7800 12-Bit ADC with Unipolar

Input Signals . AB-019
Operational Amplifier and Instrumentation

Amplifier Macromodels...........ccocoeiceeniinncniccnninnencnne AB-020
Synchronization of ISO120/ISO121 Isolation Amplifiers AB-021
Fast Settling Low-Pass Filter ...........ccccverneeinerenenns AB-022
Simple Output Filter Eliminates 1ISO Amp

Output Ripple and Keeps Full Bandwidth ................... AB-023

Analog Isolation with Power

Boost Instrumentation Amp CMR with Common- Mode
Driven Supplies .

A Low Noise, Low Distortion Design for
Anti-Aliasing and Anti-Imaging Filters

High Speed Data Conversion ..........cccccceveeuenee . AB-027
Feedback Plots Define Op Amp AC Performance ...... AB-028

Input Filtering the INA117 200V Difference
Amplifier

.. AB-025

1.8
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Thermal and Electrical Properties of Selected

Packaging Materials AB-030
IC Building Blocks Form Complete Isolated

4-20mA Current-Loop SyStems.........cccccevvenvinneninen AB-032
Single-Supply, Low-Power Measurements

of Bridge Networks.............. . AB-033
MFB Low-Pass Filter Design Program ........................ AB-034
Filter Design Program for the UAF42 Universal

ACHIVE FIET ..ot AB-035
Diode-Based Temperature Measurement .... AB-036
Mounting Consideration for TO-3 Package.................. AB-037
Heat Sinking—TO-3 Thermal Model ................c.c....... AB-038
Power Amplifier Stress and Power Handling

Limitations AB-039

Frequency-to-Voltage Conversion ...........ccccceveeevecanens 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 ..........cocveeverrennsinens AB-045

Operational Amplifier Macromodels: A Comparison ... AB-046
Noise Sources in Applications Using Capacitive

Coupled Isolated Amplifiers AB-047
The ACF2101 Used as a Bipolar Switched Integrator .. AB-048
The MPC100 Analog Multiplexer Improves RF

Signal Distribution .. AB-049
Compensate Transimpedance Ampilifiers Intuitively ... AB-050
Double the Output Current to a Load with the

Dual OPA2604 Audio Op AMP .......ciccvemninernercenenns AB-051
OPAG660 Drives Magnetic Recording Head ................. AB-052
Improved Noise Performance of the ACF2101

Switched Integrator .........ccocveuevriiiinnnee 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

AB-057
Simple Filter Turns Square Waves into Sine Waves .. AB-058
MTTF, Failrate, Reliability and Life Testing................ AB-059

Careful Layout Tames Sample-Hold Pedestal Errors . AB-060
Digitally Programmable, Time-Continuous
Active Filter ......cocveviveieeeeecrene AB-062

Design and Application of Transformer-Coupled Hybrid
Isolation Amplifier Model 3656 .............cccceviineeviiiennnns AB-078
The Key to Understanding Sources of Error in the 1ISO100
Isolation Amplifier ...... AB-079

BURR-BROWN®
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Applications Library

Applications Bulletins, Design Software

CDAC Architecture Plus Resistor Divider Gives ADC574 “

Hybrid Isolation Amps Zap Prices and Voltage Barriers .. AB-080

Isolation Amps Hike Accuracy and Reliability ............. AB-093
Build A Three Phase Sine Wave Generator With

the UAFA2 ...ttt AB-096
Voltage-to-Frequency Converters Offer Useful

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

MeasUNNg .......cccciiiiiniieiiccrc e AB-161
DC/DC Converter Noise Reduction... AB-162
Partial Discharge Testing .........ccccvrereemrueerincrenerennens AB-163

Implementation and Applications of Current
Sources and Current Receivers ...............

Coding Schemes Used with Data Converters

Exchanging Files on the Customer Service
Electronic Bulletin Board ..o AB-176

BURR - BROWN®
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Pinout with Sampling, Low-Power, New Input Ranges . AB-178
Video Operational Amplifiers...........occcvverieeienenennens AB-179
Ultra High-Speed ICS .......cccccoerienrineeeneenerceceeee

Diamond Transistor OPA660

New Ultra High-Speed Circuit Techniques
with Analog ICs .........

Designing Active Filters With The Diamond Transistor

OPA660

Intermodulation Distortion (IMD)

DESIGN SOFTWARE

FilterPro DisK.....c..ccoveiereerecineiecerceninee e AB-035
SPICE DiSK ....ovvirreiiriiierreicc e AB-020
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Sales and Service

ABOUT THIS BOOK

To keep with the easy-to-use format we established
last year, the Burr-Brown Integrated Circuits Data
Books for 1995 will be similar to the 1994 books.
Both the Linear Products and Data Conversion
Products books are available free from your local
salesperson or representative—see Sales Office
Listings at back of book—or by calling our litera-
ture request line at 1-800-548-6132. Order both, or
just the one that fits your needs.

How to Use This Book

Burr-Brown model numbers are listed in the Selec-
tion Guides at the beginning of each tabbed section.
With these tables you can quickly compare specs
among different models and choose the best part for
your design. Products appearing in boldface type
are new products introduced by Burr-Brown since
publication of the 1994 data books.

Data sheets are arranged alphanumerically by prod-
uct type, so if you know the name of the part you
can find it quickly. Or, use the Model Index on the
inside front cover, or page numbers as listed in the
Selection Guide 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 in-
quiry, contact your local Burr-Brown salesperson or
representative. See Sales Office Listings at back of
book

Direct factory assistance is available by calling the
following numbers (6:30am to Spm MST.)

1.10

Technical Literature or
Applications Assistance

In addition to individual data sheets, Burr-Brown
also provides its customers with applications bulle-
tins, a comprehensive product selection guide on
either a PC or Macintosh diskette, promotional
samples, comprehensive brochures featuring many
product types, and applications assistance by calling
1-800-548-6132.

Literature requests may also be posted 24 hours/day
by calling our automated literature request line at
(602) 741-3884. When using this service, please be
prepared to give your name, company, full address
and phone number, as well as the product name or
type of literature you are requesting.

FAXLine

The Burr-Brown FAXLine is now available for
customer requests for product literature. Call 1-
800-548-6133 (USA Only) to receive a Component
Literature Fax Form, complete with FAXLirne lit-
erature order numbers. Up to three pieces of litera-
ture may be requested per call.

Prices and Quotations

Price quotations made by Burr-Brown or its autho-
rized field sales representatives are valid for 30
days. Delivery quotations are subject to reconfirma-
tion 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, mail,
TWX, or Telex with any authorized Burr-Brown
field sales office, sales representative,or authorized
distributors. 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 instructions,
contact your local salesperson or representative.
Customers outside the USA should call the nearest
sales office for details and information—see Inter-
national Sales Office Listing at back of book.

To return product, please call for your RMA num-
ber. Ship units prepaid and supply the original
purchase order number and date, along with an
explanation of the malfunction. Upon receipt of the
returned devices, Burr-Brown will verify the mal-

BURR - BROWN®

Burr-Brown IC Data Book — Data Conversion Products

function and inform you of the warranty statusn

cost to repair or replace, credits, and status of =

replacements where applicable.

Area Code Alert!

Beginning March 19, 1995, the area code for Ari-
zona will be changed from a single area code state
to a dual area code state. The area code for the
entire state, with the exception of the Phoenix
Metropolitan area, will change from 602 to 520.
The phone company will provide a new number
change message until June, 1995.

1.11

BURR-BROWN CORPORATIO






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

z A/D Converters, Data
Acquisition Components

The Burr-Brown Analog-to-Digital (A/D) con-
verter product line offers a broad selection of
resolutions, 12-, 14-, and 16-bit for industrial
applications, and 16-, 18-, and 20-bit designed
especially for audio applications.

The Burr-Brown industrial A/D line includes in-
dustry standard pinouts including two CMOS ver-
sions with internal sample holds—the ADS574
and ADS774.

A new family of 12- and 16-bit A/D converters is
included in this data book, ADS7804 through
ADS7819. This family emphasizes low power,
small size, single supply, ease-of-use and

upgradability from 12- to 16-bits using the same
pc layout and digital interface.

The DDCI101 is a 20-bit, 15kHz integrating A/D|
converter with digital error correction and direct
photosensor interface.

High Speed A/D Converters

Burr-Brown’s ADS605 and ADC614 offer some
of the industry’s best performance for high-speed,
high resolution sampling A/D converters. Dy-
namic performance on these converters result in
an excellent cost-to-performance ratio. The 16-bit
512ksps ADC701 is the industry’s leading low-
noise high-speed hybrid A/D converter.

HIGH-SPEED ANALOG-TO-DIGITAL CONVERTERS

Boldface = NEW

Linearity Input
Resolution Error, Range Sampling THD Temp Qe Page
Description Model (Bits) max (%FSR) v) Rate (dB,typ) Range” Pkg® Screen No.
High ADC701 16 +0.003 10V/20 512kHz  —94w/SHC702 Com TDIP Q 2.88
Accuracy, ADC750 22 +0.003 10 400kHz —_ Com Board — A
High Resolution
High Speed ADC614 14 +0.006 +1.25 5.12MHz —88/Nyquist Ind QDIP Q 2.55
Medium ADC603 12 +0.018 +1.25 10MHz -68  Com, Ind, Mil QDIP Q 2.37
Resolution ADC601 12 +0.012 10V/20 1MHz —70w/SHC804 Com TDIP — 2.33
ADS602 12 +0.03 10V/20 1MHz —-66 Com TDIP — 2.139
ADS605 12 40.012 +1.0 10MHz ~78/Nyquist Com DDIP - 2.147
ADCB803 12 +0.012 10V/20 1MHz NA Ind, Mil HMD Q 2.110
AUDIO ANALOG-TO-DIGITAL CONVERTERS
See Section 8 of this data book for Burr-Brown's selection of Audio Analog-to-Digital Converters.
DSP COMPATIBLE ANALOG-TO-DIGITAL CONVERTERS
Typical Input Conversion THD+N
Resolution DC Linearity = Range Time dB, max Output Page
Description Model (Bits) Accuracy (v) (us) (V,, =1FS) Format Pkg?® No.
Single DSP101 18 14-Bit +2.75 5 -90 Serial DDIP 2.345
Channel
Dual Channel DSP102 18 14-Bit +2.75 5 -90 Serial DDIP 2.345

NOTES: (1) Com = 0°C to +70°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. QDIP = 1.2" wide DIP. (3) Q indicates optional reliability screening

is available for this model.

BURR - BROWN®
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INSTRUMENTATION ANALOG-TO-DIGITAL CONVERTERS

Boldface = NEW

Conversion
Linearity Time or NMC .
Resolution Error Input Sampling Reso- Temp Page
Description Model (Bits) (%FSR) Range (V)™ Rate lution Range® Pkg® No.
Data-Bus ADC700 16 +0.003 5,10,20U/B  ~ 17us 14 Mil, Ind, Com TDIP 2.76
Interface ‘
Industry Std ADC71 16 +0.003 5,10,20 U/B 50us 14 Ind, Com TDIP 23
Pinouts ADC76 16 +0.003 5,10,20 U/B 17us 14 Ind, Com TDIP 2.7
Sampling 574 ADS574 12 +0.012 10, 20, UB 40kHz 12 Com, Mil DIP, DDIP 2.126
Type SO
Sampling 774 ADS774 12 +0.012 10, 20, U/B 8.5ps 12 Com, Mil DiP, DDIP 2.174
Type SO
Sampling, ADS7800 12 +0.012 10,20B 333kHz 12 Com, Ind DIP 2.188
Interface SO
High-Accuracy, ADC7802 12 +0.012 Oto +5 8.5us 12 Ext DDIP, PLCC 2113
4-Channel, Auto- ADS7803 12 +0.018 Oto +5 8.5us 12 Ext DDIP, PLCC 2.199
Calibration,
Sampling
CMOS ADS7804 12 +0.012 20B 10ps 12 Ext PDIP, SO 2212
Sampling ADS7805 16 +0.0015 20B 10us 16 Ext PDIP, SO 2.222
Family ADS7806 12 +0.012 4,5, 20U/B 25us 12 Ext PDIP, SO 2.232
ADS7807 16 +0.0015 4,5, 20U/B 25us 16 Ext PDIP, SO 2.250
ADS7808 12 +0.012 4,5, 10,20U/B 10us 12 Ext PDIP, SO 2.269
ADS7809 16 +0.0015 4,5, 10, 20U/B 10ps 16 Ext PDIP, SO 2.279
ADS7810 12 +0.012 20B 1.25ps 12 Ext PDIP, SO 2.289
ADS7819 12 +0.012 5B 1.25us 12 Ext PDIP, SO 2.298
Industry Std ADC574A 12 +0.012 10,20 U/B 25us 12 Mil,Ind,Com DDIP 2.23
Pinout and ADC674A 12 +0.012 10,20 U/B 15us 12 Mil,Ind,Com DDIP 2.70
Interface ADC774 12 +0.012 10,20 U/B 8.5us 12 Mil,Ind,Com DDIP 2.103
Medium Speed ADCB80AG 12 +0.012 5,10,20 U/B 25us 12 Ind TDIP 2.1
Monolithic ADC8OMAH 12 +0.012 5,10, 20 U/B 25us 12 Ind TDIP 2.15
Medium Speed ADC84KG 12 +0.012 5,10,20 U/B 10ps 12 Ind TDIP 2.19
ADC85H 12 +0.012 5,10,20 U/B 10us 12 Com TDIP 219
Mil Temperature ~ ADC87H 12 +0.012 5,10,20 U/B 10us 12 Mil TDIP 2.19
Range
High Accuracy DDC101 20 +2.5ppm®  Current and 64us 18 Ind DDIP, 2318
Voltage solC

NOTES: (1) U/B indicates the input voltage range for the model: U = unipolar, B = Bipolar. (2) Com = 0°C to +70°C, Ext = —40°C to +85°C, Ind =
—25°Cto +85°C, Mil=-55°C to +125°C. (3) 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. (4) Linearity errors +0.025% reading +2.5ppm FSR.

DATA ACQUISITION COMP

Resolution  Linearity Input Throughput Tem Page
Model Channels (Bits) Error (%FSR) Range (V) Rate (kHz) Range® Pkg® No.
SDMs8é62 16 single ended 12 +0.012 5,£10, +10 33 Com, Ind, Mil LCC,PGA  2.367
SDM863 8 differential 12 +0.012 5, £10, +10 33 Com, Ind, Mil LCC, PGA 2.367
SDM872 16 single ended 12 +0.012 +5,+10, +10 50 Com, Ind, Mil LCC,PGA  2.367
SDM873 8 differential 12 +0.012 +5,+10, +10 50 Com, Ind, Mil LCC,PGA 2367

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, 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) Linearity error is £0.025% reading +2.5ppm FSR.

STILL AVAILABLE BUT NOT IN DATA BOOK

Conversion
Linearity Time or NMC
Resolution Error Input Sampling Reso- Temp Page
Description Model (Bits) (%FSR) Range (V)™ Rate lution Range® Pkg® No.
Serial Output ADC804 12 +0.012 5,10,20 U/B 17us 12 Mil,ind,Com DDIP A

BURR - BROWN®
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ADC71

ABRIDGED DATA SHEET
For Additional Technical
Information, Request
PDS-1060.

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-

Ceramic Package pin hepnetic cerami; d.ual-in-line package. The con-

verter is complete with internal reference, clock, com-
©® CONVERSION SPEED: 50us max parator, and thin-film scaling resistors, which allow
selection of analog input ranges of 2.5V, +5V, 10V,
0 to +5V, 0 to +10V and O to +20V.

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.

1 Referencel O Ref Out (+6.3V,
Parallel § =] ¢ )
Digital 16-Bit D/A
Output Converter

Short Cycle O—-J 16-Bit

Successive Approx.
Convert Command O—— Register (SAR)

Input Range
}Select

—O Comparator In

+
Il Clock I| O Clock Out

-O Status

International Airport Industrial Park «  Mailing Address: PO Box 11400  + Tucson, AZ85734 . Street Address: 6730 S. Tucson Bivd. + Tucson, AZ 85706
Tel: (602) 746-1111 -« Twx:910-952-1111 + Cable: BBRCORP + Telex:066-6491 « FAX:(602)889-1510 -+ Immediate Product Info: (800) 548-6132
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SPECIFICATIONS
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ELECTRICAL
At +25°C and rated power supplies unless otherwise noted.
ADC71J, K ADC71A,B * o
MODEL MIN TYP MAX MIN TYP MAX UNITS
RESOLUTION 16 16 Bits
INPUTS
ANALOG
Voltage Ranges: Bipolar +2.5, +5, +10 +2.5, +5, +10 v
Unipolar 0 to +5, 0 to +10, to +5, 0 to +1é, \
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®
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 +0.2 % 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/%V
+5VDC 0.001 0.001 % of FSR/%V
CONVERSION TIME®
14 Bits 50 50 us
WARM-UP TIME 5 * min
DRIFT .
Gain +10 +15 * > ppm/°C
Offset: Unipolar +2 +4 +2 ppm of FSR/°C
Bipolar +8 +10 +5 +10 ppm of FSRI°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)
Parallel Output Codes'®: Unipolar csB
Bipolar COB, CTC®
Output Drive 2 * TTL Loads
Serial Data Code (NRZ) CSB, COB
Output Drive 2 * TTL Loads
Status Logic “1” During Conversion
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 \
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 * * * vDC
Rated Voltage, Digital +4.75 +5 +4.75 * * * VvDC
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 |. CSB - Complementary Straight Binary. COB - Complementary

Offset Binary. CTC - Complementary Two’s Complement. (6) CTC coding obtained by inverting MSB (Pin 1).
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PIN CONFIGURATION

Top View DIp
MsB)Bit1 [1 | [32] Short Cycle

Bit2 [Z 31| Convert Command
Bit 3 [Z——‘ | Reference | E +5VDC Supply E
Bit4 [4 | r [20] Gain Adjust O
Bit5 |5 28] +15VDC Supply a
Bit6 E"[ T <. 53ka 127] Comparator In <
Bit7 IZ @ 5S¢ +—/MM—26] Bipolar Offset
Bit8 La—:J jﬁi fg 5kQ SRQE 1oV
Bits [9 ] ! [24] 20v
Bit10 [10] [23] Refout63v
Bit11 [11]— [22]  Analog Common(®)
Bit12 [12}— [21] -15vDC Supply

(LSB for 13 bits) Bit 13 [13] —120] Clock Out

(LSB for 14 bits) Bit 14 |14 19| Digital Common

Comparator = F=—

Bit15 |15 18| Status
Bit16 [16] @—— [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

~V¢c to Common 0V to -16.5V MODEL PACKAGE NUMBER

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

Analog Common to Digital Common +0.5V 232;1 "J(g ggg': :::2:::2 g:g :;zg

Logic Inputs to Common OV to Vpp il . ~

Maximum Power Dissipation 1000mW ADC71AG 32-§!n Herrnetfc g:P 172-5

Lead Temperature (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 D 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

A/D CONVERTERS, DATA ACQUISITION COMPONENTS

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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f Maximum Throughput Time®® .y
Convert Command"” = Conversion Time ! M
" Internal Clock

Status (EOC)
MBS
Bit 2
Bit 3
Bit4
Bit5
Bit6
Bit 7
Bit8
Bitg ____J Lo
Bit10 ____] | T
Bit 11 L
Bit12 ___ | L0
Bit13 ____] L [
Bit14 ___ | lo
Bit15 ___ | lor

Bit 16 MSB LSB | «»
Serial DataOut ____ 1] 2] 3|4 5[ 6] 7 s o 10 11 1213 14] 15[ 16
0 s s e s g e s e s s g e

.

.

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.

Serial -
Out !

! _ T
~+— 40-125ns 40-125ns — 0 {=— Bit 16 / Valid

I
CCI;):tk Status 40-125ns —= -~
. | i

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 CcoBM coB® CcoB®

Designation or CTC® or CTC@ or CTC® CsB® csB®@ CsB®

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

Significant 2n 2n 2n 20 2n 20 2n

Bit (LSB) n=12 4.88mV 2.44mV 1.22mVv 2.44mV 1.22mV 4.88mV
n=13 2.44mV 1.22mV 610uV 1.22mV 610uV 2.44mV
n=14 1.22mv 610uV 3051V 610uV 305uV 1.22mV

Transition Values

MSB LSB

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

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

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

ADC76

ABRIDGED DATA SHEET
For Additional Technical
Information, Request PDS-1063

16-Bit
ANALOG-TO-DIGITAL CONVERTER

FEATURES DESCRIPTION

® 16-BIT RESOLUTION The ADC76 is a high quality, 16-bit successive ap-
@ LINEARITY ERROR +0.003% max (KG, BG) proximation analog-to-digital converter. The ADC76

uses state-of-the-art laser-trimmed IC thin-film resis-
d T%Dg $T80“125?g DES GUARANTEED FROM tors and is packaged in a hermetic 32-pin dual-in-line

. package. The converter is complete with internal refer-
® 17us CONVERSION TIME (16-Bit) ence, short cycling capabilities, serial output, and thin-
@ SERIAL AND PARALLEL OUTPUTS film scaling resistors, which allow selection of analog

input ranges of £2.5V, £5V, £10V, 0 to +5V, 0 to
+10V and O 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 in-
puts and outputs are TTL-compatible.

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

16-Bit D/A
Converter

Parallel
Digital
Output

16-Bit
Successive Approx.
Register (SAR)

O Short Cycle
O Convert Command

4 Input Range
} Select

- O Comp In
NI

O Clock Rate Control
| Clock I: O Clock Out
O Status
O Serial Out

International Airport Industrial Park +  Mailing Address: PO Box 11400  « Tucson, AZ85734 - Street Address: 6730 S. Tucson Bivd. -« Tucson, AZ 85706
Tel: (602) 746-1111 »  Twx:910-952-1111 . Cable: BBRCORP + Telex:066-6491 + FAX:(602)889-1510 . Immediate Product info: (800) 548-6132

A/D CONVERTERS, DATA ACQUISITION COMPONENTS- H ADC76
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SPECIFICATIONS

ELECTRICAL

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

ADC76J, K ADC76A, B
MODEL MIN TYP MAX MIN TYP MAX UNITS
RESOLUTION 16 * Bits
ANALOG INPUTS
Voltage Ranges: Bipolar +2.5, 45, +10 * v
Unipolar 0to+5,0to +10 * \
0to +20 *
Impedance (Direct Input)
0 to +5V, +2.5V 25 * kQ
0to +10V, 5.0V 5 * kQ
0 to +20V, +10V 10 * kQ
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 0.2 * * %
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 (3¢, p-p) +0.001 +0.003 * * % of FSR
POWER SUPPLY SENSITIVITY
+15VDC 0.003 * % of FSR/%V
+5VDC 0.001 * % of FSR/%Vg
CONVERSION TIME®
14 Bits 15 * us
15 Bits ' 16 . pus
16 Bits 17 * us
WARM-UP TIME 5 * 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 CcsB *
. Bipolar COB, CTC® *
Output 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 Output Drive 2 M 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) Conversion time may be shortened 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 |. 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

Bit 2

Bit3

Bit4

Bit5

Bit6

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

Reference

16-Bit SAR

16-Bit D/A Converter

Comparator

31] Convert Command
+5V Supply

Gain Adjust

+15V Supply

Clock Rate Control
[22] Analog Common(!
—15V Supply
Clock Out

19] Digital Common

16

E Status
E Serial Out

DIP

n ADC76

ABSOLUTE MAXIMUM SPECIFICATIONS

+V,, to Common

0V to +16.5V

—Vc to Common

0V to -16.5V

+V,,;, to Common

Analog Common to Digital Common
Logic inputs to Common

Maximum Power Di

Lead Temperature (soldering, 10s)

PACKAGE INFORMATION®™

PACKAGE DRAWING
MODEL PACKAGE NUMBER
ADC76JG 32-Pin Hermetic DIP 172-5
ADC76KG 32-Pin Hermetic DIP 172-5
ADC76AG 32-Pin Hermetic DIP 172-5
ADC76BG 32-Pin Hermetic DIP 172-5

ORDERING INFORMATION

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

A/D CONVERTERS, DATA ACQUISITION COMPONENTS

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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Convert Command'”

Throughput Time®
Conversion Time

I‘ 1

Internal Clock

Status (EOC)
MBS

LI

Bit 2

Bit 3
Bit 4

Bit5

11

Bit 6

Bit7

Bit8

Bit9

Bit 10

L~

Bit 11

1 [ “qn

Bit 12

111

] <o”

Bit 13

LT+

Bit 14

Lo —

Bit 15

Lo —

Bit 16 MSB

Serial Data Out 1

“Qr

2 [ 3.4 5] 6]
o wpr g g

initiated by the “trailing edge” of the convert command.

NOTES: (1) The convert command must be at least 50ns wide and must remain low during a conversion. The conversion is

] ey
71 8 Lo 10 111213 14] 15 [ 16]

“yn L R O LS T IS LA CHNs (L

(2) 17us for 16 bits.

FIGURE 1. ADC76 Timing Diagram.

40-125ns —%/

|
Serial — N~ 40-125ns

Out

Clock
Out

|

S —
" / Bit 16
Bit 16 \ Valid
|
Status 40-125ns —»! -
]

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 +IOV 0 to +5V 0 to +20V

Code COB" COB™M cosm

Designation or CTC® or CTC® or CTC® CSB® CSB®@ csB@

One Least FSR 20V 10V 5V 10V 5V 20V

Significant 2r 2" 2n o 2 2n i

Bit (LSB) n=12 4.88mV 2.44mV 1.22mv 2.44mV 1.22mVv 4.88mV
n=13 2.44mV 1.22mV 610uV 1.22mV 610uV 2.44mV
n=14 1.22mv 610puV 305uV 610pVv 305uVv 1.22mV

Transition Values

MSB LSB

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

011 ... 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.
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BURR - BROWN®

ADC80

ABRIDGED DATA SHEET
For Additional Technical
Information, Request
PDS-676

ADCS80

General Purpose
ANALOG-TO-DIGITAL CONVERTER

FEATURES DESCRIPTION

® INDUSTRY-STANDARD 12-BIT ADC The ADC80 is a 12-bit successive-approximation ana-
pp
® 10.012% LINEARITY log-to-digital converter, utilizing state-of-the-art CMOS
and laser-trimmed bipolar die custom designed for
® 25.s max CONVERSION TIME freedom from latch-up and optimum AC performance.
® 12V OR +15V OPERATION It is complete with a comparator, a monolithic 12-bit
® NO MISSING CODES: -25°C to +85°C DAC which includes a 6.3V reference laser-trimmed
® HERMETIC 32-PIN PACKAGE for minimum temperature coefficient, and a CMOS
logic chip containing the successive approximation
® PARALLEL AND SERIAL OUTPUTS register (SAR), clock, and all other associated logic
® 595mW max DISSIPATION 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).

ﬁﬁﬁ:ﬁ The maximum conversion time of 25us makes the
EX‘&";‘;! o clock  ADC80 ideal for a wide range of 12-bit applications
Short Clock —0 out requiring system throughput sampling rates up to
Cycle O—_—_) Parallel  40kHz. In addition, the ADC80 may be short-cycled
ComPafatfr: o j‘> gﬁtt;m for faster conversion speed with reduced resolution,
20V Range Successive |0 serial and an external clock may be used to sync!‘lromze the
W Approximation Out converter to the system clock or to obtain higher speed

10V Range [ Register operation.

Co'mparato, Data is available in parallel and serial form with
corresponding clock and status signals. All digital
input and output signals are TTL/LSTTL-compatible,

12-Bit D/A with internal pull-up resistors included on all digital
Converter inputs to eliminate the need for external pull-up resis-

A/D CONVERTERS, DATA ACQUISITION COMPONENTS

tors on digital inputs not requiring connection. The
Bipolar o o ADCB80 operates equally well with either 15V or
Offset Reference Out +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.

International Airport Industrial Park  +  Mailing Address: PO Box 11400 - Tucson, AZ 85734 . Street Address: 6730 S. Tucson Blvd. + Tucson, AZ 85706
Tel: (602) 746-1111 + Twx:910-952-1111 . Cable: BBRCORP .+ Telex: 066-6491 + FAX:(602)889-1510 + Immediate Product info: (800) 548-6132
BURR - BROWNG®
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SPECIFICATIONS

ELECTRICAL
At T, = +25°C, £V, = 12V or 15V, V,, = +5V, unless otherwise specified.
ADCB0AG
PARAMETER MIN TYP MAX UNITS
RESOLUTION
ADCB0AG-12, ADC80-AGZ-12) 12 Bits
ADC80AG-10 10 Bits
INPUT
ANALOG
Voltage Ranges: Unipolar 0 to +5, 0 to +10 \
. Bipolar +2.5, +5, 10 v
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)
Vy (Logic “1”) 2 55 \'
V,. (Logic “0") -0.3 +0.8 v
Iy (Viy = +2.7V) -150 uA
I (Viy = +0.4V) 500 pA
Convert Command Pulse Width® 100 2000 ns
TRANSFER CHARACTERISTICS
ACCURACY
Gain Error® +0.1 0.3 % of FSR®
Offset Error®: Unipolar +0.05 +0.2 % of FSR
Bipolar +0.1 +0.3 % of FSR
Linearity Error: ADC80AG-12, ADC80AGZ-12 +0.012 % of FSR
ADCB0AG-10 +0.048 % of FSR
Differential Linearity Error +1/2 +3/4 LsSB
Inherent Quantization Error +1/2 LsB
POWER SUPPLY SENSITIVITY
11.4V < £V, < 16.5V 10.003 +0.009 % of FSR/%V
+4.5V < Vy, < +5.5V +0.002 +0.005 % of FSR/%V;p
DRIFT
Total Accuracy, Bipolar® +10 123 ppm/°C
Gain +15 +30 ppmrC
Offset: Unipolar +3 ppm of FSR/°C
Bipolar 17 *15 ppm of FSR/°C
Linearity Error Drift +1 3 ppm of FSRFC
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 us
ADCB0AG-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 (lgn < 3.2mA) +0.4 \
Logic 1 (lsoyrce < BOMA) +2.4 v
Internal Clock Frequency 545 kHz
INTERNAL REFERENCE VOLTAGE
Voltage +6.2 +6.3 +6.4 \Z
Source Current Available for External Loads® 200 HA
Temperature Coefficient +10 +30 ppm/°C

BURR - BROWN®
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SPECIFICATIONS (conm

ELECTRICAL

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

ADC80AG

PARAMETER MIN TYP MAX UNITS
POWER SUPPLY REQUIREMENTS (For all models) 8
Voltage: V¢ +11.4 *15 *16.5 \

Voo +4.5 +5 +5.5 \ o
Current: +le 5 85 mA n

~loc 21 26 mA

loo 1 15 mA <

Power Dissipation (+V;= 15V) 450 595 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) 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 i
1 Bit 6 32 Bit 7 Top View
2 Bit5 31 Bit8
3 Bit4 30 Bit9 11— |_;'2—
4 Bit3 29 Bit 10 (LSB-10 Bits) = —
5 Bit2 28 Bit 11 ﬁ_ 31
6 Bit 1 (MSB) 27 Bit 12 (LSB-12 Bits) ] r 1
7 NG 2 Serial Out L8] - 130
8 Bit 1 (MSB) 25 Voo (4| 58 29
9 +5V Digital Supply 24 Reference Out (+6.3V) ,-——j & g e
10 Digital Commone@ 23 Clock Out i [— 5\"_ 8 28
— ’:
11 Comparator In 22 Status 6 27
12 Bipolar Offset 21 Short Cycle L —
13 R, 10V Range 20 Clock Inhibit 7 AN 26
14 R, 20V Range 19 External Clock e 5kQ 3 F
8 s 25
15 Analog Common 18 Convert Command L 6.3kQ o
" " — : \L\ > r—_—‘—“‘
16 Gain Adjust 17 +Vee 9 K} 24
L= 12-Bit Suc o [
NOTE: (1) +5V applied to pin 7 has no effect on circuit. (2) Metal lid of package 10 — Approx. Register (SAR) —23
is connected to pin 10. = — T l —
1 22
12 =1 21
IM_ ]
—120
| 19
18
17

13
R, 5k
[+
il g
w =

A/D CONVERTERS, DATA ACQUISITION COMPONENTS
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ABSOLUTE MAXIMUM RATINGS ORDERING INFORMATION
+V to Analog Common 0to +16.5V RESOLUTION
V¢ to Analog Common 0to-16.5V MODEL (Bits)
Vpp to Digital Common 0to +7V ADC80AG-10 10
Analog Common to Digital Common - +0.5V ADC80G-12 12
Logic Inputs (Convert Command, Clock In) ADC80GZ-12(" 12
to Digital Common —0.3V to +Vp, +0.5V
Analog Inputs (Analog In, Bipolar Offset) NOTE: (1) ADC80AGZ-12 is not recommended for new designs. Standard
to Analog Common +16.5V ADC80AG-12 now meets the extended power supply range of the
Reference OULPUL ...........c.vucmimiiriicicnniinns Indefinite Short to Common, ADCB0AGZ-12.
Momentary Short to Vo
Lead Temperature, (soldering, 108) ........ccccocrurrrmrcnnicminiiecnnnieins +300°C
PACKAGE INFORMATION®™
CAUTION: These devices are sensitive to electrostatic discharge. PACKAGE DRAWING
Appropriate I.C. handling procedures should be followed. MODEL PACKAGE NUMBER
Stresses above those listed under “Absolute Maximum Ratings” may . .
cause permanent damage to the device. Exposure to absolute maxi- :ggggge;;o g;g:: :::::Z:,z 1;2
onditions fo d i ffect device reliability. i g
mum conditions for extended periods may affect device reliability. ADCSOAZ- 120 32-Pin Hermetic 172

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

Covert '_—I r‘l
Command T
"‘—l‘_cnl—ll—lr—ll——ll—ll——ll—-ll—ll—ll—ll—ll—l I_
Internal
Clock =]  |=tgp I [=ter - |=fow
Status L———
- [=tq
Bit 1
Bit2
Bit3
Bit 4
Bit 12
s = =Ttov
erial " " - " " " " - " " " " "
bata _Datalnvaiid [ Bit1 ['Bit2 [ it [ Bit4 [ Bits [ Bite | Bit7 [ Bits [ mito [it10]Bit 1] Bit 12]
SYMBOL PARAMETER TYP | UNITS
oo Clock delay from convert command 30 ns
top Nominal clock period 1.65 us
tow Nominal clock pulse width 0.65 us
tep Status delay from convert command 130 ns
ta 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).

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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aume - smowN« ADC80MAH-12
===i

ABRIDGED DATA SHEET
For Additional Technical
Information, Request PDS-694

Monolithic12-Bit
ANALOG-TO-DIGITAL CONVERTER

e
BURR - BROWN®

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,
® 10.012% LINEARITY with internal pull-up resistors included on all digital
inputs to eliminate the need for external pull-up resis-
® 253 max CONVERSION TIME tors on digital inputs not requiring connection. The
® 112V OR 115V 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,
unlike many ADC80-type products, a +5V analog
ikt 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 mini t t Clook Clock
eference laser-trimmed for minimum temperature hort Clock  —oout
coefficient, a successive approximation register (SAR), Cycle © ‘ Parallel
clock, and all other associated logic functions. Comparator Data

In Output

Internal scaling resistors are provided for the selection Successive 1 —0 gerial
. . 20V Range Approximation

of analog input signal ranges of 2.5V, 5V, £10V, 0 p‘;‘egister Out

to +5V, or 0 to +10V. Gain and offset errors may be 10V Range

externally trimmed to zero, enabling initial end-point
accuracies of better than +0.12% (+1/2LSB).

The maximum conversion time of 25us makes the

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 °
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 Bivd. + Tucson, AZ 85706
Tel: (602) 746-1111  «  Twx:910-952-1111 « Cable: BBRCORP + Telex:066-6491 + FAX:(602)889-1510 -« Immediate Product Info: (800) 548-6132

PDS-694A 2.15

ADC80MAH-12

A/D CONVERTERS, DATA ACQUISITION COMPONENTS



- For Immediate Assistance, Contact Your Local Salesperson
SPECIFICATIONS

ELECTRICAL

AL T, = +25°C, £V, = 12V or 15V, V, = +5V, unless otherwise specified.

. ADC8OMAH-12
PARAMETER MIN TYP MAX UNITS
RESOLUTION : 12 Bits
INPUT
ANALOG
Voltage Ranges: Unipolar 0to +5, 0to +10 \
Bipolar . +2.5, £5, +10 \
Impedance: 0 to +5V, +2.5V 245 25 255 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)
V,, (Logic “1%) 2 55 '
V, (Lagic “0%) -0.3 +0.8 %
Ly (Viy = +2.7V) 20 pA
I (Vi = +0.4V) -20 A
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 FSR/%V s
+4,5V < 2V, < +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 (lgy < 3.2mA) +0.4 \
Logic 1 (lsounce < BOHA) +2.4 \Y
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
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 (conm

ELECTRICAL

At T, = +25°C, £V, = 12V or 15V, V,; = +5V, unless otherwise specified.

ADC80MAH-12
PARAMETER MIN TYP MAX UNITS
POWER SUPPLY REQUIREMENTS
Rated Supply Voltages +5, 12 or 15 A
Supply Ranges: +V +11.4 +16.5 v
o +4.5 +5.5 v
Supply Drain: +lg; (+Vee = 15V) 8.5 11 mA
~log (Voo = 15V) 21 24 mA
lo (Veg = 5Y) 30 36 mA
Power Dissipation (£V¢, = 15V, Vg, = 5V) 593 705 mw
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 200pA for guaranteed specification.

ABSOLUTE MAXIMUM RATINGS PCM1760 ORDERING INFORMATION
+V, to Analog Common 0to +16.5V RESOLUTION
-V, to Analog Common 0to-16.5V MODEL (Bits)
Vpp to Digital Common Oto +7V ADC8OMAH-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¢ BURN-IN TEMPERATURE
Analog Inputs (Analog In, Bipolar Offset) MODEL (160h)"
to Analog Common +16.5V 10,
Reference Output Ir Short to Common, ADCEOMAH-12-BI 12
Momentary Short to Vec NOTE: (1) Or equivalent.
Lead Temperature, (SOIAering, 108) ........cccvueueururereneseremrennsarennens +300°C
Maximum Junction Temp +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
ADCB80MAH-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.

BURR - BROWN®

NOTE: (1) For detailed drawing and dimension table, please see end of data
sheet, or Appendix D of Burr-Brown IC Data Book.
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CONNECTION DIAGRAM PIN ASSIGNMENTS
Top View PIN DESCRIPTION PIN DESCRIPTION
1 Bit6 32 Bit7

P [ L_? 2 Bit5 31 Bit8
L] I-_4 3 Bit 4 30 Bit9

2 51 ] 4 Bit3 29 Bit 10 (LSB-10 Bits)
= — 5 Bit 2 28 Bit 11
K2 12-Bit Successive 3__01 6 Bit 1 (MSB) 27 Bit 12 (LSB-12 Bits)

4 Approximation Register 29 7 NCw 26 Serial Out
= — 8 Bit 1 (MSB) 25 Vo

5 28 9 +5V Digital Supply 24 Reference Out (+6.3V)
6 | o | 10 Digital Common 23 Clock Out
L] — 11 Comparator In 22 Status

7 26 12 Bipolar Offset 21 Short Cycle
— 3 == 13 R, 10V Range 20 Clock Inhibit
_8_ 5 E_[ 14 R, 20V Range 19 External Clock
_9— 12-Bit D/A 2 _2:_‘ 15 Analog Common 18 Convert Command
= Converter T = 16 Gain Adjust 17 Voo
i_—l— = i NOTE: (1) +5V applied to pin 7 has no effect on circuit.

11 f———8 = 22
— 6.3kQ J ‘[Di l—

12 M R 21
— 1 = —
Il e B =

14 19
—1 5kQ o

15 18
=] — Clock —

16— 17

Covert l—l
Command. —’ |
=1 ==fp

Internal
Clock +| |=tsp - |=tee - =tew
Statss —  E—
- |=tq
Bit 1
Bit2
Bit3
Bit4
Bit 12
S ->| ]—- tov
erial " - " " " " " " " " "
bata Datalnvalid [ Bit1 [ Bit2 | Bits | mits [ Bits | mite | Bit7 | Bits | site |Bit10]Bit 11]Bit12]
SYMBOL PARAMETER TYP | UNITS
teo Clock delay from convert command 153 ns
top Nominal clock period 1.81 ns
tow Nominal clock pulse width 0.87 us
tsp Status delay from convert command 186 ns
ta All bits reset delay from convert command 14 ns
tov Data valid time from clock pulse high -15 ns

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

ADC84
ADC85H
ADC87H

IC ANALOG-TO-DIGITAL CONVERTERS

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)

@ 1£0.012% max LINEARITY ERROR

DESCRIPTION

ADC84, 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).

® THREE TEMPERATURE RANGES:
0°C to +70°C — ADC84
—25°C to +85°C — ADCB85H
-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.

ADCB84/85/87H

L

A/D CONVERTERS, DATA ACQUISITION COMPONENTS

International Airport Industrial Park  «  Mailing Address: PO Box 11400 + Tucson, AZ 85734 « Street Address: 6730 S. Tucson Blvd. + Tucson, AZ 85706
Tel: (602) 746-1111 « Twx:910-952-1111 + Cable:BBRCORP -+ Telex: 066-6491 - FAX:(602)889-1510 -« Immediate Product Info: (800) 548-6132
BURR - BROWNG®
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SPECIFICATIONS

ELECTRICAL
Specified at +25°C and rated supplies, unless otherwise noted. .
ADCB84KG-12 ADC85H-12 ADC87H-12 .
PARAMETER MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
RESOLUTION 12 * * Bits
ANALOG INPUTS
Voltage Ranges: Bipolar +2.5,45,+10 * * v
Unipolar 0to +5,010 +10 * * \"
Impedance (Direct Input): 0 to +5V, 2.5V 245 25 255 * * * * * * kQ
0to +10V, 5V 4.9 5 5.1 v * * * * * kQ
+10V 9.8 10 10.2 * * * * * * kQ
Buffer Amplifier: Impedance 100 * * MQ
Bias Current 50 * * nA
Settling Time to 0.01%
for 20V Step® 2 * * us
DIGITAL INPUTS®
Convert Command Ppstive pulse 50ns (min), trailing edge initiates conversion
Logic Loading 1 ] * ‘ ' TTL Load
TRANSFER CHARACTERISTICS
ACCURACY
Gain Error @ 0.1 +0.25 * * * * %
Offset Error: Unipolar +0.05 0.2 * * * * % of FSR®
Bipolar 0.1 +0.25 * * * * % of FSR
Linearity Error® | +0.012 * * % of FSR
Inherent Quantization Error 0.5 * * LsSB
Differential Linearity Error +0.5 * * LSB
No Missing Codes Temperature Range 0 +70 —25 +85 -55 +125 °C
POWER SUPPLY SENSITIVITY
Gain and Offset: +15V +0.004 * * % of FSR/%V
+5V +0.001 M * % of FSR/%V
DRIFT
Gain +30 +15 +15 ppm/°C
Offset: Unipolar +3 +3 15 ppm of FSR/°C
Bipolar +15 7 +10 ppm of FSRFC
Linearity +3 +2 +2 ppm of FSR/°C
Monotonicity Guaranteed * *
CONVERSION TIME 10 * * us
DIGITAL OUTPUT®
(All Modes Complementary)
Parallel Output Codes: Unipolar CcSB * *
Bipolar ICOB, CTC| * -
Output Drive 2 * * TTL Loads
Serial Data Codes (NRZ) CSB, CO% * *
Output Drive 2 ¥ * TTL Loads
Status Logic “1” During Conversion * *
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 * * * * * * \
Max. External Current with No Degradation 200 * * pA
Tempco of Drift +20 15 +10 +5 +10 ppm/°C
POWER SUPPLY REQUIREMENTS
Rated Supply Voltages +5, £12 or £15 * x \
Supply Ranges: V,, +4.75 +5.25 * * * * \
Voo +11.4 +16.5 * * * * \
Supply Drain: +l,, 20 * * mA
=l 25 * * mA
oo 10 . . mA
Total Power Dissipation 450 725 * * * * mw
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
(max), (c) Conversion Time: 6ps (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. :

BURR- BROWN®
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CONNECTION DIAGRAM — ADC84, 85H, 87H

g

Bit 2 Comparator In

Bit 1 (MSB)
Bit 1 (MSB)
Short Cycle

Digital Common(!)

In

Convert Command
Status
Clock Out

Reference Out (+6.3V)

Top View N~
— L ®
(LSB for 12 bits) Bit 12| 1 32 | Serial Out [T9)
Bit 11 él 31 | ~Vge Q
(LSB for 10 bits) Bit 10| 3 30 | Buffer in o0
Bit9| 4 29 | Buffer Out 8
Bit8| 5 [ 28 | +V,
= N 5= "¢ <
Bit7| 6 o |1 £8 27 | Gain Adjust
— 2 L %’5 —
' S o
Bit6 é] § n L°>§ 26 | Analog Common
Bit5| 8 S H 33 | %@ R, 20V Range
sitafo [‘——— 5 a5 R, 10V Range
Bit3[10 | /\\M— 23 | Bipolar Offset
1
12
13
L
14
15
16

HEBEHEBNEBE

Voo 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
ADC84KG-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
ADCB84KG-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 D of Burr-Brown IC Data Book.

A/D CONVERTERS, DATA ACQUISITION COMPONENTS

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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Convert™ |——-|' Maximum Throughput Time® |

Command I Conversion Time | l—_l
memacos | LI LI LT LI L L LT L L L L L L er
Status (EOC) | I r

wss | I “0”

Bit3

Bit4

1

Bit5

Bit6

Serial®
Data Out

<
®
ojlco

0" g wr g “0r wgr “qn «qn

«r uqn 0

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

FIGURE 1. Timing Diagram.
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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/D
CONVERTERS
Conversion Time: 25us max
Bus Access Time: 150ns max
A, 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.

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 25us 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
omst  © | clook | it
o W Com 1 —

j=
20V Range O——\\——1—/\\"— - 2f, 0
10V Range O—————— Y g&c o Parallel
Comparator < 3 Data
(7]

Reference 12-Bit D/A g Output
Input \ - Converter E
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SPECIFICATIONS

ELECTRICAL

To=+25°C, Vo = +12Voor +15V, V. = =12V or =15V, V, . = +5V unless otherwise specified.

ADC574AJP, JH, SH ADC574AKP, KH, TH
PARAMETER MIN TYP MAX MIN TYP MAX UNITS
RESOLUTION 12 * Bits
INPUTS
ANALOG
Voltage Ranges: Unipolar 0to +10, 0 to +20 * A
Bipolar ‘ 15,410 * v
Impedance: 0 to +10V, 5V 4.7 5 5.3 * * > kQ
+10V, OV to +20V 94 10 10.6 * * * kQ
DIGITAL (CE, CS, RIC, A,, 12/8)
Over Temperature Range
Voltages: Logic 1 +2 +5.5 * * A
Logic 0 -0.5 +0.8 * * )
Current -5 0.1 +5 * * * HA
Capacitance 5 * pF
TRANSFER CHARACTERISTICS
ACCURACY
At +25°C
Linearity Error +1 +1/2 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) 11 12 Bits
Inherent Quantization Error +1/2 . LsB
TMIN to TMAX
Linearity Error: J, K Grades +1 +1/2 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) 1 12 Bits
TEMPERATURE COEFFICIENTS (T,,, to Ty, )®
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 45 +25 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 <V, < +16.5V or +11.4V <V, < + 12.6V] +2 +1 LsB
~16.5V < Vg <—13.5V or —12.6V < Vi <= 11.4V| 2 £ LsB
+4.5V <V oo <+5.5V +1/2 * LSB
CONVERSION TIME ¢
8-Bit Cycle 10 13 17 * * * us
12-Bit Cycle 15 20 25 * . . us
OUTPUTS
DIGITAL (DB, - DB,, STATUS) ‘ | l
(Over Temperature Range)
Output Codes: Unipolar Unipolar Straight Binary (USB)
Bipolar Bipolar Offset Binary (BOB)
Logic Levels: Logic O (I, = 1.6mA) +0.4 * v
Logic 1 (lgoynce = 5001A) +24 . v
Leakage, Data Bits Only, High -Z State -5 0.1 +5 " * * pA
Capacitance 5 > pF

BURR - BROWNG®
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SPECIFICATIONS (conT)

ELECTRICAL
T, = +25°C, Vo, = +12V or +15V, V. = ~12V or —15V, V . = +5V unless otherwise specified.
ADC574AJP, JH, SH ADC574AKP, KH, TH g
PARAMETERS MIN TYP MAX MIN TYP MAX UNITS N~
[Tpl
INTERNAL REFERENCE VOLTAGE o
Voltage +9.9 +10.0 +10.1 * * * \ Q
Source Current Available for External Loads © 2.0 * mA
POWER SUPPLY REQUIREMENTS <
Voltage: V. +11.4 +16.5 * * \
Ve -11.4 -16.5 * * A
Vioar +4.5 +5.5 i * \%
Current: I, 35 5 * * mA
lee 15 20 . . mA
loaic 9 15 . . mA n
Power Dissipation (+15V Supplies) 325 450 * * mw |_
TEMPERATURE RANGE (Ambient: Ty, Tyax ) E
Specifications: J, K Grades 4] +75 * * °C z
S, T Grades 55 +125 * * °C o
Storage -85 +150 * * °C n-
* Same specifications as ADC574AJP, AJH, ASH. E
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 O
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. 0
(3) Using internal reference. (4) See Controliing 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. Z
o
PIN CONFIGURATION =
124
) L =)
+5VDC Supply (Vioae) | 1 H <—|Power~up Reset | I——»&a_ Status (e]
128 |2 [ —{27 | DB11(MSB) O
— — <
CS | 3 | Control l < [—]26| DB10 <
— Logic @ 1
Ao |4 H 8 —E DB9 -
== -4
RC |5 H = Clock g L 124] B8 <
] 8 S H Q
CE |6 |H 2 > 23| DB7 .
— g s — w
Wee |7 c|128is| o | @ FH22] pss
= Reference g Sl 3 — E
RefOut |8 £ & | £ 21| oss [1T]
] 12-Bit 3 2 ] -
Analog Common ; DA :%L & — i DB4 m
Refin |10 Converter o 8 19| DB3 [TT]
L Comparator | -2 Elo e >
Vee |1 8 o (—{18| DB2
L] g 2| = 2
Bipolar Offset |12 @D Z 17| DB1 o
10V Range |13 16| DBO (LSB) (&)
20V Range |14 15| Digital Common Q
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ABSOLUTE MAXIMUM RATINGS BURN-IN SCREENING
v, to Digital Common OV o +16.5V Burn-in screening is avalla.ble for llaoth’plastlc and ceramic
V. to Digital Common 0V to -16.5V package ADC574s. Burn-in duration is 160 hours at the
xml.c D(‘él“a‘ CO'“"“B" G 0Vio +7z temperature (or equivalent combination of time and tem-
nalog Common to Digital Common .. . +1 P .
Control Inputs (CE, G, A,, 12/8, RIC) perature) indicated below:
to Digital Common .. - —0.5V toV, 5, +0.5V Plastic “~BI”’ models: +85°C
Analog Inputs (Ref In, Bipolar o ) . °
to Analog Common +16.5V Ceramic “~BI” models: +125°C
:oe}’%::: Analog Common . Comﬁ;‘]’ All units are 100% electrically tested after burn-in is com-
Momentary Short o V., pleted. To order burn-in, add “~BI” to the base model
Max Junction Temp e +165°C number (e.g. ADC574AKP-BI).
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.
Appropriate I.C. handling procedures should be followed.

ORDERING INFORMATION
LINEARITY
TEMPERATURE | ERROR MAX
MODEL PACKAGE RANGE Ty TO Tund)
ADC574AJP Plastic DIP 0°C to +75°C +1LSB
ADC574AKP Plastic DIP 0°C to +75°C +1/20SB
ADC574AJH Ceramic DIP 0°C to +75°C +1LSB
ADCS74AKH Ceramic DIP 0°C to +75°C +1/2LSB
ADC574ASH Ceramic DIP | —55°C to +125°C +1LSB
ADC574ATH Ceramic DIP | -55°C to +125°C +3/4L.SB

BURN-IN SCREENING OPTION
See text for details.

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

ADCS574AKH-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 D 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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DISCUSSION OF
SPECIFICATIONS

LINEARITY ERROR

Linearity error is defined as the deviation of actual code
transition values from the ideal tramsition 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 (000, to 001,). The full-scale value is
located at an analog value 3/2LSB beyond the last code
transition (FFE, to FFF,) (see Figure 1).

Full-Scale 4
FFRy + Calibration “
FFE, 1 Error !
" Rotates T
FFD, + The ™\ Pt
=5 Line 1
:E /] | 1
_ 802, \ b
3 801y L Lo
- ! H
O 800, L : ;
= Offset | P
g TFFu T+ Error : } :
7FE, L Shifts i P
Ac Theline V. \ : : :
002, + v ¥ P
001, + (Bipolar | I Midscale !
Ot Offset—=! =~ (Bipolar b
0004 1 Transaction), | Zero) v
P! £ ! : I : |
o By 7 =
1/2LSB" " Zero 1/2LSB 3/2L.SB +Full
Zero  (—Full-Scale +Full-Scale Scale
(~Full Scale)  Calibration Calib(ation
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
(000, to 001, at —9.99756V) and the plus full-scale value of
+10V is 7.32mV above the last code transition (FFE, to
FFF, 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 respec-
tive specification temperature ranges.

UNIPOLAR OFFSET ERROR
An ADC574A connected for unipolar operation has an

ADC574A

analog input range of OV to plus full scale. The first outpu
code transition should occur at an analog input value llﬂ

LSB above -QV. Unipolar offset error is defined as th
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 ADC574A 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 7FF, to
800,,.

Bipolar offset error for the ADCS574A is defined as the
deviation of the actual transition value from the ideal tran-
sition 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 tem-
perature.

FULL SCALE CALIBRATION ERROR

The last output transiton (FFEH to FFFH) 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 speci-
fies the maximum change of the code transition value versus
a change in ambient temperature.

POWER SUPPLY SENSITIVITY

Electrical specifications for the ADCS574A assume 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 0to +10V 0 to +20V
One Least Significant Bit (LSB) _ FSR 20V 10V 10V 20V
2" 2» 2n 2" n
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 FFF, +Full-Scale Calibration +10V - 3/2LSB +5 — 3/2L.SB +10V - 3/2LSB | +10V — 3/2LSB
7FF, to 800, Midscale Calibration (Bipolar Offset) 0 - 1/2LSB 0 - 1/2LSB +5V - 1/2LSB | +10V - 1/2LSB

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

BURR - BROWN®
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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 T,  or T,

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
10uF tantalum-type capacitors located close to the converter

2.28
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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
ADC574A will be driving into a nominal DC input imped-
ance of either 5kQ or 10k€2. 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 ADCS574A offers four standard input ranges: OV to
+10V, OV to 420V, £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 (SmV LSB) input range, insert a 120Q 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 perfomed
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
ADC574A 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 50€, 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; +1.22mYV for the 10V range, +2.44mV

BURR - BROWN®
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FIGURE 2. Unipolar Configuration.

for the 20V range) that causes the output code to be DB0 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 50€2,
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
15V 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 ADC574A 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, A, 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 IIL.

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)

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 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.
(“1” = read) Must be high (“1”) to read output data. 0-1 edge may be used to initiate a read operation.
(“0” = convert)

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

TABLE II. ADC574A Control Line Functions.
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OPERATION

None
None
Initiate 12-bit convesion
Initiate 8-bit conversion
Initiate 12-bit convesion
Initiate 8-bit coversion
Initiate 12-bit convesion
Initiate 8-bit coversion
Enable 12-bit output
Enable 8 MSBs only
Enable 4 LSBs plus

4 trailing zeros

B e )
coooo¥ €00 =X
- aa€e<€oo0o00

OO+ XXXXXXXX
4 OX 2020 =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| .. (+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
b Low R/C Pulse Width 50 ns
ths STS Delay from R/C 200 ns
tuon Data Valid After R/C Low 25 ns
ts STS Delay After Data Valid | 300 | 400 | 1000 | ns
timn High R/C Pulse Width 150 ns
toon Data Access Time 150 ns

TABLE 1V. Stand-Alone Mode Timing.

FULLY CONTROLLED OPERATION

Conversion Length

Conversion length (8-bit or 12-bit) is determined by the state
of the A 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
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FIGURE 4. R/C Pulse Low—Outputs Enabled After Con-
version.
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FIGURE 5. R/(:I 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). A 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 occuring 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 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 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 A 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.

BURR - BROWN®
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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/IC 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 12/3 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 de-

BURR - BROWN®
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SYMBOL PARAMETER MIN TYP MAX UNITS
Convert Mode
tosc STS Delay from CE 60 200 ns
Y CE Pulse Width 50 30 ns
tsec CS to CE Setup time 50 20 ns
tisc CS Jow during CE high 50 20 ns
tsre R/C to CE setup 50 0 ns
e R/C low during CE high 50 20 ns
tsac A, to CE setup 0 ns
tunc A, valid during CE high 50 20 ns
Conversion time, 12-bit cycle 15 20 25 us
8-bit cycle 10 13 17 us
Read Mode
oo Access time from CE 75 150 ns
to Data valid after CE low 25 35 ns
ty Output float delay 100 150 ns
tssm CS to CE setup 50 0 ns
-, R/C to CE setup 0 ns
toan A, to CE setup 50 25 ns
tusm CS valid after CE fow 0 ns
tiar R/C high after CE low 0 ns
tian A, valid after CE low 50 ns
ts 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.
o ~f ~\— CE ————] L
t
: ‘ HEC ‘ & ‘0 tssr tisr <>|
SSC [~ A\
[ . /
¢ ‘ ¢ RE L e
_ 'SR |~ =—) s
R/IC
A 7LL _jL
| : | tspp
i~
: "X X
"X |
} ]| tsan tHAR |~
tsac | |-
| tyac M §TS %
sTS ——— M s .,[ o
~—thsc [ te ’
DB11- High-Z N
DB11- High Impedance DBO Data Valid |
DBo top ‘<——— ty —

FIGURE 7. Read Cycle Timing.

sired. 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 A , 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 A, 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 ADC574A guarantees that the A, 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 1.15s (t,; max + t  min) before STA-
TUS goes low. Refer to Figure 7 for these timing relation-

ships.
Word 1 Word 2
Processor | DB7 | DB6 DB5 | DB4 | DB3 | DB2 | DB DBO DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 DBO
Converter | DB11 | DB10 DB9 | DB8 | DB7 | DB6 | DB5 | DB4 DB3 | DB2 | DBi DBO 0 0 0 0

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

STATUS 23}——
I———E 12/8 DB11 (MSB)

Ao S———E Ao

Address
Bus

Data
Bus

ADC574A

DBO (LSB)

Digital Common

BEEEBEEHEREREER

FIGURE 9. Connection to an 8-Bit Bus.
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ADC601

ABRIDGED DATA SHEET
For Additional Technical
Information, Request
PDS-867.

gm

12-Bit 900ns

ANALOG-TO-DIGITAL CONVERTER

FEATURES

® FAST CONVERSION: 900ns

® CAN BE SHORT-CYCLED

©® INPUT RANGES: +5V, +10V, 0 to —10V
@ HIGH SIGNAL/NOISE RATIO: 68dB

® LOWIMD: 75dB

® PARALLEL AND SERIAL OUTPUT

@ 32-PIN CERAMIC DIP PACKAGE

DESCRIPTION

The ADC601 is a high-speed Duolithic™ (two chips)
successive approximation analog-to-digital converter.
This unique two-chip design utilizes a bipolar technol-
ogy with on-chip thin film resistors to preserve analog
accuracy and a high-speed CMOS chip to perform
digital logic control. Outstanding linearity, noise, and
dynamic range are achieved by this converter design.
The ADC601 has been tested with several sample/hold
amplifiers and distortion results are documented in this
data sheet.

The ADC601 is complete with internal reference, clock,
and comparator and is packaged in a 32-pin ceramic
DIP. Conversion time is set at the factory to 900ns.
Serial and parallel output performance is guaranteed

APPLICATIONS

® DIGITAL SIGNAL PROCESSING

® HIGH-SPEED DATA ACQUISITION
SYSTEMS

® MEDICAL INSTRUMENTATION

@ ANALYTICAL INSTRUMENTATION
@ TEST AND IMAGING SYSTEMS

@ WAVEFORM ANALYZERS

with no missing codes over the full input voltage,
power supply, and operating temperature range. The
gain and offset errors are laser trimmed to specifica-
tion. Optionally they may be externally adjusted to
Zero.

Internal scaling resistors are provided for the selection
of analog signal input ranges of +5V, £10V and OV to
—-10V. The ADC601’s input is specifically designed to
be easily driven with minimal disturbance to the driv-
ing amplifier.

Output codes are available in 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.

> Convert
% g B l [ ° Command

Bipolar Offset = pot N

ipo 0 :Eg & %’ s 12_-BnA :> Parallel
] uccessive Approx Digital
o— MM o g
Input Register (SAR) Output
Range Select O_W

Comparatorln o—— 4

o

Duolithic™ Burr-Brown Corporation

International Airport industrial Park  «
Tel: (602) 746-1111  «

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

« Tucson, AZ85734 - Street Address: 6730 S. Tucson Blvd.
+ Telex: 066-6491

o Clock Rate Control
loc O Clock Out

———————0 Status
——————O Serial Out

Comparator

+ Tucson, AZ 85706

FAX: (602) 889-1510 + Immediate Product Info: (800) 548-6132
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SPECIFICATIONS
ELECTRICAL

Tease = +25°C, 900ns conversion time, £V, = £15V, +V, = +5V, and 6-minute warm-up in a normal convection environment unless otherwise noted.

l

ADC601JG ADC601KG
PARAMETER CONDITIONS MIN [ TYP [ MAX | MIN | TYP | MAX UNITS
RESOLUTION [ [ 12 | | Bits
ANALOG CHARACTERISTICS
INPUTS
Voltage Ranges: Bipolar Full Scale(FSR)@ 5,10 * "
Unipolar Full Scale(FSR)"® 0to-10 * \'
Impedance: -10V to OV, 5V 1.4 * kQ
*10V 24 * kQ
TRANSFER CHARACTERISTICS
ACCURACY
Gain Error® 990ns Conversion Time +0.08 | +0.55 * +0.2 %
Input Offset Error®: Unipolar 990ns Conversion Time +0.12 | +1.2 * +0.5 % of FSR
Bipolar 990ns Conversion Time +0.08 | 0.8 * +0.25 % of FSR
Integral Linearity Error 990ns Conversion Time +0.024 +0.012 % of FSR
Differential Linearity Error 990ns Conversion Time +0.024 +0.012 % of FSR
No Missing Codes
Power Supply Rejection of Offset and Gain AV =45% +00036| Guaranteed . %FSRI%V,,
AV =£5% +0.0005 * %FSR/%V s
A +Vy =15% +0.001 * %FSR/%V 5
DIGITAL CHARACTERISTICS
INPUT
Logic Family TTL-Compatible CMOS
Convert Command Logic Voltages Logic Low 0 +0.8 * * v
Logic High +2 +Vp * * v
Convert Command Currents Logic Low -—150 pA
Logic High -150 pA
Convert Command High Level When Converting
CONVERSION TIME
Factory Set Without User Adjustment 0.9 1 * * us
Power Supply Rejection of Conversion Time D +V,=+5% +1 * ns/%Vy,
OUTPUT
Logic Family TTL-Compatible CMOS
Bits 1 through 12, Serial, Status, Clock Cut Logic Low, |, =3.2mA +0.1 +0.4 * * \"
Logic High, Iy, = ~1mA +2.7 +4.9 * * * v
Internal Clock Frequency 13 * MHz
Status Low Level When Data Valid
1 1 1
DYNAMIC CHARACTERISTICS @ © Tested using Sample/Hold Amplifier SHC804 and ADC801 (See Typical Performance Curves)
Differential Linearity Error fo = 10kHz:  68.3% of All Codes 0.5 04 LSB
99.7% of All Codes 0.8 0.6 LSB
100% of All Codes 1.0 0.7 LSB
Total Harmonic Distortion fo = 10kHz, f; = 500kHz =70 " dBc
fo=10kHz, f3=1MHz 74 * dBc
f, = 250kHz, f = 500kHz -70 * dBc
f, = 500kHz, f; = 1MHz -68 * dBc
Two-Tone Intermodulation Distortion” fo = 11kHz and 16kHz, f; = 500kHz =79 * dBc
f, = 50kHz and 55kHz, fs = 500kHz -78 * dBc
f, = 90kHz and 110kHz, f; = 500kHz =77 * dBc
Signal-to-Noise and Distortion f, = 250kHz, f; = 500kHz 66 * dB
(SINAD) Ratio f, = 500kHz, fs = 1MHz 65 * dB
Signal-to-Noise Ratio (SNR) f, = 250kHz, fg = 500kHz 68 * dB
fe = 500kHz, fg=1MHz 67 * dB
PERFORMANCE OVER TEMPERATURE
Gain T 10 Typax 10 130 * * ppm of FSR/°C
Input Offset: Unipolar Ty 10 Tyax +2 +7 * * ppm of FSR/°C
Bipolar TuntoT, 3 +10 * * ppm of FSR/°C
Internal Linearity Error 0.9us Conversion Time Ty, to Ty« +0.02 +0.015 % of FSR
Differential Linearity Error 0.9us Conversion Time T, to Ty, +0.02 +0.015 % of FSR
No Missing Codes 0.9us Conversion Time T, to Ty, Guaranteed
Conversion Drift 2 * ns/°C

2.34

Burr-Brown IC Data Book—Data Conversion Products

BURR - BROWN®




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

ELECTRICAL

Tease = +25°C, 900ns conversion time, £V, = 15V, +V, = +5V, and 6-minute warm-up in a normal convection environment unless otherwise noted. ‘

ADC601JG ADC601KG —

PARAMETER CONDITIONS MIN | TYP | MAX | MIN | TYP | MAX UNITS o
POWER SUPPLY REQUIREMENTS 8
Supply Voltages: +V, +1425 | +15 | +15.75 * * * A O

Ve -14.25 -15 -15.75 * * * \

W, +475 | 45 | 4525 | -~ . . v <
Supply Currents: +l., 54 7.0 * * mA

oo 65 | -845 * . mA

+op 53 | e8.9 . . mA
Power Consumption Nominal £V and +V, 1.3 1.7 * * w
Thermal Resistance, 6, 25 * * °C/W
TEMPERATURE RANGE®
Specification 0 +70 * * °C
Operating —25 +85 * * °C

* Same specifications as for ADC601JG.

NOTES: (1) Over or under range on the analog input results in constant maximum or minimum digital output. (2) FSR = Full Scale Range. (3) Adjustable to zero.
(4) Dynamic tests are performed using SHC804 with ADC601 unless otherwise specified. Performance may vary depending upon choice of sample/hold. (5) See Typical
Performance Curves. (6) dBc = level referred to carrier input signal = 0dB; f, = input frequency; f; = sampling frequency. (7) IMD is referred to the larger of the two
input test signals. If referred to the peak envelope signal (=0dB), the intermodulation products will be 6dB lower. For example, unit connected for £10V has 20V FSR.
(8) Temperature ranges refer to case temperature. Thermal resistance was measured on a small (5" diameter) handwired circuit board; with the test device in a (zero
insertion force) socket. Thermal resistance will be lower if the ADC601 is soldered into the PC board, a ground plane is used directly underneath the package, multiple
PC board fayers are used, or forced air cooling is employed. Use heat sinking if necessary to keep the case at specified and operating temperatures.

ABSOLUTE MAXIMUM RATINGS ORDERING INFORMATION
Ve, +18V
W 7V ) ADCEO1  ( G
Digital Inputs +5.5V Basic Modef Number
Analog Inputs Vg Performance Grade Code
Comparator input 3.7V 10 +0.7V J, K: 0°C to +70°C Case Temperature
Case Temp +125°C Package Codg
Junction Temperature +165°C G: Ceramic DIP
Storage T¢ —65°C to +150°C
Stresses above these ratings may permanently damage the device.
PACKAGE INFORMATION®™
PACKAGE DRAWING
MODEL PACKAGE NUMBER
ADC601JG 32-Pin Hermetic DIP 172-2
ADC601KG 32-Pin Hermetic DIP 172-2

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

A/D CONVERTERS, DATA ACQUISITION COMPONENTS

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
(MSB) Bit 1 i ; 32] Common (Analog)

N | =

Bit2 |2 | | Bipolar I3 NG

Bit3 |38 — I ; [30] Voo (15V) Analog

Bit4 z-——\ | CMOS _i] i Bipolar Offset Current

Bits |5 H I 128| Common (Analog)

— T | —

Bit6 L —I—I ; g ]} <. : i Ground Sense
+Vpp (+5V) Digital | 7 | t 12} T Bg 26| Comparator Input
Common (Digital) [ | J 0 & T a: 25| 10V Input

+ o o —
serial Out [9 ] - = °© [24] 20V Input
staws [10] : D [23] -V, (15V) Anaiog
Bit7 |11 f— | ‘: [22] +Vpp, (+5V) Digital®
L =

Bits (12— : {1 21] Common (Digital)

Bito [13] | ‘ [20] 4V (+15V) Analog

Bit10 [14] ! Iy 19| Clock Rate Control

Bit11 |15 ] : :‘ E Convert Command

Bit12 [16] il Clock ||'w [17] Clock out

I

M

NC = No internal connection. Any voltage may be connected to pin 31, however.

(2) Pin 22 must be very cleanly decoupled to keep digital noise out of the analog circuits.

PIN DEFINITIONS
PIN NUMBER DESIGNATION DESCRIPTION
1-6and 11-16 Bit 1 to Bit 12 12-bit paralle! output data capable of sinking 3.2mA.
9 Serial Out 12-bit serial data output synchronized with the negative edge of each appropriate clock cycle.
10 Status Conversion status strobe is high during data conversion; low when parallel datais valid. Negative edge may
be used to latch parallel data, however, appropriate latch set-up time must be provided. Refertot,, in the
ADC601 timing diagram.
17 Clock Out Negative edge indicates when serial data is valid. After convert command goes high, fist cycle clocks bit 1
(MSB). The clock continues to run when convert command is high and resets low with convert command.
18 Convert Command High transition starts conversion; and should remain high during conversion. Low will reset clock and SAR
logic.
19 Clock Rate Control Maybeusedtoincrease clock speed, by increasing the positive portion of the clock. Highis normal operation.
24 20V Input 20V input range allows +10Vp-p analog input signal. Short to ground when not used.
25 10V Input 10V input range allows 0 to —10Vp-p or +5Vp-p input range.
26 Comparator In Only used in bipolar mode when it is connected to bipolar offset pin through short lead with low resistance.
27 Ground Sense Ground Sense pin. (See text for use).
29 Bipolar Offset Gurrent Bipolar offset current short to comparator In through very short lead with very low resistance for bipolar
operation. Short to ground for unipolar operation.
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BURR - BROWN® " ADC603
p— -
12-Bit 10MHz Sampling
FEATURES APPLICATIONS
® HIGH SPURIOUS-FREE DYNAMIC RANGE ©® DIGITAL SIGNAL PROCESSING
® SAMPLE RATE: DC to 10MHz ® RADAR SIGNAL ANALYSIS
® HIGH SIGNAL/NOISE RATIO: 68.2dB ® TRANSIENT SIGNAL RECORDING
® HIGH SINAD RATIO: 66dB ® FFT SPECTRUM ANALYSIS
® LOW HARMONIC DISTORTION: -69.6dBc ® HIGH-SPEED DATA ACQUISITION
® LOW INTERMOD. DISTORTION: -77.7dBc @ IR IMAGING SYSTEMS
® COMPLETE SUBSYSTEM: Contains ® DIGITAL RECEIVERS
Sample/Hold and Reference @ SIGINT, ECM, AND EW SYSTEMS
® 46-PIN DIP PACKAGE @ DIGITAL OSCILLOSCOPES
® 0°C TO +70°C AND -55°C TO +100°C
DESCRIPTION
The ADC603 is an high performance analog-to-digital The ADC603 is a two-step subranging ADC sub-
converter capable of digitizing signals at any rate from system containing an ADC, sample/hold amplifier,
DC to 10 megasamples per second. Outstanding spu- voltage reference, timing, and error-correction cir-
rious-free dynamic range has been achieved by mini- cuitry in a 46-pin hybrid DIP package. Logic is TTL.
mizing noise and distortion. Two temperature ranges are available: 0°C to +70°C
(JH, KH) and -55°C to +100°C, environmentally
screened (SHQ).
. —™ Digital
Signal Sample/ MSB Digital-to LS8 Error Digital
— Flash Anal Flash —
Input Hold Ent:fder Co:\?:n?er Enca:der C;;rc;zztrc))r Output
International Airport Industrial Park + Mailing Address: PO Box 11400 + Tucson, AZ 85734 . Street Address: 6730 S. Tucson Bivd. « Tucson, AZ 85706
Tel: (602) 746-1111 + Twx:910-952-1111 + Cable:BBRCORP - Telex: 066-6491 + FAX: (602)889-1510 + Immediate Product Info: (800) 548-6132
BURR-BROWN®
PDS-865E 2.37
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SPECIFICATIONS '

ELECTRICAL
T.=+25°C, 10MHz sampling rate, Rg= 50Q, £V = 15V, +V,, = +5V, -V, = =5.2V, and 15-minute warmup in convection environment, unless otherwise noted.
ADC603JH ADC603KH
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
RESOLUTION 12 12 Bits
INPUTS
ANALOG
Input Range Full Scale -1.25 +1.25 * * Vv
Input Impedance 15 * MQ
Input Capacitance 5 * pF
DIGITAL
Logic Family TTL Compatible
Convert Command Start Conversion Positive Edge
Pulse Width t = Conversion Period 10 t-20 | | * ns
TRANSFER CHARACTERISTICS
ACCURACY
Gain Error f = 200Hz +0.2 1 +0.1 0.8 %FSRM
Input Offset DC +0.2 0.75 * 0.5 %FSR
Integral Linearity Error f = 200Hz 0.75 0.5 1 LSB
Differential Linearity Error f = 200Hz: 68.3% of all Codes 0.3 0.25 0.5 LSB
99.7% of all Codes 0.4 0.3 0.65 LSB
100% of all Codes 0.5 1 0.4 0.75 LSB
No Missing Codes Guaranteed Guaranteed
Power Supply Rejection A+V . =+10% +0.03 - * +0.07 %FSR/%
A-V=+10% +0.04 * +0.07 %FSR/%
A4V =110% +0.004 * +0.03 %FSR/%
A-Vpp,=+10% +0.01 . £0.03 %FSR/%
CONVERSION CHARACTERISTICS
Sample Rate DC 10M DC 10M Samples/s
Pipeline Delay Logic Selectable 1, 2 or 3 Convert Command Periods
DYNAMIC CHARACTERISTICS
Differential Linearity Error f = 4.9MHz: 68.3% of all Codes 0.3 * LSB
99.7% of all Codes 0.76 0.5 LSB
100% of all Codes 1 1.25 0.6 0.9 LsSB
Spurious Free Dynamic Range
f = 5MHz (-0.5dB) fg = 9.99MHz 63 72 66 74 dB
Total Harmonic Distortion®(THD)
f = 5MHz (-0.5dB) fs = 9.99MHz -68 —61 -69 —64 dBc®
f=100kHz =70 -65 ~72 —68 dBc
Two-Tone Intermodulation Distortion®®
t = 2.2MHz (-6.5dB) fs = 8.006MHz 75 -67 -7 ~71 dBc
f = 2.5MHz (-6.5dB)
Signal-to-Noise and Distortion (SINAD) Ratio
f = 5SMHz (-0.5dB) fs = 9.99MHz 60 65 62 66 dB
f = 100kHz (~0.5dB) 64 67 66 68.5 dB
Signal-to-Noise Ratio (SNR)
f = 5MHz (-0.5dB) fs = 9.99MHz 63 67 66 68 dB
f = 100kHz (-0.5dB) 66 68 67 70 dB
Aperture Delay Time -5 * +9 ns
Aperture Jitter 9 * 20 ps rms
Analog Input Bandwidth (~3dB)
Small Signal —20dB Input 70 50 * MHz
Full Power 0dB Input 40 30 * MHz
Overload Recovery Time 2x Full-Scale Input 80 * 140 ns
OUTPUTS
Logic Family TTL Compatible
Logic Coding Logic Selectable Two's Complement or Inverted Two's Complement
Logic Levels Logic LO, I, =-3.2mA 0 +0.3 +0.8 0 +0.3 +0.5 \
Logic HI, 1y, = 160uA +2.4 +3.5 +5 +2.4 +3.5 +5 "
EOC Delay Time Data Out to DV 5 35 5 35 ns
Tri-State Enable/Disable Time lo, = —8.4mA, 50% In to 50% Out 37 100 37 100 ns
Data Valid Pulse Width 20 45 60 20 45 60 ns
POWER SUPPLY REQUIREMENTS
Supply Voltages: +V,, Operating +14.25 +15 +15.75 | +14.25 +15 +15.75 \
Voo -14.25 -15 -15.75 | ~14.25 -15 -15.75 Vv
+Voor +4.75 +5 +5.25 | +4.75 +5 +5.25 v
“Vope —4.95 -5.2 -5.46 -4.95 -5.2 ~5.46 \
Supply Currents: +1,, Operating +60 +60 +80 mA
oo —-60 -60 -80 mA
oy +280 +280 +330 mA
s 565 -565 —-630 mA
Power Consumption Operating 6.1 6.1 w
BURR - BROWN®@
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SPECIFICATIONS

ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS)

Vo= 215V, 4V = 46V, =V, = =5.2V, R = 500, 15-minute warmup, and T, =T, to T,,,,, unless otherwise noted.

ADC603JH ADC603KH
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
TEMPERATURE RANGE
Specification Tease 0 +70 * * °C
TRANSFER CHARACTERISTICS
ACCURACY
Gain Error f =200Hz +0.4 15 * 1 %FSR
Input Offset DC +0.4 1 * 0.5 %FSR
Integral Linear Error f = 200Hz 0.75 0.6 1.25 LSB
Differential Linearity Error f = 200Hz: 68.3% of all Codes 04 0.3 0.6 LsB
99.7% of all Codes 0.5 0.4 0.75 LsB
100% of all Codes 0.75 0.6 1 LsB
No Missing Codes Guaranteed Guaranteed
Power Supply Rejection A4V =+10% +0.04 * +0.08 %FSR/%
AV =£10% £0.05 . +0.08 %FSR/%
A4V = +10% £0.004 . +0.05 %FSR/%
A-Vyp,=£10% £0.02 . +0.05 %FSR/%
CONVERSION CHARACTERISTICS
Sample Rate DC 10M DC 10M Samples/s
DYNAMIC CHARACTERISTICS
Differential Linearity Error f = 4.9MHz: 68.3% of ail Codes 0.5 0.4 LSB
99.7% of all Codes 1 06 LSB
100% of all Codes 1.25 1.5 0.7 1 LSB
Spurious Free Dynamic Range® f = 5MHz (-0.5dB) 60 65 65 72 dB
Total Harmonic Distortion®
f = 5MHz (-0.5dB) fs = 9.99MHz —67 -58 —69 —62 dBc
f=100kHz —69 —62 —69.5 -67 dBc
Two-Tone Intermodulation Distortion
f=2.2MHz (-6.5dB) fs = 8.006MHz =72 —64 -74.5 -68 dBc
f = 2.5MHz (—6.5dB)
Signal-to-Noise and Distortion
(SINAD) Ratio
f = 5MHz (-0.5dB) fy = 9.99MHz 57 65 61 65.5 dB
f = 100kHz (-0.5dB) 62 66 64 66.5 dB
Signal-to-Noise Ratio (SNR)
f = 5MHz (-0.5dB) fs = 9.99MHz 60 67 64 68 dB
f =100kHz (-0.5dB) 64 68 66 69.5 dB
Aperture Delay Time -6 * +10 ns
Aperture Jitter 10 * 20 ps rms
Analog (nput Bandwidth (—3dB)
Small Signal —20dB Input 70 50 * MHz
Full Power 0dB Input 40 30 * MHz
Overload Recovery Time 2x Full-Scale Input 80 * ns
OUTPUTS
Logic Levels Logic LO, |, =-3.2mA 0 +0.3 +0.8 * * +0.5 \2
Logic HI, |y, = 160pA +2.4 +3.5 +5 * * * \
EOC Delay Time Data Out to DV 5 35 * M ns
Tri-State Enable/Disable Time lo, = ~68.4mA, 50% In to 50% Out 42 100 * * ns
Data Valid Pulse Width 20 45 60 * * * ns
POWER SUPPLY REQUIREMENTS
Supply Currents: +,, Operating +65 . +80 mA
oo —61 * -80 mA
+op, @ +285 * +333 mA
—pp, @ -570 - -630 mA
Power Consumption Operating 6.1 > w

A/D CONVERTERS, DATA ACQUISITION COMPONENTS H ADC603

* Same specifications as ADC603JH.

NOTES: (1) FSR: Full-Scale Range = 2.5Vp-p. (2) Units with tested and guaranteed distortion specifications are available on special order—inquire. (3) dBC = level
referred to carrier-input signal = 0dB); F = input frequency; Fg = sampling frequency. (4) IMD is referred to the larger of the two input test signals. If referred to the
peak envelope signal (=<0dB), the intermodulation products will be 6dB lower. (5) SFDR tested at temperature for K grade only. (6) Pins 3 and 30 (analog) typically draw
80% of the total +5V current. Pin 21 (digital) typicaliy draws 20%. (7) Pin 6 (analog) typically draws 45% of the total —5.2V current. Pin 31 (digital) typically draws 55%.

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®

Burr-Brown IC Data Book—Data Conversion Products

2.39



For Immediate Assistance, Contact Your Local Salesperson

SPECIFICATIONS

ELECTRICAL .
Vo= £15V, 4V, = +5V, =V, = ~5.2V, Ry = 50Q, 15-minute warmup F = 10MHz (-55°C to +85°C), Fg = 8MHz (+85°C to +100°C).
] ADC603SHQ
PARAMETER CONDITIONS MIN TYP MAX UNITS
TEMPERATURE RANGE® Tease -55 +100 C°
RESOLUTION 12 Bits
ANALOG .
Input Range -1.25 +1.25 v
Input Resistance 15 MQ
Input Capacitance 5 pF
DIGITAL
Logic Family TTL Compatible
Convert Command Start Conversion Positive Edge
Pulse Width t = conversion period 10 20 ns
TRANSFER CHARACTERISTICS
ACCURACY
Gain Error DC 1.0 %FSR®
Input Offset DC 1.0 %FSR
Integral Nonlinearity f = 100kHz 0.75 LSB
Differential Nonlinearity f = 100KHz, all codes 0.6 1.0 LSB
No Missing Codes Guaranteed
Power Supply Rejection A+ Vi =+10% -0.1 0.1 %FSR%
A~V =210% -0.1 0.1 %FSR%
A+Vy, =110% -0.05 0.05 %FSR%
A=V, =110% -0.05 0.05 %FSR%
CONVERSION CHARACTERISTICS
Sample Rate -565°C < T, <+85°C DC 10M Samples/s
+85°C < T, < +100°C DC 8M Samples/s
DYNAMIC CHARACTERISTICS
Differential Nonlinearity f = 4.9MHz: All Codes 0.6 1.0 LsB
Spurious Free Dynamic Range f = 5.0MHz (-0.5dB) 65 72 dBc
Total Harmonic Distortion® f = 5.0MHz (-0.5dB) —68 —63 dBc
f = 100kHz (-0.5dB) =73 ~68 dBc
2-Tone Intermodulation Distortion®
f, = 2.2MHz (~6.5dB) 74 -70
f, = 2.3MHz (-6.5dB) dBc
Signal-to-Noise and Distortion f = 5.0MHz (-0.5dB) 63 65 dB
(SINAD ratio) f = 100kHz (-0.5dB) 67 69 dB
Signal-to-Noise Ratio (SNR) f = 5.0MHz (-0.5dB) 65 68 dB
=100kHz (-0.5dB) 66 69 dB
Aperture Delay Time 10 ns
Aperture Jitter 10 ps rms
Analog Input Bandwidth (-3dB)
Small Signal —20dB Input 70 MHz
Full Power 0dB Input 40 MHz
Overload Recovery Time 2 x Full Scale Input 140 ns
OUTPUTS
Logic Family TTL Compatible
Logic Coding Logic Selectable Twa’s Complement or Inverted Two’s Complement
Logic Levels Logic LO, |, = -8.2mA V] +0.3 +0.5 v
Logic HI, |, = 160pA +2.4 +3.5 +5 \
EOC Delay Time Data Out to DV 5 35 ns
Tri-State Enable/Disable Time lo, =—6.4mA, 50% In to 50% Out 42 100 ns
Data Valid Pulse Width 20 45 60 ns
POWER SUPPLY REQUREMENTS
Supply Voltages: +V Operating +14.25 +15 +15.75 \
Voo -14.25 -15 ~15.75 v
Voo, +4.75 +5 +5.25 v
“Vooz -4.95 -5.2 -5.46 \
Supply Currents: +l,, Operating +60 +80 mA
=l -60 -80 mA
+hopy +280 +333 mA
—loos -565 -630 mA
Power Consumption Operating 6.1 w

NOTE: (1) FSR: Full-Scale Range = 2.5Vp-p. (2) dBc = level referred to carrier-input signal = 0dB; f = input frequency; Fs = sampling frequency. (3) IMD is referred to
the larger of the two input test signals. If referred to the peak envelope signal (=0dB), the intermodulation products will be 6dB lower. (4) Temperature is specified as

~55°C ambient, +100°C case.
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PIN ASSIGNMENTS ORDERING INFORMATION

1 Common (Case) 46 Common (Analog) ADC603 () H Q
2 NC 45  Analog Signal In Basic Model Number
3 +Vyp, (+5V) Analog 44 4V, (+15V) Analog Performance Grade Code
4 S/HOut 43 -V, (-15V) Analog J, K: 0°C to +70°C Case Temperature
5 ADIn 42 NC S: -55°C to +100°C Case Temperature ™
6 -V, (-5.2V) Analog 41 NC Package Code o
7 NC 40 NC H: Metal and Ceramic (Te]
8 NC 39 DNC Environmental Screening Option o
9  Bit1(MSB) 38 DNC a

10 Bit2 37  Gain Adjust

11 Bit3 36  Offset Adjust <

12 Bit4 35 Common (Analog)

13 Bit5 34 4V, (+15V) Analog ABSOLUTE MAXIMUM RATINGS

14 Bit6 33 -V (-15V) Analog

15  Bit7 32 Common (Analog) Voo +16.5V

16  Bit8 31 -V, (-5.2V) Digital +Voo +7V

17  Bit9 30 +V,,, (+5V) Analog Vo -7V

18  Bit10 29 1 Pipeline Delay Select Analog Input 5V

19 Bit11 28 0 Pipeline Delay Select Logic Input —0.5V to +V,,

20 Bit12(LSB) 27  Output Logic Invert Case Temp Ire +125°C

21 4V, (+5V) Digital 26  Common (Digital) Junction Temperature +165°C

22  Data Valid Output 25  Tri-State ENABLE Storage Temperature —65°C to +165°C

23  Common (Digital) 24  Convert Command In Stresses above these ratings may permanently damage the device.

PACKAGE INFORMATION®

PACKAGE DRAWING
MODEL PACKAGE NUMBER
ADC603JH Metal and Ceramic 234
ADC603KH Metal and Ceramic 234
ADC603SHQ Metal and Ceramic 234

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

A/D CONVERTERS, DATA ACQUISITION COMPONENTS
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TYPICAL PERFORMANCE CURVES

Vo= 215V, +V = +5V, =V, = =5.2V, R¢= 50Q, 15-minute warmup, and T, = +25°C, unless otherwise noted. All piots are 4096 point FFTs.

SIGNAL-TO-NOISE RATIO vs TEMPERATURE TWO-TONE IMD vs TEMPERATURE
74 -82
572 _. -80
° 1= 100kHz g >
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+V  =£15V, +V,

V=%

Amplitude (dB)

Amplitude (dB)
&
o
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TYPICAL PERFORMANCE CURVES (conm)

5MHz HARMONIC DISTORTION

Aliased Harmonics

f, -0.4dB

2f, ~76.4dB

3, -80.9dB

4, -80.4dB

5f, -88.1dB

THD  -72.2dB

SINAD  67.3dB

SNR 69dB
1 3

T T T 1

0 1.25 25 3.7 5

Frequency (MHz)

NOTE: Sample rate = 9.99 MHz; even harmonics folded to left
edge and odd harmonics folded to right edge. Any non-
harmonically related spurious products show clearly in the
center.

TWO-TONE INTERMODULATION DISTORTION

f Sample 8MHz
fo1 2.4MHz
f.2 2.5MHz
.1 ~7dB
f.2 -6.8dB
IMD  ~76.3dBc

it il

Frequency (MHz)

NOTE: Sample rate = 8MHz; highest IMD product is cursor
number 1: f1 +f2. The second-order —76.3dBc product deter-
mines the wideband spurious-free dynamic range of this
example. For RF applications third-order IMD products such
as those at cursors 3 and 6 are the limiting spurs. Under these
conditions spurious-free dynamic range is limited by 2f2+ {1 to
84.3dBc.

Sample rates of 10MHz show similar results.

BROWN®

100kHz HARMONIC DISTORTION

Amplitude (dB)
&
o

Normal Harmonics

f, -0.6dB
2, -80.9dB
3,  -76.1dB
4, -87.4dB
5,  -88.50B
THD  -73.50B
SINAD ~ 68.908
SNR  70.7dB

Frequency (MHz)

NOTE: Sample rate = 9.99 MHz; harmonics appear in normal
order.

TWO-TONE INTERMODULATION DISTORTION PRODUCTS

oor = +8V, =V, = —5.2V, Re= 50Q, 10MHz sample rate, 15-minute warmup, and T, = +25°C, unless otherwise noted. All plots are 4096-point FFTs.

CURSOR IMD FREQUENCY dB
1 2nd order : f1 + f2 3.086395621579MHz -83.1
2 2nd order : f2 —f1 0.080140734949MHz -91.4
3 3rd order : 2f1 — 2 2.339718530102MHz -92.4
4 3rd order : 2f1 + f2 0.666536356529MHz -88.4
5 3rd order : 2f2 — f1 0.586395621579MHz -88.2
6 3rd order : 2f2 + f1 2.580140734949MHz -91.1
7 4th order : 3f1 ~ 2 3.246677091478MHz -109
8 4th order : 3f1 + 2 1.753322908522MHz -100
9 4th order : 2f2 — 21 0.130281469898MHz -114.8
10 4th order : 2f2 + 2f1 1.833463643471MHz -95
1 4th order : 3f2 - f1 2.926114151681MHz -115.4
12 4th order : 3f2 + f1 1.913604378421MHz -98.2

, DATA ACQUISITION COMPONENTS n ADC603

NOTE: IMD products in this table are refered to full-scale (0dB). To refer IMD to
carrier, subtract the larger of f 1 or f 2. In this example, IMD referred to carrier

will be 6.8dB higher (worse) than the full-scale value shown.
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THEORY OF OPERATION

The ADC603 is a two-step subranging analog-to-digital
converter. This architecture is shown in Figure 1. The major
system building blocks are: sample/hold amplifier, MSB
flash encoder, DAC and error amplifier, LSB flash encoder,
digital error corrector, and timing circuits. The ADC603 uses
hybrid technology with laser-trimmed integrated circuits
mounted in a multilayer ceramic package to integrate this
complex circuit into a complete analog-to-digital converter
subsystem with state-of-the-art performance.

Conceptually, the subranging technique is simple: sample
and hold the input signal, convert to digital with a coarse
ADC, convert back to analog with a coarse-resolution (but
high-accuracy) DAC, subtract this voltage from the S/H
output, amplify this “remainder,” convert to digital with a
second coarse ADC, and combine the digital output from the
first ADC (MSB) with the digital output from the second
ADC (LSB). In practice, however, achieving high conver-
sion speed without sacrificing accuracy is a difficult task.

The analog input signal is sampled by a high-speed sample/
hold amplifier with low distortion, fast acquisition time and
very low aperture uncertainty (jitter). A diode bridge sam-
pling switch is used to achieve an acceptable compromise
between speed and accuracy. The diode bridge switching
transients are buffered from the analog input by a high input
impedance buffer amplifier. Since the hold capacitor does
not appear in the feedback of the diode bridge output buffer,

the capacitor can acquire the signal in 25ns. The low-bias-
current output buffer is then required to settle to only the
resolution (7 bits) of the first (MSB) flash encoder in 25ns,
while an additional 60ns is allowed for settling to the resolu-
tion (12 bits) of the second (LSB) flash encoder. Sample/
hold droop appears as only an offset error and does not effect
linearity.

Both the MSB and the LSB flash encoder (ADC) function are
performed by multiplexing one high-speed 7-bit resolution
converter formed by parallel-connecting two 6-bit flash
ADCs. The DAC voltage reference is also used to generate
reference voltages for the MSB and LSB encoder to compen-
sate drift errors. Buffering and scaling amplifiers are laser-
trimmed to minimize voltage offset errors and optimize gain
(input full-scale range) symmetry.

The subtraction DAC is an ECL 7-bit resolution monolithic
DAC with 14-bit accuracy. Laser-trimmed thin-film nichrome
resistors and high-speed bipolar circuitry allow the DAC
output to settle to 14-bit accuracy in only 35ns.

A “remainder” or coarse conversion-error voltage is gener-
ated by resistively subtracting the DAC output from the
output of the sample/hold amplifier. Before the second (LSB)
conversion, the “remainder” is amplified by a wideband fast-
settling two-input amplifier with a gain of 32V/V. To prevent
overload on large amplitude transients, the active input is
switched off to blank the amplifier input from the beginning
of the S/H acquisition time to the end of the MSB encoder
update time.

Convert R Strobe Data
Command Valid
TH
Command
Timing
e
\l T Digital
MUX I Output
Encoder|
\ Stroble
)p/l\\ TH
Signal Output -
Input 1 ':\- Digital/
- — ]
_%} Reference
TRACK/HOLD A/D CONVERTER
Gain
Adjust

FIGURE 1. ADC603 Block Diagram—A Two-Step Subranging Architecture.
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Internal timing circuits (ECL logic is used internally) supply
all the critical timing signals necessary for proper operation
of the ADC603. Some noncritical timing signals are also
generated in the digital error correction circuitry. Timing
signals are laser-trimmed for both pulse width and delay.
ECL logic is used for its speed, low noise characteristics and
timing delay stability over a wide range of temperatures and
power supply voltages. Basic timing is derived from the
output of a three-stage shift register driven by a synchronized
20MHz oscillator.

The convert command pulse is differentiated to allow trig-
gering by pulses from as narrow as 10ns to as wide as 80%
duty cycle.

The ADC603 timing technique generates a variable width
S/H gate pulse which is determined by the conversion com-
mand pulse period minus a fixed 67ns ADC conversion time.
ADC603 conversion rates are therefore possible somewhat
above the 10MHz specification, but S/H acquisition time is
sacrificed and accuracy is rapidly degraded. Converters with
guaranteed operation at 10.24MHz sample rate are available
on special order.

The output of the MSB and LSB encoders are read into
separate 7-bit latches. The latched MSB data, along with the
latched LSB data, is then read into a 14-bit latch after the
leading edge of the LSB strobe and before being applied to
the adder, where the actual error correction takes place.
These latches eliminate any critical timing problems that
could result when the converter is operated at the maximum
conversion rate.

The function of the digital error correction circuitry is to
assemble the 7-bit words from the two flash encoders into a
12-bit output word. A data valid (DV) pulse is also generated
which is used to indicate when output data can be latched into
an external register. This DV pulse is delayed 6ns after the
output data has settled to allow sufficient set-up time for an
external TTL data latch. A high-speed latch such as a 74F174
is recommended.

The 14-bit register output is then sent to a 12-bit adder where
the final data output word is created. The MSB data forms the

most significant seven bits of a 12-bit word, with the last five
bits being assigned zeros. In a similar fashion, the LSB data
from the least significant bits forms the other input to the
adder, with the first five bits being assigned zeros. As two 12-
bit words are being added, the output of the adder could
exceed 12 bits in range; however, the final data output is only
a 12-bit word, so a means of detecting an overrange is
included to prevent reading erroneous data. The converter
data output is forced to all ones for a full-scale input or
overrange. The data output does not “roll-over” if the con-
verter input exceeds its specified full-scale range of £1.25V.

DISCUSSION OF
PERFORMANCE

DYNAMIC PERFORMANCE TESTING

The ADC603 is a very high performance converter and
careful attention to test techniques is necessary to achieve
accurate results. Spectral analysis by application of a fast
Fourier transform (FFT) to the ADC digital output will
provide data on all important dynamic performance parame-
ters: total harmonic distortion (THD), signal-to-noise ratio
(SNR) or the more severe signal-to-noise-and-distor-
tion ratio (SINAD), and intermodulation distortion (IMD).

A typical test setup for performing high-speed FFT testing of
analog-to-digital converters is shown in Figure 2. Highly
accurate phase-locked signal sources allow high resolution
FFT measurements to be made without using window func-
tions. By choosing appropriate signal frequencies and sample
rates, an integral number of signal frequency periods can be
sampled. As no spectral leakage results, a “rectangular”
window (no window function) can be used. This was used to
generate the typical FFT performance curves shown on page 5.

If generators cannot be phase-locked and set to extreme
accuracy, a very low side-lobe window must be applied to the
digital data before executing an FFT. A commonly used
window such as the Hanning window is not appropriate for
testing high performance converters; a minimum four-sample
Blackman-Harris window is strongly recommended.”” To

+2.8V
HP3325A +0.2V High-Speed
Frequency SRAM
Synthesizer 64KB x 16
Convert
& — Locked Y Command Y {}
HP3325A Analog ADC
~ - Input 603 T HP330
Frequency Lm'“:’";":ss ; ! Under Latches Series 9000
Synthesizer ' I Test 74F174 Computer
' | 50Q
' —or— I
' ! —L
v Crystal o =
Filter
FIGURE 2. Block Diagram of FFT Test for THD, SNR, and SINAD.
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assure that the majority of codes are exercised in the ADC603
(12 bits), a 4096-point FFT is taken. If the data storage RAM
is limited, a smaller FFT may be taken if a sufficient number
of samples are averaged (i.e., a 10-sample average of 512-
point FFTs).

Dynamic Performance Definitions
1. Signal-to-Noise-and-Distortion® Ratio (SINAD):

Sinewave Signal Power
Noise + Harmonic Power (first 9 harmonics)

10 log

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

10 log Sinewave Signal Power

Noise Power

3. Total Harmonic Distortion (THD):

10 log Harmonic Power (first 9 harmonics)
Sinewave Signal Power

4. Intermodulation Distortion (IMD):

10 log Highest IMD Product Power (to 5th order)
Sinewave Signal Power

IMD is referenced® to the larger of the test signals f, or f,.
Five “bins” either side of peak are used for calculation of
fundamental and harmonic power. The “0” frequency bin

1. The ADC analog input must not be overdriven. Using a
signal amplitude slightly lower than FSR will allow a
small amount of “headroom” so that noise or DC offset
voltage will not overrange the ADC and “hard limit” on
signal peaks.

2. Two-tone tests can produce signal envelopes that exceed
FSR. Set each test signal to slightly less than ~6dB to
prevent “hard limiting” on peaks.

3. Low-pass filtering (or bandpass filtering) of test signal
generators is absolutely necessary for THD and IMD
tests. An easily built LC low-pass filter (Figure 4) will
eliminate harmonics from the test signal generator.

4. Test signal generators must have exceptional noise per-
formance (better than ~155dBC/Hz) to achieve accurate
SNR measurements® Good generators together with fifth-
order elliptical bandpass filters are recommended for

50Q Ly Ly Lg Lg

9th Order 0.5dB Ripple
Tchebychev Low-Pass Filter

G,

1

Attenuation at 2x cutoff frequency = 90dB.

Cutoff frequency =—3dB frequency; to convert cutoff frequency to —0.5dB
frequency, multiply all LC values by 0.98997.

(DC) is not included in these calculations as it is of little CUTOFE
importance in dynamic signal processing applications. FREQ. | G, | C | C | C | C | L | L |L |L
(Mkz) oF) (F) | ®P () (H)
5 |1134.6| 1729.2| 1765.6| 1729.2| 1134.6 2.056 | 2.216 | 2.216 | 2.056
APPLICATION TIPS 25 | 2269 | 3458 | 3531 | 3458 | 2269 | 411 | 443 | 443 | 41
: . . 125 | 4538 | 6917 | 7062 | 6917 | 4538 | 823 | 8.86 | 8.86 | 823
Attentlontotestset—updetallscanpreyenterrorsthatcontnb- 0625 | 9077 | 13,833 14.125| 13,833 9077 | 1645 | 17.73 | 17.73 | 16.45
ute to poor test results. Important points to remember when
testing high performance converters are: R . e
g ugh p FIGURE 4. Ninth-Order Harmonic Filter.
+2.8V
HP3325A .J—I__l +0.2V High-Speed
— Frequency SRAM
Synthesizer 64KB x 16
Convert
@ — Locked y Command | i k
Analog
HP3325A ~ Input ADC603 TTL HP330
-t Frequency Under Latches Series 9000
Synthesi:
ynthesizer } 500 Test 74F174 Computer
Signal 5 Band L
Combiner Pass -
Filter
HP3325A ,\,} 50Q
— Frequency
Synthesizer

FIGURE 3. Block Diagram of FFT Test for Two-Tone IMD.
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1kQ
= Optional transmission line
50Q by 10pF/25V Tantalum back-termination resistor;
In + increases insertion loss by 6dB.
52.3Q L
. '
= = 14 | 4980 |
8 I I 3) 500
1kQ 5 | ! Output
50Q L 3
In —
52.3Q
Bandwidth: DC to > 70MHz
= = = 10pF/25V Insertion Loss: 0dB

+|  Tantalum

FIGURE 5. Active Signal Combiner.

SNR tests. Narrow-bandwidth crystal filters can also be
used to filter generator broadband noise, but they should
be carefully tested for operation at high levels.

5. The analog input of the ADC603 should be terminated
directly at the input pin sockets with the correct filter
terminating impedance (50Q or 75Q), or it should be
driven by a low output impedance buffer such as an
OPA642/643. Short leads are necessary to prevent digital
noise pickup.

6. A low-noise (jitter) clock signal (convert command) gen-
erator is required for good ADC dynamic performance. A
poor generator can seriously impair good SNR perfor-
mance. Short leads are necessary to preserve fast TTL rise
times.

7. Two-tone testing will require isolation between test signal
generators to prevent IMD generation in the test generator
output circuits. An active summing amplifier using an
OPAG600 is shown in Figure 5. This circuit will provide
excellent performance from DC to SMHz with harmonic
and intermodulation distortion products typically better
than —70dBC. A passive (hybrid transformer) signal com-
biner can also be used (Figure 6) over a range of about
0.1MHz to 30MHz. This combiner’s port-to-port isolation
will be =45dB between signal generators and its input-
output insertion loss will be =6dB. Distortion will be
better than —85dBC for the powdered-iron core specified.

8. A very low side-lobe window must be used for FFT
calculations if generators cannot be phase-locked and set
to exact frequencies. A minimum four-sample Blackman-
Harris window function is recommended."

9. Digital data must be latched into an external TTL 12-bit
register by the Data Valid output pulse or by using the
convert command pulse (Figures 11, 12, 13, and 14).
Latches should be mounted on PC boards in very close
proximity to the ADC603. Avoid long leads.

BURR - BROWN®
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10 turns #24 AWG bifilar wound

on Amidon FT 50-43 toroid core. 50Q
49.90 Out j)
50Q o .
In
(]

= 1
49.90 N

Bandwidth: ~ IMHz to =30MHz = = 500
In-to-In Isolation: = 4548 at 5MHz In

In-to-Out Loss: 6dB =

=

IS
©
©
o

zl

FIGURE 6. Passive Signal Combiner.

10. Do not overload the data output logic. These outputs are
designed to drive 2 TTL loads. Do not connect ADC603
data output pins directly to a noisy digital bus; use
external 3-state logic for noise immunity.

11. A well-designed, clean PC board layout will assure
proper operation and clean spectral response®® Proper
grounding and bypassing, short lead lengths, separation
of analog and digital signals, and the use of ground
planes are particularly important for high frequency
circuits. Multilayer PC boards are recommended for best
performance, but a two-sided PC board with large, heavy
(20z-foil) ground planes can give excellent results, if
carefully designed.

12. Prototyping “plug-boards” or wire-wrap boards will
not be satisfactory.

13. Floating inputs can eliminate ground-loop noise. A
simple common-mode choke (balun) shown in Figure
7 and 8, or a differential amplifier (Figure 9 and 10)
can reduce analog input noise.
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14. Connect analog and digital ground pins of the ADC603 'NOTES:

derCtly to the ground plane' In our experience, con- 1. “On the Use of Windows for Harmonic Analysis with the Discrete Fourier
necting these pins to a common ground p]ane gives Transform”, Fredric J. Harris. Proceedings of the IEEE, Vol. 66, No. 1, January
the best results. Analog and digital power supply 1978, pp 51-83.

commons should be tied together at the ground plane_ 2. SINAD test includes harmonics whereas SNR does not include these important

spurious products.
3. IfIMD is d to peak lope power, distortion will be of 6dB better.

4. “Test Report: FFT Characterization of Burr-Brown ADC600K”, Signal Conver-
sion Ltd., Swansea, Wales, U.XK.

Adding power supply and ground-return filtering® is
optional and may improve noise rejection.

5. MECL System Design Handbook, 3rd Edition, Motorola Corp.
InsBl"!‘aéed ADCSO; 6. Motorola MECL, Motorola Corp.
/ 7. Murata-Erie BNX002-01.
Signal 45 | Ssignal
Input . Input
Analog
Common
Balun
Transformer =
Ry = cable termination impedance S
FIGURE 7. Floating-Input Balun Transformer.
1 1
2 2 1 o | Q Q Q 9 J 1
DD
2 2
Impedance = 1:1
10 turns #26 AWG bifilar wound on AMIDON FT50A-43 core

FIGURE 8. Balun Transformer Windings.

499Q 150Q
+5V
2.2)F*
i
a0 |, 7 L ADC603 750 ADC603
1240 VW - = Triax
Twinax OPAG42 6 | 45| signal Input 6 | 45 | signal
Input Input
Input
+
2.2uF* 2.2uF*
4 + 46 | Analog + 46 | Analog
Common Common
-5V = = = -5V = =
* Tantalum e e * Tantalum L ...
FIGURE 9. Differential Input Buffer Amplifier FIGURE 10. Differential Input Buffer Amplifier
(Gain =-1V/V). (Gain = -2V/V).
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FIGURE 11. Interface Circuit—Digital Output Strobed by Convert Command. Supply connection shown: power supplies and
grounds shared by analog and digital pins using common ground plane (recommended circuit).
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FIGURE 12. Interface Circuit—Digital Output Strobed by Data Valid Pulse. Supply connection shown: power supplies and
grounds shared by analog and digital pins using common ground plane.
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FIGURE 14. Data Valid Strobe Timing.
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FIGURE 15. Digitized Sine Waves (f; = 10MHz).

DIGITIZING INPUT WAVEFORMS

The response of the ADC603 is illustrated by the digitized
waveforms of Figure 15. The 4.99MHz sine wave near the
Nyquist limit is virtually identical to much lower frequency
sine wave input. The under-sampled 19.999MHz sine wave
illustrates the ADC603’s excellent analog input full-power
bandwidth.

HISTOGRAM TESTING

Histogram testing is used to test differential nonlinearity of
the ADC603. This system’s block diagram (the same for FFT
testing and waveform digitizing) is shown in Figure 2 and
histogram test results for a typical converter are shown in
Figure 16. Note that low-frequency differential nonlinearity
is 1/2LSB and it shows virtually no degradation near the
Nyquist limit of SMHz; there are no missing codes present
and the peak nonlinearity does not exceed 1LSB. Histogram
testing is a useful performance indicator as the width of all
codes can be determined.

SPECTRUM ANALYZER TESTING

A beat-frequency technique (Figure 17) can be used to view
digitized waveforms on an oscilloscope and, with care, this

BURR - BROWN®
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technique can also be used for testing high-speed ADC
dynamic characteristics with an analog spectrum analyzer.

In this method a test signal is digitized by the ADC603 and
the output digital data is latched into an external latch by the
converter Data Valid output pulse driving a divide-by-N
counter. The buffered ECL/TTL level translator latch drives
a 12-bit video-speed DAC which reconstructs the digital
signal back into an analog replica of the ADC603 input. This
analog signal, including distortion products and noise result-
ing from digitization, can then be viewed on an ordinary
analog RF spectrum analyzer.

It is important to realize that the distortion and noise mea-
sured by this technique include not only that from the
ADC603, but also from the entire analog-to-analog test
system. Nonlinearity of the reconstruction circuit must be
very low to measure a high performance ADC, and this
places severe requirements on the ADC, deglitcher, and
buffer amplifiers.

Using a high-speed video DAC600 in the analog reconstruc-
tion circuit allows excellent test circuit linearity to be achieved.
Clocking the DAC (demodulating) at f./N allows a longer
DAC settling time and keeps linearity high in the digital-to-

251
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DIFFERENTIAL LINEARITY ERROR
f,u = 100kHz

DIFFERENTIAL LINEARITY ERROR
fiy = SMHz

-15 -1.5
-2 -2
0 819 1638 2457 3276 4095 0 819 1638 2457 3276 4095
Code Code
Sampling Rate = 10MHz
FIGURE 16. 100kHz and SMHz Differential Linearity.
Signal
Gen
lsesos
Signal Pulse
Gen ™1 BPF Gen
SG503 PG508
CcC .
In
—N TTL [ TTWECL ECL [—\] DAC Sample/Hold
z ADC603 —
r_’ | Latch [7] Translator D Buffer[7| 600 SHC605
OPA600 DV l
Signal { Notch
ignal 1 Notcl
Gen > BPF Delay Delay : Filterj
SG503 500 A
I HPBSSTA [ irum
or Analyzer
HP8590A v

FIGURE 17. Analog-to-Analog Spectral Analysis by Beat-Frequency Techniques.

analog portion of the test circuit. Spectrum analyzer dynamic
range can be a limiting factor in this method. To increase
dynamic range, a sharp notch filter can be used to attenuate
the high-level fundamental frequency. Attenuating the high-
level fundamental signal allows the analog spectrum ana-
lyzer to be used on a more sensitive range without generating
distortion products within its front end.

Note that even though the signal is demodulated at a fre-
quency of sample rate/N, the distortion products still main-
tain a correct frequency relationship to the fundamental.
While this analog technique can give good performance, it
cannot exclude some distortion products unavoidably gener-
ated within the analog reconstruction portion of the test

2.52

system. For this reason, the digital FFT technique is capable
of more accurate high-speed analog/digital converter dy-
namic performance measurements and is the preferred method
of testing high-performance A/D converters.

TIMING

The ADC603 generates all necessary timing signals inter-
nally. There are two methods for reading output data, offer-
ing three selectable levels of data pipeline delay as described
below.

Convert Command Timing Option (pin 29 = HI)
With this option, the Convert Command signal is-used both
for initiating a new conversion and for reading valid data

BURR-BROWN®
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from a previous conversion. This method is most useful in
synchronous systems where data samples are taken continu-
ously.

See Figure 13 for timing relationships.

Pin 28 is used to control the amount of pipeline delay. If pin
28 is held LO, then output data “N — 2” will be valid on the
rising edge of Convert Command “N.” If pin 28 is held HI,
then output data “N — 3” will be valid on the rising edge of
Convert Command “N.” These timing relationships are valid
at any conversion rate up to 10MHz. At rates approaching
10MHz, however, the data setup time before the rising
Convert Command edge may become as short as 6ns. There-
fore, the use of high-speed TTL latches such as the 74F174
hex flip-flop is recommended to capture the data. If slower
latches must be used, then the setup time can effectively be
improved by adding several nanoseconds of delay between
the Convert Command and the latch clock signal.

Data Valid Timing Option (pin 29 = LO)

With this option, data from conversion “N” becomes valid
after a fixed delay from the rising edge of Convert Command
“N. The delay is approximately 135ns, at which time the
Data Valid strobe signal will rise. This signal may be con-
nected directly to the clock input of the user’s data latch.

See Figure 18 for timing relationships. Pin 28 must be left HI
at all times when using the Data Valid timing option.

The advantages of this method are that no subsequent con-
versions are required in order to read the data, and the data
is available as soon as possible after the start of conversion.
Therefore, the Data Valid option is most useful in systems
where the ADC may be operated asynchronously, or where
the very first data latch output after power-up must represent
a valid conversion. Note that because the delay is fixed at
approximately 135ns independent of conversion rate, the
Data Valid pulse will overlap into the next conversion at rates
above 7.4MHz. This does not preclude proper operation at
any rate up to 10MHz.

DATA OUTPUT

Output logic inversion can be accomplished by programming
pin 27. Binary Two’s Complement or Inverted Binary Two’s
Complement output data formats are available (Table II).

The ADC603 output logic is TTL compatible. The tri-state
output is controlled by ENABLE pin 25. For normal opera-
tion, pin 25 will be tied LO. A logic HI on pin 25 will switch
the ouput data register to a high-impedance state (Figure 20).
Output OFF leakage current I, and L, will be less than
S0pA over the converter’s specified operating temperature
range. Tri-state output should be isolated from noisy digital

DATA LATCHED BY DATA LATCHED BY

CONVERT COMMAND | DATA VALID STROBE
PIN NUMBER N-3 N-2 N-1
28 Hi LO Hi
29 HI HI LO

bus lines, since the noise can couple back through the OFF
data register and create noise in the ADC.

DIGITAL INPUTS

Logic inputs are TTL compatible. Open inputs will assume
aHI logic state; unused inputs may be allowed to float or they
may be tied to an appropriate TTL logic level.

NOTES:

1. FAST™ Applications Handbook, 1987. Fairchild Semiconductor Corp.

2. Fairchild Advanced CMOS Technology, Technology Seminar Notes, 1985.

ADC603

3. “Imped: Matching Tweaks Adva CMOS IC Testing”, Gerald C. Cox,
Electronic Design, April, 1987.
4. “Gi ding for Electr ic Compatibility”, Jerry H. Boogar, Design News,

23 February, 1987.

OFFSET AND GAIN ADJUSTMENT

The ADC603 is carefully laser-trimmed to achieve its rated
accuracy without external adjustments. If desired, both gain
error and input offset voltage error may be trimmed to zero
with external potentiometers (Figure 23). Trim range is
typically 2%; large offsets and gain changes should be made
elsewhere in the system. Using an input buffer amplifier
allows a convenient point for injecting large offset voltages
and making wide gain adjustments.

If offset and gain trim is not used, pins 36 and 37 should be
left unconnected.

DIGITAL DATA OUTPUT LOGIC CODING
Binary Two’s Inverted Binary
INPUT VOLTAGE Complement (BTC) | Two’s Complement
(Exact Center of Code) Pin27=LO (BTC) Pin 27 = HI
MSB LSB | MSB LSB
+FS (+1.25V) 011111111111* 100000000000*
+FS — 1LSB (+1.2494V) 011111111111 100000000000
+FS —2LSB (+1.2488V) 011111111110 100000000001
+3/4FS (+0.9375V) 011000000000 100111111111
+1/2FS (+0.625V) 010000000000 101111111111
+1/4FS (+0.3125V) 001000000000 110111111111
+1LSB (+610uV) 000000000001 111111111110
Bipolar Zero (0V) 000000000000 ARRRRARRRRRE!
~1LSB (-610pV) ARRRRARRARENI 000000000000
~1/4FS (-0.3125V) 111000000000 000111111111
~1/2FS (+0.625V) 110000000000 001111111111
~3/4FS (~0.9375V) 101000000000 010111111111
~(FS — 1LSB) (—1.2494V) 100000000001 011111111110
~FS (-1.25V) 100000000000 011111111111
* Indicates overrange condition.

TABLE II. Digital Data Output Logic Coding.

ENABLE  HI
Input
Pin2s  LO
» 37ns . 37ns
Data HI .
Output OFF High Impedance Active '\ High Impedance
Pins 920 LO

TABLE I. Pipeline Delay Selection Logic.
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FIGURE 22. Digital Data Tri-State Output.
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THERMAL REQUIREMENTS

The ADC603 is tested and specified over a temperature range
of 0°C to +70°C (J, K grade) and —55°C to +100°C ( S grade).
The converters are tested in a forced-air environment with a
10 SCFM air flow. With a small heat sink (Figure 24) the
ADC603 can be operated in a normal convection ambient-air
environment if submodule case temperature does not exceed
the upper limit of its specification.

High junction temperature can be avoided by using forced-air
cooling, but it is not required at moderate ambient tempera-
tures. Thermal resistance of the ADC603 package is: 6. =
4.8°C/W, measured to the underside of the case.

NOTES:

1. “Maximizing Heat Transfer from PCBs”, Machine Design, March 26, 1987, Jeilong
Chung.

ENVIRONMENTAL SCREENING

The inherent reliability of a semiconductor device is con-
trolled by the design, materials, and fabrication of the device
—it cannot be improved by testing. However, environmental
screening can eliminate the majority of those units which
would fail early in their lifetimes (infant mortality) through
the application of carefully selected accelerated stress levels.

basic procedures employed; it does not imply conformance
to any other military standards or to any methods of MIL-
STD-883 other than those specified. Burr-Brown’s detailed
procedures may vary slightly, model-to-model, from those in
MIL-STD-883.

MIL-STD-883
METHOD,
SCREEN CONDITION SCREENING LEVEL
Internal Visual 2017 Visual requirements only
(par 3.1 through 3.1.8)
Electrical Test Burr-Brown
Test Procedure
High Temperature Stor- 1008 24hr, +100°C
age (Stabilization Bake)
Temperature Cycling 1010 10 cycles, -55°C to —125°C
Constant Acceleration 2001, A 2000G; Y Axis Only
Burn-In 1015,D 160hr, +125°C T;, No PDA
Hermeticity, Gross Leak 1014,C Bubble Test Only,
Preconditioning Omitted
Final Electrical Burr-Brown
Test Procedure
External Visual 2009

TABLE IIIL Optional Screening Flow for ADC603SHQ.

Burr-Brown offers environmentally screened versions of our 51.1Q 3830 3830
standard military temperature range products, designed to
provide enhanced reliability at moderate cost. The screening
illustrated in Table III is performed to selected methods of
MIL-STD-883. Reference to these methods provides a
convenient way of communicating the screening levels and —---
ADC603
15V !
Offset * Signal
Trim g Input
? 10kQ
36 Analog
-15V Common
ADC603
37 +15V
L.
10kQ
Gain = Input Select (TTL) * Tantalum
Trim
-15V . . .
FIGURE 21. A Multiplexed-Input Buffer Amplifier (Gain =
FIGURE 19. Optional Gain and Offset Trim. +16V/V).
46-pin package 2.3" | .
| o35 035" | 009
o 16" | ==
0.575" W
@
" Lead sockets for
18-mil diameter pins 0.575"
Heat sink #0808HS conducts heat from bottom of NOTES: 1. Material: 6061-T6 aluminum.
package into copper ground plane. (Mounting 0.12" diameter and CSK 82° 2. Finish: nickel plate.
screws and nuts not included with 0808HS.) 0.235" + 0.005" — 0 diameter” (2 places) 3. Deburr and break all sharp edges.

FIGURE 20. Heat Sink Transfers Heat from the DIP Package into a Copper Ground Plane.
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BURR - BROWN®

ADC614

14-Bit 5.12MHz Sampling
ANALOG-TO-DIGITAL CONVERTER

BURR - BROWNG®

FEATURES

® HIGH SPURIOUS-FREE DYNAMIC RANGE:
-90dB (L Grade)

©® WIDEBAND SAMPLE/HOLD: 60MHz

©® SAMPLE RATE: DC to 5.12MHz

@ HIGH SIGNAL/NOISE RATIO: 78dB

® NO MISSING CODES

® SINGLE 46-PIN DIP PACKAGE

® COMPLETE SUBSYSTEM: Contains
Sample/Hold and Reference

DESCRIPTION

The ADC614 is a high dynamic range analog-to-
digital converter capable of digitizing signals at any
rate from DC to 5.12 megasamples per second. Out-
standing spurious-free dynamic range has been
achieved by minimizing potential distortion sources.

APPLICATIONS

® FFT SPECTRAL ANALYSIS

® MEDICAL IMAGING

® RADAR SIGNAL ANALYSIS

® CCD IMAGING SYSTEMS

® DIGITAL RECEIVERS

@ TRANSIENT SIGNAL RECORDING
® HIGH-SPEED DATA ACQUISITION
® SIGINT, ECM, AND EW SYSTEMS

The ADC614 is a two-step subranging ADC sub-
system containing an ADC, sample/hold amplifier,
voltage reference, timing, and error-correction cir-
cuitry in a 46-pin hybrid DIP package. The
logic interface is TTL. An evaluation board
(DEM-ADC614-E) is available for quick evaluation.

+ Digital
- - igi
Signal Sample/ :’I'Si DA%"T"” ;SBh Error 14-Bit
Input Hold E caosde c a°r? En:osder Corrector Digital
nooder onverter (Adder) Output
International Airport Industrial Park +  Mailing Address: PO Box 11400 ¢ Tucson, AZ 85734 « Street Address: 6730 S. Tucson Blvd. ¢ Tucson, AZ 85706

Tel: (602) 746-1111  » Twx:910-952-1111 + Cable: BBRCORP

¢ Telex: 066-6491 ¢ FAX:(602)889-1510 + Immediate Product Info: (800) 548-6132

A/D CONVERTERS, DATA ACQUISITION COMPONENTS n ADC614

PDS-1085E
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SPECIFICATIONS

T, = +25°C, 5.12MHz sampling rate, output data latched with the convert command, Rg = 50Q, V¢ = +15V, +Vp, = +5V, =V, = -5.2V, and 15-minute warmup
in convection, enviroment, unless otherwise noted.

ADC614JH ADC614KH ADC614LH )
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
RESOLUTION 14 14 14 Bits
INPUTS
ANALOG
Input Range Full Scale -1.25 +1.25 * * * * '
Input Impedance 15 * * MQ
Input Capacitance 5 > * pF
DIGITAL
Logic Family
Convert Command Start Conversion
Pulse Width t = Conversion Period 10 +20 * * * * ns
TRANSFER CHARACTERISTICS
ACCURACY
Gain Error DC 0.8 2 0.4 +1 * * %FSRM
Input Offset DC +0.4 2 +0.2 +0.75 * * %FSR
Differential Linearity Error f = 100kHz: 1.3 1.5 0.9 1.25 * * LsB
100% of all Codes
No Missing Codes Guaranteed Guaranteed Guaranteed
Power Supply Rejection AtV = 5% +0.03 +0.1 * * * * %FSR/%
AV = 5% +0.04 +0.1 * * * * %FSR/%
A+Vpp, = 5% +0.004 | +0.07 * * * * %FSR/%
AV, = £5% $0.01 | +0.07 * * * * %FSR/%
CONVERSION CHARACTERSITICS '
Sample Rate DC EY [T+ - Samples/s
Pipeline Delay Logic Selectable 1’|2 or3 Conl'lvert Cornlmand Perilods
DYNAMIC CHARACTERISTICS®®@
Differential Linearity Error f = 2.3MHz: 13 2.0 0.8 1.25 * > LSB
100% of all Codes
Spurious-Free Dynamic
Range (SFDR)
f = 2.3MHz (-0.5dB) f, = 5.12MHz 77 82 82 88 88 920 dBFS®
f = 100kHz (-0.5dB) 79 82 83 88 88 90 dBFS®
Two-Tone Intermodulation
Distortion®
f = 2.2MHz (-6.5dB) f, = 5.12MHz -82 -75 -88 -80 * * dBFS®
t = 2.3MHz (-6.5dB)
Signal-to-Noise Ratio (SNR)®
t = 2.3MHz (-0.5dB) f, = 5.12MHz 73 75 74 76 75 78 dB
f = 100kHz (~0.5dB) 75 77 75 78 76 80 dB
SINAD
f = 2.3MHz (-0.5dB) f, = 5.12MHz 74 76 78 dB
t = 100kHz (-0.5dB) 76 78 80 dB
Aperature Delay Time -20 -5 +20 * * M * * * ns
Aperature Jitter 3 10 > M * * ps rms
Analog Input Bandwidth (—-3dB)
Small Signal —20dB Input 40 60 * * * * MHz
Full Power 0dB Input 30 * * * v MHz
Overload Recovery Time 2x Full-Scale Input 205 400 * * * * ns
OUTPUTS
Logic Family TTL Compatible
Logic Coding Logic Selectable ITwo’s Complement or Inverted Two’s Complement
Logic Levels Logic “LO” 0 +0.3 +0.5 * * * * * * \
lo. = =3.2mA
Logic “HI" +2.4 +3.5 +5.0 * * * * * * \
loy = 160uA
EOC Delay Time Data Out to DV See Timing Diagram: Figure 13
Tri-State Enable/Disable Time lo = —6.4mA, 37 100 * * * * ns
50% in to 50% Out
Data Valid Pulse Width See Timing Diagram: Figure 1
POWER SUPPLY REQUIREMENTS
Supply Volitages: +V¢. Operating +14.25 +15 +15.75 > * * * * * \"
Vo -14.25 -15 | -15.75 * * * * * * v
+Vopu +4.75 +5 +5.25 * * * * * * v
—Vop2 —4.95 5.2 | -5.46 * * * * * * v
Supply Currents: +lg. Operating +60 * +80 * * mA
~leo —-60 * -80 * * mA
Hopy® +305 * +330 * * mA
~lop® 550 * -630 * * mA
Power Consumption Operating 6.1 6.5 * * * * w

*Same specifications as next grade to the left.
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SPECIFICATIONS (conm)

ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS)

Ve = +15V, +Vp, = +5V, =V, = -5.2V, Rg = 50Q, 5.12MHz sampling rate, output data latched with the convert command, and 15-minute warmup, and T = Ty, to
Tuax: Unless otherwise noted.

ADC614JH ADC614KH ADC614LH <
—
PARAMETER CONDITIONS MIN l TYP | MAX MIN T TYP r MAX MIN l TYP l MAX UNITS [T
TEMPERATURE RANGE 0
Specification | Toase [ o ] [ v8s T T [T ] [ T ~c 0
TRANSFER CHARACTERISTICS <
ACCURACY
Gain Error [a]03 0.9 12 0.4 +1.5 * * %FSRM
input Offset [a]of +0.5 12 +0.2 1.5 * * %FSR
Differential Linearity Error f = 100kHz: 1.4 2.0 1.0 15 * * LSB
100% of all Codes
No Missing Codes Guaranteed Guaranteed Guaranteed o
Power Supply Rejection A+Vge = 5% +0.04 0.2 * * * M %FSR/%
AV = 5% +0.05 +0.2 * * * %FSR/% '_
A+Vpp, = 5% +0.004 | +0.1 . . . . %FSR% |  dm
AV, = 5% $0.02 | 0.1 . + . . %Fsri | LW
CONVERSION CHARACTERSITICS Z
Sample Rate DC l W s512M |+ ] S l I . l sampless| O
Pipeline Delay 1, 2 or 3 Convert Command Periods o
DYNAMIC CHARACTERISTICS® E
Differential Linearity Error f = 2.3MHz: 1.4 2.0 1.0 1.5 * * LSB o
100% of all Codes
Spurious-Free Dynamic o
Range (SFDR) z
f = 2.3MHz (-0.5dB) f = 5.12MHz 75 82 80 87 85 87 dBFS® o
f = 100kHz (-0.5dB) 77 82 80 87 85 88 dBFS® -
Two-Tone Intermodulation -
Distortion® S—
f = 2.20MHz (-6.5dB) f = 5.12MHz -82 -73 -87 -78 * * dBFS® g
f = 100kHz (-6.5dB) =)
Signal-to-Noise Ratio (SNR)
f = 2.3MHz (-0.5dB) f, = 5.12MHz 70 74 76 dB 0
f = 100kHz (~0.50B) 74 76 78 dB (&)
SINAD <
f = 2.3MHz (-0.5dB) fo = 5.12MHz 70 73 * dB
f = 100kHz (-0.5dB) 73 75 - dB <
Aperature Delay Time -25 -6 +25 * * * * * * ns =
Aperature Jitter 3 10 * * > * ps rms <
Analog Input Bandwidth (~3dB) (o)
Small Signal —20dB Input 60 * * MHz -
Full Power 0dB Input 30 * * MHz (/3]
Overload Recovery Time 2x Full-Scale Input 220 * - ns m
OUTPUTS L
Logic Levels Logic “L.O" 0 +0.3 +0.8 * * * * * * \ |—
lo, = -3.2mA o
Logic “HI" +2.4 +3.5 +5.0 * * * * * * v I.IJ
low = 160pA >
EOC Delay Time Data Out to DV See Figure 13; A Timing Typically Within +20% Over Temperature
Tri-State Enable/Disable Time lo, = —6.4mA, 42 100 * * * * ns z
50% in to 50% Out (@]
Data Valid Pulse Width See Figure 13; A Timing Typically Within +20% Over Temperature o
POWER SUPPLY REQUIREMENTS a
Supply Currents: +l¢ Operating +65 +80 * * * * mA
“loe -61 -80 . - v . mA 2
+lpp,® +305 | +333 * * * * mA
~lope® -550 | -630 * * M . mA
Power Consumption Operating 6.1 6.5 > > * * w

*Same specifications as next grade to the left.

NOTES: (1) FSR: Full-Scale Range = 2.5Vp-p. (2) Units with lower distortion are available on special order; inquire. (3) dBFS = level referred to full scale. The input
signal is within 1 dB of full scale; f = input frequency; f, = sampling frequency. (4) Pins 3 and 30 (analog typically draw 80% of the total +5V current. Pin 21 (digital) typically
draws 20%. (5) Pin 6 (analog) typically draws 45% of the total —5.2V current. Pin 31 (digital) typically draws 55%. (6) SNR and two-tone intermodulation distortion are
guaranteed but not 100% tested.
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PIN ASSIGNMENTS ORDERING INFORMATION
1 Common (Analog) 46  Common (Analog) . ' ADC614 () H Q
2 DNC 45  Analog Signal In Basic Model Number
3 4V, (+5V) Analog 44V (+15V) Analog Performance Grade Code
4  S/HOut 43 -V, (-15V) Analog J, K, L: 0°C to +85°C Case Temperature
5 ADIn 42 NC Package Code
6 -V, (-5.2V) Analog 41 NC H Metal and Cer‘amic )
7  Bit13 40 NC Enviromental Screening Option
8  Bit14 (LSB) 39 DNC
9 Bit1(MSB) 38 DNC
10 Bit2 37 Gain Adjust ABSOLUTE MAXIMUM RATINGS
11 Bit3 36 - Offset Adjust
12 Bit4 35  Common (Analog) Voo A +16.5V
13 Bit5 34 4V (+15V) Analog +Vyo, +7.0V
14 Bit6 33 -V, (~15V) Analog £V, -7.0v
15 Bit7 32  Common (Analog) Analog Input 5.0V
16 Bit8 31 -V, (-5.2V) Digital Logic Input - —0.5Vto +Vy,,
noe 0 o 50t et it e
18 Bit10 29 1 Pipeline Delay Select *
19 Bit1t 2% 0 Pizeline Dela§ Select Storage Temperature ~65°C 10 +125°C
20 Bit12 27  Output Logic Invert Stresses above these ratings may permanently damage the device.
21 +V,,, (+5V) Digital 26 Common (Digital)
22  Data Valid Output 25  3-State ENABLE
23 Common (Digital-Case) 24 Convert Command In PACKAGING INFORMATION®™
NOTE: NC = no connection, DNC = do not connect. PACKAGE DRAWING
MODEL PACKAGE NUMBER
ADC614JH Metal and Ceramic 234
ADC614KH Metal and Ceramic 234
ADC614LH Metal and Ceramic 234

NOTE: (1) For detailed drawing and dimension table, please see end of data
sheet, or Appendix D 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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+V o= 215V, +V o = +5V, =V, = -5.2V, Ry = 509, 5.12MHz sampling rate, 15-minute warmup, and T, = +25°C, unless otherwise noted.

Amplitude (dB)

Amplitude (dB)

Error LSB

20
15
1.0
0.5
0.0
-0.5
-1.0
-1.5

-2.0

2.3MHz SPECTRAL PERFORMANCE

[ fiy = 2.3MHz

BURR - BROWN®

Code

0 0.640 1.281 1.921 2.561
Frequency (MHz)
UNDERSAMPLING AT 5.0MHz
- - = Esorir\/lﬂ'zA4
[ o
L
0 0.640 1.280 1.920 2.561
Frequency (MHz)
100kHz DIFFERENTIAL LINEARITY ERROR
3 . f,=5.12MHz |
fiy = 100kHz
o] 5000 10000 15000

Amplitude (dB)

Amplitude (dB)
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100kHz SPECTRAL PERFORMANCE

—

0.648

1.296

Frequency (MHz)

1.944 2.592

TWO TONE INTERMODULATION DISTORTION

0.625

1.250

Frequency (MHz)
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2.3MHz DIFFERENTIAL LINEARITY ERROR

f = 5.12MHz
" fin=2.3MHz |

5000
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10000

15000
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TYPICAL PERFORMANCE CURVES (con)

Vo= 16V, 4V = 45V, -V, = -5.2V, R = 50Q, 5.12MHz sampling rate, 15-minute warmup, and T, = +25°C, unless otherwise noted.
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THEORY OF OPERATION

The ADC614 is a two-step subranging analog-to-digital
converter. This architecture is shown in Figure 1. The major
system building blocks are: sample/hold amplifier, MSB
flash encoder, DAC and error amplifier, LSB flash encoder,
digital error corrector, and timing circuits. The ADC614
uses hybrid technology with laser-trimmed integrated cir-
cuits mounted in a multilayer ceramic package to integrate
this complex circuit into a complete analog-to-digital con-
verter subsystem with state-of-the-art performance.

Conceptually, the subranging technique is simple: sample
and hold the input signal, convert to digital with a coarse
ADC, convert back to analog with a coarse-resolution (but
high-accuracy) DAC, subtract this voltage from the S/H
output, amplify this “remainder,” convert to digital with a
second coarse ADC, and combine the digital output from the
first ADC (MSB) with the digital output from the second
ADC (LSB). In practice, however, achieving high conver-
sion speed without sacrificing accuracy is a difficult task.

The analog input signal is sampled by a high-speed sample/
hold amplifier with low distortion, fast acquisition time and
very low aperture uncertainty (jitter). A diode bridge sam-
pling switch is used to achieve an acceptable compromise
between speed and accuracy. The diode bridge switching
transients are buffered from the analog input by a high input
impedance buffer amplifier. Since the hold capacitor does
not appear in the feedback of the diode bridge output buffer,

the capacitor can acquire the signal in 65ns. The low-bias-
current output buffer is then required to settle to only the
resolution (8 bits) of the first (MSB) flash encoder in 65ns,
while an additional 85ns is allowed for settling to the
resolution (14 bits) of the second (LSB) flash encoder.
Sample/hold droop appears as only an offset error and does
not effect linearity.

Both the MSB and the LSB flash encoder (ADC) functions
are performed by one 8-bit flash encoder. The DAC voltage
reference is also used to generate reference voltages for the

ADC614

MSB and LSB encoder to compensate drift errors. Bufferin,
and scaling amplifiers are laser-trimmed to minimize vo]h

age offset errors and optimize gain (input full-scale range
symmetry.

The subtraction DAC is an ECL 8-bit resolution monolithic
DAC with 14-bit accuracy. Laser-trimmed thin-film nichrome
resistors and high-speed bipolar circuitry allow the DAC
output to settle to 14-bit accuracy in only 35ns.

A “remainder” or coarse conversion-error voltage is gener-
ated by resistively subtracting the DAC output from the
output of the sample/hold amplifier. Before the second
(LSB) conversion, the “remainder” is amplified by a wideband
fast-settling two-input amplifier with a gain of 32V/V. To
prevent overload on large amplitude transients, the active
input is switched off to blank the amplifier input from the
beginning of the S/H acquisition time to the end of the MSB
encoder update time.

R Strobe
Data
Convert L Strobe Vali
alid
Command M Strobe
TH
Command
. 8-Bit L
Timing = = Digital
1 L Reg 2 3 Output
N gl |2
T [+ = )
MUX bac = & Y
Latch " o <
8-Bit N <'c_> -
Encoder "I Reg 4
\ Strob
¢ _— Amp
- Enabls
)Q(L\ TH _g nable Error
Signal _[> I | | Output 3 Digital/
1 + o
Input 1 'z ¢ =\ Analog
I _/'_T ; ¥{ Converter
= &
——%; Reference
Track/Hold A/D Converter
Gain
Adijust
FIGURE 1. ADC614 Block Diagram—A Two-Step Subranging Architecture.
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Internal timing circuits (ECL logic is used internally) supply
all the critical timing signals necessary for proper operation
of the ADC614. Some noncritical timing signals are also
generated in the digital error correction circuitry. Timing
signals are laser-trimmed for both pulse width and delay.
ECL logic is used for its speed, low noise characteristics and
timing delay stability over a wide range of temperatures and
power supply voltages. Basic timing is derived from the
output of a three-stage shift register driven by a synchro-
nized 20MHz oscillator.

The convert command pulse is differentiated to allow trig-
gering by pulses from as narrow as 10ns to as wide as 80%
duty cycle.

The ADC614 timing technique generates a variable width
S/H gate pulse which is determined by the conversion
command pulse period minus a fixed 135ns ADC conver-
sion time. ADC614 conversion rates are therefore possible
somewhat above the 5.12MHz specification but S/H acqui-
sition time is sacrificed and accuracy is rapidly degraded.

The output of the MSB and LSB encoders are read into
separate 8-bit latches. The latched MSB data, along with the
latched LSB data, is then read into a 16-bit latch after the
leading edge of the LSB strobe and before being applied to
the adder, where the actual error correction takes place.
These latches eliminate any critical timing problems that
could result when the converter is operated at the maximum
conversion rate.

The function of the digital error correction circuitry is to
assemble the 8-bit words from the two flash encoders into a
14-bit output word.

The 16-bit register output is then sent to a 14-bit adder where
the final data output word is created. The MSB data forms
the most significant eight bits of a 14-bit word, with the last
six bits being assigned zeros. In a similar fashion, the LSB
data from the least significant bits forms the other input to
the adder, with the first six bits being assigned zeros. As two
14-bit words are being added, the output of the adder could
exceed 14 bits in range; however, the final data output is
only a 14-bit word, so a means of detecting an overrange is
included to prevent reading erroneous data. The converter
data output is forced to all ones for a full-scale input or
overrange. The data output does not “roll-over” if the con-
verter input exceeds its specified full-scale range of £1.25V.

DISCUSSION OF

PERFORMANCE

DYNAMIC PERFORMANCE TESTING

The ADC614 is a very high performance converter and
careful attention to test techniques is necessary to achieve
accurate results. Spectral analysis by application of a fast
Fourier transform (FFT) to the ADC digital output will
provide data on all important dynamic performance param-
eters: spurious free dynamic range (SFDR), signal-to-noise
ratio (SNR) or the more severe signal-to-noise-and-distor-
tion ratio (SINAD), and intermodulation distortion (IMD).

2.62
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A typical test setup for performing high-speed FFT testing
of analog-to-digital converters is shown in Figure 2 and 3.
Highly accurate phase-locked signal sources allow high
resolution FFT measurements to be made without using
window functions. By choosing appropriate signal frequen-
cies and sample rates, an integral number of signal fre-
quency periods can be sampled. As no spectral leakage
results, a “rectangular” window (no window function) can
be used. This was used to generate the typical FFT perfor-
mance curves shown on page 5.

If generators cannot be phase-locked and set to extreme
accuracy, a very low side-lobe window must be applied to
the digital data before executing an FFT. A commonly used
window such as the Hanning window is not appropriate for
testing high performance converters; a minimum four-sample
Blackman-Harris window is strongly recommended.® To
assure that the majority of codes are exercised in the ADC614
(14 bits), a 4096-point FFT is taken. If the data storage RAM
is limited, a smaller FFT may be taken if a sufficient number
of samples are averaged (i.e., a 10-sample average of 512-
point FFTs).

DYNAMIC PERFORMANCE DEFINITIONS
1. Spurious Free Dynamic Range:
Largest Harmonic Power (first 9 harmonics)
Full Scale Power
2. ‘ Intermodulation Distortion (IMD):
Highest IMD Product Power (to 5th order)
Sinewave Signal Power
3. Signal-to-Noise Ratio (SNR):

Sinewave Signal Power

Noise Power
4. Signal-to-(Noise + Distortion)® Ratio (SINAD):

Sinewave Signal Power

Noise + Harmonic Power (first 9 harmonics)

IMD is referenced® to the larger of the test signals f; or f,.
Five “bins” either side of peak are used for calculation of
fundamental and harmonic power. The DC frequency bin is
not included in these calculations as it is of little importance
in dynamic signal processing applications.

APPLICATION TIPS

Attention to test set-up details can prevent errors that con-
tribute to poor test results. Important points to remember
when testing high performance converters are:

1. The ADC analog input must not be overdriven. Using a
signal amplitude slightly lower than FSR will allow a
small amount of “headroom” so that noise or DC offset
voltage will not overrange the ADC and “hard limit” on
signal peaks.

BURR - BROWN®
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9th Order 0.5dB Ripple
Tchebychev Low-Pass Filter

Attenuation at 2X cutoff frequency = 90dB.

Cutoff frequency = ~3dB frequency; to convert cutoff frequency to
—0.5dB frequency, multiply all LC values by 0.98997.

+2.8V
HP8644A _I—I._: +0.2V
Frequency
Synthesizer
Convert
& Locked 1 ] Command
Fluke HPE0BOA Analog
- v Low-Pass Input | ADC814 T High-Speed DSP
HP8644A ™ Fiter - Under Latches SRAM Processor
Frequer)cy I 1 Test 74F574 64KB x 16
Synthesizer ' '
\ —or— I
I | .
Data Valid
| cnsta | _; = (____j
Filter
FIGURE 2. Block Diagram of FFT Test for SNR, SFDR and Swept-Power Test.
+2.8V
HP8644A _]—L, +0.2V
— Frequency
Synthesizer
Convert
@ Locked Y Command
Fluke HP60BOA Analog
or Ny Band Input ADC614 TTL High-Speed DSP
= HP8644A Pass [— 3dB [—¢—#=  Under Latches SRAM Processor
Frequeljcy } Filter Test 74F574 64KB x 16
Synthesizer
Signal | 500 500 Data Valid
Combiner
Fluke HP6080A
or } = =
— HP8644A
Frequency | M\,
Synthesizer
FIGURE 3. Block Diagram of FFT Test for Two-Tone IMD.
Bandwidth: =1MHz to ~30MHz
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= — In 49.90
e —— —— S — O——"W\- .
- - - - - 10 turns #24 AWG
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Amidon FT 50-43
toroid core.
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Fea | C | C [ ¢ | ¢ClC|lbLitlL |t
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FIGURE 4. Ninth-Order Harmonic Filter.
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2. Two-tone tests can produce signal envelopes that exceed
FSR. Set each test signal to slightly less than —6B to
prevent “hard limiting” on peaks.

3. Low-pass filtering (or bandpass filtering) of test signal
generators is absolutely necessary for THD and IMD
tests. An easily built LC low-pass filter (Figure 4) will
eliminate harmonics from the test signal generator. Care
must be taken not to saturate the filter. Saturation of these
filters may cause odd order harmonics.

4. Test signal generators must have exceptional noise per-
formance to achieve accurate SNR measurements. Good
generators together with fifth-order elliptical bandpass
filters are recommended for SNR tests. Recommended
generators are the Fluke 6080A or HP8644A. Narrow-
bandwidth crystal filters can also be used to filter genera-
tor broadband noise, but they should be carefully tested
for operation at high levels.

5. The analog input of the ADC614 should be terminated
directly at the input pin sockets with the correct filter
terminating impedance (50Q or 75X2), or it should be
driven by a low output impedance buffer such as an
OPAG642. Short leads are necessary to prevent digital
noise pickup.

6. A low-noise (jitter) clock signal (convert command)
generator is required for good ADC dynamic perfor-
mance. A poor generator can seriously impair good SNR
performance. A HP 8644A generator is a good clock
source. Short leads are necessary to preserve fast TTL
rise times.

7. Two-tone testing will require isolation between test sig-
nal generators to prevent IMD generation in the test
generator output circuits. A passive (hybrid transformer)
signal combiner can also be used (Figure 5) over a range
of about 0.IMHz to 30MHz. This combiner's port-to-port
isolation will be =45dB between signal generators and its
input-output insertion loss will be =6dB. Distortion will
be better than ~85dBC.

8. A very low side-lobe window must be used for FFT
calculations if generators cannot be phase-locked and
set to exact frequencies. A minimum four-sample
Blackman-Harris window function is recommended.®

9. Floating inputs can eliminate ground-loop noise. A
simple common-mode choke shown in Figure 6 and 7,
or a single-ended amplifier (Figure 8 and 9) can be used
for gain. Optimized harmonic performance can only be
achieved with a very low distortion buffer. Burr-Brown
OPAG642 is an ideal op amp for driving the ADC614.

10. Digital data must be latched into an external TTL 14-bit
register, preferably using the convert command pulse
(Figures 10 and 11). Latches should be mounted on PC
boards in very close proximity to the ADC614. Avoid
long leads.

2.64

11. Do not overload the data output logic. These outputs are
designed to drive 2 TTL loads. Do not connect ADC614
data output pins directly to a noisy digital bus; use
external 3-state logic for noise immunity.

12. A well-designed, clean PC board layout will assure
proper operation and clean spectral response.“ > Proper
grounding and bypassing, short lead lengths, separation
of analog and digital signals, and the use of ground
planes are particularly important for high frequency
circuits. Multilayer PC boards are recommended for
best performance, but a two-sided PC board with large,
heavy (20oz-foil) ground planes can give excellent
results, if carefully designed.

13. Prototyping “plug-boards” or wire-wrap boards will not
be satisfactory.

14. Connect analog and digital ground pins of the ADC614
directly to the ground plane. In our experience, connect-
ing these pins to a common ground plane gives the best
results. Analog and digital power supply commons
should be tied together at the ground plane. Adding
power supply and ground-return filtering® is optional
and may improve noise rejection. The manual for the
evaluation board (DEM-ADC614-E) gives a recom-
mended layout.

15. If using a cable to drive the input of the ADC614, avoid
reflections down the cable that could degrade dynamic
performance by placing a 3dB attenuator at the end of
the cable. Input amplitude should be doubled to main-
tain signal amplitude.

NOTES:

1. “On the Use of Windows for Harmonic Analysis with the Discrete Fourier

Transform”, Fredric J. Harris. Proceedings of the IEEE, Vol. 66, No. 1,
January 1978, pp 51-83.

2. SINAD test includes harmonics whereas SNR does not include these
important spurious products.

. If IMD is referenced to peak envelope power, distortion will be 6dB better.
. MECL System Design Handbook, 3rd Edition, Motorola Corp.
. Motorola MECL, Motorola Corp.

. Murata-Erie BNX002-01.

o o0 AW

TIMING

The ADC614 generates all necessary timing signals inter-
nally. Only timing between Convert Command, Output
Data, and Data Valid must be considered. Proper timing is
shown in Figures 12 and 13. There are two methods for
reading output data, offering three selectable levels of data
pipeline delay as described below:

(1) Convert Command timing option (pin 29 = HIGH)—
With this option, the Convert Command signal is used both
for initiating a new conversion and for reading valid data
from a previous conversion. This method is most useful in
synchronous systems where data samples are taken continu-
ously. See Figure 12 for timing relationships.

Pin 28 is used to control the amount of pipeling delay. If pin
28 is held LOW, then output data “N-2” will be valid on the
rising edge of Convert Command “N”. If pin 28 is held

i
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HIGH, then output data “N-3” will be valid on the rising
edge of Convert Command “N”. These timing relationships
are valid at any conversion rate up to 5.12MHz, the data
setup time before the rising Convert Command edge is about
50ns.

(2) Data Valid timing option (pin 29 = LOW)—With this
option, data from conversion “N” becomes valid after a
fixed delay from the rising edge of Convert Command “N”.
The delay is about 165ns . At about t = 185ns, the Data Valid
strobe signal will rise. This strobe signal may be connected
directly to the clock input of the external data latches,
providing a data setup time of approximately 20ns.

See Figure 13 for timing relationships. Pin 28 must be left
HIGH at all times when using the Data Valid timing option.

This method does not require subsequent conversions in
order to read the data (ie, single-shot conversion capability).
Therefore, the Data Valid option is useful in systems where
the very first data latch output after power-up must represent
a valid conversion.

DATA LATCHED BY DATA LATCHED BY
CONVERT COMMAND | DATA VALID STROBE
PIN NUMBER N-2 N-1 N-1
28 Hi Lo HI
29 Hi HI Lo

TABLE I Pipeline Delay Selection Logic.

Data should be latched into external TTL latches that can
operate reliably with a set-up time of 6ns minimum. Two
74F574 hex latches are recommended.

DATA OUTPUT

Output logic inversion can be accomplished by program-
ming pin 27. Binary Two’s Complement or Inverted Binary
Two's Complement output data format is available (Table
ID).

The ADC614 output logic is TTL compatible. The 3-state

©
&)
al

output is controlled by ENABLE pin 25. For normal opera-
tion pin 25 will be tied LO. A logic HI on pin 25 will switc]

the output data register to a high-impedance state (Figure'
14). Output OFF leakage current I, and I, will be less
than S0UA over the converter's specified operating tempera-
ture range. The 3-state output should be isolated from noisy
digital bus lines as the noise can couple back through the
OFF data register and create noise in the ADC.

DIGITAL INPUTS

Logic inputs are TTL compatible. Open inputs will assume
a HI logic state; unused inputs may be allowed to float or
they may be tied to an appropriate TTL logic level.

OFFSET AND GAIN ADJUSTMENT
The ADC614 is carefully laser-trimmed to achieve its rated

DIGITAL DATA OUTPUT LOGIC CODING accuracy without external adjustments. If desired, both gain
BINARY TWO'S INVERTED BINARY error and input offset voltage error may be trimmed with
INPUT VOLTAGE ~ |COMPLEMENT (BTC) | TWO'S COMPLEMENT| external potentiometers (Figure 15). Trim range is typically
(EXACT CENTER OF CODE) PIN27 =LO (BTC) PIN 27 = HI
+FS (+1.25V) [IRRERRRERRRRRGH 10000000000000¢ -
+FS ~1LSB (+1.24985V)| 0111111111111 10000000000000
+FS —2LSB (+1.24960V) | 01111111111110 10000000000001
+3/4 FS (09375V) 01100000000000 1001111111111 Insulated ADC614
+1/2 FS (+0.6250V) 01000000000000 1011111111111 BNC 1
+1/4 FS (+03125V) 00100000000000 1101111111111
+1 LSB (+1524V) 00000000000001 11111111111110 Signal ‘
1 ignal Signal
Bipofar Zero (0V) 00000000000000 ERRRRRRRREREER! Input X
—1 LSB (-152Y) 1111111111111 00000000000000 nput
~1/4 FS (-03125V) 11100000000000 0001111111111 —-Z-Z-Z
-1/2 FS (0625V) 11000000000000 0011111111111 Anal
—3/4 FS (-09375V) 10100000000000 0101111111111 o nalog
—FS + 1LSB (-1.24985V) |  10000000000001 0111111111110 Balun ommon
—FS (-1.25V) 10000000000000 0111111111111 Transformer =
msB LSB msB LSB Ry= Cable Termination Impedance e e e =
NOTE: (1) Indicates overrange condition.
TABLE L Coding Table for 14-bit+1.25V ADC Function. FIGURE 6. Floating-Input Balun Transformer.
Amidon FT 50-43
Ferrite Core
1 1
z z NI
(U000 L
2 2
Impedance = 1:1
#26 AWG Bifilar Wound
FIGURE 7. Common-Mode Choke Transformer Windings.
BURR - BROWN®
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only 0.1%; large offsets and gain changes should be made
elsewhere in the system. Using an input buffer amplifier is
the preferred way for injecting offset voltages and making
wide gain adjustments.

THERMAL REQUIREMENTS

The ADC614 is tested and specified over a temperature
range of 0°C to +85°C. The converters are tested in a forced-
air environment with a 10 SCFM air flow. The ADC614 can
be operated in a normal convection ambient air environ-
ment, provided the case temperature does not exceed the
upper limit of its specification.

Proper heat transfer can be assured by placing a small heat
sink (#0808HS) and an appropriately sized piece of 10mil.
Berquist Sil-Pad 400 between the unit and PC board ground
plane. Refer to Figure 16 for details.

High junction temperature can be avoided by using forced-
air cooling, but it is not required at moderate ambient
temperatures. Thermal resistance of the ADC614 package
is: ;¢ = 4.8°C/W. measured to the underside of the case.

NOISE FIGURE

The noise figure is defined as the degradation of signal-to-
noise ratio as an analog input is processed through the
ADC614. An approximation of the noise figure of the
ADC614 can be derived from the SNR specifications.

The signal-to-noise ratio of the ADC614 is measured typi-
cally at 78dB. The full-scale input signal of the ADC614 is
+12dBm, so the noise level at the output of the ADC614 is
—66dBm for the 2.56MHz band. The input noise is derived
from the formula:

N = 10log (4kTB/0.001) = —168dBm

The noise figure can be calculated using the following
equation:
NF = output noise — (10log BWo/BWi) — input noise
NF = -66dB - 64dB — (-168dB) = 38dB

An important consideration when using the Noise Figure for
an analog-to-digital converter is the effect of input signal
range on the noise figure. As the input range increases, the
noise figure directly decreases. The best indicator of the
noise performance of the ADC614 is SNR, which is ~78dB

1kQ
A — -

ADC614

45 | Signal

OPA642 Input

499Q
499Q

FIGURE 8. Single Ended Input Amplifier (Gain = -1V/V).

2.66

typical for the LH grade. When the input is grounded, the
RMS noise of the ADC614 is 72V, and 99.7% of all codes
will fall within a span of four codes. This figure represents
the entire noise contribution of the ADC614.

CUSTOM SCREENING OPTIONS

Custom screened versions of the ADC614 are available.
Screening may include extended temperature ranges, higher
guaranteed dynamic specifications, additional enviromental
screens, higher sampling rates, etc. Inquire with your local
sales representative or contact factory.

ENVIRONMENTAL SCREENING

The inherent reliability of a semiconductor device is con-
trolled by the design, materials, and fabrication of the
device—it cannot be improved by testing. However, the use
of enviromental screening can eliminate the majority of
those units which would fail early in their lifetimes (infant
mortality) through the application of carefully selected ac-
celerated stress levels. Burr-Brown “Q-screening” provides
enviromental screening to our standard industrial products,
thus “enhancing reliability. The screening illustrated in
Table III is performed to selected levels similar to those of
MIL-STD-883. The “Q” versicn of the ADC614KH and LH
guarantee data sheet specifications over —25°C to +85°C.

SCREEN METHOD

Internal Visual Burr-Brown QC4118

Stabilization Bake Temperature = 125°C, 24hrs

Temperature Cycling Temperature = —55°C to +125°C

10 cycles

Burn-in Test 85°C, 160 Hours Minimum

(Parallel Exitation)

Fine: He leak rate < 1x107atm cc/S
Gross: Perfluorocarbon Bubble Test

Hermetic Seal

Electrical Tests Static at 25°C, per Table |
Dynamic at 0°C, +25°C,

+85°C, per Table |

External Visual Burr-Brown QC5150

TABLE III. ADC614 Q-Screening Methods.

2kQ

AN —---
ADC614

45 Signal

Input

499Q
= L .-
FIGURED9. Single Ended Input Low Noise Amplifier (Gain=

-2VIV).
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52V 15V +15V 45V
AN T~
Parallel 0.01pF +y 9 "
Ceramic and + ——e = 8D 8QF—
1pF Tantalum (All) + - “_+_| 8 » - | 13
= — - 7 14
=4y = 6D 60
T 1
) + flep sa2
! ! 5|" 7aFs74 " |45
— 31| 6]42]43] 33| 44[34]30] 3|21 — D 4
Signal 4 4 17
?n In B13 ; 3D 30
Ry B14(LS8B) | E1 P s l®
% B1 2 9
- B2 :2 1D 10
= [5] B3I CLK
: B4 I
35 13
32 ADco14 22 14 R a2
L % g7 |18 L8 S
= 25 16 7 14
B8
23 8o I l—GGD 60 ;
27 B10 18 50 50
28 19 5 74F574 16
9] Bt o 4D 40
cc DV B12 o ol
— 4 2 3 18
= 2 ‘ 2 2D 20
U 1]
CLK
1
cc I

LSB
MSB

TTL Data
Output

n ADC614

FIGURE 10. Interface Circuit—Digital Output Strobed by Convert Command. Supply connection shown: power supplies and
grounds shared by analog and digital pins using common ground plane. Optimum noise performance is achieved

when strobing the output data with the convert command.

5.2V —15V +15V 45V
N N T~~~
(N .
Parallel 0.01pF 1 9 12
Ceramic and = + 80 80—
1uF Tantalum (All) ¢ + — 'H 8 » n 113
=— = = 7 14
ey o= . 6D 60 ”
+11 + 5D 5
! ' 5| 74F574 |46
— 31| 6/42] 43| 33{ 44| 34 30| 3]a1 — 4D 4
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= [5 B3I CLK
B4
1 11
35 13
2 Abce1a el 7 B Py a2
8 13
L ;g B7 12 L8 7
- 7 14
% B8 I, 6 60
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— 24 2 3 18
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2l 10l
CLK
11
cc

TTL Data
Output

A/D CONVERTERS, DATA ACQUISITION COMPONENTS

FIGURE 11. Interface Circuit—Digital Output Strobed by Data Valid Pulse. Supply connection shown: power supplies and
grounds shared by analog and digital pins, using common ground plane.
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NOTES: (1) t,,, = delay time from Convert Command to Invalid Data. Typical value = 65ns. Independent of conversion rate. (2) t,,, = Delay time from Convert
Command to Valid Data. Typical Value = 150ns. Independent of conversion rate. (3) The |Z| symbol indicates the portion of the waveform that will “stretch out”
at lower conversion rates. (4)t,,, = delay time from Convert Command to the internal hold command. Typical value = 6ns. Independent of conversion rate. (5)t,g,

= data set-up time. This depends on conversion rate and may be calculated by: t = —t
DU foavpLe ovo

FIGURE 12. Convert Command Strobe Timing for a SMHz Conversion Rate.
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NOTES: (1) t,, = delay time from Convert Command to the falling edge of Data Valid strobe. Typical value = 140ns. Independent of conversion rate. (2) t.q, =
delay time from Convert Command to the rising edge of Data Valid strobe. Typical value = 195ns. Independent of conversion rate. (3)1,,, = delay time from Convert
Command to Invalid Data. Typical value = 65ns. Independent of conversion rate. (4) t,,, = delay time from Convert Command to Valid Data. Typical Value = 188ns.
Independent nversion rate. (5) t,,, = delay time from Convert Command to the internal hold command. Typical value = 6ns. Independent of conversion
rate. (6) The symbol indicates the portion of the waveform that will “stretch out” at lower conversion rates. (7) t,, = data setup time. Typical value = 7ns.
Independent of conversion rate.

FIGURE 13. Data Valid Strobe Timing for a SMHz Conversion Rate.
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ENABLE
Input
Pin 25

Data
Output
Pins 9-20

Hi

Lo

Hi
OFF
Lo

High Impedance High Impedance
—-—-—-—-——\g P \ Active }-—-——————g i

37ns
| e 2/08

Offset +15V

Trim
10kQ
__J -15V

36
ADC614

7[ +15V
10kQ

Gain
Trim -15V

FIGURE 14. Digital Data 3-State Output.

FIGURE 15. Optional Gain and Offset Trim.

10 mil. Berquist
Sil-Pad 400

46-pin package

Heat Sink #0808HS 1.150"

Conducts heat from bottom of package NOTES: . .

into copper ground plane. Mounting screws 0.120" Diameter and CSK 82° (1) Material: 6061-T6 aluminum.
and nuts not included with 0808HS. 0.235" +0.005" —0" Diameter (2 Places) (2) Finish: nickel-plate or irridite.

Lead Sockets for
18mil Diameter Pins

0.090"

———1—0.350

~———— 1.950"
— 2.300"
v
'y

0575" —|-— @@ S @

(3) Deburr and break all sharp edges.

FIGURE 16. Heat Sink Transfers Heat from the DIP Package into a Copper Ground Plane.
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BURR - BROWN®

ADC674A

ABRIDGED DATA SHEET
For Additional Technical
Information, Request
PDS-551.

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 ADC574A/674A-TYPE A/D
CONVERTERS
Conversion Time: 1511s max
Bus Access Time:150ns max
A, Input: Bus Contention During Read
Operation Eliminated

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

@ NO MISSING CODES OVER
TEMPERATURE:
0°C to +75°C ADC674AJH, KH, JP, KP
Grades
-55°C to +125°C (ADC674ASH, TH
Grades)

DESCRIPTION

The ADC674A 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 perfor-
mance. 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
stability 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
provide 8- or 12-bit resolution. The conversion time
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 ADCG674A, 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.

Control

Logic

Control | ©
Inputs { b

Bipolar 4, AAA
Offset

—T
10V Range

Reference

]

&

/,—Q Status

Parallel
Data
Output

uccessive
Approximation

E

Register

Comparator

12-Bit D/A
Converter

Three-State Buffers

Input

Output

1ov
Reference
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SPECIFICATIONS

ELECTRICAL
T, = +25°C, V , = 12V or +15V, V,, = =12V or ~15VDC, V,

s Vee = +5V, unless otherwise noted.

LOGIC

ADC674AJP,JH,SH ADC674AKP,KH,TH <
PARAMETER MIN TYP MAX MIN TYP MAX UNITS <
RESOULUTION 12 . Bits {B
ANALOG INPUTS 0
Voltage Ranges: Unipolar 0to +10, 0 to +20 * \ Q
Bipolar +5,+10 * v
Impedance: 0 to +10V, 5V 47 5 53 * * * kQ <
+10V, OV to +20V 9.4 10 10.6 * M * kQ
DIGITAL INPUTS (CE, CS, R/C, A,, 12/8)
Over Temperature Range
Voltages: Logic 1 +2 +55 * * \
Logic 0 -0.5 +0.8 * * \
Current -5 0.2 15 . . . pA (/2]
Capacitiance 5 * pF I—'
TRANSFER CHARACTERISTICS z
ACCURACY w
At +25°C +1 +1/2 LSB Z
Linearity Error +2 * LsB O
Unipolar Offset Error (adjustable to zero) +10 14 LsB
Bipolar Offset Error (adjustable to zero) n-
Fuli-Scale Calibration Error (adjustable to zero) +0.25 * % of FS® E
No Missing Codes Resolution (differential linearity) 1 +1/2 12 Bits o
Inherent Quantization Error * LSB
Thn 10 Tuax O
Linearity Error: J, K Grades +1 +1/2 LSB
S, T Grades +1 +3/4 LsB z
Full-Scale Calibration Error o
Without Initial Adjustment: J, K Grades +0.47 +0.37 % of FS —
S, T Grades +0.75 +0.5 % of FS _l:
Adjusted to zero at +25°C: J, K Grades +0.22 $0.12 % of FS w
S, T Grades +0.5 +0.25 % of FS —
No Missing Codes Resolution (differential linearity) 11 12 Bits :
TEMPERATURE COEFFICIENTS (T, 0 Tya)® 0
Unipolar Offset: J, K Grades +10 5 ppm/~C o
S, T Grades 5 25 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 l_.
S, T Grades +4 +2 LSB <
Full-Scale Calibration: J, K Grades +45 +25 ppm/°C
S, T Grades +50 +25 ppm/~°C Q
Max Change: J, K Grades 19 +5 LSB "
S, T Grades +20 +10 LsB on
POWER SENSITIVITY m
Change in Full-Sclae Calibration Ll
+13.5V < Ve < +16.5V or +11.4V < Vo < +12.6V +2 +1 LSB |
+16.5V < Vee < +13.5V 0r =12.6V < Ve < —11.4V +2 +1 LSB e
+4.5V < Voo < +5.5V £1/2 * LSB w
CONVERSION TIME® >
8-Bit Cycle 6 8 10 * * * us z
12-Bit Cycle 9 12 15 * * * us o
DIGITAL OUTPUT (DB, — DB,, Status)
(Over Temperature Range) o
Outputs Codes:Unipolar Unipolar Straight Binary (USB) Q
Bipolar Bipolar Offset Binary (BOB) =
Logic Levels: Logic 0 (g« = 1.6mA) +0.4 * v <
Logic 1 (sounce = S00HA) 2.4 * v
Leakage, Data Bits Only , High-Z State -5 0.1 +5 * * * A
Capacitance 5 * pF
INTERNAL REFERENCE VOLTAGE
Voltage +9.9 +10 +10.1 * * * \
Source Current Available for External Loads® 2 * mA
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SPECIFICATIONS

ELECTRICAL

T, =+25°C, V, =12V or +15V, Vi =—12V or =15VDC, V, ;. = +5V, unless otherwise noted.

ADC674AJP,AJH,ASH ADC674AKP,AKH,ATH
PARAMETER MIN TYP MAX MIN TYP MAX UNITS
POWER SUPPLY REQUIREMENTS
Voltage: V. +11.4 +16.5 * * \"
Vee -11.4 -16.5 . * v
Vioac +4.5 +5.5 * * \
Current: oo 35 5 * * mA
tee 15 20 * * mA
hoaic 9 15 * * mA
Power Dissipation (+15V Supplies) 325 450 * * mwW
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.

BURN-IN SCREENING

ABSOLUTE MAXIMUM RATINGS

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-

V¢ to Digital Common 0 to +16.5V
Ve to Digital Common 0 to —16.5V
V\oai to Digital Common 0to +7V
Analog Common to Digital C +1V
Control Inputs (CE, TS, A,, 12/8, RC) perature) indicated below:
to Digital COMMON ........eoveiueiririicicieceiieniae 0.5V to Vi oqc +0.5V P N i . 0,
Analog Inputs REF IN, BIP. OFF., 10V, Plasuc. B I m odels: +85 Co
to Analog C 165V Ceramic “-BI” models: +125°C
20V, to Analog Common 124V
REF OUT Indefinite Short to Common,

Momentary Short to V¢

Max Junction Temperature +165°C
Power Dissipation 1000mW
Lead Temperature (SOIAENNG, 10S) .....cocevrmirvcniniirierisiinsieriensensenes +300°C
Thermal Resistance, 6,,: Ceramic 50°C/W

Plastic 100°C/W

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

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.

2.72

ORDERING INFORMATION PACKAGE INFORMATION®
LINEARITY PACKAGE DRAWING
TEMPERATURE ERROR, MODEL PACKAGE NUMBER
MODEL PACKAGE RANGE max (T, to Ty,,) ADCB74AJP Plastic DIP 215
ADC674AJP PlasticDIP | 0°C to +75°C +1LSB ADCE74AKP Plastic DIP 218
" ADC674AJH Ceramic DIP 149
ADC674AKP Plastic DIP 0°C to +75°C +1/2LSB 3
: ADC674AKH Ceramic DIP 149
ADC674AJH Ceramic DIP 0°C to +75°C +1LSB .
" ADC674ASH Ceramic DIP 149
ADC674AKH Ceramic DIP 0°C to +75°C +1/2L.SB ADC674ATH Ceramic DIP 149
ADC674ASH Ceramic DIP | -55°C to +125°C +1L.SB
ADC674ATH Ceramic DIP | —55°C to +125°C +3/4L.SB ADC674AJP-BI Plastic DIP 215
ADC674AKP-BI Plastic DIP 215
-IN
g:: t';xl fosr?i:tEaﬁsN ING 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
ADCE74AJP-BI Plastic DIP 0°C to +75°C ,85°C sheet, or Appendix D of Burr-Brown IC Data Book.
ADC674AKP-BI Plastic DIP 0°C to +75°C +85°C
ADC674AJH-BI | Ceramic DIP 0°C to +75°C +125°C
ADC674AKH-B! | Ceramic DIP 0°C to +75°C +125°C
ADC674ASH-BI | Ceramic DIP | -55°C to +125°C +125°C
ADCG74ATH-BI | Ceramic DIP | -55°C to +125°C +125°C

BURR - BROWN®
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PIN CONFIGURATION
| |
+5VDC Supply (Viogic) | 1 “I Power-up Resell ,————" _21 Status
12/8 j— > —27 | DB11(MSB)
Cs T— Control < 26| 1o
— Logic o —
o | 4 )— € |H25| pB9
= z =
RIC ?‘— = lock . g — 24| DB8
=1 8 6 1 =
cE |6 (H 2 S 23| pB7
— 55 B —
v o " © @ __‘
Weo |7 Cl128its| o 22| DB
] Reference 2 212 B=
RefOut | 8 g a | £ 2] oss
Analog C f 1281t H - | 150] ose
nalog Common =‘ DIA § & |20 |
Retin |10 Converter e g — 19| pB3
Sad Comparator 2 £lo —
v, 11 — 18| DB2
E8 a g % —
Bipofar Offset |12 (2 Z [—{17| DB1
10V Range i‘ —16 | DBO (LSB)
20V Range |14 15| Digital Common
Tl.le Burr-Brown ADC674A can be e.as.lly interfaced to most oF = e | 128 A, | 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 1 X X x| None
converter may”operate in a stand-alone. mode, cont.rolled 1 0 0 X o | initiate 12-bit conversion
only by the R/C input. Full control consists of selecting an 1 0 0 X 1| initiate 8-bit conversion
8- or 112-bit conversion cycle, initiating the conversion, and 1 1 0 X o | 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 4 X 0 | Initiate 12-bit conversion
The five control inputs (12/8, CS, A,, 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 1. The control function truth table 1 0 1 0 0 | Enable 8 MSBs only
is listed in Table IL. ! o | 0 | 1 [EnabledlSBsplusd
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
(“1” = read) high (“1”) to read output data. 0-1 edge may be used to initiate a read operation.
(“0” = convert)

A, (Pin 4) Byte Address In the start-convert mode, A, selects 8-bit (A , = “1”) or 12-bit (A, = “0”) conversion mode. When reading output
Short Cycle data in two 8-bit bytes, A, = “0" accesses +BMSBs (high byte) and A, = “1” accesses 4L.SBs and trailing “Os” (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 A, line.
(“0" = 8-bits)

A/D CONVERTERS, DATA ACQUISITION COMPONENTS n ADC674A

TABLE 1. 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 V, ogc (+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.

o "

|_.Dﬁ
STATUS

e

SYMBOL PARAMETER MIN TYP | MAX |UNITS
[ 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
toon Data Access Time 150 ns

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 A, 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 3LSBs (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.

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 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 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.

torl~ s |~
Data Valid High Z State Data Valid
DB11-DBO ata Vali ata valil

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

o —

H)‘__tl,s*-—-r

|

thrm

STATUS

[c———‘>

toor \ol !c‘unn»
High ||

Deta Vald High-Z State
al all
DB11-DBO N——

FIGURE 2. R/C Pulse High — Outputs Enabled Only While
R/C is High.
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| \
CE —————-;l ,‘._

thec \

. lssoja—n
Cs ——\
/

L —— <—>|tusc

N\ /

~—lturo
" XX
fsac =] |=
~—|thac
STATUS —————
- tpge | te
DB11-DBO High Impedance

FIGURE 3. Conversion Cycle Timing.
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SYMBOL PARAMETER MIN TYP MAX UNITS
Convert Mode
tose STS Delay from CE 60 200 ns
tuee CE Pulse Width 50 30 ns
tsse CS to CE Setup 50 20 ns <
thsc CS Low During CE High 50 20 ns <
tope R/C to CE Setup 50 0 ns N~
tunc R/C Low During CE High 50 20 ns [{e])
e A, To CE Setup 0 ns 0
[ A, Valid During CE high 50 20 ns (=)
to Conversion Time, 12 Bit Cycle 9 12 15 us <
8 Bit Cycle 6 8 10 us
Read Mode
too Access Time From CE 75 150 ns
tuo Data Valid After CE Low 25 35 ns
ty Output Float Detay 100 150 ns
tesn CS to CE Setup 50 0 ns
torn R/C to CE Setup 0 ns
tsan A, to CE Setup 50 25 ns
tusn CS Valid After CE Low 0 ns
[, R/C high After CE Low 0 ns
tuar A, Valid After CE Low 50 ns
tus STS delay After Data Valid 100 300 600 ns
NOTE: Specifications are at + 25°C and measured at 50% level of transitions.

TABLE IV. 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 cE /- \

high-impedance state, and therefore data cannot be read ‘

during conversion. During this period additional transitions cs /‘—_"
of the three digital inputs which control conversion will be
ignored, so that conversion cannot be prematurely termi-

nated or restarted. However, if A, changes state after the

]

beginning of conversion, any additional start conversion I -

transition will latch the new state of A, possibly resulting in Aq

an incorrect conversion length (8 bits vs 12 bits) for that >< X
conversion. |-t oy all

READING OUTPUT DATA STATUS

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.

DB11-DBQ

FIGURE 4. Read Cycle Timing.

A/D CONVERTERS, DATA ACQUISITION COMPONENTS

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 Microprocessor Interface
A/D CONVERTER

_—

FEATURES

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

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

INTERFACE 0V t0+5V, 0V to +10V, 0V t0 +20V, +2.5V, +5V, and
©® CONVERSION TIME: 17us max +10V are available.
@ LINEARITY ERROR: 10.003% FSR max The conversion time is 17pis max for a 16-bit conver-
@ NO MISSING CODES TO 14 BITS OVER sion over the three specification temperature ranges.
TEMPERATURE After a conversion, output data is stored in a latch
® SPECIFIED AT +12V AND +15V SUPPLIES separate from the successive approximation logic. This
® OUTPUT BUFFER LATCH FOR IMPROVED permits reading data during the next conversion, a
INTERFACE TIMING FLEXIBILITY feature that provides flexible interface timing, espe-
® PARALLEL AND SERIAL DATA OUTPUT cially for interrupt-driven interfaces.
©® SMALL PACKAGE: 28-Pin DIP 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

DESCR'PT'ON Offset Binary or Twos complement for bipolar input

signals. BOB or BTC is selected by a logic function
The ADC700 is a complete 16-bit resolution succes- available on one of the pins.

sive approximation analog-to-digital converter. The ADC700 is available in commercial, industrial

The reference circuit, containing a buried zener, is and military temperature ranges. It is packaged in a
laser-trimmed for minimum temperature coefficient. hermetic 28-pin side-braze ceramic DIP.
Data Serial Data
Ready Status Strobe Serial Data
= .
E Clock Successive sts -t
WR O—] d o Data ate Parallel
HiBEN o an ‘ Approx!matlon 16 Latch Data
Control Logic Register 3-
BTCEN O—j S
Reset O— Comparator tate
1ov
Analog —
2
Inputs
2 sl [ e
Bipolar Converter Reference
Offset T
[es MV

International Airport Industrial Park +  Mailing Address: PO Box 11400 + Tucson, AZ 85734 « Street Address: 6730 S. Tucson Bivd. + Tucson, AZ 85706
Tel: (602) 746-1111 +  Twx:910-952-1111 .« Cable: BBRCORP + Telex: 066-6491 + FAX:(602)889-1510 - Immediate Product Info: (800) 548-6132
BURR - BROWN®
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SPECIFICATIONS

ELECTRICAL
T, =25°C and at rated supplies: V, = +5V, +V,, = +12V or +15V, =V, =—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 o
Bipolar +2.5,15,+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% * kQ
DIGITAL SIGNALS (Over Specification Temperature Range)
Inputs
Logic Levels" w
v, +2.0 455 * . v =
A 0 +0.8 . - v 2
1, (V,=+2.7V) +10 . pA w
I, (V,=+0.4V) +20 * pA
Outputs Z
Logic Levels 0
Vo (I, =~1.6mA) +0.4 . v o
Vo (loy = +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® l—
Bipolar Zero 0.1 0.2 * * % of FSR -
Unipolar Zero +0.05 0.1 * * % of FSR (D
Noise at Transitions (3op-p) +0.001 +0.003 * * % of FSR 5
Power Supply Sensitivity
+Vg, +0.0015 . %FSR/%V, (@]
Voo £0.0015 . %FSR/%Vog O
Voo +0.0005 . %FSR/%V,y, <
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 n
Linearity Drift +1 +3 * +2 ppm of FSR/°C
No Missing Codes Temperature Range S
JH (13-bit), KH (14-bit) 0 +70 * * °C w
AH (13-bit), BH (14 bit) —25 +85 * * °C m
RH (13-bit), SH (14-bit) -55 +125 * * °C I.IJ
CONVERSION TIME 16 bits 15 17 * * us |_
WARM-UP TIME 5 . min o
OUTPUT DATA CODES® I.IJ
Unipolar Parallel uss * >
Bipolar Parallel® BTC, BOB * Z
Serial Output (NRZ) USB, BOB *
POWER SUPPLY REQUIREMENTS o
Voltage Range o
+Veo +11.4 +15 +16 * * > VvDC
“Veo -11.4 -15 -16 . . . vDC o
Voo +4.75 +5 +5.25 . . . vDC 2
Current®
+Vee +10 +15 > * mA
Voo -28 -35 * * mA
Voo +17 +20 . . mA
Power Dissipation 645 765 * * mw
TEMPERATURE RANGE
Specification
J, K Grades 0 +70 * * °C
A, B Grades —25 +85 * * °C
R, S Grades -55 +125 * * °C
Storage —65 +150 * * °C

BURR - BROWN®
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TIMING SPECIFICATIONS ©

Voo =+5V, +V = +12V or +15V, -V =12V or 15V unless otherwise noted.

LIMIT AT
LIMIT AT T,=0,+70°C LIMIT AT
PARAMETER T,=25°C —-25°C, +85°C T,=-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 ER to Status delay
t, 40 40 40 ns, min WR pulse width
t, 0 0 0 ns, min CS to WR Hold time
tg 15 17 17 us, max Conversion time
1 550 600 650 ns, max Data Ready to Status time
t, 1100 1150 1250 ns, max WR to first Serial Data Strobe
t 250 210 200 ns, min First Serial Data to first Serial Data Strobe
ty 310 360 400 ns, max Last Serial Data Strobe to Status
to 0 (] 0 ns, min Status to WR Setup time
PARALLEL DATA OUTPUT TIMING
1, 0 0 0 ns, min HBEN to RD Setup time
” 0 0 0 ns, min CS to RD Setup time .
t, 50 58 66 ns, max High Byte Data Valid after RD
C, = 20pF (High Byte bus access time)
70 81 95 ns, max High Byte Data Valid after RD
C, = 100pF (High Byte bus access time)
[ 40 40 40 ns, min RD pulse width .
15 40 45 50 ns, max Data Ready delay from RD (HBEN asserted)
[ 50 60 65 ns, max Data Hold time after RD (bus relinquish time)
t, 0 0 0 ns, min RD to CS Hold time
t 0 0 0 ns, min RD to HBEN Hold time
RESET TIMING
te 60 70 80 ns, max Data Ready low delay from Reset
t 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 |. 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 t,, .. =t., | = 5ns (10% to 90% of 5V) and timed from a voltage
level of 1.6V. (7)1,,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®

+V, to Digital Common 0Vito +7V
+V to Analog Common 0V to +18V
~V to Analog Common 0V to-18V
Digital Common to Analog COMMON ..........ccceeicuecmnvicenncnninns -1Vito +1V
Digital Inputs to Digital Common.............cccoeerueeiuncucens -0.5VtoV,,+ 0.5V
Analog Inputs +16.5V
Power Dissipation 1000mW
ge Temperature ~60°C to +150°C
Lead Temperature, (soldering, 10S) .........cccovueuiuemrinmncinsnesssicinnnns +300°C
NOTES: Stresses above those listed under “Absolute Maximum Ratings”
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 to 70°C +0.006
ADC700KH 0°C to 70°C +0.003
ADC700AH ~25°C to +85°C +0.006
ADC700BH ~25°C t0 +85°C +0.003
ADC700RH -55°C to +125°C +0.006
ADC700SH ~55°C to +125°C +0.003

PACKAGE DRAWING
MODEL PACKAGE NUMBER
ADC700JH 28-Pin Ceramic DIP 237
ADC700KH 28-Pin Ceramic DIP 237
ADC700AH 28-Pin Ceramic DIP 237
ADC700BH 28-Pin Ceramic DIP 237
ADC700RH 28-Pin Ceramic DIP 237
ADC700SH 28-Pin Ceramic DIP 237

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

sheet, or Appendix D of Burr-Brown IC Data Book.
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A/D CONVERTERS, DATA ACQUISITION COMPONENTS

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
Comp. In |1 M M- ;‘ 20V Range
Bipolar Offset T—’\/\/\r——- Voltage L—————~—-—2.7‘— 10V Range
L] Reference ==
+Voe | 8 T MSB LSB 26 | Analog Common
Gain Adjust | 4 * + 25| Digital Common
“Vee |5 ] Control Logic I 24| Voo
Reset | 6 | D_ L i 23| BTCEN
WR |7 {22 | DB15/DB7
— — LSB y —
RD | 8 16-Bit —121 | DB14/DB6
= D/A F—
1o -
cs ; MSB Converter i DB13/DB5
HBEN [ 10 Succsssive | | g [19) DB12DBe
== Approximation Latch Dri —
Serial Data |11 Register ate nvers 18] DB11/DB3
Data Ready |12 —117 | DB10/DB2
Staws |13 —] 16 | DB/DBI
Serial Data Strobe |14 ﬂ—l Clock and Clock Logic J-——> —115| DB8/DBO
Allinternal 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
ADC700.

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

2.80

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(2™).

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 2V values represented by the 2V digital output
codes.

ACCURACY
Linearity Error, Integral Linearity Error (ILE)

ADC700

Linearity Error is defined as the deviation of actual analog]
input values from the ideal values about a straight line draw p4

through the code mid-points near positive full scale (at +V g
—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 Vi) 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.
ADC700KH 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 ~Vi + 1/2LSB, for
bipolar operation; at Zero for unipolar operation) to the last
code midpoint (V. —1LSB). As with the linearity error

5V =
FFF, _| Gain
3kQ H
DBN DBN EFE Error |
" Rotates | |
FFD Th
3kQ Cy C. ) Lne Lo
g g - 802, 7 P
DGND DGND a I I
3 &t Lo
A) High-Z to Vg (ts) B) High-Z to Vo, (t) S 800 | |
and Vo to Vo (te)- and Voyto Vo, (tg). 5 | |
8 7FF, |
L X H— Offset Error | | |
FIGURE 1. Load Circuits for Access Time. 7FE, _| Shifts The Line | : I I
| I
002, _4 I | |
5v 001 . Il | |
o " (Bz'w'a' Il Midscale | |
] ero - ~ .
DBN DBN 000, = Transition) L (Bipolar Zero) : :
11 L1
3kQ 10pF 10pF 1/2LSB = = Zero - =~ 3/2LSB = f=
g —vr Zero (-Ful-Scale  1/2LSB  +Ful-Scale  +Full
DGND DGND (-Full Calibration Calibration Scale
Scale) Transition) Transition
A) Vg to High-Z. B) Vg, to High-Z. Analog Input
FIGURE 2. Load Circuits for Output Float Delay. FIGURE 3. Transfer Characteristic Terminology.
BURR - BROWN®
Burr-Brown IC Data Book—Data Conversion Products 2.81

A/D CONVERTERS, DATA ACQUISITION COMPONENTS



For Immediate Assistance, Contact Your Local Salesperson

measurements, code transition values are the locations actu-
ally measured for this spec. The ideal gain is Vg, —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 —
Vs +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.

2.82

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 10uF 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

01 T i
’ w /
. B L ,
o ! —Vee
£ 001 |t v
= = A g
St
d I +Vop | A1
‘ M HI } U
0.001 s '
1 10 100 1k 10k 100k

Frequency (Hz)

FIGURE 4. Power Supply Rejection Ripple vs Frequency.

BURR - BROWN®

Burr-Brown IC Data Book—Data Conversion Products



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

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 0.1uF
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
—t l 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 10kQ input resistor (pin 28
to pin 1) with a 610kQ 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 th
ADC700 as shown in Figures 6 and Figure 7. A calibratioi
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 10kS2 to 100kQ. 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 0.01pF 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 +1/2L.SB 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 0004,,. Set the analog input to +Full Scale -2LSB,,
= +9.9987V. Adjust the Gain potentiometer for a digital
output of FFFC,,. For a half-scale calibration check, set the
analog input to +5.0000V and read a digital output code of

8000,,.
INPUT OUTPUT CODE CONNECT | CONNECT | CONNECT
SIGNAL PIN2 PIN 28 SIGNAL
RANGE BTCEN=1 | BTCEN=0 | TOPIN TOPIN TOPIN
+10V BOB BTC 1 Input Signal 28
5V BOB BTC 1 Open 27
2.5V BOB BTC 1 Pin 1 27
0V to +5V UsB — 26 Pin1 27
0Vto +10V usB — 26 Open 27
0V to +20V usB — 26 Input Signal 28

TABLE 1. ADC700 Input Range Connections.
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\Y

ANALOG INPUT VOLTAGE (V)
RANGE +10 15 2.5 0TO +20 0TO +10 0TO +5
+Vieg +10 +5 +2.5 +20 +10 +5
Vo -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
7FFF, to 8000, -152.5pv -38pV -19uV +9.999847 +4.999924 +2.499962
0000, to 0001, —9.999847 —4.999924 -2.499962 +152pV +76uV +38uV
LSB (FSR/2'¢) 305pv 153uV 38V 305V 153uV 76uvV
For 15-bit Resolution (Reading all 16 bits, ignoring DB)
FFFD,, to 7FFE, +9.999084 +4.999542 +2.499771 +19.999084 +9.999542 +4.999771
7FFE,, to 8000,, -305pV -153puV -76uV +9.999625 +4.999847 +2.499924
0000, to 0002, —9.999695 —4.999847 —2.499924 +305uV +152pV +76puV
LSB (FSR/2%) 6100V 305uV 153uV 610uV 305uV 153uV
For 14-bit Resolution (Reading all 16 bits, Ignoring DB, and DB,)
FFFC, to FFFD, +9.99817 +4.99908 +2.49954 +19.99817 +9.99908 +4.99954
7FFD,, to 8000, -610pV -305pV —153uV +9.99939 +4.999695 +2.499847
0000, to 0004, —9.999390 —4.999694 —2.499847 +610uV +305uV +153pVv
LSB (FSR/2) 1221pV 610pV 305uV 1221pV 610pV 3054V
TABLE II. Transition Values for Calibration.
+Veo
Potentiometers 270k 4
10K 1o 100ke R, T 2%\ Gain Adjust
10V Range
-V, 27
cc . O
: 0.01pF == » Comparator
To AN AN B
+Vee 20V Range
1 Comparator Input +
R, 2'%4%%
Anal T 1.8MQ
nalog ~ 2
Input Voo BPO
26
% Analog Common
FIGURE 6. Unipolar Input Configuration with Gain and Offset Adjust Connections.
+Vee
Potentiometers 270k 4
10K o 100KQ R, T N Gain Adjust
10V Range
-V, 27
cc . O
——<_ 0.01pF ﬁ: ” Comparator
To A A b
+Vee 20V Range
1 Comparator Input +
R, '%'%%
A T 1.8MQ
nalog _ 2
Input @ Voo 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 0004,; (8004, if BTCEN is asserted). Set the
analog input to +9.9976V. Adjust the Gain potentiometer for
a digital output of FFFC,, (7FFC,, if BTCEN is assrted). For
a half-scale calibration check, set the analog input to 0.0000V
and read a digital output code of 8000, (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
50kQ
6|
Reset
100pF —vl' ADC700

FIGURE 8. Power-Up Reset Circuit.

AD‘AXX < {}

Microprocessor Sgg;s:r ADC700
T s
WR WR
RD RD
INT Data Ready
Reset Reset
DB,-DB,

3T
DB,-DB, <4¥

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

ADC700

following conversion. The Data Ready flag indicates that th
data from the most recent conversion is latched in the outpu

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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Serial
Data

ADC700

Serial
Data
Strobe

Reset

Isolation Barrier

ADC700

r@

To Interrupt

Status

FIGURE 11. Continuous Conversion Circuit Connection.

FIGURE 10. Serial Data Output Providing Convenient

FUNCTION

Isolation.
PIN DESIGNATION DEFINITION
CS (Pin 9) Chip Select
WR (Pin 7) Write (Convert)
RD (Pin 8) Read
HBEN (Pin 10) High Byte Enable
“1” = Low Byte
“0" = High Byte
Reset (Pin 6) Reset
BTCEN (Pin 23) BTC Enable

Must be Low to either initiate a conversion or read output data.

Conversion begins after the High-to-Low transition.

Turns ON the three-state output drivers upon being asserted low. _

Selects the MSB or the LSB for readout. Data Ready is cleared when HBEN is Low and RD is asserted.

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

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 o] o] 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 4] Initiates conversion and places Low Byte on output port. Does not clear Data Ready flag.

conversion is finished, a new conversion will begin.

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

TABLE IV. Control Input Truth Table.
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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 1us 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
In
O—— SHC76 |—— ADC700 >
Mode
Control
Sample

Mode |
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ADC700
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Start Conversion

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

2.87

ADC700

A/D CONVERTERS, DATA ACQUISITION COMPONENTS




For Immediate Assistance,

Contact Your Local Salesperson

BURR - BROWN®

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,
0to +10V, 0 to +5V,-10Vto 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 ar-
chitecture. 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. Logicis CMOS/TTL
compatible and is designed for maximum flexibility.

1kQ
AMY ot | Flash
caling Encoder
I Network
Al
Analo 1kQ 4
9 I
Input VWY - -
. DAC Timing and Data
Buffer Control Logic Output
O —
Output -
Switch T
Buffer Drive
Input O 10V
Ref
SHC702 Sample/Hold ADC701
Command
Convert Command
International Airport Industrial Park +  Mailing Address: PO Box 11400 + Tucson, AZ 85734 .+ Street Address: 6730 S. Tucson Blvd. « Tucson, AZ 85706
Tel: (602) 746-1111  + Twx:910-952-1111 . Cable: BBRCORP .« Telex:066-6491 - FAX:(602)889-1510 - Immediate Product Info: (800) 548-6132
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SPECIFICATIONS

N
ELECTRICAL (ADC701 ONLY) 4
T,= +25°C, 500kHz sampling rate, £V . = 15V, £V, = +5V, +V,;, = +5V, and five minute warmup in a convection environment, unless otherwise noted. (&)
-
ADC701JH ADC701KH w
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS ;
RESOLUTION 16 * Bits E
INPUTS (&)
ANALOG I l I | ‘ Q
Voltage Ranges Unipolar 0to+5,0t0+10,-10t0 0 \ <
Bipolar 5,410 \
Resistance 0 to +5V Range 245 25 255 * * * kQ
0to +10V, -10 to 0, £5V Ranges 4.9 5 5.1 * * * kQ
+10V Range 9.8 10 10.2 * * * kQ
Capacitance All Ranges 5 * pF
DIGITAL | [ | [ | )
Logic Family TTL-Compatible CMOS l_
Convert Command Start Conversion Rising Edge z
Pulse Width t = Conversion Period 50 I | t-50 I * | ] * ns w
TRANSFER CHARACTERISTICS z
ACCURACY O
Gain Errort" 0to +10V Range +0.03 +0.1 * * % D_
+10V Range +0.03 +0.1 * * %
Power Supply Sensitivity of Gain All Ranges, All Supplies +0.005 0.1 * * %lV E
Input Offset Error 0to +10V Range +1 3 . . mv (@)
+10V Range +5 *10 * * mv o
Power Supply Sensitivity of Offset All Ranges, All Supplies +0.006 0.1 * * %FSR/V
Integral Linearity Error? +0.002 | +0.003 +0.0012 * %FSR® z
Differential Linearity Error® +0.0006 | +0.0012 * * %FSR o
No Missing Codes Guaranteed Guaranteed —
Noise Rgounce < 50Q | 06 | LSB rms [
CONVERSION CHARACTERISTICS (-5
Sample Rate Unadjusted DC 512 * * kHz —
Conversion Time® Unadjusted 1.45 1.5 * * us :
OUTPUTS 0
DIGITAL I | (&)
Logic Family TTL-Compatible CMOS <
Data Coding Unipolar Ranges Straight Binary
Bipolar Ranges Offset Binary <
Logic “0” Levels (V) lo, £3.2mA 0.1 04 " " v =
Logic “1” Levels (V) Tor < BOPA 4 4.9 . . v <
Data Valid Setup Time Before Strobe Both Edges 28 37 * * ns 0
INTERNAL REFERENCE "
Voltage Ryon0 2 5KQ +9.995 | +10.000 | +10.005|  * . . v n
Current Available to External Loads 2 5 * * mA 0@
POWER SUPPLY REQUIREMENTS l-u
Supply Voltages: +V Operating +14.25 +15 +15.75 * - * Vv l_
Ve —1425 | -5 | 1575 - . . v 2 ol
+Vop, +4.75 +5 | 4525 . . . v wl
“Vooy -4.25 -5 -6 . . . v >
+Vop, +4.25 +5 +5.25 » » . v >
Supply Currents: +l¢, Operating 25 30 * * mA
i 33 45 . . mA (@)
+loo, 45 55 . . mA
o, 37 50 . . mA o
+lopg 133 150 N . mA (]
Power Dissipation Nominal Voltages 1.95 23 * * w E
PERFORMANCE OVER TEMPERATURE
Specification Temperature Range T, 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 * * ppm FSR/C
All Bipolar Ranges +1 5 * * ppm FSR/°C
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 +3 +4 * * ns/°C
Sample Rate Unadjusted DC 512 * * kHz
* Same specifications as ADC701JH.
BURR - BROWN®
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SPECIFICATIONS

ELECTRICAL (SHC702 ONLY)

T, = +25°C, 500kHz sampling rate, +V,; = +15V, +V,,, = +5V, and five minute warmup in a convection environment, unless otherwise noted.

SHC702JM
PARAMETER CONDITIONS MIN TYP MAX UNITS
INPUTS (Without Input Buffer)
ANALOG
Voltage Range +10.25 +11 A
Resistance 0.98 1 1.02 kQ
Capacitance 3 pF
DIGITAL
Logic Family LSTTL
Input Loading 2 LSTTL Loads
TRANSFER CHARACTERISTICS
ACCURACY
Gain Rgource = 02 -1 N
Gain Error source = 0Q +0.02 +0.1 %
Linearity Error Sample Mode +0.0003 %FSR
Offset Error Sample Mode +0.5 +3 mV
Charge Offset (Pedestal) Error Sample/Hold Mode, Ry, q.e < 50Q +0.5 +5 mV
Droop Rate Hold Mode +0.2 2 uVips
Dynamic Nonlinearity Sample/Hold Mode +0.0005 %FSR
Power Supply Sensitivity Offset Plus Charge Offset, All Supplies +0.003 %FSRV
' DYNAMIC CHARACTERISTICS
Acquisition Time 10V Step to £150uV 600 ns
5V Step to +150uV 500 ns
Sample-to-Hold Settling Time® to £150pV 120 ns
Aperture Delay Time 20 ns
Aperture Uncertainty (Jitter) 10 25 ps rms
Slew Rate 150 Vius
Small Signal Bandwidth V=21V 3.1 MHz
Full-Power Bandwidth =110V 2 MHz
Feedthrough Rejection Hold Mode, 10Vp-p Square Wave Input 0.001 %
OUTPUT
Voltage Range Rion 2 1kQ +10.25 +11 v
Output Current +40 mA
Short Circuit Protection R oa = 0Q Indefinite
Output Impedance DC l 0.01 | 0.1 Q
INPUT BUFFER CHARACTERISTICS
INPUT
impedance 10713 QllpF
Bias Current V=210V +2 +15 pA
Offset Voltage Rgounce < 10kQ 0.3 +15 mv
Voltage Range +10.25 +11 \
DYNAMIC CHARACTERISTICS
Slew Rate 20 35 Vius
Full-Power Bandwidth V=210V 570 kHz
Settling Time 10V Step to +150uV 1.7 us
OUTPUT
Output Current +15 +20 mA
Short Circuit Protection R opp = 0Q Indefinite
POWER SUPPLY REQUIREMENTS
Voltage: +V, Operating +13.5 +15 +16.5 \
Ve, -135 -15 -16.5 v
+Voo, +4.75 +5 +5.25 v
Current: +l5, Operating 33 40 mA
~og 18 25 mA
+lony 5 10 mA
Power Dissipation Nominal Voltages 790 950 mw
PERFORMANCE OVER TEMPERATURE
Specification Temperature Range T, Min to T, Max 0 +70 °C
Sample/Hold Gain Error Rsounce = 02 1 +5 ppm/°C
Sample/Hold Offset Error Rsource < 50Q +10 +30 uv/eC
Sample/Hold Charge Offset Error Rgource < 50Q +10 +80 uvree
Droop Rate +50 uVius
Buffer Offset Error Rgounce < 10kQ +3 +15 uv/ec ‘
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.
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SPECIFICATIONS

S
ELECTRICAL (COMBINED ADC701/SHC702) N~
T,=+25°C, 500kHz sampling rate, +V = +15V, £V, = +5V, +V =~ +5V, and five minute warmup in a convection environment, +5V input range unless otherwise noted. %
PARAMETER CONDITIONS MIN TYP MAX UNITS (Q
Sample Rate Unadjusted DC 512 kHz v
Dynamic Nonlinearity +0.002 %FSR o
Total Harmonic Distortion (THD) f,y = 20kHz (-0.3dB) -103 dB N~
f,, = 199kHz (~0.2dB) -82 dB (&)
Spurious-Free Dynamic Range (SFDR) f,y = 20kHz (-0.3dB) 107 dB Q
f,y = 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) f,y = 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 ADC701 ( )
1 Bit 1/9 (Bit 1 = MSB) 40 —Vppy (-5V) Analog T
2 Bit 2/10 39 Common (Analog) Basic Model Number
3 Bit 3/11 38 +Vppy (+5V) Analog Performance Grade Code
4 Bit 4/12 37 Reference (Gain) Adjust K: 0°C to +70°C Ambient Temperature
5 Bit 5/13 36 +10V Reference Output( J: +15°C to +55°C Ambient Temperature
6 Bit6/14 35 Common (Reference) Package Code
7 Bit 7/15 34 DNC H: Metal and Ceramic
8 Bit 8/16 33 Common (Analog)
9 Clip Detect Output 32 +10V Reference [nput(?
10 +Vppg (+5V) Digital 31 Input D (1
n Common (Digital) 3 Input C (7 ADC701 ABSOLUTE MAXIMUM RATINGS
12 Data Strobe 29 Common (Signal)
13 High/Low Byte Select 28 Input B (1) ny +18V
14 Convert Command 27 Input A () +V°° W 7V 47V
15 Sample/Hold Control(®) 26 Vg (—15V) Analog _An:ﬁ;é Inle?tz - ‘+V
16 Common (Digital) 25 Common (Power) Logic Input 0.5V 10 (+Vppa+ 6 33‘;
i - DD2 -
17 Common (Digital) 24 +V¢c (+15V) Analog Logic Output +25mA
18 Glock Adjust 28 DNC( Case Temperature +_ 150°C
19 Common (Digital) 22 Offset Adjust Junction Temperature +165°C
20 +Vooz (+5V) Digital 21 Offset Adjust Storage Temperature —85°C to +165°C
NOTES: (1) Refer o Input Connection Table. (2) Reference Input is normally Power Dissipation 3w
connected to Reference Output, unless an external 10V reference is used. (3) Stresses above these ratings may permanently damage the device.

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 234
ADC701KH Metal and Ceramic 234

NOTE: (1) For detailed drawing and dimension table, please see end of data
sheet, or Appendix D of Burr-Brown IC Data Book.
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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 = 305pV (1LSB = 153pV) MSB LSB DETECT
Underrange < =76V <-10.000153V < —5.000076V 0000 0000 0000 0000 1
-Fs ¢ ov -10V -5V 0000 0000 0000 0000 0
-FS + 1LSB +153pV —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 —25V 0100 0000 0000 0000 0
—1/4FS +3.75V 2.5V -1.25V 0110 0000 0000 0000 0
-1LSB +4.999847V -305pV -153uV 0111 1111 1111 1111 0
Mid-Scale +5V ov ov 1000 0000 0000 0000 0
+1LSB +5.000153V +305uV +153uV 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 —2L.SB +9.999695V +9.99939V +4.999695V 1111 1111 1111 1110 0
+FS - 1LSB +9.999847V +9.999695V +4.999847V 1111 1111 1111 1111 0
Overrange > +0.999924V > +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 +Vcc (+15V) Analog
2 NC® 23 Common (Power) Basic Model Number
3 NC 22 Ve (—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 NC
8 NC 17 Buffer Amp Input(® ,
9 +Vopr (+6V) Analog | 16 Ne SHC702 ABSOLUTE MAXIMUM RATINGS
10 Common (Digital) 15 Common (Signal) .
11 Hold Input(") 14 Buffer Amp Output Ay +18V
Tolc Vg
12 Hold Input(" 13 Analog Input Wopr =y
NOTES: (1) Hold mode is activated only when pin 12 is low and pin 11 is high. Analog and Buffer Inputs e Voo
N N . N N Outputs Short to Common
For normal use with ADC701, pin 12 is grounded and pin 11 is connected to Logic Inputs 0.5V to (+Vpp; + 0.3V)
ADC701 Sample/Hold control (ADC701 pin 15). (2) If the buffer amp is not used, Cagse Tepmperature : DD1 “ 5'00 c
pin 17 should be grounded. (3) NC = No Internal Connection. Junction Temp re +165°C
Storage Temperature —65°C to +165°C
Power Dissipation 1.5W

PACKAGING INFORMATION®

Stresses above these ratings may permanently damage the device.

PACKAGE DRAWING
MODEL PACKAGE NUMBER
SHC7020M 24-Pin 113
NOTE: (1) For detailed drawing and dil table, please see end of data

sheet, or Appendix D of Burr-Brown IC Data Book.
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TYPICAL DYNAMIC PERFORMANCE (ADC701/SHC702)™

FULL-SCALE SINEWAVE RESPONSE, f)\ = 20kHz

0
—20
—40
o
=A
o 00
°
2
a -80
g
_ 3 5
100 v
-120 '
—140 LNILL Gl bbb b it ol bbb e i
0 50 100 150 200 250
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\ = 200kHz
0
-20
—40
@
2 &0
3 2
= o
E v 7
<
-100 v
~120
-140 o
0 50 100 150 200 250
Frequency (kHz)
Input Frequency 199.005126953 kHz
Fundamental -0.7 dB 4th Harmonic  —111.5 dB
2nd Harmonic  ~81.4 dB 5th Harmonic -97.0 dB
3rd Harmonic  -89.4 dB 6th Harmonic  -112.5 dB

Amplitude (dB)

Amplitude (dB)

FULL-SCALE SINEWAVE RESPONSE, f)y = 100kHz

0
-20
—40
-60
2
-80 . 3\,7
6 8
100 2 Ny vllv
-120 ‘
IO . s s
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
2 1
-80 v 43V
vV 6|5
-100 ViV
-120
-140
0 50 100 150 200 250
Frequency (kHz)
Frequency 1 194.976806641 kHz
Frequency 2 199.981689453 kHz
f, -6.8 dB 3> f+21, —-96.0 dB
f, -63dB 4> 2f 4, —96.8 dB
1> f+, -87.7dB 5> f-2f, -104.9 dB
2> f-, -88.8 dB 6> 2f f, -109.0 dB

NOTE: (1) For figures above, sampling rate = 500.0000000000kHz. 16,384 point FFT, non-windowed. Noise floor limited by synthesized generators.
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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 summing
junction (virtual ground) of a high speed FET amplifier
(Figure 1). This arrangement maintains constant charge
injection independent of the signal amplitude, which is
critically important for good linearity performance. The
sampling switch itself is a high speed DMOS FET whose
gate is driven from a fast-slewing control signal, thus
minimizing the time aperture between the fully closed
(sample mode) and the fully open (hold mode) states of the
switch. The signal voltage is held across the feedback
capacitor, forcing the op-amp to maintain a constant output
voltage for the duration of the A/D conversion. Feedthrough
from the 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.

Chowo
Analog 1kQ
input L >—_o
+
Analog
Hold }—' T ‘|7_- Output
Switch and
Clamp Drive
Tod O Z Signal
Hold Conditioning

FIGURE 1. Simplified Block Diagram of the SHC702.

Ref Ref Input Input Input Input
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5kQ Input 5kQ
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] 1
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1 1
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¥ 1
DAC b ! i
= Error ! !
Amp ! H
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1ov DAC R AR )
Reference Register
PGA Control Vin
Lines
Adder 7 Bit
(Digital Error Correction) Flash ADC
ADC Timing and
Output Register Control Logic
’ Flash ADC
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(5 [¢] o
ADC Convert Hold Data
Output Command Command Strobe

FIGURE 2. Simplified Block Diagram of the ADC701.
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At the beginning of each conversion, the DAC is reset to mid-
scale so that its output current is exactly 1mA. This 1mA is
subtracted from the input signal current. The difference
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 I/O for further
detail.
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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-

ADC701/SHC702

in FET buffer amplifier. The buffer is most useful in
multichannel applications where the signal bandwidth is less

than 100kHz. In those applications, it serves to isolate the
multiplexer output from the 1k 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
SHC702. 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
minimizes 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 1. 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 reference,
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
0to +10V Input A and Input D —
+10V Input A Input D
+5V Input A and Input B Input D
-10Vto 0 Input A and Input B Input C and Input D
0 to +5V Input B and Inpui C —

TABLE I. ADC701 Input Connection Table.
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+15V -15V +5
+15V -15V +5
Connect for 17 11
Buffer
Buffered Input O Input Hold
’ 14 | Buffer
VM 4
N O-—<\ H Output SHC702
Connect for / AN i
1 13| Analog Analog | 1
Direct Input O—] S
ct Inpu Input Output
§l7 = Analog Ground Plane (5) Hold ——Common ——
12 10f 15) 21 23
v
Optional Optional
Gain Adjust Offset Adjust +15V -15v +5
20kQ 500K
30kQ
> < §+
31 32{ 36/ 37| 35| 39| 33 29| 25 22
Input Ref Ref Ref Ref Analog  Signal Power Offset Offset +15V -15V +5
D In  Out Adj Com Commons Com Com Adjust Adjust
Input A®@ E—-«r
28
InputB  |——
Start ADC701
Convert 15
O——1 Convert Command In Sample/Hold Command Out
14
High/Low
Bit Bt Bit Bit Bit Bit Bt Bit Data Clip Byte Clock
1/9 2110 3/11 4/12 5/13 6/14 7/15 8/16 Strobe Detect —Digital Common—  Select Adj +5V  +5V
1] 2] 8] 4] 5] 6] 7] 8] 12 9 1 1611ﬂ1911318]1020
v —AM— 1+
1kQ
Optional o %
Clock Adjust ~ *+5
VT i
L ; bl h o
74HC574 4 1 74HC574 < Le-D @
Octal Flip-Flop ' : Optional® <, T [
H ! ' Vg !
' e e e — e m e e ——————————— | memege-
[TTITT LT e
Bit B|t Bit Bit Bit Bit Bit Bit Blt Bit Bit Bit Bit Bit Bit Bit Clip
1 3 4 5 6 7 8 10 11 12 138 14 15 16 Detect
(Latched)
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
— it provides added digital signal isolation and buffering, and also permits three-state logic output compatibility. (5) All should be d to the analog
ground plane. Refer to the section on “Power and Ground Connections.” (6) The Offset Adjust circuit shown provides an adjustment range of approximately +0.25%
FSR.

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 20k 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) mismatches among
the resistors.

ADC offset may be adjusted by connecting a 500kS2 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 recom-
mended 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 1yF. 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 to the
ground plane connections. For example, the ADC701 output
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data lines will sink current (statically and/or dynamically)
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

ADC701/SHC702

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 environ-
ment, 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 advantage
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/O

Refer to the timing diagram, Figure 4. The conversion
process is initiated by a rising edge on the Convert Command
input. This will immediately bring the sample/hold com-
mand 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
command. This will prevent digital switching noise from
coupling into the system at the instant of analog sampling.
Second, the polling sequence must be completed before
the ADC begins to strobe out data from the subsequent
conversjon.

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
Convert Command 50ns min SF - 50ns Min —————————————— |
(CC) u—
—p| |<«— CC to Hold delay 18ns typ
5
Hold Command - ___ Hold Mode - Sample Mode > B
to SHC702 1.45ps typ "
Data Outputs for Low Byte, High Byte,® Low Byte,®
Pin 13 = Low DataN -1 B Data N DataN
Da?a Output§ for High Byte,® Low Byte,® High Byte,®
Pin 13 = High DataN -1 Data N Data N
e
() <
(1 - M
Data Strobe Output 1.550s typ 1 1t 3:5
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 9-18, 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 condi-
tions 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 guaranieed to accept Convert commands at
arate of DC to 512kHz over the specified operating tempera-
ture range. At a conversion rate of 500kHz, the total
throughput time of 2us 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
SHC803 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
performance converter system and careful attention to test
techniques 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

ADC701/SHC702

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)

10 I
o8 Sinewave Signal Power

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

Sinewave Signal Power

1010
€ Noise Power

3. Intermodulation Distortion (IMD):

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

10 X
8 Sinewave Signal Power

4. Spurious-Free Dynamic Range (SFDR):

Power of Peak Spurious Component

101
8 Sinewave Signal Power

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
importance 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
preferably 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 immensely 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 ob-
tained 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 adequate.
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 aver-
age 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 mismatch.
However, the most often used windows such as Hanning,
Hamming, raised cosine, etc., are completely inadequate 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 spreading
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. Another 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 accomplished very
easily:

1. Determine the desired sampling frequency f.

2. Determine the desired input signal frequency f, .-

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

4. Dividef, ., by f,, 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.

5. Multiply M by f; and divide by N to obtain the exact input
signal frequency f, ... .

SIGNAL GENERATOR CONSIDERATIONS

To suppress leakage effects, the calculated ratio of f to
f, crya, MUst be precisely maintained during the test. This
requirement is met easily by the use of synthesized signal
generators whose reference oscillators 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 synthesizer
is suitable for this purpose. The input signal generator will
require more attention because its distortion will usually be
greater than that of the ADC701/SHC702. Presently, 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 Dynamic|
Performance section shows typical results obtained from|
testing the ADC701/SHC702 at a S00kHz conversion rate,
using 16K samples for the FFT analysis.

Start Conversion Start Conversion
N N+1
ADC701 ¥
Convert Command 50ns min 50ns min '
(co)
— |-a— CC to Hold delay 18ns typ
Holid C Hold Mode I Sample Mode
to SHC702 1.45ps typ I |
Data Outputs for Low Byte,® >< High Byte,® X Low Byte,®
Pin 13 = Low DataN—1 Data N Data N
Data Outputs for i )
B HE,gaTaB,\):ti'?' X cha?zts,w) Hl%ha:aaytﬁ,m
@)
(1) (1)
Data Strobe Output 1.55ys typ 1 1(335»
FIGURE 5. FFT Test Configuration for Single-Tone Testing.
+2.8V
HP3325A +0.2V
Frequency
Synthesizer
Convert
Phase-Locked V Command y
Analog
Briiel & Kjeer ~ Input ADC701 & TTL
-P:
Type 1051 — "°:'mefss . »|  SHC702 Latches
! \ T
Synthesizer . : 6000 Under Test 74HC574
: ~or— I
| ! —
1| Crstal B = v
Filter
High-Speed HP330
SRAM Series 9000
64KB x 16 Computer

ADC701/SHC702
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FIGURE 6. FFT Test Configuration for Two-Tone (Intermodulation) 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 statisti-
cal 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

converter. In practice 10 to 20-million samples will demon-
strate 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:

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

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

. 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,

. 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.

N

[

IS

[

. “Dynamic Tests for A/D Converter Performance”, Application Note AN-133, Burr-
Brown Corporation, Tucson, AZ, 1985.

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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ADC774

ABRIDGED DATA SHEET
For Additional Technical
Information, Request
PDS-835.

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: ADC774J, 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 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 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 Control Logic
O
O Status
Offset | ock —
o
20V Range O \/\/\/‘ \/\/\/‘ - 9 .
2E3 o
. §5% 5
10V Range (% & a Parallel
Comparator < 5 Data
Reference 12-BD/A ‘;"-; Output
Input [ - Converter £
Reference
Qutput 10V —
Reference
International Airport Industrial Park + Mailing Address: PO Box 11400 + Tucson, AZ85734 -+ Street Address: 6730 S. Tucson Blvd. + Tucson, AZ 85706
Tel: (602) 746-1111  +  Twx:910-952-1111 - Cable: BBRCORP + Telex:066-6491 « FAX:(602)889-1510 . Immediate Product Info: (800) 548-6132
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SPECIFICATIONS

ELECTRICAL

T,= +25°C, Ve =+12V or +15V, V= =12V or =15V, V. = +5V unless otherwise specified.

ADC774J, ADC774SH ADC774K, ADC774TH
PARAMETER MIN TYP MAX MIN TYP MAX UNITS
RESOLUTION 12 * Bits
INPUTS
ANALOG
Voltage Ranges: Unipolar 0to +10, 0 to +20 * v
Bipolar +5,+£10 > \
Impedance: 0 to +10V, x5V 3.75 5 6.25 * * * kQ
+10V, OV to +20V 75 10 ° 125 * * M kQ
DIGITAL (CE, CS, R/C, A, 12/8)
Over Temperature Range
Voltages: Logic 1 +2 +5.5 * * \
Logic 0 -0.5 +0.8 * * v
Current -5 0.1 +5 * * * pA
Capacitance 5 * pF
TRANSFER CHARACTERISTICS
ACCURACY
At +25°C
Linearity Error +1 *1/2 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) 10.25 * % of FS®
No Missing Codes Resolution (Diff. Linearity) 1" 12 Bits
Inherent Quantization Error +1/2 * LSB
TMIN'0 TMAX
Linearity Error: J, K Grades 1 +1/2 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 (T, to T,,,)®
Unipolar Offset: J, K Grades +10 5 ppm/°C
S, T Grades +5 25 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 12 LSB
Full-Scale Calibration: J, K Grades 145 +25 ppm/°C
S, T Grades 50 +25 ppm/°C
Max Change: J, K Grades +9 +5 LSB
S, T Grades 20 +10 LSB
POWER SUPPLY SENSITIVITY
Change in Full-Scale Calibration
+13.5V < Vi, <+16.5V or +11.4V <V < +12.6V +2 1 LSB
~16.5V <V, <-13.5V or —12.6V < Vg <~11.4V 12 *1 LsB
+4.5V <V oo <+5.5V *1/2 * LsB
CONVERSION TIME “5
8-Bit Cycle 5 5.3 * * us
12-Bit Cycle 75 8.5 . . us
OUTPUTS
DIGITAL (DB11 — DBO, STATUS)
(Over Temperature Range)
Output Codes: Unipolar Unipolar Straight Binary (USB)
Bipolar Bipolar Offset Binary (BOB)
Logic Levels: Logic 0 (lg, = 1.6mA) +0.4 * \
Logic 1 (Igoypce = S00uA) +2.4 * v
Leakage, Data Bits Only, High-Z State -5 0.1 +5 * * * HA
Capacitance 5 * pF
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SPECIFICATIONS (CconT)

ELECTRICAL

T, =+25°C, Voo = +12V or +15V, V. = =12V or =15V, V|, = +5V unless otherwise specified.

ADC774J, ADC774SH ADC774K, ADC774TH
PARAMETER MIN TYP MAX “MIN J TYP J MAX UNITS
INTERNAL REFERENCE VOLTAGE
Volitage +9.9 +10 +10.1 * * * \
Source Current Available for External Loads © 2.0 * mA
POWER SUPPLY REQUIREMENTS
Voltage: V, +11.4 +16.5 * * v
Ve -11.4 -16.5 N N v
Losic +4.5 +5.5 * * \
Current: |, 35 5 * * mA
lee 15 20 * * mA
| oaic 9 15 * * mA
Power Dissipation (+15V Supplies) * 325 450 * * mw
TEMPERATURE RANGE (Ambient: Ty, Ty )
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 aliows one to begin conversion before a preceding sample-hold or multiplexer
has settled to +1/2LSB. 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 Heset| ‘——————>;‘ STATUS
128 |2 H > |— 27 | DB11(MSB)
L —
és |3 HH Cli:mtlrol _l- <« 26| pB10
— ogic k) Som
Ao |4 H € 25| pBe
—H4 zZ —
- | -_—
RE s H -l G g 24| oBs
L] 5 S =
R7]
CE |6 [ g g — i DB7
Wee | 7] c|128Bits| o | @ 22| pBs
] Reference £ 8 % —
RefOut |8 £ &8 |2 21| oes
— _Ri = o =
Analog Common 19 | 1[2)/2'1 é % —20 | DB4
Refln |10 Converter comparator | 2 g —{19| oB3
——F omparator | G = o F—
Ve |11 g S Hie| oee
— S 2 )
Bipolar Offset |12 2} Z 17| DB
10V Range |13 116 | 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
xcc to Digital Common 0V to +16.5V Burn-in screening is available for both plastic and ceramic
¢ to Digital Common 0V to -16.5V s B ;
Vi, Digital Common V1047V package ADC774s. .Bum in dura.tlorf is 160. hours at the
Analog Common to Digital Common . +1V temperature (or equivalent combination of time and tem-
Control Inputs (CE, CS, A, 12/8, R/C) perature) indicated below:
to Digital COmMMON .......ococvrrenrcieereieicies ~0.5V to V| gqc +0.5V s GRTY . 0,
Analog Inputs (Ref In, Bipolar Offset, 10V, ) Plastlc. Iﬂ’ r’nodels. +85°C
to Analog Common +16.5V Ceramic “-BI” models: +125°C
:0‘{,,6 to Analog Common PR 24V All units are 100% electrically tested after burn-in is com-
ef Out Indefinite Short to Common, : « RT”
Momentary Shortto V. pleted. To order burn-in, add “-BI to the base 'model
Max Junction Temp +165°C number (e.g. ADC774KP-BI). See Ordering Information for
Power Dissipation 1000mW pricing.
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 I.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-BI 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 D of Burr-Brown IC Data Book.
ORDERING INFORMATION
LINEARITY
TEMPERATURE ERROR MAX
MODEL PACKAGE RANGE (T,nTO Ty
ADC774JP Plastic DIP 0°C TO +75°C +1LSB
ADC774KP Plastic DIP 0°C to +75°C +1/2LSB
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 +3/4L.SB
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
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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/§, ﬁ, A, R/C, 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 ($ and A, are connected to digital common and CE
and 12/8 are connected to V, . . (+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.

~——lpg —=

STS 7‘5___——7\-7-——

| lyoR X | ths
High-
DB11-DBO  Data Valid | igh-Z State | Data Valid

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

RIC ﬂ
thRn
tos I

\C——'——"—‘—'—l
STS

‘_—_‘“c_‘-“"

toor 4»‘ ‘<——> thor ’
DB11- High-Z -
DBO Data Valid

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

High-Z State

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)

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

TABLE II. Control Input Truth Table.

BURR - BROWN®
Burr-Brown IC Data Book—Data Conversion Products

CE | CS | RC | 128 | A, | OPERATION SYMBOL | PARAMETER MIN | TYP | MAX | UNITS
0 X X X X None tume Low R/C Pulse Width 50 ns
X 1 X X X None tos STS Delay from R/C 200 ns
A 0 0 X 9] Initiate 12-bit conversion [ . 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 tuan High R/C Pulse Width 150 ns
1 % 0 X 1 Initiate 8-bit conversion toon 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 0 0 Enable 8 MSBs only
1 0 1 0 1 Enable 4 LSBs plus 4

trailing zeros
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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 A 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.

thec |

———— tHAC NA
STS _—4\\ ) _\k__
~—tpsc , tc ‘
DB11-— High Impedance

DBO

R

tsan thar <>|

8§TS <\‘

ths 0‘ tp

DB11— High-Z -
DBO Data Valid -+
too .4———— ty —

FIGURE 3. Conversion Cycle Timing.

FIGURE 4. Read Cycle Timing.

SYMBOL PARAMETER MIN TYP MAX UNITS
tose STS Delay from CE 60 200 ns
teo CE Pulse Width 50 © 30 ns
tsso CS to CE Setup time 50 20 ns
tse CS low during CE high 50 20 ns
tsre R/C to CE setup 50 0 ns
[ R/C low during CE high 50 20 ns
tono Ato CE setup 0 ns
tunc A, valid during CE high 50 20 ns

t Conversion time
12-bit cycle at 25°C 7.5 8.5 us
0to +75°C 9.0 us
-55°C to +125°C 9.5 us
8-bit cycle at 25°C 5 53 ns
010 +75°C 5.6 us
-55° to +125°C 6 us

Read Mode

o Access time from CE 75 150 ns
to Data valid after CE low 25 35 ns
t Output float delay 100 150 ns
tesa CS to CE setup 50 0 ns
tom R/C to CE setup 0 ns
tusn T8 valid after CE low 0 ns
[, R/T high after CE low 0 ns
tiam A, valid after CE low 50 ns
ths STS delay after data valid 150 375 ns

TABLE 1IV. Timing Specifications.
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CONVERSION START

The converter is commanded to initiate a conversion by a
transition occuring 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 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 relation-
ships 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
of the three digital inputs which control conversion will be

BURR - BROWN®

Burr-Brown IC Data Book—Data Conversion Products

ignored, so that conversion cannot be prematurely termi-
nated or restarted. However, if AO 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.

READING OUTPUT DATA

After conversion is initiated, the output data buffers remain
in a high-impedance state until the following four logic

ADC774

conditions are simultaneously met: R/C high, STATUS low
CE high, and CS low. Upon satisfaction of these conditionsn

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.
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BURR - BROWN®

ADC803

ABRIDGED DATA SHEET
For Additional Technical

Information, Request
PDS-493.

High Speed
ANALOG-TO-DIGITAL CONVERTER

FEATURES DESCRIPTION

® 12-BIT RESOLUTION The ADC803 is a high speed hybrid successive

® LINEARITY ERROR: +0.12%, max approximation analog-to-digital converter utilizing
(C Grade) ’ laser-trimmed thin film components.

® NO MISSING CODES: —55°C to +125°C It is complete with internal reference, clock, and
(S Grade) comparator, and is packaged in a 32-pin metal pack-

@ HIGH SINAD RATIO: 72dB age. Conversion time is set at the factory to 1.5ps.

With -adjusted ion ti t at 1us, +1LSB
® LOW HARMONIC DISTORTION: ~73dB 1t user-acjusted onversion tme set at 1S

accuracy can be achieved. The gain and offset errors

® CONVERSION TIME: 500ns, 8 Bits may be externally trimmed to zero.
670ns, 10 Bits Internal scaling resistors are provided for the selection
1.5us, 12 Bits of analog signal input ranges of OV 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.

—O Convert Command

Parallel = &
Digital (R
Output ¥5 VWW—0 Input
‘ | o 8 Range
13 —/\W\\—o)| Select
" @
12-Bit @
Successive Approx. =
N — 0
Register (SAR) Comparator In
+ I——O—O Bipolar Offset
O Clock Rate Control
lock
Clock | 0 Clock Out
O Status

International Airport industrial Park « Mailing Address: PO Box 11400 + Tucson, AZ 85734 . Street Address: 6730 S. Tucson Bivd. « Tucson, AZ 85706
Tel: (602) 746-1111 » Twx:910-952-1111 + Cable: BBRCORP + Telex:066-6491 . FAX:(602)889-1510 « Immediate Product Info: (800) 548-6132
BURR - BROWN®
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SPECIFICATIONS

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

ADC803CM ADC803BM ADC803SM
PARAMETER MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS ™
RESOLUTION 12 12 12 Bits o
INPUTS 8
ANALOG Q
Voltage Ranges: Bipolar +5,+10 * * \
Unipolar 0to-10 * M Vv <
Impedance: =10V to 0V, +5V 1.4 * * kQ
+10V 24 * * kQ
DIGITAL ! ) R - )
Convert Command Negative pulse 50ns wide (min) trailing edge (0 to 1) initialtes conversion.
Logic Loading 4 | | * I | l * TTL Loads
TRANSFER CHARACTERISTICS CO
ACCURACY
Gain Error +0.04 +0.1 +0.08 +0.2 +0.04 +0.1 % z
Offset Error™: Unipolar +0.05 +0.2 +0.07 +0.3 * * % of FSR® |.u
Bipolar +0.02 +0.1 * +0.2 * * % of FSR z
Linearity Error: o
1.5us 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 D-
Differential Linearity Error: E
1.5us Conversion Time +0.012 | +£0.015 +0.020 * > % of FSR o
1.0us Conversion Time +0.024 +0.024 | . * % of FSR
Inherent Quantization Error 1/2 - - LSB 0
POWER SUPPLY SENSITIVITY z
Gain and Offset: +15VDC +0.0036 * * % of FSR/%V o
-15VDC +0.0005 * * % of FSR/%V -~
+5VDC +0.001 . . % Of FSR/%V, | o
Conversion Time: +15VDC 0.7 " * %l %V o —
-15VDC None . . %%V g (7))
+5VDC +0.8 * * %l %V o 5
CONVERSION TIME 0
Factory Set 1.3 1.5 * * * > us
Range of Adjustments 0.8 2.2 * * * * us o
DRIFT <
Gain +10 +30 +15 * * * ppm of FSR/°C <
Offset: Unipolar +2 +7 +3 * * * ppm of FSR/°C '_
Bipolar +3 +10 5 * * * ppm of FSR/°C <
Linearity Error
—25°C to +85°C: Q
1.5us Conversion Time +0.012 | +0.018 +0.024 M % of FSR "
1.0ps Conversion Time +0.015 40.020 . % of FSR (/)]
—55°C to +125°C: m
1.7us Conversion Time, max® 10.015 | +0.024 % of FSR |.u
Differential Linearity Error
—25°C to +85°C: |_
1.5ps Conversion Time +0.012 | +£0.018 +0.024 % of FSR I
1.0ps Conversion Time +0.015 +0.024 % of FSR |.u
—55°C to +125°C: >
1.7us Conversion Time, max® +0.1 +0.015 | +0.024 % of FSR Z
Conversion Time * * % of FSR
No Missing Code Temp. Range: 0
1.5us Conversion Time -25 +85 * . °C (&)
1.7us Conversion Time, max 55 +125 °C
OUTPUT Q
DIGITAL DATA 1 ‘ <
Parallel
Output Codes: Unipolar Complementary Straight Binary| * *
Bipolar Bipolar Offset Binary * *
Output Drive 6 | | * * TTL Loads
Status Logic “1” During Conversion * *
Status Output Drive 6 - * TTL Loads
Internal Clock
Clock Output Drive 3 * * TTL Loads
Frequency (without external clock adj.) 8 * * 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 (conm)

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

ADC803CM ADC803BM ADC803SM
PARAMETER MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
POWER SUPPLY REQUIREMENTS
Power Consumption
Rated Voltage: Analog (+V) +14.25 +15 +15.75 * * * * * * vDC
Digital (V,,) +4.75 +5 +5.25 * * * * * * vDC
Supply Drain: +15V +27 +32 * * * * mA
-15V -38 -55 * * * * mA
+5V +180 +210 * * * * 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 1.4ps 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.

ADC803 dynamic performance characteristics are described in a report titled “Analogue-to-Digital Converter Performance Tests Using the Fast Fourier Transform”

by R. A. Belcher, Uni ity College of S Wales, UK. (available from Burr-Brown on letterhead request).
CONNECTION DIAGRAM
(MSB) Bit 1 ] . . ?2— Analog Common
git2 [ 2 | 31| +15VDC Supply (+Vc)
Bits | 3 | “ 130 | ~15VDC Supply (Vo)
Bit4 | 4 —l 29 | Bipolar Offset
Bit5| 5 —| 28 | Analog Common
Bit6 z—\ g ?) i Sense
+5VDC (Vpp) Supply 7| i § o In
Digital Gommon [ 8 | t—~25] 1ov
ofg] (24 ] 20v
= 2%Q =
Status |10 | ] |28 | ~15VDC Supply (-Voo)
git7 [11] I |22 | +5vDC Supply (Vo)
Bits |12 | 128itsaR |21 | Digital Common
Bit9 E————— E +15VDC Supply (+V¢c)
Bit 10 7-— E Clock Rate Control
Bit 11 E E Convert Command
git12 [ 16 7] clock out
=] 1]
NOTE: (1) Serial data is not guaranteed.
ORDERING INFORMATION ABSOLUTE MAXIMUM RATINGS
ADC803 X M Q Analog Supply Voltage To Analog Common
Basic Model Number D!g!tal Supply Voltage To Digital Common ..
Digital Controls Inputs
Perfi e Grade Code Analog Inputs
B, C = -25°C to +85°C Operating Temp : Ambient +125°C
S =-55°C to +125°C Case +135°C
Package Code Storage Temperature +125°C
M = Metal DIP
Relabity Sareening PACKAGE INFORMATION®
Q= Q-Screened
PACKAGE DRAWING
MODEL PACKAGE NUMBER
ADC803 32-Pin Metal 116

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

BURR - BROWN®
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A/D CONVERTERS, DATA ACQUISITION COMPONENTS n ADC7802

BURR - BROWN® ADC7802
Autocalibrating, 4-Channel, 12-Bit
-
FEATURES DESCRIPTION
@ TOTAL UNADJUSTED ERROR < 1/2LSB The ADC7802 is a monolithic CMOS 12-bit A/D
OVER FULL TEMPERATURE RANGE converter with internal sample/hold and four-channel
® FOUR-CHANNEL INPUT MULTIPLEXER multiplexer. An autocalibration cycle, occurring auto-
. matically at power on, guarantees a total unadjusted
o :\.n?)\éVePOWER. 10mW plus Power Down error within +1/2L.SB over the specified temperature
range, eliminating the need for offset or gain adjust-
® SINGLE SUPPLY: +5V ment. The 5V single-supply requirements and stan-
® FAST CONVERSION TIME: 8.5us Including 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.
@® UNIPOLAR INPUTS: 0V to 5V The ADC7802 is available in a 28-pin plastic DIP and
@ MICROPROCESSOR-COMPATIBLE 28-lead PLCC, fully specified for operation over the
INTERFACE industrial —40°C to +85°C temperature range.
® INTERNAL SAMPLE/HOLD
——o cs
o Address Calibratior -0'0Ck o RD
Ao Latch and Microcontrorlller - Contlrol E
Al O—  Decoder and Memory L— N ledc ——o0WR
1 F —O SFR
AN O—— o BUSY
AIN1 O———  Analog Capacitor Array Three-State
AIN2 O——— Multiplexer Sampling ADC Input/Output 8-Bit
AIN3 O— Data Bus
Vege+ Vegr—
International Airport Industrial Park + Mailing Address: PO Box 11400 + Tucson, AZ 85734 . Street Address: 6730 S. Tucson Blvd. + Tucson, AZ 85706
Tel: (602) 746-1111 +  Twx:910-952-1111 « Cable:BBRCORP - Telex: 066-6491 .+ FAX:(602)889-1510 + Immediate Product Info: (800) 548-6132
BURR . BROWNG
ros-10308 2113
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SPECIFICATIONS

ELECTRICAL

Vo=V =Vt =5V15%; V, 2V 2V +; V. — = 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 Vet =5V, Ve = OV 0 5 \
Input Capacitance 50 pF
On State Bias Current 100 nA
.Off State Bias Current T, =25°C .10 nA
T, =-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: V, ..+ Vet <V, 5 v
REF 0 v
For Derated Performance: V. + 4.5 \A v
REF 0 1 v
Input Reference Current Veget =5V, Vgeem = OV 10 100 nA
THROUGHPUT TIMING
Conversion Time With External Clock (Including CLK = 2MHz, 50% Duty Cycle 8.5 ps
Muttiplexer Settling Time and Acquisition Time) CLK = 1MHz, 50% Duty Cycle 17 us
CLK = 500kHz, 50% Duty Cycle 34 us
With Internal Clock Using T, =+25°C 10 us
Recommended Clock Components T, =-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 LsSB
No Missing Codes Guaranteed
Gain Error All Channels +1/4 LsSB
Gain Error Drift Between Calibration Cycles 0.2 ppm/°C
Offset Error All Channels +1/4 LSB
Offset Error Drift Between Calibration Cycles +0.2 ppm/°C
Channel-to-Channel Mismatch +1/4 LsB
Power Supply Sensitivity V,=V, =475V 0 5.25V +1/8 LSB
DIGITAL INPUTS
All Pins Other Than CLK: V, 0.8 \
Vi 24 v
Input Current T,=+25°C,V, =0toV, 1 A
T,=—40°C to +85°C, V,, =0 to V, 10 A
CLK Input: V. 0.8 \
v, 35 v
I 10 A
Ly 1.5 mA
™ Power Down Mode (D3 in SFR HIGH) 100 nA
DIGITAL OUTPUTS
Vo, I = 1.6MA 0.4 v
Vo lsource = 200HA 4 v
Leakage Current High-Z State, V,,;=0Vto V, +1 uA
Output Capacitance High-Z State 4 15 pF
POWER SUPPLIES
Supply Voltage for Specified Performance: V, 4.75 5 5.25 v
v, Vv, 2V, 4.75 5 5.25 v
Supply Current: |, 1 25 mA
5 _Logic Input Pins HIGH or LOW 1 2 mA
Power Dissipation WR = RD = CS = BUSY = HIGH 10 mw
Power Down Mode See Table Ill, Page 9 50 W
TEMPERATURE RANGE
Specification —40 +85 °C
Storage -65 +150 °C

NOTES: (1) For (Vgee+) ~ (Vaee—) aslow as 4.5V, the total error will typically notexceed +£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

V, to Analog Ground 6.5V
V, to Digital Ground 6.5V
Pin V, to Pin V, 0.3V
Analog Ground to Digital Ground *1V
Control Inputs to Digital Ground . .=0.3VioV, + 0.3V
Analog Input Voltage to Analog Ground .—0.3Vio V, + 0.3V
Maximum Junction Temperature 150°C
Internal Power Dissipation 875mW
Lead Temperature (soldering, 10s) +300°C
Thermal Resistance, 6,,: PIastic DIP ... 75°C/W
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
ADC7802BN 28-Pin PLCC 251
ADC7802BP 28-Pin Plastic DIP 215

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

sheet, or Appendix D 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 DIP Top View Lcc
: — -/ |
SFR | 1 28| V, o - o
— — g E S Z |
AINO | 2 27| AGND 2226 =213
ANT | 3 26| CAL [4]a] 2] ]28]2r]2s]
AIN2 | 4 25| A1 / O -
== — — 25| A1
AIN3 | 5 24| A0 AIN3 | 5 ==
=] —— — 24 | AO
Veeet+ | 6 23| CLK Vger+ | 6 ==
—_— = — 23| CLK
Veer— | 7 22 | BUSY Vege— | 7 =
DGND | 8 21| HBE DGND | 8 —
= = __ — 21| HBE
Vp | 9 20 [ WR Vp | 9 =
D7 |10 19| CS D7 |10 =
D6 |11 18| RD D6 |11 —
s |12 [17] 0o L12]]1s Jl14 Jl1s J[ve [[17 ][18 ]
D4 |13 16| D1 8 3 88 5 818
D3 |14 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 internal pull-down.
2t05 AINO to AIN3 | Analog inputs. Channel 0 to channel 3.

6 Vet Positive voltage reference input. Normally +5V. Must be < V,.

7 Veer— Negative voltage reference input. Normally OV.

8 DGND Digital ground. DGND = OV.

9 \ Logic supply voltage. V,, = +5V. Must be <V, and applied after V,.

10t0 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.)

1 Data Bit 6 if HBE is LOW; LOW if HBE is HIGH.

D6
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 cs 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.
A1 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 > Vand V. +.
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TYPICAL PERFORMANCE CURVES

V, = Vp = Vit = 5V, Ve = AGND = 0V, T, = +25°C, unless otherwise specified.
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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
ADC?7802 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.

2.118

—] / | +5V O
NC | 1| SFR vV, |28
L] A yonr L _I:10uF
2 [ ANo  AaND (27
(2] ano w0 [o7}3 TT
Input 3| AN CAL |26 | NC
= = — 100kQ
% AIN2 Al |25 j__‘_
015V B 5 | ANe Ao [24] -
6 | Vaget  CLK |23
s o v 1 2]
TT J:ﬁi Veg—  BUSY [22 > BUSY
= = | 1 ¢ High Byte
g 8 | DGND  HBE i Enable Command
—E Vp WR |20 < Convert Command
I i cs [1o]
BUSY !DataBit7 |10| D7 cs |19/
LOW | DataBit6 |11 D6 RD |18 }—< Read Command
] — " |
Low ! Daagits [12 Ds po [17] DHRBHO para gitg
! 0] use) |
LOW |DataBit4 [13| D4 D1 |16 | DataBit1 : Data Bit 9
Data Bit 11 ' | . '
(MSB) <‘ Data Bit 3 E D3 D2 i Data Bit 2 ‘Data Bit 10

_____ . P A
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).
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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

Conversion

byte and then the High byte. N
(=}
0
1t 2 3 4 5 & 7 16 17 18 B
o LML ML a
| : : <
i |
‘ T i
WR | | |
WR o\ /i . ) [ ! [
| Multiplexer Settling, | Successive |
Offset Auto Zeroing " Approximation :
| |
| |
|
1

|
} and Sample Acquisition
BUSY  \___|
-

4 t ty |
Wi or GAL \ ya
—_— -
BUSY
ts ety |
SFR
/ V, N\
s ——————— H
A0, At < v

FIGURE 3. Write Cycle Timing (for initiating conversion or calibration).
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Low Byte Data D
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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).

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.

PARAMETER

SYMBOL MIN TYP MAX UNITS
t, CS to WR Setup Time @ 0 0 0 ns
t, 'WR or CAL Pulse Width 100 ns
t, CS to WR Hold Time @ 0 0 0 ns
t, 'WR to BUSY Propagation Delay 20 50 150 ns
t A0, A1, HBE, SFR Valid to WR Setup Time 0 ns
t, A0, A1, HBE, SFR Valid to WR Hold Time 20 ns
t, BUSY to CS Setup Time 0 ns
ty CSto RD Setup Time @ 0 0 0 ns
t, RD Pulse Width 100 ns

e CS to RD Hold Time @ 0 0 0 ns
t, HBE, SFR 1o RD Setup Time 50 ns
t, HBE, SFR to RD Hold Time 0 ns
ts RD to Valid Data (Bus Access Time) © 80 150 ns
L RD to Hi-Z Delay (Bus Release Time) @ 90 180 ns
t RD to Hi-Z Delay For SFR © 20 60 ns
te Data Valid to WR Setup Time 100 ns
t,, Data Valid to WR Hold Time 20 ns

NOTES: (1) All input control signals are specified with t.q = t,, = 20ns (10% to 90% of 5V) and timed from a voltage level of 1.6V. Data is timed from V,, V,,
V,,,,or V.. (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 I. Timing Specifications (CLK = 1MHz external, T, = -40°C to +85°C).

cs /t
f o &

— e
WR
ts ety
HBE \
SFR
Vi
Valid Data v, ——
DO - D7
f tie ti7

 — -~ to I~

=\
RD \N

- b - te -
SFR
ty |- - b &
HBE L

~——ty—=

1t
{ SFR Data
D0-D7

AN

FIGURE 5. Writing to the SFR.
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FIGURE 6. Reading the SFR.
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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.)
Dé CAL ERROR Flag If HIGH, an overflow occured during
calibration.
D7 BUSY Flag If 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 S0uW
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.

Table III shows how instructions can be transferred to

ADC7802

thl:n
Special Function Register by driving HBE HIGH (with SF

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.

CS/WR SFR/HBE DO D1 D3 D5 D7 D2/D4/D6
Enables Transparent Mode for Data Latches. Low HIGH LOW X Low X LOoW LOW
Enables Latched Output Mode for Data Latches. Low HIGH HIGH X LOW X Low LOW
Initiates Calibration Cycle. LOowW HIGH X HIGH LOowW X LOW LOW
Resets Power Fail flag. LOowW HIGH X X LOow LOW Low LOwW
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 D8, 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 ot X Initiates calibration cycle.

X X X X X X ] 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 0 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.

] 1 0 1 1 1 1 Write to SFR and rising edge on WR initiates conversion.

0 0 1 1 1 1 X Contents of SFR output on data bus.

0 1 0 1 0 1 X Reserved for factory use.

0 0 1 1 0 1 X Reserved for factory use. (Unpredictable data on data bus.)

TABLE IV. Control Line Functions.
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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 SHC5320,
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 SOpF 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.

5V

ADC7802 Test
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T*

(a) Load Circuit

v ] e [
Output  ° ~90%
Enable 50%

Gnd - 10%

Vo

VOL

V,
Output °

Enable
Gnd

Vo

0.8V

VOL

(c) From Hi-Z to LOW, C, = 50pF

ADC7802 Test
Output Point
3kQ C.

1

(a) Load Circuit

> itean
VD o
Output 90%
50%

Enable "
Gnd \ 10%
Von 90%
Gnd
1t
-ty
(b) From HIGH to Hi-Z, G =10pF
- 'H'SE |———
Output Vo 90%
Enable 10% M 50%
Gnd =
tis
Vo
2.4V
Gnd

(c) From Hi-Z to HIGH, C, = 50pF

FIGURE 7. Measuring Active LOW to/from Hi-Z State.
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FIGURE 8. Measuring Active HIGH to/from Hi-Z State.

In many applications, a simple passive low-pass filter as
shown in Figure 9a can be used to improve signal quality. In
this case, the source impedance needs to be less than Sk< to
keep the induced offset errors below 1/2LSB, and to meet the
acquisition time of five clock cycles. The values in Figure 9a
meet these requirements, and will maintain the full power
bandwidth of the system. For higher source impedances, a
buffer like the one in Figure 9b should be used.

Analog 100Q
Input ANV To ADC7802

22nF
IVHE,,-— (Normally 0V)

(a) Passive Low Pass Filter

Analog R »—> To ADC7802

Input

Vg (Normally 0V)

(b) Active Low Pass Filter

FIGURE 9. Input Signal Conditioning.
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INPUT PROTECTION

The input signal range must not exceed £V
than 0.3V.

The analog inputs are internally clamped to V,. To prevent
damage to the ADC7802, the current that can flow into the
inputs must be limited to 20mA. One approach is to use an
external resistor in series with the input filter resistor. For
example, a 1kQ input resistor allows an overvoltage to 20V
without damage.

e OF VY, by more

REFERENCE INPUTS

A 10pF tantalum capacitor is recommended between V .+

and V.~ to insure low source impedance. These capacitors
should be located as close as possible to the ADC7802 to
reduce dynamic errors, since the reference provides packets
of current as the successive approximation steps are carried

out.

Vet must not exceed V,. Although the accuracy is speci-
fied with Viget = SV and V.~ = 0V, the converter can
function with V,+ as low as 2.5V and V- as high as 1V.
As long as there is at least a 2.5V difference between V, +
and V.-, the absolute value of errors does not change
significantly, so that accuracy will typically be within
+1LSB. (1/2LSB for a 5V span is 610uV, which is 1LSB for

a 2.5V span.)

The power supply to the reference source needs to be consid-
ered during system design to prevent V, .+ from exceeding
(or overshooting) V,, particularly at power-on. Also, after
power-on, if the reference is not stable within 42,425 clock

cycles, an additional calibration cycle may be needed.

POWER SUPPLIES

The digital and analog power supply lines to the ADC7802
should be bypassed with 10pF tantalum capacitors as close
to the part as possible. Although ADC7802 has excellent
power supply rejection, even for higher frequencies, linear
regulated power supplies are recommended.

Care should be taken to insure that V, does not come up
before V,, or permanent damage to the part may occur.
Figure 10 shows a good supply approach, powering both V,
and V| from a clean linear supply, with the 10Q resistor
between V, and V| insuring that V comes up after V,. This
is also a good method to further isolate the ADC7802 from
digital supplies in a system with significant switching cur-
rents that could degrade the accuracy of conversions.

GROUNDING

To maximize accuracy of the ADC7802, the analog and
digital grounds are not connected internally. These points
should have very low impedance to avoid digital noise
feeding back into the analog ground. The V.~ pin is used as
the reference point for input signals, so it should be con-
nected directly to AGND to reduce potential noise problems.

BURR - BROWN®
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EXTERNAL CLOCK OPERATION

The circuitry required to drive the ADC7802 clock from an
external source is shown in Figure 11a. The external clock
must provide a 0.8V max for LOW and a 3.5V min for
HIGH, with rise and fall times that do not exceed 200ns. The
minimum pulse width of the external clock must be 200ns.
Synchronizing the conversion clock to an external system
clock is recommended in microprocessor applications to
prevent beat-frequency problems.

Note that the electrical specification tables are based on

ADC7802

using an external 2MHz clock. Typically, the specifie
accuracy is maintained for clock frequencies between 0.5

and 2.2MHz.

INTERNAL CLOCK OPERATION

Figure 11b shows how to use the internal clock generating
circuitry. The clock frequency depends only on the value of
the resistor, as shown in “Internal Clock Frequency vs

R oc” in the Typical Performance Curves section.
] N | +5V
1| sFR vy |28
= A = PP R S
|2 | AN AGND |27 TouF
5v |3 | ANt CAL |26 | 1
REF 4| Aan2 I ES
5| AIN3 A0 [24]
6 | Vet CLK |23
10F == qonF = ==
>—T——E Veg—  BUSY |22
= 8 [ DGND  HBE [21
T
10pF = 10nF — -
ESD i P VA WR E
. J—
11| D6 RD E
12| D5 Do (17
13| D4 D1 |16
[ o0 o2 [s]
10Q
WY

FIGURE 10. Power Supply and Reference Decoupling.

74HC-Compatible | CLK 5, To ADC7802
Clock Source Pin 23

(a) External Clock Operation

ferook (in Hz) = 10"R

5V O—A ARA S To ADC7802
Pin 23

(b) Internal Clock Operation

FIGURE 11. Internal Clock Operation.
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The clock generator can operate between 100kHz and 2MHz.
With R = 100k€, the clock frequency will nominally be
800kHz. The internal clock oscillators may vary by up to
20% from device to device, and will vary with temperature,
as shown in the typical performance curves. Therefore, use
of an external clock source is preferred in many applications
where control of the conversion timing is critical, or where
multiple converters need to be synchronized.

APPLICATIONS

BIPOLAR INPUT RANGES

Figure 12 shows a circuit to accurately and simply convert a
bipolar 5V input signal into a unipolar O to 5V signal for
conversion by the ADC7802, using a precision, low-cost
complete difference amplifier, INA105.

INA105 25kQ |,

25kQ |5

— AAA—]
0to5V
sy 1| 25k 6 7 toADC7802
Input
25k
3 45V (Ve

FIGURE 12. 5V Input Range.

Figure 13 shows a circuit to convert a bipolar 10V input
signal into a unipolar O to 5V signal for conversion by the
ADC7802. The precision of this circuit will depend on the
matching and tracking of the three resistors used.

5V
N Oto

to ADC7802

FIGURE 13. +10V Input Range.

To trim this circuit for full 12-bit precision, R2 and R3 need
to be adjustable over appropriate ranges. To trim, first have
the ADC7802 converting continually and apply +9.9927V
(+10V - 1.5LSB) at the input. Adjust R3 until the ADC7802
output toggles between the codes FFE hex and FFF hex. This
makes R3 extremely close to R1. Then, apply -9.9976V (-10V
+ 0.5LSB) at the input, and adjust R2 until the ADC7802
output toggles between 000 hex and 001 hex. At each trim
point, the current through the third resistor will be almost
zero, so that one trim iteration will be enough in most cases.

2.124

More iterations may be required if the op amp selected has
large offset voltage or bias currents, or if the +5V reference
is not precise.

This circuit can also be used to adjust gain and offset errors
due to the components preceding the ADC7802, to match the
performance of the self-calibration provided by the con-
verter.

INTERFACING TO MOTOROLA
MICROPROCESSORS
Figure 14 shows a typical interface to Motorola microproces-

sors, while Figure 15 shows how the result can be placed in
register DO.

Al - A23 Address Bus oA

(A0 - A19) . INT
MC68000 l\/l 1
(MC68008) __ Address | ADC_CS |

AS Decoder _I HBE SFR BUSY
Logic
DACK | Cs

S
WR
ADC7802

L
LDoo-Do7 DO0e 7DO1|DO-D7
A1
A0

FIGURE 14. Interface to Motorola Microprocessors.

Conversion is initiated by a write instruction decoded by the
address decoder logic, with the lower two bits of the address
bus selecting an ADC input channel, as follows:

MOVE.W D0, ADC-ADDRESS

The result of the conversion is read from the data bus by a
read instruction to ADC-ADDRESS as follows:
MOVEP.W $000 (ADC-ADDRESS), DO

This puts the 12-bit conversion result in the DO register, as
shown in Figure 15. The address decoder must pull down

ADC_CS at ADC-ADDRESS to access the Low byte and
ADC-ADDRESS +2 to access the High byte.

INTERFACING TO INTEL MICROPROCESSORS
Figure 16 shows a typical interface to Intel.

A conversion is initiated by a write instruction to address
ADC_CS. Data pins DO0 and DOL1 select the analog input
channel. The BUSY signal can be used to generate a micro-
processor interrupt (INT) when the conversion is completed.

A read instruction from the ADC_CS address fetches the

Low byte, and a read instruction from the ADC_CS address
+2 fetches the High byte.
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M L
S S
31 24 23 16 15 B 8 7 B0
B p|o|p|p|po|p|p|p{D|D|D|D
UloslololB|B|B|B|B|B|B|B|B|B|B|B o
S 11]10| 9| 8|7 5 1|0
: 2
N~
FIGURE 15. Conversion Results in Motorola Register DO. 8
Intel Address Bus A1 oA2)
Microprocessor v INT
Based Systems !

Address | ADC_CS

goss  (OM) [ Df??:' HBE SFR BUSY
8086/88 9 o
80186/188 cs
80286 _ _
8031 RD RD

1 — __
805 WA W

l ADC7802
L DataBus  DOOg $DO1|D0-D7
L ar
A0

FIGURE 16. Interface to Intel Microprocessors.
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ADSS574

Microprocessor-Compatible Sampling
CMOS ANALOG-TO-DIGITAL CONVERTER

FEATURES DESCRIPTION

® COMPATIBLE WITH ADC574 The ADS574 is a 12-bit successive approximation
® COMPLETE SAMPLING A/D WITH analog-to-digital converter using an innovative
REFERENCE, CLOCK AND capacitor array (CDAC) ~1mplemer?ted in low-power
MICROPROCESSOR INTERFACE f\gg§7iechngl<l>gy- This is a <ilr.0p-}n replf{Cﬁﬂ}éM f<;
. models in most applications, with intern:
d ZQSTHI:;?UISITION AND CONVERSION: sampling, much lower power consumption, and capa-
° EL:JI:INATES EXTERNAL SAMPLE/HOLD bility to operate from a single +5V supply.
IN MOST APPLICATIONS The ADS574 is complete with internal clock, micro-

processor interface, three-state outputs, and internal
scaling resistors for input ranges of 0V to +10V, OV to

® GUARANTEED AC AND DC PERFORMANCE

©® SINGLE +5V SUPPLY OPERATION +20V, 5V, or £10V. The maximum throughput time

® LOW POWER: 100mW max for 12-bit conversions is 25us over the full operating

©® PACKAGE OPTIONS: 0.6" and 0.3" DIPs, temperature range, including both acquisition and con-
solC version.

Complete user control over the internal sampling func-
tion facilitates elimination of external sample/hold
amplifiers in most existing designs.

The ADS574 is available in both commercial (0°C to
+70°C) and military (-55°C to +125°C) ranges, and
requires +5V, with 12V or 15V optional, depending
on usage. No +15V supply is required. Available
packages include 0.3" or 0.6" wide 28-pin plastic or
hermetic ceramic DIPs, and 28-pin SOICs.

Control Status
ontrol o——
Inputs O] Control Logic
o— ]
PO
i | =
Bipolar Offset I—a‘mTI g
""""" [
20V Range o 5 _f T Successive 2 Parallel
10V Range 79777 1% Approximation S ) Data
T11 Register @ Qutput
2.5V Reference Comparator s
Input © g
2.5V Reference WV 25V
Output © 5
Reference

International Airport Industrial Park  +  Mailing Address: PO Box 11400 + Tucson, AZ 85734 - Street Address: 6730 S. Tucson Bivd. + Tucson, AZ 85706
Tel: (602) 746-1111 + Twx:910-952-1111 + Cable:BBRCORP . Telex:066-6491 - FAX:(602)889-1510 + Immediate Product Info: (800) 548-6132
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SPECIFICATIONS

ELECTRICAL

Tyo = Tunto Tuax » Voo = +5V, Ve = =15V to +5V, sampling frequency of 40kHz, f,, = 10kHz; unless otherwise specified.

ADS574JE/JH/JP/JU/AU/SF/SH/D ADS574KE/KH/KP/KU/TF/TH <
PARAMETER MIN TYP MAX MIN TYP MAX UNITS N
RESOLUTION 12 * Bits 8
INPUTS Q
ANALOG <
Voltage Ranges: Unipolar 0to +10, 0 to +20 \
Bipolar +5, £10 \
Impedance: 0 to +10V, £5V 15 21 > * kQ
+10V, 0V to +20V 60 84 * * kQ
DIGITAL (CE, CS, RIC, A,, 12/8)
Voltages: Logic 1 +2.0 +5.5 * * \
Logic 0 —0.5 +0.8 * * \% U)
Current -5 0.1 +5 * * * nA |
Capacitance 5 . pF -
TRANSFER CHARACTERISTICS |.I.|
DC ACCURACY =
At +25°C o
Linearity Error +1 +1/2 LSB n-
Unipolar Offset Error (adjustable to zero) +2 * LSB
Bipolar Offset Error (adjustable to zero) +10 +4 .SB E
Full-Scale Calibration Error o
(adjustable to zero) +0.25 * % of FS @ o
No Missing Codes Resolution (Diff. Linearity) 12 12 Bits
TMIN to TMAX @ z
Linearity Error: A, J, K Grades +1 +1/2 LsB
S, T Grades +1 +3/4 LSB O
Full-Scale Calibration Error: A, J, K Grades +0.47 +0.37 % of FS I:
S, T Grades +0.75 +0.5 % of FS —
Unipolar Offset: A, J, K Grades +4 +3 LSB (/p]
S, T Grades +4 13 LSB —
Bipolar Offset: A, J, K Grades +12 5 LsB =
S, T Grades +14 +6 LsB (@}
No Missing Codes Resolution 12 12 Bits o
AC ACCURACY @ <
Spurious Free Dynamic Range 73 78 76 * dB
Total Harmonic Distortion =77 -72 * =75 dB <
Signal-to-Noise Ratio 69 72 71 . dB =
Signal-to-(Noise + Distortion) Ratio 68 71 70 . dB <
Intermodulation Distortion -75 * a
(Fyy = 10kHz, F, = 11.5kHz) -
TEMPERATURE COEFFICIENTS © m
Unipolar Offset +1 * ppm/°C 0
Bipolar Offset +2 * ppm/°C w
Full-Scale Calibration +12 * ppm/°C .__
POWER SUPPLY SENSITIVITY m
Change in Full-Scale Calibrationt® i
+4.75V <V, < +5.25V +1/2 * LsB >
CONVERSION TIME (Including Acquisition Time) z
t + 1o at 25°C: o
8-Bit Cycle 16 18 * * us
12-Bit Cycle 22 25 . . us (&]
12-Bit Cycle, Ty 0 Tyuax 22 25 . . us fa)
SAMPLING DYNAMICS ~
Sampling Rate 40 * kHz <
Aperture Delay, t,,
With Vi, = +5V 20 - ns
With V. = 0V to -15V 4.0 * us
Aperture Uncertainty (Jitter)
With Ve = +5V 300 * ps, rms
With V. = 0V to 15V 30 * ns,rms
BURR - BROWN®
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SPECIFICATIONS (conT)

ELECTRICAL
Tp=Tunt0 Tyax » Voo = +5V, Ve = =15V to +5V, sampling frequency of 40kHz, f,, = 10kHz; unless otherwise specified.
ADS574JE/JH/JP/JU/AU/SF/SH/D ADS574KE/KH/KP/KU/TF/TH
PARAMETER MIN I P | MAX MIN l TP | MAX UNITS
OUTPUTS
DIGITAL (DB,, - DB,, STATUS) | il | | ]
Output Codes: Unipolar Unipolar Straight Binary (USB)
Bipolar Bipolar Offset Binary (BOB)
Logic Levels: Logic 0 (lg,, = 1.6mA) +0.4 * v
Logic 1 (lsounce = SO0HA) +2.4 * \
Leakage, Data Bits Only, High-Z State -5 0.1 +5 * * * HA
Capacitance 5 * pF
INTERNAL REFERENCE VOLTAGE
Voltage +2.4 +2.5 +2.6 * * > \'
Source Current Available for External Loads 0.5 * mA
POWER SUPPLY REQUIREMENTS
Voltage: V@ -16.5 Voo * * v
oo +4.5 +5.5 * * \
Current: |, @ (V. = -15V) -1 " mA
o +13 +20 * * mA
Power Dissipation (T, to Ty
(Vge = OV to +5V) 65 100 * * mw
TEMPERATURE RANGE
Specification: J, K Grades 0 +70 * * °C
A Grade —40 +85 * * °C
S, T Grades -55 +125 * * °C
Operating: A, J, K Grades —40 +85 * * °C
S, T Grades 55 +125 * * °C
Storage -65 +150 * * °C

*Same specification as ADS574JE/JH/JP/JU/SF/SH.

NOTES: (1) With fixed 50Q resistor from REF OUT to REF IN. This parameter is also adjustable to zero at +25°C. (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. (3) Maximum error at T, and T,,... (4) Based on using V. = +5V,
which starts a conversion immediately upon a convert command. Using V. = OV to =15V makes the ADS574/ADS774 emulate standard ADC574 operation. In this
mode, the internal sample/hold acquires the input signal after receiving the convert command, and does not assume that the input level has been stable before
the convert command arrives. (5) Using internal reference. (6) This is worst case change in accuracy from accuracy with a +5V supply. (7) V. is optional, and
is only used to set the mode for the internal sample/hold. When V. = —15V, I = ~1mA typ; when V. = OV, I, = £5uA typ; when V _ = +5V, | = +167pA typ.

DICE INFORMATION

ADS574 DIE TOPOGRAPHY

PAD FUNCTION PAD FUNCTIO“
1A, 1B Voo 15 Digital Common
2 12/8 16 DBO (LSB)
3 [ 17 DB1
4 A, 18 DB2
5 R/IC 19 DB3
6 CE 20 DB4
7 NC 21 DBS
8 2.5V Ref Out 22 DB6
9A, 9B Analog Common 23 DB7
10 2.5 Ref In 24 DB8
1 Ve (Mode Control) 25 DB9
12 Bipolar Offset 26 DB10
13 10V Range 27 DB11 (MSB)
14 20V Range 28 Status
Substrate Bias: +V,,
NC: No Connection.
MECHANICAL INFORMATION
’ MILS (0.001") MILLIMETERS
Die Size 172x 14215 | 4.37 x 3.61 £0.13]
Die Thickness 2013 0.51 £0.08
Min. Pad Size 4x4 0.10x0.10
Metalization Aluminum
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TYPICAL PERFORMANCE CURVES

T, =+25°C, V, = V. = +5V; Bipolar £10V Input Range; sampling frequency of 40kHz; unless otherwise specified. All plots use 4096 point FFTs.
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+5VDC Supply | 1

<—| Power-Up Reset I

(VDD)
12/8 | 2
Cs | 3 | Control
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oge L Clock
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o 7
Analog
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2.5V Ref 8
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Common °
Bipolar E
Offset
10V Range IE
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> HE DB11 (MSB)
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ABSOLUTE MAXIMUM RATINGS

PACKAGE INFORMATION®™

NOTE: (1) SINAD is Signal to (Noise and Distortion) expressed in dB.
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PACKAGE DRAWING

Ve, to Digital Common +V, t0-16.5V
Vy,, to Digital Common 0Vio +7V MODEL PACKAGE NUMBER
Analog Common to Digital Common +1V ADS574JE 0.3" Plastic DIP 246
Control Inputs (CE, CS, A, 12/8, RIC) ADS574KE 0.3" Plastic DIP 246

to Digital Common -0.5V to V,, +0.5V ADS574JP 0.6" Plastic DIP 215
Analog Inputs (Ref In, Bipolar Offset, 10V,,) ADS574KP 0.6" Plastic DIP 215

to Analog Common +16.5V ADS574JU soic 217
20V, to Analog Common 24V ADS574KU SOIC 217
Ref Out Indefinite Short to Common, ADS574SF 0.3" Ceramic DIP 247

Momentary Short to V,, ADS574TF 0.3" Ceramic DIP 247
Max Junction Temperature +165°C ADS574SH 0.6" Ceramic DIP 149
Power Dissipation 1000mW ADS574TH 0.6" Ceramic DIP 149
Lead Temperature (soldering,10s) +300°C ADS574JH 0.6" Ceramic DIP 149
Thermal Resistance, 6,, : Ceramic DIPs.... .50°C/W ADS574KH 0.6" Ceramic DIP 149
ggfgc DIPs Jggogm NOTE: (1) For detailed drawing and dimension table, please see end of data
sheet, or Appendix D of Burr-Brown IC Data Book.
ORDERING INFORMATION
TEMPERATURE LINEARITY

MODEL PACKAGE SINAD® RANGE ERROR
ADS574JE 0.3" Plastic DIP 68 0°C to +70°C +1LSB
ADS574KE 0.3" Plastic DIP 70 0°C to +70°C +1/2LSB
ADS574JP 0.6" Plastic DIP 68 0°C to +70°C +1LSB
ADS574KP 0.6" Plastic DIP 70 0°C to +70°C +1/2LSB
ADS574JU SsoIc 68 0°C to +70°C +1LSB
ADS574KU Ssolc 70 0°C to +70°C +1/2LSB
ADS574SF 0.3" Ceramic DIP 68 -55°C to +125°C +1LSB
ADS574TF 0.3" Ceramic DIP 70 -55°C to +125°C +1/2LSB
ADS574SH 0.6" Ceramic DIP 68 -55°C to +125°C +1LSB
ADS574TH 0.6" Ceramic DIP 70 -55°C to +125°C +1/2L.SB
ADS574JH 0.6" Ceramic DIP 68 0°C to +70°C +1LSB
ADS574KH 0.6" Ceramic DIP 70 0°C to +70°C +1/2LSB
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THEORY OF OPERATION

In the ADS574, the advantages of advanced CMOS technol-
ogy—high logic density, stable capacitors, precision analog
switches—and Burr-Brown’s state of the art laser trimming
techniques are combined to produce a fast, low power
analog-to-digital converter with internal sample/hold.

The charge-redistribution successive-approximation circuitry
converts analog input voltages into digital words.

A simple example of a charge-redistribution A/D converter
with only 3 bits is shown in Figure 1.

Analog Se

Input
49J_ 2c_L cl

-@7{1@ i

Reference
Input

Comparator

Signal Out

i

FIGURE 1. 3-Bit Charge Redistribution A/D.
INPUT SCALING

Precision laser-trimmed scaling resistors at the input divide
standard input ranges (OV to +10V, OV to +20V, 5V or
+10V) into levels compatible with the CMOS characteristics
of the internal capacitor array.

SAMPLING

‘While sampling, the capacitor array switch for the MSB
capacitor (S)) is in position “S”, so that the charge on the
MSB capacitor is proportional to the voltage level of the
analog input signal. The remaining array switches (S, and
S,) are set to position “G”. Switch S_is closed, setting the
comparator input offset to zero.

CONVERSION

‘When a conversion command is received, switch S, is opened
to trap a charge on the MSB capacitor proportional to the
analog input level at the time of the sampling command, and
switch S_is opened to float the comparator input. The charge
trapped in the capacitor array can now be moved between the
three capacitors in the array by connecting switches S|, S,, and
S, to positions “R” (to connect to the reference) or “G” (to
connect to GND), thus changing the voltage generated at the
comparator input.

During the first approximation, the MSB capacitor is con-
nected through switch S, to the reference, while switches S,
and S, are connected to GND. Depending on whether the
comparator output is HIGH or LOW, the logic will then
latch S, in position “R” or “G”. Similarly, the second

BURR - BROWN®
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approximation is made by connecting S, to the reference and
S, to GND, and latching S, according to the output of the
comparator. After three successive approximation steps have
been made the voltage level at the comparator will be within
1/2LSB of GND, and a digital word which represents the
analog input can be determined from the positions of S, S
and S,.

OPERATION

BASIC OPERATION

ADS574

Figure 2 shows the minimum circuit required to operate thn
ADS574 in a basic 10V range in the Control Mode (dis

cussed in detail in a later section.) The falling edge of a
Convert Command (a pulse taking pin 5 LOW for a mini-
mum of 25ns) both switches the ADS574 input to the hold
state and initiates the conversion. Pin 28 (STATUS) will
output a HIGH during the conversion, and falls only after the
conversion is completed and the data has been latched on the
data output pins (pins 16 to 27.) Thus, the falling edge of
STATUS on pin 28 can be used to read the data from the
conversion. Also, during conversion, the STATUS signal
puts the data output pins in a High-Z state and inhibits the
input lines. This means that pulses on pin 5 are ignored, so
that new conversions cannot be initiated during the conver-
sion, either as a result of spurious signals or to short-cycle
the ADS574.

The ADS574 will begin acquiring a new sample as soon as
the conversion is completed, even before the STATUS
output falls, and will track the input signal until the next
conversion is started. The ADS574 is designed to complete
a conversion and accurately acquire a new signal in 25us
max over the full operating temperature range, so that
conversions can take place at a full 40kHz.

CONTROLLING THE ADS574

The Burr-Brown ADS574 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 the 8 MSB bits followed by the 4 LSB bits in
a left-justified format. The five control inputs (12/8, CS, A
R/C, and CE) are all TTL/CMOS-compatible. The functlons
of the control inputs are described in Table II. The control
function truth table is shown in Table III.

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 +5V. The output data are pre-
sented as 12-bit words. The stand-alone mode is used in
systems containing dedicated input ports which do not
require full bus interface capability.
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emulation. Connect to +5 for control mode.

FIGURE 2. Basic 10V Operation.

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; data can be read with either a
positive pulse on R/C, or a negative pulse on STATUS. In
either case the R/C pulse must remain LOW for a minimum
of 25ns.

Figure 3 illustrates timing with an R/C pulse which goes
LOW and returns HIGH 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 conver-
sion.

Figure 4 illustrates the timing when a positive R/C pulse is
used. In this mode the output data from the previous conver-
sion is enabled during the time R/C is HIGH. A new
conversion 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 specifica-
tions for stand-alone operation are listed in Table IV.

FULLY CONTROLLED OPERATION

Conversion Length

Conversion length (8-bit or 12-bit) is determined by the state
of the A input, which is latched upon receipt of a conversion
start transition (described below). If A is latched HIGH, the
conversion continues for 8 bits. The full 12-bit conversion
will occur if A is LOW. If all 12 bits are read following an
8-bit conversion, the 4LSBs (DB0-DB3) will be LOW
(logic 0). A, is latched because it is also involved in enabling
the output buffers. No other control inputs are latched.
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CONVERSION START

The converter initiates a conversion based on 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
state simultaneously, and the nominal delay time is the same
regardless of which input actually starts the 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 the critical input. Timing
relationships for start of conversion timing are illustrated in
Figure 5. 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 A 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.

BURR - BROWN®
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Binary (BIN) Output Input Voltage Range and LSB Values
Analog Input Voltage Range Defined As: +10V +5V 0V to +10V 0V to +20V
One Least Significant Bit FSR 20V 10V 10V 20V
(LSB) n 2 2" 2" 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 FFF, + Full-Scale Calibration +10V-~3/2LSB | +5V-3/2LSB | +10V -3/2LSB +10V - 3/2LSB
7FFF,, to 800, Midscale Calibration (Bipolar Offset) 0-1/2LSB 0-1/2LSB +5V - 1/2LSB +10V - 1/2LSB
000,,to 001, Zero Calibration ( — Full-Scale Calibration) -10V + 1/2LSB | -5V + 1/2LSB 0to +1/2LSB 0to +1/2LSB

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

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 a
(active low) 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 conversion.
(“1” = read) Must be HIGH (“1”) to read output data. 0-1 edge may be used fo initiate a read operation.
(“0” = convert)

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

RIC

o
m
3l
(7]

12/8

>

o

OPERATION

A d A aa s 3XO

OO0 O0O0 ¢ ¢« OO =X
- 22 ¢ ¢00O0O

OO =4 XXXXXXXX

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 zeroes

—~OX -0 =0 =0 XX

TABLE HI. Control Input Truth Table.

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 6 and Table V for timing
relationships 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 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
reading the data.

BURR - BROWN®
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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 A during the read cycle. When A is
LOW, the byte addressed contains the 8MSBs. When A 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 7. Connection of the
ADS574 to an 8-bit bus for transfer of the data is illustrated
in Figure 8. The design of the ADS574 guarantees that the
A, input may be toggled at any time with no damage to the
converter; the outputs which are tied together in Figure 8
cannot be enabled at the same time. The A input is usually
driven by the least significant bit of the address bus, allow-
ing storage of the output data word in two consecutive
memory locations.
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FIGURE 3. R/C Pulse Low—Outputs Enabled After Conver-
sion.
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FIGURE 4. R/C Pulse High — Outputs Enabled Only While

S/H CONTROL MODE
AND ADC574 EMULATION MODE

The basic difference between these two modes is the
assumptions about the state of the input signal both before
and during the conversion. The differences are shown in
Figure 9 and Table VI. In the Control Mode it is assumed
that during the required 4us acquisition time the signal is not
slewing faster than the slew rate of the ADS574. No
assumption is made about the input level after the convert
command arrives, since the input signal is sampled and
conversion begins immediately after the convert command.

This means that a convert command can also be used to
switch an input multiplexer or change gains on a program-
mable gain amplifier, allowing the input signal to settle
before the next acquisition at the end of the conversion.
Because aperture, jitter is minimized by the internal sample/
hold circuit, a high input frequency can be converted without
an external sample/hold.

In the Emulation Mode, no assumption is made about the
input signal prior to the convert command. A delay time is
introduced between the convert command and the start of
conversion to allow the ADS574 enough time to acquire the
input signal before converting. The delay increases the
effective aperture time from 0.02us to 4ps, but allows the
ADSS574 to replace the ADC574 in any circuit. Any slewing

R/C Is High. of the analog input prior to the convert command in existing
SYMBOL PARAMETER MIN TYP MAX UNITS
tinL Low R/C Pulse Width 25 ns
tos STS Delay from R/C 200 ns
tion Data Valid After R/C Low 25 ns
b High R/C Pulse Width 100 ns
toon Data Access Time 150 ns
TABLEIV. Stand-Alone Mode Timing. (T, =T, to T, ).
SYMBOL PARAMETER MIN TYP MAX UNITS
Convert Mode
toso STS delay from CE 60 200 ns
Y CE Pulse width 50 30 ns
tese CS to CE setup 50 20 ns
CS low during CE high 50 20 ns
tonc R/C to CE setup 50 0 ns
ture R/C low during CE high 50 20 ns
tsnc A, to CE setup 0 ns
tunc A, valid during CE high 50 20 ns
Read Mode
too Access time from CE 75 150 ns
to Data valid after CE low 25 35 ns
ta Output float delay 100 150 ns
teen CS to CE setup 50 0 ns
ter R/C to CE setup 0 ns
tan to CE setup 50 25 ns
tisr S valid after CE low 0 ns
L. R/C high after CE low 0 ns
tian A, valid after CE low 50 ns
tis STC delay after data valid 300 400 1000

TABLE V. Timing Specifications, Fully Controlled Operation. (T, = T, to T
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FIGURE 5. Conversion Cycle Timing. FIGURE 6. Read Cycle Timing. %
Word 1 Word 2 8
Processor | DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DBi | DBO DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO =
Converter | DB11 |DB10 | DB9 | DB8 | DB7 | DB6 | DB5 | DB4 DB3 | DB2 | DB1 [ DBO | © 0 0 0 o)
—
FIGURE 7. 12-Bit Data Format for 8-Bit Systems. E
—
=
STATUS |28 —= O
_ — &)
fE 12/8 DB11 (MSB) |27 <
L 2 <L
o § "] 0 = &
]
Address 2 Data Q
Bus Bus N
129 72
2] e
ADS574 o w
2] =
w 5
19 >
18 <
7] 9
DBO (LSB) —1-6_‘ o
. [a]
Digital Common _1_5J‘—:L 2
FIGURE 8. Connection to an 8-Bit Bus.
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systems (due to multiplexers, sample/holds, etc. in front of
the converter) does not affect the accuracy of the ADS574
conversion in the Emulation Mode.

In both modes, as soon as the conversion is completed the
internal sample/hold circuit immediately begins slewing to
track the input signal.

Basically, the Control Mode is provided to allow full use of
the internal sample/hold, eliminating the need for an exter-
nal sample/hold in most applications. As compared with
systems using separate sample/hold and A/D, the ADS574
in the Control Mode also eliminates the need for one of the
control signals, usually the convert command. The com-
mand that puts the internal sample/hold in the hold state also
initiates a conversion, reducing timing constraints in many
systems.

The Emulation Mode allows the ADS574 to be dropped into
almost all existing ADC574 sockets without changes to any
other existing system hardware or software. The input to the
ADSS574 in the Emulation Mode does not need to be stable
before a convert command is received, so that multiplexers,
programmable gain amplifiers, etc., can be slewing quickly
any time before a convert command is given as long as the
analog input to the ADS574 is stable after the convert
command is received, as it needs to be in existing ADC574
systems for accurate operation. In fact, even in the Emula-

tion Mode, system throughput can be speeded up, since the
input to the ADS574 can start slewing before the end of a
conversion (after the acquisition time), which is not possible
with existing ADC574s.

INSTALLATION

LAYOUT PRECAUTIONS

Analog (pin 9) and digital (pin 15) commons are not con-
nected together internally in the ADS574, 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.

If the single-point system common cannot be established
directly at the converter, pin 9 and pin 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.

S/H CONTROL MODE ADC574 EMULATION MODE
(Pin 11 Connected to +5V) (Pin 11 Connected to 0V to -15V)
SYMBOL PARAMETER MIN TYP MAX MIN TYP MAX UNITS
tatte Throughput Time:
12-bit Conversions 22 25 22 25 ps
8-bit Conversions 16 18 16 18 us
1 Conversion Time:
12-bit Conversions 18 18 us
8-bit Conversions 12 12 us
ta Acquisition Time 4 4 ps
te Aperture Delay 20 © 4000 ns
1, Aperture Uncertainty 0.3 30 ns
TABLE VL. Conversion Timing, T\, to T, .
i
R/C }k
i
| s '
— |~ tap
S/H Control Mode Signal . Signal
Pin 11 connected to +5V. Acquisition | Conversion Acquisition
1
|t =, t ,
e
ADC574 Emulation Mode* Signal 1 . Signal
Pin 11 connected to Ve or ground. Acquisition | Conversion /T\Acquisition
|
—= taq I=—
*In the ADC574 Emulation Mode, a convert command triggers a delay that
allows the ADS574 enough time to acquire the input signal before converting.

FIGURE 9. Signal Acquisition and Conversion Timing.
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FIGURE 10. Unipolar Configuration.
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FIGURE 11. Bipolar Configuration.

If the 10V analog input range is used (either bipolar or
unipolar), the 20V range input (pin 14) should be shielded
with ground plane to reduce noise pickup.

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 as close as
possible to the ADS574.

BURR-BROWN®
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POWER SUPPLY DECOUPLING

On the ADS574, +5V (to Pin 1) is the only power supply
required for correct operation. Pin 7 is not connected inter-
nally, so there is no problem in existing ADC574 sockets
where this is connected to +15V. Pin 11 (V) is only used
as a logic input to select modes of control over the sampling
function as described above. When used in an existing
ADCS574 socket, the ~15V on pin 11 selects the ADC574
Emulation Mode. Since pin 11 is used as a logic input, it is
immune to typical supply variations.

ADS574

The +5V supply should be bypassed with a 10pF tantalu
capacitor located close to the converter to promote nois:n

free operations, as shown in Figure 2. Noise on the powe;
supply lines can degrade the converter’s performance. Noise
and spikes from a switching power supply are especially
troublesome.

RANGE CONNECTIONS

The ADS574 offers four standard input ranges: 0V to +10V,
0V to +20V, +5V, or +10V. Figures 10 and 11 show the
necessary connections for each of these ranges, along with
the optional gain and offset trim circuits. If a 10V input
range is required, the analog input signal should be con-
nected 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. Pin 12 (Bipolar Offset) is
connected either to Pin 9 (Analog Common) for unipolar
operation, or to Pin 8 (2.5V Ref Out), or the external
reference, for bipolar operation. Full-scale and offset adjust-
ments are described below.

The input impedance of the ADS574 is typically 84k€ in the
20V ranges and 21kQ in the 10V ranges. This is signifi-
cantly higher than that of traditional ADC574 architectures,
reducing the load on the input source in most applications.

INPUT STRUCTURE

Figure 12 shows the resistor divider input structure of the
ADSS574. Since the input is driving a capacitor in the CDAC
during acquisition, the input is looking into a high imped-

Pin 14 68kQ
20V Range O-——\f\f\/\——
i 34kQ )
10V Range Fin 18 , | Capacitor
Array
34kQ
Pin 12 17kQ
Bipolar
Offset 10k

FIGURE 12. ADS574 Input Structure.

2.137

A/D CONVERTERS, DATA ACQUISITION COMPONENTS



For Immediate Assistance, Contact Your Local Salesperson

ance node as compared with traditional ADC574 architec-
tures, where the resistor divider network looks into a com-
parator input node at virtual ground.

To understand how this circuit works, it is necessary to
know that the input range on the internal sampling capacitor
is from OV to +3.33V, and the analog input to the ADS574
must be converted to this range. Unipolar 20V range can be
used as an example of how the divider network functions. In
20V operation, the analog input goes into pin 14. Pin 13 is
left unconnected and pin 12 is connected to analog common
pin 9. From Figure 12, it is clear that the input to the
capacitor array will be the analog input voltage on pin 14
divided by the resistor network (68kQ + 68kQ Il 17kQ). A
20V input at pin 14 is divided to 3.33V at the capacitor
array, while a OV input at pin 14 gives OV at the capacitor
array.

The main effect of the 10kQ internal resistor on pin 12 is to
provide offset adjust response the same as that of traditional
ADCS574 architectures without needing to change the exter-
nal trimpot values.

SINGLE SUPPLY OPERATION

The ADS574 is designed to operate from a single +5V
supply, and handle all of the unipolar and bipolar input
ranges, in either the Control Mode or the Emulation Mode as
described above. Pin 7 is not connected internally. This is
where +12V or +15V is supplied on traditional ADC574s.
Pin 11, the —12V or -15V supply input on traditional
ADC574s, is used only as a logic input on the ADS574.
There is a resistor divider internally on pin 11 to reduce that
input to a correct logic level within the ADS574, and this
resistor will add 10mW to 15mW to the power consumptionof
the ADS574 when —15V is supplied to pin 11. To minimize
power consumption in a system, pin 11 can be simply
grounded (for Emulation Mode) or tied to +5V (for Control
Mode.)

There are no other modifications required for the ADS574 to
function with a single +5V supply.

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 ADS574 as shown in Figures 10 and 11 for unipolar
and bipolar operation.

CALIBRATION PROCEDURE—
UNIPOLAR RANGES

If external adjustments of full-scale and offset are not
required, replace R, in Figure 10 with a 50, 1% metal film
resistor, omitting the other adjustment components. Connect
pin 12 to pin 9.

If adjustment is required, connect the converter as shown in
Figure 10. Sweep the input through the end-point transition
voltage (OV + 1/2LSB; +1.22mV for the 10V range, +2.44mV
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
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, replace the potentiometers in Figure 11 by
5092, 1% metal film resistors.

If adjustments are required, connect the converter as shown
in Figure 11. 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
15V range, -9.9976V for the £10V range). Adjust R, for
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.

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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ADS602

FEATURES

® LOW LINEARITY ERROR

® SAMPLE RATE: 1MHz

® INPUT RANGES: 5V, OV to +10V

©® COMPLETE SUBSYSTEM: Contains
Sample/Hold and Reference

@ 32-PIN CERAMIC DIP PACKAGE

DESCRIPTION

The ADS602 is a high-speed successive approxima-
tion analog-to-digital converter with internal sample/
hold amplifier. This unique design utilizes a bipolar
technology with on-chip thin film resistors to preserve
analog accuracy and a high-speed CMOS chip to
perform digital logic control. Outstanding linearity,
noise, and dynamic range are achieved by this con-
verter design. The ADS602 is thoroughly tested for
dynamic performance.

The ADS602 is complete with internal reference,
clock, and comparator and is packaged in a 32-pin
ceramic DIP. Sample rate is set at the factory to
1MHz. Performance is guaranteed with no missing

Reference
12-Bit D/A

12-Bit 1MHz Sampling
ANALOG-TO-DIGITAL CONVERTER

Offset Adjust
Unipolar/Bipolar Control Q © © Gain Adjust

A/D CONVERTERS, DATA ACQUISITION COMPONENTS H ADS602

N

APPLICATIONS
@ DIGITAL SIGNAL PROCESSING
® HIGH-SPEED DATA
ACQUISITION SYSTEMS
® MEDICAL INSTRUMENTATION
® ANALYTICAL INSTRUMENTATION
® TEST AND IMAGING SYSTEMS
® WAVEFORM ANALYZERS

codes over the input voltage, power supply, and oper-
ating temperature range. The gain and offset errors are
laser trimmed to specification. Optionally they may be
externally adjusted to zero.

The user can switch between unipolar (OV to +10V)
and bipolar (£5V) operation through one digital logic
level input.

Output codes are available in complementary binary

for unipolar inputs and complementary offset binary
for bipolar inputs.

All digital input and output are TTL-compatible. Power
supply requirements are +15V and +5V.

Convert
@ ' ] O Gommand
[
é 12-Bit :> Parallel
o Successive Approx Digital
Register (SAR) Output

|——O Status

Comparator
+

Analog Viy  1kQ
Signal O—AW\V—4
Input "

Switch

Sample/Hold Command

Driver

International Airport Industrial Park  «  Mailing Address: PO Box 11400
Tel: (602) 746-1111 « Twx:910-952-1111 . Cable: BBRCORP

+ Tucson, AZ 85734
«  Telex: 066-6491

+ Street Address: 6730 S. Tucson Blvd. - Tucson, AZ 85706
Immediate Product Info: (800) 548-6132

+ FAX:(602) 889-1510 -+

BURR - BROWN®
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SPECIFICATIONS

ELECTRICAL

Tease = +25°C, 1MHz sampling rate, £V, = 215V, +V;;, = +5V, and 6-minute warm-up in a normal convection environment unless otherwise noted.

ADS602JG ADS602KG
PARAMETER CONDITIONS . MIN TYP MAX MIN TYP MAX UNITS
RESOLUTION ) 12 * Bits
ANALOG CHARACTERISTICS
INPUTS
Voitage Ranges: Bipolar Full Scale (FSR) "2 -5 +5 * * v
Unipolar Full Scale (FSR) 2 0 +10 * * v
Input Resistance 1 * kQ
Input Capacitance 5 10 * * pF
TRANSFER CHARACTERISTICS
STATIC ACCURACY
Gain Error @4 +0.2 +0.3 0.1 0.2 % of FSR
Input Offset Error ¢ 4: Unipolar +0.1 +0.8 * 0.4 % of FSR
Bipolar 0.1 +0.6 * 0.4 % of FSR
Integral Linearity Error 1.2 15 0.9 1.25 LsSB
Differential Linearity Error 1.2 15 0.9 1.256 LSB
No Missing Codes Guaranteed *
Power Supply Rejection of Offset and Gain AV, =110% +0.0036 0.5 * * %FSR/%V,
A £V, =+10% +0.001 05 . * [%FSR/%V,,
CONVERSION CHARACTERISTICS .
Sample Rate Without User Adjustment DC ™ * * samples/s
Power Supply Rejection of Conversion Time A +Vp, =15% +1 * ns/%Vyp
DYNAMIC CHARACTERISTICS (The pling f y [f] = 1MHz and the input signal level = —0.5dB, unless otherwise stated.)
Differential Linearity Error® i, = 480kHz, 68% of All Codes 0.35 0.25 LSB
99% of All Codes 0.6 05 LsSB
100% of All Codes 1.2 0.9 1.25 LSB
Spurious Free Dynamic Range f, = 10kHz 74 . -86 76 dB
f, = 480kHz 68 -73 -70 dB
Total Harmonic Distortion® f, = 10kHz -79 -83 -75 dBc
f, = 480kHz ~70 =72 =70 dBc
Two-Tone Intermodulation Distortion © f, = 90kHz and 110kHz (-6.5dB) =77 * . dBc
Signal-to-Noise and Distortion f, = 10kHz 7 70 72 dB
(SINAD) Ratio f, = 480kHz 63 64 67 dB
Signal-to-Noise Ratio (SNR) f, = 10kHz 7 70 73 dB
f, = 480kHz 67 67 69 dB
Analog Input Bandwidth (—3dB)
Small Signal —20dB Input 16 * MHz
Full Power 0dB Input 4 * MHz
DIGITAL CHARACTERISTICS
INPUT | I
Logic Family TTL-Compatible CMOS * * *
Convert Command Logic Voltages Logic Low 0 +0.8 * * \
Logic High +2 +Voo * * 1
Convert Command Currents Logic Low -150 * uA
Convert Command High Level When Converting * * *
OUTPUT
Logic Family TTL-Compatible CMOS * > >
Bits 1 through 12, Status Logic Low, |, = 3.2mA +0.1 +0.4 > * \"
Logic High, Iy, = =1mA +2.7 +4.9 * * \
Internal Clock Frequency 17 * MHz
Status Low Level When Data Valid * * *
POWER SUPPLY REQUIREMENTS
Supply Voltages: +V Operating +14.25 +15 +15.76 * * * \
Ve -14.25 -15 -15.756 * * * v
+Vip +4.75 +5 +5.25 * * * mA
Supply Currents: +l Operating 26 © 30 * * mA
~loe -110 -140 * * mA
+p 60 80 - . mA
Power Consumption Operating 23 2.8 * * w
Thermal Resistance, 6,.® 8.7 * °C/W

* Specification same as ADS602JG.

Thei ion provided herein is d 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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SPECIFICATIONS (ConT)

ELECTRICAL (FULL TEMPERATURE SPECIFICATIONS)

Vg = 15V, +V = +5V, and 6-minute warm-up in a normal convection environment unless otherwise noted.

ADS602JG ADS602KG
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
TEMPERATURE RANGE SPECIFICATION Tease 0 +70 * * °C
TRANSFER CHARACTERISTICS
STATIC ACCURACY
Gain Error @ 0.2 0.5 0.1 +0.4 % of FSR
Input Offset Error @: Unipolar +0.1 +0.8 * $0.4 % of FSR
Bipolar +0.1 10.6 M 10.4 % of FSR
Integral Linearity Error 1.25 15 1 1.25 LSB
Differential Linearity Error 1.256 15 1 1.256 LsSB
No Missing Codes Guaranteed *
Power Supply Rejection of Offset and Gain ' +0.0036 | 05 . * %FSR/%V,,
+0.001 0.5 * * %FSR/%V,,
CONVERSION CHARACTERISTICS
Sample Rate Without User Adjustment DC ™ * > samples/s
Power Supply Rejection of Conversion Time A +Vy, = 5% +1 * ns/%Vy,
DYNAMIC CHARACTERISTICS (The sampling frequency [f] = 1MHz and the input signal level ~ —0.5dB, unless otherwise stated.)
Differential Linearity Error f = 480kHz, 68% of All Codes 0.35 0.25 LSB
99% of All Codes 0.7 0.6 LsB
100% of All Codes 1.3 1 1.25 LSB
Spurious Free Dynamic Range f, = 10kHz 73 85 7 dB
f, = 480kHz 62 65 dB
Total Harmonic Distortion f, = 10kHz -81 -83 -70 dBc
fo = 480kHz -63 —65 dBc
Two-Tone Intermodulation Distortion ™ f. = 90kHz and 110kHz (-6.5dB) =77 -79 dBc
Signal-to-Noise and Distortion f, = 10kHz 7 68 70 dB
(SINAD) Ratio f, = 480kHz 63 64 dB
Signal-to-Noise Ratio (SNR) fs = 10kHz 7 70 73 dB
fo = 480kHz 67 67 69 dB
Analog Input Bandwidth (-3dB)
Small Signal ~20dB input 16 * MHz
Full Power 0dB 4 * MHz
DIGITAL CHARACTERISTICS
INPUT
Logic Family TTL-Compatible CMOS * * *
Convert Command Logic Voltages Logic Low 0 +0.8 * * v
Logic High +2 +Vio * * v
Convert Command Currents Logic Low -150 * pA
Convert Command High Level When Converting * * *
OUTPUT
Logic Family TTL-Compatible CMOS * * *
Bits 1 through 12, Status Logic Low, |y = 3.2mA +0.1 +0.4 * > \
Logic High, 1, = —1mA +2.7 +4.9 * * \
Internal Clock Frequency 17 * MHz
Status Low Level When Data Valid * * *
POWER SUPPLY REQUIREMENTS
Supply Voltages: +V, Operating +14.25 +15 +15.75 * * * A
“Vee -14.25 -15 -15.75 * * * \
+Vip +4.75 +5 +5.25 * * * mA
Supply Currents: +l, Operating 26 30 * * mA
e -110 -140 . N mA
+loo 60 80 * * mA
Power Consumption Operating 23 2.8 * * w
Thermal Resistance, 6,,® 8.7 * °C/W

* Specification same as ADS602JG.

NOTES: (1) Over or under range on the analog input results in ¢

or

digital output. (2) FSR = Full Scale Range. (3) Adjustable to zero.

(4) If gain and offset adjust pins are not used, they should be grounded. (5) See Typical Performance Curves. (6) dBc = level referred to carrier input signal
=~ -0.5dB of full scale; f, = input frequency, f; = sampling frequency. (7) IMD is referred to the larger of the two input test signals. If referred to the peak envelope
signal (=0dB), the intermodulation products will be 6dB lower. (8) Temperature ranges refer to case temperature. Thermal resistance was measured on a small
(5" diameter) handwired circuit board, with the test device in a zero-insertion-force socket. Thermal resistance will be lower if the ADS602 is soldered into the
PC board, a ground plane is used directly underneath the package, multiple PC board layers are used, or forced air cooling is employed. Use heat sinking if
necessary to keep the case at specified and operating temperatures.

BURR - BROWN®
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PIN CONFIGURATION
MsB)Bit1 [1] [32] Common (Analog)
Bit2 [2 ] [31] +Veg (+15V) Analog
Bita [3 [— [30] Vg (-15V) Analog
Bit4 IZ—-— z Unipolar/Bipolar Control
Bit5 E E Common (Input Signal)
Bit 6 IE-IL g <. Z Common (Analog)
+Vpp (+5V) Digital IZ % é% | 26| Offset Adjust Input
Common (Digital) EJ 9 @E [25]  Analog Signal Input
Make No External Connection E T -° z Gain Adjust Input
Status [10] 23] Ve (-15V) Analog
Bit7 |11} 2] +Vyp (+5V) Digital
gits [12|— [21] Common (Digital)
Bito [13] [20] 4V (+15V) Analog
Bit 10 E E Make No External Connection
Bit 11 E E Convert Command
Bit 12 IE I Clock | - E Make No External Connection

ABSOLUTE MAXIMUM RATINGS

ORDERING INFORMATION

Vo, +18V
+Vio +7V
Digital Inputs +5.5V
Analog Inputs Voo
Case Temperature +125°C
Junction Temp re +150°C
Storage Temperature —65°C to +150°C
Stresses above these ratings may permanently damage the device.

PACKAGE INFORMATION®

PACKAGE DRAWING

MODEL PACKAGE NUMBER

ADS602JG 32-Pin Ceramic 153

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

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

2.142

Basic Model Number
Performance Grade Code

Package Code

ADS602

—

T

J, K: 0°C to +70°C Case Temp Ire

G: Ceramic Bottom Braze

BURR - BROWN®
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TYPICAL PERFORMANCE CURVES

1V =15V, 4V, = +5V, 1MHz sampling rate, 6-minute warmup, and T, = +25°C unless otherwise noted.
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PIN DEFINITIONS

PIN NUMBER DESIGNATION DESCRIPTION
1-6 and 11-16 Bit 1 to Bit 12 12-bit parallel output data.
10 Status Conversion status strobe is high during data conversion, low when parallel data is valid.
18 Convert Command High transition starts conversion, and should remain high during conversion. Low will reset clock and SAR
logic. Rising edge may be used to latch data from previous conversion.
24 Gain Adjust Input Allows gain error to be externally adjusted to zero. Ground this pin if it is not used.
25 Analog Signal Input Signal input to internal S/H amplifier.
26 Offset Adjust Input Allows offset error to be externally adjusted to zero. Ground this pin if it is not used.
29 Unipolar/Bipolar Control | Ground on this pin engages unipolar operation (OV to +10V). Leaving this pin open engages bipolar (+5V).

The ADS602 is a sampling A/D converter that employs a
successive approximation architecture. The ideal transfer
function for an ADS602 in the bipolar mode is described in
Figure 1. Initial gain and offset errors may be adjusted to
zero, gain drift over temperature rotates the transfer function
about —full scale end point, and offset drift shifts the transfer
function left or right over the operating temperature range.
Integral linearity error is the deviation of an actual bit
transition from the best fit straight line transfer function of
the converter. A differential linearity error of 0.012% means
that the width of each bit step over the range of the converter
is 1LSB, +0.5LSB. The ADS602 is guaranteed to have no
missing codes over its temperature range.

INSTALLATION AND
OPERATING INSTRUCTIONS

BASIC CONNECTION

The basic connection for the ADS602 is shown in Figure 2.
It is shown connected for +5V bipolar operation. For unipo-
lar operation, pin 29 should be grounded.

INTERFACING

The ADS602 has an impedance of approximately 1k; there-
fore, to maintain gain accuracy it must be driven from a low
impedance source. The digital output lines should be buff-
ered by a latch such as the 74AS574. These three-state
drivers can then be connected directly to the data bus.

LAYOUT PRECAUTIONS

The ADS602 is a high-speed sampling analog-to-digital
converter which requires more attention to circuit board
layout than general purpose lower speed A/D converters.

The ADS602 has two pins for analog common, two pins for
digital common, and two pins for each power supply input.
Each pair of these pins must be connected together since
they are not connected together internally. Connecting all
commons to a ground plane close to the ADS602 is the best
method to maximize performance. The ground plane mini-
mizes noise and provides additional heat dissipation.
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All Bits Off
000...000 -~ [

000...001 -

. Gain -

g T Error < :

BestFit T % |
11...110 L

2 0 Straight Line | 77\ :
011,111

o ~1/2LSB |

5 100..000 " A P

3 100..001 | Apise |

K] 1

kS, 1

g 100...010 L. Offset - 1 :

i

|

111110 L :

11,111 !

T . On_ !

) En
All Bits On . \:
(—FSR) / Analog Input FsR
2 £ 1LSB)
2
*See Table | for digital code definitions.

FIGURE 1. Input vs Output for an Ideal Bipolar A/D Con-

verter.

ANALOG INPUT
VOLTAGE RANGE 15V 0V TO +10V
Code Designation CcoB ™ csB @
One Least
Significant Bit (LSB) 2.44mV 2.44mV
Transition Values
MSB LSB @

111111

111...110 -5V + 1/2LSB oV + 1/2LSB

100...000

011..111 —1/2LSB +5 — 1/2LSB

000...001

000...000 +5 - 3/2LSB 10V - 3/2LSB
NOTES: (1) COB = complementary offset binary. (2) CSB = complemen-
tary straight binary. (3) Voltages given are the nominal value for the
transition from the next code.

TABLE I. Input Voltages, Transition Values, LSB Values,
and Code Definitions.
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POWER SUPPLY DECOUPLING
AND POWER SUPPLY SENSITIVITY

The +15V and +5V power supply pins should be bypassed
with a 10uF tantalum capacitor as shown in Figure 2. Pin 30
requires bypassing with a 150pF tantalum capacitor. These
capacitors should be located close to the ADS602 supply
pins. Ceramic 0.01pF bypass capacitors have been provided
internally for more effective bypassing and need not be
added externally.

Changes in the DC power supply voltages will affect accu-
racy. Regulated power supplies with 1% or less ripple are
recommended for use with the ADS602. Power supply
decoupling helps to keep ripple low.

POWER DISSIPATION

The ADS602 dissipates approximately 2.3W. The package
has a junction-to-case thermal resistance (6,.) of 8.7°C/W

and a case-to-ambient thermal resistance (6,,) of 13.7°C/W
in a normal convection environment.

OPTIONAL EXTERNAL GAIN
AND OFFSET ADJUSTMENTS

Gain and offset errors may be trimmed to zero using external
trim potentiometers as shown in Figure 2. Multiturn poten-
tiometers with 100ppm/°C temperature coefficient are rec-
ommended for minimum drift. If the gain adjust or offset
adjust pins are not used, they must be grounded to meet the
specified accuracy.

DYNAMIC PERFORMANCE TESTING

The ADS602 is a high performance sampling A/D converter
and careful attention to test techniques is necessary to
achieve accurate results. Spectral analysis by application of
a fast Fourier transform (FFT) to the ADC digital output will
provide data on important dynamic performance parameters.

+5 +15 -15
VvDC VvDC vDC
150pF
. _'_”1 TTL Octal Latch
. . >ll M with 3-State Output
1+ 1] L]
I—o . * >-| I +5V a
I + ! + ﬁ
1 [ ©
v 7| 22| 20| 31 v 20|0-1F °
23| 30 ] 9 12
D
Bit 1 Q MSB
2 8 13
Analog 25 . Bit2 D Q
0___
+15V  Input Analog Signal Input 5 "
29 Bipolar/Unipolar Enable Bit3 3
2 74AS
100kQ Offset Adjust 4 6| 574_|15
24 Bit4 D a
Gain Adjust
= . L} 5 16
::z ﬁ Input Signal Common Bit5 b Q
+
4 17
Bite | 5 a
100kQ $=— 11 (100 1 [%
3-State
Control
-1V ADS602 +5V
+
E’::\:Z: External Convert‘ High Level' 20 0_11}
Pulse() (100ns min) Starts Conversion
Command git7| 1 8fp o2
18| Convert mal12 | 8y |3
Command
741502 Bito |43 | 7 e 14
574
5] staus pit1o[14 1 815 > g 115
» 15 5 16
W = Analog and Digital Ground Piane Bit 11 D a
Digital Analog A
Commons Commons Bit 12 |16 4 DC Q 7
* All supply bypass capacitors are
10uF tantalum unless otherwise noted. 8 ‘_2_1_ &ﬂ 1 1‘iﬂ\
3-State
Control
(1) See Timing Diagram. v \%
FIGURE 2. ADS602 Application Circuit.
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Dynamic Performance Definitions
1. Signal-to-Noise-and-Distortion Ratio (SINAD):

sinewave signal power

10 log — - - -
noise + harmonic power (first 9 harmonics)

2. Signal-to-Noise Ratio (SNR):
sinewave signal power

10 1
o8 noise power

3. Total Harmonic Distortion (THD):

harmonic power (first 9 harmonics)

10 o,
¢ sinewave signal power

4. Spurious Free Dynamic Range (SFDR):
largest harmonic power

10 log sinewave signal power

5. Intermodulation Distortion (IMD):
highest IMD product power (to 5th order)

10 lo;
d sinewave signal power

IMD is referred to the larger of the test signals f1 or 2. Five
“bins” either side of peak are used for calculation of funda-
mental and harmonic power. The “0” frequency bin (DC) is
not included in these calculations as it is of little importance
in dynamic signal processing applications.

TIMING CONSIDERATIONS

In addition to the timing details in Figure 3, the following list
contains some important timing considerations for the
ADS602:

1. When power is first applied, the convert command should
be held low or below the +5V supply to prevent latch up.

2. The rising edge of the convert command pulse initiates a
conversion. This convert command should remain high until
the Status falls (i.e., the internal ADC is finished convert-
ing). A simple circuit that provides the correct convert
command (pin 18) pulse length, is shown in Figure 2.

3. The ADS602 goes directly into the “hold” mode when a
convert command signal is given. The Status falls approxi-
mately 780ns later, indicating that the conversion is com-
plete. At this time, the sample-hold (internal to the ADS602)
enters the track mode. The ADS602 will remain in the track
mode until the next convert command is given.

4. The data from conversion “N” can be latched directly by
the convert command pulse “N + 1”. This approach is
illustrated in Figure 2. The falling edge of Status may be
used to latch the data; however, Status must be delayed by
ty, (see Figure 3) plus the external latch (74AS574) setup
time.

t
External CoH
Convert / /__\
Command
(Refer to Figure 2) ~ ——» ’._ tec
— ~——tcony
Gonvert Command Start Conversion \ /| start Conversion
Signal to Pin 18 “@nr “N g 17
(Refer to Figure 2)
tse
Status Output M A/D Converting
—_— -——— t1:;|
_ e
Data Valid —\ Data Invalid / Data Invalid
“N-1” Data Valid ) \ “N" Data Valid >—"—‘_
Internal /—
T Hol
Sample/Hold Track / Hold \ rack old
Timing
MIN TYP MAX
e 100ns External convert command pulse width.*
tee 780ns
toony 1us Convert command minimum period.
o 17ns 50ns Status low to data valid.
o 780ns Convert command to status low.
toy 11ns 20ns Convert command to data invalid.

FIGURE 3. ADS602 Logic Timing Diagram.
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BURR - BROWN®

ADS605

DEMO BOARD
AVAILABLE
See Appendix A for
more information.

12-Bit 1T0MSPS
ANALOG-TO-DIGITAL CONVERTER

FEATURES

® COMPLETE, SELF-CONTAINED DESIGN

® HIGH SPURIOUS-FREE DYNAMIC RANGE:
76dBc at Nyquist

@ LOW DNL ERROR: 0.5 LSB
® HIGH SNR: 65dB at Nyquist
® SINGLE-ENDED TRACK/HOLD

©® WIDEBAND TRACK/HOLD:
32MHz Full Power Bandwidth

® LOW DRIFT REFERENCE: 20ppm/°C
® LOW POWER: 1.4W
® COMPACT 28-PIN DIP PACKAGE

DESCRIPTION

The ADS605 is a high performance sampling analog-
to-digital converter complete with a track/hold, low
drift reference and internal timing. The wideband
track/hold has a user-friendly single-ended input. Its
robust, no compromise, design yields EXCELLENT
NYQUIST PERFORMANCE for key specifications
like spurious free dynamic range, SNR and differential

APPLICATIONS

® MEDICAL IMAGING

® CCD IMAGING

® COMMUNICATIONS

® RADAR

® TEST INSTRUMENTATION

® HIGH SPEED DATA ACQUISITION
® PHOTOGRAPHIC IMAGING

® IR IMAGING

® SPECTRUM ANALYSIS

linearity. Both DC and dynamic specifications are
guaranteed.

The ADS605 is packaged in a 28-pin hermetic DIP
package. The logic interface is TTL. The DEM-
ADS605 demonstration board is available to quickly
evaluate this high performance device.

MSB Digital-to-
Flash Analog
Encoder Converter

Signal L Sample/
Input Hold

|
Digital
FLISBh Eror | _ 12bi
E asd " Corrector Digital
neode (Adder) Output

.

International Airport Industrial Park +  Mailing Address: PO Box 11400
Tel: (602) 746-1111  +  Twx: 910-952-1111 . Cable: BBRCORP

« Tucson, AZ 85734
+  Telex: 066-6491

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

+ FAX:(602) 889-1510 -« Immediate Product info: (800) 548-6132

A/D CONVERTERS, DATA ACQUISITION COMPONENTS H ADS605

BURR - BROWN®
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FULL TEMPERATURE SPECIFICATIONS

ELECTRICAL
T =0°C to +70°C case temperature, f; = 10MHz, +V = +5V, -V, = -5.2V, convert command “high” pulse width = 42ns, unless otherwise specified.
ADS605H ADS605HB
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
RESOLUTION 12 * Bits
ANALOG INPUT
Voltage Range +1.0 * v
Impedance 1.5 * MQ
Capacitance 5 * pF
CONVERSION CHARACTERISTICS
Sample Rate Range DC 10 * " MHz
Throughput Rate 10 * MHz
Pipeline Delay One Convert Command Period
Start Up Time to Rated Accuracy 1 * minute
DC ACCURACY
Integral Linearity Error f = 100kHz +2.0 +1.7 125 LSB®™
Differential Linearity Error fiy = 100kHz 0.6 [-0.99, +1.5 0.5 |-0.99, +1.0 LsB
No Missing Codes fi = 100kHz Guaranteed Guaranteed
Gain Error@ DC 0.9 +1.25 0.7 +1.0 %FSR
Bipolar Zero Error® DC 0.2 +0.75 0.1 +0.3 %
Power Supply Sensitivity
+Vg +4.75V < +Vg < +5.25V +0.002 +0.05 +0.001 +0.05 %FSR
-V —4.75V < V5 < -5.46V +0.002 +0.05 +0.001 +0.05 %FSR
AC ACCURACY Input Signal within 1dB of Full Scale ’
Spurious-Free Dynamic Range i = 100kHz 73 78 78 82 dBFS®
fo = 5SMHz 67 73 71 76 dBFS
Total Harmonic Distortion i = 100kHz =75 =70 -80 ~75 dBFS
fiy = 5SMHz -70 -67 -74 -70 dBFS
Signal-to-(Noise+Distortion). Ratio f = 100kHz 61 65 64 67 dBc
i = SMHz 60 63 62 65 dBc
Signal-to-Noise Ratio fiy = 100kHz 62 64 65 67 dB
fi = SMHz 61 63 63 64 . dB
Differential Linearity Error fn = 5SMHz +0.8 |-0.99, +1.5 +0.6 +0.85 LSB
No Missing Codes f = SMHz Guaranteed Guaranteed
Full-Power Bandwidth® 32 * MHz
SAMPLING DYNAMICS
Aperture Delay 1.0 * ns
Aperture Jitter 3 * ps rms
Overvoltage Recovery® 96 200 * * ns
CONVERT INPUT
Pulse Width 30 42 * * ns
Logic Levels
A -0.15 +0.8 - . v
Vi +2.0 Vo, + 0.15 * * v
I +750 * uA
I 1750 * pA
DIGITAL OUTPUTS Parallel 12-bits
Data Format Binary Two’s Complement
Data Coding
Voo lgng = 1.6MA +0.5 * \
Von Isource = BOMA 2.4 * v
POWER SUPPLIES
Specified Performance
+Vg +4.75 +5 +5.25 * * * \Z
+lg +60 +100 . . mA
-Vs -5.46 -5.2 -4.75 * * * v
s -200 +220 . . mA
Power Dissipation 1.35 1.7 * 1.5 w
TEMPERATURE RANGE
Specified Performance Case Temperature 0 +70 * > °C
6)c Junction-to-Case 10 * °C/W
Oca Case-to-Ambient 28 * °C/W

NOTES: (1) LSB means Least Significant Bit. For the 12-bit, 1.0V input ADS605, one LSB is 488uV. (2) Adjustable to zero with external potentiometer. (3) Gain
error scale error is the worst case of —Full Scale or +Full Scale untrimmed deviation from ideal first and last code transitions, divided by the transition voitage (not
divided by the full-scale range) and includes the effect of offset error. (4) dBFS is dB relative to a full-scale +1.0V input. (5) Full-Power Bandwidth defined as the
—3dB frequency of the Track/Hold referred to as Full Scale. (6) Recovers to specified performance after 2 x FS input overvoltage.

BURR - BROWN®
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NOTE: (1) Stresses above these ratings may permanently damage the device.

PACKAGE INFORMATION®

PACKAGE DRAWING
MODEL PACKAGE NUMBER
ADS605H 28-Pin Ceramic DIP 237
ADS605HB 28-Pin Ceramic DIP 237

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

PIN CONFIGURATION PIN DESCRIPTION
Top View DIP PIN NUMBER NAME DESCRIPTION
1 Analog +V +5V
Bit1 Most Significant Bit
3 Bit 2
4 Bit3
R N — 5 Bit 4 o
+VgA| 1 28 | Ground 6 Bit5 (=]
o — 7 Bit6 o
Bit1| 2 27 | Viy 8 Bit 7 w
Bit2| 3 26 | Ground S Bit8 (@]
] == 10 Bit 9 <
Bit3| 4 25 | -VgA 11 Bit 10
— — 12 Bit 11
Bit4| 5 24 | -VgA 13 Bit 12 Least Significant Bit
e —1 14 Data Strobe Rising edge can be used to
Bit5| 6 | 23 | Ground latch data into external
N (5 ] latches.
Bit6 ; ADS605 i Vos 15 Ground n
Bit7| 8 21 | Gain 16 Conv Convert Command. A rising -
L =— edge on this input initiates | 22
Bit8| 9 20 | Ground conversion.
e — 17 Digital +V +5V %‘I
Bit9 |10 | 19 |-VsD 18 Digital Vg -5.2v o)
) PVl ] 19 Digital -V,
Bit10 ; ; VgD 20 Ground o
Bit 1112 17 [ +VgD 21 Gain Gain Ad]yst Input E
= — 22 Vos Offset Adjust Input
Bit12|13 16 | Conv 23 Ground (@)
= — 24 Analog Vg 5.2V o
Data Strobe | 14 15 | Ground 25 Analog —Vg 5.2V
T [ 26 Ground z
27 Vin Analog Input. Full scale range o
is £1.0V ~
28 Ground [
—
24
ORDERING INFORMATION 8
%ﬁﬂi H ()
ABSOLUTE MAXIMUM RATINGS Basic Model Number —I— (&)
+Vg 27V Package Code <
-V, v H: Metal and Ceramic <L
Analog Input 2.5V Performance Grade Code =
Logic Input ~0.5V to +Vs No letter or "B": 0°C to +70°C Case Temperature <
Case Temp +100°C Q
Junction Temp: +165°C
Storage Temperature -65°C to +125°C U)"
-
8

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 PERFORMANCE CURVES

T =0°C to +70°C case temperature, f; = 10MHz, +V; = +5V, =V = =5.2V, convert command “high” pulse width = 42ns, unless otherwise specified.

1MHz SPECTRAL PERFORMANCE 2MHz SPECTRAL PERFORMANCE
0 0
-20 -20
@ 40 @ —40
A =
@ (]
S 60 R
= =
£ £
< -80 < -80
—100 -100 | I |
-120 -120
0 1.0 2.0 3.0 4.0 5.0 0 1.0 2.0 3.0 4.0 5.0
Frequency (MHz) Frequency (MHz)
2MHz SPECTRAL PERFORMANCE
4.7MHz SPECTRAL PERFORMANCE WITH A 5MHz SAMPLING RATE
0 0
-15
-30 —20
-4
g™ g 40
S 60 s
(3 @
27 S -60
a 4 | S
g %0 i £
T < 80
—12
120 100 T T
—-135
-150 -120
0 1.25 25 3.75 5.0 0 0.5 1.0 15 2.0 25
Frequency (MHz) Frequency (MHz)
2MHz SPURIOUS FREE DYNAMIC RANGE
TWO-TONE INTERMODULATION DISTORTION . vs TEMPERATURE
0 100
-20 80
& —40 &
) 2 60
g 3
é -60 =
g g )
< -80
-100 20
-120 0
0 1.0 2.0 3.0 4.0 5.0 —40 -20 0 20 40 60
Frequency (MHz) Temperature (°C)
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TYPICAL PERFORMANCE CURVES (con)

T = 0°C to +70°C case temperature, f; = 10MHz, +V, = +5V, -V, = -5.2V, convert command “high” pulse width = 42ns, unless otherwise specified.

5MHz SPURIOUS FREE DYNAMIC RANGE

vs TEMPERATURE
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2 40
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TYPICAL PERFORMANCE CURVES (conm)

T = 0°C to +70°C case temperature, f; = 10MHz, +V; = +5V, -V, = 5.2V, convert command “high” pulse width = 42ns, unless otherwise specified.

100kHz SIGNAL-TO-NOISE RATIO

vs TEMPERATURE vs TEMPERATURE
80 80 i
|
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c 40 * 40
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20 20
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—40 -20 0 20 40 60 80 —40 —20 0 20 40 60 80
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TYPICAL PERFORMANCE CURVES (con)

T =0°C to +70°C case temperature, f; = 10MHz, +V; = +5V, -V = -5.2V, convert command “high” pulse width = 42ns, unless otherwise specified.

2MHz SINAD vs TEMPERATURE
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~— 1o
CONVERT N N+1
COMMAND 4/
~—tny
OUTPUT Invalid Invalid
DATA Data “N —1” Valid Data Data “N” Valid Data
g |
DATA
STROBE
INTERNAL . Convert . Convert
OPERATION Acauire Cycle N % Acquire Cycle N + 1
1Y T tag—
FIGURE 1. ADS605 Timing Diagram.
SYMBOL DESCRIPTION MIN TYP | MAX BINARY TWO'S
N INPUT VOLTAGE COMPLEMENT (BTC)
Convert Command Pulse Width 30ns 42ns
;C:V Data Invalid Period 1ons 5ns (Exact Center of Code) OUTPUT CODING
s Data Strobe Rising Edge 65ns 75ns | 85ns +FS (+1.0V) 011111111111
taa Acquisition Time 30ns +FS - 1LSB 011111111111
1t Quantizer Time 70ns +FS - 2LSB 011111111110
+3/4 Full Scale 011000000000
TABLE 1. Timing Specifications. +1/2 Fult Scale 010000000000
+1/4 Full Scale 001000000000
+1LSB 000000000001
Bipolar Zero (0V) 000000000000
THEORY OF OPERATION -iLsB 1111111
—1/4 Full Scale 111000000000
The ADS605 is a two-step subranging analog-to-digital ~1/2 Full Scale 110000000000
converter. Conceptually, the subranging technique is simple: :i’; f‘:"Lcha'e }g;gggggggg?
sample and hold the input signal, convert to digital with a —FS (-1.0V) 100000000000
coarse ADC, convert back to analog with a coarse-resolution MSB LSB

(but high accuracy) DAC, subtract this voltage from the
T/H output, amplify this “remainder,” convert to digital with
second coarse ADC, and combine the digital output from the
first ADC with the digital output from the second ADC. In
practice, however achieving high conversion speed without
sacrificing accuracy is a difficult task.

The analog input signal is sampled by a high-speed track/
hold amplifier with low distortion, fast acquisition time and
very low aperture uncertainty (jitter).

Internal timing circuits (ECL logic is used internally) supply
all the critical timing signals necessary for proper operation
of the ADS605. Timing signals are laser-trimmed for both
pulse width and delay. ECL logic is used internally for its
speed, low noise characteristics and timing delay stability
over a wide range of temperatures and power supply volt-
ages.

The ADS605 timing technique generates a variable width
T/H gate pulse which is determined by the conversion
command pulse period minus a fixed 70ns ADC conversion
time. ADS605 conversion rates are therefore possible some-
what above the 10MSPS specification but acquisition time is
sacrificed and accuracy is rapidly degraded.

2.154

TABLEII Coding Table for the ADS605. One LSB =488uV.

DISCUSSION OF
PERFORMANCE

DYNAMIC PERFORMANCE TESTING

The ADS605 is a very high performance converter and
careful attention to test techniques is necessary to achieve
accurate results. Spectral analysis by application of a fast
Fourier transform (FFT) to the ADC digital output will
provide data on all important dynamic performance param-
eters: spurious free dynamic range (SFDR), signal-to-noise
ratio (SNR), signal-to-noise-and-distortion ratio (SINAD),
and intermodulation distortion (IMD).

Highly accurate phase-locked signal sources allow high
resolution coherent FFT measurements to be made without
using window functions. By choosing appropriate signal
frequencies and sample rates, an odd integral number of
signal frequency periods can be sampled. Because no spec-
tral leakage results, a rectangular window (no window func-
tion) can be used. This was used to generate the typical FFT
performance curves.

BURR - BROWN®
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If generators cannot be phase-locked and set to extreme
accuracy, every low side-lobe window must be applied to
the digital data before executing an FFT. A commonly used
window such as the Hanning window is not appropriate for
testing high performance converters; a minimum four-sample
Blackman-Harris window is strongly recommended. To as-
sure that the majority of codes are exercised in the ADS605,
a minimum 4096 point FFT should be taken.

APPLICATIONS

The following points must be followed carefully in order to
accurately test the precision ADS605:

1. The ADC analog input must not be overdriven. Using a
signal amplitude slightly lower than FSR will allow a
small amount of “headroom” so that noise or DC offset
voltage will not overrange the AC+DC and “hard limit”
on signal peaks.

2. Two-tone tests can produce signal envelopes that exceed
FSR. Set each test signal to slightly less than —6dB to
prevent “hard limiting” on peaks.

3. Two-tone testing will require isolation between test sig-
nal generators to prevent IMD generation in the test
generator output circuits. An active summing amplifier

using an OPA642 is shown in Figure 2. This circuit will
provide excellent performance from DC to 10MHz with
harmonic and intermodulation components typically bet-
ter than —85dBc. A passive (hybrid transformer) signal
combiner can also be used (Figures 3 and 4) over a range
of about 0.1MHz to 30MHz. This combiner’s port-to-port
isolation will be approximately 45dB between signal
generators and its input-output insertion loss will be
about 6dB. Distortion will be better than —85dBc for the
powdered-iron core specified.

10 turns #24 AWG bifilar wound

on Amidon FT 50-43 toroid core. 50Q
4990 Out @__L
500 49.9Q
n WA ’ o) I (e
I
= 1
49.9Q 1

Bandwidth: =~ 1MHz to =~ 30MHz
In-to-In Isolation: ~ 45dB at SMHz In
In-to-Out Loss: 6dB =

FIGURE 3. Passive Signal Divider.

402Q
Optional transmission line
402Q back-termination resistor;
50Q In @ increases insertion loss by 6dB.
r +5V ‘l
[———= ==
i | |
- = | 49.9Q |
OPA642 t ; ——0) 50Q
4020 L __ 1 Output
50Q1n (© YW /l
i L - )
FIGURE 2. Active Signal Combiner.
1 1
2 2 BT
L]
LG R R B
2 2

10 turns #26 AWG bifilar wound on AMIDON FT50-43 core

Impedance = 1:1

FIGURE 4. Transformer Details.
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4. The signal source must be filtered to provide a clean,

- harmonic-free input to the ADS605. This signal source

must have exceptional noise performance to achieve
accurate SNR measurements.

5. The analog input of the ADS605 should be terminated
directly at the input pin sockets with the correct filter
terminating impedance (50Q or 75Q), or it should be
driven by a low output impedance buffer such as an
OPAG642. Short leads are necessary to prevent digital
noise pickup.

6. The convert command must be generated form a low jitter
source. The convert command high time can range from
30ns to 42ns. A 50% convert command duty cycle will
lead to excessive noise coupling in the converter. A high
jitter convert command source will add significant noise
to the system results. An HP8644A generator is a good
clock source. Short leads are necessary to preserve fast
TTL rise times.

7. The digital data at the output of the ADS605 must be
buffered externally prior to latching. A buffered TTL 12-
bit register such as two 74F574s is recommended. This
data can be latched using the DATA STROBE pulse or
the convert command pulse. The latches should be
mounted on PC boards in very close proximity to the
ADS605. Avoid long leads.

8. A well-designed, clean PC board layout will assure
proper operation and clean spectral response. Proper
grounding and bypassing, short lead lengths, separation
of analog and digital signals, and the use of ground
planes are particularly important for high frequency
circuits. Multilayer PC boards are recommended for best
performance, but a two-sided PC board with large, heavy
ground planes can give excellent results, if carefully
designed.

9. Prototyping “plug boards” or wire-wrap boards will not
be satisfactory.

2.156

10. Connect analog and digital ground pins of the ADS605
directly to the ground plane. In our experience, connect-
ing these pins to a common ground plane gives the best
results. Analog and digital power supply commons should
be tied together at the ground plane.

11. Power supplies should be bypassed with 0.1uF and
2.2UF capacitors. The 0.1uF monoblock capacitors should
be placed on the topside of the PC board as close to the
pin as your manufacturing process allows.

12. If using a cable to drive the input of the ADS605, avoid
reflections down the cable that could degrade dynamic
performance by placing a 3dB -attenuator at the end of
the cable. The input amplitude may be doubled to main-
tain signal amplitude.

OFFSET AND GAIN ADJUSTMENT

The ADS605 is carefully laser-trimmed to achieve its rated
accuracy without external adjustments. If desired, both gain
error and input offset voltage error may be trimmed to zero
with external potentiometers by using the application cir-
cuits in Figure 5. Trim range is typically +2.0% for gain and
+2.0% for offset. If gain and offset trim is not used, pins 21
and 22 should be grounded.

THERMAL REQUIREMENTS

The ADS605 is tested and specified over a case temperature
range of 0°C to +70°C. The converter is tested in a forced-
air environment with a 10 SCFM air flow. At extended
temperatures, heat sinking may be required. The thermal
resistances (6. and 6.,) of the ADS605 package are
10°C/W and 28°C/W, respectively, measured to the under-
side of the case.

BURR - BROWN®
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FIGURE 9. DEM-ADS605 Bottom PCB Layer. Interconnect, Top View.
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o
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402Q

402Q

\%

FIGURE 10. A Low Distortion or Low Power Amplifier Front End for the ADS605.

300Q X 300Q

W

+5V

1 l 1uF
o I Tantalum
T~ :

OPA678>———— ADS605

| I“) l1pF
Tantal
y l :___E antalum

v

Channel “A” Input

Channel “B” Input

TTL 5
Channel Select

300Q 300Q

NOTE: (1) 0.1pF to 1.0uF, ceramic mono-block, located at package pin.

FIGURE 11. TTL-Controlled Input Multiplexer with Gain of +2V/V in Front of the ADS605.
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402Q

402Q
— W3
OPA642 < ADS605

RT
Common-mode 402Q
noisy grounds

|/

+ 402Q

A4 250

FIGURE 12. A Differential Amplifier Input for Rejecting Common-Mode Ground Noise.
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ADS610

PRELIMINARY INFORMATION
SUBJECT TO CHANGE
WITHOUT NOTICE

14-Bit 10MHz Sampling
ANALOG-TO-DIGITAL CONVERTER

FEATURES

® HIGH SPURIOUS-FREE DYNAMIC RANGE:
90dB AT Nyquist

@ WIDE FULL-POWER BANDWIDTH:
40MHz

® HIGH SIGNAL-TO-NOISE RATIO: 77dB
® NO MISSING CODES AT 14 BITS

@ PIN CONSISTENT WITH ADS703, ADS704:
(16-Bit 2.5MHz, 18-Bit 500kHz)

® +1.25V ANALOG INPUT RANGE
® LOW POWER: 2.5 Watts
® SMALL HERMETIC PACKAGE: 0.6" x 2.0"

DESCRIPTION

The ADS610 is a very high speed, highly integrated
14-bit sampling A/D converter. It is designed for
superior performance and low noise.

The ADS610 is a two-step subranging design contain-
ing a quantizer, sample/hold amplifier, voltage refer-
ence and timing circuitry in a slim 40-pin package. It
is pin consistent with the ADS703 (16-bit 2.5MHz)

APPLICATIONS

©® COMMUNICATIONS SIGNAL PROCESSING
® RADAR SIGNAL PROCESSING

® CCD IMAGING

©® MAGNETIC RESONANCE IMAGING

® ULTRASOUND SIGNAL PROCESSING

® AUTOMATIC TEST EQUIPMENT

® HIGH SPEED DATA ACQUISITION

and the ADS704 (18-bit 500kHz) sampling ADC’s,
allowing the user to choose easily between speed and
resolution. A convenient TTL-compatible logic inter-
face is provided.

A demonstration board (DEM-ADS610) is available
for quick evaluation.

International Airport Industrial Park +  Mailing Address: PO Box 11400

Switchable- L Digital )
Signal Sample/ Gain “lgabsl:r“ Error [1)?:13;
Input Hold Difference Encodar Corrector 09{ t
Amplifier Precision (Adder) utpu
Reference
S/H A/D
Output ! 7 Input
Digital-to
I Analog
Converter

+ Tucson, AZ 85734

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

Tel: (602) 746-1111 « Twx:910-952-1111 . Cable: BBRCORP + Telex: 066-6491 -« FAX:(602)889-1510 + Immediate Product Info: (800) 548-6132
BURR - BROWN®
2.162
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SPECIFICATIONS

T,=+25°C, +Vg = +5V, -V =-5.2V, £1.25V Input Range, Sampling Rate = 10MHz unless otherwise noted.

ADS610H ADS610HB
PARAMETER CONDITIONS TEMPERATURE | MIN TYP MAX MIN TYP MAX UNITS
RESOLUTION 14 * Bits
TEMPERATURE RANGE: H, HB TAMBIENT —40 +70 B * °C
ANALOG INPUT
Full Scale Input Range -1.25 +1.25 * * \
Input Impedance 0.3x10%2}|2 * Qll pF
DIGITAL INPUTS |
Logic Family TTL/HCT Compatible *
Convert Command Start Conversion Convert Command Rising Edge *
Pulse Width t = Conversion Period 10 t-20 * * ns
CONVERSION CHARACTERISTICS
Sample Rate DC 10M * * Samples/s
Data Latency 1 * Convert Cycle
DC ACCURACY
Gain Error +25°C 0.3 0.7 0.2 05 % FSR
Full ppm/°C
Input Offset +25°C 0.4 0.7 0.2 0.5 % FSR
Full ppm/°C
Power Supply Rejection Delta +Vg = 5% Full +0.03 +0.07 * * % FSR/%
Delta -Vg = 5% Full +0.01 +0.07 * * % FSR/%
DYNAMIC CHARACTERISTICS
No Missing Codes Full Guaranteed Suaranteed
Differential Linearity Error
f = 8kHz +25°C 0.8 1.5 0.6 0.8 LSB
Full 0.8 15 0.6 1.0 LsB
f=5MHz +25°C 0.9 2.0 0.6 1.0 LSB
Full 0.9 2.0 0.7 1.0 LSB
Integral Linearity Error +25°C 0.9 15 0.7 1.0 LSB
Full 14 2.0 1.2 1.5 LsB
Spurious Free Dynamic Range (SFDR)
f = 8kHz (—1dBFS Input) +25°C 83 87 90 92 dBFS
Full 82 86 87 91 dBFS
f = 5.0MHz (~1dBFS Input) +25°C 83 86 90 91 dBFS
Full 82 85 87 90 dBFS
Two-Tone Intermodulation Distortion
f = 4.4 and 4.5MHz (-7dB each tone) +25°C -86 -91 dBFS
Full -85 -90 dBFS
Signal-to-Noise Ratio (SNR)
f = 8kHz (-1dBFS Input) +25°C 70 76 75 79 dB
Full 70 75 75 78 dB
f = 5.0MHz (-1dBFS Input) +25°C 70 75 75 77 dB
Full 70 74 75 77 dB
SINAD
f = 8kHz (~1dBFS Input) +25°C 69 75 74 78 dB
Full 69 74 74 77 dB
f = 5.0MHz (—-1dBFS Input) +25°C 69 74 74 77 dB
Full 69 74 74 77 dB
Qutput Noise Input Grounded +25°C 0.6 * LSBrms
Aperture Delay Time +25°C 5 * ns
Aperture Jitter +25°C 5 * ps rms
Analog Input Bandwidth (-3dB)
Small Signal —~20dB Input +25°C 120 * MHz
Full Power 0dB Input +25°C 40 * MHz
Overload Recovery Time 2x Full Scale Input +25°C 1 * us
OUTPUTS
Logic Family TTL Compatible *
Logic Coding Logic Selectable SOB or COB *
Logic Levels
Logic “LO” lo < 3.2mA Full 0 05 . . v
Logic “HI" low < 8ORA Full 4 4.9 . . v
3-State Enable/Disable Time Full 10 25 * * ns
BURR - BROWN®
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SPECIFICATIONS(CONT)

T, =+25°C, +Vg = +5V, -V =-5.2V, +1.25V Input Range, Sampling Rate = 10MHz unless otherwise noted.

ADS610H ADS610HB
PARAMETER CONDITIONS TEMPERATURE | MIN TYP MAX MIN TYP MAX UNITS
POWER SUPPLY REQUIREMENTS
Supply Voltages: +Vg Operating Full +4.75 +5.0 +5.25 * * * \
Vg Full -5.46 -5.2 -4.94 * * * v
Supply Currents: +lg Operating Full 125 * mA
—Is Full 375 * mA
Power Consumption Full 25 2.75 * * w
Oc TBD TBD °C/W
O Still Air TBD TBD °CIW
ABSOLUTE MAXIMUM RATINGS PACKAGING INFORMATION®™
W L6V PACKAGE DRAWING
—V: 0.3V to 6V MODEL PACKAGE NUMBER
Logic Inputs 0Vto-5.5V ADS610H, HB | 40-Pin, 0.6" Wide Hermetic DIP 214
Junction Temperatur +165°C
Storage Temperature —65°C to +165°C NOTE: (1) For detailed drawing and dimension table, please see end of data
Lead T Idering, 10s) +300°C sheet, or Appendix D of Burr-Brown IC Data Book.
NOTE: Stresses above these ratings may permanently damage the device.
ORDERING INFORMATION
PIN CONFIGURATION ADSE10 H ()
Top View Dip Basic Model Number
Package Code
Bit1] 1 ’70_ GND Performance Grade Code
=4 ﬁ No letter or “B” = —40°C to +70°C Ambient Temperature
Bit2| 2 39 [ Analog Input
sia s 50 +sv
= —
Bit4 li_ 37 | GND
= —
Bit5| 5 36 |-5V
L] hal
—] —
Bit6| 6 35 | Reference Input
Bit7 ’7 E‘L Reference Output
Bit8| 8 33 | Ref (Gain) Adjust
— —
Bit9| 9 32 |GND
Bit 10 \ﬁ 31 | Offset Adjust
1 ——
Bit 11 [ 11 30 {+5V
Bit12 |12 29 [GND
Bit13|13 28 [-5V
Bit 14 | 14 27 |-5V
No Internal Connection | 15 26 |GND
No Internal Connection | 16 25 [+5V
No Internal Connection | 17 }i Test/Trim Enable
No Internal Connection | 18 23 | Polarity Control
Over/Underrange | 19 22 |OUTPUT ENABLE
Convert Command | 20 21 |GND

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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TIMING DIAGRAM

teony

~—teon—| ~—tccL—

S T v (LAY

Internal

Track/Hold _ | Hold N . Track Hold N +1
State D
L0
w
TTL Output Output Data N-2 Output Data N-1
Data £

Ons 10ns 20ns 30ns 40ns 50ns 60ns 70ns 80ns 90ns 100ns 120ms 130ns 140ns 150ns 160ns

SYMBOL DESCRIPTION MIN TYP MAX UNITS
tcon Convert Command Period 100 ns
tooH Convert Command Pulse Width High 20 tconv —20 ns
tecu Convert Command Pulse Width Low 20 toony —20 ns
toy Data Valid After Convert Command 40 63 ns
tx Data Valid Before Convert Command 20 37 ns

NOTE: The time scale applies for a 10MHz conversion rate. The “$” indicates the part of timing waveform that
will “stretch out” at slower conversion rates. ’
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BURR - BROWN®

ADS703

PRELIMINARY INFORMATION

SUBJECT TO CHANGE
WITHOUT NOTICE
16-Bit 2.5MHz Sampling
ANALOG-TO-DIGITAL CONVERTER
FEATURES APPLICATIONS

® HIGH SPURIOUS-FREE DYNAMIC RANGE:
92dB AT 1MHz

® HIGH SNR: 90dB AT 1MHz
@ NO MISSING CODES AT 16 BITS
©® LOW NONLINEARITY: +1LSB

® PIN CONSISTENT WITH ADS610, ADS704:
(14-Bit 10MHz, 18-Bit 500kHz)

@ +2.5V ANALOG INPUT RANGE
® LOW POWER: 2.75Watts
® SMALL HERMETIC PACKAGE: 0.6" x 2.0"

DESCRIPTION

The ADS703 is a very high speed, highly integrated 16-
bit sampling A/D converter. It is designed for superior
linearity, low noise and wideband spectral performance.

The ADS703 is a three-step subranging design contain-
ing a quantizer, sample/hold amplifier, voltage refer-
ence and timing circuitry in a slim 40-pin package. It is
pin consistent with the ADS610 (14-bit 10MHz) and the

® MEDICAL IMAGING

@ SPECTRUM ANALYZERS

® IR SPECTROMETERS

® CCD IMAGING

® ULTRASOUND SIGNAL PROCESSING
® SONAR SIGNAL PROCESSING

©® AUTOMATIC TEST EQUIPMENT

® HIGH SPEED DATA ACQUISITION

ADS704 (18-bit 500kHz) sampling ADC’s, allowing
the user to choose easily between speed and resolution.
A convenient TTL-compatible logic interface is pro-
vided.

A demonstration board (DEM-ADS703) is available
for quick evaluation.

Switchable- e Digital N
Signal .| Sample/ Gain “Felal:":v" Error E)?I?;
Input Hold Difference Encoder Corrector OG: t
Amplifier Precision (Adder) uipu
Reference
SH AD l
Output ! T Input
: Digital-to
oot Analog

Converter

International Airport Industrial Park +  Mailing Address: PO Box 11400 « Tucson, AZ 85734 + Street Address: 6730 S. Tucson Blvd. - Tucson, AZ 85706

Tel: (602) 7461111+ Twx:910-952-1111 + Cable:BBRCORP - Telex:066-6491  FAX:(602)889-1510 -« Immediate Product Info: (800) 548-6132
BURR - BROWN®
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SPECIFICATIONS

T, =+25°C, +Vg = +5V, -V =-5.2V, £2.5V Input Range, Sampling Rate = 2.5MHz unless otherwise noted.

ADS703H ADS703HB
PARAMETER CONDITIONS TEMPERATURE | MIN TYP | MAX | MIN TYP MAX UNITS ™
RESOLUTION 16 * Bits o
TEMPERATURE RANGE: H, HB TamBiENT —40 +70 * * °C ('TJ
ANALOG INPUT Q
Full Scale Input Range -2.5 +2.5 * * \'
Input Impedance 0.3x 10122 * Q|| pF <
DIGITAL INPUTS
Logic Family TTL/HCT Compatible *
Start Conversion Convert Command Rising Edge *
Convert Command Pulse Width t = Conversion Period 10 t-20 * * ns
CONVERSION CHARACTERISTICS
Sample Rate Full DC 2.5M * * Samples/s m
Data Latency 1 > Convert Cycle "'
DC ACCURACY z
Gain Error +25°C 03 0.7 0.2 0.5 % FSR Ilu
Full 04 07 0.2 05 % FSR =2
Input Offset +25°C 04 0.7 0.2 0.5 % FSR O
Full 0.4 0.7 0.3 0.5 % FSR n-
Power Supply Rejection Delta +Vg = 5% Full +0.03 +0.07 * * % FSR/%
Delta Vg = 5% Ful 001 | +0.07 . © | %Fsre | =
DYNAMIC CHARACTERISTICS O
No Missing Codes +25°C Guaranteed Guaranteed O
Full Typical Guaranteed
Differential Linearity Error z
f= 8kHz +25°C 08 | 15 06 10 LsB (@)
Full 0.8 1.5 0.7 1.0 LSB _—
f=1.0MHz +25°C 0.9 1.5 0.7 1.0 LSB ':
Full 0.9 15 0.8 1.0 LSB m
Integral Linearity Error —
f =8kHz +25°C 0.0025 | 0.004 0.0015 | 0.0025 % FSR :
Full 0.003 | 0.006 0.002 0.003 % FSR 0
Spurious Free Dynamic Range (SFDR)
f = 8kHz (—1dBFS Input) +25°C 88 94 100 102 dBFS o
Full 85 92 97 100 dBFS <L
f = 1.0MHz (-1dBFS Input) +25°C 85 88 90 92 dBFS
Full 82 86 87 90 dBFS <
Two-Tone Intermodulation Distortion |—
f=1.0 and 1.1MHz (-7dB each tone) +25°C -88 -91 dBFS <
Full -86 -90 dBFS (o
Signal-to-Noise Ratio (SNR) -
f = 8kHz (-1dBFS Input) +25°C 86 91 90 93 dB w
Full 85 91 89 93 dB I
f = 1.0MHz (-1dBFS Input) +25°C 84 88 87 91 dB
Ful 83 87 86 90 dB i
SINAD o
f = 8kHz (~1dBFS Input) +25°C 85 90 89 92 dB m
Full 84 90 88 92 dB Ll
1= 1.0MHz (~1dBFS Input) +25°C 84 89 87 91 dB >
Full 83 88 86 920 dB z
Output Noise Input Grounded +25°C 1 * LSBrms
Aperture Delay Time +25°C 5 * ns O
Aperture Jitter +25°C 5 * ps rms o
Analog Input Bandwidth (-3dB)
Small Signal —20dB Input +25°C 30 * MHz Q
Full Power 0dB Input +25°C 5 . MHz E
Overload Recovery Time 2x Full Scale Input +25°C 2 * us
OUTPUTS
Logic Family TTL/HCT Compatible *
Logic Coding Logic Selectable SOB or COB *
Logic Levels
Logic “LO” Full 0 0.5 * * v
Logic “HI" Full 4 4.9 * * \
3-State Enable/Disable Time Full 10 25 * * ns
BURR - BROWN®
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SPECIFICATIONS(CONT)

T, =+25°C, +Vg = +5V, =V =-5.2V, 2.5V Input Range, Sampling Rate = 2.5MHz unless otherwise noted.

ADS703H ADS703HB
PARAMETER CONDITIONS TEMPERATURE | MIN TYP MAX MIN TYP MAX UNITS
POWER SUPPLY REQUIREMENTS .
Supply Voltages: +Vg Operating Full +4.75 +5.0 +5.25 * > * Vv
Vg Full -5.46 -5.2 —4.94 * * * v
Supply Currents: +lg Operating Full 200 * mA
g Full 300 * mA
Power Consumption Full 275 29 > * w
O TBD . W
Oa Still Air TBD . °C/W
ABSOLUTE MAXIMUM RATINGS PACKAGING INFORMATION®
Vs 6V PACKAGE DRAWING
Vg 0.3V to -6V MODEL PACKAGE NUMBER
Logic Inputs 0V to -5.5V ADS703H, HB | 40-Pin, 0.5" Wide Hermetic DIP 214
Junction Temg Ire +165°C
Storage Temperature —65°C 10 +165°C NOTE: (1) For detailed drawing and dimension table, please see end of data
Lead Temperature (soldering, 10s) +300°C sheet, or Appendix D of Burr-Brown IC Data Book.
NOTE: Stresses above these ratings may permanently damage the device.
ORDERING INFORMATION
PIN CONFIGURATION ADSTO3 H ()
Top View pip Basic Model Number
Package Code
L ] Performance Grade Code
Bit1 ; i GND No letter or “B” = —40°C to +70°C Ambient Temperature
Bit2| 2 39 | Analog Input
oE = ELECTROSTATIC
Bit4 | 4 37 |GND
its| 5 | a6 |-sv DISCHARGE SENSITIVITY
Bit6 | 6 35 | Reference Input This integrated circuit can be damaged by ESD. Burr-Brown
Bt7] 7 34 | Reference Output recomends that. all mte.grated circuits be handled leth,ap-
== = propriate precautions. Failure to observe proper handling and
Bit8 |8 | | 33 | Ref (Gain) Adjust installation procedures can cause damage.
Bit9 é i GND ESD damage can range from subtle performance degradation
Bit10 {10 31 | Offset Adjust to complete device failure. Precision integrated circuits may
git11 11| 30 | 45v be more susceptible to damage because very small parametric
— = changes could cause the device not to meet its published
Bit12 |12 | 29 | GND specifications.
Bit13 |13 28 -6V
Bit14 114 27 | -5V
Bit15|15 26 {GND
Bit16 |16 25 | +6V
No Internal Connection | 17 24 | Test/Trim Enable
No Internal Connection | 18 23 | Polarity Control
Over/Underrange | 19 22 |OUTPUT ENABLE
Convert Command | 20 21 {GND
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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TIMING DIAGRAM

tcony
toy tx o
- |=tecn - =t g
ommand __ 1L \\\\\\\\\\\\\\Q AEERRL v ALEERRATARVRRRVARRRANRY 2

Ons 50ns 100ns  150ns  150ns 200ns 250ns 300ns 350ns 400ns 450ns 5000ns 550ns  600ns

SYMBOL DESCRIPTION MIN TYP MAX UNITS
teony Convert Command Period 400 ns
tov Data Valid After Convert Command 200 250 ns
ty Data Valid Time Before Convert Command 50 150 ns
teen Convert Command Pulse Width High 20 tcony —20 ns
tocL Convert Command Pulse Width Low 20 toony =20 ns

NOTE: The timescale applies for a 10MHz conversion rate. The "§{' indicates the part of the timing waveform that
will "stretch out” at slower conversion rates.

A/D CONVERTERS, DATA ACQUISITION COMPONENTS
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BURR - BROWN®

ADS704

PRELIMINARY INFORMATION
SUBJECT TO CHANGE
WITHOUT NOTICE

18-Bit 500kHz Sampling
ANALOG-TO-DIGITAL CONVERTER

FEATURES

® HIGH SPURIOUS-FREE DYNAMIC RANGE:
100dB AT Nyquist

@ HIGH SNR: 96dB

® NO MISSING CODES AT 18 BITS

©® LOW NONLINEARITY: +0.0015%

® PIN CONSISTENT WITH ADS610, ADS703:
(14-Bit 10MHz, 16-Bit 2.5MHz)

@ 2.5V ANALOG INPUT RANGE
® LOW POWER: 2.75Watts
® SMALL HERMETIC PACKAGE: 0.6" x 2.0"

DESCRIPTION

The ADS704 is a very high speed, highly integrated 18-
bit sampling A/D converter. It is designed for superior
linearity, low noise and wideband spectral performance.

The ADS704 is a three-step subranging design contain-
ing a quantizer, sample/hold amplifier, voltage refer-
ence and timing circuitry in a slim 40-pin package. It is
pin consistent with the ADS610 (14-bit 10MHz) and the

APPLICATIONS

® MEDICAL IMAGING

©® SPECTRUM ANALYZERS

® IR SPECTROMETERS

® CCD IMAGING

® ULTRASOUND SIGNAL PROCESSING
® SONAR SIGNAL PROCESSING

©® AUTOMATIC TEST EQUIPMENT

® HIGH SPEED DATA ACQUISITION

ADS703 (16-bit 2.5MHz) sampling ADC’s, allowing
the user to choose easily between speed and resolution.
A convenient TTL-compatible logic interface is pro-
vided.

A demonstration board (DEM-ADS704) is available
for quick evaluation.

International Airport Industrial Park + Mailing Address: PO Box 11400

. Swilch'able- 8-Bit Digital 18-Bit
S;ggtal: S?_‘rgﬂe/ Dif?earg‘nce “Flash® CoEr:;?:rtor Digial
h Encoder Output
Amplifier Precision (Adder)
Reference
S/H AD
Output ! 1 Input

Digital-to-
Analog
Converter

+ Tucson, AZ 85734

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

Tel: (602) 746-1111 + Twx:910-952-1111 « Cable: BBRCORP + Telex: 066-6491 -+ FAX:(602)889-1510 + Immediate Product Info: (800) 548-6132
—
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SPECIFICATIONS

T,=+25°C, +Vg = +5V, -V = -5.2V, +2.5V Input Range, Sampling Rate = 500kHz unless otherwise noted.

ADS704H ADS704HB
PARAMETER CONDITIONS TEMPERATURE MIN TYP MAX MIN TYP MAX UNITS
RESOLUTION 18 * Bits
TEMPERATURE RANGE: H, HB T AMBIENT -40 +85 * * °C
ANALOG INPUT
Full Scale Input Range 25 +2.5 * * \
Input Impedance 0.‘3 x 1012 |L2 * Q| pF
DIGITAL INPUTS | |
Logic Family TTL/HCT Compatible *
Start Conversion Convert Command Rising Edge *
Convert Command Pulse Width t = Conversion Period 10 t-20 * * ns
CONVERSION CHARACTERISTICS
Sample Rate Full DC 500k * * Samples/s
Data Latency 1 * Convert Cycle
DC ACCURACY
Gain Error Full 0.3 0.7 0.2 0.5 %FSR
Input Offset Full 0.4 0.7 0.2 05 %FSR
Power Supply Rejection A +Vg =5% Full +0.03 +0.07 * * %FSR/%
A-Vg=5% Full +0.01 +0.07 * * %FSR/%
DYNAMIC CHARACTERISTICS
No Missing Codes +25°C Guaranteed Guaranteed
Full Typical Guaranteed
Differential Linearity Error
f=8kHz +25°C 0.8 15 0.6 1.0 LsSB
Full 0.8 1.5 0.7 1.0 LsB
f = 250kHz +25°C 0.9 15 0.7 1.0 LSB
Full 0.9 1.5 0.8 1.0 LSB
Integral Linearity Error
f=8kHz +25°C 0.0025 | 0.004 0.0015 | 0.0025 %FSR
Full 0.003 0.006 0.002 0.003 %FSR
Spurious Free Dynamic Range (SFDR)
f = 8kHz (~1dBFS Input) +25°C 88 94 100 102 dBFS
Full 85 92 97 100 dBFS
f = 250kHz (-1dBFS Input) +25°C 85 88 90 92 dBFS
Full 82 86 87 90 dBFS
Two-Tone Intermodulation Distortion
f =200 and 210kHz (-7dB each tone) +25°C -88 -91 dBFS
Full -86 -90 dBFS
Signal-to-Noise Ratio (SNR)
f = 8kHz (~1dBFS Input) +25°C 90 93 91 96 dB
Full 85 91 89 94 dB
f = 250kHz (—1dBFS Input) +25°C 87 90 90 92 dB
Full 84 89 87 91 dB
SINAD
f = 8kHz (-1dBFS Input) +25°C 85 90 89 92 dB
Full 84 90 88 92 dB
f = 250kHz (—1dBFS Input) +25°C 84 89 87 91 dB
Full 83 88 86 90 dB
Output Noise Input Grounded +25°C 2 * LSBrms
Aperture Delay Time +25°C 5 * ns
Aperture Jitter +25°C 5 * ps rms
Analog Input Bandwidth (—3dB)
Small Signal —20dB Input +25°C 6 * MHz
Full Power 0dB Input +25°C 1 * MHz
Overload Recovery Time 2x Full Scale Input +25°C 2 * us
OUTPUTS
Logic Family TTL/HCT Compatible *
Logic Coding Logic Selectable SOB or COB *
Logic Levels
Logic “LO" lo.<3.2mA Full 0 05 * * %
Logic “HI” loH<pA Full 4.0 49 * . v
3-State Enable/Disable Time Full 10 25 * * ns
POWER SUPPLY REQUIREMENTS
Supply Voltages: +Vs Operating Full +4.75 +5.0 +5.25 * * * \2
-Vs Full -5.46 -5.2 —4.94 * * * \
Supply Currents: +lg Operating Full 150 * mA
—lg Full 425 * mA
Power Consumption Full 275 29 * * w
6y TBD * °C/W
N Still Air TBD * °C/W
BURR - BROWN®
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ABSOLUTE MAXIMUM RATINGS

+Vg +6V
Vs 0.3V to -6V
Logic Inputs 0V to-5.5V
Junction Temperature +165°C
Storage Temp Ire —65°C to +165°C
Lead Temperature (soldering, 10s) +300°C

NOTE: Stresses above these ratings may permanently damage the device.

Bit17 Test/Trim Enable

Bit 18 Polarity Control

Over/Underrange Output Enable

PIN CONFIGURATION
Top View DIP
Bit 1 E GND
Bit2 E Analog Input
Bit3 E +5V
Bit4 z GND
Bit5 ;g_ -5V
Bit6 E Reference Input
Bit7 17 ] Z Reference Output
Bit8 E E Ref (Gain) Adjust
Bit9 Z E GND
Bit 10 E E Offset Adjust
Bit 11 E E +5V
Bit 12 E E GND
Bit 13 E E -5V
Bit 14 ?t— ?7— -5V
Bit 15 E E GND
Bit 16 E E +5V
[17] 24
0 B8
[19] 22

Convert Command | 20

N
=

GND

PACKAGING INFORMATION®™

PACKAGE DRAWING
MODEL PACKAGE NUMBER
ADS704H, HB | 40-Pin, 0.6" Wide Hermetic DIP 214

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

ORDERING INFORMATION

ADS704 H ()

Basic Model Number
Package Code
Performance Grade Code

No letter or “B” = —40°C to +70°C Ambient Temperature

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.

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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TIMING DIAGRAM
tcony
tov tx
teew = ~
Convert 5
commana _f N LU AERRRARRERRRRREARRRRRRRRRATARARY A AL LA
Tramtermal Hold N \ Track / Hold N
State t:l:
TTL Output Output Data N-2 M Output Data N-1
Data ]
Ons 250ns 500ns 750ns 1000ns 1250ns 1500ns  1750ns  2000ns  2250ns 2500ns  2750ns  3000ns
Bovvrbororbvroebororboeorbroocboovebroocbororbvooe borer boeen b
SYMBOL DESCRIPTION MIN TYP MAX UNITS
tcony Convert Command Period 2000 ns
tocH Convert Command Pulse Width High 20 tconv—20 ns
teoL Convert Command Pulse Width Low 20 tcon—20 ns
tov Data Valid After Convert Command 800 1250 ns
tx Data Valid Before Convert Command 400 750 ns

BURR-BROWN®
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BURR - BROWN®

ADST74

Microprocessor-Compatible Sampling
CMOS ANALOG-to-DIGITAL CONVERTER

FEATURES DESCRIPTION

® COMPATIBLE WITH ADC574, ADC674 AND The ADS774 is a 12-bit successive approximation

ADC774 SOCKETS analog-to-digital converter using an innovative
® COMPLETE SAMPLING A/D WITH capacitor array (CDAC) implemented in low-power
REFERENCE, CLOCK AND CMOS technology. This is a drop-in replacement for
MICROPROCESSOR INTERFACE ADC574, ADC674, and ADC774 models in most

applications, with internal sampling, much lower power
consumption, and the ability to operate from a single
+5V supply.

©® FAST ACQUISITION AND CONVERSION:
8.5us max OVER TEMPERATURE

d |E|‘|l- I':\nllé)l‘lsl_\rTEngL)l(gi?ll‘g:‘l.sSAMPLE/HOLD The ADS774 is complete with internal clock, micro-

processor interface, three-state outputs, and internal
® GUARANTEED AC AND DC PERFORMANCE scaling resistors for input ranges of OV to +10V, 0V to

©® SINGLE +5V SUPPLY OPERATION +20V, +5V, or £10V. The maximum throughput time
©® LOW POWER: 120mW max is 8.5us over the full operating temperature range,
® PACKAGE OPTIONS: 0.6" and 0.3" DIPs including both acquisition and conversion.

SolIC Complete user control over the internal sampling func-

tion facilitates elimination of external sample/hold
amplifiers in most existing designs.

The ADS774 is available in both commercial (0°C to
+70°C) and military (-55°C to +125°C) ranges, and
requires +5V, with —15V optional. No +15V supply is
required. Available packages include 0.3" or 0.6" wide
28-pin plastic or hermetic ceramic DIPs, and 28-pin

SOICs.
control o Status
ontr o———
Inputso Control Logic
o 1
o—— |
, =
Bipolar Offset [Clock | 4£ E
-------- | E— ®
20V Range Successive @ Parallel
imati 2 Data
10V Range Approximation @
Register o] Output
2.5V Reference Comparator F
Input © @
2.5V Reference :; 25V
Output © .
Reference

International Airport Industrial Park +  Mailing Address: PO Box 11400 + Tucson, AZ85734 - Street Address: 6730 S. Tucson Blvd. « Tucson, AZ 85706
Tel: (602) 746-1111 « Twx:910-952-1111 + Cable:BBRCORP -+ Telex: 066-6491 . FAX:(602) 889-1510  Immediate Product Info: (800) 548-6132
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SPECIFICATIONS

ELECTRICAL
Tp= Tynto Tyax » Vop = +5Y, V. = =15V to +5V, sampling frequency of 117kHz, f, = 10kHz; unless otherwise specified.
ADS774JE/JH/JP/JU/SF/SH/D ADS774KE/KH/KP/KU/TF/TH
PARAMETER MIN TYP MAX MIN TYP MAX UNITS
RESOLUTION 12 * Bits
INPUTS
ANALOG
Voltage Ranges: Unipolar 0to +10, 0 to +20 \
Bipolar 45, +10 \
Impedance: 0 to +10V, 15V 8.5 12 * * kQ
+10V, 0V to +20V 35 50 * * kQ
DIGITAL (CE, CS, RIC, A,, 12/8)
Voltages: Logic 1 +2.0 +5.5 * * v
Logic 0 -0.5 +0.8 * * \
Current -5 0.1 +5 * * * pA
Capacitance 5 * pF
TRANSFER CHARACTERISTICS
DC ACCURACY
At +25°C
Linearity Error + +1/2 LsB
Unipolar Offset Error (adjustable to zero) +2 * LSB
Bipolar Offset Error (adjustable to zero) +10 +4 LsB
Full-Scale Calibration Error +0.25 * % of FS @
(adjustable to zero)
No Missing Codes Resolution 12 12 Bits
TMIN to TMAX @
Linearity Error: A, J, K Grades +1 +1/2 LSB
S, T Grades +1 +3/4 LsSB
Full-Scale Calibration Error: A, J, K Grades +0.47 +0.37 % of FS
S, T Grades +0.75 +0.5 % of FS
Unipolar Offset: A, J, K Grades +4 13 LSB
S, T Grades +4 +3 LSB
Bipolar Offset: A, J, K Grades +12 5 LSB
S, T Grades +14 +6 LsB
No Missing Codes Resolution 12 12 Bits
AC ACCURACY ©
Spurious Free Dynamic Range 73 78 76 * dB
Total Harmonic Distortion =77 72 * -75 dB
Signal-to-Noise Ratio 69 72 7 M dB
Signal-to-(Noise + Distortion) Ratio 68 71 70 * dB
Intermodulation Distortion 75 *
(Fyyy = 20kHz, F,, = 23kHz)
TEMPERATURE COEFFICIENTS &
Unipolar Offset +1 * ppm/°C
Bipolar Offset 12 * ppm/°C
Full-Scale Calibration +12 * ppm/°C
POWER SUPPLY SENSITIVITY
Change in Full-Scale Calibration®
+4.75V < Vi, < +5.25V
Max Change: J, K Grades +1/2 * LSB
S, T Grades +1 * LSB
CONVERSION TIME (including Acquisition Time)
tyg + 1 @t 25°C:
8-Bit Cycle 55 5.9 * * us
12-Bit Cycle 75 8 * * us
12-Bit Cycle, Ty to Ty 8 85 * * us
BURR - BROWN®
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SPECIFICATIONS (CONT)

ELECTRICAL

Ta=Tunt0 Tyax» Vop = +5V, Vi =—15V to +5V, sampling frequency of 117kHz, f,, = 10kHz; unless otherwise specified.

ADS774JE/JH/JP/JU/SF/SH/D ADS774KE/KH/KP/KU/TF/TH
PARAMETER MIN [ TYP I MAX MIN I TYP | MAX UNITS
SAMPLING DYNAMICS
Sampling Rate at 25°C 125 * kHz
T 10 Tuax 117 * kHz
Aperture Delay, t,,
With Vi, = +5V 20 * ns
With Vge = 0V to =15V 16 . us
Aperture Uncertainty (Jitter)
With Vg, = +5V 300 * ps, rms
With V. = 0V to —15V 10 * ns,rms
Settling time to 0.01% for 1.4 * us
Full-Scale Input Change
OUTPUTS
DIGITAL (DB,, - DB, STATUS)
Output Codes: Unipolar Unipolar Straight Binary (USB)
Bipolar Bipolar Offset Binary (BOB)
Logic Levels: Logic 0 (Ig,, = 1.6mA) +0.4 * 2
Logic 1 (lgoupce = SO0HA) +24 . v
Leakage, Data Bits Only, High-Z State -5 0.1 +5 * * * pA
Capacitance 5 * pF
INTERNAL REFERENCE VOLTAGE
Voltage +2.4 +25 +2.6 * * . " v
Source Current Available for External Loads 0.5 * mA
POWER SUPPLY REQUIREMENTS
Voltage: Ve, @ -16.5 Voo " * v
oo +4.5 +5.5 . . * \
Current: I @ (Vg = —15V) -1 * mA
o +15 +24 . . mA
Power Dissipation (T, to T,,.)
(Vee = OV to +5V) 75 120 . . mw
TEMPERATURE RANGE
Specification: J, K Grades 0 +70 * * °C
S, T Grades 55 +125 * * °C
Operating:  J, K Grades —40 +85 * * °C
S, T Grades -55 +125 * * °C
Storage Temperature Range ~65 +150 * * °C

*Same specification as ADS774JE/JH/JP/JU/SF/SH.

NOTES: (1) With fixed 502 resistor from REF OUT to REF IN. This parameter is also adjustable to zero at +25°C. (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. (3) Maximum error at T,,, and T,,,,. (4) Based on using V. = +5V,
which is the Control Mode. See the section "S/H Control Mode and ADC774 Emulation Mode." (5) Using internal reference. (6) This is worst case change in accuracy
from accuracy with a +5V supply. (7) V. is optional, and is only used to set the mode for the internal sample/hold. When V. = ~15V, I, = —1mA typ; when V..
=0V, I = +5pA typ; when V. = +5V, I = +167uA typ.

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 PACKAGE INFORMATION®
- PACKAGE DRAWING

Ve to Digital Common +Vp, 10 -16.5V MODEL PACKAGE NUMBER
V,,, to Digital Common 0Vito +7V
Analog Common to Digital Common .. Vv ADS774JE 28-pin 0.3" Plastic DIP 246
Control Inputs (CE, CS, A, 12/8, R/C) ADS774KE 28-pin 0.3" Plastic DIP 246

to Digital Common ~0.5V to V,, +0.5V ADS774JH 28-pin 0.6" Ceramic DIP 149
Analog Inputs (Ref In, Bipolar Offset, 10V, ) ADS774KH 28-pin 0.6" Ceramic DIP 149

to Analog Common +16.5V ADS774JP 28-pin 0.6" Plastic DIP 215
20V, to Analog Common +24V ADS774KP 28-pin 0.6" Plastic DIP 215
Ref Out Indefinite Short to Common, ADS774JU 28-pin SOIC 217

Momentary Shortto V, ADS774KU 28-pin SOIC 217
Max Junction Temperature +165°C ADS774SF 28-pin 0.3" Ceramic DIP 247
Power Dissipation 1000mW ADS774TF 28-pin 0.3" Ceramic DIP 247
Lead Temperature (soldering,10s) +300°C ADS774SH 28-pin 0.6" Ceramic DIP 149
Thermal Resistance, 6,, : Ceramic DIPs.. -.50°C/W ADS774TH 28-pin 0.6" Ceramic DIP 149
Plastic DIPs .... 100°C/W
SoIC 100°C/W NOTE: (1) For detailed drawing and dimension table, please see end of dat:
sheet, or Appendix D of Burr-Brown IC Data Book.
ORDERING INFORMATION
TEMPERATURE LINEARITY

MODEL PACKAGE SINAD® RANGE ERROR
ADS774JE 0.3" Plastic DIP 68dB 0°C to +70°C +1LSB
ADS774KE 0.3"Plastic DIP 70dB 0°C to +70°C +1/2LSB
ADS774JH 0.6" Ceramic DIP 68dB 0°C to +70°C +1LBB
ADS774KH 0.6" Ceramic DIP 70dB 0°C to +70°C +1/2L.SB
ADS774JP 0.6" Plastic DIP 68dB 0°C to +70°C +1LSB
ADS774KP 0.6"Plastic DIP 70d8 0°C to +70°C +1/2LSB
ADS774JU SOoIC 68dB 0°C to +70°C +1LSB
ADS774KU SOIC 70dB 0°C to +70°C +1/2LSB
ADS774SF 0.3" Ceramic DIP 68dB —-55°C to +125°C +1LSB
ADS774TF 0.3" Ceramic DIP 70dB -55°C to +125°C +1/2L.SB
ADS774SH 0.6" Geramic DIP 68dB -55°C to +125°C +1LSB
ADS774TH 0.6" Ceramic DIP 70dB -55°C to +125°C +1/2L.SB

NOTE: (1) SINAD is Signal to (Noise and Distortion) expressed in dB.
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CONNECTION DIAGRAM
+5VDC Supply Er— <—| Power-Up Reset I I———_>EI STATUS
(Vop) >
1278 E}—— _J_ —a DB11 (MSB)
s EL_ ontro < __?ﬁ} DBIO
ogie = Clock 5 §
n [4H 2 2 Hes| oeo
g)
- [
w5 | [el Hel o
T €
oe o] £N8 Heg
3 /1S 23| DB7
HINE
NC* E < ol @ —E' DB6
v|12|2| 2
2.5V Ref 2.5V 12 Bits 2lBits | @] 2 _:'
8 >(—{21| DB5
out .
Analog I: D ] __:I
Common ® 3 20] DB4
L
2.5V Ref [ = _EI B3
In
Vee [11 o —E DB2
2
Bipolar E 8 ——1_;] DB1
Offset z
10V Range F_ﬁ;: "ZG] DBO (LSB)
20V Range |14 E' Digital
Common
*Not Internally Connected
DICE INFORMATION
PAD FUNCTION PAD FUNCTION
1A, 1B Voo 15 Digital Common
2 12/8 16 DBO (LSB)
3 cs 17 DB1
4 18 DB2
5 F?/% 19 DB3
6 CE 20 DB4
7 NC 21 DB5
8 2.5V Ref Out 22 DB6
9A, 9B Analog Common 23 DB7
10 2.5 Ref In 24 DB8
11 Ve (Mode Control) 25 DB9
12 Bipolar Offset 26 DB10
13 10V Range 27 DB11 (MSB)
14 20V Range 28 Status
Substrate Bias: +V,,
NC: No Connection.
MECHANICAL INFORMATION
MILS (0.001") | MILLIMETERS
Die Size 172x 14245 | 4.37 x 3.61 +0.13
Die Thickness 20 3 0.51+£0.08
Min. Pad Size 4x4 0.10x0.10
A izati Aluminum
ADS774 DIE TOPOGRAPHY
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TYPICAL PERFORMANCE CURVES

T, =+25°C, V;, = V. = +5V; Bipolar +10V Input Range; sampling frequency of 110kHz; unless otherwise specified. All plots use 4096 point FFTs.
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THEORY OF OPERATION

In the ADS774, the advantages of advanced CMOS technol-
ogy—high logic density, stable capacitors, precision analog
switches—and Burr-Brown’s state of the art laser trimming
techniques are combined to produce a fast, low power
analog-to-digital converter with internal sample/hold.

The charge-redistribution successive-approximation circuitry
converts analog input voltages into digital words.

A simple example of a charge-redistribution A/D converter
with only 3 bits is shown in Figure 1.

Analog Sc { Comparator
Input
Signal acl  20] [ out
S
}51 }sz s
}gg F$ F‘$
' ' L
Reference _—
Input -

FIGURE 1. 3-Bit Charge Redistribution A/D.
INPUT SCALING

Precision laser-trimmed scaling resistors at the input divide
standard input ranges (OV to +10V, OV to +20V, £5V or
+10V) into levels compatible with the CMOS characteristics
of the internal capacitor array.

SAMPLING

While sampling, the capacitor array switch for the MSB
capacitor (S)) is in position “S”, so that the charge on the
MSB capacitor is proportional to the voltage level of the
analog input signal. The remaining array switches (S, and
S,) are set to position “G”. Switch S_is closed, setting the
comparator input offset to zero.

CONVERSION

‘When a conversion command is received, switch S, is opened

to trap a charge on the MSB capacitor proportional to the
analog input level at the time of the sampling command, and
switch S_is opened to float the comparator input. The charge
trapped in the capacitor array can now be moved between the
three capacitors in the array by connecting switches S , S, and
3, to positions “R” (to connect to the reference) or “G” (to
connect to GND), thus changing the voltage generated at the
comparator input.

During the first approximation, the MSB capacitor is con-
nected through switch S, to the reference, while switches S,
and S, are connected to GND. Depending on whether the
comparator output is HIGH or LOW, the logic will then
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latch S, in position “R” or “G”. Similarly, the second
approximation is made by connecting S, to the reference and
S, to GND, and latching S, according to the output of the
comparator. After three successive approximation steps have
been made the voltage level at the comparator will be within
1/2LSB of GND, and a digital word which represents the
analog input can be determined from the positions of S, S,
and S,.

OPERATION

BASIC OPERATION

Figure 2 shows the minimum connections required to oper-
ate the ADS774 in a basic 210V range in the Control Mode
(discussed in detail in a later section.) The falling edge of a
Convert Command (a pulse taking pin 5 LOW for a mini-
mum of 25ns) both switches the ADS774 input to the hold
state and initiates the conversion. Pin 28 (STATUS) will
output a HIGH during the conversion, and falls only after the
conversion is completed and the data has been latched on the
data output pins (pins 16 to 27.) Thus, the falling edge of
STATUS on pin 28 can be used to read the data from the
conversion. Also, during conversion, the STATUS signal
puts the data output pins in a High-Z state and inhibits the
input lines. This means that pulses on pin 5 are ignored, so
that new conversions cannot be initiated during the conver-
sion, either as a result of spurious signals or to short-cycle
the ADS774.

The ADS774 will begin acquiring a new sample as soon as
the conversion is completed, even before the STATUS
output falls, and will track the input signal until the next
conversion is started. The ADS774 is designed to complete
a conversion and accurately acquire a new signal in 8.5us
max over the full operating temperature range, so that
conversions can take place at a full 117kHz.

CONTROLLING THE ADS774

The Burr-Brown ADS774 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 the 8 MSB bits followed by the 4 LSB bits in
a le_ft-justiﬁed format. The five control inputs (12/8, CS, A,
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 shown in Table I

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 C_S_ and A are connected to digital common and CE
and 12/8 are connected to +5V. The output data are
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] ~ — Status
V {
+§0 F 1# i Output
M Q} 2 27 | DB11 (MsSB)
ﬁ 3 26 | DB10
4 25 | DB9 E
Convert Command ] e N~
5 24 | DB8 m
+5V O——— 6 23 | DB7 (o]
Ne' | 7 Aps77a 22| pB6 <
8 21| DB5
9 20 | DB4
50Q = —
10 19 | DB3
LIRS P 18 | DB2
50Q —
12 17 | DB1
Leave Unconnecled?1 16 | DBO (LSB)
4] T,
+10V |
Analog
Input *Not internally connected
NOTE: (1) Connect to GND or Vi for
Emulation Mode. Connect to +5V for
Control Mode.

FIGURE 2. Basic +10V Operation.

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; data can be read with either a
positive pulse on R/C, or a negative pulse on STATUS. In
either case the R/C pulse must remain LOW for a minimum
of 25ns. .

Figure 3 illustrates timing with an R/C pulse which goes
LOW and returns HIGH 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 conver-
sion.

Figure 4 illustrates the timing when a positive R/C pulse is
used. In this mode the output data from the previous conver-
sion is enabled during the time R/C is HIGH. A new
conversion 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 specifica-
tions for stand-alone operation are listed in Table IV.

FULLY CONTROLLED OPERATION

Conversion Length

Conversion length (8-bit or 12-bit) is determined by the state
of the A input, which is latched upon receipt of a conversion
start transition (described below). If A is latched HIGH, the
conversion continues for 8 bits. The full 12-bit conversion
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will occur if A is LOW. If all 12 bits are read following an
8-bit conversion, the 4LSBs (DB0-DB3) will be LOW
(logic 0). A, is latched because it is also involved in enabling
the output buffers. No other control inputs are latched.

CONVERSION START

The converter initiates a conversion based on 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
state simultaneously, and the nominal delay time is the same
regardless of which input actually starts the 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 the critical input. Timing
relationships for start of conversion timing are illustrated in
Figure 5. 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 A0 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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Binary (BIN) Output Input Voltage Range and LSB Values
Analog Input Voltage Range Defined As: +10V +5V 0V to +10V 0V to +20V
One Least Significant Bit FSR 20V 10v. 1ov 20V
(LSB) " 2 2 2r 2
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 FFF, + Full-Scale Calibration +10V - 3/2LSB +5V - 3/2LSB +10V - 3/2LSB +20V - 3/2LSB
7FFF, to 800, Midscale Calibration (Bipolar Offset) 0V - 1/2LSB 0V -1/2LSB +5V —1/2L.SB +10V —1/2LSB
000, to 001, Zero Calibration ( — Full-Scale Calibration) —10V + 1/2LSB | -5V + 1/2LSB 0V +1/2LSB oV +1/2LSB

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

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 a
(active low) conversion.

RIC (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)

A, (Pin 4) Byte Address In the start-convert mode, A, selects 8-bit (A, = “1”) or 12-bit (A, = “0”) conversion mode. When reading
Short Cycle output data in two 8-bit bytes, A, = “0” accesses 8 MSBs (high byte) and A, = “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 II. Control Line Functions.

CE cs RIC 12/8 A, OPERATION

0 X X X X None

X 1 X X X None

T 0 0 X 0 Initiate 12-bit conversion
T 0 0 X 1 Initiate 8-bit conversion
1 v 0 X 0 Initiate 12-bit conversion
1 v 0 X 1 Initiate 8-bit conversion
1 0 v X 0 Initiate 12-bit conversion
1 0 v X 1 Initiate 8-bit conversion

1 0 1 1 X Enable 12-bit output

1 0 1 0 0 Enable 8 MSBs only

1 0 1 0 1 Enable 4 LSBs plus 4

trailing zeroes

TABLE III. Control Input Truth Table.

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 6 and Table V for timing
relationships 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 de-
sired. When 12/8 is HIGH, all 12 output lines (DB0-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 reading the data.
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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 A  during the read cycle. When A, is
LOW, the byte addressed contains the 8MSBs. When A0 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 7. Connection of the
ADS774 to an 8-bit bus for transfer of the data is illustrated
in Figure 8. The design of the ADS774 guarantees that the
A, input may be toggled at any time with no damage to the
converter; the outputs which are tied together in Figure 8
cannot be enabled at the same time. The A input is usually
driven by the least significant bit of the address bus, allow-
ing storage of the output data word in two consecutive
memory locations.
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foor| | thon
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High-Z-State
DB11-DB0  Data Valid Data Valid

FIGURE 3. R/C Pulse Low—Outputs Enabled After Conver-

FIGURE 4. R/C Pulse High — Outputs Enabled Only Whil

sion. R/C Is High.
SYMBOL PARAMETER MIN TYP MAX UNITS
[ Low R/C Pulse Width 25 ns
tos STS Delay from R/C 200 ns
Yiom Data Valid After R/C Low 25 ns
toan High R/C Pulse Width 100 ns
ooR Data Access Time 150 ns
TABLEIV. Stand-Alone Mode Timing. (T, =T, to T, ., ).
SYMBOL PARAMETER MIN TP MAX UNITS
Convert Mode
tose STS delay from CE 60 200 ns
L CE Pulse width 50 30 ns
tsse CS to CE setup 50 20 ns
tsc CS low during CE high 50 20 ns
tsre R/C to CE setup 50 0 ns
c R/C low during CE high 50 20 ns
tsac A, to CE setup 0 ns
tinc A, valid during CE high 50 20 ns
Read Mode
tho Access time from CE 75 150 ns
to Data valid after CE low 25 35 ns
t Output float delay 100 150 ns
tssn CS to CE setup 50 0 ns
tsam R/C to CE setup 0 ns
tan A, to CE setup 50 25 ns
tusa CS valid after CE low 0 ns
Yaan R/C high after CE low 0 ns
tiar A, valid after CE low 50 ns
ts STATUS delay after data valid 75 150 375 ns
TABLE V. Timing Specifications, Fully Controlled Operation. (T, =T to T ,,. ).
A
CE 7F tyeg — \ ce — %Y_
) HEC | tssR [=m| thsr
ssC |~ as
— cs
Ccs ]L
. <=1 thRR
RIC 1[
7|L RIC —ﬂ‘
temcl=—==—=1 tunc Issrlerd
Ag * Ao
toac —— : :
SAc - A tsAR ls] %ﬂ
[ Status
Status b, *
X
tose | | <T>| ;
DB11-DBO High Impedance HS HD
DB11-DB igh-:
. . . 0 High-2 Data Valid ~—<3—
* ty includes tyq + t in ADC774 Emulation Mode, ¢ '
tgonly in S/H Control Mode. ~ oo~ U—T—— —-
FIGURE 5. Conversion Cycle Timing. FIGURE 6. Read Cycle Timing.
BURR - BROWN®
Burr-Brown IC Data Book—Data Conversion Products 2.183

ADS774

A/D CONVERTERS, DATA ACQUISITION COMPONENTS




For Immediate Assistance, Contact Your Local Salesperson

Word 1 Word 2
Processor | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DBi DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
Converter | DB11 | DB10 | DB9 | DB8 | DB7 | DB6 | DB5 DB3 | DB2 | DB1 | DBO 0 0 0 0

FIGURE 7. 12-Bit Data Format for 8-Bit Systems.

_TFE
Ao S——E Ao

Address
Bus

ADS774

STATUS |28 }———

12/8 DB11 (MSB)

DBO (LSB)

Data
Bus

[8]=]s]=]=]

n

1

[s]=]=]=]2]

Digital Common | 15 ~:I_

FIGURE 8. Connection to an 8-Bit Bus.

S/H CONTROL MODE
AND ADC774 EMULATION MODE

The Emulation Mode allows the ADS774 to be dropped into
most existing ADC774 sockets without changes to other
system hardware or software. In existing sockets, the analog
input is held stable during the conversion period so that
accurate conversions can proceed, but the input can change
rapidly at any time before the conversion starts. The Emula-
tion Mode uses the stability of the analog input during the
conversion period to both acquire and convert in 2 maximum
of 8us (8.5us over temperature.) In fact, system throughput
can be increased, since the input to the ADS774 can start
slewing before the end of a conversion (after the acquisition
time), which is not possible with existing ADC774s.

The Control Mode is provided to allow full use of the
internal sample/hold, eliminating the need for an external
sample/hold in most applications. As compared with sys-
tems using separate sample/hold and A/D, the ADS774 in
the Control Mode also eliminates the need for one of the
control signals, usually the convert command. The com-
mand that puts the internal sample/hold in the hold state
also initiates a conversion, reducing timing constraints in
many systems.

The basic difference between these two modes is the
assumptions about the state of the input signal both before
and during the conversion. The differences are shown in
Figure 9 and Table VI. In the Control Mode, it is assumed
that during the required 1.4ps acquisition time the signal is
not changing faster than the ADS774 can track. No assump-
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tion is made about the input level after the convert command
arrives, since the input signal is sampled and conversion
begins immediately after the convert command. This means
that a convert command can also be used to switch an input
multiplexer or change gains on a programmable gain ampli-
fier, allowing the input signal to settle before the next
acquisition at the end of the conversion. Because aperture
jitter is minimized in the Control Mode, a high input fre-
quency can be converted without an external sample/hold.

In the Emulation Mode, a delay time is introduced between
the convert command and the start of conversion to allow the
ADS774 enough time to acquire the input signal before
converting. This increases the effective aperture delay time
from 0.02us to 1.6ps, but allows the ADS774 to replace the
ADC774 in most circuits without additional changes. In
designs where the input to the ADS774 is changing rapidly
in the 200ns prior to a convert command, system perfor-
mance may be enhanced by delaying the convert command
by 200ns.

When using the ADS774 in the Emulation Mode to replace
existing converters in current designs, a sample/hold ampli-
fier often precedes the converter. In these cases, no addi-
tional delay in the convert command will be needed. The
existing sample/hold will not be slewing excessively when
going from the sample mode to the hold mode prior to a
conversion.

In both modes, as soon as the conversion is completed the

internal sample/hold circuit immediately begins slewing to

track the input signal. . :
BURR - BROWN®
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INSTALLATION

LAYOUT PRECAUTIONS

Analog (pin 9) and digital (pin 15) commons are not con-
nected together internally in the ADS774, 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.

If the single-point system common cannot be established
directly at the converter, pin 9 and pin 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.

The speed of the ADS774 requires special caution regarding
whichever input pin is unused. For 10V input ranges, pin 14
(20V Range) must be unconnected, and for 20V input
ranges, pin 13 (10V Range) must be unconnected. In both
cases, the unconnected input should be shielded with ground
plane to reduce noise pickup.

In particular, the unused input pin should not be connected
to any capacitive load, including high impedance switches.
Even a few pF on the unused pin can degrade acquisition
time.

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.

ADS774

If external full scale and offset potentiometers are used, the
potentiometers and associated resistors should be as close a
possible to the ADS774. n

POWER SUPPLY DECOUPLING

On the ADS774, +5V (to Pin 1) is the only power supply
required for correct operation. Pin 7 is not connected inter-
nally, so there is no problem in existing ADC774 sockets
where this is connected to +15V. Pin 11 (VEE) is only used
as a logic input to select modes of control over the sampling
function as described above. When used in an existing
ADC774 socket, the —~15V on pin 11 selects the ADC774
Emulation Mode. Since pin 11 is used as a logic input, it is
immune to typical supply variations.

2
g
S/H CONTROL MODE ADC774 EMULATION MODE w
(Pin 11 Connected to +5V) (Pin 11 Connected to 0V to —15V) 5
SYMBOL PARAMETER MIN TYP MAX MIN TYP MAX UNITS O
tatts Throughput Time: (&)
12-bit Conversions 8 8.5 8 8.5 us <
8-bit Conversions 6 6.3 6 6.3 us
te Conversion Time: <
12-bit Conversions 6.4 6.4 us |
8-bit Conversions 4.4 4.4 us <L
[ Acquisition Time 1.4 1.4 us o
te Aperture Delay 20 1600 ns -
t, Aperture Uncertainty 0.3 10 ns m
TABLE VI. Conversion Timing, TMIN to T, - [T
' L
RIC 3&- E
| : o)
! et ¢
| ap 0
S/H Control Mode Signal . Signal
Pin 11 connected to +5V. Acquisition Conversion Acquisition (o]
1
“’I ta = te | 2
=t [
ADC774 Emulation Mode* Signal 1 . Signal
Pin 11 connected to Vg or ground. Acquisition | Conversion Acquisition
|
=1 tag =
*In the ADC774 Emulation Mode, a convert command triggers a delay that
allows the ADS774 enough time to acquire the input signal before converting.
FIGURE 9. Signal Acquisition and Conversion Timing.
BURR - BROWN®
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FIGURE 10. Unipolar Configuration.
Full-Scale Adjust 1———
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ADS774
Ref Out
Bipolar
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Adjust
Analog T 13
-
Input - Range :_____,I
~o 1
14 |
20V | !
Range | I l
Analog
Common

FIGURE 11. Bipolar Configuration.

The +5V supply should be bypassed with a 10pF tantalum
capacitor located close to the converter to promote noise-
free operations, as shown in Figure 2. Noise on the power
supply lines can degrade the converter’s performance. Noise
and spikes from a switching power supply are especially
troublesome.

RANGE CONNECTIONS

The ADS774 offers four standard input ranges: OV to +10V,
0V to +20V, 15V, or +10V. Figures 10 and 11 show the
necessary connections for each of these ranges, along with
the optional gain and offset trim circuits. If a 10V input
range is required, the analog input signal should be con-
nected to pin 13 of the converter. A signal requiring a 20V
range is connected to pin 14. In either case the other pin of

2.186
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the two is left unconnected. Pin 12 (Bipolar Offset) is
connected either to Pin 9 (Analog Common) for unipolar
operation, or to Pin 8 (2.5V Ref Out), or the external
reference, for bipolar operation. Full-scale and offset adjust-
ments are described below.

The input impedance of the ADS774 is typically 50kQ in the
20V ranges and 12kQ in the 10V ranges. This is signifi-
cantly higher than that of traditional ADC774 architectures,
reducing the load on the input source in most applications.

INPUT STRUCTURE

Figure 12 shows the resistor divider input structure of the
ADS774. Since the input is driving a capacitor in the CDAC
during acquisition, the input is looking into a high imped-
ance node as compared with traditional ADC774 architec-
tures, where the resistor divider network looks into a com-
parator input node at virtual ground.

To understand how this circuit works, it is necessary to
know that the input range on the internal sampling capacitor
is from OV to +3.33V, and the analog input to the ADS774
must be converted to this range. Unipolar 20V range can be
used as an example of how the divider network functions. In
20V operation, the analog input goes into pin 14. Pin 13 is
left unconnected and pin 12 is connected to pin 9, analog
common. From Figure 12, it is clear that the input to the
capacitor array will be the analog input voltage on pin 14
divided by the resistor network (42kQ + 42kQ Il 10.5kQ2). A
20V input at pin 14 is divided to 3.33V at the capacitor
array, while a OV input at pin 14 gives OV at the capacitor
array.

The main effect of the 10kQ internal resistor on pin 12 is to
provide the same offset adjust response as that of traditional
ADC774 architectures without changing the external trimpot
values.

SINGLE SUPPLY OPERATION

The ADS774 is designed to operate from a single +5V
supply, and handle all of the unipolar and bipolar input
ranges, in either the Control Mode or the Emulation Mode as
described above. Pin 7 is not connected internally. This is

Pin 14 42kQ
20V Range O———\/\f\/\—
i 21kQ ’
10V Range Pin1s | | Capacitor
Array*
21kQ

Pin 12 10.5kQ

Bipolar

Offset
e 10k

*10pF when sampling

FIGURE 12. ADS774 Input Structure.

BURR - BROWN®
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where +12V or +15V is supplied on traditional ADC774s.
Pin 11, the —12V or —15V supply input on traditional
ADC774s, is used only as a logic input on the ADS774.
There is a resistor divider internally on pin 11 to reduce that
input to a correct logic level within the ADS774, and this
resistor will add 10mW to 15mW to the power consumption
of the ADS774 when -15V is supplied to pin 11. To
minimize power consumption in a system, pin 11 can be
simply grounded (for Emulation Mode) or tied to +5V (for
Control Mode.)

There are no other modifications required for the ADS774 to
function with a single +5V supply.

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 ADS774 as shown in Figures 10 and 11 for unipolar
and bipolar operation.

CALIBRATION PROCEDURE—
UNIPOLAR RANGES

If external adjustments of full-scale and offset are not
required, replace R, in Figure 10 with a 50Q 1% metal film

BURR - BROWN®
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resistor and connect pin 12 to pin 9, omitting the other
adjustment components.

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

ADS774

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, replace the potentiometers in Figure 11 by
50Q, 1% metal film resistors.

If adjustments are required, connect the converter as shown
in Figure 11. 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
1/21.SB above the minus full-scale value (—4.9988V for the
5V range, -9.9976V for the £10V range). Adjust R, for
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.

2.187
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BURR - BROWN®

ADS7800

12-Bit 3us Sampling
ANALOG-TO-DIGITAL CONVERTER

FEATURES DESCRIPTION

® 333k SAMPLES PER SECOND The ADS7800 is a complete 12-bit sampling A/D

@ STANDARD 10V AND 45V INPUT converter using state-of-the-art CMOS structures. It

RANGES - contains a complete 12-bit successive approximation

‘ A/D converter with internal sample/hold, reference,

@ DC PERFORMANCE OVER TEMP: clock, digital interface for microprocessor control, and
No Missing Codes three-state output drivers.

1/2LSB Integral Linearity Error

3/4LSB Differential Linearity Error The ADS7800 is specified at a 333kHz sampling rate.

Conversion time is factory set for 2.70pus max over

® AC PERFORMANCE OVER TEMP: temperature, and the high speed sampling input stage
72dB Signal-to-Noise Ratio insures a total acquisition and conversion time of 3us
80dB Spurious-free Dynamic Range max over temperature. Precision, laser-trimmed scal-
—80dB Total Harmonic Distortion ing resistors provide industry-standard input ranges of
® INTERNAL SAMPLE/HOLD, REFERENCE, 5V or £10V.
CLOCK, AND 3-STATE OUTPUTS AC and DC performance are completely specified.
©® POWER DISSIPATION: 215mW max Two grades based on linearity and dynamic perform-

ance are available to provide the optimum price/per-
formance fit in a wide range of applications.

The 24-pin ADS7800 is available in plastic and side-
braze hermetic 0.3" wide DIPs, and in an SOIC pack-
age. It operates from a +5V supply and either a 12V
or —15V supply. The ADS7800 is available in grades
specified over 0°C to +70°C and —40°C to +85°C
temperature ranges.

® PACKAGE: 24-Pin Single-wide DIP
24-Lead SOIC

Clock] —_
CLontroI | N SAR | ——o BUSY
ogic |—— ]
Output
Latches
10V And Three
Three State
5V o 5 ‘f 7{ State Parallel
T T T T Drivers Output
T Comparator Data
2v Ref Jé Bus
Reference o

Out

International Airport Industrial Park «  Mailing Address: PO Box 11400 + Tucson, AZ 85734 -« Street Address: 6730 S. Tucson Bivd. « Tucson, AZ 85706
Tel: (602) 746-1111 +  Twx:910-952-1111 . Cable: BBRCORP - Telex:066-6491 -« FAX:(602)889-1510 « Immediate Product Info: (800) 548-6132

——
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SPECIFICATIONS

ELECTRICAL

T = Tun 10 Tyae Sampling Frequency, fg, = 333kHz, —Vg = 15V, V¢ = +5V, unless otherwise specified.

ADS7800JP/JU/AH/D ADS7800KP/KU/BH
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
RESOLUTION 12 * Bits
ANALOG INPUT
Voltage Ranges +10V/A5V * A"
Impedance +10V Range 44 6.3 8.1 * * M kQ
+5V Range 29 42 5.4 * * M kQ
THROUGHPUT SPEED
Conversion Time Conversion Alone 25 2.7 * * us
Complete Cycle Acquisition + Conversion 26 3.0 * * us
Throughput Rate 333 380 * * kHz
DC ACCURACY
Full Scale Error ® +0.50 +0.35 %
Full Scale Error Drift 6 * ppm/°C
Integral Linearity Error +1 +1/2 LsSB®
Differential Linearity Error +1 +3/4 LsB
No Missing Codes Guaranteed Guaranteed
Bipolar Zero " +4 +2 LsB
Bipolar Zero Drift 1 - ppm/°C
Power Supply Sensitivity
-16.5V < -Vg < -13.5V +1/2 * LSB
-12.6V < -V < -11.4V *1/2 > LsB
+4.75V < Vg < +5.25V +1 *1/2 LsB
Transition Noise @ 0.1 * LSB
AC ACCURACY
Spurious-Free Dynamic Range f = 47kHz 74 77 77 80 daB @
Total Harmonic Distortion fiy = 47kHz =77 74 -80 77 dB
Two-tone Intermodulation Distortion finy = 24.4kHz (-6dB) =77 74 -80 ~77 dB
fe = 28.5kHz (—6dB)
Signal to (Noise + Distortion) Ratio fy = 47kHz 67 70 69 72 dB
Signal to Noise Ratio (SNR) f = 47kHz 68 71 70 73 dB
SAMPLING DYNAMICS
Aperture Delay 13 * ns
Aperture Jitter 150 * ps,rms
Transient Response © 130 * ns
Overvoltage Recovery © 150 * ns
INTERNAL REFERENCE VOLTAGE
Voltage 1.9 2.0 241 * * * )
Source Current Available 10 * HA
for External Loads
DIGITAL INPUTS
Logic Levels
\'A -0.3 +0.8 * * \
Vi +2.4 +5.3 * * \
by -5 * pA
hn +5 i pA
DIGITAL OUTPUTS
Data Format Parallel, 12-bit or 8-bit/4-bit
Data Coding Binary Offset Binary
Vo lg = 1.6mA 0.0 +0.4 . . v
on lsounce = SO0O0HA +2.4 +5.0 * * \
Lencce (High-Z State) 0.1 5 . . pA
POWER SUPPLIES
Rated Voltage
-V, -11.4 -15 -16.5 . . . v
Vs (Vg, and V) +4.75 +5.0 +5.25 . . . v
Current
~ig 35 6 . . mA
Iy 18 25 * * mA
Power Consumption 135 215 * M mwW
BURR - BROWN®
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SPECIFICATIONS (conT)

ELECTRICAL

T, = Ty 10 Tyue Sampling Frequency, fg, = 333kHz, -V = =15V, V; = +5V, unless otherwise specified.

ADS7800JP/JU/AH/D ADS7800KP/KU/BH
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
TEMPERATURE RANGE
Specification JP/JU/KP/KU/D 0 +70 * * °C
AH/BH -40 +85 * * °C
Operating JP/KP/JU/KU/D —40 +85 * * °C
Storage -65 +150 * * °C

* Same as specification for ADS7800JP/JU/AH.

NOTES: (1) Adjustable to zero with external potentiometer. (2) LSB means Least Significant Bit. For ADS7800, 1LSB = 2.44mV for the 5V range, 1LSB =

4.88mV for the £10V range.
of noise at the worst case, which was near full scale input at +125°C.

(3) Noise was characterized over temperature near full scale, 0V, and negative full scale. 0.1LSB represents a typical rms level
(4) All specifications in dB are referred to a full-scale input, either +10V or +5V.

(5) For

full-scale step input, 12-bit accuracy attained in specified time. (6) Recovers to specified performance in specified time after 2 x F input overvoltage.

PIN ASSIGNMENTS ABSOLUTE MAXIMUM RATINGS
PIN # [NAME | DESCRIPTION -V, to ANALOG COMMON -16.5V
1 IN1 +10V Analog Input. Connected to GND for +5V range. Vs to DIGITAL COMMON +7V
Pin 23 (Vg ) to Pin 24 (V,, ) +0.3V
4 SD SA
2 | IN2 | #5V Analog Input. Connected to GND for 10V range. ANALOG COMMON 10 DIGITAL COMMON ..., 1V
3 | REF | +2V Reference Output. Bypass to GND with 22uF to Control Inputs to DIGITAL COMMON .........cc.cccocoremree ~0.310 Vg + 0.3V
47uF Tantalum. Buffer for external loads. Analog Input Voltage +20V
4 | AGND | Analog Ground. Connect to pin 13. Maximum Junction Temperature 160°C
5 D11 Data Bit 11. Most Significant Bit (MSB). Internal Power Dissipation 750mW
6 D10 Data Bit 10. #ﬁad Telr;pe(aiture (st;ldering, 10s) +300°C
) ermal Resistance, 6,,:
7| D9 | DataBito. Plastic DIP 2 100°C/W
8 D8 Data Bit 8. soic 100°C/W
9 D7 Data Bit 7 if HBE is LOW; LOW if HBE is HIGH. Ceramic 50°C/W
10 D6 Data Bit 6 if HBE is LOW; LOW if HBE is HIGH.
1 D5 Data Bit 5 if HBE is LOW; LOW if HBE is HIGH. PIN CONFIGURATION
12 D4 Data Bit 4 if HBE is LOW; LOW if HBE is HIGH.
13 | DGND | Digital Ground. Connect to pin 4. ) Top View DIP/SOIC
14 D3 Data Bit 3 if HBE is LOW; Data Bit 11 if HBE is HIGH.
15 D2 Data Bit 2 if HBE is LOW; Data Bit 10 if HBE is HIGH. IN1 [I 24| Vga
16 D1 Data Bit 1 if HBE is LOW; Data Bit 9 if HBE is HIGH. N2 E —2—_31 Voo
17 Do Data Bit 0 if HBE is LOW. Least Significant Bit (LSB);
Data Bit 8 if HBE is HIGH. REF [3] 122] -vg
18 HBE High Byte Enable. When held LOW, data output as 12- —_—
bits in parallel. When held HIGH, four MSBs presented AGND [4] l21] BUSY
on ‘pins 14-17, pins 9-12 output LOWSs. Must be LOW to D11 E E cs
initiate conversion. —_
19 | RIC | Read/Convert. Falling edge initiates conversion when pto [6] E RIC
_ CS is LOW, HBE is L.OW'. and BUSY is HIGH. D9 [7: E HBE
20 Cs Chip Select. Outputs in Hi-Z state when HIGH. Must be
LOW to initiate conversion or read data. D8 IE E Do
21 BUSY | Busy. Output LOW during conversion. Data valid on
rising edge in Convert Mode. D7 E El D1
22 -V Negative Power Supply. =12V or =15V. Bypass to GND. D6 [1—_0_ El D2
23 Ve Positive Digital Power Supply. +5V. Connect to pin 24,
and bypass to GND. D5 E 1——4] b3
24 | v, | Positive Analog Power Supply. +5V. Connect to pin 23, D4 [12] [13] DGND
and bypass to GND.
BURR - BROWN®
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TYPICAL PERFORMANCE CURVES

+Vg = +5V, -V = -15V, and T, = +25°C, unless otherwise noted. All plots use 1024 point FFTs.
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DICE INFORMATION

PAD FUNCTION PAD FUNCTION
1 +10V Analog Input 15 D,
2 +5V Analog Input 16 D,
3 | +2V Reference Output | 17 D,
4a |Analog Ground Sense("
4b Analog Ground "
5 D,,(MSB) 18 HBE
6 D, 19 RIE
7 D,
8 DB —_—
9 D, 20 Cs
10 D, 21 BUSY
1 D,
12 D, 22 A
13 Digital Ground 23 L Wy
14 D, 24 Vea
NOTE: Bond pads 4 and 5 to same pin.
MECHANICAL INFORMATION
MILS (0.001") MILLIMETERS
Die Size 136 x 18115 3.45x4.60+0.13
Die Thickness 20+3 0.51+0.08
Min. Pad Size 4x4 0.10x0.10
ADS7800 DIE TOPOGRAPHY
ORDERING INFORMATION
INTEGRAL SIGNAL-TO- SPECIFICATION
LINEARITY (NOISE+DISTORTION)] TEMPERATURE
MODEL ERROR (LSB) RATIO (dB min) RANGE (°C) PACKAGE
ADS7800JP +1 67 0to +70 Plastic DIP
ADS7800KP +1/2 69 0to +70 Plastic DIP
ADS7800JU +1 67 0to +70 Plastic SOIC
ADS7800KU +1/2 69 0to +70 Plastic SOIC
ADS7800AH +1 67 ~40 to +85 Ceramic DIP
ADS7800BH +1/2 69 —40 to +85 Ceramic DIP

PACKAGE INFORMATION®

P — ELECTROSTATIC

MODEL PACKAGE NUMBER DISCHARGE SENSITIVITY

ADS7800JP 24-Pin Plastic DIP 243 oo .

ADS7800JP 24-Pin Plastic DIP 243 The ADS7800 is an ESD (electrostatic discharge) sensitive

ADS7600JU 24-Pin Plastic SOIC 239 device. The digital control inputs have a special FET struc-

ADS7800KU 24-Pin Plastic SOIC 239 . .

ADS7800AH 24-Pin Geramic DIP 245 ture, which turns on when the input exceeds the supply by

ADS7800BH 24-Pin Ceramic DIP 245 18V, to minimize ESD damage. However, permanent damage
NOTE: (1) For detailed drawing and dimension table, please see end of data may occur on unconnected devices subject to high energy

sheet, or Appendix D of Burr-Brown IC Data Book. electrostatic fields. When not in use, devices must be stored in

conductive foam or shunts. The protective foam should be
discharged to the destination socket before devices are re-
moved.

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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THEORY OF OPERATION

The ADS7800 combines the advantages of advanced CMOS
technology (logic density, stable capacitors, and good
analog switches) with Burr-Brown’s proven skills in laser-
trimmed thin-film resistors to provide a complete sampling
analog-to-digital converter.

A basic charge-redistribution successive approximation
architecture converts analog input voltages into digital
words. Figure 1 shows the operation of a simplified three
bit charge redistribution A-to-D. Precision laser-trimmed
scaling resistors at the input divide standard input ranges
(£10V or £5V for the ADS7800) into levels compatible with
the CMOS characteristics of the internal capacitor array.

While in the sampling mode, the capacitor array switch for
the MSB capacitor (S)) is in position “S”, so that the charge
on the MSB capacitor is proportional to the voltage level of
the analog input signal, and the remaining array switches (S,
and S,) are set to position “R” to provide an accurate bipolar
offset from the reference source REF. At the same time,
switch S is also in the closed position to auto-zero any
offset errors in the CMOS comparator.

When a convert command is received, switch S, is opened
to trap a charge on the MSB capacitor proportional to the
input level at the time of the sampling command, switches
S, and S, are opened to trap an offset charge, and switch S
is opened to float the comparator input. The charge trapped
on the capacitor array can now be moved between the three
capacitors in the array by connecting switches S, S, and S,
to positions “R” (to connect to REF) or “G” (to connect to
GND) successively, changing the voltage generated at the
comparator input node.

The first approximation connects the MSB capacitor via
switch S, to REF, while switches S, and S, are connected
to GND. Depending on whether the comparator output is
HIGH or LOW, the logic will then latch Sl in position “R”
or “G”, and moves on to make the next approximation by
connecting S, to REF and S, to GND. When the three
successive approximation steps are made for this simple
converter, the voltage level at the comparator will be within
1/2LSB of GND, and the data output word will be based on
reading the positions of S, S, and S,.

Sc Comparator

Input

Signal 4d— ZCJ- a—

v
LIFEE

}Oul

To Switches

£ Ref

FIGURE 1. 3-Bit Charge Redistribution A-to-D.
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Busy
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D9 HBE E——% Command
D8 DO (LSB) |17
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D6 D2 [15]
D5 D3 (14
D4 DGND @-%
D11 Do
(MSB) (LSB)

Data Out

FIGURE 2. Basic 10V Operation.

OPERATION

BASIC OPERATION

Figure 2 shows the simple hookup circuit required to operate
the ADS7800 in a =10V range in the Convert Mode. A
convert command arriving on pin 19, R/C, (a pulse taking
pin 19 LOW for a minimum of 40ns) puts the ADS7800 in
the hold mode, and a conversion is started. Pin 21, BUSY,
will be held LOW during the conversion, and rises only after
the conversion is completed and the data has been trans-
ferred to the output latches. Thus, the rising edge of the
signal on pin 21 can be used to read the data from the
conversion. Also, during conversion, the BUSY signal puts
the output data lines in Hi-Z states and inhibits input lines.
This means that pulses on pin 19 are ignored, so that new
conversions cannot be initiated during a conversion, either
as a result of spurious signals or to short-cycle the
ADS7800.

In the Read Mode, the input to pin 19 is kept normally LOW,
and a HIGH pulse is used to read data and initiate a
conversion. In this mode, the rising edge of R/C on pin 19
will enable the output data pins, and the data from the
previous conversion becomes valid. The falling edge then
puts the ADS7800 in a hold mode, and initiates a new
conversion.

The ADS7800 will begin acquiring a new sample as soon
as the conversion is completed, even before the BUSY
output rises on pin 21, and will track the input signal until
the next conversion is started, whether in the Convert Mode
or the Read Mode.
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RIC 3‘: / \ /
E m— E s :;1 —
BUSY
= tpgc—

-t
Converter Acquisition Conversion Acquisition XOonversion
Mode

e

ta

Hold Time

FIGURE 3. Acquisition and Conversion Timing.

SYMBOL | PARAMETER MIN | TYP |MAX UNITS
[ BUSY delay from RIC 80 | 150 ns
BUSY Low 25 27 us
te Aperture Delay 13 ns
Aty Aperture Jitter 150 ps, rms
Conversion Time 247 |2.70 us

TABLE I. Acquisition and Conversion Timing.

For use with an 8-bit bus, the data can be read out in two
bytes under the control of pin 18, HBE. With a LOW input
on pin 18, at the end of a conversion, the 8 LSBs of data
are loaded into the latches on pins 9 through 12 and 14
through 17. Taking pin 18 HIGH then loads the 4 MSBs on
pins 14 through 17, with pins 9 through 12 being forced
LOW.

ANALOG INPUT RANGES

The ADS7800 offers two standard bipolar input ranges:
+10V and £5V. If a£10V range is required, the analog input
signal should be connected to pin 1. A signal requiring a
+5V range should be connected to pin 2. In either case, the
other pin of the two must be grounded or connected to the
adjustment circuits described in the section on calibration.
(See Figures 4 and 5, or 10 and 11.)

CONTROLLING THE ADS7800

The ADS7800 can be easily interfaced to most microproces-
sor-based and other digital systems. The microprocessor
may take full control of each conversion, or the ADS7800
may operate in a stand-alone mode, controlled only by the
R/C input. Full control consists of initiating the conversion
and reading the output data at user command, transmitting
data either all 12-bits in one parallel word, or in two 8-bit
bytes. The three control inputs (CS, R/C and HBE) are all
TTL/CMOS compatible. The functions of the control lines
are shown in Table II.
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CS__RIC_HBE BUSY | OPERATION
1 X X 1 None - Outputs in Hi-Z State.
0 1o o 1 Holds Signal and Initiates Conversion.
0 1 0 1 Output Three-State Buffers Enabled once
Conversion has Finished.

0 1 1 1 Enable Hi-Byte in 8-bit Bus Mode.

o 1o 1 1 Inhibit Start of Conversion.

0 0 1 1 None - Qutputs in Hi-Z State.

X X X 0 Conversion in Progress. Outputs Hi-Z

State. New Conversion Inhibited until
Present Conversion has Finished.

TABLE II. Control Line Functions.

For stand-alone operation, control of the ADS7800 is
accomplished by a single control line connected to R/C.In
this mode, CS and HBE are connected to GND. 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 on
R/C. The three-state data output buffers are enabled when
R/C is HIGH and BUSY is HIGH. 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 a minimum of 40ns.

Figure 6 illustrates timing when conversion is initiated by
an R/C pulse which goes LOW and returns HIGH during the
conversion. In this case (Convert Mode), the three-state
outputs go into the Hi-Z 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 7 illustrates the timing when conversion is initiated
by a positive R/C pulse. In this mode (Read Mode), the
output data from the previous conversion is enabled during
the HIGH portion of R/C. A new conversion starts on the
falling edge of R/C, and the three-state outputs return to the
Hi-Z state until the next occurrence of a HIGH on R/C.

CONVERSION START

A conversion is initiated on the ADS7800 only by a negative
transition occurring on R/C, as shown in Table 1. No other
combination of states or transitions will initiate a conversion.
Conversion is inhibited if either CS or HBE are HIGH, or
if BUSY isLOW.CS and HBE should be stable a minimum
of 25ns prior to the transition on R/C. Timing relationships
for start of conversion are illustrated in Figure 8.

The BUSY output indicates the current state of the converter
by being LOW only during conversion. During this time the
three-state output buffers remain in a Hi-Z state, and
therefore data cannot be read during conversion. During this
period, additional transitions on the three digital inputs (CS,
R/C and HBE) will be ignored, so that conversion cannot
be prematurely terminated or restarted.
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INTERNAL CLOCK

The ADS7800 has an internal clock that is factory trimmed
to achieve a typical conversion time of 2.47ps, and a
maximum conversion time over the full operating tempera-
ture range of 2.7us. No external adjustments are required,
and with the guaranteed maximum acquisition time of
300ns, throughput performance is assured with convert
pulses as close as 3ps.

READING DATA

After conversion is initiated, the output buffers remain in a
Hi-Z state until the following three logic conditions are
simultaneously met: R/C is HIGH, BUSY is HIGH and CS
is LOW. Upon satisfaction of these conditions, the data lines
are enabled according to the state of HBE. See Figure 9 and
Table III for timing relationships and specifications.

CALIBRATION

OPTIONAL EXTERNAL GAIN AND OFFSET TRIM

Offset and full-scale errors may be trimmed to zero using
external offset and full-scale trim potentiometers connected
to the ADS7800 as shown in Figures 10 and 11.

If adjustment of offset and full scale is not required,
connections as shown in Figures 4 and 5 should be used.

10V 4

Input
Y? 2

ADS7800

FIGURE 4. £10V Range Without Trims.

1
ADS7800

-

Eo ) W S Py
Input

FIGURE 5. 5V Range Without Trims.

CALIBRATION PROCEDURE

ADS7800

First, trim offset, by applying at the input (pin 1 or 2) the
mid-point transition voltage (—2.44mV for the +10V range,

—1.22mV for the +5V range.) With the ADS7800 converting
continually, adjust potentiometer R until the MSB (D11 on
pin 5) is toggling alternately HIGH and LOW.

Next adjust full scale, by applying at the input a DC input
signal that is 3/2LSB below the nominal full scale voltage
(+9.9927V for the 10V range, +4.9963V for the 5V
range.) With the ADS7800 converting continually, adjust
R, until the LSB (DO on pin 17) is toggling HIGH and LOW
with all of the other bits HIGH.

LAYOUT CONSIDERATIONS

Because of the high resolution and linearity of the ADS7800,
system design problems such as ground path resistance and
contact resistance become very important.

ANALOG SIGNAL SOURCE IMPEDANCE

The input resistance of the ADS7800 is 6.3k<2 or 4.2k (for
the =10V and 5V ranges respectively.) To avoid introduc-
ing distortion, the source resistance must be very low, or
constant with signal level. The output impedance provided
by most op amps is ideal.

Pins 23 (V) and 24 (V) are not connected internally on
the ADS7800, to maximize accuracy on the chip. They
should be connected together as close as possible to the unit.

_ ty
RIC

/

_ [ ts
toec |™

A

BUSY

— tap —
Converter . . *
Mode Acquire| Convert Acquire Convert
tc ta
] <— tuor and t ‘ <— tps
Daa Data Valid Hi-Z State Data Valid X Hi-Z State
T

FIGURE 6. Convert Mode: R/C Pulse LOW — Outputs Enabled After Conversion.
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BUSY

—] |- tAP tDBE |— — |-—— tAP
Converter . .
Mode Aoclquvre Convert Acquire Convert
tc 1 ta

ool '

< tupr and tuy

Data

BUS Hi-Z State

Hi-Z State >-( Hi-Z State

FIGURE 7. Read Mode: R/C Pulse HIGH— Outputs Enabled Only When R/C is High.

SYMBOL PARAMETER MIN TYP MAX UNITS
ty R/C Pulse Width 40 10 ns
tose BUSY delay from RIC 80 150 ns
t BUSY LOW 25 27 us
te Aperture Delay 13 ns
At Aperture Jitter 150 ps, rms
t Conversion Time 2.47 270 us
s ‘BUSY from End of Conversion 100 ns
tos 'BUSY Delay after Data Valid 25 75 200 ns
t, Acquisition Time 130 300 ns
t+H, Throughput Time 26 3.0 us
tion Valid Data Held After RIC LOW 20 50 ns
tg CS or HBE LOW before R/C Falls 25 5 ns
1, CS or HBE LOW after R/C Falls 25 0 ns
too Data Valid from CS LOW, R/C HIGH, and HBE in Desired State (Load = 100pF) 65 150 ns
tuon Valid Data Held After R/C Low 20 50 ns
t Delay to Hi-Z State after R/C Falls or CS Rises (3kQ Pullup or Pulldown) 50 150 ns
TABLE III. Timing Specifications (T, to T,,,.)-

RIC

BUSY

Data
Bus

Data Valid Hi-Z State

- ~— tupm and t

FIGURE 8. Conversion Start Timing.
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Pin 24 may be slightly more sensitive than pin 23 to supply
variations, but to maintain maximum system accuracy, both
should be well isolated from digital supplies with wide load
variations.

To limit the effects of digital switching elsewhere in a
system on the analog performance of the system, it often
makes sense to run a separate +5V supply conductor from
the supply regulator to any analog components requiring
+5V, including the ADS7800.

The V, pins (23 and 24) should be connected together and
bypassed with a parallel combination of a 6.8uF tantalum
capacitor and a 0.1pF ceramic capacitor located close to the
converter to obtain noise-free operation. (See Figure 2.) The
-V, pin 22 should be bypassed with a 1uF tantalum
capacitor, again as close as possible to the ADS7800.

Noise on the power supply lines can degrade converter
performance, especially noise and spikes from a switching
power supply. Appropriate supplies or filters must be used.

The GND pins (4 and 13) are also separated internally, and
should be directly connected to a ground plane under the

BURR - BROWN®
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converter if at all possible. A ground plane is usually the best
solution for preserving dynamic performance and reducing
noise coupling into sensitive converter circuits. Where any
compromises must be made, the common return of the
analog input signal should be referenced to pin 4, AGND,
on the ADS7800, which 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 related resistors should be located as
close to the ADS7800 as possible.

RC 7

DB11-DB0 ——

—

>_

-—

th & typr

FIGURE 9. Read Cycle Timing.

REFERENCE BYPASS

Pin 3 (REF) should be bypassed with a 22uF to 47uF
tantalum capacitor. A rated working voltage of 2V or more
is acceptable here. This pin is used to enhance the system
accuracy of the internal reference circuit, and is not
recommended for driving external signals. If there are
important system reasons for using the ADS7800 reference
externally, the output of pin 3 must be appropriately
buffered.

“HOT SOCKET” PRECAUTION

Two separate +5V V pins, 23 and 24, are used to minimize
noise caused by digital transients. If one pin is powered and
the other is not, the ADS7800 may “Latch Up” and draw
excessive current. In normal operation, this is not a problem
because both pins will be soldered together. However,
during evaluation, incoming inspection, repair, etc., where
the potential of a “Hot Socket” exists, care should be taken
to power the ADS7800 only after it has been socketed.

BURR - BROWN®
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+10V
External Input R,
Gain Adjust 1 ADS7800

100Q 2
+5V 8
Bipolar IR DIV 4
Zero 10k 10k 5
Adjust  6.65kQ $49.9Q .
-15V 7

FIGURE 10. +10V Range With External Trims.

MINIMIZING “GLITCHES”

Coupling of external transients into an analog-to-digital
converter can cause errors which are difficult to debug. In
addition to the discussions earlier on layout considerations
for supplies, bypassing and grounding, there are several
other useful steps that can be taken to get the best analog
performance out of a system using the ADS7800. These
potential system problem sources are particularly important
to consider when developing a new system, and looking for
the causes of errors in breadboards.

First, care should be taken to avoid glitches during critical
times in the sampling and conversion process. Since the
ADS7800 has an internal sample/hold function, the signal
that puts it into the hold state (R/C going LOW) is critical, as
it would be on any sample/hold amplifier. The R/C falling
edge should be sharp and have minimal ringing, especially
during the 20ns after it falls.

Although not normally required, it is also good practice to
avoid glitching the ADS7800 while bit decisions are being
made. Since the above discussion calls for a fast, clean rise
and fall on R/C, it makes sense to keep the rising edge of the
convert pulse outside the time when bit decisions are being
made. In other words, the convert pulse should either be
short (under 100ns so that it transitions before the MSB
decision), or relatively long (over 2.75ps to transition after
the LSB decision).

5V 1 ADS7800
External Input l R. 2
Gain Adjust O
100Q 3
+5V 4
. Ry , 5
Bipolar -y
Zero 10kQy  30.1kQ 6
Adiust  10kQ 30102
v |’
—15V

FIGURE 11. +5V Range With External Trims.
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Next, although the data outputs are forced into a Hi-Z state
during conversion, fast bus transients can still be capaci-
tively coupled into the ADS7800. If the data bus experiences
fast transients during conversion, these transients can be
attenuated by adding a logic buffer to the data outputs. The
BUSY output can be used to enable the buffer.

Naturally, transients on the analog input signal are to be
avoided, especially at times within +20ns of R/C going
LOW, when they may be trapped as part of the charge on the
capacitor array. This requires careful layout of the circuit in
front of the ADS7800.

Finally, in multiplexed systems, the timing on when the
multiplexer is switched may affect the analog performance
of the system. In most applications, the multiplexer can be
switched as soon as R/C goes LOW (with appropriate
delays), but this may affect the conversion if the switched
signal shows glitches or significant ringing at the ADS7800
input. Whenever possible, it is safer to wait until the
conversion is completed before switching the multiplexer.
The extremely fast acquisition time and conversion time of
the ADS7800 make this practical in many applications.

| INPUT VOLTAGE RANGE AND LSB VALUES

Input Voltage Range Defined As: +10V +5V

Analog Input Connected to Pin 1 2

Pin Connected to GND 2 1

One Least Significant Bit (LSB) FSR/2? 20v/2? 10v/21
4.88mV 2.44mvV

OUTPUT TRANSITION VALUES

FFE, to FFFy +Full Scale +10V-3/2LSB +5V-3/2LSB
+9.9927V +4.9963V

7FF, to 800, Mid Scale 0V-1/2LSB 0v-1/2LSB

(Bipolar Zero) —2.44mV -1.22mV

000, to 001, —Full Scale —10V+1/2LSB -5V+1/2LSB

—9.9976V —4.9988V

TABLE IV. Input Voltages, Transition Values, and LSB Values.

2.198

BURR - BROWN®

Burr-Brown IC Data Book—Data Conversion Products



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

BURR - BROWN® ADS7803
2
(o]
~
»
(]
<
Autocalibrating, 4-Channel, 12-Bit n
ANALOG-TO-DIGITAL CONVERTER n
=
_— =
Z
FEATURES DESCRIPTION o
@ LOW POWER: 10mW plus Power Down The ADS7803 is a monolithic CMOS 12-bit A/D o
@ SIGNAL-TO-(NOISE + DISTORTION) converter with internal sample/hold and four-channel =
RATIO OVER TEMPERATURE: multiplexer. It is designed and tested for full dynamic o
69dB min with f,, = 1kHz performance with input signals to 50kHz. An (&)
66dB min with f,, = 50kHz autocalibration cycle guarantees a total unadjusted 2
@ FAST CONVERSION TIME: 8.5us error within #3/4LSB over the specified temperature (@]
Including Acquisition (117.kH.z Sampling range, eliminating the need for offset or gain adjust- |:
Rate) ment. The 5V single-supply requirements and stan- —
® DC PERFORMANCE OVER dard CS, RD, and WR control signals make the part U_)
TEMPERATURE: easy to use in microprocessor applications. Conver- o |
+3/4 LSB max T;" al Error sion results are available in two bytes through an 8-bit (¢}
+1/4 LSB max Channel Mismatch three-state output bus. 2
The ADS7803 is available in a 28-pin plastic DIP and
©® FOUR-CHANNEL INP LTIPLEXER pinp
L_ uT MU LE 28-lead PLCC, fully specified for operation over the <L
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SPECIFICATIONS

ELECTRICAL
Vi = Vp = Vet = 5V £5%; V..~ = AGND = DGND = 0V; CLK = 2MHz external, T, = —40°C to +85°C, after calibration at any temperature, unless otherwise specified.

ADS7803BP/ADS7803BN
PARAMETER CONDITIONS MIN TYP MAX UNITS
RESOLUTION 12 Bits
ANALOG INPUT
Voltage Input Range Viaget = 5V, Vgge—= 0V [ 5 \
Input Capacitance 50 pF
On State Bias Current 100 nA
Off State Bias Current Tp=+25°C 10 nA
T, =—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: Vgge+ Viaget <V 5 \'2
REF™ 0 \
For Derated Performance™: Vgge+ 45 'A \
Ve~ 0 1 v
Input Reference Current Vaee+ =5V, Vpge— = 0V 10 100 pA
THROUGHPUT TIMING
Conversion Time With External Clock (Including CLK = 2MHz 85 us
Multiplexer Settling Time and Acquisition Time) CLK = 1MHz 17 us
CLK = 500kHz ’ 34 us
With Internal Clock Using Recommended Tp=+25°C 10 us
Clock Components Ta=-40°C to +85°C 10 us
Multiplexer Settling Time to 0.01% 460 ns
Multiplexer Access Time 20 ns
DC ACCURACY
Total Error, Al Channels@ . +1/2 +3/4 LSB
Differential Nonlinearity +1/4 +1/2 LSB
No Missing Codes Guaranteed
Gain Error All Channels +1/8 +1/4 LSB
Gain Error Drift Between Calibration Cycles +0.2 . ppm/°C
Offset Error All Channels +1/8 +1/4 LsB
Offset Error Drift - Between Calibration Cycles +0.2 ppm/°C
Channel-to-Channel Mismatch ' +1/4 LSB
Power Supply Sensitivity V=V, =4.75V to 5.25V +1/8 LSB
AC ACCURACY C
Signal-to-(Noise + Distortion) Ratio fiy = 1kHz 69 7 dB
fiy = 50kHz 66 69 dB
Total Harmonic Distortion fiy = 50kHz -75 dB
Signal-to-Noise Ratio fiy = 50kHz 70 dB
Spurious Free Dynamic Range fiy = 1kHz 90 dB
fi = 50kHz 82 dB
SAMPLING DYNAMICS
Full Power Bandwidth —3dB 4 MHz
Aperture Delay SFR D2 LOW 2500 ns
Offset Error SRF D2 HIGH 5 ns
SFR D2 LOW +1/8 +1/4 LSB
SFR D2 HIGH, Internal Clock or +1/2 +1 LSB
Sampling Command Synchronous
to External Clock
SFR D2 HIGH, Sampling Command +4 LSB
Asynchronous to External Clock
DIGITAL INPUTS
All Pins Other Than CLK: V, 0.8 A
Vin 24 "
Input Current T,=+25°C, V=010V, 1 pA
T, =—40°C to +85°C, V, = 0 toV,, 10 pA
CLK Input: V. 0.8 \
Vi 35 \
I 10 pA
Iy 1.5 mA
M Power Down Mode (D3 in SFR HIGH) 100 nA

NOTES: (1) For (Vger+) — (V) as low as 4.5V, the total error will typically not exceed +1LSB. (2) After calibration cycle, without external adjustment. Includes gain
(full scale) error, offset error, integral nonlinearity, differential nonlinearity, and drift.

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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SPECIFICATIONS (ConT)

A/D CONVERTERS, DATA ACQUISITION COMPONENTS n ADS7803

ELECTRICAL
V, =V, = Vet = BV £5%; V.~ = AGND = DGND = 0V; CLK = 2MHz external, T, = ~40°C to +85°C, after calibration at any temperature, unless otherwise specified.
ADS7803BP/ADS7803BN
PARAMETER CONDITIONS MIN TYP MAX UNITS
DIGITAL OUTPUTS
Vo lon = 1.6MA 0.4 \Y
OH Isource = 2004A 4 v
Leakage Current High-Z State, Voyr = 0V to V, +1 HA
Output Capacitance High-Z State 4 15 pF
POWER SUPPLIES
Supply Voltage for Specified Performance: V, 4.75 5 5.25 \
Vo Va2V, 4.75 5 5.25 v
Supply Current: 1, 1 25 mA
b _Logic Input Pins HIGH or LOW 1 .2 mA
Power Dissipation WR = RD = CS = BUSY = HIGH 10 mwW
Power Down Mode See Table Il 50 uw
TEMPERATURE RANGE
Specification —40 +85 °C
Storage —65 +150 °C
PIN CONFIGURATIONS
Top View DIP Top View . Lcc
_u—— %
] — a 2
SFR| 1 28 [V, g z 2 & z |::‘
AINO T ? AGND < <=9 =<0
— = [«]s ]2+ |zs]2][2s]
AIN1 | 3 26 |CAL (SHC) _
AIN2 | 4 25 A1 AIN3| 5 )
AIN3| 5 24 (A0 Veee+ | 6 ua
Veget | 6 23 |CLK Veer— | 7 —
L . L 22 |BUSY
Veege—| 7 22 |BUSY DGND | 8 —
=‘ 1 = 21 |HBE
DGND | 8 | 21 [HBE Vp| o ]
L — L] 20 |WR
Vp| 9 20 |[WR p7 |10 —
— = — 19 [CS
D7 |10 19 [CS D6 |11 —
oo 11 1o o [l el ]
D5 | 12 17 | Do 2 33885381
D4 (13 16 | D1
D3 (14 15 | D2
ABSOLUTE MAXIMUM RATINGS
V, to Analog Ground 6.5V
V,, to Digital Ground 6.5V
PACKAGE INFORMATION® Pin V, to Pin Vp +0.3V
Analog Ground to Digital Ground +1V
PACKAGE DRAWING Control Inputs to Digital Ground ..........ceeveiecennnnnns —0.3V to V;, + 0.3V
MODEL PACKAGE NUMBER Analog Input Voltage to Analog Ground .................... -0.3V to Vp + 0.3V
: Maxi Junction Temy 150°C
ADC7803BN 28-Pin LCC 251 IS
ADS7803BP 28-Pin Plastic DIP 215 Internal Power Dlssxpauon' 875mwW
Lead Temperature (soldering, 10s) ... +300°C
NOTE: (1) For detailed drawing and dimension table, please see end of data Thermal Resistance, 6,,: Plastic D ... 75°C/W
sheet, or Appendix D of Burr-Brown IC Data Book. PLCC 75°C/W
ORDERING INFORMATION
MINIMUM SIGNAL-TO- SPECIFICATION
(NOISE + DISTORTION) MAXIMUM TOTAL TEMPERATURE
MODEL RATIO, dB ERROR, LSB RANGE
ADS7803BN 69 +3/4 —40°C to +85°C
ADS7803BP 69 +3/4 —40°C to +85°C
BURR - BROWN®
Burr-Brown IC Data Book—Data Conversion Products 2.201
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V=V, = Vet =5V, V. = AGND = 0V, T, = +25°C, dynamic performance based on 2048 point FFTs, unless otherwise noted.
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TYPICAL PERFORMANCE CURVES (CONT)

V, =V = Vet =5V, Ve = AGND = 0V, T, = +25°C, dynamic performance based on 2048 point FFTs, unless otherwise noted.
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THEORY OF OPERATION

ADS7803 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 tempera-
ture-stabilized differential auto-zeroing circuit is used to
minimize offset errors in the comparator.

Linearity errors in the binary weighted main capacitor
network are corrected using a capacitor trim network and
correction factors stored in on-chip memory. The correction
terms are calculated by an on-chip microcontroller during a
calibration cycle, initiated either by power-up or by applying
an external calibration signal at any time. During conver-
sion, the correct trim capacitors are switched into the main
capacitor array as needed to correct the conversion accuracy.
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 ADS7803 to
most micro-controllers, microprocessors or digital storage
systems.

The on-chip sampling provides excellent dynamic perfor-
mance for input signals to 50kHz, and has a full-power —-3dB
bandwidth of 4MHz. Full control over sample-to-hold
timing is available for applications where this is critical.

Finally, this performance is matched with the low-power
advantages of CMOS structures to allow a typical power
consumption of 10mW, with a SOuW power down option.
BURR - BROWN®
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OPERATION

BASIC OPERATION

Figure 1 shows the simple circuit required to operate
ADS7803 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).

] \ | +5V
wolifom o lml g
2| AINO  AGND 27}j_ T TiowF
0-5v 3| ANt CAL |s|ne T T
L ] wokg%
Input 4| ANz Al |25
= 5 | AIN3 A0 |24 =
O+5V — =
T Thor Lo Vet IR
1ol T 7 | Ve~ BUSY |22 H BUSY
- = — o High Byte
ID 8 | DGND HBE |21 ——< Enable
= — = Command
9| vy WR |20 ——< Convert
— _ = Command
BUSY :DataBit7 [10| D7 s |19
LOW :DataBit6 11| D6 AD |18 < Read Command
H oo —
LOW : DataBit5 [12| D5 Do |17 | DataBit0: Data Bit8
: L] L— " (LSB) :
LOW :DataBit4 [13| D4 16
DataBit 11 DataBit3 |14 | D3

FIGURE 1. Basic Operation.
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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. The successive
approximation conversion takes place during clock cycles 6
through 17.

Figures 2 and 3 show the full conversion sequence and the
timing to initiate a conversion.

A conversion can also be initiated by a rising edge on pin 26,
if a HIGH has been written to D2 of the Special Function
-Register, as discussed below.

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,
regardless of whether a conversion is in process. During a
calibration cycle, convert commands are ignored.

Calibration takes 168 clock cycles, and a normal conversion
(17 clock cycles) is added automatically. Thus, at the end of
a calibration cycle, there is valid conversion data in the
output registers. For maximum accuracy, the supplies and
reference need to be stable during the calibration procedure.
To ensure that supply 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
calibration cycle.

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 internal pull-down.
2t05 AINO to AIN3 Analog inputs. Channel 0 to channel 3.
6 Veaget Positive voltage reference input. Normally +5V. Must be <V,.
7 Ve Negative voltage reference input. Normally OV.
8 DGND Digital ground. DGND = 0V.
9 Vo Logic supply voltage. V, = +5V. Must be <V, and applied after V,.
10 to 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).
11 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 cs 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 or external clock operation. For external clock operation, connect pin 23 to a 74HC-compatible
clock source. For internal clock operation, connect pin 23 per the clock operation description.
24 10 25 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.
A1 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
(SHC) used, connect to Vp, In this case calibration is only initiated at power on, or with SFR. If D2 of the SFR is programmed
HIGH, pin 26 will be used as an input to control the sample-to-hold timing. A rising edge on pin 26 will switch from
sample-mode to hold-mode and initiate a conversion. This pin has an internal pull-up.
27 AGND Analog Ground. AGND = 0V.
28 Va Analog Supply. V, = +5V. Must be 2V, and Vgge+.
BURR - BROWN®
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READING DATA

Data from the ADS7803 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).

The bytes can be read in either order, depending on the status
of the HBE input. If HBE changes while CS and RD are

3l
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FIGURE 2. Converter Timing.
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FIGURE 3. Write Cycle Timing (for initiating conversion or calibration).
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FIGURE 4. Read Cycle Timing.
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LOW, the output data will change to correspond to the HBE
input. Figure 4 shows the timing for reading first the Low
byte and then the High byte.

ADS7803 provides two modes for reading the conversion
results. At power-up, the converter is set in the Transparent
Mode.

TRANSPARENT MODE

This is the default mode for ADS7803. 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 com-
parator, followed by the four clock cycles for the 4MSB
decisions.) The complete 12-bit data is available after BUSY
has gone HIGH, or the internal status flag goes LOW (D7
when HBE is HIGH).

LATCHED OUTPUT MODE

This mode is activated by writing a HIGH to DO 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 9 show the digital timing of
ADS7803 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 ADS7803, or to write additional
instructions to the converter.

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.) 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 ADS7803
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 calibra-
tion, 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.

Table IIT shows how instructions can be transferred to the
Special Function Register by driving HBE HIGH (with SFR
HIGH) and initiating a write cycle (driving WR and CS
LOW with RD HIGH.) Note that writing to the SFR also
initiates a new conversion.

SYMBOL PARAMETER® MIN TYP MAX UNITS

t, CS to WR Setup Time® 0 0 0 ns

t, WR or CAL Pulse Width 100 ns

t CS to WR Hold Time® 0 0 0 ns

t, WR to BUSY Propagation Delay 20 50 150 ns

ts A0, A1, HBE, SFR Valid to WR Setup Time 0 ns

te A0, A1, HBE, SFR Valid to WR Hold Time 20 ns

t, BUSY to CS Setup Time 0 ns

ta CS to RD Setup Time® 0 0 ns

ty RD Pulse Width 100 ns

to CS to RD Hold Time® 0 0 ns

tyy HBE, SFR to RD Setup Time 50 ns

[ HBE, SFR to RD Hold Time 0 ns

ts RD to Valid Data (Bus Access Time)® 80 150 ns

te RD to Hi-Z Delay (Bus Release Time)® 90 180 ns

ts RD to Hi-Z Delay For SFR® 20 60 ns

te Data Valid to WR Setup Time 100 ns

t, Data Valid to WR Hold Time 20 ns

te Acquisition Time. Pin 26 LOW with D2 in SFR HIGH 25 us

the Sample-to-Hold Aperture Delay. (D2 in SFR HIGH) 5 ns

to Delay from rising edge on pin 26 to start of conversion. 1.5 CLK cycles

(D2 in SFR HIGH)

NOTES: (1) All input control signals are specified with tyge = tea, = 20ns (10% to 90% of 5V) and timed from a voltage level of 1.6V. Data is timed from V,,
Vi, Vo or Vo (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 8 and 9 show the measurement circuits and pulse diagrams for testing transitions to and from Hi-Z states.

TABLE I. Timing Specifications (CLK = 2MHz external, T, = —40°C to +85°C).
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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 Pin 26 Status If LOW, pin 26 used as input to initiate

calibration cycle. If HIGH, pin 26 used as
input to control sample-to-hold timing.
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.)

If HIGH, an overflow occurred during
calibration.

If HIGH, conversion or calibration in
progress.

D6 | CAL ERROR Flag

D7 BUSY Flag

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.

POWER DOWN MODE

Writing a HIGH to D3 in the SFR puts the ADS7803 in the
Power Down Mode. Power consumption is reduced to 5S0uW
and D3 remains HIGH. The internal clock and analog
circuitry are turned off, although the output registers and
SFR can still be accessed normally. 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. Note that if the power supply falls below 3V
and then recovers, a calibration is automatically initiated,
and the SFR will be reset. D3 will be LOW, and the
ADS7803 will not be in the Power Down Mode.

During Power Down Mode, a pulse on CS and WR will
initiate a single conversion, then the ADS7803 will revert to
power down. Also, writing to D1 and D3 in the SFR will
initiate a calibration, do a single conversion and revert to the
Power Down Mode, in 185 clock cycles. Accurate conver-
sion results will be available in the output registers.

The activation delay from power down to normal operation
is included in the sampling time. No extra time is required,
either when coming out of the Power Down Mode or when
making a single conversion in the Power Down Mode.

cs r\

B R S
w——jk_____

- g —] -t~

i

s/ N

WR
HBE +
FR
i

Vin
Valid Data Vi
Do - D7
tie tiy |=—
FIGURE 5. Writing to the SFR.
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FIGURE 6. Reading the FSR.

SAMPLE/HOLD CONTROL MODE

With D2 in the SFR HIGH, a rising edge input on pin 26 will
switch the ADS7803 from sample-mode to hold-mode with
a Sns aperture delay. This also initiates a conversion, which
will start within 1.5 CLK cycles.

This mode allows full control over the sample-to-hold tim-
ing, which is especially useful where external events trigger
sampling timing.

In the Sample/Hold Control Mode, pin 26 must be held
LOW a minimum of 2.5us between conversions to allow
accurate acquisition of input signals. Also, offset error will
increase in this mode, since auto-zeroing of the comparator
is not synchronized to the sampling. Minimum offset is
achieved by synchronizing the sampling signal to CLK,
whether internal or external. Ideally, the sampling signal

OPERATION CS/WR SFR/HBE DO D1 D2 D3 D5 D4/D6/D7
Enables Transparent Mode for Data Latches LOW HIGH LOW X X X X Low
Enables Latched Output Mode for Data Latches LOW HIGH HIGH® X X X X Low
Initiates Calibration Cycle LOW HIGH X HIGH X X X LOW
Activates Sample/Hold Control Mode LOW HIGH X X HIGH™" X X LOW
Activates Power Down Mode® LOW HIGH X X X HIGH® X LOW
Resets Power Fail Flag LOW HIGH X X X X LOW LOW
NOTES: (1) Writing a LOW here reactivates the standard mode of operation. (2) In Power Down Mode, a pulse on CS and WR will initiate a single conversion,
then the ADS7803 will revert to power down. (3) X means it can be either HIGH or LOW without affecting this action. Writing HIGH to D4 or D6, or writing with
SFR HIGH and HBE LOW, may result in unpredictable behavior. These modes are reserved for factory use at this time.

TABLE III. Writing to the Special Function Register.
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rising edge should be delayed 20ns from the falling edge of
CLK. This will keep offset error to about 1LSB.

In the Sample/Hold Control Mode, a LOW pulse on WR
(with CS LOW) will not initiate a conversion, but the rising
edge will latch the multiplexer channel according to the
inputs on AQ and A1. When changing channels, this must be
done at least 2.5us before pin 26 goes HIGH (to start a
conversion.)

CONTROL LINES

Table IV shows the functions of the various control lines on
the ADS7803. 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.

INSTALLATION

INPUT IMPEDANCE

ADS7803 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 SOpF and
settle within the first five clock cycles after a conversion is
initiated. During this time, the input is also very sensitive to

noise at the analog input, since it could be injected into the
capacitor array.

In many applications, a simple passive low-pass filter as
shown in Figure 10a can be used to improve signal quality.
In this case, the source impedance needs to be less than 5kQ
to keep the induced offset errors below 1/2LSB, and to meet
the acquisition time of five clock cycles. The values in
Figure 10a meet these requirements, and will maintain the
full power bandwidth of the system. For higher source
impedances, a buffer like the one in Figure 10b should be
used.

INPUT PROTECTION

The input signal range must not exceed +V g or V, by more
than 0.3V.

The analog inputs are internally clamped to V. To prevent
damage to the ADS7803, the current that can flow into the
inputs must be limited to 20mA. One approach is to use an
external resistor in series with the input filter resistor. For
example, a 1kQ input resistor allows an overvoltage to 20V
without damage.

REFERENCE INPUTS

A 10pF tantalum capacitor is recommended between Vige+
and Vg~ to insure low source impedance. These capacitors
should be located as close as possible to the ADS7803 to

Ccs RD WR SFR HBE CAL BUSY OPERATION

X X X X X o™ X Initiates calibration cycle. (See SFR section for alternate use as Sample/
Hold Control Mode input.)

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 0 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 0 1 1 1 1 X Contents of SFR output on data bus.

0 1 0 1 0 1 X Reserved for factory use.

0 0 1 1 0 1 X Reserved for factory use. (Unpredictable data on data bus.)

TABLE IV. Control Line Functions.

i |
! tg—=! |=—
i T
X Sample \ 2K Hold
i

Convert

FIGURE 7. Timing for Initiating Conversion in Sample/Hbld Control Mode (D2 in SFR HIGH).
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FIGURE 8. Measuring Active LOW to/from Hi-Z State.

reduce dynamic errors, since the reference provides packets
of current as the successive approximation steps are carried
out.

Vit must not exceed V. Although the accuracy is speci-
fied with Vgt = 5V and Vg~ = OV, the converter can
function with Vig+ as low as 4.5V and Vg~ as high as 1V.
As long as there is at least a 4.5V difference between Vygp+
and Vg, the absolute value of errors does not change
significantly, so that accuracy will typically be within +1LSB

The power supply to the reference source needs to be
considered during system design to prevent V. + from
exceeding (or overshooting) V,, particularly at power-on.
Also, after power-on, if the reference is not stable within
42,425 clock cycles, an additional calibration cycle may be
needed.

POWER SUPPLIES

The digital and analog power supply lines to the ADS7803
should be bypassed with 10pF tantalum capacitors as close
to the part as possible. Although ADS7803 has excellent
power supply rejection, even for higher frequencies, linear
regulated power supplies are recommended.

BURR-BROWN®
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FIGURE 9. Measuring Active HIGH to/from Hi-Z State.

Care should be taken to insure that V, does not come up
before V,, or permanent damage to the part may occur.
Figure 11 shows a good supply approach, powering both V,
and V, from a clean linear supply, with the 10Q resistor
between V, and Vj, insuring that V;, comes up after V,. This

Analog 500

Input © ‘/\N _L

5nF

To ADS7803

I-VHEF~ (Normally OV)

(a) Passive Low Pass Filter

v _ b To ADS7803

Input

Vger— (Normally V)
(b) Active Low Pass Filter

FIGURE 10. Input Signal Conditioning.
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FIGURE 11. Power Supply and Reference Decoupling.

is also a good method to further isolate the ADS7803 from
digital supplies in a system with significant switching
currents that could degrade the accuracy of conversions.

GROUNDING

To maximize accuracy of the ADS7803, the analog and
digital grounds are not connected internally. These points
should have very low impedance to avoid digital noise
feeding back into the analog ground. The Vg~ pin is used
as the reference point for input signals, so it should be
connected directly to AGND to reduce potential noise prob-
lems.

EXTERNAL CLOCK OPERATION

The circuitry required to drive the ADS7803 clock from an
external source is shown in Figure 12a. The external clock
must provide a 0.8V max for LOW and a 3.5V min for
HIGH, with rise and fall times that do not exceed 200ns. The
duty cycle of the external clock can vary as long as the LOW
time and HIGH time are each at least 200ns wide. Synchro-

74HC-Compatible CLK To ADS7803
Clock Source Pin 23
(a) External Clock Operation

See Typical Performance
45V To ADS7803 Curves for R Values
Pin 23 vs Frequency

(b) Internal Clock Operation

FIGURE 12. Internal Clock Operation.
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nizing the conversion clock to an external system clock is
recommended in microprocessor applications to prevent
beat-frequency problems.

Note that the electrical specification tables are based on
using an external 2MHz clock. Typically, the specified
accuracy is maintained for clock frequencies between 0.5
and 2.4MHz.

INTERNAL CLOCK OPERATION

Figure 12b shows how to use the internal clock generating
circuitry. The clock frequency depends only on the value of
the resistor, as shown in “Internal Clock Frequency vs
Rerock” in the Typical Performance Curves section.

The clock generator can operate between 100kHz and 2MHz.
With R = 100kQ, the clock frequency will nominally be
800kHz. The internal clock oscillators may vary by up to
20% from device to device, and will vary with temperature,
as shown in the typical performance curves. Therefore, use
of an external clock source is preferred in applications where
control of the conversion timing is critical, or where multiple
converters need to be synchronized.

APPLICATIONS

BIPOLAR INPUT RANGES

Figure 13 shows a circuit to accurately and simply convert
a bipolar 5V input signal into a unipolar O to 5V signal for
conversion by the ADS7803, using a precision, low-cost
complete difference amplifier, INA10S.

INA105 25kQ 2
25kQ 5
250 - 6] \Otosv
sy 1 . to ADS7803
Input
25kQ
%
+5V (Vgget)

FIGURE 13. £5V Input Range.

;OtOSV

to ADS7803

FIGURE 14. £10V Input Range.
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Figure 14 shows a circuit to convert a bipolar £10V input
signal into a unipolar 0 to 5V signal for conversion by the
ADS7803. The precision of this circuit will depend on the
matching and tracking of the three resistors used.

To trim this circuit for full 12-bit precision, R, and R, need
to be adjustable over appropriate ranges. To trim, first have
the ADS7803 converting continually and apply +9.9927V
(+10V — 1.5LSB) at the input. Adjust R, until the ADS7803
output toggles between the codes FFE hex and FFF hex.
This makes R, extremely close to R,. Then, apply -9.9976V
(-10V + 0.5LSB) at the input, and adjust R, until the
ADS7803 output toggles between 000 hex and 001 hex. At
each trim point, the current through the third resistor will be
almost zero, so that one trim iteration will be enough in most
cases. More iterations may be required if the op amp se-
lected has large offset voltage or bias currents, or if the +5V
reference is not precise.

This circuit can also be used to adjust gain and offset errors
due to the components preceding the ADS7803, to match the
performance of the self-calibration provided by the con-
verter.

INTERFACING TO

MOTOROLA MICROPROCESSORS

Figure 15 show a typical interface to Motorola microproces-
sors, while Figure 16 shows how the result can be placed in
register DO.

Conversion is initiated by a write instruction decoded by the
address decoder logic, with the lower two bits of the address
bus selecting an ADC input channel, as follows:
MOVE.W D0, ADC-ADDRESS

The result of the conversion is read from the data bus by a
read instruction to ADC-ADDRESS as follows:

A1 -A23
(A0 - A19)

Address Bus A1/

MC68000
(MC68008)

Address
Decoder
Logic

S

ADC_C
_I HBE SFR BUSY
——|CS

o
WR

T

ADS7803
1 Do1 |po-b7
Y

A0

[
LDOO-DO7 DO O

FIGURE 15. Interface to Motorola Microprocessors.

MOVEP.W $000 (ADC-ADDRESS), DO

This puts the 12-bit conversion result in the DO register, as
shown in Figure 15. The address decoder must pull down
ADC_CS AT ADC-ADDRESS to access the Low byte and
ADC-ADDRESS +2 to access the High byte.

INTERFACING TO INTEL MICROPROCESSORS
Figure 17 shows a typical interface to Intel.

A conversion is initiated by write instruction to address
ADC_CS. Data pins DOO0 and DOL select the analog input
channel. The BUSY signal can be used to generate a micro-
processor interrupt (INT) when the conversion is completed.
A read instruction from the ADC_CS address fetches the
Low byte, and a read instruction from the ADC_CS address
+2 fetches the High byte.

M L
S s
31 24 23 16 15 B 8 7 B0
8 plo|o|p|p|p|p|p|p|p|p|D
s ojo|B|B|B|B|B|{B|B|B|B|B|B|B
v 11{10{ 9|8 |7 4 2 0
FIGURE 16. Conversion Results in Motorola Register D0.
Intel
Microprocessor Address Bus Al *A2/
Based Systems INT
o Address |ADC_CS
(IO/M) |----=1 Decoder - -
8085 Logic HBE SFR BUSY
8086/88 B
80186/188 Cs
80286 ~ .
8031 RD RD
8051 o o
WR WR
T ADS7803
Data Bus D00, 1DO1 |DO-D7
[E—
A0
FIGURE 17. Interface to Intel Microprocessors.
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BURR - BROWN®

ADS7804

DEMO BOARD
AVAILABLE
See Appendix A for
more information.

| 12-Bit 10us Sampling CMOS

ANALOG-to-DIGITAL CONVERTER

R
FEATURES DESCRIPTION
® 100kHz min SAMPLING RATE The ADS7804 is a complete 12-Bit sampling A/D
® STANDARD +10V INPUT RANGE using state-of-the-art CMOS structures. It contains a

complete 12-Bit, capacitor-based, SAR A/D with S/H,
reference, clock, interface for microprocessor use, and

® 86dB min SINAD WITH 45kHz INPUT

® £1.5 LSB max INL three-state output drivers.

® DNL: 12-Bits “No Missing Codes” . The ADS7804 is specified at a 100kHz sampling rate,

® SINGLE +5V SUPPLY OPERATION and guaranteed over the full temperature range. Laser-

® PIN-COMPATIBLE WITH 16-BIT ADS7805 trimmed scaling resistors provide an industry-

® USES INTERNAL OR EXTERNAL sandard £10V input range, while the fnnovative de-
REFERENCE sign allows operation from a single +5V supply, with

power dissipation under 100mW.
® COMPLETE WITH S/, REF, CLOCK; ETC. The 28-pin ADS7804 is available in a plastic 0.3" DIP

® FULL PARALLEL DATA OUTPUT and in an SOIC, both fully specified for operation over
® 100mW max POWER DISSIPATION the industrial —40°C to +85°C range.

@ 28-PIN 0.3" PLASTIC DIP AND SOIC

~— RC
Clock ) - ) ' ~——CS
Successive Approximation Register and Control Logic BYTE
— BUSY
Output
20kQ Latches 2:::
+10V Input and - ::)Paranel
10k =< 4kQ Ts'::: Data
Comparator Drivers Bus
CAP O
Buffer Internal
. +2.5V Ref
4kQ
REF O- I YW

International Airport Industrial Park + Mailing Address: PO Box 11400 - Tucson, AZ85734 - Street Address: 6730 S. Tucson Bivd. + Tucson, AZ 85706
Tel: (602) 746-1111  +  Twx:910-952-1111 + Cable: BBRCORP + Telex:066-6491 - FAX:(602)889-1510 .+ Immediate Product Info: (800) 548-6132
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SPECIFICATIONS

ELECTRICAL
T, =—40°C to +85°C, f, = 100kHz, V. =V, = +5V, using internal reference, unless otherwise specified.
ADS7804P/U ADS7804PB/UB
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
RESOLUTION 12 * Bits
ANALOG INPUT
Voltage Ranges +10V * )
Impedance 23 > kQ
Capacitance 35 * pF
THROUGHPUT SPEED
Conversion Time 57 8 * * ps
Complete Cycle Acquire and Convert 10 * us
Throughput Rate 100 * kHz
DC ACCURACY
Integral Linearity Error +0.9 +0.45 LSBm
Differential Linearity Error 0.9 +0.45 LSB
No Missing Codes Guaranteed * Bits
Transition Noise® 0.1 * LSB
Full Scale Error@4 +0.5 +0.25 %
Full Scale Error Drift +7 +5 ppm/°C
Full Scale Error®# Ext. 2.5000V Ref +0.5 +0.25 %
Full Scale Error Drift Ext. 2.5000V Ref 2 * ppm/°C
Bipolar Zero Error® +10 +10 mv
Bipolar Zero Error Drift +2 * ppm/°C
Power Supply Sensitivity +4.75V < V< +5.25V +0.5 * LsB
(Voig = Vana = Vo)
AC ACCURACY
Spurious-Free Dynamic Range f = 45kHz 80 * dB®
Total Harmonic Distortion fi = 45kHz -80 * dB
Signal-to-(Noise+Distortion) fin = 45kHz 70 72 dB
Signal-to-Noise fi = 45kHz 70 72 dB
Full-Power Bandwidth® 250 * kHz
SAMPLING DYNAMICS
Aperture Delay 40 * ns
Aperture Jitter Sufficient to meet AC specs *
Transient Response FS Step 2 * us
Overvoltage Recovery™ 150 * ns
REFERENCE
Internal Reference Voltage 248 25 252 * * * v
Internal Reference Source Current 1 * RA
(Must use external buffer.)
Internal Reference Drift 8 ppm/°C
External Reference Voltage Range 23 25 27 * - * \'
for Specified Linearity
External Reference Current Drain Ext. 2.5000V Ref 100 * pA
DIGITAL INPUTS
Logic Levels
Vi -0.3 +0.8 . * '
Vi +2.0 V, +0.3V - . v
N +10 * pA
Iy +10 . pA
DIGITAL OUTPUTS
Data Format Parallel 12-bits
Data Coding Binary Two’s Complement
Voo Ik = 1.6mA +0.4 * \
Vou lsource = S00HA +4 * v
Leakage Current High-Z State, 5 * HA
Vour= 0V 1o Ve
Output Capacitance High-Z State 15 15 pF
DIGITAL TIMING
Bus Access Time 83 * ns
Bus Relinquish Time B 83 * ns

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®

Burr-Brown IC Data Book—Data Conversion Products 2.213

ADS7804

A/D CONVERTERS, DATA ACQUISITION COMPONENTS



For Immediate Assistance, Contact Your Local Salesperson
SPECIFICATIONS (con)

ELECTRICAL
T, =-40°C to +85°C, f; = 100kHz, V,,, = V,,, = +5V, using internal reference, unless otherwise specified.
ADS7804P/U ADS7804PB/UB
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
POWER SUPPLIES
Specified Performance
Vo Must be < V. +4.75 +5 +5.25 * . * v
Via +4.75 +5 +5.25 . . * v
+lpg 0.3 * mA
+laa 16 . mA
Power Dissipation fs = 100kHz 100 * mw
TEMPERATURE RANGE
Specified Performance —40 +85 * * °C
Derated Performance 55 +125 * * °C
Storage —65 +150 . . °C
Thermal Resistance (6,,)
Plastic DIP 75 * °C/W
soic 75 * °C/W

NOTES: (1) LSB means Least Significant Bit. For the 12-bit, 10V input ADS7804, one LSB is 4.88mV. (2) Typical rms noise at worst case transitions and
temperatures. (3) As measured with fixed resistors shown in Figure 4. Adjustable to zero with external potentiometer. (4) Full scale error is the worst case of —Full
Scale or +Full Scale untrimmed deviation from ideal first and last code transitions, divided by the transition voitage (not divided by the full-scale range) and includes
the effect of offset error. (5) All specifications in dB are referred to a full-scale £10V input. (6) Full-Power Bandwidth defined as Full-Scale input frequency at which
Signal-to-(Noise + Distortion) degrades to 60dB, or 10 bits of accuracy. (7) Recovers to specified performance after 2 x FS input overvoltage.

ABSOLUTE MAXIMUM RATINGS

ELECTROSTATIC
DISCHARGE SENSITIVITY

Electrostatic discharge can cause damage ranging from
performance degradation to complete device failure. Burr-
Brown Corporation recommends that all integrated circuits be
handled and stored using appropriate ESD protection

Analog Inputs: V, +25V
+V, i +0.3V to AGND2 0.3V
Indefinite Short to AGND2
Momentary Short to V,,,
Ground Voltage Differences: DGND, AGND1, AGND2 ................... +0.3V
VANA v
Vo 10 Viaa +0.3V
e v methods
Digital Inputs ~0.3Vito +V, +0.3V "
Maximum Junction Temperature +165°C
Internal Power Dissipation 825mw
Lead Temperature (soldering, 10s) +300°C
PACKAGE INFORMATION®
PACKAGE DRAWING
MODEL PACKAGE NUMBER
ADS7804P Plastic DIP 246
ADS7804PB Plastic DIP 246
ADS7804U SOIC 217
ADS7804UB SOIC 217
NOTE: (1) For detailed drawing and dimension table, please see end of data
sheet, or Appendix D of Burr-Brown IC Data Book.
ORDERING INFORMATION
MINIMUM
SIGNAL-TO-
MAXIMUM (NOISE + SPECIFICATION
LINEARITY DISTORTION) TEMPERATURE
MODEL ERROR (LSB) RATIO (dB) RANGE PACKAGE
ADS7804P +0.9 70 —40°C to +85°C Plastic DIP
ADS7804PB +0.45 72 ~40°C to +85°C Plastic DIP
ADS7804U +0.9 70 —40°C to +85°C SoIc
ADS7804UB +0.45 72 —40°C to +85°C SOIC

2.214
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DIGITAL
PIN# | NAME o DESCRIPTION
1 Vi Analog Input. See Figure 7.
2 AGND1 Analog Ground. Used internally as ground reference point.
3 REF Reference Input/Output. 2.2uF tantalum capacitor to ground.
4 CAP Reference Buffer Capacitor. 2.2uF tantalum capacitor to ground.
5 AGND2 Analog Ground.
6 D15 (MSB) o] Data Bit 11. Most Significant Bit (MSB) of conversion results. Hi-Z state when CS is HIGH, or when R/C is LOW.
7 D14 (o] Data Bit 10. Hi-Z state when CS is HIGH, or when R/C is LOW.
8 D13 (o] Data Bit 9. Hi-Z state when CS is HIGH, or when R/C is LOW.
9 D12 (o] Data Bit 8. Hi-Z state when CS is HIGH, or when R/C is LOW.
10 D11 (o) Data Bit 7. Hi-Z state when CS is HIGH, or when R/C is LOW.
1 D10 o] Data Bit 6. Hi-Z state when CS is HIGH, or when R/C is LOW.
12 D9 o Data Bit 5. Hi-Z state when CS is HIGH, or when R/C is LOW.
13 D8 o] Data Bit 4. Hi-Z state when CS is HIGH, or when R/C is LOW.
14 DGND Digital Ground.
15 D7 o Data Bit 3. Hi-Z state when CS is HIGH, or when R/C is LOW.
16 Dé o Data Bit 2. Hi-Z state when CS is HIGH, or when R/C is LOW.
17 D5 (o) Data Bit 1. Hi-Z state when CS is HIGH, or when R/C is LOW.
18 D4 o Data Bit 0. Lease Significant Bit (LSB) of conversion results. Hi-Z state when CS is HIGH, or when R/C is LOW.
19 D3 o] LOW when CS LOW, R/C HIGH. Hi-Z state when CS is HIGH, or when R/C is LOW.
20 D2 o LOW when CS LOW, R/C HIGH. Hi-Z state when CS is HIGH, or when R/C is LOW.
21 D1 o] LOW when CS LOW, R/C HIGH. Hi-Z state when CS is HIGH, or when R/C is LOW.
22 | DO (LSB) o LOW when CS LOW, R/C HIGH. Hi-Z state when CS is HIGH, or when R/C is LOW.
23 BYTE | Selects 8 most significant bits (LOW) or 8 least significant bits (HIGH).
24 R/C | With CS LOW and BUSY HIGH, a Falling Edge on R/C Initiates a New Conversion. With CS LOW, a rising edge on R/C
enables the parallel output.
25 [ | Internally OR'd with R/C. If R/C LOW, a falling edge on CS initiates a new conversion.
26 BUSY (o] At the start of a conversion, BUSY goes LOW and stays LOW until the conversion is completed and the digital outputs
have been updated.
27 Vana Analog Supply Input. Nominally +5V. Decouple to ground with 0.1uF ceramic and 10uF tantalum capacitors.
28 Vo Digital Supply Input. Nominally +5V. Connect directly to pin 27. Must be < V.

TABLE 1. Pin Assignments.

PIN CONFIGURATION CHARACTERIZATION CURVES
U/ - Call factory for updated data sheet which includes character-
Vin E 28 | Voi ization curves.
AGND1 E z Vana
REF E 26 | 5USY
CAP [Z E cs
AGND2 E z R/C
D11 (MSB) E E BYTE
D10| 7 22| Dz
DQ% ADS7804 7 o
D8 E T Dz
D710 T DZ
D6 [ 11 E DO (LSB)
D512 [17] b1
D413 z D2
DGND | 14 E D3
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BASIC OPERATION

Figure 1 shows a basic circuit to operate the ADS7804 with
a full parallel data output. Taking R/C (pin 24) LOW for a
minimum of 40ns (6pus max) will initiate a conversion.
BUSY (pin 26) will go LOW and stay LOW until the
conversion is completed and the output registers are up-
dated. Data will be output in Binary Two’s Complement
with the MSB on pin 6. BUSY going HIGH can be used to
latch the data. All convert commands will be ignored while
BUSY is LOW.

The ADS7804 will begin tracking the input signal at the end
of the conversion. Allowing 10us between convert com-
mands assures accurate acquisition of a new signal.

The offset and gain are adjusted internally to allow external
trimming with a single supply. The external resistors com-
pensate for this adjustment and can be left out if the offset
and gain will be corrected in software (refer to the Calibra-
tion section).

STARTING A CONVERSION

The combination of CS (pin 25) and R/C (pin 24) LOW for
a minimum of 40ns immediately puts the sample/hold of the
ADS7804 in the hold state and starts conversion ‘n’. BUSY
(pin 26) will go LOW and stay LOW until conversion ‘n’ is
completed and the internal output register has been updated.
All new convert commands during BUSY LOW will be
ignored. CS and/or R/C must go HIGH before BUSY goes
HIGH or a new conversion will be initiated without suffi-
cient time to acquire a new signal.

The ADS7804 will begin tracking the input signal at the end
of the conversion. Allowing 10us between convert com-
mands assures accurate acquisition of a new signal. Refer to

Table II for a summary of CS, R/C, and BUSY states and
Figures 3 through 5 for timing diagrams.

CS and R/C are internally OR’d and level triggered. There
is not a requirement which input goes LOW first when
initiating a conversion. If, however, it is critical that CS or
R/C initiates conversion ‘n’, be sure the less critical input is
LOW at least 10ns prior to the initiating input.

To reduce the number of control pins, CS can be tied LOW
using R/C to control the read and convert modes. This will
have no effect when using the internal data clock in the serial
output mode. However, the parallel output will become
active whenever R/C goes HIGH. Refer to the Reading
Data section.

CS | RIC |BUSY | OPERATION
1 X X None. Databus is in Hi-Z state.
1 0 1 Initiates conversion “n”. Databus remains
in Hi-Z state.
0 -l 1 Initiates conversion “n”. Databus enters Hi-Z
state.
0 1 T Conversion “n” completed. Valid data from
conversion “n” on the databus.
4 1 1 Enables databus with valid data from
conversion “n”.
1 1 0 Enables databus with valid data from
conversion “n-1"M. Conversion n in process.
0 T 0 Enables databus with valid data from
conversion “n-1", Conversion “n” in process.
0 0 T New conversion initiated without acquisition
of a new signal. Data will be invalid. CS and/or
R/C must be HIGH when BUSY goes HIGH.
X X 0 New convert commands ignored. Conversion
“n” in process.
NOTE: (1) See Figures 2 and 3 for constraints on data valid from
conversion “n-1".

Table II. Control Line Functions for “Read” and “Convert”.

B11 4——————‘

B1) -——mu—
B +-—————

B8

l

Al

2000 U/
1 B
T EJTT—(HSV
=‘ — £ 01uF == 104F
a ST
4 25
1 =‘_<7 Convert Pulse
%— 5 24
BI5MSB) =——— Y [¢| ‘2?}?7
Bl4 =— 17 22 BO(LSB)  4onemin
L aps7soa  |— 6pis max
B13 = [g 21 B1
B12 =—--— g 20 | B2
10 19
1 18
12 17
14 15

r———————————» B3
———————» B4
= B5

’—————>BG
&

FIGURE 1. Basic Operation.
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READING DATA

The ADS7804 outputs full or byte-reading paralle]l data in
Binary Two’s Complement data output format. The parallel
output will be active when R/C (pin 24) is HIGH and CS
(pin 25) is LOW. Any other combination of CS and R/C will
tri-state the parallel output. Valid conversion data can be
read in a full parallel, 12-Bit word or two 8-bit bytes on pins
6-13 and pins 15-22. BYTE (pin 23) can be toggled to read
both bytes within one conversion cycle. Refer to Table III
for ideal output codes and Figure 2 for bit locations relative
to the state of BYTE.

PARALLEL OUTPUT (During a Conversion)

After conversion ‘n’ has been initiated, valid data from
conversion ‘n-1’ can be read and will be valid up to 16us
after the start of conversion ‘n’. Do not attempt to read data
from 16ps after the start of conversion ‘n’ until BUSY (pin
26) goes HIGH; this may result in reading invalid data.
Refer to Table IV and Figures 3 and 5 for timing specifica-
tions.

Note! For the best possible performance, data should not be
read during a conversion. The switching noise of the asyn-

ADS7804

chronous data transfer can cause digital feedthrough degrad
ing the converter’s performance. ﬂ

DIGITAL OUTPUT The number of control lines can be reduced by tieing CS
BINARY TWO'S COMPLEMENT LOW while using R/C to initiate conversions and activate
DESCRIPTION |ANALOG INPUT|  BINARY CODE | HEX CODE the output mode of the converter. See Figure 3.
Full Scale Range +10V
Least Significant 4.88mV
Bit (LSB) SYMBOL DESCRIPTION MIN | TYP | MAX | UNITS
+Full Scale 9.99512V 0111 1111 1111 7FF t Convert Pulse Width 40 6000 ns
(10V - 1LSB) t, Data Valid Delay after R/C LOW 8 ps
Midscale ov 0000 0000 0000 000 1, BUSY Delay from R/IC LOW 65 ns
One LSB below -4.88mV 1111 1111 1111 FFF t BUSY LOW 8 us
Midscale ts BUSY Delay after 220 ns
~Full Scale -10v 1000 0000 0000 800 End of Conversion
Table IIL. Ideal Input Vol d Output Cod N Rperure Delay o "
able III. Ideal Input Voltages and Output Codes. N Conversion Time 76| 8 | us
R 15 Acquisition Time 2 us
PARALLEL OUTPUT (After a Conversion) N Bus Relinquish Time w0l 35| 83| ns
After conversion ‘n’ is completed and the output registers to BUSY Delay after Data Valid | 50 | 200 ns
have been up(?ated, BUSY (pin 2§) will go HIGH. Va!ld data t, Previous Data Valid 7.4 us
from conversion ‘n’ will be available on D11-D0 (pin 6-13 after RIC LOW
and 15-18 when BYTE is LOW). BUSY going HIGH can be t+t Throughput Time 9 [ 10| ps
used to latch the data. Refer to Table IV and Figures 3 and ty RIC to CS Setup Time 10 ns
5 for timing spemﬁcatlons. tis Time Between Conversions 10 Hs
ty Bus Access Time 10 83 ns
and BYTE Delay
TABLE IV. Conversion Timing.
BYTE LOW BYTE HIGH
NSNS — ] — +5V
Bit 1 Ms)| © | 23 Bit3] 6 23 )—?
Bit10| 7 22 | LOW Bit2| 7 22 | Bit4
L—1  ADS7804 |— L—  ADS7804 |}—
Bit9| 8 21 [ LOW Bit1| 8 21 | Bit5
Bit8| 9 20 | LOW Bit0 (LSB)| 9 20 | Bit6
Bit7(10 19 | LOW LOW | 10 19 | Bit7
Bit6|11 18 | Bit 0 (LSB) LOW | 11 18 | Bit8
Bit5|12 17 | Bit1 LOW |12 17 | Bit9
Bit4|13 16 | Bit2 LOw |13 16 | Bit 10
{7—{& 15 | Bit 3 ﬁl 15 | Bit 11
FIGURE 2. Bit Locations Relative to State of BYTE (pin 23).
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Data Valid Hi-Z X Data Valid Not Valid I]Jata Valid X Hi-Z XData Valid
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t

FIGURE 3. Conversion Timing with Outputs Enabled after Conversion (CS Tied LOW.)

- > | ~te =) =t = =ty = =ty
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— -4
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| |t
BUSY K
—| =1
MODE  Acquire Convert Acquire
| t |
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~ =ty =l

FIGURE 4. Using CS to Control Conversion and Read Timing.

- =ty typ | | =
RIC ///H HHHH
cs \
BYTE
Pins 6-13 Hi-Z * High Byte Low Byte Hi-Z
- |-ty - -ty - |-ty
Pins 15 - 22 Hi-Z Low Byte High Byte Hi-Z

FIGURE 5. Using CS and BYTE to Control Data Bus.
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INPUT RANGES

The ADS7804 offers a standard +10V input range. Figure 6
shows the necessary circuit connections for the ADS7804
with and without hardware trim. Offset and full scale error")
specifications are tested and guaranteed with the fixed resis-
tors shown in Figure 6b. Adjustments for offset and gain are
described in the Calibration section of this data sheet.

The offset and gain are adjusted internally to allow external
trimming with a single supply. The external resistors com-
pensate for this adjustment and can be left out if the offset
and gain will be corrected in software (refer to the Calibra-
tion section).

The nominal input impedance of 23kQ results from the
combination of the internal resistor network shown on the
front page of the product data sheet and the external resistors.
The input resistor divider network provides inherent overvolt-
age protection guaranteed to at leaset £25V. The 1% resistors
used for the external circuitry do not compromise the accuracy
or drift of the converter. They have little influence relative to
the internal resistors, and tighter tolerances are not required.
NOTE: (1) Full scale error includes offset and gain errors measured at both +FS
and ~FS.

CALIBRATION

The ADS7804 can be trimmed in hardware or software. The
offset should be trimmed before the gain since the offset
directly affects the gain. To achieve optimum performance,
several iterations may be required.

HARDWARE CALIBRATION

To calibrate the offset and gain of the ADS7804, install the
proper resistors and potentiometers as shown in Figure 6a. The
calibration range is £15mV for the offset and +60mV for the
gain.

SOFTWARE CALIBRATION

To calibrate the offset and gain of the ADS7804 in software,
no external resistors are required. See the No Calibration
section for details on the effects of the external resistors. Refer
to Table V for range of offset and gain errors with and without
external resistors.

NO CALIBRATION

See Figure 6b for circuit connections. The external resistors
shown in Figure 6b may not be necessary in some applica-

ADS7804

tions. These resistors provide compensation for an intern:
adjustment of the offset and gain which allows calibratio:

with a single supply. The nominal transfer function of th
ADS7804 will be bound by the shaded region seen in Figure
7 with a typical offset of ~30mV and a typical gain error of
—1.5%. Refer to Table V for range of offset and gain errors
with and without external resistors.

WITH WITHOUT
EXTERNAL EXTERNAL
RESISTORS RESISTORS UNITS
BPZ -10 < BPZ < 10 —45<BPZ <5 mV
-2<BPZ<2 -8<BPZ<1 LSBs
Gain -0.5 <error < 0.5 ~0.6 < error < ~0.55 | % of FSR
Error ~0.25 < error < 0.25(") | —0.45 < error < ~0.3(")
NOTE: (1) High Grade.

TABLE VII. Bipolar Offset and Gain Errors With and
Without External Resistors.

REF

Offset
CAP

2.2puF
: 5

;E AGND2

NOTE: Use 1% metal film resistors.

a) 110V With Hardware b) +10V Without Hardware
Trim Trim
200Q 1 200Q 4
£10V O— Vi £10V Vi
33.2kQ §‘7—T2 AGND1 21 AGNDT
+BV 2uF AN ; 2.2uF I

33.2kQ % +
Lo e

CAP

2.20F
AGND2

<1—le*~#

FIGURE 6. Circuit Diagram With and Without External Resistors.

BURR - BROWN®

Burr-Brown IC Data Book—Data Conversion Products

2.219

A/D CONVERTERS, DATA ACQUISITION COMPONENTS



For Immediate Assistance, Contact Your Local Salesperson

outp

—10V  -9.99983V -9.9998V

Digital

ut

t7FF

« Analog

+ 800

9.9997V 9.999815V  +10V Input

Ideal Transfer Function
With External Resistors

Range of Transfer Function
Without External Resistors

FIGURE 7. Full Scale Transfer Function.

REFERENCE

The ADS7804 can operate with its internal 2.5V reference or
an external reference. By applying an external reference to
pin 5, the internal reference can be bypassed. The reference
voltage at REF is buffered internally with the output on CAP
(pin 4).

The internal reference has an 8 ppm/°C drift (typical) and
accounts for approximately 20% of the full scale error
(FSE = 10.5% for low grade, £0.25% for high grade).

REF

REF (pin 3) is an input for an external reference or the output
for the internal 2.5V reference. A 2.2yF capacitor should be
connected as close to the REF pin as possible. The capacitor
and the output resistance of REF create a low pass filter to
bandlimit noise on the reference. Using a smaller value
capacitor will introduce more noise to the reference degrad-
ing the SNR and SINAD. The REF pin should not be used
to drive external AC or DC loads.

The range for the external reference is 2.3V to 2.7V and
determines the actual LSB size. Increasing the reference
voltage will increase the full scale range and the LSB size of
the converter which can improve the SNR.

2.220

CAP

CAP (pin 4) is the output of the internal reference buffer. A
2.2UF capacitor should be placed as close to the CAP pin as
possible to provide optimum switching currents for the
CDAC throughout the conversion cycle and compensation
for the output of the internal buffer. Using a capacitor any
smaller than 1uF can cause the output buffer to oscillate and
may not have sufficient charge for the CDAC. Capacitor
values larger than 2.2uF will have little affect on improving
performance.

The output of the buffer is capable of driving up to 2mA of
current to a DC load. DC loads requiring more than 2mA of
current from the CAP pin will begin to degrade the linearity
of the ADS7804. Using an external buffer will allow the
internal reference to be used for larger DC loads and AC
loads. Do not attempt to directly drive an AC load with the
output voltage on CAP. This will cause performance degra-
dation of the converter.

BURR - BROWN®
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LAYOUT

POWER

For optimum performance, tie the analog and digital power
pins to the same +5V power supply and tie the analog and
digital grounds together. As noted in the electrical specifica-
tions, the ADS7804 uses 90% of its power for the analog
circuitry. The ADS7804 should be considered as an analog
component.

The +5V power for the A/D should be separate from the +5V
used for the system’s digital logic. Connecting Vg (pin 28)
directly to a digital supply can reduce converter performance
due to switching noise from the digital logic. For best
performance, the +5V supply can be produced from what-
ever analog supply is used for the rest of the analog signal
conditioning. If +12V or +15V supplies are present, a simple
+5V regulator can be used. Although it is not suggested, if
the digital supply must be used to power the converter, be
sure to properly filter the supply. Either using a filtered
digital supply or a regulated analog supply, both V5 and
Vana should be tied to the same +5V source.

GROUNDING

Three ground pins are present on the ADS7804. DGND is
the digital supply ground. AGND2 is the analog supply
ground. AGND1 is the ground which all analog signals
internal to the A/D are referenced. AGND1 is more suscep-
tible to current induced voltage drops and must have the path
of least resistance back to the power supply.

All the ground pins of the A/D should be tied to the analog
ground plane, separated from the system’s digital logic
ground, to achieve optimum performance. Both analog and
digital ground planes should be tied to the “system” ground
as near to the power supplies as possible. This helps to
prevent dynamic digital ground currents from modulating
the analog ground through a common impedance to power
ground.

BURR - BROWN®
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SIGNAL CONDITIONING
The FET switches used for the sample hold on many CMOS

~ A/D converters release a significant amount of charge injec-

tion which can cause the driving op amp to oscillate. The
FET switch on the ADS7804, compared to the FET switches
on other CMOS A/D converters, releases 5%-10% of the
charge. There is also a resistive front end which attenuates
any charge which is released. The end result is a minimal
requirement for the anti-alias filter on the front end. Any op
amp sufficient for the signal in an application will be
sufficient to drive the ADS7804.

ADS7804

The resistive front end of the ADS7804 also provides zu
guaranteed £25V overvoltage protection. In most cases, thi

eliminates the need for external input protection circuitry.

INTERMEDIATE LATCHES

The ADS7804 does have tri-state outputs for the parallel
port, but intermediate latches should be used if the bus will
be active during conversions. If the bus is not active during
conversion, the tri-state outputs can be used to isolate the
A/D from other peripherals on the same bus. Tri-state
outputs can also be used when the A/D is the only peripheral
on the data bus.

Intermediate latches are beneficial on any monolithic A/D
converter. The ADS7804 has an internal LSB size of 610uV.
Transients from fast switching signals on the parallel port,
even when the A/D is tri-stated, can be coupled through the
substrate to the analog circuitry causing degradation of
converter performance. The effects of this phenomenon will
be more obvious when using the pin-compatible ADS7805
or any of the other 16-bit converters in the ADS Family. This
is due to the smaller internal LSB size of 38uV.

APPLICATIONS

Call factory for updated data sheet which includes standard
DSP, microprocessor, and microcontroller interfaces.
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BURR - BROWN®

ADS7805
DEMO BOARD
AVAILABLE
See Appendix A for

more information.

- 16-Bit 10us Sampling CMOS
ANALOG-to-DIGITAL CONVERTER

FEATURES DESCRIPTION

® 100kHz min SAMPLING RATE The ADS7805 is a complete 16-bit sampling A/D
® STANDARD +10V INPUT RANGE using state-of-the-art CMOS structures. It contains a

. complete 16-bit, capacitor-based, SAR A/D with S/H,
® 86dB min SINAD WITH 45kHz INPUT reference, clock, interface for microprocessor use, and

® 1.5 LSB max INL three-state output-drivers.
©® DNL: 16-bits “No Missing Codes” The ADS7805 is specified at a 100kHz sampling rate,
® SINGLE +5V SUPPLY OPERATION and guaranteed over the full temperature range. Laser-
" @ PIN-COMPATIBLE WITH 12-BIT ADS7804 trimmed scaling resistors provide an industry-
standard £10V input range, while the innovative de-
i g:EgFI‘:L%IENAL OR EXTERNAL sign allows operation from a single +5V supply, with

power dissipation under 100mW.

® FULL PARALLEL DATA OUTPUT The 28-pin ADS7805 is available in a plastic 0.3" DIP

@ 100mW max POWER DISSIPATION and in an SOIC, both fully specified for operation over
@ 28-PIN 0.3" PLASTIC DIP AND SOIC the industrial —40°C to +85°C range.
|<~— RIC
Clock Successive Approximation Register and Control Logic <B:$TE
— BUSY
CDAC
J_ J_ _L : _L Output
20kQ Latches 2:::
£10V Input 0.1 and ’::>Parallel
ke Sae | T 9T 9T e 2:;?: Data
: . . % Comparator Drivers Bus
CAP O
Buffer Internal
+2.5V Ref
4kQ
REF O YW

International Airport Industrial Park « Mailing Address: PO Box 11400 + Tucson, AZ85734 « Street Address: 6730 S. Tucson Blvd. + Tucson, AZ 85706
Tel: (602) 746-1111 .+ Twx:910-952-1111 + Cable:BBRCORP - Telex: 066-6491 -« FAX:(602)889-1510 . Immediate Product Info: (800) 548-6132
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SPECIFICATIONS

ELECTRICAL
T, =-40°C to +85°C, f; = 100kHz, V. = V., = +5V, using internal reference, unless otherwise specified.
ADS7805P, U ADS7805PB, UB
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
RESOLUTION 16 * Bits
ANALOG INPUT
Voltage Ranges +10V * v
Impedance 23 * kQ
Capacitance 35 * pF
THROUGHPUT SPEED
Conversion Time 7.6 8 * * Hs
Complete Cycle Acquire and Convert 10 * us
Throughput Rate 100 * kHz
DC ACCURACY
Integral Linearity Error +3 +15 LSBM
Differential Linearity Error +3, 2 +1.5, -1 LSB
No Missing Codes 15 16 Bits
Transition Noise@ 1.3 * LsB
Full Scale Error®4 +0.5 +0.25 %
Full Scale Error Drift +7 5 ppm/°C
Full Scale Error®4 Ext. 2.5000V Ref 0.5 +0.25 %
Full Scale Error Drift Ext. 2.5000V Ref +2 * ppm/°C
Bipolar Zero Error® +10 * mvV
Bipolar Zero Error Drift *2 * ppm/°C
Power Supply Sensitivity +4.75V < V< +5.25V 18 * LsB
(Ve = Vana= Vo)
AC ACCURACY
Spurious-Free Dynamic Range iy = 45kHz 90 96 dB®
Total Harmonic Distortion fi = 45kHz -90 —-96 dB
Signal-to-(Noise+Distortion) i = 45kHz 83 86 dB
—60dB Input 30 32 dB
Signal-to-Noise fi = 45kHz 83 86 dB
Full-Power Bandwidth® 250 * kHz
SAMPLING DYNAMICS
Aperture Delay 40 * ns
Aperture Jitter Sufficient to meet AC specs *
Transient Response FS Step 2 * us
Overvoltage Recovery™ 150 * ns
REFERENCE
Internal Reference Voltage 2.48 25 252 * * * v
Internal Reference Source Current 1 * HA
(Must use external buffer.)
Internal Reference Drift 8 * ppm/°C
External Reference Voitage Range 23 25 2.7 * * * \
for Specified Linearity
External Reference Current Drain Ext. 2.5000V Ref 100 * pA
DIGITAL INPUTS
Logic Levels
V. -0.3 +0.8 . . v
Vi +2.0 Vp+0.3V * * \
I +10 * A
™ +10 * pA
DIGITAL OUTPUTS Parallel 16-bits
Data Format Binary Two's Complement
Data Coding
Vo I = 1.6MA +0.4 . \
OH Isounce = 500uA +4 . v
Leakage Current High-Z State, +5 * A
Vour= 0V to Vg
Output Capacitance High-Z State 15 15 pF
DIGITAL TIMING
Bus Access Time 83 * ns
Bus Relinquish Time 83 * ns

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 (conm

ELECTRICAL
T, =—40°C to +85°C, f; = 100kHz, V,,, = V,, = +5V, using internal reference, unless otherwise specified.
ADS7805P, U ADS7805PB, UB
PARAMETER - - CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
POWER SUPPLIES
Specified Performance
Vo Must be < V. +4.75 +5 +5.25 . . . v
Vana ! +4.75 +5 +5.25 * * * v
[ 0.3 * mA
[, 16 . mA
Power Dissipation fs = 100kHz 100 . mW
TEMPERATURE RANGE
Specified Performance —40 +85 * * °C
Derated Performance -55 +125 * * °C
Storage —65 +150 . . °C
Thermal Resistance (6,,)
Plastic DIP 75 * °C/W
SOIC 75 * °C/W.

NOTES: (1) LSB means Least Significant Bit. For the 16-bit, 10V input ADS7805, one LSB is 305pV. (2) Typical rms noise at worst case transitions and

temp (3) As

d with fixed resistors shown in Figure 4. Adjustable to zero with external potentiometer. (4) Full scale error is the worst case of —Full

Scale or +Full Scale untrimmed deviation from ideal first and last code transitions, divided by the transition voltage (not divided by the full-scale range) and includes
the effect of offset error. (5) All specifications in dB are referred to a full-scale 10V input. (6) Full-Power Bandwidth defined as Full-Scale input frequency at which
Signal-to-(Noise + Distortion) degrades to 60dB, or 10 bits of accuracy. (7) Recovers to specified performance after 2 x FS input overvoltage.

ABSOLUTE MAXIMUM RATINGS

ELECTROSTATIC
DISCHARGE SENSITIVITY

Electrostatic discharge can cause damage ranging from
performance degradation to complete device failure. Burr-
Brown Corporation recommends that all integrated circuits be
handled and stored using appropriate ESD protection

Analog Inputs: V,, +25V
CAP . +V,a +0.3V to AGND2 -0.3V
REF .. Indefinite Short to AGND2,
Momentary Short to V,,
Ground Voltage Differences: DGND, AGND1, AGND2 ................... & +0.3V
VANA B v
Vo 10 Vaua +0.3V
oe v methods
Digital Inputs -0.3V to +V;, +0.3V .
Maximum Junction Temp +165°C
Internal Power Di i 825mwW
Lead Temperature (soldering, 10s) +300°C
PACKAGE INFORMATION®™
PACKAGE DRAWING
MODEL PACKAGE NUMBER
ADS7805P Plastic DIP 246
ADS7805PB Plastic DIP 246
ADS7805U soic 217
ADS7805UB SOIC 217
NOTE: (1) For detailed drawing and dimension table, please see end of data
sheet, or Appendix D of Burr-Brown IC Data Book.
ORDERING INFORMATION
MINIMUM
SIGNAL-TO-
MAXIMUM (NOISE + SPECIFICATION
LINEARITY DISTORTION) | TEMPERATURE
MODEL ERROR (LSB) RATIO (dB) RANGE PACKAGE
ADS7805P +3 83 —40°C to +85°C Plastic DIP
ADS7805PB +1.5 86 —40°C to +85°C Plastic DIP
ADS7805U ' +3 83 —40°C to +85°C soIc
ADS7805UB +1.5 86 —40°C to +85°C SoIC
2.224
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DIGITAL
PIN# | NAME /o DESCRIPTION
1 Vin Analog Input. See Figure 7.
2 AGND1 Analog Ground. Used internally as ground reference point.
3 REF Reference Input/Output. 2.2uF tantalum capacitor to ground.
4 CAP Reference Buffer Capacitor. 2.2uF tantalum capacitor to ground.
5 AGND2 Analog Ground.
6 D15 (MSB) [¢] Data Bit 15. Most Significant Bit (MSB) of conversion results. Hi-Z state when CSis HIGH, or when R/C is LOW.
7 D14 o Data Bit 14. Hi-Z state when CS is HIGH, or when R/C is LOW.
8 D13 o Data Bit 13. Hi-Z state when CS is HIGH, or when R/C is LOW.
9 D12 (0] Data Bit 12. Hi-Z state when CS is HIGH, or when R/C is LOW.
10 D11 o Data Bit 11. Hi-Z state when CS is HIGH, or when R/C is LOW.
1 D10 o Data Bit 10. Hi-Z state when CS is HIGH, or when R/C is LOW.
12 D9 o Data Bit 9. Hi-Z state when CS is HIGH, or when R/C is LOW.
13 D8 o Data Bit 8. Hi-Z state when CS is HIGH, or when R/C is LOW.
14 DGND Digital Ground.
15 D7 (o] Data Bit 7. Hi-Z state when CS is HIGH, or when R/C is LOW.
16 D6 o Data Bit 6. Hi-Z state when CS is HIGH, or when R/C is LOW.
17 D5 o Data Bit 5. Hi-Z state when CS is HIGH, or when R/C is LOW.
18 D4 o Data Bit 4. Hi-Z state when CS is HIGH, or when R/C is LOW.
19 D3 o) Data Bit 3. Hi-Z state when CS is HIGH, or when R/C is LOW.
20 D2 [¢) Data Bit 2. Hi-Z state when CS is HIGH, or when R/C is LOW.
21 D1 o Data Bit 1. Hi-Z state when CS is HIGH, or when R/C is LOW.
22 DO (LSB) o] Data Bit 0. Lease Significant Bit (LSB) of conversion results. Hi-Z state when CSis HIGH, or when R/C is LOW.
23 BYTE 1 Selects 8 most significant bits (LOW) or 8 least significant bits (HIGH).
24 R/C | With TS LOW and BUSY HIGH, a Falling Edge on R/C Initiates a New Conversion. With CS LOW, a rising edge on R/C
enables the paralle! output.
25 cs | Internally OR'd with R/C. If R/C LOW, a falling edge on CS initiates a new conversion.
26 BUSY o At the start of a conversion, BUSY goes LOW and stays LOW until the conversion is completed and the digital outputs
have been updated.
27 Vana Analog Supply Input. Nominally +5V. Decouple to ground with 0.1uF ceramic and 10uF tantalum capacitors.
28 Voe Digital Supply Input. Nominally +5V. Connect directly to pin 27. Must be < V.

TABLE I. Pin Assignments.

PIN CONFIGURATION CHARACTERIZATION CURVES
] \N4 | Cal! factory for updated data sheet which includes character-
Viy 1% 28 | Vo ization curves.
AGND1 | 2 27 | Vana
REF j E BUSY
CAP| 4 | E cs
AGND2| 5 24 | RIC
D15 (MSB) E 23| BvTE
D14] 7 | 22| Do (LsB)
—{ ADs7s05 | —
D13} 8 | 21| D1
o12f 9 | 20 | D2
b11{10] 19 | D3
D10| 11 E D4
D9 |12 17 | D5
D8 |13 E D6
DGND z 15 | D7
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BASIC OPERATION

Figure 1 shows a basic circuit to operate the ADS7805 with
a full parallel data output. Taking R/C (pin 24) LOW for a
minimum of 40ns (7us max) will initiate a conversion.
BUSY (pin 26) will go LOW and stay LOW until the
‘conversion is completed and the output registers are up-
dated. Data will be output in Binary Two’s Complement
with the MSB on pin 6. BUSY going HIGH can be used to
latch the data. All convert commands will be ignored while
BUSY is LOW.

The ADS7805 will begin tracking the input signal at the end
of the conversion. Allowing 10us between convert com-
mands assures accurate acquisition of a new signal.

The offset and gain are adjusted internally to allow external
trimming with a single supply. The external resistors com-
pensate for this adjustment and can be left out if the offset
and gain will be corrected in software (refer to the Calibra-
tion section).

STARTING A CONVERSION

The combination of CS (pin 25) and R/C (pin 24) LOW for
a minimum of 40ns immediately puts the sample/hold of the
ADS7805 in the hold state and starts conversion ‘n’. BUSY
(pin 26) will go LOW and stay LOW until conversion ‘n’ is
completed and the internal output register has been updated.
All new convert commands during BUSY LOW will be
ignored. CS and/or R/C must go HIGH before BUSY goes
HIGH or a new conversion will be initiated without suffi-
cient time to acquire a new signal.

The ADS7805 will begin tracking the input signal at the end
of the conversion. Allowing 25us between convert com-
mands assures accurate acquisition of a new signal. Refer to

Table II for a summary of CS, R/C, and BUSY states and
Figures 3 through 5 for timing diagrams.

CS and R/C are internally OR’d and level triggered. There
is not a requirement which input goes LOW first when
initiating a conversion. If, however, it is critical that CS or
R/C initiates conversion ‘n’, be sure the less critical input is
LOW at least 10ns prior to the initiating input.

To reduce the number of control pins, CS can be tied LOW
using R/C to control the read and convert modes. This will
have no effect when using the internal data clock in the serial
output mode. However, the parallel output will become
active whenever R/C goes HIGH. Refer to the Reading
Data section.

CS | RIC |BUSY | OPERATION
1 X X None. Databus is in Hi-Z state.
2 0 1 Initiates conversion “n”. Databus remains
in Hi-Z state.
0 { 1 Initiates conversion “n”. Databus enters Hi-Z
state.
0 1 T Conversion “n” completed. Valid data from
conversion “n” on the databus.
1 1 1 Enables databus with valid data from
conversion “n”.
{ 1 0 Enables databus with valid data from
conversion “n-1"". Conversion n in progress.
0 T 0 Enables databus with valid data from
conversion “n-1". Conversion “n” in progress.
0 0 T New conversion initiated without acquisition
of a new signal. Data will be invalid. CS and/or
R/C must be HIGH when BUSY goes HIGH.
X X 0 New convert commands ignored. Conversion
“n” in progress.
NOTE: (1) See Figures 3 and 4 for constraints on data valid from
conversion “n-1".

Table II. Control Line Functions for “Read” and “Convert”.

B0 -——r+«+————

re

B9

B8

== =
Al w ||

va

2000 A NV
1 28
; ’=
2 il *0.1pF +10F+5V
= 14 m
B Bl VAl
“ 2
1 1 Convert Pulse
% 5 24
BI5MSB) ~—— Y [¢| 23 }—‘|7
— —
B4 =— I3 22 ] BOWSB)  4onsmin
Lt  ADs7805 |— 6y max
B13 =— g 21 B
B2 =— [ 20 ] B2
Bt =—————Ti0] ob——— = B3
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B6

|
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B7

B

FIGURE 1. Basic Operation.
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READING DATA

The ADS7805 outputs full or byte-reading parallel data in
Binary Two’s Complement data output format. The parallel
output will be active when R/C (pin 24) is HIGH and CS
(pin 25) is LOW. Any other combination of CS and R/C will
tri-state the parallel output. Valid conversion data can be
read in a full parallel, 16-bit word or two 8-bit bytes on pins
6-13 and pins 15-22. BYTE (pin 23) can be toggled to read
both bytes within one conversion cycle. Refer to Table III
for ideal output codes and Figure 2 for bit locations relative
to the state of BYTE.

PARALLEL OUTPUT (During a Conversion)

After conversion ‘n’ has been initiated, valid data from
conversion ‘n-1’ can be read and will be valid up to 7us after
the start of conversion ‘n’. Do not attempt to read data from
Tps after the start of conversion ‘n’ until BUSY (pin 26)
goes HIGH; this may result in reading invalid data. Refer to
Table IV and Figures 3 and 5 for timing specifications.

Note! For the best possible performance, data should not be
read during a conversion. The switching noise of the asyn-
chronous data transfer can cause digital feedthrough degrad-
ing the converter’s performance.

ADS7805

The number of control lines can be reduced by tieing @n
LOW while using R/C to initiate conversions and activat

DIGITAL OUTPUT
BINARY TWO’S COMPLEMENT the output mode of the converter. See Figure 3.
DESCRIPTION |ANALOG INPUT|  BINARY CODE | HEX CODE
Full Scale Range +10V
SYMBOL DESCRIPTION MIN | TYP | MAX | UNITS|
Least Significant 305uv
Bit (LSB) 1, Convert Pulse Width 40 7000| ns
+Full Scale 9.999695V | 0111 1111 1111 1111 |  7FFF t Data Valid Delay after R/C LOW 8 | ks
(10V - 1LSB) ty BUSY Delay from R/C LOW 65 | ns
Midscale ov 0000 0000 0000 0000 | 0000 t BUSY LOW 8 [ us
One LSB below ~305V 1111 1191 1111 1111 | FFFF ts BUSY Delay after 220 ns
Midscale End of Conversion
—Full Scale —1ov 1000 0000 0000 0000 | 8000 % Aperture Delay 40 ns
t, Conversion Time 76| 8 us
Table II1. Ideal Input Voltages and Output Codes. b Acquisition Time 2 us
ty Bus Relinquish Time 10 | 35 83 ns
PARALLEL OUTPUT (After a Conversion) t BUSY Delay after Data Valid | 50 | 200 ns
After conversion ‘n’ is completed and the output registers t, Previous Data Valid 7.4 us
have been updated, BUSY (pin 26) will go HIGH. Valid data after RIC LOW
from conversion ‘n’ will be available on D15-DO (pin 6-13 bty Throughput Time 9 [ 10| us
and 15-22). BUSY going HIGH can be used to latch the t, R/C to CS Setup Time 10 ns
data. Refer to Table IV and Figures 3 and 5 for timing t, Time Between Conversions 10 us
specifications. t, Bus Access Time 10 83 | ns
and BYTE Delay
TABLE IV. Conversion Timing.
BYTE LOW BYTE HIGH
e e i ey I S T +5V
Bil15(MSB)E 23 Bit7| 6 23 }——?
Bit 14 E 22 | Bit 0 (LSB) Bit6| 7 22 | Bit8
L—|  ADs7805 |— L— ADs7805 |—
Bit13] 8 | 21 | Bit 1 Bit5| 8 | 21 | Bit9
L — S ==
Bit12| 9 20 | Bit2 Bit4| 9 20 | Bit 10
- | L =]
Bit11]10 19 | Bit3 Bit3|10 19 | Bit 11
== —— = ——
Bit10| 11 18 | Bit4 Bit2| 11 |18 | Bit 12
—4 — — ——
Bit9|12 17 | Bit5 Bit 1|12 17 | Bit 13
ﬁ — — —
Bit8|13 16 | Bit6 Bit0 (LSB) | 13 16 | Bit 14
6—1 14 15| Bit7 :?—-{ 14 15 | Bit 15 (MSB)
FIGURE 2. Bit Locations Relative to State of BYTE (pin 23).
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FIGURE 3. Conversion Timing with Outputs Enabled after Conversion (CS Tied LOW.)
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FIGURE 4. Using CS to Control Conversion and Read Timing.
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FIGURE 5. Using CS and BYTE to Control Data Bus.
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INPUT RANGES

The ADS7805 offers a standard £10V input range. Figure 6
shows the necessary circuit connections for the ADS7805
with and without hardware trim. Offset and full scale error{D)
specifications are tested and guaranteed with the fixed resis-
tors shown in Figure 6b. Adjustments for offset and gain are
described in the Calibration section of this data sheet.

The offset and gain are adjusted internally to allow external
trimming with a single supply. The external resistors com-
pensate for this adjustment and can be left out if the offset
and gain will be corrected in software (refer to the Calibra-
tion section).

The nominal input impedance of 23kQ results from the
combination of the internal resistor network shown on the
front page of the product data sheet and the external resistors.
The input resistor divider network provides inherent overvolt-
age protection guaranteed to at lease +25V. The 1% resistors
used for the external circuitry do not compromise the accuracy
or drift of the converter. They have little influence relative to
the internal resistors, and tighter tolerances are not required.
NOTE: (1) Full scale error includes offset and gain errors measured at both +FS
and -FS.

CALIBRATION

The ADS7805 can be trimmed in hardware or software. The
offset should be trimmed before the gain since the offset
directly affects the gain. To achieve optimum performance,
several iterations may be required.

HARDWARE CALIBRATION

To calibrate the offset and gain of the ADS7805, install the
proper resistors and potentiometers as shown in Figure 6a. The
calibration range is £15mV for the offset and +60mV for the
gain.

SOFTWARE CALIBRATION

To calibrate the offset and gain of the ADS7805 in software,
no external resistors are required. See the No Calibration
section for details on the effects of the external resistors. Refer
to Table V for range of offset and gain errors with and without
external resistors.

NO CALIBRATION

See Figure 6b for circuit connections. The external resistors
shown in Figure 6b may not be necessary in some applica-

tions. These resistors provide compensation for an intern:
adjustment of the offset and gain which allows calibratio

with a single supply. The nominal transfer function of th
ADS7805 will be bound by the shaded region seen in Figure
7 with a typical offset of ~30mV and a typical gain error of
—1.5%. Refer to Table V for range of offset and gain errors
with and without external resistors.

WITH WITHOUT
EXTERNAL EXTERNAL
RESISTORS RESISTORS UNITS
BPO -10 <BPO < 10 -50 < BPO < —15 mv
-30 < BPO < 30 —150 < BPO < 45 LSBs
Gain —0.5 < error < 0.5 -2 < error < —1 % of FSR
Error

TABLE V. Offset and Gain Errors With and Without Exter-
nal Resistors.

REF

Offset

EN

CAP
2 2 |
i AGND2

o

NOTE: Use 1% metal film resistors.

a) +10V With Hardware b) +10V Without Hardware
Trim Trim
200Q 1 200Q 1
10V O Vin 10V Vin
33.2kQ ﬁ AGND1 21 aaND1
+5V 2uF

CAP

2.2yF
33.2m% T3 e
4
o

+

iﬁ AGND2

2.2uF

FIGURE 6. Circuit Diagram With and Without External Resistors.
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Digital
Output

L 7FFF

-10V  -9.99983V -9.9998V

« Analog

v ¢ + 8000

9.9997V 9.999815V  +10V Input

————— Ideal Transfer Function
With External Resistors

Range of Transfer Function
Without External Resistors

FIGURE 7. Full Scale Transfer Function.

REFERENCE

The ADS7805 can operate with its internal 2.5V reference or
an external reference. By applying an external reference to
pin 5, the internal reference can be bypassed. The reference
voltage at REF is buffered internally with the output on CAP
(pin 4).

The internal reference has an 8 ppm/°C drift (typical) and
accounts for approximately 20% of the full scale error
(FSE = $0.5% for low grade, £0.25% for high grade).

REF

REF (pin 3) is an input for an external reference or the output
for the internal 2.5V reference. A 2.2UF capacitor should be
connected as close to the REF pin as possible. The capacitor
and the output resistance of REF create a low pass filter to
bandlimit noise on the reference. Using a smaller value
capacitor will introduce more noise to the reference degrad-
ing the SNR and SINAD. The REF pin should not be used
to drive external AC or DC loads.

The range for the external reference is 2.3V to 2.7V and
determines the actual LSB size. Increasing the reference
voltage will increase the full scale range and the LSB size of
the converter which can improve the SNR.

CAP

CAP (pin 4) is the output of the internal reference buffer. A
2.24F capacitor should be placed as close to the CAP pin as
possible to provide optimum switching currents for the
CDAC throughout the conversion cycle and compensation
for the output of the internal buffer. Using a capacitor any
smaller than 1WF can cause the output buffer to oscillate and
may not have sufficient charge for the CDAC. Capacitor
values larger than 2.2uF will have little affect on improving
performance.

The output of the buffer is capable of driving up to 2mA of
current to a DC load. DC loads requiring more than 2mA of
current from the CAP pin will begin to degrade the linearity
of the ADS7805. Using an external buffer will allow the
internal reference to be used for larger DC loads and AC
loads. Do not attempt to directly drive an AC load with the
output voltage on CAP. This will cause performance degra-
dation of the converter.

BURR - BROWN®
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LAYOUT

POWER

For optimum performance, tie the analog and digital power
pins to the same +5V power supply and tie the analog and
digital grounds together. As noted in the electrical specifica-
tions, the ADS7805 uses 90% of its power for the analog
circuitry. The ADS7805 should be considered as an analog
component.

The +5V power for the A/D should be separate from the +5V
used for the system’s digital logic. Connecting Vg (pin 28)
directly to a digital supply can reduce converter performance
due to switching noise from the digital logic. For best
performance, the +5V supply can be produced from what-
ever analog supply is used for the rest of the analog signal
conditioning. If +12V or +15V supplies are present, a simple
+5V regulator can be used. Although it is not suggested, if
the digital supply must be used to power the converter, be
sure to properly filter the supply. Either using a filtered
digital supply or a regulated analog supply, both Vp; and
Vana should be tied to the same +5V source.

GROUNDING

Three ground pins are present on the ADS7805. DGND is
the digital supply ground. AGND2 is the analog supply
ground. AGND1 is the ground which all analog signals
internal to the A/D are referenced. AGNDI is more suscep-
tible to current induced voltage drops and must have the path
of least resistance back to the power supply.

All the ground pins of the A/D should be tied to the analog
ground plane, separated from the system’s digital logic
ground, to achieve optimum performance. Both analog and
digital ground planes should be tied to the “system” ground
as near to the power supplies as possible. This helps to
prevent dynamic digital ground currents from modulating
the analog ground through a common impedance to power
ground.

BURR - BROWN®
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SIGNAL CONDITIONING

The FET switches used for the sample hold on many CMOS
A/D converters release a significant amount of charge injec-
tion which can cause the driving op amp to oscillate. The
FET switch on the ADS7805, compared to the FET switches
on other CMOS A/D converters, releases 5%-10% of the
charge. There is also a resistive front end which attenuates
any charge which is released. The end result is a minimal
requirement for the anti-alias filter on the front end. Any op
amp sufficient for the signal in an application will be
sufficient to drive the ADS7805.

The resistive front end of the ADS7805 also provides
guaranteed £25V overvoltage protection. In most cases, thi
eliminates the need for external input protection circuitry.

INTERMEDIATE LATCHES

The ADS7805 does have tri-state outputs for the parallel
port, but intermediate latches should be used if the bus will
be active during conversions. If the bus is not active during
conversion, the tri-state outputs can be used to isolate the
A/D from other peripherals on the same bus. Tri-state
outputs can also be used when the A/D is the only peripheral
on the data bus.

Intermediate latches are beneficial on any monolithic A/D
converter. The ADS7805 has an internal LSB size of 38uV.
Transients from fast switching signals on the parallel port,
even when the A/D is tri-stated, can be coupled through the
substrate to the analog circuitry causing degradation of
converter performance.

APPLICATIONS

Call factory for updated data sheet which includes standard
DSP, microprocessor, and microcontroller interfaces.
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BURR - BROWN®

ADS7806

DEMO BOARD
AVAILABLE
See Appendix A for
more information.

Low-Power 12-Bit Sampling CMOS

'ANALOG-to-DIGITAL CONVERTER

FEATURES

@ 35mW max POWER DISSIPATION
® 50uW POWER DOWN MODE

@ 25us max ACQUISITION AND
CONVERSION

@ 11/2LSB max INL AND DNL
@ 72dB min SINAD WITH 1kHz INPUT

@ =10V, OV TO +5V, AND OV TO +4V INPUT
RANGES

@ SINGLE +5V SUPPLY OPERATION
@ PARALLEL AND SERIAL DATA OUTPUT
@ PIN-COMPATIBLE WITH 16-BIT ADS7807

@ USES INTERNAL OR EXTERNAL
REFERENCE

@ 28-PIN 0.3" PLASTIC DIP AND SOIC

DESCRIPTION

The ADS7806 is a low-power 12-bit sampling A/D.
using state-of-the-art CMOS structures. It contains a
complete 12-bit capacitor-based SAR A/D with S/H,
clock, reference, and microprocessor interface with
parallel and serial output drivers.

The ADS7806 can acquire and convert to full 12-bit
accuracy in 25us max while consuming only 35mW
max. Laser-trimmed scaling resistors provide standard
industrial input ranges of +10V and 0V to +5V. In
addition, a OV to +4V range allows development of
complete single supply systems.

The 28-pin ADS7806 is available in a plastic 0.3" DIP
and in an SOIC, both fully specified for operation over
the industrial —40°C to +85°C temperature range.

~— At
Clock Successive Approximation Register and Control Logic cs
PP e 9 [=— BYTE
[~ Power
Down
40k CDAC
Alw . S S
_{ A{ ............ _{ o
© Parallel .
0 20kQ 40kQ o j and gtlaur(l:akl Data
1 Y_T_i_i_j_ ........
R2y Comparator Serial
Data [——= Serial Data
CAPO—- ¢ out
Parallel Data
Buffer
— [— 8kQ Reference
Internal
REFO VVV 425V Ret [ Power
Down
International Airport Industrial Park  +  Mailing Address: PO Box 11400 - Tucson,AZ 85734 « Street Address: 6730 S. Tucson Bivd. + Tucson, AZ 85706
Tel: (602) 746-1111 + Twx:910-952-1111 - Cable:BBRCORP - Telex: 0666491  FAX:(602)889-1510 + Immediate Product Info: (800) 548-6132
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SPECIFICATIONS

T,=-40°C to +85°C, f; = 40kHz, V,, = V,,, = +5V, using internal reference and fixed resistors shown in Figure 7b, unless otherwise specified.

ADS7806P, U ADS7806PB, UB
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
RESOLUTION 12 * Bits
ANALOG INPUT
Voltage Ranges +10, 0 to +5, 0 to +4 \"
Impedance (See Table II)
Capacitance 35 * pF
THROUGHPUT SPEED
Conversion Time 20 * us
Complete Cycle Acquire and Convert 25 * us
Throughput Rate 40 - kHz
DC ACCURACY
Integral Linearity Error +0.15 +0.9 * +0.45 LsBm
Differential Linearity Error +0.15 +0.9 * +0.45 LSB
No Missing Codes Guaranteed * Bits
Transition Noise® 0.1 * Lss
Full Scale Error4 +0.5 +0.25 %
Full Scale Error Drift +7 +5 ppm/°C
Full Scale Error®4 Ext. 2.5000V Ref +0.5 +0.25 %
Full Scale Error Drift Ext. 2.5000V Ref +0.5 * ppm/°C
Bipolar Zero Error® +10V Range *10 * mvV
Bipolar Zero Error Drift +10V Range +0.5 * ppm/°C
Unipolar Zero Error® 0V to 5V, 0V to 4V Ranges +3 * mV
Unipolar Zero Error Drift 0V to 5V, 0V to 4V Ranges +0.5 * ppm/°C
Recovery Time to Rated Accuracy 2.2uF Capacitor to CAP 1 * ms
from Power Down®
Power Supply Sensitivity +4.75V < Vg< +5.25V +0.5 * LsB
(Vo= Vana=Vs)
AC ACCURACY
Spurious-Free Dynamic Range fo= 1kHz, £10V 80 90 * * dBe®
Total Harmonic Distortion fy= 1kHz, 10V -90 -80 x * dB
Signal-to-(Noise+Distortion) fn= 1kHz, £10V 70 73 72 * dB
Signal-to-Noise fiy = 1kHz, £10V 70 73 72 * dB
Full-Power Bandwidth® 130 * kHz
SAMPLING DYNAMICS
Aperture Delay 40 * ns
Aperture Jitter Sufficient to meet AC specs *
Transient Response FS Step 5 * us
Overvoltage Recovery® 750 * ns
REFERENCE
Internal Reference Voltage No Load 248 25 252 * * * \
Internal Reference Source Current 1 * HA
(Must use external buffer.)
Internal Reference Drift 8 * ppm/°C
External Reference Voltage Range 23 25 27 * * * \
for Specified Linearity
External Reference Current Drain Ext. 2.5000V Ref 100 * HA
DIGITAL INPUTS
Logic Levels
v, -03 +0.8 * . v
Vi +2.0 V, +0.3V . . v
I V, =0V +10 * pA
by Vy = BV +10 * uA
DIGITAL OUTPUTS . N
Data Format Parallel 12-bits in 2-bytes; Serial
Data Coding Binary Two's Complement or Straight Binary
Vo lsnc= 1.6mA +0.4 * \
Vou lsource = S00pA +4 * \
Leakage Current High-Z State, 5 * pA
Vour= 0V to Vpe
Output Capacitance High-Z State 15 > pF

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 (conm)

ELECTRICAL
T, =-40°C to +85°C, f; = 40kHz, V,,, = V,,, = +5V, using internal reference and fixed resistors shown in Figure 7b, unless otherwise specified.
ADS7806P, U ADS7806PB, UB
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
DIGITAL TIMING
Bus Access Time R, = 3.3kQ, C_ = 50pF 83 * ns
Bus Relinquish Time R, =3.3kQ, C, = 10pF 83 * ns
POWER SUPPLIES
Specified Performance
Voe Must be < Vi, +4.75 +5 +5.25 ¥ * * \Y
Vana +4.75 +5 +5.25 * * * \Y
[ 06 * mA
[ 5.0 . mA
Power Dissipation Vaw = Vpig = BV, fs = 40kHz 28 35 * * mwW
REFD HIGH 23 * mw
PWRD and REFD HIGH 50 * uw
TEMPERATURE RANGE !
Specified Performance —40 +85 * * °C
Derated Performance 55 +125 * * °C
Storage —65 +150 * * °C
Thermal Resistance (6,,)
Plastic DIP 75 * °C/W
SOIC 75 * °C/W

NOTES: (1) LSB means Least Significant Bit. One LSB for the £10V input range is 4.88mV. (2) Typical rms noise at worst case transition. (3) As measured with
fixed resistors shown in Figure 7b. Adjustable to zero with external potentiometer. (4) Full scale error is the worst case of —Full Scale or +Full Scale untrimmed
deviation from ideal first and last code transitions, divided by the transition voltage (not divided by the full-scale range) and includes the effect of offset error. (5)
This is the time delay after the ADS7806 is brought out of Power Down Mode until all internal settling occurs and the analog input is acquired to rated accuracy.
A Convert Command after this delay will yield accurate results. (6) All specifications in dB are referred to a full-scale input. (7) Full-Power Bandwidth defined as
Full-Scale input frequency at which Signal-to-(Noise + Distortion) degrades to 60dB. (8) Recovers to specified performance after 2 X FS input overvoltage.

ABSOLUTE MAXIMUM RATINGS

ELECTROSTATIC

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

sheet, or Appendix D of Burr-Brown IC Data Book.
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Analog Inputs: R1,, +25V
Ron w28V DISCHARGE SENSITIVITY
CAP . Vyp #0.3V to AGND2 0.3V )
REF Indefinite Short to AGND2, Electrostatic discharge can cause damage ranging from
! Momentary Shortto V., performance degradation to complete device failure. Burr-
Ground Voltage Differences: DGND, AGND1, and AGND2 ............. +0.3V L .o -
v, v Brown Corporation recommends that this integrated circuit
Vo 10V +0.3V be handled and stored using appropriate ESD protection
oie n methods.
Digital Inputs 0.3V to V,, +0.3V
Maximum Junction Temperature +165°C
Internal Power Dissipation 825mW |
Lead Temperature (soldering, 10s) +300°C
ORDERING INFORMATION
MAXIMUM MINIMUM
INTEGRAL SIGNAL-TO- SPECIFICATION
LINEARITY  [(NOISE + DISTORTION) | TEMPERATURE
MODEL ERROR (LSB) RATIO (dB) RANGE PACKAGE
ADS7806P +0.9 70 ~40°C to +85°C Plastic DIP
ADS7806PB +0.45 72 —40°C to +85°C Plastic DIP
ADS7806U +0.9 70 —40°C to +85°C SoIC
ADS7806UB +0.45 72 —40°C to +85°C soic
PACKAGE INFORMATION®™
PACKAGE DRAWING
MODEL PACKAGE NUMBER
ADS7806P Plastic DIP 246
ADS7806PB Plastic DIP 246
ADS7806U SoIC 217
ADS7806UB SoIc 217

BURR - BROWN®
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DIGITAL
PIN# | NAME /0 DESCRIPTION

1 Riy Analog Input. See Figure 7.

2 AGND1 Analog Ground.

3 R2, Analog Input. See Figure 7.

4 CAP Reference Buffer Capacitor. 2.2uF tantalum to ground.

5 REF Reference Input/Output. 2.2uF tantalum capacitor to ground.

6 AGND2 Analog Ground.

7 SB/BTC | Selects Straight Binary or Binary Two’s Complement for Output Data Format.

8 EXT/INT | External/Internal data clock select.

9 D7 (0] Data Bit 3 if BYTE is HIGH. Data bit 11 (MSB) if BYTE is LOW. Hi-Z when CS is HIGH and/or R/C is LOW. Leave
unconnected when using serial output. o _

10 Deé o Data Bit 2 if BYTE is HIGH. Data bit 10 if BYTE is LOW. Hi-Z when CS is HIGH and/or R/C is LOW.

11 D5 [¢] Data Bit 1 if BYTE is HIGH. Data bit 9 if BYTE is LOW. Hi-Z when CS is HIGH and/or R/C is LOW.

12 D4 [e] Data Bit 0 (LSB) if BYTE is HIGH. Data bit 8 if BYTE is LOW. Hi-Z when CS is HIGH and/or R/C is LOW.

13 D3 o LOW if BYTE is HIGH. Data bit 7 if BYTE is LOW. Hi-Z when CS is HIGH and/or R/C is LOW.

14 DGND Digital Ground.

15 D2 (o] LOW if BYTE is HIGH. Data bit 6 if BYTE is LOW. Hi-Z when CS is HIGH and/or R/C is LOW.

16 D1 (e} LOW if BYTE is HIGH. Data bit 5 if BYTE is LOW. Hi-Z when CS is HIGH and/or R/C is LOW.

17 Do o LOW if BYTE is HIGH. Data bit 4 if BYTE is LOW. Hi-Z when CS is HIGH and/or R/C is LOW.

18 DATACLK [l{e} Data Clock Output when EXT/INT is LOW. Data clock input when EXT/INT is HIGH.

19 SDATA o] Serial Output Synchronized to DATACLK.

20 TAG I Serial Input When Using an External Data Clock.

21 BYTE | Selects 8 most significant bits (LOW) or 4 least significant bits (HIGH).

22 RIC | With CS LOW and BUSY HIGH, a Falling Edge on R/C Initiates a New Conversion. With CS LOW, a rising edge on RIC
enables the parallel output.

23 CS [ Internally OR'd with R/C. If RIC is LOW, a falling edge on CS initiates a new conversion. If EXT/INT is LOW, this same
falling edge will start the transmission of serial data results from the previous conversion.

24 BUSY (o] At the start of a conversion, BUSY goes LOW and stays LOW until the conversion is completed and the digital outputs
have been updated.

25 PWRD 1 PWRD HIGH shuts down all analog circuitry except the reference. Digital circuitry remains active.

26 REFD | REFD HIGH shuts down the internal reference. External reference will be required for conversions.

27 Vana Analog Supply. Nominally +5V. Decouple with 0.1puF ceramic and 10pF tantalum capacitors.

28 Vois Digital Supply. Nominally +5V. Connect directly to pin 27. Must be < V.

TABLE 1. Pin Assignments.

PIN CONFIGURATION ANALOG CONNECT R1,, | CONNECT R2,
INPUT VIA 200Q VIA 100Q
RANGE TO TO IMPEDANCE
] -/ |
a1 Pl +10V vV, CAP 45.7kQ2
LI 1=° | Vo 0V to 5V AGND Vi 20.0kQ2
AGND1| 2 27 | Vs 0V to 4V ' Vi, 21.4kQ
R2y | 3 26 | REFD TABLE II. Input Range Connections. See also Figure 7.
CAP| 4 25 | PWRD
REF| 5 24 | BUSY
AGND2| 6 23 |Cs
SB/BTG | 7 | 22| AT
__;—‘ ADS7806
EXT/INT| 8 21 | BYTE
D7| 9 20 | TAG
DGE 19 | SDATA
D511 18 | DATACLK
D4j 17 | DO
D313 16 | D1
DGND | 14 15 | D2
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TYPICAL PERFORMANCE CURVES
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T, = +25°C, f = 40kHz, V= V,,, = +5V, using internal reference and fixed resistors shown in Figure 7b, unless otherwise specified.
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T, = +25°C, f, = 40kHz, V,
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TYPICAL PERFORMANCE CURVES (con)

0.10
0
1]
]
= 0 T
o
o~ —AIlColdes INL
-0.10 |
0 512 1024 1536 2048 2560 3072 3584 4096
Decimal Code
0.10 T
@ r— All Codes DNL
a )
= 0
m
S | I I | |
PGP s I S A N
0 512 1024 1536 2048 2560 3072 3584 4096
Decimal Code
ENDPOINT ERRORS (20V BIPOLAR RANGE)
g g |_BPO Error
S 11) ——
w |
S -1
[ -2
3 020 I F Error =
[oge @
2 0 <4
&s &
* 020
0.2 T
. ® 0 |- —Fs Error -
c e €
82 o 8
£5 g
i ~0.20
-75 -50 -25 0 25 50 75 100 125 150
Temperature (°C)
INTERNAL REFERENCE VOLTAGE vs TEMPERATURE
2.520
2,515 | omfe e
S 2510
@
8 2.505 . S
S 2.500
i
T 2495
g
£ 2490
2.485
2.480
-75 -50 25 0 25 50 75 100 125

Temperature (°C)

BURR-BROWNG®

From Ideal mV From Ideal

From Ideal

bic = V., = +5V, using internal reference and fixed resistors shown in Figure 7b, unless otherwise specified.

POWER SUPPLY RIPPLE SENSITIVITY

INL/DNL DEGRADATION PER LSB OF P-P RIPPLE

107

102

108

104

Linearity Degradation (LSB/LSB)

U1

A Lo

108
101

102
Power Supply Ripple Frequency (Hz)

108 104

105

108

ENDPOINT ERRORS (UNIPOLAR RANGES)

107

|__UPO Error

o~ w

bL

0.40

+Fg Error (4V

Range!

0.20

, DATA ACQUISITION COMPONENTS H ADS7806

0.40
0.20

[ +F Error (5V Range)

-75 -50

CONVERSION TIME vs TEMPERATURE

25 0

25 50
Temperature (°C)

75

15.10
15.00

“14.90

A/D CONVERTERS

14.80

14.70

14.60

14.50

Conversion Time (us)

14.40

14.30

14.20

-75 -50

Burr-Brown IC Data Book—Data Conversion Products

-25 0 25 50

75

Temperature (°C)

100

125

150

2.237



For Immediate Assistance, Contact Your Local Salesperson

BASIC OPERATION

PARALLEL OUTPUT

Figure 1a shows a basic circuit to operate the ADS7806 with
a =10V input range and parallel output. Taking pin 22 LOW
for 40ns (12us max) will initiate a conversion. Pin 24 will go
LOW and stay LOW until the conversion is completed and

the output register is updated. If pin 21 is LOW, the 8 most -

significant bits will be valid when pin 24 rises; if pin 21 is
HIGH, the 4 least significant bits will be valid when pin 24
rises. Data will be output in Binary Two’s Complement
format. Pin 24 going HIGH can be used to latch the data.
After the first byte has been read, pin 21 can be toggled
allowing the remaining byte to be read. All convert com-
mands will be ignored while pin 24 is LOW.

The ADS7806 will begin tracking the input signal at the end
of the conversion. Allowing 25us between convert com-
mands assures accurate acquisition of a new signal.

The offset and gain are adjusted internally to allow external
trimming with a single supply. The external resistors com-
pensate for this adjustment and can be left out if the offset
and gain will be corrected in software (refer to the Calibra-
tion section).

SERIAL OUTPUT

Figure 1b shows a basic circuit to operate the ADS7806 with
a +10V input range and serial output. Taking pin 22 LOW
for 40ns (12ps max) will initiate a conversion and output

valid data from the previous conversion on pin 19 synchro-
nized to 12 clock pulses output on pin 18. Pin 24 will go
LOW and stay LOW until the conversion is completed and
the serial data has been transmitted. Data will be output in
Binary Two’s Complement format, MSB first, and will be
valid on both the rising and falling edges of the data clock.
Pin 24 going HIGH can be used to latch the data. All convert
commands will be ignored while pin 24 is LOW.

The ADS7806 will begin tracking the input signal at the end
of the conversion. Allowing 25us between convert com-
mands assures accurate acquisition of a new signal.

The offset and gain are adjusted internally to allow external
trimming with a single supply. The external resistors com-
pensate for this adjustment and can be left out if the offset
and gain will be corrected in software (refer to the Calibra-
tion section).

STARTING A CONVERSION

The combination of CS (pin 23) and R/C (pin 22) LOW for
a minimum of 40ns immediately puts the sample/hold of the
ADS7806 in the hold state and starts conversion ‘n’. BUSY
(pin 24) will go LOW and stay LOW until conversion ‘n’ is
completed and the internal output register has been updated.
All new convert commands during BUSY LOW will be
ignored. CS and/or R/C must go HIGH before BUSY goes
HIGH or a new conversion will be initiated without suffi-
cient time to acquire a new signal.

\n

HIGH (LSB)

NOTE: (1) SDATA (pin 19) is always active.

=,

]

Pin21 B11 B10 B9 B8 B7 B6 B5 B4
LOW (MSB)
Pin21 B3 B2 Bt B0 LOW LOW LOW LOW

NC™
NC™

3

Parallel Output (a) Serial Output (b)
2000 U 2000 i I VA
10V 1 28 +10V 1 28
= = 0.1yF 10pF = = |0.1yF 10pF y
2 27 : +5V 2 27
Lo L = sk N L—f - S
a O a O
L 4 L =
4 25 % oo 4 25 %
5] [24] = [24]
+5V — = . 2.2pF T = —
: =, : =,
1 ) Convert Pulse 1 N Convert Pulse
7 2 < 7 2 —<
= ADS7806 = = ADS7806 =5
2 < 8@ 21
L] 2] L°] 21 o]
9 20 —‘7 40ns min NC | g 20 40ns min
10 19| nem NC® | 10 L e ——
1" 18 NC™ | 11 @118 p——"—"""">
12 17 12
13 16 13
14 15 E

o

T

NOTE: (1) These pins should be left
unconnected.They will be active when
R/C is HIGH. (2) DATACLK (pin 18) is
an output when EXT/INT (pin 8) is
LOW and an input when EXT/INT is

HIGH.

5]

NG
NC™
NC™

FIGURE 1. Basic £10V Operation, both Parallel and Serial Output.
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Or, Call Customer Service at 1-800-548-6132 (USA Only)

The ADS7806 will begin tracking the input signal at the end CS and R/C are internally OR’d and level triggered. There

of the conversion. Allowing 25us between convert com- is not a requirement which input goes LOW first when
mands assures accurate acquisition of a new si_gnal. Refer to inigating a conversion. If, however, it is critical that CS or
Tables III and IV for a summary of CS, R/C, and BUSY R/C initiates conversion ‘n’, be sure the less critical input is
states and Figures 2 through 6 for timing diagrams. LOW at least 10ns prior to the initiating input. If EXT/INT (70
(pin 8) is LOW when initiating conversion ‘n’, serial data ©
o i 150sv | oPERATION from c.onversion ‘n-1" will be .outp‘ut, on SDATA (pin 19) 2
; " P O —————— follow1pg the stan. of conversion ‘n’. See Internal Data 7))
— - - Clock in the Reading Data section. 0
) 0 1 Initiates conversion “n”. Databus remains —
in Hi-Z state. To reduce the number of control pins, CS can be tied LOW <
0 1 1 Initiates conversion “n”. Databus enters Hi-Z using R/C to control the read and convert modes. This will
state. have no effect when using the internal data clock in the serial
0 1 T | Conversion “n” completed. Valid data from output mo