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Product Index 
ACF2101 ..•.•.......•...•...•................•..••.. 7.S" 

ADC71 ................................... 2.6 
ADC76 ................................. 2.10 
ADC80 •••••••••••.••••••••••••••••••••• 2.14 
ADC80MAH ......................... 2.18 
ADC84 ................................. 2.22 
ADC85 ................................. 2.22 
ADC87H ............................... 2.22 
ADC574A ............................. 2.26 
ADC674A ............................. 2.36 
ADC700 ............................... 2.42 
ADC701 ............................... 2.54 
ADC774 ............................... 2.69 
ADC803 ............................... 2.76 
ADC7802 ............................. 2.79 
ADS574 ................................ 2.92 
ADS774 .............................. 2.105 
ADS800 .............................. 2.119 
ADS801 .............................. 2.132 
ADS802 •••••••.•••••.•••••••••••••••• 2.144 
ADS820 .............................. 2.156 
ADS821 .............................. 2.169 
ADS1210/11 ....................... 2.182 
ADS7800 ............................ 2.196 
ADS7803 •.•••.•••••••••••••••••••••• 2.207 
ADS7804 ............................ 2.220 
ADS7805 ............................ 2.230 
ADS7806 ............................ 2.240 
ADS7807 ............................ 2.258 
ADS7808 ............................ 2.277 
ADS7809 ............................ 2.287 
ADS7810 ............................ 2.297 
ADS7811 ............................ 2.306 
ADS7814 ............................ 2.310 
ADS7819 ............................ 2.313 
ADS7820 ............................ 2.324 
ADS7821 •••••••••••••••••••••••••••• 2.330 
ADS7824 ............................ 2.339 
ADS7825 ............................ 2.345 
ADS7831 ............................ 2.351 
ADS7833 ............................ 2.361 
AFE1103E ••.••••••••••••••••••.•••• 2.373 
AFE11 04E .......................... 2.381 
ALD1000 ...................•.......••......•...•..•• 4.S" 

BUF600 ........................................... S.1.5" 

BUF601 ........................................... S.1.S" 

BUF634 ......................................... S.1.20" 

DAC56 ................................... 3.5 
DAC80 ................................. 3.10 

DAC600 ............................... 3.19 
DAC650 ............................... 3.31 
DAC667 •••••••••••• ~ .................. 3.42 
DAC700 ............................... 3.51 
DAC701 ............................... 3.51 
DAC702 ............................... 3.51 
DAC703 ••••••••••••.•••••••••••••••••• 3.51 
DAC707 ............................... 3.61 
DAC708 ............................... 3.61 
DAC709 •••••••••••.••..••••••••••••••• 3.61 
DAC712 ••••••••••••••••••••••••••••••• 3.73 
DAC714 ............................... 3.84 
DAC715 •.•••••••••••••••••••••••••••.• 3.98 
DAC716 ••••••••••••••••••••••••••••• 3.109 
DAC725 ••••••••••••••••••••••••••••• 3.122 
DAC729 ............................. 3.129 
DAC811 ............................. 3.14O 
DAC813 ............................. 3.149 
DAC2813 ........................... 3.160 
DAC2814 ••••••••.•••••••••••••••.•• 3.169 
DAC2815 ........................... 3.180 
DAC4813 ........................... 3.191 
DAC4814 ........................... 3.199 
DAC4815 ........................... 3.211 
DAC7528 ........................... 3.221 
DAC7541 ••••..•••••.•••••••••.••••• 3.229 
DAC7545 ........................... 3.237 
DAC7800 ........................... 3.244 
DAC7801 ........................... 3.244 
DAC7802 ........................... 3.244 
DAC8043 ........................... 3.257 
DF1760 ............................. 8.1.25 
DIV100 ............................................... 7.9" 

DDC101 ............................. 2.389 
DSP101 .............................. 2.416 
DSP102 .............................. 2.416 
DSP201 .............................. 3.264 
DSP202 .............................. 3.264 
INA 101 ............................................. 4.19" 

INA 102 ............................................. 4.22" 

INA10S •.......•.................................... 4.25" 

INA10S ............................................. 4.S7" 

INA106 •..........•............•.............••..... 4.49" 

INA110 ............................................. 4.SS" 

INA111 .......•....•................................ 4.66" 

INA114 •.........•.....•.......•.................... 4.77" 

INA11S ............................................. 4.90" 

INA116 ........................................... 4.101" 

INA117 ........................................... 4.110" 

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

INA 118 ........................................... 4.124" 

INA128 ........................................... 4.135" 

INA1S1 ...•...............•....................... 4.145" 

INA141 ........................................... 4.155" 

INA2128 ......................................... 4.165" 

INA2141 ..............•...•...•...•.•..•......... 4.17S" 

/50100 ........•.......•.......•...................•.. S.6" 

/50102 ........................•..................•• S.21" 

15010S ............................•..............•• S.S6" 

/50106 ............................................. S.21" 

150107 ....................•........................ S.4S" 

/50113 ....................•..........•...........•. 5.53" 

/50120 ....................•.......................• S.61" 

/50121 ........................•........•........... S.61" 

/50122 ....••...................•.......•..•........ S.7S" 

/50130 ............................................. S.88· 

150150 ••••••••••••••••••••••••••••••••••• 4.2 
1501641174 .•........•..•.•..••..••...•........ 5.108" 

150165117S .............•..........•.......•... S.116" 

1501661176 ....................•..............• S.124" 

150212 ........................................... S.132" 

150213 ....•...............•......•..•......•..•.. S.143" 

1502S3 .•.•...•......•......•..................... S.1S6" 

150254 ...........•.........•..................... 5.165' 

150255 .....................•..................... S.174" 

150256 ........................................... 5.18S" 

150485 ••••••••••••••••••••••••••••••••• 4.11 
150806 ........................................... S.20S" 

150807 ......•................•...•..........•...• S.215" 

150808 ...•...••..•...•..••.•.•..•....•...•....•.. 5.227" 

150809 ........................................... 5.234" 

IVC102 ...•.......•...•.....••.......••...•......... 7.12" 

IXR100 .............•.........................•..• 5.241" 

LOG1oo .••.........•.......•............•......... 7.14' 

MPC100 ••••••••••••••••••••••••••••••••• 5.4 
MPC102 ............................... 5.20 
MPC104 ............................... 5.33 
MPC506 ............................... 5.48 
MPCS07 ............................... 5.48 
MPCS08 ............................... S.S9 
MPC509 ••••••••••••••••••••••••••••••• 5.S9 
MPC800 ............................... 5.69 
MPC801 ............................... 5.73 
MPY100 ........... , ........••...•.......•......... 7.2S· 

MPY534 ...••...•..•.......••...................... 7.26' 

MPY600 ........................................... 7.29" 

MPY634 ........................................... 7.S2" 



Product Index 
OPA27 ............................................... 2.8· OPA676 ......................................... 2.332- RCV420 ......................................... 4.230' 

OPA37 ............................................... 2.8· OPA678 ......................................... 2.336- REF01 ................................................ 8.4' 

OPA77 ............................................. 2.74' OPA1013 ....................................... 2.340' REF02 .............................................. 8.10' 

OPAlll ........................................... 2.23' OPA2107 ....................................... 2.343· REF102 ............................................ 8.17' 

OPA121 ........................................... 2.26' OPA2111 ....................................... 2.346· REF200 ............................................ 8.26' 

OPA124 ........................................... 2.29· OPA2541 ...................................... 3.2.83' REF1004 .......................................... 8.34' 

OPA 128 ........................................... 2.37- OPA2544 ...................................... 3.2.91- REG1117 ......................................... 8.41· 

OPA129 ........................................... 2.46' OPA2604 ....................................... 2.349' REG5601 ......................................... 8.48· 

OPA1301213014130 ......................... 2.53· OPA2650 ....................................... 2.361' REG5608 ......................................... 8.51' 

OPA1311213114131 ......................... 2.60' OPA2658 ....................................... 2.373' SDM506 ............................. 2.438 
OPAI321213214132 ......................... 2.67' OPA2662 ....................................... 2.386' SDM507 ............................. 2.438 
OPA177 ........................................... 2.74· OPA4650 ....................................... 2.391' SDM516 ............................. 2.441 
OPA2341223414234 ...............•......... 2.82' OPA4658 ....................................... 2.403' SDM517 ............................. 2.441 
OPA2371223714237 ......................... 2.84' OPT10l .............................................. 6.4' SDM862 ............................. 2.444 
OPA404 ........................................... 2.86' OPT202 ............................................ 6.15' SDM863 ............................. 2.444 
OPA445 ........................................ 3.2.29' OPT209 ............................................ 6.24' SDM872 ............................. 2.444 
OPA501 ........................................ 3.2.35' OPT210 ............................................ 6.28' SDM873 ............................. 2.444 
OPA502 ....•................................... 3.2.41· OPT211 .................................•.......... 6.36* SHC76 .................................... 6.4 
OPA512 ........................................ 3.2.51· OPT301 ............................................ 6.45' SHC298 .................................. 6.9 
OPA541 ........................................ 3.2.57' PCM54 .............................. 8.2.40 SHC605 ................................ 6.17 
OPA544 ........................................ 3.2.65* PCM55 .............................. 8.2.40 SHC615 ................................ 6.32 
OPA5471548 ................................. 3.2.73* PCM56 .............................. 8.2.43 SHC702 ................................ 2.54 
OPA602 ........................................... 2.89* PCM61 .............................. 8.2.52 SHC803 ................................ 6.51 
OPA603 ........................................... 2.92* PCM63 .............................. 8.2.56 SHC804 ................................ 6.51 
OPA604 ........................................... 2.96* PCM67/69 ......................... 8.2.66 SHC5320 .............................. 6.55 
OPA606 ......................................... 2.108* PCM78 ................................ 8.1.4 UAF42 .............................................. 7.55' 

OPA620 ......................................... 2.111* PCM1700 .......................... 8.2.78 VCA610 .......................................... 2.417· 

OPA621 ......................................... 2.127' PCM1702 .......................... 8.2.83 VFC32 .................................... 7.4 
OPA622 ......................................... 2.143* PCM1710 .......................... 8.2.91 VFC100 .................................. 7.7 
OPA623 ......................................... 2.147' PCM1712 ........................ 8.2.108 VFC110 ................................ 7.10 
OPA627 ......................................... 2.150* PCM1715 ........................ 8.2.124 VFC121 ................................ 7.13 
OPA628 ................................... : ..... 2.163* PCM1717 ........................ 8.2.133 VFC320 ................................ 7.15 
OPA633 ........................................ 3.2.75* PCM1718 ........................ 8.2.146 XTR10l .......................................... 4.240' 

OPA637 ......................................... 2.150* PCM1721 ........................ 8.2.157 XTR103 .......................................... 4.255' 
OPA640 ......................................... 2.178* PCM1750 ............................ 8.1.7 XTR104 .......................................... 4.265· 

OPA641 ......................................... 2.191* PCM1760 .......................... 8.1.25 XTRll0 .......................................... 4.276' 

OPA642 ......................................... 2.204' PGA102 ......................................... 4.185* XTR501 .......................................... 4.285· 
OPA643 ......................................... 2.219* PGA 103 ......................................... 4.189· 0804MC ...................................... 3.2.100-

OPA644 ......................................... 2.232* PGA202 ......................................... 4.196* lOOMS ............................................ 5.266-

OPA646 ......................................... 2.245* PGA203 ......................................... 4.196' 722 ................................................. 5.268' 
OPA648 ......................................... 2.258' PGA204 ......................................... 4.206- 724 ................................................. 5.273· 
OPA650 ......................................... 2.269* PGA205 ......................................... 4.206- 3583 ............................................ 3.2.101· 

OPA651 ......................................... 2.280* PGA206 ......................................... 4.220- 3584 ............................................ 3.2.106' 

OPA654 ......................................... 2.291' PGA207 ......................................... 4.220· 3650 ............................................... 5.278' 
OPA655 ......................................... 2.299* PWS725 ......................................... 5.255- 3652 ............................................... 5.278· 

OPA658 ......................................... 2.313* PWS726 ......................................... 5.255' 3656 ............................................... 5.290' 

OPA660 ......................................... 2.326* PWS740 ......................................... 5.257· 4127 ................................................. 7.61' 
OPA671 ......................................... 2.329* PWS745 ......................................... 5.260· 

OPA675 ......................................... 2.332* PWS750 ......................................... 5.263-

NOTE: (') This product can be found in the 1996 Burr·Brown Ie Data Book-Linear Products. 

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



How to Use This Book, 

If you know the 
MODEL NUMBER, 

If you know the 
PRODUCT TYPE, 

If you want 
NEW MODELS, 

If you want a PRICE, 

If you want TAPE 
& REEL, 

Use the Model Index on the 
INSIDE FRONT COVER. 

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

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

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

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

LI-479 
©1996 Burr-Brown Corporation 

Printed in USA 

Burr-Brown Corporation 
International Airport Industrial Park 

Mailing Address: 
PO Box 11400 
Tucson, AZ 85734 

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

Tel: (520) 746-1111 • FAX: (520) 889-1510 • Cable: BBRCORP 

For immediate Product Information or Technical Assistance, call 
1-800-548-6132 

in the USA. 

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

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

Worldwide FAX Number 
1-520-889-1510 

The information provided herein is believed to be reliable; however, BURR· BROWN assumes no responsibility 
for inaccuracies or omissions. BURR-BROWN assumes no responsibility for the use of this information, and 
all use of such information shall be entirely at the user's own risk. Prices and specifications are subject to 
change without notice. No patent rights or licenses to any of the circuits or products described herein are 
implied or granted to any third party. BURR-BROWN does not authorize or warrant any BURR-BROWN 
product for use in life support devices and/or systems. 
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Or, Call Customer Service at 1-800-548-6132 (USA Only) 

Table of Contents 
BURR-BROWN CORPORATION 
About Burr-Brown, Applications Library, Sales & Service 

AID CONVERTERS, DATA ACQUISITION COMPONENTS 

DIGITAL-TO-ANALOG CONVERTERS 

DIGITAL INTERFACE PRODUCTS 

MULTIPLEXERS 

SAMPLE/HOLD AMPLIFIERS 

VOLTAGE-TO-FREQUENCY AMPLIFIERS 

DIGITAL AUDIO PRODUCTS 

APPENDIX A 
Demonstration Board Products 

APPENDIX B 
Tape and Reel Information 

APPENDIX C 
Package Drawings IMechanicalsJ 

BURR-BROWNI!Il 

113131 Burr-Brown Ie Data Book-Mixed Signal Products 1.5 





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

I Burr-Brown Corporation 

About Burr-Brown 

Corporate Profile 

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

Our product strategy is to design proprietary cir
cuits that yield maximum functional value in our 
customers' applications. Many of the products, 
although produced in standard configurations, are 
strategically designed, specified, and tested to posi
tion them for targeted applications such as audio 
signal processing or sensor-specific signal condi
tioning. 

Burr-Brown's products include: operational ampli
fiers, instrumentation amplifiers, programmable 
gain amplifiers, isolation amplifiers, DCIDC con
verters, voltage references and regulators, voltage
to-frequency converters, optoelectronic amplifiers, 
analog -to-digital converters, digital-to-analog con
verters, and "application specific" standard prod
ucts. Our products are manufactured using a variety 
of wafer fabrication processes that include bipolar, 
complementary bipolar, BiCMOS and CMOS with 
lithography requirements down to the 0.6 micron 
level. 

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

z o 
~ 

products reach over 25,000 OEM customers world- a: 
wide. Sales are divided evenly throughout the world, 0 
with approximately one-third from the United States Il. 
market, one-third from Europe, and the remainder a: 
from Japan and the South East Asian region. 8 
Burr-Brown employs over 1,900 people worldwide Z 
with manufacturing and technical facilities in Tuc- s: 
son, Arizona; Atsugi, Japan; and Livingston, Scot- 0 
land. Located in Tucson, Arizona, corporate head- a: 
quarters also includes an integrated circuit wafer In 

I 
fab, assembly and test operations. Burr-Brown was a: 
incorporated in Arizona in 1956; stock is traded on a: 
NASDAQ under the symbol, BBRC. ::l 

In 

Burr-Brown Receives 
IS09001 Certification in U.S. and Europe 

In September 1993, Burr-Brown Corporation re
ceived IS09001 certification in the United States 
and Europe, simultaneously. In the United States, 
registration is recognized through the TUV Product 
Service Quality Registrar by the Registration Ac
creditation Board (RAB). Certification is accepted 
through the Electronics Industries Quality Regis
trar by the Dutch Registration Board (RCV) in 
Europe. 

IS09001 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 areaudited on a timely basis. 

11:11:11 Burr-Brown Ie Data Book-Mixed Signal Products 1.7 
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Applications Library 
Applications Bulletins and Design Software 

APPLICATIONS LIBRARY 

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

Call t-800-548-6t32 to order. 

APPLICATIONS BULLETINS 

Increasing INA tt7 Differential Input Range ................ AB-OOt 

Make a Precision Current Source or Current Sink ...... AB-002 

Voltage-Reference Filters ........................................... AB-003 

Make a Precision -10V Reference ............................. AB-004 

Make a Precision ±1 OV Reference .............................. AB-005 

Make a-I OV to +1 OV Adjustable Precision 
Voltage Source ............................................................ AB-006 

Classical Op Amp or Current-Feedback Op Amp? This 
Composite Op Amp Gives you the Best 
of Both Worlds ............................................................. AB-007 

AC Coupling Instrumentation and Difference 
Amplifiers .................................................................... AB-008 

Single-Supply Operation of Isolation Amplifiers .......... AB-009 

±200V Difference Amplifier with Common-mode 
Voltage Monitor ........................................................... AB-Ol0 

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

BoostlS0120 Bandwidth to More Than 100kHz ........ AB-012 

Increasing ADC603 Input Range ................................ AB-013 

Input Overload Protection for the RCV420 
4-20mA Current-loop Receiver ................................... AB-014 

Extending the Common-mode Range of 
Difference Amplifiers ................................................... AB-015 

Boost Amplifier Output Swing With Simple 
Modification ................................................................. AB-OI6 

0-20mA Receiver Using the RCV420 .......................... AB-018 

Using the ADS7800 12-Bit ADC with Unipolar 
Input Signals ............................................................... AB-019 

Operational Amplifier and Instrumentation 
Amplifier Macromodels ................................................ AB-020 

Synchronization of IS0120/lS0121 Isolation Amplifiers AB-021 

Fast Settling Low-Pass Filter ...................................... AB-022 

Simple Output Filter Eliminates ISO Amp 
Output Ripple and Keeps Full Bandwidth ................... AB-023 

Analog Isolation with Power ........................................ AB-024 

Boost Instrumentation Amp CMR with Common-Mode 
Driven Supplies ........................................................... AB-025 

A Low Noise, Low Distortion Design for 
Anti-Aliasing and Anti-Imaging Filters ......................... AB-026 

High Speed Data Conversion ..................................... AB-027 

Feedback Plots Define Op Amp AC Performance ...... AB-028 

Input Filtering the INA117 ±200V Difference 
Amplifier ...................................................................... AB-029 

Thermal and Electrical Properties of Selected 
Packaging Materials .................................................... AB-030 

4-20mA to 0-20mA Converter and Current Summing .... AB-031 

IC Building Blocks Form Complete Isolated 
4-20mA Current-Loop Systems ................................... 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 
Active Filter ................................................................. AB-035 

Diode-Based Temperature Measurement ................... AB-036 

Mounting Consideration for TO-3 Package ................. AB-037 

Heat Sinking-TO-3 Thermal Model ........... : ............... AB-038 

Power Amplifier Stress 'and Power Handling 
Limitations ................................................................... AB-039 

Frequency-to-Voltage Conversion .............................. AB-040 

Single Supply 4-20mA Current Loop Receiver ........... AB-041 

Programmable-Gain Instrumentation Amplifiers ......... AB-042 

Use Low-Impedance Bridges on 4-20mA 
Current Loops ............................................................ AB-043 

Improved Device Noise Performance for the 
3650 Isolation Amplifier .....................................•......... AB-044 

Op Amp Performance Analysis ................................... 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 Amplifiers Intuitively ... AB-050 

Double the Output Current to a Load with the 
Dual OPA2604 Audio Op Amp .................................... AB-051 

OPA660 Drives Magnetic Recording Head ................. AB-052 

Improved Noise Performance of the ACF2101 
Switched Integrator ..................................................... AB-053 

Clamping Amplifiers Track Power Supplies ................ AB-054 

Precision IA Swings Rail-to-Rail on Single 5V Supply ... AB-056 

Comparison of Noise Performance 
Between a FET Transimpedance Amplifier 
and a Switched Integrator ........................................... 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 

OPT201 Photodiode-Amplifier Rejects 
Ambient Light .............................................................. AB-061 

Digitally Programmable, Time-Continuous 
Active Filter ................................................................. AB-062 

Voltage-to-Frequency Converters Offer Useful 
Options in AID Conversion .......................................... AB-066 

Dynamic Tests for AID Converter Performance .......... AB-072 

Photodiode Monitoring with Op Amps ......................... AB-075 

BURR-BROWNI8 
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Applications Library 
Applications Bulletins and Design Software 

Design and Application of Transformer-Coupled Hybrid DC/DC Converter Noise Reduction ............................. AB-l 
Isolation Amplifier Model 3656 .................................... AB-07S Partial Discharge Testing ............................................ AB-163 
The Key to Understanding Sources of Error in the 
IS0100 Isolation Amplifier ........................................... AB-079 

Implementation and Applications of Current 
Sources and Current Receivers .................................. AB-165 

Hybrid Isolation Amps Zap Prices and Voltage Barriers .. AB-OSO Coding Schemes Used with Data Converters ............. AB-175 
DC-to-DC Converters .................................................. AB-OSI Exchanging Files on the Customer Service 
Principles of Data Acquisition and Conversion ........... AB-OS2 Electronic Bulletin Board ............................................. AB-176 

1 OM Hz Analog Multiplier Carries Output Amp Breaks CDAC Architecture Plus Resistor Divider Gives 
Bandwidth Barrier ........................................................ AB-OS3 ADC574 Pinout with Sampling, Low-Power, New 
Analog-to-Digital Converter Gounding Practices Input Ranges ............................................................... AB-17S 
Effect System Performance ........................................ AB-OS4 Video Operational Amplifiers ....................................... AB-179 
Simple Circuit Delivers 3SVp-p at 5A from 2SV Ultra High-Speed ICs .................................................. AB-1S0 
Unipolar Supply ............................ ; .............................. AB-OS5 Diamond Transistor OPA660 ...................................... AB-1Sl 
Switch Gains Accurately with the INA 120 ................... AB-OS6 New Ultra High-Speed Circuit Techniques 
Level Shifting Signals with Differential Amplifiers ....... AB-OS7 with Analog ICs ........................................................... AB-1S3 
Improved Voltage Filter has Several Advantages ....... AB-OSS Driving Video Output Stages with Monolithic 
A Clarification of Use High-Speed S/H to Improve Integrated Amps .......................................................... AB-1S4 
Sampling ADC Performance ....................................... AB-OS9 Automatic Gain Control (AGC) Using the Diamond 
Feedback Circuit Clamps Precisely ............................ AB-090 Transistor OPA660 ...................................................... AB-1S5 

Voltage-Feedback Amps vs Current-Feedback Amps: 
Bandwidth & Distortion Considerations ....................... AB-091 
SWOP Amplifiers Simplify RF Signal Processing ....... AB-092 
Isolation Amps Hike Accuracy and Reliability ............. AB-093 

Current or Voltage Feedback: The Choice Is Yours 
with the New, Flexible, Wide-Band Operational 
Amplifier OPA622 ........................................................ AB-1S6 
External Open-Loop Gain Adjustment: Check It Out 
with the Demo Boards for the OPA623 and OPA622 . AB-1S7 

Tame Photodiodes with Operational Amplifier 
Bootstrap ..................................................................... AB-094 

Building a 400MHz Wide-Band Differential Amp: It's 
a Breeze with the Diamond Transistor OPA660 ......... AB-1SS 

Tips for Using the ADS7Sxx Family of AID 
Converters............ ............. ...... .................................... AB-095 
Build A Three Phase Sine Wave Generator With 
the UAF42 ................................................................... AB-096 

Macromodels for RF Operational Amplifiers are a 
Powerful Design Tool .................................................. AB-1S9 
Designing Active Filters With The Diamond Transistor 
OPA660 ....................................................................... AB-190 

DDC10l Evaluation FiX1ure PC Interface Board ......... AB-097 There's a World of Line Drivers to Choose From ........ AB-191 
Selecting an AID Converter ......................................... AB-09S 
An Easy Solution to Current Limiting an Op Amp ....... AB-099 
Multiplexer Data Acquisition System ........................... AB-l00 

Fiber Optic Transmission ............................................ AB-192 
The Current-Feedback Operational Amplifier: A High 
Speed Building Block .................................................. AB-193 

Combining and Amplifier with the BUF634 ................. AB-l0l Intermodulation Distortion (IMD) ................................. AB-194 
Output Spectrum and Post-LPF Design of the 
PCM1710 .................................................................... AB-l02 DESIGN SOFTWARE 
VOltage-to-Frequency Converters Offer Useful 
Options In AID Conversion .......................................... AB-130 
An Error Analysis of the 150102 in Small Signal 

FilterPro Disk .................................................... AB/E-034, 035 
Spice Disk ................................................................ AB/E-020 

Measuring ................................................................... AB-161 
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For Immediate Assistance, Contact Your Local Salesperson 

Sales and Service 

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

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

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

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

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

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

Internet 
Burr-Brown information is now available on the 
Internet via the World Wide Web. Customers 
with Internet access can visit our home page at 
http://www.burr-brown.comlto obtain on-line 
data sheets and corporate information any time of 
the day, any day of the year.' 

FAX Line 
Burr-Brown's FAXLine is available for custom
ers to request product literature. Call t~800-548-
6133 (USA/Canada Only) to receive a Document 
Catalog, complete with FAXLine literature order 
numbers. Up to three pieces of literature may be 
requested per call. 

Prices and Quotations 
Price quotations made by Burr-Brown or its 
authorized field sales representatives are valid for 
30 days. Delivery quotations are subject to recon
firmation at the time of order placement. Please 
call your local sales representative or distributor 
(see list at the back of this book). 

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

BURR~BROWNe 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 

Sales and Service 

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

To return product, please call for your Return 
Material Authorization (RMA) number. Ship units 
prepaid and supply the original purchase order 
number and date, along with an explanation for 
the return. Upon receipt of the returned devices, 
Burr-Brown will verify and inform you of the 
warranty status, cost to repair or replace, credits, 
and status of replacements where applicable. 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 

Z AID Converters, Data 
Acquisition Components 

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

A new line of SpeedPLUS'M 10- and 12-bit resolu
tion, 10-40MHz sampling rate ND converters was 
recently introduced. The ADS800 family of con
verters is fabricated on 0.6f..UI1 CMOS process, 
utilizing a leading-edge pipeline architecture. 
ADS 800 converters are complete with a quantizer, 
wideband tracklhold, internal reference, and three
state outputs. 

ADS7819 is a 12-bit monolithic, 800kHz sam
pling ND complete with an internal samplelhold, 
clock and internal2.5V reference. It uses state-of
the-art CMOS structures, contains a parallel mi
croprocessor interface, and has three-state output 
drivers. 

ADS7831 is a 12-bit monolithic, 600kHz sam
pling ND complete with an internal samplelhold, 
clock and internal2.5V reference. Its high spectral 
performance make it especially suitable for appli
cations such as HDSL, modems, and wireless 
communication systems. 

BURR - BROWN@ 

ADS7833 is a complete 10 channel data acquisi
tion system-its three NDs operate ~H'''''''UH'''V''~'J 
at a 150kHz per converter sample rate with up 
five channels of simultaneous sample and 
channels-it also contains digitally programmable tn 
input ranges and an 8-bit voltage output. !z 
ADS7820 is a new, complete 0-5V analog input W 
12-bit 100kHz sampling ND converter. Part of a ~ 
new generation of Burr-Brown sampling ND con- fl. 
verters, it offers faster sampling rates, multiple ::a5 
channels, lower power, and more analog input 0 

o ranges. 

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

The DDCI0l is a 20-bit, 15kHz integrating ND 
converter with digital error correction and direct 
photosensor interface. 
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Analog~to-Digital Converters 

ADS1210 (24 Blls, <U:) 
ADS1211 (24 Blls, <U:, 4·ch MUX) 

12-BIT 
ADS7806 (40kHz) 
ADS7812 (40kHz) 
ADS574 (40kHz) 
ADS7824 (40kHz, 4-ch MUX) 

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

20-BIT 
DDG101 (15kHz) 

5kHz < Is < 50kHz 

12-BIT 
ADG80 (40kHz) 
ADG574A (40kHz) 

16-BIT 
ADG71 (20kHz) 

12-BIT 
ADS77 4 (117kHz) 
ADG7802 (117kHz, 4-ch MUX) 
ADS7803 (117kHz,4-ch MUX) 
ADS7832 (117kHz, 4-ch MUX) 
ADS7833 (100kHz, 10 chI 
ADS7804 (100kHz) 
ADS7808 (100kHz) 
ADS7820 (100kHz) 

16-BIT 
ADS7805 (100kHz) 
ADS7809 (100kHz) 
ADS7821 (100kHz) 

AID CONVERTERS 

12-BIT 
ADS774 (117kHz) 
ADG84 (100kHz) 
ADG85 (100kHz) 
ADG87 (100kHz)· 
ADG674A (66kHz) 

16-BIT 
ADG76 (59kHz) 
ADG700 (59kHz) 

12-BIT 
ADS7810 (800kHz) 
ADS7819 (800kHz) 
ADS7831 (600kHz) 
ADS7800 (333kHz) 

14-BIT 
ADS7814 (300kHz) 

16-BIT 
ADS7811 (263kHz) 

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

16-BIT 

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

12-BIT 
ADS800 (40MHz) 
ADS801 (25M Hz) 
ADS802 (10MHz) 
ADG603 (10MHz) 

SDM506 (16-BI/) 
SDM507 (16-BII) 
SDM516 (16-BII) 
SDM517 (16-BII) 
SDM862 (12-Bil) 
SDM863 (12-Bil) 
SDM872 (12-Bil) 
SDM873 (12-Bil) 

AFE1103E (8roDldreB/Metallnk) 
AFE1104E (PalrGaln) , 

DUAL 
DSP102 (18-Bil, 200kHz) 

4-chMUXIN 
ADS1211 (24-Bil, <U:) 

,ADS7802 (12-Bil, 117kHz) 
ADS7803 (12-Bil, 117kHz) 
ADS7832 (12-BII, 117kHz) 

TEN 
ADS7833 (12-Bil, 100kHz) 

ADG701 (512kHz) 

• DENOTES TYPICAL 
BOLO DENOTES NEW PRODUCT 
BOLD, ITALIC DENOTES PRODUCT IN DEVELOPMENT 

Some specifications have been estimated for comparison 
purposes, Refer 10 dala sheets for guaranleed specificalions. 
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I 
Linearity Input GENERAL 

m~ Resolu- Error Range Sampling Serial 
tlon max (see table, pg 2.5) Rate THO Temp or m I Product (Bits) (%FSR) (V) (kHz) NMC (dB, max) Range(') Pkg(2) Parallel Description 

zADC71 16 ±0.003 0, E, F, N, R, S 20 14 Ind, Com TDIP S,P Industry Std Pinouts 
&ADC76 16 ±0.003 D,E,N,R,S 60 14 Ind, Com TDIP S,P Industry Std Pinouts 

b:l ADC80AG 12 ±0.012 D,E,N,R,S 40 12 Ind TDIP S,P Industry Std Pinout and Interface Medium Speed Monolithic 
;: ADC80MAH 12 ±0.012 D,E,N,R,S 40 12 Ind TDIP S,P Industry Std Pinout and Interface Medium Speed Monolithic .... 
-;t ADC84KG 12 ±0.012 D,E,N,R,S 100 12 Ind TDIP S,P Medium Speed 
b:l ADC85H 12 ±0.012 D,E,N,R,S 100 12 Com TDIP S,P Medium Speed (3 
~ 

ADC87H 12 ±0.012 D,E,N,R,S 100 12 Mil TDIP S,P Mil Temperature Range 
;:s ADC574A 12 ±0.012 E,F,R,S 40 12 Mil, Ind, Com DDIP P Industry Std Pinout and Interface Medium Speed Monolithic 

rs ADC603 12 ±0.018 L 10MHz NS -B8" Com,lnd, Mil QDIP P High Speed Medium Resolution II::) 

ADC674A 12 ±0.012 E,F,R,S 66 12 MiI,lnd, Com DDIP P Industry Std Pinout and Interface Medium Speed Monolithic 
.:-. 

t:::! ~ l:l ADC700 16 ±0.003 D, E, F, N, R, S 59 14 Mil, Ind, Com TDIP S,P Data·Bus Interface 
l:l' ADC701 16 ±0.003 D,E,G,R,S 512kHz NS -94w/SHC702" Com TDIP P High Accuracy, High Resolution :::::: 
b:l ADC774 12 ±0.012 E,F,R,S 117 12 MiI,lnd, Com DDIP P Industry Std Pinout and Interface Medium Speed Monolithic ~ 
C ADC803 12 ±0.012 G,R,S lMHz NS NA Ind,MiI HMD P High Speed Medium Resolution 

.". 
c S-
f ADC7802 12 ±0.012 D 117 12 Ext DDIP, PLCC P High·Accuracy, 4·Channel MUX, Auto·Calibration, Sampling 53 

~ 
ADS574 12 ±0.012 E,F,R,S 40kHz 12 Com,MiI DIP, DDIP, SO P Sampling 574 Type ~ 
ADS774 12 ±0.012 E,F,R,S 117 12 Com,MiI DIP, DDIP, SO P Sampling 774 Type C".I:) >;. 

~ '" ADS800 12 ±O.024 Z 40MHz 12 Com SOIC P Sampling, Internal Reference 
l:l.. ADS801 12 ±O.024 Z 2SMHz 12 Com SOIC P Sampling, Internal Reference ~. 
V:l 

c)Q' ADS802 12 ±o.024 Z 10MHz 12 Com SOIC P Sampling, Internal Reference CD 
~ ;:s ADS820 10 ±o.097 Z 20MHz 10 Com SOIC P Sampling, Internal Reference, Low Power -!::.. ..... 

ADS821 10 ±o.097 Z 40MHz 10 Com SOIC P Sampling, Internal Reference 

~ ~ ADS1210 24 ±o.003 D,S Program- 24 Xlnd SOIC, PDIP S Low Power, Single-Channel, ~, Differential In 
(3 mabie 

~ ~ ADS1211 24 ±O.003 D,S Program- 24 Xlnd SOIC, PDIP S Low Power, 4-Channel MUX, ~, Differential In 
<"l mabie ~ 1;t 

ADS7800 12 ±0.012 R,S 333kHz 12 Com,lnd DIP, SOIC P Sampling, Interface 
en ..... 

ADS7803 12 ±0.D18 D 117 12 Ext DDIP, PLCC P High·Accuracy, 4·Channel MUX, Auto·Calibration, Sampling ~ 
ADS7804 12 ±0.012 S 100 12 Ext PDIP, SOIC P Full Parallel, Pin Compatible to ADS7805 -ADS7805 16 ±0.0023 S 100 16 -96 Ext PDIP, SOIC P Full Parallel, Pin Compatible to ADS7804 ~ 
ADS7806 12 ±0.012 C,D,S 40 12 -80 Ext PDIP,SOIC S,P 8·Bit Bytes or Serial, Pin Compatible to ADS7807 ~ 

ADS7807 16 ±0.0023 C,D,S 40 16 -96 Ext PDIP, SOIC S,P 8·Bit Bytes or Serial, Pin Compatible to ADS7806 §it 
ADS7808 12 ±0.012 C,D,E,P,R,S 100 12 -80 Ext PDIP, SOIC S Pin Compatible to ADS7809 ~ 

~ 

ADS7809 16 ±0.0023 C,D,E,P,R,S 100 16 -96 Ext PDIP, SOIC S Pin Compatible to ADS7808 
ADS7810 12 0.018 S 800 12 -77 Ext PDIP, SOIC P 
ADS7811 16 ±O.OOlS N 263 16 -96 Xlnd PDlP. SOIC P Sampling, w/lnternal Reference 

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

~ Some specifications have been ~stimated for comparison 
v.., purposes. Refer to data sheets for guaranteed specifications. 
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Linearity Input 
Resolu- Error Range Sampling Serial GENERAL (CONT) 
tion max (see table, pg 2.5) Rate THO Temp or 

Product (Bits) (%FSR) (V) (kHz) NMC (dB, max) Range(1 ) Pkg(2) Parallel Description 

ADS7812 12 :to.012 S, AA, R, E, M, P, BB 40 12 -80 Xlnd PDIP,SO S Sampling pin compatible with ADS7813 
ADS7813 16 :to.0023 5, AA, R, E, M, P, BB 40 16 -96 Xlnd PDIP, SO S Sampling pin compatible with ADS7812 
ADS7814 14 :to.018 N 300 14 -90 Xlnd PDIP,SO P Sampling, with output latches 
ADS7819 12 0.018 N 800 12 -77 Ext PDIP, SOIC P 
ADS7820 12 ±0.01 D 100 12 -80 Xlnd PDIP,SOIC P Sampling, pin compatible with ADS7821 
ADS7821 16 ±0.006 D 100 16 -90 Ind PDIP, SOIC P Sampling, pin compatible with ADS7820 
ADS7824 12 ±0.01 S 40 12 -80 Xlnd PDIP, SOIC S,P Sampling, 4-ch mux input 
ADS7825 16 ±0.002 S 40 16 -90 Xlnd PDIP, SOIC S,P Sampling, 4-ch mux input 
ADS7831 12 0.024 N 600 12 -77 Ext PDIP, SOIC P Low Cost 
ADS7832 12 :to.049 B 117 12 -75* Xlnd PDIP, PLCC P Sampling, 8-bit bytes out 
ADS7833 12 0.05 I, L, M,N 100 12 Ext PLCC S 3·channel, simultaneous sampling 
DDC101 20 ±2.5ppm(3) Current 15 18 Ind DDIP, SOIC S High Accuracy 
DSP101 18 0.003 0 200 -90 Com DDIP S DSP Compatible, Single Channel 
DSP102 18 0.003 0 200 -90 Com DDIP S DSP Compatible, Dual Channel 
NOTES: (1) Com ~ O°C to +70°C, Ext = -40°C to +85°C. Ind = -25°C to +85°C, Mil = -55°C to + 125°C. (2) DIP = 0.3" wide DIP, DDIP = 0.6" wide DIP, TDiP = 0.9" wide DIP, PLCC = Plastic Leaded Chip Carrier, SO = Small Outline 

Surface Mount. (3) Linearity errors ±O.025% reading ±2.Sppm FSR. 

Product 

AFE1103E 

AFE1104E 

Design 
Speed 

E1ff1 

E1ff1 

Minimum 
Speed 

PCM-4 

PCM-4 

Power Compatibility 

300mW BrooktreelMetalink 

300mW PairGain 

HDSL ANALOG FRONT END 
Description 

Burr-Brown's HDSL Analog Front End greatly reduces the size and cost of an HDSL system by providing all of the active 
analog circuitry needed to connect the Brooktree Bt8952 HDSL digital Signal processor to an external compromise 
hybrid and a 1:2 HDSL line transformer. Functionally, this unit is separated into a transmit and a receive section. The 
transmit section generates, filters, and buffers outgoing 2B1Q data. The receive section performs initial filters and 
digitizes the symbol data received on the telephone line and passes it to the HDSL DSP chip. The HDSL Analog Interface 
is a monolithic device fabricated on 0.6/1 CMOS. It operates on a single +5V supply (using only 300mW). It is housed in 
a 48-pin SSOP package. This unit is second sourced by Brooktree's Bt8921. 

Burr-Brown's HDSL Analog Front End greatly reduces the size and cost of an HDSL system by providing all of the active 
analog circuitry needed to connect PairGain Technologies SPAROW HDSL digital Signal processor to an external compromise 
hybrid and a 1:2 HDSL line transformer. Functionally, this unit is separated into a transmit and a reeeivesection. The 
transmit section generates, filters, and buffers outgoing 2B1 Q data. The receive section performs initial echo cancellation and 
filters and digitizes the symbol data received on the telephone line and passes it to the HDSL DSP chip. The HDSL Analog 
Interface is a monolithic device fabricated on 0.6/1 CMOS. It operates on a single +5V supply (using only 300mW). It is housed 
in a 48-pin SSOP package. 

• DENOTES TYPICAL 

BOLD DENOTES NEW PRODUCT 

BOLO, ITALIC DENOTES PRODUCT IN DEVELOPMENT 

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

Input 
Range 

• Product Channels 
Resolution 
(Bits) 

Linearity (see table, pg 2.5) 
Error (O/OFSR) (V) 

Throughput Temp 
Rate (kHz) Range(2) Pkg(3) Description 
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SDM50t15} 

SDM507f5} 

SDM51t15} 

SDM517f5} 

SDMB62(1) 
SDMB63(1) 
SDMB72(1) 

SDMB73(') 

1fi-Channel, single ended 

B-Channel, differential 
16-Channel, single ended 
S-Channel, differential 
16-Channel. single ended 
B-Channel, differential 
16-Channel, single ended 
B·Channel, differential 

16 :1:0.012 S,R,P,E 

16 :1:0.012 D,C 
16 :1:0.012 S 
16 :1:0.012 S 
12 ±O.OI2 R.S,E 
12 ±O.OI2 R,S,E 
12 ±O.OI2 R,S,E 
12 ±O.OI2 R,S,E 

100 Xlnd PLCC Serial Out 

100 Xlnd PLCC Serial Out 
100 Xlnd PLCC Parallel Out 
100 Xlnd PLCC Parallel Out 
33 Com, Ind, Mil LCC, PGA Parallel Out 

33 Com, Ind, Mil LCC, PGA Parallel Out 

50 Com, Ind, Mil LCC, PGA Parallel Out 

50 Com, Ind, Mil LCC, PGA Parallel Out 

NOTES: (I) Internal instrumentation amplifier can be pin programmed for G ~ I, 10, 100. (2) Temperature Range: Com ~ O"C to +70"C, Ind ~ -25"C to +85"C, Xlnd ~ -40"C to 85"C, Mil ~ -55"C to + I 25"C. (3) LCC ~ Hermetic 0.95" (typ) 
square Leadless Chip Carrier, PGA~ Hermetic 1.1" (typ) square Pin Grid Array. (4) Internal programmable gain amplifier can be programmable for G ~ I, 10, 100, 1000. 

KEY FOR AID CONVERTER INPUT 
RANGE SPECIFICATION TABLE 

SPECIFICATION RANGE 
CODE (V) 

A Oto 1.25 
B 0102.5 
C Ot04 
D Ot05 
E Oto 10 
F Oto 20 
G Oto-IO 
H ±0.312 
I ±0.5 
J ±0.625 
K ±I.O 

SPECIFICATION 
CODE 

L 
M 
N 
0 
P 
Q 
R 
S 
Z 

AA 
BB 

RANGE 
(V) 

±1.25 
±2.0 
±2.5 

±2.75 
±3.33 
±4.0 
±5.0 

±IO.O 
1.25 to 3.25 

0.3125 to 2.8125 
0.5 to 4.5 

- DENOTES TYPICAL 

BOLD DENOTES NEW PRODUCT 

BOLO, ITALIC DENOTES PRODUCT IN DEVELOPMENT 

Some specifications have been estimated for comparison 
purposes. Refer to data sheets for guaranteed specifications. 
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For Immediate Assistance, Contact Your Local Salesperson 

BURR - BROWN® 

IElElI 

16-Bit 

ADC71 

ABRIDGED DATA SHEET 

For Complete Data Sheet 
Call FaxLlne 1-800-548-6133 

Request Document Number 11060 

ANALOG-TO-DIGITAL CONVERTER 

FEATURES 
• 16-BIT RESOLUTION 

• ±O.003% MAXIMUM NONLINEARITY 

• COMPACT DESIGN: 32-pin Hermetic 
Ceramic Package 

• CONVERSION SPEED: 50)JS max 

Parallel 
Digital 
Output 

DESCRIPTION 
The ADC71 is a low cost, high quality, f6-bit succes
sive approximation analog-to-digital converter. It uses 
laser-trimmed ICs and is packaged in a convenient 
32-pin hennetic ceramic dual-in-line package. The 
converter is complete with internal reference, clock, 
comparator, and thin-film scaling resistors, which 
allow selection of analog input ranges of ±2.5V, ±5V, 
±lOY, 0 to +5V, 0 to +lOV and 0 to +20V. 

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

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

Reference 1-----0 Rei Oul (+6.3V) 

} Input Range 
'------0 Select 

1----'-----------0 Comparator In 

1------'-----------0 Clock Out 

'--------'-'---------------Q&arus 

Int.matlonal Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 746-1111 • Twx: 911).852·1111 • Cable: BBACOAP • T.I •• :066-&191 .' FAX: (520)889-1510 • immediate Product Info: (800)548-6132 
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Or, Call Customer Service at 1-800-548-6132 (USA Only) 
SPECIFICATIONS 
ELECTRICAL 
At +25°C and rated power supplies, unless othelWise noted. 

ADC71J, K ADC71A, B 

PARAMETER MIN TYP MAX MIN TYP MAX UNITS 

RESOLUTION 16 16 Bits 

~:~~G 
Voltage Ranges: Bipolar ±2.5, ±5, ±10 ±2.5, ±5, ±10 V 

Unipolar to +5, 0 to +10, O,to +5, 0 to +11 V 
o to +20 o to +20 

Input Impedance (Direct Input) 
o to +5V, ±2.5V 2.5 2.5 kn 
o to +IOV, ±5.0V 5 5 k!l 
o to +20V, ±IOV 10 10 k!l 

DIGITAL(') 
Positive SOns wide trailing ("I"to ·0" I 

Logic Loading 1 TIL Load 

TRANSFER CHARACTERISTICS 
ACCURACY 
Gain Error(2) ±O.I ±C.2 ±0.1 ±0.2 % 
Offsel(2): Unipolar ±0.05 ±C.I ±0.05 ±O.I % of FSRI') 

Bipolar ±O.I ±C.2 ±0.1 ±0.2 % of FSR 
Linearity Error: K, B ±0.003 ±0.003 % of FSR 

J, A ±0.OO6 ±0.006 % of FSR 
Inherent Quantization Error ±112 ±112 LSB 
Differential linearity Error ±0.003 ±0.003 % of FSR 

POWER SUPPLY ~~ .. ~ .. ow 

±15VDC 0.003 0.003 % of FSR/%Vs 
+5VDC 0.001 0.001 % of FSRI%Vs 

TlMEI') 
14 Bits 50 50 ~s 

WARM-UP TIME 5 . min 

DRIFT 
Gain ±10 ±15 · ppmloC 
Offset: Unipolar ±2 ±4 ±2 ppm of FSRloC 

Bipolar ±6 ±IO ±5 ±IO ppm of FSRfOC 
Linearity ±2 ±3 ±2 ppm of FSRloC 
No Missing Codes Temp Range 

J, A (13 Bits) 0 +70 -25 +85 °C 
K, B (14 Bils) 0 +70 -25 +85 °C 

OUTPUT 
DIGITAL DATA 
(All Codes Complementary) 
Parallel Output Codesl'l: Unipolar CSB 

Bipolar COB, CTCIS) 
Output Drive 2 · TIL Loads 

Serial Data Code (NRZ) CSB,COB 
Output Drive 2 · TIL Loads 

Status Logic .. .. During 
Status Outpul Drive 2 2 TIL Loads 
Clock Output Drive 2 2 TIL loads 
Frequencyl7l 280 kHz 

INTERNAL VOLTAGE 6.0 6.3 6.6 6.0 6.3 6.6 V 
Max External Current with 

No Degradation of Specs ±200 ±200 ~ 
Temp Coefficient ±IO · ppmloC 

~~:';~!~~~~:on rs 
655 655 mW 

Rated Voltage, Analog ±ll.4 ±15 ±16 VDC 
Rated Voltage, Digital +4.75 +5 +4.75 VDC 
Supply Drain + 15VDC +10 +15 · · mA 
Supply Drain -15VDC -28 -35 · · mA 
Supply Drain +5VDC +17 +20 · · mA 

'~' .. r~n"'un" RANGE 
Specification 0 +70 -25 +85 °C 
Operating (Derated Specs) -25 +85 -55 +125 °C 
Storage -55 +125 -55 +125 °C. 

.. 
NOTES: (1) CMOsmL compatible, •. e., LogiC "0" = 0.8V, max Log.c "I" = 2.0V, m.n for .nputs. For d.g.taI outputs Log.c ·0" = +O.4V, max Log.c "I" = 2.4V m.n. 
(2) Adjustable to zero. (3) FSR means Full Scale Range. For example, unit connected for ±IOV range has 20V FSR. (4) Conversion time may be shortened with 
"Short Cycle" set for lower resolution, see "Additional Connections Required" section. (5) See Table I. CSB = Complementary Straight Binary. COB = Complementary 
Offset Binary. CTC = Complementary Two's Complement. (6) CTC coding obtained by inverting MSe (Pin 1). 

BURR-BRDWNI!!I 
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For Immediate Assistance, Contact YourLocal Salesperson 
PIN CONFIGURATION 

Top View 

(MSB) Bit 1 

Bit 2 

Bit 3 

Bit4 

BitS 

Bit 6 

B~7 

BitS 

BitS 

Bit 10 

Bltll 

Bit 12 

(LSB for 13 bits) Bit 13 

(lSB for 14 bits) Bit 14 

Bit15 

Bit 16 

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

ABSOLUTE MAXIMUM SPECIFICATIONS 

+Vcc to Common .................................................................... 0 to +16.SV 
-v cc to Common .................................................................. ov to -16.SV 
+Voo to Common ....................................................................... OV to +7V 
Analog Common to Digital Common ............................................... ±O.SV 
logic Inputs to Common ........................................................... OV to Voo 
Maximum Power Dissipation ....................................................... 1000mW 
lead Temperature (lOs) .................................................................. 300°C 

ORDERING INFORMATION 

MODEL TEMPERATURE RANGE NONLINEARITY 

ADC71JG O°C to +70°C ±0.006% FSR 
ADC71KG O°C to +70°C ±0.003% FSR 
ADC71AG -2SoC to +8SoC ±0.006% FSR 
ADC71BG -25°C to +8SoC ±0.003% FSR 

Short Cycle 

Convert Command 

+SVDC Supply 

Gain Adjust 

+ ISVDC Supply 

Comparator In 

Bipolar Offset 

10V 

20V 

Ref Out 6.3V 

Analog Common(1) 

-ISVDC Supply 

Clock Out 

Digital Common 

Status 

Serial Out 

PACKAGE INFORMATION 

MODEL PACKAGE 

ADC71JG 32-Pin Hermetic DIP 
ADC71KG 32-Pin Hermetic DIP 
ADC71AG 32-Pin Hermetic DIP 
ADC71BG 32-Pin Hermetic DIP 

DIP 

PACKAGE DRAWING 
NUMBER(1) 

172-5 
172-5 
172-S 
172-S 

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

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are impliedor 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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Or, Call Cuslomer Service aI1·800·548·6132 (USA Only) 

Maximum Throughput Timel') 

Convert Commandl') 

Internal Clock 

Status (EOC) 

MBS 

Bit 2 

Bit 3 ___ -1 "I' 

Bit4 ---_fJ =======~-,="o=":::;-:;;;:-__________________ --:r----
BitS - - r 1"0" r
Bit 6 =_=_~J -----~=:;LJ--;:::"I'=' ==============================:::::...-
Bit7 ____ T"J ---------'LJ'-"I-" -----------------

Bit8 ___ -1 LJ "I' 
Bit9 _ ~J ____________ -=1 ="0::" ,-;:=================:::::...r-_ 

Bit 10 ___ -1 ~ "I" 
Bit II ____ T-J ----------------==iLj"-I.-----------

Bit 12 J 1 "0' 

Bitl3 ___ -1 LJ "I" 
Bit 14 JJ ___________________ -'I='=o·::;-:::::---~r-
BitlS r "0" r_ 

Serial Dat:i~~~ ===-biij M~Blr...,2~r---c"'L.....:4'_'__'''_..Jr-.,--r-7=-;r-::--,LLJr--;I-=-0-,--:-II:-LJ..gS13l 14 ~ 
"0" 'I" 'I" "0" "0' "I" "I" 'I" '0" "I" "I" "0" 'I" "0" "0" "I' 

NOTES: (1) The convert command must be at least 50ns wide and must remain law during a conversion. The conversion is initiated 
by the 'trailing edge" of the convert command. (2) S7!JS for 16 bits. 

FIGURE 1. ADC71 Timing Diagram. 

, , 
Serial ____ 1""-40-125n5 

, 
40-12Sns-

Out 1 ~---------------------Ji 

Clock 
Out 

, ,, , , , , , 
I 

Bitl6 

Status 
1",' __ _ 

40-12Sns -I K::...:...-. 

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

Binary (BIN) 
Output tNPUT VOLTAGE RANGE AND LSB VALUES 

Analog Input 
Voltage Range Defined As: ±IOV ±SV ±2.SV o to +IOV o to +SV o to +20V 

Code COBI') COBI') COBI') 
Designation or CTC(2) or CTCI') or CTCI') CSB(3) CSB(3) CSB(3) 

One Least FSR 20V 10V .2L 10V .2L 20V 
Significant 2" 2" Tn 2" F 2" 2" 
Bit (LSB) n = 12 4.88mV 2.44mV 1.22mV 2.44mV 1.22mV 4.88mV 

n = 13 2.44mV 1.22mV 610llV 1.22mV 610llV 2.44mV 
n = 14 1.22mV 610llV 30SIlV 610llV 30SIlV 1.22mV 

Transition Values 
MSB LSB 
000 ... 000(4) +Full Scale +IOV-3/2LSB +SV-3/2LSB +2.SV-3/2LSB +IOV-3!2LSB +SV-3!2LSB +20V-3!2LSB 
OIl ... III Mid Scale 0 0 0 +SV +2.SV +IOV 
III ... lID -Full Scale -IOV +1/2LSB -SV +1/2LSB -2.SV + 1/2LSB o +1/2LSB o +1/2LSB o +1/2LSB 

NOTES: (I) COB = Complementary Offset Binary. (2) Complementary Two's Complement-obtained by inverting the most significant bit MSB (pin I). (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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For Immediate Assistance, Contact Your Local Salesperson 

BURR - BROWN® 

IElElI 

16-Bit 

ADC76 

ABRIDGED DATA SHEET 

For Complete Data Sheet 
Call FaxLine 1-800-548-6133 

Request Document Number 11063 

ANALOG-TO-DIGITAL CONVERTER 

FEATURES 
• 16-81T RESOLUTION 

• LINEARITY ERROR: ±O.OO3% max (KG, 8G) 

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

• 17!lS CONVERSION TIME (16-8it) 

• SERIAL AND PARALLEL OUTPUTS 

Parallel fL--------, r----' 
Digital 
Output 

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

It is specified for operation o~er two temperature 
ranges: O°C to +70°C (J, K) and-25°C to +85°C (A, B). 

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

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

1-~===:"'-+---------oShort Cycle 
1-------+---------0 Convert Command 

'---r:~:';:::"=+---I } Input Range 
Select 

1--.... ---------0 Comparator In 

I.~~----------------o Clock Rate Control 
L.::::::::..J----------------o Clock Out 

'------.....,---------------__0 Status 
'-----------------------oS"riaIOut 

International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520)746-1111 • Twx: 910-952·1111 • Cable: BBRCORP Telex: 066-6491 • FAX: (520)889-1510 • tmmedlate Product Info: (800)548-6132 

PDS·1063A 



Or, Call Customer Service at 1·800·548·6132 (USA Only) 
SPECIFICATIONS 
ELECTRICAL 
At +25·C, and rated power supplies, unless otherwise noted. 

ADC76J, K ADC76A, B 

PARAMETER MIN TYP MAX MIN TYP 

16 

ANALOG INPUTS 
Voltage Ranges: Bipolar ±2.5, ±5, ±10 

Unipolar Oto+5,Oto+l0 · 
o to +20 · 

Impedance (Direct Input) 
o to +5V, ±2.5V 2.5 
o to +10V, ±5.0V 5 
o to +20V ±10V 10 

DIGITAL INPUTS(1) 
Positive pulse SOns (min) traili?g edge ("1" '''0" initiates Convert 

logic Loading 1 1 1 I' 1 
""''''~''M ... """" ... , """., , ... '" 

Gain Erro~2) ±0.1 ±C.2 
Offset Error: Unipolar(2) ±0.05 ±0.1 

Bipolarl2) ±C.l ±0.2 
linearity Error: K, B ±0.003 

J, A ±0.006 
Inherent Quantization Error ±112 
Differential Linearity Error ±0.003 
Noise (3", pop) ±0.001 ±o.o03 
POWER SUPPLY SENSITIVITY 
±15VDC 0.003 · 
+5VDC 0.001 · 
CONVERSION TIMEI4) 
14 Bits 15 
15 Bits 16 
16 Bits 17 

WARM-UP TIME 5 

DRIFT 
Gain ±15 
Offset: Unipolar ±2 ±4 

Bipolar ±IO 
Linearity ±2 ±3 
No Missing Codes Temp Range 

J, A (13-bit) 0 +70 -25 
K, B (14-bit) 0 +70 -25 

OUTPUT DIGITAL DATA 
(All codes complementary) 
Parallel 

Output Codesl51: Unipolar CSB · 
Bipolar COB, CTCI') · 

Output Drive 2 
Serial Data Code (NRZ) CSB, COB · 

Output Drive 2 
Status log c "1" during · 

Status Outpul Drive 2 
Internal Clock: Clock Output Drive 2 

933 1400 

POWER SUPPLY REOUIREMENTS 
Power Consumption 0.655 · 
Rated Voltage: Analog ±11.4 ±15 ±16 

Digital +4.75 +5 +5.25 
Supply Drain: +15VDC +10 +15 

-15VDC -28 -35 · 
+5VDC +17 +20 · 

TEMPERATURE RANGE 
Specification 0 +70 -25 
Storage -55 +125 

" "'Speclflcatlon same as ADC76J, K. 

MAX UNtTS 

Bits 

V 
V 

kn 
kn 
kn 

1 TIL Load 

· % · % of FSR(3) 
% of FSR 
% of FSR 
% of FSR 

LSB 
%of FSR 

· %of FSR 

·/~ of FSR/%Vs 
% of FSR/%V; 

J1S · J1S · J1S 
Min 

· ppmi"C · ppm of FSR/·C · ppm of FSR/"C 
ppm of FSR/"C 

+85 ·C 
+85 ·C 

· TIL loads 

· TIL loads 

· TIL loads · TIL loads 

· kHz 

W 
VDC 
VDC 
rnA · rnA 

· rnA 

+85 ·C 
·C 

NOTES: (I) CMOSml compatible, i.e., logic '0" = 0.8V, max, logic 'I" = 2.0V, min for inputs. For digital outputs logic "0' = 0.4V, max,logic "I' = 2.4V, min. (2) Adjustable 
to zero. See "Optional External Gain and Otiset 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 + I digital output for n-bit resolution. For example, connect Short Cycle to Bit IS (pin 15) for 14-bit resolution. For resolutions less than 16 bits, pin 32 should also 
be tied to +5V through a 2kn resistor. (5) See Table I. CSB = Complementary Straight Binary, COB = Complementary Offset Binary, CTC = Complementary Two's 
Complement. (6) CTC coding obtained by inverting MSB (pin I). (7) Adjustable with Clock Rate Control from approximately 933kHz to 1.4MHz. 

BURR~BROWNI!I 
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For Immediate Assistance, Contact Your Local Salesperson 
PIN CONFIGURATION 

Top View 

NOTE: (1) MetalUd Is connected 
to pin 22 (Analog Common). 

MSB Bit 1 

ABSOLUTE MAXIMUM SPECIFICATIONS 

+ V cc to Common .................................................................. OV to + 16.5V 
-Vee to Common ........................................•......................... OV to -16.5V 
+Voo to Common ................•...................................................... OV to +7V 
Analog Common to Digital Common ............................................... to.5V 
logic Inputs to Common ................•...•............•......................... OV to Voo 
Maximum Power Dissipation ....................................................... 1000mW 
Lead Temperature (soldering, lOs) ................................................. 300°C 

ORDERING INFORMATION 

LINEARITY ERROR 
MODEL max (% of FSR) TEMPERATURE RANGE 

ADC76AG to.006 -25°C to +85°C 
ADC76BG ±0.OO3 -25°C to +85°C 
ADC76JG to.OO6 O°C to +70°C 
ADC76KG to.OO3 OOG to +70°C 

DIP 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER(') 

ADC76JG 32-Pln Hermetic DIP 172·5 
ADC76KG 32-Pln Hermetic DIP 172-5 
ADC76AG 32-Pln Hermetic DIP 172-5 
ADC76BG 32-Pln Hermetic DIP 172-5 

NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix G 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 usefs 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 nol authorize or warrant 
any BURR-BROWN product for use In life support devices andior systems. 
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Convert Commanl1) 

Internal Clock 

Status (EOC) 

MBS 

Bit2 

Bit 3 

Bit4 

BitS 

Bit 6 

Bit 7 

BitB 

Bit 9 

Bitl0 

Billl 

Bi112 

Bi113 

Bit 14 

Bit 15 

Bi116 

Serial Data Out 

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

Maximum Throughput Timel') 

'I" 
.----.L--Jr -''1-''--------------------------------------------::::J 

::::J 
::::J J _____ ~="o="~~--------------------------~r--

T"" 1"0" r_ 
::::J 
::::J '-l'I" 

r-------------~~L_Jr,-'I'-' ----------------------------

::::J 
::::J 
::::J 
::::J ::::J 
::::J 

U'I" 
I '0" 

LJ'I" 
~r,-I'-'-------------------

I '0" 

U"I" ::::J 
::::J 

J _________________________________ ~I'=o"~~--~r-r 

r- 1"0" r_ 
::::hi'Iii MSB 
____ l;·> . 1 I 2 3 4 5 6 B u.J 10 11 lRf13l 14bd-fsL_ 

"0" 'I" 'I" '0" "0" 'I" 'I" "1" "0" "I" 'I" "0" "1" '0" '0" "1" 

NOTES: (1) The convert command must be at least SOns wide and must remain low during a conversion. The conversion is 
initiated by the 'railing edge" of the convert command. (2) 17115 for 16 bits. 

FIGURE 1. ADC76 Timing Diagram, 

I I 

Serial --..1 !~4o-125ns 
Out ! 

Clock 
Oul 

FIGURE 2. Timing Relationship of Serial Data to Clock. 

BINARY 

Bit 16 

Status 

I , ________ . 

~ y Bit 16 "-------------L ____ Y.'!!i!! __ 
I 
I 
I 
I 
I 

I~I,-40·12Sns-1 , 

FIGURE 3. Timing Relationship of Valid Data to Status. 

(BIN) OUTPUT INPUT VOLTAGE RANGE AND LSB VALUES 

Analog Inpul 
Voltage Range Defined As: ±10V ±SV ±2.SV 010 +10V o to +SV o to +20V 

Code COBII) COBII) COBP) 
DeSignation or CTCI') or CTCI') or CTCI') CSBI') CSBI') CSBI') 

One Least FSR 20V 10V 5V 10V 5V 20V 
Significant To 2- F 2- F 2- 2" 
Bit (LSB) n = 12 4.BBmV 2.44mV 1.22mV 2.44mV 1.22mV 4.BBmV 

n = 13 2.44mV 1.22mV 61011V 1.22mV 61011V 2.44mV 
n = 14 1.22mV 61011V 30S11V 61011V 30S11V 1.22mV 

Transition Values 
MSB LSB 
000 ... 000(4) +Full Scale +10V-3J2LSB +SV-3/2LSB +2.SV-3/2LSB +10V-3J2LSB +SV-3J2LSB +20V-312LSB 
011 ... 111 Mid Scale 0 0 0 +SV +2.5V +10V 
111 ... 110 -Full Scale -10V +1/2LSB -5V +1/2LSB -2.SV + 1/2LSB o +1/2LSB o +1/2LSB o +II2LSB 

NOTES: (1) COB = Complementary Offset Binary. (2) Complementary Two's Complement-<lbtained 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 1. Input Voltages, Transition Values, LSB Values, and Code Definitions. 
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For Immediate Assistance, Contact Your Local Salesperson 

BURR - BROWN® 

113131 ADC80 
ABRIDGED DATA SHEET 

For Complete Data Sheet 
Call FaxLine 1-800-548-6133 

Request Document Number 10676 

General Purpose 
ANALOG-TO-DIGITAL CONVERTER 

FEATURES 
• INDUSTRY-STANDARD 12·BIT ADC 

• ±o.012% LINEARITY 

• 25J.1S max CONVERSION TIME 

• ±12V OR ±15V OPERATION 

• NO MISSING CODES: -25°C to +85°C 

• HERMETIC 32·PIN PACKAGE 

• PARALLEL AND SERIAL OUTPUTS 

• 595mW max DISSIPATION 

I~~~~ 0-------'--, 

Ext~,= 0--------, 

Short o----~-, 
Cycle 

comparatf~ 0------, 

20V Range 0-..11/11'"+-.111\/'-+--/ 

10V Range 

Clock 

Successive 
Approximation 

Register 

Comparator '------' 

DESCRIPTION 
TheADC80 is a 12-bit successive-approximation 
analog-to-digital converter,' utilizing state-of-the-art 
CMOS and laser-trimmed bipolar die custom designed 
for freedom from latch-up and optimum AC perfor
mance. It is complete with a comparator, a monolithic 
12-bit DAC which includes a 6.3V .reference laser
trimmed for minimum temperature coefficient, and a 
CMOS logic chip containing the successive approxi
mation register (SAR), clock, and all other associated 
logic functions. 

Internal scaling resistors are provided for the selection 
of analog input signal ranges of±2.5V, ±5V, ±10V, 0 
to +5V, or 0 to +10V. Gain and offset errors may be 
externally trimmed to zero, enabling initial endpoint 
accuracies of better than ±O.12% (±1I2LSB). 

The maximum conversion time of 25~ makes the 
ADC80 ideal for a wide range of 12-bit applications 
requiring system throughput sampling rates up to 
40kHz. In addition, the ADC80 may be short-cycled 
for faster conversion speed with reduced resolution, 
and an external clock may be used to synchronize the 
converter to the system clock or to obtain higher speed 
operation. 

B~!;o----.NVL---~-----o 
Reference Out 

Data is available in parallel and serial form with 
corresponding clock and status signals. All digital 
input and output signals are TfULSTTL-compatible, 
with internal pull-up resistors included on all digital 
inputs to eliminate the need for external pull-up resis
tors on digital inputs not requiring connection. The 
ADC80 operates equally well with either ±15V or 
±12V analog power supplies, and also requires use of 
a +5V logic power supply. However, unlike many 
ADC-type products, a +5V analog power supply is not 
required. It is packaged in a hermetic 32-pin side
brazed ceramic dual-in-line package. 

" 
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Or, Call Customer Servient 1·800·548·6132 (USA Only) 
SPECIFICATIONS 
ELECTRICAL 
At TA = +25°C, ±Vcc = 12V or 15V, Voo = +5V, unless otherwise specified. 

ADC80AG 

PARAMETER MIN TYP 

RESOLUTION 
ADC80AG-12, ADCBO-AGZ-1211) 
ADCBOAG-l0 

INPUT 

ANALOG 
Voltage Ranges: Unipolar Oto+5,Oto+l0 

Bipolar ±2.5, ±5, ±10 
Impedance: 0 to +5V, ±2.5V 2.45 2.5 

o to +10V, +5V 4.9 5 
±10V S.B 10 

DIGITAL 
Logic Characteristics (Over specification temperature range) 

V'H (Logic "1 ") 2 
VIL (LogiC "0··) ..{l.3 

I'H (V'N = +2.7V) 
I'L (V'N = +O.4V) 

Convert Command Pulse Width I') 100 

'MA""""" CHAR""'"M''''''''' 

ACCURACY 
Gain Error(2) ±0.1 
Offset Error(3): Unipolar ±0.05 

Bipolar ±0.1 
Linearity Error: ADCBOAG-12, ADCBOAGZ-12 

ADCBOAG-l0 
Differential Linearity Error ±1/2 
Inherent Quantization Error ±112 

POWER SUPPLY SENSITIVITY 
II.4V ';;±Vcc';; 16.5V ±0.003 
+4.5V ,;; Vo~" +5.5V ±0.002 

DRIFT 
Total Accuracy, Bipolar(5) ±10 
Gain ±15 
Olfset: Unipolar ±3 

Bipolar ±7 
Linearity Error Drift ±1 
Differential Linearity over Temperature Range 
No Missing Code Temperature Range -25 

Over Temperature Range Guaranteed 

CONVERSION TIME!") 
ADC80AG-12, ADCBO-AGZ-12 15 22 
ADC80AG-l0 13 20 

OUTPUT 

DIGITAL (Bits 1-12 , Clock Out, Status, Serial Out) 
Output Codes!') 

Parallel: Unipolar CSB 
Bipolar COB,CTC 

Serial (NRZ)!B) CSB,COB 
LogiC Levels: Logic 0 (lS'NK ,;; 3.2mA) 

LogiC 1 (ISOURCE ,;; BO~) +2.4 
Internal Clock Frequency 545 

INTERNAL REFERENCE VOLTAGE 
Voltage +6.2 +6.3 
Source Current Available for External Loads!') 200 
Temperature Coefficient ±10 

MAX UNITS 

12 Bits 
10 Bits 

V 
V 

2.55 k!l 
5.1 k!l 
10.2 k!l 

5.5 V 
+O.B V 
-150 ~A 
500 ~A 

2000 ns 

±0.3 % of FSR(4) 

±0.2 % of FSR 
±0.3 %01 FSR 

±0.012 %of FSR 
±0.04B %of FSR 

±314 LSB 
LSB 

±D.OOS %O~~~~~~~ ±0.005 %of 

±23 ppm/oC 
±30 ppm/oC 

ppm of FSRI"C 
±15 ppm of FSRI"C 
±3 ppm of FSRI"C 

±3/4 LSB 
+B5 ·C 

25 IJ.S 
22 IJ.S 

+0.4 V 
V 

kHz 

+6.4 V 

~ 
±30 ppm/oC 

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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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS (CONT) 
ELECTRICAL 
At T, = +25"C, ±Vcc = 12V or 15V, VDD = +5V, unless otherwise specified. 

ADC80AG 

PARAMETER MIN TYP MAX 

POWER SUPPLY REQUIREMENTS (For all models) 
Voltage: ±Vcc ±11.4 ±15 ±16.5 

Voo +4.5 +5 +5.5 
Current: +Icc 5 8.5 

-Icc 21 26 
lOD 11 15 

Power Dissipation (±Vcc = 15V) 450 595 
Thermal Resistance, 6JA 50 

TEMPERATURE RANGE (Ambient) 
Specification -25 +85 
Oparating (derated specs) -55 +125 
Storage -65 +150 

UNITS 

V 
V 

mA 
mA 
mA 
mW 
"crw 

"C 
"C 
"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 2p,s (max) to assure the specified 
conversion time. (3) Gain and offset errors are adjustable to zero. See "Optional External Gain and Offset Adjustmenf' section. (4) FSR means Full-Scale Range 
and is 20V for ±1 OV range, 10V for ±5V and 0 to + 1 OV ranges, etc. (5) Includes drift due to linearity, gain, and offset drifts. (S) Conversion time is specified using 
internal clock. For operation wHh 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 Comptementary 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 oonversion, and must not exceed 2001lA for guaranteed specification. 

PIN ASSIGNMENTS 
PIN DESCRIPTION PIN DESCRIPTION 

1 BitS 32 Bit 7 
2 Bit 5 31 Bit 8 
3 Bit 4 30 Bit 9 
4 Bit 3 29 Bit 10 (LSB-l0 Bits) 
5 Bit 2 28 Billl 
6 Bit 1 (MSB) 27 Bit 12 (LSB-12 Bits) 
7 NCI'} 26 Serial Out 
8 Bit 1 (MSB) 25 -Vee 
9 +5V Dig Hal Supply 24 Reference Out (+6.3V) 
10 Digital Commonl2} 23 Clock Out 
11 Comparator In 22 Status 
12 Bipolar Offset 21 Short Cycle 
13 R, 10V Range 20 Clock Inhibit 
14 R2 20V Range 19 External Clock 
15 Analog Common 18 Corrvert Command 
16 Gain Adjust 17 +Vcc 

NOTE: (1) +5V applied 10 pin 7 has no effect on circuit. (2) Metal lid of package 
is connected to pin 10. 

CONNECTION DIAGRAM 

Top View 

BURR - BROWN® 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 
ABSOLUTE MAXIMUM RATINGS ORDERING INFORMATION 

+Vcc 10 Analog Common ........................................................ 0 10 +16.5V RESOLUTION 

-Vee 10 Analog Common ........................................................ 0 10 -16.5V MODEL (Bits) 
Voo 10 Digilal Common ................................................................ 0 10 +7V ADCBOAG-l0 10 
Analog Common 10 Digilal Common ................................................ ±0.5V ADCBOG·12 12 
Logic Inputs (Convert Command, Clock In) ADCBOGZ-12(1 ) 12 

10 Digital Common ................................................ -o.3V 10 +VOD +0.5V 
Analog Inpuls (Analog In, Bipolar Offsel) NOTE: (1) ADCBOAGZ-12 is nol recommended for new designs. Standard 0 

ADCBOAG-12 now meets the extended power supply range of the CO 10 Analog Common ..................................................................... ±16.5V 
Reference Oulpu!... .....................•................ Indefinile Short 10 Common, 

Momenlary Short 10 Vee 
ADCBOAGZ-12. 0 

C 
Lead Temperalure, (soldering, lOs) .............................................. +300'C 

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

Stresses above thase listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. Exposure to absolute maxi
mum conditions for extended periods may affect device reliability. 

MODEL 

ADCBOAG-l0 
ADCBOG-12 

PACKAGE 

32-Pin Hermetic 
32-Pin Hermetic 

PACKAGE DRAWING 
NUMBER(1) 

172 
172 
172 

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

Internal 
Clock _I f-I-....::ts~o __ -_I ___ I-_le_p ___ -_I_I_-_tc_w _________ ......., 

Status -.-J ~ 

Bit 2 

Bit 3 

Bit 4 

Bit 12 

Serial 
Data 

t!tiJ 
1 

~ 
1 

Itill 
: I I 

Data Invalid I Bit 1 I Bit2 I Bit3 I Bit4 I BitS I Bit6 I Bit7 I BitB I Bit9 I Bit 10 I Bit 111 Bit 121 

SYMBOL PARAMETER TYP UNITS 

leo Clock delay from convert command 30 ns 

lep Nominal clock period 1.65 ~s 

lew Nominal clock pulse width 0.65 j!S 

tso Status delay from convert command 130 ns 
IR 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 ciock). 
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For Immediate Assistance, Contact Your Local Salesperson 

BURR-BROWN® 

113131 ADC80MAH-12 
ABRIDGED DATA SHEET 

For Complete Date Sheet 
Call FaxLine 1-800-548-8133 

Request Document Number 10694 

Monolithic 12-Bit 
ANALOG-TO-DIGITAL CONVERTER 

FEATURES 
• INDUSTRY-STANDARD 12-BIT ADC 

• MONOLITHIC CONSTRUCTION 

• LOW COST 
• ±o.012% LINEARITY 

• 251J.S max CONVERSION TIME 

• ±12V OR ±15V OPERATION 

• NO MISSING CODES: -25°C to +85°C 

• HERMETIC 32-PIN PACKAGE 

• PARALLEL OR SERIAL OUTPUTS 

• 705mW max DISSIPATION 

DESCRIPTION 
The ADC80MAH-12 is a 12-bit single-chip succes
sive-approximation analog-to-digital converter for low 
cost converter applications. It is complete with a 
comparator, a 12-bit DAC which includes a 6.3V 
reference laser-trimmed for minimum temperature 
coefficient, a successive approximation register (SAR), 
clock, and all other associated logic functions. 

Internal scaling resistors are provided for the selection 
of analog input signal ranges of ±2.5V, ±5V, ±lOV, 0 
to +5V, or 0 to +10V. Gain and offset errors may be 
externally trimmed to zero, enabling initial end-point 
accuracies of better than ±o.12% (±1/2LSB). 

The maximum conversion time of 25118 makes the 
ADC80MAH-12 ideal for a wide range of 12-bit 
applications requiring system throughput sampling 
rates up to 40kHz. In addition, this AID converter may 
be short-cycled for faster conversion speed with re
duced resolution, and an external clock may be used to 
synchronize the converter to the system clock or to 
obtain higher-speed operation. The convert command 

circuits have been redesigned to allow simplified free
running operation with internal or external clock. 

Data is available in parallel and serial form with 
corresponding clock and status. signals. All digital 
input and output signals are TTULSTI'L-compatible, 
with internal pull-up resistors included on all digital 
inputs to eliminate the need for external pull-up resis
tors on digital inputs not requiring connection. The 
ADC80MAH-12 operates equally well with either 
±15Vor ±12V analog power supplies, and also re
quires. use of a +5V logic power supply. However, 
unlike many ADC80-type products, a +5V analog 
power supply is not required. It is packaged in a 
hermetic 32-pin side-brazed ceramic dual-in-line pack
age. 

I~~~ 0------, 

Ext~I~~ 0-------, 

Short 
Cycle 0------,---, 

compara~~ 0-----, 

20V Range 0-./\1\1'-...1111/ .... --1 

10V Range 

Clock 

Successive 
Approximation 

Register 

Comparator L-___ .J 

Clock 
Out 

Parallel 
Data 
Output 

Serial 
Out 

B~~:; o-----..rv'V'--------Re-'e-re-n-Oce Out 
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Tel: (520) 746-1111 • Twx: 910-952·1111 • Coble: BBRCORP Telex: 066-6491 • FAX: (520) 889-1510 • Immediate Product Info: (900) 548-6132 
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Or, Call Cuslomer Service aI1·800·548·6132 (USA Only) 
SPECIFICATIONS 
ELECTRICAL 
At TA = +25"C, ±Vcc = 12V or 15V, Voo = +5V, unless otherwise specified. 

,nt'anUA"_'? 

PARAMETER MIN TYP 

RESOLUTION 

INPUT 

ANALOG 
Voltage Ranges: Unipolar Oto+5,Oto+l0 

Bipolar ±2.5, ±5, ±10 
Impedance: 0 to +5V, ±2.5V 2.45 2.5 

o to +10V, ±5V 4.9 5 
±10V 9.8 10 

DIGITAL 
Logic Characteristics (Over specification temperature range) 

V,H (Logic "1 ") 2 
VIL (Logic "0") -0.3 
I'H (V'N = +2.7V) 
I'L (V'N = .0.4V) -20 

Convert Command Pulse Widthl') tOOns 

TRkNSFEI1 CHARk~, ~"''' "~,, 

ACCURACY 
Gain Error<2) ±0.01 
Offset Erro~2): Unipolar ±0.05 

Bipolar ±0.1 
Linearity Error 
Differential Linearity Error ±112 
Inherent Quantization Error ±1I2 

POWER SUPPLY SENSITIVITY 

11.4V ~ :~:,; 16.5V ±0.003 
+4.5V ,; ,; +5.5V ±0.002 

DRIFT 
Total Accuracy, Bipolarl') ±10 
Gain ±lS 
Offset: Unipolar ±3 

Bipolar ±7 
Linearity Error Drift ±1 
Differential Linearity over Temperature Range 

, MiSSi~9. Code Temperature Range -25 
i Over t Ra~ge Guaranteed 

. TIME(5) 22 

OUTPUT 

DIGITAL (Bits 1-12 , Clock Out, Status, Serial Out) 
Output CodeslS) 

Parallel: Unipolar CSB 
Bipolar COB,CTC 

Serial (NRZ)i1) CSB,COB 
Logic Levels: Logic 0 (IS'NK ,; 3.2mA) 

Logic 1 (I5OURCE S 80~A) +2.4 
Internal Clock Frequency 520 

INTERNAL REFERENCE VOLTAGE 
Voltage +6.20 +6.3 
Source Current Available for External LoadslB) 200 
Temperature Coefficient ±10 

MAX UNITS 

12 Bits 

V 
V 

2.55 kn 
5.1 kn 
10.2 kn 

5.5 V 
+0.8 V 
20 IlA 

~A 
20 ~s 

±0.3 % of FSR(3) 
±0.2 % of FSR 
±0.3 % of FSR 

±0.012 % of FSR 
±3/4 LSB 

LSB 

±0.009 
% o~ ~~~¢.~~~ ±0.005 %of 

±23 ppm/'C 
±30 ppm/'C 

ppm of FSRI"C 
±15 ppm of FSRI"C 
±3 ppm of FSRI"C 

±3/4 LSB 
±SS 'C 

25 ~s 

+0.4 V 
V 

kHz 

+6.40 V 
~A 

±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 patenl 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 andlor systems. 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS (CONT) 
ELECTRICAL 
At T. = +25"C, ±Vcc = 12V or 15V, VDO = +5V, unless otherwise specified. 

ADC80MAH-12 

PARAMETER MIN TYP MAX UNITS 

POWER SUPPLY REQUIREMENTS 
Rated Supply Voltages +5, ±12 or ±15 V 
Supply Ranges: ±Vcc ±11.4 +16.5 V 

Voo +4.S +5.5 V 
Supply Drain: +Icc (+Vcc = 15V) 8.5 11 mA 

-Icc (-Vcc = 15V) 21 24 mA 
IDD (Vcc = 5V) 30 36 mA 

Power Dissipation (±Vcc = 15V, Voo = 5V) 593 70S mW 
Thermal Resistance, OJ. 50 "CIW 

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 conva" command pulse width of greater than lOOns; however, it must be limited to 2011S (max) to assure 
the specified conversion time. (2) Gain and offset errors are adjustable to zero. Sea "Optional External Gain and Offset Adjustment" section. (3) FSR means Full
Scala Range and is 20V for ±10V range, 10V for ±SV and 0 to +10V ranges, etc. (4) Includes drift due to linearity, gain, and offset drifts. (S) 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 sho"er 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 I for additional information. (7) NRZ means Non-Return-to-Zero coding. (8) Extarnal loading 
must be constant during conversion, and must not exceed 200j.LA for guaranteed specification. 

ABSOLUTE MAXIMUM RATINGS PCM1760 

+Vcc to Analog Common ........................................................ 0 to +16.5V 
-V cc to Analog Common ........................................................ 0 to -16.5V 
V aD to Digital Common ................................................................ 0 to + 7V 
Analog Common to Digital Common ................................................ ±0.5V 
Logic Inpuls (Conve" Command, Clock In) 

to Digital Common ........................................................... -{).3V to +Vcc 
Analog Inpuls (Analog In, Bipolar Offset) 

to Analog Common ................................. _ ................................... ±16.5V 
Reference OulpuL .. _ .. _ .... _ ............................ Indefinite Short to Common, 

Momentary Short to V cc 
Lead Temperature, (soldering, IDs) .............................................. +300"C 
Maximum Junction Temperature .................................................. +160°C 

NOTE: Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. Exposure to absolute maximum 
conditions for extended periods may affect device reliability. 

A 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 perfonnance 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_ 

ORDERING INFORMATION 

I RESOLUTION 
MODEL (Blls) 

ADC80MAH-12 I 12 

BURN-IN SCREENING OPTION 

I BURN-IN TEMPERATURE 
MODEL (160h)11) 

ADC80MAH-12-BI I 12 

NOTE: (1) Or equivalent. 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER(1) 

ADC80MAH-12 32-Pin Hermetic 212 

NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix C of Burr-Brown IC Data Book. 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 
CONNECTION DIAGRAM PIN ASSIGNMENTS 

Top View 
Bit 6 32 Bit 7 
BitS 31 Bit 8 
Bit 4 30 Bit9 

4 Bit 3 29 Bit 10 (LSB-l0 Bits) 

5 Bit 2 28 Bitll 

6 Bit 1 (MSB) 27 Bit 12 (LSB-12 Bits) 
NCI') 26 Serial Out 

8 Bit 1 (MSB) 25 -Vee 
9 +SV Digital Supply 24 Relerence Out (+6.3V) 

10 Digital Common 23 Clock Out 
11 Comparator In 22 Status 
12 Bipolar Offset 21 ShortCycJe 

13 R,10V Range 20 Clock Inhibit 
14 R, 20V Range 19 External Clock 

15 Analog Common 18 Convert Command 
16 Gain Adjust 17 +Vcc 

NOTE: (1) +SV applied to pin 7 has no effect on circuit. 

Internal 
Clock _I r-I_---"ts:::.o ___ -_I ___ I-_tc_p ___ -_I __ I-_tc_w __________ ., 

Status ----.J L--

Bit 1 

Bit 2 • 1 

Btt3 III 
1 

Bit 4 

Bit 12 

Serial 
Data Datalnvalid I Bit 1 I Bit 2 I Bit 3 I Bit 4 I BitS I Bit 6 I Bit 7 I Bit81 Bit91Bitl0lBitll1Bit121 

SYMBOL PARAMETER TYP UNtTS 

leo Clock delay Irom convert command 153 ns 
tcp Nominal cloCk period 1.81 ~s 

lew Nominal clock pulse width 0.87 ~s 

tso Status delay from convert command 186 ns 
tA All bits reset delay from convert command 141 ns 

Iov Data valid time lrom clock pulse high -15 ns 

FIGURE 1. Timing Diagram (nominal values at +25°C with internal clock). 
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For Immediate Assistance,. Contact Your Local Salesperson 

BURR - BROWN® 

IElElI ADC84 
ADC85H 
ADC87H 

IC ANALOG-TO-DIGITAL CONVERTERS 

FEATURES 
• INDUSTRY STANDARD 12-BIT AID 

CONVERTERS 

• COMPLETE WITH CLOCK AND INPUT 
BUFFER 

• HIGH SPEED CONVERSION: 10flS (max) 

• REDUCED CHIP COUNT-HIGH 
RELIABILITY 

• LOWER POWER DISSIPATION: 
450MW (typ) 

• ±O.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, ±JOV, 0 to +5V, or Oto +JOV, 
Gain and offset errors may be externally trimmed to 
zero, offering initial accuracies of better than ±0.012% 
(±l/2LSB). 

• THREE TEMPERATURE RANGES: 
O°C to +70°C-ADC84 
-25°C to +85°C-ADC85H 
-55°C to +125°C-ADC87H 

• NO MISSING CODES OVER FULL 
TEMPERATURE RANGE 

• PARALLEL AND SERIAL OUTPUTS 

• ±12V OR ±15V POWER SUPPLY 
OPERATION 

• HERMETIC 32-PIN CERAMIC 
SIDE-BRAZED DIP 

The fast lOllS 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 CMOSfITL-compatible. 
Power supply voltages are ±12VDC or ±15VDC and 
+5VDC. 

International Alrporllndustrlal Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Streel Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 746-1111 • Twx: 910.952·1111 • Coble:BBRCORP • Telex:IJ66.6491 • FAX: (520) 889-1510 • Immediate Product Info: (800) 548-6132 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 
SPECIFICATIONS 
ELECTRICAL 
Specified at +25'C and rated supplies. unless otherwise nOled. 

ADC8SH-12 ADC87H-12 

PARAMETER MIN TYP MAX MIN TYP MAX MIN TYP 

RESOLUTION 12 

ANALOG INPUTS 
Voltage Ranges: Bipolar ±2.5. .±1 · 

Unipolar +5.010 
Impedance (Direcllnpul): 0 10 +5V. ±2.5V 2.45 2.5 2.55 . · 

010 +10V. ±5V 4.9 5 5.1 · 
±10V 9.8 10 10.2 · 

Buffer Amplifier: Impedance 100 · 
BiasCurrenl 50 · · 
Settling Time 10 0.01% 

for 20V Slep(2) 2 · 
DIGITAL INPUTS(') 
Convert Command I I 50ns (mi~). Ir~iling 
Logic Loading 1 

TRANSFER CHARACTERISTICS 

ACCURACY 
Gain Error (4) ±0.1 ±0.25 · 
Offsel Error(4): Unipolar ±0.05 ±0.2 

Bipolar ±0.1 ±O.25 
Linearity Errorl.) ±0.012 
Inherent Quantization Error ±0.5 
Differenlial Linearily Error ±0.5 
No Missing Codes Temperalure Range 0 +70 -25 +85 -55 

POWER SUPPLY SENSITtVITY 
Gain and Offset: ±15V ±O.OO4 · 

+5V ±0.001 · 
DRtFT 
Gain ±30 ±15 
Offset: Unipolar ±3 ±3 

Bipolar ±15 ±7 
Linearity ±3 ±2 

3uarantee, · 
I TtME 10 

DIGITAL OUTPUll') 
(All Modes Complementary) 
Parallel Outpul Codes: Unipolar CSB 

Bipolar :COB.CTC · · 
Output Drive · 

Serial Dala Codes (NRZ) ICSB •. COB · · 
Oulpul Drive 2 · 

Sialus Logic '1 During Conversion · · 
Oulpul Drive 2 · · 

Internal Clock: Oulput Drive 2 · 
Frequency(7) 1.35 · · 

tNTERNAL REFERENCE VOLTAGE 
Reference Output +6.2 +6.3 +6.4 . · · · 
Max. External Current with No Degradation 200 
Tempco of Drift ±20 ±5 ±10 ±5 

POWER SUPPLY REQUIREMENTS 
Rated Supply Voltages +1 !or± 5 · 
Supply Ranges: Voo +4.75 +5.25 · · 

±Vee ±11.4 ±16.5 · · 
Supply Drain: +Icc 20 

-lee 25 

100 10 
Total Power Dissipation 450 725 · · · 
TEMPERATURE RANGE 
Specification 0 +70 -25 +85 -55 
Operating (with Deraled Specs) -25 +85 -55 +125 
Siorage -65 +150 · 

'Speclficatlon IS the same as ADC84KG-12. 

MAX UNITS 

· Bils 

V 
V 

kQ 
kn 
kn 
MQ 
nA 

.1lS . 

TTL Load 

% · %of FSR(5) 

· %ofFSR 
%ofFSR 

LSB 
LSB 

+125 'c 

%ofFSR/%Vs 
%ofFSR/%Vs 

±15 ppm/'C 
±5 ppm of FSRf'C 

±10 ppm of FSRf'C 
±2 ppm of FSRf'C 

I1s 

TTLLoads 

TTL Loads 

TTLLoads 
TTL Loads 

MHz 

, V 

· p:':;;'c ±10 

V 
V 

· V · mA 

· mA · mA 

· mW 

+125 'C 

'c 
'c 

NOTES: (1) Model ADC84KG-l0 is the same as model ADC64KG-12 except for the following: (a) Resolution: 10 bits (max). (b) Linearity Error: ±0.048% of FSR 
(max). (c) Conversion Time: 61lS (max). (d) Internal Clock Frequency: 1.9MHz (typ). (2) If the buffer is used. delay Convert Command until amplifier settles. (3) DTU 
TTL compatible. For digital inputs Logic "0- = O.BV (max) and Logic "I" = 2.0V (min). For digital outputs Logic "0" = 0.4V (max) and Logic ."1' = 2.4V (min). (4) 
Adjustabie to zero. (5) FSR means Full Scale Range. (6) The error shown is the same as ±112LSB max linearity error in % of FSR. (7) Internal clock is externally 
adjustable. 
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For Immediate Assistance, Contact Your Local Salesperson 
CONNECTION DIAGRAM - ADC84, 8SH, 87H 

(LSB for 12 bits) Bit 12 

Bit 11 

(LSB for 10 bits) Bit 10 

Bit I (MSB) 

Bit I (MSB) 

Short Cycle 

Digital Common!" 

NOTE: (I) Metal lid of package is 
connected to pin IS (Digital Common). 

ORDERING INFORMATION 
RESOLUTION TEMPERATURE 

MODEL (Bits) RANGE 

ADC84KG-IO 10 O°C to +70"C 
ADC64KG-12 12 O°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 NUMBERI11 

ADC64KG-l0 Case Ceramic DIP 172-5 
ADC84KG-12 Case Ceramic DIP 172-5 

ADC85H-12 32-Pin Side-brazed 172-5 

ADC87H-12 32-Pin Side-brazed 172-5 

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

Top View 

Serial Out 

Buffer In 

Buffer Out 

Gain Adjust 

Analog Common 

R,20V Range 

h1VI/''+-'I-.-' R,10V Range 

Bipolar Offset 

Comparator In 

Convert Command 

Status 

Clock Out 

Reference Out (+6.3V) 

Clock Rate Control 

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 eircu"s 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® 

2.24 Burr-Brown Ie Data Book-Mixed Signal Products IElElI 



Convert(1) 
Command 

Internal Clock 

Status (EOC) 

MSB 

Bit 2 

Bit 3 

Bit4 

Bit 5 

Bit 6 

Bit 7 

BitS 

Bit 9 

Bitl0 

Bitll 

LSB 

Serial(3) 

Data Out 

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

Maximum Throughput Time(2) ----------~I 

'0" 

:::::::::::1LJ"1" 
::::::::] LJ"l" 

:::::::::::~I __ ~I="o,,::::::;-_________ ---:r--
::::::::] 1"0" r--
::::::::] LJ'l" 

:::::::::::''-1 -----------.LJ'l" 

::::::::] LJ"l" 

::] IT 
::::::::] LJ"l" 
~''-------------------'LJ "1" 

==:J 1 "0" r--
.......... '.' .", MSB I 'r-~:::::;-IL LLSs::;S"B~ rc"?~'~:':;1 ....... : ... tl:12iL-L-.J 3 4! 5 6 i 7 ! S W 10 11 L.1.L.L.:.:'::;:.J 

"0' '1" "1" '0" "0" "1" "1" "1" ''0' "1" "1" "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 '1railing edge" of 
the convert command. (2) 1 0.5~s for 12 bits and 6.4~s for 10 bits. (3) Use trailing edge of clock to strobe serial output. 

FIGURE 1. Timing Diagram. 
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For Immediate Assistance, Contact Your Local Salesperson 

BURR - BROWN® 

IElElI ADC574A 

Microprocessor-Compatible 
ANALOG-TO-DIGITAL CONVERTER 

FEATURES 
• COMPLETE 12-BIT AID CONVERTER WITH 

REFERENCE, CLOCK, AND 8-, 12-, or 16-
BIT MICROPROCESSOR BUS INTERFACE 

• IMPROVED PERFORMANCE SECOND 
SOURCE FOR 574A-TYPE AID 
CONVERTERS 
Conversion Time: 25J.1S max 
Bus Access Time: 150ns max 
Ao Input: Bus Contention During Read 
Operation Eliminated 

• DUAL IN-LINE PLASTIC, PLCC AND 
HERMETIC CERAMIC 

• FULLY SPECIFIED FOR OPERATION ON 
±12V OR ±15V SUPPLIES 

• NO MISSING CODES OVER 
TEMPERATURE: 
O°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 + lOY 
reference, internal clock, digital interface for micropro
cessor control, and three-state outputs., 

The reference circuit, containing a buried zener,is la,ser
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 + lOY, OV to +20V, ±5V, and ±lOV. 

The converter may be externally programmed to pro
vide 8- or 12-bitresolution. The conversion time for 12 
bits is factory set for 25~ maximum~ 
Output data are available in a parallel format from TIL
compatible three-state output buffers. Output data are 
coded in straight binary for uuipolar input signals and 
bipolar offset binary for bipolar input signals. 

TheADC574A, 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 }~~==~:J Inputs s= Control Logic 
,------c Status 

Bipolar 
Offset 

20V Range o---./\/V'---r-vvV--t-----j 
c: 

.~ ~ CD U) 

>------~ m .5.iii 1----'\1 ~ 
§ [1 '" 10V Range 0--------' 

en ~ ~"~lD' 
12-BitD/A 111;=====~ _ 
Converter [\ ~ 

~~======~-~~=I~O~V==~ 
Reference 
Input 

Reference 0>---------, 
Oulput '------------1 

Reference 

Parallel 
Data 
Output 

International Airport Industrial Park • Mailing Address: PO Box 11400 Tucson, AZ 85734 • Street Address: 6730 S- Tucson Blvd. • Tucson, AZ 85706 
Tol:(52O) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • Telox: 06~1 • FAX: (520) 889-1510 • Immediate Product Info: (800) 548-6132 
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SPECIFICATIONS 
ELECTRICAL 
AlTA = +25°C, Vcc = + 12V or +15V, VEE = -12V or -15V, and VlOGIC = +5V unless otherwise specified. 

"UW' ~~r, JH, SH An".7, ''''', KH, TH 

PARAMETER MIN TYP MAX MIN TYP 

RESOLUTION 12 

INPUTS 

ANALOG J to +10, 0 to Jo Voltage Ranges: Unipolar · 
Bipolar ±5,±10 · 

Impedance: 0 to +IOV, ±5V 4.7 5 5.3 
±IOV, OV to +20V 904 10 10.6 

OIGITAL (CE, cS, ~c, Aa, 1218) 
Over Temperature Range 
Voltages: Logic I +2 +5.5 · 

Logic 0 -D.5 +0.8 · 
Current -5 0.1 +5 · · 
Capacitance 5 

TRANSFER ~n"n"~' ~m~ ,~~ 

ACCURACY 
At+25°C 

Linearity Error ±I 
Unipolar Offset Error (Adjustable to Zero) ±2 
Bipolar Offset Error (Adjuslable to Zero) ±10 
Full-Scale Calibration Erro~l) 

(Adjustable to Zero) ±O.25 
No Missing Codes Resolution (Diff. Linearity) II 12 
Inherent Quantization Error ±1/2 

TM1Nto T MAX 
Linearity Error: J, K Grades ±1 

S, TGrades ±1 
Full~Scale Calibration Error 

Wilhoullnilial Adjuslmenl(1): J, K Grades ±OA7 
S, TGrades ±O.75 

Adjusted to Zero al +25°C: J, K Grades ±O.22 
S, TGrades ±O.5 

No Missing Codes Resolulion (Diff. Linearily) II 12 

TEMPERATURE COEFFICIENTS (T MIN to T MAxJ(3) 

Unipolar Offset: J, K Grades ±10 
S, TGrades ±S 

Max Change: All Grades ±2 
Bipolar Offsel: All Grades ±IO 

Max Change: J, K Grades I ±2 
S, TGrades ±4 

Full-Scale Calibration: J, K Grades ±45 
S, TGrades ±SO 

Max Change: J, K Grades ±9 
S, TGrades ±20 

POWER SUPPLY SENSITIVITY 
Change in Full-Scale Calibralion 

+13.5V < Vee < +16.5Vor+IIAV < Vcc< + 12.6V ±2 
-16.5V < VEE <-13.5Vor-12.6V < VEE <-IIAV ±2 
+4.5V < VlOGIC < +5.5V ±1I2 

CONVERSION TIME (4) 

8-BilCycle 10 13 17 · 
12-Bit Cycle IS 20 25 

OUTPUTS 

DIGITAL (DB,,-DBo, STATUS) 

LniPolar Straigt Binary (USB) 
(Over Temperalure Range) 

OUlput Codes: Unipolar 
Bipolar 

I':l'-~)I Logic Levels: Logic 0 (ISINK = 1.6mA) 
Logic I (lsauRcE = 5001lA) +2.4 

Leakage, Data Bits Only, High -2 State -5 0.1 · 
CapaCitance 5 

BURR - BROWN@> 
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MAX UNITS ...... 
Bits 

it) 

0 
C 

V « 
V 

k.Q 

· k.Q 

en · V 
V I-· I1A Z 
pF W 

Z 
0 
Q. 

±112 LSB 

== · LSB 
±4 LSB 0 

%ofFSI2) 0 
Bits Z 
LSB 0 

±1/2 LSB i= 
±3/4 LSB 

~ 
±O.37 %ofFS :::J ±O.5 %ofFS 
±0.12 %ofFS a 
±0.25 %ofFS 0 

Bits « 
i:!; ±5 ppml"C 

±2.5 ppml°C 
±I LSB icC 
±S ppml"C C 
±I LSB 

ft 

±2 LSB en 
±2S ppml"C a: ±2S ppml"C 
±5 LSB W 
±IO LSB I-a: 

W 
±I LSB > ±I LSB Z · LSB 

0 
· 115 0 

115 C 
~ 

· V 
V 

· IlA 
pF 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS (CONT) 

ELECTRICAL 
At TA = +25·C, Vee = +12V or +15V, V •• = -12V or -15V, and VUlGle = +5V unless othelWise specified. 

ADC574AJP, JH, SH ADC574AKP, KH, TH 

PARAMETERS MIN TYP MAX MtN TYP 

INTERNAL REFERENCE VOLTAGE 
Voltage +9.9 +10.0 +10.1 · 
Source Current Available for External Loads!" 2.0 

POWER SUPPLY REQUIREMENTS 

Voltage: Vee +11.4 +lS.5 · 
Ve -11.4 -lS.5 · 
VLOG1C +4.5 +5.5 

Current: Icc 3.5 5 
I •• IS 20 · 
ll.oGIC 9 15 · 

Power Dissipation (±15V Supplies) 325 450 · 
TEMPERATURE RANGE (Ambient: T MIN, T MAX ) 

Specifications: J, K Grades a +75 · 
S, T Grades -55 +125 · 

Storage -55 +150 · 
• Same specifications as ADC574AJP, AJH, ASH. 

MAX UNITS 

· V 
rnA 

V 
V · V 

· rnA · rnA 
rnA 
mW 

OC 
·C 
·C 

NOTES: (1) With fixed son 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 ±1 OV input range, FS means 20V; for a a to + 10V range, FS means 
10V. The term Full Scale for these specHications instead of Full-Scale Range is used to be consistent wnh other vendors' 574 and 574A type specifications tables. 
(3) Using internill reference. (4) See Controlling the ADC574A section for detailed Information concerning digital timing. (5) External loading must be constant during 
conversion. The reference output requires no bufier amplifier with either ±12V or ±15V power supplies. 

PIN CONFIGURATION 

2.28 

+5VDC Supply (VLooiCl 

1218 

cs 
Ao 

RIC 

CE 

RefOUI 

Analog Common 

Ref In 

V •• 

Bipolar Offset 

10V Range 

20V Range 

Status 

DBII (MSB) 

DB10 

DB9 

g DBS 
" 0 
0 DB7 
~ 

" t2 Bits !!! DBS 
.~ ~ DB5 'i III 

" a\ DB4 Q. 

~ ~ 

.~ I!! DB3 
F 

8 DB2 

" en OBI 

DBa (LSB) 

IS Digital Common 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 
ABSOLUTE MAXIMUM RATINGS 

Vee to Digital Common ......................................................... OV to + 16.5V 
VEE to Digital Common .......................................................... OV to -16.5V 
V,oGle Digital Common .............................................................. OV to +7V 
Analog Common to Digital Common .................................................... ±1V 
Control Inputs (CE. CS. Ao. 1218. RIC) 

to Digital Common .............................................. -o.5V to V'OG,e +0.5V 
Analog Inputs (Ref In. Bipolar Offset. 10V'N) 

to Analog Common ...................................................................... ±16.5V 
20V'N to Analog Common .................................................................. ±24V 
Ref Oul... ....................................................... Indefinite Short to Common. 

Momentary Short to Vee 
Max Junction Temperature ............................................................ +165°C 
Power Dissipation ........................................................................ 1000mW 
Lead Temperature (soldering. lOs) ................................................. +300'C 
Thermal Resistance, 8JA : Ceramic ................................................ 50°Cm 

Plastic ................................. : ............... 100'CIW 

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

ORDERING INFORMATION 

LINEARITY 
TEMPERATURE ERROR MAX 

MODEL PACKAGE RANGE (T M'N TO T MAXl 
ADC574AJP Plastic DIP O'C to +75'C ±ILSB 
ADC574AKP Plastic DIP O'C to +75'C ±1/2LSB 
ADC574AJH Ceramic DIP O'C to +75'C ±ILSB 
ADC574AKH Ceramic DIP O'C to +75'C ±1/2LSB 
ADC574ASH Ceramic DIP -55'C to + 125'C ±ILSB 
ADC574ATH Ceramic DIP -55'C to +125'C ±3/4LSB 

BURN-IN SCREENING OPTION 
See text for details. 

TEMPERATURE BURN-IN TEMP 
MODEL PACKAGE RANGE (160 Hours) 

ADC574AJP-BI Plastic DIP O'C to +75'C +85'C 
ADC574AKP-BI Plastic DIP O'C to +75'C +85'C 
ADC574AJH-BI Ceramic DIP Q'C to +75'C +125'C 
ADC574AKH·BI Ceramic DIP O'C to +75'C +125'C 
ADC574ASH·BI Ceramic DIP -55'C to + 125'C +125'C 
ADC574ATH·BI Ceramic DIP -55'C to + 125'C +125'C 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER!') 

ADC574AJP Plastic DIP 215 
ADC574AKP Plastic DIP 215 
ADC574AJH Ceramic DIP 149 
ADC574AKH Ceramic DIP 149 
ADC574ASH Ceramic DIP 149 
ADC574ATH Ceramic DIP 149 

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

BURN-IN SCREENING 

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

Plastic "-BI" models: +85°C 
Ceramic "-BI" models: +125°C 

All units are 100% electrically tested after burn-in is com
pleted. To order burn-in, add "-BI" to the base model 
number (e.g., ADC574AKP-BI). 

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 aU use of such information shaU 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 lije support devices and/or systems. 
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For Immediate Assistance, Contact Your Local Salesperson 
DISCUSSION OF 
SPECIFICATIONS 
LINEARITY ERROR 

Linearity error is defined as the deviation of actual code 
transition values from the ideal transition values. Ideal 
transition values lie on a line drawn through zero (or minus 
full scale for bipolar operation) and plus full scale. The zero 
value is located at an analog input value 1/2LSB before the 
first code transition (OOOH to 00lH). The full-scale value is 
located at an analog value 3/2LSB beyond the last code 
transition (FFEH to FFFH) (see Figure 1). 

7FFH ~~~t / : 

7FEH Shifts /: : 
TheLin. I I 

I 
I 
I 
I 
I 
I 

002HLZ ': 001 (Bipolar : I Midscale 
H ,/ Offset _I 1-- (Bipolar 

I 
I 
I 

OOOH TransactiOn):: Zero) 
I I I I 

-I 1- " --j i- I, 
1/2LSB Zero 112LSB 

Zero (-Full-Scale 
(--Full Scale) Calibration 

Transition) 
Analog Input 

I 
I 
I 
I 

312LSB1- 1 +Full 
+Full·Scale Scale 
Calibration 
Transition 

FIGURE 1. AOC574A Transfer Characteristics Tenninology. 

Thus, for a converter connected for biopolar operation and 
with a full-scale range (or span) of 20V (±lay), the zero 
value of -lOV is 2.44mV below the first code transition 
(OOOH to 00lH at -9.99756V) and the plus full-scale value of 
+lOV is 7.32mV above the last code transition (FFEH to 
FFFH 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 tbrough-

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 -lLSB), a missing code will . 
occur. 

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

UNIPOLAR OFFSET ERROR 

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

BIPOLAR OFFSET ERROR 

AID converter specifications have historically defined bipo
lar offset as thefrrst 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 7FFH to 
800H• 

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

. FULL SCALE CALIBRATION ERROR 

The last output transition (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 .poillt from the ideal 
value. The full-scale calibration temperature coefficient 
specifies the maximum change of the code transition value 
versus a change in ambient temperature. 

POWER SUPPLY SENSITIVITY 

Electrical specifications for the ADC574A 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: ±10V :I:5V o to +10V o to +20V 

One Least Significant Bit (LSB) FSR 20V 10V 10V 20V 
2" 2" 2" 2" 2" 

n=S 7S.13mV 39.06mV 39.06mV 7S.13mV 
n =12 4.SSmV 2.44mV 2.44mV 4.SSmV 

Output Transition Values 
FFEH to FFFH .. Full-Scale Calibration + 1 OV - 3/2LSB +5 -312LSB +10V -·312LSB +10V - 312LSB 
7FFH to SOOH Midscale Calibration (Bipolar Offset) o -II2LSB o -II2LSB +5V -1/2LSB ±10V - .II2LSB 

TABLE I. Input Voltages, Transition Values, and LSB Values. 
aURR-BROWNI8l 
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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 (Le., 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 TMIN or TMAx. 

QUANTIZATION UNCERTAINTY 

Analog-to-digital converters have an inherent quantization 
error of ±1/2LSB. 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 lLSB. 

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 +8rnA. 

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 ADCS74A 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 
IOIJP tantalum-type capacitors located close to the converter 

BURR - BROWNQII 

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

ANALOG SIGNAL SOURCE IMPEDANCE 

The signal source supplying the analog input signal to the 
ADCS74A will be driving into a nominal DC input imped
ance of either Skn or lOill. 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 NO input current are caused by the 
changes in output current of the internal Df A converter as 
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 samplelhold, 
select a samplelhold with sufficient bandwidth to preserve 
the accuracy or use a separate wideband buffer amplifier to 
lower the output impedance. 

RANGE CONNECTIONS 

The ADC574A offers four standard input ranges: OV to 
+lOV, OV to +20V, ±SV, and ±1OV. If a lOV 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 1O.24V (2.SmV LSB) or 
20.48V (SmV LSB) input range, insert a 120n, 1% metal
fthn resistor in series with pin 13 for the 1O.24V range, or a 
240n, 1 % metal-film resistor in series with pin 14 for the 
20.48V range. Offset and gain adjustments are still per
formed as described below. However, you must recalculate 
full-scale adjustment voltages proportionately. A fixed metal
film resistor can be used because the input impedance of the 
ADCS74A 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 ADCS74A 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 R2 with a son, 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 + I/2LSB; + 1.22m V for the lOV range, +2.44m V 
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+Vcc 

,.:J 
T100~ 

-Vee 

100n 

Full-Scale 
Adjust 

Ref Out 

r---'II\fIr---<~-----I12 Bipolar Offset 

Analog 
Common 

FIGURE 2_ Unipolar Configuration_ 

ADC574A 

for the 20V range) that causes the output code to be DBO ON 
(high)_ Adjust potentiometer RJ 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 lOY range and 
+ 19_9927V for the 20V range_ Adjust potentiometer R2 until 
bits DB I-DB II 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 50n, 
I % 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 
I/2LSB above the minus full-scale value (-4_9988V for the 
±5V range, -9_9976V for the ±IOV range). Adjust R J for 

PIN 
DESIGNATION DEFINmON 

t------j 8 Ref Out 

Bipolar 
Offset '----'\,I\I\r--+-! 
Adjust 

.D 10V 
,,- Range 

"'-0 20V 
Range 

FIGURE 3. Bipolar Configuration. 

ADC574A 

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 ±IOV range) and adjust R2 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 RiC 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 input~ (12/8, CS, Ao, Ric, and CE) 
are all TTL/CMOS-compatible. The functions of the control 
inputs are described in Table II. The control function truth 
table is listed in Table III. 

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) 

RlC(Pin5) Read/Convert Must be low ("0") to initiate either 8- or 12·bit conversions. 1-0 edge may be used to initiate a conversion. 
("1" = read) Must be high ("1") to read output data. 0-1 edge may be used to initiate a read operation. 
("0" = convert) 

Ao (Pin 4) Byte Address In the start-convert mode. Ao selects 8-bit (Ao = "1'1 or 12-bit (Ao = "0") conversion mode. When reading output data 
Short Cycle in two 8·bit byles. Ao = "0" accesses 8 MSBs (high byte) and Ao = "1" accesses 4 LSBs and trailing "Os" (low byte). 

1218 (Pin 2) Data Mode Select When reading output data, 1218 = "1" enables all 12 output bits simultaneously. 1218 = "0" will enable the MSBs 
("1" = 12 bits) or LSBs as determined by the Ao line. 
("0" = 8 bils) 

TABLE II. ADC574A Control Line Functions. 
BURR-BROWN® 
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CE CS RIC 1218 Ao 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 a-bit conversion 
1 ~ 0 X 0 Initiate 12-bit conversion 
1 .j. 0 X 1 Initiate 8-bit conversion 
1 0 ~ X 0 Initiate 12-bit conversion 
1 0 ~ X 1 Initiate a-bit conversion 
1 0 1 1 X Enable 12-bil oulpul 
1 0 1 0 0 Enable B MSBs only 
1 0 1 0 1 Enable 4 LSBs plus 

4 trailing zeros 

TABLE III. Control Input Truth Table. 

STAND-ALONE OPERATION 

For stand-alone operation, control of the converter is accom
plishedJ?y a single control line connected to Ric. In this 
mode CS and Ao are connected to digital common and CE 
and 12/8 are connected to VLOGIC (+5V). The output data are 
presented as l2-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 Ric. 
The three-state data output buffers are enabled when RiC 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 RiC pulse must 
remain low for a minimum of 5Ons. 

Figure 4 illustrates timing when conversion is initiated by an 
RiC 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 RIC 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 RIC pulse. 
In this mode the output data from the previous conversion is 
enabled during the positive portion of RIC. A new conver
sion is started on the falling edge of RIC, and the three-state 
outputs return to the high-impedance state until the next 
occurrence of a high RIC pulse. Table IV lists timing 
specifications for stand-alone operation. 

SYMBOL PARAMETER MIN TYP 

tHRL Low RIC Pulse Widlh 50 
los STS Delay from RIC 
tHOR Data Valid After RIC Law 25 
IHS STS Delay After Dala Valid 300 
tHRH High RIC Pulse Widlh 150 
tOOR Data Access Time 

TABLE IV. Stand-Alone Mode Timing. 

FULLY CONTROLLED OPERATION 

Conversion Length 

400 

MAX UNITS 

ns 
200 ns 

ns 
1000 ns 

ns 
150 ns 

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

i'----J 
! I 
I-Ios--I 

Slatus : t"-, -Ic--':~I 
___ -'-1-:;::::;; IIHoR . 1_ IHS 

DB11-DBO Dala Valid)' Hlgh-Z Siale ( Data Valid 

FIGURE 4. RIC Pulse Low-Outputs Enabled After 
version. 

RIC ~I -
~-tos-I 

Status : I --II ,.--,---t--------:\:..I 

tooR I~ ____ I tHOR c 

DB11-~ High-ZState 
DBO~ 

FIGURE 5. RIC Pulse High-Outputs Enabled Only While 
RIC Is High. 

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

CONVERSION START 

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

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

Convert Mode 
lose STS Delay from CE 
tHEe CE Pulse Width 
Isse CS to CE Setup time 
IHSc ~Iow during CE high 
tSRc RIC 10 CE setup 
tHRC RIC low during CE high 
lSAC Ao 10 CE setup 
tHAC Ao valid during CE high 
te Conversion time, 12-bit cycle 

8-bitcycle 

Reed Mode 
IoD Access time from CE 
tHD Data valid ailer CE low 
tHL Output float delay 

"tSSR CS to CE setup 
IsRR RIC to CE setup 
tSAR ~toCEsetup 

tHSR CS valid ailer CE low 
tHRR RIC high after CE low 
tHAR Ao valid ailer CE low 
tHS STS delay ailer data valid 

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

TABLE V_ Timing Specifications. 

1= !"EC . CE __ J+I.=' ====-----.. 
RIC 

STS ---+---'1 
----tc-----I 

0811- ___ +-_--:H.!!!i;!!:h:..:lm=ed=an.::;c::,e ______ _ 
DBO 

FIGURE 6. Conversion Cycle Timing_ 

READING OUTPUT DATA 

After conversion is initiated, the output data buffers remain 
in a high-impedance state until the following four logic 
conditions are simultaneously met: RIC 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 Ao. See Figure 7 and Table V for timing relation
ships and specifications. 

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

MIN TYP 'MAX UNITS 

60 200 ns 
50 30 ns 
50 20 ns 
50 20 ns 
50 0 ns 
50 20 ns 
0 ns 

50 20 ns 
15 20 25 lIS 
10 13 17 lIS 

75 150 ns 
25 35 ns 

100 150 ns 
50 0 ns 
0 ns 
50 25 ns 
0 ns 
0 ns 

50 ns 
300 400 1000 ns 

CE + 
CS 

RIC 

1-, tSRR 

Ao 

I~ IsAR 

STS 

FIGURE 7. Read Cycle Timing. 

desired_ When 12/8 is high, all 120utput lines (DBO-DB11) 
are enabled simultaneously for full data word transfer to a 
12-bit or 16-bit bus. In this situation the Ao 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 Ao 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 Ao 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. ' 

BURR~BROWN<8I 

2.34 Burr-Brown Ie Data Book-Mixed Signal Products ,ElEI' 



Or, Call Cuslomer Service aI1·800·548·6132 (USA Only) 
When Ao is low, the byte addressed contains the 8MSBs. 
When Ao 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 Ao 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. 

Processor 

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 1.15!1S (too max + tHS min) before 
STATUS goes low. Refer to Figure 7 for these timing 
relationships. 

~~---+--~--+---~~---+--~ 
Converter 

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

\..J -
STATUS 28 --

r = 
1218 OB11 (MSB) 27 

= 
26 - r;- = r 

Ao J Ao 25 L:.... = 
Address 

24 
Oa1a = Bus 23 Bus 

~ 
ADC574A ~ 

~ 
~ 
~ 
~ 
~ 
17 
= 

OBD (LSB) 16 
= 

~igital Common 15 
-

FIGURE 9. Connection to an 8-Bit Bus. 
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BURR - BROWN® 

IElElI ADC674A 

ABRIDGED DATA SHEET 

For Complete Data Sheet 
Call FaxLine 1-800-548-6133 

Request Document Number 10551 

Microprocessor-Compatible 
ANALOG-TO-DIGITAL CONVERTER 

FEATURES 
• COMPLETE 12-BIT AiD CONVERTER 

WITH REFERENCE, CLOCK, AND 8-, 12-, 
OR 16-BIT MICROPROCESSOR BUS 
INTERFACE 

• IMPROVED PERFORMANCE SECOND 
SOURCE FOR ADC574Ai674A-TYPE AiD 
CONVERTERS 
Conversion Time: 15118 max 
Bus Access Time:150ns max 
Ao Input: Bus Contention During Read 
Operation Eliminated 

• FULLY SPECIFIED FOR OPERATION ON 
±12V OR ±15V SUPPLIES 

• NO MISSING CODES OVER 
TEMPERATURE: 
O°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 per
formance. It is complete with a self-contained + lOV 
reference, internal clock, digital interface for micro
processor 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 excel
lent 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 +IOV, OV to 
+20V, ±5V, and ±lOV. 

The converter may be externally programmed to 
provide 8- or 12-bit resolution. The conversion time 
for 12 bits is factory set for l5).1S maximum. 

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

The ADC674A, available in both industrial and 
military temperature ranges, requires supply voltages 
of +5V and ±12V or ±15V. It is packaged in a 28-pin 
plastic DIP, or hermetic side-brazed ceramic DIP. 

CO"t"'t{·~~~ Inputs,~ 

Bipolar o--,AM-~ 

r--~Status 

2.36 

Offset 

20V Range o---,M/'-."M/'-+----1 
10VRange 

Reference 

t~t~==============r=~~--l Reference o. 10V 
Oulput Reference 

Parallel 
Data 
Oulp'" 

International Airport Induslrlal Par1< Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 746·1111 • Twx: 910-952·1111 • Coble: BBRCORP • Telex: 066-&191 • FAX: (520) 889·1510 • Immediate Productlnfo: (BOD) 548-6132 
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SPECIFICATIONS 
ELECTRICAL 
AlTA = +25°C, Vee = ±12V or +15V, VEE = -12V or-15VDC, and VLOGle = +5V, unless otherwise noled. 

.nt'C7' .a, JH, SH KU~U' ~K~r, KH, TH 

PARAMETER MIN TVP MAX MIN TYP 

RESOULUTION 12 

ANALOG INPUTS 
Voltage Ranges: Unipolar +10,010 · 

Bipolar ±5,±10 · 
Impedance: 0 to +1 OV, ±5V 4.7 5 5.3 

±10V, OV to +20V 9.4 10 10.6 · 
DIGITAL INPUTS (CE, CS, RIC, Ao, 1216) 

Over Temperature Range 
Voltages: Logic 1 +2 ±5.5 · 

Logic 0 --{l.5 ±O.B 
Current -5 0.2 ±5 
Capacitiance 5 

TRANSFER CHARACTERISTICS 
ACCURACY 
At+25°C ±1 

linearity Error ±2 
Unipolar Offset Error (adjustable to zero) ±10 
Bipolar Offset Error (adjustable to zero) 
Full-Scale Calibration Error<') (adjustable to zero) ±0.25 
No Missing Codes Resolution (differential linearity) 11 ±1/2 t2 
Inherent Quantization Error 

TMIN to T MAX 

Linearity Error: J, K Grades ±t 
S, TGrades ±t 

Full-Scale Calibration Error 
Withoul'nitia' Adjustmen(1): J, K Grades ±0.47 

S, TGrades ±0.75 
Adjusted to zero at +25°C: J, K Grades ±0.22 

S, TGrades ±0.5 
No Missing Codes Resolution (differential linearity) 11 12 

TEMPERATURE COEFFICIENTS (T MIN to T MAX)I') 
Unipolar Offset: J, K Grades ±to 

S, TGrades ±5 
Max Change: All Grades ±2 

Bipolar Offset: All Grades ±to 
Max Change: J, K Grades ±2 

S, TGrades ±4 
Full-Scale Calibration: J, K Grades ±45 

S, TGrades ±50 
Max Change: J, K Grades ±9 

S, TGrades ±20 

POWER SENSITIVITY 
Change in Full-Scale Calibration 

+13.SV < Vee < +16.5Vor +11.4V < Vee < +12.6V ±2 
+16.5V < VEE < +t3.5Vor-12.6V < VEE <-11.4V ±2 
+4.5V < VLOGIC < +5.5V ±112 

CONVERSION TIME!') 
8-BitCycle 6 B 10 · · 
12-BitCycle 9 t2 15 · · 
DfGITAL OUTPUT (DB,,-DBo, Status) 
(Over Temperature Range) 
Outputs Codes: Unipolar Unipolar Straight Binary (USB) 

Bipolar Bipolar Offset Binary (BOB) 
Logic Levels: Logic 0 (ISINK = 1.6mA) +0.4 

Logic t (lsouReE = 5001lA) +2.4 
Leakage, Data Bits Only, High-Z State -5 0.1 +5 
Capacitance 5 · 
INTERNAL REFERENCE VOLTAGE 
Voltage +9.9 ±to ±10.1 · 
Source Current Available for External Loadsl') 2 

BURR·BROWN® 
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MAX UNITS "'d" 
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0 
V C V 
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kn 

V 
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CJ) ~A 
pF I-

Z 
W 

±t/2 LSB Z 
LSB 0 ±4 LSB n. 

0/0 of FS(2) :E 
Bits 0 LSB 

0 
±tl2 LSB Z ±3/4 LSB 

0 
±0.37 %ofFS i= ±C.5 %ofFS 
±0.t2 %ofFS i!i ±0.25 %ofFS 

Bits ::l a 
±5 ppm/oC 0 ±2.5 ppml"C <C ±t LSB 
±5 ppml"C 

~ ±t LSB 
±2 LSB <C ±25 ppml"C C ±25 ppml"C 
±5 LSB ~ 

±to LSB CJ) 
a: 
W 

±t LSB I-
±t LSB a: 

LSB W 
> I's Z · I's 0 
0 
C 
<c · V 

V 

· ~A 
pF 

V 
mA 
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SPECIFICATIONS (CONT) 
ELECTRICAL 
At TA= +25'C, Vcc = ±12V or +15V, VEE = -12V or -15VDC, and VLOGlC = +5V, unless otherwise noted. 

ADC674AJP, AJH, ASH ADC674AKP, AKH, ATH 

PARAMETER MIN TYP MAX MIN TYP MAX UNITS 

POWER SUPPLY REQUIREMENTS 
Voltage: Vce +11.4 +16.5 . V 

VEE -11.4 -16.5 · ·v 
VLOOIC +4.5 +5.5 V 

Current: Icc 3.5 5 · mA 
lEE 15 20 · · mA 
llOG1C 9 15 · · mA 

Power Dissipation (±15V Supplies) 325 450 · · mW 

TEMPERATURE RANGE (Ambient: T MIN' T MAXl 
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 seclion). (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 specHication tables. (3) Using 
internal reference. (4) See Controlling the ADC674A section for detailed information concerning digital timing. (5) Extemal loading must be constant during 
conversion. The reference output requires no buffer amplHier with either ±12V or ±15V power supplies. 

ABSOLUTE MAXIMUM RATINGS 
V co to Digital Common .......................................................... 0 to + 16.5V 
VEE to DigHal Common ........................................................... 0 to -16.5V 
VLOGIC to Digital Common ........................................................... 0 to +7V 
Analog Common to Digital Common ...................................... : ........... ±1V 
Control Inputs (CE, CS, Aa. 1218, RiC) 

to Digital Common ............................................. -o.5V to VLOGIC +0.5V 
Analog Inputs REF IN, BIP. OFF., 10V,N) 

to Analog Common .................................................••...........•.....•. ±16.5V 
20V,N to Analog Common ..............•...•.............................................. ±24V 
REF OUT ...................................................... Indefintte Shan to Common, 

Momentary Shan to V cc 
Max JUnction Temperature ............................................................ +165'C 
Power Dissipation ............................•...•....................................... 1000mW 
Lead Temperature (soldering, lOS) ............................................... +300'C 
Thermal Resistance, 0JA: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 

MODEL PACKAGE RANGE max (T MW to T MAXI 

ADC674AJP Plastic DIP O'C to +75'C ±ILSB 
ADC674AKP Plastic DIP O'C to +75'C ±1/2LSB 
ADC674AJH Ceramic DIP O'C to +75'C ±ILSB 
ADC674AKH Ceramic DIP O'C to +75'C ±II2LSB 
ADC674ASH Ceramic DIP -55'C to + 125'C '±ILSB 
ADC674ATH Ceramic DIP -55'C to +125'C ±3J4LSB 

BURN-IN SCREENING OPTION 
See text for details. 

BURN-IN 
TEMPERATURE TEMPERATURE 

MODEL PACKAGE RANGE (160 Hours)") 

ADC674AJP'BI Plastic DIP O'Cto +75'C +85'C 
ADC674AKP-BI Plastic DIP O'Cto +75'C +85'C 
ADC674AJH-BI Ceramic DIP O'Cto +75'C +125'C 
ADC674AKH-BI Ceramic DIP O'Cto +75'C +125'C 
ADC674ASH-BI Ceramic DIP -55'C to + 125'C +125'C 
ADC674ATH-BI Ceramic DIP -55'C to + 125'C +125'C 

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

BURN-IN SCREENING 

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

Plastic "-BI" models: +85°C 
Ceramic "-BI" models: +125°C 

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

PACKAGE INFORMATI()N 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER~) 

ADC674AJP Plastic DIP 215 
ADC674AKP Plastic DIP 215 
ADC674AJH Ceramic DIP 149 
ADC674AKH Ceramic DIP 149 
ADC674ASH Ceramic DIP 149 
ADC674ATH Ceramic DIP 149 

ADC674AJP-BI Plastic DIP 215 
ADC674AKP-BI Plastic DIP 215 
ADC674AJH-BI Ceramic DIP 149 
ADC674AKH-BI Ceramic DIP 149 
ADC674ASH-BI Ceramic DIP 149 
ADC674ATH-BI Ceramic DIP 149 

NOTE: (1) For detailed drawing and dimension table, please see end 01 data 
sheet, or Appendix C of Burr-Brown IC Data Book. 
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PIN CONFIGURATION 

+5VOC Supply (VLOG1cl 

1218 

CS 

Ao 

RIC 

CE 

+Vcc 

ReI Out 

Analog Common 

ReI In 

VEE 

Bipolar Offset 

10V Range 

20V Range 

CONTROLLING THE ADC674A 
The Burr-Brown ADC674A 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 RIC input. Full control consists of selecting an 
8- or 112-bit conversion cycle, initiating the conversion, and 
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, Ao, RIC, and CE) are all 
TIL-/CMOS-compatible. The functions of the control in
puts are described in Table I. The control function truth table 
is listed in Table II. 
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X X X 
1 X X 
0 0 X 
0 0 X 
J, 0 X 
J, 0 X 
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0 J, X 
0 1 1 

0 1 0 

0 1 0 

Status 

OBll (MSB) 

OBtO 

089 

088 

087 

086 

085 

084 

OB3 

DB2 

DBl 

DBO (LSB) 

Digital Common 

Ao OPERATION 

X None 

X None 

0 Initiate 12-bit conversion 

1 Initiate a-bit conversion 

0 Initiate 12-bit conversion 

1 Initiate a-bit conversion 

0 Initiate 12-bit conversion 

1 Initiate a-bit conversion 
X Enable 12·bit output 

0 Enable 8 MS8s only 

1 Enable 4 LSBs plus 4 
trailing zeros 

TABLE II. Control Input Truth Table. 

PIN 
DESIGNATION OEFINmON 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) 

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. Must be high 
("I" = read) ('I") to read output data. 0-1 edge may be used to initiate a read operation. 

("0" = convert) 

Ao (Pin 4) Byte Address In the start-convert mode, Ao selects 8-bit (A 0= "1") or 12-bit (Ao = "0") conversion mode. When reading output 
Short Cycle data in two 8-bit bytes, Ao = "0" accesses ±8MS8s (high byte) and Ao = "1" accesses 4LSBs and trailing "Os" (lOW 

byte). 

1218 (Pin 2) Data Mode Select When reading output data. 1218 = "1" enables all 12 output bits simultaneously. 1218 = '0" will enable the MSBs 
("I" = 12-bits) or LSBs as determined by the Ao line. 

("0' = 8-bits) 

TABLE 1. ADC674A Control Line Functions. 

BURR - BROWNe 

I EI Ell Burr-Brown Ie Data Book-Mixed Signal Products 2.39 

~ 
~ 
CD 
o 
C 
<t 

(J) 
I
Z 
W 
Z o a.. 
== o 
o 
z o 
i= 
~ 
~ o 
o 
<t 

~ 
<C 
C 

ui 
0: 
w 
I-
0: 
W 
> 
Z o 
o 

~ 



For Immediate Assistance, Contact Your Local Salesperson 
STAND-ALONE OPERATION 

For stand-alone operation, control of the converter is accom
plished by a single control line connected to RIC. In this 
mode CS and Ao are connected to digital common and CE 
and 12/8 are connected to VLOG1C (+SV). 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 RIC. 
The three-state data output buffers are enabled when RIC 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 RIC pulse 
must remain low for a minimum of SOns. 

Figure I illustrates timing when conversion is initiated by an 
RIC 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 
RIC 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 RIC pulse. In this 
mode, the output data from the previous conversion is 
enabled during the positive portion of RIC. A new conver
sion is started on the falling edge of RIC, and the three-state 
outputs return to the high impedance state until the next 
occurrence of a high RIC pulse. Timing specifications for 
stand-alone operation are listed in Table ill. 

~F~~~~-

STATUS .. -1
08-1

1 
L-I 

I 
-Ic-

- ltio~- _~IHS ----'-- High-Z Stale ----'::--:"7-::":-
OBll-0BO Data Valid . Data Valid 

FIGURE l. RIC Pulse Low-Outputs Enabled After Con
versions. 

RIC I 
IHRH -i-IOS-} . 

STATUS I ~I 
100RI I-IHOR'":'I -10---

High-Z Oala Valid High-Z Stale 

OBll-0BO 

FIGURE 2. RIC Pulse High-Outputs Enabled Ouly While 
RIC is High. 

SYMBOL PARAMETER MIN TYP 

ltiRL Low RIC Pulse Width 50 

tDS STS Delay from RIC 

ltiDR Data Valid After RIC Low 25 

tHS STS Delay After Data Valid 300 400 

ItiRH High RIC Pulse Width 150 

IuDR Data Access Time 

TABLE ill. Stand-Alone Mode Timing. 

FULLY CONTROLLED OPERATION 

Conversion Length 

MAX· UNITS 

ns 

200 ns 
ns 

1000 ns 
ns 

150 ns 

Conversion length (8-bit or l2-bit) is determined by the state 
of the Ao input, which is latched upon receipt of a conver
sion start transition (described below). If Ao is latched high, 
the conversion continues for 8 bits. The full 12-bit conver
sion will occur if Ao is low_If all 12 bits are read following 
an 8-bit conversion the 3LSBs (DBO - DB2) will be low 
(logic 0) and DB3 will be high (logic I). Ao 
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 RIC) 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 sOns 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. 

I r-----____. 

CE~ ~I'----1----IHoo----

cs 
ISSCI __ 

RIC 

STATUS ___ -+-__ J 

OBll-0BO High Impedance 

FIGURE 3. Conversion Cycle Timing. 
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Convert Mode 

tose STS Delay from CE 

tHEe CE Pulse Width 

tssc CS to CE Setup 

tHSC CS Low During CE High 

tSRC RIC to CE Setup 

tHRC RIC Low During CE High 

tSAC Ao To CE Setup 

tHAC Ao Valid During CE high 

tc Conversion Time, 12 Bit Cycle 

8 Bit Cycle 

Read Mode 

too Access Time From CE 

tHO Data Valid After CE Low 

tHl Output Float Delay 

tSSR CS to CE Setup 

tSRR RIC to CE Setup 

tSAR Ao to CE Setup 

tHSR CS Valid After CE Low 

tHRR RIC high After CE Low 

tHAR Ao Valid After CE Low 

STS delay After Data Valid 

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 
high-impedance state, and therefore data cannot be read 
during conversion. During this period additional transitioris 
of the three digital inputs which control conversion will be 
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 Ao, possibly resulting 
in an incorrect conversion length (8 bits vs 12 bits) for that 
conversion. 

READING OUTPUT DATA 

After conversion is initiated, the output data buffers remain 
in a high-impedance state until the following four logic 
conditions are simultaneously met: RIC 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 Ao. See Figure 4 and Table IV for timing relation
ships and specifications. 
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STATUS ___ !-______ ---l.+-___ _ 

DBll-D:8;:.0 __ + __ H..;ig:..h_-Z __ -{ 

FIGURE 4. Read Cycle Timing. 

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

BURR - BROWN® 

IElElI ADC700 

16-Bit Resolution with Microprocessor Interface 
AID CONVERTER 

FEATURES 
• COMPLETE WITH REFERENCE, CLOCK, 

8-BIT PORT MICROPROCESSOR 
INTERFACE 

• CONVERSION TIME: 17JlS max 

• LINEARITY ERROR: ±o,003% FSR max 

• NO MISSING CODES TO 14 BITS OVER 
TEMPERATURE 

• SPECIFIED AT ±12V AND ±15V SUPPLIES 

• OUTPUT BUFFER LATCH FOR IMPROVED 
INTERFACE TIMING FLEXIBILITY 

• PARALLEL AND SERIAL DATA OUTPUT 

• SMALL PACKAGE:.28-Pin DIP 

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

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

cs 
RD 
WR 

HBEN 
BTeEN 

Data Serial Data 
Ready Status Strobe 

Reset ~~ ___ --I 

10V 

Bipolar 
Offset 

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 
OV to +5V, OV to +IOV, OV to +20V, ±2.5V, ±5V, and 
± lOY are available. 

The conversion time is 171lS max for a 16-bit conver
sion over the three specification temperature ranges. 

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

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

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

Serial Data 

Successive 
Approximation 

Register 

Parallel 
Data 

International Airport industrial Park ' Mailing Address: PO Bo. 11400 ' Tucson, A1. 85734 ' Street Address: 6730 S. Tucson Blvd. ' Tucson, A1. 85706 
Tol: (520) 746-1111 ' Twx: 911J.952·1111 ' CebIe:BBRCORP ., Tolo.:0_91 ' FAX: (520)889·1510 ,. Immedlato Product Info: (800) 54806132 
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SPECIFICATIONS 
ELECTRICAL 
AI TA = 25'C and al raled supplies: Voo = +5V, +Vcc = +12Vor +15V, -Vee = -12Vor-15V, unless olherwise noled . 

on"7nn.'" 6" "" • n"7nnlC" R" "" 
... nAR" ... _, ""' .. , , ..... MIN TYP MAX MIN TYP 

RESOLUTION 16 

ANALOG INPUTS 
Vollage Ranges 
Bipolar ±2.5,±5,±10 
Unipolar 010 010 +10, 0 10 +20 
Impedance (Direct Input) 

OV to +5V, ±2.5V 2.5±1% 
OVto+l0V,±5V 5±1% · 
OVlo+20V,±10V 10±10/0 

DIGITAL StGNALS (Over Specification '"'''""'~'U," Range) 
Inputs 

Logic Levels!l) 

V'H +2.0 +5.5 

V'L 0 +0.8 

I'H (V, =+2.7V) ±10 
I'L (V, = +0.4V) ±20 

Outputs 
Logic Levels 

VOL (IOL = -1.6mA) +0.4 
VOH (IOH = +20~) +2.4 
ILEAKAGE 

Data Outputs Only, High Z 10 · 
TRANSFER ~""""~, ~"'~, ,~~ 

ACCURACY 
Linearity Error ±0.006 
Differential Linearity Error ±0.012 
Gain Error(3) ±0.1 ±0.2 
Zero Error(3) 

Bipolar Zero ±D. 1 ±0.2 
Unipolar Zero ±0.05 ±0.1 

Noise at Transitions (3op-p) fO.OOl ±0.OO3 
Power Supply Sensitivity 

+Vcc ±0.0015 · 
-Vee :to.0015 · 
Voo ±0.0005 · 

ORIFT (Over Specilication Temperature Range) 
Gain Drilt ±8 ±15 
Zero Drift 

Bipolar Zero ±5 ±10 · 
Unipolar Zero ±2 ±4 · 

Linearity Drift ±1 ±3 · 
No Missing Codes Temperature Range 

JH (13-bit), KH (14-bit) 0 +70 · 
AH (13-bit), BH (14 bit) -25 +85 · 
RH (13-bit), SH (14-bit) -55 +125 · 

I TIME 16 bits 15 17 · 
WARM-UPTIME 5 

()UTPUT _DATACODES(4) 
Unipolar Parallel USB · 
Bipolar Parallel!') BTC, BOB · 
SeriaiC)Ulput (NRZ) USB, BOB · 
POWER SUPPLY REQUIREMENTS 
Voltage Range 

+Vcc +11.4 +15 +16 · 
-Vee -11.4 -15 -16 

Voo +4.75 +5 +5.25 
Curren~') 

+Vcc +10 +15 · 
-Vee -28 -35 · 

Voo +17 +20 · 
Power Dissipation 645 765 

TEMPERATURE RANGE 
Specification 

J, KGrades 0 +70 
A, BGrades -25 +85 
R, SGrades -55 +125 · 

Siorage -55 +150 

BURR - BROWN® 
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MAX UNITS 0 
0 

Bits 

" 0 
C V 
<C V 

k!l 
k!l 
kQ 

en 
· V ~ 

V Z 
~A W 
~A Z 

0 
V D. V 

::a= 
nA 0 

0 
±0.003 0/0 of FSA(2) Z 
±0.006 0/0 of FSR 0 

% j::: 
· %ofFSR en · %ofFSR · %ofFSR -;:) 

%FSRf'IoVcc a 
%FSRI%Vcc 0 %FSRI"IoVoo <C 

ppml"C ~ 
ppm 01 FSRI"C <C ppm 01 FSRf'C C ±2 ppm of FSRf'C 

'C en · 'C a:: · 'C W · ~s ~ 
min a:: 

W 
> 
Z 
0 
0 

VDC 
VDC 

~ VDC 

mA 
mA 
mA · mW 

'C 
'C 
'C 
'C 
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TIMING SPECIFICATIONS(6) 

AtVDO = +5V, +Vcc = +12Vor +15V,-Vcc =-12Vor-15V, unless otherwise noted, 

LIMIT AT 
LIMIT AT TA = 0, +70°C LIMIT AT 

PARAMETER TA=25'C -25"C, +85'C TA = -55'C, +125"C UNITS DESCRIPTlDN 

CONVERSION AND SERIAL DATA OUTPUT TIMING 

t, 0 0 0 ns, min cs to WR Setup time 
t2 110 130 145 ns, max WR to Status delay 
t3 40 40 40 ns, min WR pulse width .. 0 0 0 ns, min CS to WR Hold time 
t5 15 17 17 1'8, max Conversion time 
te 550 600 650 ns, max Data Ready to Status time 
t7 1100 1150 1250 ns, max WR to first Serial Data Strobe 
te 250 210 200 ns, min First Serial Data to lirst Serial Data Strobe 

'" 
310 360 400 ns, max Last Serial Data Strobe to Status 

t10 0 0 0 ns, min Status to WR Setup time 

PARALLEL DATA OUTPUT TIMING 

t" 0 0 0 ns, min HBEN to RD Setup time 
t,. 0 0 0 ns, min cs to Rli Setup time 

t13 (7) 50 58 66 ns, max High Byte Data Valid afler AD 
CL = 20pF (High Byte bus access time) 

70 81 95 ns, max High Byte Data Valid afler Rli 
CL = 100pF (High Byte bus access time) 

t14 40 40 40 ns,min Rli pulse width 
t15 40 45 50 OS, max Data Ready delay from RD (HBEN asserted) 

t16(6) 50 60 65 ns, max Data Hold time afler RD (bus relinquish time) 
t17 0 0 0 ns, min AD to CS Hold time 

t'8 0 0 0 ns, min RD to FiBEiii Hold time 

RESET TIMING 

t19 60 70 80 ns, max Data Ready low delay from Reset 
t20 70 81 95 ns, max Status low delay from Reset 

'Same specs as ADC700JH, AH, RH. 
NOTES: (1) TTL, LSTTL, and 5V CMOS compatible. (2) FSR means Full Scale Range. For example, unit connected for ±10V range has 20V FSR. (3) Externally 
adjustable to zero. (4) See Table I. USB - Unipolar Straight Binary; BTC - Binary Two's Complement; BOB - Bipolar Offset Binary; NRZ - Non Retum to Zero. (5) 
Max supply current is specified at rated supply voltages. (6) All input control signals are specified with IRISE = tFALL = 5ns (10% to 90% of 5V) and timed from a vOltage 
level of l.eV. (7) t13 is measured with the loed circuits of Figure 1 and defined as the time required for an output to cross 0.8V or 2.4V. (8) t'8 is defined as the time 
required for the data lines to change 0.5V when loeded with the circuits of Figure 2. . 

ABSOLUTE MAXIMUM RATINGS 

:~~~:~ ~~~~~~ C;o":n':;n':::::::::::::::::::::::::::::::::::::::::::::::::::::::::·o~~~o+~~~ 
-Vee to Analog Common ......................................................... OVto-18V 
Digital Common to Analog Common ........................................ -1 V to + IV 
Digital Inputs to Digital Common ................................ -n.5V to Voo + 0.5V 
Analog Inputs .................................................................................. + le.5V 
Power Dissipation ........................................................................ 1000mW 
Storage Temperature ...................................................... -500C to +150°C 
Lead Temperature, (soldering, lOs) ............................................... +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 O'Cto 70'C ±O.ooe 
ADC700KH 0'Ct070°C ±O.003 
ADC700AH -25°C to +85°C ±O.ooe 
ADC700BH -25°C to +85°C ±O.OO3 
ADC700RH -55'C to + 125°C ±O.ooe 
ADC700SH -55'C to + 125'C ±O.003 

PACKAGING INFORMATION 

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 C of Burr-Brown IC Data Book. 
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CS \'-----
WR 

Status 

--------~I.------t5-------I'-------------------

Data Ready 

~---
_t, 

Serial Data Strobe 

_ _ 'I~~rv __ _ 
Serial Data ~0 

Start of Conversion and Serial Data Output Timing. 

HBEN 

cs 

RD 

Parallel Data 
I~I---

I>---I'r-------(J;j-------
DBa-DB? 

Data Ready 

--------~tl1--- DB~BI5 

ADC700 Parallel Output Timing. 

Reset 

-- t19
,-

Data Ready 

~---------------

Status 
- ~o -{'------__ 

ADC700 Reset Function Timing Diagram. 

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 andlor systems. 
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PIN CONFIGURATION 

Comparator In 

Bipolar Offset 2 1--JVV'v--l 

Gain Adjust 4 1-------' 

-Vee 

Reset 

WR 

Ro 

CS 

HBEN 

SkU 

Successive 

SkU 

20V Range 

10V Range 

MSB LSB Analog Common 

t t Digital Common 

Voo 

BTeEN 

oB15/oB7 

oB14/OB6 

oB13/oB5 

oBI2!DB4 

Serial Data I ... -====+====-_____ --1ApprOXimatiOn I... Register 

Data 
Latch 

3·State 
Drivers oBl1/oB3 

Data Ready 

Status 

Serial Data Strobe Clock and Clock Logic 15 

oBl0/DB2 

DEiS/DBl 

' DB8/oBO 

All internal centrollines 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 AID 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 
ADC7oo. 

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 

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 siguificant 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 AID converters, is available (pin 13) and 
indicates' that a conversion is in progress. Status is valid 
lIOns 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 
AID logic. The clock is not available externally. An external 
l6-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 AID converter 
terminology and to Table IT in the Calibration section. 

Full Scale Range, FSR 
The nominal range of the AID converter. For ADC700, the 
FSRis 20V for the OV to +20V and the-lOY to +IOV input 
ranges or lOY for the OV to +IOV and -5V to +5V input 
ranges. 

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

DBN 

O--'-l-I~O 
3k.Q T cL 

DGND\7 

A) High·Z to VaH (t3) 

and VOL to VaH (t,). 

~' Fo 
cL 

~DGND 
B) High·Z to VOL (t3) 

and VaH to VOL (t,). 

FIGURE 1. Load Circuits for Access Time. 

DBN O ............... l-I.........-O 
3kQ T10PF 

DGND\7 

A) VOH to High·,Z, 

~:: 
D~ 

T 10pF 

\7 DGND 

B) VOL to High·Z. 

FIGURE 2. Load Circuits for Output Float Delay. 
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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 AID converter resolves the analog 
input into 2N values represented by the 2N digital output 
codes. 

ACCURACY 

Linearity Error, Integral Linearity Error (ILE) 
Linearity Error is defined as the deviation of actual analog 
input values from the ideal values about a straight line drawn 
through the code mid-points near positive full scale (at +VFS 

-lLSB) 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 -Vps). 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 ±O.003% of FSR which is 1/2 LSB at l4-bits. 

Differential Linearity Error (DLE), No Missing Codes 
Differential Linearity Error is defmed as the deviation in 
code width from the ideal value of lLSB. If the DLE is 
greater than -ILSB anywhere along the range, the AID will 
have at least one missing code. ADC700KH is specified to 
have a DLE of±O.OO6% of FSR, which is ±ILSB 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 -VFS + 1/2LSB, for 
bipolar operation; at Zero for unipolar operation) to the last 
code midpoint (Vps -lLSB). As with the linearity error 

FFFH 

FFEH 

FFDH 

_ B02H 

~, 801 H 

/ 

~ BOOH-+ ______________ r.f~ ________ ~ __ ~ 

C 7FFH 
Offset Error 

7FE Shifts The line I 
H I 

::~ ~" :_ 'II : Midscale I 
000 Zero -; r- (Bipolar Zero) I 

H I I Transttion} I I 
~~--~I~I---4~~--~--~1 

1/2LSB -i I-Zero -i I- 312LSB -l I-
Zero (-Full·Scaie 112LSB +Full·Scale +Full 
(-Full Calibration Calibration Scale 
Scale) Transition} Transition 

Analog Input 

FIGURE 3. Transfer Characteristic Terminology. 
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measurements, code transition values are the locations actu
ally measured for this spec. The ideal gain is VFSR -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 l/2LSB below the ideal fIrst transition value (Le. at zero 
volts). 

Bipolar Offset Error-The deviation of the actual code
midpoint of the fIrst code from the ideal value located 
at l/2LSB below the ideal fIrst transition value located at -
Vps +l/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 
153jlV. Circuit situations that cause only second- or third
order errors in 8-, 10-, or 12-bit AID converters can induce 
fIrst-order errors in 16-bit resolution devices. 

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 47J.IF 
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 AID 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 1OJ.!F to 100J.IF and parallel 
them with smaller ceramic capacitors for high frequency 
fIltering if necessary. . 

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

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

0.1 

1/ 

>"' -Vee 
~ 0.01 
f2 
.... 

+Vcc 

V +Voo 11 

0.001 ~ 
1 10 100 1k 10k 1 Oak 

Frequency (Hz) 

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

The Gain Adjust (pin 4) is an input that has a relatively high 
input impedance and is susceptible to noise pickup. The 
Gain Adjust pin should be bypassed with a 0.Ql!JF to 0.1!JF 
capacitor whether or not the gain adjust feature is used. 

If the 20V Analog input range is used (pin 28), the IOV 
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 AID converters, is relatively low 
(2.5kQ to IOkQ). The input current of a successive 
approximation AID 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 1. 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 

OpAmp Buffer 

- ~ AID 
+ Converter 

OPAlll OPA633 A~ 
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 ±IOV input range, one can decrease the 
range slightly by paralleling the IOkQ input resistor (pin 28 
to pin 1) with a 610ill metal film resistor to achieve a 
300l!V LSB instead of the nominal standard 305.175781!V 
binary LSB. 

OPTIONAL EXTERNAL GAIN AND OFFSET TRIM 

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

Multiturn potentiometers with 100ppmfDC or better TCR are 
recommended for minimum drift over temperature. These 
potentiometers may be any value from IOkQ to 100ll. 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 0.01!JF 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 ± Ij2LSB 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) 
OV to +10V Range-Set the analog input to +ILSBI4 = 
0.00061 V. Adjust the Offset potentiometer for a digital 
output of 0004H. Set the analog input to +Full Scale -
2LSB I4 = +9.9987V. Adjust the Gain potentiometer for a 
digital output of FFFCH• For a half-scale calibration check, 
set the analog input to +5.0000V and read a digital output 
code of 8000H • 

INPUT OUTPUTCOOE CONNECT CONNECT CONNECT 
SIGNAL PIN2 PIN 28 SIGNAL 
RANGE BTCEN =1 BTCEN = 0 TO PIN TO PIN TO PIN 

±10V BOB BTC 1 Input Signal 28 
ffJV BOB BTC 1 Open 27 
±2.5V BOB BTC 1 Pin 1 27 
OVto +5V USB - 26 Pin 1 27 
OVI0+10V USB - 26 Open 27 
OVI0+20V USB - 26 Input Signal 28 

TABLE 1. ADC700 Input Range Connections. 
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ANALOG INPUT 

VOLTAGE (V) 

RANGE ±10 :IS :12.5 o TO +20 OTO+IO OTO+5 

+VFS +10 +5 +2.5 +20 +10 +5 
-VFS -10 -5 -2.5 0 0 0 
FSR 20 10 5 20 10 5 

TRANSITION CODES 
(Hexadecimal) TRANSITION VALUES (V) 

For 16-bit Rasolutlon (Reading all 16 bits) 

FFFEH to FFFFH +9.999542 +4.999nl +2.499886 +19.999542 +9.99971 +4.999886 
7FFFH to 8000H -152.5I1V ~811V - 1911V +9.999847 +4.999924 +2.499962 
OOOOH to 0001 H -9.999847 -4.999924 -2.499962 +15211V +7611V +3811V 
LSB (FSRI2'6) 30511V 15311V 3811V 30511V 15311V 7611V 

For 15-blt Resolution (Raading all 16 bits, Ignoring DBal 

FFFDH to 7FFEH +9.999084 +4.999542 +2.499771 +19.999084 +9.999542 +4.999771 
7FFEH to 8000H -30511V -15311V -7611V +9.999625 +4.999847 +2.499924 
OOOOH to 0002H --9.999695 -4.999847 -2.499924 +30511V +15211V +7611V 
LSB (FSRI2'5) . 61Ol1V 30511V 153ILV 610ILV :i05I1V 153I1V 

For 14-blt Resolution (Reading all 16 bits, Ignoring DBo and DB,) 

FFFCH to FFFDH +9.99817 +4.99908 +2.49954 +19.99817 +9.99908 +4.99954 
7FFDH to 8000H -SIOI1V -30511V - 153I1V +9.99939 +4.999695 +2.499847 
OOOOH to 0004H -9.999390 -4.999694 -2.499847 +61OI1V +3051LV +1531LV 
LSB (FSRI214) 122111V 610llV 3051lV 12211LV 610~V 305l1V 

TABLE II. Transition Values for Calibration. 

·'00 f Potentiometers 
270kQ 4 

10kQ to 100kQ R, Gain Adjust 

-Vee 
10V Range 27 

/ 
/ 

/ , O.OII1F 
" 28 

.'00 f 20V Range 
1. Comparator Input 

R2 
1.8MQ 

Analog 
-Vee 2 

Input BPO 

26 
Analog Common 

FIGURE 6. Unipolar Input Configuration with Gain and Offset Adjust Connections. 

FIGURE 7. Bipolar Input Configuration with Gain and Offset Adjust Connections. 
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-lOY to +IOV Range-Set the analog input to -FS + 
ILSB I4 = -9.99878V. Adjust the Offset potentiometer for a 
digital output of 0004H (8004H if BTCEN is asserted). Set 
the analog input to +9.9976V. Adjust the Gain potentiometer 
for a digital output of FFFCH (7FFCH if BTCEN is assrted). 
For a half-scale calibration check, set the analog input to 
O.OOOOV and read a digital output code of 8000H (OOOOH 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 

50kU 

6 
~ Reset 

100pF ~ ADC700 

FIGURE 8. Power-Up Reset Circuit. 

ArrAxx 

~ 
Microprocessor I Address 

Decoder I ADC700 

y -
CS 

- -
WR WR - -
RD RD -
INT Data Ready --

Reset Reset 

DBo-DB7 

IA iL-
DBo-DB7 

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 = t1 + t2 = lIOns later. The first successive 
approximation decision occurs about 900ns after WR is 
asserted. Status goes Low after the conversion is complete. 
Refer to Start of Conversion and Serial Data Output Timing 
following the Timing Specifications Table. 

DATA READY FLAG 

The data latch feature permits data to be read during the 
following conversion. The Data Ready flag indicates that the 
data from the most recent conversion is latched in the 
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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:------~--~ 
I -:-
I 
I 

'~-~--~-gf 
I -:-
I 
I 

~ ~-~--~4 
: Isolation Barrier 

To Interrupt 

ADC700 

CS 

-----~-_\ Status 

FIGURE 11. Continuous Conversion Circuit Connection. 

FIGURE 10. Serial Data Output Providing Convenient 
Isolation. 

PIN DESIGNATION DEFINmON FUNCTION 

CS (Pin 9) Chip Select Must be Low to either initiate a conversion or read output data. 
WR(Pin7) Write (Convert) Conversion begins aiter the High·to·Low transttion. 
R5 (Pin 8) Read Turns ON the three·stale output drivers upon being asserted low. 
HBEN (Pin '0) High Byte Enable Selecls Ihe MSB or the LSB for readout. Data Ready is cleared when HBEN is Low and AD is asserted. 

"," = Low Byte 
"0" = High Byte 

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

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

TABLE ill. 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. , X X X , No operation. , 0 X X 0 Initiate conversion. , 1 0 0 0 Places High Byte on output port. Clears Data Ready flag. 
1 , 0 , 0 Placed Low Byte on output port. Does not clear Data Ready flag. , 0 0 0 0 Initiates conversion and places High Byte or output port. Clears Data Ready. , 0 0 , 0 Initiates conversion and places low Byte on output port. Does not clear Data Ready flag. 

NOTE: If a conversion command is asserted while a conversion is in progress, the command is ignored. It the conversion command remains asserted when a 
conversion is finished, a new conversion will begin. 

TABLE IV. Control Input Truth Table. 

aURR-BROWNIIt 
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Because the last data-word is stored in the data latch, it is 
possible to read it during the next NO 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, 
±O.003%FSR) of the SHC76 is I!JS typ, 3!JS 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 - BROWNI!I 

Analog 
In 

SHC76 ADC700 

Mode 
Control 

Sample 

Mode -...:..---,LH_O_ld _______ ~ 
Control - ','r---

i-t~St03~S -i 
ADC700 -------'-------,1 

WR L-....-J,'r---
Start Conversion 

FIGURE 12. Using Sample/Hold with ADC700 Requires 
Time Delay Between Sample and Start-of-Con
version. 
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For Immediate Assistance, Contact Your Local Salesperson 

BURR - BROWN® 

IElElI ADC701 
SHC702 

16-Bit 512kHz 
SAMPLING AID CONVERTER SYSTEM 

FEATURES 
• CONVERSION RATE: to 512kHz Over 

Temp 

• NO MISSING CODES AT 16 BITS 

• SPURIOUS-FREE DYNAMIC RANGE: 
107dB 

• LOW NONLINEARITY: ±O.0015% 

• SELECTABLE INPUT RANGES: ±5V, 
±10V, 0 to +10V, 0 to +5V, -10V to 0 

• LOW POWER DISSIPATION: 2.8W Typical 
Including Sample/Hold 

• METAL AND CERAMIC DIP PACKAGES 

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

1kll 

Analog 
Input o--I--...JVI/Ir--+--{X}--........ -I 

Buffer 
Output o--h------, 

Buffer 
Input 

APPLICATIONS 
• MEDICAL IMAGING 

• SONAR 
• PROFESSIONAL AUDIO RECORDING 

• AUTOMATIC TEST EQUIPMENT 

• HIGH PERFORMANCE FFT SPECTRUM 
ANALYSIS 

• ULTRASOUND SIGNAL PROCESSING 

• HIGH SPEED DATA ACQUISITION 

• REPLACES DISCRETE MODULAR ADCs 

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

SampleIHold 
Command 

International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520)746-1111 • Twx: 91IJ.952·1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (520) 889·1510 • Immediate Producllnfo: (800) 54U132 
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SPECIFICATIONS 
ELECTRICAL (ADC701 ONLY) 
At TA := +25°C, 500kHz sampling rate, ±Vcc ::: ±15V, ±VODl := ±5V. +VOD2 := +SV, and five-minute warmup in a convection environment, unless otherwise noted. 

ADC701JH ADC701KH 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

RESOLUTION I 16 I Bits 

_1~U!!l 

ANALOG I I I I I 
Voltage Ranges Unipolar o to +5,0 +10, -10100 V 

Bipolar ±5 ±10 V 
Resistance o to +5V Range 2045 2.5 2.55 kQ' 

o to +10V, -10 to 0, ±5V Ranges 4.9 5 5.1 . · · kQ 
±10V Range 9.B 10 10.2 · · kQ 

Capacitance All Ranges 5 pF 

DIGITAL 
Logic Family .f', offk CMOS 
Convert Command Start Conversion 

I I _~~inr Edge I I Pulse Width t := Conversion Period 50 t ·50 • ns 

TRANSFER ""AMA'" eM';''''';' 

ACCURACY 

Gain Erro~l) o to +10V Range ±0.03 ±O.l % 
±10V Range ±0.03 ±0.1 · % 

Power Supply Sensitivity of Gain All Ranges, All Supplies ±0.005 ±0.1 · %N 
Input Offset Erro~') o to +10V Range ±1 ±3 · mV 

±10V Range ±5 ±10 · mV 
Power Supply Sensitivity of Offset All Ranges, All Supplies ±0.006 ±O.l · %FSRN 
Integral Linearity Errorf.') ±0.002 ±0.003 ±0.0012 %FSR(3) 

Differential Linearity Erro~2) ±0.0006 ±0.0012 · %FSR 
No Missing Codes 
Noise RSOUACE S 50n I 0.6 I I I LSB rrns 

, ... " .. " ..... , ""'" " ... " 
Sample Rate Unadjusted DC 512 . kHz 
Conversion Time(4) Unadjusted lAS 1.5 · · ~s 

OUTPUTS 

DIGITAL 1 l I. J_ 1 
Logic Family TTL-Compatible CMOS 
Data Coding Unipolar Ranges Straight Binary 

Bipolar Ranges Offset Binary 
Logic "0" Levels (Vou JOl s 3.2mA 0.1 004 · · V 
Logic "I" Levels (VOH) 10H" BO~ 4 4.9 V 
Data Valid Setup' Time Before Strobe Both Edges 2B 37 " ns 

INTERNAL REFERENCE 
Voltage AWAD ~ 5k!l +9.995 +10.000 +10.005 " · V 
Current Available to External Loads 2 5 mA 

POWER SUPPLY RFOUIREMENTS 

Supply Voltages: +Vcc Operating +14.25 +15 +15.75 V 
-Vee -14.25 -15 -15.75 V 
+VOD1 +4.75 +5 +5.25 " V 

-VOD1 -4.25 -5 -6 · · V 
+VOD2 +4.25 +5 +5.25 · V 

Supply Currents: +Icc Operating 25 30 " mA 
-Icc 33 45 · · mA 
+JOD1 45 55 · mA 
-1001 37 50 · mA 
+1002 133 150 · · rnA 

Power Dissipation Nominal Voltages 1.95 2.3 · W 

,OVER '''M''''"'' I un" 

Specification Temperature Range TA Min to TA Max +15 +55 0 +70 °C 
Gain Error All Ranges ±10 ±15 · · ppml°C 
Input Offset Error All Unipolar Ranges ±1 ±5 ppm FSRf'C 

All Bipolar Ranges ±1 ±5 · · ppm FSRf'C 
Integral Linearity Erro~2) ±0.2 · ±0.5 ppml°C 
Differential Linearity Error<2) ±0.05 · ±0.3 ppm/"C 
No Missing Codes 

I Ty;t I 
I I 

Reference Output Drift · ppml°C 
Drift of Conversion Time Unadjusted +4 nsl°C 
Sample Rate Unadjusted DC 512 kHz 

.. 
• Same specifications as ADC701JH. 

BURR-BROWNiII 
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For Immediate Assistance) Contact Your Local Salesperson 
SPECIFICATIONS 
ELECTRICAL (SHC702 ONLy) 
At TA = +25°C, 500kHz sampling rate, ±Vcc = ±15V, +VOD1 = +SV, and five-minute warmup in a convection environment, unless othelWise noted. 

SHC702JM 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

INPUTS (Without Input Buffer) 

ANALOG 
Voltage Range ±10.25 ±II V 
Resistance 0.98 I 1.02 kn 
Capacitance 3 pF 

DIGITAL 
Logic Family LSTTL 
Input Loading I 2 I LSTTL Loads 

TRANSFER CHARACTERISTICS 

ACCURACY 
Gain RSOURCE = on -I VN 
Gain Error RSOURCE = on ±0.02 ±O.I % 
linearity Error Sample Mode ±0.0003 %FSR 
Offset Error Sample Mode ±O.S ±3 mV 
Charge Offset (Pedestal) Error Sample/Hold Mode, RSOURCE S son ±0.5 ±5 mV 
Droop Rate Hold Mode ±0.2 ±2 !,Vi(lS 
Dynamic Nonlinearity SampleIHold Mode ±O.OOOS %FSR 
Power Supply SensHivity Offset Plus Charge Offset, All Supplies ±0.003 %FSRN 

DYNAMIC CHARACTERISTICS 

Acquisition Time 10V Step to ±150!'V 600 ns 
5V Step to ±15OI'V SOO ns 

Sample-to·Hold Settling Timel5) to ±150!1V 120 ns 
Aperture Delay Time 20 ns 
Aperture Uncertainty (Jitter) 10 25 ps nns 
Slew Rate 150 ViI's 
Small Signal Bandwidth Y'N =±1V 3.1 MHz 
Full·Power Bandwidth Y,N = ±10V 2 MHz 
Feedthrough Rejection Hold Mode, 10Vp·p Square Wave Input 0.001 % 

OUTPUT 

Voltage Range RLOAn " Ikn ±10.25 

I ±II I V 
Output Current ±40 mA 
Short Circuit Protection RLOAD = on Indefinite 
Output Impedance DC I 0.01 I 0.1 n 

INPUT BUFFER CHARACTERISTICS 

tNPUT 
Impedance 10'3 113 nl\pF 
Bias Current Y'N =±IOV ±2 ±15 pA 
Offset Voltage RSOURCE s 101<.0 ±0.3 ±1.5 mV 
Voltage Range ±10.25 ±11 V 

DYNAMtC CHARACTERISTICS 
Slew Rate 20 35 ViI's 
Full-Power Bandwidth Y'N =±10V 570 kHz 
Settling Time IOV Step to ±15OI'V 1.7 I'S 

OUTPUT 
Output Current ±15 ±20 mA 
Short Circuit Protection RLOAn = oil Indefinite 

POWER SUPPLY REQUIREMENTS 

Voltage: +V cc Operating +13.5 +15 +16.5 V 
-Vee -13.5 -IS -16.5 V 

+VOO1 +4.75 +5 +5.25 V 
Current: +Icc Operating 33 40 mA 

-lee 18 25 mA 

+1001 5 10 mA 
Power Dissipation Nominal Voltages 790 950 mW 

PERFORMANCE OVER TEMPERATURE 

Specification Temperature Range TA Min to TA Max 0 +70 OC 
Sample/Hold Gain Error RSOURCE = on ±I ±5 ppml"C 
SampleIHold Offset Error RSOURCE S son ±IO ±30 !'vrc 
SampleIHold Charge Offset Error RSOURCE S son ±IO ±80 I'vrc 
Droop Rate ±SO I'V/(lS 
Buffer Offset Error RSOURCE S 10kn ±3 ±15 !'vrc . NOTES. (I) Adjustable to zero. Tested and.guaranteed lor 0 to +IOV and ±10V ranges onJy. (2) Peak-to·peak based on 99.9Y, 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 SampleIHold must remain in the Hold mode; i.e., 
the duration of the SampJelHoJd command. This time must be added to the Sample/Hold aequsition 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 
ELECTRICAL (COMBINED ADC701/SHC702) 
At TA= +25°C, 500kHz sampling rate, ±V cc=±15V, ±VOD1 = ±5V, +VOD2 = +5V, and five-minute warmup in a convection environment, ±5V input range, unless otherwise noted. 

Dynamic Nonlinearity ±0.002 %FSR 
Total Harmonic Distortion (THO) fiN = 20kHz (-O.3dB) -103 dB 

fiN = 199kHz (-O.2dB) -82 dB 
Spurious·Free Dynamic Range (SFDR) fiN = 20kHz (-O.3dB) 107 dB 

fiN = 199kHz (-12dB) 94 dB 
Two·Tone Intermodulation Distortion (IMD) f, = 195kHz (-8.5dB), f2 = 200kHz (-8.5dB) -81 dBC 

= 195kHz (-12.5dB), fF2 = 200kHz (-12.5dB) -86 dBC 
Signal-to-Noise Ratio (SNR) fiN = 5kHz (-O.5dB) 
Total Power 

ADC701 PIN ASSIGNMENTS 

PIN NO, DESCRIPTION PIN NO, DESCRIPTION 

1 Bit 1/9 (Bit 1 = MSB) 40 -VDD' (-5V) Analog 
2 Bit 2110 39 Common (Analog) 
3 Bit 3111 38 +VDD' (+5V) Analog 
4 Bit 4112 37 Reference (Gain) Adjust 
5 Bit 5/13 36 +10V Reference Outpu~2) 
6 Bit 6/14 35 Common (Reference) 
7 Bit 7/15 34 DNC 
8 Bit 8116 33 Common (Analog) 
9 Clip Detect Output 32 +10V Reference Input(2) 
10 +V002 (+5V) Digital 31 Input 0 I') 

11 Common (Digital) 30 Input C I') 
12 Data Strobe 29 Common (Signal) 
13 High/Low Byte Select 28 InputB I') 
14 Convert Command 27 Input A I') 

15 Sample/Hold Cantrall') 26 -Vcc (-15V) Analog 
16 Common (Digital) 25 Common (Power) 
17 Common (Digital) 24 +Vcd+15V) Analog 
18 Clock Adjust 23 DNC(4) 

19 Common (Digital) 22 Offset Adjust 
20 +V002 (+5V) Digital 21 Offset Adjust 

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

PACKAGING INFORMATION 

PACKAGE DRAWING 

MODEL PACKAGE NUMBER!') 

ADC701JH Metal and Ceramic 230 
ADC701KH Metal and Ceramic 230 

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

BURR-BROWNI8I 

93 dB 
2.8 3.25 W 

ADC701 ORDERING INFORMATION 

ADC701 ( ) H 

Basic Model Number __________ T_-' T 
Performance Grade Code -------------'

K: ODC to +70°C Ambient Temperature 
J: +15'C to +55'C Ambient Temperature 

Package Code 
H: Metal and Ceramic 

ADC701 ABSOLUTE MAXIMUM RATINGS 

±Vcc ............... ................................................. .. ............ ±18V 
±VOD1 • +VOD2 ............................................................................... ±7V, +7V 
Analog Input ...................................................................................... ±Vcc 
Logic Input .......................................................... -O.5V to (+VDD2 + O.3V) 
Logic Output .................................................................................. ±25mA 
Case Temperature ........................................................................ +150DC 
Junction Temperature ................................................................... +165DC 
Storage Temperature ..................................................... -65DC to +165DC 
Power Dissipation .................................................................................. 3W 
Stresses above these ratings may permanently damage the device. 
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For Immediate Assistance, Contact Your Local Salesperson 
ADC701 OUTPUT CODING 

NOMINAL INPUT VOLTAGE TO ADC701 
(Multiply by -1 for SHC702 Input Voltage) 

OUTPUT CODE 
INPUT LEVEL 0--10V RANGE ±10V RANGE 

(Exact Center of Code) (lLSB =153IlV) (lLSB =051lV 

Underrange < - 761lV < -1O.000153V 
-FS OV -10V 

-FS + lLSB +1531tV -9.999695V 

-314FS +1.25V -7.5V 
-1/2FS +2.5V -5V 
-1/4FS +3.75V -2.5V 

-lLSB +4.999847V -'J051tV 
Mid-Scale +5V OV 

+ILSB +5.000153V +3051lV 

+1/4FS +6.25V +2.5V 
+1I2FS +7.5V +5V 
+3J4FS +8.75V +7.5V 

+FS -2LSB +9.999695V +9.99939V 
+FS -lLSB +9.999947V +9.999695V 
OVerrange > +9.999924V > +9.999847V 

SHC702 PIN ASSIGNMENTS 

PIN NO. DESCRIPTION PIN NO. DESCRIPTION 

1 SainpleIHold Output 24 +VcC<+15V) Analog 
2 NC(3) 23 Common (Power) 

3 NC 22 -Vee (-15V) Analog 

4 NC 21 Common (Analog) 

5 NC 20 NC 

6 NC 19 NC 

7 NC 18 NC 

8 NC 17 Buffer Amp Input(2) 

9 +VOO1 (+5V) Analog 16 NC 

10 Common (Digital) 15 Common (Signal) 

11 Hold Input(') 14 Buffer Amp Output 

12 Hold Inpu~') 13 Analog Input 

NOTES: (1) Hold mode is activated only when pin 12 is low and pin 11 is high. 
For normal use with ADC701, pin 12 is grounded and pin 11 is connected to 
ADC701 Sample/Hold control (ADC701 pin 15). (2) If the buffer amp is not used, 
pin 17 should be grounded. (3) NC = No Intemal Connection. 

PACKAGING INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER('I 

SHC702JM 24-Pin 113 

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

±5V RANGE (1 = Logic High) CLIP 
(lLSB =153!tV) MSB LSB DETECT 

< -S.000076V 0000 0000 0000 0000 1 
-5V 0000 0000 0000 0000 a 

-4.999847V 0000 0000 0000 0001 a 
-'J.75V 0010 0000 0000 0000 a 
-2.5V 0100 0000 0000 0000 a 
-1.25V 0110 0000 0000 0000 a 
-1531lV 0111111111111111 a 

OV 1000 0000 0000 0000 a 
+1531lV 1000 0000 0000 0001 a 
+1.25V 1010 0000 0000 0000 a 
+2.5V 1100 0000 0000 0000 a 

+3.75V 1110 0000 0000 0000 a 
+4.999695V 1111111111111110 a 
+4.999847V 1111111111111111 a 

> +4.999924V 1111111111111111 1 

SHC702 ORDERING INFORMATION 

_ _____________ ~_H~C702 TJ M 
Basic Model Number -
Performance Grade Code 

J: O°C to +70°C Ambient Temperature 
Package Code 

M:Metal 

SHC702 ABSOLUTE MAXIMUM RATINGS 

±V"' ...................................................................... : ............................. ±18V 
+VOD1 ..................................................................... , .............................. +7V 
Analog and Buffer Inputs ................................................................... ±Vcc 
Outputs .................. : ....................................... Indefintte Short to Common 
Logic Inputs ........................................................... --o.5V to (+Voo, + 0.3V) 
Case Temperature ........................................................................ +150°C 
Junction Temperature ................................................................... +165°C 
Storage Temperature ..............................•....................... ~oC to + 165°C 
Power DiSSipation ................................................•............................. 1.5W 
Stresses above these ratings may permanently damage the device. 

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 andior systems. 
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TYPICAL DYNAMIC PERFORMANCE (ADC701/SHC702)(1) 

OJ 
:E. 

" " ~ 
C. 
E « 

OJ 
:E. 
CD 

~ 
C. 
E « 

FULL-SCALE SINEWAVE RESPONSE, fiN = 20kHz 
0 

-20 

-40 

-60 

-60 

-100 

-120 

50 100 150 200 250 

Frequency (kHz) 

Input Frequency 19.9890136719 kHz 
Fundamental -0.3 dB 41h Harmonic -115.6 dB 
2nd Harmonic -107.5 dB 5th Harmonic -111.2 dB 
3rd HalTTlonic -111.5 dB 6th Harmonic -124.5 dB 

FULL-SCALE SINEWAVE RESPONSE, fiN = 200kHz 
0 

-20 

-40 

-60 

-60 

-100 

-120 

-140 
0 50 100 150 200 250 

Frequency (kHz) 

Input Frequency 199.005126953 kHz 
Fundamental -O.7dB 4th Harmonic -111.5dB 
2nd Harmonic -61.4dB 5th HalTTlonic -97.0dB 
3rd Harmonic -69.4dB 6th Harmonic -112.5dB 

-20 

-40 
OJ 
:E. -60 
" " ~ -60 
E « 

-100 

-120 

-140 

0 

-20 

-40 
OJ 
:E. -60 
" " :2 -60 C. 
E « 

-100 

-120 

FULL-SCALE SINEWAVE RESPONSE, fiN = 100kHz 

0 50 100 150 200 250 

Frequency (kHz) 

Input Frequency 100.982666016 kHz 
Fundamental -0.5 dB 4th Harmonic -102.5 dB 
2nd HalTTlonic -69.1 dB 5th HalTTlonic -110.2 dB 
3rd Harmonic -90.5 dB 6th HalTTlonic -106.8 dB 

TWO-TONE INTERMODULATION RESPONSE, 
fiN = 195kHz and 200kHz 

Frequency (kHz) 

Frequency 1 194.976806641 kHz 
Frequency 2 199.981689453 kHz 

f, -6.8dB 3> f,+2f2 -96.0dB 
f, -6.3dB 4> 2f,+f2 -96.8dB 

1 >f,+f2 -67.7dB 5> 1,-2f2 -104.9dB 
2>f,-f2 -68.8dB 6> 2f,-f2 -109.0dB 

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

OJ en 
=-...J 
Z 

'" 

DIFFERENTIAL NONLINEARITY OF ALL CODES, 
19.6 MILLION SAMPLES . 

2 r---------------r--------------, 

.1 

0 

-1 

-2 ~---------------'-----------------' 
o 32767 

Codes 

65535 
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For Immediate Assistance, Contact Your Local Salesperson 
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 I and 2 
for simplified block diagrams of the system. 

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

In the SHC702, the sampling switch is placed at the sum
ming junction (virtual ground) of a high speed FET ampli
fier (Figure I). 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 mini
mizing 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 NO 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. 

Ref Ref Input 
Out In C 

Input 
D 

Input 
A 

ADC 
Output 

Input 
B 

Convert 
Command 

FIGURE 2. Simplified Block Diagram of the ADC701. 

The ADC701 input voltage i~ 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 AI' The current output of the DAC (0 to 2mA) is 
also applied to the summing point. If bipolar operation is 
selected, the lOV reference output is applied to input D, 
creating a ImA offset current which sums with the input 
current. 

1kn 

Analog 
Input o--"A"I'-____ ~~--, 

Hold 

Hold 

FIGURE I. Simplified Block Diagram of the SHC702. 

~-------------------------------: High Speed PGA , , , 

Hold 
Command 

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

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

Since the DAC output is now approximately equal to the 
input signal current, the remaining difference current flow
ing through Rf is small-ideally less than 1/128 offull 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 ADC70 I 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 ADC70I 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
in FET buffer amplifIer. The buffer is most useful in 
channel applications where the signal bandwidth is less 
100kHz. In those applications, it serves to isolate the 
plexer output from the Iill 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 ADC70I 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 mini
mizes the length of the interconnections and keeps the 
digital lines well away from sensitive analog signals. 

ADC701 INPUT CONNECTIONS 

The ADC input network has four separate terminals, allow
ing many different input ranges. These should be connected 
as indicated in Table I. Most users will take advantage of the 
ADC70I'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 lOY 
reference (to cause the ADC gain to track a system refer
ence, for example), pin 36 is left unconnected and the 
external reference is applied to pin 32. If required, the 
ADC70I will typically accommodate a fIve to ten percent 
variation in the lOY reference. External references should 
have very low noise to avoid degrading the excellent signal
to-noise ratio (SNR) of the ADC701. 

INPUT RANGE CONNECT Y,N TO CONNECT Ref In TO 

o to +10V Input A and Input 0 
±10V Input A Input 0 
±5V Input A and Input B Input 0 

-10V to 0 Input A and Input B Input C and Input 0 
o to +5V Input 8 and Input C -

TABLE I. ADC70I Input Connection Table. 
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+15V -15V +5V 

~ ~+ ~ ~22 ~ 
24 9 

+15V -15V +5V 
Connect for 17 

Buffer 11 
Buffered Input ,~ 

Input 
Hold -

~/' 

""W Buffer 
SHC702 IN O---C, Output 

"... I 

Connect for /",G Analog 1 
Direct Input Analog 

Input Output 
-

~ = Analog Ground Plane (5) Hold --Common--
12 10 15 211 23 

~ 
Optional Optional 

Gain Adjust Offset Adjust +15V -15V +5V -5V 

201dl 50010(6) 

~Oldl 1 
j·211 

h+ ~+ ~+ ~+ 
31 32 36 37 35 39 33 29 25 V 221 24 ~26 ~ 38 ~ 40 

Input Ref Ref Ref Ref Analog Signal Po",!er Offset Offset +15V -15V +5V. -5V 
0 In Out Adj Com Commons Com Com Adjust Adjust 

Input AI') ~ 
28 

InputB -

ADC701 

Convert Command In Sample/Hold Command Out ~ 

High/Low 
Bn Bit Bit Bit Bit Bn Bn Bit Data Clip Byte ClOCk 
119 2110 3111 4/12 5113 6/14 7/15 8116 Strobe Detect -:- Digital Common.,. Select Adj +5V +5V 

1 2 3 4 5 6 7 8 

74HC574 
Octal Flip-Flop 

b b b b b b b b 
Bit Bit Bit Bit Bn Bit Bit Bn 
12345678 

12 

-

9 111 16 171 191 131111p 

~ l h:> 
lkQ ~ 

Optional 
Clock Adjust +5V 

I 
,- --- ---- --- --- --- --- ___ L . __ L_ 
, : : . D : , , 

74HC574 
I ...... I : , 4~)"', L-,, __ :>. (3) , 

I: Optional(4) ... ! I I I 
I I I I I I : '-r-r-I-l--r-r-r-r: : ~-t_J t ____ ~_- _ ________________________ ______ ~J 

Bit Bit Bit Bit. Bit Bit Bit Bit 
9 10 11 12 13 14 15 16 

Clip 
Detect 

(Latched) 

NOTES: (1) For lowest distortion 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 
o type flip-flop as shown. See the section on ADC701 Digital I/O for additional applications infonnation. (4) The second octal flip-flop is recommended but optional 
- it provides added digital signal isolation and buffering, and also pennits three-state logic output compatibility. (5) All commons should be connected to the analog 
ground plane. Referto 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 20kO potentiometer as 
shown in Figure 3. This will provide a gain trim range of 
about ±3%. It is also possible to use external series or 
parallel resistance in the input network, but that is more 
cumbersome and usually will degrade the gain stability over 
temperature due to tempco (temperature coefficient) mis
matches among the resistors. 

ADC offset may be adjusted by connecting a 500kO poten
tiometer to pins 21 and 22, with the wiper connected 
through a series 30kO resistor to ground as shown in Figure 
3. This will provide an offset trim range of approximately 
±0.25% FSR. For a larger trim range of offset or gain, it is 
recommended that trims be accomplished elsewhere in the 
system. 

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

POWER AND GROUND CONNECTIONS 

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

Power supplies may be shared between the ADC70 I, 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 l~. If at all possible, power should be derived from 
well-regulated linear supplies-switching power supplies 
will require much more effort for proper decoupling and are 
not recommended for this or any high performance wide
band analog system. 

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

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

All ground pins on both the ADC701 and the SHC702 
should be connected directly to a common ground plane. 
This is true for both analog and digital grounds. However, 
it is also helpful to recognize where the digital ground 
currents flow in the system, and to provide PC board return 
paths for potentially troublesome digital currents in addition 
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to the ground plane connections. For example, the ADC701 
output data lines will sink current (statically and/or dynami
cally) when in the low state. This current comes from the 
power supply that runs the interface logic, and so must 
return to that supply's ground. If the ground termination is 
placed such that this digital current will flow away from the 
ADC70 I, 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 
(several centimeters wide) on another PC board layer 
carry the digital return current from pins 11 and 19 to 
termination point. If the ADC70 I must interface into a fairly 
noisy digital environment, then another approach is to keep 
the first layer of latches and/or buffers connected to the 
ADC70 I 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(1). The Sil-Pad material has the advan
tage of being electrically insulating and somewhat pliable, 
so that it will tend to distribute pressure evenly and conform 
to the package-an advantage in systems where the board 
may be flexed or subjected to vibration. 

PC BOARD LAYOUT 

An optimized layout has been designed for the DEM
ADC701-E demonstration fixture. For information concern
ing the demo board and the layout, contact your local sales 
representative. 
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ADC701 Digital 1/0 OPTIONS FOR STROBED OUTPUT 

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

After the ADC701 conversion is completed (approximately 
1.5J.1S 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 totall6-bit word. The sequence 
High-Low or Low-High is controlled by the state of the 
High/Low Byte Select input. The first byte is valid on the 
rising edge of the Data Strobe output; the second byte is 
valid on the falling edge. 

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

Start ConVersion 
N 

ADC701 
Convert Command 

(CC) 

50ns min ---:; 

::::; _ CC to Hold delay 18ns typ 

Hold Command 
toSHC702 

Data Outputs for 
Pin 13 = Low 

Data Outputs for 
Pin 13 = High 

·Data Strobe Output 

-
HOldMode~ 
1.45~s typ 

Low Byte,(') : DataN-l 

High Byte,(3) 
DataN-l 

1.55~s typ 

There are several ways in practice to implement the logic 
interface. Figure 3 shows the simplest configurations .. In 
order to convert the ADC70 I ' 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 f!fst 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. 

-I-
-I-

X 
X 
I 

50nsmin 

Sample Mode 

High Byte,(3) X 
Data N 

Low Byte,(') X 
Data N 

Start Conversion 
N;i"l 

·r 
-f 

Low Byte.(') 
DataN 

High Byte, (3) 
DataN 

(1) ~ (1) 

110ns_ 
typ 

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

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

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

Underrange = Clip Detect AND Anybit 

Overrange = Clip Detect AND Anybit 

where "Anybit" is anyone of the data output bits. 

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

USING THE ADC701 AT 
MAXIMUM CONVERSION RATES 
The ADC701 is guaranteed to accept Convert commands at 
a rate of DC to 512kHz over the specified operating tem
perature range. At a conversion rate of 500kHz, the total 
throughput time of 2118 allows for the 1.5118 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+I 
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 IOV step to 150,.1V 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 500I1V. 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 perfor
mance converter system and careful attention to test tech
niques is necessary to achieve accurate results. Spectral 
analysis by application of a Fast Fourier Transform (FFT) to 
the ADC digital output is the best method of examining total 
system performance. Attempts to evaluate the system by 
analog reconstruction through a D/A converter will usually 
prove unsatisfactory; assuming that the static and dynamic 
distortions of the D/ A can be brought below the required 
level (-llOdB), the performance will still be beyond 
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): 

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

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

Sinewave Signal Power 
10 log ----"'---

Noise Power 

3. Intermodulation Distortion (IMD): 

o I IMD Product Power (RMS sum; to 3rd-order) 
I og S' S' IP mewave Igna ower 

4. Spurious-Free Dynamic Range (SFDR): 

Power of Peak Spurious Component 
10 log 

Sinewave Signal Power 

IMD is referred to the larger of the test signals f1 or f2-not 
to the total signal power, which would result in a number 
approximately 6dB "better." The zero frequency bin (DC) is 
not included in these calculations-it represents total offset 
of the ADC, SHC and test equipment and is of little impor
tance in dynamic signal processing applications. 
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FFT Parameters 

for Immediate Assistance, Contact Your Local Salesperson 
SELECTION OF TEST FREQUENCIES 

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

1. The converter itself has 64K codes. Ideally, the test 
would guarantee that all codes are tested 'at least once. 
Practically speaking, however, that would require im
mensely long FFI's (»64K points) or averaging of a 
large number of smaller FFrs. By usingim FFI' length of 
4 K or greater ~d proper selection of the test frequencies, 
a very good statistical picture of the ADC performance 
will be obtained which shows the effect of any defects in 
the transfer function. 

2. The noise floor of the output spectrum is not low enough 
if less than 4K points are taken. Shorter FFI's 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 FFI' 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 -lIOdB, an average 
noise floor of less than -l13dB would be barely ad
equate. This requires at least 2048 bins in the output 
half-spectrum, corresponding to a 4K-point FFI'. Even 
at this level, it will be difficult or impossible to separate 
higher order harmonics in the ADC701 response from 
the average noise level, indicating that longer FFrs are 
desirable. 

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

Besides the consideration of FFI' length, it is important to 
realize that the FFI' 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 
FFI' 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. 

The FFI' (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<2). This well-known problem is usually 
handled by applying a windowing function to the time
domain samples, suppressing the worst effects of the mis
match. However, the most often used windows such as 
Hanning, Hamming, raised cosine, etc., are completely inad
equate for 16-bit ADC testing. More 'sophisticated functions 
such as the four-sample Blackman-Harris window(3) 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(4). 
If the time sample contains exactly an integer number of 
cycles, then there is no mismatch or truncation error. An
other point to consider is that the sampling frequency should 
not be an exact integer multiple of the signal frequency, 
which would tend to reduce the number of different ADC 
codes that are tested and also tend to artifIcially 'concentrate 
quantization error in the harmonics of the test signal. 

Both of these criteria are met by choosing an FFI' 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 fs. 

2. Determine the desired input signal frequency, fAPPRox. 

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

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

5. Multiply M by fs and divide by N to obtain the exact 
input signal frequency f ACIUAL' 

SIGNAL GENERATOR CONSIDERATIONS' 

To suppress leakage effects, the calculated ratio of fs to 
fACIUAL 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 Blac)mlan-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 Gitter) will act as another source of SNR degradation. 
This is not serious as long as the jitter is random and the 
noise sidebands contain no sharp peaks. The HP3325 syn
thesizer is suitable for this purpose. The input signal genera
tor will require more attention because its distortion will 
usually be greater than that of the ADC701/SHC702. Pres
ently, the lowest distortion synthesized generator is the 
Briiel & Kjrer 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. 

Start Conversion 
N 

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 
the ADC701 and SHC702, summarizing the placement 
the major components discussed above.· The Typical Dy
namic Performance section shows typical results obtained 
from testing the ADC701/SHC702 at a 500kHz conversion 
rate, using 16K samples for the FFT analysis. 

Start Conversion 
N+1 

conv:~~:~mand~.O------ SOns min ~F-: ----. .. -11 ...... 1-------- SOns min --------. .. -If 
(CC) . _ 

_ ' _ CC to Hold delay 18ns typ 

Hold Command 
to SHC702 

1-------- Hold Mode ~F-: ------.... -II ..... >------SamPle Mode ------l .. ~r 
1.45~s typ. _ 

Data Outputs for 
Pin 13 = Low 

Data Outputs for 
Pin 13 = High 

Data Strobe Outpu 

I 

t 

Low Byte,(') 
DataN-1 

High Byte,(') 
DataN-1 

: X 
X 
I 

1.55~s typ 

High Byte,(3) X Low Byte, (') 
Data·N DataN 

Low Byte,(') X High Byte,(3) 
DataN DataN 

(1) ~ (1) 

110ns~ 
typ 

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

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

The FFT provides an excellent measure of harmonic and 
intennodulation 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) perfonnance is by using the popular histogram test 
method (5). Application of the histogram test to the ADC70l/ 
SHC702 is relatively straightforward, though once again 
extra precision is required for a l6-bit system compared to 
8- or l2-bit systems. Basically, this means that Ii very large 
number of samples are required to build an accurate statis
tical picture of each code width. If a histogram is taken using 
only one million points, then the average number of samples 
per code is less than fifteen. This is inadequate for good 
statistical confidence, and the resulting DL plot will look 
considerably worse than the actual perfonnance of the con-

HP3325A 
Frequency 
Synthesizer 

Phase,Locked 

BrOe! & Kjrer 
Type 1051 
Synthesizer 

n +2.BV 
-.-J LJ +0.2V 

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

NOTES: 

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

2. Brigham, E. Oran, The Fast Fourier Trans/orm, Englewood Cliffs, N.J.: Prentice-
Hall. 1974. .. 

3. Harris, Fredric J. t "On the Use of Windows for Harmonic Analysis with the Discrete 
FourierTransfonn'~ Proceedings of the IEEE, Vol. 66, No.1, January 1978, pp 51-
83. 

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

5. "Dynamic Tests for AID Converter Perfonnance", Application Bulletin AB-133. 
Burr-Brown Corporation, Thcson, AZ, 1985. 

Convert 
Command 

ADC701 & 
SHC702 

Under Test 

HP330 
Series 9000 
Computer 

FIGURE 6, FFT Test Configuration for Two-Tone (lntennodulation) Testing, 
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BURR-BROWN® 

113131 
ADC774 

ABRIDGED DATA SHEET 

For Complete Data Sheet 
Call FaxLine 1-800-548-6133 

Request Document Number 10835 

Microprocessor-Compatible 
ANALOG-TO-DIGITAL CONVERTER 

FEATURES 
• COMPLETE 12·BIT AID CONVERTER WITH 

REFERENCE, CLOCK, AND 8-,12-, or 16-
BIT MICROPROCESSOR BUS INTERFACE 

• ALTERNATE SOURCE FOR HI774 AID 
CONVERTER: 8.5115 Conversion Time, 
150ns Bus Access Time 

• FULLY SPECIFIED FOR OPERATION ON 
±12V OR ±15V SUPPLIES 

• NO MISSING CODES OVER 
TEMPERATURE: 
O°C to +75°C: ADC774J, K 
-55°C to +125°C: ADC774SH, TH 

DESCRIPTION 
The ADC774 is a l2-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-

Control { Inpuls 

Bipolar 
Offset 

20V Range 

10VRange 

Reference 
Input 

Reference 0 
Output 

formance. It is complete with a self-contained + lOV 
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 ofOV to +lOV, OV to +20V, ±5V, and ±lOV. 

The converter may be externally programmed to pro
vide 8- or 12-bitresolution. The conversion time for 12 
bits is factory set for 8.5!lS 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 Logic 

Status 

I!! 
£ 
" m Parallel 
" 1ii Data 
Iii 

12·BitD/A cb Output 
!! 

Converter f=-

10V 
Reference 

IntemaHonal Airport Industrial Park • Mailing Address: PO Box 11400 Tucson, AZ 85734 Street Addre .. : 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 746-1111 • Twx: 910-a52·1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (520) 889·1510 • Immediate Product Info: (800) 548·6132 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS 
ELECTRI<:AL 
T, = +25°C, Vee = +12Vor+15V, VEE =-12Vor-15V, VlOGle = +5V unless otherwise specified. 

ADC714J, ADC714SH ADCn4K, ADC714TH 

PARAMETER MIN TYP MAX MIN TYP 

RESOLUTION 12 

INPUTS 

ANALOG J to +10, 0 to +2h Voltage Ranges: Unipolar · 
Bipolar ±5,±10 · 

Impedance: 0 to +1 OV, ±5V 3.75 5 6.25 · 
±IOV, OV to +20V 7.5 10 12.5 · 

DIGITAL (CE, CS, RIC, P.o, 12iii) 
Over Temperature Range 
Voltages: Logic 1 +2 +5.5 

Logic 0 -0.5 +0.8 
Current -5 0.1 +5 · 
Capacitance 5 · 
TRANSFER CHARACTERISTICS 

ACCURACY 
At+25°C 

Linearity Error ±1 ; 

Unipolar Offset Error (AdjUstable to Zero) ±2 
Bipolar Offset Error(Adjustable to Zero) ±IO 
Full-Scale Calibration Error{') 

(Adjustable to Zero) ±O.25 
No Missing Codes Resolution (Diff. Linearity) '11 12 
Inherent Quantization Error ±112 

TUINto TMAX 
Linearity Error: J, K Grades ±I 

S, TGrades ±I 
Full·Scale Calibration Error 

Without Initial Adjustment (') : J, K Grades ±O.47 
S, TGrades ±O.75 

Adjusted to Zero at +25°C: J, K Grades ±O.22 
S, TGrades ±O.5 

No Missing Codes Resolution (Diff. Linearity) 1.1 12 

TEMPERATURE COEFFICIENTS (T MIN to T MAX)(') 

Unipolar Offset: J, K Grades ±10 
S, TGrades ±5 

Max Change: All Grades ±2 
Bipolar Offset: All Grades ±10 

Max Change: J, K Grades ±2 
S, TGrades ±4 

Full-Scale Calibration: J, K Grades ±45 
S, TGrades ±SO 

Max Change: J, K Grades ±9 
S, TGrades ±20 

POWER SUPPLY SENSITIVITY 
Change In Full·Scale Calibration 
+13.5V < Vee <+16.5Vor +11.4V < Vee < +12.6V ±2 
-16.5V <VEE <-13.5Vor-12.6V < VEE <-11.4V ±2 
+4.5V < VlOGle <+5.5V ±112 

CONVERSION TIME (4,5) 

8-BitCycle 5 5.3 · 
12-Bit Cycle 7.5 8.5 · 
OUTPUTS 

DIGITAL(DBI1-DBO, STATUS) 

I Unipolar StraJht Binary (USBl 
(Over Temperature Range) 
Output Codes: Unipolar 
Bipolar Bipolar Offset Binary (BOB) 
Logic Levels: Logic 0 (ISINK ~ 1.6mA) +0.4 

Logic I (lsouReE = SOOIlA) +2.4 . 
Leakage, Data Bits Only, High-Z State -5 0.1 +5 . · 
CapaCitance 5 · 

MAX UNITS 

· Bits 

V 
V 

kD 
kD 

· V · V 

· IlA 
pF 

±112 LSB · LSB 
±4 LSB 

· %ofFS(2) 
Bits 
LSB 

±112 LSB 
±314 LSB 

±O.37 %ofFS 
±O.5 %ofFS 
±O.12 %ofFS 
±O.25 %ofFS 

Bits 

±5 ppml°C 
±2.5 ppml"C 
±1 LSB 
±5 ppml"C 
±I LSB 
±2 LSB 
±25 ppm/oC 
±25 ppml"C 
±5 LSB 
±10 LSB 

±1 LSB 
±1 LSB · LSB 

· 1'" 
J1S 

· V 
V · I'A 
pF 
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SPECIFICATIONS (CONT) 

ELECTRICAL 
TA = +25°C, Vee = +12V or +1SV, Vee = -12V or -1SV, VLOGIC = +5V unless otherwise specified. 

Voltage: Vee 
VEE 
VlOG1C 

Current: Icc 
lEE 
'LOGIC 

Power Dissipation {±15V Supplies} 

'Same specification as ADC774JH, JP, SH. 

+11.4 
-11.4 
+4.5 

3.5 
IS 

325 

+IS.5 
-IS.5 
+5.5 

5 
20 
15 

450 

UNITS 

V 
rnA 

V 
V 
V 

rnA 
rnA 
rnA 
mW 

NOTES: {I) With fixed son resistor from Ref Outto Ref In. This parameter is also adjustable to zero at +25C. {2} FS in this specification table means Full Scale Range. 
That is, fora±IOV input range FS means 20V; for a OV to +IOV range, FS means 10V. The term Full Scale forthese 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 conceming 
digital timing. {5} The Harris HI-774 uses a subranging/error correction technique that allows one to begin conversion before a preceding sample-hold or multiplexer 
has settled to ±II2LSB. For 12-bit accurate conversions, the input transient to the ADC774 must settle to less than ±II2LSB before conversion is started. The ADC774 
is compatible with HI-774 in all other respects. {S} 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 {VLOGd STATUS 

1218 DB11 {MSB} 

cs DB10 

Ao DB9 

RIC ~ DBS 
0 

CE u DB7 '0 

" ., 
12 Bits +Vcc II! DBS 

~ Ref Out 
'" 

DB5 

'" Analog Cornman 1ii DB4 

~ 
Ref In 

~ 
DB3 

. Vee DB2 

Bipolar Offset DBI 

10V Range DBO {LSB} 

20VRange 15 Digital Common 

The Information provided herein is believed to be reliable; however, BURR-BROWN essumes no responsibility for inaccuracies or omissions. BURR-BROWN essumes 
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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For Immediate Assistance, Contact Your Local Salesperson 
ABSOLUTE MAXIMUM RATINGS 

v cc to Digital Common ......................................................... OV to + 16.5V 
VEE to Digital Common .•.........................•..•..•..•..•..•.....•..•..•..• OV to -16.5V 
VLOG'c Digital Common .................•..•........•........•.....•..•.....•..•..... OV to +7V 
Analog Common to Q!lIital Com.!""n .:: .................................................. ±1V 
Control Inputs (CE, CS, Ao, 1218, RIC) 

to Digital Common ...............................•.............. -o.5V to VLOG'c +0.5V 
Analog Inputs (Ref In, Bipolar Offset, tOV'N ) 

to Analog Common ..............•..•........•..•..•..•.....•..•........•........•....... ±16.5V 
2OV'N to Analog Common ................•.....•........................................... ±24V 
Ref Out .......................................................... Indefinite Short to Common, 

Momentary Short to Vee 
Max Junction Temperature .......................•..•..•..•..•..•........•.....•..•..• +165"C 
Power Dissipation ...•.......................................•..•..•...........•..•.....•. 1000mW 
Lead Temperature (soldering, 1 Os) ..................•..•..••....•........•..•...... +3OO"C 
Thermal Resistance. 8JA : Ceramic ................................................ 50°cm 

Plastic ................................................. loo"CIW 

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 C of Burr·Brown IC Data Book. 

ORDERING INFORMATION 

LINEARITY 
TEMPERATURE ERROR MAX 

MODEL PACKAGE RANGE (T1Il.TO T,...) 

ADC774JP Plastic DIP O"C TO +75"C ±ILSB 
ADC774KP Plastic DIP O"C to +75"C ±II2LSB 
ADC774JH Ceramic DIP O"C to +75"C ±ILSB 
ADC774KH Ceramic DIP O°C to +75°C ±II2LSB 
ADC774SH Ceramic DIP -55"C to + 125~C ±ILSB 
ADC774TH Ceramic DIP -55"C to + 125"C ±314LSB 

BURN-IN SCREENING OPTION 
See text for details. 

TEMPERATURE BURN-IN TEMP 
MODEL PACKAGE RANGE (160 HOURS)!') 

ADC774JP-BI Plastic DIP O"C to +75"C +85"C 
ADC774KP-BI Plastic DIP O"C to "75"C +85"C 
ADC774JH-BI Ceramic DIP O"C to +75"C +12500 
ADC774KH·BI Ceramic DIP O"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 

BURN-IN SCREENING 

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

Plastic "-BI" models: +8SoC 
Ceramic "-BI" models: +12SoC 

All units are 100% electrically tested after bum-in is com
pleted. To order bum-in, add "-BI" to the base model 
number (e.g. ADC774KP-BI). See Ordering Information for 
pricing. 
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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 ~y operate in a stand-alone mode, controlled 
only by the RIC 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, Ao, RIC, 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 RIC. In this 
mode CS and Ao are connected to digital common and CE 
and l2i8 are connected to VLOG1C (+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. 

PIN 
DESIGNATION DEFINITION FUNCTION 

Conversion is initiated by a high-to-low transition of RIC. 
The three-state data output buffers are enabled when RIC 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 RIC pulse 
must remain low for a minimum of Sans. 

l---tHRL --11r--------

---los---1 
--~I--~t~·--lo~~1 STS 

---...:;-;::;::; 1 tHOR High.Z State 1- tHS 
DB ll-DBO Data Valid ) < Data Valid 

FIGURE 1. RIC Pulse Low-Outputs Enabled After Con
version. 

~--------------
tHRH 1 ~......-tDS---" 

+r------.t 
STS --+-'-f-----J1_1o .1 

tD~R~1 I_I tHOR 
DBll-~,-___ .;.H::;i9!::h..:-Z:..:S:::ta::;te=--___ _ 
DBO ~ 

FIGURE 2. RIC Pulse High-Outputs Enabled Only While 
RIC Is High. 

CE (Pin 6) Chip Enable Must be high ('I") 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. 

Ric (Pin 5) ReadiConvert 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 ("I") to read output data. 0-1 edge may be used to initiate a read operation. 
('0' = convert) 

Ao (Pin 4) Byte Address In the start-convert mode, Aoselects a-bit (Ac = "1") or 12·blt (Ac = "0") conversion mode. When reading 
Short Cycle output data in two B-bit bytes, Ao = "0" accesses 8 MSBs (high byte) and Ac = "I" accesses 4 LSBs and 

trailing "Os" (lOW byte). 

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

TABLE I. ADC774 Control Line Functions. 

CE CS RIC 1218 Ac OPERATION SYMBOL PARAMETER MIN TYP MAX UNITS 

0 X X X X None 
X 1 X X X None 

'" 
0 0 X 0 Initiate 12·bit conversion 

"RL Low RIC Pulse Width 50 ns 
tDs STS Delay from RIC 200 ns 
tHOR Data Valid After RIC Low 25 ns 

t 0 0 X 1 Initiate 8-bit conversion 
1 {- 0 X 0 Initiate 12-bit conversion 

"s STS De!!ty After Data Valid 150 375 ns 
tHRH High RIC Pulse Width 150 ns 

1 {- 0 X 1 Initiate 8-bit conversion tOOR Data Access TIme 150 ns 
1 0 {- X 0 Initiate 12·bit conversion 
1 0 ~ X 1 Initiate B·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 

TABLE II. Control Input Truth Table. 
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For Immediate Assistance, Contact Your Local Salesperson 
Figure I illustrates timing when conversion is initiated by an 
RIC 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 RIC 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 RIC pulse. 
In this mode the output data from the previous conversion is 
enabled during the positive portion of RIC. A new conver
sion is started on the falling edge of RIC, and the three-state 
outputs return to the high-impedance state until the next 
occurrence of a high RIC pulse. Timing specifications for 
stand-alone operation are listed in Table 1lI. 

CE 
+~------, 

Isscl-i • t ltiEC 

RIC 

STS -----t----' 
-----tc-----

g:~ 1- ___ +-_-.,;H~i9!!:h:..:t::;m:t::e::::d::::an::::ce:::..... ______ _ 

FIGURE 3. Conversion Cycle Timing. 

SYMBOL PARAMETER 

\'sc STS Delay from CE 
t,.,e CE Pulse Width 

t..c CS to CE Setup time 
tHSC CS low during CE high 

k RIC to CE setup 
t,.,e RIC low during CE high 
tSAC A" to CE setup 

t...c Ao valid during CE high 

t" Conversion time 
12-bn cycle at 25°C 

Oto+75°C 
-55°C to + 125°C 

B-bit cycle at 25°C 
Oto+75°C 
_55° to + 125°C 

Read Mode 
t •• Access time from CE 
tHO Data valid after CE low 
tHe Output float delay 

t"" CS to CE setup 
t"., RIC to CE setup 

t,." CS valid after CE low 

t,." RIC high after CE low 

t.w. Ao valid after CE low 
t,., STS delay after data valid 

TABLE IV. Timing Specifications. 

FULLY CONTROLLED OPERATION 

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

CE 

cs 

RIC 

Ao 

STS 

OBll 
OBO 

1-

-1~ 
-1-

-

tSSR ltiSR -I 
+ 

tHRR -:1 
-+ 

IsRR 

tSAR tHAR -t 
-\-

tHs -I ---- ltiD 

Hillh-Z i-Data Valid-

-4--tOD ----'-' l...-tHL ~I 

FIGURE 4. Read Cycle Timing. 

MIN TVP MAX UNITS 

60 200 ns 
50 30 ns 
50 20 ns 
50 20 ns 
50 0 ns 
50 20 ns 
0 ns 

50 20 ns 

7.5 . 8.5 JlS 
9.0 JlS 
9.5 "" 5 5.3 JlS 
5.6 JlS 
6 JlS 

75 150 ns 
25 35 ns 

.100 150 ns 
50 0 ns 
0 ns 
0 ns 
0 ns 
50 ns 

150 375 ns 

aURR·BROWNe 
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CONVERSION START 

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

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

BURR-BROWNe 

of the three digital inputs which control conversion will be 
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 Ao, possibly resulting 
in an incorrect conversion length (8 bits vs 12 bits) for that 
conversion. 

READING OUTPUT DATA 

After conversion is initiated, the output data buffers remain 
in a high-impedance state until the following four logic 
conditions are simultaneously met: RIC 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 Ao: See Figure 4 and Table IV for timing relation 
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For Immediate Assistance, Contact Your Local Salesperson 

BURR - BROWN® 

IElElI ADC803 
ABRIDGED DATA SHEET 

For Complete Data Sheet 
Call FaxLine 1-800-548-6133 

Request Document Number 10493 

High Speed 
ANALOG-TO-DIGITAL CONVERTER 

FEATURES 
• 12-BIT RESOLUTION 

• LINEARITY ERROR: ±o.120/0, max 
(C Grade) 

• NO MISSING CODES: -o5°C to +125°C 
(S Grade) 

• HIGH SINAD RATIO: 72dB 

• LOW HARMONIC DISTORTION: -73dB 

• CONVERSION TIME: 500ns, 8 Bits 

670ns, 10 Bits 

1.51lS, 12 Bits 

Parallel 
Digital 
Output 

DESCRIPTION 
The ADC803 is a high speed hybrid successive 
approximation analog-to-digital converter utilizing 
laser-trimmed thin film components. 

It is complete with internal reference, clock, and 
comparator, and is packaged in a 32-pin metal pack
age. Conversion time is set at the factory to 1.51lS. 

With user-adjusted conversion time set at IllS, ±ILSB 
accuracy can be achieved. The gain and offset errors 
may be externally trimmed to zero. 

Internal scaling resistors are provided for the selection 
of analog signal input ranges of OV to -lOY, ±5V, 
and±IOV. 

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

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

Convert Command 

} 
Input 
Range 

_,I\I\I~-U Select 

+---<:l Comparator In 

r----,..------------<lC�ock Rate Control 

L_~===~===========~CIOCkOut Status 

International Airport Industrial Pari< • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • TUcson, AZ 85706 
Tel: (520) 748-1111 • Twx: 91D-952·1111 • cable:BBRCORP • Telex:061Hi491 • FAX:(520)889-1510 • ImmedlataProductlnlo:(800)54HI32 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 
SPECIFICATIONS 
At +2SQC, rated power supplies, 1.5~ conversion time, and after 6-minute warm-up, unless otherwise noted. 

ADC803CM ADCS03BM ADCS03SM 

PARAMETER MIN TVP MAX MIN TVP MAX MIN TVP 

RESOLUTION 12 12 

INPUTS 

ANALOG 
Voltage Ranges: Bipolar ±S,±10 · 

Unipolar Oto-l0 · 
Impedance: -10V to OV, ±SV 1.4 · 

±10V 2.4 

DIGITAL 
Convert Command 50ns (min) edge to 1) i 

Logic Loading I 4 I I I I I I 
TRANSFER ~nH"H~' ~"'~ •• ~~ 

ACCURACY 
Gain Error (1) ±0.04 ±0.1 ±D.OB ±0.2 ±0.04 
Offset Erro~1): Unipolar ±O.OS ±0.2 ±D.07 ±0.3 

Bipolar ±0.02 ±0.1 · ±0.2 
Linearity Error: 

1.S}lS Conversion Time ±D.OO9 ±0.012 ±D.020 ±0.012 
1.0j.1S Conversion Time ±0.015 ±O.O20 ±D.020 

Differential Linearity Error: 
1.5J.LS Conversion Time ±0.012 ±O.OlS ±O.O20 
1.0jlS Conversion Time ±O.024 ±D.024 

Inherent Quantization Error 1/2 · · 
POWER SUPPLY SENSITIVITY 
Gain and Offset: + 15VDC ±O.OO36 · · 

-15VDC ±D.OOO5 · · 
+5VDC ±O.OOl · · 

Conversion Time: + 15VDC ±0.7 · · 
-15VDC None 
+SVDC ±O.B · 

CONVERSION TIME 
Factory Set 1.3 1.5 
Range 01 Adjustments O.S 2.2 . 
DRIFT 
Gain ±10 ±30 ±lS . · 
Offset: Unipolar ±2 ±7 ±3 · 

Bipolar ±3 ±10 ±S · 
Linearity Error 

-25°C to +B5°C: 
1.5}lS Conversion Time ±0.O12 ±O.OlB ±0.024 
1.0}lS Conversion Time ±0.O15 ±0.020 

-55°C to + 125°C: 
1.7J.lS Conversion Time, max(4) ±0.O15 

Differential Linearity Error 
-25°C to +85°C: 

1.5JlS Conversion Time ±0.012 ±O.OlB ±0.024 
1.0J.lS Conversion Time ±0.015 ±D.024 

-55°C to + 125°C: 
1.7~ Conversion Time, max(4) ±D.l ±D.015 

Conversion Time · 
No Missing Code Temp. Range: 
1.5JlS Conversion Time -25 +B5 
1.7~ Conversion Time, max(4) -55 

OUTPUT 

DIGITAL DATA I I Parallel 
Output Codes: Unipolar Straight Binary 

Bipolar Bipolar Offset Binary · 
Output Drive 6 I I 

Status Logic "1" During Conversion · 
Status Output Drive 6 . 

Intemal Clock 
Clock Output Drive 3 . 
Frequency (without external clock adj.) 8 · 

MAX UNITS 

12 Bits 

V 
V 

kQ 
kQ 

TTL Loads 

±0.1 % 

· 0/0 of FSR(2) 
%ofFSR 

±0.015 %ofFSR 
%ofFSR 

· %ofFSR 
%ofFSR 

LSB 

% of FSRI%Vcc 
%oIFSRi"kVcc 
% of FSR/%VOD 

%/OfoVcc 
%/%Vcc 
%/%VOD 

~s 

~ 

ppm of FSR/"C 
ppm of FSRI"C 
ppm 01 FSR/"C 

0/0 of FSR · %ofFSR 

±0.024 %oIFSR 

%oIFSR 
%oIFSR 

±0.024 %oIFSR 
%oIFSR 

°C 
+125 °C 

TTL Loads 

TTL Loads 

TTL Loads 
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 informatJon, 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 01 the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product lor use in lile support devices andlor systems. 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS (CONT) 
At +25°C, rated power supplies, 1.5J1.S 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 (±Vcd ±14.25 ±15 .±15.75 · · · VDC 
Digital (VDD) +4.75 +5 +5.25 · · · VDC 

Supply Drain: + 15V +27 +32 · · · rnA 
-15V -38 -55 · rnA 
+5V +180 +210 . .. rnA 

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 laster conversion time at less resolution, see section on External Short Cycle. (4) Conversion time is 
factory~set at approximately 1.4J.1S at +25°C. As temperature increases, the conversion time increases. At +125°C the conversion time will be no more than.1.7J.lS. 
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 tRied "Analogue-to-Digital Converter Performance Tests Using the Fast Fourier Transform" 
by R. A. Belcher, University College of Swansea, Wales, UK. (available from Burr-Brown on letterhead request). 

CONNECTION DIAGRAM 

(MSB) Bit 1 1 

DigRaI Common 8 

Blt11 15 

81112 16 

Analog Common 

+15VDC Supply (+Ved 

-.5VDC Supp~ (-Veel 

Bipolar Offset 

AnaJog Common 

Sense 

Comparator'n 

'OV 

20V 

-15VDC Supply (-Vee) 

+5VDC Supply (VDO) 

Digital Common 

+15VDC Supply (+VCC> 

Clock Aate Control 

Convert Command 

Clock Out 

NOTE: (1) Serial data fs nol guaranteed. 

ORDERING INFORMATION 

ADC803 X ~ Q 

Basic Model Number _______ =r-_-' T 
Performance Grade Code'-----------'

B, C = -25°C to +85°C 
S = -55°C to +125°C 

Package Code ----------------' 
M = Metal DIP 

Reliability Screening----------------' 
Q = a-Screened 

ABSOLUTE MAXIMUM RATINGS 

Analog Supply Voltage To Analog Common ......................... : .......... ±18V 
Digital Supply Voltage To Dignal Common ......................................... +7V 
Digital Controls Inputs .............................................. , ....................... +5.5V 
Analog Inputs ..................................................................................... ±15V 
Operating Temperature: Ambient .................................................. +125°C 

Gase ....................................................... +135°C 
Storage Temperature ...................................................................... +125°C 

PACKAGE INFORMATION 

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 C of Burr-Brown IC.Data Book. 

BURR~BROWNIIIl 
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BURR - BROWN® 

113131 ADC7802 

Autocalibrating, 4-Channel, 12-Bit 
ANALOG-TO-DIGITAL CONVERTER 

FEATURES 
• TOTAL UNADJUSTED ERROR :0:; 1/2LSB 

OVER FULL TEMPERATURE RANGE 

• FOUR-CHANNEL INPUT MULTIPLEXER 

• LOW POWER: 10mW plus Power Down 
Mode 

• SINGLE SUPPLY: +5V 

• FAST CONVERSION TIME: 8.5J.lS Including 
Acquisition 

• AUTOCAL: No Offset or Gain Adjust 
Required 

• UNIPOLAR INPUTS: OV to 5V 

• MICROPROCESSOR-COMPATIBLE 
INTERFACE 

.INTERNALSAMPLElHOLD 

AO Address 
Latch and 

At Decoder 

AINO 

AINI Analog 
AIN2 Multiplexer 

AIN3 

Calibration 
Microcontroller 
and Memory 

Capacitor Array 
Sampling ADC 

DESCRIPTION 
The ADC7802 is a monolithic CMOS 12-bit NO 
converter with internal sarnple/hold and four-channel 
multiplexer. An autocalibration cycle, occurring auto
matically at power on, guarantees a total unadjusted 
error within ±1I2LSB over the specified temperature 
range, eliminating the need for offset or gain adjust
ment. The 5V single-supply requirements and stan
dard CS, RD, and WR control signals make the part 
very easy to use in microprocessor applications. Con
version results are available in two bytes through an 8e 

bit three-state output bus. 

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

B Control 
Logic 

Three-State 
Input/Output 

CS 

RD 

WR 

SFR 

BUSY 

8-Bit 
Data Bus 

InternaUonal Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, A2. 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, A2. 85706 
Tel: (520) 748-1111 • Twx: 910-952-1111 • Cable: BBRCORP • Telex: 06H491 • FAX: (520) 889-1510 • Immediate Product Info: (BOO) 548-6132 
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For Immediate Assistance,. Contact Your Local Salesperson 
SPECIFICATIONS 
ELECTRICAL 
At VA = Va = VRE,,;-= 5V±5%; VA~ Va ~ VRE,,;-; VR..- = AGND = DGND = OV; ClK = 2MHz extemal with 50% duty cycle, TA = -40"C to+1l5"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 VREF+ = 5V, VREr = OV 0 5 V 
Input Capacitance 50 pF 
On State Bias Current 100 nA 
Off State Bias Current TA = 25"C 10 nA 

TA = -40"C to +85"C 100 nA 
On Resistance Multiplexer 2 kQ 
Off Resistance Multiplexer 10 Mil 
Channel Separation 500Hz 92 dB 

REFERENCE INPUT 
For Specified Perfonnance: VREP" VRE,,;-'; VA 5 V 

VAEr 0 V 
For Derated Performance: (1) VRE,,;- 4.5 VA V 

VRE~ 0 1 V 
Input Reference Current VRE,,;- = 5V, VREr = OV 10 100 ~ 

THROUGHPUT TIMING 
Conversion Time Wilh External Clock (Including ClK = 2MHz, 50% Duty Cycle 8.5 11" 

Multiplexer Settling Time and Acquisition Time) ClK = lMHz, 50% Duty Cycle 17 ~s 

CLK = 500kHz, 50% Duty Cycle 34 ~s 

With Inlemal Clock Using TA = +25'C 10 ~s 

Recommended Clock Components TA = -40'C to +85"C 10 ~s 

Analog Signal Bandwidth (2) 500 Hz 
Slew Rate (2) 8 mVlI1" 
Mulliplexer Settling Time to 0.01 % 460 ns 
Multiplexer Access Time 20 ns 

ACCURACY 
Total Adjusted Error,(3) All Channels ±112 LSB 
Differential Nonlinearity ±1/2 LSB 
No Missing Codes Guaranteed 
Gain Error All Channels ±1/4 lSB 
Gain Error Drift Between Calibration Cycles ±O.2 ppmi"C 
Offset Error All Channels ±114 lSB 
Offset Error Drift Between Calibration Cycles ±O.2 ppm/"C 
Channal-to-Channel Mismatch ±1/4 lSB 
Power Supply Sensitivity VA = Va = 4.75V to 5.25V ±118 lSB 

DIGITAL INPUTS 
All Pins Other Than ClK: V'L 0.8 V 

V'H 2.4 V 
Input Current TA = +25"C, V'N = 0 to Va 1 ~ 

TA = -40"C to +85"C, V'N = 0 to Va 10 ~ 
ClK Input: V'L 0.8 V 

V'H 3.5 V 

I'L 10 ~A 

I'H 1.5 mA 

I'H Power Down Mode (03 in SFR HIGH) 100 nA 

DIGITAL OUTPUTS 

VOL IS'NK = 1.6mA 0.4 V 
VOH ISOURcE = 200~ 4 V 
Leakage Current Hlgh-Z State, VOUT = OV to Va ±1 ~ 
Output Capacitance High-Z State 4 15 pF 

POWER SUPPUES 
Supply Voltage for Specified Performance: VA 4.75 5 5.25 V 

Va VA~VD 4.75 5 5.25 V 
Supply Current: IA 1 2.5 mA 

la logic Input Pins HIGH or lOW 1 2 mA 
Power Dissipation WR = AD = CS = BUSY = HIGH 10 mW 
Power Down Mode See Table III, Page 9 50 ~W 

TEMPERATURE RANGE 
Spec~ication -40 +85 'C 
Storage -65 +150 "C 

NOTES: (1) For (VRE";-) - (VREr) as low as 4.5V, the total error will typically not exceed ±1 LSB. (2) Faster Signals can be accurately converted by using an extemal 
sampleihold in front of the ADC7802. (3) After calibration cycle, without extemal adjustment. Includes gain (full scale) error, offset error, integral nonlinearity, 
differential nonlinearity, and drift. 

BURR-BROWNe 
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ABSOLUTE MAXIMUM RATINGS 

VA to Analog Ground ........................................................................... 6.5V 
Va to Digital Ground ..............................•............................................. 6.5V 
Pin VA to Pin Va ................................................................................ ±0.3V 
Analog Ground to Digital Ground ......................................................... ±1V 
Control Inputs to Digital Ground ................................... -O.3V to Va + 0.3V 
Analog Input Voltage to Analog Ground ...................... -O.3V to Vo + 0.3V 
Maximum Junction Temperature ................................... " ................ 150°C 
Internal Power Dissipation ............................................................. 875mW 
Lead Temperature (soldering, 105) ................................................ +3DDoC 
Thermal Resistance, 8JA: Plastic DIP ............................................. 75°CIW 

PLCC ..................................................... 75°CIW 

ORDERING INFORMATION 

MAXIMUM SPECIFICATION 
TOTAL TEMPERATURE 

MOOEL ERROR,LSB RANGE,oC PACKAGE 

ADC78D2BN ±112 -40 to +85 PLCC 
ADC78D2BP ±112 -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 C of Burr-Brown IC Data Book. 

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all USB 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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For Immediate Assistance,Contact Your Local Salesperson 
PIN CONFIGURATIONS 

Top View DIP Top View Lee 

SFR 28 VA 

AI NO AGND 
'" 0 

a 
Z II: Z 

I~ z Z lL >< ~ ;;: ;;: ;;: en 

AINI CAL 26 

AIN2 AI 
25 AI 

AIN3 AD AIN3 
AD 

VRE,+ CLK VREF + 
CLK 

VRE~ BUSY VREF -

BUSY 
DGND HBE DGND 

HBE 
Vo WR Vo 

D7 cs WR 
D7 

D6 AD 
19 CS 

D6 11 

D5 DO 

D4 Dl '" i'S '" ~ c 0 lfi! a a a 

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. 

2 to 5 AINO toAIN3 Analog inputs. Channel 0 to channel 3. 

6 VREF+ Positive voltage reference input. Nonnally +5V. Must be s, VA' 

7 VIlEF Negative voltage reference input. Normally OV. 

8 DGND Digital ground. DGND - OV. 

9 Vo Logic supply voltage. Vo = +5V. Must be $ VA and applied after VA' 

10 to 17 DO to D7 Data Bus InpuVOutput 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 BH 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 Dl 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. Activ~OW; used to start a new conversion and to select an analog channel via address inputs AO and A 1 in 
combination with CS. The minimum WR pulse LOW width is 1 DOns. 

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 InternaVextemal 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. 

24 to 25 AD to AI 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. 

AI AD Selected Channel 

LOW LOW AINO 
LOW HIGH AINI 
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 lOOns. If not used, 
connect to Vo' In this case calibration is only initiated at power on, or with SFR. This pin has an intemal pull-up. 

27 AGND Analog Ground. AGND = OV: 

28 VA Analog Supply. V.= +5V. Must be ~Voand VREF+. 

BURR-BROWNe 
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TYPICAL PERFORMANCE CURVES 
At VA = Vo = VRE .. = 5V, VREr = AGND = OV, TA = +25°C, unless otherwise specified. 

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

The input stage consists of an analog multiplexer with an 
address latch to select from four input channels. 

The converter stage consists of an advanced successive 
approximation architecture using charge redistribution on a 
capacitor network to digitize the input signal. A temperature
stabilized differential auto-zeroing circuit is used to mini
mize offset errors in the comparator. This allows offset errors 
to be corrected during the acquisition phase of each conver
sion cycle. 

Linearity errors in the binary weighted main capacitor net
work are corrected using a capacitor trim network and 
correction factors stored in on-chip memory. The correction 
terms are calculated by a microcontroller during a calibration 
cycle, initiated either by power-up or by applying an external 
calibration signal at any time. During conversion, the correct 
trim capacitors are switched into the main capacitor array as 
needed to correct the conversion accuracy. This is faster than 
a complex digital error correction system, which could slow 
down the throughput rate. With all of the capacitors in both 
the main array and the trim array on the same chip, excellent 
stability is achieved, both over temperature and over time. 

For flexibility, timing circuits include both an internal clock 
generator and an input for an external clock to synchronize 
with external systems. Standard control signals and three
state input/output registers simplify interfacing ADC7802 to 
most micro-controllers, microprocessors or digital storage 
systems. 

Finally, this performance is matched with the low-power 
advantages of CMOS stroctures to allow a typical power 
consumption of 10mW. 

OPERATION 
BASIC OPERATION 

Figure I shows the simple circuit required to operate 
ADC7802 in the Transparent Mode, converting a single 
input channel. A convert command on pin 20 (WR) starts a 
conversion. Pin 22 (BUSy) will output a LOW during the 
conversion process (including sample acquisition and con
version), and rises only after the conversion is completed. 
The two bytes of output data can then be read using pin 18 
(RD) and pin 21 (HBE). 

STARTING A CONVERSION 

A conversion is initiated on the rising edge of the WR input, 
with valid signals on AO, 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. 

+5V 

NC SFR 

AINO 
O·5V "-
Input AINI 

AIN2 

+5V AIN3 

VRE ... 

VFlE~ 

OGNO 

Vo 

07 

06 Read Comma"d 

05 
Data BitO I . 

(LSB) : Data Bit 8 

04 Data Bit 1 : Data Bit 9 
I 

14 03 02 15 Data Bit 2 : Data Bit 10 

-----r-----
HBE I"put I HBE I"put 

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 DI 
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). 1\vo 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 
of the HBE input. If HBE changes while CS and RD are 
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. 

ADC7802 provides two modes for reading the conversion 
results. At power-up, the converter is set in the Transparent 
Mode. 

ClK 

WR~ 
I 
I 
I 

BUSY \ : 
i 

FIGURE 2. Converter Timing. 

CS 

2 4 

Multiplexer Settling, 
Offset Auto Zeroing 

and Sample Acquisition 

5 7 16 17 

Successive 
Approximation 

Conversion 

I 
I 
I 
I 
I 

V;;/// 
I 

'}'----------Jx
t --j t, 1------t2----..... ~1 Is --

WRorCAl \. J 

BUSY 

SFR 

AO,A1 

FIGURE 3. Write Cycle Timing (for initiating conversion or calibration). 

BUSY 

CS 

RO 

SFR 

HBE 

00-07 

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 I2-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 D 1 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.) 

SYMBOL PARAMETER (1) 

CS to WR Setup Time (2) 

WR or CAL Pulse Width 

Cs to WR Hold TIme (2) 

WR to BUSY Propagation Delay 
AO, 'A1, HBE, SFR Valid to WR Setup Time 

AO, A1, HBE, SFR Valid to WR Hold TIme 

~SY ~ CS Setup Time 

CS to RD Setup Time (2) 

RD Pulse Width 

Cs to AD Hold TIme (2) 

HBE, SFR to RD Setup Time 

HBE, SFR to AD Hold Time 

RD to Valid Data (Bus Access TIme) (3) 

AD to Hi·Z Delay (Bus Release Time) (3) 

AD to Hi·Z Delay For SFR (3) , 

Data Valid to WR Setup Time 

Data Valid to WR Hold TIme 

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 
+85oC 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. 

MIN 

o 
100 

o 
20 

o 
20 

o 
o 

100 

o 
50 

o 

20 

100 

20 

TYP 

o 

o 
50 

o 

o 

80 

90 

MAX 

o 
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150 

o 

o 

150 
180 

50 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

NOTES: (1) All input control signals are specified with lR'SE = tFALL = 20ns (~% to ~ of 5V) and timed from a voltage level of 1.6V. Data Is timed from V,H, 

V,L, VOH or VOL' (2) The intemal RD pulse Is performed by a NOR wiring of CS and RD. The intemal WR pulse is performed by a NOR wiring of CS and WR. 

(3) Figures 7 and 8 show the measurement circuits and pulse diagrams for testing transitions to and from Hi·Z states. 

TABLE 1. Timing Specifications (CLK = IMHz external, TA = -'-40°C to +85°C). 

CS }q fa{ 
" WR '\. 

~t5--1 I--t,,-

.~ 

~ 
V,H 

Valid Data V,L 
00·07 I 

t,• t17 f-

r-cs }fs - - t'0 'I-
RD - t" f-. - t'2 I-
SFR 

~ - t" - - t'2 -
HBE 

l-t13~ ~ 

f--t143-

00-07 
SFRData _ 

FIGURE 5. Writing to the SFR. 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. 11 HIGH, Latched Output 
Mode enabled. 

0' CAL Flag If HIGH, calibration cycle in progress. 

02 Reserved for factory use. 
03 Power Down Status If HIGH, in Power Down Mode. 
04 Reserved for factory use. 

05 POWER FAIL Flag If HIGH, a power supply failure has 
occurred. (Supply fell below 3V.) 

06 CAL ERROR Flag If HIGH, an overflow occured during 
calibration. 

07 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 50).tW 
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 
Special Function Register by driving HBE HIGH (with 
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. 

CSlWR SFRlHBE. DO D' D3 D5 D7 D2ID4ID6 

Enables Transparent Mode for Data Latches. LOW HIGH LOW X LOW X LOW LOW 
Enables Latched Output Mode for Data Latches. LOW HIGH HIGH X LOW X LOW LOW 
Initiates Calibration Cycle. LOW HIGH X HIGH LOW X LOW LOW 
Resets Power Fail flag. LOW HIGH X X LOW LOW LOW LOW 
Activates Power Down Mode LOW HIGH X X HIGH X LOW LOW 

NOTES: (') In Power Down Mode, a pulse on CS and WR will initiate a single conversion, then the ADC7B02 will revert to power down. (2) X means it can be 
either HIGH or LOW without affecting this action. Writing HIGH to 02, 03, 04 or 06, 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. 

CS RD WR SFR HBE CAL BUSY OPERATION 

X X X X X or, X Initiates calibration cycle. 
X X X X X X 0 Conversion or calibration in process. Inhibits new conversion from starting. , X X X X , X None. Outputs in Hi-Z State. 
0 , Or, 0 X , , Initiates conversion. 
a a , 0 0 , X Low byte conversion results output on data bus. 
0 0 , a , , X High byte conversion results output on data bus. 
0 , 0 , , , , Write to SFR and rising edge on WR initiates conversion. 
0 0 , 1 , , X Contents of SFR output on data bus. 
0 , 0 1 0 , X Reserved for factory use. 
a 0 , , 0 , 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 perfonnance curves, it is clear that ADC7S02 
can accurately digitize signals up to 500Hz, but distortion 
will increase beyond this point. Input signals slewing faster 
than SmY/1IS 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 

ADC7S02 has a very high input impedance (input bias 
current over temperature is IDOnA max), and a low 50pF 
input capacitance. To ensure a conversion accurate to 12 bits, 
the analog source must be able to charge the 50pF 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 

~I<O 
ADC7B02 Test 

Output Point 

Output Vo 
Enable 

I CL 

(a) Load Circuit 

Gnd------~~~-------------

Vo------~-----------------

Vo 
Output 

(b) From LOW to HI-Z, CL; 10pF 

Enable 
Gnd----'-"=---

Vo _____ t13=1 
VOL 1 .... 0_.B_V __ 

(c) From Hi·Z to LOW, CL; 50pF 

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

ADC7B02 ::rF Test 
Output Point 

31<0 I CL 

(a) Load Circuit 

Vo -----:::::::-~ 
Output 90% 
Enable 

Gnd ---------+~~~-------------

VOH ---------+-------1"--

Gnd ---------+-------1Y------------

. Vo 
Output 
Enable 

..-t'5 

.-t14-.. 

(b) From HIGH to Hi-Z, G. ; 10pF 

90% 

Gnd ---':'::":;'-'1 

VOH ------

t13) 
Gnd 

_ ______ ..J 2.4V 

(c) From Hi·Z to HIGH, Cc; 50pF 

FIGURE S. 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 5kQ to 
keep the induced offset errors below I/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 
Input 

Analog 
Input 

loon 
~TOADC7B02 

22nF 

'6 VRE.- (Normally OV) 

(a) Passive Low Pass Filter 

~ .. =~ 
'6 VRE.- (Normally OV) 

(b) Active Low Pass Filter 

FIGURE 9. Input Signal Conditioning. 
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INPUT PROTECTION 

The input signal range must not exceed ± V REF or VA by more 
than O.3V. 

The analog inputs are internally clamped to VA- 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 lill input resistor allows an overvoltage to 20V 
without damage. 

REFERENCE INPUTS 
A 10!1F tantalum capacitor is recommended between VREP+ 
and V REP- 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. 

V REF+ must not exceed VA- Although the accuracy is speci
fied with VREp+ = 5V and VREP- = OV, the converter can 
function with VREP+as low as 2.5V and VREP-ashigh as IV. 
As long as there is at least a 2.5V difference between V REP+ 
and VREF""' the absolute value of errors does not change 
significantly, so that accuracy will typically be within 
±lLSB. (l/2LSB for a 5V span is 6101lV, which is lLSB for 
a 2.5V span.) 

The power supply to the reference source needs to be consid
ered during system design to prevent VREp+ from exceeding 
(or overshooting) VA' 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 lO!1F 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 Vo does not come up 
before VA' or permanent damage to the part may occur. 
Figure 10 shows a good supply approach, powering both VA 
and Vo from a clean linear supply, with the IOn resistor 
between VA and Vo insuring that Vo comes up after VA- 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 feed
ing back into the analog ground. The V REF"" pin is used as the 
reference point for input signals, so it should be connected 
directly to AGND to reduce potential noise problems. 

BURR-BROWNIID 

EXTERNAL CLOCK OPERATION 

The circuitry required to drive the ADC7802 clock from an 
external source is shown in Figure lla. The external clock 
must provide a O.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 
using an external 2MHz clock. Typically, the 
accuracy is maintained for clock frequencies between 
and 2.2MHz. 

INTERNAL CLOCK OPERATION 

Figure 11 b 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 
RcLOCK" in the Typical Performance Curves section. 

SFR VA 

AINO AGNO 

AIN1 CAL 

AIN2 A1 

AIN3 AO 

YRE .. CLK 

VREr BUSY 

OGNO HBE 

Yo WR 

07 Cs 

06 AD 

05 DO 

04 01 

14 03 02 15 

1011 

FIGURE 10. Power Supply and Reference Decoupling. 

CLK To AOC7802 
Pin 23 

(a) External Clock Operation 

'CLOCK (in Hz) ~ 1O"/R 

(b) Internal Clock Operation 

FIGURE 11. Internal Clock Operation. 
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The clock generator can operate between 100kHz and 2MHz. 
With R = 100ill, the clock frequency will nominally be 
800kHz. The iIlternal 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 sigual into a unipolar 0 to 5V signal for 
conversion by the ADC7802, using a precision, low-cost 
complete difference amplifier, INAlO5. 

INA105 25kn 2 

1 25kn 5 Lv ~ Ot05V 
±5V 1 25kn -; to ADC7B02 

Input 

25kn 

3 
+5V (VREF+) 

FIGURE 12. ±5V Input Range. 

Figure 13 shows a circuit to convert a bipolar ±lOV input 
signal into a unipolar 0 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 
(VREF+) 

R2 

±10V D---.Jo"'R,/Ir-----<j-_-l 
Input 

10kn 

FIGURE 13. ±lOV Input Range. 

Ot05V 
toADC7B02 

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 
(+lOV -1.5LSB) at the input. AdjustR3 until the ADC7802 
output toggles between the codes FFE hex and FFF hex. This 
makes R3 extremely close to RI . 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. 

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. 

AI· A23 1------:-:-:----:::---------,;-:-;-, 
(AO·AI9) 

MC6BOOO 
(MC6BOOB) _ 

AS 

DACK I---------<O---o~ 

ANi 1--__ --1 

ADC7B02 

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 DO, ADCcADDRESS 

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 12Cbit 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 DOO and DOl select the analog input 
channel. The BUSY signal cart 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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31 2423 

FIGURE 15. Conversion Results in Motorola Register DO. 

Intel 
Microprocessor 
Based Systems 

8085 
8086188 
801861188 
80286 
8031 
8051 

(101M) 

AD I------~ 

WR I------~ 

FIGURE 16. Interface to Iiltel Microprocessors. 
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BURR - BROWN® 

IElElI ADS574 

Microprocessor-Compatible Sampling 
CMOS ANALOG-to-DIGITAL CONVERTER 

FEATURES 
• COMPATIBLE WITH ADC574 

• COMPLETE SAMPLING AID WiTH· 
REFERENCE, CLOCK AND 
MICROPROCESSOR INTERFACE 

• FAST ACQUISITION AND CONVERSION: 
25JlS max 

• ELIMINATES EXTERNAL SAMPLElHOLD 
IN MOST APPLICATIONS 

DESCRIPTION 
The ADS574 is a 12-bit successive approximation 
analog-to-digital converter using an innovative 
capacitor array (CDAC) implemented in low-power 
CMOS technology. This is a drop-in replacement for 
ADC574 models in most applications, with internal 
sampling, much lower power consumption, and capa
bility to operate from a single + 5V supply. 

• GUARANTEED AC AND DC PERFORMANCE 

The ADS574 is complete with internal clock, micro
processor interface, three-state outputs, and internal 
scaling resistors for input ranges ofOV to +10V, OV to 
+20V, ±5V, or ±lOV. The maximum throughput time 
for 12-bit conversions is 25JlS over the full operating 
temperature range, including both acquisition and con
version. 

• SINGLE +5V SUPPLY OPERATION 

• LOW POWER: 100mW max 

• PACKAGE OPTIONS: 0.6" and 0.3" DIPs, 
SOIC 

Control 
Inputs 

Bipolar Offset 

20V Range o--,IW--+---to 
10VRange 

2.5V Reference 

CDAC 

Input 0------__ -
2.5V Reference 

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

The ADS574 requires +5V, with -12V or -15V op
tional, depending on usage. No + 15V supply is re
quired. Available packages include 0.3" or 0.6" wide 
28-pin plastic DIPs and 28-pin SOlCs. 

Control Logic 

r-----<> Status 

Parallel 
Data 
Output 

Output 0-0 ---------------1 2.5V 
Reference 

Intematlonal Airport Industrial Part< • Mailing Address: PO Box 11400 Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tol: (520) 746-1111 • Twx: 91J1.952·1111 • Cablo:BBRCORP • Telex: 066-6491 • FAX: (5201 889·1510 • ImmedJate Product Info: (800)548-6132 
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SPECIFICATIONS 
ELECTRICAL 
At TA = TMINtO TMAX , VOD = +5V, VEE = -15V to +5V, sampling Irequency 01 40kHz, liN = 10kHz; unless otherwise specified. 

PARAMETER 

RESOLUTION 

INPUTS 

ANALOG 
Voltage Ranges: Unipolar 

Bipolar 
Impedance: 0 to + 10V, ±5V 

±10V, OV to +20V 

DIGITAL (CE, CS, RIC, Ao, 1218) 
Voltages: Logic 1 

Current 
r., "it, 

Logic 0 

TRANSFER ... n~n~ ... ' ~n'., ..... ., 

DC ACCURACY 
At +25'C 

Linearity Error 
Unipolar Offset Error (adjustable to zero) 
Bipolar Offset Error (adjustable to zero) 
Full-Scale Calibration Error (1) 

(adjustable to zero) 
No Missing Codes Resolution (Diff. Linearity) 

T MIN to T MAX (3) 

linearity Error 
Full·Scale Calibration Error 
Unipolar Offset 
Bipolar Offset 
No Missing Codes Resolution 

AC ACCURACY (4) 

Spurious Free Dynamic Range 
Total Hannonic Distortion 
Signal-ta-Noise Ratio 
Signal·to-(Noise + Distortion) Ratio 
Intermodulation Distortion 

(FIN1 = 10kHz, F'N2 = 11.5kHz) 

TEMPERATURE COEFFICIENTS (5) 

Unipolar Offset 
Bipolar Offset 
Full-Scale Calibration 

POWER SUPPLY SENSITIVITY 
Change in Full-Scale Calibration(S) 

+4.75V < VDD < +5.25V 

CONVERSION TIME (Including Acquisition Time) 
tAa + Ie at 25'C: 

8-Bit Cycle 
12-Bit Cycle 
12-Bit Cycle, T MIN to T MAX 

SAMPLING DYNAMICS 
Sampling Rate 
Aperture Delay, tAP 

With VEE = +5V 
With VEE = OV to -15V 

Aperture Uncertainty (Jitter) 
With VEE = +5V 
With VEE = OV to -15V 

OUTPUTS 

DIGITAL (DB11 - DBo, STATUS) 
Output Codes: Unipolar 

Bipolar 
Logic Levels: Logic 0 (ISINK = 1.6mA) 

Logic 1 (ISOURCE = 500flA) 
Leakage, Data Bits Only, High-Z State 
Capacitance 

BURR-BROWN«I 

MIN 

15 
60 

+2.0 
-{l.5 
-5 

12 

12 

73 

69 
68 

40 

+2.4 
-5 

I 

I 

TYP 

21 
84 

0.1 
5 

78 
-n 
72 
71 
-75 

±1 
±2 
±12 

16 
22 
22 

20 
4.0 

300 
30 

0.1 
5 

I 

MAX MIN 

12 

.1 o to +10, 0 to +20 

+5.5 
+0.8 
+5 

±1 
±2 
±10 

±O.25 

±1 
±O.47 

±4 
±12 

-72 

±112 

18 
25 
25 

±5, ±10 

12 

12 

76 

71 
70 

,ElEI, Burr-Brown Ie Data Book-Mixed Signal Products 

TYP 

I I 

I 

I 

MAX . 

±112 

±4 

±112 
±0.37 

±3 
±5 

-75 

UNITS 

Bits 

V 
V 
k!l 
k!l 

v 
V 

-~ 

LSB 
LSB 
LSB 

% of FS (2) 

Bits 

LSB 
%oIFS 

LSB 
LSB 
Bits 

dB 
dB 
dB 
dB 

ppml'C 
ppml'C 
ppm/'C 

LSB 

fls 
J1S 
J1S 

kHz 

ns 

J1S 

ps, rms 
n5, rms 

V 
V 

flA 
pF 

2.93 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS (CO NT) 

ELECTRICAL 
AtT A = TMINto TMAx , Voo = +5V, VEE = -15V to +5V, sampling frequency of 40kHz, fiN = 10kHz; unless otherwise specified. 

ADS574JElJP/JU ADS574KElKP/KU 

PARAMETER MIN TYP MAX MIN TYP 

INTERNAL REFERENCE VOLTAGE 
Voltage +2.4 +2.5 +2.6 . . 
Source Current Available for External Loads 0.5 

POWER SUPPLY REQUIREMENTS 
Voltage: VEE (7) -16.5 Voo 

Voo +4.5 +5.5 . 
Current: lEE (7) (VEE = -15V) -1 

100 +13 +20 
Power Dissipation (T MIN to T MAxl 

(VEE = OV to +5V) 65 100· 

TEMPERATURE RANGE 
Specification 0 +70 

Operating: -40 +85 
Storage -65 +150 

'Same specification as ADS574JElJP/JU. 

MAX UNITS 

V 
rnA 

· V · V 
rnA 

· rnA 

mW 

'C 

· 'C 
'C 

NOTES: (1) With fixed SOU 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 TMIN and TMAX. (4) Based on using VEE = 
+5V, which starts a conversion immediately upon a convert command. Using VEE = OV to -15V makes the ADS574/ADS774 emulate standard ADC574 operation. 
In this mode, the intemal sampleJhold 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 intemal reference. (6) This is worst case change in accuracy from accuracy with a +5V supply. (7) VEE is optional, 
and is only used to set the mode for the intemal sampleihold. When VEE = -15V, lEE = -lmA Iyp; when VEE = OV, lEE = ±5JlA Iyp; when VEE = +5V, lEE = +167JlA 
typo 

DICE INFORMATION 

ADS574 DIE TOPOGRAPHY 

2.94 

PAD FUNCTION 

lA,lB Voo 
2 121l! 
3 CS 
4 Ao 
5 RIC 
6 CE 
7 NC 
8 2.5V Ref Out 

9A,9B Analog Common 
10 2.5 Ref In 
11 VEE (Mode Control) 
12 Bipolar Offset 
13 10V Range 
14 20V Range 

Substrate Bias: +Voo 
NC: No Connection. 

PAD FUNCTION 

15 Digital Common 
16 DBO (LSB) 
17 DBl 
18 DB2 
19 DB3 
20 DB4 
21 DB5 
22 DB6 
23 DB7 
24 DB8 
25 DB9 
26 DB10 
27 DBll (MSB) 
28 Status 

MECHANICAL INFORMATION 

MILS (0.001") MILUMETERS 

Die Size 172x 142±5 4.37 x 3.61 ±0.13 
Ole Thickness 20±3 0.51 ±D.08 
Min. Pad Size 4x4 0.10xO.l0 

Metalization Aluminum 

BURR-BROWNiIII 
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CONNECTION DIAGRAM 

Stalus +5VDC Supply 
(VOO) 

1218 DB11 (MSB) 

CS 

RIC 

CE 

NC" 

2.5V Ref 
Oul 

Analog 
Common 

2.5V Ref 
In 

VEE (Mode Conlrol) 

Bipolar 
Offsel 

10V Range 

20V Range 

"Nol Inlernally Connecled 

ABSOLUTE MAXIMUM RATINGS 

VEE 10 Digilal Common ....................................................... +Voo 10 -16.5V 
Voo 10 Digilal Common .............................................................. OV 10 +7V 
Analog Common to Digital Common .................................................... ±1V 
Control Inputs (CE, CS, Ac, 1218, RIC) 

to Digilal Common .................................................. -ll.5V to Voo +0.5V 
Analog Inpuls (Ref In, Bipolar Offset, 10V'N ) 

to Analog Common ...................................................................... ±16.5V 
20V'N to Analog Common .•................................................................ ±24V 

DB10 

DB9 

DBB 

DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

DB1 

DBO(LSB) 

Digilal 
Common 

PACKAGE INFORMATION 

MODEL PACKAGE 

ADS574JE 0.3' Plastic DIP 
ADS574KE 0.3' Plastic DIP 
ADS574JP 0.6' Plastic DIP 
ADS574KP 0.6' Plastic DIP 
ADS574JU SOIC 
ADS574KU SOIC 

PACKAGE DRAWING 
NUMBER") 

246 
246 
215 
215 
217 
217 

Ref Oul .......................................................... Indefinite Short 10 Common, 
Momenlal)l Short 10 Voo 

Max Junction Temperature .........................................................•.. +165°C 

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

Power Dissipation ........................................................................ 1000mW 
Lead Temperature (soldering, 1 Os) ................................................. +300'C 
Thermal Resistance. 8JA : Ceramic DIPs ....................................... 50°CIW 

Plastic DIPs ........................................ 100'CIW 
SOIC ................................................... 100'CIW 

ORDERING INFORMATION 

TEMPERATURE LINEARITY 
MODEL PACKAGE SINAD") RANGE ERROR 

ADS574JE 0.3" Plastic DIP 68 O'C10 +70'C ±ILSB 
ADS574KE 0.3" Plaslic DIP 70 0'Clo+70'C ±II2LSB 
ADS574JP 0.6" Plastic DIP 68 0'Cto+70'C ±ILSB 
ADS574KP 0.6" Plastic DIP 70 0'Cto+70'C ±II2LSB 
ADS574JU SOIC 68 O'Clo +70'C ±ILSB 
ADS574KU SOIC 70 O'C10 +70'C +II2LSB 

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

BURR-BROWNIHI '151151' Burr-Brown Ie Data Book-Mixed Signal Products 2.95 
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For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES 
AtTA = +25'C, Vaa = VEE = +5V; Bipolar ±10V Input Range; sampling frequency of 40kHz; unless othelWise specified, All plots use 4096 point FFTs. 

FREQUENCY SPECTRUM (±10V, 2kHz Input) 
0 

-20 
s/(N + D) = 73.1dB 
THO = -94.5dB 
SNR=73.1dB 

m -40 
:E-

" " -60 :e 
c: 

'" '" -60 ::;; 

-100 

-120 

0 5 10 15 

Frequency (kHz) 

FREQUENCY SPECTRUM (±10V, 19kHz Input) 
0 

-20 
S/(N + D) = 68.4dB 
THO = -75.9dB 
SNR= 

m -40 
:E-

" ." -60 .-E 
c: 

'" '" -60 ::;; 

-100 

-120 

0 5 10 15 

Frequency (kHz) 

SPURIOUS FREE DYNAMIC RANGE, SNR AND THO 
m vs INPUT FREQUENCY 
:E- 100 
o 
F 
<£ 
iij 90 

:g; 
~ 80 

i 
" 70 
J: 
'!l 
o§ 60 

t% 0.1 

"-

~ 
~~ 

r-. 

I 
I 

10 

Input Frequency (kHz) 

20 

20 

100 

75 

70 

55 

0.1 

0 

-20 

m -40 
:E-

" " -60 ,E 
c: 
!i!' 
::;; -60 

-100 

-120 

0 

m 80 
." 
.5 

~ 
0 

60 

~ 
a: 
c: 

~ 40 
'iii' 
a: 
~ c. 20 
" '" ~ 
0 

10 a. 
10 

SIGNAU(NOISE + DISTORTION) vs 
INPUT FREQUENCY AND AMBIENT TEMPERATURE 

II 
II 

~ 
j'\ 

+l25'C 

10 

Input Frequency (kHz) 

I 
~ 5'ICI 

~t~ 

FREQUENCY SPECTRUM (±1V, 19kHz Input) 

100 

s/(N + D) = 53.3dB 
THO = -74.5dB 
SNR= 

5 10 15 

Frequency (kHz) 

POWER SUPPLY REJECTION 
vs SUPPLY RIPPLE FREQUENCY 

" 
'I'-

..... 
t-... 

I 
lk 10k lOOk 

Supply Ripple Frequency (Hz) 

1M 

100 

20 

10M 
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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 NO converter 
with only 3 bits is shown in Figure 1. 

Analog 

flrl rl r~-: ~ )~ 
~ 

Reference 
Inpul 

FIGURE 1. 3-Bit Charge Redistribution AID. 

INPUT SCALING 

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

SAMPLING 

While sampling, the capacitor array switch for the MSB 
capacitor (SI) 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 (S2 and 
S3) are set to position "G". Switch Sc is closed, setting the 
comparator input offset to zero. 

CONVERSION 

When a conversion command is received, switch S 1 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 Sc 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 1, S2' and 
S3 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 SI to the reference, while switches S2 
and S3 are connected to GND. Depending on whether the 
comparator output is HIGH or LOW, the logic will then 
latch SI in position "R" or "G". Similarly, the second 

BURR-BROWNe 

approximation is made by connecting S2 to the reference and 
S3 to GND, and latching S2 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 SI' S2 
and S3' 

OPERATION 
BASIC OPERATION 

Figure 2 shows the minimum circuit required to operate 
ADS574 in a basic ±lOV range in the Control Mode 
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 carmot 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 25flS 
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 RIC 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, Ao, 
RIC, 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 III. 

STAND-ALONE OPERATION 

For stand-alone operation, control of the converter is accom
plished by a single control line connected to RIC. In this 
mode CS and Ao are connected to digital common and CE 
and 12/8 are connected to + 5V. The output data are pre
sented as l2-bit words. The stand-alone mode is used in 
systems containing dedicated input ports which do not 
require full bus interface capability. 

11511511 Burr-Brown Ie Data Book-Mixed Signal Products 2.97 
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Convert Command 

LJ 

15 

Slatus 
f------<loutput 

±10V 
Analog rv 
Inpu1 

'Not internally connected 
NOTE: (1) Connect to ground or VEE for 
emulation. Connect to +5 for control mode. 

FIGURE 2. Basic ±lOV Operation. 

Conversion is initiated by a HIGH-to-LOW transition of 
RIC. The three-state data output buffers are enabled when 
RIC is HIGH and STATUS is LOW. Thus, there are two 
possible modes of operation; data can be read with either a 
positive pulse on RIC, or a negative pulse on STATUS. In 
either case the RIC pulse must remain LOW for a minimum 
of 2Sns. 

Figure 3 illustrates timing with an RIC 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 RIC and are enabled for 
external access of the data after completion of ihe conver
sion. 

Figure 4 illustrates the timing when a positive Rle p~lse is 
used. In this mode the output data from the previous conver
sion is enabled during. the time RIC is HIGH. A new 
conversion is started on the falling edge of RIC, and the 
three-state outPuts return to the high-impedance state. until 
the next occurrence of a HIGH RIC pulse. Timing specifica
tions for stand-alone operation are listed in Table IV. 

FULLY CONTROLLED OPERATION 
Conversion Length 
Conversion length (8-bit or I2-bit) is determined by the state 
of the An input, which is latched upon receipt of a conver
sion start transition (described below). If An is latched 
HIGH, the conversion continues for.8 bits. The full 12-bit 
conversion will occur if An is LOW. If all. 12 bits are read 
following an 8-bit conversion, the 4LSBs (DBO-DB3) will 
be LOW (logic 0). Ao 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 RIC) 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 
SOns 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 Ao changes state after the 
beginning of conversion, any additional start conversion 
transition will latch the new state of Ao, possibly resulting in 
an incorrect conversion length (8 bits vs 12 bits) for that 
conversion. 

BURR-BROWNIID 
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Binary (BIN) Output Input Voltage Range and LSB Values 

Analog Input Voltage Range Defined As: ±10V +5V OV to +10V OVto +20V 

One Least Significant Bit FSA 20V 10V 10V 20V 
(LSB) 2" 2" 2" 2" 2" 

n=8 78.13mV 39.06mV 39.06mV 78.13mV 
n=12 4.88mV 2.44mV 2.44mV 4.88mV 

Output Transition Values 
FFEH to FFFH + Full-Scale Calibration +10V - 3J2LSB +5V-312LSB +10V -312LSB + 1 OV - 312LSB 
7FFFH to 800H Midscale Calibration (Bipolar Offset) 0-112LSB 0-112LSB +5V-1/2LSB ±10V -lI2LSB 
OOOH to 001H Zero Calibration ( - Full-Scale Calibration) -10V + 112LSB -5V + 112LSB o to +1I2LSB o to +112LSB 

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

CE (PinS) Chip Enable 
(active high) 

Must be HIGH ("1") to either initiate a conversion or read output data. 0-1 edge may be used to initiate a 
conversion. 

CS (Pin 3) Chip Select 
(active low) 

Must be LOW ("0") to either initiate a conversion or read output data. 1-0 edge may be used to initiate a 
conversion. 

RIC (Pin 5) AeadiConvert 
,1"= read) 

Must be LOW ("0") to initiate either 8- or 12-bit conversions. 1-0 edge may be used to initiate a conversion. 
Must be HIGH ("1") to read output data. 0-1 edge may be used to initiate a read operation. 

("0" = convert) 

Ao (Pin 4) Byte Address 
Short Cycle 

In the start-convert mode, Ao selects 8-bit (Ao = "1") or 12-bit (Ao = "0") conversion mode. When reading 
output data in two 8-bit bytes, Ao = "0" accesses 8 MSBs (high byte) and Ao = "1" accesses 4 LSBs and 
trailing "Os" (low byte). 

1218 (Pin 2) Data Mode Select 
("1"= 12 bits) 

When reading output data, 1218 = "1" enables all 12 output bits simultaneously. 1218 = "0" will enable the 
MSBs or LSBs as determined by the Ao line. 

("0" = a bits) 

TABLE II. Control Line Functions. 

CE CS RIC 

0 X X 
X 1 X 
i 0 0 
t 0 0 
1 .. 0 
1 .. 0 
1 0 ... 
1 0 .. 
1 0 1 
1 0 1 
1 0 1 

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: RIC HIGH, STATUS 
LOW, CE mGH, and CS LOW_ Upon satisfaction of these 
conditions the data lines are enabled according to the state of 
inputs 12/8 and Ao- 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 mGH, all 12 output lines (DBO-DBll) are 
enabled simultaneously for full data word transfer to a 12-bit 
or 16-bit bus, In this situation the Ao state is ignored when 
reading the data. 

BURR-BROWNe 

1m 

X 
X 
X 
X 
X 
X 
X 
X 
1 
0 
0 

Ao OPERATION 

X None 
X None 
0 Initiate 12-bit conversion 
1 Initiate a-bit conversion 
0 Initiate 12-bit conversion 
1 Initiate a-bit conversion 
0 Initiate 12-bit conversion 
1 Initiate a-bit conversion 
X Enable 12-bit output 
0 Enable a MSBs only 
1 Enable 4 LSBs plus 4 

trailing zeroes 

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 Ao during the read cycle. When Ao is 
LOW, the byte addressed contains the 8MSBs. When Ao 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 
Ao 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 Ao 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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Stalus 

~ High-Z-Slale 
DBI1-DBO Dala Valid />--..;.;;:::;.;.;:..:..;:;;;;....---< 

'-----

FIGURE 3. RlCPulse Low-Outputs Enabled After Conver
sion. 

Rlc--fJ 

Stalus II:---~-'''I=~-r 1~IHORIOsl ~t~ ~3 
H~ ~ Hlgh-Z-Stale 
~ Data Valid />-. -------''-----

DBI1-DBO 

FIGURE 4. RIC Pulse High - Outputs Enabled Only While 
RIC Is High. 

SYMBOL PARAMETER 

tHRL Low RIC Pulse Width 

los STS Delay from RIC 

tHOR Data Valid After RIC Low 

"RH High RIC Pulse Widlh 

1o0R Data Access Time 

TABLE IV. Stand-Alone Mode Timing. (TA = T MIN to T MAX)' 

SYMBOL PARAMETER 

Convert Mode 

losc STS delay from CE 

tHEe CE Pulse widlh 

Isse CS 10 CE selup 
I,;sc CS low during CE high 

tSRe Rl2 10 CE selup 

tHRc RIC low during CE high' 

lSAC Ao to CE setup 

.... c Ao valid during CE high 

Read Mode 

100 Access time from CE 

"A Data valid after CE low 

IHL Q..utput float delay 

tSSA C~to CE selup 

tSAR RIC to CE setup 

ISAR Ao 10 CE setup 
tHSR ell valid after CE low 

tHRR RIC high after CE low 

lHAR Ao valid after CE low 
IHS STC delay after dala valid 

SIH 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 411S 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 O.0211S to 411S, but allows the 
ADS574 to replace the ADC574 in any circuit. Any slewing 
of the analog input prior to the convert command in existing 

MIN TVP MAX UNITS 

25 ns 
200 ns 

25 ns 
100 ns 

150 ns 

MIN TVP MAX UNITS 

60 200 ns 
50 30 ns 
50 20 ns 
50 20 ns 
50 0 ns 
50 20 ns 
0 ns 
50 20 ns 

75 150 ns 
25 35 ns 

100 150 ns 
50 a ns 
a ns 

50 25 ns 
0 ns 
0 ns 

50 ns 
300 400 1000 

TABLE V. Timing Specifications, Fully Controlled Operation. (T A = T MIN to T MAX ). 
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CE ---- tHEe ------ ... 1'----

AO 

Status ---1-:----,::'1 

• tx includes tAO + Ie in ADC574 
Emulation Mode, tc only in S/H Control Mode. 

DBll'D~B!20_t __ JH~il!:!h~-Z~_j~~~~tJ 
~-.--- too---~ 

FIGURE 5. Conversion Cycle Timing. FIGURE 6. Read Cycle Timing. 

Processor 
~-+--~-~--+-~~-+--1--~ 

Converter 

FIGURE 7. 12-Bit Data Format for 8-Bit Systems. 

\.J 
STATUS 

0 1218 DBll (MSB) 

r r;-
Ao J Ao L..:.. 

Address 
Bus 

ADS574 

DBO (LSS) 

Digital Common 

FIGURE 8. Connection to an 8-Bit Bus. 
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systems (due to inultiplexers, 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 silmple/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 AID, 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 
ADS574 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. 

SIH CONTROL MODE ADC574 EMULATION MODE 
(Pin 11 Connected to +5V) (Pin 11 Connecledlo OVto-15V) 

SYMBOL PARAMETER MIN TYP 

tAO+tc Throughput Time: 
12-bit Conversions 22 
a-bit Conversions 16 

tc Conversion Time: 
12-bit Conversions 18 
a-bit Conversions 12 

tAO Acquisition Time 4 

lAP Aperture Delay 20 

t" Aperture Uncertainty 0.3 

TABLE VI. Conversion Timing, T MIN to T MAX' 

SIH Control Mode 
Pin 11 connected 10 +5V. 

ADC574 Emulation Mode' 
Pin 11 connected to VEE or ground. 

RIC 
n ______ 1-

I 
I 

-' , 
Signal , 

Acquisition 

- lAO 

-, 
Signal , 

Acquisition 
, 
, -, 

MAX MIN 

25 
18 

Ie 
- lAP 

Conversion 

Ie 
lAP -

Conversion 

lAO -

TYP 

22 
16 

18 
12 
4 

4000 
30 

Signal 
Acquisition 

'In Ihe ADC574 Emulallon Mode, a convert command Irtggers a delay Ihal 
allows the ADS574 enough time to acquire the input signal before converting. 

FIGURE 9. Signal Acquisition and Conversion Timing. 

MAX 

25 
18 

UNITS 

J1S 
)lS 

J1S 
J1S 
J1S 
ns 
ns 
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+Vcc 

,~J 
T 100kO 

-Vee 

1000 

Full-Scale 
Adjust 

AefOut 

ADS574 

.---lIJI/Ir--''-----j 12 Bipolar Offset 

A, 10V 

-----, , , , , 
I-'\,'\I\, ....... -~, : 

Analog 
Common 

FIGURE 10. Unipolar Configuration. 

t-__ --'2=.5"'V'-j a Aef Out 

Bipolar 
Offset '-""A"", Mr---.--l 
Adjust 

, , 
' _____ 1 

ADS574 

, , , , 
I-'V'\IIJ+--~, : , , 

Aange ' _____ 1 

FIGURE 11. Bipolar Configuration. 

If the IOV 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. ParalIel analog and 
digital lines should be separated from each other by a pattern 
connected to common. 

If external fuII scale and offset potentiometers are used, the 
potentiometers and associated resistors should be as close as 
possible to the ADSS74. 

BURR - BROWN4D 

POWER SUPPLY DECOUPLING 

On the ADSS74, +SV (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 ADCS74 sockets 
where this is connected to +ISV. 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 It) 

ADCS74 socket, the -ISV on pin II selects the ADCS74 (J) 
Emulation Mode. Since pin I I is used as a logic input, it is C 
immune to typical supply variations. <C 
The +SV supply should be bypassed with a iO!JF 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 ADSS74 offers four standard input ranges: OV to +IOV, 
OV to +20V, ±SV, or ±IOV. Figures 10 and 11 show the 
necessary connections for each of these ranges, along with 
the optional gain and offset trim circuits. If a IOV 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.SV Ref Out), or the external 
reference, for bipolar operation. Full-scale and offset adjust
ments are described below. 

The input impedance of the ADSS74 is typicalIy 84kQ in the 
20V ranges and 21kQ in the IOV ranges. This is signifi
cantly higher than that of traditional ADCS74 architectures, 
reducing the load on the input source in most applications. 

INPUT STRUCTURE 

Figure 12 shows the resistor divider input structure of the 
ADSS74. Since the input is driving a capacitor in the CDAC 
during acquisition, the input is looking into a high imped-

Pin 14 6akU 
20V Aange 

Pin 13 34kU 
10V Aange 0----1r--VlIIJ'-t-J Capacitor 

Array 

Bipolar 
Offset 

Pin 12 

FIGURE 12_ ADSS74 Input Structure. 
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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 (68W + 68W II 17W). 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 lOW internal resistor on pin 12 is to 
provide offset adjust response the same as that of traditional 
ADC574 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 II to reduce that 
input to a correct logic level within the ADS574, and this 
resistor will add IOmW to 15mW to the power consumption 
of the ADS574 when .-15V is supplied to pin II. To 
minimize power consumption in a system, pin II 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 II for unipolar 
and bipolar operation. 

CALIBRATION PROCEDURE
UNIPOLAR RANGES 

If external adjustments of full-scale and offset are not 
required, replace R2 in Figure 10 with a 50n, I % 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 + I/2LSB; +1.22mVforthe IOVrange,+2.44mV 
for the 20V range) that causes the output code to be DBO ON 
(HIGH). Adjust potentiometer R j 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 lOY range and + 19.9927V 
for the 20V range. Adjust potentiometer R2 until bits DB 1-
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 II by 
son, I % metal film resistors. 

If adjustments are required, connect the converter as shown 
in Figure II. 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 
l/2LSB above the minus full-scale value (-4.9988V for the 
±5V range, -9.9976V for the ±lOY range). Adjust R j 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 ±lOY range) and adjust R2 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 oromissions. BURR-BROWN assumes 
no responsibility for the use of this infonnation, and all use of such infonnation shall be entirely at the usefs own rtsk. Prtces and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits descrtbed herein are implied or granted to any third party. BURR-BROWN does net authortze or warrant 
any BURR-BROWN product for use in life support devices andlor systems. 
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BURR - BROWN® 

IElElI ADS774 

Microprocessor-Compatible Sampling 
CMOS ANALOG-to-DIGITAL CONVERTER 

FEATURES 
• COMPATIBLE WITH ADC574, ADC674 AND 

ADC774 SOCKETS 

• COMPLETE SAMPLING AID WITH 
REFERENCE, CLOCK AND 
MICROPROCESSOR INTERFACE 

• FAST ACQUISITION AND CONVERSION: 
8.5~ max OVER TEMPERATURE 

• ELIMINATES EXTERNAL SAMPLE/HOLD 
IN MOST APPLICATIONS 

• GUARANTEED AC AND DC PERFORMANCE 

• SINGLE +5V SUPPLY OPERATION 

• LOW POWER: 120mW max 

• PACKAGE OPTIONS: 0.6" and 0.3" DIPs, 
SOIC 

DESCRIPTION 
The ADS774 is a 12-bit successive approximation 
analog-to-digital converter using an innovative 
capacitor array (CDAC) implemented in low-power 
CMOS technology. This is a drop-in replacement for 
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. I 
The ADS774 is complete with internal clock, micro
processor interface, three-state outputs, and internal 
scaling resistors for input ranges of OV to + IOV, OV to 
+20V, ±5V, or ±IOV. The maximum throughput time 
is 8.51lS over the full operating temperature range, 
including both acquisition and conversion. 

Complete user control over the internal sampling func
tion facilitates elimination of external samplelhold 
amplifiers in most existing designs. 

The ADS774 requires +5V, with -15V optional. No 
+15V supply is required. Available packages include 
0.3" or 0.6" wide 28-pin plastic DIP and 28-pin SOlCs. 

Control ,~::::::::::::(:::::=~::~::==~~J Inputs Control logic 

Bipolar Offset CDAC 

,-----¢ Status 

20V Range o--,fWo--+--to 
10V Range 

2.SV Reference 
Input 0------........ ____ _ 
2.SV Reference 
Output 0---------------1 2.SV 

Reference 

Parallel 
Data 
Output 

International Airport Industrial Park • Mailing Add,ess: PO Box 11400 Tucson, AZ 85734 • Street Addre .. : 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520)746-1111 • Twx: 911H15z.1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (520)889-1510 • Immediate Product Info: (800) ~132 
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SPECIFICATIONS 
ELECTRICAL 
At TA = TMINlo TMAl(. Voo = +5V. VEE = -15V 10 +5V. sampling frequency of 117kHz. fiN = 10kHz; unless otherwise specified. 

ADS774JElJP/JU ADS774KElKPIKU 

PARAMETER MIN TYP MAX MIN TYP 

RESOLUTION 12 

INPUTS 

ANALOG I I 
o to +10~ 0 10 +20 

I I 
Voltage Ranges: Unipolar 

. Bipolar ±5. ±10 
Impedance: o to +10V. ±5V 8.5 12 · · 

±10V. OV 10 +20V 35 50 

DIGITAL (CE. CS. RIC. Ao. 1218) 
Vonages: Logic 1 +2.0 +5.5 · 

Logic 0 -{l.5 +0.8 · 
Current ~ 0.1 +5 · · 
Capacitance 5 · 
TRANSFER CHARACTERISTICS 

DC ACCURACY 
At +25°C 

Linearity Error ±1 
Unipolar Offset Error (adjuslable 10 zero) ±2 
Bipolar Offset Error (adjuslable to zero) ±10 
Full-Scale Calibmtion Error (1) ±O.25 

(adjuslable 10 zero) 
No Missing Codes Resolution 12 12 

T MIN to T MAX (3) 

Linearity Error ±1 
Full-Scale Calibration Error ±O,47 
Unipolar Offset ±4 
Bipolar Offsel ±12 
No Missing Codes Resolulion 12 12 

AC ACCURACY (4) 

Spurious Free Dynamic Range 73 78 76 · 
Total Harmonic Distortion -77 -72 · 
Signal-to-Noise Ratio 69 72 71 
Signal-Io-(Noise + Distortion) Ratio 68 71 70 · 
Inlerrnodulallon Distortion -75 · 

(F'N1 = 20kHz. F'N2 = 23kHz) 

TEMPERATURE COEFFICIENTS (S) 
Unipolar Offset ±1 
Bipolar Offsel ±2 · 
Full-Scale Calibralion ±12 · 
POWER SUPPLY SENSITIVITY 
Change in Full-Scale Calibralion(S) 

+4.75V < Voo < .j.5.25V 
Max Change ±112 

CONVERSION TIME (Including Acquisition Time) 
tAO + Ie al 25°C: 

8-Bit Cycle 5.5 5.9 
12-Bit Cycle 7.5 8 · 

12-Bit Cycle. T MIN 10 T MAX: 8 8.5 

SAMPLING DYNAMICS 

Sampling Rale at 250C 125 
TM1Nto TMA}( 117 · 

Aperture Delay. tAP 
With VEE = +5V 20 · 
With VEE = OV to -15V 1.6 

Aperture Uncertainly (Jitter) 
With VEE = +5V 300 
With VEE = OV to -15V 10 · 

Settling time to 0.01 % lor 1,4 · 
Full-Scale Input Change 

MAX UNITS 

· Bits 

V 
V 

kQ 
kQ 

· V 

· V 

~A 
pF 

.±1/2 LSB 

· LSB 
±4 . LSB 

% 01 FS (2) 

Bits 

±112 LSB 
±O.37 %of FS 

±3 LSB 
±5 LSB 

Bits 

dB 
-75 dB 

dB 
dB 

ppm/"C 
ppm/"C 
ppmFC 

· LSB 

~ 

~ · ~ 

kHz 
kHz 

ns 

~s 

PS, rms 
ns, rms 
~ 
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SPECIFICATIONS (CONT) 

ELECTRICAL 
At TA = T MINto T MAX' Voo = +5V, VEE = -15V to +5V, sampling frequency of 117kHz, fiN = 10kHz; unless otherwise specified. 

PARAMETER 

DIGITAL (DB" • DBo, STATUS) 
Output Codes: Unipolar 

Bipolar 
logic levels: logic a (tSINK = 1.6mA) 

logic 1 (ISOURCE = 500"A) 
leakage, Data Bits Only, High·Z State 
Capacitance 

INTERNAL REFERENCE VOLTAGE 
Voltage 
Source Current Available for External Loads 

POWER SUPPLY REQUIREMENTS 
Voltage: VEE (7) 

Voo 
Current: lEE (7) (VEE = -15V) 

100 
Power Dissipation (T MIN to T MAXl 

(VEE = OV to +5V) 

TEMPERATURE RANGE 
Specification 
Operating: 
Storage Temperature Range 

'Same specification as ADS774JElJP/JU. 

+2.4 
-5 

+2.4 
0.5 

-16.5 
+4.5 

a 
-40 
-65 

Unipolar Straight Binary (USB) 
Bipolar Offset Binary (BOB) 

+0.4 

0.1 +5 
5 

+2.5 +2.6 

Voo 
+5.5 

-1 
+15 +24 

75 120 

+70 
+65 
+150 

UNITS 

V 
V 

"A 
pF 

V 
rnA 

V 
V 

rnA 
rnA 

mW 

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, F8 means 20V; for a a to +10V range, FS means 10V. (3) Maximum error at TMIN and T MAX. (4) Based on using VEE = 
+5V, which is the Control Mode. See the section "81H 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) VEE is optional, and is only used to set the mode for the internal sample/hold. When VEE = -1SV. leE = -1mA 
typ; when VEE = OV, lEE = ±5/AA typ; when VEE = +5V, lEE = +167/AA typo 

The information provided herein is believed to be reliable; however, BURA-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and aI/ 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 andlor systems. 

BURR-BROWNIID 

IE:lE:lI Burr-Brown Ie Data Book-Mixed Signal Products 2.107 

en 
I
Z 
W 
Z o 
D.. 
:iE o 
o 
z 
o 
i= 
~ 
::l a 
o 
<t 
~ 
<t 
C 

en 
a: 
w 
Ia: 
W 
> 
Z o 
o 

~ 



For Immediate Assistance, Contact Your Local Salesperson 
ABSOLUTE MAXIMUM RATINGS PACKAGE INFORMATION 

VEE to Digital Common ....................................................... +Voo to-16.5V 
Voo to Digital Common .............................................................. OV to +7V 

MODEL PACKAGE 
PACKAGE DRAWING 

NUMBER(1) 

Analog Common to Digital Common .................................................... ±1V ADS774JE 2B-pin 0.3' Plastic DIP 246 
Control Inputs (CE. CS. Ao. 1218, RIC) ADS774KE 2B-pin 0.3' Plastic DIP 246 

to Digital Common .................................................. -o.5V to Voo +0.5V ADS774JP 2B-pin 0.6" Plastic DIP 215 
Analog Inputs (Ref In. Bipolar Offset. 10V'N) ADS774KP 2B-pin 0.6" Plastic DIP 215 

to Analog Common ...................................................................... ±16.5V ADS774JU 2B-pinSOIC 217 
20V'N to Analog Common .................................................................. ±24V ADS774KU 2B-pinSOIC 217 
Ref Out .......................................................... Indefinite Short to Common. 

Momentary Short to Voo 
Max Junction Temperature ............................. : .............................. + 165°C 

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

Power Dissipation ........................................................................ 1000mW 
Lead Temperature (soldering.10s) ................................................. +300·C 
Thennal Resistance, 8JA : Ceramic DIPs ....................................... 50·CNV 

Plastic DIPs ........................................ 100·CNV 
SOIC ................................................... 100·CNV 

ORDERING INFORMATION 

TEMPERATURE LtNEARITY 
MODEL PACKAGE SINAD(1) RANGE ERROR 

ADS774JE 0.3' Plastic DIP 6BdB 0'Cto+70·C ±1LSB 
ADS774KE 0.3" Plastic DIP 70dB 0·Cto+70·C ±1I2LSB 
ADS774JP 0.6' Plastic DIP 6BdB 0·Cto+70·C ±1LSB 
ADS774KP 0.6' Plastic DIP 70dB 0·Cto+70·C ±1/2LSB 
ADS774JU SOIC 6BdB O"Cto+70·C ±1LSB 
ADS774KU SOIC 70dB O·Cto +70·C ±lI2LSB 

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

BURR-BROWNe 
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CONNECTION DIAGRAM 

+5VDC Supply 1 
(Voo) 

2.5V Rei 
Out 

Analog 
Common 
2.5V Rei 

In 

Bipolar 
Offset 

10V Range 

20V Range 

DICE INFORMATION 

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

4 Power-Up Reset I 

'Not Internafly Connected 

PAD FUNCTION 

lA,IB Voo 
2 1218 
3 cs 
4 Ao 
5 RIC 
6 CE 
7 NC 
8 2.5V Rei Out 

9A,9B Analog Common 
10 2.5 Rei In 
11 VEE (Mode Control) 
12 Bipolar Ollset 
13 10V Range 
14 20V Range 

Substrate Bias: +Voo 
NC: No Connection. 

PAD 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

STATUS 

DBII (MSB) 

DB10 

DB9 

DB8 

DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

DBI 

DBa (LSB) 

Digital 
Common 

FUNCTION 

Digital Common 
DBa (LSB) 

OBI 
DB2 
DB3 
OB4 
DB5 
OB6 
OB7 
OB8 
OB9 

OB10 
OBll (MSB) 

Status 

MECHANICAL INFORMATION 

MILS (0.001 ") MILUMETERS 

Die Size 172 x 142±5 4.37 x 3.61 ±0.13 
Die Thickness 20±3 0.51 ±a.08 
Min. Pad Size 4x4 0.10 xO.l0 

Metalization Aluminum 

ADsn4 DIE TOPOGRAPHY 
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TYPICAL PERFORMANCE CURVES 
AtT A = +25°C, VOO = VEE = +5V; Bipolar ±10V Input Range; samplilig frequency of 11 OkHz; unless otherwise specifled, All plots use 4096 point FFTs. 

SIGNAU(NOISE + DISTORTION) vs 
FREQUENCY SPECTRUM (±10V, 2kHz Input) INPUT FREQUENCY AND AMBIENT TEMPERATURE 

0 75 
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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 AID converter 
with only 3 bits is shown in Figure I. 

Analog 

fltl rl r~'--: : Jo. 
lt 

~ 
Reference 

Input 

FIGURE 1. 3-Bit Charge Redistribution AID. 

INPUT SCALING 

Precision laser-trimmed scaling resistors at the input divide 
standard input ranges (OV to +10V, OV to +20V, ±5V or 
±lOV) 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 (S2 and 
S3) are set to position "G". Switch Sc 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 Sc 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], S2' and 
S3 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 S2 
and S3 are connected to GND. Depending on whether the 
comparator output is HIGH or LOW, the logic will then 

BURR· BROWN II 

latch St in position "R" or "G". Similarly, the second 
approximation is made by connecting S2 to the reference and 
S3 to GND, and latching S2 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], S2 
and S3' 

OPERATION 
BASIC OPERATION 

Figure 2 shows the minimum connections required to 
ate the ADS774 in a basic ±lOV 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 8.5118 
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 left-justified format. The five control inputs (12/8, CS, Ao, 
RIC, 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 III. 

STAND·ALONE OPERATION 

For stand-alone operation, control of the converter is accom
plished by· a single control line connected to RIC. In this 
mode CS and Ao are connected to digital common and CE 
and 12/8 are connected to +5V. The output data are 
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Status 
Output 

DB11 (MSB) 

DB10 

DB9 
Convert Command 

LJ DB8 

DB7 

ADS774 DB6 

DB5 

DB4 

DB3 

DB2 

DB1 

DBO (LSB) 

15 
,,10V 

Analog rv 
Input *Not internally connected 

NOTE: (1) Connect to GND or V •• for 
Emulation Mode. Connect to +5V for 
Control Mode. 

FIGURE 2. Basic ±IOV 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 
RIC. The three-state data output buffers are enabled when 
RIC is HIGH and STATUS is LOW. Thus, there are two 
possible modes of operation; data can be read with either a 
positive pulse on RIC, or a negative pulse on STATUS. In 
either case the RIC pulse must remain LOW for a minimum 
of 2Sns. 

Figure 3 illustrates timing with an RIC 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 RIC and are enabled for 
external access of the data after completion of the conver
sion. 

Figure 4 illustrates the timing when a positive RIC pulse is 
used. In this mode the output data from the previous conver
sion is enabled during the time RIC is HIGH. A new 
conversion is started on the falling edge of RIC, and the 
three-state outputs return to the high-impedance state until 
the next occurrence of a HIGH RIC pulse. Timing specifica
tions for stand-alone operation are listed in Table IV. 

FULL V CONTROLLED OPERATION' 

Conversion Length 
Conversion length (8-bit or l2-bit) is determined by the state 
of the Ao input, which is latched upon receipt of a conver
sion start transition (described below). If Ao is latched 
HIGH, the conversion continues for 8 bits. The full l2-bit 
conversion will occur if Ao is LOW. If all 12 bits are read 

following an 8-bit conversion, the 4LSBs .(DBO-DB3) will 
be LOW (logic 0). Ao 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 RIC) as 
shown in Table ill. 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 
SOns 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 Ao· changes state after the 
beginning of conversion, any additional start conversion 
transition will latch the new state of Ao, possibly resulting in 
an incorrect conversion length (8 bits vs 12 bits) for that 
conversion. 

BURR~aROWNGD 
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Binary (BIN) Output Input Voltage Range and LSB Values 

Analog Inpul Voltage Range Defined As: ±IOV ±flV OV10 +IOV OV10 +20V 

One Least Significanl Bit FSR 20V 10V 10V 20V 
(LSB) 2" 2" 2" 2" 2" 

n=B 7B.13mV 3S.06mV 3S.06mV 7B.13mV 
n = 12 4.BBmV 2.44mV 2.44mV 4.BBmV 

Output Transition Values 
FFEHlo FFFH + Full-Scale Calibration + 1 OV - 312LSB +5V-312LSB +IOV - 312LSB +20V - 312LSB 
7FFFH 10 BOOH Midscale Calibration (Bipolar Offsel) OV-1/2LSB OV-1/2LSB +5V-1/2LSB +IOV -1/2LSB 
OOOHto 001 H Zero Calibration ( - Full-Scale Calibration) -10V + 1/2LSB -5V+ 1/2LSB OV +1/2LSB OV +1/2LSB 

TABLE 1. Input Voltages, Transition Values, and LSB Values. 

CE (Pin6) Chip Enable 
(aclive high) 

Musl be HIGH ("1") to eilher Initiale a conversion or read oulpul dala. 0-1 edge may be used 10 iniliate a 
conversion. 

CS (Pin 3) Chip Select 
(active low) 

Must be LOW ("0") to either initiate a conversion or read output data. 1-0 edge may be used to initiate a 
conversion. 

RIC (Pin 5} Read/Convert 
("1"= read} 

Must be LOW ("0") to initiate either 8- or 12-bit conversions. 1-0 edge may be used to initiate a conversion. 
Musl be HIGH ("1") to read output data. 0-1 edge may be used to initiate a read operation. 

("0" = converl) 

Ao (Pin 4) Byte Address 
ShorlCyc!e 

In the Slarl-converl mode, Ao selects B-bil (Ao = "1") or 12-bit (Ao = "O") conversion mode. When reading 
outpul data in two B-bit bytes, Ao = "0" accesses B MSBs (high byte) and Ao = "1" accesses 4 LSBs and 
trailing "Os" (low byte). 

12/8 (Pin 2) Data Mode Selecl 
("1" = 12 bits) 

When reading oulput data, 1218 = "I" enables all 12 outpul bits simultaneously. 1218 = "0" will enable the 
MSBs or LSBs as detennined by Ihe Ao line. 

("0" = B bils) 

TABLE II. Control Line Functions. 

CE CS RIC 

0 X X 
X 1 X 
f 0 0 
f 0 0 
1 ... 0 
1 ... 0 
1 0 ... 
1 0 ... 
1 0 1 
1 0 1 
1 0 1 

TABLE III. Control Input Truth Table_ 

READING OUTPUT DATA 

Aft~r conversion is initiated, the output data buff~rs remain 
in a high-impedance state until the following four logic 
conditions are sinlUltaneously met: RIC 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 Ao- 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 (DBO-DBll) 
are enabled simultaneously for full data word transfer to a 
12-bit or 16-bit bus_ In this situation the Ao state is ignored 
when reading the data. 

BURR·BRO'WNIIII 

1218 

X 
X 
X 
X 
X 
X 
X 
X 
1 
0 
0 

Ao OPERATION 

X None 
X None 
0 Initiate 12-bit conversion 
1 Initiate a·blt conversion 
0 Initiate 12-bit conversion 
1 Initiate a-bit conversion 
0 Initiate 12·bit conversion 
1 Initiate 8·bit conversion 
X Enable 12-bit outpul 
0 Enable B MSBs only 
1 Enable 4 LSBs plus 4 

trailing zeroes 

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 Ao during the read cycle_ When Ao is 
LOW, the byte addressed contains the 8MSBs_ When Ao 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 
Ao 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 Ao 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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STATUS 

!"DR -, 
~ High·Z·Stale 

DBll·DBO DalaValid />---~~-=:;;:....-< 
~---

FIGURE 3. RlCPulse Low-Outputs Enabled After Conver
sion. 

SYMBOL PARAMETER 

tHRL Low RIC Pulse Widlh 
los STS Delay from RIC 

tHOR Data Valid After RIC Low 
tHRH High RIC Pulse Widlh 

tooR Data ~ccess Time 

TABLE IV. Stand-Alone Mode Timing. (TA = T MIN to T MAX)' 

SYMBOL PARAMETER 

Convert Mode 

lose STS delay from CE 
tHEe CE Pulse width 

tsse ~toCEsetup 
tHSe CS low during CE high 
tSRC RI£ to CE selup 
tHRC RIC low during CE high 
tSAC Ao to CE setup 
tHAC Ao valid during CE high 

Read Mode 
100 Access lime from CE 

tHO Data valid after CE low 
IHL ~tput float delay 

tSSA Cl!.to CE setup 
tSRR RIC 10 CE setup 

tSAR Ao to CE setup 
tHSR ~ valid after CE tow 
tHRR RIC high after CE low 
tHAR Ao valid after CE low 
tHS STATUS delay after data valid 

"-R-~l: 
~'M 1 1 I 1"-'----1-tOOR tHOR 

H~ ) Hlgh·Z·Stale 
Data Valid . . 

DBll·DBO 

FIGURE 4. RIC Pulse High - Outputs Enabled Only While 
RIC Is High. 

MIN TYP MAX UNITS 

25 ·ns 
200 ns 

25 ns 
100 ns 

150 ns 

MIN TYP MAX UNITS 

60 200 ns 
50 30 ns 
50 20 ns 
50 20 ns 
50 0 ns 
50 20 ns 
0 ns 
50 20 ns 

75 150 ns 
25 35 ns 

100 150 ns 
50 0 ns 
0 ns 
50 25 ns 
0 ns 
0 ns 
50 ns 
75 150 375 ns 

TABLE V. Timing Specifications, Fully Controlled Operation. (TA = TMINto TMAX ). 

CE -----"1----

·Status ---F=~I-----

• tx Includes tAO + Ie in ADCn 4 Emulation Mode, 
Ie only in SIH Control Mode. 

FIGURE 5. Conversion Cycle Timing. FIGURE 6. Read Cycle Timing. 
BURR-BROWN" 
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Processor 
Converter I-::-::-:-:-I-::-::cc:-l--=::-:-t-=:--+-::::=-t-::-::-::-I-=-.:c:-t--=:--:-I 

FIGURE 7. 12-Bit Data Fonnat for 8-Bit Systems. 

Ao 'r-+------1 

Address 
Bus 

1218 

Dam 
Bus 

Digiml Common 15 

FIGURE 8. Connection to an 8-Bit Bus. 

s/H CONTROL MODE 
AND ADCn4 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 a maximum 
of S!IS (S.S!IS 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 samplelhold, eliminating the need for an external 
samplelhold in most applications. As compared with sys
tems using separate sample/hold and AID, 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 samplelbold 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 1.4!1S acquisition time the signal is 
not changing faster than the ADS774 can track. No assump-

BURR-BROWNIIII 

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 samplelbold. 

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 0.02!1S to 1.6!1S, 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 samplelbold ampli
fieioften precedes the converter. In these cases, no addi
tional delay in the convert command will be needed. The 
existing samplelbold 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. 
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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 IOV input ranges, pin 14 
(20V Range) must be unconnected, and for 20V input 
ranges, pin 13 (lOV 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. 

If external full scale and offset potentiometers are used, the 
potentiometers and associated resistors should be as close as 
possible to the ADS774. 

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. 

SJH CONTROL MODE ADC774 EMULATION MODE 
(Pin 11 Connected to +5V) (Pin 11 Connected to OVto-15V) 

SYMBOL PARAMETER MIN TYP 

lAO + fc Throughput Time: 
12·bit Conversions 8 
8-bit Conversions 6 

te Conversion Time: 
12-bit Conversions 6.4 
a-bit Conversions 4.4 

tAO Acquisition Time 1.4 
tAP Aperture Delay 20 

tJ Aperture Uncertainty 0.3 

TABLE VI. Conversion Timing, T MIN to T MAX' 

SJH Control Mode 
Pin 11 connected to +5V. 

ADC774 Emulation Mode' 
Pin 11 connected to VEE or ground. 

RIC 

, 

---------"i I 
I 

~I 

Signal 
I Acquisition 

~ tAO 

~I 

Signal I 
Acquisition I 

I 
~I 

MAX MIN 

8.5 
6.3 

fc 
- tAP 

Conversion 

fc 

tAO -

TYP 

8 
6 

6.4 
4.4 
1.4 

1600 
10 

Signal 
Acquisition 

Signal 
Acquisition 

*In the ADC774 Emulation Made, 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. 

MAX 

8.5 
6.3 

UNITS 
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~s 
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ns. 
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+Vcc 

,,~l 
Tl00~ 

-Vee 

loon 

Full·Scale 
Adjust 

ReI Out 

ADsn4 

,---1VIIIr--'t------\t2 Bipolar Offset 

tOV 

-----, 
I I 
I I 

t-'~'V\J------:, : 

Analog 
Common 

FIGURE 10. Unipolar Configuration. 

+-___ =2.""5V~ 8 ReI Out 

Bipolar toon 
Offset '--=R,JVillr---1H 
Adjust 

Analog 
Input 

I I 
' _____ 1 

ADS774 

-----, 
, I 
I I 

t--'IJ'V'v ..... ---j : , , 
Range 1 _____ 1 

FIGURE II. Bipolar Configuration. 

The +SV supply should be bypassed with a 101JP 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 + lOV, 
OV to +20V, ±5V, or ±lOV. Figures 10 and 11 show the 
necessary connections for each of these ranges, along with 
the optional gain and offset trim circuits. If a lOV 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 

BURR·BROWN@ 

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.SV 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 SOill in the 
20V ranges and 12kQ in the IOV 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 (42ill + 42ill 1l1O.SkQ). 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 10ill 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 +SV 
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 42~ 
20V Range 

Pin 13 
10V Range 

Bipolar 
Offset 

Pin 12 

2t~ 
Capacitor 

Array" 

"1 OpF when sampling 

FIGURE 12. ADS774 Input Structure. 
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For Immediate Assistance, Contact Your Local Salesperson 
where +12V or +15V is supplied on traditional ADC774s. 
Pin 11, the -12V or -ISV 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 10m W to 15m W to the power consumption 
of the ADS774 when -ISV is supplied to pin 11. To 
minimize power consumption in a system, pin II can be 
simply grounded (for Emulation Mode) or tied to +SV (for 
Control Mode.) 

There are no other modifications required for the ADS774 to 
function with a single +SV 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 R2 in Figure 10 with a son 1 % metal film 
resistor and connect pin 12 to pin 9, omitting the other 
adjustment f:omponellts. 

If adjustment is required, connect the converter as shown in 
Figure 10. Sweep the input through the end-point transition 
voltage (OV + I/2LSB; + 1.22m V for the lOV range, +2.44m V 
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 lOY range and + 19.9927V 
for the 20V range. Adjust potentiometer R2 until bits DB 1-
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 
son, 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 
I/2LSB above the minus full-scale value (-4.9988V for the 
±SV range, -9.9976V for the ±lOV range). Adjust R) for 
DBO to toggle ON and OFF with all other bits OFF. To 
adjust full-scale, apply aDC input signal which is 3/2LSB 
below the nominal plus full-scale value (+4.9963V for ±5V 
range, +9.9927V for ±lOV range) and adjust R2 for DBO to 
toggle ON and OFF with all other bits ON. 

BURR-BROWN® 
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BURR - BROWN® 

IE:lE:lI ADS800 

, ~..c~'" 12-Bit, 40MHz Sampling 
ANALOG-TO-DIGITAL CONVERTER 

FEATURES DESCRIPTION 
• LOW POWER: 390mW 
• INTERNAL REFERENCE 
• WIDEBAND TRACK/HOLD: 65MHz 

The ADS800 is a low power, monolithic 12-bit, 40MHz 
analog-to-digital converter utilizing a small geometry 
CMOS process. This COMPLETE converter includes 
a 12-bit quantizer, wideband track/hold, reference and 
three-state outputs. It operates from a single +5V 
power supply and can be configured to accept either 
differential or single-ended input signals. 

• SINGLE +5V SUPPLY 
• 3-STATE OUTPUTS 

APPLICATIONS 
• IF AND BASEBAND DIGITIZATION 

The ADS800 employs digital error correction to pro
vide excellent Nyquist differential linearity perfor
mance for demanding imaging applications. Its low 
distortion, high SNR and high oversampling capability 
give it the extra margin needed for telecommunications, 
test instrumentation and video applications. • DIGITAL COMMUNICATIONS 

• ULTRASOUND IMAGING 
• GAMMA CAMERAS 
• TEST INSTRUMENTATION 
• CCD IMAGING 

Copiers 
Scanners 
Cameras 

• VIDEO DIGITIZING 

IN 

iN 

This high performance AID converter is specified over 
temperature for AC and DC performance at a 40MHz 
sampling rate. The ADS800 is available in a 28-pin 
SOlC package. 

ClK MSBI 

3·State 
Outputs 

12·Bit 
Digital 
Data 

REFT 0+----+----' 

CM04----+----J 

REFB 04----+-------' 

International Airport Industrial Park • Malling Addr ••• : PO Box 11400 • Tucson, AZ 85734 • Street Addres.: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 746-1111 • Twx: 910-952·1111 • Cable: BBRCORP • Telex: 066-wl, • FAX: (520) 889-1510 • Immediate Product Info: (800) 54&-6132 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS 
At TA = +25'C, Vs = +5V, Sampling Rate = 40MHz, with a 50% duty cycle clock having a 2ns rise/fall time, unless otherwise noted. 

ADS800U 

PARAMETER CONDITIONS TEMP MIN TYP 

Reselutlon 
Specilied Temperature Range TAMBIENT 0 
Operating Temperature Range TAMBIENT -40 

ANALOG tNPUT 
Differential Full Scale Input Range Both Inputs, 180' Out 01 Phase +1.25 
Common-Mode Voltage +2.25 
Analog Input Bandwidth (-'JdB) 

Small Signal -2OdBFSll) Input +25'C 400 
Full Power OdBFS Input +25'C 65 

Input Impedance 1.25114 

DIGITAL INPUT 
Logic Family TIUHCT Compatible CMOS 
Convert Command Start Conversion Falling Edge 

ACCURACYI') 
Gain Error +25'C ±D.4 

Full ±D.6 
Gain Tempcc ±95 
Power Supply Rejection of Gain Delta +Vs = ±5% +25'C 0.01 
Input Offset Error +25'C ±2.4 

Full ±2.6 
Power Supply Rejection of Offset Delta +Vs = ±5% +25'C 0.02 

CONVERSION CHARACTERISTICS 
Sample Rate 10k 
Data Latency 6.5 

DYNAMIC CHARACTERISTICS 
Differential Linearity Error 

I = 500kHz tH = 13ns(3) +25'C ±O.6 
Full ±D.8 

1= 12MHz +25'C ±D.4 
Full ±D.5 

Integral Linearity Error at f = 500kHz Full ±1.9 
Spurious-Free Dynamic Range (SFDR) 

f = SOOkHz (-ldBFS input) +25'C 65 72 
Full 60 66 

I = 12MHz (-1 dBFS input) +25'C 58 61 

Two-Tone Intermodulation Distortion (iMD)!4) 
Full 55 61 

I = 4.4MHz and 4.5MHz (-7dBFS each tone) +25'C -63 
Full -62 

Signal·to-Noise Ratio (SNR) 
I = 500kHz (-ldBFS input) +25'C 61 64 

Full 57 63 
I = 12MHz (-1 dBFS Input) +25'C 61 62 

Full 56 62 
Signal-to-(Noise + Distortion) (SINAD) 

I = 500kHz (-ldBFS Input) +25'C 59 63 
Full 64 64 

1= 12MHz (-ldBFS Input) +25'C 56 58 
Full 51 57 

Differential Gain Error NTSC or PAL +25'C 0.5 
Differential Phase Error NTSC or PAL +25'C 0.1 
Aperture Delay Time +25'C 2 
Aperture Jitter +25'C 7 
Overvoltage Recovery Time!') 1.5x Full Scale Input +25'C 2 

MAX UNITS 

12 Bits 
+70 'C 
+85 'C 

+3.25 V 
V 

MHz 
MHz 

MO II pF 

±1.5 % 
±2.5 % 

ppml"C 
0.15 %FSRI% 
±3.4 % 
±3.5 %FSRI% 
0.15 %FSRI% 

40M Sample/s 
Convert Cycle 

±1.0 LSB 
LSB 

±1.0 LSB 
LSB 
LSB 

dBFS 
dBFS 
dBFS 
dBFS 

dBc 
dBc 

dB 
dB 
dB 
dB 

dB 
dB 
dB 
dB 
% 

degrees 
ns 

ps rms 
ns 

NOTE: (1) dBFS refers to dB below Full Scale. (2) Percentage accuracies are relerred to the internal AID Full Scale Range of 4Vp-p. (3) Reier to Timing Diagram 
lootnotes for the fiN = 500kHz differential linearity performance ccnditlon. (4) IMD is referred to the larger 01 the two input Signals. II referred to the peak envelope 
signal (=OdB), the intermodulation products will be 7dB lower. (5) No "rollover" of bits. 

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 inlormatlon shall be entirely at the user's own risk. Prices and specnlcations are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are Implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use In life support devices and/or systems. 
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SPECIFICATIONS (CONT) 
At TA = +25°C, Vs = +5V, Sampling Aate = 40MHz, with a 50% duty cycle clack having a 2ns riseffall time, unless otherwise noted. 

PARAMETER 

OUTPUTS 
Logic Family 
Logic Coding 
Logic Levels 

3-State Enable Time 
3-State Disable Time 

POWER SUPPLY REQUIREMENTS 
Supply Voltage: +Vs 
Supply Current: +Is 

Power Consumption 

Thermal Resistance, 8JA 

28-Pin SOIC 

ORDERING INFORMATION 

Basic Model Number 
Package Code 

U: 28-Pin SOIC 

PACKAGE INFORMATION 

MODEL PACKAGE 

ADS800U 28-Pin SOIC 

CONDITIONS 

Logic Selectable 
"LO', CL = 15pF max 

Logic "HI", CL = 15pF max 

ADS800 ----,-

Operating 
Operating 
Operating 
Operating 
Operating 

PACKAGE DRAWING 
NUMBER(1, 

217 

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

ABSOLUTE MAXIMUM RATINGS 

+Vs ....................................................................................................... +6V 
Analog Input .............................................................. OV to (+Vs + 300mV) 
Logic Input ................................................................ OV to (+Vs + 300mV) 
Case Temperature ......................................................................... +IOO°C 
Junction Temperature .................................................................... +150°C 
Storage Temperature ..................................................................... +125°C 
Extemal Top Reference Voltage (REFT) .................................. +3.4V Max 
Extemal Bottom Aeference Voltage (AEFB) .............................. +1.1 V Min 

NOTE: (I) Stresses above these ratings may permanently damage the device. 

BURR-BROWN~ 

TEMP UNtTS 

Full 0 0.4 V 
Full +2.5 +Vs V 

20 40 ns 
Full 2 10 ns 

Full +4.75 +5.0 +5.25 V 
+25°C 78 93 mA 

Full 78 97 mA 
+25°C 390 465 mW 

Full 390 485 mW 

75 °CIW 

A 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, 

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 
methods, 
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PIN CONFIGURATION 

TOP VIEW 

GND 

Bl 

B2 

B3 

B4 

B5 

B6 

For Immediate Assistance, Contact Your Local Salesperson 
PIN DESCRIPTIONS 

SOIC PIN DESIGNATOR DESCRIPTION. 

1 GND Ground 
2 Bl Bit 1, Most Significant Bit 
3 B2 Bit 2 
4 B3 Bit 3 

28 GND 5 B4 Bit 4 
6 B5 Bit 5 

iN 7 B6 Bit 6 
8 B7 Bit 7 

IN 9 B8 Bit 8 

GND 
10 B9 Bit 9 
11 B10 Bit 10 

+Vs 12 Bll Bit 11 
13 B12 Bit 12, least Significant Bit 

REFT 14 GND Ground 
15 +Vs +5V Power Supply 

CM 16 ClK 
ADS800 

Convert Clock Input, 50% Duty Cycle 
17 +Vs +5V Power Supply 

B7 

B8 

B9 

Bl0 

Bll 

B12 

GND 14 

TIMING DIAGRAM 

CONVERT 
CLOCK 

2.122 

REFB 18 BE HI: High Impedance 51ate. lO or Floating: Nor-

+Vs mal 0P'!ration. Internal pull-down resistors. 
19 MSBI Most Significant Bit Inversion, HI: MSB inverted 

MSBI for complementary output. lO or Floating: Straight 

BE 
output. Internal pull·down resistors. 

20 +Vs +5V Power Supply 

+Vs 
21 REFB Bottom Reference Bypass. For external bypass-

ing of internal + 1.25V reference. 

ClK 22 CM Common·Mode Voltage. It is derived by (REFT + 
REFB)/2. 

15 +Vs 23 REFT Top Reference Bypass. For external bypassing 
of internal +3.25V reference. 

24 +Vs +5V Power Supply 
25 GND Ground 
26 IN Input 
27 iN Complementary Input 
28 GND Ground 

N4 I N-3 I N-2 I ~ N· II 
, 

SYMBOL DESCRIPTION MtN TYP MAX UNITS 

lcoNv Convert Clock Period 25 1001JS ns 
It Clock Pulse low 12 12.5 ns 
... Clock Pulse High 12121 12.5 ns 
to Aperture Delay 2 ns 
t, Data Hold Time, CL = OpF 3.9 ns 
t, New Data Delay Time, CL = 15pF max 12.5 ns 

NOTE: (1) • II • indicates the portion of the waveform that will stretch out at slower sample rates. 
(2) tH must be 13ns minimum if no miSSing codes is desired only for the conditions of IcoNv <28ns 
and fiN <2M Hz. Refer to the Clock Requirements for a possible clock skew circuit for this condition. 

BURR~BROWN(!I 
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TYPICAL PERFORMANCE CURVES 
At TA = +25'C, Vs = +5V, Sampling Rate = 40MHz, with a 50% duty cycle clock having a 2ns risellan time, unless otherwise noted. 

SPECTRAL PERFORMANCE 
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For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES (CONT) 
At TA = +25'C, Vs = +5V, Sampling Rate = 40MHz, with a 50% duty cycle clock having a 2ns rise/fall time, unless otherwise noted .. 
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TYPICAL PERFORMANCE CURVES (CONT) 
At T, = +25°C, Vs = +5V, Sampling Rate = 40MHz, with a 50% duty cycle clock having a 2ns rise/fall time, unless otherwise noted. 
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TYPICAL PERFORMANCE CURVES (CO NT) 
At TA = +25°C, Vs = +5V, Sampling Rate = 40MHz, with a 50% duty cycle clock having a 2ns rlselfall time, unless othelWise noted. 
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THEORY OF OPERATION 

-""';:--HJOUT 

r'----.,..-oOUT 

The ADS800 is a high speed sampling analog-to-digital 
converter with pipelining. It uses a fully differential archi
tecture and digital error correction to guarantee 12-bit reso
lution. The differential track/hold circuit is shown in Figure 
1. The switches are controlled by an internal clock which has 
a non-overlapping two phase signal. 11>1 and 11>2. At the 
sampling time the input signal is sampled on the bottom 
plates of the input capacitors. In the next clock phase. 11>2. the 
bottom plates of the input capacitors are connected together 
and the feedback capacitors are switched to the op amp 
output. At this time the charge redistributes between C, and 
CH• completing one track/hold cycle. The differential output 
is a held DC representation of the analog input at the sample 
time. The track/hold circuit can also convert a single-ended 
input signal into a fully differential signal for the quantizer. 

OpAmp VCM 

Bias 

t Internal Non·overlapping Clock 
~1 ~2 ~1 

~~~. 
The pipelined quantizer architecture has 11 stages with each 
stage containing a two-bit quantizer and a two bit digital-to
analog converter. as shown in Figure 2. Each two-bit quan
tizer stage converts on the edge of the sub-clock, which is 
twice the frequency of the externally applied clock. The 
output of each quantizer is fed into its own delay line to 

FIGURE 1. Input Track/Hold Configuration with Timing 
Signals. 

IN 

iN 

STAGE 2 

STAGE 10 

FIGURE 2. Pipeline AID Architecture. 
BURR~BROWNlID 
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time-align it with the data created from the following quan
tizer stages. This aligned data is fed into a digital error 
correction circuit which can adjust the output data based on 
the information found on the redundant bits. This technique 
gives the ADS800 excellent differential linearity and guar
antees no missing codes at the 12-bit level. 

Since there are two pipeline stages per external clock cycle, 
there is a 6.5 clock cycle data latency from the start convert 
signal to the valid output data. The output data is available in 
Straight Offset Binary (SOB) or Binary Two's Complement 
(BTC) format. 

THE ANALOG INPUT AND INTERNAL REFERENCE 

The analog input of the ADS800 can be configured in 
various ways and driven with different circuits, depending 
on the nature of the signal and the level of performance 
desired. The ADS800 has an internal reference that sets the 
full scale input range of the AID. The differential input range 
has each input centered around the common-mode of +2.25V, 
with each of the two inputs having a full scale range of 
+ L25V to + 3.25V. Since each input is 2V 'peak-to-peak and 
ISO° out of phase with the other, a 4 V differential input 
signal to the quantizer results. As shown in Figure 3, the 
positive full scale reference (REFT) and the negative full 
scale (REFB) are brought out for external bypassing. In 
addition, the common-mode voltage (CM) may be used as a 
reference to provide the appropriate offset for the driving 
circuitry. However, care must be taken not to appreciably 
load this reference node. For more information regarding 
external references, single-ended input, and ADS800 drive 
circuits, refer to the applications section. 

ADS800 

To 
Inlemal 

Comparalors 

FIGURE 3. Internal Reference Structure, 

CLOCK REQUIREMENTS 

The CLK pin accepts a CMOS level clock input. Both the 
rising and falling edges of the externally applied clock 
control the various interstage conversions in the pipeline. 
Therefore, the clock signal's jitter, rise/falI times and duty 
cycle can affect conversion performance. 

• Low clock jitter is critical to SNR performance in fre
quency-domain signal environments. 

• Clock rise and fall times should be as short as possible 
«2ns for best performance). 

• For most applications, the clock· duty should be set to 
50%. However, for applications requiring no missing 

codes, a slight skew in the duty cycle will i!llprove DNL 
performance for conversion rates >35MHz and input 
frequencies <2MHz (see Timing Diagram). A possible 
method for skewing the 50% duty cycle source is shown 
in Figure 4. 

IC1, IC2 ~ ACT04 

Rv ~ 217n, typical 

ClK'N ClKour 

FIGURE 4. Clock Skew Circuit. 

DIGITAL OUTPUT DATA 

The 12-bit output data is provided at CMOS logic levels. The 
standard output coding is Straight Offset Binary where a full 
scale input signal corresponds to all "I 's" at the output. This 
condition is met with pin 19 "LO" or Floating due to an 
internal pull-down resistor. By applying a logic "HI" voltage 
to this pin, a Binary Two's Complement output will be 
provided where the most significant bit is inverted. The digital 
outputs of the ADSSOO can be set to a high impedance state 
by driving OE (pin IS) with a logic "HI". Normal operation 
is achieved with pin IS "LO" or Floating due to internal pull
down resistors. This function is provided for testability pur
poses and is not meant to drive digital buses directly or be 
dynamically changed during the conversion process. 

OUTPUT CODE 

SOB BTC 
PIN 19 PIN 19 

DIFFERENTIAL INPUT1') FLOATING or LO HI 

+FS (IN ~ +3.25V, IN ~ + 1.25V) 111111111111 011111111111 
+FS -llSB 111111111111 011111111111 
+FS -2lSB 111111111110 011111111110 
+314 Full Scale 111000000000 011000000000 
+112 Full Scale 110000000000 010000000000 
+114 Full Scale 101000000000 001000000000 
+llSB 100000000001 000000000001 
Bipolar Zero (IN ~ iN ~ +2.25V) 100000000000 000000000000 
-llSB 011111111111 111111111111 
-1/4 Full Scale 011000000000 111000000000 
-1/2 Full Scale 010000000000 110000000000 
-314 Full Scale 001000000000 101000000000 
-FS +llSB 000000000001 100000000001 
-FS (IN ~ + 1.25V, iN = +~.25V) 000000000000 100000000000 

Note: In the single-ended input mode, +FS ~ +4.25V and -FS ~ +0.25V. 

TABLE I. Coding Table for the ADSSOO. 

APPLICATIONS 
DRIVING THE ADS800 

The ADSSOO has a differential input with a common-mode 
of +2.25V. For AC-coupled applications, the simplest way to 
create this differential input is to drive the primary winding 
of a transformer with a single-ended input. A differential 

aURR-aROWN~ 
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output is created on the secondary if the center tap is tied to 
the common-mode voltage of +2.25V per Figure 5. This 
transformer-coupled input arrangement provides good high 
frequency AC performance. It is important to select a trans
former that gives low distortion and does not exhibit core 
saturation at full scale voltage levels. Since the transformer 
does not appreciably load the ladder, there is no need to 
buffer the common-mode (CM) output in this instance. In 
general, it is advisable to keep the current draw from the CM 
output pin below 0.5J.IA to avoid nonlinearity in the internal 
reference ladder. A PET input operational amplifier such as 
the OPA 130 can provide a buffered reference for driving 
external circuitry. The analog IN and IN inputs should be 
bypassed with 22pF capacitors to minimize tracklhold glitches 
and to improve high input frequency performance. 

'22 
L:.:. 

CM 

f2s IN AClnput , _______ :, .1. 22pF 
L:.:. ADS800 

~~?~t:. 7 

rv iN 
: TTl·6·KKB1: 5::. 22pF 

t:::... 

-=- I or equivalent I 
1- _ ____ __ I 

FIGURE 5. AC-Coupled Single-Ended to Differential Drive 
Circuit Using a Transformer. 

If the signal needs to be DC coupled to the input of the 
ADS800, an operational amplifier input circuit is required. 
In the differential input mode, any single-ended signal must 
be modified to create a differential signal. This can be 
accomplished by using two operational amplifiers, one in 

Optional 
High Impedance 301!l 

Input AmPlif\ +5V121 

DC-Coupled 
Input Signal 

--5V 

24.9!l 

604!l 60411 

the noninverting mode for the input and the other amplifier 
in the inverting mode for the complementary input. The low 
distortion circuit in Figure 6 will provide the necessary input 
shifting required for signals centered around ground. It also 
employs a diode for output level shifting to guarantee a low 
distortion +3.2SV output swing_ Other amplifiers can be 
used in place of the OPA642s if the lowest distortion is not 
necessary. If output level shifting circuits are not used, care 
must be taken to select operational amplifiers that give the 
necessary performance when swinging to +3.2SV with a 
±5V supply operational amplifier. 

The ADS800 can also be configured with a single-ended 
input full scale range of +O.25V to +4.25V by tying the 
complementary input to the common-mode reference voltage 
as shown in Figure 7. This configuration will result in 
increased even-order harmonics, especially at higher input 
frequencies. However, this tradeoff may be quite acceptable 
for time-domain applications. The driving amplifier must 
give adequate performance with a +0.25V to +4.25V output 
swing in this case. 

f22 CM 

fO.l)= 

ADS800 
Single-Ended 

7 r:: 
Input Signal I ~ 

IN 

J: ~ iN 

.I. 22pF 

Full Scale. +0.25V to +4.25V with internal references. 

FIGURE 7. Single-Ended Input Connection. 

49.911 

30m 

NOTES: (1) A Philips BAS16 diode or equivalent 
may be used. (2) Supply bypassing not shown. 

FIGURE 6. A Low Distortion DC-Coupled, Single-Ended to Differential Input Driver Circuit. 
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IDT74FCT2245 

11 9 

12 

13 

14 

I0T74FCT2245 
11 9' 

12 

ADS800 13 

14 

15 

16 

17 

NOTE: (1) All capacitors should be located as close to the pins as the manufacturing 
process will allow. Ceramic X7R surface-mount capacitors or equivalent are recommended. . 

FIGURE S. ADSSOO Interface Schematic with AC-Coupling and External Buffers. 

EXTERNAL REFERENCES AND ADJUSTMENT OF 
FULL SCALE RANGE 

The internal reference buffers are limited to approximately 
lmA of output current. As a result, these internal + 1.25V 
and +3.25V references may overridden by external refer
ences that have at least 25mA of output drive capability. In 
this instance, the common-mode voltage will be set halfway 
between the two references. This feature can be used to 
adjust the gain error, improve gain drift, or to change the full 
scale input range of the ADSSOO. Changing the full scale 
range to a lower value has the benefit of easing the swing 
requirements of external input drive amplifiers. The external 
references. can vary as long as the value of the external top 
reference (REFTEXT) is less than or equal to +3.4V and the 
value of the external bottom reference (REFBEXT) is greater 
than or equal to + 1.1 V and the difference between the 
external references are greater than or equal to 1.5V. 

For the differential configuration, the full scale input range will 
be set to the external reference values that are selected. For the 
single-ended mode, the input range is 2o(REFT EXT - REFBEXT), 

with the common-mode being centered at (REFTEXT + 
REFBEXT)/2. Refer to the .typical performance curves for 
expected performance vs full scale input range. 

PC BOARD LAYOUT AND BYPASSING 

A well-designed, clean PC board layout will assure proper 
operation and clean spectral response. Proper grounding and 
bypassing, short lead lengths, and the use of ground planes 
are particularly important for high frequency circuits. Mul
tilayer PC boards are recommended for best performance 
but if carefully designed, a two-sided PC board with large, 
heavy ground planes can give excellent results. It is recom
mended that the analog and digital ground pins of the 
ADSSOO be connected directly to the analog ground plane. 
In our experience, this gives the most consistent results. The 
NO power supply commons should be tied together at the 
analog ground plane. Power supplies should be bypassed 
with O.lJlF ceramic capacitors as close to the pin as possible. 

DYNAMIC PERFORMANCE TESTING 

The ADSSOO is a high performance converter and careful 
attention to test techniques is necessary to achieve accurate 
results. Highly accurate phase-locked signal sources allow 
high resolution FFT measurements to be made without using 
data windowing functions. A low jitter signal generator such 
as the HPS644A for the test signal, phase-locked with a low 
jitter HPS022A pulse generator for the NO clock, gives 
excellent results. Low pass filtering (or bandpass filtering) 
of test signals is absolutely necessary to test the low distor
tion of the ADSSOO. Using a signal amplitude slightly lower 
than full scale will allow a small amount of "headroom" so 
that noise or DC offset voltage will not overrange the NO 
and cause clipping on signal peaks. 

BURR-BROWNIlI> 
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DYNAMIC PERFORMANCE DEFINITIONS 

1. Signal-to-Noise-and-Distortion Ratio (SINAO): 

\0 10 Sinewave Signal Power 
g Noise + Hannonic Power (first 15 hannonics) 

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

Sinew ave Signal Power 
10 log 

Noise Power 

3. Intennodulation Distortion (IMO): 

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

Sinewave Signal Power 

IMO is referenced to the larger of the test signals fl or f2• 

Five "bins" either side of peak: are used for calculation of 
fundamental and hannonic power. The "0" frequency bin 
(DC) is not included in these calculations as it is of little 
importance in dynamic signal processing applications. 
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BURR-BROWN® 

IEJEJI ADS801 

~~~~~ 12-Bit, 25MHz Sampling 
ANALOG· TO·DIGITAL CONVERTER 

FEATURES 
• NO MISSING CODES 

• LOW POWER: 270mW 

• INTERNAL REFERENCE 

• WIDEBAND TRACKlHOLD: 65MHz 

• SINGLE +5V SUPPLY 

• 3-STATE OUTPUTS 
• PACKAGE: 28-Pin SOIC 

APPLICATIONS 
• IF AND BASEBAND DIGITIZATION 

• DIGITAL COMMUNICATIONS 

• TEST INSTRUMENTATION 

• CCD IMAGING 
Copiers 
Scanners 
Cameras 

• VIDEO DIGITIZING 

• GAMMA CAMERAS 

IN 

iN 

DESCRIPTION 
The ADS801 is a low power, monolithic 12-bit, 25MHz 
analog-to-digital converter utilizing a small geometry 
CMOS process. This COMPLETE converter includes 
a 12-bit quantizer, wideband track/hold, reference, and 
three-state outputs. It operates from a single +5V 
power supply and can be configured to accept either 
single-ended or differential input signals. 

The ADS801 employs digital error correction to provide 
excellent Nyquist differential linearity performance for 
demanding imaging applications. Its low distortion, 
high SNR and high oversampling capability give it the 
extra margin needed for telecommunications, instru
mentation and video applications. 

This high performance AID converter is specified over 
temperature for AC and DC performance at a 25MHz 
sampling rate. The ADS801 is available in a 28-pin 
SOIC package. 

ClK M5BI 

3-5tat. 
outputs 

12·Bit 
Digital 
Data 

REFT O-+----+--...-J 

CM07----+---~ 

REFB 07----+-------' 

International Airport Industrial Pari< • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
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SPECIFICATIONS 
At TA = +25'C, Vs = +5V, Sampling Rate = 25MHz, with a 50% duty cycle clock having a 2ns riselfall time, unless otherwise noted. 

ADSB01U 

PARAMETER CONDITIONS TEMP MIN TYP 

Resolution 12 Guaranteed 

Specified '~"'P~""U'~ Range TAMBIENT -40 

ANALOG INPUT 
Differential Full Scale Input Range IBoth Inputs, 180' Out 01 PhasE +1.25 
Common·Mode Voltage +2.25 
Analog Input Bandwidth (-3dB) 

Small Signal -20dBFSll) Input +25'C 400 
Full Power OdBFS tnput +25'C 65 

Input tmpedance 1.25114 

DIGITAL INPUT 
Logic Family nUHCT 
Convert Command Start Conversion Falling' Edge 

ACCURACY(') 
Gain Error +25'C ±0.6 

Full ±1.0 
Gain Tempco ±85 
Power Supply Rejection 01 Gain Delta +Vs = ±5% +25'C 0.03 
Input Offset Error +25'C ±2.0 

Full ±2.1 
Power Supply. Fleje~~o-" 01 Offset Delta !~"-= ±5% +25'C 0.05 

CONVERSION CHARACTERISTICS 
Sample Rate 10k 
Data Latency 6.5 

DYNAMIC CHARACTERISTICS 
Differential linearity Error 

f = 500kHz +2S'C ±O.3 
O'C to +85'C ±OA 

1 = 10MHz +25'C ±0.3 
O'C to +85'C ±OA 

No Missing Codes O'C to +8S'C Guaranteed 
Integral linearity Error at f = 500kHz Full ±1.7 
Spurious·Free Dynamic Range (SFDR) 

f = 500kHz (-1 dBFS input) +25'C 63 77 
Full 62 73 

f = 10MHz (-ldBFS input) +25'C 57 61 
Full 55 61 

Two·Tone Intermodulatlon Distortion (IMD)I') 
f = 4AMHz and 4.5MHz (-7dBFS each tone) +25'C -64 

Full -63 
Slgnal·to·Nolse Ratio (SNR) 

f = 500kHz (-ldBFS input) +25'C 64 66 
Full 61 64 

f = 10MHz (-ldBFS input) +25'C 62 65 
Full 58 64 

Signal·to·(Noise + Distortion) (SINAD) 
f = 500kHz (-1 dBFS input) +25'C 63 66 

Full 60 63 
f = 10MHz (-1 dBFS input) +25'C 56 59 

Full 54 58 
Differential Gain Error NTSC or PAL +25'C 0.5 
Differential Phase Error NTSC or PAL +25'C 0.1 
Aperture Detay TIme +25'C 2 
Aperture Jitter +25'C 7 
Overvoltage Recovery Timel') 1.5x Full Scale Input +25'C 2 

MAX UNITS 

Bits 
,.... 

+85 ·C 0 
CO en +3.25 V 
C V 

<C 
MHz 
MHz 

MQ II pF 

en 
±1.5 % I-
±2.5 % Z 

ppmrC W 
0.15 %FSRr/. Z 
±2.5 % 0 ±3.0 %FSR/% 
0.15 %FSR/% a. 

:a= 
25M Sample/s 0 Convert Cycle 0 

Z 
±1.0 LSB 0 ±1.0 LSB 
±1.0 LSB E ±1.0 LSB 

LSB ~ 
LSB ::l 

dBFS 0 
dBFS 0 
dBFS <C dBFS 

~ dBc 
dBc icC 
dB C 
dB en dB 
dB II: 

W 
dB I-dB II: dB 
dB W 
% > 

degrees Z 
ns 0 ps rms 
ns 0 

NOTE: (1) dBFS refers to dB below Full Scale. (2) Percentage accuracies are referred to the internal NO Full Scale Range of 4Vp·p. (3) IMD is referred to the C 
larger of the two input signats. If referred to the peak envelope signal (=OdB), the intermodulation products will be 7dB lower. (4) No "rollove~' of bits. « 

The information provided herein is believed to be reliable; however, BURR·BROWN assumes no responsibility for inaccuraciesoromissions. 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 (CONn 
AI TA = +25°C, Vs = +5V, Sampling Rale = 25MHz, wilh a 50% duty cycle clock having a 2ns riselfalillme, unless olherwise nOled. 

PARAMETER 

OUTPUTS 
Logic Family 
Logic Coding 
Logic Levels 

3-Slate Enable Time 
3-Slate Disable Time 

POWER SUPPLY REQUIREMENTS 
Supply Voltage: +Vs 
Supply Current: +Is 

Power Consumption 

Thermal Resistance, 8,. 
28-Pin SOIC 

ORDERING INFORMATION 

PACKAGE INFORMATION 

PACKAGE 

28-Pin SOIC 

CONDITIONS 

Logic Selectable 
Logic "LO", CL = 15pF max 
logic "HI", CL = 15pF max 

Operating 
Operating 
Operating 
Operating 
Operating 

PACKAGE DRAWING 
NUMBER(') 

217 

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

ABSOLUTE MAXIMUM RATINGS 
+Ys .....................................................................•................................. +6V 
Analog Inpul ............................................................. OV to (+Vs + 300mV) 
Logic Inpul ................................................................ OV to (+Vs + 300my) 
Case Temperature .......................................•...........•..................... +100°C 
Junction Temperature .................................................................... +150°C 
Storage Temperalure ...•..•.............................................................. +t25°C 
External Top Reference Voltage (REFT) .....•............................ +3.4V Max 
External Bottom Reference Voltage (REFB) ..............•............... + 1.1 V Min 

NOTE: Stresses above Ihese ratings may permanenlly damage the device. 

ADS801U 
TEMP MIN I TYP MAX UNITS 

TTLJJCT Compatible 6MOS 
SOB or BTC 

Full 0 0.4 V 
Full +2.5 +Vs V 

20 40 ns 
Full 2 10 ns 

Full +4.75 +5.0 +5.25 V 
+25°C 54 65 rnA 

Full 54 68 rnA 
+25°C 270 325 mW 

Full 270 340 mW 

75 °CIW 

A ELECTROSTATIC . 
JJiit;;,.. DISCHARGE SENSITIVITY 

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

Electrostatic discharge can cause damage ranging from per
formance degradation to complete device failure. Burr
Brown Corporation recommends thai all integrated circuits 
be handled and stored using appropriate ESD protection 
methods. 
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PIN CONFIGURATION 

TOP VIEW 

GND 

Bl 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

B9 

BID 

Bll 

B12 

GND 14 

TIMING DIAGRAM 

CONVERT 
CLOCK 

INTERNAL 
TRACK/HOLD 

OUTPUT ===::;:;
DATA 

BURR-BROWNII 
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PIN DESCRIPTIONS 

SOIC 

2 Bl Bit I, Most Significant Bit 
3 B2 Bit2 
4 B3 Bit 3 

28 GND 5 B4 Bit 4 

iN 
B5 Bit 5 
B6 Bit 6 

IN 
B7 Bit 7 
B8 Bit 8 

GND 10 B9 Bit 9 
11 Bl0 Bit 10 

+Vs 12 Bll Bit 11 
13 B12 Bit 12, least Significant Bit 

REFT 14 GND Ground 

CM 
15 +Vs +5V Power Supply 

ADS801 
16 CLK Convert Clock Input, 50% Duly Cycle 

REFB 17 +Vs +5V Power Supply 

18 BE HI: High Impedance State. lO or Floating: Nor-

+Vs mal Operation. Internal pull-down resistors. 
19 MSBI Most Significant Bit Inversion, HI: MSB inverted 

MSBI for complementary output. lO or Floating: Straight 

BE output. Internal pull·down resistors. 
20 +Vs +5V Power Supply 

+Vs 
21 REFB Bottom Reference Bypass. For external bypass-

ing of internal + 1.25V reference. 

ClK 22 CM Common-Mode Vollage. It is derived by (REFT + 
REFB)/2. 

15 +Vs 23 REFT Top Reference Bypass. For external bypassing 
of internal +3.2SV reference. 

24 +Vs +5V Power Supply 
25 GND Ground 
26 IN Input 
27 iN Complementary Input 
28 GND Ground 

SYMBOL DESCRIPTION MIN TYP MAX UNITS 

tOONY Convert Clock Period 40 1001'S ns 

tL Clock Pulse Low 19 20 ns 
tH Clock Pulse High 19 20 ns 

to Aperture Delay 2 ns 
t, Data Hold Time, CL = OpF 3.9 ns 

t. New Data Delay Time, CL = 15pF max 12.5 ns 

NOTE: (1) " II' indicates the portion of the waveform that will stretch out at slower sample rates. 
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For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES 
At T A ~ +25'C, V s ~ +5V, Sampling Rate ~ 25M Hz, with a 50"10 duty cycle clock having a 2ns rise/fall Ume, unless otherwise noted. 
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TYPICAL PERFORMANCE CURVES (CONT) 
At TA ~ +25°C, Vs ~ +5V, Sampling Rate ~ 25MHz, with a 50% duty cycle clock having a 2ns riselfall time, unless otherwise noted. 
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For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES (CONT) 
At TA = +25°C, Vs = +5V, Sampling Rate = 25MHz, with a 50% duty cycle clock having a 208 rise/lalilime, unless otherwise noted. 
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TYPICAL PERFORMANCE CURVES (CO NT) 
At TA = +25°C, Vs = +5V, Sampling Rate = 25MHz, with a 50% duty cycle clock having a 2ns riselfall time, unless otherwise noted. 
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For Immediate Assistance, Contact Your Local Salesperson 
THEORY OF OPERATION 
The ADS80I is a high speed sampling analog-to-digital 
converter with pipelining. It uses a fully differential archi
tecture and digital error correction to guarantee 12-bit reso
lution. The differential track/hold circuit is shown in Figure 
1. The switches are controlled by an internal clock which is 
a non-overlapping two phase signal, ~I and ~2. At the 
sampling time the input signal is sampled on the bottom 
plates of the input capacitors. In the next clock phase, ~2, the 
bottom plates of the input capacitors are connected together 
and the feedback capacitors are switched to the op amp 
output. At this time the charge redistributes between Cj and 
CH, completing one track/hold cycle. The differential output 
is a held DC representation of the analog input at the sample 
time. The track/hold circuit can also convert a single-ended 
input signal into a fully differential signal for the quantizer. 

The pipelined quantizer architecture has 11 stages with each 
stage containing a two-bit quantizer and a two bit digital-to
analog converter, as shown in Figure 2. Each two-bit quan
tizer stage converts on the edge of the sub-clock, which is 
twice the frequency of the externally applied clock. The 
output of each quantizer is fed into its own delay line to 

IN 

iN 

STAGE 2 

FIGURE 2. Pipeline AID Architecrnre. 

",,-,-_-0 OUT 

/,'----<,...0 OUT 

OpAmp VCM 
Bias 

t Internal Non-overlapping Clock 
~I ~2 ~I 

~~~. 
FIGURE 1. Input TrackIHold Configuration with Timing 

Signals. 

Digital Delay 

Digital Delay 
BI (MSB) 
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B3 

" 
B4 

0 

'ii B5 

~ B6 
0 

g B7 
w B8 
0; .. B9 .2' 
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BIO 

Digital Delay BI1 

BI2 (LSB) 

Digital Delay 
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time-align it with the data created from the following quan
tizer stages. This aligned data is fed into a digital error 
correction circuit which can adjust the output data based on 
the information found on the redundant bits. This technique 
gives the ADS80 I excellent differential linearity and guar
antees no missing codes at the 12-bit level. 

Since there are two pipeline stages per external clock cycle, 
there is a 6.5 clock cycle data latency from the start convert 
signal to the valid output data. The output data is available in 
Straight Offset Binary (SOB) or Binary Two's Complement 
(BTC) format. 

THE ANALOG INPUT AND INTERNAL REFERENCE 

The analog input of the ADS801 can be configured in 
various ways and driven with different circuits, depending 
on the nature of the signal and the level of performance 
desired. The ADS801 has an internal reference that sets the 
full scale input range of the AID. The differential input range 
has each input centered around the common-mode of +2.25V, 
with each of the two inputs having a full scale range of 
+1.25V to +3.25V. Since each input is 2V peak-to-peak and 
1800 out of phase with the other, a 4V differential input 
signal to the quantizer results. As shown in Figure 3, the 
positive full scale reference (REFT) and the negative full 
scale (REFB) are brought out for external bypassing. In 
addition, the common-mode voltage (CM) may be used as a 
reference to provide the appropriate offset for the driving 
circuitry. However, care must be taken not to appreciably 
load this reference node. For more information regarding 
external references, single-ended input, and ADS801 drive 
circuits, refer to the applications section. 

ADS801 

To 
Internal 

Comparators 

FIGURE 3. Internal Reference Structure. 

CLOCK REQUIREMENTS 

The CLK pin accepts a CMOS level clock input. The rising 
and falling edges of the externally applied convert command 
clock control the various interstage conversions in the pipe
line. Therefore, the duty cycle of the clock should be held at 
50% with low jitter and fast rise/fall times of 2ns or less. 
This is particularly important when digitizing a high fre
quency input and operating at the maximum sample rate. 
Deviation from a 50% duty cycle will effectively shorten 
some of the interstage settling times, thus degrading the 
SNR and DNL performance. 

BURR-BROWNIB 

DIGITAL OUTPUT DATA 

The 12-bit output data is provided at CMOS logic levels. 
The standard output coding is Straight Offset Binary where 
a full scale input signal corresponds to all "1 's" at the output. 
This condition is met with pin 19 "La" or Floating due to 
an internal pull-down resistor. By applying a logic "HI" 
voltage to this pin, a Binary Two's Complement output will 
be provided where the most significant bit is inverted. The 
digital outputs of the ADS801 can be set to a high imped
ance state by driving OE (pin 18) with a logic "HI". Normal 
operation is achieved with pin 18 "La" or Floating due to 
internal pull-down resistors. This function is provided 
testability purposes and is not meant to drive digital 
directly or be dynamically changed during the conversion 
process. 

OUTPUT CODE 

SOB BTC 
PIN 19 PIN 19 

DIFFERENTIAL INPlJT{l) FLOATING or LO HI 

+FS (IN = +3.25V, IN = +1.25V) 111111111111 011111111111 
+FS -ILSB 111111111111 011111111111 
+FS -2LSB 111111111110 011111111110 
+3/4 Full Scale 111000000000 011000000000 
+112 Full Scale 110000000000 010000000000 
+114 Full Scale 101000000000 001000000000 
+ILSB 100000000001 000000000001 
Bipolar Zero (IN = iiii = +2.25V) 100000000000 000000000000 
-ILSB 011111111111 111111111111 
-1/4 Full Scale 011000000000 111000000000 
-1/2 Full Scale 010000000000 110000000000 
-3/4 Full Scale 001000000000 101000000000 
-FS +ILSB 000000000001 100000000001 
-FS (IN = + 1.25V, iiii = +3.25V) 000000000000 100000000000 

Note: In the single·ended input mode, +FS = +4.25V and -FS = +0.25V. 

TABLE I. Coding Table for the ADS801. 

APPLICATIONS 
DRIVING THE ADS801 

The ADS801 has a differential input with a common-mode 
of +2.25V. For AC-coupled applications, the simplest way 
to create this differential input is to drive the primary 
winding of a transformer with a single-ended input. A 
differential output is created on the secondary if the center 
tap is tied to the common-mode voltage of +2.25V per 
Figure 4. This transformer-coupled input arrangement pro-

,-------j22 CM 

A~i~~~~?:--r--- ! 
: Mini-Circuits: 
I TTI-6-KK81 I 

-=- : or equivalent: 
1- __ ___ __ I 

IN 
ADS801 

FIGURE 4. AC-Coupled Single-Ended to Differential Drive 
Circuit Using a Transformer. 
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6040 

3010 

6040 6040 

.JOV 

24.90 

+5 

3010 

NOTES: (1) A Philips BAS16 diode or equivalent 
may be used. (2) Supply bypassing not shown. 

FIGURE 5. A Low Distortion DC-Coupled, Single-Ended to Differential Input Driver Circuit. 

vides good high frequency AC performance. It is important 
to select a transformer that gives low distortion and does not 
exhibit core saturation at full scale voltage levels. Since the 
transformer does not appreciably load the ladder, there is no 
need to buffer the common-mode (CM) output in this in
stance. In general, it is advisable to keep the current draw 
from the CM output pin below O.511A to avoid nonlinearity 
in the internal reference ladder. A PET input operational 
amplifier such as the OPA130 can provide a buffered refer
ence for driving external circuitry. The analog IN and IN 
inputs should be bypassed with 22pF capacitors to minimize 
track/hold glitches and to improve high input frequency 
performance. 

If the signal needs to be DC coupled to the input of the 
ADS801, an operational amplifier input circuit is required. In 
the differential input mode, any single-ended signal must be 
modified to create a differential signal. This can be accom
plished by using two operational amplifiers, one in the 
noninverting mode for the input and the other amplifier in the 
inverting mode for the complementary input. ·The low distor
tion circuit in Figure 5 will provide the necessary input 
shifting required for siguals centered around ground. It also 
employs a diode for output level shifting to guarantee a low 
distortion +3.25V output swing. Other amplifiers can be used 
in place of the OPA642s if the lowest distortion is not 
necessary. If output level shifting circuits are not used, care 
must be taken to select operational amplifiers that give the 
necessary performance when swinging to + 3.25V with a ±5V 
supply operational amplifier. 

The ADS801 can also be configured with a single-ended 
input full scale range of +O.25V to +4.25V by tying the 
complementary input to the common-mode reference voltage 
as shown in Figure 6. This coiillguration will result in 
increased even-order harmonics, especially at higher input 

f22 eM 

Single·Ended 
± O.1~FL-

ADSSOI 
Input Signal -=-

~ 

1 ~ 
IN 

J: -~ 
iN 

.I. 22pF 

-=-
Full Scale = +0.25V to +4.25V with internal references. 

FIGURE 6. Single-Ended Input Connection. 

frequencies. However, this tradeoff may be qnite acceptable 
for time-domain applications. The driving amplifier must 
'give adequate performance with a +O.25V to +4.25V output 
swing in this case. 

EXTERNAL REFERENCES AND ADJUSTMENT OF 
FULL SCALE RANGE 

"The internal reference buffers are limited to approximately 
lmA of output current. As a result, these internal + 1.25V 
and +3.25V references may overridden by external refer
ences that have at least 25mA of output drive capability. In 
this instance, the common-mode voltage will be set halfway 
between the two references. This feature can. be used to 
adjust the gain error, improve gain drift, or to change the full 
scale input range of the ADS801. Changing the full scale 
range to a lower value has the benefit of easing the swing 
requirements of .external input amplifiers. The external 
references can vary as long as the value of the external top 
reference (REFT EXT) is less than 'or equal to +3.4V aiJd the 
value of the external bottom reference (REFBEXT) is greater 
than or equal to + 1.1 V and the difference between the 
external references are greater than or equal to 1.5V. 
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NOTE: (1) All capacitors should be located as close to the pins as the manufacturing 
process will allow. Ceramic X7R surface-mount capacitors or equivalent are recommended. 

FIGURE 7. ADS801 Interface Schematic with AC-Coupling and External Buffers. 

For the differential configuration, the full scale input range 
will be set to the external reference values that are selected. For 
the single-ended mode, the input range is 2-(REFf EXT -

REFBEXT), with the common-mode being centered at 
(REFf EXT + REFBEXT)/2. Refer to the typical performance 
curves for expected performance vs full scale input range. 

PC BOARD LAYOUT AND BYPASSING 

A well-designed, clean PC board layout will assure proper 
operation and clean spectral response. Proper grounding and 
bypassing, short lead lengths, and the use of ground planes 
are particularly important for high frequency circuits. Mul
tilayer PC boards are recommended for best performance 
but if carefully designed, a two-sided PC board with large, 
heavy ground planes can give excellent results. It is recom
mended that the analog and digital ground pins of the 
ADS801 be connected directly to the analog ground plane. 
In our experience, this gives the most consistent results. The 
AID power supply cOmInons should be tied together at the 
analog ground plane. Power supplies should be bypassed 
with O.IIJP ceramic capacitors as close to the pin as possible. 

DYNAMIC PERFORMANCE TESTING 

The ADS801 is a high performance converter and careful 
attention to test techniques is necessary to achieve accurate 
results. Highly accurate phase-locked signal sources allow 
high resolution FFf measurements to be made without 
using data windowing functions. A low jitter signal genera
tor such as the HP8644A for the test signal, phase-locked 

BURR-BROWNIBI 

with a low jitter HP8022A pulse generator for the AID clock, 
gives excellent results. Low pass filtering (or bandpass 
filtering) of test signals is absolutely necessary to test the 
low distortion of the ADS801. Using a signal amplitude 
slightly lower than full scale will allow a small amount of 
"headroom" so that noise or DC offset voltage will not 
overrange the AID and cause clipping on signal peaks. 

DYNAMIC PERFORMANCE DEFINITIONS 

1. Signal-to-Noise-and-Distortion Ratio (SINAD): 

10 10 Sinewave Signal Power 
g Noise + Harmonic Power (first IS harmonics) 

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

10 log ------
Noise Power 

3. Intermodulation Distortion (IMD): 

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

Sinewave Signal Power 

IMD is referenced to the larger of the test signals f1 or f2• 

Five "bins" either side of peak are used for calculation of 
fundamental 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. 
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BURR - BROWN® 

IElElI ADS802 

~2C&'8'~ 12-Bit, 10MHz Sampling 
ANALOG-TO-DIGITAL CONVERTER 

FEATURES 
• NO MISSING CODES 

• LOW POWER: 250mW 
• INTERNAL REFERENCE 

• WIDEBAND TRACK/HOLD: 65MHz 

• SINGLE +5V SUPPLY 

• 3~STATE OUTPUTS 

APPLICATIONS 
• IF AND BASEBAND DIGITIZATION 

• DATA ACQUISITION CARDS 

• TEST INSTRUMENTATION 

• CCD IMAGING 
Copiers 
Scanners 
Cameras 

• VIDEO DIGITIZING 

• GAMMA CAMERAS 

IN 

iN 

DESCRIPTION 
The ADS802 is a low power, monolithic 12-bit, lOMHz 
analog-to-digital converter utilizing a small geometry 
CMOS process: This COMPLETE converter includes 
a 12-bit quantizer, wideband track/hold, reference and 
tbree-state outputs. It operates from a single +5V 
power supply and can be configured to accept eitber 
differential or single-ended input signals. 

The ADS802 employs digital error correction in order 
to provide excellent Nyquist differential linearity per
formance for demanding imaging applications. Its low 
distortion, high SNR, and high oversampling capability 
give it tbe extra margin needed for telecommunications, 
test instrumentation and video applications. 

This high performance AID converter is specified for 
AC and DC performance at a lOMHz sampling rate. 
The ADS802 is available in a 28-pin SOIC package. 

ClK M5BI 

3-5tat. 
Outputs 

12-Bit 
Digital 
Data 

REFT 0+----+---' 

CMo+----+---~ 

REFB 0+----+-------' 
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SPECIFICATIONS 
At TA = +25°C, Vs = +5V, and Sampling Rate = 10MHz, with a 50% duty cycle clock having 2ns riseflall time, unless otherwise noted. 

PARAMETER CONDITIONS TEMP UNITS 

12 Guaranteed Bits 
-40 +85 °C 

Differential Full Scale Input Range Both Inputs +1.25 +3.25 V 
Common·Mode Voltage +2.25 V 
Analog Input Bandwidth (-3dB) 

Small Signal -20dBFS(I) Input +25°C 400 MHz 
Full Power OdBFS Input +25°C 65 MHz 

Input Impedance 1.25114 MUll pF 

DIGITAL INPUT 
Logic Family 
Convert Command Start Conversion 

ACCURACyI2, 
Gain Error +25°C ±0.6 ±1.5 % 

Full ±1.0 ±2.5 % 
Gain Tempco ±85 ppml"C 
Power Supply Rejection 01 Gain Delta +Vs = ±5% +25°C 0.03 0.1 %FSRJ% 
Input Offset Error +25°C ±2.0 ±2.5 % 

Full ±2.1 ±3.0 %FSRI"/o 
Power Delta =±5% +25°C 0.05 0.1 %FSR/% 

Sample Rate 10k 10M Samplels 
Data 6.5 

DYNAMIC CHARACTERISTICS 
Differential Linearity Error 

f = 500kHz +25°C ±C.3 ±1.0 LSB 
O°C to +85°C ±C.4 ±1.0 LSB 

f = 5MHz +25°C ±C.4 ±1.0 LSB 
O°C to +85°C ±C.4 ±1.0 LSB 

No Missing Codes O°C to +85°C Guaranteed LSB 
Integral Linearity Error at f = 500kHz Besl Fit O"C to +85"C ±1.7 ±2.75 LSB 
Spurious-Free Dynamic Range (SFDR) 

f = 500kHz (-ldBFS input) +25°C 67 77 dBFS 
Full 66 75 dBFS 

f = 5MHz (-ldBFS input) +25°C 63 67 dBFS 
Full 62 66 dBFS 

Two·Tone Intermodulalion Distortion (IMD)13) 
f = 4.4MHz and 4.5MHz (-7dBFS each lone) +25°C -£5 dBc 

Full -£4 dBc 
Signal·lo-Noise Ralio (SNR) 

f = 500kHz (-ldBFS Inpul) +25°C 65 67 dB 
Full 64 67 dB 

f = 5MHz (-ldBFS input) +25°C 64 66 dB 
Full 62 66 dB 

Signal·to-(Noise + Dlslortion) (SINAD) 
f = 500kHz (-1 dBFS input) +25°C 63 66 dB 

Full 61 65 dB 
f = 5MHz (-ldBFS input) +25°C 61 63 dB 

Full 60 62 dB 
Dlfferenlial Gain Error NTSC or PAL +25°C 0.5 % 
Differential Phase Error NTSC or PAL +25°C 0.1 degrees 

+25°C 2 ns 
+25°C 7 ps rrns 

Time(4) 1.5. Full Scale +25°C ns 

NOTE: (1) dBFS refers to dB below Full Scale. (2), Percentage accuracies are referred to the internal AID Full Scale Range of 4Vp-p. (3) IMD Is referred to the 
larger 01 the two input signals. If referred to the peak envelope signal (=OdB), the intermodulalion products will be 7dB lower. (4) No "rollove(' of bits. 

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 andlor systems. 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS (CONT) 
At TA = +25°C, Vs = +5V, and Sampling Rate = 40MHz, with a 50% duty cycle clock having a 2ns riselfall time, unless otherwise noted. 

PARAMETER 

OUTPUTS 
Logic Family 
Logic Coding 
LogiC Levels 

3-State Enable Time 
3-State Disable Time 

POWER SUPPLY REQUIREMENTS 
Supply Vottage: +Vs 
Supply Current: +Is 

Power Consumption 

Thermal Resistance, 9JA 
28-Pin SOIC 

ORDERING INFORMATION 

Basic Model Number 
Package Code 

U: 28·Pin SOIC 

PACKAGE INFORMATION 

MODEL PACKAGE 

ADS802U 28-Pin SOIC 

CONDITIONS 

Logic Selectable 

ADS802 
=r-

Logic'LO' 
Logic 'HI" 

Operating 
Operating 
Operating 
Operating 
Operating 

PACKAGE DRAWING 
NUMBER!') 

217 

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

ABSOLUTE MAXIMUM RATINGS 
+Vs ....................................................................................................... +6V 
Analog Input .............................................................. OVto(+V.+300mV) 
Logic Input ................................................................ OVto(+V.+300mV) 
Case Temperature .......................................................••................ +100°C 
Junction Temperature ............................•...•.........•......................... +150°C 
Storage Temperature ......................................................•.............• +125°C 
Extemal Top Reference Vottage (REFT) .................................. +3.4V Max 
External Bottom Reference Voltage (REFB) .............................. +1.1V Min 

NOTE: Stresses above these ratings may permanently damage the device. 

ADS802U 

TEMP MIN TYP MAX UNITS 

I I 
TTUHCT Compatible CMOS 

SOB orBTC 
Full 0 0.4 V 
Full 2.0 +Vs V 
Full 20 40 ns 
Full 2 10 ns 

Full +4.75 +5.0 +5.25 V 
+25°C 51 62 mA 

Full 52 62 mA 
+25°C 250 310 mW 

Full 260 310 mW 

75 °C/W 

A ELECTROSTATIC 
J.l!Ia. 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. 

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 
methods. 

aURR-BROWNIID 
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PIN CONFIGURATION 

TOP VIEW 

GND 

Bl 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

B9 

BID 

Bll 

B12 

GND 14 

TIMING DIAGRAM 

CONVERT 
CLOCK 

OUTPUT 
DATA 

BURR-BROWNe 
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PIN DESCRIPTIONS 

SOIC 
GND Ground 
Bl Bit 1, Most Significant Bit 
B2 Bit 2 

4 B3 Bit 3 
28 GND 5 B4 Bit 4 

iN 
6 B5 Bit 5 
7 B6 Bit 6 

IN 
8 B7 Bit 7 
9 B8 Bit 8 

GND 10 B9 Bit 9 
11 Bl0 Bit 10 

+Vs 12 Bll Bit 11 
13 B12 Bit 12, least Significant Bit 

REFT 14 GND Ground 

CM 
15 +Vs +5V Power Supply 

ADS802 
16 ClK Convert Clock Input, 50% Duty Cycle 

REFB 17 +Vs +5V Power Supply 
18 5E HI: High Impedance State, lO or Floating: Nor-

+Vs· mal Operation. Internal pull·down resistors. 
19 MSBI Most Significant Bit Inversion, HI: MSB inverted 

MSBI for complementary output. lO or Floating: Straight 

5E output. Internal pull·down resistors. 
20 +Vs +5V Power Supply 

+Vs 
21 REFB BaHam Reference Bypass, For external bypass-

ing of internal + 1.2SV reference. 
ClK 22 CM Common-Mode Voltage. It is derived by 

(REFT + REFB)/2. 
15 +Vs 23 REFT Top Reference Bypass. For external bypassing 

of internal +3.25V reference. 
24 +Vs +5V Power Supply 
25 GND Ground 
26 IN Input 
27 iN Complementary Input 
28 GND Ground 

~;5 I N-4 I N-3 I N-2 I .:~ N I 

SYMBOL DESCRIPTION MIN TYP MAX UNITS 

!cONV Convert Clock Period 100 100~ ns 
tL Clock Pulse Low 48 50 ns 
tH Clock Pulse High 48 50 ns 
to Aperture Delay 2 ns 
t, Data Hold Time, CL = OpF 3.9 ns 
t, New Data Delay Time, CL = 15pF max 12.5 ns 

NOTE: (1) " II " indicates the portion of the waveform that will stretch out at slower sample rates. 
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For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES 
At TA ~ +25'C, Vs ~ +5V, Sampling Rate ~ 10MHz, with a 50% duty cycle clock having a 2ns rise/fall time, unless otherwise noted. 

SPECTRAL PERFORMANCE 
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TYPICAL PERFORMANCE CURVES (CONn 
At TA = +25"C. Vs = +5V. Sampling Rate = 10MHz. with a 50% duty cycle clock having a 2ns riselfall time. unless otherwise noted. 

DYNAMIC PERFORMANCE vs INPUT FREQUENCY SWEPT POWER SFDR 
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For Immediate AssistanceJ Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES (CONT) 
At TA = +25°C, Vs = +5V, Sampling Rate = 10MHz, with a 50% duty cycle clock having a 2ns riseJfali time, unless olherwise noted, 
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TYPICAL PERFORMANCE CURVES (CONT) 
At TA = +25'C, Vs = +5V, Sampling Rate = 10MHz, with a 50% duty cycle clock having a 2ns rise/fall time, unless otherwise noted. 
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For Immediate Assistance, Contact Your Loca/Salesperson 
THEORY OF OPERATION 
The ADS802 is a high speed sampling analog-to-digital 
converter with pipelining. It uses a fully differential archi
tecture and digital error correction to guarantee 12-bit reso
lution. The differential tracklhold circuit is shown in Figure 
1. The switches are controlled by an internal clock which 
has a non-overlapping two phase signal, <1>1 and <1>2. At the 
sampling time the input signal is sampled on the bottom 
plates of the input capacitors. In the next clock phase, <1>2, the 
bottom plates of the input capacitors are connected together 
and the feedback capacitors are switched to the op amp 
output. At this time the charge redistributes between C1 and 
CH, completing one tracklhold cycle. The differential output 
is a held DC representation of the analog input at the sample 
time. The tracklhold circuit can also convert a single-ended 
input signal into a fully differential signal for the quantizer. 

The pipelined quantizer architecture has 11 stages with each 
stage containing a two-bit quantizer and a two bit digital-to
analog converter, as shown in Figure 2. Each two-bit quan
tizer stage converts on the edge of the sub-clock, which is 
twice the frequency of the externally applied clock. The 
output of each quantizer is fed into its own delay line to 

~-_-oOUT 

r-_-oOUT 

OpAmp VCM 
Bias 

t Internal Non-overtapping Clock 
$1 $2 $1 

~~~. 
FIGURE 1. Input Track/Hold Configuration with Timing 

Signals. 

IN 

iN 
r;::=====~ Digital Delay 

Digital Delay 
Bl (MSB) 

B2 

B3 

" 
B4 

STAGE 2 ~ B5 
:g 
0 B6 
() 

g B7 
w B8 
~ B9 a 

Bl0 

Digital Delay Bl1 

B12 (LSB) 

Dighal Delay 

FIGURE 2. Pipeline AID Architecture. 
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time-align it with the data created from the following quan
tizer stages. This aligned data is fed into a digital error 
correction circuit which can adjust the output data based on 
the information found on the redundant bits. This technique 
gives the ADS802 excellent differential linearity and guar
antees no missing codes at the 12-bit level. 

Since there are two pipeline stages per external clock cycle, 
there is a 6.5 clock cycle data latency from the start convert 
signal to the valid output data. The output data is available in 
Straight Offset Binary (SOB) or Binary Two's Complement 
(BTC) format. 

THE ANALOG INPUT AND INTERNAL REFERENCE 

The analog input of the ADS802 can be configured in 
various ways and driven with different circuits, depending 
on the nature of the signal and the level of performance 
desired. The ADS802 has an internal reference that sets the 
full scale input range of the AID. The differential input range 
has each input centered around the common-mode of +2.25V, 
with each of the two inputs having a full scale range of 
+ I.25V to +3.25V. Since each input is 2V peak-to-peak and 
1800 out of phase with the other, a 4V differential input 
signal to the quantizer results. As shown in Figure 3, the 
positive full scale reference (REFT) and the negative full 
scale (REFB) are brought out for external bypassing. In 
addition, the common-mode voltage (CM) may be used as a 
reference to provide the appropriate offset for the driving 
circuitry. However, care must be taken not to appreciably 
load this reference node. For more information regarding 
external references, single-ended input, and ADS802 drive 
circuits, refer to the applications section. 

ADS802 

To 
Intemal 

Comparators 

FIGURE 3. Internal Reference Structure. 

CLOCK REQUIREMENTS 

The CLK pin accepts a CMOS level clock input. The rising 
and falling edges of the externally applied convert command 
clock control the various interstage conversions in the pipe
line. Therefore, the duty cycle of the clock should beheld at 
50% with low jitter and fast rise/fall times of 2ns or less. 
This is particularly important when digitizing a high fre
quency input and operating at the maximum sample rate. 
Deviation from a 50% duty cycle will effectively shorten 
some of the interstage settling times, thus degrading the 
SNR and DNL performance. 

BURR-aRQWN~ 

DIGITAL OUTPUT DATA 

The 12-bit output data is provided at CMOS logic levels. 
The standard output coding is Straight Offset Binary where 
a full scale input signal corresponds to all "1 's" at the output. 
This condition is met with pin 19 "LO" or Floating due to an 
internal pull-down resistor. By applying a logic "HI" voltage 
to this pin, a Binary Two's Complement output will be 
provided where the most significant bit is inverted. The 
digital outputs of the ADS802 can be set to a high imped
ance state by driving OE (pin 18) with a logic "HI". Normal 
operation is achieved with pin 18 "LO" or Floating due to 
internal pull-down resistors. This function is provided 
testability purposes and is not meant to drive digital 
directly or be dynamically changed during the conversion 
process. 

OUTPUT CODE 

SOB BTC 
PIN 19 PIN 19 

DIFFERENTIAL INPUT(') FLOATING or LOW HIGH 

+FS (IN = +3.25V, IN = + 1.25V) 111111111111 011111111111 
+FS -ILSB 111111111111 011111111111 
+FS -2LSB 111111111110 011111111110 
+314 Full Scale 111000000000 011000000000 
+112 Full Scale 110000000000 010000000000 
+114 Full Scale 101000000000 001000000000 
+ILSB 100000000001 000000000001 
Bipolar Zero (IN = iN = +2.25V) 100000000000 000000000000 
-ILSB 011111111111 111111111111 
-114 Full Scale 011000000000 111000000000 
-112 Full Scale 010000000000 110000000000 
-3/4 Full Scale 001000000000 101000000000 
-FS +ILSB 000000000001 100000000001 
-FS (IN = + 1.25V, iN = +3.25V) 000000000000 100000000000 

Note: In the single·ended input mode, +FS = +4.25V and -FS = +0.25V. 

TABLE I. Coding Table for the ADS802. 

APPLICATIONS 
DRIVING THE ADS802 

The ADS802 has a differential input with a common-mode 
of +2.25V. For AC-coupled applications, the simplest way 
to create this differential input is to drive the primary 
winding of a transformer with a single-ended input. A 
differential output is created on the secondary if the center 
tap is tied to the common-mode voltage of +2.25V per 
Figure 4. This transformer-coupled input arrangement pro-

.-----122 CM 

A~~~~~t?:--r--- ! 

: Mini-circuits: 
I TTI-6-KKBI I 

-=- : or equivalent: 
1 ________ 1 

IN 
ADS802 

FIGURE 4. AC-Coupled Single-Ended to Differential Drive 
Circuit Using a Transformer. 
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Optional 
High Impedance 30m 

Input AmPlif\ +5V(2) 

DC-Coupled 
Input Signal 

-5V 

24.90 

+ 
6040 

6040 604Q 

3010 

49.90 

3010 

2.49kQ 

7 I 
Input Level 
Shift Buffer 

NOTES: (1) A Philips BAS16 diode or equivalent 
may be used. (2) Supply bypassing not shown. 

"ADSB02 

CM 

FIGURE 5. A Low Distortion DC-Coupled, Single-Ended to Differential Input Driver Circuit. 

vides good high frequency AC perfonnance. It is important 
to select a transfonner that gives low distortion and does not 
exhibit core saturation at full scale voltage levels. Since the 
transfonner does not appreciably load the ladder, there is no 
need to buffer the common-mode (CM) output in this in
stance. In general, it is advisable to keep the current draw 
from the CM output pin below O.5~ to avoid nonlinearity 
in the internal reference ladder. A FET input operational 
amplifier such as the OPA130 can provide a buffered refer
ence for driving external circuitry. The analog IN and IN 
inputs should be bypassed with 22pFcapacitors to minimize 
track/hold glitches and to improve high input frequency 
perfonnance. 

If the signal needs to be DC coupled to the input of the 
ADS802, an operational amplifier input circuit is required. 
In the differential input mode, any single-ended signal must 
be modified" to create a differential signal. This can be 
accomplished by using two operational amplifiers, one in 
the noninverting mode for the input and the other amplifier 
in the inverting mode for the complementary input. The low 
distortion circuit in Figure 5 will provide the necessary input 
shiftiIi.g required for signals centered around ground. It also 
employs a diode for output level shifting to gnarantee a low 
distortion +3.25V output swing. Other amplifiers can be 
used in place of the OPA642s if the lowest distortion is not 
necessary. If output level shifting circuits are not used, care 
must be taken to select operational amplifiers that give the 
necessary perfonnance when swinging to +3.25V with a 
±5V supply operational amplifier. 

The ADS802 can also be configured with a single-ended 
input full scale range of +O.25V to +4,25V by tying the 
complementary input to the common-mode reference voltage 
as shown in Figure 6: This configuration will result in 
increased" even-order harmonics, especially at higher input 

f22 CM 

"::L L-
IO.l~F 

ADS802 
Single-Ended -::- J":;;; 

IN Input Signal 
J ~ 27 iN .i. 22pF L.::. 

Full Scale = +O.25V to +4.25V with internal references. 

FIGURE 6. Single-Ended Input Connection. 

frequencies. However, this tradeoff may be quite acceptable 
for time-domain applications. The driving amplifier must 
give adequate perfonnance with a +O.25V to +4.25V output 
swing in this case. 

EXTERNAL REFERENCES AND ADJUSTMENT OF 
FULL SCALE RANGE 

The internal reference buffers are limited to approximately 
lmA of output current. As a result, these internal +1.25V 
and +3.25V references may overridden by external refer
ences that have at least 25mA of output drive capability. In 
this instance, the common-mode voltage will be set halfway 
between the two references. This feature can be used to 
adjust the gain error, improve gain drift, or to change the full 
scale input range of the ADS802. Changing the full scale 
range to a lower value has the benefit of easing the swing 
requirements of external input drive amplifiers. The external 
references can vary as long as the value of the external top 
reference (REFTEXT) is less than or equal to +3.4V and the 
value of !he external bottom reference (REFBEXT) is greater 
than or equal to + 1.1 V and the difference between the 
external references are greater than or equal to 1.5V. 

BURR~BROWN8 
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AOSB02 13 

14 
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17 

NOTE: (1) All capacitors should be located as close to the pins as the manufacturing 
process will allow. Ceramic X7R surface-mount capacitors or equivalent are recommended. 

FIGURE 7. ADS802 Interface Schematic with AC-Coupling and External Buffers. 

For the differential configuration, the full scale input range will 
be set to the external reference values that are selected. For the 
single-ended mode, the input range is 2'(REFT EXT'" REFBEXT), 
with the common-mode being centered at (REFf EXT + 
REFBEXT )/2. Refer to the typical performance curves for 
expected performance vs full scale input range. 

PC BOARD LAYOUT AND BYPASSING 

A well-designed, clean PC board layout will assure proper 
operation and clean spectral response. Proper grounding and 
bypassing, short lead lengths, and the use of ground planes 
are particularly important for high frequency circuits. Mul
tilayer PC boards are recommended for best performance 
but if carefully designed, a two-sided PC board with large, 
heavy ground planes can give excellent results. It is recom
mended that the analog and digital ground pins of the 
ADS802 be connected directly to the analog ground plane. 
In our experience, this gives the most consistent results. The 
AID power supply commons should be tied together at the 
analog ground plane. Power supplies should be bypassed 
with O.I~ ceramic capacitors as close to the pin as possible. 

DYNAMIC PERFORMANCE TESTING 

The ADS802 is a high performance converter and careful 
attention to test techniques is necessary to achieve accurate 
results. Highly accurate phase-locked signal sources allow 
high resolution FFf measurements to be made without using 
data windowing functions. A low jitter signal generator such 
as the HP8644A for the test signal, phase-locked with a low 

BURR-BROWN® 

jitter HP8022A pulse generator. for the AID clock, gives 
excellent results. Low pass filtering (or bandpass filtering) 
of test signals is absolutely necessary to test the low distor
tion of the ADS802. Using a signal amplitude slightly lower 
than full scale will allow a small amount of "headroom" so 
that noise or DC offset voltage will not overrange the AID 
and cause clipping on signal peaks. 

DYNAMIC PERFORMANCE DEFINITIONS 

1. Signal-to-Noise-and-Distortion Ratio (SINAD): 

1010 Sinewave Signal Power 
g Noise + Harmonic Power (first 15 harmonics) 

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

IO log ------
Noise Power 

3. Intermodulation Distortion (IMD): 

O 1 Highest IMD Product Power (to 5th-order) 
1 og-------------

Sinewave Signal Power 

IMD is referenced to the larger of the test signals fJ or f2• 

Five "bins" either side of peak are used for calculation of 
fundamental 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. 
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For Immediate Assistance, Contact Your Local Salesperson 

BURR - BROWN® 

IEaEaI ADS820 

~-9'q.'~N 10-Bit, 20MHz Sampling 
ANALOG-TO-DIGITAL CONVERTER 

FEATURES 
• NO MISSING CODES 

• INTERNAL REFERENCE 
• LOW DIFFERENTIAL LINEARITY ERROR: 

O.2LSB 

• LOW POWER: 195mW 

• HIGH SNR: 60dB 
• WIDEBAND TRACK/HOLD: 65MHz 

• 3-STATE OUTPUTS 

• PACKAGE: 28-Pin SOIC 

APPLICATIONS 
• SET-TOP BOXES 

• CABLE MODEMS 

• VIDEO DIGITIZING 

• CCD IMAGING 
Camcorders 
Copiers 
Scanners 
Security Cameras 

• IF AND BASEBAND DIGITIZATION 

IN 

DESCRIPTION 
The ADS820 is a low power, monolithic lO-bit, 20MHz 
analog-to-digital converter utilizing a small geometry 
CMOS process. This COMPLETE converter includes 
a lO-bit quantizer with internal track/hold, reference, 
and a power down feature. It operates from a single 
+5V power supply and can be configured to accept 
either differential or single-ended input signals. 

The ADS820 employs digital error correction to pro
vide excellent Nyquist differential linearity perfor
mance for demanding imaging applications. Its low 
distortion, high SNR and high oversampling capability 
give it the extra margin needed for telecommunications 
and video applications. 

This high performance converter is specified for AC 
and DC performance at a 20MHz sampling rate. The 
ADS820 is available in a 28-pin SOICpackage. 

CLK MSBI 

3-5101e 
Oulpuls 

10-Bil 
Digital 
Dala 

REFT o-t----+-----' 

CMo-t----+------" 

REFB o-t----+-------' 

International A1rporllndustrlal Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S_ Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 746·1111 • Twx: 910-952-1111 • cable:BBRCORP • Tolox:066-6491 • FAX: (520) 88S-1510 • Immedlale Producllnlo: (600)548-6132 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 
SPECIFICATIONS 
At TA = +25'C, Vs = +5V, Sampling Rate = 20MHz, with a 50% duty cycle clock having a 2ns riseifalltime, unless otherwise nOled. 

ADS820U 

PARAMETER CONDtTtONS TEMP MtN TVP 

Resolution 10 Guaranleed 
Specified Temperalure Range TAMBIENT -40 

ANALOG INPUT 
Differential Full Scale Input Range +1.25 
Common-Mode Voltage 2.25 
Analog Input Bandwidlh (-3dB) 

Small Signal -20dB Inpul +25'C 120 
Full Powsr OdB Input +25'C 65 

Input Impedance 1.25114 

DIGITAL INPUT 
Logic Family 

Start Conversion 
Compatible 

Convert Command Falling" Edge 

ACCURACYI') 
Gain Error +25'C ±0_6 

Full ±1.0 
Gain Tempco ±85 
Power Supply Rejection 01 Gain Delta +Vs = ±5% +2SQC 0.01 
Input Offsel Error +25'C ±2.0 

Full ±2.1 
Power Supply Rejection 01 Olfset Delta +Vs = ±5% +25'C 0.02 

CONVERSION CHARACTERISTICS 
Sample Rate 10k 
Dati Latency 6.5 

DYNAMIC CHARACTERISTICS 
Differenlial Linearity Error 

I = 500kHz +25'C ±D.15 
Full ±O.IS 

f = 10MHz +25'C ±D.2 
Full ±0.2 

No Missing Codes Full Guaranteed 
Integral Linearity Error al f = 500kHz Full ±D.5 
Spurious-Free Dynamic Range (SFDR) 

I = 500kHz (-ldBFS input) +25'C 67 77 
Full 64 74 

1= 10MHz (-ldBFS input) +25'C 59 63 
Full 57 62 

Two-Tone Inlermodulalion Distortion (IMD)I') 
:nvelope) I = 4.4MHz and 4.5MHz (relerred to -1 dBFS +25'C ~1 

Full ~O 

Signal-to-Noise Ratio (SNR) 
I = 500kHz (-1 dBFS input) +25'C 58 60.5 

Full 56 60 
1= 10MHz (-ldBFS input) +25'C 58 60 

Full 56 60 
Signal-to-(Noise + Distortion) (SINAD) 

I = 500kHz (-1 dBFS input) +25'C 58 60 
Full 55 60 

I = 10MHz (-1 dBFS input) +25'C 56 58 
Full 54 57 

Differential Gain Error NTSC or PAL +25'C 0.5 
Differential Phase Error NTSC or PAL +2S'C 0.1 
Effective Bitsl4) liN = 3.58MHz 9.5 
Aperture Delay Time +25'C 2 
Aperture Jitter +25QC 7 
Overvollage Recovery Timet.) 1.5x Full Scale Input +25'C 2 

MAX UNtTS 

Bits 0 
+85 'C N 

CO en +3.25 V 
0 V 

<C 
MHz 
MHz 

Mil II pF 

en 
I-

±1.5 % Z ±2.5 % 
ppml"C W 

0.1 %FSR/% Z 
±2.5 % a ±3.0 %FSR/% a. 0.1 %FSAfOIo 

:5 
20M Sample/s a 

~Convert Cycle 0 
Z 

±1.0 LSB a 
±1.0 LSB i= ±1.0 LSB 
±1.0 LSB ~ 
±2.0 LSB :l 

0 dBFS 
dBFS 0 
dBFS <C 
dBFS 

~ dBc 
dBc <C 
dB 

0 
dB en dB a: dB 

W 
dB I-
dB a: 
dB W dB > % 

degrees Z 
Bits a 
ns 0 ps rms 
ns 0 

NOTE: (1) dBFS refers to dB below Full Scale. (2) Percentage accuracies are referred 10 the internal AID Full Scale Range 01 4Vp-p. (3) IMD is referred 10 the < 
larger of Ihe two input Signals. II relerred 10 the peak envelope signal (=OdB), the inlermodulalion products will be 7dB lower. (4) Based on (SINAD - 1.76)/6.02. 
(5) No "rollover" of bits. 

The information provided herein is believed 10 be reliable; however, BURR-BROWN assumes no responsibility lor inaccuracies or omissions. BURR-BROWN assumes 
no responsibilily lor the use 01 Ihis information, and all use of such inlormalion shall be enlirely al the user's own risk. Prices and specificalions are subject 10 change 
wilhoul notice. No palent rights or licenses to any 01 the circuits described herein are implied or granted to any third party. BURR-BROWN does nol authorize or warranl 
any BURR-BROWN product for use in lile support devices andlor systems. 

BURR-BROWN® 
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For Immediate AssistanceJ Contact Your Local Salesperson 
SPECIFICATIONS (CO NT) 
At TA = +25'C, Vs = +5V, Sampling Rate = 20MHz, wfth a 50% duty cycle clock having a 2ns rise/fall time, unless otherwise noted. 

PARAMETER 

OUTPUTS 
Logic Family 
Logic Coding 
Logic Levels 

3-State Enable Time 
3-Stale Disable Time 

POWER SUPPLY REQUIREMENTS· 
Supply Voltage: +Vs 
Supply Current: +Is 

Power Consumption 

Thennal ReSistance, 8JA 
28-Pin SOIC 

ORDERING INFORMATION 

Basic Model Number 
Package Code 

U: 28-Pin SOIC 

PACKAGE INFORMATION 

MODEL PACKAGE 

ADS820U 28-Pln SOIC 

CONDITIONS 

Logic Selectable 
Logic "LO", CL = 15pF 
Logic "HI", CL = 15pF 

Operating 
Operating 
Operating 
Operating 
Operating 

PACKAGE DRAWING 
NUMBER(1) 

217 

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

ABSOLUTE MAXIMUM RATINGS 

+V, ...........•...............................................•........................................... +6V 
Analog Input .............................................................. OV to (+V, + 300mV) 
Logic Input ................................................................ OV to (+Vs+ 300mV) 
Case Temperature ......................................................................... +1OO°C 
Junction Temperature .................................................................... + 150'C 
Storage Temperature ............................................................•........ + 125'C 
External Top Reference Voltage (REFT) .................................. +3.4V Max 
External Bottom Reference Voltage (REFB) .............................. + 1.1V Min 

NOTE: Stresses above these raMgs may permanently damage the device. 

ADS820U 

TEMP MIN TYP MAX UNITS 

nLJJcT Compatible JMOS 
SOB or BTC 

Full 0 0.4 V 
Full 2.5 +Vs. V 

20 40 ns 
Full 2 10 ns 

Full +4.75 +5 +5.25 .v 
+25'C 39 47 mA 

Full 40 55 mA 
+25'C 195 235 mW 

Full 200 275 MW 

75 'C/W 

A ELECTROSTATIC 
Jl!Ia. 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. 

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 
methods. 

BURR - BROWN<l!I 
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PIN CONFIGURATION 

TOP VIEW 

GND 

Bit 1 (MSB) 

Bit 2 

Bit 3 

Bit4 

BitS 

Bit 6 

Bit 7 

Bit 8 

Bit 9 

Bit 10 (lSB) 

DNC 

DNC 

GND 14 

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

ADS820 

28 GND 

iN 

IN 

GND 

REFT 

CM 

REFB 

MSBI 

OE 

ClK 

SOIC 

PIN DESCRIPTIONS 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

19 

20 
21 

22 

23 

GND 
B1 
B2 
B3 
B4 
B5 
B6 
B7 
B8 
B9 
B10 
DNC 
DNC 
GND 
+Vs 
ClK 
+Vs 
5E 

MSBI 

+Vs 
REFB 

CM 

REFT 

Ground 
Bit 1, Most Significant Bit 
Bit 2 
Bit 3 
Bit 4 
Bit 5 
Bit 6 
Bit 7 
Bit 8 
Bit 9 
Bit 10, least Significant Bit 
Do not connect. 
Do not connect. 
Ground 
+5V Power Supply 
Convert Clock Input, 50% Duty Cycle 
+5V Power Supply 
HI: High Impedance State. lO or Floating: Nor
mal Operation. Internal pull-down resistor. 
Most Significant Bit Inversion, HI: MSB inverted 
for complementary output. lO or Floating: Straight 
output. Internal pull-down resistor. 
+5V Power Supply 
Bottom Reference Bypass. For external bypass~ 
ing of internal + 1.2SV reference. 
Common-Mode Voltage. It is derived by (REFT + 
REFB)/2. 
Top Reference Bypass. For external bypassing 
of internal +3.2SV reference. 
+5V Power Supply 

DNC: Do Not Connect 
24 
25 
26 
27 
28 

+Vs 
GND 

IN 
iN 

GND 

Ground 

TIMING DIAGRAM 

CONVERT 
CLOCK 

OUTPUT 
DATA 

" I Data Invalid 

SYMBOL 

lcoNv 
tL 
tH 
to 
t, 
t, 

DESCRIPTION 

Convert Clock Period 
Clock Pulse low 
Clock Pulse High 
Aperture Delay 

Data Hold Time, CL = OpF 
New Data Delay Time, CL = 15pF max 

MIN TYP 

50 
24 25 
24 25 

2 
3.9 

Input 
Complementary Input 
Ground 

MAX UNITS 

100j1S ns 
ns 
ns 
ns 
ns 

12.5 ns 

NOTE: (1) • II " Indicates the portion of the waveform that Will stretch out at slower sample rates. 
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For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES 
At TA ~ +25°C, Vs = +5V, Sampling Rate ~ 20MHz, with a 50% duty cycle clock having a 2ns riselfall time, unless otherwise noted. 

SPECTRAL PERFORMANCE 
Or-~--";----r---'----'---., 

1ii' -40 ~-+--+-----~----~-----+----~ 
:s 

I ::I-~--+--+--+_-----+-----+-----l 
-100 

1.0 2.0 3.0 4.0 5.0 

Frequency (MHz) 

SPECTRAL PERFORMANCE 

o r-----~-----r----~----~-----n 

-20 ~----+_----~----~.....,.---+-----+I 

~-40 

" ~ -60 I-----+-----+_-----+-----+--~-H 

I - -80 I-r-----+--,---+,-----+---r--.tl-;-;-+-t-H 

-100 

2.0 4.0 6.0 8.0 10.0 

Frequency (MHz) 

DIFFERENTIAL LINEARITY ERROR 
2.0 r---,...---,...---,----,.-,---, 

f'N = 500kHz 

1.0 ~----+_----~--_:_-+-----l----~ 

-1.0 ~----+_----~-----+-----l----~ 

-2.0 L-____ ...l-____ ~ ____ ....J.. ____ --l ____ --I 

24 224 424 624 824 1024 

Code 

SPECTRAL PERFORMANCE 

-20 

1ii' -40 
:s 
" -g -60 
~ 
E 
..: -80 

-100 

Frequency (MHz) 

lWO-TONE INTERMODULATION 
0 

f, =4.5MHz 
-eo f,=4.4MHz 

1ii' -40 
:s 
" .., 

-60 .e 
Ci. 
E . ..: -80 

-100 

2.50 5.00 7.50 10.00 

Frequency (MHz) 

DIFFERENTIAL LINEARITY ERROR 
2.0 ....---,..---,----,----,--,---, 

f'N= 10MHz 

1.0 ~----+-----~-----+-----+-----I 

-1.0 ~----+-----~-----+-----+-----I 

-2.0 '-------'------'-------'-------'------' 
24 224 424 624 824 1024 

Code 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 
TYPICAL PERFORMANCE CURVES (CO NT) 
At T, = +25°C, Vs = +5V, Sampling Rate = 20MHz, with a 50% duty cycle clock having a 2ns riselfall time, unless otherwise noted, 

DYNAMIC PERFORMANCE vs INPUT FREQUENCY 
85 

80 

~ 75 
II: 
iJj 70 
ri 
Cl 
~ 65 

60 

55 
100k 

iii 
:g. 

60 

50 

40 

II: 30 
z en 

20 

10 

V 

-

.......... V 

II 
"'-

~F6~1 
1;'-

'< 
SN\ 

1M 10M 

Frequency (Hz) 

SWEPT POWER SNR 

1- _I 
f'N= 10MHz V 

V 
V 

V 

100M 

o 
-48:125 -40 -30 -20 -10 

Input Amplitude (dBm) 

o 10 

DYNAMIC PERFORMANCE 
vs SINGLE-ENDED FULL-SCALE INPUT RANGE 

80 

SFDR (f,J = 500kHz) 
75 

iii' 
:g. 

" 70 
~ 

/-~ 
II: 

" 'E 65 
'" c 
>. 
Cl 

60 

55 

SFDR (f'N = 10MHz) --~ SNR (f'N = 500kHz) 

~ '-
SNR (f'N = 10MHz) 

2 3 4 

Single-Ended Full-Scale Input Range (Vp-p) 

NOTE: REFT EXT varied, REFB is fixed at the internal value of + 1.25V. 
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SWEPT POWER SFDR 
100 

f'N = 10MHz 

80 r--' '-./'" 
iil 
~ V-'" ~ 

"-
In 
:g. 
II: 
Cl 
"-en 

iii 
~ 
w 
:! 

60 

40 

20 

o 
-50 

4.0 

2.0 

-2.0 

-4.0 
24 

80 

75 
iii 
:g. 

" 70 '" c 

'" II: 
.2 
E 65 
~ 
>. 
Cl 

60 

55 

-40 -30 -20 -10 10 

Input Amplitude (dBm) 

INTEGRAL LINEARITY ERROR 

I 
f'N = 500kHz 

.~ _r-../'" II... .~ lh. 
-V '"-... 

224 424 624 824 1024 

Code 

DYNAMIC PERFORMANCE 
vs DIFFERENTIAL FULL-SCALE INPUT RANGE 

SFDR (f'N = 500kHz) 

\ 

~ 
SFDR (f'N = 10MHz) 

I 
SNR (tN = 5\OkHZ) ............... 

I 
'-. 

SNR (f'r = 10MHz) 

2 3 4 5 

Differential Full-Scale Input Range (Vp-p) 

NOTE: REFT EXT varied, REFB is fixed at internal value of + 1.25V. 
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For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES (CONT) , 
At TA = +25°C. Vs = +5V. Sampling Rate = 20MHz. with a 50% duty cycle clock having a 2ns rise/fall time._ unless otherwise"noted. 

DIFFERENTIAL LINEARITY ERROR vs TEMPERATURE 
SPURIOUS FREE DYNAMIC RANGE 

vs TEMPERATURE 
0.3 

J .1 

90 

,I .l 
f'N = 500kHz 

10 
~ 
W 
..J 
Cl 

10 
:!!. 

0.2 

0.1 

o 
-50 

70 

65 

a: 60 
z en 

.... f'N= ,10MHZ 

I--- ~ ---\ 

'·'r 
-25 o 25 50 75 

Ambient Temperature (OC) 

SIGNAL-TO-NOISE RATIO vs TEMPERATURE 

f'N=50\,Z 

\ 
f'N= 10MHz 

100 

10 
:!!. 

80 

60 

50 
-50 

62 

60 

~ 58 

iii 

1 

----
f'N =110jHZ 

-25 o 25 50 

~ 

-

Ambient Temperature (OC) 

SIGNAL-TO-(NOISE + DISTORTION) 
vs TEMPERATURE 

~ 
f'N =500k\: 

75 100 

55 56 
It 

f'N i 10MHz r----

50 
-50 

42 

40 

38 

36 
-50 

2.162 

-25 o 25 50 75 100 

Ambient Temperature (OC) 

SUPPLY CURRENT vs TEMPERATURE 

------~ --:--

-25 o 25 50 75 100 

Ambient Temperature (OC) 

54 
-50 

210 

200 

180 

170 
-50 

-25 25 50 75 100 

Ambient Temperature (OC) 

POWER DISSIPATION vs TEMPERATURE 

-r--r--I---

-25 25 50 75 100 
Ambient Temperature (OC) 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 
TYPICAL PERFORMANCE CURVES (CONT) 
At T A = +25'C, V s = +5V, Sampling Rate = 20MHz, with a 50% duty cycle clock having a 2ns rise/fall time, unless otherwise noted. 

GAIN ERROR vs TEMPERATURE OFFSET ERROR vs TEMPERATURE 
-Q.05 

~ -Q.55 

ff! 
e 
" 'iij 

(!) -1.05 
/' 

/' 
~ -

V V 

/' 
-1.75 

~ -2.0 

ff! 
~ ... 
:f!l a -2.25 

--- .............. 

~ 
" 

o 
N 
CO 
tJJ 
C 
<C 

tJJ 
I
Z 

100 W 
-1.55 

-50 
-2.50 

-];0 -25 25 50 75 100 25 50 75 -25 

Ambient Temperature ('C) 

TRACK-MODE SMAll-SIGNAL INPUT BANDWIDTH 
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THEORY OF OPERATION 
The ADS820 is a high speed sampling analog-to-digital 
converter with pipelining. It uses a fully differential archi
tecture and digital error correction to guarantee lO-bit reso
lution. The differential track/hold circuit is shown in Figure 
1. The switches are controlled by an internal clock which has 
a non-overlapping two phase signal, cl>l andcl>2. At the 
sampling time the input signal is sampled on the bottom 
plates of the input capacitors. In the next clock phase, cl>2, the 
bottom plates of the input capacitors are connected together 
and the feedback capacitors are switched to the op amp 
output. At this time the charge redistributes between C1 and 
CH, completing one track/hold cycle. The differential output 
is a held DC representation of the analog input at the sample 
time. The track/hold circuit can also convert a single-ended 
input signal into a fully differential signal for the quantizer. 

The pipelined quantizer architecture has 9 stages with each 
stage containing a two-bit quantizer and a two bit digital-to
analog converter, as shown in Figure 2. Each two-bit quan
tizer stage converts on the edge of the sub-clock, which is 
twice the frequency of the externally applied clock. The 
output of each quantizer is fed into its own delay line to 

IN 

iN 

FIGURE 2. Pipeline AID Architecture. 

• • 

"",.---'t-{) OUT 

/"=---~ro OUT 

OpAmp VCM 

Bias 

t Internal Non·overlapping Clock 
+1 +2 +1 

~~~. 
FIGURE 1. Input TrackIHold Configuration with Timing 

Signals. 
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time-align it with the data created from the following quan
tizer stages. This aligned data is fed into a digital error 
correction circuit which can adjust the output data based on 
the information found on the redundant bits. This technique 
gives the ADS820 excellent differential linearity and guar
antees no missing codes at the lO-bit level. 

There is a 6.5 clock cycle data latency from the start convert 
signal to the valid output data. The output data is available in' 
Straight Offset Binary (SOB) or Binary Two's Complement 
(BTC) format. 

THE ANALOG INPUT AND INTERNAL REFERENCE 

The analog input of the ADS820 can be configured in 
various ways and driven with different circuits, depending 
on the nature of the signal and the level of performance 
desired. The ADS820 has an internal reference that sets the 
full scale input range of the AID. The differential input range 
has each input centered around the common-mode of +2.25V, 
with each of the two inputs having a full scale range of 
+1.25V to +3.25V. Since each input is 2V peak-to-peak and 
1800 out of phase with the other, a 4V differential input 
signal to the quantizer results. As shown in Figure 3, the 
positive full scale reference (REFT) and the negative full 
scale reference (REFB) are brought out for external bypass
ing. In addition, the common-mode voltage (CM) may be 
used as a reference to provide the appropriate offset for the 
driving circuitry. However, care must be taken not to appre
ciably load this reference node. For more information re
garding external references, single-ended inputs, and 
ADS820 drive circuits, refer to the applications section. 

ADS820 

To 
Internal 

Comparators 

FIGURE 3. Internal Reference Structure. 

CLOCK REQUIREMENTS 

The CLK pin accepts a CMOS level clock input. The rising 
and falling edge of the externally applied convert command 
clock control the various interstage conversions in the pipe
line. Therefore, the duty cycle of the clock should be held at 
50% with low jitter and fast rise/fall times of 2ns or less. This 
is especially important when digitizing a high frequency 
input and operating at the maximum sample rate. Deviation 
from a 50% duty cycle will effectively shorten some of the 
interstage settling times, thus degrading the SNR and DNL 
performance. 

BURR-BROWN® 

DIGITAL OUTPUT DATA 

The lO-bit output data is provided at CMOS logic levels. 
The standard output coding is Straight Offset Binary where 
a full scale input signal corresponds to all "I 's" at the output. 
This condition is met with pin 19 "La" or Floating due to an 
internal pull-down resistor. By applying a high voltage to 
this pin, a Binary Two's Complement output will be pro
vided where the most significant bit is inverted. The digital 
outputs of the ADS820 can be set to a high impedance state 
by driving OE (pin 18) with a logic "HI". Normal operation 
is achieved with pin 18 "La" or Floating due to 
pull-down resistors. This function is provided for 
purposes and is not meant to drive digital buses directly 
be dynamically changed during the conversion process. 

OUTPUT CODE 

SOB BTC 
PIN 19 PtN 19 

DIFFERENTIAL INPul1' l FLOATING or LO HI 

+FS (IN = +3.25V. IN = + 1.25V) 1111111111 0111111111 
+FS -tlSB 1111111111 0111111111 
+FS -2lSB 1111111110 0111111110 
+314 Full Scale 1110000000 0110000000 
+1/2 Full Scale 1100000000 0100000000 
+ 1/4 Full Scale 1010000000 0010000000 
+llSB 1000000001 0000000001 
Bipolar Zero (IN = iN = +2.25V) 1000000000 0000000000 
-llSB 0111111111 1111111111 
-1/4 Full Scale 0110000000 1110000000 
-1/2 Full Scale 0100000000 1100000000 
-3/4 Full Scale 0010000000 1010000000 
-FS +llSB 0000000001 1000000001 
-FS (IN = + 1.25V, iN = +3.25V) 0000000000 1000000000 

Note: In the single-ended input mode, +FS = +4.25V and -FS = +0.25V. 

TABLE I. Coding Table for the ADS820. 

APPLICATIONS 
DRIVING THE ADS820 

The ADS820 has a differential input with a common-mode 
of +2.25V. For AC-coupled applications, the simplest way 
to create this differential input is to drive the primary 
winding of a transformer with a single-ended input. A 
differential output is created on the secondary if the center 
tap is tied to the common-mode voltage (CM) of +2.25V per 
Figure 4. This transformer-coupled input arrangement pro-

A~~~~~t?:--r--- i 
: Mini~Circujts: 
I TTt-6-KKBl I 

-:- : or equivalent: 
' ________ ' 

IN 
ADS820 

FIGURE 4. AC-Coupled Single-Ended to Differential Drive 
Circuit Using a Transformer. 
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For Immediate Assistance, Contact Your Local Salesperson 
vides good high frequency AC perfonnance. It is important 
to select a transfonner that gives low distortion and does not 
exhibit core saturation at full scale voltage levels. Since the 
~sfonner does not appreciably load the ladder, there is no 
need to buffer the common-mode (CM) output in this in
stance. In general, it is advisable to keep the current draw 
from the CM output pin below O.5J.IA to avoid nonlinearity 
in the internal reference ladder. A PET input operational 
amplifier such as the OPA130 can provide a buffered refer
ence for driving external circuitry. The analog IN and IN 
inputs should be bypassed with 22pF capacitors to minimize 

Optional 
High Impedance 30111 

Input AmPlif\ +5V(2) 

DC·Coupled 
Input Signal 

24.911 

60411 604!l 

+5V 

30111 
604!l 

track/hold glitches and to improve high input frequency 
perfonnance. 

If the signal needs to be DC coupled to the input of the 
ADS820, an operational amplifier input circuit is required. 
In the differential input mode, any single-ended signal must 
be modified to create a differential signal. This can be 
accomplished by using two operational amplifiers, one in 
the noninverting mode for the input and the other amplifier 
in the inverting mode for the complementary input. The low 
distortion circuit in Figure 5 will provide the necessary input 
shifting required for signals centered around ground. It also 

+5V 

3010 

49.911 

3010 

NOTES: (1) A Philips BAS16 diode or equivalent may be used. 
(2) Supply bypassing not shown. (3) OPA620 or OPA650 may be 
substituted. See "Driving the ADS820' section. 

FIGURE 5. A Low Distortion DC-Coupled, Single-Ended to Differential Input Driver Circuit. 

+5V -5V 

24311 
.----vI/I/'----u-5V 

IN 

DC·Coupled 
Input Signal V--VVV·_.,.--, 

6 1k!l 

1nF -::-

ADS820 

+----,/w----o -5V 

NOTE: Power supplies and bypassing not shown. The measurad SNR performance with 12.5MHz Inpulsignalls 57dB wHh this driver circuit. 

FIGURE 6. A Wideband DC-Coupled, Single-Ended to Differential Input Driver Circuit. 
BURR-BROWNe 
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J22 eM i O.l~FL-
ADS820 

Single-Ended ~ r.:;:; 
IN Input Signal ' L Y; 

::!:: -~ iN 

.I. 22pF 

"7" 

Full Scale = +O.25V to +4.25V with internal references. 

FIGURE 7. Smgle-Ended Input ConnectlOn_ 

employs a diode for output level shifting to guarantee a low 
distortion +3.25V output swing. Another DC-coupled circuit 
is shown in Figure 6. Other amplifiers can be used in place 
of the OPA642s if the lowest distortion is not necessary. If 
output level shifting circuits are not used, care must be taken 
to select operational amplifiers that give the necessary per
formance when swinging to +3.25V with a ±5V supply 
operational amplifier. The OPA620 and OPA62 I , or the 
lower power OPA650 and OPA65 I can be used in place of 
the OPA642s in Figure 5. In that configuration, the OPA650 
and OPA651 will typically swing to within 100mV of 
positive fuJI scale. If the OPA621 or OPA651 is used, the 
input buffer must be configured in a gain of 2. 

The ADS820 can also be configured with a single-ended 
input fuJI scale range of +O.25V to +4.25V by tying the 
complementary input to the common-mode reference voltage 
as shown in Figure 7. This configuration will result in 

increased even-order harmonics, especiaJly at higher input 
frequencies. However, this tradeoff may be quite acceptable 
for time-domain applications. The driving amplifier must 
give adequate performance with a +0.25V to +4.25V output 
swing in this case. 

EXTERNAL REFERENCES AND ADJUSTMENT OF 
FULL SCALE RANGE 

The internal reference buffers are limited to approximately 
ImA of output current. As a result, these internal +L25V 
and +3.25V references may overridden by external 
ences that have at least 25mA of output drive ~aIJau ..... y. 

this instance, the common-mode voltage will be set 
between the two references. This feature can be used to 
adjust the gain error, improve gain drift, or to change the fuJI 
scale input range of the ADS820. Changing the fuJI scale 
range to a lower value has the benefit of easing the swing 
requirements of external input amplifiers. The external ref
erences can vary as long as the value of the external top 
reference (REFT EXT) is less than or equal to +3.4 V and the 
value of the external bottom reference (REFBEXT) is greater 
than or equal to +LIV and the difference between the 
external references are greater than or equal to 800m V. 

For the differential configuration, the fuJI scale input range 
will be set to the external reference values that are selected. 
For the single-ended mode, the input range is 2-(REFT EXT -
REFBEXT), with the common-mode being centered at 
(REFTEXT + REFBEXT)!2- Refer to the typical performance 
curves for expected performance vs fuJI scale input range. 

IDT74FCT2245 
11 9 

12 

13 

14 

ADS820 

NOTE: (1) All capacitors should be located as close to the pins as the manufacturing 
process will allow. Ceramic X7R surface-moont capacitors or equivalent are recommended. 

FIGURE 8. ADS820 Interface Schematic with AC-Coupling and External Buffers. 
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For Immediate Assistance, Contact Your Local Salesperson 
PC BOARD LAYOUT AND BYPASSING 

A well-designed, clean PC board layout will assure proper 
operation and clean spectral response. Proper grounding and 
bypassing, short lead lengths, arid the use of ground planes 
are particularly important for high frequency circuits. Mul
tilayer PC boards are recommended for best performance 
but if carefully designed, a two-sided PC board with large, 
heavy ground planes can give excellent results. It is recom
mended that the analog and digital ground pins of the 
ADS820 be connected directly to the analog ground plane. 
In our experience, this gives the most consistent results. The 
AID power supply commons should be tied together at the 
analog ground plane. Power supplies should be bypassed 
with O.lf.IF ceramic capacitors as close to the pin as possible. 

DYNAMIC PERFORMANCE TESTING 

The ADS820 is a high performance converter and careful 
attention to test techniques is necessary to achieve accurate 
results. Highly accurate phase-locked signal sources allow 
high resolution FFT measurements to be made without using 
data windowing functions. A low jitter signal generator such 
as the HP8644A for the test signal, phase-locked with a low 
jitter HP8022A pulse generator for the AID clock, gives 
excellent results. Low pass filtering (or bandpass filtering) 
of test signals is absolutely necessary to test the low distor
tion of the ADS820. Using a signal amplitude slightly lower 
than full scale will allow a small amount of "headroom" so 
that noise or DC offset voltage will not overrange the AID 
and cause clipping on signal peaks. 

DYNAMIC PERFORMANCE DEFINITIONS 

1. Signal-to-Noise-and-Distortion Ratio (SINAD): 

10 10 Sinew ave Signal Power 
g Noise + Harmonic Power (first 15 harmonics) 

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

10 log 
Noise Power 

3. Intermodulation Distortion (lMD): 

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

Sinewave Signal Power 

IMD is referenced to the larger of the test signals f\ or f2• 

Five "bins" either side of peak are used for calculation of 
fundamental 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. 

BURR-BROWNe 

2.168 Burr-Brown Ie Data Book-Mixed Signal Products IElElI 



Or, Call Customer Service aI1·800·548·6132 (USA Only) 

BURR-BROWN® 

IElElI ADS821 

"'" ~qb..c~~ 10-Bit, 40MHz Sampling 
ANALOG-TO-DIGITAL CONVERTER 

FEATURES 
• NO MISSING CODES 

• INTERNAL REFERENCE 

• LOW POWER: 380mW 

• HIGH SNR: 58dB 

• INTERNAL TRACK/HOLD 

• 3·STATE OUTPUTS 
• PACKAGE: 28-Pin SOIC 

APPLICATIONS 
• VIDEO DIGITIZING 

• ULTRASOUND IMAGING 

• GAMMA CAMERAS 

• SET-TOP BOXES 

• CABLE MODEMS 

• CCD IMAGING 
Color Copiers 
Scanners 
Camcorders 
Security Cameras 
Fax Machines 

DESCRIPTION 
TheADS82l is a low power, monolithic lO-bit,40MHz 
analog-to-digital converter utilizing a small geometry 
CMOS process. This COMPLETE converter includes 
a lO-bit quantizer with internal tracklhold, reference, 
and a power down feature. It operates from a single 
+5V power supply and can be configured to accept 
either differential or single-ended input signals. 

The ADS821 employs digital error correction to pro
vide excellent Nyquist differential linearity perfor
mance for demanding imaging applications. Its low 
distortion, high SNR and high oversampling capability 
give it the extra margin needed for telecommunications 
and video applications. 

This high performance converter is specified for AC 
and DC performance at a 40MHz sampling rate. The 
ADS821 is available in a 28-pin SDIC package. 

CLK MSBI 

• IF AND BASEBAND DIGITIZATION 

• TEST INSTRUMENTATION IN 

IN 

REFT 0+----+----' 

CMO+---~---~ 

REFB o+---~------' 

3·State 
Outputs 

10-Bit 
Digital 
Data 

Internatlonal Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 746-1111 • Twx: 9100&52-1111 • Cabla: BBRCORP • Telex: 066-64!11 • FAX: (520) 889-1510 • Immediate Product Inlo: (800) 548-6132 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS 
At TA = +25'C, Vs = +5V, Sampling Rate = 40MHz, with a 50% duty cycle clock having a 2ns riselfall time, unless otherwise noted. 

ADS821U 

PARAMETER CONDmONS TEMP MIN TYP 

Resolution 
Specified Temperature Range TAMBrENT -40 

ANALOG INPUT 
Differential Full Scale Input Range +1.25 
Common· Mode Voltage 2.25 
Analog Input Bandwidth (-3dB) 

Small Signal -2OdBFSll) Input +25'C 120 
Full Power OdB Input +25'C 55 

Input Impedance 1.25114 

DIGITAL INPUT 

MAX 

to 
+85 

+3.25 

Logic Family TIUHCT Compatible CMOS 
Convert Command Start Conversion Falling Edge 
ACCURACy(2) 
Gain Error +25'C ±a.6 ±1.5 

Full ±1.1 ±2.5 
Gain Tempco ±65 
Power Supply Rejeclion of Gain Delta +Vs = ±5% +25'C 0.01 0.15 
Input Offset Error +25'C ±2.0 ±2.5 

Full ±2.1 ±3.0 
Power Supply Rejection of Offset Delta +Vs = ±S% .' +25'C 0.02 0.15 

CONVERSION CHARACTERISTICS 
Sample Rate 10k 40M 
Data Latency 6.5 

DYNAMtC CHARACTERISTICS 
Differential Linearity Error tH = 13ns(3) 

f = 500kHz +25'C ±a.5 ±1.0 
O'C to +70'C ±a.6. . ±1.0 

f = 12MHz +25'C ±a.5 ±1.0 
O'C to +70'C ±a.6 ±1.0 

No Missing Codes O'C to +70'C Guaranteed 
Integral Linearity Error at f = 500kHz O'C to +70'C ±a.5 ±2.0 
Spurious·Free Dynamic Range (SFDR) 

f = 500kHz (-ldBFS input) +25'C 60 70 
Full 54 67 

f = 12MHz (-ldBFS input) +25'C 58 63 
Full 54 62 

Two-Tone Intermodulation Distortion (IMD)14) 
f = 4.4MHz and 4.5MHz (referred to -ldBFS envelope) +25'C -61 

Full -60 
Signal·to-Noise Ratio (SNR) 

f = 500kHz (-ldBFS input) +25'C 57 59 
Full 55 59 

f = 12MHz (-ldBFS Input) +25'C 56 58 
Full 54 58 

SignaHo-(Noise + Distortion) (SINAD) 
f = 500kHz (-ldBFS input) +25'C 56 58.5. 

Full 55 58 
f = 12MHz (-I dBFS input) +25'C 53 57 

Full 51 56 
Differential Gain Error NTSC.orPAL +25'C 0.5 
Differential Phase Error NTSC or PAL +25'C 0.1 
Effective Bitsl4) f'N = 3.58MHz +25'C 9.3 
Aperture Delay Time +25'C 2 
Aperture Jitter +25'C 7 
Overvoltage Recovery Timel6) 1.5x Full Scale Input +25'C 2 

UNITS 

Bits 
'C 

V 
V 

MHz 
MHz 

Mall pF 

% 
% 

pprnl"C 
%FSRI% 

% 
%FSRI% 
%FSRI% 

Sample/s 
ConvertCydE 

LSB 
.LSB 
LSB 
LSB 

LSB 

dBFS 
dBFS 
dBFS 
dBFS 

dBc 
dBc 

dB 
dB 
dB 
dB 

dB 
dB 
dB 
dB 
% 

degrees 
Bits 
ns 

ps rrns 
ns 

NOTE: (I) dBFS refers to dB below Full Scale. (2) Percentage accuracies are referred to the Internal AID Full Scale Range of 4Vp·p. (3) Refer to Timing Diagram 
footnotes for the f'N = 500kHz differential linearity error performance condition. (4) IMD is referred to the larger of the two input signals. If referred to the peak envelope 
signal (=OdB), the intermodulation products will be 7dB lower. (5) Based on (SINAD - 1.76)/6.02. (6) No "rollover" of bits. 

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 usefs own risk. Prices and specHications are subject to change 
without notice. No palent rights or licenses to any of the cJrcuits 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 andlor systems. 
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SPECIFICATIONS (CO NT) 
At T. = +25'C, Vs = +5V, Sampling Rate = 40MHz, with a 500/0 duty cycle clock having a 2ns riselfall time, unless otherwise noted. 

PARAMETER 

OUTPUTS 
Logie Family 
Logic Coding 
Logic Levels 

Supply Voltage: +Vs 
Supply Current: +Is 

Power Consumption 

Thermal Resistance, OJ. 
28-Pin SOIC 

ORDERING INFORMATION 

Basic Model Number 
Package Code 

U: 28-Pin SOIC 

PACKAGE INFORMATION 

MODEL PACKAGE 

ADS821U 28-Pin SOIC 

CONDITIONS 

Logic Selectable 
Logic "LO", CL = 15pF 
Logic "HI", CL = 15pF 

Operating 
Operating 
Operating 
Operaling 
Operating 

PACKAGE DRAWING 
NUMBER(') 

217 

NOTE: (1) For detailed drawing and dimension table, please see end 01 data 
sheet, or Appendix C of Burr-Brown IC Data Book. 

ABSOLUTE MAXIMUM RATINGS 

+Vs ....................................................................................................... +6V 
Analog Input .............................................................. OV to (+Vs+ 300mV) 
Logic Input ................................................................ OV to (+Vs+ 300mV) 
Case Temperature ................................................................•....•... +100'C 
Junction Temperature .................................................................... +150'C 
Storage Temperature ..................................................................... +125'C 
External Top Reference Voltage (REFT) ........•......................... +3.4V max 
External Bottom Reference Voltage (REFS) .........•..•................. +1.1 V min 

NOTE: Stresses above these ratings may permanently damage the device. 

BURR~BROWN® 

TEMP UNITS 

Full 0.4 V 
Full 2.5 +Vs V 

20 40 ns 
Full 2 10 ns 

Full +4.75 +5 +5.25 V 
+25'C 76 88 mA 

Full 78 90 mA 
+25'C 380 440 mW 

Full 390 450 mW 

75 'C/W 

A ELECTROSTATIC 
.B».. 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. 

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 
methods. 
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For Immediate Assistance, Contact Your Local Salesperson 
PIN CONFIGURATION PIN DESCRIPTIONS 

TOP VIEW SOIC PIN DESIGNATOR DESCRIPTION 

1 GND Ground 
2 Bl Bit 1, Most Significant B~ 
3 B2 Bit 2 
4 B3 Bit 3 

GND 28 GND 5 B4 Bit 4 
S B5 Bit 5 

Bit 1 (MSB) iN ? BS Bit S 
8 B7 Bit 7 

Bit 2 IN 9 B8 Bit 8 

Bit 3 GND 
10 B9 Bit 9 
11 Bl0 Bit 10, least Significant Bit 

Bit4 +Vs 12 DNC Do not connect. 
13 DNC Do not connect. 

Bit 5 REFT 14 GND Ground 

BitS CM 
ADSB21 

Bit? REFB 

15 +Vs +5V Power Supply 
16 ClK Convert Clock Input, 50% Duty Cycle 
17 +Vs +5V Power Supply 

18 5E HI: High Impedance State. lO or Floating: Nor-

Bit 8 +VS mal Operation. Internal pulIMdown .resistor. 
19 MSBI Most Significant Bit Inversion, HI: MSB inverted 

Bit 9 MSBI for complementary output. lO or Floating: Straight 

Bit 10 (lSB) OE 20 
output. Internal pull-down resistor. 

+Vs +5V Power Supply 

DNC +Vs 
21 REFB Bottom Reference Bypass. For external bypass-

ing of internal + 1.25V reference. 

ONe ClK 22 CM Common-Mode Voltage. It is derived by (REFT + 
REFB)/2. 

GND 14 15 +Vs 23 REFT Top Reference Bypass. For external bypassing 
of internal +3.25V reference. 

24 
DNC: Do Not Connect 

+Vs +5V Power Supply 
25 GND Ground 

TIMING DIAGRAM 

CONVERT 
CLOCK 

INTERNAL 
TRACK/HOLD 

OUTPUT 
DATA 

2.172 

26 
27 
28 

SYMBOL DESCRIPTION MIN 

lcoNv Convert Clock Period 25 
t, Clock Pulse low 12 
tH Clock Pulse High 12121 

to Aperture Delay 
t, Data Hold TIme, C, = OpF 3.9 
t2 New Data Delay Time, C, = 15pF max 

IN 
IN 

GND 

TYP 

12.5 
12.5 

2 

Input 
Complementary Input 
Ground 

MAX 

IOOI1S 

12.5 

_I 
t, I 

UNITS 

ns 
ns 
ns 
ns 
ns 
ns 

NOTE: (1) "II " Indicates the portion of the waveform that Will stretch out at slower sample rates. 
(2) tH must be 13ns minimum if no missing codes is desired only for the conditions of lcoNv ,;28ns 
and fiN <2M Hz. Refer to the Clock Requirements for a possible clock skew circuit for this condition. 

N I 
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TYPICAL PERFORMANCE CURVES 
At TA = +25"C, Vs = +5V, Sampling Rate = 40MHz, with a 50% duty cycle clock having a 2ns riselfall time, unless otherwise nOled. 
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TYPICAL PERFORMANCE CURVES (CONT) 
At T. ~ +25'C, Vs = +5V, Sampling Rate = 40MHz, with a 50% duty cycle clock having a 2ns risellall time, unless otherwise noted. 

TWO·TONE INTERMODULATION 
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TYPICAL PERFORMANCE CURVES (CONT) 
At TA = +25'C, Vs = +5V, Sampling Rate = 40MHz, with a 50% duty cycle clock having a 2ns riseltall time, unless otherwise noted. 
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TYPICAL PERFORMANCE CURVES (CO NT) 
At T. = +25'C, Vs = +5V, Sampling Rate = 40MHz, wHh a 50% duty cycle clock having a 2ns risellall time, unless otherwise noted. 
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THEORY OF OPERATION 
The ADS821 is a high speed sampling analog-to-digital 
converter with pipelining. It uses a fully differential archi
tecture and digital error correction to guarantee lO-bit reso
lution. The differential track/hold circuit is shown in Figure 
1. The switches are controlled by an internal clock which has 
a non-overlapping two phase signal, $1 and $2. At the 
sampling time the input signal is sampled on the bottom 
plates of the input capacitors. In the next clock phase, $2, the 
bottom plates of the input capacitors are connected together 
and the feedback capacitors are switched to the op amp 
output. At this time the charge redistributes between C1 and 
CH, completing one track/hold cycle. The differential output 
is a held DC representation of the analog input at the sample 
time. The track/hold circuit can also convert a single-ended 
input signal into a fully differential signal for the quantizer. 

The pipelined quantizer architecture has 9 stages with each 
stage containing a two-bit quantizer and a two bit digital-to
analog converter, as shown in Figure 2. Each two-bit quan
tizer stage converts on the edge of the sub-clock, which is 
twice the frequency of the externally applied clock. The 
output of each quantizer is fed into its own delay line to 

C, 

IN 0--' o------,--j OUT 
~1 ~2 ~ . ~1 

iNo--'~ OUT 
~1 C, 

OpAmp VCM 
Bias 

t Internal Non-overlapping Clock 
~1 $2 ~1 

~~~. 
FIGURE 1. Input TrackIHold Configuration with Timing 

Signals. 

IN 

iiii 
1.=====:>\ Digital Delay 

Digital Delay 

B1 (MSB) 

B2 

STAGE 2 c: 
0 

B3 

n B4 .. 
t: 
0 B5 () 

g B6 
w 

B7 jg 
'" B8 • is 

B9 • Digital Delay B10 (LSB) 

Digital Delay 

FIGURE 2. Pipeline AID Architecture. 
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time-align it with the data created from the following quan
tizer stages. This aligned' data is fed into a digital error 
correction circuit which can adjust the output data based on 
the information found on the redundant bits. This technique 
gives the ADS821 excellent differential linearity and gnar
antees no missing codes at the lO-bit level. 

The output data is available in Straight Offset Binary (SOB) 
or Binary Two's Complement (BTC) format. 

THE ANALOG INPUT AND INTERNAL REFERENCE 

The analog input of the ADS821 can be configured in 
various ways and driven with different circuits, depending 
on the nature of the signal and the level of performance 
desired. The ADS821 has an internal reference that sets the 
full scale input range of the AID. The differential input range 
has each input centered around the common-mode of +2.2SV, 
with each of the two inputs having a full scale range of 
+ 1.2SV to +3.2SV. Since each input is 2V peak-to-peak and 
1800 out of phase with the other, a 4V differential input 
signal to the quantizer results. As shown in Figure 3, the 
positive full' scale reference (REFT) and the negative full 
scale reference (REFB) are brought out for external bypass
ing. In addition, the common-mode voltage (CM) may be 
used as a reference to provide the appropriate offset for the 
driving circuitry. However, care must be taken not to appre
ciably load this reference node. For more information re
garding external references, single-ended inputs, and 
ADS821 drive circuits, refer to the applications section. 

ADS821 

To 
Internal 

Comparators 

FIGURE 3. Internal Reference Structure. 

CLOCK REQUIREMENTS 

The CLK pin accepts a CMOS level clock input. Both the 
rising and falling edges of the externally applied clock 
control the various interstage conversions in the pipeline. 
Therefore, the clock signal's jitter, rise/fall times and duty 
cycle can affect conversion performance. 

• Low clock jitter is critical to SNR performance in fre
quency-domain signal environments. 

• Clock rise and fall times should be as short as possible 
(<2ns for best performance). 

• For most applications, the clock duty should be set to 
SO%. However, for applications requiring no missing 
codes, a slight skew in the duty cycle will improve DNL 

performance for conversion rates >3SMHz and input 
frequencies <2MHz (see Timing Diagram). A possible 
method for skewing the SO% duty cycle source is shown 
in Figure 4. 

IC1, IC2 = ACT04 

Rv = 21m, typical 

ClK'N ClKOUT 

FIGURE 4. Clock Skew Circuit. 

DIGITAL OUTPUT DATA 

The lO-bit output data is provided at CMOS logic levels. 
There is a 6.S clock cycle data latency from the start convert 
signal to the valid output data. The standard output coding 
is Straight Offset Binary where a full scale input signal 
corresponds to all "1' s" at the output. This condition is met 
with pin 19 "LO" or Floating due to an internal pull-down 
resistor. By applying a high voltage to this pin, a Binary 
Two's Complement output will be provided where the most 
significant bit is inverted. The digital outputs of the ADS821 
can be set to a high impedance state by driving OE (pin 18) 
with a logic "HI". Normal operation is achieved with pin 18 
"LO" or Floating due to internal pull-down resistors. This 
function is provided for testability purposes and is not meant 
to drive digital buses directly or be dynamically changed 
during the conversion process. 

OUTPUT CODE 

SOB BTC 
PIN 19 PIN 19 

DIFFERENTIAL INPIJT(') FLOATING or LO HI 

+FS (IN = +3.25V. IN = +1.25V) 1111111111 0111111111 
+FS -llSB 1111111111 0111111111 
+FS -2lSB 1111111110 0111111110 
+314 Full Scale 1110000000 0110000000 
+112 Full Scale 1100000000 0100000000 
+1/4 Full Scale 1010000000 0010000000 
+llSB 1000000001 0000000001 
Bipolar Zero (IN = iN = +2.25V) 1000000000 0000000000 
-llSB 0111111111 1111111111 
-1/4 Full Scale 0110000000 1110000000 
-112 Full Scale 0100000000 1100000000 
-3/4 Full Scale 0010000000 1010000000 
-FS +llSB 0000000001 1000000001 
-FS (IN = + 1.25V; iN = +3,25V) 0000000000 1000000000 

Note: In the single-ended input mode, +FS = +4.25V and -FS = +0,25V. 

TABLE I. Coding Table for the ADS821. 

APPLICATIONS 
DRIVING THE ADS821 

The ADS821 has a differential input with a common-mode 
of +2.2SV. For AC-coupled applications, the simplest way 
to create this differential input is to drive the primary 
winding of a transformer with a single-ended input. A 
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differential output is created on the secondary if the center 
tap is tied to the common-mode voltage (CM) of +2.25V per 
Figure 5. This transformer-coupled input arrangement pro
vides good high frequency AC performance. It is important 
to select a transformer that gives low distortion and does not 
exhibit core saturation at full scale voltage levels. Since the 
transformer does not appreciably load the ladder, there is no 
need to buffer the common-mode (CM) output in this in
stance. In general, it is advisable to keep the current draw 
from the CM output pin below O.5f.lA to avoid nonlinearity 
in the internal reference ladder. A FET input operational 
amplifier such as the OPA130 can provide a buffered refer-

Optional 
High Impedance 301!l 

Input AmPlif\ +5V(2) 

DC-Coupled 
Input Signal 

24.9!l 

604!l 

604!l 604!l 

f22 
L:.:. 

CM 

f2s IN AClnput _______ , S:. 22pF L.::. ADS821 

~~dt: 
127 TN 

, TT1-6-KK81 , S:. 22pF c.. -:- : or equivalent : 
L ________ -:-

FIGURE 5. AC-Coupled Single-Ended to Differential 
Circuit Using a Transformer. 

+5V 

301!l 

49.9!l 

30m 

NOTES: (1) A Philips BAS16 diode or equivalent may be used. 
(2) Supply bypassing not shown. (3) OPA620 or OPA650 may be 
substituted. See "Driving the ADS820R section. 

FIGURE 6. A Low Distortion DC-Coupled, Single-Ended to Differential Input Driver Circuit. 

243!l 

DC-Coupled 
-SV 

Input Signal 
IN 

6 1k!l 

ADS821 

IO.1~F 

-:-

Vaur 
iN 

243!l 
-SV 

NOTE: Power supplies and bypassing not shown. The measured SNR performance with 12.5MHz input signal is 57dB with this driver circuit. 

FIGURE 7. A Wideband DC-Coupled, Single-Ended to Differential Input Driver Circuit. 
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eM 

ADS821 
Single-Ended >-__ -+_--.-_--j 
Inpul Signal IN 

Full Scale = +O.25V to +4.25V with internal references. 

FIGURE 8. Single-Ended Input Connection. 

ence for driving external circuitry. The analog IN and IN 
inputs should be bypassed with 22pF capacitors to minimize 
tracklhold glitches and to improve high input frequency 
performance. 

If the signal needs to be DC coupled to the input of the 
ADS821, an operational amplifier input circuit is required. 
In the differential input mode, any single-ended signal must 
be modified to create a differential signal. This can be 
accomplished by using two operational amplifiers, one in 
the noninverting mode for the input and the other amplifier 
in the inverting mode for the complementary input. The low 
distortion circuit in Figure 6 will provide the necessary input 
shifting required for signals centered around ground. It also 
employs a diode for output level shifting to guarantee a low 
distortion +3.25V output swing. Another DC-coupled circuit 
is shown in Figure 7. Other amplifiers can be used in place 
of the OPA642s if the lowest distortion is not necessary. If 

output level shifting circuits are not used, care must be taken 
to select operational amplifiers that give the necessary per
formance when swinging to +3.25V with a ±5V supply 
operational amplifier. The OPA620 and OPA62I, or the 
lower power OPA650 or OPA65 I can be used in place of the 
OPA642s in Figure 6. In that configuration, the OPA650 and 
OPA651 will typically swing to within IOOmV of positive 
full scale. If the OPA621 or OPA651 is used, the input 
buffer must be configured in a gain of 2. 

The ADS821 can also be configured with a single-ended 
input full scale range of +<l.25V to +4.25V by tying the 
complementary input to the common-mode reference voltage 
as shown in Fignre 8. This configuration will result in 
increased even-order harmonics, especially at higher input 
frequencies. However, this tradeoff may be quite acceptable 
for time-domain applications. The driving amplifier must 
give adequate performance with a +O.25V to +4.25V output 
swing in this case. 

EXTERNAL REFERENCES AND ADJUSTMENT OF 
FULL SCALE RANGE 

The internal reference buffers are limited to approximately 
ImA of output current. As a result, these internal + 1.25V 
and +3.25V references may overridden by external refer
ences that have at least 25mA of output drive capability. In 
this instance, the common-mode voltage will be set halfway 
between the two references. This feature can be used to 
adjust the gain error, improve gain drift, or to change the full 
scale input range of the ADS821. Changing the full scale 

IDT74FCT2245 
11 9 

12 

13 

ADS821 

NOTE: (1) All capacitors should be located as close to the pins as the manufacturing 
process will allow. Ceramic X7R surface-mount capacitors or equivalent are recommended. 

FIGURE 9. ADS821 Interface Schematic with AC-Coupling and External Buffers. 
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range to a lower value has the benefit of easing the swing 
requirements of external input amplifiers. The external ref
erences can vary as long as the value of the external top 
reference (REFfElIT) is less than or equal to +3.4V and the 
value of the external bottom reference (REFBElIT) is greater 
than or equal to + 1.1 V and the difference between the 
external references are greater than or equal to 800mV. 

For the differential configuration, the full scale input range 
will be set to the external reference values that are selected. 
For the single-ended mode, the input range is 2·(REFf EXT -

REFBEXT)' with the common-mode being centered at 
(REFf El(T + REFBEl(T )/2. Refer to the typical performance 
curves for expected performance vs full scale input range. 

PC BOARD LAYOUT AND BYPASSING 

A well-designed, clean PC board layout will assure proper 
operation and clean spectral response. Proper grounding and 
bypassing, short lead lengths, and the use of ground planes 
are particularly important for high frequency circuits. Mul
tilayer PC boards are recommended for best performance 
but if carefully designed, a two-sided PC board with large, 
heavy ground planes can give excellent results. It is recom
mended that the analog and digital ground pins of the 
ADS821 be connected directly to the analog ground plane. 
In our experience, this gives the most consistent results. The 
AID power supply commons should be tied together at the 
analog ground plane. Power supplies should be bypassed 
with O.lJ.IF ceramic capacitors as close to the pin as possible. 

BURR-BROWN@ 

DYNAMIC PERFORMANCE TESTING 

The ADS821 is a high performance converter and careful 
attention to test techniques is necessary to achieve accurate 
results. Highly accurate phase-locked signal sources allow 
high resolution FFf measurements to be made without using 
data windowing functions. A low jitter signal generator such 
as the HP8644A for the test signal, phase-locked with a low 
jitter HP8022A pulse generator for the AID clock, gives 
excellent results. Low pass filtering (or bandpass filtering) 
of test signals is absolutely necessary to test the low distor
tion of the ADS821. Using a signal amplitude slightly lower 
than full scale will allow a small amount of "headroom" 
that noise or DC offset voltage will not overrange the 
and cause clipping on signal peaks. 

DYNAMIC PERFORMANCE DEFINITIONS 

I. Signal-to-Noise-and-Distortion Ratio (SINAD): 

10 10 Sinewave Signal Power 
g Noise + Harmonic Power (fust 15 harmonics) 

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

10 log --..,..,.....,..----:-''---
Noise Power 

3. Intermodulation Distortion (IMD): 

Highest IMD Product Power (to 5th-order) 
10 log ---''--------------

Sinewave Signal Power 

IMD is referenced to the larger of the test signals f1 or f2• 

Five "bins" either side of peak are used for calculation of 
fundamental 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. 
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BURR - BROWN® 

113131 ADS1210 
ADS1211 

PRELIMINARY INFORMATION 
SUBJECT TO CHANGE 

WITHOUT NOTICE 

24-Bit ANALOG-TO-DIGITAL CONVERTER 

FEATURES DESCRIPTION 
• DELTA-SIGMA AID CONVERTER 

• 24 BITS NO MISSING CODES 
.23 BITS EFFECTIVE RESOLUTION AT 10Hz 

The ADS1210 and ADS1211 are precISIon, wide 
dynamic range, delta-sigma analog-to-digital converters 
with 24-bit resolution operating from a single +5V 
supply. The differential inputs are ideal for direct 
connection to transducers or low level voltage sig
nals. The delta-sigma architecture is used for wide 
dynamic range and to guarantee 24 bits of no missing 
code performance. An effective resolution of 23 bits 
is achieved through the use of a very low-noise input 
amplifier at conversion rates up to 10Hz. Effective 
resolutions of 19 bits can be maintained up to a 
sample rate of 1kHz through the use of the unique 
Turbo modulator mode of operation. The dynamic 
range of the converters is further increased by provid
ing a low-noise programmable gain amplifier with a 
gain range of I to 16 in binary steps. 

AND 20 BITS AT 1000Hz 

• DIFFERENTIAL INPUTS 

• PROGRAMMABLE GAIN AMPLIFIER 

• FLEXIBLE SPI COMPATIBLE SSI 
INTERFACE WITH 2-WIRE MODE 

• PROGRAMMABLE CUT-OFF FREQUENCY 
UP TO 16KHz 

• INTERNAUEXTERNAL REFERENCE 

• ON CHIP SELF-CALIBRATION 

• ADS1211 INCLUDES 4 CHANNEL MUX 

APPLICATIONS 
• INDUSTRIAL PROCESS CONTROL 

• INSTRUMENTATION 

• BLOOD ANALYSIS 

• SMART TRANSMITIERS 

• PORTABLE INSTRUMENTS 

• WEIGH SCALES 
• PRESSURE TRANSDUCERS 

AGNO 

A1N1P 

AIN1N 

A1N2P 

A,N2N ArNP 

A1N3P MUX 
AINN 

A,,.3N 

A,,.4P 

ArN4N 

ADS1211 Only ADS1210111 

The ADS1210 and ADS1211 are designed for high 
resolution measurement applications in smart trans
mitters, industrial process control, weigh scales, chro
matography and portable instrnmentation. Both con
verters include a flexible synchronous serial interface 
which is SPI compatible and also offers a two-wire 
control mode for low cost isolation. 
The ADS1210 is a single channel converter and is 
offered in both 18-pin DIP and SOIC packages. The 
ADS1211 includes a 4 channel input multiplexer and 
is available in 24-pin DIP, 24-pin SOIC, and 28-pin 
SSOP packages. 

MODE 

OGNO 

DVoo 

r---~-----.--Asc~ 
5010 

...... --------".-r---y SOOUT 
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SPECIFICATIONS 
All specifications typical at +25°C, AVDD = DVDD = +5V, fse = 10MHz, and external VREF = +2.5V, unless olherwise specified. 

ADS1210U, ,P,E 

PARAMETER CONDITIONS MIN TYP MAX 

ANALOG INPUT 
Input Voltage Range - Unipola~l) 0 +5 

Bipolar(1,2) -10 +10 
Input Impedance G = Gain of PGA 4IG 
Programmable Gain Amplifier User Selectable Gain Ranges 1 16 
Input Capacitance 20 
Input Leakage Currenl 100 

SYSTEMS PERFORMANCE 
Resolution 24 
No Missing Codes Is = 60Hz Normal Mode 24 

fs = 100Hz Turbo Mode X4 21 
fs = 250Hz Turbo Mode XB 20 

fs = 500Hz Turbo Mode X16 20 
fs = 1000Hz Turbo Mode X16 20 

Integral Unearity fs = 60Hz ±0.003 
fs = 1000Hz Turbo Mode X16 ±0.OO3 

Unipolar Offset Errorl3) See Note 4 
Unipolar Offset Driftl') 1 
Gain Erro~3) See Note 4 
Gain Error DriftlS) 1 
Common-Mode Rejection Atdc 100 

fs = 50Hz 160 
fs = 60Hz 160 

Normal-Mode Rejection fs = 50Hz 100 
fs = 60Hz 100 

Output Noise See Typical Performance Curves 
Power Supply Rejection 60 

VOLTAGE REFERENCE 
Internal Reference 2.5 
REFouT' Internal Reference Drift 60 
Internal Reference Noise 50 
REF'N' Ex1ernal Reference 1 +Voo 
VB'AS, Output Derived from REF'N 3.3 

DIGITAL INPUT/OUTPUT 
Logic Family TTL Compalible 

CMOS 
Logic Level: V'H I'H = +~A 2.0 +Voo 

V" 1,,=+5~ 0 0.8 
VOH 10H = 2 TTL Loads 2.4 +Voo 
VOL 10l = 2 TTL Loads 0 0.4 

System Clock Rate: fsc 0.5 10 
Output Data Rate: fs User Programmable, fsc = 10MHz 2.4 16,000 
Data Format Command Register Programmable ITwo's Complement 

or OIIset Binary 

POWER SUPPLY REQUIREMENTS 
Power Supply Voltage 4.75 5.25 
Quiescent Current Voo = +5V, Normal Mode, fsc = 10MHz 6 B 

Voo = +5V, Normal Mode, 'sc = 2MHz 3.5 
VDO = +5V, Sleep Mode 

Power Dissipation Voo = +5V, Normal Mode 30 40 
VDD = +5V, Turbo Mode X16 65 80 

"".n..-en". une RANGE 
Operating -40 +85 
Storage -60 +100 

UNITS 

V 
V 

Mll 

pF 
pA 

Bils 
Bits 
Bits 
Bits 
Bits 
Bits 

%FSR 
%FSR 

~Vf'C 

~Vf'C 
dB 
dB 
dB 
dB 
dB 

dB 

V 
ppm/oC 
~Vp-p 

V 
V 

V 
V 
V 
V 

MHz 
Hz 

V 
mA 
mA 
mA 
mW 
mW 

°C 
°C 

NOTES: (1) In order to achieve Ihe converters piUS or minus full-scale input voltage, the input must be fully differential (A'NN = REF'N - (A'NP -REF'N))' If the input 
is single-ended (A'NN = REF'N), only plus or minus one-half full-scale will be achieved. (2) This range is set with external resistors and V.'AS' Other ranges are 
possible. (3) Applies after calibration. (4) These errors will be of the order olthe effective resolution of the converter. Refer to the Typical Performance Curves which 
apply to the desired mode 01 operation. (5) Recalibration can be used to remove these errors. 

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 aTB 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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For Immediate Assistance, Contact Your Local Salesperson 
ABSOLUTE MAXIMUM RATINGS 

Analog Input: 
Input Current ............................................................ 100mA, Momentary 

10mA, Continuous 
Input Voltage ................................................. AVoo +O.SV to GND -o.SV 

Power Supply Voltage: 
AVoo ·· .... · .. · ................................ . .. ... +7V 

A 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. 

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 
methods. 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER(') 

ADS1210P 18-Pin Plastic DIP 218 
ADS1210U 18-Lead SOIC 219 
ADS1211P 24-Pin Plastic DIP 243 
ADS1211U 24-Lead SOIC 239 
ADS1211E 28-Lead SSOP 324 

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

ORDERING INFORMATION 

MODEL PACKAGE TEMPERATURE RANGE 

ADS1210P 18-Pin Plastic DIP -40'C to +8S·C 
ADS1210U 18-Lead SOIC -40·C to +8S·C 
'ADSI211P 24-Pin Plastic DIP -40·C to +SS·C 
ADSI211U 24-Lead SOIC -40·C to +8S·C 
ADSI211E 28-Lead SSOP -40·C to +8S·C 

aURR-BROWN<BI 
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ADS1210 SIMPLIFIED BLOCK DIAGRAM 

AGND AVoo REF our REF'N 

3 16 171 18 4 

+2.5V I I +3.3V Bias I Reference Generator 

1 

~ Second-Order 
M: '--- Third-Order 

2 Modulator Digital Filter 

1 I 
Modulator Control 

X'N MODE 

7 81 15J 

Clock Generator I~ 9 

10 

Micro Controller 

Instruction Register 
- Command Register 

Data Output Register 
Offset Register 

Full-Scale Register 

I 11 

Serial tnterface BE 13 

6 15 114 

DGND 

DVDD 

SCLK 

SOlO 

SDOUT 

ADS1210 PIN CONFIGURATION ADS1210 PIN DEFINITIONS 

TOP VIEW DIP/SOIC PIN NO NAME DESCRIPTION 

1 A'NP Noninverting Input. 

2 A'NN Inverting Input. 

3 AGND Analog Ground. 

4 VS1AS Bias Voltage Output, +3:3V nominal. 

5 CS Chip Select Input. 

6 DSYNC Control Input to Synchronize Serial Output Data. 

7 X'N System Clock Input. 

8 Xour System Clock Output (for Crystal or Resonator). 

9 DGND Digital Ground. 

10 DVoD Digital Supply, +5V nominal. Must be sAVoo. 

11 SCLK Clock Input/Output for serial data transfer. 

12 SOlO Serial Data Input (can also function as Serial Data 
Output). 

13 SDOUT Serial Data Output. 

14 DRDY Data Ready. 

15 MODE SCLK Control Input (Master ~ 1, Slave ~ 0). 

16 AVDo Analog Supply, +5V nominal. 

17 REFour Reference Output, +2.5V nominal. 

18 REF'N Reference Input. 

BURR-BROWNe 
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For Immediate Assistance, Contact Your Local Salesperson 
ADS1211 SIMPLIFIED BLOCK DIAGRAM 

A'N'P 

A'NIN 

A'N2P 

A'N2N 

A'N3P 

A,.sN 

A'N4P 

A,~N 

~ 
~ 

2 
;>---

;!.-
~ 

1 
;>---

~ 
.~ 

AGND AV DO REF OUT 

6 19 20J 
,.--

+2.5V 
Reference 

» -
MUX 

- V1. 

'---

REF 'N 

21 

I I 
Second-Order 

41: 
Modulator 

Modulator Control 

ADS1211P AND ADS1211U PIN CONFIGURATION 

TOP VIEW DIP/sOIC 

A'N3N 24 A,.sP 

A'N2P 

A,~N 

A'N'P REF'N 

A'N'N REFouT 

AGND 
ADS1211P 

VerAS ADS1211U MODE 

Cs DRDY 

DSYNC SDOUT 

X'N SOlO 

XcUT SCLK 

DGND 12 13 DVoo 

v BIAS x 'N UT MODE 

7 10 llJ lsi 

+3.3V Bias I Clock Generator : 
Generator 12 DGND 

r--- Third-Order r--
Digital Filter 

I 

9 

13 
Micro Controller 

Instruction Register 
Command Register 

Data Output Register 
Offset Aegister 

Full-Scale Register 

I 14 

Sarial Interface BE 16 

18 117 

SCLK 
SOlO 
SDOUT 

ADS1211P AND ADS1211U PIN DEFINITIONS. 

PIN NO NAME DESCRIPTION 

1 AIN3N Inverting Input Channel 3. 
2 A,N2P Noninverting Input Channel 2. 
3 A'N2N Inverting Input Channel 2. 
4 A,N'P Nonlnverting Input Channel,. 
5 A'NIN Inverting Input Channell. 
6 AGND Analog Ground. 
7 VerAS Bias Voltage Output, +3.3V nominal. 
8 CS .chip Select Input. 
9 DSYNC Control Input to Synchronize SBrial Output Data. 
10 X,. System Clock Input. 
11 XcUT System Clock Output (for Crystal or Resonator). 
12 DGND Digital Ground. 
13 DVOD Digital Supply, +5V nominal. Must be SAVOD' 

14 SCLK Clock InpUVOutput for serial data transfer. 
15 SOlO Serial Data Input (can also function as Sarial Data 

Output). 
16 SDOUT Serial Data Output. 
17 DRDY Data Ready: 
18 MODE SCLK Control Input (Master = 1, Slave = 0). 
19 AVOD Analog Supply, +5V nominal. 
20 REFoUT Reference Output: +2.5V nominal. 
21 REF'N Reference Input. 
22 A'N4P Nonlnvertlng Input Channel 4. 
23 A,~N Inverting Input Channel 4. 
24 A,N3P Noninverting Input Channel 3. 

BURR - BROWNe 

2.186 Burr~Brown Ie Data Book-Mixed Signal Products IElElI 



Or, Call Customer Service aI1·800·548·6132 (USA Only) 
ADS1211E CONFIGURATION ADS1211E PIN DEFINITIONS 

TOP VIEW SSOP 

A'N3N Inverting Input Channel 3. 

A'N2P Noninverting Input Channel 2. 

A'N2N Inverting Input Channel 2. 

A'N3N 28 A'N3P 
4 A'N1P Noninverting Input Channell. 
5 A'N1N Inverting Input Channell. 

A'N2P AGND Analog Ground. 

A'N2N 
VB1AS Bias Voltage Output. +3.3V nominal. 
NIC Not Internally Connected. 

A'N1P NIC Not Internally Connected. 
10 CS Chip Select Input. 

A'N1N 11 DSYNC Control Input to Synchronize Serial Output Data. 

AGND 12 X'N System Clock Input. 
13 Xour System Clock Output (for Crystal or Resonator). 

VBIAS 14 DGND Digital Ground. 
ADS1211E 15 DVDD Digital Supply. +5V nominal. Must be SA V DD' 

NIC 16 SCLK Clock InpuUOutput for serial data transfer. 

NIC 17 SDIO Serial Data Input (can also function as Serial 
Output). 

CS 18 SDOUT Serial Data Oulpul. 

DSYNC 
19 DRDY Data Ready. 
20 NIC Not Internally Connected. 

X'N 21 NIC Not Internally Connecled. 
22 MODE SCLK Control Input (Master = 1. Slave = 0). 

Xour 23 AVDD Analog Supply. +5V nominal. 

DGND 14 15 DVOD 
24 REFouT Reference Output: +2.5V nominal. 
25 REF'N Reference Input. 
26 A'N4P Noninverting Input Channel 4. 
27 A'N4N Inverting Input Channel 4. 
28 A'N3P Noninverting Input Channel 3. 
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For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES 
At T = +25°C, AVoo = DVoo = +5V, fsc = 10MHz, and VREF = +2.5V, unless. otherwise specified. 
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THEORY OF OPERATION 
The ADS1210 and ADSI211 are 24-bit AID converters 
consisting of a programmable gain amplifier (PGA); a 
second-order delta-sigma modulator; a programmable digital 
filter; a micro controller including the Instruction, Com
mand, and Calibration registers; a serial interface; a clock 
generator, and the modulator control for the turbo mode 
of operation. The ADSI211 includes a 4-channel input 
multiplexer. 

The 24-bit AID converter of the ADS1210/11 is a precision, 
wide range, second-order delta-sigma architecture, capable 
of achieving very high resolution digital results. At lower 
resolutions, it achieves a 16kHz sample rate. In order to 
provide low system noise, common-mode rejection at l60dB 
and excellent power supply rejection, the design topology is 
based on a fully differential switched capacitor architecture. 
A unique feature of the ADSI21O/11, called Turbo Mode, 
has the ability to externally control the sampling frequency of 
the input modulator. Normally, the modulator operates at 
20kHz with a IOMHz system clock. The modulator sampling 
frequency can be programmed, through the control register, 
to oversample at 40kHz, 80kHz, 160kHz and 320kHz to 
improve the performance of the converter. 

The programmable gain amplifier (PGA) has a gain range of 
1 to 16, increasing the dynamic range and simplifying the 
interface to the more common transducers. The PGA gain is 
implemented by increasing the number of samples of the 
input capacitor from 20kHz for a gain of 1 to 320kHz for a 
gain of 16. Since the Turbo Mode and PGA functions are 
implemented by varying the oversampling frequency of the 
modulator, the combination of PGA gain and Turbo Mode 
rate is limited to 16. For example, at a Turbo Mode rate of 
8 (160kHz at IOMHz) the PGA gain is limited to 2. 

TURBO MODE RATE PGA GAIN RANGES 

1 (Normal Mode) 1.2.4.8,16 
2 1,2,4,8 
4 1,2,4 
8 1,2 
16 1 

TABLE I. Turbo Mode Rate vs PGA Gain. 

FULL SCALE INPUT 
INPUT RANGE G =1 G=2 G=4 G=8 G = 16 

0/5V 5V I 2.5V 1 1.25V I 625mV 1312.5mv 
±10V ±10V ±5V ±2.5V ±1.25V ±625mV 

TABLE II. Full-Scale Input vs Input Range and PGA Gain. 

The ADSI210/11 modulator sampling rate is the system 
clock divided by 512 and is operational with system clocks 
from O.5MHz to 10MHz. The combination of programmable 
modulator frequency, Turbo Mode, a PGA and a variable 
system clock allows a number of performance solutions in 
resolution, signal bandwidth, input range, and power con-

BURR-BROWN® 

sumption. Table III shows the effective resolution, data rate 
and PGA gain in the normal, Turbo Mode rate of 1 configu
ration with a system clock of 10MHz. Effective resolution is 
used as the figure of merit in the tables to simplify compari
sons between data rate, gain and clock rate and is defined as 
the ratio of output rms noise to the to input full scale. 

DATA -3dB 
RATE FREQUENCY 

10 2.62Hz 22 22 22 22 21 
25 6.55Hz 21 21 21 21 21 
30 7.86Hz 21 21 21 21 21 
50 13.1Hz 20 20 20 20 20 
60 15.72Hz 20 20 20 20 20 
100 26.2Hz 18 18 18 18 18 
250 65.5Hz 15 15 15 15 15 
500 131Hz 12 12 12 12 12 
1000 262Hz 10 10 10 10 10 

TABLE III. Effective Resolution vs Data Rate and PGA 
Gain, Turbo Mode Rate 1. 

DIGITAL FILTER 

The filter response is programmable for output data rates 
from 2.4Hz to 16kHz with a IOMHz clock and O.24Hz to 
1.6kHz with a lMHz clock. The digital filter can also be 
used to provide notch frequencies for specific response 
nulls. In this way, power line frequencies such as 50Hz and 
60Hz can be rejected. 

i~~ 
o ~ 100 100 ~ ~ ~ F __ (H,j 

.~~ 
, . 

-eo :----~-----;-------;-.-------. ..,___-_:__~~--

(-80 -- -+-------~--- - -- -, -: - ---- ---r----,------

1-'· --- • ' ~,- ---', -,~, --~----+--
1-, ..... --'--- .. ,------'------, -.~. - ,- ... -_-.. -~, ~------:::=:= ~ q ~ q ~ " ~ ~ " ~ ~ 

f......,ntJ11IzI 

FIGURE 1. 50Hz Digital Filter Characteristics. 
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FIGURE 2. 60Hz Digital Filter Characteristics. 

11511511 Burr-Brown Ie Data Book-Mixed Signal Products 2.189 

,... ,... 
N 

~ ,... 
N 

en rz 
w 
z o 
a. 
~ o 
o 
z o 
i= 
~ 
:) 

" o 
<C 

~ 
<t 
C 

en 
a: 
w ra: 
w 
> z o 
o 

~ 



For Immediate Assistance, Contact Your Local Salesperson 
CALIBRATION 

Four different kinds of calibration schemes are available to 
calibrate offset and gain errors. Self-calibration automati
cally shorts the inputs for offset calibration and connects the 
inputs to the reference for full-scale calibration. System 
calibration provides correction for system errors. The 
ADSI210/11 can be independently calibrated for user ap-
plied offset and full-scale inputs. . 

SERIAL INTERFACE 

The ADSI210/11 is controlled through its serial interface 
and an 8-bit instruction code. This may be followed by a 32-
bit command code which controls the device's internal 
configuration. 

The serial interface is a synchronous serial interface which 
can operate via 2, 3, 4, or 5 "wires". The serial clock can be 
derived by the ADS121O/11 from its system clock (MODE 
= I, master mode), or provided by an external source 
(MODE = 0, slave mode). 

TURBO MODE 

The ADS121O/11 has a programmable modulator sampling 
frequency f!Inction called Turbo Mode, by which the modu
lator sampling frequency can be increased by 2, 4, 8, or 16. 
With the increase of modulator sampling frequency, the 
system performance increases with some increase in power 
dissipation. In this manner, the ADS 1210/1 1 can offer 20 bits 
of effective resolution at 1kHz conversion rate with 16 times 
increase of sampling frequency. The effective resolution at 
each of the Turbo Mode rates and data rates are shown in 
Table IV and the noise figures in Table V. 

TURBO TURBO TURBO TURBO 
DATA MODE MODE MODE MODE 
RATE RATE 2 RATE 4 RATEB RATE 16 

5Hz 23 23 23 23 

10Hz 22 23 23 23 

20Hz 21 22 22 23 
40Hz 21 22 22 23 

50Hz 21 21 21 22 

60Hz 21 21 21 21 
100Hz 20 21 21 21 

250Hz 17 19 20 21 

SooHz IS 17 19 20 

1000Hz 12 is 17 20 

2000Hz 14 16 

TABLE IV. Data Rate vs Effective Resolution and Turbo 
Mode Rate. 

The Turbo Mode also provides the flexibility to use a low 
frequency system clock to save power, or to use a system 
clock derived from a common clock source and still main
tain a high resolution. For example, if the system clock 
were reduced from 10MHz to 5MHz, the turbo 2x mode 
preserves the performance. 

TURBO TURBO TURBO TURBO 
DATA MODE MODE MODE MODE 
RATE RATE 2 RATE 4 .RATE B RATE 16 

SHz .69 .69 .69 .69 

10Hz .97 .79 .69 .69 

20Hz 1.54 1.24 .79 .79 

40Hz 1.69 1.36 1.17 .96 

50Hz 2.27 1.76 I.SI 1.37 

60Hz 2.60 1.93 1.66 I.S0 

100Hz 4.85 2.53 2.14 1.94 

250Hz 37.2 6.09 3.48 3.07 

500Hz 208.66 26.70 6.67 4.38 

1000Hz 1180 147.72 26.98 7.70 

2000Hz TBD 

TABLE V. Data Rate vs Noise (I1Vims) and Turbo Mode 
Rate. 

DATA SYSTEM TURBO EFFECTIVE 
RATE CLOCK MODERATE RESOLUTION 

10Hz 10MHz 1 22 

10Hz 5MHz 2 22 

10Hz 2.SMHz 4 22 

10Hz 1.2SMHz 8 22 

10Hz 1.2SMHz 16 23 

60Hz 10MHz 1 20 

60Hz 5MHz 2 20 

60Hz 2.5MHz 4 20 

60Hz 1.2SMHz 8 20 

60Hz 1.25MHz 16 21 

100Hz 10MHz 1 18 

100Hz 5MHz 2 18 

100Hz 2.SMHz 4 18 

100Hz 1.2SMHz 8 18 
100Hz 1.25MHz 16 19 

TABLE VI. System Clock vs Turbo Mode Rate and 
Resolution. 

SYSTEM CONFIGURATION 

The Micro Controller (MC) consists of an ALU and a 
register bank; The MC has three states: power on reset, test, 
and convert. In the power on reset state, the MC resets all the 
registers to their default state, sets up the modulator to a 
stable state, and performs self-calibration at 10Hz cut-off 
frequency. In the test mode, the MC separates the modulator 
output and the decinlator input so that the modulator output 
can be externally tested and an external test stream can be 
applied to the decimator. The convert mode is the normal 
mode of operation for the ADSI21O/11. 

INSR Instruclion Regisler· 8 Bils 
DOR Dala Oulput Register 24 Bils 
CMR Command Register 32 Bits 
OCR Offset Calibration Register 24 Bits 
FCR Full Scale Calibration Register 24 Bils 

TABLE VII. ADS121O/11 Registers. 

The ADS121O/11 has 5 registers, shown in Table VII that 
control the operation of the ADSI21O/11 and contain the 
output data or calibration data. The instruction register (lNSR) 
utilizes· an 8-bit instruction code which determines what type 
of communication will occur next. The command register 
(CMR) has a 32-bit command code to set up the ADS1210/11 
calibration mode, PGA gain, Turbo Mode, data format, digital 
filter decinlation ratio (output data rate), and channel selection. 

BURR-BROWNI!I 
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INSTRUCTION REGISTER 
The instruction register is an 8-bit register which controls 
the serial interface to either read data or to write control 
codes to the other registers. The control code written to the 
instruction register determines the status of the next read 
or write operation and to which register this operation will 
be directed. 

I RIW I MBI MBO o A3 AI AO 

TABLE VIII. Instruction Register. 

Read/Write Bit-Write operations require that a 0 be 
written to the instruction register so that write operation 
actually takes place. Read instructions require a 1 to be 
written to this bit. 

Multiple Bytes Access Bits-The Multiple Bytes Access 
bits control the word length when reading or writing to 
the ADS 1210/11. 

MB1 MBO 

0 0 I Byte 
0 I 2 Bytes 
I 0 3 Bytes 
I I 4 Bytes 

Internal Register Address-These 4 bits select the regis
ters which will be read or written to during the next cycle of 
operation. 

A3 A2 A1 AO 

0 0 0 0 Data Output Register Byte 2 
0 0 0 I Data Output Register Byte 1 
0 0 I 0 Data Output Register Byte 0 
0 I 0 0 Command Register Byte 3 
0 I 0 I Command Register Byte 2 
0 I I 0 Command Register Byte I 
0 I I I Command Register Byte 0 
I 0 0 0 Offset Cal Register Byte 2 
I 0 0 1 Offset Cal Register Byte 1 
I 0 I 0 Offset Cal Register Byte 0 
1 I 0 0 Full Scale Cal Register Byte 2 
1 I 0 1 Full Scale Register Byte I 
I I 1 0 Full Sea/e Cal Register Byte 0 

COMMAND REGISTER 
The command register word is comprised of 32 bits of 
information in 4 bytes of 8 bits each. The command register 
controls all of the functionality of the ADS 1210/11. The new 
configuration takes effect on the negative transition of the 
last bit in the last byte of data being written to the command 
register. 

BURR-BROWNe 

MSB Byte3 

I VBIAS VREF OF I UtB I BD MSB SOL I DRDY I 
Byte2 

I MD2 MOl MOO I G2 I Gl I GO CHI CHO 

Byte1 

I SF2 SFI SFO I DRI2 I DRll IORIO I DR9 ORB 

ByteO LSB 

I DR7 DRS DRS I DR4 I DR3 DR2 DRI ORO 

TABLE IX. Command Register. 

Biasing Voltage Bit-The Biasing Voltage bit turns on 
+3.3V bias voltage for use with a voltage divider 
applying a ±lOV input signal. 

Internal Reference Bit-The internal reference bit turns 
the internal reference on and off allowing an external refer
ence to be used. 

Data Format Bit-The Data Format bit programs the 
output data to either be in a two's compliment or in an offset 
binary format. 

Unipolar/Bipolar Input Bit-The Bipolar/Unipolar bit sets 
the conversion mode. 

Byte Order Bit for Data Output Register-The Byte 
Order bit determines the order in which the output data bytes 
will be read, either as MSB byte or as LSB byte first. 

BD 

0 Byte Access From Default 
MSB Byte to LSB 
Byte 

I Byte Access From 
LSB Byte to MSB 
Byte 

Data Order Bit for Data Output Register-The Data 
Order bit determines the order in which the output data will 
be read, either as MSB first or as LSB first. 
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Serial Data Line Bit-The Serial Data Line bit is used to 
program the SDIO line as a serial input and output when the 
bit is set to O. Setting the bit to 1 programs the SOlO line to 
be a serial input and to use SDOUT for serial output data. 

SOL 
0 SOlO Line Used Delault 

lor 110 

1 SOlO Line Used 
lor Input. SDOUT 

Line Used lor Output 

Data Ready (Read Only)-The Data Ready bit is a read 
only bit indicating the end of conversion. 

OROY 

o 
1 

Operation Mode Bits-The Operating Mode bits control 
the calibration functions of the ADS 1210/1 1. In operation 
the normal mode is used to perform conversions. The Self 
Calibration mode is a one-step calibration sequence that 
calibrates both the offset and full scale. 

The System Offset Calibration is performed at the selected 
gain on the offset voltage on the input to the PGA during the 
calibration sequence. If the Instruction Register is set to 
Write mode, then data may also be written to the Offset 
Calibration Register. The System Full-Scale Calibration is 
performed at the selected gain on the voltage on the input to 
the PGA during the calibration sequence. If the Instruction 
register is set to Write mode, then data may also be written 
to the full-scale calibration register. 

The Pseudo System Calibration provides offset correction for 
the selected channel and calibration to the internal reference. 
The Background Calibration provides continuous self-calibra
tion of the full scale and offset. Background calibration occurs 
as part of the conversion process, extending the conversion 
time and slowing the data output rate by a factor of six. 

M02· MOl MOO 

0 0 0 Normal Mode 
0 0 1 Sell Cal 
0 1 0 System Offset Cal 
0 1 1 System Full-Scale Cal 
1 0 0 Pseudo System Cal 
1 0 1 Sackground Cal 
1 1 0 Sleep 
1 1 1 Reserved lor Future Use 

OR12 ORII OR10 OR9 DR8 DR7 DR6 OR5 DR4 

0 0 0 0 0 0 0 0 1 
0 0 1 1 1 1 1 0 1 
0 0 0 1 1 0 0 1 0 
·0 0 0 0 1 1 0 0 1 
0 0 0 0 1 0 1 1 0 
0 0 0 0 0 1 1 0 0 
0 0 0 0 0 0 1 0 1 
0 0 0 0 0 0 0 1 0 

NOTE: (1) System Clock = 10MHz. 

Table X. Decinfation Ratio. 

PGA Gain Bits-The PGA Gain bits set the gain of the 
Programmable Gain Amplifier. 

G2 Gl GO GAIN 

0 0 0 1 Default 
0 0 1 2 
0 1 0 4 
0 1 1 8 
1 0 0 16 

Channel Selection Bits-The Channel Selection bits deter
mine the differential analog input to be converted. For the 
ADS121O, the input channel must always be channell. 

CHI CHO 

0 0 Channell Oelault 
0 1 Channel 2 
1 0 Channel 3 
1 1 Channel 4 

Sampling Frequency Bits-The Sampling Frequency bits 
select the modulator sampling frequency as a function of the 
system clock. The modulator sampling rate can be deter
mined by the following equation: 

fse • Turbo Mode 

512 

where fse is the system clock frequency (XIN clock). For 
example, in th normal mode of operation (Turbo Mode 
equals one), the modulator sampling rate is 20kHz. 

TURBO 
MOOE PGA 

SF2 SFI SFO RATE RANGE 

0 0 0 1 1-16 Default 
0 0 1 2 1·8 
0 1 0 4 1-4 
0 1 1 8 1-2 
1 0 0 16 1 

Decimation Ratio-The ADSI21O/11 decimator uses a Sinc3 
digital filter for easy programmability. The 13 bits used to 
program the filter determine the cut-off frequency, the position 
of the first notch and the data rate. The data rate. for the 
ADS121O/11 is detennined by the following equation: 

fse • Turbo Mode 
512 • Decimation Ratio 

where fse is the system clock frequency (XIN clock). Table 
X gives decimation ratios for various data rates with the 
ADS1210/11 operating in the normal mode of operation 
(Turbo Mode equals one). 

DECIMATION OATA(1) 
OR3 DR2 ORI ORO RATIO RATE (Hz) 

0 1 0 0 20 1000 Delault 
0 0 0 0 1953 10 
0 0 0 0 9n 20 
0 0 0 0 391 50 
0 0 0 1 326 60 
1 0 0 0 195 100 
0 0 0 0 78 250 
1 0 0 0 39 500 
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Default Values-Table XI shows the default condition for the 
Command Register. 

MSB Byte3 

o I 0 0 I 0 0 x I 
Byte2 

0 0 I 0 0 

Byte1 

o I 0 0 I 0 I 
ByteO LSB 

o 0 I 0 I 0 0 I 
TABLE XI. Command Register Default Condition. 

Offset Calibration Register-The ADS 1210/11 has a 
24-bit read/write calibration register that is used for the 
offset coefficients. After calibration, the results of the 
operation are stored in this register and are available to the 
user. This data can be used in subsequent processing, or if 
multiple offset calibrations are performed, the data can be 
averaged and written back to the register to provide a high 
accuracy zero point. 

MSB Byte2 

I OR23 I OR22 I OR2l I OR20 I ORl9 I ORlB I ORl7 I ORl6 I 
Byte1 

IORlS I ORl4 I ORl3 I ORl2 I ORll I ORlO I OR9 ORB 

ByteO 

IOR7 OR6 ORS I OR4 I OR3 OR2 

TABLE XII. Offset Register. 

,---0--1 AGND 

AGND VB1AS 

ORl 

LSB 

ORO 

REFoUT 

AVoo 

MODE 
ADS1210 

DRDY 

Full-Scale Calibration Register-The ADS 1210/11 has a 
24-bit read/write calibration register that is used for the 
full-scale coefficients. After calibration, the results of the 
operation are stored in this register and are available to the 
user. This data can be used in subsequent processing, or if 
multiple full-scale calibrations are performed, the data can 
be averaged and written back to the register to provide a 
high accuracy full-scale point. 

MSB Byte2 

I FSR23 I FSR22 I FSR2l1 FSR20 I FSRl91 FSRlB I FSRl71 FSRl61 

I FSR7 FSR6 

TABLE XIII. Full-Scale Register. 

SERIAL INTERFACING 
The converter's SSI (synchronous serial interface) allows 
a variety of serial interface configurations. Figure 3 shows 
an interface to a 8xCSI microprocessor and Figure 4 
shows a two-wire interface with a Motorola 68HCll. 
Figures 5 and 6 show two different types of isolated 
interfaces. Figure 7 shows a typical timing diagram for 
SPI (serial peripheral interface) communications. 

Pl.0 BxC5l Vee 

Pl.l po.o 

Pl.2 PO.l 

Pl.3 PO.2 

Pl.4 PO.3 

Pl.S PO.4 

Pl.6 PO.5 

Pl.7 PO.6 

RST_VPD PO.7 

DVoo RXD _EA_Voo 

TXD ALE_PROG 

- INTO _PSEN 
C, 

l2pF Xl 
SDOUT 1--0---+---' _INTl P2.7 

Y F---.-----1I-O--1 X,N 

~ 1"-----' Xour 

Gr:m c" DGND 
l2pF 

GND 

SOlO 1--0---+----' 

SCLK 1--0---+-----' 

FIGURE 3. Three-Wire Interface With 8xC51 Processors. 
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TO P2.6 

Tl P2.5 

_WR P2.4 

-RD P2.3 

XTAL2 P2.2 

XTAL1 P2.l 

Vss P2.0 
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VSPA 

PA6 

PAS 

PM 

PA3 

PA2 POI 

PAl 

PAO 

PB7 

PBS RESET· -
PBS 

PB4 
6SHC11 

PB3 

PB2 

PBl 
C, 

12pF 

PBO 

PEO PC, ~ 
PEl GND C, 

12pF 
PE2 

PEa 

VRL 

VRH 

V,, 
MODB_ VSTBY MODA_L1R 

FIGURE 4. Two-Wire Interface With 68HCll Processors. 

C, 
12pF 

~F---4--': 
Gi:m c, 

12pF 

GNO 

A,.P REF,• 

A,NN REFoUT 

AGNO AVoo 

VsrAS MODE 

CS ADS1210 DROY 

OSYNC SOOUT 

X,. SOlO 

XOUT SCLK 

OGNO OVoo 

FIGURE 5. Isolated Two-Wife Interface. 

AVoo 

OVoo 

R, 
100Q 

R, 
I DOll 

AmP REFrN 

AmN AEFOUT 

AGND AVoo 

VBIAS MODE 

CS ADS1210 DRDY 
DSVNC SDOUT 

Xl 
X,. SOIa 

XOUT SCLK 

X2 DGND DVOD 

GND 

VSPA 

04 Voo 

OP4 Q3 

PRESET OP3 

INHIBIT CFBCK 
C04526 

OPI 

CLOCK OP2 

01 RESET 

V's 02 

GNO 

VSPA 

GND 

.; R_LT 

SOlO 

SCLK 
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DRDY 

A1NP REF'N 
SO~UT 

GND GND 
Voo 

AINN REFouT 

AGND AVOD 

V01AS MODE 

SD1N 
CS ADS1210 DRDY 

C, 
DSYNC SDOUT 

12pF 

~ 
X'N SOlO 

XcUT SCLK 

GND C, DGND DVoo 
l2pF 

GND 

SCLK 

FIGURE 6. Isolated Four-Wire Interface. 

DRDY----,~ ______________________________________________________________________________ ~ ,--

LSB 
seLK --------' 

Instruction 

SDIO--~~~~~~BXJ'LX]JCI)(I):LXJ'LX~LSB~--~~C:)(:)::X::X:JC:)(:X~~:)::X::X:JC:)(:X::X:~~--------
SP1l1!rlle Operation 

,--DRDY----,~ __________________________________ ~------------------------------------------~ 

seLK --------' 

SDIO--~'~n,=~==·on~iXJCXJJ(I)CI)c[x:C~~--~~C:)(:)::X::X:JC:)(:X~:)::X::X:JC:)(:X::X:~~--------

SDWT----------------------------------~~:Jc:x::x::c:J(:Jc:x:~x::x::c:J(:Jc:x::x::~D--------
BPI Read Operation 

FIGURE 7. SPI Timing. 

R, 
3kn 

.10V REF1N 

.10V AINN REFOUT 
R, 

AGND AVoc 3kO 

VB1AS MODE 

CS ADS12l0 DRDY 

C, 
DSYNC SOOUT l2pF 

~+ X'N 5010 

XouT SCLK 

GND C, DGNO OVoo 
l2pF 

GND 

FIGURE 8. Differential ±lOV Input Configuration. (For lower power dissipation: R z = R2 = 9ill, R3 = R4 = 3ill.) 
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ADS7800 BURR-BROWN® 

113131 

12-Bit 3Jls Sampling 
ANALOG-TO-DIGITAL CONVERTER 

FEATURES 
• 333k SAMPLES PER SECOND 

• STANDARD ±10V AND ±5V INPUT 
RANGES 

• DC PERFORMANCE OVER TEMP: 
No Missing Codes 
1/2LSB Integral Linearity Error 
3/4LSB Differential Linearity Error 

• AC PERFORMANCE OVER TEMP: 
72dB Signal-to-Noise Ratio 
SOdB Spurious-free Dynamic Range 
-SOdB Total Harmonic Distortion 

• INTERNAL SAMPLE/HOLD, REFERENCE, 
CLOCK, AND 3-STATE OUTPUTS 

• POWER DISSIPATION: 215mW max 

• PACKAGE: 24-Pin Single~wide DIP 
24-Lead SOIC 

±10V'N 

±5V'N 

2V 
Reference 

Out 

DESCRIPTION 
The ADS7800 is a complete 12-bit sampling analog
to-digital converter using state-of-the-art CMOS struc
tures. It contains a complete 12-bit successive ap
proximation NO converter with internal sample/hold, 
reference, clock, digital interface for microprocessor 
control, and three-state output drivers. 

The ADS7800 is specified at a 333kHz sampling rate. 
Conversion time is factory set for 2.70IJS max over 
temperature, and the high speed sampling input stage 
insures a total acquisition and conversion time of 31JS 
max over temperature. Precision, laser-trimmed scal
ing resistors provide industry-standard input ranges of 
±5Vor±lOV. 

AC and DC performance are completely specified. 
Two grades based on linearity and dynamic perform
ance are available to provide the optimum price! 
performance 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 SDIC 
package. It operates from a +5V supply and either a 
-12V or -15V supply. The ADS7800 is available in 
grades specified over O°C to + 70°C and -40°C to 
+85°C temperature ranges. 

BUSY 

Output 
Latches 

And Three 
Three State 
State Parallel 

Drivers Output 
Data 
Bus 

International Airport Industrial Park • Mailing Address: PO Bo. 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
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SPECIFICATIONS 
ELECTRICAL 
At TA = TM'N to TMAX' Sampling Frequency, fs, = 333kHz, -Vs = -15V, Vs = +5V, unless otherwise specified. 

• nQ~.' •• n"'" 

PARAMETER CONDITIONS MIN TYP MAX MIN 

DCQnIIlTln .. 12 

ANALOG INPUT 
Voltage Ranges ±10Vf±5V 
Impedance ±10V Range 4.4 6.3 8.1 

±5V Range 2.9 4.2 5.4 

THROUGHPUT SPEED 
Conversion Time Conversion Alone 2.5 2.7 
Complete Cycle Acquisition + Conversion 2.6 3.0 
Throughput Rate 333 380 

DC ACCURACY 
Full Scale Errorl1 ) ±0.50 
Full Scale Error Drill 6 
Integral Linearity Error ±1 
Differential Linearity Error ±1 

"'n" 

TYP 

· 

No Missing Codes ! uua, a' "oou Guaranteed 
Bipolar Zerol1) ±4 
Bipolar Zero Drill 1 
Power Supply Sensitivity 

-16.5V < -Vs < -13.5V ±112 
-12.6V < -Vs < -ll.4V ±112 
+4.75V < Vs < +5.25V ±1 

Transition Noise(3) 0.1 · 
AC ACCURACY 
Spurious·Free Dynamic Range f'N = 47kHz 74 77 77 80 
Total Harmonic Distortion f'N = 47kHz -77 -74 -a0 
Two-tone Intermodulation Distortion f'N1 = 24.4kHz (-adB) -77 -74 -80 

f'N2 = 28.5kHz (-adB) 
Signai-to-(Noise + Dislortlon) Ratio f'N = 47kHz 67 70 69 72 
Signal-Io-Noise Ratio (SNR) f;~ = 47kHz 68 71 70 73 

SAMPLING DYNAMICS 
Aperture Delay 13 
Aperture Jitter 150 
Transient Response(5) 130 
Overvoltage Recoveryl') 150 

INTERNAL REFERENCE VOLTAGE 
Vollage 1.9 2.0 2.1 
Source CUrrent Available 10 
for External Loads 

DIGITAL INPUTS 
Logic Levels 

VIL -0.3 +0.8 · 
V'H +2.4 +5.3 · 
I" -5 · 
I'H +5 · 

DIGITAL OUTPUTS 
Data Format Parallel, 12-bit or 8-biV4-bit 
Data Coding Binary Offset Binary 

VOL 'S'NK = 1.6mA 0.0 +0.4 

VOH ISOURCE = 5OOl'A +2.4 +5.0 
'LEAKAGE (High-Z Slate) ±0.1 ±6 

POWER SUPPLIES 
Rated Vollage 

-Vs -11.4 -15 -16.5 
Vs (VSA and Vso) +4.75 +5.0 +5.25 · 

Current 
-Is 3.5 6 
Is 18 25 · 

Power Consumption 135 215 · 

aURR~BROWN® 
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· kil « 

kil 
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en 
±0.35 % I-

ppmf'C Z 
±1/2 LSBI2) W ±3/4 LSB 

Z 
±2 LSB 0 

ppm/oC a. 
· LSB :iE 

LSB 0 
±1/2 LSB 0 LSB 

Z 
dB 14) 0 

-77 dB i= -77 dB 

dB ~ 
dB ~ 

" ns 0 ps, rms « ns 
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~ · V « 
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SPECIFICATIONS (CO NT) 

ELECTRICAL 
At TA = TMIN to TMAX, Sampling Frequency, fs, = 333kHz, -Vs = -15V, Vs = +5V, unless otherwise specified. 

ADS7800JP/JU/AH ADS7800KP/KUIBH 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

TEMPERATURE RANGE 
Specification JP/JUIKPIKU 0 +70 · 'C 

AHIBH -40 +85 · 'C 
Operating JPIKPIJU/KU -40 +85 · . 'C 
Storage -65 +150 . 'C 

.. 
• Same as specification for ADS7800JP/JUIAH . 
NOTES: (1) Adjustable to zero with external potentiometer. (2) lSB means least Significant BU. For ADS7800, llSB = 2.44mV for the ±SV range, llSB = 
4.88mV for the ±10V range. (3) Noise was characterized over temperature near full scale, OV, and negative full scale. O.llSB represents a typical rms level of 
noise at the worst case, which was near full scale input at +12S'C. (4) All specifications in dB are referred to a full-scale input, either ±10V or ±SV. (5) For.full 
scale step input, 12-bit accuracy attained in specified time. (6) Recovers to specified performance in specified time after 2 x Fs input overvoltage. . 

PIN ASSIGNMENTS ABSOLUTE MAXIMUM RATINGS 

PIN # NAME DESCRIPTION -Vs to ANALOG COMMON ............................................................ -16.5V 

1 INI ±10V Analog Input. Connected to GND for ±5V range. 

2 IN2 ±5V Analog Input. Connected to GND for ±10V range. 

3 REF +2V Reference Output. Bypass to GND with 22~ to 
47~F Tantalum. Buffer for external loads. 

Vs to DIGITAL COMMON ......................................................... : .......... +7V 
Pin 23 (VSO ) to Pin 24 (VSA ) ........................................................... ±0.3V 
ANALOG COMMON to DIGITAL COMMON ..............•......................... ±1V 
Conlrollnputs to DIGITAL COMMON ............................. -0.3 to Vs + 0.3V 
Analog Input Voltage ....... , ............•....•................................................ ±20V 

4 AGND Analog Ground. Connect to pin 13. Maximum Junction Temperature ..................................................... 160°C 
5 011 Data Bit II. Most Significant Bit (MSB). 

6 010 Data Bit 10. 

Inlernal Power Dissipation ............................................................. 7S0mW 
lead T.emperature (soldering, lOs) ..•........................... : ................. +300'C 

7 09 Data Bit9. 
Thermal Resistance, 8JA: 

Plastic DIP .................................................................... ; ........... 100'C/W 
8 08 Data Bit 8. SOIC .... , .................................................................................... IOO'C/W 
9 07 Data Bit 7 if HBE is lOW; lOW if HBE is HIGH. Ceramic ...................................................................................... 50'C/W 

10 06 Data Bit 6 if HBE is lOW; lOW if HBE is HIGH. 

11 OS Data Bit S if HBE is lOW; lOW if HBE is HIGH. 

12 04 Data Bit 4 if HBE is LOW; lOW if HBE is HIGH. PIN CONFIGURATION 
13 DGND Digital Ground. Connect to pin 4. 

14 03 Data Bit 3 il HBE is LOW; Data Bit 11 if HBE is HIGH. 
Top View DIP/sOIC 

15 D2 Data Bit 2 if HBE is LOW; Data Bit 10 if HBE is HIGH. 

16 DI Data Bit I il HBE is lOW; Data Bit 9 if HBE is HIGH. 
INI VSA 

17 DO Data Bit 0 ij HBE is lOW. least Significant Bit (LSB); IN2 VSD 
Data Bit 8 if HBE Is HIGH. 

18 HBE High Byte Enable. When held lOW, data output as 12-
REF -Vs 

bits in parallel. When held HIGH, four MSBs presented AGND BUSY. 
on pins 14-17, pins 9-12 output lOWs. Must be lOW to 
initiate conversion. 011 CS 

19 RIC Read/Convert. Falling edge initiates conversion when 
CS is lOW, HBE is lOW, and BUSY is HIGH. 

010 RIC 
-

20 CS Chip Select. Outputs in Hi-Z state when HIGH. Must be D9 HBE 
lOW to initiate conversion or read data. --

21 BUSY Busy. Output lOW during conversion. Data valid on 
08 DO 

rising edge in Convert Mode. D7 01 
22 -Vs Negative Power Supply. -12V or -ISV. Bypass to GND. 

23 Vso Positive Digilal Power Supply. +SV. Connect 10 pin 24, D6 D2 

and bypass to GND: DS D3 
24 VSA Posilive Analog Power Supply. +5V. Connect 10 pin 23, 

and bypass to GND. D4 DGND 

BURR-BROWNIID 
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TYPICAL PERFORMANCE CURVES 
At +Vs = +5V, -Vs = -15V, and TA = +25'C, unless otherwise noted. All plots use 1024 point FFTs. 
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DICE INFORMATION 

PAD FUNCTION PAD FUNCTION 

1 ±1 OV Analog Input 15 O2 

2 ±5V Analog Input 16 0, 
3 +2V Reference Output 17 D. 
4a Analog Ground Sensel1) 

4b Analog Ground (1) 

5 0 11 (MSB) 18 HBE 
6 0,• 19 AlE 
7 0, 
8 Os 
9 0, 20 CS 
10 0, 21 BUSY 
11 0, 
12 0, 22 -Vs 
13 Digital Ground 23 +VSD 
14 03 24 VSA 

NOTE: Bond pads 4 and 5 to same pin. 

MECHANICAL INFORMATION 

MILS (0.001") MILLIMETERS 

Die Size 136 x 181 ±5 3.45 x 4.60 ±0.13 
Die Thickness 20±3 0.51 ±D.08 
Min. Pad Size 4x4 0.10xO.10 

ADS7800 DIE TOPOGRAPHY 

ORDERING INFORMATION 

INTEGRAL SIGNAL-TO- SPECIFICATION 
LINEARITY (NOISE+DISTORTION) TEMPERATURE 

MODEL ERROR (LSB) RATIO (dB min) RANGE (OC) PACKAGE 

ADS7800JP ±1 67 010 +70 Plastic DIP 
ADS7800KP ±112 69 Oto+70 Plastic DIP 

ADS7800JU ±1 67 o to +70 Plastic SOIC 
ADS7800KU ±112 69 o to +70 Plastic SOIC 

ADS7800AH ±1 67 -40 to +85 Ceramic DIP 
ADS7800BH ±112 69 -40 to +85 Ceramic DIP 

PACKAGE INFORMATION 

PACKAGE DRAWING 
A ELECTROSTATIC 
~DISCHARGE SENSITIVITY MODEL PACKAGE NUMBER(1) 

ADS7800JP 24-Pln Plastic DIP 243 
ADS7800JP 24-Pin Plastic DIP 243 
ADS7800JU 24-Pin Plastic SOIC 239 
ADS7800KU 24-Pin Plastic SOIC 239 
ADS7800AH 24-Pin Ceramic DIP 245 
ADS7800BH 24-Pin Ceramic DIP 245 

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

The ADS7800 is an ESD (electrostatic discharge) sensitive 
device. The digital control inputs have a special PET struc
ture, which turns on when the input exceeds the supply by 
18V;to minimize ESD damage,However, pennanentdamage 
may occur on unconnected devices subject to high energy 
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 andlor systems. 
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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 
AID converter. 

A basic charge-redistribution successive approximation 
architecture converts analog input voltages into digital 
words. Figure I shows the operation of a simplified three 
bit charge redistribution AID. 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 (SI) 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 (S2 
and S3) are set to position "R" to provide an accurate bipolar 
offset from the reference source REF. At the same time, 
switch Sc is also in the closed position to auto-zero any 
offset errors in the CMOS comparator. 

When a convert command is received, switch SI is opened 
to trap a charge on the MSB capacitor proportional to the 
input level at the time of the sampling command, switches 
S2 and S3 are opened to trap an offset charge, and switch 
Sc 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 I' 
S2 and S3 to positions "R" (to connect to REF) or "G" (to 
connect to GND) successively, changing the voltage gener
ated at the comparator input node. 

The first approximation connects the MSB capacitor via 
switch SI to REF, while switches S2 and S3 are connected 
to GND. Depending on whether the comparator output is 
HIGH or LOW, the logic will then latch SI in position "R" 
or "G", and moves on to make the next approximation by 
connecting S2 to REF and S3 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 I, S2 and S3' 

FIGURE 1. 3-Bit Charge Redistribution AID. 

BURR-BROWN® 

011 
(MSB) 

Data Out 

FIGURE 2. Basic ±10V Operation. 

OPERATION 
BASIC OPERATION 

DO 
(LSB) 

Figure 2 shows the simple hookup circuit required to operate 
the ADS7800 in a ±lOV range in the Convert Mode. A 
convert command arriving on pin 19, RIC, (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 ani initiate a 
conversion. In this mode, the rising edge of RIC 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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FIGURE 3. Acquisition and Conversion Timing. 

SYMBOL PARAMETER MIN TYP MAX UNITS 

IOBC BUSY delay from RIC 80 150 ns 

Ie BUSY Low 2.5 2.7 lIS 
lAP Aperture Delay 13 ns 
~IAP Aperture Jiller 150 ps, rms 
Ie Conversion Time 2.47 2.70 fls 

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: 
±IOV and±5V. Ifa±IOVrange 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 II.) 

CONTROLLING THE ADS7800 
The ADS7800 can be easily interfaced to mostmicroproces
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 
Ric 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 w~d, 'or, in two 8-bit 
bytes. The three control inputs (CS, RIC and, HBE) are all 
TTL/CMOS compatible. The functions of the control lines 
are shown in Table, n. 

CS RIC HBE BUSY 'OPERATION 

1 X X 1 None· Qulpuls In Hi-Z Siale. 
a Ito a I Holds Signal and Iniliales Conversion. 
a I a I OUlpUI Three-Slale Buffers Enabled once 

Conversion has Finished. 
0 1 I 1 Enable Hi·Byte in S·bil Bus Mode. 
a Ito I I Inhibil Slart of Conversion. 
a a I 1 None - Qulpuls in Hi·Z Siale. 
X X X 0 Conversion in Progress. Outputs Hi-Z 

Siale. New Conversion Inhibiled 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 RIC. In 
this mode, CS and HBE are connected to GND. The output 
data are presented as 12-bit words. The stand-alone mode 
iii used in systems containing dedicated input ports which 
do not require full bus iriterface capability. 

Co,!!version is initiated by a HIGH-to-LOW transition on 
RIC. The three,-state data output buffers are enabled when 
Ric 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 eitlier case, the 
RIC pulse must remain LOW a minimum of 4Ons. 

Figure 6 lllustr~tes timing when conversion is i~itiated by 
an RIC pulse which goes LOW and ret~rns 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 RIC, 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 Ric pulse. In this mode (Read Mode), the 
output data from the previous conversion is enabled during 
the,HIGH portio~of RIC. A new con"ersion starts on the 
falling edge of RIC, and the three-state outputs return to the 
Hi-Z state until the next occurrence of a HIGH on RIC. 

CONVERSION START 
A conversion is initiated on the ADS7800 only by a negative 
transition occurring on RIC, as shown in Table I. No other 
combination of states or transitions will initiate a conversion. 
Conversion is inhibited if either CS or HBE are HIGH, or 
if BUSY is Law. CS and HBE should be stable a minimum 
of 25ns prior to the transition on RIC. 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, 
RIC 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 2.47/lS, and a 
maximum conversion time over the full operating tempera
ture range of 2.7/lS. No external adjustments are required, 
and with the guaranteed maximum acquisition time of 
300ns, throughput performance is assured with convert 
pulses as close as 3/lS. 

READING DATA 

After conversion is initiated, the output buffers remain in a 
Hi-Z state until the following three logic conditions are 
simultaneously met: Ric 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 II. 

If adjustment of offset and full scale is not required, 
connections as shown in Figures 4 and 5 should be used. 

±10Vo-__ -I 
Input ADS7800 

FIGURE 4. ± lOY Range Without Trims. 

BUSY 

Converter 
Mode 

Data 
BUS 

i 1 

±5V 0-__ \7_-1 2 
Input 

ADS7800 

FIGURE 5. ±5V Range Without Trims. 

CALIBRATION PROCEDURE 

First, trim offset, by applying at the input (pin I or 2) 
mid-point transition voltage (-2.44mV for the ±lOV 
-I.22m V for the ±5V range.) With the ADS7800 cOIlvelrting 
continually, adjust potentiometer R[ until the MSB (DII 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 ±lOV range, +4.9963V for the ±5V 
range.) With the ADS7800 converting continually, adjust 
Rz 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 6.3kQ or 4.2kQ (for 
the ±IOV 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 SD) and 24 (V SA) 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. 

Convert 

Hi·ZState 

FIGURE 6. Convert Mode: Ric Pulse LOW - Outputs Enabled After Conversion. 
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BUSY 

Converter 
Mode 

Data 
BUS 
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FIGURE 7. Read Mode: Ric. Pulse ffiGH- Outputs Enabled Only When Ric is High. 

SYMBOL PARAMETER MIN TYP MAX UNITS 

tw RIC Pulse Width 40 10 ns 

tOBC BUSY delay from RIC 80 150 ns 

tB BUSY LOW 2.5 2.7 IlS 

tAP Aperture Delay 13 ns 

AtAP Aperture Jitter 150 PS, rms 

Ie Conversion Time 2.47 2.70 j.lS 

taB' BUSY Irom End of Conversion 100 ns 

taB BUSY Delay after Dala Valid 25 75 200 ns 

tA Acquisition Time 130 300 ns 

tA+tc Throughput Time 2.6 3.0 j.lS 

tHOR Valid Data Held After RiC LOW 20 50 ns 

Is CS or HBE LOW before RIC Falls 25 5 ns 

tH CS or HBE LOW after RIC Falls 25 0 ns 

too Data Valid lram Cs LOW, RIC HIGH, and HBE in Desired St~te (Load = 100pF) 65 150 ns 

tHOR Valid Data Held After RIC Low 20 50 ns 

tHL Delay to Hi-Z State after RIC Falls or Cs Rises (3kn Pullup or Pulldown) 50 150 ns 

TABLE m. Timing Specifications (TMIN to TMAX). 

CSor 
HBE 

RIC 

BUSY 

Data 
Bus 

FIGURE 8. Conversion Start Timing. 

2.204 

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 +SV supply conductor from 
the supply regulator to any analog components requiring 
+SV, including the ADS7800. 

The Vs pins (23 and 24) should be connected together and 
bypassed with a parallel combination of a 6.81JF tantalum 
capacitor and a O.llJF ceramic capacitor located close to the 
converter to obtain noise-free operation. (See Figure 2.) The 
-Vs pin 22 should be bypassed with a llJF 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 
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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. 

CS 

AIC 

HBE =r s 
BUSYB 

OBll-0BO 

---- ~tDO 

FIGURE 9. Read Cycle Timing. 

REFERENCE BYPASS 
Pin 3 (REF) should be bypassed with a 22!!F to 47!!F 
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 spins, 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~ 

±10V 
External Input 

Gain Adjust AOS7800 
100Q 

2 

'~l AI 4 
Bipolar 

10k!! 10k Zero 5 
Adjust 6.65kQ 49.9Q 

-15V 
7 

FIGURE 10. ±lOV Range With External Trims. 

MINIMIZING "GLITCHES" 
Coupling of external transients into an AID 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 (RIc going LOW) is c!i.tical, as 
it would be on any sample/hold amplifier. The RIC 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 t.!!.e above discussion calls for a fast, clean rise 
and fallon RIC, 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 lOOns so that it transitions before the MSB 
decision), or relatively long (over 2.75!JS to transition after 
the LSB decision). 

±5V AOS7800 

External Input 2 
Gain Adjust 

100Q 3 

~'I 
4 

Bipolar 
AI 

10kQ 30.1k!! Zero 6 
Adjust 10k!! 30m 

7 
-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 Ric 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. 

INPUT VOLTAGE RANGE AND LSB VALUES 

Input Voltage Range Defined As: 
Analog Input Connected to Pin 
Pin Connected 10 GND 
One Least Significant Bit (LSB) FSRl212 

OUTPUT TRANSmON VALUES 

FFEH to FFFH +Full Scale 

7FFH 10 BOOH Mid Scale 

(Bipolar Zero) 

OOOH to OOIH -Full Scale 

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 RIC 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. 

±IOV ±5V 
I 2 
2 I 

20V/2'2 IOVl212 

4.BBmV 2.44mV 

+IOV-3/2LSB +5V-3/2LSB 

+9.9927V +4.9963V 

OV-1/2LSB OV-1/2LSB 

-2.44mV -1.22mV 

-IOV+1/2LSB -5V+1/2LSB 

-9.9976V -4.998BV 

TABLE IV. Input Voltages, Transition Values, and. LSB Values. 
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BURR - BROWN® 

1E3E11 ADS7803 

Autocalibrating, 4-Channel, 12-Bit 
ANALOG-TO-DIGITAL CONVERTER 

FEATURES 
• LOW POWER: 10mW plus Power Down 

• SIGNAL-TO-(NOISE + DISTORTION) 
RATIO OVER TEMPERATURE: 
69dB min with fiN = 1 kHz 
66dB min with fiN = 50kHz 

• FAST CONVERSION TIME: 8.5~ 
Including Acquisition (117kHz Sampling 
Rate) 

• DC PERFORMANCE OVER 
TEMPERATURE: 
±314 LSB max Total Error 
±1/4 LSB max Channel Mismatch 

• FOUR-CHANNEL INPUT MULTIPLEXER 

• SINGLE SUPPLY: +5V 
• PIN COMPATIBLE WITH ADC7802 

AD 

AI 

AIND r...._.r---"'''--, 

AINI 
AIN2 
AIN3 v--1-. __ ..J 

DESCRIPTION 
The ADS7803 is a monolithic CMOS 12-bit analog
to-digital converter with internal samplelhold and four
channel multiplexer. It is designed and tested for full 
dynamic performance with input signals to 50kHz. An 
autocalibration cycle guarantees a total unadjusted 
error within ±3/4LSB over the specified temperature 
range, eliminating the need for offset or gain adjust
ment. The 5V single-supply requirements and stan
dard CS, RD, and WR control signals make the part 
easy to use in microprocessor applications. Conver
sion results are available in two bytes through an 8-bit 
three-state output bus. 

The ADS7803 is available in a 28-pin plastic DIP and 
28-lead PLCC, fully specified for operation over the 
industrial -40°C to +85°C temperature range. 

r-----,'----~cs 

RiS 
WR 

~_.....J,-~SFR 

BUSY 

B·Bit 
Data Bus 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS 
ELECTRICAL 
VA = Vo = VREF+ = SV ±5%; VRE' = AGND = DGNO = OV; CLK = 2MHz extemal, TA = -40'C to +8S'C, after calibration at any temperature, unless otherwise specified. 

ADS7803BP/ADS7803BN 

PARAMETER CONDfTIONS MIN TYP MAX UNITS 

RESOLUTION 12 Bits 

ANALOG INPUT 
Voltage Input Range VREF+ = SV, VRE' = OV 0 S V 
Input Capacitance SO pF 
On State Bias CUrrent 100 nA 
Off State Bias Current TA = +2S'C 10 nA 

TA = -40'C to +85'C 100 nA 
On Resistance Multiplexer 2 kO 
Off Resistance Multiplexer 10 MQ 
Channel Separation SOOHz 92 dB 

REFERENCE INPUT 
For Specified Performance: VREF+ VREF+ ~ VA S V 

VREr 0 V 
For Derated Performance(1): VR,F+ 4.5 VA V 

VREF""" 0 I V 
Input Reference Current VREF+ = SV, VRE, = OV 10 100 J1A 
THROUGHPUT TIMING 
Conversion Time With External Clock (Including CLK= 2MHz 8.S· J1S 

Multiplexer Settling Time and AcquisHion Time) CLK= IMHz 17 J1S 
CLK=SOOkHz 34 J1S 

With Internal Clock Using Recommended TA = +2S'C 10 J1S 
Clock Components T A = -40'C to +8S'C 10 J1S 

Multiplexer Settling Time to 0.01 % 460 ns 
Multiplexer Access TIme 20 .. ns 

DC ACCURACY 
Total Error, All Channels(2) ±112 ±314 LSB 
Differential Nonlinearity ±1/4 ±112 lSB 
No Missing Codes Guaranteed 
Gain Error AIiChannels ±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 VA = Vo = 4.7SV to S.2SV ±1J8 LSB 

ACACCURACY 
Signal·to-(Noise + Distortion) Ratio fiN = 1kHz 69 71 dB 

liN = SOkHz 66 69 dB 
Total Harmonic Distortion lIN = SOkHz -75 dB 
Signal·to-Noise Ratio liN = SOkHz 70 dB 
Spurious Free Dynamic Range liN = 1kHz 90 dB 

fiN = SOkHz 82 dB 

SAMPLING DYNAMICS 
Full Power Bandwidth -3dB 4 MHz 
Aperture Delay SFRD2l0W 2500 ns 
Offset Error SRFD2HIGH S ns 

SFR 02 lOW ±1J8 ±1/4 LSB 
SFR 02 HIGH, Internal Clock or ±112 ±I LSB 

Sampling Command Synchronous 
to External Clock 

SFR 02 HIGH, Sampling Command ±4 LSB 
Asynchronous to Extemal Clock 

DIGITAL INPUTS 
All Pins Other Than ClK: V,L 0.8 V 

V,H 2.4 V 
Input Current TA = +25'C, V,N = 0 to Vo I J1A 

TA = -40'C to +8S'C, V,N = 0 to Vo 10 J1A 
ClK Input: V IL 0.8 V 

V,H 3.S V 
I,L 10 IlA 
I'H I.S mA 

I'H Power Down Mode (03 in SFR HIGH) 100 nA 

NOTES: (I) For (VREF+) - (VREd as low as 4.SV, the total error will typically not exceed ±I LSB. (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 responsibilHy for inaccuracies or omissions. BURR·BROWN 
assumes no responsibilHy 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 andlor systems. 
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SPECIFICATIONS (CO NT) 
ELECTRICAL 
VA = Vo = VREF+ = 5V ±5%; VREr = AGND = DGND = OV; CLK = 2MHz external, T A = -40'C to +85'C, after calibration at any temperature, unless otherwise specified. 

PARAMETER 

DIGtTAL OUTPUTS 
VOL 
VOH 

Leakage Current 
Output Capacitance 

POWER SUPPLtES 
Supply Voltage for Specified Pertorrnance: VA 

Vo 
Supply Current: I. 

10 
Power Dissipation 
Power Down Made 

TEMPERATURE RANGE 
Specification 

PIN CONFIGURATIONS 

Top View 

SFR 

AINl 

PACKAGE INFORMATION 

MODEL PACKAGE 

ADC7803BN 28-Pin LCC 
ADS7803BP 28-Pin Plastic DIP 

28 

CONDITIONS 

ISINK = 1.6mA 
ISOURCE = 200jJA 

High-Z State, Your = OV to V 0 

High-Z State 

4 

4 

4.75 
4.75 

5 
5 

UNITS 

0.4 V 
V 

±1 jJA 
15 pF 

5.25 V 
5.25 V 
2.5 mA 

Logic Input Pins HIGH or LOW 
WR = AD = CS = BUSY = HIGH 

See Table III 
10 
50 

2 mA 
mW 

DIP 

VA 

PACKAGE DRAWING 
NUMBER(1) 

251 
215 

-40 +85 
-65 +150 

Top View 

AIN3 5 

VRE .. 

DGND 

Va 

06 11 

ABSOLUTE MAXIMUM RATINGS 

'C 
'C 

Al 

AO 

CLK 

BUSY 

HBE 

iNA 

CS 

Lec 

V. to Analog Ground .......................................................................... 6.5V 
Vo to Digital Ground ........................................................................... 6.5V 
Pin V A to Pin Vo ............................................................................... ±0.3V 
Analog Ground to Digital Ground ........................................................ ±1 V 
Control Inputs to Digital Ground ................................ -o.3V to Vo + O.3V 
Analog Input Voltage to Analog Ground .................... -o.3V to Vo + O.3V 
Maximum Junction Temperature ..................................................... 150'C 
Internal Power Dissipation ............................................................. 875mW 
Lead Temperature (soldering, lOs) ............................................... +300'C 

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

Thermal Resistance, 8J.: Plastic DIP .......................................... 75'CIW 
PLCC .................................................. 75'CIW 

ORDERING INFORMATION 

MINIMUM SIGNAL-TO- SPECIFICATION 
(NOISE + DISTORTION) MAXIMUM TOTAL TEMPERATURE 

MODEL RATlO,dB ERROR,LSB RANGE 

ADS7803BN 69 ±314 -40'C to +85'C 
ADS7803BP 69 ±3I4 -40'C to +85'C 

BURR~BROWNI8 
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For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES 
At VA = Vo = VREF+ = 5V, VRE.-= AGNO = OV, TA = +25'C, dynamic performance based on 2048 pOint FFTs, unless otherwise noted. 
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TYPICAL PERFORMANCE CURVES (CONT) 
At VA = Va = VRE,.. = 5V, VREr = AGND = OV, TA = +25'C, dynamic periarmanee based on 2048 point FFTs , unless otherwise noted. 
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INTERNAL CLOCK FREQUENCY vs TEMPERATURE 
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THEORY OF OPERATION 

100 

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 -3 dB 
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 50~W power down option. 
BURR-BROWN" 
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OPERATION 
BASIC OPERATION 

100 

ReLoeK (k(l) 

lk 

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). 

NC 1 

Input 

BUSY 

lOW 

lOW 

lOW 

Data Bit 11 : Data Bit 3 
(MSB) : ........................ -

HBE Input: HBE Input 
HIGH : LOW 

SFR 

AINO 

AIN1 

AIN2 

AIN3 

V REF+ 

VRE.=-

DGND 

Va 

07 

06 

05 

04 

03 

FIGURE 1. Basic Operation. 
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D2 15 Data Bit 2 : Data Bit 10 

·HBE· i~p~iTHBEi~p~; 
LOW : HIGH 
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For Immediate Assistance, Contact Your Local Salesperson 
STARTING A CONVERSION CALIBRATION 

A conversion is initiated on the rising edge of the WR input, 
with valid signals on AO, 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. 

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 lOOns
wide LOW pulse on the CAL pin (pin 26), or by setting 01 
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. ~uring a 
calibration cycle, convert commands are ignored. 

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 02 of the Special Function 
Register, as discussed below. 

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 07. See the sections discussing the SpeCial Function Register. If not used, connect to DGND, This pin 
has an internal pull·down. 

2 to 5 AINO to AIN3 Analog inputs. Channel 0 to channel 3. 

6 VREF+ Positive voltage reference input. Normally +5V. Must be sV A. 

7 VREr Negative voltage reference input. Normally OV. 

8 DGND Digital ground. DGND ~ OV. 

9 Vo LogiC supply voltage. Vo ~ +5V. Must be SVA and applied after VA-

10 to 17 DO to 07 Data Bus Input/Output Pins. Normally used to read output data. See section on SFR (Special Function Register) lor 
other uses. 
When SFR is LOW, these function as follows: 

10 07 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 06 Data Btt 6 if HBE is LOW; LOW if HBE is HIGH. 
12 05 Data Bit 5 if HBE is LOW; LOW if HBE is HIGH. 
13 04 Data Bit 4 if HBE is LOW; LOW if HBE is HIGH. 
14 03 Data Bit 3 if HBE is LOW; Data Bit 11 (MSB) if HBE is HIGH. 
15 02 Data Bit 2 if HBE is LOW; Data Bit 10 if HBE is HIGH. 
16 01 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 AO and AI 
in combination with CS. The minimum WR pulse LOW width is lOOns. 

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 extemal clock operation, connect pin 23 to a 74HC'compatible 
clock source. For internal clock operation, connect pin 23 per the clock operation description. 

24 to 25 AOto A1 Address Inputs. Used to select on~f fo~analog input channels in combination with CS and WR. The address inputs 
are latched on the riSing edge of WR or CS. 

AI AO Selected Channel 

LOW LOW AI NO 
LOW HIGH AINI 
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 lOOns. If not 
(SHC) used, connect to Va. In this case calibration is only initiated at power on, or with SFR. If 02 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 ~ OV. 

28 VA Analog Supply. VA ~ +5V. Must be ~VD and VR ..... 

BURR-BROWNe 

2.212 Burr-Brown Ie Data Book-Mixed Signal Products IElElI 



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

ClK 

WR '---J 
I 
I 
I 
I 
I 
I 
I 

FIGURE 2. Converter Timing. 

WRorCAl 

2 3 4 

Multiplexer Settling, 
Offset Auto Zeroing 

and Sampling Acquisition 
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- t, -
~ 

- Is --
SFR I\. 

F-
k-

AO,Al 

t2 

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 

6 7 

Successive 
Approximation 

Conversion 

t, -

-Is-

J 

V'H v, 

FIGURE 3, Write Cycle Timing (for initiating conversion or calibration). 

I\. / J 

SFR I\. J 
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Hi·Z State Y 'I.. Hi·Z y 
00·07 -..:.::.==----4).. low Byte Data ,,(~----..:.::.::.---41\ High Byte Data 

FIGURE 4. Read Cycle Timing. 
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For Immediate Assistance, Contact Your Local"Salesperson 
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. 

ADS1803 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 ADS1803. 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 l2-bit data is available after BUSY 
has gone HIGH, or the internal status flag goes LOW (D1 
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. 

SYMBOL PARAMETER!') 

I, CS to WR Setup Time(2) 

10 WR or CAL Pulse Width 

10 CS to WR Hold Time(2) 

f., WR to BUSY Propagation Delay 

10 AO, A1, HBE, SFR Valid to WR Setup Time 

Is AO, A 1, HBE, SFR Valid to WR Hold Time 

t, BUSY to CS Setup Time 

Is CS to Ali Setup Time(2) 

t, AD Pulse Width 

t" CS to AD Hold Time(2) 

t" HBE, SFR to Ri5 Setup Time 

t'2 HBE, SFR to Ri5 Hold Time 

t13 Ri5 to Valid Data (Bus Access Time)!') 

t" Ri5 to Hi-Z Delay (Bus Release Time)!3) 

t15 Ali to Hi-Z Delay For SFR(3) 

t" Data Valid to WR Setup Time 

t" Data Valid to WR Hold Time 

t" Acquisition Time. Pin 26 lOW with 02 in SFR HIGH 

t" Sample-to-Hold Aperture Delay. (02 in SFR HIGH) 

100 Delay frqrn rising edge on pin 26 to start of conversion. 
(02 in SFR HIGH) 

TIMING CONSIDERATIONS 

Table I and Figures 3 through 9 show the digital timing of 
ADS1803 under the various operating modes. All.of the 
critical parameters are guaranteed over ·the fiJII -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 ADS1803,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 whe\1 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 ADS1803 
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 III 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. 

MIN .TYP MAX UNITS 

0 0 0 ns 

100 ns 

0 0 0 ns 

20 50 150 ns 

0 ns 

20 ns 

0 ns 

0 0 0 ns 

100 ns 

0 0 0 ns 

50 ns 

0 ns 

80 150 ns 

90 180 ns 

20 60 ns 

100 ns 

20· ns 

2.5 ~s 

5 ns 

1.5 ClK cycles 

NOTES: (1) All input control signals are specified with tRISE = h" = 20ns (10% to 90% of 5V) and timed from a voltage level of 1.6V. Data is timed from V'H' 
V,c. VOH or VO\.. (2) The internal RD pulse is performed by a NOR wiring of CS and Ali. 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, TA =-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. 

01 CAL Flag If HIGH, calibration cycle in progress. 

02 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. 

03 Power Down Status If HIGH, in Power Down Mode. 

04 Reserved for factory USB. 

05 POWER FAIL Flag If HIGH, a power supply failure has 
occurred. (Supply fell below 3V.) 

06 CAL ERROR Flag If HIGH, an overflow occurred during 
calibration. 

07 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. 

POWER DOWN MODE 

Writing a HIGH to D3 in the SFR puts the ADS7803 in the 
Power Down Mode. Power consumption is reduced to 50l1W 
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 03 in the SFR, or initiate a 
calibration by sending a LOW to the CAL pin or writing 
a mGH to D 1. 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 Dl 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. 

OPERATION CSlWR SFRlHBE 

Enables Transparent Mode for Data Latches LOW HIGH 

Enables Latched Output Mode for Data Latches LOW HIGH 

Initiates Calibration Cycle LOW HIGH 

Activates Sample/Hold Control Mode LOW HIGH 

Activates Power Down Model') LOW HIGH 

Resets Power Fail Flag LOW HIGH 

~ I \ 
~ 1 -l'-----

I V,H 1'----
K""---V-a-Iid-O-a-ta---+-I .,.,v"',,"""!)>-----

00·07 !----t16----! t17 1-

FIGURE 5. Writing to the SFR. 

RO 

HBE ' 

~~-R~--t'-,-I--t,-3-~r. __ -= __ ~_~~ 
00·07 

FIGURE 6. Reading the FSR. 

SAMPLElHOLD CONTROL MODE 

With D2 in the SFR mGH, a rising edge input on pin 26 will 
switch the ADS7803 from sample-mode to hold-mode with 
a 5ns 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 2.5118 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 

DO 01 02 03 05 D41D6ID7 

LOW X X X X LOW 

HIGHI') X X X X LOW 

X HIGH X X X LOW 

X X HIGHt') X X LOW 

X X X HIGHI') X LOW 

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 wilf initiate a single conversion, 
then the AOS7803 will revert to power down. (3) X means it can be either HIGH or LOW without affecting this action. Writing HIGH to 04 or 06, 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 
eLK. This will keep offset error to about lLSB. 

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 AO and AI. When changing channels, this must be 
done at least 2.51JS 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 IOOnA max), and a low 50pF 
input capacitance. To ensure a conversion accurate to 12 
bits, the analog source must be able to charge the 50pF and 
settle within the fIrst five clock cycles after a conversion is 
initiated. During this time, the input is also very sensitive to 

CS RD WR SFR HBE CAL BUSY 

X X X X X 01'1 X 

X X X X X X 0 
1 X X X X 1 X 
0 1 01'1 0 X 1 1 
0 0 1 0 0 1 X 

0 0 1 0 1 1 X 

0 1 0 1 1 1 1 

0 0 1 1 1 1 X 

0 1 0 1 0 1 X 
0 0 1 1 0 1 X 

TABLE IV. Control Line Functions. 

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 lOa can be used to improve signal quality. 
In this case, the source impedance needs to be less than 5ill 
to keep the induced offset errors below l/2LSB, and to meet 
the acquisition time of five clock cycles. The values in 
Figure lOa meet these requirements, and will maintain the 
full power bandwidth of the system. For higher source 
impedances, a buffer like the one in Figure lOb should be 
used. 

INPUT PROTECTION 

The input signal range must not exceed ±VREF or V A by 
more than O.3V. 

The analog inputs are'intemally clamped to VA- 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 lkQ input resistor allows an overvoltage to 20V 
without damage. 

REFERENCE INPUTS 
A lO)JF tantalum capacitor is recommended between V ru;p+ 
and VREF""" to insure low source impedance. These capaci
tors should be located as close as possible to the ADS7803 

OPERATION 

Iniliates calibration cycle, (See SFR section lor alternale use as Sample/, 
Hold Conlrol Mode input.) 

Conversion or calibration in process. Inhibits new conversion from starting. 
None, Outputs in Hi·Z State, 
Initiates conversion. 
low byte conversion results output on data bus. 
High byte conversion results output on data bus. 

Write to SFR and rising edge on WR initiates conversion. 
Contents of SFR output on data bus, 

Reserved for factory use. 
Reserved for factory use. (Unpredictable data on data bus,) 

I I 1 I 2: I 11 I 12 I 

~--------------~-------------~ ClK 
I I 

(P~~~6) .,.....,.......\\\......,......-\ % ............... \\-t,. " \\~\ \_-_-_-_-_-_-_-_-_-_-_-_ \\\\ \\\\\\\\ \ \\ 
: :---~-: : 

BUSY ~r;----------------~\ I I'~: ------
I : 

t19-' 

Sample Hold Convert Sample 

FIGURE 7. Timing for Initiating Conversion in Sample/Hold Control Mode (D2 in SFR IDGH). 
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SV 

~I<O 
ADS7803 Test 

Output Point 

I C
' 

(a) Load Circuit 

Vo 
Output 
Enable 

Gnd __ ....,4;...I~O.:::%~ ____ _ 

Vo --~----------

VOL ---+---I"i 
-t,S -

(b) From LOW to Hi-Z, C, = 10pF 

Output Vo 
Enable 

90% 

Gnd 

Vo ------___,. 

(c) From Hi-Z to LOW, C, = 100pF 

FIGURE 8_ Measuring Active LOW to/from Hi-Z State_ 

to reduce dynamic errors, since the reference provides pack
ets of current as the successive approximation steps are 
carried out_ 

V RJ!F"I- must not exceed V A- Although the accuracy is speci
fied with VREP+ = 5V and VREF"" = OV, the converter can 
function with VREp+ as low as 4_5V and VREr as high as 
lV_ 
As long as there is at least a 4.5V difference between V RJ!F"I
and V REF"", the absolute value of errors does not change 
significantly, so that accuracy will typically be within ±ILSB 

The power supply to the reference source needs to be 
considered during system design to prevent VREp+ from 
exceeding (or overshooting) VA' 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 IOj.IF tantalum capacitors as close 
to the part as possible_ Although ADS7803 has excellent 

BURR-BROWN(!!I 

ADS7803 O--I"'--I~-O Test 
Output Point 

31<0 IC' 
(a) Load Circuit 

Output Vo ------:g""o'".-v,-{ 
Enable 

Gnd ____ ~~I~O~~,--------

VOH -----r--~ 

Goo----+---+r------
-t,S -
-t,4---

(b) From HIGH to Hi-Z, C, = 10pF 

Output Vo 
Enable 

Gnd __ .:.:10",%:,;;r 

-t'3 -1.,---
/2.4V 

Gnd ---------' 

(c) From Hi-Z to HIGH, C, = 100pF 

FIGURE 9_ Measuring Active HIGH to/from Hi-Z State. 

power supply rejection, even for higher frequencies, linear 
regulated power supplies are recommended. 

Care should be taken to insure that V D does not come up 
before V A' or permanent damage to the part may occur. 

Analog son 
Input ~TOADS7803 

SnF 

bVRE,-- (Normally OV) 

(a) Passive Low Pass Filter 

Analog ~;PA627 ToADS7803 

Input + 
C 

bVRE,-- (Normally OV) 

(b) Active Low Pass Filter 

FIGURE 10. Input Signal Conditioning. 
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+5V 

SFR 

AINO 

AINI 

AIN2 

AIN3 

VREF+ 

VREr 

OGNO 

Vo 

07 

06 

05 

04 

14 03 02 15 

Ion 

FIGURE II. Power Supply and Reference Decoupling. 

Figure II shows a good supply approach, powering bo1h VA 
and VD from a clean linear supply, wi1h 1he Ion resistor 
between VA and V D insuring that V D comes up after VA
This is also a good method to further isolate 1he ADS7803 
from digital supplies in a system wi1h significant switching 
currents 1hat 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 1he analog ground. The V REF"" pin is used 
as 1he 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 1he 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.SV min for 

74HC·Compalible ClK - To ADS7803 
Clock Source Pin 23 

(a) External Clock Operation 

(b) Internal Clock Operation 

See Typical Performance 
Curves for R Values 
vs Frequency 

FIGURE 12. Internal Clock Operation. 

HIGH, with rise and fall times that do not exceed 200ns.The 
duty cycle of the external clock can vary as long as 1he LOW 
time and HIGH time are each at least 200ns wide. Synchro
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 
RCLQCK" in the Typical Performance Curves section. 

The clock generator can operate between 100kHz and 2MHz. 
With R = 100kn, 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 ±SV input signal into a unipolar 0 to SV signal for 
conversion by the ADS7803; using a precision; low-cost 
complete difference amplifier, INAlOS. 

INA10S 25kn 

25kn 

±5V O-''l-.,M/'--....--I 
Input 

FIGURE 13. ±SV Input Range. 

±10Vo--.JVV'-+----j 
Input 

FIGURE 14. ±lOV Input Range. 

2 

""""-''''-''---'' 0 10 5V 
loADS7803 

0lo5V 
toADS7803 
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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, R2 and R3 need 
to be adjustable over appropriate ranges. To trim, first have 
the ADS7803 converting continually and apply +9.9927V 
(+IOV -1.5LSB) at the input. Adjust R3 until the ADS7803 
output toggles between the codes FFE hex and FFF hex. 
This makes R3 extremely close to R I . Then, apply -9.9976V 
(-IOV + 0.5LSB) at the input, and adjust R2 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 DO, ADC-ADDRESS 

The result of the conversion is read from the data bus by a 
read instruction to ADC-ADDRESS as follows: 

31 2423 

FIGURE 16. Conversion Results in Motorola Register DO. 

BURR~BROWN® 

Al·A23 
'AI (AO·AI9) 

MC68000 
(MC68008) 

AS 

OACK cs 
RIW Ri5 

WR 
ADS7803 

00·07 

AI 

AO 

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 DOO 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. 

Intel 
Microprocessor 
Based Systems 

8085 
(101M) 

8086/88 
801861188 
80286 
8031 RID 
8051 

WR 

r-~--------~r---i 

AI 'A2 

ADS7803 

00-07· 

FIGURE 17. Interface to Intel Microprocessors. 
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BURR - BROWN® 

I E:IE:I I ADS7804 

DEMO BOARD 
AVAILABLE 

See Appendix A 

12-Bit 1 OilS Sampling CMOS 
ANALOG-to-DIGITAL CONVERTER 

FEATURES 
• 100kHz min SAMPLING RATE 

• STANDARD ±10V INPUT RANGE 

• 72dB min SINAD WITH 45kHz INPUT 

• ±o.45 LSB max INL 

• DNL: 12 Bits "No Missing Codes" 

• SINGLE +5V SUPPLY OPERATION 

• PIN-COMPATIBLE WITH 16-BIT ADS7805 

• USES INTERNAL OR EXTERNAL 
REFERENCE 

DESCRIPTION 
The ADS7804 is a complete 12-bit sampling AID 
using state-of-the-art CMOS structures. It contains a 
complete 12-bit, capacitor-based, SAR AID with SIH, 
reference, clock, interface for microprocessor use, and 
three-state output drivers. 

• COMPLETE WITH SlH, REF, CLOCK, ETC. 

The ADS7804 is specified at a 100kHz sampling rate, 
and guaranteed over the full temperature range. Laser
trimmed scaling resistors provide an industry
standard ± lOV input range, while the innovative de
sign allows operation from a single +5V supply, with 
power dissipation under 100mW. 

The 28-pin ADS7804 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 range. 

• FULL PARALLEL DATA OUTPUT 

• 100mW max POWER DISSIPATION 

• 28-PIN 0.3" PLASTIC DIP AND SOIC 

20kn 
±10V Input O""w-.__-_.----1kl 

Successive Approximation Register and Control Logic 

Output 
Latches 

and 
Three 
State 

Drivers 

REFO--------~~-,NVL--~ 

RIC 
-OS 
-BYTE 

BUSY 

Three 
State 

Parallel 
Data 
Bus 

Intematlonal Airport Industrial Pari!. • Mailing Address: PO Box 1140D • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 746-1111 • Twx: 9111-952-1111 • Cable: BBRCORP • Telex: D66-6491 • FAX: (520) 889-1510 • Immediate Product In'o: (800) 548-6132 
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SPECIFICATIONS 
ELECTRICAL 
At TA = -40·C to +85·C, fs = 100kHz, and VDIG = V"'A = +5V, using internal reference, unless otherwise specified. 

ADS7804P, U An""ARADa, UB 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP 

RESOLUTION 12 

ANALOG INPUT 
Voltage Ranges ±IOV 
Impedance 23 · 
Capacitance 35 

THROUGHPUT SPEED 
Conversion Time 5.7 8 
Complete Cycle Acquire and Convert 10 
Throughput Hate 100 

DC ACCURACY 
Integral Linearity Error ±0.9 
Differential Linearity Error iO.9 
No Missing Codes . Guarantee; · 
Transition Noise(2) 0.1 · 
Full Scale Erro~'·4} iO.5 
Full Scale Error Drift ±7 is 
Full Scale Errorl'''} Ext. 2.S000V Ref ±0.5 
Full Scale Error Drift Ext. 2.5000V Ref ±2 · 
Bipolar Zero Erron'} ±IO 
Bipolar Zero Error Drift ±2 
Power Supply Sensitivity +4.7SV < V D < +S.25V ±O.S 

(VDlG = VANA = VD) 

ACACCURACY 
Spurious-Free Dynamic Range fIN = 45kHz 80 
Total Harmonic Distortion fiN = 45kHz -80 
Signal·to·(Noise+Distortion) fiN = 45kHz 70 72 
Signal·to·Noise fiN = 45kHz 70 72 
Full~Power Bandwidth(61 250 

SAMPLING DYNAMICS 
Aperture Delay 40 
Aperture Jitter to meet A C specs 
Transient Response FS Step 2 
Overvoltage Recovery(7J 150 

REFERENCE 
Internal Reference Voltage 2.48 2.5 2.52 
Internal Reference Source Current I 

(Must use external buffer.) 
Internal Reference Drift 8 
External Reference Voltage Range 2.3 2.5 2.7 

for Specified Linearity 
External Reference Current Drain Ext. 2.5000V Ref 100 

DIGITAL INPUTS 
LogIc Levets 

VIL -0.3 +0.8 
V,H +2.0 VD+0.3V 
I,L ±IO 

I'H ±IO 

DIGITAL OUTPUTS 
Data Format Parallel 12 bits 
Data Coding Binary Two's Comptement 

VOL 'SINK = 1.6mA +0.4 
VOH ISOURCE = 500~ +4 

Leakage Current High-Z State, ±5 
Your = OV to VDIG 

Output Capacitance High·Z State IS 

DIGITAL TIMING 
Bus Access Time 83 
Bus Relinquish Time 83 

MAX UNITS 

· Bits 

V 
kll 
pF 

~s 

~s 

kHz 

iO.45 LSBI1) 

±OA5 LSB 
Bits 
LSB 

±0.25 % 
ppml·C 

±O.25 % 
ppm/·C 

±IO mV 
ppm/·C 

LSB 

dBIS} 

dB 
dB 
dB 
kHz 

ns 

~s 

ns 

· V 

~ 

ppmFC · V 

~A 

· V · V · ~ · ~ 

V 
V 

· ~ 

15 pF 

ns · 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 andlor systems. 
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SPECIFICATIONS (CO NT) 

ELECTRICAL 
At TA = -40·C to +85·C, fs = 100kHz, and VOIG = VANA = +5V, using internal reference, unless otherwise specified. 

ADS7804P, U ADS7804PB, UB 

PARAMETER CONDmONS MIN TYP MAX MIN TYP MAX UNITS 

POWER SUPPLIES 
Specified· Performance 

VOIG Must be S V ANA +4.75 +5 +5.25 . · V 
VANA +4.75 +5 +5.25 . · V 
+IOIG 0.3 · mA 
+IANA 16 mA 

Power Dissipation fs = 100kHz 100 · mW 

TEMPERATURE RANGE 
Specified Performance -40 +85 ·C 
Derated Performance -55 +125 · "C 
Storage -55 +150 · ·C 
Thermal Resistance (8JA) 

Plastic DIP 75 · ·cm 
SOIC 75 · ·cm 

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 wnh fixed resistors shown in Figure 4. Adjustable to zero wnh 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 6OdB, or 10 bns of accuracy. (7) Recovers to specified performance after 2 x FS input overvoUage. 

ABSOLUTE MAXIMUM RATINGS 

Analog Inputs: Y'N ...........•..•.•............................................................ ±25V 
CAP ................................... +V ANA +0.3V toAGND2 -D.3V 
REF .......................................... Indefinite Short to AGND2 

Momentary Short to V ANA 
Ground Voltage Differences: DGND, AGND1, AGND2 .................. ±0.3V 
VANA .......................................................................................•............... 7V 
VOIG to V ANA .............................................•....•.................................. +D.3V 
VOIG ....................................................................................................... 7V 
Digitallnpuls ........................................................... -D.3V to +VOIG +0.3V 
Maximum Junction Temperature ................................................... + 165·C 
tnternal Power Dissipation ............................................................. 825mW 
Lead Temperature (soldering, lOs) ............................................... +300·C 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER(') 

ADS7804P Plastic DIP 246 
ADS7804PB Plastic DIP 246 
ADS7B04U SOIC 217 
ADS7B04UB SOIC 217 

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

ORDERING INFORMATION 

MINIMUM 
SIGNAL-TO-

MAXIMUM (NOISE + SPECIFICATION 
LINEARITY DISTORTION) TEMPERATURE 

MODEL ERROR (LS8) RATIO (dB) RANGE 

ADS7804P ±0.9 70 -40·C to +85·C 
ADS7804PB ±0.45 72 -40·C to +B5·C 
ADS7804U ±O.9 70 -40·C to +B5OC 
ADS7804UB ±0.45 72 -40·C to +B5·C 

A ELECTROSTATIC 
~ DISCHARGE SENSITIVITY 
Electrostatic discharge can cause damage ranging from 
perfonnance degradation to complete device failure. Burr
Brown Corporation recommends that all integrated circuits be 
handled and stored using appropriate ESD protection 
methods. 

PACKAGE 

Plastic DIP 
Plastic DIP 

SOIC 
SOIC 
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DIGITAL 

PIN # NAME 110 DESCRIPTION 

2 

3 

4 

5 

6 

7 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

V,N 

AGND1 

REF 

CAP 

AGND2 

014 

013 

012 

011 

010 

09 

08 

DGND 

07 

06 

05 

04 

03 

02 

01 

DO (LSB) 

BYTE 

RIC 

CS 
BUSY 

V.,.A 

V01G 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

I 

0 

Analog Input. See Figure 7. 

Analog Ground. Used internally as ground relerence point. 

Reference InpuVOutput. 2.2"F tantalum capacitor to ground. 

Reference Buffer Capacitor. 2.211F tantalum capacitor to ground. 

Analog Ground. 

Data Bit 11. Most Significant Bit (MSB) of conversion results. Hi-Z state when CS is HIGH, or when RIC is LOW. 

Data Bit 10. Hi-Z state when CS is HIGH, or when RIC is LOW. 

Data Bit 9. Hi-Z state when CS is HIGH, or when RIC is LOW. 

Data Bit 8. Hi-Z state when CS is HIGH, or when RIC is LOW. 

Data Bit 7. Hi-Z state when CS is HIGH, or when RIC is LOW. 

Data Bit 6. Hi-Z state when CS is HIGH, or when RIC is LOW. 

Data Bit 5. Hi-Z state when CS is HIGH, or when RIC is LOW. 

Data Bit 4. Hi-Z state when CS is HIGH, or when RIC is LOW. 

Digital Ground. 

Data Bit 3. Hi-Z state when CS is HIGH, or when RIC is LOW. 

Data Bit 2. Hi-Z state when CS is HIGH, or when RIC is LOW. 

Data Bit 1. Hi-Z state when CS is HIGH, or when RIC is LOW. 

Data Bit O. Lease Significant Bit (LSB) of conversion results. Hi-Z state when CS is HIGH, or when RlCis LOW. 

LOW when CS LOW, RIC HIGH. Hi-Z state when CS is HIGH, or when RIC is LOW. 

LOW when CS LOW, RIC HIGH. Hi-Z state when CS is HIGH, or when RIC is LOW. 

LOW when CS LOW, RIC HIGH. Hi-Z state when CS is HIGH, or when RIC is LOW. 

LOW when CS LOW, RIC HIGH. Hi-Z state when CS is HIGH, or when RIC is LOW. 

Selects.8 most signilicant bits (LOW) or 8 least significant bits (HIGH). 

With CS LOW and BUSY HIGH, a Falling Edge on RIC Initiates a New Conversion. With CS LOW, a rising edge on RIC 
enables the parallel output. 

Internally OR'd with RIC. If RIC LOW, a falling edge on CS initiates a new conversion. 

At the start 01 a conversion, BUSY goes LOW and stays LOW until the conversion is completed and the digital outputs 
have been updated. 

Analog Supply Input. Nominally +5V. Decouple to ground with 0.1"F ceramic and 10"F tantalum capacitors. 

Digital Supply Input. Nominally +5V. Connect directly to pin 27. Must be s V.,.A' 

TABLE I. Pin Assignments. 

PIN CONFIGURATION 

V,N 

DZ 
ADS7804 

DZ 

DZ 

DZ 

DO (LSB) 

01 

02 

DGND 14 15 03 

BURR· BROWNo@ 
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BASIC OPERATION Table II for a summary of CS, RIC, and BUSY states and 

Figures 3 through 5 for timing diagrams. 
Figure I shows a basic circuit to operate the ADS7804 with 
a full parallel data output. Taking Ric (pin 24) LOW for a 
minimum of 40ns (61lS 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 lOllS 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 RIC (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 RIC 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 lOjJS between convert com
mands assures accurate acquisition of a new signal. Refer to 

CS and Ric 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 
Ric initiates conversion 'n', be sure the less critical input is 
LOW at least lOns prior to the initiating input. 

To reduce the number of control pins, CS can be tied LOW 
using Ric 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 Ric goes HIGH. Refer to the Reading 
Data section. 

CS RIC BUSY OPERATION 

1 X X None. Oatabus Is in Hi-Z state. 

.. 0 1 Initiates conversion "n". Databus remains 
in Hi-Z state. 

0 .. 1 Initiates conversion "n". Oatabus enters HI-Z 
state. 

0 1 t Conversion On" completed. Valid data from 
conversion Un" on the databus . 

.. 1 1 Enables databus with valid data from 
conversion lin". 

.. 1 0 Enables databus with valid data from 
conversion Mn_1"(11. Conversion n' in process. 

0 t 0 Enables databus with valid data from 
conversion "n_1n(1). Conversion "n" in process. 

0 0 t New conversion initiated without acquisition 
of.! new signal. Data will be invalid. CS and/or 
RIC 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". 

~OQ r- '-/ r-
r> V ~ ~h 

:S,. n 1+ 2 27 T+ 1+ +5V 
33.2kQ ~ V ~:I ':E I ~O.I~F ~10~F 

L-. __ . .., Iy+.---I 4 =25 --;::L,. 

2.2~FH ~f-""':"'V _____ < 

B15(MSB) !, ;; V 
B14 --------17 22 f-.....:...-------;~ BO(LSB) 

= AOS7804 = 
B13 ---------1 8 21 f--------- Bl 

= = 
B12 ---------1 9 20 f--------- B2 

= = 
Bl1 ---------110 191--------- B3 

= = 
Bl0 ---------111 18 f--------- B4 

= = 
B9 --------112 171-------. B5 

= = 
B8 --------113 161_------- B6 

= = 
~ ~'__ ____ .... ..t..:.I-------- B7 

FIGURE 1. Basic Operation. 

Convert Pulse 

LJ 
1-1 

40n8 min 
6~s max 

BURR - BROWNe 
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READING DATA 
The ADS7804 outputs full or byte-reading parallel data in 
Binary Two's Complement data output format. The parallel 
output will be active when Ric (pin 24) is HIGH and CS 
(pin 25) is LOW. Any other combination of CS and RiC 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. 

DIGITAL OUTPUT 
BINARY TWO'S COMPLEMENT 

DESCRIPTION ANALOG INPUT BINARY CODE HEX CODE 

Full Scale Range ±10V 

Least Significant 4.BBmV 
Bit (LSB) 

+Full Scale 9.99512V 0111 tIll 1111 7FF 
(10V -ILSB) 

Midscale OV 0000 0000 0000 000 

One LSB below -4.BBmV 111111111111 FFF 
Midscale 

-Full Scale -10V 1000 0000 0000 BOO 

Table III. Ideal Input Voltages and Output Codes. 

PARALLEL OUTPUT (After a Conversion) 

After conversion 'n' is completed and the output registers 
have been updated, BUSY (pin 26) will go HIGH. Valid data 
from conversion 'n' will be available on D ll-DO (pin 6-13 
and 15-18 when BYTE is LOW). BUSY going HIGH can be 
used to latch the data. Refer to Table IV and Figures 3 and 
5 for timing specifications. 

BYTE LOW 

Bit 11 (MSB) 6 

ADS7804 

15 Bit3 

FIGURE 2. Bit Locations Relative to State of BYTE (pin 23). 

BURR-BROWNIIII 

PARALLEL OUTPUT (During a Conversion) 

After conversion 'n' has been initiated, valid data from 
conversion 'n-I' can be read and will be valid up to 16!JS 
after the start of conversion 'n'. Do not attempt to read data 
from 16!JS 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
chronous data transfer can cause digital feed through 
ing the converter's performance. 

The number of control lines can be reduced by tieing 
LOW while using Ric to initiate conversions and activate 
the output mode of the converter. See Figure 3. 

SYMBOL DESCRIPTION MIN TYP MAX UNITS 

I, Convert Pulse Widlh 40 6000 ns 

12 Data Valid Delay after RIC LOW B I1S 

13 BUSY Delay from RIC LOW 65 ns 

" BUSY LOW B ~s 

Is BUSY Delay after 220 ns 
End of Conversion 

Is Aperture Delay 40 ns 

17 Conversion Time 7.6 B I1S 

I. Acquisition Time 2 ~s 

Is Bus Relinquish TilPe 10 35 B3 ns 

I" BUSY Delay aller Dala Valid 50 200 ns 

I" Previous Data Valid 
after RIC LOW 

7.4 ~s 

t7+ ts Throughpul Time 9 10 ~s 

1'2 RIC 10 CS Selup Time 10 ns 

1'3 Time Between Conversions 10 ~s 

I,. Bus Access Time 10 B3 ns 
and BYTE Delay 

TABLE IV. Conversion Timing. 

BYTE HIGH 

Bil3 

ADS7804 

15 Bill1 
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I-t, 

I I 
t13 
to 

MODE 

I 1 

\ 
t. 

{ \ 
t3 - -

I-ts I - I-t" "':"1 
Acquire ~ Convert Aclquire l Convert 

-1--lt8 -1 t7 
I 

1 Previous Previous 
Data Valid 

Hi-Z 
Data Valid I Not Valid ?ata Valid Hi-Z Data Valid 

10- - - I-t,. 
t11 -

DATA BUS 

FIGURE 3_ Conversion Timing with Outputs Enabled after Conversion (CS Tied LOW_) 

RIC mf{ -t12 - l-t'2 ~I -t12 - l~t'2 

11111111111111 : \ \ \ \ \ \ \\ \ \ 
-t1-

1'----'1 ~ 

- I-I, I 
\ 

t, 
i 

I I 

- -Is 
MODE Acquire Convert Acquire 

t7 

.1. 
Hi-ZState IX Data Valid X Hi-Z State 

-"j':"'t14 -Ig:::j 
I 

DATA BUS 

FIGURE 4_ Using CS to Control Conversion and Read Timing. 

\\\\\\\ t'2~lr 

BYTE 

Pins 6 -13 Hi-Z High Byte Low Byte Hi-Z 

- -t14 - -t14 - -10 

Pins 15 - 22 Hi-Z Low Byte 
I 

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 ±lOV input range. Figure 6 
shows the necessary circuit connections for the ADS7804 
with and without hardware trim. Offset and full scale errot I ) 

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 23k.Q 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 least ±2SV. 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: (I) Full scale error includes offsel 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. 

a) ±lOY With Hardware 
Trim 

2000 
±IOV o-----.MfI---.,....------'-( VIN 

'--~r_-/ AGNDI 

r---...... ~REF 

Offset 
CAP 

~~-----_+~AGND2 

NOTE: Use 1% metal film resistors. 

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
tions. These resistors provide compensation for an 
adjustment of the offset and gain which allows calibnltion 
with a single supply. The nominal transfer function of 
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 %01 FSR 
Error -0.25 < error < 0.25(1) -0.45 < error < -0.3(1) 

NOTE: (I) High Grade. 

TABLE VII. Bipolar Offset and Gain Errors With and 
Without External Resistors. 

b) ±lOY Without Hardware 
Trim 

2000 
±Iovo----,Mt---,~:; VIN 

,---_-1 AGNDI 

33.2kf.l 
REF 

'-----~r_'-t CAP 

AGND2 

FIGURE 6. Circuit Diagram With and Without External Resistors. 
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Digital 
Output 

7FF 

" " 
" " ,--

" " 

" " " 

" " 
" " " 

-tOY -lJ.999B3V -lJ.999BV " 
------~~~~,r~~------~~--~~~"~----~~------9-.99-9L7V--9~.9-99-Bt-5V---+JtO-V------- ~:~ 

" 
" " " 

FIGURE 7. Full Scale Transfer Function. 

REFERENCE 
The ADS7804 can operate with its internal2.5V 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 ppmrC drift (typical) and 
accounts for approximately 20% of the full scale error 
(FSE = ±O.5% for low grade, ±O.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 2.2~ 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. 

BOO 

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 

Ideal Transfer Function 
With External Resistors 

Range of Transfer Function 
Without External Resistors 

CAP (pin 4) is the output of the internal reference buffer. A 
2.21JF 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 I ~ can cause the output buffer to oscillate and 
may not have sufficient charge for the CDAC. Capacitor 
values larger than 2.2~ 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 !:he 
output voltage on CAP. This will cause performance degra
dation of the converter. 

BURR· BROWNe 
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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 AID should be separate from the +5V 
used for the system's digital logic. Connecting V DIG (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 + l2V 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 VDIG and 
V ANA should be tied to the same +5V source. 

GROUNDING 

Three ground pins are present on the ADS7804. DGNDis 
the digital supply ground. AGND2 is the analog supply 
ground. AGNDI is the ground which all analog signals 
internal to the AID 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 AID 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@ 

SIGNAL CONDITIONING 

The FET switches used for the sample hold on many CMOS 
AID converters release a significant amount of charge injec
tion which can cause the driving op amp to oscillate. The 
PET switch on the ADS7804, compared to the FET switches 
on other CMOS AID 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. 

The resistive front end of the ADS7804 also provides a 
guaranteed ±25V overvoltage protection. In most cases, this 
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 
AID from other peripherals on the same bus. Tri-state 
outputs can also be used when the AID is the only peripheral 
on the data bus. 

Intermediate latches are beneficial on any monolithic AID 
converter. The ADS7804 has an internal LSB size of 610J.lV. 
Transients from fast switching signals on the parallel port, 
even when the AID 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 38J.lV. 

APPLICATIONS 
Call factory for updated data sheet which includes standard 
DSP, microprocessor, and microcontroller interfaces. 
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IElElI ADS7805 

DEMO BOARD 
AVAILABLE 

See Appendix A 

16-Bit 1 O~s Sampling CMOS 
ANALOG-te-DIGITAl CONVERTER 

FEATURES 
• 100kHz min SAMPLING RATE 

• STANDARD ±10V INPUT RANGE 

• 86dB min SINAD WITH 20kHz INPUT 

• ±3.0 LSB max INL 

• DNL: 16-bits "No Missing Codes" 

• SINGLE +5V SUPPLY OPERATION 

• PIN-COMPATIBLE WITH 12-BIT ADS7804 

• USES INTERNAL OR EXTERNAL 
REFERENCE 

• FULL PARALLEL DATA OUTPUT 

• 100mW max POWER DISSIPATION 

• 28-PIN 0.3" PLASTIC DIP AND SOIC 

20kn 
±10V Input Q--"NV''--.--_---to 

DESCRIPTION 
The ADS780S is a complete 16-bit sampling NO 
using state-of-ihe-art CMOS structures. It contains a 
complete 16-bit, capacitor-based, SAR NO with SIH, 
reference, clock, interface for microprocessor use, and 
three-state output drivers. 

The ADS780S is specified at a 100kHz sampling rate, 
and guaranteed over the full temperature range. Laser
trimmed scaling resistors provide an industry
standard ±lOV input range, while the innovative de
sign allows operation from a single -tSV supply, with 
power dissipation under lOOmW. 

The 28-pin ADS780S is available iii a plastic 0.3" DIP 
and in an SOIC, both fully specified for operation over 
the industrial -2SoC to +8SoC range. 

Successive Approximation Register and Control Logie 

RIC 
CS 

-BYTE 
BUSY 

Three 
State 

Parallel 
Data 
Bus 

CAPO--~~-~====~r_-----------~--~ 

Output 
Latches 

and 
Three 
State 

Drivers 

REFO--------~~ __ ~~-~ 

International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucaon, AZ 85734 ' Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 746-1111 • Twx: 91H52-1111 • Cable: BBRCORP , Telex: 066-6491 • FAX: (520) 889-1510 • Immediate Product Info: (BOO) 548-6132 
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SPECIFICATIONS 
ELECTRICAL 
TA = -2ScC to +85°C. fs = 100kHz, V01G = VANA = +5V. using internal reference. unless otherwise specified. 

A~S!8m;p~ U 

PARAMETER CONDITIONS MIN TYP MAX MIN 

RESOLUTION 16 

ANALOG INPUT 
Voltage Ranges ±10V 
Impedance 23 
Capacitance 3S 

THROUGHPUT SPEED 
Conversion Cycle Acquire and Convert 10 
Throughput Rate 100 

DC ACCURACY 
Integral Linearity Error ±4 
No Missing Codes IS 16 
Transition Noise(2) 1.3 
Full Scale Error(3,4) ±O.S 
Full Scale Error Drift ±7 
Full Scale Error!3,,) Ext. 2.S000V Ref ±O.S 
Full Scale Error Drift Ext. 2.S000V Ref ±2 
Bipolar Zero Erro«3) ±10 
Bipolar Zero Error Drift ±2 
Power Supply Sensitivity +4.75V < Va < +5.25V ±8 

(VO'G = V ANA = Va) 

AC ACCURACY 
Spurious-Free Dynamic Range f'N = 20kHz 90 94 
Total Harmonic Distortion f'N= 20kHz -90 
Signal·to-(Noise+Distortion) f'N= 20kHz 83 86 

-60dB Input 30 
Signal-to-Noise f'N = 20kHz 83 86 
Full-Power Bandwidth!') 250 

SAMPLING DYNAMICS 
Aperture Delay 40 
Transient Response FS Step 2 
Overvoltage Recovery(7) 150 

REFERENCE 
Internal Reference Voltage 2.48 2.5 2.S2 . 
Internal Reference Source Current 1 

(Must use external buffer.) 
Internal Reference Drift 8 
External Reference Voltage Range 2.3 2.5 2.7 

for Specified Linearity 
External Reference Current Drain Ext. 2.S000V Ref 100 

DIGITAL fNPUTS 
Logic Levels 

V'L -0.3 +0.8 

V'H +2.0 Vo+0.3V 
I'L ±10 

I'H ±10 

DIGITAL OUTPUTS Paralle 16-bits 
Data Format Binary Complement 
Data Coding 

VOL IS'NK = 1.6mA +0.4 
VOH ISOURCE = 5001lA +4 

Leakage Current High-Z State. ±5 
VOUT = OV to VOIG 

Output Capacitance High-Z State 15 

DIGITAL TlMfNG 
Bus Access lime 83 
Bus Relinquish Time 83 

,UB 

TYP MAX UNITS 

Bits 

V 
kQ 

pF 

· I's 
kHz 

±3 LSB!l) 
Bits 

· LSB 
±0.2S % 

±5 ppml"C 
±0.2S % 

ppnv'C 
mV 

ppm/'C 
· LSB 

dB!S) 
-94 dB 

dB 
32 dB 

dB 
kHz 

ns 
I's 
ns 

· · V 

· I'A 

· ppm/"C · · V 

· IlA 

V 
V · I'A · IlA 

V 
V 

· I'A 

15 pF 

ns · 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 10 any third party. BURR-BROWN does not 
authorize or warrant any BURR-BROWN product for use in life support devices andlor systems. 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS (CONT) 
ELECTRICAL 
TA = -2SOC to +8SOC, fs = 100kHz, VOIO = V ANA = +5V, using Internal reference, unless otherwise specified. 

ADS7805P, U ADS7805PB, UB 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

POWER SUPPLIES 
Specnied Performance 

VOIG Must be S VANA +4.75 +5 +5.25 . V 
VANA +4.75 +5 +5.25 V 
IOIG 0.3 mA 
'ANA 16 mA 

Power Dissipation fs = 100kHz 100 . mW 

TEMPERATURE RANGE 
Specified Performance -25 +85 . °C 
Derated Performance -55 +125 °C 
Storage -65 +150 °C 
Thermal Resistance (OJ"> 

Plastic DIP 75 °CIW 
SOIC 75 °CIW 

NOTES: (1) LSB means Least Significant Bit. For the 16-bit, ±10V input ADS7805, one LSB Is 305)lV. (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 voltage (not divided by the full·scale range) and includes 
the effect of offset error. (S) All specificalions 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 alter 2 x FS input overvoltage. 

ABSOLUTE MAXIMUM RATINGS 

Analog Inputs: Y,N .....•........................................................................ ±25V 
CAP .................................... +V ANA +0.3V to AGND2 -G.3V 
REF .......................................... Indefinite Short to AGND2, 

Momentary Short to V ANA 
Ground Voltage Differences: DGND, AGND1, AGND2 ................... ±0.3V 
VANA .......•............................................................................................... 7V 
VOIG to V AHA ••..••••••.••.•.•••.••..••.••..••..•..•••.•..•••.••.•.•••..•..•••••.••.•..•..•.•••••. +O.3V 
VOIO ....................................................................................................... 7V 
Digital Inputs ........................................•................... -G.3V to +VO/G +0.3V 
Maximum Junction Temperature ................................................... +165°C 
Intemal Power Dissipation ............................................................. 825mW 
Lead Temperature (soldering, lOs) ...•.......•.................................... +300°C 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER(1) 

ADS780SP Plastic DIP 246 
ADS780SPB 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 C of Burr-Brown IC Data Book. 

ORDERING INFORMATION 

MINIMUM 
SIGNAL-TO-

MAXIMUM (NOISE + SPECIFICATION 
LINEARITY DISTORTION) TEMPERATURE 

MODEL ERROR (LSB) RATIO (dB) RANGE 

ADS7805P ±4 83 -25°C to +85°C 
ADS780SPB ±3 86 -25°C to +85°C 
ADS780SU ±4 83 -25°C to +85°C 
ADS780SUB ±3 86 -25OC to +85°C 

A ELECTROSTATIC 
~ DISCHARGE SENSITIVITY 
Electrostatic discharge can cause damage ranging from per
formance degradation to complete device failure. Burr
Brown Corporation recommends that all integrated circuits 
be handled and stored using appropriate ESD protection 
methods. 

ESD damage can range from subtle performance degrada
tion 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 
published specifications. 

PACKAGE 

Plastic DIP 
Plastic DIP 

SOIC 
SOIC 
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DIGITAL 

PIN # NAME VO DESCRIPTION 

4 

5 

6 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

V,N 

AGNDI 

REF 

CAP 

AGND2 

D14 

013 

012 

011 

010 

09 

08 

DGND 

07 

06 

05 

04 

03 

02 

01 

DO (lSB) 

BYTE 

a 
a 
a 
a 

Analog Input. See Figure 7. 

Analog Ground. Used internally as ground reference point. 

Reference InpuVOutput. 2.21lF tantalum capacitor to ground. 

Reference Buffer Capacitor. 2.21lF tantalum capacitor to ground. 

Analog Ground. 

Data Bit 15. Most Significant Bit (MSB) of conversion results. Hi·Z state when CS is HIGH, or when RIC is lOW. 

Data Bit 14. Hi·Z state when CS is HIGH, or when FVC is lOW. 

Data Bit 13. Hi·Z state when C§ is HIGH, or when FVC is LOW. 

Data Bit 12. Hi·Z state when CS is HIGH, or when FVC is LOW. 

a Data Bit 11. Hi·Z state when CS is HIGH, or when FVC is LOW. 

a Data Bit 10. Hi·Z state when CS is HIGH, or when FVC is LOW. 

a Data Bit 9. Hi·Z state when CS is HIGH, or when FVC is lOW; 

a Data Bit 8. Hi·Z state when CS is HIGH, or when RIC is LOW. 

Digital Ground. 

a Data Bit 7. Hi-Z state when CS is HIGH, or when FVC is LOW. 

a Data Bit 6. Hi·Z state when CS is HIGH, or when FVC is LOW. 

a Data Bit 5. Hi-Z state when CS is HIGH, or when FVC is LOW. 

a Data Bit 4. Hi·Z state when CS is HIGH, or when FVC is LOW. 

a Data Bit 3. Hi·Z state when CS is HIGH, or when FVC is LOW. 

a Data Bit 2. Hi·Z state when CS is HIGH, or when FVC is LOW. 

a Data Bit 1. Hi·Z state when CS is HIGH, or when FVC is LOW. 

a Data Bit O. Lease Significant Bit (LSB) of conversion results. Hi-Z state when CS is HIGH, or when FVC is LOW. 

Selects 8 most significant bits (LOW) or 8 least significant bits (HIGH). 

24 FVC With CS LOW and BUSY HIGH, a Falling Edge on FVC Initiates a New Conversion. With C§ LOW, a rising edge on FVC 
enables the parallel output. 

25 C§ Internally OR'd with RIC. If FVC lOW, a falling edge on C§ initiates a new conversion. 

26 BUSY a 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 

28 

VANA 

V01G 

Analog Supply Input. Nominally +5V. Decouple to ground with O.IIlF ceramic and IOIlF tantalum capacitors. 

Digital Supply Input. Nominally +5V. Connect directly to pin 27. Must be,; VANA• 

TABLE I. Pin Assignments. 

PIN CONFIGURATION 

28 VOIG 

ADS7805 

DGND 14 15 07 
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For Immediate Assistance, Contact Your Local Salesperson 
BASIC OPERATION 
Figure I shows a basic circuit to operate the ADS7805 with 
a full parallel data output. Taking Ric (pin 24) LOW for a 
minimum of 40ns (71lS 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 lOllS 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 Ric (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 RiC must go mGH before BUSY goes 
HIGH or a new conversion will be initiated without suffi
cient time to acqnire a new signal. 

The ADS7805 will begin tracking the input signal at the end 
of the conversion. Allowing lOllS between convert com
mands assures accurate acquisition of a new signal. Refer to 

2000 

33.2kO 

B15 (MSB) 

B14 
ADS7805 

B13 

B12 

BI1 

B10 

B9 

B8 

FIGURE 1. Basic Operation. 

Table II for a suriunary of CS, Ric, and BUSY states and 
Figures 3 through 5 for timing diagrams. 

CS and RiC 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 
RiC initiates conversion 'n', be sure the less critical input is 
LOW at least IOns prior to the initiating input. 

To reduce the number of control pins, CS can be tied LOW 
using Ric 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 RiC goes mGH. Refer to the Reading 
Data section. 

cs RIC BUSY OPERATION 

1 X X None. Databus is in Hi·Z state. 

~ 0 1 Initiates conversion "n", Databus remains 
In Hi·Z state. 

0 ~ 1 Initiates conversion On". Databus enters HI·Z 
state. 

0 1 ! Conversion On" completed. Valid data from 
conversion "n" on the databus. 

~ 1 1 Enables databus with valid data from 
conversion "n", 

~ 1 0 Enables databus whh valid data from 
conv8rsi0l'!.~~-1"(1). Conversion n in progress. 

0 ! 0 Enables databus with valid data from 
conversion "n-1"(1I, Conversion "n" in progress. 

0 0 t New conversion initiated without acquisition 
of.!! new signal. Data will be invalid. Cs and/or 
RIC 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". 

Convert Pulse 

---u-
BO(LSB) 

1--1 
40nsmin 

BI 
6~s max 

B2 

B3 

B4 

B5 

B6 

B7 
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READING DATA 
The ADS780S outputs full or byte-reading parallel data in 
Binary Two's Complement data output format. The parallel 
output will be active when RiC (pin 24) is HIGH and CS 
(pin 2S) is LOW. Any other combination of CS and Ric 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 IS-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. 

DIGITAL OUTPUT 
BINARY TWO'S COMPLEMENT 

DESCRIPTION ANALOG INPUT BINARY CODE HEX CODE 

Full Scale Range ±10V 

Leasl Significanl 305"V 
Bil (LSB) 

.Full Scale 9.999695V 0111111111111111 7FFF 
(10V -ILSB) 

Midscale OV 0000 0000 0000 0000 0000 

One LSB below -305"V 1111111111111111 FFFF 
Midscale 

-Full Scale -10V 1000 0000 0000 0000 8000 

Table III. Ideal Input Voltages and Output Codes. 

PARALLEL OUTPUT (After a Conversion) 

After conversion 'n' is completed and the output registers 
have been updated, BUSY (pin 26) will go HIGH. Valid data 
from conversion 'n' will be available on DIS-DO (pin 6-13 
and IS-22). BUSY going HIGH can be used to latch the 
data. Refer to Table IV and Figures 3 and S for timing 
specifications. 

BYTE LOW 

ADS7805 

15 Bil7 

FIGURE 2. Bit Locations Relative to State of BYTE (pin 23). 

BURR - BROWNQIl 

PARALLEL OUTPUT (During a Conversion) 

After conversion 'n' has been initiated, valid data from 
conversion 'n-l' can be read and will be valid up to 71lS after 
the start of conversion 'n'. Do not attempt to read data from 
71lS 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 S 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. 

The number of control lines can be reduced by tieing 
LOW while using RIC to initiate conversions and 
the output mode of the converter. See Figure 3. 

SYMBOL DESCRIPTION MIN TVP MAX UNITS 

I, Convert Pulse Widlh 40 7000 ns 

I, Dala Valid Delay after Ric LOW 8 J1S 

13 BUSY Delay from Ric LOW 65 ns .. BUSY LOW 8 I1s 
--

I,; BUSY Delay after 220 ns 
End of Conversion 

.. Aperture Delay 40 ns 

17 Conversion Time 7.6 8 "S 
I. Acquisition Time 2 "S 
Ig Bus Relinquish TiIDe 10 35 83 ns 

1'0 BUSY Delay after Dala Valid 50 200 ns 

I" Previous Data Valid 7.4 "S 
after RIC LOW 

17+ .. Throughpul Time 9 10 J1S 

I" RIC 10 CS Selup Time 10 ns 

1'3 Time Between Conversions 10 J1S 

I,. Bus Access lime 10 83 ns 
and BYTE Delay 

TABLE IV. Conversion Timing. 

BYTE HIGH 

Bil7 6 

ADS7805 

15 BillS (MSB) 
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~I, I I 
RIC I \ 

I" -! 
I, 

I 
I, 

\. 
1,- 1-

- I-Is --:1. -1'1 
Acquire ~ Convert f- Acquire 

17 f-II.-I 

MODE 

I Previous Previous 
Dala Valid 

Hi-Z 
Dala Valid I NOIValid ?ala Valid 

Is- - 1-110 
t11 -

DATA BUS 

FIGURE 3. Conversion Timing with Outputs Enabled after Conversion (CS Tied LOW.) 

RIC 

BUSY ---hl--=---

MODE Acquire Convert Acquire 

Hi-Z Stale DATA BUS 
-------------~/I~-4_~ 

FIGURE 4. Using CS to Control Conversion and Read Timing. 

RIC 

I 

I 
BYTE 

I I 
Hi-Z High Byte Low Byte Hi-Z Pins6-13 

- --t14 - -t14 - -10 

Pins 15 - 22 Hi-Z Low Byte High Byte Hi-Z 

FIGURE 5. Using CS and BYTE to Control Data Bus. 

\ 

I 

Convert 

Hi-Z Dala Valid 

Hi-ZState 
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INPUT RANGES 

The ADS7805 offers a standard ±lOV input range. Figure 6 
shows the necessary circuit connections for the ADS7805 
with and without hardware trim. Offset and full scale error<l) 
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 ±6OrnV for the 
gain. 

a) ±lOY With Hardware 
Trim 

2000 
±10vo----~MfI---..._---__'_IV'N 

.-----<~-I AGNDI 

...----<~'-I REF 

Offset 
CAP 

L....... ....... -----+--'1 AGND2 

NOTE: Use 1 % metal film resistors. 

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 internal 
adjustment of the offset and gain which allows calibration 
with a single supply. The nominal transfer function of the 
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 

SPO -10< SPO< 10 -50 < SPO < -15 mV 
-30 < SPO < 30 -150 < SPO <-45 LSSs 

Gain -0.5 < error < 0.5 -2 < error <-1 %01 FSR 
Error 

TABLE V. Offset and Gain Errors With and Without Exter
nal Resistors. 

b) ±lOY Without Hardware 
Trim 

2000 
±1 OV o------,MfL-----,>--'-j V'N 

,----._-1 AGNDI 

33.21<0 
REF 

L....... ___ --<~'-I CAP 

AGND2 

FIGURE 6. Circuit Diagram With and Without External Resistors. 
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Digital 
Output 

7FFF 

" " 
" " .,.--

" " 
" " " 

" " 
" " " 

-10V -5.99983V -5.9998V " 
-------,----~,-----------~~--~~~"~----~~------9-.9-99L7V--9~.9-99-Bl-5-V--+~10-V------~ ~:~g 

" 
" " " 

FIGURE 7. FuJI Scale Transfer Function. 

REFERENCE 
The ADS780S can operate with its internal2.5V reference or 
an external reference. By applying an external reference to 
pin S, 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 fuJI scale error 
(FSE = ±O.5% for low grade, ±O.2S% for high grade). 

REF 
REF (pin 3) is an input for an external reference or the output 
for the internal 2.5V reference. A 2.2lJF 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 wiJI 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. 

BOOO 

The range for the external reference is 2.3V to 2.7V and 
determines the actual LSB size. Increasing the reference 
voltage wiJI increase the fuJI scale range and the LSB size of 
the converter which can improve the SNR. 

CAP 

Ideal Transfer Function 
With External Resistors 

Range of Transfer FunctIon 
Without External Resistors 

CAP (pin 4) is the output of the internal reference buffer. A 
2.2lJF 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 
smaJIer than IlJF can cause the output buffer to oscillate and 
may not have sufficient charge for the CDAC. Capacitor 
values larger than 2.2lJF wiJI 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 ADS780S. 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<J 
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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 APS7805 uses 90% of its power for the analog 
circuitry. The ADS7805 should be considered as an analog 
component. 

The +5V power for the AID should be separate from the +5V 
used for the system's digital logic. Connecting VOIG (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 VDIG and 
V ANA 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. AGNDI is the ground which all analog signals 
internal to the AID 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 AID 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·SROWN!!I 

SIGNAL CONDITIONING 

The FET switches used for the sample hold on many CMOS 
AID 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 AID 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, this 
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 
AID from other peripherals on the same bus. Tri-state 
outputs can also be used when the AID is the only peripheral 
on the data bus. 

Intermediate latches are beneficial on any monolithic AID 
converter. The ADS7805 has an internal LSB size of 381lV. 
Transients from fast switching signals on the parallel port, 
even when the AID 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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For Immediate Assistance, Contact Your Local Salesperson 

BURR - BROWN® 

IElElI ADS7806 

DEMO BOARD 
AVAILABLE 

See Appendix A 

Low-Power 12-Bit Sampling CMOS 
ANALOG-to-DIGITAL CONVERTER 

FEATURES 
• 35mW max POWER DISSIPATION 
• 50J.l.W POWER DOWN MODE 
• 25J.1.s max ACQUISITION AND 

CONVERSION 

• ±1I2LSB max INL AND DNL 
• 72dB min SINAD WITH 1 kHz 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 analog
to-digital using state-of-the-art CMOS structures. It 
contains a complete 12-bit, capacitor-based, SAR AID 
with S/H, clock, reference, and microprocessor inter
face with parallel and serial output drivers. 

The ADS7806 can acquire and convert to full 12-bit 
accuracy in 251lS max while consuming only 35mW 
max. Laser-trimmed scaling resistors provide standard 
industrial input ranges of ±10V and OV to +5V. In 
addition, a OV to t4V 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 -4Q°C to +85°C temperature range. 

Successive Approximation Register and Conlrol Logic 

Ric 
CS 
BYTE 
Power 
Down 

R2'N 

Reference 
Power 
Down 

Parallel 

and 

Serial 

Dala 

Out 

Serial Data 
Clock 

Serial Data 

Parallel Data 

International Airport industrial Pari! • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • streat Address: 6730 S. Tucson Blvd. • TUcson, AZ 85706 
T81:(52O)746-1111 • Twx:91Q.952·1111 • C8b1e:BBRCORP • Telex:D66-6491 • FAX: (520) 88S-1510 • ImmedIaleProductlnlo:(8OD)548-6132 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 
SPECIFICATIONS 
ELECTRICAL 
At TA = -401:>C to +85°C. ts = 40kHz, V01G = VANA = +5V. using internal reference and fixed resistors shown in Figure 7b. unless otherwise specified. 

ADS7806P, U ,UB 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX 

RESOLUTION 12 

ANALOG tNPUT 
Voltage Ranges tl0, 0 to ,5,0 to +4 
Impedance (See able II) 
Capacitance 35 

THROUGHPUT SPEED 
Conversion Time 20 
Complete Cycle Acquire and Convert 25 
Throughput Rate 40 

DC ACCURACY 
Integral Linearity Error to.15 to.S to.45 
Differential Linearity Error to.15 to.S to.45 
No Missing Codes Guaranteec · 
Transition Noise(2) 0.1 
Gain Error to.2 to.l 
Full Scale Erro~3.4) to.5 to.25 
Full Scale Error Drift t7 ±5 
Full Scale Erro~3.4) Ext. 2.5000V Ref ±0.5 ±0.25 
Full Scale Error Drift Ext. 2.5000V Ref to.5 
Bipolar Zero Erro~') tl0V Range tl0 
Bipolar Zero Error Drift tl0V Range to.5 · 
Unipolar Zero Erro~') OV to 5V, OV to 4V Ranges ±3 
Unipolar Zero Error Drift OV to 5V, OV to 4V Ranges to.5 
Recovery Time to Rated Accuracy 2.2"F Capacitor to CAP 1 

from Power Oown(5) 
Power Supply Sensitivity +4.75V < V s < +5.25V ±D.5 

(VOIG = VANA = Vs) 

ACACCURACY 
Spurious·Free Dynamic Range fiN = 1kHz, tl0V 80 SO · · 
Total Harmonic Distortion fiN = 1 kHz, tl0V -SO -80 · 
Signal·to·(Noise+Distartion) fiN = 1 kHz, tl0V 70 73 72 
Signal·ta·Noise fiN = 1kHz, ±10V 70 73 72 
Usable Bandwidthl') 130 
Full Power Bandwidth (·3dB) 600 

SAMPLtNG DYNAMICS 
Aperture Delay 40 
Aperture Jitter 20 
Transient Response FS Step 5 
Overvoltage Recoveryl') 750 

REFERENCE 
Internal Reference Voltage No Load 2.48 2.5 2.52 
Internal Reference Source Current 1 

(Must use external buffer.) 
Internal Reference Drift 8 
External Reference Vollage Range 2.3 2.5 2.7 · 

for Specified Linearity 
External Reference Current Drain Ext. 2.5000V Ref 100 

DIGITAL INPUTS 
Logic Levels 

V,L -0.3 +0.8 
V,H +2.0 Va +0.3V 
III V,L = OV tl0 
I'H V,H = 5V tl0 

DIGITAL OUTPUTS 
Pamllel 12·bits n 2·bytes; Serial Data Format 

Data Coding Binary or Straight Binary 

VOL ISINK = 1.6mA +0.4 · 
VOH IsaURCE = 500J'A +4 · 

Leakage Current High·Z State, ±5 · 
Vour= OV to ValG 

Output CapaCitance High·Z State 15 · 

UNITS 

Bits 

V 

pF 

"S "S 
kHz 

LSBll) 
LSB 
Bits 
LSB 
% 
% 

ppmrC 
% 

ppmrC 
mV 

ppm/"C 
mV 

ppml'C 
ms 

LSB 

dBIS) 
dB 
dB 
dB 
kHz 
kHz 

ns 
ps 

"S 
ns 

V 
J1A 

ppml"C 
V 

"A 

V 
V 

J1A 
J1A 

V 
V 

"A 

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 subje.ct 
to change without notice. No patent rights or licenses to any of the circuits descrtbed 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 andlor systems. 
BURR-BROWN® 
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For Immediate Assistance,. Contact Your Local Salesperson 
SPECIFICATIONS (CONT) 
ELECTRICAL 
AI TA = -40'C to +85'C, fs = 40kHz, VOIG = V ANA = +5V, using internal reference and fixed resislors 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 RL = 3.31<0, CL = 50pF 83 · ns 
Bus Relinquish TIme RL = 3.31<0, CL = 10pF 83 · ns 

POWER SUPPLIES 
Specified Performance 

V01G Must be s VANA +4.75 +5 +5.25 . · V 
VANA +4.75 +5 +5.25 . · V 
'elG 0.6 mA 
lANA 5.0 mA 

Power Dissipation V ANA = VOIG = 5V, fs = 40kHz 28 35 · .mW 
REFD HIGH 23 mW 

PWRD and REFD HIGH 50 IlW 

TEMPERATURE RANGE 
Specified Performance -40 +85 . 'c 
Derated Performance -55 +125 · 'c 
Siorage -55 +150 'c 
Thermal Resistance (9JA) 

Plastic DIP 75 'CIW 
SOIC 75 'CIW 

NOTES: (1) LSB means Least Significant Bit. One LSB for the ±IOV Input range is 4.B9mV. (2) Typical rms noise al worst case Iransilion. (3) As measured wrth 
fixed resistors shown in Figure 7b. Adjuslable to zero wilh external polentiomeler. (4) Full scale error is the worst case of -Full Scale or +Full Scale unlrimmed 
deviation from ideal first and lasl code lransilions, divided by the'transition voltage (not divided by the full-scale range) and includes the effect of offset error. (5) 
This is Ihe time delay after the ADS780S is brought out of Power Down Mode until all inlernal settling occurs and the analog input is acquired to raled accuracy. 
A Convert Command after this delay will yield accurate resulls. (S) All specifications in dB are referred 10 a full-scale input. (7) Usable Bandwidth defined as Full
Scale input frequency at which Signal-te-(Noise + Distortion) degrades to 60dB. (8) Recovers to specified performance after 2 x FS input overvoltage. 

ABSOLUTE MAXIMUM RATINGS 
Analog Inpuls: RI'N ........................................................................... ±25V 

R2'N ........................................................................... ±25V 
CAP .................................... V ANA +0.3V to AGND2 -o.3V 
REF ......................................... Indefinite Short 10 AGND2, 

Momentary Short to V ANA 
Ground Voltage Differences: DGND, AGNDI, and AGND2 ............. ±0.3V 
VANA ....................................................................................................... 7V 
VOIG to V ANA ...................................................................................... +0.3V 
VOIG ............................................................................................. : .......... 7V 
Digital Inputs .............................................................. -o.3V to VOIG +0.3V 
Maximum Junction Temperature ................................................... +IS5'C 
Internal Power Dissipation ............................................................. 825mW 
Lead Temperature (soldering, lOs) ................................................ +300'C 

ORDERING INFORMATION 

MAXIMUM MINIMUM 

A ELECTROSTATIC 
~ DISCHARGE SENSITIVITY 
Electrostatic discharge can cause damage ranging from 
performance degradation to complete device failure. Burr
Brown Corporation recommends that this integrated circuit 
be handled and stored using appropriate ESD protection 
methods. 

INTEGRAL SIGNAL-TO- SPECIFICATION 
LINEARITY (NOISE + DISTORTION) TEMPERATURE 

MODEL ERROR (LSB) RATIO (dB) RANGE 

ADS780SP ±0.9 70 -40'C to +85'C 
ADS7806PB ±O.45 72 -40'C to +85'C 
ADS7806U ±0.9 70 -40'C to +85'C 
ADS780SUB ±O.45 72 -40'C 10 +85'C 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER!') 

ADS780SP PlaslicDIP 246 
ADS780SPB Plastic DIP 246 
ADS7806U SOIC 217 
ADS7806UB SOIC 217 

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

PACKAGE 

Plastic DIP 
Plastic DIP 

SOIC 
SOIC 

BURR-BROWN@! 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 
DIGITAL 

PIN# NAME UO DESCRIPTION 

Rl'N 
AGNDl 

R2'N 
4 CAP 
5 REF 

AGND2 
SB/BTC 
EXT/INT 

07 

10 06 
11 05 
12 D4 
13 03 
14 DGND 
15 02 
16 01 
17 DO 
18 DATACLK 
19 SDATA 
20 TAG 
21 BYTE 
22 Ric 

23 CS 

24 BUSY 

25 PWRD 
26 REFD 
27 VANA 

28 Vo,o 

I 
I 
o 

o 
o 
o 
o 

o 
o 
o 
I/O 
o 
I 
I 

o 

Analog Input. See Figure 7. 
Analog Sense Ground. 
Analog Input. See Figure 7. 
Reference Buffer Output. 2.2J.lF tantalum capacitor to ground. 
Reference InpuUOutpul. 2.2~F tantalum capacitor to ground. 
Analog Ground. 
Selects Straight Binary or Binary Two's Complement for Output Data Formal. 
External/Internal data clock selecl. 
Data Bit 3 if BYTE is HIGH. Data bit 11 (MSB) if BYTE is LOW. Hi·Z when CS is HIGH andior RIC is LOW. Leave 
unconnected when using serial output. 
Data Bit 2 if BYTE is HIGH. Data bit 10 if BYTE is LOW. Hi·Z when CS is HIGH andior RIC is LOW. 
Data Bit 1 if BYTE is HIGH. Data bit 9 if BYTE is LOW. Hi·Z when CS is HIGH andlor RIC is LOW. 
Data Bit 0 (LSB) iI BYTE is HIGH. Data bit 8 if BYTE is LOW. HI·Z when CS is HIGH andior RIC is LOW. 
LOW if BYTE is HIGH. Data bit 7 if BYTE is LOW. Hi·Z when CS is HIGH andior RIC is LOW. 
Digital Ground. 
LOW if BYTE is HIGH. Data bit 6 iI BYTE is LOW. Hi-Z when CS is HIGH andlor RIC is LOW. 
LOW if BYTE is HIGH. Data bit 5 if BYTE is LOW. Hi·Z when CS is HIGH andlor RIC is LOW. 
LOW if BYTE is HIGH. Data bit 4 if BYTE is LOW. Hi·Z when CS is HIGH andlor RIC is LOW. 
Data Clock Output when EXTIINT is LOW. Data clock input when EXTIINT is HIGH. 
Serial Output Synchronized to DATACLK. 
Serial Input When Using an External Data Clock. 
Selects 8 most significant bits (LOW) or 4 least signilicant bits (HIGH) on parallel output pins. 
With CS LOW and BUSY HIGH, a Falling Edge on RIC Initiates a New Conversion. With CS LOW, a rising edge on RIC 
enables the parallel output. 
Internally OR'd with RIC. If RIC is LOW, a falling edge on CS initiates a new conversion. If EXTIINT is LOW, this same 
falling edge will start the transmission of serial data results from the previous conversion. 
At the start of a conversion, BUSY goes LOW and stays LOW until the conversion is completed and the digital outputs 
have been updated. 
PWRD HIGH shuts down all analog circuitry except the reference. Digital circuitry remains active. 
REFD HIGH shuts down the internal reference. External reference will be required for conversions. 
Analog Supply. Nominally +5V. Decouple with O.l~F ceramic and 10~F tantalum capacitors. 
Digital Supply. Nominally +5V. Connect directly to pin 27. Must be;; VAN.' 

TABLE I. Pin Assignments. 

PIN CONFIGURATION ANALOG CONNECT Rl'N CONNECT R2'N 
INPUT VIA 200n VIA loon 

RANGE TO TO IMPEDANCE 

±10V V'N CAP 45.7kn 
OV to 5V AGND V'N 20.0kn 
OV to 4V V'N V'N 21.4kn 

TABLE II. Input Range Connections. See also Figure 7. 

ADS7806 

DGND 14 15 D2 

BURR-BROWNB 
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For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES 
T A = +25°C, Is = 40kHz, VOIG == V ANA = +5V, using internal reference and fixed resistors shown in Figure 7b, unless otherwise specified. 

FREQUENCY SPECTRUM 
(8192 Point FFT; f'N = 1kHz, OdS) 
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SIGNAL-TO-(NOISE + DISTORTION) vs TEMPERATURE 
(f'N = 1 kHz, OdS; fs = 10kHz to 40kHz) 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 
TYPICAL PERFORMANCE CURVES (CO NT) 
TA = +25°C, fs = 40kHz, VD1G = VANA = +5V, using internal reference and fixed resistors shown in Figure 7b, unless otherwise specified. 

10' 

ENDPOINT ERRORS (20V BIPOLAR RANGE) 

POWER SUPPLY RIPPLE SENSITIVITY 
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For Immediate Assistance, Contact Your Local Salesperson 
BASIC OPERATION 
PARALLEL OUTPUT 

Figure la) shows a basic circuit to operate the ADS7806 
with a ±lOV input range and parallel output. Taking Ric 
(pin 22) LOW for .4Ons '(12J.1S max) will initiate a conver
sion. BUSY (pin 24) will go LOW and stay LOW until the 
conversion is completed and the output register is updated. 
If BYTE (pin 21) is LOW, the 8 most significant bits will be 
valid when BUSY rises; if BYTE is mGH, the 4 least 
significant bits will be valid when BUSY rises. Data will be 
.output in Binary Two's Complement format. BUSY going 
mGH can be used to latch the data. After the first byte has 
been read, BYTE can be toggled allowing the remaining 
byte to be read. All convert commands will be ignored while 
BUSY is LOW. 

The ADS7806 will begin tracking the input signal at the end 
of the conversion. Allowing 25J.1S 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 

Fi~ure lb) shows a basic circuit to operate the AD~7806 
with a ±lOV input range and serial output. Taking RIC (pin 
22) LOW for 40ns (12J.1S max) will initiate a conversion and 

*10V o--fW'----J 

Pln21 81' 810 B9 B8 B7 
LOW (NSB) 

Pin 21 B3 B2 81 eo LOW 
HIGH (LSB) 

NOTE: tl)SDATA(pJn 19j1sahVaysactiY8. 

Parallel Output 

Convert Pulse 

f-'-=::--<RRl Ls

B6 as B4 

LOW LOWLOW 

f-l 
40nsmJn 

FIGURE lao Basic ±lOV Operation, both Parallel and Serial 
Output. 

output valid datafromthe previous conversion on SDATA 
(pin 19). synchronized to 12 clock pulses output on 
DATACLK (pin 18). BUSY (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. BUSY going 
HIGH can be used to latch the data. All convert commands 
will be iilnored while BUSY is LOW. 

The ADS7806 will begin tracking the input signal at the end 
of the conversion. Allowing 25J.1S 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 RIC (pin 22) LOW for 
a minimum of 40ns immediately puts the sample/hold of the 
ADS7806 in the hold slate 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 RIC must go mGH before BUSY goes 
mGH or a new conversion will be.initiated without suffi
cient time to acquire a new signal. 

Serial Output 

±lOV o-,M/'---j 

2.2pF 

ADS7806 

f5 Nell) 

NOTE: (1) These pins should be left 
unconnected. They will be active when 
FVe"isHIGH. 

FIGURE lb. Basic ±lOV Operation with 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 
of the conversion. Allowing 25!JS between convert com
mands assures accurate acquisition of a new signal. Refer to 
Tables III and IV for a summary of CS, Ric, and. BUSY 
states and Figures 2 through 6 for timing diagrams. 

CS and RiC 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 
RIC initiates conversion 'n', be sure the less critical input is 
LOW at least IOns prior to the initiating input. If EXT/INT 
(pin 8) is LOW when initiating conversion 'n', serial data 
from conversion 'n-I' will be output on SDATA (pin 19) 
following the start of conversion 'n'. See Internal Data 
Clock in the Reading Data section. 

CS RIC BUSY 

1 X X 

~ 0 1 

0 ~ 1 

0 1 r 

~ 1 1 

~ 1 0 

0 l' 0 

0 0 l' 

X X 0 

OPERATION 

None. Databus is in Hi·Z state. 

Initiates conversion "n", Oatabus remains 
in Hi~Z state. 

Initiates conversion "n", Databus enters Hi-Z 
slate. 

Conversion On" completed. Valid data from 
conversion "n" on the databus. 

Enables databus with valid data from 
conversion lin", 

Enables databus with valid data from 
conversion "n-1"(1). Conversion n in progress. 

Enables databus with valid data from 
conversion "n-1"(1), Conversion "0" in progress. 

New conversion initiated without acquisition 
of !!. new signal. Data will be invalid. CS andior 
RIC must be HIGH when BUSY goes HIGH. 

New convert commands ignored. Conversion 
"0" in progress. 

To reduce the number of control pins, CS can be tied LOW 
using RIC to control the read. and convert modes. This 
have no effect when using the internal data clock in the 
output mode. However, the parallel output and the 
output (only when using an external data clock) will be 
affected whenever RIC goes HIGH. Refer to the Reading 
Data section. 

READING DATA 
The ADS7806 outputs serial or parallel data in Straight 
Binary or Binary Two's Complement data output format. If 
SB/BTC (pin 7) is HIGH, the output will be in SB format, 
and if LOW, the output will be in BTC format. Refer to 
Table V for ideal output codes. 

NOTE: (1) See Figures 2 and 3 for constraints on data valid from 
The parallel output can be read without affecting the internal 
output registers; however, reading the data through the serial 

conversion "0-1", 

Table III. Control Functions When Using Parallel Output 
(DATACLK tied LOW, EXT/INT tied HIGH). 

CS RIC BUSY EXTnNT DATACLK OPERATlDN 

~ 0 1 0 Output Initiates conversion On". Valid data from conversion "n-1" clocked out on SDATA. 

0 ~ 1 0 Output Initiates conversion "n". Valid data from conversion "n·1" clocked out on SDATA. 

~ 0 1 1 Input Initiates conversion "n". Internal clock still runs conversion process. 

0 ~ 1 1 Input Initiates conversion "n", Internal clock still runs conversion process. 

~ 1 1 1 Input Conversion On" completed. Valid data from conversion "n" clocked out on SDATA synchronized 
to external data clock. 

~ 1 0 1 Input Valid data from conversion "n·1" output on SDATA synchronized to external data clock. 
Conversion "n" in progress. 

0 t 0 1 Input Valid data from conversion "n·1" output on SDATA synchronized to external data clock. 
Conversion ~n" in progress. 

0 0 r X X New conversion initiated without acquisition of a new signal. Data will be invalid. CS andior RIC 
must be HIGH when BUSY goes HIGH. 

X X 0 X X New convert commands ignored. Conversion 'In" in progress. 

NOTE: (1) See Figures 4, 5. and 6 for constraints on data valid from conversion "n·1". 

Table IV. Control Functions When Using Serial Output. 

DESCRIPTION ANALOG INPUT DIGITAL OUTPUT 

Full·Scale Range ±10 OV 10 5V OV 104V BINARY TWO'S COMPLEMENT STRAIGHT BINARY 

Least Significant Bit (LSB) 4.BBmV 1.22mV 976~V (SBIBTC LOW) (SBlBTC HIGH) 

HEX HEX 

BINARY CODE CODE BINARY CODE CODE 

.Full Scale (FS - 1 LSB) 9.99512V 4.99878V 3.999024V 0111111111111111 7FF 1111111111111111 FFF 

Midscale OV 2.5V 2V 0000 0000 0000 0000 000 1000 0000 0000 0000 800 

One LSB Below Midscale -4.B8mV 2.49878V 1.999024V 1111111111111111 FFF 0111111111111111 7FF 

--Full Scale -10V OV OV 1000 0000 0000 0000 BOO 0000 0000 0000 0000 000 

Table V. Output Codes and Ideal Input Voltages. 
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port will shift the internal output registers one bit per data 
clock pulse. As a result, data can be read on the parallel port 
prior to reading the same data on the serial port, but data 
cannot be read through the serial port prior to reading the 
same data on the parallel port. 

PARALLEL OUTPUT 

To use the parallel output, tie EXT/INT (pin 8) mOH and 
OATACLK (pin 18) LOW. SOATA (pin 19) should be Ie!! 
unconnected. The parallel output will be active when RIC 
(pin 22) is mOH and CS (pin 23) is LOW.· Any other 
combination of CS and RIC will tri-state the parallel output. 
Valid conversion data can be read in two 8-bit bytes on 07-
00 (pins 9-13 and 15-17) . When BYTE (pin 21) is LOW, 
the 8 most significant bits will be valid with the MSB on 07. 
When BYTE is mOH, the 4 least significant bits will be 
valid with the LSB on 04. BYTE can be toggled to read both 
bytes within one conversion cycle. 

Upon initial power up, the parallel output will contain 
indeterminate data. . 

-1,-
RIC 

13 - J-
BUSY 

r. 

1,;- - 17 
MODE Acquire Convert 

t12 - -
I" 

PARALLEL OUTPUT (After a Conversion) 

After conversion 'n' is completed and the output registers 
have been updated, BUSY (pin 24) will go mOHo Valid data 
from conversion 'n' will be available on 07-00 (pins 9-13 
and 15-17). BUSY going high can be used to latch the data. 
Refer to Table VI and Figures 2 and 3 for timing constraints. 

PARALLEL OUTPUT (During a Conversion) 

After conversion 'n' has been initiated, valid data from 
conversion 'n-I' can be read and will be valid up to 12!1S 
after the start of conversion ·'n'. 00 not attempt to read data 
beyond 12!1S after the start of conversion 'n' until BUSY 
(pin 24) goes mOH; this may result in reading invalid data. 
Refer to Table VI and Figures 2 and 3 for timing constraints. 

-1,-

ls- I-
-1,;- \ 

1,;- -
Is 

Acquire 
I/. 

Convert . 

- -t12 

-'I 1,0-1 
Parallel Previous Hi-Z Previous High Previous Low X NOl Valid High Byte Low Byte X Hi-Z High Byte 

Data Bus High Byte Valid i Byte Valid Byte Valid Valid Valid Valid 

t, 

t12 -1 
--1-10 

-I 10- - 1'2-1 - - -I -t12 -t12 

BYTE I \ J \ 
FIOURE 2. Conversion Timing with Parallel Output (CS and OATACLK tied LOW, EXT,IINT ned mOH). 

cs __ ---,-I,-i-_______ --, 

BYTE 

DATA-----------------~~~~~~~,~~~v_~~==-

Bus------------~~~----------_t'I~~~I~--_f'I~~~I~---------

FIOURE 3. Using CS to Control Conversion and Read Timing with Parallel Outputs. 
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SERIAL OUTPUT 

Data can be clocked out with the internal data clock or an 
external data clock. When using serial output, be careful 
with the parallel outputs, D7-DO (pins 9-13 and 15-17), as 
these pins will come out of Hi-Z state whenever CS (pin 23) 
is LOW and Ric (pin 22) is HIGH. The serial output can not 
be tri-stated and is always active. 

SYMBOL DESCRIPTION MIN TYP MAX UNITS 

t, Convert Pulse Width 0.04 12 ~s 

t, Data Valid Delay after Ric LOW 14.7 20 ~s 

t, BUSY Delay from 85 ns 
Start of Conversion 

t. BUSY LOW 14.7 20 ~ 

t, BUSY Delay after 90 ns 
End of Conversion 

t, Aperture Delay 40 ns 

t, Conversion Time 14.7 20 ~ 

ts Acquisition Time 5 ~s 

t, Bus Relinquish Time 10 83 ns 

~, BUSY Delay after Data Valid 20 60 ns 

tn Previous Data Valid 12 14.7 ~ 
after Start of Conversion 

t" Bus Access Time and BYTE Delay 83 ns 

t" Start of Conversion 1.4 ~ 
to DATACLK Delay 

t .. DATACLK Period 1.1 ~s 

~, Data Valid to DATACLK 20 75 ns 
HIGH Delay 

tIS Data Valid after DATACLK 400 600 ns 
LOWDelay 

t" External DATACLK Period 100 ns 

t" External DATACLK LOW 40 ns 

t" External DATACLK HIGH 50 ns 

1" CS and RIC to External 25 ns 
DATACLK Setup Time 

1" RIC to CS Setup Time 10 ns 

t" Valid Data after DATACLK HIGH 25 ns 

t,+t" Throughput Time 25 ~s 

TABLE VI. Conversion and Data Timing. TA = -40°C to 
+85°C. 

_,,,_ 
DATACLK i-tI3 - 1 , 

~A~ ______ -1I~ ____ ~L ____ -J~ ____ ~\ __ _ 

(Results from previous conversion.) 

INTERNAL DATA CLOCK (During A Conversion) 

To use the internal data clock, tie EXT/INT (pin 8) LOW. 
The combination of Ric (pin 22) and CS (pin 23) LOW will 
initiate conversion 'n' and activate the internal data clock 
(typically 900kHz clock rate). The ADS7806 will output 12 
bits of valid data, MSB first, from conversion 'n-I' on 
SDATA (pin 19), synchronized to 12 clock pulses output on 
DATACLK (pin 18). The data will be valid on both the 
rising and falling edges of the internal data clock. The rising 
edge of BUSY (pin 24) can be used to latch the data. After 
the 12th clock pulse, DATACLK will remain LOW until 
next conversion is initiated, while SDATA will go to 
ever logic level was input on TAG (pin 20) during the 
clock pulse. Refer to Table VI and Figure 4. 

EXTERNAL DATA CLOCK 
To use an external data clock, tie EXT/INT (pin 8) HIGH. The 
external data clock is not a conversion clock; it can only be 
used as a data clock. To enable the output mode of the 
ADS7806, CS (pin 23) must be LOW and Ric (pin 22) must 
be HIGH. DATACLK must be mGH for 20% to 70% of the 
total data clock period; the clock rate can be between DC and 
lOMHz. Serial data from conversion 'n' can be output on 
SDATA (pin 19) after conversion 'n' is completed or during 
conversion 'n + 1'. 

An obvious way to simplify control of the converter is to tie 
CS LOW and use RiC to initiate conversions. While this is 
perfectly acceptable, there is a possible problem when using 
an external data clock. At an indeterminate point from 12j.1S 
after the start of conversion 'n' until BUSY rises, the internal 
logic will shift the results of conversion 'n' into the output 
register. If CS is LOW, Ric is mGH, and the external clock 
is mGH at this point, data will be lost. So, with CS LOW, 
either RiC and/or DATACLK must be LOW during this 
period to avoid losing valid data. 

~~~--

BUSY \ 
~---------------------

__________ -J{ ~~ ________ __ 

NOTE: (1) II controlling with CSt tie RIC LOW, Data bus pins wiN ramain Hi-Z at all times. 
If controlling with RIC. tie es LOW. Data bus pins will be active when RIc is HIGH, and should be left unconnected. 

FIGURE 4. Serial Data Timing Using Internal Data Clock (TAG tied LOW). 
aURR~aROWNII!I 
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...J 
<", 
Z...J 
a:u 

~~ we I~ '~ 

FIGURE S. Conversion and Read Timing with External Clock (EXT/INT Tied HIGH) Read after Conversion. 
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EXTERNAL 
OATACLK 

DATA 

TAG 

·_1,,
-t,s-I'9 

\ -.1,,-
-~'~ ,-120--: 

--.-\ \n-T'T\ \ \"T'T'T'1\ m /.r:--i--------'. 
,-1,-

i;,--_____ _ 

FIGURE 6. Conversion and Read Timing with External Clock (EXT/INT tied HIGH) Read During a Conversion. 

EXTERNAL DATA CLOCK 
(After a Conversion) 

After conversion 'n' is completed and the output registers 
have been updated, BUSY (pin 24) will go HIGH. With CS 
LOW and Ric HIGH, valid data from conversion 'n' will be 
output on SDA T A (pin 19) synchronized to the external data 
clock input on DATACLK (pin 18). The MSB will be valid 
on the first falling edge and the second rising edge of the 
external data clock. The LSB will be valid on the 12th falling 
edge and 13th rising edge of the data clock. TAG (pin 20) 
will input a bit of data for every external clock pulse. The 
first bit input on TAG will be valid on SDATA on the 13th 
falling edge and the 14th rising edge of DATACLK; the 
second input bit will be valid on the 14th falling edge and the 
15th rising edge, etc. With a continuous data clock, TAG 
data will be output on SDA TA until the internal output 
registers are updated with the results from the next conver
sion. Refer to Table VI and Figure 5. 

EXTERNAL DATA CLOCK 
(During a Conversion) 

After conversion 'n' has been initiated, valid data from 
conversion 'n-l' can be read and will be valid up to 12j.1S 
after the start of conversion 'n'. Do not attempt to clock out 
data from 12j.1S after the start of conversion 'n' until BUSY 
(pin 24) rises; this will result in data loss. NOTE: For the 
best possible performance when using an external data 
clock, data should not be clocked out during a conversion. 
The switching noise of the asynchronous data clock can 
cause digital feedthrough degrading the converter's perfor
mance. Refer to Table VI and Figure 6. 

BURR a BROWN@ 

TAG FEATURE 

TAG (Pin 20) inputs serial data synchronized to the external 
or internal data clock. 

When using an external data clock, the serial bit stream input 
on TAG will follow the LSB output on SDATA until the 
internal output register is updated with new conversion 
results. See Table VI and Figures 5 and 6. 

The logic level input on TAG for the first rising edge of the 
internal data clock will be valid on SDATA after all 12 bits 
of valid data have been output. 

INPUT RANGES 
The ADS7806 offers three input ranges: standard ±10V and 
0-5V, and a 0-4V range for complete, single supply systems. 
Figures 7 a and 7b show the necessary circuit connections for 
implementing each input range and optional offset and gain 
adjust circuitry. Offset and full scale error<l) specifications 
are tested and guaranteed with the fixed resistors shown in 
Figure 7b. 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 input impedance, summarized in Table II, results from the 
combination of the internal resistor network shown on the 
front page of the product data sheet and the external resistors 

NOTE: (1) Full scale error includes offset and gain errors measured at both 
+FS and -FS. . 
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used for each input range (see Figure 8). The input resistor 
divider network provides inherent overvoltage protection 
guaranteed to at least ±25V. 

Analog inputs above or below the expected range will yield 
either positive full scale or negative full scale digital outputs 
respectively. There will be no wrapping or folding over for 
analog inputs outside the nominal range. 

CALIBRATION 
HARDWARE CALIBRATION 

To calibrate the offset and gain of the ADS7806 in hard
ware, install the resistors shown in Figure 7 a. Table VII lists 
the hardware trim ranges relative to the input for each input 
range. 

SOFTWARE CALIBRATION 

To calibrate the offset and gain in software, no external 
resistors are required. However, to get the data sheet speci-

±10V 

33.2kn 

FIGURE 7a. Circuit Diagrams (With Hardware Trim). 

±10V 

2000 
VIN RllN 

2000 

2 
AGNDI 

66.SkQ 
+SV 

D-SV 

O-SV 

OFFSET ADJUST GAIN ADJUST 
INPUT RANGE RANGE (mV) RANGE(mV} 

±10V ±15 ±SO 

0105V ±4 ±30 

0lo4V ±3 ±30 

TABLE VII. Offset and Gain Adjust Ranges for Hardware 
Calibration (see Figure 7a). 

fications for offset and gain, the resistors shown in Figure 7b 
are necessary. See the No Calibration section for more 
details on the external resistors. Refer to Table VIII for the 
range of offset and gain errors with and without the external 
resistors. 

NO CALIBRATION 

See Figure 7b for circuit connections. Note that the actual 
voltage dropped across the external resistors is at least two 
orders of magnitude lower than the voltage dropped across 
the internal resistor divider network. This should be consid-

0-4V 

D-4V 

33,2kO 

AGNDI R11N 
2000 

2 R21N 
Q--J\IV'---; R21N AGNDI 

1000 1000 

CAP 

2.2~F V 5 

REF 

R21N 

CAP 

2.2~F V 5 

REF 
2.2~F 

AGND2 
AGND2 REF 

AGND2 

FIGURE 7b. Circuit Diagrams (Without Hardware Trim). 
BURR~aRQWNe 

2.252 Burr-Brown Ie Data Book-Mixed Signal Products IEBEBI 



O~ Call Cuslomer Service aI1·800·548·6132 (USA Only) 
ered when choosing the accuracy and drift specifications of 
the external resistors. In most applications, I % metal-film 
resistors will be sufficient. 

The external resistors shown in Figure 7b may not be 
necessary in some applications. These resistors provide 
compensation for an internal adjustment of the offset and 
gain which allows calibration with a single supply. Not 
using the external resistors will result in offset and gain 
errors in addition to those listed in the electrical specifica
tions section. Offset refers to the equivalent voltage of the 
digital output when converting with the input grounded. A 
positive gain error occurs when the equivalent output volt
age of the digital output is larger than the analog input. Refer 
to Table VIII for nominal ranges of gain and offset errors 
with and without the external resistors. Refer to Figure 8 for 
typical shifts in the transfer functions which occur when the 
external resistors are removed. 

INPUT OFFSET ERROR 

RANGE WI RESISTORS W/OUT RESISTORS 

(V) RANGE (mV) RANGE (mV) TYP (my) 

±10 -10 s BPZ s 10 osBPZS35 +15 

0105 -3sUPOs3 -12 s UPO s-3 -7.5 

0104 -3 s UPO s 3 -10.5 s UPO s -1.5 -6 

Note: (1) High Grade. 

To further analyze the effects of removing any combination 
of the external resistors, consider Figure 9. The combination 
of the external and the internal resistors form a voltage 
divider which reduces the input signal to a 0.3125V to 
2.8125V input range at the CDAC. The internal resistors are 
laser trimmed to high relative accuracy to meet full specifi
cations. The actual input impedance of the internal resistor 
network looking into pin I or pin 3 however, is only accurate 
to ±20% due to process variations. This should be taken into 
account when determining the effects ofremoving the exter
nal resistors. 

REFERENCE 
The ADS7806 can operate with its internal2.5V reference or 
an external reference. By applying an external reference to 

GAIN ERROR 

WI RESISTORS WIOUT RESISTORS 

RANGE(%FS) RANGE(%FS) TYP 

-D.4 s G s 0.4 -D.3 s G s 0.5 +0.05 
0.15 s G(l) S 0.15 -D.1 s G(l) S 0.2 +0.05 

-D.4 s G S 0.4 -1.0 s G S 0.1 -D.2 
0.15 S G(l) s 0.15 -D.55 s G(l) s -D.05 -D.2 

-D.4 S G s 0.4 -1.0sGsO.1 -D.2 
-D.15 s Gil) s 0.15 -D.55 s G(l) s -D.05 -D.2 

TABLE VIII. Range of Offset and Gain Errors with and without External Resistors 

,; 

(a) Bipolar 

Digital Output 

+Full Scale 

,; 
,; 

,; 

,; 

,; 
,; 

,; 
Analog Input 

(b) Unipolar 

Digital Output 

+Full Scale 

,; 
,; 

,; 

,; 
,; 

,; 

,; 
,; 

" ,; 

,; 
,; 

,; 

,; 
-FUIiScal.;:.. • ....£._--j':-,; ______________ _ 

,; 
,; 

,; -Full scala 

- - - - - Typical Transfer Functions 
With External Resistors 

--- Typical Transfer Functions 
Without External Resistors 

FIGURE 8. Typical Transfer Functions With and Without External Resistors. 
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2000 39.8k.Q 
V,N o--,MJ'----i---./I/I,"-....-_---_---0CDAC (High Impedance) 

(0.312SVlo 2.812SV) 

66.Sk.Q . 9.9k.Q 20k.Q 40k.Q 

+2.5V 

+2.SV I 

2000 39.8k.Q 
r----.Mi'--...... -I---JW""-1~ ...... ---_--_oCDAC (High Impedance) 

(0.312SV 10 2.812SV) 

+2.SV I +2.5V 

2000 39.8k.Q 
V,N o--,/lI\J'-_-..---.M'''-....-_---_---0CDAC (High Impedance) 

(0.312SV to 2.812SV) 

4Ok.Q 

FIGURE 9. Circuit Diagrams Showing External and Internal Resistors. 

pin 5, the internal reference can be bypassed; REFD (pin 26) 
tied HIGH will power-down the internal reference reducing 
the overall power consumption of the ADS7806 by approxi
mately 5mW. 

The internal reference has approximately an 8 ppm/"C drift 
(typical) and accounts for approximately 20% of the full 
scale error (FSE = ±O.5% for low grade, ±O.25% for high 
grade). 

The ADS7806 also has an internal buffer for the reference 
voltage. See Figure lO for characteristic impedances at the 
input and output of the buffer with all combinations of 
power down and reference down. 

REF 
Zc.....(0) 

Z'EF (0) 

CAP 
(Pin 4) 

REF 
(PinS) 

PWRDO 
REFDO 

6k 

PWRDO 
REFD 1 

100M 

PWRD1 
REFDO 

200 

6k 

PWRD1 
REFD 1 

200 

100M 

REF (pin 5) is an input for an external reference or the output 
for the internal 2.5V reference. A 2.2J.!F tantalum capacitor 
should be connected as close as possible to the REF pin from 
ground. This 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, degrading the SNR and SINAD. The REF pin 
should not be used to drive external AC or DC loads. See 
Figure 10. 

FIGURE 10. Characteristic Impedances of Internal Buffer. 

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 
2.2J.!F tantalum capacitor should be placed as close as 
possible to the CAP pin from ground to provide optimum 
switching currents for the CDAC throughout the conversion 
cycle. This capacitor also provides compensation for the 
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output of the buffer. Using a capacitor any smaller than lJ.IF 
can cause the output buffer to oscillate and may not have 
sufficient charge for the CDAC. Capacitor values larger than 
2.2J.IF will have little affect on improving performance. See 
Figures 10 and 11. 

The output of the buffer is capable of driving up to lmA of 
current to a DC load. 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. 

7000 

6000 

5000 

/ 
4000 

!!l. 
3000 

2000 / 

-I-"""" 
1000 

o 
0.1 1 10 100 

"CAP'" Pin Value (~F) 

FIGURE II. Power-Down to Power-Up Time vs Capacitor 
Value on CAP. 

REFERENCE 
AND POWER DOWN 
The ADS7806 has analog power down and reference power 
down capabilities via PWRD (pin 25) and REFD (pin 26) 
respectively. PWRD and REFD HIGH will power down all 
analog circuitry maintaining data from the previous conver
sion in the internal registers, provided that the data has not 
already been shifted out through the serial port. Typical 
power consumption in this mode is 501lW. Power recovery 
is typically Ims, using a 2.2J.IF capacitor connected to CAP. 
See Figure II for power-down to power-up recovery time 
relative to the capacitor value on CAP. With +5V applied to 
V DlO' the digital circuitry of the ADS7806 remains active at 
all times, regardless of PWRD and REFD states. 

PWRD 

PWRD HIGH will power down all of the analog circuitry 
except for the reference. Data from the previous conversion 
will be maintained in the internal registers and can still be 
read. With PWRD HIGH, a convert command yields mean
ingless data. 

REFD 

REFD HIGH will power down the internal 2.5V reference. 
All other analog circuitry, including the reference buffer, 
will be active. REFD should be HIGH when using an 
external reference to minimize power consumption and the 
BURR·IIROWN~ 

loading effects on the external reference. See Figure 10 for 
the characteristic impedance of the reference buffer's input 
for both REFD' HIGH and LOW. The internal reference 
consumes approximately 5mW. 

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 specltJ:ca
tions, the ADS7806 uses 90% of its power for the 
circuitry. The ADS7806 should be considered as an 
component. 

The +5V power for the AID should be separate from the +5V 
used for the system's digital logic. Connecting VDlO (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 + l2V or + l5V 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 VDlO and 
V ANA should be tied to the same +5V source. 

GROUNDING 

Three ground pins are present on the ADS7806. DOND is the 
digital supply ground. AoND2 is the analog supply ground. 
AoNDl is the ground to which all analog signals internal to 
the AID are referenced. AoNDI is more susceptible to current 
induced voltage drops and must have the path of least 
resistance back to the power supply. 

All the ground pins of the AID should be tied to an 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. 

SIGNAL CONDITIONING 

The FET switches used for the sample hold on many CMOS 
AID converters release a significant amount of charge injec
tion which can cause the driving op amp to oscillate. The 
amount of charge injection due to the sampling FET switch 
on the ADS7806 is approximately 5-10% of the amount on 
similar ADCs with the charge redistribution DAC (CDAC) 
architecture. There is also a resistive front end which attenu
ates any charge which is released. The end result is a 
minimal requirement for the drive capability on the signal 
conditioning preceding the AID. Any op amp sufficient for 
the signal in an application will be sufficient to drive the 
ADS7806. 
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For Immediate Assistance, Contact Your Local Salesperson 
The resistive front end of the ADS7806 also provides a 
guaranteed ±25V overvoltage protection. In most cases, this 
eliminates the need for external over voltage protection 
circuitry. 

INTERMEDIATE LATCHES 

The ADS7806 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 
AID from other peripherals on the same bus. 

Intermediate latches are beneficial on any monolithic AID 
converter. The ADS7806 has an internal LSB size of 61 OJ.LV. 
Transients from fast switching signals on the parallel port, 
even when the AID 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 ADS7807 
or any of the other 16-bitconverters in the ADS Family. This 
is due to the smaller internal LSB size of; 38J.LV. 

APPLICATIONS INFORMATION 
QSPI INTERFACING 

Figure 12 shows a simple interface between the ADS7806 
and any QSPI equipped microcontroller. This interface as
sumes that the convert pulse does not originate from the 
microcontroller and that the ADS7806 is the only serial 
peripheral. 

Before enabling the QSPI interface, the microcontroller 
must be configured to monitor the slave select line. When a 
transition from LOW to HIGH occurs on Slave Select (SS) 
from BUSY (indicating the end of the current conversion), 
the port can be enabled. If this is not done, the microcontroller 
and the and the AID may be "out-of-sync." 

Figure 13 shows another interface between the ADS7806 
and a QSPI equipped microcontroller. The interface allows 
the . microcontroller to give the convert pulses while also 
allowing multiple peripherals to be connected to the serial 

Convert Pulse 

aSPI --u- ADS7806 

L RIC 

PCSO/55 BUSY 

MOSI SDATA 

SCK DATAClK 

- CS 

>- EXT/INT 

CPOl = 0 (Inactive State is lOW) >- BYTE 
CPHA = 1 (Data valid on falling edge) 
aSPI port is in slave mode. '\7 

FIGURE 12. QSPI Interface to the ADS7806. 

bus. This interface and the following discussion assume a 
master clock for the QSPI interface of 16.78MHz. Notice 
that the serial data input of the microcontroller is tied to the 
MSB (D7) of the ADS7806 instead of the serial output 
(SDATA). Using D7 instead of the serial port offers tri-state 
capability which allows other peripherals to be connected to 
the MISO pin. When communication is desired with those 
peripherals, PCSO and PCSI should be left HIGH; that will 
keep D7 tri-stated and prevent a conversion from taking 
place. 

In this configuration, the QSPI interface is actually set to do 
two different serial transfers. The first, an eight bit transfer, 
causes PCSO (RIC) and PCSI (CS) to go LOW starting a 
conversion. The second, a twelve bit transfer, causes only 
PCSI (CS) to go LOW. This is when the valid data will be 
transferred. 

aSPI 
5V 

ADS7806 
+ 

pcso RiC EXT/INT ~ 
PCSl cs 
SCK DATAClK 

MISO D7(MSB) 

~ 
BYTE 

CPOl-O 
CPHA=O 

FIGURE 13. QSPI Interface to the ADS7806. Processor 
Initiates Conversions. 

For both transfers, the DT register (delay after transfer) is 
used to cause a 19J.lS delay. The interface is also set up to 
wrap to the beginning of the queue. In this manner, the QSPI 
is a state machine which generates the appropriate timing for 
the ADS7806. This timing is thus locked to the crystal based 
timing of the microcontroller and not interrupt driven. So, 
this interface is appropriate for both AC and DC measure
ments. 

For the fastest conversion rate, the baud rate should be set to 
two (4.19MHz SCK), DT set to ten, the first serial transfer 
set to eight bits, the second set to twelve bits, and DSCK 
disabled (in the command control byte). This will allow for 
a 23kHz maximum conversion rate. For slower rates, DT 
should be increased. Do not slow SCK as this may increase 
the chance of affecting the conversion results or accidently 
initiating a second conversion during the first eight bit 
transfer. 
In addition, CPOL and CPHA should be set to zero (SCK 
normally LOW and data captured on the rising edge). The 
command control byte for the eight bit transfer should be set 
to 20H and for the twelve bit transfer to 61H. 
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SPI INTERFACE 

The SPI interface is generally only capable of 8-bit data 
transfers. For some microcontrollers with SPI interfaces, it 
might be possible to receive data in a similar manner as 
shown for the QSPI interface in Figure 12. The 
microcontroller will need to fetch the 8 most significant bits 
before the contents are overwritten by the least significant 
bits. 

A modified version ofthe QSPI interface shown in Figure 13 
might be possible. For most microcontrollers with SPI inter
face, the automatic generation of the start-of-conversion 
pulse will be impossible and will have. to be done with 
software. This will limit the interface to 'DC' applications 
due to the insufficient jitter performance of the convert pulse 
itself. 

DSP56000 INTERFACING 

The DSP56000 serial interface has an SPI compatibility 
mode with some enhancements. Figure 14 shows an inter
face between the ADS7806 and the DSP56000 which is very 
similar to the QSPI interface seen in Figure 12. As men
tioned in the QSPI section, the DSP56000 must be pro
grammed to enable the interface when a LOW to HIGH 
transition on SCI is observed (BUSY going HIGH at the end 
of conversion). 
The DSP56000 can also provide the convert pulse by includ
ing a monostable multi-vibrator as seen in Figure 15. The 
receive and transmit sections of the interface are decoupled 
(asynchronous mode) and the transmit section is set to 
generate a word length frame sync every other transmit 
frame (frame rate divider set to two). The prescale modulus 
should be set to five. 

The monostable multi-vibrator in this circuit will provide 
varying pulse widths for the convert pulse. The pulse width 
will be determined by the external Rand C values used with 
the multi-vibrator. The 74HCTl23N data sheet shows that 

DSP56000 +5V 74HCTt23N 

LB1 

SC2 CLR1 

~A1 

SCO 

SRD 

SYN = 0 (Asychronous) 
GCK = 1 (Gated clock) 
SCD2 = 1 (SC2 is an output) 
SHFD = 0 (Shift MSB first) 

the pulse width is (O.7)RC. Choosing a pulse width as close 
to the minimum value specified in this data sheet will offer 
the best performance. See the Starting A Conversion sec
tion of this data sheet for details on the conversion pulse 
width. . 

The maximum conversion rate for a 20.48MHz DSP56000 
is 35.6kHz. If a slower oscillator can be tolerated on the 
DSP56000, a conversion rate of 40kHz can be achieved by 
using a 19.2MHz clock and a prescale modulus of four. 

Convert Pulse 

LJ 
DSP56000 L ADS7806 

RIC 

SCi BUSY 

SRD SDATA 

SCQ DATACLK 

,-- CS 

--- EXT/INT 

SYN = 0 (Asychronous) --- BYTE 
GCK = 1 (Gated clock) 
SCD1 = 0 (SCi is an input) 
SHFD = 0 (Shift MSB first) 
WL 1 = 0 WLO = 1 (Word length = 12 bits) 

FIGURE 14. DSP56000 Interface to the ADS7806. 

+5V 

T-IN- J REXT1 

CEXT1 
~C 

ADS7806 

ill RIC 

DATACLK 

SDATA 

- cs 
>- EXTIINT 

>- BYTE 

WL1 =0 WLO=1 Word len g1h = 16 bits 

FIGURE 15. DSP56000 Interface to the ADS7806. Processor Initiates Conversions. 
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ADS7807 BURR - BROWN® 

IE:lE:lI 

Low-Power 16-Bit Sampling CMOS 
ANALOG-to-DIGITAL CONVERTER 

FEATURES 
• 35mW max P-OWER DISSIPATION 

• 50/J.W POWER DOWN MODE 

• 25J.lS max ACQUISITION AND 
CONVERSION 

• ±1.5LSB max INL 
• DNL: 16 bits "No Missing Codes" 

• 86dB 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 12-BIT ADS7806 

• USES INTERNAL OR EXTERNAL 
REFERENCE 

• 28-PIN 0.3" PLASTIC DIP AND SOIC 

DESCRIPTION 
The ADS7807 is a low-power, 16-bit, sampling AID 
using state-of-the-art CMOS structures. It contains a 
complete 16-bit, capacitor-based,SAR AID with SIH, 
clock, reference, and microprocessor interface with 
parallel and serial output drivers. 

The ADS7807 can acquire and convert 16-bits to 
within ±1.5LSB in 25J.1S max while consuming only 
35mW max. Laser-trimmed scaling resistors provide 
standard industrial input ranges of±lOV and OV to 
+5V. In addition, a OV to +4V range allows develop-
ment of complete single supply systems. . 

The 28-pin ADS7807 is available in a plastic 0.3" DIP 
and in an SOlC, both fully specified for operation over 
the industrial '-<IODC to +85DC temperature range. 

Successive Approximation Register and Control Logic 

RIC 
cs 
BYTE 
Power 
Down 

Reference 
Power 
Down 

Parallel 

and 

Serial 

Dala 

Out 

Serial Data 
Clock 

Serial Data 

Parallel Data 

International Aloport Industrial Park • Mailing Address: PO Box 11400 • .Tucaon, AZ 85734 • Street Address: 6730 S. fucson Blvd.· Tucaon, AZ 85706 
Tel: (520) 746-1111 • Twx: 910.952-1111 • cable: BBRCORP • Telex: 066-6491 • FAX: (520) 869-1510 • Immedlste Product Info: (800) 546-6132 
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SPECIFICATIONS 
ELECTRICAL 
At TA = -40°C to +85°C, 1s = 40kHz, VOtG = VANA = +5V. using internal reference and fixed resistors shown in Figure 7b. unless otherwise specified. 

ADS7807P, U ,US 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX 

DC"nIIlTln~ 16 

ANALOG INPUT 
Voltage Ranges ±10, 0 to +5, 0 to +4 
Impedance (See Table II) 

35 

THROUGHPUT SPEED 
Conversion Time 20 · 
Complete Cycle Acquire and Convert 25 · 
Throughput Rate 40 · 
DC ACCURACY 
Integral Linearity Error ±3 ±1.5 
Differential Unearity Error +3, -2 +1.5, -1 
No Missing Codes 15 16 
Transition Noise(2) 0.8 
Gain Error ±0.2 ±D.l 
Full Scale Errorl3·') ±0.5 ±O.25 
Full Scale Error Drift ±7 ±5 
Full Scale ErrorI3.') Ext. 2.5000V Ref ±0.5 ±0.25 
Full Scale Error Drift Ext. 2.5000V Ref ±0.5 · 
Bipolar Zero Error(3) ±10V Range ±10 
Bipolar Zero Error Drift ±10V Range ±0.5 · Unipolar Zero Erro~3) OV to 5V, OV 10 4V Ranges ±3 · 
Unipolar Zero Error Drift OV to 5V, OV to 4V Ranges ±0.5 · 
Recovery TIme to Rated Accuracy 2.2~F Capacitor to CAP 1 · from Power Down(5) 
Power Supply Sensitivity +4.75V < Vs < +5.25V ±8 

(VOIG = VAllA = Vs) 

AC. ACCURACY 
Spurious~Free Dynamic Range fiN = 1kHz, ±10V 90 100 96 · 
Total Harmonic Distortion fiN = 1kHz, ±10V -100 -90 · -96 
Signal-lo-(Noise+Distortion) fiN = 1kHz, ±10V 83 88 86 · 

-60dB Input 30 32 
Signal-to-Noise fiN = 1 kHz, ±10V 83 88 86 · 
Usable Bandwidthl71 130 · 
Full Power Bandwidth (--3dB) 600 · 
SAMPLING DYNAMICS 
Aperture Delay 40 
Aperture Jitter 20 · 
Transienl Response FS Step 5 
OVervoltage RecoverylS) 750 · 
REFERENCE 
Internal Reference Voltage No Load 2.48 2.5 2.52 · · · 
Internal Reference Source Current. 1 · 

(Must use external buffer.) 
Intemal Reference Drift 8 · 
External Reference Voltage Range 2.3 2.5 2.7 · · 

for Specified Linearity 
External Reference Current Drain Ext. 2.S000V Ref 100 · 
DIGITAL INPUTS 
Logic Levels 

V'L -0.3 +0.8 · · 
V,H +2.0 Vo+0.3V · 
III V'L = OV ±10 · 
IIH VI~ = 5V ±10 · 

DIGITAL OUTPUTS Parallel 16 bits in 2-bytes; Serial 

Data Format Binary Two's Complement or Straight Binary 

Data Coding 
VOL 'SINK = 1.6mA +0.4 · 
VOH lSOURCE = 500~ +4 · 

Leakage Current High-Z State, ±5 · 
VOUT = OV to VOIG 

.o.utput High-Z State 15 · 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS (CONT) 
ELECTRICAL· 
At TA = -40·C to +8S·C. fs = 40kHz. VOIG = V ANA = +SV. using internal reference and fixed resistors shown in Figure 7b. unless otherwise specified. 

ADS7807P, U ADS7807PB. UB 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

DIGITAL TIMING 
Bus Access Time RL = 3.3kn. CL = 50pF 83 · ns 
Bus Relinquish Time RL = 3.3kn. CL = 10pF 83 · ns 

POWER SUPPLIES 
Specified Performance 

VOIO Must be ,; V ANA +4.7S +5 +5.25 · · V 
VANA +4.7S +5 +5.25 · V 
IDIG 0.6 · mA 
lANA S.O mAo 

Power Dissipation VANA = VOIG = 5V. fs = 40kHz 28 35 · · mW 
REFD HIGH 23 mW 

PWRD and REFD HIGH 50 IlW 
TEMPERATURE RANGE 
Specified Performance -40 +85 · ·C 
Derated Performance -55 +125 · ·C 
Storage -65 +150 · · ·C 
Thermal Resistance (BJA) 

Plastic DIP 75 · ·CIW 
SOIC 75 · °CIW 

NOTES: (1) LSB means Least Significant Bft. One LSB for the ±10V input range is 3051lV. (2) Typical rms noise at worst case transition. (3) As measured wfth 
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 transftlon voltage (not divided by the full-scale range) and Includes the effect of offset error. (5) 
This is the time delay after the ADS7807 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) Usable Bandwidth defined as Full
Scale input frequency at which Signal-ta-(Noise + Distortion) degrades to 6OdB. (8) Recovers to specified performance after 2 x FS input overvoltage. 

ABSOLUTE MAXIMUM RATINGS 
Analog Inputs: Rl'N ...............•........................................................... ±25V 

R2'N ........................................................................... ±25V 
CAP .................................... V ANA +O.3V to AGND2 -O.3V 
REF ............•............................ Indefinite Short to AGND2. 

Momentary Short to V ANA 
Ground Voltage Differences: DGND. AGNDI. and AGND2 .....•....... ±O.3V 
VANA ................•...................................................................................... 7V 
VOIG to V ANA ..............•.........•...................•..................•...•....•........•.... +O.3V 
VOIG ......................•.•.......•.............................................................•......... 7V 
Digital Inputs ...........................................•.................. -O.3V to VOIG +O.3V 
Maximum Junction Temperature ......................•.•.......................•.. + 165·C 
Internal Power Dissipation .................................................•... : ....... 825mW 
Lead Temperature (soldering. lOs) ................................................ +300·C 

ORDERING INFORMATION 

MAXIMUM GUARANTEED MINIMUM 
INTEGRAL NO MISSING SIGNAL-TO-

A ELECTROSTATIC 
Jl!J&. DISCHARGE SENSITIVITY 

Electrostatic discharge cali cause damage ranging from 
performance degradation to complete device failure. Burr
Brown Corporation recommends that this integrated circuit 
be handled and stored using appropriate ESD protection 
methods. 

SPECIFICATION 
LINEARITY CODE LEVEL (NOISE + DISTORTION) TEMPERATURE 

MODEL ERROR (LSB) (LSB) RATIO (dB) 

ADS7807P ±3 15 83 
ADS7807PB ±1.5 16 86 
ADS7807U ±3 15 83 
ADS7807UB ±1.S 16 86 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER") 

ADS7807P Plastic DIP 246 
ADS7807PB Plastic DIP 246 
ADS7807U SOIC 217 
ADS7807UB SOIC 217 

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

RANGE PACKAGE 

-40·C ·to +85OC Plastic· DIP 
-40OC to +85OC Plastic DIP 
-40°C to +85°C SOIC 
-40·C to +85°C SOIC 
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PIN # NAME 

Rl'N 
2 AGNDI 
3 R2'N 
4 CAP 
5 REF 
6 AGND2 
7 SB/BTC 

EXTIINT 
07 

10 06 
11 05 
12 04 
13 03 
14 DGND 
15 02 
16 01 
17 DO 
18 DATAClK 
19 SDATA 
20 TAG 
21 BYTE 
22 RIC 

23 CS 

24 BUSY 

25 PWRD 
26 REFD 
27 V""A 
28 VOIG 

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

VO DESCRIPTION 

I 
I 
o 

o 
o 
o 
o 

Analog Input. See Figure 7. 
Analog Sense Ground. 
Analog Input. See Figure 7. 
Reference Buffer Output. 2.211F tantalum capacitor to ground. 
Reference InpuVOutput. 2.211F tantalum capacitor to ground. 
Analog Ground. 
Selects Straight BinalY or BinalY Two's Complement for Output Data Format. 
External/Internal data clock select. 
Data Bit 7 if BYTE is HIGH. Data bit 15 (MSB) if BYTE is LOW. Hi-Z when CS is HIGH andlor RIC is LOW. Leave 
unconnected when using serial output. 
Data Bit 6 if BYTE is HIGH. Data bit 14 if BYTE is LOW. Hi-Z when CS is HIGH andlor RIC is LOW. 
Data Bit 5 if BYTE is HIGH. Data bit 13 if BYTE is LOW. Hi-Z when CS is HIGH andlor RIC is LOW. 
Data Bit 4 if BYTE is HIGH. Data bit 12 if BYTE is LOW. Hi-Z when CS is HIGH andlor RIC is LOW. 
Data Bit 3 if BYTE is HIGH. Data bit 11 if BYTE is LOW. Hi-Z when CS is HIGH andlor RIC is LOW. 
Digital Ground. 

o Data Bit 2 if BYTE is HIGH. Data bit 10 if BYTE is LOW. Hi-Z when CS is HIGH andlor RIC is LOW. 
o Data Bit 1 if BYTE is HIGH. Data bit 9 if BYTE is LOW. Hi-Z when CS is HIGH andlor RIC is LOW. 
o Data Bit 0 (LSB) if BYTE is HIGH. Data bit 8 if BYTE is LOW. Hi-Z when C§ is HIGH andlor RIC is LOW. 
I/O Data Clock Output when EXTIINT is lOW. Data clock input when EXTIINT is HIGH. 
o Serial Output Synchronized to DATACLK. 
I Serial Input When Using an External Data Clock. 
I Selects 8 most significant bits (LOW) or 8 least Significant bits (HIGH) an parallel output pins. 

With C§ LOW and BUSY HIGH, a Falling Edge an RIC Initiates a New Conversion. With C§ LOW, a rising edge on RIC 
enables the parallel output. 
Internally OR'd with RIC. If RIC is lOW, a failing edge on CS initiates a new conversion. If EXTIINT is lOW, this same 
falling edge will start the transmission of serial data results from the previous conversion. 

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. 
PWRD HIGH shuts down all analog circuitry except the reference. Digital circuitry remains active. 
REFD HIGH shuts down the internal reference. Extemal reference will be required for conversions. 
Analog Supply. Nominally +5V. Decouple with O.II1F ceramic and 10l1F tantalum capacitors. 
Digital Supply. Nominally +5V. Connect directly to pin 27. Must be,; V""A' 

TABLE 1. Pin Assignments. 

PIN CONFIGURATION ANALOG CONNECT Rl'N CONNECT R2'N 
INPUT VIA 200Q VIA 100Q 

RANGE TO TO IMPEDANCE 

±10V V'N CAP 45.7kn 
OVto 5V AGND V'N 20.0kn 

Rl'N 28 VOIG 

AGNDI VANA OV to 4V V'N V'N 21.4kn 

REFD TABLE II. Input Range Connections. See also Figure 7. 
PWRD 

BUSY 

C§ 

RIC 
ADS7807 

BYTE 

TAG 

SDATA 

DATACLK 

DO 

01 

15 02 

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 use(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 andlor systems. 
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For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES 
At TA = +25°C, Is = 40kHz, VDIa = V ANA = +5V, using internal relerence and fixed resistors shown in Figure 7b, unless otherwise specified. 
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TYPICAL PERFORMANCE CURVES (CO NT) 
At TA = +25'C, fs = 40kHz, VD1G = VANA = +5V, using internal reference and fixed resistors shown in Figure 7b, unless otherwise specified. 
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BASIC OPERATION 
PARALLEL OUTPUT 

Figure la) shows a basic circuit to operate the ADS7807 
with a ±lOV input range and parallel output. Taking Ric 
(pin 22) LOW for a minimum of 40ns (12!JS max) will 
initiate a conversion. BUSY (p~ 24) will go LOW and stay 
LOW until the conversion is completed and the output 
register is updated. If BYTE (pin 21) is LOW, the 8 most 
significant bits will be valid when BUSY rises; if BYTE is 
HIGH, the 8 least significant bits will be valid when BUSY 
rises. Data will be output in Binary Two's Complement 
format. BUSY going HlGH can be used to latch the data. 
After the first byte has been read, BYTE can be toggled 
allowing the remaining byte to be read. All convert com
mands will be ignored while BUSY is LOW. 

The ADS7807 will begin tracking the input signal at the end 
of the conversion. Allowing 25!JS 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 I b) shows a basic circuit to operate the ADS7S07 
with a ±IOV input range and serial output. Taking Ric (pin 
22) LOW for 40ns (l2!JS max) will initiate a conversion and 

2000 
±10Vo--/'N'---1 

.sv 

Pin 21 815 814 813 812 B11 
LOW (MSB) 

PIn 21 87 B6 85 B4 B3 
HIGH 

NOTE: (1) SOATA {pin 19) Is always actiYe. 

Parallel Output 

ConvertPu!&e 

I--"---::::::--<RiC LJ 

Bl0 B9 BB 

B2 81 ao 
(LSBJ 

.-.. 
40nsmln 

FIGURE la. Basic ±IOV Operation, both Parallel and Serial 
Output. 

output valid data from the previous conversion on SDATA 
(pin 19) synchronized to 16 clock pulses output on 
DATACLK (pin IS). BUSY (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. BUSY going 
HIGH can be used to latch the data. All convert commands 
will be ignored while BUSY is LOW. 

The ADS7S07 will begin tracking the input signal at the end 
of the conversion. Allowing 25!JS 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 Ric (pin 22) LOW for 
a minimum of 40ns puts the sample/hold of the ADS7S07 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 RIC must go HlGH before BUSY goes HlGH or a 
new conversion will be initiated without sufficient time to 
acquire a new signal. 

Serial Output 

20Da 
.,OVo--"W----l 

Convert Pulse 

ADS7807 
f-'---'=<RiC ~ 

16 Net!) 

15 Nell) 

NOTE: (1) These pins should be left 
unconnectecl.They win be active when 
AJe Is HIGH. 

SDATA 

DATACLK 

~ 
40nsmln 

FIGURE lb. Basic ±IOV Operation with Serial Output. 
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The ADS7807 will begin tracking the input signal at the end 
of the conversion. Allowing 251JS between convert com
mands assures accurate acquisition of a new signal. Refer to 
Tables ill and IV for a summary of CS, Ric, and BUSY 
states and Figures 2 through 6 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 
Ric initiates conversion 'n', be sure the less critical input is 
LOW at least IOns prior to the initiating input. If EXT/INT 
(pin 8) is LOW when initiating conversion 'n', serial data 
from conversion 'n-l' will be output on SDATA (pin 19) 
following the start of conversion 'n'. See Internal Data 
Clock in the Reading Data section. 

CS RIC BUSY 

1 X X 

t 0 1 

0 t 1 

0 1 t 

t 1 1 

t 1 0 

0 i 0 

0 0 i 

X X 0 

OPERATION 

None. Databus Is in HI·Z state. 

Initiates conversion "n", Databus remains 
in Hi·Z state. 

Initiates conversion "n", Databus enters Hi-Z 
state. 

Conversion On" completed. Valid data from 
conversion lin" en the databus. 

Enables databus with valid data from 
conversion "nfl, 

Enables databus with valid data from 
conversion "n-1"(1), Conversion n in progress. 

Enables databus with valid data from 
conversion '""-1"(1). Conversion "n" in progress. 

New conversion initiated without acquisition 
of.! new signal. Data will be invalid. as andior 
RIC must be HIGH when BUSY goes HIGH. 

New convert commands ignored. Conversion 
"n" in progress. 

To reduce the number of control pins, CS can be tied LOW 
using RiE to control the read and convert modes. This 
have no effect when using the internal data clock in the 
output mode. However, the parallel output and the 
output (only when using an external data clock) will be 
affected whenever RiE goes HIGH. Refer to the Reading 
Data section. 

READING DATA 
The ADS7807 outputs serial or parallel data in Straight 
Binary or Binary Two's Complement data output format. If 
SB/BTC (pin 7) is HIGH, the output will be in SB format, 
and if LOW, the output will be in BTC format. Refer to 
Table V for ideal output codes. 

NOTE: (1) See Figures 2 and 3 for constraints on data valid from 
The parallel output can be read without affecting the internal 
output registers; however, reading the data through the serial 

conversion "n-1". 

Table III. Control Functions When Using Parallel Output 
(DATACLK tied LOW, EXT/INT tied HIGH). 

cs RIC BUSY EXTnNT DATACLK OPERATION 

t 0 1 0 Output Initiates conversion On". Valid data from conversion "n-1" clocked out on SDATA. 

0 t 1 0 Output Initiates conversion On". Valid data from conversion "n·1" clocked out on SDATA. 

~ 0 1 1 Input Initiates conversion On". Internal clock still runs conversion process. 

0 t 1 1 Input Initiates conversion orn". Intemal dock stili runs conversion process. 

t 1 1 1 Input Conversion On" completed. Valid data from conversion On" clocked out on SDATA synchronized 
to external data clock. 

t 1 0 1 Input Valid data from conversion "n-1" output on SDATA synchronized to external data clock. 
Conversion "n" in progress. 

0 i 0 1 Input Valid data from conversion "n-l" output on SDATA synchronized to external data clock. 
Conversion On" in progress. 

0 0 i X X New conversion initiated without acquisition of a new signal. Data will be invalid. CS and/or RIC 
must be HIGH when BUSY goes HIGH. 

X X 0 X X New convert commands ignored. Conversion lin" in progress. 

NOTE: (1) See Figures 4. 5. and 6 for constraints on data valid from conversion "n-l". 

Table IV. Control Functions When Using Serial Output. 

DESCRIPTION ANALOG INPUT DIGITAL OUTPUT 

Full·Scale Range ±to OV to 5V OVto 4V 
BINARY TWO'S COMPLEMENT STRAIGHT BINARY 

Least Significant B~ (LSB) 305~V 76~V 61~V 
(SBlBTC LOW) (SBlBTC HIGH) 

HEX HEX 

BINARY CODE CODE BINARY CODE CODE 

+Full Scale (FS - 1 LSB) 9.999695V 4.999924V 3.999939V 0111111t 11111111 7FFF 1111 11111111 1111 FFFF 

Midscale OV 2.5V 2V 0000 0000 0000 0000 0000 1000 0000 0000 0000 8000 

One LSB Below Midscale -305~V 2.499924V 1.999939V t1111111 t1111111 FFFF 0111111111111111 7FFF 

-Full Scale -10V OV OV 1000 0000 0000 0000 8000 0000 0000 0000 0000 0000 

Table V. Output Codes and Ideal Input Voltages. 
BURR-BROWN~ 
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Forimmediate Assistance, Contact Your Local Salesperson 
port will shift the internal output registers one bit per data 
clock pulse. As a result, data cali be read on the parallel port 
prior to reading the same data on the serial port, but data 
cannot be read through the serial port prior to reading the 
saine data on the parallel port. 

PARALLEL OUTPUT 

To use :the parallel output, tie EXT/INT (pin 8) HIGH and 
OATACLK (pin 18) LOW. SOATA (pin 19) should be Ie!! 
unconnected. The parallel output will be active when RIC 
(pin 22) is HIGH and CS (pin 23) is LOW. Any other 
combination of CS and RIC will tri-state the parallel output. 
Valid conversion data can be read in two 8-bit bytes on 07-
00 (pins 9-13 and 15-17) . When BYTE (pin 21) is tow, 
the 8 most significant bits will be valid with the MSB on 07. 
When BYTE is HIGH, the 8 least significant bits will be 
valid with the LSB on 00. BYTE can be toggled to read both 
bytes within one conversion cycle. 

Upon initial power up, the parallel output will contain 
indetenninate data. . 

I-t,-
RIC 

la- -
BUSY 

t, 

t,,- - '7 
MODE Acquire Convert 

t12 - -
I" 

Parallel Previous Hi·Z Previous High Previous Low 
DalaBus High Byte Valid BYleVaiid Byte Valid 

.t.. 
10- - 1'2-1 -

BYTE I 

PARALLEL OUTPUT (After a Conversion) 

After conversion 'n' is completed' and the output registers 
have been updated, BUSY (pin 24) willgo HIGH. Valid data 
from conversiOli 'n' will be available on 07-00 (pins 9-13 
and 15-17). BUSY going high can be used to latch the data. 
Refer to Table VI and Figures 2 and 3 for timing constraints. 

PARALLEL OUTPUT (During a Conversion) 

After conversion 'n' has been initiated, valid data from 
conversion 'n-l' can be read and will be valid up to 12JlS 
after the start of conversion 'n'. 00 not attempt to read data 
beyond 121!S after the start of conversion 'n' until BUSY 
(pin 24) goes HIGH; tilis may result in reading invalid data. 
Refer to Table VI and Figures 2 and 3 for timing constraints., 

-t,-
" 

t.- I:':'" 
0 

\ -tr-
t,,- -

I. 

Acquire Convert ' 

- -.t12 

1,.- -
NOIValid High Byte Low Byte X Hi·Z High Byte 

Valid Valid Valid: ,- '1-10 
1,2-1 -' -I -t12 -j -t12 

\ J \ 
,', 

FIGURE 2. Conversion Timing with Parallel Output (CS and OATACLK tied LOW, EXT/INT tied HIGH). 

----,-I,-w----------"'II 
(;S 

DATA-----------H-i~-~-OO~--~~---~~~+W~~~~~~~-H~i~.Z~S=~=e---
BUS------~~~-----~~~~I~-_f'I~~fl'~--~--

FIGURE 3. Using CS to Control Conversion and Read Timing with Parallel Outputs. 
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SERIAL OUTPUT 

Data can be clocked out with the internal data clock or an 
external data clock. When using serial output, be careful 
with the parallel outputs, D7-DO (pins 9"13 and 15-17), as 
these pins will come out of Hi-Z state whenever CS (pin 23) 
is LOW and Ric (pin 22) is HIGH. The serial output can not 
be tri-stated and is always active. Refer to the Applications 
Information section for speciftc serial interfaces. 

SYMBOL DESCRIPTION MIN TYP MAX UNITS 

t, Convert Pulse Width 0.04 12 JlS 

t. Data Valid Delay after RIC LOW 19 20 JlS 

t, BUSY Delay lram 85 ns 
Start of Conversion 

t, BUSY LOW 19 20 JlS 

t, BUSY Delay after 90 ns 
End 01 Conversion 

t. Aperture Delay 40 ns 

t7 Conversion Time 19 20 I's 

t8 Acquisition Time 5 JlS 

t. Bus Relinquish Time 10 83 ns 

tID BUSY Delay after Data Valid 20 60 ns 

t" Previous Data Valid 12 19 JlS 
after Start of Conversion 

t,. Bus Access Time and BYTE Delay 83 ns 

t13 Start of Conversion 1.4 I'S 
to DATACLK Delay 

t,. DATACLK Period 1.1 JlS 

t15 Data Valid to DATACLK 20 75 ns 
HIGH Delay 

t,. Data Valid after DATACLK 400 600 ns 
LOW Delay 

t17 External DATACLK Period 100 ns 

t'8 External DATACLK LOW 40 ns 

t,. External DATACLK HIGH 50 ns 

t20 Cs and RIC to External 25 ns 
DATACLK Setup Time 

t" Ric to Cs Setup Time 10 ns 

t •• Valid Data after DATACLK HIGH 25 ns 

t7 + Is Throughput Time 25 JlS 

TABLE VI. Conversion and Data Timing. TA = -40°C to 
+85°C. 

- - !-~==============~ 

INTERNAL DATA CLOCK (During a Conversion) 

To use the internal data clock, tie EXT/INT (pin 8) LOW. 
The combination of R/C (pin 22) and CS (pin 23) LOW will 
initiate conversion 'n' and activate the internal data clock 
(typically 900kHz clock rate). The ADS7807 will output 16 
bits of valid data, MSB ftrst, from conversion 'n-l' on 
SDATA (pin 19), synchronized to 16 clock pulses output on 
DATACLK (pin 18). The data will be valid on both the 
rising and falling edges of the internal data clock. The rising 
edge of BUSY (pin 24) can be used to latch the data. After 
the 16th clock pulse, DATACLK will remain LOW until the 
next conversion is initiated, while SDATA will go to what
ever logic level was input on TAG (pin 20) during the 
clock pulse. Refer to Table VI and Figure 4. 

EXTERNAL DATA CLOCK 
To use an external data clock, tie EXT/INT (pin 8) HIGH. The 
external data clock is not a conversion clock; it can only be 
used as a data clock. To enable the output mode of the 
ADS7807, CS (pin 23) must be LOW and Ric (pin 22) must 
be HIGH. DATACLK must be HIGH for 20% to 70% of the 
total data clock period; the clock rate can be between DC and 
IOMHz. Serial data from conversion 'n' can be output on 
SDATA (pin 19) after conversion 'n' is completed or during 
conversion 'n + 1'. 

An obvious way to simplify control of the converter is to tie 
CS LOW and use Ric to, initiate conversions. 

While this is perfectly acceptable, there is a possible prob
lem when using an external data clock. At an indeterminate 
point from 12~ after the start of conversion 'n' until BUSY 
rises, the internal logic will shift the results of conversion 'n' 
into the output register. If CS is LOW, Ric HIGH, and the 
external clock is HIGH at this point, data will be lost. So, 
with CS LOW, either Ric and/or DATACLK must be LOW 
during this period to avoid losing valid data. 

, I 

,~ CSOI'R/C(lIV 
I I ,-'''-! 
I 

, , . 

I 
DATACLK 1-'" 

. > . 
[--t16 

',,-i,-J-'---... ,I,---,"",,---... r-
SDATA ----'I''---Ji\...---'''---...J,-~ 

(R9&ults from previous conversion.) 

iiDSv \L ____________ --'- '<--___ ---J{\. \\L.. ____ _ 
NOTE: (1)11 controlling with OS. tie RIC lOW. Data bus pins will remain Hj-Z at all times. 
If controlling with RIC, tie CS lOW. Dam bus pins will be active when Ate is HIGH, and shmlld be left unconnected. 

FIGURE 4. Serial Data Timing Using Internal Data Clock (TAG tied LOW). 
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I~ 1~ I~ 
FIGURE S. Conversion and Read Timing with External Clock (EXT/INT Tied HIGH) Read after Conversion. 
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EXTERNAL 
DATAClK 

_-1,,-
-tla-lig 

-i; 

----,-------.-.\ \,..,...,...,..\ \ \.,..,........,\ \ \ \ 
-1,-

-t, 

JL 

~----t",---------

DATA IB;115(MSB) LD Bno (LSB) I Tag 0 Tag I 

TAG Tag 0 I Tag 1 lQ Tag 16 I Tag 17 I Tag 18 

FIGURE 6. Conversion and Read Timing with External Clock (EXT/lNT tied HIGH) Read During a Conversion. 

EXTERNAL DATA CLOCK 
(After a Conversion) 

After conversion 'n' is completed and the output registers 
have been updated, BUSY (pin 24) will go HIGH. With CS 
LOW and Ric HIGH, valid data from conversion 'n' will be 
output on SDATA (pin 19) synchronized to the external data 
clock input on DATACLK (pin 18). The MSB will be valid 
on the first falling edge and the second rising edge of the 
external data clock. The LSB will be valid on the 16th falling 
edge and 17th rising edge of the data clock. TAG (pin 20) 
will input a bit of data for every external clock pUlse. The 
first bit input on TAG will be valid on SDATA on the 17th 
falling edge and the 18th rising edge of DATACLK; the 
second input bit will be valid on the 18th falling edge and the 
19th rising edge, etc. With a continuous data clock, TAG 
data will be output on SDATA until the internal output 
registers are updated with the results from the next conver
sion. Refer to Table VI and Figure 5. 

EXTERNAL DATA CLOCK 
(During a Conversion) 

After conversion 'n' has been initiated, valid data from 
conversion 'n-I' can be read and will be valid up to I21JS 
lifter the start of conversion 'n'. Do not attempt to clock out 
data from I21JS lifter the start of conversion 'n' until BUSY 
(pin 24)" rises; this will result in data loss. NOTE: For the 
best possible performance when using an external data 
clock, data should not be clocked out during a conversion. 
The switching noise of the asynchronous data clock can 
cause digital feedtbrough degrading the converter's perfor
mance. Refer to Table VI and Figure 6. 

BURR-SROWN® 

TAG FEATURE 

TAG (Pin 20) inputs serial data synchronized to the external 
or internal data clock. 

When using an external data clock, the serial bit stream input 
on TAG will follow the LSB output on SDATA until the 
internal output register is updated with new conversion 
results. See Table VI and Figures 5 and 6. 

The logic level input on TAG for the first rising edge of the 
internal data clock will be valid on SDATA lifter all 16 bits 
of valid data have been output. 

INPUT RANGES 
The ADS7807 offers three input ranges: standard ±lOV and 
0-5V, and a 0-4V range for complete, single supply systems. 
Figures 7 a and 7b show the necessary circuit connections for 
implementing each input range and optional offset and gain 
adjust circuitry. Offset and full scale error!) specifications 
are tested and guaranteed with the fixed resistors shown in 
Figure 7b. 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 input impedance, summarized in Table II, results from the 
combination of the internal resistor network shown on the 
front page of the product data sheet and the external resistors 

NOTE: (1) Full scale error includes offset and gain errors meaSured at both 
+FS and -FS. 
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For Immediate Assistance, Contact Your Local Salesperson 
used for each input range (see Figure 8). The input resistor 
divider network provides inherent overvoltage protection 
guaranteed to at least ±25V. 

Analog inputs above Or below the expected range will yield 
either positive full scale. or negative full scale digital outputs 
respectively. Wrapping or folding over for analog inputs 
outside t1ie nominal range will not occur. 

CALIBRATION 
HARDWARE CALIBRATION 

To calibrate the offset and gain of the ADS7807 in hard
. ware, install the resistors shown in Figure 7a. Table VII lists 
the hardware trim ranges relative to the input for each input 
range. 

SOFTWARE CALIBRATION 

To calibrate the offset and gain in software, no external 
resistors are required. However, to get the data sheet speci
fications for offset and gain, the resistors shown in Figure 7b 
are necessary. See the No Calibration section for more 

±10V 

33.2ka 

FIGURE 7a. Circuit Diagrams (With Hardware Trim);' 

±10V 

2000 

V'N Rl'N 
2000 

2 
AGNDl 

+5V R2.'N 

CAP 

2.2~F V 5 

.REF 

2.2~F 

AGND2 

FIGURE 7b. Circuit Diagrams (Without Hardware Trim). 

O-SV 

OFFSET ADJUST GAIN ADJUST 
INPUT RANGE RANGE (mV) RANGE (mV) 

±10V ±15 :160 

o to 5V ±4 . ±30 

o to 4V ±3 ±30 

TABLE VII. Offset and Gain Adjust Ranges for Hardware 
Calibration (see Figure 7a). 

details on the external resistors. Refer to Table VIII for the: 
range of offset and. gain errors with and without the external 
resistors. 

NO CALIBRATION 

See Figure 7b for circuit connections. Note that the actual 
voltage dropped across the external resistors is at least two 
orders of magnitude lower than the voltage dropped across' 
the internal resistor divider network. This should be consid
ered when choosing the accuracy and drift specifications of 
the external resistors. In most applications; 1% metal-film 
resistors will be sufficient. 

IJ.4V 

33.2kn 
2000 

O-SV G-4V 

33.2kO 
Rl'N 

AGNDl Rl'N 
2000 

R2'N V'N 
2 

AGNDl 

3 
CAP R2'N 

1000 

4 
REF CAP 

AGND2 

2.2~F V 5 

2.2~F 
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The external resistors shown in Figure 7b may not be 
necessary in some applications. These resistors provide 
compensation for an internal adjustment of the offset and 
gain which allows calibration with a single supply. Not 
using the external resistors will result in offset and gain 
errors in addition to those listed in the electrical specifica
tions section. Offset refers to the equivalent voltage of the 
digital output when converting with the input grounded. A 
positive gain error occurs when the equivalent output volt
age of the digital output is larger than the analog input. Refer 
to Table VIII for nominal ranges of gain and offset errors 
with and without the external resistors. Refer to Figure 8 for 
typical shifts in the transfer functions which occur when the 
external resistors are removed. 

To further analyze the effects of removing any combination 
of the external resistors, consider Figure 9. The combination 
of the external and the internal resistors form a voltage 

INPUT OFFSET ERROR 

RANGE WI RESISTORS W/oUT RESISTORS 

(V) RANGE(mV) RANGE (mV) TVP(mV) 

±10 -10 s BPZ s 10 OSBPZS35 15 

0105 ~sUPOS3 -12 s UPO S~ -7.5 

0104 ~SUPO.S3 -10.5 S UPO S -1.5 -£ 

Nole: (1) High Grade. 

divider which reduces the input signal to a O.3l25V to 
2.8125V input range at the CDAC. The internal resistors are 
laser trimmed to high relative accuracy to meet full scale 
specifications. The actual input 'impedance of the internal 
resistor network looking into pin 1 or pin 3 however, is only 
accurate to ±20% due to process variations. This should be 
taken into account when determining the effects of removing 
the external resistors. 

REFERENCE 
The ADS7807 can operate with its internal2.5V reference 
an.external reference. By applying an external reference 
pin 5, the internal reference can be bypassed; REFD (pin 
tied HIGH will power-down the internal reference reducing 

GAIN ERROR 

WI RESISTORS W/OUT RESISTORS 

RANGE (% FS) RANGE(% FS) TVP 

-0.4 S G S 0.4 -0.3 s G S 0.5 +0.05 
0.15 s Gil) S 0.15 -0.1 S Gil)" 0.2 +0.05 

-0.4 S G S 0.4 -1.0 s G S 0.1 -0.2 
0.15 s Gil) S 0.15 -0.55 S Gil) S -0.05 -0.2 

-0.4 S G S 0.4 -1.0 S G S 0.1 -0.2 
-0.15 S Gil) S 0.15 -0.55 S Gil) S -0.05 -0.2 

TABLE VIII. Range of Offset and Gain Errors with and without External Resistors. 

'" '" '" '" '" '" '" '" 

(a) Bipolar 

Digital Output 

+Full Scale 

'" '" '" 
'" 

'" '" '" 
'" 

'" '" '" 
'" 

'" '" '" 

-Full Scale, 

'" '" /' 
'" '" 

.
'" '" 

Analog Input 

- - - - - TypicaJ Transfer Functions 
With External. Resistors 

--- Typical Transfer Functions 
Without External Resistors 

(b) Unipolar 

Digital Output 

+Full5cale 

FIGURE 8. Typical Transfer Functions.With and Without External Resistors. 
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2000 39.Bkll 

Y,N CDAC 
(0.3125V 10 2.8125V) 

66.5kO 9.9kO 201<0 40kO 

+5V 

1000 +2.5V 

+2.5V I 

2000 39.8kO 

CDAC 
(0.3125V 10 2.8125V) 

20kQ 40kO 

+2.5V I +2.5V 

2000 39.8kO 

Y,N CDAC 
(0.3125V 10 2.8125V) 

4OkO 

FIGURE 9. Circuit Diagrams Showing External and Internal Resistors. 

the overall power consumption of the ADS7807 by approxi
mately5mW. 

The internal reference has apprnximately an 8 ppm/"C drift 
(typical) and accounts for approximately 20% of the full 
scale error (FSE = ±O.5% for low grade, ±0.25% for high 
grade). 

The ADS7807 also has an internal buffer for the reference 
voltage. See Figure 10 for characteristic impedances at the 
input and output of the buffer with all combinations of 
power down and reference down. 

REF 
REF (pin 5) is an input for an external reference or the output 
for the internal 2.5V reference. A 2.21JF tantalum capacitor 
should be connected as close as possible to the REF pin from 
ground. This 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, degrading the SNR and SINAD. The REF pin 
should not be used to drive external AC or DC loads. See 
Figure 10. 

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. 

z" .. (0) 

z"" (0) 

CAP 
(Pin 4) 

REF 
(Pin 5) 

PWRDO 
REFDO 

6k 

PWRDO PWRDI 
REFD 1 REFDO 

200 

100M 6k 

PWRDI 
REFD 1 

200 

100M 

FIGURE 10. Characteristic Impedances of Internal Buffer. 

CAP 
CAP (pin 4) is the output of the internal reference buffer. A 
2.21JF tantalum capacitor should be placed as close as 
possible to the CAP pin from ground to provide optimum 
switching currents for the CDAC throughout the conversion 
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cycle. This capacitor also provides compensation for the 
output of the buffer. Using a capacitor any smaller than IJ.lF 
can cause the output buffer to oscillate and may not have 
sufficient charge for the CDAC. Capacitor values larger than 
2.2J.lF will have little affect on improving performance. See 
Figures 10 and II. 

The output of the buffer is capable of driving up to ImA of 
current to a DC load. 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. 

7000 

6000 

5000 

4000 
'!l. / 

3000 

2000 / 
1000 

V r-
0 

0.1 1 10 100 

"cAP" Pin Value (~F) 

FIGURE II. Power-Down to Power-Up Time vs Capacitor 
Value on CAP. 

REFERENCE 
AND POWER DOWN 
The ADS7807 has analog power down and reference power 
down capabilities via PWRD (pin 25) and REFD (pin 26) 
respectively. PWRD and REFD mGH will power down all 
analog circuitry maintaining data from the previous conver
sion in the internal registers, provided that the data has not 
already been shifted out through the serial port. Typical 
power consumption in this mode is 50IlW. Power recovery 
is typically Ims, using a 2.2J.lF capacitor connected to CAP. 
See Figure 11 for power-down to power-up recovery time 
relative to the capacitor value on CAP. With +5V applied to 

V DIG, the digital circuitry of the ADS7807 remains active at 
all times, regardless of PWRD and REFD states. 

PWRD 

PWRD HIGH will power down all of the analog circuitry 
except for the reference. Data from the previous conversion 
will be maintained in the internal registers and can still be 
read. With PWRD mGH, a convert command yields mean
ingless data. 

REFD 

REFD HIGH will power down the internal 2.5V reference. 
All other analog circuitry, including the reference. buffer, 
will be active. REFD should be HIGH when using an 
external reference to minimize power consumption and the 

BURR-SROWN!l!I 

loading effects on the external reference. See Figure 10 for 
the characteristic impedance of the reference buffer's input 
for both REFD HIGH and LOW. The internal reference 
consumes approximately 5mW. 

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 soecI!lca
tions, the ADS7807 uses 90% of its power for the 
circuitry. The ADS7807 should be considered as an 
component. 

The +5V power for the AID should be separate from the +5V 
used for the system's digital logic. Connecting V DIG (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 VOIG and 
V ANA should be tied to the same +5V source. 

GROUNDING 

Three ground pins are present on the ADS7807. DGND is the 
digital supply ground. AaND2 is the analog supply ground. 
AaNDI is the ground to which all analog signals internal to 
the AID are referenced. AaNDI is more susceptible to current 
induced voltage drops and must have the path of least 
resistance back to the power supply. 

All the ground pins of the AID should be tied to an 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. 

SIGNAL CONDITIONING 

The PET switches used for the sample hold on many CMOS 
AID converters release a significant amount of charge injec
tion which can cause the driving op amp to oscillate. The 
amount of charge injection due to the sampling PET switch 
on the ADS7807 is approximately 5-10% of the amount on 
similar ADCs with the charge redistribution DAC (CDAC) 
architecture. There is also a resistive front end which attenu
ates any charge which is released. The end result is a 
minimal requirement for the drive capability on the signal 
conditioning preceding the AID. Any op amp sufficient for 
the signal in an application will be sufficient to drive the 
ADS7807. 
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The resistive front end of the ADS7807 also provides, a 
guaranteed ±25V overvoltage protection. In most cases, this 
eliminates the need for external over voltage protection 
circuitry. 

INTERMEDIATE LATCHES 

The ADS7807 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 
NO from other peripherals on the same bus. 

Intermediate latches are beneficial on any monolithic NO 
converter. The ADS7807 has an internal LSB size of 381lV. 
Transients from fast switching signals on the paraJlel port, 
even when the NO is tri-stated, can be coupled through the 
substrate to the anaJogcircuitry causing degradation Of 
converter performance. 

APPLICATIONS INFORMATION 
TRANSITION NOISE 

Apply a DC input to the ADS7807 and initiate 1000 conver
sions.The digital output of the converter will vary in output 
codes due to the internal noise of the ADS7807. This is true 
for all 16-bit SARconverters. The transition noise specifica
tion found in the electrical specifications section is a statis
tical figure which represents the one sigma limit or rms 
value of these output codes. ' 

Using a histogram to plot the output codes, the distribution 
should appear bell-shaped with the peak of the bell curve 
representing the nominal output code for the input voltage 
value. The ±lcr, ±2cr, and ±3cr distributions will represent 
68.3%, 95.5%, and 99.7% of all codes. Multiplying1N by 
6 will yield the ±3cr distribution or 99.7% of all codes. 
Statistically, up to 3 codes could fall outside the 5 code 
distribution when executing 1000 conversions. The ADS7807 
has a 1N of 0.8 LSBs which yields 5 output codes for a ±3cr 
distribution. See Figures 12 and 13 for 1000 and 10,000 
conversion histogram results. 

AVERAGING 

The noise of the converter can be compensated by averaging 
the digital codes. By averaging conversion results, transition 
noise will be reduced by a factor of 11m where n is the 
number of averages. For example, averaging four conver
sion results will reduce the TN by 1/2 to 0.4 LSBs. Averag
ing ,should only be used for input signals with frequencies 
near DC. 

For AC signals, a digital filter can be used to lowpass filter 
and decimate the output codes. This works in a similar 
manner to averaging: for every decimation by two, the 
signal-to-noise ratio will improve 3dB. 

aSPllNTERFACING 

Figure 14 shows a simple interface between the ADS7807 
and any QSPI equipped microcontroller. This interface as-

581 

o 18 

FFFDH FFFEH FFFFH OOOOH 0001 H 0002H 0003H 

FIGURE 12. Histogram of 1000 Conversions with Input 
Grounded. 

5671 

18 182 o 

FFFDH FFFEH FFFFH OOOOH 0001 H 0002H 0003H 

FIGURE 13. Histogram of 10,000 Conversions with Input 
Grounded. 

sumes that the convert pulse does not originate from the 
microcontroller and that the ADS7807 is the only serial 
peripheral. 

Before enabling the QSPI interface, the microcontroller 
must be configured to monitor the slave select line. When a 
transition from LOW to HIGH occurs on Slave Select (SS) 
from'BUSY (indicating the end of the current conversion), 
the port can be enabled. If this is not done, the microcontroller 
and the NO may be "out-of-sync". 
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Figure 15 shows another interface between the ADS7807 
and a QSPI equipped microcontroller which allows the 
microcontroller to give the convert pulses while also allow
ing multiple peripherals to be connected to the serial bus. 
This interface and the following discussion assume a master 
clock for the QSPI interface of 16.78MHz. Notice that the 
serial data input of the microcontroller is tied to the MSB 
(07) of the ADS7807 instead of the serial output (SDAT A). 
Using D7 instead of the serial port offers tri-state capability 
which allows other peripherals to be connected to the MISO 
pin. When communication is desired with those peripherals, 
PCSO and PCS I should be left HIGH; that will keep D7 tri
stated. 

Convert Pulse ---u-
aSPI L 
PCSO/SS 

MOSI 

SCK 

CPOL = 0 (Inactive State IS LOW) 
CPHA = 1 (Data valid on falling edge) 
QSPI port is in slave mode. 

r-

~ 

~ 

ADS7807 

RIC 

BUSY 

SDATA 

DATACLK 

es 
EXT/INT 

BYTE 

FIGURE 14. QSPI Interface to the ADS7807. 

In this configuration, the QSPI interface is actually set to do 
two different serial transfers. The first, an eight bit transfer, 
causes PCSO (RiC) and PCS 1 (CS) to go LOW starting a 
conversion. The second, a sixteen bit transfer, causes only 
PCSI (CS) to go LOW. This is when the valid data will be 
transferred. 

For both transfers, the DT register (delay after transfer) is 
used to cause a 19J.1S delay. The interface is also set up to 
wrap to the beginning of the queue. In this manner, the QSPI 
is a state machine which generates the appropriate timing for 
the ADS7807. This timing is thus locked to the crystal based 
timing of the microcontroller and not interrupt driven. So, 
this interface is appropriate for both AC and DC measure
ments. 

For the fastest conversion rate, the baud rate should be set to 
two (4.19MHz SCK), DT set to ten, the first serial transfer 
set to eight bits, the second set to 16 bits, and DSCK 
disabled (in the command control byte). This will allow for 
a 23kHz maximum conversion rate. For slower rates, DT 
should be increased. Do not slow SCK as this may increase 
the chance of affecting the conversion results or accidently 

BURR-SROWNI8 

aSPI ADS7807 
+ 5V 

pcso RIC EXT/INT U 
PCS1 es 
SCK DATACLK 

MISO D7(MSB) 

~ 
BYTE 

CPOL=O 
CPHA=O 

FIGURE 15. QSPI Interface to the ADS7807. Processor 
Initiates Conversions. 

initiating a second conversion during the first eight bit 
transfer. 

In addition, CPOL and CPHA should be set to zero (SCK 
nonnally LOW and data captured on the rising edge). The 
command control byte for the eight bit transfer should be set 
to 20H and for the sixteen bit transfer to 61H. 

SPIINTERFACE 

The SPI interface is generally only capable of 8-bit data 
transfers. For some microcontrollers with SPI interfaces, it 
might be possible to receive data in a similar manner as 
shown for the QSPI interface in Figure 14. The 
microcontroller will need to fetch the 8 most significant bits 
before the contents are overwritten by the least significant 
bits. 

A modified version of the QSPI interface shown in Figure 15 
might be possible. For most microcontrollers with SPI inter
face, the automatic generation of the start-of-conversion 
pulse will be impossible and will have to be done with 
software. This will limit the interface to 'DC' applications 
due to the insufficient jitter perfonnance of the convert pulse 
itself. 

DSP56000 INTERFACING 

The DSP56000 serial interface has SPI compatibility mode 
with some enhancements. Figure 16 shows an interface 
between the ADS7807 and the DSP56000 which is very 
similar to the QSPI interface seen in Figure 14. As men
tioned in the QSPI section, the DSP56000 must be pro
grammed to enable the interface when a LOW to HIGH 
transition on SCI is observed (BUSY going HIGH at the end 
of conversion). 

The DSP56000 can also provide the convert pulse by includ
ing a monostable multi-vibrator as seen in Figure 17. The 
receive and transmit sections of the interface are decoupled 
(asynchronous mode) and the transmit section is set to 
generate a word length frame sync every other transmit 
frame (frame rate divider set to two). The prescale modulus 
should be set to three. 
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The monostable multi-vibrator in this circuit will provide 
varying pulse widths for the convert pulse. The pulse 
width will be determined by the external R and C values 
used with the multi-vibrator. The 74HCT123N data sheet 
shows that the pulse width is (0.7) RC. Choosing a pulse 

DSP56000 

SCl 

SAD 

SCQ 

-SYN - a (Asychronous) 
GCK = 1 (Gated clock) 

Convert Pulse 

--u-
L 

r-

~ 

~ 

SCDl = a (SCl is an input) 
SHFD = a (Shift MSB first) 
WL 1 = 1 WLa = a (Word length = 16 bits) 

ADS7607 

RIC 

BUSY 

SDATA 

DATACLK 

es 
EXT/INT 

BYTE 

FIGURE 16: DSP56000 Interface to the ADS7807. 

width as close to the minimum value specified in this data 
sheet will offer the best performance. See the Starting A 
Conversion section of this data sheet for details on the 
conversion pulse width. 

The maximum conversion rate for a 20.48MHz DSP56000 
is exactly 40kHz. Note that this will not be the case for 
the ADS7806. See the ADS7806 data sheet for more 
information. 

DSP5600a +5V 74HCT123N +5V 

SC2 

sca 

SAD 

= SYN a (Asychronous) 
GCK = 1 (Gated clock) 
SCD2 = 1 (SC2 is an output) 
SHFD = a (Shift MSB first) 

LBl 

am 

~Al 

WL1 = 1 WLa = 0 (Word length = 16 bits) 

AEXTl 7;;-1#1 
CExn W- C 

Ql 

r-

~ 

~ 

FIGURE 17. DSP56000 Interf~ce to the ADS7807. Processor Initiates Conversions. 

ADS7607 

RIC 

DATACLK 

SDATA 

es 
EXT/INT 

BYTE 
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BURR - BROWN® 

IElElI ADS7808 

DEMO BOARD 
AVAILABLE 

See Appendix A 

12-Bit 1 Oils Serial CMOS Sampling 
ANALOG-to-DIGITAL CONVERTER 

FEATURES 
• 100kHz SAMPLING RATE 

• 72dB SINAD WITH 45kHz INPUT 

• ±1/2 LSB INL AND DNL 

• SIX SPECIFIED INPUT RANGES 

• SERIAL OUTPUT 

• SINGLE +5V SUPPLY OPERATION 

• PIN·COMPATIBLE WITH 16·BIT ADS7809 

• USES INTERNAL OR EXTERNAL 
REFERENCE 

• 100mW MAX POWER DISSIPATION 

• 20-PIN 0.3" PLASTIC DIP AND SOIC 

• SIMPLE DSP INTERFACE 

20kn 

R31N 

CAPo-----~ 

DESCRIPTION 
The ADS7S0S is a complete 12-bit sampling analog
to-digital using state-of-the-art CMOS structures. It 
contains a 12-bit capacitor-based SAR AID with SIH, 
reference, clock, and a serial data interface. Data can 
be output using the internal clock, or can be synchro
nized to an external data clock. The ADS7S0S also 
provides an output synchronization pulse for ease of 
use with standard DSP processors. 

The ADS7S0S is specified at a 100kHz sampling rate, 
and guaranteed over the full temperature range. Laser
trimmed scaling resistors provide various input ranges 
including ±IOV and OV to 5V, while an innovative 
design operates from a single +5V supply, with power 
dissipation under 100mW. 

The 20-pin ADS7S0S is available in a plastic 0.3" DIP 
and in an SOlC, both fully specified for operation over 
the industrial -40°C to +S5°C range. 

Power Down 

~ 

Data Clock 

Out 

Serial Data 

REFo------~-~~--~ 

Intemallonal Alrporllndustrfal Pari< • Mailing Addre .. : PO Box 11400 • TucsOn, AZ 85734 • Street Addre .. : 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 746-1111 • Twx: 91(1.952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (520) 889-1510 • Immediate Product Info: (800) 54H132 
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For Immediate Assistance, ,Contact Your Local Salesperson 
SPECIFICATIONS 
ELECTRICAL 
At T A = -40·C to +85·C, fs = 100kHz, VOIG = V ANA = +5V, using Intemal reference and fixed resistors as shown in Figure 4, unless otherwise specified. 

ADS7808PIU ADS7808PBlUB 

PARAMETER CONDInONS MIN TYP MAX MIN TYP MAX UNITS 

RESOLUTION 12 · Bits 

ANALOG INPUT 
Voltage Ranges ±IOV, OV to 5V, etc. (See Table I) 
Impedance See Table I 
Capacitance 35 · pF 

THROUGHPUT SPEED 
Conversion Time 5.7 8 · f1S 
Complete Cycle Acquire and Convert 10 · f1S 
Throughput Rate 100 · kHz 

',. 

DC ACCURACY 
Integral Linearity Error ±O.S ±0.45 LSBll, 
Differential Linearity Error ±o.S ±O.45 LSB 
No Missing Codes Guaranteed · 
Transition Noise(2) 0.1 LSB 
Full Scale Erro~3.4' ±0.5 ±O.25 % 
Full Scale Error Drift ±7 ±5 ppml"C 
Full Scale Erro~3.4' Ext. 2.5000V Ref ±0.5 ±0.25 0/0 
Full Scale Error Drift Ext. 2.5000V Ref ±2 ppml"C 
Bipolar Zero Error<" , Bipolar Ranges ±IO mV 
Bipolar Zero Error Drift Bipolar Ranges ±2 ±2' ppml"C 
Unipolar Zero Errorl3) Unipolar Ranges ±3 · mV 
Unipolar Zero Error Drift Unipolar Ranges ±2 ppml"C 
Recovery to Rated Accuracy I ~F Capacitor to CAP I · ms 

after Power Down 
Power Supply Sensitivity +4.75V < VD< +5.25V ±O.5 LSB 

(Vo'G = VANA = Vo) 

ACACCURACY 
Spurious·Free Dynamic Range fIN = 45kHz 80 SO · dBls, 
Total Harmonic Distortion f'N= 45kHz ~O -80 · dB 
Signal·to-(Noise+Dlstortion) f'N= 45kHz 70 73 72 dB 
Signal·to·Noise f'N = 45kHz 70 73 72 dB 
Full·Power BandwidthlS, 250 kHz 

SAMPLING DYNAMICS 
Aperture Delay 40 ns 
Aperture Jilter Sufficient to meet AC specs · ns 
Transient Response FS Step 2 · f1S 
OVervoltage Recoveryl7) 150 · ns 

REFERENCE 
Intemal Reference Voltage No Load 2.48 2.5 2.52 · · V 
Internal Reference Source Current I ~ 

(Must use extemal buffer) 
External Reference Voltage Range 2.3 2.5 2.7 · · V 

for Specified Linearity 
External Reference Current Drain Ext. 2.5000V Ref 100 · ~ 

DIGITAL INPUTS 
LogiC Levels 

V'L -{l.3 +0.8 · · V 

V'H +2.0 Vo+0.3V · · V 

I'L V'L = OV ±IO ~ 
I'H V'H = 5V ±IO ~ 

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 informalion shall be enlirely allhe user's own risk. Prices and specifications are subject 
10 change wlthoul nolice. No palent rights or licenses 10 any of Ihe circuits described herein are implied or granled 10 any third party. BURR-BROWN does nol 
authorize or warranl any BURR·BROWN product for use in life support devices andior syslems. 

2.278 
BURR;.. BROWNe 

Burr-Brown Ie Data Book-Mixed Signal Products 11511511 



Or, Call Customer Service at 1·800·548·6132 (USA Only) 
SPECIFICATIONS (CONT) 
ELECTRICAL 
At TA = -40°C to +S5°C. f5 = 100kHz, VDlG = VANA = +5V, using internal reference and fixed resistors shown in Figure 4, unless otherwise specified. 

PARAMETER 

DIGITAL OUTPUTS 
Dala Format 
Data Coding 
Pipeline Delay 
Data Clock 

Internal 
(Outpul Only When 
Transmitting Data) 

External 

VOL 
VOH 

(Can Run Continually) 

leakage Current 

Output Capacitance 

POWER SUPPLIES 
Specified Performance 

VOIG 

VANA 

10lG 

lANA 
Power Dissipation: PWRD lOW 

PWRD HIGH 

TEMPERATURE RANGE 
Specified Performance 
Derated Performance 
Storage 
Thermal Resistance (9J.) 

Plastic DIP 

CONDITIONS 

EXTIINTLOW 

EXTIINT HIGH 

ISINK = 1.6mA 
ISOURCE = 5001lA 

Hlgh-Z State. 
VOUT = OV to VDlG 

High-Z State 

Must be $ V ANA 

VOIG = VANA = 5V. fs = 100kHz 

0.1 

+4 

+4.75 
+4.75 

-40 
-55 
-55 

Binary Two's Complement or Straight Binary 
results only available after completed conversion. 

Selectable for internal or external data clock 
2.3 

10 

+0.4 

±5 

15 

+5 +5.25 
+5 +5.25 
0.3 
16 

100 
50 

+85 
+125 
+150 

75 
75 

15 

V 
V 
~A 

pF 

V 
V 

mA 
mA 
mW 
(J.W 

"C 
"C 
"C 

"CIW 
"CW 

NOTES: (1) LSB means least Significant Bit. For the ±10V input range. one lSB is 4.88mV. (2) Typical rms noise at worst case transitions and temperatures. (3) 
As measured with fixed resistors in Figure 4. Adjustable to zero with extemal potentiometer. (4) For bipolar input ranges, 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. For unipolar input ranges. full scale error is the deviation of the last code transition divided by the transition voltage. It also includes the 
effect of offset error. (5) All specifications in dB are referred to a full-scale ±1 OV input. (6) Full-Power Bandwidth defined as Full-Scale Input frequency at which Signal
to (Noise + Distortion) degrades to 60dB. (7) Recovers to specified performance aiter 2 x FS input overvoltage. 

ABSOLUTE MAXIMUM RATINGS 

Analog Inputs: RllN .......................................................................... ±25V 
R21N .......................................................................... ±25V 
R31N .......................................................................... ±25V 
CAP ..................................... V ANA+0.3V to AGND2 -o.3V 
REF ....................................... Indefinite Short to AGND2, 

Momentary Short to V ANA 
Ground Voltage Differences: DGND. AGND2 ................................. ±D.3V 
VANA ...................................................................................................... 7V 
Vota to VANA ....................................................................................... +0.3 
VOIG ....................................................................................................... 7V 
Digital Inputs ............................................................. -o.3V to VOta +0.3V 
Maximum Junction Temperature .................................................. + 165"C 
Internal Power Dissipation ............................................................ 700mW 
lead Temperature (soldering. lOS) .............................................. +300"C 

ORDERING INFORMATION 

MINIMUM 

A ELECTROSTATIC 
.i&OISCHARGE SENSITIVITY 
Electrostatic discharge can cause damage ranging from per
fonnance degradation to complete device failure. Burr-Brown 
Corporation recommends that this integrated circuit be handled 
and stored using appropriate ESD protection methods. 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER") 

ADS7808P 20-Pin Plastic DIP 222 
ADS7808PB 20-Pin Plastic DIP 222 
ADS7808U 20-Pin SOIC 221 
ADS7808UB 20-Pin SOIC 221 

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

MAXIMUM SIGNAL-TO- SPECIFICATION 
LINEARITY (NOISE + DISTORTION) TEMPERATURE 

MODEL ERROR (LSB) RATlO(dB) RANGE (·C) PACKAGE 

ADS7808P ±D.9 70 -40"C 10 +85"C 20-Pin Plastic DIP 
ADS7808PB ±0.45 72 -40"C to +85"C 20-Pin Plastic DIP 
ADS7808U ±0.9 70 -40"C to +85"C 20-Pin SOIC 
ADS7808UB ±0.45 72 -40"C to +85"C 20-Pin SOIC 
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For Immediate Assistance, Contact Your Local Salesperson 
PIN ASSIGNMENTS 

PIN # NAME DESCRIP110N 

1 RI'N Analog Input. See Table I and Figure 4 for input range connections. 

2 AGNDI Analog Ground. Used internally as ground reference point. Minimal current flqw. 

3 R2'N Analog Input. See Table I and Figure 4 for input range connections. 

4 R3'N Analog Input. See Table I and Figure 4 for input range connections. 

5 CAP Reference Buffer Capacitor. 2.211f Tantalum to ground. 

6 REF Reference InpuVOutput. Outputs internal 2.5V reference. Can also be driven by external sy51em reference. In both cases, 
bypass to ground with a 2.2111' Tantalum capacitor. 

7 AGND2 Analog Ground. 

8 SBlBTC Select Straight Binary or Binary Two's Complement data output format. If HIGH, data will be output in a Straight Binary format. If 
LOW I data will be output in a Binary Two's complement format. 

9 EXTIINT Select External or Internal Clock for transmitting data. If HIGH, data will be output synchronized to the clock input on DATACLK. If 
LOW, a convert command will initiate the transmission of the data from the previous conversion, along with 12 clock pulses output 
on DATACLK. 

10 DGND Digital Ground. 

11 SYNC Synch Output. If EXTIINT is HIGH, either a rising edge on RIC with CS LOW or a falling edge on CS with RIC HIGH will output a 
pulse on SYNC synchronized to the external DATACLK. 

12 DATACLK Either an input or an output depending on the EXTIINT level. Output data will be synchronized to this clock. If EXTIINT is LOW, 
DATACLK will transmit 12 pulses after each conversion, and then remain LOW between conversions. 

13 DATA Serial Data Output. Data will be synchronized to DATACLK, with the format determined ~ the level of SB@TC. In the external clock 
mod~fter 12-bits of data, the ADS7808 will output the level input on TAG as long as CS is LOW and R/C is HIGH (see Figure 3.) If 
EXTIINT is LOW, data will be valid on both the rising and falling edges of DATACLK, and between conversions DATA will stay at the 
level of the TAG input when the conversion was started. 

14 TAG Tag Input for use in extemal ~ck mode. If EXT!!NT is HIGH, digital data input on TAG will be output on DATA with a delay of 12 
DATACLK pulses as long as CS is LOW and RIC is HIGH. See Figure 3. 

15 RIC Read/Convert InPut. With CS LOW, a falling edge on RIC puts the intemal sample/hold into the hold state and starts a conversion. 
When EXTIINT is LOW, this also initiates the transmission of the data results from the previous conversion. If EXT/I NT Is HIGH, a 
rising edge on RIC with CS LOW, or a falling edge on CS with RIC HIGH, transmits a pulse on SYNC and initiates the transmission of 
data from the previous conversion. 

16 CS Chip Select. Internally OR'ed with RIC. 

17 BUSY Busy Output. Falls when a conversion is started, and remains LOW until the conversion is completed and the data is latched into the 
output shift regi51er. CS or RIC must be HIGH when BUSY rises, or another conversion will start without time for signal acquisition. 

18 PWRD Power Down Input If HIGH, conversions are inhibited and power consumption is signH/cantly reduced. Results from the previous 
conversion are maintained in the output shift register. 

19 VANA Analog Supply Input. Nominally +5V. Connect directly to pin 20, and decouple to ground with O.IILF ceramic and 10ILF Tantalum 
capacitors. 

20 V01G Digital Supply Input. Nominally +5V. Connect directly to pin 19. Must be ,; V ANA. 

PIN CONFIGURATION 

ADS7808 

2.280 

ANALOG CONNECT RI,• CONNECT R2'N 
INPUT VIA 2000 VIA loon CONNECTR3", 
RANGE TO TO TO IMPEDANCE 

±10V V,N AGND CAP 22.9kO 
±5V AGND V,N CAP 13.3kO 

±3.33 V,N V,N CAP 10.7kO 
OVto 10V AGND V,N AGND 13.3kO 
OV to 5V AGND AGND V,N 10.0kG 
OVto 4V V,N AGND V,N 10.7kG 

TABLE 1. Input Range Connections_ See Figure 4 for 
complete information_ 
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SYMBOL DESCRIPTION MIN TYP MAX UNITS 

t, Convert Pulse Width 40 4500 ns 

t2 BUSY Delay 65 ns 

t3 BUSY LOW 8 ~s 

t. BUSY Delay after 220 ns 
End of Conversion 

t5 Aperture Delay 40 ns 

t, Conversion Time 5.7 8 ~ 

t, Acquisition Time 2 ~s 

t" +t, Throughput TIme 9 10 ~s 

t. RIC LOW to DATACLK Delay 450 ns 

ts DATACLK Period 440 ns 

t,. Data Valid to DATACLK 20 75 ns 
HIGH Delay 

t" Data Valid after 100 125 ns 
DATACLK LOW Delay 

t'2 External DATACLK Period 100 ns 

t" External DATACLK HIGH 20 ns 

t,. External DATACLK LOW 30 ns 

t'5 DATACLK HIGH 20 112 +5 ns 
Setup TIme 

t,. RIG to CS 10 ns 
Setup Time 

t" SYNC Delay After 15 35 ns 
DATACLK HIGH 

t,. Data Valid Delay 25 55 ns 

t,s CS to Rising Edge Delay 25 ns 

t20 Data Available after CS LOW 4.5 (.IS 

TABLE II. Conversion and Data Timing T A = -40°C to 
+85°C. 

RIC 

DATACLK 

- ---CJ CS. RIC 
I 

BUSY t3 

t" ,.. 

- l- t5 

MODE Acquire I Convert 

I t" 

FIGURE 1. Basic Conversion Timing. 

, 
, , 
, 

, 

I 

I' t. 

I 
Acquire I 

I t,--1 

SDATA MSB Valid Bit 10 Valid ;~ Bn 1 Valid X LSB Valid A'--_____ _ 
, 

t" 

BUSY --~L ... ----~~~----------~--~------~----------~-=-t3~======~.-/ , __ • ____________ ~' r-
\ ' 

FIGURE 2. Serial Data Timing Using Internal Clock. (CS, EXT/lNT and TAG Tied LOW.) 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFIC FUNC110N, CS RIC BUSY EXTnNT DATACLK PWRD SBlBTC 

Initiate Conversion and 1>0 0 1 0 Outpul 
Outpul Data Using 
Internal Clock 

0 1>0 1 0 Output 

Initiate Conversion and 1>0 0 1 1 Input 
Output Data Using External 
Clock 

0 1>0 1 1 Input 

1>0 1. 1 1 Input 

1>0 1 0 1 Input 

0 0>1 0 1 Input 

Incorrect Conversions 0 0 0>1 x x 

Power Down x x x x x 
x x x x x 

x x x x x 
Selecting Output Format 

x x x x x 
NOTE, (1) See Figure 3b for constraints on prevIous data vahd dunng conversion. 

Table III. Control Truth Table. 

DESCRIPTION ANALOG INPUT 

0 

0 

0 

0 

~ 

0 

0 

0 

0 

1 

x 

x 

Full·Scale Range ±10 :1:5 ±3.33V OVto 5V OV to 10V 

Least Significant Bit (LSB) 4.BBmV 2.44mV 1.63mV 1,22mV 2.44mV 

+Full Scale (FS - 1 LSB) 9.99512V ~.99756V 3.33171V 4.9987BV 9.99756V 

Midscale OV OV OV 2.SV 5V 

One LSB Below Midscale -4.8BmV -2.44mV -1.63mV 2.49B78V 4.99756V 

-Full Scale -10V -5V -3.333333V OV OV 

Table IV, Output Codes and Ideal Input Voltages. 

x 

x 

x 

x 

x 

x 

x 

x 

x 
x 

0 

I' 

OVto 4V 

O.gBmV 

3.99902V 

2V 

1.99902V 

OV 

OPERATION 

.Inltiates conversion "n". Data from conversion "n-1" 
,clocked out on DATA synchronized to 12 .clock 
pulses output on DATACLK. 

Initiates conversion "n". Data from conversion "n-1" 
clocked out on DATA synchronized to 12 clock 
pulses output on DATACLK. 

Initiates conversion "0". 

Initiates conversion "n". 

Outputs a pulse on SYNC followed by data from 
,conveision On" clocked out synchronized to extemal 
DATAqLK. 

Outputs a pulse on SYNC followed by data from 
conversion "n-l" clocked out synchronized to 
external DATACLK.I') Conversion "n"ln process. 

Outputs a pulse on SYNC followed by data from 
conversion "n-l" clocked out synchronized to 
extemal DATACLK .1') Conversion On" in process. 

CS or RIC must be HIGH or a new conversion will 
be initiated without time for acquisition. 

Analog circuitry powered. Conversion can proceed. 

Analog circuitry disabled. Data from previous 
conversion maintained in output registers. 

Serial data is output in Binary Two's Complement 
format 

Serial data Is output in Straight Binary format 

DIGITAL OUTPUT 
BINARY TWO'S 
COMPLEMENT STRAIGHT BINARY 
(SBlBTC LOW) (SBlBTC HIGH) 

HEX HEX 
BINARY CODE CODE BINARY CODE CODE 

011111111111 7FF 111111111111 FFF 

0000 0000 0000 000 1000 0000 0000 BOO 

111111111111 FFF 011111111111 7FF 

1000 0000 0000 BOO 0000 0000 0000 000 
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FIGURE 3a. Conversion and Read Timing with External Clock. (EXT/INT Tied illGH). Read After Conversion. 
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For Immediate Assistance; Contact Your Local Salesperson 

1 t------;;;---+-----j~ 
oS 

1 

I~ '~ I~ 

FIGURE 3b. Conversion and Read Timing with External Clock. (EXT/INT Tied HIGH.) Read During Conversion (Previous 
Conversion Results). 
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With Trim 

Input Range Without Trim (Adjust offset first at OV, then adjust gain) 

2000 2000 

Rl'N Rl'N CO 
0 

AGNDI AGNDI CO ,.... 
1000 en 

V'N R2'N V'N R2'N C 
OV -10V « 

33.21<0 7 RaiN R3'N 

+5V 

CAP ~W! +5V CAP 

+ 

~W! 2.2~F~ 
REF REF U) 

t-
2.2~F Z 

AGND2 AGND2 W 
Z 
0 c. 
:iE 2000 2000 

0 Rl'N Rl'N 

0 
AGNDI AGNDI Z 

1000 
0 

33.21<0 R2'N R2'N t= 33.21<0 

~ 
OV-5V V'N R3'N V'N R3'N :::) 

a 
CAP CAP 0 

+ « ~ 2.2~F 
REF REF 

~ 2.2~F <r: AGND2 AGND2 
C 

en 
a: 
w 
t-

2000 2000 a: 
V'N RIIN V'N Rl'N W 

> 
AGNDI AGNDI Z 

1000 
0 

R2'N R2'N 0 
C 

OV-4V R3'N R3'N a 
.21<0 

CAP +5V CAP 

REF 501<0 REF 

AGND2 AGND2 

FIGURE 4a. Offset/Gain Circuits for Unipolar Input Ranges. 
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With Trim 

Input Range WHhoutTrim (Adjust offset first at OV, then adjust gain) 

200n 200n 

V'N Rl'N v IN Rl'N 

AGNDl AGNDl 

loon loon 
R2'N R2'N 

33.2k!! R3'N 

CAP 
+ 
~2.2~F 

REF 

AGND2 

±10V +SV 
R3'N 

-~-l CAP 

REF 

AGND2 

200n 200n 

Rl'N 
r-JV\f-..--.,..------.,..j Rl,. 

AGNDl AGNDl 

loon 

V'N R2'N 33.2k!! 
loon 

V'N o---,/W---- R2'N 

33.2k!! 
±5V R3'N R3'N 

+SV 2.2~F ..¢-

-i +sv CAP 

-! 576k!! 
REF 

2.2~F 

AGND2 

+------_ _t CAP 

200n 

Rl'N 
v IN Rl'N 

200n 
V'No-..,--~~---JW---_t 

AGNDl loon AGNDl 

R2'N R2'N 

±3.33V R3'N R3IN 33.2k!! 
+ 

+SV 2.2~F~ 
CAP -i 1-

CAP 

REF 
REF SOk!! 

AGND2 AGND2 

33.2k!! 

FIGURE 4b. Offset/Gain Circuits for Bipolar Input Ranges. 
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BURR· BROWN® 

IElElI ADS7809 

DEMO BOARD 
AVAILABLE 

See Appendix A 

16-Bit 10f.!S Serial CMOS Sampling 
ANALOG-ta-DIGITAL CONVERTER 

FEATURES 
• 100kHz SAMPLING RATE 

• 83dB SINAD WITH 20kHz INPUT 

• SIX SPECIFIED INPUT RANGES 

• SERIAL OUTPUT 

• SINGLE +5V SUPPLY OPERATION 

• PIN-COMPATIBLE WITH 12-81T ADS7808 

• USES INTERNAL OR EXTERNAL 
REFERENCE 

.100mW MAX POWER DISSIPATION 

• 20-PIN 0.3" PLASTIC DIP AND SOIC 

• SIMPLE DSP INTERFACE 

RIC 

20kn 

CAP 0--------. 

DESCRIPTION 
The ADS7809 is a complete l6-bit sampling analog
to-digital using state-of-the-art CMOS structures. It 
contains a l6-bit capacitor-based SAR AID with SIH, 
reference, clock, and a serial data interface. Data can 
be output using the internal clock, or can be synchro
nized to an external data clock. The ADS7809 also 
provides an output synchronization pulse for ease of 
use with standard DSP processors. 

The ADS7809 is specified at a 100kHz sampling rate, 
and guaranteed over the full temperature range. Laser
trimmed scaling resistors provide various input ranges 
including ±10V and OV to SV, while an innovative 
design operates from a single +SV supply, with power 
dissipation under lOOmW. 

The 20-pin ADS7809 is available in a plastic 0.3" DIP 
and in an SOIC, both fully specified for operation over 
the industrial -25°C to +8SoC range. 

Power 
Down 

Data Clock 

Serial Data 

REF0----------~--~~----~ 

IntemaUonal Airport Industrial Park • Mailing Address: PO 8 .. ,,400 • Tucaon, AZ 85734 • Street Address: 6730 S. Tucson 81vd. • Tucson, AZ 85706 
Tel: (520) 74&-1111 • T'Nx: 9111-952·1111 • Cable: 88RCORP • Telex: 06H491 • FAX: (520) 889-1510 • Immediate Product Info: (900) 54&-6132 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS 
ELECTRICAL 
At TA = -2SoC to +8SoC, fs = 100kHz, VOIG = V,.... = +5V, using internal reference and fixed resistors as shown in Figure 4, unless otherwise specRied. 

ADS7809P, U 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

RESOLUTION 16 Bits 

ANALOG INPUT 
Voltage Ranges tl0, OV to SV, etc. (See Table I) 
Impedance See Table I 
Capacitance 35 pF 

THROUGHPUT SPEED 
Conversion Cycle Acquire and Convert 10 f1S 
Throughput Rate 100 kHz 

DC ACCURACY 
Integral Linearity Error ±3 LSBll) 
No Missing Codes 15 Bits 
Transition Noise(2) 1.3 LSB 
Full Scale Erro~3.4) to.5 % 
Full Scale Error Drill t7 ppml"C 
Full Scale Erro~3.4) Ext. 2.S000V Ref ±O.5 % 
Full Scale Error Drill Ext 2.5000V Ref ±2 ppml"C 
Bipolar Zero Error(3) Bipolar Ranges tl0 mV 
Bipolar Zero Error Drill Bipolar Ranges ±2 ppm/"C 
Unipolar Zero Erro~3) OV tp 10V Ranges ±5 mV 
Unipolar Zero Erro~3) OV to 4V, OV to 5V Ranges ±3 mV 
Unipolar Zero Error Drill Unipolar Ranges ±2 ppm/"C 
Recovery to Ratad Accuracy IIlF Capacitor to CAP 1 ms 

aller Power Down 
Power Supply Sensitivity +4.75V < Vo< +5.25V ±8 LSB 

(VO'G - VANA - Va) 

ACACCURACY 
Spurious-Free Dynamic Range f'N= 20kHz 90 100 dBIS) 
Total Harmonic Distortion f'N ,= 20kHz . -100 -90 dB 
Signal-to·(Noise+Distortion) f'N= 20kHz 83 88 dB 

-SOdB fnput 30 dB 
Signal-to· Noise f'N= 20kHz 83 88 dB 
Full-Power Bandwidth(6) 250 kHz 

SAMPLING DYNAMICS 
Aperture Delay 40 ns 
Transient Response FS Step 2 f1S 
OVervoltage Recovery(7) 150 ns 

REFERENCE 
Internal Reference Vottage No Load 2.48 2.5 2.52 V 
Internal Reference Source Current 1 JlA 

(Must use external buffer) 
Extemal Reference Voltage Range 2.3 2.5 2.7 V 

For Specified Linearity 
External Reference Current Drain Ext. 2.5000V Ref 100 JlA 
DIGITAL INPUTS 
Logic Levels 

V'L -0.3 +0.8 V 
VIH +2.0 Vo+0.3V V 
I'L VIL = OV tl0 JlA 
I'H V'H = 5V tl0 JlA 

The Information provided herein Is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies Dr omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the usefs own risk. Prices and specRlcations 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 producl for use in life support devices andlor systems. 
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SPECIFICATIONS (CO NT) 

ELECTRICAL 
At TA = -2SoC to +85°C, Is = 100kHz, V01G = VANA = +5V. using internal reference and fixed resistors as shown in Figure 4, unless otherwise specified. 

PARAMETER 

DIGITAL OUTPUTS 
Data Format 
Data Co 
Pipeline Delay 
Data Clock 

Internal 
(Output Only When 
Transmitting Data) 

External 
(Can Run Continually) 

VOL 
VOH 

Leakage Current 

Output Capacitance 

POWER SUPPLIES 
Specified Performance 

VOJG 

V"'A 
'DIG 
lANA 

Power Dissipation: PWRD LOW 
PWRD HIGH 

TEMPERATURE RANGE 
Specified Performance 
Derated Performance 
Storage 
Thermal Resistance (8JA) 

Plastic DIP 

CONDITIONS 

EXT/I NT LOW 

EXT/I NT HIGH 

ISINK = L6mA 
ISOUACE = 5001JA 

High-Z State, 
VOUT = OV to V01G 

High-Z State 

Must be S V ANA 

VANA = Val. = 5V, fs = 100kHz 

Serial t 6 bits 
Binary Two's Complement or Straight Binary 

results only available after completed 

0.1 

+4 

+4.75 
+4.75 

-25 
-55 
-65 

I for internal or data clock 
2.3 

10 

+0.4 

±5 

15 

+5 +5.25 
+5 +5.25 
0.3 
16 

100 
50 

+85 
+125 
+150 

75 

UNITS 

MHz 

MHz 

V 
V 

IJA 

pF 

V 
V 

mA 
mA 
mW 

°C/W 

NOTES: (1) LSB means Least Significant Bit. For the ±IOV input range, one LSB is 3051LV. (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) For bipolar input ranges, 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. For unipolar input ranges. full scale error is the deviation of the last code transition divided by the transition voltage. It also includes 
the effect of offset error. (5) All specifications in dB are referred to a full-scale ±I OV input. (6) FUll-Power Bandwidth defined as Full-Scale input frequency at which 
Signal-to-(Noise+Distortion) degrades to 60dB. (7) Recovers to specified performance after 2 x FS input overvoltage. 

ABSOLUTE MAXIMUM RATINGS 
Analog Inputs: Rl'N .......................................................................... ±25V 

R2'N .......................................................................... ±25V 
R31N .......................................................................... ±25V 
CAP ..................................... V"'A+0.3V to AGND2 -O.3V 
REF ....................................... Indefinite Short to AGND2, 

'~omentary Short to V ANA 
Ground Voltage Differences: DGND, AGND2 ................................. ±0.3V 
V"'A ...................................................................................................... 7V 
VOIG to V"'A ....................................................................................... +0.3 
Val ........................................................................................................ 7V 
Digital Inputs ............................................................. -O.3V to VOIG +0.3V 
Maximum Junction Temperature .................................................. + 165°C 
Internal Power Dissipation ............................................................ 700mW 
Lead Temperature (soldering, lOs) .............................................. +300°C 

ORDERING INFORMATION 

GUARANTEED MINIMUM 
MAXIMUM NO MISSING SIGNAL-TO-
LINEARITY CODE LEVEL (NOISE + DISTORTION) 

MODEL ERROR (LSB) (LSB) RATIO (dB) 

ADS7809P ±4 15 83 
ADS7809U ±4 15 83 

BURR-BROWNI8 

A ELECTROSTATIC 
~DISCHARGE SENSITIVITY 
Electrostatic discharge can cause damage ranging from per
fonnance degradation to complete device failure. Burr-Brown 
Corporation recommends that this integrated circuit be handled 
and stored using appropriate ESD protection methods. 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER!') 

ADS7809P 20-Pin Plastic DIP 222 
ADS7809U 20-Pin SOIC 221 

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

SPECIFICATION 
TEMPERATURE 

RANGE (OC) PACKAGE 

-25°C to +85°C 20-Pin Plastic DIP 
-25°C to +85°C 20-Pin SOIC 
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For Immediate Assistance, Contact Your Local Salesperson 
PIN ASSIGNMENTS 

PIN. NAME DESCRIPTION 

1 Rl'N Analog Input. See Table I and Figure 4 for input range connections. 

2 AGNDI Analog Ground. Used internally as ground reference pOint. Minimal current flow. 

3 R2'N Analog Input. See Table I and Figure 4 for input range connections. 

4 R3'N Analog Input. See Table I and Figure 4 for input range connections. 

5 CAP Reference Buffer Capacnor. 2.2J1F Tantalum t6 ground. 

6 REF Reference Input/Output. Outputs intemal 2.5V relerence. Can also be driven by external system reference. In both cases, 
bypass to ground with a 2.2J1F Tantalum capacitor. . 

7 AGND2 Analog Ground. 

8 SBlBTC Select Straight Binary or Binary Two's Complement data output format . .lf HIGH, data will be output in a Straight Binary format. If 
LOW, data will be output in a Binary Two's Complement format. 

9 EXT/INT Select External or Internal Clock for transmitting data. If HIGH, data will be output synchronized to the clock input on DATACLK. " 
LOW, a convert command will inltiata the transmission of the data from the previous conversion, along with 16 clock pulsas output 
on DATACLK. 

10 DGND Digital Ground. 

11 SYNC Synch Output. If EXT/INT is HIGH, either a rising edge on RIC with C§ LOW or a falling adge on CS with RIC HIGH will output a 
pulse on SYNC synchronized to the external DATACLK. 

12 DATACLK Either an input or an output depending on the EXT/INT level. Output data will be synchronized to this clock. If EXT/INT is LOW, 
DATACLK will transmn 16 pulses after each conversion, and then remain LOW between conversions. 

13 DATA Serial Data Output. Data will be synchronized to DATACLK, with the format datermlned by tha level of SBlBTC. In the axternal clock 
mode, after 16 bits of data, the ADS7609 will output tha level input on TAG as long as as is LOW and RIC is HIGH (sae Figure 3.) If 
EXT/INT is LOW, data will be valid on both the rising and falling edgas of DATACLK, and between conversions DATA will stay at the 
level of the TAG input when the conversion was started. 

14 TAG Tag Input for use in extemal ~ck mode. If EXT!!NT is HIGH, digital data Input on TAG will be output on DATA with a delay of 16 
DATACLK pulses as long as CS Is LOW and RIC Is HIGH. See Figure 3. 

15 RIC Read/Convert Input. With C§ LOW, a falling edge on RIC puts the internal samplelhold into the hold state and starts a conversion. 
When EXT/INT is lOW, this also initiates the transmission of tha data results from the previous conversion. If EXT/INT Is HIGH, a 
rising edge on RIC with CS lOW, or a falling edge on as with RIC HIGH, transmits a pulse on SYNC and initiates the transmission of 
data from the previous conversion. 

16 as Chip Select. Internally OR'ed with RIC. 

17 BUSY Busy Output. Falls w~n a co!!version is started, and remains lOW until the conversion is completed and the data is latched into the 
output shift register. CS or RIC must be HIGH when BUSY rises, or another conversion will start without time for signal acquisition. 

18 PWRD Power Down Input. " HIGH, conversions are inhibited and power consumption is significantiy reduced. Results from the previous 
conversion are maintained in the output shift register. 

19 VANA Analog Supply Input. Nominally +5V. Connect directly to pin 20, and decouple to ground with 0.1 ~F ceramic and 10J1F Tantalum 
capacitors. 

20 VOIG Digital Supply Input. Nominally +5V. Connect directly to pin 19. Must be,; VANA. 

PIN CONFIGURATION 

ADS7809 

DGND 10 

2.290 

20 VO'G 

DATA 

DATAClK 

11 SYNC 

ANALOG CONNECT Rl,. CONNECT R2,. 
fNPUT VIA 200n VIA loon CONNECTR3,. 

RANGE TO TO TO IMPEDANCE 

±10V V'N AGND CAP 22.9kn 
±5V AGND V'N CAP 13.3kf.! 

±3.33V V'N V'N CAP 10.7kn 
OV to 10V AGND V'N AGND 13.3kn 
OVto 5V AGND AGND V'N 10.0kn 
OV to 4V V'N AGND V'N 10.7kn 

TABLE I. Input Range Connections. See Figure 4 for 
complete information. 

BURR·BROWNGI 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 
SYMBOL DESCRIPTION MIN TYP MAX UNrrs 

I, Convert Pulse Width 40 6000 ns 

12 BUSY Delay 65 ns 

13 BUSY LOW 8 ~s 

" BUSY Delay after 220 ns 
End of Conversion 

Is Aperture Delay 40 ns 

r. Conversion Time 7.6 8 ~s 

17 Acquisition Time 2 ~s 

r. + 17 Throughput Time 9 10 ~s 

t. RIC LOW to DATACLK Delay 450 ns 

t, DATACLK Period 440 ns 

t,. Data Valid to DATACLK 20 75 ns 
HIGH Delay 

t" Dala Valid after 100 125 ns 
DATACLK LOW Delay 

t'2 External DATACLK 100 ns 

t'3 External DATACLK HIGH 20 ns 

t,. External DATACLK LOW 30 ns 

I,. DATACLK HIGH 20 t'2+S ns 
Setup Time 

1,6 RIC to CS Setup Time 10 ns 

t'7 SYNC Delay After 15 35 ns 
DATACLK HIGH 

t,. Data Valid Delay 25 55 ns 

t,. CS to Rising Edge Delay 25 ns 

t20 Data Available after CS LOW 6 ~s 

TABLE. II. Conversion and Data Timing. T A = -25°C to 
+85°C. 

RIC 

DATACLK 

I-t,-I,.-____________ I 

cs.RlC~ I 

BUSY~::::::~ti3:::::::;::~,-------
t2 - J 1-1. 

__ ~~llr-~r.~---------- ~,--____ ~I_ 
MODE Acquire ~ Convert . ~ Acquire J 

I to r--- t7 -I 

FIGURE 1. Basic Conversion Timing. 

, 
, 

t" -Ir-'--"-.Ir----""'r---"'" 
:~ Bill Valid X LSB Valid A ... ______ _ SDATA MSB Valid Bil 14 Valid 

--~~---------------------~------~ 
BUSY '---'r 

FIGURE 2. Serial Data Timing Using Internal Clock. (CS, EXT/lNT and TAG Tied LOW.) 
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For Immediate Assistance, Contact Your Local Salesperson 

SPECIFIC FUNCTION Cs Ric BUSY EXTIINT DATACLK PWRD SBlBTC OPERATION 

Initiate Conversion and 1>0 0 1 0 Output 0 x Initiates conversion "n", Data from conversion "n-1" 
Output Data Using clocked out on DATA synchronized to 16 clock 
Internal Clock . pulses ouput on DATACLK. 

0 1>0 1 0 Output 0 x Initiates conversion "n", Data from conversion "0-1" 
clocked out on DATA synchronized 10 16 clocl< 
pulses output on DATACLK. 

Initiate Conversion and 1>0 0 1 1 Input 0 x Initiates conversion "n", 
Output Data Using External 0 1>0 1 
Clock 

1 Input 0 x Initiates conversion "nil. 

1>0 1 1 1 Input x x Outputs a pulse on SYNC followed by data from 
conversion "n" clocked out synchronized to external 
DATACLK. 

1>0 1 0 1 Input 0 x Outputs a pulse on SYNC followed by data from 
conversion "n-l" clocked out synchronized to 
external DATACLK.(I) Conversion "n° in process. 

0 0>1 0 1 Input 0 x Outputs a pulse on SYNC followed by data from 
conversion "n-l" clocked out synchronized to 
external DATACLK .e' ) Conversion On" in process. 

Incorrect Conversions 0 0 0>1 x x 0 x CS or RIC must be HiGH or a new conversion will 
be initiated without time for acquisition. 

Power Down x x x x x 0 x Analog circuitry powered. Conversion can proceed. 

x x x x x 1 x Analog circuitry disabled. Data from previous 
conversion maintained in output registers. 

x x x x x x 0 Serial data is output in Binary Two's Complement 
Selecting Output Format format. 

x x x x x x 1 Serial data is output in Straight Binary format. 

NOTE: (1) See Figure 3b for constraints on prevIous data valid dunng converSion. 

TABLE III. Control Truth Table. 

DIGITAL OUTPUT 

BINARY TWO'S COMPLEMENT STRAIGHT BtNARY 
(SB/BTC LOW) (SBlBTC HIGH) 

HEX HEX 
DESCRIPTION ANALOG INPUT BINARY CODE CODE BINARY CODE CODE 

Full-Scale Range ±10 ±5 ±3.33V OVIO 10V OV to 5V OV to 4V 

Least Significanl Bil (LSB) 305~V 153~V 102~V 153~V 76~V 61~V 

.Full Scale (FS - ILSB) 9.999695V 4.999847V 3.333231 V 9.999847V 4.999924V 3.999939V 0111111111111111 7FFF 1111111111111111 FFFF 

Midscale OV OV OV 5V 2.5V 2V 0000 0000 0000 0000 0000 1000 0000 0000 0000 6000 

One LSB Below Midscale -305~V -153~V -102~V 4.999847V 2.499924V 1.999939V 1111111111111111 FFFF 01111111 11111111 7FFF 

-Full Scale -10V .J5V -3.333333V OV OV OV 1000 0000 0000 0000 8000 0000 0000 0000 0000 0000 

TABLE N_ Output Codes and Ideal Input Voltages_ 

BURR - BROWN!& 
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FIGURE 3a. Conversion and Read Timing with External Clock. (EXT/INT Tied HIGH.) Read After Conversion. 
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For Immediate Assistance, . Contact Your Local Salesperson 

I~ '~ Ii 

FIGURE 3b. Conversion and Read Timing with External Clock. (EXT/INT Tied HIGH.) Read During Conversion (Previous 
Conversion Results). 
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With Trim 

Without Trim (Adjust offset first at OV, then adjust gain) 

2000 2000 

Rl'N Rl'N en 
0 
CO 

7 
AGNDl ..... 

en 
1000 C 

V,N R2'N 33.21<0 « OV -10V 
33.21<0 '7 

R3'N 
+SV 

CAP 

SOl<Oi + en 2.2~F ~ 
REF V I-

2.2~F Z 
AGND2 W 

Z 
0 c.. 

2000 :e: 
2000 0 Rl'N Rl'N 

0 
AGNDl AGNDl Z 

0 
1000 

R2'N i= 33.21<0 R2'N 33.21<0 

ia 
OV-5V V'N R3'N 

V'N 
R31N :::» +5V a 
CAP 

-1 
CAP 0 

+ « 
~ 2.2~F 

REF 2.2~F REF 

~ 2.2~F Ie( 
AGND2 AGND2 

C 
en a: 
w 

2000 I-
2000 V'N Rl'N a: 

V'N Rl'N W 
AGNDl > 

AGNDl Z 
1000 0 R2'N 

R2'N 0 
R3'N C 

OV-4V R3'N Cl 
+5V CAP 

CAP 

501<0 REF 

REF 

AGND2 

AGND2 

FIGURE 4a. Offset/Gain Circuits for Unipolar Input Ranges. 
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With Trim 

Input Range Without Trim (Adjust offset first at OV, then adjust gain) 

200n 200n 

V'N R1'N V'N R1'N 

AGND1 AGND1 

100Q 100n 
R2'N R2'N 

±10V +5V 
33.2kn R3'N R3'N 

-1 CAP +5V CAP + 

-f 
+ 

~2.2~F 2.2~F~ 

REF 
576kn 

REF 

AGND2 AGND2 

200n 200n 

R1'N R1'N 

AGND1 AGND1 

100n 
33.2kn V'N R2'N V'N~ R2'N 

33.2kn 

±5V R3'N 
+ 

R31N 

+5V 2.2~F~ 
CAP 

~~i +5V CAP 
+ -i ~ 2.2~F 576kn 

REF REF 

2.2~F 

AGND2 AGND2 

200n 200Q 
V,N0----<o------..I\I\P----l R1'N V'N R1'N 

AGND1 100n AGND1 
100Q 

R2'N R2'N 

±3.33V 33.2kn R3'N 33.2kn 
R31N 

+ 
+5V 2.2~F~ 

CAP -! CAP 

REF -I 576kn 
REF 

AGND2 AGND2 

t ,.~, 
FIGURE 4b. Offset/Gain Circuits for Bipolar Input Ranges. 
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BURR-BROWN® 

IElElI ADS7810 

DEMO BOARD 
AVAILABLE 

See Appendix A 

12-Bit 800kHz Sampling CMOS 
ANALOG-to-DIGITAL CONVERTER 

FEATURES 
• 1.25J.lS THROUGHPUT TIME 

• STANDARD ±10V INPUT RANGE 

• 69dB min SINAD WITH 250kHz INPUT 

• ±3/4 LSB max INL AND ±1 LSB max DNL 
• INTERNAL REFERENCE 

• COMPLETE WITH S/H, REF, CLOCK, ETC. 

• PARALLEL DATA w/LATCHES 

• 250mW max POWER DISSIPATION 

• 28·PIN 0.3" PDIP AND SOIC 

±10V Inpu1 

Cap 

2.5V Ref Outlln o--------vlJIV'---I 

DESCRIPTION 
The ADS7810 is a complete 12-bit sampling AID 
using state-of-the-art CMOS structures. It contains a 
complete 12-bit capacitor-based SAR AID with inher
ent SIH, reference, clock, interface for microprocessor 
use, and three-state output drivers. 

The ADS7810 is specified at an 800kHz sampling 
rate, and guaranteed over the full temperature range. 
Laser-trimmed scaling resistors provide the industry
standard ±lOV input range, while an innovative design 
allows operation from ±5V supplies, with power dis
sipation under 25OmW. 

The 28-pin ADS7810 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 range. 

Output 
BUSY Latches 

and Three 
Three State State Parallel 
Drivers 

Data 
Bus 

International Airport Industrial Park • Mailing Address: PO Box 11400 Tucaon, /12. 85734 • Street Address: 6730 S. Tucaon Blvd. • Tucaon, /12. 85706 
Tel: (520)746-1111 • Twx: 910-952·1111 • cable: BBRCORP • Telex: _1 • FAX: (520) 889-1510 • Immediate Product Info: (800) 548-6132 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS 
ELECTRICAL 
At T.= -40"C, to +85'C, fs= 800kHz, +Vo" = +V ... = +5V, -V_ =~V, using Internal reference, unless otherwise specified. 

ADS7810P, U ADS7810PB, uEi 
PARAMETER CONDmONS MIN TYP MAX MIN TYP MAX 

RESOLUTION 12 · 
ANALOG INPUT 
Voltage Range ±10 · 
Impedance 3.1 · 
Capacitance 5 · 
THROUGHPUT SPEED 
Conversion Time 985 · 
Complete Cycle Acquire & Convert 1240 · 
Throughput Rate 800 

DC ACCURACY 
Integral Linear~y Error ±1 ±0.75 
Differential Unearity Error tl tl 
No Missing Codes Guaranteed · 
Transition Noise(2) 0.1 · 
Full Scale Error<', 4) ±D.5 ±O.25 
Full Scale Error Drift ±5 ±3 
Full Scale Error<'. 4) Ext. 2.5000V Ref ±D.5 ±0.25 
Full Scale Error Drift Ext. 2.5000V Ref' ±2 · 
Bipolar Zero Errorl') ±6 ±4 
Bipolar Zero Error Drift ±1 ±D.5 
Power Supply Sensitivity 

(+VaIG = "VANA ~ Va) +4.75V < Va < +5.25V. ±5 · 
~.25V < -V ""A < -4.75V ±D.5 · 

ACACCURACY 
Spurious·Free Dynamic Range f'N= 250kHz 74 77 
Total Harmonic Distortion fIN = 250kHz -74 .-n 
Signal·to·(Noise+Distortion) fIN = 250kHz 67 69 
Signal·to·Nolse f'N = 250kHz 68 70 
Full·Power BandwidthlS) 1.5 · 
SAMPUNG DYNAMICS 
Aperture Delay 20 · 
Aperture Jitter Sufficient to Meet AC Specs · 
Transient ~esponse FS Step 100 
OvelVoltage Recoveryl7l 150 · 
REFERENCE 
Internal Reference Voltage 2.48 2.5 2.52 · · 
Internal Reference Source Current 100 

(Must use external buffer) 
Internal Reference Drift 8 
External Reference Voltage Range 2.3 2.5 2.7 · 

For Specified Linearity 
External Reference Current Drain Ext. 2.5000V Ref 100 · 
DIGITAL INPUTS 
logic Levels 

V'L -lJ.3 . +0.8 . · 
V'H +2.4 Vo + 0.3 . · 
III V'L = OV ±10 · 
I'H V'H = 5V tl0 · 

DIGITAL OUTPUTS 
Data Format Parallel 12·b~ 
Data Coding Binary Two's Complemenl 

VOL IS'NK = 1.6mA .+0.4 · 
VOH ISOURCE = 50011A .+2.8 

Leakage Current High·Z Stale, ±5 · 
VOUT = OV to VO'G 

Oulput Capacilance High·Z Stale 15 15 

DIGITAL TIMING 
Bus Access Time 83 · 
Bus Relinquish Time 83 · 

UNITS 

Bits 

V 
kn 
pF 

ns 
ns 

kHz 

LSBll) 
LSB 

LSB 
% 

ppml'C 
% 

ppml'C 
LSB 

ppml'C 

LSB 
LSB 

dBIS) 

< dB 
dB 
dB 

MHz 

ns 

ns 
ns 

V 
nA 

ppml'C 
V 

IIA 

V 
V 

IIA 
IIA 

V 
V 

IIA 

pF 

ns 
ns 

The Information provided herein is believed 10 be reliable; however, BURR·BROWN assumes no responsibility for inaccuracies or omissions. BURR·BROWN assumes 
no responsibility for Ihe use of this Informallon, and all use of such informalion shall be entirely at the use~s own risk. Prices and speciflcalions are subjecl to change 
without notice. No patent rights or licenses 10 any of the circuits described herein are implied or granted to any third party. BURR·BROWN does not authorize arwarranl 
any BURR·BROWN product for use in life support devices andlor systems. 
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SPECIFICATIONS (CO NT) 

ELECTRICAL 
At TA = -40°C, to +85°C, fs = 800kHz, +V01G = +V ANA = +5V. -v ANA = -5V, using internal reference, unless otherwise specified. 

PARAMETER CONDITIONS UNITS 

POWER SUPPLIES 
Specified Performance 

+VOIG = +VANA +4.75 +5 +5.25 V 
-VANA -5.25 -5 -4.75 V 
+1010 +16 mA 
+1_ +16 mA 
-lANA -13 mA 

Derated Performance 
+VD1G = +V ANA +4.5 +5 +5.5 V 
-VANA -5.5 -5 -4.5 V 

Power Dissipation fs = 800kHz 250 mW 

TEMPERATURE RANGE 
Specilied Performance -40 +85 ·C 
Derated Performance -55 +125 ·C 
Storage -65 +150 ·C 
Thermal Resistance (8J..> 

Plastic DIP 75 ·C/w 
sOle 75 ·C/w 

NOTES: (f) LSB means Least Significant Bit. For the 12-bit, ±10V input ADS7810, one LSB is 4.88mV. (2) Typical rms noise at worst case transitions and 
temperatures. (3) Measured with 50(1 in series with analog input. 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 inpul over vollage. 

ABSOLUTE MAXIMUM RATINGS 

Analog Inpuls: V,N .............................................................................. ±25V 
CAP ..................................... +V""" +0.3V to AGND2 -o.3V 
REF ........................................... Indefinite Short to AGND2 

Momentary Short to +V""" 
Ground Voltage Differences: DGND. AGNDf, AGND2 ................... ±0.3V 
+VNU. •••••..•••.••••••.•••••••.•••.•••.•••••.••••.••..•••..••.•.••••.••.•.••.•••..••••..••..••..•.•••..•• +7V 
+VOIG to +V N4", ................................................................................... +O.3V 
+Voo ...................................................................................................... 7V 
-VAN" .................................................................................................... -7V 
Digital Inputs ............................................................. -o.3V to+VOIG +0.3V 
Maximum Junction Temperature ................................................... +165°C 
Internal Power Dissipation ............................................................. 825mW 
Lead Temperature (soldering, f Os) ................................................ +300·e 

ORDERING INFORMATION 

MINIMUM 
MAXIMUM SIGNAL-TO-
fNTEGRAL (NOISE + SPECIFICATION 
LINEARITY DISTORTION) TEMPERATURE 

MODEL ERROR (LSB) RATIO (dB) RANGE 

ADS7810P ±1 67 -40·C to +85·e 
ADS78fOPB ±0.75 69 -40·C to +85·e 
ADS7810U ±1 67 -40·C to +85·e 
ADS7810UB ±0.75 69 -4o·e to +85·e 

BURR-BROWNII'II 

A 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 
methods. 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER") 

ADS7810P 26-Pin Plastic DIP 246 
ADS7810PB 28-Pin Plastic DIP 246 
ADS7810U 28-Pin SOIC 217 
ADS7810UB 28-Pin SOIC 217 

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

PACKAGE 

Plastic DIP 
Plastic DIP 

SOIC 
SOIC 
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For Immediate Assistance, Contact Your Local Salesperson 
PIN CONFIGURATION SYMBOL DESCRtPTlON MIN TYP MAX UNITS 

t, Convert Pulse Width 40 ns 

Is Data Valid Delay 1030 1150 ns 
V,N 28 +VANA After RIC LOW 

AGNDI +V01G t, BUSY Delay 
From RIC LOW 

85 125 ns 

REF -VANA t, BUSY LOW 1000 1115 ns 

CAP BUSY t, BUSY Delay After 80 ns 

AGND2 CS 
End of Conversion 

Is Aperture Delay 20 ns 
011 (MSB) RIC t, Conversion Time 985 1090 ns 

010 DGND Is Acquisition Time 100 150 ns 
ADS781 0 

09 +V01G 
t,& t, Throughput Time 1085 1240 ns 

08 +VANA 
Is Bus Relinquish TIme 20 50 83 ns 

1" BUSY Delay 20 55 90 ns 
07 NC(I) After Data Valid 

06 DO (LSB) too RIC to CS 5 ns 
Setup Time 

05 01 
t" TIme Between 1250 ns 

04 02 Conversions 

DGND 15 03 t" Bus Access Time 10 35 83 ns 

TABLE I. Timing Specifications (TMIN to TMAX). 

NOTE: (1) Not Internally Connected. 

PIN ASSIGNMENTS 
DtGtTAL 

PIN # NAME I/O DESCRIPTION 

1 V,. Analog Input. Connect via 50ll to analog input. Full-scale Input range Is ±10V. 
2 AGNDI Analog Ground. Used internally as ground reference point. Minimal current flow. 
3 REF Reference Input/Output. Outputs internal reference of +2.5V nominal. Can also be driven by extemal system 

reference. In both cases, decouple to ground with a 0.1)11' ceramic capacitor. 
4 CAP Reference Buffer Capacitor. 2.2JlF tantalum to ground. 
5 AGND2 Analog Ground. 
6 011 (MSB) 0 Data Bit 11. Most Significant Bit (MSB) of conversion results. HI-Z state when CS is HIGH, or when RIC is 

LOW, or when a conversion is in progress. 
7 010 0 Data Bit 10. Hi-Z state when CS is HIGH, or when RIC is LOW, or when a conversion is in progress. 
8 09 0 Data Bit 9. Hi-Z state when ~ is HIGH, or when RI~ is LOW, or when a conversion is In progress. 
9 08 0 Data Bit 8. Hi-Z state when CS is HIGH, or when RIC is LOW, or when a conversion is in progress. 
10 07 0 Data Bit 7. Hi-Z state when OS is HIGH, or when RIC Is LOW, or when a conversion is in progress. 
11 06 0 Data Bit 6. Hi-Z state when CS is HIGH, or when RIC is LOW, or when a conversion is in progress. 
12 05 0 Data Bit 5. Hi-Z state when ~ is HIGH, or when RI~ is LOW, or when a conversion is In progress. 
13 D4 0 Data Bit 4. Hi-Z state when CS is HIGH, or when RIC is LOW, or when a conversion is In progress. 
14 DGND Digital Ground. 
15 03 0 Data Bit 3. HI-Z state when OS Is HIGH, or when RIC is LOW, or when a conversion is in progress. 
16 02 0 Data Bit 2. Hi-Z state when OS is HIGH, or when RIC is LOW, or when a conversion is in progress. 
17 01 0 Data Bit 1. Hi-Z state when CS is HIGH, or when RIC is LOW, or when a conversion is in progress. 
18 DO (LSB) 0 Data Bit O. Least Signfficant Bit (LSB) of conversion results. Hi-Z state when CS is HIGH, or when RIC is 

LOW. or when a conversion is in progress. 
19 Not internally connected. 
20 +VANA Analog Positive Supply Input. Nominally +5V. Connect directly to pins 21, 27 and 28, and decouple to ground 

with O.II1F ceramic and 10l1F tantulum capacitors. 
21 +VOIG Digital Supply Input. Nominally +5V. Connect directly to pins 20, 27 and 28. 
22 DGND Digital ground. 
23 RIC I Read/Convert Input. With CS LOW, a falling edge on RIC puts the intemal samplelhold into the hold state and 

starts a conversion. With OS LOW and no conversion In progress, a rising edge on RIC enables the output 
data bits. 

24 CS I C~ Select. Internally OR'd with RIC. With RIC LOW, a falli~ edge on CS will initiate a conversion. With 
RIC HIGH and no conversion in progress, a falling edge on CS will enable the output data bits. 

BUSY 25 0 Busy Output. Falls when a conversion Is started, and remains LOW untillhe conversion is completed and the 
data is latched into the output register. With CS LOW and RIC HIGH, output data will be valid when BUSY 
rises, so that the riSing edge can be used to read the data. 

26 -V .... Analog Negative Supply Input. Nominally -5V. Decouple to ground with O.II1F ceramic and 1000F tantulum 
capacitors. 

27 +VDlG Digital Supply Input. Nominally +5V. Connect directly to pins 20, 21 and 28. 
28 +VANA Analog Positive Supply Input. Nominally +5V. Connect directly to pins 20, 21 and 27. 

BURR-BROWNe 
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BASIC OPERATION 
Figure I shows a basic circuit to oper~e the ADS7810 with 
a full parallel data output. Taking RIC (pin 23) LOW for a 
minimum of 40ns will initiate a conversion. BUSY (pin 25) 
will go LOW and stay LOW until the conversion is com
pleted and the output registers are updated. 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 ADS78 I 0 will begin tracking the input signal at the end 
of the conversion. Allowing 1.25!lS between convert com
mands assures accurate acquisition of a new signal. 

CS RIC BUSY OPERATION 

1 X X None. Oatabus in Hi-Z state. 

./. 0 1 Initiates conversion. Databus remains in 
Hi-Z state. 

0 J. 1 Initiates conversion. Databus enters Hi~Z 
state. 

0 1 i Conversion completed. Valid data from 
the most recent conversion on the databus. 

J. 1 1 Enables databus with valid data from the 
most recent conversion. 

./. 1 0 Conversion in progress. Oatabus enabled 
when conversion is completed. 

0 i 0 Conversion in progress. Oatabus enabled 
when conversion is completed. 

0 0 i Conversion completed. Valid data from the 
most racent conversion in the output 
register. but outputs are still tri-stated. 

X X 0 New convert commands ignored. Conversion 
in progress. 

Table n. Control Line Functions for 'read' and 'convert'. 

50n 
±10V o--,NII'-----; 

O.I~F 

011 (MSB) 

010 

09 

08 

07 

06 

05 

04 

FIGURE 1. Basic Operation 
BURR-BROWNe 

STARTING A CONVERSION 

The combination of CS (pin 24) and Ric (pin 23) LOW for 
a minimum of 40ns immediately puts the sample/hold of the 
ADS7810 in the hold state and starts a conversion. BUSY 
(pin 25) will go LOW and stay LOW until the conversion is 
completed and the internal output register has been updated. 
All new convert commands during BUSY LOW will be 
ignored. 

The ADS78 10 will begin tracking the input signal at the end 
of the conversion. Allowing 1.25J.ls between convert com
mands assures accurate acquisition of a new signal. Refer 
Table II for a summary of CS, RIC, and BUSY states 
Figures 2 through 3 for timing diagrams. 

DIGITAL OUTPUT 
BINARY TWO'S COMPLEMENT 

DESCRIPTION ANALOG INPUT BINARY CODE HEX CODE 

Full Scale Range ±10V 

Least Significant 4.BBmV 
Bit (LSB) 

+Full Scale 9.995V 011111111111 7FF 
(10V -ILSB) 

Midscale OV 0000 0000 0000 000 

One LSB below -4.B8mV 11111111.1111 FFF 
Midscale 

-Full Scale -10V 1000 0000 0000 800 

TABLE III. Ideal Input Voltages and Output Codes. 

Convert Pulse --u-
1---1 

40n5 min 

DO (LSB) 

01 

02 

03 
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For Immediate Assistance, Contact YOilr Local Salesperson 
CS and RIc are internally OR'd and leveJ:triggered~ There 
is not a requirement which input goes LOW first when 
initiating a conversion. If, however, it is critical that CS or 
Ric initiate the conversion, be sure the less critical input is 
LOW at least 5ns prior to the initiating input. 

To reduce the number of control pins, CS can be tied LOW 
using Ric to control the read and convert modes. Note that 
the parallel output will be active whenever RIC is mGH and 
no conversion is in progress. See the Reading Data section 
and refer to Table II for control line functions for 'read' and 
'convert' modes. 

READING DATA 

The ADS7810 outputs full parallel data in Binary Two's 
Complement data output format. The parallel output will be 
active when RIC (pm 23) is mGH, CS (pin 24) is LOW, and 
no conversion is in progress. Any other combination will tri
state the parallel output. Valid conversion data can be read 
in a full parallel, 12-bit word on pills 6-13 and pins 15-18. 
Refer to Table ill for ideal output codes. 

After the conversion is completed and the output registers 
have been updated, BUSY (pin 25) will go mGH. Valid data 
from the most recent conversion will be available on 
Dll-DO (pins 6-13 and 15-18). BUSY going HIGH can be 
used to latch the data. Refer to Table I and Figures 2 and 3. 

Note! For the best possible performance, the external data 
bus connected to Dll-DO should not be active'during a 
conversion. The switching noise of the external asynchro
nous data signals can cause digital feedthrough degrading 
the converter's performance. 

-t, 

H 

- l-t3 

t 
I 

- -Ie 

t, 

t.. 

MODE Acquire Convert 

t, 

The number of control lines can be reduced by tieing CS 
LOW while using RIC to initiate conversions and 'activate 
the output mode of the converter. See Figure 2. 

INPUT RANGES 

The ADS7810 offers a standard ±lOV input range. Figure 4 
shows the necessary circuit connections for the ADS7810 
with and without external trim. Offset and full scale erroi1) 

specifications are tested and guaranteed with the 500 resis
tor shown in Figure 4. This external resistor makes it 
possible to trim the offset ±50m V using a trim pot or trim 
DAC. This resistor may be left out if the offset and gain are 
negligible or they will be trimmed in software. See the 
Calibration section of the data sheet for details. 

The nominal input impedance of 3.12SkO results from the, 
combination of the internal resistor network shown on the 
front page of the product data sheet and external 500 
resistor. The input resistor divider network provides inherent 
overvoltage protection guaranteed to at least ±25V. The 
500, I % resistor used for the external offset adjustment 
circuitry does not compromise the accuracy or drift of the 
converter. It has 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. 

LJ 
t'2 

I 
1-10-

\ 

J 
Acquire _1 Convert 

t.~1 

DATA BUS Data Valid I Hi·ZState Data Valid HI Z State 

-t,,-j I t,o 

FIGURE 2. Conversion Timing with Outputs Enabled After Conversion (CS Tied Low). 
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mf{ --1 ,1 - l-tl1 -I 

11111111111111 
-1,-
i~ 

- I-t, -1,;-1 

MODE 

DATA 
BUS 

-
Acquire 

\ 

I-Is 
If 

t. 

Convert 

t7 I 
Hi·ZState 

FIGURE 3. Using CS to Control Conversion and Read Timing. 

±10V With Hardware Trim 

50n 
V,N VIN 

+5V 
5kll 

AGNDt 

5kllt 
5V 

REF 

~, i 
5kll CAP 

AGND2 

NOTE: Use t % metal film resistors. Trim offset at OV first. then trim 
gain at tOV. 

FIGURE 4. Circuit Diagram With and Without External Resistors. 
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-t'1 - l-tl1 

I~\\\\\\\\\ 

'---

Acquire 

.1. 
Data Valid I 4- HI ZState 

-tI3~ -::t;:::q 

±10V Without Hardware Trim 

AGNDt 

..----1 REF 

CAP 

'------+--1 AGND2 
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For Immediate Assistance, Contact Your Local Salesperson 
CALIBRATION 
The ADS7810 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 ADS78 I 0, install the 
proper resistors and potentiometers as shown in Figure 4. 
The calibration range is ±SOmV for the offset and ±13SmV 
for the gain. 

Software Calibration 
To calibrate the offset and gain of the ADS781 0, no external 
resistors are required. See the No Calibration section for 
details on the effects of the external resistor. Refer to 
Table IV for range of gain errors with and without the 
external son resistor. 

No Calibration 
See Figure 4 for circuit connections. The son external 
resistor shown in Figure 4 may not be necessary in some 
applications. This resistor provides trim capability for the 
gain of the ADS78 I O. The nominal transfer function of the 
ADS7810 will be bound by the shaded region seen in 
Figure S with a typical offset of Om V and a typical gain error 
of -1.6%. Refer to Table IV for range of offset and gain 
errors with and without external resistors. 

Digital 

7FF 

WITH WITHOUT 
EXTERNAL EXTERNAL 
RESISTORS RESISTORS UNITS 

BPO -40 < BPO < 40 -40 < BPO < 40 mV 
-8<BPO<8 -8<BPO<8 LSBs 

Gain 
Error -0.5 < error < 0.5 -2.5 < error <-1 %ofFSR 

TABLE IV. Offset and Gain Errors With and Without 
External Resistors. 

REFERENCE 
The ADS7810 can operate with its internal2.SV reference or 
an external reference. By applying an external reference to 
pin 3, the internal reference can be bypassed. The reference 
voltage at REF is buffered internally with the output of the 
buffer accessible on CAP (pin 4). 

The internal reference has a 8 ppm/°C drift (typical) and 
accounts for approximately 20% of the full scale error 
(FSE = ±O.S% for low grade, ±O.2S% for high grade). 

REF 
REF (pin 3) is an input for an external reference or the output 
for the internal2.SV reference. A O.l/lF capacitor should be 
connected as close to the REF pin as possible. The capacitor 

______ -_10~V---+~-.B-9V--r~-·7-6-V----~\~----_.wr------~~--------~----~-L------~~:~ 
9.74V 9.91V 10V 

-
BOO 

FIGURE S. Bipolar Transfer Function Without External Resistors. 

Ideal Transfer Function 

Range of Transfer Function 
Without 50n External Resistor 
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and the output resistance of REF create a low pass filter to 
band limit 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 
2.21JF capacitor should be placed as close to the CAP as 
possible to provide optimum switching currents for the 
CDAC throughout the conversion cycle and compensation 
for the output of the buffer. Using a capacitor any smaller 
than Ij.IF can cause the output buffer to oscillate and may not 
have sufficient charge for the CDAC. Capacitor values 
larger than 2.21lF will have little effect on improving perfor
mance. The voltage on the CAP pin is approximately 2V 
when using the internal reference, or 80% of an externally 
supplied reference. 

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. The ADS7810 uses the majority of 
its power for analog and static circuitry. The ADS7810 
should be considered as an analog component. 

The +5V power for the ADS should be separate from the 
+5V used for the system's digital logic. Connecting VDIG 

(pin 21 and 27) 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 whatever analog supply is used for the rest of 
the analog signal conditioning. If + 12V or + 15V supplies are 
present, simple +5V and -5V regulators can be used. Al
though 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, the VDIG and V ANA pins should be tied to the same 
+5V source. 

BURR-BROWNIIP 

GROUNDING 

Three ground pins are present on the ADS781O. DGND is 
the digital supply ground. AGND2 is the analog supply 
ground. AGNDI is the ground which all analog signals· 
internal to the AID 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 ADS 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" 
as near to the power supplies as possible. This 
prevent dynamic digital ground currents from mCIOulatllOg 
the analog ground through a common impedance to power 
ground. 

SIGNAL CONDITIONING 

The PET switches used for the sample· hold on many CMOS 
AID converters release a significant amount of charge injec
tion which can cause the driving op amp to oscillate. The 
PET switch on the ADS781O, compared to PET switches on 
other CMOS AID 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 op amp on the front end. Any op amp 
sufficient for the signal in an application will be sufficient to 
the drive the ADS7810. 

The resistive front end of the ADS7810 also provides a 
guaranteed ±25Vover voltage protection. In most cases, this 
eliminates the need for external input protection circuitry. 

INTERMEDIATE LATCHES 

The ADS7810 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 
conversions, the tri-state outputs can be used to isolate the 
AID from other peripherals on the same bus. 

Intermediate latches are beneficial on any monolithic AID 
converter. The ADS7810 has an internal LSB size of 61011 V. 
Transients from fast switching signals on the parallel port, 
even when the AID is tri-stated, can be coupled through the 
substrate to the analog circuitry causing degradation of 
converter performance. 
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BURR - BROWN® 

IElElI ADS7811 

PRELIMINARY INFORMATION 
SUBJECT TO CHANGE 

WITHOUT NOTICE 

16-Bit 250kHz Sampling CMOS 
ANALOG-to-DIGITAL CONVERTER 

FEATURES 
• 250kHz SAMPLING RATE 

• ±2.5V INPUT RANGE 
• COMPLETE WITH S/H, REF, CLOCK, ETC. 

• FULL PARALLEL DATA OUTPUT WITH 
LATCHES 

• 28-PIN 0.3:' PLASTIC DIP AND SOIC 

• 86dB min SINAD WITH 100kHz INPUT 

• INL: ±1.5 LSB max 

• USES INTERNAL OR EXTERNAL 
REFERENCE 

• DNL: 16 Bits "No Missing Codes" 

DESCRIPTION 
The ADS7811 is a complete 16-bit sampling analog
to-digital converter using state-of-the art CMOS 
structures. It contains a 16-bit capacitor-based SAR 
AID with inherent S/H, reference, clock, interface for 
microprocessor use, and three-state output drivers. 
The 28-pin ADS7811 is available in a plastic 0.3" DIP 
and in an SOIC, both fully specified for operation over 
the industrial-25°C to +85°C range. The ADS7811 is 
specified at a 250kHz sampling rate, and guaranteed 
over the full temperature range. A ±2.5V input range 
allows development of precision systems using only 
±5V supplies. 

-Ric 
Successive Approximation Register and Control logic - CS 

BUSY 

±2.5V Input Output 

latches 
Parallel and 

Data 
Three Bus 
State 

Drivers 

REFOutlln 

International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520)746-1111 • Twx: 91t).952·1111 • Cable:BBRCORP • Tolox:066-&191 • FAX: (520) 8IJ9.1510 • Immediate Producttnlo: (800) 54&-6132 
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SPECIFICATIONS 
At TA = -25°C to +B5°C, fs = 250kHz, VDIG = +V ANA = +5V ±5"1o, and -V ANA = -5V ±5"1o, using Internal reference, unless otherwise specified. 

ADS7811P, U "y~.u, ,rY, UB 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP 

RESOLUTION 16 

ANALOG INPUT 
Vollage Range ±2.5V 
Impedance 100 

50 

THROUGHPUT SPEED 
Conversion Cycle Acquire and Convert 4.0 
Throughput Rate 250 · 
DC ACCURACY 
Integral Linearity Error ±3 ±1.5 
No Missing Codes 14 15 
Transition Nolse(2) 1 .. 
Full Scale Error(3·4) ±0.5 
Full Scale Error Drift ±7 ±5 
Bipolar Zero ElTon') ±10 
Bipolar Zero Error Drift ±2 
Power Supply Sensitivity 

(VDIG = V ANA = Vol +4.75V < VD < +5.25V, ±4 
-5.25V < -V AHA < -4.75V ±4 

ACACCURACY 
Spurious-Free Dynamic Range fiN = 100kHz 90 96 
Total Harmonic Distortion fiN = 100kHz -90 
Signal·to-(Noise+Distortion) fiN = 100kHz 84 86 

-60dB Input 28 30 
Signal·to-Noise fiN = 100kHz 84 B6 
Full Power Bandwidth!S) 1 

SAMPLING DYNAMICS 
Aperture Delay 40 
Transient Response FS Step 600 
Overvoltage RecoveIY(7) 150 

REFERENCE 
Internal Reference Voltage 2.48 2.5 2.52 · 
Internal Reference Source Current 1 
External Reference Voltage Range 2.3 2.5 2.7 · 

for Specified Linearity 
External Reference Current Drain VREF = +2.5V 100 

DIGITAL INPUTS 
Logic Levels 

V'L -0.3 +0.8 · 
V,H +2.8 VD+0.3V · 'll ±10 
I'H ±10 

DIGITAL OUTPUTS 
Data Format Parallel 16 bits 
Data Coding Binary Two's Complement 

VOL ISINK = 1.6mA +0.4 
VOH ISOURCE = 200J1A +4 · 

Leakage Current High-Z State, ±5 
VOUT = OV to VDIG 

Output Capacitance Hlgh-Z State 15 

DIGITAL TIMING 
Bus Access Time 65 
Bus Relinquish Time 65 

MAX UNITS 

· Bits 

V 
MO 
pF 

"S 
kHz 

±3 LSB(1) 
Bits 
LSB 

±0.25 "10 
ppml"C 

mV 
ppml"C 

LSB 
LSB 

dB!') 
-96 dB 

dB 
dB 
dB 

MHz 

ns 
ns 
ns 

· V 

"A · V 

· J1A 

V · V · J1A · "A 

· V 
V · J1A 

15 pF 

ns 
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 andlor systems. 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS (CONT) 
At TA = -25·C to +85'0, fs = 250kHz, VOIG = +VANA = +5V ±5%, and -VANA =-5V ±5%, using internal neference, unless otherwise specified. 

ADS7811P,U ADS7811PB, UB 

PARAMETER CONDITIONS MIN TVP MAX MIN TVP 

POWER SUPPLtES 
Specified Performance 

V01G +4.75 +5 +5.25 · 
+VANA +4.75 +5 +5.25 · 
-VANA -5.25 -5 -4.75 · 

Power Dissipation fs = 250kHz 160 250 

TEMPERATURE RANGE 
Specilied Performance -25 +85 · 
Storage -55 +125 

MAX UNITS 

V 
V . V . mW 

·C 
·C 

NOTES: (1) LSB means Least Significant Bit. For the 16-b~, ±2.5V input ADS7811, one LSB is 76~V. (2) Typical rms noise at worst case transitions and 
temperatures. (3) Adjustable to zero wijh extemal 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 ±2.5V input. (6) Full-Power Bandwidth defined as Full-Scale Input frequency at which Signal-to-(Noise+Distortion) degrades to SOdB, 
or 10 bits of accuracy. (7) Recovers to specified performance after 2 x FS input overvoltage. 

PIN CONFIGURATION 

Top View DIP/sOIC 

RIC 

DO 
ADS7811 

DI 

D2 

D3 

D4 

D5 

DS 

DGND 14 15 D7 

2.308 
BURR-·ROWN~ 
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1 Y,N 
2 AGNDI 
3 REF 

4 CAP 
5 AGND2 
6 015 (MSB) 
7 014 
8 013 
9 012 
10 011 
11 010 
12 09 
13 08 
14 DGND 
15 07 
16 06 
17 05 
18 04 
19 03 
20 02 
21 01 
22 DO (LSB) 
23 -VANA 

24 RIC 

25 CS 

26 BUSY 

27 +VANA 

28 VOIG 

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

Analog Input. Full-scale input range is ±2.5V. 
Analog Ground. Used intemally as ground reference point. 
Reference InpuVOutput. Outputs internal reference of +2.5V nominal. Can also be driven by external system reference. In 
both cases, connect to ground with a O.1JlF ceramic capacitor. 
Reference compensation capacitor. 2.2JiF tantalum capacitor to ground. 
Analog ground. 
Data Bit 15. Most Significant Bit (MSB) of conversion resulls. Hi-Z state when CS is HIGH, or when RIC is LOW. 
Data Bil 14. Hi-Z state when CS is HIGH, or when RIC is lOW. 
Data Bit 13. Hi-Z state when CS is HIGH, or when RIC is lOW. 
Data Bit 12. Hi-Z state when CS is HIGH, or when RIC is lOW. 
Data Bit 11. Hi-Z state when CS is HIGH, or when RiC is lOW. 
Data Bit 10. Hi-Z state when CS is HIGH, or when RIC is lOW. 
Data Bit 9. Hi-Z state when CS is HtGH, ar when RIC is lOW. 
Data Bil 8. Hi-Z state when CS is HIGH, or when RIC is lOW. 
Dig"al Graund. 
Data Bit 7. Hi-Z state when CS is HIGH, ar when RIC is lOW. 
Data Bit 6. Hi-Z state when CS is HIGH, ar when RIC is LOW. 
Data Bil 5. Hi-Z state when CS is HIGH, ar when RIC is LOW. 
Data Bit 4. Hi-Z state when CS is HIGH, ar when RIC is lOW. 
Data Bit 3. Hi-Z state when CS is HIGH, or when RIC Is lOW. 
Data Bit 2. Hi-Z state when CS Is HIGH, or when RIC is LOW. 
Data Bit 1. Hi-Z state when CS is HIGH, or when RIC Is lOW. 
Data Bit O. least Significant Bit (lSB) of canversian resulls. Hi-Z state when CS is HIGH, ar when RIC is LOW. 
Analog negative supply input. Nominally -5V. Decouple to analog ground with O.II'F ceramic and 1 OI'F tantalum capacitors. 
Readlconvert input. With CS lOW, a falling edge on RIC puts the internal sample/hold into the hold state and starts a 
conversion. With CS lOW, a rising edge on RIC enables the output data bils. 
Chip select. Internally OR'd wilh RIC. Wilh RIC lOW, a falling edge on CS will initiate a conversion. With RIC HIGH, a falling 
edge on CS will enable the output data bits. 
Busy output. Falls when a conversion is started, and remains LOW until the conversion is completed and the data is latched 
into the output register. With CS lOW and RIC HIGH, output data will be valid when BUSY rises, so that the rising edge can 
be used to latch the data. CS or RIC must be HIGH when BUSY rises or another conversion will start without time for Signal 
acquisition. 
Analog positive supply input. Nominally +5V. Connect directly to pin 28. Decouple to ground with O.II'F ceramic and 101lF 
tantalum capacitors. 
Digital supply input. Nominally +5V. Connect directly to pin 27. Decouple to digilal ground wilh O.lI'F ceramic and 10l'F 
tantalum capacitors. 

TABLE I. Pin Assignments. 
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For Immediate Assistance, Contact. Your Local. Salesperson 

BURR - BROWN® 

IElElI ADS7814 

PRELIMINARY INFORMATION 
SUBJECT TO CHANGE 

WITHOUT NOTICE 

14-Bit 300kHz Sampling CMOS 
ANALOG-to-DIGITAL CONVERTER 

FEATURES 
• 300kHz SAMPLING RATE 

• ±2.5VINPUT RANGE 

• COMPLETE WITH SlH, REF, CLOCK, ETC. 

• FULL PARALLEL DATA OUTPUT WITH 
LATCHES 

• 28·PIN 0.3" PLASTIC DIP AND SOIC 

• 82dB min SINAD WITH 100kHz INPUT 

• INL: ±2.0LSB max 

• USES INTERNAL OR EXTERNAL 
REFERENCE 

• DNL: 14 Bits "No Missing Codes" 

DESCRIPTION 
TheADS7814 is a monolithic CMOS 14-bit analog
to-digital converter using state-of-the-art CMOS struc
tures. It contains a 14-bit, capacitor-based, SAR AID 
with inherent S/H, reference, clock, interface for 
microprocessor use, and three-state output drivers. 

The ADS7814 is available in a 28-pin plastic DIP and 
SOIC, both fully specified for operation over the 
industrial -40°C to +85°C temperature range. The 
ADS7814 is specified at a 300kHz sampling rate, and 
guaranteed over the full temperature rang(l. A ±2.5V 
input range allows development of precision systems 
using only ±5V supplies. 

RIC 
Successive ApproximaUon Register and Control Logic CS 

BUSY 

±2.5V Input Output Three 

Latches State 

and Three Parallel 

State Data 

Drivers Bus 

REFOutiln 

International Airport Induatrtal Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • S1reet Addre.s: 6730 S. Tucson Blvd. • TUCSon, AZ 85706 
Tel: (520)746-1111 • Twx: 91G-952-1111 • Cable:BBRCORP • Tel .. : 066-6491 • FAX: (520) 889·1510 • tmrnediateProductlnfo:(800)~l32 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 
SPECIFICATIONS 
ELECTRICAL 
At TA = -40°C to +85°C, 1s =: 300kHz, V01G =: +V ANA = +5V, ±5%, -v ANA = -5V. ±5%, using internal reference, unless otherwise specified. 

ADS7814P, U "W~'U' ~r~, UB 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP. 

RESOLUTION 14 

ANALOG INPUT 
Voltage Range ±2.5 · 
Impedance 100 · 
Capacitance 50 

"I:t' ..... 
. MAl( UNITS CO · Bits r--. 

C/) 
V C 

Mn <C pF 

THROUGHPUT SPEED • Conversion Cycle Acquire and Convert 3.33 · IlS 
Throughput Rate 300 kHz 

DC ........ un ..... 
Integral Linearity Error ±3 ±2 LSBI1) 
No Missing Codes 13 14 Bils 
Transition Noise(2) 0.2 LSB 
Full Scale ErrorlM) ±0.5 ±0.25 % 
Full Scale Error Drift ±7 ±5 ppmloC 
Bipolar Zero Error<') ±10 mV 
Bipolar Zero Error Drift ±2 ppmloC 
Power Supply Sensitivity 

(VOIG= VANA = Vs) +4.75V < Vo < +5.25V ±4 · LSB 
+5.25V < V ANA < -4.75V ±4 · LSB 

AC ........ un" ... 

Spurious·Free Dynamic Range liN = 100kHz 88 90 dBIS) 
Total Harmonic Distortion liN = 100kHz -88 -80 dB 
Signal-to-(Noise+Distortion) liN = 100kHz 80 82 dB 

-SOdB Input 22 24 dB 
Signal-to-Noise fiN = 100kHz 80 82 dB 
Full Power Bandwidthl') 1 MHz 

SAMPLING DYNAMICS 
Aperture Delay 40 ns 
Transient Response FS Step 600 ns 
Overv~ltage _Re5o~eryI7)_ 150 ns 

Internal Reference Voltage 2.48 2.5 2:52 · V 
Internal Reference Source Current 1 IlA 

(Must use external buffer) 
External Reference Voltage Range 2.3 2.5 2.7 · · · V 

for Specilied Linearity 
External Reference Current Drain VREF = +2.5V 100 IlA 
DIGITAL INPUTS 
logic Levels 

V" -{).3 +0.8 · · V 

t +2.8 Va +0.3 · · V 
±10 · IlA 
±10 · itA 

DIGITAL OUTPUTS 
Dala Format Parallel 14 bits 
Data Coding Binary Two's Complement 

VOL IsINK = 1.6mA +0.4 V 
VOH ISOURCE = 2001lA +4 V 

Leakage Current High-Z State, ±5 · IlA 

Output 
Your = OV to VOIG 

pF i . Hlgh-Z State 15 15 

DIGITAL TIMING 
Bus Access Time 65 ns 
Bus Relinquish Time 65 · ns 

POWER SUPPLIES 
Specified Performance 

V01G +4.75 +5 +5.25 · · V 
+VANA +4.75 +5 +5.25 · · V 

-VANA -5.25 -5 -4.75 · V 
Power- Dissipation fs = 300kHz 160 250 · mW 

TEMPERATURE RANGE 
Specified Performance -40 +85 · °C 
Derated Performance -55 +125 °C 

.. .. 
NOTES: (1) LSB means Least Slgmflcant BIt. For the 14-blt, ±2.5V Input ADS7814, one LSB IS 3051lV. (2) TYPical rrns nOise at worst case tranSitions and 
temperatures. (3) Adjustable to zero with external potentiometer. (4) Full scale error is Ihe worst case of -Full Scale or +Full Scale untrimmed deviation from Ideal 
firsl and last code transllions, divided by the Iransilion vollage (not divided by the full-scale range) and includes Ihe effect of offset error. (5) All specifications In 
dB are referred to a full-scale ±2.5V input. (6) Full-Power Bandwidth defined as Full-Scale Inpul frequency at which Signal-to-(Nolse+Dlstortlon) degrades to 60dB, 
or 10 bits of accuracy. (7) Recovers to specified performance after 2 x FS Input overvollage. 
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For Immediate Assistance, Contact Your Local Salesperson 

PIN# NAME DESCRIPTION 

1 Y,N Analog Inpul. Full-scale input range is ±2.5V. 
2 AGNDI Analog Ground. Used internally as ground reference point. 
3 REF Reference InpuVOulput. Outputs internal reference of +2.5V nominal. Must be buffered extemally 10 maintain ADS7811 

accuracy. Can also be driven by eXlernal system reference. In both cases, connect 10 ground with a O.IIlF ceramic 
capacitor. 

4 CAP Reference Compensation CapaCitor. 2.¥ tantalum to ground. 
5 AGND2 Analog Ground. 
6 DNC Do Nol Connect. Make no connection to this pin. 
7 DNC Do Not Connect. Make no connection to this pin. 
8 013 (MSB) Data Bit 13. Most significant bit (MSB of conversion results. Hi·Z stale when CS Is HIGH, or when RIC is LOW. 
9 Dt2 Data Bit 12. Hi-Z state when CS is HIGH, or when RIC is LOW. 
10 Dtl Data Bit 11. Hi-Z state when CS is HIGH, or when RIC is LOW. 
11 010 Data Bit 10. Hi-Z state when CS is HIGH, or when RIC Is LOW. 
12 09 Data Bit 9. Hi-Z state when CS is HIGH, or when RIC is LOW. 
13 08 Data Bit 8. Hi-Z state when CS is HIGH, or when RIC is LOW. 
14 DGND Digital Ground. 
15 07 Data Bit 7. Hi·Z state when CS is HIGH, or when RIC is LOW. 
16 06 Data Bit 6. Hi-Z state when CS is HIGH, or when RIC is LOW. 
17 05 . Data Bit 5. Hi·Z state when CS is HIGH, or when RIC is LOW. 
18 04 Data Bit 4. Hi·Z state when CS is HIGH, or when RIC is LOW. 
19 03 Data Bit 3. Hi·Z state when CS is HIGH, or when RIC is LOW. 
20 02 Data Bit 2. Hi·Z state when CS is HIGH, or when RIC is LOW. 
21 01 Data Bit 1. Hi-Z state when CS is HIGH, or when RIC is LOW. 
22 DO (LSB) Data Bit O. Least significant bit (LSB) of conversion results. Hi-Z state when CS is HIGH, or when RiC is LOW. 
23 -VANA Analog negative supply input. Nominally -SV. Decouple to analog ground with O.IIlF ceramic and IOIlF tantalum 

RIC 
capacitors. 

24 ReadiConvert Input. With CS LOW, a falling edge on RIC inputs the internal sample/hold into the hold state and starts 
a conversion. With CS LOW, a rising edge on RIC enables the output data bits. 

25 CS Chip Select. Int,!!!ally OR'd with RIC. With RIC LOW, a failing edge on CS will initiate a conversion. With RIC HIGH, a 
falling edge on CS will enable the output data bits. 

26 BUSY Busy output. Falls when a conversion~ started, and !!'mains LOW until the conversion is completed and the data is 
latched into the output register. With CS LOW and RIC HIGH, output data will be valid when BUSY rises, so that the 
rising edge can be used to latch the data. CS or R/C must be HIGH when BUSY rises or another conversion will start, 
without time for signal acquisition. 

27 +VANA Analog Positive Supply Input. Nominally +5V. Connect directly to pin 28. Decouple to ground with O.IIlF ceramic and 
1011f tantalum capacitors. 

28 V01G Digital Supply Input. Nominally +5V. Connect directly to pin 27. Decouple to digital ground with O.IIlF ceramic and IOIlF 
tantalum capacitors. 

TABLE I. Pin Assignments. 

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 andlor systems. 
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BURR - BROWN® 

IElElI ADS7819 

12-Bit 800kHz Sampling CMOS 
ANALOG-to-DIGITAL CONVERTER 

FEATURES 
• 1.25J.1S THROUGHPUT TIME 

• STANDARD ±2.5V INPUT RANGE 

• 70dB min SINAD WITH 250kHz INPUT 

• ±3/4 LSB max INL AND ±1 LSB max DNL 

• INTERNAL REFERENCE 

• COMPLETE WITH SIH, REF, CLOCK, ETC. 

• PARALLEL DATA wi LATCHES 

• 28·PIN 0.3" PDIP AND SOIC 

±2.5V Input 

Cap 

2.5V Ref Outlln O-----............. -JVV'--\ 

DESCRIPTION 
The ADS7819 is a complete 12-bit sampling AID 
using state-of-the-art CMOS structures. It contains a 
complete 12-bit capacitor-based SAR AID with inher
ent S/H, reference, clock, interface for microprocessor 
use, and three-state output drivers. 

The ADS7819 is specified at an 800kHz sampling 
rate, and guaranteed over the full temperature range. 
Laser-trimmed scaling resistors provide a ±2.5V input 
range and inherent overvoltage protection up to ±25V. 

The 28-pin ADS7819 is available in a plastic 0.3" DIP 
and in an SOlC, both fully specified for operation over 
the industrial -40°C to +85°C range. 

Output 
BUSY Latches 

and 
Three 

Three 
State 

State Parallel 
Drivers 

Data 
Bus 

International Airporllndustrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520)746-1111 • Twx: 9111-952·1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (520) 889-1510 • Immediate Product fnfo: (BOO) 548-6132 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS 
At T. = -4Q°C to .as°C, fs = 800kHz, +V rnG = +V NlA = +5V, -v AHA = -5V, using internal reference and the SOil input resistor shown in Figure 4b, unless otherwise specified. 

ADS7819P, U ADS7819PB, UB 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

RESOLUTION 12 · Bits 

ANALOG INPUT 
Voltage Range ±2.5 · V 
Impedance 3.1 · kll 
Capacitance 5 · pF 

THROUGHPUT SPEED 
Conversion Time 940 · ns 
Complete Cycle Acquire & Convert 1250 · ns 
Throughput Rate BOO · kHz 

DC ACCURACY 
Integral Linearity Error ±1 ±0.75 LSBll, 
Differential Linearity Error ±1 · LSB 
No Missing Codes Guaranteed · 
Transition Noise(2) 0.1 · LSB 
Full Scale Erro~" 4' ±D.5 ±D.25 % 
Full Scale Error Drift ±12 · ppm/oC 
Full Scale Errorl" 4' Ext. 2.5000V Ref ±D.5 · % 
Full Scale Error Drift Ext. 2.5000V Ref ±12 · ppmf'C 
Bipolar Zero Errorl') ±B ±4 LSB 
Bipolar Zero Error Drift ±2 ppml°C 
Power Supply Sensitivity 

(+VOIG = +VANA= Vo) +4.75V < Vo < +5.25V ±5 · LSB 
-5.25V < -V ANA < -4.75V ±D.5 · LSB 

ACACCURACY 
Spurious-Free Dynamic Range fiN = 250kHz 74 84 77 85 dBIs) 
Total Harmonic Distortion fiN = 250kHz -ll2 -74 -ll3 -77. dB 
Signal-to-(Nolse+Distortion) fiN = 250kHz 68 71 70 · dB 
Signal-to-Noise fiN = 250kHz 6B 71 70 · dB 
Usable Bandwidthl') 1.5 MHz 

SAMPLING DYNAMICS 
Aperture Delay 20 · ns 
Aperture Jiller 10 · ps 
Transient Response FS Step 180 · ns 
OveNoltage Recovery(7) 250 · ns 

REFERENCE 
Intemal Reference Voltage 2.48 2.5 2.52 · · · V 
Intemal Reference DC Source Current 100 · JJ.A 

(External load should be static) 
Internal Reference Drift 6 ppmf'C 
External Reference Voltage Range 2.3 2.5 2.7 · V 

For Specified Unearity 
External Reference Current Drain Ext. 2.5000V Ref 100 · JJ.A 

DIGITAL INPUTS 
Logic Levels 

VIL -{l.3 +0.8 · V 
V,H +2.4 Vo + 0.3 · · V 
III VIL = OV ±10 · JJ.A 
IIH V,H = 5V ±10 · JJ.A 

DIGITAL OUTPUTS 
Data Format Parallel 12-bits 
Data Coding Binary Two's Complement 

VOL ISINK = 1.6mA +0.4 V 
VOH ISOURCE = 500JJ.A +2.8 V 

Leakage Current High-Z State, ±5 VA 
Vour = OV to V01G 

Output Capacitance High-Z State 15 · pF 

DIGITAL TIMING 
Bus Aocess Time 62 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 specnications are subject to change 
without notice. No patent rights or licenses to any of the circuils 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 (CO NT) 
At TA = -40°C to +85°C, fs = 800kHz, +V01G = +V ANA = +5V, -v mA = -SV I using internal reference and the son input resistor shown in Rgura 4b, unless otherwise specified. 

PARAMETER CONDITIONS UNITS 

POWER SUPPLIES 
Specified Performance 

+VOIG= +VANA +4.75 +5 +5.25 V 
-VANA -5.25 -5 -4.75 V 

+lolG +16 mA 
+IANA +16 mA 

-lANA -13 mA 
Derated Performance 

+V01G = +V ANA +4.5 +5 +5.5 V 
-VANA -5.5 -5 -4.5 V 

Power Dissipation fs = 800kHz 225 275 mW 

TEMPERATURE RANGE 
Specified Periormance -40 +85 'C 
Derated Periormance -55 +125 'C 
Storage -65 +150 'C 
Thermal Resistance (8JA) 

Plastic DIP 75 'CIW 
SOIC 75 'CIW 

NOTES: (1) lSB means least Significant Bit. For the 12-bit, ±2.5V input ADS7819, one LSB is 1.22mV. (2) Typical rms noise at worst case transitions and 
temperatures. (3) Measured with son in series with analog input. 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 ±2.5V input. (6) Usable Bandwidth defined as Full-Scale input frequency at which Signal
to-(Noise+Distonlon) degrades to 60dB, or 10 bits of accuracy. (7) Recovers to specified periormance after 2 x FS input over voltage. 

ABSOLUTE MAXIMUM RATINGS 

Analog Inpuls: V,N ...••...•.....•..•.•.•.•..••.•.••.•••...•••.•••...•••.•••••••••••••••••...•..• ±25V 
REF .................................... +VANA +0.3V to AGND2 -{).3V 
CAP ........................................... Indefinite Shon to AGND2 

Momentary Shon to +V AHA 

Ground Voltage Differences: DGND, AGND1, AGND2 •..•............... ±0.3V 
+VANA •.•••.•••...•••..••.••••••••.•••.•••••.•.•••.••••..••.•..••..•..••••••••••••••••••••••••.••..••..•• +7V 
+VDIG to +V ANA ................•..........•.....................................•...•........... +0.3V 
+VDlG ••••••••••••••••••••••.•••••.•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 7V 
-VANA ................................................................................................... -7V 
Digitallnpuls ............................................................ -{).3V to +VDIG +0.3V 
Maximum Junction Temperature ................................................... +165°C 
Internal Power Dissipation ............................................................. 825mW 
lead Temperature (soldering, 1 Os) ................................................ +300°C 

ORDERING AND PACKAGE INFORMATION 

MINIMUM 

MAXIMUM SIGNAL-TO-
fNTEGRAL (NOISE + 
LINEARITY DISTORTION) 

MODEL ERROR (LSB) RATIO (dB) 

ADS7819P ±1 68 
ADS7819PB ±O.75 70 
ADS7819U ±1 68 
ADS7819UB ±0.75 70 

A ELECTROSTATIC 
~ DISCHARGE SENSITIVITY 

Electrostatic discharge can cause damage ranging from 
performance degradation to complete device failure. Burr
Brown Corporationrecommends that all integrated circuits be 
handled and stored using appropriate ESD protection 
methods. 

SPECIFICATION 
TEMPERATURE PACKAGE DRAWING 

RANGE PACKAGE NUMBER(1) 

-40°C to +85°C 28-Pin Plastic DIP 246 
-40°C to +85°C 28-Pin Plastic DIP 246 
-40°C to +85°C 28-Pin SOIC 217 
-40'C to +85°C 28-Pin SOIC 217 

NOTE: (1) For detailed drawing and dimension table, please see end of data shee1, or Appendix C of Burr-Brown IC Data Book. 
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For Immediate Assistance, Contact Your Local Salesperson 
PIN ASSIGNMENTS 

DIGITAL 
PIN# NAME VO DESCRIPTION 

1 V,N Analog Input. Conneo1 via 50n to analog input. Full-scale input range is ±2.5V. 
2 AGNDI Analog Ground. Used internally as ground reference point. Minimal current flow. 
3 REF Reference Input/Output. Outputs Internal reference of +2.5V nominal. Can also be driven by external system 

reference. In both cases, decouple to ground with a O.1~F ceramic capacitor. 
4 CAP Reference Buffer Output. 1 O~F tantalum capacitor to ground. Nominally +2V. 
5 AGND2 Analog Ground. 
6 011 (MSB) 0 Data Bit 11. Most Signnicant Bit (MSB) of conversion results. Hi-Z state when CS is HIGH, or when Ric is 

LOW, or when a conversion i~ progress. 
7 010 0 Data Bit 10. Hi-Z state when...QS is HIGH, or when f!!.C is LOW, or when a conversion is In progress. 
8 09 0 Data Bit 9. Hi-Z state when CS is HIGH, or when RIC Is LOW, or when a conversion Is in progress. 
9 08 0 Data Bit 8. Hi-Z state when CS is HIGH, or when RIC is LOW, or when a conversion is in progress. 
10 07 0 Data Bit 7. Hi-Z state when CS is HIGH, or when RIC is LOW, or when a conversion is in progress. 
11 06 0 Data Bit 6. Hi-Z state when CS is HIGH, or when RIC is LOW, or when a conversion is in progress. 
12 05 0 Data Bit 5. Hi-Z state when 2§ is HIGH, or when Rl2 is LOW, or when a conversion is in progress. 
13 04 0 Data Bit 4. Hi-Z state when CS Is HIGH, or when RIC is LOW, or when a conversion Is in progress. 
14 DGND Digital Ground. 
15 03 0 Data Bit 3. Hi-Z state when CS is HIGH, or when RIC is LOW, or when a conversion is in progress. 
16 02 0 Data Bit 2. Hi-Z state when 2§ Is HIGH, or when Rl2 is LOW, or when a conversion is in progress. 
17 01 0 Data Bit 1. Hi-Z state when CS is HIGH, or when RIC is LOW, or when a co~rsion is in progress. _ 
18 DO (LSB) a Data Bit O. Least Significant Bit (LSB) of conversion results. Hi-Z state when CS is HIGH, or when RIC is 

LOW, or when a conversion is in progress. 
19 Not intemally conneo1ed. 
20 +V_ Analog Positive Supply Input. Nominally +5V. Connec1 direo1ly to pins 21, 27 and 28. 
21 +VDlG Digital Supply Input. Nominally +5V. Conneo1 direo1ly to pins 20, 27 and 28. 
22 DGND Digital ground. 
23 RIC I Read/Convert Input. With ~ LOW, a falling edge on RIC puts the intemal sample/hol'!,into the hold state and 

starts a conversion. With CS LOW and no conversion in progress, a rising edge on RIC enables the output 
data bits. 

24 C§ I Chip Seleo1. With RIC LOW, a falling edge on CS will initiate a conversion. With RIC HIGH and no conversion 
in progress, a failing edge on CS will enable the output data bits. 

BUSY 25 a Busy Output. Falls when a conversion is started, and remains LOW until the conversion is completed and the 
data is latched into the output register. With CS LOW and RIC HIGH, output data will be valid when BUSY 
rises, so that the rising edge can be used to latch the data. 

26 -VANA Analog Negative Supply Input. Nominally -5V. Decouple to ground with O.I~F ceramic and 10~F tantalum 
capacitors. 

27 +VDlG Digital Supply Input. Nominally +5V. Conneo1 direo1ly to pins 20, 21 and 28. 
28 +V_ Analog Positive Supply Input. Nominaily +5V. Connec1 direc1ly to pins 20, 21 and 27, and decouple to ground 

with O.I~F ceramic and 10~F tantalum capaCitors. 

PIN CONFIGURATION 

V,N 28 +VANA 

AGNDI +V01G 

REF -V"'A 

CAP BUSY 

AGND2 CS 

011 (MSB) RIC 

010 DGND 
ADS7819 

09 +VorG 

08 +VANA 

07 Nc(1) 

06 DO (LSB) 

05 01 

D4 02 

DGND 14 15 03 

NOTE: (1) Not Internally Connec1ed. 

2.316 
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TYPICAL PERFORMANCE CURVES 
T = +2SoC, fs =800kHz, +VDIG = +VANA = +SV, -VANA = -5V, using internal reference and the input SOQ resistors as shown in Figure 4b, unless otherwise specified. 
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TYPICAL PERFORMANCE CURVES (CONT) 
T = +25°C. fs =800kHz. +VDlG = +VANA = +5V. -VANA = -5V. using internal reference and Ihe 50n inpul resislors as shown in Figure 4b. unless otherwise specified. 
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BASIC OPERATION 
Figure 1 shows a basic circuit to operate the ADS7819. 
Taking Ric (pin 23) LOW for 40ns will initiate a conver
sion. BUSY (pin 25) 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 Dll (pin 6). BUSY going HIGH can be 
used to latch the data. All convert commands will be ignored 
while BUSY is LOW. 

CS RIC BUSY OPERATION 

1 X X None. Oalabus in Hi·Z state. 

~ 0 1 Initiates conversion. Databus remains in 
Hi·Z state. 

0 ~ 1 Initiates conversion. Databus enters Hi-Z 
slate. 

0 1 r Conversion completed. Valid data from the 
most recent conversion on the databus. 

~ 1 1 Enables databus with valid data from the 
most recent conversion. 

~ 1 0 Conversion in progress. Oatabus in Hi·Z 
state. enabled when the conversion is completed. 

0 r 0 Conversion in progress. Databus in Hi-Z 
stale, enabled when the conversion is completed. 

0 0 r Conversion completed. Valid data from the 
most recent conversion in the output register 
bul the output pins 011·00 are tri·.tated. 

X X 0 New convert commands ignored. Conversion 
in progress. 

Table I. Control Line Functions for 'read' and 'convert'. 

son 
±2.SV 

O.I~F 

011 (MSB) 

010 

09 

08 

07 

06 

OS 

04 

FIGURE 1. Basic Operation 
BURR-BROWN(5I 

The ADS7819 will begin tracking the input signal at the end 
of the conversion. Allowing 1.25!lS between convert com
mands assures accurate acquisition of a new signal. 

STARTING A CONVERSION 
The combination of CS (pin 24) and Ric (pin 23) LOW for 
a minimum of 40ns puts the sample/hold of the ADS7819 in 
the hold state and starts a conversion. BUSY (pin 25) will go 
LOW and stay LOW until the conversion is completed and 
the internal output register has been updated. All new 
convert commands during BUSY LOW will be ignored. 

The ADS7819 will begin tracking the input signal at the 
of the conversion. Allowing 1.25!lS between convert com
mands assures accurate acquisition of a new signal. Refer to 
Table I for a summary of CS, Ric' and BUSY states and 
Figures 2 and 3 for timing parameters. 

DESCRIPTION ANALOG VALUE DIGITAL OUTPUT 

Full Scale Range ±2.SV 
BINARY TWO'S COMPLEMENT 

Least Significant 1.22mV 
Bit (LSB) BINARY CODE HEX CODE 

+Full Scale 2.499V 011111111111 7FF 
(2.SV - 1 LSB) 

Midscale OV 0000 0000 0000 000 

One LSB below -1.22mV 111111111111 FFF 
Midscale 

-Full Scale -2.SV 1000 0000 0000 BOO 

TABLE II. Ideal Input Voltages and Output Codes. 

+SV 

--5V 

BUSY 

Convert Pulse --u-
I-.j 

40nsmln 

DO (LSB) 

01 

02 

03 
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For Immediate Assistance, Contact Your Local Salesperson 
CS and RIC are internally OR'd and level triggered. There 
is not a requirement which input goes LOW first when 
initiating a conversion. If it is critical that CS or Ric initiate 
the conversion, be sure the less critical input is LOW at least 
IOns prior to the initiating input. 

To reduce the number of control pins, CS can be tied LOW 
using RIC to control the read and convert modes. Note that 
the parallel output will be active whenever RIC is HIGH and 
no conversion is in progress. See the Reading Data section 
and refer to Table I for control line functions for 'read' and 
'convert' modes. 

READING DATA 
The ADS7819 outputs full parallel data in Binary Two's 
Complement data format. The parallel output will be active 
when RIC (pin 23) is HIGH, CS (pin 24) is LOW, and no 
conversion is in progress. Any other combination will tri-state 
the parallel output. Valid conversion data can be read in a full 
parallel, 12-bit word on 011-DO (pins 6-13 and 15-18). Refer 
to Table II for ideal output codes. 

Mter the conversion is completed and the output registers 
have been updated, BUSY (pin 25) will go HIGH. Valid data 
from the most recent conversion will be available on 
011-00 (pins 6-13 and 15-18). BUSY going HIGH can be 
used to latch the data. Refer to Table ill and Figures 2 and 3. 

Note: For best performance, the external data bus connected 
to 011-00 should not be active during a conversion. The 
switching noise of the external asynchronous data signals 
can cause digital feed through degrading the converter's 
performance. 

The number of control lines can be reduced by tieing CS 
LOW while using Ric to initiate conversions and activate 
the output mode of the converter. See Figure 2. 

INPUT RANGES 
The ADS7819 has a ±2.5V input range. Figures 4a and 4b 
show the necessary circuit connections for the ADS7819 
with and without external hardware trim. Offset and full 
scale error(1) specifications are tested and guaranteed with 
the son resistor shown in Figure 4b. This external resistor 
makes it possible to trim the offset ±12mV using a trim pot 
or trim OAC. This resistor may be left out if the offset and 
gain errors will be corrected in software or if they are 
negligible in regards to the particular application. See the 
Calibration section of the data sheet for details. 

The nominal input impedance of 3.125kQ results from the 
combination of the internal resistor network shown on the 
front page of the product data sheet and the external son 
resistor. The input resistor divider network provides inherent 
over-voltage protection guaranteed to at least ±25V. The 
son, 1% resistor does not compromise the accuracy or drift 
of the converter. It has little influence relative to the internal 
resistors, and tighter tolerances are not required. 

Note: 'The values shown for the internal resistors are for 
reference only. The exact values can vary by ±30%. This is 
true of all resistors internal to the AOS7819. Each resistive 
divider is trimmed so that the proper division is achieved. 

NOTE: (1) Full scale error includes offset and gain errors and is measured al 
both +FS and -FS. 

SYMBOL DESCRIPTION MIN TVP MAX UNITS 

I, Convert Pulse Width 40 ns 

t, Data Valid Delay 965 1100 ns 
After Start of Conversion 

Ie BUSY Delay 70 125 ns 
From Start of Conversion 

t.. BUSY LOW 960 1085 ns 
--

Is BUSY Delay After 90 ns 
End of Conversion 

Is Aperture Delay 20 ns 

17 Conversion Time 940 1030 ns 

Ie AcquiSition Time 180 220 ns 

17 & Ie Throughpul Time 1120 1250 ns 

Ig Bus Relinquish Time 10 50 83 ns 

1'0 BUSY Delay 20 65 100 ns 
After Data Valid 

t" RIC to CS 10 ns 
Setup Time 

1,2 TIme Between 1250 ns 
Conversions 

I" Bus Access TIme 10 30 62 ns 

TABLE'ill. Timing Specifications (T MIN to T MAX)' 
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f 
Convert Acquire Convert 

17 1--1,-1 

MODE 
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-Ig-I ~ 1,0 

DATA BUS 

FIGURE 2_ Conversion Timing with Outputs Enabled After Conversion (CS Tied Low)_ 
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I-Ie 
f 

I-I" -I 

11111111111111 

-15-1 
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Convert 

17 

12 

Hi-ZStale 

FIGURE 3_ Using CS to Control Conversion and Read Timing_ 

NOTE: Use 1 % melal film resislors. Trim offsel al OV flrsl, Ihen Irim 
gain al 2.5V. 

-t11 - I-I" 

\\\\\\\\\\ 

'----

Acquire 

Data Valid * Hi-Z Stale 

-1'3- _I,~ 

50n 

AGNDI 

r-----jREF 

CAP 

'-----+--1 AGND2 

FIGURE 4a. Circuit Diagram With External Hardware Trim_ FIGURE 4b_ Circuit Diagram Without External Hardware 
Trim_ 
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CALIBRATION 
The ADS7819 can be trimmed in hardware or software. The 
offset should be trimmed before the gain since the offset 
directly affects the gain. 

Hardware Calibration 
To calibrate the offset and gain of the ADS7819, install the 
proper resistors and potentiometers as shown in Figure 4a. 
The calibration range is ±12m V for bipolar zero and ±30m V 
for full scale. 

Potentiometer PI and resistor RI form the offset adjust 
circuit and P2 and R2 the gain adjust circuit. The exact values 
are not critical. RI and R2 should not be made any larger than 
the value shown. They can easily be made smaller to provide 
increased adjustment range. Reducing these below IS% of 
the indicated values could begin to adversely' affect the 
operation of the converter. 

PI and P2 can also be made larger to reduce power dissipa
tion. However, larger resistances will push the useful adjust~ 
ment range to the edges of the potentiometer~ PI should 
probably not exceed 20kn and P2 100kn in order to main
tain reasonable sensitivity. 

Software Calibration 
To calibrate the offset and gain of the ADS7819, no external 
resistors are required. See the No Calibration section for 
details on the effects of the external resistor. 

No Calibration 
See Figure 4b for circuit connections. Note that the actual 
voltage dropped across the son resistor is nearly two orders 
of magnitude lower than the voltage dropped across the 
internal resistor divider network. This should be taken into 
consideration when choosing the accuracy and drift specifi
cations of the external resistors. In most applications, 1 % 
metal-film resistors will be sufficient. 

'" '" '" 

Digital 
Output 

+ Full Scale 

-Full Scale 

The external son resistor shown in Figure 4b may not be 
necessary in some applications. This resistor provides trim 
capability for the offset and compensates for a slight gain 
adjustment internal to the ADS7819. Not using the son 
resistor will cause a small gain error but will have no effect 
on the inherent offset error. Figure S shows typical transfer' 
function characteristics with and without the son resistor in 
the circuit. 

REFERENCE 
The ADS78 19 can operate with its intemal2.5V reference or an 
external reference. By applying an external reference to pin 3, 
the internal reference can be bypassed. The reference voltage at 
REF is buffered internally and output on CAP (pin 4). 

The internal reference has a 6 ppmrc drift (typical) and 
accounts for approximately 20% of the full scale error 
(FSE = ±O.S% for low grade, ±O.2S% for high grade.) 

REF 

REF (pin 3) is an input for an external reference or the 
output for the internal 2.SV reference. A 0.11JP 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 band limit noise on the reference. Using a smaller 
value capacitor will introduce more noise to the reference 
degrading 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. 

Typical Transfer Function 
with 50n Resistor 

Typical Transfer Function 
WHhout 50n Resistor 

FIGURE S. Circuit Diagram With and Without External Resistors .. 
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CAP 

CAP (pin 4) is the output of the internal reference buffer. A 
10!!F tantalum capacitor should be placed as close to the 
CAP as possible to provide optimum switching currents for 
the CDAC throughout the conversion cycle and compensa
tion for the output of the buffer. Using a capacitor any 
smaller than 1!!F can cause the output buffer to oscillate and 
may not have sufficient charge for the CDAC. Capacitor 
values larger than IOIJP will have little effect on improving 
performance. The voltage on the CAP pin is approximately 
2V when using the internal reference. or 80% of an exter
nally supplied reference. 

LAYOUT 
POWER 

The ADS7819 uses the majority of its power for analog and 
static circuitry, and it should be considered as an analog 
component. For optimum performance, tie the analog and 
digital +5V power pins to the same +5V power supply and 
tie the analog and digital grounds together. 

For best performance, the ±5V supplies can be produced 
from whatever analog supply is used for the rest of the 
analog signal conditioning. If ±12V or ±15V supplies are 
present, simple regulators can be used. The +5V power for 
the NO should be separate from the +5V used for the 
system's digital logic. Connecting +VDIG (pin 27) directly to 
a digital supply can reduce converter performance due to 
switching noise from the digital logic. 

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 ftltered digital supply or a regulated 
analog supply, both VDIG and V ANA should be tied to the 
same +5V source. 

GROUNDING 

Three ground pins are present on the ADS78 19. DGND (pin 22) 
is the digital supply ground. AGND2 (pin 5) is the analog 
supply ground. AGNDI (pin 2) is the ground which all analog 
signals internal to the NO are referenced. AGNDI is more 
susceptible to current induced voltage drops and must have the 
path of least resistance back to the power supply. 

All the ground pins of the ADS should be tied to the 
analog ground plane, separated from the system's digital 
logic ground, to achieve optimum performance. Both ana
log and digital ground planes should be tied to the "sys
tem" 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-BROWNe 

SIGNAL CONDITIONING 

The FET switches used for the sample hold on many CMOS 
AID converters release a significant amount of charge injec
tion which can cause the driving op amp to oscillate. The 
FET switch on the ADS7819, compared to FET switches on 
other CMOS NO 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 op amp on the front end. Any op amp 
sufficient for the signal in an application will be sufficient to 
the drive the ADS78l9. 

The resistive front end of the ADS7819 also provides a 
guaranteed ±25V over voltage protection. In most cases, this 
eliminates the need for external input protection circuitry. 

INTERMEDIATE LATCHES 

The ADS7819 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 
conversions, the tri-state outputs can be used to isolate the 
NO from other peripherals on the same bus. 

Intermediate latches are beneficial on any monolithic AID 
converter. The ADS7819 has an internal LSB size of 6101.iV. 
Transients from fast switching signals on the parallel port, 
even when the NO is tri-stated, can be coupled through the 
substrate to the analog circuitry causing degradation of 
converter performance. 
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BURR - BROWN® 

IElElI ADS7820 

PRELIMINARY INFORMATION 
SUBJECT TO CHANGE 

WITHOUT NOTICE 

12-Bit 1 OilS Sampling CMOS 
ANALOG-to-DIGITAL CONVERTER 

FEATURES 
• 100kHz min SAMPLING RATE 

• 0 to +5V INPUT RANGE 

• 72dB min SINAD WITH 45kHz INPUT 

• ±112 LSB max INL AND DNL 

• SINGLE +5V SUPPLY OPERATION 

• PIN-COMPATIBLE WITH 16-BIT ADS7821 

• USES INTERNAL OR EXTERNAL 
REFERENCE 

• COMPLETE WITH SIH, REF, CLOCK, ETC. 

• FULL PARALLEL DATA OUTPUT 

• 100mW max POWER DISSIPATION 

• 28-PIN 0.3" PLASTIC DIP AND SOIC 

51<0 
o to +5V Input O-Vw_--_---IfO 

DESCRIPTION 
The ADS7820 is a complete 12-bit sampling AID 
using state-of-tbe-art CMOS sh:Uctures. It contains a 
complete l2-bit, capacitor-based SAR AID witb StH, 
reference, clock, interface for microprocessor use, and 
tbree-state output drivers. 

The ADS7820 is specified at a 100kHz sampling rate, 
and guaranteed over tbe full temperature range. Laser
trimmed scaling resistors provide a 0 to +5V input 
range, witb power dissipation under lOOmW. 

The 28-pin ADS7820 is available in a plastic 0.3" DIP 
and in an SOlC, botb fully specified for operation over 
tbe industrial -40°C to +85°C range. 

-Ric 
Successive Approximation Register and Control Logic -CS 

-BYTE 
BUSY 

Output Three 
Latches State 

and Parallel 
Three Data 
State Bus 

Drivers 

REFo--------~~~NV~-~ 

International Airport Industrial Part< • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tol:(52O)74&-I111 • Twx: 911J-952·1111 • Cable:BBRCORP • Telex: 066-6491 • FAX:(520)889-1510 • IrnmedlateProductlnlo:(BOO)548-6132 
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SPECIFICATIONS 
ELECTRICAL 
T A = -40°C to +85QC, fS = 100kHz, V DIG = V ANA = +5V I using internal reference, unless otherwise specified. 

PARAMETER CONDITIONS MIN TVP MAX MIN 

n~~u~u"u .. 12 

ANALOG INPUT 
Voltage Ranges o to +5 
Impedance 10 
Capacitance 35 

THROUGHPUT SPEED 
Conversion Time 5.7 8 
Complete Cycle Acquire and Convert 10 
Throughput Rate 100 

DC ACCURACY 
Integral Linearity Error ±0.9 
Differential Linearity Error ±0.9 
No Missing Codes 'Guaranteed 
Transition Noise(2I 0.1 
Full Scale Error"") ±0.5 
Full Scale Error Drift ±7 
Full Scale Error"" Ext. 2.5000V Ref ±0.5 
Full Scale Error Drift Ext. 2.5000V Ref ±2 
Offset Error ±10 
Offset Error Drift ±2 
Power Supply Sensitivity +4.75V < Vo< +5.25V ±0.5 

(Vo", = VAN. = Vol 

ACACCURACY 
Spurious-Free Dynamic Range f'N= 45kHz 80 
Total Harmonic Distortion fIN = 45kHz -80 
Signat·to-(Noise+Distortion) fIN = 45kHz 70 72 
Sign aHa-Noise fIN = 45kHz 70 72 
Full-Power Bandwidth") 250 

SAMPUNG DYNAMICS 
Aperture Delay 40 
Aperture Jitter i i to meet pi:; specs 
Transient Response FS Step 2 
Overvoltage Recovery"' 150 

REFERENCE 
Internal Reference Voltage 2.48 2.5 2.52 
Internal Reference Source Current 1 

(Must use external buffer.) 
External Reference Voltage Range 2.3 2.5 2.7 

for Specified Linearity 
External Reference Current Drain Ext. 2.5000V Ref 100 

DIGITAL INPUTS 
logiC Levels 

VIL -0.3 +0.8 . 
VIH +2.0 Vo +O.3V 

III ±10 
IIH ±10 

DIGITAL OUTPUTS 
Data Format Parallel 12 bits 
Data Coding Straight Binary 

V", ISLNK = 1.6mA +0,4 
VON 'SOURCE::: 500}JA +4 . 

Leakage Current High-Z State, ±5 
VOOT = OV to VOIG 

Output Capacitance High-Z State IS 

DIGITAL TIMING 
Bus Access Time 83 
Bus Relinquish Time 83 

TVP MAX UNITS 

Bits 

V 
k!! 
pF 

)1S 
)1S 

kHz 

±0,45 LSB") 
±0,45 LSB 

Bits 
· LSB 

±0.25 % 
±5 ppmJ°C 

±0.25 % · ppm/oC 
mV 

ppm/oC 
LSB 

dB)S) 
dB 
dB 
dB 
kHz 

· ns 

· · )1S 

· ns 

· · V 
)1A 

· V 

· )1A 

· V 

· V 

· )1A · )1A 

V 
V · )1A 

pF 

ns 

· 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 awn 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 nat 
authorize or warrant any BURR-BROWN product for use in life support devices andlor systems. 
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For Immediate Assistance, Contact Your Local Salesperson 

SPECIFICATIONS (CONT) 

ELECTRICAL 
T. = -4O·C 10 +85·C, fs = 100kHz, VD .. = V.N• = +5V, using intemal reference, unless olherwise specified. 

ADS7820PJU ADS7820PBlUB 

PARAMETER CONDmONS . MIN TYP MAX MIN TYP MAX UNITS 

POWER SUPPLIES 
Specified Periormance 

VOJG Must be ~ V ANA +4.75 +5 +5.25 . · V 
VAN. +4.75 +5 +5.25 · V 
+1010 0.3 mA 
+IANA 16 rnA 

Power Dissipation fs - 100kHz 100 mW 

TEMPERATURE RANGE 
Specified Periormance -40 +85 ·C 
Derated Periormance -55 +125 · ·C 
Storage -65 +150 · ·C 
Thermal Resistance (8JA) 

Plastic DIP 75 ·CIW 
SOIC 75 ·CIW 

NOTES: (1) LSB means Least Significant Bit. For the 12-bit, 0 to +SV Input ADS7820, one LSB is 1.22mV. (2) Typical rms noise at worst case Iransitions and 
temperatures. (3) Adjustable to zero wilh external potentiometer as shown in Figure 4b. (4) Full scale error is the worst case of Full Scale untrimmed deviation from 
ideal last code transition divided by the transijion voltage and includes the effect of offset error. (S) All specifications in dB are referred to a full-scale input. (6) Full
Power Bandwidth defined as Full-Scale input frequency al which Signal-to-(Noise + Distortion) degrades to 60dB, or 10 bits of accuracy. (7) Recovers 10 specified 
periormance after 2 x FS input overvollage. 

ABSOLUTE MAXIMUM RATINGS 

Analog Inputs: V ~ ................................... _ .......................................... ±20V 
REF ..................................... +V_ +0.3V10 AGND2-D.3V 
CAP ........................................... Indefinile Short to AGND2 

Momenlary Short to V _ 
Ground Vollage Differences: DGND, AGND1, AGND2 ................... ±0.3V 
V_ ................................................................ _ ....................................... 7V 
V D1G to V ANA ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• +O.3V 
VDlG •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 7V 
Digilallnputs ............................................................. -D.3V 10 +V D'O +0.3V 
Maximum Junction Temperature ................................................... +165°C 
Internal Power Dissipalion ............................................................. B2SmW 
Lead Temperalure (soldering, lOs) ................................................ +300·C 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER(') 

ADS7820P Plastic DIP 246 
ADS7820PB Plastic DIP 246 
ADS7820U SOIC 217 
ADS7B20UB SOIC 217 

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

ORDERING INFORMATION 

MINIMUM 
SIGNAL-TO-

MAXIMUM (NOISE + SPECIFICATION 
LINEARITY DISTORTION) TEMPERATURE 

MODEL ERROR (LSB) RATIO (dB) RANGE 

ADS7820P ±0.9 70 -40·C to +BS·C 
ADS7820PB ±O.4S 72 -40·C to +B5·C 
ADS7820U ±0.9 70 -40·C to +B5·C 
ADS7820UB ±O.4S 72 -40·C to +B5·C 

A ELECTROSTATIC 
~ DISCHARGE SENSITIVITY 
Electrostatic discharge can cause damage ranging from per
formance degradation to complete device· failure_ Burr
Brown Corporation recommends that all integrated circuits 
be handled and stored using appropriate ESD protection 
methods. 

ESD damage can range from subtle performancedegrada
tion 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 
published specifications. 

PACKAGE 

Plaslic DIP 
Plastic DIP 

SOIC 
SOIC 

BURR-BROWNe 
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PIN CONFIGURATION 

V,N 28 V01G t, Convert Pulse Width 40 5000 ns 

AGND1 t, Data Valid Delay after Ric LOW 8 Ils 

BUSY 
t, BUSY Delay from RIC LOW 65 ns 

t, BUSY LOW 8 IlS es 
t, BUSY Delay after 220 ns 

RIC End of Conversion 

BYTE 
t, Aperture Delay 40 ns 

t, Conversion Time 5.7 IlS 
DZ 

t, Acquisition TIme 2 ADS7820 IlS 

DZ t, Bus Relinquish Time 10 35 83 ns 

DZ t" BUSY Delay after Data Valid 50 200 ns 

DZ t" Previous Data Valid Ils 
after RIC LOW 

DO (LSB) 17+ t8 Throughput Time 7.5 10 Ils 

01 t" RIC to es Setup Time 10 ns 

02 t" Time Between Conversions 10 IlS 

t" Bus Access Time 10 83 ns 
DGND 14 15 03 and BYTE I 

TABLE I. Conversion Timing. 

PIN ASSIGNMENTS 

PIN # NAME DESCRtPTION 

1 V," Analog Input. Full-scale input range is a to +5V. 

2 AGND1 Analog Ground. Used internally as ground reference point. 

3 REF Reference Input/Output. Outputs internal reference of +2.5V nominal. Can also be driven by external system reference. In both 
cases, connect to ground with a 2.2~F Tantalum capacitor. 

4 CAP Reference Buffer Capacitor. 2.21lF Tantalum to ground. 

5 AGND2 Analog Ground. 

6 011 (MSB) Data Bit 11. Most Significant Bit (MSB) of conversion results. Hi-Z state when es is HIGH, or when RIC is LOW. 

7 010 Data Bit 10. Hi-Z state when es is HIGH, or when RIC is LOW. 

8 09 Data Bit 9. Hi-Z state when es is HIGH, or when RIC is LOW. 

9 08 Data Bit 8. Hi-Z state when es is HIGH, or when RIC is LOW. 

10 07 Data Bit 7. Hi-Z state when es is HIGH, or when RIC is LOW. 

11 06 Data Bit 6. Hi-Z state when es is HIGH, or when RIC is LOW. 

12 05 Data Bit 5. Hi-Z state when CS is HIGH, or when RIC is LOW. 

13 D4 Data Bit 4. Hi-Z state when CS is HIGH, or when RIC is LOW. 

14 DGND Digital Ground. 

15 03 Data Bit 3. Hi-Z state when CS is HIGH, or when RIC is LOW. 

16 02 Data Bit 2. Hi-Z state when CS is HIGH, or when RIC is LOW. 

17 01 Data Bit 1. Hi-Z state when CS is HIGH, or when RIC is LOW. 

18 DO (LSB) Data Bit O. Lease Significant Bit (LSB) of conversion results. Hi-Z state when CS is HIGH, or when RIC is LOW. 

19 DZ Data Zero. LOW when CS LOW and RIC HIGH. Hi-Z state when CS is HIGH, or when RIC is LOW. 

20 DZ Data Zero. LOW when es LOW and RIC HIGH. Hi-Z state when CS is HIGH, or when RIC is LOW. 

21 DZ Data Zero. LOW when CS LOW and RIC HIGH. Hi-Z state when CS is HIGH, or when RIC is LOW. 

22 DZ Data Zero. LOW when CS LOW and RIC HIGH. Hi-Z state when CS is HIGH, or when RIC is LOW. 

23 BYTE Byte Select. With BYTE LOW, data will be output as indicated above, causing pin 6 (011) to output the MSB, and pin 18 (DO) to 
oulput the LSB. Pins 19 to 22 will output LOWs. With BYTE HIGH, the top and bottom 8 bits of data will be switched, so that pin 6 
outputs data bit 3, pin 9 outputs data bit a (LSB), pin 10 to 13 output LOWs, pin 15 outputs data bit 11 (MSB) and pin 22 outputs 
data bit 4. 

24 RIC Readl~nvert input. With CS LOW ,-a falling edge on RIC puts the internal samplelhold into the hold state and starts a conversion. 
With CS LOW, a rising edge on RIC enables the output data bits. 

25 CS Chi~elect. Internally OR'd with RIC. With RIC LOW, a falling edge on CS will initiate a conversion. With RIC HIGH, a falling edge 
on CS will enable the output data bits. 

26 BUSY Busy Output. Falls when a conversion is started, and remains LOW until the conversion is completed and the data is latched into the 
output register. With CS LOW and RIC HIGH, output data will be valid when BUSY rises, so that the rising edge can be used to 
latch the data. CS or RIC must be high when E!OS'i' rises, or another conversion will start, without time for signal acquisition. 

27 VAHA Analog Supply Input. Nominally +5V. Connect directly to pin 28. Decouple to ground with 0.11lF ceramic and 10llF Tantalum 
capacitors. 

28 VOIG Digital Supply Input. Nominally +5V. Connect directly to pin 27. Must be S V AHA' 

BURR - BROWN<!D 
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For Immediate Assistance, Contact Your Local Salesperson 
DIGITAL OUTPUT 

STRAIGHT BINARY 

DESCRIPTION ANALOG INPUT BINARY CODE HEX CODE 

Full Scale Range a to +5V 

Least Significant 1.22mV 
Bit (lSB) 

Full Scale 4.99878V 111111111111 FFF 

Midscale 2.5V 1000 0000 0000 800 

One LSB below 2.49878V 011111111111 7FF 
Midscale 

Zero Scale OV 0000 0000 0000 a 

Table II. Ideal Input Voltages and Output Codes. 

I--t, 

I ., 
, t2 

I 

\ 
t, \ 

t,- -
- -to - -Is 

MODE Acquire Convert Acquire Convert 

t, Is-

Previous Hi-Z Previous Not Valid Data Valid Hi-Z Data Valid 
Data Valid Data Valid 

DATA BUS 

Is- - - I-t" 
t'1-

FIGURE 1. Conversion Timing with Outputs Enabled after Conversion (CS Tied LOW.) 

RIC mn -t'2 - 1-1,2 --I -t'2 - l-t12 
11111111111111 \\\\\\\\\\ 

t'3 -t,- --t,-

1'------' '---

- I-t, 1 

\ 
I. 

I 
I I 

- -Is .I 
Acquire Convert f Acquire 

t, 

MODE 

. 1. .1 . 
DATA BUS Hi Impedance State IX Data Valid X Hi-ZSlale 

-ij-t'4 
_I;:::::j' 

FIGURE 2. Using CS to Control Conversion and Read Timing. 
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RIC 

BYTE 

Pins 6 -13 HI·Z Hi·Z 

Pins 15 • 22 Hi·Z Hi·Z 

FIGURE 3. Using CS and BYTE to Control Data Bus. 

WITHOUT EXTERNAL GAIN ADJUSTMENT WITH EXTERNAL GAIN ADJUSTMENT 

Oto+5V V,N Oto+5V V,N 

FIGURE 4. Circuit Diagram With and Without External Gain Adjustment. 

BURR-BROWNe 

I E51E5II Burr-Brown Ie Data Book-Mixed Signal Products 2.329 

en 
I
Z 
W 
Z o a. 
:E o 
o 
z 
o 
i= sa 
::l 

" o 
<C 

~ c:c c 
en 
a: 
w 
Ia: 
W 
> 
Z o 
o 

~ 



For Immediate Assistance, Contact Your Local Salesperson 

BURR-BROWN® . 

IElElI ADS7821 

PRELIMINARY INFORMATION 
SUBJECT TO CHANGE 

WITHOUT NOTICE 

16-Bit 10f..Ls Sampling CMOS 
ANALOG-to-DIGITAL CONVERTER 

FEATURES 
• 100kHz min SAMPLING RATE 

• 0 to +5V INPUT RANGE 

• 86dB min SINAD WITH 20kHz INPUT 

• DNL: 16·bits "No Missing Codes" 

• SINGLE +5V SUPPLY OPERATION 

• PIN·COMPATIBLE WITH 12·BIT ADS7820 

• USES INTERNAL OR EXTERNAL 
REFERENCE 

• FULL PARALLEL DATA OUTPUT 

• 100mW max POWER DISSIPATION 

• 28-PIN 0.3" PLASTIC DIP AND SOIC 

5kn 
o to +5V Input O-"NV'--'.----..... ---to 

DESCRIPTION 
The ADS7821 is a complete 16-bit sampling NO 
using state-of-the-art CMOS structures. It contains a 
complete 16-bit, capacitor-based, SAR AID with S/H, 
reference, clock, interface for microprocessor use, and 
three-state output drivers. 

The ADS7821 is specified at a 100kHz sampling rate, 
and guaranteed over the full temperature range. Laser
trimmed scaling resistors provide a 0 to +5V input 
range, with power dissipation under 100mW. 

The 28-pin ADS7821 is available in a plastic 0.3" DIP 
and in an SOlC, both fully specified for operation over 
the -25°C to +85°C range. 

Successive Approximation Register and Control Logic 

Oulput 
Latches 

and 
Three 
State 

Drivers 

-RIC 
cs 

-BYTE 
BUSY 

Three 
State 

Parallel 
Data 
Bus 

REFO---------~-.A~--~ 

International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Sireal Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tol:(52O)746-1111 • Twx: 910-952·1111 • Csblo:BBRCORP • Tolox:066-6491 • FAX: (520) 889-1510 • ImmedlateProductlnto:(BOO)548-6132 
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SPECIFICATIONS 
ELECTRICAL 
TA = -25'C to +85'C, fs = tOOkHz, vOla = V ANA = +5V, using internal reference, unless olhelWise specified. 

~,U ADS782~P_B~ UB 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP 

RESOLUTION t6 

ANALOG INPUT 
Voltage Ranges o to +5 
Impedance 10 
Capacitance 35 

THROUGHPUT SPEED 
Conversion Time 7.6 8 
Complete Cycle Acquire and Convert 10 

Throughput Rate 100 · 
DC ACCURACY 
Integral Linearity Error ±4 
No Missing Codes 15 16 
Transition Noise(2) 0.9 
Full Scale Erro~3.4) ±0.5 
Full Scale Error Drift ±7 ±5 
FuJI Scale Error(3.') Ext. 2.5000V Rei ±0.5 
FuJI Scale Error Drift Ext. 2.5000V Ref ±2 '. 
Offset Error ±10 
Offset Error Drift ±2 
Power Supply Sensitivity +4.75V < Va < +5.25V ±8 

(Vola = VANA = Va) 

ACACCURACY 
Spurious-Free Dynamic Range 20kHz 90 96 
Total Harmonic Distortion 20kHz -1)0 

Signal-to-(Noise+Distortion) 20kHz 83 86 
-GOdB Input 28 30 

Signal-to-Noise 20kHz 83 86 
F,;il-Power Bandwidth(·) 250 

SAMPLING DYNAMICS 
Aperture Delay 40 · 
Aperture Jitter to meet P C specs · 
Transient Response FS Step 2 
Overvo)tage Recoveryl" 150 · 
REFERENCE 
Internal Reference Voltage 2.48 2.5 2.52 · · 
Internal Reference Source CUrrent 1 · 

(Must use external buffer) 
Internal Reference Drift 8 
External Reference Voltage Range 2.3 2.5 2.7 · · 

for Specified Linearity 
External Reference Current Drain Ext. 2.5000V Ref 100 

DIGITAL INPUTS 
Logic Levels 

V,L -0.3 +0.8 · 
V,H +2.0 Vo+0.3V 

I'L ±10 

I'H ±10 

DIGITAL OUTPUTS 
Data Format Parallel 16 bits 
Data Coding Straight Binary 

VOL ISINK = 1.6mA +0.4 
VOH ISOURCE = 500~ +4 · 

Leakage Current High-Z State, ±5 
VOUT = OV to VOla 

Output Capacitance High-Z State 15 

DIGITAL TIMING 
Bus Access Time 83 
Bus Relinquish Time 83 

MAX UNITS 

· Bits 

V 
kn 
pF 

~s 

~s 

kHz 

±3 LSB(l) 

Bits 
LSB 

±O.25 % 
ppmrC 

±0.25 % 
ppm/'C 

mV 
ppm/'C 

LSB 

dB(') 

-96 dB 
dB 
dB 
dB 
kHz 

ns 

~s 

ns 

· V 
~A 

ppm/'C 
V 

~ 

V 

· V · ~ · ~A 

· V 
V · ~ 

pF 

· ns 
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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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS (CO NT) 

ELECTRICAL 
TA = -25°C to +85·C, fs = 100kHz, VOIG = VANA = +5V, using Internal reference, unless otherwise specified. 

ADS7821P, U ADS7821PB, UB 

PARAMETER CONDInONS MIN TYP MAX MIN TYP MAX UNITS 

POWER SUPPLIES 
Specified Performance 

V01G Must be s VANA +4.75 +5 +5.25 V 
VANA +4.75 +5 +5.25 . . V 
IDIG 0.3 mA 
lANA 16 . mA 

Power Dissipation fs = 100kHz 100 mW 

TEMPERATURE RANGE 
Specified Performance -25 +85 . °C 
Derated Performance -55 +125 . °C 
Storage -65 +150 °C 
Thermal Resistance (9JAl 

Plastic DIP 75 °CIW 
SOIC 75 °CIW 

NOTES: (I) LSB means Least SignHicant Bit. For the 16·bit, 0 to +5V Input ADS72t, one LSB is 7611V. (2) Typical rms noise at worst case transitions and 
temperatures. (3) Adjustable to zero with extemal polentiometer as shown in Figure Sa. (4) Full scale error is the worst case of Full Scale untrimmed deviation from 
Ideal last code transition divided by the transition voltage and includes the effect of offset error. (5) All specifications in dB are referred to a full-scale Input. (6) Full
Power Bandwidth defined as Full-Scale input frequency at which Signal-to-(Noise + Distortion) degrades to SOdB, or 10 bits of accuracy. (7) Recovers to specifoed 
performance after 2 x FS input overvonage. 

ABSOLUTE MAXIMUM RATINGS 

Analog Inputs: Y,N ••.•.•.••..•••••.•••..••.•••••••••••••.•.••••••.••.•.•.•..•..•••.•.•..••..•••• ±20V 
REF .•...........•......•..•.....•...•.. + V ANA +0.3V to AGND2 -Q.3V 
CAP ....................•............•..•..•.. Indeftnite Short to AGND2, 

Momentary Short to V ANA 
Ground Vottage Differences: DGND, AGNDt, AGND2 ................... ±0.3V 
VANA ......•...........•.....•..•.....•.................•.......•..•.......•............•...............••.. 7V 
VDIG to VANA •••.••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• +0.3V 
VDIG ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 7V 
Digital Inputs ............................................................ -Q.3V to +VDIG +0.3V 
Maximum Junction Temperature ................................................... + 165°C 
Internal Power Dissipation ........••...............•..•..................•............. 825mW 
Lead Temperature (soldering, lOs) ................................................ +300·C 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER") 

ADS782tP Plastic DIP 246 
ADS782tPB Plastic DIP 246 
ADS7821U SOIC 217 
ADS7821UB SOIC 217 

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

ORDERING INFORMATION· 

MINIMUM 
SIGNAL-TO-

MAXIMUM (NOISE + SPECIFICATION 
UNEARITY DISTORTION) TEMPERATURE 

MODEL ERROR (LSB) RATIO (dB) RANGE 

ADS7821P ±4 83 -25°C to +8S·C 
ADS7821PB ±3 B6 -25"C to +8SoC 
ADS7821U ±4 83 -25·C to +85·C 
ADS7821UB ±3 86 -25°C to +85°C 

A ELECTROSTATIC 
J& DISCHARGE SENSITIVITY 
Electrostatic discharge can cause damage ranging from per
formance degradation to complete device failure. Burr
Brown Corporation recommends that all integrated circuits 
be handled and stored using appropriate ESD protection 
methods. 

ESD damage can range from subtle performance degrada
tion 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 
published specifications. 

PACKAGE 

Plastic DIP 
Plastic DIP 

SOIC 
SOIC 
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DIGITAL 

PIN # NAME VO DESCRIPTION 

2 

3 

4 

5 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

VIN 

AGNDl 

REF 

CAP 

AGND2 

D14 

D13 

D12 

Dll 

Dl0 

D9 

DB 

DGND 

D7 

D6 

D5 

D4 

D3 

D2 

Dl 

DO (LSB) 

BYTE 

RIC 

cs 
BUSY 

VANA 

V01G 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

I 

0 

TABLE I. Pin Assignments. 

PIN CONFIGURATION 

VIN 

AGNDl 

Analog Input. 

Analog Ground. Used inlernally as ground relerence point. 

Reference InpuVOutput. 2.2~F tantalum capacitor to ground. 

Reference Buffer Capacitor. 2.2~F tantalum capacitor to ground. 

Analog Ground. 

Data Bit 15. Most Significant Bit (MSB) of conversion results. Hi·Z state when CS is HIGH, or when RIC is LOW. 

Data Bit 14. Hi·Z state when CS is HIGH. or when RIC is LOW. 

Data Bit 13. Hi·Z state when CS is HIGH, or when RIC is LOW. 

Data Bit 12. Hi·Z state when CS is HIGH, or when RIC is LOW. 

Data Bit 11. Hi·Z state when CS is HIGH, or when RIC is LOW. 

Data Bit 10. Hi·Z state when CS is HIGH, or when RIC is LOW. 

Data Bit 9. Hi·Z state when CS is HIGH, or when RIC is LOW. 

Data Bit 8. Hi·Z state when CS is HIGH, or when RIC is LOW. 

Digital Ground. 

Data Bit 7. Hi·Z slate when CS is HIGH, or when RIC is LOW. 

Data Bit 6. Hi·Z state when CS is HIGH, or when RIC is LOW. 

Data Bit 5. Hi·Z state when CS is HIGH, or when RIC is LOW. 

Data Bit 4. Hi·Z state when CS is HIGH, or when RIC is LOW. 

Data Bit 3. Hi-Z state when CS is HIGH, or when RIC is LOW. 

Data Bit 2. Hi-Z state when CS is HIGH, or when RIC is LOW. 

Data Bit 1. Hi-Z state when CS is HIGH, or when RIC is LOW. 

Data Bit O. Lease Significant Bit (LSB) of conVersion results. Hi-Z state when CS is HIGH, or when RIC is LOW. 

Swaps Pins 6 through 13 with Pins 15 through 22 when HIGH. See Figures 2 and 5. 

With CS LOW and BUSY HIGH, a Falling Edge on RIC Initiates a New Conversion. With CS LOW, a rising edge on RIC 
enables the parallel output. 

Internally OR'd with RIC. If RIC LOW, a falling edge on CS initiates a new conversion. 

At the start of a conversion, BUSY goes LOW and stays LOW until the conversion is completed and the digital outputs 
have been updated. 

Analog Supply Input. Nominally +5V. Decouple to ground with O.1~F ceramic and 10~F tantalum capaCitors. 

Digital Supply Input. Nominally +5V. Connect directly to pin 27. Must be $ V ANA' 

28 VDlG 

VANA 

BUSY 

CS 

RIC 

BYTE 

ADS7821 
DO (LSB) 

Dl 

D2 

Dll D3 

D4 

D5 

D6 

DGND 14 15 D7 
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For Immediate Assistance, Contact Your Local Salesperson 
BASIC OPERATION 
Figure I shows a basic circuit to operate the ADS7821 with 
a full parallel data output. Taking RiC (pin 24) LOW for a 
minimum of 40ns (511S 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 Straight Binary 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 ADS7821 will begin tracking the input signal at the end 
of the conversion. Allowing lOllS between convert com
mands assures accurate acquisition of a new signal. 

STARTING A CONVERSION 
The combination of CS (pin 25) and Ric (pin 24) LOW for 
a minimum of 40ns immediately puts the sample/hold of the 
ADS7821 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 RiC must go HIGH before BUSY goes 
HIGH or a new conversion will be initiated without suffi
cient time to acquire a new signal. 

The ADS7821 will begin tracking'the input signal at the end 
of the conversion. Allowing 10lJS between convert com
mands assures accurate acquisition of a new signal. Refer to 
Table II for a summary of CS, Ric, and BUSY states and 
Figures 3 through 5 for timing diagrams. 

015 (MSB) 

014 
ADS7821 

013 

012 

011 

010 

09 

08 

FIGURE 1. Basic Operation. 

CS and RIC are internally OR'd and level triggered. There 
is not a requirement which input goes LOW fITst when 
initiating a conversion. If, however, it is critical that CS or 
RIC initiates conversion 'n', be sure the less critical input is 
LOW at least IOns prior to the initiating input. 

To reduce the number of control pins, CS can be tied LOW 
using RIC to control the read and convert modes. However, 
the output will become active whenever RIC goes HIGH. 
Refer to the Reading Data section. 

CS RIC BUSY OPERATION 

1 X X None. Oatabus is In Hi·Z state. 

J 0 1 Initiates conversion "n", Dat~bus remains 
in Hi-Z state. 

0 J 1 Initiates conversion "n", Databus enters Hi-Z 
state. 

0 1 t Conversion "n" completed. Valid data from 
conversion "n" on the databus. 

J 1 1 Enables databus with valid data from 
conversion "n". 

J. 1 0 Enables databus with valid data from 
conversion "n-1"(1), Conversion n in progress.' 

0 t 0 Enables databus with valid data from 
conversion -n-1"(1), Conversion "n" in progress. 

0 0 t New conversion initiated without acquisition 
of.!!. new signal. Oata will be invalid. CS andior 
RIC 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". 

Convert Pulse 

--u-
00 (LSB) 

~ 
40nsmin 

01 
6~s max 

02 

03 

04 

05 

06 

07 
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READING DATA 
The ADS782I outputs full or byte-reading parallel data in 
Straight Binary data output format. The parallel output will 
be active when RIC (pin 24) is HIGH and CS (pin 2S) is 
LOW. Any other combination of CS and Ric will tri-state 
the parallel output. Valid conversion data can be read in a 
full parallel, I6-bit word or two 8-bit bytes on pins 6-13 and 
pins IS-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. 

DIGITAL OUTPUT 
STRAIGHT BINARY 

DESCRIPTION ANALOG INPUT BINARY CODE HEX CODE 

Full Scale Range o to +5V 

Least Signifieanl 76~V 
Bit (LSB) 

Full Scale 4.999924V 1111111111111111 FFFF 

Midscale 2.5V 1000 0000 0000 0000 8000 

One LSB below 2.499924V 0111 il1111111111 ?FFF 
Midscale 

Zero Scale OV 0000 0000 0000 0000 0000 

Table III. Ideal Input Voltages and Output Codes. 

PARALLEL OUTPUT (After a Conversion) 

After conversion 'n' is completed and the output registers 
have been updated, BUSY (pin 26) will go HIGH. Valid data 
from conversion 'n' will be available on DIS-DO (pin 6-13 
and IS-22). BUSY going HIGH can be, used to latch the 
data. Refer to Table IV and Figures 3' and S for timing 
specifications. ' 

BYTE LOW 

Bit 15 (MSB) 

ADS7821 

15 Bit? 

FIGURE 2. Bit Locations Relative to State of BYTE (pin 23). 

BURR-BROWNI8 

PARALLEL OUTPUT (During a Conversion) 

After conversion 'n' has been initiated, valid data from 
conversion 'n-l ' can be read and will be valid up to SIJS after 
the start of conversion 'n'. Do not attempt to read data from 
SIJS 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 S 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. .. 

The number of control lines can be reduced by tying CS .. 
LOW while using Ric to initiate conversions and activate 
the output mode of the converter. See Figure 3. 

. SYMBOL DESCRIPTION MIN TYP 

t, Convert Pulse Width 40 

t2 Data Valid Delay 
after Start of Conversion 

t3 BUSY Delay 
from Start of Conversion 

.. BUSY LOW 

t, BUSY Delay after 220 
End of Conversion 

t, Aperture Delay 40 

t, Conversion Time 7.6 

ts Acquisition Time 

t, Bus Relinquish Time 10 35 

t" BUSY Delay after Data Valid 50 200 

tIl Previous Data Valid 5 
after Start of Conversion 

t,+ Is Throughput Time 9 

t'2 RIC to CS Setup Time 10 

t'3 Time Between Conversions 10 

t'4 Bus Access TIme 10 
and BYTE Delay 

TABLE IV. Conversion Timing. 

BYTE HIGH 

Bit7 6 

ADS7821 

15 Bit t5 (MSB) 

MAX 

5000 

8 

65 

8 

8 

2 

83 

10 

83 

UNITS 

ns 

~s 

ns 
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ns 

ns 
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-t, 

I I 
t'3 .. 

\ ' .. \ 
!o- 1-

- -Is - -Is 

MODE Acquire Convert Acquire Convert 

17 t.-

Previous Hi-Z 
Previous 

Not Valid ?ataValid Hi-Z Data Valid 
Data Valid Data Valid 

DATA BUS 

t,,- - - I-t,. , ·'1-

FIGURE 3. Conversion Timing with Outputs Enabled after Conversion (CS Tied LOW.) 

RIC mf{ -112 - l-t12 -I -·12 - l-t'2 

11111111111111 \\\\\\\\\\ 
-·1-
1'------' /----' 

- -t3 I 
\ 
, .. " 

- -Is 
MODE Acquire Convert Acquire 

t7 , 

.1. .1 
DATA BUS Hi-ZState IX Data Valid X Hi-ZState 

-·I~t14 -t,,-I 

FIGURE 4. Using CS to Control Conversion and Read Timing. 

-I -112 ·12--11-
RIC ~ 1\\\\\\\\ 

BYTE 

Pins6-13 Hi-Z High Byte Low Byte Hi-Z 

-- -·14 - -·14 - -t" 

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 ADS7821 offers a 0 to +5V input range. Figure 6 shows 
the necessary circuit connections for the ADS7821 with and 
without hardware gain trim. Offset and full scale error(I) 
specifications are tested and guaranteed with the circuit 
shown in Figure 6b. Adjustments for offset and gain are 
described in the Hardware Calibration section of this data 
sheet. 

The nominal input impedance of 10kQ results from the 
internal resistor network shown on the front page of the 
product data sheet. The input resistor divider network provides 
inherent overvoltage protection guaranteed to at lease ±20V. 

NOTE: (I) Full scale error includes offset and gain errors. 

HARDWARE CALIBRATION 
To calibrate the gain of the ADS7821, install the proper 
resistor and potentiometer as shown in Figure 6a. The calibra
tion range is ±60mV. 

There is no inherent offset calibration method provided by the 
ADS7821. The offset adjustment can be accomplished by 
summing in a small offset to the circuitry prior to the 
ADS7821. 

The offset should be trimmed before the gain since the offset 
directly affects the gain. To achieve optimum performance, 
several iterations may be required. 

REFERENCE 
The ADS7821 can operate with its internal2.5V reference or 
an external reference. By applying an external reference to 
pin 3, the internal reference can be bypassed. The reference 
voltage at REF is buffered internally with the output on CAP 
(pin 4). 

a) With Hardware 
Gain Trim 

Oto +sv V,N 

,.-----1~=-r AGNDI 

,.----__ =-1 REF 

SOk!l >_---' CAP 

'-------+-=-1 AGND2 

NOTE: Use 1 % metal film resistors. 

The internal reference has an 8 ppmfC drift (typical) and 
accounts for approximately 20% of the full scale error 
(FSE = ±O.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 2.2J.tF 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 
ing the SNR and SINAD. The REF pin should not be 
to directly drive external loads. 

The range for the external reference is :Z.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 
2.2J.tF 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 1 J.tF can cause the output buffer to oscillate and 
may not have sufficient charge for the CDAC. Capacitor 
values larger than 2.2J.tF will have little affect on improving 
performance. 

The output of the buffer is capable of driving up to 2mA of 
current to a static load. Static loads requiring more than 2mA 
of current from the CAP pin will begin to degrade the 
linearity of the ADS7821. Use of an external buffer is 
recommended for loads requiring more than 2mA. Do not 
attempt to directly drive any dynamic load with the output 
voltage on CAP. This will cause performance degradation of 
the converter. 

b) Without Hardware 
Gain Trim 

Oto +sv V,N 

,.-----1~'-IAGNDI 

REF 

CAP 

AGND2 

FIGURE 6. Circuit Diagram With and Without External Gain Trim. 
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LAYOUT 

For Immediate Assistance, Contact Your Local Salesperson 
SIGNAL CONDITIONING 

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 ADS7821 uses 90% of its power for the analog 
circuitry. The ADS7821 should be considered as an analog 
component. 

The +5V power for the AID should be separate from the +5V 
used for the system's digital logic. Connecting VDIG (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 VDIG and 
V ANA should be tied to the same +5V source. 

GROUNDING 

Three ground pins are present on the ADS7821. DGND is 
the digital supply ground. AGND2 is the analog supply 
ground. AGNDI is the ground which all analog signals 
internal to the AID 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 AID 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. 

The PET switches used for the sample hold on many CMOS 
AID converters release a significant amount of charge injec
tion which can cause the driving op amp to oscillate. The 
PET switch on the ADS7821, compared to the PET switches 
on.other CMOS AID converters, releases 5%-10% of the 
charge. There is also a resistive front end which attenuates 
any charge which is released. Any op amp sufficient for the 
signal in an application should be sufficient to drive the 
ADS782 1. 

The resistive front end of the ADS7821 also provides a 
guaranteed ±20V overvoltage protection. In most cases, this 
eliminates the need for external input protection circuitry. 

INTERMEDIATE LATCHES 

The ADS7821 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 
AID from other peripherals on the same bus. Tri-state 
outputs can also be used when the AID is the only peripheral 
on the data bus. 

Intermediate latches are beneficial on any monolithic AID 
converter. The ADS7821 has an internal LSB size of 381lV. 
Transients from fast switching signals on the parallel port, 
even when the AID is tri-stated, can be coupled through the 
substrate to the analog circuitry causing degradation of 
converter performance. 
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BURR-BROWN® 

1E3E31 ADS7824 

PRELIMINARY INFORMATION 
SUBJECT TO CHANGE 

WITHOUT NOTICE 

4 Channel, 12-Bit Sampling CMOS AID Converter 

FEATURES 
• 25115 max SAMPLING AND CONVERSION 

• SINGLE +5V SUPPLY OPERATION 

• PIN·COMPATIBLE WITH 16-BIT ADS7825 

• PARALLEL AND SERIAL DATA OUTPUT 

• 28·PIN 0.3" PLASTIC DIP AND SOIC 

• ±O.5 LSB max INL AND DNL 

• 50mW max POWER DISSIPATION 

• 50l1W POWER DOWN MODE 

• ±10V INPUT RANGE, FOUR CHANNEL 
MULTIPLEXER 

• CONTINUOUS CONVERSION MODE 

AINo 0----..111'11'-_-----, 

Continuous 
Conversion 

DESCRIPTION 
The ADS7824 can acquire and convert 12 bits to 
within ±O.S LSB in 2SI1s max while consuming only 
SOmW max. Laser-trimmed scaling resistors provide 
the standard industrial ±lOV input range and channel
to-channel matching of ±0.1 %. The ADS7824 is a 
low-power 12-bit sampling AID with a four channel 
input multiplexer, S/H, clock, reference, and a 
parallel/serial microprocessor interface. It can be con
figured in a continuous conversion mode to sequen
tially digitize all four channels. The 28-pin ADS7824 
is available in a plastic 0.3" DIP and in a SOlC, both 
fully specified for operation over the industrial -40°C 
to +8SoC range. 

Channel 

RIC 
cs 
BYTE 

L.._---,,.,.--________ ---,_---,""_,---- Power Down 

AIN, o--t-..JV'V'-..,....--h 

Serial Clock 

AIN, 

Serial Data 

Parallel Data 

AIN, o---I-..JV'V'-..,....--I---' 

International AIrport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 746-1111 • Twx: 910-952·111t • Cable: BBRCORP • Telex: 066-6491 • FAX: (520) 889·1510 • Immediate Product Inlo: (800) 548-6132 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS 
ELECTRICAL 
At TA = -40'C to +85'C, fs = 40kHz, VSI = VS2 = Vs = +5V ±5%, using external reference, CONTC = OV, unless otherwise specified. 

ADS7824P, U ADS7824PB, UB 

PARAMETER CONDfTIONS MIN TYP MAX MIN TYP 

RESOLUTION t2 

ANALOG INPUT 
Voltage Range ±10V · 
Impedance Channel On or Off 45.7 · 
Capacitance 35 

THROUGHPUT SPEED 
Conversion Time 20 
Acquisition Time 5 
Multiplexer Settling Time Includes Acquisition 5 
Complete Cycle (Acquire and Convert) 25 
Complete Cycle (Acquire and Convert) CONTC =+5V 50 
Throughput Rate 40 

DC ACCURACY 
Integral Linearity Error ±C.15 ±1 · 
Differential Linearity Error ±0.15 ±1 · 
No Missing Codes Guaranteed · 
Transition Noise(2) 0.1 · 
Full Scale Erro~3.4) Internal Reference ±0.5 
Full Scale Error Drift Internal Reference ±7 ±5 
Full Scale Erro~3,4) ±0.5 
Full Scale Error Drift ±2 · 
Bipolar Zero Errorl3) ±10 
Bipolar Zero Error Drift ±2 · 
Channel-to-Channel Mismatch 0.1 
Power Supply Sensitivity +4.75 < Vs < +5.25 ±C.5 

ACACCURACY 
Spurious-Free Dynamic Rangel5) f'N= 1kHz 80 90 · 
Total Harmonic Distortion f'N = 1kHz -90 -80 · 
Slgnal-to-(Noise+Distortion) f'N = 1kHz 70 73 72 · 
Signal-.to-Noise f'N = 1kHz 70 73 72 
Channel Separationl') f'N = 1kHz 100 120 
-3dB Bandwidth TSD · 
Useable Bandwidthl') TBD · 
SAMPLING DYNAMICS 
Aperture Delay 40 · 
Transient Response(B) FS Step 5 · 
Overvoltage Recoveryl') 150 · 
REFERENCE 
Internal Reference Voltage 2.48 2.5 2.52 . 
Internal Reference Source Current 1 · 

(Must use external buffer) 
External Reference Voltage Range 2.3 2.5 2.7 · 

for Specified Linearity 
External Reference Current Drain VREF = +2.5V 100 

DIGITAL INPUTS 
Logic Levels 

V" -0.3 +0.8 

V'H +2.4 Vo+0.3V 

I" ±10 

I'H ±10 

DIGITAL OUTPUTS 
Data Format Parallel in two bytes; Serial 
Data Coding Binary Two's Complement 

VOL IS'NK = 1.6mA 

I 
+0.4 

VOH ISOURCE = 500~ +4 . 
Leakage Current High-Z State, VOUT = OV to Vs ±5 
Output Capacitance High-Z State 15 

MAX UNITS 

B~s 

V 
lin 
pF 

)1S 

~s · ~s · ~s · ~s 
kHz 

±0.5 LSBII) 
±C.5 LSB 

LSB 
±0.25 % 

ppm/'C 
±0.25 % 

ppml'C 
mV 

ppmFC 
% · LSB 

dB 

· dB 
dB 
dB 
dB 

MHz 
kHz 

ns 
~s 

ns 

· V 
~ 

V 

· ~ 

· V 
V · ~A · ~ 

· V 
V 

· ~ 
15 pF 

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaocuracies 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 01 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 andior systems. 
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SPECIFICATIONS (CO NT) 

ELECTRICAL 
AlTA = -40'C to +85'C. fs = 40kHz. VSI = V .. = Vs = +5V ±5%. using external reference. CONTC = OV. unless otherwise specified. 

PARAMETER CONDITIONS 

DIGITAL TIMING 
Bus Access Time PAR/SER = +5V 
Bus Relinquish Time PAR/SER = +5V 
Data Clock PAR/SER = OV 
Internal Clock (Output only when EXTflNTLOW 0.5 1.5 

transmitting data) 
External Clock EXTflNT HIGH 0.1 10 

POWER SUPPLIES 
VS1 = VS2 = Vs +4.75 +5 +5.25 
Power Dissipation fs = 40kHz 50 

PWRD HIGH 50 

TEMPERATURE RANGE 
Specified Performance -40 +85 
Storage ~5 +150 
Thermal Resistance (8J.) 

Plastic DIP 75 
SOfC 75 

MHz 

MHz 

V 
mW 

I1W 

'C 
'C 

'CIW 
'CIW 

NOTES: (t) LSB means Least Significant Bit. For the 12-bit. ±10V input ADS7B24. one LSB is 4.BBmV. (2) Typical rms noise at worst case transitions and 
temperatures. (3) 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) A full scale sinewave input on one channel will be attenuated by this amount on the other channels. (7) Useable 
Bandwidth defined as Full-Scale input frequency at which Signal-to-(Noise+Distortion) degrades to 60dB. or 10 bits of accuracy. (B) The ADS7B24 will accurately 
acquire any input step if given a full acquisition period after the step. (9) Recovers to specified performance after 2 x FS input overvoltage. and normal acquisitions 
can begin. 

ABSOLUTE MAXIMUM RATINGS 

Analog Inputs: AINo• AIN,. AIN2• AIN, .............•..............•.............•..• ±25V 
REF ................................... (AGND2 -D.3V) to (Vs + 0.3V) 
CAP ........................................ Indefinite Short to AGND2. 

Momentary Short to V s 
Vs, and VS2 to AGND2 ...............•............................•........•..................... 7V 
Vs, to VS2 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ±0.3V 
Difference between AGNDI. AGND2 and DGND ............................. ±0.3V 
Digital Inputs and Outputs .......................................... -D.3V to (Vs + 0.3V) 
Maximum Junction Temperature ..................................................... 150°C 
Internal Power Dissipation ............................................................. 825mW 
Lead Temperature (soldering. lOs) ................................................ +300'C 
Maximum Input Current to Any Pin ................................................. 100mA 

BURR~BROWN@ 

PIN CONFIGURATION 
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For Immediate Assistance, Contact Your Local Salesperson 
PIN ASSIGNMENTS 

PIN# NAME 110 DESCRIPTION 

1 AGNDI Analog Ground. Used inlernally as ground reference point 

2 AINo Analog Inpul Channel O. Full-scale input range is ±10V. See Table I. 

3 AIN, Analog Input Channell. Full-scale input range is ±10V. See Table I. 

4 AIN2 Analog InpUi Channel 2. Full-scale inpul range is ±10V. See Table I. 

5 AIN. Analog Inpul Channel 3. Full-scale input range is ±10V. See Table I. 

6 CAP Inlernal Relerence Outpul Buller. 2.21-'F Tanlalum to ground. 

7 REF Reference InpuVOutpUi. Oulpuls +2.5V nominal. If used externally, must be bullered to maintain ADS7824 accuracy. 
Can also be driven by external system reference. In both cases, bypass to ground with a 2.21-'F Tantalum capacitor. 

8 AGND2 Analog Ground. 

9 07 0 Parallel Data Bit 7 if PARISER HIGH; LOW if PARISER LOW. See Table II. 

10 06 0 Parallel Data Bit 6 if PARISER HIGH; LOW if PARISER LOW. See Table II. 

11 05 0 Parallel Data Bit 5 if PARISER HIGH; LOW if PARISER LOW. See Table II. 

12 04 110 Parallel Data Bit 4 if PARISER HIGH; if PARISER LOW, a LOW level input here will transmit serial data on SDATA from 
the previous conversion using the internal clock; a HIGH Input here will transmit serial dala using an external clock input 
on DATACLK. See Table II. 

13 03 0 Parallel Data Bit 3 if PARISER HIGH; LOW if PARISER LOW. See Table II. 

14 DGND Digital Ground. 

15 02 110 Parallel Data Bit 2 if PARISER HIGH; if PARISER LOW,this will outpUithe internal conversion clock if a LOW is input 
on 04; will be an input for an external data transmission clock if D4 is HIGH. See Table II. 

16 01 0 Parallel Data Bit 1 if PARISER HIGH; SDATA serial data oUiput if PARISER LOW. See Table 11. 

17 DO 110 Parallel Data Bit 0 if PARISER HIGH; TAG data input if PARISER LOW. See Table 11. 

18 At I/O Channel Address. Input if CONTC LOW, output if CONTC HIGH. See Table II. 

19 A2 110 Channel Address. Input if CONTC LOW, outpUi if CONTe HIGH. See Table II. 

20 PARISER I Select Parallel or Serial Output If HIGH, parallel data will be output on DO thru 07. If LOW, serial data will be output on 
SDATA. See Table 11. 

21 BYTE I Byte Select. Only used with parallel data, when PARISER HIGH. Determines which byte is available on DO thru 07. 
Changing BYTE with CS LOW and RIC HIGH will cause the data bus to change accordingly. LOW selects the 8 MSBs; 
HIGH selects the 4 LSBs. 

22 RIC I Read/Convert InpUi. With CS LOW, a falling edge on RIC pUIs the internal sample/hold into the hold state and starts a 
conversion. With CS LOW, a rising edge on RIC enables the outpUi data bits if PAR/SEA HIGH, or starts transmission 
of serial data if PARISER LOW and EXT/INT HIGH. 

23 CS I Chip Select. Internally OR'd with RIC. With CONTC LOW and RIC LOW, a falling edge on CS will Initiate a conversion. 
With RIC HIGH, a falling edge on CS will enable the output data bits if PARISER HIGH, or starts transmission of serial 
data if PARISER LOW and EXT/INT HIGH. 

24 BUSY 0 Busy Output Falls when conversion is started; remains LOW until the conversion is completed and the data is latched 
into the output register. In parallel oUiput mode or in intemal clock serial mode, outpUi data will be valid when BUSY 
rises, so that the rising edge can be used to latch the data. 

25 CONTC I Continuous Conversion Input. 11 LOW, conversions will occur normally when initiated using CS and RIC; if HIGH, 
acqUisition and conversions will take place continually, cycling through all four Input channels, as long as CS, RIC and 
PWRD are LOW. See Table 11. 

26 PWRD I Power Down Input If HIGH, conversions are inhibited and power consumption is significantly reduced. Results from the 
previous conversion are maintained in the output register,· In the continuous co!1version m~e. the multiplex~r address 
channel is Msetto channel 0 

27 VS2 Supply Input Nominally +5V. Connect direcJIy to pin 27. Decouple to ground with O.II-'F ceramic and IOI-'F Tantalum 
capacitors. 

28 Vs, Supply Input Nominally +5V. Connect direcJIy to pin 28. 

ADS7824 TIMING AND CONTROL 
CHANNEL 

A1 AD SELECTED DESCRtPTION OF OPERATtON 

0 0 AINo Channel to be converted during conversion n + 1 is latched 
0 1 AIN, when conversion n is initiated. The selected input starts being 
1 0 AIN2 acquired as soon as conversion n is done. 
1 1 AIN. 

TABLE la. AO and Al Inputs (CONTC LOW.) 

DATA AVAILABLE CHANNEL TO BE OR 
A1 AD FROM CHANNEL BEING CONVERTED DESCRIPTION OF OPERATION 

0 0 AIN. AINo 
Channel being acquired or converted is output on these 0 1 AINo AIN, 

t 0 AIN, AIN2 
address lines. Data is valid for the previous channel. These 

1 1 AIN2 AIN. lines are updated when BUSY rises. 

TABLE lb. AO and Al Outputs (CONTC HIGH.) 
BURR a BROWN® 
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INPUTS OUTPUTS 

CS RIC BYTE CONTC PWRO BUSY 07 06 05 04 03 02 01 00 COMMENTS 

1 X X X X X Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z 
X 0 X X X X Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z 
0 1 0 X X X Bll Bl0 B9 B8 B7 B6 B5 B4 Results from last 

(MSB) completed conversion. 
0 1 1 X X X B3 B2 Bl BO LOW LOW LOW LOW Resuils from last 

(LSB) completed conversion. 
0 1 X X X f H U H fJ, U H fJ, fJ, Data will change at the 

end of a conversion. 

TABLE lla_ Read Control for Parallel Data (PARISER = 5V_) 

07,06,05 00 
CS RIC BUSY LOW TAG COMMENTS 

Input Input Input Input Output Output Input 

1 X X X X Hi-Z X 
X 0 X X X Hi-Z X 
0 ~ X LOW LOW Output X Starts transmission of data from previous 

conversion on SDATA synchronized to 16 
pulses output on DATACLK. 

~ 0 0 X LOW LOW LOW Output Output X Starts transmission of data from previous 
conversion on SOATA synchronized to 16 
pulses output on OATACLK. 

0 X X LOW HIGH LOW Input Output Input The level output on SDATA will be the level 
input on TAG 16 DATACLK input cycles 
earlier. 

0 X f LOW HIGH LOW Input Output Input At the end 01 the conversion, when BUSY 
rises, data from the conversion will be 
into the output registers. If a clock is being 
input on DATACLK, valid data will be lost. 

0 f 0 X LOW HIGH LOW Input Output X Initiates transmission of a HIGH pulse on 
SYNC followed by data from last completed 
conversion on SDATA synchronized to the 
input on DATACLK. 

~ 0 X LOW HIGH LOW Input Output X Initiates transmission of a HIGH pulse on 
SYNC followed by data from last completed 
conversion on SDATA synchronized to the 
input on DATACLK. 

0 0 ~ LOW LOW LOW Output Output X Starts transmission of data from previous 
conversion on SDATA synchronized to 16 
pulses output on DATACLK 

~ X X X LOW HIGH Output Input Output X SDATA becomes active. Inputs on DATACLK 
shift out data. 

f X X X LOW HIGH Output Input Output X SDATA becomes active. Inputs on 
shift out data. 

~ 0 X X LOW LOW LOW Output Output X Restarts continuous conversion mode. Data 
starts being transmitted when BUSY next 
rises. 

0 ~ X X LOW LOW LOW Output Output X Restarts continuous conversion mode. Data 
starts being transmitted when BUSY next 
rises. 

TABLE 1Ib_ Read Control for Serial Data (PAR/SER = OV_) 

CONTC CS RIC BUSY PWRO AD and A1 OPERATION 

0 X X X X Inputs Initiating conversion n latches in the levels input on AO and Alto select the channel for 
conversion n + 1 

0 X X 0 0 Inputs Conversion in process. New convert commands ignored. 
0 0 ~ 1 0 Inputs Initiates conversion on channel selected at start of previous conversion. 
0 ~ 0 1 0 Inputs Initiates conversion on channel selected at start of previous conversion. 
0 X X X 1 Inputs All analog functions powered down. Conversions in process or initiated will yield 

meaningless data. 

1 X X X X Outputs The end of conversion n (when BUSY rises) increments the internal channel latches and 
outputs the channel address for conversion n + 1 on AO and A 1. 

1 X X 0 0 Outputs Conversion in process 
1 0 ~ 1 0 Outputs Restarts continuous conversion process on next input channel. 
1 ~ 0 1 0 Outputs Restarts continuous conversion process on next input channel. 
1 X X X 1 Outputs A" analog functions powered down. Conversions in process or initiated will yield 

meaningless data. Resets selected input channel for next conversion to IN •. 

TABLE III_ Conversion Control. 

BURR-BROWNi& 
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For Immediate Assistance, Contact Your Local Salesperson 
BASIC OPERATION 
Figure 1 shows the simple circuit required to operate the 
ADS7824, convertiug a siugle iuput channel. Taking Ric 
(pin 22) LOW for a minimum of 40ns will iuitiate a conver
sion. BUSY (pin 24) will go LOW and stay LOW until the 
conversion is completed and the output registers are up
dated. With BYTE (pin 21) iu the LOW state, the eight 

±10V r------'--t 

2.2~F 

MSB's will be output in Binary Two's Complement with the 
MSB (BIT 11) at piu 9. By bringing BYTE HIGH, the four 
LSB's will be output with the LSB (BIT 0) at pin 12 (See 
Table IIa). BUSY goiug HIGH can be used to latch the MSB 
data. All convert commands will be ignored while BUSY is 
LOW. 

BUSY 

RIC 
AOS7824 

BYTE 

07 +5V 

06 

05 

D4 DO 

03 01 

02 

FIGURE 1. Basic Circuit Configuration. 
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BURR - BROWN® 

113131 ADS7825 

PRELIMINARY INFORMATION 
SUBJECT TO CHANGE 

WITHOUT NOTICE 

4 Channel, 16-Bit Sampling CMOS AID Converter 

FEATURES 
• 25J..lS max SAMPLING AND CONVERSION 

• SINGLE +5V SUPPLY OPERATION 

• PIN-COMPATIBLE WITH 12-BIT ADS7824 

• PARALLEL AND SERIAL DATA OUTPUT 

• 28-PIN 0.3" PLASTIC DIP AND SOIC 

• ±2.0 LSB max INL 

• 50mW max POWER DISSIPATION PLUS 

• 50ILW POWER DOWN MODE 

• ±10V INPUT RANGE, FOUR CHANNEL 
MULTIPLEXER 

• CONTINUOUS CONVERSION MODE 

Continuous 
Conversion 

DESCRIPTION 
The ADS7825 can acquire and convert 16 bits to 
within ±2.0 LSB in 25ILs max while consuming only 
50mW max. Laser-trimmed scaling resistors provide 
the standard industrial ±lOV input range and channel
to-channel matching of ±0.1%. The ADS7825 is a 
low-power 16-bit sampling AID with a four channel 
input multiplexer, StH, clock, reference, and a 
parallel/serial microprocessor interface. It can be con
figured in a continuous conversion mode to sequen
tially digitize all four channels. The 28-pin ADS7825 
is available in a plastic 0.3" DIP and in a SOIC, both 
fully specified for operation over the industrial-40°C 
to +85°C range. 

Channel 

AINo o----JVIJ'-..,----------, 
r----L----------------~--~------L_ __ ~C 

cs 
BYTE 
Power Down 

AIN, O-+-;lVIf'-...-----t--, 

BUSY 
Parallel 

or Serial Clock 

AIN2 Serial 

Data Serial Data 

Out 
Parallel Data 

AIN3 o-+-,NIf'-...-----t-----' 

International Airport Industrial Park • MaIling Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 746-1111 • Twx: 91D-952·1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (520) 88&-1510 • Immediate Product Info: (800) ~132 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS 
ELECTRICAL 
At TA = -40·C to +85·C, fs = 40kHz, VSl = Vs, = Vs = +5V ±5%, using external reference, CONTC = OV, unless otherwise specified. 

ADS7825P, U ADS7825PB; UB 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP 

RESOLUTION 16 

ANALOG INPUT 
Voltage Range ±10V · 
Impedance Channel On or Off 45.7 · 
Capacitance 35 · 
THROUGHPUT SPEED 
Conversion Time 20 
Acquisition Time 5 
Multiplexer Settling Time Includes Acquisition 5 
Complete Cycle (Acquire and Convert) 25 
Complete Cycle (Acquire and Convert) CONTC = +5V 50 
Throughpul Rate 40 

DC ACCURACY 
Integral Linearity Error ±3 · 
No Missing Codes 15 16 
Transition Noise(2) 0.8 
Full Scale Error!3.4) Internal Reference ±0.5 
Full Scale Error Drift Internal Reference ±7 ±5 
Full Scale Error!3.4) ±D.5 
Full Scale Error Drift ±2 
Bipolar Zero Error(3) ±10 
Bipolar Zero Error Drift ±2 
Channel-la-Channel Mismatch 0.1 
Power Supply Sensitivity +4.75 < Vs < +5.25 ±8 

ACACCURACY 
Spurious-Free Dynamic Range!') f'N = 1kHz 90 · 
Total Harmonic Distortion f'N= 1kHz -90 
Signal-Io-(Noise+Distortion) f'N = 1kHz 83 86 
Signal-la-Noise f'N = 1kHz 83 86 
Channel Separation!S) f'N = 1kHz lOa 120 · · 
-,'ldB Bandwidth TBD · 
Useable Bandwidth(7) TBD · 
SAMPLING DYNAMICS 
Aperture Delay 40 
Transient Response!B) FS Step 5 
Overvoltage Recovery(9) I 

REFERENCE 
Internal Referenoe Voltage 2.48 2.5 2.52 
Internal Reference Source CUrrent I 

(Must use external buffer) 
External Reference Voltage Range 2.3 2.5 2.7 · 

for Specified Linearity 
External Reference Current Drain VREF "" +2.5V lOa 

DIGITAL INPUTS 
Logie Levels 

V'L -0.3 +0.8 

V'H +2.4 VD +0.3V 

I'L ±IO 

I'H ±IO 

DIGITAL OUTPUTS 
Data Format Parallel in two bytes; Serial 
Data Coding Binary Two's Complement 

VOL IS'NK = 1.6mA 

J I 

+0.4 
VOH ISCURCE = 500JiA +4 

Leakage Current High-Z State, Vour = OV 10 Vs ±5 
Output Capacitanoe High-Z State 15 

MAX UNITS 

· Bits 

V 
kG 
pF 

"s 
"S 
"S 
"S 
"S 

kHz 

±2.0 LSB!l) 

LSB 
iO.25 % 

ppml"C 
iO.25 % 

ppmrC · mV 
ppmrC · % · LSB 

dB · dB 
dB 
dB 
dB 

MHz 
kHz 

ns 
J!S 
J!S 

V 
JiA 

· V 

JiA 

· V · V 

"A 
JiA 

· V 
V 

"A 
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 al Ihe user's own risk. Prioes and specifications are subject 
to change without notioe. No palent 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 Ine support devioes and/or systems. 
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SPECIFICATIONS (CONT) 

ELECTRICAL 
At TA = -40'C to +85'C, fs = 40kHz, V" = v" = Vs = +5V ±5%, using external reference, CONTC = OV, unless otherwise specified. 

PARAMETER CONDITIONS 

DIGITAL TfMING 
Bus Access Time PAR/SER = +5V 
Bus Relinquish Time PAR/SER = +5V 
Data Clock PAR/SER = OV 
Internal Clock (Output only when EXTIINTLOW 0.5 1.5 

transmitting data) 
External Clock EXTIINT HIGH 0.1 10 

Vs, = VS2 = Vs +4.75 +5 +5.25 
Power Dissipation fs = 40kHz 50 

PWRD HIGH 50 

TEMPERATURE RANGE 
Specified Performance -40 +85 
Storage -65 +150 
Thermal Resistance (9J.) 

Plastic DIP 75 
SOIC 75 

V 
mW 

"W 

'C 
'C 

'C/W 
'C/W 

NOTES: (1) LSB means Least Significant Bit. For the 16-bit, ±10V input ADS7825, one LSB is 305"V. (2) Typical rms noise at worst case transitions and 
temperatures. (3) Adjustable to zero with external polentiometer. (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 transilion 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) A full scale sinewave input on one channel will be attenuated by this amount on the other channels. (7) Useable 
Bandwidth defined as Full-Scale input frequency at which Signal-to-(Noise+Distortion) degrades to 60dB, or 10 bits of accuracy. (6) The ADS7825 will accurately 
acquire any input step if given a full acquisilion period after the step. (9) Recovers to specified performance after 2 x FS input overvollage, and normal acquisitions 
can begin. 

ABSOLUTE MAXIMUM RATINGS 
Analog Inputs: AIN" AIN" AIN2 , AIN •.............................................. ±25V 

REF ................................... (AGND2 -o.3V) to (Vs + 0.3V) 
CAP ........................•............... Indefinite Short to AGND2, 

Momentary Short to Vs 
V Sl and V S2 to AGND2 ........................................................................... 7V 
Vs, 10 VS2 ...•.•••.••....••...••.••..•..••.....•••.•.•....••..••••.....•••.••••.•••••.••••.••••..••• ±0.3V 
Difference between AGND1, AGND2 and DGND ............................. ±0.3V 
Digital Inputs and Outputs .......................................... -o.3V to (Vs + 0.3V) 
Maximum Junction Temperature ............. " ...................................... 150°C 
Internal Power Dissipation ...............•............................................. 825mW 
Lead Temperature (soldering, lOs) ................................................ +300'C 
Maximum Input Current to Any Pin " ................................................ 100mA 

BURR-BROWN® 

PIN CONFIGURATION 

LOW 

LOW 

LOW 
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SYNC 
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DGND 14 
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For Immediate Assistance, Contact Your Local Salesperson 
PIN ASSIGNMENTS 

PIN II NAME I/O DESCRIPTION 

I AGNDI Analog Ground. Used intemally as ground reference point. 

2 AINo Analog Input Channel o. Full-scale input range is ±IOV. See Table I. 
3 AIN, Analog Input Channell. Full-scale input range is ±IOV. See Table I. 

4 AIN2 Analog Input Channel 2. Full-scale input range is ±IOV. See Table I. 

5 AIN3 Analog Input Channel 3. Full-scale input range is ±IOV. See Table I. 

6 CAP Internal Reference Output Buffer. 2.2"F Tantalum to ground. 
7 REF Reference Inpul/Output. Outputs +2.5V nominal. If used extemally, must be buffered to maintain ADS7825 accuracy. 

Can also be driven by external system reference. In both cases, bypass to ground with a 2.2"F Tantalum capacitor. 

8 AGND2 Analog Ground. 
9 D7 0 Parallel Data Bit 7 if PAFIISER HIGH; LOW if PAFIISER LOW. See Table II. 
10 D6 0 Parallel Data Bit 6 if PAR/SEA HIGH; LOW if PAFIISER LOW. See Table II. 

II 05 0 Parallel Data Bit 5 if PAFIISER HIGH; LOW if PAFIISER LOW. See Table II. 

12 04 I/O Parallel Data Bit 4 if PAFIISER HIGH; If PAR/SER LOW, a LOW level input here will transmit serial data on SDATA from 
the previous conversion using the internal clock; a HIGH input here will transmit serial data using an extemal clock Input 
on DATACLK. See Table II. 

13 03 0 Parallel Data Bit 3 if PAFIISER HIGH; LOW if PAFIISER LOW. See Table II. 
14 DGND Digital Ground. 

IS 02 I/O Parallel Data Bit 2 if PAFIISER HIGH; if PAFIISER LOW, this will output the internal conversion clock if a LOW is Input 
on 04; will be an input for an external data transmission clock if D4 is HIGH. See Table II. 

16 01 0 Parallel Data Bit I if PAFIISER HIGH; SDATA serial data output if PAFllSER LOW. See Table II. 

17 DO I/O Parallel Data Bit 0 if PAFIISER HIGH; TAG data input if PAFIISER LOW. See Table II. 

18 AI I/O Channel Address. Input W CONTC LOW, output if CONTC HIGH. See Table II. 
19 A2 I/O Channel Address. Input W CONTC LOW, output if CONTC HIGH. See Table II. 
20 PAFllSEA I Select Parallel or Serial Output. If HIGH, parallel data will be output on DO thru D7. If LOW, serial data will be output on 

SDATA. See Table II. 

21 BYTE I Byte Select. Only used with parallel data, when PAFIISER HIGH. Determines which byte is available on DO thru 07. 
Changing BYTE with CS LOW and FIle HIGH will cause the data bus to change accordingly. LOW selects the 8 MSSs; 
HIGH selects the 8 LSBs. 

22 R/C I Read/Conve.rt Input. With CS LOW, a falling edge on FIle puts the internal sample/hold into the hold state and starts a 
conversion. With CS LOW, a rising edge on FIle enables the output data bits W PAFIISER HIGH, or starts transmission 
of serial data n PAFIISER LOW and EXT/INT HIGH. 

23 CS I Chip Select. Internally OR'd with FIle. With CONTC LOW and FIle LOW, a falling edge on CS will Initiate a conversion. 
With FIle HIGH, a falling edge on CS will enable the output data bits W PAFIISER HIGH, or starts transmission of serial 
data if PAFIISER LOW and EXT/I NT HIGH. 

24 BUSY 0 Busy Output. Falls when conversion is started; remains LOW until the conversion is completed and the data is latched 
Into the output register. In parallel output mode or in Internal clock serial mode, output data will be valid when BUSY 
rises, so that the rising edge can be used to latch the data. 

25 CONTC I Continuous Conversion Input. If LOW, conversions will occur normally when Initiated using CS and FIle; If HIGH, 
acquisition and conversions will take place continually, cycling through all four Input channels, as long as CS, FIIC and 
PWRD are LOW. See Table II. 

26 PWRD I Power Down Input. If HIGH, conversions are inhibited and power consumption is significantly reduced. Results from the 
previous conversion are maintained in the output register. In the continuous conversion mode. the muftiplexer address 
channel is reset to channel 0 

27 VS2 Supply Input. Nominally +5V. Connect directly to pin 27. Decouple to ground with O.I"F ceramic and IO!!F Tantalum 
capacitors. 

28 Vs, Supply Input. Nominally +5V. Connect directly to pin 28. 

ADS7825 TIMING AND CONTROL 
CHANNEL 

At AO SELECTED DESCRIPTION OF OPERAnON 

0 0 AINo Channel to be converted during conversion n + I is latched 
0 t AIN, when conversion n is initiated. The selected input starts being 
I 0 AIN2 acquired as soon as conversion n is done. 
I I AIN3 

TABLE la. AO and Al Inputs (CONTC LOW.) 

DATA AVAILABLE CHANNEL TO BE OR 
AI AO FROM CHANNEL BEING CONVERTED DESCRIPTION OF OPERAnON 

0 0 AIN, AINo 
Channel being acquired or converted is oUlput on these 0 I AINo AIN, 

I 0 AIN, AIN2 address lines. Data is valid for the previous channel. These 

I I AIN2 AIN, lines are updated when BUSY rises. 

TABLE lb. AO and Al Outputs (CONTC HIGH.) BURR-BROWNe 
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INPUTS OUTPUTS 

CS RIC BYTE CONTC PWRO BUSY 07 06 05 04 03 02 01 00 COMMENTS 

1 X X X X X Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z 
X 0 X X X X Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z 
0 1 0 X X X Bl1 Bl0 B9 B8 B7 B6 B5 B4 Results from last 

(MSB) completed conversion. 
0 1 t X X X B3 B2 Bl BO LOW LOW LOW LOW Results from last 

(LSB) completed conversion. 
0 1 X X X i i'/' i./. i./. i./. i./. i./. i./. i./. Data will change at the 

end of a conversion. 

TABLE IIa. Read Control for Parallel Data (PAR/SER = 5V.) 

00 
CS RIC TAG COMMENTS 

Input Input Input 
1 X X 
X 0 X 

./. 0 X LOW Output Output X Starts transmission of data from previous 
conversion on SDATA synchronized to 16 
pulses output on DATACLK. 

./. 0 X LOW LOW LOW Output Output X Starts transmission of data from previous 
conversion on SDATA synchronized to 16 
pulses output on DATACLK. 

0 0 X X LOW HIGH LOW Input Output Input The level output on SDATA will be the level 
input on TAG 16 DATACLK input cycles 
earlier. 

0 X T LOW HIGH LOW Input Output Input At the end of the conversion. when BUSY 
rises, data from the conversion will be shifted 
into the output registers. If a clock is being 
Input on OATACLK, valid data will be lost. 

0 i 0 X LOW HIGH LOW Input Output X Initiates transmission of a HIGH pulse on 
SYNC followed by data from last completed 
conversion on SDATA synchronized to the 
input on DATACLK. 

./. 0 X LOW HIGH LOW Input Output X Initiates transmission of a HIGH pulse on 
SYNC followed by data from last completed 
conversion on SDATA synchronized to the 
input on DATACLK. 

0 ./. LOW LOW LOW Output Output X Starts transmission of data from previous 
conversion on SDATA synchronized to 16 
pulses output on DATACLK 

./. X X X LOW HIGH Input Output X SDATA becomes active. Inputs on DATACLK 
shift out data. 

0 i X X X LOW HIGH Input Output X SDATA becomes active. Inputs on 
shift out data. 

./. 0 X X LOW LOW LOW Output Output X Restarts continuous conversion mode. Data 
starts being transmitted when BUSY next 
rises. 

0 ./. X X LOW LOW LOW Output Output X Restarts continuous conversion mode. Data 
starts being transmitted when BUSY next 
rises. 

TABLE lIb. Read Control for Serial Data (PAR/SER = OV.) 

CONTC cs RIC BUSY PWRO AO and At OPERATION 

0 X X X X Inputs Initiating conversion n latches in the levels input on AO and Alto select the channel for 
conversion n + 1 

0 X X 0 0 Inputs Conversion in process. New convert commands ignored. 
0 0 ./. 1 0 Inputs Initiates conversion on channel selected at start of previous conversion. 
0 ./. 0 1 0 Inputs Initiates conversion on channel selected at start of previous conversion. 
0 X X X 1 Inputs All analog functions powered down. Conversions in process or initiated will yield 

meaningless data. 
1 X X X X Outputs The end of conversion n (when BUSY rises) increments the intemal channel latches and 

outputs the channel address for conversion n + 1 on AO and AI. 
1 X X 0 0 Outputs Conversion in process 
1 0 ./. 1 0 Outputs Restarts continuous conversion process on next input channel. 
1 ./. 0 1 0 Outputs Restarts continuous conversion process on next input channel. 
1 X X X 1 Outputs All analog functions powered down. Conversions in process or initiated will yield 

meaningless data. Resets selected input channel for next conversion to INo. 

TABLE III. Conversion Control. 
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For Immediate Assista"ce, Contact Your Local Salesperson 
BASIC OPERATION 
Figure 1 shows the simple circuit required to operate the 
ADS7825, converting a single input channel. Taking Ric 
(pin 22) LOW for a minimum of 40ns will initiate a conver
sion. BUSY (pin 24) will go LOW and stay LOW until the 
conversion is completed and the output registers are up
dated. With BYTE (pin 21) in the LOW state, the eight 

±10V>-----"""""---I 

MSB's will be output in Binary Two's Complement with the 
.MSB (BIT 15) at pin 9. By bringing BYTE IllGH, the eight 
LSB's will be output with the LSB (BIT 0) at pin 17 (See 
Table ITa). BUSY going IllGH can be used to latch the MSB 
data. All convert commands will be ignored while BUSY is 
LOW: 

!ffiSY 

RIC 2.2~F 
ADS7825 

BYTE 

07 (MSB) +5V 

06 

05 

04 .00 (lSB) 

03 01 

D2 

FIGURE 1. Basic Circuit Configuration. 
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BURR - BROWN® 

113131 ADS7831 

12-Bit 600kHz Sampling CMOS 
ANALOG-to-DIGITAL CONVERTER 

FEATURES 
• 600kHz THROUGHPUT RATE 

• STANDARD ±2.5V INPUT RANGE 

• 69dB min SINAD WITH 250kHz INPUT 

• COMPLETE WITH StH, REF, CLOCK, ETC. 

• PARALLEL DATA wtLATCHES 

• FULLY SPECIFIED -40°C TO +85°C 

• 15MHz -3dB BANDWIDTH 

• 28·PIN 0.3" PDIP AND SOIC 

DESCRIPTION 
The ADS7831 is a complete 12-bit sampling AID 
using state-of-the-art CMOS structures. It contains a 
complete 12-bit capacitor-based SAR AID with inher
ent S/H, reference, clock, interface for microprocessor 
use, and three-state output drivers. 

The ADS783I is specified at a 600kHz sampling rate, 
and guaranteed over the full temperature range. A 
±2.5V input range and excellent Nyquist performance 
provide an optimum solution in ±5V supply systems. 

The 28-pin ADS783 I is available in a plastic 0.3" DIP 
and in an sorc, both fully specified for operation over 
the industrial -40°C to +85°C range. 

FREQUENCY SPECTRUM 
(16384 Point FFT; fiN = 250kHz, -0.5dB) 

0 
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iii' -40 
:!:!. -50 
CD 
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0.. -70 
E 
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-100 
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THD: -91dB 
SNR: 72dB 

SFDR: 94dB 
2nd Harmonic : -9adB 
3rd Harmonic : -94dB 

3 

75 150 

Frequency (kHz) 

SFDR: 94dBc 

225 300 

International Alrporllndustrlal Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734· • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 746-1111 • Twx: 910-952·1111 • Cable: BBRCORP • Telex: 066·6491 • FAX: (520) 889-1510 • Immediate Product Info: (BOO) 548-li132 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS 
At T, = -40'C to +85'C, fs = 600kHz, +VOIG = +V"'" = +5V, -v ANA = -f>V, using intemal reference and the 50n input resistor shown in Rgure 4b, unless otherwise specified. 

ADS7831P, U 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

RESOLUTION 12 Bits 

ANALOG INPUT 
Voltage Range ±2.5 V 
Impedance 3.1 kn 
Capacitance 5 pF 

THROUGHPUT SPEED 
Conversion Time 1.3 I1S 
Complete Cycle Acquire & Convert 1.66 I1S 
Throughput Rate 600 kHz 

DC ACCURACY 
Integral linearity Error ±1 LSB") 
Differential Linearity Error ±1 LSB 
No Missing Codes Guaranteed 
Total Unadjusted Erro""') ±10 LSB 

(Includes Bipolar Zero Error and Full Scale Error) 
Power Supply Sensitivity 
(+Vo~ = +V-.= Yo) +4.75V < Vo< +5.25V ±5 LSB 

-f>.25V < -VAN' < -4.75V 
ACACCURACY 
Spurious-Free Dynamic Range f~= 250kHz 77 87 dB") 
Total Harmonic Distortion f'N= 250kHz --85 -77 dB 
Signal-to-(Noise+Distortion) f'N= 250kHz 69 71 dB 
Signal-to-Noise f~= 250kHz 69 72 dB 
Usable Bandwidth(5) 1.6 MHz 
Full-Power Bandwidth 15 MHz 

SAMPLING DYNAMICS 
Aperture Delay 20 ns 
Aperture Jitter 10 ps 
Transient Response FS Step 200 ns 
Overvollage Recovery.) 250 ns 

REFERENCE 
Reference Voltage 2.45 2.5 2:55 V 
Reference DC Source Current 100 ItA 

(External load should be static) 
DIGITAL INPUTS 
Logic Levels 

V" -0.3 +0.8 V 
V," +2.4 Vo + 0.3 V 

I" V.= OV ±10 ItA 
I," V," = 5V ±10 ItA 

DIGITAL OUTPUTS 
Data Formal Parallel 12-bits 
Dala Coding Binary Twc's Complement 

V'" ISINK= 1.6mA +0.4 V 

V"" ISOURCE = 5001tA +2.8 V 
leakage Current High-Z State, ±5 ItA 

V"" = OV to VOIO 
Output Capacitance High-Z State 15 pF 

DIGITAL TIMING 
Bus Access Time 62 ns 
Bus Relinquish Time 83 ns 

POWER SUPPLIES 
Specified Performance 

+VOlG= +Vp,m +4.75 +5 +5.25 V 
-V".. -f>.25 -f> -4.75 V 
+lolG +16 rnA 
+1-. +16 rnA 
-1_ -12 mA 

Power Dissipation fs = 600kHz 220 275 mW 

TEMPERATURE RANGE 
Specified Performance -40 +85 'C 
Storage -65 +t50 'C 
Thermal Resistance (8.,.) 

75 Plastic DIP 'CIW 
SOIC 75 'CIW 

NOTES: (1) LSB means Least SignHicant BR. For the 12-bit. ±2.5V input ADS7831, one LSB is 1.22mV. (2) Measured wRh son in series wRh analog input. Adjustable 
to zero wRh external potentiometers. (3) Total unadjusted error is the wons! case of -Full Scale or +Full Scale untr1mmed deviation from ideal first and last code 
transitions and includes the effect of offset error. (4) All specifications In dB are referred to a full-scale ±2.5V input. (5) Usable Bandwidth defined as Full-Scale input 
frequency at which Signal-to-(Noise+Distortion) degrades to 60dB, or 10 bUs of accuracy. 6) Recovers to specified performance after 2 x FS input over voltage. 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 
BLOCK DIAGRAM 

±2.5V Input 

Cap 

2.5V Ref Out o-------...... -.,j\j\f---I 

ABSOLUTE MAXIMUM RATINGS 

Analog Inputs: Y'N .•.••.••..•••••..•.........•...•..•..•..•...•..•...•.........•..••........••.• ±25V 
REF ..................................... +V",. +0.3V to AGND2 -o.3V 
CAP ........................................... Indefinfte Short to AGND2 

Momentary Short to +V ANA 

Ground Voltage Differences: DGND, AGND1, AGND2 ................... ±O.3V 
+VANA ........•........................................................................................... +7V 
+VOIG to +V ANA •••••.••••••.••.••..••.•.•••.•••••.••.•.••.•••••.••..•••••••••••••••••••••••.•••••. +O.3V 
+VOfG ••••••••••••••••••••••••••••••••••••••.••••••••••••.•••••••••••••.••.•••.••.••.••.••..••.••••••••••••• 7V 
-V", ..................................................................................................... -7V 
Digital Inputs ............................................................. -o.3V to +V DIG +0.3V 
Maximum Junction Temperature ................................................... + 165°C 
Internal Power Dissipation ............................................................. 825mW 
Lead Temperature (soldering, lOs) ................................................ +300'C 

Output 
BUSY Latches 

and 
Three 

Three 

State 
State 

Drivers 
Parallel 

Data 
Bus 

PACKAGE AND ORDERING INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBERI'} 

ADS7831P 28·Pin Plastic DIP 246 
ADS7831U 28·Pin SOIC 217 

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

A ELECTROSTATIC 
Ja. DISCHARGE SENSITIVITY 
Electrostatic discharge can cause damage ranging from 
performance degradation to complete device failure. Burr
Brown Corporationrecommends that all integrated circuits be 
handled and stored using appropriate ESD protection 
methods. 

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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For Immediate Assistance, Contact Your Local Salesperson 
PIN ASSIGNMENTS 

DIGITAL 
PIN # NAME 110 DESCRIPTION 

1 Y'N Analog Input. Connecl via 500 to analog input. Full-scale input range is ±2.5V. 
2 AGNDI Analog Ground. Used internally as ground reference point. Minimal currenillow. 
3 REF Reference InpuIJOutput. Outputs Internal reference of +2.5V nominal. Can also be driven by external system 

reference. In both cases, decouple to ground with a O.1p.F ceramic capacitor. 
4 CAP Reference Buffer Output. 1000F tantalum capacnor to ground. Nominally +2V. 
5 AGND2 Analog Ground. 
6 011 (MSB) a Data Bit 11. Most Significant Bit (MSB) of conversion results. Hi-Z state when CS is HIGH, or when Ric is 

lOW, or when a conversion i'!..!!J progress. 
7 010 a Data Bit 10. Hi-Z state when...QS is HIGH, or when ~C is LOW, or when a conversion is in progress. 
8 09 a Data Bit 9. Hi-Z state when CS is HIGH, or when RIC is LOW, or when a conversion is in progress. 
9 08 a Data Bit 8. Hi-Z state when CS is HIGH, or when RIC is LOW, or when a conversion is in progress. 
10 07 a Data Bit 7. Hi-Z state when ~ is HIGH, or when Rl9 is LOW, or when a conversion is in progress. 
11 06 a Data Bit 6. Hi-Z state when CS is HIGH, or when RIC is LOW, or when a conversion is in progress. 
12 05 a Data Bit 5. Hi-Z state when ~ is HIGH, or when Rl9 is LOW, or when a conversion is in progress. 
13 04 a Data Bit 4. Hi-Z state when CS is HIGH, or when RIC is LOW, or when a conversion is in progress. 
14 DGND Dignel Ground. 
15 03 a Data Bit 3. Hi-Z state when CS is HIGH, or when RIC is LOW, or when a conversion is in progress. 
16 02 a Data Bit 2. Hi-Z state when CS is HIGH, or when RIC is LOW, or when a conversion is in progress. 
17 01 a Data Bit 1. Hi-Z state when CS is HIGH, or when RIC is LOW, or whim a conversion is in progress. 
18 DO (LSB) a Data Bit O. Least Significant Bit (LSB) of conversion results. Hi-Z state when CS is HIGH, or when RIC is 

lOW, or when a conversion is in progress. 
19 Not internally connected. 
20 +V"", Analog Positive Supply Input. Nominally +5V. Connect directly to pins 21, 27 and 28_ 
21 +V01G Dignal Supply Input. Nominally +5V. Connect directly to pins 20, 27 and 28. 
22 DGND Digital ground. 
23 RIO I Read/Convert Input. With CS LOW, a falling edge on RIC puts the internal samplelhold into the hold state and 

starts a conversion. With CS LOW and no conversion in progress, a rising edge on RIC enables the output . 
data bits. 

24 GS I Chip Select. With RlC'LOW, a falling edge on CS will initiate a conversion. With RIC HIGH and no conversion 
in progress, a falling edge on CS will enable the output data bits. 

25 BUSY '0 Busy Output. Falls when a conversion is started, and remains LOW until the conversion is completed and the 
data is latched into the output register. With CS LOW and RIC' HIGH, output data will be valid when BUSY 
rises, so that the rising edge can be used to latch the data. 

26' -VAN'" Analog Negative Supply Input. Nominally --5V. Decouple to ground with O.I~F ceramic and 1000F tantalum 
capacitors. 

27 +VD1G Digital Supply Input. Nominally +5V. Connect directly to pins 20, 21 and 28. 
28 +VAlIIA Analog Positive Supply Input. Nominally +5V. Connect directly to pins 20, 21 imd 27, and decouple to ground 

with 0.1 ~F ceramic and 1 O~F tantalum capacitors. 

PIN CONFIGURATION 

Top View DIPISOIC 

Y'N 28 +V_ 

AGNDI +V01G 

REF -VANA 

CAP BUSY 

AGND2 GS 

011 (MSB) RIC 

010 OGND 
AOS7831 

D9 +VOIG 

08 +VANA 

07 NC(1) 

06 DO (LSB) 

05 01 

04 02 

OGNO 14 15 03 

NOTE: (1) Not Internally Connected. 
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TYPICAL PERFORMANCE CURVES 
T = +25°C, 1s =600kHz, +VDlG = +VANA = +5V, -v ANA = -5V, using internal reference and the 50n input resistor shown in Figure 4b, unless otherwise specified. 

FREQUENCY SPECTRUM 
(4096 Point FFT; f'N = 252kHz, -o.5dB) 
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FREQUENCY SPECTRUM 
(4096 Point FFT; f'N = 502kHz. -o.5dB) 
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A.C. PARAMETERS vs TEMPERATURE 
(f'N = 250kHz, -o.5dB) 
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For Immediate Assistance, Contact Your Local Salesperson 

TYPICAL PERFORMANCE CURVES (CONn 
T = +25°C. fs =600kHz. +V01G = +VANA = +5V. -VANA = -SV. using internal reference and the 50n input resistor shown In Figure 4b. unless otherwise specified. 
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BASIC OPERATION 
Figure I shows a basic circuit to operate the ADS7831. 
Taking Ric (pin 23) LOW for 40ns will initiate a conver
sion. BUSY (pin 25) 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 Dll (pin 6). BUSY going HIGH can be 
used to latch the data. All convert commands will be ignored 
while BUSY is LOW. 

The ADS7831 will begin tracking the input signal at the end 
of the conversion. Allowing 1.66J.1S between convert com
mands assures accurate acquisition of a new signal. 

STARTING A CONVERSION 
The combination of CS (pin 24) and RIC (pin 23) LOW for a 
minimum of 40ns immediately puts the sample/hold of the 
ADS7831 in the hold state and starts a conversion. BUSY (pin 
25) will go LOW and stay LOW until the conversion is 
completed and the internal output register has been updated. AIl 
new convert commands during BUSY LOW will be ignored. 

The ADS7831 will begin tracking the input signal at the end 
of the conversion. Allowing 1.66J.1S between convert com
mands assures accurate acquisition ,Ef a new signal. Refer to 
Table I for a summary of CS, RIC, and BUSY states and 
Figures 2 and 3 for timing parameters. 

CS and RIC are internally OR'd and level triggered. There 
is not a requirement which input goes LOW first when 
initiating a conversion. If it is critical that CS or RIC initiate 
the conversion, be sure the less critical input is LOW at least 
IOns prior to the initiating input. 

To reduce the number of control pins, CS can be tied LOW 
using RIC to control the read and convert modes. Note that 
the parallel output will be active whenever RIC is HIGH and 

50n 
±2.5V o-..,M"-----! 

011 (MSB) 

010 

09 

08 

07 

06 

05 

04 

FIGURE 1. Basic Operation 
BURR-BROWN@ 

ADS7831 

no conversion is in progress. See the Reading Data section 
and refer to Table I for control line functions for 'read' and 
'convert' modes. 

a Initiates conversion. Databus enters Hi·Z 
state. 

a Conversion completed. Valid data from the 
most recent conversion on the databus. 

t Enables databus with valid data from the 
most recent conversion. 

! a Conversion in progress. Oatabus in Hi-Z 
state, enabled when the conversion is completed. 

a i a Conversion in progress. Oatabus in Hi·Z 
state, enabled when the conversion is completed. 

a a i Conversion completed. Valid data from the 
most recent conversion in the output register, 
but the ou1puI pins 011-00 remain tri-stated. 

X X New convert commands ignored. Conversion 
in progress. 

Table I. Control Line Functions for 'read' and 'convert', 

DESCRIPTION ANALOG INPUT DIGITAL INPUT 

Full Scale Range ±2.5V BINARY TWO'S COMPLEMENT 
Least Significant 1.22mV 
Bit (LSB) BINARY CODE HEX CODE 

+Full Scale 2.499V 011111111111 7FF 

(2.5V - 1 LSB) 

Midscale OV 0000 0000 0000 000 

One LSB below -1.22mV 111111111111 FFF 
Midscale 

-Full Scale -2.5V 1000 0000 0000 800 

TABLE II. Ideal Input Voltages and Output Codes. 

Convert Pulse 

LJ 
~ 

40ns min 

00 (LSB) 

01 

02 

03 
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-1,.-1· 

~ All:: H 
1'2 

Ia 

I - J- 13 f- t,-

BUSY t " \ 

- -10 .1 
MODE Acquire Convert Acquire ~. Convert 

17 . la-I 
. 1. 

DATA BUS Dala Valid ~ Hi-ZSlale Data Valid HI ZStale 

-la-I - -t10 

FIGURE 2. Conversion Timing with Outputs Enabled After ConversIOn (CS Tied Low). 

READING DATA 
The ADS7831 outputs full parallel data in Binary Two's 
Complement data output format. The parallel output will be 
active when Ric (pin 23) is IDGH, CS (pin 24) is LOW, aod 
no conversion is in progress. Any other combination will tri
state the parallel output. Valid conversion data cao be read in 
a full parallel, 12-bit word on DlI-DO (pins 6-13 aod 15-18). 
Refer to Table IT for ideal output codes. 

After the conversion is completed aod the output registers 
have been updated, BUSY (pin 25) will go IDGH. Valid data 
from the most recent conversion will be available on 
Dll-DO (pins 6-13 aodI5-18). BUSY going IDGH cao be 
used to latch the data. Refer to Table ill aod Figures 2 aod 3. 

Note: F~r best performaoce, the external data bus connected 
to Dll-DO should not be active during a conversion. The 
switching noise of the external asynchronous data signals 
cao cause digital feed through degrading the converter's 
performaoce. 

The number of control lines cao be reduced by tieing CS 
LOW while using RIC to initiate conversions aod activate 
the output mode of the converter. See Figure 2. 

ANALOG INPUT 
The ADS7831 has a ±2.5V input raoge. Fignres 4a aod 4b 
show the necessary circuit connections for the ADS7831 
with aod without external trim. Offset aod full scale errot<l) 
specifications are tested aod guaraoteed with the son resis
tor shown in Figure 4b. This external resistor makes it 
possible to trim the offset ±12mV using RI aod PI as shown 
in Figure 4a. This resistor may be left out if the offset aod 
gain errors will be corrected in software or if they are 
negligible in regards to the particular application. See the 
Calibration section of the data sheet for details. 

The nominal input impedance of 3.125kQ results from the 
combination of the internal resistor network shown on page 3 
of this data sheet aod the external son resistor. The input 
resistor divider network provides inherent over-voltage pro
tection guaraoteed to at least ±25V. The 500, 1 % resistor 
does not compromise the accuracy or drift of the converter. It 
has little influence relative to the internal resistors, aod tighter 
toleraoces are not required. 

Note: The values shown for the internal resistors are for 
reference only. The exact values cao vary by ±30%. This is 
true of all resistors internal to the ADS7831. Each resistive 
divider is trimmed so that the proper division is achieved. 

NOTE: (1) Full scale error includes offsel and gain errors measured al bolh 
+FS and -FS. 

SYMBOL DESCRIPTION MIN TYP MAX UNITS 

I, Convert Pulse Wldlh 40 ns 

t, Data Valid Delay 1310 1460 ns 
After Slart of Conversion 

t, BUSY Delay 75 125 ns 
From Start of Conversion 

r. BUSY LOW 1300 1440 ns 

Is BUSY Delay After 90 ns 
End of Conversion 

t, Aperture Delay 20 ns 

I, Conversion Time 1285 1400 ns 

I. Acquisition Time 200 250 ns 

t,&t" Throughpul Time 1485 1650 ns 

t, Bus Relinquish Time 10 55 83 ns 

I" BUSY Delay 20 65 100 ns 
After Dala Valid 

I" AlC \0 CS 10 ns 
Setup Time 

I" Time Balween 1660 ns 
Conversions 

I" Bus Access Time 10 30 62 ns 

TABLE ffi. Timing Specifications (TMIN to T....,J. 
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CALIBRATION 
The ADS7831 can be trimmed in hardware or software_ The 
offset should be trimmed before the gain since the offset 
directly affects the gain. 

Hardware Calibration 
To calibrate the offset and gain of the ADS7831, install the 
proper resistors and potentiometers as shown in Figure 4a. 
The calibration range is ±12mV for the offset and ±30mV 
for full scale. 

Potentiometer PI and resistor RI form the offset adjust 
circuit and P2 and R2 the gain adjust circuit. The exact values 
are not critical. RI and R, should not be made any larger than 
the value shown. They can easily be made smaller to 
provide increased adjustment range. Reducing these below 
15% of the indicated values could begin to adversely affect 
the operation of the converter. 

P and P can also be made larger to reduce power dissipa-
I 2 • 

tion. However, larger resistances will push the useful adJust-
ment range to the edges of the potentiometer. PI should 
probably not exceed 20kQ and P2 IOOkn in order to main
tain reasonable sensitivity. 

Software Calibration or No Calibration 
The ADS7831 does not require external resistors for its 
basic operation. However, the component is designed to be 
used with an external 50n resistor on the input, and the 
specifications apply to this condition. If this resistor is not 
used, the only specification that will be affected is 
unadjusted error. 

With the 50n resistor, the nominal input voltage range . 
±2.5V and the total unadjusted error is ±lOLSBs guaran
teed. Without the 50n resistor, the nominal input voltage 
range will be ±2.46V and the total unadjusted error is not 
guaranteed. While it will typically be much less, the total 
unadjusted error could be as high as ±20LSBs. 

-I -I" - I-I" -I -t11 -i-ttl 
ITffi. 111JJJJJm1jJ RIC 

MODE 

DATA 
BUS 

-

-
Acquire 

-t, -

['------'I 

J-I, 
\ . 
I 

-t,; 

1-15-1 
I, 

J 

Convert 

I, I 
12 

Hi-ZSlate 

AGURE 3 .. Using CS to Control Conversion and Read Timing. 

50n 
V,N VIN 

AGNDI 
P, 

5kU 
+5V 

REF 
-5V 

'J CAP 5kU 

AGND2 

NOTE: Use 1 % metal film resistors. Trim offset at OV first. then Irim 
gain at 2.5V. 

AGURE 4a. Circuit Diagram With External Hardware Trim. 
BURR~BROWNe 

IWlllWJ 

~ 

Acquire 

1 
Data Valid! HI Z Stale 

-t13 - -Ig-l 

50n 
VIN o--J1JVC------j V,N 

AGNDI 

.------1 REF 

CAP 

'----t--1 AGND2 

AGURE4b. Circuit Diagram Without External Hardware Trim. 
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REFERENCE 
For Immediate Assistance, Contact Your Local Salesperson 

GROUNDING 

REF 

REF (pin 3) is the output for the internal 2.5V reference. A 
0.11lF capacitor should be connected as close to the REF pin 
as possible. The capacitor and the output resistance of REF 
create a low pass ftlter to band limit noise on the reference. 
Using a smaller value capacitor will introduce more noise to 
the reference degrading the SNR and SINAD. The REF.pin 
should not be used to drive external AC or DC loads. 

CAP 

CAP (pin 4) is the output of the internal reference buffer. A 
101lF capacitor should be placed as close to the CAP as 
possible to provide optimum switching currents for the 
CDAC throughout the conversion cycle and compensation 
for the output of the buffer. Using a capacitor any smaller 
than 2.21lF can cause the output buffer to oscillate and may 
not have sufficient charge for the CDAC. Capacitor values 
larger than 101lF will have little effect on improving perfor
mance. The voltage on the CAP pin is approximately 2V 
when using the internal reference, or 80% of an externally 
supplied reference. 

LAYOUT 
POWER 

The ADS7831 uses the majority of its power for analog and 
static circuitry and it should be considered as an analog 
component. For optimum perfonnance, tie the analog and 
digital +5V power pins to the same +5V power supply and 
tie the analog and digital gronnds together. 

For best perfonnance, the ±5V supplies can be produced 
from whatever analog supply is used for the rest of the 
analog signal conditioning. If ±12V or ±15V supplies are 
present, simple regulators can be used. The +5V power for 
the AID should be separate from the +5V used ·for the 
system's digital logic. Connecting V DIG (pin 27) directly to 
a digital supply can reduce converter perfonnance due to 
switching noise from the digital logic. 

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 
V DIG and V ANA should be tied to the same +5V source. 

Three ground pins are present on the ADS7831. DGND 
(pin 22) is the digital supply ground. AGND2 (pin 5) is the 
analog supply ground. AGNDI (pin 2) is the ground which 
all analog signals internal to the AID are referenced. 
AGNDI is more susceptible to current induced voltage 
drops and must have the path of least resistance back to the 
power supply. 

All the ground pins of the ADS should be tied to the 
analog ground plane, separated from the system's digital 
logic ground, to achieve optimum perfonnance. 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. 

SIGNAL CONDITIONING 

The PET switches used for the sample hold on many CMOS 
AID converters release a significant amount of charge injec
tion which can cause the driving op amp to oscillate. The 
PET switch on the ADS7831, compared to PET switches on 
other CMOS AID 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 op amp on the front end. Any op amp 
sufficient for the signal in an application will be sufficient to 
the drive the ADS7831. 

The resistive front end of the ADS7831 also provides a 
guaranteed ±25V over voltage protection. In most cases, this 
eliminates the need for external input protection circuitry. 

INTERMEDIATE LATCHES 

The ADS7831 does have tri-state outputs for the parallel 
port, but intennediate latches should be used if the bus will 
be active during conversions. If the bus is not active during 
conversions, the tri-state outputs can be used to isolate the 
AID from other peripherals on the same bus. 

Intennediate latches are beneficial on any monolithic AID 
converter. The ADS7831 has an internal LSB size of 61OIlV. 
Transients from fast switching signals on the parallel port, 
even when the AID is tri-stated, can be coupled through the 
substrate to the analog circuitry causing degradation of 
converter perfonnance. 
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BURR-BROWN® 

I~~I ADS7833 

10-Channel, 12-Bit 
DATA ACQUISITION SYSTEM 

FEATURES .3 SIMULTANEOUS SAMPLED CHANNELS 

• 3 SYNCHRONIZED 12·BIT ADCs 

• 6.6J.1S THROUGHPUT RATE 

• FULLY DIFFERENTIAL MUX INPUTS 

• DIGITALLY SELECTABLE INPUT RANGES 

• ±5V POWER SUPPLIES 
• SERIAL DIGITAL INPUT/OUTPUTS 
.2 SIMULTANEOUS SAMPLED AUXILIARY 

CHANNELS 

APPLICATIONS 
• AC MOTOR SPEED CONTROLS 

• THREE PHASE POWER CONTROL 

• UNINTERRUPTABLE POWER SUPPLIES 

• VIBRATION ANALYSIS 

• PC DATA ACQUISITION 

• MEDICAL INSTRUMENTATION 

• DIRECT INTERFACE TO MOTOROLA'S VH 

DSP56004n 

DESCRIPTION 
The ADS7833 consists of three 12-bit analog-to-digi
tal converters preceded by three simultaneously oper
ating sample-hold amplifiers, and multiplexers for 10 
differential inputs. The ADCs have simultaneous se
rial outputs for high speed data transfer and data 
processing. 

The ADS7833 also offers a programmable gain ampli
fier with programmable gains of 1.0VN, 1.25VN, 
2.5VN, and 5.0VN. Channel selection and gain se
lection are selectable through the serial input control 
word. The high through put rate is maintained by 
simultaneously clocking in the 13-bit input control 
word for the next conversion while the present conver
sions are clocked out. 

The part also contains an 8-bit digital-to-analog con
verter whose digital input is supplied as part of the 
input control word. 

International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tol:(520)746-1111 • Twx: 911J.952·1111 • Cablo:BBRCORP • Tolox:066-6491 • FAX: (520)889-1510 • ImmediateProducl Info: (BOO) 548-6132 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS 
At VANA• = +5V, VANJ.- = -<>V, VOIG• = +5V, VOIG- = -<>V, and T. = -40'C to +85'C, using internal reference, fCLOCK = 2.IMHz. 

ANALOG-TO-DIGITAL CONVERTER CHANNELS 

ADS7833N 

PARAMETER CONDITIONS MIN TYP 

RESOLUTION 12 

ANALOG INPUT 
Full Scale Voltage, Differential G= I.OVN ±2.5 

G = 1.25VN ±2.0 
G=2.5VN ±I.O 
G = 5.0VN ±a.s 

Common·Mode Voltage ±a.s See Table VII 
Impedance 10' • 
CapaCitance 20 

THROUGHPUT SPEED 
Conversion Time ClK = 2.IMHz 
Complete Cycle Acquire and Convert 
Throughput Rate 150 200 

SAMPLING DYNAMICS 
s/H Droop Rate 0.1 
s/H Acquisition Time 0.5 
s/H Aperture Delay 50 
S/H Aperture Jitter 50 
Sampling Skew, Channel·to·Channel 3 

DC ACCURACY 
Integral linearity· Synchronous ±a.s 
Differential linearity· Synchronous ±a.s 
No Missing Codes 12 
Integral linearity· Asynchronous 0.5 
Differential linearity· Asynchronous 0.5 
Full Scale Error G= 1.0VN 
Full Scale Error Other Gains 
Full Scale Error Drift G= I.OVN ±IO 

G =2.5VN ±IO 
Zero Error· Synchronous G= I.OVN ±a.s 
Zero Error - Asynchronous ±a.5 
Zero Error Drift G= I.OVN ±a.5 

ACACCURACY 
Total Harmonic Distortion 

fiN = 1kHz 92 
fiN = IMHz 72 

CMR VCM = tV, fCM = IMHz 40 

REFERENCE 
Internal Reference Voltage 2.5 
Internal Reference Accuracy ±a.25 
Internal Reference Drift ±IO 
Internal Reference Source Current 10 
External Reference Voltage Range 2.25 2.5 

for Specified linearity 
External Reference Current Drain 10 

DIGITAL INPUTS 
logic Levels 

V,L 0 
V,H +3.5 
I,L 
I'H 

Input CapaCitance At All Digital Input Pins 

DIGITAL OUTPUTS 
Data Format 12·Bit Serial 
Data Coding BTC 

VOL ISINK = 1.6mA 0 
VOH ISOUACE = 500~ 4.2 

leakage Current 
Output CapaCitance At All Digital Output Pins 

MAX UNITS 

Bit 

V 
V 
V 
V 
V 
G 
pF 

6.1 j!S 

6.6 ~s 

kHz 

~Vlj!S 
~s 

ns 
ps 
ns 

±2 lSB 
lSB 
Bits 

±3 lSB 
±3 lSB 
2 %ofFSR 
4 %ofFSR 

±IOO ppml'C 
±IOO ppml'C 
±15 lSB 
±20 LSB 

ppml'C 

dB 
dB 

.dB 

V 
% 

ppm/'C 
~ 

2.75 V 

~ 

1.5 V 
+5 V 
±IO ~ 
±IO ~ 
15 pF 

0.4 V 
5 V 
±5 ~A 
15 pF 

The information provided herein is believed to be reliable; however, BURR·BROWN assumes no resp~nsibilityfor 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 nol authorize or warrant 
any BURR·BROWN pnoduct for use in life support devices andior systems. ' 
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SPECIFICATIONS (CONT) 
At V ANA. = +5V, V ANA- = -5V, VOIG+ = +5V, VOIG- = -5V, and T A = -40'C to +85'C, using internal reference, fCLOCK = 2.1 MHz. 

ANALOG-TO-DIGITAL CONVERTER CHANNELS 

PARAMETER 

POWER SUPPLIES 
VANA+ 
VANA.-

VOIG+ 

V01G-

IANA+ 

lANA-

IOIG+ 

IDIG-
Power Dissipation 

TEMPERATURE RANGE 
Specified Performance 
Derated Performance 
Storage 

DIGITAL-TO-ANALOG CONVERTER 

PARAMETER 

RESOLUTION 
Output Range 
Output Settling Time 
Linearity Error 
Differential Linearity 
Output Current 
Offset Error 
Full Scale Error 

ABSOLUTE MAXIMUM RATINGS 

CONDmONS 

Specified Performance 

CONDmONS 

To 0.5lSB 

Analog Input Voltage ............•............................................................ ±25V 

+4.75 +5.0 
-4.75 -5.0 
+4.75 +5.0 
-4.75 -5.0 

15 
8 
3 
1 

125 

-40 
-55 
~5 

ADS7833N 

MIN TYP 

8·Bits 
0 

200 
±1 

PIN CONFIGURATION 

+5.25 
-5.25 
+5.25 
-5.25 

25 
10 
5 
2 

+85 
+125 
+t50 

MAX 

+2.5 
1 

±1 
±1 

10 
2 

Ground Voltage Difference: AGND and DGND ............•.................... ±0.3V 
Power Supply Voltages: 

VANA+ ........•.••....••..•.•.••..•••...•.•.........••.••..••...•..•••.....•...•.•.......••.......•...• +7V 
VANA_ .............•................•.................................................................. -7V 
V01G+ ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• +7V 
VOIG- ..........................................................................•....•................. -7V 

~~ ·p~·H!1~~~"5 
;~~J~J~J»~>~~~~~ 

Digital Inputs .............................................................. -{).3V to VOIG +0.3V 
Maximum Junction Temperature ................................................... +165°C 
Internal Power Dissipation .............................................•............... 825mW 
lead Temperature (soldering, lOs) ............................................... +300'C 

CONVERSION AND DATA TIMING 

SYMBOL DESCRIPTION MIN TYP MAX UNITS 

!cONV NO Conversion Time 6.6 4.0 J1S 
ClK NO Conversion Clock 2.1 2.8 MHz 

t, Setup Time for Conversion 50 ns 
Before Rising Edge of Clock 

t2 Hold lime for Conversion 50 ns 
After Rising Edge of Clock 

t3 Setup Time for Serial Out 25 ns 

t, Setup Time for Serial Input 30 ns 

t. Hold Time for Serial Input 30 ns 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER(') 

ADS7833N 68 lead PleC 312 

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

9 8 7 6 5 4 3 2 1 ~ ~~ ~~ ~ ~ 61 

NC 10 o 

ADS7833N 

NC 26 
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UNITS 

V 
V 
V 
V 

mA 
mA 
mA 
mA 
mW 

'C 
'C 
'C 

UNrrs 

V 
J1S 

lSB 
lSB 

mV 
% 

60 NC 
59 V1•1N 

V1-2N 

V1-2P 

NC 

V, -3P 

NC 
NC 
NC 
NC 
NC 
NC 
NC 

44 NC 
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PIN DEFINITIONS 

PIN NO NAME TYPE(1) DESCRIPTION PIN NO NAME TYPE(1) DESCRIPTION 

1 V3-4N AI Voltage Input, Channel 3, Mux UP 4, 35 SallT1 DO Serial Dig~a! Output, Channel 1 

Negative Side 36 CLK 01 Clock for AID Converters 

2 V3-4P AI Voltage Input, Channel 3, Mux IP 4, 37 CONV 01 Start AID Converters. When CONV goes to 

Positive Side "0" (low) the next rising edge of CLK 
starts the conversion. 

3 V""'N AI Voltage Input, Channel 3, Mux liP 3, 
38 ASH 01 Digital Control for Asynchronous Sample Negative Side 

Hold. If signal Is "1" (high), signals 
4 V"",p AI Voltage Input, Channel 3, Mux liP 3, are sampled. 

Positive Side 
39 SER'N 01 Serial Dig~1 Input for Input Control Word 

5 V3-2N AI Voltage Input, Channel 3, Mux liP 2, 40 BUSY DO AID Converters Busy. Busy if Signal 
Negative Side Is '0" (low). 

6 V3-2P AI Voltage Input, Channel 3, Mux liP 2, 41 DCLOCK DO A Delayed and Truncated Version of 
Positive Side the CLK Signals. It is Delayed 50ns 

7 NC - No Connection from the CLK Signal and Stays Low 
8 V3-1N AI Voltage Input, Channel 3, Mux UP 1, after 13 DCLOCK Cycles. 

Negative Side 42 NC - No Connection 
9 V3-1P AI Voltage Input, Channel 3, Mux liP 1, 43 NC - No Connection 

Positive Side 44 NC - No Connection 
10 NC - No Connection 45 NC - No Connection 
11 V2-1N AI Voltage Input, Channel 2, Mux liP 1, 46 NC - No Connection 

Negative Side 47 NC - No Connection 

12 V2-1P AI Voltage Input, Channel 2, Mux UP 1, 48 NC - No Connection 

Positive Side 49 NC - No Connection 

13 NC - No Connection 50 NC - No Connection 

14 V'-"N AI Voltage Input, Channel 2, Mux liP 2, 51 NC - No Connection 
52 V,-3P AI Voltage Input, Channel 1, Mux liP 3, Negative Side 

PosHive Side 
15 V,-"p AI Voltage Input, Channel 2, Mux liP 2, 

53 V,-3N AI Vo~ge Input, Channell, Mux UP 3, Positive Side 
Negative Side 

16 NC - No Connection 
54 NC No Connection 17 V2-3N AI Voltage Input, Channel 2, Mux liP 3, -

Negative Side. 55 V'~P AI Voltage Input, Channell, Mux lIP 2, 
PosHive Side 

18 V2-3P AI Voltage Input, Channel 2, Mux liP 3, 
56 V,-2N AI Voltage Input, Channell, Mux liP 2, Positive Side 

Negative Side 
19 NC - No Connection 

57 NC No Connection 20 NC - No Connection -
21 NC - No Connection 58 V,_1P AI Voltage Input, Channell, Mux UP 1, 

22 NC - No Connection Positive Side 

23 NC - No Connection 59 V,_1N AI Voltage Input, Channell, Mux liP 1, 

24 NC - No Connection Negative Side 

25 NC - No Connection 60 NC - No Connection 
26 NC - No Connection 61 NC - No Connection 
27 TPl - Test Point 1, Make No Connection 62 AOllT AO Output of DAC 
28 TP2 - Test Poinl 2, Make No Connection 63 CAP AO Decoupling Point for Internal Reference 
29 VDlG+ P Digital Supply Voltage, +5V 64 REF'N AI Input Pin for External Reference 
30 DGND P Digital Supply Voltage, Ground 65 REFGNO P Ground Pin for External Reference 
31 V01G- P Digital Supply Voltage, -{;V 66 VANA- P Analog Supply Voltage, -{;V 
32 NC - No Connection 67 AGND P Analog Supply Voltage, Ground 
33 SOUT2 DO Serial Digital Output, Channel 2 68 VANA+ P Analog Supply Voltage, +5V 
34 SOUTS DO Serial Digital Output, Channel 3 

NOTE: (1) AI is Analog Input, AO is Analog Output, 01 is Digital Input, DO Is Digital Oulput, P is Power Supply Connection. 
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TYPICAL PERFORMANCE CURVES 
At VANA+ = +5V, VAN,\- = -SV. V01G+ = +5V, V01G- = -5V and TA = 25°C, using internal reference, fCLOCK = 2.1MHz. 
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TYPICAL PERFORMANCE CURVES (CO NT) 
AI VAlIA. = +5V. VANA- = -JfN. VDIG• = +5V. VDIa- = -5V and TA = 25°C. using inlernal reference. feeOCK = 2.1MHz. 
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FUNCTIONAL DESCRIPTION 
(See Figure 1) 

ADCs AND PGAs 

The ADS7833 contains three signal channels each with a 
12-bit analog-to-digital converter output. The ADCs operate 
synchronously and their serial outputs occur simultaneously. 
(Table VI gives the analog input/digital output relation-

~p-2 _-\ 

CAP~_'--< 

AEF,N¢-------' 

ships). The ADCs are preceded by programmable gain 
amplifiers. (Table II gives gain select information). For 
channels one and two, the PGAs are effective for all three 
analog inputs. For the third channel, only the V3-1 input is 
gain changed by the PGA. Inputs V3-2' V3_3, and V3-4 are 
connected to ADC3 at a fixed gain of 1 V N regardless of the 
Gain Select value. 

SoUT. 

SoUT3 

SER/N 

AoUr 

ASH 
L------------?CLK 

'----------------¢CONV 
'---------------¢8USY 

L _________ ~============jDCL.OCK 

FIGURE 1. Functional Diagram. 

SAMPLE HOLDS 

The ADS7833 contains seven sample holds. Five of them 
(SH I through SHs) sample simultaneously and have their 
sample/hold timing internally synchronized. (The timing is 
shown in Figure 2). 

Three of the sample holds (SH I , SH3. and SHs) are con
nected to the input multiplexers so that they can provide 
simultaneous sampling for all of their channels inputs. In 
addition, SH2 and SH4 simultaneously sample the third input 
of their channels (V1--3 and V2-3, respectively). This is useful 
in motor control applications where V 1-2 and VI_3 are the 
quadrature inputs for one position sensor, and V2_2 and 
V 2-3 are the quadrature inputs for a second position sensor 
(see Figure 6). In that application, it is desirable to sample 

BURR-BROWN® 

the quadrature inputs of a given position sensor at the same 
time (even though they are converted on successive conver
sion cycles) (see Table III), so that their values are captured 
at the same shaft position. 

The ADS7833 also has the capability for limited asynchro
nous sampling. The sampling of SH6 and SH7 is controlled 
asynchronously by the control signal ASH (see Table III). 
This allows two inputs each on channell and channel 2 (see 
Table IV) to be sampled asynchronously from the timing of 
the other sample holds. This can be useful in motor control 
applications where the two inputs for each channel come 
from a position sensor and it is desired to sample based on 
position sensor timing rather than system clock timing. 
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MULTIPLEXERS 

The ADS7833 also contains several multiplexers that are 
used to select the desired analog inputs and connect the 
proper sample hold outputs to the PGAs and ADCs. The 
MUXs are driven by a decoder which receives its inputs 
from the Input Setup Register. (See Table III and Table IV 
for information on input channel selection). The input mul
tiplexers can take full differential input signals (see Figure 3 
and Table Vll). The analog signals stay differential through 
the sample holds and the PGAs all the way to the inputs of 
the ADSs. This is done to provide the best possible high 
frequency noise rejection. 

INPUT SETUP 

As the ADCs are converting and transmitted their serial 
digital data for one conversion cycle, a setup word is being 
received to be used for the next conversion cycle. The 13-bit 
word is supplied at the SERIN pin (see Figure 1), and is 
stored in the buffered Input Setup Register. The Input Select 
and Gain Select portions of the word are decoded and 
determine the state of the mUltiplexers and PGAs (see CON
FlGURABLE PARAMETERS seciion). 

DIGITAL-TO-ANALOG CONVERTER 

An 8-bit DAC provides 256 output voltage levels from OV 
to 2.5V (see Table V for input/output relationships). The 
DAC is controlled by the DAC Input portion of the input 
setup word. The DAC Input portion of the word is strobed 
into the DAC at the end of the conversion cycle (14th CLK 
pulse in Figure 2). 

VOLTAGE REFERENCE 

The ADS7833 contains an internal 2.5V voltage reference. 
It is available externally through an output buffer amplifier. 
If it is desired to use an external reference, one may be 

CLOCK AND 
CONTROL SlGNALS(1) 

Clock Pulse 

connected at the REFIN pins. This then overrides the internal 
2.5V reference, is connected to the ADCs and is available 
buffered at the CAP pin. 

OTHER DIGITAL INPUTS AND OUTPUTS 

Sampling and conversion is controlled by the CONY input 
(see Figure 2). The ADS7833 is designed to operate from an 
external clock supplied at the CLK input. This allows the 
conversion to be done synchronously with system timing so 
that transient noise effects can be minimized. The CLK 
signal may run continuously or may be supplied only during 
convert sequences. The BUSY and DCLOCK signals are 
internally generated and are supplied to make interfaces with 
microprocessors easier (see Figures 2, 4, and 6). 

CONFIGURABLE PARAMETERS 

Configurable parameters are: 

• PGA Gain 
• Input multiplexer and sample!hold selection 
• DAC output voltage 

Configuration information for these parameters is contained 
in the SERIN word (See Figure 2). As one conversion is 
taking place, the configuration for the next conversion is 
being loaded into the buffered Input Setup Register via the 
SERIN word. Table I shows information regarding these 
parameters. 

CLOCK 
POSITIONSll) DESCRIPTION FUNCTIONS 

2·9 DAC Inpulo-7 Sets DAe Output Voltage 

10-11 Gain Selecla_l Sets PGA Gains 

12-14 Input Selecto-2 Determines Multiplexers 
Conditions 

NOTE: (1) See Figure 2. ·Clock Pulse Relerence No." 

TABLE I. Description of Configurable Parameters. 

Reference No 1 2 3 4 5 6 7 8 9 10 11 12 13 14 1 2 

.,:::·,:,:,~cn~ 
CONVlln,.,t)~~\\\ ,-

SAMPLE (Intemal) I ---, 
i 

BUSY (OUtputl 

1'.-10-0 
CONVERTER OUTPU 

SERIALOUT1 

SERIALOUT2, 

SERIALOUTa 

-"\ 

TS 

I 
r" 

Bit 0 

I MSB 
Bit 0 
MSB 

Bit 0 
I I MSB 

--''<-
I~ CONTROL WORD INP 

SERIN 

How Used 

UT 

Bi10 '" 

teeNv 

Bit 1 Bit2 Bit3 B,4 B., 

Bit 1 Bit 2 Bit a B •• BitS 

BH1 B.2 B" 8il4 BltS 

Bit 2 B" "4 B., BI16 

DAC InputD-7 

NOTE: (1) See the specification table for timing specifications. (2) 50% duty cycle. 

FIGURE 2. Timing Diagram. 

Blt6 

BitS 

B •• 

Bit 7 

Bit 7 B'. Blt9 Blll0 81t11 
!.SB 

Bil7 Bit8 Blt9 BiitO 81111 
!.SB 

Bit 7 Blt8 Blt9 Blll0 Bft 11 
!.SB 

Blt8 Bit9 Blll0 Bitl1 Blt12 

Gain 
Select 0·1 

t"put 
Select 0·2 
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PGA GAIN 

The PGA gain is determined by the Gain Select portion (bits 
8 and 9) in the SERIN word (see Figure 2). There is one gain 
input that sets the same gain for all three PGAs. The gain 
values and allowable full scale inputs are shown in Table II. 

For channels one and two the PGAs set the gain for all three 
analog inputs. For the third channel, only the V 3-1 input is 
gain changed by the PGA. Inputs V3_2, V3_3 and V3-4 are 
connected to ADC3 at a fixed gain of IV N regardless of the 
Gain Select value. 

GAIN GAIN FULL SCALE 
SELECTD-' SETTING 

OH S.OVN 
1H 2.SVN 
~ 1.2SVN 
3H 1.0VN 

TABLE II. Gain Select Information. 

INPUT MULTIPLEXER AND 
SAMPLE HOLD SELECTION 

INPUT 

±O.SV 
±1.0V 
±2.0V 
±2.SV 

The Input Select portion of the SERIN word (bits 10, II and 
12) (see Figure 2) are decoded and determine the 
open/closed condition of the multiplexer switches. This in 
tum determines which input signals are connected to the 
sample holds and which sample holds are connected to the 
PGAs/ADCs. 

INPUT SIGNALS FOR PGAsJADCs 

Table III shows the relationships between the value of Input 
Seleclo_2 and the signals that are converted. 

INPUT SELECTD-' ANALOG SIGNAL CONNECTEO TO 

HEX BINARY PGAxlADC. 

CODE CODE PGA,/ADC, PGA/ADC, PGA,IADC, 

OH 000 Undefined Undefined V, .. 
1H 001 V 1.X via SHS(1) V2•X via SHi" V, .. 
2H 010 V1_3 via SH1 V2_, via SH, V, .. 
3H 011 V1_3 via SH2 V2_, via SH. V, .. 
4H 100 V1-2 V2-2 V3-2 
5H 101 VH V2_2 VS_2 

6H 110 V1_2 V2_2 V3-2 
7H 111 VH V2_1 V3-' 

NOTE: (1) See Table IV for Operation. 

TABLE III. Input Controls for Synchronous Sample Holds. 

Input Select = 7.,--1)ynchronously sample and convert 
input signals VI_I' V2_1, and V3_1. 

Input Select = 4H, 5H• 6w-Synchronously sample and 
convert input signals VI_2, V2_2, and V3_2. These codes also 
cause SH2 and SH4 to sample their inputs. Values 4s, 5H, 6H 

have different effects on the inputs to S~ and SH7 (see 
Table IV). 

BURR-BROWNQII 

Input Select = 3H-Convert VI_3 via SH2, V2_3 via Sl4, 
and V3_3 (VI_3 and V2_3 are from the value sampled in a 
preceding conversion cycle with Input Select = 4H, 5H or 
6H)· 

Input Select = 2H-Convert VI_3 via SH1, V2_3 via SH3, 

and V3_3 (VI_3 is sampled on SH2 in this conversion cycle). 

Input Select = 1H-Input V3-4 is converted by PGAJI 
ADC3• The output of the asynchronous sample holds, SH6 

and SH7, are converted by PGAtlADC1 and PGA~ADC2' 
respectively. Note that the inputs to SH6 and SH7 are 
determined by previous Input Select values (see Table IV). 
Thus, to properly convert the output of one of the asvnc~lfo
nous sample holds it is first necessary to choose its 
with a previous conversion cycle. Also, the output of S~ or 
SH7 will only be converted if ASH goes low before the 
CONY command is received. 

Input Select = 0H-V3-4 is converted by PGAy'ADC3• The 
inputs to PGA1/ADC1 and PGA2/ADC2 are undefined. 

CONVERSIONS FROM THE 
ASYNCHRONOUS SAMPLE HOLDS 

Decoding the Input Select value also determines which 
inputs are applied to the two asynchronously controlled 
sample holds S~ and SH7• (See Table IV.) One of the three 
possible inputs is selected by the Input Select value being 4, 
5, or 6. 

The "No Effect" states indicate that these values of Input 
Select have no effect on the multiplexers at the input of S~ 
and SH7• When one of the "No Effect" values of Input Select 
is presented, the multiplexers will not be changed (i.e., their 
condition is determined by the last 4, 5, or 6 value of Input 
Select that existed prior to the "No Effect" state). 

Note that Input Select = 1 H presents the output of SH6 and 
SH7 (lASHx and 2ASHx) to PGAtlADC1 and PGA2/ADC2, 
respectively (see Table III). Therefore, in order to properly 
convert the asynchronous sampled signals, it is first neces
sary to choose an input signal (Input Select equal 5 or 6 in 
Table IV) with one load/convert cycle and then convert the 
sample hold output (Input Select = 4 in Table III) in a 
following conversion cycle. 

INPUT SELECTD-. 

HEX BINARY ANALOG SIGNAL CONNECTED TO 

CODE CODE SH. SH7 

OH 000 No Effect No Effect 

1H 001 No Effect No Effect 

2H 010 No Effect No Effect 
3H 011 No Effect No Effect 

4H 100 Open Open 

SH 101 V, .. V2-3 

6H 110 V1_2 V1_2 

7H 111 No Effect No Effect 

TABLE IV. Input Controls for Asynchronous Sample Holds. 
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DAC OUTPUT VOLTAGE 

The value of the DAC output voltage is detennined by the 
DAC Input portion of the SERIN word (bits 0 through 7-see 
Figure 2). The 8-bit DAC has 256 possible output voltages 
from OV to +2.49V. The value of I LSB is O.0098V. 

ANALOG-TO-DIGITAL 
CONVERTERS 
ARCHITECTURE 

The ADCs are 12-bit, successive approximation types imple
mented with a switched capacitor circuitry. 

SPEED 

The clock for the ADC conversion is supplied externally at 
the CLK pin. Maximum clock frequency for specified accu
racy is 2.IMHz. This results in a complete conversion cycle 
(StH acquisition and AID conversion) of 6.6118. 

INPUT/OUTPUT 

The ADS7833 is designed for bipolar input voltages and 
uses a binary two's complement digital output code. A 
programmable gain function is associated with each ADC. 
This changes the full scale analog input range and the analog 
resolution of the converter. Details are shown in Table VI. 

DIFFERENTIAL AND COMMON-MODE 
INPUT VOLTAGES 

The ADS7833 is designed with full differential signal paths 
all the way from the multiplexer inputs through to the input 
of the ADCs. This was done to provide· superior high 
frequency noise rejection. 

DIGITAL INPUT 
DAC·INPUT .. 7 ANALOG OUTPUT 

HEX BINARY 
CODE CODE 

OOH 00000000 OV 
01 H 00000001 +0.0098V 

FFH 11111111 +2.499 

TABLE V. DAC Input/Output Relationships. 

DESCRIPTION ANALOG INPUT 

GAIN SELECT CODE 0 t 2 

As is common with most differential input semiconductor 
devices, there are compound restrictions on the combination 
of differential and common-mode input voltages. This mat
ter is made slightly more complicated by the fact that most 
of the analog inputs are capable of being affected by the 
programmable gain function. The possible differential and 
single ended configurations are shown in Figures 3a and 3b. 

The maxirilUm differential and common mode restrictions 
are shown in Table vn. 

GAIN SELECT COOE 0 1 2 3 

Gain 5.0VN 2.5VN 1.25VN 1.0VN 

Full Scale Range 
(Vo wilh VCM = 0) ±O.5V ±1.0V ±2.0V ±2.5V 

Largesl Posilive 
Common Mode 
Voltage. VCM+" +2.7V +2.4V +1.9V +1.6V 

Largest Negative 
Common Mode 
Voltage. Vc,," -2.7V -2.4V -1.9V -1.6V 

TABLE VII. Differential and Common Mode Voltage 
Restrictions. 

(A) V'_'+~. 
V'_1P 

Vo 
'2 . VCM 

V1 _ 1 _ 

~VCM 
V1 - 1N 

~ 
2 

(B) V,_, 

~VCM V1 _ 1P 

Vo 

V1 _ 1N 

FIGURE 3; (a) Differential Signal Source, and (b) Single 
Ended Signal Source. 

DIGITAL OUTPUT. 

3 

GAIN 5VN 2.5VN 1.25VN 1.0VN BINARY TWO'S COMPLIMENT FORMAT 

FULL SCALE RANGE ±0.5V ±1.0V ±2.0V ±2.5V HEX CODE BINARY CODE 

+Full Scale (FS -1 LSB) +0.49976 +0.9995V +1.999V +2.499 7FFH 011111111111 
One Bit above Mid·Scale +0.244mV +0.488mV +0.976mV +1.22mV 001H 0000 0000 0001 
Mid-Scale OV OV OV OV OOOH 0000 0000 0000 
One Bit Below Mid-Scale -{).244V -ll.488mV -{).976mV -1.22mV FFFH 111111111111 
-Full Scale -{).500V -1.000V -2.000V -2.500V 800H 1000 0000 0000 

NOTE: The programmable gain function applies to all three input channels for ADC, and ADC •. However. the programmable gain function only applies to the 
first input (V .. ,) for ADC3. The other three inputs (V .... V .... and V .... ) are not affected by the GAIN SEL input. They operate at a fixed gain of tvN and thus 
have a fixed ±2.5V full scale input range. 

TABLE VI. Analog Input - Digital Output Relationships. 

BURR-BROWN~ 
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MICROPROCESSOR INTERFACE 
The internal logic of the ADS7833 is designed for easy 
control and data interface with microprocessors. Figure 4 
shows the interface for loading the input control word from 
the microprocessor data bus into the serial input of the 
ADS7833. 

Table VIII provides a sample assembly code and Figure 4 
shows the connection diagram for connecting an ADS7833 
to the DSPS6004N-or DSPS6007 a Motorola Digital Sig
nal Processor. This configuration allows for full control of 
the ADS7833 as well as receiving all three conversion 
results simultaneously. The start of conversion is generated 
by the DSPS6004 as well as the sample time of the asynchro
nous sample/holds. 

OSP5600417 ADS7833 

SOOO CONY I---v,., 
SOOl SER'N !---V'.2 
SOl0 SOUT1 !---V'.3 
SOil SOUT2 

MOSI/HA0 SOl1T3 I--- V2., 

MISO/NAU 
(optional) 

ASH !---V2.2 
SCKT 

:=J 
ClK !---V2-O 

SCKR 

SCK/SCl I---v3_, 

WST ::J !---V3_2 

WSR !---V3-O 

SS/HA2 ::J I---v3-4 

S002 

r----- AOUT 

FIGURE 4. Microprocessor Interface for Motorola 
DSPS6004n. 

While this is one of the most useful, the DSPS6004n is 
flexible enough to allow various other configurations. These 
will free up the serial outputs for use with other serial 
peripherals, such as DACs. 

TYPICAL ISOLATED ANALOG INPUT 

Figure S shows an ISO 130 used to isolate the current 
measurement in a motor speed control application. This 
amplifier is well suited for this application because of its 
high transient immunity (lOkV IllS). Its differential output 
feature is well suited to the differential input of the 
Keeping the signal transmission differential helps to 
serve the high frequency noise rejection of the system. 

A unique characteristic of the IS0130 is that it has a common 
mode output voltage of approximately 2.39V. To accept this 
level of CMV, the ADS7833 must be operated at a gain of 
SVN (±O.5V full scale differential input). (See Figure 3 and 
Table VII). Since the IS0130 has a gain of 8VN, the 
maximum value of VSENSE is 62.SmV. Thus, the value of 
RSENSE is chosen to scale V SENSE to this maximum value. 

POWER-UP INITIALIZATION 

When power is applied to the ADS7833, two conversion 
cycles are required for initialization and valid digital data is 
transmitted on the third cycle. 

The first conversion after power is applied is performed with 
indeterminate configuration values in the double buffer 
output of the Input Setup Register. The second conversion 
cycle loads the desired values into the register. The third 
conversion uses those values to perform proper conversions 
and output valid digital data from each of the ADCs. 

movep #>$0. x, $ffe4 Disable SAl transmit port 
movep #>$0. x, $ffe1 Disable SAl receive port 
movep :fI:>$D.x:$fffl Disable SHI port 

movep #>$dfffOO ,x: $ffeS Convert command 
movep #>$101£00. x, $ffe6 DAC to midscale, G=lV/V. Channel 1 all ADCs 
movep #>$0. x, $ffe7 For SS pin-enables SHI at proper time 
movep #>$10d. x, $ffeO Divide by 1 pre, divide by 13-96kHz conv @ 40MHz 
movep #>$3.x,$ffe1 Enable SA! recv (rsng edge, MSB 1st, 16-bits, slave) 

movep #>$2001, x: $fffO Set narrow spike fil ter. CPOL=O. CPHA=1 
movep #>$5. x, $fffl Enable SHl (slave, no fifo, 16-bits) 
movep #>$f.x,$ffe4 Enable SAl trans (rsng edge. MSB 1st. 16-,bits. rnstr) 

wait btst #14.x,$ffe1 Look for a receive flag (left or right) 
jcs data 
btst #15.x,$ffe1 
jcc wait 

data movep x:$ffe2.xO Get Sout1 
move xO.x,$OO Save it 
movep x:$ffe3,xO Get Sout2 

xO,x:$Ol Save it 
move x,$fff3.xO Get Sout3 
movep xO.x:$02 Save it 

TABLE VIII. Sample Code for Motorola DSPS6004n. 
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HV+ 

f--- ... 

ADS7833 

+ 
V, -1P } Typical 

V, _, Analog 
/:-------'--'-¢V, _,N Input 

V,_,CMV ~ 2.5V 
V,-1DIFF;; ±500mV 

V SENSE'; ±62.5mV 

FIGURE 5. Typical Isolated Differential Analog Input. 

ADS7833 OSP56004 

]J" 
elK 

eONV 
Phase V1_ 1 

A 

ASH MISOIHAO 

alT" SOUTt SOl0 
Phase V2 _ 1 

B 

rnr Phase V3 _ 1 
e 8ooT2 SOl1 

V1_ 2 

Position 
Sensor 

V'_3 

SOUT3 MOSIIHA0 

V2 _ 2 

Position 
Sensor 

V2 _ 3 

RTD V3 _ 2 

SER~ 1-------------¢S001 

oeLink~ 
Vollage o--V IS0122 

FIGURE 6. Motor Control Application Using Position Sensors. 
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PRELIMINARY INFORMATION 
SUBJECT TO CHANGE 

WITHOUT NOTICE 

HDSL ANALOG FRONT END 

FEATURES 
• COMPLETE HDSL ANALOG INTERFACE 

• T1 AND E1 OPERATION 

• SINGLE CHIP SOLUTION 

• SECOND SOURCED BY BROOKTREE 
Bt8921 

• 2B1Q PULSE GENERATOR 

• +5V ONLY, 300mW POWER DISSIPATION 

• 48-PIN SSOP 

• -40°C TO +B5°C OPERATION 

APYDD 
t 

DESCRIPTION 
Burr-Brown's HDSL Analog Front End greatly re
duces tI1e size and cost of an HDSL system by provid
ing all of tI1e active analog circuitry needed to connect 
the Brooktree Bt8952 HDSL digital signal processor 
to an external compromise hybrid and a 1:2 HDSL line 
transformer. Functionally, this unit is separated into a 
transmit and a receive section. The transmit section 
generates, filters, and buffers outgoing 2B I Q data. 
The receive section filters and digitizes the symbol 
data received on tI1e telephone line and passes it to the 
Bt8952. The HDSL Analog Interface is a monolithic 
device fabricated on O.6~MOS. It operates on a 
single -i-5V supply (using only 300mW). It is housed 
in a 48-pin SSOP package. This unit is second sourced 
by Brooktree's Bt8921. 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS 
Typical at 25'C, Voo = +5VDC, IMC = 48X, VREF = +2.5V, unless otherwise specified. 

AFE1103E 

PARAMETER COMMENTS .. MIN TYP 

RECEIVE CHANNEL 
Receive Clock Rate, fR 48. Symbol Rale TBD 

T1 Mode 18.816 
El Mode 28.032 

ANALOG INPUTS 
Number of Inputs Differential 2 

Une Input G=1 
Hybrid Input G=1 

Input Voltage Range Balanced'Differentlal -3.5 
Input Impsdance All Inputs 40 
Input Capacitance TBD 
Input Matching 
Common·Mode Voltage Vool2 
AID CONVERTER 
Resolution No Missing' Codes 13 
Integral Llnearity(1) 13·Bit LSB 
Differential Linearity(1) 13·Bit LSB 
Programmable Gain Four Gains Between OdB and +9dB 0 
Settling Time for Gain Change 6 

Gain + Offset Error -4Q'C to +85'C 5 
Output Data Coding Offset Binary 
Output Data Rate f,.l48 

T1 Mode 392 
El Mode 564 

SINAD(') 70 

TRANSMIT CHANNEL 
Transmit Clock Rate, IT TBD 

T1 Mode' 392 
El Mode 564 

Tl Transmit .:adB Point Bellcore TA-NWT·3017 Compliant 196 
Tl Rate Power Spectral Density 14), See Performance Curve 
Tl Average Power 11), (4), 0 to 764kHz, RL = 65n 13 
El Transmit -3dB Point ETSI DTRrrM 3017 Compliant 292 
El Rate Power Spectral DensItY 14), See Performance Curve 
El 'Average Power (1), 14), 0 to 1.168MHz, Rc = 65n 13 
Output Voltage Range Balanced Differential, RL = 200 ±3.1 ±3.3 
Output Current 125 
Common·Mode Voltage VDOI2 
Output Impsdance DC to lMHz, (1) 
Linearity At Output Symbol Peak, 15) 

Harmonic Distortion 3kHz, 3.4V Peak Sine Wave Output, RL = 28n 
HDSL Transformer Ratio Tl Dr El Rates 1:2 
Phase Locked Loop 
Frequency Change Range 100 

DIGITAL INTERFACE 
Input Levels HCMOS and TTL Compatible 
Output Levels HCMOS Drive Compatible 10 
RX Interface Offset Binary Coding 

tAX1 Available Setup Time 50 
tRl(2 RXD13 - RXDO to RXSYNC Hold Time 10 

Transmit Interface 
tTX1 TXCLK Period 1.7 
tTJ(2 TXCLK Pulse Width 50 
tTX' TXCLK to TXDAT Edge Allowable Error ,0 

POWER 
Power Supply Voitage Spscification 5 
Power Supply Voltage Operating Range 4.75 
Power Dissipation in OpsratiDn V = +5VDC Tl Dr El Mode, RL = 6sn. 14) 300 
PSRR Power Supply Rejection 65 

TEMPERATURE RANGE 
Opsratingl1) -40 

.. 

. MAX UNITS 

28.032 MHz 
MHz 
MHz 

+3.5 V 
kn 

±2 % 

Bits 
±1 LSB 

±D.8 LSB 
+9 dB 

Symbol 
Periods 
%FSR(2) 

kHz 
kHz 
dB 

564 kHz 
kHz 
kHz 
kHz 

14 dBm 
kHz 

14 dBm 
±3.5 V 

mA 

2 n 
0.012 %FSR 
-{)5 dB 

ppm 

Loads 

ns 
ns 

TBD I1S 
ns 

200 ns 

V 
5.25 V 

mW 
dB 

+85 'C 

NOTES: (1) Guaranteed by design and characterization. (2) FSR Is Full Scale Range. (3) Signal to Noise plus distortion; production tested with lull scale 8kHz and 
250kHz input at 564kHz output data rate. (4) With a pseudo·random code sequence of HDSL pulses; 13.5dBm applied to transformer (27dBm output from TXLlNEP 
and TXUNEN). (5) Power output and output linearity guaranteed by measuring voltage levels of each of the four symbol outputs. 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 
PIN DESCRIPTIONS 

1 Ground APGND Analog Ground for PLL 
2 Power APVDD AnalDg Supply (+5V) fDr PLL 
3 Input TXCLK Symbol Clock (QCLK Irom Bt8952) (392kHz for Tl, 584kHz for El) 
4 Input TXDATN XMITB Une from Bt8952 
5 Input TXDATP XMIT Line from Bt8952 
6 Output RXDO ADC Output Bit-O (RCV 2 from Bt8952) 
7 Output RXDI ADC Output Bit-I (RCV 3 from Bt8952) 
8 Output RXD2 ADC Output Bit-2 (RCV 4 from Bt8952) 
9 Output RXD3 ADC Output Bit-3 (RCV 5 from Bt8952) 
10 Output RXD4 ADC Output Bit-4 (RCV 6 from Bt8952) 
11 Output RXD5 ADC Output Bit-5 (RCV 7 from Bt8952) 
12 Ground DGND Digital Ground 
13 Power DVoD Digital Supply (+3.3V tD +5V) 
14 Output RXD6 ADC Output Bit-6 (RCV 8 from Bt8952) 
15 Output RXD7 ADC Output Bit-7 (RCV 9 from Bt8952) 
16 Output RXD8 ADC Output Bit-8 (RCV 10 from B18952) 
17 Output RXD9 ADC Output Bit-9 (RCV 11 from B18952) 
18 Output RXD10 ADC Output Bit-l0 (RCV 12 from Bt8952) 
19 Output RXDll ADC Output Bit-II (RCV 13 from Bt8952) 
20 Output RXD12 ADC Output Bit-12 (RCV 14 from Bt8952) 
21 Output RXD13 ADC Output Bil-13 (RCV 15 from Bt8952) 
22 NC NC Connection to Ground recommended 
23 Input RXSYNC ADC Sync Signal (RCVCLK from Bt8952) (392kHz for Tl, 584kHz for El) 
24 Input RXGAINO Receive Gain Control Bit-O 
25 Input RXGAINI Receive Gain Control Bit-I 
26 Input RXLOOP Loopback Control Signal (Ioopback is enabled by positive signal) 
27 Power ARVDD Analog Supply (+5V) 
28 Input RXHYBN Negative Input from Hybrid Network 
29 Input Rl<"yBP Positive Input from Hybrid Network 
30 Input RXuNeN Negative Line Input 
31 Input RXLlNeP Positive Line Input 
32 Ground ARGND Analog Ground 
33 Ground AVGND Analog Ground 
34 Output VREFP Positive Reference Output 
35 Output VCM Common-Mode Voltage (buffered) 
36 Output VREFN Negative Reference Oulput 
37 Power AVVDO Analog Supply (+5V) 
38 Ground ABGND Analog Ground 
39 Output TXLlNeN Negative Line Output 
40 Power ABVoo Oulput Buffer Supply (+5V) 
41 Output TXuNeP Positive Line Output 
42 Ground ABGND Output Buffer Ground 
43 NC NC Connection to Ground Recommended 
44 NC NC Connection to Ground Recommended 
45 NC NC Connection to Ground Recommended 
46 NC NC Connection to Ground Recommended 
47 Output PLLcuT PLL Finer Output 
48 Input PLL,N PLL Filter Input 

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 

Top View 

APGND 

TXCLK 

TXDATP 

RXDI 

RXD2 

RXD3 

RXD4 

RXD5 

DGND 

For Immediate Assistance,· Contact Your Local Salesperson 
ABSOLUTE MAXIMUM RATINGS 

SSOP 

48 PLL'N 

PLLoUT 

NC 

NC 

NC 

NC 

ABGND 

TXUNEP 

ABVDD 

TXuNEN 

ABGND 

AWDD 

Power Supply VDnage ...................................................................... TBD V 
Dllferentiallnput Vonage .................................................................. TBD V 
Output Short Circuit to ground (+25°C) .................................... Continuous 
Junction TempBrature (TJ) ........................................... , ................ +151l"C 
Storage Temperature Range .......................................... -4Il"C to + 125°C 
Lead Temperature (soldering. 3s) ................................................. +261l"C 

PACKAGE/ORDERING INFORMATION 

PACKAGE 
DRAWING TEMPERATURE 

MODEL PACKAGE NUMBER!'I RANGE 

AFEII03E 48-Pin Plastic SSOP 333 -4Q°C to +S5°C 

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

A ELECTROSTATIC 
Jl!Ji.. DISCHARGE SENSITIVITY 

AFEII03E This integrated circuit can be damaged by ESD. Burr-Brown 
recommends that all integrated circuits be handled with 
appropriate precautions. Failure to observe proper handling 
and installation procedures can cause damage. 

DVDD 

RXD6 

RXD7 

RXDS 

RXD9 

RXDIO 

RXDII 

RXDI2 

RXDI3 

NC 

RXSYNC 

RXGAINO 24 25 

2.376 

VREFN 

VCM 

VREFP 

AVGND 

ARGND 

RXc'NEP 

RXUNEN 

RHYBP 

RXHYBN 

ARVDD 

RXLOOP 

RXGAINI 

ESD damage can range from subtle penormance degradation 
to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric 
changes could cause the device not to meet its published 
specifications. 
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Or, Call Cuslomer Service aI1·800·548·6132 (USA Only) 
TYPICAL PERFORMANCE CURVES 
Output of HDSL Pulse Transformer 
Typical at 25'C, Voo = +5VDC, fMC = 48X, VREF = +2.5V, unless otherwise specified. 

-20 

-40 

-130 

-80 

-100 

-120 

POWER SPECTRAL DENSITY LIMIT 
(dBM/Hz) 

Imi~HztlTI IIII1 II 
~o~~mH1ar IE\ 

I I -80dB/decade 

:~ 
N.LH T11,tl I I El 

II 
I I 

~ -1118dBM/HZ 
I I 
I I 
I I 
I I 

HZ~ 196kH z I I 292k 

': I 
I 

I I 1\ I I 
I I 

-12OdBMlHz 
forEl 

/ 
lK 10K lOOK 

Frequency (Hz) 

1M 10M 

CURVE 1. Upper Bound of Power Spectral Density Measured at Output of HDSL Transfonner. 

O.4T O.4T 

B=1.07-.~~1 
C=1.00-1 
0=0.93-

A=O.Ol I 
F = -{l.01 I I 

1.2T 

-{l.6T 0.5T 

1.25T 

E =0.03 

I 
G = -{l.16 

NORMALIZED 
QUATERNARY SYMBOLS 

LEVEL +3 +1 -1 -3 
A 0.01 0.0264 0.0088 -{l.0088 -{l.0264 
B 1.07 2.8248 0.9416 -{l.9416 -2.8248 
C 1.00 2.6400 0.8800 -{l.8800 -2.6400 
D 0.93 2.4552 0.8164 -{l.8184 -2.4552 
E 0.03 0.0792 0.0264 -{l.0264 -{l,0792 
F -{l.01 -{l.0264 -{l.0088 0.0088 0.0264 
G -{l.16 -{l.4224 -{l.1408 0.1408 0.4224 
H -{l.05 -{l.1320 -{l.0440 0.0440 0.1320 

CURVE 2. Transmitted Pulse Template Measured at HDSL Transfonner Output. 
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For Immediate Assistance, Contact Your Local Salesperson 
THEORY OF OPERATION RXLOOP INPUT 

The transmit channel consists of a switched-capacitor pulse 
forming network followed by a differential line driver. The 
pulse forming network receives symbol data from the XMIT 
and XMITB outputs of the Bt8952 and generates a 2B1Q 
output waveform. The output meets the pulse mask and 
power spectral density requirements defined in European 
Telecommunications Standards Institute document RTRJ 
TM-03036 for E1 mode and in sections 6.2.1 and 6.2.2.1 of 
Bellcore technical advisory TA-NWT-001210 for T1 mode. 
The differential line driver uses a composite output stage 
combining class B operation (for high efficiency driving 
large signals) with class AB operation (to minimize cross
over distortion). In addition to providing a low-impedance 
output, the line driver will also provide a smoothing filter 
function for the switched-capacitor pulse former output. 
This device operates at both T1 and E 1 rates. 

The receive channel is designed around a fourth-order delta 
sigma AID converter. It includes a difference amplifier 
designed to be used with an external compromise hybrid for 
first order analog crosstalk reduction. A programmable gain 
amplifier with gains of OdB to +9dB is also included. The 
delta sigma modulator operating at a 24X oversampling ratio 
produces 13 bits of resolution with ±lLSB integral linearity 
at output rates up to 584kHz. The basic operation of the 
AFEl103 is illustrated in Figure 1 shown below. 

The receive channel operates by summing the two differen
tial inputs, one from the line (RXLINE) and the other from the 
compromise hybrid (RXHYB). The connection of these two 
inputs so that the hybird signal is subtracted from the line 
signal is described in the paragraph below titled "Echo 
Cancellation in the AFE". The equivalent gain for each input 
in the difference amp is 1. The resulting signal then passes 
to a programmable gain amplifier which can be set for gains 
of OdB through 9dB. The ADC converts the signal to a 
14-bit digital word, RXD13-RXDO. 

TXDATP 0---11--1 
Pulse Former 

TXDATN 0---11--1 

14 
RXD13· RXDO o-::H--I 

FIGURE 1. Functional Block Diagram of AFE1103. 

RXLOOP is the loopback control signal. When enabled, the 
RXLINEP and RXLINEN inputs are disconnected from the 
AFE. The RXHYBP and RXHYBN inputs remain connected. 

. Loopbackis enabled by applying a positive signal (Logic 1) 
to RXLOOP. 

ECHO CANCELLATION IN THE AFE 

The RXHYB input is designed to be subtracted from the 
RXLINE input for first order echo cancellation. To accom
plish this, note that the RXLINE input is connected to the 
same polarity signal at the transformer (positive to positive 
and negative to negative) while the RXHYB input is con
nected to opposite polarity through the compromise hybrid 
(negative to positive and positive to negative) as shown in 
Figure 2. 

RECEIVE DATA CODING 

The data from the receive channel AID converter is coded in 
offset binary. 

ANALOG INPUT OUTPUT CODE (RXD13 - RXDO) 

PosiHve Full Scale. 
Negative Full Scale 

11111111111111 
00000000000000 

RECEIVE CHANNEL PROGRAMMABLE 
GAIN AMPLIFIER 

The gain of the amplifier at the input of the Receive Channel 
is set by two gain control pins, RXGAINI and RXGAINO. 
The resulting gain between OdB and +9dB is shown below. 

RXGAIN1 RXGAINO GAIN 

0 0 OdB 

0 1 3dS 

1 0 adB 

1 1 9dB 

....... ,------t--o TXUNEP 

./''------t--o TXLINEN 

Difference ~mp 

aURR-BROWNQJI 
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lkll 

2000 

IO.01pF 

618952 XMIT 

XMIT6 

aCLK 

RCVCLK 

AGAIN1 

AGAINO 

RCV15· RCV2 

PLLouT VREFP VCM 

PLL'N 

TXDATP 

TXDATN 

TXCLK 

RXSYNC 

RXLOOP 

RXGAIN1 AFE1103 
RXGAINO 
RXD13-RXDO 

APGND 

DGND 

ABGND 

ABGND 

ARGND 
AVGND 

5 - 10n resistor may be 
needed for isolation 

FIGURE 2. Basic Connection Diagram. 

RXHYB AND RXUNE INPUT ANTI·ALlASING FILTERS 

The -3dB frequency of the input anti-aliasing filter for the 
RXLINE and RXHYB differential inputs should be about 
lMHz. Suggested values for the filter are soon for each of 
the two input resistors and lSOpF for the capacitor. Together 
the two soon resistors and the lSOpF capacitor result in a 
3dB frequency of just over IMHz. The soon input resistors 
will result in a minimal voltage divider loss with the input 
impedance of the AFEll03. 

RXHYB AND RXLlNE INPUT BIAS VOLTAGE 

The transmitter output on the TXLJNE pins is centered at 
midscale, 2.SV. Therefore, the RXUNE input signal is cen
tered at 2.SV in the circuit shown in Figure 2 above. 

BURR-BROWNe 

VREFN 

TXL1NEP 

TXL1NEN 

RXUNEP f-....... --,I\N'------------' 

1:2 Transformer 

I[TiP 

Ring 

Input anti-alias 
filterfc =1MHz 

Inside the AFEll03. the RXHYB and RXUNE signals are 
subtracted as described in the paragraph on echo cancella
tion above. This means that the RXHYB inputs need to be 
centered at 2.5V just as the RXLINE signal is centered at 
2.5V. V CM (Pin 35) is a 2.5V voltage source. The external 
compromise hybrid must be designed so that the signal into 
the RHYB inputs is centered at 2.5V_ If the compromise 
hybrid circuit is AC coupled to the RXHYB inputs. an 
external pull-up resistor to V CM may be needed to center the 
input at 2.SV. 

If V CM pull-up resistors are used, we recommend resistors in 
the range of l00kQ so that the pull-up resistors have a small 
effect on the rest of the circuit and a small current is used 
from VCM' 
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For Immediate Assistance, Contact Your Local Salesperson 

Transmit Timing . tTX, . 
ITX' . 

TXCLK r-

------' 

TXDATP (+3 Symbol) m r I Il' 11/11// II 

TXDATP (+ I Symbol) m \\\\\\\\\\\\ \\ 
TXDATP (-1 Symbol) \\\' \\\\'\\\\\\\\ \\ 
TXDATP (-3 Symbol) ill' r; / I,' / / / / / / / '/ 

:----ITx,/4 ----

ITX,/2 . 
31Tx,/4 . 

Receive Timing - -ITX,/16 
r--1 

RXSYNC 

~nITX,/16-

RXDI3- RXDO 

- -lm /48 

RXDI3' RXDO (Proposed) 

. 251m /4B . 
NOTES: (I) Any Iransmil sequence nol shown will resull in a zero syinbol. (2) Alilransilions are specified relalive 10 the 
leading edg~ of TXCLK_ (3) Maximum allowable error for. any edge is ±lTX,196 (±tTX,196 = ±17.8ns al EI rale; ±26.6ns al TI rate). 
(4) RXSYNC can shift 10 one of 16 discrele delay times from Ihe leading edge ofTXCLK.(5) RXDATA is valid wilhin 15ns of Ihe 
specified transition time. . , 

FIGURE 3_ Timing Diagram_ 
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BURR - BROWN® AFE1104E IEaEaI 
PRELIMINARY INFORMATION 

SUBJECT TO CHANGE 
WITHOUT NOTICE 

HDSL ANALOG FRONT END 

FEATURES DESCRIPTION 
• COMPLETE HDSL ANALOG 'INTERFACE Burr-Brown's HDSL Analog Front End greatly re

duces the size and cost of an HDSL system by provid
ing all of the active analog circuitry needed to connect 
PairGain Technologies SPAROW HDSL digital sig
nal processor to an external compromise hybrid and a 
1:2 HDSL line transformer. Functionally, this unit is 
separated into a transmit and a receive section. The 
transmit section generates, filters, and buffers outgo
ing 2B 1 Q data. The receive section filters and digi
tizes the symbol data received on the telephone line 
and passes it to the SPAROW. The HDSL Analog 
Interface is a monolithic device fabricated on 
O.6~MOS. It operates on a single +5V supply (using 
only 300m W). It is housed in a 48-pin SSOP package. 

• T1 AND E1 OPERATION 

• SINGLE CHIP SOLUTION 

• 2B1Q PULSE GENERATOR 

• +5VONLY 
• 300mW POWER DISSIPATION 

• 48-PIN SSOP 

• -40"C TO +85°C OPERATION 

APVoo -+-----, t ABVoo 

TXREFP ---I------r-I::-pu~ls-el-l-----~~II-:::O-utp-u-t.L~I--1--- TXLlNEP 

Former Buffer 
TXREFN -I----L,..:..:::;=-j----:----I~=~j--I- TXLlNEN 

APGND _+-___ --11 IL--_ _+_- ABGND 

DVoo -+----, __ J ______ _ 
-----------

PLLoUT --I---~-f----'---I 
PLL'N -_+_---f-~I 

TXDATP -_+__-~ 

TXDATN -_+_---f-~ 

Transmit 
Control 

TXCLK -T-r-~=====~ 

, , , , 
,r--+-- AWoo 

r---'-t--I-- VREFP 

1---+- VCM 

L __ ....,.....J--j-- VREFN 

IL--_ _+_- AVGND 

Voltage 
Reference 

RXSYNC -_+_---f:-~ 

RXCLK -_+_~:-~ 

RXLOOP -+-"2 -+:-~I 
RXGAIN --I-:'<-':'-~ 

Receive 
Control 

Ir---+-- ARVDD 

r----i-'---....L-l--l-- RXREFP 

I--+-- RXREFN 

1_-4-- RXLlNEP 

I--+-- RXLlNEN 

I--+-- RXHySP 

, , , , 
14 : 

RXDI3·RXDO -+'~:--l 
Decimation 

Filler 

Delta·Sigma 
Modulator 

~L ____ .--J-~- RXHyBN 

, , 1 , , L-_-+_ ARGND 
1- ':'_ - J- - - - - - - - - - - - - - - - - - - _I 

DGND --+----" 
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For Immediate Assistance, Contact Your LocalSalesperson 
SPECIFICATIONS 
Typical at 25·C, Voo = +5VDC, fMC = 48X, VREF = +2.5V, unless otherwise specHie(1. 

AFEll04E 

PARAMETER COMMENTS MIN TYP 

RECEIVE CHANNEL 
Receive Clock Rate, fRX 48. Symbol Rate TBD 

TI Mode' 18.816 
EI Mode 28,032 

ANALOG INPUTS 
Number 01 Inputs Differential 2 

Hybrid Tip G=-I 
Hybrid Ring G=+I 
Line Input G=I 
Hybrid Input G= I 

Input Voltage Range Balanced Differential -3.5 
Input Impedance All Inputs 40 
Input Capacitance TBD 
Input Matching 
Common Mode Voltage VooI2 
AID CONVERTER 
Resolution No Missing Codes ,13 
Integral Linearity(l) 13-Bit LSB 
Differential Linearity(l) 13·Bit LSB 
Programmable Gain Four Gains Between OdB and +9dB 0 
Settling Time lor Gain Change 6 

Gain + Offset Error -40·C to +85"C 5 
Output Data Rate fRX/48 

T1 Mode 392 
EI Mode 584 

SINAD(» 70 
TRANSMIT CHANNEL 
Transmit Clock Rate, frx TBD 

TI Mode 392 
EI Mode 584 

TI Transm~ -3dB Point Bellcore TA·NWT,3017 Compliant 196 
Tl Rate Power Spectral Density See Perlormance Curve, (4) 

Tl Average Power DC to 784kHz, At. = 650, (I), (4), (5), (6) 13 
EI Transm~ -3dB Point ETSI RTRfTM-03036 Compliant 292 
EI Rate Power Spectral Density See Perlormance Curve, (4) 

EI Average Power DC to 1.168MHz, R( = 65!l, (I), (4), (5), (6) 13 
Output Voltage Range Balanced Differential, RL = 2S0 ±a.1 ±a.3 
Output Current 125 
Common·Mode Voltage Vool2 
Output Impedance DC,(3) 2 
linearity At Output Symbol Peak, (4) 

Harmonic Distortion 3kHz, 3.4V Peak Sine Wave Output, RL = 28n 
HDSL Transformer Ratio TI or EI Rates 1:2 
DIGITAL INTERFACE(3) 
Input Levels HCMOS and TTL Compatible 
Output Levels HCMOS Drive Compatible 10 
Receive Interlace 

tRX1 RXCLK Period 40 
RXCLK Duty Cycle 45 

tRJ(2 RXSYNC to RXCLK Setup Time 10 

t""" RXSYNC to RXCLK Hold Time 10 

"'4 RXCLK to RXDI3 - RXDO Delay 
Transmit Interlace 

tTXBAUO TXCLK Period 1.7 
trxpw TXCLK Pulse Width 50 
trxssw TXDAT Sub-Symbol Width 320 
trx6SE TXCLK to TXDAT Sub-Symbol Edge tTXBAU0/96 

Allowable Error -10 
POWER 
Power Supply Voltage Specification 5 
Power Supply Voltage' Operating Range 4.75 
Power Dissipation In Operation V = +5VDC Tl or El Mode, RL = 650, (4) 300 
PSRR Power Supply Rejection 65 
TEMPERATURE RANGE 
Operating(l) -'40 

MAX UNITS 

28.032 MHz 
MHz 
MHz 

+3,5 V 
kn 

±2 % 

Bits 
±t LSB 

±a.8 ' LSB 
+9 dB 

" Symbol 
Periods 
%FSR(2) 

kHz 
kHz 
dB 

584 kHz 
kHz 
kHz 
kHz 

14 dBm 
kHz 

14 dBm 
±a.5 V 

mA 

5 0 
0.012 %FSR 
-65 dB 

Loeds 

ns 
55 % 

ns 
ns 

50 ns 

I's 
ns 
ns 

+10 ns 

V 
5.25 V 

mW 
dB 

+85 ·C 

NOTES: (1) Guaranteed by design and characterization. (2) FSR is Full Scale Range. (3) Signal to Noise plus distortion; production tested with full scale 8kHz and 
250kHz input at 584kHz output data rate. (4) Wrth a pseudo-random code sequence of HDSL pulses; 13.5dBm applied to translormer (27dBm output from TXc,NEP 
and TXuNEN). (5) Power output and output linearity guaranteed by measuring voitage'levels 01 each 01 the lour symbol outputs. (6) HDSL transformer ratio 01 1:2 
into a line impedance of 1350. 
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PIN DESCRIPTIONS 

Analog Ground for ~LL 
2 Power APVoo Analog Supply (+5V) for PLL 
3 Input TXCLK Transmit Symbol Clock (392kHz for TI, 584kHz for EI) 
4 Input TXDATN OAC- Line from SPAROW 
5 Input TXDATP DAC+ Line from SPAROW 
6 Output RXDO AOC Output Bit-O 
7 Output RXDI ADC Oulput Bit-I 
8 Output RXD2 AOC Output Bit-2 
9 Output RXD3 ADC Output Bit-3 
10 Output RXD4 ADC Output Bit-4 
II Output RXD5 AOC Output Bit-5 
12 Ground· DGND Digital Ground 
13 Power OVoo Digital Supply (+3.3V to +5V) 
14 Output RXD6 ADC Outpul Bit-6 
15 Output RXD7 ADC Output Bil-7 
16 Output RXD8 ADC Output Bit-8 
17 Output RXD9 ADC Output Bit-9 
18 Output RXD10 ADC Output Bit-l0 
19 Output RXDII ADC Output Bit-II 
20 Output RXD12 ADC Output Bit-12 
21 Output RXDI3 ADC Output Bit-13 
22 Input RXCLK AID Clock (18.816MHz forTI, 24.96MHz for EI) 
23 Input RXSYNC ADC Sync Signal (392kHz for n, 584kHz for EI) 
24 Input RXGAINO Receive Gain Control Bit-O 
25 Input RXGAINI Receive Gain Control Bit-I 
26 Input RXLOOP Loopback Control Signal (Ioopback is enabled by positive signal) 
27 Power ARVoo Analog Supply (+5V) 
28 Input RXHyaN Negative Input from Hybrid Network 
29 Input RXHyaP Positive Input from Hybrid Network 
30 Input RXUNEN Negative Line Input 
31 Input Rx..,NEP Positive Line Input 
32 Ground ARGNO Analog Ground 
33 Ground AVGND Analog Ground 
34 Output VREFP Positive Reference Output 
35 Output VCM Common-Mode Voltage (buffered) 
36 Output VREFN Negative Reference Output 
37 Power AVVoo Analog Supply (+5V) 
38 Ground ABGND Analog Ground 
39 Output TXuNEN Transmit Line Output Negative 
40 Power ABVDD Output Buffer Supply (+5V) 
41 Output TXUNEP Transmit Line Output Positive 
42 Ground ABGND Output Buffer Ground 
43 NC NC Connection to Ground Recommended 
44 NC NC Connection to Ground Recommended 
45 NC NC Connection to Ground Recommended 
46 NC NC Connection to Ground Recommended 
47 Output PLLoUT Transmit PLL Filter Output Connection 
48 Input PLL,N Transmit PLL Fi~er Input Connection 

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 andlor systems. 
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PIN CONFIGURATION 

Top View 

APGND 

APVDD 

TXCLK 

TXDATN 

TXDATP 

RXDl 

RXD2 

RX04 

RXD5 

DGND 

DVDD 

RXD6 

RXD7 

RXDS 

RXD9 

RXD10 

RXDll 

RXD12 

RXD13 

RXCLK 

RXSYNC 

RXGAINO 24 

2.384 

For Immediate Assistance, Contact Your Local Salesperson 

48 

AFE1104E 

SSOP 

PLL'N 

PLLour 

NC 

NC 

NC 

NC 

ABGND 

TXLlNEP 

ABVDD 

TXLlNEN 

ABGND 

AVVDD 

VREFN 

VCM 

VREFP 

AVGND 

ARGND 

RXLlNEP 

RXLlNEN 

RXHYBP 

R~BN 

ARVDD 

RXLOOP 

RXGAINl 

ABSOLUTE MAXIMUM RATINGS. 

Power Supply Voltage ...................................................................... TBD V 
Differential Input VoHage .................................................................. TBD V 
Output Short Circuit to ground (+25°C) .................................... Continuous 
Junction Temperature (TJ) .......•..................•................................. +150"C 
Storage Temperature Range ....................... : .................. -40"C to +125°C 
Lead Temperature (soldering, 3s) •.........•....•................................. +260°C 

PACKAGE/ORDERING INFORMATION 
PACKAGE 
DRAWING TEMPERATURE 

MODEL PACKAGE NUMBER!') RANGE 

AFEll04E 48-Pin Plastic SSOP 333 -40°C to +S5°C 

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

A ELECTROSTATIC 
B!&. DISCHARGE SENSITIVITY 
This integrated circuit can be damaged by ESD. Burr-Brown 
recommends that all integrated circuits be handled with 
appropriate 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-BROWNGI 
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TYPICAL PERFORMANCE CURVES 
Output of HDSL Pulse Transformer 
Typical at 25'C, Voo = +5VDC, fMC = 48X, VREF = +2.5V, unless otherwise specified. 

POWER SPECTRAL DENSITY LIMIT 
(dBM/Hz) 

-100 I--H+HH+ft---l++++-H*-...;..jicH++H-lI---~+-H-IIHlI 

-120 L-.J....J....u..J.J.W.---J--'-J....U.WJ.........J... ........ .I..U.J.I.I-....L--'== 

lK 10K lOOK 1M 10M 

Frequency (Hz) 

CURVE 1. Upper Bound of Power Spectral Density Measured at Output of HDSL Transformer. 

O.4T O.4T 

B=1.07-.~~1 
C=1.00-
0=0.93-

A=O.Ol 

F--o.Ol I I 
1.2T 

-o.6T 0.5T 

1.25T 

E =0.03 

I 
G=-o.16 

NORMALIZED QUATERNARY SYMBOLS 

LEVEL +3 +1 -1 -3 

A 0.01 0.0264 0.0088 -0.0088 -0.0264 
B 1.07 2.8248 0.9416 -0.9416 -2.8246 
C 1.00 2.6400 0.8600 -0.8800 -2.6400 
D 0.93 2.4552 0.8184 -0.8164 --2.4552 
E 0.03 0.0792 0.0264 -0.0264 -0.0792 
F -0.01 -0.0264 -0.0086 O.OOBB 0.0264 
G -0.16 -0.4224 -0.1408 0.1408 0.4224 
H -0.05 -0.1320 -0.0440 0.0440 0.1320 

CURVE 2. Transmitted Pulse Template Measured at HDSL Transformer Output. 
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THEORY OF OPERATION RXLOOP INPUT 

The transmit channel consists of a switched-capacitor pulse 
forming network followed by a differential line driver. The 
pulse forming network receives symbol data from 
SPAROW'S DAC+ and DAC-lines and generates a 2BIQ 
output waveform. In the Tl mode, the output meets the pulse 
mask and power spectral density requirements defmed in 
sections 6.2.1 and 6.2.2.1 of Bellcore technical advisory TA
NWT-00121O. The differential line driver uses a composite 
output stage combining class B operation (for high effi
ciency driving large signals) with class AB operation (to 
minimize crossover distortion). In addition to providing a 
low-impedance output, the line driver will also provide a 
smoothing ftiter function for the switched-capacitor pulse 
former output. This device operates at both Tl and EI rates. 

The receive channel is designed around a fourth-order delta 
sigma AID converter. It includes a difference amplifier that 
can be used with an external compromise hybrid for first 
order analog crosstalk reduction. A programmable gain 
amplifier with gains of OdB to +9dB is also included. The 
delta sigma modulator operating at a 48X oversampling ratio 
produces 13 bits of resolution with ±lLSB integral linearity 
at output rates up to 584kHz. The basic operation of the 
AFEll04 is illustrated in Figure I shown below. 

The receive channel operates by summing the two differen
tial inputs, one from the line (RXLINE) and the other from the 
compromise hybrid (RXHYB). The connection of these two 
inputs so that the hybird signal is subtracted from the line 
signal is described in the paragraph below titled "Echo 
Cancellation in the AFE". The equivalent gain for each input 
in the difference amp is 1. The resulting signal then passes 
to a programmable gain amplifier which can be set for gains 
of OdB through 9dB. The ADC converts the signal to a 
14-bit digital word, RXDI3 - RXDO. 

TXDATP 0---1:---1 
Pulse Former 

TXDATN 0---1---1 

'4 
RXD'3 - RXDO o-,.<-il---I 

FIGURE 1. Functional Block Diagram of AFEII04. 

RXLOOP is the loopback control signal. When enabled, the 
RXUNEP and RXUNEN· inputs are disconnected from the 
AFE. The RXHYBP and RXHYBN inputs remain connected. 
Loopback is enabled by applying a positive signal (Logic I) 
toRXLOOP. 

ECHO CANCELLATION IN THE AFE 

The RXHYB input is designed to be subtracted from the 
RXUNE input for first order echo cancellation. To accom
plish this, note that the RXUNE input is connected to the 
same polarity signal at the transformer (positive to positive 
and negative to negative) while the RXHYB input is con
nected to opposite polarity through the compromise hybrid 
(negative to positive and positive to negative) as shown in 
Figure 2. 

RECEIVE DATA CODING 

The data from the receive channel AID converter is in two's 
complement code. 

ANALOG INPUT OUTPUT CODE (RXD13 - RXOO) 

Positive Full Scale 0'11'1"1'1"1 
Mid Scale 00000000000000 . 
Negative Full Scale '0000000000000 

RECEIVE CHANNEL PROGRAMMABLE 
GAIN AMPLIFIER 

The gain of the amplifier at the input of the Receive Channel 
is set by two gain control pins, RXGAINI and RXGAINO. 
The resulting gain between OdB and +6dB is shown below. 

RXGAIN1 RXGAINO GAIN 

0 0 OdB 

0 1 3dB , 0 SdB , 1 9dB 

....... :------I--0TXc'N.P 

Difference Amp 

BURR-BROWNe 
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lkll 

200n 

IO.OlpF 

DAT+ 

DAC-

TX_SYM_CLK 

HOLD_ 

MCLK19_2 

AD13·ADO 

-:-

PLLoUT VREFP VCM 

PLL,N 

TXDATP 

TXDATN 

TXCLK 

RXSYNC 

RXCLK 

RXLOOP AFEll04 
RXGAINl 

RXGAINO 

RXD13-RXDO 

ABGND 

APGND 

DGND 
ARGND 

AVGND 

ABGND 

5 - 10n resistor may be 
needed for isolation 

FIGURE 2. Basic Connection Diagram. 

RXHYB AND RXLlNE INPUT ANTI·ALlASING FILTERS 

The - 3dB frequency of the input anti -aliasing filter for the 
RXUNE and RXHYB differential inputs should be about 
1 MHz. Suggested values for the filter are 500n for each of 
the two input resistors and lSOpF for the capacitor. Together 
the two soon resistors and the lSOpF capacitor result in a 
3dB frequency of just over IMHz. The soon input resistors 
will result in a minimal voltage divider loss with the input 
impedance of the AFEII04. 

RXHYB AND RXLlNE INPUT BIAS VOLTAGE 

The transmitter output on the TXUNE pins is centered at 
midscale, 2.5V. Therefore, the RXLlNE input signal is. cen
tered at 2.5V in the circuit shown in Figure 2 above. 

BURR-BROWNe 

VREFN 

TXUNEP 

TXcINEN 

RXLlNEP I-..... --,M"------------' 

1:2 Transformer 

1[::9 

Input anti alias 
fillerfc " lMHz 

Inside the AFEII04, the RXHYB and RXLlNE signals are 
subtracted as described in the paragraph on echo cancella
tion above. This means that the RXHYB inputs need to be 
centered at 2.SV just as the RXLlNE signal is centered at 
2.SV. V CM (Pin 3S) is a 2.5V voltage source. The external 
compromise hybrid must be designed so that the signal into 
.the RXHYB inputs is centered at 2.SV. If the compromise 

. hybrid circuit is AC coupled to the RXHYB inputs, an 
external pull-up resistor to V CM may be needed to center the 
input at 2.SV. 

If V CM pull-up resistors are used, we recommend resistors in 
the range of 100kO so that the pull-up resistors have a small 
effect on the rest of the circuit and a small current is used 
from VCM• 

11:511:511 Burr-Brown Ie Data Book-Mixed Signal Products 2.387 
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1-"'X1-1 
RXSYNC ~ ...----: __ ---' L 
RXSYNC ---.J I 

RXDI3-RXDO _____ --JYJIVO/IVX'-____ Da_ta_Va_lid ________ _ 

FIGURE 3_ Receive Channel Timing_ 

I· tTXPW ·1 
TXCLK I I 
1~~75 _I l..-tTXBAUO 

TXDATP (+3 Symbol) _ 

1 
3±O_75 ~I 

...-~ tTXBAUD~ 

TXDATP (+1 Symbol) _ .----------------""T'1&n-t"T"M 

1, .... • ___ 5±O.75 t _I 
96 TXBAUO 

~ '--1 --------~~~ TXDATP (-1 Symbol) --'j\\\\\\'-'--'''-'-'''''-___________ ---'_ ~ 

1·-·>------7±O.75\ _~----~_I 
1- 96 TXBAUO 

TXDATP (--3 Symbol) -l_~.u.J"'-________________ ----Jr-I-----;&l"\"'l"· ". 
I!-·>--------~ t --,.-----------: 1 1- 96 TXBAUO 

TXDATP(OSymbol) _ & 
or 

TXDATP (0 Symbol) ...;-L..I.l..u.J"'-______________________ rmmLLL.J...L.U 

TXCLK48 (Internal) 

NOTE: TXCLK48 is an internal 48x oversample clock generated by an on-chip phase-locked loop from the 
baud rate TXCLK signal. TXDATP is sampled on the first four leading edges of TXCLK48 each baud period. 

FIGURE 4_ Transmit Channel Timing_ 
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BURR - BROWN® 

I EEl EEl I DDC101 

20-BIT ANALOG-TO-DIGITAL CONVERTER 

FE4TURES 
• MONOLITHIC CHARGE INPUT ADC 

• DIGITAL FILTER NOISE REDUCTION: 
O.9ppm, rms 

• DIGITAL ERROR CORRECTION: CDS 

• CONVERSION RATE: Up to 15kHz 

• USER FRIENDLY EVALUATION FIXTURE 

DESCRIPTION 
The DDCIOI is a precision, wide dynamic range, charge 
digitizing AID converter with 20-bit resolution. Low 
level current output devices, such as photosensors, can be 
directly connected to its input. The most stringent accu
racy requirements of many unipolar output sensor appli
cations occur at low signal levels. To meet this require
ment, Burr-Brown developed the adaptive delta modula
tion architecture of the DDClOl to provide linearly 
improving noise and linearity errors as the input signal 
level decreases. The DDClOl combines the functions of 
current-to-voltage conversion, integration, input program
mable gain amplification, AID conversion, and digital 
filtering to produce precision, wide dynamic range re
sults. The input signal can be a low level current con
nected directly into the unit or a voltage connected 
through a user selected resistor. Although the DDCIOI is 
optimized for unipolar signals, it can also accurately 
digitize bipolar input signals. The patented delta modula-

"';~~~ 0-+-"'" 
Ground o--/-..--\ 

Setup 

APPLICATIONS 
• DIRECT PHOTOSENSOR DIGITIZATION 

• PRECISION INSTRUMENTATION 

• INFRARED PYROMETRY 

• PRECISION PROCESS CONTROL 

• CT SCANNE;R DAS 

• CHEMICAL ANALYZERS 

tion topology combines charge integration and digitiza
tion functions. Oversampling and digital filtering reduce 
system noise dramatically. Correlated Double Sampling 
(CDS) captures and eliminates steady state and conver
sion cycle dependent offset and switching errors that are 
not eliminated with conventional analog circuits. 

The DDCIOI block diagram is shown below. During 
conversion, the input signal is collected on the internal 
integration capacitance for a user determined integration 
period. A high precision, autozeroed comparator samples 
the analog input node. Tracking logic updates the internal 
high resolution Df A converter at a 2MHz rate to maintain 
the analog input at virtual ground. A user programmable 
digital filter oversamples the tracking logic's output. The 
digital filter passes a low noise, high resolution digital 
output to the serial JlO register. The serial outputs of 
multiple DDCIOI units can be easily connected together 
in series or parallel if desired to minimize interconnections. 

DDC101 Integrated Circuit 

Setlalln 
Serial Out 

International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 748-1111 • Twx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (520) sa9-1510 • Immediate Produclinfo: (BOO) 548-6132· 
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SECTION 1 
BASIC THEORY OF OPERATION 
The basic function of the DDC10l is illustrated in the 
Simplified Equivalent Circuit shown in Figure 1. The opera
tion is equivalent to the functions performed by a very high 
quality, low bias current switched integrator followed by a 
precision floating point programmable gain amplifier and 
ending with a high resolution AID converter. 

Reset 

I Signal C'NT -

The second block diagram, Figure 2, shows the DDClOl 
circuit architecture which implements these functions 
monolithically. During each conversion; the input signal 
current is collected on the internal integration capacitance, 
CINT, as charge for a user determined integration period, TINT. 
As the integration capacitor collects input charge, the track
ing logic updates the internal high resolution D/A converter 
at a 2MHz rate to maintain the analog input node at virtual 
ground. 

The digital filter oversamples the tracking logic's output at 
the beginning and end of each integration period to produce 
two oversampled data points. The DDC101 measures the 
charge accumulated in the integration and .performs corre
lated double sampling (CDS) by subtracting these two data 
points. CDS eliminates integration cycle dependent errors 
such as charge injection, offset voltage, and reset noise since 
these errors are measured with the signal at each of the two 
data points, The number of oversamples, and thus the fre
quency response of the digital filter, is user programmable, 

The digital filter passes a low noise, high resolution digital 
output to the serial I/O register. Since the timing control of 
the serial I/O register is independent of the DDClOl conver
sion process, the outputs of multiple DDClOl units can be 
connected together in series or p3ra1lel to minimize intercon-' 
nections. 

Sensor Programmable Gain 
Amplifier 

FIGURE 1. Simplified Equivalent Circuit of DDClOl to lllustrate Function. 

Analog 0-1---+-1 
Input 

Ground 0--+--<1>-1 

VREF 

FIGURE 2. DDClOl Block Diagram. 

2.390 

DDC101 Integrated Circuit 

Setup 

Serial In 
Serial Out 
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An internal test current source is provided for basic func
tionality testing and diagnostics. This approximately JOOnA 
current source is pin activated and sums with the external 
input current. 

Capacitor Digital-to-Analog Converter (CDAC). By switch
ing between ground and V REF the binary weighted capacitor 
array of the CDAC accumulates the input signal's charge to 
keep the comparator input at virtual ground. 

Figure 3 shows a more detailed circuit configuration of the 
DDCJOI. The single integration capacitor, CINT, and the 
D/A converter have been replaced with a high resolution 

ANALOG 

+Vs 

,--------<,...--,~ 
Test Current 

Reset CDAC 

3rd Order Digital 18 Bits 

TEST VREF 
In 

FIGURE 3. DDCJOI Detailed Circuit Diagram. 

Integration, 
Tracking and 
Control Logic 

Oversampied 
Digital Out 

SYSTEM System Control 
CLOCK 

DDC101 

High 
Resolution 
Digital Out 

DATA DATA 
TRANSMIT 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 patenl 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 andlor systems. 
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SECTION 2 
SPECIFICATIONS 
ELECTRICAL 
All specifications with unipolar current input range, T,NT = 1 ms, correlated double sampling enabled, System Clock = 2MHz, VREF = -2.5V, TA = +25°C and Vs = 
±5VDC, unless otherwise noted. 

DDC101 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

INPUTS 
Charge Inpu~" 

Unipolar Input Range BTC Output Code -1.95 500 pC/Integration 
Bipolar Input Range BTC Output Code -251.95 250 pC/Integration 

Input Current Unipolar or Bipolar Range 7.8 IJ.A 
Current Input Range Examplesl'" 

Unipolar Input Range T,", = IOO11S -ll.0195 5 IJ.A 
Unipolar Input Range TINT = 1ms -1.95 500 nA 
Bipolar Input Range T,", = IOO!1S -2.5195 2.5 IJ.A 
Bipolar Input Range T'NT = 1ms -251.95 250 nA 

Voltage Input Examplesl'" 
Unipolar Input Rangel" R'N = 10Mll, T", = lms -ll.0195 5 V 
Bipolar Input Rangel" R'N = 10Mll, TINT -1m. -2.5195 2.5 V 

DYNAMIC CHARACTERISTICS 
Conversion TIme 64 256 x 10' !1S 
Integration lime 64 10' !1S 
System Clock Input 0.5 2 MHz 

ACCURACY 
Unipolar Mode Noise 

Noise, Low Level Current Inpu~" C"""", = OpF, L = 8 0.9 ppm of FSR, rrns.' 
Noise, Low Level Current Inputt') CSENSOR = OpF, L = 1 1.6 ppm of FSR, rrns 
Noise, Low Level Current Input(1) CSENSOR = 100pF, L= 1 2.1 3 ppm of FSR, rms 
Noise. Low Level Current Input<lJ C"NSOR = SOOpF, L = 1 4.2 ppm of FSR, rms 
Noise, Voltage Inputl' .. " R,N " 20Mll 1.9 ppm of FSR, rms 

Differential Linearity Error 
Unipolar Input Range Entire Range ±0.005% Reading ±0.5ppm FSR, max 

0.1% FSR Input ±0.OOO06 %ofFSR 
1% FSR Input ±O.00010 %ofFSR 
10% FSR Input ±O.00055 %ofFSR 

Unipolar or Bipolar Input Range ±0.0015 %ofFSR 
Integral Linearity Error 

Unipolar Input Rangel'" Entire Range ±0.0244% Reading ±2.5ppm FSR, max 
0.1 % FSR Input ±0.00028 %ofFSR 
1% FSR Input ±0.OOO50 %ofFSR 
10% FSR Input ±0.0027 %ofFSR 

Unipolar or Bipolar Input Range(11) ±0.OO3 "'/0 of FSR 
No Missing Codes 

Unipolar Input Range 18 Bits 
Bipolar Input Range 16 Bits 

Input Bias Current T. =+25OC 3 10 pA 
DC Gain Error ±D.5 ±2 %ofFSR 
Output Offset Error'" ±D.5 ppm of FSR 
Input Offset Voltagel" ±D.5 ±2 mV 
External Voltage Reference, V"" -2.5 VDC 
Internal Test Signal 100 nA 
Internal Test Signal Accuracy ±20 nA 
Gain Sensitivity to V REF V REF = 2.5V ±O.tV 1:1 
PSRR 80 90 dB 

PERFORMANCE OVER TEMPERATURE 
Output Offset Drift.' not including bias current drift 0 llV/oC 
Input Offset Voltage Drift'" 1 I1vrc 
Input Bias Current Drift +25°C to +45°C 0.1 0.5 pArC 
Input Bias Current TA = +85°C 8 40 pA 
Gain Drift<4) ±15 ppmFC 

DIGITAL INPUT/OUTPUT 
Logic Family TTL Compatible CMOS 
Logic Level: V," I," = +SI1A +2.0 +Vcc V 

V" I. = +SI1A -ll.3 +0.8 V 
VOH IOH = 2 TTL Loads +2.4 +Vcc V 
Voe 10L = 2 TTL Loads 0.0 0.4 V 

Data Clock 
Data I/O 8 MHz 
SETUP Code I/O'" 4 MHz 

Data Format 
Straight Binary Unipolar or Bipolar Range 20 ilits 
Two's Complement Unipolar or Bipolar Range 21 Bits 
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SPECIFICATIONS (CONT) 

ELECTRICAL 
All specifications with unipolar current input range, T,NT = 1ms, correlated double sampling enabled, System Clock = 2MHz, VREF = -2.5V, TA = +25"C and Vs = 
±5VDC, unless otherwise noted. 

PARAMETER CONDITIONS UNITS 

POWER SUPPLY REQUIREMENTS 
Operation(5) ±4.75 ±5 ±5.25 VDC 
Quiescent Current, Positive Supply = +5VDC, VDD+ = +5VDC 15.6 19.5 rnA 

Analog, V,+ 8.9 rnA 
Digital, VDD+ 6.7 rnA 

Quiescent Current, Negative Supply V,-=-5VDC 18.0 22.5 rnA 
Power 170 mW 

-40 +85 "C 
430 +100 "C 

NOTES: (I) Input = low ~vel (less than 1% 01 Full Scale); Full Scale \, = SCOnA; TIlT = lms; Unipolar Inpul Range; Acquisition Time = 16 dock cycles, OVersampling = 128. (2) Voltage input is converted Ihrough user 
provided inpul resislor,I\ •. (3) FSR is Full Scale Range. (4) Gain Drift does not in~ude the drift 01 the extemal relerence. (5) V",t musl be less Ihan or equal to V,t. See Section 71ar recommended connecions. (6) 
Slraight Binary outpul code has ~igh1ly differenl Charge Range. See Section 6. (8)lnpul offset voltage is nulled by auto,ero circuitry and causes no output emor. See Secion 6 (Internal Error Corr~ion). (9) This is 
lhe maximum clocklrequency alwhichSETUP codes can be written 10 and read from the DDCl Ot . (t 0) Forotherinpulcurrenland voltage conf~urations, see Discussion 01 Spedflcations and Detailed Theoryol Operation 
sections. (I I) A besl·lil straighl line method is used 10 determine linearity. Two differenl besl·fit slr~hl lines are used lor the two unipolar integral linearity spedficalions. Acquisition Time = 16 clock cycles, OVersampling 
= t28. 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBERI') 

DDC101P 28-Pin DIP 215 
DDC101U 24-Pin SOIC 239 

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

ABSOLUTE MAXIMUM RATINGS 

Analog Inpuls 
Input Current ..............................................•....•........ 1 DOmA, momentary 
Input Curren!... ........................................................... 10mA, continuous 
Input Voltage ................................................... V,+ +0.5V to V,- -{).5V 

Power Supply 
V,+ •................................................................................................. + 7V 
V" .........................•.•......•................................................................. -7V 
Voo+ ................................................................................. must be s Vs+ 

Maximum Junction Temperature ................................................... +165"C 

PIN CONFIGURATION 

Top View 

BURR-BROWN@ 

Vs-, ANALOG 

ANALOG COMMON 

ANALOG In 

ANALOG COMMON 

Vs+,ANALOG 

Vs+,ANALOG 

NC 

NC 

. RESET SYSTEM In 

FDS (Final Data Point Start) In 

SYSTEM CLOCK 

DATA CLOCK 

DATA INPUT 

VOD+' DIGITAL 14 

ORDERING INFORMATION 

THERMAL RESISTANCE (8,.) 
MODEL PACKAGE ("CIW) 

DDC101P 28-Pin OW DIP 100 
DDC101U 24-Pin SOIC 100 

A 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 published 
specifications. 

28-Pin DIP 

28 REFERENCE BUFFER BYPASS 

VREF 

TEST In 

RESET SETUP In 

SETUP In 

READ DATNSETUP 

NC 

NC 

DATA TRANSMIT In 

OVERFLOW + Out 

OVERFLOW - Out 

DATA VALID Out 

DATA OUTPUT 

15 DIGITAL GROUND 
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PIN CONFIGURATION 

Top View 

V",ANALOG 

ANALOG COMMON 

ANALOG In 

ANALOG COMMON 

Vs+,ANALOG 

Vs+,ANALOG 

RESET SYSTEM In 

FDS (Final Data Point Start) In 

SYSTEM CLOCK 

, DATA CLOCK 

DATA INPUT 

Voo+, DIGITAL 12 

24 

13 

24-PlnSOIC 

REFERENCE BUFFER BYPASS 

VREF 

TEST In 

RESET SETUP In 

SETUP 

READ DATA/SETUP 

DATA TRANSMIT In 

OVERFLOW + Out 

OVERFLOW - Out 

DATA VALID Out 

DATA OUTPUT 

DIGITAL GROUND 

SECTION 3 
PIN DESCRIPTIONS 

SOIC DIP ,. 

PIN PIN 
NUMBER .NUMBER NAME DESCRIPTION 

1 l' V.-,ANALOG Negalive analog power supply voltage, -5VDC. 

2 2 ANALOG COMMON Analog. ground point. 

3 3 ANALOG INPUT .I~put ~I?r low level current signal. Photosensor can be directly connected to this input. With a resistor in series. 
DDC10l will convert a voltage input. 

4 4 ANALOG COMMON Analog ground point: . 

5 5 V,+,ANALOG Posijive analog power supply voltage, +5VDC. Hardwire to pin 6. 

6 6 'Vs+' ANALOG Pasilive analog power supply voltage, +5VDC. Hardwlre to pin 5. 

7 9 RESET SYSTEM In This inpul resets DDC10l, but does not reset the SETUP register. The DDC10l system is reset when this pin is 
active; reset action is removed when the pin is inactive. 

S 10 FDSln This is Final Data pointStart input. This input is the basic user control olthe integration and conversion timing. When 
It becomes active, the DDC101 starts collection of the M, final data point samples. The beginning of the next 
integration time is exaclly M system clock periods after the Final Data point Start command wh7n operating in the 
continuous mode . 

9 
.. 

11 SYSTEM CLOCK This clock input sets the basic sampling rate of the DDC1 01. The DDC101 is specifi9d wnh a clock speed of.2MHz. 
The clock speed csn be O.SMHz to 2.0MHz. 

10 12 DATA CLOCK This ciock input controls the data transfer rate for the serial DATA iNPUT and DATA OUTPUT ports. The DATA 
CLOCK is independent of the SYSTEM CLOCK. This allows the DATA CLOCK to be operated at higher or lower 
speeds than the SYSTEM CLOCK. For best noise performance, data should not be transmitted and the DATA 
CLOCK shOUld not be active during the inijial and final data point collection. if data is being transmitted during the 
initial and final data point collection periods, the DATA CLOCK should be synchronized to the SYSTEM CLOCK, 
to minimize added noise. DATA CLOCK can be conneCted to SYSTEM CLOCK, SO that the same clock is used for 
both; however, for bestnoise performance, the DATA CLOCK input should be active only when data is transmitted. 

11 13 DATA INPUT This input csn be used to "daisy chain" the output of several DDC10ls together to minimize wiring. The output 
register of the DDCl 01 acts as a shift register to pass through the output of previously connected DDC10l unn.. 
In this way, multiple DDCl 01 unn. csn convert simultaneously then sequence the data out serially onthe same data 
line with one common control line and one common data line for all DDC101 unn.. 

12 14 Voo+' DIGITAL Digital power supply, +5VDC. Voo+ must be less than or equal to V.+. 

13 15 DIGITAL GROUND Digital ground point. 

14 16 DATA OUTPUT This output provides serial digital data clocked out at user controlled DATA CLOCK rate. Output data format is a 
21·bl! binary two's complement word or a 20·~it straight binary word. The data word is transmitted MSB lirst. When 
DATA TRANSMIT is not active DATA OUTPUT tri-states. 

15 17 DATA VALID This output is activated when conversion is.c.ompleta· and remains active until the DATA TRANSMIT input is 
activated. 

16 18 OVERFLOW The OVERFLOW output signals each provide an open collector output so that the overflow outputs from several 
17 19 OVERFLOW+ DDCl 01 s can easily be connected (wire ORed) together to a common pull-up resistor. They are activated when 

the input is beyond the acceptable range during conversion. Specificslly, they are activated when the internal 
DIA converter iriputordigital filter exceeds full scale. They are Cleared at the end of conversion 112 clock cycle after 
DATA VALID high. DATA VALID csn be used to cspture OVERFLOW data into an extemai register. 
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PIN DESCRIPTIONS (CONT) 

SOIC 
PIN 

NUMBER 

18 

19 

20 

21 

22 

23 

24 

DIP 
PIN 

NUMBER 

20 

23 

24 

25 

26 

27 

28 

21 

22 

NAME 

DATA TRANSMIT In 

READDATN 
SETUP In 

DESCRIPTION 

This input controls the transmission of data from the serial VO register of the DOC 1 01. It can be activaled anytime 
after DATA VALID out becomes active. II must remain active unlil all data has been collected from the serial VO 
register(s) of all DDC10ls in the data path. 

This input can be used to read back the current SETUP data. When this input is held high, the output from DATA 
OUTPUT is the data collected by the DDC101. When this input is pulled low, an internal shift register is loaded with 
the current SETUP data on the rising edge of DATA CLOCK. This SETUP data shift register is logically connected 
between DATA INPUT and DATA OUTPUT pins and can be read in the same way that the data output is read. 
SETUP data read back does not invalidate data already stored in the DDC101's serial VO register or data being 
collected by the DDC101, although digital noise concerns should be considered as discussed in DATA CLOCK. 

SETUP In This input pin controls the DDC10l SETUP. A 12-bit digital word transmitted into this pin controls Acquisition 
Time, K, Oversampling, M, Multiple Integrations, L, Input Range and Output Data Format. The DDC101 reads the 
SETUP code at this pin after the RESET SETUP input transitions from active to inactive. The SETUP code is read 
into the SETUP register on the 12 positive data clock transitions following that transition. 

RESET SETUP Resets SETUP register only, does not reset balance of DDCl 01. The DDCl 01 reads SETUP input data afterthis 
input transitions from active (reset) to inactive. 

TEST In This is a digital input that controls the connection of an internal DC current source to "the DDC10l 's input. TEST 
In exercises the DDCl 01 and is intended to testforfunctionality only. The typical test input current is 100nA±20nA. 
The quiescent current of the DDC10l increases by approximately 1 mA when TEST In is active. When TEST is 
HIGH, the internal current source is ON and current is flowing into the DDC101 input. When TEST is LOW, the 
current source is disconnected from the input. 

V"'F An extemal-2.5V reference must be connected to the REFERENCE In pin. Use of an external reference allows 
multiple DDCl 01 s to use the same system reference for optimum channel matching. The external reference should 
be filtered to minimize noise contribution (see Figure 24). 

REFERENCE An external capacitor of IOflF should be connected to this node to provide proper operation of the internal 
BUFFER BYPASS D/A converter. The REFERENCE In pin is connected to an internal reference buffer amplifier. The Internal ref

erence buffer drives the internal CDAC. This buffer output is not intended for external use. 

NC No connection in 28-pin DIP. 

NC No connection in 28-pin DIP. 

NC 

NC 

No connection in 28-pin DIP. 

No connection in 28-pin DIP. 

SECTION 4 
TIMING CHARACTERISTICS 
All specifications with Unipolar Input range, T,NT ~ lms, Current Input, Correlated Double Sampling enabled, Sys Clock. 2MHz, VREF = -2.5V, TA = +25·C and 

Vs = ±5VDC, unless otherwise noted. 

SYMBOL DESCRIPTION MIN TYP I MAX UNITS 

t, FDS Setup 30 (Jl) Clocks+t,+ Jons 
ns 

t" FOS width. Continuous Conversion 50 ns 

to FDS width, Asynchronous Conversion M Clocks+t, ns 

t.. FDS HIGH to start of next integration, Asynchronous Conversion 50 ns 

t, Setup time for RESET SETUP HIGH to DATA CLOCK HIGH 60 ns 

to Setup time for Setup Codes data valid before rising edge of DATA Clock 30 ns 

t7 Hold time for Setup Codes data valid after rising edge of DATA Clock 30 ns 

to Propagation delay from rising edge of SYSTEM CLOCK to DATA VALID LOW 50 ns 

'" Propagation delay from DATA TRANSMIT LOW to DATA VALID HIGH 35 ns 

t,o Setup time for DATA CLOCK LOW to DATA TRANSMIT LOW 30 ns 

t" Propagation delay from DATA TRANSMIT LOW to valid data out 30 ns 

t'2 Hold time that Data output is valid after falling edge of DATA CLOCK 10 ns 

t" Propagation delay from DATA TRANSMIT HIGH to Data Output tri-stated 40 ns 

t'4 Propagation delay from falling edge of SYSTEM CLOCK to OVERFLOW+ and 25 ns 

OVERFLOW- cleared 

t,. SYSTEM CLOCK pulse width HIGH 240 ns 

t,. SYSTEM CLOCK pulse width LOW 240 ns 

t'7 DATA VALID LOW to DATA TRANSMIT LOW, Single DDC10l 30 (LxN-21) Clocks ns 
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For Immediate Assistance, Contact Your Local Salesperson 
Continuous IntegraHon Timing 

!--------T,NT"--------

FDS initiates oversamplingFn""Od"". _____ -'!._--; 

Initiates reset for next Integration. 
-- M Clock Periods -- JEnd of oversample period . --M Crock Periods--

Non-Contlnuous Integration Timing 

SYSTEM 
CLOCK 

FDSln 

Internal 
OversampJing 

Interval 

Internal f-----+-----i 
Aeset 

~Om!-------------, 

FIGURE 4. Conversion Timing Diagrams. 

RESET SETUP In 

DATA CLOCK 

L When Intemal Reset period ends, 
next integration begins. 

(4MHz, max for setup) I _________ ......I~""""' 

SETUP In 

FIGURE 5, Input/Output Timing Diagram-SETUP Timing Diagram. 

SYSTEM 
CLOCK 

DATA VALID 
Out 

DATA TRANSMIT I--+--~Ir-~"'Ii 
DATA TRANSMIT In rosois DATA VALID Out 

In -t,7--f~~--------------------+---..;..------'Ir' 

DATA CLOCK 

(8MHz, max for data) f------------+--.if---..J 

DATA OUTPUT 

Output Enabled 

FIGURE 6. DATA TRANSMIT Timing Diagram. 
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TIMING DIAGRAMS (CONT) 

SYSTEM CLOCK In 

DATA VALID Out 

OVERFLOW + Out 

OVERFLOW - Out 

! Read r- Clear 

1-------"--., 

DATA VALID Out can be used to latch data from the overflow status outputs. 

FIGURE 7. OVERFLOW Out Monitoring Timing Diagram. 

SYSTEM CLOCK In. II-__ -JF t'5----< ..... \- t,. -/ 

SYSTEM CLOCK 

FIGURE 8. System Clock Timing. 
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For Immediate AssistanceJ Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES 
ELECTRICAL 
System Clock = 2MHz, Vs = ±SVDC, VREF = -2.SV, L = 1 Integration/Conversion, and TA = +2SoC, unless otherwise noted. 
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TYPICAL PERFORMANCE CURVES (CO NT) 

ELECTRICAL 
System Clack = 2MHz, Vs = ±5VDC, VREF = -2.5V, L = 1 IntegrationlConversion, and TA = +25'C. unless otherwise noted. 
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For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES (CONT) 

ELECTRICAL 
System Clock = 2MHz, Vs = ±5VDC, VREF = -2.5V, L = 1 Integration/Conversion, and TA = +25"C, unless otherwise noted. 
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SECTION 5 
DISCUSSION OF 
SPECIFICATIONS 

INPUT 

The DDClOl is a charge digitizing AID converter. Low 
level current output sources, such as a photosensors, can be 
directly connected to its input. The input signal can also be 
a voltage connected through a user selected resistor. 

CHARGE INPUT 
The maximum charge that can be captured in one integration 
by the DDClOl is SOOpC. In the unipolar input range mode, 
the maximum positive charge that can be collected in one 
integration is SOOpC. The DDClOl has a small negative 
range in the unipolar mode of -1.9SpC. This small negative 
underrange is included. to allow for a small amount of 
leakage current from the user's PC board and sensor. In the 
bipolar input range, the maximum positive charge that can 
be collected is +2S0pC. The maximum negative charge that 
can be collected is -2S1.9SpC. 

In addition. to the normal mode of one integration per 
conversion, DDClOl can be configured by the user for 1 to 
2S6 integrations per conversion. When the multiple integra
tions per conversion mode is chosen, the DDClOl DSP 
circuitry internally averages multiple integration cycles to 
provide one conversion result. This result has lower noise 
because it is the average of multiple integ~ations. In this 
mode, the maximum total charge that can be captured by the 
DDClOl in 2S6 integrations is l28,OOOpC. 

TEST CURRENT INPUT 

An internal DC test current can be connected under user 
control to the DDClOl's input. The test current is nominally 
IDOnA and will be summed with any applied external input 
signal. It is derived by a resistive network from the positive 
power supply. The test current is intended to test for func
tionality only. The TEST In pin of the DDClOl controls the 
current. When TEST is HIGH, the internal current source is 
ON and current is flowing into the DDClOl input. When 
TEST is LOW, the current source is disconnected from the 
input. With TEST active, positive power supply current 
increases by approximately lmA. 

FULL SCALE RANGE 

The full scale range (FSR), which is referenced in the 
specification table, is the difference between the positive full 
scale charge and the negative full scale charge for the 
DDClOl in one integration cycle. Specifications such as 
noise and linearity, which are specified in percent or ppm of 
FSR, are referring to a value of SOOpC for both unipolar and 
bipolar input ranges. 

The full scale input current for a given integration time will 
resnlt in a full scale input charge. As an example for unipolar 
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input range, an input current of O.S~A integrated for lms 
will result in the full scale charge of SOOpC. For voltage 
inputs, the input resistor is chosen to achieve the proper full 
scale input current. As an example, for a SV full scale input, 
a lOMQ input resistor is selected to achieve a full scale input 
current of O.S~A (lms integration time). 

Noise of 1.6ppm of FSR is equal to 1.6ppm x SOOpC = O.8fC 
or 1.6ppm x O.S~A = O.8pA or 1.6ppm x SV = 8~V. Thus, 
in this instance, noise is 1.6pA or 8~ V. 

For the unipolar input range, the following table shows the 
full scale input current required for different integration 
times to collect SOOpC of charge and the equivalent current 
values for 2 and Sppm of FSR. 

T,", I" 2ppm 5ppm 

SOms 10nA 0.02pA O.SpA 
Sms 100nA O.2pA 1pA 
1ms SOOnA 1pA 2.SpA 

SOOIlS 1!1A 2pA SpA 
100~s S!1A 10pA 2SpA 

TABLE I. Integration Time (T!NT) and Full Scale Current (lFS) 
for Full Scale SOOpC Integration. 

CURRENT INPUT 
The maximum average input current that can be captured by 
the DDClOl is ±7.8~A. This current will result in an 
integration time of 6411s for unipolar input range and 32~s 
for bipolar input range. For longer integration times, the 
average input current must be less. 

The maximum input current is limited by the slew and 
update rate of the internal tracking logic and CDAC. The 
largest input current that the DDClOl can accurately track is 
7.8~. Input currents larger than 7.8~ and high speed 
current input pulses can be accurately captured and digitized 
by the DDClOl with an external input or sensor capacitance 
on the DDClOl input. The average current during a com
plete integration cycle cannot exceed 7.8~. Likewise, the 
total charge input must not exceed SOOpC unipolar, 2SOpC 
bipolar during the integration time. 

An external user provided input capacitance, Cg, as shown in 
Figure 9a, will capture the input signal charge if the input 
current limit is temporarily exceeded during the integration 
cycle. The DDClOl will then transfer the charge completely 
to C!NT based upon conservation of charge. An additional 

Voltage acros\Put must not exceed ±2.SV. 

i __ Analog Input, pin 3 

Cs + + 
V DDC101 

-
Analog Common 

External user provided capacitance, CSOURCE, to store current pulses. 

FIGURE 9a. Current Pulse Input Capture. 
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constraint is, the voltage that appears at the DDC101 input, 
must not exceed2.5V. If this voltage is exceeded, charge 
may be lost and the integlJltion result may be invalid. The 
input voltage can be calculated: 

i(t)=Cs dv 
dt 

or 

v =....!.... Ji(t)dt 
Cs 

therefore, 

V=i....!.... 
Cs 

As an example, with a user supplied input capacitance of 
100pF, a current pulse of lOOIlA for 2~s could be stored 
without exceeding 2.5V applied to the input: 

V = (IOO~). ~ = 2V. 
IOOpF 

The current pulse must occur completely during part of one 
DDCIOI integration time, and the DDClOI must still have 
time to discharge the input capacitance to ground at a 
maximum rate of 7.8~ before the DDC101 is triggered 
(through the FDS input) to end the integration. In addition, 
the total charge integrated must be 500pC or less for the 
unipolar range. A current pulse of lOO~ for 211s creates 
200pC of charge. 

VOLTAGE INPUT SPECIFICATIONS 

Th.e DDC101 is a charge digitizing device. With a user 
provided input resistor,the DDC101 can digitize voltage 
inputs. All of the general charge/current input specifications 
apply to the voltage input situation. The specification table 
shows the typical noise of the DDC101 inCluding the effects 
of a 20Mn input resistor, RIN. 

The input of the DDC101 is a virtual ground. A voltage input 
causes a current, i, to flow into the input through RIN as 
shown in Figure 9b. The maximum input current is deter-

Current Input Configuration 

i--
Analog Input. pin 3 

DDC10l DalaOut 

Analo Common 

Voltage Input Configuration 

Input 
Resislor i __ Analog Inpul, pin 3 

DOC10l Data Out 

Analog Common 

FIGURE 9b. DDCIOI Input Configurations. 

mined by the integration time selected. Table II shows the 
maximum input voltage based upon several selections of 
input current and input resistor for unipolar input range. The 
accuracy of the input resistor will add directly to the DC 
Gain Error of the DDC 10 I; the drift of the input resistor will 
add directly to the Gain Drift of the DDClOl. 

Note that the DDC101 output noise decreases as RIN in
creases. This is because the DDCIOI noise gain decreases 
and the input resistance current noise decreases as RIN 
increases. This effect is shown in the "Noise vs Resistor 
Value" typical performance curve. 

INPUT RESISTOR, R,. 
INTEGRATION TIME lms 500)18 100)18 

Full Scale Inpul Current O.SpA lpA SpA 

Full Scale Voltage 
SOmV l00kn SOkn 10kn 
SOOmV lMll SOOkll 100kn 
SV· 10Ma 5Mll lMll 
SOV l00Mll 50Ma WMll 

TABLE II. Example ofInput Resistor Values Unipolar Input 
Range. 

UNIPOLAR LINEARITY ERRORS 

Due to innovative design techniques, the absolute level of 
linearity error of the DDCIOI improves as the input signal 
level ·decreases when used in the unipolar input mode. 
Therefore, in unipolar input mode, the integral linearity of 
the DDC101 is specified as a small base error plus a 
percentage of reading error or as a percentage of full scale 
range. A best-fit straight line method is used to determine 
integral linearity. Two different best-fit straight lines are 
used for the two unipolar integral linearity specifications. 
For bipolar input mode, linearity is specified only as a 
percentage of full scale range. 

To illustrate the improvement in unipolar mode linearity 
error, Figure 10 shows the maximum unipolar integrallin-. 
earity error (lLE) of the DDC101 as a function of the input 
signal level. The maximum integral linearity error is 
±O.0244% of reading ±2.5ppm of FSR. Thus, the maximum 
ILE for an input level of 1 % of FSR is O.OO05%FSR. 

1? 
~ 
'0 
~ 
g 
W· 
.". ." .. 
'" :5 

0.1 

0.01 

0.001 

0.0001 
0.001 

L 

/ 

0.01 0.1 10 100 

Unipolar Input Level (% of FSR) 

FIGURE 10. Maximum Unipolar Integral Linearity Error 
Relative to Full-Scale, Converted From % of 
Reading Specification. 
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NOISE 

The noise of the DDCIOI improves as the input signal level 
decreases, thus very low level signals can be resolved. Noise 
is shown in the specification table for low level inputs. For 
unipolar input range, the DDC101 noise at low level inputs 
is dominated by comparator noise gained to the output; at 
full scale inputs, the noise is dominated by D/A converter 
noise. The noise at low low level inputs is a function of input 
capacitance; the noise at full scale is relatively independent 
of input capacitance. For bipolar input operation, the noise 
is dominated by D/A converter noise and is higher than the 
full scale unipolar noise. 

BIPOLAR INPUT ACCURACY 

Linearity-As a bipolar input device, the linearity of the 
DDC101 is specified as a percentage of full scale range that 
does not improve with lower input signal levels. Perfor
mance is generally limited by the linearity of the unit when 
operated in the bipolar input mode. 

Noise-In general, noise is not as important as linearity 
when determining total error. The output noise of the DDC101 
in the bipolar mode peaks at midscale. (zero input signal 
level). Output noise is lower for inputs above and below 
zero. 

RESET CHARGE ERROR 

The reset charge error (typically less than 250fC) is an offset 
error that could result from offset voltage, charge injection 
and kT/C errors. The DDCIOI eliminates the effects of reset 
charge errors with correlated double sampling. 

DC BIAS VOLTAGE 

The DDC101 generates a small bias voltage (typically 500ILV) 
at the input. This voltage is impressed on any sensor that is 
connected to the input. The DC bias voltage is the actual 
virtual ground voltage of the DDCIOL The DDC101 input 
comparator circuitry includes an autozero circuit which 
eliminates this offset internally so that it does not produce an 
output error. 

GAIN SENSITIVITY TO V REF 

The DDC101 gain is dependent upon the external reference 
voltage, V REF' A change in the value of V REF will be seen as 
a directly proportional change in the gain of the DDClOl. 

FREQUENCY RESPONSE 

The DDC101 is a sampling system whose transfer function 
has three separate frequency components. These. compo
nents are multiplied together to make the total frequency 
characteristic of the DDC 10 1. The three components are: 

1. Basic Integration 
This is the characteristic sin(x)/x response of the basic 
integration function. This response is controlled by the 
integration time of the DDCIOI. 
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2. Oversampling 
This is the low pass filter characteristic of the digital 
filter's oversampling. This response reduces the broad
band noise in the input signal and the DDClOl. Broad
band noise decreases as the number of oversamples 
increases. 

3. Multiple Integrations 
This is the low pass filter characteristic that results when 
the digital filter is used to average multiple integrations. 
This will determine the primary response of the DDC101 
if two or more integrations are internally averaged. 

See Section 6 for more details. 

SECTION 6 
DETAILED THEORY 
OF OPERATION 
INTEGRATION CYCLE 

An integration cycle, as illustrated in Figure 11, includes the 
Acquisition Time, Initial Data Point Sampling, Tracking 
Interval, and Final Data Point Sampling. The Acquisition 
Time is K clock periods. The first clock cycle of the 
Acquisition Time is used to reset the integrating capacitor, 
C'NT' to zero from the previous integration. The balance of 
the Acquisition Time insures that the DDC101 system is 
accurately tracking the input signal prior to initial data point 
acquisition. Close-ups of the Reset and Acquisition time are 
shown in Figures 12 and 13. 

The Initial Data Point is then sampled M times. The Integra
tion cycle time consists primarily of the Tracking Interval 
during which time the DDCIOI "tracks" the integration of 
the input signal. The Tracking Interval is followed by the 
measurement of the Final Data Point with the same user 
selected number of samples, M. M and K are user selectable. 
The entire integration cycle consists of N clock periods as 
controlled by the user. 

The DDC101 operates in continuous and non-continuous 
integration modes. In the continuous mode, one integration 
follows another with no delay from the end of one integra
tion to the beginning of the next conversiori. In the non
continuous mode, each new integration is started separately 
under user control. 

The Final Data point Start (FDS) input is the primary user 
control of the integration cycle. The FDS input controls the 
end of one integration cycle and the start of the n~xt 
integration cycle in both the continuous and non-continuous 
integration modes. Measurement of the M final data point 
samples begins when the FDS input is activated. 

CONTINUOUS INTEGRATION MODE 
In the continuous integration mode, the "Final Data Point 
Start" command (using the FDS pin) initiates the measure
ment of the M final data point samples. The next integration 
cycle begins immediately after the final data point sampling 
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N -I Time. Aquisition ~":'===-_____________________________ --' __ Clock 

Time. K ~~ ____ Oversampled Cycles 
Initial Data Point 

M 

Final Data 
Point Start 

~ 

""'-' __ Oversampled 
Final Data Point 

Measurement Time 
Digital 
Output DDC101 digital output is precise integration of Input during measurement time. 

FIGURE 11. Equivalent Integrator Output for Single Integration. 

Aquisition 

I~ K --I~'I------------ M -------------1 
~~~~~------------------------------------------------_4------~:; 

Cycles 

Oversampled 
Initial Data Point 

Reset of 
Previous Integration 

Digital 
Output 

Tracking 
Interval 

FIGURE 12. Close-up of Initial Oversampled Data Point for DDClOl. 

has been completed; tbis occurs M clock periods after tbe 
FDS transition to "ON". Acquisition, Initial Data Point and 
Tracking for tbe next integration follow automatically. The 
DDCIOI continues in tbe Tracking mode until tbe next FDS 
command initiates tbe measurement of tbe M fmal data point 
samples. An FDS command is needed for each integration 
cycle. In tbe continuous integration mode, tbe FDS pulse 
widtb must be less tban M clock periods. If tbe FDS pulse 

is held low past tbis time of M clock periods, tbe DDCI0l 
will reset as for non-continuous mode (see also Figure 4). 

In tbe continuous mode of operation, tbe tracking logic of 
tbe DDC101 "remembers" tbe integration rate of tbe previ
ous integration and begins tbe next integration at tbe rate of 
tbe previous integration. This allows faster acquisition of tbe 
signal for tbe next integration. 
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Acquisition Time, K 

Reset of 
- Previous Integration 

FIGURE 13. Close-up of Reset and Acquisition Time for 
DDClOl. 

!---Integration n ---!-Integration n + 1 ---

, :_ Imtlal_: 
: ,Oversampled, / 
. \: .. 

: , : Data Tracking Interval 
'- Final -' \ A "t' : Oversampled: CqUiSI Ion 

j Data j Reset 

FIGURE 14. Close-up of End of One Integration Cycle and 
Beginning of Next. 

NON-CONTINUOUS INTEGRATION MODE 
For the non-continuous integration mode, FDS controls the 
start of the M final data point samples and the end of 
integration as discussed above. In this mode, however, FDS 
is also used to control the start of a new integration cycle 
asynchronously with the end of the previous integration. 
When FDS transitions to "ON", the collection of the M final 
data point samples begins. At the end of each integration, the 
DDC101 automatically resets the integration capacitance. If 
FDS remains "ON" past the end of integration, the DDC101 
will stay in the integration reset state until FDS transitions to 
"OFF". Holding FDS "ON" past the end of integration will 
also reset the DDCIOI's tracking logic to zero integration 
rate. 

In non-continuous integration mode, the initial data point 
measurement may be less accurate since the DDClOl's 
internal tracking logic is reset at the beginning of the 
integration and tracking may not be accurate for the initial 
data point measurement. In this situation, Correlated Double 
Sampling (CDS) operation may not be advantageous. 

INTERNAL ERROR CORRECTION 
The DDCIOI uses CDS techniques to gain optimum perfor
mance. CPS removes internal DDCI01 errors which occur 
for a given integration cycle such as, charge injection, kT/C, 
and DDCIOI offset errors. Correlated Double Sampling is 
user selectable. It is recommended for most continuous 
measurement applications. 

BURR-BROWN® 

Correlated Double Sampling is implemented in the DDClOl 
by subtracting the Initial Data Point from the Final Data 
Point. Thus, the error correction is updated automatically for 
each integration. When operating in the unipolar input range, 
CDS functions with either output data format-straight 
binary or binary two's complement. When operating in the 
bipolar input range, CDS functions with binary two's comple
ment output data format only. 

The errors that CDS removes are charge injection, kT/C and 
DDClOl input voltage offset. These errors are very difficult 
to eliminate in equivalent analog circuits. Charge 
errors result from charge that is transferred through 
switch into the integration capacitor. kT/C errors are 
ing errors due to the noise of the resistance of the reset 
switch. DDC 10 I voltage offset errors are due to input offset 
of the input comparator. Both initial offset and offset drift 
with time and temperature are corrected since the correction 
is performed each integration cycle. 

SINGLE CYCLE INTEGRATION 
The DDC101 acquires charge (q) by integrating input cur
rent (i) for a specific time (T). That is, 

T 
q = fi dt 

o 

The DDClOl acquires up to 500pC of full scale charge per 
integration cycle in the unipolar input range, and approxi
mately ±250pC of full scale charge in the bipolar input 
range. Therefore, for the DDClOl, maximum values can be 
calculated. 

Unipolar Input Range 

500pC = IFS X TINT 

Bipolar Input Range 

±250pC = ±IFS x TINT 

Where IFS is the full scale input current and TINT is the 
integration time of the DDClOl. Examples of IFS and TINT 
that equal 500pC and ±250pC are shown in the following 
tables. 

The maximum average input current that the DDC101 can 
integrate is 7.81JA. This results in a minimum integration 
time of 6411s for unipolar inputs and 3211s for bipolar inputs. 
Further flexibility is possible with multiple integration cycles 
per conversion as described in the following text. 

INPUT RANGE 

Unipolar Input Range 

For the unipolar input range, the range of charge for each 
integration cycle is from positive full scale of +50OpC to a 
slightly negative charge of -1/256 (approximately -0.4%) of 
the positive full scale charge. This is +50OpC to -1.95pC. 
The negative charge measurement capability allows for low 
level PC board parasitic leakages. 

Bipolar Input Range 

For the bipolar input range, the range of charge for each 
integration cycle is from positive full scale of +250pC to 
negative full scale of -251.95pC. 
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IFS TINT 

lnA SOOms 
10nA SOms. 
100nA Sms 
lJ1A SOOJ1S 
SJ1A IOOJ1S 

7.8J1A 64)18 

TABLE ill. Input Current vs Integration Time Examples 
for Maximum Charge. UIiipolar input range 
maximum charge = 500pC. 

:!I .. T'NT 
lnA 2S0ms 
IOnA 2Sms 

100nA 2.Sms 
lJ1A 2S0J1S 

2.SJ1A IOOJ1S 
7.8J1A 32J1S 

TABLE IV. Input Current vs Integration Time Examples 
for Maximum Charge. Bipolar input range 
maximum charge = ±250pC. 

MULTIPLE INTEGRATIONS 
PER CONVERSION CYCLE 

If more than 500pC, unipolar (or ±25OpC, bipolar) of charge 
must be integrated in one conversion cycle, the DDCIOI can 
be user programmed for mUltiple integrations per conversion 
cycle. This feature can be used to provide for longer conver
sion periods for a specific input current other than shown in 
the previous table. The integration cycles forming a conver
sion cycle may be continuous or non-continuous. The num
ber of integrations per conversion cycle, L, can be 1,2,4, 8, 
16, 32, 64, 128, or 256. The multiple integrations are 
automatically averaged in the DDClOl so that- one conver
sion result is output per tot-a1 conversion cycle: Note that 
each integration requires individual control by the FDS 
signal. For example, if L = 4, then four FDS signals per 
conversion are required. 

FINAL DATA POINT CONFIGURATION LIMITS 

In each conversion cycle, the maximum number of final data 
points which can be collected is 256. This means that at the 
extremes, the DDClOl can be setup to perform one integra
tion cycle with 256 oversamples, or the DDClOl can be 
setup to perform 256 integration cycles with one sample per 
integration cycle. The tot-a1 number of integrations, L, mul
tiplied by the number of samples per final data point, must 
be 256 or less. As an example, if 16 integration cycles, L, are 
used, the number of samples per final data point must be 16 
or less. 

NOTE: When CDS is used, the iIiitial data points impose no 
additional conversion sampling limitations. 

FREOUENCY RESPONSE 

The DDC101 charge digitizing NO Converter is a sampled 
system whose frequency response has three separate compo
nents. These components are multiplied together to make the 
tot-a1 frequency characteristic of the DDClOl. The three 
frequency response components are shown below. Each' 

I 
Conversion Cycle j 

-- Integration 1 --1-- Integration 2 

~ 
CDAC One data outpul per 
Charge conversion cycle with 

two integrations/conversion 

FIGURE 15. Conversion CyCle with Two Integrations. 

INTEGRATIONS CONVERSION MAXCHARGEI 
PER CONVERSION I .. TIME CONVERSION 

L=I IOnA SOms SOOpC 
L=2 IOnA lOOms 1000pC 
L=4 IOnA 200ms 2000pC 
L=8 IOnA 400ms 4000pC 
L=16 IOnA 800ms 8000pC 
L=32 IOnA 1.6s l6000pC 
L=64 10nA 3.2s 32000pC 
L= 128 10nA 6.4s 64000pC 
L=2S6 10nA 12.8. l28000pC 

TABLE V. Integrations/Conversion vs Conversion Time. 
Example for multiple integrations with uIiipolar 
input range. 

individual component has a sine (sinx/x) frequency response 
function. . 

1. Basic Integration 
This is the characteristic sin(x)/x response of the basic 
integration function. This response is controlled by the 
measurement time of the DDC101, TMEAs; see Figure 16. 

2. Oversampling 
This is the low pass filter characteristic of the digital 
filter's oversampling. This response reduces the broad
band noise in the input signal of the DDClOl. Broadband 
noise decreases as the number of oversamples increases. 
This response is controlled by the number of oversamples, 
M; see Figure 17. 

3. Multiple Integrations 
This is the low pass filter characteristic that results when 
the digital filter is used to average multiple integrations. 
This will determine the primary response of the DDClOl 
if two or more integrations are internally averaged. This 
response is controlled by the total conversion time of the 
DDC101; see Figure 18. 

Input frequencies are multiplied by the DDC101 frequency 

response. The Nyquist frequency is fco,./2, where fCONY is 
the DDClOl conversion rate. The highest frequency that can 
be reconstrocted from the output data is fco,./2. Input 
frequencies above Nyquist are multiplied by the DDC101 

frequency response and are then aliased into DC to fco,./2. 
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Basic Integration Frequency Response 
)'he sin(x)/x basic integration characteristic is controlled by 
the digital filter's measurement time (TMEAs)' The measure
ment frequency, fMEAS is lIT MEAS' The input frequency re
sponse of the DDClOl is down -3dB at fMEAJ2.26 with a 
null at fMEAS' Subsequent nulls are at harmonics 2fMEAS, 
3fMEAS' 4fMEAS' etc. as shown in the frequency response curve 
below. This characteristic is often used to eliminate known 
interference by setting fMEAS or a harmonic to exactly the 
frequency of the interference. Table VI illustrates the fre
quency characteristics of the DDCIOI integration function 
for various measurement times. As an example, for N = 
2272, K = 16, and M = 256: T MEAS = (N-M-K)/fcLK = (2272-
256-16)/2MHz = Ims and fMEAS = 1kHz. TINT = 2272/2MHz 
= 1.14ms; fCONV = IITINT = 880Hz. 

MEASUREMENT TIME -3dB FREQUENCY fMEAS 

lOOf'S 4042kHz 10kHz 
lms 442Hz 1kHz 
10ms 44.2Hz 100Hz 

16.66ms 26.5Hz 60Hz 
20ms 22.1 Hz 50Hz 

TABLE VI. Basic IntegrationFrequency Response Examples. 

Oversampling Frequency Response 
The M oversamples of the initial and the final data points 
create an oversampling sin(x)/x type of low pass filter 
response. The oversampling function reduces broadband 
noise of the input signal and the DDClOl. Broadband noise 
is reduced approximately in proportion to the square root of 
the number of oversamples, M. As an example, a conversion 
with 128 oversamples will have approximJtelY 112 the noise 
of a conversion with 32 oversamples ( 32/128 = ..Jl74 = 
112) The oversampling low pass filter response creates a null 

Normalized DDC101 Frequency Response 

o 

-10 

fMEAS 

Frequency 

FIGURE 16. Basic Integration Frequency Response. 

at fos = lIT os' The oversample time, Tos' is M/fcLK' For M = 
256 and fCLK = 2MHz, fos is approximately 7.8kHz. Subse
quent nulls are at harmonics 2fos' 3fos' 4fos' etc. The -3dB 
point is at fos12.26. Table VII illustrates the DDClOl 
oversampling frequency characteristics with approximate 
values for fos and the -3dB frequency. An oversampling 
frequency response graph is shown below in Figure 17. This 
figure shows the frequency response for M = 256 oversamples 
with an fCLK of 2MHz . The slope of the attenuation curve 
decreases at approximately 20dB/decade. 

OVERSAMPLES (M) -3dB FREQUENCY los 

256 3.5kHz 7.8kHz 
128 6.9kHz 15.6kHz 
64 13.9kHz 3102kHz 
16 55kHz 125kHz 

TABLE VII. Oversample Frequency Response Examples. 

The normalized frequency response, H(f), of the DDCIOI that is applied to the input signal consists of the product of the three 
frequency response components: 

Where: 

f 

fCLK 

() sin(m(N-M-K)/fCLK) sin(nfM/fcLK ) sin(mLN/fCLK) -jxf(LN-K-l)/f H f = _ _ -e CLK 

m(N - M - K)/fCLK Msin(m/fCLK ) Lsin(mN/fcLK ) 

Basic Integration Oversampling Multiple Integrations Wnear Phase 

is the signal frequency 

is the system clock frequency, typically 2MHz 

N is the total number of clock periods in each integration time, TINT = N/fcLK' TINT is the DDCIOI CDAC's 
integration time 

M is the number of oversamples in one oversampled data point 

K is the number of clocks used in the acquisition time 

(N-M-K)/fCLK is the digital filters measurement time, TMEAS , (TMEAS = TINT -(M+K)/fcLK) 

M/fCLK is the oversample time, T os 

LN/fCLK is the total conversion time for multiple integrations, TcoNV 

The DDCIOl's transfer response has a linear phase characteristic as indicated by the exponential term. 
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FIGURE 17. Oversampling Frequency Response for M = 256 
(fCLK = 2MHz). 

Multiple Integration Frequency Response 
If the DDClOl is operated in the mUltiple integrations per 
conversion mode of operation, an additional sin(x)/x type 
low pass filter is created. The filter creates an initial null 
frequency at the conversion frequency, fCON~ of the DDClOl 
and at multiples of fcoNV' The - 3dB point for this filter is also 
at fcoNV/2.26. The conversion time, TcoNV' is the sain of the 
integration times for multiple integrations that are averaged 
together by the DDClOl. TcoNV = LN/fcLK' fCONV = l/TCONV' 
If multiple integrations per conversion are used, this filter 
will be the dominant low frequency filter of the DDC101. 
Table vm shows examples of the conversion time and 
frequency for different parameter selections. Figure 18 shows 
an example of the frequency response due to Multiple 
Integrations. In the case of Figure 18, the integration time is 
500l1-s (N = 1000 clock periods) and L = 64 integrations per 
conversion. 

INTEGRATION CONVERSION -3dB 
TIME L TIME FREQUENCY fCONV 

1ms 2 2ms 221Hz 500Hz 
1ms 8 8ms 55Hz 125Hz 
1ms 16 16ms 27.5Hz 62.5Hz 
1ms 64 64ms 6.9Hz 15.6Hz 
1ms 256 256ms 1.73Hz 3.91Hz 
10ms 2 20ms 22.1 Hz 50.0Hz 
10ms 8 80ms 5.5Hz 12.5Hz 
10ms 16 160ms 2.75Hz 6.25Hz 
10ms 64 640ms 0.69Hz 1.56Hz 
10ms 256 2560ms 0.173Hz 0.39Hz 

TABLE VIII. Multiple Integration Time Examples. 

System Noise implications 
The noise at the digital output of the DDC101 consists of 
system noise that is included in the analog input signal and 
noise from the DDClOl. 

DDClOl Noise-The noise of the DDClOl includes low 
frequency and broadband noise. The low frequency noise is 
reduced by the integrating function and the CDS function of 
the DDClOl. This is reflected in the basic integration 
frequency response and in the multiple integration frequency 
response. The broadband electronic noise is reduced prima
rily by the oversampling function of the DDC101 

o 
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N = 1000 
L=64 
fCONV = 31Hz 

• 100 1k 

FIGURE 18. A Multiple Integration Frequency Response 
Example. 

Signal Noise-The noise of the input signal is filtered and 
reduced in a manner similar to the DDClOl noise reduction 
through the integrating and oversampling functions of the 
DDC 10 1. 

Figures 19 and 20 show the frequency response of the 
DDClOl for the product of the basic integration and 
oversampling frequency response for two different values of 
M. hi. both examples, the integration time is 1ms, the only 
difference is in the number of oversamples, M; for Figure 
19, M = 2560versamples was used; for Figure 20, M = 32 
oversamples was used. The first null frequency is fMEAS and 
subsequent nulls are at multiples of fMEAS • The first example 
with the larger number of oversamples (M = 256) clearly 
reduces high frequency noise more than the second example 
withM = 32. 

For M = 256, fos is 7.8kHz, fMEAS is 1.16kHz, and the -3dB 
frequency is 507Hz. For M = 32, fos is 62.4kHz, fMEAS is 
1.02kHz and the -3dB frequency is 453Hz. 
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FIGURE 19. Product of Frequency Response of Basic inte
gration and Oversampling: 1ms Integration 
Time, 256 Oversamples. 
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FIGURE 20. Product of Frequency Response of Basic Inte
gration and Oversampling; lms Integration 
Time, 32 Oversamples. 

Figure 21 shows the frequency response of the DDCIOI and 
an ideal integrator with the same integration time. In this 
comparison, the DDCIOI has greater bandwidth to the fIrst 
null, but it also has greater out of band attenuation which 
reduces broadband noise signifIcantly. If desired, the fre
quency response of the ideal integrator can be produced by 
passing the DDCIOI output through an external digital 
fIltering function which has the frequency response from DC 
to Nyquist of 

sin(mT1NT). mTMEAs • Msin(m/fcLK ) 

nfT!NT sine nfT MEAS) sine nfM If CLK) 

This has the effect of further attenuating undesired signals 
(noise) outside the "passband", further increasing the signal
to-noise ratio of the DDCIOI and closely emulating the ideal 
integrator's signal accumulation characteristics. 

Comparison 01 DDCI 01 with Ideal Integrator 
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FIGURE 21. Comparison of DDCIOI with Ideal Integrator. 

BURR-aROWNI!II 

SYSTEM SETUP 
After power up, the Reset System and FDS signal inputs 
should be held low (active), while the SETUP register is 
loaded by the user. After the SETUP register is loaded, the 
Reset System input should transition to inactive while the 
FDS input remains active. The FDS should transition to 
inactive at the start of operation. Thereafter, Reset System 
should stay inactive and the FDS should be used to control 
each integration cycle. 

SETUP INPUT 

Software Control 

Many of the options of the DDCIOI are set through a serial 
bit stream transmitted by the user into the SETUP Input pin. 
The 12-bit word transmitted into the SETUP Input is used to 
set the following four options, in sequence: 

1. Acquisition Time Control, K 2 bits 

2. Oversampling Control 
Samples/lntegration, M 4 bits 

3. Multiple Integration Control 
Integrations/Conversion, L 

4. Unipolar or Bipolar Input Range 

5. Output Format 

Total for SETUP 

See Figure 5: SETUP Timing Diagram. 

Acquisition Time Control, K 

4 bits 

I bit 

I bit 

12 bits 

This signal sets the acquisition time (K clock periods) and 
controls the use of Correlated Double Sampling. The acqui
sition time occurs at the start of each new integration. The 
acquisition time control can be set to four options: "no 
CDS", 1, 16 or 32 clock periods. For typical continuous 
integration applications, K = 16 is recommended. The acqui
sition time always begins with one clock period for reset. 
This reset clock period is followed by 0, 15 or 31 clock 
periods for signal acquisition. Correlated Double Sampling 
is activated if the initial acquisition time is set to I, 16 or 32 
clock periods. Correlated Double Sampling is disabled and 
the Initial Data Point is not acquired if "no CDS" is selected. 

RESET ACQUISITION 
K CLOCKS CLOCKS CDS 

"NoGDS· 1 0 Disabled 
1 1 0 Enabled 

16 1 15 Enabled 
32 1 31 Enabled 

TABLE IX. Acquisition Time Control, K. 

When Correlated Double Sampling is activated, the DDCIOI 
acquires the initial data point for error correction as part of 
each conversion. At the end of the conversion cycle, the 
initial data point is subtracted from the fInal data point. The 
errors that are corrected with CDS are charge injection, 
kT/C noise, and DDCIOI voltage offset. When Correlated 
Double Sampling is deactivated, the initial data point is not 
taken. 
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When operating in the unipolar input range, CDS functions 
with either output data fonnat-straight binary or binary 
two's complement. When operating in the bipolar input 
range, CDS functions correctly only with binary two's 
complement output data fonnat. 

Oversampling Control 
SamplesJIntegration, M 

This control sets the number of samples, M, used by the 
DDCIOI to oversample the initial and final data points. M 
can be set for these values: 1,2,4, 8, 16,32,64, 128; 256. 
Broadband noise in the conversion is reduced roughly in 
proportion to the square root of M. Therefore, a conversion 
with 128 oversamples will have 1/2 the broadband noise of 
a conversion with 32 oversamples. See the previous fre
quency response discussion. 

Multiple Integration Control, L 

This control sets the number of integrations per conversion 
cycle, L. It is used to reduce the data rate, increase the 
magnitude of the input signal range, and/or reduce the noise. 
The product of L and M must be 256 or less. 

Output Format 

Two output fonnats are available for either the unipolar or 
bipolar input ranges: 

Binary Two's Complement (BTC) and Straight Binary. 

UNIPOLAR INPUT RANGE 

For Binary Two's Complement, output data fonnat, the 
output word is a 21-bit Two's Complement word. The first 
bit is the sign bit followed by the Most Significant Bit 
(MSB), etc. The output range 'is +IOO%FS to -O.4%FS, 
where FS is 500pC. 

CODE INPUT SIGNAL 

011111111111111111111 +100%FS +500pC 
011111111111111111110 +100%FS-1LSB 
o 0000 0000 0000 0000 0001 +1SLB 
o 0000 0000 0000 0000 0000 Zero OpC 
111111111111111111111 -1LSB 
111111111000000000000 -D.4%FS -1.95pC 

TABLE X. BTC Code Table-,.Umpolar Input Range. 

For Straight Binary output data fonnat, the output is a 20-bit 
straight binary word. The first bit is the Most Significant Bit 
(MSB), etc. The output range is +99.6%FS to -O.4%FS in 
which +99.6%FS represents positive full scale and -O.4%FS 
represents the minimum input. 

CODE INPUT SIGNAL 

111111,11111111111111 +99,6%FS 498,05pC 
1111111111111111 i110 +99.6%FS -1 LSB 
00000001 000000000001 +1LSB . 
0000 0001 0000 0000 0000 Zero 
0000 0000 0000 0000 0000 -D.4%FS -1.95pC 

TABLE XI. Straight Binary Code Table - Unipolar Input 
Range. 

BIPOLAR INPUT RANGE 

For Binary Two's Complement, output data fonnat, the 
output word is a 21-bit"Two's Complement word. The first 
bit is the sign bit followed by the Most Significant Bit 
(MSB), etc. The output range is +lOO%FS to -lOO.8%FS, 
where FS is 25OpC. For the bipolar input range, the output 
code table changes with the use of Correlated Double Sam
pling (CDS). (There is no difference with or without CDS in 
the output code table when 'Using the unipolar input range.) 

CODE INPUT SIGNAL 

011111111111111111111 +100%FS +250pC 
011111111111111111110 +100%FS-1LSB 
o 1000 0000 0000 0000 0001 +1LSB 
o 1000 0000 0000 0000 0000 ,Zero OpC 
001111111111111111111 -1LSB 
o 0000 0000 0000 0000 0001 -100%FS + 1SLB 
o 00000000 0000 0000 0000 -100%FS -250pC 
111111111000000000000 -100.8%FS -251.95pC 

TABLE XII. BTC Code Table - Bipolar Input Range with
out CDS. 

CODE INPUT SIGNAL 

001111111111111111111 +100%FS' +250pC 
001111111111111111110 +100%FS-1LSB 
00000 0000 0000 0000 0001 +1LSB 
a 0000 0000 0000 0000 0000 Zero OpC 
111111111111111111111 -1LSB 
1 1000 0000 0000 0000 0001 ~100%FS + 1LSB 
1 1000 0000 0000 0000 0000 -100%FS -250pC 
101111111000000000000 -100.8%FS -251.95pC 

TABLE xm. BTC Code Table - Bipolar Input Range with 
CDS. 

For Straight Binary output data fonnat with the bipolar input 
range, the output is a 20-bit straight binary word. The first 
bit is the Most Significant Bit (MSB), etc. The output range 
is +lOO%FS to -IOQ%FS in which +IOO%FS represents 
positive full scale and -lOO%FS represents the negative full 
scale. When using the straight binary output data format in 
bipolar input range, do not use CDS. This will cause a 
negative overflow to occur. . 

CODE INPUT SIGNAL 

11111111111111111111 +100%FS +250pC 
11111111111111111110 +100%FS-1LSB 
1000 0000 0000 0000 0001 +1LSB 
1000 0000,0000 ,0000 0000 Zero OpC 
01111111.111111111111 -1LSB 
0000 0000 0000 0000 0000 -100%FS -25OpC 

TABLE XIV. Straight Binary Code Table - Bipolar Input 
Range without CDS. 

SETUP INPUT CODE:' 

Acquisition Time Control-K - 2 bits 

CODE RESULT 

00 1 Rese1 clock period, 0 clock period Acquishion Time, 
CDS disabled, no Inhial data paint, 

01 1 Reset clock period, 0 clock period Acquisition Time 
10(1) 1 Reset clock period; 15 clOOk period Acquisition Time 
11 1 Reset clock period, 31 clock period Acquisition Time 

NOTE: (1) Recommended for continuous Integration mode. 
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Oversampling Control 
Samplesllntegration-M • 4 bits 

CODE SAMPLES PER INTEGRATION 

0000 1 
0001 2 
0010 4 
0011 8 
0100 16 
0101 32 
0110 64 
0111 128 
lXXX 256 

Multiple Integration Control 
IntegrationslConversion-L - 4 bits 

CODE INTEGRATIONS PER CONVERSION 

0000 1 
0001 2 
0010 4 
0011 8 
0100 16 
0101 32 
0110 64 
0111 128 
lXXX 256 

Input Range - 1 bit 

INPUT RANGE 

Unipolar 
Bipolar 

Output Format - 1 bit 

OUTPUT FORMAT 

Binary Two's Complement 
Straight Binary 

SECTION 7 
APPLICATIONS INFORMATION 
BASIC PRINTED CIRCUIT BOARD LAYOUT 

As with any precision circuit, careful printed circuit layout 
will ensure best perfonnance, Make short, direct interconc 
nections and avoid stray wiring capacitance-particularly at 
the analog input pin. Digital signals should be kept as far 
from the analog input signals as possible on the PC board. 

Leakage currents between PC board traces can exceed the 
input bias current of the DDCIOI if care is not taken. A 
circuit board "guard" pattern for the analog input pin and for 
the PC board trace that connects to the analog input pin is 
recommended. The guard pattern reduces leakage effects by 
surrounding the analog input pin and trace with a low 
impedance analog ground. Leakage currents from other 
portions of the circuit will flow harmlessly to· the low 
impedance analog ·ground rather than into the analog input 
of the DDClOl. Analog ground pins are placed on either 
side of the analog input pin in the DDCIOI package to allow 
convenient layout of guard patterns. Figure 22 illustrates the 
use of guard patterns to protect the analog input. 
BURR-BROWNe 

Guard 

Pin 1 ,.--..-:D",D-"C.:,:10:.;.1 __ 

• 
pa~...?' Analog Common 

====::as::~. Analog Input 

~ Analog Common 

FIGURE 22. PC Board Layout Showing "Guard" Traces 
Surrounding Analog Input Pin and Traces. 

Power Supplies 
The ±5VDC supplies of the DDCIOI should be 
with IO/lF solid tantalum capacitors and O.I/lF ceramic 
capacitors. The supplies should each have a IO!1F solid 
tantalum capacitor at a central point on the PC board. Each 
of the DDCIOI power supply lines (Vs+, Vs-, Voo+) should 
have a separate O.I/lF ceramic capacitor placed as close to 
the DDCIOI package as possible. 

The digital power supply voltage, V 00 + must be equal to or 
less than the analog power supply voltage, Vs+' The analog 
power supply, Vs+, is connected to pins 5 and 6, these pins 
should be hardwired together on the printed circuit board at 
the pins for best perfonnance. 

V 00+ should be as quiet as possible with minimal noise 
coupling. It is particularly important to eliminate noise from 
Voo+ that is non-synchronous with DDClOl operation. 
Figure 23 illustrates two acceptable ways to supply V 00+ 
power to the DDClOl. The first case shows two separate 
+5VDC supplies for Voo+ and Vs+' The second case shows 
the Voo+ power supply derived from the Vs+ supply as used 
on the· DDCIOI Evaluation Fixture Device Under Test 
(DUT) board. 

5 

6 

DDC10l 

12 

Separate +5VDC Supplies 

5 

6 

DDC10l 

12 

One +5VDC Supplv 

FIGURE 23. Positive Supply Connection Options. 
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-5VDC 

Reference Buffer Bypass 

+5VDC ANALOG INPUT 

r-->....<.:--l 4 ANALOG COMMON 

100 

* Analog Common 

7 Digilal Common 

Vs+,ANALOG 

Vs+,ANALOG 

VDD+, DIGITAL 13 

241'in SOIC 
Top view 

/ 
REF1004 -2.5 

17;---------_...J'v'll'---~ -2.5V 

Reference 
251<0 Bias 

Resistor 

v" 

FIGURE 24. Example of Basic DDClOl Circuit Connections, SOIC Package. 

Reading Data Output 

Data from the previous conversion can be read any time after 
the DATA VALID output is activated and before the end of 
the next conversion. Data is held in an internal serial shift 
register until the end of the next conversion. The data must 
be completely read before the end of the next conversion or 
it will be overwritten with new data. 

Recommended Setup 

The following Setup parameters are recommended, in gen
eral, for use with the DDCIOI with integration times of Ims 
or longer. Multiple integrations per conversion, where prac
tical, will provide lowest noise as illustrated in the typical 
performance curves. 

Measurement Time Calculation 

FUNCTION RECOMMENDED 

Acquisilion Clocks, K 16 

Oversamples, M 128 

CDS Enabled 

A Continuous Integration Cycle consists of the Acquisition 
Time, Initial Data Point Collection, Tracking Interval, and 
Final Data Point Collection. The user can select these 
functions as illustrated in.Table XV. 

The time between "Final Data point Start" commands is the 
Integration Time, TINT' The Measurement Time, T MEAS' is the 
Integration time reduced by the Acquisition Time and by the 
Oversampling Time, Tos' 

TMEAS = TINT - TACQ - Tos· 

When CDS is used; T os' the oversampling time, is the time 
required to collect a data point (M clock periOds). Each 
group of samples is averaged with the result at the midpoint 
of each sample group. Therefore, with CDS, Tos = M clock 
periods. This is shown in Figure 25. 

Two calculations of the Measurement Time are shown 

USER 
FUNCTION CLOCK CYCLES ·CONTROLLED 

AcquisHion Time, K 1,16,32 Yes 

Initial Dala Point 
Samples, M" 1,2; 4, 8,16, 32,64,128,256 Yes 

Tracking Interval Variable Yes 
Final Data Point 
Samples, M'l 1,2,4,8,16,32,64,128,256 Yes 

.. NOTE: (1) Will be the samoln CDS mode, Imlial Dala POint Samples = 0 on non
CDS modo. 

TABLE XV. Components of Integration Cycle. 
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1 ' N ---------------1·1 Time 
Aquisition _--"==::--------------------------------- Clock 

Time. K ~~ ____ Oversampled Cycles 

Initial Data Point 

M 

....... ~-'--- Tracking Interval 

Final Data 
Point Start 

~ .--

Measurement Time 
Digital 
Output ODC101 digital output is precise Integration of input during measurement time. 

FIGURE 25. DDClOl Equivalent Integrator Output for Single Integration with CDS. 

USER SETTiNG MEASUREMENT 
FUNCTION (Clock Cycles) TIME (Calculated) 

Integration Time (T'NT) lms 

Acqulsilion Time K 

(TACcl 16 811S 

Initial Dala Point 
Samples. M 128 64ps 

Measurement Time 9281'S 

Final Data Point 
Samples. M 128 64115 

TABLE XVI. Measurement Time with CDS. 

below: one with Correlated Double Sampling (CDS) and the 
other without CDS. Each example assumes that the recom
mended system clock frequency· of 2MHz is used and that 
the time between "Final Data point Start" commands, (the 
integration time, T!NT) is Ims. 

Example with CDS. The Measurement Time with CDS is 
calculated as the Integration Time (TINT) of Ims less TACQ 
and T os' T os' the oversampling time, is 1/2 of the Initial Data 
Point time plus 1/2 the Final Data Point time since each 
group of samples is averaged with the result at the midpoint 
of each sample group. 

Therefore, the Measurement Time = Ims -(8 + 32 + 32)l1s 
= 92811s. 

Example without CDS. The Measurement Time without 
CDS is calculated as the Total Integration Time (TINT) of 
Ims less TACQ and T as' T os' the oversampling time, is 1/2 of 
the Final Data Point time since this group of samples is 
averaged with the result at the midpoint of the sample group. 

Therefore, the Measurement Time = Ims -(0.5 + 32)/lS 
= 967.5I1s. 

BURR-BROWNe 

USERSEmNG MEASUREMENT 
FUNCTION (Clock Cycles) TIME (Calculated) 

Integration Time (T'NT) lms 

Acquisition Time, K 
(T ACa) "No CDS" 1 0.51'S 

Initial Data Point 
Samples None 0115 

Measurement Time 967.51'S 

Final Data Point 
Samples. M 128 64!1s 

TABLE XVII. Measurement Time without CDS. 

Input Current Calculation 
The following formula calculates the input current from the 
actual DOC output: 

With CDS: 
500 C.[DDCOUtput] 

. p 220 
1=---~-~--~ 

TMEAS 

500 C.[DDCoutput] 
p 220 

i=------~--=--~---
T!NT - K clock periods - M clock periods 

Without CDS: 500 C. [DOC output] 
. p 220 
1=--~~~~--d 

TMEAS 

500 C.[DDCOUtput] 
p 220 

i=------------~~~~~L----
T!NT - K clock periods - M /2 clock periods 
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DATA DATA DATA DATA DATA DATA 
INPUT ODC10l OUTPUT INPUT DDC10l OUTPUT INPUT ODC10l OUTPUT 

-r--
DATA DATA 

T-R--ANSMIT TRANSMIT 

~ ~ 
FIGURE 26. Daisy Chained DDClOls. 

00C10l 
DATA 

INPUT 

-b 
DATA OUTPUT 

DATA TRANSMIT In 

ODC10l 
DATA 

INPUT 

-b 
DATA OUTPUT 

DATA TRANSMIT In 

ODC10l 
DATA 

INPUT 

-b 
DATA OUTPUT 

DATA TRANSMIT In 

FIGURE 27. DDClOl Parallel Operation. 

MULTIPLE DDC101 OPERATION 
Multiple DDClOl units can be connected in serial or parallel 
configuration as illustrated in Figures 26 and 27. 

DATA OUTPUT can be used with DATA INPUT to "daisy 
chain" the output of several DDCIOI units together to 
minimize wiring; in this mode of operation, the serial data 
output is shifted tlifough multiple DDClOls (Figure 26). 

DATA OUTPUT is in a high impedance state until DATA 
TRANSMIT In is active. In this way, several DDClOl units 
can be connected in parallel to be enabled by the DATA 
TRANSMIT In line (Figure 27). 

DDC101 EVALUATION FIXTURE 

The DEM-DDClOlP-C Evaluation Fixture is highly recom
mended for initial evaluation of the DDClOl. It is designed 
for ease of use. The only additional equipment required to do 

f---

DATA 
TRANSMIT 

~ 

Data Output 

I 
Enable 

a complete evaluation of the performance of the DDClOl is 
an mM compatible PC with EGA or VOA graphics, a 
parallel interf,u:e port, a laser printer (optional), a ±5VDC 
power supply, and a signal source. 

The DEM-DDClOIP-C software is mouse compatible and 
retrieves data from up to 32 DDClOls in an easy to read, 
graphical format on the screen. The DEM-DDClOIP-C 
Evaluation Fixture includes a PC Interface Board (with 
necessary parts), a DDClOl Board, a 25-pin ribbon connec
tor and a 34-pin ribbon connector. The PC Interface Board 
makes timing commands and access to and rn;m the DDClOl 
test board possible through the provided PC software. Data 
sheet, LI-439, provides complete inform~tion describing the 
evaluation fixture.' .. 

BURR-BROWNe 

2.414 Burr-Brown Ie Data Book-Mixed Signal Products IElElI 



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

FIGURE 28. Photo ofDEM-DDCIOIP-C Evaluation Fixture. 

D ~ ___ 25 Pin Cable 

____ -'-......", PC Interlace Board 

Analog Input 

OUT Board Assembly 

±5VOC 

+5VOC 

FIGURE 29. DEM-DDCIOIP-C Evaluation Fixture Connection Diagram. 
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For Immediate Assistance, Contact Your Local Salesperson 

BURR - BROWN® DSP101 
DSP102 

11:511:511 

DSP-Compatible Sampling Single/Dual 
ANALOG-TO-DIGITAL CONVERTERS 

FEATURES DESCRIPTION 
• ZERO-CHIP INTERFACE TO STANDARD 

DSP ICs: AD, AT&T, MOTOROLA, TI 
The DSPIOI and DSP102 are high perfonnance sam
pling analog-to-digital converters designed for sim
plicity of use with modem digital signal processing 
lCs. Both are complete with all interface logic for use 
directly with DSP lCs, and provide full sampling and 
conversion at rates up to 200kHz. 

• SINGLE CHANNEL: DSP101 

• DUAL CHANNEL: DSP102 
Two Serial Outputs or Cascade to Single 
32-Bit Word 

• SAMPLING RATE TO 200kHz 
The DSP101 offers a single conversion channel, with 
18 bits of serial data output, allowing the user to drive 
16-bit, 24-bit, or 32-bit DSP ports. The DSP102 offers 
two complete conversion channels, with either two 
full 18-bit output port~, or a mode to cascade two 
16-bit conversions into a 32-bit port as one word. 

• DYNAMIC SPECIFICATIONS: 
Signal/(Noise + Distortion) = 88dB; 
Spurious-Free Dynamic Range = 94dB; 
THD = -91dB 

• SERIAL OUTPUT DATA COMPATIBLE 
WITH 16-,24-, AND 32-BIT DSP IC 
FORMATS 

Both the DSP101 and DSP102 are packaged in stan
dard, low-cost 28-pin plastic DIP packages. Each is 
offered in two perfonnance grades to match applica
tion requirements. 

Analog 
Input 

Channel A 
t 8-B~ Sampling ADC 

Convert 
Command 

Select Sync Format 

Channel A User Tag In 

Channel A Datal 
Cascaded Data 

Sync 

Bit Clock 

r----------- ------------------- ---------------1 
I I 

: Channel B Data : 

: Analog I 
I Input 18-Bit Sampling ADC Chann.1 B User Tag In : 

: Channel B : 
I Cascade I 
I Channel B on DSP102 Only I 
I I L _________________________________________________________________ J 

international Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S_ Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (520) 889-1510 • Immediate Product Info: (900) 548-6132 
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SPECIFICATIONS 
ELECTRICAL 
At T,= O°C to 70°C, ±2.75V input signal, sampling frequency (fs) = 200kHz, V,+ = VD = +5V, V.-= -5V, 16MHz external clock on OSC1, CLKOUTtied to CLKIN, 
8MHzdata transfer clock on XCLK, dala analysis band-limited to 20kHz, unless otherwise specified. 

~~:~~~: ~~:~~~~: 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

RESOLUTfON 18 · Bits 

ANALOG INPUT 
Voltage Range ±2.75V V 
Impedance 1 · !ill 
Capacitance 20 pF 

THROUGHPUT SPEED 
Complete Cycle Acquisition + Conversion 5 · t1S 
Throughput Rate 200 kHz 

AC ACCURACY") 
Signal-to-(Noise + Distortion) Ratio f'N = tkHz 83 86 86 88 dBI') 

f'N = 1 kHz (-50dB) 32 dB 
f'N = 25kHz 82 dB 

Total Harmonic Distortion f'N = 1kHz -90 -56 -91 -59 dB 
Spurious-Free Dynamic Range fiN = 1kHz 89 92 92 94 dB 
Signal-to-Noise Ratio (SNR) fiN = 1kHz 84 88 87 89 dB 

DC ACCURACY 
Gain Error ±5 % 
Gain Error Mismatch DSP102 Channels ±2 % 
Integral linearity ±2.75V Input Range Sufficient to meet AC Specifications 
Differential Linearity ±2.75V Input Range Sufficient to meet AC Accuraci Specifications 
Integral Linearity Error ±0.7V Inpul Range ±0.003 % 
Differential Linearity Error ±0.7V Input Range ±0.002 · % 
No Missing Codes ,. ±0.7V Inpul Range 14 · Bits 
Bipolar Zero Error 13} ±2 mV 
Bipolar Zero Mismatch (3) DSP102 Channels ±2 mV 
Power Supply Sensitivity -5.25V < V A- < --4.75V -50 dB 

j+4.75V < V A+, Vo+ < +5.2SV -50 dB 

SAMPLING DYNAMICS 
Aperture Delay 30 ns 
Aperture Jitter 100 PS, rms 
Transient Response 1 t1S 
Overvollage Recovery 5 · t1S 

DIGITAL INPUTS 
Logic Levels (Except OSC1) 

V,L IL = ±1011A 0 +0.8 V 
V,H IH = ±1011A +2.4 +5 V 

OSCI Clock 74HC ~mpatible 
Frequency 16 MHz 

Data Transfer Clock (XCLK) 
Frequency 0.1 12 · MHz 
Duty Cycle 40 50 60 % 

Conversion Clock (CLKIN) 
Frequency 0.5 5.33 · MHz 
Duty Cycle 25 33 55 % 

DIGITAL OUTPUTS 
Format Serial; MSB first; 16/18-bit and Cascaded 32-bit Mode 
Coding Binary Two's Complement 
Logic Levels (Except OSC2) 

I I I I I VOL ISINK = 4rnA 0 +0.4 · V 
VOH ISOURCE = 4mA +2.4 +5 · · V 

OSC2 Can only be used to drive crystal oscillator. 
Conversion Clock (CLKOUT) 

Drive Capability ±2rnA · rnA 

POWER SUPPLIES 
Rated Voltage 

VA+ +4.75 +5 +5.25 · V 
VA- -5.25 -5 --4.75 · V 
VD +4.75 +5 +5.25 V 

Power Consumption XCLK = OSCI = 12MHz 250 425 rnW 
Supply Current XCLK = OSCI = 12MHz 

1,+ 30 45 · rnA 
1.- -18 -25 · rnA 
10 5 15 · · rnA 

u:mr-cn",unc RANGE 
+70 ·C 0 

Siorage -55 +125 ·C 
.. .. 

NOTES: (1) All dynamiC specifications are based on 2048-pOint FFTs, uSing four-term Blackman-Hams Window. (2) All specifications In dB are referred to a full
scale input, ±2.75Vp-p. (3) Adjustable to zero with external potentiometer. 
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For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES 
AtTA~ +25'C, VA+ ~ VO+ ~ +5V, VA-= Vrr =-5V, Sampling Frequency fs = 200kHz; Externaf Clock Input at OSC1 = 80fs = 16MHz, XCLK =401s = 8MHz; Using 
2048 Point FFT; Data analysis limited to 0 to 20kHz band; Unless otherwise specified. 

SINAD means Signal-to-(Noise + Distortion) Ratio. 
SNR means Signal-to-NoiseRatio excluding harmonics 
thru the 8th. 
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THO means Total Harmonic Distortion thru 8th harmonic .. 
SFDR means Spurious Free Dynamic Range, including 
harmonics. 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 
TYPICAL PERFORMANCE CURVES (CONT) 
AtTA = +25'C. VA+ = Vo+ = +5V. VA-= Vrr=-fN. Sampling Frequency fs = 200kHz; Externat Clock Input atOSC1 = 80fs = 16MHz. XCLK = 40fs = 8MHz; Using 
2048 Point FFT; Data analysis limited to 0 to 20kHz band; Unless otherwise specified. N 
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DYNAMIC PERFORMANCE vs TEMPERATURE 
(fs = 180kHz Asychronous to 12.288MHz 
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(Both Inputs Grounded) 

2~0 r------------------------------, 
2000 

o Channel A 

IiI!I Channel B 

Code FFFt FFF7 0000 
OV 

OOOE 
1.17mV Voltage -1.26mV 

100 

90 

80 

70 

1ii" 60 :E-
o 50 ..: z 

40 0; 

30 

20 

10 

0 

0.1 

Output Code and Equivalent Voltage 
(Binned at 16-bit level) 

SINAD vs INPUT FREQUENCY 
(Data Analysis over Full 0 to 100kHz Band) 

11±2.7~v l~p~tl(Jd~ll 

·±0.275V Input (-20dB) 

±2.75mV Input (-6OdB) 

10 

Input Frequency (kHz) 

100 

BURR-BROWNe 

1ii" 
:E-
0 :c 
I-

75 

1ii" 
:E-

;:::: 
80 

a: 
0 
LL 
U> 85 
"0 c ., 
a: z en --90 

ci" 
..: z 
0; 95 

100 

DYNAMIC PERFORMANCE vs TEMPERATURE 
(Data Analysis Over Full 0 to 100kHz Band) 

:::::-
fiN = 1 iHZ. ±2.75V 

-......:::::: t:::::::: SINAD 

"~ 
SNR 

r-

~ THO 

"" SFDR 

-75 

-80 

-85 

-80 

-95 

-100 

-55 -40 -25 25 70 85 125 

70 

1ii" 75 
:E-
a: 
0 80 LL en 
"0 c 

85 ., 
a: z en 

90 ci" 
..: z 
0; 95 

100 

-60 

1ii" 
:E-
c -70 

~ 
~ 
i5 
() -80 ." 0 
§ ., 
:c 

-80 ]j 
{? 

-100 

Ambient Temperature ('C) 

DYNAMIC PERFORMANCE vs CONVERSION RATE 
(Data Analysis over Full 0 to fs/2 Band. 

OSC1 = 12.288MHz. XCLK = 3.072MHz) 

SINAD 
fiN = 1 kHz. ±2.75V (OdB) 

SNR 

-.......... r-- ---rHO -
SFDR - --

30 60 90 120 

Conversion Rate (kHz) 

TOTAL HARMONIC DISTORTION 
vs INPUT FREQUENCY 

±~. 7JV Iln~~1 h\~B) 

150 

II 

V 
V 

~ .... 

180 

-70 

-75 

-80 

-85 

-80 

-85 

-100 

10 100 1000 

Input Frequency (kHz) 

1ii" 
:E-
o 
:c 
I-

1ii" 
:E-
o 
:c 
I-

IE5IE5II Burr-Brown Ie Data Book-Mixed Signal Products 2.419 

o 
:c ..... 
o ..... 
D.. 
tJ) 
C 

~ 
Z 
W 
Z o 
D.. 
:E o 
o 
z o 
j::: 

?a 
:::l 

" o 
<C 

~ 
Ie( 
C 

en 
a: 
w 
I
a: 
W 
> 
Z o 
o 

~ 



For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL DSP102 FFT SETUP 

BrOel & Kjaer . 6 Pole, 
Model 1049 1 kHz 150kHz 
Digital Signal ±2.75V Low-Pass 
Generator Filter 

ABSOLUTE MAXIMUM RATINGS 

V A+ to Analog Common .... ,............................................................... +7V 
VA-to Analog Common .................................................................... -7V 
Va to Digital Common ........................................................................ +7V 
Analog Common to Digital Common ..................................................• ±1V 
Control Inputs to Digital Common .............................•. -{l.5 to Va + 0.5V 
Analog Input Voltage .......................................................................... ±5V 
Maximum Junction Temperature .................................................... 150'C 
Internal Power Dissipation ............................................................. 825mW 
lead Temperature (soldering, lOs) ............................................... +3000C 
Thennal ReSistance, 9J., Plastic DIP ............................................ 500CIW 

DSP101 PIN CONFIGURATION 

Top View 

VPOT 

VIN 

MSB 

VOS 

V,-

V,+ 

DGND 
DSP101 

DGND 

Va 

CLKIN 

ClKOUT 

SSF 

OSCI 

OSC2 14 

28 AGND 

REF 

CAP 

DGND 

CONV 

SOUT 

TAG 

XCLK 

15 SYNC 

DIP 

DSP102 

27 REF CASC 22 
+5V 

.:::r:. O.I~F 
SSF 12 

-:- 2 
VINA 

ascI 
13 

ClKOUT 11 

VPOTA 10 

~10~F 
ClKIN 

25 21 
VINB CONV 

26 16 8MHz 
XClK Burr-Brown 

VPOTB SYNC 15 ZPB34 

~10~F 
DSP 

SOUTA 20 Processor 

FFT 
Software 

DSP101 PIN ASSIGNMENTS 

PIN # NAME DESCRIPTION 

1 VPOT Trim Reference Out. 10l1F Tantalum to AGND. 
Voltage on this pin is approximately 2.75V. 

2 VIN Analog In. 
3 MSB MSB Adjust In. 
4 vas vas Adjust In. 
5 V,- -fN Analog Power. 
6 V,+ +5V Analog Power. 
7 DGND Digital Ground. 
8 DGND Digital Ground. 
9 Va +5V Digital Power. 
10 ClKIN Conversion Clock In. 
11 ClKOUT Conversion Clock Out. Can drive multiple 

DSP101IDSP102s to synchronize conversion. 

12 SSF Select Synch Fonnat In. If HIGH, SYNC will be 
active High. If lOW, SYNC will be active low. 
See timing diagram (Figure 1). 

13 ascI Oscillator Point 1 InputlExternal Clock In. If using 
external clock, drive with 74HC logic levels. 
Connect to DGND if not used. 

14 OSC2 Oscillator Point 2 Output. Provides drive for 
crystal oscillator. Make no electrical connection if 
using external clock. 

15 SYNC Data Synchronization Out. Active High when SSF 
is HIGH; active low when SSF is lOW. 

16 XClK Data Transfer Clock In. 

17 No Internal Connection. 

18 TAG User Tag In. Data clocked into this pin is 
appended to the conversion results on SOUTo 
See timing diagram (Figure 1). 

19 No Internal Connection. 

20 SOUT Serial Data Out. MSB first, Binary Two's 
Complement format. 

21 CONV Convert Command In. Falling edge puts converter 
into hold state. initiates conversion, and transmits 
previous conversion results to DSP IC with 
appropriate SYNC pulse. 

22 DGND Digital Ground. 
23 No Internal Connection. 
24 No Internal Connection. 
25 No Internal Connection. 
26 CAP Bypass CapaCitor. 1011F Tantalum to AGND. 

Voltage on this pin is approximately 2.7V. 
27 REF Reference Bypass. O.II1F Ceramic to AGND. 

Voltage on this pin is approximately 3.8V. 
28 AGND Analog Ground. 

BURR - BROWN~ 
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DSP102 PIN CONFIGURATION 

Top View DIP 

VPOTA AGND 

VINA REF 

MSBA VPOTB 

VOSA VINB 

VA- MSBB 

VA+ VOSB 
DSP102 

DGND CASC 

DGND CONV 

Vo SOUTA 

CLKIN TAGB 

CLKOUT TAGA 

SSF SOUTB 

OSCI XCLK 

OSC2 14 15 SYNC 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBERt') 

DSP101JP 28-Pln Plastic DIP 215 
DSP10lKP 28-Pin Plastic DIP 215 
DSP102JP 28-Pin Plastic DIP 215 
DSP102KP 28-Pin Plaslic DIP 215 

NOTE: (1) For delailed drawing and dimension lable, please see end of dala 
sheet, or Appendix C of Burr-Brown IC Dala Book. 

ORDERING INFORMATION 

NUMBER SIGNAL-TO-
OF (NOISE + DIST.) RATIO 

MODEL CHANNELS dB min 

DSP101JP 1 83 
DSP101KP 1 86 
DSP102JP 2 83 
DSPI02KP 2 86 

DSP102 PIN ASSIGNMENTS 

VPOTA Channel A Trim Reference Out. lO"F Tanlalum 10 
AGND. Vollage on Ihis pin is approximately 2.75V. 

2 VINA Channel A Analog In. 
3 MSBA Channel A MSa Adjust In. 
4 VOSA Channel A VOS Adjust In. 
5 VA- -5V Analog Power. 
6 VA+ +5V Analog Power. 
7 DGND Digital Ground. 
8 DGND Digital Ground. 
9 Vo +5V Digital Power. 
10 CLKIN Conversion Clock In. 
11 CLKOUT Conversion Clock Out. Can drive multiple DSP10l 

DSP102s to synchronize conversion. 

12 SSF Seleci Synch Formalin. If HIGH, SYNC will be 
active High. If LOW, SYNC will be active Low. 
timing diagram (Figure 1). 

13 OSCI Oscillalor Poinl 1 Inpull External Clock In. If using 
extemal clock, drive wilh 74HC logic levels. 
Connect to DGND if nol used. 

14 OSC2 Oscillalor Point 2 Output. Provides drive for crystal 
oscillator. Make no electrical connection if using 
external clock. 

15 SYNC Data Synchronization Oul. Active High when SSF 
is HIGH; active Low when SSF is LOW. 

16 XCLK Data Transfer Clock In. 

17 SOUTB Channel B Serial Data Oul. MSB first, Binary 
Two's Complemenl formal. 

18 TAGA Channel A User Tag In. Data clocked into this pin 
is appended 10 Ihe conversion results of SOUTA. 
See timing diagram (Figure 1). 

19 TAGB Channel B User Tag In. Dala clocked into this pin 
is appended to the conversion results of SOUTB. 
See liming diagram (Figure 1). 

20 SOUTA Channel A Serial Data Out. MSB first, Binary 
Two's Complement format. If CASC is HIGH, 32 
bits of data output, with first 16 bits being Channel 
Adata. 

21 CONV Convert Command In. Falling edge puts converter 
into hold state, initiates conversion, and transmits 
previous conversion results to DSP IC with 
appropriate SYNC pulse. 

22 CASC Select Cascade Mode In. If HIGH, DSP102 
transmits a 32-bit word on SOUTA, with Ihe first I 
bits being data on Channel A. If LOW, DSP102 
Iransmits data for both channels simultaneously. 

23 vosa Channel a VOS Adjust In. 
24 MSBB Channel B MSB Adjust In. 
25 VINB Channel B Analog In. 
26 VPOTB Channel a Trim Reference Out. 10"F Tantalum 10 

AGND. Voltage on this pin is approximately 2. 75V. 
27 REF Reference Bypass. O.I"F Ceramic to AGND. 

Voltage on this pin is approximately 3.aV. 
28 AGND Analog Ground. 

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility lor Ihe use of this information, and all use of such information shall be entirely at Ihe user's own risk. Prices and specHicalions are subject to change 
without notice. No patent rights or licenses 10 any of the circuits described herein are implied or granted 10 any third party. BURR-BROWN does nol authorize or warrant 
any BURR-BROWN product for use in life support devices and/or syslems. 
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XCLK ... , 
~ 

CONV ~~--'----T---------~- ~ 
'. t, 

t, 

SYNC (SSF., HIGH) ::.y ~t"\,-______ _ 
I ' 

SYNC (S=S:::-F.--cL:::-OW)::--------,--.~-;-t, 0\ -I, i"r -~-----

.t, •• :~. 
SOUTAIB -(C-'-SC-. L-O-W-,-, D-S-P-lO-')--------~-',X Bitt (MSB) Xr --B-it2--Y: J Bit1S X Bit 17(t) X 8i11S(2) (LSB) X TAGBitl X TAG BlI 2 'C 

t,o ~tll'" 
TAGNB X TAG Bit 1 ' Xr-T.-a-B-it2-->C: 

DSP102 Cascade Mode (CASC = HIGH) 

XCLK ~~~ 

CCNV~ I ~ 
• : 14 ______________ -"-" •• i.. -!~. , 

SOUTA (CAse", HIGH) X Bill (MSB) : X Bit 2 'C 
--: 

J Bit 16 (LSB) X Bit 1 (MSB) )(" =x Bit 16 x= 
c. Channel A Data .~ Channel B Data 

SYMBOL DESCRIPTION (CL = 50pF) MIN MAX UNITS Conversion Clock Timing (2) 

I, XCLK period. Duly Cycle 50% ±1 0% 83 ns 
I, Convert Command LOW TIme 50 ns 
t, Convert Period (CASC = LOW on DSP102) 24 I, 

-t'2---

4 Convert Period (CASC = HIGH on DSP102) 40 I, OSC1 

Is SYNC Active Delay after Convert Falling Edge t, +40 21, ns 

Is SYNC LOW 10 HIGH Delay from XCLK Rising 15 ns 
I, SYNC HIGH 10 LOW Delay from XCLK Rising 15 ns 

Is SOUTAIB Data Valid Delay from XCLK Rising 15 ns 
I, SOUTAIB Data Valid Atter from XCLK Rising 10 ns 
I,. TAGAIB Dala Setup before XCLK Rising 20 ns 

t" TAGAIB Dala Hold after XCLK Rising 0 ns 

I" OSC1 Period.(2) Duty Cycle 50% ± 10% 62 667 ns 

I" CLKOUT Period. Duty Cycle 33% ± 10% 3t'2 ns 

114 CLKIN Period. Duty Cycle 33% ± 20% 
186 .12000 

ns 

1'5 CLKIN HIGH 62 1050 

116 CLKIN LOW 84 1340 

ClKOUT --t:= \ t13------~l \'------
ClKIN ------1' 11 t,.-----~~ \ 

-------t15~-.. • t16-------------

- -

NOTES: (1) When using a DSP IC in a 16·bil mode, these dala bits will be ignored by the processor. (2) fosc, 
must be at least 72 times faster than the conversion rate; (ta. t4 ~ 72 t,2) 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 
THEORY OF OPERATION 
The DSPlOl and DSP102 are sampling analog-to-digital 
converters optimized for handling dynamic signals. They 
have complete logic interface circuitry for ease of use with 
standard digital signal processing ICs, and transmit data 
words in a serial stream. The successive approximation 
conversion architecture is combined with an inherently sam
pling switched capacitor array to provide maximum user 
flexibility over sampling and conversion timing. 
The DSPlOl and DSPI02 are pipelined internally. When the 
user gives a convert command at time (t), two actions are 
initiated. First, the internal sample/holds are switched to the 
hold state, and a conversion cycle is initiated. At the same 
time, the DSPlOl or DSP102 transmits a synchronization 
pulse and starts shifting out the conversion results from the 
previous convert command at (t-1) using the system bit 
clock. The data from the conversion at time (t) is shifted out 
of the converter after the next convert command is received. 

Both the DSPlOl and the DSP102 are IS-bit AIDs inter
nally. When the DSP IC is programmed to accept 16-bit 
word lengths, the processor will ignore the last two data bits 
transmitted from the DSPIOI or DSP102. A Cascade Mode 
on the DSP102 can be invoked to transmit data for both 
conversion channels over a single serial line as a 32-bit 
word. In this mode, the first 16 bits of data transmitted after 
the Sync pulse contain data from channel A, followed by 16 
bits of information from channel B, allowing a single 32-bit 
word to contain data for both channels. 

A unique Tag feature allows additional digital data to be 
appended to the conversion results, so that a single data 
word contains conversion results plus other signal informa
tion, such as gain settings or multiplexer channel settings in 
front of the converter. 

The DSPIOI and DSPI02 are high-resolution A{D convert
ers complete with sampling capability and on-board refer
ences. They can acquire and convert analog signals at up to 
a 200kHz sampling rate. Both operate from ±5V supplies, 
and have full-scale analog input ranges of ±2.7SV. 

BASIC OPERATION 
Figure 2 shows the minimum connections required to oper
ate the DSPlOl. The falling edge of a convert command on 
pin 21 puts the internal sampling capacitor array into the 
hold state. The falling edge on pin 21 also starts the process 
to initiate a conversion and transmit data from the previous 
conversion, synchronizing both appropriately to the lOMHz 
clock input on pin 13. Figure 1 shows the timing relationship 
between the convert command, the output data, and the 
synchronization pulse. 

In this basic system, the lOMHz clock is used both to 
generate a 3.33MHz conversion clock and as the data trans
fer bit clock for outputting data. Per Figure I, there must be 
at least 72 clock pulses on pin 13 between convert com
mands, so that this circuit can sample and convert at up to 
13SkHz. 

DSP101 

±2.75 Analog Input "'v 
-5V O--r--vv'l/---, 

-5Vo--",-------------j 

il0~F 

+5V o-----tc----j 

10MHz. 50% o----~----<~ 
(±10%) 74HC 

logic level Clock Input 

NOTES: (1) leave Unconnected. 

(1) 

VPOT 

MSB 

VOS 

VA-

VA+ 

DGND 

DGND 

VD 

ClKIN 

ClKOUT 

SSF 

OSC1 

14 OSC2 

(2) Protection from power supply momentary overrange. 

FIGURE 2. DSPlOl Basic Operation. 
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The convert command at pin 21 causes a Sync pulse to be 
output on pin 15, followed by the data from the previous 
conversion output on pin 20. The Sync pulse will be HIGH 
for one bit clock cycle, since pin 12 is tied HIGH. (A LOW 
Sync pulse will be output on pin 15 if pin 12 is tied LOW.) 
Data is serially transmitted in an MSB-first data stream, in 
Binary Two's Complement format. Both the Sync pulse (pin 
15) and the data stream (pin 20) are synchronized to the bit 
clock (at pins 13 and 16), with the timing relationships 
shown in Figure 1. 

. After the 18 bits of data from the previous conversion have 
been transmitted, pin 20 will continue to clock out LOWs 
until a new convert command restarts the process, since pin 
18 (the Tag input) is grounded. If pin 18 is tied HIGH, pin 
20 will clock out HIGHs between conversion cycles. . 

CONVERSION 

A falling edge on pin 21 (CONV) puts the internal sampling 
capacitors in the hold state with minimum apertiJre jitter, 
initiates a conversion synchronized to the conversion clock, 
and outputs the data from the previous conversion with an 
appropriate Sync pulse. On the DSPl02, a single convert 
command simultaneously samples both channels. The tim
ing relationship between the convert command, Sync and 
the output data is shown in Figure 1. Both Sync and the 
output data are synchronized to XCLK, the system bit clock. 
Following a convert command falling edge, pin 21 must be 
held LOW at least SOns. 

Convert commands can be sent to the DSPI01 and DSP102 
completely asynchronous to other clocks in the system. This 
allows external events to be used to trigger conversions. 

From Figure 1, it can be seen that two different clocking 
conditions must be considered in determining the minimum 
acceptable time between convert commands. First, there 
need to be a minimum of 24 XCLK periods between convert 
commands, to allow internal synchronization and transmis
sion of Sync and the data. (In the Cascade Mode on the 
DSPI02, there need to be at least 40 XCLK periods between 
convert commands, to allow transmission of the 32-bit data 
words.) When used with DSP processors programmed for 
data words longer than 16 bits, the transmission time to the 
processor may determine the minimum time between con
vert commands. 

The second limitation on convert commands is the require
ment that the internal analog-to-digital converter be given 
enough time to complete a conversion, shift the data to the 
output register, and acquire a new sample. This condition is 
met by having a minimum of 24 CLKIN periods between 
convert commands, or a minimum of 72 clock cycles on 
OSCl, if it is used to generate the conversion clock (CLKOUT 
driving CLKIN). 

SIGNAL ACQUISITION 

After a conversion is completed, the DSPIOI or DSPI02 
will switch back to the sampling mode. With at least 24 

CLKIN periods between convert commands, the. NO will 
have had sufficient time to acquire a new input sample to full 
rated accuracy. 

DATA FORMAT AND INPUT LEVELS 

The DSPIOI and DSP102 output serial data, MSB first, in 
Binary Two's Complement format. In the Cascade Mode on 
the DSP 1 02, the serial data will first contain 16 bits of data 
for channel A, MSB-first, followed by channel B data, again 
MSB-first. The analog input levels that generate specific 
output codes are shown in Table I. 

As with all standard NOs, the first output transition will 
occur at an analog input voltage 1/2 LSB above negative full 
scale (-2.75V + 1/2 LSB) and the last transition will occur 
3/2 LSB below positive full scale (+2.75V - 3/2 LSB.) See 
Figure 3. 

FIGURE 3. Analog Input to Digital Output Diagram. 

DIGITAL OUTPUT 
(BINARY TWO'S COMPLEMENT) 

16·BIT 18-B1T 
ANALOG WORDS WORDS 

DESCRIPTION INPUT BINARY CODE (HEX) (HEX) 

Least Significant Bit 

(LSB = 52~V ) 
16·bit Words 84j1V 
18·bitWords 2111V 

Input Range ±2.75V 

+ Full Scale +2.749916V 011...111 7FFF 
(2.75V-1LSB) +2.749979V 1FFFF 

Bipolar Zero 
OV 000 ... 000 0000 00000 

(Midscale) 

One LSB below -84I1V 111...111 FFFF 
Bipolar Zero -2111V 3FFFF 

- Full Scale -2.75V 100 ... 000 8000 20000 

TABLE I. Ideal Input Voltage vs Output Code. 
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CONV-P-RCK 18-bit Register 

ClKIN-1> 

- 0 Channel B Conversion Results from SAR 

NOTE: (1) Signal internal to OSPI 01/0SP1 02 which also generates SYNC pulse_ 

FIGURE 4_ Output Structure of DSPI02_ 

DATA TRANSFER 

The internal NOs generate 18 bits of data, transmitting the 
data MSB first. When read by a DSP IC programmed to 
accept 16 bits of data, the first 16 MSB bits of data from the 
DSPIO I, or each channel of the DSP102, will be shifted into 
the processor's input shift register, and the last two least 
significant bits of data from the AID will be ignored, 
although they will still be present on the serial data line_ 
When the DSP processor is programmed to accept words of 
more than 16-bit length (typically 24-bit or 32-bit), the 
DSP101 and DSP102 will transmit the full18-bit conversion 
results, after which the information input on the TAG input 
(or TAGA and TAGB on the DSPI02) will be appended to 
the output word_ (See Tag Feature below_) 

In the Cascade Mode, the DSP 102 will first transmit the 16 
MSBs from channel A, followed by the full 18 bits from 
channel B, although DSP processors programmed to accept 
32 bits of data will ignore the final two bits of information 
on Channel B. See the DSP102 Cascade Mode section below 
for details of the Cascade mode_ 

DATA SYNCHRONIZATION 

A convert command both initiates a conversion and starts 
the process for transmitting data from the previous conver
sion_ Convert commands can come at any time, completely 
asynchronous to the conversion clock or the bit clock, and 

BURR-BROWNe 

18-bIt Shift Register 

the conversion clock may also be independent of the bit 
clock_ The DSP101 and DSP102 internally synchronize the. 
output data, Sync pulse, and Tag inputs to the bit clock_ 

While the convert command, conversion clock and bit clock 
can be asynchronous, system performance is usually en
hanced. by synchronizing all of them to a system master 
clock, whenever the application permits_ This minimizes 
changes in digital loads and currents when the critical StH 
transition and NO bit decisions are occurring_ Within the' 
DSP101 and DSP102 themselves, running asynchronous 
convert commands, conversion clocks and bit clocks typi
cally degrades performance only several dB, as shown in the 
various typical performance curves, but the system board 
design can easily have more effect. 

When a convert command is received, the internal logic 
generates an appropriate Sync pulse, synchronized to XCLK, 
as shown in Figure L The output Sync pulse will be active 
High or active Low depending on whether a HIGH or a 
LOW, respectively, is input at SSF (pin 12)_ 

The convert command also causes the conversion results 
from the previous conversion to be loaded into the output 
shift register, synchronous to XCLK. Figure 4 shows the 
operation of the internal data shift registers on the DSPI02. 
The DSP101 is basically similar, but includes only the top of 
the figure, showing the SOUTA path_ 
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During the internal successive approximation conversion' 
process, the conversion results are shifted into the input shift 
registers of the output stage on the DSPI02. A new convert 
command latches that data into the 18-bit parallel latches 
shown. The internal signal that also generates the Sync 
pulse, labeled "Shift/Load" in Figure 4, synchronously loads 
the conversion data into the output shift register on the rising 
edge of XCLK. The conversion results are then clocked out 
of the shift register on subsequent rising edges of XCLK. 

DATA TRANSFER CLOCK 
XCLK is the data transfer clock, or bit clock, for the system, 
and is an input for the DSP101 or DSPI02. This input is 
TIL- and 74HC-level compatible. The serial data and SYNC 
outputs are synchronized internally to this clock, with data 
valid on the rising edge of XCLK, per the timing shown in 
Figure 1. Data input on pin 18 (TAG) on the DSPI01, or on 
pins 18 and 19 on the DSP102 (TAGA and TAGB), will be 
clocked into the output shift register on the rising edge of 
XCLK, as discussed in the Tag Feature section. 

CONVERSION CLOCK 
The analog-to-digital converter sections in the DSP101 and 
DSPl02 were designed to provide accurate conversions 
under worst case conditions of supplies, temperatures, etc. 
In order to achieve a full 200kHz sampling capability, they 
were designed to use a 33% duty cycle conversion clock 
(CLKIN on pin 10) as shown in Figure 1. The clock is LOW 

lortg enough for internal analog circuitry to settle suffi
ciently between bit decisions to insure rated accuracy. Bit, 
decisions in the AID are then made on the rising edge of 
CLKIN. 

To other 
DSP101 or DSP102 DSP102's ClKIN for 

r---------"----,synchronous operation 

S~~~~~~C-~-IN-;-10~~_ 

ClKOUT 11 

'OSC2 

lMO 

I 10PF I 10PF 

Crystal Is CTS Knight MPI2212,288MHz. 
20DF load. series resonant mode. 

FIGURE 5. DSP101 or DSP102 Conversion Clock Circuit. 

DSP101 or DSP102 

, -5V Analog o-_._-.A.AIv-----1 

+5V Analog o-+-----1r-----1 

+5V Digital o-_----1r-----1 

1 VPOTA AGND 

14 

REF 

VPOTB 

15 

~ = Analog Ground 

+ = Digital Ground 

NOTES: (1) Pin 1 and pin 26 must be bypassed with 10~F tantalum capacitors. on both the DSP10l and DSP102. 
(2) Protection from power supply momentary overrange. 

FIGURE 6. DSPIOI or DSP102 Power Supply Connections. 
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When a convert command is received, the DSP10l or 
DSPl02 immediately switches the sampling capacitors to 
the hold state, and then internally gates the conversion clock 
to the AID appropriately. Allowing a minimum of 24 CLKIN 
pulses between conversions insures that there is sufficient 
time for complete, accurate conversions, and allows the 
input sampling capacitor to fully acquire the next sample, 
regardless of the timing between the convert command and 
CLKIN. 

In most applications, CLKIN (pin 10) can be driven from a 
50% duty cycle clock without performance degradation. 
During characterization of the DSP101 and DSP102, the 
performance of a numper of parts was measured under 
various conditions with a 4.8MHz, SO% duty cycle input to 
CLKIN at a full 200kHz conversion rate without noticeable 
degradation. 

OSCILLATOR INPUTS AND CLKOUT 

The DSPlOl or DSP102 can generate a 33% duty cycle 
conversion clock output on CLKOUT (pin 11). This is 
accomplished by dividing by three a clock from either an 
external 74HC-Ievel clock or from a crystal oscillator. 
CLKOUT can deliver ±2mA; and can be used to drive 
multiple DSP101 or DSP102 CLKINs. See Figure 1 for the 
timing relationship between OSCI and CLKOUT. 

To use an external 74HC-Ievel clock, drive the clock into 
OSCI (pin 13), and leave OSC2 (pin 14) unconnected. 

To use a crystal oscillator to generate the conversion clock, 
refer to Figure S. Connect the oscillator between OSCI and 
OSC2. OSC2 provides the drive for the crystal oscillator. 
This pin cannot be used elsewhere in the system. 

If CLKOUT is not used, both it and OSC2 should be left 
unconnected, and OSCI should be grounded. 

TAG FEATURE 

Figure 4 shows the implementation of the TAG feature on 
the DSP10l and DSP102. When a convert command is 
received, the internal Shift/Load signal loads conversion 
result data into the output shift register synchronous to 
XCLK. Between convert commands, the information input 
on TAG (on the DSP1Ol) or on TAGA and TAGB (on the 
DSP102) will be clocked into the output shift register on 
rising edges of XCLK. Since this is an 18-bit shift 
the data input on the Tag lines will be output on 
(DSP1OI) or SOUTA and SOUTS (DSP102) delayed by 18 
bit clocks. 

The Tag Feature can be used in various ways. The Tag 
inputs can be tied HIGH or LOW to differentiate between 
two converters in a system. As discussed in the Applications 
section below, the Tag feature can be used to append to the 
serial output data word information on multiplexer channel 
address, or other digital data related to the input signal (such 
as the setting on a programmable gain amplifier.) Another 
option would be to daisy-chain multiple DSPIOI or DSP102 
converters, linking the serial output of one to the Tag input 
of the next. This can simplify the transmission of data from 
multiple AIDs over a single optical isolation channel. 

DSP102 CASCADE MODE 
If pin 22 (CASC) is tied mGH, the DSP102 will be in the 
Cascade Mode. In this mode, when a convert command is 
received, the DSPI02 will transmit a 32-bit data word on pin 

DSP101 or DSP102(1) 

Analog 
Input A 

2.2Jw 

FIGURE 7. DSP10l or DSP102 Input Buffering. 
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20 (SOUTA) containing data for both input channels in two 
16-bit words. Referring to Figure 1, the first 16 bits of data 
will be the results for channel A, followed by 16 bits of 
information for channel B. The data will be transferred MSB 
fIrst. A convert command at time (t) will initiate the trans
mission of the results of the conversion initiated at time 
(t -I). 

From the descriptions above of the internal shift registers 
shown in Figure 4, it can be seen that the DSPlO2 in the 
Cascade Mode actually continues to shift out data after the 
32nd bit of the data word. The next two bits clocked out will 
be the last two data bits from the full IS-bit conversion on 
channel B, after which the information output on SOUTA 
will be the information clocked into TAGB 35 bit clock 
cycles earlier. 

In the Cascade. mode on the DSP102, SOUTB will still 
output channel B conversion data and tag data as usual. 

ANALOG PERFORMANCE 
LINEARITY 

The DSPIOI and DSPlO2 are optimized for signal process
ing applications with wide dynamic range requirements. 
Linearity is trimmed for best performance in the range 
aroUnd OV, which is critical for handling low amplitude 
signals. The DSPlOl and DSPlO2 typically have integral 
and differential non-linearity below ±0.003% in the input 
range of ±0.7V, with there being no missing codes at the 
I4-bit level in this range. Over the full ±2. 7 5V input range, 
the largest non-linearities are centered around the bit #2 
transition points at +1.375V and -L375V levels. 

NOISE AND BIPOLAR ZERO ERROR 

The equivalent input noise and bipolar zero error of the 
DSPlOl and DSP102 is shown in the typical performance 
section for both channels on a DSPI02. The inputs to both 
channels were grounded, and the results of 5,000 conver
sions was recorded. The data shown is binned at the 16-bit 
level. The noise results from all sources in the circuit, 
including clocks, reference noise, etc. 

In a theoretically ideal converter with no offset and no noise, 
the results of all 5,000 conversion for each channel would lie 
in the bin corresponding to bipolar zero, code 0000. The 
typical DSPlOl or DSPlO2 will have offset errors in the 
range of 1 to 2mV, and the two channels on the DSP102 will 
be matched closer than 2mV. The DSPI02 shown in the 
typical performance section has the worst offset, -D.SmV, 
on channel A, with channel B being less than 1mV different, 
and the three sigma noise on either channel being less than 
250~V. 

INPUT BANDWIDTH 
From the typical performance curves, it can be seen that 
there is very little degradation in Signal-to-(Noise + Distor
tion) for input signals up to 100kHz. The wideband sampling 
input typically maintains a 60dB Signal-to-(Noise + Distor
tion) Ratio undersampling 500kHz input signals. 

LAYOUT CONSIDERATIONS 
Because of the high resolution, linearity and speed of the 
DSPlOl and DSPI02, system design problems such as 
ground path resistance, contact resistance and power supply 
quality become very important. 

DSP101 or DSP11)2{1) 

REF 

VPOTB 

MSBB 

VOSB 

FIGURE S. DSPlOl or DSPlO2 Optional MSB and Offset Adjust. 

Leave out on DSPIOI(l) 

NOTE: (I) On DSPIOI, pins 23 and 24 are 
not internally connected. Pin 26 must still be 
bypassed with the IO~F Tantalum capaCitor. 
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Optimal dynamic performance is achieved by soldering the 
parts directly into boards, to keep the AIDs as close as 
possible to ground. The use of sockets will often degrade AC 
performance. Zero-Insertion-Force sockets are particularly 
poor because longer lead lengths create inductance. 

Short traces on the board, and bypass capacitors as close as 
possible to the AID, will further improve dynamic perfor
mance. 

GROUNDS 

To achieve the maximum performance from the DSPIOI or 
DSP102, care should be taken to minimize the effect of 
changes in current flowing in the system grounds, particu
larly while bit decisions are being made in the successive 
approximation converter's comparator. Pin 28 (AGND) on 
both the DSPlOI and the DSP102 is the most critical, and 
care should be taken to make this pin as close as possible to 
the same potential as the system analog ground. 

Whenever possible, it is strongly recommended that separate 
analog and digital ground planes be used. With an LSB level 
of 84J.1V at the 16-bit level, and one-quarter of that at the 
18-bit level, the currents switched in a typical DSP system 
can easily corrupt the accuracy of the AIDs unless great care 
is taken to analyze and design for current flows. 

02 
CLR 

74HC164 

01 

02 +5V 
+5V CLR CLK<J-oi8 __ --I 

07 

NOTE: (1) Substituting 
74HC595s provides three 
state outputs, with pin .13 (CE) 
used to enable the parallel 
data lines. 

13 

FIGURE 9. Driving a 16-bit Parallel Port from the DSPlOl. 
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POWER SUPPLY DECOUPLING 

All of the supplies should be decoupled to the appropriate 
grounds using tantalum capacitors in parallel with ceramic 
capacitors, as shown in Figure 6. For optimum performance 
of any high resolution AID, all of the supplies should be as 
clean as possible. If separate digital and analog supplies are 
available in a system, care should be taken to insure that the 
difference between the analog and the digital supplies is not 
more than O.5V for more than a few hundred milliseconds, 
as may occur at power-on. 

INPUT SIGNAL CONDITIONING 

To avoid introducing distortion, the DSPlOl and DSP102 
analog inputs must be driven by a source with low imped
ance over the input bandwidth needed in the application. Op 
amps such as the NE5532 or Burr-Brown's OPA2604 work 
well over audio bandwidths. Figure 7 shows an appropriate 
input driver circuit. The 150Q and 220pF shown on the input 
help reduce the dynamic load on the input signal condition
ing amp in front of the AID, since all switched capacitor 
array architectures exhibit fast changes in input current load 
as the input sampling switch is opened and closed. These 
dynamic changes in the load can affect any signal condition
ing circuit at the input. Other R and C combinations can be 

74HC594(1) 
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Serial Data 15 

OA 1 015 (LSB) 

10 2 014 
+5V SRCLR 013 
+5V 13 

RCLR 
3 012 4 011 
5 010 6 09 

OH 7 08 
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used, but the resistor should not exceed 2000, or the output 
settling time of the signal conditioning amplifier may be too 
long. 

EXTERNAL ADJUSTMENTS 
All of the specifications for the DSP} 01 and DSP102, plus 
the typical performance curves, are based on the perfor
mance of these AIDs without external trims. In most appli-
cations, external trims are not required. ' 

OFFSET ADJUST 

Where required by specific applications, offsets can be ad
justed using the circuit of Figure 8. When not adjusted, vas 
(Pin 4) on the DSPlOI, and VaSA (pin 4) and VaSB(pin23) 
on the DSP} 02, should be left open. If these pins are con
nected to traces on the board, they should be bypassed to 
ground with 0.01~ capacitors, as close as possible to the AID. 

To trim offset, one alternative is to ground the analog input 
while converting continually. Then adjust the trimpot (on 
vas for the DSPlOl, on VaSA and VaSB for the DSP102) 
until the output code is toggling between the codes FFFF and 
0000 (Hex) at the 16-bit level (3FFFF and 00000 at the 

HI-SOBA , , 4 1n1 

'" 
5 In2 Out 8 

~, 6 1n3 
c.' 

7 In4 EN 2 .5, <>, 
~, 12 Ins c, 

11 Ins Pool "', 
10 ln7 A, 16 , 
9 In8 Ao 15 , 

1 __ .J 

NOTE: (1) Must below source impedance 
with unused Inputs tied to ground, 

15 74HCl63 

+5V 

18-bit level). This will center the offset at 1/2 LSB below 
OV, which is respectively -421lV or -lOIlV at the 16- and 
I8-bit levels. 

The offset can also be adjusted by providing a sine wave to 
the AID input. Using FFT, or even simple averaging of 
several thousand' conversion results at a time, the trimpots 
can be adjusted until there is no DC offset of the signal. 

Grounding the input, or providing the sine wave, as far in 
front of the AID as possible allows offset from intervening 
signal conditioning components to be also corrected by this 
procedure. 

MSBADJUST 

In most applications, adjustment of the Most Significant Bit 
weight will not be required. When not adjusted, MSB, (pin 3) 
on the DSPIOl, and MSBA (pin 3) and MSBB (pin 24) on 
the DSP102, should be left open. If these pins are connected 
to traces on the board, they should be bypassed to ground 
with 0.01~ capacitors, as close as possibie to the AID. 

MSB (pin 3) on the DSPlOl, and MSBA (Pin 3) and MSBB 
(pin,24) on the DSP102, are internally connected to a 
resistor divider network that is used to laser-trim the weight 

DSP101 

21 
CONY 

2 
VIN 

12 SSF 

SYNC 
15 

CO 00 'II 74HCS74 74HCl66 

OCI-1",2 __ -4+f-_:q9, 80 ' 801-'1=-2 __ -+_...:.1,4 H OHI"13::.-+-___ ..J 

OB 13 8 70 70 13 12 G 

QA 14 7 60 sa 14 11 F 

Cl. 1 6 50 50 15 10 E 

L--+-+ ....... -~+5V 

5 40 4Q 16 50 

430 30 17 4 C 

3 20 20 18 3 B 

210 10 19 2 A 

1 SI 
15 

SIL 

.5V 

ConvertCommand o-~o-------------------_-.J 
(Positive Edge Triggered) 

+5V 

FIGURE 10. A Complete Eight-Channel Analog Input System Using the DSP202 and the ID-508A. 
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of the MSB capacitor in the CDAC. These pins are nomi
nally at + 100m V after laser-trimming during manufacturing. 
They can handle external inputs up to about one diode drop 
below ground ("'{).6V) before internal clamping circuitry is 
triggered. 

Figure 8 shows an appropriate circuit for adjusting the 
weight of the most significant bit to minimize differential 
non-linearity at the critical major-carry transition. To adjust, 
provide a small amplitude sine wave to the selected AID 
input pin while converting continually, and adjust for maxi
mum Signal-to-(Noise + Distortion) ratio, using appropriate 
signal analysis software. 

GAIN ADJUST 

If circuit gain needs to be adjusted in hardware, rather than 
in system software, appropriate trimpots should be included 
in the analog signal conditioning section in front of the 
DSP101 or DSPI02. No specific gain adjust circuitry is 

included in the parts. 

APPLICATIONS 
INTERFACING DSP101 TO PARALLEL PORTS 

Figure 9 shows a circuit for converting the serial output data 
from the DSP101 into 16 bits of parallel data, within the 
timing constraints ofthe serial bit-stream from the DSPIOI. 
In many applications, this circuit can be easily incorporated 
into gate arrays or other programmed logic circuits already 
used in the system, since the extra gate count is not high. 

This circuit adds an additional pipeline delay to the conver
sion data, so that the parallel data from a conversion at time 

rl. TIl Bit 
Clock 

(t) is valid one conversion cycle plus 17 XCLK clocks later 
(at t+ I plus 17 times XCLK). A convert command at time 
(t+ I) generates a Sync and begins transmitting serial data 
from SOUT.The serial data is shifted into the 74HC594 
shift registers, and Sync is shifted through the 74HCl64 
shift registers. The QI. output of the 74HC74 dual D-type 
flip-flops clocks the conversion data into the output register 
of the 74HC594s, and triggers a data valid signal on its Q2 
output. The user can then read the data at any time before the 
next conversion is started, and the Read signal will reset the 
data valid output from Q2. 

In many systems, galvanic isolation of signals is required. 
Using opto-couplers on the serial data lines in Figure 9 
allows a fully isolated system to be built using a DSPIOI and 
only three couplers across the barrier (for serial data, XCLK 
and SYNC.) 

MULTIPLEXING INPUTS TO THE DSP101 

Figure 10 shows a complete circuit for sequentially scanning 
eight analog input channels with a single DSPIOI, and using 
the Tag feature on the DSP101 to append the multiplexer 
channel address to the serial output conversion results. 

The circuit in Figure 10 includes the required digital logic 
and timing logic. The 74HCI63 counter provides the scan 
sequence to the Burr-Brown HI-50SA analog multiplexer. In 
order to allow the HI-50SA enough time to switch to the next 
channel and settle before the DSP101 begins a conversion, 
a 74HC221 one-shot introduces a 3118 delay for the DSP101 
convert command input. 

The Burr-Brown OPA627 provides a low impedance source 
for the DSPIOI, buffering it from the output impedance of 

~ 
Digital Signal 

DSP201(1) DSP101 Processor IC 

XCLK 16 CLKR XCLK 
12 

XCLK 

±2.75V o--l VIN SOUT 
20 DATA IN DATA OUT 

13 
SIN VOUT 

21 
- ±3V Analog Output 

Analog Input 

SYNC 15 SYNC SYNC 11 
SYNC 

SSF f2!-o SSF(2) SSF(2)~ SSF 

SWLI')~ SWL 

21 I Conversion Rate I 15 
CONY CONY 

I Generator I 

DSP PROCESSOR SYNC FORMAT SERIAL I/O WORD SSF'" SWLPI (1) See Burr·Brown 
DSP201/DSP202 

DSP32C. DSP16 ActIve Low 16 Bits LOW HIGH product data sheet 
DSP56001 Active High 24 Bits HIGH LOW for full description of 
DSP56001 Active High 16 Bits HIGH HIGH this DAC. 
TMS320C251C30 Active. High 16 Bits HIGH HIGH 
ADSP210112105 Active High 16 Bits HIGH HIGH 

FIGURE II. Analog Input and Analog Output System. 
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the multiplexer. This unity-gain buffer minimizes distortion, 
taking full advantage of the resolution and bandwidth of the 
DSPIOI. 

The 74HC574D register delays the multiplexer address data 
by one conversion before appending the channel data to the 
serial conversion results from the DSPIOI. This attaches the 
channel address to the correct conversion results. Since the 
channel scanning shown in Figure lOis sequential, this 
delay latch could be left out and software could recognize 
that the time (t) conversion results have the MUX address 
from the time (t-1) conversion appended:'However, for 
systems using non-sequential. scan lists, this delay latch is 
essential to maintain the conversion data and channel ad
dress integrity. 

The 74HCl66 synchronous loading shift register loads the 
channel address tag data into the shift register on the rising 
edge of the bit clock, in conjunction with the Sync output of 
the DSPI01. The channel address tag data is then clocked 
into the DSPlOl Tag input (pin 18) by the bit clock, while 
the conversion data is clocked out the other end of the 

I 
DSP102 

XCLK 
16 

SYNC 
15 

±2.75V Analog Input 2 
Channel A - VINA SOUTA 

20 

±2.75V Analog Input ~ SOUTB 
17 

VINB Channel B 

22 

DSPlOl shift register (discussed in another section of this 
data sheet.) 

Figure 10 was developed and tested using a· Burr-Brown 
ZPB34 DSP board; which contains an AT&T DSP32C, so 
that the SYNC output is programmed to be active LOW. The 
circuit needs to be modified for DSP processors from ADI, 
TI, and Motorola, which use active HIGH Sync pulses. For 
these processors, tie SSF (pin 12) on the DSPlOl HIGH, and 
use a 74HC04 hex inverter to invert the Sync signal to the 
74HC574 and 74HC166. 

The same basic circuit can be duplicated to drive two 
channels in a DSP102, or can be easily modified for more or 
less than eight channels of analog input. 

USING DSP101 AND DSP102 WITH 
TEXAS INSTRUMENTS DSP les 

Figures 11 thru 17 show various ways to use the DSPIOI 
and DSP102 with DSP ICs from the Texas Instruments 
TMS320Cxx series. For simplicity, all of.these circuits are 

TIL Bit I Clock 

1 
TMS320C30 

CLKR 

FSR-O 
L.. FSR-l 

DR-O 

DR·l 

CASC 

~+5V~ SSF 

CONY 
21 Conversion Rate 

Generator 

FIGURE 12. Using DSP102 with TMS320C30. 

I TIL Bit I Clock 
DSP102 

1 
TMS320CSO 

XCLK 
16 

CLKR-O 

SYNC· 
15 

FSR-O 
±2.75V Analog Input 2 20 

Channel A --=- VINA SOUTA DR·O 

±2.75V Analog Input ~ 
VINB SOUTB ~NC ChannelB 

CASC ~+5V 
NOTE: Serial port 0 programmed 

SSF ~+5V lor 32·bit data. 

~ONV 
21 Conversion Rate 

Generator 

FIGURE 13. Using DSP102 with TMS320C30 in Cascade Mode. 
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based on using the TME320Cxx in the mode where SSF 
(Select Synch Format, pin 12) is tied HIGH, so that there is 
an active High synchronization pulse generated by the 
DSPlOl or DSP102 after receiving a convert command. The 
synchronization pulse can be changed to active Low simply 
by making SSF LOW, where appropriate, without changing 
the basic operation of the AIDs. 

In all cases, the DSPlOl and DSP102 will transmit data 
MSB-flfst, and the TMS320Cxx needs to be programmed 
for this. 

±2.75V Analog Inpu 
Channel A 

±2.75V Analog Inpu 
Channel B 

~ 

~ 

DSP102 

XCLK 

SOUTA 
VINA 

SOUTB 

VINB SYNC 

SSF 

CASC 

CONY 

---i 
16 -20 

17 

15 

L-

f1Lo+5V 

~ 
21 

Figure 11 shows a circuit for using the TMS320C25 or 
TMS320C30 in a complete analog input and analog output 
system using the DSPlOl along with the Burr-Brown DSP201 
D/A. 

TIL Bit ~ Clock 

TMS320C30 DSP202(3) 

CLKR-O CLKX-O 
CLKR-1 CLKX-1 

DR-o DX-O 

DR-1 DX-1 

FSR-O FSX-O 
FSR-1 FSX-1 

I Conversion Rate I 
I Generator(1) I 

12 - 13 

14 

11 

-1 

+5V~ 

+5V~ 
16 

~ 

XCLK 

SINA 

SINB 

SYNC 

SSF 

SWL 

CASC 

CONY 

VOUTA ~ 

VOUTB ..L-

±3V Analog Output 
Channel A 

±3V Analog Output 
Channel B 

NOTES: (1) Sample rate on DSP102 and DSP202 may differ. (2) Analog Devices ADSP2101 may be used. SPORT1 and SPORT2 
are used for serial MSB first communication. (3) See Burr-Brown DSP201/DSP202 product data sheet for full description of this DAC. 

FIGURE 14. Two-Channel Analog Input and Output System with TMS320C30. 

±2.75V Analog Inp 
Channel A 

u~ 

±2.75V Analog Inp 
Channel B 

ut 25 
----=--

DSP102 

XCLK 

SOUTA 

VINA SOUTB 

VINB SYNC 

SSF 

CASC 

CONY 

16 

20 

f-1Z--o NC 

15 

f1Lo+5V 

~+5V 

21 

TIL Bit 
Clock 

TMS320C30 

CLKR-O CLKX-O 
12 

DR·Q DX-O 
13 

U 

FSR-O FSX-O 
11 

+5V~ 

+5V~ 

+5V~ 
I Conversion Rate I 15 

I Generator (2) I 

DSP202(4) 

XCLK 

SINA 

SINB VOUTA 

SYNC VOUTB 

SSF 

SWL 

CASC 

CONY 

~ 

..L-

f3V Analog Output 
Channel A 

f3V Analog Output 
Channel B 

NOTES: (1) Program TMS320C30 for 32-bit mode. (2) Sample rate on DSP102 and DSP202 may differ. (3) DSP32C may be used in this mode. 
(4) See Burr-Brown DSP201/202 product data sheet for full description of ihis DAC. 

FIGURE 15. Two-Channel Analog Input and Output System with TMS320C30 in Cascade Mode. 

BURR-BROWNIHI 

IElElI Burr-Brown Ie Data Book-Mixed Signal Products 2.433 

N o 
:c: ,... 
o ,... 
0-
(J) 
C 

~ 
Z 
W 
Z o 
0-
:E o 
o 
z o 
i= 
~ 
::l a 
o 
<C 

~ 
ic( 
c 
ui 
a: w 
t
a: 
W 
> 
Z o 
o 
c 
<c 



For Immediate Assistance, Contact Your Local SalesperSon 
USING TMS320C31 TO GENERATE 
ALL CONTROL SIGNALS 

Figure 17 shows a circuit for using the TMS320C31 with a 
DSP102 and a Burr-Brown DSP202 D/A to provide a two 
channel analog I/O system. The flexibility of the TMS320C31 
allows itto generate the data transfer clock (XCLK) and the 
Convert Command, minimizing additional circuitry and syn~ 
chronizing the timing signals to the processor's master 

DSP101 I 
XCLK 

16 

SYNC 
15 

12.,75V Anatog Input -l. VIN SOUTo 
20 

clock. In this circuit, the DSP 102 and DSP202 are used in 
their Cascade modes, transmitting and receiving two chan
nels of data in a single 32-bit word. (See the Cascade Mode 
section above.) 

Table IT shows how to set up the circuit in Figure 17 for a 
44.1kHz conversion rate for both channels of the' DSPI02 
AID and both channels of the DSP202 D/ A. Both inputs and 
outputs will be simultaneously converted. 

TILBR I Clock TMS32OC25 

1 XCLK 

FSX 

TXD 

SSF ~+5V 
CONV 

21 Conversion Rate 
Generator 

NOTES: (1) TMS320C25 FSR external, 16·bit data, 

FIGURE 16. Using DSP101 with TMS320C25. 

DSP102 

1 
TMS3200C31 

12..7SV Analog Input - VINA XClK ClKRO 
Channel A 

SOUTA ORO 
SOUTB f---oNC 

12..7SV Analog Input- VINB SYNC FSRO 
ChannelB TClKO 

OSC2 SSF f---o.sV 

1Mll r- OSC1 

~ 
CASC r-o.sv 
CONV 

'--lD~ 12.288MHz 

--
10PIT. .::EOpF 

-:-

FIGURE 17. Two Channel Analog I/O Using TMS320C31. 

SERIAL PORT 
Port Global Control Register OxOEBC040 
FSXlDXlCLKX Port Control Register OxOOoo0111 
FSRlDRlCLKR Port Control Register OxOOOO0111 
ReceivefTransmit Timer Control Register OxOOOOOOOF 

TIMER 
Timer Global Control Register OxOOOO02C1 
Timer Period Register OxOOOOOOB5 

NOTE: Assumes TMS320C31 has 32MHz Master Clock. 

TABLE IT. TMS320C31 Register Settings for 44. 1kHz Con
version Rate in Figure 17. 

CLKXO 

DXO 

FSXO 

1 
DSP202 

XClK VOUTA f---- ±:3V Analog Output 
Channel A 

~ 
SINA 
SINB 

SYNC VOUTB r--- ±3V Analog Output 
Channel B 

+5Vo-- SSF 

+5Vo-- SWL 

+5Vo-- CASC 

CONV 
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USING DSP101 AND DSP102 
WITH MOTOROLA DSP ICS 

Figure 18 shows how to use the DSP101 with a Motorola 
DSP56001. Using the DSP102 requires using two 
DSP56001s. The DSP56001 needs to be programmed to 
receive data MSB-first with SYNC in the Bit Mode. 

SSF (pin 12) needs to be tied HIGH for using either the 
DSP101 or the DSP102 with DSP56001s. This will cause 
the DSP101 or DSP102 to transmit an appropriate active 
High synchronization pulse on SYNC (pin 15) after a con
vert command is received by the AID. Timing is shown in 
Figure 1. 

USING DSP101 AND DSP102 WITH AT&T DSP ICS 

Figures 11, 19,20, and 21 show how to use the DSP101 and 

I 
DSP10l 

XCLK 
16 

SYNC 
15 

±2.75V Analog Input ---l VIN SOUT 
20 

SSF ~+5V 
CONV 

21 

DSP102 with the DSPI6 and DSP32C in different modes. 
The AT&T processors need to be programmed to accept 
data MSB-first, and the DSP101 or DSP102 needs to have 
SSF (pin 12) tied LOW, so that an appropriate active Low 
synchronization pulse will be transmitted by the AID after a 
convert command is received. 

Figures 19 and 20 show the DSP32C and DSPI6 respec
tively used with the DSP101 to handle a single analog input 
channel. 

Figure 21 shows how to transmit to a single DSP32C 
conversion results from both DSP102 channels in a 
32-bit word, using the Cascade mode on the AID. 
Figure II indicates how to build a complete analog input and 
analog output system using a DSP32C or DSPI6 with·a 
DSP101 and a Burr-Brown DSP20I D/A. 

TTL Sit I Clock 

1 
DSP56001 

SCK 

FSR (SC2) 

SRD 

Conversion Rate 
Generator 

NOTES: (1) DSP56001 programmed for MSS bit first data. (2) DSP56001 data may be either 16-bit or 24-bit. 

FIGURE 18. Using DSP101 with DSP56001. 

I TTL Bit I Clock 

DSP10l 

1 
DSP32C 

XCLK 
16 

ICK 

SYNC 
15 

ILD 

±2.75V Analog Input ---! VIN SOUT 
20 

DATA IN 

SSF 
12 

-b 
CONV 

21 Conversion Rate 
Generator 

NOTE: (1) DSP32C programmed for MSS bit first 16-bit data. 

FIGURE 19. Using DSP101 with DSP32C. 
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USING DSP101 AND DSP102 WITH ADI DSP ICS 

When using the DSPIOI or DSP102 with the fIxed-point 
ADSP2lxx series, the processors need to be programmed to 
receive data MSB-fIrst. 

Figure 22 shows how to use the DSP102 with an ADSP2 10 1 
to provide a two-channel simultaneous sampling system. 

Figure 23 shows the connections required to generate an 
analog input channel using an ADSP2105 with the DSPlO1. 

I 
DSP10l 

XCLK 
16 

SOUT 
20 

±2.75V Analog Input -2.. VIN 

SYNC 
15 

SSF h 
CONY 

21 

The same basic circuit clII\ be used to connect a DSPlOl to 
the ADSP2101. 

Figure 11 indicates how to build a complete analog I/O 
system using either the ADSP2l0l or the ADSP2105 with a 
DSPlOl and a Burr-Brown DSP201 D/A. 

The two serial ports on the ADSP2lOl can also be used with 
the DSP102 and the Burr-Brown DSP202 D/A to make two 
complete analog I/O channels, as indicated in footnote 2 of 
Figure 14. 

TILBR I Clock 

DSP16 

ICK 

DATA IN 

ILD 

Conversion Rate 
Generator 

NOTE: DSP16 programmed for MSB bit first. 16·bit data. 

FIGURE 20. Using DSPlOl with DSP16. 

I TIL Bit I Clock 

DSP102 DSP32C 

XCLK 
16 

ICK 

SYNC 
15 

ILD 

±2.75V Analog Input --t 
VINA SOUTA 

20 
DATA IN 

Channel A 
±2.7SV Analog Input ~ VINB SOUTB f-2Z-o NC 

ChannelB 

CASC ~+5V 
SSF 

12 

CONY 
~ Conversion Rate 

Generator 

NOTES: (1) DSP32C programmed 32·M data MSB bit first. (2) Data format is Channel A. 16 bits, MSB first, then Channel B. 

FIGURE 21. Using DSP102 with DSP32C in Cascade Mode. 
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±2.75V Analog Input 
Channel A 

±2.75V Analog Input 
Channel B 

~ 

~ 
VINA 

VINB 

DSP102 

XCLK 

SYNC 

SOUTA 

SOUTB 

CASC 

I 
16 

15 

20 

17 

h 

TIL Bit I Clock 

ADSP-2101 

SCLK-O 
SCLK-l 
RFS-O 
RFS-l 
DR-O 

DR-l 

SSF ~+5V 
CONV 

21 Conversion Rate 
Generator 

FIGURE 22. Using DSP102 with ADSP-2101. 

I TIL Bit I Clock 

DSP101 ADSP-2105 

XCLK 
16 SCLK 

SOUT 
20 DR 

±2.75V Analog Input~ VIN 

SYNC 
15 RFS 

SSF ~+5V 

CONV 
21 

FIGURE 23. Using DSPlOI with ADSP-21OS. 

DEM·DSP1021202 EVALUATION BOARD 
An evaluation fixture, the DEM-DSP102/202, is available to 
simplify evaluation of the DSPIOI and DSP102, and the 
companion digital-to-analog converters, the single DSP201 
and dual DSP202. The DEM-DSPI02/202 comes complete 
with a socketed DSP102 and DSP202, a breadboard area, 
Tn.. I/O headers and differential line drivers for data trans-

BURR ~ BROWN~ 

Conversion Rate 
Generator 

fer options, a complete clocking circuit for the conversion 
clock and bit clock, and analog filter modules. The board 
makes it easy to go from design concept to working proto
type of a DSP-based system, offering two complete analog 
I/O channels. 

Contact your local Burr-Brown representative for a full data 
sheet on the DEM-DSP102/202. 
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BURR - BROWN® 

113131 SDM506/507 
PRELIMINARY INFORMATION 

SUBJECT TO CHANGE 
WITHOUT NOTICE 

16-Channel Single Ended Input! 
a-Channel Differential Input 

16-BIT DATA ACQUISITION SYSTEMS 

FEATURES DESCRIPTION 
• 16-BIT RESOLUTION 

• 100kHz THROUGHPUT 
• PROGRAMMABLE GAINS (1,10,100,1000) 

The SDM506/507 are complete 16-bit data acquisition 
systems with input multiplexer, serial output, and pro
grammable gains of 1, 10, 100, and 1000. The SDM506 
has 16 single-ended inputs and the SDM507 has 8 
differential inputs . • SERIAL OUTPUT DATA 

• 16 SINGLE-ENDED INPUTS: SDM506 

• 8 DIFFERENTIAL INPUTS: SDM507 

• OVERVOLTAGE PROTECTION 

• ANALOG INPUTS: 70Vp-p 

• 44-PIN PLCC PACKAGE 

• TEMPERATURE RANGE: -4Q°C to +85°C 

• LOWER POWER: 450mW 

8116 
Channel 

MUX 

All these features are contained within a space-saving 
44-pin plastic-leaded chip carrier providing the ideal 
data aquisition solution when space is at a premium. 

The SDMS06/507 will accept unipolar or bipolar volt
age inputs in the range OV to +4V, OV to +5V, OV to 
+1OV, ±3.33V, ±5V and ±1OV. For low level signals, 
dynamic range can be increased by using the program
mable gain amplifier. Input overvoltage protection on 
the analog input channels provide fault-free operation 
for input voltages up ~o ±35V. 

IntematJonal Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • streat Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 746-1111 • Twx: 910-s52·1111 • Cable: BBRCORP • Telex: 0_91 FAX: (520) 889-1510 Immediate Product Inlo: (800) 546-6132 
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SPECIFICATIONS-PRELIMINARY 
At TA = -40'C to +85'C, fs = 100kHz, VOIG = VANA = +5V, ±Vcc = ±15V, ±10V input range, and G = 1 using internal reference, unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

RESOLUTION 16 Bits 
ANALOG INPUT ±10, ±5, ±3.33 V 
Voltage Ranges 0-10, 0-5, 0-4 V 
Input Impedance: On Channel 10'· 10 GO 

Off Channel 10' • 10 GO 
Input Capacitance: On Channel 20 20 pF 

Off Channel 20 20 pF 
. SPEED 

Conversion Time 7.6 8 I1S 
Complete Cycle Acquire and Convert 10 I1S 
Throughput Rate 100 kHz 

~Tegral~~i~?~IY Error 8 LSB!11 
Differential linearity Error +3,-2 LSB 
Na Missing Codes 15 Bits 
Transition Noise(2) 1.3 LSB 
Full Scale Erro~" '1 ±1 % 
Full Scale Error Drift ±10 ppm/'C 
Full Scale Erro~', '1 Ext. 2.50V Ref ±1 % 
Full Scale Error Drift Ext. 2.50V Ref ±5 ppml'C 
Bipolar Zero Erro~'1 ±13 ±25 mV 
Bipolar Zero Error Drift ±5 ppml'C 
Power Supply SenSitivity +4.75V < Va < +5.25V ±B LSB 
ACACCURACY 
Spurious-Free Dynamic Range fiN = 45kHz 87 dB 
Total Harmonic Distortion fiN = 45kHz ...fJ7 dB 
Signal-to-(Noise and Distortion) fiN = 45kHz 80 dB 

-60dB Input 30 dB 
Signal-to-Nolse fiN = 45kHz 80 dB 
Full-Power Bandwidth!'1 250 kHz 
SAMPLING DYNAMICS 
Aperture Delay 40 ns 
Aperture Jitter Su licient to Meet AC Sp. os 

b~;~~~!:ae::~:ry(1l FS Step 2 I's 
5 I1S 

REFERENCE 
Internal Reference Voltage 2.48 2.5 2.52 V 
Internal Reference Source Current Must Use External Buffer 1 I1S 
External Reference Voltage Range 
for Specified Unearity . 2.3 2.5 2.7 V 
ExternaJ Reference Current Drain . Ext. 2.50V Ref 100 I'A 
DIGITAL INPUTS 
Logic Levels: 

V'L -0.3 +0.8 V 
V,H +4.0 Va +0.3V V 

f ±10 11A 
±10 11A 

DIGfTAL OUTPUTS 
Data Format Serial 16 Bits 
Data Coding Bi lary Two's 

ISINK = 1.6mA +0.4 V 

_~~~~:~;;'0011A +4 V 
Current ,i~, . = OV·to VOIG ±5 ~ Output 15 

POWER SUPPLIES 
VOIG Musl be S V ANA +4.75 +5 +5.25 V 
VANA +4.75 +5 +5.25 V 
Vcc ±11.4 ±18 V 
IOIG 0.3 rnA 
lANA 16 rnA 
Vee 7 rnA 

Power Dissipation, fs = 100kHz 450 mW 

~~:;~~-;,~,;~=~!GE -40 +85 'C 
Storage -65 +150 'C 
Thermal Resistance, 8JA 
Plastic PLCC 75 'CIW 

NOTES: (1) LSB means Least Significant Bit. For the 16-bit, ±10V input SDM506/507, one LSB is 3051'V. (2) Typical rms noise at worst case transitions and 
lemperatures. (3) As measured with fixed resistors shown in Figures 10 and 11. 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 ±1 OV 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. 

BURR-BROWN@ 

I~~I Burr-Brown Ie Data Book-Mixed Signal Products 2.439 

0 
!e 
CD 
0 
In 
:E 
C 
(J) 

(J) 
l-
Z 
W 
Z 
0 
Q. 
:E 
0 
0 
Z 
0 
i= 
~ 
::l 

" 0 
<C 

~ 
icC 
C 

uf a:: 
W 
I-a:: 
W 
> 
Z 
0 
0 
C 
:ct 



For Immediate Assistance, Contact Your Local Salesperson 
PIN CONFIGURATION 

MUX+ 7 39 GainG 

SDM506 
16 SIE Channels 

CS 17 29 R2IN 

ABSOLUTE MAXIMUM RATINGS 

Analog Inputs: 
RI'N .................. . ................................ ±25V 
R2'N ................... . .............. ±25V 
R3'N ............................ . ............................................................................................... ±25V 
CAP ......................................................•........ V ANA +0.3V to A..NO -l).3V 
REF ................................................................... Indefinite Short to A..NO' 

Momentary Short to V ANA 

Analog Input Overvollage: 
CHI-CHI6 Vee+ ... . ................... . . .......................... +20V 

Vee--· ................................. . . ............... -20V 
Supplies: 

VDIG ........•............ +7V 
VPJ<IA .......... , •••.••• +1V 
Vee............................... . ............................... ±18V 
VDlG to V ANA ... .• ±0.3V 
DGND to AGND ............................................................................. ±0.3V 

Digital Inputs ............................................•................. -l).3V to VDIG +0.3V 
Maximum Junction Temperature ................................................... +165'C 
Lead Temperature (soldering, lOS) ............................•................... +300'C 

MUX+ 7 

CS 17 

SDM507 
8 Differential 

Channels 

PACKAGE/ORDERING INFORMATION 

PACKAGE 
DRAWING 

MODEL PACKAGE NUMBER<') 

SDM506 44-Pin PLCC 329 
SDM507 44-Pin PLCC 329 

39 Galn0 

TEMPERATURE 
RANGE 

-40'C to +85'C 
-40'C to +85'C 

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

A ELECTROSTATIC 
J.l!/i,. DISCHARGE SENSITIVITY 
This integrated circuit can be damaged by ESD_ Burr-Brown 
recommends that all integrated circuits be handled with 
appropriate precautions_ Failure to observe proper handling 
and installation procedures can cause damage. 

ESD damage can range from subtle performance degrada
tion 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 inaeeuraeies 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 specHications are subject to change 
without notice. No patent rights or licenses to any olthe 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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Or, Call Customer Service at 1·800·548~6132 (USA Only) 

BURR - BROWN® 

1E3E31 SDM516/517 

PRELIMINARY INFORMATION 
SUBJECT TO CHANGE 

WITHOUT NOTICE 

16-Channel Single-Ended Input 
16-Bit 100kHz Parallel Output 
DATA ACQUISITION SYSTEM 

FEATURES 
• 16-BIT RESOLUTION 

• 100kHz THROUGHPUT 

• PROGRAMMABLE GAINS (1, 10, 100, 1000) 

.16·, or 18-BIT DATA BUS INTERFACE 

.16 SINGLE-ENDED INPUTS: SDM516 

.8 DIFFERENTIAL INPUTS: SDM517 

• OVERVOL TAGE PROTECTION 

• ANALOG INPUTS: 70Vp-p 

• 68-PIN PLCC PACKAGE 

8116 
Channel 

MUX 

DESCRIPTION 
The SDM516/517 are 16-channel, single-ended and 8-
channel differential data acquistion systems with 16-bit 
resolution, parallel outputs and programmable gains of 
I, 10, 100 and 1,000. 

All these features are contained within a space-saving 
68-pin plastic leaded chip carrier providing the ideal 
data acquisition solution when space is at a premium. 

The SDM516/517 will accept industry standard ±IOV 
analog inputs. For low level signals, dynamic range can 
be increased by using the programmable gain ampli
fier. Input overvoltage protection on the analog input 
channels provide fault-free operation for input voltages 
up to ±35V. 

Internallonal Airport Induslrial Park • Mailing Address: PO Bo. 11400 • TUCSon, AZ 85734 • Street Addre .. : 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 746-1111 • Twx: 911Hl52·1111 • Cable: BBRCORP • Tele.: 066-6491 • FAX: (520) 889-1510 • Immediate Product Info: (800) 548-6132 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS-PRELIMINARY 
At TA = -40·C to +85·C, fs = 100kHz, VOIG ~ v_ = +5V, ±Vcc = ±15V, ±10V input range, and G = 1 using internal reference, unless otherwise specified. 

SDM5161517 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

RESOLUTION 16 Bits 
ANALOG INPUT 
Voltage Ranges ±10 V 
Input Impedance: On Channel to f• to Gil 

Off Channel 10f• 10 Gil 
Input Capacitance: On Channel 20 20 pF 

Off Channel 20 20 pF 
THROUGHPUT SPEED 
Conversion Time 7.6 8 lIS 
Complete Cycle Acquire and Convert 10 lIS 
Throughput Rate 100 kHz 
DC ACCURACY 
Integral Linearity Error 6 8 LSB!f) 
Differential Linearity Error +3, -2 LSB 
No Missing Codes 15 Bits 
Transition Noise(2i 1.3 LSB 
Full Scale Error<,,4) ±1 0/0 
Full Scale Error Drift ±10 ppml·C 
Full Scale Error<'·4) Ext. 2.50V Ref ±t 0/0 
Full Scale Error Drift Ext. 2.50V Ref ±5 ppmi"C 
Bipolar Zero Error!') ±13 ±25 mV 
Bipolar Zero Error Drift ±5 ppmi"C 
Power Supply Sensitivity +4.75V < Vo < +5.25V ±8 LSB 
VOIG = VANA = Vo 10V < ±Vcc <'15V ±t LSB 
ACACCURACY 
Spurious-Free Dynamic Range ffN = 45kHz 87 dB 
Total HaJmonic Distortion ffN = 45kHz 87 dB 
Signal-to-(Noise and Distortion) fiN = 45kHz 80 dB 

~OdB Input 30 dB 
Signal-to-Noise fiN = 45kHz 80 dB 
Full·Power Bandwidth!S) 250 kHz 
SAMPLING DYNAMICS 
Aperture Delay 40 ns 
Aperture Jiller Sufficient to Meet AC Specs 
Transient Response ,FS Step 2 )1s 
Overvoltage Recovery(7) 5 lIS 
REFERENCE 
Intemal Reference Voltage 2.48 2.5 2.52 V 
Intemal Reference Source Current Must Use External Buffer 1 lIS 
External Reference Voftage Range 

for Specified Linearity 2.3 2.5 2.7 V 
External Reference Current Drain Ext. 2.SOV Ref 100 )1A 
DIGITAL INPUTS 
Logic Levels: 

V,L -{l.3 +0.8 V 
V,H +4.0 VD +O.3V V 
I'L ±to )1A 
I'H ±to )1A 

DIGITAL OUTPUTS 
Data Format 16-Bft Parallel 
Data Coding 

VOL ISINK .. 1.6mA +0.4 V 
VOH ISOURCE = 500)1A +4 V 

Leakage Current High-Z-State, Vour = OV to VOIG ±5 )1A 
Output Capacitance High-Z-State 15 pF 
POWER SUPPLIES 

VOIG Must be S VANA +4.75 +5 +5.25 V 
VANA +4.75 +5 +5.25 V 
Vcc ±11.4 ±18 V 
IDIG 0.3 mA 
1_ t6 mA 
Vee 7 mA 

Power Dissipation f~ = 100kHz 450 mW 
TEMPERATURE RANGE 
Specified Performance -40 +85 ·C 
Storage ~5 +150 ·C 
Thermal ReSistance, 9JA 
Plastic PLCC 75 ·cm 

NOTES: (1) LSB means Least Significant Bft. For the 16-bft, ±10V Input SDM51615t7, one LSB Is 305)1V. (2) Typical rms noise at worst case lransftions and 
temperatures. (3) As measured wtth fixed resistors shown in Figure 9. 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 lransHions, divided by the lransHion vottage (not divided by the full-scale range) and includes 
the effect of offset error. (5) All specifications In dB are referred to a lull-scale ±1 OV Input. (6), Full~Power Bandwidth defined as Full-Scale Input lrequency at which 
Signal-to-(Noise + Distortion) degrades to 6OdB, or 10 bits of accuracy. (7) Recovers to Specified performance after 2 x FS Input overvoltage. 
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PIN CONFIGURATION 

o z ~ 

ffi ~ < ~ ~ g ~ ~ I~ ~ ~ ~ ~ ~ ~ ~ ~ 
9 8 7 6 5 4 3 2 1 ~ ~ 00 ~ M ~ ~ 61 

CH1 10 60 BUSY 

SDMS16 
16 SIE Channels 

ABSOLUTE MAXIMUM RATINGS 

Analog Inputs: 
Rl'N ..................................................................................................................................... ±25V 
R2'N .................................................................. . ................................. , ............. ±25V 
R3'N ... . ................................................................................................................ ±25V 
CAP ............................................................... V ANA +0.3V to AoND -D.3V 
REF .......•...........................•............................... Indefinite Short to AoND, 

Momentary Short to V ANA 
Analog Input OvelVoltage: 
CH1·CH16 Vcc• ............................... .. .............................................................. +20V 

Vce- ............................................................................................................... -20V 
Supplies: 

VDIG ................................................................ : .......................................................................... +7V 
VANA .......................................................................................................................................... +7V 
Vcc ..................................................................................................................................... ±18V 
V DIG to V ANA ..................................................................................................................... ±0.3V 
DGND to AGND ............................................................................. ±0.3V 

. Digital Inputs .............................................................. -D.3V to VolG +0.3V 
Maximum Junction Temperature ................................................... +165'C 
Lead Temperature (soldering, lOs) ................................................ +300'C 

o z ~ 

ffi ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
9 8 7 6 5 4 3 2 1 ~ ~ ~ ~ M ~ ~ 61 

CH1+ 10 60 BUSY 

SDM517 
8 Differential 

Channels 

CH5- 22 48 011 
_~ a= 
CH7- 24 46 013 

-~ ~~ 
AMPiN 26 44 015 

~~~~2B~2~9r-3~Or.3~1r.~7r.3~3~3~4~3=5~3=6~3=7~~~3=9v4~OV4~1v~~4~3~-

PACKAGE/ORDERING INFORMATION 

PACKAGE 
DRAWING TEMPERATURE 

MODEL PACKAGE NUMBER(1) RANGE 

SDM516 68·Pin PLCC 312 -40'C to +85'C 
SDM517 68·Pin PLCC 312 -40'C to +85'C 

NOTE: (I) For detailed drawing and dimension tabte, please see end of data 
sheet, or Appendix C of Burr·Brown te Data Book. 

A ELECTROSTATIC 
~ DISCHARGE SENSITIVITY 
This integrated circuit can be damaged by ESD. Burr-Brown 
recommends that all integrated circuits be handled with 
appropriate precautions. Failure to observe proper handling 
and installation procedures can cause damage. 

ESD damage can range from subtle performance degrada
tion 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 infonnation, 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 andlor systems. 
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For Immediate Assistance, Contact Your Local Salesperson 

BURR - BROWN® 

IElElI SDM862 
SDM863 
SDM872 
SDM873 

16 Single Ended/8 Differential Input 
12-BIT DATA ACQUISITION SYSTEMS 

FEATURES 
• COMPLETE 12-BIT DATA ACQUISITION 

SYSTEM IN A MINIATURE PACKAGE 

• INPUT RANGES SELECTABLE FOR 
UNIPOLAR OR BIPOLAR OPERATION 

• THROUGHPUT RATES: 86213 87213 
8-BIT ACCURACY: 45kHz 67kHz 

12-BIT ACCURACY: 33kHz 50kHz 

• SELECTABLE GAINS OF 1, 10, AND 100 

• FULL MICROPROCESSOR COMPATIBLE 
INTERFACE 

• GUARANTEED NO MISSING CODES OVER 
TEMPERATURE 

• SURFACE-MOUNT OR PIN GRID ARRAY 
PACKAGE OPTIONS 

• HIGH RELIABILITY SCREENED VERSIONS 
AVAILABLE 

• FULL SPECIFICATION OVER THREE 
TEMPERATURE RANGES: 
o to + 70°C, -25 to +85°C, -55 to + 125°C 

• EVERY UNIT SUPPLIED WITH 
ELECTRICAL TEST DATA 

APPLICATIONS 
• INDUSTRIAL PROCESS MONITORING 

• AIRBORNE SYSTEMS MONITORING 

• ENGINE MONITORING 

• POWER PLANT MONITORING 

• SECURITY SYSTEMS MONITORING 

• AUTOMATIC TEST EQUIPMENT 

DESCRIPTION 
16 Single-Ended Inputs: SDM862 . SDM872 

8 Differential Inputs: SDM863 SDM873 
33kHz Throughput Rate: SDM862 SDM863 
50kHz Throughput Rate: SDM872 SDM873 

The SDM components are complete, pin-compatible, 
data acquisition systems housed in a hermetically sealed 
1" -square leadless chip carrier or a 1.1" -square pin grid 
array. The small package outlines and low power con
sumption provide an ideal data acquisition solution 
when space is at a premium. 

The devices comprise of an input multiplexer, instru
mentation amplifier with selectable gains, sample/hold 
amplifier and AID converter with microprocessor inter
face and three-state buffers. 

The SDM family will accept unipolar or bipolar voltage 
inputs in the range 0 to + lOV, ±5V and ± 10V. For low
level signals, jumper-selectable gains of 10 or 100 can 
be applied. The number of input channels can be ex
panded by the addition of multiplexers. System integra
tion is simplified by the microprocessor interface and 
the facility of the sample/hold amplifier being con
trolled directly by the AID converter. 

DIGITAL 

ADC 

International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 746-1111 • Twx: 910-952·1111 • Cabte: BBRCORP • Telex: 066-6491 • FAX: (520) 889-1510 • Immediate Product Info: (BOO) 549-6132 
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16 Single·Ended 
or 

8 Differential 
Input 

Multiplexer 

·(Output MUX Minus) 
Only on SDM863/873 " o 

E 
E 
o 
() 

~ 

SPECIFICATIONS 
ELECTRICAL 
At +25"C, Vee ~ ±15V, Voo ~ 5V, external sample/hold capacitor of 4700pF. All grades are burned-In at +125"C for 48 hours min. 

SDM8621863/8721873 J, A, R SDM862186318721873 K, B, S 

PARAMETER MIN TYP MAX MIN TYP MAX 

RESOLUTION 12 

INPUT 

ANALOG I 
Voltage Ranges: Bipolar ±5,±10 

Unipolar 0·10 
Input Impedance: On Channel 10' • 

Off Channel 10' • 
Input Capacitance: On Channel 20 

Off Channel 20 
CMRR (20VDC to 1 kHz) 80 85 . 
Crosstalk (20Vp·p, 1kHz) (1) -85 -80 · 
Feedthrough (at 1kHz) (1) -85 -80 
Offset (channel to channel) G ~ 1 (2) 30 100 
Input Bias Current/Channel 1 5 · 
Input Voltage Range (S) +10 +11 

-10 -15 

DIGITAL (1,8) 

MUX Input Channel Select: Logic 'I' 5 30 · 
Logic '0' 5 30 

MUX Inpul: Logic High 4.0 
Logic Low 0.8 · 

s/H Command: Logic 'I' 0.2 
Logie '0' 5 30 

ADC Section: Logic 'I' 10 
Logic '0' 10 

TRANSFER CHARACTERISTICS 

ACCURACY 
Integral Unearity (4) J ±0.024 J ±0.012 
Differential Unearity (4) ±0.024 
No Missing Codes Over Operating Temperature Range 
Gain Error (5): G = 1 0.5 · 

G=100 0.9 
Unipolar Offset Error (5) 16 
Bipolar Offset Error (5) 50 · 
Noise Error 

(Measured at s/H Output) G = 1 0.5 1 
Droop Rate 50 500 · 
Temperature Coefficients: 

Unipolar Offset 20 15 
Bipolar Offset 30 25 
Full·Scale Calibration 60 35 

BURR-BROWN@ ,EJEJ, Burr-Brown Ie Data Book-Mixed Signal Products 

UNITS 

Bits 

V 
V 
!l 
!l 
pF 
pF 
dB 
dB 
dB 

IlV 
nA 
V 
V 

j!A 
j!A 
V 
V 

nA 
j!A 

l1A 
l1A 

%FSR 
%FSR 

% 
% 

mV 
mV 

mVp-p 
IlV/ms 

ppm of FSRI"C 
ppm of FSRI"C 
ppm of FSRI"C 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS 
ELECTRICAL 
AI +25'C, Vee = t15V, V DO = 5V, external samplelhold capacitor of 4700pF. 

SDM8~~~J,A,R SDM862186318721B73 K, B, S 

PARAMETERS MIN TYP MAX MIN TYP MAX 

SYSTEM TIMINGS 

ADe Conversion TIme: SDM8621SDM863 9 20 25 , , 

SDM8721SDM873 9 12 15 
, 

S/H Aperture Delay 50 
SlH Aperture Uncertainty 2 " 

TIMING 

Throughput (Serial Mode) 
SDM8S2ISDM8S3 22 
SDM8721SDM873 28 
(Overlap Mode): 
SDM8S2ISDM8S3 33 

, 
SDM8721SDM873 50 

, 

MULTIPLEXER (') 
Switching Time (between channels) +1.5 

, 
Settling Time (10V step 10 0.02%) 2.5 

, 

Enable TIme 'ON' 1 2 · 
'OFF' 0.25 0.5 · , 

INSTRUMENTATION AMPLIFIER (6) 

Settling Time (20V step 10 0.01%) 
G=1 5 12.5 · , 
G=10 3 7.5 , 
G= 100 4 .7.5 

Slew Rale 12 17 · · 
SIH AMPLIFIER (6) 

Acquisition (10V slep to 0.01 %) 5 · 
Aperture Delay 50 
Hold Mode Settling Time 1.5 · 
Slew Rate 10 

OUTPUT 

DIGITAL DATA 
luniPolar straiglt Binary (USB)I Outpul Codes: Unipolar 

Bipolar Bipolar OffSIBinary (BOB) 
Logic Levels: logic 0 (Sink = I.SmA) +0.4 

logic 1 (Source = 500(1A) +2.4 
Leakage (Data BRs Only), High-Z State -5 0.1 +5 • · · 
POWER SUPPLY REQUIREMENTS 

Rated Voltage: Analog (tVccl 14.25 15 15.75 · · · 
Digital (VOD) 4.5 5 5.5 · 

Supply Drain: + 15V 13 22 
-15V 22 30 · 
+5V 11 15 · 

Power DiSSipation 580 855 · · 
TEMPERATURE RANGE 

Operaling Temperature Range 
JH, KH/JL, KL 0 70 · · 
AH, BH/AL, BL -25 +85 · · 
RH, SHIRL, SL -55 +125 · 

Storage Temperature Range -55 +150 · · 
, Specification same as SDM8S2I8S3I8721873J, A, R grades. 

. UNITS 

ItS 
fls 
ns 
ns 

kHz 
kHz 

kHz 
kHz 

flS 
flS 
fls 
ItS 

fls 
flS 
ItS 

VlItS 

ItS 
ns 
fl· 

VlItS 

V 
V 

(1A 

VDC 
VDC 
mA 
mA 
mA 
mW 

'C 
'C 
'C 
'C 

NOTES: (1) Measured al the same and hold output. (2) Measured wilh all input channels grounded. (3) The range of voltage on any input wHh respect to cominon over 
which accuracy and leakage current is guaranteed. (4) Applicable overfull operating lemperalure range. NO MISSING CODES GUARANTEED OVER TEMPERATURE 
RANGE. (5) Adjustable to zero using external potentiometer or select-on·test resistor. (S) Specifications are at +25'C and measured at 50% level of transition. (7) When 
using TIL drivers a 1 kO pull-up resistor should be used. (8) Muxes operate in a break-before-make manner. . 

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 patant rights or licenses to any 01 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 andlor systems. 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 
DIGITAL TIMING 

SYMBOL PARAMETER MIN TYP MAX UNITS 

CONVERT MODE 
Idsc Stalus Delay from CE 100 200 ns 
Ihee CE Pulse Widlh 50 30 ns 
tssc CS 10 CE Selup 50 20 ns 
Ihse CS Low During CE High 50 20 ns 
Isre RIC 10 CE Selup 50 0 ns 
Ihre RIC Low During CE High 50 20 ns 
Isae Byte Select 10 CE Selup a 0 ns 
Ihac B e Selected Valid During CE High 50 20 ns 
le86X Conversion TIme: 12 Bil Cycle 9 20 25 JlS 

S Bil Cycle 6 13 17 ~s 
le87X Conversion Time: 12 Bil Cycle 9 12 15 JlS 

SBilCyele 6 S 10 JlS 

READ MODE 
Idd Access TIme from CE 75 150 ns 
Ihd Data Valid after CE Low 25 35 ns 
Ihl Outpul Floal Delay 100 150 ns 
Issr CS 10 CE Selup 50 0 ns 
IsIT RIC 10 CE Selup 0 0 ns 
tsar Byte Select 10 CE Selup 50 25 ns 
Ihsr CS Valid after CE Low a 0 ns 
Ihrr RIC High after CE Low a a ns 
Ihar Byte Selecl Valid after CE Low 50 25 ns 
Ihs 86X Stalus Delay after Dala Valid 100 500 1000 ns 
IhsS7X Sialus Delay after Data Valid 100 300 600 ns 

CONVERSION CYCLE TIMING 

CE 
+ ::L 

-----JI~ tHEe ~~----

RIC 

Byle 
Select ---II'-+-~II'------------

STS 

g~~----~----~~~~~-----

BURR-BROWN18 

ABSOLUTE MAXIMUM RATINGS(l) 

+Vce 10 ACOM .................................................................... -O.5V 10 +16V 
-Vee 10 ACOM ....................................................................... +0.510-16V 
+Voo 10 DCOM ..............•.....•.............................................. -O.5V 10 +7.0V 
Analog Inpul Signal Range ................................ +Vce +20V 10 -Vee -20V 
Digilallnpul Signal ...•......•.........•...............................•......•... -O.5V 10 +Voo 
ACOM 10 DCOM ....•.......••.................................................................... ±1V 

NOTE: (1) Absolule maximum ralings are limiling values applied individually. 
beyond which Ihe serviceability of Ihe cireuil may be impaired. Functions 
operation under any of these conditions is not necessarily implied. 

IQM HIGH RELIABILITY SCREENING 

High Power Inlernal 
Visuallnspeelion .......................................... Burr-Brown Spec. OC2010 

Slablllzalion Bake ............................................................. 24Hr al + 150'C 
Temperalure Cycling ...................................... 10 Cycles -65'C 10 + 150'C 
Conslanl Aeceleralion .......................................................... 30kG. VI axis 
Hermelieily Fine Leak ................................................. Helium 5 x 10-Bcc/s 
Hermelieity Gross Leak ......................................................... Fluorocarbon 
Burn·ln ............................................................................ 160Hr al +.125'C 

READ CYCLE TIMING 

CE 

RIC 

Byte 
Select 

STS 

DBII 
DBO 

-
--1_ 
=f_ 

IssR tHSR -"I 
7 

ltiRR -:-1 
->t-

tSAR 

ISAR ..... R -I 
\: 

IHsl_1 -IIHO 
High-Z . _I 

- I-Data Valid .... 

too -----. 1........- tHL ----... 
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For Immediate Assistance, Contact Your Local Salesperson 
ORDERING INFORMATION(l) 

LCC,PGA Accuracy Temperature LCC,PGA Accuracy 
Model Inpol Package (%FSR) Throughput Range (OC) Model Inpol Package (% FSR) 

SDM862J l6SE L,H ±0.024 33kHz o to +70 SDM863j 8D1F L, H ±0.024 
SDM862K 16SE L,H ±0.012 33kHz Oto+70 SDM863K 8DIF L, H ±0.012 
SDM862A 16SE L,H ±0.024 33kHz -25 to +85 SDM863A 8DIF L,H ±0.024 
SDM862B 16SE L,H ±0.012 33kHz -2510 +65 SDM863B 8DIF L, H ±0.012 
SDM862R 16SE L,H ±0.024 33kHz -5510+125 SDM863R 8DIF L, H ±0.024 
SDM862S 16SE L,H ±0.012 33kHz -5510+125 SDM863S 8DIF L, H ±0.012 

SDM872J 16SE L,H ±0.024 50kHz o to +70 SDM873J 8DIF L,H ±0.024 
SDM872K 16SE L,H ±0.012 50kHz o to +70 SDM873K 8DIF L,H ±0.012 
SDM872A 16SE L,H ±0.024 50kHz -25 to +85 SDM873A 8DIF L,H ±0.024 
SDM872B 16SE L,H ±0.012 50kHz -2510+85 SDM873B 8DIF L,H ±0.012 
SDM872R 16SE L,H ±0.024 50kHz -5510+125 SDM873R 8DIF L,H ±O.024 
SDM872S 16SE L,H ±0.012 50kHz -5510+125 SDM873S 8DIF L,H ±0.012 

Temperature 
Throughpol RangeCOC) 

33kHz o to +70 
33kHz Oto+70 
33kHz -25 to +85 
33kHz -25 to +85 
33kHz -5510+125 
33kHz -5510+125 

50kHz o to +70 
50kHz 010 +70 
50kHz -25 to +85 
50kHz -25 to +85 
50kHz -5510+125 
50kHz -55 to +125 

NOTE: (I) 16 single-ended Inputs, LCC package, with accuracy of 0.24% FSR. Temp Range 01 O'C to +70'C and throughpul of 33kHz = SDM862JL. 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL DESCRIPTION NUMBER!') 

PC8621B63·1 LCC (Socketed) Evaluation PCB!') 907 
PC8621B63·2 PGA Evalualion PCB 906 

NOTE: (I) For delailed drawing and dimension table, please see end of data 
sheel,or Appendix C of Burr-Brown IC Data Book. (2) Sockel is MC0068-1. 
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PIN CONFIGURATIONS 

MUXA002 ®l MUX 

MUX AOOl I§Q] 
MUXAOOO ~ 

MUXENABLE ~ 
CHO 1£1 PIN 
CHl ~ GROUPING 

CH2 !§] BY 

CH3 ~ FUNCTION 

CH4 ~ 
CHS ~ 
CHS ffi] 
CH7 ~ ~ - - --

S/HIN ~ I--
NC ~ 

S/H OUT @ZI 2j 
HOLOCAP ~ 

I S/HOUT ~ 

TOP VIEW 

SDM863/SDM873 

BURR-BRDWNIID 

II INA IT] AMP OUT 

[I] AMP REF 

~ [i] +15V (1) 

[I] -15V (1) - --=-= m +SV(2) 

m STATUS 

[2] 011 

[!j 010 
, DOTTED [i] 09 

TOP VIEW 
LINE [!Q] 08 SDM862/SDM872 

,SHOWS 
SUPPLY [!j) 07 

, SEPARATION @I os 
@I 05 

~ 04 

[)] 03 

~ 02 
AID @I 01 

MUX A002 ®l IT] AMP OUT 

MUX AOOl @ [I] AMP REF 

MUXAOOO ~ [i] +15V(l} 

MUX ENABLE ~ [I] -15V (1) 

CHO+ 1£1 m +5V (2) 

CH1+ @ m STATUS 

CH2+ !§] [2] 011 

CH3+ ~ [!j 010 

CH4+ ~ [i] 09 

CHS+ ~ [!Q] 08 

CHS+ ffi] [!j) 07 

CH7+ ~ c--- @I 06 

SiHIN ~ ~ @I 05 

~~ ~~ 
SiH OUT @ZI 2j I!§] 03 

HOLOCAP ~ I ~ 02 
~~~ W @I~ 

~~~----------------------~ 
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For Immediate Assistance, Contact Your Local Salesperson 
PIN DESIGNATION DEFINITION COMMENTS SDM8X2 = SDM862 ciR SDM872 

CHOtoCH15 Channel Inputs Analog Inputs (Total 16) for single·ended and differential operation. Unused 
CHO to CH7 (+, -) inputs must be connected to analog common. 
(PINS 40 to 47, 54 to 61) 

MUX OUT +/AMP IN+ MULTIPLEXER "HI" OUTPUT On the SDM8X2 this Is the multiplexer output. On the SDM8X3 It is the 
output of the positive selected inputs. It is connected internally to the 

(PIN 65) positive input of the instrumentation amplifier. 

MUXOUT (Pin 67) MULTIPLEXER "LO" OUTPUT This pin Is used on the SDM8X3 only. It should be connected to the negative 
·input of the instrumentation amplifier. 

AMP IN (Pin 66) Negative Input of instrumentation On the SDM8X2 this should be connected to analog common. On the 
amplifier SOM8X3 ij should be connected to Muxout-(Pin 67). 

AMP OUT (Pin 1) Output of instrumentation amplifier This pin should be connected to the input of the S/H amplifier (Pin 39). 

AMP SENSE (Pin 68) Output sense line of instrumentation This pin will normally be connected direct to AMP OUT (Pin 1). 
amplifier 

AMP REF (Pin 2) Reference for amplifier output This pin will normally be connected to analog common. Care should be 
taken to minimize tracking and contact resistance to analog common to 
optimize system accuracy. 

S/H OUT (Pins 35137) Output of samplelhold ampfifier Two pins are provided to facilitate a guard ring around the hold capaCitor 
pin. These pins should be connected to eMer AOC in (20V) or ADC in (10V) 
depending on the desired range. 

HOLD CAP (Pin 36) Connection for hold capaCitor on The tracking to the hold capacitor should be as short as possible and a 
SIH amplifier guard ring employed using Pins 35 and 37. 

AOC IN (20V); AOC IN (10V) Inputs to AID converter Connect to s/H amplifier output. Use appropriate pin for desired range. 
(Pins 21 , 22) 

RG,Gl0,Gl00 Gain settling pins on instrumentation For Gain = I, no connections. For Gain = 10, connect Gl0 to.RG. 
(Pins 62, 63, 64) amplifier For Gain = 100, connect Gl00 to RG. 

REF OUT (PIN 26) 10V Reference voltage This is the reference voltage for the AID converter. 

REF IN, BIP OFF Reference input and offset Input to Connect trim potentiometers (or select-on·test resistors) to these pins for 
(Pins 24, 23) AID converter unipolar or bipolar operation as shown in Figures 12, 13. 

S/H IN (Pin 39) Input to samplelhold amplifier Connect to amp out (Pin 1). 

MUX ENABLE (Pin 48) MUltiplex enable/disable logic '1' on this pin will enable a selected channel on the Internal 
multiplexer. Logic '0' de·selects all channels. 

MUX AODO to MUX A003 Address inputs for channel selection These address lines select a particular channel as specHied in Figure 24. 
(Pins 49 to 52) 

S/H CONT (Pin 33) TracklHold control on s/H amplifier Logic '1' holds an analog value for conversion by the AID converter. This line 
may be controlled by the status (Pin 6) of the converter to simplify external 
timing control. 

s/H COM (Pin 34) Reference for S/H logic control Connect to digijal common. 

DO to 011 (Pins 7 to 18) 3·state digital outputs The 12· or 8·bit result of a conversion is available as output on these pins 
(OO·LSB,OII·MSB). 

STATUS (Pin 6) Status of AID conversion This output is at logic '1' while the internal AID converter is carrying out a 
conversion. This pin may be used to directly control the s/H amplifier. 

CE (Pin 28) Chip enable This Input must be at logic '1' to either Initiate a conversion or read output 
data (see Figures to, 17, 18, 19,20). 

CS(Pin31) Chip select This input must be at logic '0' to either inmate a conversion or read output 
data (see Figures 10,17,18,19,20). 

RIC (Pin 29) Read/convert Data can be read when this pin is logiC '1' or a conversion can be initiated 
when this pin is logic '0'. This pin is typically connected to the RiW control 
line of a microprocessor·based system (see Figures 10, 17, 18,19,20). 

DATA MODE (Pin 30) Select 12· or 8-Bit Data When data mode is at logic '1' all 12 output data bits are enabled 
simultaneously. When data mode Is at logic '0' MSBs and LSBs are 
controlled by byte select (Pin 32). 

BYTE SELECT (Pin 32) Byte address, short cycle When reading output data, byte select at logic '0' enables the 8 MSBs. Byte 
select at logic '1' enables the 4 LSBs. The 4 LSBs can therefore be connected 
to four of the MSB lines for Inter·connection to an 8-blt bus. In start convert 
mode, logic '0' enables a 12·bit conversion while logic 'I' will short cycle the 
conversion to 8 bits (see Figure 10). 

+15V(I), +15V(2)(Pins 3, 27) Power Supply Connect to + 15V supply using decoupling as indicated in Figures 15, 16. 

-15V(I),-15V(2)(Plns 4, 20) Power Supply Connect to -15V supply using decoupling as indicated in Figures IS, 16. 

ACOM(2) (Pin 25) Analog Common Analog common connection. Note that a common (including digital 
common) should be connected together at one point close to the device. 

DCOM (1) (Pin 53) Reference for MUX logic control.· .. Connect to digijal common. 

+5V(Pin 5) Logic power supply Connect to +5V digital supply line with decoupling as in Figures IS, 16. 

OCOM(2) (Pin 19) Reference for AID converter control Connect to S/H common at one point close to device. 
lines 

NC (Pin 38) No Internal connection 

BURR R BROWNe 
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SYSTEM DESCRIPTION 
The SOM comprises four circuit elements-an input-pro
tected multiplexer, an instrumentation amplifier, a sample/ 
hold amplifier, and an analog-to-digital converter. 

INSTALLATION 
MULTIPLEXER 

The SOM family has a choice of input multiplexers (MUX). 

SOM862 and SOM872: 16 single-ended inputs 
SOM863 and SOM873: 8 differential inputs 

On all models, the analog inputs may be expanded using the 
enable control. See Figure 1. When the enable is at a logic 
"0," the internal MUX is disabled,· allowing additional 
multiplexers to be connected in parallel. The limiting factor 
for the number of additional multiplexers is the cumulative 
effect of leakage current flowing in the signal source imped
ance, causing offset errors. 

Differential inputs will generally eliminate the noise associ
ated with common system grounds, but care must be taken 

-
MUX 

Extern 
Out 
AD AD 

E A1 A1 
8 A2 A2 
6 tii A3 A3 

~ 
A4 

SDM8X2 53 4950 5152 4865 166 

- L[3> MUX 
Intern 

Out 

E 
AD 

0 A1 -
~z A2-

~ 

MUX 
Extern 

+Out 
-Out 

E AD AO 
0 A1 A1 ~z ow A2 A2 

-.JI ...., A3 

" 
SDM8X3 53 495051 48 65 ';i66 

- L[3> MUX 
Intern 

+Out 
-Out 

E AD 
0 () z A1-

~-

FIGURE 1. External Multiplexer Connections for Differen
tial and Single-Ended Operation. 

BURR-BROWN<!I 

to ensure that neither of the differential inputs exceed the 
maximum input range. Otherwise, signal distortion will 
result. A return path for the input bias currents must always 
be provided. This prevents the charging of stray capaci
tances in applications using floating sources, such as trans
formers and thermocouples. Multiplexer inputs are protected 
from overvoltage, as indicated in the electrical specifica
tions, and should be current limited to 20mA. 

Where high-speed operation is required and channels require 
rapid sampling, then it is important to buffer the inputs 
against the effect of current sharing between the 
output capacitance and the input filter capacitance. 
Figure 2. 

MUX 

.IC, 

.IC, 

FIGURE 2. Filter and MUX Capacitance. 

All data acquisition systems using a MUX require consider
ation of the errors that may be introduced by MUX output 
capacitance: The applications information explains this more 
fully in the input filtering section. 

Shown in Figure 3 is an application that demonstrates the 
flexibility of signal conditioning and gives the opportunity 
to use a higher bandwidth filter. Diodes shown are low 
leakage types (lna). The low output impedance of the 
amplifiers reduces the time taken to charge MUX capaci
tance CM• 

INSTRUMENT AMPLIFIER 

The instrument amplifier (INA) presents a very high input 
impedance to the signal source, eliminating gain errors 
introduced by voltage divider action between the source 
output impedance and SOM input impedance. Where the 
differential models are used, the INA performs the differen
tial to single-ended conversion required to drive the sample/ 
hold amplifier. Gains may be set by uSing external jumpers, 
to values of 1 (no jumper), 10 and 100. For gains other than 
these presets, the following formula may be used to find an 
external resistor value to add in series with the G = 10 or G 
= 100 jumpers. 

40kil . Where Ri = 44440, G = 10 input. 
R = -- -Ri 

,,' G - I 4040, G = 100 input. 

It should be noted that the internal gain set resistors have a 
±20% tolerance and ±20ppmt'C drift. 
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MUX 

FIGURE 3. Example Application lllustrating Flexible Signal 
Conditioning. 

FIGURE 5. Increasing Output Amplifier Gain. 

Matching of Rl and R3 is required to maintain high 
common-mode rejection (CMR), R2 sets the gain and may 
be varied without effect on CMR. 

To ensure that the effects of temperature' are minimized 
when altering the gain with external components, it is very 
important to use low tempco resistors. When connecting the 
output sense, ensure that series resistance is minimized 
because resistance present will degrade CMR. 

., 
a 

SETTLING TIME vs GAIN 
(0,01%. 20V Step) 

10 ...--------,.---------, 

>-.,r'I\I\_~f"\I\--o Sense ~ 

:-- X10 

f X100 

Output 

REXT 

RG 

Ref 
+In 

FIGURE 4. Use External Gain Set Resistor. 

Where it is necessary to keep the input iunplifiers from 
saturating or increasing' the overall gain, then the gain of the 
output amplifier can be increased from unity by rising the 
circuit in Figure 5. 

The values of the resistors in Fignre 5 are in the following 
table. 

OIP GAIN R, and R. 0 R2 0 

2 1200 2740 
5 1000 511 

10 1500 340 

a;-
:s 
" ~ 
" " 0: .. .., 
! 
0 
E 
E 
0 

0 

;:: 5 ..... =-------1---------1 
g> 

J 

o '-______ ..1-______ -' 

120 

100 

80 

60 

40 

20 

0 
1 10 

10 

Gain (VN) 

CMR vs FREQUENCY 

100 1k 10k 

Frequency (Hz) 

100 

lOOk 1M 

FIGURE 6. Typical INA Settling Time and CMR. 
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Some applications may require programmable gains. This 
may be realized with Figure 7. 

r--------o~b8~'os 
,-------01·10-100 

SDM8X3 

FIGURE 7. Setting Programmable Gains. 

SAMPLE/HOLD AMPLIFIER 

The Sample/Hold amplifier (S/H) is used to track the incom
ing signal and "hold" the required instantaneous value so 
that it does not change while the ADC is carrying out its 
conversion. Timing for the S/H may be derived from the 
STATUS output of the ADC, with care being taken to 
comply with the SDM timing considerations. 

Capacitors with high insulation resistance and low dielectric 
absorption such as Tefion™, polystyrene or polypropylene 
should be used as storage elements. (Polystyrene should not 
be used above +80°C.) Tefion™ is recommended for high 
temperature operation. Care should be taken in the printed 
circuit layout to minimize stray capacitance and leakage 
currents from the capacitor to minimize charge offset and 
droop errors. The use of a guard ring driven by the S/H 
output around the pin connecting to the hold capacitor is 
recommended. (Refer to the application board layout for an 
example of this.) 

The value of the external hold capacitor determines the 
droop rate, charge offset and acquisition time of the S/H, 
Figure 8. Droop rate for the SDM is specified with a hold 
capacitor value of 470Opf. There is a trade-off between 

10 

9 

u;-
.a, 

" E 7 i= 
c: 
~ 
.!'l 

" ~ 
4 

3 
4 

ACQUISITION TIME vs HOLD CAPACITANCE 
For a 10V Step to ±1 OmV of Final Value 

/V 

lL" 
/ 

,/ 

L 
./ 

V 

---V 
6 8 10 12 14 

Hold Capacitance (nF) 

/ 

16 

FIGURE 8. Acquisition Time vs Hold Capacitance for a 10V 
Step Settling to ±1OmV of Final Value. 
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acquisition time and droop rate, as the hold capacitor is 
increased in value it takes longer to charge, and hence there 
is a corresponding increase in acquisition time and reduction 
in droop rate. The droop rate is determined by the amount of 
leakage present in the SDM, board leakage and the dielectric 
absorption of the hold capacitance. The hold capacitor is 
also a compensation element for the S/H and should not be 
reduced below 2nf for good stability. The offset error in 
sample mode is not affected by the hold capacitor. However, 
during the transition to hold mode there is approximately 
5pC of charge injected into the hold capacitor, causing an 
offset error that has been nulled for use with a 5nf 
capacitor. Any other value for the hold capacitor will 
a minor but fixed hold mode offset to be introduced, and 
proportional to the change in value from 5nf. Therefore, the 
SDM should be offset nulled with the S/H in hold mode. 

ANALOG-TO-DIGITAL CONVERTER 

This circuit element converts the analog voltage presented 
by the sample/hold amplifier to a digital number in binary 
format under control of the digital signals detailed in Figure 
9. The converter can convert unipolar and bipolar signals in 
the range 10V and 20V.1t can be calibrated to remove gain 
and offset errors from the entire system; The converter 
contains its own clock, voltage reference, and microproces
sor interface with 3-state outputs. The converter will nor-. 
mally be used to digitize signals to 12-bit resolution, but it 
can be short-cycled to provide 8-bit resolution at higher 
speed. The digital output is compatible with 8- or 16-bit data 
buses, the data format being selected by control signals as 
detailed in Figure 9. 

DATA BYTE 
CE cs Ric MODE SELECT OPERATION 

0 X X X X None 
X 1 X X X None 
0 0 0 X 0 Initiate 12~bit conversion 
0 0 0 X 1 Initiate a-bit conversion 
1 v 0 X 0 Initiate 12-bit conversion 
1 v 0 X 1 Initiate a-bit conversion 
1 0 v X 0 Initiate 12-bit conversion 
1 0 v X 1 Initiate a-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 zeros 

FIGURE 9. Control Input Truth Table . 

LINEARITY ERROR 

Linearity error is defined as the deviation of actual code 
transition values from the ideal transition values. Ideal 
transition values lie on a line drawn through zero (or minus 
full scale for bipolar operation) and plus full scale. The zero 
value is located at an analog input value I/2LSB before the 
first code transition (OO~ to OOIH)' The full-scale value is 
located at an analog value 3/2LSB beyond the last code 
transition (FFEH to FFFH) (see Figure). Thus, with the SDM 
connected for bipolar operation and with a full-scale range 
(or span) of20V (±1OV), the zero value of -1OV is 2.44mV 
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Forlmmediate Assistance, Contact Your Local Salesperson 
below the fIrst code transition (OOOH to 00IH at -9.99756V) 
and the plus full-scale value of + lOY is 7.32m V above the 
last code transition (FFEH to FFFH at +9.99268) (see Figure 
13). 

NO MISSING CODES 
(DIFFERENTIAL LINEARITY ERROR) 

A specifIcation which guarantees no missing codes requires 
that every code combination 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 fmite width. If an input quantum has a value of zero 
(a differential linearity error of -ILSB), a missing code will 
occur. 

The SDM is guaranteed to have no missing codes to 12-bit 
resolution over it's respective specifIcation temperature 
ranges. 

UNiPoLAR OFFSET ERROR 

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

BIPOLAR OFFSET ERROR 

AID converter specifIcations have historically defmed bipo
lar offset as the fIrst transition value above the minus full-

scale value. The SDM specifIcation, however, follows the 
terminology defmed 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 7FFH to 800H. 

Bipolar offset error for the SDM is defIned as the deviation 
of the actual transition value from the ideal transition value 
located I/2LSB below OV. The bipolar offset temperature 
coeffIcient specifIes the maximum change of the code tran
sition value versus a change in ambient temperature. 

FULL SCALE CALIBRATION ERROR 

The last output code transition (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. 

OPERATING INSTRUCTIONS 
OPERATING MODES 

The SDM can operate in one of two modes, namely serial 
and overlap, as shown in Figure 10. In serial mode, control 
of the device is such that a multiplexer channel X.is fIrst 
selected, time is then allowed for the instrumentation ampli
fIer to settle, the sample/hold amplifIer is set to HOLD mode 
and fInally a conversion is carried out. This procedure is 
then repeated for channel Y. Faster throughput can be 
obtained using overlap mode. While a conversion is being 

SERIAL MODE 

.... 1·-------- Signal Acquls~ion ------.... 1·--- Conversion ----.J ' 
MUX Instrumentation Sample! NO Data MUX 

Selection Amp Hold Conversion Valid Selection 
(X) Settling Acquis~ion M 

Time 

OVERLAP MODE 

MUX Instrumentation Sample! MUX Instrumentation Sample! MUX 
Selection Amp Hold Selection Amp Hold Selection 

(X) Settling Acquisition (Y) Settling Acquisition (Z) 

Signal Ac~uisltion . Signal Acquisition 1= Conversion --::1 
NO NO 

Conversion on Data Valid Conversion on 
Channel (X) Channel (y) 

Tim:::e=--__________ _ 

FIGURE 10. Serial and Overlap Modes of Operation. 
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carried out by the ADC on a voltage from channel X held on 
the sample/hold, channel Y is selected and the multiplexer 
and instrumentation amplifier allowed to settle. In this way, 
the total throughput time is limited only by the sum of the 
sample/hold acquisition time and the ADC conversion time. 

CALIBRATION - UNIPOLAR 

If adjustment of unipolar offset and gain are not required, 
then the gain set potentiometer in Figure 11 (Unipolar 
operation) may be replaced with a 50n, I % metal film 
resistor, and the offset network replaced with a connection 
from pin 23 to ground. 

22 

20V 10V 
Span Span 
~ 

Inpu1S 

SOM 

23 

160n 

FIGURE 11. Unipolar Calibration. 

CALIBRATION· BIPOLAR 

24 

loon 
(Gain) 

IOOkn 

+15V 

IOOkn 
(Offset) 

-15V 

If adjustment of bipolar offset and gain are not required then 
the gain set and offset potentiometers in Figure 12 (Bipolar 
operation) may both be replaced with 50n, 1 % metal film 
resistors. 

22 

20V 10V 
Span Span 
~ 

Inpu1S 

loon 
(Gain) 

SOM 

23 

'/ 
/ 

FIGURE 12. Bipolar Calibration. 

24 

Vr,loon 
I (Offset) 

CALIBRATION· GENERAL 

The input voltage ranges of the ADC are O-IOV, ±5V and 
±IOV. Calibration in all ranges is achieved by adjusting the 
offset and gain potentiometers (indicated in Figures 11 and 
12) such that the 000 to 001 code transition takes place at 
+ l/2LSB from full-scale negative (-FS) and the FFE to FFF 
transition takes place at -3/2LSB from full-scale positive 
(+FS). The procedure is therefore to select the required range 
from Figure 13, apply the specified (-FS+ 1/2LSB) voltage 

~ ..... 
~ 

~ 
CO 
CO 
::E c 

to any selected input channel and adjust the offset potenti- en 
ometer for the 000 to 001 transition. The (+FS-3/2LSB) 
voltage should then be applied to the same channel and the" 
gain potentiometer adjusted for the FFE to FFF transition." 
The offset should always be made before the gain adjustment. 

FULL·SCALE 000 TO 001 FFETO FFF 
RANGE TRANSITION VOLT. TRANsmON VOLT. 

Q-IOV +0.0012V +9.9963V 
±5V -4.99BBV +4.9963V 

±IOV -9.9976V +9.9927V 

FIGURE 13. Code Transition Ranges. 
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FIGURE 14. SDM Transfer Characteristic Terminology. 

GROUNDING, DECOUPLING 
AND LAYOUT CONSIDERATIONS 

It should be noted that the multiplexer/instrumentation am
plifier section and sample/hold plus ADC section of the 
SDM have separate power connections. This is to enable 
more flexible grounding techniques to be implemented, 
Figures 15, 16. It also facilitates the use of independent 
decoupling of the analog front-end power supply, and the 
ADC plus associated digital circuitry power supply if de
sired. In this way, a separately decoupled analog front-end 
can be made to be substantially more immune to power 
supply noise generated by the ADC circuitry than if the 
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power supplies to the two sections were directly connected. 
This feature is important where low-level signals are in use 
or high input signal noise immunity is desired. 

The output section has three grounds: 

Pin 25 Analog Common, AID Converter 
Pin 34 StH Amp Digital Input Reference 
Pin 19 Digital Common, AID Converter 

The input section has one ground: 

Pin 53 Common for digital MUX-inputs and power 
supply decoupling. 

All grounds have to be interconnected externally to the 
SDM, and it is recommended that all gronnds are connected 

S 
CD 

"C 

" w 
cb 
c, 

~ 
';; 

~ -::! 
" 0 
Cl 0 >, > iii c + 

66 53 4 3 

;; 
a: .. 
" ~ 
0 

12 
100~H 

II 
II 
II 
II 
II 
II 
II 
II 

Signal.Rt-

Jf'~" -

NOTE: (I) 10~Ftanlalum in parallel wilh 100nF ceramic. 

FIGURE 15. Recommended Decoupling of Power Supplies. 

I12S0M 

via one track to a single point as close as possible to the 
SDM. To check that the grounding structure is correct, the 
ground tracking should be sketched and a grounding "tree" 
should result whereby all grounds route to a central point. 

In general, layout should be such that analog and digital 
tracks are separated as much as possible with coupling 
between analog and digital lines minimized by careful lay
out. For instance, if the lines must cross they should do so 
at right angles to each other. Parallel analog and digital lines 
should be separated from each other by a pattern connected 
to common. 

c g g z 
Cl ::! ::! 
0 0 8 > G; G; :x: 0 '" rn « c '+ 'j" + 

34 25 19 27 20 5 
+5V 

-15V 

+15V 

ii')] I') 
/ 1 -+ 

1I2S0M 

-v 0 +V -v 0 +V 0 +5V 
4 53 3 20 25 27 19 5 

~-r::~::~IO~O~~H~::~~~l:~::'~O~O~~H~~~~~ 

MUX·Address 

5V 
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, 

, , , , 

I 
I 
I 

PW':'305 

'//"'" 

t---O+5V 

~~------------------~+5V 

!==:!:=================MUX-Addres,; 

4 Oplo·Couplers 

FIGURE 16. Galvanic Isolation Between Analog and Digital Signals. 
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FIGURE 19a. SDM on the Z80 Interface. 
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CONTROLLING THE SOM 
The Burr-Brown SDM family can be easily interfaced to 
most microprocessor systems, as shown in Figures 17-20. 
The microprocessor may control each conversion, or the 
converter may operate in a stand-alone mode controlled only 
by the Ric input. 

STAND-ALONE OPERATION 

The stand-alone mode is used in systems containing dedi
cated input ports which do not require full bus interface 
capability. 

Control of the converter is accomplished by a single control 
line connected to Ric. In this mode CS and BYTE SELECT 
are connected to LOW and CE and DATA MODE are 
connected to HIGH. The output data are presented as 12-bit 
words. 

Conversion is initiated by a High-to-Low transition of TY.:c. 
The three-state data output buffers are enabled when RIC 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 each case the Ric pulse must 
remain low for a minimum of SOns. 

Figure 21 illustrates timing when conversion is initiated by 
an Ric 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 
Ric and are enabled for external access of the data after 
completion of the conversion. Figure 22 illustra~ the tim
ing when conversion is initiated by a positive RIC pulse. In 
this mode the output data from the previous conversion is 
enabled during the positive portion of RIC. A new conver
sion is started on the falling edge of RIc' and the three-state 
outputs return to the high impedance state until the next 
occurrence of a high RIC pulse. Table I lists timing specifi
cations for stand-alone operation. 

FULLY CONTROLLED OPERATION 

Conversion Length 

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

SYMBOL PARAMETER MIN TYP MAX UNITS 

,"RL Low RIC Pulse Width 50 ns 
10, STS Delay from BlC 200 ns 

,"DR Data Valid After RIC Low 25 ns 
,",S6X STS Delay After Data Valid 300 500 1000 ns 
tHSS?X 100 300 600 ns 

tHRH High Ric Pulse Width 150 ns 

tOOR Data Access Time 150 ns 

TABLE 1. Stand-Alone Mode Timing. 

~tHRL""'I. 
-I;- -J-
---- tos -----.. 

-r-- --'-
Status ....--tc ---'" I~ 

DBll-DBO 
~ltHDR High·Z State 

I ...... tHs 

Data Valid ).,.--~-----<<:: Data Valid 

FIGURE 21. RIC Pulse Low-Outputs Enabled After Con
version. 

Rlc--..:.:i ~ --' I;-
tHRH - ~tos~ 

-,r-- -
~ Status -te . 

tOCR::'Z1 ~I tHOR 
DBll-~ High·Z State 

DBa 

FIGURE 22. RiC Pulse High-Outputs Enabled Only Where 
RIC is High. 

Conversion Start 

A conversion is initiated by a transition on any of three logic 
inputs (CE, CS, and RlC}-refer to Figure 9. The last of the 
three to reach the required state start the conversion and thus 
all three may be dynamically controlled. If necessary, they 
may change state simultaneously, and the nominal delay 
time is independent of which input actually starts the con
version. If it is desired that a particular input establish the 
actual start of conversion, the other two should be stable a 
minimum of SOns prior to the transition of that input. Timing 
relationships for start of conversion timing are illustrated in 
Conversion Cycle Timing of the Digital Specifications. 

Word 1 .-_,..._....,..W_Ord_2.,_-. __ ,-_,-_-,-_, 

Processor I DB? 1 DB6 1 DB5 1 DB4 1 DB3 1 DB2 1 DB11 DBO 1 1 DB7 1 DB6 1 DB5 .1 DB4 1 DB3 1 DB2 1 DBl 1 DBa 1 

SDM I DBll I DB10 I DB9 I DBS I DB? I DB6 I DB5 1 DB4 1 I DB3 I DB2 I DBl lOBO I a I a 1 0 I a I 
FIGURE 23. 12-Bit Data Format for 8-Bit Systems (connected as Figures 18 and 19). 

BURR~BROWN!!I 

11511511 Burr-Brown Ie Data Book-Mixed Signal Products 2.461 

~ 
Z 
W 
Z o 
Q. 
:a= o 
o 
z o 
i= 
en -~ 
o 
o 
<C 
i:!; 
<C 
C 

en a:: 
w 
t: 
w 
> z o 
o 

~ 



For Immediate Assistance, Contact Your Local Salesperson 
The STATUS output indicates the state of the converter by 
being high only during a conversion. During this time the 
three-state output buffers remain in a high-impedance state, 
and therefore, data is not valid. During this period additional, 
transitions of the three control inputs will be ignored, so that 
conversion cannot be prematurely terminated or restarted. 
However, if BYTE SELECT changes state after the begin
ning of conversion, any additional start conversion transition 
will latch the new state of BYTE SELECT, possibly result
ing in an incorrect conversion length (8 bit versus 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 conditions 
are met: RiC high, STATUS low, CE high, and CS low. In 
this condition the data lines are enabled according to the 
state of the inputs DATA MODE and BYTE SELECT. See 
Read Cycle Timing for timing relationships and specifica
tion. 

In most applications the DATA MODE input will be 
hardwired in either the high or low condition, although it is 
fully TTL- and CMOS-compatible and may be actively 
driven if desired. When DATA MODE is high, all 12 
outputs lines (DBO-DBll ) are enabled simultaneously for 
full data word transfer to a 12-bit or 16-bit bus and the state 
of the BYTE SELECT is ignored. 

When DATA MODE is low, the data is presented in the 
form of two 8-bit bytes, with selection of each byte by the 
state of BYTE SELECT during the read cycle. 

The BYTE SELECT 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. 

When BYTE SELECT is low, the byte addressed contains 
the 8MSBs. When BYTE SELECT is high, the byte ad
dressed contains the 4LSBs from the conversion followed by 
four zeros that have been forced by the control logic. The 
left-justified formats of the two 8-bit bytes are sh~wn in 
Figure 23. The design of the SDM guarantees that the BYTE 
SELECT input may be toggled at any time without damage 
to the output buffers occurring. 

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 
fastest possible access to the data, the read may be started as 
much as (tDD max + tHS max) before STATU~ goes low. 
Refer to Read Cycle Timing for these timing relationships. 

APPLICATIONS INFORMATION 
ASSEMBLY OF SURFACE MOUNT PACKAGES 

There are several assembly methods for the LCC versions of 
the SDM8XX. The associated advantages and disadvantages 
of three methods are outlined below. 

1. DIRECT SURFACE MOUNT ONTO PCB 
ADVANTAGES DISADVANTAGES 

Ease of assembly Dmicult to inspect solder joints 
Low cost Difficult to clean 
Low weight Choice of board material important in 
Small footprint size wide temperature range applications 

In wide temperature applications it is important to match the 
coefficients of thermal expansion of the board and the 
SDM8XXL. Below is a list of materials and their approxi
mate coefficients of linear thermal expansion. 

MATERIAL (ppmFC) 

Alumina (96%) - SDM Package 6-7 
Copper-clad-Invar (50% Cu) 9 

(30% Cu) 6 
(10% Cu) 3 

Epoxy-Kevlar (60% Kevlar) 6 
Polyimide-Kevlar (40% Kevlar) 6 
Beryllia 5 
Polyimlde-glass (x·axis) 12 

(y-axis) 14 

Kevlar™ E.I. du Pont de Nemours & Co. 

2. ATTACHMENT OF . 
SURFACE MOUNT EDGE CLIPS 
ADVANTAGES DISADVANTAGES 

Ease of Inspection Extra cost 
Easy. cleaning Extra assembly 
Thermal expansion taken up by 
the flexing of the edge clips 

ASSEMBLY 

The edge clips are attached to the edges of the SDM8XXL 
as in Figure 24 before the device is mounted on to the board. 

SDM 

FIGURE 24. Edge Clip Assembly. 

SUPPLIERS OF EDGE CLIPS 
USA USA 

DIE-TECH INC" NAS Electronics, . 
RD, 1, Sipe Road, 381 Park St, 
York Haven, Hackensack, 
PA 17370 USA NJ 07602 USA 
PHONE: (717) 938-6771 PHONE: (201) 343-3156 

EUROPE EUROPE 

SEMI~DICE (UK)' Lid, NASBRIT Ltd, . 
Buckingham House, Wester Goudi Ind. Est 
Mineral Lane,. Dundee 002 4UX 
Chesharn, ·UK 
Bucks. HP5 2AU UK PHONE: 0382 622222 
PHONE: 0494 771275 
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3. SURFACE MOUNT SOCKET 

ADVANTAGES DISADVANTAGES 

Board thermal expansion Cost 
not so critical Extra height (if critical) 
Ease 01 component 
replacement 

Below is the name and address of a supplier of a 58-pin surface mountable 
socket. 

The part number is: Socket 212-068-012 

Spring cover CCS-004 

USA EUROPE 

Methode Electronics INC, Lucas Methode Connectors Ltd, 
Interconnect Products Div. Halifax Road 
1700 Hick Road, Ingrow Bridge, 
Rolling Meadows, TX 75050 Keighley, Yorkshire BD21 5HR 
USA UK 
PHONE: (312) 392-3500 PHONE: 0535 603282 

General Comments 

The advantages and disadvantages of all the methods men
tioned above are for general use of surface mount compo
nents. Every user will find that the importance of these 
factors will depend on his application and situation. 

EVALUATION BOARD 

For the engineer who wishes to evaluate the SOM family, 
Burr-Brown has designed printed circuit boards on a single 
'Eurocard' (shown here for LCC only). These boards enable 
the design engineer to experiment with various accuracy 
improvement techniques which are described below. Special 
consideration has been given to the grounding and circuit 
layout techniques required when dealing with 12-bit analog 
signals. 

The printed circuit board has been designed so that the 
solutions to several of the problems likely to be encountered 
by the user can be examined. 

It should not be thought that every user is required to adopt 
all of the techniques used on the circuit board. In many 
applications very few external components will be required. 

SDM8621872 

MUX MUX MUX MUX MUX Channel 
ADD3 ADD2 ADD 1 ADDO Enable Selected 

X X X X L NONE 
L L L L H 0 
L L L H H 1 
L L H L H 2 
L L H H H 3 
L H L L H 4 
L H L H H 5 
L H H L H 6 
L H H H H 7 
H L L L H 8 
H L L H H 9 
H L H L H 10 
H L H H H 11 
H H L L H 12 
H H L H H 13 
H H H L H 14 
H H H H H 15 

FIGURE 25. Channel Select Truth Table. 

BURR~aROWNi8I 

However, in following the application guidelines illustrated 
by the circuitry and accompanying notes, the designer will 
be able to selec~ and adapt the solutions most suited to their 
won particular application or problem area. 

Provisions for the following are made on the LCC PC board: 

-68 pin LCC socket (Burr-Brown Part No. MC0068). 
-8 differential or 16 single-ended inputs. 
-Input filtering with overvoltage protection for each chan-

nel. 
-Socket for quad O-type flip-flop 74175 (MUX address 

latches). 
-7 additional I.C. sockets for easy interfacing to 

BUS systems (connection by wire wrap techniques). 
-2 voltage regulators (15V). 
-LC power supply decoupling. 

The layout pays particular attention to the requirements 
when operating with precision analog signals. This requires 
strict separation of the analog and digital areas. Analog and 
digital commons are totally separated and connected to
gether only at the commons of the supply voltage. All 
common lines are low resistance and low inductance. 

SUPPLY VOLTAGES 

In order to avoid coupling between the external supply 
voltage 15V supplies, 2 voltage regulators (78M15, 79Ll5) 
are provided on the PC board. The unregulated supply 
voltage may vary from ±17V to ±25V. 

The MUX/lNA section and SHC/AOC section of the SOM 
have separate supply lines which can be inductively 
decoupled. This is recommended in order to suppress the 
high frequency noise which comes from the AOC during 
conversion. 

The power supply rejection of the instrumentation amplifier 
reduces with increasing frequency. If high frequency noise 
on the supplies is not decoupled it will be injected into the 
signal path and cause errors. This effect can be particularly 
pronounced when using the 'overlap' mode since the instru-

SDM8631873 

Channel 
MUX MUX MUX MUX Pair 
ADD2 ADDI ADDO Enable Selected 

X X X L NONE 
L L L H 0 
L L H H 1 
L H L H 2 
L H H H 3 
H L L H 4 
H L H H 5 
H H L H 6 
H H H H 7 --

-
-
-
-
-
-
-

IElElI Burr-Brown Ie Data Book-Mixed Signal Products 2.463 

(J) 
I
Z 
W 
Z o a.. 
~ o 
o 
z o 
i= 
~ 
:::J 
a 
o 
<C 

~ 
<I: 
C 

en a:: 
w 
l
e:: 
W 
> 
Z o 
o 

~ 



For Immediate Assistance, Contact Your Local Salesperson 
mentation amplifier is settling to a new analog value while 
the ADC is still carrying out the previous conversion. 

The digital supply voltage is +5V and is also LC-filtered. 

All supply lines are bypassed with a lOlJF tantalum and a 
lOOnF ceramic capacitor situated as close as possible to the 
package. 

If the voltage regulators for the ±15V are not used, small 
inductors for decouplingof the supply voltages are recom
mended. If inductors are not fitted a dynamic ground loop 
will be created from supply lines via bypass capacitors to 
analog common. 

INPUT PROTECTION 

The multiplexer is protected up to an input voltage which 
can exceed the supply voltage by a maximum of 20V. This 
means, that with ±15V supply voltage, the input voltage can 
be ±35V without damage. This is also the case when the 
supply voltages are switched off (OV). The maximum input 
voltage can then be ±20V. For higher overvoltage protection 
a series resistor has to be used. The current via the multi
plexer should be limited to 20mA absolute maximum, lmA 
is preferred. For example, a lOill series resistor would give 
an additional lOV overprotection. 

For much higher overvoltages (e.g. lOOV), high value series 
resistors cannot be used as offset errors would result. In 
practice, a combination of series resistors and diodes is used. 
The diodes are connected to ±15V and will conduct when
ever the input voltage exceeds the ±15V supply voltage. The 
diodes are selected by signal source impedance, as well as 
filter resistance, as the diode leakage current across the 
series resistor can cause offset and linearity errors. In this 
circuit, IN4148 together with lOill are used. 

INPUT FILTER 

Processor noise can be induced in the analog grourid. Input 
filtering is therefore recommended for analog data acquisi
tion. Such high frequency noise signals can cause dynamic 
overload of the instrumentation amplifier resulting in non
linear behavior. This leads directly to digitizing errors. 

The design of the filter takes into account the characteristics 
of the SDM and of the signal source. 

The following points have to be considered: 

-The stray capacitance, output capacitance of the multi
plexer and input capacitance of the instrument amplifier 
(up to 80pf in some cases) has to be discharged in order 
to minimize errors caused by 'charge sharing.' 

-The series resistor limits the current in the protection 
diodes, but it also has to be selected for the required filter 
time constant. 

-The noise rejection of the filter has to be >8Odb in order 
to satisfy a 12-bit AID conversion. 

As well as considering the above, different calculations 
have to be carried out for single and differential input 
signals. 

FIGURE 26. 

Single-Ended Measurement 

R f limits the maximum input current through the protection 
diodes. In this case, Rr has been chosen as lOill and 
together with the capacitor Cg, forms the input filier time 
constant (Cg = 0.47lJF). The time constant must be chosen 
according to the requirements of the input signal bandwidth 
and noise rejection. The multiplexer capacitance (Cm) is 
discharged mainly by Cg• This means Cg has to be suffi
ciently large compared with Cm or charged via Rr prior to re
sampling of the signal. 

AnaIOg~cI'~~{;>INA 0 
AnalOg~n ' ···:T·· . + 

R, cg .. 

T 

FIGURE 27. 

Differential Measurement 

Capacitor Cr, is used for limiting the input signal frequency. 
The bandwidth is calculated as follows: 

1 
F, = 41t R,C, IF C,> > C. 

When selecting the value of Cr, it should be noted that Cm 

has to be discharged when switching the multiplexer chan
nels. This means that the voltage error of Cr (induced by 
'charge sharing' with Cm) has to be smaller than lLSB. 
Therefore, Cf should have a minimum value of a 0.47lJF. 
The resistors Rr, together with the source impedance, have to 
be sufficiently small in order to recharge Cr prior to signal 
sampling. This prevents errors in the signal value caused by 
the charge stored on Cm by the previously selected channel. 

The 2 capacitors Cg form together with Rr a common-mode 
filter. This filter greatly improves accuracy in a noisy envi
ronment (decrease of common-mode rejection of instrumen
tation amplifier with increasing frequency). 

For good common-mode filter operation, both time con
stants R f and Cg should match each other within 2%. Addi
tional errors will be induced by a mismatch. 

Selected values are: Cf = 0.47lJF, Cg = lOnF, Rf = lOill. The 
filter reduces the signal slew rate so that the instrumentation 
amplifier can follow the voltage variation of the signal with 
the noise component eliminated. 

In general, all measurements which require more than a gain 
of 10 should be done in differential mode. Single ended 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 
measurements should be limited to applications where cur
rent sources are measured via shunts or where signal volt
ages in the range of some volts are available. 

Bus-Interface 
As the outputs of the SDM are BUS compatible, only a few 
ICs are necessary to interface to various BUS systems. For 
such interfacing, 20-pin IC sockets are provided. Wiring is 
by wire wrap to the BUS connector. 

Setting of Various Modes 
Circuit Board positions are provided for the connection of 
'jumpers' as follows: 

n, J2-ADC analog input volt age settings. 
J3-Set for differential (SDM8X3) or single ended 
(SMD8X2) operation. 
J4-Instrumentation amplifier gain settings. 

(a) 16 input channels, single ended: 
-Use SDM8X2 
-Consider single-ended filtering 

-Connect J3 (pin 66) to common 

BURR· BROWNI!II 

(b) Differential inputs 

-Use SDM8X3 
-Consider differential filtering 
-Connect J3 (pin 66) to pin 67 

(c) Analog input 

±lOV 

±5V 

o to +lOV: 

Connect n to pin 21 
Connect J2 to pot P2 (lOOn.) 
Connect Jl to pin 22 
Connect J2 to pot P2 (lOOn.) 
Connect Jl to pin 22 
Connect J2 to junction of RtfR2 

(d) Gain of instrumentation amplifier 

G = 1 Jumper J4 open 
G = 10 Jumper J4 to pin 63 
G = 100 Jumper J4 to pin 64 

Other gains: use additional resistor between pin 62 and pin 
63 (see section on Instrumentation Amplifier) as low tempco 
resistor is recommended in order to minimize gain drift. 
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For Immediate Assistance, Contact Your Local Salesperson 
INPUT FILTER AND PROTECTION CIRCUITRY 

SINGLE-ENDED 

26-Pin Connector 

Channel 
Numbers 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

~ 

15 

19 

23 

11 

7 

3 

4 

10 

17 

21 

25 

13 

9 

5 

6 

12 

-

~~ +15V 

Iw 
10kO 

-f!:i . 
R4 

AA 
v~s 

-0f:y . 
R6 

A 
vM 

-JW R8 

A 
v~~ 

.AAA 
'1~1~ 

.AA, 
v~1~ 

.AA. 
'1~1~ 

.AA, 
v~1~ 

.AA. 
'1~1~ 

AA 
v~1~ 

.AA. 
'1~1~ 

.AAA 
'1~;~7 

.AA. 
'1~1~ 

-15V 
C, 

1 ~ C1 

01 02 

1 ~ C2 

03 04 

1 --L 

T 

c.l ~ 

1 ~ 

c.l ~ 

1 ~ 

c.l ~C6 
015016 

1 ~ 

1 T 

1 ~ 

I :i:= 

1 ~ 

I :i:= 

1 ~C15 

I T C16 

031032 

SOM Pins 

47 

0.47~F 

46 

45 

44 

43 

42 

41 

40 

54 

55 

56 

57 

58 

59 

60 

61 

Channel 
Nuinbers 

2 

4 

5 

6 

7 

DIFFERENTIAL 

26-Pin Connector 

14 

11 

7 

9 

3 

5 

4 

6 

47 

10nF 1% 

54 

46 

55 

45 

56 

44 

57 

43 

58 

42 

59 

41 

61 

Pins 1. 2, 8, 14, 16, 18, 20, 22, 24 and 26 ana Connected to Common Pins 1, 2, 8,14,16,18,20,22,24 and 26 are Connected to Common 
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§ 8 Lee Package 78 0 

o 0 C26 7417S ~ C34 0 

j I 0 0 0 ~ 0 0 0 0 0 oE oBoB ~ +V @) 
000 ~ ~~ 

I ~10 ~-& 0 000 0 ~C30 79 C33-=- V 
o G 0 INA. + 0 oB 0 
01000 MUX. 010 0 0 0 01 0 ~I oE 80B+~ -V @) 

o J4 J3 ~ ~ ;;;: ~ d c~lQld oB ~ 
RG SOM +~C29 C31 C32~V [5J[5J-

Pin Out For LtO [Qj+[Qj - @) 
LCC Socket I ICl +5V 

10000000000 
S/H S/H I d'cAfd'xf- Acf\d' A 
OUT IN 0 A_A:A A:A:AOA A AOA_A STO 

o 0 0AOU-O OD 0-0 0 0p?A 110 
o-cf\ 00 100 0000000000 
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a) C1S0--00 0 ~ 0 ~ 0 a 00 0 a 2 0 IC3 
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I I ?? I CSO-O ° 0 0 0 t 8S032 II~"'[] oJl OC37 

o 0 0 ° ° OM 0 30 UNI 10V 00 0 .. 
C23 R16 RICO 29 0 Rl 0 IiP3 0 0 0 Q 
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p.e.B. LAYOUT 

NOTE: NOT SUITABLE FOR PGA PACKAGE SEE PC862/863-2 
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NOTE: NOT SUITABLE FOR PGA PACKAGE SEE PC862/863-2 
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CIRCUIT DIAGRAM-SDM PC BOARD 

." "" ,~+! -------
, "', 

'" , 

f21 
N' 
"'I 
NJ 

"" "'I 
"" "" .... , 
"" l~ 
~o C\,d< 

~" ~g 
Ul!O 

L________ __ __ _ __ _ 

P.C.B. COMPONENTS PARTS LIST 

Rl 
R2 

100Q ! . 100kn For 0-1 OV Settling 
C26 10nF Ceramic P3 100kn D-l0V Range Only 

R3 ... R1B 
C1...CI6 

10kn 1% 
C27,C29,C35!10 FT I (0 r) L1 ... L3 100~H (Oecoupling) 
C32, C3B, C39 ~ anta urn ecoup Ing 01 ... 032 1 N414B (Input Protection Oiodes) 

CI7...C24 
C25 

0.47~F-Single Ended Input Mode 
10nF l'I~Oifferentiallnput Mode 
0.47~F-Oifferential Input Mode 
4.700pF (Polypropylene, Polystyrene or 
Teflon™) 

C2B, C30, C31!100 F C . (0 r) 033,034 lN4D07 
C36, C37, C40 n eramlc ecoup 109 7B MC7BM15CG 

C33, C34 0.33~F Tantalum 79 MC79L15CG 
PI 100Q 74175 74LS175 
P2 100Q±SV,±10V Range Only LCCSocket MCD06B 

UNLESS OTHERWISE MARKED-RESISTORS ARE 1I4W, 5%, CAPACITORS ARE 10% 

Teflon™ E.I. du Pont de Nemours & Co. 

BURR~BROWN\l!l 
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3 Digital-t.Analog Converters 

Burr-Brown offers a wide range of Digital-to
Analog (D/A) converters designed to meet critical 
requirements for industrial, audio and waveform
generation applications. 

Industrial instrumentation D/As with 12-, 16-, and 
18-bit resolutions are available in industry stan
dard pinouts. There are also new smaller size, 
lower-power D/As specified over the extended 
industrial temperature range, -40°C to +85°C. 
Dual and Quad D/As are also available in the 
product line. 

DAC714 is a new 16-bit monolithic D/A con
verter with internal reference and programmable 
output. Operating with ±12V supplies, DAC714 is 
capable of supporting 10MHz input data rates and 
serial data output for cascaded serial bus connec
tions.1t is available in 16-pin plastic 0.3" DIP and 
16-lead wide-body plastic SOIC packages. 

BURR-BROWNe 

DAC715 is a new monolithic 16-bit D/A con
verter with a high-speed 16-bit parallel double
buffered bus interface. It is ideal for industrial 
process control, robotics, and motion controllers. 

DAC716 is a complete monolithic D/A convertet 
that includes a +1 OV temperature compensateD 
voltage reference, current-to-voltage amplifier, 
high-speed synchronous serial interface, a serial en 
output which allows cascading multiple convert- a: 
ers, and an asynchronous clear function which ~ 
immediately sets the output voltage to zero. a: 
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Digital-to-Analog Converters 

Parallellnpul 
(Update Rate, max) 

12-BtT 
DAC600 (256MHz, ECl) 
DAC650 (500MHz, EGl) 
DAC667 (250kHz) 
DAC811 (250kHz) 
DAC80 (250kHz) 
DAC85 (250kHz) 
DAC813 (166kHz) 
DAC2813 (166kHz, Dual) 
DAC4813 (166kHz, Quad) 
DAC2815 (100kHz, Dual) 
DAC4815 (100kHz, Quad) 

16-BIT 
DAC701 (125kHz) 
DAC703 (125kHz) 
DAC707 (125kHz) 
DAC709 (125kHz) 
DAC725 (125kHz) 
DAC712 (100kHz) 
DAC715 (100kHz) 

18-81T 
OAC729 (125kHz) 

Seriallnpul 
(Update Rate, max) 

12-BIT 
OAC2814 (100kHz, 

MOAC, Dual) 
OAC4814 (100kHz, 

MDAC, Quad) 

16-BIT 
DAC56 
DAC725 
DAC709 
DAC714 
DAC714 
DAC716 

18-BIT 

(666kHz') 
(125kHz) 
(125kHz) 
(100kHz) 
(100kHz) 
(100kHz) 

OSP201 (500kHz) 
DSP202 (500kHz, Dual) 

D/A CONVERTERS 

8-BIT 
DAC7528 (5MHz, MDAC) 

12-BIT 
DAC7800 (1.25MHz, MDAC) 
DAC7801 (1.25MHz, MDAC) 
DAC7802 (1.25MHz, MDAC) 
DAC7541 (1 MHz, MDAC) 
DAC8043 (1 MHz, MDAC) 
DAC7545 (500kHz, MOAC) 

16-BIT 
DAC700 (1 MHz) 
DAC702 (1 MHz) 
DAC708 (1 MHz) 

12-BIT 
DAC600 (256M Hz, ECl) 
DAC650 (500MHz, ECl) 

• DENOTES TYPICAL 

BOLD DENOTES NEW PRODUCT 

BOLD, ITALIC DENOTES PRODUCT IN DEVELOPMENT 

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

~ .... 
S
:3 
CtI 

~ 
Cit 
::a.. 
~ 
0;;" 
Eir 

~ 
~ 
~ 

Eir 
~ 
~ 
S; 
r--

~ -~ 
ct; 
~ 
CtI 
~ 
15 
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zDAC80 
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DAC667 
DAC700 
DAC701 
DAC702 
DAC703 
DAC707 

DAC708 
DAC709 
DAC712 
DAC714 
DAC715 
DAC716 
DAC729 
DAC725 
DAC811 
DAC813 
DAC1600 
DAC2813 
DAC2814 
DAC2815 
DAC4813 
DAC4814 
DAC4815 
DAC7528 
DAC7541A 
DAC7545 
DAC7800 
DAC7801 
DAC7802 
DACS043 

Resolution 
(Bits) 

16 
12 
12 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
18 
16 
12 
12 
16 
12 
12 
12 
12 
12 
12 
8 
12 
12 
12 
12 
12 
12 

Settling 
Linearity Time Output 
Error (%FSR) (j.IS) Range 

±0.012 1.5" ±3V 
±0.012 0.3,3" ±lmA, -2mA; +5\1, + 10V, ±5\1, ±10V 
±0.006 4 ±2.5V, ±5V, ±10V, +5V, +10V 
±0.OO15 1 -2mA 

±0.0015 8 +10V 
±0.0015 ±lmA 
±0.OO15 8 ±10V 
±0.OO3 8 ±10V 
±0.003 ±lmA,-2mA 
±0.003 8 ±5V, ±10V, + 10V 
±0.003 12 ±10V 
±0.003 10 ±10V 
±O.003 10 Oto 10V 
:to.003 10 Oto 10V 
±0.00075 5 ±1 rnA, -2mA; +5V, + 1 OV, ±5V, ±1 OV 
±0.OO3 8 ±10V 
±0.006 4 ±5V, ±10V, +10V 
±0.006 4 ±5V, ±10V, +10V 
±0.003 S" ±10V 
±0.006 6 ±10, Oto 10 
±0.012 10 +Vs -l.4V (max), -Vs +1.4V (min) 
±0.012 10 +Vs -l.4V (max), -Vs +l.4V (min) 
±O.012 6 ±10V 
±0.012 10 +Vs -1.4V (max), -Vs +l.4V (min) 
±0.012 10 +Vs -l.4V (max), -Vs +l.4V (min) 
±0.012 0.18 OtolmA 
±0.012 1 OtolmA 
±0.012 2 OtolmA 
±0.012 0.8 OtolmA 
±0.012 0.8 OtolmA 
±O.012 0.8 OtolmA 
±0.012 0.25" OtolmA 

GENERAL PURPOSE 
Description 

Serial Input, Flexible Bus Interface 
Industry Standard, General Purpose, Flexible Bus Interface 
Industry Standard Pinout, Flexible Bus Interface 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
16-Bit Parallel, Bus Interface 
Serial/8-bit Parallel, Bus Interface 
Serial/8-bit Parallel, Bus Interface 
16-Bit Parallel, Bus Interface 
Serial Interface, Bus Interface 
Parallel, Double Buffered 
Serial, Low Noise Reference 
Very High Resolution 
Dual, Serial/8-bit Parallel, Bus Interface 
Flexible Bus Interface 
Small, Low Cost, Flexible Bus Interface 
Lowest Cost 
Dual, 12-bit Port, Flexible Bus Interface 
Dual, Multiplying Serial Port, Flexible Bus Interface 
Dual Multiplying 8-bit Port, Flexible Bus Interface 
QUAD, 12-bit Port, Flexible Bus Interface 
QUAD, Multiplying Serial Port, Flexible Bus Interface 
QUAD, Multiplying 8-bit Port, Flexible Bus Interface 
Dual Multiplying DAC, Flexible Bus Interface 
Industry Standard, Bus Interface 
Industry Standard w/Latch, Bus Interface 
Octal, Serial Interface, with Bus Interface 
8-bit Port Interface, with Bus Interface 
12-bit Port Interface, with Bus Interface 
Single w/Bus, with Bus Interface 

" DENOTES TYPICAL 

BOLD DENOTES NEW PRODUCT 

BOLD, ITALIC DENOTES PRODUCT IN DEVELOPMENT 

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

DSP201 
DSP202 

Product 

DAC600 
DAC650 

Resolution 
(Bits) 

12 
12 

Linearity 
Resolution Error 
(Bits) (%FSR) 

18 ±O.OO6 
18 ±O.OO6 

Max 
Update SFDR, fo = 1MHz 
Rate (VOUT = FS) 

256M Hz -74dS SFDR 
500MHz -70dS SFDR 

Settling 
Time(~) 

NS 
NS 

Output 
Range 

-1V,-20mA 
±1V,±20mA 

Output 
Range (V) 

±3 
±3 

Input 
Format 

Parallel 
Parallel 

Power 
Supply 
(V) 

-5.2 
±15,±5 

DIGITAL SIGNAL PROCESSING 

Comments 

DSP-Compatible Digital Interface, Single 
DSP-Compatible Digital Interface, Dual 

Package 

68 PLCC 
68 LEAD 

• DENOTES TYPICAL 

HIGH SPEED 
Max Power 
Dissipation 
(mW) 

1.3W 
2.0W 

BOLD DENOTES NEW PRODUCT 

BOLO, ITALIC DENOTES PRODUCT IN DEVELOPMENT 

Some specifications have been estimated for comparison 
purposes. Refer to data sheets for guaranteed specifications. 
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BURR - BROWN® 

IElElI DAC56 

Monolithic 16-Bit Resolution 
DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• COMPLETE D/A CONVERTER: 

Internal Voltage Reference 
±3V Output Operational Amplifier 

Pinout Allows lOUT (±1.0mA) Option 
No external components required 

.0.012% LINEARITY ERROR MAX 

• 12-BIT MONOTONICITY GUARANTEED 
OVER O°C TO +70°C 

• ±5V TO ±12V POWER SUPPLY 

• SETTLING TIME: VOUT = 1.51J.S; 
loUT = 350ns 

• SERIAL DATA INPUT: Binary Two's 
Complement 

• 16-PIN PLASTIC DIP AND SOIC 

DESCRIPTION 
The DAC56 is a complete l6-bit monolithic D/A 
converter. Completely self-contained with a stable, 
low noise, internal zener voltage reference; high-speed 
current switches; a resistor ladder network; and a low 
noise output operational amplifier all on a single 
monolithic chip. The DAC56 operates over a wide 
power supply range from ±5V to ±12V. 

Differential linearity error (DLE) is guaranteed to 
meet specifications without external adjustment. How
ever, provisions for an externally adjustable circuit 
controlling the MSB error, the differential linearity 
error at bipolar zero, makes the DLE at BPZ essen
tially zero and provides for high' system performance. 
The IN amplifier stage includes an output current 
limiting circuit to protect both amplifier and load from 
excessive current. This assures the user of high system 
reliability. 

APPLICATIONS 
• PROCESS CONTROL 

• ATE PIN ELECTRONICS LEVEL SETTING 

• CLOSED-LOOP SERVO-CONTROL 

• AUTO-CALIBRATION CIRCUIT FOR AID 
BOARDS 

• UP-GRADE REPLACEMENT FOR 
MULTIPLYING D/A 

• X-Y PLOTTER 

• DSP PROCESSOR BOARDS 

A high-speed interface is capable of clocking in data 
at a rate of IOMHz max, and its interface logic con
tains a serial data clock (input), serial data (input) and 
latch-enable (input). Serial data is clocked MSB first 
into a 16-bit register and then latched into a l6-bit 
parallel register. 

The DAC56 is packaged in a 16-pin plastic DIP and 
16-pin SOIC. 

International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 8S734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 746-1111 • Twx: 91~52·1111 • cable: BBRCORP • Telex: 066-6491 • FAX: (520) 889-1510 • Immedlato Productln'o: (800) 548-6132 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS 
ELECTRICAL 
All specifications at +25·C, and power supply voltage of ±SV unless otherwise noted. 

DAC56 

PARAMETER CONDITIONS MIN TYP 

DIGITAL INPUT 
Resolution 16 
Digital Input Level: (1) V,H +2.4 

V,L 0 
I,H· V, - +2.7V 
I,L· V, = +0.4V 

Input Clock Frequency 10 

ACCURACY 
Integral Linearily Error 
Differential Linearity Error 
Gain Error 
Bipolar Zero Error 
Monotonicily O·Cto +70·C 

TEMPERATURE DRIFT O·Cto +70·C 
Gain Drift ±SO 
Bipolar Zero Drift ±20 
Linearity Drift 
Differential Linearity Drift 

POWER SUPPLY SENSITIVITY ±Vs = ±VL = ±5VDC 
Gain ±0.0045 
Bipolar Zero ±0.0015 

SETTLING TIME to ±0.006% of FSR 
Voltage Output 

6VStep 1.5 
lLSB 1 

Current Output 
lmAStep 10 to 100Q Load 350 

lkilLoad(3) 350 

Slew Rate 12 

ANALOG OUTPUT 
Voltage Output Configuration 

Bipolar Range ±2.66 ±3.0 
Output Current ±8 
Output Impedance 0.1 
Short Circuit Duration Indefinite to Common 

Current Output Configuration 
Bipolar Range ±1 
Output Impedance 1.2 

WARMUP TIME 1 

POWER SUPPLY REQUIREMENTSI') 
Supply Voltage 

+Vsand +VL +4.75 +5.00 
-Vsand-VL -4.75 -5.00 

Supply Drain (No Load) 
+V (+Vs and +VL = +5V) +10 
-V (-Vs and -VL =-5V) -25 
+V (+Vs and +VL = +12V) +12 
-V (-Vs and -VL = -12V) -27 

Power Dissipation 
Vs and VL = ±5V 175 
Vs and VL = ±12V 468 

TEMPERATURE RANGE 
Specification 0 
Storage ~O 

MAX UNITS 

Bits 
+VL V 
+0.8 V 
+1 I1A 
-50 I1A 

MHz 

±0.012 %ofFSR(3) 
±0.024 %ofFSR 
±1.5 %ofFSR 
±C.5 %ofFSR 
12 Bits 

ppm of FSRf'C 
ppm of FSRf'C 

±0.012 %ofFSR 
±0.024 %ofFSR 

%ofFSR/%V 
%ofFSR/%V 

(ls 
(ls 

ns 
ns 

V/j1S 

±3.34. V 
mA 
Q 

mA 
kIl 

min 

+13.2 V 
-13.2 V 

+17 rnA 
-35 rnA 

mA 
mA 

260 mW 
mW 

70 OC 
100 ·C 

NOTES: (1) Logic input levels are TTL-/CMOS-compatible. (2) FSR means full-scale range and is equivalent to 6V (±3V) for DAC56 in the VOUT mode. (3) Measured 
with an active clamp to provide a low impedance for approximately 200ns. (4) All specifications assume +Vs connected to +VL and -Vs connected to-VL. If supplies 
are connected separately, -VL must not be more negative than -Vs to assure proper operation. No similar restriction applies to the value of +VL with respect to +Vs. 
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PIN CONFIGURATION 

PIN ASSIGNMENTS 

PIN NAME FUNCTION 

1 -Vs Analog Negative Supply 
2 LCOM Logic Common 
3 +VL Logic Positive Supply 
4 NC No Connection 
5 CLK Clock Input 
6 LE Latch Enable Input 
7 DATA Serial Data Input 
8 -VL Logic Negative Supply 
9 VOUT Voltage Output 
10 RF Feedback Resistor 
11 SJ Summing Junction 
12 ACOM Analog Common 
13 lOUT Current Output 
14 MSB ADJ MSB Adjustment Terminal 
15 TRIM MSB Trim-pot Terminal 
16 +Vs Analog Positive Supply 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER!') 

DAC56P 16-Pin Plastic DIP 802 
DAC56U 16-Pin SOIC 803 

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

NOTES: 

--.:!:- = Analog Common 

v = Logic Common 

ABSOLUTE MAXIMUM RATINGS 

DC Supply Voltage ....................................................................... ±15VDC 
Input Logic Voltage ......•.................................................... -1 V to +VsI+VL 
Power Dissipation .......................................................................... 850mW 
Operating Temperature ....................................•.............. -25'C to +70'C 
Storage Temperature ..................................................... -llO'C to +100'C 
Lead Temperature (soldering, lOs) ............................................... +300'C 

A ELECTROSTATIC 
~ DISCHARGE SENSITIVITY 
Electrostatic discharge can cause damage ranging from per
formance degradation to complete device failure. Burr
Brown Corporation recommends that all integrated circuits 
be handled and stored using appropriate ESD protection 
methods. 

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 10 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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For Immediate Assistance, Contact Your Local Salesperson 
OPERATING INSTRUCTIONS POWER SUPPLY CONNECTIONS 

The accuracy of a D/A converter is described by the transfer 
function as shown in Figure 1. Digital input to analog output 
converter relationships are shown in Table I. The errors in 
the D/A converter are combinations of analog errors' due to 
the linear circuitry, matching and tracking properties of the 
ladder and scaling networks, power supply rejection, and 
reference errors. In summary, these errors consist of initial 
errors including gain, offset, linearity, differential linearity, 
and power supply sensitivity. Gain drift over temperature 
rotates the line (Figure 1) about the bipolar zero point and 
offset drift shifts the line left or right over the operating 
temperature range. Most of the offset and gain drift is due to 
the drift of the internal reference zener diode with tempera
ture or time. 

The converter is designed so that these drifts are in opposite 
directions. This way the bipolar zero voltage is virtually 
unaffected by variations in the reference voltage. 

(+FSRI2) -ILSB 
~ Gain / 

Drift / "-Jf'/ 
S 

. If '; \.'l:' 
Co 
.E 

'" r - ,~" " ~ c: Y Bipolar .. ,,/ Zero 

.. / 

~ ... u: .... I 
r, 

0111...1111 Digital Outpul 1000 ... 0000 

• See Table I for digital code dElfinitions. 

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

DIGITAL INPUT ANALOG OUTPUT 

Binary Two's Voltage (V). Current (rnA). 
Complement (BTC) DAC Output VoUTMode lOUT Mode 

7FFFH + Full Scale +2.999908 -Q.999970 
8000H -Full Scale -3.000000 +1.000000 
OOOOH Bipolar Zero 0.000000 0.000000 
FFFFH Zero-1LSB -Q.000092 +0.03050011A 

TABLE I. Digital Input to Analog Output Relationship. 

DIGITAL INPUT CODES 

The DAC56 accepts serial input data (MSB first) in Binary 
Two's Complement form-Refer to Table I for input/output 
relationships. 

Power supply decoupling capacitors should be added as 
shown in the Cormection Diagram (Figure 2), for optimum 
performance and noise rejection. 

These capacitors (IJJF tantalum recommended) should be 
connected as close as possible to the converter. 

-5V 

1PF~ 

+5V 

-5V 

1PF'9 

NOTES: 

~ _ Analog Common 

9' .. Logic Common 

FIGURE 2. Connection Diagram. 

Analog 
Oul"", 

+5V 

MSB ERROR ADJUSTMENT (OPTIONAL) 
Differential linearity error at all codes of the DAC56 is 
guaranteed to meet specifications without an external adjust
ment. However, if adjustment Of the differential linearity 
error at bipolar zero is desired, it can be trinnned essentially 
to zero using the circuit as shown in Figure 3. 

470kn 1001<0(1) 2001<0 

TrimI5~'-Vs 

MSBAdjUStI4~ NOTE:(1)10-15tums.· 

FIGURE 3. MSB Adjustment Circuit. 

After allowing ample' warm-up time (5 to 10 minutes) to 
assure stable operation, select the input codeFFFFH" Mea
sure the output voltage using a 6-1/2 digit voltmeter and 
record the measurement. Change the digital input code to 
OOODt.. Adjust the lOOW potentiometer (TCR of 100ppm 
per °C or less is recommended) to make the output voltage 
read lLSB more than the voltage reading of the previous 
code (ex. lLSB = 92J.1V at FSR = 6V). 

If the MSB adjustment circuit is not used, pins 14 and 15 
should be left open. 

BURR - BROWN@! 
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(I) 

ClK 

MSB lSB 

MSB 

lE ~3) r····················································· ..................... r:lj: (4) r········· 
, , , , , , ... _---_ ..... _---_ .... _----_ .... _------_ .. __ .. _- .. -_ ........ _------- .. --_ .. _- ........ _----_........ ---_ .... _-_. 

NOTES: (1) If clock is stopped between input of 16-bit data words, latch enable (lE) must remain low until after the first clock of the next 16-bit data 
word stream. (2) Data fonnat is binary two's complement (BTC). Individual data bits are clocked in on the corresponding positive clock edge. (3) latch 
enable (lE) must remain low at least one clock cycle after gOing negative. (4) latch enable (lE) must be high for at least one clock cycle before going 
negative. . 

FIGURE 4. Input Timing Diagram. 

DATA 

ClK 

~> 40n5-" --- > 40n5". 

_-- > 100n8 --.. 

FIGURE 5. Input Timing Relationships. 

aURR-BROWN@ 

MSB 

INPUT TIMING CONSIDERATIONS 

Figures 4 and 5 refer to the input timing required to interface 
the inputs of DAC56 to a serial input data stream. Serial data 
is accepted in Binary Two's Complement with the MSB being 
loaded fIrst. Data is clocked in on positive going clock (CLK, 
pin 5) edges and is latched into the DAC input register on 
negative going latch enable (LE, pin 6) edges. 

The latch enable input must be high for at least one clock cycle 
before going low, and then must be held low for at least one 
clock cycle. The last 16 data bits clocked into the serial input 
register are those that are transferred to the DAC input register 
when latch enable goes low. In other words, when more than 
16 clock cycles occur between a latch enable, only the data 
present during the last 16 clocks will be transferred to the 
DAC input register. 

Figure 4 gives the general input format required for the 
DAC56. Figure 5 shows the specifIc relationships between the 
various signals and their timing constraints. 
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Forlmmediate Assistance, Contact Your Local Salesperson 

BURR - BROWN® 

IElElI "" .". 
DAcao 
DACaOp 

Monolithic 12-Bit 
DIGITAL-TO-ANALOG CONVERTERS 

FEATURES 
• INDUSTRY STANDARD PINOUT 

• FULL ±10V SWING WITH Vee = ±12VDC 

• DIGITAL INPUTS ARE TTL- AND 
CMOS-COMPATIBLE 

• GUARANTEED SPECIFICATIONS WITH 
±12V AND ±15V SUPPLIES 

.±1/2LSB MAXIMUM NONLINEARITY: 
O°C to +70°C 

• SETTLING TIME: 41J.S max to ±o.01% of 
Full Scale 

• GUARANTEED MONOTONICITY: 
O°C to +70°C 

• TWO PACKAGE OPTIONS: Hermetic side
brazed ceramic and low-cost molded 
plastic 

DESCRIPTION 
This monolithic digital-to-analog converter is pin-for
pin equivalent to the industry standard DACSO first 
introduced by Burr-Brown. Its single-chip design in
cludes the output amplifier and provides a highly 
stable reference capable of supplying up to 2.5mA to 
an external load without degradation of D/A perfor
mance. 

This converter uses proven circuit techniques to pro
vide accurate and reliable performance over tempera
ture and power supply variations. The use of a buried 
zener diode as the basis for the internal reference 
contributes to the high stability and low noise of the 
device. Advanced methods of laser trimming result in 
precision output current and output amplifier feedback 

resistors, as well as low integral and differential lin
earity errors. Innovative circuit design enables the 
DACSO to operate at supply voltages as low as ±11.4V 
with no loss in performance or accuracy over any 
range of output voltage: The lower power dissipation 
of this lIS-mil by 121-mil chip results in higher 
reliability and greater long term stability. 

Burr-Brown has further enhanced the reliability of the . 
monolithic DACSO by offering a hermetic, side-brazed, 
ceramic package. In addition, ease of use has been 
enhanced by eliminating the need for a +5V logic 
power supply. 

For applications requiring both reliability and low 
cost, the DACSOP in a molded plastic package offers 
the same electrical performance over temperature as 
the ceramic model. The DACSOP is available with 
voltage output only. 

For designs that require a wider temperature range, see 
Burr-Brown models DACS5H and DACS7H. 

l!l 
" a. 
.E 

! 

r-..... --.._---Reference 

Resistor 
Ladder 

Network 
and 

Current 
Swnches 

Gain 
Adjustment 

Scaling 
I---<.-.~/'\I\I'-+~/\/\/'_ Network 

Analog 
Output 

Offset 
'-------- Adjustment 

---+Supply 

----Supply 
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SPECIFICATIONS 
ELECTRICAL 
Typical at +25'C and tVcc = 12V or 15V unless otherwise nOled. 

DAC80 

PARAMETER MIN TYP MAX 

DIGITAL INPUT 
Resolution 12 
logic levels (O'C to +70'C)ll): 

V'H (Logic "I") +2 +IS.5 
V'L (logic "0") 0 +0.8 
I'H (V'N = +2.4V) +20 
III (V'N = +O.4V) -180 

Linearity Err~~at +25OC) tl/4 tll2 
Differential Linearity Error tl/2 t3l4 
Gain Error(2) to.1 to.3 
Offset Errorl2} to.OS to.IS 

DRIFT (O'C to +70'C)14) 
Total Bipolar Drift (includes gain, offset, and linearity drifts) tlO ±25 
Total Error Over O'C to +70'CI5} 

Unipolar to.OS to.IS 
Bipolar to.06 to.12 

Gain: Including Internal Reference tlO ±30 
Excluding Internal Reference ±5 tlO 

Unipolar Offsel tl ±3 
Bipolar Offset ±7 tiS 
Differential Unearity ODe to +70°C tl/2 t3l4 
Linearity Error DoC to + 70De ±1/4 ±112 
Monotonicity Guaranteed 0 +70 

CONVERSION SPEED, VOUT Models 
Settling Time to to.OI% of FSR 

For FSR Change (2kn 1/ SOOpF load) 
with 10kn Feedback 3 4 
with Skn Feedback 2 3 

For IlSB Change I 
Slew Rale 10 

CONVERSfON SPEED, four Models 
Settling Time to ±0.01% of FSR 

For FSR change: 100 to 1000 load 300 
Ikn load I 

ANALOG OUTPUT, VOUT Models 
Ranges t5,tlO, +5, 
Output Currentl') t5 
Output Impedance (DC) 0.05 
Short Circuit to Common. Durationl'} Indefinite 

ANALOG OUTPUT, lOUT Models 
Ranges: Bipolar to.96 ±I.O tl.04 

Unipolar -1.96 -2.0 -2.04 
Outpullmpendance: Bipolar 2.S 3.2 3.7 

Unipolar 4.6 6.6 8.6 
_Compliance -2.5 +2.5 

REFERENCE VOLTAGE OUTPUT +6.23 +6.30 +S.37 
Exlernal Current (constanlload) 2.5 
Drift vs Temperalure tlO ±20 
Oulpullmpedance I 

POWER SUPPLY SENSmVlTY 
Vcc =±12VDC ortl5VDC ±0.002 to.006 

POWER SUPPLY REQUIREMENTS 
±Vee tll.4 t16.S 
Supply Drain (no load): +Vcc 8 12 

-Vcc IS 20 
Power DiSSipation (Vcc =tI5VDC) 345 480 

TEMPERATURE RANGE 
Specification 0 +70 
Operaling -25 +85 
Slorage: Plaslic DIP -60 +100 

Ceramic DIP -65 +150 

UNITS 

Bits 

VDC 
VDC 

)1A 
)1A 

lSB 
lSB 
% 

%ofFSRI3} 

ppm 01 FSRI"C 

%ofFSR 
%ofFSR 
pprnl"C 
pprnl"C 

ppm of FSRI"C 
ppm of FSR/'C 

lSB 
lSB 
'C 

IJ.S 
I's 
IJ.S 

VlIJ.S 

ns 

IJ.S 

V 
mA 
0 

mA 
mA 
kn 
kn 
V 

V 
mA 

ppml"C 
0 

% FSRI% v~~ 

VDC 
mA 
mA 
mW 

'C 
'C 
'C 
'C 

NOTES: (I) Referlo "logic Input Compalibility" seclion. (2) Adjustable to zero with externallrim pOlenliometer. (3) FSR means full scale range and is 20V forti OV range, 
10V for t5V range for VOUT models; 2mA for lOUT models. (4) To maintain drift spec, internal feedback resistors musl be used. (5) Includes Ihe effects of gain, offsel 
and linearity drift. Gain and offsel errors externally adjusled 10 zero al +2S'C. (6) For tVcc less Ihan tl2VDC, limit oulpul currenlload to ±2.5mA 10 maintain ±IOV full 
scale oUlpul vollage swing. For outpul range of ±SV or less,lhe oulpul currenl is ±5mA over enlire tVcc range. (7) Short circuit currenl is 40mA, max. 
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For ImmediateAssistance,ContactYourLocalSalesperson 
FUNCTIONAL DIAGRAM AND PIN ASSIGNMENTS 

Voltage Models Current Models 

(MSB) Bit 1 6.3V Ref Out (MSB) Bit 1 

Summing Junction 

20V Range 

10V Range 

BitB 

Bitll 

Scaling Network 

Scaling Network 

Scaling Network, 

Bit 11 

(LSB) Bit 12 (LSB) Bit 12 

NOTE: (1) Logic supply applied to this pin has no effect. 

ABSOLUTE MAXIMUM RATINGS 

+Vee to Common ..............................•....................................... OV to +IBV 
-Vee to Common .....................................•................................... OV 10 -18 
Digilal Data Inpuls 10 Common .............•.........•...................... -IV 10 + lBV 
Reference Output to Common ................................•........................... ±Vcc 
Reference Input to Common ............................................................... ±Vee 
Bipolar Offset to Common ................................................................... ±V cc 
10V Range R to Common ............................................................•...... ±Vee 
20V Range R to Common ...............................•...........•....................... ±Vcc 
External Voltage to DAC Output .............................................. ...JSV to +5V 
Lead Temperature (soldering. lOs) ................................................ +300'C 
Max Junction Temperature .............................................................. 155'C 
Thermal Resistance, 9J,,: Plastic DJP ........................................... 10QoCIW 

Ceramic DIP ......................................... 55'CIW 

Stnesses above those listed under "Absolute Maximum Retlngs" may 
cause permanent damage to the device. Exposure to absolute maxi
mum conditions for extended periods may affect device reliability. 

ORDERING INFORMATION 
MODEL PACKAGE OUTPUT 

DACBO·CBI-I Ceramic DIP Current 
DACBOZ·CBI·I Ceramic DIP Current 
DACBO·CBI-V Ceramic DIP Vo~age 
DAC80Z·CBI-V Ceramic DIP Voltage 
DACBOP-CBI·V Plastic DIP Voltage 

BURN-IN SCREENING OPTION 

BURN-IN TEMP. 
MODEL PACKAGE (160hY" 

DACBO-CBI·V-BI Ceramic DIP +125'C 
DACBOP-CBI-V-BI Plastic DIP +125'C 

NOTE: (1) Or equivalent combination. See text. 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER!') 

DACBOP 24-Pin Plastic DIP 167 
DACBO 24·Pin Ceramic DIP 125 

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

BURN-IN SCREENING 

Burn-in screening is an option available for the models 
indicated in the Ordering Information table. Burn-in dura
tion is 160 hours at the maximum specified grade operating 
temperature (or equivalent combination of time and tem
perature). 

All units are tested after burn-in to ensure that grade speci
fications are met. To order burn"in, add "-BIn to the base 
model number. 
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DICE INFORMATION 

PAD FUNCTION PAD FUNCTION 

1 Bill (MSB) 15 -Vee 

2 Bil2 16 VOUT 

3 Bil3 17 ReI In 

4 Bil4 18 Bipolar Offsel 

5 Bil5 19 Scale 10V FSR 

6 Bil6 20 Scale 20V FSR 

7 Bit7 21 NC 

8 Bil8 22 Sum Junct 

9 Bil9 23 COM 

10 Bill0 24 COM 

11 Billl 25 +Vcc 
12 Bil12 (lSB) 26 Gain Adjusl 

13 NC 27 6.3V RelOul 

14 NC 

Substrate BIas: Isolaled. NC: No Conneelion 

MECHANICAL INFORMATION 

MILS (0.001 ") MILLIMETERS 

Die Size l1Bx 121±5 3.0x3.07±0.13 
Die Thickness 20±3 0.51 ± 0.08 

DAC80KD-V DIE TOPOGRAPHY Min. Pad Size 4x4 0.10xO.l0 

Melalizalion Aluminum 

PAD FUNCTION PAD FUNCTION 

1 Bill (MSB) 15 -Vee 

2 Bil2 16 lOUT 

3 Bit 3 17 ReI In 

4 Bil4 18 Bipolar Offsel 

5 Bil5 19 Scale 10V FSR 

6 Bil6 20 Scale 20V FSR 

7 Bil7 21 Scale 

8 Bil8 22 NC 

9 Bil9 23 COM 

10 Bill0 24 COM 

11 Billl 25 +Vcc 

12 Bil12 (lSB) 26 Gain Adjusl 

13 NC 27 6.3V RelOul 

14 NC 

Substrate BIas: Isolaled. NC: No Connection 

MECHANICAL INFORMATION 

MILS (0.001 ") MILLIMETERS 

Die Size 118x 121±5 3.0 x 3.07 ± 0.13 
Die Thickness 20±3 0.51 ±0.08 

DAC80KD-1 DIE TOPOGRAPHY Min. Pad Size 4x4 0.10xO.l0 

Metalization Aluminum 
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DISCUSSION OF 
SPECIFICATIONS 
DIGITAL INPUT CODES 

The DACSO accepts complementary binary digital input 
codes. The CBr model may be connected by the user for any 
one of three complementary codes: CSB, COB, or CTC (see 
Table I). 

DIGITAL INPUT ANALOG OUTPUT 

CSB COB CTC'" 
Complemenlary Complemenlary Complemenlary 

Straight Offset Two's 
MSB LSB Binary Binary Complement 
.). .). 

000000000000 +Full Scale +Full Scale -ILSB 
011111111111 +112 Full Scale Zero -Full Scale 
100000000000 1/2 Full Scale -ILSB -ILSB -Full Scale 
111111111111 Zero -Full Scale Zero 

NOTE: (1) Invert the MSB olthe COB code with an external inverter to obtain 
CTC code. 

TABLE I. Digital Input Codes. 

ACCURACY 

Linearity of a D/ A converter is the true measure of its 
performance. The linearity error of the DACSO is specified 
over its entire temperature range. This means that the analog 
output will not vary by more than ±l/2LSB, maximum, from 
an ideal straight line drawn between the end points (inputs 
all "l"s and all "O"s) over the specified temperature range of 
O°C to + 70°C. 

Differential linearity error of a D/A converter is the devia
tion from an ideal lLSB voltage change from one adjacent 
output state to the next. A differential linearity error speci
fication of ±1/2LSB means that the output voltage step sizes 
can range from I/2LSB to 3/2LSB when the input changes 
from one adjacent input state to the next. 

Monotonicity over a O°C to + 70°C range is guaranteed in the 
DACSO to insure that the analog output will increase or 
remain the same for increasing input digital codes. 

DRIFT 

Gain Drift is a measure of the change in the full scale range 
output over temperature expressed in parts per million per 
°C (ppmfC). Gain drift is established by: I) testing the end 
point differences for each DACSO model at O°C, +25°C, and 
+ 70°C; 2) calculating the gain error with respect to the 25°C 
value, and; 3) dividing by the temperature change. This 
figure is expressed in ppml°C and is given in the electrical 
specifications both with and without internal.reference. 

Offset Drift is a measure of the actual change in output with 
all "1"s on the input over the specified temperature range. 
The offset is measured at O°C, +25°C, and 70°C. The 
maximum change in Offset is referenced to the Offset at 
25°C and is divided by the temperature range. This drift is 
expressed in parts per million of full scale range per °c (ppm 
of FSRI"C). 

SETTLING TIME 

Settling time for each DACSO model is the total time 
(including slew time) required for the output to settle within 
an error band around its final value after a change in input 
(see Figure 1). 

~ 0.3 
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0.1 10 100 

Settling Time (~s) 

FIGURE I. Full Scale Range Settling Time vs Accuracy. 

Voltage Output Models 
Three settling times are specified to ±0.01 % of full scale 
range (FSR); two for maximum full scale range changes of 
20V, IOV and one for a lLSB change. The lLSB change is 
measured at the major carry (0111...11 to 1000 ... 00), the 
point at which the worst case settling time occurs. 

Current Output Models 
Two settling times are specified to ±0.01 % of FSR. Each is 
given for current models connected with two different resis
tive loads: IOn to lOon and 1000n to IS75n. Internal 
resistors are provided for connecting nominal load resis
tances of approximately IOOOn to IS00n for output voltage 
range of ±1 V and 0 to -2V (see Figures 11 and 12). 

COMPLIANCE 

Compliance voltage is the maximum voltage swing allowed 
on the current output node in order to maintain specified 
accuracy. The maximum compliance voltage of all current 
output models is ±2.5V. Maximum safe voltage range of 
±IV and 0 to -2V (see Figures 11 and 12). 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
power supply change on the D/A converter output. It is 
defined as a percent of FSR per percent of change in either 
the positive or negative supplies about the nominal power 
supply voltages (see Figure 2). 

REFERENCE SUPPLY 

All DACSO models are supplied with an internal 6.3V 
reference voltage supply. This voltage (pin 24) has a toler
ance of ± 1 % and must be connected to the Reference Input 
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FIGURE 2. Power Supply Rejection vs Power Supply Ripple. 

(pin 16) for specified operation. This reference may be used 
externally also, but external current drain is limited to 
2.5mA. 

If a varying load is to be driven, an external buffer amplifier 
is recommended to drive the load in order to isolate bipolar 
offset from load variations. Gain and bipolar offset adjust
ments should be made under constant load conditions. 

LOGIC INPUT COMPATIBILITY 

DACgO digital inputs are TTL, LSTTL and 4000B, 
54n4HC CMOS compatible. The input switching threshold 
remains at the TTL threshold over the entire supply range. 

Logic "0" input current over temperature is low enough to 
permit driving DACgO directly from outputs of 4000B and 
54n4C CMOS devices. 

Voltage Output Models 

OPERATING INSTRUCTIONS 
POWER SUPPLY CONNECTIONS 

Connect power supply voltages as shown in Figure 3. For 
optimum performance and noise rejection, power supply 
decoupling capacitors should be added as shown. These 
capacitors (IIJP tantalum) 'should be located close to the 
DACgO. 

±12V OPERATION 

All DACgO models can operate over the entire power supply 
range of±11.4V to ±16.5V. Even with supply levels drop
ping to ±l1.4V, the DACgO can swing a full ±IOV range, 
provided the load current is limited to ±2.5mA. With power 
supplies greater than ±12V, the DACgO output can be 
up to ±SmA. For output swing of ±5V or less, the 
current is ±5mA, minimum, over the entire Vee range. 

No bleed resistor is needed from +Vcc to pin 24, as was 
needed with prior hybrid Z versions of DACgO. Existing 
±12V applications that are being converted to the monolithic 
DACgO must omit the resistor to pin 24 to insure proper 
operation. 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 

Offset and gain may be trimmed by installing external Offset 
and Gain potentiometers. Connect these potentiometers as 
shown in Figure 3 and adjust as described below. TCR of the 
potentiometers should be 100ppmfDC or less. The 3.9Mn 
and IOMn resistors (20% carbon or better) should be lo
cated close to the DACgO to prevent noise pickup. If it is not 
convenient to use these high value resistors, an equivalent 
''T'' network, as shown in Figure 4, may be substituted. 

Current Output Models 

10MQ 10kQ 

FIGURE 3. Power Supply and External Adjustment Connection Diagrams. 
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3.9Mn 

~"" 

FIGURE 4. Equivalent Resistances. 

Existing applications that are converting to the monolithic 
DAC80 must change the gain trim resistor on pin 23 from 
33MQ to lOMQ to insure sufficient adjustment range. Pin 
23 is a high impedance point and a O.OOIJ.LIF to O.OIJ.LF 
ceramic capacitor should be connected from this pin· to 
Common (pin 21) to prevent noise pickup. Refer to Figure 
5 for relationship of Offset and Gain adjustments to unipolar 
and bipolar D/A operation. 

Unipolar 

f 

t 
lLSB 

+ Full Scale 

1 I 

All Bits 

Logic 0 \ 

I I I I 
Digital Input 

Offset Adjust Translates the Une 

Bipolar 
+ Full Scale ~ 

" Range of 
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Logic 1 Range ,~? Gain Adjust 

,~:, 
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t \ "All Bits 

Range of 
Offset Adjust 

J 

Bipolar MSB On, Logic 0 
Offset All Others 

Off 

-Full Scale 

/' 

T Digital Input 
Offset Adiust Translates the Line 

FIGURE 5. Relationship of Offset and Gain Adjustments for 
a Unipolar and Bipolar D/A Converter. 

Offset Adjustment 
For unipolar (CSB) configurations, apply the digital input 
code that should produce zero potential output and adjust the 
Offset potentiometer for zero output. 

For bipolar (COB, CTC) configurations, apply the digital 
input code that should produce the maximum negative 
output. Example: If the Full Scale Range is connected for 
20V, the maximum negative output voltage is -lOY. See 
Table II for corresponding codes. 

Gain Adjustment 
For either unipolar or bipolar configurations, apply the 
digital input that should give the maximum positive output. 
Adjust the Gain potentiometer for this positive full scale 
output. See Table II for positive full scale voltages and 
currents. 

ANALOG OUTPUT 

DIGITAL INPUT VOLTAGE(1) CURRENT 

MSB LSB o 'to +10V ±10V Oto-2mA 
~ ~ 
000000000000 +9.9976V +9.99S1V -1.999SmA 
011111111111 +S.OOOOV O.OOOOV -1.oo00mA 
100000000000 +4.9976V -o.0049V -o.999SmA 
111111111111 O.OOOOV -10.0000V O.OOOOmA 

One LSB 2.44mV 4.88mV O.48811A 

NOTE: (1) To obtain values for other binary ranges: 
o to +5V range divide 0 to +1 OV range values by 2. 
±5V range: divide :tIOV range values by 2. 
±2.SV range: divide ±1 OV range values by 4. 

TABLE II. Digital Input/Analog Output. 

VOLTAGE OUTPUT MODELS 

Output Range Connections 

±lmA 

-o.999SmA 
o.OOoOmA 

+O.OooSmA 
+1.000mA 
O.48811A 

Internal scaling resistors provided in the DAC80 may be 
connected to produce bipolar output voltage ranges of±10V, 
±5V, or ±2.5V; or unipolar output voltage ranges of 0 to 
+5V or 0 to +lOV. See Figure 6. 

~
o Reference Control Circuit 

Reference Input 6.3kll(1, 'Bipolar-
16 17 Offset 

Summing r Juncti.on 
21 Common· 

--L 

~:';;,:eighted 1>20 Skll:: ~8 iW- 19 

Network -

-----15 Output 

+ 

--=- NOTE: (1) Resistor Tolerances: ±2% max. 

FIGURE 6. Output Amplifier Voltage Range Scaling Circnit. 

Gain and offset drift are minimized because of the thermal 
tracking of the scaling resistors with other internal device
components. Connections for various output voltage ranges 
are shown in Table m. Settling time for a full-scale range 
change is specified as 4!1S for the 20V range and 3!1S for the 
10Vrange. 
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Oulpul Dlgllal Connect Connect Connect Connect 
Range InpulCodes Pin 1510 Pin 1710 Pin 1910 Pin 1610 

±10 COB or CTC 19 20 15 24 
±5 COB or CTC 18 20 NC 24 

±2.5V COBorCTC 18 20 20 24 
Oto+10V CSB 18 21 NC 24 
Oto +5V CSB 18 21 20 24 

TABLE III. Output Voltage Range Connections for Voltage 
Models. 

CURRENT OUTPUT MODELS 

The resistive scaling network and equivalent output circuit 
of the current model differ from the voltage model and are 
shown in Figures 7 and S. 

r------ To Reference Control Circuit 

Reference Input 

16--~--vVV~------17 

18J m ..... ) ---1>---iW-- 19 

5kn(1) 

15 '------ 20 

NOTE: (1) Resistor Tolerances: ±2% max. 

FIGURE 7. Internal Scaling Resistors. 

Oto 
2mA 

To 
Reference 
Control 

- ...... ---~ 16 Reference Input 

r---+---~15 lOUT 

FIGURE S. Current Output Model Equivalent Output Circuit. 

Internal scaling resistors (Figure 7) are provided to scale an 
external op amp or to configure load resistors for a voltage 
output. These connections are described in the following 
sections. 

If the internal resistors are not used for voltage scaling, 
external RL (or RF) resistors should have a TCR of 
±25ppmf'C or less to minimize drift. This will typically add 
±50ppmjDC plus the TCR of RL (or RF) to the total drift. 

Driving An External Op Amp 
The current output model DACSO will drive the summing 
junction of an op amp used as a current-to-voltage converter 
to produce an output voltage. See Figure 9. 

VOUT = loUT X RF 

where lOUT is the DACSO output current and RF is the 
feedback resistor. Using the internal feedback resistors of 
BURR~BROWNIBI 

5kn 

FIGURE 9. External Op-Amp-Using Internal Feedback 
Resistors. 

the current output model DACSO provides output 
ranges the same as the voltage model DACSO. To obtain 
desired output voltage range when connecting an external op 
amp, refer to Table IV. 

Outpul Digital Connect Connecl Connecl Connect 
Range Input Codes @)IO Pin 1710 Pin 1910 Pin 1610 

±IOV COBorCTC 19 15 @) 24 
±5V COBorCTC 18 15 NC 24 

±2.5V COB or CTC 18 15 15 24 
o to +IOV CSB 18 21 NC 24 
Oto+5V CSB 18 21 15 24 

TABLE IV. Voltage Range of Current Output. 

Output Larger Than 20V Range 
For output voltage ranges larger than ±lOV, a high voltage 
op amp may be employed with an external feedback resistor. 
Use loUT value of ±lmA for bipolar voltage ranges and 
-2mA for unipolar voltage ranges. See Figure 10. Use 
protection diodes when a high voltage op amp is used. 

The feedback resistor, RF, should have a temperature coef
ficient as low as possible. Using an external feedback 
resistor, overall drift of the circuit increases due to the lack 
of temperature tracking between RF and the internal scaling 
resistor network. This will typically add 50ppmf'C plus RF 
drift to total drift. 

NOTE: (1) For output voltage swings up to 290V pop. 

FIGURE 1O~ External Op-Amp-Using External Feedback 
Resistors. 
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For Immediate Assistance; Contact Your Local Salesperson 
Driving a Resistive Load Unipolar 
A load resistance, RL = RLI + RLS, connected as shown in 
Figure 11 will generate a voltage range, V OUT' determined 
by: 

FIGURE 11. Current Output Model Equivalent Circuit 
Connected for Unipolar Voltage Output with 
Resistive Load. 

The unipolar output impedance Ro equals 6.6ill (typ) and 
RLI is the internal load resistance of 9680 (derived by 
connecting pin 15 to 20 and pin 18 to 19). By choosing RLS 
= 2100, RL = 11780. ~ in parallel with Ro yields 1kO total 
load. This gives an output range of 0 to -2V. Since Ro is not 
exact, initial trimming per Figure 3 may be necessary; aiso 
RLS may be trimmed. 

Driving a Resistive Load Bipolar 
The equivalent output circuit for a bipolar output voltage 
range is shown in Figure 12, RL = Ru· + RLS. V OUT is 
determined by: , 

VOUT = ±lmA [(Ro X RJ + (Ro + RL)] 

By connecting pin 17. to 15, the output current becomes 
bipolar (±lmA) and the output impedance Ro becomes 
3.2ill (6.6kO in parallel with 6.3ill). RLI is 12000 (derived 
by connecting pin 15 to 18 and pin 18 to 19). By choosing 
RLS = 2250, RL = 14550. RL in parallel with Ro yields 1kO 
total load. This gives an output range of ± 1 V. As indicated 
above, trimming may be necessary. 

r-~--~--~-----t~------~+ 

Vour 

FIGURE 12. Current Output Model Connected for Bipolar 
Output Voltage with Resistive Load. 

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 ail use of such information shail be entirely at the user's own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any olthe 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® 

IElElI DAC600 

DEMO BOARD 
AVAILABLE 

See Appendix A 

12-Bit 256M Hz Monolithic 
DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• 12·BIT RESOLUTION 

• 256MHz UPDATE RATE 
• -73dB HARMONIC DISTORTION AT 10MHz 

• LASER TRIMMED ACCURACY: 1/2LSB 

• -5.2V SINGLE POWER SUPPLY 

• EDGE-TRIGGERED LATCH 

• LOW GLITCH: 5.6pVs 
• WIDEBAND MULTIPLYING REFERENCE 

INPUT 

• 50n OUTPUT IMPEDANCE 

DESCRIPTION 
The DAC600 is a monolithic, high perfonnance digi
tal-to-analog converter for high frequency wavefonn 
generation. The internal segmentation and latching 
minimize output glitch energy and maximizes AC 
perfonnance. Resistor laser trimming provides for 
excellent DC linearity. 

The ECL compatibility provides for low digital noise 
at high update rates. The complementary 50n outputs 
and low output capacitance simplifies transmission 

. line design and fJltering at the output. 

The DAC600 combines precision thin film and bipolar 
technology to create a high perfonnance, cost effec
tive solution for modem wavefonn synthesis. 

APPLICATIONS 
• DIRECT DIGITAL SYNTHESIS 

• ARBITRARY WAVEFORM GENERATION 

• HIGH RESOLUTION GRAPHICS 

• COMMUNICATIONS LOCAL 
OSCILLATORS 
Spread Spectrum/Frequency Hopping 
Base Stations 
Digitally Tuned Receivers 

ClK ClK 

International Airport Industrial Park • MalUng Address: PO Box 11400 • Tucson, f(J. 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, f(J. 85706 
Tel: (520)746-1111 • Twx: 910-952·1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (520) 889·1510 • Immediate Product Info: (800) 548-6132 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS 
ELECTRICAL 
At +25'C VREF = + 1.0V, VESA = VEED = -5.2V, unless Dtherwise noted. 

DAC600AN 
PARAMETER CONDITIONS TEMP MIN TYP MAX MIN 

DIGITAL INPUTS 
logic 12 Parallel Input lines, ECl 
Resolution 12 
ECl logic Input Levels: V,L logic "0" Full -1.48 -1.95 -2 · 

I'L Full 2 
V,H logic "1" Full -1.1 ~.75 0 

I'H Full 200 

DIGITAL TIMING 
Inpul Data Rate Full DC 256 · 
ClK Pulse Width High or Low Full 1.95 
Set-upTime Full 1.5 1.0 · 
Hold Time (Referred to ClK) Full 1.9 1.7 
PropagatiDn Delay Full 2 
ANALOG OUTPUT 
Bipolar Oulput Current RL=On Full 19 20 21 · 
Output Resistance Full 47.5 50 52.5 49 
Output Capacitance . Full 15 

CONTROL AMPLIFIER 
Input Resistance Full 800 
Full Power Bandwidth -3dB Full 10 
Offset +25'C 0 ±1 
Input Reference Range Full 100mV ±1.25 · 
TRANSFER CHARACTERISTICS 

Integral Unearity Error<11: VOUTNOT Best FH Straight Une +25'C ±D.012 ±D.024 
VOUTNOT Full ±D.024 ±0.036 
VOUT +25'C ±D.l 

Differential linearity Error(11: VOUTNOT +25'C ±D.024 
VOUTNOT Full ±D.0~6 
VOUT +25'C ±D.l% 

12-Bit MDnotonlcity +25'C Guaranteed 
Full Typical 

Output Offset Current: VOUT NOT Bits .1-12 HIGH +25'C 75 150 
VOUTNOT Full 57 150 

Gain Error<21 +25'C ±0.5 ±1.5 
Full ±1.3 ±2.0 

Oulput leakage Current VREF = OV, Bits 1-12 lOW, VOUTNOT +25'C 10 75 

TIME DOMAIN PERFORMANCE 
Glitch Energy Major Carry +25'C 5.6 
Fall Time 90% to 10% +25'C 510 
Rise Time 10% to 90% +25'C 770 
Settling Time(31 

±D.l%FSR Major Carry, 1 lSB Change Full 4 
±D.024%FSR Full 15 

DYNAMIC PERFORMANCE 
Spurious Free Dynamic Range (41 

fo= lMHz fCLOCK = 50MHz +25'C 74 70 
fo= 10MHz fClOCK = 50MHz +25'C 71 65 
fo=IMHz icLOCK = 100MHz +25'C 72 70 
fo =10MHz fCLOCK = 100MHz +25'C 71 66 
fo =20MHz fCLOCK = 100MHz +25'C 63 59 
fo =10MHz fCLOCK = 200MHz +25'C 66 66 
fo =20MHz fCLOCK = 200MHz +25'C 58 64 
fo=50MHz fCLOCK = 200MHz +25'C 52 50 

Output Noise Bits 1-12 HIGH +25'C 10.6 

POWER SUPPLIES 
Supply Voltages: VEE Full -4.5 -5:2 -5.5 · 
Supply Currents: IESA Pins 33 and 34 Full 30 46 60 · 

IEED Pins 5 and 55 Full 110 150 190 · 
Power Consumption OperaUng Full 900mW 1.3 

TEMPERATURE RANGE 
Specification: DAC600AN, BN Ambient Full -40 +85 · 
8JA 30 

DAC600BN 
TYP MAX UNITS 

Bits · · V · ItA · · V · ItA 

MHz 
ns · ns · ns · ns 

· · mA · 51 n · pF 

n · MHz 
0 ±D.5 mV · V 

±0.006 ±0.012 %FSR 
±0.012 ±0.024 %FSR 

±D.l %FSR 
±0.012 %FSR 
±0.024 %FSR 
±D.l% %FSR 

Guaranteed 
Guaranteed 

50 100 ItA 
50 100 ItA 

±0.5 ±1.0 % 
±1.1 ±2.0 % 

5 50 ItA 

· pVs · ps · ps 

· ns · ns 

77 dBFS(3) 
73 dBFS 
75 dBFS 
70 dBFS 
62 dBFS 
70 dBFS 
67 dBFS 
55 dBFS · nVl-IHz 

· · V · · rnA · · mA · W 

· 'c 
'CIW 

. . . VMEASUREO (FS) -V'DSAL (FS) X 100 
NOTES: (1) llneanty tests are measured Into a vlrtual ground (op amp). (2) Gain error In % IS calculated by: GE (%) = V FS 
(3) Settling time is influenced by the load due to fast edge speeds. Use gDod transmission line techniques IDSAL ( ) 
fDr best results. (4) Spurious free dynamic range is measured from the fundamental frequency to any harmonic or non-harmonic spurs within the bandwidth fCLKi2c, 
unless otherwise specified. 
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ORDERING INFORMATION 

DESCRIPTION 
TEMPERATURE 

RANGE (AMBIENT) 

68·Pin Plasllc QUAD -"'O·C 10 +8S·C 

ABSOLUTE MAXIMUM RATINGS 
VEE ............................................................................................. 0.310-7 
VEED ............................................................................................ 0.310-7 
Logic Inpuls ................................................................................ 0 to -S.SV 
Reference Inpul Voltage .......................................................... 0 10 + 1.2SV 
Reference Inpul Current ......................................................... 0 to I.S6mA 
Case Temperature .......................................................... -40·C to +125·C 
Junction Temperature .................................................................... + IS0·C 
Storage Temperature ...................................................... -i:iS·C to +12S·C 
Lead Temperature (soldering. lOs) ................................................ +300·C 

Stresses above these ratings may permanently damage the device. 

PIN DEFINITIONS 

PIN NO DESIGNATION DESCRIPTION 

1 BYPASS Disables Latching of Data 
2 CLK CLOCK 
3 CLKNOT CLOCKNOT 
4 DGND Digital Ground 
5 DVEE(1) -i:i.2V Supply 
6 Bit 9 
7 Bit 10 
8 Bit 11 
9 Bit 12 LSB 
10 NC 
11 NC 
12 NC 
13 VOUT DAC Output 
14 VOUT DACOutput 
15 LGND Ladder Ground 
16 LGND Ladder Ground 
17 VOUTNOT DAC Output Complemenl 
18 VOUTNOT DAC Output Complemenl 
19 NC 
20 AGND Analog Ground 
21 NC 
22 NC 
23 NC 
24 NC 
25 NC 
26 BYPASS 0.1 "F Bypass to Ground 
27 NC 
28 ALTCOMPIB PTAT·IB Reference Compensation(2) 
29 AGND Analog Ground 
30 AGND Analog Ground 
31 NC 
32 LOOPCRNT DAC Reference All. Loop Current 

(Connect to AGND) 
33 VEEI') -i:i.2V Supply 
34 VEEI') -i:i.2V Supply 

NC: no connect 

A ELECTROSTATIC 
JlJ!Ia. DISCHARGE SENSITIVITY 
This integrated circuit can be damaged by ESD. Burr-Brown 
recommends that all integrated circuits be handled with 
appropriate 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. 

PACKAGE INFORMATION 

PIN NO DESIGNATION DESCRtPTtON 

35 VREF2 Analog Reference Voltage Center Tap 
36 NC 
37 NC 
38 VREF Analog Reference Voltage 
39 VREF Analog Reference Voltage 
40 NC 
41 NC 
42 ROFFSET Offset Compensation 
43 NC 
44 BYPASS 0.1 "F Bypass to Ground 
45 NC 
46 NC 
47 ALTCOMPC Control Amp PTAT Reference Compensationl') 
48 AGND Analog Signal Ground 
49 NC 
50 LBIAS Ladder Bias Alternate Compensallonl') 
51 NC 
52 NC 
53 NC 
54 Bit 1 MSB 
55 DVEE Digital-i:i.2V Supply 
56 DGND Digital Signal Ground 
57 DGND Digital Signal Ground 
58 Bit 2 
59 Bit 3 
60 Bit4 
61 NC 
62 Bit 5 
63 DGND Dlgilal Ground 
64 Bit 6 
65 Bit 7 
66 DGND Digital Ground 
67 Bit8 
68 NC 

NOTE: (1) Pins 5 and 55 typically draw 1 SOmA of current. Pins 33 and 34 combined typically draw 46mA. (2) Connect bypass capacitor to VEE' 

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 Ihe use of this Informalion, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject 10 change 
withoul notice. No patenl rights or licenses to any of the circuits described herein are Implied or granted 10 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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For Immediate Assistance, Contact Your Local Salesperson 
DICE INFORMATION 

DAC600 DIE TOPOGRAPHY 

MECHANICAL INFORMATION 

MILS (0.001 ") MILLIMETERS 

DieSiz. 160x140±5 4.06 x 3.56 ±0.13 
Die Thickness 20±3 0.51 ±0.08 
Min. Pad Size 4x4 0.10xO.10 

Backing Gold 
Metallization Gold 

PAD FUNCTION PAD 

1 Bypass 36 
2 ClK 37 
3 ClKNOT 38 
4 DGND 39 
5 DVEE 40 
6 BitS 41 
7 NC 42 
8 Bit 10 43 
S Bitl1 44 
10 BII12 45 
11 VOUT 46 
12 VOUT 47 
13 lGND 48 
14 lGND 49 
15 VOllTNOT 50 
16 VOUTNOT 51 
17 NC 52 
18 AGND 53 
19 NC 54 
20 NC 55 
21 NC 56 
22 NC 57 
23 NC 58 
24 NC 59 
25 NC 60 
26 NC 61 
27 AlTCOMPIB 62' 
28 AGND 63 
29 AGND 64 
30 NC 65 
31 lOOPCRNT 66 
32 AVEE 67 
33 AVEE 68 
34 VREF2 69 
35 NC 

Substrate Bias: Negative Supply -V cc' 
NC = Do not oonnect. 

FUI!ICTlON 

NC 
VREF 
VREF, 

NC 
NC 

AOFFSET 
NC 
NC 
NC 
NC 

AlTCOMPC 
AGND 

NC 
lBIAS 

NC 
NC 
NC 

Bit 1 (MSB) 
DVEE 

DGND 
DGND 
Bit 2 
BitS 
Bit4 
NC 
NC 
NC 
Bit 5 

DGND 
Bit 6 
Bit 7 

DGND 
Bit 8 
NC 
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TYPICAL PERFORMANCE CURVES 
AT T CASE = +25°C, VREF = + 1.0V, measured at VOUT NOT' Spurious free dynamic range includes all harmonic or non·harmonic spurs in the bandwidth fCLK/2, unless 
otherwise noted. 
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For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES (CONT) 
T CASE = +2S"C, V REF = + 1.0V, measured at V OUTNOT. Spurious free dynamic range includes all harmonic or non-harmonic spurs in the bandwidth fcuJ2, unless otherwise 
noted. 
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TYPICAL PERFORMANCE CURVES (CONT) 
At T CASE = +25°C, VREF = + 1.0V, measured at VOlITNOT' Spurious free dynamic range includes all hannonic or non·harmonic spurs in the bandwidth fCLK/2. unless 
otherwise noted. 
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For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES (CO NT) 
At T CASE = +25°C, VREF = + 1.0V, measured at VOUT NOT' Spurious free dynamic range includes all harmonic or non~harmonjc spurs in the bandwidth fCLKI2, unless 
otherwise noted. 
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THEORY OF OPERATION 
The DAC600 employs a familiar architecture where input 
bits switch on the appropriate current sources (Figure 1.) 
Bits 1-4 are decoded into 15 segments after the first set of 
latches. The edge triggered master-slave latches are driven 
by an internal clock buffer. Current sources for bits 5 and 6 
are scaled down in binary fashion. These current sources are 
switched directly to the output of the R-2R ladder. Bits 7-12 
are properly scaled and fed to the laser trimmed R-2R 
ladder. 

ROFFSET VREF 

MSB 
2 
3 
4 
5 

'" '" 6 " " .<: .<: 
7 ~ ~ 
8 -' 
9 

10 
11 

lSB 

Decoding of bits 1-4 into 15 segments and synchronizing the 
data with a master/slave register reduces glitching. If the 
BYPASS input is low, data is transferred to the output on the 
positive going edge of the clock. If BYPASS is high, data is 
transferred to the output regardless of clock state. All digital 
inputs are ECL compatible. 

The output current sees 50.0 of output impedance from the 
equivalent resistance of a R-2R ladder. With all of the 
current sources off, the output voltage is at OV. With all 
current sources on (-20mA), the output voltage is at -IV. 
Transfer function information is given in Tables I and II. 

Bypass ClK ClK 

FIGURE 1. Basic DAC600 Architecture. 

INPUT BITS OUTPUT VOLTAGES BIT VOLTAGE (No External load, Vour) 
1 2 3 4 5 6 7 8 9 10 11 12 VOO' NVOO' 

1 -0.5 
000000000 0 0 0 OV -o.999756V 2 -0.25 
000000000 0 0 1 -24411V 0.999512V 3 -0.125 

4 -62.5mV 
5 -31.25mV 
6 -15.625mV 
7 -7.8125mV 
8 -3.9063mV 

100000000 0 0 0 -0.5 -0.499756 9 -1.9531mV 
111111111 1 1 1 -o.999756V 0 10 -97611Y 

11 -48811Y 
12 (lSB) - 24411Y TABLE I. Input Code vs Output Voltage Relationships. 

TABLE II. Nominal Bit Weight Values. 

BURR-BROWN® 
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For Immediate Assistance, Contact Your Local Salesperson 
There is also a complementary V OUT NOT output that allows 
for a differential output signal. The full scale complementary 
outputs (VOUT and VOUT NOT) can be simply modeled as 
-20mA in parallel with 50n. This gives an output swing of 
0.5Vp-p.withan external son load. 

REFERENCE/GAIN ADJUSTMENT 

The VREF pin should be supplied by a +1.0V reference that 
is capable of supplying a nominal current of 1.25mA. An 
alternative would be the use of a 1.25mA current source. A 
low drift reference will minimize gain drift. A recommended 
reference circuit is given in Figure 2 as shown in the Typical 
Performance CUrves,lowenng the reference voltage to +O.8V 
will typically improve the Spurious Free Dynamic Range by 
a few dB. 

+5V +5V 

+1VREFOUT 

..J5V 

NOTE: (1) 50 to 100 ppml"C resistors. 

FIGURE 2. A Low Drift External Reference Circuit. 

A low-cost alternative reference circuit is shown in Figure 
3. This circuit uses the Burr-Brown REFI004-2.5 
micropower voltage reference. Gain drift is dependent upon 
the temperature coefficient of the 1.2kn resistor. A TC of 
< lOppm/°C is recommended. 

+5V 

>I.8kn 

I.2~ 
t----Jv,1J'-y--- + IVREFOUT 

~ r'REFI004.2.5 

FIGURE 3. Low Cost External Reference Circuit. 

The DAC600 can also accept a wideband multiplying 
reference input. The full power bandwidth of this reference 
is approximately 30MHz. Care must be taken not to exceed 
the minimum· and maximum input reference voliage levels 
which are 100m V and + 1.2SV respectively (refer to the 
absolute· maximum ratings section) .. In the multiplying 
reference mode, the 0.4~ bypass capacitor on LBIAS arid 
the O.l~ on pin 35 need to be removed. A 47pF capacitor 
to ground needs to be connected to pin 35 (Figure 4.) 

35 
VREF2 

~47PF 
DAC600 

38 
VREF 

~6Yef Input) LBIAS VREF 

t 
(Open) 

FIGURE 4. Connections for a Multiplying Reference Input. 

TIMING 

The DAC600 has an internal latch that is triggered on the 
rising edge of the clock when the BYPASS pin is set LOW. 
This master-slave mode of operation will assure that the 12 
bits will arrive at the current sources with a minimum of data 
skew. Therefore, this mode is recommended for the vast 
majority of applications. Observing the minimum set-up and 
hold time recommendations will ensure proper data latching, 
refer to Figure 5 for complete timing specifications . 

. When BYPASS is set lllGH, the DAC600will operate in 
the transparent mode. In this mode, both· the master and 
slave registers are transparent and changes in input data 
ripple directly to the output. Since the four MSBs have a 
decoder delay, these bits arrive at the output approximately 
600 picoseconds later than the lower 8 LSBs. Because this 
data skew causes glitch, this mode is not recommended for 
optimum AC performance. 

The DAC600. has a differential ECL clock input. This clock 
input can also be driven by a single ended clock if desired 
by trying the CLKNOT input to an external voltage of 
-1.3V. Using a differential clock provides much improved 
digital feedthrough immunity, however. 

DRIVING THE DAC600 

.The DAC600 inputs will most likely be driven by high speed 
ECL gate outputs. These outputs should be terminated using 
standard high speed transmission line teclmiques. Consult an 
ECL handbook for proper methods of termination. 

Termination resistors should not be connected to the analog 
ground plane close to the DAC600. The fast changing digital 
bit currents will cause noise in the analog ground plane 
under this layout scheme.· These fast changing digital cur
rents· should be steered away from the sensitive DAC600 
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elK Glock 0 

Dala Da1aO \ 

VOUT 

-tsu~ 

SYMBOL DESCRIPTION 

tp Propagation delay. 50% of elK to 50% of VOUT' 

tsu Setup time DATA must remain stable before elK. 

tH Hold time DATA must remain stable after elK. 

tPWL elK pulse width low (50% to 50%). 

tpWH GlK pulse width high (50% to 50%). 

tpMSB Propagation delay, MSBs, transparent mode only. 

tpLSB Propagation delay, lSBs, transparent mode only. 

FIGURE 5. Timing Diagram. 

analog ground plane. For speeds of up to 256MHz, series 
termination with 47n resistors will be adequate (Figure 6). 
This termination technique will greatly lessen the issue of 
termination currents coupling into the analog ground plane. 
This is shown in the typical DAC600 connection diagram 
(Figure 7.) 

Eel Drive Gates 

Reoommended 
Pull Down Resistor 

-5.2V 

FIGURE 6. Series Bit Termination. 

LAYOUT AND POWER SUPPLIES 

Bit 
Input 

DAG600 

A multilayer PC board with a solid ground and power planes 
is recommended. All of the ground pins (both analog and 
digital) should be connected directly to the analog ground 
plane at the DAC600. 

Wide busses for the power paths are recommended as good 
general practice. External bypassing is recommended. A 
101JF ceramic capacitor in parallel with a O.OlIJF chip 
capacitor will be sufficient in most applications. 
BURR-SROWNIBI 

.....-tpWL --" .....-tpwH ----"" 

Glock 1 Glock 2 

Da1a 1 / Data 2 

VOUT 1 

ip~; I tpMSB 

-tH-

MIN TYP MAX UNITS 

2 ns 

1.5 1.0 ps 

1.9 1.7 ns 

1.95 ns 

1.95 ns 

2.1 ns 

1.5 ns 

ALTCOMPB and ALTCOMPC should be bypassed with 
O.llJF capacitors connected to VEEA• When not used in the 
multiplying mode LBlAS should be bypassed with a OAIJF 
capacitor connected to V EEA' The heat spreader (pins 26 and 
44) should be bypassed with a O.11JF capacitor. 

MAXIMIZING PERFORMANCE 

In addition to optimizing the layout and ground of the 
DAC600, there are other important issues to consider when 
optimizing the performance of this DAC in various AC 
applications. 

The DAC600 includes an internal 50n output impedance to 
simplify output interfacing to a 50n load. Because some 
loads may be a complex impedance, care must be taken to 
match the output impedance with the load. Mismatching of 
impedances can cause reflections which will affect the 
measured AC performance parameters such as settling time; 
harmonic distortion, rise/fall times, etc. Often complex im
pedances can be matched by placing a variable 3 to lOpF 
capacitor at the output of the DAC to ground. Also, probing 
the output of the DAC can present a complex impedance. 

The typical performance curves of Spurious Free Dynamic 
Range vs various combinations of clock rate and/or input 
frequency should give a general idea of the spectral perfor
mance of the DAC under system specific clock and output 
frequencies. For variable frequency DDS and ARB applica
tions, having a programmable frequency bandpass (smart) 
filter at the output of the DAC can greatly improve system 
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For Immediate Assistance, Contact Your Local Salesperson 
spur and noise perfonnance by filtering out unwanted spur 
and noise spectra. Even with a programmable bandpass 
filter, care should be taken to update the DAC at greater than 
4 times per cycle to (1) minimize the 2nd and 3rd harmonic 
magnitudes by having the output slew excessively between 
any successive clock and (3) to keep the 2nd harmonic and 
other even order harmonics from folding back close to the 
fundamental under the condition fOUT = 1/3 feLK and (3) 
to keep the 3rd harmonic and other harmonics from 
folding back close to the fundamental under the condition 

fOUT '= 1/4 fCLK• The making use of the high update rate of 
the DAC600 helps to lessen the problems of large harmonics 
"folding back" into the passband. 

For DDS applications, often the DAC itself is the limit in 
Spurious Free Dynamic Range (SFDR) perfonnance. How
ever, due to the high linearity of the DAC600,low frequency 
spurious perfonnance may be limited by the digital trunca
tion error of the phase accumulator/ROM combination. 
Most vendors supplying a combination of phase accumula
tor and ROM specify the SFDR of their digital algorithm . 

DAC600 ..Ll 

Bit 1 

BH2 

Bit 3 

BH4 

BitS 

Blt6 

Bit 7 

Bit8 

Bit 9 

Bitl0 

Bitll 

Bit 12 

CLK 

CLK 

VREF (+1.000V) 

4711 

IV 

4711 

lA, 

r 
'39 

~ 42 

-::- 54 

58 

59 

60 

62 

64 

65 

67 

6 

7 

8 

9 

2 

3 

~ 
4 

r-
56 r-
57 
~ 

4711:; 
~ 
~ 

-5.2V 

-'-

FIGURE 7. Typical DAC600 Connection Diagram. 
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BURR - BROWN® 

IElElI DAC650 

DEMO BOARD 
AVAILABLE 

See Appendix A 

12-Bit 500MHz 
DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• 12·BIT RESOLUTION 

• 500MHz UPDATE RATE 

• GUARANTEED SPURIOUS 
PERFORMANCE 

• LOW GLITCH 

• FAST SETTLING 
• INTERNAL EDGE·TRIGGERED LATCH 

• LASER TRIMMED ACCURACY 

• INTERNAL REFERENCE 

• CLEAN LOW-NOISE OUTPUT 

DESCRIPTION 
The DAC650 is a high perfonnance 12-bit digital to 
analog converter for high frequency wavefonn gen
eration. It is complete with an internal low drift refer
ence and edge-triggered data latch. The internal seg
mentation and latching provide for minimal output 
glitch energy. 

The ECL compatibility provides for low digital noise 
at high update rates. The son output resistance and 
low output capacitance simplify transmission line de
sign and filtering at the output. Complementary out
puts are offered forincreased perfonnance while driv
ing transfonners or differential amplifiers. 

The DAC650 combines precision thin film and bipolar 
technology with high speed gallium arsenide to create 
a high perfonnance, cost effective solution for modem 
wavefonn synthesis systems. 

APPLICATIONS 
• DIRECT DIGITAL SYNTHESIS 

• ARBITRARY WAVEFORM GENERATION 

• HIGH RESOLUTION GRAPHICS 

• COMMUNICATIONS LOCAL OSCILLATORS 
Spread Spectrum 
Base Stations 
Digitally Tuned Receivers 

• HIGH-SPEED MODEMS 

elK elK 

Reference 

Eel Eel 
HI IN lOIN 

Offset 
Trim 

Reference 
Adjust 

VBBOUT 

Reference 
Output 

Reference 
Input 

International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 746-1 II I • Twx: 910-852·1 II I • cable: BBRCORP • Telex: 066-6491 • FAX: (520) 8B9-1510 • Immediate Product Info: (800) 548-6132 
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SPECIFICATIONS 
ELECTRICAL 
Over lull specilied temperature range, using the intemal +1 OV reference and rated supplies, unless otherwise nmed. 

DAC650JL DAC650KL 

PARAMETER CONDmONS MIN TYP MAX MIN TYP 

TEMPERATURE RANGE 
Specification: DAC65OJL, KU'} Ambient 0 +70 · 
ileA 27 
/lJC 13 · 
DIGITAL INPUTS 
Logic 12 Parallel Input Lines ECL Compatible 
Resolution 12 
ECL Logic Input LevelsI2}: V'l Logic "0" -1.475 -1.8 -2 · · . III 1.0 10 . 

V'H Logic "I" -1.115 ~.8 ~.6 · · 
I'H 1.0 10 

Logic Threshold Voltage -1.2 -1.3 -1.4 · 
DIGITAL TIMING 
Input Data Rate DC 500 
CLK Pulse Width Low 1.0 · Set·Up Time 2.0 1.8 · 
Hold Time (Relerred to CLK) -500 -600 · 
Propagation Delay 1.5 

ANALOG OUTPUT 
Bipolar Output Current Rl=OO ±20 · 
Bipolar Output Voltage ..Bt...=oo ±1.0 · Oulput Resistance VOUT, VOLrr to Ground. 49 50 51 · · 
Oulput Resistance Drift 50 · Oulput Capacitance 5 

TRANSFER CHARACTERISTICS 
Integral Linearity Error Best Fn Straight Line ±C.018 ±C.036 ±C.012 
Differential Linearity Error +25'C ±0.018 ±0.036 ±C.08 

Over Temperature ±C.018 ±C.036 ±C.012 
Monotonlcity Typical Guaranteed 
Bipolar Gain Error Oulput Voltage, Rl = ~ ±C.5 ±I.O ±0.5 
Bipolar Offset ~rror Oulp,ut Voltage, Rl = ~ ±C.5 ±I.O ±C.25 

TIME DOMAIN PERFORMANCE 
Glnch Energy Major Carry 20 
Oulput Rise Time 10% to 90% 300 .. 
Output Fall Time 90%10 10% 350 · 
Settling Timel'}: ±O.I%FSR Major Carry, ILSB Change 2.0 

" REFERENCES 
VBB Input Range (Pin I) -1.4 -1.3 -1.2 · 
VBB JNT Relerence (Pin 68) -1.4 -1.3 -1.2 · · 
VBB EXT Tracking Reference (Pin 67) EC~"N = ~.8V, ECLco 'N = -1.8V -1.4 -1.3 -1.2 
Imernal Reference Voltage (Ref Out) 9.95 10 10.05 · Ref In Resistance 4950 · Rei in Operating Voltage Range 4.5 10.0 11.0 · 
DYNAMIC PERFORMANCE 

, 
Spurious Free Dynamic Rangel4} 

fo = I MHz, fCL' = 100MHz +25'C, Span = DC to IcL.12 65 68 68 70 
10 = 10MHz, leLK = 100MHz +25'C, Span = DC to ICL0/2 59 63 62 65 
10 = 30MHz, IcL• = 200MHz +25'C, Span = DC to fCL0/2 50 52 53 56 
fo = 80MHz, fCLK = 200MHz +2S"C, Span = DC to IcL.12 47 50 50 52 
fo = 80MHz, ICLK = 500MHz +25'C, Span = DC to 150MHz 49 55 52 58 
fo = 100MHz, fCL' = 500MHz +25'C, Span = 50MHz to 150MHz 51 56 54 59 

Output Noise Full Scale Sine Wave Output 1.0 

POWER SUPPLIES 
Supply Voltages: +Vcc Operating, T M'N to T MAX +14.25 +15 +15.75 · · 

-Vcc -15.75 -15 -14.25 
+VODl +4.75 +5 +5.25 · · 
-VOD2 -5.46 -5.2 -4.94 · · 

Power Supply Rejection All Supplies, ±5'10 Change 0.05 0.08 
Supply Currents: *Icc Operating 10 13 · 

-Icc -47 -50 · 
+1001 53 57 
-1002 -191 -245 .. 

Power Consumption Operating 2.0 2.6 • 

MAX UNITS 

· 'C 
'CIW 
'CIW 

Bits 
V · ~ 
V · ~ 
V 

MHz 
ns 
ns 
ps 
ns 

mA 
V 
Q 

ppml'C 
pF 

±C.024 %FSR 
±0.024 %FSR 
±0.O24 %FSR 

±1.0 %FSR 
±C.5 %FSR 

pV-s 
ps 
ps 
ns 

· V 
V 
V · V 
Q 

· V 

dBd5) 
dBc 
dBc 
dBc 
dBc 
dBc 

jlV/fHz 

· V · V · V · V · %1% • mA 
mA · mA 
mA · W 

NOTE: (I) Extended temperature range devices are available, inquire. (2) VBB'N (Pin I) connected 10 VBB'NT (Pin 68). (3) Settling time is Influenced by load due to 
fast edge speeds. Use good transmission line techniques for best results. (4) Spurious Free Dynamic Range Includes both harmonic and non-harmonic related spurs 
in the bandwidth indicated. (5) dBc is "dB relerred to the lundamemal amplitude." 
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ORDERING INFORMATION PACKAGE INFORMATION 

TEMPERATURE 
DESCRIPTION RANGE (AMBIENT) 

6B-Pin Ceramic, Gullwing leads O'C to + 70'C 

ABSOLUTE MAXIMUM RATINGS 
±Vcc .................................................................................................. ±tBV 
logic Input ...............................•......................................... +O.SV to -S.SV 
Case Temperature .......................................................... -40'C to + 125'C 
Junction Temperature .................................................................... + 150°C 
Storage Temperature ...................................................... -55'C to +t25'C 
lead Temperature (soldering, lOs) ................................................ +300'C 

Stresses above these ratings may permanently damage the device. 

PIN DEFINITIONS 

PIN NO DESIGNATION DESCRIPTION 

1 VB. Sets logic Threshold for Bits 1-12 
2 Bit 1 MSB 
3 Bit 2 
4 Bit 3 
5 Bit4 
6 BitS 
7 Bit6 
B Bit 7 
9 BitB 
10 Bit 9 
11 Bit 10 
12 Bitll 
13 Bit 12 lSB 
14 VEE logic Power (-5.2V Nominal)") 
15 VEE 
16 ClK Clock 
17 ClK.,OT Not Clock 
lB DNC Do Not Connect 
19 VEE 
20 VEE 
21 VEE 
22 VEE 
23 VEE 
24 VEE 
25 VEE 
26 VEE 
27 OGNO Ground for logic 
28 OGNO 
29 DGND 
30 DGND 
31 DGNO 
32 DGNO 
33 DGND 
34 DGND 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER") 

DAC650Jl, Kl 6B-Pin Ceramic Gullwing 256 

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

A ELECTROSTATIC 
J.!I!J;;;. DISCHARGE SENSITIVITY 
Electrostatic discharge can cause damage ranging from 
performance degradation to complete device failure. BuiT
Brown Corporation recommends that this integrated circuit 
be handled and stored using appropriate ESD protection 
methods. 

PIN NO DESIGNATION DESCRIPTION 

35 AGND Ground for Analog Output Current 
36 AGND 
37 AGNO 
3B AGNO 
39 VOUT Complementary Output Voltage 
40 Your 
41 Your 
42 AGND 
43 AGND 
44 AGNO 
45 Your Output Voltage 
46 VOUT 
47 VOUT 
4B AGND 
49 AGND 
50 AGNO 
51 AGND 
52 -15V -15V Supply 
53 -15V 
54 PWRGNO Ground for Analog Supplies 
55 +5V +5V Supply 
56 +5V +5V Supply 
57 VosAOJ Offset Adjust 
58 PWRGNO Ground lor Analog Supplies 
59 RefAOJ Reference Out Adjust 
60 RefOUT Reference Out (+10V, Buffered) 
61 Ref'N Reference In (4.950kO) 
62 +15V +15V Supply 
63 PWRGNO Ground for Analog Supplies 
64 -5.2V Analog Analog Power (-S.2V Nominal)") 
65 ECllO'N External ECl lOW input (optional) 
66 ECl HI'N External ECl HI input (optional) 
67 VSSEXT The buffered mean of lOEXT and HIEXT 
68 VSBINT Internally generated -1.3V reference 

NOTE: (1) Both the -5.2V logic and -5.2V analog pins should be powered Irom a common supply. 

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 andlor systems. 
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For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES 
TA = +25"C unless olherwise noted. 
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TYPICAL PERFORMANCE CURVES (CO NT) 
TA = +25°C unless otherwise noted. 
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For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES (CONT) 
T A C +25'C unless otherwise noted. 
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TECHNOLOGY OVERVIEW 
The DAC650 uses a unique design approach to achieve very 
fast settling time and high resolution. This mixed-technol
ogy design uses two active chips: one gallium arsenide and 
the other silicon. 

The GaAs MESFET die is used for those circuits which 
determine speed. This includes the latches, data decoders, 
and current switches. A silicon die with thin film is used for 
those circuits which determine accuracy, such as the preci
sion references and current sources. The precision R-2R 
resistor ladders are laser trimmed to further increase the 
accuracy of the DAC650. A block diagram of the DAC650 
is shown in Figure 1. 

THEORY OF OPERATION 
The DAC650 employs a familiar architecture where input 
bits switch on the appropriate current sources. Bits 1-3 are 
decoded into 7 segments before the first set of latches. A 
similar delay is given for the 9 least significarit bits to 
minimize data skew. The edge triggered master-slave latches 
are driven by an internal. clock buffer. This buffer placement 
has matched the clock lines to each of the 32 latches, thus 
minimizing output glitch energy. 

There are 7 current sources for bits 1 ·to 3. Current sources 
for bits 4-8 are scaled down in binary fashion. These current 
sources are switched directly to the output of the R -2R 
ladder. Bits 9-12 are fed to the laser trimmed R-2R ladder for 
proper scale-down. The segmentation further minimizes 
output glitch which can cause spectral degradation. 

The output current sees 50n of output impedance from the 
equivalent resistance of a R-2R ladder (lOOn) in parallel 
with lOOn (Figure 1). With all of the current sources off, the 
output voltage is at +1 V. With all current sources on 
(-40mA), the output voltage is at -IV. There is also a 
complementary V OUT output that' allows for a differential 
output signals. The full scale complementary outputs (V OUT 
and V OUT) can be simply modeled as ±20mA in parallel 
with 50n. This gives an output swing of 1 Vp-p with an 
external 50n load. 

REFERENCE/GAIN ADJUSTMENT 

A precision + lOV reference is included in the DAC650. A 
50n resistor should be connected between REFJN and REFoUT 
for the specified unadjusted gain. This internal reference has 
been laser trimmed to minimize offset and gain drift. Alter
natively, an external reference may be used. Multiple DACs 
may be run from one master reference by connecting a 50n 
resistor from each REFJN to the master REFoUT. A lOOn 
potentiometer may be used in place of the 50n resistor in 
order to provide a ±1% gain adjustment range (Figure 2). 

A wider adjustment range of ±20% may be achieved by 
connecting a lOill potentiometer from REFOUT to ground, 
with the wiper connected to the REF AD] pin. Adjusting the 
output to more than 40mA full scale may degrade high 

BURR-BROWNi8I 

frequency performance and reliability due to higher current 
densities and operating temperature. Alteruatively, lower 
full scale currents will affect operation because there is less 
current available to charge internal and external capaci-
tances. 

It should be noted that the gain adjust techniques mentioned 
above affect the current output and thus the voltage output 
from the DAC650. The voltage output will also be affected 
by an external load acting in parallel with the 50n output 
impedance. 

OFFSET ADJUST 

The offset may be adjusted by connecting a potentiometer 
between the +5V supply and ground with the wiper con
nected to the offset adjust pin. The voltage on this pin 
no connection is about 2V, with an equivalent impedance 
1.6ill. A lOill potentiometer will give the necessary ad
justment range. The full scale range of the DAC output may 
be offset so it is not symmetrical around zero, but the full 
scale range must also be adjusted so that the output swing 
does not exceed ±l V. Connecting the offset adjust pin to 
ground gives a unipolar output of 0 to -2V (with no load) or 
o to -IV (with a 50n load). This also reduces the current 
requirements for the +5V supply by 20mA. 

DIGITAL INPUTS, LOGIC THRESHOLDS, 
and TERMINATION 

The input logic levels and clock levels are ECL compatible. 
The data inputs are single ended ECL and the clock input is 
differential. 

The internal impedance of the data and clock inputs is a high 
impedance (FET gate), and is clamped to the digital supply 
and ground to protect against ESD damage. ESD precau
tions should still be used when handling the DAC650. 

The inputs will most likely be driven by high-speed ECL 
gate outputs. These outputs should be terminated using 
standard high-speed transmission line techniques. Consult 
an ECL handbook for proper methods of termination. 

Termination resistors should not be connected to the analog 
ground plane close to the DAC650. The fast changing digital 
bit currents will cause noise in the analog ground plane 
under this layout scheme. These fast changing digital cur
rents should be steered away from the sensitive DAC650 
analog ground plane. For speeds of up to 256MHz, series 
termination with 47n resistors will be adequate 
(Figure 3). This termination technique will greatly lessen the 
issue of termination currents coupling into the analog ground 
plane. Above 256MHz, parallel termination of the transmis
sion line at the package pin may be required for clean digital· 
input. 

The input data threshold level is set by connecting the 
appropriate voltage (-1.2V to -1.4V) to pin 1. The actual 
level may be provided 3 ways: 

(1) The user connects the DAC650's internal-1.3V thresh
old reference directly to pin 1. This simple connection 
provides excellent noise margins for ECL levels. 
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Ref ADJUST RefoUT Ref'N 

VB. 

MSB 
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5 f!! 

~ :Il 6 ·1 .<: 
7 * ~ 8 " ..J a: 
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lSB 

EClHigh tn ECl low In 

FIGURE 1. Functional Block Diagram of the DAC650. 
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DAC650 

r -vU Ref'N 
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FIGURE 2. Using a Potentiometer for ±1 % Gain Adjust. 

ClK ClK 
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FIGURE 3. Series Bit Termination. 
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(2) An external V BB system reference is applied to pin 1. 

This technique may allow data threshold levels to track 
the system over supply and temperature variations. 

(3) The internal tracking ECL threshold reference (pin 67) is 
applied to pin 1. The output of the tracking ECL 
threshold reference is simply the average of two exter
nally applied levels. These levels are a system logic low 
(pin 65) and system logic high (pin 66). This technique 
may provide increased noise margin for systems with 
levels slightly different from ECL. Leave pins 65-67 
open if this option is not used. 

TIMING 
The DAC650 has an internal edge triggered latch. The 
output changes on the positive edge of CLK. This master
slave latching will assure that the 12 bits will arrive at the bit 
switches with a minimum of data skew. Data must have 
adequate setup and hold time for proper operation (refer to 
Figure 4). Note that the Hold time is negative. Therefore the 
data may change before the rising edge of clock and still be 
valid. 

ClK Clock 0 

Data Data 0 \ 

VOUT 

....... tgu ...... 

SYMBOL DESCRIPTION 

tp Propagation delay. 50% of ClK to 50% of VOUT• 

Isu Setup time DATA must remain stable before ClK. 

tH Hold time DATA must remain stable after ClK. 

tPWL ClK pulse width low (50% to 50%). 

FIGURE 4. Timing Diagram for the DAC650. 
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The DAC650 has a differential ECL clock input. This clock 
input can also be driven by a single-ended clock if desired 
by tying the CLK input to an external voltage of -1.3V. 
Using a true differential clock provides much improved 
digital feedthrough immunity, however. 

DATAINNOUTCORRESPONDENCE 
The each full scale output of the DAC650 may be modeled 
as either ±20mA current source in parallel with 50n or a 
±l V voltage source in series with 50n. The nominal current 
and voltage bit weights are given in Table I and the input 
code vs output voltage relationships are given in Table II. 

Transmission line techniques at the output are also recom
mended to minimize ringing and glitching. Ideally, both of 
the outputs should see the same termination, including any 
delay between the DAC650 and the load. 

Since the outputs V OUT and V OUT are equal in magnitude but 
opposite in sign, they are ideal for driving RF 
transformers (Figures 5). The primary may be connected 
between the two outputs. The secondary may be floating or 
referenced to ground. This results in a 2X signal power and 
some cancellation of clock feedthrough, glitching, and 
distortion. Figures 6 and 7 give recommended output 
amplifiers. 

~tpWl--" 

Clock I Clock 2 

Data I II Data 2 

VouTI 
...... tp ...... 

~tH~ 

MIN TYP MAX UNITS 

1.5 ns 

2.0 1.8 ns 

-600 -600 ps 

1.0 ns 
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For Immediate Assistance, Contact Your Local Salesperson 
If only one output is used, the unused output should be 
tenninated identically. If the terminations cannot be identi
cal and the unused output must be unterminated, the termi
nation for the used output should be as close as possible to 
the DAC6S0. 

LAYOUT AND POWER SUPPLIES 

A multilayer PC board with a solid ground and power planes 
is recommended. An example of a typical circuit configura
tion is given in Figures 8. The DAC6S0 has mJlltiple ground 
pins to. minimize pin impedances. All of the ground pins 
(analog and digital both) should be connected directly to the 
analog ground plane at the DAC6S0. 

Wide busses for the power paths are recommended as good 
general practice. There are several internal power supply 
bypass capacitors, but external bypassing is still recom-

BIT VOLTAGE (No External Load) CURRENT 

1 1V 20mA 
2 .5V, 10mA 
3 0.25V 5mA 
4 0:125V 2.5mA 
5 62.5mV . 1.25mA 
6 31.25mV 62511A 
7 15.625mV 312.511A 
8 7.8125mV 156.2511A 
9 3.9063mV 78.12511A 
10 1.9531mV 39.0611A 
11 976f1V 19.5311A 

12 (LSB) 488f1V 9.76f1A 

TABLE I. Nominal Bit Weight Values. 

INPUT BITS OUTPUT VOLTAGES 
1 2 3 4 5 6 7 8 9 10 11 12 VOUT NVoUT 

000000000 0 0 0 +1.000 -1 + 488f1V 
000000000 0 0 1 +1-488f1V -1 + 976f1V 
000000000 0 1 0 +1-976f1V -1 + 1.464mV 

010000000 0 0 0 0.50 ~.50 + 488f1Y 
100000000 0 0 0 0.000 +488f1Y 
111111111 1 1 1 -1 + 488f1V +1.000 

TABLE II. Input Code vs Output Voltage Relationships. 

39 
.40 

E 41 

DAC650 
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46 
47 

FIGURE S. Using an RF Transformer at the Output of the 
DAC6S0. Filtering the Outputs Before the 
Transformer Improves the Performance in Some 
Applications. 

mended. A 1OJ.lF tantalum capacitor in parallel. with a 
O.OIJ.lF chip capacitor will be sufficient in most applications. 

Pin 64; Analog V BE, should be counected to'the same supply 
as the digital V BE pins (-S.2V). 

MAXIMIZING PERFORMANCE 

The DAC6S0 has been designed to give a very clean analog 
output with minimal noise, overshoot, and ringing. In addi
tion to optimizing the layout and ground of the DAC6S0, 
there are other important issues to consider when optimizing 
the performance of this DAC in various AC applications. 

The DAC6S0 includes an internal son output impedance to 
simplify output interfacing to a son load. Because some 
loads may be a complex impedance, care must be taken to 
match the output impedance with the load. Mismatching of 
impedances can cause reflections which will affect the 
measured AC performance parameters such as settling time, 
harmonic distortion, rise/fall times, etc. Often complex im
pedances can be matched by .placing a variable 3 to IOpF 
capacitor at the output of the DAC to ground. Also, probing 
the output can present a complex impedance. 

The typical performance curves of Spurious Free Dynamic 
Range vs various combinations of clock rate and/or input 
frequency should give a general idea of the spectral perfor
mance of the DAC under system specific clock and output 
frequencies. We have defined Spurious Free Dynamic Range 
as any harmonic or non-harmonic spurs in the indicated 
bandwidth. In phase lock loop applications, the harmonics 
often fall outside the loop bandwidth of the PLL. In these 
cases, as well as cases where the output is filtered, Spurious 

DAC650 
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FIGURE 6. A High Speed Single Ended Amplifier at the 
Output. The Gain is -R,/son. 
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FIGURE 7. A High Speed Differential Amplifier at the 
Output. 
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Free Dynamic Range will generally be much better due to 
the harmonics falling outside the passband. Even with a 
bandpass filter, updating the DAC at greater than 4 times per 
cycle will (1) minimize the 2nd and 3rd harmonic magni
tudes by having the output slew excessively between any 
successive clock and (2) will keep the (fCLK - 2fo) spur and 
other even order spurs from folding back close to the 
fundamental under the condition fOUT = 1/3fCLK and (3) will 
keep the (fCLK - 3fo) spur and other spurs from folding back 
close to the fundamental under the condition fOUT = 1/4fcLK. 
Making use of the high update rate of the DAC650 helps to 
lessen the problems of harmonics "folding back" into the 
passband. 
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EVALUATION BOARD 

The high frequency signals used in operating the DAC650 
can cause difficult layout problems. It is especially difficult 

. to build a high-performance prototype board using the 
DAC650. It is recommended that an evaluation fixture be 
used for prototyping. An evaluation fixture includes a 
DAC650 soldered to the PC board. Both grades are available 
for the evaluation fixture. 

ORDERING INFORMATION 
MODEL DESCRIPTION 

DEM·DAC650J·E Evaluation Board with DAC650JL Attached 
DEM·DAC650K·E Evaluation Board with DAC650KL Attached 
DEM·DAC650 PDS Data Sheel for DAC650 Evaluation Board 

~~ DAC6S0 J 
~'~F : 68 

VOO1N VOBIHT 67 

3 
B,(MSB) VBBEXT 

4 
B, Eel HIIN 

5 
B, EClL01N 

6 
B, -VEE 

B, PWAGND 
7 

B, +15V 
8 

9 
B, REFIN 

10 
B, REFour 

11 
B, REFADJ 

12 
B1!J REFGND 

13 
B" VOSADJ 

B" +5V 
14 

-Vee +5V 
15 

-VeE PWRGND 
16 

eLK -15V 
17 

CLK -15V 
18 

- DNe AGND 

-5.2V +-p---2.:. -VEE AGND 
20 

~ -VeE AGND 

~ -VEE AGND 

~ 
-VEE Voor 

-VEE Voor 

-Vee Voor 

t-- -VEE AGND 
26 

66 
1e '~e 66 

M To·015~F T 10;F 
-S.2V 

63 

~ 
61 :1 C 4: I¥.J I50U Optional) .;y.Ol'~F ¢.'0 

+15V 

C, 
~F 

rs.-
~ 1c, 1e rss ~.Q1~d 10~F 
55 j 

+5V 
54 

rsav 
1 

-15V 
52 

51 ::he:1e 

~ ~.!"'~'" 
47 

~ DACOut 

~ 
44 

lWv -Vee AGND 

~C14 ::beu 
27 

'2ii DGND AGND 
;'~F .;y.Ol~F 41 

VOUT r; DGNO 
1401 

~ OGND v,;;;;: OACOut 

31 DGNO Voor ~ 
36 

~ DGND AGND 37 32 
~ OGNO AGND 3s 33 

S4 DGND AGNO 3s 
I- OGNO AGND ~ 

'V \7 

FIGURE 8. Typical DAC650 Connection Diagram. 
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BURR - BROWN® 

IElElI DAC667 

Microprocessor-Compatible 
12-81T DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• ±1/2LSB MAX NONLINEARITY OVER 

TEMPERATURE 

• MONOTONICITY GUARANTEED OVER 
TEMPERATURE 

• MICROCOMPUTER INTERFACE: 
Double-Buffered Latch 

• VOLTAGE OUTPUT: ±10V, ±5V, +10V 
With ±12V to ±15V Supplies 

• LOW POWER DISSIPATION: 345mW typ 

• PIN COMPATIBLE WITH AD667 

+Vcc PowerGnd -VEE 

A3 

AO 

Al 

A2 

CS 

DBll ••••• 
MSB 

DESCRIPTION 
The DAC667 is a complete monolithic integrated cir
cuit microprocessor-compatible 12-bit digital-to-ana
log converter. It includes a precision voltage reference, 
microcomputer interface logic, double-buffered latch, 
and a 12-bit D/A converter with a voltage output 
amplifier. Fast current switches and a laser-trimmed 
thin-fIlm resistor network provide a highly accurate 
and fast D/A converter. 

A double-buffered latch facilitates microcomputer inter
facing to 4-, 8-, 12-, or 16-bit data buses. The input 
buffer latch holds the 12-bit data until it is transferred 
to an intemall2-bit D/ A converter latch, giving precise 
timing control over an analog output change. 

The DAC667 is specified to ±1/4LSB maximum lin
earity error (B and K grades) at +2SoC and ±l/2LSB 
maximum over the temperature range. All grades are 
guaranteed monotonic over the specification tempera
ture range. The DAC667 is available in two perform
ance grades and in 28-pin, 0.6" wide plastic and ce
ramic DIP package types. 

DBO 
LSB 

Summing 
Junction 

Bipolar 
Offset 
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SPECIFICATIONS 
ELECTRICAL 
T A = +2S'C, ±12V. ±ISV power supplies unless otherwise noted. 

DAC667JP DAC667KP 

PARAMETER MIN TYP MAX MIN TYP 

DIGITAL INPUTS 
Resolution 12 
Logic Levels (TTL Compatible, T MIN to T w.x>ll) 

V,H (Logic 1) +2 +S.5 
V,L (Logic 0) 0 +0.8 
I'H (VIH = 5.SV) 3 10 · 
I'L (V1L = 0.8V) 1 S 

ACCURACY 
Linearity Error at +25'C ±1I4 ±1I2 ±1I8 

TA = TMIN to TMAX ±112 ±314 ±1I4 
Differential Unearity Error at +25°C ±1I2 ±3J4 ±1I4 

TA = TMIN to TMAX . Guru ,anteed · 
Gain Error(2) ±C.l ±C.2 
Unipolar Offset Error(2) ±1 ±2 
Bipolar Zero(2) ±C.05 ±0.1 · 
DRIFT 
Differential Linearity ±2 
Gain (Full Scale), TA = +25'C to T MIN or T MAX ±5 ±30 · 
Unipolar Offset, TA = +25'<: to T MIN or T MAX ±1 ±3 
Bipolar Zero, T A = +25'C to T MIN or T""; ±5 ±10 

CONVERSION SPEED 
Settling Time to ±0.01 % of FSR for FSR Change (2kn II SOOpF Load, ;F= 0) 

Wnh 10kn Feedback 3 4 · 
With SkU Feedback 2 3 · 

For LSB Change 2 · 
Slew Rate 8 · 

ANALOG OUTPUT 
Ranges(4) ±2.5, ±10, +10 
Output Current 
Output Impedance (DC) 
Short Circuit Current 

REFERENCE OUTPUT 
Ext.rnal Current 

POWER SUPPLY SENSITIVITY 
Vee = +11.4 to +16.5VDC 
VEE = -11.4 to -16.SVDC 

POWER SUPPLY REQUIREMENTS 
Rated Voltages 
RMg.14) 
Supply Current 

+ 11.4 to + 16.5VDC 
-11.4 to -16.SVDC 

TEMPERATURE RANGE 
Specification 
Operating 
Storage 

• Same as Specification for DAC667JP. 

ABSOLUTE MAXIMUM RATINGS 

Vcc to Power Ground .............................................................. OV to +18V 
VEE to Power Ground .............................................................. OV to -t8V 
Digital Inputs (Pins 11-1S, 17-28) to Pow.r Ground ...........•. -tV to +7V 
Ref In to Reference Ground .............................................................. ±12V 
Bipolar Offset to Reference Ground ..•.....•........................................ ±12V 
10V Span R.sistor to R.fer.nce Ground •.............................•.......... ±12V 
20V Span Resistor to R.ference Ground ......................................... ±24V 

±5 

9.9 
0.1 

±11.4 

0 
-40 
-65 

· 
O.OS 

40 

10 10.1 · · 
1 · 
S 10 · 
S 10 · 

±12,±15 · 
±16.S · 

14 17 · 
9 12 · 

+70 
+85 · 
+12S · 

TIMING SPECIFICATIONS 

SYMBOL PARAMETER 

toe Data Valid to End of CS 
tAC Address Valid to End of CS 
Icp CS Pulse Width 
tOH Data Hold Time 
tSElT Output Voltag. Settling TIme 

MAX UNITS 

· Bits 

· V · V 

· I'A · ItA 

±1I4 LSB 
±112 LSB 
±112 LSB 

LSB · % of FSRI3) · LSB · %ofFSR 

ppm of FSRrC 
±15 ppm of FSRrC 

· ppm of FSRrC · ppm of FSRrC 

· I'" · I'" 
I'" 

VII'" 

V 
rnA 
U · rnA 

· V 
rnA 

· ppm of FSi"I. 
ppm of FS/% 

V · V 

rnA · rnA 

· 'C · 'C · 'C 

MIN TYP MAX UNITS 

50 - - ns 
100 - - ns 
100 - - ns 
0 - - ns 
- 2 4 I's 

R.f Out, VOUT (Pins 6, 9) ......••............ Ind.finij. Short to Power Ground, All models, TA- +25'C, Vcc = +12Vor+ISV, VEE =-12Vor-15V. 
Mom.ntary Short To Vee 

Power Dissipation ....•.................................•................................. 1000mW 

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN aJSSumes 
no responsibility for the us. of this information, and all use of such information shall be entirely at the user's own risk. Pri.ces and sp.cifications are subject to chMge 
without notic •. No patent rights or licenses to MY of the circuits described h.r.in are implied or granted to any third party. BURR-BROWN do.s not authorize or warrant 
any BURR-BROWN product for use in lije support devic.s andlor syst.ms. 

BURR~BRDWN® 
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ELECTRICAL (CONT) 

TA = +25°C, ±12V. ±15V power supplies unless otherwise noted. 

DAC667AH DAC667BH 

PARAMETER, MIN TYP MAX MIN TYP, , MAX UNITS 

DIGITAL INPUT 
Resolution t2 · Bits 
Logic Levels (TTL ConipatiblE', T MIN to T MAX)II) 

V,H (Logic 1) +2 +5.5 · V 
V'l (Logic 0) +0 +0.8 · V 
I'H (V,H = 5.5V) 3 10 · ItA 
III (Vil = O.BV) 1 5 · ItA 

ACCURACY 
Linearity Error at +25°C ±1/4 ±112 ±11S ±1I4 LSB 

TA ='TMIN to TMAX ±112 ±314 ±114 ±112 LSB 
Differential Linearity Error at +25°C ±112 ±314 ±1/4 ±112 LSB 

TA=TMINtoTMAX Monotonicity Guaranteed · LSB 
Gain Error(2) to.1 to.2 · % of FSRI3) 
Unipolar Offset Error(2) ±1 ±2 · LSB 
Bipolar Zerol2) to.05 to.1 · % of FSR 

DRIFT 
Differential Llneartty ±2 ppm of FSRI"C 
Gain (Full Scale), TA = +25°C to T MIN or T MAX is ±30 · ±15 ppm of FSRfC 
Unipolar Offset, TA = +25°C to T MIN or T MAX ±1 ±3 · ppm of FSRI"C 
Bipolar Zero, T A = +25°C to T MIN or T MAX is ±10 ppm of FSRI"C 

CONVERSION SPEED 
Settling Time to ±0.01% of FSR for FSR Change (2kn IlSOOpF Load) 

With 10kn Feedback 3 4 I1s 
With 5kn Feedback 2 3 I1S 

For LSB Change 2 · I1S 
Slew. Rate 8 · VlIlS 

ANALOG OUTPUT 
Rangesl') ±2.5, ±5, ±10, +5, +10 · V 
Output Current is rnA 
Output Impedance (DC) 0.05 · n 
Short Circuit Current 40 · rnA 

REFERENCE OUTPUT 9.9 10 10.1 · V 
External Current 0.1 1 · rnA 

POWER SUPPLY SENSITIVITY 
Vee = +11.4 to'+16.5VDC 5 10 · · ppm of FS/% 
VEE = -l1.4'to -16.5VDC 5 10 · · ppm of FSI% 

POWER SUPPLY REQUIREMENTS 
Rated Voltages ±12,±15 · V 
Rangel') ±11.4 ±16.5 · · V 
Supply Current 

+11.4 to +16.5VDC 14 17 · rnA 
-11.4 to -16.5VDC 9 12 · · rnA 

TEMPERATURE RANGE 
Specification -25 +85 · °C 
Operating -40 +85 · · °C 
Storage ~5 +150 °C 

• Same as specification for DAC6S7 AH. 
NOTES: (1) The digital Input'speclfications are 100% tested at +25°C and over the full temperature range. (2) Adjustable to zero. (3) FSR means full scale range 
and is 20V for ±10V range and 10V for the ±5V range. (4) ±10V full scale output can baachleved usirig ±11.4 supplies. ' 

TIMING DIAGRAMS 

Write Cycle #1 
Load first rank from Data Bus; A3 = 1. 

A2-AO 

DB11-DBO' 

3.44 

Write Cycle #2 
Load secOnd rank from first rank; A2, A 1, AO = 1. 

_____ """\I~o-----tAc -

A3 

Output 

BURR - BROWNe 
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A ELECTROSTATIC 
~ DISCHARGE SENSITIVITY 
Electrostatic discharge can cause damage ranging from per
formance degradation to complete device failure. Burr-Brown 
Corporation recommends that all integrated circuits be handled 
and stored using appropriate ESD protection methods. 

ORDERING INFORMATION 

TEMPERATURE 
MODEL PACKAGE RANGE ('C) 

DAC667JP Plastic DIP Oto +70 
DAC667KP Plastic DIP Oto +70 
DAC667AH Ceramic DIP -25 to +85 
DAC667BH Ceramic DIP -25 to +85 

DISCUSSION OF 
SPECIFICATIONS 
LINEARITY ERROR 

LINEARITY ERROR, 
max at 25'C 

±1I2LSB 
±1/4LSB 
±1/2LSB 
±1/4LSB 

Linearity error is defined as the deviation of the analog 
output from a straight line drawn between the end points 
(digital inputs all ones and all zeros). DAC667 linearity error 
is specified at ±1/4LSB max at +25°C for B and K grades, 
and ±1/2LSB max for A and J grades. 

DIFFERENTIAL LINEARITY ERROR 

Differential "linearity error (DLE) is the deviation from a 
ILSB output change from one adjacent state to the next. A 
DLE specification of 1/2LSB means that the output step size 
can range from I/2LSB to 3/2LSB when the digital input 
code changes from one code word to the adjacent code word. 
If the DLE is more positive than -ILSB, the D/A is said to 
be monotonic. 

MONOTONICITY 

A D/A converter is monotonic if the output either increases 
or remains the same for increasing digital input values. All 
grades of the DAC667 are monotonic over their specifica
tion temperature range. 

DRIFT 

Gain drift is a measure of the change in the full scale range 
(FSR) output over the specification temperature range. Gain 
drift is expressed in parts per million per degree Celsius 
(ppmrC). 

Unipolar offset drift is measured with a data input of 
OOOaEx. The D/Ais configured for unipolar output. Unipolar 
offset drift is expressed in parts per million of full scale 
range per degree Celsius (ppm of FSRrC). 

BURR - BROWNe 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER(') 

DAC667JP 28·Pin Plastic DIP 215 
DAC667KP 28·Pin Plastic DIP 215 

DAC667AH 28LD Side· Brazed 149 
Ceramic DIP 

DAC667BH 28LD Side·Brazed 149 
Ceramic DIP 

NOTE. (I) For detailed draWing and dimenSion table, please see end of data 
sheet, or Appendix C of Burr·Brown IC Data Book. 

GAINTC,max 
(ppmJ'C) 

±30 
±15 
±30 
±15 

Bipolar zero drift is measured with a data input of 800HEX• 

The D/A is configured for bipolar output. Bipolar zero drift 
is expressed in parts per million of full scale range per 
degree Celsius (ppm of FSRrC). 

SETTLING TIME 

Settling time is the total time (including slew time) for the 
output to settle to within an error band around its final value 
after a change in input. Three settling times are specified to 
±O.OI % of full scale range (FSR): two for FSR output 
changes of 20V (lOill feedback) and IOV (5ill feedback), 
and one for a ILSB change. The ILSB change is measured 
at the major carry (7FFHEX to 800HEX, and 800HEX to 
7FFHEX), the input transition at which worst-case settling 
time occurs. 

OPERATION 
DAC667 is a monolithic integrated-circuit 12-bit D/A con
verter. It is complete with 12-bit D/A switches and ladder 
network, voltage reference, output amplifier and micro
processor bus interface as shown in the front-page diagram. 

INTERFACE LOGIC 

The bus interface logic of the DAC667 consists of four 
independently addressable latches in two ranks. The first 
rank consists of three four~bit input latches which can be 
loaded directly from a 4-, 8-, 12- or 16-bit microprocessor/ 
microcontroller bus. These latches hold data temporarily 
while a complete 12-bit word is assembled before loading it 
into the second rank of latches. This double buffered orga
nization prevents the generation of spurious analog output 
values while the complete word is being assembled. 
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1"'0-
CC 
CC o « c 

en 
0: 
W 
I-
0: 
W 
> 
Z o 
o 
CJ o 
..J « 
Z « 

I 

~ 
~ 
CJ 
C 



For Immediate Assistance, Contact Your Local Salesperson 
All latches are level-triggered. Data present when the con
trol signals are logic 0 will enter the latch. When the control 
signals return to logic I, the data is latched. A truth table for 
the control signals is presented in Table I. 

CS A3 A2 A1 AO OPERATION 

1 X X X X No Operation 
X 1 1 1 1 No Operation 
0 1 1 1 0 Enable Four LSBs of First Rank 
0 1 1 0 1 Enable Four Middle Bits of First Rank 
0 1 0 1 1 Enable Four MSBs of Firs1 Rank 
0 0 1 1 1 Loads Second Rank from First Rank 
0 0 0 0 0 All Latches Transparent 

X = Don't care. 

TABLE I. DAC667 Truth Table. 

It is permissible to enable more than one of the latches 
simultaneously. If a fIrst rank latch is enabled coincident 
with the second rank latch, the data will reach the second 
rank correctly if the timing specifIcations on page 2 are met. 

LOGIC INPUT COMPATIBILITY 

The DAC667 digital inputs are TTL compatible (1.4V switch
ing level) with a low leakage, high input impedance. Thus 
the inputs are suitable for being driven by any type of SV 
logic. An equivalent circuit of a digital input is shown in 
Figure I. 

Digital Input 

DeOM 

FIGURE I. E'luivalent Digital Input Circuit. 

DAC667 data inputs will float to logic I and control inputs 
will float to logic 0 if left open. It is recommended that any 
unused inputs be connected to power common to improve 
noise immunity. 

INPUT CODING 

The DAC667 accepts positive-true binary input codes. 

Input coding for unipolar analog output is straight binary 
(USB), where all zeros (OOOm;x) on the data inputs gives a 
zero analog output and all ones (FFFHEJ{) gives an analog 
output lLSB below full scale. 

Input coding for bipolar analog outplits is bipolar offset 
binary (BOB), where an input code of <XJOm,x gives a minus 
full-scale output, an input of FFFHEX gives an output ILSB 
below positive full scale, and zero occurs for an input code 
of BOOm,x. 

The DAC667 can be used with two's complement coding if 
a logic inverter is used ahead of the MSB input (DBIl). 

INTERNAUEXTERNAL REFERENCE USE 

DAC667 contains a + IOV reference which is trimmed to 
typically ±O.2% and tested and guaranteed to ±I %. VREF 

OUT must be connected to VREF IN through a gain adjust 
resistor with a nominal value of son. A trim potentiometer 
with a nominal value of lOOn can be used to provide 
adjustment to zero gain error. If an external 1O.000V 
reference is used, it may be necessary to increase the trim 
range slightly. 

The reference output may be used to drive external loads, 
sourcing up to SmA. The load current should be constant, 
otherwise the gain (and bipolar offset, if connected) of the 
converter will vary. ' 

It is possible to use references other than + IOV. The 
recommended range of reference voltage is from +BV to 
+IIV, which allows both B.192V and 10.24V ranges to be 
used. The DAC667 is optimized for fIxed-reference appli
cations. If the reference voltage is expected to vary over a 
wide range, a CMOS mUltiplying D/A is a better choice. 

GAIN AND OFFSET ADJUSTMENTS 

Figures 2 and 3 illustrate the relationship of offset and gain 
adjustments to a unipolar- and a bipolar-connected DAC667. 
Offset should be adjusted fIrst to avoid interaction of 
adjustments. 

Offset Adjustment 
For unipolar (USB) operation, apply the digital input code 
that should produce zero voltage output and adjust the 
offset potentiometer for zero output. For bipolar (BOB, 
BTC) operation, apply the digital input code that produces 
the maximum negative output voltage and adjust the offset 
potentiometer for minus full scale voltage. See Table IT for 
calibration values and codes. 

_t 

1 I I I I 
T DigHallnput 

Offset Adjust Translates the Line' 

All Bits 
Logic 1 

• I I 

FIGURE 2. Relationship of Offset and Gain Adjustments for 
a Unipolar D/A Converter. 
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+ Full Scale -1-
lLSB 

All Bits Full Scale 

FIGURE 3. Relationship of Offset and Gain Adjustments for 
a Bipolar D/A Converter. 

Gain Adjustment 
For either unipolar or bipolar operation, apply the digital 
input that gives the maximum positive voltage output. Ad
just the gain potentiometer for this positive full scale volt
age. See Table II for calibration values. 

(a) ± FULL SCALE OUTPUT SWING 
20 

C,=O 
15 

10 

~ 
5 

., 0 

/ 

\ 
\ 

I 

\ 

5 ~ 

o I~ 
~ -5 

-10 

-15 

-20 

" .~ ., :;; 
00 

> iii 
~ 

j \ 

Data Data = FFFHEX ~ Data 
= OOOHEX -OOOHEX -

I I 

2~s/Division 

(c) MINUS FULL SCALE SETTLING, +10V TO-l0V 
4 

- 5> 

II CS 2 Iii 
0 

'""-.. VOUT 

C,=O V 

1 ~S/Division 

FIGURE 4. Settling Time Performance, ~AD = 2k.Q II SOOpF. 
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5> .s 

DtGtTAL ANALOG OUTPUT 

INPUT Olo+5V Olo+10V ±2.5V 

FFFHEX +4.9987V +9.9976V +2.4987V 
800HEX +2.5000V +5.0000V O.OOOOV 
7FFHEX +2.4987V +4.9976V -o.0013V 
OOOHEX O.OOOOV O.OOOOV -2.5000V 
lLSB 1.22mV 2.44mV 1.22mV 

TABLE II. Calibration Values. 

SETTLING TIME 
PERFORMANCE 

:l5V 

+4.9976V 
O.OOOOV 

-o.0024V 
-5.0000V 
2.44mV 

±10V 

+9.9951V 
O.OOOOV 

-o.0049V 
-10.0000V 

4.88mV 

The switches, reference and output amplifier of the DAC667 
are designed for optimum settling time performance (Figure 
4). Figure 4a shows the full scale range step response, V 
-lOY to +IOV to-lOY, for data input OOOHEX to FFFHEX to 
OOOHEX' Figure 4b shows the settling time response at plus 
full scale (+ lOY) for an output transition from -lOY to 
+IOV. Figure 4c shows the settling time response at minus 
full scale (-IOV) for an output transition from +IOV to 
-lOY. Figure 4d shows the major carry glitch response for 
input code transitions 7FFHEX to 800HEX and for 800HEX to 

7FFHEx· 

Unlike the Analog Devices AD667, the Burr-Brown DAC667 
does not require an external capacitor (Cr = 20pF) across 
RSPAN to eliminate overshoot. Using the 20pF with the Burr-

(b) PLUS FULL SCALE SETTLING, -10VTO +10V 

C,=O 

V VOUT 

4 
f-- CS 

1/ 
I 

1 !.Is/Division 

(d) MAJOR CARRY GLITCH 
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1\ 
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1 20VSpan DB11 28 MSB '+Vcc 

DB10 
50kU(2) 

DB9 

DB8 

DB7 

DB6 

DB5 

DB4 

DB3 

-VEE DB2 

Cs DBl 

A3 DBO LSB 

A2 PwrGnd 
~ 

A.1 AO 15 

Bipolar 

FIGURE 5. Power Supply, Gain and Offset Connections. 

Brown DAC667 increases th,e settling time about one micro
second. The DAC667 settling tin1e is specified at 7~ maxi
mum. The AD667 is specified at 4~ maximum. 

INSTALLATION 
POWER SUPPLY CONNECTIONS 

Note that the metal lid of the ceramic-packaged DAC667 is 
connected to -VEE' Take care to avoid accidental short 
circuits in tightly spaced installations. 

Power supply decoupJing capacitors should be' added as 
shown in Figure 5. Best settling performance occurs using a 
llJP to 101JP tantalum capacitor at -VEE' Applications with 
less critical settling time may be able to use O.01IJP at -VEE 
as well as at + V cc. The capacitors should be located close to 
the DAC667 package. 

DAC667 features separate digital and analog power supply 
returns to permit optimum connections for low noise and 
high speed performance. It is recommended that both power 
ground (pin 16) and analog ground (AGND, pin 5) be 
connected directly to a ground plane under the package. If a 
ground plane is not used, connect the AGND and power 
ground pins together close to the package. Since the refer
ence point for V OUT and V REF OUT is the AGND pin, it is also 
important to connect the load directly to the AGND pin. 

The change in current in the AGND. pin due to an input data 
word change .from OOOHEX to FFFHEX is only lmA. 

20V Span DBll 28 MSB 

DB10 

DB9 

4 Bipolar Off. DB8 

DB7 

DB6 

DBS 

DB4 

DB3 

-VEE DB2 

Cs DBl 

A3 DBO 

A2 PwrGnd 

Al AO 

Unipolar 

OUTPUT VOLTAGE SWING 
AND RANGE CONNECTIONS 

NOTES: 
(1) 10~F tantalum for 

optimum settling 
performance. 

(2) Unipolar offset adjust is 
not necessary In most 
applications. 

(3) For the ceramic pack-
age, the lid Is connec-
ted to-Vcc. 

The DAC667 output amplifier can provide ±lOV output 
swing while operating on ±ll.4V supplies. The Analog 
Devices AD667 requires a minimum of ±12.5V to achieve 
an output swing of ±lOV. 

Internal scaling resistors provided in the DAC667 may be 
connected to produce bipolar output voltage ranges of ±l OV, 
±5V or ±2.5V or unipolar output voltage ranges of 0 to +5V 
or 0 to +IOV. Refer to Figures 6, 7 and 8. Connections for 
various output ranges are shown in Table III. 

The internal feedback resistors (5Jdl) and the bipolar offset 
resistor (9.95Jdl) are trimmed to an absolute tolerance of 
about ±1O%. 

~--------A,AA~-l 4 Bipolar 
Offset 

Summing 
Junction 10V Span 

9.95kD. 

FIGURE 6. Output Amplifier Voltage Range Scaling Circuit. 
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OUTPUT DIGITAL CONNECT CONNECT 
RANGE INPUT CODES PIN9TO 

±10V ORsel Binary 1 
±5V ORset Binary 1 and 2 

±2.5V Offset Binary 2 
Oto+l0V Straight Binary 1 and 2 
Ota+5V Straight Binary 2 

TABLE III. Output Voltage Range Connections. 

9.95kn 

Bipolar 
Offset 100kn 

Increase 
VOUT 

PIN 1 TO 

9 
2and9 

3 
2and9 

3 

1---+----0 0 \0 +10V 

FIGURE 7. 0 to + lOV Unipolar Voltage Output. 

VREFOUT 

20VSpan 

9.95kn 

Decrease 
VOUT 

-IOAe j--....... -<>±5V 

FIGURE 8. ±5V Bipolar Voltage Output. 

MICROCOMPUTER 
BUS INTERFACING 
a·BIT BUS INTERFACE 

The DAC667 interfaces easily to 8-bit microprocessor sys
tems of all types. The control logic makes possible the use 
of right- or left-justified data formats. Data formats for 8-bit 
buses are illustrated in Figure 9. 

aURR~BROWN@ 

CONNECT 
PIN2TO CONNECT PIN 4 TO 

Ne 6 (Through son fixed or loon trim resistor.) 
1 and 9 6 (Through son fixed or loon trim resistor.) 

9 6 (Through son fixed or loon trim resistor.) 
1 and 9 5 (Or optional trim. See Figure 7.) 

9 5 (Or optional trim. See Figure 7.) 

I OBII I OB1O I OB91 OBB I OB71 DB61 DB51 DB41 

I DB31 OB21 OBI lOBO I X I x x x 
(a) Left..Justified 

X X x I X I DBII lOBI 0 I DB9 I DBB I 

I~I~I~I~I~I~I~I~I 
(b) Right..Justified 

FIGURE 9. 12-Bit Data Formats for 8-Bit Systems. 

Whenever a 12-bit D/A is loaded from an 8-bit bus, two 
bytes are required. If the. software program considers the 
data to be a 12-bit binary fraction (between 0 and 4095/ 
4096), the data is left-justified, with the eight most signifi
cant bits in one byte and the remaining bits in the upper half 
of another byte. Right-justified data calls for the eight least 
significant bits to occupy one byte, with the four most 
significant bits residing in the lower half of another byte, 
simplifying integer arithmetic. 

Figure 10 shows an addressing scheme for use with a DAC-
667 set up for left-justified data in an 8-bit system. The base 
address is decoded from the high-order address bits and the 
resultant active-low signal is applied to CS. The two LSBs 
of the address bus are connected as shown to the DAC667 
address inputs. The latches now reside in two consecutive 
locations, with location XOI loading the four LSBs and 
location XlO loading the eight MSBs and updatingthe output. 

Right-justified data can also be accommodated as shown in 
Figure II. The DAC667 still occupies two adjacent loca
tions in the processor's memory map. Location XOI loads 
the eight LSBs and location XlO loads the four MSBs and 
updates the output. 

12- AND 16-BIT BUS INTERFACES 

For operation with 12- and 16-bit buses, all four address 
lines (AO through A3) are connected to logic 0, and the latch 
is enabled by CS asserted low. The DAC667 thus occupies 
a single memory location. 

This configuration uses the first and second rank registers 
simultaneously. The CS input can be driven from an active
low decoded address. It should be noted that any data bus 
activity during the period when CS is low will cause activity 
at the DAC667 output. If data is not guaranteed stable during 
this period, the second rank register can be used to provide 
double buffering. See Figure 12. 
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07 
06 
05 
04 
03 
02 
01 
DO 

WR 

A15 

A2 

Al 

AO 

L----

L--

~ Decoder 

r--
L-

OBll (MSB) 
OB10 
OB9 
OB8-
OB7 
OB6 
OB5 
OB4 
OB3 
OB2 OAC667 
OBl 
OBO (LSB) 

CS 

AO 
Al 
A2 
A3 

FIGURE 10. Left-Justified 8-Bit Bus Interface. 

011 --------1 
010 --------1 
09 -------4 
OS --------1 
07 --------1 
06 --------1 
05 -------4 
04 ~----~--I 
03 --------1 
02 -------4 
01 --------1 
00 --------1 

WR ----, 

A15 
, , 

AO 

OBll (MSB) 
OB10 
OB9 
OBS 
OB7 
OBS 
OB5 
OB4 
OB3 
OB2 
OBl 
OBO (LSB) 

OAC667 

FIGURE 12. Connections for 12- and 16-Bit Bus Interface. 

07 
06 
05 
04 
03 
02 
01 
DO 

WR 

A15 

A2 

Al 

AO 

.---
r-

~ Decoder 

L-

L 

OBll (MSB) 
OB10 
OB9 
OSS 
OB7 
DB6 
DB5 
OB4 
DB3 
OB2 OAC667 
OBl 
OBO (LSB) 

CS 

AO 
Al 
A2 
A3 

FIGURE 11. Right-Justified 8-Bit Bus Interface. 
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BURR - BROWN® 

IElElI DAC700n02 
DAC701n03 

Monolithic 16-Bit 
DIGITAL-TO-ANALOG CONVERTERS 

FEATURES 
• VOUT AND lOUT MODELS 

• HIGH ACCURACY: 
Linearity Error ±O.0015% of FSR max 
Differential Linearity Error ±O.003% of FSR 
max 

• MONOTONIC (at 15 bits) OVER FULL 
SPECIFICATION TEMPERATURE RANGE 

DESCRIPTION 
The DAC70X family comprise of complete 16-bit 
digital-to-analog converters that includes a precision 
buried-zener voltage reference and a low-noise, fast
settling output operational amplifier (voltage output 
models), all on one small monolithic chip. A combina
tion of current-switch design techniques accomplishes 
not only I5-bit monotonicity over the entire specified 
temperature range, but also a maximum end-point 
linearity error of ±O.OOI5% of full-scale range. Total 
full-scale gain drift is limited to ±IOppm/"C maximum 
(LH and CH grades). 

• PIN-COMPATIBLE WITH DAC70, DAC71, 
DAC72 

• DUAL-IN-LINE PLASTIC AND HERMETIC 
CERAMIC AND SOIC 

Digital inputs are complementary binary coded and 
are TTL-, LSTTL-, 54f74C- and 54f74HC-compatible 
over the entire temperature range. Outputs of 0 to 
+ lOY, ±IOV, 0 to -2mA, and ±lmA are available. 

These D/A converters are packaged in hermetic 24-pin 
ceramic side-brazed or molded plastic. The DIP-pack
aged parts are pin-compatible with the voltage and 
current output DAC71 and DAC72 model families. 
The DAC700 and DAC702 are also pin-compatible 
with the DAC70 model family. In addition, the 
DAC703 is offered in a 24-pin SOlC package for 
surface mount applications. 

1----_>--...JI,f>>/Ir---<~ Reference Output 16-Bit 
Ladder 
Resistor 1-_>---------, 

Digital 
Inputs 

Network 
And 

Current 
Switches 

,-
, L-______ Summing Junction 

: >-+,--....... ------- OUtput 
, , Voltage Models 
L.:=. ______ : Only 

- Gain Adjust 
-- +Vcc 
--Vee 
-Voo 
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SPECIFICATIONS 
ELECTRICAL 
At +25'C and rated power supplies ,unl~ss otherwise noted. 

DAC7021703J DAC7OOI701no2l703K DAC700I70117021703B, S DAC7OOI7011702l703L, C 

PARAMETER MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

INPUT 

DIGITAL INPUT 
Resolution 16 · · · Bits 
Digital Inputs (11 

V'H +2.4 +Vcc · · · · V 
V," -1.0 +0.8 · · · · V 
I'H, V, = +2.7V +40 · · · IlA 
I,", V, = +0.4V ~.35 ~.5 · · · · · · mA 

TRANSFER CHARACTERISTICS 

ACCURACy{'1 
Linearity Erro~41 ±O.OO15 ±0.006 · ±O.003 · · ±0.00075 ±0.0015 %ofFSR(31 
Differential Linearity 

Erro~41 ±O.oil3 ±O.012 · ±0.006 · · ±O.0015 ±0.003 %ofFSR 
Differential Linearity 

Error at Bipolar Zero 
(DAC7021703){41 ±0.003 ±0.006 ±0.0015 ±0.003 %ofFSR 

GainErro~5) ±O.07 ±0.30 ±O.15 ±0.05 ±0.10 % 
Zero Erro~5. 61 ±O.05 ±0.10 · · · · · %ofFSR 
Monotonlclty Over Spec. 

Temp Range 13 .14 · 15 Bi1s 

DRIFT (over specification, 
temperature range) 

Total Error Over 
Temperature Range 
(all models){'1 ±0.08 · ±O.15 ±0.05 ±0.10 · · %ofFSR , 

Total Full Scale Drift: 
DAC7001701 ±10 · ±30 ±8.5 ±18 ±6 ±13 ppm of FSRI"C 
DAC7021703 ±10 · ±25 ±7 ±15 · ppm of FSRI'C 

Gain Drift (all models) ±10 ±30 · ±25 ±7 ±15 ±5 ±10 ppmi'C 
Zero Drift: 

DAC7001701 ±2.5 ±5 ±1.5 ±3 ppm of FSRI"C 
DAC7021703 ±5 ±15 · ±12 ±4 ±10 ±2.5 ±5 ppm of FSRI"C 

Differential Linearity 
Over Temp.(41 ±0.012 +0.009, +0.006, %ofFSR 

~.006 ~.003 
Linearity Error 
Over Temp.!41 ±0.012 ±0.006 · ±O.OO3 %ofFSR 

SETTLING TIME (to 
±0.003% of FSR){'I 

DAC70i1703 (VOUT Models) 
Full Scale Step, 2kn Load 4 · 8 · · 118 
1LSB Step at 
Worst-Case Code(91 2.5 · · j1S 

Slew Rate 10' · · · Vlj1S 

DAC7001702 (lolIT Models) 
Full Scale Step (2mA), 

10 10 1 oon Load 350 · 1000 · · · · ns 
1knLoad 1 3 · · · j1S 

OUTPUT 

VOLTAGE OUTPUT 
MODELS 

DAC701 (CSB Code) Oto+10 · V 
DAC703 (COB Code) ±10 · · V 

Output Current ±5 · · · rnA 
Output Impedance 0.15 · " · n 
Short Circuit to 

Common Duration Indefinite · · · 
CURRENT OUTPUT '. 

MODELS 
DAC700 (CSB Code)(IOI 010-,2 · · mA 

Output Impedance{101 4 · kn 
DAC702 (COB Code){IOI ±1 · · rnA 

Output Impedance{IOI 2.45 · · · kn 
Compliance Voltage ±2.5 · · V' 

BURR-IIROW'N(I 
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ELECTRICAL (CONT) 

UK~'UU"U'''UU'U.~ .t7n~t7 .. ", S UK~'UW' 
.t7~t7 ... ,C 

PARAMETER MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

REFERENCE VOLTAGE 
Vollag. +6.3 +6.0 +6.3 +6.6 +6.24 +6.3 +6.36 . V 
Source Current Availabl. 

for Ext.rnal Loads +2.5 +1.5 · · . rnA 
T.mp.ratur. Co.fficient i10 · ±25 · i15 · ppml"C 
Short Circuit to Common 

Duration ' Indefinite 

POWER SUPPLY I .~ 

Voltag.: +Vcc 13.5 15 16.5 · · · · V 
-Vcc 13.5 15 16.5 · · · · · · V 
Voo +4.5 +5 +16.5 · · · · · V 

Current (No Load): 
DAC700n02 

(lOUT Mod.ls) 
+Vcc +10 +25 · · · rnA 
-Vee -13 -25 · · · rnA 
Voo +4 +8 · · · rnA 

DAC7011703 
(Vour Mod.ls) 

+Vee +16 +30 · · · · rnA 
-Vee -18 -30 · · · · rnA 
Voo +4 +8 · · · · rnA 

Power Dissipation: 
(Voo ~ +5.0V)1111 

DAC7001702 365 790 630 mW 
DAC7011703 530 940 780 · · mW 

Power Supply R.j.ction: 
+Vcc iO.0015 ±O.006 · iO.003 · · % of FSRr/.Vcc 
-Vee ±0.0015 ±0.006 iO.003 · · %0:~~:7.~~ Voo iO.0001 iO.001 · · · · · %of 

• ~R,r~nK' un'; RANGE 

Specification: 
B, CGrades -25 +B5 · ·C 
SGrades -55 +125 ·C 
J, K, L Grades 0 +70 0 +70 ·C 

Storage: Ceramic -60 +150 · · · ·C 
Plastic, SOIC -60 +100 · · ·C 

• Specification same as model to the left. 

NOTES: (1) Digital inputs are TTL, LSTTL, 54174C, 54174HC, and 54174HTC compatible over the operating voltage range of Voo • +5V to +15V and over the specified 
t.mperature rang •. The input switching thr.shold remains at the TTL thr.shold of 1.4V ov.r the supply range of Voo = +5V to + 15V .. As logic "0' and logic "1" Inputs vary over 
OV to to.BV and +2.4V to + 1 OV respectively, the change in the D/A converter output voltage will not exceed ±O.0015% of FSR for the LH and CH grades, ±O.003% of FSR for 
the BH grade and iO.006% of FSR for the KG grade. (2) DAC700 and DAC702 (current·output models) are specified and tested with an external output operational amplifi.r 
connected using the internal feedback resistor in all parameters except seHling time. (3) FSR means full·scale range and is 20V for the ±1 OV range (DAC703), 10V for the 0 
to +10V range (DAC701). FSR is 2mA forthei1mA rang. (DAC702) and the 0 to +2mA range (DAC700). (4) ±0.0015% offull·scale range is equivalent to 1LSB in 15·bit 
resolution. iO.003% of full·scale range is equivalent to 1 LSB in 14·bit resolution. iO.006% of full·scale rang. is equivalent to 1 LSB in 13·bit resolution. (5) Adjustable to zero 
with .xtemal trim potentiometer. Adjusting the gain potentiometer rotates the transfer function around the zero point. (6) Error at Input code FFFFH for DAC700 and DAC701, 
7FFFH for DAC702 and DAC703. (7) With gain and zero errors adjusted to zero at +25'C. (B) Maximum represents the 3a limit. Not 100% tested for this param.ter. (9) At the 
major carry, 7FFFH to BOOOH and BOOOH to 7FFFH. (10) Tol.rance on output impedance and output current is i30%. (11) Pow.rdissipation is an additional40mW wh.n Voo 
is operated at +15V. 

ABSOLUTE MAXIMUM RATINGS 

+Vce to Common .............................................................................. OV, + 1 BV 
-Vce to Common ............................................ ,' ................................. OV, ':'1BV 
Voo to Common ................................................................................ OV, +1BV 
Digital Data Inputs to Common ...................................................... -1V, +1BV 
R.f.rence Out to Common ................................. Indefinit. Short to Common 
External Voltage Appli.d to RF (DAC7001702) ........................................ ±18V 
EX1ernal Voltage Applied to DIA Output (DAC7011703) ................ -5V to t5V 

VOUT (DAC7011703) ................. : .............................. Ind.finit. Short to Common 
Paw.r Dissipation .......................................................................................... 1 W 
Storage T.mperature .......................... , .................................... -60·C to +150'C 
Lead Temp.rature (soldering, 10s) ............ , ............................................. 300'C 

NOTE: Stresses above those listed under "Absolute Maximum Ratings· may 
cause permanent damage to the device. Exposur. to absolut. maximum condi· 
tions for eX1ended periods may affect d.vic. reliability. 

Th. information provided h.rein is beli.v.d to be reliabl.; how.v.r, BURR·BROWN assum.s 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 grant.d to any third party. BURR,BROWN do.s not authorize or warrant any BURR·BROWN 
product for use in life support devices andlor systems. 
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DICE INFORMATION 

PAD FUNCTION PAD FUNCTION 

1 Bill (MSB) Input 16 Bit 15 Input 
2 BU21nput t7 Bit 16 Input 
3 BU31nput 18 RFB -10ka 
4 Bij41nput 19 No Connection 
5 Bit 5 Input 20 RFB -10ka 
6 Bit 6 Input 21 +5V Supply 
7 Bit 7 Input 22 Digital Ground 
8 BU81nput 23 Analog Ground 
9 BU91nput 24 Current Output 
to BU 10 Input 25 . Bipolar Offset 
11 BUll Input 26 Gain Adjust 
12 Bit 12 Input 27 +t5V Supply 
13 -15V Supply 28 Reference Output 
14 Bit 13 Input 29 -15V Supply 
15 BU 14 Input 30 Zener Test Point 

Do Not Use 

Substrate Bias: -Vee 

MECHANICAL INFORMATION 

MtLS (0.001') MILLIMETERS 

Die Size 153 x 120 3.89 x 3.05 
DAC702KD DIE TOPOGRAPHY Die Thickness 20 Mils 0.5 

Min. Pad Size 4x4 0.1 xD.l 

Metallzation Aluminum 

PAD FUNCTION PAD FUNCTION 

1 Bit 1 (MSB) Input 16 Bit 15 Input 
2 Bit 2 Input 17 Bit 16 Input 
3 Bit 3 Input 18 RFB -IDka 
4 Bit 4 Input 19 Voltage Output 
5 Bit 5 Input 20 RFB -10ka 
6 Bit 6 Input 21 +5V Supply 
7 Bit 7 Input 22 Digital Ground 
8 Bit 8 Input 23 Analog Ground 
9 Bit 9 Input 24 Current Output 
10 Bit 10 Input 25 Bipolar Offset 

11 Bit 11 Input 26 Gain Adjust 
12 BU 12 Input 27 +15VSupply 
13 -15V Supply 28 Reference Oulput 
14 BU 13 Input 29 -15VSupply 
15 Bit 14 Input 30 Zener Test Point 

Do Not Use 

Substrate Bias: -V cc 
13 . 

MECHANICAL INFORMATION 

MILS (0.001 ") MILLtMETERS 

Die Size 153 x 120 3.89 x 3.05 
Ole Thickness 20 Mils 0.5 

DAC703KD DIE TOPOGRAPHY Min. Pad Size 4x4 0.1 xO.l 

Metalization Aluminum 

3.54 
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CONNECTION DIAGRAMS 

Digital 
Inputs 

PIN ASSIGNMENTS 

ALL PACKAGES 

PIN. DAC70Dn02 DAC70117o3 

1 Bit 1 (MSB) Bit 1 (MSB) 
2 Bit 2 Bit 2 
3 Bit 3 Bil3 
4 Bit 4 Bit 4 
5 Bit 5 Bil5 
6 Bit 6 Bit 6 
7 Bit 7 Bit 7 
S BitS BitS 
9 Bit 9 Bit 9 
10 Bit 10 Bil10 
11 Bil11 Bil11 
12 Bit 12 Bil12 
13 Bil13 Bil13 
14 Bit 14 Bit 14 
15 Bil15 Bil15 
16 Bil16 (LSB) Bit 16 (LSB) 
17 RFEEDBACK VOUT 
1S VDD VDD 

19 -Vee -Vee 
20 Common Common 
21 lOUT Summing Junction (Zero Adjusl) 
22 Gain Adjust Gain Adjust 
23 +Vee +Vcc 
24 +6.3V Reference Output +6.3V Reference Output 

BURR-BROWNilII 

+Vcc 
270kil 

(3) 

3.9Mil 
(3) 

-Vee 

VDD 
(I) 

NOTES: (1) Can be tied to +Vcc instead of having 
separate VDD supply. (2) Decoupling capacitors are 
0.11!f to 1.01lF. (3) Potentiomelers are 10kn to 
100kn. (4) 5kn(DAC7001701),10kn (DAC702l703). 

PACKAGE INFORMATION 

PACKAGE DRAWING 

MODEL PACKAGE NUMBER(I) 

DAC702JP 24-Pin Plastic DIP 167 
DAC703JP 24-Pin Plastic DIP 167 
DAC702KP 24-Pin Plastic DIP 167 
DAC703KP 24-Pin Plastic DIP 167 

DAC700KH 24-Pin Ceramic DIP 165 
DAC701KH 24-Pin Ceramic DIP 165 
DAC702KH 24-Pin Ceramic DIP 165 
DAC703KH 24-Pin Ceramic DIP 165 

DAC700BH 24-Pin Ceramic DIP 165 
DAC701BH 24-Pin Ceramic DIP 165 
DAC702BH 24-Pin Ceramic DIP 165 
DAC703BH 24-Pin Ceramic DIP 165 

DAC700LH 24-Pin Ceramic DIP 165 
DAC701LH 24-Pin Ceramic DIP 165 
DAC702LH 24-Pin Ceramic DIP 165 
DAC703LH 24-Pin Ceramic DIP 165 

DAC700CH 24-Pin Ceramic DIP 165 
DAC701CH 24-Pin Ceramic DIP 165 
DAC702CH 24-Pin Ceramic DIP 165 
DAC703CH 24-Pin Ceramic DIP 165 

DAC702SH 24-Pin Ceramic DIP 165 
DAC703SH 24-Pin Ceramic DIP 165 

DAC703JU 24-Pin SOIC 239 
DAC703KU 24'PinSOIC 239 

NOTE: (1)' For detailed drawing and dimension lable, please see end of dala 
sheel, or Appendix C of Burr·Brown IC Data Book. 
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ORDERING INFORMATION 

MODEL PACKAGE 

DAC702JP, DAC703JP Plastic DIP . 
DAC702KP. DAC703KP Plastic DIP 
DAC700KH. DAC701 KH Ceramic DIP 
DAC702KH. DAC703KH Ceramic DIP 
DAC700BH. DAC701 BH Ceramic DIP 
DAC702BH. DAC703BH Ceramic DIP 
DAC700LH. DAC701LH Ceramic DIP 
DAC700CH. DAC701 CH Ceramic DIP 
DAC7ODSH. DAC701 SH Ceramic DIP 
DAC702LH. DAC703LH Ceramic DIP 
DAC702CH. DAC703CH Ceramic DIP 
DAC702SH. DAC703SH Ceramic DIP 
DAC703JU Plastic SOIC 
DAC703KU Plastic SOIC 

DISCUSSION OF 
SPECIFICATIONS 
DIGITAL INPUT CODES 

OUTPUT 
CONFIGURATION 

±lmA.±10V 
±lmA.±10V 

o to -2mA. 0 to ~ 10V 
±lmA.±10V 

o to -2mA. 0 to +10V 
±lmA.±10V 

o to -2mA. 0 to +10V 
o to -2mA. 0 to +10V 
o to -2mA. 0 to +10V 

±lmA.±10V 
±lmA.±10V 
±lmA.±10V 

±10V 
±10V 

The DAC700/701/702/703 accept complementary digi
tal input codes in either binary format (CSB, unipolar 
or COB, bipolar). The. COB models DAC702/703 may 
be connected by the user for either complementary 
offset binary (COB) or complementary two's comple
ment (CTC) codes (see Table I). 

ANALOG. OUTPUT 

DAC7001701 DAC7021703 DAC7021703 
DIGITAL Complementary Complementary Complementary 
INPUT Straight Binary Offset Binary .Two·s Complement 
CODES (CSB) (COB) (CTC)' 

OOOOH + Full Scale + Full Scale -ILSB 
7FFFH +112 Full Scale Bipolar Zero - Full Scale 
8000H +1/2 Full Scale -ILSB + Full Scale 

-ILSB 
FFFFH Zero - Full Scale Bipolar Zero 

, Invert the MSB of the COB code with an 'external inverter to obtain CTC 
code. 

TABLE 1. Digital Input Codes. 

ACCURACY 
Linearity 
This specification describes one of the most important mea
sures of performance of a D/A converter. Linearity error is 
the deviation of the analog output from a straight line drawn 
through the end points (all bits ON point and all bits OFF 
point). 

Differential Linearity Error 
Differential linearity error (OLE) of a D/A converter is the 
deviation from an ideallLSB change in the output from one 
adjacent output state to the next. A differential linearity error 
specification of ± I!2LSB means that the output step sizes 
can be between I!2LSB and 3!2LSB when the input changes 
from one adjacent input state to the next. A negative DLE 
specification of no more than -ILSB (-0.006% for 14-bit 
resolution) insures monotonicity. 

LINEARITY . GAIN 
ERROR,MAX ORIFT 

TEMPERATURE AT+25°C' MAX 
RANGE. (% of FSR) (ppmf'C) 

O°C to +70°C ±O.ooe ±30 
O°C to +70°C ±D.oro ±25 
O°C to +70'C ±D.oro ±2S 

. O'C to + 70°C ±0.003 ±25 
-2SoC to +8SoC ±D.003 ±IS 
-2S'C to +8SoC ±0.003 ±IS 

O°C to +70°C ±O.OOIS ±10. 
-25'C to +8S'C ±O.OOIS ±10 
-5S'C to + 12S'C ±0.OO3 ±IS 

O'C to +70°C ±D.OOIS ±10 
-2S'C to +8SoC ·±O.OOIS ±10 
-5S'C to + 12S'C ±0.003 ±IS 

O'C to +70'C ±D.ooe ±30 
O'C to +70'C ±0.OD3 ±2S 

Monotonicity 
Monotonicity assures that the analog output will increase, or 
remain the same for increasing input digital codes. The 
DAC700/701n02n03 are specified to be monotonic to 14 
bits over the entire specification temperature range. 

DRIFT 
Gain Drift 
Gain drift is a measure of the change in the full-scale range 
output over temperature expressed in parts per million per 
degree centigrade (ppmf'C). Gain drift is established by: (1) 
testing the end point differences for each D/A at t..IN' +25°C 
and t..AX; (2) calculating the gain error with respect to the 
+25°C value; and (3) dividing by the temperature change. 

Zero Drift 
Zero drift is a measure of the change in the output with 
FFFFH (DAC700 and DAC701) applied to the digital inputs 
over the specified temperature range. For the bipolar models, 
zero is measured at 7FFF H (bipolar zero) applied to the 
digital inputs. This code corresponds to zero volts (DAC703) 
or zero milliamps (DAC702) at the analog output. The 
maximum change in offset at k or ~ i~ referenced to the 
zero error at +25°C and is divided by the temperature 
change. This drift is expressed in parts per million of full' 
scale range per degree centigrade (ppm of FSRf'C). 

SETTLING TIME 
Settling time of the D/ A is the total time required for the 
analog output to settle within an error band around its fmal 
value after a change in digital input. Refer to Figure 1 for 
typical values for this family of products. 

Voltage Output 
Settling times are specified to iO.003% of FSR (±1/2LSB 
for 14 bits) for two input conditions: a full-scale range 
change of 20V (DAC703) or lOY (DAC701) and a lLSB 
change at the "major carry," the point at which the worst
case settling time occurs. (This is the worst -case point since 
all of the input bits change when going from one code to the 
next). 

BURR - BROWNe 
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Current Output 
Settling times are specified to ±O.003% of FSR for a full
scale range change for two output load conditions: one for 
IOn to won and one for 100on. It is specified this way 
because the output RC time constant becomes the dominant 
factor in determining settling time for large resistive loads. 

DAC700' 

DAC702~ DAC 701 ~\tDAC703 

RL = loon RL = llUl \ 

" 0.001 
r-.; 

0.01 0.1 10 

Settling TIme (~s) 

FIGURE 1. Final-Value Error Band vs Full-Scale Range 
Settling Time. 

COMPLIANCE VOLTAGE 
Compliance voltage applies only to current output models. It 
is the maximum voltage swing allowed on the output current 
pin while still being able to maintain specified accuracy. 

POWER SUPPLY SENSITIVITY 
Power supply sensitivity is a measure of the effect of a 
change in a power supply voltage on the D/A converter 
output. It is dermed as a percent of FSR change in the output 
per percent of change in either the positive supply ( + Vee)' 
negative supply (-Vee) or logic supply (Voo) about the 
nominal power supply voltages (see Figure 2). 

It is specified for DC or low frequency changes. The typical 
performance curve in Figure 2 shows the effect of high 
frequency changes in power supply voltages. 

~ 0.030 

.} 

.£ 0.025 

" ~ 0.020 
6 
rfl. 0.015 

~ 0.01 

.n 
~ 0.005 

o 
I 

-I f~ ~liPIY "-
+5V /+15V 

Supply Supply 

.u.+tt '\J±l!ll 
10 100 Ik 10k lOOk 

Power Supply Ripple Frequency (Hz) 

FIGURE 2. Power Supply Rejection vs Power Supply Ripple 
Frequency. 
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REFERENCE SUPPLY 
All models have an internal low-noise +6.3V reference 
voltage derived from an on-chip buried zener diode. This 
reference voltage, available to the user, has a tolerance of 
±5% (KH models) and ±l% (BH models). A minimum of 
1.5mA is available for external loads. Since the output 
impedance of the reference output is typically 1 W, the 
external load should remain constant. 

If a varying load is to be driven by the reference supply, an 
external buffer amplifier is recommended to drive the load 
in order to isolate the bipolar offset (connected internally to 
the reference) from load variations. 

OPERATING INSTRUCTIONS 
POWER SUPPLY CONNECTIONS 
For optimum performance and noise rejection, power 
decoupling capacitors should be added as shown in- the 
Connection Diagram. IIJF tantalum capacitors should be 
located close to the D/A converter. 

EXTERNAL ZERO AND GAIN ADJUSTMENT 

Zero and gain may be trimmed by installing external zero 
and gain potentiometers. Connect these potentiometers as 
shown in the Connection Diagram and adjust as described 
below. TCR of the potentiometers should be 100ppm/"C or 
less. The 3.9Mn and 270ill resistors (±20% carbon or 
better) should be located close to the D/A converter to 
prevent noise pickup. If it is not convenient to use these 
high-value resistors, an equivalent ''T'' network, as shown in 
Figure 3, may be substituted in place of the 3.9Mn part. A 
0.0011JF to 0.011JF ceramic capacitor should be connected 
from Gain Adjust to Common to prevent noise pickup. Refer 
to Figures 4 and 5 for the relationship of zero and gain 
adjustments to unipolar and bipolar D/A converters. 

~=~ 
- i lOIUl 

FIGURE 3. Equivalent Resistances. 

+ +Full -+
SCaler 

,-, , . 
ILSB 1 I Gain Adjust ,,',,',_ 

Rotates ,',',,; t 
'S CD the Line ,',',; A 

g i x~':" Of~~i~ .g CD ,~~ , Adjust 
,. ",1J , " .:f ,t,~ .. 

Range of ~ Input = ':::" 
Zero Adjust 11 pFFFF.#r' l;;g~~: 
- Zero Adjust _ I +1 

_ Translates - 1I<....t---'1-!1-!-+-',~')-+1 -1-1 -+-+-+---I-
the Line T Digital Input 

FIGURE 4. Relationship of Zero and Gain Adjustments for 
Unipolar D/A Converters, DAC700 and DAC701. 
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+ Full 
Scale 

" Input = '" c: 
FFFFH 

., 
a: i 

, 
t *' , , 

~', , , ," .... ' f' Gain 
,', .... Adjust 

~~:'. Rotates 
J/' theUne 

I Range 
01 Gain 
Adjust 

0 ftset 
djust 
ranslates 
eUne 

A 
T 
th 

o / 
f 

/. 
f'-. , t 

Range 
and 
Offset 
Adjust ,,, 

M~AII Inpu(= ,N ,,, 
'" OOOOH ff' ,;, " Others Off 7FFF H , , 

, " ,',',' , , 
" -Full , Scale Digital Input 

FIGURE 5. Relationship of Zero and Gain Adjustments for 
Bipolar D/A Converters, DAC702 and DAC703. 

Zero Adjustment 
For unipolar (CSB) configurations, apply the digital input 
code that produces zero voltage or zero current output and 
adjust the zero potentiometer for zero output. 

For bipolar (COB, CTC) configurations, apply the digital 
input code that produces zero output voltage or current. See 
Table II for corresponding codes and the Connection Dia
gram for zero adjustment circuit connections. Zero calibra
tion should be made before gain calibration. 

Gain Adjustment 
Apply the digital input that gives the maximum positive 
output voltage. Adjust the gain potentiometer for this posi
tive full scale voltage. See Table II for positive full scale 
voltages and the Connection Diagram for gain adjustment 
circuit connections. 

INSTALLATION 
CONSIDERATIONS 
This D/A converter family is laser-trimmed to 14-bit linear
ity. The design of the device makes the 16-bit resolution 
available. If 16-bit resolution is not required, bit 15 and bit 
16 should be connected to VDD through a single lill resistor. 

Due to the extremely high resolution and linearity of the 
D/A converter, system design problems such as grounding 
and contact resist3nce become very important. For a 16-bit 
converter with a IOV full-scale range, lLSB is 153!lV. With 
a load current of SmA, series wiring and connector resis
tance of only 30mn will cause the output to be in error by 
lLSB. To understand what this means in terms of a system 
layout, the resistance of #23 wire is about O.021QJft. Ne- ' 
glecting contact resistance, less than 18 inches of wire will 
produce a lLSB error in the analog output voltage! 

In Figures 6, 7, and 8, lead and contact resistances are 
represented by RI through Rs' As long as the load resistance 
1\ is constant, R, simply introduces a gain error and can be 
removed during initial calibration. R, is part of 1\, if the 
output voltage is, sensed at Common, and therefore intro
duces no error. If 1\ is variable, then R, should be less than 
RL Mn/216 to reduce voltage drops due to wiring to less than 
lLSB. For example, ifRLMlN is Sill, then R2 should be less 
than O.08n. RL should be located as close as possible to the 
D/A converter for optimum performance. The effect ofR. is 
negligible. 

In many applications it is impractical to sense the output 
voltage at the output pin. Sensing the output voltage at the 
system ground point is permissible with the DAC700 family 
because the D/ A converter is designed to have a constant 
return current of approximately 2mA flowing from Com
mon. The variation in this current is under 20!J.A (with' 
changing input codes), therefore R. can be as large as 3n 
without adversely affecting the linearity of the D/A con
verter. The voltage drop across R. (R, x 2mA) appears as II 
zero error and can be removed with the zero calibration 
adjustment. This alternate sensing point (the system ground 
point) is shown in Figures 6, 7, and 8. 

Fignres 7 and 8 show two methods of connecting the current 
output models (DAC700 or DAC702) with external preci
sion output op amps. By sensing the output voltage at the 
load resistor (ie, by connecting ~ to the output of Al at 1\), 
the effect of RI and R, is greatly reduced. RI will cause a 
gain error but is independent of the value of 1\ and can be 
eliminated by initial calibration adjustments. The effect of 
R2 is negligible because it is inside the feedback looP of the 
output op amp and is therefore greatly feduced by the loop 
gain. 

"- DAC701 

RF~5kn ~ 1 
VOUT ¢"-tuP R. 

RL 

Common 

~ 
R3 

Alternate Ground 
Sense Connection.......: I Sense Output 

1-/ +V 
To+Voc 

+*l~F 
I 

! COM ±15VDC 

+=i= t~F r, Supply 

To-Vee 
-V 

" System Ground 
Point +V TOVDD +:;:: l~F COM +5VDC 

Supply 

• As = 2kQ (DAC701 and DAC703) 

FIGURE 6. Output Circuit for Voltage Models. 
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VOLTAGE OUTPUT MODELS 

ANALOG OUTPUT 

DAC701 UNIPOLAR DAC703 BIPOLAR 

DIGITAL INPUT CODE 16-BIT 15-BIT 14-BIT IS-BIT 15-BIT 14-BIT 

lLSB (jtV) 153 305 610 305 610 1224 
OOOOH (V) +9.99985 +9.99969 +9.99939 +9.99960 +9.99939 +9.99878 
FFFFH (V) a a a -10.0000 -10.0000 -10.0000 

ANALOG OUTPUT MODELS 

DAC700 UNIPOLAR 

DIGITAL INPUT CODE IS-BIT 15-BIT 

lLSB (jtA) 0.031 0.061 
OOOOH (rnA) -1.99997 -1.99994 
FFFFH (rnA) a a 

TABLE II. Digital Input and Analog Output Relationships. 

If the output cannot be sensed at Common or the system 
ground point as mentioned above, the differential output 
circuit shown in Figure 8 is recommended. In this circuit the 
output voltage is sensed at the load common and not at the 
D/A converter common as in the previous circuits. The value 
of R6 and R, must be adjusted for maximum common-mode 
rejection at RL• Note that if R3 is negligible, the circuit of 
Figure 8 can be reduced to the one shown in Figure 7. Again 
the effect of R. is negligible. 

DAC700lDAC702 

System Ground 

R, 

Sense Oulpul 

±15VDC 
Supply 

~~~ __ -+ __ ~p~oi:nt ____ ~+~v~ ____ ~ 
ToVoo - + 

R. RF 

DAC702 2.45kn 10kn 
DAC700 4kn 5kn 

COM 

ROAC 

2.45kn 
4kn 

+5VDC 
Supply 

* R. should be equal to the output impedance at the current output 
to compensate for the bias current drift of A,. Use standard 10%. 
1I4W carbon composition or equivalent resistors. 

FIGURE 7. Preferred External Op Amp Configuration. 

BURR-BROWNell 

ANALOG OUTPUT 

DAC702 BIPOLAR 

14-BIT 16-BIT 15-BIT 14-BIT 

0.122 0.031 0.061 0.122 
-1.99988 -ll.99997 -ll.99994 -ll.99988 

a +1.00000 +1.00000 +1.00000 

The D/A converter and the wiring to its connectors should be 
located to provide optimum isolation from sources of RFI 
and EM!. The key concept in elimination of RF radiation or 
pickup is loop area; therefore, signal leads and their return 
conductors should be kept close together. This reduces the 
external magnetic field along with any radiation. Also, if a 
single lead and its return conductor are wired close together, 
they present a small flux-capture cross section for any 
external field. This reduces radiation pickup in the circuit. 

DAC700/DAC702 

System Ground 

R, 

R2 

RL 
R. 

R3 

±15VDC 
Supply 

~~~ __ -+ __ ~p~oi:nt~ __ ~+~v~ ____ ~ 
ToVOD .... + 

COM +5VDC 
Supply 

Sense 
Output 

DAC702 
DAC700 

10kn 
5kn 

2.45kn 
4kn 

R.+R7=RF+R, 
Rs = ROAC 

FIGURE 8. Differential Sensing Output Op Amp 
Confignration. 
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APPLICATIONS 
DRIVING AN EXTERNAL OP AMP 
WITH CURRENT OUTPUT D/AS 

DAC700 and DAC702 are current output devices and will 
drive the summing junction of an op amp to produce an 
output voltage as shown in Figure 9. Use of the internal 
feedback resistor is required to obtain specified gain accu
racy and low gain drift. 

DAC700 or DAC702 can be scaled for any desired voltage 
range with an external feedback resistor, but at the expense 
of increased drifts of up to ±5Oppmj°C. The resistors in the . 

FIGURE 9. EXternal Op Amp Using Internal Feedback 
Resistors. 

FIGURE 11. External Op Amp Using External Feedback 
Resistors. 

DAC700 and DAC702 ratio track to ±lppmfC but their 
absolute TCR may be as high as ±50ppmfC. 

An alternative method of scaling the output voltage of the 
D/A converter and preserving the low gain drift is shown in 
Figure 10. 

OUTPUTS LARGER THAN 20V RANGE 

For output voltage ranges larger than ±lOV, a high voltage 
op amp may be employed with an external feedback resistor. 
Use lOUT values of ±lmA for bipolar voltage ranges and 
-2mA for unipolar voltage ranges (see Figure 11). Use 
protection diOdes as shown when a high voltage op amp is 
used. 

• R,. R. TCR < ±10ppm1"C 

FIGURE 10. External Op Amp Using Internal and External 
Feedback Resistors to Maintain Low Gain Drift. 
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BURR - BROWN® 

1E3E31 DAC707 
DAC70an09 

Microprocessor-Compatible 
16-BIT DIGITAL-TO-ANALOG CONVERTERS 

FEATURES 
• TWO·CHIP CONSTRUCTION 

• HIGH·SPEED 16·BIT PARALLEL, S·BIT 
(BYTE) PARALLEL, AND SERIAL INPUT 
MODES 

• DOUBLE·BUFFERED INPUT REGISTER 
CONFIGURATION 

• VOUT AND lOUT MODELS 

DESCRIPTION 
The DAC708 and DAC709 are 16-bit converters de
signed to interface to an 8-bit microprocessor bus. 16-
bit data is loaded in two successive 8-bit bytes into 
parallel 8-bit latches before being transferred into the 
D/A latch. The DAC708 and DAC709 are current and 
voltage output models respectively and are in 24-pin 
hermetic DIPs. Input coding is Binary Two's Comple
ment (bipolar) or Unipolar Straight Binary (unipolar, 
when an external logic inverter is used to invert the 
MSB). In "addition, the DAC708/709 can be loaded 
serially (MSB first). 

The DAC707 is designed to interface to a 16-bit bus. 

8·Bil 
(DAC708, 709) 

or 
16-Bil (DAC707) 

Serial 
(DAC708, 709) 

Latch Enables! { 
Mode Select -----j 

-----j 

CLEAR --------1 
WRITE 
CHIP SELECT ----; 

D/A 
Latch 

• HIGH ACCURACY: 
Linearity Error ±o.003% of FSR max 
Differential Linearity Error ±o.006% of FSR 
max 

• MONOTONIC (TO 14 BITS) OVER 
SPECIFIED TEMPERATURE RANGE 

• HERMETICALLY SEALED 

• LOW COST PLASTIC VERSIONS 
AVAILAB.LE (DAC707JP/KP) 

Data is written into a 16-bit latch and subsequently the 
D/A latch. The DAC707 has bipolar voltage output 
and input coding is Binary Two's Complement (BTC). 

All models have Write and Clear control lines as well 
as input latch enable lines. In addition, DAC708 and 
DAC709 have Chip Select control lines. In the bipolar 
mode, the Clear input sets the D/A latch to give zero 
voltage or current output. They are all 14-bit accurate 
and are complete with reference, and for the DAC707, 
and DAC709, a voltage output amplifier. All models 
are available with an optional burn-in screening. 

16-Bit 
D/A 

Con
verter 

Bi olar· 
Offset 

Summing Junction (708, 709) 

.-",/1,,- 10V Range (708, 709) 

-=- DAC707 or DAC709 
Only 

DAC707nosn09 Block Diagram 

International Airport Induslrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Streel Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
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SPECIFICATIONS 
ELECTRICAL 
At TA ~ +25°C, Vee = ±t5V, Voo ~ +5V, and after a 1 O-minute warm-up unless otherwise noted. 

MODEL 

INPUT 

DIGITAL INPUT 
Aesolution 
Bipolar Input Code (all models) 
Unipolar Input Code!') (DAC70Bl709 only) 
Logic Levels(2): V1H 

VIL 
I'H (V, = +2.7V) 
I'L (V, = +0.4V) 

TRANSFER CHARACTERISTICS 

ACCURACy(3) 

Linearity Error 
Differential Unearity Error(S) 

at Bipolar Zero!'. 6) 

Gain Erro~7) 
Zero Erro~7) 
Monotonicity Over Spec Temp Range 
Power Supply Sens~ivity: +Vcc. -Vee 

Voo 

DRIFT (Over Spec Temp Range(3») 
Total Error Over Temp Range!S) 
Total Full Scale Drift 
Gain Drift 
Zero Drift: Unipolar (DAC70Bl709 only) 

Bipolar (all models) 
Differential Linearity Over TemplS) 

Uneanty Error Over Temp!S) 

SETTLING TIME (to ±C.003% of FSR)19) 
Voltage Output Models 

Full Scale Step (2kn load) 
1 LSB Step at Worst Case Codel1O) 

Slew Rate 
Current Output Models 

Full Scale Step (2mA): 10to 1000 Load 
lknLoad 

OUTPUT 

VOLTAGE OUTPUT MODELS 
Output Voltage Range 

DAC709: Unipolar (USB Code) 
Bipolar (BTC Code) 

DAC707 Bipolar (BTC Code) 
Output Current 
Output Impedance 
Short Circuit to Common Duration 

CURRENT OUTPUT MODELS 
Output Current Range (±30% typ) 

DAC70B: Unipolar (USB Code) 
Bipolar (BTC Code) 

Unipolar Output Impedance (±30% typ) 
Bipolar Output Impedance (±30% typ) 
Compliance Voltage 

DAC707JP 

MIN TYP MAX 

I I 16 
Binary Two's Complement 

+2.0 
-1.0 

13 

±5 

+5.5 
+0.8 

t 
1 

±C.003 ±C.C06 
±O.004S ±0.012 

±0.07 ±C.30 
±0.05 ±C.l 

±0.COI5 ±0.006 
±C.0001 ±C.COI 

±O.OB 
±10 
±10 ±30 

±5 ±15 

4 
2.5 
10 

±10 

0.15 
Indefinite 

±C.012 

±0.012 

DAC7071708l709KH, 
DAC707KP 

MIN TYP MAX 

14 

±0.COI5 ±C.003 
±C.OO3 ±C.006 
±0.C03 ±O.ooe 

±2.5 

350 
1 

Oto+l0 
±5,±tO 

Oto-2 
±1 
4.0 
2.45 
±2.5 

±0.15 

±0.15 
±25 
±25 
±5 

±12 
+0.009, 
-{l.006 
±o.ooe 

B 
4 

DAC70717081 
709BH,SH 

MIN TYP MAX 

14 

±O.OOIS ±0.003 
±C.05 ±O.tO 

±7 
±1.5 
±4 

±0.003 

±O.tO 
±15 
±15 
±3 
±to 

8 
4 

UNITS 

Bits 

V 
V 

ItA 
IlA 

%of FSR(4) 

%ofFSR 
%ofFSR 

% 
%ofFSR 

Bits 
%of FSR/"IoVcc 
% of FSR!%Voo 

%ofFSR 
ppm of FSRloC 

ppm/"C 
ppm of FSRloC 
ppm of FSR/"C 

%ofFSR 
%ofFSR 

ns 
IlS 

V 
V 
V 

mA 
Il 

mA 
mA 
kll 
kn 
V 
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ELECTRICAL (CONT) 
AlTA = +25·C, Vcc = ±15V, Voo = +5V, and after a 10-minute warm-up unless otherwise noted. 

DAC707nOan09KH, DAC707n081 
DAC707JP DAC707KP 709BH, SH 

MODEL UNITS 

Voltage (all models): +Vcc +13.5 +15 +16.5 V 
-Vcc -13.5 -15 -16.5 V 

Voo +4.5 +5 +5.5 V 
Current (No Load, +15V Supplies) 
Current Oulput Models: +Vcc +10 +25 rnA 

-Vee -13 -25 rnA 
Voo +5 +10 rnA 

Voltage Output Models: +Vcc +16 +30 rnA 
-Vcc -IB -30 rnA 

Voo +5 +10 rnA 

Power Dissipation (±15V supplies) 
Current Output Models 370 BOO mW 
Voltage Output Models 535 950 mW 

Specification: BH Grades -25 +85 ·C 
JP, KP, KH Grades 0 +70 ·C 
SHGrades -55 +125 ·C 

Storage: Ceramic -65 +150 -65 +150 ·C 
Plastic -60 +100 ·C 

"'Specification same as for models in column to the left . . 
NOTES: (I) MSB must be inverted externally prior to DAC70an09 input. (2) Digital inputs are TTL, LSTTL, 54174C, 5417 4HC and 5417 4HTCcompatibie overthe specified 
temperature range. (3) DAC708 (current-output models) are specified and tested with an external output operational amplifier connected using the internal feedback 
resistor in all tests. (4) FSR means Full Scale Range. For example, for±1 OV output, FSR = 20V. (5) ±0.0015% of Full Scale Range is equal to 1 LSB in 16-bit resolution, 
±O.003% of Full Scale Range is equal to 1 LSB in IS-bit resolution. ±0.006% of Full Scale Range is equal to I LSB in 14-bit resolution. (6) Error at input code OOOOH' 
(For unipolar connection on DAC70Bf709, the MSB must be inverted externally prior to DIA inpu!.) (7) Adjustable to zero with external trim potentiometer. Adjusting the 
gain potentiometer rotates the transler function around the bipolar zero point. (8) With gain and zero errors adjusted to zero at +25·C. (9) Maximum represents the 3a 
limit. Not 100% tested for this parameter. (10) The bipolar worst-case code change is FFFFH to OOOOH and OOOOH to FFFFH. For unipolar (DAC70an09 only) it is 7FFFH 
to 8000H and 8000H to 7FFFH. 

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 andlor systems. 
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For Immediate Assistance, Contact Your Local Salesperson 
PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER!') 

DAC707JP 28-Pin Plastic DBL Wide DIP 215 
DAC707KP 28-Pin Plastic DBL Wide DIP 215 

DAC707BH 28LD Side Brazed 144 
Hermetic Dip 

DAC707KH 28LD Side Brazed 144. 
Hermetic DIP 

DAC707SH 28LD Side Brazed 144 
Hermetic DIP 

DAC708BH 24LD Side Brazed 165 
Hermetic DIP 

DAC708KH 24LD Side Brazed 165 
Hermetic DIP 

DAC708SH 24LD Side Brazed 165 
Hermetic DIP 

DAC709BH 24LD Side Brazed 165 
Hermetic DIP 

DAC709KH 24LD Side Brazed 165 
Hermetic DIP 

DAC709SH 24LD Side Brazed 165 
Hermetic DIP 

NOTE. (1) For detailed draWing and dimenSion table, please see end of data 
sheet, or Appendix C of Burr-Brown IC Data Bock. 

ORDERING INFORMATION 

TEMPERATURE INPUT 
MODEL RANGE CONFIG' 

DAC707JP O'Cto +70'C 16-bitport 
DAC707JP~BII') O·Cto +70'C 16-bitport 
DAC707KP O'C to +70'C 16-bitport 
DAC707KP-BII') O'Cto +70'C 16-bijport 
DAC707KH O·Cto +70'C 16-bitport 
DAC707KH-BII') O'Clo +70"0 16-bH port 
DAC707BH -25'C 10 +85'C 16-bijport 
DAC707BH-BII') -25'C 10 +85'C 16-bijport 
DAC707SH -55'C 10 + 125'C 16-bilport 
DAC707SH-BII') -55"0 to +125"0 16-bijport 

DAC708KH O'Cto +70'C 8-bitport 
DAC708BH -25'C to +85'C 8-bitport 
DAC708SH -55'C to +125"0 8-bitport 

DAC709KH O'Cto +70'C 8-bH port 
DAC709BH -25'C to +85'C 8-bitport 
DAC709SH -55'C to + 125"0 8-bH port 

.. NOTE: (1) 25 piece minimum order. 

ABSOLUTE MAXIMUM RATINGS 
Voo to COMMON .......•.........•...................................................•.. OV, +15V 
+Vcc to COMMON ...............................•.........................•........... OV, +18V 
-Vee to COMMON ...................................................................... OV, -18V 
Digital Data Inputs to COMMON ..................................... -O.5V, Voo +0.5 
DC Current any Input ..............•.................................•.................... ±1 OmA 
Aeference Out to COMMON ..............•....... Indefinite Short to. COMMON 
VOIIr (DAC707, DAC709) ......................•.... Indefinite Short to COMMON 
External Voltage Applied to AF (pin 13 or 14, DAC708) .................. ±18V 
External Voltage Applied to DIAOutput 
(pin 1, DAC707; pin 14, DAC709) ......................................................... ±5V 
Power Dissipation ................................................•....................... 1000mW 
Storage Temperature ...................•......................•......•. :. ~O'C to + 150'C 
Lead Temperature (soldering, lOs) ................................................. 300"C 

Stresses above those listed under "Absolute Maximum Aatlngs" may 
cause permanent damage to the device. Exposure to absolute maximum 
conditions for extended periods may affect device reliability. 

OUTPUT 
CONFIG 

~10Voutput 
±10Voutput 
±10Voutput 
±10Voutput 
±10Voutput 
±10Voulpul 
±10Voulput 
±10Voutput 
±10Voulput 
±10Voutpul 

±lmAoutpul 
±lmAoUiput 
±lmAoutpul 

±10Voutpul 
±10VoUipul 
±10Voutpul 
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DESCRIPTION OF PIN FUNCTIONS 

VOLIr Voltage output for DAG7D7 (±tDV) A2 Latch enable for DIA latch (Active low) 

Voo Logic supply (+5V) Ao Latch enable for "low byte" input (Active low). When 
both Ao and A, arB logic "0", the serial input mode is en 
selected and the serial input is enabled. 52 DGOM Digital common A, Latch enable for "high byte" input (Active lOw). When 
both Ao and A, are logic "0", the serial input mode is 

CC) 

selected and the serial input is enabled. S2 
AGOM Analog common 07 (Dt5) Input for data bit 7 if enabling low byte (LB) latch or ..-.,; 

data bit t 5 if enabling the high byte (HB) latch. 0 ...... 
SJ Summing junction of the internal output op amp for the 06 (Dt4) Input tor data bit 6 If enabling LB latch or data bit 14 if 0 DAG7D7. Offset adjust circuit is connected to the enabling the HB latch. 

summing junction of the output amplifier. Refer to Block <C 
Diagram. C 

GA Gain adjust pin. Refer to Connection Diagram for gain 05 (013) Data bit 5 (LB) or data bit 13 (HB) 
adjust circuit. 

+Vee Positive supply voltage (+ 15V) 04 (012) Data bit 4 (LB) or data bit 12 (HB) 

-Vee Negative supply voltage (-15V) 03 (011) Data bit 3 (LB) or data bit 11 (HB) 

GLR Glear line. Sets the input latch to zero and sets the DIA 02 (010) Data bit 2 (LB) or data bit 10 (HB) en 
latch to the input code that gives bipolar zero on the a:: DIA output (Active low) 

W 
WR Write control line (Active low) 01 (09) Data bit 1 (LB) or data bit 9 (HB) l-I\, Enable for DIA converter latch (Active low) DO (DB)/SI Data bit 0 (LB) or data bit 8 (HB). Serial input when a:: serial mode is selected. W Ii;; Enable for Input latch (Active low) DGOM Digital common > 015 (MSB) Data bit 15 (Most Significant Bit) RF2 Feedback resistor for internal or external operational Z 

amplifier. Gonnect to pin 14 when a lDV output range 0 is desired. Leave open for a 2DV output range. 

014 Data bit 14 VOLIr Voltage output for DAG7D9 or feedback resistor for 0 
RF, (DAG7D8) use with an external output op amp for the DAG7D8. C!J Refer to Connection Diagram for connection of 

external op amp to DAG7DB. 0 
013 Data bit 13 AGOM Analog common ..J 
012 Data bit 12 SJ (DAG7D9) Summing junction of lhe internal output op amp for the <C 

lour (DAG7DB) DAG7D9, or the current output for the DAG7DB. Refer Z 
to Connection Diagram for connection of external op <C 
amp to DAG7DB. I 

011 Data bit 11 BPO Bipolar offset Gonnect to pin 16 when operating in the 0 
bipolar mode. Leave open for unipolar mode. I-

010 Data bii 10 GA Gain adjust pin 
I 

..J 
09 Data bit 9 +Vcc Positive supply voltage (+ 15V) 

~ DB Data bit 8 -Vee Negative supply voltage (-15V) 

07 Data bit 7 GLR Glear line. Sets the high and low byte input registers C!J to zero and, for bipolar operation, sets the DIA register 

C to the input code that gives bipolar zero on the DIA 
output. (In the unipolar mode, invert the MSB prior to 
the D/A.) 

06 Data bit 6 Write control line 

05 Data bit 5 Cs Ghip select control line 

D4 Data bit 4 Voo LogiC supply (+5V) 

03 Data bit 3 No pin 

02 Data bit 2 No pin (The DAG7DB and DAC7D9 are in 24-pin packages) 

01 Data bit 1 No pin 

DO (LSB) Data bit 0 (Least Significant Bit) No pin 

BURR~BROWNQII 
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CONNECTION DIAGRAMS 

DAC7081709 

Register 1 
Enable 
lines 

Data 
Inputs 

DAC707 

Digital 
Common 

+Vcc 

-Vee 

Latch Enable Lines { 

{ 
(MSB) 015 

Digital Inputs 
014 

NOTES: (I) Potentiometers are 10kn to 100kn. 
(2) Decoupling eapeitors are 0.1 ~F to I.O~F. 
(3) Bvpass, 0.0022uF to 0.01 uFo 

NOTES: (I) Potentiometer is 
10knto 100kn. (2) Deeoupling 
capeitors are O. WF to 1.0~F. 

-Vee 

Digital 
Inputs 
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DISCUSSION OF 
SPECIFICATIONS 
DIGITAL INPUT CODES 

For bipolar operation, the DAC707 nOSn09 accept positive
true binary two's complement input code. For unipolar 
operation (DAC70Sn09 only) the input code is positive-true 
straight-binary provided that the MSB input is inverted with 
an external inverter. See Table I. 

ANALOG OUTPUT 

Digital Unipolar Straight Binaryll) Binary Two·s Complement 
Input (DAC7081709 only; connected (Bipolar operation; 
Codes for Unipolar operation) all models) 

7FFFH +1/2 Full Scale-1LSB(2) +Full Scale 
OOOOH Zero Zero 
FFFFH +Full Scale -lLSB 
8000H + 1/2 Full Scale -Full Scale 

NOTES: (1) MSB must be inverted externally. (2) Assumes MSB is inverted 
externally. 

TABLE I. Digital Input Codes. 

ACCURACY 

Linearity 

This specification describes one of the most important mea
sures of performance of a D/A converter. Linearity error is 
the deviation of the analog output from a straight line drawn 
through the end points (-Full Scale point and +Full Scale 
point). 

Differential Linearity Error 

Differential Linearity Error (DLE) of a D/A converter is the 
deviation from an ideallLSB change in the output when the 
input changes from one adjacent code to the next. A differ
entiallinearity error specification of ±1/2LSB means that the 
output step size can be between I/2LSB and 3/2LSB when 
the input changes between adjacent codes. A negative DLE 
specification of -ILSB maximum (-{).OO6% for 14-bit reso
lution) insures monotonicity. 

Monotonicity 

Monotonicity assures that the analog output will increase or 
remain the same for increasing input digital codes. The 
DAC707nOSn09 are specified to be monotonic to 14 bits 
over the entire specification temperature range. 

DRIFT 

Gain Drift 

Gain Drift is a measure of the change in the full-scale range 
output over temperature expressed in parts per million per 
degree centigrade (ppm/"C). Gain drift is established by: (1) 
testing the end point differences at 'MIN' +25°C and k; (2) 
calculating the gain error with respect to the +25 °C value; 
and (3) dividing by the temperature change. 

Zero Drift 

Zero Drift is a measure of the change in the output with 
OOOOH applied to the D/A converter inputs over the specified 
temperature range. (For the DAC70Sn09 in unipolar mode, 

BURR-BROWN@ 

the MSB must be inverted). This code corresponds to zero 
volts (DAC707 and DAC709) or zero milliamps (DAC70S) 
at the analog output. The maximum change in offset at 'MIN 
or 'MAX is referenced to the zero error at +25°C and is divided 
by the temperature change. This drift is expressed in FSR! 
°C. 

SETTLING TIME 

Settling time of the D/A is the total time required for the 
analog output to settle within an error band around its [mal 
value after a change in digital input. Refer to Figure 1 for 
typical values for this family of products. 

1? en 
LL 

'0 
'#. 
;!:!. 
CD 0.1 Cl 

" OJ 
a: 
CD 
"iii 

" ~ 0.Q1 :; 
LL 

'0 

i 
~ 0.001 '--____ ...I-_~~_....J:I~_---'~---l 

0.01 0.1 10 

Settling Time (~s) 

FIGURE 1. Final-Value Error Band Versus Full-Scale Range 
Settling Time. 

Voltage Output 

Settling times are specified to ±O.003% of FSR (±1/2LSB 
for 14 bits) for two input conditions: a full-scale range 
changeof20V (±lOV) or lOV (±5VorOto lOY) and a lLSB 
change at the "major carry", the point at which the worst
case settling time occurs. (This is the -worst-case point since 
all of the input bits change when going from one code to the 
next.) 

Current Output 

Settling times are specified to ±O.003% of FSR for a full
scale range change for two output load conditions: one for 
IOn to lOon and one for 1000n. It is specified this way 
because the output RC time constant becomes the dominant 
factor in determining settling time for large resistive loads. 

COMPLIANCE VOLTAGE 

Compliance voltage applies only to current output models. It 
is the maximum voltage swing allowed on the output current 
pin while still being able to maintain specified accuracy. 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
change in a power supply voltage on the D/A converter 
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For Immediate Assistance, Contact Your Local Salesperson 
output. It is defined as a percent of FSR change in the output 
per percent of change in either the positive supply (+ V cc)' 
negative supply (-V cc) or logic supply (V DD) about the 
nominal power supply voltages (see Figure 2). It is specified 
for DC or low frequency changes. The typical performance 
curve in Figure 2 shows the effect of high frequency changes 
in power supply voltages. 

~ 0.030 

~ 
f 0.025 

t 0.020 
ti 
'6 

'" 0.015 

IIIIII 
-15VS~~~1y 

\ 
~ 
g 0.010 +5V _ +15V 
w 
II: 
~ 0.005 imX' il~1 
'6 

'" 
1trr m o 

1 10 100 lk 10k lOOk 
Power Supply Ripple Frequency (Hz) 

FIGURE 2. Power Supply Rejection Versus Power Supply 
Ripple Frequency. 

OPERATING INSTRUCTIONS 
POWER SUPPLY CONNECTIONS 
For optimum performance and noise rejection, power supply 
decoupling capacitors should be added as shown in the 
Connection Diagram. lllf' tantalum capacitors should be 
located close to the D/A converter. 

EXTERNAL ZERO AND GAIN ADJUSTMENT 

Zero and gain may be trimmed by installing external zero 
and gain potentiometers. Connect these potentiometers as 
shown in the Connection Diagram!!lld adjust as described 
below. TCR of the potentiometers should be 100pprn/"C or 
less. The 3.9MQ and 270kQ resistors (±20% carbon or 
better) should be located close to the D/A converter to 
prevent noise pickup. If it is not convenient to use these 
high-value resistors, an equivalent "T" network, as shown in 
Figure 3, may be substituted in place of the 3.9MQ resistor. 
A 0.0011lf' to 0.011lf' ceramic capacitor should be connected 
from GAIN ADJUST to ANALOG COMMON to prevent 
noise pickup. Refer to Figures 4 and 5 for the relationship of 
zero and gain adjustments to unipolar D/A converters. 

~=~ 
. 10klll 

FIGURE 3. Equivalent Resistances. 

Zero Adjustment 

For unipolar (USB) configurations, apply the digital input 
code that produces zero voltage or zero current output and 
adjust the zero potentiometer for zero output. 

For bipolar (BTC) configurations, apply the digital input 
code that produces zero output voltage or current. See Table 
II for corresponding codes and connection diagrams for zero 
adjustments circuit connections. Zero calibration should be 
made before gain calibration. 

Gain Adjustment 

Apply the digital input that gives the maximum positive 
output voltage. Adjust the gain potentiometer for this posi
tive full-scale voltage. See Table II for positive full-scale 
voltages and the Connection Diagrams for gain adjustment 
circuit connections. 

. .1 
" Rangeof 

,;~" Gain Adjust 
+ Full Scale ,:,',,'t 

lLSB 
, , 

,',' , 
CD ,',' " 

II:~ , ',' 
... ,:,~, Gain Adjust 

j ,3.F~/ Rotates the Line 

3 ,::~~ 
u.. ,:~" 

J Input = ,/f' 
OOOOH '" 

Range of L~' Input = FFFFH 
zeroJ 

Adjust \ 

~+-+-+-Hl1-t-1 +-+-+-+1-'1;1 
T Digital Input, 

Zero Adjust Translates the Line 

FIGURE 4. Relationship of Zero and Gain Adjustments for 
Unipolar D/A Converters, DAC708 and 
DAC709. 

" Range of + Full scale-T ' 
Gain Adjust ,,',I' Gain Adjust 

lLSB Rotates).( " /T 
Input = 8000H the Line / ).(,/ Offset Adjust I Full Scale , ',') ( Translates 

Range ",~" the Line 

f--t-h~~:EEEIT' m: 

/-Full Scale 

Digital Input 

FIGURE 5. Relationship of Zero and Gain Adjustments for 
Bipolar D/ A Converters, DAC707 and DAC708/ 
709 

BURR·BROWNI1D 

3.68 Burr-Brown Ie Data Book-Mixed Signal Products I EI Ell 



Or, Call Cuslomer Service aI1-800-548-6132 (USA Only) 

Digital 
Input 
Code 

One LSB 
FFFFH 
OOOOH 

Digital 
Input 
Code 

Units 

~A 
mA 
mA 

One LSB 
7FFFH 
8000H +1.00000 +1.00000 

-0.99988 
+1.00000 

Units 

~V 
V 
V 

Units 

~ 
mA 
mA 

TABLE II. Digital Input and Analog Output Voltage/Current Relationships. 

INTERFACE LOGIC AND TIMING 

DAC7081709 

The signals CHIP SELECT (CS), WRITE (WR), register 
enables (Ao' A\, and A,) and CLEAR (CLR), provide the 
control functions for the microprocessor interface. They are 
all active in the "low" or logic "0" state. CS must be low to 
access any of the registers. Ao and A\ steer the input 8-!:it 
data byte to the low- or high-byte input latch respectively. A, 
gates the contents of the two input latches through to the D/ A 
latch in parallel. The contents are then applied to the input of 
the D/A converter. When WR goes low, data is strobed into 
the latch or latches which have been enabled. 

The serial input mode is activated when both Ao and A\ are 
logic "0" simultaneously. The DO (D8)!SI input data line 
accepts the serial data MSB first. Each bit is clocked in by 
a WR pulse. Data is strobed through to the D/A latch by A, 
going to logic "0" the same as in the parallel input mode. 

Each of the latches can be made "transparent" by maintain
ing its enable signal at logic "0". However, as stated above, 
when both Ao and A\ are logic "0" at the same time, the 
serial mode is selected. 

The CLR line resets both input latches to all zeros and sets 
the D/A latch to 0000", This is the binary code that gives a 
null, or zero, at the output of the D/A in the bipolar mode. 
In the unipolar mode, activating CLR will cause the output 
to go to one-half of full scale. 

The maximum clock rate of the latches is IOMHz. The 
minimum time between write (WR) pulses for successive 
enables is 20ns. In the serial input mode (DAC708 and 
DAC709), the maximum rate at which data can be clocked 
into the input shift register is IOMHz. 

The timing of the control signals is given in Figure 6. 

DAC707 

The DAC707 interface timing is the same as that described 
above except instead of two 8-bit separately-enabled input 
latches, it has a single 16-bit input latch enabled by Ao' The 

BURR-BROWN® 

LOGIC TIMING - Paraliel or Serial Data Input Over Temperature 

Data valid 10 end of WR 
CS valid to end of WR 
~ A;; A,'Valid to end of WR 
Write pulse width 
Data hold after end of WR 

TIMING DIAGRAM 

ns, min ns, max 
80 
80 
80 
80 
o 

--------ir==--:::.:----+-. 
00-015, SI 

FIGURE 6. Logic Timing Diagram. 

D/A latch is enabled by A\. Also, there is no serial-input 
mode and no CHIP SELECT (CS) line. 

INSTALLATION 
CONSIDERATIONS 
Due to the extremely-high ~ccuracy of the D/A converter, 
system design problems such as grounding and contact 
resistance become very important. For a 16-bit converter 
with a + IOV full-scale range, ILSB is 1531N. With a load 
current of 5mA, series wiring and connector resistance of 
only 30mQ will cause the output to be in error by lLSB. To 
understand what this means in terms of a system layout, the 
resistance of typical I ounce copper-clad printed circuit 
board material is approximately 1/2mQ per square. In the 
example above, a 10 milliinch-wide conductor 60 milliinches 
long would cause a ILSB error. 
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DAC7071709 

Mlcro-
RF~10kn 

Processor 
Interface 

2kn -< ~""~b>~ 
Oto ~ 2mA ~ RL 
2mA +1% 

Common '\ -w our 

,~ Alternate Ground 
/ Sense Connection 

R4.<> ,/ 

" ,~ +Vee I 1~FT Analog ±Vcc 

/ :±LCommon Supply 

System 
1~FT -Vee 

Ground 
Digital 

1~F+ Common Voo 
Supply 

Voo 

FIGURE 7. OAC707n09 Bipolar Output Circuit (Voltage 
Out). 

DAC708 

Micro
Processor 
Interface 

I 

R, 

RF, 

L-----,---=-Di~9i~tal-:----;1-:-'AnaIOg Common I 
Common 

\A~3~ 
,'--- Alternate Ground 

Sense Connection 

R4.<> / .... ' ~--cc-r-----, 
: ~:':!:: +Vcc 

I 1~FT Analog ±Vee 

/ 1~F±LCommon Supply 
System • T -Vee 
Ground 

Digital 

Voo 
Supply 

FIGURE 8. OAC708 Bipolar Output Circuit (with External 
OpAmp). 

In Figures 7 and 8, lead and contact resistances are repre
sented by R, through R,. As long as the load resistance l\ 
is constant, R, simply introduces a gain error and can be 
removed with gain calibration. R3 is part of RL if the output 
voltage is sensed at ANALOG COMMON. 

Figures 8 and 9 show two methods of connecting the current 
output model with an external precision output op amp. By 
sensing the output voltage at the load resistor (connecting RF 
to the output of the amplifier at RL) the effect of R, and R, 
is greatly reduced. R, will cause a gain error but is indepen
dent of the value of RL and can be eliminated by initial 
calibration adjustments. The effect of R, is negligible be
cause it is inside the feedback loop of the output op amp and 
is therefore greatly reduced by the loop gain. 

In many applications it is impractical to sense the output 
voltage at ANALOG COMMON. Sensing the output volt
age at the system ground point is permissible because these 
converters have separate analog and digital common lines 
and the analog return current is a near-constant 2mA and 
varies by only IOI!A to 201!A over the entire input code 
range. R4 can be as large as 3Q without adversely affecting 
the linearity of the 0/ A converter. The voltage drop across 
R4 is constant and appears as a zero error that can be nulled 
with the zero calibration adjustment. 

Another approach senses the output at the load as shown in 
Figure 9. In this circuit the output voltage is sensed at the 
load common and not at the O/A converter common as in the 
previous circuits. The value of R6 and R, must be adjusted 
for maximum common-mode rejection across RL. The effect 
of R4 is negligible as explained previously. 

The 0/ A converter and the wiring to its connectors should be 
located to provide optimum isolation from sources of RFI 
and EM!. The key to elimination of RF radiation or pickup 
is small loop area. Signal leads and their return conductors 
should be kept close together such that they present a small 
flux-capture cross section for any external field. 

FIGURE 9. Alternate Connection for Ground Sensing at the 
Load (Current Output Models). 

BURR-BROWN® 
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BURN·IN SCREENING 

Burn-in screening is an option available for the DAC707. 
Burn-in duration is 160 hours at the temperature shown 
below (or equivalent combination of time and temperature). 

Model Temp. Range Burn-In Screening 

DAC707JP-BI O°C to 70°C 100°C 
DAC707KP-BI O°C to 70°C 100°C 
DAC707KH-BI -25°C to +85°C 125°C 
DAC707BH-BI -25°C to +85°C 125°C 
DAC707SH-BI -55°C to +125°C 125°C 

All units are tested after bum-in to ensure that grade speci
fications are met. 

APPLICATIONS 
LOADING THE DAC709 SERIALLY 
ACROSS AN ISOLATION BARRIER 

A very useful application of the DAC709 is in achieving 
low-cost isolation that preserves high accuracy. Using the 
serial input feature of the input register pair, only three 

BURR~BROWN® 

signal lines need to be isolated. The data is applied to pin 11 
in a serial bit stream, MSB first. The WR input is used as a 
data strobe, clocking in each data bit. A RESET signal is 
provided for system startup and reset. These three signals 
are each optically isolated. Once the 16 bits of serial data 
have been strobed into the input register pair, the data is 
strobed through to the DfA register by the "carry" signal out 
of a 4-bit binary synchronous counter that has counted the 
16 WR pulses used to clock in the data. The circuit diagram 
is given in Figure 10. 

CONNECTING MULTIPLE DAC707s 
TO A 16-BIT MICROPROCESSOR BUS 

Figure 11 illustrates the method of connecting multiple 
DAC707s to a l6-bit microprocessor bus. The circuit 
has two DAC707s and uses only one address line to 
either the input register or the Df A register. An 
address decoder selects the desired converter. 

IE:lE:lI Burr-Brown Ie Data Book-Mixed Signal Products 3.71 
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RESET ___ ~ __ _ 
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DATA STROBE ~ ... ~ 

Seriallnput~ .. l~ 

A. ~ 
I 
I 

Analog :r 
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FIGURE 10. Serial Loading of Electrically Isolated DAC70Sn09. 

WR 
D'6r---------------------, 

~ I------------------~ 
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FIGURE 11. Connecting Multiple DAC707s to a 16-Bit Microprocessor. 
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BURR-BROWN® 

IElElI DAC712 

16-BIT DIGITAL-TO-ANALOG CONVERTER 
WITH 16-BIT BUS INTERFACE 

FEATURES DESCRIPTION 
• HIGH·SPEED 16-BIT PARALLEL DOUBLE- DAC712 is a complete 16-bit resolution D/A converter. 

DAC712 has a precision +lOV temperature compen
sated voltage reference, ±10V output amplifier and 
16-bit port bus interface . 

BUFFERED INTERFACE 
• VOLTAGE OUTPUT: ±10V 

• 13-,14-, AND 1S-BIT LINEARITY GRADES 

• 1S-BIT MONOTONIC OVER 
TEMPERATURE (K GRADE) 

• POWER DISSIPATION: 600mW max 

• GAIN AND OFFSET ADJUST: Convenient 
for Auto-Cal D/A Converters 

• 28-LEAD DIP AND SOIC PACKAGES 

Gain Adjust VREFOUT 
+10V 

DBO 

Bipolar Offset Adjust 

The digital interface is fast, 60ns minimum write pulse 
width, is double-buffered and has a CLEAR function 
that resets the analog output to bipolar zero. 

GAIN and OFFSET adjustment inputs are arranged so 
that they can be easily trimmed by external D/A 
converters as well as by potentiometers. 

DAC712 is available in two linearity error perfor
mance grades: ±4LSB DAC712P and V, ±2LSB 
DAC712PB, PK or VB, VK. DAC712 is specified at 
power supply voltages of ±12V and ±15V. 

DAC712 is packaged in a 28-pin 0.3" wide plastic DIP 
and in a 28-lead wide-body plastic SOIC. The 
DAC712P, V, PB, VB are specified over the -40°C to 
+85°C temperature range and the DAC712UK, PK are 
specified over the O°C to + 70°C range. 

>------QVOlfr 

International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 746·1111 • Twx: 911Hl52·1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (520) 889-1510 • Immediate Product Info: (800) 848-6132 
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For Immediate Assistance, Contact Your Loca/Salesperson 
SPECIFICATIONS 
ELECTRICAL 
AlTA = 25·C, +Vcc = +12V and +15V, -Vee = -12V and-15V, unless olherwise noted. 

I DAC712P,U I DAC712PB, UB I 
PARAMETER I MIN TYP I MAX I MIN I TYP MAX I MIN 

INPUT 

RESOLUTION I 16 · 
DIGITAL INPUTS 

Binary iwo's com~lement Input Code · 
Logic Levelsll( 

VIN +2.0 +Vcc- l .4 · · 
Vil 0 +0.8 
IIH (VI = +2.7V) ±10 
lidVI = +0.4V) ±10 

TRANSFER CHARACTERISTICS 

ACCURACY 
Linearity Error ±4 ±2 

TMIN to TMAX ±B ±4 
Differential Linearity Error ±4 ±2 

TMtNto TMAX ±8 ±4 
Monotonicity Over Temp 13 14 15 
GainErro~3( ±0.1 ±O.l 

TMIN to TMAX ±0.2 ±O.15 
Bipolar Zero Errorl3( ±0.1 · 

±20 
TMIN to TMAX ±O2 ±O.15 

±40 ±ao 
Power Supply Sensitivity Of Full Scale: ±0.003 · 

±30 '. 

DYNAMIC PERFORMANCE 
Setiling Time (10 ±0.003%FSR, 5kLlIJ 500pF Load)14( 

20V OUtput Step 6 10 
1 LSB Output SteplS( 4 

Output Slew Rate 10 
Total Harmonic Distortion + Noise 

OdB, 1001Hz, fs= 100kHz 0.005 · 
-2OdB, 1001Hz, fs= 100kHz 0.03 
~OdB, 1001Hz, fs= 100kHz 3.0 

SINAD 
1001Hz, Iso 100kHz 87 · 

Dig"al Feedthrough(5) 2 
Digital-to-Analog Glitch ImpulselS( 15 
Output Noise Voltage (Includes ReferenCe) 120 · 
ANALOG OUTPUT 
Output Voltage Range 

+Vee, -Vee =±11.4V ±10 · · 
Output Current ±5 · 
Output Impedance 0.1 · 
Short Circuit to ACOM 
Duration Indefinite · 
REFERENCE VOLTAGE 
Voltage +9.975 +10.000 +10.025 · · · · 

TMINto TMAJ< +9.960 +10.040 · · 
Output Resistance 1 
Source Current 2 
Short Circuit to ACOM, Duration Indelin"e · 
POWER SUPPLY REQUIREMENTS 

Voltage: +Vee +11.4 +15 +16.5 · · · 
-Vee -11.4 -15 -16.5 · · 

CUrrent (No Load, ±15V Supplies) 
+Vee 13 15 · · 
-Vee 22 25 · 

Power Dissipation(6) 525 600 · 
TEMPERATURE RANGES 
Specification 

All Grades --40 +85 · 0 
Storage ~O +150 · · · 
Thermal Coefficient OJ. 

DIP Package 75 
SOIC Package 75 . SpeCIfications are the same as grade to the left. 

DAC712PK, UK 

TYpl MAX UNITS 

Bits 

V 
V · !1A · !1A 

±2 LSB 
±2 LSB 
±2 LSB 
±2 LSB 

Bits 
% 
% 

% FSRI2( 

· mV · %FSR 

· mV 
% FSRI% Vee 

ppm FSRI% Vee 

J1S · J1S · VlJ1S 

% 
% 
% 

· dB · nV-s 

· nV-s 
nVl-iHz 

V 
mA · n 

· 
· V 

V · n 
mA · 

· · V · · V 

· · mA · mA · mW 

+70 ·C 
·C 

· ·CIW 

· ·CIW 

NOTES: (I) Digital inputs are TTL and +5V CMOS compatible overthe specification temperature range. (2) FSR means Full Scale Range. For example, for a ±I OV output, 
FSR = 20V. (3) Errors exlemally adjustable to zero. (4) Maximum represents the 30 limit. Not 100% tested for this parameter. (5) For the worst case code changes: FFFFHEX 
to OOOOHEX and OOOOHEX to FFFFHEX. These are Binary Two's Complement (BTC) codes. (6) Typical supply voltages tim,es maximum currents. 

BURR-BROWNe 
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ABSOLUTE MAXIMUM RATINGS 

+Vcc to COMMON ...................................................................... OV, +17V 
-Vcc to COMMON ...................................................................... OV, -17V 
+Vcc to -Vcc .......... .. ........................................................... 34V 
Digital Inputs to COMMON .......................................... -W to +Vcc ...{J.7V 
Extemal Voltage Applied to BPO and Range Resistors ..............•...... ±Vcc 
VAEF OUT ...................................................... Indefinite Short to COMMON 
VaUT ............................................................ Indefinite Short to COMMON 
Power Dissipation .......................................................................... 7S0mW 
Storage Temperature ...................................................... -6O"C to +IS0'C 
Lead Temperature (soldering, lOs) ................................................ +300'C 

NOTE: Stresses above those listed under "Absolute Maximum Ratings' may 
cause permanent damage to the device. Exposure to absolute maximum 
oonditians for extended periods may affect device reliability. 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBERt') 

DAC712P Plastic DIP 246 
DAC712U Plastic SOIC 217 
DAC712PB Plastic DIP 246 
DAC712UB PlasticSOIC 217 
DAC712PK Plastic DIP 246 
DAC712UK Plastic SOIC 217 

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

ORDERING INFORMATION 

LINEARITY 
TEMPERATURE ERROR MAX 

MODEL PACKAGE RANGE at+25'C 

DAC712P Plastic DIP -40'C to +B5'C ±4LSB 
DAC712U Plaslic SOIC -40'C to +85'C ±4LSB 
DAC712PB Plastic DIP -40'C to +85'C ±2LSB 
DAC712UB Plastic SOIC -40'C to +85'C ±2LSB 
DAC712PK Plastic DIP O'C to +70°C ±2LSB 
DAC712UK Plastic SOIC O°C to +70'C ±2LSB 

A ELECTROSTATIC 
J.Dti,. DISCHARGE SENSITIVITY 
Electrostatic discharge can cause damage ranging from per
formance degradation to complete device failure_ Burr-Brown 
Corporation recommends that all integrated circuits be handled 
and stored using appropriate ESD protection methods. 

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 published speci
fications. 

BURR~BROWNI8 

TIMING DIAGRAM 

__ ---.I--'AW-I-'AH---j 
,,-,A, \ . 1 

I I-'ow-! I I 
DO-DI5----,~ ,I ~ 

I --IoH--' 
, I ! 

WR--'--\ .....,\ ~ 1 
,--Iwp I 

TIMING SPECIFICATIONS 

Data Valid to End 
A;;, A, Valid to End 

1\;;, A, Hold after End of WR 
Data Hold after end of WR 

Write Pulse Width 
CLEAR Pulse Width 

10 
50 
200 

ns 
ns 
ns 
ns 
ns 

NOTES: (1) For Single-buffered operation, twp is 80ns min. Refer to page 10. 

TRUTH TABLE 

Au A, WR CLR DESCRfPTlON 

0 1 1--> 0--> 1 1 Laed Input Latch 
1 0 1-->0--> 1 1 Load DIA Latch 
1 1 1-->0--> 1 1 No Change 
0 0 0 1 Latches Transparent 
X X 1 1 No Change 
X X X 0 Reset DIA Latch 

IElElI Burr-Brown Ie Data Book-Mixed Signal Products 3.75 

N 
'Y"" ..... 
o « c 

en a:: 
w 
Ia:: 
W 
> 
Z o 
o 
~ o 
..J « 
Z 
~ 

~ 
..J 

~ 
~ 
C 



PIN CONFIGURATION 

OCOM 

ACOM 

VOOT 

Offsel Adjust 

VAEFOUT 

Gain Adjust 

+Voc 

-Vee 

CLR 

WR 

A, 

~ 
015MSB 

014 

For Immediate Assistance, Contact Your Local Salesperson 
PIN DESCRIPTIONS 

PIN LABEL DESCRIPTION 

1 DCOM Power Supply relurn for digilal currenls. 

2B LSBOO 
2 ACOM Analog Supply Relurn. 
3 VOtJT ±10V OIA Oulpul. 

01 
4 Off Adj Offsel Adjusl (Bipolar). 
5 VREFOUT VoHage Reference Oulput. 

02 6 Gain Adj Gain Adjust. 
7 +Vcc +12V 10 +15V Supply. 

03 B -Vee -12V 10 -15V·Supply. 
9 CLR CLEAR. Sels OIA oulpul 10 BIPOLAR ZERO 

04 (Active LOW). 

05 
10 WR WrHe (Active Low). 
11 A, Enable for OIA lalch (Active Low). 

06 
DAC712 

12 7i(j Enable for Inputlalch (Active Low). 
13 015 Data BillS (Most Significant Bit). 

07 14 014 Data Bit 14. 
15 013 Data Bil 13. 

DB 16 012 Data Bil 12. 
17 011 Data Bil It. 

09 lB 010 Oala Bil 10.·' 

010 
19 09 Oala Bit 9. 
20 DB Data Bit B. 

011 21 07 Oala Bit 7. 
22 06 Oala BH 6. 

012 23 05 Data B" 5. 
24 04 Data Bit 4. 

15 013 25 03· Oala Bit 3. 
26 02 Data. Bit 2. 
27 01 Data Bit 1. 
2B DO Data Bit 0 (Least SignHicant Bil). 

The infonnation provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibilHy 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 use(s own risk. Prices and specifications are subject to change 
wilhout notice. No pelenl righls or licenses to any olthe circuits described herein are implied or granted to any third party. BURR-BROWN does nol authorize or warranl 
any BURR-BROWN product for use in IWe support devices andlor systems. 

BURR - BROWNe 
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TYPICAL PERFORMANCE CURVES 
At TA ~ +25°C, Vee = ±15V, unless otherwise noted. 

POWER SUPPLY REJECTION vs 
POWER SUPPLY RIPPLE FREQUENCY 

Vee 

+Vcc 

2.0 

~ 
1.0 

I 
~ 
'" is 
- -1.0 

-2.0 

LOGIC vs V LEVEL 

I 
I I 

,.!, _1-

/ 
VWR,A",A, 

.. - ACLR 

DATA/ 

100 lk 10k lOOk 1M -{J.85 0 0.85 1.7 2.55 3.4 4.25 5.1 5.95 6.8 

Frequency (Hz) V Digital Input 

± FULL SCALE OUTPUT SWING SETILING TIME, + 10V TO -10V 
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"C ;;? 0 " " -500 E! ..: -1000 <l 
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-2500 
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2500 1000 

2000 
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For Immediate Assistance, Contact Your Local Salesperson 
DISCUSSION OF 
SPECIFICATIONS 
LINEARITY ERROR 

Linearity error is defmed as the deviation of the analog 
output from a straight line drawn between the end points of 
the transfer characteristic. 

DIFFERENTIAL LINEARITY ERROR 

Differential linearity error (DLE) is the deviation from 
lLSB of an output change from one adjacent state to the 
next. A DLE specification of ±1/2LSB means that the output 
step size can range from I/2LSB to 3/2LSB when the digital 
input code changes from one code word to the adjacent code 
word. If the DLE is more positive than -ILSB, the D/A is 
said to be monotonic. 

MONOTONICITY 

A D/A converter is monotonic if the output either increases 
or remains the same for increasing digital input values. 
Monotonicity of DAC712 is guaranteed over the specifica
tion temperature range to 13-, 14-, and 15 bits for perfor
mance grades DAC712P/U, DAC712PB/UB, and 
DAC712PK/UK, respectively. 

SETTLING TIME 

Settling time is the total time (including slew time) for the 
D/A output to settle to within an error band around its final 
value after a change in input. Settling times are specified to 
within ±O.OO3% of Full Scale Range (FSR) for an output 
step change of 20V and ILSB. The ILSB change is mea
sured at the Major Carry (FFFFHEX to OOOOHEX' and 0000m,x 
to FFFFHEx: BTC codes), the input transition at which 
worst -case settling time occurs. 

TOTAL HARMONIC DISTORTION + NOISE 

Total harmonic distortion + noise is defmed as the ratio of 
the square root of the sum of the squares of the values of the 
harmonics and noise to the value of the fundamental fre
quency. It is expressed in % of the fundamental frequency 
amplitude at sampling rate fs. 

SIGNAL-TO-NOISE 
AND DISTORTION RATIO (SINAD) 

SINAD includes all the harmonic and outstanding spurious 
components in the defmition of output noise power in 
addition to quantizing and internal random noise power. 
SINAD is expressed in dB at a specified input frequency and 
sampling rate, fs. 

DIGITAL-TO-ANALOG GLITCH IMPULSE 

The amount of charge injected into the analog output from 
the digital inputs when the inputs change state. It is mea
sured at half scale at the input codes where as many as 
possible switches change state-from 7FFFHEX to 8000HEX. 

DIGITAL FEEDTHROUGH 

When the AID is not selected, high frequency logic activity 
on the digital inputs is coupled through the device and shows 
up as output noise. This noise is digital feedthrough. 

OPERATION 
DAC7l2 is a monolithic integrated-circuit l6-bit D/A con
verter complete with l6-bit D/A switches and ladder net
work, voltage reference, output amplifier and microproces
sor bus interface. 

INTERFACE LOGIC 

DAC712 has double-buffered data latches. The input data 
latch holds a 16-bit data word before loading it into the 
second latch, the D/A latch. This double-buffered organiza
tion permits simultaneous update of several D/A converters. 
All digital control inputs are active low. Refer to block 
diagram of Figure 1. 

All latches are level-triggered. Data present when the enable 
inputs are logic "0" will enter the latch. When the enable 
inputs return to logic "1", the data is latched. 

The CLR input resets both the input latch and the D/A latch 
to give a bipolar zero output. 

LOGIC INPUT COMPATIBILITY 

DAC712 digital inputs are TTL compatible (1.4V switching 
level) with low leakage, high impedance inputs. Thus the 
inputs are suitable for being driven by any type of 5V logic 
such as 5V CMOS 10gic.An equivalent circuit of a digital 
input is shown in Figure 2. 

Data inputs will float to logic "0" and control inputs will 
float to logic "0" if left uncounected. It is recommended that 
any unused inputs be connected to DCOM to improve noise 
inununity. 

Digital inputs remain high impedance when power is off. 

INPUT CODING 

DAC7l2 is designed to accept positive-true binary two's 
complement (BTC) input codes which are compatible with 
bipolar analog output operation. For bipolar analog output 
configuration, a digital input of 7FFFHEX gives a plus full 
scale output, 80~EX gives a minus full scale output, and 
~ gives bipolar zero output. 

INTERNAL REFERENCE 

DAC7l2 contains a +lOV reference. 

The reference output may be used to drive external loads, 
sourcing up to 2mA. The load current should be constant, 
otherwise the gain and bipolar offset of the converter will 
vary. 
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Gain Adjust 

080 
LSB 

FIGURE 1. DAC712 Block Diagram. 

+Vcc ESD Protection Circuit 

, r ,/ ----
: ':" : R= 1k:Ao, A" WR, CLR 
I , 3k: 00···015 

Digital O-~:--1~">--':---J\ A,'~N-~_-"""--i~ 
Input 'V 1 

:. ~ ~ .: 6.av
o 

L ~'7 T 5pF 

-Vee ~ 

FIGURE 2. Equivalent Circuit of Digital Inputs. 

OUTPUT VOLTAGE SWING 

The output amplifier of DAC712 is committed to a ±10V 
output range. DAC712 will provide a ±lOV output swing 
while operating on ±l1.4V or higher voltage supplies. 

GAIN AND OFFSET ADJUSTMENTS 
Figure 3 illustrates the relationship of offset and gain adjust
ments for a bipolar connected D/A converter. Offset should 
be adjusted first to avoid interaction of adjustments. See 
Table I for calibration values and codes. These adjustments 
have a minimum range of ±O.3%. 

BURR· BROWN 13 

+-____ ., 4 ~:;~!~r 

DB15 ACOM 
MSB 

, 

DCOM 

Adjust 

, 
+ Full Scale ---.. T ~' Range of 

" " Gain Adjust , ' )(,/,/-t- - ±0.3% 1LSB 

/)(/ 

All Bits Full Scale , '/)( 
Range '" Gain Adjust Logic 0 '" 

I '" Rotates the Une 

\-H--! '" '" " M--H\ 
Bipolar 

,,~ '\ 
All Bits j Offset ~~~ MSBonAIi 

;.:~ ~, Others Off Logic 1 

RangeOf/~~ 
Offset Adjust 

/-Fuliscale 
Offset Adj. 1.. 
Tr::'~~~:T Digital Input 

= ±O.3% 

FIGURE 3. Relationship of Offset and Gain Adjustments. 

Offset Adjustment 
Apply the digital input code that produces the maximum 
negative output voltage and adjust the offset potentiometer 
or the offset adjust D/A converter for -lOY. 
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DAC712 CALIBRATION VALUES 

1 LEAST SIGNIFICANT BIT = 3OSl1V 

DIGITAL INPUT CODE ANALOG 
BINARY TWO'S OUTPUT 

COMPLEMENT, BTC (V) DESCRIPTION 

7FFFH +9.999695 + Full Scale -1 LSB 

I 
4000H +5.000000 314 Scale 

I 
0001 H +0.000305 BPZ + lLSB 

OOOOH 0.000000 Bipolar Zero (BPZ) 

FFFFH -11.000305 BPZ -lLSB 

I 
eoooH -5.000000 114 Scale 

I 
8000H -10.00000 Minus Full Scale 

TABLE I. Digital Input and Analog Output Voltage Calibra
tion Values. 

Gain Adjustment 

Apply the digital input that gives the maximum positive 
voltage output. Adjust the gain potentiometer or the gain 
adjust D/A converter for this positive full scale voltage. 

INSTALLATION 
GENERAL CONSIDERATIONS 

Due to the high-accuracy of these D/A converters, system 
design problems such as grounding and contact resistance 
become very important. A 16-bit converter with a 20V full
scale range has a lLSB value of 305j.lV. With a load current 
of SmA, series wiring and counector resistance of only 
60mn will cause a voltage drop of 300j.lV. To understand 
what this means in terms of a system layout, the resistivity 
of a typical 1 ounce copper-clad printed circuit board is 1/2 
mn per square. For a SmA load, a 10 milli-inch wide printed 
circuit conductor 60 milli-inches long will result in a voltage 
drop of 150j.lV. 

The analog output of DAC712 has an LSB size of 305j.lV 
(-96dB). The noise floor of the D/A must remain below this 
level in the frequency range of interest. The DAC712 's noise 
spectral density (which includes the noise contributed by the 
internal reference,) is shown in the Typical Performance 
Curves section. 

Wiring to high-resolution D/A converters should be routed 
to provide optimum isolation from sources of RFI and EMI. 
The key to elimination of RF radiation or pickup is small 
loop area. Signal leads and their return conductors shonld be 
kept close together such that they present a small capture 
cross-section for any external field. Wire-wrap construction 
is not recommended. 

POWER SUPPLY AND 
REFERENCE CONNECTIONS 

Power supply decoupling capacitors should be added as 
shown in Figure 4. Best performance occurs using a 1 to 
IOIJP tantalum capacitor at -V cc' Applications with less 

DeOM 24 

+12V 10 +15V 

-12VI0-15V 

12 13 

FIGURE 4. Power Supply Connections. 

critical settling time may be able to use 0.01!JF at -V cc as 
well as at + V cc. The capacitors should be located close to 
the package. 

DAC712 has separate ANALOG COMMON and DIGITAL 
COMMON pins. The current through DCOM is mostly 
switching transients and are up to 1 mA peak in amplitude. 
The current through ACOM is typically Sj.LA for all codes. 

Use separate analog and digital ground planes with a single 
interconnection point to minimize iround loops. The analog 
pins are located adjacent to each other to help isolate analog 
from digital signals. Analog signals should be routed as far 
as possible from digital signals and should cross them at 
right angles. A solid analog ground plane around the D/A 
package, as well as under it in the vicinity of the analog and 
power supply pins, will isolate the D/A from switching 
currents. It is recommended that DCOM and ACOM be 
connected directly to the ground planes under the package. 

If several DAC712s are used or if DAC712 shares supplies 
with other components, connecting the ACOM and DCOM 
lines to together once at the power supplies rather than at 
each chip may give better results. 

LOAD CONNECTIONS 

Since the reference point for VOUT and VREF OUT is the 
ACOM pin, it is important to connect the D/A converter load 
directly to the ACOM pin. Refer to Figure 5. 

Lead and contact resistances are represented by R J through 
R3• As long as the load resistance RL is constant, R J simply 
introduces a gain error and can be removed by gain adjust
ment of the D/A or system-wide gain calibration. R2 is part 
of RL if the output voltage is sensed at ACOM. 

In some applications it is impractical to return the load to the 
ACOM pin of the D/A converter. Sensing the output voltage 
at the SYSTEM GROUND pouU is reasonable, because 
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there is no change in DAC712 ACOM current, provided that 
R3 is a low-resistance ground plane or conductor. In this case 
you may wish to connect DCOM to SYSTEM GROUND as 
well. 

GAIN AND OFFSET ADJUST 

Connections USing Potentiometers 

GAIN and OFFSET adjust pins provide for trim using 
external potentiometers. IS-tum potentiometers provide suf
ficient resolution. Range of adjustment of these trims is at 
least ±O.3% of Full Scale Range. Refer to Figure 6. 

Using D/A Converters 

The GAIN ADJUST and OFFSET ADJUST circuits of 
DAC712 have been arranged so that these points may be 
easily driven by external D/A converters. Refer to Figure 7. 
12-bit D/A converters provide an OFFSET adjust resolution 
and a GAIN adjust resolution of 30ILV to SOILV per LSB 
step. 

DAC712 

Bus 
Interlace 

I 
System Ground 

,.It' 

R3,./ 
,I 

,/ 

/ 

Altemate Ground 
Sense Connection 

To -Vee 

Nominal values of GAIN and OFFSET occur when the D/ A 
converters outputs are at approximately half scale, +SV. 

OUTPUT VOLTAGE RANGE CONNECTIONS 

The DAC712 output amplifier is connected internally for the 
±lOV bipolar (20V) output range. That is, the bipolar offset 
resistor is connected to an internal reference voltage and the 
20V range resistor is connected internally to VOUT' DAC712 
cannot be connected by the user for unipolar operation. 

DIGITAL INTERFACE 
BUS INTERFACE 
DAC712 has 16-bit double-buffered data bus interface 
control lines for easy interface to interface to a 16-bit 
The double-buffered feature permits update of several 
simultaneously. 

Analog 
Power 
Supply 

NOTE: (I) Locate close to DAC712 package. 

FIGURE S. System Ground Considerations for High-Resolution D/A Converters. 
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For Immediate Assistance, Contact Your Local Salesperson 
Ao is the enable control for the DATA INPUT LATCH. A; 
is the enable for the D/A LATCH. WR is used to strobe data 
into latches enabled by X;;, and ~. Refer to the block 
diagram of Figure 1 and to Timing Diagram on page 3. 

CLR sets the INPUT DATA LATCH to all zero and the 
D/A LATCH to a code that gives bipolar OV at the D/A 
output. 

SINGLE-BUFFERED OPERATION 

To operate the DAC712 interface as a single-buffered latch, 
the DATA INPUT LATCH is permanently enabled by 
connecting Ao to DCOM. If Al is not used to enable the 

Internal 
+10V Reference 

2500 

D/A, it should be connected to DCOM also. For this mode 
of operation, the width of WR will need to be at least sOns 
minimum to pass data through the DATA INPUT LATCH 
and into the D/A LATCH. 

TRANSPARENT INTERFACE 
The digital interface of the DAC712 can be made transpar
ent by asserting Ao, AI' and WR LOW, and asserting CLR 
HIGH. 

VREFOllT 

Gain Adjust 

Bipolar Offset Adjust 

9.75kQ 

0·2mA 

FIGURE 6. Manual Offset and Gain Adjust Circuits. 

10kQ 

For no external adjustments, pins 4 and 6 are not connected. 
External resistors R1 . R4 are standard ±1 % values. Range of 
adjustment at least ±0.3% FSR. 
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Internal 
+10V Reference VREFOUT 

5 1--+----, 

170Q 250Q 

Gain Adjust I 
~---1---------16 

R, 
340n 

R2 
soon 

+10V 10kll 

-10V 

Bipolar Offset Adjust 4 f--l------; 

Suggested Op Amps 
OPA177GP, GS or 

OPA604AP, AU 

DAC712 I 

- - - - - - - - - - - - - - - - - - - - - - _I 

For no external adjustments, pins 4 and 6 are not connected. 
External resistors R1 - R4 tolerance: ±1%. Range of adjustment at 
least ±0.3% FSR. 

R, R. 
20kll 10kll 

oio 10V 

Suggested Op Amps 
OPA177GP, GS: Single or -::-

OPA2604AP, AU: Dual 

a to +10V 

Suggested D/As 
. CMOS 

DAC7BOO: Dual: Serial Input, 12-bit Resolution 
DAC7801: Dual: 8-bit Port Input, 12-bit Resolution 
DAC7802: Dual: 12-bit Port Input, 12-bit Resolution 
DAC752B: Dual: 8-bit Port Inpul, 8-bit Resolution 
DAC7545: Dual: 12-bit Port Input, 12-bit Resolution 
DACB043: Single: Seriallnpul, 12-bit Resolution 

BIPOLAR (complete) 
DAC813 (Use 11·bit resolulion for OV 10 +10V output. No op amps required). 

FIGURE 7. Gain and Offset Adjustment Using D/A Converters. 
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BURR - BROWN® 

11:31:31 DAC714 

16-Bit DIGITAL-TO-ANALOG CONVERTER 
With Serial Data Interface 

FEATURES: 
• SERIAL DIGITAL INTERFACE 

• VOLTAGE OUTPUT: ±10V, ±5V, 0 to +10V 

• ±1 LSB INTEGRAL LINEARITY 

• 16-BIT MONOTONIC OVER TEMPERATURE 

• PRECISION INTERNAL REFERENCE 

• LOW NOISE: 120nVl"Hz Including Reference 

• 16-LEAD PLASTIC AND CERAMIC SKINNY 
DIP AND PLASTIC SOIC PACKAGES 

Gain V REF OUT RBPO OIIset Adjust 
Adjust +10V 

DESCRIPTION 
DAC714 is a complete monolithic D/A converter. A 
precision + lOY temperature compensated voltage 
reference, ±10V voltage output amplifier and serial 
interface . 

The serial digital interface is fast, SOns max minimum 
write pulse width, and has a RESET function. 

GAIN and BIPOLAR OFFSET adjustment are ar
ranged so that they can be set by external D/A 
converters as well as by potentiometers. 

DAC714 is packaged in a 16-pin plastic and ceramic 
skinny-DIP and in a 16-lead wide-body plastic SOlC. 

The DAC714P, U, HB, and HC are specified over the 
-40°C to +8SoC range and the DAC714HL is 
specified over the O°C to + 70°C range. 

~------------------oSDO 

>----OVOUT 

Intemauonal Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • TUClon, AZ 85706 
Tal: (52O)746-tl11 • Twx: 91CH152·1111 • cable:BBRCORP • Telex: 066-6491 • FAX: (52O)S89-1510 • ImmadlateProductlnfo:(SOO)548-&I32 
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SPECIFICATIONS 
ItTA = +25'C, +Vee= +12V and +15V, -Vee = -12V, and -15V, unless otherwise noted. 

DAC714P, U DAC714HB DAC714HC DAC714HL 

PARAMETER MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TVP MAX UNITS 

TRANSFER 

ACCURACY 
Unearity Error ±4 ±2 ±1 ±t LSB 

TMIN to TMAJ( ±8 ±4 ±2 ±2 LSB 
Differential Unearity Error ±4 ±2 ±1 ±1 LSB 

TUIN to TMAX ±B ±4 ±2 ±t LSB 
Monotonicity 14 15 16 16 Bits 
Monotonieity Over Spec Temp Range 13 14 15 16 Bits 
Gain Errorf.'1 ±D.l ±0.1 ±D.l ±D.l % 

TM'N to TMAJ( ±D.25 ±D.25 ±D.25 ±D.25 % 
Unipolar/Bipolar Zero Erro.') ±0.1 ±0.1 ±D.l ±D.l %of FsR~) 

TMIN to TUA)( ±0.2 ±0.2 ±D.2 ±D.2 %ofFSR 
Power Supply 5en~fivity of Gain ±D.003 ±D.003 ±D.003 ±D.003 %FSRI%Vee 

±SO ±BO ±BO ±30 ppm FsR/%V;" 

DYNAMIC PERFORMANCE 
Settling Time 
Ito ±D.OO3%FsR, 5kn 1l500pF Load)I') 

20V Ouiput Step 6 10 6 10 6 10 6 10 I1S 
1 LsB Output steplS) 4 4 4 4 11' 

Output Slew Rate 10 10 10 10 V/11' 
Total Harmonic Dislortion 

OdB, 1001Hz, fs = 100kHz O.OOS 0.005 '. 0.005 0.005 % 
-20dB, 1001Hz, fs = 100kHz 0.03 0.03 0.03 0.03 % 
-6OdB, 1001Hz, fs = 100kHz 3.0 3.0 3.0 3.0 % 

sINAD: 1001Hz, fs = 100kHz 87 87 87 87 dB 
DigHa! FeedthroughlS) 2 2 2 2 nV-s 
DigHal-to-Analog Glitch ImpulselS) 15 15 15 15 nV-s 
Output Noise Voltage lineludes reference) 120 120 120 120 nVl~ 

ANALOG OUTPUT 
Output Voltage Range 

+Vee, -Vee = ±11.4V ±10 ±10 ±10 ±10 V 
Output Current ±5 ±5 ±5 ±5 mA 
Output Impedance 0.1 0.1 0.1 0.1 Q 

Short Circuit 10 ACOM Duralion IndeffnHe Indefinife Indefinife Indefinife 

REFERENCE VOLTAGE 
Voltage +9.975 +10.000 +10.025 +9.975 +10.000 +10.025 +9.975 +10.000 +10.025 +9.975 +10.000 +10.025 V 

TM'N to TMAJ( +9.960 +10.040 +9.960 +10.040 +9.960 +10.040 +9.960 +10.040 V 
Output Resisfance 1 1 1 1 Q 

Source Current 2 2 2 2 mA 
Short Circuit to ACOM Duration IndefinHe Indefinite Indefinile Indefinite 

INTERFACE 

RESOLU1l0N 

1 

16 

1 1 1 

16 

.1 t 1 

16 

1 1 1 

16 

1 

Bits 
DIGITAL tNPUTS 
Serial Data Input Code 
logic Levelsl') 

V'H +2.0 IVee -1.4) +2.0 IVee -1.4) +2.0 IVee-1.4) +2.0 IIVee -1.4) V 
VIL 0 +0.8 0 +0.8 0 +D.8 0 +0.8 V 

I'H IV, = +2.7V} ±10 ±10 ±10 ±10 ItA 
III (V, = +O.4V) ±10 ±10 ±10 ±10 ItA 

DIGITAL OUTPUT 

~: \::~;:~~I1A),TM'N 10 T ... 
0 +0.4 0 +0.4 0 +0.4 0 +0.4 V 

+2.4 +5 +2.4 +5 +2.4 +5 +2.4 +5 V 

POWER SUPPLY REQUIREMENTS 
Voltage 

+Vee +11.4 +15 +16.5 +11.4 +15 +16.5 +11.4 +15 +16.5 +11.4 +15 +16.5 V 
-Vee -11.4 -15 -16.5 -11.4 -15 -16.5 -11.4 -15 -16.5 -11.4 -15 -16.5 V 

Current INo Load, ±15V Supplies)I') 
+Vcc 13 16 13 16 13 16 13 16 mA 
-Vee 22 26 22 26 22 26 22 26 mA 

PowerDissipationl7l 625 625 ~25_ 625 mW 

TEMPERATURE RANGES 
Specffication 

All Grades -40 +85 -40 +85 -40 +85 0 +70 'C 
Storage -60 +150 -60 ,150 -60 ,150 -60 +150 'C 
Thermal Coeffident, OJ. 75 75 75 75 'CIW 

.. 
tOTiES: 11) D'g,tallnputs are TIL and +5V CMOS compatible over the spacffieation lemperature range. (2) FSR means Full Scale Range. For example, for ±10V output, FSR = 20V.13) Errors eXiemal1y adjustable 
o zero. (4) Maximum represents the 30 limif. Nof 100% tested for this parameter. 15) For the worst·case Binary Two's Complement code changes: FFFFHEX to OOOOHEX and OOOOHEX to FFFFHEX. 16) During power 
iUPPIy tum on, the transient supply current may approach 3x the maximum quiescent specification. (7) Typical (i.e. rated) supply vollages times maximum currents. 
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PIN CONFIGURATION 

For Immediate Assistance, Contact Your Local Salesperson 
PIN DESCRIPTIONS 

Top View SOICIDIP 

ClK 16 ClR 

A;; 

A; 

SOl Offset Adjust 

SDO 

DCOM 

+Vcc 

ACOM 8 

DAC714 
VAEFOUT 

Rspo 

RFB2 

Vour 

A ELECTROSTATIC 
il.!it;,. DISCHARGE SENSITIVITY 
Electrostatic discharge can cause damage ranging from per
formance degradation to complete device failure. Burr
Brown Corporation recommends that all integrated circuits 
be handled and stored using appropriate ESD protection 
methods. 

ESD damage can range from subtle performance degrada
tion 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 
published specifications. 

ABSOLUTE MAXIMUM RATINGS(l) 

+VcctoCommon .................................................................... OVto+17V 
-v cc to Common .................................................................... OV to -17V 
+Vccto-Vee ....................................................................................... 34V 
ACOM to DCOM ............................................................................... ±0.5V 
Digital Inputs to Common ............................................. -lV to (Vcc -o.7V) 
External Voltage Applied to BPO and Range Resistors ..................... ±Vcc 
VREFOUT ......................................................... Indefinite Short to Common 
Vour ............................................................... Indefintte Short to Common 
SOD ............................................................... Indefinite Short to Common 
Power DisSipation .......................................................................... 750mW 
Storage Temperature ...................................................... -£O"C to ... 150"C 
lead Temperature (soldering, lOs) .•.............................................. +300"C 

NOTE: (1) Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. Exposure to absolute maximum 
conditions lor extended periods may affect device reliability. 

PIN LABEL DESCRIPTION 

1 ClK Serial Data CIcci< 
2 AO Enable for Input Register (Active low) 
3 A; Enable for D/A latch (Active low) 
4 SOl Serial Data Input 
5 SDO Serial Data Output 
6 DCOM Digital Supply Ground 
7 +Vcc Positive Power Supply 
8 ACOM Analog Supply Ground 
9 VOUT D/AOutput 
10 RF82 ±10V Range Feedback Output 
11 RBPO Bipolar Offset 
12 VREFOUT Voltage Reference Output 
13 Offset Adjust Offset Adjust 
14 Gain Adjust Gain Adjust 
15 -Vcc Negative Power Supply 
16 CLR Clear 

ORDERING INFORMATION 

LINEARITY ERROR TEMPERATURE 
MODEL PACKAGE max at +25°C RANGE 

DAC714P Plastic DIP ±4lSB -4Q'C to +85"C 
DAC714U Plastic SOIC ±4lSB -40"C to +85"C 
DAC714HB Ceramic DIP ±2lSB -40"C to +85"C 
DAC714HC Ceramic DIP ±llSB -40"C to +85"C 
DAC714Hl Ceramic DIP ±llSB O"C to +70"C 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER(') 

DAC714P Plastic DIP 180 
DAC714U Plastic SOIC 211 
DAC714H Ceramic DIP 129 

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

The information provided herein is believed to be reliable; however. BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circutts 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 andlor systems. 
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TIMING SPECIFICATIONS TRUTH TABLE 
TA =-4O·C to +S5·C, +Vee = +12Vor +15V, -Vee =-12Vor-15V. 

Aa A, CLK CLR DESCRIPTION 
SYMBOL PARAMETER MtN MAX UNtTS 

0 1 1->0->1 1 Shift Serial Data into SOl 

!clK Data Clock Period 100 ns 
tel Clock LOW 50 ns 

1 0 1->0->1 1 Load DIA Latch 

teH Clock HIGH 50 ns 1 1 1->0->1 1 No Change 

tAOS Setup Time for Ii;; 50 ns 
tA1 S Setup Time for A, 50 ns 
tAOH Hold Time for A;; 0 ns 

0 0 1->0->1 1 Two Wire Operation(1) 

X X 1 1 No Change 

tA1H Hold Time for A, 0 ns X X X 0 Reset DIA Latch 
50 ns tos Setup Time for DATA 

tOH Hold Time for DATA 10 ns NOTES: X = Don't Care. (1) All digital input changes will appear at the 

tDSDP Output Propagation Delay 
tep Clear Pulsewidth 

TIMING DIAGRAMS 

Serial Data Input SOl 
MSB First 

Latch Data A, 
In DIA Latch 

140 ns output. 

200 ns 

Serial Data In 

Serial Data Out 

SDO - -- 0 0 ------ Do 
Serial DataOu! - ¥-8 

.-~ -t~~p _'5 '4 fr_-+-toso--'p'I_'I.-;..,J 
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For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES 
AT TA = +25°C, Vee = ±15V, unless otherwise noted. 
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DISCUSSION OF 
SPECIFICATIONS 
LINEARITY ERROR 

Linearity error is defined as the deviation of the analog 
output from a straight line drawn between the end points of 
the transfer characteristic. 

DIFFERENTIAL LINEARITY ERROR 

Differential linearity error (DLE) is the deviation from 
lLSB of an output change from one adjacent state to the 
next. A DLE specification of±I/2LSB means that the output 
step size can range from 1/2LSB to 3/2LSB when the digital 
input code changes from one code word to the adjacent code 
word. If the DLE is more positive than -ILSB, the D/A is 
said to be monotonic. 

MONOTONICITY 

A D/A converter is monotonic if the output either increases 
or remains the same for increasing digital input values. 
Monotonicity of DAC714 is guaranteed over the specifica
tion temperature range to 16 bits. 

SETTLING TIME 

Settling time is the total time (including slew time) for the 
D/A output to settle to within an error band around its final 
value after a change in input. Settling times are specified to 
within ±O.003% of Full Scale Range (FSR) for an output 
step change of 20V and lLSB. The lLSB change is mea
sured at the Major Carry (FFFFHEX to OOOOHEX' and OOOOHEX 
to FFFFHEX: BTC codes), the input transition at which 
worst-case settling time occurs. 

TOTAL HARMONIC DISTORTION + NOISE 

Total harmonic distortion + noise is defined as the ratio of 
the square root of the sum of the squares of the values of the 
harmonics and noise to the value of the fundamental fre
quency. It is expressed in % of the fundamental frequency 
amplitude at sampling rate fs. 

SIGNAL·TO·NOISE 
AND DISTORTION RATIO (SINAD) 

SINAD includes all the harmonic and outstanding spurious 
components in the definition of output noise power in 
addition to quantizing and internal random noise power. 
SINAD is expressed in dB at a specified input frequency and 
sampling rate, fs. 

DIGITAL·TO-ANALOG GLITCH IMPULSE 

The amount of charge injected into the analog output from 
the digital inputs when the inputs change state. It is mea
sured at half scale at the input codes where as many as 
possible switches change state-from OOOOHEX to FFFFHEx• 

BURR-BROWN~ 

DIGITAL FEEDTHROUGH 

When the AID is not selected, high frequency logic activity 
on the digital inputs is coupled through the device and shows 
up as output noise. This noise is digital feedthrough. 

OPERATION 
DAC714 is a monolithic integrated-circuit 16-bit D/A con
verter complete with 16-bit D/A switches and ladder net
work, voltage reference, output amplifier and a serial inter
face. 

INTERFACE LOGIC 

DAC714 has double-buffered data latches. The input data 
latch holds a 16-bit data word before loading it into 
second latch, the D/A latch. This double-buffered 
tion permits simultaneous update of several D/A converters . 

. All digital control inputs are active low. Refer to block 
diagram of Figure 1. 

All latches are level-triggered. Data present when the enable 
inputs are logic "0" will enter the latch. When the enable 
inputs return to logic "I", the data is latched. 

The CLR input resets both the input latch and the D/A latch 
to give a bipolar zero output. 

LOGIC INPUT COMPATIBILITY 

DAC714 digital inputs are TTL compatible (I.4V switching 
level) with low leakage, high impedance inputs. Thus the 
inputs are suitable for being driven by any type of 5V logic 
such as 5V CMOS logic. An equivalent circuit of a digital 
input is shown in Figure 2. 

Data inputs will float to logic "0" and control inputs will 
float to logic "0" if left unconnected. It is recommended that 
any unused inputs be connected to DCOM to improve noise 
immunity. 

Digital inputs remain high impedance when power is off. 

INPUT CODING 

DAC714 is designed to accept positive-true binary two's 
complement (BTC) input codes with the MSB first which 
are compatible with bipolar analog output operation. For 
bipolar analog output configuration, a digital input of 
7FFFHEX produces a plus full scale output, 8000HEX pro
duces a minus full scale output, and O~x produces 
bipolar zero output. 

INTERNAL REFERENCE 

DAC714 contains a +lOV reference. 

The reference output may. be used to drive external loads, 
sourcing up to 2mA. The load current should be constant, 
otherwise the gain and bipolar offset of the converter will vary. 
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Gain Adjust 

14 

FIGURE 1. DAC714 Block Diagram. 

+Vcc ESC Protection Circuit 

VREFOUT 

-:/ ----
, R = lk: flo, A" ClK, ClR 

3k: 0, ... 0'5 

R 
Digital o--~+-~--,Mf'-..... --.-
Input 

' ____ 1 

~5PF 
-Vee 

FIGURE 2. Equivalent Circuit of Digital Inputs. 

OUTPUT VOLTAGE SWING 

The output amplifier of DAC714 is designed to achieve a 
±lOV output range. DAC714 will provide a ±lOV output 
swing while operating on ±ll.4V or higher voltage supplies. 

GAIN AND OFFSET ADJUSTMENTS 

Figure 3 illustrates the relationship of offset and gain adjust
ments for a bipolar connected D/A converter. Offset should 
be adjusted first to avoid interaction of adjustments. See 
Table I for calibration values and codes. These adjustments 
have a minimum range of ±O.3%. 

ACOM DCOM 

+ + 
+ Full Scale ---+- T ~' Range of 

""" GainAdjust 
)(/'/'T = ±O.3% lLSB 

/)t/ 

All Bits Full Scale , '/)( 
Logic 0 Range '" Gain Adjust , , , 

} \-t-t, 
',',',' Rotates the Line ", 
" H+-1\ " 

Bipolar ,t~' . 
All Bits j Offset .f.~~" MSB!,nAIl 

,. ~' Others Off Logic 1 

RangeOf/~~r, 
Offset Adjust 

I-FUll Scale 
Offset Adj. ~ 
Tr::J~~:T . Digital Input 

",,±O.3% 

FIGURE 3. Relationship of Offset and Gain Adjustments. 

Offset Adjustment 
Apply the digital input code, 8000H, that produces the maxi
mum negative output voltage and adjust the offset potentiometer 
or the offset adjust D/A converter for -lOV (or OV WJipolar). 
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DAC714 CAUBRATION VALUES 

1 LEAST SIGNIFICANT BIT = 3051'V 

DIGITAL INPUT CODE ANALOG OUTPUT (V) 
BINARY TWO'S BIPOLAR UNIPOLAR 

COMPLEMENT, BTC 20V RANGE 10V RANGE DESCRIPTION 

7FFFH +9.999695 +9.999847 + Full Scale -1LSB 

I 
4000H +5.000000 +7.500000 3/4 Scale 

I 
0001 H +0.000305 +5.000153 BPZ + 1LSB 

OOOOH 0.000000 +5.000000 Bipolar Zero (BPZ) 

FFFFH -0.000305 +4.999847 BPZ-1LSB 

I 
COOOH -5.000000 +2.500000 1/4 Scale 

I 
8000H -10.00000 0.000000 Minus Full Scale 

TABLE I. Digital Input and Analog Output Voltage Calibra
tion Values. 

Gain Adjustment 

Apply the digital input that gives the maximum positive 
voltage output. Adjust the gain potentiometer or the gain 
adjust D/ A converter for this positive full scale voltage. 

INSTALLATION 
GENERAL CONSIDERATIONS 

Due to the high-accuracy of these D/A converters, system 
design problems such as grounding and contact resistance 
become very important. A 16-bit converter with a 20V full
scale range has a lLSB value of 30SILV. With a load current 
of SmA, series wiring and connector resistance of only 
60mQ will cause a voltage drop of 3001LV. To understand 
what this means in terms of a system layout, the resistivity 
of a typical 1 ounce copper-clad printed circuit board is 1/2 
rna per square. For a SmA load, a 10 milliinch wide printed 
circuit conductor 60 milliinches long will result in a voltage 
drop of 150ILV. 

The analog output of DAC714 has an LSB size of 30SILV 
(-96dB) in the bipolar mode. The nns noise floor of the D/A 
should remain below this level in the frequency range of 
interest. The DAC714's output noise spectral density (which 
includes the noise contributed by the internal reference,) is 
shown in the Typical Performance Curves section. 

Wiring to high-resolution D/A converters should be routed 
to provide optimum isolation from sources of RFI and EMI. 
The key to elimination of RF radiation or pickup is small 
loop area. Signal leads and their return conductors should be 
kept close together such that they present a small capture 
cross-section for any external field. Wire-wrap construction 
is not recommended. 

POWER SUPPLY AND 
REFERENCE CONNECTIONS 

Power supply decoupling capacitors should be added as 
shown in Figure 4. Best performance occurs using a I to 
101J.F tantalum capacitor at -Vee. Applications with less 

BURR-BROWN(!I 

16 

FIGURE 4. Power Supply Connections. 

critical settling time may be able to use 0.011J.F at -Vee 
as well as at + Vee. The capacitors should be located 
close to the package. 

DAC714 has separate ANALOG COMMON and DIGITAL 
COMMON pins. The current through DCOM is mostly 
switching transients and are up to lmA peak in amplitude. 
The current through ACOM is typically 51J.A for all codes. 

Use separate analog and digital ground planes with a single 
interconnection point to minimize ground loops. The analog 
pins are located adjacent to each other to help isolate analog 
from digital signals. Analog signals should be routed as far 
as possible from digital signals and should cross them at 
right angles. A solid analog ground plane around the D/A 
package, as well as under it in the vicinity of the analog and 
power supply pins, will isolate the D/A from switching 
currents. It is recommended that DCOM and ACOM be 
connected directly to the ground planes under the package . 

If several DAC714s are used or if DAC714 shares supplies 
with other components, connecting the ACOM and DCOM 
lines to together once at the power supplies rather than at 
each chip may give better results. 

LOAD CONNECTIONS 

Since the reference point for VOUT and VREF OUT is the 
ACOM pin, it is important to connect the D/A converter load 
directly to the ACOM pin. Refer to Figure 5. 

Lead and contact resistances are represented by RJ through 
R3. As long as the load resistance RL is constant, RJ simply 
introduces a gain error and can be removed by gain adjust
ment of the D/A or system-wide gain calibration. R2 is part 
of RL if the output voltage is sensed at ACOM. 

In some applications it is impractical to return the load to the 
ACOM pin of the D/A converter. Sensing the output voltage 
at the SYSTEM GROUND point is reasonable, because there 
is no change in DAC714 ACOM current, provided that R3 is 
a low-resistance ground plane or conductor. In this case you 
may wish to connect DCOM to SYSTEM GROUND as well. 
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GAIN AND OFFSET ADJUST DIGITAL INTERFACE 
Connections Using Potentiometers 
GAIN and OFFSET adjust pins provide for trim using 
external potentiometers. IS-tum potentiometers provide suf
ficient resolution. Range of adjustnient of these trims is at 
least ±O.3% of Full Scale Range. Refer to Figure 6. 

USing D/A Converters 
The GAIN ADJUST and OFFSET ADJUST circuits of 
DAC714 have been arranged so that these points may be 
easily driven by external D/A converters. Refer to Figure 
7. 12-bit D/A converters provide an OFFSET adjust 
resolution and a GAIN adjust resolution of 30llV to 
SOIlV per LSB step. 

Nominal values of GAIN and OFFSET occur when the D/A 
converters outputs are at approximately half'scale, +SV. , 

OUTPUT VOLTAGE RANGE CONNECTIONS 
The DAC714 oU,tput amplifier is connected internally for 
20V output range. That is, the 20V range resistor is con
nected internally to Vour, for otl)er ranges and configura
tions, see Figures 6 and 7. 

Bus 
Interface 

I 
System Ground 

/ 
,l 

R3/ 

/ 
Allemale Ground 
Sense Connecllon 

To-Vee 

SERIAL INTERFACE 
The DAC714 has a serial interface with two data buffers 
which can be used for either synchronous or asynchronous 
updating of multiple D/A converters. AO is the enable control 
for the Data Input Latch. Al is the enable for the D/A Latch: 
CLK is used to sirobe data into the latches enabled by AO and 
AI. A CLR function is also provided and when enabled it sets 
the Data Latch to all zeros and the D/A Latch to a code that 
gives bipolar zero at the D/A output. 

Multiple DAC714s can be connected to the same CLK and 
data lines in two ways. The output of the serial loaded data 
latch is available as SDO so that any number of DAC714s 
can be' cascaded on the same input bit stream as shown in 
Figure'S and 9. This configuration allows all D/A converters 
to be updated simultaneously and requires a minimum num
ber of control signal inputs. These configurations do require 
16N CLK cycles to load any given D/A converter, where, N 
is the number of D/A converters. 

The DAC714 can also be connected in parallel as shown in 
Figure 10. This configuration allows any D/A converter in 
the system to be updated' in a maximum of 16 CLK cycles. 

r---.A~-------+1JR~, 

Analog 
Power 
Supply 

R, 

Sense 
Outpul 

NOTE: (1) Locate close to DAC714 package. 

FIGURE 5. System Ground Considerations for High-Resolution D/A Converters. 
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Inlernal 
+ 1 OV Reference 

+Vcc 

!---!---,MI'-->-< 101dl to 1001dl 

-Vee 

For no external adjustments, pins 13 and 14 are not connected. 
External resistors R1 - A4 are standard ±1 % values. Range of 
adjustment at least ±O.3% FSR. 

FIGURE 6a. Manual Offset and Gain Adjust Circuits; Unipolar Mode (OV to +lOV output range). 

Internal 
+ 1 OV Reference 

For no external adjustments, pins 13 and 14 are not connected. 
External resistors R, - R. are standard ±1% values. Range of 
adjustment at least ±O.3% FSR. 

FIGURE 6b. Manual Offset and Gain Adjust Circuits; Bipolar Mode (-5V to +5V output range). 
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1- - - - - - - - - - - - - - - - - - - - - - -. 

I Internal 
+ 1 OV Reference 

1800 2500 

Gain Adjust 
~-----t--------------~14 

R, 
3400 

R2 
5000 

-10V 

Offset Adjust 
~------------'---l13 1--+---------. 

Suggested Op Amps 
OPAI77GP, GSor 

OPA604AP, AU 

I 

I DAC714 I _______________________ 1 

For no external adjustments, pins 13 and 14 are not connected. 
External resistors R1 ~ R4 tolerance: ±1%. Range of adjustment at 
least ±0.3% FSR. 

O'o10V 

Suggested Op Amps 
OPAI77GP, GS: Single or -=-

OPA2604AP, AU: Dual 

o to +10V 

Suggested D/As 
CMOS 

DAC7800: Dual: Serlallnput, 12·bit Resolution 
DAC7801: Dual: 8·bH Port Input, 12·bit Resolution 
DAC7802: Dual: 12·bit Port Input,12·bit Resolution 
DAC7528: Dual: 8·bit Port Input, 8-bit Resolution 
DAC7545: Dual: 12·bit Port Input, 12·blt Resolution 
DAC8043: Single: Seriallnpul, 12·blt Resolution 

BIPOLAR (complete) 
DAC813 (Use l1-bit resolution lor OV to +10V output. No op amps required). 

FIGURE 7. Gain and Offset Adjustment in the Bipolar Mode Using D/A Converters (-IOV to +IOV output range). 
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Data 

Data latch 

Up Date 

ClK 

4 
SDI 

2 _ 
AD 

3 _ 
AI 

1_ 
ClK 

+~ ClR 

lSDI 
2 _ 

AD 

r---! A1 
1_ 

ClK 

+~ ClR 

lSDI 
2 _ 

AD 

~ A1 
1_ 

ClK 

+~ ClR 

DAC714 

SDOl 

DAC714 

SDol 

DAC714 

SDO ~ To other DACs 

FIGURE 8a. Cascaded Serial Bus Connection with Synchronous Update. 

DAC3 DAC2 DAC1 

Data FEDCBA9876543210FEDCBA9876543210FEDCBA9876543210 

Data Latch lL.. _______________________________ .....Jr-

Updata--------------------------------~u-

FIGURE 8b. Timing Diagram For Figure 8a. 
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4 
Data 0-------1 

Data Latch 0--..-----1 

Up Date 0---1-..----1 DAC714 

DAC714 

DAC714 

SOO 5 

SOO 5 

FIGURE 9a. Cascaded Serial Bus Connection with Asynchronous Update. 

DAC3 DAC2 

/~------------------~ 
Data Latch 

To other OACs 

'DAC1 

Data FED C a A 9 8 7 6 5 4 3 2 1 0 FED C B A 9 8 7 6 5 4 3 2 1 0 FED C a'A 9 8 7 6 5 4 3 2 1 0 

Update ------------------------------------------------------------------,---U-

FIGURE 9b. Timing Diagram For Figure 9a. 
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Data 

Data Latch t 

Up Date 

CLK 

CLR 

Data Latch 2 

Data Latch 3 

FIGURE 1Oa. Parallel Bus Connection. 

DACt 

4 
SOl 

2 _ 
AO 

3 _ 
At DAC714 ,_ 
CLK 

16_ ~ CLR SDO 

4 
.f- SOl 

2 _ 
AO 

3 _ 
At DAC714 

1_ 
eLK 

~ ~ CLR SDO ~ 

4 
'--" SOl 

2 _ 
AO 

3 _ 
AI DAC714 

1 
CLK 

~ CLR SDO ~ 

DAC2 DAC3 

Data FED C B A 9· 8 7 6 5 4 3 2 1 0 FED C B A 9 8 7 6 5 4 3 2 t 0 FED C B A 9 8 7 6 5 4 3 2 t 0 

Data Latch 1 'L __________ r----------------------
Data Latch 2 --------------.L _________ S------------
Data Latch 3 -----------------------,'--_________ .... 1 

Update -----------------------------------,LJ 

FIGURE 1Ob. Timing Diagram For Figure 1Oa. 
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BURR-BROWN® 

1E3E31 DAC715 

16-Bit DIGITAL-TO-ANALOG CONVERTER 
with 16-Bit BUS Interface 

FEATURES DESCRIPTION 
• HIGH-SPEED 16-BIT PARALLEL DOUBLE- DAC71S is a complete 16-bitresolution D/A converter. 

DAC71S has a precision +10V temperature compen
sated voltage reference, output amplifier and 16-bit 
port bus interface. 

BUFFERED INTERFACE 
• VOLTAGE OUTPUT: 0 to +10V 

• 13-,14-, 15-BIT LINEARITY GRADES 

• 16-BIT MONOTONIC OVER 
TEMPERATURE (L GRADE) 

• POWER DISSIPATION: 600mW max 

• GAIN AND OFFSET ADJUST: Convenient 
for Auto-Cal D/A Converters 

• 28-LEAD DIP AND SOIC PACKAGES 

DO 

The digital interface is fast, 60ns minimum write pulse 
width, is double-buffered and has a CLEAR function 
that resets the analog output to half scale. 

GAIN and OFFSET adjustment inputs are arranged so 
that they can be easily trimmed by external D/A 
converters as well as by potentiometers. 

DAC71S is available in two linearity error perfor
mance grades: ±4LSB DAC71SP and U, ±2LSB 
DAC71SPB/PK/PL or UBIUKIUL. DAC71S is speci
fied at power supply voltages of ±12V and ±lSV. 

DAC71S is packaged in a 28-pin 0.3" wide plastic DIP 
and in a 28-lead wide-body plastic SOIC. The 
DAC71SP, DAC71SU, DAC71SPB, and DAC71SUB 
are specified over the --40°C to +8SoC temperature 
range, and the DAC71SPK, DAC71SUK, DAC71SPL, 
and DAC71SUL are specified from O°C to +700C. 

015 

>---+-0 Vour 

Gain Adjust VREFOUT Offset Adjust 
+10V 

International Airport Industrial Part< Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6T3O S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 746-1111 • Twx: 911J.952·1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (520) 889-1510 • Immediate Product Info: (BOO) 548-i132 
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SPECIFICATIONS 
ELECTRICAL 
AlTA = +2S·C, Vee = ±ISV, and after a 10-minute warm-up unless otherwise noted. 

DAC715P, U DAC715PB, UB DAC715PK, UK DAC716PL, UL 

PARAMETER MIN TYP MAX MIN TYP MAX MIN TYP MAX MAX MIN TYP UNITS 

INPUT 

RESOLUTION 16 Bits 

DIGITAL INPUTS 

+2~~nary: Input Code 

,cor~~ii1.4 Logic Levels(1): V1H V 
Vil 0 +0.8 V 
'IH (VI'" +2.7V) .10 ~A 
IlL (VI"" +O.4V) ±10 ~A 

TRANSFER' 

ACCURACY 
linearity Error .4 .2 ±2 .2 LSB 

TUIN to TMA)( ±8 ±4 ±2 ±2 LSB 
Differential linearity Error •• ±2 ±2 .1 LSB 

TMIN to TMAX ±8 ±4 ±2 ±1 LSB 
Monotonlcity Over Temp 13 14 15 16 Bits 
Gain Error(3) ±O.1 .0.1 % 

TUIN to TMAX iO.2 .0.15 % 
Offset Error(3) ±O.t % FSR(2) 

TMIN to TMAX ±O.2 

PpJ~=~~ Power Supply Sensitivity Of FuJI S< ale ±0.003 
±30 

DYNAMIC PERFORMANCE 
Settling Time (to ±O.OO3%FSR, 

5klln 500pF Load)'" 
tOV Output Step 6 10 lIS 
1 LSB Output Step(5) 4 lIS 

Output Slew Rate 10 VIlIS 
Total Harmonic Distonion + Noise 

OdB, 1001Hz, fs " 100kHz 0.005 % 
-20dB, 1001 Hz, fs '" 1 OOkHz 0.03 % 
-SOdB, 1001 Hz, fs = 100kHz 3.0 % 

SINAD 
1001Hz. fs '" 100kHz 87 dB 

Digital Feedthrough(5) 2 nV-s 
Digital-to-Analog Glitch Impulse(5) 15 .. nV-s 
Output Noise Voltage 

(includes Reference) 120 nV...fRZ 

ANALOG OUTPUT 
Output Voltage Range 
+Vee, -Vee = ±11.4V o to +10 V 
Output Current ±5 rnA 
Output Impedance 0.1 !l 
Short Circuit to ACOM 

Duration Indefinite 

REFERENCE VOLTAGE 
Voltage +9.975 +10.000 +10.025 V 

Tt.4JN toTw.x +9.960 +10.040 V 
Output Resistance 1 !l 
Source Current 2 rnA 
Short Circuit to~OM, Duration Indefinite 

POWER SUPPLY ,~ 

Voltage: +Vee +11.4 +15 +16.5 V 
-Vee -16.5 -15 -11.4 V 

Current (no load, ±15V Supplies) 
+Vee 13 15 rnA 
-Vce 22 25 rnA 

Power Dissapation(6l 525 600 rnW 

TEMPERATURE RANGE 
Specification All Grades 

-40 +85 ~ +70 ·C 
Storage -60 +150 ·C 
Thermal Resistance BJA 

DIP Package 75 ·CIW 
SOIC Package 75 ·CIW 

·Specifications are the same as grade to the left. 

NOTES: (1) Digital inputs are TIL and +SV CMOS compatible over the specification temperature range. (2) FSR means Full Scale Range. For example, for a 0 to +1 OV output, 
FSR = 10V. (3) Errors externally adjustable to zero. (4) Maximum represents greater than the 30 limit. Not 100% tested for this parameter. (S) For the worst case code changes: 
FFFFH to OOOOH and OOOOH to FFFFH. These are Binary Two's Complement (BTC) codes. (6) Typical supply voltages times maximum currents. 
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For Immediate Assistance, Contact Your Local Salesperson 
ABSOLUTE MAXIMUM RATINGS 

+VcctoCOMMON ...................................................................... OV, +t7V 
-Vee to COMMON ...................................................................... OV, -17V 
+Vcc to-Vee ...... · .......................................................................... ··· ....................................... 34V 
DigitallnpulS to COMMON ..................................................... -tv to +Vee 
Extemal Voltage Applied to ~PO and Range Resistors ..................... ±Vee 
VREFOUT ...................................................... Indefinite Short to COMMON 
VOUT ............................................................ Indefinite Short to COMMON 
Power Dissipation .......................................................... : ............... 750mW 
Storage Temperature ...................................................... -£O'C to +150'C 
Lead Temperature (soldering, lOs) ................................................ +300'C 

NOTE: Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. Exposure to absolute maximum 
condnions for extended periods may affect device reliability. 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBERI') 

DAC715P Plastic DIP 246 
DAC715U Plastic SOIC 217 
DAC715PB Plastic DIP 246 
DAC715UB PlasticSOIC 217 
DAC715PK Plastic DIP 246 
DAC715UK PlasticSOIC 217 
DAC715PL Plastic DIP 246 
DAC715UL Plastic SOIC 217 

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

ORDERING INFORMATION 

DIFFERENTIAL 
LINEARITY 

TEMPERATURE ERROR MAX 
MODEL PACKAGE RANGE at +25'C 

DAC715P Plastic DIP -40'C to +65'C ±4LSB 
DAC715U Plastic SOIC -40'C to +65'C ±4LSB 
DAC715PB Plastic DIP -40'C to +65'C ±2LS~ 
DAC715UB Plastic SOIC -40'C to +85'C ±2LS~ 
DAC715PK Plastic DIP O'C to 70'C ±2LSB 
DAC715UK Plastic SOIC O'C to 70'C ±2LSB 
DAC715PL Plastic DIP O'C to 70'C ±1LSB 
DAC715UL Plastic SOIC O'C to 70'C ±ILSB 

TIMING DIAGRAM 

---I,W----lAM 

A;;,A; 1 
I I 

-Iow-

DO·DI5 

10. 

WA \\\ 
I· !wP 

TIMING SPECIFICATIONS 

TA ~-4O'C to +85'C, +Vcc = +12Vor+15V, -Vee =-12Vor-15V. 

SYMBOL PARAMETER MIN MAX UNITS 

tow Data Valid 10 End of WR 50 ns 
t..w _A"".,A, Valid to End of WR 50 ns 
tAH 100, A, Hold after End of WR 10 ns 
IoH Data Hold after end of WR 10 ns 
twe(') Write Pulse Width 50 ns 
Ice CLEAR Pulse Width 200 ns 

NOTES: (I) For slngle·buffered operation, twe is BOns min. Refer to page 10. 

TRUTH TABLE 

Ao A, WR CLR DESCRIPTION 

0 I 1-+0-+1 I Load Input Latch 
I 0 I .... 0-+ I I Load D/A Latch 
I I 1--+0--+ 1 I No Change 
0 0 0 I Latches TranspaJent 
X X I I No Change 
X X X 0 Reset D/A Latch 

A ELECTROSTATIC . 
~ DISCHARGE SENSITIVITY 
Electrostatic discharge can cause damage ranging from per
formancedegradation to complete device failure. Burr-Brown 
Corporation recommends that all integrated circuits be handled 
and stored using appropriate ESD protection methods. 

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 published speci
fications. 
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PIN CONFIGURATION PIN DESCRIPTIONS 

1 DCOM Power Supply return lor digital currents. 

DCOM 28 LSBDO 
2 ACOM Analog Supply Return. 
3 VOUT o to +10V D/A Output. 

ACOM 01 4 Offset Adjust Offset Adjust. 
5 VREF OUT Voltage Reference Output. 

VOIR 02 6 Gain Adjust Gain Adjust. 
7 +Vcc +12V to +15V Supply. 

Offset Adjust 03 8 -Vee -12V to -15V Supply. 

VREFOUT 04 
9 CLR CLEAR. Sets D/A output to Hall Scale 

(Active Low). 

Gain Adjust 05 10 WR Write (Active Low). 
11 A, Enable for D/A latch (Active LOw). 

+Vcc 06 12 7iO Enable for Input latch (Active Low). 
DAC715 13 015 Data Bit 15 (Most Significant Bit). 

-Vcc 07 14 014 Data Bit 14. 
15 013 Data Bit 13. 

CLR 08 16 012 Data Bit 12. 

WR 09 
17 011 Data Bit 11. 
18 010 Data Bit 10. 

A, 010 19 09 Data Bit 9. 
20 08 Data Bit 8. 

A;; 011 21 07 Data Bit 7. 
22 06 Data Bit 6. 

D15MSB 012 23 05 Data Bit 5. 
24 04 Data Bit 4. 

014 14 15 013 25 03 Data Bit 3. 
26 02 Data Bit 2. 
27 01 Data Bit 1. 
28 DO Data Bit 0 (Least Bit). 

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 usefs 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 
At TA = +25'C, and Vee = ±t5V unless otherwise noted. 
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DISCUSSION OF 
SPECIFICATIONS 
LINEARITY ERROR 

Linearity error is defined as the deviation of the analog 
output from a straight line drawn between the end points of 
the transfer characteristic. 

DIFFERENTIAL LINEARITY ERROR 

Differential linearity error (DLE) is the deviation from 
1LSB of an output change from one adjacent state to the 
next. A DLE specification of ±l!2LSB means that the output 
step size can range from 1/2LSB to 3!2LSB when the digital 
input code changes from one code word to the adjacent code 
word. If the DLE is more positive than -lLSB, the D/A is 
said to be monotonic. 

MONOTONICITY 

A D/ A converter is monotonic if the output either increases 
or remains the same for increasing digital input values. 
Monotonicity of DAC715 is guaranteed over the specifica
tion temperature range to 13-, 14-, 15-, and 16-bits for 
performance grades DAC715P/U, DAC715PB/UB, 
DAC715PKNK, and DAC715PL/UL respectively. 

SETTLING TIME 

Settling time is the total time (including slew time) for the 
D/A output to settle to within an error band around its fmal 
value after a change in input. Settling times are specified to 
within ±O.003% of Full Scale Range (FSR) for an output 
step change of 10V and 1LSB. The lLSB change is mea
sured at the Major Carry (FFFFH to OOOOH' and OOOOH to 
FFFFH: BTC codes), the input transition at which worst-case 
settling time occurs. 

TOTAL HARMONIC DISTORTION + NOISE 

Total harmonic distortion + noise is defmed as the ratio of 
the square root of the sum of the squares of the values of the 
harmonics and noise to the value of the fundamental fre
quency. It is expressed in % of the fundamental frequency 
amplitude at sampling rate fs' 

SIGNAL-TO-NOISE 
AND DISTORTION RATIO (SINAD) 

SINAD includes all the harmonic and outstanding spurious 
components in the defmition of output noise power in 
addition to quantizing and internal random noise power. 
SINAD is expressed in dB at a specified input frequency and 
sampling rate, fs' 

DIGITAL-TO-ANALOG GLITCH IMPULSE 

The amount of charge injected into the analog output from 
the digital inputs when the inputs change state. It is mea
sured at half scale at the input codes where as many as 
possible switches change state--from FFFFH to 0000H' 

BURR-BROWNQII 

DIGITAL FEEDTHROUGH 

When the D/A is not selected, high frequency logic activity 
on the digital inputs is coupled through the device and shows 
up as output noise. This noise is digital feedthrough. 

OPERATION 
DAC715 is a monolithic integrated-circuit 16-bit D/A con
verter complete with 16-bit D/A switches and ladder net
work, voltage reference, output amplifier and microproces
sor bus interface. 

INTERFACE LOGIC 

DAC715 has double-buffered data latches. The input data 
latch holds a 16-bit data word before loading it into the 
second latch, the D/ A latch. This double-buffered organiza
tion permits simultaneous update of several D/A converters. 
All digital control inputs are active low. Refer to block 
diagram of Figure 1. 

All latches are level-triggered. Data present when the enable 
inputs are logic "0" will enter the latch. When the enable 
inputs return to logic "I", the data is latched. 

The CLR input resets both the input latch and the D/A latch 
to give a half scale output. 

LOGIC INPUT COMPATIBILITY 

DAC715 digital inputs are TTL compatible (lAV switching 
level) with low leakage, high impedance inputs. Thus the 
inputs are suitable for being driven by any type of 5V logic 
such as 5V CMOS logic. An equivalent circuit of a digital 
input is shown in Figure 2. 

Data inputs will float to logic "0" and control inputs will. 
float to logic "0" if left unconnected. It is recommended that 
any unused inputs be connected to DCOM to improve noise 
immunity. 

Digital inputs remain high impedance when power is off. 

INPUT CODING 

DAC715 is designed to accept positive-true binary two's 
complement (BTC) input codes. For unipolar analog output 
configuration, a digital input of 7FFFH gives a full scale 
output, 8000H gives a zero output, and OOOOH gives half scale 
output. 

INTERNAL REFERENCE 

DAC715 contains a +lOV reference. 

The reference output may be used to drive external loads, 
sourcing up to 2mA. The load current should be constant, 
otherwise the gain of the converter will vary. 
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Gain Adjust 

6 

DO 
LSB 

FIGURE 1. DAC715 Block Diagram. 

+Vcc ESO Protection Circuit-

- :/ R'= 1k: A;;,)I" WR, CLR 
3k: 00",015 

Digital O-_~+-;--JVR\!--. ___ _ 
Input 

~5PF 

FIGURE 2. Equivalent Circuit of Digital Inputs. 

OUTPUT VOLTAGE SWING 

The output amplifier of DAC715 is committed to a 0 to 
+10V output range. DAC715 will provide a 0 to +lOV 
output swing while operating on ±l1.4V or higher voltage 
supplies. , 

GAIN AND OFFSET ADJUSTMENTS 

Figure 3 illustrates the relationship of offset and gain adjust
ments for a unipolar connected D/A converter. Offset should 
be adjusted first to avoid interaction of adjustments. See 
Table I for calibration values and codes. These adjustments 
have a minimum range of ±O.3%. 

015 ACOM 
MSB 

DCOM 

,------~------____ -L+ 
+ Full Scale ~ T " Range of 

,/ ", Gain Adjust 

1LSB, )(,",;/T -±O.~% : 

/P/ 
Full Scale , '/)( 

Range ,',','. Gain Adjust 
,',',' Rotates the Una 

Range of 
Offset Adjust 

'" ", ',',' 
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"f} 
~~~ 
1~ 

1. /Zero 
Offset Adj, JI , 
Translate. ~ ++--t-/.~+-H-+-1L1-++l-IH-++ 

the Une t BOOOH OOOOH 7FFFH , 

- ±0,3% Digital Input 

FIGURE 3. Relationship of Offset and Gain Adjustments. 

Offset Adjustment 
Apply the digital input code that produces zero output 
voltage and adjust the offset potentiometer or the offset 
adjust D/A converter for OV. 
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DAC715 CALIBRATION VALUES 

1 LEAST SIGNIFICANT BIT = 15211V 

DIGITAL INPUT CODE ANALOG 
BINARY TWO'S OUTPUT 

COMPLEMENT, BTC (V) DESCRIPTION 

7FFFH 9.999847 Full Scale -1 LSB 

I 
4000H 7.5 314 Scale 

I 
0001 H 5.000152 Half Scale + 1 LSB 

OOOOH 5 Half Scale 

FFFFH 4.999847 Half Scale.- 1 LSB 

I 
COOOH 2.5 1/4 Scale 

I 
8000H a Zero 

TABLE I. Digital Input and Analog Output Voltage Calibra
tion Values. 

Gain Adjustment 

Apply the digital input that gives the maximum positive 
voltage output. Adjust the gain potentiometer or the gain 
adjust DJA converter for this positive full scale voltage. 

INSTALLATION 
GENERAL CONSIDERATIONS 

Due to the high-accuracy of these D/A converters, system 
design problems such as grounding and contact resistance 
become very important. A 16-bit converter with a 10V full
scale range has a lLSB value of 1521N. With a load current 
of 5mA, series wiring and connector resistance of only 
60mQ will cause a voltage drop of 300J1V. To understand 
what this means in terms of a system layout, the resistivity 
of a typical 1 ounce copper-clad printed circuit board is 1/2 
mQ per square. For a 5mA load, a 10 milliinch wide printed 
circuit conductor 60 milliinches long will result in a voltage 
drop of 150J1V. 

The analog output of DAC715 has an LSB size of 152J1V 
(-96dB). The noise floor of the DJA must remain below this 
level in the frequency range of interest. The DAC715 's noise 
spectral density (which includes the noise contributed by the 
internal reference) is shown in the Typical Performance 
Curves section. 

Wiring to high-resolution DJA converters should be routed 
to provide optimum is.olation from sources of RFI and EM!. 
The key to elimination of RF radiation or pickup is small 
loop area. Signal leads and their return conductors should be 
kept close together such that they present a small capture 
cross-section for any external field. Wire-wrap construction 
is not recommended. 

POWER SUPPLY AND 
REFERENCE CONNECTIONS 

Power supply decoupling capacitors should be added as 
shown in Figure 4. Best performance occurs using a I to 
IOJ.IF tantalum capacitor at -V cc' Applications with less 

BURR-BROWNe 

critical settling time may be able to use 0.01J.IF at -Vcc as 
well as at + V cc' The capacitors should be located close to the 
package. 

24 

13 

FIGURE 4. Power Supply Connections. 

DAC715 has separate ANALOG COMMON and DIGITAL 
COMMON pins. The current through DCOM is mostly 
switching transients and are up to ImA peak in amplitude. 
The current through ACOM is typically 5J1A for all codes. 

Use separate analog and digital ground planes with a single 
interconnection point to minimize ground loops. The analog 
pins are located adjacent to each other to help isolate analog 
from digital signals. Analog signals should be routed as far 
as possible from digital signals and should cross them at 
right angles. A solid analog ground plane around the DJA 
package, as well as under it in the vicinity of the analog and 
power supply pins, will isolate the D/A from switching 
currents. It is recommended that DCOM and ACOM be 
connected directly to the ground planes under the package. 

If several DAC715s are used or if DAC715 shares supplies 
with other components, connecting the ACOM and DCOM 
lines together once at the power supplies rather than at each 
chip may give better results. 

LOAD CONNECTIONS 

Since the reference point for Vom: and V REI' om: is the ACOM 
pin, it is important to connect the DJ A converter load 
directly to the ACOM pin. Refer to Figure 5. 

Lead and contact resistances are represented by RJ through 
R3• As long as the load resistance RL is constant, RJ simply 
introduces a gain error and can be removed by gain adjust
ment of the DJA or system-wide gain calibration. R, is part 
of RL if the output voltage is sensed at ACOM. 

In some applications it is impractical to return the load to the 
ACOM pin of the DJA converter. Sensing the output voltage 
at the SYSTEM GROUND point is reasonable, because 
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For Immediate Assistance, Contact Your Local Salesperson 
there is no change in DAC715 ACOM current, provided that 
R:. is a low-resistance ground plane or conductor. In this case 
you may wish to connect DCOM to SYSTEM GROUND as 
well. 

GAIN AND OFFSET ADJUST 

Connections Using Potentiometers 
GAIN and OFFSET adjust pins provide for trim using 
external potentiometers. IS-turn potentiometers provide suf
ficient resolution. Range of adjustment of these trims is at 
least ±O.3% of Full Scale Range. Refer to Figure 6. 

Using D/A Converters 
The GAIN ADJUST and OFFSET ADJUST circuits of 
DAC71S have been arranged so that these points may be 
easily driven by external D/A converters. Refer to Figure 7. 
12-bit D/A converters provide an OFFSET adjust resolution 
and a GAIN adjust resolution of 30llV to SOIlV per LSB 
step. 

DAC715 

Bus 
Interface 

I 
System Ground 

Alternate Ground 
Sense Connection 

To-Vee 

Nominal values of GAIN and OFFSET occur when the D/A 
converters outputs are at approximately half scale, OV. 

DIGITAL INTERFACE 
BUS INTERFACE 
DAC71S has 16-bit double-buffered data bus interface with 
control lines for easy interface to interface to a 16-bit bus. 
The double-buffered feature permits update of several D/As 
simultaneously. 

A;; is the enable control for the DATA INPUT LATCH. Al 
is the enable for the D/A LATCH. WR is used to strobe data 
into latches enabled by A,;, and AI. Refer to the block 
diagram of Figure 1 and to Timing Diagram on page 3. 

CLR sets the INPUT DATA LATCH to zeros and the 
D/A LATCH to a code that gives half scale SV at the D/A 
output. 

Analog 
Power 
Supply 

NOTE: (1) locate close to DAC715 package. 

FIGURE S. System Ground Considerations for High-Resolution D/A Converters. 
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SINGLE·BUFFERED OPERATION 

To operate the DAC715 interface as a single-buffered latch, 
the DATA INPUT LATCH is permanently enabled by 
connecting Ao to DCOM. If Al is not used to enable the 
D/A, it should be connected to DCOM also. For this mode 
of operation, the width of WR will need to be at least SOns 
minimum to pass data through the DATA INPUT LATCH 
and into the D/A LATCH. 

Internal 
+ 1 OV Reference VAEFOUT 

FIGURE 6. Manual Offset and Gain Adjust Circuits. 

BURR-BRDWN~ 

TRANSPARENT INTERFACE 
The digital interface of the DAC715 can be made transpar
ent by asserting Ao, A" and WR LOW, and asserting CLR 
HIGH. 

!---!-------,J1J\f\.--< 20k-l00kn 

As 
27kn 

For no external adjustments. pins 4 and 6 are not connected. 
External resistors R1 - R4 are standard ±1% values. Range of 
adjustment at least ±O.3% FSR. 
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.~----------------------, 
Internal 

+10V Reference I VREFOuT 

1700 3400 

, Gain Adjust 

, 
10kn , Offset Adjust 40kn 

15kn 

5kO 

1MO 

>-....... --0, Vour 

DAC715 

---------~------------~ 

FIGURE 7. Gain and Offset Adjustment Using D/A Converters. 
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IElElI DAC716 

16-Bit DIGITAL-TO-ANALOG CONVERTER 
with Serial Data Interface 

FEATURES: 
• SERIAL DIGITAL INTERFACE 

• VOLTAGE OUTPUT: 0 to +10V 

• ±2 LSB INTEGRAL LINEARITY 

• 16·BIT MONOTONIC OVER TEMPERATURE 

• PRECISION INTERNAL REFERENCE 

• LOW NOISE: 120nVl..JHi Including Reference 

• 16-LEAD PLASTIC SKINNY DIP AND PLASTIC 
SOIC PACKAGES 

Gain V REF OUT 
Adjust +10V 

DESCRIPTION 
The DAC716 is a complete monolithic D/A converter 
including a + lOV temperature compensated voltage 
reference, current-to-voltage amplifier, a high-speed 
synchronous serial interface, a serial output which 
allows cascading multiple converters, and an asyn
chronous clear function which immediately sets the 
output voltage to zero. 

The output voltage range is 0 to + lOV while operating 
from ±12V to ±15V supplies, and the gain and bipolar 
offset adjustments are designed so that they can be set 
via external potentiometers or external D/A convert
ers. The output amplifier is protected against short
circuiting to ground. 

The 16-pin DAC716 is available in a plastic 0.3" DIP 
and a wide-body plastic SOIC package. The DAC716P, 
V, PB, and VB are specified over the -40°C to +85°C 
range while the DAC716VK, PK, UL, and PL are 
specified over the O°C to + 70°C range. 

~-------------------oSDO 

InlemallonaIAlrportlnduslrlaIPark.MallingAddress:POBoxI14OO.Tucson.AZ85734·SlreetAddress:6730S.TucsonBlvd..Tucson.AZ 85706 
Tel: (520) 746-1111 • Twx: 910-952-1111 • cable: BBRCORP • Tel.x:06~491 • FAX: (520)889-1510 • Immedlale Producllnfo: (800) 54~132 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS 
AlTA = +25'C, +Vee= +15V, -Vee =-15V, unless otherwise noted. 

DAC716P, U DAC716PB, UB DAC716PK, UK 

PARAMETER MIN TYP MAX MIN TYP MAX MIN TYP MAX 

TRANSFER CHARACTERISTICS 

ACCURACY 
Unearity Error ±4 ±2 ±2 

T.'N 10 TMAX ±& ±4 ±2 
Differenlial Uneanty Error ±4 ±2 ±1 

TMIN to TMAX ±& ±4 ±2 
Monolonicity 14 IS 16 
Monolonicity Over Spec Temp Range 13 14 15 
Gain Error<3) iO.l 

TMIN to TMAX iO.25 
Unipolar Zero Error<3) iO.l 

TM'N 10 T_ iO.2 
Power Supply Sensitivity 01 Gain iO.003 

±30 

DYNAMIC PERFORMANCE 
Settling Time 
(to iO.003%FSR, SkU II 500pF Load)I') 

20V Output Step 6 10 
I LSB Output Stepl5) 4 

Output Slew Rate to 
Tolal Harmonic Dislortion 

OdB, 1001Hz, fs = 100kHz 0.005 
-20dB, 1001 Hz, Is = 100kHz 0.03 
-60dB, 1001 Hz, Is = 100kHz 3.0 

SINAD: 1001Hz, fs = 100kHz &7 
Digital Feedthroughi5) 2 
Digital-to·Analog GIIich Impulsel~ 15 
Output Noise Voltage (includes reference) 120 
ANALOG OUTPUT 
Output Voltage Range 

,Vce> -Vee = ±11.4V .10 
Qutpul Current ±5 
Output Impedance 0.1 
Short Circuit to ACOM Duration Indefinfte 

REFERENCE VOLTAGE 
Voltege .9.975 .10.000 .10.025 

T.w to T_ +9.960 .10.040 
QutpUi Resistance 1 
Source Current 2 
Short Circuft to ACOM Duration Indefinite 

INTERFACE 

RESOLUTION 

I 
16 

I I I I 
SlraigJ B,nary 

I I DIGITAL INPUTS 
Senal Daia InpUi Code 
Logic Levelsl1) 

VM .2.0 (Vee -1.4) 

V, 0 .0.& 

I'H (V, = +2.7V) ±IO 

I, (V, = to.4V) ±10 

DIGITAL OUTPUT 
Serial Data 

VOl (ISINK = 1.6mA) 0 +0.4 
VOH (ISOURCE = 5OOJlA),TMJN 10 T MAX .2.4 +5 

POWER SUPPLY REQUIREMENTS 
Voltage 

+Vcc .11.4 .15 .16.5 
-Vee -11.4 -15 -16.5 

Current (No Load, ±15V Supplies)i61 
,Vee 13 16 
-Vee 22 26 

Power Dissipationl7l 625 

TEMPERATURE RANGES 
Specification 

All Grades -40 .65 0 .70 
SIorage -60 .150 
Thermal Coefficient, 9JA 75 

.. 
'Spec~,cations are the same as the grade to the left. 

DAC716PL, UL 

MIN TYP MAX UNITS 

±2 LSB 
±2 LSB 
±I LSB 
±1 LSB 

16 Bits 
16 Bils 

% 
% 

% 01 FSR~) 
%oIFSR 

%FSRI%Vcc 
ppm FSRI%Vee 

~s 

~s 

VII's 

% 
% 
% 
dB 

nV-s 
nV-s 

nVl.JRi 

V 
rnA 
U 

V 
V 
U 

rnA 

I I I 
Bits 

V 

V 

JlA 

JlA 

V 
V 

V 
V 

mA 
mA 
mW 

'C 
'C 

'CNI 

NOTES: (1) Digftal inpUis are TIL and .5V CMOS compatible overthe specificalion temperature range. (2) FSR maans Full Scale Range. For example, for 0 to. 10V output, FSR = 10V. (3) Errors extemally adjustable 
to zero. (4) Maximum represents the 3a limit. Not 100% tesled for this parameter. (5) Forthe worst-case Straight Binary code changes: 7FFF to &000 and 8000 to 7FFF. (6) During power supply turn on, the transient 
supply current may approach 3x the maximum quies:ent specification. (7) Typical (i.e. rated) supply voltages times maximum currents. 
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PIN CONFIGURATION 

Top View 

SOl 

SOD 

DCOM 

ACOM 

16 CLR 

DAC716 

VOUT 

A ELECTROSTATIC 

SOIC/DIP 

J.f». DISCHARGE SENSITIVITY 
Electrostatic discharge can cause damage ranging from per
formance degradation to complete device failure. Burr
Brown Corporation recommends that all integrated circuits 
be handled and stored using appropriate ESD protection 
methods. 

PIN DESCRIPTIONS 

Serial Data Clock 
2 ~ Enable for Input Register (Active Low) 
3 A, Enable for DIA Latch (Active Low) 
4 SOl Serial Data Input 

SOD Serial Data Output 
6 DCOM Digital Supply Ground 
7 +Vcc Positive Power Supply 
8 ACOM Analog Supply Ground 

Your DIA Output 
10 NC No Connection 
11 NC No Connection 
12 VREFOUT Voltage Reference Output 
13 Offset Adjust Offset Adjust 
14 Gain Adjust Gain Adjust 
15 -Vce Negative Power Supply 
16 CLR Clear 

ORDERING INFORMATION 

DIFFERENTIAL 
LINEARITY ERROR TEMPERATURE 

MODEL PACKAGE TMIN to TMAX RANGE 

DAC716P Plastic DIP ±8LSB -40'C to +85'C 
DAC716U Plastic SOIC ±8LSB -40'C to +85'C 
DAC716PB Plastic DIP ±4LSB -40'C to +85'C 
DAC716UB Plastic SOIC ±4LSB -40'C to +B5"C 
DAC716PK Plastic DIP ±2LSB O'Cto +70'C 
DAC716UK Plastic SOIC ±2 LSB O·C to +70'C 
DAC716PL Plastic DIP ±1 LSB O·C to +70'C 
DAC716UL Plastic SOIC ±1 LSB O·C to +70'C 
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ESD damage can range from subtle performance degrada
tion 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 
published specifications. PACKAGE INFORMATION 9 
ABSOLUTE MAXIMUM RATINGS(1) MODEL PACKAGE 

DAC716P Plastic DIP 
+Vcc to Common .................................................................... OV to +17V DAC716U Plastic SOIC 

PACKAGE DRAWING 
NUMBER!') 

180 
211 

« z « 
I -v cc to Common .................................................................... OV to -17V 

+Vccto-Vcc ....................................................................................... 34V NOTE: (1) For detailed drawing and dimension table, please see end of data sheet, 0 
or Appendix C of Burr-Brown IC Data Book. ~ ACOM to DCOM .............................................•....•............................ ±0.5V 

Digitallnpuls to Common ......................................•...•.. -tV to (V cc -D.7V) 
External Voltage Applied to BPO and Range Resistors ..................... ±Vcc 
VREFOOT ......................................................... Indefinite Short to Common 
VOUT ............................................................... Indefinite Short to Common 
SOD .......................•............................•...•...... Indefinite Short to Common 
Power Dissipation ..•..................................................................•.... 750mW 
Storage Temperature ...................................................... -60'C to +150'C 
Lead Temperature (soldering, lOs) ................................................ +300'C 

NOTE: (1) Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. Exposure to absolute maximum 
conditions for extended periods may affect device reliability. 

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 SPECIFICATIONS 

; 

TA=-40"Cto+85"C +Vcc=+15V -Vcc ';-15V '. 
SYMBOL PARAMETER 

IclK Data Clock Period 

Icc Clock LOW 

IcH Clock HIGH 
tAOS Setup Time lor ~ 
tA1S Setup Time 'for A, 
tACH Hold Time for Ii;; 
tA1H Hold Time for A, 

MIN MAX 

100 
50 
50 
50 
50 
10 
10 

TRUTH TABLE 

A. A, ClK ClR 
UNITS 

0 1 1->0->1 1 
ns 1 0 1->0->1 1 
ns 
ns 1 1 1->0->1 1 
ns 0 0 1-+0-+1 1 
ns 
ns X X 1 1 

ns X X X 0 

DESCRIPTION 

Shift Serial .Data into SOl 

load D/A Latch 

No Change 

Two Wire Operation!'} 

No Change 

Reset D/A Latch 

NOTES: X = Don't Care: (1) All digital input changes will appear at the 
los Setup Time for DATA 50 ns 
tOH Hold Time for DATA 10 ns 

tosop Output Propagation Delay 
Icp Clear Pulsewidth 

TIMING DIAGRAMS 

Serial Data Input SOl 
MSB First 

Latch Data 
In D/A Latch 

140 ns D/A output. 

200 ns 

Serial Data In 

Serial Data Out 

SerialDataOut .---- ----~ 
SDO 015 0,.------· 

ir-f-..JI'I--J 
--- tosoP ~ -.... 'tosop-4-

BURR - BROWNQII 
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TYPICAL PERFORMANCE CURVES 
AT TA = +25°C. Vee = ±15V. unless otherwise noted. 

POWER SUPPLY REJECTION vs 
POWER SUPPLY RIPPLE FREQUENCY 

0.1 L-'-'-u.J.JJ.II-.!....1..u..u.w.......J....J...!.J..L.wL.-'-.LJ.J.JJJJ.L---J....w..ww 

~ 
! 
~ 
is 

2.0 

1.0 

- -1.0 

-2.0 

.. 

LOGIC vs V LEVEL 

I 
+-

¥ 
f/ Ao.A, 

r CLR 

/ 
SOl 

10 100 'lk 10k lOOk 1M -{J.85 0 0.85 1.7 2.55 3.4 4.25 5.1 5.95 6.8 

Frequency (Hz) V Digital Input 

FULL SCALE OUTPUT SWING SETTLING TIME. +10VTO OV 
2500 

2000 

1500 I 
10 

1000 >" 
~ 

a 500 
0 

L~ 
5 ~ 0 
~ e -500 « 

<l -1000 

-1500 
0 -2000 

-2500 

Time (1 O~s1div) Time (1 ~s1div) 

SETTLING TIME. OV TO +10V VOUT SPECTRAL NOISE DENSITY 
2500 1000 

2000 

1500 I +5V 1< 
-{JV 

>" 1000 a 100 
> 500 0 

'+ 0 
'0 
§ -500 e « -1000 <l 

Ir-. .,-.. -VV 

~ > c 

10 

\ 

-1500 

-2000 

-2500 

+5V 

OV 1< 

TIme (1 ~s1div) l' 10 100 lk 10k lOOk 1M 10M 

Frequency (Hz) 
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DISCUSSION OF 
SPECIFICATIONS 
LINEARITY ERROR 

Linearity error is defined as the deviation of the analog 
output from a straight line drawn between the end points of 
the transfer characteristic. 

DIFFERENTIAL LINEARITY ERROR 

Differential linearity error (DLE) is the deviation from 
lLSB of an output change from one adjacent state to the 
next. A DLE specification of±I/2LSB means that the output 
step size can range from I!2LSB to 3!2LSB when the digital 
input code changes from one code word to the adjacent code 
word. If the DLE is more positive than -ILSB, the D/A is 
said to be monotonic. 

MONOTONICITY 

A D/ A converter is monotonic if the output either increases 
or remains the same for increasing digital input values. 
Monotonicity of the L grade is guaranteed over the specifi
cation temperature range to 16 bits. 

SETTLING TIME 

Settling time is the total time (including slew time) for the 
D/ A output to settle to within an error band around its final 
value after a change in input. Settling times are specified to 
within ±O.003% of Full Scale Range (FSR) for an output 
step change of lOV and lLSB. The lLSB change is mea
sured at the Major Carry (7FFF to 8000, and 8000 to 7FFF: 
Straight Binary codes), the input transition at which worst
case settling time occurs. 

TOTAL HARMONIC DISTORTION + NOISE 

Total harmonic distortion + noise is defined as the ratio of 
the square root of the sum of the squares of the values of the 
harmonics and noise to the value of the fundamental fre
quency. It is expressed in % of the fundamental frequency 
amplitude at sampling rate fs. 

SIGNAL-TO-NOISE 
AND DISTORTION RATIO (SINAD) 

SINAD includes all the harmonic and outstanding spurious 
components in the definition of output noise power in 
addition to quantizing and internal random noise power. 
SINAD is expressed in dB at a specified input frequency and 
sampling rate, fs. 

DIGITAL-TO-ANALOG GLITCH IMPULSE 

The amount of charge injected into the analog output from 
the digital inputs when the inputs change state. It is mea
sured at half scale at the input codes where as many as 
possible switches change state--from 8000 to 7FFF. 

DIGITAL FEEDTHROUGH 

When the AID is not selected, high frequency logic activity 
on the digital inputs is coupled through the device and shows 
up as output noise. This noise is digital feedthrough. 

OPERATION 
The DAC716 is a monolithic integrated-circuit 16-bit D/A 
converter complete with 16-bit D/A switches and ladder 
network, voltage reference, output amplifier and a serial 
interface. 

INTERFACE LOGIC 

The DAC716 has double-buffered data latches. The input 
data latch holds a 16-bit data word before loading it into the 
second latch, the D/A latch. This double-buffered organiza
tion permits simultaneous update of several D/A converters. 
All digital control inputs are active low. Refer to block 
diagram of Figure 1. 

All latches are level-triggered. Data present when the enable 
inputs are logic "0" will enter the latch. When the enable 
inputs return to logic "I", the data is latched. 

The CLR input resets both the input latch and the D/A latch 
to give an output voltage of OV (code 0000). 

LOGIC INPUT COMPATIBILITY 

DAC716 digital inputs are 1TL compatible (l.4V switching 
level) with low leakage, high impedance inputs. Thus the 
inputs are suitable for being driven by any type of 5V logic 
such as 5V CMOS logic. An equivalent circuit of a digital 
input is shown in Figure 2. 

Data inputs will float to logic "0" and control inputs will 
float to logic "0" if left unconnected. It is recommended that 
any unused inputs be connected to DCOM to improve noise 
immunity. 

Digital inputs remain high impedance when power is off. 

INPUT CODING 

The DAC716 is designed to accept Straight Binary (SB) 
input codes. The serial input format is MSB first. 

INTERNAL REFERENCE 

DAC716 contains a +10V reference. 

The reference output may be used to drive external loads, 
sourcing up to 2mA. The load current should be constant, 
otherwise the gain and unipolar offset of the converter will 
vary. 

OUTPUT VOLTAGE SWING 

The output amplifier of DAC716 is designed to achieve a 
+lOV output range. DAC716 will provide a +10V output 
swing while operating on ±l1.4V or higher voltage supplies. 

BURR-BROWNe 
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SOO 

Gain Adjust 

14 

VREFOUT 

FIGURE 1. DAC716 Block Diagram. 

+Vcc ESO Protection Circuit 

-:/ ----
, R = 1 kn: Ao, A" ClK, ClR, SOl 

Digital o--~+--r-____ MI'-~--r--
Input 

~5PF 

FIGURE 2. Equivalent Circuit of Digital Inputs. 

GAIN AND OFFSET ADJUSTMENTS 

Figure 3 illustrates the relationship of offset and gain adjust
ments for a unipolar connected D/A converter. Offset should 
be adjusted first to avoid interaction of adjustments. See 
Table I for calibration values and codes. These adjustments 
have a minimum range of ±O.3%. 

Offset Adjustment 
Apply the digital input code, 0000, that produces bv and adjust 
the offset potentiometer or the offset adjust D/A converter for 
ov. 

BURR~BROWNi& 

NC 

NC 

Offset 
Adjust 

ACOM OCOM 

+ + -,----c'--.-------,--c'.--'---Range of 

+ Full Scale ---. T " " Gain Adjust , , 

Range of 

1LSB )(,/,/T = ±0.3% 

Full Scale 

/)t/ 
, '/)( 

Range ,',',' Gain Adjust 
,',',' Rotates the Line 
'" ", ','," ", , , 

t'," 
~~' 

~~., 

Ottset Adjust /. Zero 

Offset Adj. ~ 
Translates _ ++-Hl"++-+--1'-1',++-H--lH---!+ 

the Une t OOOOH 8000H FFFFH 

= ±0.3% Digitalinpul 

FIGURE 3. Relationship of Offset and Gain Adjustments. 

Gain Adjustment 

Apply the digital input that gives the maximum positive 
voltage output. Adjust the gain potentiometer or the gain 
adjust D/A converter for this positive fuJI scale voltage. 
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DAC716 CALIBRATION VALUES 

1 LEAST SIGNIFICANT BIT ='152ILV 

DIGITAL INPUT CODE ANALOG OUTPUT M 
STRAIGHT BINARY UNIPOLAR 10V RANGE DESCRIPTION 

FFF,FH +9,999695 + Full Scala -1 LSB 

I 
8000H +5.000000 Half Scala 

OOOOH 0.000000 Unipolar zero 

TABLE I. Digital Input and Analog Output Voltage Calibra
tion Values. 

INSTALLATION 
GENERAL CONSIDERATIONS 

Due to the high precision of these' D/A converters; system 
design problems such as grounding and contact resistance 
become very important. A 16-bit converter with a lOY full
scale range has a ILSB value of 152~V. With a load current 
of 5mA, series wiring and connector resistance of only 
60mn will cause a voltage drop of 300~V. To understand 
what this means in terms of a system layout, the resistivity 
of a typical I ounce copper-clad printed circuit board is 1/2 
mn per square. For a SmA load, a 0.1 inch wide printed 
circuit conductor 0.6 inches long will result in a voltage drop 
of 150~V. 

The analog output of DAC716 has an LSB size of 152~V 
(-96dB). The rms noise floor of the D/A should remain below 
this level in the frequency range of interest. The DAC716's 
output noise spectral density (which includes the noise contrib
uted by the internal reference) is shown in the Typical Perfor
mance Curves section. 

Wiring to high-resolution D/A converters should be routed 
to provide optimum isolation from sources of RFI and EM!. 
The key to elimination of RF radiation or pickup is small 
loop area. Signal leads and their return conductors should be 
kept close together such that they present a small capture 
cross-section for any external field. Wire-wrap construction 
is not recommended. 

POWER SUPPLY AND 
REFERENCE CONNECTIONS 

Power supply decoupling capacitors should be added as 
shown in Figure 4. Best performance occurs using a I to 
lOflF tantalum capacitor at -Vee. Applications with less 
critical settling time may'be able to use O.OIIIF at -Vee 
as well as at + Vee. The capacitors should be located 
close to the package. 

The DAC716 has separate ANALOG COMMON and DIGI
TAL COMMON pins. The current through DCOM is mostly 
switching transients and are up to lmA peak in amplitude. 
The current through ACOM is typically 5~ for all codes. 

Use separate analog and digital ground planes with a single 
interconnection point to minimize grouriilloops. The an810g 

16 

FIGURE 4. Power Supply Connections. 

pins are located adjacent to each other to help isolate analog 
from digital signals. Analog signals should be routed as far 
as possible from digital signals and should cross them at 
right angles. A solid analog ground plane around the D/A 
package, as well as under it in the vicinity of the analog and 
power supply pins, will isolate the D/A from switching 
currents. It is recommended that DCOM and ACOM be 
connected directly to the ground planes under the package. 

If several DAC716s are used or if the DAC716 shares 
supplies with other components, connecting the ACOM and 
DeOM lines together at the power supplies only rather than 
at each chip, may give better results. 

LOAD CONNECTIONS 

Since the reference point for V oUT and V REF OUT is the 
ACOM pin, it is important to connect the D/A converter load 
directly to the ACOM pin. Refer to Figure 5. 

Lead and contact resistances are represented by R 1 through 
R3. As long as the load resistance RL is constant, Rl simply 
introduces a gain error and can be removed by gain adjust
ment of the D/A or system-wide gain calibration. R2 is part 
of RL if the output voltage is sensed at ACOM. 

In some applications it is impractical to return the load to the 
ACOM pin of the D/A converter. Sensing the output voltage 
at the SYSTEM GROUND point is reasonable, because there 
is no change in DAC716 ACOM current, provided that R3 is 
a low-resistance ground plane' or conductor. In this case you 
may wish to connect DCOM to SYSTEM GROUND as well. 

GAIN AND OFFSET ADJUST' 

Connections Using Potentiometers 

GAIN and OFFSET adjust pins provide for trim using 
external potentiometers. I5-turn potentiometers provide suf
ficient resolution. Range of adjustment of these trims is at 
least ±O.3% of Full Scale Range. Refer to Figure 6. 
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DIGITAL INTERFACE 

The GAIN ADJUST and OFFSET ADJUST circuits of 
DAC716 have been arranged so that these points may be 
easily driven by external D/A converters. Refer to 
Figure 7. 12-bit D/A converters provide a nominal 
OFFSET adjust and GAIN adjust resolution of 25lLV and 
15lLV per LSB step, respectively. 

Nominal values of GAIN and OFFSET occur when the D/A 
converters outputs are at approximately half scale, DV. 

OUTPUT VOLTAGE RANGE CONNECTIONS 
The DAC716 output amplifier is connected internally for 
lOV output range. 

DAC716 

Bus 
Interface 

I 
System Ground 

V REF OUT Offset Adjust 

Alternate Ground 
Sense Connection 

To+Vcc 

TO-Vee 

SERIAL INTERFACE 
The DAC716 has a serial interface with two data buffers 
which can be used for either synchronous or asynchronous 
updating of multiple D/A converters. AD is the enable control 
for the Data Input Latch. Al is the enable for the D/A Latch. 
CLK is used to strobe data into the latches enabled by AD and 
AI. A CLR function is also provided and when enabled it sets 
the Data Latch to all zeros and the D/ A Latch to a code that 
gives bipolar zero at the D/A output. 

Multiple DAC716s can be connected to the same CLK and 
data lines in two ways. The output of the serial loaded data 
latch is available as SDO so that any number of DAC716s 
can be cascaded on the same input bit stream as shown in 
Figure 8 and 9. This configuration allows all D/A converters 
to be updated simultaneously and requires a minimum num
ber of control signal inputs. These configurations do require 
16N CLK cycles to'load any given D/A converter, where N 
is the number of D/A converters. 

The DAC716 can also be connected in parallel as shown in 
Figure 10. This configuration allows any D/A converter in 
the system to be updated in a maximum of 16 CLK cycles. 

Analog 
Power 
Supply 

NOTE: (1) Locate close to DAC716 package, 

FIGURE 5. System Ground Considerations for High-Resolution D/A Converters. 
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Internal 
+IOV Reference 

180Q 

Gain Adjust 

Offset Adjust 

FIGURE 6. Manual Offset and Gain Adjust Circuits. 

- - ---- - - - - -- - - - - - - --- - -. 
Internal 

+IOV Reference VREFOUT I 
12 

180Q 

Gain Adjust 

Offset Adjust 

1 

: DAC716 1 _______________________ J 

For no external adjustments. pins 13 and 14 are not connected. 
External resistors R, - R3 tolerance: ±I %. Range of adjustment at 
least ±O.3% FSR. 

FIGURE 7. Gain and Offset Adjustment Using D/A Converters. 

P2 
i---t-NIf---;: 10kll to 100kll 

10VVOUT 

For no external adjustments. pins 13 and 14 are not connected. 
External resistors R, - As are standard ±I % values. Range of 
adjustment at least ±0.3% FSR. 

-IOtO+IOV 

R3 
IMQ 

-IOto+IOV 

1 
• - - - - - - - - - _I 
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Data 

Data latch 

Up Date 

ClK 

4 
SO, 

2 _ 
AO 

3 _ 
AI 

1_ 
ClK 

+~ ClR 

lSD, 
2 _ 

AO 

~ A1 
1_ 

CLK 

+~ ClR 

lSD, 
2 _ 

AO 

~ A1 
1_ 

ClK 

+~ ClR 

DAC716 

DACI 

DAC716 

DAC2 

DAC716 

DAC3 

FIGURE Sa. Cascaded Serial Bus Connection with Synchronous Update. 

DAC3 DAC2 

SDO~ 

SDO~ 

SDO ~ T o othe,DACs 

DAC1 

Data FEDCBA9876543210FEDCBA9876543210FEDCBA9876543210 

Data Latch,L. _______________________________ --', 

U~ffie--------------------------------_.u-

FIGURE Sb. Timing Diagram For Figure Sa. 
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4 
Data SDI 

2 
AD Data latch 

3 
Ai UpDate 

,1 

D!lC;:716 

DAC1 

DAC716 

DAC2 

DAC716 

DAC3 

SDO 
5 

SDO 5 

SDO 5 
To other DACs 

FIGURE 9a. Cascaded Serial Bus Connection with Asynchronous Update. 

/, 
Data Latch 

DAC3 DAC2 DAC1 

'Data 'F to 0 C B A'9 8 7 6 54.'3 2 1 0 FE D'C B A,9 8 7'6 543 210 FE D'C B A 9 8765'43210 

u~me--------------------------------------------------------------------~u-

FIGURE 9b. Timing Diagram For Figure 9a. 
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Data 

Data Latch t 

Up Date 

CLK 

CLR 

Data Latch 2 

Data Latch 3 

FIGURE lOa. Parallel Bus Connection. 

DACI 

4 
SDI 

2 _ 
AO 

3 _ 
AI 

1_ 
CLK 

16_ 
CLR 

4 
~ SDI 

2 _ 
AO 

3 _ 
AI ,_ 
CLK 

~ r-J! CLR 

4 
'------ SDI 

2 _ 
AO 

3 _ 
AI 

1_ 
CLK 

~ CLR 

DAC2 

DAC716 

DACI 

SDO ~ 

DAC716 

DAC2 

SDO ~ 

DAC716 

DAC3 

SDO ~ 

DAC3 

Data FED C 8 A 9 8 7 6 5 4 3 2 1 0 FED C B A 9 8 7 6 5 4 3 2 1 0 FED C 8 A 9 8 7 6 5 4 3 2 1 0 

Data Latch I iL __________ r----------------------
Data Latch 2 --------------.L-,-________ J------------

Data Latch 3 ----------------------.,-----,'--_________ -', 

Update ---------------------------------Lf 

FIGURE lOb. Timing Diagram For Figure lOa. 
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BURR - BROWN® 

1E3E31 DAC725 

Dual 16-Bit 
DIGITAL-TO-ANALOG CONVERTER 

FEATURES DESCRIPTION 
• COMPLETE DUAL V OUT DAC 
• DOUBLE-BUFFERED INPUT REGISTER 

• HIGH-SPEED DATA INPUT: 
Serial or Parallel 

• HIGH ACCURACY: ±o.003% Linearity Error 

The DAC725 is a dual 16-bit DAC, complete with 
internal reference and output op amps. The DAC725 is 
designed to interface to an 8-bit microprocessor bus, 
but can also be interfaced to wider buses. The hybrid 
construction minimizes the digital feedthrough typi
cally associated with products that combine the digital 
bus interface circuitry with high-accuracy analog cir
cuitry. 

• 14-BIT MONOTONICITY OVER 
TEMPERATURE 

• PLASTIC PACKAGE 

• CLEAR INPUT TO SET ZERO OUTPUT 

8·Bil 
DalaBus 

The 16-bit data word is loaded into either of the DACs 
in two 8-bit bytes per 16-bit word. The versatility of 
the control lines allows the data word to be directed to 
either DAC, in any order. The voltage-out DACs are 
dedicated to a bipolar output voltage 'of ±lOV. The 
output is immediately set to OV when the Clear com
mand is given. This feature, combined with the bus 
interfacing and complete DAC circuitry, makes the 
DAC725 ideal for automatic test equipment, power 
control, servo systems, and robotics applications. 

International Airport Industrial Park • Mailing Address: PO Box 11400 Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 746-1111 • Twx: 910-1152·1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (520) 889-1510 • Immedlale Product Info: (BOO) 549-6132 
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SPECIFICATIONS 
ELECTRICAL 
At TA = +25'C. Vcc= ±15V. and after a la-minute warm-up unless otherwise noted. 

DAC725JP DAC725KP 

PARAMETER I MIN I TYP I MAX I MIN TYP 

INPUT 

DIGITAL INPUT I IB Resolution 
Bipolar Input Code Binar Twos YO ... ~.~ ... 0 ... 

logic Levels{11: V1H +2 +5.5 
V,L -I +0.8 
I'H (V, = +2.7V) I 
I'L (V, = +O.4V) I 

I nAN"r~n "nAnA" I ~nl" """ 

ACCURACY 
Linearity Error ±D.003 ±D.OOB ±0.0015 
Differential Linearity Error(3) ±0.0045 ±D.012 0.003 

At Bipolar Zero: KPI3> 4) ±0.003 
Gain Error(S) ±D.07 ±D.2 
Bipolar Zero ErrorlS) ±0.05 ±O.I 
Montonicity Over Specified Temp. Range 13 14 
Power Supply Sensitivity: +Vcc. -Vcc ±0.0015 ±O.OOB · 

Voo ±O.OOOI ±O.OOI 

DRIFT (Over Specified Temperature Range) 
Gain Drift ±IO 
Bipolar Zero Drift ±5 · 
Differential Linearity Over Temperature(3) ±0.0045 ±0.012 ±0.003 
Unearity Error Over Temperature(3) ±D.012 

SETTLING TIME (to ±0.003% of FSR)16) 
20V Step (2kll load) 4 · 
I LSB Step at Worst-Case Codel7l 2.5 · 
Slew Rate 10 · 
OUTPUT 

Output Voltage RangelS) ±IO 
Output Current ±5 
Output Impedance 0.15 
Short Circuit to Common Duration Indefinite 

POWER SUPPLY "" 
Voltage: +Vcc +11.4 +15 +IB.5 . 

-Vcc -11.4 -IS -IB.5 . 
Voo +4.5 +5 +5.5 · 

Current (No load. ±15V supplies): +Vcc +29 +35 · 
-Vcc ~5 -40 
Voo +B +10 

Power Dissipation (±15V supplies) 920 1175 

I~M .. ~nATURE RANGE 

Specification 0 +70 
Storage -<50 +150 . .. 

SpeclflcallOn same as model to the left . 

MAX I UNITS 

Bits 

V 
V 

IlA 
IlA 

±0.OO3 % of FSR(2) 
±D.006 % of FSR 
±O.OOB % of FSR 
±D.15 % . % of FSR 

Bits . % of FSR/%Vcc 
Clio of FSR/%VDD 

±25 ppm/'C 
±12 ppm of FSRI"C 

±O.OOB % of FSR 
±O.OOB % of FSR 

8 IlS 
4 IlS 

VlIlS 

V 
mA 
11 

V 
V 
V 

mA 
mA 
mA 
mW 

'C 
'C 

NOTES: (I) Digital inputs are TTL. LSTTL. 54174HC and S4174HTC compatible over the specification temperature range. (2) FSR means Full-Scale Range. For 
example. for ±IOV output. FSR = 20V. (3) ±0.0015% of FSR is equal to ILSB in IB-bit resolution. ±0.003% of FSR is equal to ILSB in IS-bit resolution. ±O.OOB% 
of FSR is equal to lLSB in 14-bit resolution. (4) Error at input code OOOOH (BTC). (5) Adjustable to zero with external trim potentiometer. Adjusting the gain 
potentiometer rotates the transfer function around Ihe bipolar zero point. (B) Maximum represents the 30 limit. Not tested for this parameter. (7) The bipolar worst
case code change is FFFFH to OOOOH (BTC). (8) Minimum supply voltage for ±IOV output swing is approximately±13V. Output swing for ±12V supplies is at least 
±9V. 

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 USB of such information shall be entirely at the user's own risk. Prices and specifications are subject to change 
without notice. No patent rights Dr 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 andior systems. 
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CONNECTION DIAGRAM 

O2 (0,0) 

0, (~o) 

00 (0.) 

DCOM 

ABSOLUTE MAXIMUM RATINGS 
VootoCOMMON ........................................................................ OV, +t5V 
+Vee to COMMON ......•..................................................•............ OV, +1BV 
-Vee to COMMON ............................ , ..... , ........................ , .......... OV, -18V 
Digital Data Inputs to COMMON ...................................... -o.5V, Voo + 0.5 
DC Current any Input ...................................................................... ±1 OmA 
Reference Out to COMMON ...........•............ Indefinite Short to COMMON 
VOUT ............................................................ Indefinite Short to COMMON 
External VoHage Applied to RF ...........................................•............ , ±18V 
External Voltage Applied to D/A Output ............................................... ±5V 
Power Dissipation •..•..•................................................................. 2000mW 
Storage Temperature ...................................................... -60'C to + 150'C 
Lead Temperature (soldering, 10s) .................................................. 300'C 

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

Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. Exposure to absOlute maximum condi· 
tions for extended periods may affect device reliability. 

ORD.ERING INFORMATION 

LINEARITY ERROR TEMPERATURE 
MODEL max (% of FSR) RANGE 

DAC725JP ±0.012 O'C to +70'C 
DAC725KP ±O.006 O'C to +70'C 

PIN DESCRIPTIONS 

GA(A) 

SJ(A) 

ACOM 
(A) 

V~(A) 

WR(A) 

CS(A) 

-Vee 

CS(B) 

WR(B) 

GA(B) 

SJ(B) 

ACOM 
(B) 

Vour(B) 

PIN 

1 

2 
3 

4 

5 

6 

7 

B 

9 

10 

11 

12 

13 

14 
15 
16 
17 

18 
19 
20 

21 

22 

23 

24 
25 
26 
27 

28 

DESIGNATOR 

CLR 

Voo 
A; 

~ 

A, 

07 (0,5) 
(MSB) 

0, (0,.) 

05 (0'3) 

D. (0'2) 

03 (0,,) 

O2 (0'0) 

0, (Do) 

Do (D.) 

DCOM 
Vour (B) 
ACOM (B) 
SJ (B) 

GA (B) 
~(B) 
CS (B) 

+Vcc 

-Vee 

CS(A) 

WR(A) 
Vour (A) 
ACOM (A) 
SJ (A) 

GA(A) 

PACKAGE INFORMATION 

MODEL PACKAGE 

DAC725JP 2B-Pin Plastic DIP 
DAC725KP 28'Pin Plastic DIP 

DESCRIPTION 

Clear line. Sets the D/A 
register to OOOOHEX, 
which gives bipolar zero 
on the D/A output. 

Logic supply (+5V). 
Latch enable for D/A latch 

(active low). 
Latch enable for "low byte" 

input (active low). 
Latch enable for "high byte" 

input (active low). 
Input for data M 7 n en-

abling low byte (LB) latch, 
or data bit 15 if enabling 
the high byte (HB) latch. 

Input for data bit 6 if en· 
abling LB latch, or data b~ 
14 if enabling HB latch. 

Data bit 5 (LB) or data bit 
13 (HB). 

Data bit 4 (LB) or data bit 
12 (HB). 

Data bit 3 (LB) or data bit 
11 (HB). 

Data bit 2 (LB) or data bit 
10 (HB). 

Data bit 1 (LB) or data bit 9 
(HB). 

Data bit 0 (LB) or data bit 
8 (HB). 

Digital common. 
Voltage output for DAC B. 
Analog common for DAC B. 
Summing junction of the in~ 

ternal op amp for DAC B. 
Gain adjust pin for DAC B. 
Write control line for DAC B. 
Chip select control line for 

DAC B. 
Positive supply voltage 

(+15V). 
Negative supply voltage 

(-15V). 
Chip setect control line for 

DACA. 
Write control line for DAC A. 
Voltage output for DAC A. 
Analog common for DAC A. 
Summing junction of the in· 

ternal op amp for DAC A. 
Gain adjust pin for DAC A. 

PACKAGE DRAWING 
NUMBERt.) 

215 
215 

NOTE: (1) For detailed draWing and dImenSIon table, please see end of data 
sheet, or Appendix C of Burr·Brown IC Data Book. 
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DISCUSSION OF 
SPECIFICATIONS 
DIGITAL INPUT CODES 

The DAC725 accepts positive-true binary twos complement 
input code, as shown in Table I. The data is loaded into 
either DAC, 8 bits at a time. The data may also be clocked 
into the device in a serial format. 

ANALOG OUTPUT 
(Binary Two's Complement, 

DIGITAL INPUT CODES Bipolar Operation, All Models) 

7FFFH 
OOOOH 
FFFFH 
8000H 

TABLE I. Digital Input Codes. 

ACCURACY 

Linearity 

+ Full Scale 
Zero 

-lLSB 
- Full Scale 

This specification describes one of the most important mea
sures of performance of a D/A converter. Linearity error is 
the deviation of the analog output from a straight line drawn 
through the end points (minus full-scale point and plus full
scale point). 

Differential Linearity Error 
Differential Linearity Error (DLE) of a D/A converter is the 
deviation from an ideal lLSB change in the output when the 
input changes from one adjacent code to the next. A differ
entiallinearity error specification of±l/2LSB means that the 
output step size can be between l/2LSB and 3/2LSB when 
the input changes between adjacent codes. A negative DLE 
specification of -ILSB maximum (-0.006% for 14-bit reso
lution) insures monotonicity. 

Monotonicity 
Monotonicity assures that the analog output will increase or 
remain the same for increasing input digital codes. The 
DAC725 is specified to be monotonic to 14 bits over the 
entire specification range. 

DRIFT 

Gain Drift 
Gain drift is a measure of the change in full-scale range 
output over temperature expressed in parts per million per 
degree centigrade (ppmfC). Gain drift is established by: 

(1) testing the end point differences at tMIN, +25°C and tMAX, 

(2) calculating the gain error with respect to the +25°C 
value, and 

(3) dividing by the temperature change. 

The DAC725 is specified for Maximum Gain and Offset 
values at temperature. This tells the system designer the 
maximum that can be expected over temperature, regardless 
of room temperature values. 

BURR-BROWNe 

Zero Drift 
Zero drift is a measure of change in the output with OOOOH 
applied to the D/A converter inputs over the specified 
temperature range. This code corresponds to OV analog 
output. 

The maximum change in offset at tMIN or tMAX is referenced 
to the zero error at +25°C and is divided by the temperature 
change. This drift is expressed in FSR/oC. 

SETTLING TIME 

Settling time of the D/ A is the total time required for the 
analog outpui to settle within an error band around its final 
value after a change in digital input. Refer to Figure 1 for 
typical values for this family of products. 

0.001 
0.1 

l\ 

\ 

_\ 

Settling Time (~s) 

10 100 

FIGURE 1. Final-Value Error Band Versus Full-Scale Range 
Settling Time. . 

Settling times are specified to ±O.003% of FSR (±1/2LSB 
for 14 bits) for two input conditions: a full-scale range 
change of 20V (±lOV), and a lLSB change at the "major 
carry," the point at which the worst-case settling time 
occurs. This is the worst-case point since all of the input bits 
change when going from one code to the next. 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
change in a power supply voltage on the D/A converter 
output. It is defined as a percent of FSR change in the output 
per percent of change in either the positive supply ( + Vee), 
negative supply (-Vee) or logic supply (VDD) about the 
nominal power supply voltages (see Figure 2). It is specified 
for DC or low frequency changes. The typical performance 
curve in Figure 2 shows the effect of high frequency changes 
in power supply voltages. 
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i 0.03 

~ 
.5 0.025 1-H-t+ltItl-+++l+Ittt--+-H-H+HJ---j-ffittftl--t-t-t;/ttftI 

" i 0.02 1-H-t+ltItl-+++l+Ittt--+-H-H+HJ---j-ffittftl--t-t-f-tttttI 
() 

"0 
0.015 

* lD 
0.. 

11 
0.01 

w 
a: 0.005 en 
IL 

"0 

* 0 

-15VSupply 

I-t+H-ItItl-+t+l+Ittt---i + 15V Supply W!llt--tI-I-tttHll 

mllmUjlYI' ;( 
111111lJ..i. ~ 

1 10 100 lk 10k lOOk 

Power Supply Ripple Frequency (Hz) 

FIGURE 2. Power Supply Rejection Versus Power Supply 
Ripple Frequency. 

OPERATING INSTRUCTIONS 
POWER SUPPL V CONNECTIONS 

For optimum performance and noise rejection, power supply 
decoupling capacitors should be added as shown in the 
Connection Diagram. IIJF to 101JF tantalum capacitors should 
be located close to the D/A converter. 

EXTERNAL ZERO AND GAIN ADJUSTMENT 

Zero and gain may be trimmed by installing external zero 
and gain potentiometers. Connect these potentiometers as 
shown in the Connection Diagram and adjust as described 
below. TCR of the potentiometers should be lOOppmfOC or 
less. The 3.9MQ and 270kQ resistors (±20% carbon or 
better) should be located close to the D/A converter to 
prevent noise pickup. If it is not convenient to use these 
high-value resistors, an equivalent "T" network, as shown in 
Figure 3, may be substituted in place of the 3.9MQ resistor. 
A O.OOIIJF to O.OlIJF low-leakage fil.m capacitor should be 
connected from Gain Adjust to Analog Common to prevent 
noise pickup. Refer to Figure 4 for relationship of Offset and 
Gain adjustments. 

lBOkn 180kn 

~ 
FIGURE 3. Equivalent Resistances. 

Zero Adjustment 
By loading the code OOO~, the DAC will force OV. Offset 
is adjusted by using the circnit of Figure 5. An alternate 
method would be to use the CLR control to set the DAC to 
OV. Zero calibration should be made before gain calibration. 

Gain Adjustment 
To adjust the gain of the DAC725 , set the DAC to 7FFFH for 
both DACs. Adjust the gain of each DAC to obtain the full 
scale voltage of +9.99969V as shown in Table II. 

DIGITAL 
BIPOLAR OUTPUT, ±10V 

INPUT 
CODE 16 Bits 15 Bits 14 Bits UNITS 

One LSB 305 610 1224 I'V 
7FFFH +9.99969 +9.99939 +9.99878 V 
8000H -10 -10 -10 V 

TABLE II. Digital Input Codes. 

INTERFACE LOGIC AND TIMING 

The control logic functions are chip select (CS A or CSe), 
write (WRA or WRe), latch enable (Ao, AI' A2), and clear 
(CLR). These pins provide the control functions for the micro
processor interface. There is a write and a chip select for both 
DACA and for DACB channels. This allows the 8-bit data 
word to be latched from the data bus to the input latch or 
from the input latch to the DAC latch, of DACA, DACe, or 
both. 

Ao A, A, WR(A) CS(A) DESCRIPTION 

1 1 0 0 0 DAC Ialth enabled, Channel A 
1 0 1 0 0 Input latch high byte enabled, Channel A 
1 0 0 0 0 High byte llows through to DAC, Channel A 
0 1 1 0 0 Low byte latched from data bus, Channel A 
0 1 0 0 0 Low byte flows through to DAC, Channel A 
0 0 1 1 t Serial input mode for byte latches 
X X X 1 0 No data is latched 
X X X 0 1 No data is latched 

"1" or ·0" indicates TTL Logic Level Channel A shown. 

TABLE III. Truth Table of Data Transfers. 

i o 

J 

lLSB f 
f .. 

Cl c: ., 
a: 

CD 

~ 
"S 

Input = 8000H 
IL 

/ 
~ ..... 

,,'" ... ~, 

//,t~~~'" 
,",;"",' 

~ , ... ... 
~ , 

+ Full Scale . ,';: T ?<-" ,'Range of 
~f~ /'. Gain Adju 

" " Gain 
,';-:" Adjust 

J!~ ~" Rotates 
l,il:' the Line 

~, Input = 7FFFH 

Input = OOOOH 

-Full Scale 

st 

st QffsetAdju 
Translates 
the Une 

J 
Range and 
OffsetAdju st 

, , Digital Input 

FIGURE 4. Relationship of Zero and Gain Adjustments 
for the DAC725. 
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The latch enable lines control which latch is being loaded. 
Line At in combination with WR and CS enables the high 
byte of the DAC channel to be latched through the byte latch. 
The Ao line, in conjunction with the WR and CS, latches the 
data for the low byte. When A2, CS, and WR are low at the 
same time, the data is latched through the D/A latch and the 
DAC changes output voltage. Each latch may be made 
transparent by maintaining its enable signal at logic "0". 

The serial data mode is activated when both Ao and A; are 
at logic low simultaneously. The data (MSB first) is clocked 
in to pin 13 with clock pulses on the WR pin. The data is 
then latched through to the DAC as a complete 16-bit word 
selected by A2• 

The CLR line resets both input latches to all zeros and sets 
the DAC latch to OOOOH. This is the binary code that gives 
a null, or zero, at the output of the DAC. 

The maximum clock rate of the latches is 10MHz. The 
minimum time between the write (WR) pulses for succes
sive enables is 20ns. In the serial input mode, the maximum 
rate at which data can be clocked into the input shift register 
is lOMHz. The timing of the control signals is given in 
Figure 6. 

FIGURE 5. Connections for Gain and Offset Adjust. 

BURRMBROWNI8 

OVER TEMP. 

INTERVAL DESCRIPTION ns, min ns, max 

tow Data valid to end of WR 80 
tew CS valid 10 end of WR 80 
tAW "Ao. 11,". A, valid to end of WR 80 
Iwp Write pulse widlh 80 
tOH Data hold after end of WR 

FIGURE 6. Logic Timing Diagram. 

-Vee 

-Vee 

·10kn to 100kO 
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INSTALLATION APPLICATIONS 
Because of the extremely high accuracy of the D/A 
converter, system design problems such as grounding and 
contact resistance become very important. For a 16-bit 
converter with a +lOV full-scale range, 1LSB is 1531lV. 
With a load current of 5mA, series wiring and connector 
resistance of only 30m!"! will cause the output to be in error 
by 1LSB. To understand what this means in terms of a 
system layout, the resistance of typical 10z copper-clad 
printed circuit board material is approximately 112m!"! per 
square mil. In the example above, a lOmil-wide conductor 
60millong would cause a 1LSB error in R2 and R3 of Figure 
7. 

In Figure 7, lead and contact resistances are represented as 
R2 through Rt;. As long as the load resistance (RJ remains 
constant, the resistances of R2 and R3 will appear as gain 
errors when the output is sensed across the load. If the output 
is sensed at the DAC725 output terminal and the system 
analog common, R2 and R3 appear in series with Rv ~ has 
a current through it that varies by only I % of the nominal 
2mA current for all code combinations. This IR drop causes 
an offset error, and is calibrated out as an offset error. 

The current through the digital common varies directly with 
the digital code that is loaded into the DAC. The current is 
not the same for each code. If this IR drop is allowed to 
modulate the analog common, there may be code-dependent 
errors in the analog output. 

The IR drop across R6 may cause accuracy problems if the 
analog commons of several circuits are "daisy chained" 
along the power supply analog common. All analog sense 
lines should be referenced to the system analog common. 

WAVEFORM GENERATION 

The DAC725 has attributes that make it ideal for very low 
distortion waveform synthesis. Due to special design tech
niques, the feedthrough energy is much lower than that 
found in other D/A converters available today. In addition to 
the low feedthrough glitch energy, the input logic will 
operate with data rates of lOMHz. This makes the DAC725 
ideal for waveform synthesis. 

PROGRAMMABLE POWER SUPPLIES 

The DAC725 is an excellent choice for programmable 
power supply applications. The DAC outputs may be pro
grammed to track or oppose each other. If the load is 
floating, and can be driven differentially, the dynamic range 
will be 17 bits, because the full-scale range doubles for the 
same sized LSB. The clear line (CLR) sets both DAC 
outputs to zero, and would be used at power-up to bring the 
system up in a safe state. The CLR line could also be used 
if an over-power state is sensed. 

ISOLATION 

The DAC725 can accept serial input data, which means that 
only six optoisolators are needed for two DACs. The data ~s 
clocked into the input latch using the WR P~ The 16-blt 
data word is latched into the DAC selected by A2. When An 
and Al are simultaneously low, the serial mode is enabled. 

----------------------, 1---------------

a-Bit 
Data Bus 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Oto2mAj 
Typ 

QutA 
R, 

~2mAj~~~~~~----~L---, 
Constant Analog Common A 

Oto4mA Typ 
Digital Common 

~-------------------------------------
~;:?~~~~~ __ ~ Analog r Common 

FIGURE 7. System Wiring Example. 
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BURR - BROWN® 

IElElI DAC729 

Ultra-High Resolution 
18-BIT DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• 16-BIT LINEARITY GUARANTEED 

(K Grade) 

• USER ADJUSTABLE TO 18-BIT 
LINEARITY 

• PRECISION INTERNAL REFERENCE 

• FAST SETTLING, LOW NOISE INTERNAL 
OPAMP 

• LOW DRIFT 
• HERMETIC 40-PIN CERAMIC PACKAGE 

• lOUT OR VOUT OPERATION 

DESCRIPTION 
The DAc729 sets the standard in very high accuracy 
digital-to-analog conversion. It is supplied from the 
factory at a guaranteed linearity of 16 bits, and is user
adjustable to 18-bit linearity (ILSB = FSR/262144). 

To attain this high level of accuracy, the design takes 
advantage of Burr-Brown 's thin-film monolithic DAC 
process, dielectric op amp process, hybrid capabilities, 
and advanced test and laser-trim techniques. 

The DAC729 hybrid layout is specifically partitioned 
to minimize the effects of external load-current
induced thermal errors. The op amp design consists of 
a fast settling precision op amp with a current buffer 
within the feedback loop. This buffer isolates the load 
from the precision op amp, which results in a fast 
settling (8!lS to 16 bits) output. The standard 40-pin 
package offers full hermeticity, contributing to the 
excellent reliability of the DAC729. 

18·Bit 
lOUT 

DAC 

Precision 
10V 

Reference 

International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZB5706 
Tel: (520) 746-1111 • Twx: 910-952·1111 • Cable: BBRCORP • Telex: 066·6491 • FAX: (520) 889-1510 • Immediate Product Info: (BOO) 548-6132 
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SPECIFICATIONS 
ELECTRICAL 
TA = +25'C, Vcc =±15V, Voo = +5V, using intemal reference op amp, unless otherwise noted. COB = ±10V FSR, CSB = OVto +10V FSR. 

DAC729JH DAC729KH 

PARAMETER MIN TYP MAX MIN TYP MAX UNITS 

DIGITAL INPUT 
Resolution 18 Bits 
Digitallnputs(1 ): V,H +2.4 +VL · · V 

V,L 0 +0.8 · · V 
I'H' Y'N = +2.7V +5 · IJA 
I'L' Y,N = +O.4V -300 · IJA 

TRANSFER CHARACTERISTtCS\') 

ACCURACY 
Linearity Erro~3) ±0.0015 ±0.00076 %ofFSR(4) 
Differential Linearity Error ±0.003 ±0.0015 %ofFSR 
GainErro~5) ±D.05 ±0.10 · · % 
Offset Error:151V0ltage, COB(6) ±5 ±10 · · mV 

CSB(6) ±3 ±5 · mV 
Current, COB ±5 · IJA 

CSB ±1 IJA 
Power Supply Sensitivity, Unipolar: ±15VDC ±O.OOOI ±Q.OO05 · · %ofFSR/%Vs 

+5VDC ±Q.OOOI ±0.0005 · · %ofFSR/%Vs 
Bipolar Offset: ±15VDC ±0.0004 ±0.0015 .' · %ofFSR/%Vs 

+5VDC ±O.OOOI ±0.0005 · · %ofFSR/%Vs 
Bipolar Gain:±15VDC ±0.0005 ±0.0015 · · %ofFSR/%Vs 

+5VDC ±O.OOOI ±0.0005 · · %ofFSR/%Vs 
Output Noise (10Hz to tOOkHz), Voltage: Bipolar Offset 29 "Vrms 

Bipolar Gain 37 · "Vrms 
Current: Bipolar Offset 2.9 · nArms 

Bipolar Gain 3 · nArms 
Monotonicity (O'C to + 70'C) 15 16 16 17 Bits 
Differential Linearity Adjustment Resolutionl') t8 · Bits 

DRIFT (Over Specification Temperature Range) 
Gain Drift (Excluding Reference Drift) ±3 ±5 ppm/'C 
Offset Drift (Excluding Reference Drift): COB (Bipolar) ±2 ±5 · · ppm of FSRFC 

CSB (Unipolar) ±2 ±3 ppm of FSRI'C 
Linearity Error (at O'C and +70'C) ±0.3 ±1 ±D.3 ±0.5 ppm 01 FSRI"C 
Differential Linearity Error (at O'C and +70'C) ±0.5 ±2 ±D.5 ±1 ppm 01 FSRI'C 

STABILITY. LONG TERM (at +25'C) 
Gain (Exclusive 01 Reference) ±5 ±5 ppm/l000hr 
Offset: COB (Exclusive 01 Relerence) ±5 ±5 ppm 01 FSR/l000hr 

CSB ±5 ±5 ppm 01 FSRll OOOhr 
Linearity ±2 ±2 ppm 01 FSRll000hr 
Relerence ±5 ±5 ppm/l000hr 

OUTPUT 

VOLTAGE OUTPUT MODE I I 
Ranges: COB ±2.5, ±5, ±1 0 · V 

CSB o to +10,0 to +5 · V 
Output Current ±5 

I I · mA 
Output Impedance 0.15 · 0 
Short CircuH Duration Indelinite to Common IndelinHe to Common 

CURRENT OUTPUT MODE 
COB Ranges ±1 mA 

Output Impedance 2.86 kQ 
CSB Ranges Oto-2 mA 

Output Impedance 4.0 · kO 
Output Current Tolerance ±0.1 · %oIFSR 
Compliance Voltage -1 to +5 · V 

SETTLING TIME (To ±0.00076% 01 FSR)16) 
Voltage (Load = 2kO IIl00pF): Full-Scale Step 5 8 flS 

1 LSB Step (Major Carry)I') 4 7 · · flS 
Slew Rate 20 · VlflS 
Switching Transient Peak 500 mV 
Switching Transient Energy 0.45 · V-flS 

Current Full-Scale Step (2mA X 100 IIlpF) 300 · ns 
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SPECIFICATIONS (CO NT) 

ELECTRICAL 
TA = +25°C, Vee =±15V, Voo = +5V, using inlernal referenceop amp, unlessolherwise noled. COB =±10V FSR, CSB = OVlo +10V FSR. 

PARAMETER 

OulpUI (pin 32) :Vollage 

Source Current(10) 
Temperature Coefficient 
Short-Circuit Duration 

Power Supply Sensilivity 

Voltage: + Vee 
-Vee 
Voo 

Current: +Vcc 
-Vee 

Voo 
Power Dissipation (Raled Supplies) 

Temperalure Range: 

• Specificalions same as DAC729JH. 

+13.5 
-IS.5 
+4.75 

+15 +IS.5 
-15 -13.5 
+5 +5.25 
+30 +40 
-45 -60 
+18 +2S 
1.22 1.63 

UNITS 

V 

mA 
ppml"C 

%N 

V 
V 
V 

mA 
mA 
mA 
W 

NOTES: (1) TTl- and CMOS-compalible. (2) Specified for VOUT mode using Ihe internal op amp. (3) ±0.0007S% of full-scala ranga is 112lSB for IS-bil rasolulion. (4) 
FSR means full-scala ranga, 20V for±IOV ranga, elc. (5) Adjustablalo zaro errorwilh an exlemal polentiomaler. (S) COB is complementary offsel binary (bipolar); CSB 
is complementary straighl binary (unipolar). (7) Using tha MSB adjuslmentcircuil, Ihe user may improva Ihe DAC linearity 10 1I2lSB of Ihis specificalion with gain and 
offsel errors adjusled 10 zero aI25°C. (8) Maximum represenls 3" limit, noll 00% production lested. (9) Allhe major carry; 20000 to 1 FFFFHEX and from 1 FFFF to 
20000HEX. (10) Maximum wilh no degradation in specifications. Exlernalloads must be constant. 

PIN CONNECTIONS 

Top View 

(MSB) Bit 1 

Bil2 

Bil3 

Bit 4 

BitS 

BilS 

Bil7 

Bit 8 

Bit 9 

Bitl0 

Bitll 

Bit 12 

Bit 13 

Bit 14 

Bit 15 

Bit 16 

Bit 17 

(lSB) Bit 18 

Voo (SV) 

Digital Common 20 

BURR-BROWNI!I 

Reference Adjust 

Reference Common 

Analog Common 

SIUl Feedback 

SIUl Feedback 

101Ul Feedback 

1 01Ul Feedback 

Summing Junction 

+Vcc(ISV) 

21 -Vcc (15V) 

DIP 

ABSOLUTE MAXIMUM RATINGS 
Voo to Common .........................................•............................. OV to +7V 
+VcctoCommon ................................................................... OVlo+18V 
-v cc 10 Common ................................................................... OV to -18V 
Digilal Data Inpuls (pins 1-18) to Common ........................... -<l.5V to Voo 
Reference Voltage In (pin 31) ............................................... +9V 10 +1 tV 
Reference Oul (pin 32) to Common ....•......... Indefinite Short 10 Common 
External Vollage Applied 10 D/A OulPUI (pin 29) ..................... -5V to +5V 
External Voltage Applied to Feedback Resistors 

(pins 25, 2S, 27, 28) ......................................................... -15Vto +15V 
Your (pin 23) ................................................. Indefinite Short to Common 
Power Dissipation ....................................................................... 3000mW 
Storage Temperature .................•................................... -60°C to + 150°C 
lead Temperature (soldering, lOs) ............................................... +300°C 

NOTE: Stresses above Ihose listed under "Absolule Maximum Ratings' may 
cause permanenl damage to the device. Exposure 10 absolule maximum 
condilions for extended periods may affect device reliability. 

ORDERING INFORMATION 
MODEL PACKAGE TEMPERATURE RANGE 

DAC729JH 40-Pin Hermetic DIP O°C to +70°C 
DAC729KH 40-Pin Hermelic DIP O°C to +70°C 
DAC729KH-BI 40-Pin Hermetic DIP O°C to +70°C 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER!') 

DAC729JH 4O-Pin Hermelic DIP 214 
DAC729KH 40-Pin Hermetic DIP 214 
DAC729KH-BI 4O-Pin Hermelic DIP 214 

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

JJ»... DISCHARGE SENSITIVITY 
Any integral circuit can be damaged by ESD. Burr-Brown 
recommends that all integrated circuits be handled with 
appropriate precautions. Failure to observe proper handling 
and installation procedures can cause damage. 

ESD damage can range from subtle perfonnance degrada
tion 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 
published specifications. 

BURN-IN SCREENING 

Burn-in screening is an option available for the DAC729 
family of products. Burn-in duration is 160 hours at !OO°C 
(or equivalent combination of time and temperature). 

All units are tested after burn-in to ensure that grade speci
fications are met. 

THEORY OF OPERATION 
The DAC729 is an 18-bit digital-to-analog converter sys
tem, including a precision reference, low noise, fast settling 
operational amplifier, and an 18-bit current source/DAC 
chip contained in a hennetic 40-pin ceramic dual-in-line 
package. Refer to Figure 11 for a schematic diagram of the 
DAC729. 

THE INTERNAL REFERENCE 

The reference consists of a very low temperature coefficient 
closed-loop reference zener circuit that has been tempera
ture-drift-compensated by laser-trimming a zener current to 
achieve less than I ppm/"C temperature drift of V REF" 

By strapping pin 32 (Reference Out) to pin 31 (Reference 
In), the DAC will be properly biased from the internal 
reference. The internal reference may be fine adjusted using 
pin 35 as shown in Figure 7. The reference has an output 
buffer that will supply 4mAfor use external to the DAC729. 
This load must remain constant because changing load on 
the reference may change the reference current to the DAC. 

In systems where several components need to track the same 
system reference, the DAC729 may be used with an 'external 
10V reference, however, the internal reference has lower 
noise (6~Vp-p) and better stability than other references 
available. 

THE OPERATIONAL AMPLIFIER 

To support a DAC of this accuracy, the operational amplifier 
must have a maximum gain-induced error of less than 
lI3LSB, independent of output swing (the op amp must be 
linear!) To support 15 bits (lI2-bit linearity), the op amp 
must have a gain of 130,000VN. For 18 bits, the minimum 

gain is well over 500,000VN. Since thennal feedback is the 
major limitation of gain for mono op amps, the amplifier 
was designed as a high gain, fast settling mono op amp, 
followed by a monolithic, unity-gain current buffer to isolate 
the thennal effects of external loads from the input stage 
gain transistors. The op amp and buffer are separated from 
the DAC chip, minimizing thennally-induced linearity er
rors in the DAC circuit. The op amp, like the reference, is 
not dedicated to the DAC729. The user may want to add a 
network, or select a different amplifier. The DAC729 inter
nal op amp is intended to be the best choice for accuracy, 
settling time, and noise. 

THE DAC CHIP 

The heart of the DAC729 is a monolithic current source and 
switch integrated circuit. The absolute linearity, differential 
linearity, and the temperature perfonnance of the DAC729 
are the result of the design, which utilizes the excellent 
element matching of the current sources and switch transis
tors to each other, and the tracking of the current setting 
resistors to the feed back resistors. Older discrete designs 
cannot achieve the perfonnance of this monolithic DAC 
design. 

The two most significant bits are binarily weighted inter
digitated current sources. The currents for bits 3 thiough 18 
are scaled with both current source weighting and an R-2R 
ladder. The circuit design is optimized for low noise and low 
superposition error, with the current sources arranged to 
minimize both code-dependent thennal errors and IR drop 
errors. As a result, the superposition errors are typically less 
than 20~V. 

The DAC chip is biased from a servo amplifier feeding into 
the base line of the current sources. This servo amplifier sets 
the collector current to be mirrored and scaled in the DAC 
chip current sources, as shown in Figure 11. The reference 
current for the servo is established by the reference voltage 
applied to pin 31 feeding an internal resistor (20k{}) to the 
virtual ground of the servo amplifier. 

DISCUSSION 
OF SPECIFICATIONS 
DIGITAL INPUT CODES 

The DAC729 accepts complementary digital input codes in 
either binary fonnat (CSB for Unipolar or COB for Bipolar; 
see Table I). 

DAC ANALOG OUTPUT 

DIGITAL INPUT COB ! 20V FSR ! CSB !10VFSR 

00 0000 0000 0000 0000 + Full seal: \9,999924V\~ Full ScaI~ \9.999962V 
111111111111111111 - Full Scale -10V - Full Scale OV 

TABLE I. Digital Input Coding. 

aURR·BRQWN$ 

3.132 Burr-Brown Ie Data Book-Mixed Signal Products 11ESI1ESI1 



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

Linearity 
This specification describes one of the most important mea
sures of performance of a D/ A converter. Linearity error is 
the deviation of the analog output versus code transfer 
function from a straight line drawn through the end points 
(all bits ON point and all bits OFF point). 

Differential Linearity Error 
Differential Linearity Error (DLE) of a D/ A converter is the 
deviation from an ideal ILSB change in the output from one 
adjacent output state to the next. A differential linearity error 
specification of ±l/2LSB means that the output step sizes 
can be between 1/2 LSB and 3/2LSB when the input changes 
from one adjacent input state to the next. A negative DLE 
specification of no more than -ILSB (-0.0015% for 16-bit 
resolution) insures monotonicity to 16 bits. 

Monotonicity 
Monotonicity assures that the analog output will increase or 
remain the same for increasing input digital codes. The 
DAC729KH is specified to be monotonic to 16 bits over the 
entire specification temperature range. 

DRIFT 

Gain Drift 
Gain drift is a measure of the change in the full-scale range 
output over temperature expressed in parts per million per 
degree centigrade (ppmfC). Gain drift is measured by: (1) 
testing the end point differences for each D/A at t.,IN' +25°C, 
and tMAX; (2) calculating the gain error with respect to the 
+25°C value; and (3) dividing by the temperature change. 

Offset Drift 

Offset drift is a measure of the change in the output with 
3FFFFH applied to the digital inputs over the specified 
temperature range. The maximum change in offset at tMIN or' 
tMAX is referenced to the offset error at +25°C and is divided 
by the temperature change. This drift is expressed in parts 
per million of full-scale range per degree centigrade (ppm of 
FSRfOC). 

SETTLING TIME 

Settling time of the D/ A is the total time required for the 
analog output to settle within an error band around its final 
value after a change in digital input. Settling time includes 
the slew time of the op amp. 

Voltage Output 

Settling times are specified to ±O.00076% of FSR scale 
range change of 20V (COB) or IOV (CSB) and a ILSB 
change at the "major carry," the point at which the worst
case settling time occurs. (This is the worst-case point since 
all of the input bits change when going from one code to the 
next.) 

Current Output 

Settling times are specified to ±0.00076% of FSR for a full
scale range change with an output load resistance of IOn. 

BURR-BROWN@ 

COMPLIANCE VOLTAGE 

Compliance voltage applies only to the current output mode 
of operation. It is the maximum voltage swing allowed on 
the output current pin while still being able to maintain 
specified linearity. 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
change in a power supply voltage on the D/A converter full
scale output. It is defined as a percent of FSR change in the 
output per percent of change in either the positive supply 
(+Vee), negative supply (-Vee)' or logic supply (Voo) about 
the nominal power supply voltages (see Figure I). It is 
specified for DC or low frequency changes. The typical 
performance curve in Figure I shows the effect of 
frequency changes in power supply voltages using 
reference, DAC, and op amp. 

0.020 

0.D18 

0.016 

0.014 
0 
0 0.012 > 
~ 0.010 
en 

0.008 LL .... v 
0.006 V 
0.004 

0.002 

0 
I-""" 

10 100 1k 10k 

Frequency (Hz) 

FIGURE 1. Power Supply Sensitivity vs Frequency Using 
Internal Reference and Op Amp. 

OPERATING INSTRUCTIONS 
POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power supply 
decoupling capacitors should be added as shown in Figure 2. 
These capacitors (1llF to IOllF tantalum recommended) 
should be located at the DAC729. 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 

Offset and gain may be trimmed by installing external offset 
and gain potentiometers. Connect these potentiometers as 
shown in Figure 3 and adjust as described below. TCR of 
the potentiometers should be 100ppmfC or less. The 3.9Mn 
and 5lOill resistors (20% carbon or better) should be 
located close to the DAC729 to prevent noise pickup. If it 
is not convenient to use these high-value resistors, an 
equivalent "T" network, as shown in Figure 4, may be 
substituted in place of the 3.9Mn. A O.OOlllF to O.OlllF 
capacitor should be connected from Gain Adjust (pin 34) to 
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common to shunt noise pickup. This capacitor should be a 
low leakage film type (such as Mylar™ or TeflonTM). 

Refer to Figures 5 and 6 for relationship of offset and gain 
adjustments to unipolar and bipolar D/A converters. 

OFFSET ADJUSTMENT 

For unipolar (CSB) configurations, apply the digital input 
code that should produce zero potential output and adjust the 
offset potentiometer for zero output. 

For bipolar (COB) configurations, apply the digital input 
code that should produce the maximum negative output 
voltage. See Table II for corresponding codes and Figures 2 
and 3 for offset adjustment connections. Offset adjust should 
be made prior to gain adjust. 

Mylar"", Teflon1M E.!. du Pont de Nemours & Co. 

40 

2 39 

3 38 

4 37 

5 36 

6 35 

7 34 

8 18·Bit 33 Reference Common 
DAC 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

+5VVLOGIC 19 

I~F 20 

Digital Common 

FIGURE 2. Ground Connections and Supply Bypass. 

GAIN ADJUSTMENT 

For either unipolar or bipolar configurations, apply the 
digital input that should give the maximum positive output 
voltage. Adjust the gain potentiometer for this positive full
scale voltage. See Table II for positive full-scale voltages 
and Figure 3 for gain adjustment corinections. 

OUTPUT CONNECT CONNECT CONNECT GAIN ADJUST 

RANGE CODE PIN 23 PIN 31 PIN 24 16-BITS III-BITS 

±10V COB to Pin 25 to Pin 26 to Pin 29 9.9969V 9.99992V 
±5V COB to Pin 27 to Pin 26 to Pin 29 4.9998V 9.99996V 

±2.5V COB to Pin 27 ~ Pin 26 to Pins 2.4992V 2.49998V 
29&25 

Otol0V CSB to Pins N/C to Pin 29 9.9998V 9.99996V 
25&26 

Ot05V CSB to Pins NlC to Pin 29 4.9999V 4.99998V 
27&28 

TABLE II. Output Range Connections and Gain Adjust 
Voltage. 

40 

39 

3 38 

4 37 

5 36 Gain Adjust 

6 35 +Vcc 

7 34 
270kn +'0kn~ 

(I) 100kn 
8 33 

~O.OO22~F 
9 32 -Vee 

10 31 

11 30 +Vcc 

12 +'Okn~ 
13 28 

100kn 

14 27 -Vee 
Offset Adjust 

15 26 

16 25 

17 24 

18 23 

+5V 22 
+Vee= 15V 

21 
-Vcc= 15V 

NOTE: (1) Mylarm or Teflon'· Fiim. 

FIGURE 3. Gain and Offset Adjust Hook-Up. 

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 andior systems. 
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FIGURE 4. Equivalent Resistances. 
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Range 8' 
~ 

,,,. I 
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~!~~\~:~ t Digital Input 

the Line 

FIGURE 5. Relationship of Offset and Gain Adjustments for 
a Unipolar D/A Converter. 
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FIGURE 6. Relationship of Offset and Gain Adjustments for 
a Bipolar D/A Converter. 

REFERENCE ADJUSTMENT 

The internal reference may be fine adjusted using pin 35 as 
shown in Figure 7. Adjusting the reference has a similar 
effect on the DAC as gain adjust, except the transfer charac
teristic rotates around bipolar zero for a bipolar connection 
as shown in Figure 8. 

LAYOUT/APPLICATIONS SUGGESTIONS 

Obviously, the management of IR drops, power supply 
noise, thermal stability, and environmental noise becomes 

BURR-BROWNilI 

much more critical as the accuracy of the system increases. 
The DAC729 has been designed to minimize these applica
tions problems to a large degree. The basics of "Kelvin 
sensing" and "holy point" grounding will be the most impor
tant considerations in optimizing the absolute accuracy of 
the system. Figure 9 shows the proper connection of the 
DAC with the holy-point ground and the Kelvin-sensed
output connection at the load. 

The DAC729 has three separate supply common (ground) 
pins. Reference common (pin 33) carries the return current 
from the intemal reference and the output IN converter 
common. The current in pin 33 is stable and independent of 
code or load. Digital common (pin 20) carries the variable 
currents of the biasing circuits. Analog common (pin 30) is 
the termination of the R-2R ladder and also carries 
"waste current" from the off side of the current 
These three ground pins must be star connected to 
ground for the DAC to bias properly and accurately. 
ground connections are essential, because an IR drop of just 
391lV completely swamps out a lOY FSR l8-bit LSB. 

When the application is such that the DAC must control 
loads of greater than ±5mA with rated accuracy, it is recom
mended that an external op amp or op amp buffer combina
tion be used to dissipate the variable power external to the 
DAC729. This minimizes the temperature variations on the 
precision D/A converter. Figure 10 illustrates a method of 
connecting the external amplifier for ± lOY operation, while 
using an external reference . 

When driving loads to greater than ±IOV, care must be taken 
that the internal resistors are never exposed to greater than 
±IOV, and that the summing junction is clamped to insure 
that the voltage never exceeds ±5V. Clamping the summing 
junction with diodes (parallel opposing connection) to ground 
will give the best transient response and settling times. 

TRUE 18·BIT PERFORMANCE 
(Differential Linearity Adjustment) 

To take full advantage of the DAC729's accuracy, the four 
MSBs have adjustment capabilities. A simplified schematic 
(Figure 11) shows the internal structure of the DAC current 
source and the adjustment input terminal. The suggested 
network for adjusting the linearity is shown in Figure 12. 
This circuit has nearly twice the range that is required for the 
DAC729JH. The range is intentionally narrow so as to 
minimize the effect of temperature drift or stability problems 
in the potentiometers. The potentiometers are biased in an 
identical fashion to the internal DAC current sources to 
minimize power supply sensitivity and drift over tempera
ture. Low leakage capacitors such as Mylar or Teflon fIlm 
are essential. 

The linearity adjustment requires a digital voltmeter with 7 
digits of resolution on the lOY range (lIlV resolution) and 
excellent linearity. For the DAC, ILSB of the OV to lOY 
scale (10 FSR) is 381lV. To be l/2LSB linear, the measure
ment must resolve 1911V. The meter must be properly 
calibrated and linear to I ppm of range. 
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FIGURE 7. VREF Adjust. 
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FIGURE 8. Effect of VREF Adjust on a COB Connected 
DAC729. 

40 

2 39 

3 38 

4 37 

5 36 

35 

7 34 

8 18-Bit 33 Common 
DAC 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

+5VVDD 19 

1~F 20 

Digital Common 

FIGURE 9. Typical Hook-Up Diagram with "Holy Point" 
Ground and Kelvin Sense Load, Using Internal 
Op Amp and Reference. 

With the DAC connected for 0 to lOV output (Figure 13), 
the adjustment procedure is to set the DAC code and mea
sure as follows: 

FOURTH MSB ADJUSTMENT (Pin 36) 

I. Set Code = 11 1100000000000000 

2. Measure V OUT 

3. Set Code = 11 1011 1111 1111 1111 

4. Measure V OUT and record the difference. , 

S. Adjust 4th MSB potentiometer to make difference +38IlV. 

6. Repeat steps 1 through S to confinn. 

THIRD MSB ADJUSTMENT (Pin 37) 

I. Set Code = 11 1000 0000 0000 0000 

2. Measure V OUT 

3. Set Code = 11 0111 1111 1111 1111 

4. Measure VouT and record the difference. 

S. Adjust 3rd MSB potentiometer to make difference +38IlV. 

6. Repeat steps 1 through S to confirm. 

BURR-BROWNII!I 
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FIGURE 10. Using an External Op Amp with Buffer and 
External Reference for ±lOV Output. 

Reference 
Adjust 

35 

Reference 
Common 

33 

10VReference 
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FIGURE 11. DAC729 Simplified Schematic. 
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O·20mA I""" I 

2"" 

29 

4R 

SECOND MSB ADJUSTMENT (Pin 38) 

1. Set Code = 11 0000 0000 0000 0000 

2. Measure V OlIT 

3. Set Code = 10 1111 1111 1111 1111 

4. Measure V OUT and record the difference. 

5. Adjust 2nd MSB potentiometer to make difference +38!J.V. 

6. Repeat steps 1 through 5 to confirm. 

MSB ADJUSTMENT (Pin 39) 

1. Set Code = 10 0000 0000 0000 0000 

2. Measure V OlIT 

3. Set Code = 0111111111 1111 1111 

4. Measure V OlIT and record the difference. 

5. Adjust the MSB potentiometer to make difference +38!J.V. 

6. Repeat steps 1 through 5 to confirm. 

APPLICATIONS 
The DAC729 is the DAC of choice for applications requir
ing very high resolution, accuracy, and wide dynamic range. 

DIGITAL AUDIO 

The excellent linearity and differential linearity are ideal for 
PCM professional audio and waveform generation applica
tions. 
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vpor400 _____ ...... __ ...... __ ...... __ --, 

Bit 1 39 1.0MO 

Adjust~ 
To.Ol~FI11 
-Vee 

Bij2 38 1.0MO 

Adjust 100k!l 

To.Ol~fl'l 

37 -Vee 1.0MO 
Bij 3 o-....... -Mr--I---I---<~100k!l 

Adjust 
To.Ol~FI11 
-Vee 

Bij4 36 1.0MO 

Adjust 
To.Ol~FI11 
-Vee 

150k!l 

100k!l 

_Vee201 _____ ~--~--~--_*_ 

NOTE: (1) Low leakage film type. 

FIGURE 12. Differential Linearity Adjustment Circuit for the 
4MSBs. 

The DAC729 offers superb dynamic range. Dynamic range 
is a measure of the ratio of the smallest signals the converter 
can produce to the full-scale range, usually expressed in 
decibels (dB). The theoretical dynamic range of a converter 
is approximately 6dB per bit. For the DAC729 the theoreti
cal range is I OSdB! The actual dynamic range is limited by 
noise (signal-to-noise) and linearity errors. The DAC729's 
6~V typical noise floor, fast settling op amp, and adjustable 
IS-bit linearity minimize the limitation. 

Total harmonic distortion (THD) is the measure of the 
magnitude and distribution of the linearity error, differential 
linearity error, noise, and quantization error. The THD is 
defmed as the ratio of the square root of the sum of the 
squares of the harmonics to the values of the input funda
mental frequency. The nus value of a DAC error can be 
shown to be 

~ = j..l f [EL(i) + EQ(i)j2 
n i=l 

where n is the number of samples in one cycle of any given 
sine wave, EL(i) is the linearity error of the DAC729 at each 
sampling point, and EQ(i) is the quantization error at each 
sampling point. The THD can then be expressed as 

where E nus is the nus signal-voltage level. 

This expression indicates that, in general, there is a correla
tion between the THD and the square root of the sum of the 
squares of the linearity errors at each digital word of interest. 
However, this expression does not mean that the worst-case 
linearity error of the D/A is directly correlated to the THO. 
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The DAC729 has demonstrated THO of 0.0009% at full 
scale (at 1kHz). This is the level of distortion that is desired 
to test other professional audio products, making the DAC729 
ideal for professional audio test equipment. 

The ability to adjust the linearity of the 4MSBs, the IS-bit 
resolution, fast settling and low noise give the DAC729 
unmatched perfonuance. 

AUTOMATIC TEST EQUIPMENT 

The pin functions of the DAC729 are convenient for use in 
automatic test equipment systems. The ability to use internal 
or external reference and internal or external op amp means 
versatility for the system designer. For example, in auto
matic test systems with several DACs and ADCs, it is 
desirable to operate all of the high accuracy converters from 
the same reference, improving the tracking characteristics of 
those components to one another. The reference in the 
DAC729 is a very stable precision reference, and is suitable 
for use as the system reference. 

Test systems, and other large systems are the ideal applica
tion for a DAC of this accuracy, because the DAC will be 
calibrated in the environment in which it will be used. Since 
the environment is very stable, the manual calibration (Fig
ure 12) may be adequate. However, highly automated sys
tems will go to an automatic calibration routine. Replacing 
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the potentiometers in Figure 12 with VOUT DACs, and using 
sample and difference measurements, the major carry bit 
weights can be measured, and external DACs used to adjust 
the differential linearity of the DAC729. A successive ap
proximation routine yields the fastest calibration. The output 
voltage of the external DACs will have to be level shifted, 
as the bit adjustment potentiometer must be able to achieve 
-Vee to give the full adjust range. 

Because the DAC729 feedback resistors have a tolerance of 
±O.l %, the output range can be rescaled slightly with small
value fixed external resistors to give convenient ranges. A 
popular range is OV to + 1 0.24 V which gives even 5m V steps 
at 11 bits. In this case, the LSB size is 39.06!1V. Figure 14 
shows how to connect two 240n resistors in series with the 
internal lOkn resistors to give a OV to 1O.24V full-scale 
range. Another convenient range might be OV to + 1O.4S576V 
which gives an even 40!1V LSB step size. 

THE HEART OF AN 18-BIT ADC 

The DAC729 makes a good building block in ADC applica
tions. The key to ADC accuracy is differential linearity of 
the DAC. The ability to adjust to IS-bit linearity, coupled 
with the fast settling time of the DAC729 makes the design 
cycle for an IS-bit successive approximation ADC much 
faster, and the production more consistent. Figure 15 shows 
the DAC as the heart of a successive approximation ADC. 
The clock and successive approximation register could be 
implemented in 7400 series TIL, as a simple gate-array or 
standard cell, or part of a local processor. 

With the DAC out of the way, the comparator is the toughest 
part of the ADC design. To resolve an IS-bit LSB, and 
interface to a TTL-logic device, the comparator must have a 
gain of 500kVN (5X actual) as well as low hysteresis,low 
noise, and low thermally induced offsets. With this much 
gain, a slow comparator may be desired to reduce the risk of 
instability. 

To Holy 
Point Ground 

DAC729 

10kil 

Rei In 

RelDut 

El- SAR 

The feedback resistors of the DAC are the input scaling 
resistors of the ADC. An OPA602 and an OPA633 make an 
excellent buffer for the input signal, giving a very high input 
impedance to the signal (minimizing IR drop) while main
taining the linearity. 
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FIGURE 14. OV to 10.24V Using Internal Op Amp and 
Internal Reference. 

FIGURE 15. Block Diagram of an IS-Bit Resolution ±lOV IN ADC. 
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BURR - BROWN® 

113131 DAC811 

Microprocessor-Compatible 
12-BIT DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• SINGLE INTEGRATED CIRCUIT CHIP 

• MICROCOMPUTER INTERFACE: 
DOUBLE-BUFFERED LATCH 

• VOLTAGE OUTPUT: ±10V, ±5V, +10V 

• MONOTONICITY GUARANTEED OVER 
TEMPERATURE 

• ±1/2LSB MAXIMUM NONLINEARITY OVER 
TEMPERATURE 

• GUARANTEED SPECIFICATIONS AT ±12V 
AND ±15V SUPPLIES 

• TTLl5V CMOS-COMPATIBLE LOGIC 
INPUTS 

DESCRIPTION 
The DAC811 is a complete, single-chip integrated
circuit, microprocessor-compatible, 12-bit digital-to
analog converter. The chip combines a precision volt
age reference, microcomputer interface logic, and 
double-buffered latch, in a l2-bit D/A converter with 
a voltage output amplifier. Fast current switches and a 
laser-trimmed thin-film resistor network provide a 
highly accurate and fast D/A converter. 

Microcomputer interfacing is facilitated by a double
buffered latch. The input latch is divided into three 4-
bit nibbles to permit interfacing to 4-, 8-, 12-, or 16-
bit buses and to handle right-or left-justified data. The 
l2-bit data in the input latches is transferred to the 
D/A latch to hold the output value. 

Input gating logic is designed so that loading the last 
nibble or byte of data can be accomplished simulta
neously with the transfer of data (previously stored in 
adjacent latches) from adjacent input latches to the 
D/A latch. This feature avoids spurious analog output 
values while using an interface technique that saves 
computer instructions. 

The DAC811 is laser trimmed at the wafer level and 
is specified to ±1/4LSB maximum linearity error (B, 
K, and S grades) at 25°C and ±1/2LSB maximum over 
the temperature range. All grades are guaranteed mono
tonic over the specification temperature range. 

The DAC811 is available in six performance grades 
and three package types. DAC811J and K are speci
fied over the temperature ranges of O°C to + 70°C; 
DAC811A and B are specified over -25°C to +85°C; 
DAC811R and S are specified over-55°C to +125°C. 
DAC81lJ and K are packaged in a reliable 28-pin 
plastic DIP or plastic SOIC package, while DAC8l1A, 
B, R and S are available in a 28-pin 0.6" wide dual
inline hermetically sealed ceramic side-brazed pack
age (H package). 

4 MSBs 4 LSBs 

International Airport Industrial Part< • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 746-1111 • Twx: 910·952·1111 • cable:BBRCORP • Telex: 066-6491 • FAX: (520)889·1510 • ImmedlateProducllnfo:(800)548-6132 
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SPECIFICATIONS 
ELECTRICAL 
TA = +25'C. ±Vcc = 12V or 15V unless olherwise noted. 

DAC811AH, JP, JU DAC811BH, KP, KU DAC811RH 

PARAMETER MIN TYP MAX MIN TYP !MAX MIN TYP MAX 

DIGITAL INPUT 
Aesolution 12 
Codesf11 USB, BOB 
Digital Inputs Over Temperature Rangel'l 

V,H +2 +15 
VIL a +O.B · 
I'H, V, = +2.7V +10 · 
I'l' V, = +O.4V ±20 · 

Digital Inleriace Timing Over Temperature Range 
twP, WR Pulse Width 50 
tAw1, N,( and LDAC Valid .!!'...-End 01 WR 50 
low, Data Valid to End of WR BO 
tOH, Data Valid Hold Time a +10 

ACCURACY 
Linearity Error ±1/4 ±112 ±I/B ±114 ±114 ±112 
Differential linearity Error ±1/2 ±3I4 ±1/4 ±112 ±1/2 ±3I4 
Gain Erro~31 ±0.1 ±0.2 · · 
Offset Erro~3. 4) ±0.05 ±0.15 · · 
Monotonicity 
Power Supply Sensitivity: +Vcc ±0.001 ±0.003 · · 

-Vee ±o.o02 ±O.OOB 

Vee ±D.OOO5 ±O.OOI5 

DRIFT (Over Specification Temperature Range) 
Gain ±10 ±30 ±10 ±20 ±15 ±30 
Unipolar Offset ±5 ±10 ±5 ±7 ±5 ±10 
Bipolar Zero ±5 ±10' ±5 ±7 ±5 ±10 
Linearity Error Over Temperature Range ±1/2 ±3/4 ±114 ±112 ±112 ±3/4 
Monotonicity Over Temperature Range Guaranteed · 
SETTLING TIMEI') (to within ±O.OI% of FSR of Final Value; 2kn '?ad) 
For Full Scale Range Change, 20V Range 3 4 

10V Range 3 4 · · 
For 1 LSB Change at Major Carry(7) 1 · 
Slew Ratel') B 12 · 
ANALOG OUTPUT 
Voltage Range (±Vcc = 15V)IB): Unipolar Oto +10 · · 

Bipolar ±5,±10 · 
Output Current ±5 
Output Impedance (at DC) 0.2 · 
Short Circuit to Common Duration Indefinite · 
REFERENCE VOLTAGE 
Voltage +B.2 +B.3 +B.4 · · 
Source Current Available lor External Loads +2 · 
Temperature Coefficient ±10 ±30 ±10 ±20 ±10 ±30 
Short Circuit to Common Duration Indefinite · 
POWER SUPPLY REQUIREMENTS 
Voltage: +Vcc +11.4 +15 +IB.5 · · · 

-Vcc 1-11.4 -15 -IB.5 · · · 
Vee +4.5 +5 +5.5 · · · 

Current (no load): +Vcc +IB +25 · · 
-Vcc -23 -35 · · · · 
Voe +B +15 · 

Potential at DCOM with Respect to ACOM(9) ±0.5 · 
Power Dissipation 625 BOO · 
TEMPERATURE RANGE 
Specification: J, K 0 +70 

A,B -25 +B5 
R,S -65 +150 · 

-55 +125 
Storage: J, K -60 +100 · 

A, B, R, S -65 +150 

* Specification same as model to immediate left. 

DAC811SH 

MIN I TYP I MAX UNITS 

· Bils 

VDC 
VDC 

I'll 
~A 

ns 
ns 
ns 
ns 

±I/B ±1/4 LSB 
±1/4 ±1/2 LSB 

% · % of FSR(5) 

%of ~~~~~cc 
% of ~~~/%V~~ 
% of FSR/%V~~ 

±15 ±30 ppmf'C 
±5 ±7 ppm of FSR/"C 
±5 ±7 ppm of FSR/"C 

±1/4 ±112 LSB 

~s 

~s 

~s · V/~ 

V · V 

· mA 
n 

· 
V 

· mA 
±10 ±20 ppmf'C 

· VDC 
VDC 

· VDC 
mA 
mA · mA 

· V 

· · mW 

'C · 'C · · 'C · · 'C 
'C 
'C 

NOTES: (1) USB = unipolar straight binary; BOB = bipolar offset binary. (2) TTL, LSTTL and 54174 HC compatible. (3) Adjustable to zero with external trim 
potentiometer. (4) Error at input code 000,. for both unipolar and bipolar ranges. (5) FSR means full scale range and is 20V for the ±1 OV range. (B) Maximum 
represents the 3" limit. Not 100% tested for this parameter. (7) At the majorcarry, 7FF,. to BOO,. and BOO,. to 7FF, •. (B) Minimum supply voltage required for ±10V 
output swing is ±13.5V. Output swing for ±11.4V supplies is at least -6V to +8V. (9) The maximum voltage at which ACOM and DCOM may be separated without 
affecting accuracy specifications. 
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MECHANICAL INFORMATION 

MILS (0.001") 

Die Size 134 x 128 
Min. Pad Size 4x4 

DACB11 DIE TOPOGRAPHY 

PIN DESCRIPTIONS ABSOLUTE MAXIMUM RATINGS 

PIN NAME 

1 +VOD 
2 WR 

3 LDAC 

4 NA 

5 No 

6 No 

7 0" 
8 0,. 
g D. 

10 D. 

11 0 7 

12 D. 

13 0, 

14 0, 

15 DCOM 

16 D. 
17 0, 

18 0, 

19 03 

20 +Vee 

21 -Vee 

22 Gain Adj 

23 ACOM 

24 Vour 
25 10V Range 

26 SJ 
27 BPO 

28 Ref Out 

3.142 

FUNCTION 

Logic supply, +5V. 

Write, command signal to load latches. Logic low 
loads latches. 

Load D/A converter, enables WR to load the D/A 
latch. Logic low enables. 

Nibble A, enables WR to load input latch A (the 
most significant nibble). Logic low enables. 

Nibble B, enables WR to load input latch B. Logic 
low enables. 

Nibble C, enables WR to load input latch C (the 
least significant nibble). Logic low enables. 

Data bit 12, MSB, positive true. 

Data bit 11. 

Data btt 10. 

Data btt 9. 

Data btt 8. 

Data bit 7. 

Data bil6. 

Data bil5. 

Digilal common, Voo supply relurn. 

Data bill, LSB. 

Data bil2. 

Data bil3. 

Data bil4. 

Analog supply input, +15V or +12V. 

Analog supply input, -15V or -12V. 

To externally adjusl gain. 

Analog common, ±V cc supply return. 
D/A converter voltage oulput. 

Connect to pin 24 for 10V range. 

Summing junction of outpul amplifier. 

Bipolar offset. Connect 10 pin 26 for bipolar 
operation. 
6.3V reference oulput. 

+Vcc.............................................. ............................................. . ....... 010+18V 
-Vee 10 ACOM .......................................................................... 010 -18V 
VDD 10 DCOM .............................................................................. 0 to +7V 
VDD 10 ACOM ...................................................................................... ±7V 
ACOM ID DCOM .................................................................................. ±7V 
Digitallnpuls (Pins :!-14, 16-19) 10 DCOM ...............•...... ~.4V 10 +18V 
External Voltage Applied 10 10V Range Resislor ............................. ±12V 
Ref Out ..............•.............................................. Indefinite Short ID ACOM 
External Voltage Applied to DAC Output ................................ -5V 10 +5V 
Power Dissipation .............................................................•.......... 1000mW 
Lead Temperalure (sDldering, lOs) ............................................... +300"C 
Max Junction Temperature ............................................................ +165"C 
Thermal Resistance, 6 .... : Plastic DIP and SOIC ....................... 100"CIW 
Ceramic DIP .................................................................................. 65"CIW 

NOTE: Stresses above Ihose listed above may cause permanent damage 
to the device. Exposure to absolute maximum conditions for extended 
periods may affect device reliability. 

ORDERING INFORMATION 
LINEARITY GAIN 

TEMPERATURE ERROR, MAX DRIFT 
MODEL PACKAGE RANGE (OC) AT+25°C (ppmI"C) 

DAC811JP Plastic DIP 010 +70 ±1/2LSB 30 
DAC811JU Plastic SOIC 010 +70 ±1/2LSB 30 
DAC811KP PlaslicDIP 010+70 ±1/4LSB 15 
DAC811KU Plastic SOIC 010+70 ±1/4LSB 15 
DAC811AH Ceramic DIP -2510+85 ±1/2LSB 30 
DAC811BH Ceramic DIP -2510+85 ±1/4LSB 15 
DAC811RH Ceramic DIP -5510 +125 ±112LSB 30 
DAC811SH Ceramic DIP -55 to +125 ±1I4LSB 20 

PACKAGE INFORMATION 
PACKAGE DRAWING 

MODEL PACKAGE NUMBER!') 

DAC811AH 28·Pin Side·Brazed DIP 149 
DAC811BH 28-Pin Side-Brazed DIP 149 
DAC811RH 26-Pin Side-Brazed DIP 149 
DAC81 ISH 28-Pin Side-Brazed DIP 149 
DAC811JP 28-Pin Plastic DIP 215 
DAC811KP 28-Pin Plastic DIP 215 
DAC811JU 28-Pin SOIC 217 
DAC611KU 28-Pin SOIC 217 

NOTE. (I) For detailed draWing and dimenSion table, please see end of data 
sheel, or Appendix C of Burr-Brown IC Data Book. 
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TIMING DIAGRAMS 

Write Cycle #1 

Load first rank from Data Bus: LDAC = 1 

----, Ii;:" ==~==4 
N;, N,;, No 

DS,,-DBo 

DISCUSSION OF 
SPECIFICATIONS 
INPUT CODES 
The DAC811 accepts positive-true binary input codes. 
DAC811 may be connected by the user for anyone of the 
following codes: USB (unipolar straight binary), BOB (bi
polar offset binary) or, using an external inverter on the 
MSB line, BTC (binary two's complement). See Table I. 

DIGITAL INPUT ANALOG OUTPUT 

USB BOB BTC· 
Unipolar Bipolar Binary 

MSB LSB 
Straight Ollset Two's 

.l. J. Binary Binary Complement 

111111111111 + Full Scale + Full Scale -ILSB 
100000000000 + 1/2 Full Scale Zero - Full Scala 
011111111111 + 112 Full Scale - 1 LSB -ILSB + Full Scale 
000000000000 Zero - Full Scale Zero 

• Invert MSB of the BOB code with external inverter to obtain BTC code. 

TABLE I. Digital Input Codes. 

LINEARITY ERROR 
Linearity error as used in D/A converter specifications by 
Burr-Brown is the deviation of the analog output from a 
straight line drawn between the end points (inputs allis and 
alI Os). The DAC811linearity error is specified at ±l/4LSB 
(max) at +Z5°C for B and K grades, and ±1/2LSB (max) for 
A, J, and R grades. 

DIFFERENTIAL LINEARITY ERROR 
Differential linearity error (DLE) is the deviation from a 
ILSB output change from one adjacent state to the next. A 
DLE specification of l/ZLSB means that the output step size 
can range from I/2LSB to 3/2LSB when the input changes 
from one state to the next. Monotonicity requires that DLE 
be less than ILSB over the temperature range of interest. 

MONOTONICITY 
A D/ A converter is monotonic if the output either increases 
or remains the same for increasing digital inputs. All grades 
of DAC811 are monotonic over their specification tempera
ture range. 

BURR-BROWNe 

Write Cycle #2 
Load second rank from first rank: N.. N,;, No = 1 

tAW-" 

DRIFT 
Gain drift is a measure of the change in the full scale range 
(FSR) output over the specification temperature range. Drift 
is expressed in parts per million per degree centigrade (ppm/ 
0c). Gain drift is established by testing the full scale range 
value (e.g., +FS minus -FS) at high temperature, +Z5°C, and 
low temperature, calculating the error with respect to the 
+Z5°C value, and dividing by the temperature change. 

Unipolar offset drift is a measure of the change in output 
with all Os on the input over the specification temperature 
range. Offset is measured at high temperature, +Z5°C, and 
low temperature. The offset drift is the maximum change in 
offset referred to the +Z5°C value, divided by the tempera
ture change. It is expressed in parts per million of full scale 
range per degree centigrade (ppm of FSRI'C). 

Bipolar zero drift is measured at a digital input of 80016, the 
code that gives zero volts output for bipolar operation. 

SETTLING TIME 
Settling time is the total time (including slew time) for the 
output to settle within an error band around its final value 
after a change in input. Three settling times are specified to 
±0.01 % of full scale range (FSR): two for maximum full 
scale range changes of ZOV and lOY, and one for a ILSB 
change. The ILSB change is measured at the major carry 
(7FF16 to 80016 and 80016 to 7FFI6). the input transition at 
which worst-case settling time occurs. 

REFERENCE SUPPLY 
DAC811 contains an on-chip 6.3V reference. This voltage 
(pin Z8) has a tolerance of ±O.l V. The reference output may 
be used to drive external loads, sourcing at least ZmA. This 
current should be constant for best performance of the D/A 
converter. 

POWER SUPPLY SENSITIVITY 
Power supply sensitivity is a measure of the effect of a 
power supply change on the D/A converter output. It is 
defined as a percent of FSR output change per percent of 
change in either the positive, negative, or logic supply 
voltages about the nominal voltages. Figure I shows typical 
power supply rejection versus power supply ripple frequency. 
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FIGURE I. Power Supply Rejection vs Power Supply Ripple 
Frequency. 

OPERATION 
DAC811 is a complete single IC chip 12-bit D/A converter. 
The chip contains a 12-bit D/A converter, voltage reference, 
output amplifier, and microcomputer-compatible input logic 
as shown in Figure 2. 

INTERFACE LOGIC 

Input latches A, B, and C hold data temporarily while a 
complete 12-bit word is assembled before loading into the 
D/ A register. This double-buffered organization prevents the 
generation of spurious analog output values. Each register is 
independently addressable. 

These input latches are controlled by NA, NB~' and WR. 
NA, NB, and Nc are internally NORed with WR so that the 
~t latches transmit data when both N~r NB, Nc) and 
WR are at logic O. When either NA, (NB' Nc) or WR go to 
logic I, the input data is latched into the input registers and 
held until both NA (or NB, Nd and WR go to logic o. 

FIGURE 2. DAC811 .Block Diagram. 

The D/A latch is controlled by LDAC and WR. LDAC and 
WR are internally NORed so that the latches transmit data to 
the D/A switches when both LDAC and WR are at logic O. 
When either LDAC or WR are at logic i, the data is latched 
in the D/A latch and held until LDAC and WR go.to logic O. 

Ail latches are level-triggered. Data present when the con
trol signals are logic 0 will enter the latch. When anyone of 
the contro( signals returns to logic I, the data is latched. 
Table II is a truth table for all latches . 

WR N. N. Nc LDAC OPERATION 

1 X X X X No operation 
a a 1 1 1 Enables input latch 4MSBs 
a 1 0 1 1 Enables input latch 4 middle bits 
0 t 1 a 1 Enables input latch 4lSBs 
a 1 1 1 a loads D/A latch from input latches 
0 a a 0 a Makes all latches transparent 

"X' = Don·t care. 

TABLE II. DAC813 Interface Logic Truth Table. 

GAIN AND OFFSET ADJUSTMENTS 

Fignres 3 and 4 illustrate the relationship of offset and gain 
adjustments to unipolar and bipolar D/ A converter output. 

OFFSET ADJUSTMENT 

For unipolar (USB) confignrations, apply the digital input 
code that should produce zero voltage output, and adjust the 
offset potentiometer for zero output. For bipolar (BOB, 
BTC) configurations, apply the digital input code that should 
produce the maximum negative output voltage and adjust 
the offset potentiometer for minus full scale voltage. Ex
ample: If the full scale range is connected for 20V, the 
maximum negative output voltage is -lOY. See Table III for 
corresponding codes. 

"'::':"...,r-,,":":" lSB 
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FIGURE 3. Relationship of Offset and Gain Adjustments 
for a Unipolar D/A Converter. 

~+----.----r---~~ 
+ Full Scale ' 

T" .... ',' 
,',' -)(/ ,/ + 

/)(,' Range of 

Full Scale ',')( Gain Adjust 
All Bits /, , 

...... Logic 0 Range ,',',' Gain Adjust 
~ \ ' , , Rotates the Line 
..... '" o r-t-+-t , : ' 1-t-H 

1LSB 
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~h:~~~oT Digital Input 

FIGURE 4. Relationship of Offset and Gain Adjustments 
for a Bipolar D/A Converter. 

ANALOG OUTPUT 

DIGITAL INPUT o to +10V :!SV ±10V 

MSB LSB 
J. J. 
111111111111 +9.9976V +4.9976V +9.9951V 
100000000000 +5V OV OV 
011111111111 +4.9976V -o.0024V -o.0049V 
000000000000 OV -5V -10V 

LSB 2.4mV 2.44mV 4.BBmV 

TABLE III. Digital Input/Analog Output. 

GAIN ADJUSTMENT 

For either unipolar or bipolar configurations, apply the 
digital input that should give the maximum positive voltage 
output. Adjust the gain potentiometer for this positive full 
scale voltage. See Table III for positive full scale voltages. 

BURR~BROWN® 

±12V OPERATION 

The DAC811 is fully specified for operation on ±12V power 
supplies. However, in order for the output to swing to ±lOV, 
the power supplies must be ±13.5V or greater. When oper
ating with ±12VB supplies, the output swing should be 
restricted to ±8V in order to meet specifications. 

LOGIC INPUT COMPATIBILITY 

The DAC811 digital inputs are TTL, LSTTL, and 54/74HC 
CMOS-compatible over the operating range of V DO' The 
input switching threshold remains at the TLL threshold over 
the supply range. 

The logic input current over temperature is low enough to 
permit driving the DAC811 directly from the outputs of 
4000B and 54/74C CMOS devices. 

Resistors of 47kQ~houl<!...Ee placed in series with 
through D II, WR, N M NB, Nc and LDAC if edges are 
or if the logic input is driven below ground by undershoot. 

INSTALLATION 
POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power supply 
decoupling capacitors should be added as shown in Figure 5. 

These capacitors (IIIF tantalum recommended) should be 
located close to the DAC811. 

Voo Voo 

BPO 

Summing 
Junction 

VOUT 

ACOM 

Gain Adjust 

-Vee 

+Vcc 

DeOM 

28 

-Vee 

+Vcc 

I--Hf----......, ......... e.---o -Vee 

I--Hf-------j----<r-o +Vee 

FIGURE 5. Power Supply, Gain, and Offset Potentiometer 
Connections. 
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For Immediate Assistance, Contact Your Local Salesperson 
DAC8ll features separate digital and analog power supply 
returns to permit optimum connections for low noise and 
high speed performance. The analog common (pin 23) and 
digital common (pin 15) should be connected together at one 
point. Separate returns minimize current flow in low level 
signal paths if properly connected. Logic return currents are 
not added into the analog signal return path. A ±0.5V 
difference between ACOM and DCOM is permitted for 
specified operation. High frequency noise on DCOM with 
respect to ACOM may permit noise to be coupled through to 
the analog output; therefore, some caution is required in 
applying these common connections. 

The Analog Common is the high quality return for the D/ A 
converter and should be connected directly to the analog 
reference point of the system. The load driven by the output 
amplifier should be returned to the Analog Common. 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 

Offset and Gain may be trimmed by installing external 
Offset and Gain potentiometers. Connect these potentiom
eters as shown in Figure 5. TCR of the potentiometers 
should be lOOppmfOC or less. The lM.Q and 3.9M.Q resis
tors (20% carbon or better) should be located close to the 
DAC8ll to prevent noise pickup. If it is not convenient to 
use these high value resistors, an equivalent "T' network, as 
shown in Figure 6, may be substituted in each case. The 
Gain Adjust (pin 22) is a high impedance point and a 
0.00l1JF to 0.011JF ceramic capacitor should be .connected 
from this pin to Analog Common to reduce noise pickup in 
all applications, including those not employing external gain 
adjustment. Excessive capacitance on the Gain Adjust or 
Offset Adjust pin may affect slew rate and settling time. 

3.9MO 

~ 

IOOkO IOOkO 

~ 
180kO 1800 

~ 
FIGURE 6. Equivalent Resistances. 

OUTPUT RANGE CONNECTIONS 

Internal scaling resistors provided in the DACSll may be 
connected to produce bipolar output voltage ranges of ±IOV 
and ±5V or a unipolar output voltage range of 0 to + IOV. 
The 20V range (±IOV bipolar range) is internally connected. 
Refer to Figure 7. Connections for the output ranges are 
listed in Table IV. 

From Voltage ~~6f!-------..-r:::; . 
Reference ~vv~ B'polarOffsel 

From D/A 
Converter 

Summing Junction 

10V Range 

Analog Common 

FIGURE 7. Output Amplifier Voltage Range Scaling Circuit. 

OUTPUT DIGITAL CONNECT CONNECT 
RANGE INPUT CODES PIN 25 TO PIN 27 TO 

010 +IOV USB 24 23 
±5 BOB or BTC 24 26 

±IOV BOB or BTC NC 26 

TABLE IV. Output Range Connections. 

APPLICATIONS 
MICROCOMPUTER BUS INTERFACING 
The DAC811 interface logic allows easy interface to micro
computer bus structures. The control signal WR is derived 
from external device select logic and the I/O Write or 
Memory Wnte (depending upon the system design) signals 
from the microcomputer. 

The latch enable lines NA, NB, Nc and LDAC determine 
which of the latches are enabled. It is permissible to enable 
two or more latches simultaneously, as shown in some of the 
following examples. 

The double-buffered latch permits data to be loaded into the 
input latches of several DAC811s and later strobed into the 
D/A latch of all DlAs, simultaneously updating all analog 
outputs. All the interface schemes shown below use a base 
address decoder. If blocks of memory are used, the base 
address decoder can be simplified or eliminated altogether. 
For instance, if half the memory space is unused, address 
line Al5 of the microcomputer can be used as the chip select 
control. 

4-BIT INTERFACE 

An interface to a 4-bit microcomputer is shown in Figure S. 
Each DACSll occupies four address locations. A 74LS139 
provides the two-to-four decoder and selects it with the base 
address. Memory Write (WR) of the microcomputer is 
connected directly to the WR pin of the DACSll. An 8205 
decoder is an alternative to the 74LS139. 

BURR-BRDWN~ 
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a·BIT INTERFACE 

The control logic of DAC811 permits interfacing to right
justified data formats, as illustrated in Figure 9. When a 12-
bit D/A converter is loaded from an 8-bit bus, two bytes of 
data are required. Figures 10 and 11 show an addressing 
scheme for right-justified and left-justified data respectively. 
The base address is decoded from the high-order address 
bits. AD and AI address the appropriate latches. Note that 
adjacent addresses are used. For the right-justified case, 
XI016 loads the 8LSBs, and XOl 16 loads the 4MSBs and 
simultaneously transfers input latch data to the D/ A latch. 
Addresses X0016 and XII 16 are not used. 

Left-justified data is handled in a similar manner, shown in 
Figure II. The DAC811 still occupies two adjacent loca
tions in the microcomputer's memory map. 

00 

OBO 04 

OB 

01 

OBO 

OBI 

OB2 

OB3 

* 
OB4 

~ OB5 
0 § DBS 

::l OB7 

WR /-----; 

~15 

00 

OB 

01 

02 

03 

04 

05 
~ .. 
0 

06 '" c 
07 

OBI 05 
6 N;; 

02 

OB2 06 

$ 
" 03 ~ 0. 
E .. 
0 OB3 07 0 
" ~ § 
::l 

WR 

AN 

A, 

A, 3 A, Y2 6 

2 Ao Y, 5 

1/2 Yo 4 
74LS139 6 N;; 

FIGURE 8. Addressing and Control for 4-Bit Microcom
puter Interface. 

a. Right·Justified 

b. Left..Justified 

FIGURE 9. 12-Bit Data Format for 8-Bit Systems. 

BURR-BROWN\!! 

FIGURE 10. Right-Justified Data Bus Interface. 

14 
OBO 

OBI 

OB2 

OB3 

$ 
OB4 

" ~ OB5 
0 

" OB6 e 
.2 
::;: OB7 

WR /-----; 

~15 

A, 

FIGURE II. Left-Justified Data Bus Interface. 
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For Immediate Assistance, Contact Your Local Salesperson 
INTERFACING MULTIPLE DAC811s 
IN 8-BIT SYSTEMS 

Many applications, such as automatic test systems, require 
that the outputs of several D/A converters be updated simul
taneously. The interface shown in Figure 12 uses a 74LS138 
decoder to decode a set of eight adjacent addresses, to load 
the input latches of four DAC811s. The example shows a 
right-justified data format. 

A ninth address using A3 causes all DAC811s to be updated 
simultaneously. If a particular DAC811 is always loaded 
last-for instance, D/A #4-A3 is not needed, thus saving 
eight address spaces for other uses. Incorporate A3 into the 
base address decoder, remove the inverter, connect the 
common LDAC line to Nc of D/ A #4, and connect D 1 of the 
74LS138 to +5V. 

12- AND 16-BIT MICROCOMPUTER INTERFACE 

For this application, the input latch enable lines, N A' NB and 
Nc. are tied low, causing the latches to be transparent. The 
D/A latch, and therefore DAC811, is selected by the address 
decoder and strobed by WR. 

x X X X ~11 ~W O~ O~ D1 O~ O~ D~ OJ O~ 01 DO 

a. Ri~nt·Ju5t~i~ 

~11 ~W O~ O~ 01 O~ OH~ OH~ 01 O~ X X X X 

D,le~~U5miea 
ADDRESS BUS 

A3 A2 A1 AO OPERATION 

a a a a Load 8 LSB - DJA #1 

a a 0 1 Load 4 MSB - DJA #1 

a a 1 a Load 8 MSB - DJA #2 

a a 1 1 Load 4 MSB - DJA #2 

a 1 a a Load 8 MSB - DJA #3 

a 1 a 1 Load 4 MSB - DJA #3 

a 1 1 a Load 8 MSB - DJA #4 

a 1 1 1 Load 4 MSB - DJA #4 

1 X X X Load DJA Lalch-AII DJA 

FIGURE 12. Interfacing Multiple DAC811s to an 8-Bit Bus. 

The inlormation provided herein is believed to be reliable; however, BURR·BROWN assumes no responsibiltty 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 use(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 andlor systems. 
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BURR - BROWN® 

11:31:31 DAC813 

Microprocessor-Compatible 
12-BIT DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• ±1/2LSB NONLINEARITY OVER 

TEMPERATURE 

• GUARANTEED MONOTONIC OVER 
TEMPERATURE 

• LOW POWER: 270mW typ 
• DIGITAL INTERFACE DOUBLE 

BUFFERED: 12 AND 8 + 4 BITS 

• SPECIFIED AT ±12V AND ±15V POWER 
SUPPLIES 

• RESET FUNCTION TO BIPOLAR ZERO 

• 0.3" WIDE DIP AND SO PACKAGES 

DESCRIPTION 
The DAC813 is a complete monolithic 12-bit digital
to-analog converter with a flexible digital interface. It 
includes a precision + IOV reference, interface control 
logic, double-buffered latch and a 12-bit D/A con-

Reset 4 MSBs 

49.5kil 

VREFOUT VAEFJN 

verter with voltage output operational amplifier. Fast 
current switches and laser-trimmed thin-film resistors 
provide a highly accurate, fast D/A converter. 

Digital interfacing is facilitated by a double buffered 
latch. The input latch consists of one 8-bit byte and 
one 4-bit nibble to allow interfacing to 8-bit (right 
justified format) or 16-bit data buses. Input gating 
logic is designed so that the last nibble or byte to be 
loaded can be loaded simultaneously with the transfer 
of data to the D/ A latch saving computer instructions. 

A reset control allows the DAC813 D/A latch to 
asynchronously reset the D/A output to bipolar zero, a 
feature useful for power-up reset, recalibration, or for 
system re-initialization upon system failure. 

The DAC813 is specified to ±1/2LSB maximum lin
earity error (J, A grades) and ±1/4LSB (K, B grades). 
It is packaged in a 28-pin 0.3" wide ceramic DIP 
(-40°C to +85°C specification temperature range), 
28-pin 0.3" wide plastic DIP and 28-lead plastic SO 
(O°C to + 70°C). 

8 LSBs 

~_J\I\,"~_-{) BPO 
24.9kil 

--~\I\I\~--<) 20V Span 
25kil 

_-....JIf\I\~'---o 20V Span 
25kQ 

Intemational Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Addr.ss: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520)746-1111 • Twx:911).952·1111 • Csble:BBRCORP • Tolex:066-6491 • FAX: (520)889·1510 • ImmedlateProductlnfo:(800)548-6132 
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For Immediate Assistance, Contact Your Local Salesperson 

SPECIFICATIONS 
ELECTRICAL 
TA = +25°C, ±Vcc = ±12V or ±15V and load on VOUT = 5kn 11500pF to common unless otherwise noted. 

DAC813AH, JP, JU, AU DAC813BH, KP, KU 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX 

DIGITAL INPUTS 
Resolution 12 
Codesl') USB,BOB · 
Digital Inputs Over Temperature Range(2) 

V.P) +2 +5.5 · · 
V," 0 +O.B · 

DATA Bits, WR, Reset, LDAC, LMSB, LLSB ±to 

I'H V'N = +2.7V ±IO · 
I," V'N = +O.4V 

ACCURACY 
linearity Error ±114 ±112 ±IIS ±114 
Differential Linearity Error ±112 ±314 ±114 ±112 
Gain Error(4) ±0.05 ±C.2 
Unipolar Offset Error') ±0.01 ±C.02 · 
Bipolar Zero Errorl') ±0.02 ±C.2 
Monotonicity Guaranteed 
Power Supply Sensitivity: +Vcc 20V Range 5 10 

-Vee I 10 

DRfFT Over Specification 
Gain Temperature Range ±5 ±30 ±15 
Unipolar Offset ±I ±3 ±3 
Bipolar Zero ±3 ±IO ±5 
Linearity Error Over Temperature Range ±1I2 ±314 ±1I4 ±112 
Monotonicity Over Temperature Range Guaranteed 

SE1TLlNG TIMEI') (To Within ±0.01 % of 
FSR of Final Value; 5kn II 500pF load) 

For Full Scale Range Change 20V Range 4.5 6 
10V Range 3.3 5 

For I LSB Change at Major Carryl') 2 
Slew Rate 10 

ANALOG OUTPUT 
Voltage Range: Unipolar ±Vcc > ±11.4V o to +10 

Bipolar ±Vcc > ±11.4V ±5,±10 
Output Current ±5 · 
Output Impedance At DC 0.2 
Short Circuit to Common Duration Indefinite · 
REFERENCE VOLTAGE 
Voltage +9.95 +10 +10.05 · · · 
Source Current Available for External Loads 5 
Impedance 2 · 
Temperature Coefficient ±5 ±25 
Short Circuit to Common Duration Indefinite · 
POWER SUPPLY REQUIREMENTS 
Voltage: +Vcc +11.4 +15 +16.5 · 

-Vee -11.4 -15 -16.5 · 
Current: +Vcc + VL No Load 13 15 

-Vee No Load -5 -7 · · 
Potential at DCOM with Respect to ACOMllO) -3 +3 · 
Power Dissipation 270 330 · 
TEMPERATURE RANGE 
Specification: J, K 0 +70 

A,B -40 +85 
Operating: J, K -40 +B5 · · 

A,B -55 +125 · · 
Storage: J, K -60 +100 · · 

A,B -65 +150 · · 
'Same as specification for DACBI3AH, JP, JU. 

UNITS 

Bits 

VDC 
VDC 
!lA 
!lA 

LSB 
LSB 
% 

% of FSR(7) 
%of FSR 

ppm of FSRI% 
ppm of FSRl% 

ppmFC 
ppm of FSRFC 
ppm of FSRFC 

LSB 

lIS 
I'" 
I'" 

VIlIS 

V 
V 

rnA 
n 

V 
rnA 
n 

pprnFC 

VDC 
VDC 
rnA 
rnA 
V 

mW 

°C 
°C 
°C 
°C 
°C 
°C 

NOTES: (I) USB = Unipolar Straight Binary; BOB = Bipolar Offset Binary. (2) TIL and 5V CMOS compatible. (3) Open DATA input lines will be pulled above +5.5V. 
See discussion under LOGIC INPUT COMPATIBILITY In the OPERATION section. (4) Specified with 500n Pin 6 to 7. Adjustable to zero with external trim 
potentiometer. (5) Error at input code OOOHEX for unipolar mode, FSR = 10V. (6) Error at input code BOOHEX for bipolar range. Specified with loon Pin 6 to 4 and 
with 500n pin 6 to 7. See page 9 for zero adjustment procedure. (7) FSR means Full Scale Range and is 20V for the ±IOV range. (8) Maximum represents the 
3" limit. Not 100% tested for this parameter. (9) At the major carry, 7FFHEX to BOOHEX and BOOHEX to 7FFHEX' (10) The maximum voltage at which ACOM and DeOM 
may be separated without affecting accuracy specifications. 
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MINIMUM TIMING DIAGRAMS 

WRITE CYCLE #1 

(Load first rank from Data Bus: LDAC = 1) 

----,_1---_ >sons-I 

LLSB, LMSB 1 

______ ---.1- > SOns-

DBll-DBO I I 

~ I \.>"'sn-s---

WR \\x 1 
:-+-> 50ns~ 

WRITE CYCLE #2 

(Load second rank from first rank: LLSB, LMSB = 1) 

,1---> sons---I 

-\ ~ 
_______ ,1-> SOns -I r------

~ / 1.....--- tSETTUNG --=-·~t __ t 
~;":±:":I:":I!""'LS-=B-"-'-

RESET COMMAND (Bipolar Mode) 

LLSB, LMSB, LDAC, WR = Don't Care 

ABSOLUTE MAXIMUM RATINGS 

_J ___ _ 
t 

±1/2LSB 

+Vee to ACOM ................................... . .................. 0 to +18V 
-Vee to ACOM .. ............................... . .................. 0 to -18V 
+Vcc to -Vee ................................................... . .......... 0 to +36V 
DCOM with respect to ACOM ............................................................ ±4V 
Digital Inputs (Pins 11-15, 17-28) to DCOM .................... -D.5V to +Vcc 
External Voltage Applied to BPO Span Resistor .............................. ±Vcc 
VREF OUT ........................................................... Indefinite Short to ACOM 
VOUT ..•...•.........•..................•....•......•.....•.....•....• Indefinite Short to ACOM 
Power Dissipation ........................................................................ 750mW 
Lead Temperature (soldering, 105) ............................................... +30QOC 
Max Junction Temperature .................... . ...................... + 165°C 
Thermal Resistance, 9J.A: Plastic DIP and SOIC ........................ 130'CIW 

Ceramic DIP ......................................... 85'CIW 

NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. Exposure to absolute 
maximum conditions for extended periods may affect device reliability. 

PIN DESCRIPTIONS 

Positive supply pin for logic circuits. Connect to +Vcc. 

Connect Pin 2 or Pin 3 to Pin 9 (VOUT) for a 20V 
FSR. Connect both to Pin 9 for a 10V FSR. 

Bipolar offset. Connect to Pin 6 (V REF OUT) through 
1 DOn resistor or 200Q potentiometer for bipolar 
operation. 

Analog common, ±V cc supply return. 

+ 1 OV reference output referred to ACOM. 

Connected to VREF OUT through a Hill gain 
adjustment potentiometer or a 500n. resistor. 

Analog supply input, nominally + 12V to + 15V 
referred to ACOM. 

D/A converter voltage output. 

Analog supply input, nominally -12V or -15V 
referred to ACOM. 

Master enable for LDAC, LLSB, and LMSB. Must 
be low for data transfer to any latch. 

Load DAC. Must be low with WR for data transfer 
to the D/A latch and simultaneous update of the 
D/A converter. 

When law, resets the D/A latch such that a Bipolar 
Zero output is produced. This control overrides all 
other data input operations. 

Enable for 4·bit input latch of 0 8-0 11 data inputs. 
NOTE: This logic path is slower than the WR path. 

Enable for B-bit input latch of 00-07 data inputs. 
NOTE: This logic path is slower than the WR path. 

Digital common. 

Data Bit I, LSB. 

Data Bit 2. 

Data Bit 3. 

Data Bit 4. 

Data Bit S. 

Data Bit 6. 

Data Bit 7. 

Data Bit 8. 

Data Bit 9. 

Data Bit 10. 

Data Bit 11. 
Data Bit 12, MSB, positive true. 

A ELECTROSTATIC 
~ DISCHARGE SENSITIVITY 
Electrostatic discharge can cause damage ranging from per
formance degradation to complete device failure. Burr
Brown Corporation recommends that all integrated circuits 
be handled and stored using appropriate ESD protection 
methods. 

ESD damage can range from subtle performance degrada
tion 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 
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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For Immediate Assistance, Contact Your Local Salesperson 
DICE INFORMATION 

PAD FUNCTION 

1 +VL 
2 20V Range 
3 20V Range 
4 BPO 
5 ACOM 
6 VREFOUT 
7 VREFIN 

B +Vcc 
9 VOUT 

10 -Vee 
11 WR 
12 LDAC 
13 Reset 
14 LMSB 

Substrate Bias: -Vee 
NC: No Connection. 

PAD FUNCTION 

15 LLSB 
16 DCOM 
17 DBO (LSB) 
lB DBI 
19 DB2 
20 DB3 
21 DB4 
22 DB5 
23 DB6 
24 DB7 
25 DBB 
26 DB9 
27 DB10 
2B DBll (MSB) 

MECHANICAL INFORMATION 

DAC813 DIE TOPOGRAPHY 

ORDERING INFORMATION 

LINEARITY GAIN 
TEMPERATURE ERROR, MAX DRIFT 

MODEL PACKAGE RANGE AT +25°C (ppmf'C) 

DACB13AU Plastic SOIC -40"C to +B5"C ±1/2LSB ±30 
DACB13JP Plastic DIP 0"Cl0 +70"C ±1/2LSB ±30 
DACB13JU Plastic SOIC O"C to +70"C ±1/2LSB ±30 
DACB13KP Plastic DIP QOCto +70°C ±1/4LSB ±15 
DACB13KU Plastic SOIC QOCto +70°C ±1/4LSB ±15 
DACB13AH Ceramic DIP -40"C to +B5"C ±1/2LSB ±30 
DACB13BH Ceramic DIP -40"C to +B5"C ±1/4LSB ±15 

PACKAGE INFORMATION 

PACKAGE DRAWING 

MODEL PACKAGE NUMBER!') 

DACB13AH 28-Pin Hermetic 247 
Side-Brazed DIP 

DACB13BH 28-Pin Hermetic 247 
Side-Brazed DIP 

DACBt3AP 2B-Pin Plastic DIP 246 
DACB13KP 28-Pin Plastic DIP 246 

DACB13AU 2B-Pin Plastic SOIC 217 
DACB13JU 2B-Pin Plastic SOIC 217 
DACBt3KU 2B-Pin Plastic SOIC 217 

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

MILS (0.001 "J MILLIMETERS 

Die Size 204 x 140 ±5 5.1Bx3.56±0.13 
Die Thickness 20±3 0.51 ±O.OB 
Min. Pad Size 4x4 0.10 x 0.10 

Metalization Aluminum 

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 
TA = +25°C, Vee = ±15V unless otherwise noted. 
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TYPICAL PERFORMANCE CURVES (CO NT) 
T A = +25'C, Vee = ±15V unless 01herwise noted. 

SETTLING TIME, +10V TO-10V 
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DISCUSSION OF 
SPECIFICATIONS 
INPUT CODES 

1LSB = 4.BBmV 

WR 

J 

10 12 

+5 ~ 

o I~ 

The DAC813 accepts positive-true binary input codes. 
DAC8l3 may be connected by the user for anyone of the 
following codes: USB (Unipolar Straight Binary), BOB 
(Bipolar Offset Binary) or, using an external inverter on the 
MSB line, BTC (Binary Two's Complement). See Table 1. 

DIGITAL ANALOG OUTPUT 
INPUT 

USB BOB BTC' 
Unipolar Bipolar Binary 
Straight Offset Two's 

MSB to LSB Binary Binary Complement 

FFFHEX + Full Scale + Full Scale Zero 1LSB 
BOOHEX + 1/2 Full Scale Zero - Full Scale 
7FFHEX + 112 Full Scale - 1 LSB Zero -1LSB + Full Scale 
OOOHEX Zero - Full Scale Zero 

• Invert MSB of BOB code with external inverter to obtain BTC code. 

TABLE I. Digital Input Codes. 

LINEARITY ERROR 

Linearity error as used in D/ A converter specifications by 
Burr-Brown is the deviation of the analog output from a 
straight line drawn between the end points (inputs all "I s" 
and all "Os"). The DAC8l3 linearity error is specified at 
±1/4LSB (max) at +2SoC for B and K grades, and ±l/2LSB 
(max) for A and J grades. 

DIFFERENTIAL LINEARITY ERROR 

Differential linearity error (OLE) is the deviation from a 
lLSB output change from one adjacent state to the next. A 
DLE specification of 1/2LSB means that the output step size 
can range from l/2LSB to 3/2LSB when the input changes 
from one state to the next. Monotonicity requires that DLE 
be less than lLSB over the temperature range of interest. 

SETTLING TIME, -10V TO + 1 OV 
20 

10 

1LjB = 4.BBmV-

5> 
.§. 
> 0 
o 
'+ 

VOUT 

/ 
l 

§ -10 

~ WR 
"" -20 J 

+5 ~ 

I 
OUT 

o I~ -40 

-2 o 2 4 B 10 12 14 

Time (~s) 

MONOTONICITY 

A D/A converter is monotonic if the output either increases 
or remains the same for increasing digital inputs. All grades 
of DAC8l3 are monotonic over their specification tempera
ture range. 

DRIFT 

Gain Drift is a measure of the change in the Full Scale Range 
(FSR) output over the specification temperature range. Gain 
Drift is expressed in parts per million per degree Celsius 
(ppm/0C). 

Unipolar Offset Drift is measured with a data input of 
OOOHEX' The D/A is configured for unipolar output. Unipolar 
Offset Drift is expressed in parts per million of Full Scale 
Range per degree Celsius (ppm of FSRfC). 

Bipolar Zero Drift is measured with a data input of 800HEx. 

The D/A is configured for bipolar output. Bipolar Zero Drift 
is expressed in parts per million of Full Scale Range per 
degree Celsius (ppm of FSRfC) . 

SETTLING TIME 

Settling Time is the total time (including slew time) for the 
output to settle within an error band around its final value 
after a change in mput. Three settling times are specified to 
±0.012% of Full Scale Range (FSR): two for maximum full 
scale range changes of 20V and lOY, and one for a lLSB 
change. The lLSB change is measured at the major carry 
(7FFHEX to 8~ and 800HEX to 7FFHEX), the input tran
sition at which worst-case settling time occurs. 

REFERENCE SUPPLY 

DAC813 contains an on-chip +lOV reference. This voltage 
(pin 6) has a tolerance of ±5OmV. VREF OUT must be con
nected to V REF IN through a gain adjust resistor with a 
nominal value of soon. The connection can be made through 
an optional lill trim resistor to provide adjustment to zero 
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gain error. The reference output may be used to drive 
external loads, sourcing at least 5mA. This current should be 
constant, otherwise the gain of the converter will vary. 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
power supply change on the D/A converter output. It is 
defined as a ppm of FSR output change per percent of 
change in either + V cc or -V cc about the nominal voltages 
expressed in ppm of FSR/%. The fIrst performance curve on 
page 5 shows typical power supply rejection versus power 
supply ripple frequency. 

OPERATION 
DAC813 is a complete single IC chip 12-bit D/A converter. 
The chip contains a 12-bit D/A converter, voltage reference, 
output amplifier, and microcomputer-compatible input logic 
as shown in Figure 1. 

INTERFACE LOGIC 

Input latches hold data temporarily while a complete 12-bit 
word is assembled before loading into the D/A latch. This 
double-buffered organization prevents the generation of spu
rious analog output values. Each latch is independently 
addressable. 

All latches are level-triggered. Data present when the con
trol signals are logic "0" will enter the latch. When anyone 
of the control signals returns to logic "I ", the data is latched. 
A truth table for the control signals is presented in Table II. 

WR LLSB LMSB LDAC RESET OPERATION 

1 X X X 1 No operation 
X X X X 0 OIA lalch sello 800HEX 

0 1 0 1 1 Enables 4 MSBs input latch 
0 0 1 1 1 Enables 8 LSBs input latch 
0 1 1 0 1 Loads OIA latch lrom input latches 
0 0 0 0 1 Makes all latches transparent 

·X· = Oon·t Care 

TABLE ll. DAC813 Interface Logic Truth Table. 

CAUTION: DAC813 was designed to use WR as the fast 
strobe. WR has a much faster logic path than ENx (or 
LDAC). Therefore, if one permanently wires WR to DCOM 
and uses only ENx to strobe data into the latches, the 
DATA HOLD time will be long, approximately 15ns to 
30ns, and this time will vary considerably in this range 
from unit to unit. DATA HOLD time using WR is 5ns max. 

LOGIC INPUT COMPATIBILITY 

The DAC813 digital inputs are TTL, 5V CMOS compat
ible over the operating range of + V cc. The input switching 
threshold remains at the TTL threshold over the supply 
range. An equivalent circuit of a digital input is shown in 
Figure 2. 

The logic input current over temperature is low enough to 
permit driving the DAC813 directly from the outputs of 5V 
CMOS devices. 

Open DATA input lines will float to 7V or more. Although 
this will not harm the DAC813, current spikes will occur in 
the input lines when a logic 0 is asserted and, in addition, 

MSB LSB 
011 ----------- 08 07 ------------------------------ DO 

NOTE: (1) VL must be connected to +Vcc. VREFOUT ACOM 

FIGURE 1. DAC813 Block Diagram. 
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Digital Q-<~'W\r--+--.----, 
Input 

DCOMo-----+--*---~ 

• R = 500n lor LLSB. 

See page 5 
for IJ 

FIGURE 2. Equivalent Input Circuit for Digital Inputs. 

the speed of the interface wiil be slower. A digital output 
driving a DATA input line of the DAC813 must not drive, 
or let the DATA input float, above +5.5V. Unused DATA 
inputs should be connected to DCOM. 

RESET FUNCTION 
When asserted low «0.8V), RESET (Pin 13) forces the 
D/A latch to 800HEX regardless of any other input logic 
condition. If the analog output is connected for bipolar 
operation (either ±IOV or ±5V), the output will be reset to 
Bipolar Zero (OV). If the analog output is connected for 
unipolar operation (0 to + IOV), the output will be reset to 
half-scale (+5V). 

If RESET is not used, it should be connected to a voltage 
greater than +2V but not greater than +5.5V. If this voltage 
is not available Reset can be connected to +Vcc through a 
lOOkQ to IMQ resistor to limit the input current. 

GAIN AND OFFSET ADJUSTMENTS 

Figures 3 and 4 illustrate the relationship of offset and gain 
adjustments to unipolar and bipolar D/A converter output. 

OFFSET ADJUSTMENT 

For unipolar (USB) configurations, apply the digital input 
code that should produce zero voltage output and adjust the 
offset potentiometer for zero output. For bipolar (BOB,. 

T Digital Input 

Offset Adjust Translates the Line 

FIGURE 3. Relationship of Offset and Gain Adjustments 
for a Unipolar D/A Converter. 

BTC) configurations, apply the digital input code that should 
produce the maximum negative output voltage and adjust 
the offset potentiometer for minus full scale voltage. Ex
ample: If the full scale range is connected for 20V, the 
maximum negative output voltage is -lOY. See Table III for 
corresponding codes. 

GAIN ADJUSTMENT 

For either unipolar or bipolar configurations, apply the 
digital input that should give the maximum positive voltage 
output. Adjust the gain potentiometer for this positive full 
scale voltage. See Table III for positive full scale voltages. 

DIGITAL INPUT ANALOG OUTPUT 

MSB to LSB o to +10Y ±5V ±tOY 

FFFHEX +9.9976Y +4.9976Y +9.9951V 
SOOHEX +5.0000Y O.OOOOY O.OOOOY 
7FFHEX +4.9976Y -o.0024Y -o.0049Y 

OOOHEX O.OOOOY -5.0000Y -IO.OOOOY 
ILSB 2.44mV 2.44mV 4.SSmV 

TABLE III. Digital Input/Analog Output. 

INSTALLATION 
POWER SUPPLY CONNECTIONS 

Note that the lid of the ceramic packaged DAC813 is 
connected to -V cc. Take care to avoid accidental short 
circuits in tightly spaced installations. 

Power supply decoupling capacitors should be added as 
shown in Figure 5. Optimum settling performance occurs 
using a I to IOIJP tantalum capacitor at -V cc and at least a 
0.011JP ceramic capacitor at +V cc. Applications with less 
critical settling time may be able to use 0.011JP at -V cc as 
well. The 0.011JP capacitors should be located close to the 
DAC813. 

Pin' I supplies internal logic and must be connected to + V cc' 

• • 
+ Full Scale - T " Range 01 

" " Gain Adjust , , 
)(,//'T = ±I% ILSB 

/)t/ . 

All Bits Full Scale , '/)( 
Logic 0 Range ' " Gain Adjust '" S '" Rotates the Line 

~ '" c. '" S " H-+-\ 0 
,,';'\ co 

~ Bipolar 
All Bits ~ Offset 0", MSB on All 

,. ~, Others Off Logic I 

~~ 
Range 01/1 

Offset Adjust 
I-FUll Scale 

OIIset Adj. ~ 
Tr~~:I~~~: T Digital Input 

'" ±O.40/0 

FIGURE 4. Relationship of Offset and Gain Adjustments 
for a Bipolar D/A Converter. 

BURR-BROWN!!! 

3.156 Burr-Brown Ie Data Book-Mixed Signal Products I ElEII 



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

VL 011 2B 

2 20V Range 010 

20V Range 09 

DB 

ACOM 07 

V AEFQUr 06 

05 

04 

VOUT 03 

-Vee 02 

WR 01 

LOAC DO 

Reset OCOM 

14 LMSB LLSB 

BIPOLAR 

15 

FIGURE 5. Power Supply, Gain, and Offset Connections. 

DAC813 features separate digital and analog power supply 
returns to pennit optimum connections for low noise and 
high speed perfonnance. It is recommended that both Ana
log Common (ACOM, Pin 5) and Digital Common (DCOM, 
Pin 16) be connected directly to a ground plane under the 
package. If a ground plane is not used, connect the ACOM 
and DCOM pins together close to the package. Since the 
reference point for V OUT and V REF OUT is the ACOM pin, it 
is also important to connect the load directly to the ACOM 
pin. Refer to Figure 5. 

The change in current in the Analog Common pin (ACOM, 
Pin 5) due to an input data word change from OOOHEX to 
FFFHEX is only 8001lA. 

OUTPUT RANGE CONNECTIONS 

Internal scaling resistors provided in the DAC813 may be 
connected to produce bipolar output voltage ranges of ±lOV 
and ±5V or unipolar output voltage range of 0 to +lOV. 
Refer to Figure 6. 

The internal feedback resistors (25k.Q) and the bipolar offset 
resistor (24.9k.Q) are trimmed to an absolute tolerance of 
less than ±2%. Therefore, one can change the range by 
adding a series resistor in various feedback circuit configu
rations. For example, a 6000. resistor in series with the 20V 
range tenninal can be used to obtain a 20.48V (±lO.24V) 
range (SmV LSB). A 7.98ko. resistor in series with the lOY 
range connection (20V ranges in parallel) gives a 16.384V 
(±8.I92V) bipolar range (4mV LSB). Gain drift will be 
affected by the mismatch of the temperature coefficient of 
the external resistor with the internal D/A resistors. 

BURR-BROWNiIfI 

VL 011 2B 

14 

20V Range 010 

20V Range 09 

DB 

ACOM 07 

VREFOUT 06 

05 

04 

03 

-Vee 02 

WR 01 

LOAC DO 

Reset OCOM 

LMSB LLSB 

UNIPOLAR 

APPLICATIONS 

15 

(1) 1 O~F tantalum for 
optimum settling 
performance. 

(2) Unipolar otiset is 
not necessary in most 
applications and can 
lead to noise pickup. 

(3) Note that for the 
ceramic package 
the lid is connected 
to -Vee. 

MICROCOMPUTER BUS INTERFACING 

The DAC813 interface logic allows easy interface to micro
computer bus structures. The control signal is derived from 
external device select logic and the I/O Write or Memory 
Write (depending upon the system design) signals from the 
microcomputer. 

The latch enable lines LMSB, LLSB, and LDAC detennine 
which of the latches are selected. It is pennissible to enable 
two or more latches simultaneously, as shown in some of the 
following examples. 

The double-buffered latch pennits data to be loaded into the 
input latches of several DAC813s and later strobed into the 
D/A latch of all D/As, simultaneously updating all analog 
outputs. All the interface schemes shown below use a base 
address decoder. If blocks of memory are used, the base 
address decoder can be simplified or eliminated altogether. 

a·BIT INTERFACE 

The control logic of DAC813 pennits interfacing to right
justified data fonnats, illustrated in Figure 7. When a 12-bit 
D/ A converter is loaded from an 8-bit bus, two bytes of data 
are required. Figure 8 illustrates an addressing scheme for 
right-justified data. The base address is decoded from the 
high-order address bits. AO and Al address the appropriate 
latches. Note that adjacent addresses are used. XlOHEX loads 
the 8 LSBs and XOIHEX loads the 4 MSBs and simultane
ously transfers input latch data to the D/A latch. Addresses 
XOOHEX and XllHEX are not used. 
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INTERFACING MULTIPLE 

DAC813s IN 8-BIT SYSTEMS 

Many applications, such as automatic test systems, require 
that the outputs of several D/ A converters be updated simul
taneously. The interface shown in Figure 9 uses a 74LSB 138 
decoder to decode a set of eight adjacent addresses to load 
the input latches of four DAC813s. The example uses a 
right-justified data format. 

A ninth address using A3 causes all DAC813s to be updated 
simultaneously. If a certain DAC813 is always loaded last 
(for instance, D/A #4), A3 is not needed, saving 8 address 

-'OAC 

2Sk.Q 

20V 
2SkQ 

NC 

20V 

-'OAC 

-'OAC 

OTO+IOV 
RANGE 

Oto +IOV 

",IOV 
RANGE 

tlOV 

",SV 
RANGE 

±SV 

FIGURE 6. Output Amplifier Voltage Range Scaling Circuit. 

spaces for other uses. Incorporate A3 into the base address 
decoder, remove the inverter, connect the common LDAC 
line to LLSB of D/A #4, and connect Dl of the 74LS138 to 
+5V. 

12- AND 16-BIT MICROCOMPUTER INTERFACE 

For this application the input latch enable lines, LMSB and 
LLSB, are tied low, causing the latches to be transparent. 
The D/A latch, and therefore DAC813, is selected by the 
address decoder and strobed by WR. 

Be sure and read the CAUTION statement in the LOGIC 
INPUT COMPATIBILITY section. 

Right·Justified 

FIGURE 7. 12-Bit Data Format for 8-Bit Systems. 

DO 
OBO 

08 

01 
OBI 

09 

02 
OB2 

010 

03 
OB3 

Oil 

~ 
OB4 04 .. 

~ OBS OS lii 
~ OB6 06 ~ 

.11 
07 ::i! OB7 

WR 

WR 
A15 

A2 
LDAC 

A, 
LMSB 

Ao LLSB 

Reset 

FIGURE 8. Right-Justified Data Bus Interface. 
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ADDRESS BUS 
A3 A2 A1 AO OPERATION 

0 0 0 0 Load 8 LSB - D/A #1 

0 0 0 1 Load 4 MSB - DIA #1 

0 0 1 0 Load 8 LSB - D/A #2 

0 0 1 1 Load 4 MSB - D/A #2 

0 1 0 0 Load 8 LSB - D/A #3 

0 1 0 1 Load 4 MSB - D/A #3 

0 1 1 0 Load 8 LSB - D/A #4 

0 1 1 1 Load 4 MSB - D/A #4 

1 X X X Load D/A Latch-All D/A 

. FIGURE 9. Interfacing Multiple DAC813s to an 8-Bit Bus. 
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BURR - BROWN® 

113131 DAC2813 

DU4L 12-BIT DIGITAL-TO-ANALOG 
CONVERTER (12-bit port interface) 

FEATURES 
• COMPLETE WITH REFERENCE AND 

OUTPUT AMPLIFIERS 

• 12·BIT PORT INTERFACE 

• ANALOG OUTPUT RANGE: ±10V 

• MONOTONICITY GUARANTEED OVER 
TEMPERATURE 

DESCRIPTION 
DAC2813 is a complete dual 12-bit digital-to-analog 
converter with bus interface logic. Each package in
cludes a precision + IOV voltage reference, double
buffered bus interface including a RESET function 
and 12-bit D/A converters with voltage-output opera
tional amplifiers. 

The double-buffered interface consists of a 12-bit 
input latch and a D/A latch for each D/A converter. A 
RESET control allows the D/A outputs to be asyn
chronously reset to bipolar zero, a feature useful for 
power-up reset, system initialization and recalibration. 

• INTEGRAL LINEARITY 
ERROR: ±1/2LSB max 

• ±12V to ±15V SUPPLIES 

• 28·PIN PLASTIC DIP PACKAGE 

DAC2813 output range resistors are internally con
nected for 20V full scale range. A 0 to IOV range can 
be connected using the bipolar offset resistor. Gain 
and bipolar offset of eaCh D/A are adjustable with 
external trim potentiometers. 

DAC2813 is available in one performance grade with 
a integral linearity error of 1/2LSB and 12-bit mono
tonicity guaranteed over temperature. It is packaged in 
28-pin O.6in. wide plastic DIP package and specified 
over -4O"C to +85°C. 

Ref~~nc. 1---..... OVREFOllT 

~===----<OVREFIN1 
.--...,I\,~fL-<l BPO 1 

.--------0VREFIN2 

,---.!IJ'II'--<l BPO 2 

VOUT2 

International Airport Industrial Park • Mailing Address: PO Box 11400 Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 746-1111 • Twx: 910-952·1111 • cable: BBRCORP • Telex: 066-6491 • FAX: (520) 899·1510 • Immediate Product Info: (BOO) 50\806132 
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SPECIFICATIONS 
ELECTRICAL 
TA = +2SOC, +Vcc = +12V or +1SV, -Vcc =-12Vor-1SV unless otherwise noted. 

I 
PARAMETER CONDITIONS I MIN TYP 

INPUTS 

DIGITAL INPUTS Over Temperature 
Input Code ('1 Range Bipolar Offset Binary 
Logic Levels (21 

V'H +2 
VIL a 
Logic Input Curre~ ___ 
DBO-DB11, WR, LDAC, RESET,EN. 

I'H 
I;~ 

V, =+2.7V 
V; =·+O.4V 

'''AN''N:'' ~""""~, ~"'~, ,~~ 
Linearity Error ±1/4 
Differential Linearity Error ±1/2 
Gain Error (5,6) ±0.05 
Bipolar Zero Error (5,7) ±O.OS 
Power Supply Sensitivity 
Of Full Scale +Vcc ±5 

-Vee ±1 

DRIFT Over Specification 
Temperature Range 

Gain ±5 
Bipolar Zero Drift ±5 
Linearity Error over Temperature ±112 
Monotonicity Guaranteed 

DYNAMIC ,",UAD 

SETTLING TIME (8) To within ±0.012%FSR 
of Final Value 

Sk!lIlSOOpF Load 
Full Scale Range Change 20V Range 4.5 
1 LSB Output Step (9) At Major Carry 2 
Slew Rate 10 
Crosstalk ('0) 5k!l Loads 0.1 

OUTPUT 
Output Voltage Range ±Vcc~±11.4V 
Output Current ±S 
Output Impedance 0.2 
Short Circuit to ACOM Duration Indefinite 

REFERENCE VOLTAGE 
Voltage +9.95 +10.00 
Source Current Available 
for External Loads 2 
Impedance 0.2 
Temperature Coefficient ±5 
Short Circuit to Common Duration Indefinite 

POWER SUPPLY REQUIREMENTS 
Voltage:+Vcc +11.4 +15 

-Vee -11.4 -15 
Current: No Load 

±Vcc =±15V 
+Vcc 24 
-Vee 12 

Power Dissipation 540 
Potential at DCOM with 
Respect to ACOM (II) -3 

'CMrc ..... rURE RANGES 
Specification -40 
Storage -60 
Thermal Resistance, 0JA,Plaslic DIP 30 

I 
MAX I UNITS 

+S.S131 V 
+O.S V 

±20 ~A 
±20 ~A 

±112 LSB 
±1 LSB 

±C.2 % 
±C.2 %FSR(4) 

±20 ppmFSRi"!o+Vcc 
+10 

±30 ppml"C 
±15 ppmFSRI"C 
±314 LSB 

6 ~s 

~s 

V/~ 
LSB 

±10 V 
rnA 
11 

+10.05 V 

mA 
11 

±25 ppml·C 

+16.5 V 
-16.5 V 

30 mA 
14 mA 
660 mW 

+3 V 

+S5 ·C 
+100 ·C 

·CIW 

NOTES: (1) For Two's Complement Input Coding invert the MSB with an extemal logic inverter. (2) Digital inputs are TTL and +SV CMOS compatible over the 
specification temperature range. (3) Open DATA input lines will be pulled above +5.5V. See discussion under LOGIC INPUT COMPATIBILITY section. (4) FSR means 
Full Scale Range. For example, for ±10V output, FSR = 20V. (5) Adjustable to zero with extemal trim potentiometer. (6) Specified with 50011 connected between 
VREF OUT and VREF 'N' (7) Error at input code SOOHEX' DAC2813 specified with 10011 connected betweenV REFOUT and V REF .N; and with 50011 connected between VREF 
OUT and BPO. (S) Maximum represents the 3" limit. Not 100% tested for this parameter. (9) For the worst-case code change: 7FFHEX to SOOHEX and SOOHEX to 7FFHEX' 
(10) Crosstalk is defined as the change in any output as a result of any other output being driven from -1 OV to +1 OV at rated output current. (11) The maximum voltage 
at which ACOM and DCOM may be separated without affecting accuracy specificalions. 
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ABSOLUTE MAXIMUM RATINGS 

+Vccto ACOM ............................................................................ Oto+18V 
-Vee to ACOM ............................................................................ 0 to -18V 
+Vee to-vee ..................... · ......................................................... 0 to +36V 
ACOM to OCOM ............•....................................................................• ±4V 
Oigitallnputs to OCOM ............................•.............•................ -1V to +Vcc 
External Voltage applied to BPO Resistor ......................................... ±18V 
VREFOUT .............................................................. Indefinite short to ACOM 
Voor ............................................................................ Momentarytot18V 
lead Temperature, soldering lOs .................................................. +30(JOC 
Max Junction Temperature .............................................................. 165"C 

NOTE: Stresses above those listed under"Absolute Maximum Ratings· may 
cause permanent damage to Ihe device. Exposure 10 absolule maximum 
conditions for extended periods may affect device reliability. 

ORDERING INFORMATION 

TEMPERATURE 
MODEL PACKAGE RANGE 

OAC2813AP 28-Pin OBl Wide OIP -4O'C 10 +85'C 

BLOCK DIAGRAM 

A ELECTROSTATIC 
~ DISCHARGE SENSITIVITY 
Electrostatic discharge can cause damage ranging from per
formance degradation to complete device failure. Burr-Brown 
Corporation recommends that all iritegrated circuits be handled 
and stored using appropriate ESD protection methods. 

PACKAGE INFORMATION 

PACKAGE 

28-Pin OBl Wide OIP 

PACKAGE DRAWING 
NUMBER(1) 

167 

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

MSB lSB 
OBll---------------------------------------0BO 

IH!OO~A e--\I\1'\~~ -

VREFOUT ACOM OCOM -Vee +Vee 
NOTE: RESET does nol reset inpullalehes. 
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TIMING DIAGRAMS 

WRITE CYCLE #1 

(Load first rank from Data Bus: LDAC = 1) 

,1->50ns-1 

WRITE CYCLE #2 

(Load second rank from firsl rank: ENx = 1) 

~_~>sons-I LDAC / 
'------'-' -~ ;f 

---------,. ii=== > 50ns--

DBll-DBO b>:O:L=-l~ _nLn_ 

TRUTH TABLE 

WR EN1 EN2 

X X X 

1 X X 
X 1 1 
0 1 0 
0 0 1 
0 1 1 

0 0 0 

·X· = Don't Care 

LDAC RESET 

X 0 

X 1 
1 1 
1 1 
1 1 
0 1 

0 1 

OPERATION 

Reset both D/A Latches. Does 
not reset input latches. 
No Operation 
No Operation 
Load Data into First Rank for D/A 2 
Load Data into First Rank for D/A 1 
Load Second Rank from First 
Rank, both D/As 
All Latches Transparent 

RESET COMMAND (Bipolar Mode) 

ENx, LilAC, WR = Don't Care 

:: L_J ___ -
VOUT 

-10V 

±1/2LSB 

PIN DESCRIPTIONS 

PfN NAME FUNCTION 

1 DB11 DATA, MSB, positive true. 
2 DB10 DATA 
3 DB9 DATA 
4 DBS DATA 
5 DB7 DATA 
S DBS DATA 
7 DBS DATA 
8 DB4 DATA 
9 DB3 DATA 
10 DB2 DATA 
11 OBI DATA 
12 DBO DATA, LSB. 
13 RESET Resets output of all D/As to bipolar-zero. The D/A remains in this state until overwritten an LDAC-WA command_ RESET does not 

reset the input latch. After power-up and reset, input latches will be in an indeterminant state. 
14 WR Write strobe. Must be low for data transfer to any latch (except RESET). 
15 EN2 Enable for 12-bit input data latch of D/A 2. NOTE: This logic path is slower than the WRI path. 
16 ENI Enable for 12-bit input data latch of D/A 1. NOTE: This logic path is slowerthan the WR\ path. 
17 LDAC Load DAC enable. Must be low with WR for data transfer to the D/A latch and simultaneous update of both D/A converters. 
18 DCOM Digital common, logic currents return. 
19 -Vee Analog supply input, nominally -12V or -ISV referred to ACOM. 
20 +Vee Analog supply input, nominally + 12V or + ISV referred to ACOM. 
21 VREFOUT +10V reference output. 
22 ACOM Analog common, +Vcc, -Vee supply retum. 
23 BP02 Bipolar offset. Connect to pin 21 (VREFOUT) through a loon resistor or through a 200 potentiometer for Bipolar Offset Adjust for D/A 2. 
24 BPOI Bipolar offset. Connectto pin 21 (VREF OUT) through a 1000 resistor or through a 200 potentiometer for Bipolar Offset Adjust or D/A 1. 
25 VREFIN 2 Connect to V REF OUT through soon fixed resistor or through a 1 kG gain adjustment potentiometer for D/A 2. 
26 VREFIN 1 Connect to VREFOUT through soon fixed resistor or through a lkG gain adjustment potentiometer for D/A 1. 
27 VOl1T2 D/A 2 analog output. 
28 VOUT1 D/A 1 analog output. 

BURR-BROWN® 
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For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES 
T. = +25'C. Vee = ±15V unless otherwise noted. 

POWER SUPPLY REJECTION vs 
POWER SUPPLY RIPPLE FREQUENCY DIGITAL INPUT CURRENTvs INPUT VOLTAGE 

I 1k ~!I~!II!II'I ~ ~ 

i 100 ~.fI •• R •• 1 ~~ .- ~ 

g.~ -.-

'" _ 10 
.0: 0 
Q,E 
Ef 8: -Vee 
m
IL 
.5 

f 
Q, 0.1 

10 100 1k 10k 100k 1M 

12.0 

9.6 
_ 7.2 

~ 4.8 
E 
~ 2.4 

" () 

~ -2.4 
.5 -4.8 

-7.2 

-9.6 

-12.0 

I 
I 

--L 
WR 

ENx ..L. 
if/' RESi·LDAC 

I J 
// DBOjDB" 

I 
I 

-2 o 2 4 

Frequency (Hz) Input Voltage (V) 
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-1 
~o 

15 

10 

I 
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-10 

-15 
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CHANGE OF GAIN AND OFFSET ERROR 
vs TEMPERATURE INTEGRAL LINEARITY ERROR 

-20 20 60 100 
Temperature ('C) 

± FULL SCALE OUTPUT SWING 

.J VOUT 

5 10 15 20 

nme(~s) 

140 

WR 

\ 
y 

25 

0.8 0.5 
;r 

;e~ 
~> 

0.4 ~~ 
0.2 ./'" 

0 
~~ 
8.6 --- V .......... 
'20 
::> •• .,a: 
~ff 

-{l.4 ffi~ 
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-{l.B 

+5 
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o I~ 5 

0 
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200 

150 

100 

50 

0 

-{l.S 
000 

Data-
7FFH 

-2 o 

\ 
\ 
\. 

2 

..------ V 

400 BOO' COO 

Input Code (Hexidecimal) 

, MAJOR CARRY GLITCH 

A 
1\ 
\. 

Data = BOOH -'---- Data-7FFH 

FFF 

+10 

o 

4 6 

nme(~s) 

8 10 12 14 
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TYPICAL PERFORMANCE CURVES (CONT) 
T" = +25°C, Vee = ±15V unless otherwise noted. 

SETTLING TIME, +10V TO-10V 

20 1-_VOIJr_ I 1 LSB = 4.BBmV 

-

:> 10 --- -~ ----I~-§. 

5~ ---- -- -Vour--
o~ 

>' 
" c: 

~ r---- ----

..: -10 
<I 1--11 

I--

-20 

-2 o 2 4 

Time (~s) 

DISCUSSION OF 
SPECIFICATIONS 
LINEARITY ERROR 

-----
WR 

I 
+5 

~ 

0 
I~ 

B 10 12 

Linearity error is defined as the deviation of the analog 
output from a straight line drawn between the end points 
(digital inputs all "Is" and all "Os"). DAC2813 linearity 
error is ±1/2LSB max at +25°C. 

DIFFERENTIAL LINEARITY ERROR 
Differential Linearity Error (DLE) is the deviation from a 
ILSB output change from one adjacent state to the next. A 
DLE specification of I/2LSB means that the output step size 
can range from I/2LSB to 3/2LSB when the digital input 
code changes from one code word to the adjacent code word 
If the DLE is more positive than -ILSB, the D/A is said to 
be monotonic. 

MONOTONICITY 

A D/ A converter is monotonic if the output either increases 
or remains the same for increasing digital input values. 
DAC2813 is monotonic over their specification temperature 
range -40°C to +85"C. 

DRIFT 

Gain Drift is a measure of the change in the Full Scale 
Range (FSR) output over the specification temperature range. 
Gain Drift is expressed in parts per million per degree 
Celsius (ppm/"C). 

Bipolar Zero Drift is measured with a data input of 800Hilx• 

The D/ A is configured for bipolar output. Bipolar Zero Drift 
is expressed in parts per million of Full Scale Range per 
degree Celsius (ppm of FSR/"C). 

BURR-BROWNIJII 
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SETTLING TIME, -10VTO +10V 
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-2 4 B 10 12 14 
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SETTLING TIME 

Settling Time is the total time (including slew time) for the 
output to settle to within an error band around its final value 
after a change in input. Settling times are specified to 
±0.01 % of Full Scale Range (FSR) for two conditions: one 
for a FSR output change of 20V (25kQ feedback) and one 
for a ILSB change. The ILSB change is measured at the 
Major Carry (7FF HEX to 800HEX, and 800HEX to 7FF HEX)' the 
input code transition at which worst-case settling time oc
curs. 

OPERATION 
INTERFACE LOGIC 

The bus interface logic of the DAC2813 consists of two 
independently addressable latches in two ranks for each 
D/A converter. The first rank consists of one 12-bit input 
latch which can be loaded directly from a 12- or 16-bit 
microprocessor/microcontroller bus. The input latch holds 
data temporarily before it is loaded into the second latch, the 
D/A latch. This double buffered organization permits simul
taneous update of all D/As. 

All latches are level-triggered. Data present when the con
trol signals are logic "0" will enter the latch. When the 
control signals return to logic "I", the data is latched. 

CAUTION: DAC2813 was designed to use WR as the fast 
strobe. WR/ has a much faster logic path than ENx (or 
LDAC). Therefore, if one permanently wires WR to DCOM 
and uses only ENx to strobe data into the latches, the DATA 
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For Immediate Assistance, Contact Your Local Salesperson 
HOLD time will be long, approximately 20ns to 30ns and 
this time will vary considerably in this range from unit to 
unit. DATA HOLD time using WR is 5ns max. 

RESET FUNCTION 

The Reset function resets only the D/A latch. Therefore, 
after a RESET, good data must be written to all the input 
latches before an LDAC - WR command is issued. Other
wise, old data or unknown data is present in the input latches 
and will be transferred to the D/A latch producing an analog 
output value that may be unwanted. 

LOGIC INPUT COMPATIBILITY 

DAC2813 digital inputs are TTL compatible (lAV switch
ing level) over the operating range of +VCC. Each input has 
low leakage and high input impedance. Thus the inputs are 
suitable for being driven by any type of 5V logic. An 
equivalent circuit of a digital input is shown in Figure 1. 

Open DATA input lines will float to 7V or more. Although 
this will not harm the DAC28 13, current spikes will occur in 
the input lines when a logic 0 is asserted and, in addition, the 
speed of the interface will be slower. A digital output driving 
a DATA input line of the DAC2813 must not drive, or let 
the DATA input float, above +5.5V. Unused DATA inputs 
should be connected to DCOM. . 

Unused CONTROL inputs should be connected to a voltage 
greater than +2V but not greater than +5.5V. If this voltage 
is not available, the control inputs can be connected to + Vee 
through a 100kn resistor to limit the input current. 

Digital o-*-'l/V'Ir-....... --<I~---, 
Input 

DCOM o---+--<l~----' 

DAC2813 
DIGITAL INPUT RQ 

Data. LDAC. WR. RESET 500 
EN, 330 

FIGURE 1. Equivalent Digital Input Circuit. 

INPUT CODING 

DAC2813 accepts positive-true binary input codes. Input 
coding for bipolar analog outputs is Bipolar Offset Binary 
(BOB), where an input code of OOOHEX gives a minus full
scale output, an input of FFF HEX gives an output lLSB below 
positive full scale, and zero occurs for an input code of 
800HEX• 

DAC2813 can be used with two's complement coding if a 
logic inverter is used ahead of the MSB input (DBll). 

DAC2813 can be connected for 0 to +IOV unipolar opera
tion by using the BPO resistors, plus a lOOn series resistor, 
in parallel with the internal feedback resistor. In this case, an 
input code of OOOHEX gives zero volt output, an input of 
FFF HEX gives an output lLSB below positive full scale. 

INTERNALlEXTERNAL REFERENCE USE 

DAC2813 contains a +iov ±50mV voltage reference, VREF 

OUT' V REF OUT is available to drive external loads sourcing up 
to 2mA. The load current should be constant, otherwise the 
gain (and bipolar offset, if connected) of the D/A converters 
will vary. 

For DAC2813 VREFOUT must be connected to VREFIN I and 
V REF IN 2 through gain adjust resistors with a nominal value 
of 500n. Trim potentiometers with a nominal value of 
1000n can be used to provide adjustment to zero gain error. 

It is possible to use references other than + IOV. The recom
mended range of reference voltage is from +8V to +llV, 
which allows both 8.192V and 1O.24V ranges to be used. 
However, DAC2813 is optimized for fixed-reference appli
cations. If the reference voltage is expected to time-vary 
over a wide range, a CMOS multiplying D/A is a better 
choice. 

+ Full Scale --. T 
tLSB 

+ 
,'" Range of 

,'" ,..' Gain Adjust 

(' " '-t-. ±t% ),',' 
,')t/ 

All Bits Full Scale , ',';( 
LogiC 0 Range,' /',' Gain Adjust 

! \-+~ I r ' ~~:/ R=e,Line 

f BipOlar,'; ~ , 
~ Offset .f.~~' MSB on All All Bits 

" ~,.. Others Off Logic 1 
~~ 

RangeOf/1 
Offset Adjust 1_ Full Scale 

Offset AdJ.l.-
Translates T -'---'---"'.. 

the Line Digital Input 

"" ±O.4% 

FIGURE 2. Relationship of Offset and Gain Adjustments 
for a Bipolar D/A Converter. 

ANALOG OUTPUT 

UNIPOLAR BIPOLAR 
DIGITAL INPUT OTO +10V ±lOV 

FFFH'EX +9.9976V +9.9951V 
800HEX +5.0000V O.OOOOV 

7FF"EX t4.9976V . -o.0049V 

OOO"EX O.OOOOV -to.OOOOV 
tLSB 2.44mV 4.88mV 

TABLE III. Analog Output Calibration Values. 
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GAIN AND OFFSET ADJUSTMENTS 

Figure 2 illustrates the relationship of offset and gain adjust
ments to a bipolar connected D/A converter. Offset should 
be adjusted first to avoid interaction of adjustments. 

Offset Adjustment 

For bipolar analog output operation, apply digital input code 
OOOHEX to produce the maximum negative output and adjust 
the offset potentiometer for -I O.OOOV. See Table III for 
calibration values and codes. 

Gain Adjustment 

For either unipolar or bipolar operation, apply digital input 
code FFFHEX gives the maximum positive voltage output. 
Adjust the gain potentiometer for this positive full scale 
voltage. See Table III for calibration values. 

INSTALLATION 
POWER SUPPLY CONNECTIONS 

Power supply decoupling capacitors should be added as 
shown in Figure 4. Best settling time performance occurs 
using a 1 to 1O/lF tantalum capacitor at -V cc' Applications 
with less critical settling time may be able to use O.OI/lF at 
-Vcc as well as at +Vcc' The capacitors should be located 
close to the package. 

DAC2813 features separate digital and analog power supply 
returns to permit optimum connections for low noise and 
high speed performance. It is recommended that both 
DIGITAL COMMON (DCOM) and ANALOG COMMON 

DAC2813 

1 DBll VOUT1 

VOUT2 

VREFIN1 

VREFIN2 
+ 

DBl BPOl 

BP02 

ACOM 

VREFOUT 
-=-

+Vcc +Vs 

DB2 -Vee -Vs 

OBI DCOM 

DBO LDAC 

RESET ENI 
(1) 1 O~F tantalum for 

optimum settling 

14 WR EN2 15 performance. 

BtPOLAR 
±10V 

(ACOM) be connected directly to a ground plane under the 
package. If a ground place is not used, connect the ACOM 
and DCOM pins together close to the package. Since the 
reference point for V OUT and V RSFOUT is the ACOM pin, it is 
also important to connect the load directly to the ACOM pin. 
The change in current in the ACOM pin due to an input date 
word change from OOOHEX to FFFHEX is only ImA for each 
D/A converter. 

OUTPUT VOLTAGE SWING 
AND RANGE CONNECTIONS 

DAC2813 output amplifiers provide a ±IOV output swing 
while operating on supplies as low as ±12V ±5%. 

DAC2813 is internally connected to provide ±lOV output 
when the bipolar offset pins BPOI and/or BP02 are con
nected, through loon resistors, to V REF OUT' For a unipolar 0 
to + lOV output, the BPO resisitor, in series with a lOOn 
external resistor, may be paralleled with the internal feed
back resistor to provide the correct scaling. The internal 
feedback resistors (25kQ) and the bipolar offset resistor 
(24.9kQ) are trimmed to an absolute tolerance of ±2%. 

12- AND 16-BIT BUS INTERFACES 

DAC2813 data is latched into the input latches of each D/ A 
by asserting low each ENx individually and transferring the 
data from the bus to each input latch by asserting WR low. 
All D/A outputs in each package are then updated simulta
neously by asserting LDAC and WR low. Be sure and read 
the CAUTION statement in the LOGIC INPUT COMPAT
IBILITY section. 

DAC2813 

DBll VOUT1 

DB10 VOUT2 

DB9 VREFIN1 

DBB VREFIN2 
+ + 

BPOI 
VOUT1 

BP02 

DB5 ACOM 

DB4 VAEFOUT 
-=-

DB3 +Vcc +Vs 

DB2 -Vee -Vs 

DBI DCOM 

DBO LDAC 

RESET ENl 
(1) 1 O~F tantalum for 

optimum settling 

14 WR EN2 15 periormance. 

UNtPOLAR 
o to +10V 

FIGURE 3. DAC2813 Power Supply, Output Range, Gain and Offset Adjust Connections. Unipolar output connected 
DAC2813s have Gain Adjust only. 
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-IOAC1 

-IOAC2 

24.9kn 

2Skn 

For Immediate Assistance, Contact Your Local Salesperson 
lkn pot or 

soon fixed 

200n pot or 
loon foxed 

1-'='-1-----0 ±10V 

lkn pot or 
soon fixed 

200n pot or 
loon fixed 

I-V'-'O"'U"'T2'--____ -o ±10V 

ACOM 

-IOAC1 

lkn pot or 
soon fixed 

1-"=-t------*--o~I~V 

lkn pot or 
soon fixed 

I-'~~ ____ -*_-o0to 
+10V 

FIGURE 4. DAC2813 Output Amplifier Range Connnections. 

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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DAC2814 BURR-BROWN® 

IElElI 

DUAL 12-BIT DIGITAL-TO-ANALOG 
CONVERTER (Serial Interface) 

FEATURES 
• COMPLETE DUAL DAC -

INCLUDES INTERNAL REFERENCES AND 
OUTPUT AMPLIFIERS 

• GUARANTEED SPECIFICATIONS OVER 
TEMPERATURE 

• GUARANTEED MONOTONIC OVER 
TEMPERATURE 

DESCRIPTION 
The DAC2814 is one in a family of dual and quad 12-
bit digital-to-analog converters. Serial, 8-bit, l2-bit 
interfaces are available. 

The DAC2814 is complete. It contains CMOS logic, 
switches, a high-perfonnance buried-zener reference, 
and low-noise bipolar output amplifiers. No external 
components are required for either unipolar 0 to lOY, 
o to -1OV, or bipolar ±1OV output ranges. 

The DAC2814 has a high-speed serial interface 
capable of being clocked at 1OMHz. Serial data are 
clocked DAC B MSB first into a 24-bit shift register, 
then strobed into each DAC separately or simulta
neously as required. The DAC has an asynchronous 
clear control for reset to unipolar or bipolar zero 
depending on the mode selected. This feature is useful 
for power-on reset or system calibration. The DAC2814 
is packaged in a 24-pin plastic DIP rated for the -40°C 
to +85°C extended industrial temperature range. 

High-stability laser-trimmed thin film resistors assure 
high reliability and true l2-bit integral and differential 
linearity over the full specified temperature range. 

• HIGH·SPEED SERIAL INTERFACE 
(10MHz CLOCK) 

• LOW POWER: 300mW (150mW/DAC) 

• LOW GAIN DRIFT: 5ppm/°C 
• LOW NONLINEARITY: ±1/2 LSB max 

• UNIPOLAR OR BIPOLAR OUTPUT 

• CLEAR/RESET TO UNIPOLAR OR 
BIPOLAR ZERO 

Serial 
Data 5 
Out 

Intem.llonal Airport Industrial Part< • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel:(52O)741;.1111 • Twx: 91tl-952-1111 • Cable:BBRCORP • Telex:06H491 • FAX: (520)889-1510 • Immedlete Produc1 Inlo: (800) 548-6132 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS, Guaranteed over TA = -40°C to +85°C unless otherwise specified. 

ELECTRICAL 
Specifications as shown tor Vs = ±12V or ±15V. VL = +5V, and RL = 2kO unless otherwise noted. 

DAC2814AP DAC2814BP 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX 

DIGITAL INPUTS 
Resolution 12 · 
V'H (Input High Voltage) +2 +5 · · 
V'L (Input Low Voltage) 0 +0.8 · · 
I'N ( Input Current) T, =.25°C ±1 · 

T, = -40°C to +85°C ±10 
C'N (Input Capacitance) 0.8 · 
DIGITAL OUTPUT 
Data Out VOL IS'NK = 1.6mA 0 +0.4 · . 

VOH ISOURCE = 500~A +2.4 +5 

ACCURACY 
Integral, Relative Linearity(l) ±1 ±112 
Differential Nonlinearity(') T, = 25°C ±1 · 

T. = -40°C to +85°C +1.5/-1 ±1 
Unipolar Offset Error T. = +25°C· ±1 ±C.5 

T. = -40°C TO +85°C ±a · 
Bipolar Zero Error ±20 ±10 
Gain Error Unipolar, Bipolar Wnh Internal or External 10.0V Ret ±C.2 ±C.15 
Power Supply Sensnivity(3) Vs =±11.4Vto ±18V 30 · 

V L = +4.5V to +5.5V 

TEMPERATURE DRIFT 
Gain Drift Unipolar, Bipolar ±5 ±ao ±20 
Unipolar Offset Drift ±0.1 ±5 
Bipolar Zero Drift ±5 ±15 ±8 

REFERENCE OUTPUT 
Output Voltage +9.980 +10 +10.020 +9.985 +10.015 
Reterence Drift ±2 ±ao ±20 
Output Current T, = 25°C +10/-5 · 

T A = -1.0°C to +85°C +6.5/-5 · 
Max Load Capacitance (For Stability) 500 
Short Circuit Current ±20 · 
Load Regulation 40 
(lI. Your vs lI. ILOAD) 

Supply Regulation ±5 · 
(lI. Your vs lI. Vs) 

INVERTER 
-10V Reterence('), Inverter Output -10.020 -10 ..9.980 -10.Q15 -9.985 
-10V Reterence Drift ±ao ±20 
DC Output Impedance 0.1 · 
Output Current ±7 · 
Max Load Capacitance (For Stability) 200 · 
Short Circuit Current ±30 · 

REFERENCE INPUT 
Reference Input Resistance 3.5 5 
Inverter Input Resistance 7 10 · 
BPO Input Resistance 14 20 · 
Reference Input Range. ±10 

ANALOG SIGNAL OUTPUTS 
Voltage Range -Vs+l.4 +Vs-l.4 · 
DC Output Impedance 0.1 
Output Current ±5 · 
Max Load Capacitance (For Stability) VOUT 500 · 
Short Circuit Current ±ao · 
DYNAMIC PERFORMANCE(S) CL = 100pF 
Unipolar Mode Settling Time To 1/2 LSB of Full Scale 2.5 10 · 
Bipolar Mode SeWing Time To 112 LSB of Full Scale 3.5 10 · 
Slew Rate 10 
Small-Signal Bandwidth 3 · 
ANALOG GROUND CURRENT 
(Code Dependent) ±2 

DIGITAL CROSSTALK Full Scale Transition 3 · 
CL= 100pF 

D/A GLITCH IMPULSE 30 · 

UNITS 

Bits 
V 
V 
~A 
~A 
pF 

V 
V 

LSB 
LSB 
LSB 
mV 
mV 
mV 
% 

ppmFSR/V 

ppml"C 
ppmFSRI"C 
ppmFSRI"C 

V 
ppml"C 

mA 
mA 
pF 
mA 

ppm/mA 

ppm/V 

'-. , 
V 

ppmPC 
0 

mA 
pF 
rnA 

kO 
kO 
kO 
V 

V 
0 

mA 
pF 
rnA 

~s 

~s 

VII'S 
MHz 

mA 

nV-s 

nV-s 
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SPECIFICATIONS (CONT), Guaranteed over TA = -40°C to +B5°C unless otherwise specified. 

ELECTRICAL 
Specifications as shown for Vs = ±12V or ±15V, VL = +5V, and RL = 2kU unless otherwise noted. 

PARAMETER CONDITIONS UNITS 

POWER SUPPLY 
+Vs and-Vs ±11.4 ±15 ±18 V 
WL 4.5 5 5.5 V 
+Is +10 +13.5 rnA 
-Is -10 -13.5 rnA 
+IL Digital Inputs = OV or +VL 0.2 1 rnA 
+IL Digital Inputs = V1L or V1H 5 rnA 
Talal Power, All DACs 300 410 mW 

TEMPERATURE RANGE 
Specified -40 +85 
Operating -40 +85 
Thermal Resistance 75 

NOTES: (1) End point linearity. (2) Guaranteed monotonic. (3) Change in bipolar full scale output. Includes voltage output DAC, voltage reference, and 
inverter. (4) Inverter aulput with inverter input connected to +VAEF• (5) Guaranteed but not tested. 

ABSOLUTE MAXIMUM RATINGS 

+VL to AGND ................................................................................. OV, +7V 
+VL to DGND ................................................................................ OV, +7V 
+Vs to AGND .............................................................................. OV, +18V 
-Vs to AGND ............................................................................... OV,-18V 
AGND to DGND ................................................................................ iO.3V 
Any digital input 10 DGND .............................................. -O.3V, +VL +0.3V 
Ref In to AGND .................................................................................. ±25V 
Ref In to DGND .................................................................................. ±25V 
Storage Temperature Range .......................................... -55"C to +125"C 
Operating Temperature Range ......................................... -40"C to +85"C 
Lead Temperature (soldering, lOs) ................................................ +300"C 
Junction Temperature .................................................................... + 155"C 
Output Short Circuit ................................... Continuous to common or iVs 
Reference Short Circuit .............................. Continuous to common or +Vs 

PACKAGE INFORMATION 
PACKAGE DRAWING 

MODEL PACKAGE NUMBER(1) 

DAC2814AP 24-Pin Plastic DIP 167 
DAC2814BP 24-Pin Plastic DIP 167 

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

A ELECTROSTATIC 
B».. 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 
methods. 

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 01 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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For Immediate Assistancel Contact Your Local Salesperson 
PIN DESIGNATIONS 

PIN DESCRIPTOR FUNCTION 

1 DGND Digital common 
2 LATCH B Latch dala updale. logic input. DAC B 
3 ClR Asychronous Input reset 10 iero " 
4 MODE Selection input for unipolar or bipolar reset to zero 
5 Data Out Se"nal data output 
6 +VL Positive logiC power supply. +5V input 
7 -Vs Negative analog power supply. -15V input 
6 AGND Analog common 
9 NC No internal connection 
10 +Vs Positive analog power supply. + 15V input 
11 VREF In ± Reference voltage input 
12 Inv Out Inverter (A3) output 

PIN CONFIGURATIONS 

Top View 

DGND 24 Cs 

LATCHB 

ClR 

MODE 

Data Out 

DAC2814 

AGND 

NC 

VREF In 

InvOut 12 13 NC 

NC =" No Internal ConneCtion 

TYPICAL PERFORMANCE CURVES 
TA =+25'C. Vs =±12Vor±15V. VL = +5V unless oiherwise noted. 

60 

iII 50 
:E. 
~ 40 

~ 30 

20 

10 

o 

PSRR vs FREQUENCY (Bipolar Mode) 

1--I-I-+++ttHf--+--+-+NklmtVOUT = OV 
/ 

L..-...-+-++++ttH--tV = + 10VI-~---4t-...~~1tItI 
,- rlllill 
lk 10k lOOk 1M 

Frequency (Hz) 

PIN 

24 
23 
22 
21 
20 
19 
16 
17 
16 
15 
14 
13 

250 

_ 200 

~ 
a 150 

j 
CD 100 

f 
50 

o 
100 

DESCRIPTOR FUNCTION 

CS Chip select enable. DAC A and DAC B" 
Data In Serial data input 
LATCH A Latch data update. logic input. DAC A 
ClK Clock input 
NC No internal connection 
BPOA Bipolar offset input. DAC A 
BPOB Bipolar offset input. DAe B 
VOUTB Analog output voltage. DAC B 
+VREF Out Reference voltage. +1 OV output 
Inv In Inverter (A3) input 
VourA Analog output voltage. DAC A 
NC No internal connection 

NOISE vs BANDWIDTH (Bipolar Mode) 

lk 

VOUT =+10V/ / 
FFFHEX 

V 
I-

10k 

Frequency (Hz) 

./ 

Vour= OV 
600HEX 

lOOk tM 
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TYPICAL PERFORMANCE CURVES (CONT) 
TA ~ +25°C, Vs ~ ±12V or ±15V, v, = +5V unless otherwise noted. 

CHANGE OF GAIN, BIPOLAR OFFSET AND ZERO ERROR 
YS TEMPERATURE 

>" +1.5 ,..---r--,--.,---,---r---r.,..---, 
§. 

~ +1.0 k:--+--""""-l-

~ +0.5 

]l 
10 

B 
Iii -0.5 

B. 
~ -1.0 I---+---j---f---j---P-...::c-l"..f----l 

-1.5 L-_~_....J.._--J __ .l-_..J..._-I...J...--I 

-40 -20 o 20 40 60 80 

Temperature (OC) 

OUTPUT VOLTAGE SWING YS RESISTOR LOAD 
25 

20 

-o 
10 

1111 
Vs =±15V 

V,=5V 

V 
V 

I-

100 lk 

Load Resistance (a) 

FULL-SCALE OUTPUT SWING 
BIPOLAR (20V Step) 

Time (2~s/diYl 

BURR - BROWNGII 

I 
10V REF 

+0.015 

+0.01 

~ 
+0.005 t; 

Ji 
0 " 'iii 

(!) 

'" -0.005 

-0.01 

-0.015 

10k 

POWER SUPPLY CURRENT vs TEMPERATURE 
11.8 

+1, (All Lo9iClinputs =12J) 
" " --11.6 ,., 

1i: 11.4 
" UJ 

8' 11.2 
'[g 
..: 11 

~ 

- /' -- '" ~ 
I"'" -;;; 10.8 

:fj 
+1, (All Logic Inputs = OV or V,) ~ 10.6 

~ 
10.4 

-40 -20 20 40 60 80 

OV 

+5V 

OV 

Temperature (OC) 

CROSSTALK (Bipolar Mode) 

Time (500ns/diy) 

NOTE: Crosstalk is dominated by digital crosstalk! 
feedthrough of the LATCH signal. 

FULL-SCALE OUTPUT SWING 
UNIPOLAR (10V Step) 

Time (2~s/diY) 

IE!lE!lI Burr-Brown Ie Data Book-Mixed Signal Products 

1.4 

1.2 

~ 
1 a. g. 

UJ 
0.8.2 

C) 
0 

...J 

0.6<-
§. 

0.4 ..:J 
+ 

0.2 

0 
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For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES (CONT) 
TA ~ +25'C, Vs ~ ±12V or ±15V, VL = +5V unless otherwise noted. 

~ 
:> 
E 
~ 
> 
0 

'+ 
11 
" e « 
> .. 

~ 

~ 
E 

> 
0 

11 
" e « 
> .. 

~ 
." 
:> 
E 
0 
~ 

J 

+10V 

+5V 

OV 

OV 

+5V 

OV 

OV 

+5V 

OV 

SETTLING TIME 
BIPOLAR (-10Vto +10V) 

Time (1 ~sldiv) 

SETTLING TIME 
UNIPOLAR (+ 10V to OV STEP) 

Time (1 ~sldiv) 

MAJOR CARRY GLITCH 

Time (1 ~sldiv) 

NOTE: Data transition 800HEX to 7FF HEX' 

~ 
:!1 > 
E 
~ -10V 
> 
0 ,. 
." 

" " e « +5V 
:;; 

OV 

~ 
~ 
E 

+tOV 
> 
0 

'+ 
." 

" " e 
+5V « 

> .. OV 

SETTLING TIME 
BIPOLAR (+10V to -10V Step) 

Time (2~sldiv) 

SETTLING TIME 
UNIPOLAR (OV to + 10V Step) 

Time (1 ~sldiv) 

DIGITAL FEEDTHROUGH 

Time (500nsldiv) 

DAC aUlput noise due to activity on digital Inputs 
with latch disabled. 

Vo<rr 

LATCH 

VO<IT 

LATCH 
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TIMING CHARACTERISTICS 
VL = +5V, TA = -40'C to +85'C. 

PARAMETER MINIMUM 

t,-Data Setup Time 15ns 
t"Data Hold time_ 15ns 
t,-chip Select to ClK, 15ns 

latch, Data S~ Time 
t,-Chip Select to ClK, 40ns 

Latch, Data Hold Time 
t,-clK Pulse Width 40ns 
t.--elear Pulse Width 40ns 

ClK ::=!±++::=::=:::r"-'8=j-",,-r-.-,,-_-r=-. -. ~5~VV~ 
LATCH A ---------------L..,(-
lATCH B -tt:: 5V 

ClR 
t,-Latch Pulse Width 40ns 
t.--elK Edge to LATCH A 

or LATCH B 
15ns NOTES: (1) All input signal rise and fall times are measured Iram 10% to 90% of +5V· tR =tF = 5ns. 

(2) Timing measurement reference level ;s V'H + Vlt . 
--2-

INTERFACE LOGIC TRUTH TABLE 

x .1. X X Data Clacked In 
X X X X No Data Transfer 
X X 0 0 1 DAC A Register Updated 
X X 0 1 o DAC B Register Updated 
X X 0 0 o DAC A and DAC B Updated Together 
0 X X X X All Registers Cleared 
1 X X X X Shift Registers Cleared = OOOHEX, DAC Registers = 800HEX 

NOTE: X = Don't care .1. = Falling edge triggered. 

FUNCTIONAL BLOCK DIAGRAM, DAC2814 - Dual, 12-bit DAC, Serial Port 

Data In VREF In 

11 

LATCH A 22 

12-Bil 12-Bit 
Shift Latch Bits 0-11 

LATCH B 2 Register Register 

ClK 21 Bit 11 

Control 
Logic 12-8it 

CS 24 Shift 
12-8it 

8itsO-11 Latch 
Register 

Register 

ClR 3 

MODE 4 

Data Out AGND +VL +Vs -Vs DGND +VREF Out Inv In 
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For Immediate Assistance, Contact Your Loc~1 Salesperson 
DISCUSSION OF 
SPECIFICATIONS 
INPUT CODES 

All digital inputs of the DAC2814 are 1TL and 5V CMOS 
compatible. Input codes for the DAC2814 are either USB 
(Unipolar Straight Binary) or BOB (Bipolar Offset Binary) 
depending on the mode of operation. See Figure 3 for ±IOV 
bipolar connection. See Figures 4 and 5 for 0 to lOY and 0 
to -lOY unipolar connections. 

UNIPOLAR AND BIPOLAR 
OUTPUTS FOR SELECTED INPUT 

DIGITAL INPUT UNIPOLAR (USB) 

FFFHEX +Full scale 
8°OtiEX + 112 Full scale 
7FFHEX +112 Full scale -1 LSB 
OOOtiE" Zero 

BIPOLAR (BOB) 

+Full scale 
Zero 
Zero-1 LSB 
:"'Full scale 

INTEGRAL OR RELATIVE LINEARITY 

This term, also know as end point line!lrity, describes the 
transfer function of analog output to digital input. code. 
Integral linearity error is the deviation of the analog output 
versus code transfer function from a straight line drawn 
through the end points. 

DIFFERENTIAL NONLINEARITY 

Differential nonlinearity is the deviation from an ideal 1 
LSB change in the output voltage when the input code 
changes by 1 LSB. A differential nonlinearity specification 
of ±l LSB maximum guarantees monotonicity. 

UNIPOLAR OFFSET ERROR 

The output voltage for code OOOHEX when the DAC is in 
unipolar mode of operation. 

BIPOLAR ZERO ERROR 

The output voltage for code 8~ when the DAC is in the 
bipolar mode of operation. 

GAIN ERROR 

The deviation of the output voltage span (V MAX - V MIN) 

from the ideal span of lOY - I LSB (unipolar mode) or 20V 
- 1 LSB (bipolar mode). The gain error is specified with and 
without the internal + lOY reference error included. 

OUTPUT SETTLING TIME 

The time required for the output voltage to settle within a 
percentage-of-full-scale error band for a full scale transition. 
Settling to±O.012% (1/2 LSB) is specified fortheDAC28l4. 

DIGITAL-TO-ANALOG ·GLlTCH 

Ideally, the DAC output would make a clean step change in 
response to an input code change. In reality glitches occur 
during the transition. See Typical Performance CurVes. 

DIGITAL CROSSTALK 

Digital crosstalk is the glitch impulse measured at the output 
of one DAC due to a full scale transition on the other 
DAC-see Typical Performance Curves. It is dominated by 
digital coupling. Also, the integrated area of the glitch pulse 
is specified in nY-so See table of electrical specifications. 

DIGITAL FEEDTHROUGH 

Digital feedthrough is the noise at a DAC output due to 
activity on the digital inputs-see TypiCal Performance 
Curves. . 

OPERATION 

DACs can be updated simultaneously or independently as 
required. Data are transferred on falling clock edges into a 
24-bit shift register. DAc B MSB is loaded first. Data are 
transferred to the DAC registers when the LATCH signals 
are brought low. The data are latched when the LATCH 
signals are.brought high. Both LATCH signals may be tied 
together to allow simultaneous update of the DACs if re
quired. The output of the DAC shift register is provided to 
allow cascading of several DACS on the same bit stream. 

By using separate signals for LATCH A and LATCH B, it 
is possible to update either one of the two PACs every 12 
clock cycles. 

When CLR is brought low, the input shift registers are 
cleared to OOOHEX' while the DAC registers = 80~. If 
LATCH is brought low after CLR. the DACs are updated 
with OOOHEX resulting in -lOY (Bipolar) or OV (Unipolar) on 
the output. 

CIRCUIT DESCRIPTION 

Each of the two DACs in the DAC2814 consists of a CMOS 
logic section, a CMOS DAC cell, and an output amplifier. 
One buried-zener + 1 O.OV reference and a reference inverter 
(for a -lO.OV reference) are shared by both DACs. 

Figure 1 is a simplified circuit for a DAC cell. An R, 2R 
ladder network is driven by a voltage reference at VREF• 

Current from the ladder is switched either toIoUT or AGND 
by 12 single-pole double-throw CMOS switches. This maine 
tains constant current in each leg of the ladder regardless of 
digital input code. This makes the resistance at V REF con
stant (it can be driven by either a voltage or current refer
ence). The reference can· be either positive or negative 
.polarity with a range of up to ±lOV. 

011 
(MSB) 

010 09 DO 
(LSB) 

FIGURE 1. Simplified Circuit Diagram of DAC Cell. 
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DAC2814 DAC2814 

NOTE: Ideally ROND = on 

FIGURE 2. Recommended Ground Connections for Multiple DAC packages. 

CMOS switches included in series with the ladder terminat
ing resistor and the feedback resistor, RpB, compensate for 
the temperature drift of the ladder switch ON resistance. 

The output op amps are connected as transimpedance ampli
fiers to convert the DAC-cell output current into an output 
voltage. They have been specially designed and compen
sated for precision and fast settling in this application. 

POWER SUPPL V CONNECTIONS 

The DAC2814 is specified for operation with power sup
plies ofVL = +5V and Vs= either±12Vor±15V. Even with 
the Vs supplies at ±11.4V the DACs can swing a full ±IOV. 
Power supply decoupling capacitors (l~ tantalum) should 
be located close to the DAC power supply connections. 

Separate digital and analog ground pins are provided to 
permit separate current returns. They should be connected 
together at one point. Proper layout of the two current 
returns will prevent digital logic switching currents from 
degrading the analog output signal. The analog ground 
current is code dependent so the impedance to the system 
reference ground must be kept to a minimum. Connect 
DACs as shown in Figure 2 or use a ground plane to keep 
ground impedance less than O.I.Q for less than O.1LSB error. 

-10V REFERENCE 

An internal inverting amplifier (Gain = -l.OVN) is pro
vided to invert the +lOV reference. Connect +VREF Out to 
Inv In for a -lOY reference at Inv Out. 

BURR-BROWNe 

OUTPUT RANGE CONNECTIONS 

±10V Output Range 

For a ±lOV bipolar outputs connect the DAC2814 as shown 
in Figure 3. Connect the MODE to logic high (+5V) for reset 
to bipolar zero. With MODE connected low (GND) reset 
will be to -Full-Scale. 

o To +10V Output Range 

For 0 to +lOV unipolar outputs connect the DAC2814 as 
shown in Figure 4. Connect the MODE to logic low (GND) 
for reset to unipolar zero. 

o To -10V Output Range 

For 0 to -lOY unipolar outputs connect the DAC2814 as 
shown in Figure 5. Connect the MODE to logic low (GND) 
for reset to unipolar zero. 

CONNECTION TO DIGITAL BUS 

Cascaded Bus Connection 

Multiple DAC2814s can be connected to the same CLK and 
DATA input lines in two ways. Since the output of the DAC 
shift register is available, any number of DAC2814s can be 
cascaded on the same input bit stream as shown in Figure 6; 
This arrangement allows all DACs in the system to be 
updated simultaneously and requires a minimum number of 
control signal inputs. However, up to 24N CLK cycles may 
be required to update any given DAC, where 
N = number of DAC2814s. 

Parallel Bus Connection 

Several DAC2814s can also have their DATA inputs con
nected in parallel as shown in Figure 7. This allows any 
DAC in the system to be updated in a maximum of 24 CLK 
cycles. 

'151151' Burr-Brown Ie Data Book-Mixed Signal Products 3.177 
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+5V 

+15V 
+ 

l~FI 

-:-

-15V 

l~F 3::. 

Serial 
Data and 

DAC2814 

10 10V 
Ref 

7 -::-

FIGURE 3. Analog Connections for ±10V DAC Output. 

+5V 
+ 

l~FI 

-:-

+15V 

l~Fi. 

-15V 

l~F 3::. 

Serial 
Data and 
Control In 

6 DAC2814 

10 10V 
Ref 

-:-

FIGURE 4. Analog Connections for 0 to + I OV DAC Output. 

16 

10k!l 

-::-

>-..... +'-'-1-0 VOUT A 

>-..... F--0 VOUT B 
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+5V 
+ 

l~FI 

+15V 
+ 

1~FI 

-=-
-15V 

1~F~ 

-=-

Serial 
Data and 
Control In 

6 

10 

DAC2814 

10V 16 
Ref 

-=-

11 

19 

>-....... t'12.4 ....... -oVOUT A 

18 

1 

-=- -=- DGND -=- AGND 

FIGURE 5. Analog Connections for 0 to -lOY DAC Output. 

Data 

LATCH 

CLK 

Multiple DAC2814s Cascaded 

23 Data In 

22 LATCH A 

2 LATCH B 

21 
CLK 

23 Data In 

22 LATCHA 

2 
LATCH B 

21 
ClK 

23 Data In 

22 LATCH A 

2 LATCH B 

'--_--=2:;1 CLK 

Cs 24 

-=-

Data Out 

Cs 24 

-=-

Data Out 
5 

Cs 24 

Data Out 5 To Other DACs 

Multiple DAC2814s Paralleled 

Data 0--_---=23'-1 Data In Cs 24 

LATCH 1 22 LATCH A 

2 LATCH B 

CLK 0-_--+--=.;21'-lClK Data Out 5 

23 Data In Cs 24 

LATCH20-~~ __ 2~2'LATCHA 

2 LATCH B 

'--.f-......;2::.:1'-lClK 

23 Data In 

LATCH30--'-l-_-=22~LATCHA 

2 LATCHB 

'--_--".21'-1ClK 

Data Out 5 

Cs 24 

Data Out 5 

FIGURE 6. Cascaded Serial Bus Connection for Multiple 
DAC packages. 

FIGURE 7. Parallel Bus Connection for Multiple DAC 
packages. 
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DAC2S15 BURR - BROWN® 

113131 

DUAL 12-BIT DIGITAL-TO-ANALOG 
CONVERTER (S ... Bit Port Interface) 

FEATURES 
• COMPLETE DUAL DAC -

INCLUDES INTERNAL REFERENCES AND 
OUTPUT AMPLIFIERS 

• GUARANTEED SPECIFICATIONS OVER 
TEMPERATURE 

• GUARANTEED MONOTONIC OVER 
TEMPERATURE 

DESCRIPTION 
The DAC2815 is one in a family of dual and quad 12-
bit digital-to-anhlog converters (DACs). Serial, 8-bit, 
12-bit interfaces are available. 

The DAC2815 is complete. It contains CMOS logic, 
switches, a high-performance buried-zener reference; 
and low-noise bipolar output amplifiers. No external 
components are reqUired for either unipolarO to lOY; 
o to -lOY, or bipolar ±IOV output ranges. 

The DAC2815 has a 2-byte (8 + 4) double-buffered 
interface. Data is first loaded (level transferred) into 
the input registers in two steps for each DAC. Then 
both.DACs are updated simultaneously. The DAC has 
an asynchronous clear control for reset to unipolar or 
bipolar zero depending on the mode selected. This 
feature is useful for power-on reset or system calibra
tion. The DAC2815 is packaged in a 28-pin plastic 
DIP rated for the -40°C to +85°C extended industrial 
temperature range. 

High-stability laser-trimmed thin film resistors assure 
high reliability and true 12-bit integral and differential 
linearity over the full specified temperature range. 

• HIGH-SPEED 8.+ 4-BIT PARALLEL 
INTERFACE 

• LOW POWER: 300mW (150mWIDAC) 

• LOW GAIN DRIFT: 5ppml°C 

• LOW NONLINEARITY: ±1/2 LSB max 

• UNIPOLAR OR BIPOLAR OUTPUT 

.CLEARIRESET TO UNIPOLAR OR 
BIPOLAR ZERO 

Inlematlonal Airport Industrial Park • Mailing Address: PO Box 11400 Tucson, AZ 85734 Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 746-1111 • Twx: 911J.952·1111 • cable: BBRCORP • Telex: 066-6491 • FAX: (520) 889-1510 • Immediate Product Info: (800) 548-6132 
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SPECIFICATIONS, Guaranteed over TA = -40°C to +85°C unless otherwise specified. 

ELECTRICAL 
Specifications as shown for Vs = ±12V or ±15V. VL = +5V. and RL = 2kQ unless otherwise noted. 

nAI'?A •• AD 

PARAMETER CONDtTtONS MIN TYP MAX MIN TYP MAX 

DIGITAL INPUTS 
Resolution 12 · 
V'H (Input High Voltage) 2 5 
VIL (Input Low Voltage) 0 0.8 
liN ( Input Current) TA = 25·C ±1 · 

T A = -40·C to +85·C ±10 
C'N (Input Capacitance) 0.8 

ACCURACY 
Integral, Relative Linearity(1} ±1 ±112 
Differential Nonlinearity(2) TA = 25·C ±1 

T A = -40·C to +85·C +1.51-1 ±1 
Unipolar Olfset Error TA = +25·C ±1 ±C.5 

T A = -40·C TO +85·C ±3 
Bipolar Zero Error ±20 ±10 
Gain Error Unipolar, Bipolar With Internal or Eldernal 10.0V ReI ±C.2 ±0.15 
Power Supply Sensitivity('} Vs = ±11.4V to ±18V, 30 

VL = -t4.5V to +5.5V 

TEMPERATURE DRIFT 
Gain Drift Unipolar, Bipolar ±5 ±SO ±20 
Unipolar Offset Drilt ±0.1 ±5 · · 
Bipolar Zero Drift ±5 ±15 · ±8 

REFERENCE OUTPUT 
Output Voltage +9.980 +10 +10.020 +9.985 · +10.015 
Relerence Drift ±2 ±SO ±20 
Output Current TA = 25·C +101-5 · 

TA = -40·C to +85·C +6.51-5 · 
Max Load Capacitance (For Stability) 500 

Short Circuit Current ±20 · 
Load Regulation 40 · 
(II VOUT vs II lLOAD) 
Supply Regulation ±5 · 
(II VOUT vs II Vs) 

INVERTER 
-10V Reference(4}, Inverter Output -10.020 -10 -9.980 -10.015 -9.985 
-10V Reference Drift ±30 ±20 
DC Output Impedance 0.1 · 
Output Current ±7 · 
Max Load CapaCitance (For Stability) 200 · 
Short Circuit Current ±30 · 

REFERENCE INPUT 
Reference Input Resistance 3.5 5 · 
Inverter Input Resistance 7 10 · 
BPO Input Resistance 14 20 · · 
Reference Input Range ±10 

ANALOG SIGNAL OUTPUTS 
Voltage Range -Vs+1.4 +Vs -1.4 · · 
DC Oulput Impedance 0.1 
Output Current ±5 · 
Max Load Capacitance (For Stability) VaUT 500 · 
Short Circuit Current ±30 

DYNAMIC PERFDRMANCE('} CL = 100pF 
Unipolar Mode Settling Time To 112 LSB of Full Scale 2.5 10 · 
Bipolar Mode Settling Time To 1/2 LSB 01 Full Scale 3.5 10 · 
Slew Rate 10 
Small-Signal Bandwidth 3 

ANALOG GROUND CURRENT 
(Code Dependent) ±2 · 
DIGITAL CROSSTALK Full Scale Transition 3 · 

CL= 100pF 

D/A GLITCH IMPULSE 30 

BURR-BROWN~ ,E3E3' Burr-Brown Ie Data Book-Mixed Signal Products 
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SPECIFICATIONS (CONT), Guaranteed over TA = -40°C to +85°C unless otherwise specified, 

ELECTRICAL 
Specifications as shown for Vs = ±12V or ±15V, VL = +5V and RL = 2kO unless otherwise noted 

DAC2815AP DAC2815BP 

PARAMETER CONDmONS MIN TYP MAX MIN TYP MAX UNITS 

POWER SUPPLY 
+Vs and -Vs ±11.4 ±15 ±18 · V 
+VL 4,5 5 5.5 · V 
+Is +10 +13.5 · mA 
-Is -10 -13.5 · mA 
+IL Digital Inputs = OV or +VL 0.2 I · mA 
+IL Digital Inputs = Vn. or V,H 5 mA 
Total Power, All DACs 300 410 · mW 

TEMPERATURE RANGE 
Specified -40 +85 · OC 
Operating -40 +85 · 'C 
Thermal Resislance, 8JA 75 · 'C/W 

NOTES: (I) End point linearity. (2) Guaranteed monotonic. (3) Change in bipolar full scale output. Includes voltage output DAC, voltage reference, and reference 
inverter. (4) Inverter output with inverter input connected to +V",. (5) Guaranteed but not tested. 

A ELECTROSTATIC 
J.& 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 
methods. 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER~) 

DAC2BI5AP 28-Pin Plastic DIP 215 
DAC2BI5BP 28-Pin Plastic DIP 215 

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

ABSOLUTE MAXIMUM RATINGS 

+VL to AGND ................................................................................. OV, +7V 
+VL to DGND ................................................................................ OV, +7V 
+VstoAGND .............................................................................. OV,+18V 
-VstoAGND ............................................................................... OV,-18V 
AGND to DGND ................................................................................ ±0.3V 
Any digital input to DGND .............................................. -o.3V, +VL +0.3V 
Ref In to AGND .................................................................................. ±25V 
Ref In to DGND .................................................................................. ±25V 
Storage Temperature Range .......................................... -55'C to + 125'C 
Operating Temperature Range ......................................... -40'C to +85'C 
Lead Temperature (soldering, lOs) ................................................ +300'C 
Junction Temperature .................................................................... +155°C 
Output Short Circuit ................................... Continuous to common or ±Vs 
Reference Short Circuit .............................. Continuous to common or +Vs 

ORDERING INFORMATION 

LINEARITY ERROR 
MODEL (LSB) 

DAC2815AP ±I 
DAC2815BP ±112 

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 specHications 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 andlor systems. 
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PIN DESIGNATIONS 

PIN DESCRIPTOR FUNCTION 

1 D. Data bit 6 input 
2 0, Data bit 7 input 
3 Ao Address 0 input 
4 A, Address 1 input 
5 ern Asychronous input reset to zero 
6 MODE Selection input for unipolar or bipolar reset to zero 
7 CS Chip select enable, DAC A and DAC B 
8 -::'!.s Negalive analog power supply, -15V input 
9 LE Latch data enable, DAC A and DAC B 
10 +VL Positive logic power supply, +5V input 
11 AGND Analog common 
12 +Vs Positive analog power supply, + 15V input 
13 VREF In ± Reference voltage input 
14 InvOul Inverter (A,) output 

PIN CONFIGURATION 

Top View DIP 

0, 28 DGND 

0, 

A. 

A, 

CLR 

MODE DAC2815 

CS 

-Vs 

eE 

+VL 

AGND 

+Vs 

VREF In 

InvOut 15 VOUT B 

TYPICAL PERFORMANCE CURVES 
T, = +25'C, Vs = ±12V or±15V, VL = +5V unless otherwise noted. 
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PSRR vs FREQUENCY (Bipolar Mode) 
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DESCRIPTOR FUNCTION 

DGND Digital common 
D. Data bit 5 input 
0, Data bit 4 input 
03 Data bit 3 input 
0, Data bit 2 input 
0, Data bit 1 input 
D. Data bit 0 input 
WR Write input, DAC A and DAC B 
BPOA Bipolar oltset input, DAC A 
BPOB Bipolar offset input, DAC B 
Invln Inverter (A3) input 
+VREF Out Reference voltage. +1 OV output 
VOUTA Analog output voltage, DAC A 
VourB Analog output voltage, DAC B 

NOISE vs BANDWIDTH (Bipolar Mode) 
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TYPICAL PERFORMANCE CURVES (CONT) 
TA = +25'C. Vs= ±12Vor±15V. vL= +5V unless otherwise noted. 

CHANGE OF GAIN. BIPOLAR OFFSET AND ZERO ERROR 
vs TEMPERATURE 
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OUTPUT VOLTAGE SWING vs RESISTOR LOAD 
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IIIII 
Vs = ±15V 
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Load Resistance (n) 

FULL-SCALE OUTPUT SWING 
BIPOLAR (20V Step) 

Time (2~s/div) 

I 
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+0.01 
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+0.005 Ii w 
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POWER SUPPLY CURRENT vs TEMPERATURE 
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. CROSSTALK (Bipolar Mode) 
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NOTE: Crosstalk is dominated by digital crosstalk! 
feedthrough of the CE signal. 
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TYPICAL PERFORMANCE CURVES (CO NT) 
TA = +25'C, Vs = ±12V or ±15V, v, = +5V unless otherwise noted. 

SETILING TIME 
BIPOLAR (-10Vto +10V) 

~ 

~ 
E 
~ 

~ 
'+ 
"0 +10V Vour § 
e +5V [E < 
:;; OV 

Time (1 ~sJdiv) 

SETILING TtME 
UNIPOLAR (+10Vto OV STEP) 

~ 
"0 
:> 
E 

~ OV 
VO"" I 

"0 c: 

" e 
+5V i:E < 

:;; 
OV 

Time (1 ~sJdiv) 

MAJOR CARRY GLITCH 

~ ov 

I 
>§ 

+5V 

OV 

Time (1 ~sJdiv) 

NOTE: Data transition 800HEX to 7FF HEX. 
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BIPOLAR (+10V to-l0V Step) 

Time (2~sJdiv) 

SETILING TIME 
UNIPOLAR (ilV to +1 OV Step) 

TIme (1 ~sJdiv) 

DIGITAL FEEDTHROUGH 

Time (500nsJdiv) 

DAC output noise due to activity on digital inputs 
with latch disabled. 
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TIMING CHARACTERISTICS 
+VL = +SV, TA = -40"C 10 +8SOC. 

1-- 1,- -12-1 SV 
A,,-A, PARAMETER MINIMUM 

11"'1, 14"1 
OV 

I,-Address Valid 10 Write Selup Time SV IOns DATA 
I.-Address Valid to Wrlle Hold Time IOns -It. ~ _t.}--~V 
t,-Data Setup Time 30ns - SV 
.. -Data Hold Time IOns 

CS 
~t7-

OV 

t.-Chip Select to [E Ons -- SV 
or Write Setup Time LE,WR '-----' OV 

t,-Chip Select to [E Ons 
CLR 

t2j-SV 
or Write Hold Time OV 

t,-Write Pulse Width 40ns NOTES: (1) All input signal rise and fall times are measured 
ts-Clear Pulse Width 40ns from 10% 10 90% of +SV. tR = tF = Sns. 

(2) Timing measurement reference level is V,H + VIL . 
--2-

INTERFACE LOGIC TRUTH TABLE 
MODE CLR LE CS WR A, Ao FUNCTION 

X 1 1 0 0 0 0 DAC A LS Input Register Loaded with 07-00 (LSB) 
X 1 1 0 0 0 1 DAC A MS Input Register Loaded w~h D3-(MSB)-DO 
X 1 1 0 0 1 0 DAC B LS Input Register Loaded with 07-00 (LSB) 
X 1 1 0 0 1 1 DAC B MS Input Register Loaded with D3-(MSB)-DO 
X 1 0 0 1 X X DAC A, DAC B Registers Updated Simultaneously from Input Registers 
X 1 0 0 0 X X DAC A, DAC B Registers are Transparent 
X 1 X 1 X X X No Data Transfer 
X 1 1 X 1 X X No Data Transfer 
0 0 X X X X X All Registers Cleared 
1 0 X X X X X Input Registers Cleared = OOOHEX' DAC Registers = 800HEX 

NOTE: X = Don't care. 

FUNCTIONAL BLOCK DIAGRAM, DAC2815 - Dual 12-bit DAC, 8-bit Port 

CLRS 

WR 21 

CS 7 

LE 

A, 4 

MODE 6 

3.186 

Data In 
,---A---.. VREF In 

13 

+VREF Out Inv In 
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DISCUSSION OF 
SPECIFICATIONS 
INPUT CODES 

All digital inputs of the DAC281S are TIL and SV CMOS 
compatible. Input codes for the DAC2815 are either USB 
(Unipolar Straight Binary) or BOB (Bipolar Offset Binary) 
depending on the mode of operation. See Figure 3 for ±IOV 
bipolar connection. See Figures 4 and 5 for 0 to lOY and 0 
to -lOY unipolar connections. 

UNIPOLAR AND BIPOLAR 
OUTPUTS FOR SELECTED INPUT 

DIGITAL INPUT UNIPOLAR (USB) 

FFFHEX +Full scale 
800HEX + 1/2 Full scale 
7FFl-tEX +1/2 Full scale -1 LSB 
OOOH'" Zero 

BIPOLAR (BOB) 

+Full scale 
Zero 
Zero-l LSB 
-Full scale 

INTEGRAL OR RELATIVE LINEARITY 

This term, also known as end point linearity, describes the 
transfer function of analog output to digital input code. 
Integral linearity error is the deviation of the analog output 
versus code transfer function from a straight line drawn 
through the end points. 

DIFFERENTIAL NONLINEARITY 

Differential nonlinearity is the deviation from an ideal 
LSB change in the output voltage when the input code 
changes by I LSB. A differential nonlinearity specification 
of ±I LSB maximum guarantees monotonicity. 

UNIPOLAR OFFSET ERROR 

The output voltage for code OOOHEX when the DAC is in the 
unipolar mode of operation. 

BIPOLAR ZERO ERROR 

The output voltage for code 800HEX when the DAC is in the 
bipolar mode of operation. 

GAIN ERROR 

The deviation of the output voltage span (V MAX - V MIN) from 
the ideal span of lOY - I LSB (unipolar mode) or 20V - 1 
LSB (bipolar mode). The gain error is specified with and 
without the internal + lOY reference error included. 

OUTPUT SETTLING TIME 

The time required for the output voltage to settle within a 
percentage-of-full-scale error band for a full scale transition. 
Settling to ±O.012% (l/2LSB) is specified for the DAC281S. 

BURR-BROWN® 

DIGITAL-TO-ANALOG GLITCH 

Ideally, the DAC output would make a clean step change in 
response to an input code change. In reality, glitches occur 
during the transition. See Typical Performance Curves. 

DIGITAL CROSSTALK 

Digital crosstalk is the glitch impulse measured at the output 
of one DAC due to a full scale transition on the other 
DAC-see Typical Performance Curves. It is dominated by 
digital coupling. Also, the integrated area of the glitch pulse 
is specified in n V -so See table of electrical specifications. 

DIGITAL FEEDTHROUGH 

Digital feedthrough is the noise at a DAC output due 
activity on the digital inputs-see Typical 
Curves. 

OPERATION 

Depending on the address selected, the 4 MSBs or the 8 
LSBs are written into the appropriate input register for each 
DAC when the WR signal is brought low. This data is 
latched in the input register when the WR goes high. Data 
are then transferred from the input registers to the DAC latch 
registers by bring LE low. The data are latched in the DAC 
latch registers when LE goes high. Both DACs are updated 
simultaneously. 

When CLR is brought low, the input registers are cleared to 
OOOHEX (-IOV), while the DAC registers = 800HEX.lf LE is 
brought low, the DACs are updated with OOOHEX resulting in 
-lOY (bipolar) or OV (unipolar) on the output. 

CIRCUIT DESCRIPTION 

Each of the two DACs in the DAC2815 consists ofa CMOS 
logic section, a CMOS DAC cell, and an output amplifier . 
One buried-zener + 1 O.OV reference and a reference inverter 
(for a -1O.OV reference) are shared by both DACs. 

Figure I is a simplified circuit for a DAC cell. An R, 2R 
ladder network is driven by a voltage reference at V REF. 

Current from the ladder is switched either to lOUT or AGND 
by 12 single-pole double-throw CMOS switches. This main
tains constant current in each leg of the ladder regardless of 

FIGURE 1. Simplified Circuit Diagram of DAC Cell. 
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DAC2815 DAC2815 

NOTE: Ideally RGND ~ on 

FIGURE 2. Recommended Ground Connections for Multiple DAC packages. 

digital input code. This makes the resistance at V REF constant 
(it can be driven by either a voltage or current reference). 
The reference can be either positive or negative polarity with 
a range of up to ±lOV. 

CMOS switches included in series with the ladder terminat
ing resistor and the feedback resistor, ~, compensate for 
the temperature drift of the ladder switch ON resistance. 

The output op amps are connected as transimpedance ampli
fiers to convert the DAC-cell output current into an output 
voltage. They have been specially designed and compen
sated for precision and fast settling in this application. 

POWER SUPPLY CONNECTIONS 

The DAC2815 is specified for operation with power sup
plies ofVL == +5V and Vs= either±12V or±15V. Even with 
the Vs supplies at ±11.4V the DACs can swing a full ±lOV. 
Power supply decoupling capacitors (l1JF tantalum) should 
be located close to the DAC power supply connections. 

Separate· digital and analog ground pins are provided to 
permit separate current returns. They shOuld be connected 
together at one point. Proper layout of the two current 
returns will prevent digital logic switching currents from 
degrading the analog output signal. The analog ground 
current is code depeOl:lent so the impedance to the system 
reference ground must be kept to a minimum. Connect 
DACs as shown in Figure 2 or use a ground plane to keep 
ground impedance less than O.IQ for less than O.lLSB error. 

-10V REFERENCE. 

An internal inverting amplifier (Gain = -1.0VN) is 
provided to invert the + I OV reference. Connect + V REF Out to 
Inv In for a -lOV reference at Inv Out. 

OUTPUT RANGE CONNECTIONS 

±10V Output Range 

For a ±10V bipolar outputs connect the DAC2815 ·as shown 
in Figure 3. Connect the MODE to logic high (+5V) for reset 
to bipolar zero. With MODE connected low (GND) reset 
will be to -Full-Scale. 

o To +1 OV Output Range 

For 0 to +lOVunipolar outputs connect the DAC2815 as 
shown in Figure 4. Connect the MODE to logic low (GND) 
for reset to unipolar zero. 

o To -10V Output Range 

For 0 to -lOV unipolar outputs connect the DAC2815 as 
shown in Figure 5. Connect the MODE to logic low (GND) 
for reset to unipolar zero. 

CONNECTION TO DIGITAL BUS 

DAC2815s can easily be connected to a IJProcessor bus. 
Decode your address lines to derive the control signals 
shown in Figure 6. Only one LATCH signal is required for 
a system where all DAC2815s are updated simultaneously. 
If you want to update DAC2815s independently, use sepa
rate LATCH signals. The LATCH and WRITE signals can 
be brought low simultaneously to update the DAC registers 
with the same processor· instruction that writes the final8-bit 
data word the DAC input registers. 

BURR-BROWN~ 
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+5V 
+ 

I~FI 

+15V 
+ 

I~FI 

-:-

-15V 

I~Fr 

8-Bit 
Port and 

Control In 

10 

12 

8 

DAC2815 17 

10kn 

10V 
Ref 

-:-

-:-

>-+-I=--t--o VaUT A 

>-4--11-"'---0 VauT B 

FIGURE 3_ Analog Connections for ±1OY DAC Output. 
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DAC2815 
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FIGURE 4_ Analog Connections for 0 to + 10Y DAC Output_ 

BURR-BROWN® 

I EI Ell Burr-Brown Ie Data Book-Mixed Signal Products 3.189 

Il) ..... 
CO 
N 
o 
<C 
C 

U) 
a:: 
w 
I
a:: 
W 
> 
Z o 
o 
CJ o 
-I 
<C z «. 
~ 
-I 

~ 
CJ 
C 



For Immediate Assistance, Contact Your Local Salesperson 

+5V· 
+ 

l~FI 

~ 

+15V 
+ 

l~FI 

~ 

-15V 

l~F~ 

a-Bit 
Port and 

Control In 

10 DAC2815 

10V 
12 Ref 

~ 

a 

~ ~ DGND 

FIGURE 5. Analog Connections for 0 to -lOY DAC Output. 

Data 

WRITE 1 

LATCH 

DAC2815 
1-2,22-27 

Data In ·CS 
21 WR 

geE 

3Ao 

4 A, 

DAC2815 
1-2,22-27 

Data In CS 
21 WR 

geE 

3Ao 

4 A, 

7 

~ 

h -

FIGURE 6. Logic Connection for Multiple DAC2815 
Packages. 
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BURR - BROWN® 

IElElI DAC4813 

QUAD 12-BIT DIGITAL-TO-ANALOG 
CONVERTER (12-bit port interface) 

FEATURES 
• COMPLETE WITH REFERENCE AND 

OUTPUT AMPLIFIERS 

• 12-BIT PORT INTERFACE 

• ANALOG OUTPUT RANGE: ±10V 

DESCRIPTION 
DAC4813 is a complete quad 12-bit digital-to-analog 
converter with bus interface logic. Each package in
cludes a precision + lOY voltage reference, double
buffered bus interface including a RESET function 
and 12-bit D/A converters with voltage-output opera
tional amplifiers. 

The double-buffered interface consists of a 12-bit 
input latch and a D/A latch for each D/A converter. A 
RESET control allows the D/A outputs to be asyn-

• MONOTONICITY GUARANTEED OVER 
TEMPERATURE 

• INTEGRAL LINEARITY 
ERROR: ±1/2LSB max 

• ±12V to ±15V SUPPLIES 

• 28-PIN PLASTIC DIP PACKAGE 

chronously reset to bipolar zero, a feature useful for 
power-up reset, system initialization and recalibration. 

DAC4813 D/A converters are committed to the ±lOV 
output range only. Gain and offset are not externally 
adjustable. 

DAC4813AP is available in one performance grade 
with a integral linearity error of l/2LSB and 12-bit 
monotonicity guaranteed over temperature. It is pack
aged in 28-pin O.6in. wide plastic DIP package and 
specified over -40°C to +85°C. 

1-------QVREFOllT 
'---"'==-...1 

VOUT2 

Vour3 

VOUT4 

International Airport Industrial Park • Mailing Address: PO Box 11400 Tucson. AZ 85734 • Str.et Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520)746-1111 • Twx:91~2-1111 • cable: BBRCORP • Telex: 066-6491 • FAX: (520) 889·1510 • Immediate Product Info: (BOO) 548-6132 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS 
ELECTRICAL 
T. = +25'C, +Vee = +12V or +15V, -Vee = -12V or-15V unless olherwise nOled. 

DAC4813 

PARAMETER CONDITIONS MIN TYP 

INPUTS 
DIGITAL INPUTS Over Temperature 

Input Code (1) Range Bipolar Offset Binary 
Logic Levels (2) 

V,H (') +2 
VIL 0 
Logic Input Curre~ ___ 
DBo-DBll, WR, LDAC, RESET,ENx 
I'H V, = +2.7V 
I'L V, = +O.4V 

TRANSFER CHARACTERISTICS 

ACCURACY 
Linearity Error ±1/4 
Differential Linearity Error ±112 
Gain Error ±0.05 
Bipolar Zero Error (5) ±O.OS 
Power Supply Sensitivity 
01 Full Scale +Vee ±5 

-Vcc ±1 

DRIFT Over Specification 
Temperature Range 

Gain ±5 
Bipolar Zero Drift ±5 
Linearity Error over Temperature ±112 
Monotonlcity Guaranteed 

DYNAMIC CHARACTERISTICS 

SETTLING TIME (6) To within ±0.012%FSR 
of Final Value 

5kn II SOOpF Load 
Full Scale Range Change 20V Range 4.5 
1 LSB Output Step (7) At Major Carry 2 
Slew Rate 10 
Crosstalk (8) 5k!1 Loads 0.2 

OUTPUT 
Output Voltage Range ±Vcc ;,±11.4V 
Output Current ±5 
Output Impedance 0.2 
Short Circuit to ACOM Duration at DC Indefinite 

REFERENCE VOLTAGE 
Vollage +9.95 +10.00 
Source Current Available 

for External Loads 2 
Impedance 0.2 
Temperature Coefficient 

, 
±5 

Short Circuit to Common DUration alDC Indefinite 

POWER SUPPLY REQUIREMENTS 
Voltage: +Vee +It.4 +15 

-Vcc -11.4 -15 
Current: No Load 

±Vcc =±15V 
+Vee 48 
-Vee 24 

Power Dissipation 1080 
Potential at DCOM with 
Respect to ACOM (9) ~ 

TEMPERATURE RANGES 
Specification -40 
Storage ~O 

Thermal Resistance, BJ.,Plastic DIP 30 

MAX UNITS 

+5.5 V 
+0.8 V 

±40 ItA 
±40 ItA 

±112 LSB 
±1 LSB 

±O.2 % 
±O.2 %FSR(4) 

±20 ppmFSRIo/,+Vcc 
±10 ppmFSRIo/~Vcc 

±30 ppml'C 
±15 ppmFSRI'C 
±3/4 LSB 

6 i1S 
i1S 
V1~s 
LSB 

±10 V 
mA 
n 

+10.05 V 

mA 
n 

±25 ppml'C 

+16.5 V 
-16.5 V 

60 mA 
28 mA 

1320 mW 

+3 V 

+85 'C 
+100 'C 

'CIW 

NOTES: (1) For Two's Complement Input Coding Invert the MSBwlth an external logic Inverter. (2) Digital Inputs are TTL and +5V CMOS compatibleoverthe specification 
temperature range. (3) Open DATA input lines will be pulled above +5.5V. See discussion under LOGIC INPUT COMPATIBILITY in the OPERATION section. (4) FSR 
means Full Scale Range. For example, for ±1 OV output, FSR = 20V. (5) Error at Input code 800HEX. (6) Maximum represents the 30 limit. Not 100% tested for this 
parameter. (7) For the worst-case code change: 7FFHEx to 800HEX and 800HEX to 7FFHEX. (8) Crosstalk is defined as the change in any output as a result of any other 
output being driven from -10V to +1 OV at rated output cumont. (9) The maximum voltage at which ACOM and DCOM may be separated without affecting accuracy 
specifications. 

BURR - BROWNe 

3.192 Burr-Brown Ie Data Book-Mixed Signal Products '1E5I1E5I, 



Or, Call Customer Service at 1·800·548·6132 (USA Only) 
ABSOLUTE MAXIMUM RATINGS 

+Yee to ACOM ............................................................................ 0 to +18Y 
-Vee to ACOM ..•..........•.............................................................. 0 to -18Y 
+Ycc to-Yee ............................................................................... 0 to +36Y 
ACOM to DCOM .................................................................................. ±4Y 
Digital Inputs to DCOM ........................................................... -IY to +Yee 
External Yoltage applied to BPO Resistor ......................................... ±18Y 
YREFOUT •.................•..........•................................ Indefinite short to ACOM 
Your ..........................................................................•. Momentary to ±18Y 
Lead Temperature, soldering lOs .................................................. +30()oC 
Max Junction Temperature .............................................................. 165°C 

NOTE: Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. Exposure to absolute maximum 
conditions for extended periods may affect device reliability. 

ORDERING INFORMATION 

TEMPERATURE 
MODEL PACKAGE RANGE 

DAC4813AP Plastic DIP -40'C to +85'C 

TIMING DIAGRAMS 

WRITE CYCLE #1 

(Load first rank from Data Bus: LDAC = 1) 
_____ ...,. ->50ns- ~ __ _ 

DBI1-DBO 

TIMING DIAGRAMS (CONT) 

RESET COMMAND (Bipolar Mode) 

ENx, LliAC, WR = Don't Care 

> 50ns 

+10Y t> SOns -1-tSETTUNG-

-lOY 

TRUTH TABLE 

WR ENI EN2 EN3 

X X X X 
1 X X X 
X 1 1 1 
0 1 1 1 
0 1 1 0 
0 1 0 1 
0 0 1 1 
0 1 1 1 
0 0 0 0 . " x = Dont Care 

BURR-BROWNot 

_J ___ _ --r---
±II2LSB 

EN4 

X 
X 
1 
0 
1 
1 
1 
1 
0 

A ELECTROSTATIC 
~ DISCHARGE SENSITIVITY 
Electrostatic discharge can cause damage ranging from per
formance degradation to complete device failure. Burr-Brown 
Corporation recommends that all integrated circuits be handled 
and stored using appropriate ESD protection methods. 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER") 

DAC4813AP 28-Pin Plastic DBL Wide DIP 215 

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

WRITE CYCLE #2 

(Load second rank from first rank: ENx = 1) 

\1->5ons-1 

LliAC" / 
i->50ns-1 
L-tSETl1.ING~l- __ ! ____ . 

/±lItB' 
-----------------

LDAC RESET OPERATION 

X 0 Reset all D/A Latches 
X 1 No Operation 
1 1 No Operation 
1 1 Load Data into First Rank for D/A 4 
1 1 Load Data into First Rank for D/A 3 
1 1 Load Data into First Rank for D/A 2 
1 1 Load Data into First Rank for D/A 1 
0 1 Load Second Rank from First Rank, All D/As 
0 1 All Latches Transparent 

I~~I Burr-Brown Ie Data Book-Mixed Signal Products 3.193 
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For Immediate Assistance, Contact Yoilr Loca/Salesperson 
PIN DESCRIPTIONS 

PIN NAME FUNCTION 

1 DB11 DATA, MSB, posilive true. 
2 DB10 DATA 
3 DB9 DATA 
4 DB8 DATA 
5 DB7 DATA 
6 DB6 DATA 
7 DB5 DATA 
8 DB4 DATA 
9 DB3 DATA 
10 DB2 DATA 
11 DB1 DATA 
12 DBO DATA, LSB. 
13 RESET Resets output of all D/As to bipolar-zero. The D/A remains in this state until overwritten by a LDAC-WR command. RESET 

does not reset the input latch. After power-up and reset, input latches will be in an indeterminant state. 
14 WR Wrile strobe. Must be low for data Iransfer to any latch (except RESEn. 
15 EN1 Enable lor 12-bit input data latch of D/A1. NOTE: This logic path is slower than the WRI path. 
16 EN2 Enable lor 12·bit input data latch 01 D/A2. NOTE: This logic path is slower than the WRI path. 
17 EN3 Enable lor 12·bit input data latch 01 D/A3. NOTE: This logic path is slower than the WR Ipath. 
18 EN4 Enable lor 12-bit input data latch of DIM. NOTE: This logic path is slower than the WRI path. 
19 LDAC Load DAC enable. Must be low with WR for data transfer to the DIA latch and simultaneous update of all DIA converters. 
20 DCOM Digital common, logic currents return. 
21 -Vee Analog supply input, nominally -12V or -15V relerred to ACOM. 
22 ACOM Analog common, +Vcc. -Vee supply return. 
23 +Vcc Analog supply input, nominally +12Vor +15V referred to ACOM. 
24 V01Jf4 DIA 4 analog output. 
25 V0UT3 DIA 3 analog output. 
26 VOlIf2 DIA 2 analog output. 
27 VOlIf1 DIA 1 analog output. 
28 VREFOUT + 1 OV reference output. 

The inlormation provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies at 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 01 the circuits described herein are implied or granted to any third party. BURR·BROWN does not authorize or warrant 
any BURR-BROWN product lor use in life support devices andlor syslems. 
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BLOCK DIAGRAM 

MSB LSB 
OBll---------------------------------------0BO 

WR 25kn 

EN, 
CW) ,.... 

25kn co 
~ 
0 
<C 
C 

r;b 
1 

25kn 
1 en 

EN2 
1 
1 a:: 1 
1 W 1 

~~A I-
'I a:: 

1 w 1 
1 > 1 
1 Z 1 
1 0 1 

r;b 0 

G CJ 
1 

25kn 0 1 

EN, 12-Bil Inpul Lalch 1 -I 1 
1 

25kn <C 1 
12-Bil O/A Lalch 1 

Z ~ <C 
I 

0 
l-

I 
-I 

1 

~ ~ G 25kn CJ 
EN, 12-Bit Input Latch 2i 

25kn 
LDAC 12-Bit O/A Lalch 

O-SOO~A -RESET 12-Bil O/A Converter 

§]§]@] 
VREFOUT ACOM OCOM +Vcc -Vee 

NOTE: RESET does not resel input lalches, 
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TYPICAL PERFORMANCE CURVES 
TA = +25°C, Vee == ±15V unless otherwise noted. 
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POWER SUPPLY REJECTION vs 
POWER SUPPLY RIPPLE FREQUENCY DIGITAL INPUT CURRENTvs INPUT VOLTAGE 

12.0 WR I or 
9.6 

<" 7.2 

a 4,B 
"E 
§ 2.4 

" ! -2.4 
-4.B 

/ ~SEt ~ 'LDA-b / 
//~ ENx 

V 
I 

J 
-7.2 

-9.6 

-12.0 

DB.·DB,,: DAC4B13 

I 
100 lk 10k lOOk 1M -2 a 2 4 B 

Frequency (Hz) Input Voltage (V) 

CHANGE OF GAIN AND OFFSET ERROR 
vs TEMPERATURE INTEGRAL LINEARITY ERROR 

-20 20 60 100 
Temperature (0G) 

± FULL SCALE OUTPUT SWING 

.J 
Your 

5 10 15 20 

Time (~s) 

140 
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0 0" 
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MAJOR CARRY GLITCH 
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Data = BOOH- Data -7FFH 

+10 

4 6 
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TYPICAL PERFORMANCE CURVES (CO NT) 
TA = +25°C, Vee = ±15V unless otherwise noted. 

SETILING TIME, +10V TO -10V 

i Your i I, -f, _____ !LSB = ,,_aarnv_ 
20 ---,- T Ifr-- I 

I I ,--I---i-----+--I 
:> : I i ! ! .s 10 --,-' --, I_\! ! I 

5> --'--r- - t -~---+--VO~T--
>o~ 0 ________ .1 ----1- ___ -!- ! I i 

§ ____ I.. ._~ __ ._ +---L------I--i--
!i! -10_1

1
,/_ : : I : : WR 

__ i I- _' __ ~I I 
----r I ' I 1 

-20 I i I : 
I I ' ! 1 

-2 o 4 6 

Time (~s) 

DISCUSSION OF 
SPECIFICATIONS 
LINEARITY ERROR 

a 10 12 

+5 
~ 

0 I~ 

Linearity error is defined as the deviation of the analog 
output from a straight line drawn between the end points 
(digital inputs all "Is" and all "Os"), DAC4813 linearity 
error is ±1/2LSB max at +25°C. 

DIFFERENTIAL LINEARITY ERROR 
Differential Linearity Error (DLE) is the deviation from a 
ILSB 'output change from one adjacent state to the next. A 
DLE specification of I/2LSB means that the output step size 
can range from I/2LSB to 3/2LSB when the digital input 
code changes from one code word to the adjacent code word 
If the DLE is more positive than -ILSB, the D/A is said to 
be monotonic. 

MONOTONICITY 

A D/A converter is monotonic if the output either increases 
or remains the same for increasing digital input values. 
DAC4813 is monotonic over their specification temperature 
range --40°C to +85°C. 

DRIFT 

Gain Drift is a measure of the change in the Full Scale 
Range (FSR) output over the specification temperature range. 
Gain Drift is expressed in parts per million per degree 
Celsius (ppm/"C). 

Bipolar Zero Drift is measured with a data input of 800HEX• 

The D/A is configured for bipolar output. Bipolar Zero Drift 
is expressed in parts per million of Full Scale Range per 
degree Celsius (ppm of FSRtc). 
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Settling Time is the total time (including slew time) for the 
output to settle to within an error band around its final value 
after a change in input. Settling times are specified to 
±0.01 % of Full Scale Range (FSR) for two conditions: one 
for a FSR output change of 20V (25ldl feedback) and one 
for a ILSB change. The ILSB change is measured at the 
Major Carry (7FF HEX to 800HEX ' and 800HEX to 7FF HEX)' the 
input code transition at which worst-case settling time oc
curs. 

OPERATION 
INTERFACE LOGIC 

The bus interface logic of the DAC4813 consists of two 
independently addressable latches in two ranks for each 
D/A converter. The first rank consists of one 12-bit input 
latch which can be loaded directly from a 12- or 16-bit 
microprocessor/microcontroller bus. The input latch holds 
data temporarily before it is loaded into the second latch, the 
D/A latch. This double buffered organization permits simul
taneous update of all D/As. 

All latches are level-triggered. Data present when the con
trol signals are logic "0" will enter the latch. When the 
control signals return to logic "I", the data is latched. 

CAUTION: DAC4813 was designed to use WR as the fast 
strobe. WR has a much faster logic path than ENx (or 
LDAC). Therefore, if one permanently wires WR to DCOM 
and uses only ENx to strobe data into the latches, the DATA 
HOLD time will be long, approximately 20ns to 30ns, and 
this time will vary considerably in this range from unit to 
unit. DATA HOLD time using WR is 5ns max. 
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RESET FUNCTION 

For Immediate Assistance, Contact Your Local Salesperson 
INTERNAUEXTERNAL REFERENCE USE 

The Reset function resets only the D/A latch. Therefore, 
after a RESET, good data must be written to all the input 
latches before an LDAC - WR command is issued. Other
wise, old data or unknown data is present in the input latches 
and will be transferred to the D/ A latch producing an analog 
output value that may be unwanted. 

LOGIC INPUT COMPATIBILITY 

DAC4813 digital inputs are TTL compatible (l.4V switch
ing level) over the operating range of + V cc' Each input has 
low leakage and high input impedance. Thus the inputs are 
suitable for being driven by any type of 5V logic. An 
equivalent circuit of a digital input is shown in Figure 1. 

Open DATA input lines will float to 7V or more. Although 
this will not harm the DAC4813, current spikes will occur in 
the input lines when a logic 0 is asserted and, in addition, the 
speed of the interface will be slower. A digital output driving 
a DATA input line of the DAC4813 must not drive, or let 
the DATA input float, above +5.5V. Unused DATA inputs 
should be connected to DCOM. 

Unused control inputs should be connected to a voltage 
greater than +2V but not greater than +5.5V. If this voltage 
is not available, the control inputs can be connected to + V cc 
through a l00ill resistor to limit the input current. 

Digital o-+-'VVlt-t--..----, 
Input 

DCOMo---~-+--~ 

DAC4813 
DIGITAL INPUT Rn 
Data. LDAC. WR. RESET 250 
EN, 330 

FIGURE 1. Equivalent Digital Input Circuit. 

INPUT CODING 

DAC4813 accepts positive-true binary input codes. 

Input c·oding for bipolar analog outputs is Bipolar Offset 
Binary (BOB), where an input code of OOOHEX gives a minus 
full-scale output, an input of FFF HEX gives an output lLSB 
below positive full scale, and zero occurs for an input code 
of 800HEX• 

DAC4813 can be used with two's complement coding if a 
logic inverter is used ahead of the MSB input (DBll). 

DAC4813 contains a +lOV ±50mV voltage reference, 
V REF OUT' V REF OUT is available to drive external loads sourcing 
up to 2mA. The load current should be constant, otherwise 
the gain (and bipolar offset, if connected) of the D/A 
converters will vary. 

Because of the lack of additional pins required for external 
reference inputs, V REF OUT is connected internally to all 4 
D/A converters. V REF OUT is available for external use on pin 
28. 

GAIN AND OFFSET ADJUSTMENTS 

DAC4813 has no Gain and Offset Adjustment option. 

INSTALLATION 
POWER SUPPLY CONNECTIONS 

Power supply decoupling capacitors should be added. Best 
settling time performance occurs using a 1 to 1OJ.IF tantalum 
capacitor at -V cc' Applications with less critical settling 
time may be ale to use 0.0 I J.IF at -V cc as well as at + V cc' 

The capacitors should be located close to the package. 

DAC4813 features separate digital and analog power supply 
returns to permit optimum connections for low noise and 
high speed performance. It is recommended that both DIGI
TAL COMMON (DCOM) and ANALOG COMMON 
(ACOM) be connected directly to a ground plane under the 
package. If a ground place is not used, connect the ACOM 
and DCOM pins together close to the package. Since th,e 
reference point for V OUT and V REF OUT is the ACOM pin, it is 
also important to connect the load directly to the ACOM pin. 
The change in current in the ACOM pin due to an input date 
word change from OOOHEX to FFF HEX is only ImA for each 
D/A converter. 

OUTPUT VOLTAGE SWING 
AND RANGE CONNECTIONS 
DAC4813 output amplifiers provide a ±lOV output swing 
while operating on supplies as low as ±12V ±5%. 

DAC4813 is fully committed to ±lOV output ranges. Op
tional ranges are not pin progranunable. 

12- AND 16-BIT BUS INTERFACES 

DAC4813 data is latched into the input latches of each D/A 
by asserting low each ENx individually and transferring the 
data from the bus to each input latch by asserting WR low. 
All D/A outputs in each package are then updated simulta
neously by asserting LDAC and WR low. 

Be sure to read the CAUTION statement in the LOGIC 
INPUT COMPATIBILITY section. 

BURR-BROWNe 

3.198 Bu"-Brown Ie Data Book-Mixed Signal Products I EaEa I 



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

BURR - BROWN® 

IElElI DAC4814 

Quad 12-Bit Digital-to-Analog Converter 
(Serial Interface) 

FEATURES 
• COMPLETE QUAD DAC -

INCLUDES INTERNAL REFERENCES AND 
OUTPUT AMPLIFIERS 

• GUARANTEED SPECIFICATIONS 
OVER TEMPERATURE 

• GUARANTEED MONOTONIC OVER 
TEMPERATURE 

• HIGH-SPEED SERIAL INTERFACE 
(10MHz CLOCK) 

• LOW POWER: 600mW (150mW/DAC) 

• LOW GAIN DRIFT: 5ppm/oC 

• LOW NONLINEARITY: ±1/2 LSB max 

• UNIPOLAR OR BIPOLAR OUTPUT 

• CLEAR/RESET TO UNIPOLAR OR 
BIPOLAR ZERO 

DESCRIPTION 
The DAC4814 is one in a family of dual and quad 12-
bit digital-to-analog converters. Serial, 8-bit, 12-bit 
interfaces are available. 

The DAC4814 is complete. It contains CMOS logic, 
switches, a high-performance buried-zener reference, 
and low-noise bipolar output amplifiers. No external 
components are required for either unipolar 0 to IOV, 
o to -lOY, or bipolar ±IOV output ranges. 

The DAC4814 has a high-speed serial interface 
capable of being clocked at 10MHz. Serial data are 
clocked DAC D MSB first into a 48-bit shift register, 
then strobed into each DAC separately or simulta
neously as required. The DAC has an asynchronous 
clear control for reset to unipolar or bipolar zero 
depending on the mode selected. This feature is useful 
for power-on reset or system calibration. The DAC4814 
is packaged in a 28-pin plastic DIP rated for the -40°C 
to +85°C extended industrial temperature range. 

High-stability laser-trimmed thin film resistors assure 
high reliability and true 12-bit integral and differential 
linearity over the full specified temperature range. 

AGND 

DGND 

Serial 
Data 18 
Out 

Logic 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS, Guaranteed over TA = -40°C to +85°C unless otherwise specified. 

ELECTRICAL 
Specifications as shown for Vs =' ±12V or ±15V. Vl = +5V. and Rl = 2kr.1 unless otherwise noted. 

DAC4B14AP DAC4814BP 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX 

DIGITAL INPUTS 
Resolution 12' 
V'H (Input High Voltage) +2 +5 
V'l (Input Low Voltage) 0 +0.8 · 
I'N ( Input Current) TA ='25°C ±1 

T A = -40°C to +85°C ±10 
C'N (Input, Capacitance) O.B 

,. 
DIGITAL OUTPUT 
Data Out VOl. IS'NK = 1.6mA 0 +0.4 · 

VOH lSOURCE = 50011A +2,4 +5 

ACCURACY 
Integral, Relative Linearityl') ±1 ±1/2 
Differential Nonlinearityl2) TA = 25°C ±1 · 

T A ,. -40°C to +85°C +1.51-1 ±1 
Unipolar Offset Error TA = +25°C ±1 ±0.5 

T A = -40°C to +B5°C ±3 
Bipolar Zero Error ±20 ±10 
Gain Error Unipolar, Bipolar With Internal or External 10.0V Ref ±0.2 ±O.15 
Power Supply Sensitivityl3) Vs = ±11 o4V to ±1BV 30 

Vl = +4.5V to +5.5V 

TEMPERATURE DRIFT 
Gain Drift Unipolar, Bipolar ±5 ±30 · ±20 
Unipolar Offset Drift ±0.1 ±5 · · 
Bipolar Zero Drift ±5 ±15 · ±8 

REFERENCE OUTPUT 
Output Voltage +9.980 +10 +10.020 +9.985 · +10,015 
Reference Drift ±2 ±30 ±20 
Output Current TA = 25°C +10/"<; 

T A = -40°C to +85°C +6,5/"<; · 
Max Load Capacitance (For Stability) SOO 
Short Circuit Current ±20 
Load Regulation 40 · 
(8 Vour VS 8 lLOAO) 
Supply Regulation ±5 " 
(8 Your vs 8 Vs) 

INVERTER 
-10V Referencel'), Inverter Output -10.020 -10 -9,980 -10.015 -9.985 
-10V Reference Drift ±30 ±20 
DC Output Impedance 0.1 
Output Current ±7 · 
Max Load Capacitance (For Stability) 200 
Short Circuit Current ±30 

REFERENCE INPUT 
Reference Input Resistance 1.75 2.5 · 
Inverter Input Resistance 7 10 · 
BPO Input Resistance 14 20 
Reference Input Range ±10 · 
ANALOG StGNAL OUTPUTS 
Voltage Range -Vs+1A +Vs- 104 · 
DC Output Impedance 0.1 
Output Current ±5 
Max Load Capacitance (For Stability) VOlll 500 · 
Short Circuit Current ±30 · 
DYNAMtC PERFORMANCE!S) Cl = 100pF 
Unipolar Mode Settling Time To 1/2 LSB of Full Scale 2.5 10 
Bipolar Mode Settling Time To 1/2 LSB of Full Scale 3,5 10 · · 
Slew Rate 10 
Small·Signal Bandwidth 3 

ANALOG GROUND CURRENT 
(Code Dependent) ±4 · 
DIGITAL CROSSTALK Full Scale Transition 3 · Cl = 100pF 

D/A GLITCH IMPULSE 30 · 

UNITS 

Bits 
V 
V 

IIA 
IIA 
pF 

V 
V 

LSB 
LSB 
LSB 
mV 
mV 
mV 
% 

ppmFSRN 

ppm/oC 
ppmFSRFC 
ppmFSRFC 

V 
ppm/oC 

mA 
mA 
pF 
mA 

ppm/mA 

ppmN 

V 
ppmfOC 

n 
mA 
pF 
mA 

kr.I 
kn 
kr.I 
V 

V 
n 

mA 
pF 
mA 

IlS 
IlS 

VlIlS 
MHz 

,mA 

nV-s 

nV·s 

BURR· BROWN !!I 

3.200 Burr-Brown Ie Data Book-Mixed Signal Products 11EE:I1EE:I1 
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SPECIFICATIONS (CONT), Guaranteed over TA = -40°C to +85°C unless otherwise specified. 

ELECTRICAL 
Specifications as shown for Vs = ±12V or ±15V, VL = +5V, and RL = 2kQ unless otherwise noted. 

POWER SUPPLY 
+Vs and-Vs ±11.4 ±IS ±IB v 
+VL 4.S 5.5 V 
+Is +20 +24 rnA 
-Is -20 -25.S rnA 
+IL Digital Inputs = OV or +VL 0.4 2 rnA 
+IL Digital Inputs = V'L or V,H 10 rnA 
Total Power, All OACs 600 753 mW 

TEMPERATURE RANGE 
Specified -40 +B5 ·C 
Operating -40 +85 ·C 
Thermal Resistance. 7S ·CIW 

NOTES: (1) End poinllinearity. (2) Guaranteed monotonic. (3) Change in bipolar full scale output. Includes voltage output DAC, voltage reference, and reference 
inverter. (4) Inverter output with inverter input connected to +VREF• (5) Guaranteed to but not tested. 

ABSOLUTE MAXIMUM RATINGS 

+VL to AGND ................................................................................. OV, +7V 
+VL to DGND ................................................................................ OV, +7V 
+Vs to AGND .............................................................................. OV, +IBV 
-Vs to AGND ............................................................................... OV.-1BV 
AGND to DGND ................................................................................ ±0.3V 
Any digital input to DGND .............................................. -O.3V, +VL +0.3V 
Ref In to AGND .................................................................................. ±25V 
Ref In to DGND .................................................................................. ±2SV 
Storage Temperature Range .......................................... -55·C to + 125·C 
Operating Temperature Range ......................................... -40·C to +8S·C 
lead Temperature (soldering. lOs) ................................................ +300·C 
Junction Temperature .................................................................... + 155·C 
Output Short Circuit ................................... Continuous to common or ±Vs 
Reference Short Circuit .............................. Continuous to common or +Vs 

A ELECTROSTATIC 
JJJ:/;;.. 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 
methods. 

PACKAGE INFORMATION 
PACKAGE DRAWING 

MODEL PACKAGE NUMBERlt) 

DAC4814AP 2B·Pin Plastic DBl Wide DIP 215 
DAC4814BP 28-Pin Plastic DBl Wide DIP 215 

NOTE: (1) For detailed draWing and dImenSion table. please see end of data 
sheet, or Appendix C of Burr-Brown Ie 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 andlor systems. 
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For Immediate Assistance; Contact YourLocal SalesperSon 
PIN DESIGNATIONS 

PIN DESCRIPTOR FUNCTION 

1 VOUTB Analog output vollage, DAC B 
2 VOUTA Analog output voltage, DAC A 
3 Inv In Inverter (Ao) input 
4 +VREFOut Posnive reference voltage output (+10V output) 
5 BPOe Biplolar offset input, DAC B 
6 BPOA Bipolar offset Input, DAC A 
7 -Vs Negative analog power supply, -15V input 
8 BPOD Bipolar offset input, DAC 0 
9 BPOC Bipolar offset input, DAC C 
10 VREF In ± Reference voltage input 
11 InvOut Inverter (As) output 
12 AGND Analog common 
13 VourD Analog output voltage, DAC 0 
14 VourC Analog output voltage, DAC C 

PIN CONFIGURATION 

TOP VIEW 

VourB 

VourA 

Inv In 

BPOB 

BPOA 

-Vs 

BPOD 

BPOC 

VREF In 

InvOut 

AGND 

NC = No Internal Connection 

PIN DESCRIPTOR 

2B +VL 
27 LATCH A 
26 LATCHB 
25 MODE 
24 ClR 
23 CS 
22 Data In 
21 LATCHC 
20 LATCH 0 
19 ClK 
18 Data Out 
17 DGND 
16 NC 
15 +Vs 

TYPICAL PERFORMANCE CURVES 
TA = +25'C, Vs= ±12Vor ±15V, VL = +5V unless otherwise noted. 

PSRR vs FREQUENCY (Bipolar Mode) 
80 r--r-rrn~r--r-rrn~r--r-rrr~ 

70~~~~~m-~++H#~~~4+m 
60 ~4-~~~~~~H+~--~44+MM 

m 50 ~-1-1-+++H+~-f~~~~---+-+4-HH+H :s. , 
~ 40 ~-1-1-+++H+~-+-f\r~~---+-+4-HH+H 

~ 30 1---I-I-I-++HtI---t-l+~ItH-VOUT = OV 

20 / 

1 0 ~--+--+-+-HH+tf----tVOUT = + 1 OVf-~-;::::"---'1"t--~-I-±:ttt-H 
o TIIIIII ..... 

Iii 10k lOOk 1M 

Frequency (Hz) 

250 

_! 200 

150 

~ 
.. 100 

f 
50 

o 
100 

FUNCTION 

PosHive logic pewer supply, +5V Input 
latch data update, logic input, DAC A 

. Latch data update, logic input, DAC B 
Selection input for unipolar or bipolar reset to zero 
Asynchronous input reset to zero 
Chip select enable, DAC A. B, C, and 0 
Serial data input 
latch data update, logic Input, DAC C 
latch data update, logic input, DAC 0 
Clock input 
Serial data output 
Digital common 
No internal connection 
Positive analog power supply, + 15V input 

NOISE vs BANDWIDTH (Bipolar Mode) 

lk 

VOUT=+10V / V 
FFFHEX 

V 

--10k 

Frequency (Hz) 

V 
VOUT = OV 

BOOHEX 

lOOk 1M 
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TYPICAL PERFORMANCE CURVES (CONT) 
TA : +25°C, Vs: ±12V or ±15V, vL: +5V unless otherwise noted. 

1.5E+00 
:> 
.s 1.0E+OO g 
w 
11 5.0E+00 
~ 
~ O.OE+OO 

" ~ -5.0E-01 
.l;i 
!-1.0E+OO 

<I 

-1.5E+00 

CHANGE OF GAIN, BIPOLAR OFFSET AND ZERO ERROR 
vs TEMPERATURE 

1.5E-02 

1.0E-02 

5.0E-03 e 
O.OE+OO 

g 
w 

" ·iiI 

-5.0E-03 ~ 

-1.0E-02 

-1.5E-02 
-40 -20 20 40 60 +80 100 

25 

20 

5 

o 

T amperatura (OC) 

OUTPUT VOLTAGE SWING vs RESISTOR LOAD 

III I 
Vs: ±15V 10VREF 

VL:5V 

/ 
/ 

~-
10 100 1K 

Load Resistance (0) 

FULL-SCALE OUTPUT SWING 
BIPOLAR (20V Step) 

Time (2~sldiv) 

BURR-BROWNe 

10K 

POWER SUPPLY CURRENT vs TEMPERATURE 
21.8 

+IL (~II Lo9iClinputs :i2V) 

i"" ~ f..--,..-
21.5 

~ g. 21.2 
Ul 

g> 20.9 - V ~ 
I~ 

I"" 
~ 120.6 

",20.3 
'H +IL (All Logic Inputs: OV or VJ "" 20 

19.4 
-40 

OV 

+5V 

OV 

i'.., 

-20 o 20 40 60 80 

Temperature (OC) 

CROSSTALK (Bipolar Mode) 

;t 

I ,-5~~ 5I)tJnS 

Time (500nsldiv) 

NOTE: Crosstalk is dominated by digital crosstalk! 
feedthrough of the LATCH signal. 

FULL-SCALE OUTPUT SWING 
UNIPOLAR (10V Step) 

Time (2~Sldiv) 
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For Immediate Assistance, Contact Your Loca/Salesperson 
TYPICAL PERFORMANCE CURVES (CONT) 
TA = +25'C, Vs =±12Vor±15V, VL = +5V unless otherwise noted, 

~ 

~ 
E 

> OV 0 

"E e 
<: +5V 
~ 

OV 

~ 
:!;! ov 

i 
) 

+5V 

OV 

SETTLING TIME 
BIPOLAR (-10Vto +10V) 

Time (1~s/div) 

SETTLING TIME 
UNIPOLAR (+1 OV to OV STEP) 

Time (1 ~s/div) 

MAJOR CARRY GLITCH 

Time (1 ~s/div) 

NOTE: Data transition BOOHEX to 7FF HEX' 

Voor 

LATCH 

~ 

l-l0V 

~ ., 
"C 

~ _ +5V 

~ OV 

~ 

~ 
£+tOV 

~ 
"'+ 
"C c: 
::I 
0 

+5V :( 

~ OV 

SETTLING TIME 
BIPOLAR (+10V to -10V Step) 

Time (2~s/div) 

SETTLING TIME 
UNIPOLAR (OVto +10V Step) 

Time (1 ~s/div) 

DIGITAL FEEDTHROUGH 

Time (500ns/div) 

DAC output noise due to activity on digital inputs 
with latch disabled. 

Voor 

LATCH 
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TIMING CHARACTERISTICS 
Vs = ±15V; VL= +5V, TA=-40·C to +85·C. 

PARAMETER MtNIMUM 

t,-Data Setup Time 15ns 
t,..-Data Hold Time 15ns 
t,-Ghip Select to ClK, 15ns 

Latch, Data Setup Time 
I,;-Chip Select to ClK, 40ns 

Latch, Data Hold Time 
Is-ClK Pulse Width 40ns 
t,.clear Pulse Width 40ns 
tr-latch Pulse Width 40ns 
t.-GlK Edge to LATCH A, 15ns 

LATCH B, LATCH C, 
orLATCHD 

INTERFACE LOGIC TRUTH TABLE 

x 0 X 
X X 1 X 
X X 0 0 
X X 0 
X X 0 
X 1 X 0 1 
X 1 X 0 0 
0 0 X X X 
1 0 X X X 

Note: X = Don't Care. .J. = Falling edge triggered. 

BURR-BROWNiIII 

... .r\.F\.Fr---- 0V 

:;:::tt=t.f;:===': L"I' r'.;=:5~V 
LATCHC lJ-
LATCH D .1161- 5V 

ClR ------------------V--
NOTES: (1) All input signal rise and fall times are measured from 10% to 90% of +5V' tR = tF = 5ns. 
(2) Timing measurement reference level is V1H + V1L • 

X 
X 
1 
1 
o 

o 
X 
X 

--2-

X 
X 
1 

o 
o 
X 
X 

Data clocked in 
No data transfer 
DAC A register updated 
DAC B register updated 
DAC C register updated 
DAC D register updated 
All DAe registers updated simultaneously 
All registers cleared 
Shift registers cleared = OOOHEX' 
DAC registers = 800HEX 
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For Immediate Assistance, Contact Your Local Salesperson 
FUNCTIONAL BLOCK DIAGRAM, DAC4814 - Quad 12-bit DAC, Serial Port 

Data In 

ClK 19 

LATCH A 27 

LATCHB 26 

LATCHC 21 

LATCH D 20 

Control 
Logic 

CS 23 

ClR 24 

MODE 25 

12-Bit 
Shift 

Register 

Bit 11 

12-Bit 
Shift 

Register 

Bitll 

12-Bit 
Shift 

Register 

Bit 11 

12-Bit 
Shift 

Register 

Bits 0-11 

Bits 0-11 

Bits 0-11 

Bits 0-11 

12-Bit 
latch 

Register 

12-Bit 
Latch 

Register 

12-Bit 
Latch 

Register 

12-Bit 
latch 

Register 

VREF In 

10 

1 VOIlTB 
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DISCUSSION OF 
SPECIFICATIONS 
INPUT CODES 

All digital inputs of the DAC4814 are TTL and 5V CMOS 
compatible. Input codes for the DAC4814 are either USB 
(Unipolar Straight Binary) or BOB (Bipolar Offset Binary) 
depending on the mode of operation. See Figure 3 for ±IOV 
bipolar connection. See Figures 4 and 5 for 0 to IOV and 0 
to -IOV unipolar connections. 

UNIPOLAR AND BIPOLAR 
OUTPUTS FOR SELECTED INPUT 

DIGITAL INPUT UNIPOLAR (USB) 

FFFHEX +Full scale 
800HEX + 1/2 Full scale 
7FFHEX + 1/2 Full scale - 1 LSB 
OOOHEX Zero 

BIPOLAR (BOB) 

+Full scale 
Zero 
2ero-l LSB 
-Full scale 

INTEGRAL OR RELATIVE LINEARITY 

This term, also known as end point linearity, describes the 
transfer function of analog output to digital input code. 
Integral linearity error is the deviation of the analog output 
versus code transfer function from a straight line drawn 
through the end points. 

DIFFERENTIAL NONLINEARITY 

Differential nonlinearity is the deviation from an ideal 1 
LSB change in the output voltage when the input code 
changes by 1 LSB. A differential nonlinearity specification 
of ±1 LSB maximum guarantees monotonicity. 

UNIPOLAR OFFSET ERROR 

The output voltage for code OOOHEX when the DAC is in 
unipolar mode of operation. 

BIPOLAR ZERO ERROR 

The output voltage for code 800HEX when the DAC is in the 
bipolar mode of operation. 

GAIN ERROR 

The deviation of the output voltage span (VMAX - VMIN) 
from the ideal span of IOV -1 LSB (unipolar mode) or 20V 
- 1 LSB (bipolar mode). The gain error is specified with and 
without the internal +1 OV reference error included. 

OUTPUT SETTLING TIME 

The time required for the output voltage to settle within a 
percentage-of-full-scale error band for a full scale transition. 
Settling to ±O.OI2% (1/2 LSB) is specified for the DAC4814. 

DIGITAL-TO-ANALOG GLITCH 

Ideally, the DAC output would make a clean step change in 
response to an input code change. In reality, glitches occur 
during the transition. See Typical Performance Curves. 

BURR-BRDWNI3I 

DIGITAL CROSSTALK 

Digital crosstalk is the glitch impulse measured at the output 
of one DAC due to a full scale transition on the other 
DAC-see Typical Performance Curves. It is dominated by 
digital coupling. Also, the integrated area of the glitch pulse 
is specified in n V -so See table of electrical specifications. 

DIGITAL FEEDTHROUGH 

Digital feedtbrough is the noise at a DAC output due to 
activity on the digital inputs-see Typical Performance 
Curves. 

OPERATION 

DACs can be updated simultaneously or independently as 
required. Data are transferred on falling clock edges into a 
48-bit shift register. DAC D MSB is loaded first. Data 
transferred to the DAC registers when the LATCH signals 
are brought low. The data are latched when the LATCH 
signals are brought high. All LATCH signals may be tied 
together to allow simultaneous update of the DACs if re
quired. The output of the DAC shift register is provided to 
allow cascading of several DACS on the same bit stream. By 
using separate signals for LATCH A , LATCH B, 
LATCH C, and LATCH D it is possible to update one of the 
four DACs every 12 clock cycles. 

When CLR is brought low, the input shift registers are 
cleared to OOOHEX while the DAC registers = 800HEX. If 
LATCH is brought low after CLR, the DACs are updated 
with OOOHEX resulting in -IOV (bipolar) or OV (unipolar) on 
the output. 

CIRCUIT DESCRIPTION 

Each of the four DACs in the DAC4814 consists of a CMOS 
logic section, a CMOS DAC cell, and an output amplifier. 
One buried-zener + I O.OV reference and a reference inverter 
(for a -1O.OV reference) are shared by all DACs. 

Figure 1 is a simplified circuit for a DAC cell. An R, 2R 
ladder network is driven by a voltage reference at V REF. 

Current from the ladder is switched either to loUT or AGND 
by 12 single-pole double-tbrow CMOS switches. This main
tains constant current in each leg of the ladder regardless of 
digital input code. This makes the resistance at V REF con
stant (it can be driven by either a voltage or current refer
ence). The reference can be either positive or negative 
polarity with a range of up to ±lOY. 

011 
(MSB) 

010 09 DO 
(LSB) 

AGND 

FIGURE 1. Simplified Circuit Diagram of DAC Cell. 
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For Immediate Assistance, Contact Your Local Salesperson 
CMOS switches included in series with the ladder tenninat
ing resistor and the feedback resistor. RFB• compensate for 
the temperature drift of the ladder switch ON resistan<;e. 

The output op amps are connected as transimpedance ampli
fiers to convert the DAC-cell output current into an output 
voltage. They have been specially designed andcompen
sated for precision and fast settling in this application. 

POWER SUPPLY CONNECTIONS 

The DAC4814 is specified for operation with power sup
plies ofVL = +5V and Vs= either±12Vor±15V. Even with 
the V s supplies at ±11.4V the DACs can swing a full ±lOV. 
Power supply decoupling capacitors (lj.IF tantalum) should 
be located close to the DAC power supply connections. 

Separate digital and analog ground pins are provided to 
pennit separate current returns. They should be connected 
together at one point. Proper layout of the two current 
returns will prevent digital logic switching currents from 
degrading the analog output signal. The analog ground 
current is code dependent so . the impedance to the system 

DAC4814 

reference ground must be kept to a minimum. Connect 
DACs as shown in Figure 2 or use a ground plane to keep 
ground impedance less than O.lQ for less than O.lLSB error. 

-10V REFERENCE 

An iriternal inverting amplifier (Gain = -1.0VN) is 
provided to invert the +1 OV reference. Connect + V REF Out 
to lriv In for a -lOV reference at Inv Out. 

OUTPUT RANGE CONNECTIONS 

±10V Output Range 

For a ±lOV bipolar output connect the DAC4814 as shown 
in Figure 3. Connect the MODE to logic high (+5V) for reset 
to bipolar zero. With MODE connected low (GND) reset 
will be to -Full-Scale. 

o To +1 OV Output Range 

For 0 to +lOV unipolar outputs connect the DAC4814 as 
shown in Figure 4. Connect the MODE to logic low (GND) 
for reset to unipolar zero. 

DAC4814 

NOTE: Ideally RaND = on 

FIGURE 2. Recommended Ground Connections for Multiple DAC Packages. 

BURR-BROWNe 
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+5V 28 

10V 
Ref 

-0-

+15V 

-15V 7 

Serial 

+5V 

DAC4814 

10kn 

4 

3 

VouTA 

VouTB 

VOUTD 
>-+-+"'-----0 

FIGURE 3. Analog Connections for ±IOY DAC Output. 

o To -10V Output Range 

For 0 to -lOY unipolar outputs connect the DAC4814 as 
shown in Figure 5. Connect the MODE to logic low (GND) 
for reset to unipolar zero. 

CONNECTION TO DIGITAL BUS 

Cascaded Bus Connection 

Multiple DAC4814s can be connected to the same CLK and 
DATA input lines in two ways. Since the output of the DAC 
shift register is available, any number of DAC4814s can be 

BURR ~ BROWNIlJ 

+5V 28 

+ 10V 
l~FI Ref 

-0-

+15V 10 

-0-

-15V 7 

l~F~ 

-0-

-0- DGND -0- AGND 

FIGURE 4. Analog Connections for 0 to + I OY DAC Output. 

cascaded on the same input bit stream as shown in Figure 6. 
This arrangement allows all DACs in the system to be 
updated simultaneously and requires a minimum number of 
control signal inputs. However, up to 48N CLK cycles may 
be required to update any given DAC, where 
N = number of DAC4814s. 

Parallel Bus Connection 

Several DAC4814s can also have their DATA inputs con
nected in parallel as shown in Figure 7. This allows any 
DAC in the system to be updated in a maximum of 48 CLK 
cycles. 
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+5V 28 

+ 10V 
l~FI Ref 

~ 

+15V 

~ 

-15V 7 

l~F.i. 
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DAC4814 

4 

10 

6 

VOUTB 

13 VolITD 

~ DGND ~ AGND 

DAC4814 
22 

Datao----=::..r Data In Cs 23 

27 
LATCH o----<p---=, LATCH A 

~ 

26 
LATCH B 

21 
LATCH C 

20 
LATCH D 

19 ClK Data Out 
18 

DAC4814 

22 Data In Cs 23 

27 LATCHA ~ 

26 LATCH B 

21 LATCH C 

20 LATCH D 

Data Out 18 To Other DACs 

FIGURE 6. Cascaded Serial Bus Connection for Multiple 
DAC Packages. 

DAC4814 

Data 22 Data In Cs ~ 27 LATCHA 

~ LATCHB 

....E. LATCHC 

~ LATCHD 

19 ClK Data Out ~ 

DAC4814 

~ Data In Cs ~ 27 LATCHA 

~ LATCHB 

FIGURE 5. Analog Connections for 0 to -IOV DAC Output. ....E. LATCHC 

3.210 

~ LATCHD 

19 ClK Data Out ~ 

FIGURE 7. Parallel Bus Connection for Multiple DAC 
Packages. 
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BURR - BROWN® 

IElElI DAC4815 

Quad 12-Bit Digital-to-Analog Converter 
(8-Bit Port Interface) 

FEATURES 
• COMPLETE QUAD DAC -

INCLUDES INTERNAL REFERENCES AND 
OUTPUT AMPLIFIERS 

• GUARANTEED SPECIFICATIONS 
OVER TEMPERATURE 

• GUARANTEED MONOTONIC OVER 
TEMPERATURE 

• HIGH-SPEED 8 + 4-BIT PARALLEL 
INTERFACE 

• LOW POWER, 600mW (150mWIDAC) 

• LOW GAIN DRIFT, 5ppmf'C 
• LOW NONLINEARITY: ±1/2 LSB max 

• BIPOLAR OUTPUT 

• CLEAR/RESET TO BIPOLAR ZERO 

DESCRIPTION 
The DAC4S15 is one in a family of dual and quad 
12-bit digital-to-analog converters (DACs). Serial, 
S-bit, 12-bit interfaces are available. 

The DAC4S15 is complete. It contains CMOS logic, 
switches, a high-perfonnance buried-zener reference, 
and low-noise bipolar output amplifiers. No external 
components are required for bipolar ±lOV output 
range. 

The DAC4S15 has a 2-byte (S + 4) double-buffered 
interface. Data is first loaded (level transferred) into 
the input registers in two steps for each DAC. Then 
both DACs are updated simultaneously. The DAC has 
an asynchronous clear control for reset to bipolar zero. 
This feature is useful for power-on reset or system 
calibration. The DAC4S15 is packaged in a 2S-pin 
plastic DIP rated for the -40°C to +S5°C extended 
industrial temperature range. 

High-stability laser-trimmed thin ftlm resistors assure 
high reliability and true 12-bit integral and differential 
linearity over the full specified temperature range. 

Inlernatlonal Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 
Tel: (520) 746·1111 • Twx: 9111-952·1111 • Cable: BBRCORP • Telex: 066-6491 
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DAC4815 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS. Guaranteed over TA = -40°C to +85°C unless otherwise specified. 

ELECTRICAL 
Specifications as shown for Vs = ±12V or ±15V, VL = +5V, and RL = 2kQ unless otherwise noted. 

DAC4815AP DAC4815BP 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX 

DIGITAL INPUTS 
Resolution 12 · 
V'H (Input High Vollage) 2 5 
VIL (Input Low Vollage) 0 0.8 · 
I'N ( Input Current) T, = 25'C ±I 

T, = -40'C to +85'C ±IO 
C'N (Input Capacitance) 0.8 

ACCURACY 
"Integral, Relative Linearity!') ±I ±112 
Differential Nonlinearity!') T, = 25'C ±I 

TA = -40'C to +B5'C ±1.51-1 ±I 
Bipolar Zero Error ±20 ±IO mV 
Gain Error With Internal or External 10.OV Ref ±O.2 ±O.15 
Power Supply Sensitivity!') Vs =±11.4Vto±18V 30 

V L = +4.5V to +5.5V 

TEMPERATURE DRIFT 
Gain Drift ±5 ±30 ±20 
Bipolar Zero Drift ±5 ±15 ±B 

REFERENCE OUTPUT 
Output Voltage +9.980 +10 +10.020 +9.985 +10.015 
Reference Drift ±2 ±30 ±20 
Output Current T, = 25'C +10/-5 

T, = -40'C to +B5'C +5/-5 · 
Max Load Capacitance (For Stability) 500 
Short Circuit Current ±20 
Load Regulation 40 · 
(A VOl[( vs A ILOAD) 
Supply Regulation ±5 · 
(A VOl[( vs A Vs) 

-REFERENCE OUTPUT, Inverter , 
-IOV Reference -10.020 -10 -9.980 -10.015 -9.985 
-IOV Reference Drift ±So ±20 
DC Output Impedance 0.1 
Output Current ±7 · 

Max Load Capacitance (For Stability) 200 
Short Circuli Current 30 

REFERENCE INPUT 
Reference Input Resistance 1.75 2.5 
Inverter Input Resistance 7 10 · 
BPO Input Resistance 3.5 5 
Reference Input Range ±10 

ANALOG SIGNAL OUTPUTS 
Voltage Range -Vs+ 1.4 +Vs-l.4 · 
DC Output Impedance 0.1 · 
Output CUrrent ±5 
Max Load Capacitance (For Stability) VOl[( 500 
Short Circuit Current ±BO 

DYNAMIC PERFORMANCE!') CL = 100pF 
Settling Time To 112 LSB of Full Scale 3.5 10 
Slew Rate 10 
Small-Signal Bandwidth 3 

ANALOG GROUNO CURRENT 
(Code Dependent) ±4 · 
DtGITAL CROSSTALK Full Scale Transition 3 · 

CL= 100pF 

DIGITAL·TO-ANALOG 
GLITCH IMPULSE 30 

POWER SUPPLY 
+Vs and -V. ±11.4 ±15 ±18 · 
+VL 4.5 5 5.5 · 
+1. +20 +24 · · 
-Is -20 -25.5 · · 
+IL Digital Inputs = qv or +VL 0.4 2 

+IL Digital Inputs = VIL or V'H 10 
Total Power All DAC. 600 753 

UNITS 

Blls 
V 
V 
~A 

~ 
pF 

LSB 
LSB 
LSB 

% 
pprnFSR/V 

ppml'C 
ppmFSRI"C 

V 
ppml'C 

rnA 
mA 
pF 
mA 

ppmlmA 

ppmN 

V 
ppm/'C 

Q 
mA 
pF 
mA 

kll 
kQ 
kll 
V 

V 
Q 

mA 
pF 
mA 

~ 
V/~ 
MHz 

mA 

nV-s 

nV-s 

V 
V 

mA 
mA 
mA 
mA 
mW 

BURR· BROWN(!II 

3.212 Burr-Brown Ie Data Book-Mixed Signal Products I ElEII 



Or, Call Customer Service aI1-800-548-6132 (USA Only) 
SPECIFICATIONS (CONT), Guaranteed over TA = -40°C to +85°C unless otherwise specified. 

ELECTRICAL 
Specifications as shown for Vs = ±t2V or ±t5V. VL = +5V, and RL = 2kn unless otherwise noted. 

DAC4815AP DAC4815BP 

PARAMETER CONDITIONS MIN TVP MAX MIN TVP MAX UNITS 

TEMPERATURE RANGE 
Specified -40 +85 'C 
Operating -40 +85 'C 
Thermal Resistance, EJJA 75 'cm 

NOTES: (1) End poinl linearity. (2) Guaranteed monolonic. (3) Change in bipolar full scale output. Includes effecl of voltage output DAC, voltage references. 
(4) Guaranteed but not tested. 

PIN DESIGNATIONS 

1 VOUTB Analog output voltage, DAC B 
2 VoUTA· Analog output voltage, DAC A 
3 -VREFOUt Negative reference voltage output (-10V output) 
4 VAEF In ± Reference voltage input 
5 +VREF Out Positive reference voltage output (+1 OV output) 

BPO Bipolar offset input, DAC A, B, C, and 0 
7 -Vs Negative analog power supply, -15V input 
8 +Vs Positive analog power supply, + 15V input 
9 AGND Analog common 
10 DGND Digital common 
11 +VL Positive logic power supply, +5V input 
12 VOUT D· Analog output voltage, DAC 0 
13 VOUTC Analog output voltage, DAC C 
14 CLR Asynchronous input reset to zero 

PIN CONFIGURATIONS 

Top View 

VOUT B 

VouTA 

-VREF Out 

VAEF In 

+VREFOut 

BPO 

AGND 

DGND 

28 A. 

DAC4815 

15 WR 

ORDERING INFORMATION 

LINEARITY ERROR 
MODEL (LSB) 

DAC4815AP ±1 
DAC4815BP ±1/2 

BURR -·BROWNI8 

28 A, Address line 2 input 
27 A, Address line 1 input 
26 Ao Address line 0 input 
25 07 Data bit 7 input 
24 D. Data bit 6 input 
23 D. Data bit 5 input 
22 D. Data bit 4 input 
21 0, Data bit 3 input 
20 D. Data bit 2 input 
19 0, Data bit 1 Input 
18 Do Data bit 0 input 
t7 [E Latch data enable, DAC A, B, C, and 0 
16 CS Chip select enable, DAC A, B, C, and 0 
15 WR Write input, DAC A, B, C, and 0 

ABSOLUTE MAXIMUM RATINGS 

+VL to AGND ................................................................................. OV, +7V 
+VL to DGND ................................................................................ OV, +7V 
+Vs to AGND .............................................................................. OV, + 18V 
-Vs to AGND ............................................................................... OV,-18V 
AGND to DGND ................................................................................ ±O.3V 
Any digital input to GND ................................................. -o.3V, +VL +0.3V 
Ref In to AGND .................................................................................. ±25V 
Ref In to DGND .................................................................................. ±25V 
Storage Temperature Range .......................................... -55'C to +125'C 
Operating Temperature Range ......................................... -40°C to +85°C 
Lead Temperature (soldering, lOs) ................................................ +300'C 
Junction Temperature .................................................................... + 155°C 
Output Short Circuit ................................... Continuous to cornman or ±V 5 

Reference Short Circuit .............................. Continuous to common or +Vs 

A ELECTROSTATIC 
JJ::ita 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 
methods. 

PACKAGE INFORMATION 
PACKAGE DRAWING 

MODEL PACKAGE NUMBER(') 

DAC4815AP 28-Pin Plastic DIP 215 
DAC4815BP 28-Pln Plastic DIP 215 

NOTE: (1) For detailed draWing and d,menslon table, please see end of data 
sheet, or Appendix C of Burr-Brown IC Data Book. 
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For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES 
TA = +25°C, Vs = ±12V or±15V, VL = +5V unless otherwise noted. 

PSRR vs FREQUENCY (Bipolar Mode) 
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NOISE vs BANDWIDTH (Bipolar Mode) 
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CHANGE OF GAIN, BIPOLAR OFFSET AND ZERO ERROR 
vs TEMPERATURE POWER SUPPLY CURRENT vs TEMPERATURE 
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TYPICAL PERFORMANCE CURVES (CONT) 
TA = +25°C, Vs = ±12V or±15V, VL = +5V unless otherwise noted. 

~ OV 
!!l. 
5 
0 

> 

+5V 

OV 

~ 
& -10V 

~ .. 
§ 
~ +5V 

:;0 OV 

FULL-SCALE OUTPUT SWING 
BIPOLAR (20V Step) 

Time (2~s/div) 

SETTLING TIME 
BIPOLAR (+10Vto -10V Step) 

TIme (2~s/div) 

DIGITAL FEEDTHROUGH 

TIme (500nsJdiv) 

DAC output noise due to activity on digital inputs 
wHh latch disabled. 
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SETTLING TIME 
BIPOLAR (-10Vto +10V) 

Time (1 ~sJdiv) 

MAJOR CARRY GLITCH 

Time (1 ~sJdiv) 

NOTE: Data transition 800H", to 7FF HEX. 
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LE 
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For Immediate Assistance, Contact Your Local Salesperson 
FUNCTIONAL BLOCK DIAGRAM, DAC4815 - Quad 12-bit DAC, 8-bit Port 

Data In 

CLR 

WR 

CS 

LE Control 
Logic 

-VS AGND DGNO 

VAEF In 

4 

7" 

20kn 

7" 

20kn 

20kn 
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TIMING CHARACTERISTICS 
+VL = +5V, TA = -40'C to +B5'C. 

PARAMETER MINIMUM 

t,-Address Valid to Write Setup Time 20ns 
I~Address Valid 10 Write Hold Time tOns 
t,r-Data Setup Time 30ns 
t,-Data Hold Time 10ns 

t"Chip Select to CE or Write Ons 
Setup Time 

16-Chip Select 10 IT or Write Ons 
Hold Time 

tr-Write Pulse Width 40ns 
t,-clear Pulse Width 40ns 

INTERFACE LOGIC TRUTH TABLE 

0 
0 

0 0 
X X 

X 1 
X X X 

NOTE: X = Don't care. 

DISCUSSION OF 
SPECIFICATIONS 
INPUT CODES 

o 0 
o 
1 

1 
X X 
X X 
X X 
X X 
X X 

1 
X 
X 
X 
X 
X 

All digital inputs of the DAC4815 are TTL and 5V CMOS 
compatible. Input codes for the DAC4815 are BOB (Bipolar 
Offset Binary). See Figure 3 for ±IOV bipolar connection. 

BIPOLAR OUTPUTS FOR SELECTED INPUT 
DIGITAL INPUT BIPOLAR (BOB) 

FFFHEX +Full Scale 
BOOHEX Zero 
7FFHEX Zero-1 LSB 

OOOHEX -Full Scale 

INTEGRAL OR RELATIVE LINEARITY 

This term, also know as end point linearity, describes the 
transfer function of analog output to digital input code. 
Integral linearity error is the deviation of the analog output 
versus code transfer function from a straight line drawn 
through the end points. 

BURR~BROWN® 

NOTES: (1) All input signal rise and fall times are measured 
from 10% to 90% of +5V. tR:::: IF := 5ns. 
(2) Timing measurement reference level is V1H + V1L • 

--2-

DAC A LS input register loaded with D7·DO(LSB) 
DAC A MS input register loaded with D3(MSB)·DO 
DAC B LS input register loaded with D7·DO(LSB) 
DAC B MS input register loaded with D3(MSB)·DO 
DAC C LS input register loaded with D7·DO(LSB) 
DAC C MS input register loaded with D3(MSB)·DO 
DAC 0 LS input register loaded with D7·DO(LSB) 
DAC 0 MS input register loaded with D3(MSB)·DO 
All DAC registers updated simultaneously from input registers 
All DAC registers are transparent 
No data transfer 
No data transfer 
Input registers cleared = OOOHEX. DAC registers = BOOHEX 

DIFFERENTIAL NONLINEARITY 

Differential nonlinearity is the deviation from an ideal 
LSB change in the output voltage when the input code 
changes by 1 LSB. A differential nonlinearity specification 
of ±l LSB maximum guarantees monotonicity. 

BIPOLAR ZERO ERROR 

The output voltage for code 800HEX' 

GAIN ERROR 

The deviation of the output voltage span (VMAX - VM1N) 

from the ideal span of20V -1 LSB (bipolar mode). The gain 
error is specified with and without the internal + lOY refer
ence error included. 

OUTPUT SETTLING TIME 

The time required for the output voltage to settle within a 
percentage-of-full-scale error band for a full scale transition. 
Settling to ±0.012% (1/2 LSB) is specified for the DAC48 15. 

113131 Burr-Brown Ie Data Book-Mixed Signal Products 3.217 
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For Immediate Assistance, Contact Your Local Salesperson 
DIGITAL-TO-ANALOG GLITCH 

Ideally, the DAC output would make a clean step change in 
response to an input code change. In reality, glitches occur 
during the transition. See Typical Performance Curves. 

DIGITAL CROSSTALK 

Digital crosstalk is the glitch impulse measured at the output 
of one DAC due to a full scale transition on the other 
DAC-see Typical Performance Curves. It is dominated by 
digital coupling. Also, the integrated area of the glitch pulse 
is specified in n V -so See table of electrical specifications. 

DIGITAL FEEDTHROUGH 

Digital feedthrough is the noise at a DAC output due to 
activity on the digital inputs-see Typical Performance 
Curves. 

OPERATION 

Depending on the address selected, the 4 MSBs or the 8 
LSBs are written into the appropriate input register for each 
DAC when the WR signal is brought low. The data are 
latched in the input register when the WR goes high. Data 
are then transferred from the input registers to the DAC latch 
registers by bringing LE lo~ The data are latched in the 
DAC latch registers when LE goes high. All DACs are 
updated simultaneously. 

When CLR is brought low, the input registers are cleared to 
OOOHEX while the DAC registers = 800HEX' If LE is brought 
low after CLR the DACs are updated with OOOHEX resulting 
in -lOY (bipolar) or OV (unipolar) on the output. 

CIRCUIT DESCRIPTION 

Each of the four DACs in the DAC4815 consists ofa CMOS 
logic section, a CMOS DAC cell, and an output amplifier. 
One buried-zener + IO.OV reference and a -lOY reference 
are shared by all DACs. 

Figure I is a simplified circuit for a DAC cell. An R, 2R 
ladder network is driven by a voltage reference at V REF' 
Current from the ladder is switched either to lOUT or AGND 
by 12 single-pole double-throw CMOS switches. This main
tains constant current in each leg of the ladder regardless of 
digital input code. This makes the resistance at V REF con
stant (it can be driven by either a voltage or current refer
ence). The reference can be either positive or negative 
polarity with a range of up to ±IOV. 

CMOS switches included in series with the ladder terminat
ing resistor and the feedback resistor, RFB, compensate for 
the temperature drift of the ladder switch ON resistance. 

The output op amps are connected as transimpedance ampli
fiers to convert the DAC-cell output current into an output 
voltage. They have been specially designed and compen
sated for precision and fast settling in this application. 

011 
(MSB) 

R R 

010 

R 

09 DO 
(LSB) 

AGNO 

FIGURE I. Simplified Circuit Diagram of DAC Cell. 

POWER SUPPLY CONNECTIONS 

The DAC4815 is specified for operation with power sup
plies ofVL = +5V and Vs = either ±12V or±15V. Even with 
the V s supplies at ±l1.4V the DACs can swing a full ±IOV. 
Power supply decoupling capacitors (lflF tantalum) should 
be located close to the DAC power supply connections. 

Separate digital and analog ground pins are provided to 
permit separate current returns. They should be connected 
together at one point. Proper layout of the two current 
returns will prevent digital logic switching currents from 
degrading the analog output signal. The analog ground 
current is code dependent so the impedance to the system 
reference ground must be kept to a minimum. Connect 
DACs as shown in Figure 2 or use a ground plane to keep 
ground impedance less than O.ln for less than O.ILSB error. 

±10V OUTPUT RANGE CONNECTION 

For a ±IOV bipolar output connect the DAC4815 as shown 
in Figure 3. 

CONNECTION TO DIGITAL BUS 

DAC4815s can easily be connected to a J.lProcessor bus. 
Decode your address lines to derive the control signals 
shown in Figure 4. Only one LATCH signal is required for 
a system where all DAC4815s are updated simultaneously. 
If your want to update DAC4815s independently, use sepa
rate LATCH signals. The LATCH and WRITE signals can 
be brought low simultaneously to update the DAC registers 
with the same processor instruction that writes the final 8-bit 
data word the DAC input registers. 

BURR-BROWN® 
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DAC4815 DAC4815 

NOTE: Ideally RaND = on 

FIGURE 2. Recommended Ground Connections for Multiple DAC Packages. 
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For Immediate Assistance; Contact Your Local Salesperson 

DAC4815 
Data 

5 
WRITE 1 

DAC4815 
18-25 Cs 16 

Data In 

~ 15 WR 

LATCH 17 LE 

Ao 26 Ao 

A, 
3 

A2 

27 A, 

28 A2 

~ 

DAC4815 

WRITE 2 

18-25 Cs ~ Data In 

15 WR 

17 LE 
VourA 26 Ao 

27 A, 

28 A, 

FIGURE 4_ Logic Connections for Multiple DAC4815 
vour B Packages_ 

>-<>+-1-'---0 

>-*++1:..:3=-----oVour C 

>-+-+1:.:2=----ovour D 

~ AGND 

FIGURE 3_ Analog Connections for ±lOV DAC Output_ 

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 andior systems. 
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BURR· BROWN® 

IElElI DAC7528 

CMOS Dual 8-Bit Buffered Multiplying 
DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• DOUBLE BUFFERED DATA LATCHES 

• SINGLE 5V SUPPLY OPERATION 

• ±1/2 LSB LINEARITY 
• FOUR·QUADRANT MULTIPLICATION 

• DACs MATCHED TO 1% 

APPLICATIONS 
• DIGITALLY CONTROLLED FILTERS 

• DISK DRIVES 

• AUTO CALIBRATION 

• MOTOR CONTROL SYSTEMS 

DESCRIPTION 
The DAC7528 contains two, 8-bit multiplying digital
to-analog converters (DACs). Separate on-chip latches 
hold the input data for each DAC to allow easy 
interface to microprocessors. 

Each DAC operates independently with separate refer
ence input pins and internal feedback resistors. Excel
lent converter-to-converter matching is maintained. 

The DAC7528 operates from a single +5V power 
supply. The inputs are TTL-compatible. Package 
options include 20-pin plastic DIP and sore. 

• PROGRAMMABLE GAIN/ATTENUATION 

• X-Y GRAPHICS 

,~ (LSB) 14 Data DBO 
Inputs 

DB7 (MSB) 7 

DACAl 
DACB 6 

CS 15 

WR 16 

~ 

Input -
Buffer 

I 
-

Control 
Logic 

VREF A 
4 

3 RFB A 

..l\ ~ 2 aUTA 

r-Y Latch ----,IV 
t 1 AGND 

DAC7528 

19 RFBB 

+ ----A~ 20 aUT B 
L--A ----,I ::)_ -----v Latch 

18 
VREFB 

International Airport Industrial Pari< • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 746·1111 • Twx: 910·952·1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (520) 889·1510 • Immediate Product Info: (800) 548·6132 
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Forlmmediate Assistance, Contact Your Loca/Salesperson 
SPECIFICATIONS 
ELECTRICAL 
At VDD = +5V; VREFA, S = + 10V; lOUT = GND = OV: T = Full Temperature Range specification under Absolute Maximum Ratings unless otherwise noted: 

DAC7528P, U DAC7528PB, UB 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

DC ACCURACY (') 
Resolution N 8 8 Bits 
Relative Accuracy INL ±1 ±112 LSB 
Differential Nonlinearity DNL Guaranteed Monolithic Over Temp ±1 ±1/2 LSB 
FS Gain Error (2) TA = +25°C ±2 ±1 LSB 

T A = TMIN to TMAX ±4 ±2 LSB 
Gain T empco (2)(3) ±2 ±35 - - ppml"C 
Supply Rejection PSR AVOD = ±5%, TA = +25°C 0.001 0.01 - - %FSR/% 

TA=TMINtoTMAX 0.001 0.01 - - %FSR/% 
Output Leakage Current (OUT A) DACA = 00,., TA = +25°C ±50 - nA 

T A = TMIN to TMA)( ±200 - nA 
Output Leakage Current (OUTB) DACB = 00,., TA = +25°C ±50 - nA 

TA= TMIN to TMAX ±200 - nA 

REFERENCE INPUT 
Input Resistance (V REFA' V REFS) 8 10 15 - - - kn 
Input Resistance Match (V REFA, V REFS) ±1 - % 

DYNAMIC PERFORMANCE (4) 

Output Current Settling Time to 112 LSB Enable Pins Low TA = +25°C 180 - ns 
Load = 100Q/13pF, TA= TMIN to TMAX 200 - ns 

Digital-to-Analog Propagation Delay Enable Pins Low TA= +25°C 80 - ns 
to 90% of Output Load = 100Q/13pF, TA= TMIN to TMAX 100 - ns 

Digital-to-Analog Impulse 125 - nVs 
AC Feedthrough VREFA = 20Vpp Sinewave, TA= +25°C -70 dB 

(VREFA to OUTA) 100kHz,VREFS = OV, TA = T MIN to T MAX -e; dB 
AC Feedthrough VREFA = 20Vpp Sinewave, TA = +25°C -70 dB 

(VREFS to OUTB) 100kHz, VREFB = OV, TA = T MIN to T MAX -<;5 dB 
Channel-to-Channel Isolation VREFA = 20Vpp Sinewave, 100kHz, -90 - dB 

(VREFA to OUTB) VREFB = OV, Both DACs = FF,. 
Channel-to-Channel Isolation V REFS = 20Vpp Sinewave 100kHz, -90 - dB 

(VREFS to OUTA) VREFA = OV, Both DACs = FF,. 
Digital Crosstalk Measured With Code Transijion 00,. to FF,. 30 - nVs 
Harmonic Distortion THD V,N = 6Vrrns at 1 kHz -85 - dB 

ANALOG OUTPUTS (4) 

OUTA capacitance COUTA DAC = 00,. 50 - pF 
DAC = FF,. 120 - pF 

OUTB capacitance COUTS DAC = 00,. 50 - pF 
DAC = FF,. 120 - pF 

DIGITAL INPUTS 
Input High Voltage V,H 2.4 - V 
Input Low Voltage V'L 0.8 - V 
Input Current liN TA= +25°C ±1 - ~A 

TA=TMINtoTMAX ±10 - ~ 
Input Capacitance (4) C'N All Digital Inputs 10 - pF 

POWER REQUIREMENTS 
Supply Current 100 Digital Inputs = V,H or V'L' TA = +25°C 1 - mA 

T A= TMIN to T MAX 1 - mA 
Digital Inputs = OV or VDD, T A = +25°C 100 - ~ 

T A = TMIN to T MAX 500 - ~A 

SWITCHING CHARACTERISTICS (100% tested) See Timing Diagram 
Chip Select To Write Setup Time tos TA= +25°C 200 - ns 

T A = TMIN to T MAX 230 - ns 
Chip Select To Write Hold Time tCH TA= +25°C 20 - ns 

TA=TMINtoTMAX 30 - ns 
DAC Select To Write Setup Time tAS TA= +25°C 200 - ns 

TA= TMIN to TMAX 230 - ns 
DAC Select To Write Hold Time tAH TA= +25°C 20 - ns 

T A = TMIN to TMAX 30 - ns 
Write Pulse Width tWR TA= +25°C 180 - ns 

TA= TMIN to TMA)( 200 - ns 
Data Setup Time tDS TA = +25°C 110 - ns 

TA= TMIN to TMAX 130 - ns 
Data Hold Time tDH TA= +25°C 0 - ns 

NOTES: (1) SpeCifications apply to both DACs, (2) Gain error IS measured USing Internal feedback resistor. Full Scale Range (FSR) = VREF, (3) Guaranteed, but 
not tested. (4) These characteristics are for design guidance only and are not subject to test. 
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DICE INFORMATION 

PAD FUNCTION PAD FUNCTION PAD FUNCTION 

1 Voo 8 RFBA 15 DB4 

2 VREF B 9 VAEFB 16 DB3 

3 RFBB 10 DGND 17 DB2 
--

4 OUTB 11 DAC AlDAC B 18 DB1 

5 AGNDB 12 DB7 19 DBO 

6 AGNDA 13 DB6 20 CS 
7 OUTA 14 DB5 21 WR 

MECHANICAL INFORMATION 

DAC7528 TOPOGRAPHY 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBERI') 

DAC7528P 20-Pin Plastic DIP 222 
DAC752BPB 20·Pin Plastic DIP 222 
DAC752BU 20·Pin SOIC 221 
DAC752BUB 20·Pin SOIC 221 

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

ORDERING INFORMATION 

MODEL INL PACKAGE TEMPERATURE RANGE 

DAC7528P ±1LSB 20-Pin Plastic DIP -40'C to +85'C 
DAC7528PB ±1/2LSB 20·Pin Plastic DIP -40'C to +85'C 
DAC7528U ±1LSB 20-Pin SOIC -40'C to +85'C 
DAC7528UB ±1/2LSB 20-Pin SOIC -40'C to +B5'C 

BURR - BROWN® 

MILS (0.001 ") 

Die Size 104 x 124 
Die Thickness 20 ±3 
Min. Pad Size 4x4 

PIN CONFIGURATION 

Top View 

AGND 1 

DAC7528 
DAC AlDAC B 6 

(MSB) DB7 7 

DB4 10 

IE:lE:lI Burr-Brown Ie Data Book-Mixed Signal Products 

MILLIMETERS 

2.6 x 3.1 
0.51 ±O.OB 
0.10xO.10 

DIP/SOIC 

20 OUT B 

RFB B 

DBO (LSB) 

DB1 

DB2 

11 DB3 
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For Immediate Assistance, Contact Your Local Salesperson 
ABSOLUTE MAXIMUM RATINGS 

Voo 10 GND ..................... . 
V REFA, B to GND ..................... . 
RFAB to GND. . ................... . 
Digi'tal Input Vollage Range ...... . 
Oulpul Vollage (pins 2, 20) .. . 
Operating Temperature Range U,P ... . 

DICE .. . 
Junction Temperature ............... . 
Storage Temperature .... . 
Lead Temperalure (soldering, 105) 

9JA U package ........ o. 

P package ........ .. 
9JC U package .. . 

P package .......... . 

.. .................. OV, +7V 
.. ............. ±25V 

.. ..... ±25V 
-0.3V 10 Voo 

.. ........ -o.3V to Voo 
.. ...... -40"C 10 +85"C 
.. ........ OOG 10 +70oG 

.. ............. +150oG 

.-60°C to +150°C 
........ +300oG 

.. ................. 105°G/W 

.. ................... 85°GIW 
.. .... 60°CIW 

.. .............. 35°GIW 

NOTES: 8JA IS specified 10r worst case mounting conditions, I.e., 9JA IS 

specified for device in socket for POIP package. 
CAUTION: (1) Do not apply voltages higher than Voo or less than GND 
potential on any terminal except VREFA, B (pins 4 and 18) and RFBA, B (pins 
3 and 19). (2) The digital control inputs are zener-protected: however, 
permanent damage may occur on unprotected units from high-energy 
electrostatic fields. Keep units in conductive foam at all times until ready 
to use. (3) Use proper antistatic handling procedures. (4) Absolute 
Maximum Ratings apply to both packaged devices and DICE. Stresses 
above those listed under Absolute Maximum Ratings may cause perma
nent damage to the device. 

A ELECTROSTATIC 
J.l!Jia. DISCHARGE SENSITIVITY 
Any integrated circuit can be damaged by ESD. Burr-Brown 
recommends that all integrated circuits be handled with 
appropriate precautions. Failure to observe proper handling 
and installation procedures can cause damage. 

ESD damage can range from subtle performance degrada
tion 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 
published specifications. 

WRITE CYCLE TIMING DIAGRAM 

CS ---lcs---I--tcH --- voo 

'----------------/----o 

DACAJDAC B ---IAs---I- tAH --- voo 

'-------------~-----o 

WR----- .-------Voo 

Data In 
(DBO·DB7) _______ ---/ 

NOTE: All input signal rise and fall times are measured from 10% to 90% 
of Voo. Voo = +5V, tr, = tl = 20ns; Voo = +15V, tr = t, = 40ns. Timing 
measurement reference level is (VIH + Vld/2. 

MODE SELECTION TABLE 

DAC A1DAC B CS WR DAC A DAC B 

L L L WRITE HOLD 
H L L HOLD WRITE 
X H X HOLD HOLD 
X X H HOLD HOLD 

Digital Inputs: All digital inputs of the DAC7528 incorpo
rate on-chip ESD protection circuitry. This protection is 
designed and has been tested to withstand five 2500V 
positive and negative discharges (lOOpF in series with 15000) 
applied to each digital input. 

Analog Pins: Each analog pin has been tested to Burr
Brown's analog ESD test consisting of five 1000V positive 
and negative discharges (lOOpF in series with 15000) ap
plied to each pin. RFB A' VREF A' RFB B' and VREF B show 
some sensitivity. 

TYPICAL PERFORMANCE CURVES 
At Voo = +5V; VREFA.B = + 10V; lOUT = GND = OV: T = Full Temperature Range Specification under Absolute Maximum Ratings unless otherwise noted. 
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DISCUSSION OF CIRCUIT DESCRIPTION 
SPECIFICATIONS 
RELATIVE ACCURACY 
This term, also known as end point linearity or integral 
linearity, describes the transfer function of analog output to 
digital input code. Relative accuracy describes the deviation 
from a straight line, after zero and full scale errors have been 
adjusted to zero. 

DIFFERENTIAL NONLINEARITY 

Differential nonlinearity is the deviation from an ideallLSB 
change in the output when the input code changes by ILSB. 
A differential nonlinearity specification of ILSB maximum 
guarantees monotonicity. 

GAIN ERROR 

Gain error is the difference between the full-scale DAC 
output and the ideal value. The ideal full scale output value 
for the DAC7528 is -(255/256)VREF• Gain error may be 
adjusted to zero using external trims as shown in Figure 4. 

OUTPUT LEAKAGE CURRENT 

The current which appears at lOUT A and lOUT B with the 
DAC loaded with all zeros. 

OUTPUT CAPACITANCE 

The parasitic capacitance measured from lOUT A or lOUT B to 
AGND. 

CHANNEL-TO-CHANNEL ISOLATION 

The AC output error due to capacitive coupling from DAC 
A to DAC B or DAC B to DAC A. 

AC FEEDTHROUGH ERROR 

The AC output error due to capacitive coupling from V REF 

to lOUT with the DAC loaded with all zeros. 

OUTPUT CURRENT SETTLING TIME 

The time required for the output current to settle to within 

±O.195% of final value for a full scale step. 

DIGITAL-TO-ANALOG IMPULSE 

The integrated area of the glitch pulse measured in nanovolt
seconds. The key contributor to digital-to-analog glitch is 
charge injected by digital logic switching transients. 

DIGITAL CROSSTALK 

Glitch impulse measured at the output of one DAC but 
caused by a full scale transition on the other DAC. The 
integrated area of the glitch pulse is measured in nanovolt
seconds. 

BURR-BROWN!& 

Figure I shows a simplified schematic of one half of a 
DAC7528. The current from the VREF A pin is switched 
between lOUT A and AGND by 8 single-pole double-throw 
CMOS switches. This maintains a constant current in each 
leg of the ladder regardless of the input code. The input 
resistance at V REF A is therefore constant and can be driven 
by either a voltage or current, AC or DC, positive or 
negative polarity, and have a voltage range up to ±20V. 

DB? 
(MSB) 

DB6 

R R 

DBS DBO 
(LSB) 

FIGURE 1. Equivalent Circuit for DAC A. 

AGND 

A CMOS switch transistor, included in series with the ladder 
terminating resistor and in series with the feedback resistor, 
RFB A, compensates for the temperature drift of the ON 
resistance of the ladder switches. 

Figure 2 shows an equivalent circuit for DAC A. COUT is the 
output capacitance due to the N-channel switches and varies 
from about 30pF to 70pF with digital input code. The current 
source ILKG is the combination of surface and junction 
leakages to the substrate. ILKG approximately doubles every 
10°C. Ro is the equivalent output resistance of theD/A and 
it varies with input code. 

R 
.----"\IV\r-o RF• A 

.-----..... --1>--_--oloUTA 

COUT 

~~-~-----+-.__+_-~>--OAGND 

FIGURE 2. Simplified Circuit Diagram for DAC A. 

INSTALLATION 
ESD PROTECTION 

All digital inputs of the DAC7528 incorporate on-chip ESD 
protection circuitry. This protection is designed to withstand 
2.5kV (using the Human Body Model, lOOpP and 1500n). 
However, industry standard ESD protection methods should 
be used when handling or storing these components. When 
not in use, devices should be stored in conductive foam or 
rails. The foam or rails should be discharged to the destina
tion socket potential before devices are removed. 
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For Immediate Assistance, Contact Your Local Salesperson 
POWER SUPPLY CONNECTIONS 

The DAC7528 is designed to operate on Voo = +5V ±1O%. 
For optimum performance and noise rejection, power supply 
decoupling capacitors Co should be added as shown in the 
application circuits. These capacitors (If.IF tantalum recom
mended) should be located close to the D/A. AGND and 
DGND should be connected together at one point only, pre
ferably at the power supply ground point. Separate returns 
miuimize current flow in low-level signal paths if properly 
connected. Output op amp analog common (+ input) should 
be connected as near to the AGND pin of the DAC7528 as 
possible. 

WIRING PRECAUTIONS 

To miuimize AC feedthrough when designing a PC board, 
care should be taken to minimize capacitive coupling be
tween the VREF lines and the lOUT lines. Similarly, capacitive 
coupling between DACs may comproniise the channel-to
channel isolation. Coupling from any of the digital control or 
data lines might degrade the glitch and digital crosstalk 
performance. Solder the DAC7528 directly into the PC 
board without a socket. Sockets add parasitic capacitance 
(which can degrade AC performance). 

AMPLIFIER OFFSET VOLTAGE 

The output amplifier used with the DAC7528 should have 
low input offset voltage to preserve the transfer function 
linearity. The voltage output of the amplifier has an error 
component which is the offset voltage of the op amp multi
plied by the "noise gain" of the circuit. This "noise gain" is 
equal to (RF/Ro + I) where Ro is the output impedance of 
the DlA lOUT terminal and RF is the feedback network 
impedance. The nonlinearity occurs due to the output im
pedance varying with code. If the 0 code case is excluded 
(where Ro = infinity), the Ro will vary from R to 3R 
providing a "noise gain" variation between 4/3 and 2. In 
addition, the variation of Ro is nonlinear with code, and the 
largest steps in Ra occur at major code transitions where the 
worst differential nonlinearity is also likely to be experi
enced. The nonlinearity seen at the amplifier output is 
2VOS - 4Vos/3 = 2Vos/3. Thus, to maintain good 
nonlinearity the op amp offset should be much less than 
1I2LSB. 

UNIPOLAR CONFIGURATION 

Figure 3 shows DAC7528 in a typical unipolar (two-quad
rant) multiplying configuration. The analog output values 
versus digital input code are listed in Table I. The opera
tional amplifiers used in this circuit can be single amplifiers 
such as the OPA602, or a dual amplifier such as the OP A2107. 
CI and C2 provide phase compensation to minimize settling 
time and overshoot when using a high speed operational 
amplifier. 

D'N 
VQ(JT = - 256 VRE• 

FIGURE 3. Unipolar Configuration 2 Quadrant Multiplica
tion. 

If an application requires the DI A to have zero gain error, the 
circuit shown in Figure 4 may be used. Resistors R2 and R4 
induce a positive gain error greater than worst-case initial 
negative gain error. Trim resistors RI and R3 provide a 
variable negative gain error and have sufficient trim range to 
correct for the worst-case initial positive gain error plus the 
error produced by R2 and R4. 

BIPOLAR CONFIGURATION 

Figure 5 shows the DAC7528 in a typical bipolar (four
quadrant) multiplying confignration. The analog output val
ues versus digital input code are listed in Table ll. 

The operational amplifiers used in this circuit can be single 
amplifiers such as the OPA602, a dual amplifier such as the 
OPA2107, or a quad amplifier like the OPA404. Cl and C2 
provide phase compensation to minimize settling time and 
overshoot when using a high speed operational amplifier. 
The bipolar offset resistors Rl-R3 and R4-R6 should be 
ratio-matched to 0.195% to ensure the specified gain error 
performance. 
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APPLICATION INFORMATION 

DATA INPUT 

MSB~ ~ LSB 
11111111 

ANALOG OUTPUT 

-VRE' (255/256) 
10000000 -VRE' (255/256) = -1I2VRE, 

FIGURE 4. Unipolar Configuration with Gain Trim. 

VREFB 

R2 
20kQ 

FIGURE 5. Bipolar Configuration 4 Quadrant Multiplication. 

BURR-BROWN® 

00000001 -VRE' (1/256) 
0000 0000 OV 

TABLE 1. Unipolar Output Code. 

MSB.j. ~ LSB 
11111111 +VRE,(127/128) 
10000001 +VRE' (11128) 
10000000 OV 
0111 1111 -VRE' (1/128) 
0000 0000 -VRE' (127/128) 

TABLE II. Bipolar Output Code. 

R, 
20kQ 

VOUTA 

Al-A4, OPA602 or 1/2 OPA2107. 

R4 
Rs 20kQ 
10kQ 

VOUTB 

IElElI Burr-Brown Ie Data Book-Mixed Signal Products 3.227 
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For Immediate Assistance, Contact Your Local Salesperson 
APPLICATIONS CIRCUIT: 8-BIT PLUS SIGN DAC 

+15V 

+10V The DACs are loaded with same 8-bft word, 
except that one code is inverted first. 
If sign bit = 1 ; invert DAC B's data_ 
If sign bit = 0; invert DAC A's data. 

INA105 

AI OPA602 or 112 OPA2107. 

±tOV 
9 Bits 

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 enlirely at the usefs own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any olthe circufts described herein are Implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in lile support devices and/or systems. 
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BURR-BROWN® 

113131 DAC7541A 

Low Cost 12-Bit CMOS 
Four-Quadrant Multiplying 

DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• FULL FOUR-QUADRANT 

MULTIPLICATION 

• 12-BIT END-POINT LINEARITY 
• DIFFERENTIAL LINEARITY ±1/2LSB MAX 

OVER TEMPERATURE 

• MONOTONICITY GUARANTEED OVER 
TEMPERATURE 

• TTL-/CMOS-COMPATIBLE 

• SINGLE +5V TO +15V SUPPLY 

• LATCH-UP RESISTANT 

• 7521n541n541A REPLACEMENT 

• PACKAGES: Plastic DIP, Plastic SOIC 

• LOW COST 

VREF 10ka 10k[! 10k[! 

20k[! 20k[! 20k[! 

I SPOT NMOS r y I 
I 

~ I I I 

Swilches I I 
I I 
I I 
I I 
I I I 

6 6 6 
Bit 1 Bit 2 Bit 3 

(MSB) 

Digital Inputs (DTL-mL-/CMOS-compatible) 

DESCRIPTION 
The Burr-Brown DAC7541A is a low cost 12-bit, 
four-quadrant mUltiplying digital-to-analog converter. 
Laser-trimmed thin-film resistors on a monolithic 
CMOS circuit provide true 12-bit integral and differ
ential linearity over the full specified temperature 
range. 

DAC754lA is a direct, improved pin-for-pin replace
ment for 7521, 7541, and 7541A industry standard 
parts. In addition to a standard IS-pin plastic package, 
the DAC7541A is also available in a surface-mount 
plastic IS-pin SOIC. 

10k[! 

Ffl~ 
I I 
I I 

IOUT2 

lOUT 1 

RF• 

Logic: A switch is closed to lOUT 1 for its digital input in a "HIGH" state. 
Switches shown for digital inputs 'HIGH". 

InternaHonal Airport Industrial Park • Mailing Addres.: PO Box 11400 • Tucson, AZ 85734 • Street Addres.: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 746-1111 • TWx: 910-952-1111 • Cable: BBRCORP • Telex: 066·6491 • FAX: (520) 889-1510 • Immediate Product Info: (800) 548-6132 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS 
ELECTRICAL 
At +25°C, +Voo = +12Vor +15V, VREF = +10V, Vp1N 1 = VP1N2 = av, unless otherwise specified. 

DAC7541A 

PARAMETER GRADE TA = +25'<: TA =TMAX, TM1N(1) UNITS TEST CONDITIONS/COMMENTS 

ACCURACY 
Resolution All 12 12 Bits 
Relative Accuracy J ±1 ±1 LSBmax ±1 LSB • ±0.024% 01 FSR. 

K ±1/2 ±1/2 LSB max ±II2LSB • ±0.012% 01 FSR. 
Differential Non-linearity J. ±1 ±1 LSB max All grades guaranteed monotonic to 12 bits, 

K ±1/2 ±1/2 LSB max T M'N to T MAX-
Gain Error J ±6 ±8 LSB max Measured using internal RFB and Includes effect 

K ±1 ±3 LSB max of leakage current and gain T.C. 
Gain error can be trimmed to zero. 

Gain Temperature Coefficient 
(~Gain/~Temperature) ALL 5 ppmi"C max Typical value is 2ppmi"C. 

Output Leakage Current: Out, (Pin 1) J,K ±5 ±10 nAmax All digital inputs. OV. 
Out2 (Pin 2) J, K ±5 ±10 nAmax All digital inputs ~ Voo-

REFERENCE INPUT 
Voltage (Pin 17 to GND) All -10/+10 -101+10 V min/max 
Input Resistance (Pin 17 to GND) All 7-18 7-18 kO minImax 

Typical input resistance = 11 kil. 
Typical input resistance temperature coefficient is 

-50ppm/"C. 

DIGITAL INPUTS 
V'N (Input HIGH Voltage) All 2.4 2.4 Vmin 
V'L (Input LOW Voltage) All 0.8 0_8 Vrnax 
I'N (Input Current) All ±1 ±1 IIA max Logic inputs are MOS gates. 

I'N typ (25°C) = 1 nA 
C'N (Input Capacitance)12) All 8 8 pFmax V'N =OV 

POWER SUPPLY REJECTION 
~Gainl~Voo All ±0_01 ±0.02 %per%max Voo = +11.4Vto +16V 

POWER SUPPLY 
Voo Range All +5 to +16 +5to+16 V minto Accuracy is not guaranteed over this range. 

V max 
100 All 2 2 mAmax All digital inputs V'L or V'N' 

All 100 500 IIA max All digital inputs OV or Voo. 

NOTES: (1) Temperature ranges are: = O°C to + 70°C lor JP, KP, JU and KU versions_ (2) Guaranteed by design but not production tested. 

AC PERFORMANCE CHARACTERISTICS 
These characteristics are included for design guidance only and are not production tested. 
Voo = + 15V, VREF = +10V except where stated, Vp'N' = Vp'N 2 • OV, output amp is OPA606 except where stated. 

DAC7541A 

PARAMETER GRADE TA = +25'<: TA=TuAXI Ty1N(1) UNITS TEST CONDITIONS/COMMENTS 

PROPAGATION DELAY 
(Irom Digital Input change to 90% 01 Out, Load = lOOn, CEXT = 13pF. 

final Analog Output) All 100 - ns typ Digital Inputs = OV to Voo or Voo to OV. 

DIGITAL-TO-ANALOG GLITCH VREF = OV, all digital inputs OV to Voo or Voo to 
IMPULSE All 1000 - nV-s typ OV. Measured using OPA606 as output amplifier. 

MULTIPLYING FEEDTHROUGH 
ERROR 
(VREF to Out,) All 1.0 - mVp-pmax VREF • ±10V, 10kHz sine wave. 

OUTPUT CURRENT SETTLING TIME 
All 0.6 - ~typ To 0.01% 01 Full Scale Range_ 

Out, Load = lOOn, CEXT = 13pF. 
All 1.0 - ~max Digital Inputs: OV to Voo or Voo to OV. 

OUTPUT CAPACITANCE 
COUT1 (Pin 1) All 100 100 pFmax Digital Inputs = V'H 
COUT , (Pin 2) All 60 60 pFmax Digital Inputs = V'H 
COUT , (Pin 1) All 70 70 pFmax Digital Inputs = V'L 
COUT' (Pin 2) All 100 100 pFmax Digital Inputs = V'L 

NOTE: (1) Temperature ranges are: = O°C to + 700C lor JP, KP, JU and KU versions. 

BURR-BROWNe 
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ABSOLUTE MAXIMUM RATINGS 

Voo (Pin 16) to Ground ...................................................................... +17V 
VREF (Pin 17) to Ground ..................................................................... +25V 
VRP• (Pin 18) to Ground ..................................................................... ±25V 
Digital Input Voltage (pins 4·15) to Graund ............................... -O.4V. Voo 
VP1N1 • VPIN2 1oGround ............................................................. -0.4V, Voo 
Power Dissipation (any package): 

To +75·C ................•......•............................................................. 45DmW 
Derates above +75°C .............................................................. -6mW/oC 

Lead Temperature (soldering. IDs) ................................................ +3DD·C 
Storage Temperature: Plastic Package ......................................... + I 25·C 

NOTE: Stresses above those listed above may cause permanent damage 
to the device. This is a stress rating only and functional operation of the 
device at these or any ather condition above those indicated in the opera· 
tional sections of this specificalion is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

A ELECTROSTATIC 
J..fI& DISCHARGE SENSITIVITY 

PIN CONNECTIONS 

Top View 

Bit 6 

PACKAGE INFORMATION 

MODEL PACKAGE 

DAC7541JP Plastic DIP 
DAC754IKP Plastic DIP 

DAC7541JU Plastic SOIC 
DAC7541KU Plastic SOIC 

DAC754IJP·BI Plaslic DIP 
DAC7541 KP·BI Plaslic DIP 

DIP/SOIC 

ID Bit7 

PACKAGE DRAWING 
NUMBER") 

218 
218 

219 
219 

218 
218 

The DAC7541A is an ESD (electrostatic discharge) sensi
tive device. The digital control inputs have a special FET 
structure, which turns on when the input exceeds the supply 
by 18V, to minimize ESD damage. However, permanent 
damage may occur on unconnected devices subject to high 
energy 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 removed. 

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

BURN-IN SCREENING 
Burn-in screening is an option available for the models in the 
Ordering Information table. Burn-in duration is 160 hours at 
the indicated temperature (or equivalent combination of time 
and temperature). 

All units are tested after burn-in to ensure that grade speci
fications are met. To order bum-in, add "-BI" to the base 
model number. 

ORDERING INFORMATION 

TEMPERATURE RELATIVE 
MODEL PACKAGE RANGE ACCURACY (lSB) 

DAC7541AJP Plastic DIP D·Cto +7D·C ±I 
DAC7541AKP PlaslicDIP O°Cto +70°C ±1I2 
DAC7541AJU Plastic SOIC D·C to +7D·C ±I 
DAC7541AKU Plastic SOIC D·Cto +7D·C ±112 

BURN-IN SCREENING OPTION 
See text for details. 

TEMPERATURE RELATIVE 
MODEL PACKAGE RANGE ACCURACY (LSB) 

DAC754IAJP·BI Plastic DIP D·Cto +7D·C ±I 
DAC7541 AKP·BI Plastic DIP D·C to+7D·C ±112 

GAtN ERROR (lSB) 

±8 
±I 
±8 
±I 

BURN·IN TEMP. 
(160 HoursV" 

+85·C 
+85·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 ar licenses to any of the circuits described herein are implied or granted 10 any third party. BURR·BROWN does not 
aulhorlze or warrant any BURR·BROWN product for use in life support devices and/or systems. 
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DIE TOPOLOGY DAC7541A 

TYPICAL PERFORMANCE CURVES 
TA = +25°C, Voo = +15V, unless otherwise noted. 

3 
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GAIN ERROR vs SUPPLY VOLTAGE 
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LINEARITY vs SUPPL Y VOLTAGE 
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Supply Voltage (V) 
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PAD FUNCTION 

1 IOUT1 
2 10UT2 

3 GND 
4 Bit 1 (MSB) 
5 Bit2 
6 Bit 3 
7 Bit 4 
8 Bit5 
9 Bit 6 

Substrate Bias: Isolated. 
NC: No Connection. 

PAD FUNCTION 

10 Bit 7 
11 Bit 8 
12 Bit 9 
13 Bit 10 
14 Bit11 
15 Bit 12 (LSB) 
16 +VOD 
17 VRE, 

18 RFEEDBACK 

MECHANICAL INFORMATION 

MILS (0.001") MILLIMETERS 

Die Size 104x 105±5 2.64 x 2.67 ±0.13 
Die Thickness 20±3 0.51 ±0.08 
Min. Pad Size 4x4 0.10 x 0.10 

Metalization Aluminum 

FEEDTHROUGH ERROR vs FREQUENCY 
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SUPPLY CURRENT vs SUPPLY VOLTAGE 
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DISCUSSION 
Or, Call Customer Service at 1·800·548·6132 (USA Only) 

CIRCUIT DESCRIPTION 
OF SPECIFICATIONS 
RELATIVE ACCURACY 
This term (also known as linearity) describes the transfer 
function of analog output to digital input code. The linearity 
error describes the deviation from a straight line between 
zero and full scale. 

DIFFERENTIAL NONLINEARITY 
Differential nonlinearity is the deviation from an ideallLSB 
change in the output, from one adjacent output state to the 
next. A differential nonlinearity specification of ±1.0LSB 
guarantees monotonicity. 

GAIN ERROR 
Gain error is the difference in measure of full-scale output 
versus the ideal DAC output. The ideal output for the 
DAC754lA is -(4095/4096) X (VREF). Gain error may be 
adjusted to zero using external trims. 

OUTPUT LEAKAGE CURRENT 
The measure of current which appears at Out l with the DAC 
loaded with all zeros, or at Out2 with the DAC loaded with 
all ones. 

MULTIPLYING FEEDTHROUGH ERROR 
This is the AC error output due to capacitive feedthrough 
from VREF to Outl with the DAC loaded with all zeros. This 
test is performed at 10kHz. 

OUTPUT CURRENT SETTLING TIME 
This is the time required for the output to settle to a tolerance 
of ±0.5LSB of final value from a change in code of all zeros 
to all ones, or all ones to all zeros. 

PROPAGATION DELAY 
This is the measure of the delay of the internal circuitry arid 
is measured as the time from a digital code change to the 
point at which the output reaches 90% of fmal value. 

DIGITAL-TO-ANALOG GLITCH IMPULSE 
This is the measure of the area of the glitch energy measll)"ed 
in n V-seconds. Key contributions to glitch energy are digital 
word-bit timing differences, internal circuitry timing differ
ences, and charge injected from digital logic. 

MONOTONICITY 
Monotonicity assures that the analog output will increase or 
stay the same for increasing digital input codes. The 
DAC754lA is guaranteed monotonic to 12 bits. 

POWER SUPPLY REJECTION 
Power supply rejection is the measure of the sensitivity of 
the output (full scale) to a change in the power supply 
voltage. 

BURR~BRDWN(JJI 

The DAC7541A is a 12-bit mUltiplying D/A converter 
consisting of a highly stable thin-film R-2R ladder network 
and 12 pairs of current steering switches on a monolithic 
chip. Most applications require the addition of a voltage or 
current reference and an output operational amplifier. 

A simplified circuit of the DAC7541A is shown in Figure 1. 
The R-2R inverted ladder binarily divides the input currents 
that are switched between loUT I and lOUT 2 bus lines. This 
switching allows a constant current to be maintained in each 
ladder leg independent of the input code. 

The input resistance at VREF (Figure I) is always equal to 
RLDR (RLDR is the R/2R ladder characteristic resistance and 
is equal to value UR"). Since RIN at the V REF pin is constant, 
the reference terminal can be driven by a reference 
or a reference current, AC or DC, of positive or 
polarity. 

VREF tOkn 

20k.Q 

r ? 
I 
I 

6 
Bitt 

(MSB) 

tOkn 

I 
I 
I 
I 

6 
Bit 2 

tOkn 

20~20kn 
S3 -. Js~:·--l 

! 7~ I! 7 
I I 

6 6 
Bit 3 Bilt2 

(LSB) 

Digitallnpuls (DTl·fTTL·/CMOS·compatible) 
Switches shown for digital inputs "HIGH". 

FIGURE 1. Simplified DAC Circuit. 

EQUIVALENT CIRCUIT ANALYSIS 
Figures 2 and 3 show the equivalent circuits for all digital 
inputs low and high, respectively. The reference current is 
switched to loUT 2 when all inputs are low and loUT I when 
inputs are high. The IL current source is the combination of 
surface and junction leakages to the substrate; the 
1/4096 current source represents the constant one-bit current 
drain through the ladder terminal. 

DYNAMIC PERFORMANCE 
Output Impedance 
The output resistance, as in the case of the output capaci
tance' is also modulated by the digital input code. The 
resistance looking back into the lOUT 1 terminal may be 
anywhere between lOill (the feedback resistor alone when 
all digital inputs are low) and 7.5kn (the feedback resistor 
in parallel with approximately 30kn of the R-2R ladder 
network resistance when any single bit logic is high). The 
static accuracy and dynamic performance will be affected by 
this modulation. The gain and phase stability of the output 

I E:I E:l1 Burr-Brown Ie Data Book-Mixed Signal Products 3.233 

en a: 
w 
Ia: 
W 
> 
Z o 
o 
CJ o 
...I 
<C 
Z 
<f. 

~ 
~ 
CJ 
C 



For Immediate Assistance, Contact Your Local Salesperson 

,------.----0 lOUT 1 

FIGURE 2. DAC7541A Equivalent Circuit (All inputs 
LOW). 

amplifier, board layout, and power supply decoupling will 
all affect the dynamic perfonnance of the DAC7541A. The 
use of a compensation capacitor may be required when high
speed operational amplifiers are used. It may be connected 
across the amplifier's feedback resistor to provide the nec
essary phase compensation to critically dampen the output. 
See Figures 4 and 6. 

APPLICATIONS 
OP AMP CONSIDERATIONS 
The input bias current of the op amp flows through the 
feedback resistor, creating an error voltage at the output of 
the op amp. This will show up as an offset through all codes 
of the transfer characteristics. A low bias current op amp 
such as the OPA606 is recommended. 

Low offset voltage and Vos drift are also important. The 
output impedance of the DAC is modulated with the digital 
code. This impedance change (approximately lOill to 30ill) 
is a change in closed-loop gain to the op amp. The result is 
that Vos will be multiplied by a factor of one to two 
depending on the code. This shows up as a linearity error. 
Offset can be adjusted out using Figure 4. Gain· may be 
adjusted using Figure 5. 

UNIPOLAR BINARY OPERATION 
(Two-Quadrant Multiplication) 
Figure 4 shows the analog circuit conrtectionsrequired for 
unipolar binary (two-quadrant multiplication) operation. With 
a DC reference voltage or current (positive or negative 
polarity) applied at pin 17, the circuit is a unipolar D/A 
converter. With an AC reference voltage or current, the 
circuit provides two-quadrant multiplication (digitally con
trolled attenuation). The input/output relationship is shown 
in Table I. . 

R = 10kQ 

o--.J\I\t-_----..------j~--*-''---O lOUT 1 
VREF 

-:- -:- -:-

t~, f'~' 
o IOUT2 

FIGURE 3. DAC7541A Equivalent Circuit (All inputs 
IDGH). 

BINARY INPUT ANALOG OUTPUT 

MSB LSB 
111111111111 -VREF (4095/4096) 
1000 0000 0000 -VREF (2048/4096) 
0000 0000 0001 -VREF (1/4096) 
0000 0000 0000 OV 

TABLE I. Unipolar Codes. 

CI phase compensation (10 to 25pF) in Figure 4 may be 
required for stability when using high speed amplifiers. CI 
is used to cancel the pole fonned by the DAC internal 
feedback resistance and output capacitance at Outl. 

RI in Figure 5 provides full scale trim capability-load the 
DAC register to 1111 1111 1111, adjust RI for VOUT =
VREF (4095/4096). Alternatively, full scale can be adjusted 
by omitting RI and Rz and trimming the reference voltage 
magnitude .. 

BIPOLAR FOUR-QUADRANT OPERATION 
Figure 6 shows the connections for bipolar four-quadrant 
operation. Offset can be adjusted with the Al to Az summing 
resistor, with the input code set to 1000 0000 0000. Gain 
may be adjusted by varying the feedback resistor of A2• The 
input/output relationship is shown in Table II. 

BINARY INPUT ANALOG OUTPUT 

MSB LSB 
111111111111 +VREF (2047/2048) 
1000 0000 0000 OV 

011111111111 -VREF (112048) 
0000 0000 0000 -v REF (204812048) 

TABLE II. Bipolar Codes. 

BURR·BROWN@ 

3.234 Burr-Brown Ie Data Book-Mixed Signal Products IE:lE:lI 



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

MSB 

( B, B2 B3 B" ) 
Vour= -VREF 2 + 4 + 8 +" •• + 4096 

-1OVSVREF S+10V 

DAC7541A 
O<V < 4095 V 

- QUT-- 4096 REF 

Where: BN = 1 if the BN digital input is HIGH. 
BN = 0 il the BN digital input is LOW. 

Single-Point Ground ~ 

FIGURE 4. Basic Connection With Op Amp Vas Adjust: Unipolar (two-quadrant) MUltiplying Configuration. 

FIGURE 5. Basic Connection With Gain Adjust (allows adjustment up or down). 

470 

VREF 17 

or 
112 OPA2604 

( B, B2 B3 B,,) 
VOUT=+VAEF 1 + 2 + 4 + ••• +2048- 1 

FIGURE 6. Bipolar Four-Quadrant Multiplier. 
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For Immediate Assistance, Contact Your Local Salesperson 
DIGITALLY CONTROLLED GAIN BLOCK 
The DAC7541A may be used in a digitally controlled gain 
block as shown in Figure 7. This circuit gives a range of gain 
from one (all bits = one) to 4096 (LSB = one). The transfer 
function is: 

-v V IN . 

OUT (B, B2 B3 BI2 ) 
2 +4 +8+ 000 + 4096 

All bits off is an illegal state, as division by zero is impos
sible (no op amp feedback). Also, errors increase as gain 
increases, and errors are minimized at major carries (only 
one bit on at a time). 

V,N 

Bits 1 to 12 

18 16 

DAC7541A. 

17 

Voo 

FIGURE 7. Digitally Programmable Gain Block. 
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BURR - BROWN® 

IElElI DAC7545 

CMOS 12-Bit Multiplying 
DIGITAL-TO-ANALOG CONVERTER 

Microprocessor Compatible 

FEATURES 
• FOUR-QUADRANT MULTIPLICATION 

• LOW GAIN TC: 2ppmfOC typ 
• MONOTONICITY GUARANTEED OVER 

TEMPERATURE 

• SINGLE 5V TO 15V SUPPLY 

• TTUCMOS LOGIC COMPATIBLE 

• LOW OUTPUT LEAKAGE: 10nA max 

DESCRIPTION 
The DAC7545 is a low-cost CMOS, 12-bit four
quadrant multiplying, digital-to-analog converter with 
input data latches. The input data is loaded into the 
DAC as a l2-bit data word. The data flows through to 
the DAC when both the chip select (CS) and the write 
(WR) pins are at a logic low. 

• LOW OUTPUT CAPACITANCE: 70pF max 

Laser-trimmed thin-film resistors and excellent CMOS 
voltage switches provide true 12-bit integral and dif
ferential linearity. The device operates on a single 
+5V to + 15V supply and is available in 20-pin plastic 
DIP or 20-lead plastic SOlC packages. Devices are 
specified over the commercial. 

• DIRECT REPLACEMENT FOR AD7545, 
PM-7545 

VREF 191------1 

The DAC7545 is well suited for battery or other low 
power applications because the power dissipation is 
less than O.5mW when used with CMOS logic inputs 
and V DO = +5V. 

12-Bit 
Multiplying DAC 

DB l1 ·DB, 
(Pins 4·15) 

Inter,national Alrporllndllstrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
9100952-1111 • Cable: BBRCORP • Telex: 086·6491 • FAX: 889-1510· Immediate Product Info: 548-6132 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS 
ELECTRICAL 
VREF = +10V, VOUT , = OV, ACOM = DCOM, unless otherwise specified. 

DAC7545 

VDD = +5V VDD = +15V 

PARAMETER GRADE TA = +25°C T MAX-T MIN(1) TA = +25OC TMArTMIN(1) UNITS 

STATIC PERFORMANCE 
Resolution All 12 12 12 12 Bits 
Accuracy J ±2 ±2 ±2 ±2 LSB 

K ±1 ±1 ±1 ±1 LSB 
L ±112 ±1/2 ±1/2 ±1/2 LSB 

GL ±112 ±112 ±1/2 ±112 LSB 
Differential Nonlinearity J ±4 ±4 ±4 ±4 LSB 

K ±1 ±1 ±1 ±1 LSB 
L ±1 ±1 ±1 ±1 LSB 

GL ±1 ±1 ±1 ±1 LSB 
Gain Error (with internal RFe)12) J ±20 ±20 ±25 ±25 LSB 

K ±10 ±10 ±15 ±15 LSB 
L ±5 ±6 ±10 ±10 LSB 

GL ±1 ±2 ±6 ±7 LSB 
Gain Temperature Coefficient(3) 

(AGain/ATemperature) All ±5 ±5 ±10 ±10 ppm/DC 

TEST CONDITIONS/COMMENTS 

10-Bit Monotonic, T MIN to T MAX 
1 O-Bit Monotonic, T MIN to T MAX 

12-8it Monotonic. T MIN to T MAX 

12-8it Monotonic. T MIN to T MAX 

{ D/A register loaded with FFFH. 
Gain error is adjustable using 
the circuits in Figures 2 and 3. 

Typical value is 2ppm/"C 
for Voo = +5 

DC Supply Rejection(3) 
(AGain/AVoo) All 0.Q15 0.03 0.Q1 0.02 %/% tNoo ±5% 

Output Leakage CUrrent at Out 1 J, K, L, GL 10 50 10 50 nA DB.-DB" = OV; WR, CS = OV 

DYNAMIC PERFORMANCE 
CUrrent Settling Time(3) All 2 2 2 2 ~s To 1I2LSB. Out, Load = loon 

DAC output measured from 
falling edge of WR. CS = OV 

Propagation Delay(3) (from digital input All 
change to 90% of final analog output) 300 250 ns Out, Load = lOOn. CEXT = 13pF(4) 

Glitch Energy All 400 250 nV-s(5) VREF = ACOM 
AC Feedback at lOUT 1 All 5 5 5 5 mVp-p(5) VREF = ±1 OV, 10kHz Sine Wave 

REFERENCE INPUT 
Input Resistance (pin 19 to AGND) All 7 7 7 7 knl') Input resistance TC = 300ppm1"C(5) 

25 25 25 25 kn 

ACOUTPUTS 
Output Capacitance(3): COUT , All 70 70 70 70 pF DB.-DB" = OV; WR, CS = OV 

COUT2 All 200 200 200 200 pF DB.-DB" = Voo; WR, CS = OV 

DIGITAL INPUTS 
V,H (Input HIGH Voltage) All 2.4 2.4 13.5 13.5 VI') 
V" (Input LOW Voltage) All 0.8 0.8 1.5 1.5 V 
liN (Input Current)I?) All ±1 ±10 ±1 ±10 ~ VIN = 0 arVOD 
Input Capacitance(3): DB.-DB" All 5 5 5 5 pF V,N=OV 

WR,CS All 20 20 20 20 pF V,N =oV 

SWITCHING CHARACTERISTICS(8) 
Chip Select to Write Setup TIme, les All 280 380 180 200 nsl') See TIming Diagram 

200 270 120 150 "S(5) 

Chip Select to Write Hold Time, tCH All 0 0 0 0 nsl'l 
Write Pulse Width, twR All 250 400 160 240 ns(6) tcs ~ tWR' leH ~ 0 

175 280 100 170 ns(5) 

Data Setup Time, tos All 140 210 90 120 ns(6) 

100 150 60 80 "S(5) 

Data Hold Time, tOH All 10 10 10 10 ns(6) 

POWER SUPPLY, laD 
All 2 2 2 2 mA All Digital Inputs V" or V,H 
All 100 500 100 500 ~A All Digital Inputs OV or Voo 
All 10 10 10 10 ~(5) All Digital Inputs OV or Voo 

NOTES: (1) Temperature ranges-J, K, L, GL: O°C to +70°C. (2) This inctudes the effect of 5ppm max, gain TC. (3) Guaranteed but nottested. (4) DB.-DB" = OV to 
Voo or Voo to OV. (5) Typical. (6) Minimum. (7) Logic inputs are MOS gates. Typical input current (+25°C) is less than 1 nA. (8) Sample tested at +25°C to ensure 
compliance. 

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 pr~duct for use In life support devices andlor systems. 
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ABSOLUTE MAXIMUM RATINGS 
TA = +25°C, unless otherwise noted. 

VDD to DGND ........................................................................... -O.3V, +17 
Digilallnputto DGND ...................................•...•....................... -O.3V, Voe 
V RFB, V REF, to DGND ...........................................................•...•........ ±25V 
VPIN' to DGND .....................................................................•... -O.3V, Voe 
AGND to DGND ........................................................................ -O.3V, Voe 
Power Dissipation: Any Package to +75'C ...................................• 450mW 

Derates above +75'C by ................................ 6mWf'C 
Operating Temperature: 

Commercial J, K, L, GL ................................•..................... O'C to +70'C 
Storage Temperature ...................................................... -65'C to + 150'C 
Lead Temperature (soldering, 10s) ................................................ +SOO'C 

NOTE: Stresses above those listed above may cause permanent damage 
to the device. This is a stress rating only and functional operation 01 the 
device at these or any other condition above those indicated in the opera
tional sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

A ELECTROSTATIC 
~ DISCHARGE SENSITIVITY 
Any integral circuit can be damaged by ESD. Burr-Brown 
recommends that all integrated circuits be handled with 
appropriate precautions. Failure to observe proper handling 
and installation procedures can cause damage. 

PIN CONNECTIONS 

Top View 

OUT 1 

AGND 

DGND 

(MSB) DB" 

DAC7545 

DB, 10 

PACKAGE INFORMATION 

MODEL PACKAGE 

DAC7545JP 20-Pin PDIP 
DAC7545KP 20-Pin PDIP 
DAC7545LP 20-Pin PDlP 
DAC7545GLP 20-Pin PDIP 

DAC7545JU 20-PinSOIC 
DAC7545KU 20-PinSOIC 
DAC7545LU 20-Pin SOIC 
DAC7545GLU 20-Pin SOIC 

DIP/SOtC 

20 RFS 

DBo(LSB) 

DB, 

DB, 

DB, 

11 DB, 

PACKAGE DRAWING 

NUMBER(" 

222 
222 
222 
222 

221 
221 
221 
221 
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ESD damage can range from subtle performance degrada
tion 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 
published specifications. 

NOTE: (1) For detailed drawing and dimension table, please see end of data CJ 
sheet, or Appendix C 01 Burr·Brown IC Data Book. 0 

ORDERING INFORMATION 
TEMPERATURE RELATIVE GAIN ERROR (lSB) 

MODEL PACKAGE RANGE ACCURACY (lSB) VDD=+5V 

DAC7545JP Plastic DIP Q'C to +70'C ±2 ±20 
DAC7545KP Plastic DIP O'Cto +70'C ±1 ±10 
DAC7545lP Plastic DIP O'Cto +70'C ±1/2 ±5 
DAC7545GLP Plastic DIP O'Cto +70'C ±112 ±1 

DAC7545JU PlasticSOIC O'Cto +70'C ±2 ±20 
DAC7545KU Plastic SOIC O'Cto +70'C ±1 ±10 
DAC7545lU Plastic SOIC O'Cto +70'C ±112 ±5 
DAC7545GLU Plastic SOIC O'Cto +70'C ±112 ±1 
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For Immediate Assistance, Contact Your Local Salesperson 
WRITE CYCLE TIMING DIAGRAM 

-tcs-I-IcH~ Voo 

'---------'---- 0 

WR---- ----Voo 

'------'-'------- 0 

Data In 
(DBo-DB,,) 

DAC7545 DIE TOPOGRAPHY 

DISCUSSION 
OF SPECIFICATIONS 
Relative Accuracy 

o 

This term (also known as end point linearity) describes the 
transfer function of analog output to digital input code_ 
Relative accuracy describes the deviation from a straight 
line after zero and full scale have been adjusted_ 

Differential Nonlinearity 
Differential nonlinearity is the deviation from an ideallLSB 
change in the output, for adjacent input code changes_ A 
differential nonlinearity specification of lLSB guarantees 
monotonicity _ 

Gain Error 
Gain error is the difference in measure of full-scale output 
versus the ideal DAC output_ The ideal output for the 
DAC7545 is -(4095/4096)(VREF)_ Gain error may be ad
justed to zero using external trims as shown in the applica
tions section_ 

Mode Selection 

Write Mode Hold Mode 

CS and WR low, DAC responds Eilher CS or WR high, dala bus 
10 Dala Bus (DBo-DB,,) inputs. (DBa-DB,,) Is locked oul; DAC 

holds lasl data present when 
WR or CS assumed high stale. 

NOTES: Voo = +5V, tR = IF = 20ns. Voo = +15V, IR = IF= 40ns. All Inputs sIgnal 
rise and fall times measured from 10% to 90% of Voo. Timing measurement 
reference level is (VIH + VIL)12. 

PAD FUNCTION PAD FUNCTION 

1· OUTI 13 DBa 
2 AGND 14 DB:, 
3 AGND 15 DB, (LSB) 

4 DGND 16 DBa 
5 DB11 17 CS 

6 DB10 18 WR 

7 DB9 19 XYR 

8 DB8. 20 Voo 
9 DB7 21 VREF 

10 DB6 22 RFe 
11 DBs 23 OUT, 
12 DB, 

Substrate Bias: Isolated. NC: No Connection 

MECHANICAL INFORMATION 

MILS (0_001 ") MILLIMETERS 

Die Size 136x134±5 3.45 x 3.40 ±0.13 
Die Thickness 20±3 0.51 ±0.08 
Min. Pad Size 4x4 0.10xO.l0 

Metalizalion Aluminum 

Output Leakage Current 
The current which appears at OUT I with the DAC loaded 
with all zeros. 

Multiplying Feedthrough Error 
The AC output error due to capacitive feedthrough from 
V REF to OUT 1 with the DAC loaded with all zeros. This test 
is performed using a 10kHz sine wave. 

Output Current SeUling Time 
The time required for the output to settle within ±O_5LSB 
of final value from a change in code of all zeros to all ones, 
or all ones to all zeros_ 
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Propagation Delay 
The delay of the internal circuitry is measured as the time 
from a digital code change to the point at which the 
output reaches 90% of final value. 

Digital-to-Analog Glitch Impulse 
The area of the glitch energy measured in nanovolt-seconds. 
Key contributions to glitch energy are internal circuitry 
timing differences and charge injected from digital 
logic. The measurement is performed with V REF = GND and 
an OPA600 as the output op amp and G I (phase 
compensation) = OpF. 

Monotonicity 
Monotonicity assures that the analog output will increase 
or stay the same for increasing digital input codes. The 
DAC7545 is guaranteed monotonic to 12 bits, except the 
J grade is specified to be lO-bit monotonic. 

Power Supply Rejection 
Power supply rejection is the measure of the sensitivity of 
the output (full scale) to a change in the power supply 
voltage. 

CIRCUIT DESCRIPTION 
Figure 1 shows a simplified schematic of the digital-to
analog converter portion of the DAC7545. The current from 
the VREF pin is switched from OUT I to AGND by the 
PET switch. This circuit architecture keeps the resistance at 
the reference pin constant and equal to RLDR, so the reference 
could be provided by either a voltage or current, AC or DC, 
positive or negative polarity, and have a voltage range up to 
±20V even with Voo = 5V. The RLDR is equal to uR" and is 
typically 11kQ. 

OBll 
(MSB) 

R R 

OB10 

R 

OB9 DBa 
(lSB) 

R 

FIGURE 1. Simplified DAC Circuit of the DAC7545. 

The output capacitance of the DAC7545 is code dependent 
and varies from a minimum value (70pF) at code OOOH to a 
maximum (200pF) at code FFFH. 

The input buffers are CMOS inverters, designed so that 
when the DAC7545 is operated from a 5V supply (V 00)' the 
logic threshold is TTL-compatible. Being simple CMOS 
inverters, there is a range of operation where the inverters 
operate in the linear region and thus draw more supply 

BURR-BROWN® 

current than normal. Minimizing this transition time through 
the linear region and insuring that the digital inputs are 
operated as close to the rails as possible will minimize the 
supply drain current. 

APPLICATIONS 
UNIPOLAR OPERATION 

Figure 2 shows the DAC7545 connected for unipolar opera
tion. The high-grade DAC7545 is specified for a ILSB gain 
error, so gain adjust is typically not needed. However, the 
resistors shown are for adjusting full-scale errors. The value 
of RI should be minimized to reduce the effects of mis
matching temperature coefficients between the internal and 
external resistors. A range of adjustment of 1.5 times the 
desired range will be adequate. For example, for a 
DAC7545JP, the gain error is specified to be ±25LSB. A 
range of adjustment of ±37LSB will be adequate. The 
equation below results in a value of 458Q for the potentiom
eter (use 500Q). 

RLADOER • 
RI = 4096 (3 X Gam Error) 

The addition of RI will cause a negative gain error. To 
compensate for this error, R, must be added. The value of R, 
should be one-third the value of R I . 

The capacitor across the feedback resistor is used to com
pensate for the phase shift due to stray capacitances of the 
circuit board, the DAC output capacitance, and op amp input 
capacitance. Eliminating this capacitor will result in exces
sive ringing and an increase in glitch energy. This capacitor 
should be as small as possible to minimize settling time. 

The circuit of Figure 2 may be used with input voltages up 
to ±20V as long as the output amplifier is biased to handle 
the excursions. Table I represents the analog output for four 
codes into the DAC for Figure 2. 

FIGURE 2. Unipolar Binary Operation. 

BINARY CODE ANALOG OUTPUT 

MSB lSB 
111111111111 -VIN (4095/4096) 
1000 0000 0000 -VIN (204814096) = -1/2VIN 
0000 0000 0001 -VIN (1/4096) 
0000 0000 0000 OV 

TABLE I. Unipolar Codes. 
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V,N 

R, 

u, 
(See Text) 

Analog Common 

12 

Data Input 

FIGURE 3. Bipolar Operation (Two's Complement Code). 

BIPOLAR OPERATION 

Figure 3 and Table II illustrate the recommended circuit and 
code relationship for bipolar operation. The D/A function 
itself uses offset binary code. The inverter, U" on the MSB 
line converts two's complement input code to offset binary 
code. If the inversion is done in software, U, may be 
omitted. 

R3, R4, and R, must match within 0.01 % and should be the 
same type of resistors (preferably wire-wound or metal foil), 
so that their temperature coefficients match. Mismatch of R3 
value to R4 causes both offset and full-scale error. Mismatch 
of R, to R4 and R3 causes full-scale error. 

DATA INPUT ANALOG OUTPUT 

MSB LSB 
01111111 1111 +V'N (2047/2048) 
0000 0000 0001 +V'N (1/2048) 
0000 0000 0000 OV 
111111111111 -V'N (1/2048) 
1000 0000 0000 -V'N (204812048) 

TABLE II. Two's Complement Code Table for Circuit of 
Figure 3. 

DIGITALLY CONTROLLED GAIN BLOCK 

Figure 4 shows a circuit for digitally controlled gain block. 
The feedback for the op amp is made up of the PET switch 
and the R-2R ladder. The input resistor to the gain block is 
the RFB of the DAC7545. Since the PET switch is in the 
feedback loop, a "zero code" into the DAC will result in the 
op amp having no feedback, and a saturated op amp output. 

APPLICATIONS HINTS 
CMOS DACs, such as the DAC7545, exhibit a code-depen
dent out resistance. The effect of this' is a code-dependent 
differential nonlinearity at the amplifier output which 
depends on the offset voltage, Vos' of the amplifier. Thus 
linearity depends upon the potential of OUT 1 and AGND 
being exactly equal to each other. Usually the DAC is 

Vour = ____ -V-"N"--___ _ 

DBn DB" DB, DBa 
-2-+-4-+-8-+···+ 4096 

V,N DBa-DBn 
,-------0 

+5V 18 

19 

NOTE: There must be 
at least 1 LSB loaded in 
the DAC or the amp will 
saturate due to the lack 
of feedback. 

FIGURE 4. Digitally Controlled Gain Block. 

connected to an external op amp with its noninverting input 
connected to AGND_ The op amp selected should have a 
low input bias current and low Vos and Vos drift over 
temperature. The op amp offset voltage should be less than 
(25 x I Q-6)(V REF) over operating conditions. Suitable op 
amps are the Burr-Brown OPA37 and the OPA627 for fixed 
reference applications and low bandwidth requirement. The 
OPA37 has low Vos and will not require an offset trim. For 
wide bandwidth, high slew rate, or fast settling applications, 
the Burr-Brown OPA604 or 1/2 OPA2604 are recommended. 

Unused digital inputs shOlild be connected to V DD or to 
DGND. This prevents noise form triggering the high imped
ance digital input. It is suggested that the unused digital 
inputs also be given a path to ground or V DD through a IMQ 
resistor to prevent the accumulation of static charge if the PC 
card is unplugged from the system. In addition, in systems 
where the AGND to DGND connection is on a backplane, it 
is recommended that two diodes be connected in inverse 
parallel between AGND and DGND. 
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INTERFACING 
TO MICROPROCESSORS 
The DAC7545 can be directly interfaced to either an 8- or 
16-bit microprocessor through its 12-bit wide data latch 
using the CS and WR controls. 

An 8-bit processor interface is shown in Figure 5. It uses two 
memory addresses, one for the lower 8 bits and one for the 
upper 4 bits of data into the DAC via the latch. 

BURR-BROWN® 

Address Bus 

CPU 

WRP-------~ r--~--~I 

DB,I----------' L..--:-=-::--.".--________ -'\ 

DBol------------~~~~--------~ 

NOTES: (t) 00 = Decoded Address for DAC. 
(2) a, = Decoded Address for Latch. 

FIGURE 5. 8-Bit Processor Interface. 
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BURR-BROWN® 

1E3E31 
DAC7800 
DAC7801 
DAC7802 

Dual Monolithic CMOS 12-Bit Multiplying 
DIGITAL-TO-ANALOG CONVERTERS 

FEATURES 
• TWO D/As IN A 0.3" WIDE PACKAGE 

• SINGLE +5V SUPPLY 
• HIGH SPEED DIGITAL INTERFACE: 

Serial-DAC7800 
8 + 4-Bit Parallel-DAC7801 
12-Bit Parallel-DAC7802 

• MONOTONIC OVER TEMPERATURE 

• LOW CROSSTALK: -94dB min 
• FULLY SPECIFIED OVER -40oC TO +850 C 

DESCRIPTION 
The DAC7800, DAC7801 and DAC7802 are mem
bers of a new family of monolithic dual 12-bit CMOS 
multiplying digital-to-analog converters. The digital 
interface speed and the AC mUltiplying performance 
are achieved by using an advanced CMOS process 
optimized for data conversion circuits. High stability 
on-chip resistors provide true 12-bit integral and dif
ferentiallinearity over the wide industrial temperature 
range of -40oC to +85°C. 

DAC7800 features a serial interface capable of clock
ing-in data at a rate of at least lOMHz. Serial data is 
clocked (edge triggered) MSB first into a 24-bit shift 
register and then latched into each D/A separately or 
simultaneously as required by the application. An 
asynchronous CLEAR control is provided for power
on reset or system calibration functions. It is packaged 
in a 16-pin 0.3" wide plastic DIP. 

DAC7801 has a 2-byte (8 + 4) double-buffered 
interface. Data is first loaded (level transferred) into 
the input registers in two steps for each D/A. Then 
both D/As are updated simultaneously. DAC7801 fea
tures an asynchronous CLEAR control. DAC7801 is 
packaged in a 24-pin 0.3" wide plastic DIP. 

APPLICATIONS 
• PROCESS CONTROL OUTPUTS 

• ATE PIN ELECTRONICS LEVEL SETTING 

• PROGRAMMABLE FILTERS 

• PROGRAMMABLE GAIN CIRCUITS 

• AUTO-CALIBRATION CIRCUITS 

DAC7802 has a single-buffered 12-bit data word in
terface. Parallel data is loaded (edge triggered) into the 
single D/A register for each D/A. DAC7802 is pack
aged in a 24-pin 0.3" wide plastic DIP. 

"1< I'" 1
00100 ...J CI 0 ...J () 

() a.. a.. () 
::l ::l 
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SPECIFICATIONS 
ELECTRICAL 
At VDD = +SVDC, VREF A = VREF 8 = +10V, TA = -40'C to +BS'C unless otherwise noted. 

n. ""0""" 
PARAMETER CONDITIONS MIN TYP MAX MIN 

ACCURACY 
Resolution 12 
Relative Accuracy ±1 
Differential Nonlinearity ±1 
Gain Error Measured Using RF• A and RF ••. ±3 

All Registers Loaded with All 1 s. 
Gain Temperature Coefficient(1) 2 5 
Output Leakage Current TA = +2S'C O.OOS to 

T A = -40'C to +B5'C 3 ISO 

REFERENCE INPUT 
Input Resistance 6 10 14 
Input Resistance Match 0.5 3 

DIGITAL INPUTS 
V'H (Input High Voltage) 2 
Vil (Input Low Voltage) O.B 

I'N (Input Current) TA = +2S'C ±1 
T A = -40'C to +BS'C ±10 

C'N (Input Capacitance) O.B 10 

POWER SUPPLY 
VDD 4.S S.S 
IDD 0.2 2 
Power Supply Rejection VDD from 4.SV to S.SV 0.002 

• Same specification as for DAC7B00/7B01/7B02K. 

AC PERFORMANCE 
OUTPUT OP AMP IS OPA602. 

.1/7802L 

TYP MAX 

±1/2 

±1 

· 
· 
2 

· 
· · · 

At VDD • +SVDC, VREF A = VREF B = +10V, TA = +2S'C unless otherwise noted. These specifications are fully characterized but not subject to test. 

DAC780017801/7802K DAC780017801/7802L 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX 

OUTPUT CURRENT SETTLING TIME To 0.01% of Full Scale 0.4 O.B 
RL = loon, CL = 13pF 

DIGITAL·TO·ANALOG GLITCH IMPULSE VREFA = VREFB = OV 0.9 · 
RL = loon, CL • 13pF 

AC FEEDTHROUGH fVREF = 10kHz -75 -72 

OUTPUT CAPACITANCE DAC Loaded with AliOs 30 50 
DAC Loaded with AllIs 70 100 · 

CHANNEL·TO·CHANNEL ISOLATION 
VREF A to lOUT B fVREF A = 10kHz -90 -94 · 

VREI= B = av, 
Both DACs Loaded with Is 

VREF B to lOUT A fVREF • = 10kHz -90 -101 
VREFA = OV, 

Both DACs Loaded with Is 

DIGITAL CROSSTALK Full Scale Transition 0.9 
RL = lOOn, CL = 13pF 

NOTE: (1) Guaranteed but not tested. 

UNITS 

Bits 
LSB 
LSB 
LSB 

ppml'C 
nA 
nA 

kn 
% 

V 
V 

I1A 
ItA 
pF 

V 
mA 

0/01% 

UNITS 

115 

nV-s 

dB 

pF 
pF 

dB 

dB 

nV·s 

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 usefs 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 
At T. = +25°C unless otherwise noted. 

Voo to AGND ................................................................................. OV. +7V 
Voo to DGND ................................................................................. OV. +7V 
AGND to DGND .......................................................................... -0.3. Voo 
Digital Input to DGND .....•...... : ............................................ -0.3. Voo + 0.3 
VREF A' VREF B to AGND .........................................•........................... i25V 
VREF A' VREF B to DGND .•................ ; ......•........................................... i25V 
lOUT A. lOUT B to AGND ................................•................................ -0.3. Voo 
Storage Temperature Range ........................................... -55°C to + 125°C 
Operating Temperature Range .......................................... -40°C to +85°C 
Lead Temperature (soldering. lOs) ........•.......•............................... +300°C 
JunCtion Temperature ...................................................................... +175°C 

A ELECTROSTATIC 
JJlIi... DISCHARGE SENSITIVITY 
Electrostatic discharge can cause damage ranging from per
formance degradation to complete device failure. 

Burr-Brown Corporation recommends that all integrated cir
cuits be handled and stored using appropriate ESD protection 
methods. 

Digital Inputs: All digital inputs of the DAC780X family 
incorporate on-chip ESD protection circuitry. This protection 
is designed and has been tested to withstand five 2500V 

ORDERING INFORMATION 

MODEL RELATIVE ACCURACY GAIN ERROR PACKAGE 

DAC7BOOKP ±ILSB ±3LSB 16-Pin DIP 
DAC7BOOKU 16-Lead SO 
DAC7BOOLP ±1I2LSB ±ILSB 16-Pin DIP 
DAC7BOOLU 16-Lead SO 

DAC7B01KP ±ILSB ±3LSB 24·Pin DIP 
DAC7BOIKU 24-Lead SO 
DAC7801LP ±1I2LSB ±ILSB 24-!'in DIP 
DAC7BOILU 24-Lead SO 

DAC7B02KP ±ILSB ±3LSB 24-Pin DIP 
DAC7802KU(I, 24-LeadSO 
DAC7802LP ±1/2LSB ±ILSB 24-Pin DIP 
DAC7802LU 24-LeadSO 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER<" 

DAC7800KP 16-Pin PDIP 180 
DAC7600LP 16-Pin PDIP 180 
DAC7800KU 16-Pin SOIC 211 
DAC7800LU 16-Pin SOIC 211 

DAC7801KP 24-Pin DIP 243 
DAC7801LP 24-Pin DIP 243 
DAC7801KU 24-Pin SOIC 239 
DAC7801LU 24-Pin SOIC 239 

DAC7802KP 24-Pin DIP 243-3 
DAC7802LP 24-Pin DIP 243-3 
DAC7802KU 24-Pin SOIC 239 
DAC7802LU 24-Pin SOIC 239 

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

positive and negative discharges (1 OOpF in series with 1500n) 
applied to each digital input. 

Analog Pins: Each analog pin has been tested to Burr
Brown's analog ESD test consisting of five 1000V positive 
and negative discharges (IOOpF in series with 1500n) ap
plied to each pin. AGND, loUT' and RFB show some sensitiv
ity. Failure to observe ESD handling procedures could result 
in catastrophic device failure. 

BURR· BROWNe 
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DICE INFORMATION 

DAC7800 DIE TOPOGRAPHY DAC7801 DIE TOPOGRAPHY 

MECHANICAL INFORMATION 

DAC7BOO MILS (0.001 ") MILLIMETERS 

Die Size 131 x 136±5 3.33 x 3.07 ±0.13 
Die Thickness 20±3 0.51 ±O.OB 
Min. Pad Size 4x4 0.10 x 0.10 

Metalization Aluminum 

Substrate Bias: + V DO 

DAC7BOI MILS (0.001 ") MILLIMETERS 

Die Size 131 x 134±5 3.33 x 3.07 ±0.13 
Die Thickness 20±3 0.51 ±O.OB 
Min. Pad Size 4x4 0.10xO.l0 

Metallization Aluminum 

Substrate Bias: + V DO 

DAC7802 MILS (0.001 ") MILLIMETERS 

Die Size 131 x 121 ±5 3.33 x 3.07 ±0.13 
Die Thickness 20±3 0.51 ±O.OB 
Min. Pad Size 4x4 0.10 x 0.10 

DAC7802 DIE TOPOGRAPHY Metalization Aluminum 

Substrate Bias: +VOD 

BURR ~ BRDWN® 
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DAC7800 
BLOCK DIAGRAM 

ClK 6S Data ClR 
In 

LOGIC TRUTH TABLE 
ClK UPDA UPDB CS 

X X X X 
X X X 1 
1. X X 0 
X 0 1 0 
X 1 0 0 
X 0 0 0 

For Immediate Assistance, Contact Your Local Salesperson 

PIN CONFIGURATION 

AGNDA • 16 AGNDB 

fOUTA lOUT. 

IOUTB 
RFBA RFB • 

AGNDB DAC7800 
VREFA Top View VREFB 

A. •• ClK 
DIP 

Voo 
VREFB 

UPDA ClR 

Data In UPDB 

6S 8 DGND 

1 AGNDA 

UPDA 

DGND 

ClR FUNCTION 

0 All register contents set to O's (asynchronous). 
X No data transfer. 
1 Input data is clocked into input register (location Bit 23) and previous data shifts. 
1 Input register bits 23 (lSB)-12 (MSB) are loaded into DAC A. 
1 Input register bits 11 (lSB)-O (MSB) are loaded into DAC B. 
1 Input register bits 23 (LSB)-12 (MSB) are loaded into DAC A, and input register bits 11 (lSB)-O (MSB) 

are loaded into DAC B. 

X = Don't care. 1. means falling edge triggered. 

DATA INPUT FORMAT 
DAC7800 Digital Interface Block Diagram 

UPDB 

DAC7800 Data Input Sequence 

ClK 

Data In 

SnO Bill Bn2 Sn3 Bn4 BnS BnS an7 BitB Bit 9 BitlD anl1 Bit 1 Bnl3 Bitl4 BitlS Bit I B"I anI 8.19 B"2O Bn21 Bn2 Bn2 

MSB LSB MSB LSB 
DACB DACB DACA DACA 

BURR - BROWNe 
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DAC7800 (CONT) 
TIMING CHARACTERISTICS 
Voo= +5V, VREFA = VREFB == +10V, TA =-40°C to +85°C. 

PARAMETER 

t,- Data Setup Time 
t2 - Data Hold Time 
t, - Chip Select to ClK, 

Update, Data Setup Time 
t, - Chip Select to ClK, 

Update, Data Hold Time 
t5 - ClK Pulse Width 
t. - Clear Pulse Width 
t,- Update Pulse Width 
t,- ClK Edge to UPD A 

orUPD B 

DAC7801 
BLOCK DIAGRAM 

UPD 

A1 

AO 

~ 

WR 

ClR 

DB7-DBO 

LOGIC TRUTH TABLE 
CLR UPD CS 

1 1 1 
1 1 X 
a X X 
1 1 0 
1 1 0 
1 1 0 
1 1 a 
1 0 1 
1 0 a 

X == Don't care. 

BURR - BROWNQII 

MINIMUM 

15ns 
t5ns 
15ns 

40ns 

40ns 
40ns 
40ns 
1Sns 

WR 

X 
1 
X 
a 
0 
a 
0 
a 
0 

-jt5~ 
ClK~ __ _ 

1"1 t, !.-
DATA ~ -<,"c 

~~~ 
~ ~~------------------------~-------

UPDA --------------------------------------
UPDB 

ClR ---------------------------------------------

OV 

5V 
I '~.'> :>"'- :<.~.: -'"',<' ::.:::: 

OV 

I 
5V 

~t'tr-t,j 
SV . 11= SV 

NOTES: (1) All input signal rise and fall times are measured from 10% to 90% of +5V. tR = tF = Sns. (2) Tim
ing measurement reference level is V1H + V IL. 

-2--

PIN CONFIGURATION 

AGNDA • 24 AGNDB 

'aUT A 'OUTB 

RFBA RFBB 

VREFA VREFB 

CS Voo 

IOUTA 
DBO DAC7801 UPD 

Top View 

AGNDA DB1 DIP WR 

RFBA 
DB2 ClR 

VREFA 
DB3 A1 

VREFB 
DB4 AO 

RF6B DBS DB7 

'ouTa DGND 12 13 DB6 

AGNDB 

DGND 

A1 AO FUNCTION 

X X No Data Transfer 
X X No Data Transfer 
X X All Registers Cleared 
0 a DAC A lS Input Register loaded with DB7-DBO (lSB) 
0 1 DAC A MS Input Register loaded with DB3 (MSB)-DBO 
1 a DAC B lS Input Register loaded with DB7-DBO (lSB) 
1 1 DAC B MS Input Register loaded with DB3 (MSB)-DBO 
X X DAC A, DAC B Registers Updated Simultaneously from Input Registers 
X X DAC A, DAC B Registers are Transparent 
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DAC7801 (CONT) 

TIMING CHARACTERISTICS 

PARAMETER MINIMUM 

t, - Address Valid to Write Setup lime IOns 
t, - Address Valid to Write Hold Time IOns 
t3 - Data Setup Time 30ns 
t. - Data Hold Time IOns 
ts - Chip Select or Update to Write Setup Time Ons 
Ie - Chip Select or Update to Write Hold Time Ons 
t7 - Write Pulse Width 40ns 
Ie - Clear Pulse Width 40ns 

.I~t,-
AO-AI ~ 

DATA =?S::: ?S::: 
--I ts 

'\. 

WR 

_1 ... t3 • 

OX --
--t7 -

'----' 

~t2~1~ 

.... t4~1 

-le--I. 
I 

5V 
OV 

5V 
OV 

5V 
OV 

5V 
OV 

----------------------~I--"'~- 5V 
CLR ~OV 

NOTES: (I) All input signal rise and fall times are measured from 10% to 90% of +5V. tR = IF = 5ns. (2) Timing measurement reference level is 
V1H+V 1L 

2 

DAC7802 
BLOCK DIAGRAM 

AGND • 24 lOUTS 

laurA RFBB 

RFBA VREFB 

VREFA Voo 

laurA 
CSA CSB 

RFBA 
(LSB) DBO DAC7802 WR 

VAEFA Top View 
OBI DIP DB11 (MSB) 

VAEFB 
DB2 DBIO 

RFBB 
DB3 DB9 

lOUT a 
DB4 DBB 

AGND 
DB5 DB? 

DGND 12 13 DBS 

DGND DB11-DBO TIMING CHARACTERISTICS 
At Voo = +5V, and TA = -400C to +B5OC. 

LOGIC TRUTH TABLE PARAMETER MINIMUM 

CSA csa WR FUNCTION I, - Dala Selup lime 20ns 

X X I No Data Transfer 
t, - Data Hold lime 15ns 
t3 - Chip Select 10 Write Selup Time 30ns 

I I X No Data Transfer t. - Chip Select to Wrile Hold Time Ons 

S S 0 A Rising Edge on CSA or CSB Loads ts -Write Pulse Width 30ns 

Data to Ihe Respective DAC 

0 I S DAC A Register Loaded from Dala Bus 

I 0 S DAC B Register Loaded from Data Bus 

r--tl~ t2.1~ 
DATA 

0 0 S DAC A and DAC B Registers Loaded 13 t, 
from Dala Bus CSA,CSB 

X = Don'l care. S means rising edge triggered. I-Is -- \ WR 

5V 
OV 

5V 

5V 

NOTES: (I) All inpul signal rise and fall limes are measured from 10% 
10 90% of +5V. IR = IF = 5ns. (2) Timing measurement referenca level 

is V1H+V 1L 

2 
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TYPICAL PERFORMANCE CURVES 
OUTPUT OP AMP IS OPA602. 
TA = +25'C, VDD = +5V. 

1~ 

$ 100n 

<= 

~ 10n 
(,) 

~ 100p 

~ 10p 

OUTPUT LEAKAGE CURRENT 
vs TEMPERATURE 

1p 

-75 -50 -25 +25 +50 +75 +100 +125 

-20 

-30 

-40 

m -50 

:E- -60 

i -70 

-60 
(,) 

-90 

-100 

-110 /' 

-120 
1k 

+30 

+20 

+10 

m 
:E-
<= -10 

'OJ 
(!l 

-20 

-30 

-40 

-50 
1k 

BURR-BROWN@! 

Temperalure ('C) 

CHANNEL-TO-CHANNEL ISOLATION 
vs FREQUENCY 

./ 

10k 

/ 
V 

100k 

Frequency (Hz) 

FREQUENCY RESPONSE 

10k 

I III 
CF = OpF 

CF = 10pF 

100k 

Frequency (Hz) 

\ 
1\ 

1M 

I III 
CF =5pF 

~ 
\ 

1M 

10M 

10M 

-60 

-65 

-70 
m 
:E- -75 
3! 
'0 -60 z 
+ 

0 -65 
:I: 
I-

-90 

-95 

-100 
10 

-10 

-20 

m -30 
:E-

-40 .<= 

'" e -50 

~ -60 
<D 
,f -70 

-60 

-90 ./ 

-100 

1k 

70 

60 

50 <::::::: r--. 
"" 

m 40 
:E-
lI: 30 
II: 
CI) 

"- 20 

10 

-10 
1k 

11131131 Burr-Brown Ie Data Book-Mixed Signal Products 

THD + NOISE vs FREQUENCY 

100 

1Vrms 

3Vrms 

6Vrms 

II I 

Lli 
1k 

Frequency (Hz) 

10k 

FEEDTHROUGH vs FREQUENCY 

A 

,/ 

V 

10k 100k 

Frequency (Hz) 

1M 

PSRR vs FREQUENCY 

IIIIIII 
IIIIIII 

~,DAC Loaded w/Os 

.......... ' 
.... 

--......: ....... 
DAC Loaded w/1 s' 

IIIIIII 
10k 100k 

Frequency (Hz) 

100k 

10M 

1M 

3.251 

N 
~ ,... 
e o o 
CO ...... 
o « c 

en 
0:: 
W 
to:: 
W 
> 
Z o 
o 

" o 
..J « 
Z 
~ e 
...J 
~ 
" 2i 



For Immediate Assistance, Contact Your Local Salesperson 
DISCUSSION OF 
SPECIFICATIONS 
RELATIVE ACCURACY 
This term, also known as end point linearity or integral 
linearity, describes the transfer function of analog output to 
digital input code. Relative accuracy describes the deviation 
from a straight line, after zero and full scale errors have been 
adjusted to zero. 

DIFFERENTIAL NONLINEARITY 
Differential nonlinearity is the deviation from an ideal ILSB 
change in the output when the input code changes by ILSB. 
A differential nonlinearity specification of ILSB maximum 
guarantees monotonicity. 

GAIN ERROR 
Gain error is the difference between the full-scale DAC 
output and the ideal value. The ideal full scale output value 
for the DAC780X is -(4095/4096)VREF• Gain error may be 
adjusted to zero using external trims as shown in Figures 5 
and 7. 

OUTPUT LEAKAGE CURRENT 
The current which appears at lOUT A and lOUT B with the DAC 
loaded with all zeros. 

OUTPUT CAPACITANCE 
The parasitic capacitance measured from lOUT A or loUT B to 
AGND. 

CHANNEL-TO-CHANNEL ISOLATION 
The AC output error due to capacitive coupling from DAC A 
to DAC B or DAC B to DAC A. 

MULTIPLYING FEEDTHROUGH ERROR 
The AC output error due to capacitive coupling from V REF to 
lOUT with the DAC loaded with all zeros. 

OUTPUT CURRENT SETTLING TIME 
The time required for the output current to settle to within 
±0.0l % of final value for a full scale step. 

DIGITAL-TO-ANALOG GLITCH ENERGY 
The integrated area of the glitch pulse measured in nanovolt
seconds. The key contributor to digital-to-analog glitch is 
charge injected by digital logic switching transients. 

DIGITAL CROSSTALK 
Glitch impulse measured at the output of one DAC but 
caused by a full scale transition on the other DAC. The 
integrated area of the glitch pulse is measured in nanovolt
seconds. 

CIRCUIT DESCRIPTION 
Figure I shows a simplified schematic of one half of a 
DAC780X. The current from the VREF A pin is switched 
between lOUT A and AGND by 12 single-pole double-throw 
CMOS switches. This maintains a constant current in each leg 

of the ladder regardless of the input code. The input resistance 
at V REF is therefore constant and can be driven by either a 
voltage or current, AC or DC, positive or negative polarity, 
and have a voltage range up to ±20V. 

OB11 
(MSB) 

OB10 OB9 OBO 
(LSB) 

AGNO 

FIGURE I. Simplified Circuit Diagram for DAC A. 

A CMOS switch transistor, included in series with the ladder 
terminating resistor and in series with the feedback resistor, 
RFB A, compensates for the temperature drift of the ON 
resistance of the ladder switches. 

Figure 2 shows an equivalent circuit for DAC A. COUT is the 
output capacitance due to the N-channel switches and varies 
from about 30pF to 70pF with digital input code. The current 
source ILKG is the combination of surface and junction leak
ages to the substrate. ILKG approximately doubles every 10DC. 
Ro is the equivalent output resistance of the D/A and it varies 
with input code. 

R 
,--....II,tyy.-o RF• A 

,-----..... -~~-_-_o IOUTA 

COUT 

~~-~-----+--+--~~-oAGNOA 

FIGURE 2. Equivalent Circuit for DAC A. 

INSTALLATION 
ESD PROTECTION 

All digital inputs of the DAC780X incorporate on-chip ESD 
protection circuitry. This protection is designed to withstand 
2.5kV (using the Human Body Model, 100pF and 15000). 
However, industry standard ESD protection methods should 
be used when handling or storing these components. When 
not in use, devices should be stored in conductive foam or 
rails. The foam or rails should be discharged to the destina
tion socket potential before devices are removed. 

POWER SUPPLY CONNECTIONS 

The DAC780X are designed to operate on Voo = +5V ±1O%. 
For optimum performance and noise rejection, power supply 
decoupling capacitors Co should be added as shown in the 
application circuits. These capacitors (l1JP tantalum recom
mended) should be located close to the D/A. AGND and 

BURR-BRDWN@ 
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DGND should be connected together at one point only, 
preferably at the power supply ground point. Separate returns 
minimize current flow in low-level signal paths if properly 
connected. Output op amp analog common (+ input) should 
be connected as near to the AGND pins of the DAC780X as 
possible. 

WIRING PRECAUTIONS 

To minimize AC feedthrough when designing a PC board, 
care should be taken to minimize capacitive coupling be
tween the VREF lines and the lOUT lines. Similarly, capacitive 
coupling between DACs may compromise the channel-to
channel isolation. Coupling from any of the digital control or 
data lines might degrade the glitch and digital crosstalk 
performance. Solder the DAC780X directly into the PC 
board without a socket. Sockets add parasitic capacitance 
(which can degrade AC performance). 

AMPLIFIER OFFSET VOLTAGE 

The output amplifier used with the DAC780X should have 
low input offset voltage to preserve the transfer function 
linearity. The voltage output of the amplifier has an error 
component which is the offset voltage of the op amp multi
plied by the "noise gain" of the circuit. This "noise gain" is 
equal to (RF/Ro + I) where Ro is the output impedance of the 
D/A lOUT terminal and Rp is the feedback network imped
ance. The nonlinearity occurs due to the output impedance 
varying with code. If the 0 code case is excluded (where Ro 
= infinity), the Ro will vary from R to 3R providing a "noise 
gain" variation between 4/3 and 2. In addition, the variation 
ofRo is nonlinear with code, and the largest steps in Ro occur 
at major code transitions where the worst differential 
nonlinearity is also likely to be experienced. The nonlinearity 
seen at the amplifier output is 2Vos - 4Vos/3 = 2Vos/3. 
Thus, to maintain good nonlinearity the op amp offset should 
be much less than I/2LSB. 

UNIPOLAR CONFIGURATION 

Figure 3 shows DAC780X in a typical unipolar (two-quad
rant) mUltiplying configuration. The analog output values 
versus digital input code are listed in Table II. The opera
tional amplifiers used in this circuit can be single amplifiers 
such as the OPA602, or a dual amplifier such as the OPA2107. 
CI and C2 provide phase compensation to minimize settling 
time and overshoot when using a high speed operational 
amplifier. 

If an application requires the D/ A to have zero gain error, the 
circuit shown in Figure 4 may be used. Resistors R2 and R4 
induce a positive gain error greater than worst-case initial 
negative gain error. Trim resistors RI and R3 provide a 
variable negative gain error and have sufficient trim range to 
correct for the worst-case initial positive gain error plus the 
error produced by R2 and R4. 

BIPOLAR CONFIGURATION 

Figure S shows the DAC780X in a typical bipolar (four
quadrant) multiplying configuration. The analog output val
ues versus digital input code are listed in Table 1Ir. 

BURR-BROWN® 

DATA INPUT ANALOG OUTPUT 

MSSJ. ass 
111111111111 -VREF (4095/4096) 
1000 0000 0000 -v REF (2048/4096) = -1/2V REF 
00000000 0001 -VREF (114096) 
0000 0000 0000 o Volts 

TABLE II. Unipolar Output Code. 

FIGURE 3. Unipolar Configuration. 

FIGURE 4. Unipolar Configuration with Gain Trim. 

The operational amplifiers used in this circuit can be single 
amplifiers such as the OPA602, a dual amplifier such as the 
OPA2107, or a quad amplifier like the OPA404. CI and C2 
provide phase compensation to minimize settling time and 
overshoot when using a high speed operational amplifier. 
The bipolar offset resistors RS-R7 and R8-RlO should be 
ratio-matched to 0.01 % to ensure the specified gain error 
performance. 
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If an application requires the D/ A to have zero gain error, the 
circuit shown in Figure 6 may be used. Resistors R2 and R4 
induce a positive gain error greater than worst-case initial 
negative gain error. Trim resistors Rl and R3 provide a 
variable negative gain error and have sufficient trim range to 
correct for the worst-case initial positive gain error plus the 
error produced by R2 and R4. 

+5V 
voo VREFA 

FIGURE 5. Bipolar Configuration. 

APPLICATIONS 
12-BIT PLUS SIGN DACS 

For a bipolar DAC with 13 bits of resolution, two solutions 
are possible. As shown in Figure 7, the addition of a precision 
difference amplifier and a high speed JFET switch provides 
a l2-bit plus sign voltage-output DAC. When the switch 
selects the op amp output, the difference amplifier serves as 
a non-inverting output buffer. If the analog ground side of the 
switch is selected, the output of the difference amplifier is 
inverted. 

Another option, shown in Figure 8, also produces a 12-bit 
plus sign output without the additional switch and digital 
control line. 

DIGITALLY PROGRAMMABLE ACTIVE FILTER 

DAC780X are shown in Figure 9 in a digitally programmable 
active filter application. The design is based on the state
variable filter, Burr-Brown UAF42, an active filter topology 
that offers stable and repeatable filter characteristics. 

DATA INPUT 

MSBJ. ! LSB 
111111111111 
100000000001 
1000 0000 0000 
011111111111 
0000 0000 0000 

TABLE m. Bipolar Output Code. 

R, 
20kQ 

ANALOG OUTPUT 

+VREF (204712048) 
+VREF (112048) 
o Volts 
-VREF (112048) 
-V REF (204812048) 

DAC7802 has a single analog common, AGND. 
A1-A4, OPA602 or 112 OPA21 07. 

VaUTa 

DACl and DAC2 can be updated in parallel with a single word 
to set the center frequency of the filter. DAC 4, which makes 
use of the uncommitted op amp in UAF42, sets the Q of the 
filter. DAC3 sets the gain of the filter transfer function without 
changing the Q of the filter. The reverse is also true. 

The center frequency is determined by fc = l/21tRC where R 
is the ladder resistance of the D/A (typical value, 10k£!) and 
C the internal capacitor value (100OpF) of the UAF42. Exter
nal capacitors can be added to lower the center frequency of 
the filter. But the highest center frequency for this circuit will 
be about 16kHz because the effective series resistance of the 
D/A cannot be less than IOkQ. 

Note that the ladder resistance of the D/A may vary from 
device to device. Thus, for best tracking, DAC2 and DAC3 
should be in the same package, Some calibration may be 
necessary from one filter to another. 

BURR - BROWN® 
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R5 
20k!l 

~~-VVOUTA 

DAC7802 has a single analog common, AGND. 
A1-A4, OPA602 or 1/2 OPA21 07. 

Rs 
10k!l 

FIGURE 6, Bipolar Configuration with Gain Trim, 

+10V 

FIGURE 7. 12-Bit Plus Sign DAC. 

BURR ~ BROWN® 

+15V 

DAC7802 has a single analog common, AGND. 
A1 OPA602 or 1/2 OPA21 07. 
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+ISV 

DAC7602 has a single analog common, AGND. 
AI OPA602 or 1/2 OPA21 07. 

FIGURE 8. 13-Bit Bipolar DAC. 

tc Adjust 

Gain Adjust 

R = SOkO ±O.S% 
C = 1 OOOpF ±O.S% 

FIGURE 9. Digitally Programmable Universal Active Filter. 

Band·Pass 
Out 

INA10S 

Low·Pass 
Out 

±10V 
13 Bits 

UAF42 
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BURR-BROWN® 

IElElI -• 
DAC8043 

CMOS 12-Bit Serial Input Multiplying 
DIGITAL-TO-ANALOG CONVERTER 

FEATURES APPLICATIONS 
• 12-BIT ACCURACY IN a-PIN MINI-DIP AND • AUTOMATIC CALIBRATION 

a-PIN SOIC • MOTION CONTROL 
• FAST 3-WIRE SERIAL INTERFACE • MICROPROCESSOR CONTROL SYSTEMS 
• LOW INL AND DNL: ±1/2 LSB max • PROGRAMMABLE AMPLIFIER! 
• GAIN ACCURACY TO ±1 LSB max ATTENUATORS 
• LOW GAIN TEMPCO: 5ppmf'C max • DIGITALLY CONTROLLED FILTERS 
• OPERATES WITH +5V SUPPLY 

• TTUCMOS COMPATIBLE 

• ESD PROTECTED 

DESCRIPTION 
The DACB043 is a 12-bit current outpnt mUltiplying 
digital-to-analog converter (DAC) that is packaged in a 
space saving surface mount B-pin SOIC and an B-pin 
Mini-DIP. Its 3-wire serial interface saves additional 
circuit board space which results in low power dissipa
tion. When used with microprocessors having a serial 
port, the DAC8043 minimizes the digital noise 
feedthrough from its input to output. The serial port can 
be used as a dedicated analog bus and kept inactive 
while the DAC8043 is in use. Serial interfacing reduces 
the complexity of opto or transformer isolation applica
tions. 

The DAC8043 operates from a single +5V power 
supply which makes the DACB043 an ideal low power, 
small size, high performance solution for several appli
cations. 

The DAC8043 contains a 12-bit serial-in, parallel-out 
shift register, a 12-bit DAC register, a 12-bit CMOS 
DAC, and control logic. Serial input (SRI) data is 
clocked into the input register on the rising edge of the 
clock (CLK) pulse. When the new data word had been 
clocked in, it is loaded into the DAC register by taking 
the LD input low. Data in the DAC register is converted 
to an output current by the D/A converter. 

VREF O-t--

5 

ClK 

SRI 

12·8it 
D/A 

12·8it 
DAC Register 

2 

lOUT 

International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, A2 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, A2 85706 
Tel: (520) 746-1111 • Twx: 911).952-1111 • Coble: BBRCORP • Telex: 066-6491 • FAX: (520) 889·1510 • Immedlale Product Info: (800) 548-6132 
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SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS 
At VDD = +5V; VR" = +10V; lour = GND = OV; T, = Full Temperature Range specified under Absolute Maximum Ratings unless otherwise noted. 

DAC8043P, U DAC8043PC, UC 

PARAMETER SYMBO CONDITIONS MIN TVP MAX MIN TVP 

STATIC PERFORMANCE 
Resolution N 12 12 
Nonlinearity!') INL ±1 
Differential Nonlinearity'. DNL ±1 
Gain Error<3J FSE T, = +25"(; ±2 

T, = Full Temp Range ±2 
Gain Tempco(5) TCFSE ±5 

MAX UNITS 

Bits 
±112 LSB 
±112 LSB 
±1 LSB 
±2 LSB 
±5 ppmFC 

Power Supply Rejection Ratio PSRR aVOD =±5% ±0.0006 ±0.OO2 ±0.0006 ±0.002 %/% 
Output Leakage CUrrenll') ILKG TA = +25°C ±5 ±5 nA 

T, = Full Temp Range ±100 ±25 nA 
Zero Scale Error(7. 12) Izse T, = +25'C 0.03 0.03 LSB 

TA = Full Temp Range 0.60 0.15 LSB 
Input Resistance(8) R'N 7 11 15 7 11 15 \ill 

AC PERFORMANCE 
Output Current Settling Time(5.6) ts TA = +25°C 0.25 1 0.25 1 /IS 
Digital-to-Analog Glitch VREF=OV 2 20 2 20 nVs 
Energy(5, 10) Q lOUT = Load = 100G 

C"" = 13pF 
DAC Register Loaded Alternately with all Os and all 1 s 

Feedthrough Error's. 11) FT I VREF = 20Vp-p at f = 10kHz I 0.7 1 0.7 1 mVp-p 
(VREF to lou,) Digital Input = 0000 0000 0000 

I TA = +25'C I Total Harmonic Distortion(5) THO VR" = 6VRM, at 1kHz -85 -85 dB 
DAC Register Loaded with all 1 s 

Output Noise Voltage Density<5,13) eN 10Hz to 100kHz 17 17 nV/.JHz 
Between RFB and lOUT 

DIGITAL INPUTS 
Digital Input High V," 2.4 2.4 V 
Digital Input Low V" 0.8 0.8 V 
Input Leakage Current<'l I" VIN = OV to +5V ±1 ±1 ;U\ 
Input Capacitance(5. "1 C'N V'N = OV 8 8 pF 

ANALOG OUTPUTS 
Output Capacitance's, Cour Digital Inputs = V," 110 110 pF 

Digital Inputs = V" 80 80 pF 

TIMING CHARACTERISTlCSI"'4) 
Data Setup Time los TA = Full Temperature Range 40 40 ns 
Data Hold TIme tDH TA = Full Temperature Range 80 80 ns 
Clock Pulse Width High Ie" TA = Full Temperature Range 90 90 ns 
Clock Pulse Width Low IeL TA = Full Temperature Range 120 120 ns 
Load Pulse Width tLD TA = Full Temperature Range 120 120 ns 
LSB Clock into Input Register 
to Load DAC RegisterTlme tAS• TA = Full Temperature Range 0 0 ns 

POWER SUPPLY 
Supply Voltage VDD 4.75 5 5.25 4.75 5 5.25 V 
Supply Current 100 Digital Inputs = V," or V" 500 500 itA 

Digital Inputs = OV or V DO 100 100 itA 

NOTES: (1) ±1I2 LSB = ±0.012% of Full Scale. (2) All grades are monotonic to 12-b~s over temperature. (3) Using internal feedback resistor. (4) Applies to lour; All 
digital inputs = OV. (5) Guaranteed by design and not tested. (6) lOUT Load = 100G, C"" = 13pF, digital input = OV to VDD or V .. to OV. Extrapolated to 112 LSB: 
ts = propagation delay (tpD) + 9t where t = measured time constant of the final RC decay. (7) VRE, = +10V, all digital inputs = OV. (8) Absolute temperature coefficient 
is less than ±50ppmI'C. (9) Digital inputs are CMOS gates: I'N is typically 1 nA at +25'C. (10) V • ., = OV, all digital inputs = OV to VDD or VDD to OV. (11) All digital 
inputs = OV. (12) Calculated from worst case RR.,: Izse (in LSBs) = (RR" X ILK. X 4096)NR". (13) Calculations from en = "4K TRB where: K = Boltzmann constant, 
J/'K, R = resistance, G. T = Resistor temperature, 'K, B = bandwidth, Hz. (14) Tested at V'N = OV or VDD• 

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 specHicatlons 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 

Voo to GND ................................................................................... OV, +7V 
VREF to GND ...................................................................................... ±25V 
VRF• to GND .............................................................................•........ ±25V 
Digital Input Voltage Range ................................................... -Q.3V to Voo 
Output Voltage (Pin 3) .......................................................... -Q.3 V to VOD 

Operating Temperature Range 
AD ....•............................................................................. O°C to +70"C 
p, PC, U, UC ............................................................... -40"C to +85"C 

Junction Temperature .................................................................... + 150°C 
Storage Temperature ..................................................... -65"C to + 150"C 
Lead Temperature (soldering, lOs) ............................................... +300" C 
8JA(1) 

U Package ...........•...........................................•..................• +1 OO"C/W 
P Package ..............................•...........................................•.. +96"C/W 

OJC 
U Package ...........•........•.....•.................................................. +42"C/w 
P Package ............................................................................. +37"C/w 

NOTE: (1) 0JA is specified for worst case mounting conditions, i.e., 0JA is 
specified for device in socket for PDIP packages. 

CAUTfON: 1. Do not apply voltages higher than V DO or less than GND potential 
on any terminal except VREF (Pin 1) and RF• (Pin 2). 2. The digital control inputs 
are ESD protected: however, permanent damage may occur on unprotected 
units from high·energy electrostatic fields. Keep units in conductive foam at all 
times until ready to use. 3. Use proper anti·static handling procedures. 4. 
Absolute Maximum Ratings apply to both packaged devices and DICE. Stresses 
above those listed under Absolute Maximum Ratings may cause permanent 
damage to the device. 

ORDERING INFORMATION 

MODEL INL TEMPERATURE RANGE PACKAGE 

DAC8043P lLSB -40"C to +85"C 8·pin Plastic DIP 
DAC8043PC 1I2LSB -40"C to +85"C 8·pin Plastic DIP 
DAC8043U lLSB -40"C to +85"C 8-pin SOIC 
DAC8043UC 112LSB -40"C to +85"C 8-pin SOIC 

PACKAGING INFORMATION 
PACKAGE DRAWING 

MODEL PACKAGE NUMBER(1) 

DAC8043P 8-Pin PDIP 006 
DAC8043PC 8-Pin PDIP 006 
DAC8043U 8-Pin SOIC 182 
DAC8043UC B-Pin SOIC 182 

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

WRITE CYCLE TIMING DIAGRAM 

PIN CONFIGURATION 

Top View 

A ELECTROSTATIC 

S-Pln Plaslic DIP 
a-Pin SOIC 

J,.U;;.. DISCHARGE SENSITIVITY 
Any integrated circuit can be damaged by ESD. Burr-Brown 
recommends that all integrated circuits be handled with 
appropriate precautions. Failure to observe proper handling 
and installation procedures can cause damage. 

ESD damage can range from subtle performance degrada
tion 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 
published specifications. 

Digital Inputs: All digital inputs of the DAC8043 incorpo
rate on-chip ESD protection circuitry. This protection is 
designed and has been tested to withstand five 2500V 
positive and negative discharges (lOOpF in series with 15000) 
applied to each digital input. 

Analog Pins: Each analog pin has been tested to Burr
Brown's analog ESD test consisting of five 1000V positive 
and negative discharges (lOOpF in series with 15000) ap
plied to each pin. V REF and RFB show some sensitivity. 

SRI ~ Bit 1 

X Bit2 C~ Bit 11 X 
Bit 12 

X MSB(1) LSB , , , , 
tos ---..: tOH 1 
~, 

CLKINPUT 
1 

tCH -

NOTE: (ll Data loaded MSB first. 

BURR-BROWNilli 

Load Serial Data I tAS• I 
Into Input Register -----. ~.o__-==__. 

% l::=:I 
Load Input Registe(s 

Data Into DAC Register 
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For Immediate Assistance, Contact Your Local Salesperson 
DICE INFORMATION 

PAD FUNCTION 

1 Voo 
2 VREF 
3 RFB 
4 lOUT 
5 AGND 
6 DGND 
7 III 
8 SRI 
9 ClK 

Substrate Bias: +Voo. 

MECHANICAL INFORMATION 
MILS (0.001") MILLIMETERS 

Die Size 70x 110±5 1.78 x 2.79 ±0.13 
Die Thickness 14±3 0.35±3 
Min. Pad Size 4x4 0.1 x 0.1 

Metallization Aluminum 
Backing Chrome Silver 

DAC8043 DIE TOPOGRAPHY 

WAFER TEST LIMITS 
AtVoo = +5V; VREF = +10V; loUr = GND = OV; TA = +25°C. 

DAC8043 
PARAMETER SYMBOL CONDITIONS LIMIT UNITS 

STATIC ACCURACY 
Resolution N 12 Bits min 
Integral Nonlinearity INl ±1 lSB max 
Differential Nonlinearity .DNl ±1 lSB max 
Gain Error GFSE Using Internal Feedback Resistor ±2 lSB max 
Power Suppiy Rejection Ratio PSRR IJ.Voo=. ±5% ±0.002 o/oJO/o max 
Outpul leakage Current (lOUT) ILKG Digital Inputs = V'L ±5 nA max 

REFERENCE INPUT 
Input Resistance R'N 7/15 kn minimax 

DIGITAL INPUTS 
Digital Input HIGH V,H 2.4 V min 
Digital Input lOW V'L 0.8 V max 
Input leakage Current I,L V,N = OV to Voo ±1 J.IA. max 

POWER SUPPLY 
Supply Current 100 Digital Inputs = V,H or V'L 500 J.IA. max 

Digital Inputs = OV to Voo 100 J.lA.max 

NOTE: Electncal tests are performed at wafer probe to the limits shown. Due to vanatlons In assembly methods and normal Yield loss, Yield after packaging IS not 
guaranteed lor standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing. 
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TYPICAL PERFORMANCE CURVES 
At Voo = +5V; VREF = +10V; lOUT = GND = OV; T. = Full Temperature Range specified under Absolute Maximum Ratings unless otherwise noted. 
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For Immediate Assistance, Contact Your Local Salesperson 
DISCUSSION OF 
SPECIFICATIONS 
RELATIVE ACCURACY 
This term, also known as end point linearity or integral 
linearity, describes the transfer function of analog output to 
digital input code. Relative accuracy describes the deviation 
from a straight line, after zero and full scale errors have been 
adjusted to zero. 

DIFFERENTIAL NONLINEARITY 
Differential nonlinearity is the deviation from an ideal ILSB 
change in the output when the input code changes by ILSB. 
A differential nonlinearity specification of ILSB maximum 
guarantees monotonicity. 

GAIN ERROR 
Gain error is the difference between the full-scale DAC 
output and the ideal value. The ideal full scale output value 
for the DAC8043 is -(4095/4096)VREF• Gain error may be 
adjusted to zero using external trims as shown in Figure 4. 

OUTPUT LEAKAGE CURRENT 
The current which appears at lOUT with the DAC loaded with 
all zeros. 

OUTPUT CAPACITANCE 
The parasitic capacitance measured from lOUT to GND. 

FEEDTHROUGH ERROR 
The AC output error due to capacitive coupling from V REF to 
lOUT with the DAC loaded with all zeros. 

OUTPUT CURRENT SETTLING TIME 
The time required for the output current to settle to within 
±O.OI % of final value for a full scale step. 

DIGITAL-TO-ANALOG GLITCH ENERGY 
The integrated area of the glitch pulse measured in nanovolt
seconds. The key contributor to digital-to-analog glitch is 
charge injected by digital logic switching transients. 

CIRCUIT DESCRIPTION 
Figure I shows a simplified schematic of a DAC8043. The 
current from the V REF pin is switched between lOUT and GND 
by 12 single-pole double-throw CMOS switches. This main-

VAEF 

BI11 
(MSB) 

R R 

BI12 

R 

BI13 BI112 
(LSB) 

GND 

FIGURE 1. Simplified Circuit Diagram for the DAC. 

tains a constant current in each leg of the ladder regardless of 
the input code. The input resistance at V REF is therefore 
constantand can be driven by either a voltage or current, AC 
or DC, positive or negative polarity, and have a voltage range 
upto±20V. 

A CMOS switch transistor, included in series with the ladder 
terminating resistor and in series with the feedback resistor, 
RFB, compensates for the temperature drift of the ON resis
tance of the ladder switches. 

Figure 2 shows an equivalent circuit for the DAC. COUT is the 
output capacitance due to the N -channel switches and varies 
from about 80pFto II OpF with digital input code. The current 
source ILKG is the combination of surface and junction leak
ages to the substrate. ILKG approximately doubles every 10°C. 
Ra is the equivalent output resistance of the D/A and it varies 
with input code. 

R 
RF• 

lOUT 

COUT 

GND 

FIGURE 2. Equivalent Circuit for the DAC. 

INSTALLATION 
ESD PROTECTION 

All digital inputs of the DAC8043 incorporate on-chip ESD 
protection circuitry. This protection is designed to withstand 
2.5kV (using the Human Body Model, lOOpF and 1500n). 
However, industry standard ESD protection methods should 
be used when handling or storing these components, When 
not in use, devices should be stored in conductive foam or 
rails. The foam or rails should be discharged to the destina
tion socket potential before devices are removed. 

POWER SUPPLY CONNECTIONS 

The DAC8043 is designed to operate on Voo = +5V ±5%. 
For optimum performance and noise rejection, power supply 
decoupling capacitors Co should be added as shown in the 
application circuits. These capacitors (l1JF tantalum recom
mended) should be located close to the D/A. Output op amp 
analog common (+ input) should be connected as near to the 
GND pins of the DAC8043 as possible. 

WIRING PRECAUTIONS 

To minimize AC feedthrough when designing a PC board, 
care should be taken to minimize capacitive coupling be
tween the V REF lines and the lOUT lines. Coupling from any 
of the digital control or data lines might degrade the glitch 
performance. Solder the DAC8043 directly into the PC board 
without a socket. Sockets add parasitic capacitance (which 
can degrade AC performance). 

BURR-BROWNe 
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AMPLIFIER OFFSET VOLTAGE 

The output amplifier used with the DAC8043 should have 
low input offset voltage to preserve the transfer function 
linearity. The voltage output of the amplifier has an error 
component which is the offset voltage of the op amp multi
plied by the "noise gain" of the circuit. This "noise gain" is 
equal to (RF/Ro + I) where Ro is the output impedance of the 
D/A lOUT terminal and RF is the feedback network imped
ance. The nonlinearity occurs due to the output impedance 
varying with code. If the 0 code case is excluded (where 
Ro = infinity), the Ro will vary from R to 3R providing a 
"noise gain" variation between 4/3 and 2. In addition, the 
variation of Ro is nonlinear with code, and the largest steps 
in Ro occur at major code transitions where the worst 
differential nonlinearity is also likely to be experienced. The 
nonlinearity seen at the amplifier output is 

2Vos - 4Vos/3 = 2Vosl3. 

Thus, to maintain good nonlinearity the op amp offset should 
be much less than 1/2LSB. 

UNIPOLAR CONFIGURATION 

Figure 3 shows DAC8043 in a typical unipolar (two-quad
rant) multiplying configuration. The analog output values 

DATA INPUT ANALOG OUTPUT 

MSB ~ ~ LSB 
111111111111 -VREF (4095/4096) 
1000 0000 0000 -VREF (204814096) = -1/2VREF 
000000000001 -VREF (1/4096) 
0000 0000 0000 o Volts 

TABLE I. Unipolar Output Code. 

A1 OPA602 or 1/2 OPA2107. 

FIGURE 3. Unipolar Configuration. 

c + o 
l~FI 

FIGURE 5. Bipolar Configuration. 
BURR-BROWN@! 

R2 
20kn 

versus digital input code are listed in Table I. The operational 
amplifiers used in this circuit can be single amplifiers such as 
the OPA602, or a dual amplifier such as the OPA2107. CI 
provides phase compensation to minimize settling time and 
overshoot when using a high speed operational amplifier. 

If an application requires the D/A to have zero gain error, the 
circuit shown in Figure 4 may be used. Resistor R2 induces 
a positive gain error greater than worst-case initial negative 
gain error. Trim resistor RI provides a variable negative gain 
error and have sufficient trim range to correct for the worst
case initial positive gain error plus the error produced by R2. 

BIPOLAR CONFIGURATION 

Figure 5 shows the DAC8043 in a typical bipolar (four
quadrant) mUltiplying configuration. The analog output 
ues versus digital input code are listed in Table II. 

The operational amplifiers used in this circuit can be 
amplifiers such as the OPA602 or a dual amplifier such as 
the OPA2107. CI provides phase compensation to minimize 
settling time and overshoot when using a high speed opera
tional amplifier. The bipolar offset resistors R I-R2 should 
be ratio-matched to 0.0 I % to ensure the specified gain error 
performance. 

DATA INPUT ANALOG OUTPUT 

MSB~ HSB 
111111111111 +VREF (2047/2048) 
1000 0000 0001 +VREF (1/2048) 
1000 0000 0000 o Volls 
011111111111 -VREF (1/2048) 
0000 0000 0000 -VREF (204812048) 

TABLE II. Bipolar Output Code. 

A 1 OPA602 or 1/2 OPA21 07. 

FIGURE 4. Unipolar Configuration with Gain Trim. 

R, 
20kn 

>-4~OVOUT 

Al-A2, OPA602 or 1/2 OPA2107. 
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BURR - BROWN® 

IElElI DSP201 
DSP202 

DSP-Compatible Single/Dual 
DIGITAL-TO-ANALOG CONVERTERS 

FEATURES 
• ZERO-CHIP INTERFACE TO DSP ICs: 

AD, AT&T, MOTOROLA, TI 

. • SINGLE CHANNEL: DSP201 

• DUAL CHANNEL: DSP202 
Two Serial Inputs or Cascade from Single 
32-Bit Word 

• UPDATE RATE TO 500kHz 

• DYNAMIC SPECIFICATIONS: 
Signal/(Noise + Distortion) =90dB; 
THD = -92dB 

• USER SELECTABLE 16-BIT OR 18-BIT 
DATA WORDS 

Latch Enable 

Reset 

Select Sync Format 

Select Word Length (16118) 

, 
I 

Channel A Data In 

Sync 

Bit Clock 

Channel B Data In 

Cascade 

Convert Command 

Control 
Logic 

DESCRIPTION 
The DSP201 and DSP202are high performance digi
tal-to-analog converters designed for simplicity of use 
with modem digital. signal processing les. Both are 
complete with all interface logic for use directly with 
DSP les, and provide analog output voltages updated 
at up to 500kHz. 

The DSP201 offers a single complete voltage output 
channel, accepting either 16 bits or 18 bits of input 
data, and can be driven by 16-bit, 24-bit, or 32-bit 
serial ports. The DSP202 offers two complete voltage 
output channels, with either two separate input ports, 
or a mode to drive both output channels from a single 
32-bit word. 

Both the DSP201 and DSP202 are packaged in stan
dard, low-cost 28-pin plastic DIP packages. Each is 
offered in two performance grades to match applica
tion requirements. 

18·Blt DAC 

Analog Voltage I 

Output I 
Channel B 

18·Bn DAC 

Channel B on DSP202 Only 

~-----------------------------------------------------------------~ 

Intematlonal Airport Industrial Park •. Mailing Address: PO Box lt400 • TUcson, AZ 85734 • Street Address; 6731) S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 746-1111 • Twx: 910-1152·1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (520) 889-1510 • Immediate Productinlo: (800) 548-6132 

BURR-BROWN® 
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SPECIFICATIONS 
ELECTRICAL 
T. = O'C to 70'C. Output Update Frequency. fs• = 400kHz. V.+ = Vo+ = +5V. V.- = Vo- = -fJV. unless otherwise specified. 

DSP201JP DSP201KP 
DSP202JP DSP202KP 

PARAMETER CONDITIONS MIN TYP MAX MIN TVP 

RESOLUTION tB 

DYNAMIC RANGE lOB 

ANALOG OUTPUT 
Voltage Range RL = 3750 ±3 
Impedance 0.1 
Current RL = 3750 ±B 
Slew Rate RL = 1.5kO. CL = 100pF 15 
Settling Time to 0.006% RL = 1.5kO. CL = 100pF 2.5 . 

for Full-Scale Step 

THROUGHPUT SPEED (1) 

Update Rate CASC = LOW on DSP202 500 
DSP202 in Cascade Mode CASC = HIGH 300 

AC ACCURACY (2. 3) 

Signal to (NOise + Distortion) Ratio fOUT = 1kHz B2 B6 BB 90 
fOUT = I kHz (-60dB) 30 32 

fOUT = 10kHz BO B6 B6 90 
Total Harmonic Distortion fOUT = 1kHz -90 -65 -92 
Channel Separation fOUT ~ 1 kHz to 100kHz 105 

on DSP202 

DC ACCURACY 
Integral Nonlinearity Error ±0.006 ±0.004 
Differential Nonlinearity Error ±0.006 ±0.004 
Bipolar Zero Error (5) ±IO 
Bipolar Zero Error Drift 20 
Bipolar Zero Mismatch (5) DSP202 Channels 5 
Gain Error 1 3 
Gain Error Drift 100 
Gain Error Mismatch DSP202 Channels 1 3 
Digital Feedthrough ENABLE = HIGH -105 
Power Supply Sensitivity -fJ.l <V.-. Vo-<-4.9 -60 

+4.9 <V A+, Vo+ < +5.1 -60 

DIGITAL INPUTS 
Format Serial; MSB first; I B-bit and 
Coding Binary TI 'as vv'"'e'"'" ''"' 
Logic Levels 

V" III = ±101JA 0 +O.B 

V'H I'H = ±IOIJA +2.4 +5 
Data Transfer Clock 

Frequency 12 
Duty Cycle 40 50 60 · 

DIGITAL OUTPUTS 

VOL 10L ~ 4mA 0 +0.4 · 
VOH 10H = 4mA +2.4 +5 · 

POWER SUPPLIES 
Rated Voltage 

V.+ +4.75 +5 +5.25 
V.- -5.25 -fJ -4.75 · 
Vo+ +4.75 +5 +5.25 · 
Vo- -fJ.25 -5 -4.75 · 

Current 
1.+ 18 
1.- 17 
10+ 13 
10- 25 

Power Consumption 365 450 

TEMPERATURE RANGE 
Specification 0 +70 
Storage -40 +125 

MAX UNITS 

~i~ 
dB 

V 
0 

rnA 
VlJlS 
JlS 

kHz 
kHz 

dB(4) 

dB 
dB 

-6B dB 
dB 

% 
% 
mV 

ppm FSRf'C 
mV 
% 

ppmrC 
% 
dB 
dB 
dB 

V 
V 

· MHz 
% 

V 
V 

· V · V 

· V 
V 

rnA 
rnA 
rnA 
rnA 
mW 

·C 
·C 

NOTES: (1) The data transfer clock must be at least 24 times the update rate for the standard mode, and 40 times the update rate in the DSP202 Cascade Mode. 
(2) All dynamic specifications are based on 204B-point FFTs. (3) Data for the 1 kHz test is bandlimited to 0 to 20kHz. Data for the 10kHz test is bandlimited to 0 to 
40kHz. (4) All specifications in dB are relerred to a full-scale output, ±3Vp-p. (5) Adjustable to zero with external potentiometer. 
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For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES 
TA = +25°C; Update Frequency, fs = 400kHz; VA+ = Vo+ = +5V; VA-= Vo-= 5V; SWl = HIGH; 
CASC = lOW; Output Bandwidth limited to 20kHz; unless othelWise noted. 

DYNAMIC PERFORMANCE VB TEMPERATURE 
80 r----r----r----r----r----r--~~o iii'100 

f OUT = 1 kHz, ±3Vp-p 

SIGNAl-TO-(NOISE + DISTORTION) RATIO 
VB TEMPERATURE AND AMPLITUDE 

f OUT = 1 kHz, OdB 
:s 90 

~ 80 I I --iii' 
~ 85 
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Ambient Temperature (OC) 

TOTAL HARMONIC DISTORTION 
vs OUTPUT FREQUENCY 

fOUT = OdB 
Output not band-limited. 

./ 

0.2 2 20 

Oulput Frequency (kHz) 

I 

INTEGRAL AND DIFFERENTIAL LINEARITY ERROR 
vs TEMPERATURE (For Worst-Case Codes.) 

'" " ~rential Non-linearity 

1\ 

'" ~ i'-. ~ 

Intiral Non-1linearity 

-50 -25 25 50 75 

Ambient Temperature (OC) 
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VB OUTPUT UPDATE RATE 
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BIPOLAR ZERO ERROR AND GAIN ERROR 
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The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this informaUon, and all use of such information shall be entirely at the user's own risk. Prices and specificaUons are subject to change 
without notice. No patent rights or licenses to any olthe 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 andior systems_ 
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TYPICAL PERFORMANCE CURVES (CONT) 
T. = +25'C; Update Frequency, fs = 400kHz; V.+ = VD+ = +5V; V.- = VD- = 5V; SWL = HIGH; CASC = LOW; 
Output Bandwidth Umited to 20kHz; unless otherwise noted, 

OUTPUT VOLTAGE SETTLING TIME 
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PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER!') 

DSP201JP 28-Pin Plastic DIP 215 
DSP201KP 28-Pin Plastic DIP 215 
DSP202JP 28-Pin Plastic DIP 215 
DSP202KP 28-Pin Plastic DIP 215 

NOTE: (1) For detailed drawing and dimension table, please see end 01 data 
sheet, or Appendix C of Burr-Brown IC Data Book. 

ORDERING INFORMATION 

NUMBER SIGNAL-TO-
OF (NOISE + DIST.) 

MODEL CHANNELS RATIO, dB min 

DSP201JP 1 82 
DSP201KP 1 88 
DSP202JP 2 82 
DSP202KP 2 88 

BURR~BROWNI8I 

A ELECTROSTATIC 
~ DISCHARGE SENSITIVITY 
The DSP201 and DSP202 are ESD (electrostatic discharge) 
sensitive devices, and normal standard precautions should be 
taken, Permanent damage may occur on unconnected devices 
subject to high energy 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 removed. 

ABSOLUTE MAXIMUM RATINGS 

V,+ to Analog Common ...................................................................... +7V 
V,- to Analog Common ...................................................................... -7V 
Vo+ to Digital Common ...................................................................•. +7V 
Vo- to Digital Common .....•................................................................. -7V 
Analog Common to Digital Common ................................................... ±1 V 
Control Inputs to Digital Common ............................... -0.5 to Vo + 0.5V 
Maximum Junction Temperature ..................................................... 1500C 
Internal Power Dissipation ............................................................. 825mW 
Lead Temperature (soldering, lOS) ............................................... +30QDC 
Thermal Resistance, 8J,: Plastic DIP ............................................ 500CIW 
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DSP201 PIN CONFIGURATION DSP201 PIN ASSIGNMENTS 

PIN# NAME DESCRIPTION 

1 VA- -5V Analog Power. 

AGND 2 No Internal Connection. 
3 No Internal Connection. 

DGND 4 AGND Analog Ground. 
5 No Inlernal Connection. 

VA+ 6 ·Vo+ +5V Digital Power. 
7 Vo+ +5V Digital Power. 

AGND VPOT 8 RESET Reset. If LOW, DAC output will be OV after two 

MSB 
convert commands, and will remain there as long 
as the Reset input is LOW. If HIGH, normal 

Vo+ 

Vo+ 
DSP201 

VOS 

AGND 

operation proceeds. Two convert commands are 
required after Reset goes from LOW to HIGH 
before the output will relate to the input word. 

9 SSF Select Sync Format In. Tie HIGH for use with 
RESET VOUT Motorola and TI DSP ICs. lie LOW for use with 

AT&T DSP ICs. 
SSF Vo-

10 SWL Select Word Length In. If HIGH, DSP201 accepts 

SWL DGND first 16 bits of dala. If LOW, DSP201 accepts first 
18 bits of data. 

SYNC DGND 11 SYNC Data Synchronization Outpu\. Active HIGH when 
SSF is HIGH, active LOW when SSF is LOW. 

XCLK ENABLE 
12 XCLK Data Transfer Clock Input. 

SIN DGND 13 SIN Serial Data In. MSB first, Binary Two's Comple-
mentformat. 

14 15 CONY 14 No Internal Connection. 

15 CONY Convert Command In. DAC is updated on falling 
edge, and initiates clocking new data in. 

16 DGND Digital Ground. 

17 ENABLE Latch Enable In. If LOW, DAC output will be 
latched with new data word on falling edge of 
Convert Command. If HIGH, Convert Commands 
will be ignored. 

18 DGND Digital Ground. 
19 DGND Digital Ground. 
20 Vcr -5V Digital Power. 
21 VOUT Voltage Out. 
22 AGND Analog Ground. 
23 VOS VOS Adjust In. 
24 MSB MSB Adjust In. 
25 VPOT Trim Reference Out for MSB adjustment. 
26 VA+ +5V Analog Power. 
27 DGND Digital Ground. 
28 AGND Analog Ground. 
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DSP202 PIN CONFIGURATION DSP202 PIN ASSIGNMENTS 

1 VA- -5V Analog Power. 
V.- AGND 2 MSBB Channel B MSB Adjust In. 

3 VOSB Channel B vas Adjust In. 
MSBB DGND 4 AGNDB Channel B Analog Ground. 

5 VOUTB Channel B Voltage Out. 
VOSB VA + 6 Vo+ +5V Digital Power. N 

7 Vo' .5V Digital Power. 0 AGNDB VPOT 
8 RESET Reset. If LOW, DAC output will be OV after two ~ VOUTB MSBA Convert Commands, and will remain there as long 

as the Reset input is LOW. If HIGH, normal 
,.. 

Vo+ VaSA operation proceeds. Two Convert Commands are 0 
DSP202 

required after Reset goes from LOW to HIGH N 
Vo+ AGNDA before the output will relate to the input word. a. 

SSF Select Sync Format In. Tie HIGH for use with en 
RESET VOUTA Motorola and TI DSP ICs. Tie LOW for use with C 

SSF Vo-
AT&T DSP ICs. 

10 SWL Select Word Length In. If HIGH, DSP202 accepts 
SWL DGND first 16 bits of data. If LOW, DSP202 accepts first 

18 bits of data. Must be HIGH if CASC is HIGH. 
SYNC DGND 11 SYNC Data Synchronization Output. Active HIGH when 

XCLK ENABLE 
SSF is HIGH, active LOW when SSF is LOW. en 12 XCLK Data Transfer Clock Input. 

SINA CASC 13 SINA Channel A Serial Data In. MSB first, Binary Two's a:: 
SINB CONY 

Complement format. In Cascade Mode, connect to W 
14 15 SINB and to DSP IC output. I-

14 SINB Channel B Serial Data In. MSB first, Binary Two's a:: 
Complement format. In Cascade Mode, connect to W SINA and to DSP IC output. > 15 CONY Convert Command In. DAC is updated on falling Z edge, and initiates clocking new data in. 

16 CASC Select Cascade Mode In. If HIGH, DSP202 0 
accepts a 32-bit word, and uses the first 16 bits to 0 
update channel A, and the second 16 bits to 

G update channel B. In Cascade Mode, SINA and 
SINB are connected together. If CASC is LOW, 0 data is strobed into both channels on each clock 
cycle. ..J 

17 ENABLE Latch Enable In. If LOW, DAC output will be <C 
latched with new data word on falling edge of Z 
Convert Command. If HIGH, Convert Commands <C will be ignored. 

I 
18 DGND Digital Ground. 0 19 DGND Digital Ground. I-20 VD- -5V Digital Power. I 
21 VOUTA Channel A Voltage Out. ..J 
22 AGNDA Channel A Analog Ground. 

~ 23 VaSA Channel A vas Adjust In. 
24 MSBA Channel A MSB Adjust In. 
25 VPOT Trim Reference Out for MSB adjustments. 52 26 VA+ +5V Analog Power. 
27 DGND Digital Ground. C 28 AGND I Ground. 
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THEORY OF OPERATION BASIC OPERATION 
The DSP201 and DSP202 are basic voltage output digital
to-analog converters with complete logic interrace circuitry 
for ease of use with standard digital signal processing ICs. 
Data words are transmitted from the DSP IC on its serial 
port, leaving the DSP IC parallel ports free for digital 
communication. 

The DSP201 and DSP202 are pipelined internally. When the 
user gives a convert command at time t, two actions are 
initiated. First, the data stored in the internal shift registers 
following the previous convert command (at t - I) is used to 
update the output D/A converters immediately. Second, the 
DSP201 or DSP202 transmits a synchronization pulse to the 
DSP IC and starts clocking new data into the shift register 
using the system Bit Clock. This data is then used to update 
the D/As when the t + 1 convert command is received. 

Both the DSP201 and DSP202 are 18-bit D/As internally. 
On-chip logic can be programmed to use IS-bits of data to 
update the DI A outputs, or can be programmed to update the 
D/A based on I6-bit data words. Additionally, the logic in 
the DSP202 can accept a 32-bit data word (the Cascade 
Mode), and update both D/A channels simultaneously with 
16 bits each. All of these modes can be hard-wired or logic
controlled externally, so that no extra overhead on the part 
of the DSP IC is required. 

In the 16-bit modes, the DSP20I and DSP202 will append 
zeros to the I6-bits transferred to each of the internal D/As, 
which are full 18-bit converters. The 18-bit word-length 
mode can be used with DSP ICs programmed for either 24-
bit or 32-bit output words, in which case the DSP201 or 
DSP202 will clock in the first IS-bits of data after the 
synchronization pulse, and ignore additional information on 
the serial line. When programmed to accept I6-bit words, 
the DSP201 and DSP202 can be used with DSP ICs pro
grammed to output 16-, 24-, or 32-bit words, and will ignore 
additional information after the first 16 bits on the serial line. 

The DSP201 and DSP202 are complete voltage output D/A 
converters, with on-chip references and output amplifiers to 
drive ±3V into 37S0 loads. State-of-the-art bipolar tech
nologies are used in the D/A section to maximize the output 
update rate, to maximize dynamic perrormance, and to 
eliminate glitch problems. Advanced plastic packaging meth
ods makes this perrormance attainable economically. 

INPUT CODE 

16-BIT MODE AND HEX 
BINARY DSP202 CASCADE MODE IS-BIT MODE 

0111...1111 7FFF lFFFF 
0000 ... 0000 0000 00000 
1111 ... 1111 FFFF 3FFFF 
1000 ... 0000 8000 20000 

Theoretical LSB Size 

TABLE I. Output Voltage vs Input Code. 

DATA FORMAT AND OUTPUT LEVELS 

The DSP201 and DSP202 accept serial data, MSB first, in 
standard Binary Two's Complement format. The length of 
the data words can be selected as shown below, and the 
D/A output level generated by a specific input code is shown 
in Table I. 

As with all standard D/As, the output ranges from negative 
full scale (-3V) to 1 LSB below positive full scale (+3V -
ILSB). The bipolar output amplifiers are designed to drive 
37S0 loads at full speed and accuracy. 

UPDATING THE OUTPUT 

With ENABLE (pin 17) LOW, the falling edge of a Convert 
Command arriving on CONV (pin IS) will immediately 
update the DI A outputs with the data stored in the internal 
shift registers following the previous Convert Command. 
The Convert Command can be asynchronous to any other 
signals or clocks without reducing accuracy, although sys
tem accuracy is often enhanced by synchronizing digital 
signals. 

For a full-scale change in the input code, the output will 
typically settle to within ±O.006% of its final level within 
2.SJ.IS. The slew rate of the output amplifier is typically ISV 1 
J.IS, for a full power bandwidth close to 800kHz. All of the 
specifications and typical perrormance curves are achieved 
with a full 400kHz update rate, unless otherwise specified. 
The DSP201 and DSP202 are guaranteed operational to a 
full SOOkHz update rate, which exceeds the maximum Bit 
Clock rate for most standard DSP ICs. 

DATA TRANSFER 

Data is transmitted serially to the DSP20I or DSP202, and 
is clocked into the internal shift registers on the rising edge 
of the external Data Transfer Clock or Bit Clock (XCLK 
input on pin 12.) This clock can be as fast as I2MHz. The 
Data Transfer Clock can tolerate duty cycles from 40% to 
60%. 

As indicated in the timing diagrams in Figure I, either 16-
or IS-bits of data will be clocked into the DSP201 or 
DSP202, or 32-bits will be clocked into the DSP202 in the 

OUTPUT VOLTAGE 

16-BIT MODE AND 
DSP202 CASCADE MODE 18-BIT MODE 

+2.999908V 2.999977V 
OV OV 

-92~V -23~V 

-3.000000V -3.000000V 

91.6~V 22.9~V 
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XCLK ~ 

CONV ~r------~----------

t, ~ 
SYNC (SSF. HIGH) ~', 7' - --:~'--_____ _ 

SYNC (SSF = LOW) ~I,.\ ~"i 

ENABLE"'"\- " - " i'---------------------

R'EsET(2) ~\..--',,_~ _________________________ _ 

110 .. 11\" 

SINAIB {CASC .. LOW on DSP202) X Bitt (MSB) X'--B-it2--y:""- ~ BittS X Bit 17(3) X Bitls(3) (lSB) x:::=. 

DSP202 Cascade Mode (CASC = HIGH) 

XCLK ~~~ 

CONV ~--:------------------ ~ 
14 

~o - ~ 111 .. ;--___ _ 

SINNB (CASC = HIGH) X Bill (,,"SB) X BI'2 C J BI116 (LSB) X BIll (,,"SB) 'C. ::x BI116 (LSB) 'C. 

Channel A Data Channel B Data 

INTERVAL DESCRIPTION MIN MAX UNITS 

I, XCLK period; Duly Cycle 50% ±10% 83 ns 
I, Convert Command LOW Time 50 ns 
13 Convert Period (CASC = LOW on DSP202) 24 I, 

4 Convert Period (CASC = HIGH on DSP202 40 I, 
Is SYNC Active Delay after Convert Falling Edge) t, +40 21, ns 

Is SYNC LOW 10 HIGH Delay Irom XCLK Rising; CL = 50pF 15 ns 
17 SYNC HIGH to LOW Delay Irom XCLK Rising; CL = 50pF 15 ns 

Is ENABLE Selup belore Convert Falling Edgel') 50 ns 

Is ENABLE Hold after Convert Falling Edgel') 50 ns 
Is RESET Selup belare Convert Falling Edge 50 ns 

110 SINNB Dala Selup belare XCLK Rising 20 ns 
111 SINNB Dala Hold alter XCLK Rising 0 ns 

- - - - - --- ---

NOTES: (1) Normally lied LOW so Ihal previously transmitted data is used to update DAC output on falling edge 01 
CONV. ENABLE HIGH prevents the DAC from being updated. (2) RESET must be held LOW lor two complete 
Convert Command cycles, and ENABLE must be LOW. (3) Optional data bits. Clocked into DAC register only if SWL 
is LOW. 
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For Immediate Assistance, Contact Your Local Salesperson 
Cascade Mode, but internal digital overhead requires addi
tional Data Transfer Clock cycles before a new Convert 
Command can be sent. The minimum time between Convert 
Commands is 24 times the Data Transfer Clock period for 
either the DSP201 or the DSP202 in standard modes, and 40 
times the Data Transfer clock period for the DSP202 in the 
Cascade Mode. There is no maximum time between Convert 
Commands. 

These additional clock cycles are used to set up the internal 
shift registers and logic, and are included in the specifica
tions for maximum update rate. This means a 12MHz Bit 
Clock can achieve the maximum specified update rate of 
500kHz. 

DATA SYNCHRONIZATION 

The DSP201 and DSP202 have internal logic to generate a 
synchronization pulse (SYNC on pin 11) to signal the host 
processor to transmit data. The synchronization pulse is sent 
when a Convert Command is received, and the SYNC output 
changes on the rising edge of XCLK. Timing is shown in 
Figure 1. 

The synchronization pulse can be programmed to be either 
active High or active Low, depending on the logic level 
input on SSF (Select Sync Format on pin 9.) If SSF is LOW, 
SYNC will be normally HIGH, and will transmit a LOW 
pulse after a Convert Command is received. If SSF is HIGH, 
SYNC will be normally LOW, and will transmit a HIGH 
pulse after a Convert Command is received. The SYNC 
pulse will be as wide as one clock cycle on the Data Transfer 
Clock input on XCLK (pin 12.) 

SELECTING WORD LENGTH 

If the Select Word Length input (SWL, pin 10) is HIGH, the 
DSP201 or DSP202 will accept 16 bits of data after a Convert 
Command, with the timing shown in Figure 1. After these 16 
bits, additional data on SIN (DSP201 pin 13) or SINA and 
SINB (DSP202 pins 13 and 14) will be ignored. Transparent 
to the user, the internal shift register will append two zeroes 
to the 16-bit data words before updating the D/As on the next 
Convert Command. 

If SWL is LOW, the DSP201 or DSP202 will clock IS bits 
of data into the internal shift register after a Convert Com
mand, with the timing shown in Figure 1. Subsequent data 
on SIN (DSP201 pin 13) or SINA and SINB (DSP202 pins 
13 and 14) will be ignored. 

In the 16-bit mode, an increment of I LSB will change the 
D/A output by approximately 91.6/lV (the 6V full scale 
range divided by 216), while an LSB in the 18-bit mode will 
change the output approximately 22.9/lV (6V/2 18). 

The DSP201 and DSP202 analog performance is tested in 
production using the 16-bit mode (with SWL HIGH), and 
the typical performance curves were generated using the 16-
bit mode. Verification is made during fmal test that the IS
bit mode functions, but the extra resolution of these last two 
bits is not used when testing the analog performance. 

DSP202CASCADE MODE 

If CASC on the DSP202 (pin 16) is HIGH, the Cascade 
Mode is implemented. In this mode, SINA (pin 13) and 
SINB (pin 14) are strapped together and connected to the 
serial output port of an appropriate DSP IC or other data 
word source. A Convert Command initiates the transfer of a 
32-bit word to the DSP202. 

In the Cascade Mode, care must be taken to make sure SWL 
(pin 10) is HIGH. 

LATCH ENABLE 
If ENABLE (pin 17) is LOW, the D/A outputs will be 
latched with new data on the falling edge of the Convert 
Command. Taking ENABLE HIGH causes the DSP201 or 
DSP202 to ignore Convert Commands. With ENABLE 
HIGH when a Convert Command arrives at time t, data 
latched in the internal shift register after the Convert Com
mand at t - 1 is not latched to the D/As, but a new 
synchronization pulse is still generated and the data in the 
shift register is overwritten. This feature allows multiple 
DSP20ls or DSP202s to share a single DSP IC and still be 
independently updated. 

RESET 

Taking RESET (pin 8) LOW will cause the D/As to output 
OV after two Convert Commands are received. The two 
Convert Commands clear out the internal shift registers, and 
data input on the serial input lines will be ignored while 
RESET is low. This facilitates designing an analog output 
system that goes into a known, benign state either at power
up, after fault conditions or during a calibration cycle. 
ENABLE (pin 17) must be LOW when resetting the DSP201 
or DSP202 outputs to OV. 

After RESET is taken HIGH, two Convert Commands are 
required before the output will relate to the input data. Also, 
ENABLE must be LOW for the data to be latched to the DI As. 
The first Convert Command again latches the outputs at OV, 
and the second Convert Command drives the output to the 
level determined by the data clocked in after the first Convert 
Command. 

A RESET command after power upis not required for proper 
operation of the DSP201 or DSP202. 

LAYOUT CONSIDERATIONS 

Because of the high resolution, linearity and speed of the 
DSP201 and DSP202, system design problems such as 
ground path resistance, contact resistance and power supply 
quality become very important. 

GROUNDS 

To achieve the maximum performance from the DSP201 or 
DSP202, care should be taken to minimize the effect of 
current flows in the system grounds that may corrupt the 
output voltages generated by the D/As. Pin 22 on the 
DSP201 and pins 4 and 22 on the DSP202 are the most 
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critical internal grounds, and care should be taken especially 
at these points to make them as close as possible to the same 
potential as the system analog ground. The design of the 
DSP201 and DSP202 insures that these pins will have 
minimal current flowing through them. 

Internally, power currents are directed to the digital grounds 
(pins 18, 19, and 27) for internal digital currents, which are 
primarily switching currents, and to the analog grounds (pin 
28, plus pin 4 on the DSP20 I) for analog currents, which are 
primarily from the internal current switches and the output 
amplifier. Pin 16 on the DSP201 is used internally as a logic 
level, and injects essentially no current into the ground. 

Wherever possible, it is strongly recommended that separate 
analog and digital ground planes be used. With an LSB level 
of 921lV in 16-bit modes, and one quarter of that in 18-bit 
modes, the currents switched in a typical DSP system 
(processor, memory, etc.) can easily corrupt the output 
accuracy of the DfA's unless great care is taken to analyze 
and design for current flows. 

POWER SUPPLY DECOUPLING 

All of the supplies should be decoupled to the appropriate 
grounds using tantalum capacitors in parallel with ceramic 
capacitors, as shown in Figures 2 and 3. For optimum 
performance of any high resolution Df A, all of the supplies 
need to be as clean as possible. If separate digital and analog 
supplies are available in a system, care should be taken to 
insure that the difference between the analog and the digital 
supplies is not more than 0.5V for more than a few hundred 
milliseconds, as may occur at power-on. 

Separate -5V analog and digital supplies are not needed. 
These pins are kept separate internally to minimize cou
pling. Drive pin 20 from the -5V analog supply, and make 
sure that the decoupling shown in Figure 2 or 3 are placed 
as close as possible to the DfAs. 

CALIBRATION AND ADJUSTMENT 
OPTIONAL EXTERNAL OFFSET AND MSB TRIMS 

All of the specifications for the DSP20 I and DSP202, plus 
the typical performance curves, are based on the perfor
mance of these DfAs without external trims. In most appli
cations, external trims are not required. 

If external trims are not used, pins 23, 24, and 25 on the 
DSP201 should be left open, as should pins 2,3,23,24 and 
25 on the DSP202. These pins should not be decoupled with 
capacitors or tied to any specific potential, or the noise on 
the DfA outputs may increase. 

ADJUSTING OFFSET 

Where required by specific applications, offsets can be 
trimmed using the circuits in Figure 2 (DSP20 I) or Figure 3 
(DSP202.) As with all standard DfAs, offset on the DSP201 
and DSP202 means the difference of the output from the 
ideal negative full scale value. The DSP201 and DSP202 use 
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a current switching Df A architecture, and the current from 
this is internally amplified to produce a ±3V output range. 
Negative full scale output thus results from having all of the 
internal current switches turned off. Offset on the DSP201 
and DSP202 should not be confused with the delta from OV 
with an input code of 0000 ... 0000 (OOOO hex for 16-bit 
Modes, 00000 hex for 18-bit Modes). This is often described 
as bipolar zero error, and includes the effects of both offset 
and gain error. 

To trim the offsets, first latch the DfAs with 1000 ... 0000 
(8000 hex or 20000 hex). Then adjust the offset adjustment 
pots to produce an output of ~3.000000V. 

ADJUSTING THE MSB WEIGHT 

The MSB adjustment circuitry shown in Figure 2 for 
DSP201 and in Figure 4 for the DSP202 basically change 
weight of the MSB by adding to or subtracting from 
current controlled by the internal MSB switch. 

Depending on the application, the MSB adjustments can be 
made in one of three different ways to optimize the system 
performance using the DSP201 or DSP202. For dynamic 
performance, the MSB can be adjusted to minimize distor
tion of either a full-scale or low level sine-wave output. For 
applications stressing differential linearity , the 0000 ... 0000 
(OOOO hex or 00000 hex) to 1000 ... 0000 (FFFF hex or 3FFFF 
hex) transition can be trimmed to change the output of the 
DfAs precisely 1 LSB (921lV in the 16-bit Mode or 231lV 
in the 18-bit Mode.) 

To adjust for minimum distortion of full-scale sinewaves, 
strobe the inputs to the DSP201 or DSP202 with codes 
representing ideal full scale sine waves, then trim the MSB 
adjustment circuit to minimize distortion, as measured by 
either a distortion analyzer or by digitizing the output with 
an appropriate AID and running FFT analyses. 

In many audio applications, it is more appropriate to adjust 
for minimum distortion with low level sinewave outputs. 
This minimizes zero-crossover error, which can be a con
cern in high-end audio systems. To do this, strobe the inputs 
to the DSP201 or DSP202 with codes representing ideal 
low-level sine waves (-60dB from full scale works well), 
and then trim the MSB adjustment circuit to minimize 
distortion, again using a distortion analyzer or FFT analyses 
to check the results of the trims. 

The MSB adjustment circuits can also be used to trim the 
Df A outputs directly for the transition from 0000 ... 0000 (OOOO 
hex or 00000 hex) to 1111...1111 (FFFF hex or 3FFFF hex), 
eliminating differential linearity error at the major carry. 
Ideally, this transition of the digital input code should cause 
the DfA outputs to change 921lV in the 16-bit Mode or 231lV 
in the 18-bit Mode. A simple way to make this adjustment 
is to continually load alternately the codes 1111...1111 (FFFF 
hex or 3FFFF hex) and 0000 ... 0000 (OOOO hex or 00000 hex) 
into the DSP201 or DSP202. An amplifier with sufficient gain 
can then drive an oscilloscope input, and the transition output 
step can be adjusted. 
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An alternative for calibrating on a bench is to tie SIN (DSP20 1 
pin 13) or SINA and SINB (DSP202 pins 13 and 14) HIGH, 
and provide a Bit Clock and periodic Convert Commands. 
This loads 1111...1111 (FFFFHEX or 3FFFFHEX), driving the 
output to lLSB below OV. Then periodically bring RESET 
(pin 8) LOW for at least two Convert Commands, which is 
the equivalent of loading all Os, so the output is OV. Now 
the output can be adjusted for an ideal transition step. 

ADJUSTING BIPOLAR ZERO ERROR 

If it is importlint in a specific application to adjust bipolar 
zero error, the user should first adjust the MSB trim circuits, 
and then use the offset adjust circuits to adjust the outputs to 
OV with input codes of aliOs (0000 ... 0000; 0000 hex or 
00000 hex.) In this case, it is not possible to also trim offset 
at -Full Scale, as described above. 

DSP201 

..J5V AGND 

v.+ 

VPOT 

MSB 

+5V VOS 

AGND 

DGND 

14 

GAIN ERROR 

Gain error on the DSP201 or DSP202 cannot be directly 
adjusted. If required in a specific application, gain can be 
trimmed out at the system level by adjusting the gain used 
in an output amplifier stage, such as would be used in any 
active output filter. In this case, the bipolar zero error should 
be adjusted first as discussed above. Then, the gain on the 
output amplifier should be adjusted to minimize the devia
tion from ideal for -Full Scale (1000 ... 000; 8000 hex or 
20000.hex) and +Full Scale (0111...1111; 7FFF hex or 
IFFFF hex.) 

+5V 

-5V Offset Adjust 
100kO 

..J5Vo--./IN'-O +5V 

-5V 

15 

FIGURE 2. DSP201 Power Supply Connections and Optional Adjust Circuits. 

BURR - BROWN® 

3.274 Burr-Brown Ie Data Book-Mixed Signal Products ,ElEI' 



Or, Call Cuslomer Service aI1·800·548·6132 (USA Only) 

DSP202 

AGND 

+5Vo--...,...---...,...----t...--l VOSA 

AGNDA 

Channel A 
Offset Adjust 

VD-

DGND 

DGND 

f--_--_~-_{)-5V 

14 15 

FIGURE 3. DSP202 Power Supply Connections and Optional Offset Voltage Adjustment. 

MSBAdjust 
Channel B 

100kO 
-5V O'-'VVv----------' 

14 

FIGURE 4. DSP202 Optional MSB Adjust Circuit. 
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APPLICATIONS COMPLETE ANALOG INPUT/OUTPUT SYSTEM 

USING PARALLEL PORTS 
WITH THE DSP201 OR DSP202 

Figure 5 shows a circuit for converting parallel outputs into 
the serial data stream required by the DSP201, and meets the 
requirements for timing signals. Doubling this circuit allows 
the DSP202 to be driven from a 32-bit parallel port. In most 
applications, this circuit can be easily incorporated into gate 
arrays or other programmed logic circuits already used in the 
system, since the extra gate count is not high. 

DEGLITCHING 

Particularly in high resolution D/A converters, changing 
input codes may cause glitching on the output that exces
sively corrupts the dynamic purity of an output signal. The 
DSP20l and DSP202 are designed to minimize output 
glitching, and all of the performance specifications and 
typical performance curves are based on tests with no extra 
deglitching circuitry. In particular, the guaranteed Signal-to
(Noise + Distortion) performance would be impossible to 
attain with any significant glitching. 
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15 11 
02 13 60 60 

12 10 
03 S 50 50 

40 40 9 5 
04 7 6 4 05 3D 30 
06 4 20 20 5 3 

07 3 
10 10 2 2 

15 
1 

CK OE 

74LS374 

os 18 
80 80 

19 14 
17 16 12 09 
14 

70 70 
15 11 010 

13 
60 60 

12 10 011 
8 

50 50 
9 5 012 40 4Q 
6 4 013 7 

3D 30 
4 5 3 014 
3 

20 20 
2 2 015 10 10 

LSB 15 
1 

CK OE 

11 

74LS32 "0" 74LS04 

WR 
4 6 1 2 

PORTAO 

FIGURE 5. Driving the DSP201 from a 16-Bit Parallel Port. 

The DSP201 or DSP202 can be paired with the Burr-Brown 
DSPIOI or DSPlO2 analog-to-digital converter to provide 
both analog input and analog output for a complete digital 
signal processing system. The DSPIOI and DSPlO2 are 
respectively single and dual channel 200kHz sampling AIDs 
with easy to use interfacing logic that complement the 
DSP20l and DSP202. Figure 6 shows a single channel 
analog iIiput and output system based on a DSP201 and a 
DSP 1 0 1, and the minimal connections required to interface 
to a DSP IC, A pair of channels can be implemented using 
a single DSP202 and a single DSPI02, either with two 
separate DSP ICs, with a single DSP IC with dual serial 
input and output channels, or a single DSP IC capable of 32-
bit words in the Cascade Mode. 

For maximum flexibility in system design, the DSP201 or 
DSP202 D/As can be updated at a different rate than the 
conversion rate used on the DSPIOI or DSPlO2 AIDs, and 
either or both of these rates can be asynchronous to the 
clocks used with the DSP IC. 

74LS166 DSP201 

H 
G 
F 

11 
E 

13 
SYNC 

0 OH SIN ±3V 
XCLK your 21 

Analog C 
B CONY Output 
A SSF 
SIC SWL 

OH 
13 

+5V 
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-i TIL Bit ~ Clock 

Digital Signal 
DSP10l' Processor Ie DSP201 

XCLK 
16 CLKR XCLK 

12 
XCLK 

~ VIN 
SOUT 

20 DATA IN DATA OUT 
13 

SIN VOUT ~ ±3V Analog Output 
±2.7 

Analog 
5V 
Inpul 

SYNC 15 SYNC SYNC 
11 

SYNC 

SSF E-'SSF 'SSF~ SSF 

I Conversion Rate I 
"SWL ....!Q.. SWL 

CONY 
21 15 

CONY 

I Generator I 

DSP PROCESSOR SYNC FORMAT SERIAL VO WORD' 'SSF "SWL 

DSP32C, DSP16 Active Low 16 Bits LOW HIGH 
DSP56001 Active High 24 Bits HIGH LOW 
DSP56001 Active High 16 Bits HIGH HIGH 
TMS320C25/C30 Active High 16 Bits HIGH HIGH 
ADSP21 01/21 05 Active High 16 Bits HIGH HIGH 

'See Burr-Brown DSP101l102 product data sheet for full description of this ADC. 

FIGURE 6_ Analog Input and Analog Output System_ 

I TIL Bit 

1" 
DSP#1 Clock DSP202 

TXCLK XCLK 

SYNC 
11 SYNC 

DATA 
13 SINA VOUTA ~ ±3V Analog Output from DSP #1 

DSP#2 

TXCLK -

SYNC -

DATA 

Conversion Rate 
Generator 

FIGURE 7_ DSP202 with Dual DSP ICs_ 

BURR-BROWNIiIl 

14 SINB VOUTB ~ ±3V Analog Output from DSP #2 

15 CONY 

16 CASC 

~ 9 
Sync Format Input ~ SSF 

Data Length o---!!!- SWL 

17 -_.-._--
ENABLE 

-::':-
- +5V o---!!- --

RESET 

DIGITAL SIGNAL PROCESSOR S YNCFORMAT DATA LENGTH 

DSP32C 
DSP16 
DSP56001 in 16-bit Mode 
DSP56001 in 24-bit Mode 
TMS320C25 

Logic 0 
Logic 1 
Logic 1 

Logic 1 

16-Bit, Logic 1 
16-Bit, Logic 1 
16-Bit, Logic 1 
24-Bit, Logic 0 
16-Bit, Logic 1 
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USING DSP201 AND DSP202 
WITH TEXAS INSTRUMENTS DSP ICS 

Figures 6 thru 12 show various ways to use the DSP201 and 
DSP202 with DSP ICs from the Texas Instruments 
TMS320Cxx series. For simplicity, all of these circuits are 
based on using the TMS320Cxx in the mode where SSF 
(Select Synch Format, pin 9) is tied HIGH, so that there is 
an active High synchronization pulse generated by the 
DSP201 or DSP202 after receiving a Convert Command. 
The synchronization pulse can be changed to active Low 
simply by making SSF LOW, where appropriate, without 
changing basic operation of the D/As. The timing for either 
synchronization mode is shown in Figure 1. 

In all cases, the DSP201 and DSP202 expect to receive the 
data with the MSB first, and the TMS320Cxx needs to be 
programmed for this. 

Figure 6 shows a circuit for using the TMS320C25 to 
generate a complete analog input and analog output system 
using the DSP201 plus the Burr-Brown DSPI01 AID. 

Figure 7 shows how to use two TMS320C25 chips to drive 
the two channels of the DSP202. 

The TMS320C30 has dual serial I/O ports, which can be 
used to drive the dual inputs on the DSP202, as shown in 
Figure 8. This circuit can maximize the update rate for the 
channels. Since the TMS320C30 can also output 32-bit 
words, both channels of the DSP202 can be updated from a 
single serial output port on the TMS320C30, using the 
cascade mode as shown in Figure 9. 

Figures 10 and II show complete two-channel analog input 
and analog output systems consisting of three basic chips, 
the TMS320C30 plus a DSP202 dual D/A and a Burr
Brown DSP102 dual AID. Figure 10 makes use of the dual 
serial I/O ports on the TMS320C30, and is shown with the 
DSP202 in the 16-bit Mode, which maximizes the possible 

I TTL Bit I-Clock 

TMS320C30 

CLKX· 0 
CLKX-1 

DX·O 

DX·1 

FSX·O 

FSX-1 

12 

13 

14 

11 

+5V~ 

+5Vo---!-Q... 

Conversion Rate 
~ 

- 15 
Generator 

NOTE: (1) Serial output is 16-bit MSB first. 

FIGURE 8. Using DSP202 with TMS320C30's Dual SIO. 

throughput rate on the system. Figure II makes use of the 
32-bit word length mode in the TMS320C30 and the Cas
cade Mode on both the DSP202 and the DSP102 to provide 
two full analog I/O channels over a single serial I/O port 
on the TMS320C30. Thus, up to four complete, separate 
analog I/O channels could be operated using a single 
TMS320C30, by making use of the second serial port. 

Figure 12 shows how to use a TMS320C25 to update the 
analog output of the DSP201. 

USING DSP201 AND DSP202 
WITH MOTOROLA DSP ICS 

Figure 13 shows how to use the DSP201 with a Motorola 
DSP56001. Using the DSP202 requires using two 
DSP5600ls, as indicated in Figure 7. 

The DSP56001 needs to be programmed for transmission of 
the MSB bit first with SYNC in the Bit Mode. If the 
DSP56001 is programmed for 16-bit data words, SWL (pin 
10) on the DSP201 or DSP202 needs to be tied HIGH to 
select the 16-bit Mode. In the DSP56001 24-bit mode, the 
DSP201 or DSP202 can be programmed to accept data 
lengths of 16-bits (with SWL HIGH) or 18-bits (with SWL 
LOW), and will ignore the trailing bits on the serial line. 

For use with the Motorola DSP56001, SSF (pin 9) on the 
DSP201 or DSP202 needs to be tied HIGH. This will cause 
the DSP201 or DSP202 to transmit an appropriate active 
High synchronization pulse on SYNC (pin II) after a Con
vert Command is received by the DSP201 or DSP202. 
Timing is shown in Figure 1. 

Even though the DSP201 or DSP202 require a minimum of 
24 Bit Clock pulses between convert commands, the maxi
mum update rate for the D/As using a 5MHz Bit Clock will 
still be over 200kHz (5MHz / 24 = 208.3kHz.) 

DSP202 

XCLK 

SINA 

SINB VOUTA ~ ±3V Analog Output Channel A 

VOUTB .2..- ±3V Analog Output Channel B 

SYNC 

SSF 

SWL 

CASC 

CONY 
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TMS320C30 DSP202 

CLKX 
12 

XCLK 

FSX 
11 

SYNC 

DX 
13 

SINA 
21 

VOUTA 

14 
SINB VOUTB 

15 
CONY 

+5V 16 
CASC 

+5V SSF 

+5V 10 
SWL 

17 
ENABLE 

_ +5V RESET 

NOTE: Program TMS320C30 for 32-bit mode. 

FIGURE 9. Using DSP202 with TMS320C30 in Cascade Mode. 

±2.75V 
Analog Input 
Channel A 

±2.75V 
Analog Input 
Channel B 

~ 

~ 

DSP102· 

XCLK 

VINA SOUTA 

SOUTB 

SYNC 

VINB SSF 

CASC 

CONY 

Conversion Rate 
Generator 

~ 

16 

20 '--

17 

15 

rE-o +5V 

L 

22 

~ 
f--

TTL Bit ~ Clock 

TMS320C30 

CLKR-O CLKR-O 12 

CLKR-l CLKR-l - 13 
DR-O DX-O 

DR-l DX-l 14 

FSR-O 

FSR-l 11 
FSX-O 

-.l FSX-l 

+5V~ 
+5V~ 

16 

~ 

±3V Analog Output Channel A 

±3V Analog Output Channel B 

DSP202 

XCLK 

SINA VOUTA 

SINB 

SYNC VOUTB 

SSF 

SWL 

CASC 

CONY 

~ 

~ 

±3V Analog Output 
Channel A 

±3V Analog Output 
Channel B 

NOTES: (1) Sample rate on DSP102 and DSP202 may differ. (2) Analog Devices ADSP2101 may be used. SPORT1 and SPORT2 
are used for serial MSB first communication. 

·See Burr-Brown DSP10l1102 product data sheet for full description of this ADC_ 

FIGURE 10. Two-Channel Analog Input and Output System with TMS320C30. 
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~ TTL Bit ~ Clock 

DSP102' TMS320C30 DSP202 

XCLK 16 
CLKR-O CLKX-O 

12 
XCLK 

±2.75V 2 
20 13 ~ ±3V Analog Output Analog Input ~ VINA SOUTA DR-O DX-O SINA VOUTA 

Channel A Channel A i-u---- NC t4 
SOUTB SINB 

±2.75V 25 
15 11 r2-- ±3V Analog Output 

Analog Input 0--= VINB SYNC FSR-O FSX-O SYNC VOUTB Channel B 
Channel B 

f1L-o+5V SSF 

CASC 
22 +5V~ SSF r=--o+5V 

CONY 
21 +5V~ SWL n 16 

CASC +5V o---
Conversion Rate 15 

CONY 
Generator 

NOTES: (1) Program TMS320C30 for 32-bit mode. (2) Sample rate on DSP102 and DSP202 may differ. (3) DSP32C may also be used 
in this mode. with SSF pins tied LOW. 'See Burr-Brown DSP10l/DSP102 product data sheet for full description of this ADC. 

FIGURE 11. Two-Channel Analog Input and Output System with TMS320C30 in Cascade Mode. 

l TTL Bit 

1" 
TMS320C25 Clock DSP201 

SSI Port 

CLKX XCLK 

11 
SYNC FSX 

13 
SIN VOUT ~ ±3V Analog Output DX 

15 
CONY 

+5V~ SSF 

+5Vo-!Q.. SWL 

Conversion Rate ~ 17 --
. .J,. +5V~ 

ENABLE 
Generator --

RESET 

NOTE: FSX is programmed for external mode. 

FIGURE 12. Using DSP201 with TMS320C25. 

I TTL Bit 

1" 
DSP56001 Clock DSP201 

SSI Port 
TXC 

SSK XCLK 

SS2 
FSR(Bit) 11 

SYNC 

STD 
13 

SIN VOUT ~ ±3V Analog Output 

15 
CO~V 

+5V~ SSF 

(2)~ SWL 

Conversion Rate ~ 17 --
ENABLE 

Generator 
.J,. +5Vo---!!-

--
RESET 

NOTES: (1) DSP56001 programmed for MSB bit first. (2) For 16-bit data connect SWL to Logic 1; For 24-bitdata connectSWL to Logic O. 

FIGURE 13. Using DSP201 with DSP56001. 
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I TTL Bit 

1" 
ADSP2105 Clock 

SCLK1 
13 

DT1I'1 

TFSI 
11 

+5V~ 

+5Vo---!!!-

Conversion Rate 
Generator 

NOTE: (1) 16-bit MSB first data. 

FIGURE 14. Using DSP201 with ADSP-2105_ 

USING DSP201 AND DSP202 WITH ADI DSP ICS 

When using the DSP201 or DSP202 with the ADSP2101 or 
ADSP2105, the processors need to be programmed to trans
mit the data with the MSB fIrst 

Figure 14 shows the connections required to generate an 
analog output channel using an ADSP2105 with the DSP201. 
The same basic circuit can also be used to connect a DSP20l 
to the ADSP2101. 

Figure 6 indicates how to build a complete analog input and 
analog output system using either the ADSP2101 or 
ADSP2105 with a DSP201 and a Burr-Brown DSP101 AID-
The two serial ports on the ADSP2101 can also be used with 
the DSP202 to make two complete analog output channels 
as noted in footnote 2 of Figure 10. 

USING DSP201 AND 
DSP202 WITH AT&T DSP ICS 

Figures 15, 16 and 17 show how to use the DSP201 and 
DSP202 with the DSP16 and DSP32C in different modes. 
The DSP IC needs to be programmed to transmit data with 
the MSB fIrst, and the DSP201 or DSP202 needs to have 
SSF (Select Sync Format on pin 9) tied LOW so that the 

BURR-BROWN® 

15 

DSP201 

XCLK 

SIN 

VOUT ~ ±3V Analog Output 

SYNC 

SSF 

SWL 

CONY 

D/As will output an appropriate active Low synchronization 
pulse after a Convert Command is received. 

Figures 15 and 17 show the DSP32C and DSP16 respec
tively used with the DSP20l in the 16-bit Mode to generate 
a single analog output channel. With a 12MHz Bit Clock and 
the 24 Bit Clock cycles required by the DSP201 and DSP202 
between Convert Commands, the output of Figure 15 can be 
updated at a full 500kHz (12MHz/24 = 500kHz_) 

Figure 16 shows how to drive two analog output channels 
from a single 32-bit serial port on the DSP32C, using the 
Cascade Mode on the DSP202_ With a 12MHz Bit Clock 
and the 40 Bit Clock cycles required between Convert 
Commands by the DSP for internru logic overhead, this 
circuit can update two separate analog outputs at 300kHz 
each from a single serial port (12MHz/40 = 300kHz_) 

Figure 6 indicates how to build a complete analog input and 
analog output system using a DSP32C or DSP16 with a 
DSP201 and a Burr-Brown DSP101 AID-
Figure 7 shows a two channel analog output system using a 
single DSP202 with two DSP32Cs or two DSPI6s_ 
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I TTL Bit 

1" 
DSP32C Clock DSP201 

SIO 
OCK XCLK 

OLD 
11 

SYNC 

DO 
13 

SIN VOUT ~ ±3V Analog Output 

OEN n 15 
CONV 

9 
SSF 

+5Vo----!.Q.. SWL 

Conversion Rate 17 --
Generator 

EN/IBLE 

-:-+5V~ --
RESET 

NOTES: DSP32C programmed lor MSB bit lirst. Data length 16 bit. Extemal OCK. ILD. 

FIGURE 15. Using DSP201 with DSP32C with 16-Bit Data Words. 

DSP32C ,--_.::CI""ock:::.:...._....I DSP202 
I TTLB" 1 

rS-10-=~~0-C-K~ ____________ ~1.::2~-xC-L-K---~ 

OLP 1-____ --.,.. ______ ""I-'-I-j SYNC 

DO 13 SINA 

OEN n ~ SINB 
15 

L-_____ .J _ ,..-----'-"--1 CONV 

+5V~ CASC 

Conversion Rate ,----",9-1 SSF 
Generator 

+5Vo----!.Q.. SWL 

t-__ ---""-7-j ENABLE 

VOUTA ~ ±3V Analog Output Channel A 

VOUTB ~ ±3V Analog Output Channel B 

NOTES: (1) DSP32C programmed lor MSB bH lirst. (2) Data length 32 bits. External OCK. ILD. 

FIGURE 16. Using DSP202 with DSP32C in Cascade Mode. 

DSP16 DSP201 

SIO 
12 

OCK XCLK 

11 
SYNC OLD 

13 
SIN VOUT 

21 
±3V Analog Output DO 

OEN 

,..-____ .::.9-1 SSF 

-:-
+5V 10 SWL 

r-______ ~1.::.5-1 CONV 

NOTE: DSP16 programmed lor MSB bit lirst 16·bit data. 

FIGURE 17. Using DSP201 with DSPI6. 
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4 Digital Interface 
Products 

Isolation Isolation Leakage Power 
Voltage Voltage Current Consumption 
Cont Pulse Test 240VAC Data . Per Channel Ext 
Peak Peak 60Hz Rate max Power 

Product (Vrms) (V) lIlA) (MBd) (mW) Req 

IS0150 1500 2400(2) 0.6 80 25 Yes 
IS0485 1500 NS NS 20 180 at 5MBiVs Yes 

NOTES: (1) Xlnd = -40'C to +85'C. (2) Partial discharge test voltage, ae Vrms. 
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Tempi') Pkg 

Xlnd DIP, sOle 
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Description 
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BURR - BROWN® 

113131 IS0150 

Dual, Isolated, Bi-Directional 
DIGITAL COUPLER 

FEATURES 
• REPLACES HIGH-PERFORMANCE 

OPTOCOUPLERS 

• DATA RATE: 80M Baud, typ 
• LOW POWER CONSUMPTION: 

25mW Per Channel, max 

• TWO CHANNELS, EACH BI-DIRECTIONAL, 
PROGRAMMABLE BY USER 

• PARTIAL DISCHARGE TESTED: 2400Vrms 

• CREEPAGE DISTANCE OF 16.5mm (DIP) 

• LOW COST PER CHANNEL 

• PLASTIC DIP AND SOIC PACKAGES 

DESCRIPTION 
The IS0150 is a two-channel, galvanically isolated 
data coupler capable of data rates of 80MBaud, typi
cal. Each channel can be individually programmed to 
transmit data in either direction. 

Data is transmitted across the isolation barrier by 
coupling complementary pulses through high voltage 
0.4pF capacitors. Receiver circuitry restores the pulses 
to standard logic levels. Differential signal transmis
sion rejects isolation-mode voltage transients up to 
1.6kV/).lS. 

APPLICATIONS 
• DIGITAL ISOLATION FOR AID, D/A 

CONVERSION 

• ISOLATED UART INTERFACE 
• MULTIPLEXED DATA TRANSMISSION 

• ISOLATED PARALLEL TO SERIAL 
INTERFACE 

• TEST EQUIPMENT 

• MICROPROCESSOR SYSTEM INTERFACE 

• ISOLATED LINE RECEIVER 

• GROUND LOOP ELIMINATION 

IS0150 avoids the problems commonly associated 
with optocouplers. Optically isolated couplers require 
high current pulses and allowance must be made for 
LED aging. The IS0l50's Bi-CMOS circuitry oper
ates at 25m W per channel. 

IS0150 is available in a 24-pin DIP package and in a 
28-lead SOIC. Both are specified for operation from 
-40°C to 85°C. 

International AIrport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • S1reet Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 746-1111 • Twx: 910·952·1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (520) 889-1510 • Immediate Product Info: (800) 548-6132 
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SPECIFICATIONS 
At TA = +2S"C and Vs = +5V. unless otherwise noted. 

IS015DAP, AU 

PARAMETER CONDITION MIN TYP 

ISOLATION PARAMETERS 
Rated Voltage, Continuous 60Hz lS00 
Partial Discharge, 100% Test(1) 1s, SpC 2400 
Creepage Distance (External) 

DIP-"P" Package 16 
SOIC-"U" Package 7.2 

Internal Isolation Distance 0.10 
Isolation Voltage Transient Immunity(2j 1.6 
Barrier Impedance >1014 117 
Leakage Current 240Vrms, 60Hz 0.6 

DC PARAMETERS 
Logic Output Voltage, High, VOH 10H= 6mA V,,1 

Low, VOL 10L= 6mA 0 
Logic Output Short-Circuit Current Source or Sink 30 
Logic Input Voltage, High!') 2 

Low(3) 0 
Logic Input Capacitance S 
Logic Input Current <1 
Power Supply Voltage Range!') 3 S 
Power Supply Current!') 
Transmit Mode DC 0.001 

SOMBaud 14 
Receive Mode DC 7.2 

SOMBaud 16 

AC PARAMETERS 
Data Rate, Maximum(S) CL = SOpF SO 80 
Data Rate, Minimum DC 
Propagation Time(6) CL = SOpF 20 27 
Propagation Delay Skew(7) CL = SOpF O.S 
Pulse Width Distortion!') CL = SOpF 1.S 
Output Rise/Fall Time, 10% to 90% CL = SOpF 9 
Mode Switching Time 

Receive-la-Transmit 13 
Transmit-la-Receive 7S 

TEMPERATURE RANGE 
Operating Range -40 
Storage -40 
Thermal Resistance,BJA 7S 

MAX UNITS 

Vrms 
Vrms 

mrn 
mm 
mm 
kV/~s 

Q II pF 
~Arms 

Vs V 
0.4 V 

mA 
Vs V 
0.8 V 

pF 
nA 

S.S V 

100 IJA 
mA 

10 mA 
mA 

MBaud 

40 ns 
2 ns 
6 ns 
14 ns 

ns 
ns 

8S 'C 
12S 'C 

'CIW 

NOTES: (1) All davices receive a 1 s test. Failure criterion is ~5 pulses of ;:6pC. (2) The voltage rate-of-change across the isolation barrier that can be sustained 
without data errors. (3) Logic inputs are HCT-type and thresholds are a function of power supply voltage with approximately O.4V hystersis-see text. (4) Supply 
current measured with both tranceivers set for the indicated mode. Supply current varies with data rate-see typical curves. (S) Calculated from the maximum Pulse 
Width Distortion (PWD). where Data Rate = 0.3/PWD. (6) Propagation time measured from Y'N = 1.SV to Vo = 2.SV. (7) The difference in propagation time of channel 
A and channel B in any combination of transmission directions. (8) The difference between progagation time of a rising edge and a falling edge. 

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 andlor systems. 
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For Immediate Assistance, Contact Your Local Salesperson 
ABSOLUTE MAXIMUM RATINGS 

Storage Temperature ......................................................... -40"C to +125"C 
Supply Voltages, Vs ..................................................................... -0.5 to BV 
Transmitter Input Voltage, V, ............................................. -0.5 to Vs + O.SV 
Receiver Output Voltage, Va ............................................. -0.5 to Vs + O.5V 
Rtf x Inputs ........................................................................ -0.5 to V s + O.SV 
Isolation Voltage dV/dt, V'sa ........................................................... SOOkVlllS 
Dx Short to Ground ...................................................................... Continuous 
Junction Temperature, TJ •..•••.•..••.••..•..•..••.......•••...•.....•..••..•..•.••.••...•.•. 175°C 
Lead Temperature (soldering, 1 Os) ..................................................... 2BO"C 
1.Bmm below seating plane (DIP package) ......................................... 300"C 

PIN CONFIGURATION 

TOP VIEW 

TOP VIEW 

r
Gs 10 
- ~ 

RfT,s~ 

D,s 12 
'-- .. 

D,s 14 

DIP 

-
15 Vss 
= 
14 M 2S 
= 
13 D2s -

SOIC 

15 D2s 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER!') 

IS01S0AP 24-Pin Single·Wide DIP 243·1 
IS0150AU 28·Lead SOIC 217-2 

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

PIN DESCRIPTIONS 
NAME FUNCTION 

D'A Data in or data out for transceiver 1A. RIT'A held 
low makes D1A an input pin. 

M,A ReceivefTransmit switch controlling transceiver 1 A. 

VSA +5V supply pin for side A which powers transceivers 
1A and 2A. 

Gs Ground pin for transceivers 18 and 2B. 

M,. ReceiveiTransmit switch controlling transceiver 1 B. 

D,s Data in or data out for transceiver 1 B. M,s held 
low makes 018 an input pin. 

D2B Data in or data out for transceiver 2B. RIT 2B held 
low makes D2B an input pin. 

Rlf2B ReceiveiTransmit switch controlling 028, 

VS• +5V supply pin for side B which powers transceivers 
1B and 2B. 

GA Ground pin for transceivers 1 A and 2A. 

Rtfo. ReceiveITransmit switch controlling transceiver 2A. 

Do. Data in or data out for transceiver 2A. Rrr 2A held 
low makes D2A in input pin. 

A ELECTROSTATIC 
J.Ba. DISCHARGE SENSITIVITY 
This integrated circuit can be damaged by ESD. Burr-Brown 
recommends that all integrated circuits be handled with 
appropriate precautions. Failure to observe proper handling 
and installation procedures can cause damage. 

ESD damage can range from subtle perfonnance degrada
tion 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® 
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TYPICAL PERFORMANCE CURVES 
T, = +25°C, V s = +5V unless otherwise noted. 
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For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES (CONT) 
At TA = +25°C and V s = +5V. unless otherwise noted. 

u;-
.E-

o 
.Eo 

ii 
m 
0 

" 0 

1a 
'" '" Co 

6: 

PROPAGATION DELAYvs TEMPERATURE 
60 

50 

40_ 

CL = 50pF 
1-Vs = 3.0V 

f--
:...-I--I--

1--1--

30 - Vs = 5.0V 

20 r---:-
10 I---

--<>0 -40 -20 20 40 60 80 100 120 140 

Temperature (OC) 

LOGIC INPUT THRESHOLD VOLTAGE 
vs SUPPLY VOLTAGE 

2.0 .---..--..--.---,----,---,---,---, 

1.8 1--t----\--+----\----1---I: 

1.6 I--t----V'-"'m 

1.4' I--t----\----± 

~ 1.2 
z 1.01--1-

;> 0_81--1--

0.6 1--t----\--+----\----1----1---+---I 

0.4 1--t---+--+----\----1----1---+---I 

0.2 1--t--t--t--t----jL----j----j--I 
OL----l_--l._-'-_-'-_-'-_-'-_J.----I 
~ U M U ~ U U U U 

Supply Voltage. V ss (V) 

ISOLATION LEAKAGE CURRENT vs FREQUENCY 
100m 

10m 

I 
5. 1m 
E 

~ V, = 1500Vrm 
() 

100~ 

" '" ~ 10~ V'SO 240Vrms=~ 

" ...J 

1~ 

100n 
10 100 1k 10k 100k 1M 

Frequency (Hz) 

~ 
" ~ 
~ 
" 0 .. 
.!l! 
Ji) 

"" '" " 0.. 

PULSE WIDTH DISTORTION 
vs TEMPERATURE 

-40 -20 0 20 40 60 80 100 120 140 
Temperature (OC) 

OUTPUT VOLTAGE vs LOGIC INPUT VOLTAGE 

5 --- --------- ---Fi-==i-r=+="'i 

4 -- -- --1----1---

------- - --- 1----- 1-- I--- ---

2 ----- 1--- 1-- ----- -- -----

1 I--- ----1--- ---- 1-- -- ---- - -~---------

0.5 1.0 1.5 2.0 

. V,N (V) 

ISOLATION VOLTAGE vs FREQUENCY 
10k 

2.1k 
1= I-M3X U[; 

f- R ting 

1k Degraded 
Performance 

100 

10 

1k 10k 100k 1M 10M 100M 

Frequency (Hz) 

BURR-BROWN® 

4.6 Burr-Brown Ie Data Book-Mixed Signal Products IE:lE:lI 



Or, Call Customer Service at 1·800·548·6132 (USA Only) 
TYPICAL PERFORMANCE CURVES (CO NT) 
At T ... = +25°C and V s = +5V, unless otherwise noted. 

TYPICAL INSULATION RESISTANCE vs TEMPERATURE 
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ISOLATION BARRIER 
Data is transmitted by coupling complementary logic pulses 
to the receiver through two OApFcapacitors. These capaci
tors are built into the IS0150 package with Faraday shield
ing to guard against false triggering by external electrostatic 
fields. 

The integrity of the isolation barrier of the IS0150 is 
verified by partial discharge testing. 2400Vnns, 60Hz, is 
applied across the barrier for one second while measuring 
any tiny discharge currents that may flow through the 
barrier. These current pulses are produced by localized 
ionization within the barrier. This is the most sensitive and 
reliable indicator of barrier integrity and longevity, and does 
not damage the barrier. A device fails the test if five or more 
current pulses of 5pC or greater are detected. 

Channel 2 
Data In 0--------, 

Channell o--_o--_--.J 
Data Out 

FIGURE 1. Basic Operation Diagram. 

BURR-BROWNI!II 

+5VI1) 

Conventional isolation barrier testing applies test voltage far 
in excess of the rated voltage to catastrophically break down 
a marginal device. A device that passes the test may be 
weakened, and lead to premature failure. 

APPLICATIONS INFORMATION 
Figure 1 shows the IS0150 connected for basic operation. 
Channel 1 is configured to transmit data from side B to A. 
Channel 2 is set for transmission from side A to B. The R!f 
pins for each of the four transceivers are shown connected to 
the required logic level for the transmission direction shown. 
The transmission direction can be controlled by logic ~ignals 
applied to the Rtf pins. Channel 1 and 2 can be indepen
dently controlled for the desired transmission direction. 

~--___ ----D Channel:1 
Data Out 

NOTES: (1) Power Supplies and grounds on 
side A and side B are isolated. (2) Recommended 
bypass: O.lJ1F in parallel with lnF. 

L--_---c Channell 
Data In 
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LOGIC LEVELS 

For Immediate Assistance, Contact Your Local Salesperson 
PROPAGATION DELAY AND SKEW 

A single pin serves as a data input or output, depending on 
the mode selected. Logic inputs are CMOS with thresholds 
set for TTL compatibility. The logic threshold is approxi
mately l.3V with 5V supplies and with approximately 400m V 
of hysteresis. Input logic thresholds vary with the power 
supply voltage. Drive the logic inputs with signals that swing 
the full logic voltage swing. The IS0150 will use somewhat 
greater quiescent current if logic inputs do not swing within 
O.5V of the power supply rails. 

In receive mode, the data output can drive 15 standard 
LS-TTL loads. It will also drive CMOS loads. The output 
drive circuits are CMOS. 

POWER SUPPLY 

Separate, isolated power supplies must be connected to side 
A and side B to provide galvanic isolation. Nominal rated 
supply voltage is 5V. Operation extends from 3V to 5.5V. 
Power supplies should be bypassed close to the device pins 
on both sides of the isolation barrier. 

The V s pin for each side powers the transceivers for both 
channel 1 and 2. The specified supply current is the total of 
both transceivers on one side, both operating in the indicated 
mode. Supply current for one transceiver in transmit mode 
and one in receive mode can be estimated by averaging the 
specifications for transmit and receive operation. Supply 
current varies with the data transmission rate-see typical 
curves. 

POWER-UP STATE 

The IS0150 transmits information across the barrier only 
when the input-side data changes logic state. When a 
transceiver is first programmed for receive mode, or is 
powered-up in receive mode, its output is initialized "high". 
Subsequent changes of data applied to the input side will 
cause the output to properly reflect the input side data. 

SIGNAL LOSS 

The IS0150's differential-mode signal transmIssIon and 
careful receiver design make it highly immune to voltage 
across the isolation barrier (isolation-mode voltage). Rapidly 
changing isolation-mode voltage can cause data errors. As 
the rate of change of isolation voltage is increased, there is 
a very sudden increase in data errors. Approximately 50% of 
IS0150s will begin to produce data errors with isolation
mode transients of 1.6kV IllS. This may occur as low as 
500V/1lS in some devices. In comparison, a 1000Vrms, 60Hz 
isolation-mode voltage has a rate of change of approximately 
0.5V/IlS· 

Still, some applications with large, noisy isolation-mode 
voltage can produce data errors by causing the receiver 
output to change states. After a data error, subsequent changes 
in input data will produce correct output data. 

Logic transitions are delayed approximately 27ns through 
the IS0150. Some applications are sensitive to data skew
the difference in propagation delay between channel 1 and 
channel 2. Skew is less than 2ns between channel 1 and 
channel 2. Applications using more than one IS0150 must 
allow for somewhat greater skew from device to device. 
Since all devices are tested for delay times of 20ns min to 
40ns max, 20ns is the largest device-to-device data skew. 

MODE CHANGES 

The transmission direction of a channel can be changed "on 
the fly" by reversing the logic levels at the channel's Rff 
pins on both side A and side B. Approximately 75ns after the 
transceiver is programmed to receive mode its output is 
initialized "high", and will respond to subsequent input-side 
changes in data. 

STANDBY MODE 

Quiescent current of each transceiver circuit is very low in 
transmit mode when input data is not changing (InA 
typical). To conserve power when data transmission is not 
required, program both side A and B transceivers for 
transmit mode. Input data applied to either transceiver is 
ignored by the other side. High speed data applied to either 
transceiver will increase quiescent current. 

CIRCUIT LAYOUT 

The high speed of the IS0150 and its isolation barrier 
require careful circuit layout. Use good high speed logic 
layout techniques for the input and output data lines. Power 
supplies should be bypassed close to the device pins on both 
sides of the isolation barrier. Use low inductance connec
tions. Ground planes are recommended. 

Maintain spacing between side I and side 2 circuitry equal 
or greater than the spacing between the missing pins of the 
IS0150 (approximately 16mm for the DIP version). Sockets 
are not recommended. 

BURR-BROWNe 
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"'-:--_._-I---QA 
Data 0---+-----, 
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/6---+-"-+--0 B 

DElRE 0------+------' 

+5V "I" 
(+5V) 

FIGURE 2. Isolated RS-485 Interface. 

BURR-BROWN® 

113131 Burr-Brown Ie Data Book-Mixed Signal Products 4.9 

o 
In ..... o 
~ 

en 
I
o 
::l 
C o a: 
a. 
w 
o 
if 
a: 
w 
I
Z 
~ 

~ 
" C 



;I:... :::l ...... 0 
a ~ 

tIl 
~ 

...... 
<Zl 
0 
>-' +5V 
Ul VCC1 
0 

§ 
0.. 33.2n In 

> U2 

t:I ADS7807 14 SER OA 15 
<Zl ...., 

R11N V 01G 
~ 

00 OB 
0 

.... 
...., loon R2rN VANA l§" 

'"' V," 
11 SRCLK OC 

:::!I 
c::: AGNO, BUSY +5V 10 SRCLR 00 CD 

rl vCC, 
RIC 

VCC2 ~ 
0.. CAP 

S 
OE q;-

t:xl ~ 
~+2.2~F BYTE 12 RCLK OF ::t:.. 

;: 

~ 
(1) ~ 
g- oo 13 G OG i;;" 

t:xl " (1) REF 01 &r 
;j 

~ Jl.J OH ~ 

~ 
02 15 ~ 

g, +2.2~F 

?) 6 AGNO, 03 13 
OH ~ 

Z 
74LS595 

~ 

i::l ~. SBIBTC 04 12 +5V High Byte Enable &r 
I:l (1) 

Vee1 ." 

S 5' 
EXT/INT 05 11 Low Byte Enable -JL U3 ;:;::: 

t:xl "' 25 PWRO 06 10 
OA 15 5i 

0 

f 0 OB .... 
r 26 REFO 07 ~ 
~ 

0.. 23 CS OGND 14 
SRCLK OC 

<Zl -
QQ' TAG SOATA 19 loon 00 ~ 

'" ::; 
~ a IS0150 CD 

SCLK 18 
OE {g 

V:l 

~ c)Q' 
CD 

loon 
OF f;J 

~ 
~ h' OG 

a 
~ 

"-

~' Vee1 "" VCC2 == +5V "tl +5V 

;j Isolated Supplies Vee1 OH 

§- OH 
<'l 
1;;" 

74LS595 

r ml 
z . 



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

.... " ;: ... , '.-
j j.: .' 

, , 

BURR - BROWN® 

IElElI IS0485 
" J 

Isolated RS-485 
DIFFERENTIAL BUS TRANSCEIVER 

FEATURES 
• RS·485 AND RS·422 COMPATIBLE 

.100% TESTED FOR HIGH-VOLTAGE 
BREAKDOWN 

• RATED 1500Vrms 

• SINGLE-WIDE 24-PIN PLASTIC DIP 

• EASY TO USE 
• LOW POWER: 180mW typ at 5Mbitls 

APPLICATIONS 
• MULTIPOINT DATA TRANSMISSION 

ON LONG BUS LINES IN NOISY 
ENVIRONMENTS 

R 

24 D 

DE 
23O-=-:~--j 

DESCRIPTION 
The IS0485 differential, isolated bus transceiver uses 
Burr-Brown's capacitively coupled isolationtechnol
ogy to provide high-speed, low cost bus isolation. 
The IS0485 is designed for bi-directional data com
munication on multipoint bus transmission lines and 
meets EIA Standard RS-485 as well as EIA Standard 
RS-422A requirements. 

The IS0485 uses high voltage O.4pF capacitors in
stead of the LED and photodetector which are used in 
equivalent optocoupler solutions. As a consequence 
the part count of the isolated RS-485 charmel is 
reduced from multiple optocoupler channels, an RS-
485 transceiver chip and supporting circuitry to one 
IS0485. The capacitors in the IS0485 provide a high 
voltage barrier, 1500Vrms and greatly reduce current 
spikes on the power line. 

The IS0485 combines a 3-state differential line driver 
and a differential-input line receiver both of which 
operate from a single 5V power supply. The driver 
differential outputs and the receiver differential input! 
output bus ports are designed to offer minimum load
ing to the bus whenever the driver is disabled or 
Vs = OV. 

GND 
B 

12 

13 

TRUTH TABLE 
R5-485 

DE FiE BUS 

0 0 Rx 

0 1 HIGHZ 

1 0 HIGHZ 

1 1 Tx 

Internationat Airpon Industrial Park ' Mailing Address: PO Box 11400 ' Tucson, AZ 85734 ' Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 746·1111 • Twx: 910-952·1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (520) 889·1510 • Immediate Product Info: (800) 5411-6132 

BURR~BROWN® 

IElElI PDS·1213C 4.11 

II) 
CO 
lIII:t o 
en -

en 
I
o 
~ c o 
a: 
Il. 
W 
o 
if 
a: 
w 
I
Z -



For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS 
At TA = +25'C, Vs = 5V, unless otherwise specified. 

IS0485P 

PARAMETER CONDITION MIN TYP 

DRIVER DC CHARACTERISTICS 
Input Voltage 

High MIN 
Low MAX O.B 

Input Current 
High-Level V,N = 2.4V 
Low-Level V,N = 0.4V 

Output Voltage 10lIT= 0 0 

Differential Output Voltage 10A-loB=0 1.5 

RLOAD = 10011 2 2.5 
RLOAD = 5411 1.5 2.5 

Change In Magnitude of Differential 
Output Voltage RLOAD = 5411 or t 0011 

Common-Mode Output Voltage RLOAD = 5411 or 10011 
Change in Magnitude of Common-Mode 

Output Voltage RLOAO = 5411 or 10011 

Output Current VOUT = 7V, output disabled 
VOlIT = -7V, output disabled 

Short-Circuit Output Current (1 sec max) VOlIT = -7V -250 
VOlIT = OV -150 
VOUT= Vs 250 

VOlIT = 12V 250 

DRIVER SWITCHING CHARACTERISTICS 
Propagation Delay Time, 

Low-to-High Level Output RLOAO = 5411 
Propagation Delay Time, 

High-to-Low Level Output RLoAo = 5411 
Input to Output Propagation Delay Skew RLOAO = 5411 10 
Output Rise Time RLOAO = 5411 10 
Output Fall Time RLOAD = 540 10 

RECEIVER DC CHARACTERISTICS 
Differential-Input-Threshold Voltage 

High VOUT= 2.7V, 10lIT= -D.4mA 
Low VOlIT = 0.5V, lOUT = BmA -D.2 

Hysteresis 70 
High·Level Output Voltage V,O = 200mV, 10H = 4001lA 2.4 
Low-Level Output Voltage VID = 200mV, 10L = BmA 
High-Impedance-State Output Current VOUT= 1.4V 
Line Input Current Y,N = 12V, other output = OV 0.7 

Y'N = -7V, other output = OV -D.6 
Enable-Input Current 

High V,H = 2.7V 
Low V,L = O.4V 

Input Resistance 12 
Short-Circuit Output Current 1 sec max 40 

RECEIVER SWITCHING CHARACTERISTICS 
Propagation Delay Time, 

Low-to-High Level Output V,O = -1.5V to 1.5V, Cc = 15pF 35 
High-to-Low Level Output V,O = -1.5V to 1.5V, CL = 15pF 30 

Input to Output Propagation Delay Skew 10 
Output Rise Time RL = 5411 8 
Output Fall Time RL = 5411 8 

TRANSCEIVER SPECIFICATIONS 
Maximum Data Rate 20 35 
Propagation Delay Driver to Receiver 75 
Driver Output Enable Time RL = 11011 155 
Driver Output Disable Time RL = 11011 185 
Propagation Delay Receiver to Driver 13 
Receiver Output Enable Time CL = 15pF 110 
Receiver Output Disable Time CL = 15pF 120 

MAX UNITS 

2 V 
V 

±1 IlA 
±1 IlA 
5 V 

5 V 

5 V 
5 V 

±0.5 V 

3 V 

±0.2 V 

1 mA 
.:o.B mA 

mA 
mA 
mA 
mA 

60 ns 

60 ns 
ns 
ns 
ns 

0.2 V 
V 

mV 
V 

0.4 V 
±1 ~A 

mA 
mA 

t IlA 
1 ~A 

kIl 
mA 

60 ns 
60 ns 

ns 
ns 
ns 

MbilS/s 
ns 

200 ns 
280 ns 

ns 
180 ns 
185 ns 

BURR~BROWN~ 
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SPECIFICATIONS (CO NT) 
At TA = +25°C, Vs = 5V, unless otherwise specified. 

IS0485P 

PARAMETER CONDmON MIN TYP 

TRANSCEIVER SPECIFICATIONS (CONT) 
Supply Voltage 

VsA 3 5 
VsB 4.75 5 

Supply Current DE RE RS-485 BUS 
VsA a a Rx 
VsA a 1 HIGHZ 
VsA 1 a HIGHZ 
VsA 1 1 Tx 
VsB a a Rx 
VsB a 1 HIGH Z 
VsB 1 a HIGHZ 
VsB 1 1 Tx 

RECOMMENDED OPERATING 
CONDITIONS 

Voltage at Any Bus Terminal (separately or common-mode) -7 
High-Level Driver Input Voltage 2 
Low-Level Driver Input Voltage 
Differential Receiver Input Voltage 
Output Current High-Level 

Driver 
Receiver 

Output Current Low-Level 
Driver 

Receiver 

TEMPERATURE RANGE 
Operating -40 
Storage -40 

tSOLATION PARAMETERS 
Rated Voltage, Continuous 50Hz 1500 
Partial Discharge, 100% Testll) ls,5pC 2400 
Creepage Distance (External) DIP = "P" Package 16 
Inlernal Isolation Distance 0.10 
Isolation Voltage Transient Immunityl2J 1.6 
Barrier Impedance > 1014 117 
Leakage Current 240Vrms, 60Hz 0.6 

MAX UNITS 

5.5 V 
5.25 V 

5 rnA 
0.4 rnA 
0.4 rnA 
0.4 rnA 
55 rnA 
55 rnA 
51 rnA 
51 rnA 

12 V 
V 

0.8 V 
±12 V 

--60 rnA 
-400 JlA 

60 rnA 
8 rnA 

85 °C 
125 °C 

Vrms 
Vrms 
mm 
mm 
kVl~ 
nil pF 
JlArms 

NOTES: (1) All devices receive a 1 s test. Failure criterion is " 5 pulses 01 " 5pC. (2) The voltage rate-ai-change across the isolation barrier that can be sustained 
without data errors. 

The inlormation provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility lor 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 01 the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product lor use in life support devices and/or systems. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltages, Vs .............................................................................. 5.SV 
Voltage at any bus terminal ......................................................... -IOta ISV 
Enable Input Voltage ............................................................ 0 to Vee + O.SV 
Continuous total dissipation at 25°C free·air temp . .......................... 750mW 
Lead soldertemperature, 260°C for lOs, 
1.6mm below seating plane ............................................................... 300°C 

Junction Temperature .......................................................................... 150°C 
Package thermal transfer, OJA ........................................................... 75°C/W 

PIN CONFIGURATION 

Top View DIP 

R 24 0 

FiE 2 23 DE 

NCI') 10 15 V .. 

GND. 11 14 GND. 

A 12 13 B 

NOTE: (1) Pin 10 must be left unconnected. 

PACKAGE INFORMATION 

PACKAGE 

24-Pin Single-Wide DIP 

PACKAGE DRAWING 
NUMBER!') 

243-1 

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

PIN ASSIGNMENTS 
PIN# NAME DESCRIPTION 

1 R Data Received From Transmission Line 
2 FiE Receive Switch Controlling Receiving Of Data 
3 VSA +5V Supply Pin For Side A 

10 NC This Pin MUST Be Left Unconnected 
11 GND. Ground Pin For Side B. Also Connected To Pin 14 
12 A Data, Driver Out/Receiver In 
13 B Data. Driver Out/Receiver In 
14 GND. Ground Pin For Side B. Also Connected To Pin 11 
15 Vs• +SV Supply Pin For Side B 
22 GNDA Ground Pin For Side A 
23 DE Driver Switch Controlling Output Of Data 
24 0 Data To Be Transmitted 

A ELECTROSTATIC 
Jif!M.. 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® 
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TYPICAL PERFORMANCE CURVES 
At TA = +25°C, Vs = +5V, unless othelWise noted. 
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TYPICAL INSULATION RESISTANCE vs TEMPERATURE 
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TYPICAL POWER DISSIPATION vs DATA RATE 
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For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES (CONT) 
At TA = +2SoC, Vs = +SV, unless otherwise noted. 
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OUTPUT LOW VOLTAGE vs 
DRIVER OUTPUT CURRENT 
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OUTPUT HIGH VOLTAGE vs 
DRIVER OUTPUT CURRENT 
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MODE OF OPERATION 
The IS0485 is a differential, isolated transceiver for half 
duplex mUlti-point communication, and complies with the 
EIA Interface Standards summarized in Table I. The signals 
transmitted across the isolation barrier can achieve transmis
sion rates up to 35Mbit/s typical. The barrier is designed to 
perform in harsh electrical environments without signal 
degradation, while providing high isolation and good tran
sient immunity. 

Referring to the block diagram on the front page, data 
present at the D input can be transmitted across the barrier 
when the data enable pin DE is a logic high. The data 
appears as a differential signal on the outputs A and B and 
within the output range OV to +5V. The isolated side of the 
DE logic high also inhibits the isolated side of data read R. 
The input NOR gate arrangement prevents attempts to trans
mit and receive simultaneously. The truth table shows the 
conditions on the RS-485 bus for the possible states of DE 
and RE. 

ISOLATION BARRIER 

Data is transmitted by coupling complementary logic pulses 
to the receiver through two 0.4pF capacitors. These capaci
tors are built into the IS0485 package with Faraday shield
ing to guard against false triggering by external electrostatic 
fields. 

The integrity of the isolation barrier of the IS0485 is 
verified by partial discharge testing. 2400Vrms, 50Hz, is 
applied across the barrier for one second while measuring 
any tiny discharge currents that may flow through the 
barrier. These current pulses are produced by localized 
ionization within the barrier. This is the most sensitive and 
reliable indicator of barrier integrity and longevity, and does 
not damage the barrier. A device fails the test if five or more 
current pulses of 5pC or greater are detected. 

Conventional isolation barrier testing applies test voltage far 
in excess of the rated voltage to catastrophically break down 
a marginal device. A device that passes the test may be 
weakened, and lead to premature failure. 

APPLICATION EXAMPLE 

Consider an RS-485 network in an industrial area. The 
system specifications are: 

• Distance between master controller and the farthest outsta
tion 50 meters. 

• System data rate is to be 30Mbit/s. 

• One daisy-chain cable will link the master controller to the 
outstations. 

The main design considerations in implementing this system 
are: 

• Line loading and termination 

• Selection of correct cable for requirements 

• Attenuation and distortion of the signal 

• Fault protection and fail-safe operation 

BURR-BROWNe 

LOADING 

RS-485 recommends a maximum of 32 unit loads on any 
one line: the unit loading being derived from the 12kQ input 
impedance and the 12V maximum common-mode voltage. 
The IS0485 represents I unit load. We could, therefore, 
connect up to 31 outstations to the master controller and 
comply with the specification. 

TERMINATION 

When a signal starts to change at the output of a transmitter, 
the other end of the line will eventually see this change and 
a reflection will occur. If this reflection returns to the 
transmitter before the transmitted signal has reached its 
maximum value, the line may be considered as a "lumped 
parameter" model. In this case no termination is necessary 
because the line has a negligible effect on the system. 

If the rise of the signal at the receiver T RISE is much less than 
the time taken for the signal to go from transmitter 
receiver and back again 2TpD termination of the line 
necessary. It is usual to terminate the line with its cnaraclter
istic impedance, Zo when the following rule applies: 

(I) 

For this installation we have selected an Alpha Wire Corpo
ration cable, No. 6072C. The cables characteristics are 
shown in Figure 2. The rise time T RISE at the receiver was 
measured between the 10% and 90% points. 

TRISE = IOns (2) 

From Figure I we can see that the velocity of propagation V p 
is given as 80%. Since this is the ratio of the signal speed in 
air, to the signal speed in the cable, we have 

therefore 

For the cable 

3 X 108 X 0.8 
2.4 x 108 m/s 

INp 

4.2ns/m 

2TpD = 4.2 X 10-9 X 50 x 2 
42us 

(3) 

Equation I holds, therefore the line must be terminated with 
its characteristic impedance. 

EYE PATTERNS AND Zo 

Eye patterns can be used to assess the signal distortion and 
noise on the transmission line. It is also a convenient method 
of determining the characteristic impedance of the line. The 
term • eye' comes from the shape of the trace on the oscillo
scope. See Figures 2 and 3. 

The eye pattern was obtained using the non return zero 
pseudo-noise generator circuit shown in Figure 5. Figure 2 
shows the effects of the termination resistor for the three 
cases: Zr > Zo. Zr = Zoo Zr < Zo with Zr = Zo the eye 
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For Immediate Assistance, Contact Your Local Salesperson 
pattern is clear. In practice a precision decade resistance box 
was used to determine the exact value of ZT to use. 

As the data rate is increased we can see from Figure 3 how 
the signal distortion also increases. From the graph in Figure 

1 we can see that the 'specified attenuation figures given 
agree with those obtained by measurement;' approximately 
-1.3db/lOOft, at30Mbit/s (15MHz). 

~ 
ai 
:E. 

10.0 

5.0 

. 

g. 1.0 
~ 
E 
~ 0.5 

1.0 

ALPHA WIRE CORP. 
NO. pFIfl 

6072C B.7 

6073C thru 6079127C 12.5 

FIGURE 1. Cable Characteristics. 

PARAMETER 

Mode of Operation 

Number of Drivers and Receivers 

Maximum Cable Length (m) 

Maximum Data Rate (bps) 

Maximum Common-Mode Voltage (V) 

Driver Output I Loaded 

Levels (V) J Unloaded 

Driver Load (n) 

Driver Slew Rate 

Driver Output Short Circuit 

Current Umit (mA) 

Driver Output I Power on Resistance 

High Z state (n) I Power off 

Receiver Input Resistance (n) 

Receiver Sensitivity 

TYPICAL ATTENUATION VALUES 
AT 20°C . 

6073 • 6079127 -~ I- 6072 -- ----
5.0 10.0 50.0 

Frequency (MHz) 

TYPICAL ELECTRICAL CHARACTERISTICS 

CapaCitance 

CDR. to CDR. CDR. to (CDR. AND SHIELD) ,(P. z. at.1MHz,. 

I (pF/m) pFIfl I pF/m) % n 

I (2B.5) 5.9 I (52.2) BO 150 

I (41.0) 22.0 I (72.5) BO 150 

EIA·232 RS-432·A RS·422·A RS-4B5 

Single-Ended Single-Ended Differential Differential 

1 Driver 1 Driver 1 Driver 32 Drivers 

1 Receiver 10 Receivers 10 Receivers 32 Receivers 

15 1200 1200 1200 

20k lOOk 10M 10M 

±25 ±6 6 to -0.25 12to-7 

±5 ±3.6 ±2 ±1.5 

±15 ±6 ±5 ±5 

3k to 7k 450 (min) 100 (min) 60 (min) 

30VlIJS (max) External Control NA NA 

500 to Vee 150 to GND 150 to GND 150 to GND 

250 to -7 or 12V 

NA NA NA 12k 

300 60k 60k 12k 

3 to 7 4 4 12 ,. 
±3V ±200mV ±200mV ±200mV 

TABLE 1. Summary of EIA Interface Standards. 

BURR-BROWNiIIl 
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Eye Patterns 

Figure 2. Eye Patterns. 

Signal at 
Generator 

Signal at 
Receiving 

End 

Signal at 
Generator 

Signal at 
Receiving 

End 

Signal at 
Generator 

2Mbitls 

! I 1 I I 

~ 

I illm 
10Mbitls 

20Mbitls 

I I I I I -T T ~ - I 

i~-- ~- I. 

0% Jitter 

5% Jitter 

Signal at ~1r.: • ., ~~ I' Receiving ~ :'111ft 4 50% Jitter 

End ~~ .:.''.: ~ • 

:II~ 
II'~ 

Figure 3. IS0485 Signal Distortion vs Data Rate. 

BURR - BROWN® 

STUB LENGTH 

If the outstations are not to act as transmission lines, they too 
must meet the criteria determined by equation 1. They must 
be seen as a lumped parameter. As a rule-of-thumb, the 
transition time of the pulse from the transmitter, T RISE 

should be ten times longer than the propagation delay, 
pdsTUB down the stub to the outstation. 

T RISE ~ IOpdsTUB (4) 

From pd = INp x stub length 

TRISE ~ 10 X INp x stub length 

16.5 X 10-9 ~ 10 x I x stub length 
3 x 108 x 0.8 

Therefore stub length = 396mm (15.6") maximum 

START·UP CIRCUIT 

Because the IS0485 is a capacitively coupled device, it 
possible to power up an indeterminate state. The circuit of 
Figure 4 ensures that the IS0485 powers up in the receive 
mode, thus avoiding any conflict on the transmission line. 

+5V D------<r----, 

BE D--r-----<>---\-" 

.¢ 330nF 

Figure 4. Start-up Circuit. 

TRANSMIT/RECEIVE MODE 

POWER ---r-
. DE-rL 

! ! 
~::~ 

10ms 

Because the IS0485 is a capacitively coupled device, inde
terminate states can occur when the change from transmit to 
receive or, from receive to transmit is initiated. This is easily 
overcome by transmitting an edge prior to the data of 
interest. The four possible conditions which could happen 
are detailed in Figures 5a, 5b, 6a, and 6b. Thereafter, data is 
known and correct. 
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D ------Don'ICare ----- D ------Don'ICare -----

t t 
DE t DE t 

Figure Sa. Transmit to Receive. Figure Sb. Transmit to Receive. 

A H~h I ~ A H~h I ~ 
/ / 

B H~h I I A B H~hj ? A 
R I HlghZ I R 1 HighZ J 
D 

\ 

'? D 1} 

FiE 
+ 

FiE 
+ 

DE J DE J 

Figure 6a. Receive to Transmit Figure 6b. Receive to Transmit. 
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U3C 9 

r-----~~--------------------------------------------~8<==J 10 
Ul 

-ti~ OA 
OB 
OC 
00 
OE 

ClK OF 
OG 

ClR OH 

74ACT164 

U2 

OA 
OB 
OC 
00 

8 
OE 

ClK OF 
OG 

ClR OH 

74ACT 164 

3 
4 
5 
6 
10 
11 
12 
13 

3 
4 
5 

10 
11 
12 
13 

3 

74ACT86 

4 
UA4 

ClK 

Cl Q 6 

1 74ACT74 

10 U4B 

12 0 PR 0 9 

11 ClK 

74ACT74 

FIGURE 7. NRZ Psuedo-Noise Generator. 

+12 

R, 

0, 

Z, 

Z3 

PTC 

+12 

PTC 

a) R,=R3 andR2 =R4 

For open circuit conditions this biases the line to a logic '1' 
b) Z, = Z. = Z. =Z, = BZX8S = 12V 

Z, = Z, = Z, =Z, = BZX8S = 6.8V 
0, =0, = IN4048 

The zener diode in conjunction with the pte thermistors limit the current 
drawn on the line when taken beyond the +12V and -7V. The pte 
thermistors also current limit an the line being shorted to the ground. 

e) R, =R2 =O.SXZO(I+ Vee) 
VTH 

NOTE: PTC = Positive Temperature Coefficient Thermistor. 

FIGURE 8. RS-485 Line with Fail-Safe Protection. 
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5 Multiplexers 
Burr-Brown analog multiplexers provide one of 
the most cost effective methods of achieving mul
tiple-channel signal distribution. Single-ended and 
differential channel versions are available in both 
ceramic and plastic packages. 

These high speed multiplexers are input protected 
and can withstand voltages of 70Vp-p without 

BURR·BRDWN(!lI 

damaging the device. Full ±15V input range is 
provided on all devices. 

MPC506 16 to 1 mux 
MPC507 8 to 1 mux 
MPC508 8 to 1 mux 
MPC509 4 to 1 mux 

single-ended 
differential 
single-ended 
differential 
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Multiplexers 

ANALOG 
MULTIPLEXER 

(Input, Settling Time, max) 

16-CHANNEl 
MPG506 (Single, 3,5~s) 
MPGBOO (Single, BOOns) 

a-CHANNEL 
MPC507 (Diff, 3,5~s) 
MPC50B (Single, 3,5~s) 

4-CHANNEL 
MPG509 (Diff, 3,5~s) 
MPG100 (Single, 450MHz) 

2-CHANNEL 
MPG104 (Single, 590MHz) 
MPG102 (Single, 370M Hz, Dual) 

• DENOTES TYPICAL 

BOLD DENOTES NEW PRODUCT 

BOLD, ITALIC DENOTES PRODUCT IN DEVELOPMENT 

Some specifications have been estimated for comparison 
purposes, Refer to data sheets for guaranteed specifications. 
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I m~ Input On Small Settling mm Range Resistance Signal Time 
!product Channels (V) max(!:!) Bandwidth (to 0.01%) 

~MPC100AP 4·channel, single ended ±4.2 0.88M 450MHz 
b:I MPC100AU 4·channel, single ended ±4.2 0.88M 450MHz I:: .... MPC102AP dual 2-channel, single ended ±3.6 0.88M 370MHz -;c 
b:I MPC102AU dual 2-channel, single ended ±3.6 O.BBM 370MHz 
(3 MPC104AP 2-channel, single ended ±3.6 0.B8M 590MHz 

~ MPC104AU 2-channel, single ended ±3.S O.BBM 590MHz 

(:) MPC50SAP lS-channel, single ended ±15 1.Bk 3.511S 
MPC50SAG 16-channel, single ended ±15 1.Bk 3.511S 

~ MPC506AU 16-channel, single ended ±15 1.Bk 3.511S 

i:i MPC507AP B-channel, differential ±15 1.Bk 3.511S 

b:I MPC507AG B-channel, differential ±15 1.Bk 3.511S 
<::) MPC507AU B-channel, differential ±15 1.Bk 3.5115 <::) 

r MPC50BAP B-channel, single ended ±15 1.Bk 3.511S 
MPC50BAG B-channel, single ended ±15 1.Bk 3.511S 

~ MPC50BAU B-channel, single ended ±15 1.Bk 3.511S 

~ MPC509AP 4-channel, differential ±15 1.Bk 3.511S 

Vl MPC509AG 4·channel, differential ±15 1.Bk 3.5115 
QQ' MPC509AU 4-channel, differential ±15 1.Bk 3.5115 
~ MPCBOOKG 16 single or B differential ±15 750 BOOns 
~ MPCB01KG B single or 4 differential ±15 750 BOOns 
'"tl 
(3 NOTES: (1) Temperature Range: Com = O"C to +70"C, Ext =-40"C to +85"C, Mil =--55"Cto +t25"C. (2) CDiP = Ceramic DIP, PDIP = Plastic DIP. 
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MULTIPLEXERS I 

Temp 
Range(!) 

Ext 
Ext 
Ext 
Ext 
Ext 
Ext 
Ext 
Ext 
Ext 
Ext 
Ext 
Ext 
Ext 
Ext 
Ext 
Ext 
Ext 
Ext 
Com 
Com 

Pkg(2) 

14·p PDIP 
14·pSOIC 
14-p PDIP 
14-pSOIC 
B-p PDIP 
B·pSOIC 
2B-p PDIP 
2B-pCDIP 
29-pSOIC 
2B-p PDIP 
2B·pCDIP 
2B-pSOIC 
16-p PDIP 
16·pCDIP 
16·pSOIC 
16-pPDIP 
16-pCDIP 
16-pSOIC 
CDIP 
CDIP 

ANALOG MULTIPLEXERS 

Description 

Buffered 4 xl 
Buffered 4 xl 
Buffered Dual 2 x 1 
Buffered Dual 2 x 1 
Buffered 2 xl 
Buffered 2 xl 
Protected Inputs, CMOS 
Protected Inputs, CMOS 
Protected Inputs, CMOS 
Protected Inputs, CMOS 
Protected Inputs, CMOS 
Protected Inputs, CMOS 
Protected Inputs, CMOS 
Protected Inputs, CMOS 
Protected Inputs, CMOS 
Protected Inputs, CMOS 
Protected Inputs, CMOS 
Protected Inputs, CMOS 
High Speed, CMOS 
High Speed, CMOS 

• DENOTES TYPICAL 
BOLD DENOTES NEW PRODUCT 
BOLO, ITALIC DENOTES PRODUCT IN DEVELOPMENT 

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

~ 
i? ::::: 
~ c.s 
is' 

~ 
~ 
~. 
CD 

~ ..... 
de. 
~ 

* ~ ..... 
~ 

c::: 
~ 
§' 
~ ---.;;.. 



5.4 

For Immediate Assistance, Contact Your Local S~/~sperson 

BURR - BROWN® 

IElElI MPC100 

Vvide Bandwidth 
4 x 1 VIDEO MULTIPLEXER 

FEATURES 
• BANDWIDTH: 250M Hz (1.4Vp-p) 

• LOW INTERCHANNEL CROSSTALK: 
gjOdB (30MHz, DIP); gOdB (30M Hz, SO) 

• LOW SWITCHING TRANSIENTS: 
+2.5/-1.2mV 

• LOW DIFFERENTIAL GAIN/PHASE 
ERRORS: 0.05%, 0.01 ° 

• LOW QUIESCENT CURRENT: 
One Channel Selected: ±4.6mA 
No Channel Selected: ±230J1A 

APPLICATIONS 
• VIDEO ROUTING AND MULTIPLEXING. 

(CROSSPOINTS) 

• RADAR SYSTEMS 

• DATA ACQUISITION 

• INFORMATION TERMINALS 

• SATELLITE OR RADIO LINK IF ROUTING 

DESCRIPTION 
The MPCIOO is a very wide bandwidth 4 to 1 channel 
Video Signal Multiplexer which can be used in a wide 
variety of applications. 

MPCIOO is designed for wide-bandwidth systems, 
including high-definition television and broadcast 
equipment. Although it is primarily used to route 
video signals, the hannonic and dynamic attributes of 
the MPClOO make it appropriate for other analog 
signal routing applications such as radar, communica
tions, computer graphics, and data acquisition sys
tems. 

The MPClOO consists of four identical monolithic inte
grated open-loop buffer amplifiers, which are con
nected internally at the output. The unidirectional trans
mission path consists of bipolar complementary buffers, 
which offer extremely high output-to-input isolation. 
The MPCIOO multiplexer enables one of the four input 
channels to connect to the output. The output of the 
multiplexer is in a high-impedance state when no chan
nel is selected. When one channel is selected with a 
digital "I" at the corresponding SEL-input, the compo
nent acts as a buffer with high input impedance and low 
output impedance. 

The wide bandwidth of over. 250MHz at 1.4Vp-p 
signal level, high linearity and low distortion, and low 
input voltage noise of 4nV/.yHz make this crosspoint 
switch suitable for RF and video applications. All 
performance is specified with ±5V supply voltage, 
which reduces power consumption in comparison with 
±I5V designs. The multiplexer is.available in space
saving SO-14 and DIP packages. Both are designed 
and specified for operation over the industrial tem
perature range (-40°C to +85°C.) 

IN, 

IN, 

IN, o--t-+-I 

IN. o--t-+--+-l 

SEL, SEL,' SEL, SEl. 

TRUTH TABLE 

SEL, SEL, SEL, SEL, VOUT 

.0 .0 .0 .0 HI-Z 
1 .0 .0 .0 IN, 
.0 1 .0 .0 IN, 
.0 .0 1 .0 IN, 
.0 .0 .0 1 IN, 

Inlernatlonal Airport Industrial Park • Mailing Addres.: PO Box 11400 .• Tucson, AZ 85734 ; Street Address: 6730 S. Tucson Blvd. i Tucson, AZ 85706 
Tel: (520)746-1111 • Twx: 91Q.952-1111 • Cable: BBRCORP .• Telex: .066·6491 • FAX: (520)SSS:151.o • Imm~diate Product Info: (80.0)548-6132 
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SPECIFICATIONS 
At Vcc = ±5V, RL = 10kQ, RsoURcE = 50Q, and TA = +25°C, unless otherwise noted. 

MPC100AP, AU 

PARAMETER CONDITIONS MIN TYP 

INPUT OFFSET VOLTAGE RIN = 0, RSOURCE = 0 
Initial +10 

vs Temperature ±30 
vs Supply (Tracking) V cc = ±4.5V to ±S.SV -40 -80 
vs Supply (Non-tracking) Vce = +4.5V to +5.5V -SO 
vs Supply (Non-tracking) V cc = -4.5V to -5.5V -SO 

Initial Matching Between the Four Channels ±3 

INPUT BIAS CURRENT 
Initial +4 

vs Temperature 20 
vs Supply (Tracking) Vee = ±4.SV to ±S.5V ±3BO 
vs Supply (Non-tracking) Vcc = +4.SV to +5.SV +1.0 
vs Supply (Non-tracking) Vcc = -4.5V to -S.SV -11.0 

INPUT IMPEDANCE 
Resistance Channel On O.BB 
Capacitance Channel On 1.0 
Capacitance Channel Off 1.0 

INPUT NOISE 
Voltage Noise Density fa = 20kHz to 10MHz 4.0 
Signal-to-Noise Ratio SIN = 0.7tvN • -J5MHZ -9B 

INPUT VOLTAGE RANGE Gain Error = 10% ±4.2 

TRANSFER CHARACTERISTfCS Voltage Gain 

RL = lkQ, Y,N = ±2V 0.9B2 
RL = 10kQ, Y,N = ±2.BV 0.9B 0.992 

CHANNEL SELECTION INPUTS 
Logic 1 Vollage +2.0 
Logic 0 Voltage 0 
Logic 1 Current VSEL = 5.0V 100 
Logic 0 Current VSEL = O.BV 0.002 

SWITCHING CHARACTERISTICS V, = -0.3V 10 +0.7V, f = SMHz 
SEL 10 Channel ON Time 90% Poinl of Va = tVp-p 0.25 
SEL to Channel OFF Time 10% Point of Va = lVp-p 0.25 
Switching Transient, Positive Measured While Swilching +2.5 
Swilching Transient, Negalive Between Two Grounded Channels -1.2 

OUTPUT 
Voltage Y,N = ±3V, RL = 5kQ ±2.B ±2.98 
Resistance One Channel Selecled 11 
Resistance No Channel Selected 900 
Cap~citance No Channel Selected 1.5 

POWER SUPPLY 
Rated Voltage ±5 
Derated Performance ±4.S 
Quiescent Current One Channel Selected ±4.6 

No Channel Selected ±230 

TEMPERATURE RANGE 
Operating -40 
Storage -40 
Thermal Resistance, 9JA 90 

MAX UNITS 

±30 mV 
Jl.VI"C 

dB 
dB 
dB 

.mV 

±10 Jl.A 
nAloC 
nA/V 
Jl.AlV 
Jl.A/V 

MQ 
pF 
pF 

nVl.JFiZ 
dB 

V 

Vtv 
Vtv 

Vec V 
+O.B V 
150 JJ.A 
5 JJ.A 

Jl.s 

Jl.S 
mV 
mV 

V 
Q 

Mil 
pF 

V 
±5.S V 
±5 rnA 

±3S0 ~ 

+B5 °C 
+125 °C 

°elW 

The information provided herein is believed 10 be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies oromissions. 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 syslems. 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS 
At V cc = ±5V, RL = 10kn, RSOURCE = 50il, and TA = +25"C, unless otherwise noted. 

MPC100AP, AU 

PARAMETER CONDITIONS ·MIN TYP 

AC CHARACTERISTICS 

FREQUENCY DOMAIN 

LARGE SIGNAL BANDWIDTH (-3dB) Va = 5.0Vp-p, CaUl = 1 pF 70 
Va = 2.8Vp-p, CQUT = 1pF 140 
Va = 1.4Vp-p, CaUl = 1pF 250 

SMALL SIGNAL BANDWIDTH Va = 0.2Vp-p, CQUT = 1pF 450 

GROUP DELAY TIME 450 

DIFFERENTIAL GAIN f = 4.43MHz, VIN = 0.3Vp-p 
VDC = 0 to 0.7V 0.05 
VDC = 0 to 1.4V 0.06 

DIFFERENTIAL PHASE f = 4.43MHz, V,N = 0.3Vp-p 
VDC = 0 to 0.7V 0.01 
VDC = 0 to 1.4V 0.02 

GAIN FLATNESS PEAKING Va = 0.2Vp-p, DC to 30MHz 0.04 
Va = 0.2Vp-p, DC to 100MHz 0.05 

HARMONIC DISTORTION f = 30M Hz, Va = 1.4Vp-p, RL = 1kn 
Seoond Harmonic -53 
Third Hannonlc -57 

CROSSTALK V, = 1.4Vp-p, Figures 4 and 8 
MPC100AP All Hostile f = 5MHz, --ll2 

f = 30MHz, -50 
Off Isolation f = 5MHz, -70 

f = 30MHz, -71 
MPC100AU All Hostile f = 5MHz, -78 

f = 30MHz, -70 
Off Isolation f = 5MHz, -75 

f = 30MHz -76 

TIME DOMAIN 

RISE TIME Va = 1.4Vp-p, Step 10% to 90% 
CaUl = 1 pF, ROUT = 220 3.3 

SLEW RATE Va = 2Vp-p 
COUT = 1pF 650 

COUT = 22pF 460 
COUT = 47pF 320 

CONNECTION DIAGRAM FUNCTIONAL DESCRIPTION 

Top View SOICIDIP IN,-IN. Four analog input channels 

MAX UNITS 

MHz 
MHz 
MHz 

MHz 

ps 

% 
% 

Degrees 
Degrees 

dB 
dB 

dBc 
dBc 

dB 
dB 
dB 
dB 
dB 
dB 
dB 
dB 

ns 

V/IJS 
V/IJS 
V/IJS 

GND Analog input shielding grounds, connect to system ground 

SEL,-SEL. Channel selection inputs 

VOUT Analog output; tracks selected channel 

-Vee Negative supply voltage; typical -5VDC 

+Vcc Positive supply voltage; typical +5VDC 

BURR·BROWNil!I 
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DICE INFORMATION 

MPC100 DIE TOPOGRAPHY 

ABSOLUTE MAXIMUM RATINGS 
Power Supply Voltage (±Vccl .............................................................. ±6V 
Analog Input Voltage (IN, through IN,)(') ................................ ±Vcc, ±0.7V 
Logic Input Voltage ................................................... -O.6V to +Vcc +0.6V 
Operating Temperature .................•..................•................ -40°C to +BSoC 
Storage Temperature ...................................................... -40°C to +125°C 
Output Current .................................................................................. ±6mA 
Junction Temperature .................................................................... +lS0°C 
Lead Temperature (soldering, lOs) ................................................ +300°C 
Digital Input Voltages (SEL, through SEL,)(') ........... -O.SV to +Vcc +0.7V 

NOTE: (1) Inputs are internally diode·clamped to ±Vcc. 

ORDERING INFORMATION 
MODEL 

MPC100AP 
MPC100AU 

BURR·aROWN~ 

DESCRIPTION TEMPERATURE RANGE 

14·Pin Plastic DIP -40°C to +BSoC 
SO·14 Surface Mount -40°C to +BSoC 

PAD FUNCTION 

1 Input 1 
2 Ground 
3 Input 2 
4 Ground 
5 Input 3 
6 Ground 

Input 4 
Select 4 

9 Select 3 
10 +5V Supply 
11 Output 
12 -5V Supply 
13 Select 2 
14 Select 1 

Substrate Bias: Negative Supply 
NC: No Connection 
Wire Bonding: Gold wire bonding is recommended. 

MECHANICAL INFORMATION 

MILS (0.001 ") MILLIMETERS 

Die Size 51 x 76, ±5 1.295x 1.93, ±0.13 
Die Thickness 14±1 0.SS±0.02S 
Min. Pad Size 4x4 0.10 x 0.10 
Backing: Titanium 0.02, +O.OS, -0.0 O.OOOS +0.0013, -0.0 

Gold 0.30,±0.OS 0.0076, ±0.0013 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER(1) 

MPC100AP 14·Pin Plastic DIP 010 
MPC100AU SO-14 Surface Mount 23S 

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

A ELECTROSTATIC 
~ DISCHARGE SENSITIVITY 
Electrostatic discharge can cause damage ranging from per
fonnance degradation to complete device failure. Burr-Brown 
Corporation recommends that all integrated circuits be handled 
and stored using appropriate ESD protection methods. 

ESD damage can range from subtle perfonnance 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 published speci
fications. 
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For Immediate Assistance,· Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES 
At Vcc = ±5V, RLOAD = 10k!l, RSOURCE = 50n, and TA = +25'C, unless otherwise noted. 

OFFSET VOLTAGE vs TEMPERATURE 
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TYPICAL PERFORMANCE CURVES (CONT) 
At Vee = ±5V, RLOAD = 10kn, ASOURCE = 50n, and TA = +25°C. unless otherwise noted. 

TRANSFER FUNCTION INPUT VOLTAGE NOISE SPECTRAL DENSITY 
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For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES (CO NT) 
AI v cc = ±SVDC, RLOAD = 10kn, RSOURCE = SOil, and TA = +2S'C, unless olherwise nOled. 
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TYPICAL PERFORMANCE CURVES (CO NT) 
At Vcc = ±5V, RLDAD = 10kn, RsoURc. = son, and TA = +25°C, unless otherwise noted. 
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For Immediate Assistance, Contact Your Local Salesperson 
APPLICATIONS INFORMATION 
The MPClOO operates from ±5V power supplies (±6V 
maximum). Do not attempt to operate with larger power 
supply voltages or permanent damage may occur. The buffer 
outputs are not current-limited or protected. If the output is 
shorted to ground, currents up to l8mA could flow. Momen
tary shorts to ground (a few seconds) should be avoided, but 
are unlikely to cause permanent damage: 

INPUT PROTECTION 

All pins on the MPClOO are internally protected from ESD 
by means of a pair of back-to-back reverse-biased diodes to 
either power supply as shown in Figure I. These diodes will 
begin to conduct when the input voltage exceeds either 
power supply by about 0.7V. This situation can occur with 
loss of the amplifier's power supplies while a signal source 
is still present. The diodes can typically withstand a continu
ous current of 30mA without destruction. To insure long 
term reliability, however, diode current should be externally 
limited to lOmA or less whenever possible. 

The internal protection diodes are designed to withstand 
2.5kV (using Human Body Model) and will provide ad
equate ESD protection for most normal handling proce
dures. However, static damage can c;ause subtle changes in 
amplifier input characteristics without necessarily destroy
ing the device: In precision buffer amplifiers, this may cause 
a noticeable degradation of offset voltage and drift. There
fore, static protection is strongly recommended when han
dling theMPClOO. 

Static damage has been well recognized for MOSFET de
vices, but any semiconductor device deserves protection 
from this potentially damaging source. The MPCIOO incor
porates on-chip ESD protection diodes as shown in Figure I. 
This eliminates the need for the user to add external protec
tion diodes, performance. 

+ v cc ESD Protection diodes 
~ internally connected to all pins. 

External Pin i--------Internal Circuitry 

-Vee 

FIGURE I. Internal ESD Protection. 

DISCUSSION 
OF PERFORMANCE 
The MPClOO video multiplexer allows the user to corined 
anyone of four analog input channels (IN I-IN4) to the output 
of the component and to switch between channels within 
less than 0.5J.lS. It consists of four identical unity-gain buffer 
amplifiers, which are connected together internally at the 
output. The open loop buffers consisting of complementary 

emitter followers applies no feedback, so their low fre
quency gain is slightly less than unity and somewhat depen
dent on loading. Uulike devices using MOS bilateral switch
ing elements, the bipolar .. complementary buffers form an 
unidirectional transmission path and thus provide high out
put-to-input isolation. Switching stages compatible to TTL 
level digital signals are provided for each buffer to select the 
input channeL When no channel is selected, the output of the 
device is high-impedance and allows the user to wire more 
MPCIOOs together to form switch multi-channel matrices. 

If one channel is selected with a digital "I" at the corre
sponding SEL-input, the MPClOO acts as a buffer amplifier 
with high input impedance and low output impedance. The 
truth table on the front page describes the relationship 
between the digital inputs (SELl to SEL4) anp the analog 
inputs (IN I to IN4), and which signal is selected at the 
output. 

The 2-4 address decoder and chip select logic is not 
integrated. The selected design increases the flexibility of 
address decoding in complex distribution fields, eases 
BUS-controlled channel selection, simplifies channel se
lectionmonitoring for the user, and lowers transient peaks. 
All of these characteristics make the multiplexer, in effect, 
a quad switchable high-speed buffer. It requires DC cou
pling and termination resistors when directly driven from 
a low impedance cable. High-current output amplifiers are 
recommended when driving low-impedance transmission 
lines or inputs. 

An advanced complementary bipolar process, consisting of 
pn-junction isolated high-frequency NPN and PNP transis
tors, provides wide bandwidth while maintaining low 
crosstalk and harmonic distortion. The single chip band
width of over 250MHz at an output voltage of 1.4Vp-p 
allows the design of large crosspoint or distribution fields 
in HDTV -qUality with an overall system bandwidth of 
36MHz. The buffer amplifiers also offer low differential 
gain (0.05%) and phase (0.01°) errors. These parameters 
are essential for video applications and demonstrate how 
well the signal path maintains a constant small-signal gain 
and phase for the low-level color subcarrier at 4.43MHz 
(PAL) or .3.58MHz (NSTC) as the brightuess (luminance) 
signal. is ramped through its specified range. The bipolar 
construction also ensures that the input impedance remains 
high and constant between ON and OFF states. The ONI 
OFF input tapacitance ratio is near unity, and does not vary 
with power supply voltage variations. The low output 
capacitance of 1.5pF when no channel is selected is a very 
important parameter for large distribution fields. Each par
allel output capacitance is an additional load and reduces 
the overall system bandwidth. 

Bipolar video crosspoint switches are virtually glitch-free 
when compared to signal switches using CMOS or DMOS 
devices. The MPClOO operates with a fast make-before
break switching action to keep the output switching tran
sients small and short. Switching from one channel to 

BURR - BROWN@ 
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another causes the signal to mix at the output for a short 
time, but it interferes only minimally with the input signals. 
The transient peaks remain less than +2.5mV and -1.2mV. 
Subsequent equipment might interpret large negative output 
glitches as synchronization pulses. To remove this problem, 
the output must be clamped during the switching dead time. 
With the MPCIOO, the generated output transients are ex
tremely small and clamping is unnecessary. The switching 
time between two channels is less than 0.5~. This short 
time period allows easy switching during the vertical blank
ing time. The signal envelope during the transition from one 
channel to another rises and falls symmetrically and shows 
less overshooting or DC settling transients. 

Power consumption is a serious problem when designing 
large crosspoint fields with high component density. Most of 
the buffers are always in off-state. One important design 
goal was to attain low off-state quiescent current when no 
channel is selected. The low supply current of ±230~ in 
off-state and ±4.6mA when one channel is selected, as well 
as the reduced ±5V supply voltage, conserves power, simpli
fies the power supply design, and results in cooler, more 
reliable operation. 

CIRCUIT LAYOUT 

The high-frequency performance of the MPCIOO can be 
greatly affected by the physical layout of the circuit. The 
following tips are offered as suggestions, not as absolutes. 
Oscillations, ringing, poor bandwidth and settling, higher 
crosstalk, and peaking are all typical problems which plague 
high-speed components when they are used incorrectly. 

• Bypass power supplies very close to the device pins. Use 
tantalum chip capacitors (approximately 2.2!!F), a parallel 
470pF ceramic chip capacitor may be added if desired. 
Surface-mount types are recommended due to their low 
lead inductance. 

• PC board traces for signal and power lines should be wide 
to reduce impedance or inductance. 

• Make short and low inductance traces. The entire physical 
circuit layout should be as small as possible. 

• Use a low-impedance ground plane on the component side 
to ensure that low-impedance ground is available through
out the layout. Grounded traces between the input traces 
are essential to achieve high interchannel crosstalk rejec
tion. Refer to the suggested layout shown in Figure 6. 

BURR-BROWNilIl 

• Do not extend the ground plane under high-impedance 
nodes sensitive to stray capacitances, such as the buffer's 
input terminals. 

• Sockets are not recommended because they add signifi
cant inductance and parasitic capacitance. If sockets are 
required, use zero-profile solderless sockets. 

• Use low-inductance and surface-mounted components to 
achieve the best AC-performance. 

• A resistor (100.0 to 200.0) in series with the input of the 
buffers may help to reduce peaking. Place the resistor as 
close as possible to the pin. 

• Plug-in prototype boards and wire-wrap boards will not 
function well. A clean layout using RF techniques is 
essential. 

GND 

I~ 
+vcc .. +5V 

(10) 

v"" 
(111 

(12) 

SEC, -Vr;C--SV 

FIGURE 2. Simplified Circuit Diagram. 
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"" "" v, 

Crcsstalc_201oQ:~ 

FIGURE 3. Channel Crosstalk--Grounded Input. 

FIGURE 4. Channel Crosstalk-I50n Input Resistor. 

500 "" v, 

crQ$$!aIk .. 2OIog~ v, 

FIGURE 5. Off Isolation. 
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FIGURE 6. Test Circuit and Circuit Board Layout. 
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FIGURE 7. Video Distribution Field. 
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FIGURE 8. Digital Gain Control. 
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FIGURE 9. High Speed Data Acquisition System. 
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FIGURE 10. Distribution Field for High Resolution Graphic Cards, Cameras. 
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FIGURE 11. Test Circuit Pulse Response. 
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FIGURE 12. Test Circuit Differential Gain and Phase. 
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FIGURE 13. Test Circuit Frequency Response. 
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FIGURE 14. Serial Bus-Controlled Distribution Field. 
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MPC102 BURR - BROWN® 

IElElI 

Wide-Bandwidth 
DUAL 2 x 1 VIDEO MULTIPLEXER 

FEATURES 
• BANDWIDTH: 210MHz (1.4Vp-p) 

• LOW INTERCHANNEL CROSSTALK: 
-68dB (30MHz, SO); -58dB (30MHz, DIP) 

• LOW SWITCHING TRANSIENTS: 
+6mV/-8mV 

• LOW DIFFERENTIAL GAINIPHASE 
ERRORS: 0.02%, 0.02° 

• LOW QUIESCENT CURRENT: 
One Channel Selected: ±4.6mA 
No Channel Selected: ±250J.IA 

APPLICATIONS 
• VIDEO ROUTING AND MULTIPLEXING 

(CROSS POINTS) 

• RADAR SYSTEMS 

• DATA ACQUISITION 

• INFORMATION TERMINALS 

• SATELLITE OR RADIO LINK IF ROUTING 

DESCRIPTION 
The MPCI02 is dual, wide-bandwidth, 2-to-1 channel 
video signal multiplexer, which can be used in a wide 
variety of applications. 

It was designed for wide-bandwidth ~ystems, includ
ing high-defmition television and broadcast equip
ment. Although it is primarily used to route video 
signals, the harmonic and dynamic attributes of the 
MPC102 also make it appropriate for other analog 
signal routing applications such as radar, communica
tions, computer graphics, and data acquisition sys
tems. 

The MPC102 consists of four identical monolithic, 
integrated, open-loop buffer amplifiers. Two buffer 
outputs are each connected internally at the output. 
The bipolar complementary buffers form a unidirec
tional transmission path and offer extremely high 
output-to-input isolation. The MPC102 multiplexer 
enables the user to connect one of two input signals to 
the corresponding output. The output of the multi
plexer is in a high-impedance state when no channel is 
selected. When one channel is selected with a digital 
"I" at the corresponding SEL input, the component 
acts as a buffer with high input impedance and low 
output impedance. 

The wide bandwidth of over 210MHz at 1.4Vp-p 
signal level, high linearity and low distortion, and low· 
input voltage noise of 4nVr/Hz make this crosspoint 
switch suitable for· RF and video applications. All 
performance is specified with ±5V supply voltage, 
which reduces power consumption in comparison with 
±15V designs. The multiplexer is available in a space
saving 14-pin SO and DIP packages. Both are de-. 
signed and specified for operation over the industrial 
temperature range (-40°C to +85°C.) .. 

IN, 

VOUT1 

IN, 

IN, o--t-+-I 

IN, O---I--!---I-I 

SEL, . SEL. SEL,· SEL, 

TRUTH TABLE 

SEL, SEL, SEL, SEL, Vcun Voun 

0 0 0 0 HI-Z HI-Z 

1 0 0 0 IN, HI-Z 

0 1 0 0 IN, HI-Z 

0 0 1 0 HI-Z IN, 
0 0 0 1 HI-Z IN, 

International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 .. ' Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 746-1111 • Twx: 9111-952·1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (520) 8i19-1510 • Immediate Product Info: (800) 54s.6132 
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SPECIFICATIONS 
ELECTRICAL 
At Vcc = ±5V, RL = 10kn, R'N = 150Q, RSOUACE = 50Q, and TA = +25°C, unless otherwise noted. 

MP",n'4P, AU 

PARAMETER CONDITIONS MIN TYP 

DC CHARACTERISTICS 

INPUT OFFSET VOLTAGE RIN = 0, RSOURCE = 0 
Initial 14 

vs Temperature 60 
vs Supply (Tracking) Vcc = ±4.5V to ±5.5V -40 -74 
vs Supply (Non-tracking) Vcc = +4.5V to +5.5V -!i0 
vs Supply (Non-tracking) Vee = -4.5V to -5.5V -50 

Initial Matching All Four Buffers ±3 

INPUT BIAS CURRENT 
Initial 4 

vs Temperature 20 
vs Supply (Tracking) Vee = ±4.5V to ±5.5V ±710 
vs Supply (Non-tracking) V cc = +4.5V to +5.5V 0.26 
vs Supply (Non-tracking) Vee = -4.5V to -!i.5V 1.7 

tNPUT IMPEDANCE 
Resistance Channel On 0.66 
Capacitance Channel On 1.0 
Capacitance ChannelOfI 1.0 

INPUT NOISE 
Voltage Noise Density 4.0 

MAX UNITS 

±30 mV 
/lVioC 

dB 
dB 
dB 
mV 

±10 JlA 
nA/oC 
nAN 
/lA/V 
/lA/V N 

0 
MQ 

,.... 
pF 0 
pF a. 

:a= 
nVl.JFiZ lOUT = 20kHz t~ = 

~,- Ratio SIN = 0.7/(V'N -98 dB • INPUT VOLTAGE RANGE Gain Error = 10% ±3.6 V 

TRANSFER CHARACTERISTICS 
Voltage Gain RL = lkQ, V'N = ±2V 0.962 VN 
Voltage Gain RL = 1 Okn, V,~' = ±2.6V 0.96 0.992 VN 

RATED OUTPUT 
Voltage V'N = ±3V, RL = t OkQ ±2.8 12.96 V 
Resistance One Channel Selecled 11 Q 
Resistance No Channel Selected 900 MQ 
Capa~itance No Channel Selected 1.5 pF 

CHANNEL SELECTION INPUTS 
Logic 1 Voltage +2 Vee V 
Logic 0 Voltage +0.6 V 
Logic 1 Current ~:~~= 5.0V 

100 150 JlA 
Logic 0 CUrrent = 0.6V 5 JlA 
SWITCHING CHARACTERISTICS V'N = -1l.3V to +0.7V, I = 5MHz 
SEL to Channel ON Time 90% Point 01 VOUT = tvp-p 0.25 JlS 
SEL to Channel OFF Time 10% Point 01 VOUT = tvp-p 0.25 JlS 
Switching Transient, Positive Measured While Switching 6 mV 
Switching Transient. Negative Between Two Grounded Channels -8 mV 

POWER SUPPLY 
Rated Voltage is V 
Derated Performance ±4.5 ±5.S V 
Quiescent Current One Channel Selected 14.6 is mA 

No Channel Selected ±250 ±350 JlA 
Rejection Ratio -80 dB 

TEMPERATURE RANGE 
Operating -40 +65 °C 
Storage -40 +125 °C 
Thermal Resistance, 8JA 90 °CIW 

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies oromissions. 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 olthe circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product lor use in lile support devices and/or systems. 

BURR-BROWNIIII 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS-AC CHARACTERISTICS (CONT) 
At Vee = ±5V, R, = 101<0, R'N = 150n, RsouReE = son, and TA = +25'C, untess otherwise noted. 

MPC102AP, AU 

PARAMETER CONDmONS MIN TYP 

LARGE SIGNAL BANDWIDTH (-3dB) VOUT = 5.0Vp-p, COUT = 1 pF 55 
VOUT = 2.8Vp-p, COUT = 1 pF 100 
VOUT = I.4Vp-p, COUT = lpF 210 

SMALL SIGNAL BANDWIDTH VOUT = 0.2Vp-p, COUT = 1 pF 370 

GROUP DELAY TIME 450 

DIFFERENTIAL GAIN f = 4.43MHz, Y,N = 0.3Vp-p 
VDC = 0 to 0.7V 0.02 

DIFFERENTIAL PHASE f = 4.43MHz, Y,N = 0.3Vp-p 
VDC = 0 to 0.7V 0.02 

GAIN FLATNESS PEAKING VOUT = 0.2Vp-p, DC to 30MHz 0.04 
VOUT = 0.2Vp-p, DC to 100MHz 0.05 

HARMONIC DISTORTION f = 30MHz, VOUT = I.4Vp-p, R, = 350n 
Second Harmonic ~4 

Third Harmonic ~6 

CROSSTALK Y'N = 1.4Vp-p 
MPC102AP All Hostile f = 5MHz, -75 

f = 30MHz, -58 
Off Isolation f = 5MHz, -70 

f = 30MHz, -71 
MPC102AU All Hostile f = 5MHz, -78 

f = 30MHz, ~8 

Off Isolation f = 5MHz, -75 
f = 30MHz -76 

TIME DOMAIN 

RISEIFALL TIME VOUT = 1.4Vp-p, Step 10% 10 90% 
COUT = 1 pF, ROUT = 22n 2.5 

SLEW RATE VOUT = 1.4Vp-p 
COUT = lpF 500 

COUT = 22pF 360 
COUT = 47pF 260 

MAX UNITS 

MHz 
MHz 
MHz 

MHz 

ps 

% 

Degrees 

dB 
dB 

dBc 
dBe 

dB 
dB 
dB 
dB 
dB 
dB 
dB 
dB 

ns 

V/flS 
V/flS 
V/flS 

BURR-BROWNe 
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ABSOLUTE MAXIMUM RATINGS 

Power Supply Voltage (±Vccl .............................................................. ±6V 
Analog Input Voltage (IN, through IN.l ................................... ±Vcc.±0.7V 
Operating Temperature ..................................................... -40'C to +B5'C 
Storage Temperature ...................................................... -40'C to + t 25'C 
Output Current .................................................................................. ±6mA 
Junction Temperature .................................................................... + 1500C 
Lead Temperature (soldering. tOs) ................................................ +300'C 
Digital Input Voltages (SEL, through SEL,) .............. -1l.5V to +Vee +0.7V 
Logie Voltage Input ................................................... -1l.6V to +Vec +0.6V 

ORDERING INFORMATION 

MODEL DESCRIPTION TEMPERATURE RANGE 

MPC102AP 14-Pin Plastic DIP -40'C to +85'C 
MPC102AU 14-Pin SOIC -40'C to +85'C 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBERI') 

MPC102AP 14-Pin DIP 010 
MPC102AU 14-Pin SOIC 235 

NOTE: (1) For detailed drawing and dimension table. please see end 01 data 
sheet. or Appendix C of Burr-Brown IC Data Book. 

DICE INFORMATION 

i~~1f=~~ 
. ~ f;J 1;1 e 

I~ =~= ~I ; rtrll rll 1-

MPC102AD DIE TOPOGRAPHY 

BURR~BROWN® 

CONNECTION DIAGRAM 

Top View SO/DIP 

PIN DESCRIPTION 

IN,. IN, 

IN,. IN, 

GND 

SEL,. SEt." 

Voun 

VOUT2 

-Vee 

+Vcc 

Analog Inputs Channell and 2 

Analog Inputs Channel 3 and 4 

Analog Shielding Grounds. Connect to System Ground 

Channel Selection Inputs 

PAD 

1 
2 
3 
4 
5 
6 
7 
B 
9 
10 
11 
12 
13 
14 

Analog Output 1 

Analog Output 2 

Negative Supply Voltage; typical -SVDC 

Positive Supply Voltage; typical +5VDC 

FUNCTION 

Input 1 
Ground 
Input 2 

+5V Supply 
Input 3 
Ground 
Input 4 

Select 4 
Select 3 
Output 2 

-SV Supply 
Output 1 
Select 2 
Select 1 

Substrate Bias: Negative Supply . 
NC: No Connection. 
Wire Bonding: Gold wire bonding is recommended. 

MECHANICAL INFORMATION 

MILS (0.001") MILLIMETERS 

Die Size 51 x 76±5 1.295 x 1.93±0.13 
Die Thickness 14±1 0.55±0.025 
Min. Pad Size 4x4 0.10 x 0.10 

Backing: Titanium 0.02. +0.05. 0.0005. +0.0013. 
-1l.0 -1l.0 

Gold 0.30.±0.05 0.0076. ±0.0013 
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For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES 
At Voi;=,:±5V, RLOAD = 10kn, f\. = I son, RsoURCE = son, and TA = +25'C, unless otherwise noted. 
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TYPICAL PERFORMANCE CURVES (CONT) 
At Vcc= ±5V, RLOAD = 10kn, RIN = 150n, RSOURCE = 50n, and TA = +25°C, unless otherwise noted. 

5 

4 

3 

~ 2 
a> 1 Cl 
!!! :g 0 

5 -1 
~ -2 0 

-3 

-4 
-5 

20 

15 

10 
:> 
§. 5 
a> 
Cl 

0 !!! :g 
-5 5 

~ -10 0 

-15 

TRANSFER FUNCTION 

",.-I--

/' 
/' 

/' 
/' 

/' 
/' 

- /' 

-5 -4 -3 -2 -1 0 2 4 5 

Inpul Vellage (V) 

SWITCHING ENVELOPE 
(Channel-Ie-Cha~nel Swilching) 

5V 

OV SEL1 

+0.7V 

OV 

-{).7V 

o 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 

V'N 

Time (lIS) 

SEL,~ 

SEL,.~ 

SWITCHING TRANSIENTS 
(Channel-Ie-Channel) 

~ ~ 00 00 1001~1~1001M 200 

Time (ns) 

BURR-BRoWN@ 

INPUT VOLTAGE NOISE SPECTRAL DENSITY 

100 __ _ 

0.1 

20 
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§. 5 
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5 
% -10 
o 

-15 

100 1k 10k 100k 1M 

Frequency (Hz) 

SWITCHING TRANSIENTS 
(Channel-Ie-Channel) 

10M 

~ ~ 00 M 1001~1~1001M ~O 

Time (ns) 

SMALL SIGNAL PULSE RESPONSE 

100M 

150 r----;-----,----r----;-----, 

100 ~;;:;::;;;;:!::;;_-I--I-~~;:;;:.:;~ 

~ 50 ~----~~----}_-----+-----++_----~ 
<1> 

~ 
~ 
5 
~ -50 r------r-r----t------r-----rt------i 
o 

-100 I----I--~~+_""""-..r_-..J-i__--I 

-150 L-__ .L-__ ..l-__ -'-__ -L __ ---I 

o 20 40 60 

Time (ns) 
COUT = 1 pF, IRISE = I FALL = 2ns 

(Generaler), V,N = 0.2Vp-p 

80 100 
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For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES (CONT) 
AI Vee = ±5V, f\OAD = 10ka, R'N = 150Q, RsouRC' = 50Q, and TA= +25'C, unless olherwise noled. 
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TYPICAL PERFORMANCE CURVES (CONT) 
At Vee = ±sv. RLOAD = 10kil. ·R'N = ISDn. R'DURe' = son. and TA = +2SoC. unless otherwise noted. 
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APPLICATIONS INFORMATION· 
The MPC102 operates from ±5V power supplies (±6V 
maximum). Do not attempt to operate with larger power 
supply voltages or permanent damage may occur. The buffer 
outputs are not current-limited or protected. If the output is 
shorted to ground, currents up to 18mA could flow. Momen
tary shorts to ground (a few seconds) should be avoided, but 
are unlikely to cause permanent damage. 

INPUT PROTECTION 

As shown below, all pins on the MPC102 are internally 
protected from ESD by a pair of back-to-back reverse-biased 
diodes to either power supply. These diodes will begin to 
conduct when the input voltage exceeds either power supply 
by, about 0.7V. This situation can occur with loss of the 
amplifier's power supplies while a: signal source is still 
present. The diodes can typically withstand a continuous 
current of 30mA without destruction. To insure long term 
reliability, however, diode current should be externally lim
ited to lOrnA whenever possible. 

The internal protection diodes are designed to withstand 
2.5kV (using Human Body Model) and will provide ad
equate ESD protection' for most normal handling proce
dures. However, static damage can cause subtle changes in 
the characteristics of the buffer amplifier input without 
necessarily destroying the device. In precision buffer ampli
fiers, such damage may cause a noticeable degradation of 
offset voltage and drift. Therefore, static protection is strongly 
recommended when handling the MPC102. 

Static damage has been well-recognized as a problem for 
MOSFET devices, but any semiconductor device deserves 
protection from this potentially damaging source. The 
MPC102 incorporates on-chip ESD protection diodes as 
shown in Figure 1. Thus the user does not need to add 
external protection diodes, which can add capacitance and 
degrade AC performance. 

+Vcc ESO Protection diodes 
~ internally connected to all pins. 

External Pin i--------Internal Circu~ry 

-Vee 

FIGURE 1. Internal ESD Protection. 

DISCUSSION 
OF PERFORMANCE 
The MPCI02 is a dual, 2 x 1, wide-band analog signal 
multiplexer. It allows the user to connect one of the two 
inputs (IN/IN2 0r INJIN.) to the corresponding output. The 
switching speed between two input channels is typically less 
than 300ns. 

However, in contrast to signal switches using CMOS or 
DMOS transistors, the switching transients are very low at 
+6mV and -8mV. The MPC102 consists of four identical 
unity-gain buffer amplifiers. Two of the four amplifiers are 
connected together internally at the output. The open-loop 
buffer amps, which consist of.complementary emitter fol
lowers, apply no feedback so their low~frequencygain is 
slightly less than unity and somewhat dependent on loading. 
Unlike devices using MaS bilateral switching elements, the 
bipolar complementary buffers form a unidirectional trans
missiop path, thus providing high output-to-input isolation. 
Switching stages compatible to TIL-level digital signals are 
provided for each buffer to select the input channel. When 
no channel is selected, the outputs of the device are high
impedance. This allows the user to wire several MPC102s 
together to create multichannel switch matrices. 

Chip select logic is not integrated. The selected design 
increases the flexibility of address decoding in complex 
distribution fields, eases bus-controlled channel selection, 
simplifies channel selection monitoring for the user, and 
lowers transient peaks. All of these characteristics make the 
multiplexer, in effect, a quadswitchable high-speed buffer. 
The buffers require DC coupling and termination resistors 
when driven directly from a low-impedance cable. High
current output amplifiers are recommended when driving 
low-impedance transmission lines or inputs. 

An advanced complementary bipolar process, consisting of 
pn-junction isolated, high-frequency NPN and PNP transis
tors, provides wide bandwidth while maintaining low 
crosstalk and harmonic distortion. Bandwidth of over 
210MHz at an output voltage of 1.4Vp-p allows the design 
of multi-channel crosspoint or distribution fields in HDTV
quality with an overall system bandwidth of 36MHz. The 
buffer amplifiers also offer low differential gain (0.02%) 
and phase (0.02°) errors. These parameters are essential for 
video applications and· demonstrate how well the signal path 
maintains a constant small-signal gain and phase for the 
low-level color subcarrier at 4.43MHz (PAL) or 3.58MHz 
(NSTC) as the luminance . signal is ramped through its 
specified range. The bipolar construction also ensures that 
the input impedance remains high and constant between ON 
and OFF states. The ON/OFF input capacitance ratio is near 
unity ~.nd does not vary with power supply voltage varia
tions. The low output capacitance of 1.5pF when no channel 
is selected is a very important parameter for large distribu
tion fields. Each parallel output capacitance is an additional 
load and reduces the overall system bandwidth. 

Bipolar video crosspoint switches are virtually glitch-free 
when compared to signal switches using CMOS or DMOS 
devices. The MPCI02 operates with a fast make-before
break switching action to keep the output switching tran
sients small and short. Switching from one channel to 
another causes the signal to mix at the output for a short 
time, but it interferes minimally with the input signals. The 
transient peaks remain less than +6m V. and -8m V. The 
generated output transients are extremely small, so DC 
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clamping during switching between channels is unneces
sary. DC clamping during the switching dead time is re
quired to avoid synchronization by large negative output 
glitches in subsequent equipment. 

The SEL-to-channel-ON time is typically 25ns and is always 
shorter than the typical SEL-to-channel-OFF time of 250ns. 
In the worst case, an ON/OFF margin of 150ns ensures safe 
switching even for timing spreads in the digital control 
latches. The short interchannel switching time of 300ns 
allows channel change during the vertical blanking time, 
even in high-resolution graphic or broadcast systems. As 
shown in the typical performance curves, the signal enve
lope during transition from one channel to another rises and 
falls symmetrically and shows less overshooting and DC 
settling effects. 

Power consumption is a serious problem when designing 
large crosspoint fields with high component density. Since 
most of the buffer amplifiers are in the off-state, one 
important design goal was to attain low off-state quies
cent current when no channel is selected. The low supply 
current of ±2501lA when no channel is selected and 
±4.6mA when one channel is selected, as well as the 
reduced ±5V supply voltage, conserves power, simplifies 
the power supply design, and results in cooler, more 
reliable operation. 

CIRCUIT LAYOUT 

The high-frequency performance of the MPC102 can be 
greatly affected by the physical layout of the circuit. The 
following tips are offered as suggestions, not as absolutes. 
Oscillations, ringing, poor bandwidth and settling, higher 
crosstalk, and peaking are all typical problems which plague 
high-speed components when they are used incorrectly. 

• Bypass power supplies very close to the device pins. Use 
tantalum chip capacitors (approximately 2.2J.1F), a parallel 
470pF ceramic chip capacitor may be added if desired. 
Surface-mount types are recommended due to their low 
lead inductance. 

• PC board traces for signal and power lines should be wide 
to reduce impedance. 

• Make short and low inductance traces. The entire circuit 
layout should be as small as possible. 

• Use a low-impedance ground plane on the component side 
to ensure that low-impedance ground is available through
out the layout. Grounded traces between the input traces 
are essential to achieve high interchannel crosstalk rejec
tion. 

• Do not extend the ground plane under high-impedance 
nodes sensitive to stray capacitances, such as the buffer's 
input terminals. 

• Sockets are not recommended, because they add signifi
cant inductance and parasitic capacitance. If sockets are 
required, use zero-profile solderless sockets. 

• Use low-inductance and surface-mounted components for 
best ac-performance. 

BURR-BROWN® 

• A resistor (lOOn to 200n) in series with the input of the 
buffers may help to reduce peaking. Place the resistor as 
close as possible to the pin. 

• Plug-in prototype boards and wire-wrap boards will not 
function well. A clean layout using RF techniques is 
essential. 

SEL, 
(13) 

ONO 

(~ 

SEll 

SEt., 

FIGURE 2. Simplified Circuit Diagram. 
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FIGURE 3. All Hostile Crosstalk - Grounded Input. 

FIGURE 4. Off Isolation Crosstalk Ison Input. 

FIGURE S. Off Isolation Crosstalk Test Circuit 2. 
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VPOS 
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FIGURE 7_ Test Circuit and Board Layout. 
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DEM-MPCl 02-1 GC 

A'N 

~ 50Q In _lf~'l 
r~V 

V ::; A'N= 
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DB110 DB4 

~ ~ 
Pulse 

-=- Generator 

FIGURE 8. Test Circuit Pulse Response. 

MPC102 

Generator 75Q V,N 

VDC 

FIGURE 9. Test Circuit Differential Gain and Phase. 

SEA In 

ROUT 150Q ~ A. 400MHz 
51Q 50Q Scope 

l'rAf-v Oul 
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Video 
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STAo-----~~--~------------------~---+--------------------~--_+----------~ 

OEo-----------~---------------------+--------~----------~~~--------~ 

FIGURE 10. Serial Bus-Controlled.Distribution Field. 
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BURR - BROWN® 

I EEl EEl I MPC104 

Wide-Bandwidth 
2 x 1 VIDEO MULTIPLEXER 

FEATURES 
• BANDWIDTH: 210MHz (1.4Vp·p) 

• LOW INTERCHANNEL CROSSTALK: 
-79dB (30MHz, SO); -77dB (30MHz, DIP) 

• LOW SWITCHING TRANSIENTS: 
+13mVl-4mV 

• LOW DIFFERENTIAL GAIN/PHASE 
ERRORS: 0.03%, 0.01 ° 

• LOW QUIESCENT CURRENT: 
One Channel Selected: ±4.6mA 
No Channel Selected: ±120JlA 

APPLICATIONS 
• VIDEO ROUTING AND MULTIPLEXING 

(CROSSPOINTS) 

• RADAR SYSTEMS 

• DATA ACQUISITION 

• INFORMATION TERMINALS 

• SATELLITE OR RADIO LINK IF ROUTING 

DESCRIPTION 
The MPCI04 is a wide-bandwidth, 2-to-l channel 
video signal multiplexer, which can be used in a wide 
variety of applications. 

It was designed for wide-bandwidth systems, includ
ing high-definition television and broadcast equip
ment. Although it is primarily used to route video 
signals, the harmonic and dynamic attributes of the 
MPCI04 also make it appropriate for other analog 
signal routing applications such as radar, communica
tions, computer graphics, and data acquisition sys
tems. 

The MPCI04 consists of two identical monolithic, 
integrated, open-loop buffer amplifiers, which are 
connected internally at the output. The bipolar comple
mentary buffers form a unidirectional transmission 
path and offer extremely high output-to-input isola
tion. The MPCI04 multiplexer enables the user to 
connect one of two input signals to the output. The 
output of the multiplexer is in a high-impedance state 
when no channel is selected. When one channel is 
selected with a digital "I" at the corresponding SEL 
input, the component acts as a buffer with high input 
impedance and low output impedance. 

The wide bandwidth of over 210MHz at 1.4Vp-p 
signal level, high linearity and low distortion, and low 
input voltage noise of 5nV/..JHz make this crosspoint 
switch suitable for RF and video applications. All 
performance is specified with ±5V supply voltage, 
which reduces power consumption in comparison with ' 
±15V designs. The multiplexer is available in a space
saving 8-pin SO and DIP packages. Both are designed 
and specified for operation over the industrial tem
perature range (-40°C to +85°C.) 

IN, 

IN2o---+--1 

SEL, SEL, 

TRUTH TABLE 

SEL, SEt., VOUT 

0 0 HI·Z 

1 0 IN, 

0 1 IN, 
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SPECIFICATIONS-DC CHARACTERISTICS 
At Vee = ±5VDC, RL = 10kn, R'N = 1000, RsouReE = 500, and TA = +25°C, unless othelWise noted. 

MPC104AP, AU 

PARAMETER CONDmONS MIN TYP 

INPUT OFFSET VOLTAGE 
Inilial 14 

vs Temperature 60 
vs Supply (Tracking) Vee = ±4.5V to ±5.5V -40 -80 
vs Supply (Non-Iracking) Vee = +4.5V to +5.5V -50 
vs Supply (Non-tracking) Vee = -4.5V to -5.5V -50 

Inijial Matching All Buffers 3 

INPUT BIAS CURRENT 
Initial 5 

vs Temperature 20 
vs Supply (Tracking) Vee = ±4.5V to ±5.5V ±710 
vs Supply (Non-tracking) Vee = +4.5V to +5.5V 0.26 
vs Supply (Non-tracking) Vee = -4.5V to -5.5V 1.7 

INPUT IMPEDANCE 
Resistance Channel On 0.88 
Capacitance Channel On 1.0 
Capacitance Channel Off 1.0 

INPUT NOISE 
Voijage Noise Density fOUT = 20kHz to 10MHz 5 
Signal-to-Noise Ratio SIN = 0.7NN • .J5MHz -96 

INPUT VOLTAGE RANGE Gain Error = 10% ±3.6 

TRANSFER CHARACTERISTICS 
Voltage Gain RL = 1kO, Y,N = ±2V 0.982 

RL = 10k!l, Y,N = ±2.8V 0.98 0.992 

RATED OUTPUT 
Voltage Y,N =±3V ±2.8 ±2.97 
Resistance One Channel Selected 12.5 
Resistance No Channel Selected 900 
Capacitance No Channel Selected 1.2 

CHANNEL SELECTION INPUTS 
Logic 1 Voltage +2 
Logic 0 Vo"age 
Logic 1 Current VScL = 5.0V 75 100 
Logic 0 Current VScL = 0.8V 0.002 

SWITCHING CHARACTERISTICS V, = -<l.3V to +0.7V, f = 5MHz 
SEL 10 Channel ON TIme 90% Point of VOUT = 1 Vp-p 0.13 
SEL to Channel OFF Time 10% Point of Vour = 1Vp-p 0.17 
Switching Transient. Positive (Measured While Switching +13 
Sw"chlng Transient, Negative Between Two Grounded Channels) -4 

POWER SUPPLY 
Rated Voltage ±5 
Derated Performance ±4.5 
Quiescent Current One Channel Selected, OVer Temperature ±4.6 

INO Channel Selected, OVer Temperaturel ±120 
Rejection Ratio -80 

MAX UNITS 

±30 mV 
/lV/oC 

dB 
.dB 
dB 
mV 

±10 /lA 
nAl°C 
nAN 
J!A/V 
J!A/V 

MIl 
pF 
pF 

nV/,jHz 
dB 

V 

VN 
VN 

V 
0 

MO 
pF 

Vee +0.6 V 
+0.8 V 
125 itA 
5 ItA 

J!S 
J!S 
mV 
mV 

V 
±5.5 V 
±5.3 rnA 
±175 itA 

dB 

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 palent 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 andlor systems. 
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SPECIFICATIONS- AC CHARACTERISTICS 
At Vee = ±5VDC, RL = 10kn, R'N = 100Q, RsouRe• = 50Q, and TA = +25'C, unless otherwise noted, 

MPCI04AP, AU 

PARAMETER CONDITIONS MIN TYP 

LARGE SIGNAL BANDWIDTH (-3dB) Vour = 5.0Vp-p, Caur = I pF 55 
Your = 2.8Vp-p, Cour = I pF 101 
Your = I.4Vp-p, Cour = IpF 210 

SMALL SIGNAL g" .. ~ ... ~.n Your = 0.2Vp-p, Cour = I pF 590 

GROUP DELAY TIME 550 

DIFFERENTIAL GAIN I = 4.43MHz, Y'N = 0.3Vp-p 
VDC = 0 to 0.7V 0.03 

DIFFERENTIAL PHASE I = 4.43MHz, Y'N = 0.3Vp-p 
VDC = 0 10 0.7V 0.01 

GAIN FLATNESS PEAKING = 0.2Vp-p, DC to 30MHz 0.05 
Vo-';" = 0.2Vp-p, DC to 100MHz 0.07 

HARMONIC DISTORTION I = 30MHz, Your = I.4Vp-p 
Second Harmonic -63 
Third Harmonic -65 

CROSSTALK Y'N = 1.4Vp-p 
MPCI04AP All Hostile 1= 5MHz, -90 

1= 30M Hz, -77 
Off Isolation 1= 5MHz, -93 

f = 30MHz, -61 
MPCI04AU All Hostile 1= 5MHz, -95 

1= 30MHz, -79 
Off Isolation 1= 5MHz, -93 

1= 30MHz -66 

RISEIFALL TIME Your = I.4Vp-p, Step 10% to 90% 
Cour = IpF, ROlIT = 22Q 2.3 

SLEW RATE Your = 1.4Vp-p 
Cour = IpF 500 
Cour = 22pF 360 
Cour = 47pF 260 

BURR-BROWN® 
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CONNECTION DIAGRAM 

TopVlaw SOIDIP 

ABSOLUTE MAXIMUM RATINGS 
Power Supply Voltage (±Vcd ......................................................... ±6VDC 
Analog Input VoHage (IN, through IN,) ................................... ±Vcc, ±O.7V 
Operating Temperature ..................................................... -40·C to +8S·C 
Storage T emperature ...................................................... -40·C to + 12S·C 
Output Current ..•..•............................................................................ ±SmA 
Junction Temperature .................................................................... +tSO·C 
Lead Temperature (soldering, 10s) ................................................ +300·C 
Digital Input Vottages (SEL, through SEL,) .............. -o.SV to +Vcc +0.7V 

ORDERING INFORMATION 

MODEL DESCRIPTION TEMPERATURE RANGE 

MPC104AP 8-Pin Plastic DIP -40·C to +8S·C 
MPC104AU 8-Pin SOIC -40·C to +8S·C 

DICE INFORMATION 

MPC104AD DIE TOPOGRAPHY 

PIN DESCRIPTION 

PIN DESCRIPTION 

IN" IN, Analog Input Channels 

GND Analog Input Shielding Grounds, 
Connect to System Ground 

SEL" SEL, Channel Selection Inputs 

VOUT Analog .output; tracks selected channel 

-Vee Negative Supply Voltage; typical ,..sVDC 

+Vcc Posttive Supply Voltage; typical +5VDC 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER!') 

MPC104AP 8-Pin DIP 006 
MPC104AU B-Pin SOIC 1B2 

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

PAD FUNCTION 

1 Input 1 
2 Ground 
3 +SV Supply 
4 Input 2 
5 Select 2 
6 Output 
7 -5V Supply 
8 Select 1 

Substrate Bias: Negative Supply. 
NC: No Connection. 
Wire Bonding: Gold wire bonding is recommended. 

MECHANICAL INFORMATION 

MILS (0.001 ") MILLIMETERS 

Die Size 44x47±S 1.13 x 1.19 ±0.13 
Die Thickness 14±1 0.SS±0.02S 
Min. Pad Size 4x4 0.10 x 0.10 

Backing: Titanium 0.02, +0.05, 0.0005, +0.0013, 
-0.0 -0.0 

Gold 0.30, ±O.OS 0.0076, ±0.0013 

BURR· BROWNe 
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TYPICAL PERFORMANCE CURVES 
At Vee = ±5VDC, RL = tOk!:!, R'N = tOOQ, RsouRe. = 50Q, and TA = +25°C, unless otherwise noted. 
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TYPICAL PERFORMANCE CURVES (CO NT) 
At Vcc= ±SVDC, RL = 10kn, R'N = loon, RSOURCE = son, andT. = +2S·C, unless otherwise noted. 
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TYPICAL PERFORMANCE CURVES (CO NT) 
At Vee = ±5VDC, RL = tOk!l, R'N = lOOn, RSOUReE = son, and TA = +25'C, unless othelWise noted. 
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TYPICAL PERFORMANCE CURVES (CONT) 
At Vcc: ±5VDC, Rl : 10kn, R,N : 100n, RSOURCE: 50n, and TA: +25'C, unless otherwise noted. 
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APPLICATIONS INFORMATION low at +13mV and -4mV. The MPClO4 consists of two 

The MPClO4 operates from ±5V power supplies (±6V 
maximum). Do not attempt to operate with larger power 
supply voltages or permanent damage may occur. The buffer 
outputs are not current-limited or protected. If the output is 
shorted to ground, currents up tol8mA could flow. Momen
tary shorts to ground (a few seconds) should be avoided, but 
are unlikely to cause permanent damage. 

INPUT PROTECTION 

As shown below, all pins on the MPClO4 are internally 
protected from ESD by a pair of back-to-back reverse-biased 
diodes to either power supply. These diodes will begin to 
conduct when the input voltage exceeds either power supply 
by about 0.7V. This situation can occur with loss of the 
amplifier's power supplies while a signal source is still 
present. The diodes can typically withstand a continuous 
current of 30mA without destruction. To insure long term 
reliability, however, diode current should be externally lim
ited to IOmA whenever possible. 

The internal protection diodes are designed to withstand 
2.5kV (using Human Body Model) and will provide ad
equate ESD protection for most normal handling proce
dures. However, static damage can cause subtle changes in 
the characteristics of the buffer amplifier input without 
necessarily destroying the device. In precision buffer ampli
fiers, such damage may cause a noticeable degradation of 
offset voltage and drift. Therefore, static protection is strongly 
recommended when handling the MPCI04. 

Static damage has been well-recognized as a problem for 
MOSFET devices, but any semiconductor device deserves 
protection from this potentially damaging source. The 
MPCI04 incorporates on-chip ESD protection diodes as 
shown in Figure 1. Thus the user does not need to add 
external protection diodes, which can add capacitance and 
degrade AC performance. 

ESD Protection diodes +Vcc 
~ internally connected to all pins. 

External Pin i--------Internal Circuitry 

-Vee 

FIGURE 1. Internal ESD Protection. 

DISCUSSION 
OF PERFORMANCE 
The MPClO4 is a 2 x I, wide-band analog signal multi
plexer. It allows the user to connect one of the two inputs 
(IN]/lN2 ) to the output. The switching speed between two 
input channels is typically less than 300ns. 

However, in contrast to signal switches using CMOS or 
DMOS transistors, the switching transients were kept very 

BURR-BROWN<J 

identical unity-gain buffer amplifiers, respectively connected 
together internally at the output. The open-loop buffer amps, 
which consist of complementary emitter followers, apply no 
feedback so their low-frequency gain is slightly less than 
unity and somewhat dependent on loading. Unlike devices 
using MOS bilateral switching elements, the bipolar comple
mentary buffers form a unidirectional transmission path, 
thus providing high output-to-input isolation. Switching 
stages compatible to TTL-level digital signals are provided 
for each buffer to select the input channel. When no channel 
is selected, the outputs of the device are high-impedance and 
allow the user to wire several MPC 104s together to create 
multichannel switch matrices. 

Chip select logic is not integrated. The selected design 
increases the. flexibility of address decoding in complex 
distribution fields, eases BUS-controlled channel selection, 
simplifies channel selection monitoring for the user, and 
lowers transient peaks. All of these characteristics make the 
mUltiplexer, in effect, a quad switchable high-speed buffer. 
The buffers require DC coupling and termination resistors 
when driven directly from a low-impedance cable. High
current output amplifiers are recommended when 
low-impedance transmission lines or inputs. 

An advanced complementary bipolar process, consisting 
pn-junction isolated, high-frequency NPN and PNP transis
tors, provides wide bandwidth while maintaining low 
crosstalk and harmonic distortion. The single chip band
width of over 2lOMHz at an output voltage of 1.4Vp-p 
allows the design of multi-channel crosspoint or distribution 
fields in HDTV -quality with an overall system bandwidth of 
36MHz, or in quality for high resolution graphic and imag
ing systems with 200MHz system bandwidth. The buffer 
amplifiers also offer low differential gain (0.03%) and phase 
(0.01 0) errors. These parameters are essential for video 
applications and demonstrate how well the signal path main
tains a constant small-signal gain and phase for the low-level 
color subcarrier at 4.43MHz (PAL) or 3.58MHz (NSTC) as 
the luminance signal is ramped through its specified range. 
The bipolar construction also ensures that the input imped
ance remains high and constant between ON and OFF states. 
The ON/OFF input capacitance ratio is near unity, and does 
not vary with power supply voltage variations. The low 
output capacitance of 1.2pF when no channel is selected is 
a very important parameter for large distribution fields. Each 
parallel output capacitance is an additional load and reduces 
the overall system bandwidth. 

Bipolar video crosspoint switches are virtually glitch-free 
when compared to signal switches using CMOS or DMOS 
devices. The MPClO4 operates with a fast make-before
break switching action to keep the output switching tran
sients small and short. Switching from one channel to 
another causes the signal to mix at the output for a short 
time, but it hardly interferes with the input signals. The 
transient peaks remain less than +13mV and -4mV. The 
generated output transients are extremely small, so DC 
clamping during switching between channels is unneces
sary. DC clamping during the switching dead time is re-
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quired to avoid synchronization by large negative output 
glitches in subsequent equipment. 

The SEL-to-channel-ON time is typically 25ns and always 
shorter than the typical SEL-to-channel-OFF time of 250ns. 
In the worst case, an ON/OFF margin of 150ns ensures safe 
switching even for timing spreads in the digital control 
latches. The short interchannel switching time of 300ns 
allows channel change during the vertical blanking time, 
even in high-resolution graphic or broadcast systems. As 
shown in the typical performance curves, the signal enve
lope during transition from one channel to another rises and 
falls symmetrically and shows less overshooting and DC 
settling effects. 

Power consumption is a serious problem when designing 
large crosspoint fields with high component density. Most of 
the buffer amplifiers are in the off-state. One important 
design goal was to attain low eiff-state quiescent current 
when no channel is selected. The low supply current of 
±120~ when no channel is selected and ±4.6mA when one 
channel is selected, as well as the reduced ±5V supply 
voltage, conserves power, simplifies the power supply de
sign, and results in cooler, more reliable operation. 

CIRCUIT LAYOUT 

The high-frequency performance of the MPCI04 can be 
greatly affected by the physical layout of the circuit. The 
following tips are offered as suggestions, not as absolutes. 
Oscillations, ringing, poor bandwidth and settling, higher 
crosstalk, and peaking are all typical problems which plague 
high-speed components when they are used incorrectly . 

• Bypass power supplies very close to the device pins. Use 
tantalum chip capacitors (approximately 2.21JF), a parallel 

SEL, 
15) 

FIGURE 2. Simplified Circuit Diagram. 

GND 

I~ 

470pF ceramic chip capacitor may be added if desired. 
Surface-mount types are recommended due to their low 
lead inductance. 

• PC board traces for signal and power lines should be wide 
to reduce impedance or inductance. 

• Make short and low inductance traces. The entire physical 
circuit should be as small as possible. 

• Use a low-impedance ground plime on the component side 
to ensure that low-impedance ground is available through
out the layout. Grounded traces between the input traces 
are essential to achieve high interchannel crosstalk rejec
tion. 

• Do not extend the ground plane under high-impedance 
nodes sensitive to stray capacitances, such as the buffer's 
input terminals. 

• Sockets are not recommended, because they add signifi
cant inductance and parasitic capacitance. If sockets must 
be used, consider using zero-profile solderless sockets. 

• Use low-inductance and surface-mounted components. 
Circuits using all surface mount components with the 
MPCI04 will offer the best AC-performance. 

• A resistor (lOOn to 150n) in series with the input of the 
buffers may help to reduce peaking. Place the resistor as 
close as possible to the pin. 

• . Plug-in prototype boards and wire-wrap boards will not 
function well. A clean layout using RF techuiques is 
essential-there are no shortcuts. 

17) 
-Vcc=-5V 

16) 
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CHANNEL SEL, 
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FIGURE 3. All Hostile Crosstalk Test Circuit 1. 
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FIGURE 4. Off Isolation Crosstalk Test Circuit 2. 
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BURR~BROWN@ 

IE:lE:lI Burr-Brown Ie Data Book-Mixed Signal Products 

A 

1G 

5.43 

en a: w 
>< 
W 
...J 
Q. 

5 
::;) 

:= 



For Immediate Assistance, Contact Your Local Salesperson 

: ............ . 
RIN : : 

son loon: : 
r------+~==~~--~~. ~·.A~~-.NV~ 

son : CHl or CH2 

Pulse 
Generator 

FIGURE 7. Test Circuit Pulse Response. 
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FIGURE 8. Test Circuit Differential Gain and Phase. 

Generator son' 

FIGURE 9. Test Circuit Frequency Response. 
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FIGURE 10. Serial Bus·Controlled Distribution Field. 
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SEL, SEL2 

8 S 

In, o-~-,jIj1V'--'-+--l 

In2 o-~--JVI!'---'t---I 

MPC104 

3 7 
499Q 

Gain =2VN 

+SV -SV 

FIGURE 11. High-Speed Data Acquisition System. 
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NOTE: (1) +V, should be within +SVto +10V. 

FIGURE 12. Single Supply Operation. 
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SEL, SEt." +80V. SOmA 

In,~ 

S 

In2 ~--'--NV'--+---I 

MPC104 Contrast 

+5V -5V 2200 

NOTE: (1) Philips Semiconductors. 

FIGURE 13. Input Multiplexer for a CRT Output Stage. 
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FIGURE 14_ Input Multiplexer for RGB Video Signals_ 
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BURR - BROWN® 

IIIEaElI MPC506A 
MPC507A 

Single-Ended 16-Channel/Differential 8-Channel 
CMOS ANALOG MULTIPLEXERS 

FEATURES 
• ANALOG OVERVOLTAGE PROTECTION: 

70Vp-p 

• NO CHANNEL INTERACTION DURING 
OVERVOLTAGE 

• BREAK-BEfORE-MAKE SWITCHING 

• ANALOG SIGNAL RANGE: ±15V 

• STANDBY POWER: 7.5mW typ 

• TRUE SECOND SOURCE 

DESCRIPTION 
The MPC506A is a 16-channel single-ended analog 
multiplexer, and the MPC507 A is an 8-channel differ
ential multiplexer. 

The MPC506A and MPC507 A multiplexers have in
put overvoltage protection. Analog input voltages may 
exceed either power supply voltage without damaging 
the device or disturbing the signal path of other chan
nels. The protection circuitry assures that signal fidel
ity is maintained even under fault conditions that 
would destroy other multiplexers. Analog inputs can 
withstand 70Vp-p signal levels and standard ESD 
tests. Signal sources are protected from short circuits 
should multiplexer power loss occur; each input pre
sents a lkn resistance tinder this condition. Digital 
inputs can also sustain continuous faults up to 4V 
greater than either supply voltage. 

These features make the MPC506A and MPC507 A 
ideal for use in systems where the analog signals 
originate from external equipment or separately pow
ered sources. 

The MPC506A and MPC507 A are fabricated with 
Burr-Brown's dielectrically isolated CMOS technol
ogy. The multiplexers are available in a hermetic 
ceramic or plastic DIP and plastic SOIC packages. 
Temperature range is -40/+85°C. 

fUNCTIONAL DIAGRAMS 

In 1 o-t...JIJIIJL--o----<:Y< ---<p-------+O Out 

In 1A 

Overvoltage 
Clamp and 

Signal 
Isolation 

NOTE: (1) Digital 
Input Protection. 

MPC506A 

Decoderl 
Driver 

~--+--<~~---<p-------rOOutA 

Overvoltage 
Clamp and 

Signal 
Isolation 

NOTE: (1) Digital 
Input Protection. 

MPC507A 

International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 746-1111 • Twx: 911).952·1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (520) 889·1510 • Immediate Product Info: (800)548-6132 
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SPECIFICATIONS 
Supplies = +ISV. -ISV; VREF (Pin 13) = Open; VAH (Logic Level High) = +4.OV; VAL (Logic Level Low) = +0.8V unless otherwise specified. 

PARAMETER TEMP MIN TYP MAX 

ANALOG CHANNEL CHARACTERISTICS 
Vs. Analog Signal Range Full -IS +15 
RON' On Resistance(1) +2S"C 1.3 1.S 

Full I.S 1.8 
Is (OFF). Off Input Leakage Current +2S"C O.S 

Full 10 
10 (OFF). Off Output Leakage Current +2S"C 0.2 

MPCSOSA Full 5 
MPCS07A Full S 

10 (OFF) with Input Overvoltage Appliedl') +25"C 4.0 
Full 

10 (ON). On Channel Leakage Current +2S"C 2 
MPCSOSA Full 10 
MPC507A Full 10 

10lFF Differential Off Output Leakage Current 
(MPC507A Only) Full 10 

DIGITAL INPUT CHARACTERISTICS 
VAL' Input Low Threshold Full 0.8 
V AH. Input High Thresholdl') Full 4.0 
VAL. MOS Drivel') +2S"C 0.8 
V AH. MOS Drivel') +2S"C S.O 
IA• Input Leakage Current (High or Low)IS) Full 1.0 

SWITCHING CHARACTERISTICS 
tAl Access TIme +2S"C 0.3 

Full O.S 
loPENo Break-Before-Make Delay +2S"C 25 80 
ioN (EN). Enable Delay (ON) +25"C 200 

Full 500 
toFF (EN). Enable Delay (OFF) +25"C 250 

Full 500 
Settling Time (0.1%) +2S"C 1.2 

(0.01%) +2S"C 3.5 
"OFF Isolation"I') +2S"C 50 68 
Cs (OFF). Channel Input Capacitance +25"C S 
Co (OFF). Channel Output Capacitance: MPC506A +25"C 50 

MPC507A +2S"C 25 
CA. Digitallnpul Capacitance 25"C S 
Cos. (OFF). Input to Output Capacitance +2S"C 0.1 

POWER REQUIREMENTS 
po. Power Dissipation Full 7.5 
1+, Current Pin 1(7) Full 0.7 1.5 
1-. Current Pin 2717) Full 5 20 

UNITS 

V 
kQ 
kQ 
nA 
nA 
nA 
nA 
nA 
nA 
ilA 
nA 
nA 
nA 

nA 

V 
V 
V 
V 
ilA 

iJ.S 
iJ.S 
ns 
ns 
ns 
ns 
ns 
iJ.S 
~s 

dB 
pF 
pF 
pF 
pF 
pF 

mW 
mA 
~A 

NOTES: (1) VOUT = ±10V. lOUT = -1 OOilA. (2) Analog overvoltage = ±33V. (3) To drive from DTlJTTL circuits. 1 kQ pull-up resisto'S to +5.0V supply are recommended. 
(4) VREF = +10V. (5) Digital input leakage is primarity due to the clamp diodes. Typical leakage is less than InA at 25"C. (S) VEN = 0.8V. RL = lkQ. 
CL. == 15pF, Vs = 7Vrms, f "" 100kHz. Worst-case isolation occurs on channelS due to proximity of the output pins. (7) VEN• VA == OV or4.0V. 

The information provided herein is believed 10 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 

Top View 

+VSUPPLY 2B 

NC 2 27 

In 16 

In 15 5 24 

In 14 23 

In 13 22 

In 12 21 

In 11 20 

In 10 10 19 

In 9 18 

Ground 17 

VREF 13 16 

Address As 14 15 

MPC506A (Ceramic) 
MPC506A (Plastic) 

TRUTH TABLES 

MPC506A 

A, A, A, A. EN 

X X X X L 
L L L L H 
L L L H H 
L L H L H 
L L H H H 
L H L L H 
L H L H H 
L H H L H 
L H H H H 
H L L L H 
H L L H H 
H L H L H 
H L H H H 
H H L L H 
H H L H H 
H H H L H 
H H H H H 

5.50 

Out 

-VSUPPLY 

In B 

In 7 

In 6 

In5 

In4 

In 3 

In 2 

In 1 

Enable 

Address A" 

Address A, 

Address A2 

"ON" 
CHANNEL 

None 
1 
2 
3 
4 
5 
6 
7 
B 
9 
10 
11 
12 
13 
14 
15 
16 

Top View 

+VSUPPLY 1 Out A 

OutB -VSUPPLY 

NC InBA 

In8B 4 In7A 

In7B In6A 

In6B In5A 

In5B 7 In4A 

In4B 8 In3A 

In3B 9 20 In2A 

In2B 10 19 In lA 

In lB 11 lB Enable 

Ground 12 17 Address A" 

VREF Address A, 

NC Address As 

MPC507A (Ceramic) 
MPC507A (Plastic) 

MPC507A 

"ON" 
CHANNEL 

A2 A, Au EN PAIR 

X X X L None 
L L L H 1 
L L H H 2 
L H L H 3 
L H H H 4 
H L L H 5 
H L H H 6 
H H L H 7 
H H H H 8 

PACKAGE INFORMATION 
PACKAGE DRAWING 

MODEL PACKAGE NUMBER(') 

MPC506AP 28·Pin Plastic 215 
MPC506AG 28·Pin Ceramic 126 
MPC506AU 28·Pin Plastic SOIC 217 
MPC507AP 28·Pin Plastic 215 
MPC507AG 28·Pin Ceramic 126 
MPC507AU 2Jl.Pin Plastic SOIC 217 

NOTE: (1) For detailed draWing and dimension table, please see end of data 
sheet, or Appendix C of Burr·Brown IC Data Book. 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 
ABSOLUTE MAXIMUM RATINGS(11 ORDERING INFORMATION 

Voltage between supply pins ............................................................... 44V 
VREF to ground, V+ to ground ............................................................... 22V 
V- to ground ........................................................................................ 25V 
Digital input overvoltage: 

VEN' VA: VSUPPlY (+) .......................................................................... +4V 
VSUPPlY H ........................................................................... -4V 
or 20mA, whichever occurs first. 

Analog input overvoltage: 
Vs: VSUPPlY (+) ................................................................................ +20V 

VSUPPlY H ................................................................................ -20V 
Continuous current, S or D ............................................................... 20mA 
Peak current, S or D 

(pulsed at tms,10%dutycycle max) ...............•............................ 40mA 
Power dissipation' ............................................................................. 2.0W 
Operating temperature range ............................................ -40°C to +85°C 
Storage temperature range ............................................. -<i5"C to +150"C 

'Derate 20.0mW/"C above T A = 70 

NOTE: (1) Absolute maximum ratings are limiting values, applied individu
ally, beyond which the serviceability of the circuit may be impaired. Func
tional operation under any of these conditions is not necessarily implied. 

TYPICAL PERFORMANCE CURVES 
TA = +25°C unless otherwise noted. 

SETTLING TIME vs 

TEMPERATURE 
MODEL PACKAGE RANGE 

MPC506AP 2S-Pin Plastic DIP -40"C to +S5"C 

MPC506AG 2S-Pin Ceramic DIP -40OC to +S5"C 

MPC506AU 2S-Pin Plastic SOlC -40"C to +S5"C 

MPC507AP 2S-Pin Plastic DIP -40"C to +S5"C 

MPC507AG 2S-Pin Ceramic DIP -40"C to +S5"C 

MPC507AU 2S-Pin Plastic SOlC -40"C to +S5"C 

DESCRtPTION 

16-Channel 
Single-Ended 

16-Channel 
Single-Ended 

16-Channel 
Single-Ended 

S-Channel 
Differential 

S-Channel 
Differential 

S-Channel 
Differential 

SOURCE RESISTANCE FOR 20V STEP CHANGE CROSSTALK vs SIGNAL FREQUENCY 

u;-
a 
" E 
;:: 
g> 

~ en 

1k 

100 

10 

0.1 
0.01 

120 

~ 100 

" 0 
U SO 
" 'a;-
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0 
::;; 
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E 
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0 
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0 
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COMBINED CMR vs 
FREQUENCY MPC507 A AND INA 110 
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Frequency (Hz) 
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FQf Immediate Assistance, Contact YOUf Local Salesperson 
DISCUSSION OF 
SPECIFICATIONS 
DC CHARACTERISTICS 

The static or dc transfer accuracy of transmitting the multi
plexer input voltage to the output depends on the channel 
ON resistance (RoN), the load impedance, the source impede 
ance, the load bias current and the multiplexer leakage 
current. 

Single-Ended Multiplexer Static Accuracy 
The major contributors to static transfer accuracy for single. 
ended multiplexers are: 

Source resistance loading error 
Multiplexer ON resistance error 
de offset error caused by both load bias current and 
multiplexer leakage current. 

Resistive Loading Errors 

The source and load impedances will detennine the input 
resistive loading errors. To minimize these errors: 

o Keep loading impedance as high as possible. This mini
mizes the resistive loading effects of the source resistance 
and multiplexer ON resistance. As a guideline, load 
impedance of 1080 or greater will keep resistive loading 
errors to 0.002% or less for 10000 source impedances. A 
1060 load impedance will increase source loading error 
to 0.2% or more. 

o Use sources with impedances as low as possible. A 
10000 source resistance will present less than 0.001 % 
loading error and 10kll source resistance will increase 
source loading error to 0.01 % with a 108 load impedance. 

Input resistive loading errors are determined by the follow
ing relationship (see Figure 1). 

r-~VV~~o-~VL-,~o---~~-VM 

.- - - - - - - :Measured 

: Voltage 

..". 

FIGURE 1. MPCS06A Static Accuracy Equivalent Circuit. 

Source and Multiplexer Resistive Loading Error 

E(Rs.RoN)= R RsttRoNR X 100% 
s+ N+ L 

where Rs = source resistance 
RL = load resistance 
RoN = multiplexer ON resistance 

Input Offset Voltage 

Bias current generates an input OFFSET voltage as a result 
of theIR drop across the multiplexer ON resistance and 
source resistance. A load bias current of 10nA will generate 
an offset voltage of 20J.1 V if a 1 kll source is used. In 
general, for the MPCS06A, the OFFSET voltage at the 
output is detennined by: 

V OFFSET = (lB + IL) (RoN + Rs) 

where IB = Bias current of device multiplexer is driving 
IL = Multiplexer leakage current 
RoN = Multiplexer ON resistance 
Rs = Source resistance 

Differential Multiplexer Static Accuracy 

Static accuracy errors in a differential multiplexer are diffi
cult to control, especially when it is used for multiplexing 
low-level signals with full-scale ranges of IOmV to 100mV. 

The matching properties of the multiplexer, source and 
output load play a very important part in detennining the 
transfer accuracy of the multiplexer. The source impedance 
unbalance, common-mode impedance, load bias current 
mismatch, load differential impedance mismatch, and com
mon-mode impedance of the load all contribute errors to the 
multiplexer. The multiplexer ON resistance mismatch, leak
age current mismatch and ON resistance also contribute to 
differential errors. 

Referring to Figure 2, the effects of these errors can be 
minimized by following the general guidelines described in 
this section, especially for low-level multiplexing applica
tions. 

, 
-----------------' 

FIGURE 2. MPCS07 A Static Accuracy Equivalent Circuit. 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 
Load (Output Device) Characteristics 

• Use devices with very low bias current. Generally, PET 
input amplifiers should be used for low-level signals less 
than 50mV FSR. Low bias current bipolar input amplifi
ers are acceptable for signal ranges higher than 50m V 
FSR. Bias current matching will determine the input 
offset. 

• The system dc common-mode rejection (CMR) can never 
be better than the combined CMR of the multiplexer and 
driven load. System CMR will be less than the device 
which has the lower CMR figure. 

• Load impedances, differential and common-rnode, should 
be 1010n or higher. 

SOURCE CHARACTERISTICS 

• The source impedance unbalance will produce offset, 
common-mode and channel-to-channel gain-scatter er
rors. Use sources which do not have large impedance 
unbalances if at all possible. 

• Keep source impedances as low as possible to minimize 
resistive loading errors. 

• Minimize ground loops. If signal lines are shielded, 
ground all shields to a common point at the system analog 
common. 

If the MPC507 A is used for multiplexing high-level signals 
of 1 V to IOV full-scale ranges, the foregoing precautions 
should still be taken, but the parameters are not as critical as 
for low-level signal applications. 

DYNAMIC CHARACTERISTICS 

Settling Time 

The gate-to-source and gate-to-drain capacitance of the 
CMOS PET switches, the RC time constants of the source 
and the load determine the settling time of the multiplexer. 

Governed by the charge transfer relation i = C (dV /dt), the 
charge currents transferred to both load and source by the 
analog switches are determined by the amplitude and rise 
time of the signal driving the CMOS PET switches and the 
gate-to-drain and gate-to-source junction capacitances as 
shown in Figures 3 and 4. Using this relationship, one can 

MPC506A Channel 

FIGURE 3. Settling Time Effects-MPC506A. 

BURR~BROWN(It 

see that the amplitude of the switching transients seen at the 
source and load decrease proportionally as the capacitance 
of the load and source increase. The trade-off for reduced 
switching transient amplitude is increased settling time. In 
effect, the amplitude of the transients seen at the source and 
load are: 

dVL = (i/C) dt 

where i = C (dV/dt) of the CMOS FET switches 

C = load or source capacitance 

The source must then redistribute this charge, and the effect 
of source resistance on settling time is shown in the Typical 
Performance Curves. This graph shows the settling time for 
a 20V step change on the input. The settling time for· smaller 
step changes on the input will be less than that shown in the 
curve. 

%1">:< 

>:<.rx< 
%1">:< 

+-+--1----4 

>:<.rx< 

FIGURE 4. Settling and Common-Mode Effects
MPC507A 

Switching Time 

This is the time required for the CMOS PET to turn ON 
after a new digital code has been applied to the Channel 
Address inputs. It is measured from the 50 percent point of 
the address input signal to the 90 percent point of the analog 
signal seen at the output for a IOV signal change between 
channels. 

Crosstalk 

Crosstalk is the amount of signal feedthrough from the 
seven (MPC507A) or 15 (MPC506A) OFF channels ap
pearing at the multiplexer output. Crosstalk is caused by the 
voltage divider effect of the OFF channel, OFF resistance 
and junction capacitances in series with the RoN and Rs 
impedances of the ON channel. Crosstalk is measured with 
a 20Vp-p 1000Hz sine wave applied to all off channels. The 
crosstalk for these multiplexers is shown in the Typical 
Performance Curves. 

,ElEI' Burr-Brown Ie Data Book-Mixed Signal Products 5.53 
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For Immediate Assistance, Contact Your Local Salesperson 
Common-Mode Rejection (MPC507A Only) 

The matching properties of the load, multiplexer and source 
affect the common-mode rejection (CMR) capability of a 
differentially multiplexed system. CMR is the ability of the 
multiplexer and input amplifier to reject signals that are 
common to both inputs, and to pass on only the signal 
difference to the output. For the MPC507 A, protection is 
provided for common-mode signals of ±20V above the 
power supply voltages with no damage to the analog switches. 

The CMR of the MPC507A and Burr-Brawn's INAIlO 
instrumentation amplifier (G = 100) is 110dB at DC to 10Hz 
with a 6dB/octave roll-off to 70dB at 1000Hz. This measure
ment of CMR is shown in the Typical Performance Curves 
and is made with a Burr-Brown INAllO instrumentation 
amplifier connected for gains of 500, 100, and 10. 

SWITCHING WAVEFORMS 

Typical at +2S'C, unless otherwise noted. 

BREAK-BEFORE-MAKE DELAY (tOPEN) 

Factors which will degrade mnltiplexer and system DC 
CMR are: 

• Amplifier bias current and differential impedance· mis-
match 

• Load impedance mismatch 
• Multiplexer impedance and leakage current mismatch 
• Load and source common-mode impedance 

AC CMR roll-off is determined by the amount of common
mode capacitances (absolute and mismatch) from each 
signal line to ground. Larger capacitances will limit CMR 
at higher frequencies; thus, if good CMR is desired at 
higher frequencies, the common-mode capacitances and 
unbalance of signal lines and multiplexer to amplifier wiring 
must be minimized. Use twisted-shielded pair signal lines 
wherever possible. 

+SV 
VA Input 
2V1Div 

IOn 16 On 
Output \ I 

\/ 
O.SVlDiv 

/ 
Your 

V V 

NOTE: (1) Similar connection for MPCS07A. tOOns/Div 

ENABLE DELAY (ioN (EN), IoFF (EN)) 

Enable Drive 

VAM -4.0V 

~ , , 
90%·,..---,-----,. , 

Output 

I I I _ 90% _--;_J: I I 

-' IoN(EN),- , , 
, , -'IoFF(EN)<-

5.54 

I 
\ 
IOn 

I--In 1 Thru 
II 

Output 
\ 

In 16011 2VIDiv t'--.... 
NOTE: (1) Similar connection for MPCS07 A. 

100ns/Div 
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS 
TA = +25'C, Vs = ±15V, VAM = +4V, VAL = 0.8V and VREF = Open, unless otherwise noted. 

ON RESISTANCE vs INPUT SIGNAL, SUPPLY VOLTAGE 

100~A 

RON = V"'100~A _ V2 _ 

Out 

-0-

ON RESISTANCE vs 
ANALOG INPUT VOLTAGE 

NORMALIZED ON RESISTANCE 
vs SUPPLY VOLTAGE 

1.4 

----
1.6 

1.3 
TA=t25'f 1.5 ±12J,C" t "J5'C_ 

1.2 

~1.1 _~A=I:~~_ ~ 
Q) 

" ~ c: 1.0 l!! 
.!!l TA =-55'C 
~ 0.9 
II: 

c5 0.8 

0.7 

0.6 L-.....J.._...l...."""!_-1-_l...........I..._J---I._..l---1 

-10 --8 --8 -4 -2 4 

Analog Input (V) 

ANALOG INPUT OVERVOLTAGE CHARACTERISTICS 

aURR·BROWN® 

10 (Off) 

Q---+-{ A 

8 10 

21 

18 

~15 
c: 
f2 
512 
() 

~ 
c. 
.E 

f 6 

3 

B> a ~ 1.4 
.!e ~ m Q) 1.3 
II: ~ 

(5 ~ 1.2 
'Os 
~e1.1 
E ~ 1.0 
~~ 

V'N =, +5V 

I 

'" i'-r--.. -.;.,. -
0.9 

0.8 

±5 ±6 ±7 ±8 ±9 ±10 ±11 ±12 ±13 ±14 ±15 

Supply Voltage (V) 

-----/' 
/ / 

Analog Input V /' Current (I'N) ./ 
l~- V VI ./ 
~ ~ 

f-""" Output Off 
Leakage Current 

./ 
1 10 (Off1 

±12 ±15 ±18 ±21 ±24 ±27 ±30 ±33 ±36 

Analoa Inpul Overvonage (V) 
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For Immediate Assistance, Contact Your Local Salesperson 
PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (CONT) 
TA = .25'C, Vs= ±15V, V AM = .4V, VAL = 0,6V and VREF = Open, unless otherwise noted. 

LEAKAGE CURRENT VB TEMPERATURE 

B En .0.6V 

Out 

, A 10 (Off) 

±IOV -=- -=- +IOV 

.l I - -- - ±IOV1: 

En 
.0.6V 

NOTE: (I) Two measurements per channel: .1 OVl-IOV and-IOV/.IOV. 
(Two measurements per device for 10 (Off): • I OV/-I OV and -I OVi. I OV). 

ON-CHANNEL CURRENT VB VOLTAGE 

±VIN 

~ 

~ 

<= 

" t: 

" () 

" '" ~ 
'" .3 

lOOnA 

Off Output 

10nA 

InA 

Current 
10 (Off) 

i=== On Leakage 
I- Current 10 (On) , ,............ ,...,..... 

100pA 

Off Input --- -- Leakage Current ; 

Is (Off) === 

10pA 
25 50 75 

Temperature ('C) 

100 125 

±14 

±12 

« 

-55'C V ~25'~ 
~ v.; 25'C 

.s ±IO 

~ ~ V 
c: ±6 § 
() 

±6 

i 
CJl ±4 

±2 

d, '/" 
# V 

~ 
/' o 

o ±2 ±4 ±6 ±6 tlO ±12 ±14 ±16 

Y'N -Voltage Across Switch (V) 
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (CONT) 

TA = +25'C, Vs = ±15V, VAM = +4V, VAL = 0.8V and VREF = Open, unless otherwise noted. 

SUPPLY CURRENT vs TOGGLE FREQUENCY 

+15V1+10V 

14pF 

-15V1-10V 

NOTE: (1) Similar connection for MPC507A. 

ACCESS TIME vs LOGIC LEVEL (High) 

Probe .. ------------. 
I 

14pF: 

I 

- I 
1 ____ :._- ______ 1 

., 

.s. 
'" E 
;:: 

~ 
8 « 

8 

;(6 
g 

o 
100 

1000 

900 

800 

700 t--

600 

500 
1\ 

400 

300 

I 
/ 

vs=7 ) 
--' '/ Vs =±10V 

lk 10k lOOk 1M 10M 

Toggle Frequency (Hz) 

- V REF = Open for logic high levels';; 6V - t--
V REF = Logic high for logic high levels> 6V 

"-.. r...... 

3 4 5 6 7 8 9 10 11 12 13 14 15 

NOTE: Similar connection for MPC507A. 

ACCESS TIME WAVEFORM 

V AH 4.0V Address 
,/\ Drive (VA) 

~ -~ 

J. Inp~t f'l 
2V1Div I 

I 

10V I 

~190% 
: ~10V 
I I 
I I 

~ tA~~ 

\ 1/ 
\ Output A 

\ 1V1DiV, I 
'-.. / 

200nslDiv 
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For Immediate Assistance, Contact Your Local Salesperson 
INSTALLATION AND 
OPERATING INSTRUCTIONS 
The ENABLE input, pin 18, is included for expansion of 
the number of channels on a single node as illustrated in 
Figure 5. With ENABLE line at a logic 1, the channel is 
selected by the 3-bit (MPC507 A or 4-bit MPC506A) Chan
nel Select Address (shown in the Truth Tables). If ENABLE 
is at logic 0, all channels are turned OFF, even if the Channel 
Address Lines are active. If the ENABLE line is not to be 
used, simply tie it to +V supply. 

If the + 15V and/or -15V supply voltage is absent or shorted 
to ground, the MPC507 A and MPC506A multiplexers will 
not be damaged; however, some signal feedthrough to the 
output will occur. Total package power dissipation must not 
be exceeded. 

For best settling speed, the input wiring and interconnec
tions between multiplexer output and driven devices should 
be kept as short as possible. When driving the digital inputs 
from TTL, open collector output with pull up resistors are 
recommended (see Typical Performance Curves, Access 
Time). 

To preserve common-mode rejection of the MPC507 A, use 
twisted-shielded pair wire for signal lines and inter-tier 
connections and/or multiplexer output lines. This will help 
common-mode capacitance balance and reduce stray signal 
pickup. If shields are used, all shields should be connected 
as close as possible to system analog common or to the 
common-mode guard driver. 

J!l 0- In1 
" 0- In 2 MPC Out 
~ 0- In 3506A 28 1-"'''-------, E: Group 1 
:g, Cht-16 Group t 
~ 0- In 16 181-='=--'---, Multiplexer 

Output ~ Po, A-, A, Ao Enable 

6-Bit T" Direct 
~ 2-;' - -. Binary ~roOup: : ~ - - - - - - - ,- ~ 

~I: 21 : Counter 2 :: ~ J'-.'..... : 
1-+-1--<2' '-Ji ", " , 

+--+-H~: 23 : oo;t m -.-.-J ::: ...... ,..- -. -0 

:2:~ '0 ~ : -~ ~ .. '" Buffered 
, 2' ---+- ~ 0 I' ' OPA602 

,-I--L..-L--L..," - - -, -ll(..J : 1140PA404 

0- Aa A-, A, Ao To ' 
i!lo- ' - Group 4 Group, 

~ 0- MPC506~8 Enable 3 : 
8" 
iii ' 

;~ 
Group 4 Out : 

49-64 28 1-"'''------' 
Settling time to 0.01 % for Rs 1 COQ 
-Two MPC506A units in parallel 1 O~s 
-Four MPC507A units in parallel 12us 

FIGURE 5. 64-Channel, Single-Tier Expansion. 

CHANNEL EXPANSION 

Single-Ended Multiplexer (MPC506A) 

Up to 64 channels (four multiplexers) can be connected to a 
single node, or up to 256 channels using 17 MPC506A 
multiplexers on a two-tiered structure as shown in Figures 5 
and 6. 

Differential Multiplexer (MPC507A) 

Single or multitiered configurations can be used to expand 
multiplexer channel capacity up to 64 channels using a 
64 x 1 or an 8 x 8 configuration. 

Single-Node Expansion 
The 64xl configuration is simply eight (MPC507A) units 
tied to a single node. Programming is accomplished with a 
6-bit counter, using the 3LSBs of the counter to control 
Channel Address inputs Ao, AI' Az and the 3MSBs of the 
counter to drive a l-of-8 decoder. The l-of-8 decoder then 
is used to drive the ENABLE inputs (pin 18) of the MPC507 A 
multiplexers. 

Two-Tier Expansion 

Using an 8x8 two-tier structure for expansion to 64 chan
nels, the programming is simplified. The 6-bit counter 
output does not require a l-of-8 decoder. The 3LSBs of the 
counter drive the Ao, Al and Az inputs of the eight first-tier 
multiplexers and the 3MSBs of the counter are applied to the 
Au, AI' and Az inputs of the second-tier multiplexer. 

Single vs Multitiered Channel Expansion 

In addition to reducing programming complexity, two-tier 
configuration offers the added advantages over single-node 
expansion of reduced OFF channel current leakage (reduced 
OFFSET), better CMR, and a more reliable configuration if 
a channel should fail ON in ihe single-node configuration, 
data cannot be taken from any channel, whereas only one 
channel group is failed (8 or 16) in the multitiered configu
ration. 

Out 

En 

Out 

Multiplexer 
Output 

Direct 
281-....-----.() lnE;lll~ln1 

MPC506A 
I r - - - - - --. 
II .... 

Settling TIme to 
0.01 % is 20~s 
with Rs = 100n 

Out 

En 

En ',~', _ .......... 
18 ' +v:: : ... ~-o 

L_I + ......... 
I...... Buffered 

OPA602 
1140PA404 

FIGURE 6. Channel Expansion up to 256 Channels Using 
16x16 Two-Tiered Expansion 
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BURR - BROWN® 

IElElI MPC508A 
MPC509A 

Single-Ended 8-Channel/Differential 4-Channel 
CMOS ANALOG MULTIPLEXERS 

FEATURES 

• ANALOG OVERVOL TAGE PROTECTION: 
70Vp-p 

• NO CHANNEL INTERACTION DURING 
OVERVOLTAGE 

• BREAK-BEFORE·MAKE SWITCHING 

• ANALOG SIGNAL RANGE: ±1SV 

• STANDBY POWER: 7.SmW typ 

• TRUE SECOND SOURCE 

DESCRIPTION 
The MPC50SA is an S-channel single-ended analog 
multiplexer and the MPC509A is a 4-channel differen
tial multiplexer. 

The MPC50SA and MPC509A multiplexers have in
put overvoltage protection. Analog input voltages may 
exceed either power supply voltage without damaging 
the device or disturbing the signal path of other chan
nels. The protection circuitry assures that signal fidel
ity is maintained even under fault conditions that 
would destroy other multiplexers. Analog inputs can 
withstand 70Vp-p signal levels and standard ESD 
tests. Signal sources are protected from short circuits 
should multiplexer power loss occur; each input pre
sents a lkn resistance under this condition. Digital 
inputs can also sustain continuous faults up to 4V 
greater than either supply voltage. 

These features make the MPC50SA and MPC509A 
ideal for use in systems where the analog signals 
originate from external equipment or separately pow
ered sources. 

The MPC50SA and MPC509A are fabricated with 
Burr-Brown's dielectrically isolated CMOS technol
ogy. The multiplexers are available in a hermetic 
ceramic or plastic DIP and plastic SOlC packages. 
Temperature range is -40°C to +S5°C. 

FUNCTIONAL DIAGRAMS 

In 1 

In 2 o-/--..J\JV'-_ ........ --o~ 

Overvoltage 
Clamp and 

Signal 
Isolation 

NOTE: (1) Digital 
Input Protection. 

MPCSOBA 

lkn 

Decoder! 
Driver 

Out 

In lAO+-..J\J'V'---_-o....-; ,-_------+0 
• • In 4A O+-.JVV'--...... "--o--or---' 

Out A 

In lBot""'l'v:-~~~-O;-~I--;:===:::;-t? 
• O~B · In 4B ot-NV'-< ....... ""T"""--o--o----' 

Overvottage 
Clamp and 

Signal 
Isolation 

NOTE: (1) Digital 
Input Protection. 

MPC5D9A Ao A, EN 

Intematlonat Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 746-1111 • Twx: 9111-952·1111 • cable: BBRCORP • Telex: 066-6491 • FAX: (520) 889-1510 • Immediate Productlnlo: (800)548-6132 
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SPECIFICATIONS 
ELECTRICAL 
Supplies = + 15V, -15V: VAH (Logic Level High) = +4.0V, V AdLogic Level Low) = +O.BV, unless olherwise specified. 

MPC50BAl509A 

PARAMETER TEMP MIN TYP 

ANALOG CHANNEL CHARACTERISTICS 
Vs, Analog Signal Range Full -15 
RON. On Resistance(1) +25'C 1.3 

Full 1.5 
Is (OFF), Off Input Leakage Currenl +25'C 0.5 

Full 
10 (OFF), Off Oulput Leakage Current +25QC 0.2 

MPC50BA Full 
MPC509A Full 

10 (OFF) wilh Input Overvoltage Appliedl') +25'C 4.0 
Full 

10 (ON), On Channel Leakage Current +25'C 2 
MPC50BA Full 
MPC509A Full 

10lFF Differential Off Output Leakage Current 
(MPC509A Only) Full 

DIGITAL fNPUT CHARACTERfSTICS 
VAL' Input Low Threshold Drive Full 
V AH' Input High Thresholdl') Full 4.0 
lA' Input Leakage Current (High or Low)I') Full 

SWITCHING CHARACTERISTICS 
tAo Access Time +25QC 0.5 

Full 
IoPEN' Break-Before-Make Delay +25'C 25 BO 
ioN (EN), Enable Delay (ON) +25'C 200 

Full 
IoFF (EN), Enable Delay (OFF) +25'C 250 

Full 
Settling lime (0.1%) +25'C 1.2 

(0.01%) +2S'C 3.S 
"OFF Isolatlon"I') +2S'C SO 6B 
Cs (OFF), Channel Input Capacitance +25'C 5 
Co (OFF), Channel Output Capacitance: MPC508A +25'C 25 

MPCS09A +2S'C 12 
CA, Digital Input Capacitance 25"C S 
CDS (OFF), Input to Output Capacitance +25"C 0.1 

POWER REQUIREMENTS 
po. Power Dissipation Full 7.5 
1+, Current Pin 116) Full 0.7 
1-, Current Pin 2716) Full 5 

MAX UNITS 

+15 V 
1.5 !ill 
I.B kQ 

nA 
10 nA 

nA 
5 nA 
5 nA 

nA 
IlA 
nA 

10 nA 
10 nA 

10 nA 

O.B V 
V 

1.0 IlA 

lIS 
0.6 lIS 

ns 
ns 

500 ns 
ns 

500 ns 
I1s 
I1S 
dB 
pF 
pF 
pF 
pF 
pF 

mW 
1.5 mA 
20 I1A 

NOTES: (1) Vour = ±1 OV, lOur = -1 001lA. (2) Analog overvoltage = ±33V. (3) To drive from DTUTTL circuits. 1 !ill pull-up resistors to +5.0V supply are recommended. 
(4) DigHal input leakage is primarily due to the clamp diodes. Typical leakage is less than InA at 25'C. (5) VEN = O.BV, RL = lkQ, CL = 15pF, Vs = ?Vrms, f = 100kHz. 
Worst-case isolation occurs on'channel4 due to proximity of the output pins. (6) VEN, VA = OV or 4.0V. 

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 andior systems. 
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PIN CONFIGURATIONS 

Top View 

Ao 16 A, 

En 2 15 A2 

-VSUPPLY 3 14 Ground 

In 1 4 13 +VSUPPLY 

In 2 12 In 5 

In 3 11 In 6 

In 4 7 10 In 7 

Out 9 InS 

MPC508A (Ceramic) 
MPC508A (Plastic) 

TRUTH TABLES 

MPC508A 
"ON" 

A2 A, AD EN CHANNEL 

X X X L None 
l l l H 1 
l l H H 2 
L H L H 3 
l H H H 4 
H L L H 5 
H l H H 6 
H H L H 7 
H H H H S 

ABSOLUTE MAXIMUM RATINGS(1) 

Voltage between supply pins ............................................................... 44V 
V+ to ground ......•................................................................................. 22V 
V- to ground ........................................................................................ 25V 
Digital input overvoltage VEN ' VA: 

VSUPPLY (+) ................................................... +4V 
VSUPPLY (-) .................................................... -4V 
or 20mA, whichever occurs first. 

Analog input overvoltage V s: 
VSUPPLY (+) ................................................ +20V 
VSUPPLY (-) ................................................. -20V 

Continuous current,S or 0 ............................................................... 20mA 
Peak current, S or D 

(pulsed at 1 ms, 10% duty cycle max) ............................................ 40mA 
Power dissipation(2) .......................................................................... 1.2SW 
Operating temperature range ............................................ -40"C to +B5"C 
Storage temperature range ............................................. -65°C to + 150°C 

NOTE: (1) Absolute maximum ratings are limiting values, applied individu
ally. beyond which the serviceability of the circuit may be impaired. Func
tional operation under any of these conditions is not necessarily implied. 
(2) Derate 1.2SmWI"C above TA = +70°C. 

BURR-BROWN~ 

Top View 

AD 16 A, 

En 2 15 Ground 

-VSUPPLY 3 14 +VSUPPLY 

In 1A 4 13 In 1B 

In 2A 12 In 2B 

In3A 11 In 3B 

In4A 7 10 In4B 

Out A S 9 OutB 

MPC509A (Ceramic) 
MPC509 A (Plastic) 

MPC509A 
"ON" 

CHANNEL 

A, AD EN PAIR 

X X L None 
l L H 1 
l H H 2 
H L H 3 
H H H 4 

ORDERING INFORMATION 

TEMPERATURE 
MODEL PACKAGE RANGE DESCRIPTION 

MPC50SAP 16·Pin Plaslic DIP -40°C to +S5°C S-Channel 
Single·Ended 

MPC50BAU 16·Pin Plastic SOIC -40°C to +S5°C S-Channel 
Single·Ended 

MPC50SAG 16·Pin Ceramic DIP -40°C to +S5°C S-Channel 
Single·Ended 

MPC509AP 16·Pin Plastic DIP -40°C to +S5°C 4·Channel 
Differential 

MPC509AU 16-Pin Plastic SOIC -40°C to +S5°C 4·Channel 
Differential 

MPC509AG 16-Pin Ceramic DIP -40°C to +S5°C 4·Channel 
Differential 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER(') 

MPC50S/509AP 16-Pin Plastic DIP 1S0 
MPC50s/509AU 16·Pin Piastic SOIC 211 
MPC50s/509AG 16·Pin Ceramic 129 

NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix C of Burr·Brown IC Data Book. 
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DISCUSSION OF 
PERFORMANCE 
DC CHARACTERISTICS 

The static or dc transfer accuracy of transmitting the multi
plexer input voltage to the output depends on the channel ON 
resistance (RON)' the load impedance, the source impedance, 
the load bias current and the multiplexer leakage current. 

Single-Ended Multiplexer Static Accuracy 

The major contributors to static transfer accuracy for single
ended multiplexers are: 

Source resistance loading error; 
Multiplexer ON resistance error; 
and, DC offset error caused by both load bias current and 
multiplexer leakage current. 

Resistive Loading Errors 

The source and load impedances will determine the input 
resistive loading errors. To minimize these errors: 

Keep loading impedance as high as possible. This 
minimizes the resistive loading effects of the source 
resistance and multiplexer ON resistance. As a guideline, 
load impedances of lOsQ, or greater, will keep resistive 
loading errors to 0.002% or less for 1000Q source imped
ances. A I ()6Q load impedance will increase source 
loading error to 0.2% or more. 

Use sources with impedances as low as possible. 1000Q 
source resistance will present less than 0.001 % loading 
error and lOill source resistance will increase source 
loading error to 0.01 % with a lOS load impedance. 

Input resistive loading errors are determined by the following 
relationship (see Figure I). 

Source and Multiplexer Resistive Loading Error 

E (Rs+RoN) = Rs + RON x 100% 
Rs +RON +RL 

where Rs = source resistance 
RL = load resistance 
RoN = multiplexer ON resistance 

Input Offset Voltage 

Bias current generates an input OFFSET voltage as a result 
of the IR drop across the multiplexer ON resistance and 
source resistance. A load bias current of lOnA will generate 
an offset voltage of20llVif a lill source is used. In general, 
for the MPC508A, the OFFSET voltage at the output is 
determined by: 

VOFFSET = (Is + IJ (RON + Rs) 

where Is = Bias current of device multiplexer is driving 
IL = Multiplexer leakage current 
RoN = Multiplexer ON resistance 
Rs = source resistance 

Differential Multiplexer Static Accuracy 

Static accuracy errors in a differential multiplexer are diffi
cult to control, especially when it is used for mUltiplexing 
low-level signals with full-scale ranges of lOmV to 100mV. 

The matching properties of the multiplexer, source and 
output load play a very important part in determining the 
transfer accuracy of the multiplexer. The source impedance 
unbalance, common-mode impedance,load bias current mis
match, load differential impedance mismatch, and common
mode impedance of the load all contribute errors to the 
multiplexer. The multiplexer ON resistance mismatch, leak
age current mismatch and ON resistance also contribute to 
differential errors. 

The effects of these errors can be minimized by following the 
general guidelines described in this section, especially for 
low-level mUltiplexing applications. Refer to Figure 2. 

Load (Output Device) Characteristics 

Use devices with very low bias current. Generally, PET 
input amplifiers should be used for low-level signals less 
than 50mV FSR. Low bias current bipolar input amplifi
ers are acceptable for signal ranges higher than 50m V 
FSR. Bias current matching will determine the input 
offset. 

The system dc common-mode rejection (CMR) can never 
be better than the combined CMR of the multiplexer and 
driven load. System CMR will be less than the device 
which has the lower CMR figure. 

Load impedances, differential and common-mode, should 
be lOlOQ or higher. 

.---Jw--::r--Nif'-_---{)---1>--- vM 

: Measured 
: Voltage 

FIGURE 1. MPC508A DC Accuracy Equivalent Circuit. 

RS1 RON1A 

1L.8 

FIGURE 2. MPC509A DC Accuracy Equivalent Circuit. 
BURR-BRawN~ 
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Source Characteristics 

The source impedance unbalance will produce offset, 
common-mode and channel-to-channel gain-scatter er
rors. Use sources which do not have large impedance 
unbalances if at all possible. 

Keep source impedances as low as possible to minimize 
resistive loading errors. 

• Minimize ground loops. If signal lines are shielded, 
ground all shields to a common point at the system 
analog common. 

If the MPC509A is used for mUltiplexing high-level signals 
of±IV to ±10V full-scale ranges, the foregoing precautions 
should still be taken, but the parameters are not as critical as 
for low-level signal applications. 

DYNAMIC CHARACTERISTICS 

Settling Time 

The gate-to-source and gate-to-drain capacitance of the CMOS 
PET switches, the RC time constants of the source and the 
load determine the settling time of the multiplexer. 

Governed by the charge transfer relation i = C (dV/dt), the 
charge currents transferred to both load and source by the 
analog switches are determined by the amplitude and rise 
time of the signal driving the CMOS PET switches and the 
gate-to-drain and gate-to-source junction capacitances as 
shown in Figures 3 and 4. Using this relationship, one can see 
that the amplitude of the switching transients, seen at the 
source and load, decrease proportionally as the capacitance 
of the load and source increase. The trade-off for reduced 
switching transient amplitude is increased settling time. In 
effect, the amplitude of the transients seen at the source and 
load are: 

dVL = (i/C) dt 

where i = C (dV/dt) of the CMOS PET switches 
C = load or source capacitance 

The source must then redistribute this charge, and the effect 
of source resistance on settling time is shown in the Typical 
Performance Curves. This graph shows the settling time for 
a 20V step change on the input. The settling time for smaller 
step changes on the input will be less than that shown in the 
curve. 

MPC50BA Channel 

FIGURE 3. Settling Time Effects-MPC508A 

BURR-BROWN® 

>:<rA< 
~I~ 

o-+--+~ 

>:<rA< 

FIGURE 4. Settling and Common-Mode-Effects
MPC509A 

Switching Time 

This is the time required for the CMOS PET to tum ON 
a new digital code has been applied to the Channel Address 
inputs. It is measured from the 50 percent point of the address 
input signal to the 90 percent point of the analog signal seen 
at the output for a IOV signal change between channels. 

Crosstalk 

Crosstalk is the amount of signal feedthrough from the three 
(MPC509A) or seven (MPC508A) OFF channels appearing 
at the multiplexer output. Crosstalk is caused by the voltage 
divider effect of the OFF channel, OFF resistance and junc
tion capacitances in series with the RoN and Rs impedances 
of the ON channel. Crosstalk is measured with a 20Vp-p 
1kHz sine wave applied to all OFF channels. The crosstalk 
for these multiplexers is shown in the Typical Performance 
Curves. 

Common-Mode Rejection (MPC509A Only) 

The matching properties of the load, multiplexer and source 
affect the common-mode rejection (CMR) capability of a 
differentially multiplexed system. CMR is the ability of the 
multiplexer and input amplifier to reject signals that are 
common to both inputs, and to pass on only the signal 
difference to the output. For the MPC509A, protection is 
provided for common-mode signals of ±20V above the 
power supply voltages with no damage to the analog switches. 

The CMR of the MPC509A and Burr-Brown's !NAllO 
instrumentation amplifier is IlOdB at DC to 10Hz (G = 100) 
with a 6dB/octave roll off to 70dB at 1000Hz. This measure
ment of CMR is shown in the Typical Performance Curves 
and is made with a Burr-Brown model INAIlO instrumenta
tion amplifier connected for gains of 10, 100, and 500. 
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For Immediate Assistance, Contact Your Local Salesperson 
Factors which will degrade multiplexer and system DC CMR 
are: 

Amplifier bias current and differential impedance mis
match 
Load impedance mismatch 

Multiplexer impedance and leakage current mismatch 

Load and source common-mode impedance 

AC CMR roll off is determined by the amount of common
mode capacitances (absolute and mismatch) from each signal 
line to ground. Larger capacitances will limit CMR at higher 
frequencies; thus, if good CMR is desired at higher 
frequencies, the common-mode capacitances and unbalance 
of signal lines and multiplexer-to-amplifier wiring must be 
minimized. Use twisted-shielded-pair signal lines wherever 
possible. 

TYPICAL PERFORMANCE CURVES 
Typical at +25'C unless otherwise noted. 

~ 
Q) 

E 
i= 
~ 
E 
Q) 

II> 

1k 

100 

10 

0.1 
0.01 

SETILING TIME vs 
SOURCE RESISTANCE FOR 20V STEP CHANGE 

0.1 

'jij 

" ./ ffi 

TO±/ ~ 
-a; 0.1 

" " .. 
<: 
0 

a 0.01 

~ 

10 

Source Resistance (kn) 

120 

15 
~ 
~ 
1;; 

0.001 
<II e 
0 

0.0001 
100 

COMBINED CMR vs 
FREQUENCY MPC509A AND INA110 

11111 I 
~ 100 

U1IIG = 500 

" 
f'... 

~ 80 
" or 
a: 
" 60 "C 
0 

~ 40 0 
E 
E 
0 

20 0 

0 
10 

I"'"--

r-...... 

100 

Frequency (Hz) 

1~1 ~n;-;;o~ 
~ 

G= 10 .......... 

........ 

1k 

CROSSTALK vs SIGNAL FREQUENCY 

10 100 1k 10k 

Signal Frequency (Hz) 

10k 
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SWITCHING WAVEFORMS 

TYPICAL AT +2S'C UNLESS OTHERWISE NOTED. 

BREAK·BEFORE·MAKE DELAY ('oPEN) 

VA Input 

VAM 4.0V - r- 2V/Div 

IOn 
Output \ I 

W 
0.5V1Div 

~-- --r- -

II Address Drive 

~ L(VA) 
Output 

~ 
-.., ,-4---

IoPEN 

NOTE: (1) Similar connection tor MPCS09A. 100ns/Div 

ENABLE DELAY (ioN (EN), 'oFF (EN» 

Enable Drive 

-
I Enable Drive 
t- 2V/Div 

\ 
VAM 4.0V 

~ , , 

/ 
Output 

\ 
2V/Div I'--. 

: I Output 

~190%-1: I : I _ 90% , ' , 
-'IoN(EN),-' , 

, • -'toFF(EN)'-

NOTE: Similar connection far MPCS09A. 100ns/Div 

PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS 
Unless atheONise specified: TA = +2S, Vs = ±ISV, VAM = +4V, VAL = O.BV. 

ON RESISTANCE va ANALOG INPUT SIGNAL, 
SUPPLY VOLTAGE 

~ RON = V,1100~A _ V,_ 

In f--o 

~f--o 
Out 

V,N 

ON RESISTANCE vs ~ NORMALIZED ON RESISTANCE 

ANALOG INPUT VOLTAGE vs SUPPLY VOLTAGE 

1.4 1.6 

±12~'C" t" -~S'C -1.3 TA - +12S'C I.S 

I I I 8> VIN = +5V 
1.2 a ~ 1.4 

~1.1 ~ Ei~ 
~ Q) 1.3 

8 TA = +2S'C II: " "-a 1.0 8 ~ 1.2 
]l 

TA =-55'C 
'09 ......... m 0.9 ~~1.1 

"""-II: 
~ ~ ---15o.B o iii 1.0 ze:. 

0.7 0.9 

0.6 O.B 

-10 -8 -8 -4 -2 0 2 4 6 B 10 ±S ±6 ±7 ±B ±9 ±10 ±11 ±12 ±13 ±14 ±15 

Analog Input (V) Supply Voltage (V) 

BURR-BROWNilli 
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (CONT) 

SUPPLY CURRENT vs TOGGLE FREQUENCY 

+15V1+10V 

MPC508A(1) 

A, En h---<:)-------, 

14pF 

-15V1-10V 

NOTE: (1) Similar connection for MPC509A. 

LEAKAGE CURRENT vs TEMPERATURE 

~
n +0.8V 

Out 

, A ID(Off) 

±10V -= -=- 'F10V 

I I 
'F10V I 

En 

I I~10V +0.8V 

NOTE: (1) Two measurements per channel: + 1 OVI-1 OV and -1 OVl+1OV. 
(Two measurements per device for 10 (Off): +1 OVl-1 OV and -1 OVl+ 1 OV). 

ANALOG INPUT OVERVOLTAGE CHARACTERISTICS 

"7" 

"7" 

E 
!!1 
" CJ .. 
E 

COl 

3 

«' 
E 

8 

«'6 
g 
E 
CD 

5 4 
CJ 

.-5: 
g-
en 2 

a 

100nA 

10nA 

100 1k 

ID(On) 

I 
1/ 

VS=7 V 
..,./ V Vs = ±10V 

10k 100k 1M 10M 

Toggle Frequency (Hz) 

011 Output 
Current 

f==.= On Leakage 
ID(Off) 

I--- Current ID (On) 

1nA 

100pA 

21 

18 

10pA 
25 

--
1 __ 

I..---"'" 

011 Input -

..,./ Leakage Current ;; 
Is (011) = 

50 75 100 125 

Temperature (OC) 

7 

:;:-15 
V 

V / c: 
l!! 
51'2 
CJ 
S 
Q. 9 .5 
co 
0 

6 "iii 
c: 
< 

3 

./ 
Analog Input ,/ 

./ Current (I'N) /" 

/v ./ 
~ V f-"'"" Output Off 

Leakage Current 

/ 1

10
(' o 0 

±12 ±15 ±18 ±21 ±24 ±27 ±30 ±33 ±36 

Analog Input OvelVoltage (V) 

BURR-BROWN@ 

5.66 Burr-Brown Ie Data Book-MixedSignal Products 113131 



Or, Call Cuslomer Service aI1·800·548·6132 (USA Only) 
PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (CONT) 

ACCESS TIME vs LOGIC LEVEL (High) 

? ?+ISV 

VREF +V 
r---.-_ .. r- A, In If-o-l0V 

'~~. l~ A, MP;2~~r~ J-
n ";;::SOO Ao 508A!') In 8f-o+l0V-=-

Probe 
-= ~ .?:- EnGND V Oul -------------: 

+4V -i. 6-1SV i $10MO =F 14PF: 

- I I : 
I -=- I 1 ____ :. ________ 1 

NOTE: (1) Similar conneclion for MPCS09A. 

ACCESS TIME WAVEFORM 

VAM 4.0V Address 

~(VAl 
SO%, _ OV 

, 
10V ' 
~UtpUIA 

: I 90% 
" 10V , ' , , 

---, IA ,-

ON·CHANNEL CURRENT vs VOLTAGE 

-=-

aURR-BROWNIBI 

1000 

900 

g 800 

Q) 700 E 
;= 
iil 600 

\ Q) 

Jl SOO 
i'- ........ 

400 -
300 L-...I--l.._'--...I--l.._'--..L--.l........JI.-..L--.l...-I 

±14 

±12 

1 ±10 

C ±8 
~ 
(,) 

±6 .c 
£ 
'j; 

±4 en 

±2 

o 

3 4 S 6 7 8 9 10 11 12 13 14 IS 

Logic Level High (V) 

tlnp~ ') 
2V1Div I 

\ 1/ 
\ OulputA 

\ ~VlDiVI 

'-.. I 
200nslDiv 

-SSOC V+2S0 C 

~ V+\25°C 
~ / V 

~ "/ 

~ V 

~ 
/' 

o ±2 ±4 ±6 ±8 ±10 ±12 ±14 ±16 

V,N -Voltage Across Switch (V) 

0 
it) 
(J 
Il. 
:!E 

• en 
0: 
W 
>< 
W 
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INSTALLATION AND 
OPERATING INSTRUCTIONS 
The ENABLE input, pin 2, is included for expansion of the 
number of channels on a single node as illustrated in Figure 
5. With ENABLE line at a logic 1, the channel is selected by 
the 2-bit (MPC509A) or 3-bit (MPC508A) Channel Select 
Address (shown in the Truth Tables). If ENABLE is at logic 
0, all channels are turned OFF, even if the Channel Address 
Lines are active. If the ENABLE line is not to be used, simply 
tie it to +VSUPPLY' 

If the +15V and/or-15V supply voltage is absent or shorted 
to ground, the MPC509A and MPC508A multiplexers will 
not be damaged; however, some signal feedtbrough to the 
output will occur. Total package power dissipation must not 
be exceeded. 

For best settling speed, the input wiring and interconnections 
between multiplexer output and driven devices should be 
kept as short as possible. When driving the digital inputs 
from TTL, open collector output with pull-up resistors are 
recommended. 

To preserve common-mode rejection of the MPC509A, use 
twisted-shielded pair wire for signal lines and inter-tier 

, connections and/or multiplexer output lines. This will help 
common-mode capacitance balance and reduce stray signal 
pickUp. If shields are used, all shields should be connected as 
close as possible to system analog common or Jo the com
mon-mode guard driver. 

CHANNEL EXPANSION 

Single-Ended Multiplexer (MPC508A) 

Up to 32 channels (four multiplexers) can be connected to a 
single node, or up to 64 channels using nine MPC508A 
multiplexers on a two-tiered structure as shown in Figures 5 
and 6. 

0- In I 

~ '?"" In2 MPC Out 
~ 0- In 3 508A 8 r=----,---, 
.B': Group 1 

~ 6- In 8 Chl·8 2I-'G=ro.::;u:o:P:.cI,--_.., 
., Enable 

MuRiplexer 
Output 

A, A, Ao 
5-Bit To:: ________ ~!rect 

h~ -: Binary ~roup: : : I... : 

t-~·21 I Counter 2 I I I_I +.......... I 

~-H2' '''--0''' " , ' I II I --.-0 
I I Q) I I I ~ .. 

:23~ ~"8 : --: : ......... Buffered 
: 24--!- ~ .3 q , . OPA602 
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FIGURE 5. 32-Channel, Single-Tier Expansion. 
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FIGURE 6. Channel Expansion Up to 64 Channels Using 
8 x 8 Two-Tiered Expansion. 

Differential Multiplexer (MPC509A) 

Single or multitiered configurations can be used to expand 
multiplexer channel capacity up to 32 channels using a 
32 X lor" 16 channels using a 4 x 4 configuration. 

Single-Node Expansion 

The 32 X 1 configuration is simply eight (MPC509A) units 
tied to a single node. Programming is accomplished with a 
5-bit counter, using the 2LSBs of the counter to control 
Channel Address inputs Ao and Al and the 3MSBs of the 
counter to drive a 1-of-8 decoder. The l-of-8 decoder then is 
used to drive the ENABLE inputs (pin 2) of the MPC509A 
multiplexers . 

Two-Tier Expansion 

Using a4 x4 two-tier structure for expansion to 16 channels, 
the programming is simplified. A 4-bit counter output does 
not require a 1-of-8 decoder. The 2LSBs of the counter drive 
the Ao and A I inputs of the four frrst -tier multiplexers and the 
2MSBs of the counter are applied to the Ao and Al inputs of 
the second-tier multiplexer. 

Single vs Multitiered Channel Expansion 
In addition to reducing programming complexity, two-tier 
configuration offers the added advantages over single-node 
expansion of reduced OFF channel current leakage (reduced 
OFFSET), better CMR, and a more reliable configuration if 
a channel should fail in the ON condition (short). Should a 
channel fail ON in the single-node configuration, data cannot 
be taken from any channel, whereas only one channel group 
is failed (4 or 8) in the multitiered configuration. 
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BURR - BROWN® 

11131131 MPC800 
ABRIDGED DATA SHEET 

For Complete Data Sheet 
Call Fax Line 1-800-548-6133 

Request Document Number 10463 

High Speed 
CMOS ANALOG MULTIPLEXER 

FEATURES 
• HIGH SPEED 

100ns Access Time 
800ns Settling to 0.01% 
250ns Settling to 0.1% 

• USER-PROGRAMMABLE 
16-Channel Single-Ended or 
8-Channel Differential 

• SELECTABLE TTL OR CMOS 
COMPATIBILITY 

• WILL NOT SHORT SIGNAL SOURCES -
Break-Before-Make Switching 

• SELF-CONTAINED WITH INTERNAL 
CHANNEL ADDRESS DECODER 

• 28-PIN HERMETIC DUAL-IN-LiNE 
PACKAGE 

DESCRIPTION 
The MPC800 is a high speed multiplexer that is user
programmable for 16-channel single-ended operation 
or 8-channel differential operation and for TIL or 
CMOS compatibility. 

The MPC800 features a self-contained binary address 
decoder. It also has an enable line which allows the 
user to inhibit the entire multiplexer thereby facilitat
ing channel expansion by adding additional multi
plexers. 

High quality processing is employed to produce CMOS 
FET'analog channel switches which have low leakage 
current, low ON resistance, high OFF resistance, low 
feedthrough capacitance, and fast settling time. 

Two models are available, the MPC800KG for opera
tion from O°C to +75°C. 
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Decode, 
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Mumplexer 
Switches 
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For Immediate Assistance,Contact Your Local Salesperson 
SPECIFICATIONS 
ELECTRICAL 
At TA = +25'C and±Vcc = 15V, unless otherwise noted. 

MPC800KG 

PARAMETER MIN TYP MAX 

ANALOG INPUTS 
Voltage Range -15 +15 
Maximum Overvoltage -Vee -2 +Vcc +2 
Number of Input Ohannels 

Differential 8 
Single-Ended 16 

Reference Voltage Rangell) 6 10 
ON Characteristics(2) 

ON Resistance (RON) at +25'C 620 750 
Over Temperature Range 700 1000 

RON Drift vs Temperature See Typical Performance Curves 
RON Mismatch 

I 
< 10 

I ON Channel Leakage 0.04 
Over Temperature Range 0.6 100 

ON Channel Leakage Drift See Typical Performance Curves 
OFF Characteristics 

I I 
OFF Isolation 90 
OFF Channel Input Leakage 0.01 

Over Temperature Range 0.38 50 
OFF Channel Input Leakage Drift See Typical Performance Curves 
OFF Channel Output Leakage 

I 
0.035 

I Over Temperature Range 0.48 100 
OFF Channel Output Leakage Drift See Typical Performance Curves 
Output Leakage (All channels disabled)(3) 0.02 
Output Leakage with Overvoltage 

+16V Input < 0.35 
-16V Input < 0.65 

DIGITAL INPUTS 
Over Temperature Range 

TILl4) 
Logic "0" (VAL) 0.8 
Logic "I" (V AH) 2.4 
IAH 0.05 1 
IAl 4 25 
TIL Input Overvoltage -6 6 

CMOS 
Logic "0" (VAl) 0.3VREF 
Logic "1" (V AH) 0.7VREF 
CMOS Input Overvoltage -2 +Vcc +2 
Address A, Overvoltage -Vce -2 +Vcc +2 
Digital Input Capacitance 5 

Channel Select(S) 
Single-Ended 4-bit Binary Code One of 16 
Differential 3-bit Binary Code One of 8 
Enable Logic "0" Inhibits All Channels 

POWER REQUIREMENTS 
Over Temperature Range 

Rated Supply Voltage ±15 
Maximum Voltage Between 

Supply Pins 33 
Total Power Dissipation 525 
Allowable Total Power Dissipationl.) 1200 
Supply Drain (+25'C) 

At 1 MHz Switching Speed +35, -39 
At 100kHz Switching Speed +25, -29 

UNITS 

V 
V 

V 

n 
n 

n 
nA 
nA 

dB 
nA 
nA 

nA 
nA 

nA 

rnA 
rnA 

V 
V 

IIA 
IIA 
V 

V 
V 
V 
V 
pF 

V 

V 
mW 
mW 

rnA 
rnA 

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

ELECTRICAL 
AlTA = +25"C and ±Vec = 15V, unless otherwise noted. 

MPC800KG 

PARAMETER MIN TYP 

DYNAMtC CHARACTERISTICS 
1_ < 0.0003 1 Gain Error 

Crosstalkl7) See Typical Performance Curves 
T OPEN (Break-before-make delay) 20 
Access Time at +25°C 100 

Over Temperature Range 120 
Settling TimelS) 

to 0.1% (20mV) 250 
to 0.01% (2mV) 800 

Common-Mode Rejection (Differential) 
DC > 125 
60Hz > 75 

OFF Channel Input Capacitance, Cs 2.5 
OFF Channel Output CapaCitance, Co lS 
OFF Input to Output CapaCitance, Cos 0.02 

TEMPERATURE 
MPCSOOKG 

Specification 0 
Storage -65 

MAX UNITS 

% 

ns 
150 ns 
200 ns 

ns 
ns 

dB 
dB 
pF 
pF 
pF 

+75 'c 
+150 'C 

NOTES: (1) Reference voltage controls noise immunity, normally left open for TTL compatibility and connected to Voo for CMOS compatibility. (2) V,N = ±1 OV, lOUT 
= 1001JA. (3) Single-ended mode. (4) Logic levels specified for VREF (pin 13) open. (5) For single-ended operation, connect output A (pin 2S) to output B (pin 2) 
use A, (pin 14) as an address line. Fordi!!erential operation connect A, to-Vee. (6) Derate SmW/'C above TA = +75'C. (7) 1 OVp-p sinewave on all unused 
See Typical Performance Curves. (8) For 20V step input to ON channel, into 1 kn load. 

PIN CONFIGURATION 

Top View 

+Vcc 28 Out A 

NC INS/SA 

1N7!7A 

INS/6A 

IN5/5A 

INl3!5B IN4/4A 

INl2!4B IN3/3A 

INll/3B IN2!2A 

IN10/2B IN1/1A 

IN9/1B ENABLE 

GND 

A, 14 15 A2 

BURR-BROWN~ 

ORDERING INFORMATION 

MODEL PACKAGE TEMPERATURE RANGE 

MPCSOOKG Single-Wide Cerdip 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER!') 

MPCSOOKG 2S-Pin Single-Wide Cerdip 22S 

NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix C of Burr-Brown IC Data Book. 
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For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES 
AlTA = +25'C and ±Vcc = 15V, unless otherwise noted. 

CROSS TALK vs SIGNAL FREQUENCY LEAKAGE CURRENTS vs TEMPERATURE 

-'" 
OJ i 0.0001 

u 0.00001 
/ 

100 

/ 
/ 

/ 

lk 10k lOOk 

Signal Frequency (Hz) 

;( 
.s 
E 

~ 
u 
" ~ ., 
" ...J 

1M 10M 

1000 

100 
"ON" Channel 

10 I--- JOFF" Output --
0.1 
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COMBINED CMR vs FREQUENCY 
FOR MODEL 3630 AND MPC800 RON DRIFT vs TEMPERATURE 
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BURR - BROWN® 

IElElI MPC801 
ABRIDGED DATA SHEET 

For Complete Data Sheet 
Call Fax Line 1·800·548·6133 

Request Document Number 10464 

High Speed 
CMOS ANALOG MULTIPLEXER 

FEATURES 
• HIGH SPEED 

80ns Access Time 
800ns Settling to 0.01 % 
250ns Settling to 0.1 % 

• USER-PROGRAMMABLE 
8-Channel Single-Ended or 
4-Channel Differential 

• SELECTABLE TTL OR CMOS 
COMPATIBILITY 

• WILL NOT SHORT SIGNAL SOURCES -
Break-Before-Make Switching 

• SELF-CONTAINED WITH INTERNAL 
CHANNEL ADDRESS DECODER 

• 18-PIN HERMETIC DUAL-IN-L1NE 
PACKAGE 

DESCRIPTION 
The MPC801 is a high speed multiplexer that is user
programmable for 8-channel single-ended operation 
or 4·channel differential operation and for TIL or 
CMOS compatibility. 

The MPC801 features a self-contained binary address 
decoder. It also has an enable line which allows the 
user to inhibit the entire multiplexer thereby facilitat
ing channel expansion by adding additional multi
plexers. 

High quality processing is employed to produce CMOS 
PET analog channel switches which have low leakage 
current, low ON resistance, high OFF resistance, low 
feedthrough capacitance, and fast settling time. 

Two models are available, the MPC80lKG for opera
tion from O°C to +75°C. 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS 
ELECTRICAL 
At TA = +25'C and ±Vcc = 15V, unless otherwise noted. 

MPC801KG 

PARAMETER MIN TYP MAX 

ANALOG INPUTS 
Voltage Range -15 +15 
Maximum Overvoltage -Vcc -2 +Vcc +2 
Number of Input Channels 

Differential 4 
Single-Ended 8 

Reference Voltage Range(1) 6 10 
ON Characteristicsl2} 

ON Resistance (RON) at +25'C 500 750 
Over Temperature Range 700 1000 

RON Drift vs Temperature .. See Typical Performance Curves 
RON Mlsmalch 

I 
< 10 

I ON Channel Leakage 0.1 
Over Temperature Range 0.3 50 

ON Channel Leakage Drift See Typical Performance Curves 
OFF Characteristics 

I I 
OFF Isolation 90 
OFF Channel Input Leakage 0.05 

Over Temperature Range 0.6 50 
OFF Channel Input Leakage Drift See Typical Performance Curves 
OFF Channel Output Leakage 

I 
0.1 

I Over Temperature Range 0.30 50 
OFF Channel Output Leakage Drift See Typical Performance Curves 
Output Leakage 

(All channels disabled)13) 0.02 
Output Leakage with Overvoltage 

+16V Input < 0.35 
-16V Input < 0.65 

DIGITAL INPUTS 
Over Temperature Range 

TTU'} 
Logic "0" (VAL) 0.8 
Logic "1" (V AH) 2.4 
IAH 0.05 1 
IAL 4 20 
TTL Input Overvoltage -6 6 

CMOS 
LogiC "0" (VAL) 0.3VREF 
Logic "1" (V AH) 0.7VREF 
CMOS Input Overvoltage -2 +Vcc +2 
Address A2 Overvoltage -Vcc -2 +Vcc +2 
Digital Input Capacitance 5 

Channel Selectl5} 
Single-Ended 3-bit Binary Code One of 8 
Differential 2-bit Binary Code One of 4 
Enable Logic '0" Inhibits All Channels 

POWER REQUIREMENTS 
Over Temperature Range 

Rated Supply Voltage ±15 
Maximum Voltage Between 
Supply Pins 33 
Total Power Dissipation 360 
Allowable Total Power Dissipationl.} 725 
Supply Drain (+25'C) 

At 1 MHz Switching Speed +14, -12.5 
At 100kHz Switching Speed +12.5, -12.5 

UNITS 

V 
V 

V 

Q 

Q 

Q 

nA 
nA 

dB 
nA 
nA 

nA 
nA 

nA 

mA 
mA 

V 
V 
~A 
~A 
V 

V 
V 
V 
V 
pF 

V 

V 
mW 
mW 

mA 
mA 

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN 
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject 
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not 
authorize or warrant any BURR-BROWN product for use in life support devices and/or systems. 
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SPECIFICATIONS (CONT) 
ELECTRICAL 
At TA = +25'C and ±Vcc = 15V, unless otherwise noted. 

MPC801KG 

PARAMETER MIN TYP 

DYNAMIC CHARACTERISTICS 

I. < 0.0003 J Gain Error 
Crosstalk(7) See Typical Performance Curves 
T OPEN (Break-before-make delay) 20 
Access Time at +25°C 80 

Over Temperature Range 110 
Settling TimelS) 

to 0.1% (20mV) 250 
to 0.01 % (2mV) 800 

Common-Mode Aejection (Differential) 
DC > 125 
60Hz > 75 

OFF Channel Input Capacitance, Cs 1.9 
OFF Channel Output Capacitance, Co 10 
OFF Input to Output Capacitance, CDS 0.02 

TEMPERATURE 
MPC800KG 

Specification 0 
Storage -65 

MAX UNITS 

% 

ns 
125 ns 
150 ns 

ns 
ns 

dB 
dB 
pF 
pF 
pF 

+75 'c 
+150 'c 

NOTES: (1) Aeference voltage controls noise immunity, normally left open for TTL compatibility and connected to Voo for CMOS compatibility. (2) Y'N = ±1 OV, 
= 100"A. (3) Single-ended mode. (4) Logic lavels specified for VREF (pin 8) open. (5) For single-ended operation, connect output A (pin 18) to output B (pin 2) 
use A, (pin 9) as an address line. Fordiflerential operation connect A, to -Vcc. (6) Derate 8mWPC above TA = +75'C. (7) 10Vp-p sine wave on all unused 
See Typical Performance Curves. (8) For 20V step input to ON channel, into 1 kQ load. 

PIN CONFIGURATION 

Top View 

+Vcc 

OutB 

IN8/4B 

IN7/3B 

IN6/2B 

IN5/1B 

GND 

BURR·BROWN® 

18 OutA 

ORDERING INFORMATION 

MODEL PACKAGE TEMPERATURE AANGE 

MPC801KG Cerdip 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER") 

MPC801KG 18-Pin Single-Wide Cerdip 266 

NOTE: (1) For detailed drawing and dimension table, please see end of data 
sheet, or Appendix C of Burr-Brown IC Data Book. 
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For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES 
AIT, = +25'C and ±Vcc = 15V, unless otherwise noted. 
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6 SampleIHold Amplifiers 

Sample/hold amplifiers are a key part of an AID 
conversion solution. While many new AID con
verters have a self-contained sample/hold on the 
AID chip, sample/hold amplifiers play a role in 
specialized applications such as multiple channel 
simultaneous sampling, and ultra-high speed sam
pling and multichannel output applications. 

BURR-BROWN@! 

Use of a sample/hold increases the sampling band
width of an analog-to-digital converter by up to 
four orders of magnitude, while insuring that an 
accurate value of the signal to be converter is 
captured at a specific instant in time. 
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Sample/Hold Amplifiel's 

12-BIT 

SAMPLE/HOLD 
AMPLIFIERS 

(Acquisition Time, max) 

SHC605 (O.35~s) 
SHC804 (O.35~s) 
SHC803 (O.35~s) 
SHC5320 (1.5~s) 
SHC298 (10~s) 

14-BIT 
SHC76 (6~s) 

WIDE-BAND 
SHC615 (15ns) 
SHC804 (O.35~s) 

SHC605 (O.03~s) 

• DENOTES TYPICAL 

BOLD DENOTES NEW PRODUCT 

BOLO, ITALIC DENOTES PRODUCT IN DEVELOPMENT 

Some specifications have been estimated for comparison 
purposes. Refer to data sheets for guaranteed specifications. 
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SHC298 
SHC605 
SHC615 
SHC803 
SHC804 
SHC5320 

Gain Offset 
Error Error 
(%) (mV) 

±0.02 ±3 
±0.01 ±7 
±0.1 ±5 
0.1(3) 8 (typ) 
±0.1 ±3 
±0.1 ±3 
NA ±0.5 

Small Acq 
Charge Signal Time 
Offset Bandwidth to 0.01% 
(mV) (MHz) (typ) (~s max) 

±6typ 1.5 3 
±25 max 0.125 10 
±20 200 0.02' 

750 15ns(3) 

±10 16 0.35 
±5 16 0.35 
±1 typ 2 1.5 

SAMPLE/HOLD 
Droop Input CIRCUITS 
Rate Temp Range 
~V1~} Range(1) (Vp-p) Pkg(2) Description 

±1 Ind. Com, Mil 20 HMD Fast, High Accuracy 

±100,OOO Com,lnd 23 PDIP, MC, SOIC Lowest Cost Industry Std 

±8000 Ext 4.0 16-p SOIC Low Cost 
±33,OOO(3) Xlind 2 PDIP, SOIC Wideband DC Restoration Cir 
±5 Ind 20 HMD High Speed with Bufler 
±5 Ind 20 HMD High Speed 
±0.5 Com,Mil 20 HCD, PDIP, SOIC Low Cost, Fast Industry Std 

~ 
tl 

NOTES: (1) Temperature Range: Com = GOC to +7GoC, Ind =-25°C to +85°C, Mil =-55°C to +125°C, Ext =-4GoC to +85°C. (2) MC = Metal Can, PDIP = Plastic DIP, HCD = Hermetic Ceramic DIP, CD = Ceramic DIP, HMD = Hermetic 
Metal DIP, SOIC = Surface Mount Package. (3) With 27pF external hold capacitor. 
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SAMPLE/HOLD AMPLIFIERS 

• DENOTES TYPICAL 

BOLD DENOTES NEW PRODUCT 

BOLD, ITALIC DENOTES PRODUCT IN DEVELOPMENT 

Some specifications have been estimated for comparison 
purposes. Refer to data sheets for guaranteed specifications. 
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For Immediate Assistance, Contact Your Local Salesperson 

BURR - BROWN® 

IElElI SHC76 

SAMPLE/HOLD AMPLIFIER 

FEATURES 
• FAST (611S max) ACQUISITION TIME 

(14-bit) 

• APERTURE JITTER: 400ps 

• POWER DISSIPATION: 300mW 

• COMPATIBLE WITH HIGH RESOLUTION 
AID CONVERTERS ADC76, PCM75, AND 
ADC71 

Summing 
Junction 

Analog 
3kn 

Input 

5tH 
Digital 
Input 

-=-

DESCRIPTION 
The SHC76 is a fast, high-accuracy hybrid sample/ 
hold circuit suitable for use in high-resolution data 
acquisition systems. 

The SHC76 is complete with internal hold capacitor 
and incorporates an internal compensation network 
which minimizes sample-to-hold charge offset. The 
SHC76 is configured as a unity-gain inverter. 

High-resolution converters such as the ADC76 and 
ADC71 are compatible with SHC76 in forming 
complete, 14-bit accurate analog-to-digital conversion 
systems. 

The SHC76 comes in a 14-pin single-wide hermetic 
metal DIP. Power supply requirements are specified 
from ±14.5V to ±15.5V with guaranteed operation 
from ±l1.4V to ±18V. Input voltage range is ±IOV. 
The SHC76 is available in two temperature ranges: 
KM, for O°C to + 70°C; and BM, for -2SoC to +85°C 
operation. 

3kn 

Analog 
Output 

International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, A1. 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, A1. 85706 
Tel: (520) 746·1111 • Twx: 910-952·1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (520) 889·1510 • Immediate Product Info: (800) 548-6132 
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Or, Call Cuslomer Service aI1·800·548·6132 (USA Only) 
SPECIFICATIONS 
ELECTRICAL 
Typical at +25'C, and nominal power supply voltage of ±15V, unless otherwise noted. 

SHC76KM, BM 

PARAMETER MIN TYP 

ANALOG INPUTS 
Voltage Range ±IO 
Overvollage, no damage 
Impedance 3000 

DIGITAL INPUT 
(TTL-Compalible) 
Track Mode, Logic "I" 2 
Hold Mode, Logic '0" 0 
I'H, V,H = 2.4V 
I'L' VIL = O.4V 

ANALOG OUTPUT 
Voltage ±IO 
Current 5 
Short-Circuit Current 20 
Impedance I 

DC ACCURACYISTABILITY 
Gain -1.00 
Gain Error ±C.OI 
Gain Nonlinearity 
(±10V Output Track) ±0.001 
Gain Temperature Coefficient 1 
Offset Voltagel') 
Output Offset al T MIN, T MAX (Track) ±5 

TRACK MODE DYNAMICS 
Freqency Response 

Small Signal (-3dB) 1.5 
Full Power Bandwidth 0.5 

Slew Rate 30 
Noise in Track Mode 

(DC to 1.0MHz) 200 

TRACK·TO·HOLD SWITCHING 
Aperture Time 30 
Aperture Uncertainty (Jitter) 0.4 
Offset Step (Pedestal) ±2 

Pedestal at Temperature 
KM Grade ±4 
BM Grade ±5 

Switching Transient 
Amplitude 200 
Settling to 1 mV 0.5 
Settling to 0.3mV 1 

HOLD MODE DYNAMICS 
Droop Rate 0.1 
Droop Rate atT MAX 

Feedthrough Rejection 
(10Vp-p, 20kHz) 74 86 

HOLD-TO·TRACK DYNAMICS 
Acquisition Time 

To ±0.01% of 20V 1.5 
To ±0.003% of 20V 4 

POWER REQUIREMENTS 
Nominal Voltages for Rated 

Performance ±14.5 ±15 
Operating Rangel') ±11.4 
Power Supply Rejection 100 
Supply Current: +Vs 15 

-Vs -4 
Power Dissipation 300 

TEMPERATURE RANGE 
Operating: KM Grade 0 
BM Grade -25 
Storage -55 

NOTES: (1) Adjustable to zero with external circuit. (2) Operating to derated performance with V,N < Vs -5V. 

BURR~BROWNIIII 
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MAX UNITS 

V 
±15 V 

Q 

5.5 V 
0.8 V 
400 ~A 

tOOO ~ 

V 
mA 
mA 
Q 

VN 
±0.02 % 

~ % ..... 
5 ppml"C 0 ±3 mV 

mV J: 
U) 

MHz 
MHz 
V/~s 

~Vrms 
U) 
a:: ns 

ns W 
±4 mV u:: 

mV :J 
mV Il. 

:E mV 
2 ~s <C 
3 ~s 0 

..J 
1 ~VI~ 0 100 ~VI~ 

J: 
dB ill 

..J 
Il. 

3 ~s 

:E 6 ~s 

<C 
U) 

±15.5 V 
±18 V 

~VN 
20 mA 

-10 mA 
500 mW 

+70 'C 
+85 'C 
+125 'C 
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For Immediate Assistance, Contact Your Local Salesperson 
CONNECTION DIAGRAM 

Sample/Hold Digital Input I 

NC 2 

NC 3 

Digital Common 4 

Analog Common 6 

Offset Adjust 7 

ABSOLUTE MAXIMUM RATINGS(1) 

Voltage Between +Vcc and -Vee Terminals ...................................... 40V 
Input Voltage ......................................................... Actual Supply Voltage 
Differential Input Voltage ..•............................................................... ±24V 
Digital Input Voltage .........•.......•........................................ -C.SV to +S.SV 
Output Current Continuous!2' ......................................................... ±20mA 
Internal Power Dissipation ................................................... , ......... SOOmW 
Storage Temperature Range .................................. -65·C < TA < + t50·C 
Output Short-Circuit Duration!" ........................... Momentary to Common 
Lead Temperature (soldering, lOs) ............................................... +300·C 

NOTES: (t) Absolute maximum ratings are limning values, applied individually, 
beyond which the servicabilijy of the circuit may be impaired. Functional operation 
under any of these conditions is not necessarily implied. (2) Internal pewer 
dissipation may limit output current to less than +20mA. (3) WARNING: This 
device cannot withstand even a momentary short circuit to either supply, 

PACKAGE INFORMATION 
PACKAGE DRAWING 

MODEL PACKAGE NUMBER!') 

SHC76KM 14--Pin Single-Wide, 107 
Hermetic Metal DIP 

SHC76BM 14-Pin Single-Wide, t07 
Hermetic Metal DIP 

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

ORDERING INFORMATION 

MODEL PACKAGE TEMPERATURE RANGE 

SHC76KM 14-Pin Single-Wide, O·C to +70·C 
Hermetic Metal DIP 

SHC76BM 14-Pin Single-Wide, -25°C to +85°C 
Hermetic Metal DIP 

Logic 
Control 

12 Summing Junction 

11 +15VSupply 

9 Offset Adjust 

L--+----4~___1 8 Analog Output 

PIN ASSIGNMENTS 
PIN DESCRIPTION 

I Digital Input 
2 No Connection 
3 No Connection 
4 Digital Ground 
5 No Connection 
6 Analog Ground 
7 Offset Adjust 

10kll 
__ -ISV 

PIN DESCRIPTION 

8 Analog Output 
9 Offset Adjust 
10 No Connection 
II +15V Supply 
12 Summing Junction 
13 Analog Input 
14 -15V Supply 

A ELECTROSTATIC 
J.!t&.. DISCHARGE SENSITIVITY 
This integrated circuit can be damaged by ESD, Burr-Brown 
recommends that all integrated circuits be handled with 
appropriate precautions, Failure to observe proper handling 
and installation procedures can cause damage. 

ESD damage can range from subtle performance degrada
tion 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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Or, Call Customer Service at 1·800·548·6132 (USA Only) 
DISCUSSION OF 
SPECIFICATIONS 
THROUGHPUT NONLINEARITY 

This is defined as total Hold mode, nonadjustable, input to 
output error caused by charge offset, gain nonlinearity, 
droop, feedthrough, and thermal transients. It is the inaccu
racy due to these errors which cannot be corrected by Offset 
and Gain adjustments. 

GAIN ERROR 

The difference between the input and output voltage magni
tude (in the Sample mode) due to the amplifier gain errors. 

DROOP RATE 

The voltage decay at the output when in the Hold mode due 
to storage capacitor and FET switch leakage current and the 
input bias current of the output amplifier. 

FEEDTHROUGH 

The amount of output voltage change caused by an input 
voltage change when the sample/hold is in the Hold mode. 

APERTURE DELAY TIME 

The time required to switch from Sample-to-Hold. The time 
is measured from the 50% point of the Hold mode control 
transition to the time at which the output stops tracking the 
input. 

APERTURE UNCERTAINTY TIME 

The nonrepeatibility of aperture delay time. 

ACQUISITION TIME 

The time required for the sample/hold output to settle within 
a given error band of its final value when the sample/hold is 
switched from Hold-to-Sample. 

CHARGE OFFSET (PEDESTAL) 

The output voltage change that results from charge coupled 
into the Hold capacitor through the gate capacitance of the 
switching field effect transistor. This charge appears as an 
offset at the output. 

v 
Sample·lo·Hold 

;' Transienl 

Hold 

Droop 

FIGURE 1. Definition of Acquisition Time, Droop and 
Sample-to-Hold Transient. . 

BURR-BROWN® 

SAMPLE-TO·HOLD SWITCHING TRANSIENT 

The switching transient which appears on the output when 
the sample/hold is switched from Sample-to-Hold. Both the 
magnitude and the settling time of the transient are specified. 

SAMPLED DATA ACQUISITION 
SYSTEM CALCULATIONS 

The rated accuracy of an AID converter in combination with 
the aperture uncertainty of a sample/hold determine the 
maximum theoretical input slew rate (frequency) of a given 
sampled data system. 

Sine Wave fMAX = (2-N FSR) + (21t A t) 
A = max Input Signal Amplitude (peak-to-peak) 
FSR = Full-Scale Range of AID Converter 
t = Aperture Uncertainty of S/H (jitter) 
N = Number of Bits Accuracy 

Given below are the maximum input frequencies of two 
AID converters in conjunction with the SHC76: 

SHC76 13-bit Sine Wave fMAX = 
(0.000122 • 20V) + (2 • 1t • 20V • O.4ns) = 48.6kHz 

SHC76 14-bit Sine Wave fMAX = 
(0.000061 • 20V) + (2 • 1t • 20V • O.4ns) = 24.3kHz 

The maximum throughput rate is determined by adding all 
critical conversion process times together. Throughput rate 
cannot exceed the maximum input frequency determined by 
the accuracy and jitter specs without degrading system 
performance. Two samples per period of a sine wave are 
required to satisfy the Nyquist sampling theorem. A low
pass filter is required to cut off frequencies higher than the 
maximum throughput frequency to prevent aliasing errors 
from occuning. 

Throughput fMAX (2 samples) = 
1 + [2 (S/H acquisition time + S/H settling time 
+ AID conversion time)] 

Table I is a listing of various AID throughput rates using the 
SHC76 S/H amplifier (assuming two samples per period). 

ACCURACY CONVERSION RESOLUTION THROUGHPUT 
CONVERTER (Bits) SPEED{fIs) (BHs) F"",(1<Hz) 

ADC76KG 14 17 16 19.2 
14 16 15 20.0 
14 15 14 20.8 

ADC76JG 13 17 16 23.8 
13 16 15 25.0 
13 15 14 26.3 

ADC71KG 14 57 16 7.58 
14 54 15 7.94 
14 50 14 8.47 

ADC71JG 13 57 16 8.20 
13 54 15 8.62 
13 50 14 9.26 

TABLE I. AID Converter Throughput Rates. 

IElElI Burr-Brown Ie Data Book-Mixed Signal Products 6.7 
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For Immediate Assistance, Contact Your Local Salesperson 
APPLICATIONS 
Figures 2 and 3 show the SHC76 in combination with an 
ADC76 and ADC7l to provide 14-bit accurate AID conver
sion systems. . 

Analog r,...-,',----, 
Input 

-10Vto 
+10V 

Convert 
Status 

FIGURE 2. A 20kHz AID Conversion System (14-bit 
accurate). 

Analog r,....-J,----, 
Input 

-10Vto 
+10V 

Convert 
Stalus 

FIGURE 3. A 8.47kHz AID Conversion System (14-bit 
accurate). 
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BURR - BROWN® 

113131 SHC298 
SHC298A 

Monolithic 
SAMPLE/HOLD AMPLIFIER 

FEATURES 
• 12-BIT THROUGHPUT ACCURACY 

• LESS THAN 10jls ACQUISITION TIME 

• WIDEBAND NOISE LESS THAN 20jlVrms 

• RELIABLE MONOLITHIC CONSTRUCTION 

• 1010Q INPUT RESISTANCE 

• TTL-CMOS-COMPATIBLE LOGIC INPUT 

Analog 
Input 

Logic 

Offset Adjust 

,----- ~-----------------------i 
, 30kfl , , , , , , , , , , 

'5 
Output 

"--./lfVI.--+"o Hold 
Capacitor . , 

, ' , ' 
~------------------------------: 

Mode Control (SlH) Input 

DESCRIPTION 
The SHC298 and SHC298A are high-perfonnance 
monolithic sample!hold amplifiers featuring high DC 
accuracy with fast acquisition times and a low droop 
rate. Dynamic perfonnance and holding perfonnance 
can be optimized with proper selection of the external . 
holding capacitor. With a lOOOpF holding capacitor, 
12-bit accuracy can be achieved with a 61JS acquisition 
time. Droop rates less than Sm V Imin are possible with 
a IflF holding capacitor. 

These sample/holds will operate over a wide supply 
voltage ranging from ±SV to ±18V with very little 
change in perfonnance. A separate Offset Adjust pin 
is used to adjust the offset in either ·the Sample on the 
Hold modes. The fully differential logic inputs have 
low input current, and are compatible with TTL, SV 
CMOS, and CMOS logic families. 

The SHC298AM is available in a hennetically sealed 
8-pin TO-99 package and is specified over a tempera
ture range from -25°C to +8SoC. The SHC298JP and 
SHC298JU are 8-pin plastic DIP and sorc packaged 
parts specified over O°C to + 70°C. 

The SHC298AJP, specified over O°C to +70°C, is 
available in an 8-pin plastic DIP. The SHC298A grade 
features improved gain and offset error, improved drift 
over temperature, and faster acquisition time. . 

The SHC298 family is a price-perfonnance bargain. It 
is well suited for use with several 12-bit AID convert
ers in data acquisition systems, data distribution 
systems, and analog delay circuits. 

International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson BlVd. • Tucson, AZ 85706 
Tel: 746-1111· Twx: 910-!lS2·1111 • Cable:BBRCORP • Tele.:066-6491 • FAX: 889-1510. ImmedlaleProductlnfo: 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS 
ELECTRICAL 
At TJ = +25°C, ±15V supplies, 1000pF holding capacitor, -11.5V,; V,N ,; +11.5, RL = 10kn, Logic Reference Voltage = OV, and Logic Voltage = 2.5 V, unless 
otherwise noted. 

SHC29BAM, JP, JU SHC298AJP 

PARAMETER MIN TYP MAX MIN TYP MAX UNITS 

ANALOG INPUT 
Resistance 10'0 n 
Bias Current(1) 10 50 25 nA 

DIGITAL INPUT Pin 7 Pin 8 Circuit State 

Mode Control Truth Table OV +2.4V Sample (Track) 
OV +0.8V Hold 

+2.4V +2.8V Hold 
+0.8V +2.8V Sample (Track) 

Mode Control and Mode Control Reference Input Current 10 ItA 
Differential Logic Threshold 0.8 1.4 2.4 V 

TRANSFER CHARACTERISTICS 

ACCURACY (+25°C) 
Throughput Nonlinearity for Hold Time < I ms ±D.OIO ±0.015 · %of20V 
Gain +1 · VN 
Gain Error ±D.004 ±0.010 ±O.OOI ±D.005 % 
Input Voltage Offset (adjust to zero)ll) ±2 ±7 ±I ±2 mV 
Droop Rate(1) ±30 ±200 · ±IOO ~V/ms 
Charge Offset(2) ±15 ±25 · mV 
Noise (rms) 10Hz to 100kHz 10 20 · · ~V 
Power Supply Rejection ±25 ±IOO · ~VN 

ACCURACY DRIFT 
Gain Drift 3 4 I 2 ppml"C 
Input Offset Drift IS 70 · 25 ~VI"C 
Charge Offset Drift, C = 1000pF 50 ISO · ~VFC 
Charge Offset Drift, C = 10,000pF 20 50 · ~VI"C 
Droop Rate at T J = +85°C I 10 · mV/ms 

DYNAMIC CHARACTERISTICS 
Full Power Bandwidth, C = 1000pF 75 125 · · kHz 
Full Power Bandwidth, C = 10,000pF 10 16 · kHz 
Output Slew Rate, C = 1000pF 7 10 · VJ~ 
Output Slew Rate, C = 10,000pF 1.4 2 · VJ~ 
Aperture Time: Negative Input Step 200 250 · ns 

Positive Input Step ISO 200 · ns 
Acquisition Time (C = 1000pF): ta±D.OWo, 10V Step 6 10 · ~s 

to ±0.01 %, 20V Step 8 12 · ~s 

to ±O.I %, 10V Step 5 9 4 6 ~s 

to ±O.I %, 20V Step 7 II · ~s 

SamplelHold Transient: Peak Amplitude 160 · mV 
Settling to I mV I 1.5 · ~ 

Feedthrough (Response to 10V Input Step) ±D.007 ±0.015 ±0.004 ±D.0075 %of20V 

OUTPUT 

ANALOG OUTPUT 
Voltage Range ±11.5 · V 
Current Range ±2 · mA 
Impedance (in Hold Mode) 0.5 4 · n 
POWER SUPPLY 
Rate Voltage IS VDC 
Range ±5 ±18 · · VDC 
Currentl1) ±4.5 ±6.5 mA 

.. • Same as speCifications for SHC298AM, JP, JU. 
NOTES: (I) These parameters guaranteed over a supply voltage range of ±5V to = ±18V. (2) Charge offset is sensitive to stray capacitive coupling between Input 
logic Signals and the hold capacitor. IpF, for instance, will create an additional 0.5mV step with a 5V logic swing and a O.OI~F hold capacitor. Magnitude of the 
charge offset is inversely proportional to hold capacitor value. 

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 andior systems. 
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PIN CONFIGURATIONS 

Top View TO-99 

Tab 

-Vee 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage .................................................................................. ±18V 
Power Dissipation (Package Limitation) ........................................ 500mV 
Junction Temperature. TJ MAX 

AM ........................................................•....................................... 125°C 
JP, JU .......................................................................................... 100°C 

Opera~ng Temperature Range ....................................... -25°C to +8SoC 
Storage Temperature Range .................................... ~ ... -6SoC to + 150°C 
Input Voltage ....................................................... Equal to Supply Voltage 
Logic-to-Logic Reference Differential Voltage('1 ..................... +7V, ~OV 
Output Short Circuit Duration ...................................................... Indefinite 
Hold Capacitor Short Circuit Duration ................................................. lOs 
Lead Temperature (soldering, lOs) ................................................. 300°C 

NOTE: (1) Although the differential voltage may not exceed the limits given, 
the common-mode voltage on the logic pins may be equal to the supply 
voltages without causing damage to the circuit. For proper logic operation, 
however, one of the logic pins must always be at least 2V below the positive 
supply and 3V above the negative supply. 

BURR·BRDWN@ 

Top View 

Offset 
Adjust 

Analog 
Input 

Plastic DIP/Small Outline 

Mode Control 
Input 

Mode Control 
Reference 

6 Hold Capacitor 

PACKAGE/ORDERING INFORMATION 

PACKAGE 
DRAWING TEMPERATURE 

MODEL PACKAGE NUMBER(1) RANGE 

SHC298AM TO-99 001 -25°C to +85°C 
SHC298JP 8-Pin Plastic DIP 006 O°Cto +70°C 
SHC298JU 8-LeadSOIC 182 O°Cto +70°C 
SHC298AJP 8-Pin Plastic DIP 006 O°C 10 +70°C 

NOTE: (1) For detailed drawing and dimension table, please see end of 
sheet, or Appendix C of Burr-Brown IC Data Book. 
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For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES 
At TJ = +25°C, ±15V supplies, 1000pF holding capacitor, -11.5V S V,N S +11.5, Rc = 10kll, Logic Reference Voltage = OV, and Logic Voltage = 2.5 V, unless 
otherwise noted. 

500 

400 

"<n 300 
.s 
F~ 200 

100 

o 

APERTURE TIME 

+Vcc =-Vcc = 15V' 

,\,VOUTsmV 

,\,V,N = 10Vj ----
f----

Negative .----
Input Step V --......... 1-""" l...--I-" Positive -

./ ,...,..... I--"""" Inpur Step J-

V 

-50 -25 0 25 50 75 100 125 150 

2 

1.8 

1.6 

1.4 

"<n 1.2 
.s 1 

F§ 
0.8 

0.6 

0.4 

0.2 

o 

Junction Temperature (OC) 

'SAMPLE-TO-HOLD 
TRANSIENT SETTLING TIME 

+Vcc = -Vee = 15V 

Settling to 1 mV 

---~ ---r-

-
-50 -25 25 50 75 100 125 150 

.. 
a 
" E 
F 

-
::;: 

10 

100 

1000 

0.001 

Junction Temperature (OC) 

ACQUISITION TIME 

r- V,N = OVIo ±10V 
;:: TJ = 25°C 

.............. 
0.1% 

0.01% I'.... 
I ....... 

0.01 0.1 

Hold Capacitor (~F) 

100 
§ 

~ 
10 

>" .s 
c. 
gj 
32 
0 
J: 

0.1 

0.01 

0.0001 
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10-1 

~ 
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~ 
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0.0001 
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z 
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20 

to 

CHARGE OFFSET 

V ,N =OV 
TJ = 25°C 

0.001 0.Q1 0.1 

Hold Capacitor (~F) 

OUTPUT DROOP RATE 

~=125°C 

T,-70°C ........ 

I .......... II' 

TJ = O°C 
TJ = 25°C l"-

I II 1"- f1'I.I.Il 

0.001 0.01 0.1 

Hold Capacitor (~F) 

OUTPUT NOISE 

I IIIII I 
l'. L lIl~ I 

"Hold" Mode 

"'-r-. 
·Sample" Mode 

IIIIIII 
100 tk 

Frequency (Hz) 

10k tOOk 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 
TYPICAL PERFORMANCE CURVES (CO NT) 
At TJ = +25°C, ±15V supplies, 1000pF holding capacitor, -11.5V S V,N S +11.5, RL = 10kn, Logic Reference Voltage = OV, and Logic Voltage = 2.5 V, unless 
otherwise noted. 

DYNAMIC SAMPLING ERROR 

100~1Im_ ~ ;~~e2; -Vee = 15V 

10~~~~=:2~50~C~"~":J~~~~ll~I:I~iI0~OP~~~~8I1 F Hold Capacitor 
r-- O.Q1~F 

I 

O.I~F 

O.I~~mE~ 3000pF 

~ ~IL 1 '\.. 0.01 L-..l-1..U.lILI.I.I-...l.-1..U:w.LL-.!...J...J..Jool..WJl..-.J.......IloU.l..WI 

0.1 10 100 1000 

Input Slew Rate (V/ms) 

CHARGE OFFSET 
1.6 

1.2 I-- CH = O.OI~F 
TJ = 25°C 

0.8 

5> 
0.4 .§. 

c. 
&l 
:2 

-0.4 0 
J: 

-0.8 

-1.2 

TJ=-55°S--f--:: - !--- --~ V"'" 

TJ:2s"j:: -----
TJ = 125°C 

-1.6 

-15 -10 -5 5 10 15 

Input Voltage (V) 

INPUT BIAS CURRENT 
25 

20 

15 

~ 10 

E 
--..... 

~ 
=> 

<..> 

-5 

I--r- -...... 
t--

-10 

-15 
-50 -25 -0 25 50 75 100 125 150 

Junction Temperature (OC) 

BURR-BROWN!l/I 

0.3 

5> 0.2 

.§. 

'" 0.1 
~ 
0 
> 

~ i -0.1 

-0.2 

-0.3 

GAIN ERROR 

TJ = 25°C 
I- RL = 10kn 

Sample Mode 

r I--f--

jL -~ ----- -----

L SloPle = o.oOOr% 

-15 -10 -5 a 5 10 

160 

140 

iii'120 
'C 
- 100 
~ 
a: 80 
c: 
o g 60 

l 40 

20 

Output Voltage (V) 

POWER SUPPLY REJECTION 

TJ = 25°C "" 
+Vee = -Vee = 15V 

r:o~1111I II 
~ Positive Supply 

IIIIIII "'"N... 
I'--.. I- Negative Supply 

~r-.. 

100 lk 10k 

Frequency (Hz) 

lOOk 

FEEDTHROUGH REJECTION RATIO 
130 

15 

1M 

11111111 +Vee = -Vee = 15V 
120 

iii' 110 

:; 100 
.~ 
a: 90 
c: 
o 
'g 80 

~ 70 

60 

50 

10 

CH;'O.I~F 

111111111 
CH =O.OI~F 

1111 
CH = 1000pF 

100 

V,N = 10Vp-p 

TJ = 25°C 

"""t--

~ 

lk 10k lOOk 1M 

Frequency (Hz) 

11511511 Burr-Brown Ie Data Book-Mixed Signal Products 6.13 

« 
CO 
0') 
N 
o :r:: 
~ 
CO 
0') 
N o 
:r:: en 

en a:: 
w 
i! 
:J 
Q. 

:E « 
c 
..J o 
~ 
..J 
Q. 

:E « en 



For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES (CO NT) 
At TJ = +25"C, ±15V supplies, 1000pF holding capacitor, -11.5V s V,N S +1,1.5, RL = 101<0, Logic Reference Voltage = OV, and Logic Voltage = 2.5 V, unless 
otheONise noted. 

PHASE AND GAIN 
(Input to Output, Small Signal) 

lk 10k lOOk 

Frequency (Hz) 

DISCUSSION OF 
SPECIFICATIONS 
THROUGHPUT NONLINEARITY 

1M 

Throughput nonlinearity is defined as total Hold mode, 
nonadjustable, input to output error caused by charge offset, 
gain nonlinearity, lms of droop, feedthrougb, and tbermal 
transients. It is tbe inaccuracy due to tbese errors which 
cannot be corrected by offset and gain adjustments. Through
put nonlinearity is tested witb a 1000pF holding capacitor, 
IOV input changes, lOllS acquisition time, and lms Hold 
time (see Figure 1). 

GAIN ACCURACY 

Gain Accuracy is tbe difference between input and output 
voltage (when in tbe Sample mode) due to amplifier gain 
errors. 

DROOP RATE 

Droop Rate is tbe voltage decay at tbe output when in tbe 
Hold mode due to storage capacitor, FET switch leakage 
currents, and output amplifier bias current. 

FEEDTHROUGH 

Peedtbrough is tbe amount of tbe input voltage change tbat 
appears at tbe output when tbe amplifier is in tbe Hold mode. 

APERTURE TIME 

Aperture Time is tbe time required to switch from Sample to 
Hold. The time is measured from tbe 50% point of tbe mode 
control transition to tbe time at which tbe output stops 
tracking tbe input. 

$' 
S-
a. 
.!!! 
Ul 
:g 
0 
J: 

3.5 

3 

2.5 "', -

2 

1.5 

0.5 

o 
-0.5 

0.01 

CHARGE OFFSET 

CH = O.Q1~F 
TJ =25"C 
V,N = OV 

f'.. 

......... 1'-

0.1 

Logic Slew Rate (V!~s) 

ACQUISITION TIME 

10 100 

Acquisition Time is tbe time required for tbe sample/hold 
output to settle witbin a given error band of its final value 
when tbe mode control is switched from Hold to Sample. 

Control 
Signal 

Sample Hold 

TIme 

~~~------------------~ 
T Time 

OftsetError 

FIGURE 1. Sample/Hold Errors. 
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CHARGE OFFSET 

Charge Offset is the offset that results from the charge 
coupled through the gate capacitance of the switching FET. 
This charge is coupled into the storage capacitor when the 
FET is switched to the "hold" mode. 

OPERATING INSTRUCTIONS 
EXTERNAL CAPACITOR SELECTION 

Capacitors with high insulation resistance and low dielectric 
absorption, such as Teflon®, polystyrene or polypropylene 
units, should be used as storage elements (polystyrene should 
not be used above +85°C). Care should be taken in the 
printed circuit layout to minimize AC and DC leakage 
currents from the capacitor to reduce charge offset and 
droop errors. 

The value of the external capacitor determines the droop, 
charge offset and acquisition time of the Sample/Hold. Both 
droop and charge offset will vary linearly with capacitance 
from the values given in the specification table for a 0.001J1F 
capacitor. With a capacitor of 0.01J1F, the droop will reduce 
to approximately 2.5f.lV/ms and the charge offset to approxi
mately 1.5m V. The behavior of acquisition time with changes 
in external capacitance is shown in the Typical Performance 
Curves. 

OFFSET ADJUSTMENT 

The offset should be adjusted with the input grounded. 
During the adjustment, the sample/hold should be switching 
continuously between the Sample and the Hold mode. The 
error should then be adjusted to zero when the unit is in the 
Hold mode. In this way, charge offset as well as amplifier 
offset will be adjusted. When a 0.001J1F capacitor is used, it 
will not be possible to adjust the full offset error at the 
sample/hold. It should be adjusted elsewhere in the system. 

APPLICATIONS 
DATA ACQUISITION 

The SHC298 may be used to hold data for conversion with 
an analog-to-digital converter or used to provide Pulse 
Amplitude Modulation (PAM) data output (see Figures 2 
and 3). 

DATA DISTRIBUTION 

The SHC298 may be used to hold the output of a digital-to
analog converter whose digital inputs are multiplexed (see 
Figure 4). 

TEST SYSTEMS 

The SHC298 is also well suited for use in test systems to 
acquire and hold data transients for human operators or for 
the other parts of the test system such as comparators, digital 
voltmeters, etc. 

®Teflon, DuPont de Nemours 

BURR-BROWN@ 

With a O.1J1F storage capacitor, the output may be held 10 
seconds with less than 0.1 % error. With a IJ1F storage 
capacitor, the output may be held more than 15 minutes with 
less than I % error. 

CAPACITIVE LOADING 

SHC298 is sensitive to capacitive loading on the output and 
may oscillate. When driving long lines, a buffer should be 
used. 

HIGH SPEED DATA ACQUISITION 

The minimum sample time for one channel in a data acqui
sition system is usually considered to be the acquisition time 
of the sample/hold plus the conversion time of the analog-to
digital converter. If two or more sample/holds are used with 
a high-speed multiplexer, the acquisition time of the sample/ 
hold can be virtually eliminated. While the first channel is in 
hold and switched on to the ADC, the multiplexer may be 
addressed to the next channel. The second sample/hold will 
have acquired this data by the time the conversion is com
plete. Then, the sample/holds reverse roles and another 
channel is addressed (see Figure 5). For low-level systems, 
and instrumentation amplifier and double-ended multiplexer 
may be connected to the sample/hold inputs. The settling 
time of the multiplexer, instrumentation amplifier, and 
sample/hold can be eliminated from the channel conversion 
time as before. 

-15VDC 

FIGURE 2. Data Acquisition. 

PAM Output 
Actual Input / _____ _ 

~" ------ : : 
__ J : _______ : I 

FIGURE 3. PAM Output. 
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Offset -=
Adjust 

Storage 
Capacitor 

Additional SHC298 Units 

Ch1 
Ch2 

ChN 

, 
I , 
I 
I 

MUX 

t 
Analog Address 
Input 

1000pF 

~ 

SHC298 5 
1 

3 SHC298 5 
2 

(1) 'AID 

Converte 
: (0) 

'\ 
High 

Speed 
Switch 

Mode Control --+--<~----' 

FIGURE 5. "Ping-Pong" Sample Holds. 

Digital 
Output 

, 81 

82 

812 

FIGURE 4. Data Distribution. 
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BURR - BROWN® 

113131 SHC605 

DEMO BOARD 
AVAILABLE 

See Appendix A 

High-Speed Operational 
TRACK-AND-HOLD AMPLIFIER 

FEATURES 
• VERY GOOD SPURIOUS FREE DYNAMIC 

RANGE: 
90dB at 1 MHz FIN and 20MSPS 
86dB at 2MHz FIN and 20MSPS 
ndB at 5MHz FIN and 20MSPS 

• LOW ACQUISITION TIME: 30ns to 0.01% 

• LOW DROOP RATE: 8mVi).ts max T MIN to 
TMAX 

• LOW POWER CONSUMPTION: 335mW 

• EXTREMELY VERSATILE ARCHITECTURE: 
Noninverting, Inverting, and 
Differential Gains 

• LOGIC FLEXIBILITY: ITL and ECL 
Compatible 

• SMALL PACKAGE: 16-Lead SOIC 

• EXTENDED TEMPERATURE SPECS: 
-40°C to +85°C 

APPLICATIONS 
• AID CONVERTER FRONT ENDS 

• MULTIPLE CHANNEL SIMULTANEOUS 
SAMPLING 

• IMPROVING FLASH ADC PERFORMANCE 

• PEAK DETECTORS 

• DAC DEGLITCHING 

DESCRIPTION 
The SHC60S is a monolithic high-speed, high accu
racy track-and-hold amplifier. It combines fast acqui
sition and low distortion to provide a complete solu
tion for a wide range of sampling applications. Its new 
proprietary closed-loop architecture provides a single
chip solution to many data acquisition problems for
merly requiring more than one device. Noninverting, 
inverting, and differential gain configurations . are easy 
to apply with the SHC605. An on-board logic refer
ence circuit makes the SHC605 compatible with both 
single-ended and differential ECL or TIL clock in
puts. An internal track-mode lockout circuit allows 
edge-triggered operation in data acquisition systems. 
The SHC605 is available in a 16-lead SOle package 
specified for the -40C to +85C industrial temperature 
range. 

-IN 

+IN 

i----+-oAGND 
5,6,7 

DGND 
Thresh! Lock 

Hold 

International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street·Address: 6730 S. Tucson Blvd. . Tucson, AZ 85706 
Tel: (520) 746-1111 • Twx: 9111-952·1111 • cable: BBRCORP . Telex: 066-6491 • FAX: (520) 889·1510 • Immediate Product Info: (800) 541J.6132 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS 
ELECTRICAL 
At TA = +2SoC, ±Vs = ±5V, G = +1VN, RL = 1000, CL = SpF, and ECl Hold/Hold Inputs, unless otherwise noted, 

SHC605AU 

PARAMETER CONDITION TEMP RANGE MIN TYP 

DC INPUT PARAMETERS 
Offset Voltage Full ±1 
Power Supply Rejection V s = ±4.S 10 ±S.SV +2SoC 60 85 
Input Bias Current VCM = OV Full 15 
Input Offset Current VCM = OV Full ±0.2 
Common-Mode Input Range Full ±2.0 ±2.S 
Common-Mode Rejection VCM = ±2VDC Full 80 
Differential Input Impedance Full 13111 
Common-Mode Input Impedance Full 2111 
Open-Loop Voltage Gain Vo = ±2V, RL = 1000 +2SoC 100 

OUTPUT 
Voltage Output RL = 500 Full ±2.0 ±2.S 
Current Output +2SoC ±40 ±80 

Full ±40 ±60 
Short Circuij Current Full ±140 
Output Resistance, 

Closed-loop: Track-Mode DC Full 0.0001 
Hold-Mode DC Full 0.01 

DIGITAL INPUTSJOUTPUTS 
TIL Input levels (II Hold Input Only 

VIL logic "lO" Full 0 
V,H logic "HI" Full +2.0 

Single-Ended ECl Input levels (2, HoldIHold and lock/lock Inputs 

VIL logic "lO" Full -1.80 
V,H Logic "HI" Full -1.05 

Common-Mode Input Voltages Hold/Hold Full -3 
lockILock Full -Vs 

Differential Input Voltages Hold/Hold and lock/lock Inputs Full 0.2 
Digital Input Currents 

Ill' lock/lock Inputs Only ECl Logic "lO", VIL = -1.60V Full 
Ill' Hold/Hold Inputs Only ECl or TIL logic "lO" Full 
I'H' lock/lock Inputs Only logic "HI", V'H = -1.0V Full 
I'H' Hold/Hold Inputs Only Full 

Threshold Voltage Output(" 
TIll') Full 1.1 1.5 
ECl(5) . -V s = -<;.2V Full -1.40 

TRACK-MODE RESPONSE 
Closed-Loop Bandwidlh Gain = +1VN +2SoC 100 200 

Gain = +2VN +2SoC 75 
Gain = +SVN +2SoC 20 
Gain = +10VN +25°C 10 

Full Power Response ±1 V Input, -3dB Outpul Full 32 
Slew Rate (6) G = +1, 2V Step +2SoC 140 200 

Full 120 200 
Acquisition Time to 1 %(7) 2V Step Full 15 

0.1% 2V Step Full 23 
0.012% 2V Step Full 30 
0.012% 4V Slep Full 40 

Input Voltage Noise lMHz to 100MHz 2.5 
Input Bias Current Noise 1 MHz to 100MHz 2.5 
Differential Gain 3.58MHz, Vo = 0 to 0.7Vp-p 0.005 
Differential Phase 3.S8MHz, Vo = 0 to 0.7Vp-p 0.005 
Spurious Free Dynamic Range 

(5MHz) Vo = ±1V 83 
(10MHz) Vo = ±1V 73 

MAX UNITS 

±7.S mV 
dB 

50 I1A 
±5 I1A 

V 
dB 

kOllpF 
MOllpF 

dB 

V 
rnA 
rnA 
mA 

0 
0 

+1.0 V 
+5.0 V 

-1.45 V 
-0.80 V 

+5 V 
+3 V 
5.0 V 

5 I1A 
-100 I1A 

50 I1A 
-10 I1A 

1.9 V 
-1.10 V 

MHz 
MHz 
MHz 
MHz 
MHz 

VII'S 
VII'S 

25 ns 
35 ns 
45 ns 
60 ns 

nV-IHz 
pAl-IHz 

% 
degrees 

dBc 
dBc 

NOTE: (1) Select (Pin 10) connected to +V. for TTL threshold voltage on Pin 11. (2) Select (Pin 10) connected to-V. for ECl threshold voltage on Pin 11. (3) Output 
voltage on pin 11. (4) Pin 10 (Select) connected to +V •. (5) Pin 10 (Select) connected to -V •. (6) Slew rate is rate of change from 10% to 90% of a 2V output step. 
(7) Acquisition time includes hold·to-track delay switch time. (8) Hold noise is proportional to the time in the hold mode. For example, if the hold time is 25ns, the 
accumulated noise is 10l1Vrms. (9) This is the maximum length of time the SHC60S can remain in the hold mode and still maintain a linear droop rate. (10) Select 
(Pin 10) connected to +V,. 

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 (CO NT} 

ELECTRICAL 
At T. = +25'C, ±Vs = ±5V, G = +IVN, RL = 1000, CL = 5pF, and ECl Hold/Hold Inputs, unless otherwise noted. 

SHC605AU 

PARAMETER CONDITION TEMP RANGE MIN TYP MAX UNITS 

TRACK-TO-HOlD SWITCHING Y,N = OV 

Aperture Delay Full 1.7 ns 
Aperture Jitter Full 2.4 ps rms 
Pedestal Offset +2SQC ±5 ±20 mV 

aver Temperature Full ±5 ±25 mV 
Transient Amplitude Full ±5 mV 
Settling Time to I mV Full 8 15 ns 

100~V Full 15 ns 

HOLD-MODE RESPONSE 
Spurious Free Dynamic Range 

(I MHz, 20MSPS) Va = ±1V Full 78 90 dBc 
(2MHz, 20MSPS) Va = ±IV Full 74 86 dBc 
(5MHz, 20MSPS) Va = ±IV Full 65 77 dBc 
(IOMHz, 20MSPS) Va = ±IV +25'C 60 dBc 
(IOMHz, 20MSPS) Va = ±0.5 +25°C 72 dBc 

Hold NoiselBI 400xtH Vis rms 
Droop Rate Full ±I ±8 mVl~ 
Hold Time") Full 2 ~ 
Feedthrough Rejection (20MHz) +25'C 85 dB 

POWER SUPPLY 
Specified Operating Voltage Full ±4.50 ±5 ±5.50 V 
Positive Supply CurrentllO) Full 34 39 mA 
Negalive Supply Curren~IO) Full 33 39 mA 
Total Power Dissipation Full 335 390 mW 

TEMPERATURE RANGE 
Specification Ambient Full -40 +85 'C 
Storage -55 +150 'C 
Thermal Resistance, OJ. Full 100 'CIW 

NOTE: (I) Select (Pin I 0) connected to +Vs for TTL threshold voltage on Pm II. (2) Select (Pm 10) connected to -Vs for ECl Ihreshold voltage on Pin II. (3) 
Output voltage on pin II. (4) Pin 10 (Select) connected to +Vs. (5) Pin 10 (Select) connected to -Vs. (6) Slew rate is rate of change from 10% to 90% of a 2V 
output step. (7) Acquisition lime includes hold-Io-track delay switch lime. (8) Hold noise is proportional to the lime in the hold mode. For example, if Ihe hold lime 
is 25ns, the accumulaled noise is I O~Vrms. (9) This is the maximum lenglh of time the SHC605 can remain in Ihe hold mode and slill maintain a linear droop rate. 
(10) Select (Pin 10) connected to +Vs. 

ABSOLUTE MAXIMUM RATINGS 

Supply ............................................................................................. ±7VDC 
Inpul Voltage Range ............................................................................ ±5V 
Differenlial Inpul Voltage .................... ±5.5V (between +In and -In inputs) 
Siorage Temperature Range .......................................... -40'C to +125'C 
lead Temperature (soldering, SOIC 3s) ....................................... +260'C 
OUlput Short Circuillo Ground (+25'C) ................. Continuous 10 Ground 
Junclion Temperature (TI) ............................................................. + 175'C 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER(1) 

SHC605AU 16-PinSOIC 265 

NOTE: (I) For delalled draWing and dimenSion table, please see end of data 
sheet, or Appendix C of Burr-Brown IC Data Book. 

ORDERING INFORMATION 

PACKAGE TEMPERATURE 

16-Pin SOIC -40'C to +85'C 

BURR~BROWN<l!I 

A ELECTROSTATIC 
J.Jl;,. DISCHARGE SENSITIVITY 
This integrated circuit can be damaged by ESD. Burr-Brown 
recommends that all integrated circuits be handled with 
appropriate precautions. Failure to observe proper handling 
and installation procedures can cause damage. 

ESD damage can range from subtle performance degrada
tion to complete device failure. Precision integrated circuits 
may be more susceptible to damage because very small 
parametric changes could cause the device not to meet its 
published specifications. 
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PIN CONFIGURATION 

U Package 

+In 1 

+V. 

+V. 

DGND 

AGND 

AGND 

-In 8 

DICE INFORMATION 

For Immediate Assistance, Contact Your Local Salesperson 
PIN DESCRIPTION 

PIN # SYMBOL DESCRIPTION 

16-PlnSOIC 1 +In Non-Inverting Input 
2 +Vs +5V Supply 
3 +V. +5V Supply 

16 -V. 4 DGND Digital Ground 

-V. 
5 AGND Analog Ground 
6 AGND Analog Ground 

lock 7 AGND Analog Ground 
8 -In Inverting Input 

lock 9 Your Output Voltage 
10 Select +5V Selects TTL; -5V Selects ECl 

Hold 11 Thresh/Hold logic threshold for single-ended 

Thresh/Hold 
operation or complement Hold input for 

differential operation 

Select 
12 Hold True Hold input 
13 lock Complement lock Input 

9 Your 14 lock True lock input; locks SHC605 in 
Hold-mode regardless of Hold/Hold Inputs 

15 -V. -5V Supply 
16 -Vs -5V Supply 

PAD FUNCTION PAD FUNCTION 

1 +In 10 Select 
2 +Vs 11 Camp 
3 +Vs 12 Thresh/Hold 
4 DGND 13 Hold 
5 AGND 14 Lock 
6 C. 15 Lock 
7 C, 16 -Vs 
8 -In 17 -Vs 
9 Your 

Substrate Bias: Negative supply (-V sJ. 

MECHANICAL INFORMATION 

MILS (0.001") MILLIMETERS 

Die Size 58 x 80 
Die Thickness 14±1 
Min. Pad Size 4x4 0.1 x 0.1 

Backing Gold 
Metallization Gold 

SHC605 DIE TOPOGRAPHY 

BURR-BROWNiI!I 
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TYPICAL PERFORMANCE CURVES 
At TA = +25'C, ±Vs = ±5V, G = +WN, RL = loon, CL = 5pF, and ECL Hold/Hold Inputs, unless otherwise noted. 
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TYPICAL PERFORMANCE CURVES (CONT) 
At TA = +25°C, ±Vs = ±5V, G = +1VN, R, = 1000, C, = 5pF, and ECl Hold/Hold Inputs, unless otherwise noted. 
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TYPICAL PERFORMANCE CURVES (CONT) 
At TA ~ +25'C, ±Vs = ±5V, G = +1VN, RL = loon, CL = 5pF, and ECl Hold/Hold Inputs, unless otherwise noted. 
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TIMING DEFINITIONS 
Acquisition Time is the time it takes to reacquire the input 
signal when switching from the hold to track mode. This 
time interval starts at 50% of the clock transition and ends 
when the input signal is reacquired to within a specified 
accuracy at the output. This specification does not include 
the track-to-hold settling time. 

Aperture Delay is a measure of the track-to-hold switch 
delay time. It is the difference between the analog input 
amplifier's signal path delay and the digital track-to-hold 
switch delay. A positive delay indicates the digital switch 
delay is larger than the analog amplifier delay. 

Aperture JiHer is random variation in the aperture delay. 
This specification is measured in ps-rms and results in phase 
noise on the held signal. A large aperture jitter value can 
manifest itself by degrading the SNR of a sampling ADC. 

Droop Rate is the change of the held output voltage as a 
function of time. The measurement starts immediately after 
the device switches from the track to hold mode. 

+2V 

Analog OV 
, Input 

/ 

Feedthrough Rejection is a measure of the amount of the 
input signal that "feeds through" to the output while the 
device is in the hold mode. This specification is usually a 
function of frequency, with degradation at higher frequen
cies. 

Hold-to-Track Delay is the time from the track command 
to the point when the output begins changing to acquire a 
new signal. This delay is included in the SHC605's specified 
acquisition time. 

Pedestal Offset is the error voltage step incurred at the 
output when the device is switched from the track to hold 
mode. 

Track-to-Hold Settling Time is the time for the track to 
hold transient to settle to within a specified accuracy. 

-- -- Aperture 
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~ - Acquisition TIme-

" 
Analog 
Output 

Hold 
Command 

-2V 

+2V 

OV 

-2V 

"1 

"Hold" 

"0 " 

FIGURE 1. SHC605 Timing Diagram. 
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THEORY OF OPERATION 
The SHC605 is a monolithic track-and-hold circuit fabri
cated on an extremely fast complementary bipolar process. 
Figure 2 provides a simplified circuit diagram of the SHC605. 
A conventional two-stage operational amplifier is shown 
with a standard differential phase compensation scheme 
sometimes referred to as "doublet compensation." Capaci
tors C1 and C2 compensate the amplifier in the track-mode 
and hold the analog output signal in the hold-mode. Switch
ing from track to hold is achieved by turning off the 
amplifier's input stage and isolating C1 and C2 from the 
input signal. 

The differential two-stage amplifier architecture of the 
SHC605 provides many performance advantages over tradi
tional open-loop designs. The use of differential hold ca
pacitors provides a first-order correction for many errors 
including distortion, pedestal, and droop. A dominant cause 
of distortion in high-speed amplifiers is the nonlinear tran
sistor junction capacitance connected to the hold capacitor(s). 
This parasitic capacitance varies as the voltage across it 
changes. Most open-loop track-and-hold circuits have a 
fixed gain of + I V N, which means the hold capacitor(s) and 
parasitic junction capacitance sees the full output' sigmil 

c, 

+In -In 

FIGURE 2. SHC605 Simplified Circuit Diagram. 

BURR-BROWN® 

-Vs 

swing. In the SHC605 the second gain stage attenuates the 
signal across the capacitors and greatly reduces the nonlin
ear capacitance. The SHC605's second stage has a unity
gain bandwidth of approximately 250MHz and its open-loop 
gain rolls off at -20dB/decade. With a 2.5MHz signal, the 
v'oltage across the hold capacitors is 100 times less than the 
output signal, and therefore, the nonlinear capacitance is 
greatly reduced. 

The SHC605's patented architecture provides users with an 
extremely accurate high-speed operational track-and-hold 
amplifier. All common operational amplifier transfer func
tions can be realized with the SHC605; i.e. unity-gain, non
inverting gain, inverting gain, and differential gain. These 
configurations are shown in Figures 3 through 6. In many 
instances, the SHC605 provides a superior single-chip solu
tion to applications previously requiring two or more de
vices. As with any conventional voltage feedback op amp, it 
is important to consider tradeoffs between noise, bandwidth, 
and settling time for these applications. Refer to Discussion 
of Performance and Typical Performance Curves for more 
details. 

c, 

VOUT 
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DISCUSSION OF 
PERFORMANCE 
DISTORTION 

Hold-mode distortion is an important specification for a 
track-and-hold amplifier. This is a measure of the accuracy 
of the amplifier's held output while sampling a sinusoidal 
input signal. It includes errors from both the switching 
network and the amplifier's signal path. Hold-mode distorc 
tion depends on the input signal's amplitude and frequency 
as well as the sampling rate. The biggest cause of distortion 
in the SHC605 is slew-induced nonlinearity; the higher the 
amplitude of a high frequency input, the higher the distor
tion. Hold-mode distortion can also result from sampling too 
fast or not allowing enough acquisition time or track-to-hold 
settling time. The SHC605 has a typical 0.01 % acquisition 
time of 30ns for a 2V step, and a typical 100J.N track-to
hold settling time of 15ns. Thus, for 12-bit accuracy the 
clock rate should not exceed 22MHz (refer to Typical 
Performance Curves for details). 

NOISE 

The SHC605's noise performance is almost completely 
determined by track-mode noise. This is the noise sampled 
by the differential hold capacitors during track-mode, which 
is greater than the noise measured directly at the output. The 
input referred noise of the SHC605 is 2.5n V/-.ff:iZ. For unity
gain this corresponds to an output noise of approximately 
35J.lVrms; which is much lower than the typical 150J.lVrms 
noise sampled by the hold capacitors. The track-mode noise 
sampled by the hold capacitors is independent of closed
loop gain, and therefore, the SHC605 can be used with 
higher closed-loop gain without degrading the overall noise 
performance. 

V,N @ 1 +In 

500 

M_---"O..15V 

1----'@HOld 

+5V=TIL 
..15V = ECL 

@VOUT 

FIGURE 3. Gain of + 1 Track-and-Hold Amplifier. 

The SHC605's noise performance is also affected by hold
mode noise and aperture jitter. Hold-mode noise is the result 
of current noise reacting with the hold capacitors. This noise 
accurilUlates on the capacitors at a rate which is proportional 
to the square root of the hold time. For sample rates above 
IMHz this noise is usually insignificant. Aperture jitter 
describes the random variation in track-to-hold aperture 
delay, and causes increased hold-mode noise when high 
slew rate signals are sampled. A differential ECL clock input 
will provide lower aperture jitter than a single-ended ECL or 
TTL clock. 

CHOOSING THE BEST ARCHITECTURE 

The SHC605 is basically a high-speed operational amplifier 
which can hold its output on command. Unlike traditional 
high-speed track-and-hold amplifiers, which have fixed gains 
of +lVN, the SHC605 can be used with non-inverting, 
inverting, or differential gains. In many applications, a 
single SHC605 can be used to solve a problem that previ
ously required two or more devices. 

Figures 3 through 6 show the SHC605 connected for non
inverting, inverting, and differential gains. As with any op 
amp, it is important to consider performance tradeoffs for all 
of these configurations. For gains less than ± 1 0, the SHC605 , s 
track-to-hold settling, pedestal offset, droop, and total hold
mode noise remains constant. However, small-signal band
width and acquisition time will be compromised as the 
closed-loop gain is increased (refer to the Typical Perfor
mance Curves for details). 

f----'@HOid 

+SV=TIL 
..15V = ECL 

@VOUT 

FIGURE 4. Gain of +2 Track-and-Hold Amplifier. 
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+5Vo-.--_...., 

R, 

2490 

Voor R, 
V;=-R; 

FIGURE 5. Gain of -1 Track-and-Hold Amplifier. 

APPLICATIONS INFORMATION 
LOGIC COMPATIBILlTVrrRACK-TO-HOLD 
SWITCHING 

The SHC605 contains an internal reference circuit which 
produces either an ECL or TTL logic threshold voltage for 
single-ended track-to-hold switching. Differential ECL 
switching is also possible with the SHC605. Table I provides 
the proper pin connections for all of the possible switching 
options and the Performance Specifications Table gives the 
logic levels and input bias currents. 

DGND SELECT THRESH/HOLD HOLD 
LOGIC TYPE (Pin 4) (Pin 10) (Pin 11) (Pin 12) 

Single·ended TTL GND +5V NC Clock 
Single·ended ECl GND -SV NC Clock 
Differential ECl NC NC Clock Clock 

TABLE I. Track-to-Hoid Switching Options. 

FIGURE 7. Edge-Triggered ADC. 
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+5V o,.---t--,..j 

l~F 

2490 

~~---,-o -5V 

r------'@HOld 

+5V = TTL 
-SV = ECl 

@VOUT 

FIGURE 6. Differential Gain of 1 Track-and-Hold Amplifier. 

LOCKOUT CIRCUITRY 

The SHC605 includes additional logic circuitry which al
lows edge-triggered operation for sampling ADCs. The 
lockout comparator and Track/Hold comparator form a wired
or mode control circuit as shown in the block diagram on 
page one. When the Lock input, pin 14, is high with respect 
to the Lock input, pin 13, the SHC605 is in the Hold-mode 
regardless of the HoldlHoid inputs. This feature provides 
more flexibility in the convert command duty cycle and 
reduces noise resulting from aperture jitter. 

Figure 7 shows how the SHC605 lockout circuit can be used 
with an ECL one-shot to provide an edge-triggered sampling 
ADC. An ECL threshold voltage is generated on Thresh/ 
Hold (Pin 11), which is connected to Lock (Pin 13), to allow 
a single-ended lockout input on Lock (Pin 14). The ECL 
convert command is applied directly to the SHC605. The 
IOns delay on the ADCs convert signal is to allow for 
SHC605 track-to-hold settling. The one-shot's duty cycle 

ECl Convert Command 
(10ns minimum pulsewidth) 

10ns 
Delay 
Line 

Convert 

ADC 

HOLD 

Digital 
Output 

LOCK MODE 

0 Track 
1 Hold 
0 Hold 
1 Hold 
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will depend on the ADC conversion time. In this application 
the one-shot is used to set the critical ADC timing which 
means the user has more freedom in selecting the convert 
command duty cycle. Since the convert command is applied 
directly to the SHC605-instead of after additional logic 
and clock conditioning-aperture jitter noise is minimized. 

OFFSET VOLTAGE ADJUSTMENT 

The SHC605's input offset voltage is laser-trimmed and will 
require no furtller adjustment for most applications. How
ever, if additional adjustment is needed, the circuit in Figure 
8 can be used without degrading offset drift with tempera
ture. Avoid external adjustment whenever possible since 
extraneous noise, such as power supply noise, can be inad
vertently coupled into the amplifier's inverting input. Re
member that additional offset errors can be created by the 
amplifier's input bias currents. Whenever possible, match 
the impedance seen by both inputs as is shown with R3• This 
will reduce input offset voltage errors due to the amplifier's 
input offset current, which is typically only 0.2/lA.. 

9 

-Vee 

R, 

V1N or Ground : 

OutPutTrimRange=+Vcc~ to-Vcc~ 
RTRIM RTRIM 

NOTE: (1) R3 is optional and can be used to cancel 
offset errors due to input b!as currents. 

FIGURE 8. Offset Voltage Trim. 

INPUT PROTECTION 

The SHC605 incorporates on-chip ESD protection diodes as 
shown in Figure 9. All pins on the SHC605 are internally 
protected from ESD by means of a pair of back-to-back 
reverse-biased diodes to either power supply as shown. 
These diodes will begin to conduct when the input voltage 
exceeds either power supply by about 0.7V. This situation 
can occur with loss of the amplifier's power supplies while 
a signal source is still present. The diodes can typically 
withstand a continuous current of 30rnA without destruc
tion. To insure long term reliability diode current should be 
externally limited to lOrnA or so whenever possible. Static 

damage can cause subtle changes in SHC605 input charac
teristics without necessarily destroying the device. In preci
sion track-and-hold amplifiers, this may cause a noticeable 
degradation in performance. Therefore, static protection is 
recommended when handling the SHC605. 

+Vcc ESD Protection Diodes Internally 

~ 
Connected to All Pins 

External Internal 
Pin - - - - - - - Circuitry 

FIGURE 9. Internal ESD Protection. 

LAYOUT AND BYPASSING 

For best performance, good high speed design techniques 
must be applied. The component (top) side ground plane 
should be as large as possible and continuous (not frag
mented). Two ounce copper cladding is recommended. 

All traces should be as short as possible, especially the 
output. As much of the ground plane as possible should &; 
removed from around the +In, -In, and VOUT pins to reduce 
parasitic capacitance and minimize coupling onto the analog 
signal path. 

Power supply decoupling capacitors must be used as shown 
in Figures 3 through 6. The 0.0 IIJF capacitors should be low 
inductance surface mount devices and should be connected 
as close to the SHC605 ±Vs leads as possible (within 30 
mils). The IIJF low frequency bypass capacitors should be 
tantalum capacitOrs (preferably silrface mount) and should 
be located within one inch of the SHC605. Surface mount 
resistors are also recommended and should be placed as 
close to the SHC605 as possible to minimize inductance. 

CAPACITIVE LOADS 

The SHC605's output stage has been optimized to drive 
resistive loads as low as 50n. Capacitive loads will decrease 
the amplifier's phase margin which may cause high fre~ 
quency peaking or oscillations. Capacitive loads greater than 
lOpF should be buffered by connecting a small resistance, 
usually 200 to 500, in series with the output as shown in 

(Rs is typically 20n to 50n) 

r 
FIGURE 10. Driving Capacitance Load. 
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Figure 10. This is pamculady important when driving high 
capacitance loads such as flash AID converters. 

The series resistor. Rs. should be connected as close to the 
SHC605 as possible. If Rs causes excessive output attenua
tion, add closed-loop gain to the SHC60S as shown in 
Figures 4 through 6. 

In general. capacitive loads should be minimized for opti
mum high frequency performance. Coax lines can be driven 
if the cable is properly terminated. The capacitance of 
coaxial cable (29pF/foot for RG-S8) will not load the ampli
fier when the coaxial cable or transmission line is terminated 
in its characteristic impedance. 

Analog 
Input 

Sampling 0------1 
Clock 

FIGURE 11. Sampling ADC. 

Analog Input 
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Ch4 

Analog 
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Channel 
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Circuit 

APPLICATIONS 
The SHC605's combination of high speed and accuracy. 
small size. and low price makes it ideally suited for many 
data acquisition applications. Its versatile operational ampli
fier architecture and switching flexibility provides users 
with an extremely reliable single-chip solution to problems 
that previously required several components. Figures 11 
through 16 show many application circuits using the SHC605. 
These include high-speed flash and sub-ranging ADC driv
ing, multi-channel simultaneous sampling, DAC deglitching. 
and peak detecting. 

High-speed Sub· ranging 
or Flash 

ADC 

Convert 

ADC 

Digital 
Output 

Convert 

Digital 
Output 

Sampling 0------1 
Clock 

Timing 
Circuit 

FIGURE 12. Traditional Data Acquisition System. 
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Channel 
Select 

Sampling 0-------1 
Clock 

Timing 
Circuit 

FIGURE 13. Multi-Channel Simultaneous Sampling System. 

I Channel 

Q Channel 

Sampling 0-------1 
Clock 

FIGURE l4.I/Q Channel Simultaneous Sampling. 
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Analog 
Input 

>-M/'----....... -----o VOUT 

Hold 

I 
I 
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Track ____ oJ 

: Input 
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max 

FIGURE 15. High-Speed Peak Detector. 
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FIGURE 16. DAC Deglitcher. 
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BURR-BROWN® 

IElElI SHC615 

Wide-Bandwidth, 
DC RESTORATION CIRCUIT 

FEATURES 
• PROPAGATION DELAY: 2.2n5 

• BANDWIDTH: OTA: 750MHz 
Comparator: 280MHz 

• LOW INPUT BIAS CURRENT: -a.3IiA 

• SAMPLE/HOLD 
SWITCHING TRANSIENTS: +1/-7mV 

• SAMPLElHOLD 
FEEDTHROUGH REJECTION: 100dB 

• CHARGE INJECTION: 40fC 

• HOLD COMMAND DELAY TIME: 3.8n5 

• TTUCMOS HOLD CONTROL 

DESCRIPTION 
The SHC615 is a complete subsystem for very fast 
and precise DC restoration, offset clamping, and low 
frequency hum suppression of wide band amplifiers or 
buffers. Designed to stabilize the performance of 
video signals, it can also be used as a sample/hold 
amplifier, high-speed integrator, or peak detector for 
nanosecond pulses. A wideband Operational 
Transconductance Amplifier (OTA) with a high-im
pedance cascode current source output and fast sam
pling comparator set a new standard for high-speed 
applications. Both can be used as stand-alone circuits 
or combined to form a more complex signal process
ing stage. The self-biased, bipolar OT A can be viewed 
as an ideal voltage-controlled current source and is 

Ground 

Hold Control 0-'-1----+-1 

StH 0.1 -'-11 I----:---l 
In-

APPLICATIONS 
• BROADCASTIHDTV EQUIPMENT 

• TELECOMMUNICATIONS EQUIPMENT 

• HIGH-SPEED DATA ACQUISITION 

• CAD MONITORS/CCD IMAGE 
PROCESSING 

• NANO SECOND PULSE INTEGRATOR! 
PEAK DETECTORS 

• PULSE CODE MODULATOR! 
DEMODULATOR 

• COMPLETE VIDEO DC LEVEL 
RESTORATION 

• SAMPLElHOLD AMPLIFIER 

optimized for low input bias current. The sampling 
comparator has two identical high-impedance inputs 
and a current source output optimized for low output 
bias current and offset voltage; it can be controlled by 
a TTL-compatible switching stage within a few 
nanoseconds. The transconductance of the OT A and 
sampling comparator can be adjusted by an external 
resistor, allowing bandwidth, quiescent current, and 
gain tradeoffs to be optimized. 

The SHC615 is available in SO-14 surface mount and 
14-pin plastic DIPs, and is specified over the ex
tended temperature range of -40°C to +85°C. 

Base 

r::.:.:=-----t=2co Emitter 

OTA i 
L-..----; __ +I=o2 Collector (lOUT) 

r __________ _ 

, ' , ' 

L_~~~i~~ _~:--; --1l-'-o la Adjust 

SHC615 
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DC SPECIFICATIONS 
At Vee = ±5V, RLOAD = lOOn, Ra = 300n, R'N = 150n and TA = +25'C, unless otherwise specified. 

PARAMETER CONOITIONS 

OFFSET VOLTAGE, V. at VB = 0 
Initial 

vs Temperature 
vs Supply (tracking) Vcc =±4.5Vto ±5.5V 

B-INPUT BIAS CURRENT 
Initial 

vs Temperature 

C-OUTPUT BIAS CURRENT, Ie at VB = 0 
Inilial 

B-INPUT IMPEDANCE 

INPUT NOISE 
Voltage Noise Density, 8-to-E fOUT = 100kHz to 100MHz 
Voltage Noise Density, B-to-C fOUT = 100kHz to 100MHz 

INPUT VOLTAGE RANGE 

OUTPUT 
Output Voltage Compliance 
C-Current Oulput 
E-Current Output 
C-Oulpul Impedance 
E-Oulput Impedance 
Open· Loop Gain 

TRANSCONDUCTANCE Small Signal, <200mV 

A ELECTROSTATIC 
~DISCHARGE SENSITIVITY 
Any 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 published speci
fications. 

MfN 

50 

-200 

±IB 
±IB 

SHC615AP, AU 

TYP 

B 
40 
55 

-{).3 
1 

-77 

4.4 

2.2 
4.5 

±3.4 

±3.2 
±20 
±20 
0.5 
12 
96 

70 

MAX UNITS 

±40 mV 
I1V/'C 

dB 

±O.9 I1A 
nAl'C 

+100 I1A 
Mn 

nVl*iZ 
nVlv'Hz 

V 

V 
mA 
mA 
Mn 
n 
dB 

mAN 

The information provided herein is believed 10 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 circuils described herein are implied or granled 10 any Ihird 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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For Immediate Assistance, Contact Your Local Salesperson 
DC SPECIFICATIONS (CO NT) 

At Vcc = ±SV, RLOAO = tkn, Ra = 3000, and TA = +2S·C, unless otherwise specified. 

SHC61SAP, AU 

PARAMETER CONDmONS MIN TYP 

COMPARATOR 

INPUT BIAS CURRENT 
Initial 1.0 

vs Temperature -2.3 

C·OUTPUT BIAS CURRENT 
Initial ±10 

vs Temperature ±13 

INPUT IMPEDANCE 
Input Impedance 0.2 

INPUT NOISE 
Voltage Noise Density four = 100kHz to 100MHz 5 

INPUT VOLTAGE RANGE 
Input Voltage Range ±3.0 
Common-Mode Input Range ±3.2 

OUTPUT 
Output Voltage Compliance ±3.5 
C·Current Output ±2.5 ±3.2 
C·Output Impedance 620112 
Open-Loop Gain 83 

TRANSCONDUCTANCE 
Transconductance 22 

HOLD CONTROL 
Logic 1 Voltage +2 
Logic 0 Voltage 0 
Logic 1 Current V Hold Control = 5.0V 1 
Logic 0 Current V Hold Control = 0.8V 0.05 

TRANSFER CHARACTERISTICS 
Charge Injeclion Track-To-Hold 40 
Feedthrough Rejeclion Hold Mode -100 

COMPLETE SHC61S 

POWER SUPPLY 
Rated Voltage ±5 
Derated Performance ±4.5 
Quiescent Current Ra=300Q ±12 ±15 

Quiescent Current Range Programmable (Useful Range) ±3to ±36 

TEMPERATURE RANGE 
Operating -40 
Storage -40 

MAX UNITS 

±5 itA 
nArC 

±50 itA 
nArC 

MQ 

nV/M. 

V 
V 

V 
rnA 

knll pF 
dB 

mNV 

+Vcc +0.6 V 
0.8 V 

ItA 
ItA 

fC 
dB 

V 
±S.5 V 
±18 rnA 

rnA 

+85 ·C 
+125 ·C 

BURR-BROWNe 
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AC SPECIFICATIONS 
At Vcc = ±SV, RLOAD = loon, RSOURCE = son, Ra = 300n, and TA = +2S'C, unless otherwise specified. 

SHC615AP, AU 

PARAMETER CONDITIONS MIN TYP 

'DOMAIN 

OTA 

LARGE-SIGNAL BANDWIDTH VOUT = S.OVp-p 430 
(-3dB), (B-to-E) VOUT = 2.8Vp-p S40 

VOUT = I.4Vp-p 620 

"M4' _".r.N4 •. " .... u ... uu, B-TO-E VOUT • 0.2Vp-p S20 

DIFFERENTIAL GAIN (B-TO-E) f = 4.43MHz, VOUT = 0.7Vp-p, 
RL= IS0n 1.8 
RL= soon 0.1 

DIFFERENTIAL PHASE f = 4.43MHz, VOUT = 0.7Vp-p, 
RL = Ison 0.07 

(B-TO-E) RL= soon 0.Q1 

HARMONIC DISTORTION (B-TO-E) f = 30MHz, VOUT = I.4Vp-p 
Second Harmonic ...sO 
Third Harmonic -46 

LARGE SIGNAL BANDWIDTH 
(-3dB), (B-to-C) VOUT = s.Ovp-p 2S0 

VOUT = 2.8Vp-p S80 
VOUT = I.4Vp-p 7S0 

SMALL SIGNAL BANDWIDTH 
B-to-C VOUT = 0.2Vp-p 680 

,un Sample Made 

BANDWIDTH lOUT = 4mAp-p 240 
(-3dB) lOUT = 2mAp-p 270 

lOUT = 1 mAp-p 280 

TIME DOMAIN 

OTA 

RISE TIME 2Vp-p Step, 10% to 90% 
B-to-E 1.1 
B-to-C 1.2 

SLEW RATE 2Vp-p, B-to-E 1800 
B-to-C 1700 

SVp-p, B-to-E 3300 
B-to-C 3000 

,un 

RISE TIME 110% to 90%, RL = son, lOUT = ±2mA 
(Sample Made) CLOAD = lpF 2.S 

SLEW RATE 110% to 90%, RL = son, lOUT = ±2mA 
(Sample Made) CLOAO = lpF 0.95 

DYNAMIC CHARACTERISTICS 
Propagation Delay Time tpOH, VOD = 200mV 2.2 
Propagation Delay Time tpDlo VOD = 200mV 2.15 
Delay TIme Sample-~~-HDld 3.8 

3.0 

BURR-BROWNI!I 
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MAX UNITS 

MHz 
MHz 
MHz 

MHz 

% 
% 

Degrees 
Degrees 

dBc 
dBc 

MHz 
MHz II) 
MHz ,.... 

CD 
0 MHz :::t: rn 

MHz 
MHz 
MHz 

~ 
ns W ns u:: VlJl.S 

Vt'Jl.S ::::i 
VI!,s a.. 
VlJl.S ::a: 

<C 
ns C 

..J 
mAins 0 

:::t: 
ns W 
ns ..J 
ns a.. ns 
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For Immediate Assistance, Contact Your Local Salesperson 
DICE INFORMATION 

SHC615 DIE TOPOGRAPHY 

ABSOLUTE MAXIMUM RATINGS 

Power Supply Voltage (±Vccl .............................................................. ±6V 
tnput Voltagel') ........................................................................ ±Vcc ±0.7V 
Operating Temperature .................................................... -40·C to +8S·C 
Storage Temperature ...................................................... -40·C to +12S·C 
Junction Temperature .................................................................... +150°C 
Lead Temperature (soldering, lOs) ............................................... +300"C 
Hold Control .............................................................. -11.SV to +Vcc +0.7V 

NOTE: (1) tnputs are internally diode-clamped to ±Vcc. 

PIN CONFIGURATION 

Top View DIP 
SO-14 

)aAdjus1 1 • 14 NC 

+Vcc 

SHC61S 
lOUT' Collector, C 

s/H In-

S/H In+ 

Ground 

8 NC 

DIE PAD FUNCTION 

1 la Adjus1 
2 OTA-Emitter 
3 OTA-Base 
4 CHOLD 

S -5V Supply, Analog 
6 -5V Supply, Digital 
7 Hold Control 
8 Ground 
9 s/H In+ 
10 S/H tn-
11 lOUT, OTA-Collector 
12 +SV Supply, Analog 
13 +SV Supply, Digital 

Substrate Biae: Negative Supply_ 
Wire Bonding: Gold wire bonding is recommended. 

MECHANICAL INFORMATION 

MILS (0_001") MILLIMETERS 

Die Size 73 x 81, ±S 1.86 x 2.06, ±0.13 
Die Thickness 14,±1 O.SS, ±0.02S 
Min. Pad Size 4x4 0.10 x 0.10 
Backing: Titanium 0.02, +O.OS, -11.0 O.OOOS, +0.0013, -11.0 

Gold 0.30, ±O.OS 0.0076, ±0.0013 

PACKAGE INFORMATION 

PACKAGE DRAWtNG 
MODEL PACKAGE NUMBERI') 

SHC615AP Plas1ic 14-Pin DIP 010 
SHC615AU SO 14-Pin Surface Mount 235 

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

ORDERING INFORMATION 

MODEL PACKAGE 

SHC615AP . Plastic 14-Pln DIP 
SHC61SAU SO 14-Pin Surface Mount 

BLOCK DIAGRAM 

Hold 
Control 

s/H 
In+ 

s/H 
In-

Ground 

3 

13 

TEMPERATURE 

-40·C to +85"<: 
-40·C to +85"<: 

Collector 
(lOUT) 

laAdjust 

BURR-BROWNe 
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TYPICAL PERFORMANCE CURVES 
RQ = 300n, T, = +25°C, Vee = ±5V unless otherwise noted. 

SHC615 TOTAL QUIESCENT CURRENT vs Ro 
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For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES (CONT) 
RQ = 300Q, T, = +25°C, Vee = ±5V unless otherwise noted. 
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TYPICAL PERFORMANCE CURVES (CONT) 
Ra = 300.0:, TA = +25°C, Vee = ±5V unless otherwise noted. 
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For Immediate Assistance, Contact Your Local Salesperson 

TYPICAL PERFORMANCE CURVES (CONT) 
Ro = 300n, T. = +25'C, Vee = ±5V unless otherwise noted. 
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TYPICAL PERFORMANCE CURVES (CONT) 
RQ = 300D, T A = +25°C, Vee = ±5V unless otherwise noted. 
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For Immediate Assistance, Contact Your Local Salesperson 

TYPICAL PERFORMANCE CURVES (CONT) 
RQ = 300Q, TA = +25°C, Vee = ±5V unless otherwise noted. 

PROPAGATION OELAY vs OVERDRIVE 
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TYPICAL PERFORMANCE CURVES (CONT) 
F\, = 300n, TA = +25·C, Veo = ±5V unless otherwise noted. 
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DISCUSSION OF 
PERFORMANCE 
The SHC615, which contains a wideband Operational 
Transconductance Amplifier and a fast sampling compara
tor, represents a complete subsystem for very fast and 
precise DC restoration, 'offset clamping and correction to 
GND or to an adjustable reference voltage, imd low fre
quency hum suppression of wideband operational or buffer 
amplifiers. 

Although the IC was designed to improve or stabilize the 
performance of complex, wideband video signals, it can also 
be used as a sample and hold amplifier, high-speed integra
tor, peak detector for nanosecond pulses, or demodulator or 
modulator for pulse code transmission systems. A wideband 
Operational Transconductance Amplifier (OTA) with a high
impedance cascode current source output and a fast and 
precise sampling comparator set a new standard for high
speed sampling applications. 

Both can be used as stand-alone circuits or combined to 
create more complex signal processing stages like sample 
and hold amplifiers. The SHC615 simplifies the design of 
input amplifiers with high hum suppression, clamping or 
DC-restoration stages in professional broadcast equipment, 
high-resolution CAD monitors and information terminals, 
signal processing stages for the energy and peak value of 
small and fast nanoseconds pulses, and eases the design of 
high-speed data acquisition systems behind a CCD sensor or 
in front of an analog-to-digital converter. 

An external resistor, ~, allows the user to set the quiescent 
current. ~ is connected from Pin 1 (10 adjust) to -Vcc. It 
determines the operating currents of both the OT A and 
comparator sections and controls the bandwidth and AC 
behavior as well as the transconductance of both sections. 
Besides the quiescent current setting feature, the Propor
tional-to-Absolute-Temperature (PT AT) supply increases the 
quiescent current vs temperature and keeps it constant over 
a wide range of input voltages. This variation holds the 
transconductance gm of the OT A and comparator relatively 
constant vs temperature. The circuit parameters listed in the 
specification table are measured with ~ set to 3000, giving 
a nominal quiescent current at ±15mA. The circuit can be 
totally switched-off with a current flowing into Pin 1. 

OPERATIONAL 
TRANSCONDUCTANCE 
AMPLIFIER (OTA) 
SECTION AND OVERVIEW 

The symbol for the OTA section is similar to that of a 
bipolar transistor, and the self-based OTA can be viewed as 
a quasi-ideal transistor or as a voltage-controlled current 
source. Application circuits for the OTA look and operate 
much like transistor circuits-the bipolar transistor, also, is 
a voltage-controlled current source. Like a transistor, it has 
three terminals: a high,impedance input (base) optimized for 
a low input bias current of 0.3JlA, a low-impedance input! 

output (emitter), and the high-impedance current output 
( collector). 

The OT A consists of a complementary buffer amplifier and 
a subsequent complementary current mirror. The buffer 
amplifier features a Darlington output stage and the current 
mirror has a cascoded output. The addition of this cascode 
circuitry increases the current source output resistance to 
IMO and the open~loop gain to typically 96dB. Both fea
tures improve the OT As linearity and drive capabilities. Any 
bipolar input voltage at the high impedance base has the 
same polarity and signal level at the low impedance buffer 
or emitter output. For the open-loop diagrams the emitter is 
connected to GND and then the collector current is deter
mined by the product voltage between base and emitter 
times the transconductance. In application circuits (Figure 
2b.), a resistor RE between emitter and GND is used to set 
the OTA transfer characteristics. The following formulas 
describe the most important relationships. rE is the output 
impedance of the buffer amplifier (emitter) or the reCiprocal 
of the OTA transconductance. Above ±SmA, collector cur
rent, Ie, will be slightly less than indicated by the formula. 

The RE resistor may be bypassed by a relatively large 
capacitor to maintain high AC gain. The parallel combina
tion of RE and this large capacitor form a high pass filter 
enhancing the high frequency gain. Other cases may require 
a RC compensation network parallel to RE to optimize the 
high-frequency response. The full power bandwidth mea
sured at the emitter achieves 620MHz. The frequency re
sponse of the collector is directly related to the resistor's 
value between collector and GND; it decreases with increas
ing resistor values, because it forms a low-pass network with 
the OT A C-output capacitance. 

Figure I shows a simplified block and circuit diagram of 
the SHC615 OTA. Both the emitter and the collector 
outputs offer a drive capability of ±20mA for driving low 
impedance lines or inputs. Connecting the collector to the 
emitter in a direct-feedback buffer configuration increases 
the drive capability to ±40mA. The emitter output is not 
current-limited or protected. Momentary shorts to GND 
should be avoided, but are unlikely to cause permanent 
damage. 

While the OTA's function and labeling looks similar to 
that of transistors, it offers essential distinctive differences 
and improvements: 1) The collector current flows out of 
the C terminal for a positive B-to-E input voltage and into 
it for negative voltages; 2) A common emitter amplifier 
operates in non-inverting mode while the common base 
operates in inverting,mode; 3) The OTA is far more linear 
than a bipolar transistor; 4) The transconductance can be 
adjusted with an external resistor; 5) Due to the PTAT 
biasing characteristic the quiescent current increases as 
shown in the typical performance curve vs temperature 
and keeps the AC performance constant; 6) The OT A is 
self-biased and bipolar; and, 7) The output current is zero 
for zero differential input voltages. AC inputs centered at 
zero produce an output current centered at zero. 
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B 
(3) 

(A) 

+Vcc 
(13) 

+Vcc 
(5) 

C 
(12) 

+Vee O-r-r--,.----1r-----, 
(13) 

Biasing 

B o-HI----f 
(3) 

Biasing 0--1---1---1 

-Vee 0-+--+--....... ----<>-----' 
(5) 

(B) 

Biasing 

Biasing 

FIGURE 1. a) Simplified Block; and, b) Circuit Diagram of the OTA Section. 

As Al 

Vo 

Inverting Gain 
V, 

Vas = several volts 

As AE 

V-

(A) Common Emitter Amplifier 

Transconductance varies over temperature. 

V, 
Non-lnvertingGaln 
Vos,O 

(B) Common-E Amplifier 

Transconductance remains constant over temperature. 

FIGURE 2. a) Common Emitter Amplifier Using a Discrete Transistor; b) Common-E Amplifier Using the OTA Portion ofthe 
SHC615. 

BASIC APPLICATIONS CIRCUITS 

Most application circuits for the OTA section consist of a 
few basic types which are best understood by analogy to 
discrete transistor circuits. Just as the transistor has three 
basic operating modes--common emitter, common base, 
and common collector-the OTA has three equivalent oper
ating modes common-E, common-B, and common-C (See 
Figures 2, 3 and 4). Figure 2 shows the OTA connected as 

BURR~BROWNe 

a Common-E amplifier which is equivalent to a common 
emitter transistor amplifier. Input and output can be ground 
referenced without any biasing_ Due to the sense of the 
output current, the amplifier is non-inverting; 

Figure 4 shows the common-B amplifier. This configuration 
produces an inverting gain, and the input is low-impedance. 
When a high impedance input is needed, it can be created by 
inserting a buffer amplifier like BUF600 in series. 
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V,o--,/\J'IJ'----"-=--{ 

V, 

V-

(A) Common Collector Amplifier 
(Emitter Follower) 

(B) Common-C Amplifier 
(Buffer) 

G= =1 
1+_1_ 

gm"RE 

Ro= ...L 
9m 

FIGURE 3. a) Common Collector Amplifier Using a Discrete 
Transistor; b) Common-C Amplifier Using the 
OTA Portion of the SHC6l5. 

SAMPLING COMPARATOR 

The SHC6l5 sampling comparator features a very short 
2.2ns propagation delay and utilizes a new switching circuit 
architecture to achieve excellent speed and precision. 

It provides high impedance inverting and non-inverting 
inputs, a high-impedance current source output and a TTL
CMOS-compatible Hold Control Input. 

The sampling comparator consists of an operational transcon
ductance amplifier (OTA), a buffer amplifier, and a subse
quent switching circuit. The OTA and buffer amplifier are 
directly tied together at the buffer outputs to provide the two 
identical high-impedance inputs and high open-loop transcon
ductance. Even a small differential input voltage multiplied 
with the high transconductance results in an output cur
rent-positive or negative--depending upon the input polar
ity. This is similar to the low or high status of a conventional 
comparator. The current source output features high output 
impedance, output bias compensation, and is optimized for 
charging a capacitor in DC restoration, nanosecond integra
tors, peak detectors and StH circuits. The typical comparator 
output current is ±3.2mA and the output bias current is 
minimized to typically ±IOIlA in the sampling mode. 

This innovative circuit achieves the slew rate representatives 
of an open-loop design. In addition, the acquisition slew 
current for a hold or storage capacitor is higher than standard 
diode bridge and switch configurations, removing a main 
contributor to the limits of maximum sampling rate and 
input frequency. 

The switching circuits in the SHC615 use current steering 
(versus voltage switching) to provide improved isolation 
between the switch and analog sections. This results in low 
aperture time sensitivity to the analog input signal, reduced 
power supply and analog switching noise. Sample-to-hold 
peak switching is 4OfC. 

V, 

(A) Common-Base 
Amplifier 

V, 

(B) Common-B Amplifier 

FIGURE 4. a) Common Base Amplifier Using a Discrete 
Transistor; b) Common-B Amplifier Using the 
OTA Portion of the SHC615. 

The additional offset voltage or switching transient induced 
on a capacitor at the current source output by the switching 
charge can be determined by the following formula: 

Offset(V) = Charge(pC) 
CH Total(pF) 

The switching stage input is insensitive to the low slew rate 
performance of the hold control command and compatible 
with TTL/CMOS logic levels. With a TTL logic high, the 
comparator is active, comparing the two input voltages and 
varying the output current accordingly. With a TTL logic 
low, the comparator output is switched off. 

APPLICATION INFORMATION 
The SHC615 operates from ±5V power supplies (±6V maxi
mum). Do not attempt to operate with larger power supply 
voltages or permanent damage may occur. 

Inputs of the SHC615 are protected with internal diode 
clamps as shown in Figure I. These protection diodes can 
safely conduct lOrnA continuously (3OrnA peak). If input 
voltages can exceed the power supply voltages by O.7V, the 
input signal current must be limited. 

BASIC CONNECTIONS 

Figure 6 shows the basic connections required for operation. 
These connections are not shown in subsequent circuit 
diagrams. Power supply bypass capacitors should be located 
as close as possible to the device pins. Solid tantallim 
capacitors are generally best. See "Circuit Layout" at the end 
of the applications discussion for further suggestions on 
layout. 
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If the high speed TIL-hold command signal goes negative 
due to reflections for AC-coupling, the hold control input 
must be protected by an external reverse bias diode to 
ground as shown in Figure 6. 

CIRCUIT LAYOUT 

The high-frequency performance of the SHC615 can be 
greatly affected by the physical layout of the printed circuit 
board. The following tips are offered as suggestions, not as 
absolute requirements. Oscillations, ringing, poor bandwidth, 
poor settling, and peaking are all typical problems that 

+Vee 0-.._--1>---_-~_--_. 
(13) 

Biasing 
OTA 

plague high-speed components when they are used incor
rectly. 

• Bypass power supplies very close to the device pins. 
Use tantalum chip capacitors (approximately 2.2IlF); 
parallel 470pF and/or lOnF ceramic chip capacitors 
may be added if desired. Surface mount types are 
recommended because of their low lead inductance. 
Supply bypassing is extremely critical at high frequen
cies and when driving high current loads. 

• PC board traces for power lines should be wide to reduce 
impedance. 

In+ 0-+---11----1 

+------0-.0----0 CHOLD 

(4) 

(lO) 

Biasing 0--1---+--1 

-Vee o-+.----<l>---...... -~O_---' 
(5) 

+V~ 0-.._--1>---_---. 
(13) 

Biasing 

In- 0-+---11----1 
(ll) 

Biasing 0--1---+--1 

-V~ 0-+.----<1>---...... ---' 
(5) (B) 

BUFFER 
AMPLIFIER 

In-

Hold Control GND TIL 
(7) (9) 

Comparator Switching Stage 

~-+---<rr-o---+-o CHOLD 

Hold Control 
(7) 

(A) 

(4) 

FIGURE 5. a) Simplified Block Diagram; and, b) Circuit Diagram of the Sampling Comparator which Includes the Sampling 
Operational Transconductance Amplifier (SOTA) and the Switching Stage. 
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• Make' short, low-inductance traces. The entire physical 

circuit should be as small as possible. 

• Use a low-impedance ground plane on the component side 
to ensure that a low-impedance ground is available through
out the layout. 

• Do not extend the ground plane under high-impedance 
nodes sensitive to stray capacitances such as the amplifier's 
input terminals. 

• Sockets are not recommended since they add significant 
inductance and parasitic capacitarice. If sockets are re
quired, use zero-profile sockets. 

• Use low-inductance, surface-mount components. Surface, 
mount components offer the best AC performance. 

9 GND 

o--Vl/V'--D--:;-f-:--I Switching Stage 
Hold 7 (20!l 

to 
200!l) 

Control 

5tH In+ 

s/H In-

NOTE: (1) ±Vcc = ±6V absolute max. 

FIGURE 6. Basic Connections. 

Sampling Comparator 
(5C) 

4 

• A resistor of 100 to 2500 in series with the high-imped
ance inputs is recommended to reduce peaking. 

• Plug-in prototype boards and wire-wrap boards will not 
function well. A clean layout using RF techniques is 
essential-there are no shortcuts. 

• Terminate transmission line loads. Unterminated lines, 
such as box cables, can appear to the amplifier to be a 
capacitive or inductive load. By terminating a transmission 
line with its characteristic impedance, the amplifier's load 
then appears purely resistive. 

• Protect the hold control input with an external diode if 
necessary. 

Rs 
(25!l to 200!l) 

13 
+Vcc 

-,.::-;==-:;-+2=--.,::> Emitter 

L-_-++1!!2'-{) Collector 

5 
-Vee 

_5V(1) 

Ra = 300!l sets roughly 
Ra la=±14mA 

1470PFl1onF12.2~F 
Solid Tanatlum 
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TYPICAL APPLICATIONS 

loon 

f f 
4 

loon 

FIGURE 7. Complete DC Restoration System. FIGURE 8. DC Restoration of a Buffer Amplifier. 

Haldrrrack 

V'N 0-<.-,,11/1/'-1 

R, 

loon 50n 

>-~_ ....... -o VaUT 

FIGURE 9. Clamped VideolRF Amplifier. FIGURE 10. Sample/Hold Amplifier. 
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Hold Control 

r---OIOUT 

V ,N n-_.I\I\I~-=-l 

--~I"I\I'-nVOUT 

6200 8200 

1000 ._. !~.: 
>'~ __ -+-.,........J'vI.f'-,;i--t::OTAi 

----2-- l 50n 

FIGURE 11. Integrator for ns-Pulses. FIGURE 12. Fast Pulse Peak Detector. 

Video 
-1V ADC 

75,0 
'-~~'I\I\-oVOUT 

+5V 

f'N .sLSL 
fREF ~ 

f'N 

lOUT ~ 
VOUT~ 

fOUT =: fREF X N 

FIGURE 13. CCD Analog Front-End. FIGURE 14. Phase Detector For Fast PLL-Systems. 
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BURR - BROWN® 

113131 SHC803BM, CM 
SHC804BM, CM 

ABRIDGED DATA SHEET 

For Complete Data Sheet 
Call FaxLine 1-800-548-6133 

Request Document Number 10512 

High Speed 
SAMPLE/HOLD AMPLIFIER 

FEATURES 
• 350ns max ACQUISITION TIME 

• ±O_01% THROUGHPUT NONLINEARITY 

• 150ns max SAMPLE-TO-HOLD SETILING 
TIME 

• INPUT BUFFER (SHC803) 

• 24-PIN HERMETICALLY-SEALED METAL 
PACKAGE 

DESCRIPTION 
The SHCS03 and SHCS04 are high speed sample/hold 
amplifiers designed for use in fast l2-bit data acquisi
tion systems and signal processing systems. The SHCS03 
contains a fast-settling unity-gain amplifier for buffer
ing high impedance sources or for use with CMOS 
multiplexers. 

The SHCS04 acquires a 10V signal change in less than 
350ns to ±l/2LSB at 12 bits. Throughput nonlinearity 

error is guaranteed to be within ±l/2LSB for 12-bit 
systems. Stability over temperature is excellent, with 
only ±5ppmfOC of gain drift and ±4ppm of FSRI"C of 
charge offset drift over the -25 to +S5°C temperature 
range. 

The ±25ps maximum aperture uncertainty of SHC803 
and SHCS04 permits sampling (to ±O.Ol % of Full 
Scale Range) of signals with rates of change of up to 
IOOV /1lS. These sample/holds have been optimized for 
use with Burr-Brown's high speed 12-bit analog-to
digital converter, model ADCS03. Together these com
ponents are capable of accurately digitizing fast chang
ing signals at sample rates as high as 500k samples per 
second. 

The digital inputs (HOLD and HOLD) are TTL
compatible. Power supply requirements are ±15V and 
+5V and the specification temperature range is -25°C 
to +S5°C. The SHCS03 and SHCS04 are packaged in 
a 24-pin dual-in-line hermetic metal package. SHCS04 
is pin-compatible with other sample/holds on the 
market with similar performance characteristics. 

Buffer SampleJHold 
Output Analog Input 

Hold Hold Analog 
Common 
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SPECIFICATIONS 
ELECTRICAL 
At +25°C, rated power supplies and a lkn output load, unless otherwise specified. 

SHC803lSHC804BM SHC803ISHC804CM 

PARAMETER MIN TYP MAX MIN TYP 

SAMPLElHOLD fNPUTS (without Input Buffer) 

ANALOG 
Voltage Range ±10.25 ±Il · · 

R'N 1.00 
DIGITAL (HOLD, HOLD) 

V,H +2.0 · 
Vil +0.8 
I'H' V'N = +2.7V +60 
Ill' Y'N = +O.4V -1.2 

SAMPLElHOLD TRANSFER CHARACTERISTICS (without Input Buller) 

ACCURACY 
Sample Mode 

Gain -I 
Gain Error ±O.I 

Temperature Coefficient ±3 ±IO ±I 
Unearity Error ±O.OOI ±0.005 
Zero Offset ±1 ±5 ±0.5 

Temperature Coefficient ±1 ±2.5 ±0.5 
Hold Mode 

Charge Offset ±2 ±to ±1 
Temperature Coefficient ±3 ±to ±2 

Droop Rate: at +25°C ±C.S ±5 
+85°C ±0.5 

Throughput Nonlinearity ±0.01 
Power Supply Sensitivity!'): ±Vee ±0.OO2 

Voo ±C.OO3 

DYNAMIC CHARACTERISTICS 
Acquisition Time (with 1 OV Step) 

to within: ±0.10/0 (±10mV) 220 
±o.ot% (±tmV) 250 350 · 

Sample-to-Hold Settling Time 
to within ±0.01 % (±1 mY) 100 150 

Sample-to-Hold Transient Amplitude 60 150 
Aperture Delay Tlme(3) IS 25 
Aperture Uncertainty ±10 ±25 
Sample Mode: Output Slew Rate 160 

Full Power Bandwidth 1 
Small Signal Bandwidth 16 

Hold Mode Feedthrough Rejection 
(IOV Square Wave Input) ±0.03 ±0.005 

SAMPLElHOLD OUTPUT 
Voltage Range ±10.25 ±II · · 
Output Current ±50 · 
Short Circuit Protection Indefinite to Common 
Output Impedance (at DC) I 0.01 I 0.1 · 
INPUT BUFFER CHARACTERISTICS (SHC803 only) 

IflFllT 
Offset Voltage ±1/2 ±5 

vs Temperature ±1.5 ±2.5 
Bias Current ±25 
Impedance 108 115 
V'N Range ±10.25 ±11 · 
DYNAMIC CHARACTERISTICS 
Full Power Bandwidlh 320 
Slew Rate(4) 10 
Settling TIme(4) to ±2mV for 10V Step 2.5 

OUTPUT 
Vour Range ±10.25 · 
Output Current ±10.25 · 

MAX UNITS 

V 
kn 

V · V · ItA · mA 

VN 
0/0 

±5 ppmf'C 
0/0 of FSR!l) 

±3 mV 
±1.5 ppm of FSR/oC 

±5 mV 
±4 ppm of FSR/oC 

I'VlIIS 
±O.t mVlIIS 

0/0 of FSR 
0/0 of FSR!"/.Vcc 
0/0 of FSR!"/.Voo 

ns 
ns 

ns 
mVPEAK 

ns 
ps 

VIlIS 
MHz 
MHz 

0/0 

V 
mA 

0 

· mV 
ppm of FSR!"C 

nA 
011 pF 

V 

kHz 
VII's 
lIS 

V 
rnA 

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

ELECTRICAL 
At +25°C, rated power supplies and a 1 \ill output load, unless otherwise specified. 

SHC803ISHC804BM SHC803lSHC804CM 

PARAMETER MIN TYP MAX MIN TYP 

POWER SUPPLY REQUIREMENTS 
Rated Voltage: ±Vcc ±13.5 ±15 ±16.5 . . 

Voo +4.75 +5.00 +5.25 . . 
Quiescent Current (No Load) 

SHC804: +Vcc 30 35 
-Vee 15 20 

Voo 5 10 
SHC803: +Vcc 33 40 

-Vcc 18 25 
Voo 5 10 

Power Dissipation: SHC804 700 875 
SHC803 790 1100 

TEMPERATURE RANGE 
Specification -25 +85 
Storage -55 +125 

MAX UNITS 

V · V 

· mA 
mA 
mA 
mA 
mA 

· mA · mW 
mW 

°C 
°C 

a: 
o 
~ a: 

m 
• Specification same as SHC803/SHC804BM. ~ 
NOTES: (1) FSR means Full Scale Range and is 20V for SHCB03 and SHC804. (2) Sensitivity of offset plus charge offset. (3) With respect to HOLD. For HOLD add 0 
5ns typical. (4) With buffer connected to the sample/hold amplifier. e 
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CONNECTION DIAGRAMS 

SHC803CM, BM 

VOIJT Analog 
+Vcc Output 

NC Vee COM 

NC -Vee 
Analog 
Power 

NC COM Supply 

NC NC 

NC NC 

NC NC 

NC Buffer 
In 

Vaa NC 
Signal 
Source 

DCOM COM 

Hold Buffer 
Out 

12 Hold SIH In 

PIN ASSIGNMENTS 
PIN NAME DESCRIPTION 

1 SamplelHold Output Analog voltage output 
2 NC Nat connected 
3 NC Nat connected 
4 NC Nat connected 
5 NC Nat connected 
6 NC Nat connected 
7 NC Nat connected 
8 NC Not connected 
9 Vao Logic supply 
10 DCOM Logic supply common 
11 HOLD Logic "I" = HOLD 
12 HOLD Logic "0" = HOLD 
13 SJH In SHC804 input; for SHC803 connect 

pin 13 to pin 14 
14 Buffer Out, SHC803 only Nat connected for SHC804 
15 COM Signal common 
16 NC Nat connected 
17 Buffer In, SHC803 only Nat connected for SHC804 
18 NC Nat connected 
19 NC Nat connected 
20 NC Nat connected 
21 COM Signal common 
22 -Vee -15V supply 
23 VceCOM Analog to power common, connected 

to case 
24 +Vcc +15V supply 

SHC804CM, BM 

VOUT Analog 
+Vcc Output 

NC Vee COM 

NC -Vee 
Analog 
Power 

NC COM Supply 

NC NC 

NC NC 

NC NC 

Digital NC NC 

Power Vaa NC 
Supply 

COM DCOM COM 

Hold NC 
Signal 
Source 

t2 Hold SIH In 

ABSOLUTE MAXIMUM RATINGS 
Input Overvoltage .............................................................................. ±15V 
+Vcc to Vec COMMON .............................................................. 0 to +18V 
-Vee to Vee COMMON ........•.................................•......•............ 0 to -18V 
Voltage on Digital Inputs (pins 11 and 12) ........................... -o.5V to +7V 
Power Dissipation ....................................................................... 1500mW 
Vaa to DCOM ................................................................................... -o.5V 
Analog Output ............................................... Indefinite Short to Vee COM 

NOTE: Stresses above those listed under "Absolute Maximum Ratings' may 
cause permanent damage to the device. Exposure to absolute maximum 
conditions for ex/ended periods may affect device reliability. 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER") 

SHC803BM 24·Pin 113 
SHC803CM 24·Pin 113 
SHC804BM 24·Pin 113 
SHC804CM 24·Pin 113 

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

11:31:31 SHC5320 

High-Speed Bipolar Monolithic 
SAMPLE/HOLD AMPLIFIER 

FEATURES DESCRIPTION 
• ACQUISITION TIME TO 0.01%: 1.51J.S max 

• HOLD MODE SETTLING TIME: 350ns max 

The SHC5320 is a bipolar monolithic sample/hold 
circuit designed for use in precision high-speed data 
acquisition applications. 

• DROOP RATE AT +25°C: 0.5J.lV/IJ.S max 

• TTL COMPATIBLE 

• FULL DIFFERENTIAL INPUTS 

• INTERNAL HOLDING CAPACITOR 

• TWO TEMPERATURE RANGES: 
-40°C to +85°C (KH, KP, KU) 
-55°C to + 125°C (SH) 

• PACKAGE OPTIONS: 14-pin Ceramic, 
Plastic DIP, and 1S-pin SOIC 

APPLICATIONS 
• PRECISION DATA ACQUISITION 

SYSTEMS 

• DIGITAL-TO-ANALOG CONVERTER 
DEGLITCHER 

• AUTO ZERO CIRCUITS 

• PEAK DETECTORS 

External 
Hold 

100pF 

Reference Bandwidth 
Common Control 

Output 

The circuit employs an input transconductance ampli
fier capable of providing large amounts of charging 
current to the holding capacitor, thus enabling fast 
acquisition times. It also incorporates a low leakage 
analog switch and an output integrating amplifier with 
input bias current optimized to assure low droop rates. 
Since the analog switch always drives into a load at 
virtual ground, charge injection into the holding ca
pacitor is constant over the entire input voltage range. 
As a result, the charge offset (pedestal voltage) result
ing from this charge injection can be adjusted to zero 
by use of the offset adjustment capability. The device 
includes an internal holding capacitor to simplify ease 
of application; however, provision is also made to add 
additional external capacitance to improve the output 
voltage droop rate. 

The SHC5320 is manufactured using a dielectric iso
lation process which minimizes stray capacitance (en
abling higher-speed operation), and eliminates latch
up associated with substrate SCRs. The SHC5320KH, 
KP, and KU feature fully specified operation over the 
extended industrial temperature range of -40°C to 
+85°C, while the SHC5320SH operates over the tem
perature range of -55°C to + 125°C. The device re
quires ±15V supplies for operation, and is packaged in 
a reliable 14-pin ceramic or plastic dual-in-line pack
age, as well as a 16-pin surface-mount plastic package. 

International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520)746·1111 • Twx: 9111-952·1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (520) 889·1510 • Immediate Product Info: (900) 548-6132 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS 
ELECTRICAL 
At +25'C, rated power supplies, gain = +1, and with internal holding capacitor, unless otherwise noted. 

SHC5320KH, KP, KU SHC5320SH 

PARAMETERS MIN TYP MAX MIN TYP 

INPUT CHARACTERISTICS 
ANALOG 
Voltage Range ±IO 
Common-Mode Range ±IO 
Input Resistance I 5 · · 
Input Capacitance 3 
Bias Current ±IOO ±3DO ±70 
Bias Current Over Temperature Range ±300 
Offset Current ±30 ±300 
Offset Current Over Temperature Range ±3DO 

DIGITAL (Over Temperature Range) 
V,H (Logic "I") 2.0 
VIL (Logic "0") 0.8 
I'H (V, = +5V) 0.1 
III (V, = OV) 4 
Logic "0" = SAMPLE 
Logic "I" = HOLD 

OUTPUT CHARACTERIS11CS 
Voltage Range ±IO · 
Current ±IO 
Output Impedance (Hold Mode) I 
Noise, DC to 10MHz: Sample Hold 125 200 

Hold Mode 125 200 

DC ACCURACYISTABILITY 
Gain, Open Loop, DC 3 x lOS 2 x 1()6 10' · 
Input Offset Voltage ±0.5 ±D.2 
Input Offset Voltage Over Temperature Range ±1.5 
Input Offset Voltage Drift ±5 ±20 · 
CMRR!I) 72 90 '80 · 
Power Supply Rejection(2):+Vcc 80 · 

-Vcc 65 

HOLD-TO-SAMPLE MODE 
DYNAMIC CHARACTERISTICS 
Acquisijion Time, A = -I, 10V Step!'): 

to ±0.010/0· I 1.5 
to±O.1% 0.8 1.2 

SAMPLE MODE 
Gain-Bandwidth Product (Gain = +1 )!4): 

CH = 100pF 2 
CH = 1000pF 180 · 

Full Power Bandwidth(5) 600 
Stew Ratel') 45 · 
Rise Time(4) 100 
Overshoot(4) IS · 
SAMPLE·TO-HOLD MODE 
DYNAMIC CHARACTERISTICS 
Aperture Time(7) 25 · 
Effective Aperture Time -.50 -25 0 · 
Aperture Uncertainty (Aperture Jitter) 0.3 · 
Charge Offset (Pedestal)!') (Adjustable to Zero) I 5 
Charge Transfe~') 0.1 0.5 
Sample-to-Hold Transient Settling Time 

to ±D.OIO/O of FSR 165 350 

HOLD MODE 
Droop!') 0.08 0.5 · 
Droop at Maximum Temperature!') 1.2 100 17 
Drift Current!') 8 50 · 
Drift Current at Maximum Temperature(9) 0.12 10 1.7 
Feedthrough, 10Vp-p, 100kHz Sinewave 2 

MAX UNITS 

V 
V 

MQ 
pF 

±200 nA 
±200 nA 
±IOO nA 
±IOO nA 

V 
V 

I'A 
I'A 

V 
mA 
Q 

~Vrms 

· ~Vrms 

VN 
mV 

±2 mV 
±15 I'V/'C 

dB 
dB 
dB 

I's 
I'S 

MHz 
kHz 
kHz 
VII'S 
ns 
0/0 

ns 
ns 
ns 
mV 
pC 

ns 

I'VII'S · I'VlI'S · pA 
nA 
mV 

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 andlor systems. 
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SPECIFICATIONS (CONT) 

ELECTRICAL 
At +2SoC, rated power supplies, gain = +1, and with internal holding capacitor, unless otherwise noted. 

SHC5320KH, KP, KU SHC5320SH 

PARAMETERS MIN TYP MAX MIN TYP MAX UNITS 

POWER SUPPLIES 
+Vcc +12 +15 +18 V 
-Vee -12 -15 -18 V 
+Icc (+VCC" 15V)(9) 11 13 mA 
-Icc (-Vcc = 15V)(9) -11 -13 . mA 

TEMPERATURE 
Specification -40 +85 -55 +125 °C 
Storage -55 +150 °C 
PACKAGE Hermetic Ceramic, Plastic DIP, SOIC Hermetic Ceramic 

.. 
SpecIfIcatIon same as grade to the left. 

NOTES: (1) VCM '= ±5VDC. (2) Based on a ±0.5V swing for each supply with all other supplies held constant. (3) Va = 10V step, RL = 2kn, CL = 50pF. (4) Va = 
200mVp-p, RL = 2kn, CL = 50pF. (5) V,N = 20Vp-p, RL = 2kn, CL = 50pF, unattenuated output. (6) Va = 20V step, RL = 2kn, CL = 50pF. (7) Simulated only, not 
tested. (8) VIN = OV, V,H = +3.5V, tR <20ns (VIL to VIH). (9) Specified for zero differential input voltage between pins 1 and 2. Supply current will increase with 
differential input (as may occur in the Hold mode) to approximately ±2BmA average at 20V differential. . 

PIN CONNECTIONS 

Top View 

-Input 

+Input 

Offset Adjustment 

Offset Adjustment 

-Vee 

Reference 
Common 

Output 

SHC5320KH, KP 

ABSOLUTE MAXIMUM RATINGS(1) 

DIP 

Mode Control 

Supply Common 

NC 

External Hold 
Capacitor 

NC 

Bandwidth Controt 

Voltage Between +Vcc and -Vcc Terminals ...................................... 40V 
Input Voltage ......................................................... Actual Supply Voltage 
Differential Input Voltage ................................................................... ±24V 
Digital Input Voltage ................................................................. + 15V, -1 V 
Output Current, continuous(2j ........................................................ ±20mA 
tnternal Power Dissipation ............................................................. 450mW 
Storage Temperature Range .................................. -65°C < TA < +150°C 
Output Short-Circuit Duration") ........................................................ None 
Lead Temperature (soldering, lOS) ................................................. 300°C 

NOTES: (1) Absolute maximum ratings are limiting values, applied individually, 
beyond which the serviceability of the circuit may be impaired. Functional 
operation under any of these conditions is not necessarily implied. Absolute 
maximum ratings apply to both dice and package parts, unless otherwise 
noted. (2) Internal power dissipation may limit output current to less than 
+20mA. (3) WARNING: This device cannot withstand even a momentary 
shari circuit to either supply. 

ORDERING INFORMATION 
TEMPERATURE 

MODEL RANGE PACKAGE 

SHC5320KP -40°C to +85°C 14-pin Plastic DIP 
SHC5320KU -40°C to +85°C 16-pin SOIC 
SHC5320KH -40°C to +85°C 14-pin Cerdip 
SHC5320SH -55°C to + 125°C 14-pin Cerdip 

BURR-BROWN® 

Top View 

-Input 

+Input 

Offset Adjustment 

Offset Adjustment 

NC 

-Vee 
Reference 
Common 

Output 

SHC5320KU 

PACKAGE INFORMATION 

MODEL PACKAGE 

SHC5320KP 14-Pin Plastic DIP 
SCH5320KU IS-Pin SOIC 
SHC5320KH 14-Pin Cerdip 
SHC5320SH 14-Pin Cerdip 

SOIC 

Mode Control 

Supply Common 

NC 

NC 

External Hold 
Capacitor 

NC 

Bandwidth Control 

PACKAGE DRAWING 
NUMBER") 

010 
211 
163 
163 

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

A ELECTROSTATIC 
~ DISCHARGE SENSITIVITY 

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

ESD damage can range from subtle performance degrada
tion to complete device failure. Precision integrated circuits 
may be more susceptible to damage because very small 
parametric changes could cause the device not to meet its 
published specifications. 
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For Immediate Assistance, Contact Your Local Salesperson 
DICE INFORMATION 

PAD FUNCTION PAD FUNCTION 

1 -Input 9 Output 
2 +Input 10 Bandwidth Control 
3 NC 11 NC 
4 Offset Adjustment 12 +Vcc 
5 Offset Adjustment 13 External Hold Cap. 
e -Vee 14 NC 
7 NC 15 Supply Common 
8 Reference Common 16 Mode Control 

MECHANICAL INFORMATION 

MILS (0.001 ") MILLIMETERS 

Die Size 140 x 95 3.56 x 2.41 
Die Thickness 18±0.8 0.45±0.02 
Min. Pad Size 5x5 0.127 x 0.127 

SHC5320 DIE TOPOGRAPHY 

BURR - BROWN!BI 
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TYPICAL PERFORMANCE CURVES 

10 

5 "'-

TYPICAL SAMPLElHOLD PERFORMANCE 
AS FUNCTION OF HOLDING CAPACITOR 

I 
V Acquisition Time (~s) 
- for 10VlStep to ±O.D1j' 

1.0 

0.5 

X 1-_ Voltage Droop (mV/l00ms) ___ 
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For Immediate Assistance, Contact Your Local Salesperson 
DISCUSSION OF 
SPECIFICATIONS 
WHAT IS A SAMPLElHOLD AMPLIFIER? 

A sample/hold amplifier (also sometimes called a track-and
hold amplifier) is a circuit that captures and holds an analog 
voltage at a specific point in time under control of an 
external circuit, such as a microprocessor. This type of 
circuit has many applications; however, its primary use is in 
data acquisition systems which require that the voltage be 
captured and held during the analog-to-digital conversion 
process. Use of a sample/hold effectively increases the 
bandwidth of a data acquisition system by a significant 
amount. For further discussion of this capability, refer to 
"Signal Digitization" in the Applications section of this data 
sheet. 

The ideal sample/hold amplifier in its simplest form contains 
four primary components as illustrated in Figure 1, although 
in actual practice they may not be internally connected 
exactly as shown. Amplifier AI' the input buffer, provides a 
high impedance load to the source circuit and supplies 
charging current to the holding capacitor CH. Switch SI 
opens and closes under external control to gate the buffered 
input signal to the holding circuit or to remove it so that tlle 
most recently sampled signal will be held. Amplifier A2 
serves to present a high impedance load to the holding 
capacitor and to provide a low impedance voltage source for 
external loads. A minimum of three terminals are provided 
for the user: input, output, and mode control (or sample/hold 
control). When SI, is closed, the output signal follows the 
input signal, subject to errors imposed by amplifier band
width and other errors as discussed below. When SI' is 
opened, the voltage stored on the holding capacitor will be 
held indefinitely (in the ideal case), and will appear at the 
output of the circuit until S I, is again closed under command 
of the mode control signal. 

Input 

Mode 
Control 0)------

FIGURE 1. Ideal Sample/Hold Amplifier. 

The following discussion of specifications covers the critical 
types of errors which may be experienced in applications of 
a sample/hold amplifier. These errors are depicted graphi
cally in Figure 2, and in the Typical Performance Curves. 

Acquisition Time is the time required for the sample/hold 
output to settle within a given error band of its fmal value 
after the sample mode is initiated. Included in this time are 
effects of switch delay time, slew rate of the buffer ampli
fier, and settling time for a specified change in held voltage 
value. Slew rate limitations of the buffer amplifier will cause 

Input 
/-----~ FeedM i----~ 

Settling I I though I I 

TIme -I Y- Output: .-L L-d
Sample·to·Hold j 111 !-.r--t~-- I 
Transient and - - l' .- ,! I 

Charge Offset Tj, 

1ft I 
, I 

" ~ ;... Aperture I 
-/ I I Uncertainty: I 

_ .I 1 _____ 1 1- _ 

f -+-- \.- Aperture Time Acquisi~on ~ ~ 
Offset I Hold TIme I I 
---1 I ,::"1 -:-_ 

Sample Mode Conlrol Sample 

FIGURE 2. lllustration of Sample/Hold Specifications. 

actual acquisition time to be highly dependent on the ampli
tude of the voltage to be acquired, relative· to the value 
already held by the capacitor. Therefore, proper specifica
tion of sample/hold amplifier performance includes defini
tion of both output value step size and required error band 
accuracy. 

Aperture Time (or aperture delay time) is the time required 
for switch SI' to open and remove the charging signal from 
the capacitor after the mode control signal has changed from 
"sample" to "hold." This time is measured from the 50% 
point of the Hold mode transition to the time at which the 
output stops tracking the input. This parameter is very 
important in applications for which the inpulsignal is 
changing very rapidly when the Hold mode is initiated. 

Effective Aperture Time is the difference in propagation 
delay times of the analog signal and the mode control signal 
from their respective input pins to switch SI. This time may 
be negative, zero, or positive. A negative value indicates that 
the mode control propagation delay is shorter than the 
analog propagation delay, with the result that the analog 
value present on the capacitor at the time the switch opens 
occurred earlier than the application of the mode control 
signal by the amount of the effective aperture delay time. 

Apenure Uncenainty (or aperture jitter) is the variation 
observed in the aperture time over a large number of obser
vations. This parameter is important when the analog input 
is a rapidly changing signal, as aperture uncertainty contrib
utes to lack of knowledge (at the output) about the true value 
of the input at the precise time the Hold mode is initiated. 
The maximum input frequency for a given acceptable error 
contribution due to aperture uncertainty is 

fMAX = Maximum Fractional Error/27ttu 

where Maximum Fractional Error (MFE) is the ratio of the 
maximum allowable error voltage to peak voltage, and tu is 
the aperture uncertainty time. For a bipolar ±IOV signal and 
a maximum uncertainty error of l/2LSB in a 12-bit system, 
the MFE is equal to I/2LSB + VPEAK = 2.44mV + IOV = 
0.OO0244VN, since 1/2LSB = 2.44mV for a 20V full-scale 
range. 

For the same system operating with a unipolar OV to IOV 
signal, MFE would be 0.OOO122VN. 

BURR-BROWNI!!l 
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Charge Offset (pedestal) is the output voltage change that 
results from charge transfer into the hold capacitor through 
stray capacitance when the Hold mode command is given. 
This charge appears as an offset voltage at the output, and in 
some sample/hold amplifiers may be a function of the input 
voltage. 

Charge offset is specified for the SHC5320 using only the 
internal holding capacitor. When an external capacitor is 
added, charge offset is calculated as Charge Transfer (pC) 
divided by total hold capacitance. Charge Transfer is also 
specified for the SHC5320, and total hold capacitance is the 
sum of the internal hold capacitor value (lOOpF) and the 
external hold capacitor. Since charge transfer is not a func
tion of analog input voltage for the SHC5320, this error may 
be removed by means of the offset adjustment capability of 
the amplifier. 

Droop Rate is the change in output voltage over time during 
the Hold mode as a result of hold capacitor leakage, switch 
leakage, and bias current of the output amplifier. Droop rate 
varies with temperature and the quality of the external 
holding capacitor, if used. Careful circuit layout is also 
required to minimize droop. 

Drift Current is the net leakage current affecting the hold 
capacitor during the Hold mode. With knowledge of the drift 
current, droop can be calculated as: 

Droop (Vis) = ID(pA)/CH(pF) 

Hold Mode Feedthrough is the fraction of the input signal 
which appears at the output while in the Hold mode. It is 
primarily a function of switch capacitance, but may also be 
increased by poor layout practices. 

Hold Mode Settling Time is the time required for the sample
to-hold transient to settle within a specified error band. 

OPERATING INSTRUCTIONS 
(Developed Around 14-Pin Package) 

OFFSET ADJUSTMENT 

The offset should be adjusted with the input grounded. 
During the adjustment, the sample/hold should be switching 
continuously between the Sample and the Hold modes. The 
offset should then be adjusted to zero output for the periods 
when the amplifier is in the Hold mode. In this way, the 
effects of both amplifier offset and charge offset will be 
accounted for. 

SAMPLE/HOLD CONTROL 

A TIL logic "0" applied to pin 14 switches the SHC5320 
into the Sample (track) mode. In this mode, the device acts 
as an amplifier which exhibits normal operational amplifier 
behavior, with the relationship of output to input signal 
depending upon the circuit configuration selected (see the 
Installation section below). Application of a logic "I" to pin 
14 switches the SHC5320 into the Hold mode, with the 
output voltage held constant at the value present when the 
hold command is given. Pin 14 presents less than one 
LSTIL load to the driving circuit throughout the full oper
ating temperature range. 
Teflon~ Du Pont Corporation 
BURR - BROWN® 

ADDITION OF AN EXTERNAL CAPACITOR 

The SHC5320 contains an internal lOOpF MOS holding 
capacitor, sufficient for most high-speed applications. If 
improved droop performance is desired (with increased 
acquisition time), additional capacitance may be added be
tween pins 7 and II. If an external holding capacitor CH is 
used, then a noise-bandwidth capacitor with a value 0.1 CH 
should be connected from pin 8 to ground. The exact value 
and type of this bandwidth capacitor are not critical. 

Capacitors with high insulation resistance and low dielectric 
absorption, such as Teflon® or polystyrene units, should be 
used as storage elements (polystyrene should not be used 
above +85°C). Care should be taken in the printed circuit 
layout to minimize leakage currents from the capacitor to 
minimize droop errors. 

The value of the external capacitor determines the droop, 
charge offset, and acquisition time of the sample/hold. Both 
droop and charge offset will vary linearly with total hold 
capacitance from the values given in the specification table 
for the internallOOpF capacitor. The behavior of acquisition 
time versus total hold capacitance is shown in the Typical 
Performance Curves. 

OUTPUT PROTECTION 

In order to optimize high-frequency performance of this 
device, output protection is not included. This high· fre
quency performance is mandatory for a good sample/hold, 
which must absorb high-frequency changes in load 
when driving a successive-approximation AID converter. 
Due to the lack of output protection, the output circuit will 
not tolerate an indefinite short to common, but a momentary 
short is permissible. The output should never be shorted to 
a supply. 

INSTALLATION 
(Developed Around 14-Pin Package) 

LAYOUT PRECAUTIONS 

Since the holding capacitor is connected to virtual ground at 
one end (pin 11) and to a low-impedance voltage source at 
the other (pin 7), the SHC5320 ·does not require the use of 
guard rings and other careful layout techniques which are 
required by many sample/hoid circuits. However, normal 
good layout practice should be observed, minimizing the 
possibility of leakage paths across the holding capacitor. As 
in all digital-analog circuits, analog signal lines on the 
circuit board should cross digital signal paths at right angles 
whenever possible. 

GROUNDING AND BYPASSING 

Pin 6 (Reference Common) should be connected to the 
system analog signal common as close to the unit as pos
sible. Likewise, pin 13 (Supply Common) should be con
nected to the system supply common. If the system design 
prevents running these two common lines separately, they 
should be connected together close to the unit, preferably to 
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For Immediate Assistance, Contact Your Local Salesperson 
a large ground plane surrounding the sample/hold. Bypass 
capacitors (O.OllJF to O.llJF ceramic in parallel with IIJF to 
lOIJF tantalum) should be connected from each power sup
ply terminal of the device to pin 13 (Supply Common). 

OFFSET ADJUSTMENT 

Offset adjustment capability may be achieved by connecting 
a lOkO, lO-turn potentiometer as illustrated in Figure 3. 

rE SHC5320 

-vee 5 

FiGURE 3. Connection of Offset Adjustment Potentiometer. 

NONINVERTING MODE 

The most common application of the SHC5320 will utilize 
the connection illustrated in Figure 4. In this mode of 
operation, the sample/hold will operate as a unity-gain 
noninverting amplifier when in the Sample mode, and the 
output signal will track the input. The high bandwidth of the 
SHC5320 and the large open-loop gain assure that gain error 
will be minimized. 

7 

14 6!!.L 
Mode Signal .., 0.1 CH 

Conlrol Common ____ I 

FiGURE 4. Noninverting Unity-Gain Connections. 

When sampling lower-amplitude signals, the SHC5320 may 
also be connected as a noninverting amplifier with gain, as 
illustrated in Figure 5. In this circuit the gain of the amplifier 
is equal to -R:JRI when sampling. 

The Burr-Brown SHC5320 uses current sources to bias the 
internal amplifiers. This means that the bias of the amplifiers 
is not dependent on the common-mode voltage of the input 
signal. This makes the spurious free dynamic range in the 
non-inverting mode equal that of the inverting mode. 

R, 

14 
Mode 

Control 

6 
Signal 

Common 

7 

FiGURE 5. Noninverting Configuration with Gain = 1 + 

RJRI' 

Input R, 

Signal 
Common 

2 14 
Mode 

Control 

FIGURE 6. Inverting Configuration with Gain = -(RJR,). 

INVERTING MODE 

Unlike most sample/holds, the SHC5320 may also be con
nected to act as an inverting amplifier, as shown in Figure 6. 
For this configuration, the gain is equal to -R:JR I' 

INPUT OVERLOAD PROTECTION 

It is possible that the input transconductance amplifier of the 
SHC5320 will saturate when the unit is in the Hold mode, 
due to a non-zero differential signal appearing between pins 
1 and 2. This differential signal may be the result of a rapidly 
changing input signal or application of a new channel from 
an input multiplexer. When the input buffer is saturated in 
this fashion, acqnisition time may be degraded because of 
the time reqnired for the buffer to recover from saturation. In 
addition, the input buffer, which is designed to provide large 
amounts of charging current to the output integrator, may 
draw large amounts of supply current which may exceed 
40mA peak in some applications. For these reasons, it is 
desirable to limit the differential voltage which may appear 
at the summing junction of the input buffer. Figures 7 and Ii 
illustrate possible methods of providing this voltage limita
tion for the inverting and noninverting configurations. The 
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diodes may be Schottky diodes, which will provide the 
fastest clamping action and lowest clamping voltage, but 
fast signal diodes such as IN914 will also work in most 
applications. In each configuration the value of R I should be 
large enough to avoid excessive loading of the input signal 
source. Similarly, R2 should have a value of 2kn or greater 
to insure sufficient load current capability from the sample/ 
hold. If the value of R2 becomes too large, however, the 
added capacitance of the diodes may change the sample/hold 
phase response enough to cause oscillation. 

R, 

R, 

Input 7 

QUlpul 

FIGURE 7. Input Overload Protection-Inverting Configu
ration. 

7 

Input 
Qutput 

FIGURE 8. Input Overload Protection-Noninverting Con
figuration. 

APPLICATIONS 
(Developed Around 14-Pin Package) 

SIGNAL DIGITIZATION 

Sample/hold amplifiers are normally used to hold input 
voltages to an NO converter constant during conversion. 
Digitizing errors result if the analog signal being digitized 
varies excessively during conversion. 

For example, the Burr-Brown ADC80MAH-12 is a 12-bit 
successive-approximation converter with a 25J.lS conversion 
time. To insure the accuracy of the output data, the analog 
input signal to the NO converter must not change more than 
1/2LSB during conversion. 

The maximum rate of change of a sine wave of frequency, 
f, is dv/dt (max) = 21tAf(V Is). If one allows a I/2LSB change 
(2.44mV) for a ±lOV input swing to the NO converter, the 
allowable input rate-of-change limit would be 2.44mV/25J.lS 
= 0.0976mV/J.lS. Thus the sampled sinusoidal signal fre
quency limit is 

f = (0.0976 x J03)/21tA = 15.5/A (Hz), 

where A is the peak amplitude of the sine wave. For a ±lOV 

BURR - BROWN® 

sine wave, this corresponds to a frequency of 1.6Hz, hardly 
acceptable for the majority of sampled data systems. 

However, a sample/hold in front of the NO converter 
"freezes" the converter's input signal whenever it is neces
sary to make a conversion. The rate-of-change limitation 
calculated above no longer exists. If a sample/hold has 
acquired an input signal and is tracking it, the sample/hold 
can be commanded to hold it at any instant in time. There is 
a short delay (aperture delay) between the time the hold 
command is asserted and the time the circuit actually holds. 
The hold command signal can usually be advanced in time 
(or delayed, in the case of negative effective aperture delay) 
to cause the amplifier to hold the signal actually desired. 

Aperture uncertainty (also called aperture jitter) is also a key 
consideration. For the SHC5320 there is a 300ps period 
during which the signal should not change more than the 
amount allowed for aperture uncertainty in the system error 
budget, perhaps I/2LSB for a 12-bit system. For a ±lOV 
input range (l/2LSB = 2.44mV), the input signal rate of 
change limitation is 2.44m V /O.3ns = 8.13m V Ins. The equiva
lent input sine wave frequency is 

f = 8.13 X 106/21tA = 1.29/A (MHz), 

a factor of almost 84,000 higher than using the AID alone. 

However, there are other considerations. The resampling 
rate of an ADC80/SHC5320 combination is 26.5J.lS (251JS 
AID) conversion time plus 1.5J.lS S/H acquisition time). 
Sampling a sine wave at the Nyquist rate, this permits 
maximum input signal frequency of 37.7kHz. The 
analysis assumes that the droop rate of the sample/hold is 
negligible-less than I/2LSB during the conversion time
and that the large signal bandwidth response of the sample/ 
hold causes negligible waveform distortion. Both of these 
assumptions are valid for the SHC5320 in this application. 

DATA ACQUISITION 

The SHC5320 may be used to hold data for analog-to-digital 
conversion or may be used to provide pulse-amplitude 
modulation (PAM) data output (see Figures 9 and 10). 

Analog { 
Inputs 

Analog Mode Signal 
Multiplexer Conlrol Common 

(Burr·Brown MPC Seriesl 

AID 
Converter 

FIGURE 9. Typical Data Acquisition Configuration. 
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Mode Hold 
Control--U 

Sample 
u 

FIGURE 10. PAM Output. 

DATA DISTRIBUTION 

u L 

The SHC5320 may be used to hold the output of a digital
to-analog converter and distribute several different analog 
voltages to different loads (see Figure ll). 

Parallel 
Inputs 

2 

HIGH-SPEED DATA ACQUISITION 

The minimum sample time for one channel in a data acqui
sition system is usually considered to be the acquisition time 
of the sample/hold plus the conversion time of the NO 
converter. If two or more sample/holds are used with a 
multiplexer (such as the Burr-Brown MPC800 or MPC801) 
as shown in Figure 12, the acquisition time of the sample! 
hold can be virtually eliminated. While the fIrst channel is in 
hold and switched into the NO converter, the multiplexer 
may be addressed to the next channel. The second sample! 
hold will have acquired this signal by the time the conver
sion is complete. Then, the sample/holds reverse roles and 
another channel is addressed. In low level systems an instru
mentation amplifIer (such as the Burr-Brown INAlOI) and 
a differential multiplexer (such as the Burr-Brown MPC509A 
or MPC507 A) may be required in front of the sample/hold. 
The settling and acquisition times of the multiplexer, instru
mentation amplifIer, and sample/hold can be eliminated 
from the total conversion time as before by operating in this 
overlapped mode with the sample/holds. 

SHC5320 

14 6 

SHC5320 

6 

Analog 
1-7'--<1>---_ Oulputs 

Channell 

1-'--*--+-- Channel2 

Additional SHC5320 Units 

Digital 
Inputs 

FIGURE 11. Typical Data Distribution ConfIguration. 

2 
SHC5320 

6 

t-7'-4>--'-_ Channel N 

Signal 
Common 
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Analog { 
Inputs 

Burr-Brown 
Analog 

Multiplexer 

SHC532D 7 
No.1 

SHC532D 
No.2 

14 
Signal 

"1" 

Mode Common 
Control O-+----*---"!==-~ 

FIGURE 12. Typical Overlapped Sample/Hold Configuration. 
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7 Vo,tage-to-Frequency Converters 

Voltage-to-frequency converters provide a simple, 
low-cost alternative to AID converters. The fre
quency output is easily isolated, transmitted or 
recorded. It can be interfaced to many commonly 
used micro-controllers and processors through 
counter input ports or counter/timer peripheral 
ICs. 

The voltage-to-frequency converters' integrating 
input properties make them ideal for high noise 
industrial environments. Connected in frequency
to-voltage mode, they are useful for tachometer 
and rate control circuitry, motor control and te
lemetry. 

Choose from a variety of popular devices, includ
ing: 

VFC32-Low cost V IF converter operates up to 
500kHz. 

VFC320-0perates up to IMHz full-scale with 
improved accuracy for high performance AID con
version. 

VFCIOO, VFCIOl-Synchronized VIF converter 
up to 2MHz full-scale frequency is precisely de
termined by your system clock frequency. Excel
lent for AID conversion. 

VFC121-0perates from a single 4.5V to 36V 
power supply. Full-scale output frequency up to 
1.5MHz. 

VFCllO-High performance V IF converter oper
ates to 4MHz with low frequency jitter. 

Other products provide special features and per
formance. Use our selection guide below to locate 
the V IF converter for your application. 

.. 
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VOL TAGE-TO-FREQUENCY 
CONVERTERS 

ASYNCHRONOUS 
VFC32 (Low Cost) 
VFC320 (0.005% Linearity) 
VFC110 (4MHz) 
VFC121 (Single Supply) 

SYNCHRONIZED 
VFC100 (4MHz Clock) 

• DENOTES TYPICAL 

BOLD DENOTES NEW PRODUCT 

BOLO, ITAUC DENOTES PRODUCT IN DEVELOPMENT 

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

m I Product 

2!VFC32 

b:I 
;: 

~ 
~ 

* 
VFCIOO 

VFCIIO 

VFCI21 

VFC320 

Frequency 
Range 
(kHz) 

User-selected 
500kHz, max 
Clock-Programmed 
2M Hz max 
User-selected 
4MHzmax 

User-selected 
I.SMHzmax 

User-selected 
IMHzmax 

~ 
?:l 
~ NOTE: (1) Com = DOC to +7DoC, Ind = -25°C to +B5°C. 

s 
~ c r 
~ 
~ 
V:l 

~ 
"t! 
~ 
~ 
n 
1:l' 

~ 
~ 

Y'N Linearity, 
Range max 
(V) (%of FSR) 

User-selected ±0.01 at 10kHz 
±O.OS at 100kHz 

Oto+IO 0.1 at 1MHz 

Oto +10 ±O.OS at I MHz 

User-selected ±0.03 at 100kHz 

User-selected ±0.002 at 10kHz 

VOLTAGE-TO-FREQUENCY CONVERTERS I 

Temp 
Range(1) 

Com 
Ind, Mil 
Ind, Mil 

Ind 

Ind 

Ind, Mil 

~ 
DIP, SOIC 
TO-I 00 
DIP 

DIP 

DIP 

DIP, TO-I 00 

VOLTAGE-TO-FREQUENCY CONVERTERS 

Description 

Low-Cost Monolithic 

Synchronized Monolithic 

High-Performance 

Single Supply, Low Power 

Precision Monolithic 

• DENOTES TYPICAL 
BOLD OENOTES NEW PRODUCT 

BOLD, ITALIC DENOTES PRODUCT IN DEVELOPMENT 

Some specifications have been estimated for comparison 
purposes. Refer to data sheets for guaranteed specifications. 
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BURR-BROWN® 

IElElI VFC32 
ABRIDGED DATA SHEET 

For Complete Data Sheet 
Call FaxLine 1-800-548-6133 

Request Document Number 10372 

VOltage-to-Frequency 
and Frequency-to-Voltage 

CONVERTER 

FEATURES 
• OPERATION UP TO 500kHz 

• EXCELLENT LINEARITY 
±O.01 % max at 10kHz FS 
±O.05% max at 100kHz FS 

• VlF OR FN CONVERSION 

• MONOTONIC 
• VOLTAGE OR CURRENT INPUT 

APPLICATIONS 
• INTEGRATING AID CONVERTER 

• SERIAL FREQUENCY OUTPUT 

• ISOLATED DATA TRANSMISSION 

• FM ANALOG SIGNAL MOD/DEMOD 

• MOTOR SPEED CONTROL 

• TACHOMETER 

C2 

10nFfilm 

V'No--J'VV'--.... t-......-l 
Otol0V 

Pinout shown is 
for DIP or SOIC 
packages. 

-15V 

DESCRIPTION 
The VFC32 voltage-to-frequency converter provides 
an output frequency accurately proportional to its 
input voltage. The digital open-collector frequency 
output is compatible with all common logic families. 
Its integrating input characteristics give the VFC32 
excellent noise immunity and low nonlinearity. 

Full-scale output frequency is determined by an exter
nal capacitor and resistor and can be scaled over a 
wide range. The VFC32 can also be configured as a 
frequency-to-voltage converter. 

The VFC32 is available in 14-pin plastic DIP, SO-14 
surface-mount, and metal TO-IOO packages. Commer
cial, industrial, and military temperature range models 
are available. 

+15V 

O.I~F 

f---J... 

Pull·Up Vottage 
ovsvpus+vcc 

+5V 

Rpu 
4.7kQ 

.-1-+---0 fOUT 

o to 10kHz 

VFC32 

::c. c, 
7' 3.3nF 

NPOCeramic 

International Airport Industrlal Park Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 746-1111 • Twx: 91D-952·1111 • cable: BBRCORP • Telex: 066-6491 • FAX: (520) 889-1510. Immediate Productlnlo: (800) 548-6132 
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SPECIFICATIONS 
At TA = +25"C and Vee = ±15V, unless otherwise noted. 

VFC32KP, KU VFC32BM 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN 

INPUT (VIF ~~'''~n'~'' I:Four = V,,{7.5 R, C, 
Voltage Rangel') 

Positive Input >0 +0.25mA 
x R, 

Negalive Input >0 -10 
Current Rangel') >0 +0.25 
Bias Current 

Inverting Input 20 100 
Noninverting Input 100 250 

Offset Voltagel'l 1 4 
Differential Impedance 3001110 6501110 
Common-mode 
Impedance 300113 500 113 

INPUT(FN Vour = 7.5 R, C, F'N 
Impedance 501110 1501110 
Logic "1" +1.0 
Logic "0" -{I.05 
Pulse-width Range 0.1 150klFMAX 

ACCURACY 
Linearity Erro"'1 0.01 Hz SOper 

Freq S 10kHz ±0.005 ±0.0101') 
0.1Hz sOper 

Free s 100kHz ±0.025 ±0.05 
0.5Hz SOper 

Free S 500kHz ±D.05 
Offset Error Input 

Offset Votiagel') 1 4 
Offset Driftl') ±3 
Gain Erro"') 5 
Gain Drif~') f = 10kHz ±75 ±50 ±100 
Full Scale Drift f = 10kHz ±75 ±SO ±100 

(offset drift and 
gain drift)I" n 

Power Supply f = DC, ±Vcc = 12VDC 
Sensitivity to 18VDC ±D.015 

OUTPUT(VIF ,",v, .. "",,, '1 (open collector output) 

Vollage, Logic "0" ISINK = SmA 0 0.2 0.4 
Leakage Current, 

Logic "1" Va = 15V 0.01 1.0 
Voltage, Logic "1" External Pull·up Resistor 

Required (see Figure 4) Vpu 
Pulse Width For Best Linearity 10.251FMAX 

Fail Time lour = 5mA, ClQAO = 500pF 400 

OUTPUT (FN ,",v, .. "",,, ,) Vour 

Voltage loS 7mA o to +10 
Current VaS 7VDC +10 
Impedance Closed Loop 1 
Capacitive Load Without Oscillation 100 

DYNAMIC RESPONSE 
Full Scale Frequency 50018) 
Dynamic Range 6 
Settling Time (V/F) to Specified Linearity 

for a Full Scale Input Step 19) 

Overload Recovery < 50% Overload 19) 

POWER SUPPLY 
Rated Voltage ±15 
Voltage Range ±11 ±20 
Quiescent CUrrent ±5.5 ±6.0 

TEMPERATURE RANGE 
Specification 0 +70 -25 +85 -55 
Operating -25 +85 -55 +125 -55 
Storege -25 +85 -65 +150 -65 

• SpeCification the same as VFC32KP. 

VFC32SM 

TYP MAX UNITS 

V 

V 
rnA 

nA 
nA 
mV 

killl pF 

MQII pF 

killl pF 
V 
V 

J!S 

%01 FSRI5) 

%of FSR 

%of FSR 

mV 
ppm of FSRI"C 

%of FSR 
±70 ±150 pprrv"C 
±70 ±150 ppm of FSRI"C 

%of FSRI% 

V 

I!A 

V 
s 

ns 

V 
rnA 
Q 
pF 

kHz 
decades 

V 
V 

rnA 

+125 "C 
+125 "C 
+150 "C 

NOTES: (1) A 25% duty cycle (0.25mA input current) is recommended for best linearity. (2) Adjustable to zero. See Offset and Gain Adjustment section. (3) Linearity error is specified 
at any operafing frequency from the straight line intersecting 90% of full scale freeuency and 0.1 % of full scale frequency. See Discussion of Specifications section. Above 200kHz, 
it is reccmmended all grades be operated below +85"C. (4) ±0.015% of FSR for negative inputs shown in Figure 5. Positive inputs are shown in Figure 1. (5) FSR = Full Scale Range 
(corresponds to full scale frequency and full scale input voltage). (6) Exclusive of external components' drift. (7) Positive .drift is defined to be increasing frequency with increasing 
temperature. (8) For operations above 200kHz up to 500kHz, see Discussion of Specifications and Installation and Operation sections. (9) One pulse of new freeuency piUS 1J!S. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ................................................................................... ±22V 
Output Sink Current (Four) ............................................................... 50mA 
Output Current (VOUT) ..................................................................... +20mA 
Input Voltage, -Input ............................. , ....................................... "Supply 
Input Voltage, +Input ......................................................... : ........... ±Supply 
Comparator Input .......................................................................... ±Supply 
Storage Temperature Range: 

VFC32BM, SM ............................................................. -65·C to + 150·C 
VFC32KP, KU ................................................................ -25·C to +85·C 

ORDERING INFORMATION 

MODEL PACKAGE 

VFC32KP. t 4-Pin Plastic DIP 
VFC32BM TO-I 00 Metal 
VFC32SM TO-IOO Metal 
VFC32KU SO-14S0IC 

PIN CONFIGURATIONS 

Top View 

M Package 
(TO-IOO) 

TEMPERATURE RANGE 

O·C to 70·C 
-25·C to +85·C 

-55·C to +125·C 
O·C to +70·C 

NC = no internal connection 
External connection permitted. 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER!1, 

VFC32KP 14-Pin Plastic DIP 010 
VFC32BM TO- tOO Metal 007 
VFC32SM TO-too Metal 007 
VFC32KU SO-t4 SOIC 235 

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

-In 

NC 

NC 

-Vee 

One-Shot 
CapaCitor 

NC 

P Package 
U Package 

(Epoxy Dual-in-line) 

+In 

VOUT 

Common 

Comparator 
Input 

NC 

NC 

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaocuraciesor 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 lioenses to any of the circuits descrtbed 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 devioes and/or systems. . 
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BURR - BROWN® 

IElElI VFC100 
ABRIDGED DATA SHEET 

For Complete Data Sheet 
Call FaxLine 1-800-548-6133 

Request Document Number 10547 

Synchronized 
VOLTAGE-TO-FREQUENCY CONVERTER 

FEATURES 
• FULL-SCALE FREQUENCY SET BY 

SYSTEM CLOCK; NO CRITICAL 
EXTERNAL COMPONENTS REQUIRED 

• PRECISION 10V FULL-SCALE INPUT, 
0.5% max GAIN ERROR 

• ACCURATE 5V REFERENCE VOLTAGE 

• EXCELLENT LINEARITY: 
0.02% max at 100kHz FS 
0.1% max at 1MHz FS 

• VERY LOW GAIN DRIFT: 50ppm/°C 

APPLICATIONS 
• AID CONVERSION 

• PROCESS CONTROL 
.. DATA ACQUISITION 

• VOLTAGE ISOLATION 

- Comparator 
G'NT Vour Input 

5 4 

Integrator 
Amplifier 

V'N 0--t-~1V"v-~ 
20kQ 

Non:lnverting 0--+----+--1 
Input sw, 

lmA ~-------

rVee 
13 

Anatog 
Common 

15 
o 

+ Comparator 
tnput 

Glock 
Input 

DESCRIPTION 
The VFCIOO voltage-to-frequency converter is an 
important advance in VFCs. The well-proven charge 
balance technique is used; however, the critical reset 
integration period is derived from an external clock 
frequency. The external clock accurately sets an out
put full-scale frequency, eliminating error and drift 
from the external timing components required for 
other VFCs. A precision input resistor is provided 
which accurately sets a lOY full-scale input voltage. 
In many applications the required accuracy can be 
achieved without external adjustment. 

The open collector active-low output provides fast fall 
time on the important leading edge of output pulses, 
and interfaces easily with TIL and CMOS circuitry. 
An output one-shot circuit is particularly useful to 
provide optimum output pulse widths for optical cou
plers and transformers to achieve voltage isolation. An 
accurate 5V reference is also provided which is useful 
for applications such as offsetting for bipolar input 
voltages, exciting bridges and sensors, and autocali
bration schemes. 

r-+,I-,-I-o fOUT 

.--+_1_2 -0 Digital 
Common 

9 

tnternational Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520)746-1111 • Twx: 910·952·1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (520) 889-1510 • fmmedlate Product fnfo: (BOO) 548-6132 
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SPECIFICATIONS 
At T A = +2S"C and ±ISVOC supplies, unless otherwise noted. 

VFC100AG VFC100BG 

PARAMETER CONDmONS MIN TYP MAX MIN TYP 

TRANSFER FUNCTION 
Voltage-la-Frequency Mode lOUT = ICLOCK x (V'N120V) 
Gain Error' ) FSR = 100kHz ±a.s ±1 ±0.2 
Linearity Error FSR = 100kHz, Over Temperature ±0.01 ±o.o2S 

FSR = 500kHz, Cas = BOpF ±O.OIS 
FSR = 1 MHz, Cos = BOpF ±O.02S 

Gain Orift{2) FSR = 100kHz ±70 ±100 ±30 
Relerred to Internal V REF ±70 ±100 ±30 

Offset Relerred to Input ±1 ±3 ±1 
Offset Drift ±12 ±100 ±B.S 
Power Supply Rejection Full Supply Range 0.Q1 

MAX 

±O.S 
±a.02 
±O.OS 
±0.1 
±SO 
±50 
±2 
±25 · 

Response Time To Step Input Change One Period 01 New Output Frequency Plus One Clock Period 
Currenl-Ie-Frequency Mode lOUT = ICLOCK x (I'NI1 mAl 
Gain Error ±a.s ±1 ±0.2 ±O.S 
Gain Orift(2) ±120 ±200 ±80 ±140 
Frequency-to-Voltage Mode(3) Your = 20V x (I'NliclOC'" 
Gain Accuracy(1) FSR = 100kHz ±a.s ±1 ±0.2 ±O.S 
Linearity FSR = 100kHz ±0.01 ±0.02S ±0.02 
Inpul Resislor (R'N) 
Resistance 19.8 20 20.2 · 
Temperature Coefficient (T c)C2) ±SO ±100 · 
INTEGRATOR OP AMP 
VOS(1) ±IS0 ±1000 · · 
Vos Drift ±S 
I. ±SO ±100 ±2S ±SO 
los 100 200 50 100 

Acl ZLOAO = Sknll0,OOOpF 100 120 · · 
CMRR 80 105 
CM Range -7.5 +0.1 · 
Vour Range ZlOAO = Sknlt O,OOOpF -0.2 +12 · 
Bandwidth 14 · 
COMPARATOR INPUTS 
Input Current (Operating) -11V < VCOMPARATOR < +Vcc - 2V 5 · 
CLOCK INPUT 
(Referred 10 Digital Common) 
Frequency (Maximum Operating) 4 · 
Threshold Voltage 1.4 · 

aver Temperature 0.8 2 · 
Voltage Range (Operating) -Vee + 2V +Vcc · 
Input Current -Vee < VCLOCK < +Vcc 0.5 5 · 
Rise Time 2 

OPEN COLLECTOR OUTPUT 
(Referred 10 Digital Common) 
VOL loUT = 10mA 0.4 · 
10l 15 · 
10H (Off Leakage) VOH = 30V 0.01 10 · 
Delay Time, Positive Clock 

Edge to Output Pulse 300 · 
Fall Time 100 
Output Capacitance 5 · 
OUTPUT ONE-SHOT 
Active!') 

Pulse Width Out Cos = 300pF 1 1.4 2 · 
Deaelivated!S) 

Pulse Width Out 100kHz'; FSR < lMHz 1 · 
4 fCLOCK 

Pulse Width Out FSR = lMHz 250 450 500 

REFERENCE VOLTAGE 
Accuracy No Lead 4.9 5 5.1 4.95 5.05 
Orift(2) ±eo ±IS0 ±40 ±tOO 
CUrrent Output Sourcing Capability to · 
Power Supply Rejection 0.015 O.Q1S 
Output Impedance 0.5 2 · 

UNITS 

% 01 FSR(4) 
%01 FSR 
%01 FSR 
%01 FSR 

ppm 01 FSRI"C 
ppm 01 FSRI"C 

mV 
!lvrC 
%N 

% 01 FSR 
ppm 01 FSRI"C 

% 
% 

kO 
ppm"C 

!lV 
!lV/"C 

nA 
nA 
dB 

dBV 
V 
V 

MHz 

IlA 

MHz 
V 
V 
V 

!lA 
IlS 

V 
mA 
!lA 

ns 
ns 
pF 

IlS 

sec 

ns 

V 
ppml"C 

mA 
%N 

r.l 

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility lor inaccuracies or omissions. BURR-BROWN assumes 
no responsibility lor the use 01 this information, and all use 01 such information shall be entirely at the usefs own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any 01 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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Or, Call Cuslomer Service aI1·800·548·6132 (USA Only) 
SPECIFICATIONS (CONT) 
At T. = +25°C and ±15VDC supplies, unless otherwise noted. 

VFC100AG VFC100BG 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

POWER SUPPLY 
Rated Voltage ±15 V 
Operating Voltage Range 

(See Figure 9) +Vcc +7.5 +28.5 · V 
-Vcc -7.5 -28.5 · V 

Total Supply +Vcc - (-Vce! 15 36 · V 
Digital Common -Vee + 2 +Vcc -4 V 
Quiescent Current: +Icc Over Temperature 10.6 15 mA 

-Icc 9.6 15 mA 

TEMPERATURE RANGE 
Specification -25 +85 °C 
Storage -<35 +150 °C 
OJ. 150 °C/W 
OJC 100 °C/W 

* Specification same as AG grade. 
NOTES: (1) Offset and gain error can be trimmed to zero. See text. (2) Specified by the box method: (max. - min.) + (FSR x aT). (3) Refer to detailed timing diagram 
in Figure 16 for frequency input Signal timing requirements. (4) FSR = Full Scale Range. (5) Pin 9 connected to +Vcc. (6) Nominal PWOlIT = (5nslpF) x Cos - 90ns. 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER(') 

VFC100AG 16·Pin Ceramic DIP 129 
VFC100BG 16·Pin Ceramic DIP 129 

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

THEORY OF OPERATION 
The VFClOO monolithic voltage-to-frequency converter pro
vides a digital pulse train output with an average frequency 
proportional to the analog input voltage. The output is an 
active low pulse of constant duration, with a repetition rate 
determined by the input voltage. Falling edges of the output 
pulses are synchronized with rising edges of the clock input. 

Operation is similar to a conventional charge balance VFC. 
An input operational amplifier (Figure I) is configured as an 
integrator so that a positive input voltage causes an input 
current to flow in RIN. This forces the integrator output to 
ramp negatively. When the output of the integrator crosses 
the reference voltage (5V), the comparator trips, activating 
the clocked logic circuit. Once activated, the clocked logic 
awaits a falling edge of the clock input, followed by a rising 
edge (see Figure 2). On the rising edge, switch SI is closed 
for one complete clock cycle, causing the reset current, II' to 
switch to the integrator input. Since II is larger than the input 
current, lIN' the output of the integrator ramps positively 
during the one clock cycle reset period. The clocked logic 
circuitry also generates a VFC output pulse during the reset 
period. 

Clock 

Unlike conventional VFC circuits, the VFClOO accurately 
derives its reset period from an external clock frequency. 
This eliminates the critical timing capacitor required by 
other VFC circuits. One period (from rising edge to rising 
edge) of the clock input determines the integrator reset 
period. 

When the negative-going integration of the input signal 
crosses the comparator threshold, integration of the input 
signal will continue until the reset period can start (awaiting 
the necessary transitions of the clock). Output pulses are 
thus made to align with rising edges of the external clock. 
This causes the instantaneous output frequency to be a 
subharmonic of the clock frequency. The average frequency, 
however, will be an accurate analog of the input voltage. 

A full scale input of lOV (or an input current of O.5mA) 
causes a nominal output frequency equal to half the clock 
frequency. The transfer function is 

fOUT = (V IN/20V) fCLOCK' 

Int.grator5:~:±t=::±t:~=±t::stt 
FIGURE 2. Timing Diagram for Voltage-to-Frequency Mode. 
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For Immediate Assistance, Contact Your Local Salesperson 

BURR - BROWN® 

IElElI VFC110 
ABRIDGED DATA SHEET 

For Complete Data Sheet 
Call FaxLine 1-800-548-6133 

Request Do~ument Number 10861 

High-Frequency 
VOLTAGE-TO-FREQUENCY CONVERTER 

FEATURES 
• HIGH-FREQUENCY OPERATION: 

4MHz FS max 

• EXCELLENT LINEARITY: 
±O.02% typ at 2M Hz 

• PRECISION 5V REFERENCE 

• DISABLE PIN 

• LOW JITTER 

DESCRIPTION 
The VFCllO voltagecto-frequency converter is a third
generation VFC offering improved features and per
formance. These include higher frequency operation, 
an on-board precision 5V ·reference and a Disable 
function. 

The precision 5V reference can be used for offsetting 
the VFCtransfer function, as well as exciting trans
ducers or bridges. The Enable pin· allows several 
VFCs' outputs to be paralleled, multiplexed, or simply 
to shut off the VFC. Th.e open-collector frequency 

Oto 
+10V 

" .. Nomin~ Values (±20%) 

NC 

-Vs 

t2 11 

13 

-15V 

Analog Ground 

. APPLICATIONS 
• INTEGRATING AID CONVERSION 

• PROCESS CONTROL 

• VOLTAGE ISOLATION 

• VOLTAGE-CONTROLLED OSCILLATOR 

• FM TELEMETRY 

output is TIL/CMOS-compatible. The output may be 
isolated by using an opto-coupler or transformer. 

Internal input resistor, one-shot and integrator capaci
tors simplify applications circui.ts. These componen,ts 
are trimmed for a full-scale output frequency of 4MHz 
at IOV input. No additional components are required 
for many applications. 

The VFCllO is packaged in plastic and ceramic 
14-pin DIPs. Industrial and military temperature range 
gradeouts are available .. 

10 

NC NC 

+5V 

Rpu 
sson 

r-+ ..... >---0 fOUT 

o to ~MHz 

International Airport Induslrial Park .• Mailing Address: PO Box 11400 ;. Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 746-1111 • Twx: 910-952·1111 • cable: BBRCORP • Telex: 066-6491 • FAX: (520) 889-1510 • Immediate Product Info: (800) 548-6132. 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 
SPECIFICATIONS 
AlT. = +2S'C and Vs = ±ISV, unless otherwise noted. 

VFC110BG 

PARAMETER CONDITIONS MIN TYP MAX MIN 

VOLTAGE-TO-FREQUENCY OPERATION 
Nonlinearity(1l: fFS = 100kHz Cos = 2.2nF, R'N = 44kQ O.OOS 0.01 

fFS = lMHz Cos = IS0pF, R'N = 40kU 0.01 O.OS 
fFS = 2MHz Cos = S6pF, R'N = 34kQ 0.02 
fFS= 4MHz Cos = (Int), R'N = (Int) 1 

Gain Error, f = 1 MHz Cos = IS0pF, R'N = 40kU S 
Gain Drift, f = 1 MHz Specified Temp Range 50 

Relative to VREF Specified Temp Range 50 
PSRR . Vs =±BVto±18V O.OS 

INPUT 
Full Scale Input Current 250 500 
1.- (Inverting Input) 15 60 
1.+ (Non-Inverting Input) 250 

Vas 3 

-"-~~Drift Specified Temp R~n~ 35 

INTEGRATOR AMPLIFIER OUTPUT 
Output Voltage Range RL=2kQ -0.2 +Vs-4 
Output Current Drive 5 20 
Capacitive Load No Oscillations 10 

COMPARATOR INPUT 
I. (Input Bias Current) -5 
Trigger Voltage ±50 
Input Voltage Range -5 +Vs 

OPEN COLLECTOR OUTPUT 
Va Low 0.4 

ILEAKAGE 0.1 1 
Fall Time 25 
Delay to Rise 25 

.... , 

Settling Time To Specified Linearity for a One I I Frequenc 
Full-Scale Input Step 

REFERENCE VOLTAGE 
Voltage 4.97 5 5.03 
Voltage Drift 20 
Load Regulation 10 = 0 to 10mA 2 10 
PSRR Vs =±8Vto±18V 5 
CUrrent limit Short Circuit 15 20 

ENABLE INPUT 
VHIGH (fOUT Enabled) Specified Temp Range 2 
VLQW (fOUT Disabled) Specified Temp Range 0.4 

::~ 
0.1 
1 

POWER SUPPLY 
Voltage, ±Vs ±8 ±15 ±IB 
Current 13 16 

TEMPERATURE RANGE 
Specified 

AG, BG,AP -25 +B5 
SG -55 +125 

Storage 
AG,BG,SG -55 +150 
AP -40 +125 

• Same specifications as VFCII OBG. 
NOTE: (1) Nonlinearity measured from IV to 10V input. 

TYP ",A~ UNITS 

0.01 O.OS %FS 
0.1 %FS 

%FS 
%FS 

% 
100 ppml'C 

100 ppmrC 
0.1 "IoN 

; 
11A 

20 100 nA 
nA 

3 mV 

"W'C 

V 
mA 

10 nF 

11A 
mV 
V 

· V · "A · ns 

· ns 
Plus II'S 

· V 
50 ppml'C · mV 

mVN 
mA 

V 
V 

11A · 11A 

· V 
rnA 

'C 

'c 

· 'C 
'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 andior systems. 
BURR~BROWN" 
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PIN CONFIGURATION 

For Immediate Assistance, Contact Your Local Salesperson 
ABSOLUTE MAXIMUM RATINGS 

Top View 

I'N 

V'N 

+SVREF Out 

-Vs 

Enable 

Cos 

Digital Ground 7 

PACKAGE INFORMATION 

MODEL PACKAGE 

VFCll0AG 14-Pin Ceramic DIP 
VFCll0BG 14-Pin Ceramic DIP 
VFCll0SG 14-Pin Ceramic DIP 
VFCll0AP 14-Pin Plastic DIP 

DIP 

14 Input Common 

Analog Common 

Vour 

Comparator In 

+Vs 

NC 

8 four 

PACKAGE DRAWING 
NUMBER(1) 

169 
169 
169 
010 

NOTE: (1) For detailed drawing and dimension table. please see end of data 
sheet. or Appendix 0 of Burr-Brown IC Data Book. 

ORDERING INFORMATION 

TEMPERATURE 
MODEL PACKAGE RANGE 

VFCll0AG Ceramic DIP -2S'C 10 +8S'C 
VFCll0BG Ceramic DIP -2S'C to +85'C 
VFCll0SG Ceramic DIP -5S'C to + 12S'C 
VFC110AP Plastic DIP -2S'C to +8S'C 

Power Supply Voltages (+Vs to -Vs) ..........•.. , ...............................•. .40V 
fOUT Sink Current ............................................................................ SOmA 
Comparator In Voltage .......................................................... -5V to +Vs 
Enable Input .........................•............................•....•............... + V s 10 -V s 
Integrator Common-Mode Voltage .................................. -1.SV to + I.SV 
Integrator Differential Input Voltage ............•................... +O.SV to -Q.SV 
Integralor Out (short-circuit) ..................................................... Indelinite 
VREF Oul (short-circuil) .............................................................. Indelinile 
Operaling Temperature Range 

G Package ........................•............................•.......... -5S'C to +12S'C 
P Packago ................................................................... -40'C to +8S'C 

Siorage Temperature 
G Package ................................................................ -60·Clo+1S0·C 
P Package ................................................................. -40'C 10 + 125'C 

Lead Temperature (soldering. lOs) ............................................. +300'C 

BURR - BROWNo!I 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 

BURR - BROWN® 

IElElI VFC121 

ABRIDGED DATA SHEET 

For Complete Data Sheet 
Call FaxLine 1-800-548-6133 

Request Document Number 10971 

Precision Single Power Supply 
VOLTAGE-TO-FREQUENCY CONVERTER 

FEATURES 
• SINGLE SUPPLY OPERATION: 

+4.SV to +36V 

• fo= 1.5MHz max 

• LOW NONLINEARITY: 0.03% max at 
100kHz, 0.1% max at 1MHz 

• HIGH INPUT IMPEDANCE 

• VOLTAGE REFERENCE OUTPUT 

• THERMOMETER OUTPUT: 1mVloK 

DESCRIPTION 
The VFCl21 is a monolithic voltage-to-frequency 
converter consisting of an integrating amplifier, volt
age reference, and one-shot charge pump circuitry. 
High-frequency complementary NPN/PNP circuitry is 
used to implement the charge-balance technique, 
achieving speed and accuracy far superior to previous 
single power supply VFCs. 

The high-impedance input accepts signals from ground 
potential to Vs - 2.5V. Power supplies from 4.5V to 

V1N =Oto+2V 

RBIAS = SkU 
(Optional) 

12 

11 

1------ -I 
I I 
I RTRIM I 
I I 

C INT = 2700pF 10 

APPLICATIONS 
• INTEGRATING AID CONVERSION 

• ANALOG SIGNAL TRANSMISSION 

• PHASE-LOCKED LOOP VCO 

• GALVANICALLY ISOLATED SYSTEMS 

36V may be used. A 2.6V reference voltage output 
may be used to excite sensors or bias external cir
cuitry. A thermometer output voltage proportional to 
absolute temperature (OK) may be used as a tempera
ture sensor or for temperature compensation of appli
cations circuits. 

Frequency output is an open-collector transistor. A 
disable pin forces the output to the high impedance 
state, allowing multiple VFCs to share a common 
transmission path. 

13 

Comparator 

Ground 
(Optional) 

14 

VpULLUP 

RpULLUP 

fOUT "" 

o to 100kHz 

RIN 881<0: : 1.-___ ,..-______ +-_-4 __ + _____ ---1 

: R1N : 5 
I I I Cos = 1200pF 

Internallonal Airport Industrial Park Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Streel Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 746·1111 • Twx: 910·952·1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (520) 889-1510 • Immedlale Produc"nfo: (BOD) 548-6132 
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For Immediate Assistance, ContaclYour Local Salesperson 
SPECIFICATIONS 
ELECTRICAL 
AI TA = +25°C, Vs = +5V, and R'N = Bk.!l, unless otherwise noted. 

PARAMETER CONDmONS 

ACCURACY 
Nonlinearity: fFS = 100kHz Cos 1200pF, C'NT = 2700pF 

fFS= lMHz Cos 6BpF, C'NT = 270pF 
Gain Error: fFS = 100kHz Cos 1200pF, C'NT = 2700pF 
Gain Drift: fFS = 100kHz TMIN to TtJAX 
Relative to VREF +Vs = +5V 10 +36V 
PSRR 

INPUT 
Minimum Input Voltage 
Maximum Input Voltage 
Impedance 
IBIAS 

Vos 
VosDrift TurN to"TMAX 

OPEN COLLECTOR OUTPUT 
VSAT IpULl. UP = 10mA 
'LEAKAGE VPULLUP = 5V 

VpULL UP = 36V 
Fall Time 
Delay to Rise RpULLUP = 470Q 
Settling Time To Specified Linearity for 

Full Scale Input Step 

REFERENCE VOLTAGE 
Voltage 
Voltage Drift 
Load Regulation 10 =OIoIOmA 
PSRR Vs = +5V to +36V 
Current limit 

INTEGRATOR AMPLIFIER OUTPUT 
Output Voltage Range RL = 100k.!l 

COMPARATOR INPUT 
leiAS 
Trigger Voltage 
Input Voltage Range 

THERMOMETER 
VT TA= +25°C 
VTSlope TMIN toTMAX 

DISABLE INPUT 
VHIGH (Disabled) 
VLOW 
IHIGH (Disabled) VHIGH =2V 
ILOW VLOW = O.BV 

POWER SUPPLY 
Voltage 
Current 

TEMPERATURE RANGE 
Specified 
Storage 

• Same specification as VFCI2IAP. 
NOTE: (I) One pulse of new frequency plus II'S. 

ORDERING INFORMATION 

LINEARtTY 
ERROR,MAX TEMPERATURE 

MODEL PACKAGE (Is = 100kHz) RANGE 

VFCI21AP Plastic DIP 0.05% -25°C to +85°C 
VFCI21BP Plastic DIP 0.03% -25°C to +85°C 

VFC121AP VFC121BP 

MIN TYP MAX MIN TYP MAX UNITS 

0.05 0.03 %FS 
0.1 0.1 %FS 

10 %FS 
BO 40 ppm/oC 
lOa 40 ppm/oC 

0.025 · %N 

a · V 
Vs-2.5 Vs-2 V 

10 lOa MQ 
150 300 nA 

.300 BOO lOa 400 I1V 
10 · I1V/oC 

0.4 · V 
I · I'A 
10 · I'A 
lOa · ns 
lOa · ns 

(11 

2.59 2.6 2.61 · V 
lOa 50 ppm/"C 
10 · mV 
10 mV 

Short Circuit Protected 

O.B 2.9 · V 

+1 I1A 
2.6 · V 

a 2.9 · · V 

29B mV 
I · mVfK 

2 · V 
O.B V 

10 · I1A 
10 · I1A 

4.5 5 36 · V 
7.5 10 · mA 

-25 +B5 · °C 
-40 +125 °C 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER('I 

VFCI21AP 14·Pin Plastic DIP . ala 
VFCI21BP 14·Pin Plastic DIP ala 

NOTE: (I) For detailed draWing and dImension table, please see end of data 
sheet, or Appendix C of Burr·Brown IC Data Book. 

The information provided herein is believed to be reliable; however, BURR·BROWN assumes no responsibility for inaccuracies or omissions. BURR·BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the use~s own risk. Prices and speCifications are subject to change 
without notice. No patent rights or licenses to any olthe 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 Ijfe support devices andior systems. 
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Or, Call Cuslomer Service aI1·800·548·6132 (USA Only) 

BURR - BROWN® 

IElElI VFC320 
ABRIDGED DATA SHEET 

For Complete Data Sheet 
Call FaxLine 1-800-548-6133 

Request Document Number 10483 

VOltage-to-Frequency 
and Frequency-to-Voltage 

CONVERTER 

FEATURES 
• HIGH LINEARITY, 12 to 14 bits 

±O.005% max at 10kHz FS 
±O.03% max at 100kHz FS 
±O.1% typ at 1MHz FS 

• VlF OR FN CONVERSION 

• 6·DECADE DYNAMIC RANGE 

• 20ppmf'C max GAIN DRIFT 

• OUTPUT TTUCMOS COMPATIBLE 

APPLICATIONS 
• INEXPENSIVE AID AND DlA CONVERTER 

• DIGITAL PANEL METERS 

• TWO-WIRE DIGITAL TRANSMISSION 
WITH NOISE IMMUNITY 

• FM MOD/DEMOD OF TRANSDUCER 
SIGNALS 

• PRECISION LONG TERM INTEGRATOR 

• HIGH RESOLUTION OPTICAL LINK FOR 
ISOLATION 

• AC LINE FREQUENCY MONITOR 

• MOTOR SPEED MONITOR AND CONTROL 

-In 0/-----1~--I 

+In 0/---11----1 

DESCRIPTION 
The VFC320 monolithic voltage-to-frequency and fre
quency-to-voltage converter provides a simple low 
cost method of converting analog signals into digital 
pulses. The digital output is an open collector and the 
digital pulse train repetition rate is proportional to the 
amplitude of the analog input voltage. Output pulses 
are compatible with TIL, and CMOS logic families. 

High linearity (0.005%, max at 10kHz FS) is achieved 
with relatively few external components. Two exter
nal resistors and two external capacitors are required 
to operate. Full scale frequency and input voltage are 
determined by a resistor in series with -In and two 
capacitors (one-shot timing and input amplifier inte
gration). The other resistor is a non-critical open 
collector pull-up (foUT to + Vee). The VFC320 is avail
able in three performance/temperature grades and two 
package configurations. The TO-I 00 versions are her
metically sealed, and specified for the -2SoC to +85°C 
and -55°C to + 125°C ranges, and the dual-in-line 
units are specified from -25°C to +85°C. 

, , , , , 
One-shot : , ,. I _______________________ J 

c, Common 

International Airport Industrial Park • Mailing Address: PO Box 11400 Tucson, AZ 85734 Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 748-1111 • Twx: 91D-S52·1111 • Coble: BBRCORP • Telex: 066·6491 • FAX: (520) 889-1510 • Immediate Product Info: (800) 548·6132 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS 
At TA= +25'C and ±t5VDC power supply, unless otherwise noted. 

VFC320BG/BM/SM VFC320CG/CM 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP 

VIF CONVERTER fOUT = VI.I7.5 R,C" Figure 4 

INPUT TO OP AMP 
Voltage Rangel') Fig. 4 with e2 = 0 >0 Note 2 

Fig. 4 with e, = 0 <0 -to 
Current Rangel') liN = VIN"RIN +0.25 +750 · 
Bias Current 

Inverting Input 4 8 · 
Noninverting Input to 30 · 

Offset Voltage(3) ±D.t5 
Offsel Voltage Drift ±5 · 
Differential Impedance 300115 650115 · 
Common-Mode 

Impedance 300113 500113 · 
ACCURACY 
Linearity Errorl') (4) IS) Fig. 4 wtth e2 = 0(6) 

0.01 Hz "fOUT 510kHz ±0.004 ±0.005 ±D.0015 
0.1 Hz " fOUT " 1 OOkHz ±0.008 ±D.030 · 

1Hz" fOUT " lMHz ±O.I · 
Offset Error Input 
Offset Voltagel') ±15 
Offsel Drift(7) ±D.5 
Gain Erro~') ±5 ±10 
Gain Drift(7) f = 10kHz 50 
Full Scale Drift f = 10kHz 50 

(Offset Drift and Gain Drift) (7)(8)(9' 

Power Supply Sensitivity ±Vcc = 14VDC to 18VDC ±0.015 

DYNAMIC RESPONSE 
Full Scale Frequency CLOAO 550pF I 
Dynamic Range 6 
Settling Time (VlF) to Specified Linearity 

For a Full Scale Input Step Note 10 
Overload Recovery <50% Overload Note 10 

OPEN COLLECTOR OUTPUT 
Voltage, Logic "0" ISINK = SmA, max 0.4 
Leakage Current, Logic "I" Vo = 15V 0.01 1.0 
Voltage, Logic "I" External Pull-up Resistor 

Required (See Figure 4) Vpu 
Duty Cycle at FS For Best Linearity 25 · 
Fall Time lOUT = SmA, CLDAD = 500pF 100 

FN CONVERTER VOUT = 7.5 R,C, fiN' Figure 9 

INPUT TO COMPARATOR 
Impedance 501110 1501110 · 
Logic "I" +1.0 +Vcc · 
Logic "0" -Vee -0.05 · 
Pulse-width Range 0.25 

OUTPUT FROM OP AMP 
Voltage 10 = 6mA Oto +10 · 
Current Vo = 7VDC +10 · 
Impedance Closed-loop 0.1 
Capacitive Load Without Oscillation 100 

POWER SUPPLY 
Rated Voltage ±15 
Voltage Range ±13 ±20 
Quiescent Current ±6.5 ±7.5 · 
TEMPERATURE RANGE 
SpeCification 

Band C Grades -25 +85 
S Grade -55 +125 

Operating 
Band C Grades -40 +85 
S Grade -55 +125 

Storage -55 +150 
" Spec~lcation the same as for VFC320BGlBMfSM. 

MAX I UNITS 

V 
V 

· !lA 

· nA · nA · mV 
11V1'C 

kQ II pF 

kQ II pF 

±D.002 %FSR · %FSR 
%FSR 

· ppm FSR 
ppm FSRf'C 

% FSR 
20 'ppm FSRI"C 
20 ppm FSRI"C 

% FSR% 

MHz 
Decades 

· V · !lA 

V 
% 
ns 

kQ II pF 
V · V 
p.s 

V 
mA · Q · pF 

V · V 
mA 

· 'C 
'C 

'C 
'C 
'C 

NOTES: (1) A 25% duty cycle at full scale (0.25mA input cument) is recommended where possible to achieve best linearity. (2) Determined by R,N and full scale current range 
constraints. (3) Adjustable to zero. See OIIset and Gain Adjustment section. (4) Linearity error at any operating frequency is defined as the deviation from a straight line drawn between 
the full scale frequency and 0.1 % of full scale frequency. See Discussion of Specifications section. (5) When offset and gain errors are nUlled, at an operating temperature, the linearity 
emor determines the final accuracy. (6) For e, = 0 typical linearity errors are: 0.01% at 10kHz, 0.2% at 100kHz, 0.1% at lMHz. (7) Exclusive of external components' drift. 
(8) FSR = Full Scale Range (corresponds to full scale and full scale input vo/lage.) (9) Positive drift is defined to' be increasing frequency with increasing temperature. 
(10) One putse of new frequency plus SOns typical. 
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DICE INFORMATION 

VFC320 DIE TOPOGRAPHY 

CONNECTION DIAGRAM 

NC = no internal connection 
External connection permitted. 

ORDERING INFORMATION 

MODEL PACKAGE TEMPERATURE RANGE 

VFC320BG 14-Pin Ceramic DIP -25'C to +85'C 
VFC320BM TO-100 -25'C to +85'C 
VFC320SM TO-100 -55'C to + 125'C 
VFC320CG 14-Pin Ceramic DIP -25'C to +85'C 
VFC320CM TO-100 -25'C to +85'C 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER(1) 

VFC320BG 14-Pin Ceramic DIP 163 
VFC320BM TO-100 007 
VFC320SM TO-100 007 
VFC320CG 14-Pin Ceramic DIP 163 
VFC320CM TO-100 007 

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

PAD FUNCTION PAD FUNCTION 

1 VOUT (Int. Out) 6 NC 
2 +In 7 tOUT 
3 -In 8 Camp. Input 
4 -Vee 9 Common 
5 One-Shot Cap. 10 +Vcc 

NC: No Connection. 
Substrate Bias: Electrically connected to -Vs supply. 

MECHANICAL INFORMATION 

Die Size 
Die Thickness 
Min. Pad Size 

Backing 

Top View 

-In 

NC 

NC 

-Vcc 

One-Shot 
Capacitor 

NC 

MILS (0_001") 

109 x 87 ±5 
20±3 
4x4 

ABSOLUTE MAXIMUM RATINGS 

MILLIMETERS 

2.77 x 2.21 ±0.13 
0.51 ±O.OB 
0.1 x 0.1 

Gold 

+In 

VOUT 

Common 

Comparator 
Input 

NC 

NC 

DIP 

Supply Voltage ................................................................................... ±20V 
Output Sink Current at fOUT ............................................................... SOmA 
Output Current at VOUT ................................................................... +20mA 
Input Voltage. -Input .......................................................................... ±Vcc 
Input Voltage. +Input .......................................................................... ±Vcc 
Storage Temperature Range .......................................... -65°C to + 150°C 
Lead Temperature (soldering. 10s) ................................................ +300'C 

The in'onnation 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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8 Digital Audio Products 

Burr-Brown pioneered the digital audio industry a 
decade ago with the introduction of the world's 
first IC digital-to-analog converter specifically de
signed for audio applications. Burr-Brown contin
ues to be a leader in this field with a complete line 
of D/As, AIDs and Digital filters for all ranges of 
digital audio-from consumer to professional. 

The selection guide on the following pages will 
assist in the selection of the proper component for 
each application-some of the newer products 
are: 

PCMl71O-This dual D/A offers the maximum 
performance (-88dB THD+N) in an economy 
converter for consumer applications. It is a com
plete converter and contains a digital filter, output 
low pass filters and op amps. 

PCM1717-A new SoundPlus complete 16- or 
18-bit stereo, audio D/A converter, including digi
tal interpolation filter, 3rd-order delta-sigma D/A, 
and analog output amplifiers-fabricated using a 
highly advanced 0.6f.l CMOS process. 

PCM1718-Another in the SoundPlus line, this 
converter accepts 18-bit normal input data format, 
or 16- or 18-bit FS data format. 

PCMl72O-A complete, stereo audio converter, 
the PCMI720 can accept 16-,20-, or 24-bit input 
data in either normal or FS formats. It can also 
accept standard digital audio sampling frequencies 
as well as one-half and double sampling frequen
cies. 

PCMl721-Basically the same as the PCMI720, 
the PCMI721 has a programmable phase-locked 
loop (PLL) circuit included. The PLL derives 
either 256fs or 384fs system clock from an exter
nal 27MHz reference frequency. 

PCMl712/14/15-These derivations of the popu
lar PCM171 0 are tailored for specific applications. 
The PCM1712 is optimized for economy con
sumer applications. The PCM1714 is configured 
for music instruments. The PCM1715 has the 
output flexability required for communications, 
multi-media and DSP. 

PCM/DF1760-This combination provides 20-
bit stereo AID conversion with performance levels 
requ~re~ by high-end consumer and pro aUdiO". 
apphcatlOns. 
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DIGITAL AUDIO PRODUCTS 

DF1700 (16, 18 or 20-Bit) 
DF1750 (16 or 18-Bit, for PCM1750) 
DF1760 (16 or 20-Bit, for PCM1760) 

16-BIT 
PCM53 (-B8dB) 
PCM54 (-92dB) 
PCM55 (-92dB) 
PCM56 (-92dB) 

18-BIT 
PCM61 (-92dB) 

20-BIT 
PCM63 (-96dB) 
PCM1702 (-96dB) 

16-BIT 
PCM1700 (-92dB) 
PCM67 (-92dB) 
PCM69 (-92dB) 

16-BIT 
PCM1750 (200kHz, Dual) 
PCM78 (200kHz) 

20-BIT 
PCM1760 (50kHz, Requires 

DF1760, Dual) 

16-BIT 
PCM1710 (-B8dB) 
PCM1712 (-B7dB) 
PCM1715 (-92dB) 

20-BIT 
PCM1710 (-91dB) 

16-, or 18-BIT 
PCM1717 (-B8dB) 
PCM1718 (-BOdS) 

16-, 20-, or 24-BIT 

PCM1720 (-gOdS') • DENOTES TYPICAL 

PCM1721 (-85dS') BOLD DENOTES NEW PRODUCT 

BOLD, ITAUC DENOTES PRODUCT IN DEVELOPMENT 

Some specifications have been estimated for comparison 
purposes. Refer to data sheets for guaranteed spec~ications. 
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Resolution(') Sampling(2) Range 
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PCM56 
PCM61 

PCM63 
PCM69A 

PCM1700 

PCM1702 

PCM1710U 
PCM1712U 
PCM1715U 
PCM1717E 
PCM1718E 
PCM1720E 
PCM1721E 

16 

16 
18 

20 
18 

18 

20 

20 
16 
16 
18 
18 
24 
24 

!:100KHZ 94 Mono 
800kHz 94 Mono 
800kHz 94 Mono 
lMHz 104 Mono 
lMHz 100 Stereo 

800kHz 94 Stereo 
lMHz 104 Mono 
48kHz 98 Stereo 
48kHz 94 Stereo 
48kHz 98 Stereo 
48kHz 96 Stereo 
48kHz 96 Stereo 
96kHz 96 Stereo 
96kHz 94 Stereo 

AUDIO QUALITY DIGITAL-TO-ANALOG 
Audio 
Data Power 
Format Supply Package Comments 

Parallel ±5 to ±15 DDIP-28 Bipolar, R-2R, Parallel Input 

Serial Latched ±5 to ±12 DIP-16, SO-16 Bipolar, R-2R 
Serial Latched ±5 to ±12 DIP-16 Bipolar, R-2R 

Serial Latched ±5 DIP-28 Bipolar, Signed Magnitude 

Serial Latched ±5 DIP-16, SO-20 BiCMOS, Advanced l-Bit 

Serial Latched ±5 DIP-28, SO-28 Bipolar, R-2R 

Serial Latched ±5 DIP-16, SO-20 BiCMOS, Signed Magnitude 

Normal, Continuous 12S +5 SO-28 CMOS, Multi-Level ,,1: 
Normal +5 SO-28 CMOS, Multi-Level ,,1: 
Normal +5 SO-28 CMOS, Multi-LevelllL 
Normal, J2S +3 to +5 SSOP-20 CMOS, Multi-Level ,,1: 
Normal, f'S +3 to +5 SSOP-20 CMOS, Multi-Level LlL 
Normal, f'S +5 SSOP-20 CMOS, Mu/ti-Leve/.11: 
Normal, f'S +5 SSOP-24 CMOS, Multi-Level LlL, Internal PLL r 

~ 
NOTE: (1) Resolution is the maximum number of bits per word. (2) Sampling rate for the R-2R type products (with *) are based on settling time. The .hl: products inherently oversample at standard audio sampling frequencies. 

~ 
V:l 

OQ' 

e. 
'"1::1 
(3 
§-
<"l 
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Input Typical 
Resolution Resolution 

Product (Bits) (Bits) 

DF1700 16 16/18/20 
DF1750 16118 18 
DF1760 16120 16/20 

NOTE: (1) DIP = 0.3" wide DIP, SO = Small OUlline Surtace Mount. 

Typical 
Resolution DC Linearity 

Product (Bits) Accuracy 

PCM78 16 14-Bit 
PCM1750 18 14-Bit 
PCM1760 20 16-Bit 
NOTE: (1) DDIP = 0.6" wide DIP, SO = Small Outline Surtace Mount. 

Passband 
Ripple 
(dB) 

±0.00005dB 
< ±0.0005dB 
±O.OOOldB 

Input 
Range 
(V) 

±3 
±2.75 
±2.5 

Stopband Power 
Attenuation Supply 
(dB) (V) 

>100dB +5V 
>95dB +5V 
>94dB +5V 

Conversion THD+N 
Time dB, Max 
(~) (V'N = ±FS) 

5 -88 
5 -90 
20 -90,88 

Pkg(l) 

DIP/SO 
DIP/SO 
DIP/SO 

Output 
Format 

Serial 
Serial 
Serial 

Page 
Description 

Dual Interpolation 

DIGITAL FILTERS 

Dual 1/4 or 112 Decimating 
Dual Decimating 

AUDIO QUALITY 

Pkg(l) Description 

DDIP 
DDIP, SOIC 
DDIP, SOIC 

Low Cost 
Dual 
Dual Channel, llL 

• DENOTES TYPICAL 

BOLD DENOTES NEW PRODUCT 

BOLO, ITALIC DENOTES PRODUCT IN DEVELOPMENT 

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

DIGITAL AUDIO PRODUCTS I 
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Forlmmediate Assistance, Contact Your Local Salesperson 

BURR - BROWN® 

IElElI PCM78P 

DEMO BOARD 
AVAILABLE 

See Appendix A 

16-Bit Audio 

8.1.4 

ANALOG-TO-DIGITAL CONVERTER 

FEATURES 
• LOW COST/HIGH PERFORMANCE 16-BIT 

AUDIO AID CONVERTER 

APPLICATIONS 
• DSP DATA ACQUISITION 

• TEST INSTRUMENTATION 
e FAST 5JlS MAX CONVERSION TIME 

(4JlS typ) 
• SAMPLING KEYBOARD SYNTHESIZERS 

• VERY LOW THD+N ( typ -88dB at FS; 
max-82dB) 

• ±3V INPUT RANGE 
• TWO SERIAL OUTPUT MODES PROVIDE 

VERSATILE INTERFACING 

• COMPLETE WITH INTERNAL REFERENCE 
AND CLOCK IN 28-PIN PLASTIC DIP 

• ±5V TO ±15V SUPPLY RANGE (600mW 
Power Dissipation) 

DESCRIPTION 
The PCM78P is a low-cost 16-bit analog-to-digital' 
converter which is specifically designed and tested for 
dynamic applications. It features very fast, low 
distortion performance (4~/-88dB THD+N typical) 
and is complete with internal clock and reference 
circuitry. The PCM78P is packaged in a reliable, low
cost 28-pin plastic DIP and data output is available in 
user-selectable serial output formats. The PCM78P is' 
ideal for digital audio tape (DAT) recorders. Many 
similar applications such as digital signal processing 
and telecom applications are equally well served by 
the PCM78P. 

The PCM78P uses a SAR technique. Analog and 
digital portions are efficiently 'partitioned into a high
speed, bipolar section and a low-power CMOS 
section. The PCM78P has been optimized for excel
lent dynamic performance and low cost. 

• DIGITAL AUDIO TAPE 

• BROADCAST AUDIO PROCESSING 

• TELECOMMUNICATIONS 

Audio Input ()-----"Mf-----, 

Convert 
Command 

Slatus 

Intematlonal Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • 51reet Add"'s: 6730 S, Tucaon Blvd. • Tucson, AZ 85706 
Tel: (520)746-1111 • Twx: 9111-952-1111 • cable: BBRCORP - Telex: 066-6491 • FAX: (520) 889-1510 " I'!'mediate Product Info: (SOD) 548-6132 

BURR - BROWN<ID 
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SPECIFICATIONS 
ELECTRICAL 
At Tc= +25°C, +VOD = +5V, and ±Vcc = ±12V. and one minute warm-up in convection environment, unless otherwise noted. 

PCM78P 

PARAMETER CONDITIONS MIN TYP 

RESOLUTION 

INPUT/OUTPUT 

ANALOG INPUT 
Input Range -3 
Input Impedance 1.5 

DIGITAL INPUT/OUTPUT 

MAX 

16 

+3 

Logic Family TIL Compatible CMOS 
Logic Level: V,H I'H = +401iA +2 I I +5.5 VIL III = -1001iA 0 +O.B 

VOH 10H = 2TIL Loads +2.4 
VOL 10L = 2TIL Loads +0.4 

Data Format Serial BOB or BTC 
Convert Command Negative Edge II) 
Pulse Width 25 I 50 I 
CONVERSION TIME 4 5 

DYNAMIC CHARACTERISTICS 

SIGNAL-TO-NOISE RATIO (SNR)12) Is = 200kHz/T CONV = 411S(3) 

I = 1 kHz (OdB) BW = 20kHz 90 
I = 10kHz (OdB) BW = 100kHz BO 

TOTAL HARMONIC DISTORTIONI') Is = 200kHZ/TcONV = 4/lS 
I = 1 kHz (OdB) BW = 20kHz -91 
I = 19kHz (OdB) BW = 20kHz -90 
I = 10kHz (OdB) BW = 100kHz -90 
I = 90kHz (OdB) BW = 100kHz -99 

TOTAL HARMONIC DISTORTION + NOISE!S) Is = 200kHZ/T CONY = 411S 
I = 1 kHz (OdB) BW = 20kHz -9B -92 
I = 1 kHz (-20dB) BW = 20kHz -74 -9B 
I = 1 kHz (-90dB) BW = 20kHz -34 
I = 19kHz (OdB) BW = 20kHz -97 
I = 10kHz (OdB) BW = 100kHz -92 
f = 90kHz (OdB) BW = 100kHz -91 

TRANSFER CHARACTERISTICS 

ACCURACY 

UNITS 

Bits 

V 
kil 

V 
V 
V 
V 

ns 

I1s 

dB(4)· 

dB 

dB 
dB 
dB 
dB 

dB 
dB 
dB CO 
dB i"-
dB ~ dB 

0 c.. 
Gain Error ±2 % 

III Bipolar Zero Error ±20 mV 
DiHerential Linearity Error ±0.002 % 01 FSRI7j 
Integral Linearity Error ±0.003 % 01 FSR 
Missing Codes None 14 Bits(8) 

DRIFT 
Gain O'C to +70'C ±25 pprnl"C 
Bipolar Zero O'C to +70'C ±4 ppm 01 FSRI"C 

POWER SUPPLY SENSITIVITY 
+Vee ±D.OOB %FSR/"kVcc 
-Vee ±0.003 %FSR/"/,vcc 
+VOD ±0.003 %FSRI%Voo 

POWER SUPPLY REQUIREMENTS 

Voltage Range: +Vcc +4.75 +15.6 V 
-Vee -4.75 -15.6 V 
+VOD +4.75 +5.25 V 

Current: +Vcc +Vcc = +12V +15 rnA 
-Vee -Vcc =-12V -21 rnA 

+VOD +VOD = +5V +7 rnA 
Power Dissipation ±Vcc= ±12V 575 mW 

TEMPERATURE RANGE 

Specification 0 +70 'c 
Storage -50 +100 'C 
Operating -25 +B5 'c 

NOTES: (1) When convert command is high, converter is in a halt/reset mode. Actual conversion begins on negative edge. See detailed text on timing for convert 
command description when using external clock. (2) Ratio of Noise rmsiSignal rms. (3) I = input Irequency; Is ~ sample frequency (PCM7BP and SHC702 in 
combination); BW = bandwidth 01 output (based on FFT or actual analog reconstruction using a 20kHz lOW-pass filter). (4) Relerred to input signal level. (5) Ratio 
of Distortion rms/Signal rms. (6) Ratio of Distortion rms + Noise rmsiSignal rms. (7) FSR: Full-Scale Range = 6Vp-p. (B) Typically no missing Codes at 14-bit 
resolution. 
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For Immediate Assistance, Contact Your Local Salesperson 
PIN ASSIGNMENTS 

PIN NAME VO DESCRIPTION 

1 Analog In I Analog Signal Input (1.51<0 impedance). 
2 -Vee I Analog power supply (-5V to -15V). 
3 MSBAdjust I Internal adjustment paint to allow adjustment of MSB major carry. 
4 +VOD I Power connection for comparator (+5V). 
5 No Connection - No internal connection. 
6 Comparator Common I Comparator common connection. Connect to ground. 
7 MSB 0 Parallel output of bit 1 (MSB) inverted. 
8 BTC/BOB Select I Two's complement (open) or straight binary (grounded) data output format selection. 
9 Slatus a Output signal held high until conversion is complete. 

10 Clock Out 0 Inlernal clock output generated from RC network on pins 11 and 12 (also present when external clock Is used lagging 
external clock by -24ns and same duty cycle). 

11 R1C1 I RC connection point used to generate internal clock. Sets clock high time. See text for details. 
12 R,C, I RC connection point used to generate internal clock. Sets clock low time. See text for details. 
13 SoUT2 a Internal shift register containing the previous conversion resun. (Alternalelalched data output mode). 
14 +VDD I Power connection for +5V logic supply. 
15 Soun a Primary real-time data output synchronized 10 clock out. 
16 External Clock I External clock input point (internal clock must be disabled). 
17 Int/Ext Clock Select I Selects either internal or external clock mode (low = internal; open = external). 
18 Short Cycle I Terminates conversion at less than 16 bits (open for 16-bit mode). See text lor details. 
19 Convert Command I Starts conversion process (can optionally be generated internally). 
20 SoUT' Lalch I Latches previous conversion resun for readout (must be issued with the SoUT2 clock to initiate latch and an internal convert 

command). 
21 SoUT2 Clock I Used to read out internally latched data from previous conversion. 
22 Digital Common I Digital grounding pin. 
23 +Vcc I Analog supply connection (+5V to +15V). 
24 VpOT a Voltage output (-2.5V) lor optional adjuslment 01 MSB Iransition. 
25 Relerence Decouple I Reference decoupling point. 
26 Analog Common I Analog grounding pin. 
27 Relerence Oul a 2V reference out. Should not be used except as shown in connection diagram. 
28 Speed Up I Connection poinl for a capacitor to speed reference settling. See lext for delails. 

NOTE: Analog and digital commons are connected internally. 

INPUT/OUTPUT RELATIONSHIPS 

ANALOG fNPUT CONDITION 

+2.999908V + Full Scale 
..,'l.OOOOOOV -Full Scale 
O.OOOOOOV Bipolar Zero 
~.000092V Zero-l LSB 

PACKAGE INFORMATION 

MODEL PACKAGE 

DfGfTAL OUTPUT 

BTC BOB 

7FFFHex FFFF Hex 
BOOO Hex 0000 Hex 
0000 Hex 8000 Hex 
FFFF Hex 7FFF Hex 

PACKAGE DRAWING 
NUMBER!') 

PCM78P 28-Pin Plastic DIP 215 

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

ABSOLUTE MAXIMUM RATINGS 

+Vcclo Analog Common ......................................................... 010 +16.5V 
-Vccto Analog Common ......................................................... 010-16.5V 
-Voolo Analog Common ..................................................... : ........ Oto+7V 
Analog Common 10 Digital Common ................................................. ±O.5V 
Logic Inpuls to Digital Common ................................. ~.3V to Voo + O.SV 
Analog Inputs to Analog Common .................................................. ±16.SV 
Lead Temperalure (soldering, lOs) ................................................ +300'C 
Stresses above these ratings may permanently damage the device. 

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility lor inaccuracies or omissions. BURR-BROWN assumes 
no responsibility lor Ihe use 01 this inlormation, and all use of such information shall be entirely at the usefs own risk. Prices and specifications are subject 10 change 
without notice. No palent rightsor licenses to any 01 Ihe circuits described herein are implied or granted 10 any Ihird party. BURR-BROWN does not aUlhorize or warrant 
any BURR-BROWN product lor use in life support devices and/or systems. 
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BURR-BROWN® 

IElElI PCM1750P 
PCM1750U 

DEMO BOARD 
AVAILABLE 

See Appendix A 

Dual CMOS 18-Bit Monolithic Audio 
ANALOG-TO-DIGITAL CONVERTER 

FEATURES 
• DUAL 18-BIT LOW-POWER CMOS AUDIO 

AID CONVERTER 

• FAST 4.5f.lS MIN CONVERSION TIME 
INCLUDING StH 

• VERY LOW MAX THD+N: -88dB Without 
External Adjust 

• COMPLETE WITH INTERNAL 
REFERENCE AND DUAL SIH FUNCTION 

• TWO CO-PHASE SAMPLED, ±2..75V 
AUDIO INPUTS 

• CAPABLE OF 4X PER CHANNEL 
OVERSAMPLING RATE 

• RUNS ON ±5V SUPPLIES AND 
DISSIPATES 300mW MAX 

• COMPACT 28-PIN PLASTIC DIP OR SOIC 

MSBAdj Left 

Offset Adj Left 
S/H 

V,N Left. 

SOUT Left 

SOUT Right 

V,N Right 
S/H 

Offset Adj Right 

MSB Adj Right 

DESCRIPTION 
The PCM1750 is a low cost, dual 18-bit CMOS ana
log-to-digital converter optimized for dynamic signal 
applications. The PCM1750 features true co-phased 
inputs with an internal sample/hold function for each 
channel. The PCM1750 also comes complete with an 
internal reference. Total power dissipation is less than 
300mW max using ±5V voltage supplies. Low maxi
mum Total Harmonic Distortion + Noise (-88dB max) 
is 100% tested. The very fast PCM1750 is capable 
of 4 times oversampling of the audio bandwidth on 
both input channels simultaneously, providing greater 
freedom to designers in selecting input anti -aliasing 
filters. 

PCM1750 outputs serial data in a format that is com
patible with many digital filter chips and comes pack
aged in a space saving 28-pin plastic DIP or SOIC. 

Clock 

Convert 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS 
ELECTRICAL 
At 25'C, and ±V, = ±5.0V; +Vo = +5.0V, unless otherwise noted. Where relevant, specifications apply to both left and right inpuUoutput channels. 

PCMI750P, U 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

RESOLUTION 18 Bits 

DYNAMIC RANGE THD + N at -60dB Referred to Full Scale +88 +90 dB 

ANALOG INPUT 
Input Range ±2.75 V 
Input Capacitance 20 pF 
Aperture Delay 10 ns 
Aperture Uncertainty (Jitter) 50 PSrms 

Full Power Input Bandwidth 500 kHz 

DIGITAL INPUT/OUTPUT 
Logic Family 'I='-i >'.>" Logic Level: V,H I'H =±5f1A +3.5 V 

VIL I'L = ±5f1A -{l.3 • +1.5 V 
VOH 'SOURCE = 1.0mA +2.7 +4.7 V 
VOL 'SINK = 3.2mA +0.2 , +0.4 V 

Output Data Format Serial, MSB First, BTC(l) 
Convert Command Positive Edge 
Convert Command Pulse Width 81 ns 
Conversion Time Throughput Including SampleIH0Id(2) 4.5 5.2 '20.8 !IS 

DYNAMIC CHARACTERISTICS (20Hz to 24kHz; 4X data decilTlated to 1 X) 

Signal-ta-Noise Ratio(3) fs = 192kHz(4); liN = 1 kHz (OdB)I') +88 +90 dB(S) 
Tota) Harmonic Distortion + N(7) Without External Adjustments 

fiN = 1 kHz (OdB) fs = 192kHz . -60 -68 dB 
fiN = 1kHz (-20dB) fs = 192kHz -70 -68 dB 
liN = 1 kHz (-60dB) fs = 192kHz -.'l0 -28 dB 

Channel Separation fs = 192kHz; liN = 1 kHz (OdB) and OV +96, +.108 dB 

ACCURACY 
Gain Error ±2 ±5 % 
Gain Mismatch Channel to Channel ±0.5 ±2.0 % 
BPZ (Bipolar Zero) Erro~.) '±2 mV 
BPZ Erro'r Mismatch Channel to Channel ±3 mV 
BPZ Differential Linearity Erro~9) ±0.002 %ofFSRllO) 
linearity Error ±0.003 %ofFSR 
Warm-up Time 1 ms 

DRIFT (WIth Internal Reference) 
Gain O'Cto 70'C ±50 ppm/'C 
Bipolar Zero O'Ct070'C ±10 ppm 'of FSRI'C 

DRIFT (Exclusive of Internal Reference) 
Gain O'Cto 70'C ±10 ppmi'C 
Bipolar Zero O'Cto'70'C ±S, ppm ofFSRI'C 

REFERENCE 
VAEF Output (Pins 19, 24): 
Voltage +2.75 V 
Current ±100 jJA 
Impedance 0.2 Q 
Accuracy ±25 mV 
Drift O'Cto 70'C ±SO ppm/'C 
VAEF Input (Pins 18, P25): 
Impedancel") 36311120 QllpF 

POWER SUPPLY REJECTION % of "IN I % of VSUPPLy(12) 0.03 %1% 

POWER SUPPLY REQUIREMENTS 
±V, Supply Voltage Range ±4.75 ±S.OO ±S.25 V 
+Vo Supply Voltage Range +4.75 +5.00 +5.25 V 
+1,; +10 Combined Supply Current +V.; +Vo = +5.0V +28 rnA 
-I, Supply Current -V,=-5.0V -13 rnA 
Power Dissipation ±V, =±5.0V; +Vo=+5.0V 210 300 mW 

TEMPERATURE RANGE 
Specification 0 +70 'C 
Operating -40 +85 'C 
Storage -60 +100 'C 

NOTES: (1) Binary Two's Complement coding: (2) The PCM1750 is tested and guaranteed at 5.2I1S, however it will operate at 4.5!IS. The dynamic performance is not 
guaranteed or tested at this conversion rate. (3) Ratio of SignalAMs' (DistortionAMS + NoiseAMS)' (4) AID converter sample frequency (4 x 48kHz; 4X oversampling per 
channel). (5) AID converter input frequency (signal level). (6) Referred to input signal level. (7) Ratio of (DistortionAMS + NoiseAMS) I SignaiAMS' (8) Externally adjustable' 
to zero error. (9) Differential non-linearity error at bipolar major carry input code. Externally adjustable to zero error. (1 0) Full scale range (5.50V). (1.1) Refer to equivalent 
circuit in Figure 1. (12) Worst case operating condition. Refer to typical performance curves. ' , . 
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PIN ASSIGNMENTS 

PIN DESCRIPTION 

1 ..JSV Analog Supply Voltage 
2 +5V Analog Supply Voltage 
3 Serial Output (Left Channel) 
4 External Clock Input 
5 +5V Analog Supply Voltage 
6 +5V Digital Voltage Supply 
7 +5V Digital Voltage Supply 
8 Digital Common Connection 
9 Analog Common Connection 
10 Digital Common Connection 
11 Convert Command Input 
12 Sortal Output (Right Channel) 
13 +5V Analog Supply Vollage 
14 -5V Analog Supply Voltage 
15 Offset Adjust (Right Channel) 
16 MSB Adjust (Right Channel) 
17 Analog Voltage Input (Right Channel; ±2.75V) 
18 Reference Voltage Input (Right Channel) 
19 Reference Voltage Outpul (Right Channel) 
20 Analog Common Connection 
21 Reference Voltage Decouple 
22 Reference Common Connection 
23 Analog Common Connection 
24 Reference Voltage Output (Left Channel) 
25 Reference Vollage Input (Left Channel) 
26 Analog Voltage Input (Left Channel; ±2.75V) 
27 MSB Adjust (Left Channel) 
28 Offset Adjust (Left Channel) 

MNEMONIC 

-VA 
+VA 

SOUTL 
CLK 
+VA 
+Vo 
+Vo 

DCOM 
ACOM 
DCOM 

CONVERT 
SOUTA 

+VA 
-VA 

OFF'OJR 
MSBAOJR 

V1NA 

VREF,NR 
VREFoUTR 

ACOM 
VREFcAP 
RCOM 
ACOM 

VREFoUTL 
VREF,NL 

V'NL 
MSBAOJL 
OFFADJL 

ABSOLUTE MAXIMUM RATINGS 

Analog Input Voltage (V,N) .................................. -V, -o.3V to +V A + 0.3V 
+V,; +Vo to ACOM/DCOM ............................................................ 0 to +7V 
-V, 10 ACOM/DCOM .................................................................... 0 to -7V 
-V,lo+VA;+Va .......................................•................................. Ota+14V 
ACOM to DCOM .................................................................................. ±1V 
Digital Inputs (pins 4.11) to DCOM ........................... -o.3V to +Vo + 0.3V 
Power Dissipation .......................................................................... 400mW 
Lead Temperature. (soldering 10s) ................................................ +300°C 
Max Junction Temperature .............................................................. 165°C 
Thermal Resistance. 6J,: Plastic DIP ............................................ 80°C/W 
Thermal Resistance. 6J,: Plastic SOIC ....................................... 100°C/W 

NOTE: Stresses above those listed under Absolute Maximum Ratings may 
cause permanent damage to the device. Exposure to absolute maximum 
conditions for extended periods may affect device reliability. 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER(1) 

PCM1750P 28-Pin Plastic DIP 215 
PCM1750U 28-Pin Plastic SOIC 217 

NOTE: (1) For detailed draWing and dimenSion table, please see end of data 
sheet, or Appendix C of Burr-Brawn Ie Data Book. 

TYPICAL PERFORMANCE CURVES 
At 25°C, and ±V A = ±5.0V; +Vo = +5V, unless othelWise noted. 'Where relevant, specifications apply to both left and right input output channels. 
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The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied argranted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices andlor systems. 
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For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES (CONn 
At 25'C, and ±VA = ±5.0V; +Vo = +5.0V, unless otherwise noted. Where relevant, specilications apply to both left and right input-output channels. 
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TYPICAL PERFORMANCE CURVES (CO NT) 
At 25'C, and ±VA; +Vo = ±5V, unless otherwise noted. Where relevanl, specifications apply to both left and right input-output channels. 

FFT 20kHz (24kHz BW; 2048 POINTS) 
o r-----r---~----~-----,----, 

-25 1----j-----1----t----j---I 

iXi' -50 1----j-----1----t----I---1 
:E-

" ~ -75 1----j-----1----t----j---I 

~ 
< -100 1-----/-----1----t----j---I 

-125 

5 10 15 20 24 

Frequency (kHz) 

FFT 3.7kHz (96kHz BW; 2048 POINTS) 

-25 H---+---+--_+---t---I 

iXi' -50 H---j-----1----t----t---I 
:E
~ ,E -75 H---+---j---+--_+---I 
'is. 
E 
< -100 H-Hr----j-----1:----t-:---t---I 

-125 

20 40 60 80 96 

Frequency (kHz) 

FFT 92kHz (96kHz BW; 2048 POINTS) 
o r-----r-----~----,_----_r--~ 

-25 I----f-----j----f-----+--H 

iXi' ~o I----f-----j----f-----+--H 
:E-

CD 

~ -75 I----f-----j----f-----+--H 
:a 
E 
< -100 I-_I_--f-----j---,o-+---+-I--H 

-125 

20 40 60 80 96 

Frequency (kHz) 

BURR-BROWNIIII 

o 

-25 

iXi' ~O 
:E-

FFT 17kHz and 21kHz (24kHz BW; 16384 POINTS) 

i -75 1----f------1----I--~--t_l_--1 
~ 
<-100 

-125 

5 10 15 20 24 

Frequency (kHz) 

FFT 52kHz (96kHz BW; 2048 POINTS) 
o 

-25 

iXi' -50 /----j-----1--/--I----t---I 
:E-

~ -75 

l 
< -1 00 I-:--"""-+'.-:---=+.I:-t-.-t-T-.,,=~=±--I 

-125 

20 40 60 80 96 

Frequency (kHz) 

FFT 88kHz and 92kHz (96kHz BW; 16384 POINTS) 
o r-----r-----~----,_----~~__, 

iXi' ~o ~--+--_+~--+--_+-+t1 
:E-

" ~ -75 ~--+--__,~--+--_+-+t1 

~ 
< -100 H+It-t+.----'~--+o-rl-oHHr.HH 

-125 

20 40 60 80 96 

Frequency (kHz) 

,ElEI, Burr-Brown Ie Data Book-Mixed Signal Products 8.1.11 

o 
it) ..... ,.. 
::aE 
o 
Q. 

~ 
::l 
C o 
a:: 
Q. 

o 
is 
::l 
<C 
..J 

~ 
C3 
is 



For Immediate Assistance, Contact Your Local Salesperson 
THEORY OF OPERATION 
OVERVIEW 

The PCMI750 is a dual I8-bit successive approximation 
CMOS analog-to-digital converter with serial data outputs 
designed especially for digital audio and similar applica
tions. The single-chip converter is fabricated on a 311 P-well 
CMOS process which includes poly-poly capacitors, laser
trimmable nichrome resistors, and two layers of interconnect 
metal. The dual converter employs a switched capacitor 
architecture which provides separate, simultaneous S/H 
(sample/hold) functions for each input charmel. The separate 
S/H for each channel results in a desired feature called 

V,N 

PIS, P25 

Simplified 
VREFIN Circuit 

10PF 

C3 
5PF 

FIGURE 1. PCM1750 Simplified Circuit Diagram. 

co-phase sampling which means that both S/H circuits are 
switched at the same time into the HOLD mode to capture 
their respective input signals simultaneously. This elimi
nates phasing errors produced by alternative architecture 
ADCs which do not sample the two input charmels at the 
same time. 

Switched binary-weighted poly-poly capacitors are used in 
CDAC (capacitive digital-to-analog converter) configura
tions to form the successive approximation converter sec-

Auto-Zeroed Comparator 
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Optional External 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 
tions of the PCM1750. Two other switched-capacitor TDACs 
(trim-DACs, which employ laser-trimmed nichrome resis
tors) are also used to provide small correction voltages to the 
latching comparators. These small correction voltages com
pensate for ratio matching errors of the binary-weighted 
capacitors in the CDAC. The comparators contain autozeroed 
preamplifier stages ahead of the latching amplifier stage to 
produce a one bit, serial data stream that controls the 
successive approximation algorithm for each channel of the 
PCM1750. 

To simplify user application, the PCMI750 includes an 
internal band-gap reference with fast settling buffer amplifi
ers to drive the CDACs. The dual converters operate syn
chronously (to minimize digital noise conversion errors) 
using an external system clock (normally at IX, 2X or 4X 
the standard 48kHz audio sampling rate). By operating at a 
2X or 4X oversampling rate the roll-off requirement for the 
input anti-aliasing filters is relaxed. For example, IX sys
tems typically use a 9 to II pole. LPF (low pass filter) 
whereas a 4X system can use a 6th (or smaller) order filter 
when an appropriate digital filter such as the DFI750 is used 
in conjunction with the sampling system. Oversampling also 
has the added benefit of improved signal to noise ratio and 
total harmonic distortion. Two serial outputs, one for each 

'Master 
System 

Clock 

input channel, provide binary-two's-complement coded out
put to an optional external digital decimation filter when 
over sampling operation is desired. The use of the optional 
companion digital filter, the DF1750, is described later in 
the installation and application sections of this product data 
sheet. A separate product data sheet is also available for the 
Burr-Brown DFl750 giving all the specifications and per
formance diagrams associated with this digital filter. 

SAMPLE (TRACKING) MODE 

After each conversion, the dual ADC returns to the SAMPLE 
mode in order to track the input signals. The switches shown 
in the simplified circuit diagram of Figure I will then be in 
the following states: SI connects VIN to CI ; S2 to SI8 
connect C2 to CIS to VREF; HI and H2 connect the top 
plates of the capacitor arrays to analog common; and the 
latching comparator is switched into its auto-zero mode by 
closing AZI to AZ4. Notice that CI serves two purposes: it 
samples and stores the input signal VIN and it is the MSB of 
the CDAC. Storing V REF on C2 to CIS creates a bipolar 
offset, enabling V IN to cover a span from -VREF to +VREF• 

The 1/f noise as well as the DC input offset voltage of the 
comparator are removed by an autozeroing cycle which 

Pt 1 (CONVERT) ~'----;---...,....--,----;o---

P4 (EXT ClK IN) 

INTERNSA'Hl l ' · I' , L' 
~-...... -----+------- HOLD • --SAM",PlE--

CONTROL . 

SRl + Bitl test time 

~,--~,--~,---7,----~--~--~--~ 

SR2 ~L: __ Bi~(2_t_e_st_ti_m~e ___ ,--__ ~ __ ~_~ __ ~ __ ~ __ 

SR3 ~~. __ B_it~~_ffi_s_tt_im_e_~ __ ~_~ __ ,--__ ~ __ ~ __ 

: :: . " . , 

P3(SOUTL) :~ ~'--____ _ 

. , . . . . , , 
, . , , ., , 

P12(SOUTR) ,~. ~'--____ _ 

'Clock from 

FIGURE 2. PCMI750 Input/Output Timing Diagram. 
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For Immediate Assistance, Contact Your Local Salesperson 
occurs during the SAMPLE period (see the timing diagram 
shown in Figure 2). These errors are stored on the AC 
coupling capacitors (CAZI to CAZ4, shown in Figure I) 
between the gain stages. During the SAMPLE period the 
inputs to gain stages A 1 and A2 and the latch are grounded 
by switches HI, H2, and AZI to AZ4. Capacitors CAZI and 
CAZ2 track the amplified offset voltage of gain stage A I 
and capacitors CAZ3 and CAZ4 do the same for A2. At the 
beginning of a conversion cycle, the autozeroing switches 
open and the instantaneous amplified value of both the; DC 
offset voltage and the low-frequency flicker noise is stored 
on the coupling capacitors to produce zero comparator offset 
during a conversion cycle I 

SUCCESSIVE APPROXIMATION 
CONVERSION PROCESS 

The timing diagram in Figure 2 illustrates the successive 
approximation routine of the PCM1750. Control signals 
CONVERT and CLK are derived from a master system 
clock which comes from a 256fs (256 X the base sampling 
frequency of 48kHz) clock used by the optional digital filter. 
There are 64 clocks shown in the timing diagram because the 
PCMI750 is shown operating at 4 times the standard 48kHz 
sample rate (192kHz). 

Several events occur on the rising edge of the CONVERT 
command. Switches AZI to AZ4, III and H2 open and 
switch SI reconnects the MSB capacitor, CI, from VIN to 

analog common (see Figure I). This terminates the com
parator auto-zero cycle and simultaneously switches (co
phase sampling) both converters from tracking their respec
tive input signals into the HOLD mode, thus capturing the 
instantaneous value of VIN (with a small delay specified as 
the aperture time). 

At the start of a conversion cycle when S l' is switched to 
analog common, the sampled input signal V IN will appear at 
the comparator input as -VIN/2 due to the 2-to-1 capacitive 
divider action of Cl = C2 + C3 + ... C18. In a somewhat 
similar manner, V REF is tr!Ulsferred to the comparator input 
as -V~ to create a bipolar offset. 

The 19-bit shift register, shown in Figure 4, controls testing 
of the bits of the dual ADCs beginning with bit-l (MSB) and 
proceeding one bit at a time to bit-18 (LSB), leaving ON 
those bits that don't cause the cumulative value of the 
CDAC to exceed the original input value and leaving OFF 
those bits that do. Since the bits of both channels are tested 
together, only one shift register is required to control both 
ranks of 18 data latches. 

For example, the testing of bit-2 proceeds in the following 
manner. The' positive pulse from the second shift register 
element SR2, (see Figure 2 and 4) is applied to the bit -2 data 
latch and NOR gate. The NOR gate in tum drives S2 and 
switches bit-2 at the beginning of the bit-2 test interval. Note 
that the bit interval must be long enough to allow both the 
comparator input to settle and the comparator to respond. On 

TREF .... j ~ 
54 55 56 57 58 59 60 61 62 63 64 1 2 3 4 5 6 7 8 9 10 11 12 

·Optional 
Digital Filter 

T1 __ \ ~ 

Convert __ ~ __ ~ __ ~~n~~ __ ~~~-
f---- T2 -H- T3 ~ --I: I:~;I 

Ext Clk In 

, --l " 

X B~~: X '~ 
SOUT Bit 17 • Bit 1 : B't2 

, MSB' I 

p'\ T8 I- T9 -I 
PARAMETER DESCRIPTION MIN NOMINAL MAX UNITS 

T1 (1 xTREF) Convert Command High 24 33 55 %ofT4 
T2 (6 x TREF) SIH Acquisition TIme 420 486 ns 
T3 (4 x TREF) Convert to Clock time 281 326 1302 ns 
T4 (3 x TREF) Master Clock Input 211 244 9n ns 
T5 (1 xTREF) Clock High 24 33 55 %ofT4 
T6 (2 x TREF) Clock Low 45 67 76 %ofT4 
T7 Data Hold Time 10 ns 
T8 Data Setup Time 100 ns 
T9 Data Valid Time 120 154 1212 ns 
TCONV (64 x TREF) Conversion Throughput Time 4.5 5.2 20,8 (1s 
TREF (Sample Rate 164) Ext Digttal Filter Clock 70 81 326 ns 

Note: The nominal timing shown in this diagram is all done automatically by the DF1750 digital filter. Only the 
optional digital filter clock is required when the DF1750 is used. 

FIGURE 3. PCMI750 Setup and Hold Timing Diagram. 
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the next rising edge of CLKIN, at the end of the test interval, 
the comparator latch is strobed, providing a feedback logic 
level which tells the second data latch if bit-2 should be kept 
or rejected. This logic level is stored in the data latch and is 
passed on to switch S2 via the NOR gate on the falling edge 
of the pulse from SR2. This decision to keep or reject bit-2 
moves the comparator input closer to a null condition, 
namely, zero potential. This sequential process continues for 
bit-3 through bit-18 and nulls the comparator inputs to 
within a value limited by the total system noise and the 
resolution/speed of the comparator. 

Notice from the timing diagram in Figure 2 that the succes
sive approximation algorithm operates synchronously with 
an external clock to minimize digitally-coupled switching 
noise from corrupting either the sample-to-hold operation or 
the critical comparator bit decisions. The two serial output 
data streams are derived synchronously from the respective 
latched comparator outputs and are available after a delay of 
one CLKIN cycle as illustrated in Figure 2. The serial output 
driver cells are TIL and CMOS compatible. 

DIFFERENTIAL LINEARITY CALIBRATION 

To understand the calibration of the PCM1750 it is neces
sary to discuss some of the characteristics of poly-poly 
capacitors. Poly capacitors are known to have equal or better 
stability and matching properties when compared to other 
precision components such as thin film resistors. On a well 

Serial Data 

From Latching 
Comparator 

ToMSB 
Switches Left 

ToMSB 
Switches Right 

controlled process, ratio matching is typically 0.1 % - a 
very respectable number for an untrimmed component. Even 
more impressive is their ratio tracking versus temperature of 
approximately O.lppmrC. 

Achieving OLE (differential linearity error} of less than 1/2 
LSB at the 16-bit level requires ratio matching of the more 
significant bits to about 0.001 %. Since the untrimmed ratio 
matching of poly capacitors is about two orders of magni
tude larger than this requirement, a one-time factory calibra
tion of the upper bits is required as described in the next 
section. Next, consider the effect of temperature due to the 
ratio tracking of O.lppmrC.' Over a 50°C span, OLE will 
change less thanlLSB at 18-bits; therefore, recalibration at 
temperature extremes is not necessary. Because of this 
excellent stability versus temperature (and versus time, also), 
the one-time factory calibration to correct initial OLE is 
more than satisfactory in meeting the accuracy requirements 
of the PCM1750. 

TDAC OPERATION 

Operation of the TDAC (trim OAC), which is laser trimmed 
at the wafer level, is described using bit-l as an example. 
Switch SIT (see Figure I) operates between two voltage 
levels-a reference level set by voltage divider Ra, Rb and 
a laser trimmable level set by RIa, Rib. The differences of 
these two levels is coupled by capacitor CIT to the minus 
input of the comparator to generate a correction voltage for 

To Bit 2 
Switches Left 

To Bit 2 
Switches Right 

To Bit lB 
Switches Left 

Control 
Logic 

ToBitlB 
Switches Right 

FIGURE 4. PCMI750 Successive Approximation Logic Diagram. 
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bit-I. The switches of the CDAC and the switches of .the 
TDAC operate concurrently with each other, that is, when a 
decision is made to keep or reject bit-l,.the same decision is 
made for the correction voltage for bit-I. Even though the 
ratio stability of the nichrome resistors used in the TDAC 
may not be as good as the poly capacitors, it is inconsequen
tial because the correction voltage of each bit has a limited 
range of adjustment. 

The DLE at the major carry (a code change from 111...111 
to 000 ... 000; in binary two's complement coding) is typi
cally ±1/2 LSB at the 16-bit level, which is sufficient to 
provide 90dB SNR and -30dB low level distortion (-60dB 
input). For applications requiring less DLE at the major 
carry, a pin is provided for each channel to make an external 
MSB adjustment. 

DISCUSSION 
OF SPECIFICATIONS 
RESOLUTION AND DYNAMIC RANGE 

The theoretical resolution of the PCM17S0 is 18-bits. The 
maximum possible number of output codes or counts at 18-
bits is 262,144 or 108dB (calculated by raising 2 to the 18th 
power). The relative accuracy of.any AID converter, how
ever, is more a function of it's absolute linearity and signal
to-noise ratio than how many bits of resolution it has. These 
more pertinent specifications are described later in this 
section. 

Dynamic range, as it is usually dermed for digital audio 
converters, is the measure of THD+N at an effective input 
signal level of -60dB referred to OdB. For the PCMl7S0 this 
value is typically 90dB and a minimum of 88dB (for audio 
bandwidth = 20Hz to 24kHz, THD+N at -60db = -30 db typ, 
-28dB max; fIN = 1kHz and fs = 192kHz). Resolution is also 
commonly used as a theoretical measure of dynamic range, 
but it does not take into account the effects of distortion and 
noise at low signal levels. 

ANALOG INPUT RANGE 

The analog input range for the PCMl7S0 is a bipolar ±2.7SV 
(nominal). Tablc I gives the precise inpu1/output and volt
age/code relationships for the PCMI7S0. Figure S shows 
these same relationships in a graphical format. It should be 
noted that the computed voltage input levels represent center 
values (the midpoint between code transitions). Output cod
ing is in binary two's complement. 

DIGITAL OUTPUT ANALOG INPUT VOLTAGE INPUT 

262144 LSBs Full Scale Range 5.50000000V 
1 LSB Minimum Step Size 20.9B083496}1V 
lFFFFHEx +Full Scale +2.74997902V 
OOOOOHEX Bipolar Zero O.OOOOOOOOV 
3FFFFHEX Bipolar Zero -1 LSB -O.00002098V 
20000HEX -Full Scale -2.75000000V 

.. 
TABLE I. Analog Input to Digital Output RelatIOnships. 

.~ 00001H 

c5 OOOOOH 

~ 3FFFF t5 H 

• Gain drift (mosily due to reference drift) rotales the transfer funclion 
around Ihe bipolar zero code (OOOOOHEX)' . 

NOTE: As the power supply voltages change (mostly due to the +V 
supply). the transfer funclion rolates around BPZ. See the power 
supply rejec1ion specification in the spec table. 

FIGURE S. Analog Input to Digital Output Diagram. 

From Figure S, the effects or'offset and gain errors can be 
visualized. These errors can change value in response to 
changes in temperature and/or supply voltage. In addition, 
gain error (or the full scale range, FSR) changes in direct 
proportion to the VREFIN voltage value. 

SAMPLE AND HOLD PARAMETERS 

Aperture Delay and Uncertainty 
Aperture delay is the time required to switch from the 
SAMPLE to HOLD mode. This time is typically IOns for the 
PCMl7S0 and it is constant. Aperture uncertainty (jitter) is 
the amount of uncertainty associated with the aperture delay. 
Aperture uncertainty affects the overall accuracy of the 
converter and is greatest at the maximum input frequency of 
the converter. The formula for determining the maximum 
input frequency (fMAX) for a given error contribution due to 
aperture uncertainty is: fMAX= (2 X 1& X ~itter X 2N)-1 where 
tjitter is the RMS aperture uncertainty and 2N is the desired 
SNR (signal-to-noise ratio) expressed in total number of 
quantization levels. A IS-bit SNR, therefore, would be 
expressed as 215 or 32768. Using the typical PCIvIl7S0 
aperture jitter of SOpsnns and an SNR at the IS-bit level, fMAX 
= (2 X 1& X SOps X 32768)-1 or 97.1kHz. This matches very 
closely with the rated dynamic accuracy of the PCMl7S0 
where THD+N = -88dB max. This means the typical aper
ture jitter of PCMl7S0 only becomes a factor when input 
signals to it exceed 97kHz and/or an SNR greater than IS 
bits is desired. 

Input Bandwidth 
The full power bandwidth of the PCMl7S0 is that input 
frequency above which significant distortion is observed 
(THD+N > lO-bits or -60dB for a full scale input signal). In 
the data sheet, this number is specified as typically being 
SOOkHz. In wideband operation (when no digital filter is 
used) the additional full power bandwidth of the PCMl7S0 
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can be used to purposely alias a band-limited signal down 
into the baseband of the converter. This technique is called 
undersampling and can be used to directly down-convert an 
intermediate frequency riding on a much higher carrier 
frequency. 

DIGITAL I/O AND TIMING 

Input/Output Logic Compatibility 
Digital logic on the PCMl750 is CMOS compatible. Digital 
\lutputs on the PCM1750 are capable of driving a minimum 
of two standard TTL input loads. 

Digital output coding is in binary two's complement. Table I 
gives the precise input/output voltage/code relationships for 
the PCM1750. Figure 5 shows these same relationships in a 
graphical format. 

Convert Command and External Clock Input 
A conversion is initiated on its positive going edge of the 
convert command. Although the convert command can re
turn low at any time (prior to SOns before the rising edge of 
the 19th clock), a typical convert command pulse width of 
81ns (as called out in Figure 3) is specified for a 192kHz 
sample rate (fs). The reason for a pulse width spec is to 
reduce problems associated with digital logic feedthrough 
noise. The return of convert command to a logic low level in 
the specified time interferes least with the successive ap
proximation process. Also, it should be noted that putting 
fast logic edges «5ns) on convert command (PH) and the 
external clock input (P4) may cause logic feedthrough to the 
analog stages in the converter and will result in added 
distortion during the sampling and conversion process. 
Using the optional DFl750 digital filter provides adequately 
slow transitions to maintain full specification performance. 
If necessary, an external RC, on the convert command line 
may be used to slow fast logic edges. 

As with the convert command, the external clock input is 
positive edge triggered and is not duty-cycle dependent 
other than to improve digital feedthrough noise immunity. A 
50% duty cycle clock can be used instead of 33% if desired. 
Refer to Figure 3 for recommended timing relationships. 
Regardless of what clock duty cycle is used, all operations 
relating to valid data clocking should be synchronized to the 
rising edge of the clock input. 

Although there is a maximum conversion time called out in 
the specification table, the PCM1750 can have a consider
ably longer conversion cycle. Droop of the internal capaci
tors will ultimately determine what the true maximum 
conversion time can be. The min/typ/max times shown in 
Figure 3 are based on minimum sample rate of 48kHz, a 
typical of 192kHz, and a maximum of 222kHz. All specifi
cations are tested at 192kHz. The minimum sample rate 
assumption is based on clock periods that increase as time 
between convert commands increases. Any sample rate 
down to near DC can be utilized by observing maximum 
clock cycle requirements and spacing convert commands to 
achieve lower sample rates. This means that the time interval 
T2 shown in Figure 3 does not have a maximum value. 

BURR - BROWN® 

Clock Lockout 
Any number of clocks can be given to the PCM1750 beyond 
the 19 required for normal operation. If a continuous clock 
is used, all clocks beyond the 19th are gated off by the 
PCM1750's internal logic until the next positive going edge 
of the convert command. The converter also goes into the 
sample (track) mode starting on the positive edge of the 19th 
clock until the next positive edge of the convert command, 
regardless of how many additional clocks are offered. The 
ideal operation of the converter stops the clock input after 
the 19th during this critical signal acquisition time. This is 
the timing shown in Figure 3 . The critical timing aspect that 
must be observed if a clock input other than the recom
mended is used, is that ample time following the positive 
edge of convert command proceed the next rising clock 
edge. If this time is shortened, the most important bit-l 
(MSB) decision, which is finalized on the first clock edge 
after convert command, will be adversely affected. In other 
words, the clock input cannot have a rising edge during the 
time interval T3 shown in Figure 3. 

SIGNAL-TO-NOISE RATIO 
Another specification for AID converters is signal-to-noise 
ratio (SNR). For this measurement, a full-scale 1kHz signal 
is applied and the sampling rate of the PCM1750 is set at 
192kHz. An FFT is performed on the digital output and the 
noise power in the non-harmonic audio-bandwidth frequency 
bins (20Hz to 24kHz) is summed and expressed in relation 
to the full-scale input signal. 

,.... 
:e: 
o 
c.. 

One advantage of using the PCM1750 in this oversampled 
mode with the optional DF1750 digital decimation filter is 
that the converter noise is spread over the full OHz to 96kHz 
passband and then suppressed by the digital filter stopband 
attenuation (from 24kHz to 96kHz). This effectively in
creases the SNR of the PCM1750 by 6dB when it is used as 
an audio bandwidth converter. The other advantage is that .... 
the need for a higher-order anti-aliasing input filtering is~ 
greatly reduced. 

THD+N 
The key specification for the PCM1750 is total harmonic 
distortion plus noise (THD+N). In terms of signal measure
ment, THD+N is the ratio of DistortionRMs + NoiseRMs / 
SignalRMs expressed in dB. For the PCM1750, THD+N is 
100% tested at all three specified input levels using the 
production test setup shown in Figure 6. For this measure
ment, as with the SNR test, a full-scale 1kHz signal is 
applied and the sampling rate of the PCM1750 is set at 
192kHz (which is 4X the standard digital audio sample rate 
of 48kHz). An FFT is performed on the digital output and 
the total power in all audio-bandwidth frequency bins (20Hz 
to 24kHz) is summed and expressed in relation to the full
scale input signal. 

For the audio band, the THD+N of the PCM1750 is essen
tially flat for all frequencies and input signal levels. In the 
Typical Peiformance Curves THD+N versus Frequency 
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plots are shown at four different input signal levels (with and 
without a 4X decimation filter): OdB, -20dB, -40dB, and-
60dB. 

CHANNEL SEPARATION 
To test channel separation a 1kHz signal sampled at 192kHz 
is placed on one input of the PCM1750 while the other input 
is held at OV. An FFT is performed on the idle (OV) channel 
and the result checked to insure that the 1kHz tone is 
suppressed by a minimum of 96dB. 

GAIN AND OFFSET ERRORS 
Initial gain and bipolar offset errors are laser trimmed at the 
wafer level and 100% final tested to insure compliance with 
the electrical specifications. Bipolar offset errors can be 
further reduced to zero by using the optional offset adjust
ment circuitry shown in the connection diagram (Figure 7). 
Gain errors can be adjusted by varying V REF to either 
channel of the converter. This is accomplished by either 
using an adjustable external reference or by placing buffer 
amplifiers with adjustable gain between VREFoUT and 
VREFIN as shown in Figure 8a. 

INTEGRAL AND DIFFERENTIAL LINEARITY 
DC Linearity Testing 
The absolute linearity of the PCM1750 is on the order of 15 
bits or more as can be seen from the THD versus Frequency 
plots in the Typical Performance Curves. Not every code in 
the converter must be 15-bit linear to achieve the specified 
THD+N performance, but a very high percentage will be 
that linear. The same observation also applies to differential 
linearity errors in the PCM1750. Because the PCM1750 is 
not 100% tested for DC linearity specifications, no mini
mum or maximum specifications are given for integral or 
differential linearity errors. 

Timing 
High Control 

Accuracy 
Sine Wave 
Generator 

f'N=lkHz 

1 
FIT 

Analyzer 

FIGURE 6. PCM1750 Production Test Setup. 

No Missing Codes Operation 
A no missing codes specification is not given for the 
PCMl750 for the same reasons as given above. The 
PCM1750, however, typically has fewer than 16 codes (less 
than 0.01 %) missing at a 14-bit resolution level. A 100% no 
missing codes specification cannot be maintained above the 
12-bit level, although this has very little impact on overall 
dynamic performance (THD+N) .. The few missing codes 
that do occur at higher resolution levels are ai the bit-2 and 
lower major carry transitions of the converter. There are 
typically no missing codes (at 14 bits) around the critical 
bipolar zero operation zone (±1/8 of full scale range around 
bipolar zero or OV). The critical bipolar differential linearity 
error can be reduced from its initial value to zero using the 
optional MSB adjustment circuitry shown in the connection 
diagram (Figure 7). 

REFERENCE 

The gain drift of the PCMl750 is primarily due to the drift 
associated with the reference. Better drift performance can 
be achieved using an external reference like the ones ex
plained in the applications section (Figures 8b, 8c). The 
Typical Performance Curves plot of VREF Output versus 
Temperature shows the full range of operation including 
initial error and typical gain drift. Pertinent performance 
data are found in the electrical specification table. 

Reference Bypass 
Both Pl8 and P25 (VREFIN) should be bypassed with a 
1O~ to 47~ tantalum capacitor. If there are important 
system reasons for using the PCMl750 reference externally, 
the outputs of P19 and P24 must be appropriately buffered, 
and bypassed (see Figure 8). 

f,-I92kHz 
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POWER SUPPLY REJECTION 

Because of the architecture of the PCM1750, power supply 
rejection varies with input signal size. The spec table value 
is expressed in the relative terms of percent of VIN per 
percent change of the supply voltage. The PSR versus 
Frequency plot in the Typical Peiformance Curves show 
PSR expressed versus an increase in power supply ripple 
frequency. 

PERFORMANCE OVER TEMPERATURE 

Specification Temperatures 
All critical specifications are tested at 25°C. The drift 
specification temperature range is from O°C to + 70°C. The 
PCM1750 will operate over the wider temperature range of 
-40°C to +S5°C. 

Gain and Offset Drift 
Although the PCM1750 is primarily meant for use in dy
namic applications, specifications are also given for more 
traditional DC drift parameters such as temperature gain and 
offset drift. The primary cause of drift in the PCM1750 is the 
bandgap reference. Much lower gain drift can be realized if 
necessary by using any circuit similar to the external refer
ence circuits shown in Figure S. Also, refer to the Typical 
Peiformance Curves of VREF Output versus Temperature. 

-VA Offset Adj Left 

+V. MSBAdj Left 

SOUTLeft Y'N Left 

Ext Clk In Rei In Left 

+Vo Ref Out Left 

+5V o--+-t--t------, +Vo ACOM 

+Vo Ref Com 

DCOM Ref Bypass 

ACOM ACOM 

DCOM Ref Out Right 

Convert Ref In Right 

SOUT Right Y,N Right 

+V A MSB Ad] Right 

-5V O--+----'V\'v----j -V A Offset Adj Right 

Dynamic Performance 
Dynamic performance is predominated by the absolute lin
earity of the PCM1750. Because of the excellent ratio 
tracking versus temperature of poly-poly capacitors, there is 
virtually no change in dynamic performance of the converter 
over temperature (primarily THD+N). The dynamic specifi
cations over temperature cannot be guaranteed, however, as 
they are not 100% tested. 

INSTALLATION 
ANTI-ALIASING FILTER 

To prevent unwanted input signals from being aliased into 
the passband of the converter, it is necessary to suppress all 
out of band signals above 1/2 the sampling frequency of the 
ADC by using a low-pass filter. The requirement for an anti
aliasing filter, however, can be reduced by using oversampling 
techniques. By raising the sample rate of the converter by a 
factor of 2 or even 4, the roll off of the anti-aliasing filter can 
be reduced. In Figure 9, a 6th order, linear-phase, anti
aliasing filter is implemented using low-cost dual audio op 
amps. This filter will suppress frequencies above 96kHz by 
SOdB. For many applications a 4th or 2nd order anti-aliasing 
filter will be adequate when using the PCM1750 in the 4x 
oversampling mode. 

r----------------------------I 
Optional External Adjust I 

471<0 

l-";===+-;jjij....-o '-1-------<;. 25kn 

,----------------------------, 
! Optional External Adjust ! 
, I 

I 
I 
I 

150kO 471<0 ! 
I 
I 
I 

~~~~~~---_+~~~~25kQ ! 
i 
I 1---,-....,.,.-=-+----+------'--.-5251<0 i 
I 
I 
I 

-=- I 
I I I ____________________________ J 

• High quality tantalum. -:!:- = Connect directly to ground plane 

FIGURE 7. PCM1750 Connection Diagram. 
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INPUT SIGNAL CONDITIONING 

RC Input Circuit 

Note the 150n resistors and 220pF capacitors on each 
anatog input as sho~ in the connection diagram (Figure 7). 
This input circuit configuration is required to achieve ~pti
mum SNR performance of the PCM1750. viuious other 
component values will yield satisfactory results, but the 
resistor should never exceed 200n. ' 

Buffer Amplifier 

To avoid introducing distortion, the PCMl750 input must be 
driven by a low active impedance source(op amps such as 
the NE5532, Burr-Brown OPA2604, or equivalent are ideal). 

EXTERNAL ADJUSTMENTS 

The simplified circuit diagram' (see Figure 1) shows one of 
two complete channels on the PCM1750. The input switched 
capacitors, trim DAC and comparator are detailed. The trim 
DAC switches are activated Whenever the corresponding bit 
is chosen during the successive approximation routine. The 
first 12 bits of the ADC have corresponding trim DAC 
circuits. The RIa to Rl2a and RIb to Rl2b resistors can be 
laser trimmed at the wafer level if necessary to correct for 
any nonlinearities: The nominal voltage for the internally 
generated VREF is 2.7SV and it is a relatively low imped
ance, buffered voltage output. It should be noted that just 
the act of connecting the optional adjustment circuits will 
affect the MSB DLEs and bipolar offsets since it is unlikely 
that the initial potentiometer settings (even if centered) 
would match the factory trimmed null potentials. If con
nected, the potentiometers must be properly adjusted. 

FIGURE 8a. Circuit for External Gain Adjustment Using the 
Internal Reference. 

MSB Adjust 
The MSB adjust pin connects to the center of the Rla/Rlb 
resistive divider for bit-I. After laser trimming this point is 
nominally 100mV. All the MSB mid offset adjust pins 
should be connected to ground using a 0.011JF capacitor, 
especially if traces to the potentiometers are long. If the 
adjust pins are not used, they should still be bypassed to 
ground. 

Since there are internal Skn resistors and clamp diodes to 
both ground and +5V on the MSB, and offset adjust pins, 
there are obvious limits to their range of adjustment. With a 
nominal internal voltage on these points of +lOOmV, there 
will be a greater limitation in making negative adjustments 
than positive. A negative voltage at either adjustment pin, 
however, is acceptable up to one diode drop (-O.6V) below 
ground. 

The preferred method of MSB DLE adjustment is to input a 
small level signal and adjust for minimum THD+N. 

Offset Adjust 
The offset adjust switch (SOFF) position is controlled by 
whether the ADC is in the sample or hold mode. Switching 
from sample to hold effectively, allows any charge offsets 
associated with the sampling process to be eliminated. 
Grounding the input to the converter as far ahead of the AID 
as possible (in front of the anti-aliasing filter for example) 
and then adjusting the bipolar zero error will remove the 
offsets associated with the entire sampling system. 

LAYOUT CONSIDERATIONS 

Power Requirements 
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. 
Although the PCMl7S0 positive supplies have separate 
digital and analog +SV, for most applications the +5V 
digital supply pins should be connected to the +5V analog 
supply. If they aren't connected together, a potentiallatchup 
condition can occur when the power supplies are not turned 
on at the same time. If one supply pin is powered and the 
other is not, the PCM17S0 may latch up and draw excessive 
current. In normal operation, this is not a problem because 
both +V A and +VD should be connected together. However, 
during evaluation, incoming inspection, repair, etc., where 
the potential of a "hot" socket exists, care should be taken to 
power the PCM17S0 only after it has been socketed. 

All supplies should be bypassedas shown in Figure 7. The 
bypass capacitors should placed as close to their respective 
supply pins as possible. Additional .011JF capacitors may be 
placed in parallel with the larger value capacitors to increase 
high-frequency rejection, but generally they are not required 
when high quality tantalums are used. The 0.11JF capacitor 
between P21 and P22 should be a low leakage type (such as 
ceramic) and must beput as close to these pins as possible 
to reduce noise pickup. 
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The PCM17S0 is sensitive to supply voltages outside the 
absolute maximum ratings shown in the specification tables. 
Do not exceed -8V on the negative supplies at any time or 
irreversible damage may occur. Note the IOQ resistors in 
series with each -SV supply line (shown in Figure-7) to help 
protect the part from severe damage if the supplies are over
ranged momentarily. 

.Grounding Requirements 
Because of the high resolution and linearity of the PCM17S0, 
system design problems such as ground path resistance and 
contact resistance become very important. 

The ACOM and DCOM pins are separated internally on the 
PCM17S0. To eliminate unwanted ground loops, all com
mons (both analog and digital) should be connected to the 
same low-impedance ground plane. This should be an ana
log ground plane separate from other high-frequency digital 
ground planes on the same board. If the analog and digital 
commons of the PCM17S0 are connected to different ground 
planes, care should be taken to keep them within 0.6V of 
each other to insure proper operation of the converter. 

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 signals 
should be referenced to the ACOM pins. This will prevent 
voltage drops in the power supply returns from appearing in 
series with the input signal. 

VREFOUTR 

FIGURE 8b. External Reference Circuit Using Standard 
2.SV Reference. 
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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 MSB and offset adjust potentiometers are used, 
the potentiometers and related resistors should be located as 
close to the PCM17S0 as possible. 

Minimizing "Glitches" 
Coupling of external transients into an analog-to-digital 
converter can cause errors which are difficult to debug. Care 
should be taken to avoid glitches during critical times in the 
sampling and conversion process. Since the PCM17S0 has 
an internal sample/hold function, the signal that switches it 
into the HOLD state (CONVERT going HIGH) is critical, as 
it would be on any sample/hold amplifier. The CONVERT 
rising edge should have minimal ringing, especially during 
the 20ns after it rises. 

APPLICATIONS 
USING A DIGITAL FILTER 
A 4x decimation filter is available for the PCM17S0 called 
the DF17S0. It is available in a 28-pin DIP or a 40-pin sorc 
package. The use of this filter greatly eases the implementa
tion of the PCM17S0 in audio band applications. 

+15 

2 

1 ov 1-'6'--_....jI,fI/--<p~-.--l 
REF102 

4 

FIGURE 8c. Low Noise, Low Drift External Reference 
Circuit. 
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USING AN EXTERNAL REFERENCE 
Normally VREFoUT is connected directly to VREF1N• The 
typical value for V REF versus Temperature is shown in the 
Typical Peiformance Curves. If better drift or power supply 
rejection performance is desired, one of the external refer
ence circuits shown in Figures 8b and 8c can be used. Note 
that the decoupling capacitors are still connected to VREFIN• 

External gain adjustment is now possible by using the 
variable output options available on some precision voltage 
references or by varying the gain on external buffer ampli
fiers. The range of acceptable external references is from 
+2.0V to +V A - 2.0V, with 2.5V types being the most 
commonly available. Full scale input voltage range will be 
±VREF1N (a +2.5V VREF1N results in a ±2.5V input range). 

If an external reference is used, PI9 and P24 must be 
bypassed with at least lllf capacitors. 

SAMPLING AiD SYSTEM 
Figure 9 is a partial schematic of the demonstration fixture 
for the PCM1750 (orderable by model number DEM1133). 
It shows the implementation of (1) a 6th order, linear-phase, 
anti-aliasing filter (22kHz low-pass); (2) the PCM1750P 
NO converter; and (3) a 4x digital decimation filter called 

LRCK l 
(LRPOL=H) • I 

WDCK J I 
FrameSynL U U 
Flag Enable U U 

Bit Clock 

DATA 

the DF1750P. Not shown on this schematic, but included on 
the demo fixture, are latched parallel data outputs with 
strobe and a serial digital interface format (SPDIF) data 
transmitter. Also included on the DEMI133 are user bread
board areas for application specific circuit implementation. 

CONNECTION TO DSP WITH DIGITAL FILTER 
The PCMI750 and DF1750 combination can be connected to 
the serial ports of most popular DSP processor ICs (such as 
those made by AT&T, Motorola, TI, and AD) by adding a 
small amount of external glue logic. Figures 10 and 11 show 
the timing diagram and schematic for this interface. 

To use this interface, the DSPprocessor IC must be configured 
for 32-bit word inputs. The glue logic generates a flag bit, as 
the first bit of the 32-bit word, that signifies either left or right 
channel data. The flag bit will be low for left channel data and 
high for right channel data. 

The DF1750 can be configured for either 16- or 20-bit data, 
although only 16-bit data is shown in Figure 10. After the data 
is transferred into the DSP processor IC, it must be shifted 
toward the LSB by one bit in order to compensate for a clock 
delay in the glue logic. 

I 

I L 
U 
U 

DATA 

-==========-------=:~:=:::::: .... ::::::: ...... = ........................................... -............................................ . 
\. Channel Flag (Right Channel) 

FIGURE 10. PCM1750/DF1750 To DSP IC Timing Diagram. 
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BURR - BROWN® 
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PCM1760P/U 
DF1760P/U 

, . 
, ~ : i ' ! .. . 

., i \,', . DEMO BOARD AVAILABLE 
See Appendix A 

Multi-Bit Enhanced Noise Shaping 20-Bit 
ANALOG-TO-DIGITAL CONVERSION SYSTEM 

FEATURES 
• DUAL 20·BIT MONOLITHIC MODULATOR 

(PCM1760) AND MONOLITHIC 
DECIMATING DIGITAL FILTER (DF1760) 

• HIGH PERFORMANCE: 
THD+N: -92dB typ, -90dB max 
Dynamic Range: 108dB typ 
SNR: 108dB min, 110dB typ 
Channel Separation: 98dB typ, 94dB min 

• 64X OVERSAMPLING 
• CO-PHASE CONVERSION 

• RUNS ON 256fs OR 384fs SYSTEM 
CLOCK 

• VERSATILE INTERFACE CAPABILITY: 
16-, 20-Bit Output 
MSB First or LSB First Format 

• OPTIONAL FUNCTIONS: 
Offset Error Calibration 
Overflow Detection 
Power Down Mode (DF1760) 

• RUNS ON ±5V SUPPLIES (PCM1760) AND 
5V SUPPLY (DF1760) 

• COMPACT 28-PIN PACKAGES: 
28-Pin DIP and SOIC 

Analog 
Inpul (L) 

Analog 
Inpul(R) 

PCM176D 

Timing 
Conlrol 

and 
Interface 

641s 

2561s 

DESCRIPTION 
The PCM1760 and DF1760 combine for a low-cost, 
high-performance dual 20-bit, 48kHz sampling ana
log-to-digital conversion system which is specifically 
designed for dynamic applications. 

The PCM1760/DF1760 pair form a 4-bit, 4th order, 
64X oversampling analog-to-digital converter. 

The PCM1760 is a delta-sigma modulator that uses a 
4-bit quantizer within the modulation loop to achieve 
very high dynamic range. 

The DF1760 is a high-performance decimating digital 
filter. The DF1760 accepts 4-bit 64fs data from the 
PCM1760 and decimates to 20-bit lfs data. 

The FIR filter of the DF1760 has pass-band ripple of 
less than ±O.OOldB and greater than lOOdB of the 
reject band attenuation. 

DF176D 

Timing 
Conlrol 

I 
I 
I 

I Data 

I 
I 
I 

and I 

Interface : System 

Clock 
: 256/3841s 

I 

I ______ --~-~------

I _____________________________ ~ 
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SPECIFICATIONS 
ELECTRICAL 
At T. = +25·C, ±VCO' ±V., = +5V, +VDD = +5V, fs = 48kHz and ext. components = ±2% unless otherwise noted. 

PCM17601DF1760 

PARAMETER CONDITIONS MIN TYP 

RESOLUTION 20 

ANALOG INPUT 

Input Range R'NI =2.21<0 ±2.5 
Input Impedance R'NI =2.2kn R'NI 

SAMPLING FREQUENCY 

Cover Range of Is Integrator Constants: Applicatlon(1j 30 48 

ACCURACY 

Gain Error ±0.5 
Gain Mismatch 
Bipolar Zero Error V,N = 0 at 20s Aller Power-On 
GainDrifl 0·Cto+70·C ±IOO 
Bipolar Zero Drift 0·Cto+70·C ±20 

DYNAMIC CHARACTERISTICS!') 

THD+NI(OdBFS) P, U fiN _1kHz -92 
P·L, U-L -90 

THD+NI(-20dBFS) P,U fiN = 1kHz -76 
P·L, U-L -76 

THD+NI(-8OdBFS) P,U fiN = 1kHz -44 
P-L,U-L -44 

Dynamic Range P,U fiN = I kHz, V,N = -80dBFS, A Filter 104 108 
P-L,U-L 104 108 

SNR P,U V,N = 0, A Filter 108 110 
P-L,U-L 106 110 

Frequency Response f,N =20kHz ±O.I 
Channel Separation fiN = 1kHz, A Filter 94 98 

DIGITAL FILTER 

Over Sample Rate 64 
Ripple In Band o - 0.04535fs 
Stopband Attenuation-I 0.5465fs - 63.45351s -94 
Stopband Allenuation -2 0.54851s - 3.4535fs -100 

LOGIC INPUTS AND OUTPUTS 

Logic Family Input TTL Level Compatible CMOS 
Frequency (System Clock I) 256fs 12.288 
Frequency (System Clock 2) 3641s 18.432 
Duly Cycle (System Clock I) 2561s 40 50 
Duly Cycle (System Clock 2) 364fs 45 50 
Data Clock Input 32 48 
Logic Family Output CMOS 
Data Clock Output 64 
Data Coding Two's Complement 
Data Bit Length 16 I 20 I 
Data Format Selectable 
Output Data Delay fs=48kHz I 1.5 I 
POWER SUPPLY REQUIREMENTS 

Supply Voltage 
±Vcc PCMI760 ±4.75 ±5.0 

±V .. PCM1760 ±4.75 ±5.0 

+VDD DF1760 4.75 5.0 
Supply Current 

+Icc PCMI760 24 
-Icc PCM1760 -W 
+1"" PCMI760 12 

-IOD PCMI760 -8 
+loD -1 DFI760, Normal Mode 40 
+loD -2 DFI760, Power-Down Mode 4 

Power Consumption PCMI760 370 
DF1760, Normal Mode 200 

DFI760, Power-Down Mode 20 

TEMPERATURE RANGE 

Operating PCM1760/DF1760 0 +25 
Storage PCM1760IDF1760 -50 

MAX UNITS 

Bits 

Vp-p 
n 

50 kHz 

±I.O dB 
±C.5 dB 
±c.4 % FSR(2) 

ppmlsl"C 
ppmlsl"C 

-90 dB 
-88 dB 
-70 dB 
-70 dB 
-42 dB 
-42 dB 

dB 
dB 
dB 
dB 
dB 
dB 

fs 
to.OOOI dB 

dB 
dB 

MHz 
MHz 

60 % 
55 % 
64 Is 

fs 

Bits 

m. 

±5.25 V 
±5.25 V 
5.25 V 

36 mA 
-45 mA 
18 mA 

-12 mA 
55 mA 
6.6 mA 
500 mW 
275 mW 
33 mW 

+70 ·C 
+125 ·C 

NOTES: (I) Integrator Constants are determined by the external components shown In the block diagram. (2) FSR means Full Scale Range, digital output code IS from 
9OO00H to 70000H, FSR = 5.0V. (3) Use 20-bit DAC, 20kHz LPF, 400Hz HPF, average response. (4) Average response using a 20·bit reconstruction DAC with 20kHz 
low-pass filter and 400Hz high-pass filter. 
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ABSOLUTE MAXIMUM RATINGS-PCM1760 

Supply Voltage ..................................................................................... ±6V 
Voltage Mismatch ............................................................................... 0.1 V 
Analog Input ........................................................................................ ±Vcc 
Digital Input ............................................................................... +V,,+0.3V 

GND-.{).3V 
Power DissipationiP .......•...••.......................................................... 5BOmW 
Power DissipationiU ...................................•................................... 550mW 
Lead Temperature/P (soldering, lOs) .............................................. 260'C 
Lead Temperature/U (soldering, lOS) .............................................. 235'C 
Operating Temperature ......................................................... O'C to +70'C 
Storage Temperature ...................................................... -50°C to +125°C 

ORDERING INFORMATION 
MODEL PACKAGE THD+N (fs) SNR 

PCMI760P PDIP 90dB 10BdB 
PCMI760U SOIC -90dB 10BdB 
PCMI760P·L PDIP -9BdB 10edB 
PCMI760U·L SOIC -9BdB 106dB 
DF1760P PDIP NA NA 
DF1760U SOIC NA NA 

ABSOLUTE MAXIMUM RATINGS-DF1760 
Supply Voltage .................................................................................... 7.0V 
Voltage Mismatch ............................................................................... O.IV 
Digital Input ............................................................................... +Voo+0.5V 

Vss -.{)·5V 
Input Current ±20mA 
Power Dlsslpation/P ....................................................................... 460mW 
Power Dissipation/U ....................................................................... 440mW 
Lead Temperature/P (soldering, lOs) .............................................. 260'C 
Lead TemperaturelU (soldering, IDs, reflow) ................................... 235'C 
Operating Temperature .......................................................... ooe to +70°c 
Storage Temperature ........................................ " ............ -500 e to +125°e 

PACKAGE INFORMATION 

PACKAGE DRAWfNG 
MODEL PACKAGE NUMBER!') 

PCM1760P 2B·Pin PDIP 800 
PCM1760U 2B·Pin SOIC B04 
PCMI760P·L 28·Pin PDIP 800 
PCMI760U·L 2B·Pin SOIC 804 

DF1760P 2B·Pin PDIP 801 
DF1760U 2B·Pin SOIC 805 

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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For Immediate Assistance, Contact Your Local Salesperson 
PIN ASSIGNMENTS DF1760 

Top View SOICIDIP PIN 110(') NAME OESCRIPTION 

1 0 OVL Left Channel Overflow Output (Active High) 

OVL 28 VSS2 
2 0 OVR Right Channel Overflow Output (Active High) 
3 'I 0, 03 Data Input (MSB) 

OVR VOD2 
4 I D. 02 Data Input 
5 I 0, 01 Data Input 

0, 6 I D. DO Data Input (LSB) 
7 - TPl Test Pin (No Connection) 

D. CLKSEL 8 - VSS1 Common Channell 
9 - Voo, +5V Channell 

0, S/M 10 0 2561s 2561s Clock Output 
11 I Strobe Data Strobe Clock Inpul (12815) 

D. Mode 1 12 I LRCK LR Clock Input 
13 it CALD Calibration Function Enable (Active Low) 

TPl Mode 2 14 0 CAL Calibration Output (High During Calibration) 

VSS1 
15 I SYSCLK System Clock Input (2561s or 3841s) 
16 It/O SCLK Data Clock 

VOOf LRSC 
17 ItlO LJR ,LR Channel Phase Clock 
18 0 SDATA Serial Data Output (115) 

2561s FSYNC 
19 itlO FSYNC Frame Clock (21s) 
20 It LRSC Phase Control 01 LR Channel Phase Clock 

Strobe SDATA 
21 It IPD Power Down Mode Enable Input (Active Low) 
22 It Mode2 Output Format Selection Input 2 

LRCK LJR 23 It Model Output Format Selection Input 1 
24 It SIM SlavelMaster Mode Selection Input (High Makes 

CALD SCLK Slave Mode 
25 rt CLKSEL System Clock Selection Input (High Makes 25615) 

CAL SYSCLK 26 - TP2 Test Pin (No Connection) 
27 - VDD2 +5V Channel 2 
28 - VSS2 Common Channel 2 

NOTE: (1) 0 = Output terminal; I = Input terminal. 

BLOCK DIAGRAM OF DF1760 

8.1.28 

--------------------------------------------------------I 

0, 

D. o------o..j Input 
0, LAT 
D. 
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BLOCK DIAGRAM OF PCM1760 

0 

T 
i 

m 

e 
T 
L 

External Components Condition 

RIN 1 AIL C1• C2 AIL RTIR/L RIN 2R/L 
2.2kQ 2200pF 470n 1.3kQ 

C3• C4 R/L RT2 AIL Rz1 AIL 
1800pF 560n 1.2kQ 
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TYPICAL PERFORMANCE CURVES 
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8.1.30 

OVERALL PASS-BAND 
CHARACTERISTICS OF THE DF1760 
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PASS-BAND CHARACTERISTICS 
OFTHE FIR PORTION OF THE DF1760 
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FUNCTIONS OF 
THE DIGITAL FILTER 
SYSTEM CLOCK 

The DF1760 can accept a system clock of either 256fs or 
384fs. If a 384fs system clock is used, the DF1760 divides 
by 2/3 to create the 256fs system clock required for the 
PCM1760. The system clock is applied to pin 15 (SYSCLK 
input). The actual clock selection is done by setting pin 25 
(CLKSEL input) "high" for 256fs clock and "LOW" for 
384fs clock. 

The detailed timing requirements for the system clock are 
shown in Figure 3c. 

CLKSEL 

H 
L 

MASTER/SLAVE MODE 

SYSCLK 

256fs 
38415 

The DFI760 can be used in both the master mode and slave 
mode. In the master mode, the DFI760 outputs L/R (left/ 
right channel phase clock), SCLK (data clock) and FSYNC 
(frame clock 2fs) signals. In the slave mode, the DFI760 
accepts L/R, SCLK and FSYNC signals. The mode selection 
is done by taking pin 24 (SIM INPUT) "HIGH" for slave 
mode and "LOW" for master mode. 

SJM 

H 
L 

OUTPUT DATA FORMAT 

MODE 

Slave 
Master 

The serial output data has four possible formats. The selec
tion of the formats can be done by the Mode 1 and Mode 2 
inputs. 

MODE 1 MODE 2 FORMATS 

H H MSB Firsl, 16 Bits. Falling Edge 
L H MSB Firsl, 20 Bits, Falling Edge 
H L MSB First, 20 Bits, Rising Edge 
L L LSB First, 20 Bits, Falling Edge 

LR CHANNEL PHASE CLOCK 

The status of the LR channel phase clock can be set by the 
LRSC input. 

LRSC UR CLOCK AND CHANNEL 

H J 'H = LCH, I L=RCH I 
L l L= LCH, I H=RCH L 

OVERFLOW DETECTION 

When a near-to-clipping input condition is detected, OVL 
output (Pin I), or OVR output (Pin 2), becomes "HIGH" for 
a duration of 4096/fs (about 85ms) depending upon on the 
channel detected. 

The OVL and OVR output return to "LOW" after 
4096/fs duration automatically. 

OFFSET CALIBRATION MODE 

The offset error is calibrated by storing the digital data when 
the input is zero in registers and subtracting it from the 
future data with actual signal input. 

CALD 

H 
L 

CALIBRATION 

Disable 
Enable 

I 

I 
To enable the calibration mode, set the CALD input (Pin 13) 
"LOW". The calibration mode is disabled by setting the 
CALD input (Pin 13) "HIGH". The calibration cycle is 
initiated by setting the /PD input (Pin 21) "LOW" for more 
than 2 system clock periods and then setting it "HIGH". 
During the calibration cycle, the CAL output (Pin 14) 
becomes "HIGH", all the serial data is forced to "LOW", 
and the L/R (Pin 17), SCLK (Pin 16) and FSYNC (Pin 19) 
pins become input terminals after the completion of the 
calibration cycle. The CAL output is "LOW". 

POWER DOWN MODE/RESET 

The /PD input (Pin 21) has two functions. First, it should be 
set at "HIGH" after application or restoration of power (V ss 

and/or V DD) to accomplish the power-on/mode reset func
tion. The detail timing requirements for this function are 
shown in Figure 3f. Second, the DF1760 is placed in the 
power down mode by setting the /PD input (Pin 21) "LOW". 
Set the /PD input (Pin 21) "HIGH" for normal operation 
mode: 

/PD 

H 
L 

OPERATION 

Normal 
Power Down 

The power dissipation of the DF1760 in the power down 
mode is about 1/10 of the normal operation mode. During 
the power down mode, the L/R, SCLK, and FSYNC pins 
become input pins and all the serial data is forced "LOW". 
The 256fs output is enabled even in the power down mode. 

The detailed timing of the power down mode operation and 
the offset calibration is shown in Figure 3b. 

OVL(OVR) 

DESCRIPTION NAME MIN TYP MAX UNITS 

Delay from Overflow Detection 
to OVL (OVR) Output TOR ns 

OVL (OVR) Oulput Pulse Width To, 4096 l/1s 

FIGURE 3a. DFI760 Overflow Detection. 
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: ______ :T~p~oW~-------------------------
IPD~ : 

T _'I::;:==4'========,'TpCF 
CAL=-Y : '\ 

-, :-TpSF Tcsv:----:~ 
I I I /, , , , 
, , 

SDATA 

DESCRIPTION NAME MIN TYP MAX UNITS 

Pulse Width 01 IPD Input TpDW 2 - - l/Fclk 

Delay Irom IPD Input to 
FSYNC 

TSLKH TSLKL 
I I I I I I I 

1\ 1\11\ !\! H--h 
SCKL-1 ~ :'+-1 ~ ~ ~ \... 

T05S-:!- :-:To'sv ' 
SDATA :~ 

T SLA -: :==---.: T : 
-------------+.1 I I SOR 

UR :,X, 
------~T~S-F---~' ,--~--------------------------

i1 
CAL Output TpCR - - 6 l/Fclk 

Calibration Cycle Duration TpCF - 4096 - llfs DESCRIPTION NAME MtN TYP MAX UNtTS 

Delay lrom IPD Input to So." L TpSF - - 6 l/Fclk SCLK Frequency FSLK 321s 481s 641s -
Delay lrom Completion 01 Low Duration 01 FSCLK TSLKL 100 - - ns 

Calibration to SDATA Valid Tc,,", - 1 - llfs High Duration 01 FSCLK TSlKH 100 - - ns 

FIGURE 3b. DFl760 Power Down and Offset Calibration. Delay Irom SCLK to LJR Edge TSLR -70 - 70 ns 

1--...'_' Delay Irom Falling Edge 01 
: TCLKH ::TCLKl : SCLK to SDATA Valid Toss - - 50 ns , 

" 

, 
2.0V' " 

, Delay from SCLK to FSYNC 
l.4V Edge TSF -70 - 0 ns 

0.8V , 
" 

" 
--, ,- --~I:--

TlH THl 

Delay from Rising Edge of 
SCLK to SDATA Valid TDS, 100 - - ns 

SYSTEM CLOCK: 25615 
Delay Irom SDATA Valid to 

Rising Edge 01 SCLK TSOR 100 - - ns 
DESCRIPTION NAME MIN TYP MAX UNITS 

Low Level Duration TCLKL 31 - - ns 
FIGURE 3e. Timing of Slave Mode, DF1760. 

High Level Duration TCU<J< 31 - - ns 
<LRSC= "H" 

SYSTEM CLOCK: 38415 

DESCRIPTION NAME MIN TYP MAX UNITS Power ~ 
Low Level Duration TCLKl 24 - - ns 

High Level Duration TCLJ<H 24 - - ns 

Rise Time TLH - - 6 ns 

LJR ~~~ 
J " • I 

..... : :.- Tsp Tsp ..... : :-, ' 

Fall Time THL - - 6 ns PO 

FIGURE 3c. System Clock Tlmmg Requirements ofDF1760. 
<LRSC=';r~ __________________________ __ 

Power ---l 

LJR ~~~ 
~ Tsp Tsp ---: :~ 

PD , ! 
;~TpDW--..: 

, 'r 
:~TpDW~: 

DESCRIPTION NAME MIN TYP MAX UNITS 

SCLK Frequency FSlJ( - 641s -
SCLK Frequency Duty Cycle - 50 - % 

FSYNC Frequency FSVNC - 21s -
FSYNC Frequency Duty Cycle - 50 - % 

Delay lrom SCLK 10 LJR Edge TSLR -20 - 50 ns 

Delay Irom Falling Edge 01 FIGURE 3f. Power On and Mode Reset Timing. SCLK 10 SDATA Valid Toss - - 50 ns 

Delay Irom SCLK to FSYNC 
Edge TSF -20 - 50 ns 

Delay lrom Rising Edge 01 
SCLK to SDATA Valid TSOR 100 - - ns 

Delay lrom SDATA Valid to 
Rising Edge 01 SCLK rOSY 100 - - ns 

FIGURE 3d. Output Timing of Master Mode, DF1760. 
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THEORY OF OPERATION 
MULTI-BIT ENHANCED NOISE SHAPING 

A block diagram of a typical I-bit delta-sigma modulator is 
shown in Figure 4. 

In Figure 4, the quantizer consists of a single bit which has 
two possible states, either "0" or ·"1". The input signal is 
sampled at a much higher sample rate than the nyquist 
sampling frequency. The quantizer output data stream is 
digitally filtered for higher resolution nyquist. data. The 
theoretical SNR is determined by the number of the order of 
the integrator and the oversamp1ing rate. 

FIGURE 4. Single Stage I-Bit Delta-Sigma. 

Integrator nBit 

FIGURE 5. Single Stage Multi-bit Delta-Sigma. 

There is a practical limit to increasing the numbers of order 
of the integrator due to an inherent oscillation in the modu
lator. There is also a limit to increasing the sample rate due 
to the increase in jitter sensitivity associated with high clock 
frequencies. 

The PCM1760 utilizes a four-bit quantizer instead of the 
conventional one-bit method. The quantizing noise of a four
bit quantizer is 1/16 of the one-bit version. Using the four
bit quantizer allows for a lesser order number of the integra
tor and a lower oversampling rate to achieve similar perfor
mance to that of a more complex one-bit system. 

A block diagram of the PCM1760 modulator is shown in 
Figure 6. The PCM1760 is a fourth-order integrator that 
samples at 64x oversampling, and samples left and right 
channel input signal simultaneously. 

Input 

2nd Order 
Integrator 

2nd Order 
Integrator 4Bits 

FIGURE 6. Multi-bit Enhanced Noise Shaping. 

The DFI760 accepts the four-bit 64fs noise shaped data 
stream from the PCM1760 and decimates to 1/16 with an 
initial fIlter, and then decimates to lfs 20-bit data using a 4x 
oversampling filter. 

The PCM1760 and DF1760 combination achieves a dy
namic range of 108dB and SNR of llOdB even with a 
single-ended input. 

PCM1760 

Analog 
Comm.-on-'-____ ......., 

+5V GND -5V 

Power Supply 

NOTE: (1) Tantalum 3.3~F. (2) Ceramic 0.1 ~F. 

FIGURE 7. Recommended Power Supply Connection and 
Decoupling. 

LAYOUT PRECAUTIONS 

Analog common and digital common of the PCM1760 are 
not connected internally. These should be connected to
gether with the common of the DF1760 as close to the unit 
as possible, preferably to a large ground plane under the 
PCM1760. 

The use of a separate +5V supply is recommended for the 
PCM1760 and DF1760, and to connect the common at one 
point as described above. Low impedance analog and digital 
commons returns are essential for better performance. 

The power supplies should be bypassed with tantalum ca
pacitors as close as possible to the units. See Figure 7 for 
recomniended common connections and power supplies 
bypassing. 
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OUTPUT TONE ELIMINATION 

When the sampling frequency (fs) is between 40kHz and 50 kHz 
and the LIR relative offset voltage (eNs) is less than or equal to 
0.05% of full scale range, the PCM1760 may output a tone 
similar to an idle tone. This tone is very low and its frequency 
depends on the input L/R relative offset voltage, 11 Vs. This 
tone never occurs when the sampling frequency (fs) is 32kHz. 

To avoid this tone, the offset voltage should be summed 
using an amplifier, buffer, active low pass filter, etc., to 
cause the input L/R relative offset voltage (11 Vs) to be 
greater than 0.05% of full scale range. 

It is recommended that: 

(A) Sum offset at both L/R channels 
Lch: VIL = -20mV ±10% 
Rch: VIR = +lOmV ±10% 

(B) Sum offset at L channel 
Lch: VIL = -30mV ±1O% 
Rch: VIR = ±lmV (by a precircuit) 

When FSR = 5V (±2.5V). 

Figure 8 shows an application circuit for summing the offset 
at both L/R channels. 

Alternately, Figure 9 shows an application circuit for use 
when fs = 48kHz which changes the external integrator 
circuit of the PCM1760. 

MODULATOR COMPONENTS 
AND SAMPLING FREQUENCY 

The PCM1760/DF1760 are capable to 30kHz to 50kHz fs 
sampling frequency by condition with external components 
value which are shown in Basic Connection Diagram. 

11 

PCM1760 

4 

FIGURE 8. Application Example to Eliminate the Tone 
(offset voltage implementation for both chan
nels). 

OFFSET ERROR CALIBRATION 

The offset voltage of the PCM1760 and the input stage of 
the system can be compensated by using the calibration 
mode of the DF1760. Offset calibration is shown in Figure 
10. An optional analog switch is driven by a CAL output of 
the DF1760. The PD input of the DF1760 is used to initiate 
the calibration cycle. 

ANALOG INPUT AND DIGITAL OUTPUT 

Ideal output digital code range for 20-bit resolution is from 
8000H (-Full Scale) to 7FFFFH (+Full Scale). 

The DF1760, combined with 70000H (±FSR) of the 

o 
CD 

""" ..... u. 
Q 
'0 
CD 

""" ..... 
:as 
o 
D-The characteristics of the modulator's integrator can be set 

by external components. The values in the block diagram on 
page five are recommended for optimized performance. 
Low'leakage, low voltage coefficient capacitors are recom
mended for integration capacitors. 

PCM1760, produces a digital output code range at ±FSRIII 
input of 90000H (-FSR). : 

The relationship between analog input and digital output is 

The tolerance of external components should be better than ±2%. 

R'N' =2.2kn 
RT,=2.2kn 
C,' C,' co. c. = 1200pF 
RT, = 470n 
RZ, = 470n 
CZ, = 220pF 
R'N' = 1.3kn 
Rl, = 910n 

shown in Table I. 

C, c, 

f RIN2 

12 

PCM1760 

Co c. t, Rl, 

13 14 

FIGURE 9. Application Example to Eliminate the Tone (alternative modulator's integrator circuit. Only for fs = 48kHz). 
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For Immediate Assistance, Contact Your Local Salesperson 
ANALOG INPUT CONOmON DIGITAL OUTPUT 

+2.55V +Max Input 72000H 

+2.50V to +2.55V Overflow 70000H to 72000H'" 

+2.50V +FSR 70000H 

OV BPZ (Ideal) OOOOOH'" 
-2.50V -FSR 90000H 

-2.83V to -2.85V Overflow 82FFFH to 82000Ho, 

-2.85V -Max Input 82000H 

NOTES: (1) Incase 01 BPZ Error = o. (2) Overflow detection level Is over 
70000H or under 82FFFH 01 digital output code. 

TABLE I. Output Codes. 

POWER SUPPLY SEQUENCING 

The PCM1760 requires tVee and tVDDPower supplies. To 
avoid any possibility of latch-up, the tVee and tV DD power 
should all be applied simultaneously or the + Vee and + V DD 
applied first followed by -Vee and -V DD. 

ANALOG INPUT 
+Is .----------,r-----,.---:->I 

>-'-'-' 
Vas " 
:....-.-", 
I ,'-i ,~" 

o BPZ ~------------~~,'~'~----------~ 

f /" 
"'/,,// 

-Is ~-' _____ ......J'--______ --' 

-Is OV +Is 

FIGURE 10. llIustration of Offset Calibration. 

POWER-ON RESET AND MODE RESET 

The timing requirements for POWER-ON RESET and 
MODE RESET are shown in Figure 3f. The DF1760 re
quires POWER-ON RESET when power is applied or re
stored. MODE RESET is required when any of the follow
ing has been changed: system clock,' master/slave mode, 
output data format, L/R clock, calibration after POWER-ON 
in slave mode. 

This reset should be done. by holding the /PD input (pin 21) 
low for more than 2/fs. Suggested reset circuits are given in 
Figures 11, 12 and 13. 

CLOCK INPUT 
After power is applied to the DF1760, the system clock 
should be provided continuously. The DF1760 employs a 
dynamic logic architecture. 

ANALOG INPUT 
+Is r--------,------:----, 

J 
:I BPZ ~----------~___...jL-~-----------l 
o 

-Is L-.....t:;'--____ ~-'--______ --I 

-Is OV +Is 
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15 
1588 

Power-On Reset Circuit 

IPOour 

OF1760P/u 

S/M 

IPO 

SOATA I---If-----Q SOATA 
UA UA 

SCLK SClK 

NOTE: (1) External IPO input: Time "l" > 211 •. 

FIGURE 11. Master Mode Reset Circuit. 

Power-On Reset Circuit 

~10~ 
Vf 

IPO'N PA IPDour 
0 Q 

Vee r- ClK 

CL 
Qf-

15~ 
i74HC74 i1588A~ ~10~ 

-J± UA 

47~F ~ 

.-.- .. - .. - .. - .... - .. - .. - .. - .. - .... - .. - .. - .. -.-.-- .. - .. - .. - ..... 

NOTE: (1) External/PO Input: Time "L" > 2If •• 

FIGURE 12. Slave Mode Reset Circuit, (LRSC = H). 

_________ !:~~~r::9_n_ ~~~~l_ 9~~~~ ______________ _ 

10~ 

IPO'NCl ) o-_I_P...;O':.:..N _ ...... __ ---1 0 FA Q IPOQur 

15 
.1588 

ClK 

NOTE: (1) ExternallPO input: Time "L" > 2If •• 

FIGURE 13. Slave Mode Reset Circuit, (LRSC = L). 

BURR-BROWN® 

UA 

OF1760P/U 

S/M 

IPO 
lASC 

SOATA 
UA 

SClK 

OF1760P/u 

f--o Vee 

I----

f--o Voe 
SOATA 
UA 
SClK 

1---1,----0 SOATA 
1---1'-0---0 UA 

SClK I---Ir--I---O SClK 
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TIMING CHARACTERISTICS 

256fs 

D. Lch Rch 

D2 Lch Rch 

D, Lch Rch 

D. Lch Rch 

LRCK --1 '--_--II 
STROBE 

FIGURE 14. Input and Output Format of the DF1760 and PCM1760. 

LJR (I) 

SCLK(I) 

FSYNC(I) 

SDATA (O)--'-'-L...L....L....I.. ......... -L...Jw....L..L...I-L-'--'-'-L...L....I-L-'--'-'-L...L....L....I.. ......... -L...J-J 

FIGURE ISa. Slave Mode and SCLK = 32f8 (Output format of the DFI760). 

lJR (I) 

SCLK(I) 

FSYNC(I) 

• MSB First 20·Bit (1) 
SDATA(O) 

• MSB First 20·Bit (2) 
SDATA(O) 

• MSB First 16·Blt 
SDATA(O) 

• LSB First 20·Bit 
SDATA(O) 

FIGURE ISb. Slave Mode and SCLK = 48f8. 
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LJR(I) ~ 

SCLK(I) 

FSYNC(I) 

o MSB First 20-Bit (1) 

SDATA(O) 

I 

I I I I I I I I I 

-I I I I I I I II 
1111111111111111 1111 1111111111111111 1111 111111111111 11111111 

o MSB First 20-Bit (2) 

SDATA(O) 1 1 1 1 1 
1111 1111111111111111 1111 1111111111111111 I-rrl 1'""1 I ITTTI I ITT" I I 

o MSB First 16-Bit 

SDATA(O) 

o LSB First 20-Bit 

SDATA(O) 

11111111111111111 11111111111111111 bur 
111111111111111111111 111111111111111111111 1111111111 

FIGURE ISc. Slave Mode and SCLK = 64fs. 

LJR(O) ~ I 
I I I 

SCLK(O) 

oMSBFirst20Bit(l) IUU ~ UU 
:~:~~:~~ I~ ~ ~ 

o MSB First 20 Bit (2) 1 1 I I II 1 ;---;---1 1 
FSYNC(O) 1 , , 'I 
SDATA(O) an 1111111111111111111 111111111111111111111 I-rrlllriTllITTTIIITT'11 

oMSB First 16 Bit I I I I I : I I 
FSYNC(O) I I I I r-

I I I I I I I I I 
SDATA (0) m 111111111111111 I 11111111111111111 anrrr 

o LSB First 20 Bit [I [I [ 
FSYNC (0) I I I I I 11----

1 I I I I I 

SDATA(O) an 111111111111111111111 111111111111111111111 Il-n-I II'TI'I I ITTTI I ITT'I I 

FIGURE ISd. Master Mode. 
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BURR-BROWN® 

IElElI -. 
DESIGNED FOR AUDIO 

PCM54 
PCM55 

ABRIDGED DATA SHEET 

For Complete Data Sheet 
Call FaxLine 1-800-548-6133 

Request Document Number 10619 

16-Bit Monolithic 
DIGITAL-TO-ANALOG CONVERTERS 

FEATURES 
• PARALLEL INPUT FORMAT 

• 16-BIT RESOLUTION 

• 15-BIT MONOTONICITY (typ) 

• -92dB TOTAL HARMONIC DISTORTION 
(K Grade) 

• 31ls SETTLING TIME (Voltage Out) 

DESCRIPTION 
The PCM54 and PCM55 family of converters are 
parallel input, fully mon~tonic, 16-bit digital-to-ana
log converters that are designed and specified for 
digital audio applications. These devices employ ul
tra-stable nichrome (NiCr) thin-film resistors to pro
vide monotonicity ,low distortion, and low differential 
linearity error (especially around bipolar zero) over 
long periods of time and over the full operating 
temperature. 

These converters are completely self-contained with a 
stable, low noise, internal, zener voltage reference;' 
high speed current switches; a resistor ladder 
network; and a fast settling, low noise output opera
tional amplifier all on a single monolithic chip. The 

• 96dB DYNAMIC RANGE 

• ±3V or ±1 rnA AUDIO OUTPUT 

• OPERATES ON ±5V (PCM55) to ±12V 
(PCM54) SUPPLIES 

• 28·PIN DIP (PCM54) 

• 24·LEAD SOIC (PCM55) 

converters are operated using two power supplies that 
can range froni ±5V (PCM55) to ±12V (PCM54). 
Power dissipation with ±5V suppiies is typically less 
than 200mW. Also included is a provision for exter
nal adjustment of the MSB error (differential linearity 
error at bipolar zero, PCM54 only) to further improve 
THDspecifications if desired. 

A current output (loUT) wiring option is provided. This 
output typically settles to within ±0.006% of FSR 
final value in 350ns (in response to a full-scale change 
in, the digital input code). 

The PCM54 is packaged in 28-pin plastic DIP pack
age. The PCM55 is available in a 24-pin plastic mini
flatpak. 

7" Output 
Operational 

Amplifier 

International Airport Industrial Park • Mailing Address: PO Box 11400 TUcson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tol:(520)746-1111 • Twx: 911J.952·1111 • Coblo:BBRCORP • Tol .. :066-6491 • FAX: (520)889·1510 • Immediate Product Info: (BOO) 549-6132 
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SPECIFICATIONS 
ELECTRICAL 
At +25"C ±Vcc = 12V, unless otherwise noted. 

. PCM54HP, PCM55HP PCM54JP. PCM55JP 

PARAMETER MIN TYP MAX MIN TYP MAX MIN 

DIGITAL INPUTS 
Resolution 16 
Dynamic Range 96 
Logic Levels (TTUCMOS Compatible): 

V'H +2.4 +5.25 

V" 0 +0.8 · · 
I'H' V'N = +2.7V +40 

I". V'N = +O.4V -0.5 · 
TRANSFER CHARACTERISTICS 
ACCURACY 
Gain Error ±2 
Bipolar Zero Error ±30 
Differential Linearity Error at Biploar Zero(1) ±0.001 
Noise (rms) (20Hz to 20kHz) at Bipolar Zero 12 · 
TOTAL HARMONIC DlSTORTlON(3) 
(16-Bit Resolution) 
Vo =±FS atf = 991Hz -94 -92 -98 · 
Vo = -20dB at f = 991 Hz -74 -98 · · 
Vo = -90dB at f = 991Hz -(l4 -28 · 
",v,w 'V", ... , , 15 · 
SETTLING TIME (to ±0.006% of FSR) 
Voltage Output 6V Step 3 

1LSBStep 1 
Current Output (1mA Step): 100 to 1000 Load 350 

1kO Load(4) 350 
Deglitcher Delay (THO Test)(') 2.5 4 
Slew Rate 10 

WARM-UP TIME 1 · · 
ANALOG OUTPUT 
Voltage Output Bipolar Range ±3 

Output Current ±2 · · 
Output Impedance 0.1 
Short-Circuit Duration Inder:nite 'Co nmon 

CUrrent Outputl.) 
±1 

PCM54KP 

TYP MAX UNITS 

Bits 
dB 

V 
V 

ItA 
mA 

% 
mV 

% FSR(2) 

~V 

-92 dB 
-90 -74 dB 
-40 -(l4 dB 

Bits 

~s · ~s · ns 

· ns · · ~s 

V/~ II) 
Min ~ 

-.::t 
· V II) 

mA :!E 
0 0 · Q. 

mA Bipolar Range (±30%) 
Bipolar Output Impedance (±30%) 1.2 kO .. POWER SUPPLY REQUIREMENTS 

Voltage: +Vcc (PCM54) +4.75 +12 +15.75 · · · V 
V -Vcc (PCM54) -4.75 -12 -15.75 · · 

+Vcc (PCM55) +4.75 +5 +7.5 · V 
-Vcc (PCM55) -4.75 -5 -7.5 V 

Supply Drain: +Vcc +13 +20 · mA 
-Vee -16 -25 · mA 

TEMPERATURE RANGE 
Operating 0 +70 · "C 
Storage -55 +100 · · "C 

• Specifications same as for PCM54HP. 
NOTES: (1) Externally adjustable. If extemal adjustment is not used, connect a O.Q1IlF capacitorto Common to reduce noise pickup. (2) FSR means Full-Scale Range 
and is 6V for ±3V output. (3) The measurement of total harmonic distortion is highly dependent on the characteristics of the measurement circuit. Burr-Brown may 
calculate THO from the measured linearity errors using equation 2 in the section on "Total Harmonic Distortion," but specifies that the maximum THO measured with 
the circuit shown in Figure 2 will be less than the limits indicated. (4) Measured with an active clamp to provide a low impedance for approximately 200ns. (5) Deglitcher 
or sample/hold delay usedin THO measurement test circuit. See Figures 2 and 3. (6) Output amplifier disconnected. 

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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CONNECTION DIAGRAMS 

PCM54 
(Optional) r················~iiiik;·················i;"ii 

: i 
470kn 470kn 

1Mn 

16·B" 
Ladder 

! 
Resistor 
Network 

and 
~ 

Switches ;; 
c 

14 

NOTES: (1) MSB error (BPZ differential linearity error) can be adjusted to zero 
using this external circuit. (2) Connect to bipolar operation (+Vcc ;;:: B.SV for 
unipolar operation). (3) Connect for VOUT operation. When Vour amp is not being 
used (lOUT mode), terminate with an extemal3kO. feedback resistor between pin 
19and pin 21, and a lka resistor between pin 21 and pin 22 to reduce possible 
noise effects. 

PIN ASSIGNMENTS 

PIN PCM54-DIP PIN PCM54-DIP 

1 Trim 15 Bit 13 
2 Bit1 (MSB) 16 Bit 14 
3 Bit 2 17 Bit 15 
4 NC 18 Bit 16 (LSB) 
5 Bit 3 19 VOUT 

6 Bit4 20 RFs 

7 BitS 21 SJ 
8 Bit 6 22 Common 
9 Bit 7 23 lOUT 
10 Bit 8 24 NC 
tl Bit 9 25 'sPo 
12 Bit 10 26 +Vcc 
13 Bit11 27 MSBAdjust 
14 Bit t2 28 -Vee 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER<') 

PCM54HP 28·Pin DIP 215 
PCM54JP 28·Pin DIP 215 
PCM54KP 28-Pin DIP 215 
PCM55HP 24-Pin SOIC 178 
PCM55JP 24-Pin SOlC 178 

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

PCM55 

la-Bit 
Ladder 

! 
Resistor 
Network 

and 
il Switches 
0 

10 

11 

12 

NOTES: (1) Connect for bipolar operation. (+Vcc;;:: 8.5V for unipola~ operation). 
(2) Connect for Vouroperation. When Vour amp is not being used (lOUT mode), 
tenninate with an external3ko'feedback resistor between pin 17 and pin 19, and 
a 1 k.Q resistor between pin 19 and pin 20 to reduce possible noise effects. 

PIN ASSIGNMENTS 

PIN PCMS5--S0IC PIN PCM55-S0IC 

1 Bltl (MSB) 13 Bit 13 

2 Bit 2 14 Bit 14 
3 Bit 3 15 Bit 15 

4 Bit 4 16 Bit 16 
5 BitS 17 VOUT 
6 Bit 6 18 Feedback Resistor 

7 Bit 7 19 Summing Junction 
8 Bit 8 20 Common 
9 Bit 9 21 Current Output 
10 Bit 10 22 Bipolar Offset 
11 Bit 11 23 +Vcc 
12 Bit 12 24 -Vee 

ABSOLUTE MAXiMUM RATiNGS 

DC Supply Voltage ........................................•.............................. ±18VDC 
Input Logic Voltage ............................................................... -1V to +5.5V 
Power Dissipation ................................. PCM54 800mW, PCM55400mW 
Storage Tempenature ...................................................... -55"C to +100"C 
Lead Tempenature, (soldering, 1 Os) ............................................... +3OO"C 

ORDERING INFORMATION 

MODEL THDatFS PACKAGE 

PCM54HP 0.008 28·pin DIP 
PCM54JP 0.004 28-pin DIP 
PCM54KP 0.0025 28·pin DIP 

PCM55HP 0.008 24·lead SOIC 
PCM55JP 0.004 24-Iead SOIC 

BURR-BROWNilII 
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BURR - BROWN® 

IElElI PCM56P 
PCM56U 

DESIGNED FOR AUDIO 

Serial Input 16-Bit Monolithic 
DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• SERIAL INPUT 
• -92dB MAX THD: FS Input, K Grade 

• -74dB MAX THD: -20dB Input, K Grade 

• 96dB DYNAMIC RANGE 

• NO EXTERNAL COMPONENTS REQUIRED 

• 16-BIT RESOLUTION 

• 15-81T MONOTONICITY, TYP 

.0.001% OF FSR TYP DIFFERENTIAL 
LINEARITY ERROR 

• 1.5J.1.S SETTLING TIME, TYP: Voltage Out 

• ±3V OR ±1 rnA AUDIO OUTPUT 

• EIAJ STC-007-COMPATIBLE 

• OPERATES ON ±5V TO ±12V SUPPLIES 

• PINOUT ALLOWS lOUT OPTION 

• PLASTIC DIP OR SOIC PACKAGE 

DESCRIPTION 
The PCM56 is a state-of-the-art, fully monotonic, 
digital-to-analog converter that is designed and 
specified for digital audio applications. This device 
employs ultra-stable nichrome (NiCr) thin-film 
resistors to provide monotonicity, low distortion, and 
low differential linearity error (especially around 
bipolar zero) over long periods of time and over the 
full operating temperature. 

This converter is completely self-contained with a 
stable, low noise, internal zener voltage reference; 
high speed current switches; a resistor ladder net
work; and a fast settling, low noise output operational 
amplifier all on a single monolithic chip. The 
converters are operated using two power supplies that 
can range from ±5V to ±12V. Power dissipation with 
±5V supplies is typically less than 200mW. Also 
included is a provision for external adjustment of the 
MSB error (differential linearity error at bipolar zero) 
to further improve total harmonic distortion (THD) 
specifications if desired. Few external components 
are necessary for operation, and all critical 
specifications are 100% tested. This helps assure the 
user of high system reliability and outstanding overall 
system performance. 

The PCM56 is packaged in a high-quality l6-pin 
molded plastic DIP package or SOIC and has passed 
operating life tests under simultaneous high-pressure, 
high-temperature, and high-humidity conditions. 

RF 

Intemafional Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson. AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520)746·1111 • Twx: 910-952·1111 • Cable: BBRCORP • Tele.:066-6491 • FAX: (520) 889-1510 • Immediate Product Info: (800) 548-6132 
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SPECIFICATIONS 
ELECTRICAL 
Typical at +25·C, and nominal power supply voltages ±5V, unless otherwise noted. 

PCM56U, PCM56P-J, -K 

PARAMETER MIN TYP 

DIGITAL INPUT 
Resolution 16 
DigilallnputsI1 ): V'H +2.4 

V'L 0 
I'H' V'N = +2.7V 
I'L' V'N = +O.4V 

Input Clock Frequency 10.0 

TRANSFER CHARACTERISTICS 
ACCURACY 
Gain Error ±2.0 
Bipolar Zero Error ±SO 
Differential Linearity Error ±0.001 
Noise (rms, 20Hz to 20kHz) at Bipolar Zero (VauT models) 6 

TOTAL HARMONIC DISTORTION 
Va = ±FS at f = 991 Hz: PCM56P-K -94 

PCM56p·J -94 
PCM56P, PCM56U -94 
PCM56P-L -94 

Va = -20dB at I = 991 Hz: PCM56P-K -75 
PCM56P-J -75 
PCM56P, PCM56U -75 
PCM56P·L -75 

Va = -90dB at f = 991 Hz: PCM56P-K ..,'35 
PCM56P-J ..,'35 
PCM56P, PCM56U ..,'35 
PCM56P·L ..,'35 

MONOTONICITY 15 

DRIFT (O·C to +70·C) 
Total Driftl3) ±25 
Bipolar Zero Drift ±4 

SETILING TIME (to ±0.006% of FSR) 
Voltage Output: 6V Step 1.5 

lLSB 1.0 
Slew Rate 10 

Current Output, 1 mA Step: Ion to loon Load 350 
1 kn Loadl') 350 

WARM-UP TIME 1 

OUTPUT 
Vottage Output Configuration: Bipolar Range ±3.0 

Output CUrrent ±2.0 
Output Impedance 0.10 
Short Circuit Duration 

Current Output Configuration: Indefinite to Common 
Bipolar Range (±30%) ±1.0 
Output Impedance (±30%) 1.2 

POWER SUPPLY REQUtREMENTS(') 
Voltage: +Vs and +VL +4.75 +5.00 

-Vsand-VL -4.75 -5.00 
Supply Drain (No Load): +V (+Vs and +VL = +5V) +10.00 

-V (-Vs and -VL = -5V) -25.0 
+V (+Vs and +VL = +12V) +12.0 
-V (-Vs and -VL = -12V) -27.0 

Power Dissipation: Vs and VL = ±5V 175 
Vs and VL = ±12V 468 

TEMPERATURE RANGE 
Specification 0 
Operation -25 
Storage' -90 

MAX UNITS 

Bils 
+VL V 
+0.8 V 
+1.0 JlA 
-50 JlA 

MHz 

% 
mV 

%ofFSRI2) 
!'V 

-92 dB 
-98 dB 
-92 dB 
-90 dB 
-74 dB 
~8 dB 
-98 dB 
-90 dB 
..,'34 dB 
-28 dB 
-28 dB 
-20 dB 

B~s 

ppm of FSRI·C 
ppm of FSR/·C 

!,S 

!,S 

VII'S 
ns 
ns 

Min 

V 
mA 
n 

mA 
kn 

+13.2 V 
-13.2 V 
+17.0 mA 
..,'35.0 mA 

mA 
mA 

260 mW 
mW 

+70 ·C 
+70 ·C 
+100 ·C 

NOTES: (1) Logic input levels are TIUCMOS-compatible. (2) FSR means full·scale range and is equivalent to 6V (±3V) for PCM56 in the VaUT mode. (3) This Is the 
combined drift error due to gain, offset, and linearity over temperature. (4) Measured with an active clamp to provide a low impedance for approximately 200ns. (5) All 
specifications assume + V 5 connected to +VL and -Vs connected to -VL. If supplies are connected separately. -V L must not be more negative than -V s supply voltage 
'to assure proper operation. No similar restriction applies to the value of +VL with respect to +Vs-
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ABSOLUTE MAXIMUM RATINGS PACKAGE INFORMATION 

DC Supply Voltages ...................................................................... ±16VDC 
Inpul Logic Voltage .............................................•.............. -IVto +VS/+VL 

PACKAGE DRAWtNG 
MODEL PACKAGE NUMBER!') 

Power Dissipation .......................................................................... 850mW PCM56U 16-Pin SOIC 211 
Operating Temperature ..................................................... -25'C to +70'C PCM56P 16-Pin Plaslic DIP 180 
Storage Temperature ...................................................... -60'C to +tOO'C PCM56P-J 16-Pin Plastic DIP 180 
Lead Temperature (soldering, IDs) ................................................ +300'C PCM56P-K 16-Pin Plastic DIP 180 

PCM56P-L 16-Pin Plastic DIP 180 

PIN ASSIGNMENTS 

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

PIN DESCRIPTION MNEMONIC 

PI Analog Negative Supply -Vs 
P2 Logic Common LOG COM 
P3 Logic Positive Supply +VL 
P4 No Connection NC 
P5 Clock Input CLK 
P6 Latch Enable Input LE 
P7 Serial Data Input DATA 
P8 Logic Negative Supply -VL 
P9 Voltage Output VOUT 
PIO Feedback Resistor RF 
Pll Summing Junction SJ 
PI2 Analog Common ANA COM 
PI3 Current Output lOUT 
PI4 MSB Adjustment Terminal MSBADJ 
PI5 MSB Trim-pot Terminal TRIM 
PI6 Analog Positive Supply +Vs 

CONNECTION DIAGRAM 

NOTE: (I) MSB error (Bipolar Zero differential linearity error) 
can be adjusted to zero using the external circuit shown in Figure 6. 
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DISCUSSION OF 
SPECIFICATIONS 
The PCM56 is specified to provide critical perfcinnance 
criteria for a wide variety of applications. The most critical 
specifications for D/A converter in audio applications are 
Total Hannonic Distortion, Differential Linearity Error, 
Bipolar Zero Error, parameter shifts with time and 
temperature, and settling time effects on accuracy. 

The PCM56 is factory-trimmed and tested for all critical key 
specifications. 

The accuracy of a D/ A converter is described by the transfer 
function shown in Figure 1. Digital input to analog output 
relationship is shown in Table I. The errors in the D/A 
converter are combinations of analog errors due to the linear 
circuitry, matching and tracking properties of the ladder and 
scaling networks, power supply rejection, and reference 
errors. In summary, these errors consist of initial errors 
including Gain, Offset, Linearity, Differential Linearity, and 
Power Supply Sensitivity. Gain drift over temperature rotates 
the line (Figure 1) about the bipolar zero point and Offset 
drift shifts the line left or right over the operating temperature 
range. Most of the Offset and Gain drift with temperature or 
time is due to the drift of the internal reference zener diode. 
The converter is designed so that these drifts are in opposite 
directions. This way the Bipolar Zero voltage is virtually 
unaffected by variations in the reference voltage. 

DIGITAL INPUT CODES 

The PCM56 accepts serial input data (MSB first) in the 
Binary Two's Complement (BTC) fonn. Refer to Table I 
for input/output relationships. 

DIGITAL INPUT ANALOG OUTPUT 

Binary Two's Voltage (V), Current (rnA), 
Complement (BTC) DACOutput VoUTMode lOUT Mode 

7FFF Hex + Full Scale +2.999908 --0.999970 
8000 Hex -Full Scale -3.000000 +1.000000 
0000 Hex Bipolar Zero 0.000000 0.000000 
FFFF Hex Zero-1LSB --0.000092 +0.0305001lA 

TABLE I. Digital Input to jI..nalog Output Relationship. 

BIPOLAR ZERO ERROR 

Initial Bipolar Zero Error (Bit 1 "on" and all other bits "off') 
is the deviation from OV out and is factory-trimmed to 
typically ±3OmV at +25°C. 

DIFFERENTIAL LINEARITY ERROR 

Differential Linearity Error (OLE) is the deviation from an 
ideal lLSB change from one adjacent output state to the 
next. DLE is important in audio applications because 
excessive DLE at Bipolar Zero (at the "major carry") can 
result in audible crossover distortion 'for low level output 
signals. Initial DLE on the PCM56 is factory trimmed to 
typically ±O.OOI % of FSR. The MSB DLE is adjustable to 
zero using the circuit shown in Figure 6. 

0111.., 1111 

0111..,1110 

0000 . .,0010 

S 0000 . .,0001 
c. 
,5 

I 0000 . .,0000 

0 1111.,.1111 

1111..,1110 

1000.,.0001 

1000.,.0000 I 
-FSRl2 Analog Output (+FSRI2) -ILSB 

• See Table I for digital code definitions, 

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

POWER SUPPLY SENSITIVITY 

Changes in the DC power supplies will affect accuracy. 
The PCM56 power supply sensitivity is shown by Figure 2. 
Nonnally, regulated power supplies with 1 % or less ripple 
are recommended for use with the DAC. See also Power 
Supply Connections paragraph in the Installation and 
Operating Instructions section. 

SETTLING TIME 

Settling time is the total time (including slew time) required 
for the output to settle within an error band around its final 
value after a change in input (see Figure 3). 

Settling times are specified to ±O.006% of FSR: one for a 
large output voltage change of 6V and one for a lLSB 
change. The lLSB change is measured at the major carry 
(0000 hex to ffff hex), the point at which the worst-case 
settling time occurs. 

86 

80 1- I~~gative S~~~lies 
1ii' 

74 :!2. 
c: 

68 

t 62 " l\ 
0: 

56 ~ 
- Positive Supplies 

c. c. 52 
" '" li; 46 
~ 
0 40 a. 

34 

28 
10 100 lk 10k lOOk 

Frequency (Hz) 

FIGURE 2. Power Supply Sensitivity. 
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FIGURE 3. Full Scale Range Settling Time vs Accuracy. 

STABILITY WITH TIME AND TEMPERATURE 

The parameters of a D/A converter designed for audio 
applications should be stable over a relatively wide 
temperature range and over long periods of time to avoid 
undesirable periodic readjustment. The most important 
parameters are Bipolar Zero Error, Differential Linearity 
Error, and Total Harmonic Distortion. Most of the Offset 
and Gain drift with temperature or time is due to the drift of 
the internal reference zener diode. The PCM56 is designed 
so that these drifts are in opposite directions so that the 
Bipolar Zero voltage is virtually unaffected by variations in 
the reference voltage. Both DLE and THO are dependent 
upon the matching and tracking of resistor ratios and upon 
V BE and hFE of the current-source transistors. The PCM56 
was designed so that any absolute shift in these components 
has virtually no effect on DLE or THD. The resistors are 
made of identical links of ultra-stable nichrome thin-film. 
The current density in these resistors is very low to further 
enhance their stability. 

DYNAMIC RANGE 

The Dynamic Range is a measure of the ratio of the smallest 
signals the converter can produce to the full-scale range and 
is usually expressed in decibels (dB). The theoretical dynamic 
range of a converter is approximately 6 X n, or about 96dB 
of a l6-bit converter. The actual, or useful, dynamic range is 
limited by noise and linearity errors and is therefore somewhat 
less than the theoretical limit. However, this does point out 
that a resolution of at least 16 bits is required to obtain a 
90dB minimum dynamic range, regardless of the accuracy 
of the converter. Another specification that is useful for 
audio applications is Total Harmonic Distortion. 

TOTAL HARMONIC DISTORTION 

THD is useful in audio applications and is a measure of the 
maguitude and distribution of the Linearity Error, Differential 
Linearity Error, and Noise, as well as Quantization Error. To 
be useful, THD should be specified for both high level and 
low level input signals. This error is unadjustable and is the 
most meaningful indicator of D/A converter accuracy for 
audio applications. 

BURR-BROWNe 

The THD is defined as the ratio of the square root of the sum 
of the squares of the values of the harmonics to the value of 
the fundamental input frequency and is expressed in percent 
or dB. The rrns value of the PCM56 error referred to the 
input can be shown to be: 

E rms lIn L (1) 

i = 1 

where n is the number of samples in one cycle of any given 
sine wave, EL(i) is the linearity error of the PCM56 at each 
sampling point, and EQ(i) is the quantization error at each 
sampling point. The THD can then be expressed as: 

THD = E rms I Erms 

lIn L (2) 

i = I 
------------ X 100% 

where Enns is the rrns signal-voltage level. 

This expression indicates that, in general, there is a correlation 
between the THD and the square root of the sum of the 
squares of the linearity errors at each digital word of interest. 
However, this expression does not mean that the worst-case 
linearity error of the DI A is directly correlated to the THD. 

For the PCM56 the test period was chosen to be 22.7~ 
(44.lkHz), which is compatible with the EIAJ STC-007 
specification for PCM audio. The test frequency is 991Hz 
and the amplitude of the input signal is OdB, -20dB, and 
-60dB down from full scale. 

Figure 4 shows the typical THD as a function of outputlll 
voltage. • 

Figure 5 shows typical THD as a function of frequency. 

10.0 

C 
" 1.0 0 
'E 

~ 
" 0.1 '2 
0 

~ 
J: 

~ 
0.01 

0.001 
-60 -50 -40 

r-.... 

-30 

VOUT (dB) 

14 Bit 

16 Bits 

-20 

OdB = Full Scale Range (FSR) 

sl-

-10 

FIGURE 4. Total Harmonic Distortion (THD) vs VOUT' 
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FIGURE 5. Total Harmonic Distortion (THD) vs Frequency. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 
POWER SUPPLY CONNECTIONS 

For optimum performance and noise rejection, power supply 
decoupling capacitors should be add.ed as shown in the 
Connection Diagram. These capacitors (l1JF tantalum or 
electrolytic recommended) should be located close to the 
converter. 

MSB ERROR ADJUSTMENT PROCEDURE 

(OPTIONAL) 

The MSB error of the PCM56 can be adjusted to make the 
differential linearity error (DLE) at BPZ essentially zero. 
This is important when the signal output levels are very low, 
because zero crossing noise (DLE at BPZ) becomes very 
significant when compared to the small code changes 
occurring in the LSB portion of the converter: 

Differential linearity error at bipolar zero and THD are 
guaranteed to meet data sheet specifications without any 
external adjustment. However, a provision has been made 
for an optional adjustment of the MSB linearity point which 
makes it possible. to eliminate DLE error at BPZ. Two 
procedures are given to allow either static or dynamic 
adjustment. The dynamic procedure is preferred because of 
the difficulty associated with the static method (accurately 
measuring HI-bit LSB steps). 

To statically adjust DLE at BPZ, refer to the circuit shown 
in Figure 6, or the PCM56 connection diagram. 

After allowing ample warm-up time (5-10 minutes) to assure 
stable operation of the PCM56, select input code FFFF 
hexadecimili (all bits on except the MSB). Measure the 
audio output voltage using a 6-1/2 digit voltmeter and record 
it. Change the digital input code to 0000 hexadecimal (all 
bits off except the MSB). Adjust the 100kn potentiometer to 
make the audio output read 92JlV more than the voltage 
reading of the previous code (a 1LSB step = 92JlV). 

A much simpler method is to dynamically adjust the DLE at 
BPZ. Again, refer to Figure 6 for circuitry and component 
values. Assuming the device has been installed in a digital 
audio application circuit, send the appropriate digital input 
to produce a -8OdB level sinusoidal output. While measuring 
the THD of the audio circuit output, adjust the 100kn 
potentiometer until a minimum level of distortion is observed. 

470~.n 100kQ 200kn 
Trim15~1-Vs 

MSBAdjUSl14~ 
FIGURE 6. MSB Adjustment Circuit. 

INPUT TIMING CONSIDERATIONS 

Figure 7 and 8 refer to the input timing required to interface 
the inputs of PCM56 to a serial input data stream. Serial data 
is accepted in Binary Two's Complement (BTC) with the 
MSB being loaded first. Data is clocked in on positive going 
clock (CLK) edges and is latched .into the DAC input 
register on negative going latch enable (LE) edges. 

The latch enable input must be high for at least one clock 
cycle before going low, and then must be held low for at 
least one clock cycle. The last 16 data bits clocked into the 
serial input register are the ones that are transferred to the 
DAC input register when latch enable goes low. In other 
words, when more than 16 clock cycles occur between a 
latch enable, only the data present during the last 16 clocks 
will be transferred to the DAC input register. 

One requirement for clocking in all 16 bits is the necessity 
for a "17th" clock pulse. This automatically occurs when the 
clock is continuous (last bit shifts in on the first bit or the 
next data word). If the clock is stopped between input of 16-
bit data words, the latch enable (LE) must remain low until 
after the first clock of the next 16-bit data word stream. This 
ensures that the latch is properly set up. 

Figure 7 refers to the general input format required for the 
PCM56. Figure 8 shows the specific relationships between 
the various signals and their timing constraints. 

INSTALLATION 
CONSIDERATIONS 
If the optional external MSB error circuitry is used, a 
potentiometer with adequate resolution and a TCR of 100pprnl 
°C or less is required. Also, extra care must be taken to 
insure that no leakage path (either AC or DC) exists to pin 
14. If the circuit is not used, pins 14 and 15 should be left 
open. 

The PCM converter and the wiring to its connectors should 
be located to provide the optimum isolation from sources of 
RFI and EM!. The important consideration in the elimination 
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Clock 

MSB lSB 

Data 

MSB 

NOTES: (1) If clock is stopped between input of 16-bit data words, latch enable (lE) must remain low until after the first clock of the next 16-bit data 
word stream. (2) Data format is binary two's complement (BTC). Individual data bits are clocked in on the corresponding positive clock edge. (3) latch 
enable (lE) must remain low at least one clock cycle after going negative. (4) latch enable (lE) must be high for at least one clock cycle before going 
negative. 

FIGURE 7_ Input Timing Diagram_ 
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En 

FIGURE 8_ Input Timing Relationships. 

of RF radiation or pickup is loop area; therefore, signal leads 
and their return conductors should be kept close together_ 
This reduces the external magnetic field along with any 
radiation_ Also, if a signal lead and its return conductor are 
wired close together, they represent a small flux-capture 
cross section for any external field_ This reduces radiation 
pickup in the circuit. 

APPLICATIONS 
Figures 9 and 10 show a circuit and timing diagram for a 
single PCM56 used to obtain both left- and right-channel 
output in a typical digital audio system_ The audio output of 
the PCM56 is alternately time-shared between the left and 
right channels_ The design is greatly simplified because the 
PCM56 is a complete D/A converter requiring no external 
reference or output op amp_ 

A sample/hold (SIH) amplifier, or "deglitcher" is required at 
the output of the D/A for both the left and right channel, as 
shown in Figure 9_ The SIH amplifier for the left channel is 
composed of AI' SWI, and associated circuitry_ Al is used 
as an integrator to hold the analog voltage in CI _ Since the 

BURR·BROWN3 

source and drain of the PET switch operate at a virtual 
ground when "C" and "B" are connected in the sample 
mode, there is no increase in distortion caused by the 
modulation effect of RoN by the audio signaL 

Figure 10 shows the deglitcher controls for both left and 
right channels which are produced by timing control logic_ 
A delay of L5!lS (tro) is provided to allow the output of the 
PCM56 to settle within a small error band around its final 
value before connecting it to the channel output. Due to the 
fast settling time of the PCM56 it is possible to minimize the 
delay between the left- and right-channel outputs when 
using a single D/A converter for both channels. This is 
important because the right-and left -channel data are recorded 
in-phase and the use of the slower D/A converter would 
result in significant phase error at higher frequencies. 

The obvious solution to the phase shift problem in a two
channel system would be to use two D/A converters (one per 
channel) and time the outputs to change simultaneously_ .... 
Figure 11 shows a block diagram of the fmal test circuitry~ 
used for PCM56. It should be noted that no deglitching 
circuitry is required on the DAC output to meet specified <C 
THD performance_ This means that when one PCM56 is 0 
used per channel, the need for all the sample/hold and I 
controls circuitry associated with a single DAC (two-channel) en 
design is effectively eliminated. The PCM56 is tested to ... 
meet its THD specifications without the need for output 0 
deglitching_ ~ 

C 
A low-pass filter is required after the PCM56 to remove all 
unwanted frequency components caused by the sampling 
frequency as well as those resulting from the discrete nature 
of the D/ A output. This filter must have a flat frequency 
response over the entire audio band (O-20kHz) and a very 
high attenuation above 20kHz_ 

Most previous digital audio circuits used a higher order (9-
13 pole) analog filter. However, the phase response of an 
analog filter with these amplitude characteristics is nonlinear 
and can disturb the pulse-shaped characteristic transients 
contained in music. 

o a: 
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SECOND GENERATION SYSTEMS 

One method of avoiding the problems associated with a 
higher order analog filter would be to use digital filter 
oversampling techniques. Oversampling by a factor of two 
would move the sampling frequency (88.2kHz) out to a 
point where only a simple low-order phase-linear analog 
filter is required after the deglitcher output to remove 
unwanted intermodulation products. In a digital compact 
disc application, various VLSI chips perform the functions 
of error detection/correction, digital filtering, and formaLting 
of the digital information to provide the clock, latch enable, 
and serial input to the PCM56. These VLSI chips are 

Serial Dala 

Clock 

Lalch Enable 

Left Channel 
DeglHcher Conlrol 

Righi Channel 
Deglilcher Conlrol 

PCM56 

A 'low' signal on Ihe deglttcher conlrol closes switch "A'. 
while a "high" signal closes swilch 'B'. 

available from several sources (Sony, Yamaha, Signetics, 
etc.) and are specifically optimized for digital audio 
applications. 

Oversampled circuitry requires a very fast D/A converter 
since the sampling frequency is multiplied by a factor of two 
or more (for each output channel). A single PCM56 can 
provide two-channel oversampling at a 4X rate (l76.4kHz/ 
channel) and still remain well within the settling time 
requirements for maintaining specified THD performance. 
This would reduce the complexities of the analog filter even 
further from that used in 2X oversampling circuitry. 

R, 
2.2kn 

R3 
2.2kn 

(Micro Power) 

1-- -, 

·l~isw.:: 
MP7512~ 
(Micro Power) 

R2 
2.2kQ 

Left Channel 
Oulpullo LPF 

Righi Channel 
Oulpullo LPF 

NOTE: (I) 1 OPAIOIAM or 114 OPA404KP or 1 OPA606KP or OPA2604. 

FIGURE 9. A Sample/Hold Amplifier (Deglitcher) is Required at the Digital-to-Analog Output for Both Left and Right Channels. 

Serial Dala 

Latch Enabie 

Righi Channel 
DeglHcher Conlrol 

Left Channel 
Deglilcher Conlrol 

_"\I;::======.~44~.lkHZ 
Left Channel Right Channel Left Channel Righi Channel 

-'!~ __________ ~r· r,~ __________ ~rT~ __________ ~rL--
------_-J--I [W_''''O~-'~' nL-_____ _ 

n'--____ _ 
t DELAY 4.5~s max 

The deglilcher conlrol signals by liming conlrollogic. The fast settling lime of Ihe PCM56 makes il possible 10 
minimize Ihe delay between left and righl channels 10 abouI4.5~s. which reduces phase error allhe higher audio frequencies. 

FIGURE 10. Timing Diagram for the Deglitcher Control Signals. 
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I II 
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Timing Output Frequency = 991 Hz 
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FIGURE 11. Block Diagram of Distortion Test Circuit. 
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The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes a 
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 -0 
without notice. No patent rights or licenses to any of the circuits described herein afe implied or granted to any third party. BURR·BROWN does not authorize or warrant 
any BURR·BROWN product for use in life support devices andlor systems. 
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BURR - BROWN® 

113131 PCM61P 

Serial Input 18-Bit Monolithic Audio 
DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• 18-BIT MONOLITHIC AUDIO D/A 

CONVERTER 

• LOW MAX THD + N: -92dB Without 
External Adjust 

• 100% PIN COMPATIBLE WITH INDUSTRY 
STD 16-BIT PCM56P 

• LOW GLITCH OUTPUT OF ±3V OR ±1 mA 

• CAPABLE OF 8X OVERSAMPLING RATE 
INVouTMODE 

• COMPLETE WITH INTERNAL REFERENCE 
AND OUTPUT OP AMP 

• RELIABLE PLASTIC 16-PIN DIP PACKAGE 

Ref 

Clock 0-
Coniroi i-
Logic 

Latch Enable 0-
"'i 

I 

18·Bit 

DESCRIPTION 
The PCM6IP is an I8-bit totally pin compatible per
formance replacement for the popular l6-bit PCM56P. 
With the addition of two extra bits, lower max THD+N 
(-92dB; PCM61P-K) can be achieved in audio applica
tions already using the PCM56P. The PCM61P is 
complete with internal reference and output op amp and 
requires no external parts to function as an 18-bit DAC. 
The PCM61P is capable of an 8-times oversampling 
rate (single channel) and meets all of its specifications 
without an external output deglitcher. 

The PCM61P comes in a small, reliable 16-pin plastic 
DIP package that has passed operating life tests under 
simultaneous high temperature, high humidity and high 
pressure testing. 

VREF 
MSBAdj 

! 
RF 

10UT DAC lOUT 

SJ 
t 

Y Serial·To·Paraliel I L> ~VOUT 
Data Shift Register ~+ 

-

InternaHonsl Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tol:(520)746-1111 • TIVx:91D-952·1111 • Cable:BBRCORP • Telex: 066-6491 • FAX:(520)889·1510 • Irnmedlate Product Info: (800) 548-6132 
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SPECIFICATIONS 
ELECTRICAL 
All specifications at 25°C, and +Vcc = +5V, unless othelWise noted. 

PCM61 p.p, J.p, K 

PARAMETER CONDITIONS MIN TYP 

RESOLUTION 

DYNAMIC RANGE lOB 

DIGITAL INPUT 
Logic Family TTL CMOS , 
Logic Level: V,H +2.4 

V" 0 

I'H V,H = +2.7V 

I" V" = +O.4V 
Data Format Serial BTC(l: 
Input Clock Frequency 

DYNAMIC CHARACTERISTICS 
Total Hamlonic Distortion + N(2) Without MSB Adjustments 
PCM61P 

f = 991 Hz (OdB)(3) fs = 176.4kHz(4) --BB 
f = 991 Hz (-20dB) fs = 176.4kHz -74 
f = 991 Hz (-60dB) fs = 176.4kHz --34 

PCM61P-J 
f = 991 Hz (OdB) fs = 176.4kHz --94 
f = 991 Hz (-20dB) fs = 176.4kHz -76 
f = 991 Hz (-60dB) fs = 176.4kHz --36 

PCM61P·K 
f = 991 Hz (OdB) fs = 176.4kHz --9B 
f = 991Hz (-20dB) fs = 176.4kHz --BO 
f = 991 Hz (-60dB) fs = 176.4kHz -40 

IDLE CHANNEL SNR 20Hz to 20kHz at BPZ(5) 112 

TRANSFER CHARACTERfSTICS 
ACCURACY 
Gain Error ±2 
Bipolar Zero Error ±30 
Differential Linearity Error ±0.001 
Total Drif~6) O°C to 70°C ±25 
Bipolar Zero Drift O°Cto 70°C ±4 
Warm-up Time 1 

MUNUIUNII.iI 16 

ANALOG OUTPUT 

Voltage: Output Range ±3 
Output Current ±2 
Output Impedance 0.1 

Current: Output Range ±30% ±1 
Output Impedance ±30% 1.2 

SETTLfNG TIME To ±0.006% of FSA 
Voltage: 6V Step 1.5 

1 LSB 1.0 
Slew Rate 12 

Current: 1 mA Step Ion to 100n Load 250 
lmAStep lknLoad 350 

MAX 

18 

+V, 
+O.B 
+1 

-50 

16.9 

--B2 
-6B 
-28 

-8B 
-74 
--34 

--92 
-74 
-34 

Glitch Energy Meets all THD+N ~pecs without 'external degliiching 

POWER SUPPLY "" .. 
±V cc Supply Voltage ±4.75 ±5 ±13.2 
Supply Current: +Icc +Vcc = +5V +10 +17 

+Icc +Vcc = +12V +12 
-Icc -Vcc=-5V -25 --35 
-Icc -Vcc=-12V -27 

Power Dissipation ±Vcc =±5V 175 260 
±Vc-;;=±12V 475 

TEMPERATURE RANGE 
Specification 0 +70 
Operating --30 +70 
Storage -60 +100 

UNITS 

Bits 

dB 

V 
V 

I1A 
I1A 

MHz 

dB 
dB 
dB 

dB 
dB 
dB 

dB 
dB 
dB 

dB 

%FSR D.. 
mV ,... 

%FSR CD 
ppm of FSRf'C :a: 
ppm of FSRf'C 0 Minute 

D.. Bits 

III V 
mA 
n 

mA 

~ kn 

0 
115 I 115 U) 

ViIlS I--ns 
0 ns 
:::l 
0 
0 V a: mA 

mA D.. 
mA 0 mA 

2i mW 
mW :::l 

<C 
°C ....I 
°C i! °C 

NOTES: (1) Binary Two's Complement coding. (2) Aatlo of (DistortionAMs + NoiseAMsl/SignaIAMS' (3) D/A converter o~tput frequency/signal level. (4) D/A converter C!J 
sample frequency (4 x 44.1kHz; 4 times oversampling). (5) Bipolar zero, using A·weighted filter. (6) This is the combined drift error due to gain, offset, and linearity over 0-
temperature. (7) All positive and all negative supply pins must be tied together respectively. 
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PIN ASSIGNMENTS 
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CONNECTION DIAGRAM 

PIN FUNCTION DESCRIPTION 

1 -Vs Analog Negative Supply 
2 lOG COM Logic Common 
3 +VL logic Positive Supply 
4 NC No Connection 
5 ClK Clock Input 
6 lE Latch Enable Input 
7 DATA Serial Data Input 
8 -VL logic Negative Supply 
9 VOIlT Voltage Output 
10 RF Feedback Resistance 
11 SJ Summing Junction 
12 ANA COM Analog Common 
13 101lT Current Output 
14 MSBADJ MSB Adjustment Terminal 
15 TRIM MSB Trim-pot Terminal 
16 +Vs Analog Positive Supply 

ABSOLUTE MAXIMUM RATINGS 

DC Supply Voltages ...................................................................... ±16VDC 
Input logic Voltage ............................................................. -Wto VS/+VL 
Power Dissipation .......................................................................... 850mW 
Operating Temperature Range ......................................... -25·C to +70·C 
Storage Temperature Range ...............•...•.....•................ -60·C to +1 OO·C 
lead Temperature (soldering, lOs) ............................................... +3oo·C 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER!') 

PCM61P-P 16-Pin Plastic DIP 180 
PCM61P-J 16-Pin Plastic DIP 180 
PCM61P-K 16-Pin Plastic DIP 180 

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

NOTE: (1) MSB error (Bipolar Zero differential linearity error) can be 
adjusted to zero using the extemal circuit shown In Figure 4. 

DIGITAL INPUT ANALOG OUTPUT 

Binary Two's Voltage (V) Current (mA) 
Complement (BTC) DACOutput VourMode lOUT Mode 

lFFFF Hex +FS -0.99999237 +2.9999nll 
00000 Hex BPZ 0.00000000 0.00000000 
3FFFFHex BPZ-llSB +0.00000763 -0.00002289 
20000 Hex -FS +1.00000000 ~.00000000 

TABLE I. PCM61P Input/Output Relationships. 

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 ~"all 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 andlor systems. 
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PI6(Clock) WlrLJl 
pI8(Oata)~ 

P17 (Latch Enable) l'------'-I ______ _ - _____ ---'1 L 
NOTES: (1) If clock is stopped between input of 18-bit data words,latch enable (LE) must remain low until after the first clock of the next 18-bit data word stream. 
(2) Data format is binary two's complement (BTC). Individual data bits are clocked in on the corresponding positive clock edge. (3) Latch enable (LE) must remain 
low at least one clock cycle after going negative. (4) Latch enable (LE) must be high for at least one clock cycle before going negative. 

FIGURE 1. PCM61P Timing Diagram. 

:.- >25ns -..: 

-o-ata--...... X.. LSB .::( 
.;;In.;:;p.;;ut,---,. , . , 

: ......... ,....-....: 
>15n5:>15n8 

: : : 

X'----_M_SB_---J) 

.... >25n5 ...... : .... >25n5 ...... : >5n5 

:..-- >60n5 ~: 
-..;.:.... . 

___ ~------------~\:,",~,_>_1_5~ns----:------~+_-Latch ::-

E~!:./~ :": 
:_ > One Clock Cycle _:_> One Clock Cycle _: 

FIGURE 2. PCM61P Setup and Hold Timing Diagram. 

MSB ERROR ADJUSTMENT PROCEDURE 
(OPTIONAL) 

The MSB error of the PCM61P can be adjusted to make the 
differential linearity error (OLE) at BPZ essentially zero. This 
is important when the signal output levels are very low, 
because zero crossing noise (OLE at BPZ) becomes very 
significant when compared to the small code changes occur
ring in the LSB portion of the converter. 

To statically adjust OLE at BPZ, refer to the circuit shown in 
Figure 3 or the PCM61P connection diagram. 

Oifferentiallinearity error at bipolar zero and THO are guar
anteed to meet data sheet specifications without any external 
adjustment. However, a provision has been made for an 
optional adjustment of the MSB linearity point, which makes 

a.. ..... 
CD 
:E 
o a.. 

MAXIMUM CLOCK RATE 

The maximum clock rate of 16.9MHz for the PCM61P is 
derived by multiplying the standard audio sample rate of 
44. 1kHz times sixteen (16 x oversampling) times the standard 
audio word bit length of 24 (44. 1kHz x 16 x 24= 16.9MHz). 
Note that this clock rate accommodates a 24-bit word length, 
even though only 18 bits are actually being used. 

it possible to eliminate OLE error at BPZ. Two procedures are III 
given to allow either static or dynamic adjustment. The : 
dynamic procedure is preferred because of the difficulty 

470kn l00kn 200kn 
Trim15~1-Vs 

MSBAdjust 14~ 
FIGURE 3. MSB Adjust Circuit. 

BURR-BROWNI8I 

associated with the static method (accurately measuring 16-
bit LSB steps). 

After allowing ample warm-up time (5-10 minutes) to assure 
stable operation of the PCM61P, select input code 3FFFF 
hexadecimal (all bits on except the MSB). Measure the output 
voltage using a 6-1/2 digit voltmeter and record it. Change the 
digital input code to 00000 hexadecimal (all bits off except the 
MSB). Adjust the 100kQ potentiometer to make the output 
read 22.911V more than the voltage reading of the previous 
code (a lLSB step = 22.9I1V). A much simpler method is to 
dynamically adjust the OLE at BPZ. Assuming the device has 
been installed in a digital audio application circuit, send the 
appropriate digital input to produce a -60dB level sinusoidal 
output, then adjust the lOOkQ potentiometer until a minimum 
level of distortion is observed. 
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BURR - BROWN® 

11511511 PCM63P 

DEMO BOARD 
AVAILABLE 

See Appendix A 

Colinear ™ 20-Bit Monolithic Audio 
DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• COL/NEAR 20-BIT AUDIO DAC 

• NEAR-IDEAL LOW LEVEL OPERATION 

• GLITCH-FREE OUTPUT 

• ULTRA LOW -96dB max THD+N 
(Without External Adjustment) 

• 116dB SNR min (A-Weight Method) 

• INDUSTRy'STD SERIAL INPUT FORMAT 

• FAST (200ns) CURRENT OUTPUT 
(±2mA; ±2% max) 

• CAPABLE OF 16x OVERSAMPLING 

• COMPLETE WITH REFERENCE 

DESCRIPTION 
The PCM63P is a precision 20-bit digital-to-analog 
converter with ultra-low distortion (-96dB max with a 
full scale output; PCM63P-K). Incorporated into the 
PCM63P is a unique Co/inear dual-DAC per channel 
architecture that eliminates unwanted glitches and 
other nonlinearities around bipolar zero. The PCM63P 
also features a very low noise (116dB max SNR; 
A-weighted method) and fast settling current output 
(20Ons typ, 2mA step) which is capable of l6-times 
oversampling rates. 

Applications include very low distortion frequency 
synthesis and high-end consumer and professional 
digital audio applications. 

+5V +5V -5V -5V' Upper Lower 
'Analog Digital Digital B2 Adj B2 Adj 

Clock t8 

Latch Enable 20 

Data 21 

Reference 
Decouple 

Collnear™, Burr-Brown Corp. 

Servo 
Decouple 

PCM63P 
Col/near 20-Bit DAC 

r-+-----; 6 lOUT 

Potentiometer Analog 
Voltage Common 

Digital 
Common 

5 Bipolar Offset Current 

4 Offset Decouple 

International Airport Industrial Park • Mailing Address: PO Box 11400 Tucson, AZ 85734 • Street Addres.: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tol:(52O)746-1111 • Twx: 910-952·1111 • Cable:BBRCORP • Telex:06~91 • FAX: (520) 889-1510 • IrnmedleteProductlnfo:(800)546-6132 
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SPECIFICATIONS 
ELECTRICAL 
All specilications at 25"C and ±VA and ±Vo = ±5V, unless otherwise noted. 

PCM63P, PCM63P-J, PCM63P-K 

PARAMETER CONDITIONS MIN TYP MAX 

RESOLUTION 20 

DYNAMIC RANGE, THD+N at ~OdB Relerred to Full Scale 
PCM63P 96 100 
PCM63P-J 100 104 
PCM63P-K 104 108 

DIGITAL INPUT 
Logic Family i'-i Logic Level: V,H +2.4 +Vo 

V'L 0 0.8 

I'H V,H = +2.7V +t 
III VIL = +O.4V -50 

Data Format Serial, MSB First, BTCI'} 
Input Clock Frequency 12.5 25 

TOTAL HARMONIC DISTORTION + NI2}, Without Adjustments 
PCM63P 

I = 991 Hz (OdB)la) Is = 352.8kHzI4} -92 -8B 
I = 991 Hz (-20dB) Is = 352.BkHz -80 -74 
I = 991 Hz (~OdB) Is = 352.BkHz --40 -36 

PCM63P-J 
I = 991 Hz (OdB) Is = 352.BkHz -86 -82 
I = 991 Hz (-2OdB) Is = 352.BkHz -82 -76 
I = 991 Hz (~OdB) Is = 352.8kHz --44 -40 

PCM63P-K 
I = 991 Hz (OdB) Is = 352.BkHz -100 -96 
I = 991 Hz (-20dB) Is = 352.BkHz -8B -82 
I = 991 Hz (~OdB) Is = 352.BkHz --4B -44 

ACCURACY 
Level Unearity at -80dB Signal Level ±D.3 ±1 
Gain Error ±1 ±2 
Bipolar Zero Erro"'} ±1O 
Gain Drift O'C to 70'C 25 
Bipolar Zero Drift O'C to 70'C 4 
Warm-up Time 1 

IDLE CHANNEL SNR(6} 20Hz to 20kHz at BPZI7l +116 +120 

UNtTS 

Bits 

dB 
dB 
dB 

V 
V 

ItA 
ItA 

MHz 

dB 
dB 
dB 

dB 
dB 
dB 

dB 
dB 
dB 

0-dB 
% (II) 

mV CD 
ppml'C :5 

ppm 01 FSRI'C 0 Minute 0-
dB 

POWER SUPPLY REJECTION +B6 dB 81 ANALOG OUTPUT 
Output Range ±2.00 mA 
Output Impedance 670 n 
Internal RFEEDBACK 1.5 kO 
SeWing Time 2mA Step 200 ns 
Glitch Energy No Glitch Around Zero 

POWER SUPPLY REQUIREMENTS 
±V A, ±VD Supply Voltage Range ±4.50 ±5 ±5.50 V 
+IA, +ID Combined Supply Current +VA' +VD = +5V 10 15 mA 
-lA' -ID Combined Supply Current -VA' -Vo =-5V -35 -45 mA 
Power Dissipation ±V A, ±Vo = ±5V 225 300 mW 

TEMPERATURE RANGE 
Specification a +70 'C 
Operating --40 +85 'C 
Storage ~O +100 'C 

NOTES: (1) Binary Two's Complement coding. (2) Ratio 01 (DistortionRMS + NoiseRMs) I SignalRMS' (3) DIA converter output Irequency (signal level). (4) DIA 
converter sample Irequency (B x 44.1 kHz; Bx oversampling). (5) Offset error at bipolar zero. (6) Measured using an OPA27 and 1.5kO leedback and an A-weighted 
filter. (7) Bipolar Zero. 

The inlormation provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility lor 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 01 the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product lor use in lile support devices andlor systems. 
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PIN ASSIGNMENTS 
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ABSOLUTE MAXIMUM RATINGS 

PIN DESCRIPTION 

PI Sarvo Amp Decoupling Capacitor 
P2 +5V Analog Supply Voltage 
P3 Reference Dacoupllng Capacitor 
P4 Offsat Dacoupling Capacitor 
P5 Bipolar Offset Current Output (+2mA) 
P6 DAC Current Output (0 to -4mA) 
P7 Analog Common Connection 
P8 No Connection 
P9 Feedback Resistor Connection (1.5kil) 
PIO Feedback Resistor Connection (1.5kil) 
Pl1 ...J5V Digital Supply Voltage 
P12 Digital Common Connection 
P13 +5V Digital Voltage Supply 
P14 No Connection 
P15 No Connection 
PI6 No Connection 
PI7 No Connection 
PI8 DAC Data Clock Input 
PI9 No Connection 
P20 DAC Data Latch Enable 
P21 DAC Data Input 
P22 No Connection 
P23 Optional Upper DAC Bit-2 Adjust (-4.29V)" 
P24 Optional Lower DAC Bit-2 Adjust (-4.29Vr 
P25 Bit Adjust Reference Vonage Tap (-3.52V)" 
P26 No Connection 
P27 No Connection 
P28 ...J5V Analog Supply Voltage 

MNEMONIC 

CAP 

+VA 
CAP 
CAP 
BPO 

lOUT 

ACOM 
NC 
RF, 
RF, 
-Va 

DCOM 
+Vo 
NC 
NC 
NC 
NC 
CLK 
NC 
LE 

DATA 
NC 

UB2 Adj 
LB2 Adj 

VPOT 

NC 
NC 
-VA 

+VA• +VD to ACOM/DCOM ........................................................ OV to +8V 
-VA' -VD to ACOM/DCOM ........................................................ OV to -llV 
-VA'-Va to +VA' +VD ............................................................. OVlo+16V 
ACOM to DCOM ............................................................................... ±O.5V 
Digital Inputs (pins 18. 20. 21) to DCOM ............................... -IV to +V D 
Power Dissipation .......................................................................... 500mW 
Laad Temperature. (soldering, lOs) .............................................. +300·C 
Max Junction Temperature •............................................................. 165°C 
Tharmal Resistance. 6JA ............................................................... 70·C/w 

NOTE: Stresses above thosa listed undar "Absolute Maximum Ratings" 
may cause permanent damage to the device. Exposure to absolute 
maximum conditions for extended periods may affect device reliability. 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER('I 

PCM63P 28-Pin Plastic DIP 215 
PCM63P-J 28-Pin Plastic DIP 215 
PCM63P-K 28-Pin Plastic DIP 215 

NOTE: (I) For datalled draWing and dimenSion tabla, plaase sea end of data 
sheet, or Appendix C of Burr-Brown IC Data Book. 

*NorninaJ voltages at these nodes assuming iVA; ±Vo = ±5V. 

ORDERING INFORMATION 

TEMPERATURE MAXTHD+N. 
MODEL PACKAGE RANGE AT OdB 

PCM63P 28-Pin Plastic DIP O·C to +70"C -ll8dB 
PCM63P-J 28-Pin Plastic DIP O·C to +70·C -92dB 
PCM63P-K 28-Pin Plastic DIP O·C to +70"C -96dB 

BURR-BROWNI!I 
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TYPICAL PERFORMANCE CURVES 
All specifications at 25'C and ±V A and ±Va = ±5.0V. unless otherwise noted. 
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THEORY OF OPERATION DISCUSSION OF SPECIFICATIONS 
DUAL-DAC COL/NEAR ARCHITECTURE 

Digital audio systems have traditionally used laser-trimmed, 
current-source D ACs in order to achieve sufficient accuracy. 
However even the best of these suffer from potential low
level nonlinearity due to errors at the major carry bipolar 
zero transition. More recently, DACs employing a different 
architecture which utilizes noise shaping techniques and 
very high oversampling frequencies, have been introduced 
("Bitstream", "MASH", or I-bit DACs). These DACs over
come the low level linearity problem, but only at the expense 
of signal-to-noise performance, and often to the detriment of 
channel separation and intermodulation distortion if the 
succeeding circuitry is not carefully designed. 

The PCM63 is a new solution to the problem. It combines all 
the advantages of a conventional DAC (excellent full scale 
performance, high signal-to-noise ratio and ease of use) with 
superior low-level performance. Two DACs are combined 
in a complementary arrangement to produce an extremely 
linear output. The two DACs share a common reference and 
a common R-2R ladder to ensure perfect tracking under all 
conditions. By interleaving the individual bits of each DAC 
and employing precise laser trimming of resistors, the highly 
accurate match required bctween DACs is achieved. 

This new, complementary linear or dual-DAC Colinear 
approach, which steps away from zero with small steps in 
both directions, avoids any glitching or "large" linearity 
errors and provides an absolute current output. The low level 
performance of the PCM63P is such that real 20-bit resolu
tion can be realized, especially around the critical bipolar 
zero point. 

Table I shows the conversion made by the internal logic of 
the PCM63P from binary two's complement (BTC). Also, 
the resulting internal codes to the upper and lower DACs 
(see front page block diagram) are listed. Notice that only 
the LSB portions of either internal DAC are changing 
around bipolar zero. This accounts for the superlative per
formance of the PCM63P in this area of operation. 

INPUT CODE 
ANALOG OUTPUi (2o-blt Binary Two's Complement) 

+Full Scale 011 ... 111 
+Full Scale - 1 LSB 011:..110 
Bipolar Zero + 2LSB 000 ... 010 
Bipolar Zero +.1 LSB 000 ... 001 
Bipolar Zero 000 ... 000 
Bipolar Zero - 1 LSB 111...111 
Bipolar Zero - 2LSB 111...110 
-Full Scale + 1 LSB 100 ... 001 
-Full Scale 100 ... 000 

DYNAMIC SPECIFICATIONS 

Total Harmonic Distortion + Noise 
The key specification for the PCM63P is total harmonic 
distortion plus noise (THD+N). Digital data words are read 
into the PCM63P at eight times the standard compact disk 
audio sampling frequency of 44. 1kHz (352.8kHz) so that a 
sine wave output of 991Hz is realized. For production 
testing, the output of the DAC goes to an I to V convcrter, 
then to a programmable gain amplifier to provide gain at 
lower signal output test levels, and then through. a 40kHz 
low pass filter before being fed into an analog type distortion 
analyzer. Figure 1 shows a block diagram of the production 
THD+N test setup. 

For the audio bandwidth, THD+N of the PCM63P is essen
tially flat for all frequencies. The typical performance curve, 
"THD+N vs Frequency," shows four different output signal 
levels: OdB, -20dB, -40dB, and -60dB. The test signals are 
derived from a special compact test disk (the CBS CD-I). It 
is interesting to note that the -20dB signal falls only about 
IOdB below the full scale signal instead of the expected 
20dB. This is primarily due to the superior low-level signal 
performance of the dual-DAC Co/inear architecture of the 
PCM63P. 

In terms of signal measurement, THD+N is the ratio of 
DistortionRMs + NoiseRMs I SignalRMs expressed in dB. For 
the PCM63P, THD+N is 100% tested at all three specified 
output levels using the test setup shown in Figure 1. It is 
significant to note that this test setup does not include any 
output deglitching circuitry. All specifications are achieved 
without the use of external deglitchers. 

Dynamic Range 

Dynamic range in audio converters is specified as the measure 
of THD+N at an effective output signal level of -60dB 
referred to OdB. Resolution is commonly used as a theoretical 
measure of dynamic range, but it does not take into account 
the effects of distortion and noise at low signal levels. The 

LOWER DAC CODE UPPER DAC CODe 
(l9-bit Straight Binary) (19·blt Straight Binary) 

111 .. itll + lLSB" 111...111 
111 .. :111 + lLSB" 111 ... 110 
111 .. ;111 -to 1 LSa'" 000 ... 010 
111..:111 + lLSB" 000 ... 001 
111...111 + lLSB" 000 ... 000 

111...111 000 ... 000 
111 ... 110 000 ... 000 
000 ... 001 000 ... 000 
000 ... 000 000 ... 000 

"The exira weighl of 1 LSB is added at this point to make the transfer function symmetrical around bipolar zero. 

TABLE 1. Binary Two's Complement to Colinear Conversion Chart. 
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Use 400Hz High-Pass Programmable Low-Pass 
Filter and 30kHz Distortion Filter 

~ Gain Amp ~ Low-Pass Filter Analyzer 40kHz 3rd Order 
Meter Settings 

OdBto 60dB 
GIC Type 

(Shiba Soku Model 
725 or Equivalent) 

Binary Digital Code Parallel-Io-Serial OUT 
110 V r---- Converter Caunter (EPROM) Conversion (PCM63P) 

OPA627 

t • 
LaIChLb,j 

Clock 

1 lJ. 
Sampling Rale = 44.1 kHz x 8 (352.8kHz) 

Timing 
Logic 

FIGURE L Production THD+N Test Setup_ 

Colinear architecture of the PCM63P, with its ideal 
performance around bipolar zero, provides a more usable 
dynamic range, even using the strict audio definition, than 
any previously available D/A converter_ 

Level Linearity 

Deviation from ideal versus actual signal level is sometimes 
called "level linearity" in digital audio converter testing_ See 
the "-90dB Signal Spectrum" plot in the Typical Perfor
mance Curves section for the power spectrum of a PCM63P 
at a -90dB output leveL (The "-90dB Signal" plot shows the 
actual -90dB output of the DAC)_ The deviation from ideal 
for PCM63P at this signal level is typically less than ±O_3dB_ 
For the "-IlOdB Signal" plot in the Typical Performance 
Curves section, true 20-bit digital code is used to generate a 
-II OdB output signal. This type of performance is possible 
only with the low-noise, near-theoretical performance around 
bipolar zero of the PCM63P's ColinearDAC circuitry_ 

A commonly tested digital audio parameter is the amount of 
deviation from ideal of a 1kHz signal when its amplitude is 
decreased from -60dB to -120dB. A digitally dithered input 
signal is applied to reach effective output levels of -I20dB 
using only the available 16-bit code from a special compact 
disk test input. See the "16-Bit Level Linearity" plot in the 
Typical Performance Curves section for the results of a 
PCM63P tested using this 16-bit dithered fade-to-noise 
signal. Note the very small deviation from ideal as the signal 
goes from -60dB to -IOOdS. 

DC SPECIFICATIONS 

Idle Channel SNR 

Another appropriate specification for a digital audio con
verter is idle channel signal-to-noise ratio (idle channel 
SNR)_ This is the ratio of the noise on the DAC output at 
bipolar zero in relation to the full scale range of the DAC. To 

BURR-BROWN® 

Oulput Frequency = 991 Hz 

make this measurement, the digital input is continuously fed 
the code for bipolar zero while the output of the DAC is 
band-limited from 20Hz to 20kHz and an A-weighted filter 
is applied_ The idle channel SNR for the PCM63P is typi
cally greater than 120dB, making it ideal for low-noise 
applications. 

Monotonicity 

Because of the unique dual-DAC Colinear architecture of 
the PCM63P, increasing values of digital input will always 
result in increasing values of DAC output as the signal 
moves away from bipolar zero in one-LSB steps (in either 
direction)_ The "16-Bit Monotonicity" plot in the Typical 
Performance Curves section was generated using 16-bit .... 
digital code from a test compact disk. The test starts with 10_ 
periods of bipolar zero_ Next are 10 periods of alternating 
ILSBs above and below zero, and then 10 periods of c:( 
alternating 2LSBs above and below zero, and so on until C 
IOLSBs above and below zero are reached_ The signal I 
pattern then begins again at bipolar zero_ en 
With PCM63P, the low-noise steps are clearly defined and I
increase in near-perfect proportion_ This performance is 0 
achieved without any external adjustments. By contrast, ~ 
sigma-delta ("Bitstream", "MASH", or I-bit DAC) architec- 0 
tures are too noisy to even see the fust 3 or 4 bits change (at a: 
16 bits), other than by a change in the noise leveL a.. 

Absolute Linearity 

Even though absolute integral and differential linearity specs 
are not given for the PCM63P, the extremely low THD+N 
performance is typically indicative of 16-bit to 17-bit inte
grallinearity in the DAC, depending on the grade specified_ 
The relationship between THD+N and linearity, however, is 
not such that an absolute linearity specification for every 
individual output code can be guaranteed_ 

o 
is 
:::l 
<C 
....I 

~ 
e" 
is 
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Offset, Gain, And Temperature Drift 

Although the PCM63P is primarily meant for use in dy
namic applications, specifications are also given for more 
traditional DC parameters such as gain error, bipolar zero 
offset error, and temperature gain and offset drift. 

DIGITAL INPUT 

Timing Considerations 
The PCM63P accepts TTL compatible logic input levels. 
Noise immunity is enhanced by the use of differential 
current mode logic input architectures on all input signal 
lines. The data format of the PCM63P is binary two's 
complement (BTC) with the. most significant bit (MSB) 
being first in the serial input bit stream. Table II describes 
the exact relationship of input data to voltage output coding. 
Any number of bits can precede the 20 bits to be loaded, 
since only the last 20 will be transferred to the parallel DAC 
register after LE (P20, Latch Enable) has gone low. 

All DAC serial input data (P21, DATA) bit transfers are 
triggered on positive clock (PI8, CLK) edges. The serial-to
parallel data transfer to the DAC occurs on the falling edge 
of Latch Enable (p20, LE). The change in the output of the 
DAC coincides with the falling edge of Latch Enable (P20, 
LE). Refer to Figure 2 for graphical relationships of these 
signals. 

Maximum Clock Rate 

A typical clock rate of 16.9MHz for the PCM63P is derived 
by mUltiplying the standard audio sample rate of 44. 1kHz by 

DIGITAL INPUT . ANALOG OUTPUT 

1,048,576LSBs Full Scale Range 
1LSB NA 
7FFFFHEX +Full Scale 
OOO~EX Bipolar Zero 
FFFFFHEX Bipolar Zero - 1 LSB 
80000HEX -Full Scale 

TABLE II. Digital Input/Output Relationships. 

sixteen times (16x oversampling) the standard audio word 
bit length of 24 bits (44. 1kHz x 16 x 24 = 16.9MHz). Note 
that this clock rate accommodates a 24-bit word length, even 
though only 20 bits are actually being used. The maximum 
clock rate of 25MHz is guaranteed, but is not 100% fmal 
tested. The setup and hold timing relationships are shown in 
Figure 3. 

"Stopped Clock" Operation 

The PCM63P is normally operated with a continuous clock 
input signal. If the clock is to be stopped between input data 
words, the last 20 bits shifted in are not actually shifted from 
the serial register to the latched parallel DAC register until 
Latch Enable (LE, P20) goes low. Latch Enable must remain 
low until after the first clock cycle of the next data word 
to insure proper DAC operation. In any case, the setup and 
hold times for Data and LE must be observed as shown in 
Figure 3. 

Data 
Input 

Clock 
Input 

Enable --/ latch ~ 
>One Clock Cycl 

FlGURE 3. Setup and Hold Timing Diagram. 

VOLTAGE OUTPUT 
CURRENT OUTPUT (With External Op Amp) 

4.000oooo0mA 6.00000000V 
3.81469727nA 5.722045901lV 

-1.99999619mA +2.99999428V 
O.OOOOOOOOmA O.OOooooooV 
+0.00000381 mA -o.00000572V 
+2.0ooo00oomA ~.ooOOOOOOV 

P18 (Clock) UUlJlJl JlJ1JlJ1JlJlJ1f 

P21(Data) ~ 
MSB 

P20 (latch Enable) 1 I 
'---"-----

P6(IoUT) ~ 

~ 
LSB 

_____ 1 L 

------>< 
NOTES: (1) If clock is stopped between input of 2o-bit data words, Latch Enable (LE) must remain low until aiter the first clock cycle' of the next 20-bit data 
word stream. (2) Data format is binary two's complement (BTC). Individual data bits are clocked in on the corresponding positive clock edge. (3) latch Enable 
(LE) must remain low at least one clock cycle aiter going negative. (4) Latch Enable (LE) must be high for at least one clock cycle before going negative. 
(5) lOUT changes on negative going edge of latch Enable (LE). 

FlGURE 2. Timing Diagram. 
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INSTALLATION 
POWER SUPPLIES 

Refer to Figure 4 for proper connection of the PCM63P in 
the voltage-out mode using the internal feedback resistor. 
The feedback resistor connections (P9 and PIO) should be 
left open if not used. The PCM63P only requires a ±SV 
supply. Both positive supplies should be tied together at a 
single point. Similarly, both negative supplies should be 
connected together. No real advantage is gained by using 
separate analog and digital supplies. It is more important that 
both these supplies be as "clean" as possible to reduce 
coupling of supply noise to the output. Power supply decou
pling capacitors should be used at each supply pin to 
maximize power supply rejection, as shown in Figure 4, 
regardless of how good the supplies are. Both commons 
should be connected to an analog ground plane as close to 
the PCM63P as possible. 

FILTER CAPACITOR REQUIREMENTS 

As shown in Figure 4, various size decoupling capacitors 
can be used, with no special tolerances being required. The 
size of the offset decoupling capacitor is not critical either, 
with larger values (up to IOOJ.IF) giving slightly better SNR 
readings. All capacitors should be as close to the appropriate 
pins of the PCM63P as possible to reduce noise pickUp from 
surrounding circuitry. 

MSB ADJUSTMENT CIRCUITRY 

Near optimum performance can be maintained at all signal 
levels without using the optional MSB adjust circuitry of the 
PCM63P shown in Figure S. Adjustability is provided for 
those cases where slightly better full-scale THD+N is 

-5V ~--~r------*--

±3V 

FIGURE 4. Connection Diagram. 

BURR-BROWNe 

desired. Use of the MSB adjustments will only affect larger 
dynamic signals (between OdB and -6dB). This improve
ment comes from bettering the gain match between the 
upper and lower DACs at these signal levels. The change is 
realized by small adjustments in the bit-2 weights of each 
DAC. Great care should be taken, however, as improper 
adjustment will easily result in degraded performance. 

In theory, the adjustments would seem very simple to 
perform, but in practice they are actually quite complex. The 
first step in the theoretical procedure would involve making 
each bit-2 weight ideal in relation to its code minus one 
value (adjusting each potentiometer for zero differential 
nonlinearity error at the bit-2 major carries). This would be 
the starting point of each lOOk!"! potentiometer for the next 
adjustment. Then, each potentiometer would be adjusted 
equally, in opposite directions, to achieve the lowest full
scale THD+N possible (reversing the direction of rotation 

-VA 28~------------------------, 

VpOT 25 

lB2 Adj 24 i---------.----.,j\/VL.-' 

FIGURE S. Optional Bit-2 Adjustment Circuitry. 

PCM63P 

l~F 

-VA 28 ~ 
NC -:-

NC 

VpOT O.l~F 

lB2Adj 

.,,~ UB2Adj 

NC 

DATA 

lE 

NC 

ClK 

DCOM NC 

NC 

14 NC NC 15 
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for both if no immediate improvement were noted). This 
procedure would require the generation of the digital bit-2 
major carry code to the input of the PCM63P and a DVM.or 
oscilloscope capable of reading the output voltage for a one 
LSB step (5.72~V) in addition to a distortion analyzer. 

A more practical approach would be to forego the minor 
correction for the bit-2 major carry adjustment and only 
adjust for upper and lower DAC gain matching. The prob
lem is that just by connecting the MSB circuitry to the 
PCM63P. the odds are that the upper and lower bit-2 weights 
would be greatly changed from their unadjusted states and 
thereby adversely affect the desired gain adjustment. Just 
centering the lOOkQ potentiometers would not necessarily 
provide the correct starting point. To guarantee that each 
lOOkQ potentiometer would be set to the correct starting or 
null point (no current into or out of the MSB adjust pins), the 
voltage drop across each corresponding 330kQ resistor would 
have to measure OV. A voltage drop of ±1.25mV across 
either 330kQ resistor would correspond to a ±lLSB change 
in the null point from its unadjusted state (lLSB in current 
or 3.81nA x 330kQ = 1.26mV). Once these starting points 
for each potentiometer had been set, each potentiometer 
would then be adjusted equally, in opposite directions, to 
achieve the lowest full-scale THD+N possible. If no imme
diate improvement were noted, tile direction of rotation for 
both potentiometers would be reversed. One direction of 
potentiometer counter-rotations would only make the gain 
mismatch and resulting THD+N worse, while the opposite 
would gradually improve and then worsen the THD+N after 
passing through a no mismatch point. The determination of 

the correct starting direction would be arbitrary. Thisproce
dure still requires a good DVM in addition to a distortion 
analyzer. 

Each user will have to determine if a small improvement in 
full-scale THD+N for their application is worth the expense 
of performing a proper MSB adjustment. 

APPLICATIONS 
The most common application for the PCM63P is in high
performance and professional digital audio playback, such 
as in CD and DAT players. The circuit in Figure 6 shows the 
PCM63P in a typical combination with a digital interface 
format receiver chip (Yamaha YM3623), an 8x interpolating 
digital filter (Burr-Brown DF1700P), and two third-order 
low-pass anti-inlaging fIlters (implemented using Burr-Brown 
OPA2604APs). 

Using an 8x digital filter increases the number of samples to 
me DAC by a factor of 8, thereby reducing the need for a 
higher order reconstruction or anti-imaging analog fIlter on 
the DAC output. An analog filter can now be constructed 
using a simple phase-linear GIC (generalized immittance 
converter) architecture. Excellent sonic performance is 
achieved using a digital filter in the design, while reducing 
overall circuit complexity at me same time. 

Because of its superior low-level performance, the PCM63P 
is also ideally suited for other high-performance applications 
such as direct digital synthesis (DDS). 
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BURR - BROWN® 

IElElI PCM67P/U 
PCM69AP/AU 

DEMO BOARD 
AVAILABLE 

See Appendix A 

Advanced 1-Bit BiCMOS Dual 18-Bit 
DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• 18-BIT RESOLUTION DUAL AUDIO DAC 

• EXCELLENT THD PERFORMANCE: 
0.0025% (-92dB) at F/S, K Grade 
1.0% (-40dB) at -SOdB, K Grade 

• HIGH SIN RATIO: 110dB typ (IHF-A) 

• DUAL, CO-PHASE 
• SINGLE SUPPLY +5V OPERATION 

• LOW POWER: 75mW typical 

• CAPABLE OF 16X OVERSAMPLING 

• AVAILABLE IN SPACE SAVING 
16-PIN DIP OR 20-PIN sOle 

• OPERATING TEMP RANGE: 
-25°C to +85°C 

• EXTREMELY LOW GLITCH ENERGY 

Digital Signal In 

Reference 
Servo 

Input 
Interface 

DESCRIPTION 
The PCM67 and PCM69A dual 18-bit OAC are low 
cost, dual output I 8-bitBiCMOS digital-to-analog con
verters utilizing a novel architecture to achieve excel
lent low level performance. 

By combining a conventional thin-film R-2R ladder 
OAC, a digital offset technique with analog correction 
and an advanced one-bit OAC using first order noise 
shaping technique, the PCM67 and PCM69A achieve 
high resolution, minimal glitch, and low zero-crossing 
distortion. 

PCM67 digital offset occurs at bit 9, making it ideal for 
high-performance CO players. PCM69A digital offset 
occurs at bit 4, making it an excellent choice for digital 
musical instruments and audio OSP. 

Both PCM67 and PCM69A operate from a single +5V 
supply. The low power consumption and small size (16-
pin POIP or 20-pin SOlC) make these converters ideal 
for a variety of digital audio applications. 

10-BH DAC plus 
Analog Correction 

Advanced I-Bit 
DAC 

10-BH DAC plus 
Analog Correction 

Advanced I-Bit 
DAC 

+-----{) Analog Output Lch 

~VCCM 
~RCh 

+-----{) Analog Output Rch 

International Airport Industrtal Park • Mailing Addres.: PO Box 11400 • Tucson, AZ 85734 • Sireel Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
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SPECIFICATIONS 
ELECTRICAL 
All specifications at +25°C and +V A' +Vo = +5V unless otherwise noted 

PARAMETER CONOmONS 

OIGITAL INPUT 
Logic Family TTUCMOS Compatible 
Logic Level: V1H I'H = ±511A +2 I I VIL I'L = ±5~A 0 
Data Format Serial, MSB First, BTCI1) 
Input System Clock Frequency 16.9344 

TOTAL HARMONIC DISTORTION + NI2.3 .• ) 
PCM67P/69AP, PCM67Ui69AU 

I = 991 Hz (OdB) Is = 352.8kHz -86 
I = 991 Hz (-20dB) Is = 352.8kHz -88 
I = 991 Hz (-80dB) Is = 352.8kHz -40 

PCM67P-J/69AP-J, PCM67U-J/69AU-J 
I = 991 Hz (OdB) Is = 352.8kHz -91 
I = 991 Hz (-20dB) Is = 352.8kHz -72 
I = 991 Hz (-GOdB) Is = 352.8kHz -46 

PCM67P-K/69AP-K, PCM67U-K/69AU-K 
I = 991 Hz (OdB) Is = 352.8kHz -85 
I = 991 Hz (-20dB) Is = 352.8kHz -74 
I = 991 Hz (-GOdB) Is = 352.8kHz -46 

at -90dB Signal Level ±1 
±3 
±1 

O'C to +70'C 95 
1 

ANALOG OUTPUT 
Output Range (±3%) 1.2 
Output Impedance (±30%) 1.8 
VCOM 3.35 3.50 
Glitch Energy 

POWER SUPPLY REQUIREMENTS, Clock = 16.9344MHz 
+V., +Vo Supply Voltage Range +VA = +Vo +4.75 +5.00 
+1., +10 Combined Supply Current +V., +Vo = +5V 15 
Power Dissipation +V AI +Vo = +5V 75 

TEMPERATURE RANGE 
Operating -25 

-85 

+Vo V 
0.8 V 

MHz 

-82 dB 
dB 

-34 dB 

-88 dB 
dB 

-40 dB 

-92 dB 
dB 

-40 dB 

dB 
±10 % 
±5 % 

ppml'C 
Minute 

mA 
kn 

3.65 V 

+5.25 V 
20 mA 
105 mW 

+85 'C 
+100 'C 

NOTES: (1) Binary Two's Complement coding. (2) Ratio 01 (DistortionRMS + NoiseRMsl/SignaIRMs, (3) D/A converter output lrequency/signallevel (both left and right 
channels are "on"). (4) D/A converter sample Irequency (8 x 44.1kHz; 8X oversampling per channel). (5) Ratio 01 NoiseRMs/SignalRMS' Measured using a 40kHz 
3rd-order GIC (Generalized Immittance Converter) filter and an A-weighted Iilter. (6) Bipolar Zero. 

The inlormation provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility lor 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 01 the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product lor use In lile support devices andlor systems. 
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PIN ASSIGNMENTS 
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ABSOLUTE MAXIMUM RATINGS 

PCM67P PCM67U 

PCM69AP PCM69AU DESCRIPTION MNEMONIC 

1 1 +5Y Analog Supply Yoltage +YA 

2 2 Left Yoltage Common LYcoM 
3 No Connection NC 

3 4 Left Current Output (0 to 1.2mA) LlOUT 
4 5 Servo Decoupling Capacitor SRYCAP 
5 6 Reference Decoupling Capacitor REFCAP 
6 7 Right Current Output (0 to 1.2mA) Rlour 

8 No Connection NC 
7 9 Right Yoltage Common RYCOM 
8 10 Analog Common ACOM 
9 11 Digital Common DCOM 

12 Mode Control 2 MC2 
10 13 Right Data Input RDATA 
11 14 Bit Clock BTCK 
12 15 System Clock SYSCK 
13 16 Word Clock WDCK 
14 17 Left Data Input LDATA 

18 Mode Control 3 MC3 
15 19 Mode Control 1 MCI 
16 20 +5Y Digital Supply Yoltage +YD 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER!') 

PCM67P/69AP 16·Pin Plastic DIP 180 
PCM67U169AU 20·Pin SOIC 248 

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

+YA, +YD to ACOM, DCOM ................................................... OY to +6.5Y 
ACOM to DCOM ............................................................................... ±0.5Y 
DigitallnpulS to DCOM ............................................ -{).3Y 10 +YD + 0.3Y 
Power Dissipation .c .............. 300mW (U Package), 500mW (P Package) 
Lead Temperature, (soldering, lOs) .............................................. +260'C 
Max Junction T~mperature ............................................................ + 165°C 

NOTE: Stresses abOve those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. Exposure to absolute 
maximum conditions for extended periods may affect device reliability. 

A ELECTROSTATIC 
Jl!Ia. DISCHARGE SENSITIVITY 

Electrostatic discharge can cause damage ranging from per
formance degradation to complete device failure. Burr-Brown 
Corporation recommends that all integrated circuits be handled 
and stored using appropriate ESD protection methods. 

BURR~BROWN(g 
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PIN CONFIGURATION - PCM67P/69AP (16·Pin DIP) 

+Vcc 
(+5V) ----<~-=-+ 

r-----------Data-L 

r---------WDCK 

PCM67P/69AP 

Il0~F 

r--------sys CLOCK 
,--------BCK 

Lch 
OUT 

,------- Data-R 

Il0~F Rch 
OUT 

PIN CONFIGURATION - PCM67U169AU (20·Pin SOIC) 

BURR-BROWNe 

+Vcc 
(+5V)-------+ 

PCM67U169AU 

Il0~F 

,------------Data-L 

,-----------WDCK 

,---------SySCLOCK 

r------BCK 

Lch 
OUT 

Il0~F Rch 
OUT 
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TYPICAL PERFORMANCE CURVES 
All specifications at +25°C and Vee = +5.0V unless otherwise noted. 
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DISCUSSION OF 
SPECIFICATIONS VQUT=l.2mA o RNF 

The PCM67 and PCM69A are specified to provide critical 
performance criteria for a variety of applications. The accu
racy of a O/A converter is described by the transfer function 
shown in Figure 1. 

Digitalin 

OOO ... OO-----:k-----,---,-
Analog 

Out 

FIGURE 1. Transfer Performance. 

DIGITAL INPUT CODE 

The PCM67/69A accepts Binary Two's Complement (BTC) 
digital input code (MSB FlRST).The relationship of digital 
input to analog output is shown in Table 1. 

ANALOG OUTPUT ANALOG OUTPUT 
DIGITAL INPUT (VOLTAGE) 

7FFFFF (HEX) +FSR 
0OO03F (HEX) BPZ 
FFFFFF (HEX) BPZ-1LSB 
80003F (HEX) -FSR 

TABLE I. Digital Code and Analog Out. 

GAIN ERROR AND GAIN MISMATCH, 
CHANNEL-TO-CHANNEL 

(CURRENn 

-1.2mA 
-O.6mA 

-O.S999SmA 
OmA 

Gain error is defined as deviation of the output current span 
from the ideal span of 1.2mA (FSR) on each channel. Gain 
error of PCM67/69A is typically ±3% of FSR. 

Gain mismatch, channel-to-channel is defmed as the differ
ence in gain error between the left channel and right channel. 

THE RELATIONSHIP OF VCOM AND IN OUT 

The output current range ofPCM67 and PCM69A is OmA to 
1.2mA as shown in Table 1. 

In the typical application, the non-inverting input of the 
externall/V op amp is connected to the V COM pin of PCM67 
and PCM69A. Accordingly, the output voltage level at FSR 
after I/V conversion is VCOM voltage (+3.SV) as shown in 
Figure 2. 

BURR-BROWNe 

1.2mA 
lOUT 0------<1>-1 

V COM 0------1 
(3.SV) 

A----~~-I 

:'il-----RNF 

>-_4_---0 VOUT 

FIGURE 2. I/V Amplifier Circuit. 

SIN RATIO 

SIN ratio is defined as the ratio of full scale output and no input 
noise level at BPZ point. The PCM67/69A is specified at 
llOdB typical with "IHF-A" filter. 

LEVEL LINEARITY ERROR 

Level linearity error is defined as the deviation of actual 
analog output level from digital input level. PCM67/69A is 
specified at IdB typical at -90dB output level. The O.SLSB 
quantization error at -90dB of 16-bit conversion is equal to 
+ 1.94dB, -2.SdB. 

TOTAL HARMONIC DISTORTION 

THO is a key parameter in audio applications, THO is a 
measure of the magnitude and distribution of the linearity 
error, differential linearity error, and noise, as well as quanti
zation error. To be useful, THO should be specified for both 
high level and low level input signals. This error is unadjustable 
and is the most meaningful indicator of O/A converter accu~ 
racy for audio applications. IiIiia 
THO is defmed as the ratio of the square root of the sum of the 
squares of the values of the harmonics to the value of the 
fundamental input frequency and is expressed in percent or 
dB. The rms value of the PCM67/69A error referred to the 
input can be shown to be 

E = nTIS 
(1) 

where n is the number of samples in one cycle of any given 
sine wave, EL(i) is the linearity error of the PCM67 or 
PCM69A at each sampling point. THO can then be expressed 
as 

~.i[EL (i) + EQ (i)J2 

THD = Enns = -=. __ i=_l~:::-_____ x 100% 
E"", Enos (2) 

where Erm, is the rms signal-voltage level. 
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This expression indicates that, in general, there is a correlation 
between the THD and the square root of the sum of the squares 
of the linearity errors at each digital word of interest. How
ever, this expression does not mean that the worst-case linear
ity error of the D/A is directly correlated to THD. 

For PCM67 and PCM69A the test period is set at an 8X 
oversampling rate (352.8kHz = 44.lkHz • 8), which is the 
typical sample rate for CD player applications. 

The test signal frequency is 991Hz and the amplitude of the 
signal level is FIS (OdB), and -60dB down from FIS. 

All THD tests are perfonned without a deglitcher circuit and 
without a 20kHz low pass filter. 

SYSTEM CLOCK REQUIREMENTS 

The PCM67 and PCM69A need a system clock for the one-bit 
noise shaping DAC operation. 

The PCM67 is capable of only a 384Fs corollary system clock 
frequency such as 192Fs, 96Fs (24 times word rate or integer 
mUltiple of 24). 

The PCM69A is capable of any system clock up from 48Fs to 
384Fs such as 384Fs, 256Fs, looFs with condition for timing 
as described in "Timing ofPCM69A" in Figure 5. 

The user can choose either model for their application. 
Table II shows the different SYSCLK options. 

OTHER CAPABLE 
MODEL BASIC SYSCLK SYSCLK 

PCM67 384Fs 192Fs, 96Fs 

PCM69A Any Clock (with timing condition) 
Examples: 384Fs, 300Fs, 256Fs, 200Fs, 90Fs 

TABLE II. System Clock Requirements. 

LOGIC TIMING 

The serial data bit transfers are triggered on positive bit clock 
(BCK) edges. The serial-to-parallel data transfer to the DAC 
occurs on the falling edge of Word Clock (WDCK). The 
change in the output of the DAC coincides with the falling 
edge of WDCK. 

Refer to Figure 3 for graphical relationships of these signals. 
The setup and hold timing relationships for these signals are 
shown in Figure 4. 

R-ChData~ 
L-chData~ 
~~ 

Bit Clock M~NUlJ1J1J 
WDCIOCk-l~~ 

SYS Clock JUl1UL ______ ~ ______ -JU1JlrL __ 
. , 

1WDCK 

FIGURE 3. Timing Diagram. 

The PCM67/69A accepts TTL compatible logic input levels. 
The data fonnat of the PCM67/69A is BTC with the most 
significant bit (MSB) beingfrrst in the'serial input bit stream. 

I" tOH I 

Dat. ____ -'; * LSB *== 
BitCloc 

: tosu: toHO : 
I I I , 

I I I I 

: tCH:tcL;tcw,twc: 

WDCIOC~ _______ ...If ~ 
, , , 

I" I 

tWH : tWL : 

tSH: SYS Clock High Pulse Width: 15ns, min 
tSL: SYS Clock Low Pulse Wid1h : 15ns, min 

tow: Data Valid Time: 20ns, min 
tosu: Data Setup Time: 10ns, min 
tOHO: Data Hold Time: 5ns, min 

tCH: Bit Clock High Pulse Width: 15ns, min 
IeL: Bit Clock Low Pulse Width: 15ns, min 
lew: WD Clock Fall Time From Bit Clock Rise: 10ns, min 
twc: Bit Clock Rise Time From WD Clock Fall: 15ns, min 
tWH: WD Clock High Pulse Width: 1 SYS Clock Cycle, min 
tWL: WD Clock Low Pulse Width: 1 SYS Clock Cycle, min 

FIGURE 4. Timing Specification. 

TIMING OF PCM69A 

PCM69A timing is similar to PCM67 except that PCM69A is 
capable of operating from any system clock up to 384Fs. For 
synchronized operation, PCM69A system clock and WDCK 
timing must be as shown in Figure 5. 

WDC~, 
" ' -.t",----

SVSCL~ 
--;1",,'--

SYSCLK ~ 

t",: WDCK Fall Delay From Rise of SYSCLK : min 10ns 
tn2: SYSCLK Rise Delay From Fall of WDCK : min 20ns 

FIGURE 5. Timing of PCM69A for SYSCLK and WDCK. 
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INSTALLATION 
POWER SUPPLIES 

Refer to "Pin Configuration" diagram for proper connection 
of the PCM67/69A. The PCM67/69A requires only a +5V 
supply. Both analog and digital supplies should be tied to
gether at a single point, as no real advantage is gained by using 
separate supplies. It is more important that both these supplies 
be as "clean" as possible to reduce coupling of supply noise to 
the output. 

FILTER CAPACITOR REQUIREMENTS 

As shown in the "Pin Configuration" diagram, various sizes of 
decoupling capacitors can be used with no special tolerances 
required. All capacitors should be as close to the appropriate 
pins of the PCM67/69A as possible to reduce noise pickup 
from surrounding circuitry. 

A power supply decoupling capacitor should be used near the 
analog supply pin to maximize power supply rejection, as 
shown in Figure 6, regardless of how good the supplies are. 
Both commons should be connected to an analog ground 
plane as close to the PCM67/69A as possible. 

The value of these capacitors is influenced by actual board 
layout design and noise from power supplies and other digital 
input lines. 

The best suitable value for the capacitors should tie deter
mined by the user's actual application board. 

Aos I los 

VOOMo-------------------~ 
(3.5V) 

In case of shift to ±2V swing, OVeenter 

A VOUT 6V 5"~ 
NF = 1.2mA ~ 1.2mA = ~, 

-FSA±(V sl = -'3V after offset addition, shift voltage 
VSHT is given by 

VSHT = VOOM + 3V = 3.5 + 3 = 6.5V 

Offset Current los is given by 

I = VSHT = 6.5V = 1 3mA 
os ANF 5kQ . 

Offset Aesistor Ros is given by 

Aos = Vee - VeoM = 5 - 3.5V = 1.15k!l 
los 1.3mA 

FIGURE 6. Shift of IN Out Voltage. 

BURR-BROWNI8 

SHIFT OF IN OUT VOLTAGE 

If the user requires a bipolar voltage output centered around 
OV or one-half of Vee, the output can be shifted by adding an 
offset current on the inverting point of the IN op amp as 
shown in Figure 6. 

+Vee----, 
(+5V) 

10~F - 100~F 

lOUT 0---+----+-----+-----1 

VOOM o---+---------------1 

1O~F - 100~F I Cz 

Note: R1 and C1 are noise de·coupling circuits from noise 
on +Vcc power supply line. 

VOUT 

FIGURE 7. Useful Application Circuit for Shift of IN Out 
Voltage. 

INTERFACE CONTROL FUNCTION 

Both the PCM67 and PCM69A (SOIC package type) are 
capable of I6-bit L/R serial input and 20-bit L/R parallel input 
as shown in Table 3. 

16-Bit LJA Serial") 
0 18-Bit LJA Serial(l) 

0 1 18-Bit LJA Serial") 
0 1 X 20-Bit LJA Parallel 
0 0 X 20-Bit LJA Parallel [WDCK Invertl 
1 1 X 18-Bit LJA Parallel 

0 X 18-Bit LJA Parallel [WDCK Invertl 

NOTE: (1) Data input to Data-Leh (Pin 17) for LJR serial format. 

TABLE m. Interface Control Function of SOIC. 

PCM67P and PCM69AP (DIP package) have only IS-bit 
L/R serial input function as shown in Table 4. 

MCl DATA-R INPUT FORMAT 

0 0 18-Bit LJA Serial JJilUl'r WDCK 

0 1 18-Bit LJA Serial llBfllB. WDCK 
1 X 18-Bit LJA Parallel 

TABLE IV. Interface Control Function of DIP. 
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DIGITAL FILTER INTERFACE 

16-BII UR Serial-l 

CXD2551 

4FS, 16-Blt Mode 

FIGURE 8_ Using Sony CXD25SL 

16-BII UR Serial - 2 

SM5807 

BCKO f---------1 

xn~-----~ 

LR~~-----~ 

Dour f---------1 

FIGURE 9_ Using NPC SM5807_ 

8.2.74 

PCM67U169AU 

PCM67U169AU 

18-BII UR Parallel 

SM5840 PCM67U169AU - -
~ 

11 DGND 
= 
12 MC2 
= 

DCR 13 Data R-ch 
= 

BCKO 14 BCK 
= 

XTi 15 SYSCLK 
= 

WDCKO 16 WDCK 
= 

DOL 17 Data L-ch 
= 
18 MC3 
= 
19 MC1 
= 
20 +VOD --

18-Blt Mode -Voo 

FIGURE 10. Using NPC SM5840. 

2G-BII UR Parallel 

DF1700 PCM67U169AU 

DORf---------1 

BCKO f---------1 

xn~-----~ 

WDCKO~-----~ 

DOLf---------1 

20-BitMode 

FIGURE 1 L Using Burr-Brown DF1700. 
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THEORY OF OPERATION 
Digital converters in audio systems have traditionally utilized 
a laser-trimmed, current-source DAC architecture. Unfortu
nately, this type of technology suffers from the problems 
inherent in switching widely varying current levels. Design 
improvements have helped, but DACs ofthis type still exhibit 
low-level nonlinearity due to errors at the major carry. 

Recently, DACs employing a different architecture have been 
introduced. Most of these DACs utilize a one-bit DAC with 
"noise shaping" techniques and very high oversampling rate 
to achieve the digital-to-analog conversion. Basically, the 
trade-off is from very accurate but slow current sources to one 
rapidly sampled current source whose average output in the 
audio frequency range is equal to the current desired. Noise 
shaping insures that the "undesirable" frequencies associated 
with one-bit DAC output lie outside the audio range. 

These "Bitstream", "MASH", or one-bit DACs overcome the 
low level linearity problems of conventional DACs, since 
there can be no major carry error. However, this architecture 
exhibits problems of its own: signal-to-noise performance is 
usually worse than a similar conventional DAC, "dither 
noise" may be needed in order to get rid of unwanted tones, a 
separate high-speed clock may be required, the part may show 
sensitivity to clock jitter, and a high-order low-pass filter is 
necessary to filter the DAC output. 

The PCM67/69A is a cross between these two architectures. 
It includes both a conventional laser-trimmed, current-source 
DAC and an advanced one-bit DAC. The conventional DAC 
is a I O-bit DAC where each bit weight has been trimmed to 18-
bit linearity. The one-bit DAC has a weight equal to bit 10 and 
employs a first-order noise shaperto generate the "bitstream." 

weight of bit n is switched in to compensate. This offset comes 
from a one-bit DAC which has also been trimmed to 18-bit 
linearity. While this technique doesn't remove the major carry 
error completely, the "glitch" is only present in higher ampli
tude signals where it is much less audible. 

As for the one-bit DAC, a number of problems with this 
architecture are also reduced: the DAC is designed to operate 
from the system clock, thus eliminating the need for a separate 
clock; the lower quantizing level of the DAC make it less 
sensitive to clock jitter; and output filtering requirements are 
reduced because "out-of-band noise" has smaller amplitude, 
is "farther-out," and increases much more slowly due to the 
first-order noise shapero Still, it is important to keep in mind 
that the one-bit DAC imposes some design considerations. 
Figure 2 shows the THD + N of the converter versus "System 
Clock" frequency. This is the clock used to operate the one-bit 
DAC and noise shapero Generally, the higher the oversampling 
the better. However, near full-scale, the converter is limited by 
other constraints and higher clock frequencies (past 96f,) tend 
to slightly worsen its performance. At low levels, perfor
mance improves almost linearly with increasing clock fre
quency. The one-bit DAC was designed to operate between 
96f, (4X oversampling) and 384f, (16X oversampling). But, 
it can be operated at 48f, (2X oversampling) with slightly 
reduced performance. 

TOTAL HARMONIC DISTORTION + NOISE 

A key specification for audio DACs is usually total harmonic 
distortion plus noise (THD + N). For the PCM67/69A, THD 
+ N is tested in production as shown in Figure 12. Digital data 
words are read into the PCM67/69A at eight times the stan
dard compact disk audio sampling frequency of 44.1kHz 

This approach does not eliminate all the problems associated 
with the two architectures but rather minimizes them as much 
as possible. The conventional DAC still exhibits some major 
carry error which would normally reduce low-level linearity . 
However, to reduce this error even further, the PCM67/69A 
utilizes an offset technique whereby bit n is subtracted from 
the digital input code whenever it is positive (see Figure 1 and 
Table I). When this is done, an offset current equal to the 

(352.8kHz) so that it sine wave output of 991Hz is realiZed ... 
The output of the DAC goes to an I-to-V converter, then to a : 
programmable gain amplifier to provide gain at lower signal 

BURR-BROWNI!I 

output test levels, and then through a 40kHz low pass filter 
before being fed into an analog type distortion analyzer. 
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Use 400Hz High-Pass 
Programmable 

Low-Pass 
Filter and 30kHz Distortion - Gain Amp Filter 
low-Pass Filter Analyzer 40kHz 3rd-Order 
Meter Settings 

OdB to SOdB 
GIC Type 

(Shiba Saku Model 
725 or Equivalent) 

Binary Digital Code Parallel-to-Serial OUT 
l-ta:V - r-- Converter 

Counter (EPROM) Conversion (PCM67/69A) 
OPA627 

t • System Clacl< t J 
I II BftClack 

Word Clacl< 

Sampling Rate = 44_1 kHz x 8 (352.8kHz) 

Timing Output Frequency = 991 Hz 

Logic 

FIGURE 12. PCM67/69A THP+N Production Test. 

PCM67 
or 

PCM69A' 

+ c, 
I'CCi'F 

Vcc---------t---------------*--~ 
(+5V) 

C2 

1100~F 

ClO 

1000pF 

Rs 

2kn 
+5V 

1000pF 

R, 

A,. A,; NJM2100 or LM833 

IOUTR-ch 
2.5V± 1.2V 

C'2 I 2200pF . 
- -

IOUTL-ch 
2.5V±1.2V 

C .. I 2200pF 

- -

FIGURE 13. Single +5V Power Supply, with LPF, IN Amp Application Circuit for Portable Digital Audio. 
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Interleaved 
Digital 
Input 

10PF. 

+5V 

4.7~F +5V +5V 
4.7~F 

+5V t~ 
t7.tkQ .1~ 10~F l~F q: 4.7~F t ~ 

O.l~F t 22 ~ 16 

~ 
28 

6 

5 

tOPF. 

Digital Interface 
Format Receiver 

~A~' BCO 12 , 

UR 15 " 

DA 17 1 

:j 
~8~ 

Yamaha 
YM3623 

DGND AGND 

.. ~ 

I 
100pF 

NOTE: Only left channel shown. 

I'~ 101 RDATA 
'v lt BTCK 

DOR I?" 

BCO r.~" 
LVCOM I2 vi 

~
2SYSCK 

.~ 13 WDCK 

,~ 14 LDATA 

WCKI?" 

DOLI?" 
Uo"'13 ,~I 

Burr-Brown 
DF1700P 

1141,.IRI· 

Burr-Brown 
PCM67P/69AP 

(Note: 16-Pin DIP) 

8 

~10~F 
5kQ 

+15V 4.7~ 

A, to A. = Burr-Brown OPA2604AP 
or NE5532 equivalent. 

~VOUT V Left 

DIGITAL AUDIO PRODUCTS-D/A PCM67/69A 
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BURR - BROWN® 

I lEI lEI I PCM1700U 
PCM1700P 

DEMO BOARD 
AVAILABLE 

See Appendix A 

Dual 18-Bit Monolithic Audio 
DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• DUAL 18-BIT LOW-POWER MONOLITHIC 

AUDIO D/A CONVERTER 

e VERY LOW MAX THD+N: -92dS Without 
External Adjust 

• CO-PHASE, LOW-GLITCH ±3V OR ±670f,lA 
AUDIO OUTPUTS 

• CAPABLE OF 16X PER CHANNEL 
OVERSAMPLING RATE 

• COMPLETE WITH INTERNAL 
REFERENCE 

• SERIAL INPUT FORMAT 100% COMPAT
IBLE WITH INDUSTRY STD PCM56P 

• RUNS ON ±5V SUPPLIES AND 
DISSIPATES 300mW MAX 

• COMPACT 28-PIN PLASTIC DIP 
OR SOIC 

Data Left 0-+-----1 

Clock 

Latch Enable 

Data Right 0-1-----1 

18-Btl 

Serial·to·Paraliel 
Shift Register 

DESCRIPTION 
The PCMl700 is a low cost, high-perfonnance, dual 
18-bit digital-to-analog converter. The PCMl700 fea
tures low glitch, co-phase current and voltage outputs 
and only requires ±5V supplies. The PCMl700 comes 
complete with an internal reference and optional MSB 
adjustability for even greater THD perfonnance. Total 
power dissipation is less than 400m W max. Low 
maximum Total Hannonic Distortion + Noise (-92dB 
max; PCMI700P-K) is 100% tested. The very fast 
PCM1700 is also capable of 16X oversampling rates 
on both channels simultaneously, providing freedom 
in output filter selection. 

The PCMI700 comes in space-saving 28-pin plastic 
DIP and SOIC packages. PCM1700 accepts a serial 
data input fonnat that is compatible with other Burr
Brown PCM products such as the industry standard 
PCM56P. 

MSBAdj Left 

18-Bit 
lOUT DAC 

18-Bit 
lOur DAC 

MSB Adj Right 

lOUT Left SJ 

VOUT Left 

VOUT Right 

lOUT Right SJ 

Intomatlonal Airport Indust~.1 Park • Mailing Address: PO Bo. 11400 Tucson, AZ 85734 Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tol:(520)746·1111 • Twx: 910-952·1111 • Cablo:BBRCORP • Tolo.:066-6491 • FAX: (520) 889·1510 • Immediate Product Info: (800)548-6132 
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SPECIFICATIONS 
ELECTRICAL 
At 25·C, and iVee= ±5.00V unless otherwise noted. Where relevant, specifications apply to both left and right input/output channels. 

-"MI, _I< -"WI 

PARAMETER CONDITIONS MIN TYP 

RESOLUTIOII' 18 

OYNAMIC RANGE +108 

INPUT 

DIGITAL INPUT 
hL 

,I 
Logic Family 
Logic Level: V,H +2 

V" 0 

I'H V,H = +2.7V 

I" V'L = +OAV 
Data Format Serial BTC(1) 
Input Clock Frequency 11.288 20 

DYNAMIC "n .. n .. " I enl" """ 

TOTAL HARMONIC DISTORTION + N(6) 
PCMI700_: 

f = 991 kHz (OdB) fs = 352.8kHz(4) -88 
f = 991 kHz (-20dB) fs = 352.8kHz -74 
fiN = 991 kHz (-80dB) fs = 352.8kHz -34 

PCMI700_-J: 
f = 991 kHz (OdB) fs = 352.8kHz -94 
f = 991 kHz (-20dB) fs = 352.8kHz -76 
f = 991 kHz (-80dB) fs = 352.8kHz -36 

PCMI700_-K: 
f = 991 kHz (OdB) fs = 352.8kHz -98 
f = 991kHz (-20dB) fs = 352.8kHz -80 
f = 991 kHz (-80dB) fs = 352.8kHz -40 

CHANNEL bcr"",,,"u, +96 +108 

SIGNAL-TO· NOISE RATIO!') 20Hz to 20kHz at BPZ(6) +108 

TRANSFER "nAR"" I enl" """ 

ACCURACY 
Gain Error ±1 
Gain Mismatch Channel to Channel il 
Bipolar Zero Error 10 

,," 
MAX UNITS 

Bils 

dB 

+VOD V 
+0.8 V 
+1 ItA 
-50 ~A 

MHz 

-82 dB 
-88 dB 
-28 dB 

-88 dB 
-74 dB 
-34 dB 

-92 dB 
-74 dB 
-34 dB 

dB 0 
dB 0 ...... ,.... 

:= 
±3 % 0 
±3 % a. mV 

BPZ Error Mismatch Channel to Channel 5 mV .. BPZ Differential Linearity Error!') il LSB 
Gain Drift 100 ppm/·C 
Bipolar Zero Drift 20 ppm of FSRf'C 
Warm·up Time 1 minute 

POWER SUPPLY nc~c" IIV" ±VCCtoVOLn +86 dB 

ANALOG OUTPUT 
Voltage: Output Range ±3 V 

Output Impedance 0.1 n 
Current Output ±2 rnA 
Capacitive Load Drive RLOAD = 1.5kn TBD pF 
Short Circuit DUration Indefinite 
Settling TIme Sufficient to Meet THD+N 
Glitch Energ Meets All 

r 
Specs il External T Deglitching 

Current: Output Range (±2%) ±670 ItA 
Output Impedance (±2%) 1.67 kn 

POWER SUPPLY '" 
±V cc Supply Voltage +4.75 +5.00 +5.25 V 
Supply Current: +Icc +Vcc= +5.0V +18 +30 rnA 

-Icc -Vcc=-8·0V -42 -85 rnA 
Power Dissipation ±Vcc= ±5.0V 280 475 mW 

I CMl"c"ATURE RANGE 

Specification 0 +70 ·C 
Operating -30 +70 ·C 
Storage -80 +100 ·C 

NOTES:,(I) Binary Two's Complement coding. (6) Ratio of (DistorllOnRMS + NoiseRMS) / SignaiRMS' (3) D/A converter input frequency/signal level on both left and right 
channels. (4) D/A converter sample frequency (8 X 44.1 kHz; ax oversampling per channel). (5) Ratio of NoiseRMS/ SignaiRMS' Measured using an A-weighted filter. 
(S) Bipolar zero. (7) Differential non-linearity at bipolar major carry input code. Measured in IS-bit LSBs. Adjustable to zero error. 
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For Immediate AssistanceJ Contact Your Local Salesperson 
PIN ASSIGNMENTS (Plastic PKG) 

PIN DESCRIPTION MNEMONIC 

1 -5V Analog Supply -Vee 
2 left Channel Servo-Amp Decoupling Poinl CAP 
3 left Channel MSB Adjustmenl MSB ADJ (l) 
4 No Connect NC 
5 left Channel Bipolar Offsel Decoupling Poinl CAP 
6 . left Channel Current Output 10UT(l) 
7 left Channel Analog Common ACOM 
8 left Channel Summing Junction SJ (l) 
9 left Channel Voltage Output VOUT(l) 
10 No Connect NC 
11 +5V Digital Supply +Voo 
12 left Channel Data Input DATA 
13 Clock Input CLOCK 
14 -'5V logic Supply -Voo 
15 latch Enable Input lE 
16 Right Channel Data Input DATA (R) 
17 Digital Common DCOM 
18 No Connect NC 
19 Right Channel Voltage Output vour (R) 
20 Right Channel Summing Junction SJ (R) 
21 Right Channel Analog Common ACOM 
22 Right Channel Current Output 10UT(R) 
23 Right Channel Bipolar Offset Decoupling Point CAP 
24 Right Channel MSB Adjustment MSB ADJ (R) 
25 Right Channel Servo-Amp Decoupling Point CAP 
26 MSB Adjustment Potentiometer Voltage Output VPOT 
27 +5V Analog Supply +Vee 
28 Digital Common DCOM 

ORDERING INFORMATION 

~()() 

Basic Model Number -==========~·~_JT T P: Plastic U: SOIC-
Performance Grade Code -------'--------'-

ABSOLUTE MAXIMUM RATINGS 

DC Supply Voltages ..................................................................... ±7.5VDC 
Input logic Voltage ................................................................. -tV to + V cc 
Power Dissipation .......................................................................... 500mW 
Operating Temperature ..................................................... -25'C to +70'C 
Storage Temperature ...................................................... -60'C to +1 OO'C 
lead Temperature (soldering, lOs) ................................................ +300'C 

PIN ASSIGNMENTS (SOIC PKG) 

PIN DESCRIPTION MNEMONIC 

9 -'5V Analog Supply -Vee 
10 LEift Channel Servo-Amp Decoupling Point CAP 
11 left Channel MSB Adjustment MSB ADJ (l) 
19 No Connect NC 
12 left Channel Bipolar Offset Decoupling Point CAP 
13 left Channel Current Output lOUT (l) 
14 left Channel Analog Common ACOM 
15 left Channel Summing Junction SJ (l) 
16 left Channel Voltage Output Your (l) 
17 No Connect NC 
18 +5V Digital Supply +VOD 
20 left Channel Data Input DATA 
21 Clock Input CLOCK 
22 -5V logic Supply -Voo 
23 Latch Enable Input lE 
24 Right Channel Data Input DATA(R) 
25 Digital Common DCOM 
26 No Connect NC 
27 Right Channel Voltage Output Your (R) 
28 Right Channel Summing Junction SJ (R) 
1 Right Channel Analog Common ACOM 
2 Right Channel Current Output lOUT (R) 
3 Right Channel Bipolar Offset Decoupling Point CAP 
4 Right Channel MSB Adjustment MSB ADJ (R) 
5 Right Channel Servo-Amp Decoupling Point CAP 
6 MSB Adjustment Potentiometer Voltage Output Vprn 
7 +5V Analog Supply +VOD 
8 Digital Common DCOM 

NOTE: In the SOIC (PCMI700U) package, the die is rotated 90'. Therefore, 
the pin assignments are different from the DIP. See pin assignments on page 
4 for details. 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBERI') 

PCM1700U 28-Pin SOIC 217 
PCMI700U-J 28-Pin SOIC 217 
PCMI700U-K 28-Pin SOIC 217 
PCM1700P 28-Pin Plastic DIP 126 
PCMI700P-J 2B-Pin Plastic DIP 126 
PCMI700P-K 28-Pin Plastic DIP 126 

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

BURR-BROWNe 
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Data Input 

Clock In 

.... > 25ns~ 

LSB 
.... 
.... ---> 15ns >15n5 

Or, Call Customer Service at 1·800·548·6132 (USA Only) 
DIGITAL INPUT 

MSB 
Binary Two's 

Complement (BTC) DAC Output 

lFFFF Hex + FS 

00000 Hex BPZ 

3FFFF Hex BPZ-1LSB 

20000 Hex - FS 

ANALOG OUTPUT 

Voltage (V) Current (rnA) 

VOUT Mode lOUT Mode 

+2.9999nll ...{J.66999489 
0.00000000 0.00000000 

...{J.00002289 +0.00000511 
-3.00000000 +0.67000000 

.... > 25n5 .... -..> 25ns~ 

........-->60n5-..... ~ 
> 15n5 TABLE I. PCM1700 Input/Output Relationships. 

Latch 
Enable .' 

...-- > One Clock Cycle ~ ...--> One Clock Cycle ~ 

FIGURE 1. PCM1700P Setup and Hold Timing Diagram. 

P13 I fl n n n n n n n n n n n n 
(Clock) U U U U I ~ U U U U U U U U L 

PI2~~ 
Data(L)~~ 

MSB LSB 

P16~ 
Data(R)~ 

MSB 

PIS 

(latch l I 
Enable) L.....J'-__ _ 

~ 
LSB 

____ ----'1 L 
FIGURE 2. Timing Diagram. 

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility lor 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 01 the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product lor use in lile support devices andlor systems. 
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For Immediate Assistance, Contact Your Local Salesperson 

+5V~~--~-----------------------------------------, 

+ 

10~F I .--+-----+---------------+---_--1---+---'---+------, 

-Vee DCOM 

CAP +Vcc 

MSB Adj (left) VPOT 

NC CAP 

CAP MSB Adj (Right) 

lOUT (left) CAP 

ACOM(left) lOUT (Right) 

SJ (left) ACOM (Right) 

VOUT (left) SJ (Right) 

NC VOUT (Right) 

+VOD NC 

0.47~F I DATA (left) DCOM 

Clock DATA (Right) 

-Voo lE 

0.47~F I 

FIGURE 3. Voltage Output Connection Diagram (DIP Package Diagram.) 

r---------
+5V ~~----------------------------------------------, I 100k!l 

10~FJCrl_----------~----------------------------~~----~--I~~----~----~ 

1.22!r.n(1) 
BB 

OPA602BP 

O.47~FI 

O.47~F I 

-Vee DCOM 

CAP +Vcc 

MSB Adj (left) VPOT 

NC CAP 

CAP MSB Adj (Right) 

lOUT (left) CAP 

ACOM (left) lOUT (Right) 

SJ(left) ACOM (Right) 

VOUT (Left) SJ (Right) 

NC VOUT (Right) 

+VOD NC 

DATA (left) DCOM 

Clock DATA (Right) 

-Voo lE 

VaUT (l) 

NOTES: 
(1) low TCR resistors 
such as Vishay. 

FIGURE 4. Current Output Connection Diagram (DIP Package Diagram.) 
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BURR· BROWN® 

IElElI PCM1702P 
PCM1702U 

BiCMOS Advanced Sign Magnitude 20-Bit 
DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• ULTRA LOW -96dB max THD+N 

(No External Adjustment Required) 

• NEAR-IDEAL LOW LEVEL OPERATION 

• GLITCH-FREE OUTPUT 

• 120dB SNR TYP (A-Weight Method) 

• INDUSTRY STD SERIAL INPUT FORMAT 

• FAST (200ns) CURRENT OUTPUT 
(±1.2mA) 

• CAPABLE OF 16X OVERSAMPLING 

• COMPLETE WITH REFERENCE 

• LOW POWER (150mW typ) 

Clock 0--- Input Shift Register 
Data 0--- and Control Logic 
LEO---L-________________ ~ 

DCOM 0-
ACOM 0-

+Vcc 0--.
-Vee 0--

Reference 
and 

Servo 

RFDC SERVDC 

DESCRIPTION 
The PCM1702 is a precision 20-bit digital-to-analog 
converter with ultra-low distortion (-96dB typ with a 
full scale output). Incorporated into the PCM1702 is 
an advanced sign magnitude architecture that elimi
nates unwanted glitches and other nonlinearities around 
bipolar zero. The PCM1702 also features a very low 
noise (120dB typ SNR: A-weighted method) and fast 
settling current output (200ns typ, 1.2mA step) which 
is capable of 16X oversampling rates. 

Applications include very low distortion frequency 
synthesis and high-end consumer and professional 
digital audio applications. 

Balanced Current 
Segment DAC A 

Balanced Current 
Segment DAC B 

Bipolar Offset 

BPODC 

>-------+-----0 lOUT 

Intomatlonal Airport Industrial Pari< • Mailing Address: PO Bo. t 1400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tol: (520) 746·1111 • Twx: 91D-952·1111 • C8ble:BBRCORP • Tolo.:066-6491 • FAX: (520) 889-1510 • Immodlato Producl Info: (800) 54U132 
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For Immediate Assistance, Coatael Your Local Salesperson 
SPECIFICATIONS 
All specifications at 25·C, ±Vcc and +VDD = ±5V unless otherwise noted. 

PCM1702PIU, ..J, -K 

PARAMETER CONDtTIONS MIN TYP 

RESOLUTION 20 

DYNAMIC RANGE, THD + N at -60dB Referred to Full Scale, with A-weight tl0 

DIGITAL INPUT 
Logic Family TTUCMOS Compatible 
Logic Level: VIH +2.4 

I I 
VIL 0 
IIH V1H = +VOD 

IlL VIL = OV 
Data Format Serial, MSB First, BTC(') 
Input Clock Frequency 12.5 

TOTAL HARMONIC DISTORTION + N(') 
P/U Vo = OdB fs = 352.8kHz(3), f '" 1 002Hz(4) -92 

Vo = -20dB fs = 352.8kHz(3), f = 1002Hz(4) -B2 
Vo = -BOdB fs = 352.8kHz(3), f = 1002Hz(4) -46 

P/U, -J Vo = OdB fs = 352.8kHz(3), f = 1002Hz(4) -96 
Vo = -20dB fs = 352.8kHz(3); f = 1002Hz(4) -83 
Vo = -60dB fs = 352.8kHz(3), f = 1002Hz(4) -48 

P/U, -K Vo = OdB fs = 352.8kHz(3), f = 1002Hz(4) -100 
Vo = -20dB ., fs = 352.8kHz(3), f = 1002Hz(4) -84 
Vo = -BOdB fs = 352.8kHz(3), f = 1002Hz(4) -50 

ACCURACY 
Level Linearity At -90dB Signal Level ±D.5 
Gain Error ±D.5 
Bipolar Zero Error(5) iO.25. 
Gain Drift O·C to 70·C ±25 
Bipolar Zero Drift O·C to 70·C is 
Warm-up Time 1 

IDLE CHANNEL SNR(6) Bipolar Zero, A-weighted Finer 110 120 

ANALOG OUTPUT 
Output Range ±1.2 
Output Impedance 1.0 
Settling Time (±0.0030/0 of FSR, 1.2mA Step) 200 
Glitch Energy No Glitch Around Zero 

POWER SUPPLY REQUIREMENTS 
Supply Voltage Range: +Vcc = +VDD +4.75 +5.00 

-Vee = -VOD -4.75 -5:00 
Combined Supply Current: +Icc +Vcc = +VOD = +5V +5.00 
Combined Supply Current: -Icc -Vcc = -VDD = -5V -25.00 
Power Dissipation ±Vcc = iVOD = i5V 150 

TEMPERATURE RANGE 
Operating -25 
Storage -55 

MAX UNITS 

Bits 

dB 

+VOD V 
0.8 V 
itO I1A 
itO I1A 

20.0 MHz 

-B8 dB 
-74 dB 
-40 dB 
-92 dB 
-76 dB 
-42 dB 
-96 dB 
-BO dB 
-44 dB 

dB 
±3 0/0 

0/0 
ppm of FSRI·C 
ppm of FSR/·C 

minute 

dB 

rnA 
kll 
ns 

+5.25 V 
-5.25 V 
+9.0 rnA 

-41.0 rnA 
250 mW 

+85 ·C 
+t25 ·C 

NOTES: (1) Binary Two's Complement coding. (2) Rallo of (DlstortionRMs + NOlseRMS)/SlgnaIRMS' (3) D/A converter sample frequency (8 x 44.1kHz; 8x 
oversampllng). (4) D/A converter output frequency (signal level). (5) Offset error at bipolar zero. (6) Measured using an OPA627 and 5kn feedback and an A
weighted filter. 

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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Or, Call Customer Service at 1·800·548·6132 (USA Only) 
ABSOLUTE MAXIMUM RATINGS (DIP Package) 

Power Supply Voltage .................................................................. ±6.5VDC 
Input Logic Voltage ........................................... DGND-O.3V-+Voo+0.3V 
Operaling Temperature .......•............................................. -25°C to +85°C 
Storage Temperature ...................................................... -55°C to + 125°C 
Power Dissipation .......................................................................... 500mW 
Lead Temperature (soldering, lOs) .................................................. 260°C 

PIN ASSIGNMENTS (DIP Package) 

PIN MNEMONIC PIN MNEMONIC 

1 DATA 9 +Vcc 
2 CLOCK 10 BPO DC 
3 +VOD 11 lOUT 
4 DCOM 12 ACOM 
5 -Voo 13 ACOM 
6 LE 14 SERV DC 
7 NC 15 REF DC 
8 NC 16 -Vee 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER(1) 

PCM1702P 16-Pin Plastic DIP 180 
PCM1702U 20-Pin Plastic SOP 248 

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

CONNECTION DIAGRAM 

ABSOLUTE MAXIMUM RATINGS (SOP Package) 

Power Supply Voltage .................................................................. ±6.5VDC 
Input Logic Voltage ........................................... DGND-o.3V-+Voo+0.3V 
Operating Temperature ..................................................... -25°C to +85°C 
Storage Temperature ...................................................... -55°C to + 125°C 
Power Dissipation .......................................................................... 300mW 
Lead Temperature (soldering, 5s) .................................................... 260°C 

PIN ASSIGNMENTS (SOP Package) 

PIN MNEMONIC PIN MNEMONIC 

1 DATA 11 +Vcc 
2 CLOCK 12 BPO DC 
3 NC 13 NC 
4 +VOD 14 lOUT 
5 DCOM 15 ACOM 
6 -Vee 16 ACOM 
7 LE 17 SERV DC 
8 NC 18 NC 
9 NC 19 RFE DC 
10 NC 20 -Vee 

GRADE MARKING (SOP Package) 
MODEL PACKAGE 

PCM1702U Marked PCM1702. 
PCM1702U-J Marked with white dot by pin 10. 
PCM1702U-K Marked with red dot by pin 10. 

)--+----,>---- ... fN Vee 
+ 100~F 

47~F 

}-----~+~ 
+5V Vee -::-

o =sop 

D = DIP 
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For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES 
All specifications at 25°C, ±VA and ±Vo = ±S.OV unless otherwise noted. 
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THEORY OF OPERATION DISCUSSION OF 
ADVANCED SIGN MAGNITUDE SPECIFICATIONS 
Digital audio systems have traditionally used laser-trimmed, 
current-source DACs in order to achieve sufficient accuracy. 
However, even the best of these suffer from potential low
level nonlinearity due to errors at the major carry bipolar 
zero transition. More recently, DACs employing a different 
architecture which utilizes noise shaping techniques and 
very high over-sampling frequencies, have been introduced 
("Bitstream", "MASH", or I-bit DAC). These DACs over
come the low level linearity problem, but only at the expense 
of signal-to-noise performance, and often to the detriment of 
channel separation and intermodulation distortion if the 
succeeding circuitry is not carefully designed. 

The PCMl702 is a new solution to the problem. It combines 
all the advantages of a conventional DAC (excellent full 
scale performance, high signal-to-noise ratio and ease of 
use) with superior low-level performance. Two DACs are 
combined in a complementary arrangement to produce an 
extremely linear output. The two DACs share a common 
reference, and a common R-2R ladder for bit current sources 
by dual balanced current segments to ensure perfect tracking 
under all conditions. By interleaving the individual bits of 
each DAC and employing precise laser trimming of resis
tors, the highly accurate match required between DACs is 
achieved. 

This new, complementary linear or advanced sign magni
tude approach, which steps away from zero with small steps 
in both directions, avoids any glitching or "large" linearity 
errors and provides an absolute current output. The low level 
performance of the PCM1702 is such that real 20-bit reso
lution can be realized, especially around the critical bipolar 
zero point. 

DYNAMIC SPECIFICATIONS 
Total Harmonic Distortion + Noise 
The key specifications for the PCM 1702 is total harmonic 
distortion plus noise (THD+N). 

Digital data words are read into the PCM 1702 at eight times 
the standard compact disk audio sampling frequency of 
44.1kHz (352.8kHz) so that a sine wave output of 1002Hz 
is realized. 

For production testing, the output of the DAC goes to an 
I to V converter, then through a 40kHz low pass filter, and 
then to a programmable gain amplifier to provide gain at 
lower signal output test levels before being fed into an 
analog-type distortion analyzer. Figure I shows a block 
diagram of the production THD+N test setup. 

For the audio bandwidth, THD+N of the PCMl702 is 
essentially flat for all frequencies. The typical performance 
curve, "THD+N vs Frequency", shows four different output 
signal levels: OdB, -20dB, -40dB, and -{iOdB. The test 
signals are derived from a special compact test disk (the 
CBS CD-I). It is interesting to note that the -20dB signal 
falls only about lOdB below the full scale signal instead of 
the expected 2adB. This is primarily due to the superior low 
level signal performance of the advanced sign magnitude 
architecture of the PCM1702. 

In terms of signal measurement, THD+N is the ratio of 
DistortionRMs + Nois~MsI SignaiRMS expressed in dB. For the 
PCM1702, THD+N is 100% tested at all three specified 
output levels using the test setup shown in Figure I. It is 
significant to note that this test setup does not include any 
output deglitching circuitry. All specifications are achieved 

,.. 
:!: 
o 
Il. 

Table 1 shows the conversion made by the internal logic of 
the PCMl702 from binary two's complement (BTC). Also, 
the resulting internal codes to the upper and lower DACs 
(see front page block diagram) are listed. Notice that only 
the LSB portions of either internal DAC are changing 
around bipolar zero. This accounts for the superlative per
formance of the PCMI702 in this area of operation. 

without the use of external deglitchers. ' 

Dynamic Range ~ 
Dynamic range in audio converters is specified as the mea-~ 

INPUT CODE 

ANALOG OUTPUT (20-bit Binary Two's Complement) 

+Full Scale 011...111 

+Full Scale -1 LSB 011 ... 110 
Bipolar Zero +2LSB 000 .. .Q10 
Bipolar Zero +1 LSB 000 ... 001 
Bipolar Zero 000 ... 000 
Bipolar Zero -1 LSB 111...111 
Bipolar Zero -2LSB 111...110 
-Full Scale +LSB 100 ... 001 
-Full Scale 100 ... 000 

sure of THD+N at an effective output signal level of -{iOdB 
referred to OdB. Resolution is commonly used as a theoreti
cal measure of dynamic range, but it does not take into 
account the effects of distortion and noise at low signal 
levels. The advanced sign magnitude architecture of the 
PCM1702, with its ideal performance around bipolar zero, 
provides a more usable dynamic range, even using the strict 
audio definition, than any previously available D/ A con-
verter. 

LOWER DAC CODE UPPER DAC CODE 

(19-bit Straight Binary) (19-bit Straight Binary) 

111 ... 111+1LSB'" 111...111 

111...111+1LSB'" 111...110 

111 ... 111+1LSB'" 000 ... 010 

111...111+1 LSB'o) 000 ... 001 

111...111+1 LSB'" 000 ... 000 
111...111 000 ... 000 

111...110 000 ... 000 
000 ... 001 000 ... 000 

000 ... 000 000 ... 000 

NOTE: (1) The extra weight of 1 LSB is added at this point to make the transfer function symmetrical around bipolar zero. 

TABLE I. Binary Two's Complement to Sign Magnitude Conversion Chart. 
BURR-BROWN@ 
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Use 400Hz High-Pass 
Programmable Low-Pass Filter Filter and 30kHz Distortion 

Low-Pass Filter Analyzer f--- Gain Amp I--- 40kHz 3rd Order 

Meter Settings OdBta BOdB GICType 

(Shiba Saku Model 
725 or Equivalent) 

Binary Oigttal Code DATA Parallel-to-Serial OUT ItaV 

I--- I-- I-- Converter Counter (EPROM) Conversion (PCM1702) - OPA627 

t 
I I I 
Timing 
Logic· 

FIGURE 1. Production THD+N Test Setup. 

Level Linearity 
Deviation from ideal versus actual signal level is sometimes 
called "level linearity" in digital audio converter testing. See 
the "-90dB Signal Spectrum" plot in the Typical Perfor
mance Curves section for the power spectrum of a PCM1702 
at a -90dB output level. (The "-90dB Signal" plot shows the 
actual-90dB output of the DAC). The deviation from ideal 
for PCM1702 at this signal level is typically less than 
±0.3dB. For the "-llOdB Signal" plot in the Typical Perfor
mance Curves section, true 20-bit digital code is used to 
generate a -llOdB output signal. 

This type of perfonnance is possible only with the low
noise, near-theoretical perfonnance around bipolar zero of 
the PCM1702 advanced sign magnitude. 

A commonly tested digital audio parameter is the amount of 
deviation from ideal of a 1kHz signal when its amplitude is 
decreased fonn -60dB to -120dB. A digitally dithered input 
signal is applied to reach effective output .levels of 
-120dB using only the available 16-bit code from a special 
compact disk test input. See the "16-bit Level Linearity" plot 
in the Typical Perfonnance Curves section for the results of 
a PCMl702 tested using this 16-bit dithered fade-to-noise 
signal. Note the very small deviation from ideal as the signal 
goes from -60dB to -IOOdB. 

DC SPECIFICATION 

Idle Channel SNR 
Another appropriate specification for a digital audio con
verter is· idle channel signal-to-noise ratio (idle channel 
SNR). This is the ratio of noise on the DAC output at bipolar 
zero in relation to the full scale range of the DAC. To make 
this measurement, the digital input is continuously fed the 
code for bipolar zero, while the output of the DAC is band
limited from 20Hz to 20kHz and an A-weighted filter is 
applied. The idle channel SNR for the PCM1702 is typically 
greater than l20dB, making it ideal for low-noise applica
tions. 

t 
CLOCK f 

LE (Latch Enable) 

Sampling Rate = 44.1 kHz x 8(352.8kHz) 
Output Frequency = 1002Hz 

Monotonicity 
Because of the unique advanced sign magnitude architecture 
of the PCM1702, increasing values of digital input will 
always result in increasing values of DAC output as the 
signal moves away from bipolar zero in one-LSB steps (in 
either direction). The "16-bit Monotonicity" plot in the 
Typical Perfonnance Curves section was generated using 
l6-bit digital code from a test compact disk. The test starts 
with 10 periods of bipolar zero. Next are 10 periods of 
alternating ILSBs above and below. zero, and then 10 
periods of alternating 2LSBs above and below zero, and so 
on until IOLSBs above and below zero are reached. The 
signal pattern then begins again at bipolar zero. 

With PCM1702, the low-noise steps are clearly defined and 
increase in near-perfect proportion. This perfonnance' is 
achieved .without any external adjustments. By contrast, 
sigma-delta ("Bit-stream~', "MASH", or I-bit DAC) archi
tectures are too noisy to even see the first 3 or 4 bits change 
(at 16 bits), other than by a change in the noise level. 

Absolute Linearity 
Even though absolute integral and differential linearity specs 
are not given for the PCM1702, the extremely low THD+N 
perfonnance is typically indicative of l7-bit integral linearity 
in the DAC. The relationship between THD+N and linearity, 
however, is not such that an absolute linearity specification 
for every individual output code can be guaranteed. 

Offset, Gain, and Temperature Drift 
Although the PCM1702 is primarily meant for use in dy
namic applications, specifications are also given for more 
traditional DC parameters such as gain error, bipolar zero 
offset error, and temperature gain and offset drift. 

DIGITAL INPUT 

Timing Considerations 
The PCMl702 accepts TTL compatible logic input levels. 
The data fOimat of the PCM1702 is binary two's comple
ment (BTC) with the most significant bit (MSB) being first 
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in the serial input bit stream. Table II describes the exact 
relationship of input data to voltage output coding. Any 
number of bits can precede the 20 bits to be loaded, since 
only the last 20 will be transferred to the parallel DAC 
register after Latch Enable (Pin6 <PCMI702P>, Pin7 
<PCMI702U>, LE) has gone low. 

All DAC serial input data (Pinl, DATA) bit transfers are 
triggered on positive clock (Pin2, CLOCK), edges. The 
serial-to-parallel data transfer to the DAC occurs on the 
falling edge of Latch Enable. The change in the output of the 
DAC occurs at a rising edge of the 4th clock of the CLOCK 
after the falling edge of Latch Enable. Refer to Figure 2 for 
graphical relationships of these signals. 

Maximum Clock Rate 
A typical clock rate of l6.9MHz for the PCMI702 is derived 
by multiplying the standard audio sample rate of 44. 1kHz by 
sixteen times (l6X over-sampling) the standard audio word 
bit length of 24 bits (44.1kHz x 16 x 24 = 16.9MHz). Note 
that this clock rate accommodates a 24-bit word length, even 
though only 20 bits are actually being used. The setup and 
hold timing relationships are shown in Figure 3. 

"Stopped Clock" Operation 
The PCM1702 is normally operated with a continuous clock 
input signal. If the clock is to be stopped between input data 
words, the last 20 bits shifted in are not actually shifted from 
the serial register to the latched parallel DAC register until 
Latch Enable goes low. Latch Enable must remain low until 
after the fIrst clock cycle of the next' data word to insure 
proper DAC operation. In any case, the setup and hold times 
for Data and LE must be observed as shown in Figure 3. 

DIGITAL INPUT ANALOG OUTPUT CURRENT OUTPUT 

1,048,S76LSBs Full Scale Range 2.40000000mA 
1LSB NA 2.288820S4nA 
7FFFFHEX +Full Scale -1.19999771 rnA 
OOOOOHEX Bipolar Zero -1 LSB O.OOOOOOOOmA 
80000HEX -Full Scale + 1.20000000mA 

TABLE II. Digital Input/Output Relationships. 

Clock 1JLJlJlfl 
I • 

INSTALLATION 
POWER SUPPLIES 
Refer to CONNECTION DIAGRAM for proper connection 
of the PCM1702. The PCM1702 only requires a ±5V sup
ply. Both positive supplies should be tied together at a single 
point. Similarly, both negative supplies should be connected 
together. No real advantage is gained by using separate 
analog and digital supplies. It is more important that both 
these supplies be as "clean" as possible to reduce coupling 
of supply noise to the output. Power supply decoupling 
capacitors should be used at each supply pin to maximize 
power supply rejection, as shown in CONNECTION DIA
GRAM regardless of how good the supplies are. Both 
commons should be connected to an analog ground plane as 
close to the PCM1702 as possible. 

FILTER CAPACITOR REQUIREMENTS 
As shown in CONNECTION DIAGRAM, various size 
decoupling capacitors can be used, with no special tolerances 
being required. The size of the offset decoupling capacitor is 
not critical either, with larger values (up to 100iJP) giving 
slightly better SNRreadings. All capacitors should be as close 
to the appropriate pins of the PCM1702 as possible to reduce 
noise pickup from surrounding circuitry. 

~_>4ons_1 
Data Input ~S:2:::' X'-__ M_SB ______ > 

> 15n5 > 15n5 

Clock 
Input ~> 20n5 ........ > 20n5 ..... 

> ISns 

Enable " .-.-> 15ns~ " 
Latch [ •. 

- ~ > One Clock Cycle -..- -.- > One Clock Cycle ____ 

FIGURE 3. Setup and Hold Timing Diagram. 

Data~~ 
MSB I LSB 

Latch l ,----------. 
Enable I' ____ ---'1 L 

____ ~X~ __________ N-l ________ ~X~ ____ _ 
NOTES: (1) If clock is stopped between input of 20-bit data words, "Latch" Enable (LE) must remain low until after lhe first clock cycle of the next 20-bit data 
word stream. (2) Data format is binary two's complement (BTC). Individual data bits are clocked in on the corresponding positive clock edge. (3) Latch Enable 
(LE) must remain low at least one clock cycle after going negative. (4) Latch Enable (LE) must be high for at leasl one clock cycle before going negative. (5) 
lOUT changes on positive going edge of the 4th clock after negative going edge of Latch Enable (LE)_ 

FIGURE 2. Timing Diagram. 
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BURR-BROWN® 

IElElI PCM1710U 

'm ~~~N Stereo Audio 
DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• COMPLETE STEREO DAC: 

8X Oversampling Digital Filter 
Multi-Level Delta-Sigma DAC 
Analog Low Pass Filter 
Output Amplifier 

• HIGH PERFORMANCE: 
-92dB THD+N 
98dB Dynamic Range 
110dB SNR 

• ACCEPTS 16 OR 20 BITS INPUT DATA 

• SYSTEM CLOCK: 256fs or 384fs 

• SINGLE +5V POWER SUPPLY 

• ON-CHIP DIGITAL FILTER: 
Soft Mute and Attenuator 
Digital De-emphasis 
Double-Speed Dubbing Mode 

• SMALL 28-PIN SOIC PACKAGE 

Input Intertace 
and Oversampling 

Digitalin AHentuator Digital Fitter 

ModeConlrol System Clock 

4th·Order 
Mulli·Level 

Della 
Sigma 

DESCRIPTION 
The PCMl710 is a complete stereo audio digital-to
analog converter, including digital interpolation filter, 
delta-sigma DAC, and analog voltage output. PCMl710 
can accept either 16-bit nonnal or 20-Bit nonnal input 
data (MSB first, right justified), or 16-bit lIS data 
(32-bits per word, continuous clock). 

The digital filter perfonns an 8X interpolation func
tion, as well as special functions such as soft mute, 
digital attenuation, de-emphasis and double-speed 
dubbing. Perfonnance of the digital feature is excel
lent, featuring -62dB stop band attenuation and 
±O.008dB ripple in the pass band. 

PCMI710 is suitable for a wide variety of consumer 
applications where good perfonnance is required. 
Its low cost, small size and single + 5V power supply 
make it ideal for automotive CD players, bookshelf 
CD players, BS tuners, keyboards, MPEG audio, 
MIDI applications, set-top boxes, CD-ROM drives, 
CD-Interactive and CD-Karaoke systems. 

B Low·Pass Oulpul f-o 
Filter --7 DpAmp 

.n 

LchOUT 

RchOUT 

Intematlonal Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 746-1111 • Twx: 910-952·1111 • cable: BBRCORP • Telex: 066-6491 • FAX: (520) 889·1510 • Immediate Product Info: (800) 54M132 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS 
All specifications at +25·C, +Vcc = +VDD = +5V, Is = 44.1kHz, ISys = 384/2561s, and 16·bit data, unless otherwise noted. 

PCM1710U , 

PARAMETER CONDITIONS MIN TYP 

RESOLUTION 16 

DIGITAL INPUT 
Lngic Family 
Inpul Logic Level (except XTI) 

V'H 2.0 

V" 
Input.Logic Current (except XTI) 
Input Logic Level (XTI) 

V'H 3.2 

V" 
Input Logic Current (XTI) 
Output Lngic Level (CLKO): 

VOH 4.5 
VOL 

Output Logic Current (CLKO) ±10 
Data Format Normal (16120·bit)IIIS (16·bit) selectable 
Sampling Frequency 32 44.1 
System Clock Frequency 3841s 12.288 16.934 
System Clock Frequency 2561s 8.192 11.2894 

DC ACCURACY 
Gain Error ±1.0 
Gain Mis·Match Channel-To-Channel ±1.0 
Bipolar Zero Error Vo = 1/2V cc at Bipolar Zero ±20.0 
Gain Drill ±SO 
Bipolar Gain Drill ±20 

DYNAMIC PERFORMANCEI1) 
THD+N at FIS (OdB)12) f'N= 991kHz -92 
THD+N at -60fdBI2) . f'N = 991 kHz --36 
Dynamic Range EIAJ A-weighted 98 
SIN Ratio EIAJ A-weighted 104 110 
Channel Separation 90 94 

DIGITAL FlL TER PERFORMANCE 
Pass Band Ripple Normal Mode 
Pass Band Ripple Double Speed Mode 
Stop Band Attenuation Normal Mode -62 
Stop Band Attenuation Double Speed Mode -58 
Pass Band Normal Mode 
Pass Band Double Speed Mode 
StopBand Normal Mode 
StopBand Double Speed Mode 
De-emphasis Error (fs 32kHz - 48kHz) ...(J.05 

ANALOG OUTPUT 
Voltage Range 3.2 
Load Impedanoe 5 
Center Voltage +l12Vcc 

POWER SUPPLY REQUIREMENTS 
Voltage Range: +Vcc +4.5 +5.0 

+VOD +4.5 +5.0 
Supply Current (+lcO> + (+100) 45 

TEMPERATURE RANGE 
Operation -25 

I Storage -55 

MAX UNITS 

20 Bits 

VDC 
0.8 VDC 

-200 /lA 

VDC 
1.4 VDC 
±SO I1A 

VDC 
0.5 VDC 

mA 

48 kHz 
18.432 MHz 
12.288 MHz 

±S.O %oIFSR 
±5.0 %oIFSR 

mV 
ppm of FSRI"C 
ppm of FSRI"C 

-98 dB 
--32 dB 

dB 
dB 
dB 

±0.008 dB 
±0.OI8 dB 

dB 
dB 

0.4535 fs 
0.4535 fs 
0.5465 Is 
0.5465 fs 
+0.03 dB 

V»-p 
kQ 

V 

+5.5 VDC 
+5.5 VDC 
70 mA 

+85 ·C 
+100 

NOTE: (I) Dynamic performance specs are tested with external 20kHz low pass filter. (2) 30kHz LPF, 400Hz HPF, Average Mode. Shibusoku #725 THD Meter. 

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 notioe. 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 devioes andlor systems. 
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PIN ASSIGNMENTS 

PIN NAME NUMBER FUNCTION 

Input Interface Pins 
LRCIN I 1 I Sample Rate Clock Input. Controls the update rate (fs). 

OlN 2 Serial Data Input. MSB first. right justified format contains a frame of 16-bit or 20-bit data. 

BCKIN 3 Bit Clock Input. Clocks in the data present on DIN input. 

Mode Controls and Clock Signals 
CLKO 4 Buffered Output of Oscillator. Equivalent to fs. 

XTI 5 Oscillator Input (External Clock Input). For an internal clock. tie XTI to one side of the crystal oscillator. For an external clock. 
tie XTI to the output of the chosen external clock. 

XTO 6 Oscillator Output. When using the internal clock. tie to the oppOSite side (from pin 5) of the crystal oscillator. When using an 
external clock. leave XTO open. 

CKSL 23 System Clock Select. For 384f8. tie CKSL "High". For 256fs. tie CKSL "Low". 

MODE 24 Operation Mode Select. For serial mode. tie MODE "High". For parallel mode. tie MODE "Low". 

MUTE 25 Mute Control. To disable soft mute. tie MUTE "High". To enable soft mute. tie MUTE "Low". 

MDIDM1 26 Mode Control for Data/De-emphasis. See "Mode Control Functions" on page 11. 

MC/DM2 27 Mode Control for BCKIN/De-emphasis. See "Mode Control Functions· on page 11. 

MUDSD 28 Mode Control for WDCKlDouble speed dubbing. See "Mode Control Functions" on page 11. 

Analog Functions 

VOUTR I 13 
VOUTL 16 

I Right Channel Analog Output. 

Left Channel Analog Oulpu!. 

Power Supply Connections 
DGND 7.22 Digital Ground. 

Voo 8.21 Digilal Power Supply (+5V). 

Vcc2R 9 Analog Power Supply (+5V). Right Channel DAC. 

AGND2R 10 Analog Ground (DAC). Right Channel. 

EXT1R 11 Output Amplifier Common. Right Channel. Bypass 10 ground with a 1O"F capaCitor. 

EXT2R 12 Output Amplifier Bias. Right Channel. Connect to EXT1 R. 
AGND 14 Analog Ground. 

Vee 15 Analog Power Supply (+5V). 

EXT2L 17 Output Amplifier Bias. Left Channel. Connect to EXT1 L. 

EXT1L 18 Output Amplifier Common. Left Channel. Bypass 10 ground with a 10"F capacitor. 

AGND2L 19 Analog Ground (DAC). Left Channel. 

Vcc2L 20 Analog Power Supply (+5V). Left Channel DAC. 

ABSOLUTE MAXIMUM RATINGS PACKAGE INFORMATION 

Power Supply Voltages ................................................................ ±6.5VDC 
+Vcc to Voo Voltage .......................................................................... ±C.1V MODEL PACKAGE 
Input Logic Voltage ..................................................... -{l.3V to Voo +0.3V 
Power Dissipation .......................................................................... 400mW 
Operating Temperalure Range ......................................... -25'C to +85'C 
Siorage Temperature Range .......................................... -55'C to + 125'C 
Lead Temperalure (soldering. 5s) ................................................. +260'C 

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

LRCIN 

DIN 

BCKIN 

CLKO 

XTI 

XTO 

DGND 

Voo 

Vcc2R 

AGND2R 

EXT1R 

EXT2R 

VouTR 

AGNDl 

CONNECTION DIAGRAM 

Serial j 
Data Input(2) 

Reh OUT 

Output 
Amplifier 

Right 

MUDSD 

MC/DM2 

MD/DMl 

MUTE 

MODE 

CKSL 

DGND 

Voo 

Vee2L 

AGND2L 

EXT1L 

EXT2L 

VOUTL 

Veel 

Mode Control!') 

Lch OUT 

L-______________________________________________ ~~+5V 

NOTES: (1) Bypass Capacitor :l~F -10~F. 
(2) Input pins require pull-up resistors. (3) Mode 
control pins require pull-up resistors. 

8.2.94 

Power Supply 

BURR - BROWNe 

Burr-Brown Ie Data Book--Mixed Signal Products 1E9E91 



Or, Call Customer Service at 1·800·548·6132 (USA Only) 
DATA INPUT TIMING 

1----------11/8---------1 

-Left-channel Data__ - Righi-channel Data_ 

MSB LSB MSB LSB 
DIN ~ ~ ~ J~]~: ~ ~ ~ ~ 16 ~ ~ ~ ~ I~I~~L ~ ~ -14 

II III II~ 
BCKIN:~:~~===_ .. _======rrn=== 

LRCIN .---------------4 

FIGURE L Normal Format, 16-Bit (LRCIN H: Lch). 

f-ol·>----------1f/8--------~ 

-Left-channel Data__ - Righi-channel Data_ 

MSB LSB MSB LSB 
DIN ~~=I~EL=== 20 ====IQ~T==~-'--r--'---r-'---r-f 

I I I I I I I 
BCKIN ====~===_ - _======rrn=== 

LRCIN ----------------4 

FIGURE 2. Normal Format, 20-Bit (LRCIN H: Lch). 

1-----------11/8---------

-Left-channel Data---J 

DIN 

BCKIN 

LRCIN - -------------, 

FIGURE 3. lIS Format, (16-Bit, 32 BCKIN Clock Cycles Per fs Interval). 
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BCKIN -.{ \ -r , 
, .. 

IOCWH 
• i' 

IBCW\. 
. , , , ,,, 

lacv 
.. , 

* 
, 

DIN 
, 

: ~ , IDH 
• I. , IDS 

lOL .. ' .. ILO , ,,, , . , 
LRCIN >K , 

FIGURE 4. Data Input Timing. 

MC 

MD 

ML 

----~/ \~--~{ 
,---..,....---... ~I II • I 

tMCWH , 4.lOW1. I , 
'" lMeV 

--------~------~)(~-------~-------
IlL' II . , 

:~CSI :tMCH : 
~I ,~I 

\~--~!~~~----
~---..,....--~:,~ , 

IMLV 

, , 
:----tR----: '-_______ 2.0V 

MC.MD,ML 

FIGURE 5. Serial Mode Control Timing. 

BCK Pulsewidlh (H Level) tecWH 70ns (min) 
BCK Pulsewldlh (L Level) - IBCW\. 70ns (min) 
BCK Pulse Cycle Time IBCy 140ns (min) 
DIN Selup Time los 30ns (min) 
DIN Hold Time IDH 30ns (min) 
BCK Rising Edge - LRCI Edge IaL 30ns (min) 
LRC I Edge - BCK Rising Edge Ics 30ns (min) 

TABLE I. Data Input Timing Specifications (Refer to 
Figure 4). 

___ 0.8V 

MC Pulsewidlh (H Level) tMCWH SOns (min) 
MC Pulsewidth (L Level) 1u0W\. SOns (min) 
MC Pulse Cycle Time tMCY lOOns (min) 
MD Setup Time '-ts 30ns (min) 
MD Hold Time "'" 30ns (min) 
ML Selup Time '-tcs 30ns (min) 
ML Hold Time '-tCH 30ns (min) 
ML Low-Level Time tMLy lIsysclk + 20ns (min) 
MC, MD, ML Rise Time IR 15ns (max) 
MC, MD, ML Fall Time IF 15ns (max) 

TABLE II. Serial Mode Control Timing Specifications 
(Refer to Figure 5). 
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TYPICAL PERFORMANCE CURVES 
All specifications at +25°C, +Vcc = + Voo + 5V, fs = 44.1 kHz, fsys = 384/256fs, and 16-bit data, unless otherwise noted. 

DIGITAL FILTER 

OVERALL FREQUENCY CHARACTERISTIC 
NORMAL MODE (De-emphasis: OFF) 

PASSBAND RIPPLE CHARACTERISTIC 
NORMAL MODE (De-emphasis: OFF) 

0 

-20 

-40 

-60 
ED 
'0 

-60 

-100 

-120 

-140 
0 D _ ~ ~ 1_1D1_1~1~ 

Frequency (Hz) 

'll 

-0.03 

-0.035 

-0.04 

-0.045 

-0.05 
0 5k 10k 

Frequency (Hz) 

15k 20k 

OVERALL FREQUENCY CHARACTERISTIC 
DOUBLE-SPEED MODE (De-emphasis: OFF) 

PASSBAND RIPPLE FREQUENCY CHARACTERISTIC 
DOUBLE-SPEED MODE (De-emphasis: OFF) 

1\ 
-0.02 

-20 

-40 

ED 
'-60 

'0 

-80 

-100 

-120 

~~~ \f \ 
~ I 

I In 

:f\ " 

\/ ~ V\ '- V \/ 
Ilf\ 

V\ 
~ 

-0.03 

~ -0.04 

-0.05 

o .... ..... .... :a: 
o 
Il. 

-140 
o D _ ~ ~ 1_1D1_1~1~ 

Frequency (Hz) 

-0.06 
o 10k 15k 20k 25k 30k 35k 

Frequency (Hz) 

5k 40kEII 

0 

-2 

-4 

'\ 
\ 

ED -6 '0 

-8 

'-10 

-12 

DE-EMPHASIS CHARACTERISTIC 
DOUBLE-SPEED MODE 

~ 

"" """--- - r....... 

\ 
o 10k 20k 30k 40k 

Frequency (Hz) 

BURR-BROWN<!I ' 

DE-EMPHASIS CHARACTERISTIC, NORMAL MODE 
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For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES (CONT) 
At TA = +25"C, Vs = ±5V, RL = 1000, CL = 2pF, and RFs = 4020, unless otherwise noted. Based on 200 piece sample lrom 3 diffusion runs. 

DYNAMIC PERFORMANCE 
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TYPICAL PERFORMANCE CURVES (CO NT) 
At TA = +25'C. V s = ±5V. RL = 100Q. CL = 2pF. and RFB = 4020. unless otherwise noted. Based on 200 piece sample from 3 diffusion runs. 

DYNAMIC PERFORMANCE 
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CAUTION: Minimum and maximum values on typical perfonnance curyes are not meant to imply a guarantee. Curves should 
be used for reference only. Refer to specification for guaranteed perfonnances. 
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FUNCTIONAL DESCRIPTION 
PCMI710 has several built-in functions including digital 
attenuation, digital de-emphasis and soft mute. These func
tions are software controlled. PCMI710 can be operated in 
two different modes, Serial or Parallel. Serial Mode is a 
three-wire interface using pin 26 (MD), pin 27 (MC), and pin 
28 (ML). Data on these pins are used to control de-emphasis 
mode, mute, double-speed dubbing, input resolution and 
input fonnat. PCMl710 can also be operated in parallel 
mode, where static control signals are used on pin 26 (DMI), 
pin 27 (DM2), and pin 28 (DSD). Operation of both of these 
modes are covered in detail in the next sections. 

CAUTION: Mode control signals operate on level triggered 
logic. The minimum timing conditions detailed in Figures 5 
and 6 MUST be observed. 

MODE CONTROL: SERIAUPARALLEL SELECTION 

I MODE=H Serial Mode 

MODE = L Parallel Mode 

TABLE III. Serial and Parallel Mode are Selectable by 
MODE Pin (Pin 24). 

MODE CONTROL: SELECTABLE FUNCTIONS 

SERIAL MODE PARALLEL MODE 
FUNCTION (MODE = H) (MODE = L) 

Input Data Format Selection 0 X(Normal Mode Fixed) 
Input Data Bit Selection 0 X(16·bij Fixed) 
Input LRCI Polarity Selection 0 X 
De-emphasis Control 0 0 
Mute 0 0 
Attenuation 0 X 
Double Speed Dubbing 0 0 

NOTE: 0: Selectable, X: Not Selectable. 

TABLE IV. Selectable Functions in Serial Mode and 
Parallel Mode. 

TabieIV indiCates which functions are selectable within the 
user's chosen mode. All of the functions shown are select
able within the serial mode, but only de-emphasis control, 
mute and double-speed dubbing may be selected when using 
PCMI710 in the parallel mode. 

PARALLEL-MODE: DE-EMPHASIS CONTROL 
(PIN 24 [MODE] = L) 

DM1 (Pin 26) DM2 (Pin 27) De-emphasis 

L L OFF 
H L 32kHz 
L H 48kHz 
H H 44.1kHz 

TABLE V. De-emphasis (Pins 26 and 27). 

In the parallel mode, de-emphasis conditions are controlled 
by the logic levels on pin 26 (DMI) and pin 27 (DM2). For 
PCM 17 10, de-emphasis can operate at 32kHz, 44.1kHz, 
48kHz, or disabled. 

PARALLEL-MODE: DOUBLE-SPEED DUBBING 
CONTROL (PIN 24 [MODE] = L) 

DSD=H I Normal Mode 

DSD = L I Double-Speed Dubbing Mode 

NOTE: When the Double·Speed Dubbing Mode is selected. the System 
Clock must be 384fs (CKSL: Pin 23 = H). 

TABLE VI. DSD (Pin 28). 

In the parallel mode, double-speed dubbing can be enabled 
by holding pin 28 (DSD) at a logic "low". 

CAUTION: Double-speed dubbing cannot operate if the 
system clock is set at 256fs. 

SERIAL MODE CONTROL 

In order to use all of PCMI710's functionality, the serilil 
mode control should be used. PCMI710 must be addressed 
three separate times to set all of the various registers and 
flags that control these functions. . 

Table VI! together with Figure 6 details the control of the 
PCM17io in the serial mode. Internal latches are used to 
hold this serial data until the PCM17l0 is enabled to use the 
data. The serial mode is used by applying clocked data to the 
following pins: 

NAME PIN FUNCTION 

MC 27 Clock for Strobing in Data 

ML 28 Latches Data into the Registers 

MD 26 8-bij Data Word Defining Operation 

aURR-BROWN@! 
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MODE FUNCTION MODE SELECTION MODE BY 

BO B1 B2 BIT NO. FLAG MODE BIT VALUE SELECTED FUNCTION DEFAULT 

B3 DEEM2 DEEM2 

B4 DEEMI Sampling Frequency 0 I 

for De'emphasis DEEMI 0 ---- 48kHz 
I 32kHz 44.lkHz 

Mode H L L B5 IIR De·emphasis 0 De·emphasis OFF 

I I De·emphasis ON 
OFF 

B6 MUTE Mute 0 Mute OFF 
OFF 

I Mute ON 

B7 DSD Double·Speed 0 Double·speed OFF 

Double·speed ON 
OFF 

I 

B3 Not Assigned 

B4 TST Test Mode 0 Infinite Zero Detection OFF 
ON 

I Infinite Zero Detection ON 

Mode H L H B5 IW Input Resolution 0 16·Bit 
16-Bit 

2 I 20-Bit 

B6 LRPL Polarity for LRCI 0 Lch:highlRch:low Lch:high 

I Lch:low/Rch:high Rch:low 

B7 liS Input Format 0 Normal 
Normal 

I liS 

TABLE VII. Serial-Mode Control Input Format (Pin 24 [MODE] = H)-Refer to Figure 6 for Timing Diagram. 

MC 

ML L1 
I" ATT DATA . i 

j 
Attenuation 06 05 04 03 02 01 DO 

Mode 

fll MD Mode I L L DEEM2 DEEM I IIR MUTE DSD 

~ r----I Mode 2 H TST IW LRPL liS 

Bit# , BO BI B2 B3 B4 B5 B6 B7 

NOTE: Cycle Time for Model time for mode control must be set over 128 times of minimum clock. 

FIGURE 6. Mode Control Input Format, Serial Mode. 

DIGITAL ATTENUATION 

One of the functions which can be implemented through use 
of the serial mode control is attenuation. This function 
allows the user to control the level of the output, indepen
dent of the of the input level set by the actual input data 
supplied to the DAC. 

Referring to Figure 6, when the first data bit (BO) on MD 
(pin 26) is low, the attenuation function is enabled. The next 
seven bits (B1- B6) define a binary value, ATT_DATA, that 
indicates the desired level of attenuation. The attenuation 
level is given by: 

Level = 20l0glO (1 - ATT_DATA/127) dB 

When all 7 bits of the ATT_DATA word are high 
(ATT_DATA = 127), attenuation is infmite and the output 
of PCM1710 will be zero. 

BURR-BROWNIID 

MODE 1 CONTROLS 
This mode can be enabled with the sequence of 1, 0, 0 as the 
first three bits on MD (pin 26). This mode allows for the 
following functions: 

De-emphasis 
De-emphasis Frequency 
Soft Mute 
Double-Speed Dubbing 

DIGITAL DE-EMPHASIS 

OnlOff 
32kHz. 44.1 kHz. 48kHz 

OnlOff 
OnlOff 

PCM1710 allows three different sampling rates for digital 
de-emphasis. B3 and B4 are used for binary control of the 
de-emphasis frequency: 

B3 B4 Frequency 

0 0 OFF 
0 I 48kHz 
I 0 32kHz 
I I 44.1 kHz 

,ElEI, Burr-Brown Ie Data Book-Mixed Signal Products 8.2.101 
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Once the reset has been established on pin 27 (Me), the de
emphasis frequency defaults to 44.1kHz. B5 is a master 
control forde-emphasis. A high level on B5 enables de
emphasis (frequency controlled by B3 and B4), and a low 
level on B5 disables de-emphasis. 

SOFT MUTE 

Soft mute is enabled when B6is high. The soft mute occurs 
gradually, unlike the forced infinite zero detection. When 
the mute data bit is high, complete muting will occur in 
127/fs seconds. For fs = 44. 1kHz, complete mute will occur 
in 2.88ms. 

DOUBLE·SPEED DUBBING 

Double-speed dubbing is used when the application allows 
for the CD to be copied at twice the normal playback rate. 
Double-speed dubbing is enabled when B7 is high. This 
mode can only operate when the system clock is set at 384fs. 
Double-speed dubbing can only occur when the sample rate 
is 44.1kHz. Since fs is set at 44.lkHz, the system clock in 
double-speed mode is at 192fs. 

MODE 2 CONTROLS 
Mode 2 is enabled when BO is high, Bl is low, and B2 is 
high. This mode controls infinite zero detection, input reso
lution, LRCI polarity and input format. 

INFINITE ZERO DETECTION 

B4 is used to enable or disable infinite zero detection. 
PCMI710 monitors both data input (DIN) and bit clock 
(BCKIN). When the data input is continuously zero for 
65,536 cycles of the bit clock, infinite zero detection occurs, 
which forces the output of the PCM1710 to one-half of Vee 
(typically 2.5V). Once this happens, only the output ampli
fier is connected. This is done to avoid having the noise 
shaped output spectrum of the DAC appear at the output of 
the PCM171O. This function is especially useful for CD 
applications when the player is between tracks. An inherent 
attribute of all delta-sigma architectures is the presence of 
quantization noise when the input is constant (all Is or Os). 
When the zero detect circuit disconnects the DAC from the 
output amplifier, a very low level "click" noise may be 
audible. The click noise occurs at approximately -76dB, and 
in many cases is inaudible. 

INPUT RESOLUTION 

PCMI710 is capable of accepting either 16-bit or 20-bit 
input data. Specifications for PCM1710 are tested and guar
anteed using 16-bit data. When 20 bits are used, dynamic 
performance is improved by approximately 2dB. Refer to 
"Typical Performance Curves" for a comparison of 16-bit 
and 20-bit data. A low on B5 places PCM1710 in 16-bit 
mode, and a high on B5 sets PCMI710 to 20-bit mode. 

SAMPLE RATE CLOCK POLARITY·· 

B6 controls the polarity of the sample rate clock (LRCIN)· 
polarity. When B6 is low, data will be accepted on the left 
channel when LRCIN is high, and on the right channel when· 
LRCIN is low. When B6 is high, data will be accepted on the 
right channel when LRCIN is high, and on the left channel 
when LRCIN is low. 

INPUT FORMAT 

Normal input mode for PCMI710 is MSB first, right justi
fied. PCMI710 may also be operated with lIS (32 continu
ous clock cycles per word) input format. When B7 is low, 
the input format is "normal". When B7 is high, the input 
format is "lIS"; However, PCMI710 can only accept lIS 
input format when it is in 16-bit mode. 20-bit data must be 
entered in normal mode. 

DEFAULT MODE 

At initial power-on, default settings for PCM1710 are 44.1kHz 
fs, de-emphasis off, mute off, double-speed off, infmite zero 
detect on, 16-bit input LRCIN left channel high, and normal 
input mode. 

SYSTEM CLOCK 

SAMPLING FREQUENCY SYSTEM CLOCK FREQUENCY 

32kHz 2561s 8.1920MHz 
32kHz 3841s 12.2880MHz 

44.1 kHz 256fs 11.2896MHz 
44.1 kHz 384fs 16.9344MHz 
48kHz 256fs 12.2880MHz 
48kHz 384fs 18.4320MHz 

TABLE VIII. Relationship of fs and System Clock. 

NORMAUDOUBLE·SPEED DUBBING 

For most CD playback applications operating at 384fs, the 
system clock frequency must be 16.9344MHz, in both the 
normal mode and double-speed dubbing mode. Table VIII 
illustrates the relationship between fs and output clock 
frequency in both modes. 

MUDSD (PIN 28) 

PARAMETER H L 
(Nonnal) (Double Speed) 

XTI Input Clock Frequency 3841. 192fs 
XTI Frequency 16.9344MHz 16.9344MHz 

(Is = 44.1 kHz) (Is = 88.2kHz) 
CLKO Oulput Clock Frequency 384fs 1921s 

TABLE IX. Relationship Between Normal/Double Speed 
and fs. 
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EXTERNAL SYSTEM CLOCK 

Figure 7 is a diagram showing the internal clock in conjunc
tion with an external crystal oscillator. 

Internal System Clock 

CLKO(XTI) XTI 

D 
XTO 

Ct. C2: 10pF - 20pF 

Crystal 

c'I I C2 

- -- -

FIGURE 7. External Crystal Oscillator. 

Figure 8 is a diagram showing the internal clock with an 
external clock source, instead of an oscillator. An exter
nal system clock (input to XTI) must meet the follow
ing conditions: 

HIGH LEVEL V,H > 0.64VOD TH >10ns 

LOW LEVEL V,H > 0.28VOD TL> IOns 

NOTE: (1) XTO must be open. 

Internal System Clock 

CLKO(XTI) XTI XTOI') 

External System Clock Input 

FIGURE 8. External System Clock. 

POWER SUPPLY CONNECTIONS 
PCMI710 has two power supply connections: digital (Vnn) 
and analog (Vee). Each connection also has a separate 
ground. If the power supplies tum on at different times, there 
is a possibility of a latch-up condition. To avoid this condi
tion, it is recommended to have a common connection 
between the digital and analog power supplies. If separate 
supplies are used without a common connection, the delta 
between the two supplies during ramp-up time must be less 
than O.6V. 

An application circuit to avoid a latch-up condition is shown 
in Figure 9. 

BYPASSING POWER SUPPLIES 

The power supplies should be bypassed as close as possible 
to the unit. Refer to Figure 19 for optimal values of bypass 
capacitors. For applications which require very high perfor-
aURR·BROWN@ 

Digital 
Power Supply 

Analog 
Power Supply 

FIGURE 9. Latch-up Prevention Circuit. 

mance at low levels (such as keyboards, synthesizers, etc.) 
it may be beneficial to provide additional bypassing on 
pin 15 (Veel) with a low ESR 100!1F capacitor. This will 
eliminate stray tones which may be above the noise floor. 

THEORY OF OPERATION 
PCMI710 is an oversampling delta-sigma D/A converter, 
consisting of an input interface/attenuator, a 4th-order multi
level delta-sigma modulator, a low pass filter and an output 
amplifier (see Figure 10). 

Multi Level 111111 
1111"."",,111111.111111 

""" Delta Sigma 

MODULATOR 

The delta-sigma section of the PCMI710 is based on a 5-
level amplitude quantizer and a 4th-order filter. This con

o ,.... 
r--,.... 
:E 
o 
D.. 

verts oversampled 16-or 20-bit input data to 5-level delta ...... 
sigma format. A block diagram of the 5-level modulator i~ 
shown in Figure II. 

This 5-level delta-sigma modulator has the advantage of ~ 
improved stability and jitter sensitivity over the typical one C 
bit (2-level) delta-sigma modulator. I 
The combined oversampling rate of the delta-sigma modula
tor and the internal 8X oversampling digital filter is 48fs at 
a system clock of 384fs and 32fs at a system clock of 256fs. 

A block diagram of the 4th-order filter section Hf (z) in the 
delta-sigma modulator is shown in Figure 12. 

In general, high order one-bit delta-sigma modulators have 
disadvantages due to loop instability (multiple integration 
stages). The five level delta-sigma modulator of the PCMI710 
uses phase compensation techniques to obtain stable opera
tion. In Figure 12, the coefficients Bl to B4 give the basic 
form of the filter, and A2 to A4 are used for phase compen
sation of the feedback loop. 

The theoretical quantization noise performance of five level 
delta-sigma modulator is shown in Figure 13 and 14. In the 
audio band, the quantization noise floorlevel of the PCMI71 0 
is less than 130dB (at a system clock of 384fs). 
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o a: 
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Digital 
Input 

Normal 
FIR-3 

r I X2TTAP 

Double Speed 

.4th-Order Multi-Level ,u: 

FIGURE 10. PCMI710 Block Diagram. 

2nd-Order 
LP Filter 

4fs(NM) 
8fs(DS) 

CMOS 
Amp 

5·level Quantizer 

In 

8fs 
16/20-bits 

FIGURE 11. Block Diagram of Multi-level LU: Modulator. 

4. ___ ~ ______ _ 
Out 3 _______ _ 

2 ____ _ 

1 __ 

o _ _ 32fsl48fs 
5-level 

In--~--------------~----------------~--------------~ 

FIGURE 12. Block Diagram of 4th-order Filter Section (Hf(z)). 

Analog 
Output 

vp·p =3.2V 

Out 

PCM1710 NOISE SHAPING AT 384fs 

I I 
PCM1710 NOISE SHAPING AT 256fs 
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FIGURE 13. Theoretical Modulator Performance at 384fs. FIGURE 14. Theoretical Modulator Performance at 256fs. 
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APPLICATION 
CONSIDERATIONS 
16-BIT vs 20-BIT OPERATION 

In the serial mode, PCMI710 can be configured to accept 
either 16-bit or 20-bit data. The specifications listed in this 
data sheet are tbe 16-bit data. Some improvements in 
dynamic performance can be realized by using 20-bit data. 

Internally, the PCM17IO's digital filter uses only 20-bit 
data. If the input data is 16-bit, the filter adds four zeros 
to complete the 20-bit input word. Typical performance 
differences between 16-bit and 20-bit data are shown in 
Tables X and XI. 

DATA 

16·bit 
20-bit 

25618 

-91dB 
-94dB 

38418 

-93dB 
-96dB 

TABLE X. THD+N Performance at Full Scale. 

DATA 

16-bit 
20-bit 

2561s 

94dB 
96dB 

TABLE XI. Dynamic Range. 

DELAY TIME 

3841s 

96dB 
9adB 

There is a finite delay time in delta-sigma converters. In 
AID converters, tbis is commonly referred to as latency. 
For a delta-sigma DIA converter, delay time is determined 
by the order number of the FIR filter stage, and the chosen 
sampling rate. The following equation expresses tbe delay 
time of PCMI710: 

TD = 22.625 x Ilfs 

For fs = 44.1kHz, TD = 22.625/44. 1kHz = 513.04J.lS 

Applications using data from a disc or tape source, such as 
CD audio, CD-Interactive, Video CD, DAT, Minidisc, etc., 
generally are not affected by delay time. For some profes
sional applications such as broadcast audio for studios, it is 
important for total delay time to be less tban 2ms. 

INTERNAL RESET 

If tbe sample rate clock (LRCIN) is stopped during opera
tion, tbe infinite zero detect circuit will cause tbe output to 
go to V cc/2 after 65,536 cycles of the bit clock (BCKIN). 
Once a new system clock has been applied, tbere will be a 
delay until output data is correlated to the input. This is 
due to the digital delay of the filter. 

When power is first applied to PCMI71O, an automatic 
reset function occurs after 64 cycles of LRCIN. 

CHANGING SAMPLING RATE 

For normal operation, LRCIN and XTI should be synchro
nized at either 256fs or 384fs. When the sampling rate is 

BURRRBROWN~ 

changed during operation, output data is invalid during ihe 
delay period (T D) and for two subsequent cycles of LRCIN. 
After two cycles of LRCIN, the output is a valid represen
tation of the input data. 

OUTPUT FILTERING 

For testing purposes all dynamic tests are done on the 
PCM1710 using a 20kHz low pass filter. This filter limits 
the measured bandwidtb for THD+N, etc. to 20kHz. Failure 
to use such a filter will result in higher THD+N and lower 
SNR and Dynamic Range readings than are found in tbe 
specifications. The low pass filter removes out of band 
noise. Altbough it is not audible, it may affect dynamic 
specification numbers. 

The performance of the internal low pass filter from DC to 
24kHz is shown in Figure IS. The higher frequency rolloff 
of tbe filter is shown in Figure 16. If the user's application 
has the PCMI710 driving a wideband amplifier, it is recom
mended to use an external low pass filter. A simple 3rd
order filter is shown in Figure 17. For some applications, a 
passive RC filter or 2nd-order filter may be adequate. 

1.0 

0.5 

!1J 0 
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-1.0 
20 100 

SIMULATED ANALOG FILTER 
FREQUENCY RESPONSE 
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lk 
Frequency (Hz) 

....... , 

10k 24k 

FIGURE 15. Low Pass Filter Frequency Response. 
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FIGURE 16. Low Pass Filter Frequency Response. 
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TEST CONDITIONS 

Figure 18 illustrates the actual test conditions applied to 
PCMl710 in production. The 11th-order filter is necessary 
in the production environment for the removal of noise, 
resulting from the relatively long physical distance between 
the unit and the test analyzer. In most actual applications, the 
third-order filter shown in Figure 17 is adequate. Under 
normal conditions, THD+N typical performance is -70dB 
with a 30kHz low pass filter (shown here on the THD 
meter), improving to -92dB when the external 20kHz sec
ond-order filter is used. 

EVALUATION FIXTURES 

Two different evaluation fixtures are available for PCM171O. 

DEM-PCM1710 

This evaluation fixture is primarily intended for quick evalu
ation of the PCM1710's performance. DEM-PCM17lO can 
accept either an external clock or a user-installed crystal 

oscillator. All of the functions can be controlled by on-board 
switches. DEM-PCM171O does not contain a receiver chip 
or an external low pass filter. DEM-PCM17lO requires a 
single +5V power supply. 

DEM-DAI1710 

This fixture is more complete than DEM-PCM1710; it 
includes a Digital Audio Interface (DAI) receiver chip for 
easy use and to provide a low-jitter 256fs system clock to the 
PCM1710. Also included are dual second-order low pass 
filters using Burr-Brown's OPA2604 dual PET-input op 
amp. The output of the DEM-DAI1710 is 2Vrms, using 
standard BNC-type connectors. 

All of the functions of PCM1710 can be evaluated by using 
the DEM-DAI1710 jumper selections. DEM-DAI1710 re
quires +5V and ±5V to ±15V power supplies. The schematic 
diagram for DEM-DAn 71 0 is shown in Figure 19. For more 
detailed information on the evaluation fixtures, contact your 
local Burr-Brown representative. 

GAIN vs FREQUENCY 

FIGURE 17. 3rd-Order LPF. 
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For Immediate Assistance, Contact Your Local Salesperson 

BURR - BROWN® 

IElElI PCM1712U 

~~~~~ Stereo Audio 
DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• 16-BIT RESOLUTION 

• COMPLETE STEREO DAC: 
ax Oversampllng Digital Filter 
Multi-Level Delta-Sigma DAC 
Analog Low Pass FiRer 
Output Amplifier 

• HIGH PERFORMANCE: 
-87dB THD+ N 
94dB Dynamic Range 
98dBSNR 

• SYSTEM CLOCK: 384fs 

• SINGLE +5V POWER SUPPLY 

• ON-CHIP DIGITAL FILTER: 
Soft Mute and Attenuation 
Digital De-emphasis 
Double Speed Dubbing Mode 

• SMALL 28-PIN SOIC PACKAGE 

Digitalin 

LchIRch A IT Control 

+ 
Input Interface 

and 
Attentuator 

Mode Control 

Oversampling 
Digital Filter 

System Clock 

3rd-Order 
Multi·Level 

Detta 
Sigma 

DESCRIPTION 
The PCMI712 is a complete low cost stereo, audio 
digital-to-analog converter, including digital interpo
lation filter, 3rd-order delta-sigma DAC, and analog 
output amplifiers. PCMI712 accepts 16-bit normal 
input data (MSB first, right justified), or 16-bit lIS 
data (32-bits per word, continuous clock). 

The digital filter performs an 8X interpolation func
tion, as well as special functions such as soft mute, 
digital attenuation, de-emphasis and double-speed 
dubbIng. 

PCMI712 is suitable for a wide variety of cost-sensi
tive consumer applications where good performance is 
required. Its low cost, small size and single +5V power 
supply make it ideal for automotive CD players, book
shelf CD players, BS tuners, keyboards, MPEG audio, 
MIDI applications, set-top boxes, CD-ROM drives, 
CD-Interactive and CD-Karaoke systems. PCMl712 
has the same pinout functions as PCM1710. 

Low·Pass 
Filter 

Output 
OpAmp 

LchOUT 

RchOUT 

International AIrport Indust~al Pari< • Mailing Address: PO Box 11400 • Tucson, fa. 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, fa. 95706 
Tel: (520) 746-1111 • Twx: 910.952·1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (520) 889·1510 • Immediate Product Info: (800) 548-6132 
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SPECIFICATIONS 
All specifications at +25°C, +Vcc = +Voo= +5V, fs = 44.1kHz, and 16-bit data, SYSCLK = 384fs, unless otherwise noted. 

PCM1712U 

PARAMETER CONDITIONS MIN TYP 

RESOLUTIOr-o 16 

DIGITAL INPUT/OUTPUT 
Logic Family 
Input Logic Level (pins 1 to 3) 

V,H 2.0 
VIL 

Input Logic Current (pins 1 to 3) 
I, 

Input Logic Level (pins 24 to 28) 
V,H 3.5 
VIL 

Input Logic Level (pins 24 to 28) 
I, 

Input Logic Level (XTI) 
V,H 3.2 
V,L 

Input Logic Current (XTI) 
I, 

Output Logic Level (CLKO): 
VOH 4.5 
VOL 

Output Logic Current 
10 ±10 

Data Format NormaVIIS (see Timing) 
Data Bit 16-BitlMSB First, Two's 
Sampling Frequency 32 44.1 
System Clock Frequency 384fs 12.288 16.934 

DC~wwwn~w 

Gain Error ±1.0 
Gain Mis-Match Channel-To-Channel ±1.0 
Bipolar Zero Error Vo = 112Vcc at Bipolar Zero ±20 
Gain Drift ±50 
Bipolar Gain Drift ±20 

DYNAMIC PERFORMANCE(1) 
THD+N at FIS (OdB) liN = 991Hz --82 --87 
THD+N at --801dB liN = 991kHz -{l4 
Dynamic Range EIAJ A-weighted 94 

MAX UNITS 

Bits 

VDC 
0.8 VDC 

-200 JJ.A 

VDC 
1.5 VDC 

-200 JJ.A 

VDC 
1.4 VDC 

-120 JJ.A 

VDC 
0.5 VDC 

mA 

,,~, 48 
kHz 

18.432 MHz 

±5.0 %oIFSR 
±5.0 %oIFSR N 

mV ..... 
ppm 01 FSRf'C ..... 
ppm of FSRf'C ..... 

:aE 
dB 0 
dB Il. 
dB 

SIN Ratio EIAJ A-weighted 92 98 dB 

l1li Channel Separation liN = 991Hz 90 96 dB 

DIGITAL FILTER PERFORMANCE 
Pass Band Ripple Normal Mode ±0.17 dB 
Pass Band Ripple Double Speed Mode ±0.22 dB 
Stop Band Attenuation Normal Mode -{l5 dB 
Stop Band Attenuation Double Speed Mode -{l4 dB 
Pass Band Normal Mode 0.4535 Is 
Pass Band Double Speed Mode 0.4535 fs 
Stop Band Normal Mode 0.5465 Is 
StopBand Double Speed Mode 0.5465 Is 
De-emphasis Error (Is 32kHz - 48kHz) -1l.2 +0.55 dB 

ANALOG OUTPUT 
Voltage Range 3.1 Vp-p 
Load Impedance 5k n 
Center Voltage +112Vcc V 

POWER SUPPLY REQUIREMENTS 
Voltage Range: +Vcc +4.5 +5.0 +5.5 VDC 

+VOD +4.5 +5.0 +5.5 VDC 
Supply Current +Icc +100 +Vcc = +Voo = +5.0V 28 40 mA 
Power Dissipation +Vcc = +VOD = +S.OV 140 200 mW 

TEMPERATURE RANGE 
Operation -25 +85 °C 
Storage -55 +100 °C 

NOTE: (1) Tested with Shibasoku #725 THO. Meier 400Hz HPF, 30kHz LPF On, Average Mode with 20kHz bandwidth limiting. 

The inlormation provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility lor 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 patenl rights Dr licenses 10 any 01 the circuits described herein are implied or granled to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product lor use in lile support devices andlor systems. 
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For Immediate Assistance, Contact Your Local Salesperson 
PIN ASSIGNMENTS 

PIN NAME NUMBER FUNCTION 

Input Interface Pins 
LRCIN I I I Sample Rate Clock Input. Controls the update rate (fs). 

DIN 2 Serial Data Input. MSB first. right justified format contains a frame of 16,bit or 20-bit data. 

BCKIN 3 Bit Clock Input. Clocks in the data present on DIN input. 

Mode Controls and Clock Signals 
CLKO 4 Buffered Output of Oscillator. Equivalent to fs. 

Xli 5 Oscillator Input (External Clock Input). For an internal clock, tie XTI to one side of the crystal oscillator. For an external clock, 
tie XTI to the output 01 the chosen external clock. 

XTO 6 Oscillator Output. When using the internal clock. tie to the opposite side (from pin 5) of the crystal oscillator. When using an 
external clock, leave XTO open. 

MODE 24 Operation Mode Select. For serial mode, tie MODE "High". For parallel mode. tie MODE "Low". 

MUTE 25 Mute Control. To disable soft mute. tie MUTE "High". To enable soft mute. tie MUTE "Low". 

MD/DMI 26 Mode Control for Data/De-emphasis. See "Mode Control Functions" on page 10. 

MC/DM2 27 Mode Control for BCKIN/De-emphasis. See "Mode Control Functions" on page 10. 

MUDSD 28 Mode Control for WDCK/Double speed dubbing. See "Mode Control Functions" on page 10. 

Analog Functions 

VOUTR I 13 
VOUTL 16 

I Right Channel Analog Output. 

Left Channel Analog Output. 

Power Supply Connections 
DGND 7,22 Digital Ground. 

Voo 8,21 Digital Power Supply (+5V). 

Vce2R 9 Analog Power Supply (+5V). Right Channel DAC. 

AGND2R 10 Analog Ground (DAC), Right Channel. 

EXTIR II Output Amplilier Common, Right Channel. Bypass to ground with a 10l1F capacitor. 

EXT2R 12 Output Amplifier Bias. Right Channel. Connect to EXTI R. 
AGND 14 Analog Ground. 

Vce 15 Analog Power Supply (+5V). 

EXT2L 17 Output Amplifier Bias. Left Channel. Connect to EXTI L. 
EXTIL 18 Output Amplifier Common, Left Channel. Bypass to ground with a 10l1F capacitor. 

AGND2L 19 Analog Ground (DAC), Left Channel. 

Vee2L 20 Analog Power Supply (+5V). Left Channel DAC. 

NC 23 No Connection. 

ABSOLUTE MAXIMUM RATINGS PACKAGE INFORMATION 

Power Supply Voltage ....................................................................... +6.5V 
+Vee to Vee Voltage ......................................................................... ±O.IV 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER(') 

Input Logic Voltage ......................................................... -o.3V-Vee+0.3V 
Power Dissipation .......................................................................... 300mW 

PCMI712U 28-Pin SOIC 217 

Operating Temperature Range ......................................... -25'C to +85'C 
Storage Temperature Range .......................................... -55'C to + I 25'C 

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

Lead Temperature (soldering, 5s) .................................................. +260'C 

BURR-BROWNe 
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CONNECTION DIAGRAM 

Serial 1 Data Inputl') 

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

CMOS Amp 
Right 

DAC Rch OUT ,----+-1---j 

L-______________________________ -F========1--+5V 
Power Supply 

3rd ORDER LPF(2) 

PIN CONFIGURATION 

BURR~BROWN® 

LRCIN 

DIN 

BCKIN 

CLKO 

XTI 

XTO 

DGND 

AGND2R 

EXT1R 

EXT2R 

AGND1 

RchOUT 10kn 

NOTE: (1) Bypass Capacitor :1 ~F - 1 O~F. 
(2) Typical application circuit. To obtain 
guaranteed specifications, required 20kHz 
bandwidth limitation by low pass filter. 3rd ORDER LPF(2) 
(3) Input pins require pull·up resistors. 
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For Immediate Assistance, Contact Your Local Salesperson 
DATA INPUT TIMING 

1-----------lf1s----------_1 

-, Left-channel Data_ - Right-channel Data_ 

MSB LSB MSB LSB 

DIN - - - -r:-r;;-r - - - - 16 ~ - ~ ~ l1T2l~ - ~ ~ 
- - --~- - - - - - - - - .L!_C . ..L - - - --'-i-;.J...;,;.L+I 

I I I I I I I 
BCKIN 

LRCIN 

JlILu r IIn •• -----i 

FIGURE 1. Nonnal Fonnat, 16-Bit (LRCIN H: Lch). 

;------------1I/s----------_1 

DIN 

I-Left-channel Data • 1-Right-channel Data 

MSB LSBMSB 

'--'--t-L-:-L-:-L-:-'-~---J 1311411511611 1 2 1 3 I-_-_~-_-r-:.,.-:-,..-:"~"'i 

I I I I I I I I I I 
BCKIN -_ ~ ~ TUlruIJllI.illJ~ ~ ~ 

LRCIN 
- - - --- - - - -------, 

FIGURE 2. lIS Fonnat, 16-Bit (32 BCKlN/fs, continuous data). 

, , , 

BCKIN J( \ ;:-
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,. 
1ecWH 

• I • 

tBCWL 
. , , , 

Iscv 
., 

DIN >< , 
• i • . : , . 

IoH • los , , 
, 

, !I!!. . :. tbe , 

I· ., 
, ,,) 

LRCIN A 

FIGURE 3. Data Input Timing. 

BCK Pulsewidlh (H Level) IBCWH 70ns (min) 
BCK Pulsewidth (L Level tSCWL 70ns (min) 
BCK Pulse Cycle Time tecy 140ns (min) 
DIN Setup Time tos 30ns (min) 
DIN Hold Time loH 30ns (min) 
BCK Rising Edge ---+ LRCI Edge tal 30ns (min) 
LRC I Edge ---+ BCK Rising Edge Ile 30ns (min) 

TABLE I. Data Input Timing Specifications. 
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MD 

ML 
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----~{ \~----~{ 
ro, .... --:----...,.~,_.o---.,.----__ • , 

tMCWH IMCWL I , 
j' ., 

------~------~*~----------------:-----ct,-M-H----· :-·O--~tM-S----

: tMCS I : tMCH I 
~I ,~I 

\'---------\(~ 
-----.,.--~:.~ , tMly 

FIGURE 4. Serial Mode Control Timing. 

MC Pulsewidth (H Level) tMCWH SOns (min) 
MC Pulsewidth (L Level) tMCWL SOns (min) 
MC Pulse Cycle Time tMey 100ns (min) 
MD Setup Time tMS 30ns (min) 
MD Hold Time tMH 30ns (min) 
ML Setup Time tMCS 30ns (min) 
ML Hold TIme tMCH 30ns (min) 
ML Low·Level Time tMLy 1/sysclk + 20ns (min) 

TABLE II. Serial Mode Control Timing Specifications 
(Refer to Figure 5). 
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For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES 
All specifications at +25°C, +Vcc = +Voo = +5V, Is = 44.1 kHz, ISYS = 384fs, and 16-bit data, unless otherwise noted. 
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TYPICAL PERFORMANCE CURVES (CO NT) 
All specifications at +25'e, +Vcc = +VDD = +5V, fs = 44.1 kHz, fsys = 384fs, and 16·bit data, unless otherwise noted. 

DYNAMIC PERFORMANCE (Based on 200 piece sample from 3 diffusion runs) 
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For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES (CONT) 
All specifications at +25·C, +Vcc = +VDO = +5V, fs = 44.tkHz, fsys = 38415, and 16-bij data, unless otherwise noted. 

DYNAMIC PERFORMANCE (Based on 200 piece sample from 3 diffusion runs) 

THD+N AT -£OdB vs SUPPLY VOLTAGE . SNR vs SUPPLY VOLTAGE 
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CAUTION: Minimum and maximum values on typical perfonnance curves are n'ot meant to imply a guarantee. Curves 
should be used for reference only. Refer to specifications for guaranteed perfonnance. . . 
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FUNCTIONAL DESCRIPTION 
PCM1712 has several built-in functions including digital 
attenuation, digital de-emphasis and soft mute. These func
tions are software controlled. PCM1712 can be operated in 
two different modes, Serial or Parallel. Serial Mode is a 
three-wire interface using pin 26 (MD), pin 27 (MC), and 
pin 28 (ML). Data on these pins are used to control de
emphasis modes, mute, double-speed dubbing, input resolu
tion and input fonnats. PCMl712 can also be operated in 
parallel mode, where static control signals are used on pins 
26 (DM1), pin 27 (DM2), and pin 28 (DSD). Operation of 
both of these modes are covered in detail in the next 
sections. 

CAUTION: Mode control signals operate on level triggered 
logic. The minimum timing conditions detailed in Figures 4 
and 5 MUST be observed. 

MODE CONTROL: SERIAUPARALLEL SELECTION 

Serial Mode 

MODE = L Parallel Mode 

TABLE III. Serial and Parallel Mode are Selectable by 
MODE Pin (Pin 24). 

MODE CONTROL: SELECTABLE FUNCTIONS 

SERIAL MODE PARALLEL MODE 
FUNCTION (MODE = H) (MODE = L) 

Input Data Format Selection 0 X (Normal Mode Fixed) 
Input LRCI Polarity Selection 0 X 
De~emphasis Control 0 0 
Mute 0 0 
Attenuation 0 X 
Double·Speed Dubbing 0 0 

NOTE: 0: Selectable, X: Not Selectable. 

TABLE IV. Selectable Functions in Serial Mode and 
Parallel Mode. 

Table IV indicates which functions are selectable within the 
user's chosen mode. All of the functions shown are select
able within the serial mode, but only de-emphasis control, 
mute and double-speed dubbing may be selected when using 
PCMl712 in the parallel mode. 

PARALLEL-MODE: DE·EMPHASIS CONTROL 
(PIN 24 [MODE] = L) 

DM1 (Pin 26) DM2 (Pin 27) De-emphasis 

L L OFF 
H L 32kHz 
L H 48kHz 
H H 44.1 kHz 

TABLE V. De-Emphasis (Pins 26 and 27). 

In the parallel mode, de-emphasis conditions are controlled 
by the logic levels on pin 26 (DM1) and pin 27 (DM2). For 
PCM1712, de-emphasis can operate at 32kHz, 44. 1kHz, 
48kHz, or disabled. 

BURR~BROWN® 

PARALLEL-MODE: DOUBLE-SPEED DUBBING 
CONTROL (PIN 24 [MODE] = L) 

Normal Mode 

Double Speed Dubbing Mode 

TABLE VI. DSD (Pin 28). 

In the parallel mode, double-speed dubbing can be enabled 
by holding pin 28 (DSD) at logic "low". 

SERIAL MODE CONTROL 

In order to use all of PCM 1712' s functionality, the serial 
mode control should be used. PCM1712 must be addressed 
three separate times to set all of the various registers and 
flags that control these functions. 

Table VII together with Figure 6 details the control of the 
PCMI712 in the serial mode. Internal latches are used to 
hold this serial data until the PCM1712 is enabled to use the 
data. The serial mode is used by applying clocked data to the 
following pins: 

NAME PIN FUNCTION 

MC 27 Clock for Strobing in Data 
ML 2B Latches Data into the Registers 
MD 26 B·bit Data Word Defining Operation 

DIGITAL ATIENUATION 

One of the functions which can be implemented through use 
of the serial mode control is attenuation. This function 
allows the user to control the level of the output, indepen

. dent of the input level set by the actual input data supplied 
to the DAC. 

Referring to Figure 5, when the fIrst data bit (BO) on MD_ 
(pin 26) is low, the attenuation function is enabled. The next : 
seven bits (B 1 - B6) defIne a binary value, ATCDATA, that 
indicates the desired lever of attenuation. The attenuation 
level is given by: 

Level = 20Iog lO (1 - ATCDATN127) dB 

When all 7 bits of the ATT_DATA word are high 
(ATT_DATA = 127), attenuation is infmite and the output 
ofPCM1712 will be zero. 
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MODE FUNCTION MODE SELECTION 

BO B1 B2 BIT NO. FLAG MODE BIT VALUE SELECTED FUNCTION 

B3 DEEM2 DEEM2 

B4 DEEM 1 Sampling Frequency 0 1 

for De·emphasis DEEM 1 0 ..-- 48kHz 
1 32kHz 44.1 kHz 

Mode 1 0 0 B5 IIR De'emphasis 0 De·emphasis OFF 

1 1 De·emphasis ON 

B6 MUTE Mute 0 Mute OFF 

1 Mute ON 

B7 050 Double·Speed 0 Double-speed OFF 

1 Double·speed ON 

B3 Not Assigned 

B4 Not Assigned 

Mode 1 0 1 B5 Not Assigned 

2 

B6 LRPL Polarity for LRCI 0 Lch:highlRch:low 

1 Lch:low/Rch:high 

B7 115 Input Format 0 Normal 

1 115 

TABLE VIT. Serial~Mode Control Input Format (MODE: H, Pin 24). 

MC 

ML L.J 
j' ATT DATA 'I Alternation L 06 05 04 I 03 I 02 01 DO 

Mode 

MD Mode 1 ~ DEEM2 DEEM 1 IIR MUTE 050 { 
Mode 2 ~ H �-----�-----~I LRPL 115 

Bit# BO Bl B2 B3 B4 B5 B6 B7 

(NOTE: Cycle Time for Model Control-Cycle time for mode control musl be selover 192 limes of minimum system clock.) 

FIGURE 5. Mode Control Input Format, Serial Mode. 

MODE 1 CONTROLS 
This mode can be enabled with the sequence of 1, 0, 0 as the 
first three bits on MD (pin 26). This mode allows for the 
following functions: 

B3 

0 
. 0 

1 

1 

B4 FREQUENCY 

0 OFF 

1 48kHz 

0 32kHz 

1 44.1 kHz 

MODE BY 
DEFAULT 

44.1 kHz 

OFF 

OFF 

OFF 

Lch:HIGH 
Rch:LOW 

Normal 

De-emphasis 

De-emphasis Frequency 

Soft Mule 

Double·Speed Dubbing 

On/Oft 

32kHz, 44.1 kHz, 48kHz 

On/Oft 

On/Oft 

Once the reset has been established on pin 27 (MC), the de
emphasis frequency defaults to 44. 1kHz. B5 can be used to 
override B3 and B4; a logic Iowan B5 disables de-emphasis, 
and a logic high on B5 forces de-emphasis at 44.1kHz. 

DIGITAL DE-EMPHASIS 

PCM1712 allows three different sampling rates for digital 
de-emphasis. B3 and B4 are used for binary control of the 
de-emphasis frequency: 

SOFT MUTE 

Soft mute is enabled when B6 is high. The soft mute occurs 
gradually, unlike the forced infinite zero detection. When 
the mute data bit is high, complete muting will occur in 
127/fs seconds. 

BURR-BROWN<!I 
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DOUBLE·SPEED DUBBING SYSTEM CLOCK 
Double-speed dubbing is enabled when B7 is high. Since fs 
is set at 44.1kHz. the system clock in double-speed mode is 
at 192fs. 

MODE 2 CONTROLS 
This mode is enabled when the first three bits on MD are I. 
O. 1. Mode 2 allows for the following functions: 

LR Polarity 

Input Format 

Controls LefURight Channel Select 

NormaVIIS (Philips format) 

SAMPLE RATE CLOCK POLARITY 

B6 controls the polarity of the sample rate clock (LRCIN) 
polarity. When B6 is low. data will be accepted on the left 
channel when LRCIN is high. and on the right channel when 
LRCIN is low. When B6 is high. data will be accepted on the 
right channel when LRCIN is high. and on the left channel 
when LRCIN is low. 

INPUT FORMAT 

Normal input mode for PCM1712 is MSB first. right justi
fied. PCMI712 may also be operated with lIS input format. 
When B7 is low. the input format is "normal". When B7 is 
high. the input format is "lIS". 

DEFAULT MODE 

At initial power-on. default settings for PCMI712 are 
44.lkHz fs. de-emphasis off. mute off. double speed off. 
infinite zero detect on. 16-bit input LRCIN left channel high. 
and normal input mode. 

V1H > O.64VOD 

V. < O.28VDD 

TH> 1008 

TL< 10ns 

In case of system clock inputs to XTI from external. system clock should 
be input with the following condition. 

FIGURE 6. Timing Requirement for External System Clock 
(XTi). 

BURR-BRDWN@ 

SAMPLING FREQUENCY SYSTEM CLOCK FREQUENCY 

32kHz 384fs 12.2880MHz 

44.1kHz 384fs 16.9344MHz 

48kHz 384fs 18.4320MHz 

NORMAUDOUBLE-SPEED DUBBING 

For most CD playback applications operating at 384fs. the 
system clock frequency must be 16.9344MHz. in both the 
normal mode and double-speed dubbing mode. Table VIII 
illustrates the relationship between fs and output clock 
frequency in both modes. 

DSD 
PARAMETER H (Normal) L (Double Speed) 

XTI Input Clock Frequency 384fs 192fs 

XTI Frequency 16.9344MHz 16.9344MHz 
(Is = 44.1 kHz) (fs = 88.2kHz) 

CLKO Output Clock Frequency 384fs 192fs 

TABLE VIII. Relationship Between Normal/Double Speed 
and fs. 

EXTERNAL SYSTEM CLOCK 

Figure 7 is a diagram showing the internal clock in conjunc
tion with an external crystal oscillator. 

Internal System Clock 

CLKO(XTI) XTI o XTO 

C,. c2: 10pF - 22pF 

FIGURE 7. External Crystal Oscillator. 

Figure 8 is a diagram showing the internal clock with an 
external clock source. instead of an oscillator. An external 
system clock (input to XTI) must meet timing requirement 
which is shown in Figure 6. 
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Internal System Clock 

XTI XTO(l) 

External System Clock Input 

NOTE: (1) XTO must be open. 

FIGURE 8. Latch-up Prevention Circuit. 

POWER SUPPLY 
CONNECTIONS 
PCM1712 has two power supply connections: digital (V DO) 

and analog (Vee). Each connection also has a separate 
ground. If the power supplies tum on at different times, there 
is a possibility of a latch-up condition. To avoid this condi
tion, it is recommended to have a common connection 
between the digital and analog power supplies. If separate 
supplies are used without a common connection, the delta 
between the two supplies during ranlP-Up time must be less 
than O.6V. 

An application circuit to avoid a latch-up condition is shown 
in Figure 9. 

In -......:::+.()----1 

81. 
lSBit 

+ 

Digital 
Power Supply 

Analog 
Power Supply 

FIGURE 9. Latch-up Prevention Circuit. 

BYPASSING POWER SUPPLIES 

The power supplies should be bypassed as close as possible 
to the unit. Refer to Figure 16 for optimal values of bypass 
capacitors. For applications which require very high perfor
mance at low levels (such as keyboards, synthesizers, etc.), 
it may be beneficial to provide additional bypassing on 
pin 15 (Veel) with a low ESR 100!1F capacitor. This will 
eliminate stray tones which may be above the noise. floor. 

THEORY OF OPERATION 
The delta-sigma section of PCMl712 is based on as-level 
amplitude quantizer and a 3rd-order noise shapero This 
section converts the oversampled 16-bit input data to 5-level 
delta-sigma format. 

A block diagram of the 5-level delta-sigma modulator is 
shown in Figure 10. This 5-level delta-sigma modulator has 
the advantage of stability and clock jitter sensitivity over the 
typical one-bit (2 level) delta-sigma modulator. 

Multi Laval 111111 

111111.1111,,111111.""" 
111111 DaHa Slama 

5·level Quantizer 

out~-----l/ 
481. 

4-_~ ____ . ____ . 
3 _______ _ 

2 ____ _ 

FIGURE 10. 5 Level ~ Modulator Block Diagram. 

1 __ 

0 __ 
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The combined oversampling rate of the delta-sigma modu
lator and the internal 8-times interpolation filter is 48fs. The 
theoretical quantization noise performance of the 5-level 
delta-sigma modulator is shown in Figure II. 

THIRD·ORDER M: MODULATOR 
20 

0 

-20 

--40 
iii" 
Y -60 

co -60 'iii 
Cl 

-100 

-120 

-140 

. .I..,WiIW 
.• 111,11,11.1.. oJoj"Jh., .. ,1. Idl.ifornl I I 'IT 'I'T 

"1"~lr l""11I1 I'IF r 11 
-160 

o 5 10 15 20 25 

Frequency (kHz) 

FIGURE II. Quantization Noise Spectrum. 

APPLICATION 
CONSIDERATIONS 
DELAY TIME 

There is a finite delay time in delta-sigma converters. In 
AID converters, this is commonly referred to as latency. 
For a delta-sigma DIA converter, delay time is determined 
by the order number of the FIR filter stage, and the chosen 
sampling rate. The following equation expresses the delay 
time of PCM1712: 

T D = 12.625 x Ilfs 

For fs = 44. 1kHz, TD = 12.625144.lkHz = 286.281JS 

Applications using data from a disc or tape source, such as 
CD audio, CD-Interactive, Video CD, DAT, Minidisc, etc., 
generally are not affected by delay time. For some profes
sional applications such as broadcast audio for studios, it is 
important for total delay time to be less than 2ms. 

INTERNAL RESET 

When power is first applied to PCM1712, an automatic 
reset function occurs after 64 cycles of LRCIN. 

BURR-BROWN® 

OUTPUT FILTERING 

For testing purposes all dynamic tests are done on the 
PCM1712 using a 20kHz low pass filter. This filter limits 
the measured bandwidth for THD + N, etc. to 20kHz. Failure 
to use such a filter will result in higher THD + N and lower 
SNR and Dynamic Range readings than are found in the 
specifications. The low pass filter removes out of band 
noise. Although it is not audible, it may affect dynamic 
specification numbers. 

The performance of the internal low pass filter from DC to 
24kHz is shown in Figure 12. The higher frequency rolloff 
of the filter is shown in Figure 13. If the user's application 
has the PCMI712 driving a wideband amplifier, it is recom
mended to use an external low pass filter. A simple 3rd
order filter is shown in Figure 14. For some applications, a 
passive RC filter or 2nd-order filter may be adequate. 

1.0 

0,5 

ill 0 

--1),5 

-1.0 
20 100 

SIMULATED ANALOG FILTER 
FREQUENCY RESPONSE 

(20Hz-24kHz, Expanded Scale) 

1k 
Frequency (Hz) 

r----, 

10k 24k 

FIGURE 12. Low Pass Filter Frequency Response. 

10 
5 
o 

-5 
-10 
-15 

m -20 
'0 -25 
~o 

~5 
--40 
--45 
-50 
-55 
-60 

10 100 

SIMULATED ANALOG FILTER 
FREQUENCY RESPONSE 

(10Hz-l0MHz) 

...... 
"-

\. 

lk 10k lOOk 

Frequency (Hz) 

\. 

\ 
\. 

\. 
\. 
\ 

1M 10M 

FIGURE 13. Low Pass Filter Frequency Response. 
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TEST CONDITIONS 
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EVALUATION FIXTURES 

Figure IS illustrates the actual test conditions applied to 
PCMI712 in production. The 11th-order filter is necessary 
in the production environment for the removal of noise 
resulting from the relatively long physical distance between 
the unit and the test analyzer. In most actual applications, the 
third-order filter shown in Figure 14 is adequate. Under 
nonnal conditions, THD+N typical perfonnance is -70dB 
with a 30kHz low pass filter (shown here. on the THD 
meter), improving to -92dB when the external 20kHz sec
ond-order filter is used. 

VS1N 

An evaluation fixture is available for PCM1712: 

DEM-PCM1712 

This evaluation fixture is primarily intended for quick evalu
ation of the PCMl712's perfonnance. DEM-PCM1712 can 
accept either an external clock or a user-installed crystal 
oscillator. All of the functions can be controlled by on-board 
switches. DEM-PCMl712 does not contain a receiver chip 
or an extemallow pass filter. DEM-PCMl712 requires a 
single +5V power supply. 

GAIN vs FREQUENCY 

-14 

iD -34 
:s 
I: 
-iii 
Cl -54 

-74 

-94 
100 

FIGURE 14. 3rd-Order LPF. 

Test Disk n 
CD DAI DEM-

Player Digital PCM1712 

FIGURE 15. Test Block Diagram. 

8.2.122 

Ik 

Rch 

I', 

Phase 

10k 
Frequency (Hz) 

G~in 

\ 

J"'.. 
1--

lOOk 

Through 

11th-order 
20kHz 
LPF 

90 

o 

--90 C 

~ 
-180 0.. 

-270 

-360 
1M 

Shibasoku #725 nn 
tJ1:J 

OdB/60dB 30KHz LPF on 

For test of SIN ratio and Dynamic Range, A-filter ON_ 
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[ CN1 ] 
LRCIN 1 

DIN 2 

BCKIN 3 

CLKO 4 

XTI 5 

-r~---l XTO 6 

7 

*121 8 

9 
~ _ _______ _ oJ *121 10 

11 

i-H~~ + 13 

14 

/777 

~ f 
COD C 
o 0 GOO 
U U N U U 
T TOT T 

R R L L 

PCM1712U 

FIGURE 16. DEM-PCM1712 Schematic Circuit Diagram. 
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28 

27 

26 

25 

24 I 
23 

22 

21 *121 

20 

19 *121 

18 

~F 17 it-
16 

~ 

Ii 

DSD 

DM2 

DM1 

MODE 

CKSL 

I--

OS 

/ 

/ 

'---

'--- C MC 

~ MD 

GND 

+Vcc 
::1::121 J-

:/7"7~ ~O 

EML 

~F 

NOTE: (1) Bypass Capacitor. 0.1~F Ce ramie. 
(2) Bypass Capacitor 1 ~F - 10 ~F Tantalum. 
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BURR - BROWN® 

IElElI PCM1715U 

Dual Voltage Output CMOS Delta-Sigma 
DIGITAL-TO-ANALOG CONVERTER 

With On-Chip Digital Filter 

FEATURES 
• DUAL MUL TI·LEVEL NOISE SHAPING 

DAC WITH ON·CHIP DIGITAL FILTER 

• HIGH PERFORMANCE: 
THD+N: 0.0025% (-92dB) typ 
Dynamic Range: 98dB typ 
SIN RATIO: 110dB typ 

• ANALOG VOLTAGE OUTPUT: 
Vo = 3.2Vp·p 

• ON·CHIP ANALOG LOW PASS FILTER 

• JITTER TOUGH AND LOW RADIO 
FREQUENCY INTERFERENCE ENERGY 
ARCHITECTURE 

• SYSTEM CLOCK 256fs or 384fs 

• ON·CHIP 8X OVERSAMPLING DIGITAL 
FILTER WITH: 
LchlRch Individual Attentuator 
Control 
Digital De·Emphasis (44.1kHz) 
Analog Output Mode Select 

e SINGLE +5V POINER SUPPLY 
OPERATION 

• SMALL 28-PIN SOIC PACKAGE 

LchiRch A IT Control 

Input Interface 
4th-Order 

Oversampling MuRi-Level 
Digitalin and 

Attentuator Digital Filter Delta-
Sigma 

t t 
Mode Control System Clock 

DESCRIPTION 
The PCMl715 is a low cost, dual voltage output 
CMOS digital-to-analog converter. Incorporated into 
the PCM1715 is a unique multi-level 4th-order delta
sigma architecture that eliminates influence from in
put clock jitter and RF interferance resulting in truly 
superior performance. 

The PCMl715 has individual channel altenuator and 
analog output mode select function which is suitable 
for CD-ROM application. 

The on-chip digital filter of the PCM1715 has -62dB 
stop band attenuation and ±O.008dB ripple in the pass 
band. 

The PCMl715 can be used in a wide variety of 
consumer audio applications. Its low cost, small size, 
and single +5V operation make it ideal for portable, 
automotive, CD players, CD-I, CD-ROM, VIDEO
CD, tuners, music instruments, and other digital audio 
applications. 

Lch OUT 

Low-Pass Output 
DAC Filter OpAmp 

Rch OUT 

International Airport Industrial Park Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 746-1111 • Twx: 91D-952-1111 • Csble:BBRCORP • Telax:066-6491 • FAX: (520)889-1510 • Immediate Product Info: (BOO) 54&-6132 
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SPECIFICATIONS 
ELECTRICAL 
All specificafions at +25·C, +Vcc = +Voo= +5V, fs = 44.1 kHz, SYSCLK = 384fs/256fs, and 16-bit data, unless otherwise noted. 

PCM17l5U 

PARAMETER CONDITIONS MIN TYP 

RESOLUTION 16 

DIGITAL INPUT 
Logic Family 
Input Logic Level (except XTi) 

V,H 2.0 
V,L 

Input Logic Current (except )(TI) 
Input Logic Level (XTi) 

V,H 3.2 
V,L 

Input Logic Current (XTi) 
Output Logic Level (CLKO): 

VOH 4.5 
VOL 

Output Logic Current (CLKO) ±10 

MAX 

O.B 
-200 

1.4 
±50 

0.5 

Data Format MSB First, Two's Complement 
Sampling Frequency 44.1 
System Clock Frequency 384fs 16.934 
System Clock Frequency 256fs 11.2B94 

DC ACCURACY 
Gain Error ±1.0 ±S.O 
Gain Mis-Match Channel-To-Channel ±1.0 ±S.O 
Bipolar Zero Error Va = 1/2Vcc at Bipolar Zero ±20.0 
Gain Drift ±50 
Bipolar Gain Drift ±20 

DYNAMIC PERFORMANCE 
THD+N at F/S (OdB)11) fiN = 991Hz --92 --aB 
THD+N at -60dB(1) fiN = 991Hz -36 -32 
Dynamic Range EIAJ A-weighted 98 
SIN Ratio EIAJ A-weighted 104 110 
Channel Separation fiN = 991Hz 90 94 

DIGITAL FILTER PERFORMANCE 
Pass Band Ripple ±Q.OOB 
Stop Band Attenuation -62 
Pass Band 0.4535 

UNITS 

Bits 

VDC 
VDC 
~A 

VDC 
VDC 
~ 

VDC 
VDC 
mA 

kHz 
MHz 
MHz 

% of FSR 
% of FSR 

mV 
ppm of FSRI·C 
ppm of FSR/·C 

dB :::» 
dB it) 
dB ,.... 
dB r--
dB ,.... 

:as 
dB 0 
dB Il. 
fs 

Stop Band 0.5465 fs 

Ell De-emphasis Error (fs = 44.1 kHz) +0.03 dB 

ANALOG OUTPUT 
Voltage Range fs (OdB) OUT 3.2 Vp-p 
Load Impedance 5 k.Q 

Center Voltage +1/2Vcc V 

POWER SUPPLY REQUIREMENTS 
Voltage Range: +Vcc +4.5 +5.0 +5.5 VDC 

+VOD +4.5 +5.0 +5.5 VDC 
Supply Current: +Icc +100 +Vcc = +Voo ::: +5.0V 45 70 mA 
Power Dissipation +Vcc = +Voo = +5.0V 225 350 mW 

TEMPERATURE RANGE 
Operation -25 +B5 ·C 
Storage -65 +100 ·C 

NOTE: (1) 30kHz LPF, 400Hz HPF, Average Mode. 

The informafion 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 users 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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PIN CONFIGURATION 

LRCIN 

DIN 

BCKIN 

CLKO 

XTI 

XTO 

DGND 

Voo 

Vcc2R 

AGND2R 

EXT1R 

EXT2R 

VourR 

AGND1 

PIN ASSIGNMENTS 

PIN NAME FUNCTION 

1 LRCIN Sample Rate Clock Input (fs) 
2 DIN Data Input 
3 BCKIN Bit Clock Input 
4 CLKO Buffered Output of Oscillator 
5 XTI Oscillator Input (External Clock Input) 
6 XTO Oscillator Output 
7 DGND Digital Ground 
8 Voo Digital Power Supply (+5V) 
9 Vce2R Analog (DAC) +Vce, Rch 
10 AGND2R Analog (DAC) Ground, Rch 
11 EXT1R Output Amp Common, Rch 
12 EXT2R Output Amp Bias, Rch 
13 VOUTR Rch Analog Output 
14 AGND Analog Ground 

ABSOLUTE MAXIMUM RATINGS 

Power Supply Voltage .................................................................. ±6.5VDC 
+Vce to Voo Voltage ......................................................................... ±O.lV 
Input Logic Voltage ...................................................... -Q.3V - Voo +0.3V 
Power Dissipation .......................................................................... 400mW 
Operating Temperature ..................................................... -25'C to +85'C 
Storage Temperature ............. _ ....................................... -55°C to + 125°C 
Lead Temperature (soldering, 5s) .................................................. +260'C 

ML 

MC 

MD 

RSTB 

NC 

CKSL 

DGND 

Voo 

Vcc2L 

AGND2L 

EXTIL 

EXT2L 

VourL 

Vccl 

PtN NAME FUNCTION 

15 Vcc1 Analog Power Supply (+5V) 
16 VourL Lch Analog Output 
17 EXT2L Output Amp Bias, Lch 
18 EXT1L Output Amp Common, Lch 
19 AGND2L Analog (DAC) Ground, Lch 
20 Vcc2L Analog (DAC) +Vcc, Lch 
21 Voo Digital Power Supply, (+5V) 
22 DGND Digital Ground 
23 CKSL System Clock Select (H:384fs, L:256fs) 
24 NC No Connection 
25 RSTB Reset 
26 MD Mode Control 
27 MC Mode Control, BCK 
28 ML Mode Control, WDCK 

NOTE: All input pins require pull up resistors. 

PACKAGE INFORMATION 

MODEL PACKAGE 

PCM1715U 28-Pin SOIC 

PACKAGE DRAWING 
NUMBER!') 

217 

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

Serial 1 Data Input 

NOTE: (1) Bipass Capacitor :l~F - 10~F. 

DACRch OUT 

CMOS Amp 
Right 

L--------------------F====-1- p~~ersUppIY 

RchOUT 

3rd ORDER LPF 3rdORDER LPF 

TYPICAL PERFORMANCE CURVES 
All specifications at +25'C, +Vcc = +Voo = +5V, fs = 44.1 kHz, SYSCLK = 384fsl256fs, and 16·bit data, unless otherwise noted. 

LchOUT 

THD+N vs TEMPERATURE (Full Scale Output) THD+N vs SUPPLY VOLTAGE (Full Scale Output) 

£ 
z 
+ 

'" ::c 
I-

0.005 

0.004 

0.003 

0.002 

0.001 
-25 

BURR-BROWNiUI 

.I. ,I. 1 
Vee = Voo = +5.0V, fiN = 991Hz 

256fs -~+85'C 
384fs 

25 50 75 100 

Temperature ('C) 

0.005 

0.004 

l 
z 0.003 + 

'" ::c 
I-

0.002 

0.001 
4.5 

113131 Burr-Brown Ie Data Book-Mixed Signal Products 

TA = +25'C, fiN = 991 Hz 

I 

I 
i 
i 
i 256fs 

I 384fs 
I 

I 
5.0 5.5 

Vee = Voo (V) 

8.2.127 

~ 
C 

cb 
t
O 
::;:) 
C 
o a: 
Il. 
o 
2i 
::;:) 

<C 
....J 

~ 
~ 
2i 



For Immediate AssistanceJ Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES (CO NT) 
All specifications at +25OC, +Vcc = +VOD = +5V, Is = 44.1 kHz, SYSCLK = 384fs1256Is, and 16-bit data, unless otherwise noted. 
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CD 
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--30 
--35 
-40 
-45 
-50 
-55 
-60 

OVERALL FREQUENCY CHARACTERISTIC 
(De-Emphasis: OFF) 
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o 

Frequency (kHz) 

DE-EMPHASIS CHARACTERISTIC 
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\ 

'" ~ --- -~ 
\ 

10k 20k 30k 40k 

Frequency (Hz) 

SIMULATED ANALOG FILTER 
FREQUENCY RESPONSE 

(I OHz-IOMHz) 

50k 

! I I I Jdd \ 

" 
" " " " " 

10 100 Ik 10k lOOk 1M 10M 

Frequency (Hz) 

PASSBAND RIPPLE FREQUENCY CHARACTERISTIC 
(De-Emphasis: OFF) 
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o 

1.0 

0.5 

~ 0 

-0.5 

-1.0 
20 
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Frequency (kHz) 

IS 

SIMULATED ANALOG FILTER 
FREQUENCY RESPONSE 

(20Hz-24kHz, Expanded Scale) 

20 

-..., 

100 Ik 
Frequency (Hz) 

10k 24k 

OUTPUT WAVE FORM FULL SCALE SIGNAL 
(Without External Flher) 

NOTES: (I) Measured at Voor Pin (Pin 13 or 16). 
(2) The PCMI715 has Internal analog low pass 
filter to reduce high lrequency noise-shaped spec
trum. Application 01 the PCMI715 requires external 
post analog low pass fiher which has 2nd-Order or 
3rd-Order attenuation performance to get low noise 
analog output. 
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THEORY OF 
DELTA-SIGMA OPERATION 
The delta-sigma section of the PCMI715 is based on a 5-
level amplitude quantizer and a 4th-order filter. This con
verts the oversampled 16-bit input data to 5-level delta
sigma form. A block diagram of the 5-level modulator is 
shown in Figure 1. 

5-level Quantizer 

,;;~.~ v~~ i-:i/·:::::··· . 
HlIZ) + .)-o.------.J 

+ 0 __ 

32fsJ48fs 
5-level 

FIGURE 1. Block Diagram of 5-Level Delta-Sigma 
Quantizer. 

This 5-level delta-sigma modulator has the advantage of 
stability of delta-sigma loop and jitter sensitivity over the 
typical I-bit (2-level) delta-sigma modulator. 

The combined oversampling rate of the delta-sigma modu
lator and the internal 8x oversampling digital filter is 48fs at 
a system clock speed of 384fs, 32fs at a system clock speed 
of 256fs. 

A block diagram of the 4th-order filter section Hf(z) in the 
delta-sigma modulator is shown in Figure 2. 

In general, high order I-bit delta-sigma modulators have 
disadvantages due to loop instability. The 5 level delta
sigma modulator of the PCM1715 uses phase compensation 
techniques to obtain stable operation. In Figure 2, the coef
ficients, bl to b4, give the basic form of the filter and -al 
and -a2 are used for phase compensation of the feedback 
loop. 

The theoretical quantization noise performance of the 5-
level delta-sigma modulator is shown in Figures 3 and 4. In 
the audio band, the quantization noise floor level of the 
PCM1715 is less than -130dB (384fs). 

MODE OF OPERATION 
Serial inputs to MD, MC, and ML (Pins 26, 27 and 28) 
control the following functions: 

(1) Digital Attenuator [ALO - AL7, ARO - AR7] 
Attenuation data is constructed by 8-bitlLch, 8-bitlRch 
(total 16-bit), can be controlled as 255 step attenuation 
by individual channel. ALO and ARO are LSB, and AL7 
and AR7 are MSB. Attenuation Level ATT is given by: 

ATT = 20LOG IO (ATT DATN255) [dB] 

In-~-------~--------~-------~ 

Out 

FIGURE 2. Block Diagram of the Hf(z). 
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FIGURE 3. Quantization Noise Spectrum (256fs). FIGURE 4. Quantization Noise Spectrum (384fs). 
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At AIT DATA: OXFF, output is 0dB. At AIT DATA 
OXOO, output is ....... 

When "Muting" is chosen by output mode control, out
put goes to ...... from the present A IT level. 

Moving speed from OdB to ...... is 1024/f. 

Initialized (RESET) AIT level is OdB. 

(2) Versatile Output Mode [PLO - PL3] 
By using PLO - PL3 data, up to 16 different output 
modes (Lch/Rch/L+R/MUTE) can be selected to the 
output of Lch and Rch, as shown in Table I. 

- Initialized mode.is STEREO mode. 

(3) De-emphasis Control (DEM) 
De-emphasis function is controlled by DEM flag (H: 
ON, L: OFF) 

De-emphasis is enabled only at 44.lkHzfs. At other fs 
frequencies, de-emphasis error is not guaranteed. Initial
ized mode is De-emphasis OFF. 

(4) Attenuator Control (ATe) 
If common attenuator control of Lch and Rch is needed, 
use the ATC flag (A TC = "H"). Common attenuation can 
be controlled by Lch (ALO - AL 7) data. Initialized mode 
is individual. 

(5) Infinity-Zero Detection 
The PCMl715 has an infmity-zero detect function which 
monitors the input data and bit clock. When the input 

MODE CONTROL FORMAT 

Me 

Lch Rch 
PLO PL1 PL2 PL3 OUTPUT OUTPUT NOTE 

0 0 0 0 MUTE MUTE MUTE 

0 0 0 1 MUTE R 

0 0 1 0 MUTE L 

0 0 1 1 MUTE (L + R)/2 

0 1 0 0 R MUTE 

0 1 0 1 R R 

0 1 1 0 R L REVERSE 

0 1 1 1 R (L + R)/2 

1 0 0 0 L MUTE 

1 0 0 1 L R STEREO 

1 0 1 0 L L 

1 0 1 1 L (L + R)/2 

1 1 0 0 (L + R)/2 MUTE 

1 1 0 1 (L + R)/2 R 

1 1 1 0 (L+ R)/2 L 

1 1 1 1 (L + R)/2 (L + R)/2 MONO 

TABLE I. PCMl715 Output Mode Control. 

data is continuously "zero" for 8192 cycles of the bit 
clock, the infmity zero detect occurs and the DAC 
outputs are set to bipolar zero (l/2V cd. 

(6) Reset 
Normally, internal initialize (reset) is done automatically 
at power on (VDD > 3.5V). The RSTB-pin (Pin 25) 
accepts external forced reset by RSTB=L. During 
RSTB=L, the output of the DAC is invalid, set to l/2V cc 
after internal initialize (1024XTI clock count after 
RSTB=H). 

ML __________________________________________________ ~~ 
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FIGURE 5_ Data Input Timing, 16-Bit. 
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FIGURE 6_ Data Input Timing_ FIGURE 7 _ Serial Mode Control Timing. 

BCK Pulsewidlh (H Level) "CWH 70ns (min) MC Pulsewidlh (H Level) tMCWH SOns (min) 
BCK Pulsewidlh (L Level tBOWL 70ns (min) MC Pulsewidth (L Level) t...,CWL SOns (min) 
BCK Pulse Cycle Time laCY 140ns (min) MC Pulse Cycle TIme tMCY lOOns (min) 
DIN Setup Time los 30ns (min) MD Selup TIme IMS 30ns (min) 
DIN Hold Time IOH 30ns (min) MD Hold TIme IMH 30ns (min) 
BCK Rising Edge -+ LRCI Edge lal 30ns (min) ML Selup Time "'cs 30ns (min) 
LRCI Edge -+ BCK Rising Edge tu. 30ns (min) ML Hold Time "'CH 30ns (min) 

ML Low-Level TIme tMlY 1/sysclk + 20ns (min) 

TABLE II. Data Input Timing Specifications. 
TABLE III. Serial Mode Control Timing Specifications. 
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NOTE: Exlernal system clock inputs to XTI should meet the following conditions: 

FIGURE 8. Operation Instruction For System Clock. 

Internal System Clock 

C" C2: 10pF - 20pF 

V1H > O.64VOD 

V,L < 0.28Voo 
TH> IOns 
TL> IOns 

Internal System Clock 

XTI XTO(') 

External System Clock Input 

NOTE: (1) XTO must be open. 

FIGURE 9. Oscillator Circuit Connection Diagram. FIGURE 10. Oscillator Circuit Connection Diagram. 
Optional external crystal oscillator. 

EVALUATION BOARD 

Burr-Brown's DEM-PCMl710 evaluation board for the 
PCMl710 is capable of evalution of the PCM1715 and 
PCMl710. Digital input signals for the evaluation board are 
LRCK, BCK, DATA, and system clock (256fs or 384fs). 
Power supply requirement is only +5V. . 

The DEM-PCM171O has a pattern layout for an optional 
crystal oscillator. However, the crystal is not installed. 

External system clock. 
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BURR - BROWN® 

IElElI PCM1717E 

0_ SQVA'~...c~N Stereo Audio 
DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• ACCEPTS 16- OR 18-BIT INPUT DATA 

• COMPLETE STEREO DAC: 
8X Oversampling Digital Filter 
Multi-Level Delta-Sigma DAC 
Analog Low Pass Filter 
Output Amplifier 

• HIGH PERFORMANCE: 
-90dB THD+N 
96dB Dynamic Range 
10DdB SNR 

• SYSTEM CLOCK: 256fs or 384fs 
• SINGLE +5V POWER SUPPLY 

• SELECTABLE FUNCTIONS: 
Soft Mute 
Digital Attenuation (256 Steps) 
Digital De-emphasis 
Output Mode: L, R, Mono, Mute 

• SMALL 20-PIN SSOP PACKAGE 

BCKIN 

LRCIN 

DIN 

MUMUTE 

MC/DMO 

MD/DMI 

MODE 

ax Oversampling 
Digital Fitter with 
Multi Function 

Control 

DESCRIPTION 
The PCMl717 is a complete low cost stereo, audio 
digital-to-analog converter, including digital interpo
lation filter, 3rd-order delta-sigma DAC, and analog 
output amplifiers. PCMI717 is fabricated on a highly 
advanced O.6IlCMOS process. PCMI717 accepts 16-
or 18-bit normal input data format, or 16- or 18-bit lIS 
data format. 

The digital filter performs an 8X interpolation func
tion, as well as special functions such as soft mute, 
digital attenuation, and digital de-emphasis. The digi
tal filter features -35dB stop band attenuation and 
±O.17dB ripple in the pass band. 

PCMl717 is suitable for a wide variety of cost-sensitive 
consumer applications where good performance is re
quired. Its low cost, small size, and single +5V power 
supply make it ideal for automotive CD players, book
shelf CD players, BS tuners, keyboards, MPEG audio, 
MIDI applications, set-top boxes, CD-ROM drives, 
CD-Interactive, and CD-Karaoke systems. 

r---l--- ZERO 

RSTB B--- ,...-l..-_____ ---, 

XTI XTO CLKO Vee AGND Voo DGND 
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SPECIFICATIONS 
All specifications at +25°C, +Vcc = +VDO = +5V, fs = 44.1 kHz, and 16-bit input data, SYSCLK = 364fs, unless otherwise noted. Measurement bandwidth is 20kHz. 

PCMI717E 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

RESOLUTION 16 18 Bits 

DIGITAL INPUT/OUTPUT 
Logic Family CMOS 
Input Logic Level: 

V1H(2) 70% of Voo V 
Vrl (2) 30% of Voo V 
V1H(3) 70% of Veo V 
V1L(3) 30% of Voo V 
VIH(4) 64% of Voo V 
V1l(4) 28% of Voo V 

Input Logic Current: 
IIH(5) -1 IJA 
IIL(S) 120 ~A 
'IH(6) -1 ~A 
1~(6) 0.02 ~A 
IIH(4) Y,N = 3.2V 40 ~A 
IrL(4) V'N=I.4V -40 ~A 

Output Logic Level: 
VOH(7) 10H = -5mA 3.8 V 
VOim 10l = +5mA 1.0 V 
VOLfS) 10l = +5mA 1.0 V 

DC ACCURACY 
Gain Error ±1.0 ±5.0 % of FSR 
Gain Mismatch Channel-to-Channel ±1.0 ±5.0 % of FSR 
Bipolar Zero Error Vo = 1/2 Vec at Bipolar Zero ±30 mV 

DYNAMIC PERFORMANCE(1) Vcc = +5V, fiN = 991 Hz 
THD+N at FS (OdB) -1l0 -SO dB 
THD+N at -SOdB -34 dB 
Dynamic Range EIAJ, A-weighted 90 96 dB 
Signal-To-Noise Ratio EIAJ, A-weighted 92 100 dB 
Channel Separation 90 97 dB 
Level Linearity Error (-1l0dB) ±C.5 dB 

DIGITAL FILTER PERFORMANCE 
Pass Band Ripple Normal Mode ±C.l? dB 
Stop Band Attenuation Normal Mode -35 dB 
Pass Band Normal Mode 0.445 fs 
Stop Sand Normal Mode 0.555 fs 
De·emphasis Error (fs = 32kHz - 48kHz) -0.2 +0.55 dB 
Delay Time (Latency) 22.25 + fs sec 

ANALOG OUTPUT 
Voltage Range FS (OdS) OUT, Vcc = +5V 62% of Vcc Vp-p 
Load tmpedance 5 k!l 
Center Voltage +1I2Vcc V 

POWER SUPPLY REQUtREMENTS 
Voltage Range: +Vcc +4.5 +5.5 VDC 

+VOD +4.5 +5.5 VDC 
Supply Current: +Icc +100(9) +Vcc = +VOD = +5V 18.0 25.0 mA 
Power Dissipation +Vcc = +VOD = +5V 90 125 mW 

TEMPERATURE RANGE 
Operation -25 +85 °C 
Storage -55 +100 °C 

.. ... - .. NOTES: (1) TRster::! With Sh!basoku #725 THD. Meter 400Hz HPF, 30kHz LPF Oil, AveragE:! MOOB wnn 2ukHZ Dandwrdth limiting. (2) Pms 4, 5, 6, 14: LRCIN, DIN, 
BCKIN, MODE. (3) Pins 15, 16, 17, 18: RSTB, MD/DMO, MC/DM1, MLJMUTE (Schmitt trigger input). (4) Pin 1: XTI. (5) Pins 15, 16, 17, 18: RSTB, MD/DMO, MCI 
DM1, MLJMUTE (if pull-up resistor is used). (6) Pins 4, 5, 6: LRCIN, DIN, BCKIN (if pull-up resistor is not used). (7) Pin 19: CLKO. (8) Pin 7: ZERO. (9) No load 
on pins 19 (CLKO) and 20 (XTO). 
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PIN CONFIGURATION 

XTI 

PACKAGE INFORMATION 

MODEL PACKAGE 

PCM1717E 20-Pin SSOP 

XTO 

CLKO 

MUMUTE 

MC/DMI 

MD/DMO 

RSTB 

MODE 

VOUTL 

Vee 

PACKAGE DRAWING 
NUMBER(1j 

334-1 

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

ABSOLUTE MAXIMUM RATINGS 

Power Supply Voltage .................... . ................... +6.5V 
+Vcc to +VDD Difference .............. . ............ ±O.1V 
Input Logic Voltage ........................ . . ............. -0.3V to (VDD + 0.3V) 
Power Dissipation .......................... . ................................. 200mW 
Operating Temperature Range ......................................... -25°C to +85°G 
Storge Temperature.. . ...... -55'C to + 125'C 
Lead Temperature (soldering. 5s) ........... . ........... +260'C 
Thermal Resistance. 8JA ... ... +70°CIW 

BURR-BROWN® 

PIN ASSIGNMENTS 

LRCIN 

DIN 

BCKIN 

Sample Rate Clock Inpul. Controls the update rate (fs). 

Serial Data Input. MSB first, right jus+ified (Sony format) 
or 128 (Philips). Contains a frame of 16- or 18·bit data. 

Bit Clock Input. Clocks in the data present on DIN input. 

Mode Control and Clock Signals 

XTI Oscillator Input (External Clock Input). For an internal 
clack, tie XTI to one side of the crystal oscillator. For an 
external clock, tie XTI to the output of the chosen 
external clack. 

14 MODE Operation Mode Select. For Software Mode, tie Mode 
"HIGH". For Hardware Made, tie Mode "LOW". 

16 MD/DMO Mode Control for Data Input or De-emphasis. When 
'·HIGH·· MD is selected, and a "LOW· selects DMO. 

17 MC/DMI Mode Control for BCKIN or De-emphasis. When "HIGH··, 
MC is selected, and a "LOW" selects DM1. 

16 MUMUTE Mode Control for Strobe Clock or Mute. When "HIGH", 
ML is selected, and a "LOW" selects mute. 

19 CLKO Buffered Output of Oscillator. Equivalent to XTI. 

20 XTO Oscillator Output. When using the internal clock, tie to 
the apposite side (from pin 1) of the crystal oscillator. 
When using an external clock, leave XTO open. 

Operational Controls and Flags 

7 ZERO 

15 RSTB 

Infinite Zero Detection Flag, open drain output. When 
the zero detection feature is muting the output, ZERO 
is "LOW". When non-zero input data is present, ZERO 
isJn a high impedance state. When the input data is 
co~tinuously zero for 65.536 BCKIN cycles, zero will be 
low. 

Resets DAC operation with an active "LOW" pulse. 

Analog Output Functions 

9 

12 

13 

Right Channel Output Amplifier Common. Bypass to 
ground with 10l-lF capacitor. 

Right Channel Analog Output. VOUT max = 0.62 x Vee. 

Left Channel Analog Output. VOUT max:: 0.62 x Vee. 

Left Channel Output Amplifier Common. Bypass to 
ground with 10l-lF capacitor. 

Power Supply Connections 

2 DGND Digital Ground. 

VDD Digital Power Supply 1+5V). 

10 AGND Analog Ground. 

11 Vee Analog Power Supply (+3V). 
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For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES 
At TA = +25'C. Vs = +5V. RL = t oon •. CL = 2pF. and RFB = 402n. unless otherwise noted. 

DYNAMIC PERFORMANCE 
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TYPICAL PERFORMANCE CURVES 
At T A = +25°C. V5 = +5V. RL = 44.1 kHz. f5Y5 = 384f5• and 16·bit input data. unless otherwise noted. 

DIGITAL FILTER 
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SYSTEM CLOCK 

The system clock for PCM1717 must be either 256fs or 
384fs, where fs is the audio sampling frequency (typically 
32kHz, 44.1kHz, or 48kHz). The system clock is used to 
operate the digital filter and the modulator. 

The system clock can be either a crystal oscillator placed 
between XTI (pin 1) and XTO (pin 20), or an external clock 
input to XTI. If an external system clock is used, XTO is 
open (floating). Figure 1 illustrates the typical system clock 
connections. 

PCMl717 has a system clock detection circuit which auto
matically senses if the system clock is operating at 256fs or 
384fs. The system clock should be synchronized with LRCIN 
(pin 4) clock. LRCIN (left-right clock) operates at the 
sampling frequency fs. In the event these clocks are not 
synchronized, PCM1717 can compensate for the phase dif
ference internally. If the phase difference between left-right 

C,. C2 = 10 to 20pF 
l . __ . __ . __ . __ . __ . 

PCM1717E 

CRYSTAL RESONATOR CONNECTION 

and system clocks is greater than 6 bit clocks (BCKIN), the 
synchronization is performed internally. While the synchro
nization is processing, the analog output is forced to a DC 
level at bipolar zero. The synchronization typically occurs in 
less than 1 cycle of LRCIN. 

DATA INTERFACE FORMATS 

Digital audio data is interfaced to PCMI717 on pins 4, 5, 
and 6-LRCIN (left-right clock), DIN (data input) and 
BCKIN (bit clock). PCM1717 can accept both normal and 
I2S data formats. Normal data format is MSB first, two's 
complement, right-justified. rs data is compatible with 
Philips serial data protocol. In the FS format, the data is 16-
or 18-bit, selectable by bit 0 on Register 3 (Software Control 
Mode). In the Hardware Mode, PCMl717 can only function 
with 16-bit normal data. Figures 3 through 7 illustrate timing 
and input formats. 

External Clock >---<r::':-~---, 

l . __ . __ . __ . __ . __ . 
PCM1717E 

EXTERNAL CLOCK INPUT 
XTO pin = No Connection 

FIGURE 1. Internal Clock Circuit Diagram and Oscillator Connection. 

External Syotem Clock High 
External System Clock Lew 

FIGURE 2. External Clock Timing Requirements. 

1/25610 or 1/38410 

64% OF Voo 
28% OF Voo 
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OPERATIONAL CONTROL DIGITAL DE·EMPHASIS (Pins 16 and 17) 

PCM17 17 can be controlled in two modes. Software Mode 
allows the user to control operation with a 16-bit serial 
register. Hardware Mode allows the user to hard-wire opera
tion of PCM1717 using four parallel wires. The MODE pin 
determines which mode PCM 1717 is in; a LOW level on pin 
14 places PCM1717 in Hardware Mode, and a HIGH on pin 
14 places PCM1717 in Software Mode. 

MODE (Pin 14) Selected Mode Pin 16 Pin 17 Pin 18 

"HIGH" Software Mode MD MC ML 
"LOW·· Hardware Mode DMO DMl MUTE 

Table I indicates which functions are selectable within the 
user's chosen mode. All of the functions shown are select
able in the Software Mode, but only soft mute and de
emphasis control may be selected in the Hardware Mode. 

SOFTWARE HARDWARE 
MODE DEFAULT MODE DEFAULT 

FUNCTION SELECTABLE SELECTABLE 

Input Data Format Yes No 

Normal Format Normal Normal Only Normal 
1'8 Formal 

Input Resolution Yes No 

16 BilS 16 Bits 16 Bits Only 16 Bits 

16 Bits 

LRCIN Polarity Yes No 

UR = High/Low UR = H/L UR = H/L UR = H/L 
UR = Low/High Only 

De·emphasis Control Yes Yes 

32kHz 

44.1 kHz OFF OFF 

46kHz 

OFF 

Pins 16 and 17 are used as a two-bit parallel register to 
control de-emphasis modes: 

PIN 16 PIN 17 MODE 

0 0 De-emphasis disabled 
1 0 De-emphasis enabled at 48kHz 
0 1 De·emphasis enabled at 44.1 kHz 
1 1 De·emphasis enabled at 32kHz 

RESET MODE (Pin 15) 
A LOW level on pin 15 will force the digital filters, modu
lators and mode controls into a reset (disable) mode. While 
this pin is held low, the output of PCM1717 will be forced 
to V cc/2 (Bipolar Zero). Bringing pin 15 HIGH will initial
ize all DAC functions, and allow for normal operation. 

SOFTWARE MODE 
(Pin 14 = "1") 

The Software Mode uses a three-wire interface on pins 16, 
17 and 18. Pin 17 (MC) is used to clock in the serial control 
data, pin 18 (ML) is used to synchronize the serial control 
data, and pin 16 (MD) is used to latch in the serial control 
register. There are four distinct registers, with bits 9 and 10 
(of 16) determining which register is in use. 

REGISTER CONTROL (Bits 9, 10) 

REGISTER B9 (AO) B10(Al) 

0 0 0 
1 1 0 
2 0 1 
3 1 1 

w ,.... 
T"" ,.... 
T"" 

:E 
(.) 
a. 

Soft Mute Yes OFF Yes OFF 

Digital Attenuation Yes OdB No OdB 

Analog Output Mode Yes Stereo No Stereo Control data timing is shown in Figure 6. ML is used to latchlD 
Infinite Zero Detection Yes Disabled No Disabled 
DAC Operalion Control Yes ON No ON 

TABLE 1. Feature Selections by Mode. 

HARDWARE MODE 
(Pin 14 = "0") 

This mode is controlled by logic levels present on pins 15, 
16, 17 and 18. Hardware Mode allows for control of soft 
mute, digital de-emphasis and disable ONLY. Other func
tions such as attenuation, 1/0 format and infinite zero detect 
can only be controlled in the Software Mode. 

SOFT MUTE (Pin 18) 
A LOW level on pin 18 will force both channels to be muted; 
a HIGH level on pin 18 will allow for normal operation. 

the data from the control registers. After each register's 
contents are checked in, ML should be taken low to latch in 
the data. A "res" in the register indicates that location is 
reserved for factory use. When loading the registers, the 
"res" bits should be set LOW. 

REGISTER 0 

815 B14B13 B12 Bl1 Bl0 B9 BB B7 B6 B5 B4 B3 B2 Bl BO 

Register 0 is used to control left channel attenuation. Bits 
0-7 (ALO-AL7) are used to determine the attenuation level. 
The level of attenuation is given by: 

ATT = [20l0glO (ATT_DATA/255)] dB 

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes no 
responsibility forthe 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 andlor systems. 
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ATIENUATION DATA LOAD CONTROL, LCH 

Bit 8 (LDL) is used to simultaneously set analog outputs of 
Lch and Rch. An output level is controlled by AL[0:7] 
attenuation data when this bit is set to I. When set to 0, an 
output level is not controlled and remained at the previous 
attenuation level. A LDR bit in Register 1 has an equivalent 
function as the LDL. When one of LDL or LDR is set to 1, 
the output level of the left and right channel is simulta
neously controlled. The attenuation level is given by: 

ATT = 20l0g (y/256) (dB), where y = x, when 0::; x::; 254 

y = x + 1, when x = 255 

X is the user-determined step number, an integer value 
between 0 and 255. 

Example: 

let x = 255 

let x = 254 

let x = I 

let x = 0 

ATT = 2010g(255+ 1) = OdB 
256 

( 254) ATT = 2010g - = -0.068dB 
256 

A TT = 20 log (_1_) = -48.16dB 
256 

ATT = 2010g(~) = -= 
256 

REGISTER 1 

Register 1 is used to control right channel attenuation. As 
in Register I, bits 0-7 (ARO-AR7) control the level of 
attenuation. 

REGISTER 2 

B15 B14 B13 B12 Bll Bl0 B9 B8 B7 B6 B5 B4 B3 B2 Bl BO 

Register 2 is used to control soft mute, digital de-emphasis, 
disable, and infinite zero detect. Bit 0 is used for soft mute; 
a HIGH level on bit 0 will cause the output to be muted. 
Bits 1 and 2 are used to control digital de-emphasis as 
shown below: 

BITl (DMO) BIT 2 (DM1) DE-EMPHASIS 

a 0 De-emphasis disabled 

1 0 De-emphasis enabled at 48kHz 

a 1 De·emphasis enabled at 44.1 kHz 

1 1 De·emphasis enabled at 32kHz 

Bits 3 (OPE) and 4 (IZD) are used to control the infinite zero 
detection features. Tables II through IV illustrate the rela
tionship between !ZD, OPE, and RSTB (reset control): 

DATA INPUT DAC OUTPUT 

Zero Forced to BPZ(1) 
IZD= 1 

Other Normal 

Zero Zero{2) 
IZD=O 

Other Normal 

TABLE II. Infinite Zero Detection (IZD) Function. 

SOFTWARE MODE 
DATA INPUT DAC OUTPUT INPUT 

OPE= 1 
Zero Forced to BPZ(l} Enabled 

Other Forced to BPZ(1} Enabled 

Zero Controlled by IZD Enabled 
OPE=O 

Other Normal Enabled 

TABLE III. Output Enable (OPE) Function. 

SOFTWARE 
MODE 

DATA INPUT DAC OUTPUT INPUT 

RSTB = "HIGH" Zero Controlled by OPE and IZD Enabled 

Other Controlled by OPE and IZD Enabled 

RSTB =··LOW· 
Zero Forced to BPZ(l) Disabled 

Other Forced to BPZll} Disabled 

TABLE IV. Reset (RSTB) Function. 
NOTE: (1) II~ is disconnected from output amplifier. (2) II~ is connected to 
output amplifier. 

OPE controls the operation of the DAC: when OPE is 
"LOW", the DAC will convert all non-zero input data. If the 
input data is continuously zero for 65,536 cycles of BCKIN, 
the output will only be forced to zero only ifIZD is "HIGH". 
When OPE is "HIGH", the output ofthe DAC will be forced 
to bipolar zero, irrespective of any input data. 

IZD controls the operation of the zero detect feature: when 
IZD is "LOW", the zero detect circuit is off. Under this 
condition, no automatic muting will occur if the input is 
continuously zero. When IZD is "HIGH", the zero detect 
feature is enabled. If the input data is continuously zero for 
65,536 cycle of BCKIN, the output will be immediately 
forced to a bipolar zero state (V cc/2). The zero detection 
feature is used to avoid noise which may occur when the 
input is DC. When the output is forced to bipolar zero, there 
may be an audible click. PCMI717 allows the zero detect 
feature to be disabled so the user can implement an external 
muting circuit. 

REGISTER 3 

815 B14 B13 B12 Bl1 Bl0 89 88 87 86 B5 B4 B3 B2 81 80 

Register 3 is used to select the I/O data formats. Bit 0 (lIS) 
is used to control the input data format. If the input data 
source is normal (16- or IS-bit, MSB first, right-justified), 
set bit 0 "LOW". If the input format is lIS, set bit 0 "IDGH". 

BURR~BROWN® 
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1----------------1f/s---------------<~ 

I-------Left-channel Data----_oo-I __ ----Right-channel Data----___ I 

LRCIN (pin 4) 

BCKIN (pin 6) J1JLJ 11----l..fU1JlflJl: -.:flJ1j Jl:..:: --l..fU1JlflJl: --.JlillULllJ 
Audio Data Word = 16-Bit MSB LSB 

DIN (pin 5) -1-4 T"" 11-5 T" 11'-6-1- ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 11 I 2 I 3 I ~ 114115116 
MSB LSB 

~~~~~~~~~~~Il 12131 ~114115116 

Audio Data Word = 18-Bit MSB LSB 

DIN (pinS) 16117118 _~~~~~~Il 12131 ~~~~~~116117118 

FIGURE 3. "Normal" Data Input Timing. 

1 f/s 

1 ___ ----Left-channel Data----___ +_----- Right-channel Data----<-I 

LRCIN (pin 4) 

BCKIN (pin 6) 

DIN (pin 5) 

Audio Data Word = 16-Bit LSB LSB 

- - - - - - - -F=;:""2--r-3"t"_ ~ "'-11""'14 1"'-1-'51;::::16:::'1 - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ -+-.1-...L-...L ~ 114115116 r -~ ___ u U U _ 

Audio Data Word = 18-Bit LSB LSB 

- - - - - - - -FT-2-r-3"t"_ ~ ~ ~ ~ ~ ~-r1-16'T1-17-T1~18"1 ~ ~ ~ ~ ~ ~ +-1 -'-...L-....I_ ~ ~ ~ ~ 1161171181 DIN (pin 5) 

FIGURE 4. "FS" Data Input Timing. 

w r--,.... 
r--,.... 

LRCIN - - - - - - - - - - - - - -~{ - - - - - - - - - - 50% of Voo 

Bit 3 is used as an attenuation controL When bit 3 is set :a: 
HIGH, the attenuation data on Register 0 is used for both 0 
channels, and the data in Register 1 is ignored. When bit 3 a. 
is LOW, each channel has separate attenuation data. 

BCKIN 
, . 
I tBCY 

, 
, tL8 -, , 

DIN 3""---.... t--...,-~:m - - - - - - - -k 50% ot Voo 

11:11;"1 
BCKIN Pulsewidth (High Level) 
BCKIN Pulsewidth (Low Level) 
BCKIN Pulse Cycle Time 
BCKIN Rising Edge'" LRCIN Edge 
LRCIN Edge'" BCKIN Rising Edge 
DIN Setup Time 
DIN Hold Time 

FIGURE 5. Data Input Timing. 

SOns (min) 
SOns (min) 
lOOns (min) 
30ns (min) 
30ns (min) 
30ns (min) 
30ns (min) 

Bit I is used to select the polarity of LRCIN (sample rate 
clock). When bit I is LOW, a HIGH state on LRCIN is used 
for the left channel, and a LOW state on LRCIN is used for 
the right channeL When bit 1 is HIGH the polarity ofLRCIN 
is reversed. 

Bit 2 is used to select the input word length. When bit 2 is 
LOW, the input word length is set for 16 bits; when bit 2 is 
IDGH, the input word length is set for 18 bits. 

BURR - BROWN<JI 

Bits 4 through 7 are used to determine the output format, asllll 
shown in Table V: • 

PLO PL1 PL2 PL3 Lch OUTPUT Rch OUTPUT 

0 0 0 0 MUTE MUTE 
0 0 0 1 MUTE R 
0 0 1 0 MUTE L 
0 0 1 1 MUTE (L+ R)/2 
0 1 0 0 R MUTE 
0 1 0 1 R R 
0 1 1 0 R L 
0 1 1 1 R (L + R)/2 
1 0 0 0 L MUTE 
1 0 0 1 L R 
1 0 1 0 L L 
1 0 1 1 L (L + R)/2 
1 1 0 0 (L+ R)/2 MUTE 
1 1 0 1 (L + R)/2 R 
1 1 1 0 (L + R)/2 L 
1 1 1 1 (L + R)/2 (L + R)/2 

TABLE V. PCM1717 Output Mode ControL 

REGISTER RESET STATES 

NOTE 

MUTE 

REVERSE 

STEREO 

MONO 

After reset, each register is set to a predetermined state: 

Register 0 
Register 1 
Register 2 
Register 3 

0000000011111111 
0000000111111111 
0000 0010 0000 0110 
0000 0011 1001 0000 
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ML (pin 18) tJ 
I 

MC (pin 17) 

MO (pin 16) _.l:IB;";.15:...IB:..;I-"41:..;Bl;";.31:.IB.;,:12,,,IB;,,;.I,,,,IIB:..;I..:.J01I..:B..:..9.1,;1 B:.,:8.LI:..;B7-"I..:;B.:..6 1..:1 B:..;.5.1.1 B4::...;..JI..:;B3.:..II..:B;;:.2.1,;1 B:..;I.LI.:..B0:..JI,--

tMLS tMLH 
'-' '-' ----------------____________________________ ~'~' 'r-~1---------

ML- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~ - -V --~ ---------50% 01 Voo 

:tMCH:~CL: :. tMCY .: : :~t: : 
i~I~1 I I MLl 

I I 

MC - - - - - 50% 01 VDO 

MO (- - - - - - - ~«--~ -»)X -------x- ------~ -------~ -------E- 50% 01 VOD 

tMOS:~: tMDH 

MC Pulse Cycle 
MC Pulsewidth "L" 
MC Pulse Cycle "H" 
MO Setup Time 
MO Hold Time 
ML Setup Time 
ML Hold Time 
ML Pulsewidth "L" 

FIGURE 6. Control Data Timing in Softwar~ Mode Control. 

lOOns (min) 
SOns (min) 
SOns (min) 
30ns (min) 
30ns (min) 
30ns (min) 
30ns (min) 
30ns + 1 SYSCLK (min) 

RSTB ~- - - - - - - - - - - - - - - - - - - - - - - - - - . 50%"01 Voo 

I I 

FIGURE 7. External Reset Timing. 

~ RSTB Pulsewidth 20ns (min) 

O.I~F -10~F 
Bypass Capacitor 

r----,---ll--~------------------------------~_< +5V Analog Power Supply 

PCM 
Audio Data 
Processor 

Control 
Processor 

FIGURE 8. Typical Connection Diagram of PCM1717. 

1----------~----1f___To External Mute Circuit 
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POWER SUPPLY 
CONNECTIONS, 
PCMI717 has two power supply connections: digital (VDD) 

and analog (Vee). Each connection also has a separate 
ground. If the power supplies tum on at different times, there 
is a possibility of a latch-up condition. To avoid this condi
tion, it is recommended to have a common connection 
between the digital and analog power supplies. If separate 
supplies are used without a common connection, the delta 
between the two supplies during ramp-up time must be less 
than O.6V. 

An application circuit to avoid a latch-up condition is shown 
in Figure 9. 

Digital 
Power Supply 

Analog 
Power Supply 

FIGURE 9. Latch-up Prevention Circuit. 

BYPASSING POWER SUPPLIES 

The power supplies should be bypassed as close as possible 
to the unit. Refer to Figure 8 for optimal values of bypass 
capacitors. 

THEORY OF OPERATION 

A block diagram of the 5-level delta-sigma modulator is 
shown in Figure 10. This 5-level delta-sigma modulator has 
the advantage of stability and clock jitter sensitivity over the 
typical one-bit (2 level) delta-sigma modulator. 

The combined oversampling rate of the delta-sigma modu
lator and the internal 8-times interpolation filter is 48fs for 
a 384fs system clock, and 64fs for a 256fs system clock. The 
theoretical quantization noise performance of the 5-level 
delta-sigma modulator is shown in Figure 11. 

Multi Level 111111 
111111.111111111111.111111 

111111 Dalta Sloma 

3rd·ORDER III: MODULATOR 
20 

0 

-20 

-40 
iD 
Y -60 
c: -60 'n; 
C!l 

-100 

-120 

-140 

.I.,hlil\4.~ 
"IJI"IIlJl .l6,JI'"",I. ,hiO 1111"1" 'I r 

'Ir 1"'1111 ITr" I' n 
-160 

o 5 10 15 20 25 

Frequency (kHz) 

w ,.... ,.. ,.... ,.. 
:a= 
o 
0. 

The delta-sigma section of PCMI717 is based on a 5-level 
amplitude quantizer and a 3rd-order noise shapero This 
section converts the oversampled input data to 5-level delta
sigma format. 

'-------'~ 
FIGURE 11. Quantization Noise Spectrum. ~ 

5·level Quantizer 

Out ---4------1/ 
4815 (384Is) 
641. (2561.) 

FIGURE 10. 5-Level LU: Modulator Block Diagram. 
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APPLICATION 
CONSIDERATIONS 
DELAY TIME 

There is a finite delay time in delta-sigma converters. In AID 
converters, this is commonly referred to as latency. For a 
delta-sigma D/A converter, delay time is determined by the 
order number of the FIR filter stage, and the chosen sampling 
rate. The following equation expresses the delay time of 
PCMI717: 

TD ~ 22.25 x l/fs 

For fs ~ 44.1kHz, TD ~ 22.25/44.1kHz ~ 502.8!JS 

Applications using data from a disc or tape source, such as 
CD audio, CD-Interactive, Video CD, DAT, Minidisc, etc., 
generally are not affected by delay time. For some profes
sional applications such as broadcast audio for studios, it is 
important for total delay time to be less than 2ms. 

INTERNAL RESET 

When power is first applied to PCM1717, an automatic reset 
function occurs after 1,024 cycles of XTI clock. Refer to 
Table I for default conditions. During the first 1,024 cycles 
pf XTI clock, PCM1717 cannot be programmed (Software 
Control). Data can be loaded into the control registers during 
this time, and after 1,204 cycles of XTI clock, ~ "LOW" on 
ML (pin 18) will initiate programming. 

OUTPUT FILTERING 

For testing purposes all dynamic tests are done on the 
PCMI717 using a 20kHz low pass filter. This filter limits 
the measured bandwidth for THD+N, etc. to 20kHz. Failure 
to use such a filter will result in higher THD+N and lower 
SNR . and Dynamic Range readings than are found in the 
specifications. The low pass filter. removes qut of band 
noise. Although it is not audible, it may affect dynamic 
specification numbers. 

-14 

iii' -34 
:s 
'm <!l -54 

-74 

The performance of the internal low pass filter from DC to 
24kHz is shown in Figure 12. The higher frequency rolloff 
of the filter is shown in Figure 13. If the user's application 
has the PCMI717 driving a wideband amplifier, it is recom
mended to use an external low pass filter. A simple 3rd
order filter is shown in Figure 14. For some applications, a 
passive RC filter or 2nd-order filter may be adequate. 

ID .., 

1.0 

0.5 

-{l.5 

-1.0 
20 

INTERNAL ANALOG FILTER FREQUENCY RESPONSE 
(20HZ-24kHz, Expanded Scale) 

100 1k 
Frequency (Hz) 

r""-I'\ 

10k 24k 

FIGURE 12. Low Pass Filter Frequency Response. 
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-5 
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ID -20 
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-55 
-60 

10 

INTERNAL ANALOG FILTER FREQUENCY RESPONSE 
(1 OHz-1 OMHz) 

...... 

"' \. 
\. 

\. 
\ 
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100 1k 10k 100k 1M 10M 

Frequency (Hz) 

FIGURE 13. Low Pass Filter Frequency Response. 

GAIN vs FREQUENCY 
90 

I 1111II111 111111111 1i{III~G~nllllllll 
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\ 
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100 1k 10k 

Frequency (Hz) 
100k 
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FIGURE 14. 3rd-Order LPF. 
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Test Disk 

CD 
Player 

FIGURE IS. Test Block Diagram. 

TEST CONDITIONS 

Lch 

Rch 

Figure IS illustrates the actual test conditions applied to 
PCMI717 in production. The 11th-order filter is necessary 
in the production environment for the removal of noise 
resulting from the relatively long physical distance between 
the unit and the test analyzer. In most actual applications, the 
3rd-order filter shown in Figure 14 is adequate. Under 
normal conditions, THD+Ntypical performance is -70dB 
with a 30kHz low pass filter (shown here on the THD 
meter), improving to -89dB when the external 20kHz II th
order filter is used. 

EVALUATION FIXTURES 

Three evaluation fixtures are available for PCMI717. 

DEM-PCM1717 

This evaluation fixture is primarily intended for quick evalu
ation of the PCMl71Ts performance. DEM-PCM1717 can 
accept either an external clock or a user-installed crystal 
oscillator. All of the functions can be controlled by on-board 
switches. DEM-PCM1717 does not contain a receiver chip 
or an external low pass filter. DEM-PCM1717 requires a 
single +5V power supply. 

OUT-OF-BAND NOISE CONSIDERATIONS 

Delta-sigma DACs are by nature very sensitive to jitter on 
the master clock. Phase noise on the clock will result in an 
increase in noise, ultimately degrading dynamic range. It is 
difficult to quantify the effect of jitter due to problems in 
synthesizing low levels of jitter. One of the reasons delta
sigma DACs are prone to jitter sensitivity is the large· 
quantization noise when the modulator can only achieve two 
discrete output levels (0 or I). The multi-level delta-sigma 
DAC has improved theoretical SNR because of multiple 
output states. This reduces sensitivity to jitter. Figure 16 
contrasts jitter sensitivity between a one-bit PWM type DAC 
and multi-level delta-sigma DAC. The data was derived 
using a simulator, where clock jitter could be completely 
synthesized. 

BURR-BROWN0I 
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FIGURE 16. Simulation Results of Clock Jitter Sensitivity. 

2 _____________________ 1_1 _______________ _ 

1 --------------------

14.4ps 
0.---------

-1 - ----fL'-lJ 

2 ----

I I , , 
, I 

FIGURE 17. Simulation Method for Clock Jitter. 
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BURR-BROWN® 

IElElI PCM1718E 

PRELIMINARY INFORMATION 
SUBJECT TO CHANGE 

WITHOUT NOTICE 

~~NStereo Audio 
DIGITAL-TO-ANALOG CONVERTER 

FEATURES 
• ACCEPTS 16- or 18-BIT 12S, OR 18-BIT 

NORMAL INPUT DATA 

• COMPLETE STEREO DAC: 
8X Oversampllng DigHaI FiHer 
Multi-level Delta-5igma DAC 
Analog Low Pass Filter 
Output Amplifier 

• HIGH PERFORMANCE: 
-SOdB THD+N 
96dB Dynamic Range 
100dB SNR 

• SYSTEM CLOCK: 256fs or 384fs 

• WIDE POWER SUPPLY: +2.7V to +5.5V 

• SELECTABLE FUNCTIONS: 
Soft Mute 
Digital De-emphasis 

• SMALL 20-PIN SSOP PACKAGE 

BCKIN 

LRCIN 

DIN 

MUTE 

DMO 

DM1 

FORMAT 

RSTB-+--I 

ax Oversampllng 
Digital Fitter with 
Mulll Function 

Control 

XTI XTO CLKO 

DESCRIPTION 
The PCMI718 is a complete low cost stereo, audio 
digital-to-analog converter, including digital interpo
lation filter, 3rd-order delta-sigma DAC, and analog 
output amplifiers. PCMl718 is fabricated on a highly 
advanced O.6JlCMOS process. PCM1718 accepts 18-
bit normal input data format, or 16- or 18-bit I2S data 
format. 

The digital filter performs an 8X interpolation func
tion, as well as special functions such as soft mute and 
digital de-emphasis. 

PCM1718 is suitable for a wide variety of cost-sensitive 
consumer applications where good performance is re-, 
quired. Its low cost, small size, and single power supply 
make it ideal for BS tuners, keyboards, MPEG audio, 
PCMCIA audio cards, MIDI applications, and set-top 
boxes. 

MuttHevei 
DelIa-Sigma 
Modulator 

Vee AGND Voo DGND 

r-~+-ZERO 
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SPECIFICATIONS 
All specifications at +2S·C, +Vce = +Voo= +SV, fs = 44.1 kHz, and 18-bit input data, SYSCLK = 384fs, unless otherwise noted. Measurement bandwidth is 20kHz. 

PARAMETER CONDITIONS 

DIGITAL INPUT/OUTPUT 
Logic Family CMOS 
Input Logic Level: 

V,H!') 70% of Voo V 
V'L!') 30% of Voo V 
V 1H(3) 70% of Voo V 
V,L(3) 30% of Voo V 
V1H(4) 64% of Voo V 
V,L(4) 28% OfVDD V 

Input Logic Current: 
IIH(S) -1 I'A 
Ill(S) 120 !1A 
I'H(5) -1 I'A 
IIL(6) 0.02 !1A 
IIH(4) Y'N = 3.2V 40 !1A 
IIL(4) Y'N = 1.4V -40 I'A 

Output Logic Level: 
VOHfTI lOH = -5mA 3.8 V 
VOLfTI 10L = +SmA 1.0 V 
VOL(8) IOL = +SmA 1.0 V 

Gain Error ±1.0 ±5.0 %of FSR 
Gain Mismatch Channel-to-Channel ±1.0 ±S.O % of FSR 
Bipolar Zero Error Zero ±30 mV 

DYNAMfC PERFORMANCE(') Vce = +SV, fiN = 991 Hz 
THD+N at FS (OdB) -90 -80 dB 
THD+N at -6OdB --34 dB 

EIAJ, A-weighted 90 96 dB 
EIAJ, A-weighted 92 100 dB 

90 97 dB 
±C.S dB 

Normal Mode ±0.17 dB 
Normal Mode --35 dB 
Normal Mode 0.445 fs 
Normal Mode 0.555 fs 

(fs = 32kHz - 48kHz) --Q.2 +0.S5 dB 
22.25 +fs sec 

Voltage Range FS (OdB) OUT, Vcc = +5V 62% of Vee Vp-p 
Load Impedance 5 k.Q 

Center 50% of V 

POWER SUPPLY REQUfREMENTS 
Voltage Range: +Vce +2.7 +5.5 VDC 

+VOD +2.7 +5.5 VDC 
Supply Current: +Icc +100(9) = +5V 18.0 2S.0 rnA 
Power = +5V 90 125 mW 

Operation --25 +85 ·C 
Storage -55 +100 ·C 

NOTES: (1) Tested with Shibasoku #725 THO. Meter 400Hz HPF, 30kHz LPF On, Average Mode with 20kHz bandwidth limiting. (2) Pins 4, 5, 6, 14: LRCIN, DIN, 
BCKIN, FORMAT. (3) Pins 15, 16, 17, 18: RSTB, DMO, DM1, MUTE (Schmillirigger input). (4) Pin 1: XTI. (5) Pins 15, 16, 17, 18: RSTB, DMO, DM1, MUTE (if 
pull-up resislor is used). (6) Pins 4, 5, 6: LRCIN, DIN, BCKIN (if pull-up resistor is not used). (7) Pin 19: CLKO. (8) Pin 7: ZERO. (9) No load on pins 19 (CLKO) 
and 20 (XTO). 
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The informalion provided herein is believed 10 be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes -0 
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 andlor systems. 
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PIN CONFIGURATION 

TOP VIEW SSOP 

XTI 20 XTO 

DGND 

DMI 

DMO 

RSTB 

FORMAT 

DC_L 

VouTL 

AGND 10 11 Vee 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER(1) 

PCM1718E 20-Pin. SSOP 334-1 

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

ABSOLUTE MAXIMUM RATINGS 

Power Supply Voltage ....................................................................... +6.5V 
+Vee to +Voo Difference ................................................................•.. ±0.1V 
Input Logic Voltage .................................................. -O.3V to (Voo + 0.3V) 
Power Dissipation ............ :0 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 200mW 
Operating Temperature Range ......................................... -25'C to +85'C 
Storge Temperature ..........................•..............•............. : -55'C to + 125'C 
Lead Temperature (soldering, 5s) .................................................. +260'C 
lhermal Resistance, OJ................................ . ............................... : +70'CIW 

PIN ASSIGNMENTS 

PIN NAME FUNCTION 

Data Input Interface Pins 

4 LRCIN Sample Rate Clock Input. Controls the update rate (fs). 

5 DIN Serial Data Input. MSB first, righl juslified (Sony format, 
18 bitsleir 12S (Philips format, 16 or 18 bits). 

6 BCKIN Bil Clock Input. Clocks in the data present on DIN input. 

Mode Control and Clock Signals 

1 Xli Oscillator Input (Exlernal Clock Input). For an internal 
clock, tie Xli to one side of the crystal oscillator. For an 
external clock, tie Xli to the output of the chosen 
external clock. 

14 FORMAl A "HIGH" selects j2S input data format, and a "LOW" 
selects Normal (Sony) input data format. 

16 DMO De-emphasis selection. 

17 DMI De-emphasis selection. 
18 MUlE Soft Mute Control. When set "LOW", the outpuls are 

mUled. 

19 CLKO Buffered Output of Oscillator. Equivalent to XTI. 

20 XTO Oscillator Output. When using the internal clock, tie to 
the opposite side (from pin 1) of the crystal oscillator. 
When using an external clock, leave XTO open. 

Operational Controls and Flags 

7 ZERO Infin~e Zero Detection Flag, open drain oulput. When 
the input is continuously zero for 65,536 cycles of 
BCKIN, ZERO is "LOW". 

15 RSlB Resets DAC operation with an active "LOW" pulse. 

Analog Output Functions 

B D/C_R Right Channel Output Amplifier Common. Bypass to 
ground wilh IOI1F capacitor. 

9 VOlITR Right Channel Analog Output. VOUT max ~ 0.62 x Vee. 

12 VouTL Left Channel Analog Output. VOlIT max ~ 0.62 x Vee. 

13 D/C_L Left Channel Oulput Amplifier Gammon. Bypass to 
ground with IOI1F capacitor. 

Power Supply Connections 

2 DGND Digital Ground. 

3 Voo Digital Power Supply (+5V or +3V). 
10' AGND Analog Ground. 

11 Vee Analog Power Supply (+5V or +3V). 

BURR~BROWN® 
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TYPICAL PERFORMANCE CURVES 
At TA = +25'C, Vs = +5V, RL = lOon, CL = 2pF, and R'B = 402n, unless otherwise noted. 

DYNAMIC PERFORMANCE 
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TYPICAL PERFORMANCE CURVES 
At TA = +25'C, Vs = +5V, RL = 44.1kHz, Isys = 3841s, and 18-bit input data, unless otherwise noted. 

DIGITAL FILTER 
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SYSTEM CLOCK 

The system clock for PCM1718 must be either 256fs or 
384fs, where fs is the audio sampling frequency (typically 
32kHz, 44.1kHz, or 48kHz). The system clock is used to 
operate the digital filter and the modulator. 

The system clock can be either a crystal oscillator placed 
between XTI (pin 1) and XTO (pin 20), or an external clock 
input to XTI. If an external system clock is used, XTO is 
open (floating). Figure I illustrates the typical system clock 
connections. 

PCMI718 has a system clock detection circuit which auto
matically senses if the system clock is operating at 256fs or 
384fs. The system clock should be synchronized with LRCIN 
(pin 4) clock. LRCIN (left-right clock) operates at the 
sampling frequency fs. In the event these clocks are not 
synchronized, PCMI718 can compensate for the phase dif-

!CLKO 

C" C2= 10 to 20pF 
l ___ . __ . __ . __ . __ . 

PCM1718E 

CRYSTAL RESONATOR CONNECTION 

ference internally. If the phase difference between left-right 
and system clocks is greater than 6 bit clocks (BCKIN), the 
synchronization is performed internally. While the synchro
nization is processing, the analog output is forced to a DC 
level at bipolar zero. The synchronization typically occurs in 
less than I cycle of LRCIN. 

DATA INTERFACE FORMATS 

Digital audio data is interfaced to PCMI718 on pins 4, 5, 
and 6-LRCIN (left-right clock), DIN (data input) and 
BCKIN (bit clock). PCMI718 can accept both normal and 
12S data formats. Normal data format is MSB first, two's 
complement, right-justified. 12S data is compatible with 
Philips serial data protocol. Figures 3 and 4 illustrate the 
input data formats. 

External Clock >--<:>'-''''-10----, 

l . __ . __ . __ . __ . __ . 
PCM1718E 

EXTERNAL CLOCK INPUT 
XTO pin = No Connection 

FIGURE I. Internal Clock Circuit Diagram and Oscillator Connection. 

External System Clock High 
External System Clock Low 

64% OF Voo 
28%OFVoo 

10ns (min) 
10ns (min) 

FIGURE 2. External Clock Timing Requirements. 

BURR-BROWNe 

FUNCTIONAL CONTROLS 

PCMI718 allows the user to control the input data format, 
soft mute, and digital de-emphasis frequency. Table I illus
trates the selectable functions: 

FUNCTION CONTROL PIN 

Data Input Format FORMAT (Pin 14) 
Normal 
12S 

De-emphasis DMO, DM1 (Pins 16, 17) 
32kHz 
44.1kHz 
48kHz 

Soft Mute MUTE (Pin 18) 

Reset RSTB (Pin 15) 

TABLE I. Selectable Functions. 

I~~I Burr-Brown Ie Data Book-Mixed Signal Products 8.2.151 
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�----------~-___:_---If1s---------------1 

I------Left-channel Data-------o.j .... ....-----Right-channeIData----_1 

LRCIN (pin 4) 

BCKIN (pin 6) ----~-- ---~--

Audio Data Word = 18-Blt MSB MSB 

DIN (pin 5) 16 17 18 ~ ~ ~ ~ ~ ~ ~Fll=.-I-2-r1-3...,1_ ~ ~ ~ ~ ~ ~ L.,.;.,:.J....:..:.-L.:~~ ~ ~ ~ ~ ~ ~ ~ ~TI ""I T-1-2TI-3-'-,-- ___ L.,.;.,:.J....:..:.-L.:~ 

FIGURE 3. "Normal" Data Input Timing. 

1-----------------1fls------------......,~1 

1------Left·channel Data------+-I-------Right·channel Data------o-I 

LRCIN (pin 4) 

BCKIN (pin 6) -~--

Audio Data Word = 18-Bit 

DIN (pinS) 

FIGURE 4. "PS" Data Input Timing. 

-------------~' m'r---------
LRCIN - - - - - - - - - - - - - -K- -" --------50%olVoo 

BCKIN 

, 
I tLB .....-, , 

DIN 3--1--~ -------1( 50%olVoo 

I ....... I~I . 

tOH tus 

BCKIN Pulsewidth (High Level) 
BCKIN Pulsewidth (Low Level) 
BCKIN Pulse Cycle Time 
BCKIN Rising Edge .... LRCIN Edge 
LRCIN Edge .... BCKIN Rising Edge 
DIN Setup Time . 
DIN Hold Time 

FIGURE 5. Data Input Timing. 

taCH 
teeL 
tsCY 
taL 
tLe 
tDS 

tOH 

SOns (min) 
SOns (min) 
lOOns (min) 
30ns (min) 
30no (min) 
30ns (min) 
30ns (min) 

Data Format 

A "IDGH" on pin 14 (FORMAT) sets the input format to 
PS, and a "LOW" sets the format to Normal (MSB-frrst, 
right-justified Sony format). 

Soft Mute 

A "LOW" on pin 18 (MUTE) causes both outputs to be 
muted. This muting is done in the digital domain so there is 
no audible "click" when the soft mute is enacted. 

De-Emphasis 

PCMl718 allows for digital de-emphasis for all ihree stan
dard sampling frequencies: 

DMI (Pin 17) DMO (Pin 16) De-Emphasis Mode 

0 0 OFF 
0 1 48kHz 
1 0 44.1kHz 
1 1 32kHz 

BURR .. BROWN (!I 
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Reset 

PCMI718 has both internal power on reset circuit and the 
RSTB·pin (pin 15) which accepts external forced reset by 
RSTB = LOW. For internal power on reset, initialize (reset) 
is done automatically at power on VDD >2.2V (typ). During 
internal reset = LOW, the output of the DAC is invalid and 
the analog outputs are forced to V cc/2. Figure 6 illustrates 
the timing of internal power on reset. 

For the RSTB·pin, PSTB·pin accepts external forced reset by 
RSTB = L. During RSTB = L, the output of the DAC is 
invalid and the analog outputs are forced to V cd2 after 
internal initialize (1024 system clocks count after RSTB = H.) 
Figure 7 illustrates the timing of RSTB·pin reset. 

VCCNDD ~:~~ k .. -------·-~mu : 
, I.BV ---- • • 

" . 
" . 
: :_: Reset 

In;emal Reset ""1,......,·'""1;-· .,..; "'I-r! "r;"-' 
Reset Removal 

1024 system (= XTI) clocks 

XTIClock t=n 6 n n [m_mum DOn' boo 0 

FIGURE 6. Internal Power·On Reset Timing. 

RSTB-pin ~-_-__ -_-:-•. -_-•. -.-.-_ .-_-__ -_-.-•• -_-•• -.-.-•• -.-. _-.-.-_.-.-•• -.-.-•• -.-•• -.-.• -•• -.-.-. 

Reset .: __ 0--_+-__________ _._ • .,.., ._ - Reset Removal 

Internal Reset hI...' __ "-__________ ~I __ . ____ . ____ . ____ __ 

FIGURE 7. RSTB·Pin Reset Timing. 

O.I~F -10~F 
Bypass Capacitor 

I 024 system (XTI) clocks 

,--......--1 f--.,....---------------~-< +SVor +3 Analog Power Supply 

PCM 
Audio Data 
Processor 

FIGURE 8. Typical Connection Diagram of PCMI718. 
BURR-BROWN® 
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POWER SUPPLY 
CONNECTIONS 
PCMI718 has two power supply connections: digital (VDD) 

and analog (V cd. Each connection also has a separate 
ground. If the power supplies turn on at different times, there 
is a possibility of a latch-up condition. To avoid this condi
tion, it is recommended to have a common connection 
between the digital and analog power supplies. If separate 
supplies are used without a common connection, the delta 
between the two supplies during ramp-up time must be less 
than O.6V. 

An application circuit to avoid a latch-up condition is shown 
in Figure 9. 

Digital 
Power Supply 

Analog 
Power Supply 

FIGURE 9. Latch-up Prevention Circuit. 

BYPASSING POWER SUPPLIES 

The power supplies should be bypassed as close as possible 
to the unit. Refer to Figure 8 for optimal values of bypass 
capacitors. 

THEORY OF OPERATION 
The delta-sigma section of PCMl718 is based on a 5-level 
amplitude quantizer and a 3rd-order noise shapero This 
section converts the oversampled input data to 5-level delta
sigma format. 

+ 
In .--~-'-../-...... 

Bfs 
1B·Bit 

+ 
+ 

A block diagram of the 5-level delta-sigma modulator is 
shown in Figure 10. This 5-level delta-sigma modulator has 
the advantage of stability and clock jitter sensitivity over the 
typical one-bit (2 level) delta-sigma modulator. 

The combined oversampling rate of the delta-sigma modu
lator and the internal 8-times interpolation filter is 48fs for 
a 384fs system clock, and 64fs for a 256fs system clock. The 
theoretical quantization noise performance of the 5-level 
delta-sigma modulator is shown in Figure 11. 

MuHll.eYai 111111 
'""'.111"1111111.111111 

111111 Dalta SIgma 

3rd·ORDER 6l: MODULATOR 
20 
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-20 
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iil 
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" -60 'il 
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,,L,~ 
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'1' :r'lllI ITI" I'n 
-160 
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Frequency (kHz) 

FIGURE II. Quantization Noise Spectrum. 

5·level Quamizer 

Out -+---------1/ 
481$ (3B4fs) 
641$ (256fs) 

4"'~""'" 
3 •.•••••• 

2 ••• · •• 

1 •• 

0 •• 

FIGURE 10. 5-Level 8l: Modulator Block Diagram. 
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APPLICATION 
CONSIDERATIONS 
DELAY TIME 

There is a finite delay time in delta-sigma converters. In AID 
converters, this is commonly referred to as latency. For a 
delta-sigma D/A converter, delay time is determined by the 
order number of the FIR filter stage, and the chosen sampling 
rate. The following equation expresses the delay time of 
PCM17l8: 

T D = 22.25 X l/fs 

For fs = 44.1kHz, T D = 22.25/44.lkHz = 502.81JS 

Applications using data from a disc or tape source, such as 
CD audio, CD-Interactive, Video CD, OAT, Minidisc, etc., 
generally are not affected by delay time. For some profes
sional applications such as broadcast audio for studios, it is 
important for total delay time to be less than 2ms. 

OUTPUT FILTERING 

For testing purposes all dynamic tests are done on the 
PCM1718 using a 20kHz low pass filter. This filter limits 
the measured bandwidth for THD+N, etc. to 20kHz. Failure 
to use such a filter will result in higher THD+N and lower 
SNR and Dynamic Range readings than are found in the 
specifications. The low pass filter removes out of band 
noise. Although it is not audible, it may affect dynamic 
specification numbers. 

The performance of the internal low pass filter from DC to 
24kHz is shown in Figure 12. The higher frequency rolloff 
of the filter is shown in Figure 13. If the user's application 
has the PCM1718 driving a wideband amplifier, it is recom
mended to use an external low pass filter. A simple 3rd
order filter is shown in Figure 14. For some applications, a 
passive RC filter or 2nd-order filter may be adequate. 

FIGURE 14. 3rd-Order LPF. 
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TeslDisk . 

CD 
Player Digital 

DAI 

FIGURE 15. Test Block Diagram. 

TEST CONDITIONS 

DEM
PCM1718 

Lch 

Rch 

Figure 15 illustrates the actual test conditions applied to 
PCM 1718 in production. The 11 th-order filter is necessary 
in the production environment for the removal of noise 
resulting from the relatively long physical distance between 
the unit and the test analyzer. In most actual applications, the 
3rd-order fIlter shown in Figure 14 is adequate. Under 
normal conditions, THD+N typical performance is -70dB 
with a 30kHz low pass fIlter (shown here on the THO' 
meter), improving to -89dB when the external 20kHz 11 th
order fIlter is used. For cost-sensitive applications, a single 
RC fIlter, as shown in Figure 18, may be adequate. 

EVALUATION FIXTURES 

DEM-PCM1718 

This evaluation fixture is primarily intended for quick evalu
ation of the PCMI718's performance. DEM-PCMI718 can 
accept either an external clock or a user-installed crystal 
oscillator. All of the functions can be controlled by on~board 
switches. DEM-PCMI718 does not contain a receiver chip 
or an external low pass filter. DEM-PCMl718 requires a 
single +2.7V to +5V power supply. 

OUT-OF-BAND NOISE CONSIDERATIONS 

Delta-sigma DACs are by nature very sensitive to jitter on 
the master clock. Phase noise on the clock will result in an 
increase in noise, ultimately degrading dynamic range. It is 
difficult to quantify tlie effe,ct of jitter due to problems in 
synthesizing low levels of jitter. One of the reasons delta
sigma DACs are prone to jitter sensitivity is the large 
quantization noise when the modulator can only achieve two 
discrete output levels (0 or 1). The multi-level delta-sigma 
DAC has improved theoretical SNR because of multiple 
output states. This reduces sensitivity to jitter. Figure 16 
contrasts jitter sensitivity between a one-bit PWM type DAC 
and multi-level delta-sigma DAC. The data was derived 
using a simulator; where clock jitter could be completely 
synthesized. 
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FIGURE 16. Simulation Results of Clock Jitter Sensitivity. 
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BURR-BROWN® 

IElElI PCM1721 
PRELIMINARY INFORMATION 

SUBJECT TO CHANGE 
WITHOUT NOTICE 

SOVA~...c~N Stereo Audio 
DIGITAL-TO-ANALOG CONVERTER 

WITH PROGRAMMABLE PLL 

FEATURES 
• ACCEPTS 16-,20-, OR 24-BIT INPUT DATA 

• COMPLETE STEREO DAC: Includes Digital 
Filter and Output Amp 

• DYNAMIC RANGE: 94dB 

• MULTIPLE SAMPLING FREQUENCIES: 
16kHz, 22.05kHz, 24kHz 
32kHz, 44.1 kHz, 48kHz 
64kHz, 88.2kHz, 96kHz 

• PROGRAMMABLE PLL CIRCUIT: 
256fsJ384fs from 27MHz Master Clock 

• NORMAL OR 12S DATA INPUT FORMATS 

• SELECTABLE FUNCTIONS: 
Soft Mute 
Digital Attenuator (256 Steps) 

. Digital De-emphasis 

• OUTPUT MODE: Left, Right, Mono, Mute 

BCKIN 

LRCIN ax OVersampling 
DIN Digital Filter 

with Function 
Controller 

ML 

MC 

MD 

RSTB 

DESCRIPTION 
The PCMl721 is a complete low cost stereo audio 
digital-to-analog converter (DAC) with a phase-locked 
loop (PLL) circuit included. The PLL derives either 
256fs or 384fs system clock from an external 27MHz 
reference frequency. The DAC contains a 3rd-order LU: 
modulator, a digital interpolation filter, and an analog 
output amplifier. The PCMI721 can accept 16-,20-, or 
24-bit input data in either normal or J2S formats. 

The digital filter performs an 8X interpolation func
tion and includes selectable features such as soft mute, 
digital attenuation and digital de-emphasis. The PLL 
can be programmed for sampling at standard digital 
audio frequencies as well as one-half and double 
sampling frequencies. 

The PCM 1721 is ideal for applications which combine 
compressed audio and video data such as DVD, DVD
ROM, set-top boxes and MPEG sound cards. 

vourL 

CAP 

VouTR 

ZERO 

SYSCKI XTI XTO MCKO MCKI SCKO Vop PGND Vee AGND Voo DGND 

International Airport Industrial Park • Mailing Address: PO Box 11400 Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (520) 746-1111 • Twx: 9111-952·1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (520) 889-1510 • Immediate Product Info: (800) 546-6132 
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For Immediate Assistance, Contact Your Local Salesperson 
SPECIFICATIONS 
All specifications at +25°C, +Vee = +Voo = +5V, fs = 44.1 kHz, and 16-bit input data, SYSCLK = 384fs, unless otherwise noted. 

PCM1721 

PARAMETER CONDmONS MIN TYP 

RESOLUTION 16 
DATA FORMAT 
Audio Data Format Standard/12S 
Data Bit Length 16120/24 

Selectable 
Sampling Frequency (fs) Standard fs 32 44.1 

One-half fs 16 22.05 
Double 64 88.2 

Master Clock Input Frequency 27 
Internal System Clock Frequency 256fsl384fs 

DIGITAL INPUT/OUTPUT LOGIC LEVEL TrL 

DYNAMIC PERFORMANCE(1) 

THD+N at fs (OdB) fs = 44.1kHz -85 
fs = 96kHz TBD 

THD+N at -SOdB fs = 44.1kHz -34 
fs = 96kHz TBD 

Dynamic Range fs = 44.1 kHz 94 
fs = 96kHz TBD 

Signal-to-Noise Ratiol2l fs = 44.1 kHz 98 
Is = 96kHz TBD 

Channel Separation fs = 44.1kHz 94 
Is = 96kHz TBD 

DC ACCURACY 
Gain Error ±1.0 
Gain Miss-Match, Channel-to-Channel ±I.O 
Gain Drift ±50 
Bipolar Zero Error ±20 
Bipolar Zero Drift ±20 

ANALOG OUTPUT 
Voltage Range 3.1 

DfGfTAL FILTER PERFORMANCE 
Passband 0.4451s 
Stopband 0.555fs 
Passband Ripple ±C.17 
Stopband Attenuation -35 
Delay Time 22.25 
De-emphasis Error +0.55/-0.2 

ANALOG FILTER PERFORMANCE 
Frequency Response 20 to 20kHz TBD 

20 to 40kHz TBD 

POWER SUPPLY REQUIREMENTS 
Voltage Range Voo, Vcc 4.5 5 
Supply Current: Icc Vee = 5V TBD 

100 Voo = 5V TBD 

TEMPERATURE RANGE 
Operation -25 
Storage -55 

MAX UNITS 

24 Bits 

48 kHz 
24 kHz 
96 kHz 

MHz 

dB 
dB 
dB 
dB 
dB 
dB 
dB 
dB 
dB 
dB 

%of FSR 
% OF FSR 

ppm of FSRloC 
mV 

ppm of FSRloC 

Vp-p 

dB 
dB 
l/fs 
dB 

dB 
dB 

5.5 VDC 

+85 °C 
+100 °C 

NOTES: (I) Dynamic performance specs are tested with 20kHz low pass filter and THD+N specs are tested with 30kHz LPF, 400Hz HPF, Average-Mode. (2) SNR 
is tested at Internal Infinily Zero Detection off. 

The informalion provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibilily for inaccuracies or omissions. BURR-BROWN assumes no 
responsibilily 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 gra~ted to any third party. BURR-BROWN does not authorize or warrant any BURR-BROWN 
product for use in life support devices andlor systems. 
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PIN CONFIGURATION 

TOP VIEW SSOP 

MCKIN 24 NC 

SCKO PGND 

VoP DGND 

SCKIN Voo 

MCKO XTO 

XTI 

MC LRCIN 

DIN 

RSTB BCKIN 

ZERO CAP 

VouTR VouTL 

AGND 12 13 Vcc 

PACKAGE INFORMATION 

PACKAGE DRAWING 
MODEL PACKAGE NUMBER(1) 

PCM1721 24-Pin SSOP 338 

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

ABSOLUTE MAXIMUM RATINGS 

Power Supply Voltage .. _ .................................................................... +6.5V 
+Vcc to +Voo Difference .......•.......................................•................... ±O.tv 
Input Logic Voltage .................................................. -o.3V to (Voo + 0.3V) 
Power Dissipation .......................................................................... 200mW 
Operating Temperature Range ......................................... -25'C to +85'C 
Storage Temperature ...................................................... -55'C to +125'C 
Lead Temperature (soldering, 55) .................................................. +260'C 
Thermal Resistance, OJ.' ......... .... .... .... .... ..... .. . .................... + 70'CIW 

BURR-BROWN® 

PIN ASSIGNMENTS 

PIN NAME TYPE FUNCTION 

1 MCKIN IN Master Clock Inpu\. Under normal conditions, 
this pin is connected to MCKO (pin 21). 

2 SCKO OUT System Clock OU\. This output is 256fs or 384fs 
system clock generated by the internal PLL. 

3 VOP PWR PLL Power Supply (+5V) 

4 SCKtN IN System Clock (256fs or 384fs) Inpu\. Under 
normal conditions, this pin is connected to SCKO 
(pin 24). 

5 MCKO OUT Master Clock Output (27MHz) 

6 ML IN Latch lor serial control data 

7 MC IN Clock for serial control data 

8 MD IN Data for serial control 

9 RSTB IN Reset Input. When this pin is low, the digital 
filters and modulators are held in reset. 

10 ZERO OUT Zero Data Flag. This pin is low when the input 
data is continuously zero for more than 65, 535 
cycles of BCKIN. 

11 VouTR OUT Right Channel Analog Output 

12 AGND GND Analog Ground 

13 Vcc PWR Analog Power Supply (+5V) 

14 VOUTL OUT Left Channel Analog Output 

15 CAP Common pin for analog output amplifiers. 

16 BCKIN IN Bit clock for clocking in the audio data. 

17 DIN IN Serial audio dala input 

18 LRCIN IN Left/Right Word Clock. Frequency is equal to fs. 

19 XTI IN Crystal or Master Clock Input 

20 XTO OUT System Clock OU\. This output is either 256fs or 
384fs and is generated by the internal PLL. 

21 Voo PWR Analog Power Supply (+5V) 

22 DGND GND Digital Ground 

23 PGND GND PLL Ground 

24 NC No Connection 

11Eii:I1Eii:I1 Burr-Brown Ie Data Book-Mixed Signal Products 8.2.159 
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For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL CONNECTION DIAGRAM 

Figure 1 illustrates the typical connection diagram and 
shows the master clock from an external source (such as an 
MPEG decoder) used as an external clock driving XTI, 
leaving XTO open. 

17 
SERO DIN 

Audio 16 
BCKIN SCKO 

Decoder 18 
LRCKO LRCIN 

SYSCKI 
2 

SCKO 
256fsl384fs CLK 4 SCKIN 

MASTER CLOCK AND SYSTEM CLOCK 

PCMl721 has a programmable internal PLL circuit. The 
PLL is designed to accept a 27MHz master clock at the 
XTI input and generate all internal system clocks required 
to operate the digital filter and ~~ modulator, either at 
256fs or 384fs. The master clock can be an external 
27MHz frequency source directly connected to XTI, as. 
shown in Figure 1. 

+SVAnalog 
3 

VouTL Lch Analog Out 

CAP 

VouTR Rch Analog Out 

PCM1721 

MCKIN ZERO 

MCKO 
19 

XTI ML 
6 

STRB 
27MHz CLK OUT 7 

20 MC SCKO System 
8 XTO MD SDO Controller 
9 

RSTB PIO 
AGND Vcc 

13 
NOTE: (1) SCR: System Clock Reference +5V Analog 

PCR: Program Clock Reference 
-=-

FIGURE 1. External Master Clock Input. 
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Sampling Frequencles-LRCIN (kHz) PCMI72I's internal PLL can be programmed for nine 

different sampling frequencies (LRCIN), as shown in Table 
I. The internal sampling clocks generated by the various 
programmed frequencies are shown in Table II. 

Hall 01 Standard Sampling Freq 16 

I 
22.05 I 24 

Standard Sampling Freq 32 44.1 48 
Double of Standard Sampling Freq 64 88.2 96 

TABLE I. Sampling Frequencies. 

HALF OF STANDARD STANDARD DOUBLE OF STANDARD 
SAMPUNG FREQUENCY SAMPLING FREQUENCY SAMPLING FREQUENCY 

2561s (kHz) 384ls (kHz) 2561s (kHz) 3841s (kHz) 2561s (kHz) 384ls (kHz) 

INTERNAL 
SYSTEM CLOCK 

(MHz) 16 22.05 24 16 22.05 24 32 44.1 48 32 44.1 48 64 88.2 96 64 88.2 96 

4.096 0 
5.6448 0 
6.144 0 
6.144 0 
8.4672 0 
9.216 0 
8.192 0 

11.2896 0 
12.288 0 
12.288 0 
16.934 0 
18.432 0 
16.384 0 
22.5792 0 
24.576 0 
24.576 0 
33.8688 0 
36.864 0 

TABLE II. Sampling Frequencies vs Internal System Clock. 

FUNCTION DEFAULT MODE SPECIAL FUNCTIONS 

,.. 
N ..... ,.. 
:E 
o c. 

Input Audio Data Format Seleclion 
Normal Format 
125 Format 

Input Audio Data Bit Selection 

NormaJ Format PCMI721 includes several special functions, including digi-IIII tal attenuation, digital de-emphasis, soft mute, data format : 
selection and input word resolution. These functions are 

16/20124 Bits 

Input LRCIN Polalily Selection 
Lch/Rch = High/Low 
LchlRch = Low/High 

De-emphasis Control 

Soft Mute Control 

Attenuation Control 
Lch, Rch Individually 
Lch, Rch Common 

Infinite Zero Detection Circuit Control 

DAC Operation Control 

Sample Rate Selection 
Internal System Clock Selection 

256fs 
3841s 

Double Sampling Rate Seleclion 
Standard Sampling Rate--44.1/48/32kHz 
Double Sampling Rate-88.2196/32kHz 
Half Sampling Rate-22.05/24/16kHz 

Sampling Frequency 
44.1 kHz Group 
48kHz Group 
32kHz Group 

Analog Output Mode 
L, R. Mono, Mute 

TABLE ill. Selectable Functions. 
BURR-BROWN® 

16 Bits 

LchiRch = High/Low 

OFF 

OFF 

OdB 
Lch, Rch Individually Fixed 

OFF 

Enabled 

3841s 

Standard Sampling Rate 

44.1kHz 

Stereo 

controlled using a three-wire interface. MD (pin 8) is used 
for the program data, MC (pin 7) is used to clock in the 
program data, and ML (pin 6) is used to latch in the program 
data. Table ill lists the selectable special functions. 

IElElI Burr-Brown Ie Data Book-Mixed Signal Products 8.2_161 
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ML (pin 6) 

MC (pin 7) 

MD (pin B) _ .... 18_15 ... 18_1...J41'-81_3 ... 18_12 ... 18_1 .... 118_1_0 .... 1 8_9 .... 1 8_B ... I_B7...JI,-B_6 ... 1 B_5 .... I_B4 .... I_B_31 .... 8_2 .... 1 B_1 ... 1_80...JII--

FIGURE 2. Serial Interface Timing. 

MAPPING OF PROGRAM REGISTERS 

B15 814 813 B12 B11 B10 89 

MODEO res res res res res A1 AO 

MODE1 res res res res res A1 AO 

MODE2 res res res res res A1 AO 

MODE3 res res res res res A1 AO 

PROGRAM REGISTER BIT MAPPING 

PCMI72I's special functions are controlled using four pro
gram registers which are 16 bits long. These registers are all 
loaded using MD. After the 16 data bits are clocked in, ML 
is used to latch in the data to the appropriate register. Table 
IV shows the complete mapping of the four registers and 
Figure 2 illustrates the data input timing. 

REGISTER BIT 
NAME NAME DESCRIPTION 

Register 0 AL (7:0) DAC Attenuation Data for Lch 
LDL Attenuation Data Load Control for Lch 

A (1:0) Register Address 
res Reserved 

Register 1 AR (7:0) DAC Attentuation Data lor Rch 
LDL Attenuation Data Load Control for Rch 

A (1:0) Register Address 
res Reserved 

Register 2 MUT Left and Right DACs Soft Mute Control 
OEM De-emphasis Control 
OPE Left and Right DACs Operation Control 

IW(1:0) Input Audio Data Bit Select 
PL (3:0) Output Mode Select 
A (1:0) Register Address 

res Reserved 

Register 3 12S Audio Data Format Select 
LRP Polarity of LRCIN (pin 7) Select 
ATC Attenuator Control 
SYS System Clock Select 

DSR (1:0) Double Sampling Rate Select 
SF (1:0) Sampling Rate Select 

IZD Infinite Zero Detection Circuit Control 
A (1:0) Register Address 

res I Reserved 

TABLE IV. Internal Register Mapping. 

REGISTER 0 

Bg~4~3~2~1~0~ ~ ~ ~ ~ B4 ~ ~ ~ BO 

I res I res lresl res I re.1 A11 AO ILOL I AL7IALBIALSIAL4IAL3IAL2IAL1IALOI 

Register 0 is used to control left channel attenuation. Bits 
o - 7 (ALO - AL 7) are used to determine the attenuation 
level. The level of attenuation is given by: 

ATT = [20l0glO (ATT_DATA/255)] dB 

88 B7 B6 B5 B4 B3 82 81 BO 

LDL AL7 AL6 ALS AL4 AL3 AL2 AL1 ALO 

LOR I AR7 AR6 AR5 AR4 AR3 AR2 AR1 ARO 

PL3 PL2 PL1 PLO IW1 IWO OPE OEM I MUT I 

IZD SF1 SFO I DSR1 I DSRO I SYS ATC LRP I 12S 

ATTENUATION DATA LOAD CONTROL, LCH 

Bit 8 (LDL) is used to simultaneously set analog outputs of 
Lch and Rch. An output level is controlled by AL[0:7] 
attenuation data when this bit is set to 1. When set to 0, an 
output level is not controlled and remains at the previous 
attenuation level. A LDR bit in Register I has an equivalent 
function as the LDL. When one of LDL or LDR is set to 1, 
the output level of the left and right channel is simulta
neously controlled. The attenuation level is given by: 

ATT = 20l0g (y/256) (dB), where y = x, when 0:; x:; 254 

y = x + 1, when x = 255 

X is the user-determined step number, an integer value 
between 0 and 255. 

Example: 

let x = 255 

let x = 254 

let x = I 

let x = 0 

ATT = 2010g(255+ 1) = OdB 
256 

ATT= 20 log - = -0.068dB ( 254) 
256 

ATT=20Iog( ,.,~r 1= -48.16dB 
,,<,JOj 

ATT=2010g(~)= -co 
256 

REGISTER 1 

Register 1 is used to control right channel attenuation. As 
in Register 1, bits 0 - 7 (ARO - AR7)control the level of 
attenuation. 

BURR-BROWN@ 
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REGISTER 2 

B15 B14 B13 B12 Bll Bl0 B9 B8 B7 B6 B5 B4 B3 B2 Bl BO 

I res I res I res I resl resl AI lAO IpL3lpL21 PlliPlOIIW111WO 10PEIoEMIMUTEI 

Register 2 is used to control soft mute, de-emphasis, opera
tion enable, input resolution, and output format. Bit 0 is used 
for soft mute: a "HIGH" level on bit 0 will cause the output 
to be muted (this is ramped down in the digital domain, so 
no "click" is audible). Bit I is used to control de-emphasis. 
A "LOW" level on bit I disables de-emphasis, while a 
"HIGH" level enables de-emphasis. 

Bit 2, (OPE) is used for operational control. Table V illus
trates the features controlled by OPE. 

SOFTWARE MODE 
DATA INPUT DAC OUTPUT INPUT 

OPE=1 
Zero Forced to BPZI1l Enabled 

Other Forced to BPZI1l Enabled 

Zero Controlled by IZD Enabled 
OPE=O 

Olher Normal Enabled 

TABLE V. Output Enable (OPE) Function. 

OPE controls the operation of the DAC: when OPE is 
"LOW", the DAC will convert all non-zero input data. If the 
input data is continuously zero for 65, 536 cycles of BCKIN, 
the output will be forced to zero only if IZD is "IDGH". 
When OPE is "IDGH", the output of the DAC will be forced 
to bipolar zero, irrespective of any input data. 

DATA INPUT DAC OUTPUT 

IZO=1 
Zero Forced to BPZl' l 

Other Normal 

IZO=O 
Zero Zero(2) 

Other Normal 

TABLE VI. Infinite Zero Detection (IZD) Function. 

SOFTWARE 
MODE 

DATA INPUT DAC OUTPUT INPUT 

RSTB = "HIGH" 
Zero Controlled by OPE and IZD Enabled 

Olher Controlled by OPE and IZD Enabled 

RSTB="LOW" 
Zero Forced to BPZI1l Disabled 

Other Forced to BPZI1l Disabled 

TABLE VII. Reset (RSTB) Function. 
NOTE: (1) 6L is disconnected from output amplifier. (2) &~ is connected to 
output amplifier. 

Bits 3 (IWO) and 4 (lWI) are used to determine input word 
resolution. PCMI721 can be set up for input word resolu
tions of 16, 20, or 24 bits: 

BI14(IW1) Bil3 (IWO) Input Resolullon 

0 0 16·bit Data Word 
0 1 20·bit Data Word 
1 0 24·bit Data Word 
0 0 Reserved 

aURR~BROWN® 

Bits 5, 6, 7, and 8 (PLO:3) are used to control output format. 
The output of PCMI721 can be programmed for 16 different 
states, as shown in Table VIII. 

PLO PLI PL2 PL3 Lch OUTPUT Rch OUTPUT NOTE 

0 0 0 0 MUTE MUTE MUTE 

0 0 0 1 MUTE R 

0 0 1 0 MUTE L 

0 0 1 1 MUTE (L+ R)/2 

0 1 0 0 R MUTE 

0 1 0 1 R R 

0 1 1 0 R L REVERSE 

0 1 1 1 R (L+ R)/2 

1 0 0 a L MUTE 

1 0 a 1 L R STEREO 

1 0 1 0 L L 

1 0 1 1 L (L + R)/2 

1 1 a 0 (L + R)/2 MUTE 

1 1 0 1 (L + R)/2 R 

t 1 t 0 (L+ R)/2 L 

1 1 1 1 (L + R)/2 (L+ R)/2 MONO 

TABLE VIII. Programmable Output Format. 

REGISTER 3 

615614613612611610 69 6S 67 66 65 64 63 62 61 60 

I res I resl res I res I res I All AO IIZO ISFllsFO IOSR110SROIsyslATCllRPI12S I 

Register 3 is used to control input data format and polarity, 
attenuation channel control, system clock frequency, sam
pling frequency and infinite zero detection. 

Bits 0 (PS) and I (LRP) are used to control the input data 
format. A "LOW" on bit 0 sets the format to "Normal" 
(MSB-first, right-justified Japanese format) and a "IDGH" 
sets the format to PS (Philips serial data protocol). Bit I 

..... 
N ...... ..... 
:i5 
o c. 

(LRP) is used to select the polarity of LRCIN (sample rate. 
clock). When bit I is "LOW", left channel data is assumed : 
when LRCIN is in a "HIGH" phase and right channel data 
is assumed when LRCIN is in a "LOW" phase. When bit 
I is "HIGH", the polarity assumption is reversed. 

Bit 2 (A TC) is used for controlling the attenuator. When 
bit 2 is "HIGH", the attenuation data loaded in program 
Register 0 is used for both left and right channels. When 
bit 2 is "LOW", the attenuation data for each register is 
applied separately to left and right channels. 

Bit 3 (SYS) is the system clock selection. When bit 3 is 
"LOW", the system clock frequency is set to 384fs. When 
bit 3 is "HIGH", the system ciock frequency is set to 256fs. 

Bits 4 (DSRO) and 5 (DSRI) are used to control multiples 
of the sampling rate: 

DSRI DSRO Muiliple 

0 0 Nonmal 32/44.1/4SkHz 
0 1 Double 64/88.2/96kHz 
1 0 One·half 16/22.0S/24kHz 
1 1 Reserved Nol Defined 

1E9E91 Burr-Brown Ie Data Book-Mixed Signal Products 8.2.163 
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Bits 6 (Sf 0) and 7 (SF!) are used to select the sampling 
frequency: 

SF1 SFO Sampling Frequency 

0 0 44.1kHz group 22.05/44.1/BB.2kHz 
0 1 4BkHz group 24/4B/96kHz 
1 0 32kHz group 16/32164kHz 
1 1 Reserved Not Defined 

Bit 8 is used to control the infinite zero detection function 
(IZD). 

When IZD is "LOW", the zero detect circuit is off. Under 
this condition, no automatic muting will occur if the input 
is continuously zero. When IZD is "HIGH", the zero detect 
feature is enabled. If the input data is continuously zero for 
65,536 cycles of BCKIN, the output will be immediately 
forced to a bipolar zero state (V cc/2). The zero detection 
feature is used to avoid noise which may occur when the 
input is DC. When the output is forced to bipolar zero, 
there may be an audible click. PCMl721 allows the zero 
detect feature to be disabled so the user can implement an 
external muting circuit. .. 
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AppendixA 
Demonstration Boards 
Burr-Brown offers a wide variety of demonstration 
boards for both its Linear and Mixed Signal Prod
ucts. New boards for new products are continually 
being added to the selection-contact the factory 
your local salesperson for availability. 

NOTE: All evaluation fixtures whose model num
ber ends with a 'C' include the product or products 
mentioned. All others do not include the product, 
except where specifically noted. 

MODEL PRODUCT DESCRIPTION 

DEM-ACF21 01 BP-C ACF2101BP Evaluation Fixture with Programmable Timing Generator 

DEM-ADS1210P-C ADS1210P Evaluation Fixture-24-bit single channel ND converter; 
includes FFT Software and IBM PC Interface. 

DEM"ADS1211 P-C ADS1211 P Evaluation Fixture-24-bit four channel ND converter; 
includes FFT Software and IBM PC Interface. 

DEM-ADS7B04/05C ADS7B04/05 Evaluation Fixture-Analog Input and Digital Output 

DEM-ADS7B06/07C ADS7B06/07 Evaluation Fixture-Analog Input and Digital Output 

DEM-ADS7BOBI09C ADS7BOBI09 Evaluation Fixture-Analog Input and Digital Output 

DEM-ADS7B10/19C ADS7B10/19 Evaluation Fixture-Analog Input and Digital Output 

DEM-ADS7B33 ADS7B33 Evaluation Fixture-12-bit data acquisition system; board 
includes LCD display, microcontroller and reconstruction 
DAC. 

DEM-ADSBOOU ADSBOOU Evaluation Fixture-12-bit, 40MHz ADC, AC-and DC-
coupled inputs, on-board clock, bus driver, SMA connectors. 

DEM-ADSB01 U ADSB01U Evaluation Fixture-12-bit, 25M Hz ADC, AC- and DC-
coupled inputs, on-board clock, bus driver, SMA connectors. 

DEM-ADSB02U ADSB02U Evaluation Fixture-12-bit, 10MHz ADC, AC- and 
coupled inputs, on-board clock, bus driver, SMA 

DEM-ADSB20U ADSB20U Evaluation Fixture-10-bit, 20MHz ADC, AC- and 
coupled inputs, on-board clock, bus driver, SMA connectors. 

DEM-ADSB21 U ADSB21U Evaluation Fixture-10-bit, 40MHz ADC, AC- and DC-
coupled inputs, on-board clock, bus driver, SMA connectors. 

DEM-BUF600-1 GC BUF600AP Evaluation Fixture-900MHz Buffer Amplifier 

DEM-BUF601-1 GC BUF601AP Evaluation Fixture-650MHz Buffer Amplifier 

DEM-DAC650J-E DAC650JL Evaluation Fixture-Digital Input and Analog Output (all 
SMA connectors). The part is included and soldered to 
the board. 

DEM-DDC101 P-C DDC101P Evaluation Fixture,- includes the DDC101 board, inter-
face board to connect to parallel PC-port and software. 
Supports all DDC101 options plus FFT. 

DEM-MPC100-1GC MPC100AU Evaluation Fixture-4 to 1 High Speed Multiplexer and 
Output Buffer BUF601AU. 

BURR-BROWN® 
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MODEL PRODUCT 

DEM-MPC102-1GC MPC102AU 

DEM-OPA465xP OPA465xP 

DEM-OPA465xU OPA465xU 

DEM-OPA622-1GC OPA622AP 

DEM-OPA623-1GC OPA623AP 

DEM-OPA628AP-C OPA628AP 

DEM-OPA628AU-C OPA628AU 

DEM-OPA64XP-Y OPA64XP 

DEM-OPA64XU-Y OPA64XU 

DEM-OPA65XP OPA65XP 

DEM-OPA65XU OPA65XU 

DEM-OPA265XP OPA265XP 

DEM-OPA265XU OPA265XU 

DEM-OPA660-XXX OPA660 

DEM-OPA2662-1GC OPA2662 

A.2 

DESCRIPTION 

Evaluation Fixture-Dual 2 to 1. High Speed Multiplexer 
and optional output buffer, BUF601 AU. 

Evaluation Fixture-Unpopulated board for quad High 
Speed op amp OPA465x in DIP package. 

Evaluation Fixture-Unpopulated board for quad High 
Speed op amp OPA465x in SOIC package. 

Evaluation Fixture-For voltage and current feedback 
configuration. 

Evaluation Fixture-High Speed current feedback Op 
Amp. 

Evaluation Fixture-User selectable configuration for the 
DIP package. 

Evaluation Fixture-User selectable configuration for the 
SOIC package. 

Evaluation Fixture-Three boards are offered for the DIP 
package of the OPA64X series of operational amplifiers. 
DEM-OPA64XP-F: follower configuration; DEM
OPA64XP-N: noninverting configuration; DEM-OPA64XP
I: inverting configuration. {Note: each board will operate 
with any OPA64XP series op amp. No component is 
included-it must be ordered separately.} 

Evaluation Fixture-Three boards are offered for the 
SOIC package of the OPA64X series of operational 
amplifiers. DEM-OPA64XU-F: follower configuration; DEM
OPA64XU-N: noninverting configuration; DEM-OPA64XU
N: noninverting configuration; DEM-OPA64XU-I: invert
ing configuration. {Note: each board will operate with any 
OPA64XU series op amp. No component is included-it 
must be ordered separately.} 

Evaluation Fixture--One board for OPA65X single op 
amps for the DIP package. 

Evaluation Fixture-One board for OPA65X single op 
amps for the SOIC package. 

Evaluation Fixture-One board for OPA265X dual op 
amps for the DIP package. 

Evaluation Fixture-One board for OPA265X dual op 
amps for the SOIC package. 

Evaluation Fixture-Five boards are offered for five differ
ent configurations. DEM-OPA660-1GC: Diamond transis
tor and buffer; DEM-OPA660-2GC: Current-feedback 

. operational amplifier; DEM-OPA660-3GC: Direct-feed
back amplifier; DEM-OPA660-4G: Layouts for all applica
tions using SOIC {unassembled}; DEM-OPA660-5G: Lay
outs for all applications using DIP packages {unassembled} 

Evaluation Fixture-High speed voltage controlled cur
rent source. 

BURR~BROWN® 
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MODEL PRODUCT DESCRIPTION 

DEM-PCM1700P-C PCM1700 Evaluation Fixture-SeriallSPDIF Inputs (formerly DEM-
1143). Includes product. 

DEM-PCM1702 PCM1702 Evaluation Fixture-Serial digital input, 8X digital interpo-
lator (NPC5842), and analog output. A PCM1702P is 
included. The board will interface directly to the DEM-
1760. The fixture does not accept SPDIF input. 

DEM-PCM1710 PCM1710U Evaluation Fixture-Serial Digital Audio In. Left and Right 
channel analog out. 

DEM-DAI1710 PCM1710U Evaluation Fixture-Includes Digital Audio Interface (DAI) 
receiver chip and dual 2nd-order lowpass output filters. 

DEM-PCM1712 PCM1712U Evaluation Fixture-Low cost version of PCM171 O. 

DEM-PCM1715 PCM1715U Evaluation Fixture-Serial digital audio in. Left and right 
channel analog out, 

DEM-PCM1717 PCM1717 Evaluation Fixture-For the 16-/18-bit PCM1717 tJ) 

DEM-PCM1717 -1 PCM1717 Evaluation Fixture-For the 16-/18-bit PMC1717; includes 
C 
a: 

PC interface and control software. <C 
DEM-DAI1717 PCM1717 Evaluation Fixture-For the 16-/18-bit PCM1717; includes 0 

Digital Audio Interface, PC interface and control software. III 

DEM-PCM1750P-C PCM1750 Evaluation Fixture-Serial/Parallel Output, SPDF Out (For- Z 
0 merly DEM 1133). Includes product. 

fi DEM-PCM1760 PCM1760/DF1760 Evaluation Fixture-Analog input and serial digital output. 
A PCM1760P and DF1760P are included. The board will a: 
interface directly to the DEM-1702. The fixture does not .... 
provide SPDIF output. tJ) 

Z 
DEM-PCM63P-C PCM63P Evaluation Fixture-Includes Dual PCM63s, SPDIF Input 0 
DEM-PCM67P-C PCM67P Evaluation Fixture-Includes Dual PCM67s (single/dual :a5 

supply operation), SPDIF Input. W 

DEMPCM78P-C PCM78P Evaluation Fixture-Analog Input, Parallel Data Output. 
C 

Includes SHC5320 sample hold and PCM56 as a 
struction ADC (formerly DEM-1122). 

DEM-SHC605AU SHC605AU Evaluation Fixture-Analog input, digital control input, 
and sample/hold output (all SMA connectors). A 
SHC605AU is included and is soldered to the board. 

DEM-VCA610AP-C VCA610AP Evaluation Fixture-Voltage Controlled Amplifier. 

BURR-BROWNI!I 
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Appendix B 
Tape and Reel Information 
The listed surface mount packages are available spooled on embossed carrier tape and reel, meeting 
EIA481-A requirements. Package numbers can be found in individual product data sheet. Package 
drawings can be found in Appendix C. 

TAPE WIDTH, W PITCH, P REEL DIAMETER 
PACKAGE NUMBER(1, DESCRIPTION (mm) (mm) DEVICES PER REEL (mm) 

178 SO-24 24 16 1000 360 

182 SO-8 12 8 2500 360 

211 SOL-16 16 12 1000 360 

217 SO-28 24 12 1000 360 

219 SOL-18 24 16 1000 360 

221 SO-20 24 12 1000 360 

235 SO-14 16 8 2500 360 

239 SO-24 24 12 1000 360 

248 S0-20 24 12 1000 360 

311 SOT-223 12 8 2500 360 

322 SSOP-16 12 8 2500 360 

250 178 

324 SSOP-28 24 12 1000 360 

325 5-Lead DO Pak 24 16 1000 360 

328 7-Lead DO Pak 24 16 1000 360 

331 SOT23-5 8 4 360 
3000 178 
250 178 

332 SOT23-6 8 4 3000 178 
250 178 

333 SSOP-48 32 16 1000 360 

334 SSOP-20 32 16 1000 360 

337 MSOP-8 12 8 2500 360 
250 178 

NOTE: (1) Package numbers can be found in individual product data sheet in the "Package Information" table. Package drawings are in Appendix C_ 

TABLE!. 

SOIC Devices Typical 

User Direction of Feed 

FIGURE 1. 
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FIGURE 2. 

FIGURE 3. 

TAPE SIZE 

12mm 

16mm 

24mm 

TABLE II. 

B-2 

For Immediate Assistance, Contact Your Local Salesperson 

SOT-223 Devices T (B-(f)-(f)-(f)-(f)-(f)-(f)-(f)-t-
I I I I I I I I 

J~ ~~ Q~ 
I-P----""1 . 

User Direction 01 Feed 

Tape Sial in 
Core for Tape Slart. 

C N 

t 

2.Smm (0.098) min WidlW ~ 
10mm (0.394) min Depth 

G (Measured at Hub) 

NOTE: (1) Drive spokes optional. Noted dimensions apply if used. 

A MAX BMAX C DMIN NMtN G 

330mm 1.5mm 13.0 ±O.20mm 20.2mm SOmm 12.4 + 1.0 
(-Q.Omm) 

360mm I.Smm 13.0 ±0.20mm 20.2mm SOmm 16.4 + 1.0 
(--Q.oemm) 

360mm I.Smm 13.0 ±0.20mm 20.2mm SOmm 24.4 + 1.0 
(-Q.OOmm) 

TMAX 

18.4mm 

22.4mm 

30.4mm 

BURR· BROWN$ 
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Appendix C 
Pacllage Drawings (Mechanicalsl 

Package Number 001 - Matal TO-GO 

~:~ 
tfir~" E~ Lrt 

gC:~~NG ~~ ~ ~~~ 
-11- 0 

~++ 
H ~ ~yJ G 

INCHES MILLIMETERS 

Y CI" INCHES MILLIMETERS 

Y 
NOTES: 

01" 
~IN. MAX. UIN. "'AX. IoIIN. UAX, I.4IN. "A><. --

A .335 .380 6.51 9,65 1. LEADS IN TRUE POSITION 
B .305 .335 7.75 8.51 WITHIN .010" (.25mm) R @ 

C .165 .185 4.19 4.70 MMC AT SEATING PLANE. 
0 .016 .021 0.41 0.53 

2. PIN NUMBERS SHOWN FOR 
E .010 .040 0.25 1.02 REFERENCE ONLY. NUMBERS r .010 .040 0.25 1.02 MAY NOT BE MARKED ON 
G .200 BASIC 5.08 BASIC PACKAGE. 
H .028 .034 0.71 0.86 J .029 .045 0.74 1.14 
K .500 -- 12.7 --
L .110 .160 2.79 4.06 
M 45' BASIC 45' BASIC 

N .095 .105 2.41 2.67 PACKAGE NUMBER: 22001 REV.: B 
JEDEC NUMBER: UNKNOWN 

Packag_ Number 008 - B-Pln Pia. tic, Slnlille-Wlde DIP 

~D~ 

""Dl AREA ~ 

1 4 

.2-i~ ;n ic';1 
BAS\,:l PLANE - -u. A. 

~,~- lllf" t PLANE I I tAl l ~ ?), w;o- +- 0 r- f ,c~~-=!-c 
4 PL ~3:C- I- eB~ 

b_ f---~1.010 (.25)~lcl 

INCHES I.IlllildETERS 1 INCH[5 ..... ILLIMETERS 1 NOTES: 8. POINTED OR ROUNDED LEAD TIPS ARE 
DIM 

MIN. I.4AX. t.1IN. ""'. 01" 
MIN • .. ". "'N. """. I. ALL DIMENSIONS ARE IN INCHES PREFERRED TO EASE INSERTION. 

A -- 1 eC .000 ,ann 0.00 1.52 6 
Z. DIMENSIONING AND TOlERANCING PER 9. b2 AND bJ MAXIMUM DIMENSIONS 00 

ANSI YI4.5M-1982. NOT INCLUDE DAM BAR PROTRUSIONS. 
A1 01 - 0.38 L .115 .150 2.92 3.Bl 3 3. DIMENSIONS A, A 1. AND L ARE DAMBAR PROTRUSIONS SHAll NOT 
A2 N 8 8 7 UEASURED WITH THE PACKAGE SEATED EXCEED .010 (O.25mm). 
h .014 .022 0.36 0.56 IN .IEDEC SEATING PLANE GAUGE GS-J. 10. DISTANCE BETWEEN LEADS INCLUDING 

.2 .045 .070 4 .78 9 
4. D. 01, AND £1 DIMENSIONS DO NOT CAUBAR PROTRUSIONS TO BE 

INCLUDE MOLD FlASH OR PROTRUSIONS. .005 (013mm) MINIt.lUM. 
b3 030 .045 0.76 1.14 9 MOLD FlASH OR PROTRUSIONS SHALL 11. A VISUAL INDEX FEATURE MUST BE , NOT EXCEED .010 (0.2Smm). LOC.-.TED WITHIN THE CROSS-HATCHED AREA. 
0 .355 .400 9.02 10.16 4 5. E AND reA MEASURED WITH THE LEADS 12. FOR AUTOMATIC INSERTION, ANY 

01 0.13 - 4 
CONSTRAINED TO BE PERPENDICULAR RAISED IRREGULARITY ON THE TOP 

E .300 .325 '.62 1.26 
TO DATUM~. SURFACE (STEP, MESA. ETC.) SHALL 

6. eB AND eC ARE MEASURED AT THE BE SYMMETRICAL ABOUT THE LATERAL 
E1 .240 .280 6.10 7.11 4 LEAD TIPS WITH THE LEAOS AND LONGITUDINAL PACKAGE e . 100 BASIC 2.54 BASIC UNCONSTRAINED. CENTERUNES . 

eA .JOO 8ASI' 7.63 BASIC 5 7. N IS THE MAXIMUM OF TERMINAL PACKAGE NUMBER: ZZOQ6 REV.: , 
-- 4 -- 1 6 

POSITIONS. JEDEC NUMBER: MS-001-8A 
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For Immediate Assistance, Contact Your Local Salesperson 
package Number 007 - TO-l00 Package 

A_ 

r-B--j }f" E 

SEATING 
PlANE K 

~ 
0 

~ I ~I, 
~ ! 

~" .. ~/~ 
~~ G 

J 

INCHES MILLIMETERS ~ INCHES MILLIMETERS ~ NOTES: 
01" 

MIN. WIX. MIN. MAX. I 01" 
MIN. "AX. MIN. MAX • I 

A .335 . 370 8.51 9.40 1 . LEADS IN TRUE POSITION WITHIN 
B .305 . 335 7.75 8.51 .010· (0.25mm) R @ MMC 
C .165 .185 4.19 4.70 AT SEATING PLANE. 

D ,016 .021 0.41 0.53 
2. PIN NUMBERS SHOWN FOR 

E .010 .040 0.25 1.02 REFERENCE ONLY. 
F .010 .040 0.25 1.02 NUMBERS MAY NOT BE MARKED 
G .230 BASIC 5.84 BASIC ON PACKAGE. 
II .02B .034 0.71 0.86 
J .029 .045 0.74 1.14 
K .500 -- 12.70 --
l .120 .160 3.05 4.06 
M 36· BASIC 30 BASIC 
N .1 to .120 2.79 3.05 PACKAGE NUMBER: ZZ007 REV.: A 

JEOEC NUMBER: UNKNOWN 

Package Number OlD - 14-PIn Plaallc, Single-Wide DIP 

I" 0 "I 

~g{::::::1] 
1 7 

b2--j t- ;fT icE;j 
BASE I I \ 

PLANE,,-mrUIUIUi C- . i 

I SEATING-! - U ~ { ff3i I I PlANE AI L 
II ~ 

01 _ II 014="" ~ CCl~~~t c 
FULL LEAD ' --11--
4 PL b • E!HOIO(.2S)~ICI 

INCHES MILUMETERS ~ INCHES MILLIMETERS ~ 
NOTES: B. POINTED OR ROUNDED LEAD TIPS ARE 

0" 
MIN. MAX. UIN. MAX. 

01" 
UIN. MAX. MIN. "AX. 1. ALL DIMENSIONS ARE IN INCHES. PREFERRED TO EASE INSERTION. 

A ?1n '" L .115 .150 2.92 3.BI 3 
2. DIMENSIONING AND TOlERANCING PER 9. b2 MAXIMUM DIMENSION DOES 

-- -- ANSI Y14.5M-19B2. NOT INCLUDE DA"'1BAR PROTRUSIONS. 
AI .015 0.3B - N 14 14 7 J. DIMENSIONS A, A I, AND L ARE DAMBAR PROTRUSIONS SHAlL NOT 

A2 " ,", ? O? .0' MEASURED WITH THE PACKAGE SEATED EXCEED .010 (O.25mm). 

b .014 .022 0.36 0.56 IN JEDEC SEATING PLANE GAUGE GS-3. 10. DISTANCE BETWEEN LEADS INCLUDING 

b2 n4' n7 I 14 1.78 9 
4. D, 01, AND E1 DIMENSIONS DO NOT DAMBAR PROTRUSIONS TO BE 

INCLUDE MOLD FLASH OR PROTRUSIONS. .005 (0.13mm) MINIMUM. , ID.20 I 0_36 MOLD FlASH OR PROTRUSIONS SHALL 11. A VISUAl INDEX FEATURE MUST BE 
D 7." 75 IB.67 19.69 4 NOT EXCEED .010 (O.25mm). LOCATED WITHIN THE CROSS-HATCHED 

01 . 005 -- 0.13 -- 4 5. E AND eA MEASURED WITH THE LEADS AREA . 

E .300 .325 7.62 B.26 CONSTRAINED TO BE PERPENDICUlAR 12. FOR AUTOMATIC INSERTION, ANY 

TO OATUMB8. RAISED IRREGULARITY ON THE TOP 
EI .240 .280 6.10 7.11 4 6. eB AND eC ARE MEASURED AT THE SURFACE (STEP, MESA. ETC.) SHAlL 
e .100 BASIC I 2.54 BASIC LEAD TIPS WITH THE LEADS BE SYMMETRICAL ABOUT THE LATERAL 

eA . 300 BASIC 7.63 RA.'IC 5 UNCONSTRAINED . AND LONGITUDiNAl PACKAGE CENTERUNES. 

eB -- .430 -- 10.92 6 7. N IS THE MAXIMUM OF TERMINAL PACKAGE NUMBER: ZZOIO REV.: G 
eC . 000 .060 0.00 1.52 6 POSITIONS . JEOEC NUMBER: MS 001 AA 
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Package Number 107 - 14-Pln t= A~ 

",."~,lJD 
'~1rrrnT II 

J LL 
~GI- -ll-D 
LjHt-. 

r- I 
... ; 

14 ~ . . ... 
INCHES MIlliMETERS ~ INCHES MILLIMETERS 

N NOTES: 
0 

01. 
MIN, MAX. MIN. MAX. ! 01. 

MIN. MAX. MIN. MAX. ! 1. LEADS IN TRUE POSITION WITHIN 
A .860 AAO 1?1A4 1??35 .010" (.25mm) R @ MMC AT 
B .490 .511 112.95 SEATING PLANE. 
C .170 "0 4." 0 .. 10 

0 .016 .021 0.41 0.53 2. PIN NUMBERS SHOWN FOR 
G 100 RASIC ". RASIC REFERENCE ONLY. NUMBERS MAY 

H liS .155 2.92 3.94 NOT BE MARKED ON THE PACKAGE. 

K .150 .300 3.81 7.62 
L .300 BASIC 7.62 BASIC 
R .080 .120 2.03 3.05 

PACKAGE NUMBER: 22107 
JEDEC NUMBER: UNKNOWN 

Package Number 113 - 24-Pln 
r-=A-, 

"-D PIN 1 

C b ) 
R ~J~i~~~~i~l~i 

JGL ---Lo LL-J 

~r-H tD 
2' 13 ............ 

OIM 
INCI MILLIM eRS ~ I"" INCIiES MIWMCTERS t NOTES: .. ,. lAX. "" I~X. "IN. MAl" "IN •. MA><, 

--
A 385 1. LEADS IN TRUE POSITION WITHIN 

.B .7~ .Oto" (.25mrn) R @ MMC AT 
.250 4. . 35 SEATING PLANE . 

. 01 O . >,.53 2. PIN NUMBERS SHOWN FOR 
G .10 BASIC .SIC REFERENCE ONLY. NUMBERS 

IH .1~~ ISO. .3.1fl .1&'- MAY NOT BE MARKED ON THE 
.150 .300 1.81 . 6, PACKAGE . 

.~~IC 15~BASIC 

IR .080 79 

PACKAGE NUMBER: ZZ" 3 
I,JNK"'-OWN. 

r~m· _ _ Burr-Brown Ie Data Book-Mixed Signal Products 

REV.: A 

I REV.. A 

C.3 

(i) 
fti 
.2 
c 
ca 
.c 

Co) 
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0'" 
A 
B 
C 
0 
G 
H 
K 
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R 

01" 

A 
B 
C 
D 
F 
G 
H 
J 
K 
L 
M 
N 
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Pickage Number 118 .. 32-P1n DIP 

rFA==:1 

P C I I 0 T h::mmmm~m 
G--i I-- 0 --II--

1 H_ r--
Rr-

.e ................ , " ~ PIN NUMBERS SHO'IIIN FOR REfERENCE ONLY. 
NUMBERS MAY NOT BE MARKEe ON PACKNiE. 

3: ...... p • D ••• D .'! 

INCHES MllU~ETERS ~ 0'" 
INCHES M1LUMETERS , NOTES: 

MIN. MAX. IdIN. MAX. MIN,' MAX. MIN. MAX. --
1.720 1.760 43.69 44.70 1. LEADS IN TRUE POSITION WITHIN 
1,120 1.160 28.45 29.46 .010" (.25mm) R @ MMC AT 

.170 .250 4.32 6.35 SEATING PLANE. 

.016 .021 0.41 0.53 
.100 BASIC 2.54 BASIC 
.100 .140 2.54 3.56 
.150 .300 3.81 7.62 
.900 BASIC 22.86 BASIC 
.100 .140 2.54 3.56 

PACKAGE NUMBER: 
JEDEC NUMBER: 

Package Number 128 .. 28-Pln CERDIP 

INCHES 

MIN. IMX. 

1.360 1.470 
.500 .550 
- .200 
.015 .021 
.030 .070 
.100 BASIC 
.030 .095 
.007 .013 
.100 
.600 BAStC 

15' 
.020 .090 

I_ A -I 

".=,J ~ ~~ ~ ~ ~ ~ ~ ~ ~ ~ ]J 
PIN 1 

MILLIMETERS 

MIN. .....X. 

34.54 37.34 
1'.70 13.97 

- 5.0B 
0.38 0.53 
0.76 1.78 
2.54 BASIC 
0.76 2.41 
0.18 0.33 
2.54 
15.24 BASIC 

15' 

0.51 2.29 

! DIM 
INCHES 

MIN MAX. 
MILUMETERS i 
YIN. MAX. 

NOTES: 

1. LEADS IN TRUE POSITION WITHIN 
.010" (.25mm) R @ MMC 
AT SEATING PLANE. 

2. PIN NUMBERS SHOWN FOR 
REFERENCE ONLY. NUMBERS MAY 
NOT BE MARKED ON PACKAGE. 

ZZ116 REV.: A 
UNKNOWN 

PACKAGE NUMBER: ZZ126 REV.: B 
JEOEC NUMBER: UNKNOWN 

C.4 
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Package Number 129 - IS-Lead CERDIP, ,300 Wide 

'-MI-N 0 ·1 

~~s~::::::~ Il 
1 B 

b~3=, ~ A2 
Ir=E=j 

PLANE .. L ~ If I ~f\NnnpfT m A SEATING] { 

I I Al 

DI ~ JL--r ec~~j.-c _ @] I--- b 

~.040(1.02)@ C A IJIB@ 
'1·010 (.25) i1]lcj 

N 
INCHES MILLIMETERS 

N NOTES: 
01" 

INCHES MILL.IMETERS V DIM 9 
r.lIN. MAX. "N. MAX. , MIN. MAX. ~IN. MAX. E 1. CONTROLLING DIMENSIONS, INCH. 

A 230 5.84 I eC .000 lUll, - 2. DIMENSIONING AND TOLERANCING 
PER ANSI Y14.5M-1982. 

AI .015 0.3B L ,nn L2..a 3. D AND E1 DIMENSIONS INCLUDE 
A2 140 .Jlill. li6 4.57 N 16 16 6 ALLOWANCE FOR GLASS OVERRUN 
b ,015 .023 0.38 0.58 9 AND MENISCUS, AND LID TO 

b2 .045 .070 1.14 1.7B BASE MISMATCH. 
4. E AND eA MEASURED WITH THE 

b3 ,035 TVP 0.89 TYP LEADS CONSTRAINED TO BE 
c .OOB .015 0.20 0.38 9 PERPENDICULAR TO PLANE C. 
0 .753 .885 19.13 2.48 3 5. e8 AND eC ARE MEASURED AT 
01 = - lJ1 -- THE LEAD TIPS WITH THE LEADS 

E .300 .J2.5 7.62 8.?5 4 UNCONSTRAINED. eC MUST BE 
ZERO OR GREATER. El .280 .295 7.11 7.50 3 6. N IS THE MAXIMUM NUMBER OF 

e .100 BASIC 2.54 BASIC TERMINAL POSITIONS. 
eA .300 BASIC 7.62 BASIC 4 

leB .450 11.43 5 

Package Number 149 - 28-Lead Side Braze DIP •. 800 Wide 

I" 0 "I 

~~::D::]J 
INDEX J 1 14 
AREA 

~+~~~~~~~~t:1~4~4sq~LP:iLtI11. DIMENSIONING AND TOLERANCING ~ PER ANSI YI4.5- I 973. 

E;'+~7t~;;'i~~I-;';~r.1t--t--t-I--I-M 2. ~I~,~~ ~'~Hi~u~O~ok~TIJ~·I(~;:'t) 
AT GAUGE PLANE WITH MAXIMUM 

ltEm~~$.~w~~~~=E=t=i=~=~~ MATERIAL CONDITION AND UNIT 
INSTALLED. 

3. 0< APPLIES TO SPREAD LEADS 
PRIOR TO INSTALLATION. 

4. N IS THE NUMBER OF TERMINAL 
POSITIONS. 

7. POINTED OR ROUNDED LEAD 
TIPS ARE PREFERRED TO EASE 
INSERTION. 

B. FOR AUTOMATIC INSERTION, ANY 
RAISED IRREGULARITY ON THE TOP 
SURFACE (STEP, MESA, ETC.) 
SHALL BE SYMMETRICAL ABOUT 
THE LATERAL AND LONGITUDINAL 
PACKAGE CENTER LINES. 

9. bAND c DIMENSIONS INCLUDE 
BOTH THE BASE MATERIAL AND 
THE COATING OR PlATING ON THE 
LEADS. 

10. A VISUAL INDEX FEATURE MUST 
BE LOCATED WITHIN THE CROSS 
HATCHED AREA. 

PACKAGE NUMBER: ZZI29 REV., 
,IE DEC NUMBER, NONE 

5. OUTLINES ON WHICH THE SEATING 
PLANE IS COINCIDENT WITH THE 
PLANE (AI = 0), TERMINALS 
LEAD STANDOFFS ARE NOT 
REQUIRED, AND B 1 MAY EQUAL B 
ALONG ANY PART OF THE LEAD 
ABOVE THE SEATING/BASE PLANE. 

6. E1 DOES NOT INCLUDE PARTICLES 
OF PACKING MATERIALS. 

7. CONTROLLING DIMENSION, INCH. 

8. A VISUAL INDEX FEATURE MUST 
BE LOCATED WITHIN THE CROSS
HATCHED AREA. 

0 
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For Immediate Assistance, Contact Your Local Salesperson 
Package Number 188 - 14-Lead CERDIP, .800 Wide 

~~l~~~~ ~ ~ J-I 
.~ 1 INDEX E1 

AREA 

.".... .".... -u- -u- -u- y ~ 
~E~ .\';: ~ iT 
q ~, "~!-I~ i m SEATING:J ill- { PLANE Ii I AI L 

01 jL + .C~~ c 
@] b 

l-$- .040 (1.02)Q.I)IC A L)IB 5)1 
:1010(.2~ 

INCHES MILUMETERS 
N 

INCHES MILLIMETERS 
N NOTES: 

y y 7. POINTED OR ROUNDED LEAD DI" MIN. MAX, MIN. ..... D'M 
MIN . "-"'. MIN. MAX. I. CONTROLLING DIMENSIONS: INCH. TIPS ARE PREFERRED TO EASE 

A -- .230 - 5.84 eC .000 - 0.00 -- 5 2. DIMENSIONING AND TOLERANCING INSERTION. 
PER ANSI YI4.5M-1982. 

Al 0 - ,0," - L .100 2.54 - 3. o AND El DIMENSIONS INCLUDE 
B. FOR AUTOMATIC INSERTION, ANY 

RAISED IRREGULARITY ON THE TOP A2 140 .180 3.56 4.57 N I. 14 6 ALLOWANCE FOR GLASS OVERRUN SURFACE (STEP. MESA. ETC.) 
b .01 .023 0.3B 0.58 9 AND MENISCUS. AND LID TO SHALL BE SYMMETRICAL ABDUl 

b2 ,045 .070 I 14 17B BASE MISMATCH. THE LATERAL AND LONGITUDINAL 
4. E AND .A MEASURED WITH THE 

b3 . 035 TYP 0.89 TYP LEADS CONSTRAINED TO BE 
PACKAGE CENTERLtNES . 

9. bAND c DIMENSIONS INCLUDE c .008 .015 0.20 0.38 9 PERPENDICULAR TO PLANE C. BOTH THE BASE MATERIAL AND 
D .753 .767 19.13 19.48 3 5. eB AND eC ARE MEASURED AT THE COATING OR PLATING ON THE 
01 --.C!!lfL - 0 .. ' THE LEAD TIPS WITH THE LEADS LEADS. 
E .300 .325 7.62' B.26 • UNCONSTRAINED. eC MUST BE 10. A VISUAL INDEX FEATURE MUST 

ZERO OR GREATER. BE LOCATED WITHIN THE CROSS-EI .280 .,., 7.1 7.50 3 6. N IS THE MAXIMUM NUMBER OF HATCHED AREA. . . 100 BASIC 2.54 BASIC TERMINAL POSITIONS . 
eA .300 BASIC 7.62 BASIC 4 PACKAGE NUMBER: ZZ163 REV.: ·C 

- - JEDEC NUMBER: NONE 

Package Number 185 - 24-Lead Side Braze DIP, .800 Wide 

12~4 D 

;31 
--"---"---"---"-

D r 
I 

EI 

~ 
INDEX 

; " " " " " " " t2 
AREA 

Bl~r- r~ 

~n, I ~']mmwnw~' ~3~r_Gl _ II =q:, 
,~ r---1 "--,r-- l' 

r=-eA ell-- Al 

INCHES MILLIMETERS 1 D'. INCHES MILLIMETERS ~ 
NOTES: 

5. OUTLINES ON WHICH THE SEATING D'. ~IN. MAX. MIN. MAX. MIN. "-"'. MIN. MAX. 1. DIMENSIONING AND TOLERANCING PLANE IS COINCIDENT WITH THE 
A .OB5 .190 2.16 4.83 ~ (f 15' (f IS' 3 PER ANSI Y14.5-1973. PLANE (A 1 ~ 0). TERMINALS 
Al .020 .070 0.51 1.7B 2. LEADS WITHIN .005 IN. (D.13mm) LEAD STANDOFFS ARE NOT 

B .015 .023 0.38 0.58 5 RADIUS OF TRUE POSITION (TP) REQUIRED. AND B1 MAY EQUAL B 
ALONG ANY PART OF THE LEAD Bl .038 .060 0.97 1.52 5 AT GAUGE PLANE WITH MAXIMUM 
ABOVE THE SEATING/BASE PLANE. 

C ·.OOB .012 0.20 0.30 MATERiAl CONDITION AND UNIT 

D 1.180 1.220 29.97 30.99 INSTALLED. 6. E1 DOES NOT INCLUDE PARllCLES 

E .595 .625 15.11 15.88 3. 0< APPLIES TO SPREAD LEADS 
OF PACKING MATERIALS. 

El .580 .610 14.73 15.49 6 PRIOR TO INSTAlLATION. 7. CONTROLLING DIMENSION: INCH. 
.1 . 100 TYP. 2.54 TYP . 2 4. N IS THE NUMBER OF TERMINAL 8. A VISUAl INDEX FEATURE MUST. eA .600 TYP. 15.24 TYP. 2 POSITIONS. BE LOCATED WITHIN THE CROSS-
L .125 .175 3.18 4.45 HA1CHED AREA. 
N 24 24 4 
Ql .010 - 0.25 - PACKAGE NUMBER: ZZ165 REV.: C 
S .030 .065 0.76 1.65 JEDEC NUMBER: MO-038-M 

C.6 Burr-Brown Ie Data Book-Mixed Signal Products 



Or, Call Cuslomer Service aI1·800·548·6132 (USA Only) 

Package Numbe, 187 - 24-Pln PI .. llc Double-Wide DIP 

I ~ r'1 r'1 r'1 rfld" ~ r'1 rIld" r'1 ~ I 
1 

El 

V,INDEX 

1 AREA 

~ 
,VVVVVVVVVV~ 

~--n-- _e~, ~'Ir='~ 

j j U mml)J~' ~ 
~~~~;~:O::''''I -'[1]'- "! <--It=~--i-, 

INCHES MILLIMETERS ~ INCHES MILLIMETERS 
N NOTES: B. POINTED OR ROUNDED LEAD TIPS ARE 0 

0'" ~IN. MAX. MIN. MAX. I O'M 
t.oIIN. MAX. MIN. MAX. I 1. All DIMENSIONS ARE IN INCHES. PREFERRED TO EASE INSERTION. 

A -- .250 -- 6.35 3 L .115 .200 2.92 5.0B 3 
2. DIMENSIONING AND TOlERANCING PER 9. b2 MAXIMUM DIMENSION DOES 

ANSI Y14.SM-19B2. NOT INCLUDE DAM BAR PROTRUSIONS. 
Al .015 - 0.38 3 N 2' 2' 7 J. DIMENSIONS A, AI, AND L ARE OAt-.mAR PROTRUSIONS SHALL NOT 
A2 .125 .195 3.18 4.95 MEASURED WITH THE PACKAGE SEATED EXCEED .010 (O.2Smm). 
b .014 .022 0.36 0.56 IN .IEDEC SEATING PLANE GAUGE GS-3. 10. DISTANCE BETWEEN LEADS INCLUDING 

b2 .030 .070 0.76 1.78 9 4. D. 01. AND £1 DIMENSIONS DO NOT DAMSAR PROTRUSIONS TO BE 

.008 .015 0.20 0.38 
INCLUDE MOLD FLASH OR PROTRUSIONS. .005 (0.1 Jmm) MINIMUM. , 
MOLD FLASH OR PROTRUSIONS SHALL 11. A VISUAL INDEX fEATURE MUST BE 

0 1.150 1.29Q 29.21 32.77 4 NOT EXCEED .010 (O.25mm). LOCATED WITHIN THE CROSS-HATCHED AREA. 
01 .005 - 0.13 • 5. E AND eA MEASURED WITH THE LEADS 

E .600 .625 15.24 15.88 5 CONSTRAINED TO BE PERPENDICULAR 

El .485 .580 12.32 14.73 4 TO OATUM~. 
6. eB AND eC ARE MEASURED AT THE 

e .100 BASIC 2.54 BASIC LEAD TIPS WITH THE LEADS 
eA . 600 BASIC 15.26 BASIC 5 UNCONSTRAINED . 
eB - .700 -- 17.78 6 7. N IS THE MAXIMUM Of TERMINAL 

eC .000 .060 0.00 1.52 6 POSITIONS. 

PackQge Number 169 - 14-Lead, Ceramic Side Braze DIP, .300 Wide 

~ r Bl r, 

0'" 'Ne. ES "'WM mRS . ~ D'M 'NelLES , M'l1.'M ErERS J:I.Q!!2; 
"'N. MAX. "~. MAX. I! "N. MAX. "'N. MAX. 1. DIMENSIONING AND TOLERANCING 
.'05 175 2.60 .45 Q '5· 15· PER ANSI YI4.5-1973. 

,",A'!:'-j'f-~0?~5..ln.~''\+-,!" n"~'--!:'~Hlf--+--+---+----l--H 2. LEADS WITHIN .005 IN. (D.13mm) 
8 DIS .02 0.38 1.52 RADIUS OF TRUE POSITION (TP) 

. Rl .038 .060 0.97 IS AT GAUGE PLANE WITH MAXIMUM 
. 008 .012 0.20 0.30 MATERIAL CONDITION AND UNIT 

o nqo. 770 , 7. 119.56 INSTALLED. 

I-I~ :,f-~·;:"+~~·;""'112",+50-':-" ~ .. 3"'-17_"'~.··-=-~~t-:-'Ir--+--+--t----1--H 3. p~lo~P~6'E~S~~LC:T~6~D LEADS 

1-1'7' elr-.. ~""'~~_~u.o.:.-+~ 27':";·.~"",-~.Lli:~:'--·~Ir--+--+--t----1--H 4. :O~~TI6~~ NUMBER OF TERMINAL 

.125 lZ5 1B 
N 14 

I Q .0'0 -- 0.25 --_ 

r:9"-_ _ Burr-Brown Ie Data Book-Mixed Signal Products 

12. FOR AUTOMATIC INSERTION, ANY 
RAISED IRREGULARITY ON THE TOP 
SURFACE (STEP. MESA, ETC.) SHALL 
BE SYMMETRICAL ABOUT THE LATERAL 
AND LONGITUDINAL PACKAGE 
CENTERUNES. 

PACKAGE NUMBER: ZZ167 REV., 
,!EDEC NUMBER: MS 011 M 

5. OUTLINES ON WHICH THE SEATING 
PLANE IS COINCIDENT WITH THE 
PlANE (AI = 0). TERMINALS 
LEAD STANDOFFS ARE NOT 
REQUIRED. AND B 1 MAY EQUAL 8 
ALONG ANY PART OF THE LEAD 
ABOVE THE SEATING/BASE PLANE . 

6. E I DOES NOT INCLUDE PARTICLES 
OF PACKING MATERIALS. 

7. CONTROLLING DIMENSION: INCH. 

8. A VISUAL INDEX FEATURE MUST 
BE LOCATED WITHIN THE CROSS
HATCHED AREA. 

H 

PACKAGE NUMBER: ZZI69 I REV. F 
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For Immediate Assistance, Contact Your Local Salesperson 
package Number 172-5 ... 32-Lead Side Braze DIP •. 800 Wide 

I~ 
0 

~I n n n n n n n 

D 1 
El 

J 
INDEX 

' U U U U uuuuuuuuu,u6 

AREA 81--1 I-- t' t E 

~~~E'=t~ IH,mm~A SEATING~ I . 
PLANE ij 

• 1_ 8-jf--- =F,L ~k-5 f- C- I---- eA 

INCHES MILLIMETERS ~ INCHES MIlliMETERS ~ NOTES: 
0" 

MIN. MAX. MIN. MAX. I DI. 
MIN. MAX. MIN. MAX. I 5. OUTLINES ON WHICH THE SEATING 

A 145 '95 3.681 495 O' '5' O' '5' 3 
1. DIMENSIONING AND TOLERANCING PLANE IS COINCIDENT WITH THE 

~ PER ANSI Y'4.5-' 9S2. PLANE (A' = 0). TERMINALS. 
Al 040 OfiO n? ,,, 

2. LEADS WITHIN .005 IN. (0.' 3mm) 
LEAD STANDOFFS ARE NOT 

B .016 .020 0.41 0.5' REQUIRED. AND B' MAY EQUAL 8 
81 . 050 TYP. 1.27 TYP . 

RADIUS OF TRUE POSITION (TP) ALONG ANY PART OF THE LEAD 
AT GAUGE PLANE WITH MAXIMUM 

0091 .D1: 0.2: 0.30 MATERIAL CONDITION AND UNIT 
ABOVE THE SEATING/BASE PLANE. 

0 -'011.620 40.1341.15 INSTALLED. 6. El DOES NOT INCLUDE PARTICLES 
E • 900 .920 !22.BBIZ; 7 3. ex APPLIES TO SPREAD LEADS 

Of PACKING MATERIALS . , MSQOS : ??AR I 77.QQ 6 PRIOR TO INSTALLATION. 7. CONTROLLING DIMENSION: INCH . . , .'00 TYP. 2.54 TYP. 2 4. N IS THE NUMBER OF TERMINAL 
eA ,gnn TYP. I 77.Rfi TYP. 8. A VISUAL INDEX FEATURE MUST 

.1251 '75 3.181 445 
POSITIONS. BE LOCATED WITHIN THE CROSS-

N 32 32 4 
HATCHED AREA. 

10' .010 -- 0.25 -- PACKAGE NUMBER: 22172 5 REV.: 8 
5 6 1.6 JEOEC NUMBER: NONE 

Package Number 178 ... 24-Pln sOle 

I"' A "I 
~l 
I) B 

o J 
'iHHHHHHHHHtili 

... ~ 

~j[~nnr+TSEATING Jjt ) \L C 

1 
PLANE 

INCHES MILlIMET£RS ~ INCHES MILLIMETERS ~ NOTES: 
DIM .... MAX . MIN. ""X. 

DIM 
MIN. MAX. MIN . MAX. I 

A .6' . 630 '5.60 1B.OO 
8 .346 .. '67 R.Rn Q 7n 

C .098 2.50 
0 .012 .020 0.30 0.50 
G .046 .054 1.17 1.37 

PACKAGE NUMBER: ZZ178 REV.: A 
JEOEC NUM8ER, NONE 

c.s fEi.· Burr-Brown Ie Data Book-Mixed Signal Products _ _ 
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D1 
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0" Call Customer Service at 1·800·548·6132 (USA Only) 
Package Number 180 - 18-Pln Plaatlc. Single-Wide DIP 

1
__ D -I 
16 9 

~'~:::::::I} 
1 8 

b2 --j t-- A2 

~t;~E\.1 I \~ 
SEATlNG----'~~!_=J,~'1 I).-c- t 
PLANE ~ " t1 L 

?/2 LEAD 0- t 
4 PL b3 

4 PL 
b [41.010(.25)@ICI 

INCHES MILLIMETERS 
N 

INCHES MILLIMETERS ~ 
NOTES: B. POINTED OR ROUNDED LEAD TIPS ARE 

MIN. MAX. MIN. IAAX. ~ 01. 
UIN. • AX. MIN. MAX. 1. ALL DIMENSIONS ARE IN INCHES . PREFERRED TO EASE INSERTION. 

710 5.33 3 eC .000 .060 0.00 1.52 6 2. DIMENSIONING AND TOlERANCING PER 9. b2 AND b3 MAXIMUM DIMENSIONS DO 
ANSI Y14.SM-1982. NOT INCLUDE OAMBAR PROTRUSIONS. 

.015 -- 0.38 -- 3 L .115 .150 2.92 3.B1 3 3. DIMENSIONS A, A1, AND L ARE OAMBAR PROTRUSIONS SHALL NOT 

.115 .195 2.92 4.95 N 16 16 7 MEASURED WITH THE PACKAGE SEATED EXCEED .010 (O.25mm), 

.014 .022 0.36 0.56 IN JEDEC SEATING PlANE GAUGE GS-3. 10. DISTANCE BElWEEN LEADS INCLUDING 

.045 .070 1.14 1.78 9 4. 0, 01, AND [1 DIMENSIONS DO NOT OAMBAR PROTRUSIONS TO BE 

.045 0.76 1.14 9 
INCLUDE MOLD FLASH OR PROTRUSIONS. .005 (O.l.3rnrn) MINIMUM. 

.030 MOLD FLASH OR PROTRUSIONS SHAll 11. A VISUAL INDEX FEATURE MUST BE 

.OOB .014 0.20 D.36 NOT EXCEED .010 (O.25mm). LOCATED WITHIN THE CROSS-HATCHED 

.735 .775 18.67 21.34 4 5. E AND eA MEASURED WITH THE LEADS AREA. 

.005 - 0.13 - 4 CONSTRAINED TO BE PERPENDICULAR 12. FOR AUTOMATIC INSERTION, ANY 

TO OATUMB8. RAISED IRREGUlARIlY ON THE TOP 
.300 .325 7.62 B.26 5 6. eB AND eC ARE MEASURED AT THE SURFACE (STEP. MESA. ETC.) SHALL 
.240 .280 6.10 7.11 4 LEAD TIPS WITH THE LEADS BE SYMMETRICAL ABOUT THE LATERAL 

100 BASIC 2.54 BASIC UNCONSTRAINED . AND LONGITUDINAL PACKAGE CENTERLINES. 

.300 BASIC 7.63 BASIC 5 7. N IS THE MAXIMUM OF TERMINAL PACKAGE NUMBER: ZZ180 REV., F 
.430 -- 10.92 6 POSITIONS. JEDEC NUMBER, MS 001 BB 

Package Number 1B2 - B-Lead sale 

~.~ mq 

8 5 
~l I$I .... ,.",@I.'" L~d 

'~~f: ~ DETAIL "A' 

1 4 

d+ lr-h;;5~, 

C LJi f " : Q, ') :?~,~~t!ltiLiiJ -C- A 

PLANE --j@J:jLB '-lol!04(~0)1 -. \. - - .A..SEE 
DETAIL "":" 

1:m:101O (.25l@lcIA@IB®1 

'NCH'" MILLIMETERS I ~ 1["· 'NCHES .'LUM "ER' I ~ NOTES, A VISUAL INDEX FEATURE MUST BE 

.'N. MAX. .'N. "AX .'N. MAX. .'N. MAX. 
-- LOCATED WITHIN THE CROSS-
1. DIMENSIONING AND lOLERANCING HA1CHED AREA . 

.0532 0688 . 35 PER ANSI Y14.5M-19B2. 5. L IS THE LENGTH OF TERMINAL 
04 098 O. 2. OIMENSION 0 DOES NOT INCLUDE FOR SOLDERING TO A SUBSTRATE. 

.020 O. O. MOLD FLASH, PROTRUSIONS OR 6. N IS THE NUMBER OF TERMINAL 
.0075 '098 0.2c . 25 GATE BURRS. MOLD FLASH, POSITIONS . 

PROTRUSIONS AND GAlE BURRS 7. THE LEAD WIDTH B, AS .189 1968 4.80 4.98 SHALL NOT EXCEED .006 IN. 
149; 1574 1.80 4. (0.15 mm) PER SlOE. 

MEASURED .014 tN. (0 . .36 mm) OR 

.050 BASIC .2; BASIC 
GREATER ABOVE THE SEATING 

3. DIMENSION E DOES NOT INCLUDE PLANE, SHALL NOT EXCEED A 
2284 .244 5.80 6.20 INTER-LEAD FLASH OR MAXIMUM VALUE OF .024 IN. 

.0099 .)19' ).25 0.5e PROTRUSIONS. INTER-LEAD FLASH (0.61 mm). 
. J16 050 0.41 .2. AND PROTRUSIONS SHALL NOT B. LEAD TO LEAD COPLANARITY 

8 
EXCEED .010 IN. (0.25 mm) SHALL BE LESS THAN .004 IN. 
PER SIDE. (0.10 mm) FROM SEATING PLANE. 8' 8' 

4. THE CHAMFER ON THE BODY IS 
OPTIONAL IF IT IS NOT PRESENT, I PACKAGE NUMBER, 182 I REV. H 

Burr-Brown Ie Data Book-Mixed Signal Products C.9 
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For Immediate Assistance, Contact Your Local Salesperson 

0'. 

P.ckage Number 211 - 18-Le.d sOle. .300 Wide 

INCHES 

INDEX --...... 
AREA .. 

ra:-~D~~ 
11 11%1.010 (.25)@IB@1 

NOTES: 
MIN. .AX. 

A .0926 . 1043 

1-:::'=:T"=+,"::::IL","::::"rETE:"R",S'-j f DIM 1-:::"'N:::CH"E"'=+,"",IL",lI,""',,,,,ER:::S-j f 
1-:-+.=::+~?';t-;;""~~;;5+:~;:~6;;";,+'-tf-_t--""",'N.'-t..:.",AX""+,.,,,'N,,".+,"="'''''-+'-t 1. ?~~E~~k~N~~~.;~~ 1 ~~~~RANCING 

A1 .004 .0118 
B .013 . 020 
C . 0091 .0125 

'i+~tt~~~O~. 1~0~O~.3~°4=Q~=!==+==t=+=+~ 2. DIMENSION 0 DOES NOT INCLUDE I- 0.33 0.51 7 MOLD FLASH. PROTRUSIONS OR 
0.23 0.32 GATE BURRS. MOLD FLASH • 

D .3977 . 4133 10.10 10.50 2 PROTRUSIONS AND GATE BURRS 

E .2914 . 2992 7.40 7.60 3 SHALL NOT EXCEED .006 IN . 
e .050 BASIC 
H . 394 .419 
h .010 .029 

1.27 BASIC (0.15 mm) PER SIDE. 
1-7.+~;...r7.':2+'='1O~."OO;:'F.1~O.':':6""5l-1f---+--+---f----1c--H 3. I~~~~~S~~O EFL~~~S O~OT INCLUDE 

0.25 0.75 4 PROTRUSIONS. INTER-LEAD FLASH 
L 
N 
<X 

0'. 
A 

.016 .050 0.40 1.27 5 AND PROTRUSIONS SHALL NOT 
16 16 6 EXCEED .010 IN. (0.2S mm) 

(1 8' (1 8' PER SIDE. 
4. THE CHAMFER ON THE BODY IS 

OPTIONAL. IF IT IS NOT PRESENT. 

Package Number 212 - 32-Lead Sida Braze DIP •. 900 Wide 

INDEX, 
AREA '" 

I~ D 

MILLIMETERS N INCHES MILLIMETERS M NOTES: 
1-::"",r.=+'''.,:7N.''TC.:7.",::::--i. l DIM 1-::.:::'N.::::r"."'.xO".+'.;;;INC".T..;;.:Cx.--1! 

INCHES 
MIN. MAX. 

.124 .166 
A1 .040 .060 
B .016 .020 1-';;+~;-r""":;;t--;~'":~;;~;+-0i;'1.~~~~5;-11--t---t---t--+-+-I2. LEADS WITHIN .005 IN. (O.13mm) 

1.14 1.40 5 ~~D~~~Gf pT~~~ ~~~Tle~I~~~ B1 .045 .055 
C .009 .012 0.23 0.30 MATERIAL CONOITION ANO UNIT 
0 1.584 1.616 40.23 41.05 INSTALLED. 
E .900 .920 
E1 .885 .905 
• 1 .100 TYP. 
eA .900 TYP. 

1-:':+=0+~",+.:;22:;:,,,"86=+=2,,3.:::3::-7l-;:-1f-+_-+_--I __ I-_H 3. ex APPLIES TO SPREAD LEADS 
22.48 22.99 6 PRIOR TO INSTALLATION. 

1-"c:+-7==--=":'-+-:2:":;"'.~"'~-'~':"::;~. +-~::-II--+--+--+~+-+-j 4. N IS THE NUMBER OF TERMINAL 
POSITIONS. 

L .125 .180 3.18 4.57 
N 32 32 
S .030 .065 0.76 1.65 
oc O' 15' O· 15" 3 

DETAIL "Ii' 

A VISUAL INDEX FEATURE MUST BE 
LOCATED WITHIN THE CROSS
HATCHED AREA . 

5. L IS THE LENGTH OF TERMINAL 
FOR SOLDERING TO A SUBSTRATE . 

6. N IS THE NUMBER OF TERMINAL 
POSITIONS . 

7. THE LEAD WIDTH B. AS 
MEASURED .014 IN. (0.3& mm) OR 
GREATER ABOVE THE SEATING PLANE • 
SHALL NOT EXCEED A MAXIMUM 
VALUE OF .024 IN. (0.61 mm). 

B. LEAD TO LEAD COPLANARITY 
SHALL BE LESS THAN .004 IN. 
(0.10 mm) FROM SEATING PLANE. 

PACKAGE NUMBER: 22211 REV.: F 
JEDEC NUMBER: MS-013-M 

5. OUTLINES ON WHICH THE SEATING 
PLANE IS COINCIDENT WITH THE 
PLANE (A 1 = 0). TERMINALS 
LEAD STANDOFFS ARE NOT 
REQUIRED. AND B1 MAY EQUAL B 
A.LONG ANY PART OF THE LEAD 
ABOVE THE SEATING/BASE PLANE. 

6. E1 DOES NOT INCLUDE PARTICLES 
OF PACKING MATERIALS. 

7. CONTROLLING DIMENSION: INCH . 

8. A VISUAL INDEX FEATURE MUST 
BE LOCATED WITHIN THE CROSS
HATCHED AREA. 

PACKAGE NUMBER: 2Z212 REV.: C 
JEDEC NUMBER: NONE 

C.lO Burr-Brown Ie Data Book-Mixed Signal Products 



Or, Call Customer Service at 1·800·548·6132 (USA Only) 
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Package Number 214 - 40-Laad Side Braze DIP •• 800 Wide 

1£ 

c::::: 
o "I 

:::::::::: JIJ 
1 20 

INDEX 

AREA 101 

BASE Bl~r .i 

~lm~ PLANE I I I 

S I-- B __ 11__ L 

__ .1__ Al 

INCHES MILLIMETERS 
N 

INCHES MILLIMETERS 
N NOTES: 

0 0 

MIN. MAX, MIN. MAX. I 0'" MIN. MAX. MIN. MAX. I I. DIMENSIONING AND TOLERANCING 
.085 .190 2,16 4.83 ~ fI 15' fI 15' 3 PER ANSI Y14.5-1973. 

.020 ,070 0.51 1.78 2. LEADS WITHIN .005 IN. (O.13mm) 

.015 .02.1 0.38 0.58 5 RADIUS OF TRUE POSITION (TP) 

.038 .060 0.97 1.52 AT GAUGE PLANE WITH MAXIMUM 

.008 .012 0.20 0.30 MATERIAL CONDITION AND UNIT 

'"AD 2.030 50.29 51.56 
INSTALLED. 

. 595 .625 15.11 15.88 3. ex APPLI[S TO SPREAD LEAOS 

.580 .610 14.73 15.49 6 PRIOR TO INSTALLATION. 

.100 TYP ? '4 "'P 2 4. N IS THE NUMBER OF TERMINAL 

.600 TVP 1'.74 TVP. 2 POSITIONS. 

.125 175 318 44" 
40 40 4 

.010 -- 0.25 --

.030 .065 0.76 1.65 

Package Number 215 - 28-Pln Plastic. Double-Wide DIP 

1~8 

1 
El 

AREA INDEX 1 
~~~ 

1. ALL DIMENSIONS ARE IN INCHES. 
2. DIMENSIONING AND TOLERANCING PER 

ANSI Y14.SM-1982. 
3. DIMENSIONS A, A1, AND l ARE 

MEASURED WITH THE PACKAGE SEATED 
IN JEDEC SEATING Pl.A.NE GAUGE G$-3. 

4. D. 01. AND [1 DIMENSIONS 00 NOT 
INCLUDE MOLD FLASH OR PROTRUSIONS. 
MOLD FlASH OR PROTRUSIONS SHALL 
NOT EXCEED .010 (O.25mm). 

5. E AND eA MEASURED WITH THE LEADS 
CONSTRAINED TO BE PERPENDICULAR 
TO DATUMB8 

6. eB AND eC ARE MEASURED AT THE 
LEAD TIPS WITH THE LEADS 
UNCONSmA1NED. 

7. N IS THE MAXIMUM OF TERMINAL 
POSITIONS. 

BURR-me 

IEaI« Burr-Brown Ie Data Book-Mixed Signal Products 

n eA~ 
5. OUTLINES ON WHICH THE SEATING 

PLANE IS COINCIOENT WITH THE 
PLANE (AI = 0). TERMINALS 
LEAO STANDOFFS ARE NOT 
REQUIRED. AND B 1 MAY EQUAL B 
ALONG ANY PART OF THE LEAD 
ABOVE THE SEATING/BASE PLANE. 

6. E 1 DOES NOT INCLUDE PARTICLES 
OF' PACKING MATERIALS • 

7. CONTROLLING DIMENSION: INCH. 

8. A VISUAL INDEX FEATURE MUST 
BE LOCATED WITHIN THE CROSS-
HATCHED AREA. 

PACKAGE NUMBER: 22214 REV.: 
JEDEC NUMBER: MD 038 AC 

B. POINTED OR ROUNDED LEAD TIPS ARE 
PREFERRED TO EASE INSERTION. 

9. b2 MAXIMUM DIMENSION DOES 
NOT INCLUDE DAt.18AR PROTRUSIONS. 
DAM8AR PROTRUSIONS SHALL NOT 
EXCEED .010 (O.25mm). 

10. DISTANCE BETWEEN LEADS INCLUDING 
DAMBAR PROTRUSIONS TO BE 
.005 (O.13mm) MINIMUM. 

11. A VISUAL INDEX FEATURE MUST BE 
LOCATED WITHIN THE CROSS-HATCHED 
AREA. 

12. FOR AUTOMATIC INSERTION, ANY 
RAISED IRREGULARITY ON THE TOP 
SURFACE (STEP, MESA, ETC.) SHAlL 
BE SYMMETRICAL ABOUT THE LATERAL 

C 

AND LONGITUDINAL PACKAGE CENTERLINES. 
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For Immediate Assistance, Contact Your Local Salesperson 
Package Number 217 - 28-Le.d SOIC 

1~~~~7~~"~ 
1 1~I·Ol0(.25)~IB~1 ~~ 

~~f:~ 
E H 

~ 
DETAIL" f{' 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
1 14 A1 --11-- h ,45' _ , 

~1ED u~~~ 0 0 0 DJ~ 'L,,A :8 iQ, 'i 
T" _ -:{SEE 

DETAIL" Art 

1-t&1.Q1() (.25)~lcIA~IB~1 101·004 (.10) I 

INCHES MILLIMETERS ~ INCHES MIlUMETERS 
N NOTES: CROSSHATCHED AREA. 

MIN. MAX. MIN. MAX. 
D,M 

MIN. MAX. MIN. MAX. ~ 1. DIMENSIONING AND TOLERANCING 5. L IS THE LENGTH OF TERMINAL 
.0926 . 1043 2.35 2.65 PER ANSI YI4.5M-1982. FOR SOLDERING TO A SUBSTRATE . 

.004 .0118 0.10 0 . .30 2. DIMENSION 0 DOES NOT INCLUDE 6. N IS THE NUMBER OF TERMINAL 

.013 .020 0.33 0.51 7 
MOLD FLASH, PROTRUSIONS OR POSITIONS. 
GATE BURRS. MOLD FLASH, 

.0091 .0125 0.23 0.32 PROTRUSIONS AND GATE BURRS 7. THE LEAD WIDTH B, AS 

. 6969 .7125 17.70 lB.l0 2 SHALL NOT EXCEED .006 IN . MEASURED .014 IN. (0.36 mm) OR 

.2914 .2992 7.40 7.60 3 (0.15 mm) PER SIDE. GREATER ABOVE THE SEATING 

.050 BASIC 1.27 BASIC 3. DIMENSION E DOES NOT INCLUDE PLANE, SHALL NOT EXCEED A 
INTER-LEAD FLASH OR PROTRUSIONS. MAXIMUM VALUE OF .024 IN. 

. 398 .419 10.11 10.65 INTER-LEAD FLASH AND PROTRUSIONS (0.61 mm) . 

.010 .0295 0.25 0.75 SHALL NOT EXCEED .010 IN. 8. LEAD TO LEAD COPLANARITY 

. 020 .040 .508 1.02 5 (0.25 mm) PER SIDE. SHALL BE LESS THAN .004 IN . 
28 28 6 4. THE CHAMFER ON THE BODY IS (0.10 mm) FROM SEATING PLANE. 

cr 8' rr 8' OPTIONAL. IF IT IS NOT PRESENT, PACKAGE NUMBER: ZZ217 REV.: G 
A VISUAL INDEX FEATURE MUST JEDEC NUMBER: MS-013-AE 
BE LOCATED WITHIN THE WITH THE EXCEPTION OF DIM. H, L. 

Package Number 217-2 - 28-Leed SOIC, ISO Package 

1-::~r.-=+-,"",IL",L1"1MEr.T::ER"S,-\ H 01t.1 1-:::,'N",Cl'HE=,S=+-,M",IL",L1"iMETr.'.':ER"S,-\ ~ 
MIN. MAX. I MIN. MAX. MIN. MAX. I 

INCHES 

MIN. MAX. 

.0926 .1043 2.35 2.65 
.004 .0118 0.10 0.30 
.013 .020 0.33 0.51 7 
.0091 .0125 0.23 0.32 
,6969 .7125 17.70 18.10 2 
.426 .441 10.82 11.20 

.2914 .2992 7.42 7.60 .3 
.050 BASIC 1.27 BASIC 
.394 .419 10.01 10.65 
.010 .0295 0.25 0.75 4 
.016 .050 0.41 1.27 5 

12 12 6 
0' B' rr 8' 

NOTES: 

l. OIMENSIONING AND TOLERANCING 
PER ANSI Y14.5M-1982. 

2. DIMENSION D DOES NOT INCLUDE 
MOLD FLASH, PROTRUSIONS OR 
GATE BURRS. MOLD FLASH, 
PROTRUSIONS AND GATE BURRS 
SHALL NOT EXCEED .006 IN. 
(0.15 mm) PER SlOE. 

3. DIMENSION E DOES NOT INCLUDE 
INTER-LEAD FLASH OR , 
PROTRUSIONS. INTER-LEAD FLASH 

~~gE~~O~~~SI~NS(o:~~Lt,~~T 
PER SIDE. 

4. THE CHAMFER ON THE BODY IS 
OPTIONAL. IF IT IS NOT PRESENT, 
A VISUAL INDEX FEATURE MUST BE 

DETAIL "f{' 

LOCATED WITHIN THE CROSS
HATCHED AREA. 

5. L IS THE LENGTH OF TERMINAL 
FOR SOLOERING TO A SUBSTRATE. 

6. N IS THE NUMBER OF TERMINAL 
POSITIONS. 

7. THE LEAD WIDTH 8, AS 
MEASURED .014 IN. (0.36 mm) OR 
GREATER ABOVE THE SEATING 
PLANE. SHALL NOT EXCEED A 
MAXIMUM VALUE OF" .024 IN. 
(0.61 mm). 

8. lEAD TO LEAD COPLANARITY 
SHALL BE LESS THAN .004 IN. 
(0.10 mm) FROM SEATING PLANE. 

PACKAGE NUMBER: ZZ217-2 REV.: 0 
JEDEC NUMBER: MS-013-AE 

WITH THE EXCEPTION OF -N" 

c.n rdim.-Burr-Brown Ie Data Book-Mixed Signal Products _ _ 



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

Package Number 218 - 18-Pln Plastic, Single-Wide DIP 

N 
INCHES MILLIMETER$. INCHES 

01" 
n 

DI. 
LlIN. MAX. MIN. MAX. I MIN. MAX. 

A -- .2'0 -- 5 L .115 .150 

MiLliMETERS ~ NOTES: 
~,::;:=r.=-+'.':'IN==.:::rMAX=.--ll 1. ALL DIMENSIONS ARE IN INCHES. 

1--:+='-r-':"':-I--"''''-J--:''=-t-:1Ir.-+-:7.:-+-';';::-t-::2'''.9'''2+'3:C.SO:,-T3;-i 2. ~~~~Ny~'~~~~,~~~. TOLERANCING PER 

Al .015 - 0.38 - 3 N ,S 
A2 .115 195 2.92 495 
b .014 .022 0.36 0.56 

b2 .045 0 '4 , 7S 9 

~,;.t-""7~-=-':-I...J!c~--;:'=-I-"lII-"+---¥'--t-_''lS'--1-'7'-l 3. ~~~~~~~ODNSWI~ A~E ~~C~A~~E SEATED 

1-;"'+"'-'.:-t-':':=-t-7':'-"1-'?::'-blf-+--t--t---i--H 4. '~. JJ,~E~N~E~~N~':E~~J~N~A~~E ;gT-3. 
c .008 .014 
D . 880 .920 

O.2() 0.36 
22.35 23.37 4 

INCLUDE MOLD FLASH OR PROTRUSIONS. 
MOLD FLASH OR PROTRUSIONS SHALL 
NOT EXCEED .010 (0.25mm) . 

Dl . 005 -- 0.13 -- 4 
E .300 .325 7.62. 8.26 5 

J-':"+="-f-==--t-"'-'-"1f-"'=-f-"-II---t---l---\----lf--H 5. iO~~RA~~E~E~~LJ~~D P~~r:EN~~U~~S 
E' .240 .280 6.10 7.11 4 TO DATUUB8. 

I-""-t-""'-"-'-""""'-I-"'."'-''-'-'-'-'-!-=-II---t---l---\-f-f--H 6. eB AND eC ARE MEASURED AT THE 
e 100 8ASIC 2.54 8ASIC LEAD TIPS WITH THE LEADS 

eA .300 BASIC 7.63 BASIC 5 
08 - .430 -- 10.92 6 1-":~""'''-I'",¥!!;;-I--""'''''~~t7lf--t--t--t--I-I-H 7. ~N~~r;s:~~NA;~MUM Of TERMINAL 

oC .000 .060 0.00 1.5 6 POSITIONS. 

Package Numbor 219 - 18-LEAD sOle 

r,:;4=Tl 
I Rlflo,D(.25)@1S@1 

~~g\ E H 

~ 

B. POINTED OR ROUNDED LEAD TIPS ARE 
PREFERRED TO EASE INSERTION. 

9. b2 MAXIMUM DIMENSION DOES 
NOT INCLUDE DAM BAR PROTRUSIONS. 
DAM BAR PROTRUSIONS SHALL NOT 
EXCEED .010 (O.25mm). 

10. DISTANCE BETWEEN LEADS INCLUDING 
QAMBAR PROTRUSIONS TO BE 
.005 (0.13rnm) MINIMUM. 

11. A VISUAL INDEX FEATURE MUST BE 
LOCATED WITHIN THE CROSS-HATCHED 
AREA . 

, 2. FOR AUTOMATIC INSERTION, ANY 
RAISED IRREGULARITY ON THE TOP 
SURFACE (STEP, MESA, ETC.) SHALL 
BE SYMMETRICAL ABOUT THE LATERAL 
ANO LONGITUDINAL PACKAGE CENTERUNES. 

PACKAGE NUMBER: ZZ218 REV.: D 
JEOEC NUMBER: MS 001 AC 

~d 
DETAIL "A" 

, ~ ~ ~ ~ ~ ~ ~ ~ 

r~~,~~~~ ~ 0 0 0 0 0 0 DI~ 
-jt-h x 45' 

c=-' 
CLoflf " : ~ ') 

PLANE ~[d-- --H- '--" -.--
\. - -ASEE 

S 10 1.004 (.'011 DETAIL ·'K 

111-1.010 :.25)C.~lcl I(M)I 8 Q;)I 

~ 01. 
INCHES . "ILLIMETE~S 

! ¥ 01. 
'NCHES. ."'LL'N mRS. 1~ A VlSUAL INDEX FEATURE MUST BE 

.'N. MAX. .'N. NAX. .'N. """. .'N .. MAX. 1. DIMENSIONING AND TOLERANCING LOCATED WITHIN THE CROSS-

~ 1.0926 .'04: 2. 2.65 PER ANSI Y14.5M-19S2. HATCHED AREA. 

lA' '04 1.0' .30 2. DIMENSION 0 DOES NOT INCLUDE 5. L IS THE LENGTH OF TERMINAL 

18 . 13 .120 l.5' 
MOLD FLASH, PROTRUSIONS OR FOR SOLDERING TO A SUBSTRATE. 
GATE BURRS. MOLD FLASH, 6. N IS THE NUMBER OF TERMINAL 109· 125 o. PROTRUSIONS AND GATE BURRS POSITIONS . 

ID 469 .4625 . 7S SHALL NOT EXCEED .006 IN. 7. THE LEAD WIDTH B, AS 
IE 29' .29g; '.6C (0.15 mm) PER SIDE. MEASURED .0'4 IN. (0.36 mm) OR 

0 .050 BASIC BASIc 3. DIMENSION E DOES NOT INCLUDE GREATER ABOVE THE SEATING PLANE, 
IH .394 ~4'9 i,o.Qo c65 INTER-LEAD FLASH OR SHALL NOT EXCEED A MAXIMUM 

h .010 .029 0.25 0.7514 PROTRUSIONS. INTER-LEAD FLASH VALUE OF .024 IN. (0.6' mm). 
.016 ,0,0 0.4!l ~2~ L~ AND PROTRUSIONS SHALL NOT 

B. t~~~L TO LEAD COPLANARITY 
N ,B '8 16 EXCEED .010 IN. (0.25 mm) 

.'0· r~~)L~~~:H~~TI~~4 ~~NE. co 0- S' 0' a- PER SIDE. 
4. THE CHAMFER ON THE BODY IS PACKAGE NUM8ER: 19 I REV. E 

OPTIONAL. IF IT IS NOT PRESENT, JEDEC NUM8ER: 

mme 
_ _ Burr-Brown Ie Data Book-Mixed Signal Products C.13 
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For Immediate Assistance, Contact Your Local Salesperson 
Package Number 221 - 20-LEAD BOle 

b;~ ~[} f @1.ol0(25)@ls@1 
INDEX \ 
AREA I E H 

l ~ 
DETAIL" f{' 

~ ~ ~ ~ ~ ~ ~ ~.~ 1rh
' 

45' 1 10 Al 

~..;~ ~o 0 0 0 0 OJI;;;i: 
C-~ 

CL~f ,., lQ", ') 

PLANE 0 ~ ~ '- + + --r 
"-- -ASEE 

S 101.004(.10) I DETAIL "A" 

Kl1-1010 (.25)(gjlcIA~IB~1 

INCHES MIlliMETERS 
N 

INCHES UILUMffiRS ~ 
NOTES: A VISUAL INDEX FEATURE MUST BE 

01. ¥ 01. --
MIN. ""X. MIN. ..... MIN. "AX. MIN. IAAX. 1. DIMENSIONING AND TOLERANCING LOCATED WITHIN THE CROSS-

A .0926 .1043 2.35 2.65 PER ANSI YI4.5M-1982. HATCHED AREA. 

AI .004 .0118 0.10 0.':30 2. DIMENSION 0 ODES NOT INCLUDE 5. L IS THE LENGTH OF TERMINAL 

B .013 .020 0.33 0.51 7 MOLD FLASH, PROTRUSIONS OR FOR SOLDERING TO A SUBSTRATE. 

C .0091 .0125 0.23 0.32 GATE BURRS. MOLD FLASH, 6. N IS THE NUMBER OF TERMINAL 

0 .4961 .5118 12.60 13.00 2 PROTRUSIONS AND GATE BURRS POSITIONS. 

E .2914 .2992 7.40 7.60 3 
SHALL NOT EXCEED .006 IN. 7. THE LEAD WIDTH B, AS 

e .050 BASIC 1.27 BASIC 
(0.15 mm) PER SIDE. MEASURED .014 IN. (0.36 mm) OR 

J. DIMENSION E ODES NOT INCLUDE 
GREATER ABOVE THE SEATING PLANE, 

H .394 .419 10.00 10.65 INTER-LEAD FLASH OR SHALL NOT EXCEED A MAXIMUM 
h . 010 .029 0.25 0.75 4 PROTRUSIONS. INTER-LEAD FLASH VALUE OF .024 IN. (0.61 mm) . 
L .016 .050 0.40 1.27 5 AND PROTRUSIONS SHALL NOT 8. LEAD TO LEAD COPlANARITY 
N 20 20 6 EXCEED .010 IN. (0.25 mm) SHALL BE LESS THAN .004 IN. 

ee 0- S' 0- S' PER SIDE. (0.10 mm) FROM SEATING PLANE. 

4. THE CHAMFER ON THE BODY IS PACKAGE NUMBER: 2Z221 REV.: 0 
OPTIONAL. IF IT IS NOT PRESENT, JEDEC NUMBER: MS 01J-AC 

package Number 222 .. 20-Pln PI •• tlc, Single-Wide DIP 

I- 0 -I 20 11 

~{:::::::::I} 
1 10 

b2 ---j t- A2 

~EI \~ 
s:~~~"-IJ~-, ,V. C- i 
PLANE III I I t, L 

01- 1:-11 ~~ + 
fULL LEAD .. II 
4 PL b -_1I_-"I"$rT'1.0-l-0-'-(.2-5-)@~U~I~cl 

01. 
INCHES MILLIMETERS f INCHES MILLIMETERS ~ 

NOTES: B. POINTED OR ROUNDED LEAD TIPS ARE 

"IN. MA.X. UIN. MAX. 
01. "N. MA.X. MIN. ....x. 1. ALL DIMENSIONS ARE IN INCHES. PREfERRED TO EASE INSERTION. 

A - .210 - 5.33 3 L .115 .150 2.92 3.81 3 
2. DIMENSIONING AND TOlERANCING PER 9. b2 MAXIMUM DIMENSION DOES 

ANSI Y14.SM-1982. NOT INCLUDE DAt.ABAR PROTRUSIONS. 
AI .015 -- 0.38 -- 3 N 0 7 3. DIMENSIONS A. AI, AND l ARE DAt.48AR PROTRUSIONS SHALL NOT 
A2 .115 .195 2.92 4.95 MEASURED WITH THE PACKAGE SEATED EXCEED .010 (O.25mm). 

b .014 . 022 0.36 0.56 IN JEOEC SEATING PlANE GAUGE G5-3 . 10. DISTANCE BETWEEN LEADS INCLUDING 

b2 .045 .070 1.14 1.78 9 
4. 0, 01, AND El DIMENSIONS DO NOT OAt.teAR PROTRUSIONS TO BE 

INCLUDE MOLD FLASH OR PROTRUSIONS . .005 (O.13mm) MINIMUM. 
c . 008 .014 0.20 0.36 MOLD FLASH OR PROTRUSIONS SHALL 11. A VISUAL INDEX fEATURE MUST BE 
0 .980 1.060 24.89 26.92 4 NOT EXCEED .010 (O.25mm). LOCATED WITHIN THE CROSS-HATCHED 

01 .005 - 0.13 - 4 5. E AND eA MEASURED WITH THE LEADS AREA. 

E .300 .325 7.62 8.26 5 CONSTRAINED TO BE PERPENDICULAR 12. FOR AUTOMATIC INSERTION, ANY 

El .240 .280 6.10 7.11 4 TO DATU"[±]. RAISED IRREGULARITY ON THE TOP 
6. eB AND eC ARE MEASURED AT THE SURFACE (STEP, MESA, ETC.) SHALL 

e .100 BASIC 2.54 BASIC LEAD TIPS WITH lHE LEADS BE SYMMETRICAL ABOUT THE, LATERAL 

eA .300 BASIC 7.63 BASIC 5 UNCONS1RAINED. AND LONGITUDINAL PACKAGE CENTERUNES. 

oB .430 - 10.92 6 7. N IS THE MAXIMUM OF TERMINAL PACKAGE NUMBER: ZZ222 REV.: C 
eC .000 .060 0.00 1.52 6 PQSfTlONS. JEOEC NUMBER: ...,5 DOl-AD 

C.14 II""-m-
Burr-Brown Ie Data Book-Mixed Signal Products laEi 



Or, Call Customer Service at 1-800-548-6132 (USA Only) 
Package Number 228 - 28-Lead CERDIP • . 800 Wide 

I" 0 -I 

~." i:::::::::::1J 
1 14 

b~3~ ~ Al A r.= E =j 
;::::0'- InIiIlfIYuHnHT1~ ~ 
PLANE j I ~ ~ I H ij n ] ] ~ I i 

H~ -i~ b -r -1~-~=!--- 0f-- eC c 
eB 

01" 
INCHES MILLIMETERS ~ INCHES MILLIMETERS ~ 

NOTES: 

U1N. MAX. MIN. MAX. 
DIU 

MIN. MAX. 7. MIN. MAX. 1. CONTROLLlNG DIMENSIONS: INCH . FOR AUTOMATIC INSERTION, ANY 

A .155 193 3.94 4.90 L . 175 BA<IC 4.45 BASIC 2, DIMENSIONING AND TOLERANCING RAISED IRREGULARITY ON THE TOP 

Al .018 ,022 0.46 0.56 N 28 5 PER ANSI YI4.5M-19B2. SURFACE (STEP, MESA, ETC.) 

b .018 TYP. 0.46 TYP. 8 3. D AND El DIMENSIONS INCLUDE SHALL BE SYMMETRICAL ABOUT 

b2 .080 TYP, -7"n TYP. 
ALLOWANCE FOR GLASS OVERRUN THE LATERAL AND LONGITUDINAL 
AND MENISCUS, AND LlD TO PACKAGE CENTERLlNES. 

3 n." TYP () RO TYP BASE MISMATCH. 8. bAND c DIMENSIONS INCLUDE 
c , .. orn, .. o 8 4. eB AND eC ARE MEASURED AT BOTH THE BASE MATERIAL AND 

0 1.440 1460 36.'7 708 THE LEAD TIPS WITH THE LEADS THE COATING OR PLATING ON THE 

E .608 .614 15.44 15.60 UNCONSTRAINED, eC MUST BE LEADS. 

El " 5?6 3.n6 1336 3 
ZERO OR GREATER. 9. A VISUAL INDEX FEATURE MUST 

5. N IS THE MAXIMUM NUMBER OF BE LOCATED WITHIN THE CROSS-
e 100 BASIC ,<, Q.<IO TERMINAL POSITIONS. HATCHED AREA. 
A 600 '"'SIC "?4 ""0 6. POINTED OR ROUNDED LEAD 

eB .645 .675 16.38 17.15 4 TIPS ARE PREFERRED TO EASE 
I.c Ilool nor -- 4 INSERTION. PACKAGE NUMBER: ZZ228 REV.: B 

.070 .080 1.78 2.03 JEDEC NUMBER: NONE 

Package Number 230 - 40-Pln Ceramic DIP 

1-40 
A 

2; I 

1 
B 

U 
1 20 

PIN 1 

'.m~~~, I J:r: 1 
~L~ 

PLANE 

IDIM 
INCHES I MILLIMETERS a t OIM 

INCHES . MIL IMETERS a~ 
MIN. ; "AX "'N. I MA .. Mlii. . "AX, I.iiN: l"tAAi 

I A 2.07512 152 rS:C7Z 1, LEADS IN TRUE POSITION 

I " 
LOBO lor 7.4 7.0 

WITHIN .0lD" (.25MM) R " 

C 145 .175 i-3.68 r 4.45 
MMC AT SEATING PLANE. 

0 . 018 TYP. 46 TYP . 2. PIN NUMBERS SHOWN FOR 

; F . 040 TYP. 1.0: TYP . 
REFERENCE ONLY. NUMBERS 
MAY NOT BE MARKED ON 

. 100 TYP. 2.04 TYP . THE PACKAGE. 
H .093 .10: I 2.36 1 2.62 

.02e BASIC 10.5 BASI 
K .205 BASIC 15.2 BASIC 

.9OC BASIC 172.86 "ASIC 
N .015035 I 0'8 I 0,8< 

PACKAGE NUMBER: 230 I REV. A 

~=r _ _ Burr-Brown Ie Data Book-Mixed Signal Products Ci5 
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For Immediate Assistance, Contact Your Local Salesperson 
Package' Number 235 - 14-Lead sOle 

~D------j 
In n n n n nl----· 

INDEX c. f I%I.ol0(.25)@IB@1 

AREA ~ H 

~~. L 

~ NOTES: 

1--:-,r.;;";;;t:C=+-::::;;+':::::;+'-!I-_~:;~~;~;;:::j""~'~~LI~"E~:'~ER~:~r!'-i -1.-D-'M-ENSIONING AND TOLERANCING 
PER ANSI YI4.SM-1982. 

C'M 
INCHES MILLIMETERS ~ C'" 

INCHES 

MIN. MAX. "N. MAX. MIN. MAl<. 

A .0532 .0688 1.35 1.75 
1-":+'""""'+",,,"=+-':"''':'-1I-':"O''-t-II-+--+--t---i'---H 2. DIMENSION 0 DOES NOT INCLUDE Al .004 .0098 0.10 0.25 

B .013 .020 0.33 
C .0075 .0098 0.19 
0 .3367 .3444 B.55 
E .1497 .1574 3.aO 

0.51 7 
0.25 
8.75 2 
4.00 3 

MOLD FLASH, PROTRUSIONS OR 
GATE BURRS. MOLD FLASH, 
PROTRUSIONS AND GATE BURRS 
SHALL NOT EXCEED .005 IN. 
(0.15 mm) PER SIDE. 

E:+~'7r'~7-I~f.:-1i7:':';;-t--ll--+--t--t--1r--H 3. I~~~~"'.~~:D EFl'1~~S O~OT INCLUDE 
. .050 BASIC 1.27 BASIC 
H .2284 .244 5.80 6.20 
h .0099 .0196 0.25 
L .016 .050 0.40 
N 14 

0.50 
1.27 

14 

4 PROTRUSIONS. INTER-LEAD FLASH 
AND PROTRUSIONS SHALL NOT 
EXCEED .010 IN. (0.25 mm) 
PER SIDE. 

I-"'-t--"--+-"'-t--"-,f-"'-t-II-+--+--t---ii--H 4. THE CHAMFER ON THE BODY IS 
OPTIONAL. IF IT IS NOT PRESENT, 

a: O' S' O· S' 

Package Number 237 - 28-Lead Side Bra.e DIP, .800 Wide 

~~E~ '\ Bl -1 r-
~'~t PLANE ~ .J .A 

SEATlNGJ =F,' PLANE 

S B L 

--I eli--" Al 

1-",'N",CH"E",S_+,M",IL",UM,E"T",ER",S-1 ~ NOTES: 

I-;+=::'::::+'=:"=+-""":-I':::::::'::-PII-+.:::"",'N,-+","",Ax",+-,"='N",. +"0:"'''''+'-11. DIMENSIONING AND TOLERANCING 
PER ANSI YI4.5-1982. 

INCHES MILLIMETERS 
N 

0'" !.lIN. MAX. MIN. MAX. ~ 0'. 
A .085 .190 2.16 4.S.~ 
Al .040 .060 1.02 1.52 
B .016 .020 0.41 0,51 5 
81 .045 .055 1.14 1.40 5 
C .009 . 012 0.23 0.30 
0 1.42S 1.475 36.20 37.47 
E .600 . 620 15.24 15.75 
El .585 .605 14.86 15.37 6 
.1 . 100 TY 2.54 TYP 2 
eA .590 .610 14.99 15.49 2 
L .125 .180 3.18 4.S7 
N 28 28 4 
S .061l .090 1.52 2.29 
~ 0" 15' 0" 15' 3 

DETAIL" ,,' 

A VISUAL INDEX FEATURE MUST BE 
LOCATED WITHIN THE CROSS
HATCHED AREA. 

5. L IS THE LENGTH OF TERMINAL 
FOR SOLDERING TO A SUBSTRATE. 

6. N IS THE NUMBER OF TERMINAL 
POSITIONS. 

7. THE LEAD WIDTH B, AS 
MEASURED .014 IN. (0.36 mm) OR 
GREATER ABOVE THE SEATING PLANE, 
SHALL NOT EXCEED A MAXIMUM 
VALUE OF .024 IN. (0.51 mm). 

8. LEAD TO LEAD COPLANARITY 
SHALL BE LESS THAN .004 IN. 
(0.10 mrn) FROM SEATING PLANE. 

PACKAGE NUMBER: ZZ235 REV.: E 
JEDEC NUMBER, "'5-012 AB 

5. OUTLINES ON WHICH THE SEAnNG 
PLANE IS COINCIDENT WITH THE 
PLANE (AI = D), TERMINALS 
LEAD STANDOFFS ARE NOT 
REQUIRED. AND Bl MAY EQUAL B 
ALONG ANY PART OF THE LEAD 
ABOVE THE SEATING/BASE PLANE • 

6. E1 DOES NOT INCLUDE PARTICLES 
or PACKING MATERIALS . 

7. CONTROLLING DIMENSION: INCH . 

S. A VISUAL INDEX FEATURE MUST 
BE LOCATED WITIHIN THE CROSS
HATCHED AREA. 

PACKAGE NUMBER: ZZ237 REV.: C 
JEOEC NUMBER: NONE 

C16 r~m· Burr-Brown Ie Data Book-Mixed Signal Products _ _ 



Or, Call Cuslomer Service aI1·800·548·6132 (USA Only) 

Package Number 239 .. 24-Lead sOle 

~"~~ 
1 1~I·Ol0(.25)~18~1 

~~~x~ 
E H 

~ ~~~~~~~~~~J 

1r-1 M 

!'ll'::1 ED 0 000000 ol;;f CLcOf 

SEATING '-' + r 
PLANE 0 --.j I--B 1 '" 1.004 (.10) I 

1-41.010 (.25)~lcIA~IB®1 

INCHES MILLIMETERS ~ INCHES MILUMETERS ! NOTES: 
DIU DIU 1. DIMENSIONING AND TOLERANCING MIN. MAX. MIN. MAX. MIN. "AX. MIN. MAX. 

A .0926 .1043 2.35 2.65 PER ANSI YI4.5M-1982. 

Al .004 .0118 0.10 0.30 2. DIMENSION 0 DOES NOT INCLUDE 

B .013 .020 0.33 0.51 7 
MOLD FLASH, PROTRUSIONS OR 
GATE BURRS. MOLD FLASH, 

C .0091 .0125 0.23 0.32 PROTRUSIONS AND GATE BURRS 
0 .5985 .6141 15.20 15.60 SHALL NOT EXCEED .006 IN. 
E .2914 .2992 7,40 7.60 (0.15 mm) PER SIDE. 
e .050 BASIC 1.27 BASIC 3. DIMENSION E DOES NOT INCLUDE 
H .394 .419 10.00 10.65 INTER-LEAD FLASH OR 
h .010 . 0295 0.25 0.75 PROTRUSIONS. INTER-LEAD FLASH 
L .016 .050 DAD 1.27 AND PROTRUSIONS SHALL NOT 
N 24 24 EXCEED .010 IN. (0.25 mm) 
<X O' 8' rt 8' PER SIDE. 

4. THE CHAMFER ON THE BODY IS 
OPTIONAL. IF IT IS NOT PRESENT, 

Package Number 243 .. 24-Pln Pisstlc, Single-Wide DIP 

I· 0 "I 24 13 

12 

01" ",CHES MILLIMETERS I H ,DIM 'NCH~ MiLLIMETERS I H l~'MENSIONS ARE IN INCHES. 
UIN. MA} MIN. I MAl I ~ UIN. MAX. MIN. MAl If 2. DIMENSIONING AND TOLERANCING PER 

_A?10 5 .150 2.92 ,.81 ANSI YI4.5M-1982. 
. 01 0.38 N 2' 3. DIMENSIONS A, A1, AND L ARE 

,2 .'95 ?92 ·.95 MEASURED WITH THE PACKAGE SEATED 
b .0: .36 0.56 IN .JEDEC SEATING PLANE GAUGE GS-3. 

b2 .0~5 .. OIO .H .. Z§ 4. IZCL~b'E A~gLg1 F~~~N6~NiRgT~U~~ciNS. 
c ,08 ,01· ,20 0.36 MOLD FLASH OR PROTRUSIONS SHAlL 
o .230 .280 .24 '.5' NOT EXCEED .010 (0.25mm). 
01 105 -- 0, -- 5. E AND eA MEASURED WITH THE LEADS 

E .30 .325 ',62 8.26 ~gN~~f~:M. BE PERPENDICULAR 

.240 .280 6. 6. eB AND eC ARE MEASURED AT THE 
e TOO BASIC '.54 BASIC LEAO TIPS WITH THE LEADS 

,eA .300 BASIC 7.62 BASIC UNCONSTR>JNED. 
,eB -- .430 -- ).92 7. N IS THE MAXIMUM OF TERMINAL 
I eC . 100 I 060 ).00 1.5: POSITIONS. 

r:9l11-_ _ Burr-Brown Ie Data Book-Mixed Signal Products 

~-i 
DETAIL "Ji' 

h ,,; 45' 

~i~l 
- -~SEE 

DETAIL "Ii' 

A VISUAL INDEX FEATURE MUST BE 
LOCATED WITHIN THE CROSS-
HATCHED AREA. 

5. L IS THE LENGTH OF TERMINAL 
FOR SOLDERING TO A SUBSTRATE. 

6. N IS THE NUMBER OF TERMINAL 
POSITIONS. 

7. THE LEAD WIDTH B, AS 
MEASURED .014 IN. (0.36 mm) OR 
GREATER ABOVE THE SEATING 
PLANE, SHALL NOT EXCEED A 
MAXIMUM VALUE OF .024 IN. 
(0.61 mm) . 

8. LEAD TO LEAD COPLANARITY SHALL 

~~o~E~~ETHlE~Ti~g4 P\:}.:N~~·1 0 mm) 

PACKAGE NUMBER: ZZ239 REV.: 
JEDEC NUMBER; MS-013 AD 

B. POINTED OR ROUNDED LEAD TIPS ARE 
PREFERRED TO EASE INSERTION. 

9. b2 MAXIMUM DIMENSION DOES 
NOT INCLUDE DAMBAR PROTRUSIONS . 
DAM8AR PRffiRUSIONS SHALL NOT 
EXCEED .010 (D.25mm). 

10. DISTANCE BETWEEN LEADS INCLUDING 
DAMSAR PROTRIlSIONS TO BE 
.005 (0.13mrn) MINIMUM. 

E 

11. A VISUAL INDEX FEATURE MUST BE 
LOCATED WITHIN THE CROSS-HATCHED AREA. 

12. FOR AUTOMATIC INSERTION, ANY 
RAISED IRREGULARITY ON THE TOP 
SURFACE (STEP, MESA, ETC.) SHALL 
BE SYMMETRICAL ABOUT THE LATERAL 
AND LONGITUDINAL PACKAGE 
CENTERUNES. 

I PACKAGE NUMBER: 124: I REV.: 
JEDEI NUMBER: MS-001-AF 

C.17 



For Immediate Assistance, Contact Your Local Salesperson 

Package Number 243-1 - 24-PIn Plaolle, Slngla-Wld. DIP, 180 Package 

1;4 

0 1~ I 

~~:: :::IJ 
1 /- 02 .. / 12 

b2--j C-

It,~ 
IcE~ I I I 

~f~~' ~ 'M~ PLANE"-. 

,r:::1"~-

01 JL m- + 1/2 LEAD 
4 PL b3 

4 PL b 1~I.DlO(.25)~lcl 

INCHES MILLIMETERS ~ INCHES MILliMETERS 
N NOTES: 9. b2 AND b3 MAXIMUM DIMENSIONS 00 

DIM 
MIN. MAX. UIN. MAX. 

DIM 
UIN. MAX. MIN. MAX. ~ 1. ALL OIMENSIONS ARE IN INCHES. 

NOT INCLUDE DAMBAR PROTRUSIONS. 
OAM8AR PROTRUSIONS SHALL NOT 

A - .210 - 5.33 3 eB - .430 10.92 6 2. DIMENSIONING AND TOlERANCING PER 
EXCEED .010 (O.25mm). 

.015 3 eC .000 .060 0.00 1.52 6 
ANSI YI4.5M-1982. 

10. DISTANCE BETWEEN LEADS INCLUDING Al 0.38 - 3. DIMENSIONS A, Al. AND L ARE 
A2 .115 .195 2.92 4.95 L .115 .150 2.92 3.81 3 MEASURED WITH THE PACKAGE SEATED OAM8AR PROTRUSIONS TO BE 

b .014 .022 0.36 0.56 N 12 12 7 IN ,IEDEC SEATING PLANE GAUGE GS-3. 
.005 (O.13mm) MINIMUM. 

11. A V1SU.6J.., INDEX FEATURE MUST BE 
b2 .045 .070 1.14 1.78 9 4. D. 01, AND El DIMENSIONS 00 NOT 

LOCATED WITHIN THE CROSS-HATCHED INCLUOE MOLD FLASH OR PROTRUSIONS. 
b3 .030 .045 0.76 1.14 9 MOLD FLASH OR PRomusrONS SHALL AREA. 
e .008 .014 0.20 0.36 NOT EXCEED .010 (O.2Smm). 12. FOR AUTOMATIC INSER"fION. ANY 

0 1.160 1.195 29.46 30.35 4 5. E AND eA MEASURED WITH THE LEADS 
RAISED IRREGULARITY ON THE TOP 
SURFACE (STEP, MESA, ETC.) SHALL 

01 .005 -- 0.13 -- 4 CONSTRAINED TO BE PERPENDICUlAR BE SYMMETRICAl. ABOUT THE LATERAL 
0' .630 .655 16.00 16.64 TO DATUMB8. IoNO LONGITUDINAL PACKAGE 

E . 300 .325 7.62 8.26 5 
fl. eB AND eC ARE MEASURED AT THE CENTERLINES • 

LEAD TIPS WITH THE LEAOS UNCONSTRAINED . 
El . 740 .280 6.10 7.11 4 7. N IS THE MAXIMUM OF TERMINAL POSITIONS. PACKAGE NUMBER: 22243-1 REV.: J 
e .100 BASIC 2.54 BASIC B. POINTED OR ROUNDED LEAD TIPS ARE ,IEOEC NUMBER: US 001 BE 

eA .]00 RASir. 7.6' RASIC PREFERRED TO EASE INSERTION. WITH THE EXCEPTION OF .. N" 

Package Number 246 - 24-Lead, Ceramic Side Braze DIP • . 300 Wide 

1 N D "I 24 13 

~.'~ ~ ~ ~o: ~ ~ JJ 
1 12 

:-1 r- B1 r t 14 BASE 4~1 I H H H H H 1-1 H H lJI t A PLANE~ H H H 
I I 

SEATING] I I --~ PLANE I 

o '~.A=rC I"r- ---I ---lLB L 

l-
II -

.1 

INCHES UILUMETERS H INCHES MILUUETERS ~ NOTES: 5. OUTLINES ON WHICH THE SEATING 
DIM T DIM 

1. DIMENSIONING AND TOLERANCING PlANE IS COINCIDENT WITH THE MIN. MAX. MIN. MAX. E ",N. MAX. L4IN. MAX. E 

A .105 .175 2.67 4.45 ~ f! 15' f! 15· 3 PER ANSI Y14.5-1973. PlANE (A 1 = D), TERMINALS 

Al .025 .055 0.64 1.40 2. LEADS WITHIN .OOS IN. (O.13mm) 
LEAD STANDOFFS ARE NOT 
REQUIRED, AND Bl MAY EQUAL B 

B .015 .021 0.38 0.53 5 RADIUS OF TRUE POSITION (TP) ALONG ANY PART OF THE LEAD 
Bl .038 .060 0.97 1.52 5 AT GAUGE PLANE WITH MAXIMUM ABOVE THE SEATING/BASE PLANE. 
C .OOB .012 0.20 0.30 MATERIAL CONDITION AND UNIT 

6. El DOES NOT INCLUDE PARTICLES INSTALLED. 
0 1.188 1.212 30.18 30.78 OF PACKING MATERIALS. 
E ,QO J?fi 7.'7 R.?fi 3. 0 APPLIES TO SPREAD LEADS 
El .280 .310 7.11 7.87 6 PRIOR TO INSTALLATION. 7. CONTROLLING DIMENSION: INCH. 

.1 . 100 TYP. 75, TYP . 2 4. N IS THE NUMBER OF TERMINAL B. A VlSUAL INDEX FEATURE MUST 
eA .300 TYP. 7,62 TYP. 2 POSITIONS. BE LOCATED WITHIN THE CROSS-
L .125 .175 3.18 4.45 HATCHED AREA. 

N 24 24 4 PA.CKA.GE NUMBER: ZZ245 REV.: C 

Ql .010 -- 0.25 -- JEDEC NUMBER: MO J6-AE 

S .030 .065 0.76 1.65 WITH THE EXCEPTION OF DIM. 0, N 

C,lB Burr-Brown Ie Data Book-Mixed Signal Products 



Or, Call Customer SelVice at 1·800·548·6132 (USA Only) 
Package Number 248 - 2S-Pln Plaetlc, Single-Wide DIP 

14 

02 --j r- r- E --j 
BASE I I 1-fT- Ichl 
PLANE'-.lrmnuuumrm7rITITrull. ~\J I~ SEATING-I'hl-- ~ ~ I . I I 
PLANE I I l I It. 

- A1 0 

Dl~ JL m~ J ~~--lll ~~ ~~ ~c 

4 PL b 1§I.Ol0(.25)@lcl eB~ 
OJ'" INCHES M1LUMETERS ~ NOTES: 9. b2 MAXIMUM DIMENSION DOES 

1-,+='-+="-+--"'''--I-'''''''-l-'--If-+",""1N'4-"MAX=,+-,",,,'N''''-l-'"~A~X.-+,t'-j'· tiLL DIMENSIONS ARE IN INCHES. ~~~B~~L~~~T~~r~~ ~~~~u~~~s. 
1-:':+~:-+..<..!",+"'=;=,-J--","..u.l-"-pL+,-,.I..!.I"-5"-=,-.1",5",O+-,2",.g",2.L",3.,,B.!..1 f.!J!.j2. A~~f~~I~~I~~,~~. TOLERANC1NG PER EXCEED .010 (O.25mm). 
1-!''+=''-l--==-+-''''''''-l-==-p'-pNc-\-_-42B''--J._~2~8,-_~7C.j.3. DIMENSIONS A, AI, AND l ARE 10. DISTANCE BETWEEN LEADS INCLUDING 

MEASURED WITH THE PACKAGE SEATED DAM BAR PROTRUSIONS TO BE 
IN JEDEC SEATING PLANE GAUGE GS-3. .005 (O.13mm) MINIMUM. 

r.';,t":-:;:-t-7.~-""""-f-""",t;;-jl--+--+--I--I--H 4. D. 01. AND E1 DIMENSIONS DO NOT 11. A VISUAL INDEX FEATURE MUST BE 
INCLUDE MOLD FLASH OR PROTRUSIONS. LOCATED WITHIN THE CROSS-HATCHED 
MOLD FLASH OR PROTRUSIONS SHALL AREA 
NOT EXCEED .010 (O.2Srnrn). 12. FOR AUTOMATIC INSERTION, ANY 

1--"'!+-""'''4''::''::.-j-'''''''''-t---=:=''4-'''jf--+--J.--\--I--+-I 5. €O~~fRA~~E~~U:~D P~~~J~~u~S ~el~:~ct(~~i~~rsA~NET~~~ i~:LL 
TO DATUM ~. BE SYMMETRICAL ABOUT THE LATERAl 

P:'-l-~::--!:=':"-l-"":"-'::-:':=-+,,-jl--+--+--I--I--H 6. e8 AND eC ARE MEASURED AT THE AND LONGITUDINAL PACKAGE •• ~~tj~~~~~~~~t~t~~~~t~j~==t===~===~====~===t~ 7. L~A~ ~~~ ~~M~E ci-?;'~R~I~;~N~6~~~~~·.~ "'PA;-;~;:';::;':~G",T~;:R7.~;':;~~;;~:;'·E"'R'-: ~Z"'Z;-;2"4"'6-"''::R=:EV''-.:-;:'D-I 
8. POINTED OR ROUNDED LEAD TIPS ARE .JEDEC NUMBER: MS-001-AG 

PREFERRED TO EASE INSERTION. WITH THE EXCEPTION OF "N" 

Package Numbe' 247 - 28-Lead. Ceramic Side Braze DIP • . 300 Wide 

BASE II 
PLANE \..l-j H 

SEATINJ PlANE I 

sr--

I A .D25 .055 0.6 1.40 
8 .015 .D2 1.38 ).5: 

181 .038 .060 ).9: 1.52 
.. Q98. .0 0 .. '0 

.38' 135.2~ 135.86 
I ~ .• ~o. .325 B.26 

. 280 .31 7.8: 
1., lJlO TYP. I 2.54 TYP. 
leA .3DO TYP, '.62 TYP. 

'" '" .". 4" 
IN 
Ql -- '.25 --

---1 I--- Bl C', 
~WHHHH P H H H H lJlJ A 

=H, __ .1 --H--B ~ 
f--

~ 
1. DIMENSIONING AND TOLERANCING 

PER ANSI YI4.5-1973. 

2. LEADS WITHIN .005 IN. (O.L>mm) 
RADIUS OF TRUE POSITION (TP) 
AT GAUGE PLANE WITH MAXIMUM 
MATERIAL CONDITION AND UNIT 
INS1ALLED. 

3. ex APPLIES TO SPREAD LEADS 
PRIOR TO INSTALLATION. 

4. N IS THE NUMBER OF TERMINAL 
POSmONS. 

rEi.- Burr"Brown Ie Data Book-Mixed Signal Products 

s 
o~~ ~c 

~eA=l-

5. OUTLINES DN WHICH THE SEATING 
PLANE IS COINCIDENT WITH THE 
PLANE (A 1 = 0), TERMINALS 
LEAD STANDOFFS ARE NOT 
REOUIRED, AND 81 MAY EQUAL B 
ALONG ANY PART OF THE LEAD 
ABOVE THE SEATING/BASE PLANE: 

6. E1 DOES NOT INCLUDE PARTICLES 
OF PACKING MATERIALS. 

7. CONTROLLING DIMENSION: INCH . 

8. A VISUAL INDEX FEATURE MUST 
BE LOCATED WITHIN THE CROSS
HATCHED AREA. 

I PACKAGE NUMBER: Il247 TREV. 

C.19 



For Immediate Assistance, Contact Your Local Salesperson 
Package Number 248 - 20-Pln Plaotlc sOle 

bA~ 

OJ 
PIN 

,J' 10 

\Himnnnnnrlr 
~G~ D~~ N ~ 

11E3~~ 
J ~L~ 

DIM 
INCHES MIlliMETERS ~ DIM 

INCHES MILLIMETERS ~ NOTES: 
UIN. MAX. MIN. MAX. E MIN. MAX. MIN. MAX. f --

A .494 .498 12.55 12.65 1. LEADS IN TRUE POSITION 
8 .206 .210 5.23 5.33 WITHIN .010" (.2SMM) @ MMC 
C ,071 .077 LBO 1.96 AT SEATING PLANE . 
0 . 013 .017 0.33 0.43 
G .050 BASIC 1.27 BASIC 2. PIN NUMBERS SHOWN FOR 

H .021 .025 0.53 0,64 REFERENCE ONLY. NUMBERS 
MAY NOT BE MARKED ON 

J .0076 .0082 0.19 0.21 PACKAGE . 
L . 303 .311 7.70 7.90 
M 3' 5· 3' 5· 
N .002 ,006 0.05 0.15 

PACKAGE NUMBER: ZZ248 REV.: A 
JEDEC NUMBER: NONE 

Package Number 261 - 28-Pln lee 

.~ .l- C 
P 

S~TlNG 

.- r 0-11-:.-r p,,", 

G I K 

E ----I 

INCHES MILLIMETERS ~ DIM 
INCHES t.4ILlIMETERS ~ NOTES: 

MIN. "AX. MIN. MAX. MIN. MAX. MIN. MAX. 
DIM 

A .450 .460 11.43 11.68 
.450 460 11.43 1.68 
.450 .460 11.43 11.68 

81 .450 .460 11.43 11.68 
C .165 .180 4.19 4.57 

.013 .023 0.33 0.58 

.390 .430 9.91 10,Q2 
.026 .032 0.66 0.81 

G .050 BAStC 1.27 BASIC 
K .01" .025 0.38 0.64 
M .485 .495 12.32 12.57 
N .465 .495 1 3 12.57 
P .lnn ? nq PACKAGE NUMBER: ZZ251 REV.: A 

JEQEC NUMBER: UNKNOWN 

C.20 rEim-Burr-Brown Ie Data Book-Mixed Signal Products _ _ 



Orf Call Cuslomer Service aI1·800·548·6132 (USA Only) 

Package Number 256 .. 68·Laad with Gull Wing 

~:'~ 
A A1 i I M 

! ~ ~ I 
.020 x 45-../ 

V" mmmmu"uu 
PIN 1 

---11-- D ---1 f--- G .040 x 45' 

INDICATOR I---- N 3 PLACES 

P =it P ""mmm~'~~ ] • SEATING PLANE 

INCHES MILLIMETERS 
N 

INCHES MILLIMETERS 
N 

NOTES: 
OJ" ~ 0 

MIN. MAl<. 
DIM 1 --

MIN. MAX. E MIN. MAX. UIN . MAX. E 

A . S40 .S60 23.88 24.38 
Al .865 .875 21.97 22.23 1. FORMED LEADS SHALL BE PLANAR 

c .200 REF. 4.81 REF'. 
WITH RESPECT TO ONE ANOTHER 
WITHIN .004 MAX AT SEATING 

D .013 .025 0.33 0.64 PLANE. 
G .050 BASIC 1.27 BASIC 
J .045 .055 1.14 lAO 
K .045 REF. 1.14 REF. 
M 1.200 1.220 30.48 30.99 
N 1.200 1.220 30.48 30.99 
p IT S O' 6' 

PACKAGE NUMBER: ZZ256 REV.: A 
JEDEC NUMBER: UNKNOWN 

Package Number 265 .. 16-Lead sOle .. 150 Wide 

kD~ &q 
16 ~ 9 

f 1~ID10 (.25)~1 B@I ~~L c? 
INDEX ~ -r H 

AREA 't:J t:J t:J t:J ~ ~ H r l 
DETAIL" A" 

1 8 

[Jlrnf+ 

1r h :~5' 
~tl~E~I~ ~ [J [J [J [J [J CLdjE=DlSZ 

pt!~~G ~0~ ~ l-B '- ~ ~ T '- SEE 

101.004 (.10) I 
DETAIL "t-:.' 

1~1D10 (.25)~ICIA0)IB021 

IOJ" 
INCIIES I ""U""RS Ill"" INCiES MIL I ETERS I~I~ A VISUAL INDEX FEATURE MUST BE 

"'N. MAX. NIN. I MAX. MIN. I 1M MIN. I MAX. j 1. DIMENSIONING AND TOLERANCING LOCATED WITHIN THE CROSS-

.n,,? 10'RR " . 75 PER ANSI YI4.5M-1982 . HATCHED AREA . 

. 004 I.DOS8 .25 DIMENSION D DOES NOT INCLUDE 5. L IS THE LENGTH OF TERMINAL 

I B .nl nor -n 0.5 MOLD FLASH. PROTRUSIONS OR FOR SOLDERING TO A SUBSTRATE. 

. J75 1.00S8 019 0.25 GATE BURRS. MOLD FLASH . 6. N IS THE NUMBER OF TERMINAL 

10 .. 'R50 .'0.' QRi 110.0012 
PROTRUSIONS AND GATE BURRS POSITIONS. 

.14S7 15' 3.Be 4. 
SHALL NOT EXCEED .006 IN. 7. THE LEAD WIDTH B. AS 

e 050 BASIC " 
(0.15 mrn) PER SIDE. MEASURED .014 IN. (0.36 mm) DR 

H .2284 .244 5.8C 6,20 
3. DIMENSION E DOES NOT INCLUDE GREATER ABOVE THE SEATING PLANE. 

INTER-LEAD FLASH OR SHALL NOT EXCEED A MAXIMUM 

h 10099 010" 0.?5 I.se I. PROTRUSIONS. INTER-LEAD FLASH VALUE OF .024 IN. (0.61 mm). 
-:016- -:OsO o..C "2' L5 AND PROTRUSIONS SHALL NOT 6. LEAD TO LEAD COPLANARITY 

N 16 EXCEED .010 IN. (0.25 mm) SHALL BE LESS THAN .004 IN. 

a: -0' B' B' PER SIDE. (0.10 mm) FROM SEATING PLANE. 

4. THE CHAMFER ON THE BODY IS I PAC KAGE NUMBER: Z265 
OPTIONAL. IF IT IS NOT PRESENT. JEDEe NUMBER: ",,-.ce f2'-A1 

Burr-Brown Ie Data Book-Mixed Signal Products C.2i 
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For Immediate Assistance, Contact Your Local Salesperson 
package Number 28e - 18-Pln Side-Braze ceramic 

~Ll~ ~~£Bj 'I S~t1i,~G/lJIU I j !! 0 , 

S1 [4 PC) I-- ----0 
b ('8 PL) __ (16 PL) 

C 
(HI PL) 

l-Ef7IcCc.@ C A-a@) D@ IWloaa@ C A-B ® O@ 

INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 

- .200 - 5.08 
.014 .026 0.36 0.66 
.045 .065 1.14 1.65 

c .008 .018 0.20 0.46 
-- .960 - 24.38 
.220 .310 5.59 7.87 
.100 BAStC 2.54 BASIC 

eA .300 BASIC 7.62 BASIC 
A .150 BASIC 3.81 BASIC 
L . I 25 .200~. Hi 5.08 
N 18 18 
o .015 .070 0.38 1.78 
S1 .005 - 0.13-
CI. 10' 90' 105' 

PACKAGE NUMBER, 22266 
JEDEC NUMBER, NONE 

Package Number 312-' .. Sa-Pin Plastic Quad 

PIN 

S1;-ir- 1/" 61 ---! r- A1 .1 
10 r ITT ~ 1 

Ie 
#2 ~ = --,-I 

r- (S~.) ~ ) 
I 

-+- := . + 
PI~1 

-
01 

~ .-., >--- -- 0-

(SO.) lIB I ',8 I 

J 26 I--s ----i ~--,- 1 
27 

T\PIN 
4.1 ~==1t=~ I 

135 

INCHES MILLIMETERS ~ INCHES MII.lIMETERS 
N NOTES, 

0'" MIN. MAX. MIN. MAX. 0'" MIN. MAX. MIN. MAX. I --
A .167 .177 4.24 4.50 1. DIMENSIONING AND TOLERANCING 

Al .100 .110 2.54 2.79 
PER ANSI YI4.5M-1982. 

B ,016 .020 0.41 0.51 2. DIMENSION 01 DOES NOT 
al .026 .032 0.66 O.Bl INCLUDE MOLD PROTRUSION. 

C .020 .025 0.51 0.64 ALLOWABLE MOLD PROTRUSION 

D .985 .995 25.02 25.27 IS .254mm/ .010 INCH. 

01 .950 .958 24.13 24.33 2 3. CONTROLLING DIMENSION, INCH 
e .050 BASIC 1.27 BASIC 
N 68 68 
S .618 .628 15.70 15.95 

REV., A 

PACKAGE NUMBER, Z2312-1 REV., B 
JEDEC NUMBER, NONE 

C.22 
BURR":._ 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 
Package Number 32.. - 28-Lead Plastic saop 

I WAAAAAA~A:A; I ! illlillB 
+--0 ~iI~nU:-4 

SEATING t A 

w~ 
PLANE 

~(b)~ 
L-

,~" _ IH~!;.~~,,~"~ 
- Ll 

SECTION A-A DETAIL ",,' 

(0/2 X El/2) . 

fi~oOoOoOoOoQDooil h ! SEATING PLANE 

~=I.DD4Ibc~L~I006 ~lcf:~IB ~I ~ 
~i (-l~) 

SEE :E~A~ 
INCHES MIl.lIMETERS ~ INCHES MILUMETERS M NOTES: 

DIM D'" ! -- DAMBAR INTRUSION SHALL NOT 
MIN. MAX. MIN. MA.X. MIN. MAX. MIN. MAX. 1. DIMENSIONING AND TOLERANCING REDUCE DIMENSION b BY MORE 

A -- .079 - 2.00 PER ANSI Y14.S-19B2. THAN .003 INCH AT LEAST 
Al .002 0.05 - 2. 0 AND E 1 DIMENSIONS DO MATERIAL CONDITION. 

A2 .065 .073 1.65 1.85 NOT INCLUDE MOLD FLASH OR 4. DIMENSION L TO BE DETERMINED 
PROTRUSIONS, BUT DO INCLUDE AT SEATING PLANE-DATUM C. 

b .009 .015 0.22 0.38 MOLD MISMATCH AND ARE 5. N IS THE NUMBER OF c .004 .010 0.09 0.25 7 MEASURED AT DATUM PLANE EtB TERMINAl POSITIONS. 
0 .390 .413 9.90 10.50 2 MOLD PARTING LINE . 

S. A VISUAL INDEX FEATURE MUST 
E .291 .323 7.40 8.20 MOLD FLASH OR PROTRUSION 

BE LOCATED WITHIN THE CROSS-SHALL NOT EXCEED .006 INCH 
El .196 .220 5.00 5.60 2 PER SIDE. H~TCHED AREA. . .0256 BASIC 0.B5 BASIC 3. DIMENSION b DOES NOT INCLUDE 7. SECTION A-A DIMENSIONS APPLY 
L .022 .037 0.55 0.95 4 DAMBAR PROTRUSION/INTRUSION. . TO THE FLAT SECTION OF THE LEAD 
L1 .049 REF 1.25 REF ALLOWABLE DAMBAR PROTRUSION BETWEEN .004 AND .010 INCH 
N 28 28 5 SHAll BE .005 INCH TOTAL IN FROM THE LEAD TIP. 
e O· B" O· 8· EXCESS OF b DIMENSION AT PACKAGE NUMBER, ZZ324 REV., C 

MAXIMUM MATERIAL CONDITION. JEDEC NUMBER, MO 150 

Packago Number 329 - 44-Pln PLCC 

E:· 
1! V 

PIN1_.~ 
IDENTIFIER 

JlJ 
p~K! 
~~~ 

10'M 'NCIIES MIL' ETERS I ~ 10'" 'NCIIES "'L1' ETERS = M'N. 1M •• .'N. MAX. --"""~ --"""~ 
A 650 .65, 16.5 16.66 1. LEADS IN TRUE POSITION WITHIN 

B .650 .656 16.5· 16.66 2TO~'EA~9N:g;Pu{Nl. @ MMe 
C 160 4. 

2. PIN NUMBERS SHOWN FOR 
.01 .022 . .36 , .. ,6 REFERENCE ONLY . NUMBERS MAY 
. 600 .620 15.24 15.75 NOT BE MARKED ON PACKAGE. 
.024 .Jm l2. IJL 
.050 BASIC .2; BASIC 

K .020 -=-=- ...M1. -=-=-
M .665 .695 ·.40 '.65 

.N .685 .Jill5. 1L 1L.Ii5.. 
:P '.54 .79 

I PACKAGE NUMBER, "29 I REV. 

t=illrir Burr-Brown Ie Data Book-Mixed Signal Products C.23 
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For Immediate Assistance, Contact Your Local Salesperson 

Paakago Numbe, 334-1 - 20-L •• d SSOP 

t;,t;;~1 ! ~ 
0, ~ DETAIL -A" 

1 

~nhi ( 'IL" CLJ( .- SEE::A~ b~~ Al 

INCHES MILLIMETERS 
N 

INCHES MILLIMETERS ~ NOTES: 
DIM 

MIN. ...... MIN . MAX. I 0'. UIN . MAX. MIN. MAX. 
--

A -- . 079 -- 2.00 
Al .002 - 0.05 -
A2 .065 .073 1.65 1.85 
b .009 .015 0.22 0.38 C .004 .010 00 0.25 
0 .272 .295 6.90 7.50 

291 .323 7.40 8.20 
El .196 .220 5.00 5.60 . .0256 BASIC 0.65 BASIC 
L .01B .037 0.45 0.95 
L1 .047 .055 1.20 1.40 
N 20 20 
a [f 8' [f 8' PACKAGE NUMBER: ZZ334 1 REV.: A 

JEDEC NUMBER: NONE 

PackagB Numbe. 388 - 24-Lo.d 3S0P, .208 Wid. 

Iii i iiir i;iill-;:;;r 1 
A!2 NX R Rl 

GAUGE 
PLANE ~ r-A ~ 
SE~~~ 

L1t;L 

-,-
PLANE 

.010 ~WITH LEAD - L FiNISH 
- El E 

• 
DETAIL "t>.' 

~J~~(b)~ 
I a a ~ ~n 

1"9-1.008 <WI C I A (s) IB (s)1 
SECTION A-A 

~ii ~ nL" r±L[ I j ~ '0' ~ooooo-al A2 A SEATING j 
- ~ 0 0 0 0 0 PLANE 

'" ~ JL" L: t t:£=j 
-1..-- .... SEE DETAIL "A""':" 

1~!.006 ~!C! A CS2!B(l;] 

INCHES MILLIMETERS M INCHES t.1IUJl.4ETERS M NOTES: 
D'U I D,U I -- DAMSAR INTRUSION SHALL NOT 

MIN. MAX. UN. MAX. MIN. MAX. 1oI1N. MAX. 1. DIMENSIONING AND TOLERANCING REDUCE DIMENSION b BY MORE 
A .079 2.00 PER ANSI Y14.5M-1982 ... THAN .003 INCH (0.07mm) AT 
Al .002 - 0.05 - 2. 0 AND El DIMENSIONS DO LEAST MATERIAL CONDITION. 

A2 .065 .073 1.65 1.85 NOT INCLUDE MOLD FLASH OR •• DIMENSION L TO BE DETERMINED 

b .009 .015 0.22 0.38 3,7 PROTRUSIONS, BUT DO INCLUDE AT SEATING PLANE-DATUM "C". 

C .004 .010 0.09 0.25 7 
MOLD MISMATCH AND ARE 5. N IS THE NUMBER OF TERMINAL 

0 .311 .335 7.90 8.50 2 
MEASURED AT DATUM PLANE EiB POSITIONS. 
MOLD PARTING LINE. 6. A VISUAL INDEX FEATURE t.tUST 

E .291 .323 7.40 8.20 MOLD FLASH OR PROTRUSION BE LOCATED WITHIN THE 
El .197 .220 5.00 5.60 2 SHALL NOT EXCEED .008 INCH CROSSHATCHED AREA. . .0256 SASIC 0.65 BASIC 

(0.20mm) PER SIDE. 
7. SECTION A-A DIMENSIONS APPLY 3. DIMENSION b DOES NOT INCLUDE 

L .022 .037 0.55 0.95 4 
DAMBAR PROTRUSION/INTRUSION. TO THE FLAT SECTION OF THE LEAD 

L1 . .049 REF 1.25 REF ALLOWABLE DAMBAR PROTRUSION BETWEEN ·.004 AND .01.0 INCH 
N 24 24 5 SHALL BE .005 INCH (O.1lmm) FROM THE LEAD TIP. 

e< D' 8' [f S' TOTAL IN EXCESS OF b DlfJENSION PACKAGE NUMBER: ZZ338 REV.: A 
Rl .0.0' - 0 . .09 AT MAXI¥UU MATERIAL CONDITION. JEDEC NUMBER: MO 150-AG 
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Or, Call Customer Service at 1·800·548·6132 (USA Only) 
Package Number 800 - 28-Pln Plastic, DIP 

INCHES 
DIM MIN MAX 
A 1.441 
AI 1.402 TYPICAL 
B - .236 
BI .528 TYPICAL 
C .224 
D .016 .017 
F .047 BASIC 
G .090 .110 
J .008 .015 
K .100 -
L .SOO BASIC 
IX 0' 15' 
N .020 I -

Package Number 801 - 28-Pin Plastic DIP 

INCHES 

I~B A 1~ 

E3J 
1 14 

DIM MIN MAX 
A 1.417 1.449 
B .516 .539 
C - .224 
D .015 .023 
G .100 TYPICAL 
J .006 .014 
K .098 -
L .SOO TYPICAL 
N .020 -

~. r:=-L-=j ~~c r-----\ 

J ' J L in J:~1--o L G . K IX 
LSeatlng 

a - .224 
IX 0' 15' 

Plana 

Package Number 804 - 28-Pln Plastic sOle 

INCHES 

----0---- DIM MIN I MAX 
A .093 .104 
AI .050 BASIC 
A2 .050 BASIC 
B .0095 .012 
D .697 .712 
E .292 .299 
a .050 BASIC 
N .016 .050 

14 L .398 .414 

BURR~BRDWNe 

IElElI Burr-Brown Ie Data Book-Mixed Signal Products 

MILLIMETERS 
MIN MAX 

36.60 
35.6 TYPICAL 
- 14.S 

13.4 TYPICAL 
_15.70 

0.42 0.44 
1.20 TYPICAL 
2.29 2.79 
0.20 0.38 
2.54 -
15.24 BASIC 
0' 15' 

0.51 I -

MILLIMETERS 
MIN MAX 

3S.OO 36.80 
13.10 13.70 
- 5.70 

0.38 0.58 
2.54 TYPICAL 
0.15 0.35 
2.50 -

15.24 TYPICAL 
0.50 -
- 5.70 
0' 15' 

MILLIMETERS 
MINJ MAX 
2.31 2.39 
1.045 BASIC 
1.045 BASIC 
0.35 0.48 

17.81 18.0S 
7.42 7.S2 
1.27 BASIC 

0.23 0.32 
10.11 10.51 

CZ5 

-tn 
m 
,g 
c as 
.c 
(,) 
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:E -



For Immediate. Assistance, Contact Your Local Salesperson 
Package Drawing 805 - 28-Pin Plastic SOIC 

I' . D 'I . 

CJj 
1 14 

Package Number 904 - 28-Pln Ceramic DIP 

,------A------I 

·Package Number 905 - 28-Pin Plastic, Dual-Wide DIP 

C.26 

DIM 
A 
B 
C 
D 
F 
G 
H 
J 
K 
L 
M 
N 

DIM 
A 
B 
C 
D 
F 
G 
H 
J 
K 
L 
M 
N 

INCHES MILLIMETERS 
DIM MIN MAX MIN MAX 
A - .118 - 3.00 
Al .096 .108 2.45 2.75 
B .012 .020 0.30 0.50 
D .709 .732 18.00 18.60 
E .323 .339 8.20 8.60 
e .050 TYPICAL 1.27 TYPICAL 
K .039 BASIC 1.00 BASIC 
L .449 .480 11.40 12.20 
N .000 .008 0.00 0.20 
a o· 10· O· 10· 

INCHES MILLIMETERS NOTE: Leads in true 
posilion wilhin 0.01" 
(0.25mm) R al MMC 
al sealing plane. Pin 
numbers are shown 
for reference only. 
Numbers may nol be 
marked on package . 

MIN MAX 
1.360 1.470 
.500 .590 
.169 .200 
.015 .021 
.030 .070 
. 100 BASIC 
.030 1.095 
.007 .015 
.100 1.150 
.600 BASIC 
o· IS· 

.020 .090 

INCHES 
MIN MAX 
1.350 1.470 
.520 .575 
.169 .224 
. 015 .023 
.04~ 065 
.100 BASIC 
.030 .090 
.008 .015 
.100 .150 
.600 BASIC 
O· W 

.015 .040 

MIN MAX 
34.54 37.34 
12.70 14.99 
4.29 5.08 

0.38 0.53 
0.76 1.78 
2.54 BASIC 

0.7612.41 
0.18 0.38 
2.54 13.81 
15.24 BASIC 
o· W 

0.51 2.29 

MILLIMETERS 
MIN MAX 
34.29 37.34 
13.21 14.61 
4.29 5.69 
0.38 0.58 
1.09 1.65 
2.54 BASIC 

0.76 2.29 
0.20 0.38 
2.54 3.81 
15.24 BASIC 
O· IS· 

0.38 1.02 

NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at MMC 
at sealing plane. Pin 
numbers are shown 
for reference only . 
Numbers may not be 
marked on package. 

BURR - BROWN® 

Burr-Brown Ie Data Book-Mixed Signal Products I ElEII 



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

Package Number 906 

TOP VIEW 

1--- ~ =====~Iil--- F --;-1 
I 6668 

Pin 1 Identification 

I , ~ 
I 111111111.1111111 C 

Package Number 907 

TOP VIEW 

r 
L 

BURR-BROWNII!I 

Pin1/ 
Identifier 

V 

I 

BoHomVIEW 

@@@@@@@@@ 
CDQ@@@@@@@@]J@ 
00 @@ 
00 @@ 
CV0 @@ 
CV® @@ 
@@ @@ 
@@ @@ 
@@ @@ I 
@®!@@@@@@@~@-CJ 

@@@@@@@@@-'l 
_IHI_ 

DIM 
A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 

DIM 
A 
B 
C 
D 
E 
F 
G 
H 
J 

IElElI Burr-Brown Ie Data Book-Mixed Signal Products 

INCHES MilliMETERS 
MIN MAX MIN MAX 
.945 .965 24.003 24.511 
.945 .965 24.003 24.511 
.076 .094 1.934 2.388 
.841 . 859 21.361 21.819 
.841 .859 21.361 21.819 
.755 .785 19.177 19.939 
.755 .785 19.177 19.939 
.800 BASIC 20.320 BASIC 

.027 .033 .686 .838 
.045 BASIC 1.143 BASIC 
.050 BASIC 1.270 BASIC 

INCHES MILLIMETERS 
MIN MAX MIN MAX 

1.087 1.109 27.610 28.169 
1.087 1.109 27.610 28.169 
.095 .120 2.413 3.048 
.162 . 198 4.115 5.029 
.045 .055 1.143 1.397 
.045 .055 1.143 1.397 
.016 .020 .406 .508 

.100 BASIC 2.540 BASIC 

.100 BASIC 2.540 BASIC 

NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only . 

TERMINATION: 
Gold plated nickel on 
refractory metalliza
tion. 
CASE: Ceramic with 
gold plated nickel lid. 
HERMETICITY: 
Gross leak test. 
WEIGHT: 4.37 grms 
(0.1240z) 

NOTE: Leads in true 
pOSition within 0.01" 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only . 
Numbers may not be 
marked on package. 
TERMINATION: 
Gold plated 
KOVAR. 
CASE: Ceramic with 
gold plated nickel lid. 
HERMETICITY: 
Gross leak test. 
WEIGHT: 9 grms 
(0.320z) 
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Burr-Brown International 
Sales Offices and Distributors 

BURR·BROWN CORPORATION FRANCE MEXICO SOUTH KOREA 
International Sales Burr-Brown International S.A. Insight Electronics KML Corporation 

PO Box 11400 Le Chesnay (33) 39 23 82 82 Guadalajara (52) 3 678 9242 Seoul (82) 02 595-9101/6 
Tucson, AZ 85734 Farnell Electronics Services NETHERLANDS SPAIN 

Telephone (1) 520-746-1111 Venissieux (33) 72 78 1870 Burr-Brown International B.V. Unitronics, S.A. 
Fax (1) 520-741-3895 St. Aubin (33) 1 69 85 83 00 's-Hertogenbosch (31) 73 6121600 Madrid (34) 1 5425204 
Telex 066-6491 BURRBROWN ATU Radiospares Compos ants SEI/Rodeico B.V. SWEDEN 
AUSTRALIA Beauvais (33) 4410 1515 Breda (31) 76 57 22 700 Bexab Sweden AB 
Kenelec Pty. Ltd. GERMANY NEW ZEALAND Tiiby (46) 8 630 8800 
Victoria (61) 3 9878 2700 Burr-Brown Int. GmbH Enertec Services Ltd. SWITZERLAND 
AUSTRIA Filderstadt (49) 711 77 04 0 Auckland (64) 9 479-2377 Burr-Brown AG 
ECD Handelsgesellschaft m.b.H. Bremen (49) 421 2539 31 

NORWAY ZOrich (41) 1 4391020 
Bonn (49) 2225 91 5610 Wien (43) 1 694517-0 
Erlangen (49) 9131 24036 ACTE NC Norway CondatasAG 

BELGUIM Frankfurt (49) 6154 8 20 81 Skedsmokorset (47) 63898900 Schlieren (41) 730 3353 
Burr-Brown International B.V. Miinchen (49) 89 615 66 21 POLAND TAIWAN 's-Hertogenbosch (31) 73 6121600 Rutronik GmbH Uniprod New Mercury Industrial Corp. 
SEI/Rodeico N.V. Ispringen (49) 7231 801-0 Gliwice (48) 32 37 64 59 Taipei (886) 02 777-3958 
Wemmel (32) 2 4600560 

GREECE PORTUGAL TURKEY 
BRAZIL Peter Cantata and Assoc. S.A. Ibertronics, LDA Inter Miihendislik 
Aplicacoes Electronicas Athens (30) 1 90 20 115 Amadora (34) 1542504 Danismanlik ve Ticaret A.S. 
Artimar Ltda. Istanbul (90) 216 349 9400 
Sao Paulo (55) 11 231-0277 HONG KONG PUERTO RICO 

Jetronic Technology Ltd. Marathon Technical Assoc. UKRAINE 
BULGARIA Kowloon (852) 2763-6806 Mayaguez (809) 831-4050 Kvazar Micro Techno 
K2 Electronic GmbH Cooper City, FL (305) 450-8211 Kiev (380) 44 55 86 909 
Sofia (359) 28 15455 HUNGARY 

Siex Elektronikelemente ROMANIA UNITED KINGDOM 
CANADA Zimdorf, Germany (49) 911 60 70 14 Syscom Burr-Brown Int. Ltd. 
Dynasty Components 

INDIA Bucharest (40) 1 21222 20 Watford (44) 1923 233837 
Kanata, Ontario 613-599-5570 

Oriole Electronics Pvt. Ltd. RUSSIA Abacus Polar PLC 
CHILE Bombay (91) 022 511 9940 ITC Leighton Buzzard (44) 1525858000 
Coasin Instrumentacion y Controles 

ISRAEL Novosibirsk (7) 38 32 10 07 87 VENEZUELA Santiago (56) 205 1313 
Gallium Electronics (1986) Ltd. Compel Ltd. Autotrol Tecnologia C.A.!Coasin 

CHINA Ra'anana (972) 9 982182 Moscow (7) 095 921 43 77 Caracas (58) 2 241-6214 
Jetronic Technology Ltd. 

ITALY Microcom Ltd. 
Beijing (86) 10 494 0620 St. Petersburg (7) 812110 1212 
Shanghai (86) 21 64871925 Burr-Brown Int. S.r.I. 

Milan (02) 5801 05 04 SINGAPORE 
CZECHIA 

Consystem S.r.l Serial System Pte. Ltd. 
Omekron Electronic Cusano Milanino (02) 66400153 A.A. Singapore (65) 280-0200 
Prague (42)24 76 24 56 

Roma (06) 50930335 A.A. SLOVAKIA S.O.S. Electronic spol. s.r.o. 
JAPAN S.O.S Electronic spol. s.r.1. Brno-Vinohrady (42) 5-44 21 6202 
Burr-Brown Japan Ltd. Kosice (42) 956339 860 

DENMARK Atsugi (81) 04 6248 4695 SLOVENIA Ditz Schweitzer Osaka (81) 063053287 IR Electronic Copenhagen N (45) 3586 9090 Nagoya (81) 052 775 6761 Ljubljana (38) 661 222007 
FINLAND Kanagawa-Pre. (81) 045 476 7885 

SOUTH AFRICA Bexab Finland Oy MALAYSIA Avnet Kopp (Ply) Ltd. Espoo (358) 061352690 Serial System Pte. Ltd. Rivonia (27) 011 444-2333 
Singapore (60) 4 656 2762 



Burr-Brown North American 
Sales Offices and Sales Representatives 
BURR-BROWN CORPORATION INDIANA NEW MEXICO WASHINGTON 
PO Box 11400 LM Devoe Co. Summit Sales Wilson Electronics Sales Team 
Tucson, AZ 85734 317-842-3245 Indianapolis, IN 602-998-4850 Scottsdale, AZ 206-946-8016 Federal Way, WA 

Telephone: 520-746-1111 IOWA NEW YORK (METRO AREA) WASHINGTON, D.C. 
Fast Product Info: Rep Associates Corporation J-Square Marketing Beacon North 
800-548-6132 319-373-0152 Cedar Rapids, IA 516-935-3200 Hicksville, NY 410-381-4309 Columbia, MD 
Fax: 520-741-3895 KANSAS NEW YORK (UPSTATE) WEST VIRGINIA 

ALABAMA Hitec Central, Inc. Elcom Sales Inc. Versatron Inc. 

Rep, Inc. 816-796-6684 Independence, MO 716-385-1400 Pittsford, NY 216-944-0082 Willoughby Hills, OH 

205-881-9270 Huntsville, AL KENTUCKY 315-685-8967 Syracuse, NY WISCONSIN 
LM Devoe Co. NORTH CAROLINA Sumer, Inc. ALASKA 317-842-3245 Indianapolis, IN REP, Inc. 414-784-6641 Brookfield, WI. Wilson Electronics Sales Team 

206-946-8016 Federal Way; WA LOUISIANA 919-469-9997 Morrisville, NC Electronic Sales Agency, Inc. 
BP Sales 704-521-9982 Charlotte, NC 612-884-8291 Bloomington, MN 

ARIZONA 972-234-8438 Richardson, TX NORTH DAKOTA Summit Sales WYOMING 

602-998-4850 Scottsdale, AZ 
713-782-4144 Houston, TX Electronic Sales Agency, Inc. Front Range Marketing 
MAINE 612-884-8291 Bloomington, MN 801-288-2500 Murray, UT 

ARKANSAS Burr-Brown Corporation OHIO BP Sales 617-229-0300 Burlington, MA Versatron Inc. CANADA 
972-234-8438 Richardson, TX 

MARYLAND 216-944-0082 Willoughby Hills, OH Dynasty Components 
CALIFORNIA Beacon North OKLAHOMA 613-599-5570 Kanata, Ontario 
Burr-Brown Corporation 410-381-4309 Columbia,.MD BP Sales 604-657-4433 Vancouver, B.C. 
408-982-8900 Santa Clara, Cil 

MASSACHUSETTS 972-234-8438 Richardson, TX 403-560-1212 Calgary, Alberta 
818-991-8544 Agoura Hills, CA 

Burr-Brown Corporation 905-672-5977 Toronto, Ontario 
RSVP Associates Inc. OREGON 514-843-1879 Montreal, Quebec 617-229-0300 Burlington, MA Wilson Electronics Sales Team 408-467-1200 San Jose, CA 

MICHIGAN 206-946-8016 Federal Way, WA 
Quest-Rep Inc. A.P. Associates PENNSYLVANIA 619-622-5040 San Diego, CA 810-229-6550 Brighton,. MI Delta Technical Sales 
COLORADO MINNESOTA 215-957-0600 Hatboro, PA 
Sales Technology, Inc. Electronic Sales Agency, Inc. Versatron Inc. 
970-530-9409 Fort Collins, CO 612-884-8291 Bloomington, MN 216-94'1-0082 Willoughby Hills, OH 
CONNECTICUT MISSISSIPPI . RHODE ISLAND 
Burr-Brown Corporation Rep, Inc. Burr-Brown Corporation 
617-229-0300 Burlington .. MA 205-881-9270 Huntsville, AL 617-229-0300 Burlington, MA 
DELAWARE MISSOURI SOUTH CAROLINA 
Delta Technical Sales Hitec Central, Inc. REP, Inc. 
215-957-0600 Hatboro, PA 314-291-5920 Bridgeton, MO 704-521-9982 Charlotte, SC 
FLORIDA 816-796-6684 Independence, MO SOUTH DAKOTA 
Marathon Technical Assoc. 

MONTANA Electronic Sales Agency, Inc. 
954-785-0072 Pompano, FL 

Front Range Marketing 612-884-8291 Bloomington, MN 
813-725-3199 Clearwater, FL 
407-872-5775 Orlando, FL 

801-288-2500 Murray, UT TENNESSEE 

305-450-8211 Cooper City, FL NEBRASKA Rep, Inc. 

GEORGIA 
Hitec Central, Inc. 423-475-4105 Jefferson City, TN 

Rep, Inc. 816-796-6684 Independence, MO 205-881-9270 Huntsville, AL 

770-938-4358 Tucker, GA 
Ni:VADA TEXAS 
RSVP Associates Inc. BPSaies 

HAWAII 408-467-1200 San Jose, CA 972-234-8438 Richardson, TX 
Burr-Brown Corporation 

Summit Sales 512-346-9186 Austin, TX 
818-991-8544 Agoura Hills, CA 

602-998-4850 ScollSdale, AZ 713-782-4144 Houston, TX 
IDAHO 

NEW HAMPSHIRE UTAH 
Wilson Electronics Sales Team 

Burr-Brown Corporation Front Range Marketing 
206-946-8016 Federal Way, WA 

617-229-0300 Burtington, MA 801-288-2500 Murray, UT 
ILLINOIS 

NEW JERSEY VERMONT 
Sumer, Inc. 

J-Square Marketing Burr-Brown Corporation 
708-991-8500 
Rolling Meadows, IL 

516-935-3200 Hicksville, NY 617-229-0300 Burlington, MA 

Hnec Central, Inc. Delta Technical Sales VIRGINIA 

314-291-5920 Bridgeton, MO 215-957-0600 Hatboro, PA Beacon North 

Rep Associates Corporation 
410-381-4309 Columbia, MD 

319-373-0152 Cedar Rapids, IA 



Burr-Brown North American 
Distributor Sales Offices 

ALABAMA 
Insight Electronics 
205-830-1222 Huntsville, AL 

Sager Electronics 
404-446-0085 Norcross, GA 

ARIZONA 
Insight Electronics 
602-829-1800 Tempe, AZ 

J.LT. Supply 
602-545-4800 Chandler, AZ 

ARKANSAS 
Insight Electronics 
972-783-0800 Richardson, TX 

Sager Electronics 
972-783-1133 Richardson, TX 

CALIFORNIA 
Insight Electronics 
408-720-9222 Sunnyvale, CA 
818-707-2101 Westlake Village, CA 
714-727-3291 Irvine, CA 
619-587-1100 San Diego, CA 
800-677-7716 

J.LT. Supply 
800-246-9000 Brea, CA 

COLORADO 
Insight Electronics 
303-649-1800 Englewood, CO 

CONNETICUT 
Sager Electronics 
203-265-4600 Wallingford, CT 

800-SAGER800 

FLORIDA 
Insight Electronics 
813-524-8850 Clearwater, FL 
407-997-2540 Boca Raton, FL 
407-834-6310 Altamonte Springs 

Sager Electronics 
800-526-2065 Orlando, FL 

GEORGIA 
Insight Electronics 
770-717-8566 Duluth, GA 

Sager Electronics 
770-446-0085 Norcross, GA 

IDAHO 
Insight Electronics 
206-820-8100 Kirkland, WA 

ILLINOIS 
Insight Electronics 
847-885-9700 Schaumburg, IL 
314-822-0801 SI. Louis, MO 

Sager Electronics 
847-882-9790 Schaumburg, IL 

INDIANA 
Insight Electronics 
219-436-3379 FI. Wayne, IN 

Sager Electronics 
513-898-5555 Dayton, OH 

IOWA 
Insight Electronics 
612-525-9999 SI. Louis Park, MN 

KANSAS 
Insight Electronics 
913-492-0408 Lenexa, KS 

LOUISIANA 

Insight Electronics 
972-783-0800 Richardson, TX 

Sager Electronics 
972-783-1133 Richardson, TX 

MAINE 
Insight Electronics 
617-270-9400 Burlington, MA 

Sager Electronics 
508-475-5885 Andover, MA 

MARYLAND 
Insight Electronics 
410-381-3131 Columbia, MD 

Sager Electronics 
410-995-4900 Columbia, MD 

MASSACHUSETTS 
Insight Electronics 
617-270-9400 Burlington, MA 

Sager Electronics 
508-475-5885 Andover, MA 
617-749-6700 Hingham, MA 

MICHIGAN 
Insight Electronics 
616-429-1410 Stevensville, MI 
810-229-7710 Brighton, MI 

MINNESOTA 
Insight Electronics 
612-525-9999 SI. Louis Park, MN 

MISSISSIPPI 
Insight Electronics 
205-830-1222 Huntsville, AL 

Sager Electronics 
404-446-0085 Norcross, GA 

MISSOURI 
Insight Electronics 
314-827-0801 SI. Louis, MO 
913-492-0408 Lenexa, KS 

MONTANA 
Insight Electronics 
206-820-8100 Kirkland, WA 

NEBRASKA 
Insight Electronics 
913-492-0408 Lenexa, KS 

NEW HAMPSHIRE 
Insight Electronics 
617-270-9400 Burlington, MA 

Sager Electronics 
603-898-1348 Salem, NH 

NEVADA 
Insight Electronics 
408-720-9222 Sunnyvale, CA 
619-587-1100 San Diego, CA 

J.LT. Supply 
714-256-9100 Brea, CA 

NEW JERSEY 
Insight Electronics 
201-316-6040 Mountain Lakes, NJ 

Sager Electronics 
516-348-1300 Hauppauge, NY 

NEW MEXICO 
Insight Electronics 
602-829-1800 Tempe, AZ 

NEW YORK (Metro Area) 
Insight Electronics 
516-244-1640 Bohemia, NY 

Sager Electronics 
516-348-1300 Hauppauge, NY 

NEW YORK (Upstate) 
Sager Electronics 
800-SAGER800 Rochester, NY 

NORTH CAROLINA 
Insight Electronics 
919-873-9927 Raleigh, NC 

Sager Electronics 
919-850-9550 Raleigh, NC 

OHIO 
Insight Electronics 
216-520-4333 Valley View, OH 
513-898-5349 Vandalia, OH 

Sager Electronics 
513-898-5555 Dayton, OH 
216-831-4738 Beachwood, OH 

OKLAHOMA 
Insight Electronics 
972-783-0800 Richardson, TX 

Sager Electronics 
972-783-1133 Richardson, TX 

OREGON 
Insight Electronics 
503-626-3031 Beaverton, OR 

PENNSYLVANIA 
Insight Electronics 
609-985-5556 Marlton, NJ 
412-729-0060 Cranberry Township, PA 

Sager Electronics 
215-750-7778 Langhorne, PA 
412-968-0601 Pittsburgh, PA 

RHODE ISLAND 
Insight Electronics 
617-270-9400 Burlington, MA 

Sager Electronics 
508-475-5885 Andover, MA 

SOUTH CAROLINA 
Insight Electronics 
704-549-9750 Charlotte, SC 

Sager Electronics 
919-850-9550 Raleigh, NC 

TENNESSEE 
Sager Electronics 
919-850-9550 Raleigh, NC 
404-446-0085 Norcross, GA 

TEXAS 
Insight Electronics 
512-719-3090 Austin, TX 
972-783-0800 Richardson, TX 
713-260-9614 Houston, TX 

Sager Electronics 
214-783-1133 Richardson, TX 
713-578-3045 Houslon, TX 

UTAH 
Insight Electronics 
800-677-7716 Salt Lake City, UT 

WASHINGTON 
I nsight Electronics 
206-820-8100 Kirkland, WA 

WISCONSIN 
Insight Electronics 
414-258-5338 Wauwatosa, WI 

Sager Electronics 
847-882-9790 SChaumburg, IL 

WYOMING 
Insight Eleclronics 
206-820-8100 Kirkland, WA 

CANADA 
SEMAD 
604-451-3444 Burnaby, B.C. 
403-275-4118 Calgary, Alberta 
905-475-3922 Markham, Ontario 
514-694-0860 Pointe Claire, Quebec 
613-526-4866 Ottawa, Ontario 

Insight Electronics 
416-622-7006 Etobicoke, Ontario 
514-421-7373 Dorval, Quebec 
613-233-1799 Ottawa, Ontario 
604-270-3232 Richmond, B.C. 
403-250-8822 Calgary, Alberta 





Burr-Brown Corporation 
Street Address: 
6730 S. Tucson Blvd. 
Tucson , AZ 85706-1400 

Mailing Address: 
PO. Box 11400 
Tucson, AZ 85734-1400 

Telephone: (520) 746-1111 
Worldwide Fax: (520) 889-1510 
BB FAX LINE (800) 548-6133 (USA/Canada only) 
hUp://www.burr-brown.com/ 

For immediate product information , 
or technical assistance, call 
(800) 548-6132 (USA/Canada only) 
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